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POLYMERS AND PRACTICAL ORGANIC CHEMISTRY NOTES
—  Theterm polymer isused to describe avery large molecul e that is made up of many small repeating
molecular units. These small molecular unitsfrom which the polymer isformed are called monomers.
—  Thechemical reaction that joinsthe monomerstogether is called polymerisation.
—  Starting from n molecules of a compound M, linking in a linear manner will form polymer

Homopolymer sand Copolymers

X-M—(M),,_,—M-y. The nature of linkages at the terminal unitsi.e. M —x and M —y depends upon
the mode of reaction used in making the polymers.

Polymerswhich areformed by only onetype of monomer are called homopolymers. Some examples
of homopolymersand their monomersare given below :

Homopolymer Monomer

Starch Glucose

Cellulose Glucose

Glycogen Glucose

Dextrin Glucose

Inulin Fructose
Polyethylene Ethylene

Polyvinyl chloride Vinyl chloride
Teflon Tetrafluoro ethylene
Nylon—6 Caprolactam
Polystyrene Styrene

Orlon (Acrilan) Acrylonitrile
Plexiglas (Lucite) Methyl methaacrylate
Polyvinyl acetate Vinyl acetate

Polymers, which are formed by more than one type of monomers are known as copolymers. Some

examplesare given below inthetable:

Copolymer Monomers

Saran Vinyl chlorideand vinylidene chloride
SAN Styreneand acrylonitrile

ABS Acrylonitrile, butadieneand styrene
Butyl rubber | sobutylene and | soprene

Buna-S, SBR Styrene and Butadiene

Buna—N, NBR Acrylonitrileand Butadiene

Nylon-66 Hexamethylenediamine and Adipic acid

Terylene

Terephthalic acid and ethylene glycol
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Depending upon the distribution of monomer units, the following types of copolymersare possible.
Random Copolymer

If the monomer units have random distribution throughout the chain, it iscaled random copolymer.
For example, if the monomer A and monomer B undergo copolymerisation then the structure of the
random copolymer is

nA + nB—— -A-A-B-A-B-B-A-B-A-A-A-B-

segment of random copolymer

Alternating Copolymer

If thetwo monomer units present alternatively throughout the polymer chain, itissaid to bedternating
copolymer. For example,

nA + nB— -A-B-A-B-A-B-

segment of alternating copolymer

The exact distribution depends upon the proportion of thetwo reactant monomersand their relative
reactivities. In practice neither perfectly random nor perfectly alternating copolymers are usually
formed. However, most copolymers tend more towards alternating type but have many random
imperfections.

Block copolymer

Polymersin which different blocks of identical monomer units alternate with each other are called
block copolymers.

For example,

-B-B-A-A-A-A-A-A-B-B-B-B-B-B-A-A-

segment of a block polymer

Block copolymer can be prepared by initiating the radical polymerisation of one monomer to grow
homopolymer chains, followed by addition of an excess of the second monomer.

Graft copolymer

Polymersin which homopolymer branches of one monomer unit are grafted onto ahomopolymer
chain of another monomer unit are called graft co—polymers. For example:

AAAADAR-ANA-

]
S
S
I|?>BBB

| | | |
(Segment of a graft copolymer)
Graft copolymers are prepared by y-irradiation of ahomopolymer chainin the presence of asecond
monomer. the high energy radiation knock out H-atoms from the homopolymer chain at random
pointsthusgenerating radical sitesthat can initiate polymerisation of the second monomer.
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CLASSIFICATION OF POLYMERS
Polymersareclassifiedin following ways:
M CLASSIFICATION BASED UPON SOURCE
(@) Natural polymers
Polymers which are obtained from animals and plants are known as natural polymers. Examples

of natural polymersare given below.

Natural polymer Monomers

1. Polysaccharide Monosaccharide

2. Proteins a-L-Amino acids

3. Nucleic acid Nucleotide

4. Silk Aminoacids

5. Natural Rubber (cis polyisoprene) | soprene (2-Methyl-1,3-butadiene)
6. Gutta purcha (trans polyisoprene) | soprene

Natural polymerswhich take part in metabolic processes are known asbiopolymers. Examplesare
polysaccharides, proteins, RNA and DNA.

2 Semisynthetic polymers
Polymerswhich areprepared from natural polymersare known as semisynthetic polymers. M ost of
the semisynthetic polymersare prepared from cellulose. Examples are: cellulose acetate, cellulose
nitrate, cellulose xanthate and Rayon.

3 Synthetic polymers
Man-made polymers, i.e. polymersprepared in laboratory are known as synthetic polymers. Example
are : PVC, polyethylene, polystyrene, nylon-6, nylon-66, nylon-610, terylene, synthetic rubbers
€tC.

(1) CLASSIFICATION BASED UPON SHAPE

@ Linear polymers
Polymer whose structureislinear isknown aslinear polymer. The variouslinear polymeric chains
are stacked over one another to give awell packed structure.

X ——

N\ R\

T

N N
The chainsare highly ordered with respect to one another. The structureis close packed in nature,
due to which they have high densities, high melting point and high tensle (pulling) strength. Linear
polymers can be converted into fibres.
Note:
(i) Allfibersarelinear polymers. Examplesare cellulose, silk, nylon, teryleneetc.

(i) Linear polymers may be condensation aswell asaddition polymers. Examplesare cellulose,
polypeptide, nucleic acid, nylon, terylene etc.
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Branched chain polymers

Branched chain polymers are those in which the monomeric units constitute a branched chain.
Due to the presence of branches, these polymers do not pack well. As a result branched chain
polymers havelower meting points, low densitiesand tensle strength ascompared to linear polymers.
Branched chain polymersmay be formed due to addition aswell as condensation polymerisation.
Examples are amylopectin, glycogen, low density polyethylene.

T

Cross-linked or Three Dimensional network polymers

In these polymerstheinitially formed linear polymeric chains are joined together to form athree
dimensiond network structure. These polymersare hard, rigid and brittle. Cross-linked polymers
are always condensation polymers. Resins are cross linked polymers, Urea-formaldehyde resin,
phenol -formaldehyderesin.

==

CLASSIFICATION BASED UPON SYNTHESIS

@

Condensation polymerisation

They areformed due to condensation reactions. Condensation polymerisation isal so known as step
growth polymerisation. For condensation polymerisation, monomers should have at least two
functional groups. Both functional groups may be same or different. Monomers having only two
functional group awaysgivelinear polymer.

For example,

ANH,~R-NH, + "HOOC-R’~COOQH -Condensation NhroNhte L epyho
reaction n

Polyamide

[ i
nHO-R-OH + nHO-C-R*~C-OH S2ndensation, orolrl| +myno

Polyester

Condensation I n
reaction ~NH-R-C- n+ ( 2 _1) H.0
Polyamide

nNH,-R-COOH

Condensation polymers do not contain all atomsinitially present in the monomers. Some atomsare
lost in the form of small molecules. Monomer having three functional groups always gives cross-
linked polymer.

