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PREFACE

This book deals with the topics in Inorganic Chemistry and Organic Chemistry
" included in the ‘syllabus for the Second year of the B.Sc. course offered by the Andhra
' Pradesh Open University. Thesc topics cover the core area of the subject to be sudied
to be studied in the Second Year of the Three Year Degree Course in Science. The
syllabus is for the sake of convenience divided into blocks, each of which comprises a
number of units. Each block generally covers a specific area of the subject. The units
~ are prepared by specialists in accordance with a format so designed as to enable the student
read and understand them without much difficulty. Each unit begins with a statement
of jts"aims and objectives. fEach unit has two short answer questions (as check your
“"i’)rogress) and has at its end examination questions intended to test the student's
comprehension of its subject matter. Generally technical termis with which the student
may not be familiar are given at-the end of each block under “the head, Glossary.

F;rst book (section A), of this -course - If delaing with Inorganic Chemisiry, it is
attempted to explain the properties of chemical clements and their compounds in terms
“of the electronic configuration of the atoms of the elements. This section secks to compare
in groups the properties of those ¢lements which have similar electronic arrangements.
It is hoped that this will help the student to use known facts about onc element to deduce

pl:ebable fact'; about an unfamlllar element.

The second book (section B). dealing with Organic Chemistry. - Efforls are made
to describe the preparation, properiies adn structure of carbon compounds. Attempts arc
made to explain the reaction mechanisms.in terms-of modem clectronic theories. The.
University hopes that this course material will hclp -the siudent to get acquainted with
the concepts and princples of Chemistry in general-and of  Inorganic chemistry and
i, Organic chemistry in particualr. : ' '
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Block - 1

CLASSIFICATION OF ELEMENTS

. The inqrisitive man over the ages gathered a large mass of knowledge aboul many things, say in
- purcontext the chemical clements. With increase in the number of chemical elementsand their compounds
discovered, man found it difficult to retain and remember this vast knowledge he gained. He found that
certain groups of elements behave similarly and differ from others, Accordingly, he classified the known
. elements on the basis of their similarities in behaviour, The earliest classification wasinto metals and non-
metals. Amajority of the known elements had properties generally spoken of as ‘metallic’ - metallic lustre,
-metaliic sound, conductivity {thermal and electrical), electropositive character, ete. they were called
*imetals. The rest were cailed non-metals. But afew had properties of both metals as-well as non-metals,

- and were known as metalioids.

~ Hence 1o avoid this confusion and-stud'y sysiematically the properties of varios elements on their
compounds, the ciassification of elements was necessary.- :
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L1 AIMS AND OBJECTIVES |

The main aim uf this unit is {0 present you a comprehensive view of the clasauﬁcanon ofclemenrs
- and obscrve the various tends either in groups -or periods of the periodic table.

‘When you have completed the reading and understanding of the various aspects covered in thrs

. unit yon must be able 10

Appreciate the need of a classnﬁcanon of elements

Describe the construction of the long form of the periodic lablc

Reason out the basis for the classification of elements.into s, p,dand { blocks

Know the meaning of ionization energies of elements and sansfy the various. wends in their values
Account for the variations in atomic and jonic radii both in groups and penods '

Appreciate the great significance attached the ekectronegauwty concept and thereby classifying
compounds as ionic or covalent.

. @ & 8 » ®

1.2 INTRODUCTION

. Th&abovcclassrﬁcamn Was notvery helpful for alargenumberaf elements under: mclalsandnm-
:--amstals categories. Classification.of elements-had-hecome: moreemcamngful and-reatly usefudin the ioth
century. With the advancement of atomic theory by Dalton, the atemic weight drew the aitention of
scientists. Dobereiner's law of trigds, Newland's law of octaves and ‘Liother Mayer's atomic volume
curve were among the notable contributions in ‘the field of classification-of clements. In spite of faulty
atomic weight.data newland observed the periodicity in properties. More correct atomic weights of
clcgpms helped Mendeleeff toarrive at a betier classification which is followed even roday with tittle
modification.

1.3 PERIODIC TABLE.

- Mendcleeff arranged the elementsin a tabutar form in the asr:cnﬂmg onderof their atomic weights
while placing the elements -with simitar propemes onc below the other, The resulting: table of elements




‘came to:be called the periodic table. His observation about the penodxcuy in properties was known as
the penodzc law. Tumay be stated as Tollows. The elements with smﬁ!arphysszand chemical propertics
appear at regular intervals when they are placed in the ascending order of their atomic wetghrs
~ Alernatively it can be stated as follows, The physical and chemical | properiies of eiements area penod:c
- function of their atomic weights. The law held sway for some time, Butas moré and more élements were
" discovered: thc earlier table had 10 be expanded to give the new-elements their appropriate places '

: The modlﬁed- Mcudeleeft’s periodic table (Fig 1,1) has nine groups ranglng from-l 1o VIII andO.
-Ordinarily one element is placed in a square under its group as in periods 1,2, and 3. But periods 4, §and
‘6 two elements were placed in a square, one at the top left and another at the bottom.right corner in the

~ square. Those at the top left are designated as A-subgroup ani those at the botiom right 4s B- -subgroup
eIemenls intheir respective groups. This placement of two elements together in a square shows thatthey
have spme properties in common. Writing them apart and somewhat upand down indicates that they also
-differ in many of their properties. Besides this at certain places in the table the sequence of increasing

order of an atmic weight was.reversed. The periodic table had therefore to'be modified again. After

Moseley showed the afomic number 1o be a ‘more fundamental property than the atomic weight the
* clements wereassigned their respective atomic numbcers. The atomic numbers of efements in the periodic
- iable agreed well with their positions in the table. Further, the B- -subgroup elcments were separalcd from

e A-subgroup elements resulting in the tong form of the table.

‘Check your progress - 1

"1, . Whyis an atomic number of an element considered more'i_mporlam\mar{ammic weight?

' 'The long formof the periodic table that is currently in use (Fig 1.2) gives a square fof cachofthe

elements. Normatly, one cxpects the long form of the 1albe to be composed of 32 vértical columns, but
for compaciness it is restricted to 18 columns, the remaining 14 columns relating to the Zamhamde and
ammde elenwnts arc placed at the- hottom of therest of the table. ©

' 'I’he long form of the table clearly brings out the gradation:in propertics of clcmenls nol onl y along

R aperiodbutalso downa group. The so-called demerits of Mendeleeff's table no fonger appear in the long
O Iom_{)f the table :

- The ﬁrstquammf hié twenucthaentury had madegrcaIstndes inthe advanccmcmof scicace. The
“atom was no longer the ultimate indivisible particle ofDalton, ‘Discharge tubc experiments showed the

atom to'be a composite particle of electrons and protons. Rutherford -discovered thehucleus of anatom

and proposed the planetary mode! of the atom. Bohr enunciated his revolutionary theory of hy(f“bgcn :

atom basedon the quantum theory. It was!ater modified by Sommerfeld. Moseley discovered the aldinic
_‘number which is & beder fundamental property of elemenits.than the atomic weight. Soon the electronic
-configuration of atems of efements cameto'be known, The.relation between alomic structure (électronic

“configuration)- and the chemical properties of elements was observed. These paved she- way for the
- -emergence of the present day long form of the periodic table (Fig. 1.2) and its justification mregard 10 the
. pcr:odu:lty in properties of elements as.a fmlcrmn of atomic number.
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-~ The atomic number is a fundamental property of an element.” Th ¢lectronic cdq'i'figd'r'atidn isa
diréet consequence of the atomic number. ‘The electronic shelis. (orbits) around-a nucleus have definite

composition and capacity fér efectrons.: 'Ihéseséaify:from‘shcll' toshell. The shells comprise one-ormiore
buta definitc number of component sub-shells. Each sub-shell has again a definite capacity for electrons.
The energies associated with the shells and sub-shells or more correctly the elections tesiding therein:
‘denoted by quantum numbers determine the actual electronic configuration of the.atom, '

- Allelements ina group (vertical column) witl have similar outer electronic cenfiguration. Thus ns!
is the outer electronic infiguration for Group L-A elements and #s®for Group II --A elements, ns? np!sis
for-Group HI-B elements and.so on, The sum of the superscripts indicaic the number. of electrons’in the
outermost.shell and agree with the group number. This reveals the relation between outer clectronic
configuration and properties of elements. The minor di fferences in chemical behavioiur are attributable,

to the differences in their inner electron configuration. Having found such a relation between the electronic

configuration and the position of elements in the periodic table, one is apt to go a step farther in founding
an electronic basis for the classification of elements, ' ' '

‘L5 ELECTRONIC CONFIGURATION

-+ The Aufbau principle; Pauli's exclusion principle and Hund's rule of maximum multiplicity Jaid-
the foundations for assigning electronic configuration for the atoms of elements. It maybe recalled here
that the atemic number-gives the number of electrons in the atom or of the proions in the:nucleus:of the
atom. Very often one arrives at the correct electronic configuration, But in certain cases other-factors
which contribute 1o grearer stability of the atom play an imporiant role. The spectroscepically.observed -

electronic configuration would be slightly different from the expecied electronic configuration,

_ A close study of the electronic configurations of elements reveals that clectronig configurations
with half-fielled and completely filled sub-shels (with their atyendant symmetry) render. the-atoms morc.
stable than when they are otherwise. Chromium and copper-may be cited as examples of such cases,
chromium, Cr(Z=24) has 3d°4s! instead of 3d*4s?, and copper, C{(Z=29) has 3d!° 4s* instead of 3d°
45%. In these examples the 3rd-orbitals are either half-filled {5 electrons only) asin Cror completely filled

{10 electrons) as in Cu, _ . C el e e T

+ .~ The long form of the table is thus in conformity with the electronic configuration of the elements.
The electronic configuration in turn has its basis in Bohr's concept of atom. Tt is for this reason that the
long form is said to be Bohr's long form of the Periodic table. But it is not correct to say thit Bohr has
devised the periodic table. > O

1.6’ DIFFERENTIATING ' ELECTRON AS BASIS FOR
____CLASSIFICATION OF ELEMENTS e

" As the atomic sumber increascs by unity from one element to tho ext, the fatter element has one
electron in addition.to those in the preceding element. Here it is assusned that the arrangement 6f
v ciecirons remains as such. Thisadditional electron enters the available lowest energy orbital. In doing
«> 1t makes all the difference between this and its preceding element. 1t is therefore alitly cailed the
Hiifrentiating electron. Itis thus evident that the differentizting clectron has a special significance. Tha
classification of elements is thus designated according to the orbital into which the differentiatin gelectron
sntern. The elements arc thus designated as s, p, d and £-, blocks of elemerits trased or the type ol orbital,

“L.5.1 s-Block elements

_ . ' _E]é_mems of group I-A for example, Li(Z=3), Na(Z=11) and K (Z=19) have (He) 2s', (Ne)3s! and
{Ar)4s! configurations respectively. From thisitcan be readily seen thai ns' is the general outer electronic
conliguration for elements of group I-A. Similarly, elements of group II-A, namely Be (Z=4), Mg(Z=12)




and Ca (Z=20) having (He) 25% (Ne)3s? and (Ar)4s? for their electronic conﬁgammsm be assigned:
‘ns? a;-...thcir general outer. electronic configuration. Since in clements of groups I-A and II-A the
differentiating electron enters into 's’ orbital. they are classed together as s-block elements. '

1.6.2 pz—B»l;)c-_k,elements. :

, As in the above case the elements of groups TI1-B to VII-B and 'O’ have their differentiating
 glectrons entering into the p-orbital of the outer most shell, They are accordingly known.as p-block
elements; Fach p-orbital can hold two electrons. Therefore the three p-orbitals can hold six electrons;
Hence there are six groups of clements in this block. The groap I11-B element has ns* np' configuration
while group O-element has ns?ap®. The elements of the intermediaic grouys reflect the gradual rilling up
of the p-orbitals to completion (ns? ap?, s> pp? ...... ns> np’). : :

1.6.3 d-Block elements

The elements in groups ITI-A to VI[-A and VIII have in general their differentiating electron
entering into the d-orbilals of the penaltimate of the inner shell. They are therefore referred to as d-block
élements. To these eight elements in a given period are added elements of group 1-BandII-B tomake a
total of 10 clementscorresponding to the 10 electrons filling the five d-orbitals. Theinclusionof I-B and = -
TI-B elements in the:d-block is justified by a consideration of certain of their properties like formation of
cotoured compounds, formation of compiexcs and: catalytic activity which are similar to those of the
¢lements in group A to VII-A and VIiL. There are four series of d-block elements relating 10 the 3d,
4d; 5d and 6d orbitals, o :

SC{Z=21) eoriererreierseen s ZNZ =30 3d scries

Y (Z230) e crrvinnerimere veuens ) CA(Z=48).......... Ad series
La{Z=57), HHZ=T72) el Hg(Z=80)......0.. 5d series
Ac(Z=89), Ku (Z=104) and Hn (Z=103) ieccimnrmsrnnsens &d serics

The 6d-'scr_ies is incompleie. _
1.6.4 f-Block elements

The elements bearing atomic numbers 58 to 71 Cerium to Leutecium, and elements with atomic
numbiers 90 to 103, Actinium t¢ Lawrenciam have their ‘differentiating’ electrons entering into the pre--
penultimate (n-2)f orbitals. Hence they are called f-block elements. Corresponding to the 14 electrons
filling the seven f-orbitals ther are 14 clements in each of the 4f and 5f series of the f-block elements,

 corresponding to the 4f and 5f orbitals.

A closely related classification of elements is that based on the electronic configuration of their
atoms. Elements with similar outer electronic configuration are grouped together asbelonging toonetype... -
This metod of classification distingnished four different types of elements. i. the noble gas elements, ii.
ihe representative elements, iii. the transition elements and iv. the inner transition elements.

1.6.5 The noble gas elements.

These are formesly known as inert gas elements and are the group O elements (from helism .

radon). They are all characterized by their outer electron configuration ns’np® except for heliuvm (1s%).

Tn common, their outermost shell of electrons s filled tocapacity. All the inner shells are alsd completely
_ fifled. ' '

1.6.6 The representative elements

~ These are elements with ns! to ns? np? outer electronic confi guration. Tt is thus apparent that the
outermost shellis incomplete. The inner orbits are completely filled with electrons. Elements belonging




10 groups I-A, II-A, and 111-B to VII-B are classified as the representative elei_ne_nts. L
- 1.6.7 The Transition elenients

These conform to the {n- l)d”’) ns? outer elcctron ccmﬁguranon It is thus apparent thai thcy have
notonly the outermost shell but also the penultimate shell incompletely filled with electrons. That s, two
outer shelis are mcernplete Cu (3d'4s") and Zn (3d'°45?) and their related elements are considered
transition clements although they have the completely. filled (n-1) d orbitals. The reasons for such a
conmdcrauon are the same as those already given for the classification of d-block elements. These mark
a transition from the representative elements of s-Hlock tothe representative elements of the p- bfock ic.,
from group I1-A to group II-B. Corrcs‘pondmg to the filling of 3d-, 4d-, 5d and 6d- subshells there arc
four transition series each consisting of ten clements. All thcqe serics bogin witha group HI A element,

1,68 The inner t_ransnwn e!ements

These are the elemenis with (n-2)" (r-1)d* ns?outer clectronic configuration. These have three
outer shells incompiete. The f-orbitals appear only in shetls for which the principal quantum number is
- 4 ormore. The eneegy of (n-2)f orbital is comparable to that of (n-1)d orbital, Hence the differentiating
_electrons flow into the (n-2)f orbitals {from Cc to Lu) only after an eleciron eniers into the (n-1} d-orbital

(atLa). When the (n-2)f-orbitals are compicicty filled, the electrons begin to flow into the (n-1)d-orbitais
to completion. Becausc of the similarity in properties the elements with (n- 1)d1m2(La and Ac) are also
someiimes considered as members of the f-series of elements. The first series of inner transition clements
appear in the 6th period and the second scrics in the 7th perind corresponding (o the 4f- and 5f- orbital
Nlling. These are called inner transition clements as they show a transition ameng the transition elements,

L The 4f-series are called lanthanides and 5f- scries arumdcs

La (5'?) 5d‘632 Ce (58) é?»f2 5d° (S tee.il L (7]) 4 ﬁdl (s
Ac (89) 6d'7s>  Th (90} Sf° 6a27s>...... Lr (103) S546d17s?

1.7 PROPERTIES OF AT OMS AND THEIR PERIODICITY

The validity of law Iics'in its universal applicability or correctness in a majority of cases. Betore
one accepts a law as valid beyond doubt it is put to proof. In the present context let us see how far the
- arrangement of elements in the periodic table corresponds to the periodicity in their properties,

The properties like colour, state, density, hardness, melting poing, boiJi'ng point, thermal and -
electrical conductivities of clements are not the properties of their individual atoms butare of the molecules

- ofthe elements. A molecule is a colection of atoms. It is not possible to isolate an individual atem and

- study its propertics. Properties of atoms like atomic size, ionic size, ionisation potential or chergy, electrc .«
- affinity and electronegativity, however, goveri the chemical behaviour of clements they compode Our
- objecmfe is to study these pr()pcrtlcs of atoms. :
Check your progress - 2

2. What is meant by periodicity 7
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171 Atomic radius

For arigid spherical body its radius can be measured with accuracy.. Butan atom is far from being - -
rigid and is very diffuse. The probability of finding the electrons never becomes Zero even at great
distances [rom the nucleus. But, there is a limit where it tends to obe zcro allowing a boundary linetohe
drawn. X-Ray and electron diffraction studies permit measurement of internuclear distances. Inthecase

of noble gas elements composed of monoatomic molecules one can imagine a situation where at least

two atoms come closest as to touch one ancther. Half of the internuclear distance then is the atomic radius.
But many clements are composed of aggregates of atoms called rivlegules. In the case of an element -
containing molccules composed of two atoms (diatomic), two dilferent values for the closest approach of
atomns arc obtainable. Half of the smallcr valuc is the covalent radius (Fig. 1.3) and half of the larger valuc
is the Van der Waal's radins (Fig.1 .3). Covalent radius is half the internuclear distance between
covalently bonded atoms. The Van der Waal's, radius is half of the taternuclear distance between - _

Cla

1954
Fig.'1.3 (a) Covalent radius (b) Van der Waal's radis '

atoms not bonded 1o one another, but happen to be at closest approach due to Van der Waal's forcesof .
atteaction.. Similarly in the case of metals in the solid state where atoms are in closest packing, halfof -
the internuclear distance is called the metallic radius. Note that this is some what larger than the -
radius measured in their covalent compounds. Generally covalent radius is taken as a measure of the
atomic radius. These are measured in angstrom units (1 angstrom = 1.0x 10 ¢m) '

1.7.2  Atomic and covalent radii of some elements

Element Atomic Covalent |  Element Atomic Covalent .
radius . radius o radius radins - | C
(A°) (A) e @y S
Li 155 1.23 B | 098 0.82

Na 190 | 154 Al 143 118

K 235 | 203 Cco ez | 07

Be _ 112 030 1 S 132 L1

Mg 1.60 136 [ N1 082 1 075

The covalent radius of elements changes with the multiplicity of the bord and remains atrost
constant for a given maltiplicity of bond (Tabel 1.7.2) in any compound, '

1.7.3 Covaient radii of carbon in some compounds

. Compound Bond Covalent vadivs Bond
' arrangement. @A mulkiplicily
Diamond C-C ol Single
Ethanc C-C 077 b
Propane C-C 677 - "
Ethylene C=C 067 Doubde L
Acctylene " C=C 0.60 j Triple . J




1.7.4 Periodic t_ref:ds in atomic radii,

- As the atomic number increases along a period there is a decrease in their atomic {covalent) radii.

_The differentiating electrons of elements in a period flow into the same outermost shell as in periods 1,2

and 3. Sometimes they also go into the penultimate shell as in' periods 4,5,6 and 7 and even into the

prepenultimate shell as in periods 6 and 7, They never go into a new shell of higher principal quantum

number. The increasing nuclear charge of elements along a period then pulls not only the ontcrmost

clectronic shell but the inner shells as well nearer and nearer 1o the nucleus causing adecrease in size. This

decrcase is very large between elements of groups I-A and IT-A as an s-electron i involved. The decrease

- In atomic size' amongst clements of the p-block (groups I11-B to VII-B) is small where p-electrons are

involved, - This variation in decrease in size reflect the greater penctrability of an s-electron (orbital)
towards the nucleus than that of a p-clectron (orbital) (Fig. 1.6). ' ' -

175 Covalent radii of atoms of some elements (A°) of period 2

" Blement | L (B |8 |c (n |o g
AuNo. " | 3 a | s 6 718 9
Ekceonfgn | 28t | g 252p* | 252p7 | 292p> | 272 | 25%p0
Cov. radius 123 0% | o082 [ o [ o075 |07 |07

- Further the decrease in size of atoms from Group II-A 1o those of Group III-A (the first element -

- ingach of the d-series) is quite appreciable. In this case that is in group INI-A element, the additional

 orbizal of the penuitimate (or inter) shell,

_ electron enters not into the same outermost shell as in the previous element of group 11-A but mtothed-

1.7.6 Covalent radii of some 'of'elements of groups T1A - and ni-A

-"‘Gr..._'II—A o Ca | s _ " Ba
Elec.confgn, s | s | 6
Cov. radius (A% Lo o121 | tsa | 1.98
Gr. LA | s |y " La

_'Elec-._corirgn. o 4B | | 5_8’4(1‘ |
Cov. radius wy | 144 162 169

Within the transition (d) series of elements the decrease in size from element to element is very
small. This'is due to the entry of the differentiating electrons into the same {n-1) d-subsheli of the inner
{penuitimate) shell. : o ' o o

11




( atseries | Ce | Pr ca | v o | Le
-Elec.confgn 4[25d°6s* | - 4F35d°6s* 4{?_5&552 - AP50°68 4f“5d°.6s__’__ apsdis?
Cov. 1.65 165 161 | 159 . 1.56

“The ingrease in ivuciear charge mthese clements is_.i.nsizi_'t \ 1. How
the increase-in atomic size from one element 0 the nexi is less than expected, since the inner shells are
greatty atiracted towards the nucleas, whilc the ouermost shelt is 2150 somewhat deawn inwards. Thisis

177 Covalent radii of elements of 3d series

3dscries (8¢ "Ti v | ¢ i Mn CFe .C(_)'
Elec.confgn ' 3452 3das? 3{_134'52 3&5431 st | 3ds® 3(_'11_4'52-
Cov. radius(A°) 1.44 '_ 132 122§ 118 117 1.17_:' ' __1'.'16.

. Among the ianer transition serics of elements the decrease in size is of particular interest. For
cxampic, in the lan thanide scries {(4f-serics) foran increase in fourteen units of nuclearcharge from ceriutn-

(Z-58) 10 leutecium (Z-7 1) the decrease in size IS only abount (.1 A. This is due 10 the entry of the

. differcrtiating clectrons into 41 -orbitals.

1.7.8 Covalent radii of some elements of 4f series

. radius(A”)

The effect of increased nuclear charge in these elements is nearly counterbalanced by the electrons filling
f_orbitals of the prepeaultimate shell. Thercby it adds to the shielding effect of inner shell electrotis.
Recausc of the speciaily simali decrease in agomic sizc among these elements itis given a name 'Lanthanide
contraction’. A similar contractionis noticeable in the Actinide scries (5{-series) and is known as Actinide
contraciion, R oy S el : -

In passing from one period 1o the next period the differentiating clectron enters into a new outer
she!l of higher pri ncipal quantum number. As the new shell is farther from the nucleus, there is an abrupt

increase in the gize of atoms of elerments of Group I-A over their preceding elements of Group O

In a pefiodic group the atomic size increases appreciably with atomic number #5 he electron is

" added to an outer higher prinCipal quantum level

1.7.8 C(W::_lent radn bf. sﬁfne elements'of: .grl'oup LA

Af scries .- CLio | Na K Rb s !
" Blec.confgn T B PR T 45t a¢t c sl
Cov. radius(A®) ..{ 123 .54 . 2,03 246 L2 L

icient 10 VErcoIne sucit an EXpansio. However,

amply evidenced by ihe example of Group i1-A and Group T-A clannts,

Among the transilion groups although an increasc in atorae size fe noticed in pessing from a 34-
sseries element o a 4d-serics element there is practically nochange betw=rh & 44-and a 3¢ -ciement ol the
same periadic group. This is a consequence of the inclusion of ibe fourizen ianthanide elements and he
1anthanide contraction they exhibit. ' - '




17.19 Covalent radii of some elements of 3d, 4d and 5d series .. -

m-A |

" Group VA V-AA | VEA | VA
3d-scries 8¢ CTi v | Mn
Elec.confgn. 3d'ds? | 3dM4s* 3d%g? ) 3dMgt | 3{154;\}'.1'
Cov.radius(A®) | 144 | 132 1.22 118 117

' 4d-scries - Y Zr Nb° - Mo Te

- Elec.confgn, Adse | adset | adsel- | 4dsss' adssst

- Cov.radius(A®) | 1,62 1.45 134 130 L2z
5d-series la- Hf Ta W Rc
Elcc.confgn, 5di6s* | ADSA6s? | 4AFSE6s? | APUSQ6s | AD45d%6s?
Cov.radius(A%) . | 169 | 144 1.34 1.30 128

1.8 JONIC RADIUS

, Ani ion. is. formed wben an atom gams or loses one or more clectrom lec an amm, an 10n 18 alm-
not.a rigid body. bcsause of i its.diffuse electron cloud.” Measurement of jonic radius is more d:fﬁcult It
is never half of the interionic (inter-nuclear) distance measurable in an ionic compound, since two 11ke
-atoms do not combing together to form an ionic compound. Paulmg has evolved a method of dctcrmmmg
the ionic radius in the case of jonic compounds containing 1soelcctr0mc ions (Na*F, K*Cl*,Rb*Br-, Cs*
I.). Here he made the assumption that the size of the ion is nversely proportional 1o its Effective nuclear
charge, T'=Z-§, where Z is the nuclear charge and S is the shielding {Screening} constant, Pauling thus
determined the jonic Tadii as Na*G.95°A°, B* 1:33 A°, R 1.48 A, Cs*1.60 A, F136 ACT 181°A°,
Bri.95 A® and I 22.16A°. Assuming the constancy of ionic radii in lhmr compounds lhe radii of other

_ionhs ¢an rcad:ly be obtamed from the measured ineer-ionic d;‘;fflnces :

, When an. .atom gams or loses one or-more electrons the nucléar attractive forccs redmr;bklle

 themselves about the new electron populauon Whcn an atom Joscs electrons forming a cation thé effect

- oralractive force of the nucleus ori these electrorns becomes more. Thisis biccaise the number of électrons

inthe cation is less than in the nettral atom. Asa result the electronic shells are putled iniwards, i.c towards

- the nacleus. Thiginward pull cayses an appreciable contraction m the sizg. A cation is thus smallerthan
;f\, »e‘rcepondm g neutral aiom

thn an atom gains an electron or electrons forming an anion, the effect of thc, attractive force
of the nucleus becomes less than in the neutral atom. This is so because the number of electrons around
‘e nucleus has increased. .As a consequence,there is anexpansion of the electron cloud Ap:aniop s
this larger 1han the correspoondmg neutral atom {Table 1. R 1), ' '




1.8.1 Atomic and ionic radii of some elements (A°)

- Element o _Elcc._t:mfiguration L _ " Radius -
1 Aom: “fn . |  Atm | Ion(charge)
Li _ (He) 2s' (He) ' 123 | 061(s1)y
Na . Ne) 38" (Ne) - 154 | 095@1) -
Mg 1. (Ne3s (Ne) 1367 | 065(+)
0 (He)2s22p* | (He) 2st2p - 073 140(-2) .
F ol meet | ®me2swt | 072 o 1A0GD)¢
Cl. .  (Ne)3s*3p°  (Ne)3st3pt | 0D 181(-1)
~ The size of the cation decreases as the number of cléctrons it loses increases for reasons alfca‘d}j
_ slated. . : ' _ :
Fe . Elec.Confgn. | 38 4 - 126A°% o
Fe?+ " " S 3d%4st ' 0.76 A®°
P+ "o - 3d° 4g? 0.64 A°

1.8.2 Periodicity in ionic radii

The ioni¢ radius as alrcady indicated changes with the number of electrons lost or gained. Unless

" the elcments involved form ions of the same charge, no useful purpose is served in explaining the changes

“in how t:c ionic size changes with atomic number. In a periodic group atl clements form Mn* jons of the |

 samech: rge, Parallelling an increase in atomic number the ionic radius also increases. This is similar to

‘that obsc -ved in their atomic radii. Among the wransition series of efements which are capable of forming

jons with dentical charge, the ionic radius decreascs steadily withincrease in atomic number (Table 1.8.3)

a

_1.-8.3 Sizes_' of atoms and ions of some 3d- series of elements (A°)

Mewal | Sc. | Ti | ¥ Cr Mn | Fe Co Ni
"M |14 | 12| 122 | s [ | a7 | w6 | LIS
M | - 000 | - | - 080 | 076 | 074 | o7

M+ | 081 | - | 074 ] 068 | - o0 | 06 | 062

The decrease in size of the jons of the inner transition clements of similar chérge is far less
(Tablc 1.8.4) '

'1.8.4 Sizes of atoms and ions of some elements of 4f- series (A°) |

Metal Ce Pr 'Nd | Pm Sm TH
M 1.65 1.65 164 1.63 162 | 156
M+ 111 109 108 106 ] 104 100

~ Among the isoclectronic ions the size decreases as the nuclear charge increases (Table 1.8.5).




1.8.5 Decrease in size of some is'oe!_éctroni_c_ ions (A%

Eement —Tc " Jo | F Ne- | Mg [ ar . | s
Elec. Confgn. 29292 | 2s12p¢ | 29295 | 390 | 32 | pt | 393
Cov.rad(A%) {077 | 0.73 072 f 154 | 136 (118 | 10
on - ¢ | o B Nat | Mg AP | g
Elec. Confgn. [2s22p5 | 2922p° | 292 2% [ 25%pt | 29p0s | 29mps [ 29 op
Ton. radius (A®) 2.60 | 140 136 095 | 065 { 050 041

- What is said of atomic radii of the transition and inner transition series of elemenits is also true in
- the ease of their ions of similar chrge, : '

1.9 'TONIZATION POTENTIAL -

~ An clcetron in an atom is constantly under the attractive influence of the nucleus, Only en
‘absorbing encrgy from the surroundings or from an external source of energy an election umps into a
higher energy orbital. This is possible when the quanta of energy absorbed (nhv) equals the dilfercnce in-
energies (E,-- E,) associated with the orbitals involved, Here E,and E,, refertothe energies of the higher
andlower orbitals involved. This outward movement of the clectron continues with continucd absorption
ofenergy. ‘At one stage the electron escapes from the atom, or comes out of the attractive influence of the
- nucleus. The amount of encrgy just sufficient to pull a loosely held electron out of the attraction of the
nucleus of an isolated atomin its lowest (ground) state of energy is known as the ionization potential: This .
is also called ionization energy. The electron thus pulled out first from the atom is necessarily the one
which is most loosely held by the nucleus, Tt is also the one to come into the atomic orbitals as the
differentiating clectron in the atomic build. By loss of an electron the atom is transformed into a cafon,
The ionization potentialis thus the minimumenergy requiredto remove the most loosely heldelectron from
- an isolated (gaseous) atom in its ground state to form @ unipositive ion. E

M + Ionization encrgy —» M*+e-

The ionization energy isof hydrogen graphically represented in Fig. 14, Thefigurc shows that 13.6
¢V oritsequivalent 313.6 kilocalories per moleatomsis the energy required topull out the Iselectron from
ihe hydrogen atom. The ionization potential is measured in electron volis (eV)and the ionization encrgy
. isexpressed intkilocalories per mole of atoms. It is nowadays expressed in $1 units (KJfmole) kilojoulcs

per mole, o I ' '

X=5
. x-a._Xaq- :
Kad _

13-6[13-0/12-7 }?O w0z

xatl ] |ev lev levidy

. Fig. 1.4.Graphic representation of ionization energy of hydrogen

_ It amounts to saying that it is the energy wilh which the 1s electron is held by the naclcus of
‘fydroegen in the atom in its ground state. Ionization potentials are oblained from discharge whe
caperiments, : . '
Unlike the hydrogen atom, atorms of other elements contain more than one ¢lectron and arc said to
be multi-electron atoms. Tt is possible 1o remove all the electrons oncgbg one through continuous supply 15
Dr. BRACT.  Ace. Npt < — 0267
Lignal - Class No; s 4o
M
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© of encrgy. The minimom energies. necessary.to'remove-successive electrons from the increasingly

positively charged ion in its lowest energy state are called the second, third, fourth and so on ionization

" potentials. The magnitudes of the energies required for pulling out an electron increases steadily from

the first ionization potential (IP,) 10 thie second (IP,), to the third {JP,) and so ofi. This incrcasmg magnitude
of successive ionization potentials can be accounted for by considering that a unipositive fon-is smallee
than a neutral atom, 2 dipositive ion is still smaller thana unipositive ion so on. ‘Alsoan electron is held
mare tihily in a unipositive ion than in a neutral atom, and an ¢lectron in a dipositive jon is stifl morc -
strongly bound to the nucleus than ina unipositive o and so on. Thus, the successive ionization potentials

incréase in the order 1P, [P, < TP, < 1P < oo P

1.9.1 Periodicity in ionization potentials

Tonization potestial (or first ionization potential) is commonly observed in clements including
hydrogen which have one electron. The ionization potential increases with atomic number along aperiod
and reaches a maximum at the noble gaselcment (Table 1.9:2). This may be related to ihe decreasc in (ke
atosic size and increase in nuclear charge. On passing to the next clement, viz., an alkali tmetal of the
next period, therc is a steep drap in the ionization potential. Once again it increases along the period tili
the next noble gas element 18 reached. Downa periodic group of clements although the atomic number

~ increases largely, the jonization potential decreases. . This reflects the increase in size of atoms down a
periodic group inspite of increase in nuclcar charge. - : : '

1.9.2 Tonization potemi_als ofsome elemients (V)

- Elem¢ 2t .. Atomic Atomic " Tonization potential

: . . pumber | - radius : #m S

T : - (A) hi sz __ 193_._.__'.. .
H 1 032 - 13.595 S

He 2 093 24,581 54.403 -

Li 3 123 5.390 75.619 122419
Be .4 £.90 9.320 18.206 153.850
B 5 082 8.296 25.149 37.920
C 6 077 11256 24.376 47.864
N 7 o5 . 14.540 25.593 47.426
0 8 073 13.614 35.146 54934
F 9 0.72 17.418 34980 62646 -
Ne 10 071 21,559 41.070 - 63.500
Na 11 1.54 5.138 47.290 71.650
Mg 12 1.36 7.644 15.031 - 80.120

A plot of the ionization ‘potentials of ele
-+ periodic rise and fall ali
positions while the nob

along with discontingities here and th

ments against their atomic numbcré (Fig 1.5) shows a
erc. The alkali metals occupy the lowest
le gas elements occupy the peaks. - The discontinuities observed cannot be

explained on the basis of the atoric size and nuclear charge alone.- Certain factors besides those which
influcnce the jonzation potential need be considered here.. - :



‘rﬂﬂm'\‘vl r.\mb.. P a0 s ¥ ’ -i ; I [
ic) N §
i
iz
T gfg! ; -
R £ HIS '
G ST S
E) '
= ;
i 1
Rn
& ng o
= e
& ", b
ot ¢ . bl A T .
by Ly L T _ iy
- - Cs
e s ‘-;- . Jl . ) l - j B l' . I ‘
W 5i Bl 50 B0 ¢ /s 80
Awmic Numsher — Yonizatien potential

\-E.i

1g. L5 Vasiadon of first lonization potential with alomic nutnber

493 Factoss influencing the magnitude of ionization potential

Fhe magninide of ioniration powntial is influenced by a number of factors chiof of which are (a)
wlear charge, (H) atomic Fadius, (e} shiciding olfect, (d) extent of penctration of an eleciron, {e) stable

3

sicaoaic configuration and ) glecirostatie repulsion within an electron pair.

1,837 Naclear charge

AD Ease 1B nitieqr chazge iends o increase the atractive pull of the nuckus for the electrns
PR e shell, Theoniaiion nowntlsl cortespoondingly increases.

fa
L3021 Agzvanic radivs.

ced . e

S The Torger the giomis mading {the.distance between the nucleus and the most loosely hedd élociron

i (he-atom) the less Is ihe witraciion for the eleciron and so the ionizaiion potential is lower and vice versa,

B3 Siselding effect

- The mostivoscly held eleciron inan atom 1s shielded by other elecurons from the attraction of the

. This shiclding is specially more efficiently offered by the electrons in the inner filled shells. ‘As

.
st theelecizon does not feel the full charge of the nucleus. The Jarger the number of these other electrons
WiC Zromicr is the shieldies they offer. The influcnce of the muclens effectively felt by the loosely held
siectron is catled the effecdve nuclear charge, 7%, Tiis given by the relation Z* = Z--§ where Z is the
muciens charge and 8 the total shickiing {screening) constant offered by all other electrons. The shielding
aftect varies from elecwon 1o eleciron depending upon its orbital eccupancy and the principal quantum
number of the sheil it belongs to. '

L9334 Fxteni of penetyation

-Inthe atomic build it is said that elecirons enter into atomic orbitals fol lowing the aufbau principle.

Ttdoes noi mean that an cleciron entering into a higher energy orbital remains in its principal quantum level
alone revolving about the nucieus, Itdoss notremain outside the domain of the inner filled shells. Actuatty

- ivean pencteate towards the nuglens to an exient depending upon the eccentricity of its orbital governcd
by its azimuttal quantom number, 1. The less the value of 1 the greater is its penetration towards the

cigis putla the loosaly deld clectron iowards itseif the electron is repelled by the other electrons. As -

17



18

nucteus. Thus the degree of penetration of an clecron in a given principal guantum level is in the order
s>p>d>f. Inother words, s-electrons penctrate more closely towards the nucleus than p-¢lectrons of the
same principal quantum level. The p-electrons penetrate move closely than the d-¢lectrons which in tum
arc superior to f-electrons in this respect (Fig.1.6). Itisclear from the above that the ionization potential
of an s-electron is larger than that of a p-clectron which in turn is greater than that of a d-electron and so
Ot

5~ orbital

-~ otbital

1~ orpital

Fig. 1.6 : Penctration of atomic orbitals
1.9.3.5 Stable electronic configuration
Half-filled and completely filled subshells with the attendant symmetry in the arrangement of
electrons offer cxtraordinary stability to an atom. And that anyother arrangement of etectrons results in
aless stable aiom. This is also known from the examples of chromium and copper and noble gas elements.

1.9.3.6 Electrostatic repulsion within an electron pair

Pauli’s principle allows two electrons of opposcd spin to pair up and occupy a given orbital but not
elecirons of the same spin. Errespective of the spin an clectron, it carries unit negative charge. Therefore

it is not unreasonable to expect a certain repulsion between the electrons inapair. Whenitisa question

of remioval of an clectron from a pair, it is the one that cnters 1ast that is loosely heid by the nucleus. It
is the one with spin opposite 10'that of the others. By loss of that electron the residual atom (unipositive
jon) altaing stability. This repulsion within a pair and the forthcoming stable configuration (half- filled
state)aliows the removal of the electron with ease,

Referring to the ionization potential curve pestaining to clements in periods 2 and 3 and later periods
as well, omitting the transition and inner transition series for the present, the ionization polential in general
increascs from the afkali metal to the rioble gas clement. Butattwo places thatis, at Group 11§-B and Group
VI-B ¢lements it drops to a lower value..

In the atoms of a Group HI-B element (ns® npt) a p-clectron appears for the first time in the
outermmost shell. The p-electron is less penetrating than the earlier s-electrons. These later shield the
p-clectron with the result that it becomes casicr toremove p-electron than an s-electron. Also the reimoval
of the p-electron feaves a filled and s0 stable ns subshell. The ease of removal of the p-electron becomes
greater with increasing atomic number specially in the case of clements immediately following the
wransition series. THhis is duc 1o the increased shielding effeet of the inner filled sheils,

The drop in tonization potential at the group VI-B clements isdue o a different cavse. The outer
clecirenic confl guration ns? np* shows only one pair of slectrons in the p-subshell. This reverts W the
stable ns?np?® (half-filled subshell) structure by loss of one electron. fLmay now be said that glecirostasic
repulsion within the pair of p-clectrons is onc of the reasons for the iow fonization patential. The siabitity

_ ol"_lhc' hatf-fitled state that occurs by Joss of an electron from the pair is another rcason. addition, the

(ull shielding cffect of the other electrons in the atom aids the clements of Group VI - B to have o iower
ionizatiion potential. '




Among the transition series of elements the ionization potential is ncarly constant due to firstly
unchanged outermost electronic configuration. And secondly, the size of their atoms remains almot the
same. But for a small decrease in the size of atoms there is correspondingly small increase inionization
potential. Similar is the case with the inner transition series of elemens.

The importance of the concept of jonization potential lies in predicting the electropostive or
electronegative character of the element concerned and so its ability to form ionic compounds, Further
~ the normal oxidation state an element attains in its compounds can also be predicted. A low value for
ionization potential indicates highly electropositive character of the element and a high value a highly
electronegative character of the element. Elements with very low or very high ionization potentials (except
the noble gas elements) are capable of forming ionic compounds. Again elements with low ionization
potentials are good reducing agents in as much ag they readily give clectrons and those elements with hi gh
values are good oxidizing agents because of their ability to ke up clectrons readily, As encrgy changes
involved in chemical reactions are not of a high order, the oxidation staie of an element normally gitatns
can be guessed correctly by reference (0 the successive jonization potentials of the element. Itcorresponds
10 that number of the jonization potential beyond which there is a sudden large jump in the value, Fof
example, '

IP,of Na is 5. 138; IP,of Na is 47.29; Oxidn. state of Na= +1
IP, of Mg is 7.644; IP, of Mg is 15.03; IP, of Mg is 80.13, hence the oxidation state of Mg is+2.

1.10 ELECTRON AFFINITY

In the process of ionization an atom absorbs (accepts) energy and gives out an clectron, In
asortof reversc aperation one can expeet.an atom to acceptan electron and giveoutenergy. In thisprocess
it sforms.an anion with unit negative charge. The energy released when an electron is taken up by a
neutral gaseous atom in its lowest energy( ground)state is called the electron affinity. Corresponding
to the addition of second, third and fourth clectrons successive second, third and fourth electron affinities
may be thoughtof. The second and third electron affinities will havenegative values owing to the repulsion
between the negatively charged ion and the electron (Table 1.10.1). Taking vp an electron or electrons

-and the éxtent to owhich the outermost electronic configuraticn is short of octet (ns’np%). Small atoms with
nearly filled outermost shells (halogens) have hi ghelectron affinity. Atoms with outermost shells sparsely
filled (like the atkali and alkaline earth metals) have very low electron affinities. The atoms of noble gas
element with an octet (ns?npd) of elcctrons for their outermost shell have no electron affiniry,

. Unlike the ionization potential the eleetron affinity cannot be measured directly by éxperimerit.
However the electron affinity of an atom can be determined as the de-ionization energy of its uninegative
ion, but with the sign reversed. The electron affinity is also measured in electron volts or kilocalories or

kilojoules per mole of atoms.

X" +Energy -—— X+e

For mostelements the clectron af inity values cannot be so determined. In such cases the electron affinitics
are obtained through an application of Bom- Haber cycle to. thermodynamic data for their ionic
compounds, Elemcnts with high clectron affinity have a high tendency to form negative ions and ionic
compounds,




1.14 M(.)DE'L-. ANSWERS TO CHECK YOUR PROGRESS

1. Atomic number of clement was considered 1o be the fundamental property of itas the propcrﬁes
' - depend upon atomic number.

2. The repetetion of Physical and Chemicat Properties of elements in regular manner is called
periodicity. :

'1.15 GLOSSARY

_ Atomic number; This gives the number of clectrons in an atom or the numbr of protons in the nucleus
of the atom. It is also the position of the clement in the periodic table.

Atomic weight: Ttis the weight average of the {sotopic masses. It is expressed in atomic mass units.

Effective nuclear charge > This is the attractive influence felt by an electron, 1t is equal in magnitude to
the nuclear charge of the atom less the shielding constant offered by all otherelectrons except the one under
qucstion. ' o

Electron affinity: 1tisthe tendency of anatom o attractelectrons (bonding) toitself, thisis a mere number.

Hear £ hydration or hydration energy: [1is the energy released when a gram-mole of 4 substance gets
hydra: 4 in aqueous solution at infinite difution by attracting the polar water molecules around it. This
is mea--wred in kilocalorics per mole or kilojoules per mole.

Heat o; Vaporization: 1t is the energy required 1o vaporise a mole of substance. It is measured in
kilocalo: s per molc or kilojoules per mole.

ITonizction potential: It is the energy requived to pullout the most loosely heid electron from a ncutral
gascous {isofated) atom at its ground state, This is measured in electron volts or kilocalories or kilojoules
per mole of atoms,

Oxidation state or number > This denotes the number of clectrons lost (or apprently lost) or gained (or

apparently gained) by an atom in the formation of a compound, Loss of ¢lectrons confers a positive
oxidation statc and gain of elcetrons a ncgative oxidation state.

Author: D. R. Rajeswarar Rao.




Block - 2

STUDY OF ELEMENTS OF GROUPS 0,TA AND IIA.

The {irst two venical rotvs in the long form of the periodic table are called alkali metals (IA) and
alkaline earth metais (ITA). These are 'S’ block elements, The last vertical row of elements in the periodic
table is 'O' group. Thes: elementsare referred to as inert gascs or noble gases, They are 'P' block elements.
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UNIT-2 STUDY OF ELEMENTS OF GROUPS O, IA AND IIA

Contents:

2.1  Aims and objectives
2.2 Introduction
23 Elements of group O
23.1 Some physical characteristics of group O elements.
24 Elemcnis of group I-A
24.1 Some physical propertics of group I-A elements
2.5  Elcments of group - ITA |

2.5.1 Physical characieristics of Grbup - 1I A elements.
2.5.2 Some chemical propertics of group-TA clements.

26  Comparison of group IA and IIA elements.

27 Arnomalous behaviour of lithium and beryllium.
2.8 Summary,

2.9  Model examination qucsliéns.

2,10 Model answer to check your progress.

2.1 AIMS AND OBJECTIVES

This unit aims to rationalize the physical and chemical propertics of elements based on their
clectronic configurations and to account for the similarities and differences in the properties of the
elements. - '

After completing the reading and understanding the various aspects presented in this unit yon must
be able to: )y

s Account for the existence of zero group elements as monoatomic gascs devoid of chemical
reactivity.
¢ Envisagethe possibility of the formation of some compounds particularly with fluorine and oxygen

of xenon and krypton,

» Explain the closc similarities of alkalimetals and their high electropositive character..
» Account for the diagonal refationship of lithium with magnesium,

s Explain the equivalent character of berythium in group I elements and its resemblance to
aleminium of group 111,

o Observe and accounit for the trends in the various physical and chemical properties of group IT
clements.,

» Explain the trend in the properties of oxides halides and oxysalts of alkaling carth clements.

+ Nolte the ditferences in the properiies of group 1 and group II elements and rationalize them. 25




2.2 INTRODUCTION

Elements of the periodic group O are characterized by ns? np® electronic configuration for their

. outermost shell, All the inner shells of their atoms are fitled to capacity with paired up electrons. This

clectronic conliguration renders them chemically inert. Hence they were catted 'inert clements (gascs).
As their heavier members were found 1o form true chermical compounds they are now called ‘noble’ pas.
clements. The term ‘group O refers o their general zero valency {absence of chemical activity). The
clemens of groups [A and ITA have super-siructures over those of Lthe previous noble gas elements forming
the core for their gencrat outer electronic configuration with electrons cntering into a higher energy
principal quantum shell. Thus the outer electronic configurations for elements of groups O, TA and A

_are ns? np®, ns? np® (n+1) s' ‘and ns? mp* {(n+1)s* respectively. The. ns? np® outermost electronic

configuration renders the noble gases chemically incrtor inactive heavier elements with lagge atoms uadex
special conditions. The (n+1)s? and {n+1)s? structures of groups 1A and 1TA elements make them active.
Tn ctiemical reactions these clements of groups TA and ITA lose their outermost shell elecirons forming
cations, since their atoms are relativelv large and have low ionization potentials.

2.3 ELEMENTS OF GROUP 'O’

~ Group 'O’ compnses of helism, neon, argon, krypton, xenon and radon. The group number
indicates the valence of the elements wiere in. Their valence is zero. This is in conformity with their
chemical inactivity. As the first pracipal quantum shell contains only an 's' orbital helium has the
electronic configuration 152 All other members of this group have ns? np® outer most electronic
configuration, Radon, the fast of these elements, is radio-active and little is known about it. The physical
cheracteristics of these elements are given in 2.3.1.

Parafleling an increasc in atomic number of elements, their atomic weight and atomic radius
{covalent radius) incrcase. The increase in atemic size is due to increase in the number of protons and so
of ncutrons, two massive particles contributing to the atomic mass. The increase in atomic radius is due
to a-new shell of clectroris of higher principal guantum number appearing with each nexi clement dowit
the group.

The noble gas elements  are composed of ronoatomic molecules (or isolated or uncombined

aloms) with only weak van der Walls forces operating between them in the liquid and sotid states, This

isindicated by the ratio of their specific heats (Cp/Cv) which is nearly equalto 1.66. They have low mel ting
points and boiling points loo. Their densities show an increase as & consequence of the inarease in atomic

“weight.
2.3.1 Some physical characteristics of group O efements
_ e l' [

Properiy He Ne Ar Kr Xe I 137 '
Atomic Mo, 2 14 18 36 54 86
Elcc. confgn. ig? 25'p® 3¢%3p° 4g*pt 55%5p® 6576t
Atomic wl. 4.00 20.17 39.95 83.86 131.8 (222}
Ratio of sp. his. | 1.65 1.64 1.65 1.69 . 167 -
Cov.radius(A®) | 0.93 0.71 0.98 112 1.31 -
Density (gfcc) 0.178 0.90 1.78 3.7% | 5.85 -




Melting Point (°C) | -272.1 245.8 -187.1 -169 -140 -
Boiting Point (°C) { -268.0 2458 -185.6 -151.7 -109.1 -
heat of vapouri '

‘sation

(Kcals/mole) 0.02 0.422 1.56 2.16 3.02 -
1P (Kcals/mole

Promotion energy | 567 467 - 363 323 280 -
usnp® — nsup®

(n+l)s 20.0 166 o us 69 8.3 .

The ionization potentials or energics decrease as the atomic radius increases with atomic number.,

Since the increased nucicar charge is insufficient 0 overcome the eltect of increase in atomic size, the

attraction of the nucieus for the outermost elociron decreases. Their b igh ionization cnergics together with
 ihe filled electronic shells are responsible for their inability to participate in chemical reactions.

- Promotion energics also decrease with increase in atomic number. These promotion energics for
krypion and xenon are somewhat Tow. These low valucs reveal the possibility for these elements to form
compounds under suitable conditions. We will have occasion to learn about these clements in detail in
d later untt (unit 4,

2.4 ELEMENTS OF GROUP iA -

Lithium, sodium, potassium, rubidiem, caesium and francium belong to this group. They have the
characieristic ns! struceare for their outermost slectronic configuration. Hydrogen has 1! electronic

_configuration and is justifiably placed under this group. Becauge ol many differcnces in its physical and

chemical properties # is not wreated as one among the alkali metal clemeints, The reasons for such a
consideration are given in the rext unit where a detailed stady of the position of hydrogen is taken up, The
fast of thesc clements namely franciim is a radicactive element and very fittle is known about it. The
physical characteristics of thesc elements are givenin fable 2.2 ' '

241 . Some physical properties of Gr. TA elements
Property Lt Na K Rb Cs Fr
Awmic Ne. 3 It 19 37 55 87
Elce. confgn, 2g! 35t 4g! 35! 6s! 751
Atomic wi, 6.94 22,99 39.10 85.47 13291
Cov.radiug (A®) | 1.55 1.90 2.35 248 267
Ionic radius (A®) } 0.60 095 - 1.33 1.48 1.65
‘Density(g/cc) 0.53 0.97 0.86 148 1.87
Melting pt. (°C} | 180.5 97.8 63.2 39.0 29.6
Boiling pt. (°C3 | 133.1 850 768 701 605
Heats of vapou-
risalion
(Xcals/mole) 215 20.5 18.8
Heat of hyaration
(Keals/mole) 76 69 62
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IP, (eV) 1 5.39 5.14 439 417 3.89
1P, (eV) 75.61 479 31.81 78 1 257
Electronegativity | 1.0 0.9 0.8 08 0.7
Oxidation state +1 +1 +1 +1 +1

Sid. Oxidn.
potlential{V)
Mo M+4c +3.05 +2.1 +2.93 4293 +2.92

All the clements arc characterized by the same oulermost electronic configuration ns'. With
increase in atomic number, a new outer shell of higher principal quantum aumber i added at each next
clemenl. Asaresult, the atomic (covaient) radius and the corresponding lonic radius increase for element
toelement down the group. Of course the cation is much smaller than the corresponding neutratatom. This
is because an electron is stripped off in the formation of cation (ionization process} from the outermost
shell.

The atomic weighi increases as the atomic nuraber increases. This is due to Lhe increase in the
number of protons (and neutrons) as the atomic number increases. The densily increases sieadily from

ithinm to caesiom but potassium is Yighter than sodium. Th is is due to the sudden increase in size of the
atoms from soditm 10 potassium perbaps to make provision [or 3d-orbitals in the clemenis that follow it

Check your progress - 1

1. Why is the density of potassium jower than that of_sodium?

As their ontermost electronic conliguration (ns’ ) SuggCsts, they are the first clements in gach of the
periods with largest atoms. This together with their crystal structures (body centred) make thesc metals
soft cnough to be cut with a knife.

Unlike hydrogen withits 1s' clecgonic configuratinn these efcments possessing the same outermot
clectronic configuration {ns') are solids. This refiects the absence of discrete molecules in these metals.
The nature of bonding between atoms is diffcrent. The atoms in the solid eloments are bound by metathic
ponds. Their melting points and their heats of vaporization are low. They decrease with increasein atomic
nuimber showing that the interatomic attractions are sufficiently weak. This is true of an atom with one
valence electron having tobond with eight nearest nei ghbouring atoms atappreciable but same distance.
T1is a case of delocatisation of bonds. Cacsium with the largest aioms hasa melting point as bow as 29.6°C.

The innization potentials decrease with increase in atomic number. This is becanse a new ouler
shell formed farther away from the nenlous. Their second jonization potcatials arc very high denying the
clements the cxistence of +2 oxidation state. All of them have low jonization potentials, This is
responsihle for their strong reducing ability.

Their ability to lose electrons is further evidenced by their high positive oxidation potentials. In
spitcof its small sized atoms and high jonization potential, lithium has the highest oxidation potontisl. This
is because of the small size of lithium ion and its targe heat of hydration. These counter balance ihe effect
of higher ionization potential, Lithium is the most powerlul reducing agent. The smal} stze and high
hydration crergy of lithium ion also explains the formaltion of hydrated Hthium salts. Some sodium salis

_ are also hydrated for a similar reason.
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The high positive oxidation potentials coupled with low ionization potentials pose a problem in
Lhe extraction of the metals from their ores. They have to be obtained by electrolysing their fused salts
free from water. They react with water. They arc therefore kept under an inert liquid like kerosene. The
increasingly low ionization potentials down the groupreflect their reactivity with many dryreagents. With
oxygen Lithium forms its oxide Li,0, sodium, potassium, rubidium and caesium form peroxides.
Potassium, rubidium and caesium also form superoxides. This is in accordance with the grcater easc of
loss of electrons by larger atorns. '

Lithium, among the alkali metals combines with nitrogen. This is attributed to the large attractive
forces operating between their small atoms. Al these metals combine with hydregen to form ionic
hydrides. With halogens they form hatides. They react with water and acids to form the hiydroxides (which
‘are strong bases) and salts respectively. Their chemical properties are listed in 2.4.2.

2.42 Chemical behaviour or Gr. IA elements.

S.Ne. Reagent Reaction Remarks
L Halogens (X} M+12X, - MX All elements
2 Oxygen 2M+120, > M0 - Lithium only
: 2M+0, o M, 0, Na, K, Rb and Cs
. M+Q, - MO, K,Rband Cs
3. Nitrogen (N,) 3M+12N, - M,N Lithium only .
4, Hydrogen M+12H, - MH All elements
3. Acids : M+H+ - M+ +1/2H, All elements
6. Water M+HO - MOH+ 12 H, All glemenls

2.5 ELEMENTS OF GROUP I1A

Beryllium, magnesium, calcium, strontium, barium, and radivm constitute group HA.. These
metals arc cafled the alkaline earth metals. The outermost electronic confi guration is ns*. They are known
as alkaline earth metals since their oxides are only slightly soluble (like earths) in water and the resulting
solutions are strongly basic (like solutions of alkali metal). They rescmble the alkali metals in many
respects. They show certain differences owing 1o their differences in electronic confi guration,

The physical characteristics of these elements are given in 2.5.1,

AIl the clements have ns? outermost electronic configuraiion. A new higher principal quantum
tevel with two clectrons is added with increase in atomic number. ‘The atomic (covalent) radius therefore
incrcase down the group. So are their ionic radii.

_ The atomic weight increases down the group consequent on the increase in atomic number
{inclusion of more and more protons and neutrons).

The density decreases from beryllium to calcium but thereafter it increases, Thedecrease indensity
is due to the rapid increasc in atomic size upto calcium. Beyond calcium the increase in size of aloms is
loss. ' '

The atoms of these clements have two valence electrons. These are utilized to form {metallic)
bonds with twelve (coordination number, 12) rearest neighbouring atoms in the solid stite. This results
in a face centred cubic crystal structure. Their atoms also are relatively targe next only to those of alkali
metals. Asaresult they are somewhat soft and can be cut with a steel knife. Their melting pioints are high
but decrease as the atomic number increases. 29
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2.5.1 Physical characteristics of Gr.IIA elements

Property Beé Mg Ca Sr Ba 1 Ra
Atomic no. 4 12 20 38 56 88

Elec. conign. 287 3t 452 34" 5¢* 4410 652 | 40454'775?
Atomnic wi. .01 2432 001 81.6% 137.36 226
Cov.radivs (A% {112 1.60 1.97 2.15 222 -

Tonic radius MA+(A®)0.31 0.65 0.99 113 1.35 -
Density{g/c) 1.46 1.75 .35 e 3.59 --

Melting pt. (°C) 1280 ] 657 845 147 710 -

Boiling pi. °C) 2477 1120 - 1490 1270 7| 1638 .

Tleats i vapou-
TiSACH

(Keals/mole) - 739 3252 3674 33.8 35.7 .-
Heat of hydration :
{Kcals/mole) -- 460 a3, - 355 305 -
IP (eV) : 9.3 7.64 6.11 5.69 5.21 -
IP, (eV) 182 15.03 11.98 10,59 9.95 _
P, (V) : 153.9 80.1 - 512 43 36 -
Electronegalivity 1.5 1.2 1.0 - 1.0 0.9 -
Oxidalion state +2 +2 +2 +2 +2 -
Sid - xudn '

pole al(V) _

M~ A%+ +2¢ 1.7 2.34 1.87 2.89 2.90 =

" ye ionization potentials deciease (as the atomic number increases. The second ionization
potent & arc nearly twice the first jonization potentials as eexpected from their electronic configuration.
Howr ver, “» third ionization polential is many-times greater than the sccond. This indicates that these
clements are capable of losing. the two valerice shell electrons and form dipositive ions or exhibit+2
oxidation staic in their compounds. : :

The smaller atoms with large ionization potentials hardly lose their efectrons so that they form
predominantly covalent compounds. This is truc of beryllium and magnesium. The same 18 revealed by
their electroncgativitics which decrease from berytlinm. Sufficientty high electronegativity of beryllium
cssentially permits it (o [orm govalent compounds. The elements with larger atoms {Cato Ba) and lower
clocironegativities form ienic compounds. Magnesium forms compounds which arc inlermediate, but
more ionic, i characier.

All these elerments have high oxidation potentials which increase with increasing atomic nuraber.
This suggest their good reducing ability. Calcium, strontium and barium are powerful reducing agents.

The chesmical behaviour of these clements is governed by their relatively low ionization potentials,
low heat of vapourization, high heats of hydralion and high positive oxidation potentials. Although their
low first ionisation potentials appear to favour the formation of their unipositive ions they are known 10
form dipositive ions only, This is due to their high hcats ol hydration together with high lattice encrgics
of their compounds. The latter outweighs the unfavourable effect of the high ionization potentials ( IP;
+IP,). Their chemical properties are given in table 2.5.2.




2.5.2 Some chemical properties of gr. ITA elements

Reagent : Reaction . . © - Remarks
1. Halogens (X) M+ X, - MX, All elements
2, Oxygen (0,) M+120, » MO Al clements - _
M+0, - MO, Ba and Ra (Sr under Pressurc)

3. Nirogen (N,) SM+BM, > M 3N, All elements (on heating)

4, Hydrogen(Hz) - M+H - MH, - Ca Srand Ba (on heating)

3. Acids(H*) M2+ > M2+ 4 H, All elements

6. Water M+ 2110 - M(OH) + H, _Ca, Sr and Ra with cold water,
with sicam Be and Mg give
oxides,

2.6 COMPARISON OF GROUPS TA AND lIA ELEMENTS

Elements of both the groups (the alkali and alkaline earth metals) belong to the s-block. The
alkaline earth mctals (ns), As such the atems of the alkaline earth metals arc smatler than the
corresponding alkalimetals. With decrease in size of toms and mcreasc in the number of valence cloctrons
the aikaline earth metats arc relatively hard (though still soft) and have high melting and boiling points,
high heats of vaporization and large heats of hydration. The alkaline carth metals are denser duc 1o the
availability of two valence electrons and large co-ordination number (12) in their crystals. The co-
ordinaiion number in atkali metals is only 8. ' '

The ionization potentials of alkaline earth metals are pigher than thosc of the alkali metals of
comparable alomic weight. But the standard oxidation petentials of alkaline carth metals are Yess than
those of the alkali metals. Thus the alkaline earth metals are not as powerful reducing agents as the alkali
wretals, :

The basic character of these elements increases down cach groupbutitisless in the case of alkaline
carth metals than those of the corresponding alkali metals. The chemical properti esof alkaline earth metals
arg similar to those of the alkali Imetals, but are less active.

2.7 ANOMALOQUS BEHAVIOUR OF LITHIUM AND BERYLLIUM

Lithium and beryllium are the first membeérs of their respective groups. Their atoms are relatively
smalier than those of the clements of their groups, Their ions are too small, They have 15* configuration
i their inner shell. Thesc properties make them behave differently from the rest of the clements of their
groups. The smaller the size of the alom, the shorter is the bornd length and higher is the bond cnergy.
Because of the small size they have higher melting and boiling points and also higherionization potentials.
Thus lithium and beryllium exhibit aniomalous propertics. Further, they show diagonal relationship i the
ciements belonging to the ncxt group but of a later period. This is duc to comparable ionic charge woradins
ratio. Thus, lithium resembles magnesium and beryliium resembles aluminium.

Lithinm like magnesiom is harder and ductite, Itis noteasily attacked by oxygen. Unlike the other
alkali metals but like magnesium it combines with- nitrogen when heated to form (he nitride. Like
magnesiam it does not form a peroxide. Like magnesium, lithiurn forms a monoxide which is less basic
and legs soluble in water. Due 1o the small size of its ions it generaily forms covalent compounds and its

. com potmds arc mostly hydrated, Lithium chloride is soluble in organic solvents and is deliquescent.

L
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Beryllium diffess [rom the other members of the alkaline earth metals because its atomsare smal!
and because it has high clectronegativity. Tt forms predominatly covalent compounds. Like aluminivm,
beryllium forms an oxide which is insoluble in water. Beryllium halides dissotve in organic solvents as

do aluminium halides. Thus they show their covalent character. They undergo hydrolysis.

 Check your progress - 2

What is the reason for the diagonal relationship obsrved between lithium and magnesium?

2.8 SUMMARY

A general discussion of cloments in groups, zero TA and ITA bas been presented. Zcro group
Alements have ns? npf configuralions Uiat SUggests almost negligible chemical reactivity and their
sxisiciee a8 mono atomic eases. Group E5 clements have ns' configuratioin and are highly clectropositive
and ++ tablic in character. Groap 1A clemgits are charscterized by ns? configuration which reveals iheir
met o nature and many subsedueniidl propertics.

Zlements of both the groups 1A and ITA, popularly known as alkali and alkaline carth metals
respes vely belong o the *$" plock and iheir chemical behaviour is governed by their relatively low
jonizat 0 polcntials low fats of vapeurisation; high heats of hydration and high positive oxidation
poten’i. s, And again cor: pared to atkuli melals alkaline earth metals are relatively harder and densce
beear s¢ € large cohesive encrgios of teir crystal lattices. They arc milder reducing agents and their
chersical rolivily 18 admiticdty lower than the corresponding afkali metals,

Being first members of (he respective groups lithium and beryllium show anomolous behaviour.
Tn some of their compounds they display pronounced covalent characier can see a clear case of diagonal
relationship in lithium resembling magnesium and beryltium to allamninivm,

25 MODEL EXAMINATION QUESTIONS

L. Answer (he following in 10 lines,
1, Huow i3 zero vafency of noble gas elements explained?
2. Account for the decrease in the first ionisation energies with increasing atomic numher of

IA elements.

3. £xplain the chemical bonding in alkali metals.
Account [or the anomolous behavour of Hithium in the group of alkali meials.
Why does beryllium resemble aluminiom in many chemical propertics?

11. Answer the fo Howing in 30 lines.
1. a) Justily the inclusion of alkali metals in group  on the basis of electronic configura-
tion. '

b) What are the important characteristic features one can predict from the electromic




configuration of noble gases.

2, a) Discuss the trends observed in ionisation energies and ionic raddii of alkali metals.

b) Comment on the variations observed in oxidation potentialy, densities, melting
- points of alkaling earth metals.

3. Examine critically the cause and consequences of diagonal retationship observed in [ & 11
group elemcits,

2.10 MODEL ANSWERS TO CHECK YOUR PROGRESS

1.

The density of potassium is lower than of sodium due o the sudden increase in size of the atoms
from sodium to potassium. - : .

The reason for the diagenal refationship between lithium and magnesium is their comparable ionic
charge to ionic radius ratio, Similarly beryllium resembles aluminium, '

~  Author: D.R. Rajeswara Rao
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‘3.1 AIMS AND OBJECTIVES

The purposeof this unitisto understand the position of hiydrogen in the periodic table and to account
for the proprties of hydrogen on the basis of its electronic configuration. :

After making a study and understanding the various aspects of chemistry of hydrogen you must be
able 1o '

e ‘Appreciatctheunique position of hydrogen in periodic table in terms of itselectronic configuration.
e Describe how it rescmbles group TA metals as well as halogens.
o Explain the ortho and para hydrogens with respect o their existence and differences in properties.

3 : e Discuss the various isotopes of hydrogen.




3.2 INTRODUCTION

Inunit-2 you have studied certain typical families of groups of elements which bear ample evidence
in support of the periodic law. In this unit you will now learn about the primordial substance of the
universe, namely hydrogen. It is not onty the fifst element but the first of its kind as well. Tt is a unique
clement. Itcannot be placed in any specific group inview of the similarities to alkali metals and halogens,

Hydrogen does not occur as such in the free state. It, however, is a common constituent of alt living
matter. In combination with hydrogen it occurs in plenty in the form of water. And lifc on earth had ils
origin in water. Natural gas is another rich source of hydrogen.

3.3 APPLICATIONS OF HYDROGEN

Hydrogen is one of the most useful elements. Large quantities of it are usced in the production of
vanaspati (a substitute for butter) prepared by hydrogenation of edible oils, It finds the applications in the
preparatson of ammonia and nitrogenous fertilizers, Itis also used in the manufacture of synthetic methy]
alchol and synthetic petrol. Amang other uses of hydrogen may be said the atomic hydrogen torch and
oxyhydrogen flame which arc used for welding purposes. It is also used for inflating military signal
baloons. Through its use in fucl cells it is becoming a promising source of ¢cnergy. In fact the stars owe
their cniergy 1o the process of fusion of hydrogen nuclei into relatively heavier nuclei. Man is trying hard
1o controd the fusion reaction on this planct to solve the encrgy problem, :

3.4 POSITION OF HYDROGEN IN THE PERIODIC TABLE

The elecironic configuration of hydrogen ( 15') gives it the first place in the periodic table. 1s
orbital can take up 2 electrons. Hence hydrogen atom can attain the helium (inert gas) configuration
(1s%by gaining an clectron. In this process it formms the hydride (H) anion. [t can also lose its clectron
leaving the tiny unipositive hydrogen cation H* {proton). However smafl size of ils atom and high

ionization potential render it impossible to form the hydrogen (H*) ion easily. But the hydrated hydrogen

ion (H+H,0) or (H,0) is forined when a hydrogen halide is dissolved in water. Formation of h ydridc ion
Is possible when hydrogen reacts with highly clectropositive elements such as alkali or atkaline carth
metals. In the hydride ion it is in - 1 oxidation state. Normalty, hydrogen atom shares its electron with
atoms of other elements forming covalent compounds. The oxidation state of hydrogen in such
compounds is 1.

Like the alkali metals it has only one eloctron in the outer shell (15%). Tt combines with most non
metals to form compounds in which it shows electropositive character. Some of these compounds, when
dissolved in water, produce hydrated hyrogen ions. These arc generally knownas hydronium (H,0) *ions.
Hydrogentis libcrated at the cathode during clectrolysis of aqueous solutions of salts and other electrolytes.
This behaviour is similar to the elcetrolytic reduction of alkali metal ions to the corresponiding metals at
the cathode. But unlike the atoms of the alkali metals, hydrogen atom is relatively small with high
ionisation potential. It gencrally forms polar or pure covalent compounds.

In spite of its resemblances 10 alkali metals, it bears still greater resemblance to hatogens in the
foltowing aspects. Its atoms are small (covalent radius 0.32 A®). Ithas hi gh ionsation potential or cnergy
(13.1¢V or 313 keals) more similar to that of halogens. It forms diatomic molecules like halogens. It has
least tendency to loscits electron but shares its electron with other elements forming covalent compounds,
Its clectronic configuration (1sY) is one electron short of the next noble gas (helizm) structure (15, This
ts similar 10 halogens. The halogen configuration (ns? np®) is one electron short of thic next noble gas
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configuration (ns’np®) . Like the halogens which form halide ions, hydrogen combincs with alkali and
alkaline earth metals to form the uninegative hydride (H) ion. Electrolysis of molten alkali metal or
alkaline earth metal hydride yicids hydrogen at the anode. This is similar to the liberation of hatogens at
anode in the electrolysis of halides of alkali metals in the fused state. But it does not form the hydride (5
) ions with case while the halogens readily form hatide jons. Like the halogens it forms covalent
compounds with many elements. '

Check your progress - 1

Where does hydrogen collect duriﬁg the electrolysis of molten-aikalt hydrides? Why?

The normal oxide of hydrogen is water and it is neutral, it is neither alkaline as the oX ides of alkali
metals nor acidic like the oxides of halogens. ' '

The above discussions show that hydrogen is family by itself. However, the electronic configu-
ration assigns if a place on top of the alkali metals in group 1A although it is non-metaltlic.

3.5 ISOLATION OF HYDROGEN

Although hydrogen occurs in nature in combination it can be readily prepared in the laboratory by
the netion of active metals on dilute acids. - :

701,50, — Zn SO, +H,

Tt is - manufactured on a large scale by electrolysis of water, or of agueous sotutions of clectolyics;
It is also prepared by chemical reduction of water by passing stcam over ted hot iron.

IFe + 40 - Fe0, + 4H,

3.6 MOLECULAR HYDROGEN

Frodrogen gas consists of diatonne maleeules. All the component ators of hydrogen are notalike,
In contrdiction to the Dalton's atomic theory it has two naturally occurring stable isotopic atoms which
ditfer in fheir mass. One type of atoms has unif BlOMIC mass and the other swo units of mass,

The tighter one called protium (ordinary hydrogen} is most abundent (99.9844%) and the hcavier
one known as dewterium ( heavy-hydrogen ) is available in a meagre amount (0.0156%) in naturil
hydrogen. Thesc two isotopes are atways present in this ratio in hydrogen gas ohtained {Tom any source
and by whatever method it is produced. Besides these two forms thers is yet another sill heaver form with
thro units of alomic mass. Itis called fritium. Ttoccurs only in traces, Gne part in 1017728 parts of ordinary
hydrogen, Thus ordinary hydrogen is a mixture of mostly H, and D, molecules,




3.7 ISOMERS OF HYDROGEN: ORTHO AND PARA HYDROGENS

In 1927 Heisenberg predicted the possibility of existence of two isomeric forms of molecular
hydrqgen. These isomeric forms differ inthe spint of the two nuclei in their molecule (Fig. 3.1) Bonheffer
and Harteck discovered para-hydrogen possessing markedly different properties. Para-hydrogen was
obtained when hydrogen gas was cooled to liquid air temperature in contact with activated charcoal. In
the para hydrogen spins of the two nuclei are opposed, in the ortho-form the nuctear spins are paraliel.

e
L i

FIG. 3.1. (A) ortho hydrogen (b) Para hydrogen

However, the two electrons in these two typesof molccules have opposite spins (spinpaired) asisexpected

of any pair of electrons forming the covalent bond. At normal temperatures ordinary hydrogen isa mixture

of orthoform and para- form in the ratio 3:1. Even at higher temperatures this ratio remains practically

unchanged. But on cooling in the proportion of the ortho-form decreascs, It is possible 1o preparc 99.5%

pure para-hydrogen by cooling hydrogen at liquid air temperatare in contact with a catalyst like activated
“charcoal for several hours. In the absence of catalyst the conversion is very slow.

Ortho-hydrogen has magnetic moment since the spins of ils nuclei are not neutralised. Since the
contribution of nuclear spin to the total magnetic moment is oaly very small compared o that of the
clectzon spin contribution, ordinary hydrogen is nearly diamagnetic. The physical properiies of ortho and
para hydrogens are given in'table 3.7.1.

371 Some physical-prdpert-iés of ortho-and para hydrogen
Property Para hydrogén ortho-hydrogen
Melting poini (°K) 13.82 : © 13,95
Roiling point (°K) 2026 20.39
Vapour pressurc ' _ '
at 200 °K 708.2 mm of Hg 732.9 mm of Hg.

3.8 ISOTOPES OF HYDROGEN

Three isotopes of hydrogen are known. As already stated the isotopes differ in their masses due
to different number of neutrons associated with the protori in their nuclei (3.8.1). These isotopes are
fiydrogen (protium), dewterium (heavy hydrogen) and tritium. They are given the symbols H,Dand T
respectively being the first letters in the names. They are also represented by the symbol H with mass
numbers written as superscripts. Thus they are 'H, *H, and *HL.

)




38.1 Some atomic characteristics of isotopes of hydrogen

Propurty ' Protium Deuterium Tritium
Atomic mimber 1 ' ' 1 1.
Elcowonic confgn. 1s’ - 18 ' 1s'
Nucicar composition 1 proton 1 proton 1 proton
1 necutron 2 nentrons
] Atomic weight (amu) l 1.0081 2.0147 P 3.0171

3.8.2. Protium

As natural hydrogen is essentially protium (99.9844 %) the preparation and properties of protium
are thase of hydrogen gas.

3.8.3. Deuterium

1t is commonty referred as heavy hydrogen. 1t was discovered by Urey and his coworkers in 1931,
This discovery was theresult of spectroscopic studiesofa smali residue left over after careful evaporation
of a large volume of ligaid hydrogen. He could prepare a nearly purc sample of deuterium by evaporating
alarge volume of tiquid hydrogen at 13.9 °K. A cheap source of hcavy hydrogen is water which containg
very ‘malt amounts of heavy water (D,0). Deuterivmis isolated from heavy water by the action of sodiam
mei. . 1 by clectrolysis of heavy water cnntaining disolved sodium carbonate.

ZDZO+'2Na - 0D + D,

Electrol
— 2D, + 0,

2D,0

Deutorin.+ i bost prepared from heavy water: Heavy water is obtained by stepwise electrolysis of about
201itres or more of watertoa very smalivolume. Caustic sodais added to water tomake ita good conductor
of¢lectricity. This process depends upon the readiness with which the lighter hydrogen'is liberated {about
6 times more readily than the heavy hydrogen) atthe cathode leaving the residual water richer in ‘heavy
hydrogen’. When the volume is reduced greatly it is treated with carbon dioxide to convert the caustic
soda into sodium carbonate, The resulting solution is Jater distilled. The distillate is again treated with
caustic soda and electrotyscd. This process is repeated a number of times 1l volume of water is reduced
10 about one millilire. This sample is nearly pure heavy water. Heavy waler is being produced in our
country st Tuticorin in Tamilnad and Talcher in Orissa. Heavy water is nowadays produced on a
comimercind scale as itisavery valuable imoderaior innuclear reactors (atomic piles). A moderator reduces
the kinetic energy a neatron released in the nuclear fission reactions. '

Check your progress - 2

What is the function of heavy water in nuclear reactor?

Heavy hydrogen differs from ordinary hydrogen in imost of its physical properties 3.8.2. Tt takes
part in all chemical reactions of the ordinary hydrogen. But those reactions are slow and sometimes
incomplete. This difference in propertics among the isotopes due to their relative mass dilferences is
known as isotope effect. 1tis worthwhile noting that the mass of the heavy hydrogen is double that of

ordinary hydrogen.




3.8.2 Some Physical properties of Hydrogen and Deuterium

Property Hydrogen Deuterium

Melting Point (°C) - 2592 --254.5

Bailing point (°C)- : - 2526 --2494

Latent heat of fusion o y

(Cals/molc) : .o B0 L 523

Latent heat of vaporization -

(cals\ mole) 216.0 293.0

Vapour pressure at _

- 259°C (mm of Hg) 54 58 J

3.9. HEAVY WATER

It is a colourless, odourless and tasteless liquid like the ordinary water. Because of its higher
molecular weight its properties are slightly differcnt 3.9.1 from those of ordinary water.

3.9.1 Some physical properties of heavy water and ordinary water.

Property Heavy water © Ordinary water
Density (g/ml) at 20°C - 11059 A3.9982
Density of solid at m.p. 1.107 0917
Freezing point (°C ) 3.802 _ 0
Vapour pressure at 20°C (mm of Hg) 15.2 17.535
Temperature of maximum density R b v 4
‘Dielectric constant at 20°C. ' 80.5 82
Ionic product at 25 °C 0.3x 104 1x10u
Latent heat of fusion

at m.pt. (Kcals/mole) 1.522 1.435
Latent heat of vaporisation '

‘(Kcals/mole) : 9.960 9.719
Solubility of Na Cl at ' :

25°C (g/100 g water) ~ 30,5 359

Heavy water enlers into all reactions of water and is the source for all deuterium compounds.
Na,O+D,0 - 2NaOD (deiu_rn deuteroxide)

SO+ D,0 5 D,S0,(Deuterosulphuric acid)

Mg,N,+6D,0 -3 Mg (OD), + 2ND, (Deuteroammonia)

Just as certain salts form hydrates with ordinary water, so also they form deutcrohydrates with
heavy water, CuSo,. 5D,0; Na,50,. 10D,0 are some examples of these hydrates.
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3,10 TRITIUM

This is the radioisotope of hydrogen. It is produced in upper strata of the atmosphere by. neutron
bombardmentof atmospheric nitrogen. The nuetrons required for this reaction are released by cosmic rays
interacting with atmospheric molecules.

¥NG 4+ T, - CH o+ C
nitrogen + nevtron - rittum + carbon

It is prepared artificially by neutron bombardment of lithium and 18 compounds.

L1+ 'n, H, +. “He,
Lithjum-6 + nuetron — tritium + helium

or by bombardment of beryllium with deuterons (nuclei of deuterium aloms.)

Be, + Dy —3H, + 2 ‘He,
beryllivm + deuteron . — gritinm + heliumn

3.11 ACTIVE FORMS OF HYDROGEN

“he hydrogen gas is not normally reactive at ordinary temperatures. A current of hydrogen gas
passed 1roughan acidified solution of ferric chiloride is without action. Butif the gas is produced in siti
by addi ; a picce of sinc metal to ferric chloride solution containing acid, the salution is decolourised
(redmc e This gas produced in situ is the reactive form, This reactive form is called nascent hydrogen
(nase 3L, iu0ans Just born). Nascent hydrogen produced by the action of sodinm amalgam (NaHg) on
water docs not however , decolorise ferric chloride. Similarly the nacsent hydrogen from zinc and
sulphyric acid reaction reduces the cholrate ion to chloride ion while that from sodium amalgam and water
does not reduce the chlorate jon. These instances show that the activity of hydrogen depends upon the
reaction and manner of its production in situ or otherwise. Since chomical reactions are auended with
release of cnergy, the chemical energy released differ from reaction toreaction. The diffcrence in activity
of hydrogen may therefore be attributed to the energy associated with it. Further, at the moment of its
production hydrogen gas inthe form of minute bubbles which enlarge as they shootup the solution. This
is an indication of the gas being under pressure. It has been found that hydrogen under high pressurcs
reduces melallic salt solutions like silver nitrate to the metal. Althou gh nascent hydrogen is believed to
be composed of atomic hydrogen this hypothesis {s untenable as the reversion to molecalar form of
hydrogen is highly exothermic. The nature of nascent hydrogen is not yet clearly known.

3.11.1 Atomic hydrogen

Atomic hydrogen is the most reactive form of hydrogeri.' It is produc’éd by breaking the bond
‘holding the two atoms together in a diatomic molecule by homolytic fission.

' ‘Bond energy
H:H —— H+H

Langmuir studicd this reaction extensively, It was found that it requires very high temperatures
Jike 2300 °K to producc atomic hydrogen cven in smali quantities. At 10,000 oK it is found to dissociate
nearly quantitatively. Butas the atoms have no free existence (due 1o the existence of an unpaired electron
in their electronic sheil), two atoms with electrons of opposed electron spins readily combine to form




molecular hydrogen releasing enormous energy (98-105 Keals/mole),

The best methed of production of atomic hydrogen is due o Langmuir. 1015 prepared by passing
a stream of hydrogen gas through an electric arc struck between two ltungsen electrodes, As the gas passes
through the arc the molecules are broken into atoms or atomic hydrogen. These atoms being unstable
recombine as they emerge out. This combination is catalysed by a metal surface on to which it is directed.
As a result very high temperatures (4300-5300 °K) are produced. The atorniehydrogen torch is a
convenient ool for welding. It hag the additional advantage in that the hydrogen formed scrves toprotect
the metal surface from atmosphere oxidation.

Atomic hydrogenis a very active agent. It combines with many nonmetals Jike sulphur, brémine
and iodine rapidly forming their hydrides. With oxygen it, however, forms hydtogen peroxide, Many
metal oxides and chlorides are reduced to the corresponding metal, Alkali metals are converted to their
hydrides,

Another active form of hydl:ogen is obtained when the gas is subjected to silent electric discharge
atvery high voltages (300,00 volts). Like the atomic hydrogen it readily combines with many nonmetals
like sulphur, arsenic, phosphorus and reduces man y metal oxides to the metals.

3.12 HYDRIDES

By convention the binary componds of hydrogen with other elements are called hydrides. But
in the strict sense of the term hydrides are binary compounds of hydrogen with more electropositive (or
less electronegative) elements. ' : . '

3.12.1 Xonic hydrides
These have ionic lattices. They have high melting points and'éonduct electric cbrrent in the fused state,
Thesc arc formed by alkali and alkaline carth metals and certain lanthanides and actinides. They arc
formed by heating the metals in hydrogen.
2Li + H, — 2LiH
- Thesc are stichiometric compounds. The alkali metal hydrides have Na C1 type of crystal lattice.”

Those of the alkakine eéu_'th metals are more complex.. In the fused state they liberate hydrogen at the anode
during electrolysis. They do not dissolve in ordinary solvents but are soluble in molicn halides. They

NaH+X,_—+Na‘X+HX

They react vigorously with water liberating :h'ydrogcn,' The amount of hydrogen so liberated is
double that of the gas liberated by the corresponding metals from water. Hence calcium hydride is used

41
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3.12.2 Covalent hydrides

These are also known as molecular hydrides as they have discrete molecules. In the solid state the
molecules are held by weak van der Waals-attractions forming molecular crystals, They are actordngly

- soft, low meliing and volatile. They donot conduct electricity in the fused state oreven when dissolved

in non-polar solvents.

Except noble gas elements all truly nonmetallic elements {of grs. B @ VIIB) form covalent
hydrides. They are formed by many methods. These arc direct combinuion i sloments, yeduction of
certain compounds with {nascent) hydrogen, hydrolysis of metal bor ides, corbicus, niwndes and hatides.

The molecular hydride undergo thermal decomposition to the clements. Their thermal stability
decreases with increasc in atomic number in any periodic group. Also their thermal stability increases
with decreasing electronegativity of the aon-metal in a given period. Bydrides of highly electronegative
clements (N,O,F,) with small sized atorss are characterized by association through fiydrogen bonding.
Accordingly ammonia, waler and hydrogen flouride have higher mefting and boiling points than the

“hydrides of the othep membcers in their respective groups.

3.12.3 Metallic hydrides

As the name suggests these have metallic souctures. They are interstitial in character. They ar¢
generally non-stoichiometric,

_ Transition metals form mciallic hydrides. The nature of hydrogen in these compounds is not
definitely known. Thoy are formed by heating metals in hydrogen under pressure or by electrodoposition
of hydrogen on metals used as cathodes. The metals take up large volumes of hydrogen gas which can
be removed by strong heating under vaccum. The smail hydrogen atoms appear 1o occupy the interstices
in the metal lattices. They have strong reducing properties indicating that hydrogen is probably in the
atomic state. Thehydrogenation catalysis (like Pt and Nijowe their catalytic activity o their ability to take
up hydrogen.

There are some metallic hydrides like Cull, , CoH, , FeH, and CrH, which wre stoichiomefric.
They are different from iomic hydrides in that their crystal structure is different from that of the metals
involved. They are therefore called border line metallic hydrides. These metallic hydrides react with
water and acids to liberate hydrogen. '

3.13 SUMMARY

Because of the unique clectronic configuration of hydrogen atom, it resembics both atkali netals
of group 1A and halogens of group VIIA. Thusitformsa family by itseif.

Molecular hydrogen exists in two isometic forms called ortho and para hydregens, in the ortho form
the nuclear specics are parallel and in ihe para form they are opposed. The twvo 1somers differ in some of
their physical properties besides their stabilties. :

Three isotopes of hydrogen are known, owing to the difference in the number of ncutrons they are
hydrogen, deuterium and tritium. Heavy hydrogen, denterium isbest prepared from heavy water. Tritium
is a radioactive isotope of hydrogen.

The binary compounds of hydrogen with other elements are callod hydrides. They are of thres
types, ionic, covalent and metallic hydrides. While rransition metals form metallic hydrides highly elecirs

positive metals as those of grouplA and ITA’ form ionic hydrides. Therest of the slements, cxeepinoble

gases form covalent hydrides. . All these types have their characieristic propertics.




3.14 MODEL EXAMINATION QUESTIONS

I Answer the following in 19 lines,
1. In what important respects does hydrogen resemble halogens?
2 How is ortho-hydrogen different from para-hydrogen? Why is it so? _ _ _
3 Account for the differences in the properties of heavy hydrogen and ordiﬁary hydrogen.
4, How is tritium prepared? What is its special feature? -
5 How is atomic hydrogen produced?

I Answer the followin g 30 lines,

1. (a)  Discuss the position of hydrogen in the periodic tabie, _
(b} Comment on the statemeng ihat"hydrogen forms a family by itself”

2. {a)  Write a concise acconnt on the isotiopes of hydrogen
{b)  What is meant by istope effect?

3. (@)  Présenta comparttive account of hydrogen and deuterium
(b} What arc the important features of ritigm?

4, (@ How arc hydrides classified? Give suitable examples, .
(b) . Present a concise account of the chemistry of hydrides,

3.15 MODEL ANSWERS TO CHECK YOUR PROGRESS

1. H}fdri)gcn is collected near cathode during électrolysis of aqueous Soluu’ons. of alkali salt. But
during elcctrolysis of molten alkali hydrides hydrogen is collected at the anode, similar o the
liberation of halogens, This is due to the nature of hydrogen as hydride ion.

2. Heavy water functions as a very valuable moderator in nuclear reactors,

3.16 GLOSSARY

Isomers: . Isomers are substances having the same molecular formala but possessing differeny
properties, '

Isotopes: Isotopes are atoms of the same element hiaving different atomic masses, but have the same
atomic number ie., have the same number of protons,

Stoichiometric compound; Stichiometric compound is one in which the proportion of the
combining atoms is in simple integral (whole) numbers,

Author : D.R. Rajeswar Rao
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41 AIMS AND OBJECTIVES

The main aim of this unit is to present 10 you a critical study of zero group elements and to
explain your their unusual chemical behaviour in terms of their electronic configuration.

After reading and understanding the material presented in this unit you would be able to:

e cxplain why zero group elements are placed at the end of each period in the long form of the
peﬁodic table,

e give the reason for their existence as mENoO atom gases at room temperalure
e siaie the main reason for their near total chemical inactivity

e doscribe the isolation of individual gases from liquid air

e staic the principle in the separation of noble gases by absorption on charcola
» cxplain how rare gases combine with potar molcules like BCL or 5o,

s cxplain the clath ratc compoungd formation with quinok

o mention the use of noble gases

@ discuss the bonding in xenob flourides.

4.2 INTRODUCTION

ficlium, ncon, argon, Xrypton, xenon and radon constiuts the group ¥ eloments. They were
not known at the time of classification of elements by Mendelecff, Thesc elomenis came 10 be known




only towards the end of 19th century. In the early years of their discovery, they were not known {0
form compounds. Accordingly they were placed in a Scparate group. It is designated as group 'Q
to indicate their chemical inertness or zero valency. The elements are placed at the right hand extreme
of the periodic table after halogens. This position is fitting in that it bridges the gap between the most
electronegative halogens (group VIIB) and the most electropositive alkali metals (Group IA).. With
the determination of their atomic number and electronic configuration they were found o have ns?
np*, outermost electronic configuration. Helium is an exception and has the'configuration Is2, The
position of elements in the periodic table is justified in view of their electronic configuration, A
completely filled outermost shell in any period marks the end of that period. The completely filled
outermost shell in an element renders it chemically inert in as much as it can take up no more
clectrons into that shell. Ty cannot also easily lose electrons because removal of an electron from g
completely filled shell requires very high energy. However, heavier elements with large atoms show
a tendency to participate in chemical reactions because of their relatively lower ionisation potentials.
Barlett, in 1962 prepared the first compound of xenon viz., xenon platinum hexatluoride XePtF,.
This is soon followed by the discovery of many other compounds. - Thus these clements which were
for a long time thought o be chemically inert (inert' gas elements) came to be cafled noble  pas
clements, This ig probably because of their reluctance to form compounds which is referred o as
their nobility, In this unit you will learn about their occurence, isolation, properties, compounds with
fluorine and uses.

4.3 OCCURENCE

group 'O’ of the periodic table. Wigh the exception of radon, all the others occur in the atmospheric
air though 1o a small extent (about 1%): - Argon itself account for about 0.9%. Radon is a rad ioactive
clement,

44. DISCOVERY

Cavendish, a well known chemist observed that atmospheric air contained about 1% of nitro-
gen/like inert gas. In 18972 Rayleigh experimentally observed that the density of atmospheric nitrogen
is higher (0.5% more) than that of the nitrogen. prepared in the laboratory. This he atiributed to the

same  time another inert £as was obtained from uranium minerals by Hiidebrand. Ramsay took the
spectnum of the new  inert gas and found it 10 be yet another unknown element. The spectrum of
this gas was identical wih( the one obtained in the spectral studies of solar corona during a total
¢elipse in 1868 by Janson in India and Lockyer in England, Accordingly Ramsay named it helium
{iesning sun). The presence of helium was soon established in the atmosgphere near certain springs,
Discavery of these two chemically inert gas elements in the atmosphere led 10 further invesligation
for the possible existence of similar inert gas elements. In 1898 Ramsay and Travers discovered neon

actinium,

4.5 | ISOLATION OF THE NOBLE GASES FROM ATMOSPHERE

The only source of noble gases {except radon) is the atmosphere. The isolation and scparation
of chemical elements or compounds arc generally effected taking advantage of differences in their
chemical properties, But since the'noble gases are chemically inert their isolation and separation has
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4.5.4 Seperation of noble gases by adsorption on charcoal

Noble gas mixture — Activated coconut charcoal at -190°C — unadsorbed gases pumped out.

l.

adsarbs He, Ne, Ar, Kr Xe
]
- Temperature raised to -100°C

4
Charcoal at -100°C with Ar, Kr, Xe
' !

Connect t¢ charcoal at -190°C

J 1

Ar flows out, adsorbed Kr & Xe
on charcoal at -190°C charcoal at 100°C
i d

Warm up Raise temp.to -80°C

L \J

Ar is « nsorbed

d
Ne-, He desorbed
l

‘Pass into charcoal at - 180°C.

—
Kr is desorbed

I - 1
Ne adsorbed on He not adsorbed and
charcoal at -180°C so removed
J
Warm up.
1
Ne desorbed
3
Xe on charcoal
at -30°C
{
Warm up
‘L .
Xe desorbed

4.6 PROPERTIES OF THE ELEMENTS

The physical characteristics of these elements have alread'y been discussed in unit 2. They are
all colourless and odourless gases. They are very shightly soluable in water. They are AONO-ALOMIC
gases. Their boiling poinls increase with increase in atomic weight. They can be liquified.

They have completely filled oater shell,

They have high jonisation polt_:nliéls. Because of

these facts they do not show any tendency to form compounds. However there Were reports that they
form compound-like substances under special conditions.

Under excited conditions in a discharge tube _helium’ is said to form He_s_?_* _(Hc.H*) and (HeH*).
Helium is atso reported to react with metals used as electrodes forming Wic;, Pt He,, FeHe. Tt is now
believed that these helides might be interstitial compounds. ' :




* The noblc yases'can be expected to form co-ordination compounds with powerful eleetron pair

acceptors like bbron_ trifluoride. The presence of pairs of electrons permits their formation of co-

ordination compounds, Argon was reported (o form argon-boron trifluorides (ArnBF, where n=1,2
or 3}. It is doubtful whether they actually form such compounds, sintce similar compounds are not

Argon,, krypton, xenon and radon are known 1o form hydratcs and deutero-hydrates of the
formula GxH,0 and G.yD,O where x and Y approach the value of 6 with the heavier members.
Simitar compounds are known 0 form with phenol C,HOH, (an Organic compound) conforming o
the formula G.2 C H,OH where G i Kr, Xe or Rn. With the exception of R, 2CH,OH which melts
at 50°C ail other hydrates deuterohydrates and phenolates are stable only at very fow temperaturcs.

Radon also forms solig compounds at low temperatures with hydrogen chloride, hydrogen bromide,
hydmgc_n sulphidf_:-,_snlphur dioxide, and carbondioxide. The formation of the abovc componnds is

. Argon, krypton and xenon are also reported to form with quino! (CH 4 (OH), an organic
compound) c_fqu;qre' {cage tike) compounds of formula G, CH, (OH),. These are prepdred by
passing the noble gases under high pressures into benzene solutions or aqueous solutions of quinol
atis crystallisation tempezatare. This method of Preparation suggests that noble gas aloms must heve
been physically trapped in the cavilies in the crystal lattice of quinot during its crysiallisation, The
dipole type of compounds cited ahove might also be clathrates.” As ‘siich any of the above compounds
are not compounds in the strict sense of the word, singe the noble gas aloms are not held by any
chemical bond or bonds, ' o

Xe + PIF, — XeP(F,,

Barlett could prepare xenon hexafluoroplatinate on’ the. basis of the idca derived from the
preparation of oxygen hexafluoroplatinate, O,PIF ¥ o '

Ox'ygén'm'o'lccul_e which has an ionisation potential of '12.2_e‘V_'f¢acL§'With'pliuinum hexafluo-
ride to form O,PiF. o y 2 ‘ '
O+ PIF, - OPF,
Hence, xcnon with an ionization potential of 12.1 eV is expected to behave in a similar way.