Examplesare: Urea-formaldehyderesin, phenol-formaldehyderesn.
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3 Addition polymerisation

Polymers which are formed by addition reaction are known as addition polymers. If monomer is
ethylene or itsderivative, then addition polymer is either linear polymer of branch- chain polymer.
Examplesare: polystyrene, polytetrafl uoroethylene, polyacrylonitrileetc. If monomer is1, 3-butadiene

CH2=C|:—CH:CH2

or 2-substituted-1, 3-butadiene { } , then polymer is aways branched chain

G
polymer.
G G
nCHZ:C|:—CH:CH2—> —CHZ—C|::CH—CH2—
(Monomer) (Polymer) n
(Monomer) (Polymer)
(i) G=H:1,3-Butadiene (i) Polybutadiene

(i) G=CH,; 2- Methyl-1,3-butadiene or isoprene  (ii) Polyisoprene
(iii) G=CI ; 2-Chloro-1,3-butadiene or chloroprene (ii) Plychloroprene (Neoprene)
Addition polymersretain all the atomsof the monomer unitsin the polymer. Addition polymerisation
takes place in three steps. I nitiation, chain propagation and chain termination. Addition polymers
are called aschain growth polymers.
Typesof Addition Polymerisation

(A) Radical Polymerisation :
Radical polymerisaiton takes place in the presence of radical initiators. The radical initiator may
beany of thefollowing:

I P N
H,0,, CH3—C|:—O—O—H, KO—”—O—O—S—OK , CH3—C|I—N:N—C|:—CH3
CH, 0 0 CN  CN

Reaction intermediate of radical polymerizaitonisafreeradical. Radical polymerization hasmore
chancefor those monomerswhosefreeradicals are more stable.
Examplesare:

O
C,H.~CH=CH,, CH,=CH-CI, CH?_:CH—O—|C|3—CH3
Styrene Vinyl chloride Vinyl acetate
CH,=C—CH, ?
CH,=CH-CN C|2—O—CH3 CH,=C~CH=CH,(G=H, CH, and Cl)
Acrylonitrile g

(vinyl cyanide) Methyl methacrylate 2-substituted-1,3-butadiene
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Radica polymer haslinear aswel asbranched chain structure.
Most of the commercia addition polymers are vinyl polymers obtained from akenes and their

R etc.]. Thistype of polymerisation ispreformed by heating the

6 57

derivatives CH,=CH [GisH,CH
|
G

monomer with only avery small amount of theinitiator or by exposing the monomer to light. the
general mode of radical polymerisation of vinyl monomersis depicted below :
Chaininitiation step :
Initiator — Ine
Ine + CH,=CH — In-CH,~CH
5 6
Chain propagating step :

CH,=CH + In—CHZ—CFH N In—CHZ—CliH—CHZ—ﬁ.ZH - In—(CHZ—CllH}nCHZ—Cl.lH
G G G G G
Chain terminatingstep :

2In4CH2:C|3H)nCH2—CT:H - In-(CHZ—CllH)hCHZ—?H—?H—CHZ{-CllH—CHz)ﬁIn
G G G G G G

Polymer

Invinylic polymerisation, variousother reaction of freeradicalswith some other compounds present
may compete with the parent addition chain reactions. One such reaction takes placewith molecules
that can react with the growing chain to interrupt the further growth. Thisleadsto the lowering of
the average molecular mass of the polymer. Such reagents are called as chain transfer

agents and include CCl , CBr, etc.

For example, in the presence of CCl, styrene polymerisesto form polystyrene of alower average
molecular masswhich al so contains some chlorinewhat happens hereisthat growing polystyrene
radical which normally would add on a monomer reacts with the chain transfer agent to end the
origina chainand producesanew radicd. Thelatter initiatesanew polymerisation chain and thereby
formsanew polymer as depicted below.

® ®
—CHZ—?H +CCl, > —CHZ—(|3H—CI + CCl,
CH, CeHe

Styrene

cel,+ CHZ:c|:H N CIBC—CHZ—(I?H CI,C-CH,~CH{CH~CH)stc,
C6H5 C6H5 C6H5 C6H5
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If thechaintransfer agent aradical, whichishighly unreactive, the reaction chain getsterminated such a
compound thusinhibitsor arrests polymerisation. Many amines, phenols, quinonesetc. act asinhibitors. So,
eventracesof certainimpurities, which can act aschaintransfer agent or aninhibitor caninterfere with the
origind polymerisation chainreaction. Hence, themonomerscould befreefromsuch inhibitors.

In casetheakeneisa (diene), thefollowing kinds of polymerisationispossible:

1,4 - polymerisaiton.

When the polymerisation takes place at C, and C, of butadiene, an unbranched polymer isformed.
Thisproduct isdifferent from that formed from an alkene having adoubl e bond, which at each of its
carbonsis substituted by different groupsand hence can exist either astrans-polybutadieneor cis-
polybutadiene or amixture as shown below.

° [ ]
Re + CH,=CH-CH=CH,— R-CH,~ CH-CH=CH,~—— R-CH-CH=CH-CH,

H CH H H
Ne=cZ Yl and Ne=?
i /T Nen

CH, H N CH, 2 .

trans-1,4 structure cis -1,4 structure
1,2-Polymerisation

Alternatively, 1,3 -butadiene can undergo polymerisaiton at C, and C, toyield the polymeric product,
polyvinly polythene.

4cH,  CH,
oLl
2n CliHZ:CZJH—gH:éHZL R4 éHg—zﬁl?H—Cl?Hz—ZCHin

The double bonds in these initial polymers can be linked by further treatment with chemicals to
modify the propertiesof the polymers. Thesereactionsform the basis of the formation of rubber.
Cationic Polymerisation :

Polymerisation whichisinitiated by an electrophileis known ascationic polymerisation. Reaction
intermediate of cationic polymerisation isacarbocation. Carbocations can undergo rearrangement
leading to the formati on of amorestable carbocation. The éectrophile commonly used for initiation
is BF,.OEt,. Monomersthat are best able to undergo polymerisation by a cationic mechanism are
thosewith electron - donating substituentsthat can stabilisethe carboncation. Someexamplesare:

CH,=CH-CH, CH3—?:CH2 CH;FCH—O—? C¢H.-CH=CH,
Propene CH, CH, Styrene
Isobutene Vinyl acetate

It isterminated by abase.
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Thus, when theinitiator iscationicin nature, it would generate acationic intermediate on addition tothe

double bond for propagating the addition chain processand istermed ascationi ¢ addition polymeri sation.

The processisinitiated by an acid. The stagesof polymerisation are depi cted below.

Chaininitiation step :

B W\ ®

H + CHZ:C|3H — CH?_—C|:H
G G

Chain propagating step :

@
CH3—%|;3‘H/+\C§I-2\= C|:H—» CH, - C|H—CH2 - c|:H—» So on

G G G G
Chainterminating step :

@® _
CH3—C|:H{CH2—?H}CH2—$H—» CH, - ?H{CHZ— CHY. C|2H =CH +HA
G

|
G G G G G

Cationic polymerisation is facilitated in monomers containing electron - releasing groups. Thus,
isobutylene undergoes cationic polymerisation easily asit hastwo electron releasing —CH, groups
that will stabilizethe intermediate carbocation.

CH, CH,

4\ | e

H + CH,= C - CH,—— CH; =

CH,
CH, CHy CHy CH,  CH, |c:H3
v N\ @
CH, - ﬁ:@/Jr\ C‘ﬂz\:lc + CH, =$ — CHg—f—CHz—Cl?—CHz—ﬁ?
CH, CH, CH;, CH;  CH; CH,

(Butyl Rubber)
Anionic Polymerisation :
Anionic polymerisation takes placein the presence of base or nucleopile, whichisinitiator inthis
polymerization. Reaction intermediate in propagation steps are carboanion. The suitableinitiator
can be NaNH, or RLi. Those monomers undergo anionic polymerisation reaction whose anion is
Sable.
Example of monomersare:

CHy=0-CH,
CH,=CH-CI  CH,= CH-CN CgHe-CH=CH,
Vinyl chloride Acrylonitrile |C|3—OCH3 Styrene

0]

Methyl methacrylate
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Anionic polymerisation alwaysgiveslinear polymer. Anionic polymerisation termnated by anacid.

The formation of polystyrene from styrene in the presence of potassum amide is an important
example of thiscategory of polymerisation. The mode of anionic polymerisationis depicted bel ow:
Chaininitiation step :

¢\

KﬁH2 + CHZ:Q:‘H —— NH,-CH,-CHK
| |
X X

Chain propagating step :

2N N — .,
NH?_—CHZ—|CH +nCH,= (|:H — NHZ—CHZ{C|2H - CHZ}ncllH K
X X X X

Chain terminating step :

+

NH,~CHACH - CHZ-}nTCH H L HN ~CH{CH - CHCH,
X X X X

(D) Ziegler- Nattapolymerisation :

Addition polymerisation which takes placein the presence of Ziegler- Nattacatalyst [(C,H,) Al and
TiCl,] is known as Ziegler- Natta polymerisation or coordination polymersation. Ziegler- Natta
polymerisation always giveslinear, sereo-regular polymers. Ziegler- Nattacatalyst revolutionised
thefield of polymer chemistry becausethey allow the synthesisof stronger and stiffer polymers (due
tolinear geometry) that have greater red stance to cracking and heat.

High density polyethyleneis prepared using a Ziegler- Natta catal yst.

CLASSIFICATION BASED ON INTERMOLECULAR FORCES
(SECONDARY FORCES)

Intermolecular forces present between polymeric chains are (a) Van der waals forces
(b) Hydrogen bondsand (c) Dipole- dipole attractions. Mechanical propertiessuch astensilestrength,
elasticity, toughnessetc. depend upon the secondary forces present between the polymeric chains.
Magnitude of secondary forces depends upon the size of the mol ecul e and the number of functional
groups aong the polymeric chains. Magnitude of secondary forcesis directly proportional to the
length of the polymeric chain. On the basis of magnitude of secondary forces, polymers can be

divided into thefollowing following categories.
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Elasomes

An elastomer is a plastic that stretches and then reverts back to its original shape. It is randomly
oriented amorphous polymer. It must have some cross-links so that the chainsdo not slip over one
another. Very weak Vander Waal forcesare present in between polymeric chains.

When elastomers are stretched , the random chains stretch out, but there are insufficient Vander
Waal forcesto maintaintheminthat configurationand position. When the stretchingforceisremoved,
they go back to their random shape. Elastomers have the ability to stretch out over ten timestheir
normal length. Important examples are vul canized rubbers.

Note: Addition polymersobtained from butadiene and itsderivativesare elastomers.

Fibres

Fibresarelinear polymersinwhichtheindividua chainsof apolymer are held together by hydrogen
bondsor dipole-dipoleattraction. Inthefibres, the polymeric chainsare highly ordered with respect
to one another. Dueto strong intermolecular forces of attraction and highly ordered geometry, fibres
have high tensile strength and least elagticity. they have crystaline character and have high melting
pointsand low solubility. Examplesare cellulose, nylon, terylene, wool, silk etc.

(i) Condensation polymersformed from bifunctional monomers arefibresin character.

(if) Addition polymersof alkenederivatives having strong- | group arefibresin character.
Thermoplastic Polymers

Thermoplastic polymersare polymersthat have both ordered crystalline regions (theregions of the
polymer in which the chains are highly ordered with respect to one another) and amorphous, non
crystalline regions (the regions of the polymer in which the chains are randomly oriented. The
intermolecular forces of attraction are in between elastomers and fibres. There are no cross links
between the polymeric chains. Thermoplastic polymers are hard at room temperature, but when
they are heated, the individual chains can dip past one another and the polymer become soft and
viscous. this soft and viscous material become rigid on cooling. The process of heating softening
and cooling can be repeated as many times as desired without any change in chemical composition
and mechanica propertiesof the plastic. Asaresult, these plastics can be moul dedinto toys, buckets,
telephone and television cases. Some common examplesare : polyethene, polypropylene, polystyrene,
polyvinyl chloride, teflon etc.

Note : Addition polymers obtained from ethylene and ethylene derivatives are thermoplastic
polymers.

Thermosetting Polymer s

Polymerswhich become hard on heating are called thermosetting polymers. thermosetting polymers
can be heated only once when it permanently setsinto asolid, which cannot beremelted by heating.
Thermosetting polymersare cross- linked polymers. Greater the degreeof cross- linkingthat exi<,
the morerigid is the polymer. Cross-linking reduces the mobility of the polymer chains, causing
themto berelatively brittle materials. the hardening on heating isdueto the extensive cross-linking
between different polymer chainsto give athree dimensional network solid. Examplesare : phenol
formaldehyderesin, urea-formaldehyderesn ,melamine - formaldehyderesin.
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DIFFERENCE BETWEEN THERMOPLASTIC AND THERMOSETTING POLYMERS
S.No. [ Thermoplastic polymers Thermosetting polymers
1. | Softenand melt on heating and Become hard on heating and processis
become hard on coolingi.e. irreversble.

processisreversible
2. | Canbemoulded and remoulded They can be moulded once and cannot be remoulded

and reshaped. or reshaped.
3. | They areaddition polymers They are condensation polymers.
Structureisgenerally linear Structureiscross- linked.
RUBBER

1. Natural Rubber

Natural rubber isobtained from nearly fivehundred different plants but the main sourceisa braziliensi's
tree. Itisobtained in theform of milky sap known aslatex. Thislatex iscoagulated with acetic acid
and formic acid. The coagulated massisthen squeezed.