Certain other wmsiable hexalluorides (PdF,, RUF6 and RhF) also form similar compounds.

Xenon forms three ﬂhbridés, XeF,, XeF,, while krypton forms KrF, only. 'Th:e"KIF_‘ reported
is highly unstable, The mast electroncgative element, namely fluorine could induce ¢ven a noble gas
clement like xenon into reaction. This is understandable from the relativel y lower ionization potential
of xenon,

Krypton difluoride; KrF, : This is prepared by passing an electric discharge through a
gaseous mixtuere of krypton and fluorine at low temperatures. It is a white crysialline solid which
sublimes well below O°C. [t spontaneously decomposes at room temperature. It is a powerful
flourinating agent. o o ' C : C

Xenon difluoride, XeF,: This is formed by passing a mixture of xenon and fluorine through
a nickel tube heated to 400°C and cooling the out-going gas in a U-tybe kept at =40°C. The xenon

_N»
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difluoride, under these conditions condenses 10 3 solid. Tt is a white crystailine solid which melts at’
120°C. When pure and dry it can be stored in a nickel or glass container. It dissolves in liquid
hydrogen fluoride without any action. It oxides hydrogen and water 10 hydrogen fluoride and oxygen
repsectively.

XeF, + H, - Xe + ZHF

IXeF, + 2HO - 2Xc+ 4HFE + O,
It is hydrolysed by aqueous solutions of alkalis.

2XeF, + 2NaOH — 2NaF + 2HF +0,

Xenon tetrafluoride, XeF . This is obtained as a colourless. crystalline solid by heating a
wxture of xenon and fluorine in the ratio of 1:5 in a nickel vessel at 400°C under a pressure of 6
alnospheres lor few hours and suddenly cooling the vapours. Alternatively it is prepared by passing
4 1misturce of xenon and fluorinc through a nickel tube heated to 400°C and condensing the vapours.
ir is a colourless crystatline solid which melts at about 100°C. It is guite stable when pure and dry
and can be stored in a nickel or a glass vessel. Tt dissolves in liquid hydrogen fluoride. Iuis a good
{tourinating agent. It reacts with hydrogen and boron wichloride to form hydrogen fluoride and boron
viflouride.

XeF +2H, — Xe + 4HF
3XeF, +4BCl, — 3Xe+ 4BF, + 6Cl,

It oxidises potassium iodide, water and Sulphuf _tetraﬂu_oride 10 ioding, oxygene and sulphur
tiexalluoride respectively. \

4 K1+ XcF, - 4KF + Xe + 20,
12H0 +6Xe F, — 2 XeQ, + 4Xe +24HF + 30,
28F, + XeF, — 2 SF, + XeF;

Xenon hexaftuoride, XeF & Ttis formed by heating together a 20:1 mixturc of fluorine and
xenon at 200° — 250°C under a pressure of SO atomosphere and cooling the gases. It is a colourless
crystaline solid which melis at 47.5°C. 1t is the most volatile of xenon fluorides, Its vapor is yellow.
It is stable at room temperature, Tt can be stored in a dry nickel vessel but as it attacks silica it cannot
be stored in a glass bottle.

IXFASI0, — 2 XeOF, + SiF,

1t dissolves in liquid hydrogen fluoride but forms [XeF} - and [HF] - ions.
XcF, + HF — [XeFl~ + [HF;]~

It oxidises hydrogen to hydrogen fluoride.
XeF, + 3H, - Xe + 6 HF

It is hydrolysed by water in stages {0 give xenon trioxide.

XeF, + HO — XeOF , + 2 HF
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XeF, + 2 H,0 — XeO, F, + 4 HF
XcF, + 3H,0 —» XeO, + 6 HF

However, in aqueous alkalies it forms xenate ions (HCeQ,)- which in tumn is slowly trans-
formed into the perxenate (XeQ,) ~ ion in which it is in + 8 state or exhibits octavalence.

4.7 USES OF NOBLE GAS ELEMENTS

Helium is lighter than air and is non-inflammable. It is therefore used in place of hydrogen
for Milling meteorological balloons. A mixture of helium and oxygen is used for respiration by deep
sea drivers as it is less soluble in blood than nitrogen. 1t is cmployed to provide inert atmosphere to
prevent oxidation of the metal susface during the welding of active metals.

Neon is used in discharge mubes for illumination and decorative lighting. Neon gas gives an
orange red glow in a discharge tube and neon signs are used for advertising. A mixture of nicon with

argon and mercury vapour in a discharge tube emits a blue light.

Argon is used in filament {gasfilled) clectric bulbs, radic valves and tubes, since it 18 incrt and
so protongs the lifc of the device. It is also used in Geiger counters.

Krypton and xenon are more cfficient than argon in incandescent bulbs and geiger. counters.
'A krypton-xenon mixture is used in photo-flash wbes for instant photography.

Radon is uscd in the treatment of certain cancers, It is also used as a substitute for X-rays in
industsial radiography.

Check your progress - 2

Mention the important wses of argon and krypton.

4.8 STRUCTURE OF XENON FLUORIDES

The method of arriving at the shape of these molecules is quite interesting.  The highly
clectronegative clement fluorine activales xenon so that one or more pairs of electrons in the outer-
most shell of the noblegas efcment, depending upon the need for bond formation, are unpaired and
onc electron from each such pair is promoled to the d-orbital. The s, p and d orbitals housing Lhese
clectrons hybridise to give sp*d? and sp* d* hybrid orbitals as the case may be. These hybrid orbitals
are then utilised for bonding. Alternatively, the shapes can also be arrived at [rom the valence shell
electron pair repulsion (VSEPR) theory proposed by Gillespic and Nyholm. From a knowledge of
the total number of clectrens the central noble gas atom auains through bond formation, the number
of pairs they farm, the number of bonding pairs (from the number of unicovalent aloms bonded) and
the number of tone pairs, the shape of the molecule can be readily arrived at as detailed below {4.9).
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4.9 SHAPES OF XENON FLUORIDES

Molecule Total Electron Orientation Lone pair { Shape
: clectrons Pairs of electrons -
XeF,, KIF, 8+2=10 2+3=5 Trigonal Equaiorial | Lincar
' 1 bipyramidal _
XeF, 8+4=12 | 442=6 | Octahedral Axial Square
' Planar
XeF, 8+6=14. 6+1=7 Pentagonal Equatorial | Distorted
- bipyramdal octahedron.

XeF, In this there are two Xe-F bonds which require two unpaired electrons, They can be
obtained by unpairing one of the outer pairs of clectrons in the p-orbiial and promoting one elecuron
into the d-orbital. The atomic orbilals undergo trigonalbippyramidal (sp*d) hydridisation. The two
axial hybrid orbitals are uscd in bonding with the two [luorine aloms and ihe other three equatorial

“hybrid orbitals are filled with lone pairs. Accordingly the shape of the molecule is finear. (Fig. 4.

) B p d
Ground state confgn. | r gy —-—
Excited state confgn, I r 5y =
sp°a hybridisation ot

Xe F,. There are four Xe-F bonds in this melecule. They require four unpaired electrons.
They are obtained by uppairing two electron pairs inthe ourler p-orbital and promoting two electrons
imo the d-otbiwl. The orbitals hybridise in the octahedral patern (spd®). The four cquatorial
hybrid orbitals arc utilised for bonding with the four fluorine atoms and the two axial hybrid orbitals
houses the lone pairs. The resolt is a square planar arrangement of atoms and the molecule is square
planac.

d
Ground staie confgn. oo r r
Excited state confgn. ¥ I H (S e
sp® d, hybridisation ) K 1 Tt

XeV . The six Xe-F bonds in the molecule require six unpaied elecions.  They result from
unpairing all the three electron pairs in the outer p-orbital and promoling three electrong iato the d-
orbital, The orbitals hybridise in the sp*d® type resulting in a pentagonal bipyramidal spacial oricn-
tation. The lone pair occupics one of the equatorial hybrid orbitals and the remaining six hybrid
orbitals are filled with six bonding pair.. The shape of the moiecule appears to be some what like
a distorted octahedron.. (Fig4.1 (¢) But the shape of this molecule is not yet cslablished.

s P d
Ground state confgn. '
Excited state confgn, ﬂ: -¥ ,Ig {f : -;—-T_ﬁ__._
*d hybridisation bttt
sp°d hybridisatio It " ; bt
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Fig. 4.1 (a) Xenon difluoride (b} Xenon tetrafluoride - (&) Xenon hexafluoride

4.10 SUMMARY

The zero group elements with their characterstic ns? np® configuration, except helium with ns?,
group P g P

ceeupy he mevitable last position in any given period of the periodic table. This configuration also
explains the near total chemical inactivity and their existence as monoatoric gases.

Atmospheric air in the chief source for all these elements except radon and the gaséé are
isolated from liquid air based on fractional distilation and selective adsorption techniques.

Noble gas elements as against their accepted chemical inertia, have been observed to form
compounds with polar substances like phenol, water etc, = They form clathrate compounds with
quinol. Also xenon and krypton form fluorides. These fluorides have been studied in great detail in
respect of their preparation properties and structures.

4.11 MODEL EXAMINATION QUESTIONS

I Answer the following in 10 lines
1. Justify the existence of noble gases as monoatomic species.
2 Why do fluoridés of xenon exist while fluorides of argon are unknown?
3. How do you account for the high ionisation potenlials .of noble gases ?

4, What are the important aspects of the geometry of XeF, molccule ?
S. Wriie a note on clathratc compounds.
1. Answer the following in 30 lines.
1. {a)  Discuss the position of zero group elements in the periodic tablc.
(b}  Present a brief historical account of noble gases. Examine the isolation of noble

gases from liquid air by (a) fractional distilladon .and (b) charcoal adsorption
method. . :

2, Write 'a comparitive account of the .physiéoochemical properties of noble gases.




3. Prese_ht a critical account of the fluorides of xenon with emphasis on their preparalidn
and molecular geometries.

4.12 MODEL ANSWERS TO CHECK YOUR PROGRESS

1. The isolation of noble gases by-t}w-fractionai distillation method is hased on the differences
in the boiling points of the liquid components of a liquid mixture.

2. Argon is used in gas {illed clectric bulbs, radio valves and tubes since it is incrt and prolongs
the lifc of the device. It is also used in Geiger counters. Krypton is more efficient than argon
in incaondescent bulbs and geiger counters. It is used in phio-flash tubes for instant photog-
raphy.

4.13 GLOSSARY

Fractional distillazion: A distillation process for separation of liquid components in a liquid
mixture into separate fractions provided their boiling points of any pair differ by atlcast 10°C.

Adsorption: A phenomenon in which gas is taken up by ihe surface layers of a solid, into
its pores. Adsorption differs from absorption. In the latter, the gas is present throughout the body
of the solid mass.

Tlathrate compound {cage like compound} : A compound-like substance formed by physical
trappin - of a molecule of one component in a cavity of a crystal lattice formed with one or more
molecu. s of another component. The crystal lattice is roughly compared to a cage. The escape of
the formr is prevented. Melting or dissolution only permits ihe encloseed component to escape.

Joule-- Thomson effect : The cooling effect produced when a compressed gas is allowed to
expand into a low pressire region. Generally a gas 10 be liquified is cooled, compressed and passed
through a orifice into a large evacuated vessel. The gas suffers in the process further cooling and
often condenses to a liquid.

Author: D.R. Rajeswar Rao




Block - 3

STUDY OF ELEMENTS OF GROUPS II, IV AND V

These groups of elements are characteriscd by a change in properties from a non-mctal to
metal down cach group. The atoms of the first member of each group are refatively smalt in
size and those of the last element are quite big. Therefore the tendencyt to form cation is well
marked in the last elements. Thus. the metallic characters of elements increases down each group.
Bismuth, the heaviest memnber of the elements of group V B is the last of the natarally occurring







UNIT - § THE CHEMISTRY OF ELEMENTS OF GROUP I1I-B.
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51 AIMS AND OBJECTIVES

This unit is to acquire chemical knowledge in order to justify the inclusion of elements boron,
ahwminiuny; gallium, indium ctc in [II'B' group of the periodic table and to account for the changes
-in their physico-chemical properties in terms of their electronic confi iguration..
.. After an intensive study and understandmg of various aspcets presented i in this umt you should
be able to:- : : :

Accoum fur non. mclalhc character of boron '

 9= . Exp_]a_a_n- ho_w. ﬂ\_c-mela_lh_g; charactcr progress-wcif.inbrééées fro.n\i'bofon_to. l_halliiuﬁ_..

s  Describe the amphoteric characier of aluminium oxide
. Discuss the lewis acid character of boron trihalides in particular
® Explain the inert pair effect

‘e Discuss the bonding in boron hydrides.

52 INTRODUCTION

Boron, aluminium, gallllum indium and thaflivm form group I1IB of the periodic table. They
' are afi charactcnzcd by Lhe outermost electromc conﬁgurauon ns? np Except_m the case of boron 57
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and alnniitiium they have ns? npf nd™® configeration for their penulu'rnate' shell. They thercfore belo_tig
to th p-block. By virtue of its small sized atoms boron is non-metaltic but all others are metaltic. The
physical characteristics of the elements are listed in 5.3. '

5.3 SOME PHYSICAL CHARACTERISTICS OF GROUP INIB ELEMENTS

Property B Al Ga In Tl
Atomic no. 5 13 3t 49 81
Elec. confgn. 252! 3523p? 342 4s5? 4p! 4dio5s? Spt 141145d096s%6p!
Atomic wt. 10.81 2698 69.72 112.40 204,37
Cov, radius (A®) 0.82 1.18 1.26 1.44 . 148
Tonic radius (A®) . e

M3+ 0.20 0.50 - 062 _ 081 [ 098

M+ 1.13 132 1.40
Density (gfcc) 234 27 59 131 11.85
Metting pt. ° C) 2030 660 29.8 "156.2 303
Boiling pt. (°C) . 3930 2450 2237 2000 1457
Heat of vaporization _ .
(Kcals/mole) 128 679 61.2 53.7 38.8
"Heat of hydration
(Kcals/mole) -- 1121 1124 itk 984
Ionization potential(cV) 803 598 6.00 579 6.11
Electronegativity 20 1.5 1.6 ) . 1.8
Qxidation states +3,(-3) +3 +3.{ +1) +3, (+1) +3), 1~
5d. oxidation
potential (V) y 073 1.67 0.52 0.34 .72
Mo M+ 3e-

Parallelling an increase in atomic number their atomic weights, atomic (covalent) and ionic
radii and densities also increase. ' '

The melting point decreases from boron to gallium and later on it increases, Boron has 2 very
high mclting point showing strong bonding forces. A three dimensional network of covalent bonds
bind boron atoms in the solid state. . The lower melting points in others indicate the presence of
metallic bonds which are delocalised and so are weak. Gallium has avery low melting point because
of its special structure. The structure persists in the liquid state also. Al ihe elements have high
boiling points and these boiling poinis decrease with increase in-atomic number and so atomic size.
Heai of vaporization of boron is high refiecting strong bonding between its atoms in the solid state.
The heats of vaporization are low for the other elements showing weak metallic bonding in their
crystat lattices. '

Check your progress - 1

Account for the high mcliing point of boron,

- . The first ionisation potentials are low indicating the possibility of +1 oxidation staies for these
clements. Adtually +1 state is stable and important state for thalliom Gallium and indium also




exhibit+1 state although+3 state is more important. Their high heats of hydration are sufficient to
overcome the unfavouable effect of the total of first, second and third ionization potentials so that they
exhibit +3 state. Ofcourse thallium is an exception. Their positive oxidation potentials reflect the
ease of their entry into+3 state. The negative oxidation potential for thallium shows that +3 state is
not reached. The high positive oxidation notenual for aluminiym sui,gcsts that it is a powerful
reducmg agent. .

Because of small size and high concentration of niclear charge and intermediate clectronega-
tivity, boron is essentially covalént. In the anhydrous state aluminium halides {except the fluoride)
arc covalent in character. Of the various elements in the group only boron has the ability to exhibit
a negative oxidation stae (-3). This is because of its relatively smali sized atoms with hig gh ionization
potentials. Actually it is known to attain -3 state in borides of highly aclive mictals. Boron behaves
like a nonmetal in its chemical reactions. 1t iy resistant 1o attack by non-oxidising acids like hydro-
chioric acid. It reacts with many metals to form borides. It is attacked by alkalics. Aluminium is
very reactive and is readily covercd by a tough adherent coat of unréactive oxide. Because of this
property the observed chemical activity of aluminium is less than expected of its high positive
- oxidation potential.. The other metals, gailivm, indium and thallivm rcacl slowly al or(hmry tcmpcra-
turt:s Thcn' chemical bchawour is sumrnanscd m 3. 4

5.4 CHEMICAL BEHAVIOUR OF GROUP IITB ELEMENTS

Reagent ~ Reaction _ . o Remarks
Halogens IMe3X, - IMX, ~AlL but TI gives TIX also
Oxygen dM+30, - 2M,0, : At high temp. TI gives TL O
Nitrogen 2M + N, -» 2MN ‘Only B and Al at high le:mp
Acids 2M + 6H + - 2M** 4+ 3H, Al, Ga, and In. Tl forms TI +
Alkalis M+ 20H + 2HO — o

2MO, - + 33H, _ . Al and Ga. B gives H, BO--

5.5 ISOLATION OF ELEMENTS

Boron in the amorphous form ‘is prepared by reduction of boron trioxide by magnesium,
B.O, +3Mg->3MgO+2B

The crystalline form of boron is obtamed by heating boron tribromide vapurs with hydrogen
over an clectrically heated tungsten filament at 1200° C.

2BBr,+ 3H, —» 6HBr +2B

Alluminium is obtained by clectrolysis of purified bauxite dissolved in a mixtare of fused
‘wm fluoride and aluniinium fuoride (crydlite) at a temperature of about 900°C.

electricity _
2AL,0, ——> 4Al+30,

Gallium, indium and thatlium are, obtaincd by electrolysis of their salt solutions,
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56 A COMPARATIVE STUDY OF THE COMPOUNDS

Hydndcs Except thaliium all others form hydndcs in the +3 state. None of them form the
slmplest hydride MH,. Boron forins several hydrides, the simplest being (BEHL), or B, H. C‘dilmm
forms one hydride, Ga ,H,. Aluminium and indium form polymeric hydrides {(MH, jn. Thcy do not
dircclly combinc with hydrogcn and their preparation involves md:r-vct mclhodq

Boron h ydride: s ubtamed by the acuon of a dilute acui on magnesmm boride. Thu. gwcx
a mixture of boron hydrides. But the boron hydride B, H called diborane _is preparcd by the acticn
of lithium hydride on boron tnﬂuorldc or by the acuon of lnlhlum aluminium ﬂuondc ot boron
tnchlor;de,

8 BF +6L1H - 6L!BF + BH
4 BCL + 3L1AIH -3 AlCi + 3 LlLl +.2B,H,

Anumxmum hydride (AiH ) : Tt is obtamod asa whlte sofid in  ether solution hy the action
of aluminium chloride on lithium hydride or lithium alaminium hydrde in ether n. AICI, + 3n, ‘LiH
— 3n. LiCt+ (Ald),.

Indium similarly forms a polymeric hydride. Gallium hydride is known to form along with
other compounds in a more complicated reaction,

~ . All the hydrides arc slable aL Iowcr temperatures but are docomposcd to their clcmcnls at
h|ghcr temperaturcs. They burn to y 21d the respective oxides. Boron hydride and aluminium hydndc
react with water to form their, h)dromdes Thus boron hydndc }_,1\’6 boric acid, whilc d!umnnum
hydride gives the basic h_ydromdc_

BH,+ 6HO —» 2 I{3BO3 + 6 H,
Alummlum hydnde isa powcrful rcducmg agent.

Oxides: All the elements of the group form oxndcs of the type M201 Thallium forms a
monoxide (TLO} also. Besides being obtatned by dn‘u,t integacton of elemcnts borea trioxide 15
formed by th(.rmal doCOn‘]pOSlllOH of boric acid. C

M, BO, 5> 3 HO + B, H,

Oxides of other elements are obtained by precipitating their hydroxides followed by strong
igniLion. . .

2A1 (OH), — ALO, + 38,0
Boron trioxide is essentially acidic in that it forms boraies in its reaction with bases.
Ca0+B,0, — Co (BOy,
Aluminium oxide is amphoteric as it reacts wilﬁ acids to form saits,
AL O, + 3H, 50, - ALSO), +3H 0
and also _forms aluminates wiLh_ alkalis.
ALO, + 2NaOH — 2 Na AIO, + H,0

Gallinm oxide is also amphoteric like aluminium oxide. Tadium oxide is esscntiaily basic in
character. Thallium oxide is hasic, Thus the acidic charcter of the oxides decreases. Roron rioxide




is acidic and thailium oxide is basic and the oxides of aluminium, gallium and indium ae amphoieric.
This s in:conformity with the general trend of increase in basic {metallic) characier of eloments down
a periodic group, due to increase in atomic size. ' ' "

Thaltium trioxide on heating decomposes 1o the more stable’ lhallous'oxi(_ie which is strongly

basic, and water soluble like atkali metal hydroxides.’
T, 0, » TLO + O,

The stability of thallous oxide is duc to the .:in:e;rt pair effeti.

Check your progresas - 2 |

What is the trend in acidic character-of the oxides of I1IB elements?

Halides. All the clemnents from trihalides of the: formula MX;. Boron forms B X, type
of halides also. MX, type of halides are formed by gallium, indium and thailium but thallium
monahalide, TIX, is the most stable and ionic. In the case of thallium the monohalide is stabler than
the trihalide. TH, is not the true-thallium (II) iodide compound but is @ complex being (TI LL) like

Besides their formation by dirccf combination -of elements: they. arc prepared by special
Imethods also. Boron triftuoride is obtained by heating boron trioxide with a fluoride and concen-
trated- sulphuric acid. ' - : R %

B,O, + 3 CaF, + 3 H,8O, -> 2BF, + 3 CaS0, + 3JHO ..

Boron trichloride is prepared by passing a Cursent of chlorine over a heated mixture of boron
trioxide and charcoal. . - '

13203 +3C+3 Cl, > BCL+ 3 CO
Altuminium trifluoride is prepared by heating aluminium sulphate with sodium fluoride, Alu-

miniurn chloride is obtained by passing a stream of chlorine over a heated mixture of alumina and
coke, o '

Tribalides of other elements are obtained by the action of appropriate acid on the correspond-
ing metal hydroxide. o '

M(CH), + HX —» MX; + 3H0
Beron trifluoride is the most important of oboron trihalides, The boron trihalides are sotuble
in organic solvents. They undergo hy’drolysis forming boric acid; boron trillucridc however gives
Tuoroborate.

BX,+ 3H,0 - H,BO, + 3HX

.. Boron trifluoride is expected to be a more powerful electron pair acceptor (Lewis acid) than
the other trihalides of boron.” This is because of the greater electronegativity of fluorine than the other
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halogens, Experiments have shown it to-be just the reverse. This is probably due to the ability of -
fluorine 10 form a (Pi) bond by donating a pair of its electrons to othe boron, This happens because
the p-orbitals have similar energies. Boron trihalides are strong Lewis acids. The strength of these
Lewis acids decrcases from BBr, to BF,. Fluorides of aluminium, gatiium, indium and thalliom are
morc ionic. They have high melting points. The other halides are covalent compounds and have low
melting points. Anhydrous fluorides are soluble in non-polar solvents and are less soluble in water.
Other halides are more soluble in water.

XA

Fig. 5.1 Aluminium wrichloride

Trihalides of aluminium, gallium and indium are dimeric through halogen br.dges (Fig. 5.1).
The dimeric formula is retained when dissolved-in nonpolar solvents such as benzene. When dis-
solved in water the dimer is destroyed because of the high heats of hydration and tonization of the
halides i solution. '

ALCI, + 6 H,0 =» 2 [AL(HO)** +6Cl

Biron. trikalides on the other hand-do not dimerise due 1o small size of boron atoms and large halogen
atems. Boron trifluoride exists as 4 monomer because of an additional bond formed between fluorine
and boran, the latier accepting a lone pair into its vacant orbital. 1t is further stabilized by rcasonance.
The tri-alides of boron are also monomeric and the formaion of an additional ( )} bond is likely
because of differnces in energies. of their p-orbitals. ' '

Suability of monohalides of thallium reflects the inert pair effect. The stability of monohatides
increases from aluminium 1o thallium, i.€., as the atomic number incrcases. The stability is also
enhanced by increase in size of the halogens. - :

The less stable moriohalides of alaminium, gallium and indium are powerful reducing agents
since they readily tend to revert o the more stable +3 state. :

5.7 DIBORANE

As already stated diborane is the s;i_fnplcst of the hydrides of boron. As the name suggest it
is a dimer of the hypothetical monomer BH,, and is B , H .

It is a gas which is stable at room temperature. It is spontaneously inflammable. At red heat
it decomposes to its elements. Tt reacts with water and aqueous alkalis to form boric acid and
hydrogen. '

B,H,+6H0 — 2HBC, + 6H, T
B,H, + 2NaOH + 2H,0 — 2NaBO , + 6H,
Tt reacts with chlorine to form: boron trichloride,

BH, + 6Cl, » 2BCl + 6 HCI

1t reacts with dry hydrogen chloride in presence of anhydrous aluminium chloride to form a




substitution product called chlorodiborane.
B,H,+ HCl » BHCi+ H,
It reacts with ammonia at about 120°C 1o form an addition compound, diammeniate of

diborane, B, H. 2NH, The diamoniate on heating to 300°C forms borazole or borazene, BNH,
known as inorganic benzene. : ' .

3(BH, 2NH,) —» 2BNH, + 1'2H,“

It reacts with alkali metal hydrides to form the mmc alkali metal borohydrides which are

powerful reducing agents.
~ 2LiH+B,H, — 2LiBH,
5.7.1 Structure of diborane

~ The structure of diborane is interesting in that there arc not enough valence electrons to form
the required number of clectron pair bonds between adjacent atoms. ‘There are cight atoms in the
molecule which require at.least scven pairs of electrons, one less than the number of atoms in tha

“molecule. For cyclic compounds the number of electron pairs required is the same as the aumixr.

of atoms in molecule of the cyclic compound for bonding. Actually, there are only 12 clectron: 17
clectrons on each of the two borons and one electron on each of the 6 hydrogens) which make only
six pairs. As such it is an electron deficient molecule.

Normally boron should have formed a hydride of the formula BH, with three B-H bonds using:
its three valence electrons. But the formula of diborane shows that it is dimer of the hypotheticat
molecule BH;.

"H H

Let us consider it as (BH,},. The simplest formulais H: B B: H, wherc in two BH, units
are nnited .
H H
together through a bond without electrons to bind them. For atoms 1o be bonded together atleast iwo
electrons are required. ) : '

In the structural determination the Following reactions of diborane are worth noting. Diborane
reacts with strong electren pair donors which rupture the boron-boron link to form borine derivatives,
For cxample, with trimethy! amine even at - 110°C it gives trimethl amine borinc (CH,); N:BH, as
a whitc solid. On methylation of diborane only four hydrogens could be substituied by methyl groups

" showing that the other two hydrogens ars of a different kind.

Of the many structures proposed for diborane the ethane-like structure and hydrogen bridge
structure are of importance, T '

5.7.2 Ethane-like structure.

Ethane-like structures are based on Sidgwick’s suggestion that two. of the hydrogen atoms in
diborane might be held by one electron bonds.

H H
"H:B:B:H
H H
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‘The one cletron bord is possible because of nearly the-same clectronegativity for hydrogen and
boron. In addition, the concept of resonance permits the one-electron bord among all six positions
contribaing to the siability of diborane. As diborane is pot paramagnetic the cxistence of unpaircd
clecirans or the one-ctectron bonds is ruled out. But resonance structures (Fig. 5.2) involving covalent
and ionic forms with paired up clectrons seem 10 be likely since diborane is diamagnetic. Howcver,
it-is walikely that two pacts of mojecule are held together by resonance stability alone without any
elcerone (o bind thom, ' : : S :

H\B/“ B/H-"‘_',;_." H\B H\E/H L
o 'H/ -ﬁ/'\\ﬁ : H/\\H\ .

Ko
(@)
H H H H H
NS NN
o 8% & ~—= 8 . .
' Fig. 52 (_;).__.Cov'al.cm . ?{'5) jonic fesqnzin¢c_'for|i1§ R

5.7.3 lydrogen bridge structure

T zor proposed a structure with a double bond between the two borons. In this structure two
protons .. ¢ embedded in the electron ¢loud of the double bond(Fig.5.3) in a plane perpendicular to

the rernabi. ler of the melecule. . - - L o
: H H :
X N\ ./
B——8 ' :

LHS /N

- Fig. 5.3 Fitzer formula

H+

_ This is a modificd form of a hydrogen bridge structure. But the iarger boron-boron distance
(han is expected of a double bond rules out the protonated double bonded structure.

" Ho
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H

\-19A

I-— 1-;*73 —4{ "
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~ nydrogen bridge stiicture is proposed in which two bridging hydrogens with their 1s-orbitals
use a pair of electrons cach to bind the two borons together. Of these two bridging hydrogens one

atom lies above and the other below the plane of the rest of molecule so that each boron is tetrahe- -

drally surrounded by four hydrogens (Fig. 5.4).

The hydrogen bridge structure is a beiter representtion that the ethane like structure in that all
the six hydrogens arc not equivalent {only the four coplanar hydrogens are cquivalent) and the
rotation of the molecule about B-B axix is hindered. The hydrogen bridge structure is supported by
the electron diffracion studies of the tetramethy! diboranc which shows that the four methyl groups
and the two borons are coplanar. Raman. spectra and infrared data are in excellent agrecment with
the hydrogen bridge structure.

-

. . .. L . - ' -
P
oo

Fig. 5.5 Hydrogen bridge (Banana bond) structure

The hydrogen bridge structure can be explained as follows. Each of the two boron atoms is
sp® hybridised, Thrce of these sp? hybrid orbitals are simgly occupied by clectrons and the fourth
hybrid vacant. The borons then form threc B-H bonds cach with three hydrogens. The Two BH
groups approach each other in such a way that the vacant sp* hybrid of one boron overlaps one of
the B-H bonding molecular orbitals of the other. As a consequcnce a B-H-B molecular bonding
orbital forms with two elcctrons holding the three nuclei together. Each such bond is therefore catled
a three-center bond. There are 1wo such three-center bonds onc lying above and the other below the
plane of the rest of the molecule. Because of the bent shape of this molecular orbital forming the
hydrogen bridge it is sometimes called banana bond,

The coplanar B-H bond distance between the boron atoms and terminial hydrogen atoms is
1.19A® which is equal to the sum of unicovalent radii of the atoms (Fig. 5.4). The bridging B-H
bond distance is 1.33 A® which is larger than the sum of the unicovalent radii of the atoms involved
showing that electron deficiency lies in the hydrogen bridge bonds. The boron-boron distance (1.77
A®) is long enough to permit a B-B bond.

5.8 SUMMARY

The elements in group 11T B are Boron, aluminium, gallium, indium and thaltium. While the
first and Jast members are decidedly nonmetallic and metallic in nature respectively, the emaining
threc show a proncunced metallic character, yet with some glimpses of amphoterism, :

All the elements form the oxides of the type M,0;, B,0, is an acidic oxide and TLO, a basic
one while the oxides of remaining clements are clearly amphoteric. The nonmetatlic nature changing
over (o metallic is inflecicd in the hydrolytic behaviour of their trihalides. While thallium halides

hydrolyse in water to give basic selutions, boron trihalides produce acid solutions.

The hydrides of boron are of great importance from chemical bonding point of view, Diborane
B,H, is an electron deficient dimer and its chemical bonding involves two three centre electron pair
bonds comprising hydrogen bridges. :
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5.9  MODEL EXAMINATION QUESTIONS

L Answer the following in 10 fines.

1. Give reasons for high covalent character of of boron in iis compounds.
2. in what important respects of electronic coﬁfiguration boron and aluminitm Aiffer from

the rest of the elements of group I1IB?

-3, - Explain the dimeric nature of alaminium chloride.
4, What is meant by electron deficient molecule? give an example.
5. Writc a notc on the ethane-like structure of diborane.

II. Answer the following in 30 lines.

1. (@)  Jpstfy the inclusion of B, Al,.Ga, In & T1 in the same periodic group.

(b)  What is meant by inert pair effect? Tllustrate this with reference to group ITIB
clemenits,

2. Write a comparitive account of the oxidess and halides of group III B elements.

3. Explaintho cause fo the diffcronce: im ho chenrical behaviourof boron with #ie rest
of the group clements. How does boron compare with stlieon? : :

4, Write a clear account on the preparation, properties and bonding of diborane.
510 MODEL ANSWERS TO CHECK YOUR PROGRESS
— greecy e e T
1.  Boron has a very high melting point showing strong bonding forces. A three dimersional

network of covalent bonds bind boros atoms in the solid state.

The acidic character of the exides of TIIB group elements decrcases and basic character
dominates from B, O, to T1,0. Boron trioxide is acidic and thallium oxide is basic and the
oxides of aluminiunt, gallinm and indium are amphotenic.

a3

511 GLOSSARY

Dimer . Tt is a molecule composed of twoe monomeic simple molecules chem icaily bound up;
¢.g., NO, is a monomer and N,0, is a dimer of the hypothetical monomer BH,,

Electron deficiernt molecule. N isa molecule in which there are not enough valence clectrons
for bonding between the atoms in the molecule. C, H, {with 2x4+6xH1= 14 «-—--valence
clectrons) has 7 pairs of electrons for 6 C-H bonds and one C-C bond. It is a normal meiccule. But
BH, is clectron’ dificiont. 1t has (2.x 3) + (6 x 1} = 12 clectrons sufficient for 6 pairs for 6 bonds
where as B,H, requircs 7 pairs normally. : '

Inert pair effect. The ns® pair in the outermost shell of heavier members.in the periodic groups
will not be available for bonding. This is porhaps duc to larger nuciear charge and relatively smailer
size of atom than expected Tesulting greater atiraction of their nuclei on the ns? elecirons thaa on the
np electrons. As a result they. exhibit a lower oxidation number than the oxidation number charac-
teristic of the family. Thus thallium cxhibits + 1 state while- the others are gssentially in 43 siate.




Polymer. Tt is a molecule composed of a large number of monomeric molccules united
together.  For example (AIH,n is a polymer of the hypothetical monorneric molecule ATH,.

Three-centre bond. 1t is an elcciron pair bond which binds three nuclej {or atoms) togcther.
This pair of elcctrons occupies a molecular orbital formed by ovedap of orbitals of the three atoms
bonded together. In diboranc there are two such-center bonds. Molecules in which such three-centcr
bonds are present are electron deficient molecules. '

Author : D.R. Rajeswar Rao
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UNIT - 6 STUDY OF ELEMENTS OF GROUP 1IVE
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6.14 Glossary:

6.1 AIMS AND OBJECTIVES

This unit is mainly to discuss the chemistry of group IVB elements in terms of their electronic
configurations and to account for the gradual variation from a typical non metallic to metallic char-
acter from carbon to lead. '

When you have completed reading and understanding the various aspects of chemistry pere-
sented in this unit, you must be able to:

» Jusiify the inclusion of C, Si, Sn and Pb in the same group of the periodic table

e Explain the amphoteric character of germanium and tin

e Account for the acidic character of the dioxides

. Explain th'e_ decreasing stabitity of the tetrahalides and their increasing ease of hydrolysis from

68 carbon to lead




e Discuss the inert pair effect particularly with reference to tin and lead
-e - Describe the classification and reactivity of carbides
& Discuss the formation and bonding of metal ¢arbonyls

& present a brief account of various gaseous fuels.

6.2 INTRODUCTION

- Carbon, silicon, germanium, tin and lead constitute group IVB. They are characterized by ns? np?
configurations. Carbon with it's inner 1s? shell behave differently from the rest of the elements as
does boron (Gr/III/B), beryllium (Gr.IL. A) or lithium (Gr.I A). Carbon and silicon have noble gas

~ configuration for their penultimatedshells, Germanium, tin and lead have s? p® d'° configuration for

their penultimate shell. In ‘addition lead has 4f sub-shell complete with 14 electrons. This group is
an excellent example for illustration of exchange in properties from non-metallic carbon and silicon

o metallic tin and lead. The inert pair effect is apparent in the last two elements and is more

pronounced in lead. The physical characteristics of those elements are listed in 6.3,

6.3 SOME PHYSICAL CHARACTERISTICS OF
GROUP IVB ELEMENTS

Property | Carbon | Silicon | Germanium Tin Lead
C Si Ge Sn Pb.

At.no. outer 25 2p* | 3s* 3p? | 4s? 4p? 4g%° 552 5Sp?. 4ftt 6s* 6p?

Elecn. confign, 3d* 541

At wt. (amu) 12.011 | 28.086 72.59 11869 207.19

Covalent radius 0.77 1.4 1.22 141 147

(A%} ' ' |

Tonic radius (A%) | 2.6 (4} | 271 (4)] 0.93 (+2) 1.12 (+2) 1.20 (+2)
0.15 (+4)| 041 (+4)_ 0.53 (+4) 07 (+4) - 0.84 (+4)

Density (g/cc) 2.26 2.33 5.82 7.30 114

Meiting pt. (C) 3727 1420 9374 231.9 3274

Boiling pt. (C) | 4830 | 268G 2839 2270 [ 1725

Heat of vapa. 1717 40.6 68 70 424

(Kcals/mole) '

{onization 1126 8.15 8.13 7.33 743

potential {ev) _

Electroniegativityl 2.5 15 | 1s ' 1.7 . 18

Oxidation states | —4, +4 -4, +4 -2, +4 =2, +4 -2, +4

Std. oxidation - - - - D136 ' 0.126

potential (V)

M-oM*+2e

Increase .in atomic number is parallalled by increase in atomic weight, atomic radius and
density down the group. The decrease in melting point with increase in atomic number indicates
decreasing bond strength and change in nature of bond, in the elemental solids. The unusually high
melting point in the case of carbon is due to:the three dimensionat netowrk of strong C-C eovalent




bonds in diamond giving it the characlcnsncs of a gxant molecule Mcltmg or vaponzauorl requnes'
breaking of some or all of the bonds.

The high ionization potential and high elecu'omgamrlty of carbon together with its small sized
atoms allow it to enter into the negative oxidation state (—4). It is energetically difficult to attain the
negative (—4) oxidation state due to the necessity of taking p four electrons. Yet carbon forms ionic
carbides with highly efectropositive metals. Siticon has little chance for negative oxidation state
- because of less electronegativity and relatively large size atoms. Later elements have least tendency
for the negative oxidation state. The positive oxidation states {+2, +4) are important for all elements.
As the atomic number increases the ¢lements tend to prefer lower oxidation state (inert pair} effect,
" The +4 state for lead is unsmblc But the +2 statc is stable for lead, Hence +4 state for lead is
~oxidizing in character. In the case of germamum and tin the +2 state is unstable and their +4 state
"is more stable. Thus in the +2 state they are good reducing agents. Dipositive tin and lead are ionic

when dissoloved in water. They are mostly covalent in the +4 state. They are more acidic in the +4
state duc 1o their small size in that state than in the +2 state. Thus the +4 state becomes increasingly
‘less siable and +2. state attains stability down the group due to inert pair effect.

Carbon and silicon are nonmetals. Germanium is a metafloid. However, tin and lead are metals
in theif chemical behaviour. This increasing metallic character is reflected in their decreasing ioni-
zation potentials and electronegativities. Carbon is resistant to attack by non- oxldlzmg acids and
alkalis while silicon is attacked by alkalies. : :

The eiemenfs of group IVB except lead from dioxides when acted upon by oxidizing acids like
nitric aqi‘d_ Lead forms the monoxide. Non-oxidizing acids form salts with tin and lead in their +2

The low oxidatlon pomnnals show Lhat they are not active mctals They combme wnh hal-
gogens nd oxygen at elcvated temperatures. The chemical characteristics of these elemems are hstcd
in 6.5, wherc M is any group IV B element cxccpt otherwise stated

6.4 TSOLATION OF ELEMENTS

Carbon occurs in nature as such in the form of diamond and graphite. ‘Graphite is prepared -
by electrically heating a mixture of powdered coke and using carbon conducting rods. - Amorphous
forms of carbon such as charcoal and activated charcoal are obtained by. thermal decomposition of
wood, Carbon black or soot is obtained by incompleted combustion of oils. Coke, another amor-
phous form of carbon, is prepared by distillation of coal in the absence of air. . Elemental silicon is
preparcd by carbon reduction of silicon dioxide in an electrical furnace.

Si0 +2C -—) S1 + 2C0

Gcrmamum is obtained by reducing the dioxide with hydrogen or carbon at high lcmperatures
Tin metal is obntained by reducing the dioxide with carbon. Lead metal is prepared by pamal
oxldauon of leacl sulphide (galena) to the oxide which interacting with the unchanged sulphlde gwcs
lead:

2PbS + 30, — 2PbO +280,°
PbS +2Pb0 — 3Pb+SO,




6.5 SOME CHEMICAL REACTIONS OF GROUP IV B ELEMENTS

Reagent Reaction Remarks
Halogens M+2X, > MX, All except C;  Pbl, but not Pbl, is formed.
o - : . PbBr,, PbCl, are unstable.
Oxygen M+0, - MO, All except Pb;. Pb gives PbO and Pb, O,
Acids M+2H —» M*+H, - | SnandPb only
Nitrie acid 3M + 4HNO, - All except Pb. which forms Pb?
: 3MO,+4NO + 2H,0
Alkalis | M+ 20H+HO - | 'Siand Ge only; $n and Pb give MO,
oo MO, +2H,

-

6.6. A COMPARATIVE ACCOUNT OF THE STUDY OF HYDRIDES,
HALIDES AND OXIDES _— o
A stghyof hydrides, halides; halideswmd oxides Of theelersenstof: group 1V B clearly shows.
the gradatio¥ in their properees from nonfieallic carbon and silicon to metallic tin and lead.

6.6.1 Hyd_rides

All t& elements of group IV: B from hydrides of the type MH,. The ease of formation and
their siabilitgedecreases down the group. Ehgse hydrides ase covalent in mature. Carbon forms a large
' Welides (atkancs @ 3, Siticon Wl germanium form a limited ma¥nber of hydrides (silanes
and germanes) only. Tin and lead form one cach Stannane and plumbane). Carbon forms a large
- number of hydrides essentially due to the strong C-C bonds unlike the Si-Si and Ge-Ge bonds which
are weak (Tsble 6.6.1). The property to bord its own atoms so that long chains are formed is called
catcnation.  Carbon has this property of caienation to a maximum. It is less in the case of ils
neighbouring elements (B, Si, Ge and N) in the periodoic table,

Bond Energies of some carbon and silicbn bonds (table 6.6.1)

Bond : Bond energy (kcals/mole)
c-Cc 83
0 | 84

Si-Si 42

Si-O 80

Check your progress - 1
Explain the term catenation

T
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Besides forming long chains of carbon atoms, carbon forms siable multiple bonds. Further the
C_H bonds are almost non-polar because of similar electronegativities. Also the C-C bonds are not
weakened by electron withdrawal by the hydrogens since hydrogen has a lower electronegativity than
carbon. :

Hydrides of carbon are popularly known as hydrocarbons among which alkanes are important.
In them carbon excrcises its tetracovalency in full. The hydrides of silicon called silanes are obtained
by the action of dilute acids on magnesiom silicide.

Mg Si + 4HCl — 2MgC12 + SiH,

silanes are also obtained by the reduction of siticon tetrachloride with lithium aluminiam hydride in
other solutions. TEe '

LiAlH, + SiCl, — LiCl + AICL + SiH,

Garmanes are prepared by similar rnctho'dé Stannane and plumbane are also prepared by the reduc-
Gon of their tetrachlorides with lithium aluminium hydride in ether. All are tetrahedral in structure.

The stability of the hydrides decreases from carbon down to lead. Alkanes are (uite stabic.
Silancs and germanes arc less stable due to the weakening of Si-Si or Ge-Ge bonds by electron
withdrawal by hydrogen which is more electronegative. the Ge-H bonds are weaker than the Si-H
bonds which are in turn weaker than the C-H bonds. This weakness of bond is a characteristic of
covalent bonds between atoms of widely diffcring size. This is reflected in the temperature of their
thermat decomposition.

Decom;osition temperature of  CH, 800 °C
" SiH, 450 °C
” . : GeH, | 285 °C
” - SnH, 25 «C

Unlike silanes, geimanes are nol spontancously inflammable, do ﬁot react with oxygen of air
below 230° ¢ and do not hydrolyse in watcr or alkalis. o

SiHl, + 4H,0 — Si(OH)+4H,
6.6.2 Oxides

The elements of group IV B form two types of oxides, the monoxides (MO) and the dioxides
(MO,).
Carbon monoxide (CO) is a gas.' It is formed by incompleted combustion of carbon.
C+120, - CO |

Silicon monexide (SiO) is obtained as a gas by heating silica with siticon at 1300 °C in vacuo.
Si+ $i0, — 280

But being unstable it readily changes to an intimate mixture of silicon and silicon dioxide.,
280 -» Si+Si0,

Sich a change is calle disproportionation (self oxidation and reduction). Germanium oxide is
obtained by thermal decomposition of the hydrated oxide of of oxychloride.

2 GeOCl > . 2GeO +Cl

Stannous oxide is formed by careful heating of stannous hdroxide formed by the action of an




' B a&allon a stannous salt, The stannous oxide on bemg heated at 300 °C in air gets oxidized (o stannic
oxrdeBut. _when heated in the absence_of air; the 's'tar'mqu's oxide disproportionates 10 tin dnd stannic _

~ thermal decomposition of its Oxysalts, or by dehydration of the hydroxide.

: 2Pb+0 - 2Pb0 _ :
2Pb (NO,)), - -2PbO + 4NO, + 0,
_ Pb (OH), - PbO + HO o _
~ Carbon monoxide is a ncotral gas,  Silicon monoxide is not studicd being unstgble, The
. monoxides of germanium, tin and lead are both basic and acidic. The basic character increases with
© increasing atomic rumber. This indicates the increase in metallic character down the group,

Lead monoxide (PbO) is obtained as a yellow solid by oxidation of molien lead by air, or’

The reducing character of the monoxide decreases with increase in atormc mmber of the
element.  Carbon monoxide is a good reducing agent.  Monoxides of germanium and tin have _
- reducing property. Lead monoxide has no reducing character, “This trend shows that +2 siate gains

 stability down the group. This.is a reflection of the inert pair effect. ' o :

Larbon dioxide is obtained by complete combusition or buming of carbon in ‘cxcoss of air.” -
- Simifarly. s_il_if:on dioxide is prepared by heating silicon in air. ‘Germanium dioxide is formed when. -
germanium is heated in air a red heat, _Tin dioxide (SnO,) is obtained by burriing (i in air. But lead
 dioxide is produced only by clectrolytic oxidation. or by the acticn of Strong oxidizing sdgents.

- - Carbon dioxide is a gas and it contains discrete molecules, In silicondioxide there are no such
rmelccules. On the other hand therc is a three dimensional network of siticon-oxygen bonds, Each

. silicon is tetrahedrally bonded 10 four osygen atoms and .gach oxygen bounded 1o two silicon atoms
i adjacent Si0, tetrabedra, (Fig, 6.1) Even in solid carbon dioxide there ‘are no signs of swong
' €lectrostatic forees between CO, units for a three dimensional nct work of singlé covalent bonds. in
- silicon dioxide the high nuclear charge on a silicon atom could attract sufficiemtly strongly (he pi-
i electéons away from the relatively weak $i-O double bonds. As a consequence of this, the sificon

o - dioxige molecules polymerize forming 4 solid gaint molecitle of composiion Si0,.

- - Fig. 6.1 8iC, :ctrah'cclfa--:-_.

; . Carbon dioxide and silicon dicxide arc acidic and form carbonates and stlicates with bases, = - -
" espectively.” The dicxides of germianium. ard tin arc amphoteric. - The basic character of thesc and




that of lead is due to the ase of S{:paratioh-of lhe-hydroxyl ion._from larger aloms. 'Ihehydmxyadds E o
of large atoms ionize readily as Lases. However they retain their acidic properties also. Lead dioxide
is predominanily acidic and forms plumbates with basic oxides. Lead dioxide is powertul oxidizing

agemt. This is duc 10 its great stability in +2 state {inert pair effect).
Check your progress - 2

Why is CO, a gas while Si0, is 2 solid?

6.6_._3 Halides

oup from hatides ol the type MX,. T'h'cy are all covalent in chafaclcf. :

All the clements of this ge
dihalides (MX,) also. These dihatides are ionic solids.

Tin and lcad however form- the
‘Carbon. ietrachloride is formed as a colouriess tiquid by the action of chiorine or suiphur
monochioride on carbon disulphide. : : ' -
Ces, 30, > CCL+S, G,
cs, +28,Cl, = CCl, + 63
Silicon :tetrach‘;oridc' is also obtained as a colourless fiquid by heating silicon dioxide with
carbon in a currcnt of chlorine gas. : o : '
$i0, + C +2Cl > SICL+ €O, -

“also directly combines witly chldri;ic 10
(SnCl) is.obtained as a colourless lquid
tin metal and condensing the Vapours in

Silicon _dirc_cﬂy combi'ne_s wiih chlorine. Germanium
form its tetrachloride as & colouriess liquid. Stamnic chloride
by chiorination of scrap iin by passing chlorine over heated

-4 TECCIver.

N .\Lead tetrachloride is an unstable yclldw Jiguid. Thie ic farmad =2 .
[ . pianind h - ';'9_.._ «A‘.- - A R 1 LT Il ; ; ot ’ i
S m wnc-;-,mm;gmthonc.. AT =~ 5 does not form the tetrabromide of tetraiodide,  This 18

because n 'fi:qlead siate, lead is an oxidizing agent ond the bromide or iodide ions ar¢ good
reducing agents. Hence the +4 lead is reduced to the +2 state. Even lead setrachioride is unstable’
unicss it is kept at low temperature. It loscs chlorine readity forming joad dichloridc, :
_ The tetrabromide and tetraiodide of carbon decompose on heating duc to overcrowding of large
halogen atoms on the small carbon atom. : '

Normally the melting and boiling points increase with increase in molecular weight duc 1o van
dor Waal's force. But the melting points of ietrahalides decrease from carbon 10 silicon and later on
increase. The lower melting point of silicon tetrachloride i8-+due 10 the repulsion botweest adjacent
malecules arising out of the negative charge ¢ e ichlorine atoms. This in tum is due 1o the greater
differcnce between clecironcgativities of silicon and chlorine than behwecn carbon and chlorine. For ..
a simitar reason the melting points of the tetrachlorides of germanium and tin-are Jower than that of
carbon. : : . ' . o

" Carbon ictrahalides are not hydrolysed by water. Put tetirahatides of the other clenwns are




L

. _"hyd'r_olysed. This is because carbon cannot increasé its coordination number beyond four due 10 the
-+ absence of d orbitals. : ' .

_ All the halogen atoms are replaced stepwise by the hydroxyl groups in hydrolysis. Alkalies

 also cause hydrolisis of these halides just like water. In the hydrolic reaction, water molccules and
hydroxyl groups act as electron pair donors and form a coordinate bond with the ceniral atom. The
species with a higher coordination niumber is unstable, It loses a molecule of HX giving the hydro-
lytic product. This continues tilf all (he halogen atoms are replaced by hydroxyl groups. Silicon tetra-
halides are reversibly hydrolysed since the silicic acid formed'docs not ionize at all as a base. 'But
the tetrahalides of germanium and tin are reversibly hydrolysed indicating their amphoteric nature,
Thus, except carbon halides the others act as electron pair acceptors or Lewis acids, : '

- The tetrahalides of silicon, germanium, tin and lead form complex ions of the type MX,]?

- ‘through cooordination of twe halide ions. This results in an increase in the coordination number of

the central atom from 4 10 6 due to the availability of 'd’ orbitals in the valence shell. -

The dihalides of tin and lead are well known. The hydrated stannous chloride (SCl, 2H,0)

- 1s obtained by dissolving tin m hydrochloric acid and crystallizing the sall. On heating the hydrate;
it undergoes partial hydrolysis forming the basic chloride.

SnCI2H,0 — Sn (OH)CI+HCI+H,0

_Anbydrous stannous chloride can be obtained by heating in tin metal in a current of hydrogcn

(;hl-mide. gas. It is a good reducing agent in concentrated hydrochloric acid because of its stability in
+4 state, : ' '

Lead chloride (P'b_Clz) is obtained as a colourless crystalline solid. It is formed when a solution

of a soluble chloride is added o a lead salt solution. Tt readily forms a complex ion (PbC14)2' in -

:presence of excess chloride ions. It has no reducing property. The +2 state is stable for lcad (incrt
- .pair effect). : : _ : -

67 CARBIDES . .

- These are bin-ary_compounds of carbon with more .posir;ivc clemenis or elements of similar
clectronegalivity. The carbides differ in-their properties depending .upon the type of linkage, which

. in-turn, depends upon the nature of the other element. They are accordingly classified as ionic or

salt like, covalent and ‘metallic or interstitial “carbides.
o Al '{he_s three lypes of carbides are preparcd by heating the oxide of the element with carbon
- to.ahigh temporature. SR o - R

' €a0+3C > CaCaCO
. Si0+3C 5 SiC+ 200

6.7.1 Ionic carbides

. These are formied by metals of periodic groups IA, TEA and TIIA, coinage metals (Cu, Ag and

" Aw), zing, cadmium and some lanihanide cletnents. They are crystalline solids. - They are fon-
conductors of clectricity.. They react with water or acids evolving hydrocarbons due to hyrolysis of

 their anions. . Accordingly they are subdivided into three classes. ‘Such of the carbides giving methane -

. (CH,).as hydrelytic product contain C* anion. " THey #re called: methanides, cg.. AlLC, and Be,C. -

. Those ionic carbides evolving acetylené gas contain €, anions. They are ¢alled acetylides. Most

B of the ionic catbides arc acetylides. They crystallize in the NaCl Iittice, Some exatnples bf acetylides

“are €aC,, BaC,, BEC, ZnC,, TiC,, Cut, Ag,C; Al C, Ce, C,. Allylide isthe fame- given 1o a
carbide- which’ hydrolyss 1w gixeayliene KEC N HY qu.?{_t_ly]oay(glqeon hydretysis. It
o ~ LIBRARY  ClassNo; 544 a
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‘contains C;* a.ni_{m.. The only-exéinpié i.'s.tl.le ﬁmg‘rieﬁum ._al_l.ylidc,- 'Mg_zcs._ .
| B ALCHI2H,0 — 4Al (OH')_.;; 3 CH,
CaC2+_2H20- -»> Ca(OH), + CZH1

'Mgz c; + 4 HO 5 2Mg (OH), + c3ﬁ4

Carbides of copper, silver, gold and zinc and cadmium are formed by passing acefylche through sals
sotutions of those metals. ' A '

Calcium carbide is used in the prdduction of acetylene, a starting material for many synthetic o

products like alcohel, acetic acid, vinyl plastics. Mixed with o¥ygen acetylene is used in the oxy- -

acctylene flame for welding purposcs.

6.7.2 Covalent carbides

Besides -the hydrocarbotis, boron carbide (B ,O) and silicon carbide {S8iC}) are among the co- e
valent carbides. These carbides of boron and sificon have three dimensional network of covalent -~

nonds. As such they come under giant molccules. 1n silicon carbide, silicon and carbon aloms
alternate and each is surrounded by the other tetrahedrally. Boron carbide is B,C, { or simply B,C).
“In it 12 boron atoms forming an icosahedron cluster alternate wilh lingar chains of three carbon aioms -
as Cy, units. They are extremely hard and chemically inert. Under the name carborandum, silicon
carbide is used s an abrasive and tefractory. Tt is also used in nuclear reactors for protection against
radiation and for containers of fucl elements. ' - '

~6.7.3 Tnterstitial or metaliic carbides

" These are carbides of wransition metals of groups IVA, VA and VIA which have atoms of

radius larger than 1.3 A®. The interstices of the metal laitices of thesc metals are big enough to hold

~ - carbon atoms without disturbing the metal tattice. As such these metallic carbides retain their

metallic lustre and most of ‘their electrical conductance, . They are harder and have higher melting -
- points than the metals them selves. The increase in melting point and hardness is due to the additional

lorces of attraction due to the pesence of carbon atoms. They are chemically inert. Tungsten carbide
s so hard that it is used for making cutting tools.

- Transition metals with atomic size less than 1.3 A® also form interstitial type of carbides. but
48 the interstices in these are smaller in size they cannot hold carbon atoms without disturbing the

. metal lattice. This distortion in the metal lattice makes them 1o be-h_ave'dcffcrendy_from those ofthe 7.
aforesaid metallic carbides. They are therefore called pseudo interstitial carbides. Cr, Mn, Fe,Co <.

and Ni form this class of carbides. These react with water and dilute acids fo form simple hydrocar-
* bons or mixtures of hydrocarbons with or withot hydrogen and sometimes free carbon, - They
sepresent a {ransition between the true interstitial crbides on one hand and jonic carbides on the other..

6.8. CARBONYLS

These are coordination .compounds of -transition metals with carbon monoxide. . 'Ihey are
known as mctal carbonyls. Metals of group VI and some mietals of groups VIA and VA and IB
from metal carbonayls. - S o ' o

Th’e’}r are covalent _éompdﬁnds formed by interaction of carbon monoxide with free nan:s_iﬁ'oﬁ

. _ietals or metal state. They are soluble in non-polar solvents and “insoluble in polar solvents: I '

general they are dia agnetic, the only cxceeption being V(CO),. They decompose. on ‘healing 10
metal and carbop monoxide. They are: easily oxidized by atmospheric oxygen. They react with
pyridine, bromine of iodine monochloride, | . -




: .'_'.'_:whm Py is pyndme and XY is IC} or IBr This mdxcates that in these compounds the CO groups _
v are auached 10 mctal atoms.

Cr(CO), +Py = Cx (CO), (Py); +2 o

Ni (CO), + Br, - NiBr, + 4 CO™ .

e (CO), + XY - Fe (CO), XY + CO

_ “X-Ray and electron diffraction studies of metal caxbonyl is linked to the metal atom. The
B mctabcaﬂ:on dlstance in nickel carbonyl is 1.82 A° . It is 0. 18 A° shorter than the eéxpecied single

bond distance. Also it is near to the Ni-C double bond distance of 1.79A°. But the nature of bonding

- in CO groups appears to remain without much alteration from that in carbon monoxide molccule, The
" Co-bond distance in carbonyls is about 1.14A° to 1,16A° as compared with 1.13A° in carben

“monoxide. - Perhaps a resonance hybrid involving Ni: :C: :0: and Ni:C: : :0: describes the situation
in nickel carbonyl Similar bondmg may be assumed fo be presem in other metal carbonyls as well..

_ Further the -M::CO structure removes (he unlikely accumulation of negative charge on the
o metal atom. By acceptance of a pair of electrons from a CO group the metal acquires partial negtive
.~ charge. Pauling has suggested the back donation of a pair of electrons {rom a d-orbital into the vacant

*_ p-orbital of carbon (2s2px* 2py' 2p° ) in the CO group. This back donation results in the formation

- of an additional bond between the metal and carbon. Thus by backdonanon the metal atom gets nd_

of ‘the negative charge | .
. \ 5?7
L N

O Bond _ Back Bonding
Fig. 6.2 Back donation in metal carbonyls

_ “The number of carbon monoxide molecules coordinated to the metal atom determines the
structure of the metal . carhbonyl. M(CQ), type of metal carbonyls like Ni (CQ), are tetrahedral.
. M (CD)S Lype of carbonyls like Fe(CO), are trigonal b:pyrarmdal And-M(CO), type of carbonyls such
as Cr(CO)‘s are octahedral. In as much as these contain only one melal atom they arc called

o mononuc!ear mefaf carbonyls. They’ arc formed by transmon mctals with even atomlc number.

CoNeoy . Reo, Cr €0y,

Fig. 6.3 mono mclaar carbanyls.




- They are quite stable compounds. Transition metals with odd al_pﬁ'ﬁé number are not mm
to form mononuclear carbonyls. They however form polynuclear metal carbonyls, e C,(CO),,

Mn,(CO),, The structures of the polynuclear carbonyls are somewhat complicated. Polynuclcar :

carbonyls are also formed by even atomic numbered transition metals, eg. Fe,(CO),.

. The stability and diamagnetic character of the metal carbonyls is explained by Sidgwick in his
effective atomic number concept. The term ef_fective atomic number refers to the total number of
electrons a central atom attains in its outer shell after borid formation equal to that of the next bnoble
gas elcment. An atom is said to attain effective atomic number when the central atom attains a total
of electrons equal to the atomic number of the next noble gas element. Fach CO group donates a pair
of electrons to the metal atom. - S '
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- Fig. 64 - Binuclear mctal carbonyls ,

Such groups donating electrons-to metal atoms are called ligands. Transition metal elements with -
gven alomic number can. thus atain the effective atomic number readily. Sidgwick's EAN formula -
is G=m+2y, where M is the atomic number of the noble gas clement next to the metal atom. A
iransition metal with even atgomic number gaining two electrons from each ligand will necessarily
attain an even number (hence, diamagnetic) of electrons. If that number is equal to the atomic aumber
of the noble gas element the metal is said to attain EAN.” This explains why even alomic numbered
wansition metals form metal carbonyls. In the-case of odd atomic numbered transition metals the total
of electrons after bond formation is only odd and the metal will not attain EAN. As such the carbonyl.
cannnot be stable. However they form polynuclear carbonyls and gain stability. Blanchard's formula
applies to metals forming polynuclear carbonylsi is S S

Xm .+_2y ' : _ - :
G - — x 1 where x is the number of metat atoms in a molecule of the polynu-

clear carbonyl while the other leiters have the same significance as in Sidgwick's formula.

Examples: (a) Ni (CO),

. Atomic number of Ni = = . 28
No. of CO groups = 4
Next noble gas element is kryption, its at\nio. 36
36=28+@x4) . .- = 36 '

®) no. OfCO_ SRR S a7




@x2) o+ @x8) |
16 =2:1
2 .

In ;he' f)BIynuéIear carbonyls one or more CO groups serve to bridge meial atoms by bonds in
a ketone like fashion. . Some of the polynuclear metal carbonyls have metal - mefal distances which
permit metal-metal bonding, Without the metal-metal bond the diamagnetic character can not be -
-explained. - _ : o T

- 6.9 GASEQUS FUELS OF CARBON

. Afuel is 2 combustible- substance which on buming liberates much heat energy without form-
_ing highly objectionable products. A fuel can be a solid, liquid or gas. A gaseous fuel is most
convenient 10 handle but has the disadvantage of storage problem (inflammable character). . They
require containers which withstand high pressure. -

Among the gaseousfuels used in industry and in the.homes the ‘most important are producer
gas, water gas, coal gas, natural gas and wasie gases from oil refineries. Natural gas and the gases
from petroleum refinerics are gaining importance not only as kitchen gas fuel but also as raw materials
for many petrochemical industries. ' - '

~ 6.9.1 Producer gas
: This is essentially 2 mixture of carbon monoxide and nilrogen. It is.l.a_r'cparcd by burriing com
. in a limited supply of air. It is produced by passing a carrent of air through a red-hot bed of -coal

© in a vertical cylindrical vessel called the producer through a hopper. Air is sent in from the bottom.
Thc’pr'oducer gas formed leaves the producer through a side tube at the top. ' :

As air _¢nt_e_rs_ the hot bed of coal, carbbn_-bums to form, carbon dioxide.
C+0,5C0, + Encrgy R
S The carbon-dioxide ther interacts with carbon of coal forming carbon _mqnax;'_de-.
€8y +-C -9'. '2(3.0. + Energy o | o

~The fucl value of p'rbduoer gas is low.as it contains large praportion of the uncombustible gas
namely nitrogen of air. The producer gas is produced at the spot where it is nceded as a fuel and

.. uscd even as it emerges hot out of the producer.

Tt contains about 40% carbon monoxide and 60% nitrogen and a little of carbon dioxide.

é;.‘.sza{er—gas o

* " This is a mixtare of carbon monoxide and hydrogen, twqo 'cémbusti'blé. g’asés. it is produced
by passing a current of steam through a white hot bed of coal. -

€.+ HO - 'CO + H, - Energy
- ThIS '_réz.uc'tidh is endothermic. As concequence the coal bed gets cooled and the reaction comes

10 a sop. To revive the coal bed a current of air is passed through. The energy released-in the
g f-bum_i_ng_.o_f'ma,l;he’a@ts up the caal bed so that it is ready for use again. The production of water gas.

o “however efficient is as fucl it is only an intermittent process. It cair be made a continuous process
* by simultaneous blowing of air and steam through the white hot bed of coal. The prﬁdqcts of 1h_c-two |




calorific (or heating) value as compared with water gas due to the presence of cohs-idérable nitrogen.

 The calorific value of the gas is however improved by mixing it with hydrocarbon gases. o
These hydrocarbon gases are obtained by a process of cracking or breaking up large molecules of less
useful oils in a carburctor. Accordmgly_llte'mixed- gaseous fuel is cailed c_arburerted water gas oOf

enriched water gas.

Water gas contains about 50% each of carbon_:monokidé and hydrogen with little. carbon
dioxide. The carburetted water gas contains about 25-30% carbon monoxide, 20-25% hydroger, 25-
30% hydrocarbons, 20-25% nitrogen and 5-10% carbon dioxide. .

6.9.3 Oil gas

This fuel gas is oblained by cracking a cheap oil. Géneralljr Kerosene is crackéd for 'prodﬁcfioﬁ o
of oil gas. The large molecules of Jiquid hydrocarbons making up kerosenc are cracked at red heat

into much smaller motecules. Hydrocarbons with smal} molecules are gaseous even at Toom tempiera-

reactions mix up as they emerge out. Tt is therefore. called “semi-water ' gas. This is lower ifi its T

tures by vinue of theif Jow molecular weight. The cracking process is carried out by allowing the' .- "

il 1o drop on the red hot boitom of an iron retort in a thin steam. The. retort is heated cxternally.
The gascs formed leave the retort through a bonnet and a hydraulic syphon, Tairy matier is separated.
" The gses pass on into a gas holder for collection over water, . B

The oil gas contains about '90-95% hydrocarbons, about 5% hydrogen with liule carbon .
' nonexide and carbondioxide and nitregen. .- o LT L

6.9.4 Coal gas
_ ' : . v
_ * tie coal gas is obtained by destructive distillation of coal (distillation of «coal in the absence
of air) & irom retorts. The volatile matter in coal leaves the retort through a hydraatic rmain. Tarry-

matic afe! soluble ammonical matter separate and collect in a tapk. “The volatile producis then pass. - .
{hrough a serics of pipes cooled in aif for removal of condensible vapours. The uncendenscd gases e

further pass-over shelves containing. ‘moist ferric. oxide and lime, Here the poisonous. gases ( HCL -'
H,S) are removed from the coal gas. ' o ' ' o

2 Fe(OH), + 3H, S 'Fe, S, + 6H, o el

Fe '(OH); + 3 HCN —) '_1~“_c',(c;q)3 4 3O R

CaOH), + HS = caS + 2O
“The pufiﬁéd g.és is ._thén'coll.ected'_iﬁ a gas hol&t over water. o

~ Coal gas contains about 45-55% bydroger, 3540%--hydmearm,.'s-rﬁ%{.aﬁ§bn ‘monoxide.
-and. small quantity o_f__c_:arb(}n- dipxide. - L o . '

- 6.9.5 Natural gas

Now-a-days the term natural gas has become very commoti after the digging of oil wells i

. qur country by the ONGC. It consists-of gaseous hydro carbons collected deep down in the bowels'
pf the earth along with the liquid hydrocarbons comprising the criade petroleum. When a holeis .

drilled into the oil bearing strata. the ‘nataral gas pushes out under high pressures. “It is chigfly:a-

mixturc of satrated and unsaturaied ‘Tydroarbons with 1-4 carbons in a chain. “The Indian Govemn-: -
“ment is arranging to utilize the natural gas for iis petrochemical industries d.to meet the: growing
demands of kitchen gas in the country. C I




It is originally produced by fermentation of dung (éj(crcta'of'caule). ‘Bt now ahy waste organic
‘matter like weeds growing in mostly methane with small quantities of other’ low molecular weight

© 6.10 GLASS

The term glass refers to any matter which solidifies without crystatlization from the liguid
State. ' In common usage it applies to silica and silicate materials. Glass s essentially 2 solution of
silica in metal silicates which escaped crystallization on cooling. -Though it looks. like a solid it is
a liquid with very high viscosity. It is an amorphous solid. Glass is best described as super cooled
Shquid: B ' '

Being a mixture of many silicates and silica it has no difinite melting point. It melts over g
range of temperature. 1t first sofiens on heating at g temperature and then its tlaidity increases as
iemperature increases. Ultimately it flows freely like a liquid. This property of glass allows it (o be
blown into any desired shape when it is in the solid staie. Very slow cooling of the semisolid mass
of glass favours crystallization spoiling its quality. '

together with broken glass. For special quality glass the sodium carbonate and calciym carbonate

arc replaced by potassinm carbonate, borax, litharage etc.. To produce coloured glass_ certain metal

The raw mat ed in
" t0 about 1400°C. The whole mass melts (0 a Tiquid mixiure of silicates and silica. The escapin £ gases
“help to stir the mixture, ‘When the melt is free from gas bubbles it is aliowcd to cool. " Any scum

formed on the surface is removed. The clear molten mass ig then shaped into glass articles of desired

shape and size. A glass blower collects a semisolid mass of glass at the end of a long iron blow-pipe -

The kecping quarry of glassware is improved by subjecting the glass articles 10 a process of
annealing. The prepared glass articles are cooled very slowly by passing them over a moving .
conveyer belt through a tong narrow chamber called Iechr. One end of the lehr is kept hot and the
other is almost at the room temperature. The articles move very slowly from the hot end to the cool

and over scveral hours or ¢ven days. This slow process of cooling is ¢alled annealing,

_ 6.10.1 Varieties of glasses

- Soft Glass is soda-lime glass. It is used for cheap glass ware, sheet and bottle glass,

Itard Glass i ‘potash-lime glass:™ It fias a higher fusion temperaiure and more resistant to
- Water and acids than soft glass, . ' S
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Jenaglass and pyrex glass are essentially borositicates with low coefficient of expansion. They
resist the action of common chemicals, shock and sudden change it femperature.

Crookes glass 182 special variety of optical glass used for lenses for spectacles.. 1t contains
cerium oxide which cuts off uliraviolet rays harmful t© the eyes. : -

- Quartg glass s made of pure silica. It has a low coefficient of expansiof. Ii does not break
even when a red hot article is dropped in waicr. ' '

Safety glass isa sandwhich type of glass. Between two layers of sheet glass a transparent .
shect of vinyt plastic is suitably cemented. It does not splinter when struck. It is used for automobilc -

- wind-sheets and showcase windows for display.

6.10.2 Colou_féd, glass

Coloured glass is obtained by adding an appropriale metal oxide so that oloured metdl silicate

(glass) is formed imparting colour to it. Certain ¢lements in the colloidal state are also responsible

for colour in some glasses. Blue cobalt glass 18 obtaiied by adding cobalt oxide. Ruby red glass,

ascd for red lights as danger signals in railways i formed by adding selenium oxide or cotloidal gold.
Green glass is made by adding chromium oxide. Checap blue glass is made by adding -cupric oxide
and cheap red glass by adding cuprous oxide. Mangancsc dioxide isadded as a corrective for masking

the light greem tint of cheap glass due t0 iron impurity. The cheap glass {hereby acquires the ook .

of quality glass.

e

Group 1V is an imporiant grOup from (wo points of ViEw. One, it presents a clear gradation
from non-fciadic character and, two it has silicon and germanium, the most important semiconductar
materials. And carbon has aa extensive chemistry of its ow.

All the elements form hydrides of the 1ype MH“, the stability decrcases from carbon to lead.
Resides the oxides of the type MO, these form the most characteristic 1ypes MO, While the dioxides

are feebly acidic, Sn0 and PO are fairly basic.

They form tetra halides MX4. And again thei stabilities decrease from C to-Pb. While that
of carbon is resistant 1o hyd;oly_sis_,' those of the later clemnts are casily hydrolysed.

~ With more elect_ropositivc clements, carbon forms binary ionic carbides. ‘While non metals
yield covalent carbidcs transition metals form ir_\tcrslilial carbides. ’ :

Carbonyls are an important ¢lass of compounds' that CO molecules form with several fransition

metals in their Zero oxidation states.

Their propertics and bonding have been studied in great detail. Carbon forms soveral gascous
fuels like coal gas, producer gas and water gas etc. Liquid petroleum £as (LPG) is afuct gas obtained
from the wasle £ases of petroleum, refineries. ' '

.12 MODEL EXAMINATION QUESTIONS -

L. Answer the following in 10 lines
1. Explain how both positive and negative oxidation stales are rcalised in carbon?
2. Write a note ofi catenation as observed in hydrocarbons.




3. Account for the ready hydrolysis of Sicl,.
4, What is meant by ligand? Hlustrate your answer.
5. Why and how water gas is enriched? -

Il Answer the following in 30 Lines _
1 a) Examine the trends obseved in the physico-chemical properties of IVB group
' elements, | _ o |
b) What is incrt pair effect? 1llustrate this effect with ref; érencc to the oxidatio states
. of IVB elements. . o

- Present a comparative account of the oxides and halides of IVB group clements.
3 Discuss the preparation and composition of producer gas and water gas. |
Describe the preparation of glass. Give the compotsition of (i) hard glass (ii) pyrex
glass and (iif) safety glass.

6.13 MODEL ANSWERS TO CHECK YOUR PROGRESS

1. The property to bond its own atoms so that long chains are formed is called catenation, Carbon .
 shows this property to maximum, while it is less in silicon. -

2, Carbon dioxide is a gas as it contains discrete molecules, In silicon dioxide a three dimen-
sional network of silicon-oxygen bonds. Each silicon is tetrahedrally bonded to four oxygen
atoms and 'each oxygen is bound to silicon atoms leading tb giant imolecule. This silicon
dioxide is a solid. - J - -

6.14 GLOSSARY

Catenation : It is the property of fbrming bonds between like atoms so that long chains are
formed. This is. most pronounced in the ¢ase of carbon, : - o :

-Coordination compound : 1t is a compound formed by atoms or groups of atoms bonded
- together by coordinate covalent bonds,  Metal carbonyls are good examples of coordination com-
pounds. - ' . o ' . '

o In_;e_r-jstin’al' compbunﬂ' ¢ Itis a compound like substance formed by the occupation of inter-
stitial sites in transition metal lattices by small sized atoms like Hydrogen, boron, carbon or nitirogen.
- There are no bonds between the metal atoms and the nonmetallic atoms in the interstices,

Non-stoichiometric compound * Tt is a compound in which the fatio of the'constituént atoms
of elements does not conform to simple integral numbers. Interstitial compounds are non--soichiom-
etric compounds. ~ : '

_ Author ;- ‘DR . Rajeswara Rao
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71 AIMS AND OBJECTIVES

The purpose of this unit is to explain you the trend in properties from not metallic to metatlic -

" patare in Tespect of elements of group VB ic. nitrogen to bismuth. And also to enable you fo justify

these clements in ofie- group.

. Afier a detailed stady and understanding the various aspecis of VB group dlements in this unit, -

you must be able 10:

Justify shat all these clemesits from N 1o Bi belong 1o group V. in terms of their electronic .

conligurations.

& Explain how the metallic character progressively increases from nitrogen to bismuth.

e Account for ihe decreasing stability of their trihydrides of the type MH,. _
® Explain wity nifrogen forms only trihatides but it of the clements form both i and penta
~ halides. ' :




- . Account for both the oxidising and reducing character of nitrous acid.
. ® Describe the manufacture of nitric acid, o
‘& State the preparation ang uses of superphosphate.

7.2 INTRODUCTION

Nitrogen; phosphorous, arsenic, antimony and bismuth constitute group VB of the periodic
Jtable. They are characterized by ns? np? configuration for theéir outermost shell, Nitrogen with jts
“inner 152 shell of elecirons behaves differenly from the rest of the elements, Nitrogen and phosphorus.
with- the noble 8as configuration (ns* np) in their penultimate shell difer from the rest of the
members namely arsenic, aniimony and bismuth, The latter elements have s? p® d'° configuration for
their penuliimale shells.. Bismuth has 4f- subshell also filled to completion in the Prepenultimate
shetl. These differences in their electronic configuration are rcsponsible for the trend in propertics
- they exhibit. The Same outermost electronic configuration governs their general chemical behaviour,
As in the carlier ETOUPS, an inert pair effect manifegts in the chemistry of bismutn,

73 THE PHYSICAL PROPERTIES OF THE ELEMENTS OF GROUP VB

! Property : Nitrogen Phosphorus | Arsenic - ~Antimony Bismuth -
AL no. . 7 15 33 51 ' 83
Ouler 2¢% 2p? 352 3p* 3d94s24p® | ago 52 5pt | 4f 50 gg2 6p°
elce. confign. _ _ o '

At wi. (amu) 14007 | 30974 74.922 121.75 208.9
Covalent radius 0.75 106 120" 140 : 1.46
(A7) _ _ F :
[ lonic radins (A%) [ 1.719.3) 2.12(:3) | 222¢3) 2.45(-3) S 1L20(+3)
- 0.1(+5) 0.34(+5) | 0470+5) | 0.62(+5) 0.74(+5)

{ Density (g/cc) 081 . 1.82 B . 6.62 . 98

Melting pt. °C) | 210 442 | 81as L 6305 S 2713 .
' (36 atm) ' '
‘Boiling pt. (°C) 1958 280 610 1380 | 1560
' : {(subl) C

| Heat of vapn, 0666 | 297 | 775 46.6 42.7

| (Kealsrmote) : [ _ _
lonization 1454 - 0" £ 10 | ges ;e 8
- puicntial (ev) B . _ - -

| Elecwoniogatvity | 39 | 2.1 20 19 19
‘Oxidation states | -3, 4345 IS 34345 | w345 | +3, 45

- [ *Sud. oxidation _ +5 - +5 . '

Potomtial (V) | LMENOY L b g5 021 | o3

- _ (HAsQ) (Sbo) . . @By -j

MM > H, MO, + 3H * + 3¢




Atomic radius increases as the atomic number inCreascs. But this increase in §i7€ beyond
phosphorus 18 jess because of the less effective shielding, offered by the d*° electrons in thelr prenul-
tmate shells. Fusther, the \pcrcase in size from antimony {o bismuth is much less- inspite of the
increase in atomic number by 32 units. This is due to much less or feeble shielding eflect of the

f14 clectrons in the prepenultimate shell of bismuth. Accordingly the atoms of bismuth arc smalicr
ihan expected because of increased effective nuclear charge. The ionic radii register a gimilar trend.

Density is another property which increases with the increase in atomic number. Apart from
packing of atoms the increase in density reflects the Increase i atomic weight and the increase in
atomic $iz¢. Accordingly bismnth bas a high density. This is true in the case of all 6th period
clements. o S ' o

Meliing point INCrcases with increase in atomic number from nitrogen © arsenic and thereafler
decreases. The.very low melting point of fiitrogen is due 10 its discrete triply ponded diatomic
molecules. Phosphoris, arsenic and antimony do not form diatomic molecules. They form letra-
hedral P, As, and Sb, molecules. Diatomic molecules can be formed only through muliiple bonding

~involving i bonds. And large atoms like P, As or Sb can not approach closely for pi-bond formation

. because of. rcpulsioﬂ from the e_le_.ctrons-of the inner core. Such a repulsion is non-cxistent in the case
of nitrogen atoms with 1¢* core. - B _ '

T

P

P |
.Fig. 71 Phosphorus molecule
Further, the meling point of arsenic is high due 10 8 layer-like structure consisting of As,

lc_trahulrzil. Although this layered structarc continues 1n antimony, the mciung point shows 2 de-
creasc. This is because of its large sizc atoms and more metatlic character (dclocalisod-mcta\‘lic_

“ponds). It further decreases in bismuth in which metallic bonding forces operate between, atoms. As

the metallic honding forces continue to operate even in the liquid statc.the bailing points are high.
The heats of vaporization also increase for the same reasons down the group. S :

" Check your progress -1

Account for the low melting point-of nitrogen.

The Tonization potentials and electronegativities down the group decrease a8 the atomic -




-

number increascs, The high ionization potential of nitrogen together with its high electroncgativicy
and small size atoms allow nIlrogen to enter into -3 oxidation state, Nitrogen forms nitride (N*) anion
with highly clectropositive metals in forming sali-like or tonic nitrides, The clectronegativily of other

the clectron pair donation is well. pronounced with nitrogen, The tripositive state becomes more
characteristic and more resistant to oxidation from. arsenic down to bismuth. This reflects the inert
pair effect, 'In the pentapositive state alt thesc elements are acidic in character. This oxidation " state
becomes fess characteristic and difficult 1o agtain as the atomic number increases. (inert pdir effcer).
With the execption of nitrogen the other elements may act as electron pair acceptors in the 45 state.
They form (MF) iens. - _ ' . :

~The negative oxidation polentials indicate that these elements are not active: They enter into .

combination only at elevated Iemperatures. All these elements form compounds with highly electro-
positive metals. But thig tendency decreases from nitrogen to bismuth, Only ritrogen combines with
hydrogen in presence of a calalyst 10 form the hydride, ammonia, Al of them except nitrogen
combine with oxygen 1o form trioxides.  However, phosphorus forms pentoxide with excess of
oxygen. Nitrogen forms nitric oxide and nitrogen dioxide. Al these cloments excent nitrogen

combine with halogens to form (heir trihatides. Bu¢ phosphorus, arsenic, antimony and bismuih form _

pentafluorides with excess fluorine, The chemical behaviour of the elements of this group is sum-
marised in 7.5 :

Nitrogen differs from the other elements in that it forms compounds in other oxid:ilio_n states
- as well, : '

7.4 ISOLATION

Nitrogen occurs in the free state in air. It can be recovered by fractional distilfation of liquid
it Phosphorous is obtained by the carbon reduction of rock phosphate {calcium phosphate) mixed
with sand in an electric furnace. '

- 2Ca; (PO, + 10C + 6 Si0, = 6:Ca Si0, + 10 CO + P,

7.5 CHEMICAL BEHAVIOUR OF ELEMENTS OF GROUP Vi

| Reégenc‘. o - Reaction _ L Remarks
1. Highly electro positive xM+yA —. M, Ay '_Tcndcncy decreasess from
“metals ' ' ' N o Bi.
2. Hydrogen _ |- 3H#2A - 2AH, S With N only
3. Oxygen 3O, +4A 5 2(A0) | With P, As, Sb & Bi. Alse
. ' . : P gives P,0,., N gives
- NO & NO, only

4. Halogens (X,) | 3%+2A 5 24X, | With P, As, Sb Bi. AX, is
_ formed with excess X,

and P, As, Sb and Bi.
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Where A is group VB element except otherwise stated.
Arsenic, antimeony and bismuth a_ré'_ obtained by carbon reduction of their oxides.
As, 0, +6C > As, + 6 Co

Bi,0, +3C = 2Bi +3C0

74 COMPARATIVE STUDY OF HYDRIDES, HALIDES AND OXIDES
7.6.1 Hydrides |

All the clemenis of the group form hydnides of the type MH, in keeping with the _characteristic
valence. The easc of formation and thelr stability decreascs down the group. Thoy are covalent in
nawre, - : :

~ Only nitrogen can directly combine with hydrogen, of course, in the presence of catalyst like
platinum. All give their hydrides by the action of water or dilute acids on their binary metal com-
pounds like Mg, N, Ca, P, Zn, As, Mg, Sh, or magncsiumbismuth alloy. :

_ Mg3N2+6H20 — 3 MG (OH)2+2NH3
Zn, As, +6HCI — 3Fn Ci, + 2 As B,

Phosphine (PH,) 18 obtained by the action of hot concentrated solution of caustic alkali on
while 1*hosphorus. : : '

p,+3NaOH +3HO >3 Na H, PO, + PHy

Al have pyramidal structures with the bond angle approaching 90 as the size of the element
increases down the group. ' '

The stability of ihe hydrides dccrcasé down the group as their decomposition {emperatures
indicate. . : ' '

NH , - 1300 °Ci PH ,— 400°C; AsH, — 280°C; SbH, _, 150 °C; BiH, —» room temp

" Arsine and stilsine decompose to the comesponding elements and arc deposited as a misror as -
thoy are passcd through a tube heated at a point. The decrease in stabilily is a consequence of the
woak covalent bond between atoms which. are. widely different in size. The stability of ammonia is

further enhanced by 1ts ability to form hydrogen bonds. The hydrides of phosphorus, arscnic and -
“antimony arc sirong reducing agents. They are inflammable. : o

Ammonia-is basic because of its strong ability io donate an electron pair. This character of
cleciron pair donation disappears rapidly down the group. This is again a consequence of the incrt
pair cffct observable from arsenic. : -

Ammonia dissoh es freely in water 1o form a weakly basic solution called ammaonium hydmx;
ide. ; o o

NH, + HO — NH,OH — NHS+OH

- Bul phosphine does not S0 dissolve in water to form basic solution because it is a poor donor.
Ammonia forms salts readily with acids. Under anhydrous conditions, phosphine forms galls with

o hydrogen chioride, hydrogen bromide of hydrogen iodide.




PH, + HI - PH, I
Besides MH, type of hydrides, nitrogen, phosphorous and arsenic form dihydrides of the type
M, M,. In addition, nitrogen forms hydrazoic acid, NH,, Hydrazinc is more acidic (or less basic) than
ammonia just as H,0, is more acidic than water, S C

The dihydrides are less stable and are stronger reducing ageﬁ_ts than the trihydrides.

7.6.2° Halides

fluorine. Phosphorus forms pentachloride and bromide also while antimony forms pentachloride.
The formation of the pentahatides is possible because of the availlability of d-orbitals in the valence
shell for hybridization. o I o

Shell with n = 3 or more J,\ To7 T

valence shell configuration _

{ground state) excited state 1 I i I 1
Afier spd hybridisation T T TF T
{irigonal bipyramidat)
. : - . Sp’dhybnd orbitals.

Nitrogen does not form a pentahalide even with fluorine because of the dimiration 1o four orbitals in
its valence shell and abscnce of d-orbitals therein,

The trihalides except in the case ,of nitrogen are prepared by direct combination of elements -
“under controlled conditions to prevent the formation of pentahalides. They are pyramidal in structure
as the atoms use threc of the sp* hybrid orbitals for bonding, the fourth being occupied by“a long
- pair clectrons. : R

T

. 8p° hybrid orbitals

Valence shell configi.lfalibn_,':(g'rolir'ld _s!aie_) .
Alter sp’ hybridisation (tetrahedral) T

sy

-] oS

nitrogen 10 bismuth, and among the halides the fluorides are morc ionic. - Thys bismu[h__triﬂuoridc
is ionic. This'is reflected in increased melting pioinis and decreased] hydiolysis, ' :
Nitrogen trihalides except the fluofide are explosive, They afe eridéthermic compounds, They
are completely hydrglys,cd forming_ammoni‘a_"a?d _hypohal_ous acid.
NX ,+'3 H, 0 NH _+ 3HOX -

Trihalides of phosphorus and arsenic are alsop completely hydrolysed to yield their corresponding-ous
acid (in the +3 stalc). '

| - MX, +H,0 > H,MO, + 3 HX
{where M= P&As) e _ _ . .
Trihalides of antimony and bismuth are partially hydrolysed to the oxyhalides or basic sall, ' -89
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MxX, + HO — MOX +2 HX
(Where M=Sb & Bi)

Thus the hydrolytic. reactioins of these trihalides show that the non-metatlic character in nitrogen and
phosphorus (complete and irreversibie hydrolysis) changes over to the metallic character (Partial and
reversible hydrolysis) in bismuth. :

The pentahalides in the vapour stale are trigonal bipyramidal in structurc. In the solid state
phosphorus pentachloride is found to be composed of wetrahedral (PCL) and octahedral (PCly)
complex anion respectively. Bat the solid phosphorus pemabromide has the ionic structuic. (PBr,)
Br . The non-existence of pentaiodide is perhaps due to steric factors arising in acconimodating
large iodine atoms around the small phosphorus atom. ' :

“The pentahalides of phosphorus like the trihlides are seadily hydrolysed. The nydrolysis takes
place in two stages. . . S :

pX, + H,0 — POX-+2 X

POX, + 3HO — HpO, +3HX

Phosphorus pentafluoride is thermally stable while the pentachloride. decomposes reversibly 10
the trichloride and chlorinc, The pentabromide of phosphorus is parily dissociated even in the liquid
slate. . :

The pentafluorides of phosphorus, arscnic and antimony form {luoroanions (MFg~ with cxcess
_ﬂuoritig ions. : T o :

' 17.6.3 Oxides '

" Al the elements form two types of oxides, the trioxides and the pentoxides. The wioxides and
pentoxides of phosphorus, arscnic and antimony arc dimeric. The oxides of nitrogen arc MONOMETIC.
Bismuth does not form a pentoxide. ' : '

The dimeric pentoxides of arsenic and antimony decompose on heating to form the wioxides
by loss of oxygen. This is again a consequence of the inert pair effect noticeable among the heavicr
members in any periodic group. Nitrogen forms some more oxides like the nitrous oxidc (N,0), nitric
oxide (NO}, nitrogen dioxide (NO,) and its dimer, the dinitrogen tetroxide (N,O,) in which nitrogen
is in +1, 42, +4 and +4 states respectively. e R

Nitrous oxide is obtained by thermal decomposition of ammonium Dilrate.

 NH,NO,ONO+HO o
Nitric oxide is.obtaincd as 2 colourless gas by the action of 1:1 diluie nitric acid. on copper.

... 3Cu+8HNO, > 3Cu (NO,), +2 NO + 4HO .

Dinitrogen trioxide N0 is obtained as a blue Tiquid when an cquimolecﬁla} mixturc of
nitric oxide and nitrogen dioxide is cooled to about - 20°C. .

NO#NO, >N, 0, © -

Nitrogen dioxide is obtained as a reddish brown £as when concentrated aitric acid is treated |

" with copper metal.

Cu + 4 HNO, —» CuNOy#2 HO + 2 NO,




Dintogen tetroxide (N, O is obtained as a colourless solid by cooling nitrogen dioxide 1o
~ about —13°C, . s _ e

2NO, —» N,O,
At Toom temperamure it changes over to an équiliﬁl_'ium mixture of 28.5% NO, and 715 N,0,. |

Dinitrogen pentoxide (N0 is obtained as a colourless crystalline solid by dehydration of
concentrated nitric acid with phospherus pentoxide and distilling at about 27°C in a glass Ictorl,

4HNO, + P,0,, - 4 HPO, 4 2 N0,

The trioxides of all other elements are obtained by burning the elements in air. In a limited
supply of air, phosphorus burns 1o give the trioxide {P,O,); but if the oxygen is in excess the pentoxide
(P,0,) is formed. The pentoxides of arsenic and antimony are obtained by indirect means, For

- €xample, oxidation of the trioxides with concentrated nitric acid and ignition give their pentoxides.
As, O, + 4H* + 4.NO,+4H,0 > 4H, AsO, + 2 N, 0,
4H2As04—>As40w'+6H20_ _ '

. Bismuth does not form a pentoxide but one approachng the coimposition of Bi,0, is obtainced
as a brown powder, by evaporating bismuthates with dilute nitric acid. It is unstable and decomposcd
to the wioxide when heated, L : -
KBiO, + H NO,
2HBIO, — H, O + Bi,0,
Bi, O; > Bi,0, + O,

~ KNO, + HBiO,

The trioxides and pentoxides are colourless crystalliné sdlids. Amirﬁbny penbxidc isa irellow_
powder.” The oxides of titrogen, phosphorus and arsenic are soluble in-water 1o .form the correspond-
ing acids. The oxides of antimony are sparingly soluble and bismuth oxide is insoluble.

N0, + HO 5 2 HNO, R ¢
N, O, + H,0> HNO, + HNO,
PO+ 6,0 - 41, PO,

P,O, + 6 H,0 - 4H, PO,

The difﬁculty in attaining the +5 state in arsenic and antimony and especially in bismuth; and
the instability of bismuth pentoxide are a consequence of the inert pair effect.
The oxides of these ¢lements cicaﬂy show that (a) the stabili-iy of higher oxidation state

decreases with increasing  atomic number and (b) in a given oxidation state the metallic character _
(basicity of the oxide) increases with increasing atomic number, 4|




77 OXYACIDS OF NITROGEN
Niytrogen forms four impbrtant oxyacids. Thcy are given in the following table

" Table: Some i-mportémt oxyacids of pifrogen

Formula ~ Souctre Oxidn. no. Property
1. Hyponitrous acid | HN.O, " HON=N-OH | o+t ] vew weak
O
. | 1
2. Nitrous acid - HNO, - HO-N=0 or N-H.{ 3 -  weak, oxidising
0o ] _ ] and reducing
o
- T
3. Nitric acid -~ | HNO; HNO, N-H |- +5 strong
O oxidizing
4. Per(oxy)nitric acid { HNO, HNO, N-0O.- OH +1 oxidising
. | P
6]

"+ Of these nitrous and- nitric acids are of importance.
7 4.1 Hyponitrous acid

Hypronitrous acid is known chiefly in the form of its salts. “The free acid can be oblained by
the action of an ethereal solution of hydrogen chloride on the silver salt of the acid.

Ag N, 0, + 2HCI > 2 AgCl+ H, N ,0,

It decomposes. readily 10 nitrous oxide and water and slowly even in aqueous solutions. itis
soluble in watct. : : . ' :

CHNO, 5 HO + NO

1t is such a very weak acid that it docs not decompose carbonates. It 1S oxidized by air ©
nitrous and niic acids. - . .

28, N, 0, + 30, > 2 HNO, + 2 HNO,

772 Nitrous acid

Free nitrous acid has #ot heen isolated. An agueous solution can be obtained by dissclving
© dinitrogen trioxide in watcr, : . '

N,O,+ H 0 = 2HNO,

92 or by adding ice-cold dilute sulphutic acid 10 a well cooled solution of barfam mitritc.
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An‘aqueons solution in stightly bluish: in appearance probably due 1o dinitrogen trioxide, 1t
is a weak acid. It is unstable even in aqueous solution and decotnposes readily when heated. .

3 HNO, - HNO, + 2NO + H,C
It is a good oxidizing agent, It oxidises an iodide ion 1o iodine,

2 H2HNO, -5 2 HO + 2 NO +,

ammoniom ion to nitrogen,

(NH), SO, + 2HNO, - H,50, +.4 HO 42N,
and wrea to. nitrogen and carbon dioxide, ' S
€O (NH); +2 HNO, €O, +3 10 + 2y,
Strong ‘?:"_idi?‘mg agonts uiidisé.u-'m mcm .
- fmo;; ﬁpg —+--HJ~.~IO,.+ H,p

Thus it decomposes an acidified solution of potasivm pﬂmanganam 10 manganous salt.