The raw natural rubber is a soft gummy and sticky mass.It isinsoluble in water, dilute acids and
alkalies but soluble in non-polar solvents. It haslow elasticity and low tensile strength. Natural
rubber isapolymer of 2-methyl-1,3-butadiene(isoprene). On average, amolecul e of rubber contains
5000 isoprene units held together by head to tail. All the double bonds in rubber are cis, hence

natural rubber iscis-polyisoprene.

TN e

Polymerisation (1,4 addition reaction)

n

Gutta- perchaisanaturaly occurring isomer of rubber in which all the double bondstrans. Thus,
gutta-perchaistrans-polyisoprene.
CH,

| Polymerisati MNem e

A ymerisation c=cC

NCH,=C-CH=CH, 1,4 addition reaction H C/ N\
2 H

CH5

n

It is harder and more brittle than rubber. It is the filling material that dentists use in root cand
treatment.
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In order togive strength and elasticity to naturd rubber, it isvul canized. Heating of rubber with sulphur

or sulphur containing compound at 150° C for few hoursisknown asvulcanisation. Theessentid feature
of thevulcanisation istheformation of cross-linking between the polymeric chains. Thiscross-linking
givesmechanical strength to the rubber. \ ul cani sation processcan beenhanced in the presenceof certain
organic compoundsknown as accelerators. The common accel eratorsare:

S S
CH, CH
C6H5—NH—‘C‘J—NH—CGH5 >N—C—S—S—C_N < 3
NH CH; CH,
Diphenyl guanidine Tetramethylthioureadisulph

In addition, fillers such as carbon black and zinc oxide are usually added to the crude rubber before

vulcanisation in order to improveitswearing characteristics.

Natural rubber is used for making shoes, water - proof coats and golf balls. VVulcanised rubber is

used for manufacture of rubber bands, glovestubing and car tyres.

SYNTHETIC RUBBER OR POLYMERISATION OF DIENES

Polymersof 1,3 - butadienesare called syntheti ¢ rubbers because they have some of the properties

of natural rubbersincluding the fact that they are water proof and elastic. Synthetic rubbers have

someimproved properties. They are moreflexible, tougher and more durable than natural rubber.
1 Homopolymers

Monomer of thisclassis 2 - substituted - 1,3- butadienes.

G

|
CH,=C-CH=CH, where G=H, CH; or Cl.

Polymerisation is always carried out in the presence of Zieglar-Natta catalyst which gives stereo
regular polymers.

J \+ J \+ VAR Zieglar - Natta

catalyst

n
cis poly (1,3 butadiene)

Neoprene wasthefirst synthetic rubber manufactured onlarge scale. It isalso called dieprene. Its

monomer, chloropreneg(2-chlorobutadiene) isprepared from acetylene.

Cl

|
aHC =cH —%%2 o =cH-c=cH HE ., cH =cH-c=CH,
Acetylene 4 Vinyl acetylene Chloroprene

Cloroprene undergoesfreeradica polymerisation to form neoprene (polychloroprene).
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Cl
| Zieglar-Natta Cl /CHZ_]_
nCH,=C-CH=CH, > Cc=C
Catalyst £-CH / AN
2-chloro-1,3 butadiene 2 CH,
or (Trans polymer
chloroprene Trans polychloroprene
or Neoprene
Many of the properties of neoprene are similar to natural rubber but neoprene ismore resistant to
action of oils, gasoline and other hydrocarbons. It isalso resistant to sunlight, oxygen, ozone and
heat. It isnon - inflammable.lt isused for making automobile and refrigerator parts, hosesfor petrol
and oil containers, insulation of electric wiresand conveyor belts.
2. Copolymers

Thefollowing synthetic rubbers are exampl e of copolymers.

Synthetic rubber Monomers

1. Buna-S, SBR (Styrene-butadiene rubber) C,H~CH=CH, + CH_=CH-CH=CH,
(25%) (75%)

2. Buna-N, NBR (Nitrile-butadiene rubber) CH,=CH-CN + CH,=CH-CH=CH,
(25%) (75%)
CH,—C=CH, + Butadiene

3. Butyl rubber CH; 2%

98%
4. ABS; Acrylonitrile, Butadiene, Styrene CH,=CH-CN + CH,=CH-CH=CH,

+ C,H.CH=CH,
(@ Thiokol : Thiokol ismade by polymerising ethylene chloride and sodium polysul phide.
2Cl-CH,—CH,—Cl + Na-S-S—Na —Polymerisation oy ¢ S §-CH,~CH,~S—S—~CH,~CH,—
Thiokol rubber
The repeating unit is —-CH_—-S-S-CH,—.Thiokol is chemically resistant polymer. It is used in the

manufacture of hoses and tank linings, engine gaskets and rocket fuel when mixed with oxidising

agents.

(b) Buna-S(SBR: Styrene-butadienerubber) : Buna-Srubber isacopolymer of three moles of
butadiene and one mole of styrene. In Buna-S, 'Bu’ standsfor butadiene, 'na for symbol of sodium
(Na) whichisapolymerizing agent and 'S stands for styrene. It isan elastomer (General purpose

syrene Rubber or GRS).
CH=CH,
nCH,=CH-CH=CH,+ n  — «ECHZ—CH:CH—CHZ—CH—CHZ}
1,3-Butadiene n

Styrene

Buna-S
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Buna-Sisgeneraly compounded with carbon black and vul canised with sulpur. Itisextremely resigant
towear and tear and therefore used in the manufacture of tyresand other mechanical rubber goods. Itis
obtained asaresult of freeradica copolymerisation of itsmonomers.

Buna-N : It isobtained by copolymerisation of butadiene and acrylonitirile (General Purpose Rubber
NCH,=CH-CH=CH, + nCszc‘iH

?N
«ECHZ—CH:CH—CHZ—CHZ—CH }
CN n

Itisvery rigid andisvery resistant to action of petrol, lubricating oil and many organic solvents. Itis
mainly used for making fuel tanks.

Cold Rubber : Cold rubber isobtained by polymerisation of butadiene and styreneat —18° to 5°C
temperaturein the presence of redox system. Cold rubber hasagreater tensile strength and greater

acrylonitirleor GRA).

resistance ot abrasion than SBR.
NYLON

@
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Nylon isused asagenera namefor al synthetic fibres forming polyamides, i.e.,having a protein
like structure. A number is usually suffixed with the name 'nylon’ which refers to the number of
carbon atoms present in the monomers.

NYLON - 66 (Nylon six, six)

It is obtained by the condensation polymerisation of hexamethylenediamine (a diamine with six
carbon atoms) and adipic acid (adibasic acid having 6 carbon atoms).

280°C
NHOOC(CH,),COOH + nH,N(CH,)s NH, —r = e {OC(CHZMCONH(CHZ)GNH}
Adipic acid Hexamethylene _(n_1) H,0 Nylon - 66 n

diamine
NY ON-610 (Nylon six, ten)
It is obtained by condensation polymerisation of hexamethylenediamine (six carbon atoms) and
sebacic acid (adibasic acid with 10 carbon atoms.)
Nylon fibres are stronger than natural fibres and so are used in making cords and ropes. Thefibres
areeladtic, light, very strong and flexible. They havedrip dry property and retain creases. It isinert
towards chemicals and biological agents. It can be blended with wool. Nylon fibres are used in
making garments, carpets, fabrics, tyre cords, ropes, etc.
NYON-6 (Perlon L)
A polyamide closely related to nylon is known as perlon L (Germany) or Nylon - 6 (USA). Itis
prepared by prolonged heating of caprolactum at 260-270°C. It isformed by self condensation of a
large number of molecules of amino caproic acid. Since, caprolactumismoreeasily available, itis
used for polymerization, with iscarried out inthe presence of H,O that first hydrolysesthelactam to
amino acid. Subsequently, the amino acid can react with the lactam and the process goes on and
onto form the polyamide polymer.
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Carpolactam isobtai ned by Backmann rearrangement of cyclohexanoneoxime.

OH o) NOH
O [0] © [O] éNHZOHé

Cyclohexane Cyclohexanol Cyclohexanone Cyclohexanone
Oxime

NOH
H,S0,

0
Backmann CVO 260-270°C |:—|(|3—(CH2)5—N H—:|
rearrangement NH H,0 >
(six carbon atoms in the
repeating units)
Nylon-6
4 NYON-2-NYLON-6
It isin dternating polyamide copolymer of glycine and amino caproic acid and is biodegradabl e.
POLYETHYLENE
Polyethyleneisof two types:
(@ L ow Density Poly Ethylene (LDPE) : It ismanufactured by heating ethylene at 200°C under a
pressure of 1500 atmospheres and inthe presence of tracesof oxygen. Thispolymerisationisafree
radical polymerisation.

200°C
—cH,—=2~ . LcH,cH }
NCH,=CH, — 7500 atm. ‘E 2 P

The polyethylene produced has a molecular mass of about 20,000 and has a branched structure.
Dueto this, polyethylene has alow density (0.92) and low melting point( 110°C). That is why
polyethylene prepared by free radical polymerisation is called low density polyethylene. It is a
transparent polymer of moderate tensile strength and high toughness. It iswidely used asapacking
material and asinsulation for electrica wiresand cables.

(b) High Dengty Poly Ethylene (HDPE) : Itisprepared by theuseof Zieglar - Nattacatalyst at 160°C
under pressure of 6 to 7 atmosphere.
The polymer islinear chain, hence it has high density (0.97) and has high melting point (130°C).
That is why itiscalled high density polyethylene. It isatrand ucent polymer. It hasgreater toughness,

hardnessand tendle strength than low density polyethylene. It isusedinthe manufacture of containers

(buckets, tubes), house wares, bottles and toys.

PLASTICISER
A plagticiser isan organic compound that dissolvesinthe polymer and allowsthepolymer chainsto
slide past one another. This makes polymer more flexible. Dibutylphthalate isa commonly used

plasticiser.
i
C-O—(CH,)CH ,
Qiﬁ—o—(CHz)QH 3

0]
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MELAMINE - FORMALDEHYDE RESIN
Thisresinisformed by condensation polymerisation of melamine and formal dehyde.

H, N\( Y /NYNHCHZOH —'HNYNTNH_CHT
+ HCHO — I
N§/|N Polymerisation NYN

NH NH, NH, n

(Intermediate) Melamine-formaldehyde polymer

Itisaquitehard polymer and isused widely for making plastic crockery under thenamemelamine.The
articlesmade from this polymer do not break even when dropped from considerable height.
BAKELITE

Phenol-forma dehyderesins are obtained by thereaction of phenol and formaldehydein the presence
of either anacid or abasic catalyst. Thereaction startswith theinitial formation of ortho and para-
hydroxymethyl phenol derivatives, which further react with phenol to form compounds whererings
arejoined to each other with—CH, groups. Thereactioninvolvesthe formation of methylenebridges
in ortho, para or both ortho and para positions. Linear or cross - linked materials are obtained

depending on the conditions of the reaction.

OH

OH OH
. i} CH,OH
+ Hego H.oroH | +

(Intermediate) CH,OH
o-and p-hydroxymethyl phenol

OH

OH OH
CH,OH o
n Polymerisation CH;
n

Linear polymer

Novolac
OH OH OH
CH ,OH
n Polymerisation - CH; CH; CH—
CH,0OH CH, CH,
CH2~<>»CHZ<;~ CH; CH—
OH OH OH

Cross - linked polymer (Bakelite)
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| 4
POLYESTERS

Dacronisacommon polyester, prepared usng ethylene glycol and terephthalic acid. Thereactionis
carried out at 140° to 180° Cin the presence of zinc acetate and Sh,O, as catalyst.

nHOCH,CH,OH + nHO,C QCOZH_. {OCHZCHZ—C—@Tﬂ—
n
0

Ié

Dacron
Theterylenefibre (Dacron) iscreaseresistant and haslow moisture absorption. It hashigh tensile
strength. It is mainly used in making wash and wear garments, in blending with wood to provide
better crease and wrinkleresistance.

BIODEGRADABLE POLYMERS

By far thelargest use of synthetic polymersisasplastic. A major portion of it isused asthrowaway
containers and packing materials. Since plastics do not disintegrate by themselves, they are not
biodegradable over a period of time. Non - biodegradability is due the carbon-carbon bonds of
addition polymerswhich areinert to enzyme catalysed reaction. These polymers create pollution
problem.
Biodegradable polymersarethe polymersthat can be brokeninto small segmentsby enzyme catalysed
reactions using enzymes produced by microorganisms. In biodegradable polymers, bondsthat can
be broken by the enzymes areinserted into the polymers. Therefore, when they areburied aswage,
enzymes present in the ground can degrade the polymer.
One method involvesinserting hydrolysabl e ester group into the polymer. For example, when acetal
(1) isadded during the polymerization of alkene, ester group isinserted into the polymeric chains.