2KMnO, +3H,S0;+5 HNO, -» K,SO;+ 2 MnSO,+ SHNO, + 350
it also decolorises. bromine water t hydrogen bromide. _ .
- Bry+H,0+HNO; —-)12 HBr + HNO2
Even-.weak -6xid-izing agents like oxygen convert nitrite ion to nitrate ion in alkaline solutions,

HNO,+0, — HNO,

7.7.3 Nitric acid

This is the most important of the OXyacids of nitrogen. It is pre;mred by the distillation of

sodivm nitrate with concentrated salphuric acid,

. NaNG, + H,SO, - NaHSO, +HNO,

4NH, +5 0,>4NO+6 HO + Energy

The- heat of the. reaction maintains the temperature of the catalyst for OpLImLM conversion,
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About 95% of the ammonia is oxidised 10 pitric oxide. Partof ammonia is bumt 10 pigogen and watcr
also. . The mixture of gases issuing out of the converner is passed through a cooling chamber. It 18
mixed with air in an oxidation chamber. Nitric oxide is converted {0 .nitrogen dim_c_idc. '

2NO + O, — 2 NO,
NO, is absorbed in an absorption tower in water 10 give nitric acid.
3NO, + HO — 2 HNO, + NO
The nitric oxide is recycled to be converted 10 nitric acid.
Concentration. The niuic_af:id solution is concentraied by distillation when a constant hdiling
. mixure distils off. This acid contains about 63% HNO, boiling at about 120.5° C.- When this acid
is further distilled with concentrated sulphuric acid, a more concentrated acid (98% HNO,) distils off

a1 86° C, Nircezes W0 2 colouriess solid at — 42‘? C.

_ Properties. 1t is a colourless liquid'which_ fumes in air. Itis gcncrzilly coloured- yeHow due
10 its partial decomposition to nitrogen dioxide. Tt decomposes slowly even on €xposure to light at
room lemperatue. It 18 frecly solublc in water. It forms two hydrates HNO,. HO and HNG,. 3 H,0.

It is cxtremely corrosive and causes painful sores when it comés in contact with skin (yellow
stain on skin 13 due o xanthoproteic acid formed). ) : ST .

On hetinig it deconiposes o nitrogen dioxide and oxygen.
AHNO, - 2 H,0+4NO, + 0,
1t is one of the strong acids. In aqueous solutio it ionizes virwally complotely.
HNO{#HO - HO *+NOS
i1 forms éaits with bases. The salts areé calied Inilrates..
ii is a powerful oxidixing acid. The reduction ;:;roducts are usually nitric ox.idc at lovﬁ con-
centration and nitrogen dioxide at high concentrations. Other reduction products also form depending

gpon the conditions employed, such as nature of the reducing agent, concentration -of acid and
cmperature, in certain reactions. - . : . '

' Less active metals like copper, silver and jead react with dilute acid 1o give nitric oxide.
3 Cu + 8HNO, — 3 Cu (NO);+ 4 H20+.2 o |
.W.ith' very dilmé an;d coid nitric acid m(;;e _aeﬁve meﬁis hkezmc iroﬁ and ﬁn :gi\?c amn.mni.i_x'm pitrate,
4 70 + 10 HNO, —> 4 Zn(NO,), + NH, NO#+3H,0

With hot dilute nitric acid the product is hawever nitrous oxide probably due;'-to'. decompos_it_iqn \.'df_.\t'hc
ammonium nitrate.. - : NS o , '

4 Zn + 10 HNO, 470 (NOY, +NO +5H,0
with very dilute nitric acid only magnesium and ﬂ'langanesc.li.lbcrate hydrogen gas.

Mg + 2 HNO, — Mg (N().,)2 +H,




aqua regia.
3 HCI + HNO, - 2H,0 + NOCT + ¢1,.
2Au+2HNO, + 8 HCT = 2 HAUCL, +2NO 4 4 O

Dilute nitric acid has no action on fon:metais like carbon, 'phosphorus, arsenic, suiphur and _
iodine. Concentrated nitric acid oxidizes them to. their oxyacid namely carbonic acid {carbon dipx-
ide), 'pho's;ﬂro_ric acid, arsenic acid, sulphuric acid and jodic acid respectively. -

. Structure. Nitric acid coneins the nitrate anion (NO,)- which is planar triangular. The three

- Oxygens and the nitrogen are coplanar as required by resonance, the doyble bond between N and O -
' ing : . Itisae ic acid, the hydrogen atom bonded 1o onc-of the
oxygens attached o Ritrogen being split off as proton, whea ihe acid is dissolved in water,

Spectroscopic evidence and electron diffraction data of the £aseous nitric acid molecule suggests the

-N-0 bond (1.224) is shorter than the N-OH bond (1.41 A). The shoitness of N-O bond indicates
‘double bord characier, This can be attributed 1o the resonance of the pi-bond between the two N-
O bonds giving a fesonance hybrid of the two forms, _ . :
: Per (oxy) nitric acid (HNO,). This dblairiéd by &is_solvihg dinilr_ogen' pentoxide i anhydm_ué
hydrogen peroxide at tow lemperatures. T o

N, O, + H, O, — HNOQ, + HNO,

tis unstable and explosive. Isolation of the free acid has not been achieved. [t is soluble in water,
But even the:solution is unst_hble._ : S Lo T
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Check your progress - 2

Explain the passivity of metals caused by concentrated nitric acid.

A ——— = ST I L

---_‘----'-__-----_.----.--..-—---_ — o . -

4 OXYACIDS OF PHOSPHORUS

. The important oxyacids of phosphorus are listed in 7.8.1.

In.these acids the phosphorus atom is sp hydridised being ietrahedrally surrounded by a10ms.
The basicity of the acid js given by the hydrogen atoms bonded to oxygen aloms. - The hydrogen
atoms attached. 1o, the phospherus confer reducing property. Furtber, the acids in which phosphorus
is in a lower state of oxidation (+1, +3, or +4) underga ¢ isproportionation on heating, when part of
{he phosphorus is oxidized to the +5 and the other part is reduced t0 +3 state.

7.8.1 .S_omé Importimt- Oxyaéids of Phosbhorus._

Name ' "Fo'rm.ula_ ' Structure Orxidn. state Proi)crly of the acid
|tiypo-hosphoras acid. PO, | ﬁOA-:P-H.= N P Monobasic, reduciog
OH |
Phosphorus acid H,PO, H@% a__»'o - +3 Dibasic, Teducing
E HY '
y O;l{ ?H: e e
Hypophosphoric acidl HPO; 10 <—¥I’ II’ -0 +4 Tetrabasic
HO OH
| on |
Orthoph'osﬁhbric ag:,i.(j_. HSPO‘ N HO-%OH \_ | | s . TnbaSic ;.
oL P . ‘
_ ) _ OH OH |
pyrophosphoric acid ‘_ upo, | ﬁo'-ii.o-'foﬁ: L 45  otrabasic
: o O -,
- R _ §
Metaphosphoric acid)  HPO, _H_(_)Lo +5 Mombasw R




7.8.2 Hypophosphorus acid

Hypophosphorus acid is obtained by the action of dilutc sulphuric aéid on the barium sali of
the acid.

Ba (H,PO,), + H,S0, -» BaSO, + 2 H,PO,

The corresponding salt is formed when white Pphosphorus is heated with a strong solution of caustic
alkali, o ' -

P,+3KOH + 3HO - PH, + 3 KH, PO,

It is a colourless crystalline solid which is soluble in water. ‘It is monobasic acid. It decomposes on
heating to phosphine and phosphoric acid. ' g L

2H, PO, - PH, + H, PO,
- 1t is a powerful reducing agent. It reduces silver and mercory salts to the corespending metals.

HPO, +4 AgNO, + 2 HO - HPO, + 4 Ag + 4 HNO,

7.8.3 Phosphorus acid

Phasphorus acid is obtaincd by dissolving phophrus trioxide in water.
PO, + 6H,0 > 4H PO, |
It is also formed by hydrolysis of the trihalides of phosphorus,
| PBr, + 3 HO - Hsta + 3 HBr

It is white deliquescent solid with garlic odour. It is very soluble in water. It is a dibasic acid
and the salts arc phosphites. It ionises in two steps in aqueons solution.

HPO, + H,0 — (H,0)" + (HP,0) -
(H,PO, + H,0 — (ILO) + (HPO,?-
~On heating it decomposes to phosphine and phosphoric acid.

4 HPO, - PH, + 3 HPO,

It is a strong reducing agent. It reduces copper and silver salts to the meial and mercuric salts
to mercurous salls.

2 HgCl, + HPO, + H,0 - Hg,Cl, + H,PO, + 2HCI

7.8.4 Hypometaphosphoric acid

Hypometaphosphoric acid is, obtained by the action of fhydrogcn sulphide on a suspénsit)n of
the lead salt of the acid in walcr. :

Pb, PO, + 2 H, S — H, P, O, + PbS
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htis a white crysialline solid (HP,0, 2 H,0). Itis a tetrabasic acid giving two types of salts,
Na, P, O, and Na, H, P, O, : N

It hydrdlyses in warm water to phosphorus and phosphoric acids.

BP0, + HO — HPO, + H,PO‘

7.8.5 Orthophosphoric acid

_ Normally this term should apply to HPO or P (OH), in which phosphorué cxhibité its maxi-
mum valence. But in the absence of this its first dehydration product namcly H,PO, is called
 orthophosphoric acid. :
It is obtained by dissolving phosphorus pentoxide in water and boiling the solution.

P,0,,+ 6 HO -4 H, PO,

It is the hydrolytic product of phosphorus pentahalides.

PCIL, + 5 HO = HPO, + 3 HC

It is preparcd by heating calciom phosphate with concentrated sulphuric acid.
a, POy + 3 H, SO, - 3 CaSO, + 2 1, PO,

e mass is cxufacled with water, filtered and the clear solution evapérated under reduced
pressure O @ Syrupy liquid. :

_ It iz a white deliquescent crysmlline'solid. It is soluble in water. Tt forms a hemihydrate, (2H,
PO, H,0). Itisa tribasic acid ionizing in three stcps in aqueous solution. It thus forms three types
of salts.

H,PO, + HO — F,0) + (H, POy

(PO, + B0 > (H0) + (HPO

(HPO - + H,O = (H,0)" + PO)”

1t is a weak acid. On strong heating it 1oses water at about 250°C to form pyrophosphoric
acid. ' s

2 HPO, — HPO, + HO
On further heating 10 red heat (about 600°C) it loses more water forming metaphosphoic ac id. -
On hicating with excess ammonium molybdate and excess concentrated nitric acid, phosphoric

acid and its salts yield a canary yeliow precipitate of ammonium phosphomolybdate (NH), PO, 12
- Mo0Q, : .

7.8.6 Pyrophosphoric acid

Pyrophosphoric acid is obtained by heating orthophosphoric acid to 250-260°C.

2 HPO, » HPO, + HO




- 1t is a white crystalline solid. It is soluble in watér. On boiling its agueous solution i_t-'i_s': o

converted into orthophosphoric acid.
HP,0, + KO - HPO,
On sfroﬁ_g heating it loses water forming metaphosphoric acid.
HPO, 2 HPO, + H0O

It is a tetrabasic acid and forms two types of salts, Na, H,P,0, and Na, PO,

7.8.7 Metaphosphoric acid
It is prepared by -igniling o_rthophosphoric acid at red heat.
H,PO, - HPO, + H,0 '

It is a transparcnt glassy solid and is generally known as glacial phosphoric acid. It is a
deliguescent solid. Tt is soluble in water. On boiling an aqueous solution it is converted into the
orthophosphotic acid. ' : '

HPO, + HO 5 HPO, |
It is a monobasic acid and forms ;né_:_taphééphmes. eg., NaPO,

The so called sodium hexametaphosphate also known as Graham's salt or Calgon does not
contain (PO,), units. It contains Na,0 and PO, in1: 1 ratio. It is obtained by rapid cooling of
molten sodium metaphosphate. 1t crystallizes on reheating the glassy mass to 300°C '

1t has a striking sequestering ability, (ability o temove metal ions as their soluble complex ...
ions).- Tt is therefore used in water softening under the name calgon (meaning, calcium gone). It is
also used in washing powders for sinks and floors. : '

79 SUPERPHOSPHATE

The chief ingredient is monocalciusy phosphate, Ca, (HPO,), “The natural or normal calcium -
phiosphate, Ca,(PO,),, is insoluble in water. Phosphorus is an important element for the proper growth
- of plants and even animals. The animals derive their requirements of phosphiorus from planis and
plant products. As such the insoluble calcium phosphate is to be converted into a water soluble form.
“Tpiz is effccted through its conversion into monoczaicium phosphate. :

Powdered rock phosphate, Ca, (PO, is mixed with a calcuiated amount of concentrated (6%-
70%) sulphuric acid. The mixture is allowed to mature over several days when the conversion would
be complte. ' : : : .

Ca, (PO, + 2H,50, —» Ca (HPO,), + 2CaS0,
The resulting mixtare: of monocalcium phosphale-'and calcium sulphate is caik;d_ super-
phosphate. Tt invariably contains some phosphoric acid produced in a side reaction. :

Ca, (PO,), +3 B,S0O, — 3 CaSO, + 2 H,PO,

In _{his coluble form when it is spread on the soil and waiered, the plants absorb (he phosphate E
- through their roots along with soil waer. '




1060

7.16 SUMMARY

The group VB includes nitrogen, phosphorous,arsenic antimony and bismuth and ig considored
as a typical group in which we can sce the sicady chunge over from non metallic to metallic character
down the group. Nitrogen béing smallcst and most clectronegative of the VB elemionts, exhibils
certain peculiar properties uncommon to the rest of the elements. :

They form hydrides of the type MH, and their thermal stability decreases from N 10 Br. Their |
solubility in water and ability to donate the lonc pair of electrons also decrease. The oxides arc of
the type MO, and M,O,. The basic character of the trioxides increases from N to Bi, The oxides
in 45 state are quite acidic compared to those of +3 state. The solubilitics of those pentoxides in water
decreases and so is the acidic character of these oxyacids,

All the clements form trihatides with all the halogens, Thcy are suscoptible to hydrolysis.
Except nitrogen the rest of the elements form penta halides and this ancmoly has been explained in
lerms of the peculiar electronic configuration of nitrogen,

As the non metallic character is domirant in N,P and to some cxtent in As, they form a large
number of oxyacids. Nitric acid is a powerful oxidant and an important commercial chemical. Super
phosphate, an important phosphatic fertilizer contains water soluble monocalcium phosphate.

7.11 MODEL EXAMINATION QUESTIONS

I Answer the following in 10 Iines.
1. Explain why nitrogen is a non-metal while bismuth is a metal?
2, Discuss the trend in.the stability of the hydrides of group VB elements,
3. Itustrate the high oxidising power of bismuth ‘with (+5) oxidation state.
4. Write the structure of nitric acid molecule and comment on the same.
5. Write a notc on the. preparation and use of superphosphate,
It.  Answer the following in 30 lines. _ S
L (@  Justify the inclusion of NP, As in the same group in the periodic table.
{h)  Discuss the trends in thé ion sizcs, electronegativity and ionisation potentials of
group VB elements, :
2. Present a concise account of the oxides and oxyacids of VB eleménts. flow doeg th
strength of oxyacids vary in this group?
3 Discuss the nced for the optimum conditions For the manufictare of ammonia by
Haber's process, . . :
4, Analyse the chemical Teactions of nitric acid with metals,
7.12 MODEL ANSWERS TO CHECK YOUR PROGRESS
1. The low melting point of nitrogen is due (o its discrete triply bonded diatomic malecules.
Phosphorus, sdrsenic and antimony form tetrahedral P,, As, and §b, molccules and have high
melting poins, '
2. Metals like aluminium, chromium, iron and nickel are rendered passive by the concentrated

nitric acid, probubly due 10 suriace oxidation forming a tough coat of insoigble metal oxide,

o - 4 . . il
AN




‘Block - 4 STUDY OF ELEMENTS OF

GROUPS VI B, VIIB

Thesc elements belonging to P' block are known as chalcogens of oxygen family (V1 B} and
halogens (VIL B). They show regularity in their proprities, specially the trend from. non-metallic to .
meiallic character is very clear. The last elements of these VI B and VII B groups are polonium (Po) and
astatine (At) respectlively. They are radioactive elements. ' |







"UNIT - 8 ELEMENTS OF GROUP VI B

8.1
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_' AIMS AND_OBJE.CTIVES :

This unit is mainly to make you understand the various aspects of group VIB elements and

justify the similarities and differences in their properties in terms of the electronic- configuration of
- the elcmcnls '

When you have completed reading and understanding the various items presented in lhlS umt

yu must be able to:

. Appreclatc how the first element of the group stands above with special properties with little

comparison with the rest.

“Justify the progressive increase in metallic character from $ to Po in terms of the propcrucs

of several types of compounds of these elements.

‘Account for Eheivaxiable oxidation states of elements cxcept oxygen.
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. Explain the puckered ring structure of sulphur,

. Account for the decresing thermal slabllmcs and bond strenth of the bmary hydndes ‘of
oxygen to polonium.

e Describe the structures of tetra and hexahalides of sulphur,
« Present a concise account for the manufacture of sulphuric acid.

e Describe the preparation and propertics of permono and perdisnlphuric acids.

8.2 INTRODUCTION

Among the representative elements (group B elements in the periodic 1ablc) it is clear that the
lightest member of any periedic group has chemical properties that differ rather noticeably from those
of the heavier members of the group. This behaviour is particularly clear in group VI B, The
clements oxygen and sulpur of this group are comparatively common, while the other members,
sclenium, tellurium and polonium are relatively rare. Al these five elemcms arc collcctwely know
as members of the oxygen family,

The first {our elements are non-metallic in character and are called colicctively chalcogens or
ore forming elements because many metals occur in nature either as oxides or sulphides. The most
important trend in the group is the general increase in electropositivity on descending the group from
oxyge~ 10 polonium. Non-melallic character is strongest in oxygen and sulphur, weaker in selenjum
and tc. urium, while polonium which is radio-active and short Hved is markedly metallic in character,
The in: rease in metallic character from oxygen to pelonium is shown in the structure of the clemenls
and in ¢ increased tendencies to form M* jons and a decreasing stability of the M* ions. These
latter tw. agpects will be fully explained at the appropriate place in the text of the unit.

8.3 OXYGEN AND OTHER ELEMENTS-A COMPARATIVE STUDY

Some of the important physical and chemical properties of group VI B elements are prescnted
in the following table

Propesty Oxygen | Sulphur Sclenium Teliurium Polenium

' 0 S Se , Te Po
Alomic no. 8 16 34 52 84
Elec.conlgn. 1 2s 2pt 35t 3y | 3dw 46 4p 44 42 S5p* | 4" 54" 657 6p'
Atomic weight 1599 32.06 78.96 127.6 210
At rodius{A®) 0.74 1.04 1.17 137 1.64
Tonic radius,M, (A*) 1.40 1.84 198 . 221 o —
Melting point (°C) | -219 . 119 217 450 254
Boiling point {°C) 183 444 684 1390 962
Density of : N :
of solid {cm®) 1.27 2.06 . 4.80 : 6.24 94
lonization potential | 1314 1000 [ o941 ' 869 ‘ -
1P, (KJ mol-1) ' '
Electronegativity 35 25 2.40 202 - “1.75
Enthalpy of vapou- ' .
risation(KJ mol1) 3.39 105 | 217 50 103
Common oxidation ‘
numbers : 272 -2246, | 2,246, 2.2,4,6 24




8.4 ELECTRONIC STRUCTURES AND OXIDATION STATES

All the elements have the outer electronic configuration of s’p*. This allows the atoms to attain
a noble gas configuration by gaining or sharing two electrons. When bonded to more electronegative
atoms clements of this group show positive oxidation states such as 2.4, and 6 {eg; S in SCL-2: Se
in $e0, - 4 and Te in TeQ,-6). The electronegativity vatue of oxygen (3.5), suggests that most metal
oxides will be ionic and contain O* jons , thus giving an oxidation state of -2. The positive oxidation
states in case of oxygen are found only in compounds with fluorine since fluorine is the only element
morc electronegative than oxygen. eg. F,O, fluorine monoxide. With most clectropositive elements,
S, Se and Te form few compounds which are morc than 50 percent ionic in character, hence ions of
the type S%, Se* and Te?, sulphides, selenides and tellurides respectively are quite probable. In all
these cases the latter three elements show-2 oxidation states. : '

The valence of oxygen is surprisingly limited to 2 because of the fact that the second sheli
is limited to eight clectrons. II requires exceedin gly large quantity of energy to excile an etectron inte
a higher orbital i.e. 2p into 3s. Oxygen being a first row element, gencrally obeys octet rule and
cannot involve higher orbit also for bonding purposcs. Hence valency is limited to 2. However, the
other clements $,S¢, Te and Po have 'd’ orbitals available for bonding so as to cnable them to {orm
four or six bonds, The variable oxidation states of these clements arc believed to arise from the
following electronic configurations, : ' '

Grounds state ns np _ - nd

ns? np* ;-:I:--i" Til TyT 1 ["

~without excitation
-2 Or +2 oxidation statcs
“with excitation

Process " Ouxidation state ~ Examples

P clectronintod +4 'S0, Se0,, SF,
s clectron intod +6 - 80, SF,, TcF,

_ It is interesting to observe that the most common oxidation states are - 2,2,4 and 6. There is

an obvious difference of two inits between the various oxidation states in this group. One may recall
the same difference of two units in the common oxidation states of group VB clements i.c. 3and 5.
This odd number oxidation states can be attributed to the electronic configuration of VB elements in
terms of ns? np® which may provide 3 or 5 unpatred clectrons for bonding. In case of VIB elements,
the configuration of ns?np? permits the availability of 2,4 or 6 clectrons for bonding purposes. Hence
¢ven number of common oxidation stalcs. ' ' '

8.5 ALLOTROPY AND MOLECULAR STRUCTURE

Al the elements in the oxygen family exist in a variety. of modifications. . These modifications
may be truly allotropic modifications or they may differ from each other in molccular complexity.

- Oxygen exists as two allotropes, oxygen, O, a colourless gas and ozonc O, a pale blue gas. Oxygen

stands atonc. from the group in being a diatomic gas at room temperaturc. This is attributed (o the

_ ability of oxygen atoms to form double bonds resulting in gascous state. The bond energy of oxygen- .

oxygen double bond O=0 is nipre than thrice of that of 0-0 single bond. This cvidently permits the
formation of doublc bonded -oxygen molecules rather than 0-0-0 chains. Such a chain structure
becomes: characteristic and important of sulphur, sclenium and to certain extent, teflurium,
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Oxygen molecules exhibit very low mlcrmolecular attractions and Lhcrcforc condense and
freeze only at very low temperatares. The liquid oxygen is pale. blue'in colour and is para- magnelic
giving cvidence to the presence of two unpaired electrons per molecule.  Therefore, the ysually
written structare as 0=0 with a doublc covalent bond is not correct in a stricter sense. The best
struclure that can be written is that which contains one two electron bond, and two  theee electron
bonds each containing one pair of electrons and one unﬁdlred electron, This structure rc,adJ.Iv aceouunts
for the bond swength and para-mapgnetism, :

The bond length is intermedataic b-:lwccn single and double bonds (1.48 A° and 1.21 A® respec-
tively). Ozonc is a bent molecule with a bond angie of 117°

Su]phur shows a wide vanety of differcnt allotropic forms in different physical states. It has
lwO cominon crqullme forms, « or rhombic form which is. siable at room temperature and 3 or
monaclinic form which is stable above 95.5°C. In both of these forms eight sulphur atoms are
covalently bonded together in a puckered ring as shown in fig.8.1. 1t is instructive to realise that while
0=0 is many times stronger than O-O bond. S==S$ bond is less than wwice sironger than $-S bond. -
This results in the catenated S-S-S chains being stable.relative 1o the molecule $=S. Thus at normal
temperatures O, is a gas and S, is a solid. The 1n1cnnolecular forces between the S, molecules in the

_solid state are ihe weak van der Wall's forces. Hence the melting point of sulphur is low (m. pt,

113°C).

Fig. 8.1 Puckered ring swucture of sulphur

In liquid sulphur at tcmperature about 260°C .the ring moleculcs open up and long chain

- molecules are formed. When liquid sulphur is poured into water a solid plastic suiphur which

contains helical chains of atoms of sulphur results. Sulphur vapour consists of §,, §, and §, molecules
in relative amounts that depend on the remperature, Thus in s solid, liquid or vapom phﬂf;e suiphuir
displays a varicty of malecular structures.

Selenium and telurium both have severa! allotropes studied, however, !"53 in detail than those
of sulphur, the thombic and monoclinic. medifications of selenium axist a3 Se, melecules. Both these
forms are obtained as dark red solids by evaporating solations of the elements in carbondisulphide,
A grey metailic form of selenium may be obtatned by slow cooling of molicn selenium. Several )
amorphous alletropes of sefenium are also known, Tellurium cxists both as a metailic alloimpv, as
well as a semimctallic allotrope, similar 1o that of grey form of sulsmum Polonium has two metallic
allotropes, o and B forms. :

1t is obvious from the aboave discussion that there is an increase in metallic characier within

‘the group. The structures change from simple diatomic molecules (o rings, chains and to a simpls

metallic lattice. Further, the clectrical propertics show an imeresting tread. Oxygen and sulpbur arc
insulators, sclenium and telluriom are so miconduciors and poloniym is decidodly a metal.




86 GROUP TRENDS

Table in 8.3 illustrates the trends in physical and atomic properties much in line with the ex-
pectations. The trends are very much similar to those in group VB elements. However, there are
great differences between the chemistry of oxygen and that of the other group VIB elements and then
are more gradual variations through the sequence S, Se, Te and Po. : '

As usual, the first member of the group is anomolous. This is very much obvious in this gmﬁp
where oxygen differs from sulphur most dramatically and the remaining three elements form a well-
graded series. The following are some of the probable reasons for the anomolous nature of oxygen.

1. Oxygen is smaller and more electronegative than sulphur and other elements, This ac-
counts for the ionic nature of many bxygen compounds. And for the same reason, hydro-
gen bonding is very important for oxygen' cempounds. This is obvious in- lhé'chemical

_ nature of water with large hydrogen bonding which is almost completely absent in hydro-
"gen sulphide and rest of the hydrides. The lower electronegativities of S to Po elements
 lessen the ionic character of their compounds and the importance of hydrogen bonding is

greatly reduced. S ' ' ' '

2. Tt has been already mentioned that the valency of oxygen is restricted to two because of
the limitation of eight electrons in valency clectron shell. This permits a coordination
number of four and in practice it rarely exceeds wo. However, 2,4 and 6 aré the common
‘oxidation nutibers in. rest of the elemeénts and six is the familiar coordination number.

These large numbers of oxidation and coordination in $ to Po have been possible because

of the possible cxpansion of valency electron shell and fow electroncgativities.

3. The bond energy of O=0 is many times largéy than O-O bond in comparison 10 that of §=8

 versés S-S. This has been earlicr discussed and interms of these sulphur and other elements
“show strong tendencies 10 catenation. Because of testricted valency, oxygen shows very
lirnited fendencies 1o catenation. One may.cite the examples of peroxides and superoxides
where three are two consecutive oxygen atoms and three in ozonide ion. o

" In'the S to Po serics; gradual changes of propertics are evident with increase in size,
increasing ionisation potentials and decreasing elecironegativities, Most of these trends

':""'are very similar to these in group VB and are listed below. The full discussion of these
wrends will of course be taken at the appropriate place with pertinent examples.

Increase in metallic character of the group” ce

‘The ‘stabitity of the - 2 oxidation stai ddcreases down the group™ 7

““he ability of elements to show larger coordination numbers increases down the group

“Eatenation decreases sharply from Sto Se- T .
The acidity of the oxides decreases down the group S

The hydridcs, H.X compounds, show decreasing thermal stability and increasing acid-

ity.

B B T
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8.7 REACTIVITY OF THE EEEMENTS . - oo

. The-general reactivity of the elements decreases in the order O>8>8e>Te: Oxygen and sulphur
are fairly reactive. Indeed oxygen is chemically somewhat more like the halogens than S, Se and Te.
 However, oxygen is less reactive than halogens but reacts with all clements, usnally at elevated
fefiperatures except the noble gases, the halogeiis and a few noble melals. Selenium and telturium
~ react -with most-¢lements on heating to form selenides and telurides. The elements S,-S¢; Te do not

react with water or dilute acid but are oxidised by concentrated nitric acid to yield respectively HSO,,

- H,8¢0, and H,TeD,. In the three compounds the VIB elements show an oxidation number of +6,
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+4 and +4 respectively and the chemical properties clearly bring ot the fact of decreasing stability
of higher oxidation state of +6 from S to Te. Oxygen does not react with alkali, but the remaining
elements react 10 produce anions like M* and MQO,?* ions. Polonium dissolves in 1,30, , HNO,,
HIF cte. revealing its enhanced meallic character. ' :

8.8 HYDRIDES

All the elements of group VIB form volatile binary hydrides of the type FLX ie H,O, HS:
H,Se, H,Te and HPo. The hydrides are preparcd in general by the action of acids on metal chuico-
nides i.e. sulphides, selenides and feliurides. o

ALX, + 6HCI — 2AICL + 3H,X (X==8§,5¢, Tc)
H,Po, hydrogen polonide, has been obtained, by the action of HCI on Mg-Po alloy.

At normal temperatures, except waler, fest aré all gases with obnoxious odours and are cx-
tremely poisonous.  Water has an abnormally low volatility because it is associated by means of
hydrogen bonds in the solid and liquid state. The thermal stability and bond strengths decrease in the
order H,O> H,S> H,Se> H,Te> H,Po.

- H,Po is unstable even at O°C. It is pertinent to state that on descending the group, the bonding
orbitals become larger and so overlap less favourably with the 1s orbital of the hydrogen. This results
i & gradual decrease in the stabilities of the hydrides. This trend is well reflected in the heats of
formation of the hydrides which are shown in KJ mol for H,0 + 242; H,S= - 20; H,Se = 81 and
H,Te=154.0, ' : 3

It is well known that volatility of a compound decreases as atoms become larger and heavier.
This contention is in tune with the boiling points of the hydrides; H,0=100°C; H,S= -60°C; H,Se=
-42°C and H,Te= - 2.3°C. All the hydrides are weak acids in aquecus ssolution and their acid
dissociation constants increase with atomic number. This particular trend is well reflected in the K,

vatue of thesc hydrides H,S=1x 107 ; H,Se=1.3x 10

The reducing power of the hydrides increases down the group. . This is illustrated by the
standard electrode potential E_ for the couples. X/H,X recorded in acid solutions O/H,0=123 V; §/-
H,3=0.14 V; Se/H,Sc = -0.4 V-and Te/H;Te = - 0.72 volts. It ‘may be recalled that a fall in the
standard reduction potentials as furnished above is a sign of increasing reducing power of the
compound. It is a fact that the oxidation of water 10 oxygen is being difficult and requircs a strong
oxidising agent. In other words, water i§ a poor reductant. The remaining hydrides are increasingly
stronger reducing agents. For example, H,S reduces Fe (HT) 1o Fe (Il and CL, to CI. It has been
reported that H,Se and H,Te reduce water to hydrogen very slowly. Al the hydrides.burn in air with
a blue flame 0 produce cither the dioxide MO, or the meal M (M=5, Se, Te), depending on the
amount of oxygen available. ' : _ : .

Check your progress - 1

Explain the difference in the physical state of H,0 and H,S at room temperatute.




8.9 HALIDES

All the clomeits of this group from many binary compounds wiih halogens of the tvpe M X,
NI, W, and WL 1=, 8¢, Teand X = Cl, Br;T and F). 1t should be remembered that sinco
fluarine. is more clecironegative than oxygen. the binary compounds of these twe are prelerably
called oxygen Nuorides whilc the rest of the halides may be called as chiorine oxides so indine oxides.
It is obvious from this that oxygen in fluorides shows positive oxidation siate and inrest of the halides
it is in a negative oxidation state. Gnerally, the order of thermal stability of such compounds
decreases in the order F>Cl>Br>l. Some of the typical binary halides are. prescnied in the table 8.9.1.

8.9.1 Binary halides of group VIB elements

Element MX, : MX, 1 MX, MX,
.0 O,F, OF, | - - : -
: - 1 CIo, L
S 8,F, SF, - SF, . 8F,
$,Br, - SCI, 5CI, _ -
Se : : Se, Br, L ScF, ScF,
o . E i - SeBr, - N
Te - TeCl, - TeF, . | - TeFg
. TeBr, Tel,
Po - Po Cl, Po Cl,
Pol,

It is interesting to obscrve that fluorine brings out the maximum valency of six with S, Se and
Te. All these compounds. SF,, SeF, and TeF; arc obtaincd by dircct combination. They arc al
colourdess gases and show an octahedral structure with sp*d® hybridisation.. This geometrical arvange-
ment may be pictured as. ' :

3s 3p. - - 3d
1 OB SR O O

Six unpaircd electrons form bonds with six
E fluorine atoms-spd® hybridisation ociahe-
SIX gl structure. -

Flg 8.2 St_rucmol‘SF‘ |

high degree of covalent characier of the bonds SF, is am extnomely inen gas while the Tost slightly
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more reactive. This increasing chemical reactivity is best illutrated by hydrolysis. Heat, lused
alkalies and many heated meta}ls have no action on SF,. SeF is more reactive while TeF, is readily
hydrolysed by water. - '

Te F,+ 6 HO - 6HF + H, Te O,

The case of hydrolysis of TeF, can be easily accounted for by the increased size of Te which
naturally permits the attainment of larger coordination numbers. Because of this, water molecules arc
initially brought into the coordination sphere of Te which in later stages facilitate the removal of the
fluerides thus causing hydrolysis. This may be represented as

Te F; + 6 H,0 — Te (OH), + 6HF _

The incrtness of SF, has been attributed 1o the coordinative saturation of the sulphur and fack
of polarity in the molecule because of fairly high electronegative character of sulphur, Thus SF,
molecule is considered to be highly stable and inert. This accounts for its use as gaseous insulator
in high voltage generators and other equipment, :

Tetrahalides of the typc MX, are quite common, - Direct action between fluorine and VIB
clements, no doubt produces tetrafluorides but they readily change over to hexafluorides. Hence tetra-
ftuorides are prepared by indirect methods. ' :

S+4COF, - SF#4 Co F,
Se Cl +4AgF —- - Se F,+ 4A5Cl
. TeO,+.28¢F nrmmms Te F, + 2 SeOF,

It is of interest to observe that SF, is gaseous while SeF, and Te F, are respectively liquid and
solid. The :etrahalides serve as good, selcctive fluorinating agents in orgnic reactions.

R ' . R
>c=0+sp4‘ o >c=1=2
R/ e _S

~ As a strange contrast 10 hexalluorides, the tetrahalides in general and fiyorides in particular are easily

hydrolysed,

k>
-

- SE+HO - SOF+ 2 HF |

Al the clemients from  to P form readily tetrachlorides by direct reactioriwith chlorine. SCI,
is belicved 1o be an unstable liguid while others are. sc_)liﬁf:’:_T The last three elcmerts form tetrabro- -

mides, SeBr,, TeBr,, and PoBr, SeBr, undergo rapid hydrolysis:-..,

- - -

Se Br, + 3H,0 --— H,SeO, + 4HBr
Tetraiodides arc known only in case of Te nd Po.

Of all the di and dimeric monohalides, MX, and M,X, respectii‘re,_l;i, SCL,’S,CL, and SF, are
well characterised. AgF reacts with sulphur in vacuum to produce S,F,. I¥js unstable compound but
exists in two isomeric forms, F,S = § and F-S-S-F. Chlorination of mofn sulphur gives S,Cl, as
an orange liquid of objectionable smell. Use of excss chlorine; ander-the influente of'a catalyst like
FeCl; or SnCl,, SCl, is belicved to have been obtained as a dark red liquid. Sulphur chlorides are
readily - hydrolysed. by water. - They: findumuch: use as_solvBns for. Ribber andnevalcanisation of
mdbbers o e s et gy b 1R named I I IS

LR




310 OXIDES

neutraloxides,

3.70.1 Dioxides - MO2 -

Structures,

SO, molecule is anguilar, the SO, being 1 19.50°. The 5.0 bond distance of L43A° indicates some
double bond character. _ : e o S

Elcclroﬁic config, ' 3s 3p 3d

‘Forms ¢ pongs - Forms n bonds

Each 5=0 double bond is believed 10 arige due to the prescace of Pr - Pg and pr-dn bdnding
between two OXxygen atoms and sulphyr S0, forms discrete molecules even in. the solid state, SeQ,
- although has similar structure as SO, in gascous state TCMAins as non-planar infinite chains.in ‘the solid

s, Perhaps the Iow elec{roncgativily and catenation capacity of selenivm are responisibic for such
chiin Structures, : . - .
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species in these colutions is belicved t0 be H,SO,. Thus sulphurous acid and solutions of sulphites

and bisulphites, act as reducing agenis.
Cr,0, 7 + SO, % + 8H" — 20 + 380, + 41,0
72 Fe*? + SO, + HO = 2 Fe'2 + 50,7 + 21"
Dichromate, Cr,0,? and Fe (IID) idns are easily reduced 0 respective chrominm {11 and Fe(IT) ions.
SO, acts as an oxidisiﬁg agent too. It oxidises H,S into elememal sulphut. -
50, + 2H,S —» ZHO + 35, | | |

ScO,isa gelective cxidising agent converting CH, groups of aldehydcs and ketones into CO groups.
The oxidation of a ketoné is a typical case. :

| R.CH,COR + Se0, - R-CO-COR + Se+HO

" Thus the oxidising ability of $¢0, is decidedly greater than that of SO,. TeQ, is an established
- oxidant in many reactions. Hence the trend of decreasing reducing character and_incre‘asing oxidiging

ability of the oxides down the group is corroborated.

Check your progress = 2

Why is SO'2 a gas whereas SeQ, is a solid?

§.10.2 Trioxides

All the three elemchis, S, Se and Te form trioxides of the type MO,; however, S0, is the most
important oxide in this group. Itis obtained by the interaction of MO, wilh molecular oxygen in the
presence of a catalyst. The optimum conditions established for the preparation of SO, in large -
quantitics will be discussed under the manufacture of sulphuric acid.

Sutphur trioxide exists essentially in two aliotropic modifications, & and B forms. The form
is an icc-like tmsparent solid with a melting point of 17°C, while B form exists as. ashestos like sitky
necdles. The latter sublimes between 40--50°C. The existence of these two forms has long becn
recognised, but more recently, a third form has been reported and called y -sulphut trioxide. It may
bo stated that these forms have not been clearly distinguished and a given sample May well contain
dilferent proportions of the three forms. '

The structure of solid sulphur trioxide is polymeric and quite complex. The free molecule, in
the gascous phase, has a planar triangular Structure. The molecule has zer0 dipolemoment and
presumably involves sp? hybridization. The S-O bond length of 143 A may be accounted by the usual
vond between S-O strengthened and consequently shortened by ® “bonding as has been observed in
case of suiphur dioxide. '

Selenium exhibits less tendency 1o exist as Se0, ,in fact the most stable is $e0, and not Se0;;
is obtained, however, by the dchydration of selenic acid, H,8¢0, by PO, at 150--160°C. Itisa while




solid existing in two different allotropic fonnsreée’mbli_ng the two o, B forms of 80O,

. Becanse of much low electronegativity of teflurium than Se and S, the bonds of Te with
oxygen are much polar and Te is not easily oxidised 10 TeO,. Again, TeO, is much stabler than TeO,.

Telurium wioxide can, however, be prepared by dehydration of orthotelluric acid, Te (OH), about
300°C. It is an orange red non-volatile solid of which again two allotropic forms are clearly known.

‘Solid sulphur trioxide reacts explosively with liquid water and fumes strongljr in moist air,
Selenium trioxide reacts vigorously with water producing selenic acid, H SeO, while elurium triox-
'~ ide is notably insoluble in water and chemically unreactive. Selenic acid resembles closely sulphuric

acid in general characteristics. However, selenic acid is less stable but a more powerful oxidising

agent. The thermal stabilitics of these trioxides are in the order of Te0,>8e0,>80,.
8.10.3 Oxyacids

The oxyacids of sulphur are more numerous and more important than those of selenium and
tellurium, Many of them do not exist as free acids, but are known as anions or sahs. ‘The oxyacids
of sulphur are listed into five groups bascd on the structural type. They are (1) Sulphoxylic acid (2)
Sulphurous acid (3) Sulphuric acid (4) Thionic acid (5) Peroxo acid serics, The classification is rather
orbitrary and few typical examples with relevant data are presented in the table.

“Type Name FOrmula: Structure. Coordination
' mumtber
1, - Sulphoxylic H,50, HO-5-OH +2
| on |
2. Sulphurous H,50, 0= +4
_ OH
Pyrosulphurous | H,8;0, HO-§.---5-OH vy
o . A i
3, Sulphuric " H$0, HO-S-OH 46
| i -
Thiosulphuric H_2520 HO-S“-'QH +6
0
o 0O
_ Pyrosulphuric H,S8,0, HO-%!--O-—%;:-OH | 46
o 0.
4 Dithionic H,5,0, ' HO-ﬁ----ISl~OH. +6
00
5 IR
5. ' Per'('}xoacids H.ZSIO3 HO-S“-O-'O-FIS-OH +6
O 0




The well known oxyacids of Se and Te arc H,SeO,, H,TeO,, and H,Se0, and H,TeO, sele-
nous, tellurous and selenic, telluric acids re%pcohvcly Se and Te do not f[)rm any oxydc:lds with
bonds analo},nuq to $-S. Another form of telluric acid H, TeQ, is qmtc diffcrent from H,SO, or
H ~>¢0,. - This is known as orlholcllunc acid zmd exisls as. oclahcdral Tc (OH), mcleculcb in tha, sohd'
mte

In most of the oxyacids, the acidic proton is bound to an oxygen atom which is in urn linked

" 10 the central atom eg. M-O-H. Depending upon the oxidation state and elcctroncgatmty of the

central atom, M, the acidities of oxidation state and electronegauwty of the central atom, M, the

aciditics of oxydudq vary. Some generallsatlons have been possible in thls regard.” For instance, if

the central atom is in a low oxidation statc, eg. S in H,SO,, the proton finds an adcqualc electron

densily on the oxygen and is held t}urly strong. Hence a weak acid.” If the central atom has d higher -
oxidation number, 6 for example'S in H ,50,, the protons do not find oxygen atoms readily accepting

them because of their low electron dcnsmcs and so are not tightly heid up. Conscqucml) the profons

can casily. dissociaic, hence a. strong acid.. The acid dissociation constant, Ka values of H,50, and

H,SO, are 1.3 x 102and > > 1 respectively. The trend certainiy speaks of mc larger ac1dny 0[ 1hc

I.mcr aud : . .

The size effect and.the increase in coordination Inumbcr both contribute to a decrease in acid

strength. For example the Ka values of H, SeO and H,TeO,, sclenic and orthotéilunc acids aré > >

1 and'107 respectively, The'larger size dnd the greater ceordtndlmn numbcr (6) of the Te is admitedly
responsible, for the very low acidic character of othotellnn(. acid.

8.11 SULPHURIC ACID MANUFACTURE STRUCTURE AND

PROPER"[ IES

This is thc most important chemical in any industrial country. The manufactere is of world

wide importance. There are several methods of manufacture, all of which involve essentially three

steps : Preparation of sulphur dioxide 50, conversion of $Q, to SO, and dissolution of SO, 10 fonn
H,50,. The two important methods of manufaclurc are (1) Lcad chambcrs process and (2) Contact
praccss. Both the mcthodq involve the oxzdallon of SO in to SO,. This reaction is exothermic.

S0, {g) + 1120, (&) # 50,(g); A H - 98 Kj mol !
It is stow 1o altain equilibrium, The rate of the reaction can be increased by the presence of a suitablo

catalyst or in terms of Le Chatelier's principle, by lowering the temperature, or incecasing the pressure
or by using excess of oxygen. However, for better yiclds the reaction is carried around 500°C, onc

“atmospherc pressure, with excess of oxygen and a suitable catalyst. These opumum condmons,,arc
. arrived at balancing the cost, yleld and rate considerations.

“8.11.1 Lead chambers's process

Fig. 8.4 illustrates the modern plant in plan for the manufacturc of H,80,. Pyrites but other
sources such as native sulphur or flue gases produced in smelting ores of copper and zinc may also
be used. The last named source of zinc ore smelting has recently become much important, The types.
of burners used vary with the material being burnt. The air supply 10 the burner is s0 adjusted that

. __: cexcess of oxygen that is present in the gases enter later the glower 1ower, A typical rcaction that
‘produccs SO shown below: :
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Fig, 84 Lead chamber's process.
1,2, 3. Lead chamberS' 4. Glower's 1ower; 5. Gay-lussac's tower; 6.Burners; - 7. Exhaust gases
4 FCS 4110, 5 2 FeO + 850,

The ox;dcs of nitrogen (NO +NO ) actmg as catdlysts in Lead-chmber's process are made by
1he oxidation of ammonia and then mixed—with SO, and excess O,.- This gas mixture is freed from

{ dust and then passed in to the base of the glower mwcr’. Thisis a lowcr lined with acid-proof material,
' packed with flings down which trickles-a mixture of weak sulphuric acid drawn: from the lead cham-
i ' hCl‘b and the strong mt.ralcd acul recovcred in thc Gay]useac 5 tower.,

The mixtare of $O,, air (O,) and oxides -of nitrogen next passes in to.a sct of three lead
chambers. These are quite blg towcers made up of lead but based on wooden frames. Cold sulphuric
acid has little -action on these chambers, Hence the process is popularly known as led-chamber's
process. The gases are intimately mixed in these chambers and oxidation-of SO, into SO, mainly
occurs in the first two chambers. On the top of these chambers a fine spray of water is biown which
dissolves SO, and sulphuric acid of 60-70 percent strength is formed. This acid is called chamber

“acid.. The chamberq are kept cool enough to-condénse fumes of. ‘;ulphunc actd. Famlly the Chd]’l‘lber
acid is run off from the floor. : : :

The excess air which leaves the lead chambers is highly charged with oxides of nitrogen.

These are recovered by causing the emérging gases from the chambers to pass up a lower called Gay-

lussac's tower. This tower is packed with coke down which conc, H,SO, obtained from an alternate

source is trickling. This concentrated acid absorbs the oxides of nitrogen to form nitrated acid, which

_is later mixed with the dilute chamber acid and pumped to the top of the glover's tower. The mixtore

of acids passes down the tower, meets the upcoming strea of hot gases from bumers.” The oxides of

. _nitrogen are velicved from the nitrated: acid and pushed into the lead chambers. Incadcnta]ly the
'-Lhambcr acid gets heated up -and concentrated . to a strength of about 8C percent.

Thus On¢ may ochrve some 1mport4m fun(,uons of 1hc g!owcr towcr as. (1) to recover the'
+ oxides of nitrogen, (2) to.cool the incoming gases from-the bumcrs and (3} 1o aid the concentration
“of l;hc weak chamber acid Lrlcklmg down- (he lower.. : : S

The exhaust gases from !he Gay lussac 'S tower mamly comprlsc of m[rogcn uf lhe air uscd for
the buming of pytites. These gases pass on to a chimney ancl creates a parnal vacuum which hc]ps
in drawmg the gases ‘through. the plant. : - :

The reactlon mechamsm of H SO formauan in }ead chambers is‘now thoug,h' o bc

2NO+O —>2NO L l
- o 185 .




SO+ H,O — H,S0,
HZSO‘ '+_.NO?‘ —-}'SOS NH, or Suiphouironic aci;ll
This substﬁnce Ltan ther react in two possible ways.
© 280, NH, + NO, — 2 NOHSO, + NO + H0
or S(_)s. NH2 -» H,80, + NO
4NOHSO + 2H0 — 4 HSO +4NO + O,

b L P
oo

ERE T duct‘; are then sulphuric acid, nitric oxide and oxygen, the latier two react and the cvcle
is conu.....d. The NOHSO has been isolated as an intermediae solid substance called mmsyl
hydrogcn sulphate or (,hambcr crystals. :

Chamber acid is used nowadays as such, but prior to the advent of the contact process, it was
concentrated to form the commercial acid. Among various methods for such concentratien, Gaillard
tower may be mentioned. This tewer consists of frame work made up of acid resisting bfick and stone
on the top of which a very fine spray of chamber acid is introduced. In the tower the spray mects
a current of hot gases from a coke furnace. Progressive concentration of the chamber acid takes place
as it passes down the Gaillard tower and-& strong acid is run off from the boitom.,

In the modern plans, Jcad chambers have bccn-rcplécca by towers filled with acid proof tijes.
These ensure cfficient mixing of the gases. The rest of (he operations are more or less the same.

8.11.2 Conf.act procéss

This process depends on the ctalytic oxidation of 8O, to SO, by atmospheric oxygen followed

by the abosorption of the later in H,SO,. The resuttant product called ‘oleum’ or fuming-sulphuric

acid is diluted with water to yicld almost cent percent sulphuric acid. The reactions are :
280,+0, = 2830,; H=-98 KJ mol "
50, + HSO, - -~ H,S,0, ‘oleun’
H,S,0, + HO - 2 HSO,

For a success(ul operation of this process, the following optimum conditions have been arrived
at. An ¢xcess of air preferably oxygen from a liquid air plant is employed. The use of the latter
prevents undue dilution of the reacting gases. The optimum temperature and pressure are 400-500°C
and 1.5 10 1.7 atmospheres respectively, Hastening of the slow conversion of SO, to SO, is achicved
by employing catalysts. The two best knewn catalysts  The two best know catalysts are platinum
deposited on asbestos or vanadium pentoxide, V,0,. Platinum ‘is no doubt more efficient but is -
rendered inactive or poisoned by the presence of arsenic, which, however, has no inhibiting effcct on
V,0,. For this rcason as well as of its cheapness V, 0 is increasingly preferred.

The catasysis in Lead-Chmber’s process is homogeneous while it is heerogeneous in case of
contact process as it provides a solid phase to promote a gas phase reaction. Since the process
involves a contact of the promote a gas phase reaction. Since the process involves a contact of the
reacting gaseous species with a solid surface, the process is usually referred to as conl;act process. The
Ietails of the pre(,ess are ﬂlmtratecl in Fig. 8.5




Fig. 8.5 Contact process - plan

1. Dust chamber; 2. Mist precipitator; 3. Scrubber; 4. Drying tower; 5. Arsenic purifier;
6. Test box; 7. Pre- heater; 8. Contact chamber '

80, is obtained in a manner similar to the chamber process but requiics intense purification
with a view to avoid poisoning of the catalyst. Tt is all the more necessary for the gases t0 be
meticulously free from arsenic. The gases are cleancd by blowin~ ' m though dust chambers, a
water cooler and a glover tower in each of which the incoming gasec a descending spray of water
which removes chlorine and other gases or solids.

The last traces of suspended matter are removed by a mist precipitator. The gascs are then
dried by means of conc. H,50, and finally passed through water to remove any selphuric acid. The
gases are periodically tested for dust, arsenic etc. Thus purified gases are then passed through a heat
interchanger and then into the catalyst chamber. SO, is formed and heat evolved. The rate of flow
of gascs is so adjusted that the temperature in the catas , st chamber is well maintained around 400-
500°C. ' ' '

The exhaust gases consist primarily of §O, and N,. -1 cooling SO, forms a mist of very finc .

dropiet which is absorbed by water or dilute sulphuric acid with great difficulty. On the contrary, it
is completely and rapidly absorbed by 98 percent sulphuric acid. Hence the gases that lcave the
contact chamber pass into cast iron tanks containing 98.5 per cent strong H,50,. A stream of water

is rum-into the-condensing tank at such a rate that the strength of the acid is maintained finally at 98.5
percent. . _ _

Platinam was formerly used as a catalyst either in the form of platinum deposited on asbestos .

or on silica gel. For example, Baudisch. process for the manufacture of H, SO, employs Pt-asbestos
as catalyst. In recent years, V O, has been preferred for the reasons already stated carlier. In another

process called Manheim's process, Fe,0, is used as the catalyst. This is not scnsitive to arsenic

impurity,. Indeed it lotally absorbs arsenic and acis as a purifier. However, this catlyst suffers from
the disadvantage that it requires 700°C as the optimum temperature and the yicld is limitcd to 60 -
. 10 percent. : — : ' '

8.11.3 . Properties

Pure anhydrous sulphuric acid is a colourless, viscous, dense oily liquid (density- 1.84 gr/ml)

without vdour. On heating , it decomposes near its boiling mixture (b.pt. 330°C) of watcr and
sulphuric acid containing 98 percent of the latter. This one is the commonly uscd d@s concentraied
sutphuric aid. : . .

Pure conc. H,50, has a grcat afﬁnily' for water and is uscd as a dchydrating agent in drying.

17
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) 8\'.1.1‘.4=- .*S’t-rt}c\tme - o

of the gases like O,, Cl, and SO; and in dessicators. The reaction with water is highly exothermic '
libcrating large quantities of heat, hence the acid must be addedto water in diluting it. Tt chars orgnic
matter, for instance sucrose, removing water and leaving a black carbon residue.

C,H,0, - 11HO+12C

Conc. H,SO, is exiremely comrosive to the skin and all the body tissues and so causes very serious
painful burns. This corrosive action has been attributed to the strong dehydrating power of the acid.

* Conc. H,SO, is a powerful oxidant, especially when hot. It oxidises non metals and metals
liberaung invariably SO,. : -

C+2H,50, - CO, + 250, + 2H,0
S+2H, SO, — 350, + 2H,0
(2P +'5H, SO, > 2 HPO, + 550, + 2H, O -
Cu+2H, SO, > Cu 50, + SO, + 2Hp
It. oxidises bromides and iodides to the respective 'halogcns..
2KX + H,S0, > K,80, + 2HX (X=Br, 1)

2HX + H, S0, > X, + 50, + 2 HO

' "'Anhy('i ous sulphuric acid sulphonates organic compounds i.e. teplaces H atoms by SO,H groups and

assists 1 nitratior_] i.c. replacing H by NO, groups.
- CH, +HSO,— C, H, SO, H+H,0.
Cs Hy+H NO, + H, SO, - CoH; NO, + HO

Ditute sulphuric acid reacts with-electropositive metals to evolve hydrogen and carbonates (o
liberate carbondioxide, N ' o

. ..HZS.Q‘..{Zn .f}'ZnS.O}_ + H, . . o
- HSO, + MgCO; - Mg SO, + €O, + HO

In aqueous solution sulphuric acid is a strong dibasic acid forming two series - of salts,“'su'lphatcs and
bisulphiates, on neiitralisation with bases. :— - o Co :

‘H,S0, + NaOH — Na HSO, + H,0
Sod. bisulphate

£SO, + 2NaOH — Na, SO, + 2 H,0

The followiﬁg structures are proposed for sulphuric acid.
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HO—— § —OH HO'—— §——=OH

LI : : } o HO"-T—\é", ;
@ o o S

8.6 Si;ucturés ﬁ_f '-sulp_hl_iric'. aci

The structure {a) reveals the hexavalent nature of sulphur and two oxygens are linked to sulphur by
double bonds. The two OH groups readily account for the dibasic character of the acid as protons
can easily be displaced from them. The parachor, values of the acid (experimentally determined on
the basis of surface tension and molecular volume measurements) propose a semipolar nature of the
linkage between the two oxygens and sulphur and a valency of four fo the latter -siructure-b). The
structure. {a) seems lo be preferable one based on experimental dclermiha_t_ipn of the structure of
sulphate and also from the deductions of Gillespie-Nyholm rules _egarding the shapes of molecules.

The sulphate ion is totrahedral as expected Since_ it is shown ., imvolve four sp® ﬁ:ybr'id: orbitals
to form bonds between sulphur and oxygen. ' Further, two @ bonds involving d-clectrons of sulpur and
two oxygens strengthen and form doublc bonds between S and 0. T

8.12 PEROXOACIDS OF SULPHUK
 Two peroxoacids of sulphur are known; pefdxé_-hlnnosulphuﬁé _aci_d,.Hz':SCj';('Céro"s acid) and

peroxodisulpuric acid, H,S,0,. These are believed to have been derived from hydrogen peroxide by

substituting -of one and two hydrogen atoms. gespectively_by sulphuric groups, SOH.  ~ _-

" H0-0-50, H « H-0-0-H-» HOS-0-0-50, H
Both the acids can be prepared by the reaction of anhydrous tiydrogen peroxide with chlorosufphonic

“acid. These reactions iHustrate their Structurcs also. Peroxomenosulphuric acid, often called, Caro's
acid is.aiso obtained by the hydrolysis. of peroxodisulpburic acid.. o :

OH OH o OH
! | o 1
0=8--0-08S=0+H,0 —»  O=S-0H + 0=§-0-OH
o : L A i
.

0 [o] - 0. -
' (#,50,)  (HS0)
Peroxedisulphuric acid is obtained-bythe electrolysis of a mdderalcl_y concentrated sulphuric
~ acid (60 percent) ar O°C using a high current density and a platinum anode and copper spiral as
cathodc, I o : B T '

M50, > 26 + HS,0,

ORI |
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This acid is better known in the form of its ammonium or potassium salts, made by ihe

~ electrolysis of a saturated solutions of ammonium or potassium hydrogen sulphate under the above

mentioned conditions. The peroxy disulphate crystallises out at the anode and its formation is assisted
by a trace of flyoride ion.

Caro's acid (H,S0O,} is a crystalline hygroscopic solid melts at 45°C with slight decomposition.
It is a monobasic acid. Aqueous solution of this acid decomposes to give mainly oxygen and sulphate
ion with -small amounts of HO, and S,0, persulphate ion. It acts as an oxidising agent.

Peroxodisulphuric acid is a crystalline solid with a melting point of 65°C. In agueous solution
it gradually passes on into Caro's acid. Peroxydisulphates, popularly known as persulphates are onc
of the most powerful and widely used oxidising agents. Most of these reactions proceed slowly bat
can be hastened in the presence of catalysts. Agt*ion being a common one. It oxidises manganous
and chromic salts into permanaganate and dichromate respectively. The liberation of idoinc from an
inicraction between potassium persulphate and potassmm iodide has been extcmwcly stndied from
chcmmal kmeucs point of vicw. :

KS,0, + 2Kl - 2K, 80, +1, |
~ The constitu_tioﬂ of peroxosulphuric acids is based on their synthesis from chlorosulphonic acid

and hydrogen peroxide and both are found to contain the -0-0, the so called peroxo linkages.
Persulphate ion is known from X-ray studics of its salts to posses the structure, (-0, $-0-0-50,-).

- 8.13 SUMMARY

siroup VIB elements, O, 8, Se, Te and Po provide an intereling set of elements for compara-
tivé stu ties. The metallic characler progressively increases from § to Po with the conscquential
changces in the properties of several types of compounds of these elements. Oxygen is most cleciro-
negative of all the elements, secnd to fluorine and being the first clement of the group VI, it stands

alone with some special properties with no comparison with the rest. Tt shows a charactristic oxida-

tion state of -2 in most of its compounds. All the elements of thig group exist in various allofropic
modifications, the most prominent being the non metallic allotropes of sulpur. Sulphur has an
interesting molecular structure with cight sulphur atoms covalently bonded together in a puckercd
ring. While sulphur behaves as an insulator, selemium and tellurium re semiconductors and potonium
is a typical mctal of course radio active in nature.

All the elements form typical binary hydrides of the type H, ,X and the1r stabilitics and bond

~ strengths decrease from O to Po, The principal oxides of this group are MO, and MO,. The-dioxides,

MO, become more ionic and decreasingly acidic in character from S to Po Sulphur [orms a varicty
of oxyac:lds in addition to two peroxo acids with O-O-linkage. These are peroxo-mono and peroxo
dissulphuric acids H,80, and H_S,0, respectively.

8.14 MODEL EXAMINATION QUESTIONS

I Answer the following in 10 lines

How is V, Oy preferable to platinum asa catalyst in centact process?
What are the favourable conditions for 280, # SO, equilibrium. ?
Why is SO, absorbed in conc. sulphuric acid and not in water?
How is the corrosive nature of conc. H,SO, on skin accounted for ?
What are the bonds involved in the structure of SO,* ion?

What struetural refation do you chserve between HIZO2 and H,5.0.?

R




7. How do VI B group elements acquire +6 oxidation state?
8. Account for the paramagnetism of .dxygen molecule?
9. Explain the structure of rhombic sulphur.
10.  Explain the variation in the acidities of binary hydrides in aqueous solution.
11,  Account for the inertness and easy hydrotysis of SF, and TeF, respectively.
12. How do you explain the strong and weak acid character of H,SO, and H,SC,
respectively. ? | '
13.  Discuss the structure of sulphuric acid.. '
II. Answer the following in 30 lines
i. (a)  Write the electronic configuration of elements of VI B and justify the similaritics
in their oxidation states. |
(b}  Howdo you account for the variation in the physical states of VI B elemenis?
2. (a)' Compare the thermal stability and chemical reactivity of VI B hydrides.
(b)  Present a concise account on the properties and structure of VI B halides.
3. (@)  Account for the variation in the physical states of dioxides of VI B elements.
(b)  Discuss the comparative chemistry of SO, and SeO,
4, Outline the manufacture of sulphuric acid by contact process with duc emphasis on the
optimum conditions involved in the process. |
3. Describe the preparation, reactivity and structures of peroxoacids of sulphur.
8.15 MODEL ANSWERS TO CHECK YOUR PROGRESS
1. Except water, all other -hydrides (H,S, H,S¢, HzTe)_are gaScs at toom temperature, This 18
because water is asscciated by means of hydrogen bonds in the solid and liquid statc.
2. S0,isagas with a covalent molecular structure. SeO, has non-planar chain structure and

exists as a solid at room remperature.

Author : Prof. U.V. Seshaiah
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9.1 AIMS AND OBJECTIVES

The purpose of this unit is to make you-understand the various aspects of group VII B elements
and justify the similaritics and differences in their properties in terms of the electronic configuration
of the elements.

When you have finished reading and understanding the various items presented in this unit you
should be able io: :

e Account for the variable oxidation states of elements except fluorine in terms of clectronic
‘configemtion. - gy - _ .
Explain thedifferent colb’urs exhibited by halogen molecules and also their physical states. s
Explain the extensive hydrogen bonding in HF molecules.

Rationalize the decreasing oxidising powér of halogens from fluorine to iodine.

Account for the decreasing reactivity of hydrogen halides on descending the group.
Appreciate the difﬁcullics'encountercd in the isolation of fluorine and finally dﬁribe the
preparation of fluorine, ' "

- & ® 0 e @
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‘@ Account for the increasing acid strength of hydrogen halides from HF to HI in aqueous

solutions. . .
o Describe the different types of interhalogens and their methods of preparation,
e Explain the chemical behaviour of pseudohalogens.

9.2 INTRODUCTION

The group VII B comprising halogens is often considered as one of the best groups for.a
comparative study because the rends in their properties from the first element to the last halogen are
very clearly brought out. And the rationalization of the properties of the elements and their com-
pounds can be convincingly. spelt out on the basis of the electronic configuration of the elements.

The electronic configuration of all the elements is . . ... ns? np®, one electron short of the noble
gas configuration. Consequently, the chemistry of halogens is dominated by their tendency 1o
complete the octet and to form (i) jonic compounds with metats, containing the negative halide, X
jon and (i) covalent compounds with non-metals. Further, halogens form bridged compounds in
which they are two coordinate, such as Al,Br, and KHF,.

The most important physico-chemical features of halogens are presented in the table 9.3.

9.3 PROPERTIES OF HALOGENS

Property Fluorine Chlorine Bromine lodine
~F Cl Br 1
Atomic number 9 17 35 53
Electronic confign.(outer) 2522p° 3s33p* 3d 4s4p° 4d 5s%5p
Atomic weight 18.99 3545 7991 12691
Atomic radius(A) 0.72 0.99 1.14 1.33
Tonic radius, X(A) 1.36 1.81 195 2.16
Van der Waals radius (A) 1.35 1.85 195 2.16
Meclting Point (°C) 220 -101 -7.3 113
Beiling point (°C) 188 -34.5 59 183
Enthalpy of vapourisation _
(KJ mol™") 327 10.2 15.0 30
Enthalpy of hydration _
X (g) (KJ mol) 460 385 351 301
Bond energies (KJ mol™) 159 243 193 15
Electronegativity 40 2.85 2.75 220
JTonisation energy (KJ mol™) 1681 1255 1142 1007
Electron affinity(KJ mol} 333 348 340 297
Electrode potential '
1/2 X, +e= (agx’) (V) +2.87 +1.36 +1.07 +0.54
Oxidation states -1 -1,1,25,7 -1,1,3.5,7, -1,1.3,57,
Colour and physical state Pale greenish reddish black
at 20°C yellow yellow brown solid
gas gas liquid
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9.4 COMPARATIVE STUDY OF ELEMENTS

All the halogens are highly reactive nonmetals that are always found in the combined state in
nature, Because the outer electronic configuration remaining more or less same except for the change
in the principal quantum number, the halogens resemble each other chemically. However, they
present a noticcable gradation in their properties. Fluorine is the most electronegative of the elements
and displays an oxidation statc of - 1. The other halogens are no doubt clectronegative but form
compounds in which both positive and negative oxidation states arc assigned to them (vide table 9.3).
The tendency for exhibiting positive oxidation state becomes much morc pronounced in case of
iodine. This is clear indication for the gradual change over of elecfronegative to electropositive
character from fluorine to iodine, :

As a typical featurc of p-black elements the oxidation numbers of halogens differ in steps of
two. This may be explained on the basis of electronic configuration shown below with particular
reference to chlorine.

3s ip 3d
Electronic
structure of chlorine TL TLITLT
{ground state.) :
State | Transition Oxidation States Examples
Ground State nil, 1+1 HCI, HCIO
Excited state 3p, into 3 d +3 CLO,
Excited state 3p into 3 d +5 . CLO,
Excited state 3s into 3 d ' +7 Cl, O,

These higher oxidation states are presumed to arisc by unpairing the s or p fitled orbitals and promot-
ing the unpaired electrons into the adjacent empty d-orbitals. Thus the oxidation states ran ging from
+1to +7 can be realised. Suitable examples-are found in the halogen oxides and interhalogen com-
pounds. These variablc oxidation states are also exhibited by bromine and iodine but their rclative
stabilitics depend on scveral factors. '

The ionization energics of the halogens are very high which clearly indicates that halogens
have cxiremely low tendencies 1o form cations by ltosing efectrons. No cation F* is possible under
all possible conditions. However, the possibility of the existence of X* ion increases down the group
and iodinc cation possibly cxists. Compounds such as iodine monochloride, ICL, are believed to
contain Iion. This fact also corroborates the natural trend that in any vertical group the elcctroposi-
tive characler increases with increase in atomic number.

Halogens posscss enoromous oxidising power, Oxidation may be regarded as the removai of
2leotrons such that an oxisdaing agone gains elecrrons. The eleciron affinities of halorens fvida tal o
MY prove their hi Wiy power, 1S swrprising to note i the clectron athoty reach.:.

ginm at o i ; f hat flunring ig (h -

ongth ooy an cxidics -




greatest oxidising power of fluorine. This trend is easily reflected in the ability of any halogen of
low atomic number to oxidise halide ions and liberate halogens of higher atomic number. For
insiance fluorine displaces chlorine and other halogens from their respective halides while chlorine
can displace bromine and iodine from bromide and iodides respectively. '

9.5 COVALENT CHARACTER OF HALOGENS

. All the hatogens form non-polar diatomic molecules, X,. The melting and boiling peints of
the elements increase with increased atomic number. While fluorinc and chlorine are gases, bromine
is a liquid and iodine is a solid. This trend in increasing molccularity can be easily accounted for in
torms of Van der Walls radii and forces. From flucrine to iodine, the Van der Walls radii steadily
increase 1.35A to 2.15A and there appears an increasing intermolccular attraction resulting in liquid
and solid states to bromine and iodine respectively at normal temperature.

The halogen are coloured, the depth of colour increasing down the group. Colour of the
molecular species can be explained on the basis of the absorption of visible light. When light fails
on the species, part of it is abosrbed by the species 10 excite outer electrons into higher energy levels.
Depending on the electromic configurtion, the amount of energy abosrbed varies. For instance, in case
of fluorine, since its ionisation potential is relativcly high, large quantity of encrgy is required for
excitation compared to small quantity in case of iodine with comparatively low fonization potential.
Accordingly gaseous fluorine molecules absorb violet light corresponding fo high energy and there-
fore appear yellow.  Todine molecules, on the contrany, absorb yellow hght, corresponding ¢ low
encrgy, and appear violet, The intermediate colours of green and red of chlorine and bromine
respectively fall in line with the arguement based on energy considerations.

The halogen molccules are highly covalent in character as evidenced by their low melting and
boiling points and high volatility. All the halogens dissolve slightly in water but largely in organic
solvents, another evidence for ltheir covalent nature. The sofutions in organic solvents, are coloured
depending uupon the halogen and solvent. In non-polar organic solvents such as carbon disulphide
and carbon tetrachloride, iodine is violet, bromine is red and chlorine, yellow. It is presumed that
these halogens exist as free molecules in these solvents, hence their typical colours.

As atomic size increases from fluoring to iodine, one can expeet a gradual decrease in the bond
cnergics of halogen moleculcs. This is true in-case of chlorine to iodine but the bend energy of
fluorine is exceptionally low compared to that of chlorine. This abnormally low bond cnergy of
fluorine has been attributed to the great repulsion beiween the non-bonding electrons which facilitates
the casy dissociation of fluorine moleculc. This extreme weakness of the F-F bond makes fluorine
anc of the strongest oxidising  agents Known.

T hag bean staled carlier thar the oxidising powcr of halogens steartily decicase from (luorine
(0 iodinge. This is wedl illusiraicd @, the reactions of halogens with waizy. #lucrine is 50 powerful
soater readily 10 croo, :

as oxidising agent that it hwidises

3%, 4 SHEE o HF + O

o he ancrecticaliy Lk




126

fluorides with the largest number of fluorine atoms but the corresponding chlorides or other halides
are not, observed. For instance AsFg, SiF, IF, and XcF, have neither chloride nor other halide
analogues. Such cxceptional behaviour of-fluorine has been attributed 10 its smallest size, highest
electroncgativity, low bond dissociation energy and many other factors.

Check your Progress - 1

How docs fluorine compare with bromine in oxidising abilities?

2.6 HALOGEN HYDRIDES OF HYDROGEN HALIDES.

-" "The products of hydrogen and halogen combination may be called halogen hydrides or better
hydrogen halides, HX, The reactivity of the elements decrease on descending the group. Fluorine
is undoubtedly the most reactive of all elements. Whilst the reaction of hydrogen with fluorine is
quite violent even in darkness, that of hydrogen with chlorine is slow in darkness, but proceeds with
explosive violence in sun‘light. The rcaction with lodinc is extremely slow al room temperatures.
Thus the decreasing reactivity of halogens with increased atomic number is well substantiated.

- H:"and HCI are usually prepared by the action of conc, sulphuric acid on fluorides and chio-
rides resp ctively, J.

CaF, + H,SO, - CaSO, + 2HF
NaCl + H, 50, — NaHSO, + HCl

ILis interesting to note that a similar reaction does not produce HBr or HI since sulphuric acid oxidises
HBr to Br, and HI to 1,. The usual laboratory method of producing HBr and HI involves the action
of bromine or iodine on a mixwre of red phosphorous and water,

2P+3Br, - 2PBr,
PBr+3H,0 --— H,PO, + 3HBr,
These hydrogen halides are colurless pungent gases at 20°C, but HF is a fuming liquid at

r;;'f.r1’5°C. This unexpected high boiling point of HF is due to extensive hydrogen bonding between the
- malccules. Even in the gas phase of HF, association of HF molecules is fairly large. The hydrogen

-

, bonding capacity of HCI, HBr and HI is much less than that of HE, Tt is doubtless that the very high

" clectronegativity of fluorinc is responsible for the extensive hydrogen bonding in HF.
5

All _thk: hydrogen halides are cssentially covalent in the gascous state, but in agueous solution,
they ionise and behave as acids.

" HX@+H,0(1) » HO" X-

Such-a behaviour has been accounted for by the fact that the by wion-epergics of halogens are.
greater than the bond strengths of the corresponding halides, hence their easy dissociaion in aqueous

medium. Their agueous solutions are good conductors of electrocity and all undergo typical reactions

of acids with metals, metal oxides and metal carbonatcs, ) '




The apparent degree of dissociation values of these hydrogen halides in dilute aqueous solu-
tions (HF=0.085; HCI=0.92; HBr=0.93 and HI=0.95) reveal that HF is slightly ionised while others
are more or less completcly ionised. the degree of dissociation broadly reveals that HI is the strongest
acid followed by HBr and HCI and HF is the weakest. One may wonder here that how HF being
more ionic in character than. HI by vixtue of fargest electronegativity difference, is the weakest acid
in aqueous medium, It should be remembered in this context that the acid “strength may be an

outcome of the tendency of the acid shown as. _ _ _ o _ E
HX -» B+ X ) - : 3
Detailed calculations of the above energy terms have revealed the order of acid strengths of HI> HBr> ' i

HCI> HE. It is believed that the highest bond srength of HF compared to the other halides (The bond
energies (KJ mol™); HF=565.3; HCI=433.4; HBr=367.50 and H1=299.8) and the great hydrg'g"én
bonding in HF is responsibic for the above anomolous but weakest acid character of HF in the series:
Their acid dissociation constanis are bourid to be in the order; K values for HF=10%; .HC'f-—E-lO“,;
HBr=10" and HI=10". " L

Hydrogen halides act as reducing agents in certain situations, The reducing power genesally
decreases in_the-ordes HE(not at all) <HCI <HB#<HL Hydrogen chloride reacts only with strongest
~oxidising agents such as metal peroxides, permanganates and dichromates etc, while hydrogenbrp- .
m@g_i_(;__i:f:acl:s—with'mbacratciy strong oxidants such as concentrated sulphuric acid, chlorine and hydro-
gen peroxide, hydrogen jodidc reacts even with mild oxidants such as oxygen, Fe(Il) salts and dilige - -
“hitric acid. I is worth remembering that HBr and HI are slowly oxidised even by air to the respective
halogens.  Thus it may be summarised that while HI is the strongest reductant, HF is the weakest.

f.
-

9.7 HALOGEN OXIDES

The known halogen oxides are listed in 9.7.1. While the oxides of fluorine are called oxygen
fluorides because of the greater electronegativity of fluorine than oxygen, those of the reniainging
halogens are conventionally and properly calicd halogen oxides, since oxygen is more electronega-
(ive than the rest three halogens. . /o

Many of the oxides are characteristically unstable with respcct (o dissociation into the elements

“but arc reactive. Except for those of iodine, all the oxides tend to be explosive. Atroom temperature
{hey exist as gaseous or volatile liquids with the exception of LO,, a solid. The bonds in ail these
compounds arc largely covalent because of the narrow differences in their electronegativities. The
slabitiics of the oxides generally lic in the order B> CI>Br (least stable oxides). Further, the higher
oxides tend to be more stablc than the lower. The important characteristic feature of all the oxides
is that they are powerful oxidanis. '

9.7.1 Known _.halp};_en oxides

3

Oxidatien state | - I.F.luo_rine ~ Chlorine - A . Bromine . Todine [ |
L . - gl Tl s . . COLEM e A
DU FUL . IR R R 5
+i : . - - - T, - ;o
S +5 - o CI0, . BrO,
+6 B ¢ Clzgﬁ\ BrO,
+7 ' - ELO, T -
Various oxides of fluorine cxist but only OF,, oxygen-difluoride is thermally stable at 25°C. w ‘_jf
ltis a non-explosive, colourless gas formed by bubbling fluorine through an aguecus 2 percent. 0y
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solution of sodium hydroxide.

2F,+2NaOH — 2NaP+OF,+H,0

It reacts vigorously with metals and nonmetals and gives fluoridcs and oxides. It is slowly
hydrolysed by alkalies to oxygen. OF, dissolves in water and gives a neutral solution, thus it is not
an acid anhydride. It is a powerful oxidising agent and liberates iodine from KI solution.

OF2+4KI+HZO~+2KF + 2KOH + 21,

OyF, is obtained when an electrical discharge is passed through a mixture of fluorine and oxygen at
low temperature . It is ‘highly unstable and decomposes readily above - 100°C.

CLOisa ycllowiéh_md gas at room temperature, Br,O is a dark brown liquid (m.pt - 17°C)
decomposing appreciably at ordinary-temperature. They are prepared by heating freshly precipitated
mercuric oxide with the halogen_gas.

2CL+2HgO — HgCl, HgO+C1L.0
Both these compounds explode on heating yielding halogen and oxygen,
2CL0 — 2 CL+O,

These oxides dissolve in NaOH solution and form hypochlorites and hypobromites, thus showing their
acidic character,

Br,0+2NaOH — 2NaOBr + H,0

A: the three oxides have tetrahedral structures with twe positions occupied by lone pairs of
¢lectrons.

28 2p

Electron structure of Oxygen

atom, (ground state.) I N NN

Two unpaired 2p electrons form, bonds 1o two
halogen atoms-sp® hybridisation-tetrahedral structure
' with two lone pairs.

The bond angles are either smaller or larger than the typical tetrahedral angle, 109° 28",
Obviously the bond angles are distorted. Probably this is a consequence of differing electronagativi-
ties and mutual influence of lone pair electrons and bond pair electrons. In OF,, thc bonding
electrons are nearer to more electronagative fluorine hence repulsion between lone pair clectrons
exceeds that between hond pairs and consequently the bond angle is reduced. The sitwation is
different in CLO. Because of greater electronegativity of O than CJ, the repulsion between bond pair
exceeds that between lone pairs, hence the bond angle is greater than the tetrabedral angle. ‘Based
on the same arguement, still a larger hond angle 111° is predicted for Br,O.

Chlorine dioxide,, CIO, is colourless liquid, (b.pt 11°C} and forms a yellowish gas at room
temperature. It easily explodes unless diluied with another gas such as CO,. It is best prepared by
the action of conc.sulphuric acid on a chlorate in presence of oxalic acid that produces CO, to act as
a diluent for Clo,. o

2KCIO+HLSO#H,C,0, - K SO, + 2CI0, + 2C0, + 2H,0

- ClO, is a powerful oxidising and chlorinating agent. It reacts with alkalics to produce a mixture of




chlorite and chiorale ions.
2C10, + 20H- =»CI0, + Clo, + HZO

Thus it is a mixed acid anhydride i.e. produces a mixture of chlorous, HCIO, and chioric acid HCIO,.
CIQ, is an odd electron molecule and is, therefore, paramagnetic. The bond lengths are appreciably
shorter than a single bond:

Brominc dioxide; Br(, is a ycllow solid unstable above 40°C. It is prepared by the action of
an electric discharge on a mixture of bromine and oxygen gas at low emperaturc and pressure, 1t
is a powerful oxidant and reacts with water 0 yield a mixture of acids.

Chilorine hexoxide CLO,, is a red oily liguid prepared by trcaling ozone with chiorine dioxide.
20, + 2CI0, — CLO, + 20,

The molecular weight determination of this compound in carbon tetrachioride mdicales its dimeric
natuge. It is unstable decomposing readily into C10, and 0,. Ireacts explosively with organic matier.
11 disproportionates readily in waier or alkali to chlorate and perchlorate.

C, 0, + 20H- -» CIC-, + Clo, + H, O

BrO, is a white solid and is produced from ozonc and bromine OT OXygen and bromine under
“the influence of a sileat electric discharge. It is unstable above 70°C. It is an oxidising agent and
gives acidic solution with watcr,

Chlorine heptoxide, C1,0, is the most stable of the chlorac oxides. It is prepared by dchy-
drating perchloric acid with P,0, at - 10° C followed by vacuum distitlation. Tt is a colourless oily
liquid and explodes on shock. It is acidic and is & sirong oxidant, It rcacts with watcr and alkalies
_to gencrate perchlorate ion. ' :

CLO, + 200 — 2C107, + H,0
) The iodine oxides are insoluble: solids which decompose on heating. lodine pcmm_(id_c, LOy
is the most important of all the oxides. ltisa white solid prepared by heating iodic acid, HIO, at
200°C. '

2HIO, - 1O, + HO o A

Tt is stable ar 25°C and is used as an oxidant. The most important reaction is the esaimatixdg},of_qarbon
monoxide employing the iodometry. - T

LO, + 5CO = 1, + 5CO,

.hL—' . . . - - : o . ;
The other oxides of iodine are fcss stable and are uncertain in natarc. v

9.8 PREPARATION AND PROPERTIES OF FLUORINE o -
T 7

[P
It may be reiterated that fluorine is the most chemically reactive of all t}fé"élmid and this
fact has hindered for a long time its isolation. Rapid progress in the knowledge of ﬂ.u(,)ril'ﬁ_d has been_.
made only in the recent past. In view of its great reactivity, il has begﬂ/appropriate‘.ycallc)d a "Super -
halogen”, . It occurs principally as the minerals fluorspar CaF,, cryolite (Na AlF) and fluorapatite l‘
(3Ca, (PO,),. CaF,). Sca watcr contains on the averge about 0.3 p.p.m. of fluorine. The presence =
of fluorine in potable waicr is objectionable and if the amount reaches 1 ppin level ivis-mimicalto . .~
" health. - S A




130

The isolation of elemental fuorinc was a chemical chaflenge in yester years and engaged the
attention of many chemists. The clement was first prepared by Moissan in 1886, None of the
ordmary chemical oxidising agents is capable of extracting electrons from fluoride ion and furiher-
morc electrolysis of aqueous fluoride solutions yielded oxygen rather than fluorine since fuorine
reacts at once with water. Hence fluorine has o be prepared only by the electrolysis of scrupaiously
anhydrous molten fluorides. Anhydrouas hydrogen fluoride may be uscd but it is a non-conductor and
therefore potassium flucride is added to HE (o make the soluticn conducling.

Muaissan electrolysed a soluton of one mele of potassium fluoride ta1 12 moles of anthydrons
HF at -23°C using platinum-iridium apparatus imwacrsed in a bath of methyichioride, CH, Cl using
platinum-iridium electrodes.  Substantial amounts of Ruorine were obtained at the anode. The
hydrogen liberated at the cathode was prevented from mixing with fluorine by a diaphragm, This
method of isolation, although of great historical value, remains oneconomical and also obsolete.

A lypical modem efcctrolytic ced employs an clectrolyte containing KF and HF in approxi-
maicly 1:2.5 ratio with a small amount of lithium fluoride, LiF. It operates at 1560 amperes in the
temperture range of 70°-100°C. The cell is made of copper or copper-nickel alloy. The elecrolysis
is conducted with carbon anode impregnated with copper to render it inert and steel cathode. During
electrolysis, fluorine i liberated at the anode, coliected in a metal beli and withdrawn, The fluorine
oblained is almost pure, containing only a trace of HF whick is removed by the passage of fluorine
gas over anhkydrous NaF. :

Fluorine is excoedingly reactive and reacts with almost all elements. The union of hydrogen
of large quantities of heat. This reaction seems to be the underlying principle of fluorinc-hydrogen
torch used for welding purposes,  Fluorine dees not react directly with oxygen and nitrogen.
However, at Tow temperatures and pressures and unuer the infiucnce of elecirical discharge the
reactions are possible.

Most melals, for instance, Na, K, and. Mg catch fire in fluorine. Cithers react with incandes-
cence on heating and form flucrides.

-Mg+1572 —> MgF,
2Ta+5F, — 2TaF,

Fiuorine oxidises chloratcs to perchloraics, chromic salls into dizhromates and a warm solution of
KHSO, io potassium peroxydi-sulphate.

2HSO + F, — 3,0, %+ 2HF

9.9 INTERHALOGEN COMPOUNDS

The compounds that result from the mvtual interaction of halogens are known as inicrhalogen
compounds. The well known amongst them are listed in the tshle 9.9.1. The compounds are binary
and are of the type ABn where A and B are halogens, A being heavier than B and n=1,3.5 and 7.
The clement B is always more electroncgative than A.

.Table 9.9.1 Interhﬁ‘iogen compounds

Type AB . AB, " AB, AB,
Compound CIF ' CIF, - -
BrF - - -
BrCl BiF, BIF, -
IC1 Icl, IF, TR,
IBr - : - -




More than two halogens are never observed in a molecule. It means that temary interhalogens

eg. AB_X do notexist. This is understandable because any ternary molecule once formed can readily -

redistribute to form a mixture of the more stable binary compound and/or elemental halogens. An-
other significant observation in this regard is that the stability of these interhalogen compounds with
higher 'n' valucs increases as A becomes larger and B becomes smaller. Evidently the higher fluorides
of iodine, eg. IF, and TF, must be highly stable,

200°C

CL +F, — 2CIF {g)

Equal vols.
Cl + F, (excess) 300°C 2CIF, (®
Br,+ F. (excess) - 2BiF, (1)
L+ Cl, (excess) — 201, 1)
L+ Br, - 20Br  (8)
L+F, (excess)  250° — 270°C 2IF, (s}

' -

The various physical states (g and s) in which the above mentioned interhalogen compounds ¢xist
at room temperatures are noted in the brackeis. Obviousty they exist in all the three physical slates.

They are all covalent molecules which exist as diamagnetic solids or lingid exccpt CIF which
is a gas at 25°C. It is significant 1o notc that since n of the general formula AB_ happens to be an
odd nomber, it becomes clear that ail the interhalogen molecules should be diamagnetic having
valence elcctrons either as shared (bonded) or unshared pairs. The bonds in these .molecules are
esseatially covalent because of liule electronegtivity differcnce. . However, in case of higher fluorides
of bromine and iodine eg BrF and 1F, the bonds may develop polarity because of considerable
difference in their electroncgativitics. '

- The interhalogens are more active than halogens. Their physical properties (for example,
colour) are intermediate between those of constituerit halogens. Tt is of intcrest (o observe that their
reactions are similar to those of halogens. The inicrhalogens are hydrolysed by water or alkali to the
halide ion of the Hghter halogen, B and ihe hypohalite ion, OA~ or the halate ion AO;" of the heavier
one.

CIF + 2NaOH — NaF +-NaOC1 + HO
BrF, + 6NaOH — SNaF + NaBrQ, + 3H,0

The diatomic intcrhalogens easily add to ethylenic double bonds.
CH, == CH,+ ICI —» CH, T - CHCI

They are song oxidnts and also function as halogenating agents. Many moctals and metal oxides
(MO) are easily fluorinated. '

3MO+22BIE, — 3MF, + Br, + 312 0,

MO + 2CI F, —» MOF, + 3C1,

All the interhalogen compounds serve as useful non-aqueous solvents, showing similar solvent
properties to waicr. Their setf-ionisation may be shown as

2ICI, () — ICL* + IC1°

2BIF, (1) £ BrF," + BrF,~
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In view of these ionisations, many typical acid-base reactions can be conducted in these non-aqueous
solvents,

It should be pointed out that the main intercsts in the study of these interhalogens lic in (1) the
knowleidge of their structures (2) their halogenating abilities. Some account of the geomatry of a few
typical interhalogens such as CIF, and IF, will be presented here.

3s 3p 3d

Elcctronic structure of
chloring T (VR I e T

(cxcited state)

Three unpaired clectrons form . bonds -
with threc fluoring gtoms (CIF) -spd
hybridisation trigob@l bipyramid b

two positions of chlorine occupied by AT « N\ | 2,—
lone pairs, : A\ T x//
\ ; /
\\ V4
4
¥
F

Fig9.1 Structure of CIF,

Structural studies have indicated T-shapes for this CIF, molecule. By anology BrF, and "IICI3 are
also expected to be T-shaped. Experiments on structural aspects prove this beyond deubt,

Fig. 9.2 Structure of IF

The structures of BrF; and IF, have becn found to be octahedsal involving sp'd? hybridisation
with the central bromine or iodine as the case may be surrounded by five flucrines and the sixth
position being occupied by a lone pair of electrons. '




The structures of many of these interhalogen compounds are known from spectroscopic and
clectron diffraction studies. on their vapours. Bonding in these compounds may be satisfactorily
explained in terms ol electron-pair bonds and non-bonding pairs eccupying the vacant stereochemical
sites (vide above straciures of CIF, and IF,)). The rules in deducing the various types of stercochemi-
¢al arrangements have been well brought out by gillepse-Nyholm.

9.10 PSEUDOHALOGENS

It was noted carlicr that certain snivalent elcctronegative inorganic radicals showed great re-
somblance to the halides in their chemical properties. The principal radicals in this catagory are
cyanide (CNY, cyanate (OCN) thiocyanate {SCNY, Selenocyanaie (SeCNy, Tellurocyanate {TeCN)-
and azide (N, ). It is surprising that most of these radicals incude the element nitrogen. Secveral of
these have been isolated in their dimeric forms. Because of the fact of their great resemblance to
halogens in sevéeal aspects, they have been aptly called as 'pseudohalogens’.

The chemistry of these pseudohalogens is revcaling. They arc  obtained likc balogens in
dimeric forms. They arc oxidising in nature and form many stable salts resembling halides, Thesc
pscudohalides arc capable of forming coordinate bonds with many metals and so their complexcs.
The compownds from which ihe above radicals arc.obtained gorrespond (0ocyasogen (CN},, 0xycy-
anogen (QEN),, thiocyanogen, (SCN), Selenocyapogen ; P),. Tellyrcygrogen (Te CW), and

si e

* hydrazoic st (HN yrcspociively. . )

1t is-intcresting to note that there are a number of ogher electronegative radials which satisly <
some of the typical crileria for their clagsification as pseudohalogens.  The exampics include NF,, .-
QSO,F and ScF,. Hmvcr,{hﬂ&sctssm i the subsequent pamagraphs will concern mainty with the ~ "
firet mentioncd gronp knowa as classical pseudotalogens. 4 : ' i

9,11 CYANOGEN

The well known amongst pscudohalogens is cyanogen (CN),. It is casily prepared in the

laboratory by heating mercuric cyanide or by the action of Cu® ions with cyanide in agueous
solution.

ICUT+ACN- > 2CaCN+CN),

Cyanogen is a very poisonous gas (m. pt -27.8°C b.pt-21.1°C). The cyanogen and cyanides are ¢xX-
wremely stable to heat. Polymelisation of cyanogen about 600°C produces the so called paracyano-
con. .

Hydrolysis of cyanogen in basic solutions produces a mixture of cyanide and cyanate resem-
pling that of chlorine to form chloride and hypochlorite. '

(CN), +2NaOH — NaCN + NaOCN + HO

The cyanide (CN)- ion i3 an excelient electron donor and forms tetracyanocomplexes with melal ions
such as Ni#*, Pt and P& ( e.g. [Ni (CN),)®) and octacyano comiplexes with Mo* and was W
cte. In organic reactions hydrogen cyanide, HCN, gives both normal and isocompounds. Hydrogen
cyanide is a weak acid in aqueous solution and rosembles much HCI in many reaclions. The most
common salts of cyanides, are sodium and potassium cyanides, NaCN and KCN. Cyanides of mgtals
a5 well as of non-mctals arc well known and show general resemblance to the corresponding halidcs.
The ready hydrolysis of $i {CN), and B (CN) , is comparable to that of corresponding chlorides.

(SICN), + 4H,0 — Si (OH), + 4HCN 13
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The cyanides of Ag (1), Cu(D), Hg(I) and Pb(iT) are all insoluble as the chlorides, and find extensive
application in inorganic analysis. Silver and gold form stabic complex cyanides Na [Ag (CN),] and
K [Au(CN),] which [orms the basis of the successful extraction of the above metals from their ores.

Check your progress - 2

Give two cxamples where cyanide resembles chloride.

9111 Oxycyanogen

Although metal cyanates are very familiar, the isolation of frce oxycyanogen (OCN}2 has been
considered extremely difficult. The anhydrous acid of oxycyanogen, HOCN has been found to
produce 1wo series of salts, like KOCN and KNCO.

9.11.2 Thiocyanogen

‘ction of bromine on ethereal suspenston of sitver or lead thiocyanatc produces thiocyanogen

2Ag CNS + Br, — 2AgBr + (CNS),

It is also vrepared by electrolysing an alcoholic solution of ammonium or polassium thiocyanate.

Thiccyanogen (CNS), is a poisonous substance melting at -30°C. Watcr hydrolyses it rapidly
lo a2 mixture of thiocyanic and hydrocyanic acids, Free hydrothiocyanic acid, HCNS, can be prepared
by heating potassium thiocyanate with potassium bisulphaie.

KCNS+KHSO, —K,S0, + HCNS

The thiocyanate ion, SCN , is highly useful in many reactions as it possesses two donor atoms S and
N. It acts as a birdging group in ccrtain metal complexes of platinum, molybdenum erc. The
important chemical reactions that suggest the similarity of thiocyanogen with halogens are several
addition reactions to olcfines.

CHA(SCN), - CH, (SCN),

9.11.3 Selenocyanogen and tellurocyanogen

Selenocyanogen is obtained by treating an excess of an ether suspension of silver selenocya-

_ nate with iodine,

2AgSeCN + I, — 2Agl + (Se CN),
It can also be prepared by electrolysing a soluﬁon of potassium selenocyanate in methanol.

It is a ycllow crystalline powder fairly stable-in dry conditions. It is soluble in many organic
solvents such as benzenc, chloroform etc.




Tellurocyanogen has been produced in the electrolysis of a solution of potassium teHarocya-
natc KTe CN  in mcthanol. The chemistry of this pseudohalogen is still unclear.

9.12 AZIDES

The azide radical is unknown in the free statc. However, many derivatives of it which rc-
semble those of halogens arc clearly known. Azides are salts of hydrazoic acid NJH of HN,.
Sodium azide NaN, is prepared by heating sodamide, NaNH, with nitrous oxide at 190°C.

NaNH,+N,O — NaN+H,0

The free acid, HN,, is obtained by distiiing the sodium salt with 1:1 sulphuric'acid and dehydrating
the distillate with anhydrous CaCl,. '

Hydrazoic acid is a poisonous and highly explosive liquid (m. Pt, -80°C. b.Pt. -37°C). It is
slightly stronger than acetic acid, and 1s easily decomposed by light or catalyst such as platinum black.
Tt undergocs hydrolysis to produce hydroxylamine and frec nitrogen.. :

light
HN+H,0 -  NILOH+N,
i Pt catalyst.

Many metal azides resemble corresponding halides in respect of their solubilities and chemical
reactions. For instance, azides of silver, lead, mercury (I} etc. are nsoluble in water. The azide
radical is a good coordinating tigand as shown by the compiex K, [Cu(N,),].

The ion is linear and symmetrical with N-N bond distance of 1.15A.

9,13 SUMMARY

Group VII B elcments, popufarly known as halogens provide an intercsting sot of clements for

“comparative studies. Their electronic configurations suggest the existence of hoth ionic and covalent

compounds. Halogens display variable oxidation statcs from -1 to +1, 43, +5, and +7 which arc casily
cxplained on the basis of their electronic stracturcs.

Halogens are simple diatomic specics and power[ul oxidising agents and their oxidising power
decreases from [Tuorine to iodine, ~Further, they are coloured and show differcnt physical states at
room temperature.  All the halogens react with hydrogen o form compounds of the type HX which
are colourless pungent gases and their casc of formation and reactivity decreases from F 1o 1.
Hydrogen bonding is catensive in casc of HF. These hydrides behave as acids in agucous medium
and the order of acid strengths is HF < HCl< HBr< HL

Halogens form several oxides exhibiting oxidation states from -1 to +7. Most of these arc
powerful oxidants. The halogens combine with easc among themselves to form binary interhalogen

compounds. These are more active than halogens although chemically they. are similar. Certain

nitrogen containing univaient electronegative radicals show similar chemical behaviour to halogens
and so are popularty known as pscudohalogens.

9.14 MODEL EXAMINATION QUESTIONS

I Answer the following in 10 lines

1. Explain the variable oxidation states of chlorine.
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I,

Account for the extensive hydrogen bonding in hydrogen fluoride,

Give reasons for 1he greater acid srength of HI in the series of hydrogen halides.
Explain why fluorine spans any central element in large coordination numbr,
Why are not tertiary interhalogen cempounds isolated?

Comparé"me chemical rcactivity of azide with chloride.

Justily the grouping of halogens in VIIB group.

Explaini the various colours of halogen molecules.

Answer the following in 30 lines

1. . (a) Discuss the mrends in (i) reducing action (ii} thermal stability and (iif) acid
strength of hydrogen halidcs,
{b)  Give the methads of preparation of CL, O and Br,0 compare the structure of
these two oxides with OF,.

2. (@)  Describe the modern method of preparing (luorine.,
{b)  Discuss he important reactions of fluorine,
3. (a)  Give the general methods of preparation of interhalogen co'mp{_)unds.