(0]
O-CH,—CH, peroxide

| ~|E:H —CH-CH —|C|2—O—CH —CH,-CH,—CH
O—CHZ—CHZ 2 | 2 2 2 2 2 0

R
Ester linkage attacked by enzyme

NR-CH=CH, + nCH,=C{

Aliphatic polyesters are important class of biodegradable polymers. some examples are described
below:
(@) Poly - Hydr oxybutyrate-CO-B-Hydroxyvalerate (PHBV)
It isacopolymer of 3 - hydroxybutanoic acid and 3 hydroxypentanoic acid, inwhich the monomer
units are connected by ester linkages.
CH,~CH(OH)—CH,-COOH + CH, —CH,~CH(OH)-CH,~COOH —>
—(—O—|CH—CH2—?|:—O—)E where R=CH,, CH,

R @)
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e

Thepropertiesof PHBV vary according to theratio of both the acids. 3-Hydroxybutanoic acid provides
diffnessand 3-hydroxypentanoicacid impartsflexibility totheco-polymer. Itisusedin speddty packaging,
orthopaedic devicesand even in controlled drug relase. When adrugisputinacapsuleof PHBV, Itis
released only after the polymer isdegraded. PHBYV dso undergoesbacterid degradationintheenvironment.
POLY (GLYCOLIC ACID) AND POLY (LACTIC ACID)

They congtitute commercially successful biodegradabl e polymers such as sutures. Dextron wasthe

first bioadsorbable suture made for biodegradable polyestersfor post - operative stitches.

MOLECULAR MASS OF POLYMER

@

(b)

Normally, apolymer containschainsof varying lengths and therefore, itsmolecular massisalways
expressed as an average. In contrast, natural polymers such as protein contains chain of identical
length and hence, have definite molecular mass.

The molecular mass of apolymer isexpressed as

Number average molecular mass (M)

i ZNiMi

2N

where N. isthe number of molecules of molecular massM,

Weight average molecular mass (M)

YN

" ZNiMi
|

where N, is the number of molecules of molecular mass M.. Methods such as light scattering and
ultracentrifuge depend on the massof theindividual moleculesand yield weight average molecular
masses. M, is determined by employing methods which depend upon the number of molecules
present inthe polymer sampleviz. colligative propertieslike osmotic pressure.

Theratio of theweight and number average molecular masses ( M,, / M, ) iscalled Poly Dispersity
Index (PDI). Some natural polymers, which are generally monodisperesed, the PDI is unity

(i.e. Mw =Mp).
In synthetic polymers, which are always polydispersed, PDI > 1 because My, isalwayshigher than
Mn.
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COMMON POLYMERS

Monomer Repeatng unit Polymer
1. CH,=CH, -CH,—CH, - Polyethylene
Ethylene
P
2. CHzCH=CH, —CH,~CH- Polypropene
Propene
3. C¢Hs—CH=CH, —CHZ—CliH— Polystyrene
Styrene CeHs
4. CF,=CF, —CF,—CF,- Polytetrafluoro
Tetrafluoroethylene
ethylene (PTFE), Teflon
|CI
5. CH,=CH-CI -CH,-CH- Polyvinyl Chloride(PVC)
Vinyl chloride
|CN
6. CH,=CH-CN —-CH,-CH- Polyvinyl cyanide, poly
Vinyl cyanide or
Acrylonitrile acrylonitrile, Orlon.
H,C O COOCH,
|l |
7. CH,=C-C-O-CH, —CH?_—?— Polymethyl methaacrylate,
Methyl methacrylate
y y CH,
Plexiglas, Lucite
ICI) |OCOCH3
8. CH,=CH-O-C-CH, -CH,—CH- Polyvinyl Acetate
Vinyl acetate
9. CH,=CH-CH=CH, —CH,—CH=CH-CH — Polybutadiene, Bunarubber
1,3-butadiene
C|:I
10. CH,=CH-CI (vinyl chloride) —CH,—CH-CCI,~CH,~ Saran

+
CH,=CCl, (Vinylidene chloride)
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C|6H5 CN
11, CeHs=CH=CH, (Styrene) —CH,~CH-CH-CH,~ SAN
+
CH,=CH-CN (acrylonitrile)
12. CH,=CH-CN + CH,=CH-CH=CH, — ABS
+
CsHs—CH=CH,
T
13. CH?_:?—CH2+ CH,=C-CH=CH, — Butyl rubber
CH,
14. CH.~CH=CH_+CH,=CH-CH=CH, — Buna-S, SBR
15. CH,=CH-CN + CH,~CH=CH, — Buna-N, NBR
Cl
| ol
16. CH,=C-CH=CH, B Neoprene
Cloroprene ~CH,=C=CH-CH,-
OOH
N
17. + HO-CH~CH~OH —QOC—O—CHZ—CHZ—O— Poly(ethyleneterephthal ate,
COOH
Terylene, Dacron or Mylar
COOH OH
0 0
18. - _|(|: @'é_o O_o_ Kode Polyster
COOH OH
i
C-OH
19. @( + HO-CH~CH ~OH _c”: ﬁ—O—CHz—CHz—O— Polyethylene phthatate
%‘—OH 00
alkydresn (Glyptd)
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7/~
20. (CH,). ?
NH

Caprolactam

NH,(CH,)~NH,
Hexamethylenediamine
+

21.

I
HO-C-(CH,) 4—&:—OH
Adipic Acid

OH

22. © + HCHO

0
|
23. NH,~C-NH, + HCHO

NH,

N7 XN
24, |

A A

H,N N

+ HCHO
NH,

Melamine

|
—NH(CH,).~C-

I |
—NH-(CH,)¢-NH-C—(CH,),—C-

Nylon-6

Nylon - 66

Bakelite or resol

Urea- formaldehyderesin

Malamine formaldehyde resin
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(i)

CHEMICAL TESTS FOR FUNCTIONAL GROUPS

Elementa analys's, physicd, soectral and solubility test give areasonableidearegarding theidentity of
unknown compound.

Despite the tremendousimportance and ease of spectral analys's, chemical testsareindispensableto
compl ete characterization.

Test For Alcohols:
Sodium Metal
ROH + Na— RO Na’ +3H,(g)
Alcohol (Sodium alkoxide)
When Na-metal reated with acohol H_(g) evolve
It accurein 1°, 2°& 3°
Therateishighly variable and depends upon the alcohol structure.
Other Functional groupsthat evolve H,(T)
RNNH, RSH, RC=C-H, RCOH etc.

Ceric Ammonium Nitrate Oxidation (CAN Test)

OR
|
(NH,),Ce(NO,), + ROH ——(NH,),Ce(NO,), + HNO,—— Ce(lIl)
ceric ammonium nitrate alcohol (red) colour
(yellow) decolourise

Positive Test: Color changesfrom yellow to red first then to colorlesssolution. (1 min. to 12 hrs)
A positivetest includes successively the formation, and then the disappearance of thered color.
Very good test for 1°, 2° alcohol, but slow for 3° alcohol

Note: Phenolsgives brown or black colour.