- {b}  Justify the statement that inierhalogens are more reactive than halogens.
4, (@  Explain he term pscudohalogens.  Give suitable examples .
(b)  Describe the preparation (i) cyanogen and (i) thiocyanogen (iii) sodium azide
: Give typical reactions.where the above compounds resemble halogens.

9.15

MODEL ANSWERS TO CHECK YOUR PROGRESS

t xidising ability of halogens stcadily decreases from fluorine to iodine;"_Fl'tiorinc is a powcerful
¢ idising agent that it oxidises water readily to ozone. o
"3F, +3H,0 - 6HF + HO

Bromine is capable of oxidising water but the reaction is energetically unfavourable and dif-
ferent products are formed, :

Br, + H,O — HBr + HOBr

Cyanides of sodium or potasstum silicon and other metals show gencral resemblance to the

- corresponding halides.

()  Hydrolysis: Si (CN), + 4H,0' - Si (OH), + 4 HCN
SiCl, + 4H,0 — Si(OH),+ 4 HC1

(b).  With Ag*, Hg', Cw*, Pb*2, form insolublc salts,

NuaCN + Ag NO, — AgCN | + NaNO,
NaCl .+ Ag NO, — AgCl | + NaNO,

Author : Prof. UV. Seshaiah
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3. How do you account for the high ionisation potential of zero group elements?
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PREFACE
U h

This book deals with:the topics in Inorganic Chemistry and Organic Chemistry
included in the syilabus for the Sccond year of the B.Sc. course offered by the Andhra
Pradesh Open University.  These topics cover the core area of the subject 10 be sudied
to be studied in the Sccond Year of the Three Year Degree Course in Scicnce,  The
syllabus is for the sake of convenience divided into blacks, cach of which comprises a
number of wunits.  Each block gencrally covers a specific arca of the subject. The units
are prepared by specialists in accordance with a format so designed as to cnable the student
read and understand ‘them without much difficulty. Each unit begins with a statement
of its aims and objectives. fEach unit has two short answer questions (as check your
progress) and has at ils end examination questions  intended to test the student's
comprehension of its subject matter. Gencrally technical terms with which the student
may not be familiar are given at the end of cach block under the head, Glossary.

First book (section A), of this course - II delaing with fnorganic Chemistry, it is
attempted 10 explain the propenies of chemical elements and their compounds in terms
of the clectronic conliguration of the aoms of the elements. This section secks o compare
in groups the propertics of those elements which have similar electronic arrangements.
It is hoped that this will help the student to use known facis about one clemeni 1o deduce
probable facis about an unfamiliar clement.

The second book (section B), dealing with Organic Chemistry.  Elforts arc made
to describe the preparation, propertics adn structure of carbon compounds. Attempts arc
made to cxplain the reaction mechanisms in terms of modem clectronic theorics. The

~ University hopes that this course maierial will help the student to get acquainted with
the concepts and princples of Chemistry in general and of Inorganic chemistry and
Organic chemistry in panicualr, '
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Block - 5 GENERAL CONCEPTS OF ORGANIC
CHEMISTRY

UNIT - 10 INTRODUCTION TO ORGANIC CHEMISTRY

Contents

10.1  Aims and objectives
10.2  Introduction
103 Classification of organic compounds based on carbon skeleron
1031 Openchain or aliphatic compounds |
1032  Cyclic compounds
10.3.3 Homocyclic compounds
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10.6 sp® Hybridization : formaion of single bonds
10.6.1  Structure of ethane
1.6.2  Sigma bonds { o - bonds)
10.7 sp* Hybridization ; formation of carbon-carbon double bond
10.8 sp- Hybridization : formation of carbon - carbon tripie bond
10.9 General properties of organic compounds
10.10 -Summary '
10.11 Model examination questions
10.12 Model answers to check your progress

10.1 AIMS AND OBJECTIVES

In this unit we introduce you the classification of carbon compounds, tetravelency of carbon
and the formation of single double and triple bounds by carbonations. When you have finished
reading and understanding this unit you must be able o know :

Classification of organic compounds based on carbon skeleton
Classification of organic compounds based on functional groups
Types of covalent bonds

Types of hybridization

General  properties of organic compounds




10.2 INTRODUCTION

Chemical compounds can be divided into two classes namely inorganic and organic com-
pounds. This classification of compounds is based on their origin. Inorganic compounds are obtained
from minerals, while organic compounds are obtained from vegetable or animal sources, i.c., livirg
organisms. Otls and fats, starch, sugars, gums, resins, vinegar, spirit, indigo, purfumes, flavours and
textiles are some of the organic substances known to ancient people. All these arc obtained from
animal and vegeiable matter. Such substances which are formed from living organisms are termed
as organic compounds. It was believed that organic substances are produced only by living organ-
isms and it is not possible to synthesisc them in the laboratory from simpler compounds. Inorganic
substances such as sodium chloride could be prepared from their clements whereas organic com-
pounds such as methyl alcohol and ethyl alcohol are obtained from wood and molasses respectively.
It was suggested by Berzelius that a2 mysterious or vital force is responsible for the formation of
organic compounds in living organisms. He also thought aft living organisms inherently contain “vital
force™ or 'life force”. This theory is known as vital force theory. The "vital force" theory was
discarded after the synthesis of urea, a substance present in the urine. In 1828, Friedrich Wohler,
a German pupil of Berzelius, accidentally obtained urea by the reaction of potassium ¢yanate with
ammonium sulphate and evoparating t dryncss an aqueous solution of the resulting ammoniutn
cyanatc.

2 KCNO + (NH,}, SO, — 2 NH, CNO + K,SO,
Potassium Ammonium Ammonium Potassium
cyanaie culphate cyanafc sulphate
J
O
JH
2HN--C-~ NH,
urca

Alter this, ethyl alcohol was synthesised in the same ycar by Hennel, and acetic acid by Kolbe
in 1844. Aficrwards a number of othcr organic compounds are synthesised and it was generally
recognised thal similar chemical principles govern the formation of both inorganic and organic
compounds. All the organic compounds have onc common featare. They all contain the element
carbon. Now organic chemistry is defincd as the chemistry of carbon compounds. Though organic
compounds need net necessarily be obtained from living organisms, the term organic is stitf retained
for convenicnce.

Thus "organic chemistry is defined as the chemistry of carbon compounds”, carbon is present
in all organic compouads, whether isolated from ptant and animal sources or synihesised. In organic
compounds carbon alom is tetravelent. Cabon can form singie or double or triplc bonds. The eiement
carbon has unique property 1o form chains and rings containing carbon atoms-a phenomenon called
catenation. .Carbon compounds are gencrally covalent. Many organic compounds exibbit isomer-
ism. For examplc H,SO, stands for only one compound namety sulphuric acid whereas C,H.O
repicsents two organic compounds namely ethyl alcohol and dimethy! cther, Thus the number of
compounds with the same molccular formula can be more than onc, in the case of organic compounds,

All these factors are responsible for the existance of comparatively large number of organic
compounds. Although organic chemisiry is a recent branch of chemistry, organic compounds now
known number more than millon.




CARBON COMPOUNDS
&
I

Open-chain compounds Cyclic compounds

or

Aliphatic compounds

Homocyclic Heterocyclic
carbocyclic compounds
compounds '
"I ' I N
me [ : ”
Alicyclic _ Arenas N
compounds Pyridine

Cyclohexane _ Benzene

10.3.1 Openchain or aliphatic compounds

The word aliphatic comes from the greek word "ateip-har" which means fat. These compounds
are 50 named because fats are some of the typical members belonging to othis type. In these
compounds the carbon atoms are arranged in open chains. Therefore aliphatic compounds are also
called open chain compounds. The carbon atoms in open-chain compounds may be arranged in a
straight chain or in branched chains. In a straight chain of carbon atoms, no carbon atom is dirceuly -
linked to more than two other carbons. In branched chains, a carbon atom may be linked (© (hree
or four carbon atoms.

C C

} |
C-C-CC-C C-C-C-C C-CC
!
-

Straight chain Branched chains

10.3.2 Cyclic compounds

Cyclic compounds are thosc in which the atoms are linked to onc another, in such a way that
closed rings are formed. Cyclic compounds are classified into "homacyclic" compeunds and "hetro-
cyclic compounds” depending upon the nature of atoms present in the ring.

10.3.3 Homocyclic compounds

These compounds are sometimes known as isocyclic or carbocyclic compounds.  In these




£y

compounds rings are formed from carbon atoms only. Homocyclic compounds are again classified
into wo types (a) Alicyclic or cycloaliphatic compounds (b) Arenes or aromatic compounds.

10.3.4 Alicyclic or cycloaliphatic compounds

These compounds contain carbon atoms in the form of closed rings. These compounds may
be saturated or unsaturaied. They resemble the aliphatic compounds in properties. In alicyclic
compounds, rings may contain three, four, five, six or more carbon atoms.

c—¢C C—C ?/C\C ACN
VASER S E)!
¢ ¢—=C C— e
10.3.5 Aromatic compounds or arenes

Aromatic compounds contain cyclic structure with altermate arrangement of double and single
bonds. Benzene is the parent atomatic compound. These compounds are unsaturated as per the
formula but do not readily undergo addition reactions like typical unsaturated compounds. Other
examples of aromatic compounds are naphthalene and anthracene. '

Benzene Naphthalene Anthracene

10.3.6 Helerocyclic compounds

In heterocyclic compounds the rings coniain, in addition to carbon atoms, one Or mGKC AOMS
-of other clements such as nitrogen, oxygen, sulphur ete.  Atoms of elements other than carbon and
hydrogen are known as heteroatoms. Heterocyclic compounds may be aromatic of non aromatic

/C\C
\N’é

[ ¢ :

FIVE MEMBERED STX MEMBERED
HETEREOCYCLIC RING . HETEROCYCLIC RING
H
H2C——CH: HC ~—CH Ca
wd ] o HE e
20 CH2 HC (g CH HC 2 CH
I . i
H
P _ _
- FYRROLIDINE FURAN PYRIDINE




10.4 CLASSIFICATION OF ORGANIC COMPOUNDS BASED ON FUNC-
TIONAL GROUPS - - -

According to this type of classification, all organic compounds contaiﬁing a particular func-
tional group are considered as belonging to onc class or family. The properties of an organic
compound depend upon the fanctional group or groups present in it.

Classification according to functional groups rationalises the behaviour of vast number of
known organic compounds. It is logical and convenient 1o divide organic compounds into familics
] with similar properties in the same way that the periodic classification of the elements divides the

elements into groups or families having related properties. For instance compounds such as methyl
alcohl (CH, OH), cthy! alcohol (CH,CH,OH), and n-propylalcohol (CH,CH,CH,0OH) behave more or
less similarly. They all contain the same functional group alcoholic group i.e hydroxyt group (-OH),
attached to a saturated carbon atom. So all the compounds containing the alcoholic group form a
family of compounds known as alcohols. The atom or a group of atoms determining the propertics
of a family of organic compounds is called the “functionl group™. Various fuactional groups arc

| | possible in organic compounds. Following table gives functional groups derived from diffcrent
elements and the classes of organic compounds in which these functional groups are present. (Sce
page -6) ' '

10.5 TYPES OF COVALENT BONDS

Most of the organic compounds contain covalent bonds only. Carbon atom éxhibit leiraco-
valency, it can form four covalent bonds. Covalent bonds are classified as single bonds, double bonds
and triple bonds respectively depending on onc. Two or three pairs of clectrons are shared between
two atoms. '

The atomic number of carbon is six, in pther words six clectrons are present in a carbon atom,
The electronic configuration of carbon in the ground state is 1%, 25%2px!, 2py!, 2p2°

¥s and 2s orbitals have their full compliment of two electrons, 2px and 2py orbitals arc hall-fifled and
2pz orbital is vacant. Because of two unpaired electrons (in 2px & 2py orbitals) a carbon atom might
be expected 10 be only bicovalent. But with a very few cxceptions carbon exhibits tetravalency in
carbon compounds. This should be possible only when four orbitals with unpaired clectrons are
available in a carbon atomn. Four orbitals with unpaired clectrons can result by promotion of one of
the electrons from the 2s orbital to the vacant 2P, orbital. '

The four unpaired electrons present in these orbitals can form four covalent bonds. Thus
carbon atom in order to exhibit characteristic quadrivalency, assumes the ciectron distribution 182, 2s?,
2px!, 2py', 2pz!. Bond formation results in the release of cnergy. The energy needed, for the '
promotion of an electron from 2s 1o 2p level is more than compensated in the formation of four [
covalent bonds, as against two bonds normally possible from a carbon atom in the ground state.

From the electronic configuration of carbon onc may expect carbon atom 1o form three bonds
of one typc using orbitals and one bond of different type using s-orbital. This is contrary 10 the
observation. For instance the four C-H bonds in methane (CH,) molecule are identical in all respects.
The formation of four identical bonds can be explained by a concept called sp®  hybridization.

10.6 sp®* HYBRIDIZATION;: FORMATION OF SINGLE BONDS

In this onc s-orbital (2s orbital) and three p orbitals {2p orbitals} are mixed (hybridized) so as
10 form four new identical orbitals. These four orbitals are neither and nor p in character but arc
of mixed type ie, sp* type. These four new orbitals of carbon arc oriented in space towards the four
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corners of a regular fetrahedron. The angle between any two sp® orbitals is 109° , 28’ (tctrahedral
angle) sp* . Hybridized carbon is also known as tetrahedral carbon.

In the formation of methane (CH,) four sp* hybrid orbitals of a carbon (each containing one
electron) overlap with 1s orbilals of four hydrogen atoms. This leads to the formation of four C-H
bonds of methane. These bonds are called sigma bonds. : '

H
H
w"s 10323.
H o"*’ H
591/9 “:.l' \
' H
N
H

Methane

10.6.1 Structure of Ethane

The molecular formula of ethane is C,H,. In this molecule each carbon is in sp? hybridised
state. Each of these carbons forms three C-H bonds by overlap of threc sp’ orbitals of carbon with
1s orbitals of three hydrogen atoms. In addition a C-C sigma bond is formed by the overlap of sp?
orbitals of the two catbons,

Hi R %?H |
a : H
. - 108:28
s-sﬂ' /C/ S‘B-“s c ey
iy )
1545
H “H 4

H H

Ethane

10.6.2 Sigma bonds ( ¢ - bonds)

The line that joias the nuclei of two aloms which arc bonded is known as bond axis. In a single
bond there is highest electron density aboul the bond axis. Such bonds are called sigma bonds.

For example we have four sigma bonds in methane. In the case ol cthane we have seven sigma
bonds. Sigma bonds arc formed by lincar overlap of arbials, Further all the H-C-H and C-C-H bonds
in cthanc form tetrahedral angles. The C-C bond length is 1.54A°

10.7 sp>~ HYBRIDIZATION: FORMATION OF CARBON-CARBON
DOUBLE BOND '

Hybridization of s-orbital and 1wo p-orbitals is called sp>- Hybridization. By s_p2— hybridiza-
lion in g carbon atom, three identical orbitals known as sp?- hybrid orbitals result,




These three sp>- hybrid orbitals including the carbon aioms lie in one plane and are directed
towards the corners of an equilateral triangle. The angle between any pair of sp? hybrid orbitals is
120°, sp* Hybridization is therefore known as trigonal hybridization and sp? hybrid orbitals as
trigonal orbitals, . Therc is one unhybridized p-orbital in a plane perpendicular to that of sp* hybrid-
tzed carbon. In the formation of ethylene, two sp* hybridized carbons are involved, Each carbon
utilizes three sp? orbitals in the formation of a C-C bond and two C-H bonds. C-H Bonds are formed
by the overlap of s-orbital of hydrogen with a sp* hybrid orbital of carbon, while a C-C bond is
formed by overlap of sp* orbitals of two carbons. The sigma framework of ethylene molecule is
planar i.e. the iwo carbons and four hydrogen atoms linked to them are co-planar the same (lic in
plane). In addition, each carbon has an unhybridized p-orbital perpendicul.r io the plane of molecular
{framework. Overlap of unhybridized p-orbital of one carbon atom with that of the carbon atom, leads
to a bond calledr -bond (pi-bond). ©- Bond is formed by the lateral overlap of p-orbitals present on .
two carbons that are alrcady bonded by & o-- bond. Lateral overlap of p-orbials is less effective,
Therefore t-bond is weaker than a sigma bond, which is formed by linear overlap of orbitals. The
H-C-C bond angle in ethylene is 120°,

OHE HALF OF
THE K BCHO

THE OTHEN
HatF
7 HOMD
H H H /H
X X . ’ ’
) C::C ) _ or \ ==
x x / \
H H H H

Ethylene

The carbon ~carbon double bond is lhué made up of a strong sigma bond (60K .cal) and a weak
pi-bond (40.K. cal). The C-C bond energy in ethane on the otherhand is about 80 K. cal / mole.

Due to lateral overlap of p-orbitals the distance between two carbon atoms (C-C bond kength)
in ethylene is less (1.34 A®) than the C-C bond distance in ethane (1.54 A°). Due to © - bond
formation there is & - electron cloud above and below the C-C bond axis in ethylene. A douable bond
may be formed between a carbon and other heteroatoms such as oxygen and nitrogen. Such bonds
(> C=0and » C = C = N-) are present in carbonyl compounds (aldchydecs and ketones, and oximes
respectively).

10.8 sp-HYBRIDIZATION: FORMATION OF CARBON - CARBON TRIPLE
BOND

Hybridization of a s-orbital and a p-orbital is called sp-hybridization. sp-Hybridization of a
crbon atom leads to formation of 1wo cquivalent orbitals called sp-hybrid orbitals. These 1wo sp-
hybrid orbitals are co-lincar i.c., the angle between the wo sp-orbilals is 180°. At a sp-hybridised
carbon there are two additional unbybridized p-orbitals in mutually perpendicular planes.
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' sp-Hybridization : Acetylena. )

Check your Progress - 1

What s hybridization? Describe bricfly the different types of hybridizalions in carbon compounds.

One sp orbital of carbon overlaps with the sp-orbital of the other carbon to form a carbon-
carbon sigma bond. Each carbon utilizes its sccond sp-orbitat to form a C-H bond by overlap with
s-orbital of hydrogen.atom. This gives rise to molccular frame work of acetylene which is lincar. The
H-C-C bond angle in acetylenc is 180°." Overlap between two unhybrized p-orbitals of two sp
hybridized carbon atoms results in the formation of two 7~ bonds.

Acetylene is thus a linear molccule with = - clectron cloud on all four sides of the C-C bond
axis. In fact H-C-C-H axis is surrounded by a sheath of © - electron cloud. The triple bond in
acetylene consists of a sigma bond and two n - bonds. The C = C bond distance in  acetylene is
1.21A°. A carbon atom can also lorm a (riple bond with nirogen (C N bond). Such bond i is prcscnl
in organic compounds called nitriles or cyanides.

Check your progress - 2

What are the differcnces between ¢ and n bondis?




10.9 GENERAL PROPERTIES OF ORGANIC C-OMPOUNDS.

1) Carbon compounds being covalent have low .boiling and melting points, In these

compounds the intermolecular forces are very weak. Therefore it requires relatively little energy to

separate the molecules. Accordingly the boiling and melting poins of carbon compounds are mtuch
lower than that of inorganic compounds of comparable molecular weights.

M.P  B.P
Sodiumchloride S ge 1413°
Carbontetrachloride 230 | 76.8°

Most organic compounds melt below 350° C.

2. "like dissolves kike" is an cxtremely useful thumb rule. Non-polar or weakly polar
compounds dissolve in non polar or weakly polar solvents. Highly polar compounds dissolve iri polar
solvents. QOrganic compounds are nonpolar and therefore are soluble in nonpolar solvents like ligroin,
(petroleum ether) benzene, carbon tetrachloride, chloroform ete., but are msoluble in water which is
a polar solvent.

3. Carbon corﬂpouﬁds do not conduct electricity either in solution or in molten siate.
4, Carbon compounds burn readily.
10.10 SUMMARY

Tn this unit you should have leamt the chemical compounds both inorganic and organic with
examples, classification of organic compounds as alipatic, carbocyclic and heterocyclic based on
carbon framework and also as hydrocarbons (alkanes, alkenes, alkynes), ethers, alcohols, aldehydes,
ketones, carboxylic acids, esters, anhydrides conlaining oxygen besides C and H; amines, cyanides,
isocyanides conitaining nitrogen, based on their functional groups. The type of bonding-tetravelency
- and bonds - formation of single bonds - sp* hybridization double bonds - sp? hybridization - triple
"bond - sp hybridization - with methane, ethane, ethylene and acetylene as éxamples along with their
structures, shapes, bond angles and bond encrgles should be clear.

10 11 MODEL EXAMINATION QUESTIONS

. | Answer the followmg in 10 lines
1. 'If a carbon atom loses four electrons it acqutreq the electronic configurauon of helium
and forms C*, Why? '
2. Explain how carbon f_orm's four covalent bonds,

. Answer the following in 30 lilnes

1. Discuss briefly the classification of organic compounds based on carbon skeleton.
What do you understand by the 1erm '{functional group? what are the functional groups
present in cach of the following classes of compounds?

(@) Ketones (b) Aldehydes {c) Alcchols
(d)  Ethers (e)  Esters {fy  Carboxylic acids
(&)  Alkenes (hy Alkynes (i)  Alkanes,

What are multiple bonds and how sre they formed in carbon compounds?
4, . Discuss the typical properties of carbon compounds.

W

fry




10.12 MODEL ANSWERS TO CHECK YOUR PROGRESS

1. Mixing up of unequal orbuals into cqual orbitalg m the & same number is called hybrndlsauon
There are three different types of hybridisations occuring in carbon compounds viz;. Sp’ - the
saturatcd compounds; sp? - the compounds containing double bond and Sp - in compounds
containing trlple bond.

2. Sigma bonds are formed 'by axis overlapping (head on) of orbitals while Pi bonds arc formed
by parallel (side wise) overlapping of orbitals. The overlapping is more cl‘[ectwe in sigma
bonds and hence thcy are stronger than Pi - honds. :

Author : Dr. P.N. Sarma
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111 AIMS AND OBJECTIVES

In this unit we introduce you the concept of isomerism in organic compounds and how to
classily isomers as chain, poisition, functionat, geometric and optical isomers, Al the end of this unit
you will be able (o know : :

: Types of isomers
Structural isomers
Chain isomers
Position isomers
Functional isomers
Sterco isomers
Geomelric isomers
Optical isomers

a & & & 9 & o

11.2 INTRODUCTION

Compounds with sanie molecular formula but different molecular structures are called isomers
(greek : isos=cqual, meros=parts). This phenemenon is called isomerism, Isomers contain the same
number of the same kind of atoms but the atoms are autached to one another in different ways.
Therefore isomers are compounds having different molecular structures. For example, cihyl alkcohol
and dimethyl ether have the same molecular formula C,HO. But they show dilferent properties. The
difference in the properties of isomers is due 1o the difference in their molecular structures. Therelore
ethyl alcohol and dimethy! cther are examples of isomcers, :

CH, -- CH, - OH CH, - O - CH,
Ethyl alcohol = ' Dimethyl ether




11 3 TYPES OF ISOMERS :

Several types of isomers are possnbic Following is the classxﬁcaum of isomers.

Isorlnets _
S . -
_Stmctural isomers . . Stereo isomcrs _
| o |- | 1
Chain - Position Functional Cis-trans - Optical

isomers - isomers ‘isomers - . isomers © isomers .
11.3.1 Structural isomers

~ Structural isomers contain the same type and number of atoms but the combination of bonded
pairs of atoms will be different in each isomer, This type of isomerism which deals with the isomers
differing in their molecular structure is known as structural isomerism. '

113.1.1 Structural isomers are of three types.

Chain Isomers

These isomers differ in the nature of the carbon skeleton. The phenomenon is known as chgin
isomerism. n-Butane and iso-butane have same molecular formula C,H,,. But the arrangement of
carbon atoms in these two compounds is different. In one isomer the four carbens aré arranged in-
a straight chain, and in the other the carbor cham is branched. These'isomers are. known as n-butane _
and 1sobutane respectwely

CH

3
i
H,C - CH; CH, CH, and CH, CH-CH,
n-Butane . 150-Bulane
Chain isomers with molecular formula CH,, :
CH, - CH, - CH, - CH, - CH,
n-Pentane :
R
' CH, - CH- CH, - CH, H, C-C-CH,
S S
CH, | CH, -

iso-Pentane neo-Pentane
chain isomers with molecular formula CH,,

H, C-CH, CH,-CH,-CH,-CH,

. n-Hexane




cH, | RS
'HC-CH-CH,-CH,-CH, o H,C-(’:I'{"-‘C'H-CH3
.« 2~ Methyl pentane Cee ~2,3-Dimethyl butane
| CH, |
o l
o H,C-C-CH,-CH,
H,C - CH, - CH - CH; - Ch, | CH, -
3-_ Methyl pentane _ : 2,2 - Dimethy] butane

As the number of carbon atoms increases, the number of chain isomers also increases, The number
of chain isomers that are possible for differet alkanes is given in the following table, No chain
" isomerism is possible in the first three members of alkanes, i.e. methane, cthane and propane.

No. of carbon Name of the Alkane Calculated number
atoms in the alkane- S .| . of chain isomers
4 - Butane .2
5  pentane 3
6 -Hexane 5
7 Heptane 9
8 Octane | I8
9 Nonane 35
10 Decane 75
20 S ' " Eicosane '- - '3,66,319 _
30 S ‘Triaconiane | 4,11,1, 8,46,763

113.1.2 Position Isomers -

- Structural isomers which differ in the position. of some reference atm or group (functional

group) are known as position isomers, and the phenomenon is called position isomerism.

_ . A monochloropropane (C,H,Cl) exists as two isomers. - Both isomers have a chain of three
carbon atoms in their structures, In one, the chiorine atom is attached to the terminal carbon atom
(first carbon), and in the other chlorine is Tresent on the middle carbon atom (second carbon atom).
These isomers differ-in the position occupied by chlorine atom. These are known as 1- chioro and
2- chloro propanes respectively, S _ '

CH, - CH, - CH, - C ' - CH,-CH-CH,
1- ehloropropane : |
: Cl

_ . _ 2- chloropropane
Other ‘examples of position isomers: :

H,C-CH,-CH,- CH,-CH,-CI  H,C- CH, CH,CH-CH,
1- Chloro pentane - ' ll
2- Chloro pentane .
'H,C - CH, - CH - CH, - CH, :
|

C
3- Chioro pentane




11.3.1.3 - Functional Isomers -

' Isomers having different functional groups are called functional isomers. The Phenomenon
is known as functmnal isomerism. '

For example ethyl alcohol and dunethyl ether have same molecular formula: (C H 0} In ethyl
alcohol the functional group is hAydroxyl (OH), and in dimethyl ether the funcnonal group is ether
linkage {C-O-C). Since thése two isomers have different funcuonal grops, they are called functional
isomers,

-Functional isomers with melecular formula CHO :

HC - CH, - OH " HC-0-CH,
Ethyl alcohol _Dimethyl ether

Functional isomers. with molecular formula C3H60 :

O : 0.

il ' 0 n
CH,-CH,C-H HC-C-CH,
“Propionaldehyde Acetone

In acetone the functional group is kefonic (> C=0) group and in propionaldetyde the functional

group is aldehiyde ( - CHO) group. Notice that the same specific atoms are not joined to one another
in any particular set of isomers given above. Hence the two compounds given in each of the above
are differing in their structure though they have same molecular formula. Hence such sets of isomers
are called as structural isomers. It is also to be noticed that two or more compounds may exhibit
more than one type of isomerism. For example porpionaldehyde and acetonc are functiona] isomers,
In these compounds the position of carbonyl group { > C=0)is different. Therefore acetone and

proplonaldehydc are also posmon isomers.
Check your progress - 1

Explain the types of isomerism exhibited by C,HO.

11.3.2 Stereo Isomers
Stereoisomers have the same structure but differ in the orientation of atoms of groups. Tn
otherwords in stereo isomers the same Tespective atoms are bonded to one another, but their relative

spatial positions are different. These descriptions will be clear when examples are” considered.
Following is the further classification of structural and stereo isomers.

11.3.2.1 Stereo isomers are of two types
" Cis-trns isomers or Geometric isomers
This type of isomerism is shown by alkenes i.e. compounds containing carbon carbon double

‘bond. Cis-trans isometism arises when each of the carbon atoms finked by double bond carries two
- - different groups. :




For example, in 2-butene each unsaturated carbion carries two different groups H and a'CH,.
“H,C-CH=CH-CH, |

With reference to carbon-carbon double bond, the two hydrogens (or the two CH, groups) can be on
the same side or opposite sides. As a result two: compounds (isomers) are possible.

CH,b, CH,-  CH H
N. / N /
c=C C= C\
n’ | Ny 7 CH,
cis- 2- Butene S trans - 2- Butene

. These two compounds differ only if the spatial arrangements of hydrogens and methyl groups. The
isomer having two identical groups on the same side of the carbon-carbon double bond is known as
cis- isomer, and the other isomer which contains similar groups on opposite sides of the double bond
is known as trans- isomer. This type of stercoisomerism is therefore known as cis-trans isomerism
or geometric isomerism. . The following are other examples of cis-trans isomers.

H H | H Cl
| / ' / .
. N c=C . N C=C : S .
a. a0 cl H
cis- 1',_2~ Di;ﬁhloro ethylene S ~ trans .1,2 - Dichtoro ethyl.ene

Molecular formula C, H, Cl, ; Structural forthula CIHC = CHCI

HO,C COH HO.C H
\C /s N 7
= c\ : C= c\ _
. - / _
i H | s COH -
Maleic acid _ Fumaric acid
_{cis-isomer) (trans-isomer)

Molecular formula CH,0, ; Structural formala HOOC - HC = CH - COOH
" Under normal conditions a cis-isomer can not be transformed into trans- isomer or vice-verSa. "This
is due to prevention of rotation about the carbon-carbon double bond, Cis-trans isomerism is shown
also by . compounds containing C=N and N=N groups and suitably substituted cycioalkanes

Check your progress - 2

Write possible different structures for the meolecular formula C.H,CL, and name the type of isomerism
exhibited by them. - :




11.3.2.2 Optical isomers

A carbon atom to which four different groups are attached is called an assymmetric carbon
atom. Organic compounds containing one or omore asymmetric carbon atoms have the ability to
rotate the plane of the polarized light either to the right or to the left. Such substances are calied

_ opucally active compounds. The phenomenon is called optical activity. If the plane of polarized light
is rotated to the right, the substance.is called dextro rotatory (dexter = right), if the rotation is to the
left, the substance is called laevoratatory (laevus = left). Molecules which contain an asymmetric
carbon atom can exist as two optical isomers.- The two optical isomers are non-superimposable mirror
images of each other. That'is when either moleculc is placed before a mirror its reflection is identical.
to the other isomer. For example two optical isomers are possrb!c for fluoro chlorobromo methane

L MIrrOR
Neither molecule is identical to the other i.e. non-superimposble. The molecules will not fit into the
same mould, just as two hands of a person cannot wear the same glove. Optical isomers bear non-
superimposable mirror image relationship to one another. One of the above isomers rotates the planc
polarized fight to left and the other to right. Such non-superimposable mirror image isomers are
called enantiomers, since they differ from one another only in the way the atoms are oriented in space.
Enantiomers belong to general class of isomers cailed sterco isomers. Mosi of the properties are same
for two enantiomers, They differ in their effect on the beam of plane polarized light. One isomer
rotates a beam of plane polarised light to the left and the other isomer rotaics the beam by an equal . -
angle 1o the right. Whether an isomer 1 dextro or levo is known, by its action on planc pofarised -
light but not just from its structure :

The fo'llowing_ ar_e-_-_,sbme of the examples of compounds exhibiting optical isomer.isn}.

- Enantiomers of Bromo. -chloro, iodomethane




Enantiomers of lactic-acid

CHO | | CHO

HO -1
CH,0H ' CH,0H

" Enantiomers of glyceraldehyde

CaHg

CHy

' -Entidmers of 2-chlorobutane:

114 SUMMARY

After finishing this unit you should understand compounds with same molecalar formuia about
differing in their physical and chemical properties called isomers and their classification as structural
and stereo isomers. Structural isomers differ in their molecular structure either in the carbon chain.
(chain isomerism) such as n-butane and isobutane; in the position of some atom or gronp (position
isomers) as in 1-chloroporopane and 2-chloropropane or have different functional groups {functional
- isomers). ex: ethyl alcohl and dimethyi ether. In stereo isomers the spatial arrangements are differ-
ent, 'When carbon-carbon double bond with different groups show isomerism, it is cis-trans or
geometric isomerism (ex: 2-butene) and: involvement of an asymmetric carbon atom- shows opticat

tsomenm(lawcamd)
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MODEL EXAMINATION QUESTIONS

Answer. the following in 10 lines

1. Write the structural formula and possible types of isomers for thc compound with
molecular formula, Cs H,,CL

2. Write four possible structures for the compound with the molecular fcrmula CHO.,.

3. Which of the following compounds can exhibit cis-trans isomerism ? Wnte the
structures of isomers, '

(@ . HC=C (CH), (b) - HC,-CH = CH-CH,
© H;::CIx:H3 | @ HCA(CHC = C (€1 CH,
cl

(¢} CI-C=CH-Cl
|
H

Answer the following in 30 lines

Explain different types of i isomerism exhibited by orgamc compounds. Hlustrate with suitable
examples. ¢ _

There are nine possible isomers for a compound with molecular_ formula C, H,,. Write their
structural formulae and name them according to IUPAC system of nomenclature.

11.6

MODEL ANSWERS TO CHECK YOUR PROGRESS

The two possible strictures for the molecular formula C, H/ O are CH, CH2 OH and CH,

.OCH3 They are funcnonal isomers.

The possible struciures for the molecular formula C,H,Cl, are CCL = CH ; CHCl = CHC1

‘They are positicnal isomers.

It can also show cis-rans isomerism.

H\.C /.Cl: H\C/Cl '

H/C\m . | | _. CI/C\H

cis : trans

Author : Dr. PN. Sarma
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12.1 AIMS AND OBJECTIVES

_ In this unit we have presented salient featres of homolytic and heterolytic cleavages and also
the classification of organic reagents and organic reacticns. After gomg through this unit you must
be able to know:

Bond cleavages - homolytic and heterolytic cleavages of covalent bonds.

Reagents and reactants - elecirophiles, nucleophiles and free radicals.

Classification of reactions - polar and free radical reactions, clectrophilic, nucleophilic
and free radical reactions, and addition, substitution and elimination teactions. '

- 12.2 INTRODUCTION

Chemical reactions may be ioni¢ or molecular. Most inorganic reactions involve ions as the
_reacting species, and thercforc take place in aqueous media. This allows the reactions o occur
rapidly.
‘Sodium chloride is present as Na* and CI- ions. Slmﬂarl} silver nitrate is present ag Ag* and
NO, ions.” When aqueous solutions of sodium chloride and silver niirate are mnxcd stiver chioride
(AgCi) is precipitated 1mmedlately

20




NaCl — Na* + Cl_r-
AgNo, —)Ag“-I-NO

NaCl + Ag NO, —)AgCI+ Na++ N O,

~ Organic reactions are molecular i.e. organic reactions involve Imolecules. For instance, chlorination

of methane involves reaction of chlﬂnnc methaue moleculcs

CH, + Cl

4

. —» CHCl + HCl etc.

However, there are some organic reactions in which the reagent is ionic in nature, The reaction of _

methylbmmlde with alkali ( OH ions) o give methyl alcochol may be taken as an examplc
CH:Br+ OH —)CI-130H+B r -

But in most organic reactions, the organic reactant (substrate) {in the above examole methyl brom:dc)
is always in the molecular form.

123 BOND CLEA-VAGES

" Thus in all organic reactions molecules of an organic compound (reactant) react with mole-
_ cules or ions of the reagent. In molecular reactions covalent bonds are made and broken. A covalent

bond between two atoms consists of a shared pair of electrons. There are iwo distinct ways in which
a covalent bond is broken. L : :

12.3.1 Homolytic cleavage

If the covalent bond between two atoms or groups, X and Y; is symmetrically broken, the
resulting fragments retain one electron each, This i is called homoly51s of covalcnl bond or homolyuc
cleavage of a covalent bond.

XY X+ Y

X and Y are odd electron containing species or free radicals. For example, in the presence of sun
hght or at higher temperatures homolysis of chlorinc molecule can occur,

:(CZ.I—C\(&I:————>2:¢:|.

-

Chlorinc atoms or free radicals
Fish-hook arrow indicates one electron transfer and homolytic cleavage of a covalent bond.

. Monoatomic free radicals are actually atoms of an element. Free radicls are neutral species i.e.

_ they are not associated with any formal charge (see appendix-I), free radicals are ransient species

in some organic reactions. There reactions involve homolytic cleavage of covalént bend.
X-Y 25X +Y

The atom which gains both the elecrons as a result of heterolysis is negatively charged and is




called on anion. While the atom which does not receive any electron is positively charged and is
~called a cation. .

Heterolytic cie'zivagb of the covalent bond in hydrogen' chloride is represented in the following
way. ' : _ .

HQI‘ — H? 4 :?jf;F

l.‘ e’

_ The formal charge on the chiorine containing fragment is one minug and on-the hydrogen
‘conbtaining fragment is one plus (see appendix-2). In all heterolytic cleavages ions are produced.
The reactions of organic compounds in which ions are formed are called ionic or'gaplc reacuans All
ionic organic reactions involve heterolytic cleavage of covalent bonds. -

4y

12.4 REAGENTS AND REACTANTS —

A chemical reaction is best represented by a chemical equation. The chemlcal equation pre- -

cisely indicates the number of moles of substances (starting materials or reactants and products)
involved in the réaction. Considér the' reaction of methane with bromine. CH, and B, arc reactants
while CH, Br are products. ‘The reactants may be further differentiated as substratc and reagent. The
organic substance from which product is obtained is called a substrate. The other reactant, sometimes
an inorganic substance used to bring about the chemical change is called a reagent. Hydrogen
bromide which accompanies methyl bromide (product) in the reaction is called by-product.

" Y —  CH, Br + HBr
Substrate  reagent _ product ~ by-product

hv
CH, + Bt

The reaction between methane and bromine takes place .under..the influence of light and such
reactions are called photochemical reactions. In thermal reactions heat energy is used. In’some
reactions an orgam(, substance may also be usecl as the reagem

o - _ o
H . B i
C,H;-C- 0H+CHOH-)CH C- OCH.,+H20

benzoic acid methanol ~ methyl benzoate

In this reaction benzoic acid and methanol are substrate and reagent respectively., The reaction is
catalysed by an acid. Formation of acetophenone from benzene and acetylchloride in the presence
of aluminium chloride, provides another example of a reacuon in which an organic substance is used
as reagem

Al €L,
Cs Hy + H,C-CO-C - CHy - CO-CH, + HC1
benzene Acetylchloride ' Acetophcnone

(substrate) - (reagent) {(product)

12.5 CLASSIFICAT_ION OF REAGENTS AND REACTANTS

Reagents, and also substrates may farther be. classified as electrophiles and nucleophiles.




“12.5.1 Electrophiles

: Some reagents (molecules or ions) are associated with less electron density. These are called
electron deficient species. These electron deficient species search for sites of higher electron density
or electron surplus centres in. the substrates. These electron seeking or electron loving reagents are

-~ called electrophiles. For instance, hydrochloric acid is a proton donor. The active species in HCI is

- therefore proton (H*). Electron deficiency of proton is clearly indicated by its formal charge. Protons
tend to seek electron rich centres in subsirate molecules. Therefore proton is called an electrophiles
may be neutral species also. Consider the case of boron trifluoride (BF,). In BE, (a Lewis acid) the
central atom (boron) has not completed its octet of electrons. It has only a set of six electrons (sextet) |
from three covaleat bonds from it. B in BF, is thus electron deficient, and therefore in chemical
reactions secks (o complete octet around it. Thus, boron triftuoride as a whole is considered as an -
electrophile. AICL,-on similar grounds, is classified as an electrophile, All Arrhenius acids (proton
donors) and all Lewis acids (electron pair acceptors) are electrophiles. Neutral species, such as
carbene (:CH,) are generated as intermediales in some organic reactions. These species also function
as reagenis. Carbene (:CH,) intermediate, like BF,, may be considered as an electrophile.

1252 Nugle

. Molecules or ions, on the other hand, with electron rich centres are attracted by electron
- deficient species (nuclei). The word nucleus, by convention, denotes electron-poor centre of an aton.
Electron rich reagents which seek nucleus viz. electron poor centre in a reaction are called nucleo-
philes. The active species available from an alkali such as sodium hydroxide (an Arrhenius base) are
hydroxide { OH) ions. The formaf charge on this ion indicates it as an electron surplus species,
Therefore, OH ions are nucieophiles. : ' :

A molecule of ammonia (: NH,) may be considered as a mcleophile. In ammonia, the
nitrogen atom (linked to three hydrogen atoms by covalent bonds and carcying a lone pair of elec-
trons) has completed the octet. Further, ammonia dué 1o the presence of a pair of non-bonding
electrons on nitrogen atom. functions as electron donor i.e. Lewis base, These electrons are available
for any electron deficient species. Thus, ammonia is a nucleophile. All bases (Asrhenius, Bronstied
and Lewis bases) are nucleophiles. Molecules with % - bonds may also be considered as nucleophiles.

Ethylene and benzene, due 10 the x:« electron cloud associated with them, function as:Lewis-bases .. <o ool ]

or nucleophiles. '

There are some organic compoumis which function both as ekctrophiles and aucleophiles. In
aldehydes and ketones the functional group is the carbonyl group. Due to resonance the carbonyl
group is polarised resulting in fractional positive and negative charges on carbon and OXYgen respec-
tively, o : : o _ -

Therefoce carbon atom of he carbonyl group in aldehydes and ketones functions as an electrophiic,
whereas oxygen atom serves as a nucleophile. A classification of reagents, bascd on the sbove
discussion, is given below. :




Reagents

. . N _
T b b
7 “Tens . Molecules ~ Free radicals

ex: CH, )

_ Cations . . Anions Lewis acids L'gw.is' bases

* (Electrophiles) (Nuégcoph_i_l_es;)" _. (electro- . (Nucleoptiles)
ST ST philesy

e W ex OH | exBF,  ex NH,

12.6 CLASSIFICATION OF REACTIONS

It may a_!_'s‘o:'&j remembered Lhat an electrophile rcacfs with a nucleophiléwcc.versaﬁAl.;-

jonic reactions involve electrophiles and nucleophiles. Tonic reactions are also callea®polar reactions: .

In some reactions the reagent may be a free radical or a source of free radicals. As already mentiofied B
frec radicals are ‘odd- elecl:ron containing species. Free radical reactions are also-called non-polar _
reactions.’ . _

Follow  are the characteristics of polar and non-polar reactions : -
12.6.1 Polar reactions

e _'“Proc'ced_:e_adil'y_in polar solvents.
i)y Often catalyed by acids and bases.
¥} These are scidom chain reactions.

12.6.2 Ndhepolai'_ '_reaetions '
i) Proceed readﬂy in the gas phaae
ii) Initiated by rad:auon perox1des and other sources of free radicals and by high tempera-

- Ciures. :
. did) These are cham reacnons

12.7 :CLASSIFICATION OF ORGANIC REACTIONS |

Organic reactions may be classﬁ"ied as:
a) Eleclrophlhc reactions i

b)  Nucleophilic reactions and -

¢) . Free radical reactions.

Electrophilic reactions are initiated by electrophiles or under the catalytic influence of acids.
Nucleophilic reactions take place by the attack of nucleophiles on the substrate or under the catalytic
influence of bases. On-the other hand freg radical reactions occur in the presenée of light. -High
temperatures or the preence of substances such as oxygen and peroxides that are capable of generating
free radicals also facilitate free radical reactions. Each of the above mentionéd reaction types viz.
electrophilic, nucleophilic and free radical reactions may be further classified as addition, elimination
and S}zbstitution reactions. When two or more substances react to give a single product the reaction
is called an addition reaction. Tn the addition of chlorine to ethylene, ethyiene chloride is formed.

This is an exmple of addition reaction.




CH, = CH, + Cl, — CICH, - CH Cl
ethylene ethylene chloride

Elimination rcaction is the reverse of additin reaction: Here a molecule of subsance eliminates or
loses a smaler molccule to give a product. Ethyl alcohol on heating with conc. H,SO, at 170°C forms
ethylene. In this reaction, a molecule of water is eliminatzd fror cthyl atcohol This servcs as an
example of elimination reaction.

: con, H,50,
- CH, OH ) CH, =CH,
-H,0 ~ ethyl alcohol - ethylene

In substitution reaction an atom (or group) of the substrate is displaced or replaced or substituted by
an atom {or group) of the reagent. The reaction of methane with chlorine giving methyl chleride and
hydmchlorlc a{nd is an exmple of substitution reaction.

CH, + - Cl, —-— CH;CI + HCl
methane ’ . meLhyI chloride

In this reaction a hydrogen atom of methane is dlsplaccd by a chlonnc atom, Thus organic reactions.

may be classified as follows,

Electrophilic addition
Electrophilic substitution
Electrophilic climination
Nuclcophilic addition _
Nucleophilic substitution -
Nucleophilic ¢limination
Free radical addition

'Free radical substitution
Free radical elimination

WE ok

12.8 POLARITY OF MOLE(,ULES

Electron availability in various bonds of a moleculc determines its polarity. There are Lhree

principal types of clectronic effects that detcrmine the availability of electrons in molecules.

12.8.1 Inductive effect

This is due 10 polamatmn of single or sigma bond. A single covalent bond consists ol a sharcd

pair or clectrons. - 'When the two atoms or groups linked by a- smglc bond are of equal electron.

attracting capacity (clcclroncgdtmty), the bond is said to be a homopolar or non-polai bond. 1In such
covalent bonds the pair of electrons is located in an ideal posilion i.e. midway between the two afoms,
In chlorine molecule the CE-Cl single bond is homopolar. The electron pair constituting the single
bond is attracied equally by the two chlorine atoms.  Thercfore the dipolement of chlorine molecule
is' ZCro. :

When the two atoms or groups }inked by a single bond dilfer in electronegativily, the clectron
pair covstituting the sigma bond is-disturbed from the idcal position:  They are shified {displaccd)
closer to the more electroncgative atom. Chlorine is more clectronegative than hydrogen. Thercfore
in hydrogen chloride (H-CI) the bond pair of clectrons moves closer to chlorine.  The electrons stil}
remain in the internuclear region but arc slightly disturbed from the ideal position, As a result of this,
Lhc more c}ccuoncg,atwc atom becomes slighty neglively charged dnd the Iess clectronagative atom

5+8 -
hccomcs ‘;h;:hlly positively charged (H - CI). Thc ¢lectrial diﬂymmctry, cauvsed im a single bond duc

L
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to the difference in the cloctronsgalivics'of the atoms or groups joined by a single bond, is called

‘inductive effect (I effect). The inductive effect is indicated by an arrow head in the single bond

( —>— ) pointing towards the more electronegative atom. In hydrogenchloride it is shown as H —>—
ClL. Here the chlorine atoin is said to exert releasing inductive effect (+1 effect). H in HCI exerts
electron rcleasmg inductive effect (+1 effcct). :

Carbon is more c[cctronegame lhan hydrogsn Thescfore the electrons constiluting the- H-C
single bond are closer to C (H -—-- C). In methyl (-CH,} group there are three H-C bonds. The
electron displacement in three H-C bonds of methyl groups is as shown below in  otherwords, the
carbon end of the -CH, group (linked to other group say X) is electron sumlus, and CH, group can
function as electron rcleasmg Zroup.

H H

l 4
H--C Ho-C—o-X

T T

H H

This cxplains the + I effect exerted by methyl group and other alkyl groups. The +I elfcet cxcrted
by alkyl groups is in the following order.

tbuyl >  ipropyl> ethyl >  methyl > H

N
*

+ I effect decreases
-- T effect of few groups is as follows:

-F> -OH.>-CI>-NH2>-Br>-SH}-l>-H

3
Ed

-1 cffect decrcases

Inductive effect is wransmitted along a chain of carbon atoms. This is called chain  induction, It

decreases with distance, and may be ignored after three or four bonds. Inductive effect is 4 permancnt
electronic effect. It is reflected in the physical properties (such a dipole moment, boiling points,
metlting points, acid strengths and basic stren gth) and the chemical propertics of organic compounds.

1 ) |
N O Y T |
z | i

Inductive effect causes polarisation of a singlc bond. Thts in wrn i3 responsible for the bond .
moment. Dipole moement of a compound is the net result of the bond moments in 2 molecule. There -
are four C-H bonds in methane. In a symmetric molecule, such as methanc, mulual cancellation of
four C-H bond moments leads to zero dipolement. Zero dipelemoments of carbon icirachloride
(CCI_‘) ‘benzene (Cg Hy, acetylene (C, H,, ), cthylene (C,H). cth'me (CH ) ctc., can be similarly
explained.

Check your progress - 1

C-C- Single bond in propyne is shorter than-C-C bond in ethane ex.pl;iin.




1'2.8.2.' Resonance or mesomeric effec_t

Delocatisation of 7 electrons and nonbonding electrons in unsaturated organic molecules is
called mesomeric effect (M- effect) or résonance. Consider the carbonyl group, the functional group
prescnt in aldchydes and ketones. The carbon -oxygen double bond can be considered as combination
of a ¢ and a & bond, Shift of 1 elcctrons (from 7 bond between carbon and oxygen) to the oxygen
atom leads to a positive charge on the carbon and a negative charge on the oxygen. '

/C'— Oi=—>= C¢c—-0:

~ - Resonance structures of carbony! group.

The arrow indicates movement of an electron pair (non bonding electron pair-or 7 electron
pair). The origin and terminus of the electron pair shifl is clearly shown by the tail and head of the
arow respectively,

Here carbonyl oxygen is said 10 exert eleclron-attraciing resonance or mesomeric effect (- M
elfcct). The resulting structures are also known as resonance $iructurcs or canonical forms. They are
convenient for explaining the propertics of compounds exhibiting resonance. The compound cxhib-
iling resonance. is called resonance hybrid.. A double-headed arrow is nsed as resonance -symbol!
While wriling resonance structures, possible for a compound, are.inicrconvertible by shift of & and
- non-bonding clectrons. Various resonance strictuges of a compound have same si gma molecsle frame
work. Only 1 and nonbonading electrons shifl from one octet to anothér octet. In carbonyl compounds
a ® clectron pair from the combined octet of carbon and oxygen moves in 10 the oclet of oxygen.
Resonance-is also-possible in o, B - unsaturated carbonyl compounds, amides and vinyl chloride.
Acrolein is an example of @, B - unsaturated catbonyl compound. In this compound the carbon-
oxygen double bond ts conjugated with a carbon-carbon double bond,

n .‘_ @ - S:-_)
CHy = CH- CH_‘—--(JQ:- ~~—= CHz —CH=CH— O
Resonance structures of acrolein

_ Due 10 this conjugation there is extensive delocalisation of clecirons of two double bonds. In
amides and vinyl chloride double bond is in conjugation with a pair of non-bonding clectrons on the
hewero alom.  Two resonances structures are possible in cach case. '
N Pyl ~® ¢ @
N~ CemO——— NemC-— (O
- _ : - =

(@
... N . 6 .
CHa.—:CH'—(:TQI:.——-—i- _(;Ha—-_-c%l-s;i;

v/ 1)
(b

T (@) Resconance structures of an amide
(b)  Rcsonance structures of vinyl chloride

27




Resonance explains non-basic character of the amide nitrogen and shorter C (1 bond in vinyl -
chloride. While writing resonance structures care should be taken to see that there are not more: thim
eight electrons around atoms of elements belonging to 2nd period. In the case of atoms of elcments

- belonging to higher periods-(such as P and S) there can be more than eight electrons around them

due o the presence of d-orbitals, Delocalisation of  clectrons is quite effective in conjugated sysicm
and is not governed by distance factor. Larger the number of resonance structuics possiblc for a com-
pound greater would be its stability.

12.8.3 Resoriancé ehergy

Resonance hybrid is more stable than the most stable smgle resopance structurc. 'I‘he stability
of a compound is determined by the heats of combustion data. The heat of combastion of resonance
hybrid i.e. compound exhibiting resonance can be experimentaliy determined. From the heat of
combustion the chemical stability of the resonance hybrid can be found whercas the chemical stability

- of the most stable resonance structure may be calculated on the basis of covalent bond encrgies. The

chemical stability of resonance hybrid is always higher than that of the most stable single resonance
structure. The difference in the chemical stabilitics of resonance hybrid and the most stable reso-
nance structure is called resonance cnergy. Benzene, a colourless liquid, B.P 807, is a resonance
hybrid. The most stable tcsonance structure ‘of benzene is cyclohexa - 1,3,5 -triene.

Resonance cacrgy of henzene =chemical stability of benzene = Chcrmcal stability of cyclochcxa -
13,5 - tricne.

= (1300 K. cal - 1264 K. cal) = 36, K. cal / mole

The heats of hydrogenation of unsaturated compounde are also uscful in computing their
ICSONANce CReIgy. :

The heat of hydrogénalion of cyclohexene is 28.6 K. cal / mole

In hydrogenation of one double bond, 28.6 K. cal. of heat encrgy is hbcralcd For cyclohcxa
-'1,3,5 -tricne (most stable resonance structure of benzere, containing three double bonds) the heal
of hydrogenation should be 28.6X3 = 85.8 K. cal / mol. The heat of hydrogenation of benzene was
actually found to be 49.8 K. cal / mole. The resonance energy of beaxzenc = 85.8 - 39.8 = 36 K.
cal / mole.

12.8.4 H_ypercdnjuga’t_‘ion

This concept was first proposed by Baker and Nathan. Thercfore it is catied Baker-Nathan
cffect. The + I cffect of alkyl groups is in the following order. -

t-butyl > i-propyl > cthyl > methyl

When the alkyl sroups are attached 1o an unsatarated atom, the order of their clectron releasing




* capacity is exactly reversed.
" methyl - | ethyl- = > i-propyl > t-butyl

_ This has been explained on the basis of a concept called hyperconjugation or no-bond reso-
nance. Delocalisation of electrons of C-H bond in o - position of an unsaturated carbon atom is
called hyperconjugation. In propene molecule, for instance, there are three hydrogens on carbon atom
0 1o the double bond ie, there are three o - C-H bonds. When part of electron density belonging
1o an @~ C-H is shifted between o~ carbon and unsattirated carbon, further delocalistion of Tt electroris
becomes necessary. This leaves the hydrogen with partial no-bond character.. Involving three o -
hydrogens, three scparate resonance structures may be wrilten. Hyperconjugation is a special type of
resonance. B ' .

H® B
9 NN N ®
H"-/C=CH--CH2H H—c—ca_cuaune/cemn-'CHz
: /
H . H H

s

" 9
. H—~C=CH—=CHa
H®

~
H ~

d 60
. Hyper con-jugati‘cn in propene

Delocatisation: of: clectron density of a-C-H sigma bond does not mean that. the hydrogen-. -
becomes completely free from the rest of molcenle. Only pant of the clectron cloud belonging to bond
‘overlaps with the p-orbital of the adjacent unsaturated carbon. This overlap, however, is not  very
effective. Hyperconjugation is thus a special type of resonance and is weaker compared (o cven
inductive effect. Though not accepted universally, hyperconjugation is a valuable concept in cxplain- _
ing a number of phenomena such as siability of olefins, carbontum jons, free radicals, and bond
lengths and dipolcmoments of organic moleculcs. ' ' '

Check your progress - 2

Why hypcrcor’ajugation is catled no-bond resonance?

APPENDIX - 1.

Formal charge : In a structure, an atom may be neutral or may carry a charge (positive or
negative). By applying a simple rule we can locate the formal charge on an atom in any structurc.




For this one must remember the group number of the atom of the element, the number of bonds it
has formed and the number of non-bonding electrons associated with it. ‘The group number of the
atoms of an clement corresponds (o the group in the periodic table to which the element belongs.
Following are the group numbers of elements commonly encountered in organic compounds.

Elements o . Group Number

H l 1
Mg and Zn 2

B and Al . 3

C and Si 4

N and P 5
~Oand S _ 6

F,Cl, Br and 1 (Halogens) - 7-

The nonbonding electrons arc Lhe electrons not involved in bonding. - These electrons belopg‘
exclusively to-onc atom. Consider the homolysis of chlorine molecule.

CI —QI —> .2 C|

In' chiorine molecule each chlorine atom has six non-bonding clectrons.. In chiorine atom
there are . ven nom bonding electrons. The formal charge on an atom in a structure is determined
by substra.ting the sum of the number of bonds the atom has formed and number of non bonding
-electrons associated with that atom, {rem the group number of the atom.

Formal charge on an atom = Group number of the atom- (number of bonds the atom formed

+ number of non bonding clecirone on it), Two fragments, cach containing a chlorine atom are
obtained by homolytic cleavage of the chlorine molecule, the group number of chlorine is seven. In.
, these fragments there arc no bonds from the chlorine atom and there are seven non-bonding electrons -
on the chlorine. : : : - : S

Theréfore. formal charge on ¢hloring = 7 - (0+7) = 7 -7 = Zero. In other words the chlorine-
containing fragments obtained by homolytic cleavage of chlerine molecule are neutral. The utility of
these simple rules will be appreciated when applied to complicated structures (sce under assignment).

APPENDIX - 2
K . Q .+ e‘
H.mi}.’.“ ———p H + :CI
The formal charge on hydrogen containing fragment = 1 - ((3+0) = (J-0) = 1 or +1
The formal charge on chlorine - containing fragment = 7 -(0+8) = (7-8 = - 1
- PROBLEM - 1; Indiéatc the formal chrge, if any, associated with the appropriale atom

(s) in the following structures.




H

a} Ci° b)-O—-H ¢) IN=O: _dMN-H H:Nzg
_ _ “
ol H H o
TN | ! | .
f) /Ci g) H—C h} H—t|;; i):0=8=0:
" _ w3
H H H
Ly - '
4} H—0—=N k) B—=Ct: 1) H-;:u—»—-H
ik
' \0 Cls _ H

. PROBLEM - 2: Classify the following bond cleavages. Give the C(.}mpletc\‘:truclures (in-
cluding formal charge and non bonding electrons associated) of thc fragments resulting duc to the
mdlcatcd bond fissions. :

H . . 0
W) .9 !
a) H—C-C‘C.h b)) Ct=C—CI: c) H— 0“l &
R i ) v (|. \”
d C: WG
¢ H H :0
e w R
d} H=C— 0= N=0: e} H-C-=C
' lab i
H H

PROBLEM - 3:  Classify the following as electrophiles and nucleophiles.
o
: . Hn o L
o} ethylene bl BH3 ¢)CH3—C-0 d) :CClp
® i e
e} NO, ) FeCly g) CHs—g—*H ' h}'CHS"gO i) Ci

PROBLEM - 4:  Classify fully the following reactions : (such as free radical substittion
rcaction ). '

: H, "sO‘t
a) C, H, + HNO, -~ : - - C, H; NO, + HO
. : conc. H, SO, : .
b) - CH,=CH,+ HDO - Y CHs - CH; - OH
- OH

'©)  CH,-CH=0+CH, - CH = O > CH, - CH(OH) - CH, CH~0'

w23l




.

“

ho

d CH, +¢€l, ———— = CH,Cl + HCl

: | Poroxide _

¢) CH,-CH=CH+HBr — ——— — CH, - CH,- CH, - Br
0 o
(R hv

- CH, - CH, + 2 CO,

fy CH,-C-0-0-C-CH, —

g CHC+0A——— > CHOH+{
_ OH :
h) = CH,-CH,-Cl — CH, =CH, +HCl .
conc. H,SQ, .
i) CH,-CH,- OH — ~ CH, = CH, + H,0

PROBLEM - 5:  Write the resonance structures, due to hyperconjugation, in the follow-
ing compounds, and arrange thcm in order of increasing stability. '

CH,-CH=CH, CH,-CH=CH - CH, ((:Hj)-z(::(:(c}g)2
(CH,), = CH (CH,) o

I'ROBLEM - 6: Explain why the, C-C smglc bond in CH, - C = CH ig shorter than
C-C bor, { in cihane (Hint: ‘hyperconjugation) :

 12.9 SUMMARY

In this unit the concept of chemical reactions as ionic (miostly inorgahic) or molecular which
proceed slowly as in organic compounds is given. The molecular reactions involve covalent bonds
breakage and their formation. The bond breaks in two ways a) Homolytic-the covalent bond breaks

. symmetricallly resulting in odd clectron containing  specics called frec radicals. b) Heterolytic
~ cleavage involves unsymmetrical breakage of covalent bond giving negtively charged and positively

charged species called nucleophiles and electrophiles reéspectively. Thus reagents re classified as:

)] Free-radicals (odd electron specics)

iiy  Electrophiles (cations. or electron deficicnt moiecules)

iity  Nucleophiles (antons or clcctron m,h molecules) based on the reagent the organic reactions are
" classified as:

L Ionic or polar reactions and
IL, Free - radical or nompblar reacuons.

Tonic reactions are electrophilic reactions when initiated by clccurophiles or under catalytic
influence of acids and are called nuclcophilic reactions when occur by the -attack of nuclcophiles or.
under catalytic influence of base. Thus the major orgamc reaclions addition, substitution or elimina-

tion recactions are classificd as:

a) Elcctrophnhc :
b)  Nucleophilic and

¢} Free- radical rcactions.




“‘When the two-atoms tvolved 1 a bond have simitar clbctmnc,ﬂi]l'ivi_ncs they arc non-polar and
Lhey differ they arc polar-due te unequal sharing of electron pair.  When sizma hond is polarised
inductive cficet resulls which is transiitiod along a carbnn chaim.  This is a permanent effect dﬂd
reflécts in their physical and’ Lh(‘l micel vropertics . :

Polarisation of clecyrons of mom bonided electrons leads 0 detocaliveion cafled MCSOMCTIC
effect or resomamee.  The resonance 16 effective i conjugative system anid + cicascs the stability of
a compound. '

Another type of defocaiisntion o viodires of ©F W in positice of an unsaturated cabon
atom is calied hyperconjuganion.  Thix v g spociad iype of wernmee et i weak,

12.10 MODEL EXAMINATION QUESTIONS

L. Awswer the foliowing in I Iines
1. How are organic rvactions classified ? \
2. How are reagents i an organic reaction clasified 7
3. Explam the differcnce butween an induckve effect and resonance ?

i Amwer the following in 30 lines

1., How are organic reactions ciassified 7 Discuss the classification of rcagents in organic
reaction. What are the main differences between crgenic and incrganic reactions ?
2. What are the clectronic effecis that affect the polarty oi organic moleculcs @

12.11 MODEIL ANSWERS TO CHECK YOL?R'PROGRESS'

i. The -C single bond in propyne is formed by uverla*}pmg of sp” - sp® hybrid orbitals whith
are smaller than sp sp hybrid orbitals that overlap in C-C bont of cthane duc to reduced p-
characier. Hence the bond formed by sp-sp overlap is shorter,

2. Delocalisation of electrons of C-H-bond in -position of an unsaturated carbon atom is callcd

hyperconjugation. This heaves the hydrogen in the partial no-bond character. Hence is aisp
knewn “as no-bond resonance.

I
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Block - 6 ORGANIC CHEMICALS FROM COAL

UNIT - 13 COAL - A SOURCE OF ORGANIC COMPOUNDS
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£3.1 AIMS AND OBJECTIV S

.

Thiq u'tir aims wr make yuu aware of tha use.of '1 43 A SOURCT Of OIPanic compodnds. Al
the cnd of this anrit you will b( ahic 10 know:

] Source of organic compounds . o
Different form of coal bigh and low terperaiare carbonization of coal
® Coal-tar imullauon and chemiicuis. obinived there frem - -

SR Y - _ -

(13.2 IN'E'R(}DUCTI(}N

novui % volnabic orsanic cremicals ftom = number +
sources of oraamc compounds.

sorrees. Following are the princinad nataral

cendnpe of grianic compounds
w! i:n:‘{i from the source

MNatural Souree

Nutural gas &

Pourokoem
Pianis :
Cout .
! . .\M-(.K }d . ) | . . ' -'_.'.:',._

Only 2% of these materials are used for the production of orgunic o
aie used as fuels in one form or the other. Some of tie orsonic compoie
. Sources dre nsed- as ready made starting mate rials for the o honis of my ndveds of organi
- compounds. Thf:u,lorc a-brivi .suncy of the sources of orguntic componsds s vy appepriae.

s anad the ren of materias

C ik syathesis of organic Compounds, wao noed not start with carhon and, hydrogen, Noue

”'.:{\ ¢ from the aboe s

g




As a result of slow dLCOH\[‘U%itIl)iI heginning some 300 millions vears ago. and under the
clfects of moisture, high temperature and pressure and ligle air, burm(‘ plante and animal matier were
chapnged into various CSI‘]}UBdLEUHS residucs.

* Buried plant & : - Decomposition under Carbonaceous
amimal matter high temp. pressure reskdues

These- carbnnamous residucs may hein any 0[ the three physical states viz., gos, hquid and

sofid.
1. . (aseous carbon compounds: Naatwral gay
2. Liquid carbon compounds @ Pelroleum
3 Solid Carbon : Coal

133 COAL

This is a black coloured mineral present in lhc earth's crust, (n;.l cotains principally cdrhon
mixcd with some organic compounds. There are different forms of coal. The carben content of coal
vatics from one form to othe other. “These different forms of coal are named as peat, lignite, biu-
minous coal, anthracite coad and diamond. The carbon contents of dilferent Torms of coal are given
below:

| i t
L ______ Forms of Coal 4 o
| Peat o
| Ligning {brown coal; _ . |’
| Binuminous coal (suit coal) 639 !
‘ Ardiraciy coal (hard coald ! 88%

i___ Diamond o - L |

134 PYROLYSIS OF COAL

~ For many ycars coal was nsed omly for the production of coke, x fnn of carbon. Coal s
converied 1o coke by heating in-big ovens in the. absence of air at 10007 fhis process 1s catled
Pyrolysis. The coke thus obtained wus mainly used as a fucl and as reducing agent in maetturgical
indusstries. Fecently chiemists have dissovered that valuable organic compounds can be isolated from
Ccoal.lor - a !iqi]cf'iahle.l'}'y' product {(aecounting for about 25%) in the pyroiysis of coak

13.4.1 . High tempéi‘éture .c'z'lrh_:(_}nié;a-tidn.-__ .'

I the pyrolysis of coat is carricd oul at 1000°C to 1300°C, it is known as high wempera-
ture carbonisation, Generally in this process morc of aromiatic compourds will be: obtained.

13.4.2 Low temperature carbonisation

I the pyrolysis of coal is carie 4 out at S00-600°C Il is known as low Lunpcmlurx carboni-
sation.” Here we get more of aliphatic compounds.

When the coal is heated o l(}(}()’“(, in [.hL absence of air, volatile substances such as ammonia,
“hydrogen sulphide and i!lummaung 2as are evolved. These are passed Lhroui;h a condensor inlo
sulpjuric acid (scrubbing solution). Sulphoric acid dlssolm oul ammonia and hydrogen sulphide,
while the ifluminatiag gas, also called coke-oven gas, passes on. [Huminating gas is used as a source
of heat. The organic compounds preseat in the distillate form separate layers - one such layer which.
floats on sulphuric acid is called light oil. A block, foul smelling lid which scttles 10 the bottom is .

JEL
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called coal-tar,
Some of the initial products of pyrolysis of coal are given below.

Ammonium sulphate (20 Ibs) -

Coke -oven gases (1100 cudr)

(H, + CH, + CO)

A nght il (3 gdlions) 65% benzene, 15% tolucne

Coal (1 tony e | o ©20% xylcncs and thlophene
Coal-tar (8gallons)

. Coke ( 1500 1b)

Check jour progress - 1 |

What are the products obtained during the pyrolisis of the ton of coal?

13.5 '_COAL-TAR DISTILLATIO_N

thn coal-ar is subjected to fractional dmﬂlauon it yickls dlffC!’Cﬂl fractions ai d:ffcrem _
tcmpcmurcs These are called Middle Oil Hevy Oil, Antharacene oil and pitch.

. . Mi_ddlc il
: <. Heavy Oil
Coal - iar :

Antharacene Oil
" Pich

The fraction may be either acidic or basic in nature depending upon-the Compounds preseni
it : . : '
~Each of the {ractions obtained from coal-tar distillaiion is washed with acids and bases 10
scparate basic constiluents (nitrogenous compounds) and acidic constitucnts {phenols) respectively.
The nculral compounds left out are sepgrami by franctional distiltation.

From middle oil fracuon naphlhalene pheaot, pyrujme are obtained, These are uscl‘ul it the
preparation of phihalic acid. and also (ind use in dyes, drugs, antiozidants and plastics. -

Crcsols are obtained from heavy oil fracuon ]‘hcy are usclui as an uxwms .md in symhcsls
of organic compounds.

From Amhracene ml anthracenz and creasolcs (cresolsp arge. obwmcd They are uwi‘ il dye
_ mtcmaedtalcs

Pitch is residual maticr which is uscful in roofing and paving roads.

Following are some of the imporiane compounds obtaincd from coal-tar,




 Check your progress - 2

What are the producis obtaincd by. fractional distilation of coal-tar,

13.5.1 Aromatic hydrocarbons

. 5\
¢ N 7N = 'L/ ~ L b
— =/ = | { S
H : = o 2 ! e
7 L]
1]
e
SN
9
1. indenc. 2. . “Napthalcne 3. @ - Methyl naphihalenc -~ 4, B Mcr.g’i;-'] miph-
traiene S. . Dipheny! © 6. - Acenaphthene 7. Fluorene 3. Phepan-

Abrone 9. . Anthracene 10. Pyrenc 1 Cheysene
§3.5.2° Nitrogen heterocyclic compounds

@___(1 o ]

N’

Oi? ‘O @ﬂ CU
aco @t@

1. Pyridinc 2. o - Picoline 3. _B - Picoline . 4.y -Picoline
5. Quinoline 6. Isoquinoline 7. Quinaidine R Indele
- 9. Acridine H) Carhazole
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1353 Phenolic Compounds
G

A

)

e

1. Phenol 2. oCresol 3, m- Cresol 4. . p-Cresol
5 w § Dimethyl phesols (Xyienols) . a - Naphthol - 1G. B - Naphthol

13.6 - MMARY

Ti: 4 unit ;ire'semcd ihe principal sources of organic compounds natural gas (50%), Plants

. {25%), Cc 1(24%), and Woad {1%). Coal iz of dilferent types with varying carbon percentges. They
are peat {. " %), lignite (33%), bitaminous (65%), anthracite (85%), and diamond (100%). Slrcncr

heating n :rsence of air {pyiclysis) of Hon coal yields 2016. (NH,),S0,, 1100 cm. ft coal-gas, 3g.
light oi!, 8g. coul-tar & 1500 1b coke. Different fractions of coal-tar arc middle oil {phenols, mph—
thalene eic.) heavy ol (Ll"eb()ls), 'mthmu,m, oil (anturacene c:csoloc-s) and pitch. .

3.7 MODEL EXAMINATION QUESTIONS

L Answer the fa]luﬁ'ing: in 10 lines

1. Wrile noics on _
(2) High-temperture carbomsauan B
(b} Low-temperature carbonisation

. Answer the following in 30 lines

1. Coal is.a source of organic compdunds. Justify.

13.8 MODEL ANSWERS TO CHECK YOUR PROGRESS

1. The products obtained on pyrolysis of one ton of coal are ammonium sulfate (201b); Coal-gas
(1100 Sq.ft), Light oil (3 gallons} coal tar (& gallons) and coke (15300 1b).

2, Coal tar on fractional distillation gives middle oil (phenols naphthalene ctc) heavy 011 (cre-
- sols) Anthracene oil {anturacene, creosotes) and pitch with scveral aromatic !'1yclrocarbmQ
heterocyclics and phenolic compounds. :

Author : Dr PN Sarma
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4.1 _ATMS AND OBJECTIVES

In ihis unit we would fike to introduce you zhe nomonclature of alkanes, concept of homology,
preparati.n, physical and chemical properiio: of alkanes. By the end of this unit you should be able
10 know: -

The aomenclature of atkanes
Meaning of homology, chain isomerism, pmmdry, seconfi?ry, ertiary and nco carbons
Methods of preparation of atkanes
a)  Caalytic reduction of unsaturated hydrocarbons.
b) Reduction of alkyl halides,.
¢ Hvdroiyﬁ;z: ol Grignards reagents,
d)  Wuitz rcastion
£} Decarboxylation of ‘uty acids,
) Kolbe's electrolysis of fatty acids.
. Physical properties of alkancs

ay  Gradation in melting and boiting points of alkanes.
b)  Conformational somerism - conformers of ethane, propane and n-butane,

o “hemical propertics of slkanes: _ - R

Chemical ineriness, tendency to undergo substitution reactions.
b Helogenation - free radicl mechanism, reactivity of halogem and rcact1v1ty of c.;[lcn nt
types of hydrogen aloms in alkanes. B
<) Nitration - vapowr phase nitration,
d) Sulphonation with fuming suiphuric acid and by. sulphonyl chioride.
&) Oxidation - incomniete combustion, combustion in excess 01 oxygen and catalutic
- oxda uion.

. Industrial sources of alkanes - yatoral gas dﬂd pctroleum fracuonatmn of pclro]cum cracking

of petroleum, ' :

14.2 INTRODUCTION

Organic compounds containing only carbon and hydrogcn are c.lllccl hydrocarbons.  The
carbon atom n the hydrocarbons may be arranged in an open chain.or a cyclie structure.

C C
c-C-C-C-C C-Cc-C-C c-C-C
C

Open chain structures

._/C\
T

CrC

Cree—
(o] o )

/

C/

: : Cyclic Structures
0 )




. Hydrocarbons' containing open chain- carbon frame work are called aliphatic hydrocarbons.
Aliphatic hydrogarbons in which the atoms are linked by only single bonds (C - H and C < C bonds) -
are called saturated hydrocarbons or alkanes, Saturated hydrocarbons do fot react with usual Tabo-
ratory reagents under -ordinary conditions. Thatis why they are also known as paraffins. (In Latin.
param means litile, affinis means affinity). Petroleum and natural gas are the main sources of alkanes.

The general or empirical formula of alkancs is C.H,,,, where n is the number of carbon atoms.
Alkanes are-open chain saturated hydrocarbons. They. contain only single covalent bonds, The C-
¢ and.C-H bonds in alkanes arc formed by the overlap of sp® hybridised orbital of one carbon atom
" with that of another carbon atom or with a s-orbital of hydrogen atom respectively. Due to this-all -
the bonds in alkanes are sigma ( & ) bonds. These bonds are vory S{Tong when compared to Pi-
(r ) bonds. In alkanes the four bonding orbitals of each carbon arc dirccted towards the four corners
of tetrahedron. So the H-C-H, C-C-Hor C-C-C bond angles are 109° 28" The carbon-carbon single
bond length in alkanes is 1.54A. ST . _

14.3 NOMENCLATURE

“The class suffix for this group of compounds is 'ane’. The molccular formula of any afkanc
corresponds to the general formula CH,,, where n is number of carbon atoms present in the atkane. .
The common or trivial names of the first four members, of alkanes containing one, two, three and four
carbon atoms are respectively methane, ethane, propane and butane. These rames are derived from
- the natural source. of these hydrocarbons. S ' o -

' Name of alkane _ Fﬁt_mula of alkane . Name of the ' F_ormula'of 'alk_yl
(CnH,,, ' § alkyl group . group{CnH, )
Methane . CH, Methyl - CH,
Ethane CH, _ : Bthyl . CH,
Propane . CH, Propyl CH,
Butane =~ | - CH, ' "~ Buyl CH,
Pentane . | - o CH, Pentyl or Amyl -~ | - CH,
Hexane _ CHy Hexyl oo e C;Hn
'_Héptane ._ . - : : :C’IHNI: | H_ept}d | . C?Hls a
Oétane | CH, - . Octyl - CH,
Nonane o CH,, ' © Nonyl o CH,,
‘Decane < G, © Deéeyl - S N o £

~ The higher members of alkanes are named according to Latin or Greek numiericals indicating the
number of carbon atoms in the molecules. Thus penta (for 5}, hexa (for 6), hepto (for 7), octa (for
§) nona (for 9) and deca (for 10) prefixes are used while naming the alkancs containing 5 to 10 carbon
atoms. oo o : C o

The groups gbtained by rcmoval of a hydrogen atom from an alkane are called alky! groups.

These groups are named by replacing the suffix ape’ with (yl'} in the name of the..corresponding
alkane. For instance from methane (CH,), methyl group (CH,) is derived. Thus alkane is combina-

tion of an alkyl gronp and a hydrogen atom. Alkanc and alkyl groups are indicated by R-H and R
respectively. The names of alkyl group derived from alkanes containing one to len carbons are:.

- methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl and decyl respectively. S

144 HOMOLOGY

The molecular formulae of the first four members of alkanes are CH,, CH,, C,Hyand C Hi,
respectively. From the molecular formulac it is evident that any two successive members differ by




- one carbon and two hydrogen atoms (CH,). Such a closely related group
_ any {wo successive members differ by a methylene unit (-Cﬂj)mmwahomohgonsm The
' MMMWWWWMMWWMMMmMMM

-seﬁesofalkm,mm'-isuwhimhmmlomofpmpm. S o .

14.5 ISOMERISM

Compounds with same mﬂleci:lar formula but different structures are called mc:s Consid-

ering the tetravalency of carbon- and univalency of hydrogen the structural formulde of first thrce _

alkanes may be written as follows: _
| H HH HHH
b i . (N
H-C-H . H-C-C-H - H-C-C-C-H
o (I 11 :
H “HH ' - HHH
Methane Ethane _ Propane - )

Higher alkancs exhibit chain isomerism, Chain isomers have same molecular formula but differ only
in the arrangement of carbon ajoms in the molecufe. The carbon atoms in - higher alkanes may be
arranged in difforent ways. In butane (C, Hy ) for instance, two different arrangements of carbon
- atoms are possible, ' _ B

C-C-C.-C . .
t B SN
c-c.-C >c-c
c”
Steaight chain * Brnohed chain containing
containing four carbons - o four carbons

In straight chain arrangement no carbon atom. is directly linked 1o more than two other carbons, .
- whereas in branched chains a carbon atom is directly linked 1o three, and sometimes to four other
carbon atoms,. : _ - : _ . :
The two butanes with straight chain and-branched chain carbon frame work are n-butane and
i-butane respectively. . - o - » '

"HHHH H
Frogo |
H-C-C-C-C-H H-C-H
Flo1 '
HHHEH H | H
_ or | |
- CH -CH, - CH, - CH, H-C.C-C--H
L Py
f - Butane. H HH
’ _Gl’-
CH,
. : _
CH, - CH - CH,

of organic compounds where




Tnemodeiffmmdbypmrmmomz)m;-(ssomspecuvelyn Butane snd
-1 - butane are chain isomers, Smilﬁyﬂacfwecsbmamsmspmm(c,ﬂmjmsybeamnged

mﬂmdiffemuways
C
c-¢-c-C
o C.
B ¢-¢-¢-¢c-¢.. - . . . C-C-C
¢
'\c c.c
7 |
“SeIMancs, are s-pentanc, isopentane and Peopeniane, |
H . H-C-H
_ H H
' . ' : ' | i
] : ' H H . - x H H _ &C-C €-H-
_ [N I R A oy oy i!i
- H-C-C-C-CC-H H-C-C-C-C-H H H
[ I O T A I I H-C-H
"H HHHH HHHH i
' ' 5
.or : _ of
o ' CH, _
| CH,CH,CH,CH,CH,  CHCHCHCH, CH,
' ' _ _ - !
A - Pentane ' : HEL -C - CHy
_ o - i - Pentase ' ¥
h ' QH@_.
Notelhatmall:soalkmdwcarbmmam;smthcﬁmofafmk '
| c c ¢ o c, |
NC- € o \/ or . c-C:C
¢’ |

S C - C
i '
. ¢
IUPA(, mm of mmnclmurc restricts the use of the wefm ‘is9’ 10 wmpoumds contain-
ing six or fewer carbon atoms,

Itmsybcmnedthatmn@o pcmwamsbmmdmlymhcdmfourmhﬁwbm@
HC-C-CH,
CH,

Neopentans




Thus the chain isomers differ only in th¢ arrangement of ‘catbon atoms:

14.6 TUPAC NOMENCLATURE o .

Alkanes wnh straight and as well as branched carbos chains are systcmaucaily named accord-
mg to TUPAC nomenclature. In this system of nomenclature, longest straight chain of carbon atom
is picked up in the structure, and the compound is named. as a derivative of that alkane. The prefix
of the name indicates the nature, number and position of atkyl group(s) attached (o the longest straight
chain of carbon atom. . In the case of isobutane, there arc three carbon atoms in the straight chain.
It is named as a derivative of propane.: Thus 1sobutane rnay be constdered: to. be obtained by

CHj T
_ t
H.C -- CH -- CH,

isobutane or 2 - methyl propane

substituting a hydrogen present on the central or second. carbon of propane by a methyl group. The:
TUPAC name of isobutane is therefore 2-methyl propanc. Alternatively one may be ablé to write the -
structure if the name is given. For writing the siructure of 2-methyl propane. which is a-derivative
of prtopane, fiest write lhret: carbon atoms m a siright chain. :

c-c-C
Then to the sccond carbon attach a carbon reprcscntiﬁ'g the methyl group.

- C
-
C-C-C
Complete the structure by adding rcqulred numbcr of. hydrogens at each’ carbon mamsammg
tctravalency of carbon.

._CH’ |

HC- CH 'CH, :

The systemauc names of pentanes and hexanes comammg branched chams of cabons arc
given below. The longest straight chain. in isopentane conlains four carbons:. Thercfore il is a -
derivative of butane. A hydrogen on the second carbon is substituted by a melhyl group.
Therefore the systemanc name of- 1sepenlanc is 2-methylbutane. -

121 3 4
CH, - CH - CH, - CH,
isopentane (2-methyl butanc)

- Neopentane is similarly named as. 2, 2—dime(h)"rl propane _

CH, - CH, _ CH,

E L1203 4 5 F 23 45
HZC-(’?-CH: -~ CHy- CH- CH,- CHCH, CH/ CHz-Cﬁ_-CHz_—_'.CHz"“-'
CH, " 2- Methy! pentane (isohexanc) 3- Methyl peraane
Neopemane(Z 2- dlmethyl . : :
propanc)




responding alkyl groups are obtained. "In methane alf the kydrogens arc
one atkyl group viz. methyl group is ohtained by removal of any of the

Similagly from ethane only one ethyl group is possible:

* terminal carbons in having only two hy

] ' - S |
12 34 - 1 2.3 4
CH, - CH - CH -CH, - CH,- C - CH, - CH,
CH ’

3

2,3 Dimethylbpme -
2,2 - Dimethylbutane (neohexane)
. by removing a hydrogen atom fron different carbons, the cot- - .

equivalent. Therefore, onfy
four hydrogens in methane.

From ecach isomer of an alkane

H : H
I : Removal of : S _
H-C-H — —5 H-C- of”  CH,~
| a hydrogen atom l '
: Meethyl group:

H H
.y H-C-C-oHC-CH-orCH
[ I
H H  Ehyl goup

g oH .y H-H *
; V-

. Hzc - CH, or -CH,

i - C-C-Hoao
Lo Ethyt group
H H : -

In propane there are two Lypes of car-bori atoms. The middic carbon atom differs from the two
drogens attached 1o iL. Accordingly two propyl groups (n-
oval of diffcrent hydrogemn atoms.

propy! and isopropyl groups) are obtainable from propane by rem

H H H
Eoro
H-C-C-C-H

R
'H H H
Removil of 3

 hydrogen atom from




a .
CH,— CH,— CH,— © CH,— CH —
o R
7 - Propyl groep o : -' i - Propyl group

The Carbon atons m,ams are gifferentiated aspaﬁnmymadmy temmyornaocarmdqmd :
ing npon the m-fm&gr of carbon atoms. atached it If the casbon asom is diroctly tinked 10 not more

| tua e carbon it is calied primary carbon, Thus the carbon-atoms in methane and ethane arc 2%

- pumary. 3 a cabon s linked w only two other carbons it is called secondary carbon atom. I

corresponding atkyl group results,

: types of carbon atoms present in 2,24 trimethy!
Frimary . Primdry ' _
_ Secondoryd Pri
neo CHs | CHy Primory
H3C—C ~—CHy——CH —= CH3
_ f ’H ' _ '
- Primaory C& __3‘ terteary
P ) Primary
. 224 Tiimethyl pentane. (iso octane) L _
mpmm'mmtypeofuwmmormmm,ﬁmwmmmmismihe

'mBuylmmylgmrMdeméohMﬁmofa_liydfogm[mmpmm' y carbon
- and secondary carbon of n-butane, _ : . ' '

CH, - CH, - CH, - CH, ~» CH, - CH, - CH, - CH, -

n- Butyl group |
C}I,'cl'lz“cﬂzrcl{g - L —}CEQ_I-CH-..CHz_CFl’.
from secondary carbon ,




CH, - CH - CH,— ———  CH, -C-CH,

» o

ftom lcmory car'i:sn :
: icmiary or 1 bm}f‘ aroup

Whereas by rczmval ot' a hydrogen from tertiary carbon o 1-§mtme tert. Byl group O

Duetocinm isomerism a large m iber of alianes and still largernmnbensfaﬂ(ylgmupsare
possible. This agam is respons;bic for cmnmus number of organic compounds.

Check your progress - 1

_ Whatarepnmary secondmy wmaryandneocad)on‘?

147 METHODS OF FREPARATION OF ALKANES

Some of the general methods. which can be cmps y:. 4 for th prcparal;on of alkancs. in the
“lebpratory are given below:

14.7.1 Hydrogenation  of unsaturated hy{irocarhons

_ Unsauuated hydrocarbons like alkenes an: i ALCYRCr Bt hydrogcnmalaz. yicld alkanes. Hydro-
- genation is carried out in the presence of finely ¢ividad s -¢wfs. The metals used as catalysts are Pt
Pd, or Ni, Ethane is obtained by hydrogenation of cthylenc and acetylenc.

R--CH = CH - R — : L—;R--CH --CHan
) PLPd or M
An alkene . S _ An alkane
© HC=CH, ' > HC - CH,
~ Ethylene . . Ethane
- . 2H, .
R--C =CH > TR-CH,-CH,~R
: PL or Pd ' '
- An alkyne o ' An alkang
M, |
HC =CH > H,C -- CH,
Acetyk:nc ' ' Elhaﬂe :

: Hydrogenauon takes piace at room iemperature. when }*Lor Pd is used as catalyst: If Ni.used:
as catalyst the hydrogenauon is carried out at 250-300°. Methanc canmot be prwared by this method,



' 147.2- Reduction of alkyl halides

On reduction, alkal halides (R-X) are converted 16 alkanes. The rcduciri_g agents that can be

" used are . . ’

I Zn+HCl () LiAlH, (3 " H,+ caalysi( caalytic hydrogenation)
4, ‘Hi+P ' .

reducing agen'l

R -X- . — RH
_An alkyl halide ~_ Analkane 3
1. Zo+HCl
R X o > RH+HX
CH, - Ci - CH, - HCI
Methyl chloride : Meihanc
CH, - CH, - Br — —— H,C - CH, + HBr
Ethyl bromide Ethane
2 4R X + Li AlH, ——— — 4R- H +LiX + AIX,
4 CH-Cl+LiAlH, —— 4 CH, +Li Cl + AL Cl,
Methyl chloride _ Methanc
3. ' H, /Pt
| R - X _ > R~ H+HX
[ ]
CH, - CI S CH,-H+ H C
Methyl chiloride . Methane
| P

R1-HI —y RH+12-__
CH,- CH,-I+H — ——>  CH,-CH,+1,
Ethyl lodide B Ethane .-

"Phosphorous is added to the reaction mixture 1o remove the iodine as it is formcd.
14.7.3 Grignard reaction

Reduction of alkyl halides can also be carricd out by an indirect method. First alkyl halide.
is converted, by reatment with magnesium metal in dry solvent such as ether, to alkyl magnesium -
halide (Grignard rcagent). The Grignard reagent is then hydrolysed by a dilute mineral acid 1o
corresponding alkane. Ethane is obaincd frqm ethyl magnesium halides. '

Mg N
R--X . — 5 R - Mg=-X
... deyether - Alkyl miagnesium. halide
' (Grignard reagent)




_ HOH
R - Mg - X

- - R - H + Mg
HO*

> CH, Mg Br =~——"4 CH+ Mg (B O

Cz. H;B: S
Ethyl bromide Dry ether  Ethyl magnesium J Ethane - a
' : : bromide : E

14.7.4  Wuriz reaction

In this reaction an alkyl halide is reflxed with sodium metal in dry ether. The reaction involves -
two molevules of alkyl halide, and coupling of two alkyl radicals ic give an alkane, The alkane
obtained coniains double the number of carbon atoms originally prescot in the alkyl hajids=,

S dry cther
2ZRX + 2 Na

> R -~ R + 2NaX .

HC-1+2Na+ !t~ CH———— HC CH, +2Nal
~ Methyt iodide - Ethang

. Wuriz reaction is a good method for the preparation of alkanes containing cven number of
] carbon avoms. However, il cannot be satisfac torily used for the preparation of alkanes conlaining odd
Rumber of carbon atoms. If we are to prepare an alkane with odd number of carbons say propane
(C,H,} a mixture of two alkyl halides, ethyt broinide (C,H,Br) and meiny! bromide {CH, Br) shouid
be used in Wurlz reaction. ' . '

CHy- Br + 2Na + Br - CH, - CH,———==~ CH, - CH, - CH, + 2Na Br.
: ' > Fropane -

~+In this reaction, in addition to propane, cthane and butane are also formed.
2CH, - Br + 2Na —— C, H, + 2NaBr
2C,H, - Br + 2Na —————3  C, H,, + 2NaBr

In otherwords, a mixture of three alknes (C:,Hs, C, H; and C, H,, ) is formed. The scparation
of these alkanes-is difficull. Therefore Wurtz reaction is normatly not cmployed for the preparation
of alkanes containing odd number of carbon atoms. : : B

14.7.5 Decarboxylation of carboxylic acids

When the sodium salts of mono carboxylic acids are strongly heated-with sodalime, alkanes

are obtained.. Sodalime is a mixture of NaOH and CaO. Mcthane is obtained from sodiumacetate.
R - COO Na + NaQH ——— R H + Na, CO,
Sodium sait of a- S

’ _ T ~ carboxyiic acid -
H,C- COO Na+ NaOH ———— CH, + NaCO,

- Sodiun acelate . _ - Methane
HC-CH, -COONa+ NaOH ——— 5, C,H, + NaCO,
Sodium propionale ) Ethanc




This reaction involves decarboxylation of the carboxylic acid.
14.7.6 Kolbe's electrolysis

Electrolysis of an aqucous solution of alkali salts of a monocarboxylic acid results in the for-
mation of alkane. The resulting alkane contains double the number of carbons originally present in
the alkyl group of carboxylic acid sait. Again, Kolbe's method is useful for the preparation of alkanes

* containing even numbers of carbon atoms. - : '

electrolysis : _ _
2RCOONa + ZH,O : > R -~ R + 200, +2NaOH + H,
2CH, COONa + 2H,0 _ 5 HC-CH,+ 2CO, +2NaOH + H,0
Sodium acctate Ethane '

In aqueous solution, sodium acctate is present as acctate anion and sodium cation.

CH, COONa - > CH, COO +Na*

Sodium acctaic - ' acetate anion

At anode, acclate anion looses an electron to form acetac radical, The acetate radical elimi-

-nates CQ, to form a methyl radical. Combination of iwo methyl radicals results in the formation of
ctilane. '

CH, COO- > CH, COO +¢

H,C —- COO - >CH, + CO,
HC + ClU, — — CH, - CH, or C, H,

At cathode sodium fon picks up an electron 1o form sodium atom (sodium metal) . Sodum
zeacts with water 1o form NaO¥% and hydrogen. :

Na* + & : >  Na
Sodism ion Sodium atom
2Na + 2HO ——> 2NaOH + H,

Check ybur progress - 2

Formulate any three mcthods of preparation of n-butanc.

14,8 PHYSICAL PROPERTIES -OF ALKANES

Alkanes arc non-polar molecules. Therefore, the intermolecular attractions in alkancs are
limited to weak van der Waals forces. These weak attractive forces can be readily overcome by
thermal encrgy, hence their melting and boiling points-are very low. The meiting and boifing poins
and densities of alkanes, however, increase with ingrease in the number of carbon atoms. The lower




members C, - C, are colOurlch_ gases. C, - C,, are colourless liguids. Higher alkanes-are solids.
The boiling points of the branched chain isomers, as seen in the table below, are lower than these of

the corresponding straight chain isomers. This is probably because of ‘the greater surface arca pre-

sented by the straight chain alkanes for beticr operation of intermolecular attraction forces.

Being non-polar, alkanes are insoluble in water but soluble in organic solvents.

14.8.1 Physical constants of some alkanes

S.Na. Name Formula MP. B.P,
L Methane CH, -183 - 162
2. Ethane CH, -172 - BRS
3. Propane C,H, -187 - 42,0
4. n-Butane C.H,, -138 0
5. * Iso Butane C,H,,. -159 - 12
6. n - Pentanc CH,,. -130 - 36
7. iso-Pentane CH, -160 -28
8. Neopenlance - CH, -17 o9

14.9 CONFORMATIONAL ISOMERISM

The carbon aoms in alkancs are linked by singie orsigma bonds, formed by overlap of sp?
orbitals, The clectron diswribution is symmcirical aboul the interauclear axis in a sigma bond, Duc
" 10 this, free rotation about the Slngl{., bond is allowed 1o a certain extent. As a result of free rotation
about single bonds in a moiccule it 'becomes possible to bave different spatial arrangements of atoms
or yroups. These arrangements are readily inter-convertible, by rotations about the carbon-carbon
single bond. Different spatial arrangements of aloms or groups resuliing by rotation about single
bends in a molecule are called con[ormcrs Alkanes exhibil the phenomenon of conformational
isomerism. : :

14.9.1_ Conformers of ethane

In ethanc molecule the two carbon atoms are linked by a single bond, and each carbon is linked
to three hydrogen atoms by single bonds. If one of the carbon aloms with the three hydrogens
auached i it 1.e. CH, group. in cthane, is rotated about the cabon-carbon bond. Withoul disturbing
the other carbon, a large number of conformers result. These conformers have identical boad lengths

and bond angles. Of the infinite number of conformations possible in ethane, two are quite distinct. -

These are catled eclipsed and staggered conformers. In these conlormations the relative position of

the six hydrogens of cthane in spacc is different. The hydrogen atoms present on two carbon aloms -

of cthane may be labelied, for convenicnce, as H, HZ, H?, H* | WS and H®.

H#
He _ | _ HS

H 1 2
H

[t is difficult to visuatise the spatial relationships of groups in a molecule from their projections
on a ptanc. Newman and sawhorse projector formulac are quite useful for demonsirating conformers.
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' : c?ﬂa s Mo .
_ | on ,@L“
H . H
+ H H
H ] 5 H '

1. Fully eclipsedlconfonnation - IL Gauche conformation - III. Eclipsed conformation
(syn form) {after 60° rotation) : (CH, eclipses H)-
o . S : (after 120° rotation)

s Hewy o,
H " H
H H H
. ) W
& .
IV. Anti conformation V. Eclipsed conformation . VI. Gauche conformation

~ {atter 180° rotation) (after 240° rotation) (after 300° rotation) '
Conformers of n- butane

:auche and anti conformations II and TV are staggered confortmations and are free from
torisona’ or eclipsing strain. Anti conformation (IV) has the added advantage of being free from
vdn der Vaals stain too (as the methyl groups are maximum apart). Eclipsed conformationss I
and IIt s. ffer from torsional strain. Conformation I also suffers from van der Waals strain as the
two bulky groups (methyl groups} are thrown very close to each other. Conformation VI and V,
are idertic. I with 1 and III respectively. '

The decreasing order of stability of conformations in butane is there for IV> I TII> [

1410 CHEMICAL PROPERTIES OF ALKANES

Bemg saturated molcules alkanes arc quite inert towards common reagents at norma reaction
conditions. Alkanes are non polar covalent molecules with no centre of either high or low electron
density. They are therefore inert towards electrophlic and nucleophitic reagents, Under vigorous
conditions however, they can be made to un_defgo substitution reactions.” In thesc reactions one or
more hydrogen atoms are replaced by other groups. The important chemical reactions of alkidnes are
~ halogenation, nitration, sulphonation, and oxidation, All these substitution reactions proceed through

free radical mechanism, - :

14.10.1 Halogenation. of alkanes

Alkanes react with chlorine and bromine in presence of sunlight or ultraviolet light or at high
temperature to yield halogen derivatives. One, two or more hydrogen atoms may be replaced fhy
halogen atoms, depending upon the amount of halogen used in the reaction. Thus, methane reacts in
the prescnce of sun light with chlorine to yield a mixture of methyl chloride, methylene chloride,
chloroform, and carbon tetrachloride,




' ]'mo'rA_.

CH, + C1, > CH, Cl + HCl
Methanc : methyl chloride
CH,C1+Cl, » CH,Cl, + HCI
methylene chloride
- CH,CL+Cl, ———-———-  CHCl, + HCI

chloroform

"

CHCi+Cl, — .4 CCl, + HCl
carbon terachloride

_ Bromine reacts similarly but less vigorously, Fluorinations arc highly exothermic and there-
fore not attempted. lodinations are too slow and reversible to be of much use. The order of reactivity
of halogens with alkanes is, thus F, > Cl, > Br, 5[2. A hydrogen atom attached o a tertiary carbon
is more readily replaced ihan a hydrogen atom attached (o a secondary or primary carbon atom. Order
of reactivity of hydrogens is tertiary hydrogen> secondary hydrogen> primary hydrogen.

14.10.1.1 Mechanism of halogenation -

The halegenation of alkanes is a free radlcal substituiion reaction. This is a chain reacnon
proceeding by the following steps.

1. Cl-Cl ——— 5 2 Cl chain intiation

2. Cr+HC-H - » CH, + HCI _ o
' . ' } chain propagation
3. HC+A-C — + CH,CI + CI

s

_ Step 1 is calied chain initiation sicp. The C1-Cl bond is broken homolytically to yield two
-chloring atoms, Each atom retaing one electron of the pair that originally formed the covalent bond.
Such odd electron containing or unpaired electron contammg, specws are highly n:acuvc .md are
terined {rec radicals, :

Step 2 and 3 are called chain propagauon steps, Gencraliy frec radicals prefer to abstract a
hydrogen atom from other molecules. In step 2 the chlorine free radical attacks the methane molecule
and abstracts a hydrogen atom forming hydrogen chloride and a methy! frec radical. In this stiep the
C-H bond is broken homlyticaily, The resulling methyl free radical, in step 3 attacks a chlorine
molecule causing a homolytic ¢leavage of CI-Cl bond. In this step methy] chloride is formed and

chlorine free radical is sct free. Repetition of steps 2 and 3 teads to a chain reaction. Therefore they

arc called chain propagation steps. Finally:the- termination of the chain rcaction may be brought by
any of the followmi, StEps, in which the concentration of free radicals decreases
n .
-+ ——————Cl,
CH, + CH;, ———— H,C-CH,

CH, + CI —> CH,-Ct
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14.10.2 Nitration of alkanes
Replacement of hydrogen atom by a nitro group in a molecule is called nitration,

0

2
The Structure of aitro group is - N = O

The nitration of alkanes is difficult and can b& carriéd out onh at elrvated temperatures, le)
* mononitro alkanes are produced.

400°
R-H+HONG, ——————=3 R-NO +P120
-Alkanc Nitroalkane
4600 _
CHA+HO-NOQ, ———ms CH,-NO, + H,O

Mclhane o Ni tromethans

- A mixtare of methane dl’ld nitric acid at 400" gives mtrome.ndne This reacuon is also kna;v\n
as vapour - phase nitration. -

_ T e order of replacement of a hydrogen atom in nitration is tertiary> secondary> primary. In
higher u <anes, during nitration, C - C bonds are also broken. Because of this, a mixture of different

products will be formed.. Thus the nitration of propanc resuits in the formation of four nitro corn-

pounds. .

CH, - CH - CH, +I—iNO —_—
H,C- CH CHNO +CH-CHNO CH, +FC CH, - T\TO + CH,NO,

14.10.3 Sulphonation of alkane_s

Substitution of the sulphonic acid group ( - SO,H) in place of a hydrogen in an organic :
compound is called sulphonation.  Sulphonation of alkafies yield alkane sulphonic acids,

Fuming H SO,
R-H. ———— RSO, H
An alkane - An alkanc sulphonic aci

Sulphonauon can be caried out in the presence of fuming sulphuryl acid. Sulphunc chioride
‘may also be used in the place of fummg sulphuric acid. :

R—H+-SO'C12 — ». R -SOCI+ HCI

R - 50, Cl+HO ———————-; RSO H ¢ HCl
Alkyl sulphonic acid.

' Thc hlgher alkane sulphomc dCidS are: valuablc as- delcrg,c,ms

' 14.10:4 Oxidation

14.10.4.1 Incomplete com busti(m_

When alkanes are bumt in insuflicicnt supply of air or oxygen, sool or carbon black is formed.
This is used in the. manufacturc of Indun ink, black, vamnsh printers ink clc.




14.10.4.2 Combustion in excess of air or ()IIXJ‘Fg.EI'l

When alkanes are burnt in the presence of excess of air or exy gen, then undergo comple[e wnh c

“the formahon of carbon dioxide and water

CH, + 20, - CO, + 2H,0 + Heat

Large amount of heat is libcrated in a combustion reaction. That is why this reaction has

tremendous importance.  Most of the alkanes obtained from petroleum are nsed as fucls.

'14 104.3 Catalytic oxidation

Lower alkanes are oxidised (o alcohols and aldehydes, where as hlgher alkanes form long cham :
faity acids during catalytic oxidation. The catalytic oxidation is camed out at hxgher pressure and.

temperature in -the presence of mewli:e catalysts.

¢)

2

C.,H

4 710

calalysl

Alkancs genrally clo not rech wuh pomqmm permangandte

1411 INDUSTRIAL SOURCE OF ALKANES

The prmcnpal nalural source of alkanes is pelrolcum and. d(eompan}mg, m 1'ura} gas. Ammal :

and plant remains, buried in the earth and subjecied 10 high temperature and pressure over millicns
of years, are changed to carbon containing residue. Most.of the carbon s transformed imo carbona-

ceous gases { natural gas), tiquid (petrolcum) and solid {coal, diamond clc.,). . The lu;md petmknm-

is mined out of the bowcels of the carth along with natural gas.

Nalural gas is eh1eﬂy a mixure of lower alkanes (CH C H, C, H and C H ﬂ) The propane— _

T2t

~ butne fraction is separated from the more. volatile members, muhane and eth.me by liquifaction,
compressed and bottled into cylinders and served as LPG cylinders (lquiid propane gas cylinders) for
use as fuel. Petroleum mined from the earth is separaled by d:eu]ldmm mte %weral f menons as shown
below: -

S.No.. Fraction o Boifing rangc =~ | = Composition
1. Gas B A% N IR oY o
2. Petroleum ether -0 | C,-C,
3, Ligroin - Coe0-100° T G- G
4, Natural gasoline 40 - 205° _ C-CL+
' . _ R - S " o :_'__":_Cycl(_')alkanes
5 Kerosene 1 200-275 - 1 C,,-.C, s+Aromatic
' R R L hydrocarbons
6. "Gas Oil ’  Above 275° ] - C
7. Lubricating oil and waxes |~ Non-volatile liquid ~ |
o R . nog. distilled.
8 ‘Asphalt or petrolcum coke | . Non-volatile solid
. (Residuc}

The ;,ascoue [raction-is mainly uscd as fuel. Gagoling is used as {uel in intcrmal wmhueuon

. engines, Kerosene s used as-fuel in tractors and cngines, and gas oil is used in dicsel engincs. The_ .
lubricating oils arc chilted to a wax, purified and sold as-paraffin wax. - Asphale is uch_ ;p_roofm_g '

> CH, OH + HCHO + CH; CHO % CH; COOH ¢t¢ =~ 17 .

5?,- .



-and .road building. Coke is.used as fuel,

Petroleum frd(,uons containing higher Aikdﬂ("\ are subjected to the process of cra(,kmg, crack-
ing of petroleum is the pyrolysis of higher alkancs in the absence of air w give lower homologues
of alkanes, alkenes, hydrogen eic. The gasoline content is there by increased. Diffcrent, tc:;,hmquu,
of crackmg used are: :

14.11.1 Thermal cracking

Alkanes are passed into a preheated _char_-ﬁber where ihey break down into smaller i_mits‘ '

14.11L.2 Steam cracking

~ Alkanes arc dilutcd with steam, heated 10 700-900° for a fraction of a.second and cooled.
Alkanes arc broken down into ethylene, propylene, buadiene, isuprene, cyclopentadiene and other -
uscful chemicals. :
14.11.3  Hydrocracking .

Alkaﬁcs are mixed with hydrogen and heated ander pressure to about 250° - 400° .
14.11.4 'Cata!ytic cfacking‘

Highcr bo;hng atkane fraction are heated under pressure to ahout 450° 550° C in the presence

of fincly divided alumina-silica catalyst. In this process dehydiogenation :md cydlsauon of a!kanev
Lakes piace ylcldmg a variely of aromatic compoinds. : :

14.12 SUMMA'RY

_ In ﬂ’llS unit dlkams v»hlch are dhphdll(, hydrocarbons with single bonds only are d:scusscd
The gcn for 1s CnH, “and shows cham and conf. onnalmn.al isomerism.

) The catbon atoms are classified as pnma:v eccondary‘ tertiary or ncocarbons depending upon
the number of carbons attached 10 it. Séveral alky[ sroups r\,sull dcputdu‘g upon the type of carbon

atem from which hydrogen 15 removed.

A-lkanes are prcpared from:

‘a) alkenes & alkynes by hydrogenation

by  alkyl halides by reduction or on treatinenl wilh mcm]hc sodmm

c) carhoxylsc ac1ds either by decarboxylation or kolbc,s LI{,L-{[UI} sis.

'Thcsc are non-polar with low mclung and boiling points which increase with increase in the
r;umbcr of carbon-atoms, Insoluble in water but are’ ‘solublc in organh ,olw.,nu

The nnportant reaction ‘in alkancs is free-radical substitution which is a Lhd!li reaction. <.
halogenation, where the order of reacuvuy s F, Cl, Br L.

14.13 MODEL EXAM-INTION- QUESTIONS

L Answer the following in 10 lines

1. How is n- hexane obtained from (é) n-propyl bromide, (bj 2-hromwhexane {¢) sddium
heptanoaic and (d} potassium butyralc Whai happens whcn n- huxam: Teacts qcmrttcly
with Cl, and HNO ?




2-. | What is pctroiéu_m? wh_a_t :aré the pr.gduc.;s ohtained on _ffa_ctioﬁution of pctmleum .
3 Halogenation of alkanes is_ a chéin réactibn. Expiain

II. ©  Anmswer the following' in 30 lines |
1. Discuss the gencral methods of preparation of alkanes.

2, {(a)  'Petrolemin’ is considered as 3 sourco of organic compounds. Explain. _
()  Comment on the reactivity of alxancs.

14.14 MODEL ANSWERS T4 CHECK YOLR PR()(;RESS

1. Thc carbon atoms in alkanes are differentiated as prlmary. scmmhrv u,ruar) or ncocarbons

depending upon the number of carbon atoms attached to il, When ‘carbon _atom is disectly
linked to one carbon atom it is callod primary, two carbon atoms is called secondary and three
carbon atoms is called tertiary cavbon. A nco carbon is one which is linked directly to four
other carbons, o o :

n-Butanc c¢an be prt:parcd. by

| o]

a) . Hydrogenation of 1 or 2 - buteac or 1 or E-butyhe -
b) Reduction of n-butyl chloride
o) Wurtz rcaction of ethyl bromide

a) Hydrogenation of 1 - or 2 -butene or L'or 2- butym \wm One or bw a IIIO!L s of hydrogen rcspcf
uvd} in presence of catalyst.-Pt, Pd or Ni yiclds n-bulane, : :

. ' PL, Pd or Ni
CH, CH = CH-CH, +H, : —-s CH, CH, CH, CH,
or -
Pt, Pd or Ni . .
CH, CH, - CH = CH, + H, —  CH, C_H2 CH, CH,
CH, CH, C = CH + 2H, — —
Cli C=CCH, + 2H, - ~ "

b) Reduction n-butylchloride with any reduung dgcm {Zn - HCl Hszt LIAIH‘, HI/P, Mg/H 0)
glvt 3% I bulane

. . o Pt
CH, CH CH Ci, Cl +Hﬁ ->  CH, CH, CH, CH “+ HCI

c} Wurtz reaction of ethytbromide also resuh.s in the formation of n-bufane. .
2C, H, Br +2Na — : S, H,.+ 2NCBr.

Author :.Mrs C. Shesharatnam
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"UNIT - 15 ALKENES AND ALKADIENES
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15.10 Examination questions

15.11 Model answers to check your progress

15.1 AIMS AND OBJCTIVES

In this wnit we introduce you the preparation and propertics of compounds containing carbon-carbon

~ double bond and to. outline the gencral methods of preparation  and properties of diencs and the

special properties of conjugated diencs, 'When you have finished this unit, you wiil be able 1o
understand :




° Nomenclature of alkenes.
. Position and cis-trans isomerism in alkenes.
¢  General methods of preparation of alkencs, =

a) Dehydrohalogenation of alkyl halides.
b) - Dehydration of alcohols.
c) Dehalogenation of vic-dibalo alkanes.
» Physical and chemical properties '

a) Reaction with hydrogen .
b)  Reaction with halogens ' .
) Addition of unsymmgeisical reagents to unsymmetrical olefines - Markownikoll's role
. and peroxide cifect. :
" d)  Calalytic hydration
e) Hydroxylation
) . Ozonolysis
3] Polymerization
8 Nomenclalure and classification of diencs

e General methods of preparation of conjugated dicnes.

e  Chemical propertics of dienes including, 1-4-addition, Diels-Alder reaction and polymeriza-

tion,

152 INTRODUCTION

Alkenés are unsaturated aliphatic hydrocarbons, Their motécular formulae- correspond to the
general formula CH,_ (n = number of carbon atoms). An-alkenc contains two hydrogens less than
the alkanc containing same number of carbon atams. These compounds are also called the olefins.
The first member of this family, ethylenc (C,H,), is a gas.-Dutch chemists obmined an oily fiquid
(C,H,CL) on treatment of ethylene with. chloring, Therefore cthylene was called as olefiant gas

. (meaning oil making gas). - Thercfore the name olcfin was given for the whole family, though other

members of this family do not form oily liguids on treatnent witk chlorine.

15.3 NOMENCLATURE

Thesc compounds arc characterised by the prosence of a carbon-carbon doublée bond. The
suffix in the names of this class of compounds is 'en¢’ (cnc=double bond). Thus, carbon-catbon
double bond is the functional group in alkenes. The double bond in alkenes consists -of a sigma (
o )-and pi ( ® ) bond. : : . N

Formula Alkylene : 1UPAC name

HC =CH, Ethylene Ethenc

H,C - CH = CH, Propylenc Propene

H,C - CH, - CH = CH, " . @ — Butylene o 1 - Butenc

H,C - CH=CH - CH, B - Butylene : 2 - Bucne

H,C-C=CH, . _ Iso - Butylenc : 2 . Methyl propene
i
CH,
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The WUPAL namox of alfiones are serived by renlacing the suflix "anc’ of atkene with 'cne’. The
retuen of the deeble bond i3 tndicanst by a awmber which may precede or follow the name. The
5 wormaliy starts al the ond ncarest the double bond. Other bastc pomis
w alkines, are {foliowed in the casc of alkcnes. Thus ethylene and
prepricne are named o5 cliine ad propenc respectively. @, ff and isobutylénes are named as §-
huteng, 2-hivene
indic tes the
CETBONS ardd i methy! group 1S present on thind b atoi.

O NS laiare, Hlusirate

H,C - CH-CH = CH,
: |

154 ISOMERISM

Apart Tiom chain isomerism skenes also exhibit position isomerism and cis-trans isomerism.
241 Position isomaerisa
“asition isomers of analione bave she sany molecalar formuia and carbon skcleton but differ

inthe « sition of double bond. For an alkene conlaining six carbon atoms in a straight chain and one
doubic -ond, three position isomers viz., 1-hexene, 2-hexene and 3-hexene are possible,

L C=CH-CH,-Cl, - CH,- CIi, . H,C-CH=CH-CH,-CH,-CH,
S  D-Hewne o 2-Hexene
{double bond between C, and ) (double bond between C, and C,)

H,C-CH,-CH = CH,- CH, - CH,

. 3 - Hexenc .
(doubic bond between C, and C) .

15.4.2 Cis-trans isomerism

. . In alkencs, rotation about carbon-carbon double bond is wtally prevented. This is responsible
' - for geometric isomerism or cis-trans isomerism in appropriately substituted olefins. Alkenes, R (R
C=C(RIR, carrying two dif fercnt substituents on cach olefinic carbon atom exhibit cis-trans isomer-

ism. The two isomers possible arc:

R _R‘ = N R o
ci,;sva_lkc.nc ' u*aﬁs-alke.nc |

- These two isomers have same structure but differ in the spatial arrangement of the groups

(‘% ‘about the double bond, and are calicd geometric or Cis-lrans isomers. . This isomerism comes under




- the broad tite of sterecisomerism. The arrangement of the proups that  characterises a particular
sicreo isomer is called its configurasion, The configurdion of geometnic isomers is indicated dn their
" nume by the prefixes 'cis’ or 'wans’. In latin ‘cis’ meuns onf the same side, trans means across. In
" a cis compound same (or similar) groups present on e two carbons lie on the same side of the double
bond, whereas in trans compound they are preseni oo the opposite sides. Configuration of geometric
isomers of 2-butene, 1, 2-dichloro cthyiene and 3-hexene are given below:

HC CH, H,C

AN
“
/

/
N
c-c /
N

i A2

CH HC : H o~

1A:  cis-2-Butene L ' ~1B:  trans-2-Butene
2A:  cis-1.2-Dichloro ethylene ©2B:  trans-1.2-Dichloro cthylene
CTO3A :-ci's~'3~Hexenc o -~ 3R trans~3-}{c.x.cm.:

{"is and trans isomers have differca: physical pmpcrucs such as boiling pnmm solubiiitics, diplole
moncms ete. A mixture of cis-trans isomers can be separaied, and she individual isomers collected
in separate containers, in contrast to conformers. 1t may be recailed that one conformer is sponmnc-
ously converted itho anothcr by casy roumon about the C-C single bond.

5 GENERAL METHODS OF PREPARATION OF ALKENES

Alkmeq are generally prcparcd by elimination reactions. These inclu dc (,chydmhechnauon

ik ylhalides, dehydration of alcohols and dehalogenation of dibusloalkancs. T addition* to these
g L;ods ‘controlled reduction of alkynes also serves as u}twcmcm route for the preparation of
nkenes : :

15.5.1 Deh)drohalogenatlon of alkyl halides

Alkyl halides undergo dehydrohalogcndmn on wreatment with alcoholic potassium hydmxndc' '

(KOH) giving atkenes. On dehydrohalogenation of alkyl hal:dcs the halogen atom-and a hydrogen'
atom from the adjacent carbon atom are climinated as- HX propene, for instance, is obtained by

dehydrochlorination of n-propyl chlonde under the influence of alcoholic. solution of potassium-

hydroxldc
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X Rk
I , N/
R-C C- R Cale XKOH 5 . C=C
o -HX /N
H R - R R
An-alkyl halide An alkene
H 4 H - - .
H-C -C-C -H -y H,C - CH = CH, + KCI + H,O'
- b o S Propcne B '
H H  «

n-Propy! chloride __
15.5.1.1 Mechanism of dek ydrohalogenation

D rydrohalogenation of alkyl halides may pfocced by several routes. Under the influence of
a base sim, le alkyl hatides undergo dehydrohalogenation by the converted mechanism i.e., by Simul-
tancous loss of halogen atom {from o - carbon) and a hydrogen from the 8 - carbon.

o Concerted attack by basc (OH) on the hydrogen present on B - carbon, shifl of the elctron pair
(constituting the bond between hydrogen and B - carbon atom) between o — - and B - carbons and
elimination of halogen as halide ion leads to the formation of olefin.

HO‘-‘B' C o . . o
L MR R ®. _
' Y4 .8
REEM LR oy C=C . + MO +X .
- — oy : /! N
e RIS L A

- T other words cleavage of bond between 8 - carbon and H formiation of carbon-carbon double
bond and cleavage of bond between o - carbon and . halogen occur simaltancously.
.. -The reactivity of atkyl halides in dchydrohalogenation reaction is in the foilowing -order,
- Alkyl iodide >-alkyl bromide.> alkyl chloride > alkyl fluoride, . : . '

15.5.1.2 Saytzeff's rule

In an alkyl halide if two alternative hydrégcn alors are gvailable, QC!}ydrohaIQgcnation, thqor_clica_ll ¥,
ydrochlorination of sec-butyl chloridé should result

can give lwg' isomeric alkencs. For instance, deh
in the formation of both 1-butenc and 2-butenc

CH, - CH, : CH = CH,

CHC-CH,-CH+CH, - HCI| ° 1 - Batehe {minor product)
C '

CH,-CH=CH-CH,

sec - Buty! chloride
: 2 - Butene {major product)




Elimination of a hydrogen from B - carbon along with chlorine (from ¢ - carbon atom) as HCI gives -

1-butene, whereas 2-butene is formed if a hydrogen from § carbon along with chlorine (from o-
carbon) is eliminated as HCI. A rule of thumb-Saytzefl's rule is useful in deciding which of the two
isomers is the major product in the above case. Saytzeff's rule states that during the dehydrohalogena-

tion of alky] halidcs hydrogen is preferentially climinated from a B carbon carrying the fewer number

of hydrogen atoms. Stated differently, the atkene with larger number of hydrogen atoms. Stated
differently, the alkene with larger number of alkyl groups atltached to the doubly bonded carbons is

produced. In the example above, therefore, the hydrogen is eliminated preferentially from a 8 carbon.

2-Butene is the major product.  SaytzefTs rule is also applicable in the formalion of alkenes by
dehydration of alcohols. S -

15.5.2 Déhydra_tion ‘of alcohols

Alcohols on heating with a dehydrating agent climinate a molecule of water to give alkenes.
Concentrated sulphuric acid is commeonly used as dehydrating agent. In some instances dehydration
has been effected in the prcscncc of dry HCI, dluminia, boron trifluoride.or thionyl chloride in
pynding,

OH
I ! Conc H, SQ,
- C - C- TR — > U=Cc«<
| [ -H,0 alkene
alcohotl :

Formation of alkenes from alcohols under the catalytic influcnce of concentrated sulphuric acid
is an cxample of intramolecular dehydration, A side reaction that gererally accompanices this intra-
molecutar dehydration is formation of chicrs by inter-molecular dehydration.  Ethyi alcohol, “on
heating with concentrated H,SO, at 170°, gives cthylene as the major product, At lower tempera-
ture (135%) and by using excess ol cthyl alcohol cthyl cther is oblained as the major product.

- H0
CH, - CH, - OH ‘e — CH, = CH, {Intramoiccular dehydration)
_Ethyl dlwhol H30, |, 1707 Ethyicne
-HO0 .
2CIE, - CH, - OH -—rere- — CH, CH, O - CH, — CH, ( Intermiolecalar dehydration)
: H, 80, 1357 Ethyl cthcr

Mechanism of dehydration: In the first step ethyl alcohol combines with a proton (from congentrated
sutphuric acid) 1o [orm protonated alcohol-the crmjug,dtﬁ acid of alcohol, This is also known as
AXonium on, : '

In this rcaction the oxygen atom of alcoho! funcilions as a Lewis base. In the oxonium ion,

the oxygen alom is positively charged i.e., electron deficient. The electron deficient oxygen aiom of

thc oxonium ion exerts effect on oxygen - carbon bond. Heterolytic cleavage of the C - O'bond resulis
in a carbonium ion (an ion with a positive charge on the carbon atom) and water. The carbonium
ion, in the final siep, looses a proton {rom the adjacent carbon to give ethylene.

i
C
|_4
Carbonium isn
a
f
\
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All the three steps viz., formation of oxonium ion, carbonium ijon and ethylene are reversible, By
heating the reaction mixture, ethylene is driven off and the reaction is favoured in the direction of
formation of ethylene, Carbonium ion formation is the key step in the acid catalysed dehydration
of alcohols. The relative stability of carbonium ions is: :

tertisry - secondary > : primary
Carbonium ion > Carbonium ion Carbonium ion
Therefore in the gase of acid-catalysed dehydration of alcohols follows the order

tertiary : > 'secondéry > primary

Carbonium ion alcohol alcohol

1553 By deh:;logenation of vic-dihalo atkanes

Dehalogenation of vic-dihaloalkanes give alkencs. Dehalogenation takes place by heating a
vic-dihaloalkane with zinc in alcoholic solution,

In the preparation of alkenes by dehalogenation of vic-dikaloalkancs there is no scope for the
formation of a mixturc of position isomers. Heating 2,3 - dibromobutane with zine, for example,
gives 2-butene

A 1
- +2Zn —> -C = C- + ZnX,

b S
ot — (b

vic-Dhibaloalkane

. A
HC-CH-CH-CH, + Znn —— H,C -CH=CH-CH, + Zn Br,
} j
Br Br
2.3 - Dibromobutlanc 2-Buicne

However, this method of preparaton of alkenes is not very itnportant since vicinal dihaloal-
kanes themselves are obtained from alkenes by the addition of halogens,

15.5.4 Controlled reduction of alkynes

Alkynes are obtained on controlled reduction df alkenes. Conirolied and cala'!yt ic hydrogena-
tion of atkynes generatly gives cis-alkenes. Ethylenc is obtained by catalyiic hydrogenaion of acety-
lene in the presence of P4-C. 2-Butene under similar condilions gives cis-2-butcne,

H H
H, . ) I
L L=C ———s - C=C -
An alkyne Pd
An alkene
H H

H, - b

H-C=C-H —_ H - C¢C=C-H
Acetylene Pd/C  Eihyicene




H,C - CH,

H, . /
He -C=C-CH, n_— /czc/\
2- Butyne Pd/C H : H
| cis - 2-Butene
15.6 PHYSICAL PROPERTIES OF ALKENES

‘Alkenes resemble alkanes in most of their physical properties. The first three members are
-gases, the next fourtcen are liquids while the higher members are solids, ' Unsubstituted alkenes are
‘colourless. Branched chain alkencs have lower boiling points than the corresponding straight-chain
.alkenes. Alkenes are lighter than water. They are non-polar substances and therefore arc practicaily

insoluble in polar solvents like water, but soluble in organic solvents such as benzene, chloroform and
ether. As is found in other homologous series, the meliing and bmlmg pomls spcmﬁc gravmes and
densities of alkenes increase with mcrcasmg molecular weig,ht

Physical constants of some alkenes

| Name of the alkenc Molecular formala | = Boiling Point ' Specific

: gravity (lig)

Ethene ' CH, - Co- 1020 : 0.610

- Propene - | . CH, - - 48% : 0,610

1-Butene ' CH, = 6.5% 0.626

1-Hexene CéH12 64° 0.675

: 1-Heptene - - CH, : .93 1. . 0698

© 1-Octene: | CH, SR b2 O T 4 (¢

! 15.7 CHEMICAL PROPERTIES OF ALKENES

| Due to the presence of carbon-carbon double bond, atkenes arc unsaturated bompounds.

‘Therefore, they readily undergo addition reactions. Alkenes are associated with v electron cloud.
For instance, in cthylene, there is a 1 electron cloud above and below the C-C bond axis.. Due to the
presence of loosely bonded m elecirons, alkencs (unction as Lewis bascs (nucleophiles). Hence
alkenes predominanily react with electro-philes leading to addition products. Thercofre, most of the
reactions of alkencs are electrophilic addition rcactions, During these addition reactions the weak &
bond breaks and two additonal bonds, one on each olefinic carbon are formed. Only under special
conditions alkenes undergo free radical addition and free radical substitution reactions. The rcagents
that add on to the double bond include hydrogen (H,), halogens (X,) hydrogen halides (HX) and
water. Alkenes also react with a variety of oxidising agents and undergo polymerisation reactions.

15.7.1 Reaction with hydr:ogen

Alkenes react with hydrogen in the presence of catalysts Jike fincly divided plaﬁnun, palladium’
~ or nickel. The temperature and pressure required for hydrogenation vary with the nature of the
| catalyst. :

I Pi, Pd or Ni H H _ I
- €C=C- +H, ———> | I ' . C ;
' o -C - C- + hcat
An alkene ' I l ' . :
. _An atkane _ 67




H

H . H H
{ H,/Ni - |
H- C=C-H «ow—eiwwsy H.C - C-H +328K. Cal
250 - 300° I I :
_ : ' H H
cihylene cthane

 Hydrogenation of alkenes is an exothermic reaction. Heat of hydrogenation of an alkene is the
amount of the heat liberated when one mole of hydrogen is being absorbed by one mole of alkene.
It is measured in K.cal/mole. The heats of hydrogenation values of a few alkenes are as follows:

Name of the alkenc Structure Heat of hydrogenation
' ' (K. Calfmole)

Ethene H,C = CH, -328
Propene HC-CH=CH, . -30.1
1 - Butene H,C - CH, - CH = CH, - 303

| HC_ CH,
cis-2-Butene >C =C < - 28.6

- H ~VH
tras-2-Butene HoC H, - 216
;=
H,C H

It can be seen from the heats of hydrogenation that a morc substituted olefine is mote stable.
Trans isomer of 2-butene is more stable than (he cis-isomer.

Catalytic hydrogenation is industrially important. Qils (unsaturated glycerides)- are reduced
with hiydrogen in the presence of finely divided Ni to give fats (saturated glycerides). This is calied -
. hydrogenation of oils. Catalytic hydrogenation is a valuable method for the estimation of carbon-
carhon doubic bonds (unsaturation)in organic compounds).

15.7.2 Addition of halogens
Hologens (X,) add to alkenes forming vic-dihaloatkanes
(I
C=C

-+ X

2

[

!

18
.p.q;,(‘).....
w0

vic-Dihalo alkanes

H,C=CH, + Br, e HE? - Clﬂz
Br Br

This addition vcaction is carricd out in solvents like chloroform, carbontetrachlonde and aceun

acid. The order of reactivity of halogens is F, > Cl, > Br, > 1,. Addition of F, (0 alkenes proceeds

with explosive violence, whereas addition of | is very slow and reversible, Fiuorination of alkenes

is not normally carried due 10 the explosive violence of the reaction, In the addition of bromine to

“an alkene, no HBr is evolved and the red colour of bromine solution is discharged. Decolorisation




of bromine solution without evolution of HBr serves as a test for unsatusation in organic compounds.
15.7.2.1 Mechanisin of addition of hak)gens
This reaction takes place by an ionic mechanism. consider the addition of bromine to ethylene.

~ Bromine molecule is polarised by he approach of the n - electron cloud of cthylene. The end
of bromine molecule nearer 1o olefin is associated with a positive charge and the farther end of

bromine with a fractional negative charge. The weak association between 1t - clectron cloud of olefin .

and the positive end of brominc molecule is called a = - complex. Hetcrolytic cleavage of Br-Br bond

in the % - complex results in the formation of a bromide ion and a cation which may be considered

as a carbonium ion or cyclic brominium ion. There is considerable evidence in favour of brominium
ion. Even if carbonium ion intermediate is formed, it is quickly transformed into cyclic bromonium
ion. The bromonium ion is attacked by bromide ion from the rearside, in the fast step, to give the
product. The overall addition of bromine 0.2 double bond is trans. Formation of carbonium ion or
brominium ion from the complex is the slow step (rate determining siep) in the addition of bromine
to an alkene. o : '

et -

e

'TT-COM?LEX

H M H

| e 4" | |
H—C —C —> H—C-—C—H

. H : \\. " /
:éf: g -

w  Br Fast |B
] | _ H H
H—¢— C-~H é— |
I | | He— C =~ C=-H
Br H | - \\..
N\

When brominc is reacted with an alkene in a solution containing anions, some ol the addition
product will be found to contain the anion. For example, bromination of ethylene in aqueous sodinm
chloride yiclds bromachloro ethane and dibromo ethanc. This is an cvidence in favour of posilively
charged intermediate in the reaction.

. Na Cl solfn. _
H,C = CH, + Br, | s = BrCH__.,' - CH, Br + Br CH, - CH, - Cl
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15.7.3 ‘Addition of hydrogen halides

Addition of hydrrogen halides (HX) to an alkenc results in the formation of an alkyl halide.
The order of reactivity of hydrogen hd[ldCS‘ is HI > HBr> HCE> HF exactly the ordcr of acidic
strength of hydrogen halldes

H
. _ |
>C+C<+ HX-»-C-

o.><:—-n—.

. A!k)lhdh c
_HC CH+HBr—>HC C}{Br' .

Lm)l brmndc

_ In lhc r(:'uuun of eth)lnc wilh HBr 1o form clhyibromldc ethylene molcculc funcuon as
IIUL]CQ[)hIIC and is dllﬂLth in the rate determining step by a proton (from HBr). This interaction leads
(0 the formation of cthy! carbonium ion. The carbonium ion then quickly reacts with the bromide ion
"to give ethyl bromide. ) o

4 . - . ) N y . " . .
- f——C F HEBr el e e el H = e C—H
S N z - Fost ; i
i Ho " T G

Erhyl earponium ion fryd Drermde

15.7.3.1 Normal additihn: Markowinkoff rule

+ addition of hydrogen halide to an unsymmetrical olefin can take place in two ways. For
msmn: ¢, i the add:Lmn of HBr 1o propme both n- propy] bromldc and nupmpyl bromide may he

expected, _ .
CH, H - ——— H3 C-CH, - CH, - Br
l . | .. .
H-C = C- H%HBr - n-Propyl. bromide
- H,C T6H - CH,
‘Br

is‘o propyl bromide

Such problems arise in all the addition rcactions mvolwng an unsymmcmcdl reageniand
unsymmetrical alkene. Markowinikoff, a Russian chemist, studied the course of addition of several
unsymincerical reagenis of various unsymmetrical olefing, He found that, in all these additions, the
negauve part of the adding reagent usually becomces atlached to that olefinic carbon which carrices

esser number of hydrogens; This empirical gencralisation ds known as Markownikof[ rule. If the

addition proceds, according 1o marknownikoft rale, it is called normai addition (Mdrkownikoff

addition)., Formation of i-prapyl bromide by the attachment of  Br (negatiive part of the reagent,
HBr) 1 the middle carbon of prrpene (the olefinic carbon carrying only one hydrogen } is called

Markownikoil's addition. On the other hand formation of n-propyl bromide Irom propenc and HBr

is called anti Markownikoff or abnormal addition. In pl’dLllLL thc addition 01 HBr 1o propcnc gives

isopropyl bromide as the major product.

Now we are in a position to give an elccironic inlerpretation for Markownikoff rule. In the
70 _ additon of HBr to propene, the initial step is the atlack by H* on he =n- bond of propane. In this




process the proton may be attached to cither middie or terminal olefinic carbon of propenc giving n-
propyl carbonium ion, being a secondary carbonium ion, is maore siable than n-propyl carbonium ion
which Is a primary carbenium ion. This is due o the presence of two methyl groups in i-propyl
carbonium ion. Which cxert clccwon relcasing inductive (+ 1 effect). The higher stability of i-propyl
carbonium ion is also duc fo hyperconjugation.

HH H ' One imcthyl group cxerting + I effect
I [ . and two -CH bonds {two rcsonance
H-C-C—>-C-H structures due to hyperconjugation)
I *
HH
_n- propyl carbonium ion
{ Primary carboniam ion})
H H H

| I
H-C+C>-C-H

i + I :
H B ' - Two methyl groups exerting + I cl{cel and
- prapyl carbonium ion six -H bonds (six resonance structures duc
( Secondary carbonium ion) ' ' lo hyperconjugation}
: @
HyC = CHs—CHp
CHy  H i n—Prc{pyE corbonium on{f)
/ less stobie)
c=¢ + H@ Stow b

/ \
- H H CstgH --CHa

is0 - propyl carbonium ion (2)
{ more stobte)

CHy—CH-=CHy
J
g8r 1 Fast

iso-propy! bromide Br®
(major product;

Therefore of the two carbonium jons, formation of i-propyl carbonium ion (more siable ion)

" ix eucrgetically more favourable. i-Propy! carbonium ion then combines readity with the bromide ion

to give i-propyl bromide as the major product.
157.3.2 Anti-Markownikoff addition: Peroxide effect

In 1933 Kharasch discovered that the nonnal mode-of hydrogen bromide addition to propenc
is reversed in the presence of a perioxide.  Thus, propylenc when trcated with HBr, in the presence
of a trace of benzoyl peroxide, yields n-propylbromide as the major product.

_ ‘benzoyl
H,.C - CH = CH, + HBr > H,C - CH, - CH, Br
' ' : Peroxide ' .

This abnormal addition has been shown to proceed throgh a free radical mechanism.
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oLyt et
. .. .. : ..
CGHS‘—C—‘O OMC_CSHS ~» 2 CGH5"—C-'0'

Berzoyl peroxide Benzoyloxy free radicol

o : -

Phenyl free radical

CH3 CH=C H- + Br — CHy—~CH-— CHz Primary free radicol
{tess stable) :

CHy —CH~ CHp~Br Secondary free radical
A {more stable)

w first step 1s homolylic cleavage of the weak bond in 'bcnzoylperoxide o yield benzoyloxy
frec ra. als. Benzoyloxy free radicals. Benrolyloxy free radical eliminates a molecule of CO, to
form pi ayl free radical. A free radical has a swrong tendency te hydrogen atom from other
compow '3, Thercfore phenyl free radical reacts with HBr 1o form benzene, releasing a bromine atorn
(bromine ree radical). . In the next step bromine free radical adds w propene forming, a sccondary .
free radic '. This on reaction with HBr by radical mechanism to form n-propyl bromide. The
bromin ¢ ect is also observed in the photocheical addition of HBr o unsymmeirical olcfins.

Check your progress - 1

‘What is Markownikofl rulc?

15.7.4 Catal.ytic hydration

Addilion of a waicr molecule 10 alkenes takes place in the prescnce of concentrated sulphuric
acid. The products of catalytic hydration of olefins arc aicohols.
. H SO, - o
>C=C<+H0 =3 >C-C«
-
"H OH
: An aicchel
The hydraIJon of an unsymmcmcal alkcne such as propene takes place accordmg io
erkowmko[[‘e rufc.




®
CH3" CH::CHz + H,0O -ﬁ'—"’CHz,—"(?H"—CHg,
Propene S oH
;,?C'T‘l.é”'CHz*" gli'ig

L, A® -

CHy—~CH=ECH, + H

HxC = CHz  HxC _.CH
3 \ / 3 X \CF{/ 3
CH __H® |
4 f— O ¢
H=0 H x JTH
iso propyl alcoko!  Oxonium ion

Addition of a proten to prepene yiclds more stable i-propyl carbonium icn. The carbonium
jon is an clectrophile, and, therefore, reacts with a water motéeule (2 nucleophile) giving an oxonium
ion. The oxonium ion, in this case, is protonated i-propyl alcobol, Elimination ol a preton from the
oxonoium jon yields i-propyl alcohol.

15.7.5 Hydr.oboration

Anti-Markownikoff addition of water molecule 0 oan unsymmetrical olefin is brought about
under the catalytic influcnce of diboranc, n this process an alkene is treated wilh diborane and the
resulting triatkylborane is oxidised with alkaline hydrogen peroxide solution, The addition of boron
hydrides at carbob-carbon double bond is known as hydroboration. '

B,H reenentemeees = 2BH,

2

3CH, - CH = CH, + BH, - SRS (CH, - CH, - Cil), B
‘ Tripropyl borane

(CH,-CHCI1), B + 3H,0, + 3 NaOH — 3 CH,- CH,- CH,- OH + Na, BO, + 31,0
15.7.6 Oxidation
Alkencs arc oxidised by a varicly of oxidising agents.

15.7.6.1. Hydroxylation

A solution of coid dilute alkaline KMnO, (Bacyer's rcagent) or osmium tetroxide converts an
alkene into corresponding glycol. Ethylenc is thus converted into 1.2-dihydroxy cthanc or cthylene 73




glycol, -

Bacycr‘s reagent ~. 7
C=0C + HO + [0] e e ey o C - C
N /) [
' OH OH
An alkene _ ’ An alkencglycol
_ Sacycr's reagent
CH,=CH, + H,O + [OQ] oommmeeeececeee. — CH, - CH,
S | I
OH ©1
Ethvicne ' Ethylenc glycol

conversion of alkenes into glycols is known as hydroxylation of alkenes.  Bacyer's reagent and
asmium (etroxide cause ¢is hydroxylation of alkenes. Glycols are also obtained by conversion of
alkenes inlo cposides. followed by the reaction of an alkene with a peracid such as peracetic.acid,
pertirifluroacetic acid and perbenzaic and. Hydrolysis of cpoxides leads o the formation of trans-
;Lgljrcols, :

0 . . 0
o o
SC=C] + R=Cw0~0—H — p Sc—C" + R=B—_0-H
- ~ ) . _ - \(/ T
E ' A perocid . An epoxide

157.6.2 ° Quonolysis

In ozonolysis, alkencs are treated with ozone, The resuiting unstable Gnd somctimes explo-
sive) ozomides arc hydolysed 1o give carbonyl compounds (aldehydes and ketooes). The hydrolysis
ts carried out in an inert atmosphare w prevent further oxidation of (he carbonyl, compounds,

R i : o
- - R ment NS N
c=:c + 03— _Co-cl  TRIMANGEMEDRt Tues e
o ~R Laad é (i) "R RO iR
- C"“ -
aTs)
Alhensozonidge An is0 0ronige
R R
- H
"‘202 + =0 + Ozci -+ on
R 7

Carbonyl compounds




In the first step an addition praduct known as mol ozonide is formed. This rearranges to give
an iso-ozonide. By identification of carbonyl compounds, formed in the ozonolysis rcaction, the
structure of an alkene can be established. By removing the carbonyl oxygens from the structures of
the two carbonyl compounds (formed in ozonolysis), and joining their carbonyl carbons through a
double bond, we can write the structure of the starting alkene (subject to ozonolysis).

R R ' R - R
SC=040=C> —_—— »C=CL
R_:[> 0+ . R L . Rl Ri
Carbonyl compounds : Structure of the alkene
resulting from ozonolysis of alkenes subjeted to ozonolysis

15_.7.7 Polymerisation

Alkcncs undergo polymerisation. Folymerisation is the formation of a large molecule by the
repeated addition of small molecules. The small molecule is calicd monomer and the large molecule
a polymer. For example, ethylenc ( a gas ) polymerises in the presence of a catatyst to produce-a
high-molecular-weight polymer. (polyethylene). Polycthylene is a tough, solid substance melting near
118° , and is used for making, among other things, comainers for hydrofluoric acid.

 camlyst  (-CH, - CHy)n
n CH, = CH, : —> or .
_ Ethylene{ monomer) CH,=CH-(CH, - CH,) __,:CH, - CH,

Polyethylene (Polymer) -

Polymerisation may be catalysed by acids, bases or free radicals. Followmg is the mechanism of irce
radical polymerisation: :

Q 9 . 0
Ph—C—0—0—C—PhT¥2 Ph—C—0
Phwd——»cog 4+ Ph Phenyi free radicel
Initiation : Ph}+ CHo== CHp —# Ph— CHa— CH2
Propagotion: Ph—CHa_-j—CHz + nCH_g'—'—'C!-ig —--+
Ph— CHp— CHp— (CHp—CHp )r{:I'CHz_E-:H2
Termination:

_ — CHe
2Ph—CH2-CH2(CH2 CHz ), 7~ CH27 Crz

| T—&LP"\ CHQ—CHZ—-(CHZ-—CHQ) TCHQ'_C'HE_]Z

,
'

P 4

l_ . Ph—CHz—CHp~— (CHZ—CHg)n_—l CHo— CH3a 75




Like any other chain reaction, free radical polymerisation consists of three steps viz., initiation,
propagation and termination. Termination is brought about, either by pairing up of radicals of by a
{ree radical taking up a hydrogen from an other free radical. The latter siep is known as dlspropor—
tionation.

15.8 ALKADIENES

Alkadienes are unsaturated open chain hydrocarons carrying two carbon-carbon double bonds.
Alkadienes are also known as diolefins. The suffix 'diene’ in the name of an orgaic compound
indicates the presence of two carbob-carbon double bonds. The empirical formula of alkadiene is
CnHz)1 , - 1,3~ Butadiene is an important member of alkadicnes family.

15.8.1 Nomenclature

The [UPAC name for an alkadiene is given by replacing the 'nc' of the alkane by 'diene’ and
indicating the position of the double bonds and other subsituents by the numericals. For instance. ,
the name- 1,3- butadiene suggests that there are four carbons in the compound, and two double bonds-
one between C, and C, and the olher between C, and C,.  Similarly i isoprene is named as 2-methyl
1,3 -butadiene.

- . CH

1 2 3 4 |
HC =CH-CH=CH, CH,= C-CH =CH,
1,3 - Buadicne Isoprene

3

Dienes are classsified into three types depending on the position of the doublebonds. Dienes
wilh double bonds scparated by a single bond are called conjugated dienes. In an isolated diene the
double bonds are scparated by more than one single bond. If the two double bonds originate from
the same carbon, the diene is called a cumulated dicnc or an allene. The carbonlinked to two double
bonds (allenic carbon) is in SP hybidirised state.

Formula Name Type of diene
H,C=C=CH, 1,2 - Propadiene (allcné) Cumulated
H,C=CH- CH = CH, 1,3-Butadicne : Conjugated
“H,C - CH = CH =CH, 1,2 - Butadienc Conjugated
H,C=CH-CH, - CH=CH, 1.4-Pentadienc Isolated

15.8.2 General methods of preparation

Thc methods that are geacrally employed for ihe prcpdl'dll()ﬂ of -alkenes can also be used for
alkadienes. .

- 15.8.2.1 . Dehydration of a dihydric alcohol

Dehydration of a dihydric alcohol in the presence of acids leads to the formation of ajkadicnes,
Heating a mixtwre of pentane 1,5-diol and concentraled H,SO, results in lhc formation of 14 -
pentadicac, .

H,C - CH, - CH, - CH, - CH, Heat -
| B > H,C = CH, - CH = CH,
OH OH HO

1.5 - Pentancdiol 1, 4 Pentadiene




15.8.2.2 Dehydrogenation of alkanes

Alkadienes are also obtained by dehydrogenation of an alkane, by passing the vappours over
heated Cr,0, catalyst. For ¢xample, 1,3 - putadiene is obtained by dehydrogenation of butanc.

Heat
HC -CH,-CH, - CH : o - H2C:CH—CH=CH2+_2H2
' 2\ - '
N- Bmane : 1,3 Butadiene

15.8.3 Properties

Among the diencs, cumulated dienes are least stable. Frequently cumulated dienes undergo_
isomerisation to form an alkyne or a conjugated dienc. The conjugated dicncs are more stabic than
isolated dienes. This is reflected in their heats of hydrogenation.

Compound ‘Heat of hydrogenation
H,C = CH - CH = CH - CH, - 54.1 KCal/mole
1,3 Pentadiene )
(Conjugated)
H,C =CH-CH, - CH=CH, - 60 K. Cal/mole
1,3 Pentadicne (isolated) '

15.8.4 Chemical properties

Like alkenes, alkadienes undergo electrophitic addition reactions. But duc to the presence of
two double bonds,two molecules of reagent are required Lo-complete the addition reaction. Conju-
gated dienes show a sirong tendency to undergo IA-addition reactions.

15.8.4.1 1, 4-Addition reactions

dihalide may involve either 1,2 - or 1,4~ addition. In 1,2 - addision the rcagent adds on to one doubic
bond i.e two carbons joined by a double bond in the dienc remains uneffecied. In 1,4 - addition, on
the other hand, the rcagent adds on 1o the two lcrminal carbons of dicne system, and a new double
bond appears between the central carbons of the dienc. 14 - Addition is the preferred mode of
reaciion of conjugated dienes with one mole of of reagent. :

When diencs are trealed with one mole of halogen, a dibalide is' formed. Formation of a : !

1,2 - and 14 - Additions o bromine to 1,3 butadienc is feprcscﬁled as follows:

Br,
N CH, - CH - CH = CH,
12 3 4 b |
HC=CH-CH=CH, —- Br Br
1,3 -Butadi ' | '
.3 -Butadicne Br, (1,2 - addition )
> © H,C-CH=CH=CH,
| |
Br Br

(1.4 addition)

7
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15.8.4.2 Thiele's partial valence theofy

According to Thiele's partial valence theory, atoms forming multiple bouds do not fully utilise
all their combining power, but leave a partial valence reaching out in space. In conjugated dienes the
partial valcncies of unsaturated carbons scparated by a single bond are neutralised, lcaving partial
valences at the two terminal carbons of the diene system. Therefore the termmal carbons react rcadily
by 1,4 - addition.

HlC CH - CH = CH, HZC =CH - CH = CH,

1, 3 - Butadiene - Butadiene wita partial
valences {according to Thiele)

HC=CH-CH=CH, . Br, - HC-CH=CH-CH,

Neutralisation of partial valences of . ? . Bl-f ;r
artons linked by singl '
cartons linked by sing cbopd 1.4 - ddition

. 15.8.4.3 Diels - Alder reaction

This is 1,4 - addition rcaction of conjugated dienes with unsaturated compounds like malcic
anhydride (called a denophilc). For example, 1,3 - butadiene rcacts with maleic anhydride to give an
adduct “addition product). This reaction is called Diels-Alder reaction. Diels - Alder reaction is
valuab. in th synthesis of six membered carboxyllc compounds. Diels Alder reaction is the charac-
teristic -action of conjugated dienes. :

CH 0 N\ ' 9
He P 2 ~C , B
NC C /0 HC [
] _ _CH2 ﬁ
0
I,3-_bu|‘adi_ene Maleic on'hydnd'e adduct

Check 'yb_u-'r prog_réss -2

What is .diels-'Alder reaction ?

15844  Polymerisation

Alkadienes readily undergo polymerisation. For example 1,3 - Buwdlcne forms polybuatadi-
ene in presence. of peroxides.

-

-

n ((CH, = CH - CH,) (-CH, - CH - CH- CH)),

Polybutadiene




CH,
l .
Synthetic rubber is a polymcr of isoprene, ( H L=C-CH=CH)) or2 mclhyl - 1, 3 -
butadiene .
- {Hy -
\C"'C:C'Hz CH? ~HpC = CHZ-..,_ _Hacl-cus
e et T el

¢ polymer of isoprene rubber

159 SUMMARY

Alkanes or olcfms which conlain a carbon- carbon double bond has general formula C H, and
exhibits position and geometrical isomerism. Thcy arc prepared {rom

(a)  Alkylhalides by dehydrohalogenation
{t)  Alcohols by dehydrohalogenation
{c)  Vic. dihalo alkanes on dehalogenation

These are - non-polar with fow melting points and boiling points. They are insoluble in polar
solvents but soluble in polar solvents but soluble in orgamic  solvents.

The main type of reaction is electophilic addition with X, HX, HCN, H,O eic. Addition of
HX to unsymmetrical olefins gives products, with negative part being added 10 carbon atom with
tesser number of hydrogens (Makownikolf's mute). In presence of peroxide HBr adds contrary o Lhis
known as peroxide effect, Ozonotysis 1s an important reactionwhich [acilitates identification of the
position of the double bond in olcfins.

Conjugated dicnes show 1,4 - addition producis-duce 1o deiocalization of clecirons,

15.10 MODEL EXAMINATION QUESTIONS

1, Answer the following in 10 lines
1. An alkene {A) with molecular lormuls H,‘ reacts with HCH to from an add: e
product (B). (A) On ovzonolysis gives & e and tormaldehyde. Write the <ig tures
of (A} and (B).
- (2) - How are the (ollowing connversions ol o7 W cauationgs,

a) . Propenc to n-propyl chloride
b} . 1.2 Dibromo propanc to i-propy} aicohol

I1.  Answer the following in 30 lines

Outline the muechanism of addition of hromine (o an alkene.
2. Write the structures of (1) an isolated diene (1) conjugazed dienc (i a cumulated dieac,
Discuss the characicerisic reactions «f cunjugated dicnas. ‘
Give an account of gencral methods of preparatin of atkenes and alkadienes.
4. Discuss the mechanism of polymerization of cthylne. thl is hydrohoration? explain .
with a suitablc cxample in ca.(,h casc,

p—

i




i5.11 MODEL ANSWERS TO CHECK YOUR PROGRESS

1. In addition of polar molecules o unsymmetrical olelines the negative part of the adding
reagen:  usually. hecomes attachod 1w that carbon which carries fosser number ol hydrogens.
This empirical generalisation s known as Karkownikof!l wle.

2, The 1. 4 - addition of conjugated dicnes wi-b unsaturated copounds like maleic anhydride is
called dicls-Aider reaction. ea: Addition of 1,3 - butadiene with maleic anhydride.

0 0
} 1

" CHg - C CHow o C

T N o SCHTN
?H o+ 0 — |} ‘ -0
CH Ct‘\c/_ HC\CHZ/CQ\C/

NP
CH _ i : [

Author - Mrs. C. Sesharaiiam
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16.1 AIMS: AND OBJECTIVES

In this unit we wish to introduce you the methoeds of preparation, properties and uses of alkcncs

After completing this unil you should be abic 10 know :

Nomenclature of alkyncs

General methods of prcpa'ra_Lion of Alkynés

1) Dehydohalogenation of dihato alkanes

2 Dehatogenation of tetra haloalkanes

3 Conversion lower alkynes (o higher alkynca
Propertics

A - Physical propertics of alkynes

B Chemical propertics of alkynes .

1) Reduction

2) Additon of hydrogen

3) Addition of hydrogen halides

43 Caalytic hydration and wolomerism

- 5) Reaction with mctals

6) Oxidation
7) Acdity

8) Isomerisation - m




16.2 INTRODUCTION

Alkynes arc aunsaturated aliphatic hydro carbons. The functional group in alkynes is carbon - -
carbon triple bond. The suffix for the compounds of this family is ‘yne', and the general formulais C H,
» Acctylene, H-C=C-Hisihc simplestalkyne. The carbon triple bond length in alkynes is 1.20 A® whmh
lS less than carbon-carbon doul)lc and smgle bonds The carbon atoms 1 inked by 4 triple bond, and the
. IS
atoms mr_ectly linked to them form a hncar suucture. "I“hus in acet'ylcne, H- C-Cbond angle is 180°
Alkanes exhibit position isomerisim but do not exhibit cis-trans isomerism. .

16.3 NOMENCLATURE

The commox, and 1 U P A C names of some alkyncs arc given below:

Formuta of alkyne

Commen name

JUPAC name

Ethyne

H-C=C-H Acetylene

H-C= C-CH, Methylacelylenc Propyne

H-C= C-CH, Ethylacetylenc But- i yncor i - Bulyne
H,-C-C= C-CH, Dimethylacetylenc But - 2 yne or 2 - Butyne.

- Alkynes may be named as derivatives of acetylene. In thé TUPAC namcs of alkyncs, the suflix is 'ync',
The pature, number and position of substituents and the position of the wiplc bond in the longest straight
-chain of carbon aloms are afso indicaied. The folowing strugture contains five carbon atoms anda

1 2. 3 14 5
cl- CH -C = « C - CH-CH

~ wiple bond in the longest straight chaint of cz_t_rbon atoms. The triple-bond is between C,and C,
respectively, Therefore the IUPAC name of the compound is 1-chloro - 4 - methyl - 2-pentyne.

16.4. GENERAL METHODS OF‘PREPARA_TION

chcral mcthods are avaitable for the prepdrauon of alicynes All these methods involve

chrﬁmauon reactions.
16.4.1 Dehydrbhalogenatioh' of vicinal and geminal dih'ali'd_es:.

Dchydrohaiogcnmon of vicinal or L(‘rmna] dihalides or d]ha!mlkaneq lcads to the formauon 01" .
alkynes. When two halogen atoms arc present on the sume ¢arbon in a dihalide, it is called a geminal (gem)
dihalide, Ifthe two !wlbgcn atoms are attached o twoadjacent carbon atoms, the dihalide is catled a vicinat
{wc)dahal‘de On ireatment 8F difiatide with wodium smide oraleobolis alkali i haloalkenrce is Sust formed.
This reacts with 2 sccond molecule of dehydrobalogenating agent e give alkyne,

H H . B H

P atc. KOH or ~ /" alc.XOHor
Y U - C= O - . -C=C-
i© 1 NaNH e ™\, NaNH, B
X X T Anatkyne

A

N

" A vic. dihalide
: 3

A halo ¥




A halo al

A gem - dihalide

Prepa_ratibn_of j)ropync from 1,1 -dibromo propane serves ;

H H Br
I | I alc KOH or
H-C - C - C-H . = -y
f | . ~-HBr
H H Br
alc
-F

R-CH=CH-X
A ha@oalkcne- -

R-C=C

NaNH, 150° A hatoalk

16.4.2 Dehalogenation of tetrahaloalkanes

Dehalogenation of tetrahaloalkancs by treatment with
Reaction of aicuhohc solution of 2,2,3 3 - tetrachlorobutanc

X X
I ! . :
C- C- + 27y — 5.0 =¢
X X
A tetrahaloalkene
Ct Ci
! b
CH,-C - C-CH,+2Zn ' —orree- - H(
' } b '
Ct- Cl

2233- Tctrachlorobu tane
16.4.3 Conversion of lower alkynes to higher
_ _ .

Lower alkynes can be converted into higher alkyncs,
sodio derivatives which on treatment with alkyl halides from

: _ _ R'-X
R-C=C-H+Na--——- - R-C=C-Na——
: - Sodium dlkync

Prcpauuon of 1-butyne from acetylene may be ciled

ale KOH o
S LRy . I C= C H
Na NH, A7 alkyne
siration.

H H

Pt
¢ -C=C - Br
- Bromoproperie

H o HC-C=C-H
> Propyne

50° to give alkynes.

d lzads o lacform& eaof ol fynes,
zinc motad gives 2-butyne,

2Zn X,

= C- CH,+22ZaCl,

- Butyne

nes

ynes react with sodlum mct‘al 10 form
ey a]kyncq

C=C-R + NaX
Thcmlkyng

cxample




H.C= C-H4Na—— H-C=C-Na+CHCH,] —— H- C = C-CH,-CH, + Nal
: ' . 1- Butyne

- Check your progress - 1

Explain an important method of preparation of acetylene.

16.5 PHYSICAL PROPERTIES OF ALKYNES

Alkynes resembile alkanes and alkenes in their physical properties. They are insoluble in water but

quitc solublc in organic solvents of low polarity like benzene, carbon tetrachloride and ether. Their
boiling points increase in the numbers of-carbon atoms.

The boiling pbihts of some simpler members of alkyne family are given below.

Alkyne Formula ' ’ Boiling point O° €
Acetylene : H-C= C-H - _ . - 83
Propync _ BHC=C-CH, : -23
1- Butyne . H-C=C-CHCH, =~ 9
2- Butyne HC-C = C-CH, 27

- 1-Pentyne H-C=C-CH-CH,-CH, . | 40

© 2- Peniyne : H,C-C = C-CH,-CH, 55

" 16.6: CHEMICAL PROPERTIES OF ALKYNES

" The chc.mistry of aikynes is the chemistry of carbon-carbon triple bond. Alkyne undergo
clectrophilic addition reactions duc to the availability of loosely bonded n electeons. Due 10 the presence
of the iwo = bonads, atkynes undergo addition of two molecules of the reagent.

16.6.1 Reduction

Alkyﬁcs on hydrogenation int the presence of a'calalyst_like nickel are cohvcrted toatkenesinthe = -

{irst siep. These alkenes add on the second mole of hydrogen 10 form the corresponding alkanes.

H H
H, / Ni H, / Ni P
OIET op - -C=C- 5 -C.C-
b R T
H H - H H

An atkyne . Analkene " Analkane
* Propyne is converted into propance through propenc
16.6.1 Partial reduction

.Alkyncs arc partially rcduccd_ By sodium or lithium in liquid ammonia Lo give corresponding
alkenes. Partial reduction of an appropriately substituicd alkyne may be expected to yield either a cis-

i
-




. or atrans-alkene, Gcncrally trans-alkenes are obtamed when atkynes are reduced by sodlum or hlhmm '
in liquid ammonia, where as cis-alkenes result by catalytic hydrogenation.

Alkynesare reduced to cis alkenes by hydrogenation in the presence of a specially prepared catalyst
called Lindlar catatyst. : : T

“Na / NH, liquid _ :

» H R

>C=C«< A trans - alkene
o R H
R ~C=C-R- - Lindar catalyst

P R R . o
>C=Cx - A cis-alkenc
H H

16.6.2 Addition of halogens

| Alkancs react with two moles of halogen forming first vic - dihalo alkene and {i inally tetrahaloal-

kane,
o . X X
X, - X, P !
-C=C- —> .C=C- ——o -C - C-
P ' g }
X X X X
A dibaloalkene ) A tetrahaloalikane
. Br Br
: ‘Br, Br | i
H-C=C-H — . H-C=C-H -~ H-C - C-H
: ' ' i ! !
.Br Br - Br Br
1,2 Dibromothyienc i, 1,2, 2 - Tetrabromocthane
- or acctylene dibromide or acelylence tetrabromide

Addition of chiarine 10 acetylene generally requires the presence of antimony pentachloride or |
ferric chloride, The product is 1, 1, 2, 2 - teteachlorocthang. :

Cl, A Cl Ci, Ci Cl
H-C=C-H - 3 B ! — | 1
' ShCl, H-C=C-H sy, H-C - C-H
I [
1,2 - dichloro cthylene Cl Cl
' ' 1,1,2,2-
Tetrachloro ethane

16.6.3 Addition of hydrogen halide

Alkynes add on two molecules of hydrogen halide 1n stages.

= Ce HX e X-C = C-H
P

The addition of sccond molecule of hydrogen halide Lakes place sccording to MarkoWnikﬂl‘['r_ulq.




- Acetyiens reacts readily will ove uaie of gydregan hride to form viny) chloride.  Further
addxuor of hydrogen chloride to whyi bigride 18 duu(:u,iams mikes piace very slowly. On tho other hand,
the addition of HBr ¢r HI to vioy! bromice and vinyl jodide resperty ety cours readily.

H-C =C-H+Hur --’-—----% HC* ( HBr -——3 H,C - CH Be,
mel bromide Ethylidene
dibromide

iﬁ 6 4 Catalytic ?’i dt:u’n

- Alkynes can bc hydraicd in the presence of concentrated sulphuric acid containing mercuric
" sulphate (Fg SO, ). Amolecuic ol winer adds to the tripte bond giving a carbonyl compound as the product.
The product of the initial addition is 20 unsaturated alcohol {enol) which undergoes taltomerism o give
the: “arbonyl compoand. The product of ¢z _i.axyu:: hydration of acctylene is acelaidehyde. Conversionof
-vinylalznhol 1o acetaldehyde is called keto-cnol tautomerisation. In this process migration of aproton and
adoub!  hond may be assumed o proceed in opposite dircctions. Tautomerisation represents 1, 3-proion
shifl. Tii - keto and enol forms of carbonyl compounds represent dynamic slructural 1somers, commonly
mlled tat "omers. :

+ . . e
o= Ha ) : Eo
EHC— + HeQ ——» ?=C *~— H—~C—C—
. . H i : [
H OH
_ Anenol
Exdmpie
e HgSO0; T "
4 350, : o
H=C=C=H + Hy0 ——p|H-C=C | —»H-C~C—
2% Con. M504 L A
OH) |- H-Q
Viny! gfcohgl Acetol dehyd#

"\16.6.5 Reactidns with metals

-Alkyncs react with ammonia! solutions of silver and cuprous salis precipitating cosresponding
mctal atkynides. This test is used to distingutsh 1- -alkynides. This test isused to distinguish 1-atkynes (eg.
1-batyne) from other alkynes (eg 2-butyne), in which the triply bonded carbons are not dircctly auached
1o a hydrogen atom. Acetylencforms a whltc prcc:pltatc of sxlver acctylldc and a rcd pl’(‘,ClplI.dlc of cuprous
acetyhide.

Free alkynes arc rc;,cncmtcd from cuprous salts by wrcaument wnh a dilute mmcral ac1d This
reaction provides a qualitative evidence for the presence of 1-alkyne. Thlb reaction may d]‘s() be used o
remove impurities of I1- alkyn(_, {rom Olhcr hydrocarbom : . :

.

H-C=C- H+2{A;,(NH) — 5 AgC=C- Ag+2N§ +2NH
- Acclylcnc _ _ : Silver acetylide .
- (white ppL) - -




+
H- C_\,-H+2[Cu(NH3)2]* -———~—-9CuC C-Ag+2ZNMNH, +2Nr-!
Cuprous acetylide

~ (redppt)

Alkynes also form salts with alkali metals, For instanu: acetylene. reacts with sodium metal
in-lignid ammonia to form sodium acetylide. The sodiam ang viner atkali mcta‘ salts of acetylenes -
hydmlyses readlly in water. :

hqmd ammoma

H.*CECZ-.H.-FN.'&N‘H,, et H C=C- Na+NH
_ H-C=C-Na+ HO mroeeremmrmms: --,H C=C-H+NaOH
16.6.6 Oxidation — S e

Acetylene on oxidation in presence of potassiuvm pcnnangaﬂal,c iorm‘; CO, and waler as ummaw
prodacts The reaction occurs through the intermediacy of an cnedlol }:,l) oxal and oxahc acid.

o1 o {0}

H-C=C-H > H-T=2C-H —ws H C C-H ——
KMaG, = i | 0o |
OH O 00
- An enediol '  Gyloxa!
1o
HO-C-C-OR o COH,0
11 ' '
o0
Oxalic acid

16.6.7 Acidity of 1 - alkynes

According (o Lowry and Bronsted iheary of aids and bades. Acidiy is the icndency of a

‘conpound to losc hydrogen as proion. Inorganic chemistry, we come across weaker acids which donol

turn blue litmus tored and which donolhavc sourtaste. Aceiylese ismorcacidic than ethylenc and ethane.

In ethane the carbon atom, linked o hydrogen, is in sp® hvbridised swde be. with 25% s- character; in

~ cihyiene and acetylene the carbon atoms are in sp? and sp bvbridisation staies respectively. Thus the
" peréentage of s-character of carbon atoms in ethylene and aceiviene are 37 % and 50% rospectively.

H,C-CR, . HC=CH, H-C=C-H
Ethane = ~ Ethylene - Acatylene

- (carbon with25%  (carbon with 33% (carbon with 50%
s- character ) - 7% charsciery o s - character)

Due to 50% s-character of acetylenic carbon, the clectrons 8f a C3F umpnramacly cimr'r E
“to the carbon atom. Therclore, the hydrogen atoin attached to an acetylenic cirbon (sp hybridised (.cﬂ'bﬂl’l) h
is mobilc and'can be lost as a proton t.¢. acetylene is an acidic hy (imcadxon The mmsatmn constanis of
cthane, cthyiene and acclylene quppori this view. : :




. "_.88‘._

Check yoﬁr progress - 2

How do you differentiate between propane, propenc and propync?

Name of the cenrpound Moiccular fornia - ' I(. value
Ethane _ C,H, o ) <10- %
Ethyl cnie _ C,H, o 10°%
Acclylenc : C,H, - 10

16.6.8 Isomerisation

Und{,r the caulym mﬂuencc of sodivm amide, 2 alkyncq isometise to l-alkyncs 2 - Butync is
converted to 1-butyne. It 1- d]k)« nes are-heated with aleoholic polassivm hydroxide, isomerisation lakes

_ plau_ iit the reverse direction and 2 - alkynes are obtained.

| Na NH,
HC-C=C-CH, __ HC-CH,-C=C-H T
: «

ale. KOH

2- Butyne . i- Butyne

16.7 PREPARATION OF ACETYLENE~

The alkync of utmost indusirial mlporla'mc is dgctylcnc It is prepared by the action of watsr
(hydrolyms) on calcium carbide. : :

CaC, +’?HO—>H C =C- H+Ca(OH)2

The carbides of other mcmls also, on hydrolysis, give atkynes. Magnesium carbldc givesamixture
of alkene and propyne

2 Mg, C, +8H,0 —> H,C=C=CH,+H-C= C- CH, + Mg (OH),

16.8 USES OF ACETYLENE

The flame of acctylenc burning in oxygen is exiremely hot (4000° ). Oxy-acctylene torches arc

. used for cutting and welding steel. Most of (he acetylene produced is used in the manufactarc of other

chemicals. ‘Vinyl chloride vinyl acclate, acetaldehyde, acetic cid, acrylonstri Ic and neoprenc are some of
the mdustnally 1mportam chemicals commercially obtained from acetylenc.




.a)_

b)
c)
d)
€)

Major routes from acetylena to important chemicals

Hy ¢ ~cHo 224 ch,coon

Aceticacid(a)
Ho O

H2504 + Hg804

HC
HyC=CH—Clemm H~C = ¢~ 2 e ciieon

Vinyl chioride (b) Acetylene Acrylonitrile ()
4"/
ot
-~ a‘.\so .
/d\(““ )

T s RS e Il . . ]
#';;:i.----bh“"L:Cr‘a ' Hzc,mCH“_*Q'-“Q"'CHS
Vinyt ecelvivos iGY Vinyl acetate e)
Aceticacid  :  uscd in the production of dycs, perlumes, esiers, Pharmacenticals etc.
Vinyl chloride : uscd in plastic industry.

Acryloniirile ;. uscd for the preparation of Buna-N-rubber,
Vinyl acetylenc: uscd in the production of synthetic rubber,
vinyl acetate : used in plastic ndusy.

16.9 SUMMARY

This umldssc‘ussc{lIhcahphdlmhydrmdrbonswﬂhC - Cealledalky nc‘)mul) lenes. The general.
formula is CnH, , and cxhibits position isomerism,

Alkynes are prepared from

dihaloalkancs by dehydechalogenation

tetrahaloalkancs by dehalogenalion

calcium carbide by hydrolysis

They are insoluble in water but are soluble in C H CCl,, cther clc.
They arc conveted to

alkanes upon hydrogenalion

tetrahaloalkanes on halogenation:

.a}
b)
c)

a)
b)

)

d)_

B BT

_gem. dihaicalkancs on trcatmeni with HX.

Carbonyt compounds on (rcaiment with HO in presence (Ji catalysl, which ivolves 1,3-prolon
shift called tawtomerism, I-Alkyncs are d]slmgumhcd by theirability Lo lorm metal salts with
ammeniacal solutions of copper or silver.

16.10 MODEL .EXAM]NATI()N QUESTIONS

1.

Answer the following in {0 lines

1.

The mn]u,ular f()l’l"ll.l]d of a hydrocarbon {X) is Cﬁ o On hydmgchalion X pives 2- methyl

pentanc. On the treatment with water in the presence of mercuric sulphate and dilute

sulphuric acid gives ammoniacal cuprows chloride solution. Write the structures of X Y,
and formulate the above reactions. '

89




2. Wri{c bricily about the following: :
' (a) Tautomerism  (b)  Acidity of 1- alkyncs
{©)  Vic - dihalides ()  Gem. alkyl dihatides,

II.  Answer the following in 30 lines

1. How isaacetylene is prepared industriall y? What are the industrially imporiant compounds,
obtaincd from acetylenc? o o
-2 Givetwo methods of preparation of I-propane, Whathappens. when propync reacts with the

following rcagents? Writc cquations giving names of the producis,

(a)- Br, (b) HBr {c} 1 mele of HCN (d) Ammonial silver nitratc solution
{¢)  HgSO, dissolved in sulphuric acid ()  NaNH, and later with cthyl lodide

16.11 MODEL ANSWERS TO CHECK YOUR PROGRESS

1. Acctylene is prepared on large scale by hydrolysis of calcium carbide.
CaC, + HO — =~ Ca(OH),+HC = CH
2.7 "'P"r:'opyné reacts with ammoniacal soluttions of sitver and cuprous sahs ﬁfdbihitating'-cor}fé'ﬁsponding' -

" metal alkynides. This test is.used to difforentiate propync from propene and propanc. Propencis G
* distinguished from propanc as it decolouriscs alkafinc KMno, solutions (Bayer's kest), - R

Author ' Mrs. C } Se.vharatna:ﬁ'
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17.1 AIMS AND OBJECTIVES

1n this unit we discuss the structure of benzene, aromatic character and characteristic reactions of benzene.
And also we explain you the orientation in electrophilic reactions of monosubstiluled benzencs, Finally
we discuss the chemistry of alkyl benzenes. By the end of this unit you will he able 10 understand.

. Struct}lrc of benzene

e Rcsonance energy of benzene

. Aromatic character

. Characteristic reactions of benzene

. Alkyl benzenes - nomenclalure -

. Preparation of alkyl benzencs

) Physical properties of alky! benzenes
. Chemical propertics of atkyl benzencs

17.2 INTRODUCTION

Aromalic hydrocarbons arc also calicd arencs. Benzene is parent aromatic hydrocarbon. Other
exarples of arencs arc naphthalene, anthracene and phenanthrene. Benzene was discovered by Fariaday

~ in 1825 from the ocondensates in pipes used for conducting coke-oven gases. its molccular formula (G

H,), was determined by Mitscherlich in 1834, The degree of unsaturation of hydrocarbons is indicated by
1hc C /H ratio. The general formula for alkanesis Co H . for the alkencs C H,, and for the alkynes
C_H, ,. The molecular formula of benzene CH, - corresponding 1o general formulaC H, s suggesta
high dcgrce of unsaluration, Bul ‘;urpnsmgly bcnzcnc does not undergo addition reactions which arc
characteristic of aliphatic unsaturated compounds. Benzene under normal eaditions undergoces substitu-
tion reactions. The following table compares the chemical reactins of benzenc with those of atkencs.

Alkenes Benzene
1. oxidiscd rapidty by cold KMn O, or 1. Stable 10 KMnO, or conc. HNO, at
conc, HNO, moderate temperatuees.
2. Addon haloi.,cns, hydrogen, i 'dmgcn' 2, Daocs not undergo addition of hydro-
halides and H,50, a1 O°C. |- gen halides and H,80, a1 O°C
3. Easily polymerized ' 3. Daocs not polymerize
4, - Undergo addition reactions _ 4, Undergoes substitution rcactions.

Benzene and its derivatives possessing characieristic aroma were called aromatic compounds. But
now-a-days aromatic characier or aromoaticity characicr or aromauicity is tinked with the reactivity of a
compound. Compounds whose molecular formulas reveal unsaturation but do not undergo addition
reactions, and instead undergo substitution reactions are called aromatic compounds. The tendency of
unsaturated compounds (o undergo preforcatially substitution reaclions is called aromatic character or
aromaticity. ' :




“17.3 STRUCTURE OF BENZENE

Onc of the most perplexing problems facing organic chemists has been the sructure of benzene.
Several acyclic and cyclic structures indicating unsaturation, with the formula C.H,, were suggested for
benzene, Following are some such structures: :

H.C = CH—C = C~CH ~ CH, HaC—C = C - CHy - C=CH
HyC—CZCmCz=C—CH, HC =2C=CH,~CH,—C=CH
s
HC —CH \
J ¢ ==CHp : / AN
HC == CH~ HpC=C—— C——-CH2

~ Since benxzene does not undergo addition reactions typical of unsaturaled compounds these
SLUCHLICS WCEC discarded. Scveral six membered cyclic structures were proposcd for benzene. Following
are some of the structures, which were rejected on onc ground or the olhcr

17.3.1 Dewar's structure

H | - H

e C/;'r T ¢ \ ~ c ¢
H \C / H H N C / \ H
- H o CH - B
Armsuong-Baeyer's structure (1867) : Dewar's structure (1867)

‘ Dewar's of structure would producc only two types of di-substituied pfoduc!s. But in bractice
benzene produces three types of disubstituted compounds.  Hence it was rejected,

17.3.2 Armstrong-Baeyer's structure
In Armstrong-Bacyer's structure the fourth bond of ca.c,h carbon 18 direcied lowards the centre 0['

the ring - a situation quite unacceptable. - b
NC ~—l A . '
- —=CH H. C
\CH/ | \'C \\C ot
He ! Ch | i . c’
.- \c]/ RN
H

Ladchhurg's Prism Structure (1869) Claus Structurc ( 1867 )
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Theubjections to thc above sructures arc essentially the same as thosc against the Dewar's structure.
These structures suggest that substituted benzenes should exhibit optical activity. This infact has not
obeen observed. | - : . '

€ = f .
A 1 )
T e II
AN o
17.3.3 Thi("a;‘i structure - pesidudl Valency Thiele's Structure (1889}

~ According o thicle an unsatarated carbon does not fully utilize its combining capacity, and
therefore a residual valency cxists at an unsatursied carbon, Therclore, an alkene such as cthylene
undergoes addition rcactions, ' '

However, inasix membered cyclic structure for benzenc the residual valencics on adjacent carbon
atoms are ncatralized. This accounts for the reluctance of benzene to undergo addition reactions. This
structore was also rejected because of the tack of cxperimental cvidence for such a hypothesis. A
ceasor ible structure for benzene was proposed by Kekule in 1863, He suggested a six membered cyciic
structy 2, [or benzene with alternaic single and douhle bonds. '

17.3.4 Kekule's structure

O the basis of the structure proposed by Kckule for benzene two o-disubstituted benzenes such
aso-dichlorobenzenes are possible. In(D) thetwo chlorine atoms arc attached to two adjacent carons which
arc joined by a double bond. [n (I1) the twa chlorinc atoms are linked 10 two carbons which are joined by
single bend. However all atlempts Lo preparc 1wo-o-dichlorobenzenes have been unsuccessful i.e, only
one u-dichloro benzenc exists. Toaceount for this discrepancy Kekule proposed thatinbenzene thedouble
bonds Hipped hack amd {orth, giving rise 10 two Lypes of motecules at any instant,

Q¢ CC
= - l Ci

) o
Chiorobenzenes

--_HH .
| e

o v

Kckule proposed that the two equivalent structures for benzene (TI & IV} are increonvertible quite
rapidly. As a resuit the strucwures 1 & IV become indistinguishable and the double bonds ar¢ not
localized, explaining the reluctance of benzene 1o undergo addition reactions. Benzene docs not normally
undergo addition reactions. o
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Moeno |
Substituted
Benzene -

Isomeric d|subst|tuted
‘ benzenes

e

- m- P

It can form only one mono substitition defivative dndthm di-substitution products. Not long after
this, ozonolysis experiments with aromalic hydrocarbons pmded strong ¢vidence for Kckule structure. -
Levine and Cole proved experimentally the correciness ol the dy ANAMIC structure proposed forf obcnn,m,

by o/onol) mol o-kyldne. They obtained glyoxal, wetiy] gl}msal and diacetyl in 3:2:1 ratio. This Lzm
be exple un\d b’) the lxm inger conve l'llblt,, Kekule SUruciure 5, \j & V] for 0- oxylcn(‘

_ CH3
H CHy

X

H ~H
1) 03
2)H20
T 0 Cmth B
0=(—C=0 | Ozéw—(I::O | | |
Methyl giyoxal Diacety!
(2 motecules) {1 molec ulé;
~+ . o ‘
R Ty
0=C—C=0 | O::(i';—w l!,‘-_:o
Glyoxal ~ aiyoxa
(1 molecute) (2 molecules)
Struciufe Glyoxat Methyl giyﬁxal | Diacetyl
S.lr'ucu:ie_-v. 1 2 : 0 _ - . |

ot -

Strueture - VI ' 2 s 0 .
From a mixture of V & VI 3 _ 2 1 :
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It o-oxylene had structure V, one molecule of glyoxal and two molecules of methyl glyoxal would

be formed and diacetyl is not formed. On the other hand, rom structure VI, one may expect two molecuics
of glyoxal and one molecule of diacetyl and nomethyl glyoxal. Formation of glyoxal, methyl glyoxal and
diacetyl in 3:2:1 ratio only be explained, il at any moraent , o-xy Icnc is assumed to be present as a mixture
of vV & VL '

According 10 modern structural theory of orgznic compausids benzenc is noi regarded as a mixture
of IMand IV, The structure of benzene isnceither 11 or IV but has some resemblances 1o both Il and IV,
In other words, benzene is regarded as a resonance hybrid of two Kekule structures, When the properties
of compound cannot be explained by a single structurc, and (w0 Of more Sirucivres are necessary to account
for it's propertics, the compound is said 1o cxhibit resonance phenomenon. The compound s called
resonance hybrid and the structures are called resonance struciures,

17.4 RESONANCE ENERGY

A resonance hybrid ismore stablc than any of the most stable resonance structures. This difference
in cnergy is called resonance energy. The resonance encrgy of benzene is 36 K. Cal/mole. Thiis has been
determined by mcasuring the heats of hydrogenatin and combustion of benzenc,

The amount of heat that is libcraied when one mole of unsaluralcd compound undcrgocs hydro-
genation is known as heat of hydrogcndtmn

T —+ H2~—-+ O “+ 28.6 K-Caymole

2 +3H2_.,©+AH
1. cyclohexene :
2. cyclohexatriene or benzene

The experimentally determined value for the heat.of hydrogenation of a compound containing one double
bond such as cyclohexxene is 28.6 K. Cal/mole. 1f benzene is considered as 1,3,5 cyclohexatriene, as per
the above data, the heat of hydrogenalion of bénzene may be calculated as 3x28.6 = 85.8 K. Cat/mol. But
the experimentally determingd heat of hydrogenation of benzene is 49.8 K, Cal/mole. This mecans that
benzene is more stable than 1,3,5 cyclohcxatriene by (85. 8-49.8) 36 K. Calfmole. This value of 36.0
K.Cal/mole of benzene is known as resonance encrgy or stabilization energy of benzene. |

The carbon-carbon bonds in benzene are neither double nor single bonds. All the C-C bonds in ‘

benzene were found 10 be 1.39 A® in length i.c. intermediate botween a C-C single bond (1.54 A% ) and
a C-C double bond ( 1.34A°), Benzene is formed from six sp? hybridised carbons and six hydrogens. Each
carbon utilizes two sp? hybridiscd carbons and six hydrogens. Each carbon utilizes iwo sp* hybridised
orbitals to form two C-C bonds and the third sp? hybridised orbital 1o form a C-H bond. All the six carbons
and the hydrogens attached to them are co-planar, Each carbon is then feft with one unhybridised p-orbital.
These six p-orbitals lic in a planc perpendicular to the plane of the ring (A). When two adjacent p-orbitals
laterally ovcrlap a n - bond is formed. Six p-orbitals ovreap in wo ways giving rise to two Kekule

" structures (B & C).




17.5 AROMATIC CHARACTER

Extensive overlap of six rt-clectrons inbenxzene givesrise toan -clectron cloud above and below
the plane of the berizene ring. The electron cloud due to six p-clectrons is spread over the six carbons. In
other words the 7t -bonds in benzenc are not localized. Delecaization of & -bonds is known as resonance.
According to Huckel, cyclic conjugated unsaturated structures with 4n + 21t clectrons (where 'n'is an -
integer) are aromatic. This is known as Huckel's 4n +2 1 electron rule. Bcnzenc naphthalene and-
anthracene are all’ aromatic compounds. according 10 Huckel'e rule.

Benzene - : v Napfhaiene.-- o “ A'ntﬁracene

A![houghcyc!ooclalclmcncnaqc]l(,cnn_]ug._,alcdmolcculc itcontains 4% ciccirons and istherelore non-
aromatic. Iis resonance cncrg,y was found'to be only 4,8 K. Cal/mole.

Cyiooctatetraene

Check your progress - 1

Explain Huckel's fule, -

..........

'17;6 : --CHARA'CTERI STIC REACTIONS OF AR()’V[ATIC COMPOUNDS

'17 6.1 Electrophlhc substltutmn reactions

We have a]rcady scen that the chamclcnstu. reaclions 0! benzene involves eub‘;uluuon reaclions.
We have seen thal there existsa n -clcctron cloud above and below the plane of the benzene ring. Any




reagent altacking carbon atoms of the benzene ring has noodssai‘ily 10 comc into contact with the 7-
clectron-cloud. Therefore clectron deficicnt species (electrophilic reagents) arc atiracted by the = -
clectron cloud, whercas cliectron surplus specics (nucleophilic reagents) arc repelicd. This preciscly is

responsible for the clectrophilic attack on the benzenc molecule. Electrophilic attack may theorctically:

be expected to result in addition or substition. Addition lcads to oss in aromaticity of benzene, whereas
substitution results in the retention, if not enhancement, of aromatic characler of benzene molecule.
Therclore benzene normally undergocs electrophilic substitution reactions. :

17.6.2 General mechanism for electrophilic substitution reactions

In electrophilic substitution reactions benzenc serves asa Lewis base. In the first step, the electron
sceking i.c. clectrophile forms a loose complex with x -clectron cloid of the benzene. This complex is
kmnown asa & -complex. The © -complex is slowly converied into a © -complex., In this sigma complcx
one of the carbon atoms of benzene molecule is bonded 1o the electrophile by a 1 bond. The two clectrons

- =constituting the 6 -bond arc derived from the 6 £-clectrons of benzenc. The formation of the o - complex,

thus, leads o loss of aromalic character. Therefore formation of & complex is the slow step in the

oleetrophilic substitution reactions of benzene. The @ - complex climinales a proton 1o give monosub-

~ stituted benzenc, It may be poted that climination of proton results in regaining of aromatic character.
“Therefore this siep is a fast sicp. ' '

, £ . Slow
Fast i. : .
o T-complex

¢ -complex
_Er = Electrophile |
The common electrophilic substitation reactionsof benzencarc nitratiton, halogenation ,-sulphonaﬁon and
Fricldel-crafts acylation and alkylation scactions. :
17.6.2.1 Nitration

Benzene on nitration with a mixurc of concentrated nitric acid and sulphuric acid produces nitrobenzene.
The over all reaction is as follows: : ’

»

_HNO3 -+ HpSQu |

v




In the nitration of benzenc, nitronium ion is the attacking electrophile. The cvidence for formation of .

_nitrorium ioin has becn deduced spectroscopically. A four-fold depression in the freezing point of nitric
acid in sulphuric acid supports the formation of nitronium ion. Salis containing nitronium ion such as
nitronium perchlorate < No,* CIO, ), have actually been isolated.

-Mechanism : L i
_ | e o
HNO3 4 2HS0h == N0y H3& 4 21iS0,
S0, e
4y _

'_H+§—N02

ﬂ-}H;}g-{- HS&_*{'- %02

PR gy L
2 .S ow L .\/ &

17.6.2.2 Halogenation
When treated with halogens in the'preence of Lewis acids such as atuminium, ferric or zine hatides

benzene undergoes halogenation. These halides are known as halogen carricrs . The reaction with iodine
is100 slow,

( k\; . v _EC_“ X
! /-"JI ¥ i12 v

Meachanism -

s TeaNCRN P

X=Clorgr

U
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. The electrophilic attack, in hal

ogenation of benzene, is supported by the reaction of benzene with
R O £ '
interhalogan compounds such as I - Cl. This reaction |

cads exclusively to ibdobenzenc-. Chlorobenzene
is not formed in this reaction. : ' '

17.62.3 Sulphonation

“The process of substituling a hydrogen of benzene molecule by a sulphuric acid group (- SO, H)
" is called sulphonation. Sulphonation can he carricd out by oleum i.e. conc. H,SO, containing excess
sulphur trioxide, at room temperaiure or by conc sulphuric acid at higher temperature.

H2504 +503
HySQ4 ak 35C




B 14.9.2 Conformers of propane

HHH

[ N
H.C.C:c¢.-
S
HHH

ihere are two C-C ‘bonds around which rotaLion can occur, The fame esults arc oblained by rotation
about any of these C-C bonds. The two CRueme spalial arrangements of £roups possiblc in propang:
due 10 rotation about C.C bond ar. called cclipsed and staggered conformations.

Eckipsed conformation ) stagger=d conformation
Conformers of DIODan:

The preferred zonicnmer is staggered one. I has been shown to have 33 K. cal/mole, icss
CwTRy than the ecliprad conlormation, : S

1563 Conformers of n. butane

There are thice C-C bonds in buane.” The conformations obiumed by euies 2.0, or C-

., bond rotation would be the same as in case of ‘propane exeept the methyd gonup s wiabstined

by the ethyt grop, - The mterst 10 g, however, would be the various conformisiinn: of nofecale
obtained by rotatioon around < -C) bond. When we cousider e - G bond yes s f_':'i.hj}_:;e--
Hhe molecyle bit with o netthyl groups replaceing one aydrogen on each carlhom aio <F hutane.

H ¥ ' : T H K
H-C..¢.y HC - -0 -(',‘H}. '

i ! ] i

H M . ' _ H F

Ethane e n- Butang

Of the possible conformations for buiane siy arising due 10 1he rotation around C,-C, bond, are
nuicworthy. :




= 54 _

Cra

Cuy Moy, o
- {{CHa ony i[
"z éu H H Py CH
I,

H H

1. Fully cclipsed‘_confonnation "~ 1L Gauche conformation 1L Eblipscd conformation
(syn form) _ (after 60° rotation) - (CH, eclipses H)
o o _ (after 120° rotation)

3 HCH, CH
H M
H iy ' ]
, CHy .. H
IV. Anti conformation V. Eclipsed: _confonnalion VI Gauche conformation
" (after 180° rotation) (aftcr 240° rotation) {after 300° rotation)

Conformers of n- butane

¢ :auche and anti conformations 11 and IV are staggercd confortmations and are free from
torisona’ or eclipsing strain. Anti conformation {IV) has the added advantage of being frec from
van der Vaals stain too {as the methyl groups are maximum apart). Eclipsed conformationss 1
and 11I s. ffer from torsional strain. Conformation 1 also suffers from van der Waals strain as the
two bulky groups (methyl groups) are thrown very. close 1o cach other. Conformation VI and V,
are idertic: ! with I and 1II respectively. :

The decreasing order of stability of conformations in butane is there for Ve 1> 11> L

14.10 CHEMICAL PROPERTIES OF ALKANES

Being saturated molcules alkancs are quite inert towards common reagents at norma reaction
conditions. Alkancs are non polar covalent molecules with no cenue of either high or low electron
density. They are therefore incrt towards electrophlic and nucleophilic reagents. Under vigorous
conditions however, they can be made 10 undergo substitution reactions. In these reactions one or
more hydrogen atoms aré replaced by other groups. The important chemical reactions of atkanes are
halogenation, nifration, sulphonation, and oxidation. All these substitution reactions proceed throngh
free radical mechanism. - -'

14.10.1 Halogenation of alkanes

_ Alkanes react with chlorine and bromine in presence of sunlight or ultraviolet light or at high
temperature to yield halogen derivatives. One, two or more hydrogen.aioms may be replaced fby
halogen atoms, depending upon the amount of hafogen used in the reaction. Thus, methane reacts in
the presence of sun light with chlorine 1o yield. a mixture of methyl chioride, methylene chloride,
chloroform, and carbon tetrachloride. : :




.

 2hs0h — s 84 503 +HS,

Machanism

: ' O . : - Benzene sulphoric acid
. Unlike nitrition, sulphonation is a reversible reac tuon. Dcsulpimnaliqn is normally carried out by heating

benzenesulphonic acid withsuper heated steam. Further, in sulphonation of benzene the rat¢ determining
step is the elimination of proton from the 6 - complex. ' o

17624 . Friedel-Crafts reaction
1762417 C- Acylation

An acyl group (R - CO -) can be introduced on the carbon atom of benzene ring by Fridel -Craf(s
reaction. Normally benzene is reacted with an +yl chloride in (he presence of anhydrous aluminiom -
chioride. The latter is oficn referred 1o as Friedel - crafts reagent. F_cCl,_‘, BF, and other Lewis acids have
been used, in other instances. The C-acylation of benzenc involves initial formation of & - com plex, by
the attack initially formed acy! carbonium ion on the benzencring. This is then . followed by'the loss of -
proton to give an acyl ketone..Both aromatic and aliphatic acyl halides may be used. Formation of
acctophenone from benzenc and acetyl chloride in the presence of anhydrous aluminium chloride scrves

as an cxample, L ' i OQC/CHS

- . . R

0 |
| _LCH;;-E—'-CI
= ~

Mo_ch-aniskﬁ
'CHg—ﬁ—-Cl + ;i\l%—'—ct —= CH3-(®

' ¥
o | -
@
Cl-—-?_l*_-—c-l |

T




~_L—CH o
176242 C- Alkylation . o

_ Alkyl benzzenes are also preparcd by Fricdel - Crafts reaction. When benzene reacts with an alkyi
halide . 1 the presence of aluminium chloride monoatkyl benzene is formed. '

R

| O ¥ ACy 7 | 4
X | AN |

_Mochanism

R-Ct —AlChy —-————-) ?iC&, T g

- U |CF

B
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Carbonium ion is the attacking electrophile in C-alkylation of benzene. One importantdifference between
C-alkylation and C-acylation is that the latticr stops at monoacylation stage, whereas the former
invariably lcads to polyalkylation. Alkylation of benzene can also be carried out by using olefin in the
presence of sulphuric acid. Benzenc reacts with ethylene in the presence of sulphuric acid 1o give eyl
benzene, ' .

| CHp=CH3

- 17.6.2.5 Substitutiion reactions of monosubstituted benzenes

Disubstituted benzencs result duc to introduction of another substiticnt in a monosubstituted _
benzene, Disubstituted benzenes exhibii position isomerism., Three disubstituied benzend's are possible,
1.2 Disubstituted, 1,3 - disubstitutcd and 1, 4-disubstituted henzenes are respectively catled ontho (o-),
mcta (m-), and para (p-) disubstituted benzenes. '

. 1,2 Disubstitned
benzene or ortho

X : is(nncr"
X

b

: . X N
ﬁ _ . 1.3 Disubstiwted
i : o henzene or meta
: . : ' ISOmer.
N :

(v (2
. : (2) { 3) 3. b4 - Disubstitued

: _ 02 : NO2 ”y N02 o -bcns';,cnc or pura
N02 . : ' . _ ~1somer, |
| ' - 4. Ortho dinivo
| | : ' benzene. -
| . | NO2 e

Mca dinitro benzene.

F |

A

(%) (5) 02 (e
| | 6. Para dinitro benzenc.

1762.5.1 Effect of substituent on electrophilic substitution reactions of monosubstituted ben-
TERES. '

Allthe six carbons in the benzeng ring arc equivalent. When benzenc is subjected Lo electseyhthe
subshtution reactions, oily one mono substituted product is obtained. On the ather hand., if 2 sibsiiu i
is already present in benzene molecule Le.'in monosubstituted benzenes, introduction of 1 second
substituent may result in the formation of ortho and para isomers or a mc isomer. This doprie? . the

nature of the substitueent alrcady present in monosubstituted benzene. This is also known as ducive ‘“-_-




£

influence of a_substituent in electrophilic substitution reactions. The nature of the substituent, already
present in the benzene rinig, determines the relative position occupied by the second groupintroduced, and
the ease of clectrophilic substitution. Forinstance, due tothe presence of methyl group, toluene undergoes
~ electrophilic substitution reactions more readily than benzcne, and the sccond group introduced in
clectrophilic substitution irrespective of its nature, is directed to ortho and para positions. Thus methyl
group in toluenc is ring activating and it also-exerts-ortho, para directive influence in electrophilic
substitution reactions. ' L ' :

CHy B T s

Ti . nitrogroup in notrobenzzene directs the incoming substituent o mela posit'ion, and
nitrobenz: ¢ is less reactive in elcctrophilic substitution reactions than benzene. Thus, nitro group isring
deactivatit - group and mcta directing group. . ) ' :

_ It ha. been observed ihal_ group or subslit_uém with electron reledsing tendency activates the
benzener ng Hwards further cicctrophilic substitutionteactions. Such groups are known as ring aclivating -

grops. These groups exert ofp directing influcnee.in clectrophilic substitution reactions, Following arc
some examples of ring activating and ofp directing groups. ' - o

~ -OH, -NH, - NHR, -NR,, ~NH.CO, CH, -OCH, alkyland phenyl groups.