JonesOxidation: Chromic anhydrideor Chromium Trioxide(CrO,)

A positive test for 1°, and 2° alcohols consists in the changes from an orange-red color (Cr®*) to
opague suspension with green to blue color (Cr*3) in 2 sec.

3° alcoholsgiveno visiblereaction within 2 sec. remaining orange

Note: Aldehydesgive positiveresult.
O
0
R/ \O

carboxylic acid

3RCH,OH + 4CrO, + 6H,S0,

1° alcohol (orange-red)

+9H,0 + 2Cr,(SO,)),

H (intense blue to green)
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[
3RCHOH + 2010, + 34,80, ——3 G +6HO + 2Cr(S0),

2° acohol (orange-red) = R (intense blue to green)
ketone
i T
3 c\ + 2CrO, + 3H,S0, —— 3 C\ +3H,0 + Cr(SO),
R i R “oH
adenyde  (orange-red) carboxylic acid (blueto green)

(iv) Lucas Test
. Thistest distinguishes1°, 2°& 3°acohol from each other

N It uses, anhydrousZnCl, in conc. HCl (lucasreagent)
R—oH- 1T 20Ch)  p_ ¢l + H,0
. 3 dcoholsgivewnhiteturbidity solutionimmediately
N 20 dcoholsgivewhiteturbidity solution within 5to 10 minutes
. 1°a coholsdoesnot givewhite turbidity at room temperature

Note: Benzyl acohol dsoreact immediatdy
(V) Victor-Mayer Test
. Thistest dso distinguishes 1°, 2° & 3°alcohol

1° - Alcohol 2° - Alcohol 3° - Alcohol
R—CH,—OH ? R
R—CH—OH R—C—OH
Red P+ 1, |
\ Red P + I, R
R—CH,—I
R Red P+ 1,
NaNO, |
R—CH—I Il?
<
R=CH N lNaNOz R—C|3—|
HNozl R R
A | NaNO
R—C—N< R—CH—NO, 2
ll\ll—OH 0 HNO, R
(Nitrolic Acid) |
R—C—NO
0 R | ?
NaOH | //O R
R—C—N\
R_C_NOZ N=0 0) lHNOz
N-O° N (Psuedo nitrol)
(Red colour) NaOH No Reaction
(Blue colour)
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(vi)  PeriodicAcid (HIO,) Test for detection of Vicinal Diolsand Related Compounds
R OH
N & 9
C|:H — 2 y) 0] 0]
+ HIO + H + HI
CH 4 / \ 2 3
v AN R H
R OH
vicinal diol periodic acid aldehyde iodic acid
CI:\ + HIO, + HO — 2 R/C\Ol_| + HIO,
RN
1,2-diketone periodic acid carboxylic acid iodic acid
R OH
\ - O O
CI:H HIO y) y) HIO
+ + +
PN 4 7 Yon R” M 3
rRT Yo
a-hydroxy periodic acid carboxylic acid aldehyde iodic acid
ketone
R OH
N\ o~ O O
CI:H HIO y) y) HIO
+  — + +
PN 4 H” Non rRT 3
H” o
a-hydroxyaldehyde ~ Periodic acid carboxylic acid aldehyde iodic acid
R\ /OH 0 0
C|3H + HIO y) y) HIO NH
— + + +
_cH ' 7 N R M\ : :
R SNHR' o
b-hydroxyamine periodic acid aldehydes lodic acid
. Theiodic acid is detected with 5% AgNQ, solution -an immediate precipitation of silver iodate
OCCurs.
HIO, + AgNO;, —— HNO; + AgIO4(9)
lodic acid Silver nitrate Silver iodate (white)
. Olefins, 2° acohals, 1,3-glycols, ketones and aldehydes are not affected by HIO, under the test

condition.
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(vii)  Acetyl Chloride

. Positive Test: Evolution of HCI gasand formation of ester asatop layer
O O
ROH y: y: HCI(g)
+ — + g
7\ 7\
H.C Cl H,C OR
alcohol acetyl chloride ester
i I
ArOH + C — C + HCI(g)
7\ 7\
H.C Cl H,C OAr
phenol acetyl chloride ester
. 3° dcoholsform primarily akyl chloride dueto the reaction of theliberated HCI on another molecul e of
thedcohal.
. Other functiond groupsthat give positivetest: 1° and 2° amines
O O
y: y: Cl(g)
RNH, + —_— + HCl(g
7\ 7\
H.C Cl H,C NHR
1°amine  acetyl chloride amide
O O
R,NH y: y: HCIl(g)
2 + - + g
7\ 7\
H.C Cl H,C NR,
2°amine  acetyl chloride amide

2.  Classification Tests For Aldehydes and Ketone
(i) 2,4-Dinitrophenyl Hydrazine
NO, NG,

o) H /
y: + ON NHNH, @560, 4\ NHN=C
RN \
aldehyde 2,4-dinitrophenylhydrazine 2 ,4-dinitrophenylhydrazone
or ketone
i Positive Test: formation of yellow, orangeor red ppt.

. Theprecipitatemay beaily at first and become crystallineon sanding.
(i1) Phenyl hydrazineand p-Nitrophenyl hydrazine.

@—NHNHZ OZNONHNHZ

phenylhydrazine p-nitrophenylhydrazine
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(iii)

(iv)

V)

Positive Test: formation of yellow ppt.
HydroxylamineHydrochloride

]
dry HCI \
/C\+ H,N - OH —2——=— C=N-OH + HCl + H,0
Aldehyde Hydroxylamine Oxime
or ketone hydrochloride

Theliberation of hydrogen chloride can be detected by the changein colour from orangeto red of apH
indicator.
Sodium Bisulfite(NaHSO,)

@)

yl + NaHSO, _— — é: —OH
7N éOS’Na+
Aldehyde Sodium bisulfite White crystalline adduct
or ketone

Positive Tedt: By addehydesand methyl ketone

Only somecydicketonesgive pogtiveresults (ppt)

Thisreactionisgreatly inhibited by the steric constrai nts about the carbonyl group.
lodoform Test (For Methyl Ketones)

I I
C + 3I,+3NaOH —— C + 3Na + 3H,0
7N\
R/ \CHS R Cl,
methy! ketone
I I
C + NaOH —— C + CHI, (9
/7 N\ 7\ )
R Cl, R ONa
Sodium dlat of lodoform
the carboxylic acid (yellow solid)

PostiveTedt: Yelow ppt for methyl ketones

Disadvantages. Some compoundsthat can be easily oxidized to methyl ketonesgive also positive
results

The principal typesof compoundsthat giveapositive test:

?H o)

CH +1,+2NaOH ——  C + 2Nal + 2H,0
RN ’ RN ’
R CH, R CH,

2°acohol methyl ketone
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(i)

(ii)

(iii)

Thetest isnegativefor thefollowingtype:

©)

0 O O

.
AN

H3C/ \CHZ/ \OR H3C/ \CH2CN H3C/ CH,NO, etc...,

[@F—

In such compoundsthe reagent removestheacetyl group and convertsit to acetic acid, which ressts
iodination.
Acetoacetic acid is unstable, acidic agueous solutions decompose to give CO, and acetone.