When an clectron attracting groups is aitached to a carbon atom of the benzene ring, eicciron

density of the Ting decreases. - Duc to this, such a benzenc derivative is not readily attacked by an

 electrophile. Therefore clectron atiracting groupsare ring deactivating groups. They exert mela dirceting
influente. - ' ' o - S

.

Following are some examples of meta directing groups.
-NO,. -COOH, - CHO; -CO: CH,, -COOR, -S,0°H and CN groups.

"Halogens, hd_cher., are ring deactivating but exert o / p directive influence in clectrophilic

" substitution reactions,

Directive influence of groups and their effect on clectrophilic substitstion reactions in monosubstimted
benzenes. ' - . - : _ :




Group L Dircctive influence Effect on electrophilic substitution

- OH Hydroxy group................ olp Activating group

-NH, Primary amino group...,..-..... o/p : -do-

- NH - R Sccondary aimino group ... ofp | -do-

- NR, Tertiary amino group S— o/p -do-

- OCH, Methoxy ErOUP...ecreon, o/p -do-

- NH. CO - CH, Acelamido group .. o/p -do- -

- € Hy Phenyl group.......oooooooo ofp -do-

- CH, Methyl grdup _ o/p | ' do- o '

- NO, Nitro group...e.oeeoo m Deactivating group

- SO,H Sulfonic acid group............ m o -0~

- COOH Carboxy! group.............. m -lo-

- COOR EStCr group ..o : m o ~ -do-

- CONH, Amidc group " m ' -do-

- CHO Aldehyde group ................. " m -do-

-CO -R Acyl group......o.......... m I -do-

- C =n Cyanide EIOUPS..ovvnnennee, m : -to-

- CF,Trifluoro methyl group.......... “m o -do- _
: )

-F,-CL,-Br,|,- -Cl LCL--CH= CH-NO, are dcactivaling groups butexcit ortho/para directive influence.

Itcan be seen that with the exception of halogens ali ortho, para direcling roups arc ring activaring
and all meta directing groups are ring deactivting. In gencral,if the central atont of the groups directly
attached to benzene ring carried along pair of elcctrons the groups is ortho, para directing. If the central
alom of the group attached to obenzene ring is unsaturated, it cxeris meta directive influence,

17.6.2.6 Electronic interpretation of directive influence

Depending on the nawre-of the groups altached 1o the benzenc ring the electron densily in benzenc
ring at certain positions increases or decreases. Aneclectron releasing group (by exerting + I or + Melfecl
) increases clectron density in 0,0 or p-position of benzene ring, leading to activation of rin £ lowards
further electrophilic substitution: reactions and excrts o/ pdireciive influence. In the casc of phenol, dug

to + M effect of -OH group, lollowing resonance structures are possibic,

‘O—H ®0—H

{b) |

(a)
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‘O—H

(e)

1
¥

[t can be seen that there structures duc to charge separation o, ¢’ Or para positions carry negauve
charge. These positions are readily attacked by an electrolhile Tcading Lo ofp substitution.

Ring activating influence and ofp directing capacity of an alkoxy group and an amino group can
be similarly explained on the basis of + M effect exeried by these groups.

| .@OKCHg @0:/CH3.
| £>

12
- NHp
NH2
17.62.7 Electronic interpretation.of the effééifofa methyl group on electrophilic substitution

reactions.

Alkyl benzenes are more rcactive in electrophilic substitution reactions, than benzenc. Alkyl”
groups are electron relcasing groups cxerting + I effect, and therefore exert ofp directive influence. Part
of the ofp dircciive influence excried by alkyl groupsin alky! benzenes is attributed to hyperconjugation
which explains the efcctron surplus nature of ortho and para positions in tolucne, '




17.6.2.8 Electronic interpretation of ihe effect of a halogen on electrophilic substitution
reactions, : _ = : -

Halogens arc unusual in their mfluence on clecirophilic aromatic substitution: They arc deactivar-
Ing groups yet ortho-para dirccting. The electron withdrawing induclive effect (-I effect) of halogens is
responsible in general for clectron deficiency of the benzene ring. Theref: ore, halogens react less readily
than benzenc in electrophilic subtitution reactions. However, througheleciron releasing mesomeric effect
(+Mefleet) a halogen attached directly to benzene ring makes ertho and para positions of the benzene ring
favourable sites for clectrophilic attack. Following resonance struciures of chlorobenzene make this poing

@Ct /

’-E!'. '

17.6.2.9 Effect of nitro group on electrophilic _,su‘bstitution reactions
. . i‘, ks ’ . H
The nitro group in nitro benzene exerts a powerful deactivating influgnce in elégnophilic
substitution reactions. ‘This is due to - T effect and as well as due to -M effeet, The following fesonance
 structures of nitrobenezene indicate that due to. -M effect of nitro group, ortho and para pdsitions in
benzene ring became clectron deficient, Under reaction conditions the other positions in the benzpneﬁqg
viz. m-positions are auacked by electrophile, Thus, nitrogroup is a meta directing group. o

1

D




17.6.2.10  Effect of carbonyl group on electrophilic substitution reactions.

Carbonyl group is present in aldehydes, ketoncs, €ste1s, carboxylic acidsetc. Ifa carbonyl group
is attached dircctly to benzene ring it exerts M effcct. Due to this influence, ortho and para positions of
benzene ring become electron deficient and are therefore not attacked by an electrophile. However under
favourable reactin conditions, m-positions are atiacked by the electrophile, thus leading to the information
of a meta disubstituted benzene. :

%.)}C/Q . f | SSC/R

R = H (an aldchydc)
= atky] or ary] group ( -3 kclone)
=0H(a carboxylic acid) '
=R (an ester)
=NH, (an amide )
=X (an acyl halide } -
= O - CO - R { an anhydridc)

" Following rcsonance Slructurcs of a monosubstituted benzene in ‘which the carbonyl group is
dircctly linked to benzenc ring make the pointcicar. Similarly the m-dirccting inflacnee cxened by - SO,H
104 group and C = N group in benzencsulphonic acid and benzonitrile can be cxpiained. :




17.7 ALKYL BENZENES

In alkyl benzcne the alky! group is attached 10 a carbon atom of the benzene ring.

17.7.1 Nomenclature

-Following are somc.alkyl beanzenes,

- C QH
CH3 CH2 CH3 &

SE57EE

t. Methyl benzene 2. Ethyl benzenc 3. Isopropyl benzene
{tolunc) { cumene)

)

4. Isobutyl benzene

0y




17.7.2 DIALKYL BENZENES

The simplest diafkyl benzenes arc dimethyl benzencs. They are alsoknown as xylencs. Wehave

" {hree isomeric xyicnes, designated as o,m and p-xylencs.
im ?ﬂ | CHy
o- xylene m-xylene p-xylene

Other diatkyl benzenes conlaning a mcthyi group.may be named as derivatives of toluenc.

CHs CHj3 ' CH3
. CHy-CH L3
| _CH
CHg “CHy

g-ethyl toluene m-propy] toluene p-isopropyl toluene

In the case of other dialky! benzenes the natwre and the relative positions of two akyl groups on

the benzencs the nature and the relative positions ol two alkyl groups on the benzene ring arc indicated

in the name. :
n the name CHZ—CH:; CHQ“CH‘_}
©\ /CHS' o
o ey
- CH
(EH3 | HyC : 3 !
CHy~ CH- CH~CH-CHg CH—CH-CH-Ch3
O
(3) _ (4)

{1)m-ethy! isopropy} benzene (2) }- ethyl-4-isopropyl benzene orp-ethyl camenc (3} 2 -methyl- 3- phenyl

pentane (4) 2-4, dimethyl - 3. phenyl pemane.

10 Alkyl benzenes in which alarger alkyl groups are present, may be named as derivativesof alkancs.




17.7.3 Methods of preparation of alkyl benzenes

17.7.3.1 Friedel - Cralts atkylation

This reaction is by {ar the most important for the preparation of a alkyl benzenes. Benzene and
derivatives of benzenc carrying efectron releasi ng groups such as alkyland atkoxyl grou psreact withalkyl
halides in the presence of anhydrous AICI, to give C-alkyl derivatives. This reaciion is known as
Friedet Crats alkylation,

For example:

"}

X AICH '
- 3

_Benzene Atvyi benizene

Where R = may be any aikyl group and X = Cl or Br. I place of AICE other Lewis acids such as
BE,, HF, H.PO,, FeCl, may be used.

Through Fricdel - Cralis reaction is uscd 1o a great extent tor the preparation of alkyl bnzenes, it
has some limitations - (i) some times alkyl groups of the RX rearranges during the reacuon, (ity benzvne
derivativescarrying ring deactivating substituents are cither less reactive or do not undergo Fricde! - Crafls
reaction, (iii) C - alkylation of alkyl benzencs generally docs not stop at-desired stage but proceeds 10

polyalkylation siage.
CHp-CHpCHy

__ N
Xy G (L .
\ P +CH3~-CH1“€H2‘XL‘3" \l‘\) +

1.

T
> b
3

C -
Ny

Cole By,
A
ALCK; .

CoHs-8r  //
Al Clg
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CH3 . CHg

1 o
pZ ~ l
CHGl =~ ChHh
| =32, ChaCt (7
N Al ‘;}.3’ L?\m Al (-:é'}_;) E/\hr ——
_ e v R,
Chg
CHz Cl &
3 CH
AICI3 l '3' '
T
CH3

17.7.3.2 Reduction of acyl benzenes

. A betier method of preparation of alkyl benzenes would, therclore. be by the reduction of acyl
benzencs with Zn-Hg (zinc amalgam) and dituie HCL This is known as Clemiensen reduction,

I{ the same reduction is carried out by using (N, H,) hytlra;r.iné and a strong base, it is called Woll-
Kishner reduction. The required mono acyl benzenes arc oblained by Fricde|-Cralts reaction ol benzene
with suitable acyl halide.

17.7.3.3 Feduction of alkenyl benzenes

Alk nyl benzenes on catalytic hydrogenation produce alkyl benzenes.
17.7.3.4 Wuriz - Filtig reaction

Preparation of alkyl benzenes by the reaction of alkyl halides with aryl halides in the presence of
sodium metal is known as Wurtz - Fillig reaction.

Rex-+2Na + x—@ N

— R-@ + 2Nax

- 17.7.4 Physical properties of alkyl benzenes |

Becausc of the persence of less polar groups, alkyl benzenes arc aimost non-polar compounds and
resemble hydrocarbons in propertics, They are mostly liquids. They arc insouble in water, aqucous alkali.
But they arc soluble in non-polar solvents such as ligroin, petroleum ether, ether, CCY, , CIC. They arc
lighter than water. The boiling points and melting poinis ol these compounds increasce with the increase

in the molecutar weights.

17.7.5 Chemical Properties of alkyl benzzenes

In alkyi benzenes, the alkyl portion ol the molecule cxhibits the characteristics of alkanes whercas,




L

benzene ring undergoes reactions expected of benzene.

R ———Aliphatic side
. chain-

Benzene ring

We might expect, Lhese compounds (o show two sets of chemical prapertics. The henzenc ring
portion should undergo clectrophilic substitution reactions which are characteristic of benzene ring. The
aliphatic side chain should undergo free radicalsubstitution reactions. These predictions arc correct. They
are found to undergo clectrophilic substitation reactions in the benzene part of the molecule and free -
radical substitution reactions in the aliphatic side chain. ' )

17.7.5.1 Hydrogenation
Alkyl benzenes react with hydogen in the prescnce of catalysts such as Ni, Pd, Pt io yiélgi alkyl

cyclohexanes, But the conditions required for cataiytic hydrogenation of alkyl benzenes  including
benzene, are quile drastic compared to that under which catalytic reduction of alkenes are carried out.

PtorPdor}
Ni  3Hp
(1)
CH3 - CHy
3
. Catalyst
- B _ (2) '
1) cyclohexane 2) Methyl cyclohexane:

17.7.5.2 Oxidation

_ Benzene and alkanes do not undergo oxidation. But alkyl benzenes arc readily oxidised due to the
prescence of alkyl side chain, Irrespective of the number of the carbon atoms in alkyl sidechain, all alkyl

benzenes are oxidised 1o benzoic acid; This oxidation is carried out with hot. KMnQ, or K,Cr,0, or dillute
~HNO,. This reaction is useful in the preparation of aromatic acids, :

Inaddition, by locatng the position of the cabroxyl groupin the resuili"ng arbmaLic carboxylicacids,
one can fix the position of the alkyl side chain in the alkyl benzencs.

" COOH

hot KMnQs, |

R=Alky! or Aryl group
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!-43- | | COOH

N
o,

CH3 OQH
cooH

CH3
| L2y
—_— \l_ _
_ . N0

17.1.5.3 Substitution in the ring ~ NO2

O

Alkyl benzenes are more reactive in electrophilic substitution reactions than benzene. The electron
rcleasing inductive cffect (+ I effect) of alkyl groups activate the benzene ring towards electrophilic
substitution reactions. Alkyl groups are therefore activating and ortho, para directing groups. Part of the
reactivity of alkyl benzenes is explained by the hyperconjugation exerted by alky! groups. The followng
are some of the important clecirophitic substitution reactions of alkyl benzenes. Toluene is taken as an
exampie,

a).

b).

c).

114




d). Hy , ’ Hy Cf;ig | '
X . -X |
_ - FeCly + ‘
| | ] .

X=Cl,ar

a) Nitration  b) Sulffonation ¢) Fricdel- Crafts reaction  d) Ring halogention
17.7.5.4 Substitution in the side chain

) Halogenation of side chan requires high iemperature or U.V. light. This substitution rcaction
involves free radical mechanism., _
H3 CHz-Cl

For example: )
: CQ. Clp
Uy lignt _
. ; _
| | M

o
AN

| CHCh CCly
: - 9
(2 . 3 .
Iy Benzy! chloride 2) Benzal chloride 3) Bcnxqtricﬁloridc

In the same way bromine also reacts with toluené and gives corresponding products.

If the side chain in alkyl benzenes ¢ontains two or more than two carbons halogenation is possible
“atmore than one siie in the side chain. But the preferred position of halogen atoms is on benzylic position
i.e.oncarbon o -10 benzene ring, Chlorine is more reactive than bromine. Thercfore, chlorination is less
selective. Chlorination of ethyl bet.zene leads to a mixture of isomeric chloropheny! cthanes, but the
product of benzy)  chlorination is the major compound. :

| ol CH3
CHpCHy  TCHT T el Ct
| Cly .
uv light ~ +
or

AN

1. 1-chloro - 1 - phenyl ethanc (91%) 2. l-chloro 2-phenyl ethanc (9%)




But bromine is Iess reactive and therclore more selective. Therefore brom ination of ethylbenzene
leads to exclusive formation of o - brom ethiyl benzene of | -bromo - 1-phenyl ethanc.

- CHyCHg

- Br
. \CH/
_ | Bry '
_2 - _

(100%,)

,CH3

Check your progress -2

Give a brief account of side chain halogenation of tolune.

17.8 SUMMARY

This unit has discussed the various aspects of benzene and alkyl benzenes. The aromatic chracter
of besizenc and the electrophilic substitution reactions are cxplainied by its structure involving decolization
of electrons i.¢. resonance. Effect of substituent on electrophilic substitution i.e oricniation is given with

" the clectron releasing groups O, P - direciors and electron withdrawing groups as m-girectors. The notable
exception is halogens which are ring deactivating but O, P-directors. Electron i¢ interpreteation involving
+lor +Meffcct: -1, +M effece and -1, -M effect for various cubstituents is presented. Ring halogenation
and side chain halogenation of alkylbenzenes undee differcat conditions is duc to the formation of
clectrophile or free-radical respectively.

' 17.9 MODEL EXAMINTION QUESTIONS

1. Answer the following in 10 lines

How could you obtain benzoic acid from benzene?

How could you obiain p-nitri wolucne from benzenc?

Wrilc the ozonolysis producls of orthe and para xylenes.

Explain the stability of benzene molecule.

How carr'you convert benzene into {a) benzyl chloride (b) o-chiero tofucne
(c) p-chloro toluenc? '

o o

II. Answer the following in 30 lines

L. Discuss the siructure of benzene. _
Give one method for the preparation of alkyl benzenes and discuss ihe differgns reactions
exhibited by alkyl benzencs. '

3. Listout o,p - directing and m-directing groups.




17.10 MODEL_ ANSWERS TO CHECK YOUR PROGRESS,

. According to Huckel, cyclic conjugated unsaturated structares with (4n + 2) electrons (where n
isaninteger) are aromatic. Thisis known as Huckel's (4n+2) electron rule. Benzene, naphthalene
and anthracenc are all aromatic compounds according to this rule.

2.~ If the side chain in alk}',fl benzenes contains two 61'_ more than two carbons, halogenation af high

temp. or uv light occurs at benzylic carbon i.e. on carbon to benzene ring. Toluene undergoes free
radical substitution of side chain similarly and gives benzyl chloride,

CHy CI

_ ._ CH3 _"‘ _
S cla -
bvlight 7 | |
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UNIT - 18 HALOGEN DERIVATIVES
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18.1 AIMS AND OBJECTIVES

_ In this unit we describe the preparation and reactivity of alkyl and aryl halides. After finishing
this unit you should be able to know: :

8 . Llassifcation of halogen derivatives
11 ' :




Nomenclature
Preparation of alkyl halides
Preparation of aryl halides

Physical properties

®  Chemical properties-reduction, formation of Grignards's reagents, dehydrohalogenation, dis-
placement reactions
- Hydrolysis of alkyl halides

. Structure and reactivity of halogen compounds

18.2 INTRODUCTION

Compounds obtained by substitution of hydrogen atoms in a hydrocarbon with halogén atoms
are known as halogen derivatives. Usually, chlorine, bromine, and iodine are found in halogen dz-

rivatives. A halogen derivalive need not necessarily contain enly one halogen atom but may contain - -

more than one halogen atom.

18.3 CLASSIFICATION

Monohalogen derivatives aliphatic hydrbcarbons arc broadly classified into two types. They
- are as follows: '

18.3.1 Halo alkanes

They have the general formula R-X where R is an alkyl group. These are also known as alkyi
hatides. In alkyl halides the hatogen is attached (o a sp® hybridised or saturaied carbon alom. Alkyl
halides in e are classified as primary, sccondary and tertinry alkyl halides.

[8.3.1.1 Primary alkyl halides

If the halogen atom is linked t0 a primary alkyl carbon aj om', then the resnliing halide is known
as primary alkyl halide, '

H
I .
H- C- Br BC - CH, - CH, - By
i
H
Mecthyl bromide n-Propyl bromide
CH,
_ t .
CH, - CH, - Br ' HC - CH, - Br
|
. CcH,
Ethyl bromide .- : Iso butyl bromide

183.1.2 Secondary alkyl halides

Secondary alkyl halides are thosc compounds wherein the halogen atom is linked to a secon-

dary carbon atom.

119°
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CH,

. P
CH, - CH - CH, HC - CH - CH, - CH, HC - CH - CH, - CH, - CH,
1 _ A
- Br . Br
Iso .propyl bromide - Sec. butyl bromide 2-Chloro pentanc

18.3.1.3 Tertiary alky] halides

In these compour_ids the halogen is linked to a tertiary carbon atom.

CIH3 = Cllﬁ
HC -C - Br HC- C - CH, - CH,
1 I
CH, _ Br
Tertriary butyl bromide 2- Bromo - 2- methyl butanc

18.32 Haloakenes

In these compounds in addition to the halogen function, atleast one carbon-carbon double
bond is +“esent. Depending on the relative positions of halogen and double bond, they may be further
classifiec as vinyl and ally) halides. ~ = 7 :

18.3.2.1 Vinyl halides

In it 2se compounds the halogen is limked 1o an unsaturated (sp? hybridised) aliphatig___garbon

atom, Vinyi halide or halo ethylene is the simplest member of this group.:

CH, =CH-X , 'CH, =;CH-1 CH, -CH=CH-Br
¢/ Vinylhalidle . Vinyliodide B - Methyl viny! bromide
: or or ‘or '
Haloethylenc © .. lodocthylene ] - Bromo propene -
CHC-CH=C-C
R o o
i CH,

o

‘@, B~ Dimethyl vinyl chloride
o or
- 2--chloro 2 - bulene

18.3.2.3 " Aliyl halides | -
| In these compounds the halogext a[bm__.lis bonded to a saturated (sp5 hybridised) carbon, present
in’. o - position to a double:bond., * Altyl halides are the simplest of this scries. :

S | | CH,
. CH, - CH - CH CH, = CH :.CH, - (1  CH, = CH - CH - Br
Allyl hatide - Aliyt chloride & - Methy allyl bromide
or : | or .

3 - Halolprop - 1 - ene 3 - Methyl - 3 bromo propéric




CH,

| .
HC-C=CH-CH,-1

Y¥ - Dimcthyl allyl iodide
or
2 - Methyl -4- iodo-but-2-cne
Check your progress -1

How are the halogen derivatives classified?

18.3.3 Halogen derivatives of aromatic compounds

" These are of {wo types:
18.3.3.1 Aryl halides

In aryl halides a halogen is attached directly to carbon atom of benzene ring. 'Phenyt halides
or halobenzzenes are the parent aryl halides,

_. % Br Cg __ _II
- = ' NOQ o

CHg
a 1 2 3 b 9
1. Halobenzene ~ 2. p- Tolyl bromide 3. 0- anisyl chloride
: 's) or -or g
" ‘Phenyl halide p- Bromo tolucne 0- Chlore anisole

4. p- Nitro phenyl iodide or p- Todo ritro benzene

18.3.3.2 Aralkyl halides

In aralky] halides also a benzene ring is preseat but the halogen atom is attached o a saturated
carbon of the side chain. The important members of this class are benzy! halides. In these compounids
the halogen is present on a saturated carbon "o to a beayene ring.
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Hy~X  CHgeBr  CHpCl CHy-1

: NO2 OCH3 OH
S | 2 3 b
1. Benzyl halide 2. P- Niuo benzyl bromide
3 p- Mcthoxy benzyl chloride 4, p- Hydroxy benzyl iodide

18.4 NOMENCLATURE

Alkyl halides are represented by the formula R-X and aryl halides by Ar-X where R-is a alkyl
group and Ar-is a aryl group. '

While naming the halogen compounds the name of the alkyl group is followed by -the name
of the halogen atom. -~ Aliernatively the compound may be named as halogen derivatives of hydro-
carbons.

18.5 PREPARATION OF ALKYL HALIDES

18.5.1 Direct halogenation of alkanes

Alkanes undergo halogenation, with Ci, or Br,, in the presence of UV. light or visible, light,
or it 250° - 400° C icmperature, and yield corresponding alkyl halides.

UW.Light or

R-H+ X, > R-X+HX

400° C

The order of the reactivity of halogen is CL> Br> [, with the last halogen thc rcaction is
reversible. The order of reactivity of different carbons in an alkane is tertiary > secondary> primary.
This reaction is generally not suitable for the laboratory preparation of alkyl halides. In the hatogena-
lion alkancs mixture of atkyl halides are obtained, which are difficult o scparate. For cxample,
hromination and chlorination of propane and isobutane yicld mixtures of corresponding monchalo
alkanes. In bromination, there is a high degree of reactivity as to which hydrogen aloms are o be
replaced.  Thus, direct bromination of alkanes is, a feasible synthetic route for the preparation of
hromoakancs. :

Br,

———— CH, - CH, - CH, - Br + CH, - CH - CH,

127°C hu I
: Br
CH, CH, - CH, - 3% ¥1%

Cl,

L—'—“——'—) CH -, CH, -CHZ-Cl-i—GCII-I_,‘-CI-I-(,‘I»{3
25° C hu

45% 35%




CH - Ch

3
127°C, ho P | |
CH, - CH - CH, - Br + CH, - C - CH,
CH3 Br2 : |
| Br
CH, - CH - CH,-1— SN 1% 99%
| HC CH,
a | I
CH, - CH - CH, - Cl +H,C - C - CH,
25_° C, hy }
cl
- 64% 36%

18.5.2 From alchols

Alkyl halides are conveniently obtained b
s reaction proceeds quite readily with teriia
primayry alcohols are feast reactive. For the
ZnCl, in conc. HCI is used as the rcagenl,

y the red(,uon of alcohols with hydrogen halides.
ry alcohols, less readily with sceondary alcohols and
preparation of atkyl chlorides a solution of anhydrous

HCl + Zn ClL,
H,C - CH, - CH, - OH — CH, - CH, -CH,-Cl +H0
A

Propyl alcohol - n - Propyt chloride

HCI + Zn Cl,
- CH, - CH- CH, + H.O

H,C - CH - CH,

! A !
OH ' Ci
iso-propy! aicohol iso-propyl chloride
CH, | | CH,
| Conc. HCl i
H,C-C-OH = CH,-C-Cl+HO
| RT : i
CH, CH,
{- butanol t- buty! chloride
Mechanism
Ir }H ? H)( )
R—&G -~ H+H--Cl + ZnCles | R-—O—H | 2ZnCl,
I h I
Protonated
Alcohol
H
: +
R-O-—H-—— LR t H,0

-+

R*¥ + ZnCla (=} —_-. a--Cl ZnCl
s () - +antls 123 '
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For the preparation of alkyl iodides, alcohols are reacted with iodine in the presence of
phosphorus,

P+ 1
CH, - CH, - OH " CH,-CH, -1
Ethyl alcohol Ethyl icdide

By using a mixture of Na Br and conc. H, 50, alcohois are converted into alkyl bromides.

- Na Br
CH, - CH, -CH, - OH wenmmmammmeemce-—3  CH, - CH, - CH, - Br
H, SO, A
n-propyl alcohol n-propyl bromide

Alkyl halides are also prepared by the action of thionyl halide (SOX,), PCL, PCl, or POCI, on
alcohols. By this method, alcohols can be converted very casily into alkyl halides.

R'—"O,—lﬁ. —+ C‘l
Ct

LY
7

~
/S—O = HCl

0 =3 R—Cl —I— S02

Cl

R—Q—H 4+ PCh .——_H-CT-)

_gfoQ —3 R-Cl  —+ POCH

’K_W PCl

Cl

" 18.5.3 Addition of hydrogen halides to alkenes

When hydrogen halides rcact with alkenes, alkyl halides arc produced. For example, ethylene
reacts with HCI to give ethyl chloride. With other unsymmetrical alkenes, the addition of hydrogen
halidcs proceeds acording to Markownikolf's rule. For example propene reacts with HC 10 give

isopropyl chloride.
CH, = CH, + HCl —» CH,-CH,-Cl
CH, - CH=CH,+ HCl — CH,-CH - CH,

I
Cl

Propene Isepropyi chloride




Thus, higher primary alkyl halides cannot be obtained by the addition of HX to alkenes.
However, in the presence of peroxidcs or light, addition of HX to an unsymmetrical alkene takes place
giving anti-Markownikoff product as the major compound.

Peroxide or
CH,-CH = CH, + HBr » CH, -CH, -CH, - Br
: light N - Propyl bromide
(Major product)

18.6 PREPARTION OF ARYL HALIDES

By direct halogenation of benzene in the presence of a catalyst

When aromatic hydrocarbons react with halogens in the presence of halogen carriers such as
ferric halides, aluminium halides and zinc halides, aryl halides are produced. This is an elecirophilic
substilution reaction.

Cl

p-~Bromo o-Bromo toluene
toluene

18.7 PHYSICAL PROPERTIES OF HALOGEN COMPOUNDS

1. Alkyl halides arc sweet smelling liquids. 2. Alky! halides are insoluble in water but arc
soluble in organic solvents such as ligroin, benzene, chioroform and ether. 3. Becuase of increase
in molecular weight and polarity, the boiling and melting points of alky! halides are considcrably
higher than those of alkanes containing same number of carbon atoms 4. For a given alkyt group,
the boiling point of alkyl halides increase with the increasing atomic weight of the halogen, so that
a fluoride has the lowest boiling point and the corresponding iodide, the highest boiling. The b. p.

- and m. p. of alkyl halides are in the following order. With the samc halogen the b.p. & m.p.s of

Ri> RBr> RCI > RF
isomeric alkyl halides are in the following order.

Primary > Secondary > Tertiary
alkyl halide alkyl halides alkyl halides

Relative densities of the isomeric alkyl halides decreases from primary 10 secondary (o tertiary 125




126

and also with the decrease in the size of the alkyl group. Physical properties of halobenzenes are
similar to those of benzene. They do not dissolve in water or in alklis or in strong acids. They can
be distilled with steam and are incrt to permanganale solution.

18.8 CHEMICAL PRGPERTIES OF HALOGEN COMPQOUNDS

Alkyl halides and aryl halides are polar compounds and are useful as intermediates in the
synthesis of diffcrent organic compounds. Aryl halides undergo the following reactions, Aryl halides
on the other hand, are much less reactive than atkyl halides.

18.8.1 Reduction

Alkyl halidcs can be reduced cither catalytically or chemically. Chemical reduction is brought
about by uvsing Zn+HC!, HI+P, LiAlH,, or tecaiment with Mg foliowed by hydrolysis.

18.8.1.1 Catélytic reduction

Catalysts
R-X + H, ----rmommmmmmmme- —- R-H+H-X
Ni, Pd, Pt,
B Catalysts '
CH, - CH - CH, - CH, + H, -—---r-rome- — CH, - CH, - CH, - CH,
|
Cl1 Scc butyl chloride n - Butane
18.8.1.2 C":emical. reduction
R X +Zn + 2HCL -~ SR -H+2ZnCl+HX
3R-X + 6 HI+ 2P -t 53RH + 3HX + 2P,
4R-X + Li ALH, --oo-mmmeees 5 4 RH + LiX+ AlX,

3. Formation of RMg X (Grignard reagent): When a solution of an alkyl halide in dry ether is
allowed 10 stand over turning of metallc magnesium, a vigorus reaction takes place. The solution
turns cloudy, begins o boil, and magnesium metal gradually disappears. The resulting solution is
known as Grignard reagnt. '

For example:

. 2
CH, T + Mg ——ammmmemmmmmmes — CH, Mg 1 --mmmrmmemmes —» CH, + Mg (I) OH
Methyl magnesium iodide '
{a Grignard reagent)

CH; Cl + Mg -mmoeemmmeees — CH Mg Cl --mmmemev ~ ¢ H, + Mg (Cl)OH
Phenyl magnesium chloride
{(An aryl magnesium halide}

However, in the preparation of aryl magnesiuvm halides teahydrofuran (THF) is used as
solvent. : .




i

3. Dehydroe-halogenation: When alkyl halides fcacl-w-ilh alcohotic potassium hydroxide alkenes are

{ormed.
R R R R
o Ale. KOH i
R-C-C-Reoddoereeey R-C=C-R
[ HX
"H X ,
H H 5 H H
| ) Al KOH oot
H-C -C-H+KOH i - H-C= C-H+KX+HO
P -
H (I ’

For dehydrogenation to occur, presence

of a hydrogen on B - carbon is cessential. This hydro-

gen and halogen ate eliminated as hydrogen halide in the presence of aleoholic potassium hydroxide.

Reaclions of this type.are known as climinati

in some cases climination reactions may
product of elimination can be predicted by appl
product of elimination reaction of an alkyl ha

i reactions.

lead 10 two different alkenes. In such cases the major
ying Saylzell's rule. According to this rule the major
ide is the more substituied alkene.  Thus dehydroha-

logenation of 2-methyi -2-chloro butane givesi 2-methyi 2-butene as the major product.

Ci
| - HCI
CH, - C-CH, - CH, - 5 CH
i
CH,

“Check your progress - 2

What are the products obtained in the dehydrd

CH,
: [ '
= C-CH, - CH, +:CH, - C = CH - CH,
i
CH,

209

BO%%

halogenation of 2-bromo-2-methyl butane?

4. Displacement reactions: A displacement feaction involves the replacement of one lunclional

group (X' ) by another (Y- ). In alkyl halides
words, a nuclcophile is displaced by a stronger
philic subsfitation (S [} or nucleophilic disp

R-X+7Y"

The nucleophilic rcagents commonly en

the halogen is displaced, as X- , by Y . In other
iucleophile. Such reactions are referred o as nuclen-
acement reactions, ’

ountered in 5 o reiactions arc listed an the able. The

nucleophile may be an anion Y- or a neutral giolecule.

Displacement ¢

ctions of alky! halides

R:X+Y " b3 R:Y +X-
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Nuclcophile (Y} ' Product (R : Y) Product name

Br- R -- Br Alkyl bromide
I R--1I Alkyl iodide
‘OH R -- OH Ailcohol
‘OCH, : R -- OCH, : Ether
0V-C-R R-0-C-R Ester

Il H

0 0
TN R -~ CN and RNC _ Nitrile and Isonitrile
‘NH, R -- NH, Aminc
C=CR ' R-C=C-R Higher alkync
SH R - SH Thiol
‘§-R R-S-R Thiocther (sulphide)
NO, R-NO, and R-0-N=0O Nitroalkane and alkynilrite
R, N {R, N)*X~ ' Quarternary salt
(CHY,S: RS*(CH,X ~ A sulphonium halide
CH, P CH, P*. RX A phosphonium halide -
1-120 R - OH Alcohol
N R - NH, . Amine

A 1 dogen awom atlached 10 a saturated carbon atom can be readily displaced as halide ion, by
other nucl philes. Thesc nucleophiles attack positively polarised carbon atom 1o which the halogen
atom is au ched. Ultimately halide ion which is weaker nucleophile is displaced by strogner
nuclcophile:. Thus the over all reaction.of an alkyl halide is nuclcophilic displacement reaction.

18.9 HYDROLYSIS OF ALKYL HALIDES

Alkyl halides undergo hydrolysis in the presence of bases such as Na OH or KOH producing
alcohols. The general equation [or this reaction is as follows:

The hydrolysis of alkyl halide is a typical example of nucleophilic substitution reaction,

CH, Br+ OH --emeev - CH,OH + Br
CH | CH,
H( : CR + OH --ommmmee- - H,C -IC-OH
121 SH

Tt the cxamplse given above, the weaker nucleophile (halide ion} is displaced by stronger
fooepnny Laydroxide ion). However, the mechanisms of the two reactions given above arc quite
BE T ’ ) -

-

1%.9.1 The le reaction

The ratc of the reaction between tertiary butyl bromide and hydroxide ion yielding tertiary

- buty] alcohe! depends upon the active concentration of only one reactant viz. terliary butyl bromide.




CH, _ CH,
| OH o
HC-C-Br -y HC-C-OH+Br
| . : _ ! '

cH, o

The rate of hydrolysis of tertiary butylbromide [ t - butyl bromide] and is independent of the
concentration of [ OH ). In otherwords, the reaction follows first order kinctics. To account for this
and other observations, a unimolecular nucleophilic substitution (S, 1) mechanism has been sug-

CH, - CH,
i Slow I
I. CH, - C- Br «--mveeeeeee - HC-C- +Br-
i ' |
CH, CH,
CH, CH,
i _ Fast I
I1 CH, - C+ + OH — HC-C- +0H
| 2
CH, CH,

The initial step in this reaction is the ionization of t-butyl bromide by heterayysis of C-Br

bond to form t-butyl carbonium ion and bromide anion, This is then followed by the fast reaction

- of the carbonium ion with OH 10 yield the product. The first step i.e. formation of carbonium ion

is the slow step which determines the over all raic of reaction. The formation of carbonium ion again

depends apon the active concentration of t-butyl bromide. Since the hydroxide fon is not involved

in the slow or rate determining step of the mechanism, the rate of hydrolysis of t-butyl bromide is
not dependcnt on the active concentration of OHL -

Reactions proceeding by this mechanism are called” substitution unimolecular nuccophilic
substitution (S, 1) reactions,

18.9.1.1 .Stereochemistry of S, 1 reactions

It has been already mentioned that the intermediate in a S, 1 reaction is a carbonium ion. In
this the carbon of carbonium ion and the threc alkyl groups attached to it are coplanar i.e. lie in the
same plane. Let us consider a carbonium ion from an appropriate alkyl halide carrying three different
substituents. There are equal possibilities for the carbonium ion (o be attacked by the OH ion frém
twa sides i.c., from above and below the plane in which the carbon and three groups attached to the
carbon are present. This should lead to the formation of equal amounts of molecules of alcohols with
opposite configuration. These are called enantiomers i.e. molecules whose configuration bear mirror
image relationship. Onc isomer {enantiomer) rotates the plane of polarised light 1o the right and the
other in equal magnitude to the left. When these enantiomers are prescnt in cqual quantity, the
mixture does not exhibit optical activily, i.e., it is racemic. In other words a racemic mixture is obta
obtained. :
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|
-/\—}-Br
Q&.R

fast
€D Y
¥ —s /c\<——_ ” o S
& |

\ . ’ ¥
R----C— OH -+ HO—C---R

4 Racemic mixiure R"

R »  (Mixwre of cnantiomers)

Thus, this cffect is not felt in the hydrolysis of t-butyl bromide. Butthe S 41 reaction optically
active alkyl halides in which the halogen is fmac,hcd 10 an assymmetric carbon atom can lead to .

formation of racemi¢ tmixture.

e 8

LY
Cy  C~Br ——
“‘52/ \

/ N\
HCy HeCo  C3hy
08 cwm 0w

HeC) CyHy
\ | /
HSCE‘C - QM MO —{ 'C?HS
Hela : CaHy

Racemic mixture

18.9.2 The S_\,z Reaction

The reaction between CH, Br and hydroxide ion to vtcld methano! follows sccond order
kinetics i.c. the rate depends upon the active concentration of both.CH, Br and = OH.

CH, - Br + OH -reeres — CH, - OH + Br-




ratea [CH, Br] [ OH}

. The account for the observed kinctics, a bimolecular nucleophilic substitution reaction (542
mechanism is suggested. According to this mechanism, - OH ion approaches the carben to which the
halogen atom is attached, from the back side. This rear side or back side attack by ~OH on the carbon
leads to the formation of a S,2 transition statc. - ' :

H - " H H

HO TH \c B oo s HO \ ?/ Br
A

H | . H

Partial single bond

The transition state is an imaginary state in which carbon is partially bonded to be the OH and
Br groups. The OH and Br groups and the carbon undergoing nucleophilic substitution reaction are
all colinear. The three hydrogens and the carbon 1o which these are attached are all coplanar, The
C-H bonds are arranged like the spokes of a wheel and the HO - C - Br form the axle. The negative
charge is distributed throughout the transition state. As the C-OH bond begins 1o form, the € -- Br
and begins 1o break. Ultimaicly the weaker nucleophile (Br) is displaced by the stronger nucleophile
{ OH) to form CH, OH. The configuration of the three hydrogeas in the process undergo inversion,
This cannot be experimenially demonsteated in the reaction of mcthyl bromide. In the case of
secondary dermonstrated in the reaction of methyl bromide. In‘the case of sccondary butyl chloride,
it is possible to show the inversion of configuration, T

e
- H, H,C H
o Y4
H3C-HyC ==~ C —Br -HO---(II-- Br
©OHC CHy
2H | Partiat singie
e HO—C ~=CH-C Br . bond
fast HO C\ K: H3+ o

CH3

_ Here the configuration of the product is quite opposite to that of the starting alkyl halide. In
Sy 2 reactions, the configuration of the mol ccale undergoes inversion like an umbrella wrning inside
out in a wind storm.” This is ofien referred to as Walden inversion. :
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Usually primary alkyl halides react by 5.2 mcchanmm whereas lemary alkyl halides rcact
either by S.1 or S,2 mechanism.

18.10 STRUCTURE AND REACTIVITY OF HALOGEN COMPOUNDS

Alkyl halides undergo nuclcophilic subslitution rcagﬁons quitc readily, whereas aryl halides
are inert toward nucleophilic. reagents.

The order of rcaumly of alky! depends upon the' nawre of halogens present in them, Thc
order of the reactivity of alkyl halides is:

RE > RBr > RC)

The order of the reaclivity of different mono halogen derivalives is:
Allythalides

Alkyl Vinyl -
of : hiides hatides or halobenzenes

) Hydrolysis with
Hzc = CH - CH: X wees - ——— CH2 =CH - CH2 -0OH + HX
water at R.T

R--X B et L EEO b — R--OH + HX
al R.T is very slow

Hydrolysis with water :
R - X ceemmmmemmeee: yR -- OH + HX
a1 boiling point of water is fast

AL100° C
CH,==CH - X - : ----— No rcaction
With H,0
: ' AL 200° C with - _
CH, == CH == X ~rmmmmrommmrmssnnmnenoomss oo — CH, == CH -- OH + HX
waier, {ast :

Ally! halides are hydmlyscd by watcr aL Feom tcmperature whercas hydrolysis of alkyl halides
oceurs readily with boiling water. Vinythalides are not hydrolysed by water at 100°C. Vinyl halides
and aryl halides require temperatures above 250°. Allyl hd]lch undcrbo ionisation to form resonance
stabilised allyl carbonium ions.

~,

WceCH— crﬁ-@i —

[Hzc LB s HzC—CH cnzj ¥

Resonance slabilased ally! carbonium jon

. Similarly benzyl hatides undergo ionisation to from resonance stablized benzyl corbonium ions.
132 “ ' ' ' :
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18.10.1 Resonance stabilized .benzylcation

Resonance stapilisation, thus, favours ionisation of aliyl and beazyl halides. The resulting carbonium
ton readily combincs with the nucicophite { OH ) 1o form the product. This explains the high reac-
tvity of allyl and benzy! halides in nucleophilic substitution rcactions, Alkyl halides cither react by
S,1 or §,2 mechanism. R

Vinyl halides are not reactive in nucleophitic substitution reactions compared to alkyl halides.
Haloberzencs arc still less reactive.  This is duc 1o resonance in vinyl haltdcs and aryt halides.

F) il @
C‘ﬁ;.)_-CHiBr:,(———» %HZ—CH=§§=
Resonance siructures of vinyl bromide

Vinyl bromide may be considered as a4 resonance hybrid ol two swructures. In one of the
structures the bromine atom is joincd w the carbon by a doubic bond.  Also the bromine is positively
charged and the carbon bears a negetive charge. In other words the carbon is not clectron deficient.
Therefore, it cannot be readily attacked by a nucleophile, since the C- Br bond has some double bond
character it is ditficult o break such a bond.

18.10.2 Resonance structures of chlorobenzene : )

Similarly chiorobenzene is considercd as a resonance hybrid of five struciures. In structurcs
I, 11 and 1V the carbon - chlorine bond is a double bond. Further the carben atoms in these
structures arc not clectron deficient. Thus, due o double bond characler of carbon - halogen bond,
ionisation of chiorobenzene and reaction of resulting cation by S.' mechanism is nog possible. The
reluctance of aryl halides to undergo. nuclcophilic substitution by S.? reaction is cxplained by the
electron surplus  nature of the carbons in the benzene rine. :

-Cl: @(;j:
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" ‘Howiéver, aryl halides carrying electron withdfawing groups such as NO, and - CN in ortho

"and para positions, undergo nucleophilic substitution reactions readily, p-Nitrochlorobenzene is

readily hydrolysed 1o p-nitrophenot. 2,4, -Dinitro chlorobenzene and 2,4,6 - trinitro chlorobenzene
(Picrylchloride) arc more reactive than chlorobenzenc in nucleophilic reactions. Infact picryl chioride
is more reactive than alkylchlorides. ' : '

(0]
5% NaOH
~ o 1e0C
| - NO2
»-Nitro chioro benzene " p-Nitro pheno!
gH
Z ' NO2
.

" 2, 4-Dinitro phenol

2 4, 6-Trinitro phenol

3,4, 6-Trinitro chloro benzenc _ :
(Picry! chloride) a (Picric Acid)




Chiorobenzene, howc_ver, requires drastic conditions for its hydrolysis to phenol.
{ ' : OH _
6-87, NaOH
I
3B0°C/45001b Acm

The reaction is believed-1o proceed through a diff_crent mechanism called benzyne mechanism,

Ci -
P
/ H ‘\_!
7

e
~ H _BGS___.

‘I Ho0

Benzene

18.11SUMMARY

In-this unit we tricd 1o highlight the preparation and properties of Healoalkenes'and arythal-
ides. Direct halogenation is 2 general method although haloatkanes can also be obtained from
alcohols and alkenes more convenienily. Displacment reactions of alkyl halides with nucleophiles
involves the formation of carbonium ion in S, and results in'a racemic mixture. In $,2 & wransition
state with partial single bonds leads to inversion of configuration. Alkylhalides and_ begzylbalides
from rescnance stabilised cations and are highly reactive. (§,1) Alkyl halides react by 8,1 or 5,2 and
the o of reactivity is RI, RBr, RCI. Alkylhalides and halobenzencs are lcast reactive due to some
double bond character of C-X bond. However, electron withdrawing groups in ‘ortho and para
positions of halobenzenes facilitates nucleophilic substitution. : '

18.12 MODEL EXAMINATION QUESTIONS

L Answer each of the following in 10 lines

1.~ Formulate the mechanism of 'SNI reaction,
2. Discuss the stereochemisiry of S,2 reaction. S
i Viny! halides undergo hydrolysis less readily than alkyl halides explain.

II.  Answer each of the fbl!uwing in 30 lines

1. Discuss the mechanisin of hydrolysis of (1) primary alkylchloride (ii) tertiary alkyl
~ chloride _
2, The reactivity of halogen compounds depends on their structure, Explain with suitable
examples. :
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18.13 MODEL ANSWERS TO CHECK YOUR PROGRESS

1. Halogen derivatives are  (wo types.

L Derivatives of aliphatic hydrocarbons.
1I.  Derivatives of aromatic compounds.

The monghalogen derivatives of aliphatic hydrocarbons includes primary, secondary and ter-
tiary alkyl halides besides vinyl and alkyl halides.

The halogen derivatives of aromatic compounds are aryl halides and aralkyl halides.

P

When 2-bromo 2-methy! buiane reacts with alcoholic potassium hydroxide 2- ethyl 2-butene
i for;___ncd as the major product. ' '

Br - . :
1 - alkoxide ' :
CH, CH, - C - CH, -~ CH, -CH =C - CH, + KBr + H0
| KOH 1
CH, CH,

I\

. The elimization of hydrogen bromide may lead to two different butenés. Bui the major product can
be predic:-d by applying Saytzeff's mule, according to which the major product of elimination reac-
tion is the more substituted alkene. : : _

N

T Author : Dr. PN. Sarma
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If the hydroxy! group is attached to a tertiary carbon atom {(carbon atom ot camrying cven one
hydrogen atom) the alcohol is called a tertiary alcohol. The general formula of a teriary alcohol is
R
l .
R - C --OH Herc again R, R', and and R " may be same or differcnt alkyl groups (CH,), - OH
|
R LI
is an example of a tertiary alcohol.

CH,
1
CH,--C - OH
' |
CH,
ter, Butyl alcobhol

19.4 NOMENCLATURE

For alcohols three different systems of nomenclature are in use.

The simple alcohols arc known by their trivial or common RAMEs. The suffix ‘alcohol’ is used
along with the namc of the alkyl group to which the hydroxyl group is attached.

eg. CH,OH Methylalcoho! (hydroxyl group is attached to methyl group)

CH, -- CH, -- OH Ethy! alcohol (hydroxy) group is atached to the cthyl group)

CH, -- CH, -- CH, OH n-propyl alcohol (hydroxyl group is at_l_achc(i to the isopropy! group)

CH, -- CH -- CH, iso propyl alcohol (hydroxyl group is attached 10 .i_somopyl group) |
on

.CH, -- CH -- OH iso .Buty_l alcohol thydroxyl group is attached to isopropyl §Foup)
o,

It.-may be noted that isopropyl alcohol and isobutyl alcohot do not belong 0 the same class. The
former is a secondary alcohol while the latter is a primary glcohol.

- .In_another systcm of nomenclature, alcohols_are considercd as derivatives of the simplest
alcehol i.e. methyl alcohol (CH, OH). ‘Methy! alcohol is also called “carbinol”. Thus q;hyl_g_l_qehgl
‘CH, -- CH, OH (derived by replacing atom of the carbinol-by. methyl group) is called methyl catbinol.

‘Few morc examples arc given below: CH,
Nk | | ' (:23'--_(:1{2 - éHOHl
Ethyll me arbinel
s coe s )
{ i-propyl alcohol } ]Crs H,
CeH, -~ COH
" C_H, -- CH, OH .ic "

Phenyl carbinol - . Lk .
_{ benzyl alcohol ) . Triephey, le’ﬂ“ﬂl




Alcohols are also named according to TUPAC system, ‘This is widely acepted system. . The
important rules of IUPAC systein of nomenclature of alcohls are :

The longest continuous (straighty chain of atoms containing the hydroxyl group is selected.
The alcohol is named as derivative of the corresponding atkane i.c. as alkanol,
A numerical prefix indicates the postion of OH group. The lowest number is given to
the hydroxy! group. '

The nature, number and position of the other groups, if any present on the longest continuous
chain of carbon atoms is indicated in the prefix part of the name. For eg. CH, OH is considered as
derivative of alkane containing onc carbon atom (methane). Therefore, it is named as methanol.

CH, -- CH, OH is named as cihanol, while CH;--CH, --CH, -- OH is named as -propanol
of propan - 1 - ol. : : o

OH
|
In CH, - CH - CH, there are three carbons in a conlinuous chain but the hydroxyl group is

auached 1o the second carbon atom. Therefore this compound is pamed as 2-propanol or propane-
2-0l. Few other iltustrations of TUPAC system of nomenclature arc: o

CH,
!
CH;-- € - CH CgH; - CH, -- CH, -- OH
| { 2 - Phenyl ethanol )
OH
{ 2-Mcthy!l -2-propanol)
CH,
I
CH; -- (,; -- CH, OH CH, -- _CIH - CH, -- C;H - CH,
CH ' CH, OH
(2,2- Dimcthyl propanol) {4- Met_h_yl -2 - Pcmanol )

Check your Progress - 1

Write (he structures of all possible isomeric _a_lco_hqls__with molecular l‘ormul_a CH,O. Namc !hem
according to IUPAC system. ' '

19.5 GENERAL METHODS OF PREPARATION

Alkyl halides, carbonyl compounds (aldchydes and \_ke_ton(_:s)__;,ir_:d alkencs serve as conven-
ient starting materials in the preparation of alcohols. :

19.5.1 Hydrolysis of alkyl halides

Alkyl halides are hydrolysed by aqueous alkali to give alcohols. In some cases moist silver -
oxide (AgOH) has alsp been used. n-propyl alcohol s obtained by _the ,._hyd{g!ys_is .of n-propyl
bromide. 141










A Ketone reacts with Grignard reagent Lo give an addition product v hich upon hydrolysis gives
a tértiary alcohol, Thus acctone and methyl magnesium bromide reacl (0 give teri-butyl alcehol.

R' ’ . R ’
L P HOH i _
R-C=0+R"'MgX -3 R-C-0MpX --eemo v R - -OH+ Mg (OH) X
; I ! _
R H o
: tertiary afcohot
CH, CH,
N L L. HOH | o
HC-C=0+ CH,-- MgBr - CH, - C - OMgBr - -5 CH, -C-OH+ Mg {OH)Br

i | |
CH,,  CH, CH
In all the above reactions, the mode of addition of the Grignard reagent to the carbony! group

is éi_irhm’oh {Appendix - 2)

3

HOH AN -‘-!:—-OH -, Mg(oH) x
=3 4 ) o

Check your progress - 2

Formulaic the synthesis of 2-butanel from Grignard synthesis.

19.5.4 Hydration of alkanes

Hydration of an alkenc in the presence of an acid such as conc. H,SO, gives an alcohol. The
olefin is absorbed in sulphuric acid to give alkyl hydrogen sulphate which upon hydrolysis gives

alcohol.
R R R R
| | H.SO, . 1 | HOH
R -C= C-R ——umemres - R--C -¢C - R - —
| |
H 0s0, H

An alkyl hydrogen sulphate
( alky! sulphuric acid)




R R
I I
R-C-—-C ~- R + H, SO,
! I -
H- 0OH
By this method, cthanol and 2-propanol arc obtaincd from clhylcné and propylcoe respec-
tively. This method is quite valuable particulary in countries where alkenes arc imporlans by products

of petrochemical industry. - E

(D H, SO,

CH,= CH, - > CH,-- CH,-- OH .
(i) HOH
. L O
CH-- CH = CH, rr-eoreemeeeaeees CH, - CH -~ CH,
(i) HOH |

OH

In the second case, the alkene is unsymmetrical and the addition of walcr takes place according
to MarkownikoiT's rulc. Anti-Markownikoff addition of water to an unsymingirical alkene may be
achieved by hydroboration followed by oxidation.

19.6 INDUSTRIAL PREPARATION OF ALCOHOLS

19.6.1 Mcthanol

19.6.1.1 Wood distiltation

Partially dricd wood, upon destructive distilfadon gives an aqueous distillate, called pyroligne-
ous acid. This contains methanol, acetone and acetic acid. The vapours of pyroligneous acid are
passed through lime when acelic acid is retained as calcium acetate, and vapoeurs of acctone (b.p.56%)
and methanol (b.p. 64°) pass on, Acetonc atd methanol arc then separalcd by fractional distillation.

19.6.1.2 From catalytic hydrogenation of carbon monoxide

Now-a-days 90% of methyl alcohol production is from the catalytic hydrogenation of carbon-
monoxide. In this synthetic method, a mixture of carbon monoxide and hydrogen (obtained from
natural gas, CH,) is passcd over a catalyst (a mixture of chromic oxide zinc oxide} at 350° under
pressure. Aliernatively, water gs (CO + H), obtained by passing sicam over red hot coke, may be
mixed with hydrogen and converled into methanol in the presence of catalysl.

1000°
2CH, + O, —-=moomreen — 2C0 +4H,
. Catalyst
350
CO ¢ 2H, oo — CH, -- O

Calalysl
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19.6.2 Ethanol

On a large scale, ethanal is obtained by fermentation process either from starchy substances
such -as rice, maize, oats, potatoes eic. or from molasses,

i9.6.2.1 From starch

"Malt' (germinated barley) is added to the starcﬁ solution. The enzyme "diastase’ present in the -
malt converis the starch into maltose. The fermentation of maltose to alcohol is carried out with yeast.

~ The enzyme 'maltase’ present in the yeast hydrolyses maltose to glucose. Another enzyme 'zymasgc'

present in yeast convests the glucose into ethyl alcohol. In this process, control of temperalure and
pH of the solution are essential for a proper functioning of the enzyme. Due (o the profuse evolution
of carbondioxide the whole solution appears lo be boiling but hardly there is any rise in the tempera-
ture. This process where bigger molecules like starch are changed into smaller ones like ethanol with
evolution of carbondioxide under the agency of enzymes is called fermentation. Ethanol thus ob-
wined industriatly from cereals, is commonly called grain aicohol. '

diastase
2 (Cs Hw 05)11 +n Hzo —>n Clz Hn 011
Starch Maltose
Maltase
C,H,0,+ H,0 ' » 2 C, H, O
_ Glucose
Zymase
C, H, 0 --mmmemnrennnee- - 2 C, H, OH+2 CO,

_ 19.6.2.2 From molasses '

The syrupy liquid remaining after the crystallisation of cane sugar is called molasses. It
contains nearly 40 1o 50% of uncrytallisable sugars in the form of sucrose, glucose and fructose. 1t
is diluted to 10%. A litile sulphuric acid is added since the enzyme thrives betier in a slighily acid
conditions. Maintaining the température at about 30° C, yeast is added. The enzyme 'mvertase’
present in the yeast, changes sucrose into a mixture of glucose and fructose.

inveriase
C,H,0, + H O —rmmrmeeronae - C, H, O, + C; H; Oy

Sucrose Glucose  Fructose

The cnzyme ‘zymase' converts glucose and fructose into ethanol
Zymase
CoH), Of -morrmemesmsnsmnnas —2C, H,OH + 2 CQ,
Glucose
or
Fructose

19.6..2.3 From ethylene
Ethanol is obtained on a large scale by absorbing ethiylenc in sulphuric acid at 80° under
pressure, and by hydrolysing the resulting ethyl hydrogen sulphate.

CH, = CH, + HO - 80, - OH -------- - CH, -CRH, - 0 - 50, - OH
" Sulphuric acid Ethyl hydrogen sulphate
(ethyl sulphuric acid}




- CH,-CH, - O - S0, - OH + HOH ceorrrrr. — CH, - CH, - OH + HO - $O, - OH
19.6.3 Absolute alcohol

Absolute alcohol is pure ethyl alcohol. The yeast ceases to function beyond a certain concen-
tration of ethyl alcohol, Therefore cthyl alcoho! obtained by fermentation of starch or molasses is
dilute. The fermented liquid, called 'wash' containg about 10 io 15% alcohol. 1 is distitled in a special
type of still known as Cofey's siill. By this process, 95% aicohol, known as rectified Spirit is obtained,
A mixture containing 95% alcohol and 5% water forms & content boiling mixture {azeotrope), Frac-
tional distillation of an 7eotropic mixivre cannol give pure alcohol,

oxide, when water is removed. Then the dry alcohol is distilled. Commercially, absolute alcohol is
obtaincd by adding an appropriate amount of benzene to the rectified spirit followed by distillation.
At first a temary mixture cotaining ethyl aleohot (18.5 %), water (7.4%) and benzene (74.1%) distills
over at 65°. This removes all the water, Then a binary mixiure of benzene (80%) and alcohol (20%)
distills over at 68°. leaving only alcohof in the still. Distillation of this affords absclute alcohol,

19.7 PHYSICAL PROPERTIS

Alcohols boil at a higher tomperziure than the alkanes of comparabic molecular weight. For
¢.g. the boiling point of B-pentane {molccolar weight 72} is 35-36°, whercas that of o-butyl alcohol
{molecular weight 74) is 1158° This abvormatity can be cxplained on the basis of molecular ass0-
cration, through intermolecular hydrogen bonding. In the case of aicchiols R- O - H, the O-H bond
has considerable ionic character. The hydrogen end carries 3 partial positive charge and oxygen end

& 8
a partial negative charge. This may be represented a R - O - H. The aydrogen of one molceular 1
atracted by the oxygen of ihe second molecule and so on: The sitnation may then be represented ag

of alcohols, hydrogen acts as a bridge between two Oxygen aloms. Thus, several molecnles are held
together by intermolecular hydrogen bonds. When liquids of this type are boiled, part of thermal
“energy supphied is used up, to break these hydrogen bonds., This explains the higher boiling points
of alcohols. In the case of alkancs there are no attractive forces between their molecules, Intcrmot-
ceular hydrogen bonding is also responsible for the solubility of alcohols in water. Hydrogen bonds
between alcohol and water molecules leads 1o a solution.

In lower alcohols such as methanol, ethanol ctc,, the hydroxyl group constitutes bulk of the molecutes
and the solubilizing effect of the hydroxy! group ( by forming hydrogen bonds) predominates. But
in higher alcohols, the hydrocarbon part {hydrophobic part) predominaics, and this outweighs the
solubilizing effcct of the hydroxyl group. Therclore the solubility of higher alcohol in water de-
creases. :
147




148

19.8 CHEMICAL PROPERTIES

The propesties of alcohols can be studied under two heads: (1) Réactions iﬁvoiving the O-H
bond and (2) Reactions involving the C-O bond.

19.8.1 Reactions involving the O - H bond

19.8.1.1 Basic and acidic nature

Due to the presence of nonbonding electrons on the o0xygen atom, an alcohol can function as
a Lewis base. A molecule of an alcohol can accept a proton {0 form protonated aicohol. The
protonated alcohol (conjugale acid of the alcohol) is an oxonium ion. :

. ] H* . +
R - 0O - H =~ 5 R-— O - H
1
H
Protonated alcohol
{ an oxonium ion ) .

Nethanol for instance, can Teact with a strong acid such as HBr to give an oxonium iom.

Aleohols and water are comparable as bases. The reaction of water and hydrogen bromide leads (o
{he formation of hydronium ion.

HBr + H - O - H - ——)H--_O-—H+Br

hydromum t0n

Water reacts with active metals liberating hydrogen. In these reactions, waler behaves as an active
hydrogen containing compound 1.¢., & acid. Jusiltke water, alcohols also react with active metals such
as pootassium and sodium. In this reaction hydrogen is tiberated, and meial alkoxides or alcoholates
are formed.

ROB + Na ------mmmmem — RONa + 1/2 H,
or
-+
R - O Na

Sodiem alkoxide

However alcohols are weaker acids than water. Alkoxide ion (the conjugate base of alcohol} is &
stronger base than the hydroxide fon (the conjogate base of water). Consequently the alkoxide ion
reacts wilh water to form alcohol and a hydroxide ion. '

R. O 4 HOH e R — OH + OH
An alkoxide ion : { Weaker base
- {Suonger base)




In the above reaction, a weaker base is displaced by a stronger base. Gr

ignard reagent reacis with
alcohols liberating alkanes (alkanes are weaker acids than alcohols), :

R— OH +R" = Mg oo X —. - R' H+ Mg(OR) X

The. order of acidic strength of alcohols is methano] > prmay alcohol > scc. alcohol > ter,
alcohol. The + I effect of the alkyl groups is responsible for this order, In these compounds the
number of groups cxerting the +I effect progressively increases. _ ' .

H . H H 1}

| | '

H—C=0H R—¢C~- on R—=C—=0H R—¢C — oy
g | _ i

H - H R R

In the casc of a tertiary alcohol, such as t-butyl alcohol, due to the + I cﬂ‘écl of three alkyl groups
on the carbon, the clectron density between oxygen and hydrogen increases. This makes the hydrogen
of the hydroxyl group less labile i.e. proton release bccomes difficult,
19.8.1.2 Ether formation

When alkyl halides react with sodium atkoxides ethers arc formed. This reaciion is called
Williamson synthesis of cthers. When sodium ethoxide reacts with methyl iodide mncthyt ethyl ether
is formed.

R- 0 - Na+R' X ... = R - 0O - R" + NaX

CH, -- CH, - ONa + CH,I . - CH, - CH, -- 0O CH, + Nal
Methyl / ethyl ether

19.8.1.3 Ester formation

When alcohols react with carboxylic acids, esters are formed, This reaction is called csteri-
fication,

0 O

It ' H

R-C -OH + H - 0 R~ — RCOR‘+H1()
- F ‘‘‘‘‘

A Carboxylicated An aicohol An esier

_ In esterification of a given acid the reactivity of alcohols is primary > secondary > tertiary, A
acidic catalyst such as sulphuric acid or dry HCI gas is used in this reaction. In this reversible
reaclion, the cquilibrium can be shified 10 the right cither by nereasing the concentration of the
reactanis or by constantly removing one of the products of the reaction. Thie mechanism of the acid
catalysed esterification is as follows:

P
OH @
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_._.H .n ’
! Q).- O"""'H H a fR
R‘—C/ / . _ \\O,/
\ ) s R-Ce—" >
OH \?i N
t— [ ‘_"'J_H —ROk
uof/H H 1 s
A Y Co-H
O 2 R-C0-R aed
L - o ’
1 9%\ ‘Q'—R
Cronium | H H
R 1ION + Hzo
@)
H &
Y, —-H
R’ h— R-cf/’O
.O_‘__Q' +H@ \O,_R‘

2

1 - Protonated carboxylic.acid
2 - Protonated ester

Esters are also obtained by the reaction of an alcohol with an acid halide or an acid anhydride.
0 0
| Il
R—C0—-X+H—0-R" — R—C—O—R"+HX
An acid halide

) 0 ' 0 0
fi f ] fi
R—C—O—C—R+H—OaW—F¢R~C#0ﬂ8+R—C—0H

An acid anhydride

19.8.2 Reactions involving the C — O bond

19.8.2.1 Dehydration

Alcohols react with conc. sulphuric acid to give atkyl hydrogen sulphate which upon further
heating gives alkenes. The order of reactivity of alcohols in dehydration is tertiary > seconday >
primary. In the reaction of cthanot with sulphuric acid ethylhydrogen sulphate is first formed which
decomposes at a higher temperature 1o form ethylene. '




CHy ~CHy—OH + H_§0 ,—— CHy —CHy—0 SO, H + H,0
or
CHy—CH,—HSO0,
' 1650 '
CHs'—CHz"'O_SOJH———“">CH2 = CH,“JF‘ HESO*

At lower temperature and with excess ethanol, the cthyl hydrogen slphate, first formed, reacts with
another molecule of ethanol to give ethyl ether. '

140° |
C,H, HSO, + HO - C, Hy -~ CH - O - C,H + H, SO,

(Sccond molecule) ethyl ether
of cthanol

Dehydration of alzohols may also be effected by passing the vapours of alcohol over heated alumina.
Ethylene is obtained by passing ethanol vapours over alumina at 350°,

- Al, 0,350°
CH, -- CH, - OH > CH,=CH,

At a lower temperatures, however, this reaction leads (0 the formation of ethers.

2 ROH  weceeeeeee > R~ 0 -—~R+HO

19.8.2.2 Halide formation

Alcohols react with hydrogen halides to form alkyl halides. This is another example of
cleavage of the carbon --- oxygen bond in aicohols.

The order of reactivity of alcohols for a given hydrogen halide is rertiary> sceondary > primary, and
that of hydrogen halides for a given alcohol is Hl> HBr > HCI, t-Butyt alcohol reacts readily with
HCI to form t-butyl chloride, '

(I:Hj ?Hs
HSC—IC—OH P - (o J— —>CH3—('I,‘—CI+H20
CH, CH,

t - Butyl chloride

The rate at which primary, secondary and tertiary alcohols react with HC] in the presence of anhy-
drous ZnCl, varies. This is the basis of Lucas test to distinguish the three types of alcohols. To the
given alcohol Lucas reagent { a solution of anhydrous ZnCl, in conc. HCL) is added and kept in a
water bath at about 30°C. The time for formation of corresponding alkythalide (water insoluble) or
the time for the appearance of turbidity is noted. With this reagent tertiary alcohols react rapidly and
secondary alcohols rcact slowly to form corresponding alkyl chlorides. Primary alcohols do not react
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at this temperature. The alkyl chlorides -are insoluble water. Therefore the turbidity appears iminc-
diately in the casc of ter. aleohol, in one 1o five minutes. If it is a secondary alcohol, and with
primary alcohol no turbidity appcars at. ihat temperatare.

Alcohols ar¢ also converted inio alkyl halides by reaction witl thionyl halides.

R — Ol + SOX, -~ 5 R - x + SO, + MX

CH, -CH, - OH + 80, ¢ —— CHy - CH, --Cl+80, + HCl

AJkyl chlorcusiphate appears o be the intermedicte in this reaction. ?

- HC o -

R - G0+ SOCE o - (R -~ 0 - s:c)---a,gm + SO,
| R
Cl

*

The replaccment of the -- OH group of an alcohol by a halogen can also be achieved by using phos-
phorus pentahalides or trihalides.
R - OH + PX, —w-ermoeees > R - X + POX, + UX’

C,H, OH + PCl e »  C,H Cl + POCL + H(l
Reaction ¢ " an organic compound with PCL, with the liberation ol HCI, is considercd as a positive
test for the presence of OH group in the compound. )

IR - OH + PX, -ooemeees 43R - X + H, PO,

3C,H, OH+ PCl, - 3CHCl - HPO,

19.8.2.3 Oxidation of alcohols

Primary alcohols are oxidised first to aldehydces and then w acids by potassium dichromate in
acidic medium. There is no loss of carbon atoms during the oxidation of primary alcohols. The
alcohol, aldehyde and acid, all contain the same number of carbon atoms. '

K,Cr,0, K, Cr, O
R CH, OH  -mroooomoemeee- — RCHO  --emmmreeee- - RCOOH
H" H*
An alcohol An aldehyde An acid
(O} (0)
CH, OH  -moooooememes — HCHO e — H.COOH
Methanol ~ Methanal Methanoic acid
' : ( formaldehyde } - ( formic acid )
o o) (0)
CH, CH,OH  —vemmmromees - CH,CHO ----vmmmmeees — CH, COOH
Ethanol - Ethanal " Bthanoic acid

(aceialdehyde) (acetic acid )




A pfima:y alcohol is directly oxidised to the acid with potassium permanganate.

Secondary alco_hols- upon oxidation, with dichromate and acid, give ketones.  Further oxidation: of
ketones is difficult, and the resulting acids contain lesser number of carbons than the ketone.

H R 0
I (0) I (0) I
R—C—QH - > R-——C = Q .. - R— C— OH
I '
R
CH, ) - CH, 0O
f (0) | (0) H
R— Conv OH e —-CH, C =0 - - CH,~C-— OH
i
R
2 - Propanol Acclone : Acetic acid
( contains 3 carbon atoms ) (contains 3 carbon atoms) (contains 2 carbon atoms}

It is difficult to oxzidise the testiary alcohols. The products of oxidation of tertiary alcohols., obtaincd
under drastic conditions are ketone and carboxytic acid. Oxidation of 1-butyl alcohol gives a mixiure
of acetone and acetic acid. _

R R O
(0) { (Q) il
R——(I:-OH s R—C=0--~-~_ R-C- OH
. H .‘ . 1
CH; ' CH, 0
{0) I (0) i
Hsc--'C--OHu———+ CHg=C= O —~— CHy—C—OH
CHy

None of the oxidatio products of tertiary alcohol, conains the same number of carbon atoms as the -
starting alcohol.

19..8.2.4 Dehydrogenation of alcohols '

Dehydrogenation of primary and sccondary alcohols results in the formation of carbonyl
compounds. The alcohol vapour is passcd over heated copper. Primary afcohols give aldchydes, and -
secondary alcohols give ketones. Tertiary alcohols do not undergo dehydrogenation.

oA o
R—CH;~OH-——uo S R—CHO
¥ ’ : —H 2 ) .

CHg—=CHy— OH-——"— 5 CH,— CHO




154

Thus, dehydrogenation of alcohols serves as a test for distinguishng the primay, sccondary, and
tertiary alcohols. . ' : . '

19.9 POLYHYDRIC ALCOHOLS

19.9.1 Dihydric alcohols (Glycbls) .

" Dihydric alcohols are compounds containing two hydroxyl groups. Depending upon the
position of the hydroxyl groups they are called 1,2 glycols; 1.3 - glycols and so on. 1,2 - Glycols
are usually named after the alkenes from which they are obtained by hydroxylation. :

HO--CH —CH,; -0H . CHg—CH—CH,
R : OH OH
~ " Ethylene glycol Propylene glycol .
‘(obtained by hydroxylation (obtained by hydroxylation of
of ethylene) . _ propene) o
© "HO=- CH, - (CH,)"CH,0H HO—CH,—CH,— CH.—OH

 Polymethylene glycol 1, 3-Dihydroxy propane
- o © (trimethylene glycol)

HO—CH,—CH,— CH,—CH,—OH
1, 4-Dihydroxy butane
(tetra methylene glycol)

According to IUPAC system, glycolé are named as alkane diols, The positions of the hydroxyl groups
and the substituents, if any, are indicated in the prefix. '

CHS—?H+?H, © CHy~CH—CHg—CH,
.- OH OH (IJH c'-H _
Propan-1,2-diol ' Butan-1, 2-diol

o _ . CH3 CHy

CHy—CH,—CH —CH, Hsc—lc-é—CHs

N P I '

OH ~ OH OH OH '
Butan-1, 4-diol 2, 3-Dimethy! butan-2, 3-diol.

199.1.1 General methods of preparation of 1,2-giyeols

19.9.1.1.1 From.alkenes _

Oxidising agenis, such as cold alkaling KMnO, convert alkenes inio cnri‘csponding diols.

R R - | R R

I dil alk. KMNO, i
R—-C=C—R - > n_-c-rlz-n

H 040 :

H.0+%) _{l;:H OH




CHy=CHy — e CH,—ICHE |
_ C
OH OH

Glycols are obtained by the hydrolysis of epoxides by a dilute acid or atkali. Epoxides, in turn, arc
obtained by the reaciion of alkenes with peracids, RCOOOH {(RCOOH +H,0,)

} _ . R
A RNy R
. R
H,0 N ‘IR
: _ >R—C-— z--n
I _
Hgo Or OH OH H
An epoxide

19.9.1.1.2 From Dihaloatkanes and halohkydrins

Dihatoalkanes and halohydrins, on hydrolysis with aqucoué alkali,

R R

form corresponding glycols.
- - R R |
o

|

______ —_— R——C—C—R+2KX
P :

X X OH CH

Er‘_CHz""CHg —Brs2

KOH—-——» HO.—CH;-— CH.— OH +2KBr
1.2—Dibromaethane ' .

' |
: o X o HO  OH
A halohydrin

I—CH.~CH - OH+KOH——, HO—CH, —CH,—0H ¢ kI
‘Ethylene chloro hydrin
19.9.1.1.3 Pinacot reduction of ketones

Tn another method, kelones arc teduced - with magnesium in acid medium. To incrcase the
-reactivity of magnesium it is uscd as amalgam. This bimolecular reduction is also known as pinacol

R R R - ? R
N/ Nes R"—C-———(I:f‘—R
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OH OH
HaC Chy
HyC CH3HC CH 3
3 Hy 3 |
e/ TN —-—-aHa(Z-—-_C-—-—J:——-CH;,
I Mg [l |
- O g0
;‘% L
® ;
H30 H3? CH3 o
> H3C--7(I:-—(IT—CH3 + Mg
o4 OH

Magnesium pinacolate
reduction of ketones, 2, 3 - Dimethyl butan - 1.4-diol (pinacol) is obtained from acetone. The only
difference is that glycol consume two moles of reagents that react with monohydric alcohols.

19.9.2 Ethylene glycol

It is an important member of this class of compounds. Various methods are available for the
preparation of ethylene glycol. ' '

19.9.2.1 Preparation

Treatment of eithylene with cold, dilute permanganate results in the formation of glycol.

dil alk, KMnQ,
CH."—"CH'} ————— —_—r CHQ—CHQ
(H,0+0) | |
OoH OH

Ethylne dibromide is converted o ethylenc glycol by boiling with aquecus sodinm carbonate.
Alternatively ethylene dibromide, upen heating with polassium acetate in glacial acetic acid gives
ethylene glycol diacetate which is hydrolysed to glycol.

Br -CH, -CH, —Br4+Na, COg4+H O —-———2 Na Br4+CO,+
' HO—H C—CH.—-OH

Br—CH,-CH,~Br + 2 CHy; COQK
0

18]
acetic acid N : i
' Ethylene diacetate

0

0
l i H, 0+

H,C-~C—0—CHy—CH,—0 —~C—CHy - ——+HO—CH,—CH —~OH

o ' +2CH,CO0H.
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Technically glycol is prepared by the hydrolysis of cthylene oxide. Ethyléne oxide itself is
obtained by passing a mixture of thylene and air under pressure over silver catalyst at 200 - 400°.

air HqaO+
CH,=CH,;———> Ethylene - —— HO—CH,~CH,~ OH
2 catalist oxide or oH

19.9.2.2 Properties of ethylene glycol

It is a colourless viseous liquid. It is miscible with water. It rcacts with metallic sodium to
give monosodium and the disodium derivatives,

CH OH Na CHg;—O0OH Na CH,—CNa

| —— | ——— ] -

CH,0H —4H, CH.—0ONa —4Hy CH.—-ONa
Monosodium Disodium .
derivative derivative

Chlorination: Glycol reacts with hydrogen chloride 1o give first ethylene chlorohydrin and
finally ethytene dichloride.

CH_OH HCI, 1600 CH,-C1 HCI CH,~—Cl
! —_——— | ———3
CH_OH --H 0 CH,-— OH —H,0  CH,=CI

When reacted with phosphorus wichloride the two hydroxyls arc replaced by the halogen.

CH,OH  PCl,  CH,—Cl
—_——

| |
CH,OH CH,—CI

Oxidation: Glycol is oxidised by difute nitric acid to give a number of products. The final
product is oxalic acid.

CH,—OH (0) CHO (0) COOH (0) COOH (0) COOH

CH,-0H CH,OH CH,OH CHO COOH
.Glycollic  Glycoliic Glyoxalic acid Oxalic
aldehyde  acid . acid
| 1
iE (O} ?HO I (D)
i
L - »CHO J

Glyoxal




Oxidation of glycbl with permanganate or dichromate cleaves the carbon carbon bond. Formic acid
" is the product in this reaction. ‘

_ 0y .
CH,OH O) ) 1icoon
Lh,00

Cleavage of the carbon - carbon bond in ethylene giycol is also effected by periodic acid or lead
tetracetate. Formaldehyde is the product. ' : '

CH_OH HIO,
| ——en—— 2 HCHO
CH,OH :

- or
Pb(OCOCH;),

Dehydration: When heated along, ethylene gl.ycnl loses water to give ethylene oxide.

| 7 | 0
CHp-OH  ~Hp0 CHy”

However, .lioxane is obtained on heating ethylene giycol with conc. H,SO,. Dioxane is used in
industry a: a solvent. '

_OHHO- O
CHz - CHy

| _}QZOHHO/ LA Y

i

Pinacol pinacolone rearrangement (Appendix - 3)

- 19.9.3 Trihydric alcohols

Glycerol: It is the simplest tnhydric alcohol. Tt is a byproduct of soap industry. When an
oil or fat is heatedd with 10% NaOH, saponification takes place.. Soap. (sodium salt of a faity acid)
and glyceorol are obtained. ' S

0
CH—O0—C-R CH,OH
: (!.‘,H——O—CO_FI_+ 3NaOH-o(l:HOH'+2'R-COONa
’ |cH.‘;---o—'c--r-x | (!H,OH " Soap
| (") glycerol.

~ Oil or fat
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The soltution remaining after the removal of
Alum is added to the spent lye o precipitate
reduced pressure o avoid the decomposition

glycerol is distilled with super heated steam under reduced

evaporating the ditillate in vacuum.
19.9.3.1 Synthesis of glycrol

Glycerol is synthesised from propylene. Prop
to give allyt chloride. Allyl chioride is hydro
to give allyl alcohol. This is then treated
hydroiysed by alkali: to glycerol, '

- : a, .
CHg — CH=CH.—— - CICH, — CH

the ‘soap is called spent lye. This contains glycerol.
the impurities and other filtrate is evaporated under
of glycerol. The concentrate containing about 70% _
pressure. Finally glycerol is obtained by

ylene is treated with chlorine at elevated tclﬁpcralure
lysed by heating with aq. sodium carbonaie solution

with HOCI (o give glycerol monochloro hydrin which is

" HOH

= C Hz-————-’-—.'b

: 500° - Na,COq4 (a.q)
Propylene - Allyl chloride
CH.—CH=CH,—— jamGH- CHs
' ' OH
OH Cl CH

Allyl alcohol

OH

————>CH; — CH — |CHa
1 I
OH OH OH
glyeerol

glycerol monochlorohydrism

Glycerol is's colouricss syrupy  liquid with sweet wasie,

19.9.3.2 Chemical proper#s?

19.9.3.2.1 Reaction with sq}jium metat

Primary alcoholic groups react readily with sodium metal. Reaction of Glycerol with sodium

[¢

gives (irst the monosadium derivative and the- disodium deriv,
is not attacked. '

iive. The Secondary alcoholic group

CH,O0H CH.—0ONa CH.—0ONa
| ' Na | Na |
CHOH —=-——>  CHOH _QH_> ('SHOH
clH,,OH #H CH,OH * CH.—ONa
: Meonosodium Disodium
glycerolate " glycerolate

19.9'.3.23'2; %"ﬁeqc'tiim‘:#_ith hydrogen hzlides )

‘_"ﬁ:/h?ﬁ_ kydrogen chloride is passed into gl
rohydrins is obtained: - When the reaction is conti
" hydrins is obtained. ' '

yeerol at 130°. a mixture of o and B monochlo-
nued further a mixture of o, o, and o, B dichloro
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CH_OH : CH.CI . - CH,—OH

| HC! | + I
CHOH ——o CHOH CH--CI
| —H O | :
CH_OH CH,0H CH,OH
o -- Mono chlorchydrin B -- Mono chlorohydrin
CH,—OH —HsO|HCl CH;—Ci
i ]
CH—0OH + CH-—CI
i ' ; '
Cl—CH--Cli CH,—OH

ez, o' Dichlorohydrin o, B ‘Dichtorghydrin

When glycerol is hoated with hydrogen iodide, an unstable tritodide is first formed which loses iodine

to give allyl iodide.

CH,0H ] CH,1 1 CH,
3HI | | { |
CHOH =-———— i CHI —————>» CH
| —3H,0 vl | —lg 1
CH,OH 1 CHat | CH,I
: _unstable triodide Allyl iodide

19.93.23  Reaction dwith PCL
Wyen glycerol reacts with PCI,, glyceryl trichloride is formed. The three hydroxyl groups
replaced by chlorine.

CH,OH CH.—CI

I ' |

(I:HOH 4+ 3PCl;, —— (I)H-CI + 3 POCI; +-3HCI
CH,OH CH,CI

1, 2, 3 Trichloro propanc
(glyceryl trichloridc)

19.9.3.2.4 Nitration

Wwhen glyccrol is - treated wih a well-cooled mixuce of conc. H,So, and HNO,, glyceryl

{rinitrate or nitroglyccrine is formed. This 18 an explosive substance.
ICH:zOH CH;—0—NO,
I
CHOH+3 HO—NO, conc H,80 CH—0--NO,

———> | :
CH,—0—NO,
Nitro glycerine

i _ .
CHy OH Nitric acid




19.93.25

Reaction with gxalic acid

When glycerol is based with crytalline oxalic acid, (COOH) , 2H,0 , at 110°, formic acid is
obtained. Glycerol monoformate, first formed, undergo hydrolysis to give formic aid.

0O 0O
CH,OH g
| HG—C—C-—=0H
CHOH + -
!
CH:OH oxalic acid ——:

CHOH

}

CH;—OH
Glycery!
monoxziate

19.93.2.6 Dehydrations

0
. i
CHy—0--C—H
I
CO, CHOH HOH

— |
CH,OH
glycery! formate
]

CH_OH

!

CHOH . :

I +HCOOH
CH,0H

glycerol

When glycerol is heated with potassium hydrogen sulphate, two molecles of water are lost and

acrole is fomed.

!
H-C-0OH

- KHSO

| —2H,0
H—C—0H
-

H

19.9.3.2.7 Oxidation

The product of oxidation of glycerol depe
tion of glycerol with sodium hypobromite,

* (This mixtare is called glycerose)

CH,OH CHO
} (0) l o+
(.I,"I-!OH ~—>3  CH—O0H
_ }
CH_OH CH,0H

Glyceraldehyde

E CH,

A !
i = CH

’ |

| CHO
Acrolein
{acraldehyde)

nds upon the nature of the oxidising agent. Oxida-
gives a mixture of glyceraldehyde and dihydroxyacetone

CH,OH
C=0

|
CH,OH

- Dibhydroxy acetone
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Dilute nitric acid oxidise glycerol 1o glyceric acid and satronic acids. ConccyCEﬂEﬂraLcd nitric acid
oxidises it to glyceric acid. Bismuth nisate oxidiscs it to mesoxalic acid.

CH,OH CHO COOH COOH
| ©) |. (0) | (0) |
CHOH ——s  CHOH —-—'» CHOH ——— CHOH
i | 1 t
CHZOH CH.OH CH,OH COOH

1 (&) glyceraidehyde glyceric acid Tzrtronic acid

CH_OH COOH
| (0) l
=0 -—— C=0

i !
CH OH COOH
Dihydroxy scetone Mesoxalic acid

Periodic acid oxigises glycerol with the cleavage of C-C bonds.

clin—-ICH-rl:Hi———» CH,0+HCOOH4-CH.0
OH OH OH

19.10 U-SES OF ALCOHOLS

Mel anol is used largely as a solvent in the plastic and textiic industries (i) for cleaning metal
and glass p:ts (iif) for power boostcrs in gasoline engines { iv) for antifreczes and for production
of formaldelivde. :

Ethyl alcohol is widely uscd (1) as a starting material in synthesis (i) as a solvent (iii) as an ingredicnt
of amny commercial products. It also finds application in lacquers, varnishes, medicinal and {lavour-
ing extracts, perfumes, cosmetics, dyes efc.

Ethylene glycol is used in the manufactore of plastics. Ethylene glycol dinitrate is used as low
freezing dynamite. '

Glyceroltrinitrale is a powerul explosive. It is soaked up by sawdust for stabilisation and is
commercially known as dynamite. :

Appendix-1: A carbonyl compound is reduced by LiAl H, to give the corresponding alcohol. Lith-
ium aluminium hydride is a sourc of hydride jon (H ). The hydride ion is a nuclcophile and
thercfore attacks the carbonyl carbon atom.

H —
@
dR-—(l:—=0 + LAl H, ———w—n—[ (R-—CHZ--O),,t Al ] L
. . { . . .
Hydrolysis
An aldehyde y |

W

4 RCH,OH 4 Alr+++Li%




Appendix - 2: both aldchydes and ketones contain the carbonyl (C=0) It is unsaturated function and
endergoes addition reactions with Grignard reagent. The double bond between carbon and oxygen
is made of sigma (o and a Pi(n ) bond. Carbonyl group is a resonance hybrid of two structures.
In othcerwords, in carbonyl groups the carbon end is positive and the oxygen end is negative.

N | @ 9

The nucleophilic part of the reagent therefore adds to the carbon of the carbonyl group and the
elecirophilic part to the oxygen . In R - Mg - X the carbon magnesium bond is polar

S § = o
{R-- Mg -- X}. In the addition reactions of the Grignard reagent at the carbonyl group, lhe alkyl
group, of the reagent becomes altached to the carbonylcarbon and magnesium end to the carbonyl
OXygen.

N[ |
}Q —> —C—0OMgx
(@— + I
—X R
Appendix - 3: Pinacol, upon distilling with dilute sulphuric acid undergoes an climination reaction.

The cli,mination reaction. The clemination reaction is accompanied by a molecular rcarrangemenl (o
give pinacolone,

R R
I |
R-C—0H dil H,80, R—C—R

! ——es
R—-C—-0H ~H.0 R-—C=0Q

I
R

A Piracol - A Pinacolone

Following is the mechanism of pinacol -- pincolonc rearrangement

R R H
R-C-0H @ poi ®0-H
T —— /!_(.f. ' H>0O
R—E-QH c—0-H
=0
R 0
R—-C-R R—C-R
’ I A H -
R—-C-OH R-—’C: -H
¥
HZ, R-c-g
| R-C=p
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19.11SUMMARY

The essential features of monoalkyl derivatives of water i.e. alcoblols are

i They can redily be prepared from alkyl halides, aldehydes ketones, alkenes and from natural
resources such as wood natural gas, starch and molasses on a large scale.

il. They are unique in having intermolecular hydrogen bonding which explains the higher boiling
. points and solubility in water. '

iil. Basic and acidic nature.

iv. -Conversion to different clders of orgaic compounds such as ethers, alkenes, alkyl halides.
monocarbuxylic  acids, ketones. :

v. These alcohols are industrially vseful, consmotics, perfumes, lacquers, vamishes etc.

vi.  The polyhydric alcohols ethylene glycol and glycerol are used in the manufaciure of plastics
and explosives. . -

19.12 MODEL EXAMINATION QUESTIONS

L Answer the follwoing in each 10 lines

1. Comp! 1¢ the following

HO*
a. Acetaldeyde + isopropylmagnesivm bromide ------------ ?
_ HO*
b. Methyl ethyl kione + methyl magnesium bromide ----------- -1
. H3 O+

b. Methyl ethyl kione + methyl magnesium bromide ----<------ — 1
2. How do you prepare benzyl alcohol starting from benzene?
3. How does n-propyl magnesium chloride react with the following

a)  Ethylene oxide (b) formaldehyde (c) acetaldehyde, write equation.
4, How do you dstinguish ?

&) 1- Pentanol from 2 -pentanol
b} Ethanol from methanol.

5, How do you convert 1- propanol to 2- propanol, and vice versa?

6. Complele the following:

a)  Ethanol - PCL, ale. KOH I H,80,
: — —

(ic) H, 0




7

1L

1)} Ethanol conc. H,.80,? HCl
———— — —
160°.C
c) isopropyl alcohol ~ P + Br, C, H, ONa
' S ——

Write equavations for the following reactions.

a) Ethyl alcohol + acetic anhydride ———>—

b) n- butyl alcohol + acetic acid —

Answere the following in each 30 lines

i 0.92 gms of a monobydric alcohol reacis quantitatively with excess sodium metal and -

iberated 224 ml of hydrogen at STP. What can be the molccular we ght of the alcchol?

2. Two isomric compounds (A) and (B) with the moleculur formula C, H; O, are hydro-
lysed. (A} gave acetic acid and ethanol; (B) gave propionic acid and methanol,. What
are (A) and (B).

19.13 MODEL ANSWERS TO CHECK YOUR PROGRESS

1.

The [Sossible isomeric structures and their IUPAC names with. molecular Tormuia CHO are

a)CH,CH, CH,CH,0OH - 1 Butnol.
by CH, CH, CHCH 3 - 2 Butanal.
on
¢) CH, CHCH, OH - 2 - methy] propanot
|
CH,
CH,
d) CH, -- (IZ -- OH - 2 - methyl 2 - propanol
c

3

Grignard reagent adds on 1o the carbonyl group of an aldehyde or ketone 10 from an additio
poduct, whch upon hyrolysis gives an alcohol Formaldehyde gives primary alcohols while
any other aldehyde yields secondary alcohol. In the synthesis of 2-butanol the carbonyl com-
pound should be acetaldehyde and the appropriate grignard reagent be chyl magnesium
bromide. '

. H i '
H,0" P
CH,- C = O + CH, CH, MgBr -—vrem- CH, -- (!: ~ CH, CH,
l
H | | H

Author 1 Y.SN. Murthy
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UNIT-20 PHENOLS
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20.1 AIMS AND OBJECTIVES

[t this unit we wish to explain you the structural aspects, methods of prepar
After completion of this unit you must be able to know:

ation and properiies of phenols,




. Gencral methods of preparation

i) From sulphonic acids
) From primary amines
. Manufacture
i) From chlorobenzene
i) From cumene
iii)  From Coahar
. Physical propertics
. Chemical proertics
1) Aciddic natyre

it} For,mation of ethers

i)  Formation of esters

tv)  Frics rearrangement

v} Reaction with PCI,

vi)  Nilration

vi))  Sulphonation

viii} Halogenation

ix)  Oxidation

x) Reimer - Tiemann reaction

xi) Kolbe -~ Schmidl reaciion

xii)  Coupling with diazonium salis

xin}  Hoesch reaction

xv)  Reaction with formaldehyde

xvi)  Reaclion with phthalic anhydride

xvii}) Liebermann's nitroso reaction
. Dihydric Phenols

i) Catcchol

i) Resorcinol

iii)  Hydroquinone

20.2 INTRODUCTION

In phenols, one or more hydroxyl groups are directly atached to the benzzenc ring, These are
classified as monohydric, dihydric and trih ydric phenols depending upon the number of hydroxyl groups
present. Monohydric phenols contain only one bydroxyl group.

OH

Hydroxybenzenc
(phenol)
Hydroxy toluencs arc known as cresols. Three isomeric cresols (C,H,0),0-, m-and p- cresols arc knowi.

oH OH OH
H3 ’
~CH3
. . . My

o-Cresol m-Cresol p-Cresol
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" 1f the hydroxyl group is not dircctly attached 1o the carbon atom of the benzene ring i.c., altd(,hcd '
{0 the carbon atom in the side chain, the compound is not a phenol. Benzyl alcohol CH, -CH,-OHis
HyOH

an aromatic alcohol. It is isomeric with cresols.

Benzyl alcohol

Dihydric phenols have two fiydroxyl groups attached to the ring carbons, The three jsomeric dihydric

phenols arc

or . - OH

Catechol Resorcinol Hydroquinone

Trihydric phenols contain three hydroxy! groups attached 1o the ring carbons.

Hecish

PY”OGBNOI} Phioroglucinol
) \I 2 3-Trihydroxy benfene) {1,3,5-Trihydroxy benzene}

Hydroxy derivatives of naph{haicné ave called naphthols. The two naphthols are ot — and B - naphthols.

7 OH

- Naphthol
(1 Napti@ol;

-Naphthol
{2-Naphthol)

ki

¢
o

i
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20.3 GENERAL METHODS OF PREPARATION OF PHENOLS

20.3.1 From sulphonic acids

Aroniatic hydrocarbons are converted into
salt of the resulting sulphonic acid with

phenotls through sulphonation, followed by fusion of sodium
alkali,

Phenol is obtained from benzcne. Benzcne is sulphonated

with cone. H,SO,to benzencsulphonic acid, The sodium salt of benzene sulphonic acid upon fashion with

sodium hydroxide gives sodium phenoxide,

which is acidified 1o give phenoi.,

H, SO, Na OH
Ar-H--veoeeeen - Ar-8O,-OH e —
H.O Aryl sulphonic acid
Atomatic hydrocarbon
Na OH H+
AT -- S0O2 — ONA —-meeeeaee =N, SO, + Ar - ONa e - Ar- OH
Fusion
Sodiem salt of
anyi sylphonic acid
30, OH

| Sulphonation | |

SO, ONa ONo OH

AN & i |
l NaOH H _

o -—Nc12503

20.3.2 From primary amines

Aromatic nitrohydrocarbons are reduced 10 amines and then converted inte phenols through
(diazonium salts. Benzene is nitrated 10 give nitrobenzene. This is reduced 1o aniline using zinc and HCi.
Anilinc is treated with sodium nitrite and HCI at O°Cwhen benzene diazonium chloride is formed, Upon
heating diazonium salt with water, phenaol is formed. '

Reduetion HNO,
Al == NO -oeoocee 5 A e NH, e >
{ NaNO,_ + HCl)
Aromaticniiro Arylamine 0°C
hydro carbon
I11.O

Ar--N =N O v - Ar - OH + N, + HC!

A phenol

Aryldiazonium ion




NO?

) HNO3 + s i - Reduction
H750, .
K o
\\.\
© (NGNOgj-HCQ:, ' N
- Diczotisation =

Aniline pheny! diazonium chloride

20.3.3 From salicylic acid

Another mihod of preparation ol phenels 18 only of theoritical interest. Phenol for instance, is

oblained by decarboxylation of sedium salicylate by distilling with sodalime.

OH
COO Na

+  NaOH

Phenot

20.4 MANUFACTURE OF PHENOL

70.4.1 From chlorobenzene

" On a Jarge scale phenol is obtainc
solution of sodium carbonate at 3257 under pressure.

Ct

L/ - NapCO3 4 MO

d from chiorobenzene, Chicrobensend is heated with an aqueons

~

el




~ NaCl +  NaHCO,

20.4.2 From cu mene

Another method of preparation of phenol is by the oxidation of cumene in the presence of a metat
catalysi. In this method acctone is also formed,

P |
\,Coz\’/ld"sq‘

atalyst
et H3C~C-0-0H
“Hy Chy CHs
0
+ C
CHy CHy
OH
Phenol Acetone

20.4.3 From coal - tar

During coal - tar distillatio

n, the fraction, collected between ' 170-230° ig called middie oil. It
consists chiefly of naphithalene, ph

enols and snral! quantities of pyridi ne. The middle oil is cooled when
naphlene crystatlises out. This 1s seperated by centriguging. The Oi] remainning after the removal of

naphthalene is ireated with warm aqueous sodiuy hydroxide. Phenols deissove in this. By acidification

of the resulging aqucous alkaline solution or by passing carbon dioxide through i1, phenols are liberated,
The crude product is then distilled fractionally, The fraction collected at 180° is pure phenol,

20.5 PHYSICAL PROPERTIES

Phenaols are weakly acidic. They dissolve in strong
bases such as NaHCO,. Carboxylic acids being strongcer

sodium bicarbonate solution but phenols cannot, This p
acids, '

alkalies (NaOH et¢) but can not react with weak
acids liberate carbondioxide when treated with
roperly distinguishes phenols from carboxyliic

Phenols differ from alcohols, Alcohols are neutral while the phenols are acidic, Phenols give

characteristic colours with feric ch loride. Phenol, C,H,OH, gives a violet colour with ferric chloride. This

characteristic compounds containing; enolic - C = C - OH grouping. The characteristic colours produced
|
by different phenols with ferric chloride are given,
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(LO—H ®0~—H

In p-nitrophenol, from enc cnd of the oxygen releases its lone pair to the ring and at the other end
the nitrogroup recci - 25 *1¢ pair of electrons from the ring.

It is obvious that the acidity of the phenol is very much énhanced as more nitro groups are attached
to the ring. Hence the order of increased acidity is 2,4.6 trinitro phenol (picric acid) > 2.4 - dinitrophenol
> p-ni trophenol > phenol.

Check your progress - 1

How do vou distinguish phenol from cyclohexanol ?

20.6.2 For.nation of ethers

Sodium phenoxide uwpon heating with alkyl halide in alcoholic solution forms an ether.

C,H,ONa+R X -----ooomm - CH, - OR + NaX
C,H, ONa+C H, I ~mmmuen ~- CH, - 0 - C,H; + Nal
Sodium phenoxide Phenetole

When an alkaline solution of a phenol is treated with diimethylsulphate, methyl ethers are obtained.
Sodium phenoxide reacts with dimehyl sulphate to give methyl ether of phenol or anisole,

C, H, -- ONa + (CH,), SO, -----—-- —-C,H,--0--CH, + CH, -0 - SO --ONa
Dimethyl sulphate Anisole

The phenolic ethers are hydrolysed by heating with conc. HI. When.anigole is heated with HI
demethylation occurs. Phenpl and methyl iodide are obtained (Appendix - 1)
C,H, - O ~ CH, + HI —oermermemeeee — C, H,; OH + CH, ]I

20.6.3 Formation of esters-

When phenols are warmed with acid halides or anhydrides, esters are formed. Phenol reacts with
acetic anhydride to give phenyl acetate,




0
I
C,H, OH + {CH,C0), 0 ---n- = CH,-0--C- CH, + CH, COOH
Phenylacelate

When phenol is reated with benzoyl chloride in the presence of alkali, phenyl benzoate is formed.
This reaction is known as benzoylation. '

Q
L
CeH;OH + C,H, -- COCl = NaQH - - CH;--0 - C--C H, +NaCl + H,0
Benzoyl chloride Phenyl benzoate

This method of benzoylation or aroylation is called Schotten - Baumann reaction

20.6.4 Fries rearrangement

An ester of phenol upon heating with an hydrous aluminium chioride gives a mixture of o-hydroxy
and p-hydroxy phenol ketoncs ie. C-acylphenols.

This transformation is known as Frics reaction or rearrangemcnt.

30

il H
O—C—R OH OI 0
X =
AN l o
O0=C—R
Phenylesier O- Hydroxy p- Hydroxy
phenyl ketone phenyl kelone
il
0—-C—CHy OH 0 OH
)\\ - -ty
I AlCh ~t
AN, |
| O=C—CH:
Phenylacetate O-Hydroxy ) p-Hydroxy
acetophenonc acetophenone

When phenylacetate is heated with atuminium chloride, a mixture of o-hydroxy acetophenonc and
p-hydroxyacetophcnone is obtained. The ration of the ortho and paraisomers brained in Fries rearrangce-
meat depends upon the nature of solvent and the temperature of the reaction. :

20.6.5 Reaction with PCI,

Phenol reacts with phospherous pentachloride PCI 10 give very litlle yicld of chlorcbenzene. In the case
ofalcohols this reaction occurs with sufficient ease giving alky] halides. Thus, a hydroxy! group attached
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C. H OH —eememeen — p-Br.C,H,OH

p- Bromoephenol

20.6.9 Oxidation

Phenol is oxidised to p- benzoquinone or  p - quinone

OH 5
CrO7
CyH,OH ,_9?_27_) E)] ;fl' |
[O] SnClz

OH

Dihydroguinone (white) n- quinene (ycllow)

p- Quinone reversibly forms a molecular addition compound with hiydroquinone. This is black and is
called quinhydrone.

p-Quinone + Hydroquinone — Quinhydrone.
é_

Upon reduction with frydrogen in the presence of a catalyst phenol gives cyclohexanol. On
digtillation with zincdust phenol gives benzene.

OH OH

H N
Catalyst ~

OH

4+ 7n gistillation

> +Zn0

20.6.10 Reimer - Tiemann reaction

Reaction ot phenol with cloroform in the presence of alkalt a1 64)-70° gives a mixture of o-hydroxy
and p-hydroxy benzaldehydes. This is known as Reimer - Ticmann reaction.
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CH OH OH

e -
CHCR+0H | cHO
= +
60-70"

CHO
o— Hydroxy benzaldehyde p-~Hydroxy benzaldehyde
{Salicylaldehyde) :

The mixture is séparatcd by steam distiltation. Salicytaldchyde is steam volatile. Due to intramolecular
hydrogen bonding salicylaldchyde has alower solubility in water and a lower boiling and melting point
than the p-isbmer.

Intramolecular hydrogen honding in salicylaldchyde

The reactive species in Reimer - Tiemann reaction is dichloromethylenc or dichlorocarbene, This
is gencrated by the action of alkali on chloroform.

Cl Q?‘
e | Cl
Cl

=

SO
The phenoxide ion is a resonance hybrid of the following structures.

62 e
) —
| (b

(q)
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i‘_a;-v

/ ) fﬂ) (e)

Carbonion structures

These structures surplus clectron density al o-and o' and p-positions. Dichlorocarbene is an clectrophile.
Therefore, it attacks the ring ortho and para positions of the carbanion structurcs. (b, © and d)

| 5 _ | -
Cl
oM ~” H
M.l "

Si 0

:- .:e H '-.(j'-e OH .

- b’o CHO ® CHO
N H0 H

DA LN

p- Hydroxy benzaldehyde is similarly obtained by the atack of dichiorocarbeng at p-position ol c.
20.6.11 Kolbe - Schmidt reaction

The introduction of a carboxyl on the ring carbon ol phenol is carsied out by this rcaction. Sodium
phenoxide and carbon dioxide arc altowed 10 react under pressare at 12(-140°, when a rixiure of o - and
p- hydroxy benzoic acids s obtained. '

e
0

(o]
=140
/f l 4+ o2 _120-140C
-
Y | COONa '

N~ | +

COONa




)

o

OH
oonr = | '
T
OOH
o- Hydroxy benzoic acid p- Hgdgog/ benzoic acid
{ salicylic acid)

This reaction involves the attack by carbon dioxide at ortho and para positions of phenoxidc ion.

‘.Q :
: H e
———————) —-Q.‘
_ 0.
" H C-0OH
— "’ CF

In this reaction carbon dioxide functions as an clectrophile,

Check your progress - 2

Write all the possible structurcs of isomeric compounds with the formula C, RO.

20.6.12 Coupling with diazonium salts

Coupling reaction is useful in the introduction of an 470 growup ( - N =N- } in an aromatic compound.
Diazonium salts react with some aromatic compounds like phenols, amines (o form azo compounds. The
characteristic group in an azo compound is-N=N -, Phenol, for instance, couples with benzene diazonium
salts to give p-hydroxyazo benzene. Coupling with phenols is usually carried out in a slightty alkaline
mediom. ' :
o®
CIN

i

HO -+
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) + 8

p- Hydroxyazobenzent

The coupling reaction is an clectrophilic substitution reaction. The di==onium ion is an electro-
phile. It attacks ortho and para positions of the phenoxide ion which 2re activated towards electrophilic
attack due 10 high electron density in these posiions. Coupling occurs more readily in the para position
partly due to steric factors. '

2(0.6.13 Hoesc!. vaction

Reaclive potyhydric phenols may be condenscd with nitriles in the presence of anhydrous zinc
chloride and hydrogen chioride to give ketones. Polyhydric phenols, carrying ewo or mor¢ hydroxyl
groups in the meta position such as resorcinol and phloroglucinol, undergo this reaction easily. Resorcinol
reacts with methyl cyanide, in the presence of anhydrous ZnCl, and dry HCl gas, 1o give resacetophenonc,
Resacetophenone is a phenolic ketene.

oH | OH
: C
OH dry HClgas. Ok
O¢L\CH’Q
Resorcinol Methylcyanide Resacetophenone

(acetonitrile)
20.6.14 Gattermann reactidn

This method is useful for the preparaion of phenolic aldchydcs. Phenol is treated with hydrogen
cyamide and hydrogen chloride in the presence of anhydrous zinc chloride or aluminium chloride. The
resulting complex is hydrolysed 1o give salicylaldehyde.

oH ‘i”
. . HO
. ‘Q\/C -
t "~
pnnydrous ZnCl Of /
HCa

Itisbelieved that formimino chloride is lirst formed in this reaction. This in tum generates the elecwrophile,
( HC @ = NH}

| AlCl +

3

H--C=N+HCl - —H - C=NH - — H --C = NH + (AlCL)




“0—H BO—H

20.6.15 Reaction with formaldehyde

Bakelile is a phenol formaldehyde polymer. Phenol and formaldchyde react in the presence of an
acid 1o give g polymer commercially known as hakelije,

OH OH
G Ji}ﬁ/ CH CHy~

L

o

"""‘———-""-‘\.r’
nCHO

CHy T

A large fraction of phenol production goes into the manufaciure of plastics (bakelite) and resins. Phenols
arc also used in Lthe preparation ol dyes, drugs, photographic developers and wood preservatives.

20.6.16 Reaction with phthalic anhydride

- Phenolphuhalein is obtained by heating phenol with phihalic anhydride in the presence of conc.
H.SO,. Phenolphthalein is used ax an indicator,

O

Conc. HpS0O4
~H70




20.6.17 Lieberman's nitroso reactioh

When phenol is warmed with sodium nitrite and conc. H,80, . and then diluted a red colour is
obtained. The colour changes Lo grecn On making the solution alkaiine by the addition of agucous sodiam
hydroxide. This is used as a west for phenol. '

20.7 DIHYDRIC PHENOLS

20.7.1 Catechol (I,Z_dihydroxybenzene or o-dihydroxy benzené)

Guaiacol, monomethyl ether of catechol, occur in plants. Demethylation of this compound gives
catechol. Ttis also obtained by heating o-dichlorobenzenc o o-chlorophenol with atkali under pressure,

OH ONa OH
' Cl NaOH ONa OH
——) —_—
200 RO
' ' Catechol

20.7.2 .esorcinol (1,3 - dihydroxybenzene or m- dihydroxybenzene)

Thy s o.blaincd by the fusion of m-benzene disulphonic acid with alkali.

SO3H SO3Na
NaOH @ N?QH
uSLoN
OgH S03Na
ONa OH
' D
H30
—
ONa OH
Resorcinol

20.7.3 Hydroquinone (1,4- dihydroxy benzene or p-dihydroxy benzene)

This is obtained by the reduction of p-benzoguinone {quinone) with sulphurous acid. Quinone
isell is obtained by the oxidation of aniline. .

f OH
g024++R0 s

3, :

YO OH
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Appendix - I: The estimation of methbxyl group in organic compounds is done by Ziescl method.
Supposeitis needed to estimate the methoxyl group inanisole. A known wei ghiofihe compound is heated
withconc, Hi. The vapours of omethyl iodide formed are absorbed in alcoholic silver nitrate solution
when silver iodide is precipitaied. From the weight of the silver todide is precipitated. From the weight
of the silver iodide obtained the number of methoxyls present in anisole nelecule can be calculated.

CsHy-- O -- CH,+ HI ~omeeeeee. — €, B, OH + CH, I
CH, I + AgNO, ------o. — CH, NO, + Agl |

Appendix - 1. Picric acid is obtained by sulphonation of phenot followed by nitration,
OoH.
SC3H

-

Sulphonation
. r

CeH, OH
+ |
OH B
SO3H
OH o
OoN SOzt
Z I ~ 3 OH
o
| | N NO3
Nier' NOZ ()Z
tion + i’iﬁt‘.}.‘_g ,
> OH Nitration
O3N NOZ NO?
.)
SQ03H

Picric acid is also obtained from chlorobenzene by nuration.




o Cl.

L : NO2
o NazC
NO?2
H o
L N0 02N NO2
\ s Njtration

NO2 NO2

2.4 Dinitrochlorobenzenc 2.4 Dinirophenol

| 20.8 SUMMARY

intermolecular hydrogen ponding respectively.

Phenots with hydroxyl group directly attached 10 henzene ring can be synthe
sulphonic acid on alkatifusion; from diazonium salts on warming or by decarboxylatio
of salicytic acid. On jarge scale it 1S convenicii to obtain from coal tar cumcne
chloropenzene, These are weakly acidic.and show o,p-effect. The o,p-mixture arc &
sream distillation due 10 difference in their boiling points and solubilily in water depending on intra or

sized from benzenc
n of sodium salt
and also {rom
asily separated by

Slightly alkaline conditions

Give stuctural formula for each of the compounds ABCand D

186 5. Explain why phenol is more acidic than water and alcohol.

Besides the typical clecrophilic substitution Tcactions they also show reaction with CO, . Cel,,
CH,CN, HCN + HCL ' '
20.9 MODEL EXAMINATIONS QUESTIONS
1. Answer the following in 10 lines each

1. Phenol forms salts with potassium hydrox ide while an alcohol do not Explain.

2. Write notes on the following:

§)] Riemer - Tiemann reaclion
(iiy  Fries rearrangcment
3. Explain the mechanism of the following reactions.
i) Kolbe - Schmidt reaction
iy Gaticrmann reaclion
_ Reduction NaNO, + HCl
4. Nitrobenzene --=----==-=="=""""" - R —  Beeeree —-C
C
Basmnmmmmmmmnmmmmmmeas -5 D




II.  Answer the following in 30 tines each

1. Discuss the gencral methods of preparation of phenols,

2. Quiline industrial methods of preparation  of phenol, Discuss the diffrences between
phenols and alcohols,

3 What are dihydric phenols? give the methods of preparation of each of them. Write note

on Kolbe-schmidt reaction,

20.10 MODEL. ANSWERS TO CHECK YOUR PROGRESS

1, Phenols give characteristic violet colour with ferric chloride while alcohols do not give, Phenols
are harmful to skin causing burns and are soluble in alkali due 1o acidic nature. Alcohols arc
pleasant smelling harmless compounds are nentral, '

2, The possible structures with the molecular formuly C, H, O are:

G

CHy CHy C n o
0" Q, Q&
| o8

OH

O- Cresol “m- Cresol p- Cresol Berieyl aleohol

Author : YSN. Mum':y
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21.1 AIMS AND OBJECTIVES

[n this unit we present you nomenclature, methods of preparation and propertics of ethers,
When you finish this unit you should be able 10 undersiand:

» Nomenclature
. Gencral methods of preparation

i} From alkoxides and alkyl halides

. i) From alcohols '

. General properties

i) Formation of oxonium salts

i) Cleavage by acids

iii)  Reactions with halogens

iv)  Reaction with Grignard reagent
. Preparation of dicthyl cther and anisole
. Uscs

21.2 INTRODUCTION

Ethers arc organic compounds with the penerat gormula R-O-R, Ar-O-R or Ar-O-Ar (R=alkyl
group and Ar=an aryl group). In these compounds, two hydrocarbon residues arc linked through an
oxygen alom. They may be regarded as the dialkyl or diaryl derivatives of water. The functional
group, present in cthers, is C-O-C. When both the groups attached 10 the oxygen are the same, the
cther is catled a simple or symmetrical cther. Ex: CH,-0 -CH, dimethy! ather of methylether CH,
- O - CH, dicthyl cther or eihyl cther ' )




The term ether generally refers (o ethyl ether.

When the two atky! groups are diff erent, the ether is said to be a mixed or unsymmetrical ether,
Following are some examplcs; '

CH, - O - CH, Methyl ethy! cther
CH, -0 - CH, CH, CH, Meihyl n-propyl elhcr_

CH

-y
CH, - O -- (IZH - CH,Methyl isopropyl ether _
Some examples of aryl alkyl ethers are
C, Hy-- O - CH, Methyl phenyl ether or anisole
CHy -- 0- H;  Phenyl ethyl cther or pheaetole

CsH, 0 C, H, Diphenyl cther is an cxampie of diaryl ether

21.3 NOMENCLATURE

The two groups attached to the oxygen are named. This is followed by the word ether,

CH, -- CH, - CH, - O - CH, In this compound, two groups , methyl and n-propyl are
attached to the oxygen. Thercfore the compound is named as methyl. n-propyl cther;

CH,-O-CH= CH, is calied imethyl vinyl ether (CH; = CH. - is viny! group)

According 10 IUPAC System, ethers are regarded as the alkoxyl derivatives of alkanes. Ether
is considercd 10 be obtained by replacement. of a hydrogen of alkenc by an atkoxyl group (OR). In
R--H, H is replaced by an alkoxyl group 1o give R -- O . R The larger of the two alkyl groups
in cther represcnts the alkane. For cxample, in CH, CH, O CH, (methyl clhyl cther), the larger alkyl
group is ethyl group. Therefore the ether is named as derivative of cthane, If the hydrogen of the
ethane is replaced by the methoxyl group it becomes methoxy derivative of elhane. Therefore it is
named 2s methoxy ethane.

CH3 CH, CH, .0. CH,. CH, n-propyl cthyl cther t-cthoxy propane

CH,
!
CH, -- CH, -- O --CH -- CHJ Elhyl iso propyl ether (2-cthoxy propang)

CH, ~ CH - CH, - CH, -- OCH, Methyl isopentyl cther
i
CH,
( 1- methoxy 3 - methy! butanc)
HO. CH,. CH, OC, H,
Monocthyl ether of ethylene glycol (2 - ethoxy ethanol)
CH; - CH - OC1,
] oo
] Br
1- bromoethyl methyl ciher ( 1-methoxy - 1- bromo cthane )
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Cl CH,. CH,. CH,. OCH,. CH,. CH, Cl
Bis (v - chloro propyl) ether (1 - (3-chloropropoxy) 3-chloropropanc)
Br-- C H, -- .OCH, -- CH,

p- Bromophenetole (p-bromopheny! ethyl ether or p-ethoxy - bromobenzenc).

Besides, therc are quite a good number of Cyclic'elhcfs.'such as

CHs;—CH
\2 / 2 Ethylene oxide
0 :

0N
[ j 1,4- Dioxan
-0

Tetra hydrofuran

21.4 METHODS OF PREPARATION

21.4.1 Williamson synthesis

On. of the mcthods usually followed for the preparation of ethers 18 Williamson synthesis. In
this, sodiw + alkoxides arc reacted with alkyl halides to give cthers. Sodium ethoxide reacts with
methy! brot. ide or ethyl bromide to give methyl ethyl cther or diethy! ether respectively. This method
is useful for the preparatio of both symmetrical and unsymmetrical ethers.

R-0-Na+X-R - - R-0-R + Na X
Sodium alkoxide “Ether

C, H, O Na + Br. CH, - €, Hy - O - CH, + NaBr
Sodium ethoxide Ethy! methyl ether

0 - Na + Br CH ---en - C,H,0--C,H,+NaBr
Sodium ethoxide Diethyl cther

The alkoxide ion is a strong base and acts as a nucleophile. This reaction involve nucleophilic
substitution of a halide ion by an alkoxide ion. Here elimination is the competing reaction. Elimi-
nation is the major reaction with tertiary alkyl halides. In the reaction of t-butyl bromide with
alkoxides, isobutylene is the major preduct.

CH, . CH,
§ | _
CH, - C-- Br + RO - - CH, -- C = CH,
i N isobuiylene
CH, . .

For this reason a - alkylhalide is not used as a component in williamson synthesis of ethers.
Methyl t. butyl cther is thercfore oblainéd by the rcaction of sodium t-butoxide and ethyl halide but
not by the reaction of t-butyl halide and sodium cthoxide.

CH

3

I

CH,- C -- O - Na + Br C, H, ------- - {CH,) ,C,0.C, H; + Na Br.
1 - .
CH, '




In the preparation of aryl alkyl cthers, sodiam salt of a phenol and an alky halide may be used
as the starting maierials, Phenctole is obtained from sodium phenoxide and ethyl iodide. For makin g
aryl methyl ethers, methylation of phenols with dimethyl sulphate is 3 convenient method. Anisgle
is obtained by the methylation of phenel with dimethyl sulphate in the presence of alkali,

AT-ONa+X-R cueeee SAr-0O-R+Nax
Sodium salt of a phenol

CoH,ONa + C, H, I i, CiHy-0-C, H, + Nal

Sodium phenoxide _ Phenetolc
(CH,), 50,

C, H, OH e G H - O - CH,

Phenol OH - : Anisole

B - Naphthol is mcthylated with dimethyl suiphate and alkali,
B -~ Naphthy! methyl ether is also known as neroline

(CH3)2504
B“CwH-;OH ----------- _>B-C|gl—l70CH3

21.4.2 From Alcohols
In another method, ethers arc obtained by intermolecular dehydratios of algohols, Ethyl ether

i3 obtained from ethanol and sulphuric acid. When excess of ethanol is heated with conc. H, SO, at
140° dicthyl ether is (he product. The overail reaction is fepresented by the following cquation.

The formation of diethyl ether from cihanol and sulpburic acid proceeds through the interme-
diary of ethyl hydrogen sulphate.

C, H, OH + H, 80, - =~ C H, 080, H + H, ©
Ethyl tydrogen sulphate
140 ©
CZHSO.SOSH+C2H50H ------------------- — Cij--O--Cz_HS+HQSO‘1

When excess alcohol is Present at a-lower temperatare (140° C), cthyl hydrogen sulphate gives,
ether.  The first step in the formation of cther from ethano! and acid may be the formation of
protonated alcohol, The protonaled alcohol is atlacked by a second molecule of alcoho], t’unct_ioning

as a nucleophile,
H
L H* [
CH -0 - H . - CH, - O - H
+

Protonated alcokol
(conjugate acid of alcohol)
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H H - " H
| - . l S
CH, —0: - CIH2 e - H-s CHy - 0 -G H + H, O
: + +
CH, l-H

C,H,~0 - CH

It is also possible that the carbonium ion, formed {rom ihe conjugatc acid of alcohol, auacks a second
molocule of akcohcl 1o give protonted ether. The latter Joscs a proton Lo give cther.

H
1

H
1 -4
B,C--CH, - 0O -- H-—-—- — CH, CH, + H,O
+
ethy! carbonium ion
H _ H
P + | ~-H*
CH, -- CH, - Q: + CH, -- CH, --—-— CH, - CH, - O - CH,CH, -

+
Protonated cther

......... L, CH, — CH, - O - CH, - CH

Ethers are also obtaincd by passing thc alcohol vapours over alumina al 300°. However, at higher
{emperature alkenc is the major product. Diethyl ether is obtained from cthanol.

Al CO,
2 CHy+ CH, OH wrosrosremremees _» CH, - CH, O CH, - CH, + H,0

11.4.3 Absolute ether

Ethyl ether contains traces of alcobol and water. These are removed by distilling with conc
H, SO,. Traces of wetcr, in cther, can be removed by drying over sodium metal. '

21.5 GENERAL PROPERTIES

Ethers are chemically inert. They arc not aftecied at ordinary temparature by reagents like sodim,
PCI,, acids or alkalies. Ethers, being chemically incrt, are uselul as solvents in a number of reactions.
Since there is no possibility for the formation of hydrogen bonds, ether molecules are unassociated.
Therefore, ethers boil at lower temperature than alcohols of comparablc molecular weight.

Dimethy} ether [C,H, O] B.P. 25 C
Ethanol [C, H, 01 BP. 78°C

Ethers are either gases Of volatile liguids. Ethers are highly inflammable. However ¢o-association

" of cther and water molccules is opossible. This is responsible for the water solubility of lower ethers.

Dicthy! ether has aimost the same solubility as the isomeric n-butyl alcohol. The coassociation of




cther with water molecule may be represenied ag

R-—0o ... H -0
| o
R " H

The small neq dipolmomeny of

with a dipole moment of 1.12D, ig angular and (he

Check your progress - |

Both dicthy! ether and 1 - butanol have lhe same molecuyi
temperature, explain,

ar weight. The formcr boils a( a lower

21.5.1 Formation of Oxonium salts

Ethers dissoly
be isolated at low
the formation or

¢in strong acid solutiong of mingral acids, like HCj to, form oxonium Salls can
Cr wmperalute,  The lone pair of electrime on (he OXygen alom is responsible for
the oxoniwm salis,

H

i
R-0-R + HC} oo > R - 0 - R ..

+
Oxonium chloride )

Oxonium salis formed in str

ongly acidic solutions are polar,
acids. '

Theretore sthers are soluble in strong

[,

21.5.2 Cleavage by acids

Ethers undergo € - 0 bond cleavag

e by strong acids. Hi and HBr are gencraily-used for thig
parpose. The order of reactivity of halogen acids is HI> HBr> 1Y '
RO - R %+ HX oo —- R

- OH + RY
Ar-—- 0O R + HX

--------- - Ar - OH + RX

Ethers react with HI in the cold 1o give eyl iodide and ethanol

- CH, -0 - CyHy 4 HI e = C,H, OH + CH, I-

. When heated with excess HI. ethyl iodidé is the only product

(CHy), O+ 2H] oo = 2CH L+ HO
In the case of aralkyi cthers the bond between oxy
for instance, reacts

2en and the a!ky']
with HI 10 give methyl jodide.

group geis cleaved. Anisole,

-

CeH, OCH, + HI SRR — C, 1, OH + CH, I




. The methyl todide formed in the feaction can be estimated by converting it into Agl on reaction
with Ag No,. This forms the basis of Zeisel's method of estimation of methoxy groups in organic
compounds.

In the cleavage of mixed ethers of the type C,HO CH,. with one moie at HI al lower
temperature, the smalter alkyl group forms the alky! iodide.

C, H, OCH, + HI - — C, H, OH - CH, 1

2

71.5.3 Reaction with Halogens

Ethers react with chloring or bromine under suitable conditions. Substitution occurs at the carbon
directly atlached 10 the oxygen atom. Diethyl cther and chloring react to give mono and dichloro

products.
CL
CH, CH, O CH, CH, - “»CH, ~-CH -0 - CH, CH, o ~Monochloro cther
!
Ci

-4

CH, CH O CH CH, o — @ dichloro ether
| |
<l Cl
21.5.4 Reaction with Grignard reagent

Pure and dry ether 1s used as solvent in the preparation of Grignard reagent. 1t acts as Lewis
hase towards IDAgNesitm atem of Grignard rcagent. T cther, Grignard reagent is present as gtherate.

C,H, ~ 0~ CH

Grignard reagent etheratg

Because of cleetron donor characicr associated with them, cthers also dissolve mictal salis such
as MgCi, and Fe Ch,. The cations of these salts accept eleciron pairs and are therchy brought into
solution. : :

21.6 PREPARATION OF DIETIIYL ETHER

i) Ether: This is prepared hoth in the laboratory nd on a large scale by heating cthabol with
sulphuric acid 140° alcohol is taken in CXCESS. '

C, H, OH + H, SO, ==~ 3C, Hy HSO, + f,0 (a 107)

C,H, HSO, + HO C,Hy — L (€, H,), 0 + H, SO, at 1407
194
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21.7 ANISOLE

This is obtained by treating sodium phenoxide with methy! idodide,
CSHSONa+ICHj ------- —9C6HSOCH3+NaI

A more convenient method of preparation of anisole is by meihylation of phenol by dimcthyl
Sulphate in the presence of alkali.

Cﬁ Hs OH woom — H.

Methyl cthers of Phenols are obiained by reaction of phenols with diazomethane. Anisole i
obtained by the action of diazomethane on phenol,

CH;OH + CH, N, cooeeee. = G H, O CH, + N,

Anisole is quite stable owards acids and alkalies, However, conc. HI and HRr demecthyl age
anisole,

CoH, OCH, + Hl oo . > C H,OH + CH, I

Check your progress - 2

How is anisole obtained starting from bengzene 2

Ether is used as an anesthetic. Anesthelics relicve pain by rendering the Person unconscious,
Large quantitites of ethylene oxide arc consumed in Plastic, rubber and synihetic detergent and texiile
industrics. Dioxan is widely used as a solvent.

219 SUMMARY

The dialkyl aryl derivatives of waler known as cthers arc widely used as solvents or anersthetics,
They are obtained from alcohols either by miermolecular dehydration or on reatment with alky!
halide. These are chemically inert with low bailing poins. They form oxonium salis in strong acids
and are cleaved. Subsiitution on carbon alom attached to Oxygen atom occurs, They act as Lewis
bases towards MgCIz FeCl, and RMgX and hence dissalve them.

21.10 MODEL EXAMINATIONS QUESTIONS

I Answer each of the following in 10 lines

1. Give the structures of A and B in the lollowmg reactions 195




------- - A ier—— B
CH, ONa
p)  Propanc iy A T - B
Na OH CH L
c) Phenol - S A 5 B

2. - A neutral organic compound A [Mol.Wt=108] upon heating with HI gave (w0 compounds B
and C. reacts with silver mitrate 10 give silver iodide. Upon zinc dust distiliation B gave
benzene. Wriie (he SIructures of A, B and C.

3. The molccular weight of an organic compound is 124. In sciscl method of estimation, 3 g of
the compound was heated with HI and the resulting alkyl iodide was then treated with silver
nitrate giving 5.8 g of gilver iodide. How many methoxyl groups arc present in the compound?

fi.  Answer cach of the following in 30 lines

i Write the structural formulate ol the isomeric ethers with the formula C, H,O and give
their TUPAC pames. '

2. Write the siructural formulate of [a} allyl ether b} vinyl cther el isopropyl cther [d]
pheny! ether. Discuss the preparation of any wo.

21.11 MODEL ANSWERS TO CHECK YOUR PROGRESS

[ Since there is 0o possibilily for whe formiation of hydrogen bonds, ether molecules are unas-
sociated. Therclore, cthers boil at lower temperatures than alcohols of comparable molecular
weight.

cg: Dicthyi ether B.P
1- Butanol B.P.

2. Anisole is obtained by treating sodium phenoxide with methyl iodide.

ONd 0CH4

+ CHal—> + Ng !

Author Y.,S,N. Murthy
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22,1 AIMS AND OBJECTIVES

In this unil we cxplan you the ninure of Organometallic compounds and we discuss (heir
preparation, propertics and uses,

By the end of this unit you will be able o know:

8 Grignard rcagent

s Laboratory mcthod of preparation of Grignard reagents

s Synthetic application of Grignard rcagents
i) Reaction with compounds containing active hydrogens
i) Addition to multiple bonds

s Other organometalic compounds

i) N-butyl lithium
ii) Tetraethyl lead

22.2 INTRODUCTION

Organometatlic compounds contain a metal atom dercetily Hnked to a carbon atom. Thesc metals
are usually lithium, sodiumn, polassium, magnesium, zinc, cadmium, mercury and aluminiym. The
carbon end carries a negative charge and the metal end a posiive charge.
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15-- 5+
l

The greater the eleciropositive characier of the metal the greater is the ionic character of the carbon-
metal bond. The ionic character of the carbon metal bond is of the order K> Na> Li> Mg> Al> Zn> Hg.
Wwith increasing ionic character of the carbon - metal bend the reactivity of the organometallic compounds
is that of Grignard reagents with general formula R -- Mg - X.

22.3 GRIGNARD REAGENTS

These arc called Grignard reagents named alter the discoverer, Victor Grignard. R is usually an
alkyl groupand X isa halogen. Inoiher Grignrd reageats, Rmaybecany hydrocarbon group. A convenient
method of preparaticn ofan organometallic compound involves the reaction between an organic halide
and arcactive metat .10iias magnesium or lithium. The reaction is carricd out 1 2 dry solveat. Generally -
dry ether is uscd as the solvent. Solvents such as ireirahydrocarbon geoup- A convenient method of
preparation ofan organomelallic compound involves the reaction betwecnan organic halide and areactive
metal such as magnesium of tithium. The rcaction i8 carried out in a dry solvent. Generally dry ether i3
used as the solvent, Solvents such as tetrahydrofuran and tertiary amincs may also be used.

224 LABORATORY METHOD OF PREPARATION OF GRIGNARD REAGENTS

In 1™ laboratory grignard reagent is prepared by (the reaction of an alky} halide with magnesiumn
tumings 1 oure dry ether. The reaction is 10 be carried out in anhydrous ether under perfecily dry
conditions.

Ethe is washed with water 10 remove alcohol and then dried over fused calcium chloride. Any
trace of moi: ure is removed by allowing the ether to remain in coRtact with sodium.

The magnesium ,metal i first washed with ether o lCmMoOVe any greasy maticr, then with dil HC!
1o remove oxide film, and finally dried. The aikyl halide is also dricd by distilling over phosphorus
pentoxide. '

Reaction of dry ¢thyl bromid with dry magnesium gives ethyl magneisium bromide.

C, Hy Br + Mg --emrermmme= C,H, Mg - Br
Ethyl bromide ethyl magneisum hromide

- The alkyl halides react readily, whercas the aromatic halides react slowly. As the alkyl group
inatkylhalide increases insize (becomes bigger [ the reactivity decreases. Thus, methy! halides, Incascs,

where the reaction is slow, a teace of iowline is added to initiate the reaction. The order of reactivity of
the halides is RI> R-Br> R-Cl :

As mentioned earlier, ether employed as 3 salvent should be free from moisiurc and other
impurities, such as alcohols that contain aciive hydrogen atoms.

The reaction is slow in the beginning. A irace of iodiine helps to initiate the reaction. The reactio
once started proceeds vigorously and become exothermic.Grignard reagent is obtained as a solution in
other and may be used directly ihe reaction withou isolation - Evaporation of ether from the solution
leaves a white solid with the composition R-Mg-X. 2E.,0. The two molecules of ether present along
with a molecule of R-Mg-=x ar¢ referred to as ether of crystallisation. Therefore, the Grignard reagent 15
represented as : '




Et-O-Eg

T.
R-Mg-X
T
Et- 0O -Et

Grignard reagent

22.5 SYNTHETIC APPLICATIONS

arc valuable in organic synthesis. The reactions of Grignard reagents are valuable

Grignardreagnts
in organic synthesis. The reactions of Grignard reagents can be grouped under two heads Viz, The
reactions with comounds containing active hydrogen and those multiple bonds. :

22.5.1 Reactions witn tompoounds containing active hydrogen

R-MgX +H-0H -y R -H+ Mz ©Onx

CH,- Mg - Br + H--'OH == CH, + Mg (OH)Br
R--Mg X +R'- OH oo = R-H -+ Mg (OR) X
(.,‘H3 -- MgBr + C,H, OH .. CH, + Mg (OC, H))Br

'R'-MgX+R'_NH2 ----- — R - H+ Mg [NH-RJ X

determination.

22.5.2 Addition.of thé reagent to multiple bonds.

Compounds coftaining multiple bonds readily react with Grignard reagents, These compounds
include carbonyl compounds, esters, nitriles etc. In all those additionreactions alkyl group ofthe Grignard
rcagent functions as a nicicophiles and attacks the multiply bonded carbon. The addition product is
hydroxyl usually by a dilute mineral mingral acid to give the vltimate propoduci.
22.5.2.1 Reaction with aldehydes and ketones

Reactions of a Grignard reagent al dehydes and kctones leads to the formation of alcohols,

Formaldehyde reacts with Grignard reagent 10 give a primary alcokhol,
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H
[ AQH

H-C==0+R-MgX-—— R Cf,0 Mg X —— R - CH, - OH + Mg [OH) X

nin the atkyl group of the Grignard

The resulting primary alcohol coniains arc exisa carbon tha
dehyde gives o - propyl alcohol..

reagent. Thus, the reaction ol ethyl magnesium jodide with furned
H
: i HOH
H—C= 04 CHaCH,Mg Br —CH;CH,—C 0O Mo Ff e = CHsCH,CH,0H
I-ll I-‘l 1-Proponel

To prepary . Priifatly 4l et voniaining fwo Cxira carbons reaction of the grignard reagent with

cihylene oxide is cxarried out.

R—Mg—X —————— RCH;CH,0 MgX

ethylene oxide i
H.OH

_ RCH. CH,OH + Mg (OH) X

T+ s reaction however, does not involves the addition of the Grignard reagent at the multiple bond.

Elt .1 magncsiurh bromide reacis with ethylene oxide, and the product upon hydrolysis, gives n-

butyl alcot .

ethylene oxide
CHzCH,—Mg Br —————— CHSCH_CH;CHZO Mg Br
' H.OH.

CHS.CHQCH-_.CHQOH + Mg (OH) Br
4 -Butanol

agents 10 give addition products which upon

Aldchydcs, other than formaldehyde react with Grignard e
hyl magnciium bromide give and addition

hydrolysis give secondary alcohols. Acelatdchyde and ct

product which is hydrolysed 10 2- butanol .
. H H

H
| i !
R—C= 0+ R—MgX—R—C—0 Mg X—sR—C—~OH
1 . |
R R
sec. alcohol
H _ H
| |
CHg—C—0+4CHa. CH,—Mg Br—— CHz—C— O0—Mg~—Br.
]
CH. { H—CH
. |
- CH3 l ]
H
]
CHs —C—OH
|
e CHy—CHs
2- Butanel

200 (Sce. butyl alcohol)




Teriary alcohols arc obtained by the reaction of ketones with Grignard reagents. The, acetone and
methyl magnesium bromide give buty! alcohol.

R ' R . . R
| | - HOH |
R—C=04R—Mg X-——— — R—C—0 Mg X - ' —» R—C—OH
R|1 II:‘I

ter. alcohel

CHg CHs . CHs
I | HOH ]
H3C ~C= 0+ CHy—MgBr—H,C—C—0OMg Br ——— CHy3~C~—QOH
| : I
CH, CHg
tert. Butyl alcehol

22522 Reaction with esters

As aldchyde is oblained by the reaction of cthyl formate with equimolor quantity of a Grignard

reagent.
R " R R
! HOH l excess ] '
H=C=0 aHC-OMgX-—> H—-C=0——""— R—-C-0H
; 7 _ . i RMgX i
OEt QFEt OEt H
Ethyt formate aldehyde secondary alcohol

When Grignard reagent is used in excess, the aldehyde (irs formed reacts further to give a sccondary
aleohol. Beiter yields or aldehydes are obtained by using ethy! ortheformalc in the place of éthyl formate. -

QEt ]
| RMgX |
H- C-OEt 2 H-—C--OEt + Mg (OEt) X
| j
OEt OEt +
Ethyl R| HgO
orthoformate |
H—C=0 +2Et. OH
OFEt CH,
| (i) CHg-Mg-Br |
H—C—OFt L H-C=0
: | (i) HaO+

OEt Acetaldehyde

Use ful of ethyl orthofermate atso precents the fonmation of asecondary alcohol, Other ortho esters upon
reaction, with Grignard regrent yicld kclones.

201 I
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OEt § R

" R'Mg X !
R-—é-v‘OEt ——-g—» R—C--OFEt + Mg (OEt) X
1
flJEt : OFEt
H.OH
Ri
Hu(l:=0+2Et OH
Ketone

22,5.2.3 Reaction with ethyl chioroformate

Ethers are obtained by the reaction of ethyl choloroformate on Grignard reagents.

RMg X X
Cl-C=0 ——— R—C=0 + |
i I Mg
OEt OEt |
Cl
Ethyl chloroformate ester

22.5.2.4 Reaction with CO,
Grignard reagents reacl with carbonidioxide to give an addition product which is hydroiysed to an acid:
0
Il HOH
0=C=0+RMgX—> R - C -—— OMg-----— R -- COOH + Mg (OH} X

This method of preparation of carboxylic acids is Iso referred to as carbonation of Grignard reagent:

© Acetic acid results by the carbonation of methyl magnesium bromide.

CH, - Mg - Br --mroeene- — CH, - COOR
(ity HOH

Check your gress- 1

How docs grognard reagent react with carbondioxide?

225251 Reaction with acid Chlorides

Kelones are oblained by the reaction of a Grignard rcagent with an acid chioride.




R’ ] I X

| ] ] I 1

RB— C==0+R-Mg.X—R =C— OMgX— : R'—IC— OH El+hi’!g
1 |

Cl Cl | Ct 1 OH

unstable

acid chloride —HCI

Some teritiary alcohol is also oblained by further reaction of the ketone with grignard reagent.
22.5.2.6 Reaction with nitriles or cyanides

Ketones are formed by (he reaction of alky! cyanides with Grignard reagent. In this reaction the
alky} group of the Grignard reagent funclion as a 'nucleophile and attacks the triple bonded carbon,
Kedmine is formed as unstable intermediate when the addition product of the alkyl cyanide and Grignard

- reagent is hydrolysed. Further hydrolysis of the ketimine resulis in the formation of the ketone.

R]
|
R! -- Mg X ! 1,0
R--C=N R - C == NMgX ---—-— R!
= C = NH + Mg XOH
R
b
H,0

z

Rl
>C = 0+ NH,
R

When hydrogen cyanide is used in the place of alkyl cyanide, in reactions with Grignard reagent,
aldchydes are produced,

L ORMgX
HCE N croreeceen — RCHO

22.5.2.7 . Reaction with Cyanogen halide

An alkyl cyanide is formed by the reaction of cyanogen chloride with a Grignard reagent in 1:1
proportion,

R-Mg-Cl+ I CN----RCN + Mg Cl,
|
! :
RClI + CN - Mg - CI
Some alky] chloride is also formed in this reaction.

Excess chanogen chloride is used to avoid further reaction between alky! cyanide and Grignard
reagent,
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22.5.2.8 Reaction with sulphur

Sulphur reacts with Grignard reagent to form thioalcohols or mercaptans.

RSH + Mg(X) OH
mercaptan

22,6, OTHER ORGANO METALLIC COMPOUNDS

2261  n- Butyl lithium

A solution  of n-butyl chloride in benzene or cther reacls dircetly with lithium to form n-butyl
lithiums.

CH,.CH,CH,CH, Ct + 2Li ----momer -» CH, CH,. CH,. CH,. -- Li + LiCl
n - Butyi lithium

N- Butyl lithium reacts in the same way as Grignard reagents. It reacts with acuve mcthylene group
compounds , and reacts with water tiberaling butane.

n-C, H Li+H, O -~ — n C, H, + LiGH

Other alkyl lithium compounds may be prepared by the reaction of n-butyl lithium with suitabl
halides . The reaction involves exchange of atkyl groups,

n-C H, Li+ RX e —~>RLL+n-—C H X

22..6.2 Tetraethyl fead

This is obtained by the action of ethyl chloride upon icad sodium atloy.

n-C, Hy Cl+4PB - Na -----eoeeev - (C,H, Pb.+ 4 Na Ci+3Ph.
Tetragthylead
Small quantities of wetracthyllead are obtained by the addition of purveresed lead chleride to ethyl
magensium iodide in ether solution.
Ci
. i
2pb Cl, + 4Et Mg, I ----ammmer Et, Pb + Pb + 4 Mg (I) d
oo

Tetracthyllead is a colourless liguid, soluble in ether but not in water. [Lis a poisonous substance. It is
an anti-knock substance. It controls the igniiion of fuets in internal combussion engineers. A mixiure of
tetraethyllead, cthylene dichloride, ethylenedibromide and a dye is used as antiknock material.




Check your progress - 2

~ -Formulate the products of acetaldchyde with a) methyl magnesium bromoide b) propyl magnesium
bromide.

22,7 SUMMARY

Compounds containing a carbon, metal atom bond are called organometallic compounds.
Examples are, Grignard reagent + (RM g x) n-butyl lithium (C,H, - Li) and tetracthyl lead (pb (C,H,),).
The carbon and carricd a negative charge and arc turns a good source of carbanions.

You should recollect the usc of grignard reagents in preparation alkancs, and alcohols in earlier
units. Now you learn that they arc also useful in preparatio of esters, Ketoncs and monecarboxylic acids.
N- Butyt lithium reacts in the same way as Grignard regents.

Another organometallic compound tetra ethyl lead isused as proof for formation of free-radicals
and is used as anti-knock materials,

22.8 MODEL EXAMINATION QUESTIONS

i Answer each of the following in 10 lines

1. Formulate the synthesis of the following, using a suitable Grignard reagent,
a) Methyl cthy] carbinol
b) Triethyl carbinol

2. Whal is the structure and quaniity of the product resulting by treatment of 12.3 of g of
isopropyl bromide with suitable guantity of magnesium and then with CQ, and a dilute
mingral acid? :

il.  Answer each of the following in 36 lines

1. Involving Grignard reagent as one of the components, how are the folowing synthesised?
a) Propiopic acid  b) 1- Butanol  ¢) Propanal d) 2- Butano!l

2, What volume of methane at STP's oblained from 11.9 g of methyl magnesium bromide by
ireatment with an active hydrogen containing compound?

22,9 MODEL ANSWERS TO CHECK YOUR PROGRESS
1. Grignard reagent reacts with carbon dioxide 0 give an addition product which is hydrolysed 10 an
acid.
0
: I HOH
0=C=0+RMgX - — R -C - OMgX --onmeeee - RCOOH + Mg (OH) X
OMyg Br
I .
2. a) CH-C=0 +  CH,MgBr - ~ CH, - C - H | dill HCI

| |
H CH, 205




b) - crg-c=_0+l CH, CH, CH, MgBr CH,-C-OH

oH | 2-Propanol

o
CH, CH, CH, - C — CH,
- |

H
4 -pentanof

Author : Y.SN. Murthy
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231

AIMS AND OBJECTIVES

This unit explains you difficult methods of preparation, properties and uses of carbony!
compounds,
After completin:z this unit you lmust be able to know:

Nomenclature of carbonyl compounds

1} Onidation of aicohols

ii) Dehydrogenation of alcohols

iii)  Using Grignard reagent

iv) From alkanes

v) From calcium salts of carboxylic acids
vii)  Friedel-Cralt's acylation

Chemnical properties of aldehydes and ketones

i) Reactivity of aldehydes and ketones
ity  Addition of sodinm bisulphite

iiiy  Addition of hydrogen cyanide 207
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iv):  Addition of Grignard reagent

v)  Addition of ammonia and amines

vi)  Addition of water

vi) Formation of acetal

viii) Polymerisation

ix}  Reactions with halogens

X) Reactions with phosphorus pentactloride .
xi)  Reduction reactions

23.2 INTRODUCTION

The carbanyl group, >C=0, is the characteristic functional group present in aldehydes and ketones.
In the case of aldehyde the carbonylcarbon is linked to a hydrogen. So the functional group in an

H
aldehyde is—C=0 or - CHO. This group is also called formyl group. The general formula of an
aldehyde
H

N .
isR~C=00rR-CHO. However, in the simplest aldehyde, formaldehyde, HCHO the carbonyl carbon
islined to twohydrogens. Inthe case of ketones the carbonyl carbon is attached to two alkyl or aryl groups.
: 0
I

The general formulaof ketonesisR—C-R'. If Rand R’ are same itis asimple ketone and if they are different
itis a mixed one or unsymmetrical one. Acetone, CH, CO CH, is a simpie ketone and methyl ethyl ketone,
CH, COC'1,CH,, isamixed ketone. Also the ketone may be purely an aryl ketone {(eg. benzophenone,
CH,COC H) oranaryl alkyl ketone (eg. C.H, - CO-CH,acetophenone). Both aldehydes and ketones:
contammg 1e carbonyl group are referred 1o as carbonyl compounds. As such, they have many properties
in common.

233 N ()MENCLATURE

Thecommon names of the aldehydes are derived from the names of the acids obtained on oxidation
of the aldehydes. The suffix -'ic’ in the name ofthe acid is replaced by ‘aldehyde’. For exampie; the acid
obtained by oxidaton of H-CHO is formic acid (HCOOH). The suffix -'ic acid' in the formic acid is
changed to ‘aldehyde'.

Oxidation
HCHO ————— HCOOH (formic acid)

Thus the name of the compound, HCHO, is formaldchyde CH,CHO, which gives acetic acid upon
oxidation is named as acetaldehyde. Other examples are :

CH, CH, CHO CH,CH,CH,CHO H,C-CH-CHO
: }
- Propionaldehyde n—Butyraldehyde CH,
iso-Butyraldehyde

Carbonyl carbon atom is part of the functional group. The carbon atoms next to this carbon atom are
labelled as o, B and y carbons. While naming the substituted aldehydes the position of the substituents

-or side chains on these carbons are indicated by these letter o, B, 7y etc.

CH,
 CH,—CH—CH,~—~CHO  CH,- o —CHO
I |
OH : CI
B — Hydroxy butyraldehyde o—~Chloro — B — methyl butyraldehyde




- In the TUPAC system of nomenclaure, the suffix for aldehydes is "al'. The longest carbon chain which
includes the aldehyde group is chosen and the compound is named as the com-ﬁpondmg alkanal.

H— CHO is an aldehyde comammg one carbon atom. The hydrocarbon containing one carbon
ismethane (CH,). Formaldehyde is therefore named as methanal. Othier cxamples of TUPAC nomencla-
wure of aldehydes are given below. In thisnomenclature the position of substituent is indicated by numbers.

~ Here carbonyl carbon is considered as first carbon (Appendix - 1).

CH, CHO CH,—CH,— CHO

Ethanal Propanal

(Acctaldehyde) {Fropionaldehyde)
CH, CH

| L I _
CH,— CH— CH,— CHO CH,— CH— CH — CHO

OH CI
3~ methyl — butanal 2 — chloro - 3 — hydroxy - butanal
(iso — Valeraldehyde or - (o—Chloro - 3 - hydroxy-butyraldehyde)

B — methyl butyraldehyde)

Following are the names of some aromatic aldehydes:

HO

o g
I O

CHE
(a) (b) (c) (d)s

(a)_BenzaI- (b) Saficylal- (c) p-Tolualdehyde (d) Pheny!
dehyde dehyde acetaldehyde

The common names of aliphatic ketones are based on the atkyl groups attached to the carbonyl
group i.e., they are named as dialkyl ketones. CH, CO. CH, isaketone with two methyl groups attached
io the carbonyl group. This is the simplest ahpham: ketone and is called dimethyl ketone or acetone.
Dimethyl ketone is also called methyt ketone. Other examples are: .

CH;— CH, - CO—CH, CH3~—CO——(I?H — CH,
CH,
Ethyl methyl ketone Methyl i-propyl ketone

CH,—CO—CH,— CH,—CH, CH;~ CH,— CO —CH, —CH,
Methyl n-propyl ketone Diethyl ketone (ethyl ketone)

It may be noted that, in ketones, the carbonyl carbon (keto carbon) is never a terminal carbon. In
contrast; in aldehydes the aldehydic carbon is the terminal carbon. In the IUPAC system of nomenclature _
“‘one’ is the suffix in the names of ketones.. The longest carbon chain containing the carbonyl group is ]
chosen and the ketone is named as the corresponding alkanone. _ 209
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The ketone, CH, CO CH, , contains three carbons and therefore can b conside ed as the derivative
of propane. Its name, propanone is derived by replacing the last letter - "¢’ inpropane by 'one’. In the prefix
part of names of ketones, the position of the carbon atom present as keto group, and natyre, position and
number of other substituents, if any, are also indicated. The keto carbon is given the lowest possible
number (Appendix - 2). Some illustrations of this nomenclature are given below.

CH,—CQ—CH,—CH, CH,—CH—CO —CH--CH,CH,
Butan -2 — one - I
{Ethyl methyl ketone) CH, CH,
2,4 — Dimethyl - 3 — bexanone
CH,— CO — CH—CH,—CH, (i-proplyl sec. butyl ketone)
|

_ Br
3 — Bromo — 2 ~ pentanone |
or
(0. — Bromo — n — propyl) methyl ketone

C¢H, CO CH, is diphenyl ketone or phenyl ketone. This is atso called benzophenone, Methyl
phenyl ketone is CH, CO C, H,. It is known as acetophenone. '

Check your Progress - 1

Write the structures and TUPAC names of the following compounds.
a) v - Methylvaleraldehyde

b) B - Chloropropicnaldehyde

c) Methyl allyl ketone

d) o, B - Dibromo butyraldehyde

23.4 GENERAL METHODS OF PREPARATION OF ALDEHYDES AND
KETONES

23.4.1 Oxidation of alcohols;:

Alcohols are oxidised by acidified potassium dichromate. Oxidation of primary alcohols gives aldehydes
whereas secondary alchohols give ketones.

K,Cr,0, + acid
R —CHOH ————— R -—CHO+H,0
{0} :
primary alcohel aldehyde

3

CH,OH ——————— HCHO + HO
Methanol - Formaldehyde (methanat)

3

¢ H,—CH,—OH ———— CH—CHO+H0

Benzyl alcohol Benzaldehyde
R -—CHOH —— R—C=0
| N
R : R
Secondary alcohol Ketone




CH,—CH— CH, —————— CH,—C— CH,
i il
OH _ 0

2 - propanol Acetone (Propanone)

Itis difficult to stop the oxidation of primary alcohols at the aldehyde stage. The aldchyde initially formed
is oxidised to the corresponding carboxylic acid.

24.4.2 Dehydrogenation of alcohols

Dehydrogenation of alcohols results in the formation of carbonyl compounds. When the vapours of a
primary alcohol are passed over hot copper metal, an aldehyde is obtained. In the case of 2 secondary
alcohol the product of dehydrogenation is a ketone. : '

Cu, A
RCH,OH ———— 5 RCHO
~H

2

LR

CH,—CH,—OH ——— CH,—CHO

¥

R—CH—R —— SR CoR
r 1
OH 0

3

CH, -—CIH ~CHCH, —— CHB—ﬁ — CH,— CH,
OH 0

Oxidélion_of alcohols is carried out by Oppenauer method (Appendix - 3)

23.4.3. Using Grignard reagent

Reaction of Grignard reagenis with ortho esters affords aldchydes and ketones. When ethyl

orthoformate reacts with Grignard reagent, aldehydes are obtained, If other ortho esters are used the
product is a ketone,

OFt 0

i R.MgX [
—C—0B —8 3y H -C—R
! .
‘OFt
OFE: O

t R'MgX i
H—C—OEt —— 3 H_ C—R
: _
OFt

(Et = ethyl group) ' 211
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23.4.4 From alkenes

Alkene on ozonolysis from carbenyl compounds. Ozonolysis of syrﬁmetrical alkenes serves as
a vatuable method for the preparation of carbonyl compounds. : '

0, -
R— C=C—R ————— 2R—C =0
N H,0 1
R R R

23.4.5. From acid halides

In this, an acid chloride is reduced with hydrogen in the presence of palladium - barium sulphate
catalyst to give an aldehyde. This reaction is called Rosenmund Reduction.

H,
R—(C=0 ———— R—C =0 + HCI
i Pd — BaSo, I B
Cl H
Acid chloride aldehyde

cH,—C—-C ——— CH,—CHO
I
0 : :
Benzoyl chloride Benzaldehyde

Reaction of acid chleride with organo-cadmiutn compounds gives ketones. The organo cadmium
compound itself is obtained from the Grignard reagent.
0 ~0
Ul ' I
R—C—Cl+R/ Cd ———— 2R —C — R* +CdCl,

CdCl, + 2R’ MgCl ———=——> CdR, "+ 2MgCl,

23.4.6. From calcium salts of carboxylic acids

When caicium formate is heated with caicium salls of carboxylic acids, aldchydes are formed.
Heating a mixture of calcium acelate an calcium formate gives acetaldehyde. :
0 0 .
1 _ 1 A
(R—C—0), Ca+ (H—C— 0), Ca-m——> 2R CHO + 2CaCO,

Calcium salt Calcium formaie
of an acid
0 O

i N A
(CH—C—0), Ca+ (H—C—0), Cam———— 2CH,CHO+ 2CaCO0,

Calcium acetate




Benzaldehyde is obtained by heating calcium formate with calcium benzoate.

O O
Il il A
(CH~C-0), Ca+ H—C—0),Ca—————> 2CH, CHO + CaCO

Pyrolysis of calcium formate alone results in the formation of formaldehyde. -

A
(HCOO), Ca ———— CaCO, + HCHO

When the calcium salt of an acid is distilled alonc a ketone is formed. By the dry distillation of
calcium acetate, acctone is obtained.

o )
N A Il
®R—C—0), Ca— 5 R—C-—R+CaCO,

0 0
1 A i
(CH;—C—0), Ca————> CH,—C—CH, + CaCO,

123.4.7 Friedel - Crafts acylation

When benzene is treaied with benzoyl chloride in the presence of anhydrous aluminium chloride,
benzophenone is obtained. Similar reaction between benzene and acetic anhydndc yiclds acetophenone,
This reaction is called Friedel-Crafls reaction.

_ o}
AICL, 1l
CeHg+ CHLOCI ————— s C H,~— C—C H, + HCI

0
" 1l
CH, + (CH3CO) 0 ———CH—C—CH,+ CH ,LCOOH
: Acemphenone

234.7.1 Acetaldehyde

On alarge scale, acetaldehyde is obtained by the hydration of acetylene. When acetylene is passed.
into dil. H,8O, in the presence of mercuric salts, acetaldehyde is obtained. The intermediate in this
reaction is rhe unstable vinyl alcohol which tautomerises to acetaldehyde.,

H H
HgSO, in H,SO, i
H—C=C—H + HIO >y [H—C =C —0OH]
H H
Tautomerisation | !
»yH—C—C=0

— ]
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Check your progress - 2

What happens when propyne is passed through dil. H,3C, containing mercuric sulfate?

23.4.7.2 Benzaldehyde

Toluene is oxidised with chromic anhydride in acetic anhydride. In the presence ol acetic
anhydride, initiaily formed benzaldehydc is converted into its diacetate by reaction with acctic anhydride.
This prevents further oxidation of benzaldehyde to benzoic acid. In the absence of acetic anhydride the
product of the reaction is benzoic acid. Hydrolysis of benzaldehyde diacetate gives benzaldehyde.

CCro, and
CGhs~Chy ehcoom 7
Pyridine
O

It
C-CHy 4y @
|

Y

Ceite~CH

—

/9
S0-C-CHy

O

H

}
CgHs~C=0 +2CH;COOH
Benzaldehdc ' '

~ Benzaldehyde is obtaincd by the hydrolysis of benzylidene chloride which in turn is obtained by
the chioride which in turn is obtained by the chiorination of toluene in the presence of light.

CL, hv _ - CL,ho
CH,— CH, > CH,— CH,CI >
—HCl1 - —HCl
. Benzyi. chloride
H,0
CH,— CHC(, > C,H,CHO + 2 HCI

Benzylidene chloride
or benzal chloride

Benzaldehyde is also produced by refluxing benzylchloride with hexamine in alcoholic solution -
followed by acidification. Thsi reaction is called Sommeclet reaction.




]
(CH)N, ® HO
CsHs O —— [CﬁHs" (Cﬂz) NJf—> CaHs -CHO
_ Cl-

23.5 CHEMICAL PROPERTIES OF ALDEHYDES AND KETONES

In the carbonyl group, the carbon and oxygen are linked by a double bond. The carbon makes yse
of three sp? orbitals to form three sigma bonds. The angle between any two bonds is 120°. One
unhybridised orbital of the carbon overlaps with that of the oxygen to form a it bond (pi- bond). Asin
the case of alkenes, the molecule is planar with the electron cloud above and below the C-O bond axis. In
alkenes the x bond is between two carbon atoms whereas in aldehydes and ketones the 1 bond holds atoms
of different electronegativity viz. carbon and oxygen. The latter is more electronegative so the shared
elecirons are not exactly mid way between the carbon and the oxygen atom. The electron cloud is
 associated more with the oxygen atom than with the carbon. Thus, unlike the carbon-carbon bond in
alkenes, the carbor - oxygen bond is polarised, the carbon being slightly positive and the oxygen slightly

5+ 8~
‘negative > C=0. Further, the carbonyl group is resonance hybrid of two struclures:

! e e
C=0 e— ,C-0
| |

In other words, the carbon atom of the carbonyl group is electron deficient (electrophilic) and the
oxygen atom is electron rich (nucleophilic). In the reactions of the carbonyt compounds, the electron
deficient carbon is attacked by a nucleophile and the carbonyl oxygen reacts with electrophiles.
Nucleophilic attack by the reagent at the carbonyl carbon leads to addition. Therefore these reactions are
grouped under nucleophilic addition reactions.

23.5.1 Reactivity of aldehydes and ketones

Aldchydes are more reactive than ketones. This may be explained by steric and electronic factors.

The nucleophilic addition can be represented as

)

N D N ~
SEEQ —s C-0;
CN Nu

Nu = Nucleophile
Nucleaphilic attack at carbonyl carbon
23.5.1.1 Steric factors

In formaldehyde the carbonyl carbon undergoing nucleophilic ateack, is attached to two hydrogen atoms
which de not hinder the approach of the nuclcophile. In the case of other aldehydes, the presence of a
bulkier alkyl group increasc crowding around the carbonyl carbon. In the case of ketones due to the
presence of two atkyl or aryl groups there is maximum crowding which hinders the nucleophilic attack
on the carbonyl carbon. Steric factors thus hinder the appraoch of nucleophile te carbonyl carbon and
hence inhibit the reactions of ketones. The observed order of reactivity if HCHO > RCHO>R,CO. The
{decrease in the reactivity of aromatic carbonyl compounds is partly due 10 steric hindrance of the bulky

aryl groups.

215



23.5.1.2 Electronic factors

Electron releasing groups decrease electron deficiency of the carbonyl carbon in aldehydes and
ketones. Therefore their reactivity decrcase in nucleophilic reactions. Theseelectron releasing groups act
through inductive and mesomeric effects. Thus aliphatic ketones (with two + 1 exerting group) are less

reactive than aliphatic aldehydes (with one + 1 group). The laiter are less reactive than formaldehyde in
nucleophilic addition reactions. '

Similiarly + M effect of an aryl group in aromatic aldehydcs and ketones is responbsible for their
low reactivity. Presence of elcctron attracting groups on the carbony carbon, va the other hand, increases
the reactivity of carbonyl compounds is as follows:

H~.-('.‘.—_?>CH3—-C:O>CH3—C=O
R | |
-H H CH

5 -

CHB——C =0>CH—C = 0>C6H5—~—C=O
i | i
H H CH

[

23.5.2 ¢ 'dition reactions of carbonyl compound

_ Alde ydes and ketones react with a satrated solution of sodium bisulphite to give crystalling
additon prod cts. The addition product, on treatment with a dilute mineral acid or with sodium carbonate
solution rege...rates the original carbonyl compound.

CH, CH,
| _ |
H—C=0 + NaHS$QO, —~———> H—C—OH
|
SO,Na

Acetaldehyde - sodium bisulphite addition compound.

CH, CH

| [
H—C—OH+HCl ——— H— C=0+50,+H0 +Na(l

]

SO,Na

3

This reaction is therefore valuable in the purification of the carbonyl compound and also in the
scparation of a carbony} compound and also in the separation of a carbony! compound from other non-
carbony! compounds. The addition of sodium bisulphite involves the attack of the bisulphite anion
{nuclcophile) onthe carbonyl carbon followed by the transfer of a proton to the oxygen atom. This reaction
ieads to the formation of a carbonsutphur bond.

_ =
| Na HSOy ———— N& e
| 3 a + 0=S
| | - "NOH

216
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Ketones, with bulky groups agtacned to the carbonyl group, due to steric hindrance do not form the
addition product (Appendix-4), '

23.5.3 Addition of HCN

When a molecule of hydrogen cyanide is added to aldehydes or ketones corresponding
cyanohydrins are obtained. The cyanohydrin can be hydrolysed to givean ¢ - hydroxy acid. Acetaldshyde
reacts with HCN to form acetaldchyde cyanohydrin which is ¢ - hydrolyscd to hydroxy propionic acid
{lactic acid). . ' '

CN ' OH
i H,0 I
R—C=0+HCN ——— R—C—O0OH ———~—>R—C-—COOH
i | |
H H H
Aldehyde Cyanohydrin o — Hydroxy acid
OH OH
. : \ [ H,0 _ I _
HC-—C=0+HCN ——+—> HC—C—CN ———— 5 HC-—C— COOH
I . i _ I
H H H
Acctaldehyde Lactic acid
cyanohydrin

The probable mechanism of the reaction is :

@
HCN &=——=2 H +%N
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j o
HCN H—C—OH + CN
CN

23.5.4 Addition of Grignard reagent

Grignard reagents (R-Mg-X) add on to carbonyl compounds. The resulting addition products on

hydrolysis with dilute mineral acid give alcohols. In these reactions, Grignard reagents serve as a source
of carbanions. Formaldehyde reacts with Grignard reagents to yield primary alcohols. Other aldehydes
give secondary alcohols. Reaction of ketones with Grignard reagents yields tertiary alcohiols (see the unit
: hydroxy compounds)

\

R R

I |
— C-OMgX Ho —C-OH

Addition product An alcohol

23.5.5 Addition of ammonia and amines

Ammonia and other compounds CORMAINing an amino grouop react as nucleophiles. Aldehydes
from unstable addition products with ammonia. These are called aldehyde ammonias. '

NH,
|
R—C=0 + NH, ————— R—C-—OH
| |

H H
| Aldehyde ammoni2
NH,
CH,—C=0 + NH;, ———— CHBW—CI—OH
b }'{
Acclaidehyde ammonia

Generally aldehyde ammonias are not isolable. They ofien undergo further condensation 10 give
p‘olymgric products. Formaldehyde is an exception (Appendix - 5).




Aldehydes and ketones react with primary amines to give addition products. They are usually

unsiable, sponataneously losing water 10 give aldimine or ketimines. The aldimines and ketimines are
also known as schiff bases.

H H
{ ' i
R-C=OF+RNH, —— e . R—"—O0H
NH R ]
]
—H;0 !
—_—— —-»R—C=N—R
Aldmiine
(Schiff base)

Mechanism:

i
ITI——R' =

(=]

R g
H/%-{ES — R"i_
H H

HN-R
L

QH
R—C—N-R iz
P

e i

H 'LE H -~

Both aldehydes and ketones react with other compounds containing a primary amino group. Carbonyl

compounds thus a react with hydrazine, phebry hydraz, hydroxylamine and semi crbazide to give the
coorresponding hydrazewnoes, phenyl hydrazone, oximes, semicarbe zones respectively.

1
~C=0 : HyN—=NH, -’ > —C=N-~NH, + H,0

Hydrizia: o Hydrezona

t |
= O, N O N

i

|
—Z —-C: 7".-‘-—NH"—"[-,!'-'5+H20

FPhenyl nyd:azin Phenyi hydrezone

=0 4 HN—OH — > e D= N—OH 1y
Hydroxyt eming Oxime
o 0
N i i
' —(szO-|—_l12!‘«!-—!\EH-——C-»--N',-‘,2 —— — —L= l’\i——N%-i_—i?-—i\u-’l2

B Sami Cahazide Somi Carpazone
These derivatives are crystaline and vseful or charactrisation of the carbonyl compounds. 2,4-Dinitro-

phenyl hydrozine is a valuable reagent for the detection of carbonyl function in organic compounds.
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~N : ' ' '
JC=0 + HN-NH -NOz

S,

—ie > ;CﬁN ~NH- 9))

N02

2, 4 - Dinitrophnyl hydrazone
2, 4 - Dinitropneny} hydrazones are sparingly soluble organge red crystalline prodcuts.

23.5.6 Addition of water

In aquueous solution carbonyi compounds are in equilibrium with their hydrates or gcm. diols..

"
I
R—C=0+4HOH "7 R=C—OH
| T i
H H.
Aldehyde hydrate
- {(a gem, diol)
H
|
H,C—~C=0+HOH ~—~ 7 H,C—C—OH
! e i
H OH :

Acetaldshyde hydrat

~ Asarule these hydates arc not stable. A gem diol loses water readily and reverts 10 the s1arting material
However, carbonyl ompounds, with the carbenyl carbon atlached to strongly electron atiraciing groups,
form stable hydrates. Thus chloral, perouoroacctonbe and glyoxal form stable hydratcs.

Ct O : ¢! OH
P b
¢l—-C—C—H4H,0 —m———— Ci—-C—(|3--H '

i ]
Cl Ci OH
Chloral Chloral hydrate

{trichloro acetaidehyde)

F O F F OHF
bou g _ L1
F—C—C—C—F 4 Hy0 ——mamome s F—C—C—C—F
| | | | k:
FF - F OH
2200 Perfluoro acetone Perfiucroacetons hydrate |




OH O

ﬁ Icf) : | -t
H-C-~-C—H+H,0 ———— s H—C—C—H
b
Glyoxal Glyoxal hydrate

hydrate the hydrogen of the OH group froms a bridge between two clectronegalive atoms viz. oxygen

and chilorine.
H
Cll"'H\ . Fl,'" . \O f . 0"’1",0
_ | . T 0
A~C~—C—H F—C—C—C—F 'H-—C—-—E-—H
ft.‘.l (i) | i ! ! :
"'-H/ i F O\H’_.F OH
Chlorai hydrate  Perfludroazetana hydrate Glyoxal hydrate

23.5.7 Formation of acetals

Aldehydes combine with alcohols in the presence of dry HCI to form acetals.

H . H
l . diy HCI | .
R—C=0+2R0O0H -————-— R—C—0R
- Ha0 [, _
: OR
An acetal

following mechanism has been suggested for acetal formation.

H H
i , | |
R—C=0 + ROH —= ‘R——-CI-—O—H
Qr’
Y _
X I | VDN
| (I)R —H0 OR
| e
R—C-—0R e, R—C—0B®
0 _He ' -1 R \RJ .
R OR

The stability of these hydrates is attributed to the formation of intramolecular hydrogen bonds. In chloral _
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An aldehyde in alcoholic solution is in cquitibeium with hemiacetal. Hemiaceials are unstable, but are
converted into acetals in the presence of dry HCL, Acetals are hydrolysed by dilute i nineral acids, when

" thealdehyde is recovered. Acetal formation is valuable in the protection of carbonyl group of a aldehyde.

23.5.8 Polymerisation

The lower aldehydes show a tendency to polymerise. Formaldehyde polymerises. The irimer
obtained by distillation of formaldehyde solution with a littte sulphuric acid is called trioxan.

| 0
HyS . H "\ M
3 CHy0 2% (cry0)s OR " /clz 4
O\C /0
H” \H
Trioxan ‘
Acid cataly-2d polymerisation of formaldehyde proceeds as follows;
7 °
™~
H2
SON S
A e A \
(\) 0 NI
CH
\CH{’
Trioxan

Acetaldehyde, similarlv. trimarises to patraldshyde.

3 CH{CHO ——ﬁf Wé

Paraldehyde

Formaldehyde upori evaporation gives a white crystalline solid called paraformaldehyde.

( Paraformaldehyde)




23.5.9 Reactions with halogens

In the case of saturated aldehydes and ketones, halogenation takes place at the o - carbon. i.¢. the
hydrogen on the carbon adjacnt to the caroonyl carbon is replaced by halogen. Acetone reacts with
bromine to from bromoacetone ( o - bromoacetone) :

CH,- CO-CH, + Br, —————— CH, - CO - CH, Br + HBr
a - Bromoaceione
Acetone reacts readily with chlorine, bromine and iodine. The reaction is éatalysed by acids as well as
bases. Acetone is amixture of keto and enolforms. The enol form readily reacts with bromine of keto and

enol forms. The enol from readily reacts with bromine. The intermediate cation loses a proton to form
- the bromocetone.,

H O H '
H—CI:*E—-{:-—H e 4 H—z (&)iz...ﬂ
ﬁ M J‘

Sr—-&r
J

H :9: H H e
T H—é—C*—é—-HHH—é——%——é——H
-B L@ 1 |

r H H H

H 0 M
~-HP [ ]
Bda bl VI SN (S5 S

When excess bromine is used trihalogenation occurs. In the presence of a base the triboromo derivative
gives bromofrom, : :

0 0
f & - I
BryC—C—CHg+ OH ——-———-» CHBrz + CH;—C~0
Bromoform

In the laboratory it is convenient to use iodine rather than chlorine or bromine. (Appendix 6).

23.5.1 Reactions with PCI,

Aldehydes and ketones react with PCI, to form gem dihalo alkanes.




H H
! | |
R --C=0+PCl, ————R - C --Cl + POCI,
L
Cl

0 L a
I | I
R-C--R+PCL——> R - C- R +POCY
[
C
23.5.10.1 Reduction

Carbonyl compou«ds may be reduced to corresponding alcohols or ﬁmacols. Reduction of a carbonyl
compound by H, and catalyst, Na-Hg, Iron in acetic acid or LiA1H, resulis in the formatio of an alcohol.

H

_Reduction |
R-C=0+H-———> R-C-OH
i j
R _ R

Reducins agents (1) H, + catalyst (2) Na-Hg, Fe + CH, COCH (4) LiAlH,.

M. gnesium amalgam in the presence of HCI converts ketones, but rarely aldehydes, to give
pinacols.

R R
_ Mg - Hg I
R-C=0+H,~--—->R-C-C-R
| HC1 I t
R OH OH
Pinacol
Appendix-1: The common names 2long with the TUPAC names of some aldehydes are given below:
Aldehyde Common name IUPAC
HCHO Formaldehyde ' Methanal
CH, CHO Acetaldehyde Ethanal
CH, CH,CH,CH,CHO Valeraldehyde Pentanal
CH, CH - CHO Iso-butyraldehyde . 2- Methyl propanal
1
CH,
CHO _ Glyoxal : Ethanedial
1
CHO :
CH,=CH.CHO Acrolein Propenal
- . (acrylaidehyde)




Apppendix-2: Common and TUPAC names of Ketones:

CH, COCH, Dimmethyl ketone
{ acetone)
CH, CH,.CO - CHCH, Ethyl isopropyl
! Ketone
CH,
CH,
|
CH,CH,CO-C-CH, Ethyl - butyl
| Ketone
CH,
CH,-CO-CO-CH, Di acetyl
Cl- CH,- CH, COCH,CHCl] B, B - Dichloro
: Diethyl ketone

Propanone

2- Meihy! 3- pentanone

2, 2 - Dimethyl 3 - pentanone

Buian 2, 3 dione
1, 5 - Dichlero. 3 - pentanone

Appendix-3 : In Oppenauer oxidation, the given alcohol, say, a secondary alcohol is mixed with asuitable
ketone, such as acetone and refluxed with aluminium t-butoxide or aluminium isopropoxide.

CH,
: I
aluminium t- butoxide ( CH,--C--0) -
|
CH,
H
|
+ Allminuium isopropoxide ( CH,-C-0)Al
I
H
The Reaction is represented as
L T ——
R-- CHOH + CH, -- CO -- CH, -eemn - R --C=
I ' I
R R

Al

The secondary alcohol gets oxidised to a ketone while acetone is reduced to isopropyl. In this reversible’
reaction forward reaction is favoured by using excess of acetone (s solvent) and by constant removal of
one of the products of the reaction viz. isoropyl alcohol by distillation, The backward reaction which
occurs by using excess isopropyl alcohol as solvent and by distilling off the acetone formed is called

Meerwein - Ponndorf Vetley reduction.

Oppeanauer oxidation is particularly useful in the oxidation.of unsaturated alcohols o the
corre ding carbonyl compounds. The double bond is not cffected in the process,
Spon :

Similarly Meerwein - Ponndorf - Verley reduction is useful in reducing the unsaturated aldehydes
and ketones to the corresponding alcohols without affecting the double bond. In fact any reducible
functional group is not affected.
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e
Appendix - 4; Tn the formation of bisuiphite addition product the larger SO, Na group gets aitached
to the carbonyl carbon. If the carbonyl carried atieeast, one small group ie. a hydrogen or 2 methyl group
“as in the case of aldehydes and methyl ketones) there is no steric hindrance to the formation of the sodium
bisulphite addition product. On the other hand in carbenyl compound with two bulky alkyl and aryl groups
attached to the carbonyl carbon (as in the case of dusopmpvl ketone and di-tert. butylketone) the formation

. of bisulphite addition poduct becomes difficult.

Appendix-5; Formaldehyde reacts with ammonia t.. give hexamethylene tetramine (hexamine)

6CH,O + 4NH, ---+-emnem> (CH) N, + 6 B0

B

)

N
\/

11 is a urinary antiseptic. It is also called urotropin.

The structure of hexamine is /\

Appendix- 5: Jodoform test. When a methyl ketone is treated with iodine and alkali, lemon yeliow
crystals of doform seperate.

0] 0
il a8 S
CH,-C-R + 1, + OH -------- - 1,C - C =R + 3Hi
0]
il 2 e
1,C - C-~-R + OH -------- —CHIL, + R - CGO

All compounds containing the CH, -- CH -- group give positive iodo form test. This can be
I

OH
e _
explained as follows. The hypoiodite ion (IQ) (formed from jodine and aikali) oxideses the compound .

to methyl ketone which further reacts to give iodoform.

2] O
10 il ® 1 2]
CH --- CH --R » CH, C -- R «—emmmmme- -— CHL, + RCCOO
1 Oxidattion 2]
OH (1) OH

Since alkali can hydrolise CH, - CH - group (Where X = halogen) to CH, - CH - group compounds
i _ |
X : X
containing CH, - CH -- grouip also give positive iodoform test
l .

X




23.6 SUMMARY

The carbony! carbon linked to hydrogen is aldehyde and is called ketone when it is attached 0 Iwo
alkyl or aryl groups. On oxidation of primay alcohols with potassium dichromate or hot copper metal an
aldehyde is obained while ketone is formed from secondary alcohol. These are also prepared from ortho
esters with grignard reagents; from acid halides by reduction or with organoceadmium compounds and
feern caleium salis or carboxyvlic acids on pyrolysis. Acetaldehyde is industrially prepared by hydration
of acetylene. Aryl carbonyl compounds are prepared by Friedel-Crafts acylation, oxidtion of alkyl
benzene or by somlet reaction. )

The main type of reactions are nuclecphilic addition with sodium bisulpfite, hydrogen cyanide,
Grignard reagents, ammoniz and its derivations. Addition of water leads to unstable gem diols while
stable acerals are formed with alcohols. Halogens react wi th aldehydes and kefones to give L. -
halogenated poducts while with phosphorous pentachloride gem dihaloalizanes are obtained, Aldehydes
are readily oxidised to carboxylic acids with ammonical silver nitrate {Tollen's test) or Fehling,
solution. They also restore the pink colour to shiff's reagent. Ketones do n:01 respond to these testly.

Reduction of aldehydes and ketones resuit in primary and secondary alcohols respectively with either
LiATH, , NaHg/ HC!, Zn - Hg / HCL, or Aluminium isoprooxide, :

23.7 MODEL EXAMINATION QUESTIONS

i Answer. the failm@ving in 14 lines each
1. How does acetons react with the following? _
a} Chlorine (& Hydrbaylamine (¢y . lodine - sodium hydroxide (d)
Eihyl magnesium bromide followed by bydrolysis,
2, How many carbunyl compounds are possible with the molecutar formula CH, 7 Write their
TUPAC namgs, '
3. How do you distinguish the compounds ia sach of the fi ollowing pairs?

~a} Ethanol and methanol
B 2- Pentasvone and 3 - pentanone
<) Propanal and propanone -

4 Analkenc, C, H ,, upon ozonalsis gave a sin gie product. What are the possible structures
for the alkene?

3. How do you convert (z) benzcne to benzophenone ox imc'(b) tolucne to bcnialdchyde ?
6. Write equations for the following reactions.

a)  Trimethyl acetaldehydc + sodium hydroxide --------———s

b) Propanai + PC, -------rex msse -

c} Acetophenone + hydroxylaming -----——---. —
7. Write the structures of A and B in the followin g reactions

KCN Oxidation
1. Benzaldehyde ------- > (A) — {B)
Benzoyl chloride H, NOH
2. Benzene I 2 N e — - (B)
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. CH,Cl (one mole) CrQ, in
3. BENZENE —-vvemmmmmmmmmmnmmn — (A} > (B)
AICL, acetic anhydride
Write the structure and name of
a) An aldehyde having a - hydrogen atom
)] Anc,B unsaturated acid
c) A phenolic aldehyde
d) A diketone
€) An unsaturated aldehyde
f) An aldehyde without hydrogen atom

Answer the following in 30 lines each

1.

6'.

How are the following conversions effected ?

a) Acetylene 1o acetone

b) Propylene to acetone

c) Acetone to feri-butyl alcohol

d) Acetylene to lactic acid

Explain the following

a) Aldehydes are more reactive than ketones towards nucleopihilic addition.
b) Diisopropyl ketone does not from sodium bisulphite addition product.

c) Chloral forms a stable hydrate.

An alkene (A) Upon catalytic hydration gave an alcohol (B) QOxidiion of B gave a ketone
(C) reacts with iodine and sodium hydroxide giving iodoform and CH,CH, COO Na. What
are the structures of A, B and C formulate the chemical changes involved in the reactions
mentioned above.: :

An organic compound ‘A’ with molecular formula, C H,O forms an oxime. A upon heating
with sodium acetate and acetic anhydride gives B, B reacts with sodium bicarbonate
solution liberating carbondioxide and also decolourises potassium permanganate solution.
Suggest structures for A and B and explain the reaction involved.

Write equations for the synthesis of
a) Salicyalldehyde from phenol
b} Acctophenone oxime from benzene

What is the weight of phenyl hydrazone formed from 3.6g o. outyraldehyde, if the yield
of the product in the reaction is 90%.

23.8

MODEL ANSWERS TO CHECK YOUR PROGRESS

1)

a)'

b)

c)
d)

CH,, CH CH, CH, CHO - 4 - Methyl pentanal
|

CH

3

CH,CH, CHO 3-chloro propanal
!

Ci

0
il _
CH,. C -- CH, CH = CH, Pent -4 ene-2one -

CH,CH CH CHO 2,3 -Dibromobatanal
-I |
Br Br




2, When propyne is passed through CH H, 8O, containing mercuric sulfare ketone is formedKetone
is formed
O
dil H SO, I
CH,--C=CH+H0 »CH, -- C -- CH,
Hg S0,

Author : Y.SN. Murthy
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UNIT-24 BASE CATALYSED REACTIONS OF CARBONYL
COMPOUNDS

Contents

24.1 Aims and objectives

242  Introduction

243 Cannizare reaction

244 Aldol condensation

24.5  Perkin reaction

24.6  Benzoin condensatin

247 Beckmann resrrangement

24.8  Woll Kischner reduction

24,9 Clemensen reduction

24.10 Meerwein-Penndorf - Verley raduction
24.11 Tolients test

24,12 ¥ehling's test

2413 Schiff test

24.14 Summary

2415 Model cxamination guostions

24,16 Model answers 0 chicck you progress

24.1 ATMS AND OBJECTIVES

Tn this wiit we inieoducs you some important base vatalysedzeactions of Carbony) compounds and
we explain you the mechanism of the resctions.

After woing throveh this anit vou should be able 1o discuss the following reaciions,
EARg 2 ;

@ Cannizzard reacion

% Alidol condensaion

» Perkin reaction

® Benzoin condensalion

® Beckmann rearrangement

® Wolff - Kischner reduction

. Ciemmensen reduction

© Meerwein-ponndorf - verley reducticn
& Toliens' test

® Fehling's test
. Schiff test

24.2 INTRODUCTION

24.3 CANNIZZARO REACTION

Aldehydes havingno - hydrogen such as formaldehyde (HCHO), benzaldzhyde (CH,CHO) and
trimethyl acetaldehyde (CH,), CCHO) undergo this reaction. In this reaction two molecules of the,
aldchyde are involved. One molecule is reduced 1o the corresponding primary alcohol and another




molecule is oxidised to the carboxylic acid. Formaldehyde reacts with alkalito form a mixiure of methanol
tand sodium formate. Benzaldehyde gives benzyl alcohol and sodium benzonate, whereas trimethyl ac-
etaldehyde forms neopentyl alcohol and sodium sakt of trimethyl acetic acid.

H 0
| }
2R—C=0 + NaOH —————- R—CH,0H + R—C—0ONa
{Aldehyde with
no ¢ — H)
0

il
2 H—CHO 4 NaOH «=————— CH,0H + H—GC—0Na

0
I
2CH,--CHO + NaOH —~—-—-m C,H,CH, OH + C.H, -- C - ONa
& 75 6773 2 L]

Sodium benzenate

CH, CH, CH, O

| ; [

2 H,C-- C-- CHO + NAOH -~ H,C - C -- CH,OH+ H,C - C - C - ONa
| | |

CH, CH, CH,
Neopentyl Sodism trimethyl
alcohol acclate

The reaction involves the transfer of a hydride ion. Following is the mechanism of Cannizzaro reaction
of benzaldehyde. '

H - OH e
! et d
vo g e
H .

OH H
| [ .©
CgHgC=0 + CG'”‘s‘E""Q-'_ P —
"i? H
CehgC=0 + Cghg C—OH
" H

The first step is the nulceophilic attack by OH on the carbonyl carbon of the aldehyde. This is followed
by transfer of a hydride ion to a second molecule of the aldehyde. Proton exchange between the berzoic 231
acid and the benyloxy anion is the final step. Cannizzaro rcaction taking place between two different -
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T

aldchydes is called crossed Cannizzaro reaction. Benzaldchyde, for instance, reacts with formaidehyde
in the presence of alkali to give benzyl alcohol and sodium formate.

H
i
CH, - C = 0+ HCHO + NaOH ------------ — C, H,--- CH, OH + HCOONa

24.4 ALDOL CONDENSATION

Aldehydes and ketones having o-hydrogens underego IhlS reaction. Inthe presence of dilute alkyl,
acetaldehyde undergoes condensation to give B- hydroxybutyraldehyde or aldol. ~ Aldol upon heating
loses water to form crotonaldehyde, an o, B -unsaturated aidebyde.

| OH —H,0
2CH, — CHO-— CH,— CH — CH, — CHO ———— CH, — CH= CH —CHO
|
OH croionaldehyde
B - Hydroxy butyraldehyde :
(Aldol)

The first siep of the reaction is formation of a carbanion from the aldehyds under the influence of OH,

H H
Hm(‘.‘,—-—("l—O' 3 HO + H“CjCQ

|
H B

Carbanion
j
;
+
H
| )
He—C == C—-—'(._,I;
Oxanion

Reasonance of structures of the anion

The carbanion then attacks a second molecule of the aldehyde to form an oxyanion. The oxyanion
abstracts a proton from water to form the aldol. :

13

P )




©:0: H H OH H H
o3 S 8 B
HE—C=C T C=0 o s P

H H H ,H
oxyanion Aldol

Aldol condensation may mvolve two molecules of an aldehde, two molecules of aketone orone molecule
each of an aldehyde and a ketone.

Check your progress - 1

Write the equation for aldo! condensatipn

24.5 PERKIN REACTION

When benzaldehyde is heated with acetic anhydride in the presence of sodium acetate, cinnamic
 acid is obtained. '
H o) ' H

1 !l CH, COONa |

CH--C=O+(CH3-C)20 ------------- — CH,C=CH - COOH
A Cinnamic'_acid

In this reaction acetate anion functions as a base and generates the required carbanion,

Mechanism:

0
?_lcl:
2 TN
CHyC—OH + /0
Cry—C

233
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In the next step the carbanion combines with benzaldehyde molecule.

H20

0O 0 |
120, CoHpCH=CH-E=OH - CHyt—0H

Cinnamic acid

In general, in this reaction an aromatic aldchyde is heated with the anhydride of an aliphatic acid and
its sodium salt to getan «, B - unsaturated acid.

Check your progress -2

‘What is Perkin reaction ?

Aromatic a_idehydcs undergo this reaction. When benzaldehyde is refluxed wilh aqueous alcoholic
potassium cyanide, benzion is formed. The reaction is known as benzoin condensaliod.

H _ H O
I CN I 1l
2C,H;-C=0-rmmmmmmm- -CH,--C-- C - C, H,
: [
OH.
Benzoin

The following mechanism has been suggested for benzoin condensation.




CSHS- —H —_—)

CN
c —H — CaHe G C —H
GH‘S_? H - 6 5| w
CN CN
Oxyanion Carpbanion
| OH:O® 0: OH
- ]
— " — H —_——
—> CgHe 5 Cets CoHs-C—C—CoHg
CN H N-H
0 ?H
i}
_-:::: 05H s—c—C_CGHS
!

24.7 BECKMANN REARRNGEMENT

This is typical reaction of ketoximes. When freated with reagents such as HS0, , PCL ec.

Ketoximes undergo rearrangement. An amide is obtained in Beckmann rearrangement. Benxzophenone
oxime yiclds benzanilide.

CSHS\ /'/OH H50, Icf)
=n" % W B

CG"_’S/

Benzophenone oxime Benzanilide

( a substituted amide )

24.8 WOLF - KISCHNER REDUCTION

Ketones are asvally reduced through their hydrazones. When the hydrazones are heated with

sodium ethoxide at 180° usually in ethyleneglycol nitrogen is eliminated. The net reaction is the
conversion of the carbonyl group into methylene group.

R
: NaOEt, I
R--C=N-NH, "3 R--C - H+ N,
i !
R H
tHydrazone of a ketone

235




' 24.9 CLEMENSEN REDUCTION

This method is also useful for the reduction of carbonyl group in aldehydes and ketones 10
methylene (CH,) function. The reduction is carried out using zinc amalgam and HCL

. H
_ Zn - Hg i
R-C=0+H->R-- C-H
t HCl i
R R
H
1 . .
R-: =0 + H - - R ~C-H orR-- CH,
! : l :
H _ H

24.10 MEERWEIN - PONNDORF - VERLEY REDUCTION

Aldehydes and ketones are réduced by heating with aluminium isopropoexide in ispropyl alcohol.

OH H 0
I Aluminium is isopropoxide l 11,
" R-( =0+H,C-C-CH, 5>R-C-OH +CH,-C-CH,
; | < |
R R R’

The reaction is specific for the carbonyl function and can be used for the reduction of aldehydes
and ketones to give corresponding aicohols. Other reducible functions such as NQ,, C=C, C=C are not
affected under these conditions. Thus crotonaldehyde is reduced to crotyl alchol by this method.

_ Aluminium isopropoxide
CH, - CH=CH -CHO > CH,- CH=CH-CH, OH
Isopropyl alcohol _

Crotonaldehyde : Crotyl alcohol

24.11 TOLLENS' TEST.

Aldehydes are readily oXidiséd i.e. they are powerful reducing agents. Aldehydes reduce Tollens'
- reagent to metallic silver. Tollent's reagent is ammonical silver nitrate solution containing the ion

[ agomy, 1

0
N

rReHO+2 [ Ag @), [*+3 OH 5 R-C- O+ 2Ag+aNH, + 2H0

When this test is conducted under proper cenditions, a fine silver mirror is obtained. Ketones do not give
this test, This test is valuable for distinguishing aldehydes from ketones. '
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24.12 FEHLING'S TEST _ _
- This is another test for aldehydes. Ketones do not respond (o this test. When an aldehyde is heated
- with Fehling's sohition, a red precipitate of cuprous oxide is obtained. -

H - 0
) o oo
R-C=0+2Cu"+5 OH-»R-C- 5+ Cn0 + 3HO

24.13 SCHIFF TEST

_ Only aldehydes restore the pink colour to Schiff’s reaguit. Schiff's reageni is prepared by
dissolving rosaniline hydrochloride (a dye) in water and passing 80O, gas until the pink colour is
discharged.

24.14 SUMMARY

In this unit the formaton of carbanion when o -hydrogens are present in carbonyl compounds and
their reaction with another mole of same compound (Aldol condensation) is presented. Aldehydes having
10 o - hydrogen undergo Cannizzaroreaction. The carbanions are produced from the reagentsasin Perkin
reaction. Aromatic aldehydes undergo Benzoin condensation in presence of KCN, The reaction
mechanism is also discussed in this unit, '

24.15 MODEL EXAMINATION QUESTIONS

L Answer the following in 10 lines each

Outline the mechanism of Cannizzaro reaction.

Formulate mechanism of aldol condensation

Explain the mechanism of Perkin reaction

Discuss the mechanism of benzoin condensation

Describe the importance of the following tests in the identification of carbonyl compounds,
a) Tollens' Test b) Fehling's test ¢) Schiff st

RN -

1L Answer the following in 30 lines each

1. Give a critical account of any five base catalysed reactions of carbonyl compounds.
2, Discuss the mechanism of the reduction reaction of carbonyl derivatives of some aromatic
aldehydes and ketones,
24.16 MODEL ANSWERS TO CHECK YOUR PROGRESS
1. - OH.
e OH |

CH, CHO + CH,CHO-——— CH,- C --CH, CHO
|
H

2, Reaction of bezaldehyde with acetic anhydride in the presence of sodium acetate is called Perkin
reaction. Cinnamic acid is produced in this reaction.

CHO CH = CH-COoH
00Na | el
+ (CH{CO)p CHy COONa

Author : Y.S.N. Murthy_
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UNIT-25 CARBOXYLIC ACIDS

Contents

. 25.1 Aims and objectives
252 - Introduction
25.3 Nomenclature
25.3.1 Monocarboxylic acids
25.3.2 Dicarboxylic acids
254  General methods of preparation
25.4.1 Oxidation of alcohols and aldehydes
25.4.2 Hydrolysis of nitriles
25.4.3 Carbonation of Grignard reagent
25.4.4 Oxidation of side chain
25.4.5 Hydrolysis of amides, esters and acid chlorides
25.5 Properties of carboxylie acids
25.5.1 Physical properties
25.5.1.1 Acid strength
25522 Chemical propertics
25523 Replacement of the OH group by a halogeti
255.24  Ester formation
25.5.2.5 Anhydride formation
25.5.2.6 Formation of alkanes

255.2.7 Formation of amides
25.5.2.8 Fornation of aldehydes and ketones
25.5.25 Hunsdiecker reaction

25.5.2.10 Schmidt reaction
25.5.2.11 Halogenation
95.5.2.12  Reformatsky reaction
25.5.2.13 Arndi-Eistert synthesis
25.5.2.14 Reduction of acids
25.5.2.15 Oxidation of acids

256 Some individual members

25.6.1 Formic acid

25.7 Summary

258 Model examination questions

259 Model answers to check your progress

25.1 AIMS AND OBJECTIVES

The main aim of this unit is to describe you the methods of preparﬁtion,and characteristic properties
of carboxylic acids.
After completing this unit you should be able 10 know,
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®  General methods of preparation by

(1) . Oxidation of alcohols and aldehydes
(i)  Hydrolysis of nitriles
(i)  Carbonation of Grignard reagenis
(iv)  Oxidation of side chain
(v)  Hydrolysis of amides, esters and acid chlorides
® Physical properties and acidic strength
¢  Chemical properties
(@  Reaction with metals -
(b}  Reaction with bases
(¢)  Replacement of OH goup by a halogen
{d}  Ester formation
(¢)  Anhydride formation
(f)  Formation of alkanes
(g}  Formation of amides
(k)  Formation of aldehydes and ketones
(i) Hunsdecker reaction
(3}  Schmidt reaction
(k}  Halogenation
{n Reformatsky reaction
{m)  Arndt-Eistert synthesis
{n)  Reduction of acids
(0}  Oxidation of acids
. Some individual members

@ Formic acid

25.2 INTRODUCTION

The functional group present in carboxylic acidsis COOH. This group s known as carbox yl gronp.
Carboxylic acids are classificd into monocarboxylic acids and dicarboxylic acids depending upon the
number of carboxyl groups in the molecule. Monocarboxylic acids contain one carboxyl group.

0
1l .
R -- C -- OH monocarboxylic acid

Formic acid (H-COOH) and acetic (CH,-COOH) are examples of monocarboxylic acids. Dicarboxylic
acids contain two carboxyl groups. Oxalic acid { HOOC - COOH) and malonic acid CH, (COOH}, are
dicarboxylic acids.

The general gformula of an aliphatic monocarboxylic acid is R-COOH and that of an aromatic
monocarboxylic acid is Ar-COOH. Higher members of (he aliphatic mongcarboxylic acids are present
in oils and fats as esters of glycerol viz. glycerides. They are, therefore, named as faity acids. Upon
oxidation, a primary alcohol first gives an aldehyde and then a carboxylic acid. So the carboxylic acid
represents the extreme stage in the oxidation series.

(o)) _ ©)
RCH,OH———— 5 RCHO— ., RCOOH
A Primary alcohol  An aldehyde Anacid

25.3 NOMENCLATURE

The common names of monocarboxylic acids are derived from the source of the acid. The first
member 6f the homologus series of the monocarboxylic acids is H--COOH. HCOOH was originally
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obtained from ants. Therefore it is known as formic acid (in latin formica meang antr ). The next member
is acetic acid (CH, COOH). This is present in vinegar. In Latin 'acetum' means vinegar. Hence the name
acetic acid. Similarly butyric acid, C,H.COOH is present in butter. In latin butyrum means butter. While
giving the common names of substituted acids the position of the side chains and substitutents is indicated
by Greek letters o, f,7v, eic.

CH, - CH - CH,COOH CH, -- CH -- COOH
1 |
OH _ Cl
B -- Hydrroxy butryic acid o - Chloropropionic acid

Formula _ Common Name IUPAC name
CH, -- CH, -- COOH Propionicacid Propanoic acid
CH, -- CH COOH o - Hydroxypropionic acid 2 -- Hydroxy proponoic
} (lactic acid) acid
OH .
CH,CH, --CH, --CH, --COOH | Valeric acid Pentanoic acid
Br -- CH, -- COOH Q- Bfomo acetic acid 2 - Bromo ethanoic acid
CH,
I .
} CH, -- C -- COOH Trimethyl acetic acid 2, 2 - Dimethyl Propanoic acid
| (o, o, -dimethyl
CH, propionic acid)
CH, CH, CH - COOH | @ - Methyl butyric acid 2- Methy! butanoic acid
| . .
CH, = CH -- COOH Acrylic acid : _Pmpemica_;:;id.-
CH= C--COOH Acetylene carboxylic acid - Propynoic acid

25.3.1 MONO CARROXYLIC ACID

In IUPAC system of nomenclature the longest straight chain of carbon atoms present in the
carboxylic acid is chosen. The acid is then named as the corresponding  alkanoic acid. Formic acid
(HCOOH) contains one carbon. Itis, therefore, a derivative of methane and is named as methanoic acid.
Acetic acid is similarly named as ethanoic acid. :

In TUPAC system of nomenclature of substituted carboxylic acids, the numbering starts with the carbon
atom of the carboxyl group. Isobutyric acid is 2-methyl propanoic acid

CH, -

|
CH, -- CH -- COOH
30 2 1

2- methyl propanic acid (isobutyric acid)

Few other iilustrations are given below:




CH,
Cyclopropane cafboxylic acid
CH, CH COOH
The names of some aromatic acids are given below:
COOH COOH
COOH
(a) (b}
CHoCOOH OOH
_ NO2
(c) {d)
(a)  Benzoic acid (b} /' Saticyclic acid
(¢}  Phynylacetic acid (d) m- Nitro bénzoic acid .

25.3.2 Dicarboxylic Acids

Compounds contain two carboxylic groups are known as dicarboxylic acids. Following are some
examples:

COOH
COQOH  COOH
COOH : N COOH e
Oxalic acid Phthalic acid COOH
Terephthalic acid

Following tabie gives the common and IUPAC names* of some dicarboxylic acids:

Formula Common name TUPAC name
COOH '
| Oxalic acid Ethanedioic acid
COCH
('IJOOH
CH, Malonic Propanediocacid
;




COOH
COOH
(ICHZ)2 Succinic Butanediocic ac_id
CoOoH

COOH
(!CH2)3 glutaric Pentanedioic acid
&ooH |
cooH
(lCH2)4 Adipic | Hexanedioic acid
éoou ' |

* The nemonic 'Oh My Such Good Apples’ is convenient 10 rememiber the common names of ali-
phatic dicarboxylic acids.

254 GENERAL METHODS OF PREPARATION

25.4.1 Oxi(__iation of alcohols and aldehydes

Oxi ation of alcobols and aldehydes with potassium dichromate and sulphuric acid yields
monocarbo. ylic acids.

O) 0}
R.CH, OH ---------- — R - CHO — R -- COOH
(8) O)
CH, OH ---------- — H.CHO -~----- — HCOOH \
Methanol Methanal Methanoic acid
(formaldehyde) — (formic acid)
©) ' (O}
CH, CH, OH -=s-—r-----memmm> CH, CHO ~-------nmmee—d H,COOH
Ethano! Ethanol Methanoic acid
' (acetaldehyde) (formic acid)
©O) O} :
CH,CH, OH -+----mmummmmooe- — C, Hy CHO ------nmemmmmmm— C,H,COOH
Bengzyl alcohol Benzaldehyde Benzoic acid

25.4.2 Hydrolysis of nitriles

When alkyl cyanides (pitrites) are hydrolysed in the presence of an acid or base, carboxylic acids
are obtained. :

' HOH

R-C=N+2HO - y RCOOH + NH,

An alkyl cyanide H,*Oor OH

"

. CH, - CN + 2H,0 -3 CH, COOH + NH,

Methyl cyanide Acetic acid
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CH,CH, CN + 2H.O ~-emreeeee — CH, CH, COOH + NH
_ H, CH, 3

Ethyl cyanide : Propionic acid
(Propionitrile)

CsH;CH, CN ooy Cs H,CH, COOH
Benzyl cyanide - Phenylacetic acid
(Phenylacetonitrile)

25.4.3 Carbonation of Grignard reagent

When a Grignard reagent reacts with carbondioxide, an addition product is formed. This on
hydrolysis gives the carboxylic acid.

O 0
I HOH I )
R-Mg-X+C0O,~~->R-C-OMg--X —- ~>R--C -- OH + Mg(OH) X
Grignard reagent | An addition
Product
(1 CO,
CH,-- Mg -- Br -mmoeeeeee oy CH, -- COOH
(il HOH
Methyl magnesium Acetic acid
bromide
CeHy- Mg - Br —meceeeeeeees - CgH, - COOH
Phenyl magnesium Benzoic acid
bromide '

25.4.4 Oxidation of side chain

Alkyl benzenes arc oxidised by alkaline KMnO, to benzoic acid. Whatever may be length of the
side chain the mono alkyl benzene is oxidised down 1o the ring 1o form COOH group.

2]
KMnO, + OH _

C,H.--R - > C, H; COOH

An alkyi Benzoic acid

benzenc

o 5]
KMnO, + OH KMnO, + OH
C,H,-CH, : ' > C,H, -- COOH ¢—memmmmmeeeeees
CH,-CH,-CH,-CH,

Toeluene Benzoic acid Propyl benzene

Some times the hydrocarbon is chlorinated and then the chloro derivative is oxidised.




2]

c, - KMnO, + OH )
C,H ¢+ CH, > C, H, - CH, - Cl » C H, -- COOH
Toluene Benzylchloride Benzgic acid

25.4.5 Hydrolysis of amides, esters and acid chlorides

Amides, esters and acid chlorides are hydrolysed to give correspondine carboxylic acids.

O 2] @

i OHor H,O
R --C--NH, +2H0 - RCOOH + NH,
An amimie

O

1
R--C--OR' +HO ---mmmmmmmmmmmmees — R--COOH+R'OH
Anester -

O Q

H H
R--C--Ci+HO » R--C--OH+HCl

An acid chloride

This 1cthod is of theoretical interest, Amides, esters and acid chlorides are acid derivatives of
carboxylic a« ds, and are themselves obtained from acids.

Ber:oic acidisobtained by the hydrolysis of benzoylchloride. The benzoylchloride, however may
be prepared froin benzene and carbonyl chloride (phosgenc) by Friedel-Crafts reaction. '

ALClL, H,0
CH,+ COCL, oommreeromm oo — CH, CoC > CH, COOH -

Benzoyl chloride

25.5 PROPERTIES OF CARBOXYLIC ACIDS

25.5.1 Physical Properties

_ The solubility of the acids is comparable to that of alcohols. The lower acids are soluble in water.
The solubility of these compounds in water arises from the intermolecular hydrogen bonding between the
molecules of water and the acid. Higher members of the carboxylic acids in which the hydrocarbon group
is larger are insoluble in water.

The boiling points of carboxylic acids are higher than those of other substances of comparable
molecular weights. This is attributed to molecular association. A pair of carboxylic-acid molecules are
held together by hydrogen bonds. The cyclic dimer is represented as

Q---===-=-H-0

/ | -

R—-—-C< | \C-.-'.'R-
YT,




25.5.1.1 Acid strength

The suength of an acid (see Appendix-1) increases considerably by the replacemeni of the o -
hydrogen by a halogen. Thus chioroacetic acid is stronger than acetic acid. The dissociation constants
of aceticacid and some of its derivatives are given below. ' o

Acid ' Ka
Acetic acid o 1.75X 103
Monochloroaceiic acid 14X 10-2
Dichlorcaectic acid 5X 102
Trichloroacetic acid 1 13X 102

Thus the order of acidic strength of these acids is trichloroacetic acid > dichloroacetic acid > mono
chloroacetic acid > acetic acid,

The increase in the acidic strength of the chloroacetic acids is due to the strong electron atiracting
property of (- 1 effect) of the o - halogen atom {s). Let us consider the case of monechloro acetic acid.

o
- Cleee CHZ*’%%E%-\?‘ O~H

The clectron pair of the carbon-chlorine bond is drawn towards more electronegative chlorine whereby
the carbon gets a fractional posilive charge. This elecirorn deficient carbon, in wrn attracts the electron pair
presenibetween the o -carbon and the carboxylcarbon. This, ultimatelyweakens the OH bond, facilitating
the release of hydrogen as proton. For this reason, monochloro acelic acid is strogner than acetic acid. As
the number of chlorine atoms on the o -carbon increases, the effect increases and so Lhe acidic stren gth
increases. The elcctron withdrawing nature of the halogens in the order F > CI>Br>1. So the acidic

sgrength of the mono halo acelic acids is in the following order.

F -CH, - COOH > CECHZCOOH > BrCH,COOH > 1i- CH,COCH,
Fluoreacetic acid  Chloroacetic acid Bromoacetic acid  Todoacetic acid

strongest carboxylic acid. The electron releasing alkyl groups, like methyl group, decrcase the acidic
strength of the acid. Hence the order of acidic strengih is

Thus fluore acetic acid is strongest monohalo acetic acid. ‘The wrifluro acctic acid F,C- COOH is the

HCOOH > CH, COOH > (CH,), CCOOH
Formic acid ~ Acetic acid Trimethyl acetic acid

o - Chlorobutyric acid is as strong as chloroacetic acid. The inductive effect decrcases with distance. As
the distance between the chlorine atom (exerting-I effect) and the carboxylic group increascs the acidic
strength decreases. Following is the order of acidic strength of isomeric o, B and ¥ chlorobutyric acids.

CLCH, CH,.CH,.COOH < CH,-CH-CH,. COOH < CH, CH, CH COOH

¥ -Chlorobutyric acid |
Cl . Cl
B -Chloro butyric acid o - Chlorobutyric acid:




25.5.2 Chemical Properties

25.5.2.1 Reaction with metals

Metals react with carboxylic acids liberating hydrogen.

FHCOOH + 2 Na w--mmemmmmme-2 2 HCOONa+H,
Sodium formate
2CH, COOH + Z1t weemmnem—ee——y {C H,COO), Zn + H,
' Zinc acetate

255.2.2 - Reaction with bases

Carboxylic acids react with bases t0 form salts.

RCOOH + Na OH ----mvrommmmes — RCOO Na + H,0
CH, COOH + NaOH ------ --mmneee — CH, COONa+H0
Sodium acetate

Check your progress - 1

How do you distinguish phenol from a carboxylic acid?

Carboxylic acids react with bicarbonate solution liberating carbondioxide, whereas phenols, being weaker
acids, cannot liberate CO, from bicarbonate selution. This serves as atest to distinguish a carboxylicacid
from a phenol. '

C,H, COOH # NaHCO, -------+--=- > C,H,COONa + CO, + H0

Benzoic acid - Sodiam benzoate
255.2.3 Replacement of the OH group by a hatogen

When an acid reacts with phosphorus pentahalide (PX,), phosphorus trihalide (PX,} or thionyl
halide (SOX,) the hydroxyl of the carboxyl group isreplaced by a halogen. In all these reactions hydrogen

_ is liberated.
R - COOH + PX, ~----ommmmemnmes - R-CO-X+POX,+HX
An acid halide
R-COO_H+SOX2-'- -------------- - R.- CO- X+80,+HX
C, H COOH +80C, +---m-mmm-renme- - C,H COC! + SO, + HC1
Benzoyl chloride
O
Bl
CH, COOH + SOCL, ---e--mmmnmmm-m- — CH,-CCl+ SO, + HCI
' An acid halide '
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0
H

R -- C --is known as an acy! group and CH,- CO as acetyl group.
25.5.2.4 Ester formation

A carboxylic acid reacts with an alcohol in the presence of conc. H 8O, or dry HC to form an ester.
This reaction is known as esterification. Esterification using dry HCI is called Fischer - Speier method
of esterification (sce appendix-2)

R~ COOH + HO - R’ -eram R - CO - OR'+ HOH
An acid An alcohol An ester

CoH; COOH +C, H, OH -~ CH, COOC, H, +H,0
. Ethylbenzoate

CH, - COOH + C;H,OH - CH, COOC, H, + HO
Aceticacid  ethanol Ethyl acetate '

25.5.25 Anhydride formation

When the sodium sali of an acid reacts with the acid chloride of the same acid, an acid anhydride
is ebtained. ' :

Q 0
il i
R--C--ONa+¢l - C - B = R--CO-~0--COK -+ Na(l
An acid anhydride
25.5.2.6 Formation of alkanes

When the sodium salt of an acid is heated with soda lime decarboxylation occurs and an alkane is
formed. ' '

RCOONa + NaOH --—---—3 RH + Na,CO,
An alkane

CH, COONa + Na OH -----— CH, + Na, CO,

CH,; CH, COONa + NaOH ------- — CH; - CH, + Na, CO,
Sodium propionate Ethane

C, H, COONa ------ — C4H, + Na, CO, |
25.5.2.7 Formation of amides _ _ '

The ammonium salt of carboxylic acids on strong heating yield the corresponding amides.

' A
R --COONH, -—--------- —R--CONH, + HO
Ammonimm salt of An amide
carboxylic acid
. A |
CH, -- COONH, -----— MGt — CH, -- CONH, + R,0

Ammonium acetate Acetamide




Amides are also obtained from carboxylic acids though the acid chlorides by treatment with
AmMI0nia, '

i) . R--COOH + SOCI, ------- — R -- COCl1 + SO, + HCI
' An acid chloride
iiy R COCl+NH,-—--- — R CNH,+ HC1
255.28 Formation of aldehydes and Ketones

Calcium salts of carboxytic acids may be used for the preparation of aldehydes and ketones. When
the calcium salt of an acid is heated alone, ketones are obtained.

A
(R CO0),Ca ----rr-mmmme —-R-CO--R +CaCO,
A
(CH, C00),Ca ----m--m=- — CH, -- CO-- CH, + CaCO,
Calcium acetate . Acetone

When a mixture of the calcium salt of an acid and calcium formate is heated,m an aldehyde 18

obtained.
(R CO0),Ca+ (HCOO),Ca ---wemmmmer-> 2RCHO +2CaCO,
. {CH, CO0),Ca+ (HCOO),Ca -----mommmmm —2 CH,CHO +2Ca CO,
Calcium Calcium '
acetate formate

15.5.2.9 Hunsdiecker reaction

When the silver saltof acarboxylic acid reacts with chlorine or bromine in carbon tetrachloride an
alkyl halide is obtained. This reaction is called Hunsdiecker reaction.

R COO Ag + Br, w-oermmeemammoememees > R-Br—CO,+AgBr

25.5.2.10 Schmidt Reaction

Carboxylic acids react with hydrazoic acid (Hydrazoic acid is prepared by treatment of sodium
azide, NalN, with conc. H,50,} t0 give a primary amine. This reaction is known as Schmidt reaction.

RCOOH + HN, » RNH,+N,+CO,
Hydrazoic acid '

25.5.2.11 Halogenation

~ Monocarboxylic acids can be halogenated. In the bromination reaction the halogen enters the
o — position, In the case of chlorination substitution may occur at B -position also.

Cl, C1, CL, . .
CH, COOH —------ — CICH, COOH ----—---——> CH Ci, COOH --------- - CCl, COOH
Monochloro Dichloro Trichloro acetic acid
acetic acid acetic acid '
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CH, CH, COOH -5 CH, -- CHCOOH + CI CH, -- CH, -- COOH
T

Cl :
o — Chloro _ B - Chioro
propionic. acid propionic acid

_ The ot- bromination of acids is best carried out in the presence of phosphorus. Thisreactioniscalled
Hell- Volhard Zelinskly reaction. _ : : ' '

R - CH, -~ COOH ---—mmeeee — R -- CHCOOH
. . S
B:
An o - bromo carboxylic acid

Probably phosphorus tribromide, formed in the reaction , converts the carboxylic acid into acid talide. The
. acid halide, being more reactive than the acid, undergoes o - halogenation. ‘The resulting o - haloacid

bromide upon hydrolysis yiclds the o - haloacid. - '

' . By, ' .
R --CH, -- COOH ----—R - CH,--COBr---— R - CHCO Br---— R -- CH COOH
T o : | o
_ Br  Br

Carboxylic acid Acidbromide ¢ - Bromoacid bromide o - Bromo acid
__25.5.2.12. Reformatsky reaction -

_ Aldehydes and ketones rcact with the zinc and an ¢ - bromo ester, The product obtained is
hydrolysed, to yield a 8 - bydroxy acid. This reaction is known as Reformatsky recaction.

R R

P I Zn/ether R
. R'—- C=0+Brn CH, -- COOEt ——---mrmmmee - =R --C--CH, COOE1,
. .
ethyl bromo acetate _ OZnBr
@ R
‘H,0 : [

b

OH
. B - hydroxy acid -
255213  Arndt- Eistert synthesis v

This is a method for the conversion of a carboxylic acid, R. COOH, into its hi gher homologue,
RCH, COOH. The acid is first convered into the acid chloride The acid chloride is then reacted with
diazomethane. The diazomethyl ketone thus obtained is treated with moist silver oxide (o give the higher -
~ carboxylic acid. ' '

R-- COOH + SOCL - R - COCI + SO, + HCI
An acid chloridc

R-- COCl +2 CH,N, --— R ~ CO -- CHN, + CHCl + N,
Diazomethane A diazomethyl ketone 249



T moistAg0 o
R -- CO - CHN, + H,0 ----->— RCH, COOH+N,

© 25.5.2.14 Reduction of acids -~

Carboxylic aéids cannotbe rcduéed with the usual reducing agen.ls like H/cat, Na/alcohol, Lithium
_ aluminium hydride, a powerful reducing agent, converts the carby.ylic acids into primary alcohols.

- LiAIR, -
- | ~ RCOOH: > RCH, OH
- The overall reaction is written as
4R - COOH + 3 LIAIH | -crememremeemees _s (RCH,0), AiLi +4H, +2 LIAIO,
- B Ao
4 RCHOH

Before the introducion of LiAlH, asa reducing agent, the only course available for the conversion of
acarboxylic acid into the corresponding alcohol was preparation of an éster followed by its reduction

by sodium and alcohol. >

"R - COOH v R - COOR -rer-enrev SRCH,OH +R' OH
An acid _ Anester A primary alcohoi

“This reduction in known as Bouveult - Blanc reduction

255215 Oxidation of acids .

Witk the exception of formic acid the saturated carboxylic acids are inert to oxidation by common .
oxidising ag nts sucti as potassiom dichromate and permanganate. However, fatty acids are oxidised by -

hydrogen pe. *xide in the preééﬁcg_ol‘ ferric salts (Fenton's reagent) to give acids of two fewer carbon

- atomns,

" R- CH, - CH, f0070): [ENER— — RCOOH + 2C0O, +2H0

The biochemical degradation of fatty acids, important as a source of heat and energy in the hédy, in our

diet, also takes place by two carbon-atom cleavages, Formic acid is easily oxidised. It reduces Fehling's

rcagent and Tollens' reagent. In this reaction formic acid behaves as an aldehyde.

25.6 SOME INDIVIDUAL MEMBERS

25.6.1 Formic acid

Itis produced commercially by the reaction of carbon monoxide with sodium hydroxide followed

by acidification.

P - . ~ Sodium {ormate

S I : S
" Formic acid (H- COOH), uﬁ}i@g@ the restof carboxylic acids, may be regarded as ahydroxylated aldehyde.
Upon heating formic acid decomposes in two ways. ' '

©.CO + NaOH -seeeeme —5. HCOONa ~—r--rrerr—> HCOOH.

——




B Metals catalyse the decomposition of HCOOH to procluce H2 and CO,. Action of dchydraung agcms Ieads
to the formatmn of water and cabon monoxide,

Appendix - L The carboxylic acid ionises to give carboxylate anion and proton.
' —— e e
R-CO--OH «—— R--CO -- O + -
' ) Carboxylatc anion -

[

Thc anion is stablished by resonance. The carboxylate anion is a résonance hybnd of the followmg two

-structums .
o _g’::_ | | ,gg.e
R—=C/ ~¢——> R—C ‘
Ge | Tog

The two structures are equivalent. The resonance in the case of carboxylic a(:ld molecule involving the
_iwo non-gquivalent resonance structures, is less 1mp0r1am.

‘In o_ther words -resananc'c slabilises the-carboxylatc anion more than carboxylic acid.

_ Electron withdrawing groups su(,h as halogens dlspersc the negauve charge of the anion and
thereby stabilise the carboxylate anion. Hence acidity increases. On the other hand an clectron releasing
such  as methyl group increases the negative. charges in the anion leading to its destabilisation.-
Comequcmly the acidic strength of the Larboxyhc acid decreases. A(,elit, acid is thereforea weaker acid .

* than formic acid.

o Check your progress - 2

"'Wri_te the reasonance structures of acetate ion.

Appendix - 2: Benzoic acid reacts with ethanol in the presence of dry HCl to give eihyl benzoate
whereas 2.6 - disubstituted benmlc acid does not form the ester

o
C""OH +_C2H50H-

<)
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+H20

CHj
2. 6 Dlmethyl benzoid acid

During the . terification of 2,6 - dimethyl benzoic acid. The attack by ethanol on the carboxyl cat’oon is
prevented b - the two adjacent methyl groups. This is anothcr instance. of steric hindrance in organic
reactions. . g

25.7 SUMI1ARY

In this unit you have learnt the preparation of moriocarboxylic acids from alcohols by oxldanon :
nitriles by tiydrolysis, grignard reagents by carbonation, amides, esters and acid carbides by hysdrolysis.
Besides oxidation of alkylbenzenes also give aromatic carboxylic acids.:

The carboxylic acids have high boiling points dué to its dimeric nahxre. They are also soluble in

water and show acidity. Alkyl groups decrcésqﬁe acidity while halogens increases the acidity.

. Carboxylic acids react with metals bases to form salts. The hydroxy! of the carboxyl group is
replaced by a halogen when treated with P X ; PX, or SOCI,. Esters are obtained on treatment with
alcohols in presence of catalyst. Other derivatives of carboxylic acids suchas acid chiorides, anhydrides

“and amides are also prepared besides their convertion t0 a]kanes ketones, alkylhahdes, ammes and

alcohols, -

25.8 MODEL EXAMINATION QUESTIONS

L Answer the following in 10 lines

1. Why is flucroacetic acid stronger than acetic acid?

How are the following:conversions effected?

a) Benzene to benzoic acid

b) Toulene to phenyl acctic acid
3. . Suggest two methods for converting n- propyl alcohol to butync acid
4, Write notes on the following.

1) Hunsdiccker reaction




i)  Schmidtreaction
5. Explain the following reactions
' i) Reformatsky reaction
ii)  Arndt - Eistert synthesis

ML Answer he followig in 30 lines

1. Write the structures of A, B and C in | the followmg reacnon
: Cac03 A Hydmxylamme _
a) Acetic acid ----- > A » B > C
| - ®
- HBr .  KCN - HO
b) Propane -- > A 3 Brosommm oo > C
| ®
Mg ether co, HO :
¢} Isopropy! bromide - > A >B - C
: @
PCI, © KON - (i H,0 |
+d) Methanol — A - —B —»C
| . . o : () CLhv

2 Suggest a chemical test to distinguish the compounds in ezci of the following pairs:
a) Acetic acid and formic acid
b}  Ethyl acetate'and acetic acid

' . <) Acetyl bromide and bromoacetic acid

| _ d) - Salicylic acid and benzoic acid

3. Arrange the following carboxylic acids in ascendmg order of their acidic strength and
" justify, by giving reasons.
i) Dichloroacetic acid, monochloroacetic acid, acelic aCId trichjoroacetic acid.
“if) Bromoacetic acid, chloreacetic acid, iodoacetic acid,
iii) B- chlorobutyric acid, a- chIorobutykic acid, y- chlorobutyric acid.
iv)  Acetic acid, forrmc acid, propanoic acid, trimethyl acid.

4, Two compounds (A) and (B) have the same motecular formula C, Hy O, {A) liberates carbon
dioxide with agueous bicarbonate solution. (A) is converted by Arndt Eistert reaction to
3- methyl butanoic acid. (B) isasweet smelling liquid and upon hydrolysis gave ethanoland
acetic acid. What are the structures of (A) and (B) ? Formulaie the chemlcal changes
mentioned above.

5. Starting from benzoic acid, how are the following compounds obtained?

a) Sodium benzoale
B) Benzoyl chloride
) Benzene
iy Ethyl benzoaie
e) m- Nitrobenzoic acid
f)  Benzamide

. 6. 0.74g.0fa monocarboxyhc acid required 100 mi of m/10 KCH sclution for complete new- -
tealisation. What is the molcculdr weight of the acid?
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25.9 MODEL ANSWERS TO CHECK YOUR PROGRESS

1.

Carboxylic acidsreact with bicarbonate liberating carbondioxide, whereas,phcnnls,beiﬂg'\&reaker _ |

 acids cannot liberate carbondioxide from bicarbonate solution. This serves as a test to distinguish

a phenol from a carboxylic acid.

- The resonance siructures of acetate ion are

Oe
!,_Q o
_CHj"" C\ H CHS— C\\
o
Te

- Author : Y.S.N. Murthy
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260

o 'Thix unil mainly aims to familiarise you with the SJLIL[LII’C nom. .
" arylsulphonic acids,

By the end of this unit you should be abie to understand.

Nomenclaiure ol aryl sulphonic acids

nelature aud reactions of _ . |

s - Preparation ) "
' Properties !

. - Reactions "
262 INTRODUCTION

- In the structure of aryl sulphonic ac;ds a sulphonic acid group  SO,0H is prcsent The gcncral
_ - formula of thls group of compounds is ArSO ,OH.

_26.3-

_._NOMENCLATURE

~ The suffix for this less of compounds is - sulphomic acid. The name is dcrwe(l by adding the suff:x
-mﬂphomc acid to the name of the compound from which the sulphonic acid is derived.

C,-H, 8O, OH may be assumed o be obtained by replacement of a hydrogen from benzene.
. Thcrofore itis ndmcd as benzene sulphonic acid.

soon  SOO0H

Benzene sulphonic acid : CH4 p-toluene sulphonic acid




Check your progress - 1

Write the structures of benzyl sjrlphﬁmylchloride and p-tblucne sulphonic acid.

26.4 PREPARATION

Aryl sulphonic acids arc prepared by sulphonation of arenes with conc. sulphuric acid or
chlorosulphonic acid of fuming sulphuric acid (Oleum). Benzenc on sulphonation gives benzene

 sulphonic acid.

S | | SG,0H
| @+' H,S0, ~ % +.Ha0 N

CHy

26.5 PROPERTIES

Sulphonic acids arc highly polar substances. These are highty soluble in water but insoluble in . -
nonpolar solvents. . ' '

26.6 REACTTONS

26.6.1 Reactions with aalkalis
Aryl sculphonic acids are strohg acids and therefore form salls with bases,
_ _ o o
ArSOH + NaOH —---emmmmmomens oo -3 ArSO,0Na+HO
: Sodium salt of aryl sulphonic acid

© 26.6.2 Desulphonation

Sulhonation is a reversible reaction, On strong heating with acids desulphonation 0CCues.




-+ Check your progress - 2
.' " ‘What happens when p- toulene sulphonic acid is heated with acid? -

} 26.6.3 Preparation of Phenols

- _ SQ:‘H group in arylsulphonic acid may be replaoéd by OH-grou'p to give _COnesponding. phenols.
- Fusion of sodium salt of aryl sulphonic acids with NaOH at 250-300° followed by acidification gives

" phenols.
C8R o 250-300° @ .
ArSQ,0Na+ 2NaOH ----eemeeno- —> Ar ONa + Na, SO, +H,
: A B |
ArCH
phenol

Phenot is oblained by fusion of sodium salt of benzene sulphonic acid with alkali.

;i Een L

*'Piazfi(ZSf*izf)

Sodium benzene . :
sulphonate OH

_ _ ‘Phenol
. '26.-6.4 Preparation of Cyanides

. Fausion of _sodiu"m'or: potassium salts of aryl sulphonic acids with sodium or pdtassium cyanide gives -

' . 250F :
ArSONa + NaCN --------- — ArCN -+ Na,SO,

Benzonitrile is obtained from benzene sulphonic acid

. CHSOOH Y o5 T8 1o Yo S Yy —— > C, H,CN + Na, SO,

- Sodium benzene sulphonate ~ Benzonitrile -
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L 505 Cl

'26.6.5 ‘Formation of Acid halides -

Aryl sulphonyl chiorides are obtained by the action of PCl; on sadium salts of z_ary]'-s‘i,_:'_fphbnic acids.

ArSO, ONa + PCl - ——> ArSO,Cl + Na Ct + POCI,

Sodium salt of berizene sulphonic acid on freafment with PCl, yields benzene sulphonyl chloride.

C,H SO,Na PCly =rroroseemess - CHS0,C1+ Na€l + POC

Beazene
Sulphonyt chioride

* Arylsulphonyl chiorides react with a varicty of amines 1o form ary'lsulphohidcs, useful as drugs.

26.7 SUMMARY

This unit deals with the preparation oi_' aryl suiphonic acids from arcnes wilh conc. sulphuric acid
or chlorosulphonic acids and their reactions with atkalics to give salts. Their desulphanation to arenes,

" conversion o phenols, acid halides is also discusscd.

26.8 MODEL EXAMINATION QUESTIONS

I. Answer the follewing in 10 lines

1. Write the cquations for the reactions of p-iojuene sujphonic agid with the following
reagents. Write the names of the products in each case 7 ' :

2)  Fusion wit NaOH followed by acidifiaction
b Boiled with dil. sulphuric acid
c) Fusion with NaCHN

II.  Answer the fullowing in 30 lines

L. .Hox_iv is bcnzené Sulphonic acid prepared? Explain the preparation of the following
compounds from it? ' '

a) Benzene b) _.Eh_e_nol ) Benzoic acid
d) ~ Benzenc sulphonyl chloride.

2. Compound A (C;Hy) on suiphonation with conc. HQSO‘;yiélds B and C (C,HSO,). B on
" fusion with sodium hydroxide followed by treatment with dil. HCL gave cresol. Con -

“fusion with NaCN furnished D (C,H,N). Identify the compounds A’ fo D, and explain the

reactions invalved.

269 MODEL ANSWERS TO CHECK YOUR PROGRESS |
o CH3

(a) . cmSOéH”




i

2. On strong heating with acids desulfonation occurs.

CHy - CHy

_f'_%cl,' @ +Hy SO,
S%H - Toluene - : | -

o . CAuthor : Dr. T. Sundarara:_émz’ak
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B "'2_7'.1_ AIMS AND'O_BJECT'IVE |

In this unit we familiaise you with’ fhe nomenc!amre structure, and rcacuons of carboxyllc ac1d
denvames viz. acid halides (acyihalldcs) and anhydndes and acid a:mdes

By the end of this unit you shou!d be able to know
8 . Acyl halides

i) Nomenclaturc
ii) Preparation .
" 1)  Physical pmperues
-7 . iv)  Reactions
. . & " Acid anhydrides
' i) Nomenclature
i})  Preparation .
_iii)  Physical properties

- i¥) - Chémical reaciions . Ty : R
i) Nomenclature -

iy  Classification
iii}  Preparation
iv) - - Physical propestics and reactions

27.2 INTRODUCTION

- The carboxylic. acid derivatives are: A, Acid halides or a acyl halides _ o _ .
v B. Acid anhydrides . : R |
C. Amides or acid amides o RV
o
AU . Il o
" These are denved from carboxyhc acidR - C OH by replacemcm of of - OH group by halogen (X), can
' o] .0
13 ' : H

'Cafboxylate (O-C-R)amino ( -NH,) and alkoxy (-OR' ) gruops respccuvely R C group iscalledan
-acyl group.:

0

e | :

o R-C-X Acndhahdc oracyl hd[ldﬂ (X CL orBrorl)
0 o |
. : ' tE I [|
JLC ' - R-C-0-C-R Acid anhydride
I - 1 _ : N
R-C-OH--— —— ' 0
| o . I - . N ?
—> R-C- NH, Acid dmldc or amtdc ' _ iL,
———  R-C-R Ester _ R . R
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o o ) (Unstable)
_ l _
CH, -- C -- OH Ethanoic acid oAcetic acid O
' Il _ .
o ‘CH, --C--Cl Ethanoyl chloride" or
0 0 Acetyl chloride

27. 3 ACID HALIDES OR ACYL HALIDES

Nomenclature: These compounds are named as. halldes by chang' g '.he ic or oic in the name of the

“carboxylic acid to ylor - oyt

Strgchire snd name of acyl halide nr acid

-Structure and name of the acid
: haludes

.0 -

H s : _ O

H -- C -- OH methanoic acid or Formic acid - i

' H -- C -- X Methanoy;l hahde or an?%‘lfﬁhdc

' no
O C~-CH Benzoic acid

@ C-Br Benzoyl Bromide

27.3.1 Preparatmn of acyl halldes :

- Caru- nyl acids are converled into correspondmg acnd halides by treatment mthphosphorus
mhahdes (P2 ) penta halides- (PXS) or wnh thionyl halides (SOX,)

0 _ o}
tH . Heat’ Il
R --C--OH + PCl, ----onaaae — R-C - Cl+POCL + HCt T

o 0
i . Heat - i
CH, - C--OH + PCI ~--- CH;- C - C1 + POCL, + HCl T

" Qﬁl —@Z—cooa + PC[M@N‘-COQ +'f=oc't3

NO2. NO2  wHet

2.4 -- Dinitro benzoic acid

2 4 - Dinitro benzyoyl chloride

¢

O L .
I} Rcflux S |

R -C--OH + 5001 i R - C - Cl + SO, T + HCI T
o _ 0O
il -~ . Refiux 1l

C H, --C--OH + SOCL, -----m-m-

Bemzoic acid

- C,H,-C-Cl+80,T+HO T

Benzoyl chloride




U (_,'.)f'_'mese reagéms, thionyl chiloride is morg convenien.t. Ih this reaction the bypi‘oducts, 'SO-Z,' and
"HClare gases. Thererore they can be easily separated from the resulting acyl halide. Further. any eXcess
of thiony! chloride (B.P. 78 °) eassiy removed by distillation. - ' ' :

- 27.3.2 Physical properties

I _ _ . _ .
The presence of -- C = O group makes acid halides polar. Due to the absence of inter molecular

hydrogenbonding, acid halides are nonassociated substances and possess much lower hpilmg points than
the corresponding carboxylic acids. The lower membes are colourléss volatile liguids and the higher
members are colourless solids, Acid halides are lachrymators.

Acylchloride B.P°C Carboxylic Acid ~ [BPC
T ol coct Aceyl chioride | 51 S :
1 : : _ CH, COOH Acetic acid 118
CH ,CH ,COCI Propionyl chloride 80 ' '

. CH,CH,,COC! Propionyic acid 141
‘CH, CH, CH, COC1 Butyryl chloride] 100 - P N

' : - CH, CH, CH, COC Butyric chloride | 163 -
CsH, COCI Benzoyl chloride - - 197

CsH, COOH Benzoicacid -~ | 250°BP{.

i . _ _27*3;3- Re'at_:tions of acid halides

. Acyl halides undergo nuclcophilic substitution reactions. Due to the prescnce of car'bo'n'yl group,
acyl hatides undergo aucleophilic substitution reactions more readily than the alkyl halides. Acid halides
arc the most reactive of the derivatives of crboxylic acids. Thus amides, anhydrides, esters etc. arercadily
oblainbale from acid halides. In thicse reactions, the halogen is replaced by other nucleophiles, In these

+- reactions the nucleophile (Y) attacks the carbon yl ¢arbon of acyl halide, and the resulting tetrhedral
- - . e B ' B
- intermediate climinates the hatide ion (X) 1o give the product.

| @ | s
R R ‘ S
\ 0 N, A o,
C=0 : ! O
Xle NTUNL v SOk

: M x
- Y. ' : _
i - Acylhaiide - Tetrahedral . Product

Tngonal) intermediate

- 27.3.3.1 HYdrolysis

Acid halides fume in moist air and are readily hydm!yscd to give -caibox'ylic acids.

o - ' S
[ SN O G ; Ko Ju—. — R-- C —-OH 3 HX

26




27333 Ester formation

21332 'Formation of amides

By ammonolysis, acid halides are converted into amides. Reaction of acid halides with ammonia,

primary and secondary amines Icads 10 the formation of primary, secondary and tertiary amides :

respectively. )
0 0
13 ' o o W
R - C =X + NHj -~ o> R C ~NH, + HX
- . Primary amide
o . . 0 _ : ’
i : _ o n o
CH, - C ~X # NH, eerieeem CH, = € --NH, + HC
) "~ Acctamide '
) ) 0
i i
R-- C X + HNRe=-mmvmmoe — R-- C ~-NHR' + HX
Primary amine _ ‘Secondary amide
o _ - 0
S . _ |
CH, CH,CCl + HNCH, - CH,CH,CN HCH, + HCl -
Propionyl Methyl - N- Methyt
Chleride amine Propionamidc
o 0
M o A
R--C ~X + HNR, ----emm-> Ros € - NR, + HC
Secondary Tertiary

amine amide.

€, H,C0CI + HN(CH), - C, H, CON (CH,), + HCL
 Bemzoyl  Dimethyl . N,N- Dimethy! :
Chioride amine oo benzamide o

Acid halides roact with alcohols or pheabls 1o g
R-- C —-X + HOR -~ - R--C ~-OR + HX
o | o
- t o o
| CH, CCl + HOCH, ooy CH,COCH, + HCL
‘Acetyl  Methyl - - 7 Methyl - '
 Chloride  alcohol -+~ accla
0 o
T i

R C X 4 ArOH - R- € O-—-Af +HX




Ke! | | | o)
1 e

CH, CCl + CH, L G CH, COC H .+ HCI
Phenol : Phenyl
acetate

When an alkali or base is used to acce

pt the liberated acid (HX) the reaction is known as Schotton -
Baumann reaction, . '

27.33.4 Anhydride format_ion :

© Acid halides react with sodium sait of carboxylic acid to give anhydrides.

y 0O 0 _ o 0
’ | Il i I
R-~C-X+NaOQ~C-R woommree = R--C--0--C —-R + NaX
o 0 | 0 0
i 1l |
CH, CCl + NaOCH, - — CH; COCCH_J+NaC1
B Sodium ' Acetic
acetate . anhydride
; 27335 Formatinn-of Ketones

27.3.3.5.1  Friedel - Crafts acylation

. Fridel - Crafts reacfion- isamethod of introducing an acyl group on the carbon of benzene ring. For
C- acylation generally an acid chioride is used.

O
anhydrous AIC, i
Ar--H + RCOCI - »Ar=C--R + HCI

anhydrous

. 3
f;)+ CH eoel - :

b
e, _C HGY

: Acetophenone
Allphatlc ketones can not bc prepared by this method,

273352 Reacllon wnh cadmium

Reaction of cadmium dlalkyls wnh acid halides leads to the Tormation of kctoncs. Boith
" aliphatic and aromatic kctones can be preparcd by this method.,

R,Cd + 2R COC - remremnee ~2RCOR + CdCl,
(CH), Cd + 2CH,COCI -~ 2CH, COCH, + CdCl,
Cadmiumi '
dimethyl _
(CHy), Cd + 2C, H,COCT —-----.-> 2C, H, COCH, + CdC,

265
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The alkyl cadmium is obtained by the reaction of cadmium bromide with apropriate Grignard reagent.

' 2RMg B + Cd Br, iR, Cd + 2 Mg Br,

27.3.3.6 Formation of éldehydes : Rosenmund Redugtion

Both aliphatic and aromatic acid chlorides are recuced by ydrogen in presence of Pd - BaSO,
1o give aldehydes. '

Pd-Ba S0, : .
RCOCl1+H, _s RCHO + HC1 )} R = alkyl or aryl group)
Pd-Ba SO,
CH,COCH+H, -- +wneim Cg Hy CHO + HCL
Benzoy! chloride ' Bénzaldehyde

27337 Arndt - Eistert reaction

Arndt - Eistert reaction is a valuable method for the'prcparatibn of higher homolbgue from a
caroxyhic acid. In this reaction the acid is first converted into corresponding acid halide. The key

imtermediatc in this reaction is diazomethyl ketone which is obtained by the reaction of acid chloride with

diazomethane,
- RCOOH + SOCL, ------------— RCOC1 + 80, T+HCIT
RCOCH+ CH, N, - SR--C=0
|
CHN,
Diazomethyl ketone
O
i moist Ag,0 '
"R --C - CHN, - > RCH,COOH+N, T~

Thus benzoic and can be converted into phenyl acctic acid in the following manncr.
C, H; COOH + SOCL, -2 C‘,Hscocnsozhﬂcm
C H, COCI + CHN; #reemmmmes > C,H,COCHN,

moist Ag O

C,HLCOC + CHN, > C,H,CH, COOH+N, T

27338 Degradation of acid chiorides

Degradation of acids is carricd oul'by Schmidt and H unsdiccker reaction. The. degradation of acid
chloride may also be carricd oul. This is known as Curtius rcaction. - '

H,0 _

RCOC! + NaN, > RNH, + €O, T+ N, T +NaCl
o Curtuis Reaction
_ H,0 S

CH, COCI + NaN, ------— CH,NH, +CO, T +N, T+ NaCl

I A . . N )
RCOC! + Ag,0 + Cl, - RCl +CO, T+ NAgCl
' Hunsdicker reaction’




Co By COCT+ Ag,0 + (i, sy CH, O 4 CO, +2AgCl

27.4 ACID ANHYDRIDES

0
ST o 0
R--C - o i I
o o R-C -0 ~C R + H,0
R--C --Q o :
it |
O Acid anhydride

O 0
: ] il :
Acetic anhydride CH,--C-0--C-- CH, is a simple anhydride

o o .
' i o :
~ Acelic propionic anhydride CH,--C--0--C- C, H, is a mixed anhydride

Cyclic anhydrides are oblained by elimination of a water molecule fromamolccule of g dicarboxylic acid,

- k]
CHyC-014 20 puo A
: L g, (I ; !Z \0
CHZH, C-0H CH-c”
i t
0 <9
Succinic_ac:d Suse'nic enhyd.ide
4 0
t
. r - . o=
Oy - S
i Wy \..o' ~l :
h
il : '
Phthaiic acid Phiha'ic anfhydride

The names of acid anhydrides are obiained by adding the word anhydride o the name of the acid from
. which it is derived, ' S

| 27.4.1 Prepartion of acid anhydrides
The most common monocafboxylic acid aﬁhydride is acetic anhydride. The acid anhydrides are

prepared by the reaction of acyl halides with anhydrous sodium salt of carboxyltic acids. Thus acetyl 267
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chioride reacts with sodium acefate to give acetic anhydride.
O O ' 0 0
oo I i
R--C-Cl+R --C - ONa-—— R--C—-0-C--R+NaCl
CH, COCl + CH, COONa —~---—--- (CH,C0),0 + NaCl

Acetic anhydride is prepared by the action of ketene on acetic acid. Ketene itself is obtained by the
dehydration of acetic acid at high temperature in presence of AIPO, oF by the pyrolysis of acetone. '

AIPO, | .
CH, COOH ---mmmemmrmme™ CH,=CO+H0
. 700 ° Ketene
700 -- 750° : o
CH, COOH, rrrmrrmree—d CHy=C =0 HO
Ketene
| 'CH2= C=0+CH, COOH  -—-rmmmmeemm=—? (CH,=CO, 0

Acetic anhydride

Cyclic anhjdridcs 'are prepared by simply heating dibasic acids.

0 ' /,.O
i ~C
Con Y
R ;
(CHJn gy =H0 ¥n J
C . -CS .
i ~ O
O' PI:Z\._} -d . :
0 ﬁ{/o
Cudtbon A4 GHTTN
. T ] v yd
Locon ~20 enp Gy
__1!(1) ~N
Q
L ]
: ~0OH ';H?_G C\
(Jii ~/0
O _
i A¥
0 0

Maleic acid isacis-dicarboxylic acid. Thison heating readily cyclisesto maleic anhydride. The geomcﬁic '
isomer of maleic acid, fumaric acid under identical conditions does not cyclise.




O J
. He o8
N AU\ 1
> 9]
C OM . -H 20 ¢ Ny
2N . :
il
o ]
Maleic acid ]  Maleic anhydride

(cis isomar) = -

HOOC

Fumaric acid
(trans isomer)

27.4.2 Physical Properties

Due to the abseace of inter molecular hydrogen bonding anhydrides do not eXist as associated
molecules. Hence the boiling points and melting points of acid anhydrides are lower than the correspond-

_ing acids, o
- Compound - - Mol. Wt, °C
Acetic acid | 60 ~ 118(BP)
Acetic anhydride 102 ' 140 (B.P)) -
Succinic Acid 118 185 (M.P)
Succinic Anhydride 100 ~120(MP)

21.4.3 Chemical Reactions

Acid anhydrides resemble acid chlorides in many reactions, but are some what léss reactive.
Both acid anhydrides and acid chlerides are useful as acylating agents. Acid anhydrides are more stable
than acid chlorides. In acylation reactions acid chlorides evolve amolecule of HCL. Acid anhydrides on
the other hand expel a molccule of carboxylic acid.

27.4.3.1 Hydrolysis

An acid anhydride is readily hydrolysed. However, cyelic anhydrides undergo addition
reaction, 1o give the correspondin g dicarboxylic acid.
O 0 . 0
I ] _ It
R--C-~0~-C--R+HZO ----- — 2R --C--OH

- 269
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CH;cooH

5-C  CHyCOOH

Succinic anhydride Succinic acid

27.4.3.2 Reaction with amines

_ Reaction of an acid anhydride with ammonia or primary and a secondary amines yields primary,
secondary and tertiary amides respectively. :

O 0]
I\ 1l _
CH,-C -- O --C--CH, + 2NH, --- — CH, CONH, + CH, COONH,
Acelamide
( Primary amide )

o O
I i . | o
CH,-C ~O - C - CH, + CHNH, —— CH, CONHCH, + CH, COONH,
' N - Methyl acetamide
( Secondary amide }

0 o
N It _ : ' . _
CH,-C -0 ~-C- CH, + (CH,NH. -~ — CH, CON(CH,), + CH,COOH
N, N - Dimethyl acetamide
{ Tertiary amide )

When phtbalic anhydric 15 heated with ammonia, phthalimide is obtained as the end product.

i 9
P _ Cu '
(s} O+ ZNH }"E;T NHy
a " % e &Q;Wﬁ‘l‘\\ {- 0 Q\“Hl.

Phathalimide
270 -




274.3.3 Reaction with alcohols and phenols

Reaction of acid anhydrides with alcohols and phenols yileds esters.

o] 0 ) 0 0
H I - It [
CH,--C--0--

C-=CH+C,H, OH - rrree. = CH, - C-0--C,H, + CH, --C--0OH

Ethyl acetate
0 0 . . o 0

f I | | o I |

CH, - C -0 C = CH, + C, H, OH oo CH, -~ C -0 C,H, + CH, -- C - OH

Phcnylécetalc
OH | ) o
COOH _
0
H

I/ SI v (. COOH

“\‘

~~ "COOH
Abéty!salicy!ic acid
{Asprin) .

G -
- o
. "‘C\ ' L LA TS
@( ARO[

27.4.3.4 Friedel - Crafts reaction

_ ~ C- Acylation ol aromatic tompounds ts #lso brought about by reaction with acid anhydridc inthe
Presence of AICL. Thus, benzenc reg

cls with acetic anhydridc in the presence of anhydrous aluminium
chloride to give aceptophenone, - '
9 0
: . i}
CH-- C .
) - ’ L‘I
@ + 3 N0 Al @
- et k(‘- | s
CH.~C~
3
9

4= OH o0

Reaction of benzene with phthalic

anhydride, on the other hand, yiclds o-benzoy! benzoic acid,
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..0

. (O:( 0———1—?(z00H

0—-Benzoyl benzoic acid

27.5 AMIDES

their amide derivalves.

27.51 Nomenclature

Acid amides arc obtained by replacement of the hydmxyl
group. The amide linkage s prcacm in proteins. The (,arboxyl 1 act

The names of amidesar¢ derived by replacing the suffix- i

group of carbox

of the parentacid by amide. Whereas

in the IUPAC system the suffix - oic .1c1d of the pdrcm acid is replaced by amide.
Formula. Nameof the acid Formula Nameof the amide
HCOOH - " Methanoic acid HCONH, © Methanamide
_ or Formic acid . ~ or Formamide
CH, COOH Ethanoic acid -CH,CONH, Ethanamidc
or Acctic acid : or Acetamide
CH, CH, CO0 4 | - Propanoic acid CH,C1L,CON H, Propanamide
' or Propionic acid - 1 or Propionamide
¢ H,COOH Benzoic acid ' € H,CONH, Benzamide
: 0
i
C HCN HCH, N-Mecthyl benzamide
CH, CON (CHy), | N, N- Dimethy! acctamide

Check your progress |

a) Benzamide h) Acclamide

37.5.2 Classification of amides

Amides arc classified into:

amides.

Wrile for structural [ormuia for the following:

] Primary amides (unquhstlluted amides: RCO
1wo hydrogens. _At,cwmndu( H, CONH,, Benzamic

¢) Aceianilige

y lie acids by an amino
ids ave gencfally identified by preparing

------------------------------------

NH, In these, the amide nirogen carries
fe (‘ H LONH, are examples of primary



ii). Secondary. amides:. (N-Substityied amides).R.CONHR.. In these, the amide. AHrogen
carries only one hydrogen. N-Methyl benzamide (C,H,ON HCH,) s asecondary amide;

iii) Tertiary amides: (N, N - Disubstituied amides): RCONR
27.5.3 -Prepartion of amides:
: L Amides are prepared by acylation of ammonia or amines. For acylation, acylhalide, acid
~ anhydride or esters may be used, I o I

CH,COC!I + NH, -~ CH, CON H, + HCil
Acelamide

(CH, CO O+ C oy - NH, oy CONH - C, H, + CH, COOH
: ' - N- Phcny-l_acclamidc

or Acctanilide
. RCOOR'+ HUNR, —-eeeo [ RCONR, + R'OH
Ester a sccondary a lertiary amide.
~amine
2. When a carboxylic acid reacts with ammonia, ammonium salt of the' catbox ylic acig is

~ obuained. This on strong heating gives amido.

- CH, COOH + NH, -y CH, COC‘!NI-{1 ey CH, (L‘ONI—!2
' - Ammonium acclale Acclamide.

3. Pariial hydroly_si_s of mmlc.s with ditute acids gives amides,
& | 0
o H,0 : f
"RON e R 0 = NH -l R0 L NH,
OH (R =atkyl or aryly
27.5.4 Properties

- P'h.ysicai: Amidcs hive high B.P/M.P, This is due to their podar nature angd partly due o their ability to
lorm sirong miermoleculur hydrogen honds. ' .

The following table gives the boilin g/melting poings for some carboxylic aids and of the corresponding

acid halides and amides.
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Carboxylic acid~ - Acyl halide | © Amide
Acotic acid BP. 1187 | Acew! chloridc BP. $1° Acctamide  BP.221°
o - - » MP. 82°
Propionic acid BP. 141° Propionyl chloride BP. 80° Propionamidc MP.79°
| ' o BR.AY
Benzoic acid MP. 121° Benzoyl chloride BP. 197° - Benza.uide MP, 130°

Check ydur progress - 2

Acety] Chioride and acetamide are derivatives of acelc acid, which' one of them has higher B P and why?

27.5.5 Reactions
27551 Hydrolysis

Onh -drolysis acid amidesareconveried into corrcspbnding carboxylic acids. "I'he'hydmlysis may
be catalysed by acids or alkali. In-the acid hydrolysis of an amide, a mixwre of carboxylic acid and
ammonium s.dt is obuined. : .

RCONH, + H,0 —semssmmees _y RCOOH + NH,

i the alkaline hydrolysis of an amidc, ammonia is evolved and the carboxylic acid is present as
carboxylatc anion. From the solution the crboxylic acid s present 8s carboxylate anion. From the solution
the carboxylic acid is generated by.acidificaton with a mineral acid.

o
OH e
RCONH, -------->=" - RCOO + NH,
&
) HO
RCOO --ermeremmes — RCOOH

The cvolution of ammonia,on heating of an organic com_pbund with alkali, may be 1akenasa positive. 188t -
for the presence Lest for the presence ol primary amide function. In the hydrolysis of secondary and
lertiary amides, in addition 10 the carboxylic acid, primary and sccondary -amines respectively are

" obtaincd.

27.5.8.2 Conversion to amines

© " Priiary amvidos react with bromine in the presence of aquoous alkali 10 give primaxy._a'inin(:s
containing onc carbon atom Jess than the amide, This is known as Hofmann bromamide degradation of -
amides. : '




3 ~ RCONH, ey RNH , + €O, . +Br+ H,0
# o . N OB:r ' '
|  GH,ConH, - CH,NH,

204 Anitline

Following is the mechanism of Hofmann bromamide reaction,

1) N- Bromination of the amide by the hypobromitc ion

: .. .8 - e
. RCONHZ + OBr —eee . — RCONHBEr +__OH
ii} In N -bromamide he b

ydrogen prcscnl'on
abstracted by a hydrox

the nitrogen atom is acidic. This hydrogen is
ide ion to give the

anion of N-bromam ide,

.. e >
RCONH.Br + OH ..., RCONEY + H,0

iii) Lossofa bromidc ion from

tves a carbamic acid. The carbamic acids are unstabic and
therefore mstantancously losc CO. 1o form:the aminc :
H O
: H,0 | --€0, .
RN=C=0 -, (RN COH) —rmeel — RNH,
S Carbamic acid

D.A

RCONH, -, RC = N + HO (DA= Dehydrating agent)

 CH,CONH, wereers CH,CN + HO

. Methyl cyanide o
© Aceto nitrike




~ on dchydration.
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27.6 SUMMARY

The derivatives of carboxylic acids, ViZ., acid hatides, acid anhydrides and amides, theif prepara-
tion and reactions arc discussed in this unit. Acid halides are used as rFeagents in Eriedcl . Crafts acylaton.
The ketones, aldehydes, amines are obtained from them by treatsnent with-alkyl cadmium, hydrogen and

‘hydrozoic acid respectively, Acid anhydridcs are also used as feagents in Fricdel - Crafis acylation.

Amides are converied 10 acids by hydrolysis 10 amifics On treatment sith bromine in alkali and nitrites

577 MODEL EXAMINTION QUESTIONS

1. Answer the following in 10 lines

1. Formulate the preparation of the following from acetic acid. Give reagents and conditions
in cach c¢asc. '

(@) Accyl chloride N Acctamide (¢} Actelic anhydride
{d) Methyl aming '

5 Qutlinc the synthesis of the following from appropriate starting materials.
(a) . Benzoyl chloride (b} Benzamide (<) Benzanilide
. .(d) - Benzophcnonc R : e

3. What are the products formed in the reaction of propiony! chloride with the following?
' (@)  Water (b) isopropy! alcohol ©) Methylamine., :

(@)  Sodium propionatc 9¢).. _Toluene + AlICL, '

Write cquations. ' ‘ ' 2

4. Writo cquation for the reactiof of benzamide with
Gy dil.NaOH or il HCI(b) ~ Br, + NaOH aL5* ©  POheal
. Write the names of producls. :

g+ WrE Cguations, naming the products formed, for the reaction of acctic anhydride with
(@)  Anilinc (by  Phenol . ‘(¢) Bcenzene FAICH
(d) Amyl alcohol ' .

1i.  Answer the following in 30 lines
1. (@) Formulac the method of preparation of succinic anhydride starting from aceticacid. .
() Write cquations for its reaction with CE

(1) HO (D) NH, _ L _ -
v (i) Benzeacin the presence of anhydrous AICH - Gv)- - Alcohel ok

2. (@) Outlincihe various methods for the synihesisof acetylchloride and acetic anhydride
from acetic acid. _ .
()  Give cquations {of their reaction with : -
(). Isopropyl alcohol (i) Methylamine (1) Aniling
(ivy Tolucne and AlCL, o R S
3. A p disubstituted benzenc derivative A (G H,O;N} gave B(CH O, when boiled with oil.
 HCL B. give C{CH ,0Chon treatment with PCls . C gave D (C,H,0;) on reduction
with molccular hydrogen in presence of Od-BaSO,. Don oxidation gave B is also obiained
by the oxidation of p-iolyl methyl ether. A on treatment with Br, and NaOH at 5°C, gave




E and explain the redctions nvolved in the above transformaticns,
27.8 MODE], ANSWERS TO CHECK YOUR PROGRESS
L o . NHOO CHy
| ' -CONH f |
2 CH3CONH,,

" E(GHON). Calsogives o on reatment with NH,; Write the straciuies of A,B,C,D ari

@ oy )

2, The B.PoF acetamide (221°C) js higher than thas of acciyl chloride (51°C) although they are the
. derivatives of the some acid. This is duc 1o polar nature and strong jn;c_:qno_lccular hydrogen
" "bonding in acetamide, " B : ) R '

27.9 GLOSSARY

I Arnds. Eistert synthesis- Thisisa method for conversion ofa carboxylic acid inLo its next higher
homologue. The acid is.conveerted 1o i acyl chloride. The acyl ehloride is converied (o
diazoamethy] ketone by treatment with CH,N, (iamethane). Tream ent ol diazomelhyl ketone
with moisg Ag,0 gives the higher carboxylic acid.

SOCL, ' CHN, Ag,0+ HO
RCOOH woeeo B —SRCOCH -l ~>>VRCOCHN, .. .2 RCH, COOH

2 ""F;"ferbl.'“-' :Craﬂs reaction: This is an clectrophilic substitution reaction. Alkylation of aromatic
Compounds by the action of alkyl halide in (he presence of anhydrons AICI3 Is known as Friedel. -
Crafts alkylation reaction. - .

AlCl, -
Ar--H + RCl eceeee . * = Ar-- R + HCJ

Acyl halides or acid anhydrides in (he presenee of anhydroys AICL react with aroma lic compounds
to give Ketones. This is known ag Fricdel - Crafis acylalion reaction.

AlCL
: CH, Cocl _ _
Ar - H + ¢r _oor el 5 AT COCH,
' _(CHHCO)QO

3. . Hunsdicker reaction: Silver salts of carbocelic acids can he degraded 1o alkyl halides, on

reatment with halogen, Acylchlorides also degrade oatkyl hulidc_s onrtrealment with halogenang

Ag.O. : :

- -,
RCOOAg FX L -3 RX + o, T+ AgX
RCOX +X, + ALO e P RX+CO,T+2agx
4. Schmidt reaction: Reaction of carboxylic acids with hydrazoic acid 1o form primary ammincs,
RCOOH +NH o = RNH, CO,T+ N, 1T _ oy




s
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Schoaeu-llaumanu Reaction : Acyladon of hydroxy compounds of amines with acyi halide
in the presence of alkali is catled schotien - baumann reacrion. - .

. -
. OH
AFOH +C, HLCOC +-rmmmsememmme e —» Ar OCOC H;
- HCi :
o
OH
Ar NH,+C, H, COCl ey AINHCOC H;
-- HCl- :
Rosenmund reduction: Acyl chiorides (aliphatic and aromatic) are reduced 1o aldehydes
by molecular hydrogen in the preseace of pd-BaSO, catasyst. _ '
Pd Ba So,
RCOCI + H womermmremsemssoo —» RCHO
- pd - Ba SO, _
ARCOCT 4 H, ewemremeemm==r™ - HO

Author : Dr.T. Sundara Ramaiah
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28.1 AIMS AND OBJECTIVES

This unit aims 10 farmiliarise you with the

. of oils and fats.
After the finishing this unit you must be able to know:
. Nomenclature
e  Preparation
. Physical properties
e  Reactions of esters
1) Hydrolysis
(id Ammonolgis
(i) Transesteriﬁcation
(iv) Reaction with grignard reagents
‘(v)  Reduction
(vi) Classes condensation
{(vii) Dickmann condensation
. ‘Malonicester
1. Preparation
2. Properties
(@  Reaction with bases
)y C- Alkylation
(it Synthesis of carboxylic acid
. Acetoacetic ester :
1. - Preparation
2. Keto-enol tauntomerism
3. Reactions
@)  reaction with sodium ethoxide
iy € - Alkylation
@iy C- Acylation
(iv) Synthesis of ketones -
) Synthesis of diketones
(vi) Synthesis of mono carboxylic acids
(vi) Synthesis of dicarboxylic acids
. Qils and fats
1. Physical properties
5 Reactions of oils and fats -
)] Hydrolysis
iy Rancidificadon
(ify Paintdryers
(iv) Hydrogenation
3 Analysis of oils and fats
() Saponification number
GH  Acid value

280 iy  lodine number -

nomenclal.uré, structure and reactions of esters Andto
outline the synthetic applications of matonic and acetoacetic esters and 1o introduce you the ch_emi'stfy




28.2 INTRODUCTION

An ester is named as derivative of the acid by changing the suffix - ic, in the name acid, to - ete,
.. The nature of the alkyl or aryl group, in the ester, derived from the alcohol or phenol is indicated in the
prefix part of the name. : : :
. HCOOCZH5 is considered to be 3 dederivative of formic acid and cthyl alcohol. Therefore, itis
named as ethyl formate, TUPAC name of this compound is ethyl methanoate, Similarly, CHSCOOCZHs :
is naimed as ethylacetate or ethyl ethanoate. Some othr exapmles are _ _

| o\\"c /oc_leg

. - of
CH, CH 00C,C,
|
: Cl ; . . f ]
Ethyl - & chloropropionate - Ethyl-p-chlorobenzoate

- (Ethyl 2- chloropropionaie) . . .
Ortho ester is a compound in which the carbon yl oxygen of an ester is replaced by two alkox ¥ groups,

OR
{ | :
R-C-OR
OR o : }
| " . OR
RC=0 .
Ester . Onha cster
OC2Hs
{ .
H--C-OC,H,
HCOOCsz i
o 'OCZ Hs
Ethyl formaie _ Ethyl onhdfermalc

-

Check your progress - 1 o | _ ' o

Wrilg structures and names of any four isomeric csters wiLh-lJ)c formula C,H 10 s




254 PREPARATION OF ESTERS

¢ with organic acids, acid halides of

of alcohiols or phenol
isreferred toas esterification

1. Esters arc -prepaired by acylation

anhydrides, reaction btween anacid and alcohol (or aphenol}ta giveanester?
" reaction. :
_ _ conc.' H, 50, .
RCOOH + R OH—————— RCOOR + H;O 1)
R

conc. H, SO, oo
CH, COOH + CH,OH _— CH, COOCH, + H.O0

Acetic Ethyl Ethyl

Acid alcohol ’ acetate

r molecule, The water molecule eliminated in the

ation of  waicl
cohol of vice versa.

Esterification takes place by elimin
esterification may be obtained from _OH of the acid and Hof the al
By carrying out the csterificaiion of carboxylic acids with alcohols conlaining labelled oxygen
t following is the pathway of esterification or primary alcohols.

(0%} it was etablished tha

water is formed:from OH of carboxylic aid and H of alcohol.
In the csterification ol tertiary alcohots, water is formed from the H of carboxylic acid and OH

of Phenol (alcotiol).
RCOOH + H® OR' -

' Sccon_dary alcohols may react by, their pathway .
iven acid the rate of esterilication of alcohos is primary > secondary “>1crtiary; and for a given

withag
alcohol the reaction LS of esterification by acids T

RCH, COOH > R,CHCOOH = R, CCOOH -

Following is the gcncrally'acccpted mechanism of acid catatysed-esterification:




W 09}” M ¥
R-b-OH;—':" R-C~OH +—R-C~ON == R-C-OH

H OH H
| r ) HZO | l
RC-0R =5 R~ ' R—C— 02
- [ -‘HZO I ’.\,,p H
OR
&
//,OH_
R-C\
or’

Acid catalysed esterification is a reversible process. Exactly the reverse steps in the above mechanism
therefore constitute the mechanism of acid catalysed hydrolysis of esters.

-

Esters may also be oblained by the acylation of alcohols or phenols with acid hatides or acid arhydrides. _ '

RCOX+R'OH --eeeeec — RCOOR' + HX {2)
Acid halide

Lxample: :
| Co Hy - COCL+ CH,OH wovormaney  H e COOC,H .+ HCl
Benzayl chloride Ethyl benzoate
(RCO), 0 + R OH -+t = “RCo0R' + RCOOH
Acid anhydride
Example: ’
o ' 1
_ . 1 .
. (CH, €O}, O + CHy- OH - eveve = CH,CO - C H + CH,COOH

Acetic anhydride Pacnyl acetate

235 PHYSICAL PROPERTIES

Esters are characterised by pleasant odours. T hey possess lower boiling points than their
corresponding acids. Esters are only sparingly soluble in water. However, they dissolve in strong acids |
tike concentrated sulphurric acid. :




8.6 REACTIONS OF ESTERS

Esters undergo nucleophilic substitutioh reactions that are iypical of carboxylic acid derivatives.
These reactions include hydrolysis and ammonolysis.’ ' '

28.6.1 Hydrolysis

Hydrolysis of an ester resulis in the formation of carboxylic acid and an alcohol.

® o
. H or OH.
RCOOR' + H,Q - RCOOH + R'OH

Thisis catalysed by both an acid or alkali. A'cid.c_alalyscd hydrolysis is areversible reaction whereasbase -
catalysed hydrolysis i irreversible. '

@
H
¢------_--_----._)
RCOOR' + H, O ¢rrmrrencrir-c- RCOOH + R'OH
. @ :
H
C e - ,
RCOOR' + H, O ¢-mmmmrmmmmm” RCOOH + R'OH
t 8
! OH
e
RCOO

T Acud calalysed ester hydrolysis may invelve either acyloxy or alkyloxy fission In an ester molecule.
Acyloxyfision  RCO™OR + HOH-—-- s RCOOH+R"OH .
Alkyloxy fission  RCO™OR + 1T70)! PEE— 5 RCOOH + R OH .

By labelling experiments ithas been observed that all esiers derived from primary and secondary alcohols,
are hydrolysed by acyloxy cleavage of the molecule. Whercas esters of wertiary alcohols are hydrolysed
by alkycoxy cleavage. The mechanism’of acyloxy fission of esters catalysed by acids is given under
" esterfiction. :

Esters of t-butyl alcohol [or instance, undergo acid catalysed hydrolysis by alkyloxy fisgion '
mechanism. ; _

?' oy .Hﬂi? CH3

R-C- 0C—CH3 m==*R-C-0-CCH3

| AN N
CH3 G H3

284




HO  GH3 OH
O ,
_H.R_‘g_o_c—-c H3 &= R*’_’C*“Q

CH3 '
. CH, |
- ® 7 |
T+ C(\U“s /
o R
C—CH3+ H,0 —» H3C — C-OH e 0 gH
CH3 Hpe™ H
Foll.ov.ving i;the_ mechanism of hase catlysed hydrolysis of esters, invdlving acyloxy fisgion,
ve e
S B a
Ca. R U0EtE- p-Leg H4+-0Et"
. 28.6.2° Ammonolysis
Esters react with ammonia, primary and sccondary amines and to give primary, secondary énd
© tertiary amides respectively. ' o

- RCOOR'+NH, ———— _  RcoNm,+R oH
RCOOR" +R" NH,——— *_ | RCONHR ' +R'OH |
RCOOR' +R*“INH—— | RCON(®R''),+R"' OH

28.6.3 Trans esterification

In this process, an alcohol displace another alcohol by rcac_:idn with an ester.

RCOOR' +R'"OH

— RCOOR "’ + R' OH

‘_
Tms esterification may be caatlysed by both acids and basis,

Mechanism of acid catalysed trans esler?ﬁr_:a:ion: | 285
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H = OH
A v oRon, 1o
R_C_OR -"—-'—-*I R—C—'ORH R""C"OR-:-—-,——-}; — 1 )
H-O-R

0 ® @®  —, ROH ?:I_/@

R-C-OR == R=C-0-H "—mg—™ % {
.-H.@ OR" QO H
' T N )
o R
Mechanism of basc catalysed trans esterification:

3]
0O : 0

1 R - T - | N - (2]

" R--C--OR'+OR’ e - RCOR' &= - +RCOOR "' +OR
: i
: OR [l

28.6.4 Reaction with Grignai'd reagents

In the reaction of esters with Grignard reagents the ultimate products arc tertary alcohols.

R'COOR '+ RMg X~ aremmrms _, RCOR +R'OMg X

Ester Ketone
| | - HO
RCOR + RMg X ---r---mm - R), COMgX -----m-or-— — (R), COH

. Tertiary alcohol
28.6.5 Reduction '

Esters msay be reduced by LiAlH , 1o give primary alcohols.

RCQOOR * -emermmmmammmmrrsanes —yRCH,OH + R" OH

‘Formerly the reduction was carried out by usin g sodium and cthyt alcohol. Thisis known as Bouveault-

Blanc reduction.

28.6.6 Claisen condensation

In the presence of a strong basc like sodium methoxide, esters containing atleast one alpha.
hydrogen undergo this condensation reaction to furnish B- Ketoesters. For instance, two molecules of

ethylacetate condense in the presence of sodium cthoxide to give ethylaceloactate-or acetoacetic ester.




NaOCzH

2CP13CC)OC2]-I5 — CH, COCH COOCH, + CZHSOH '
- Ethylacetoacetate .

(Acetoacetric ester)
Mechanism:

) ?H2C00C2H5+0C2 HgCHoC00C 5 Hs.;.cz Hg OM

. H -
“) CHa C/EH2COOC2 HS“"'CH3C CHz C00C 3 Hg
C2Hs O_Cz Hg
o —
" c c"% H)CO
m) - M3l CHC OCZHS “‘-“-»CH3COCHZCOQCZH5
ocC 2Hg ' +OCZ_H.5
128.6.7 Dickmann condensation
- This is an mtramolecular Claisen condensation of esters of dicarboxylic acids giving cyclic f - |
ketoesters, . .

; (CHZ)n | NdOC2H5 . C 00C2H5
NP THALOIHCHY, l |
N~ C00CoHg | \-50

if Nag ' | | |
/r-CHchOCz M5 o

N (PF o NeOCohs /CH COOCaHg
- ~C2HgoOW CHs I
COOC2H; N~ C=0 '

28.7 MALONIC ESTER

Malomc esteror dieth

ylmalonalc isan esterof matonic acid. It js prepared starting from acetié acid,
by the following procedure, :

287




28%

ap KCN R Ty
CH, COOH ——» Cif, (C1) COOOR———— CH (N COOH ————

Chloroacetic acid Cyano acetic acid
. CszOH ) ' :
CH, (COOH), ————— (CH, { COOC,H),
' Conc. H,S0, _
Malonic acid . Malonic ester

28.7.1 Properties
28.7.1.1 Reaction with strong hases

The presence of Lwo ester carbony! groups on methylene carbonin malonic ester makes itan active

methylene group containing compound. Therefore, malonic ester of reatment with sodium ethoxide in

absolute alcohol is converled into a sodinm salt.

’ ' C] ®
CH, (COC,Hy), + C,H;ONa s CH(COOCH,),Na+ C,H,0H
. Sodium salt of malonic ester

28.7.1.2 C- Alkylation

The sodium saltof matonic esterreacts with alkyl halides to give monoalky! derivatives and dialkyl
derivatives of malonic ¢sier. : -

e : 2]
CH (COOC,HY, +RX .y CHR(COOCH)#X
. Monoalky! matonic ester

-  NaOCH, ~© ®
CHR (COOC,H,), ————— CR{COOC,H),Na

a : Va )
CH (COOC,H,), + RX — > CR, (COOC,H)+X
: Dialkylmalonic ester

28.7.1.3 - ~ Synthesis of monocarboxylic acids

Malonic ester is hydrotysed by acids to matonic agid. Malonic acid, a di(_:a_rboxylic acid, on heati'ng R
undergoes decarboxylation (0 give acetic acid. ) '

o hydfply.sis : . '
CH,(COOC,Hy, -~ - CH,(COORy, =" —»CH, COOH + Co,

Similarly mono and dialkyl derivatives of malonic esicr can be hydrolysed and decarboxylated to give
higher monocarboxylic acids. '

- hydrolysis - . . . 140° |
. RCH(COOC Hy), === —— RCH(COOH), === --->RCH
Monoalkyl - ' o

malonic ester




hydrolysis 140

ch_(cooczH,)2 e RCCOOH), —onenieen s R,CHCOOH
Dialkyl malonic ester - ' ' :

Isobutyric acid, for Enslance, canbe obtained from malonic ésterby conversion intg dii‘nethyl malonic ester
and then hydrolysis followed by decarboxylation, ' '

_ o ' . " hydrolysis
CH, (C'C)OCZHS)2 T (CHY) C (COOCZHS)2 === R,CHCOOH
Diethyl mal(__jnalg - Dimethylmalonic ester o :
© 140°
(CH), C (COOH), sy (cH) , cHCOOH

Isobutyric acid
28.7"_.1';4 Synthesis of dicarbokylic acids

-, Treatment of sodium salt of malonic ester with iodine, followed byacid hydrolysis givesa tetra carbox ylic
acid. D'ecarboxylation of the teracarboxylic acid gives succinic acig :

g
C.H(COOC)HS,)

i "_'fwf - GHICOOC yHg )
' : . _
. ] . - . ‘“___‘
f”+2 | 2oL, , . ;08T
iNa®y CH(Co0E HgJ;

‘& CH{cooany), -
CH{COOH); CHyCO0 H
2002 ,
- B S
CHICOOM) . CH ,C00H

A tetracarboxylic acid Succinic acid

Similar reactonis of sodio dori vatives of monoatkyl malonic ester give higher dicarboxylic acids. o, B,
—Dimethy! succinic acid is Gbtaincd from sodium sl of monomethyl malonic csier,

| R=C{CO0C 7Hg )y R-€(CO0C, Hs)y hydro
Nu.@-j , o . _r"‘"yss __
! | |

R~C (Co6C 15 )2

' _ ‘ ) 28y




_,_._..._-o ‘L.. H‘;C(COOC IHQ) \?
C H;uCOOC-z_H_g)J_

o 2‘-15) 2

1 »

- @
(B

ca‘- S —

- .
CH.,dCOOH)_Z .2C0, CHl‘CHf—CQQ |

ouCleO0H)z CH3CHTCOOH

o, B, - - Dimethyl SUCCH'I.IC acid

Dicarboxylic acids are also obumcd by the reaétibn of sodiomalonic cster wuh polymelhyic,ne halide,
followed by hydrolysis and dccarboxy ldtlon '

CH(C00C2H5)2
o |
a1 CHEOOC 2Hg) | CH COOM
' gr i L .
Ll-=--4 |
i | +H,0
(CHn 2 N"B”ECHz)n—m (CHyIn
A=~ |
Il Br :
\ N&"¥ - EHICO0 2H5)2 CHy COOH

i
i
i
i 5
| LL_ 1 .
H(CO OC 2 H5 )
Adipic acid is obwinbd _starLing, from sedium sajt of malonic esier and cthylené bfomidc. _

2090 o : Sy




| | N .
: _CH(COO_C-ZH;);. CHco0H
b = ) - ’

(CH Jz—ZNdBr' (CH) ‘)hydf‘oly&s I
22 — (CH2),
L __ - Wa-2cor 7 T 22

CH(COOC 2H5), -« cHycO0H

- @CHIC00C, H)

Adipic acid

™ 288 ACETOACETIC ESTER
L \\ .
S Acetoacetic ester or cthyl acctoacetate is a B -ketoester. ‘ C O,

anal

28.8.1 ‘Preparation
It is prepared by claisen condensation of cthyl acetale.
CHj--C=_0+.C_H2-COOC2.H memomnese —>CH COCH, COOC, H -p-CzH_,,OH.-
i o . .
- OC, H, H

28.8.2 Keto - Enol '_Ta‘utomerism

CH CoC H ZL, (;FZHS':.-— VJ.’3(‘*-— C“COOL f'b
OH

H.”C\ H
L=
) O\H - OCZH

=" Intramolecular H __I_J()ndmg fﬂm.
Ennl l"orm \

B e . PR
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Acetoactic ester cxists as an equilibrium mix. -e of keto and enol forms. The enol form is stabilised by

intramolecular hydregen bonding. As’ ketone it forms a bisulfite addition compound. oxime &K andas

ancnol, it gives decp reddish brown colour with ferric chloride, dissolves in alkali etc. The keto and enol

forms of acetoacetic ster were isolated by knomr. By evaporation of an cther solution of ethyl acetate at

- 80° under reduced pressure, the keto form was obtained in crystalline form. By decomposition of the
sodium salt of acetoacctic ester with dry hydrogen chioride, the enol form was obtained.

28.8.3 . Reactions
58831  Reaction with sodium ethoxide

_ In the molceule of acctoacetic ester, a - CH, - group is linked on one side 1o a ketomic group and -
on the other side 10 a carbethoxy group. Such a methylene group atiached to clectron withdrawing groups .
ic called an active methylenc group. The hydrogens of an active methylene group are acidic. Therefore
acctoacelic ester reacts with bascs like sodium cthoxide to form a sodium salt, The anion in this salt is
a resonance hybrid ol a carbanion and an oxyanion. S = ' :

NaO C,H, e -
- CH .COCH, COOCH I — CH. COCHCOOC,H
3 z 2778 -1
Carbanion
¢———mee-— CH, C = CHCOOC H,
. Na+

: -
O Oxyanion

288.3.2 - Alkylation

The sodium derivative of acetoacctic cster reacts with dlkyl halides 1o give monoalkyl derivatives
of acctoacctic esler. : ' :

— ' ' e

CH ,COCBCOOC H; + 1 —» CH, COCHCOOC, H, + X
. . | : o

R .

" Monoalkyl acctoacetic ester

“The monoalkyl derivative of acetoacctic ester still contains one more acidic hydrogen. By repeating thi~-

recaction the hydrogen can also be substiuted by another alkyl group.

NaOC, H, e . RX

CH, COCH COOC, H -wrmrresronease - CH 00 CCCOOC, Hy === >
A : _ . 1 o
R - R
R _
) e
CH, CO CC 00C, H, + X
|

R .
Dialkyl acetoacetic €steT
28.8.3.3 C- Acylation

In a similar way monosadiam and disodium salts of acetoacetic ester react with acid chloride to
form monoacyl and diacyl acetoacctic ester respectively. ' . -




8

CH, CO_CHCOOC2 H+ RCOC(] e CH 3COCHCOOC2 H, +Ci
_ COR
- Monoacylacetoacetic ester
o L . COR
NaQCzHS -] 7 RCOCI R
CHS'COCH_COOC2 Hy ooy CH3COC(.‘OO'C2 Hy v - CH 3CDCCO_OC2 H,
o . ! : _ |
*+ COR COR - _ COR

Diacyl acetoacetic ester

28.8.3.4 - Synthesis of ketones

called ketone hydrolysis
N } i @
f : H,0 : -
CH,COoCH, L coo ! oy P = CH, COCH, + €O, 1+ CH,0H

]
H : !
|

H OH ,
t ' ®
j o H0 . -
CH,COCH 1. coo ; GH; - CH, cocn, R +CO, T+ CH, OH
_ : by .
l R i
Example: - _ o _ o h
o H OH
b ! ®
. . i ] H30
CH,cocH L coo .t cp .2, CH, COCH, .+ €O, T+ C,H, OH
Sy ;o : : - _
! -
CH, { :
o - Merthyl Ethylmcthyt
accloactic ester ketone
R g
o HO |
CH,COC COOCH, -omnoamy CH, COCHR, + €O, T+ C,H, OH
R _— _ H ;
R
Example:_
CH, ®
P CHO _ ‘
CH,COC COOC,H, .-y CH; COCH (CH,), + €0, T+C,H, OH
CH,
@ -Dimethyl ethy] - ' Methyl isopropy!
acetoacetate ) ketone
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28,835 Synthesis of diketones

Ketonic hydrolysis of monoacy} derivatives of acetoacetic ester gives diketoncs.

H o OH
] | @
. P “Ho ' |
CH,CO (‘3H -5‘ cOO - CH, - — CH, COCH,COR + COlT +C,H,OH
' - ) )
B COR \
Example:
@
. R0 ' '
CH,CO CH -- COO - CH, - — CH, COCH2C0CH3 + COZT +C,H,OH
_ COCH,
o -Acetyl ethylaceto . Acety! actone
acetale (Pentane - 9-4 - dione)
28.8.3.6 Synthesis of mor_locarbnxylic acids

* When acetoacctic estet and its derivalives arc hyd:&l_ysed by strong alkali, acids are the products.

Acctic acid is obtained from acetoacetic ester.

HO- H H OH

I :‘ 2]
. l‘_ | OH | .
CH, €O - CH, - €00 - CHls e CH, COOH, + CH, COOH +C;H,OH
! 'ﬁ | &
then H,O

When monoatkyl and diaklyl derivatives of aecloacetic ester are hydrolysed by srong alkali higher
carboxylic acids arc obtained. ' : :

SR DH& | o
CH, COCH COOC, H, ——— CH, COOH + R CH, COOH + C.H, OH
» | then H,"0 - _
: R B
Example:
o oH&E ... . _
© CH, COCH COOC, Hy - — CH, COOH + CH,CH, CH,COOH + C,H; OH
'1 then H,0® - !_
- GH, Butyric acid
.R . —_— | - ' "’
ST ., OH& L
CH, COCC COOC, Hy -2 CH, COOH + ®) , CHCOOH + C,H,; OH
\ cn HO I
y R .- e Butyric*’a'cid./;{. __J;’__f 5
r ; —i-- . J

Yogs . T i R




CH, i}
I : OH& ’ - : _
_ A CH, COCC 00C, H; --------— CH, COOH + (CH,) , CHCOOH + C,H, CH
| o I then HO* I o
1 ' : o CH, - Isobutyric acid
28.8.37 Synthesis of Dicarboxylic acids _ S

. Sodium salt of acetoacetjc ester reacts with chloroalkanoic acids. ‘The resulting compound on
hydrolysis with strong alkali furnishes a dicarboxylic acid. - o
e o - )
CH, COCC OOC, H, +C1 CH, (CH,) COQH - CH,COCHCOOC, H, + Cl
: ]
' CH,( CH,), COOH

. OHé&then o '
CH,;COCC OOC, H, v -> CH,; COOH + CH,COOH + C,H, OH
| - HO¢ I :
CH, (CH,) COOH CH, (CH,) COOH

A Dicarboxytic acid

For example, adipic acid is obtained by the following sequence of reactions; -

CH,; COCH COOC, H; + C1 CH,CH, CH, COOH — CH, CO CHCOO C,H;
¥ - Chlorobutyric acid - CH, (CH, },COOH. -
:  OH&then _
CH, COCH COOC, H; ---------= CH, COOH + CH,COOH + C,H,OH
. ) : H,0* i :
CH,{CH,),CO0H . . CH, (CH, },COOH
- : Adipic acid

289 OILS AND FATS

Oils and lats are the important compounds of animal and vegctable origin. Chemically, oils and fats are

_ glycerides, i.e. csters of glycerol with higher faity acids. Fats are the main constituents of the fat cells in
- animals and plants and arc one of the important food reserves of the organism. Liquid fats are commonly-
called oils and are different from mineral oils, which are hydrocarbons. The acyl groups im the glyceride
may or may not be alike,

CH, - O - COR
. I |
— | © CH- O- COR'
o - | v
e CH,--0--COR ™

28.9.1 Nmﬁenclature

There arc two methods of nomencluiure of fats.




- 289.4.1 Method - 1-

_ They are named by mdncaung the nature, numbel."and position o.'f the acyl gi'oups that feplace the
hydroxyl hydrogens of glycerol. . .

e

Examples:

. (1) CH,0COCH,CH.CH, - . : () CH, O.CO(CHI),_“CH,
.LZHZOCOCHZ Ca CH, | | _lCH OCOCH, CH,
_1CHi0COCH2CH CH, - o i(:H, OCO(CH,), CH,

Glycerot tribulyraic' ' _ Glycerol p- Propio o, - divalerate
3) ?H L OCOC Hy o @ FHZ OCOCH,,
?H LOCOC, Hyy : FH 0COC, JH,,
CHOCOCH, | ~ CH,0C0OC,Hy
_Glycerol o, - Paalmito distearate | : ' Glycerol 9 o, olco - B, v stearaie

28.9.12 Method -0

Thcy are narncd by replacing the suffix "ic acid" of the common name of the acid residue present
in the fats by " m" Giyccrol tributyrate is named as tributyrin. '

. Structure ' . Method I ‘Method 2

CH,0COCH,CH,CH,
i .
CHOCOCH,CH,CH, Glycerol mbutyrale Tributyrin

. CH,OCOCH,CHCH,
CH,0CO(CH,), CH,

o : ' .

. CHOCOCH,CH, Giycerol- p-Propio | §-Propiodi

) J _ . -qy, - divalerate © valerin
. CH,OCO(CH,), CH, -

CH,0COC Hy * o
| ' Glycerol - -Palmito- - - Palmitodistenn
CH OCOC ;H,; o distearate

- _ , _
CH, 0COC, Hy, _ | - .
CH OCOC].T 33 | . ' - .

1 - Giyccerol - o -Oleo- o -Oleo-B -
CH OCOCHH31 - B -palmito-y ~ palmito -y -
i : stearate -stefin -
CH?. OCOC ;Hy ' '

296 :




28.9.2 Physical properties

The acyl group in oils and fats is derived from long chain carboxylic acids, (highetr fatty acids).
The hydrocarbon part in a fat is about 90% and therefore fat behaves like 2 hydrocarbon. For instance fats
are insoluble in water and polar solvents. They are soluble in nonpolar solvens like CCI,, ¢ither, €S, etc.
The unsatorated glycerides usually have lower melting points than the corresponding saturated glycerides
and are frequently oils, '

Check your progress - 2

Explain why ethylacetate was lower boiling point than acetic acid,

28.9.3 Reactions of fats and oils

28.9.3.1 Hydrolysis

~ Hydrolysis of oils and fa.ls by strong basc such as KOH or NaOH is called saponification.
Hydrolysis of oils and fats by NaOH or KCH 1 urnishes glyceral and salts of fatty acids. The sall of the
acid is called soap. ' - '

'CH, OCOR CH,0H

| : : I o

CHOCOR + 3NaOH - _ CHOH + 3RCOONa*

| _ e | |

CH,O0COR ' CHOH" Sop
| Glyceral

Hard soaps are prcparcd by ﬁyﬁrbﬁysis of cheap oils ﬁai_th.' NJOH . These drcuch for washing éa.u'ﬁdry)__'_ E
purpose. Sofl soaps arc prepared from food oils and potassium hydroxide. They arc used as wilet s0aps,
shaving sticks, shampoo eic. Saponification is a method or preparation of soaps and alTords glycerol as

valuable by - product.

28.9.3.2 Rancidification

Polyunsaturaled glycerides (0ils) stowly undergo oxidation and hydrolysis by the moisturc and
Oxygenpresent in the atmosphere to produce procducts which have unpleasantodour. This process iscalled
rancidification. : '

© 28.9.3.3 Paintdryers

Certain unsaturated oils like linseed ol arc used as paintdryers because atmosphereoxygen attacks
the unsaturated linkages to give products which form 3 hard prowcctive film on the pairted surface.

28.9.3.4 Hydrogenation of oils

Hydrogenation ol oils is also known as hardening of oils. Hydrogenation is carried out by
molecular hydrogen in the presence of nickel catalyst at 2007 . By this process, the unsaturated glyeerides
in oils are converted into the saturated glyeerides (fats). These fats are marketed under diflerent brand
names such as DALDA. '
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28.9.4 Analysis of oils and fats

There are several methods of analysis of oils and fats. The results obtained in these analyses are
used to express the quality of the fats in the following ways. - - o :

28.9.4.1 Saponification number

Saponification number is the number of milligrams of KOH required to hydrolyse one gram ofa
fat or oil. Saponification number indicales the molccular weight of an oil or fat. o

28.9.4.2 Acid value

This is a measure of the free acid present in a sampie of oil or fat. Acid value of an oil or fat isthe
number of milligrams of KOH required to oneutralise the free acid in 1 gm. of oit or fat.

28.9.4.3. lodine number

It is a measure of unsaturation of the fator oil. Todine number is the number of grams of iodine
{or its equivalent of iodinating agent suh as ICI, which will add to 100 gm of fat or oil.

28.10 SUMMARY

Afier covering this unit the preparation and reactions of esters should be known. ‘Esters which are
named as alky! alkanoatcs are prepared from alcohols by treatment with either acids, acid chlorides or acid
anhydrides. They arc easily hydrolysed with acid or basc. Claisen condensation of ethylacetate gives
cthylaccioacelate. Dicthylmalonate is used for its synthetic application of monocarboxylic acids,
dicarboxylic acids, Ethylacetoacciate is uscful in synthesis of ketones, diketones, monocarboxylic acids
and dicarbocylic acids.

28.11 MODEL EXAMINATION QUESTIONS

I Answer the following in 10 lines

1. Write cquations [or the reaction of methly bumnoalc.wilh. :
() - aq.NaOH (b} Ammonia (¢} Excessof cthylmagnesium bromidc
(@  LiAlH,. Name the products in cach of these reactions.

2. How are the compounds-in the loflowing pairs diffrentiated by Lest tube cxperiments?
Explain briclly the chemistry involved in cach 1est. : :

) Euwyl o methyl - accloacctate and cthyl , o, @ - dimethyl aceloacelate.
(h)  Vegeable oil from mincral ol .

(¢)  Ethylacetoacciate from dicthyimalonaie _

(@)  Dicthylmalonate from, o, o - dimethyldicthylmalonale

3, Explain the phenomenon of keto-eno! tautomerism with a suitable example.

4, Slaring with cthyl aceloacetate indicate the seguence of reactions that may be employed '
10 preparc '
{(a) Methyl isopropyl keionc
()  Methyl cthyl acetic acid
5 Acciylacetone

5. Starting from matonic esier how are the following preparcd?
imr Butyricacd (b} lsopuyric acid - {€) Succinic acid




@ 23- dimethy! butanedioic acid

IL  Answer the following in 30 lines

2. What are acyloxy and alkyloxy fissions in ester hydrelysis? How can these fissions be
demonsirated experimentally? Write the mechanism of the two types of fissions undergoing
in the presence of acid catalys? : : ' '

3. Outline the synthesis of malon ic esterf from acetic acid. Slarling from diethylmalonate how _
are the following compouands prepared? '

(@  Pentanoic acid (valeric ak;id)
(b}  Pentane dioic acid
cy 23- Dimethy! butanedioic acid

4, Anester A (C H, 20, Y on hydrolysis gave "B" (C?HSOZ) and C(C, H,O0).Bis sbluble in
sodium bicarbonate solution. Whereas Cisinsoluble inalkali. C Onoxidation with chromic

+ 28.12 MODEL ANSWERS TO CHECK YOUR PROGRESS

0
1) [
a)  CH,-C-OCH, CH,CH, n-Propyl ethangaic

s~ CH,CH, —-C - OCH, Meethyl butzmcate . . .

2) Acel:lp : lsmgnna;umandjsdumnc duetoslmngmtemwlwul;rhydrogen bondmg while . ) w -
chylae e i 20t and i 0omomeric, R v s IR
0=-~-H— 0\ |
¢ C~ Chy

Author : Dr.T. 8 urzdamramaiah 299
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| N.B.:1. Do not copy the answer directly from any of the books.

As far as possible iry to answer the questions independently in your own

[ ' words. o ' ' ' _

If it is necessary to quote from any source give the correct reference.

Use your own foolscap pages for writin g the assignment.

Leave sufficient margins for the comments of the evaluator. |
Completion of this assignment normally should not take more than two '
hours time. - ' S
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A AW

Answer the following in 30 lines.

| 1. Explain the different types of isomerism exhibited by Organic compounds with -
- examples. ' o - : .

2. What are cumulated, conjugated and isolated dienes? Describe two general
i - methods for the preparation of alkadienes. B I

[ 3. - Explain induction effect, resonance effect and hyperconjugation.

Section - B

Answer the following in 10 lines,
f . Explain how carbon forms four covalent bonds.
2. Write a note on pyrlysis of coal.

: 3. Howis ozonelysis useful in the determination of the position of double bonds
l in alkenes? - ' o




Dr. B.A.AMBEDKAR OPEN UNIVERSITY
Faculty of Science
(Under Graduate programme)
I1- YEAR

CHEMISTRY COURSE - I

ASSIGNMENT -3

|

| _ -

|I | N | -Secti_on -A
]

1

words.

o B W

Completion of this assignment normally shoul
hours time. ‘ '

‘ . Answer the followmg in 30 llnes

EE ’-"heﬂmne glvmg the mnchanfsémf macmns

chermcal fcactmns of a}kyl beniénes

... 3 :

S __Sactio’n-.-;_B,.‘

- | Answer thefollowingm 10 lines.”

l 1. Phenolis acidic while benzyl alcohol is neutral, Explain.

p-chlorotoluene.

. N.B:l.  Donotcopy thc answer directly from any of the books. _
' As far as possible ry to answer the questions independently in your own
If it is necessary to quote from any source give the correct reference.
Use your own foolscap pages for writing the assigniment.

Leave sufficient margins for ‘the comments of the evaluator.

d not take more than two

- 1 RS stcuss any ! thrcc for each elec&rophlhc and nuclcophnhc subsmunon reacnons of .. |

- What are. SN1 an SN?I:reacuons‘? Exp’lam in detail the mechamsm and sicreochem-
_1stry of SN1 SN2 ‘and: reacnm}s for the alkaiime hydrolysis of atkyl halldes

| 2 Explain the directive influence of groups of aniline and nitrobenzene.

| 3, Formulate a mefhod for conversion of benzene into (i) Benzyl c]}loridc and (i1)
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Section - A

Answer any three of tire following in 30 lines.

[a—

State and discuss the terms lonisation potential, electron affinity and eletro-

negativity.” : '

2. Write an account of the oxides and 0xy acids of V-B elements. How does the
strength of oxy acids vary in this group?

3. Give a concise account of the preparation properties and structures of inter
halogen compounds. :

4. Discuss the general methods for the preparation of alkanes with suitable

examples.

5. Explain the different types of isomerism exhibited by organic compounds with -
examples. '

6. Write a brief account on Inductive effect, hyper conjugation and Rebonance
-energy. '

Section - B

Answer any five of the following in 10 lines

6x5=30
7. Howdo you account for the high lonigation potential of noble gases.
8. What is meant by ligand? Explain with examples.
- 9. " Explain the term allotrapy. :
10. How ortho h ydrogen differs from parahydrogen?
1. Glive reasons for the greates acid strengths of HIin the series of hydrogen
~ halides, :
2. Explain Markoinkoff's rule.
- 13, Write a brief account of cis-Trans isomers,

- 14 Explain the preparation of nitrobengene from benzene.
15, "Explain low Carbon forms four covalent bonds.
16.  Write the 0zonolysis products of ortho and paraxylenes.
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