0 0 0
| | i I

C C C
H3C/ \CHZ/ “on H3C/ \CH3

+ CO,

0 0 0
I I " I ,
/C\ /C\ + HO — /c\ + R'OH + CO,
R CH, OR' R CH,

give positiveiodoform test

Tests that give positive results with aldehydes and negative results with
Ketones

JonesOxidation: Chromic anhydrideor Chromium Trioxide(CrO,)

(Refer Jones Oxidation for alcohols at Page No. 22)
TollensReagentsAg(NH.),OH

I 1
C 2Ag(s) + + H,O + 3NH,
RN g(s) /'\ i )
R H ONH,"
aldehyde Tollens reagent slat of the
carboxylic acid

+ 2Ag(NH,),0H

Podtive Ted: Formation of slver mirror (Ag) or colloidal (granular) gray or black Ag precipitate.
Schiff'sReagent

2 @—CH @—NHSO H:| cr —

HO,S

aldehyde schiff's reagent
(colorless)

(l)H
—H [ C1 + H,SO,

oo

O=U)=O

(violet-purple solution dye)
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(iv)

Bendictssolution and Fehling's Solution
Postive Tedt: yellow or yelowish green ppt.
All ddehydesgive positive result except aromati c aldehydes (negative)

O 0]
g 2Cu™ y‘ Cu,0(s)
b + u — ) + Cu,U(s
RN RN )
R H R OH
aldehyde (blue) carboxylic acid (red, yellow, or
yellowish green)
R OH R (0]
N N\ 7
CH . C
| + 2Cu”" —— | + Cu,0(s)
C C
e e
R’ \O R \O
o-hydroxyketone  (blue) 1,2-diketone (red, yellow, or
vellowish green)
R OH R 0]
N\, & N\ 7
CH ) C
| + 2Cu" —— | + Cu,0(s)
AN AN
H \O HO \O
o-hydroxyaldehyde (blue) 1,2-diketone (red, yellow, or
yellowish green)
Ar. H Ar
\, ./ /
N . N
| +2Cu” —— || + Cu,0(s)
N N
A Ny NAr
hydrazobenaene (blue) azocompound (red, yellow, or

yellowish green)

ArNHNH, + 2Cu” —— ArH + ArOH +N,(g) + Cu,0(s)

arylhydrazinc  (bluc) phenol (red, yellow, or
yellowish green)

Classification Tests for Unsaturation " alkenes & alkynes'

Alkanesarenct usualy characterized chemicaly becausethey arequiteinert tomost classfication reections
(i) Brominein CCl,

I
TN T T
Br
alkene (red-brown) 1,2-dibromoalkane
(colourless)
Br Br
Br, |
el B Nl Bl
(brown) / \ (brown) | |
Br Br Br
alkene 1,2-dibromoalkane 1,1,2,2-tetrabromoalkane

(colourless) (colourless)
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(ii)

Postive Test: Bromine color discharged without evol ution of gas(HBF)

Alkenes& alkynesgivepostiveresults

If HBr isevolved, it indicates phenols, enols& enolizable compounds -,

Bromine color isdischarged by aminesto produce asalt, which could be mistaken for addition.

Baeyer Test (KMnO, agueous)

N\
3 C=C +2KMnO, + 4HO —— 3 —C—C— + 2KOH + 2MnOQO,(s)
/N |
OH OH
alkene (purple) 1,2-diol manganese dioxide
(brown)
R—C=C—R' + 2KMnO, + 2HO—
alkene potassium permanganate
(purple)
I i
C + C + 2H,O+ 2MnO,(s)
7N\ 7\ ) )
R OK R oK’
salts of carboxylic acids manganese dioxide
(brown)

Positive Test: Purplecolor discharges, and brown color ppt (MnO,) appears

Note: Aldehydesand alcoholsalso give postiveresult

Sincetheionic charactersof theBr, and KMnO, reectionsarevery different, thereissomecomplementary
character between thetwo tess.

For example, some alkenesbearing el ectron-withdrawing groups undergo rapid reactionwith KMnO,

but often slow or negligiblereactionwith Br,.

Br
C.H.CH=CH, + Br, ¢ CGHSéHCHZBr
Br Br
C.H.CH=CHCOOH + Br, —>°% CﬁHj(liH(lfHCOOH

A few tetrasubstituted olefins such as C.H.CBr=CBrC H, and (CH,),C=C(CH,), fail to give
positivetestswith Br, in CCI, or KMnQO, solution.
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Tests for Alkyl Halides
. Aliphatic halides areoften detected initialy by qualitative by halogen analysishalogen analyss.

(i) Ethanolic Silver Nitrate& (ii) Sodium lodidein Acetone
. Both testsinvol vedisplacement of ha ogen:

. AgNO_/ethanol test proceeds by a carbocation (S 1) process & Nal / acetone test proceeds by
adirect displacement (S, 2)

AgNO /ethanol test : R,CX > R,CHX > RCH,X
Nal/acetone test: R,CX < R,CHX < RCH,X

(i) Ethanolic Silver Nitrate Solution

. Thereactionof alkyl halidewithsilver nitrateyieldsasver halide precipitate
RX + AgNO, —CHOH - )oX(s) + RONO,
alkyl halide  silver nitrate silver halide
i Positive Test: formation of ppt. indicates2° and 3° RX
i 1° RX , Ar-X, and vinyl halides give negative Result.
i Note: alylic and benzylic RX give positive result
i Theidentity of the halogen can sometimes be determined from the color of thesilver hdide: AgCl

(white); AgBr (paleyellow); Agl (yellow)

(if) Sodium lodidein Acetone Test

. The Nal test can be used to test for the presence of bromine or chlorine.
. Sodium haide (NaX) precipitatesfrom the solution.
Acetone
RCI + Nal —_— RI +  NacCl(s)
Alkyl chloride Sodium iodide Alkyl iodide Sodium chloride
RBr + Nal _Acetone | RI +  NaBr(s)
Alkyl bromide Sodium iodide Alkyl iodide Sodium bromide
. Positive Ted: precipitateforms
. Indications : 1°, 2° RX, allylic and benzylic halides. Not good for ArX, vinyl halides ,HCCI,,
and 3° RX.
N Sincereactivity toward alcoholic slver nitrate isoften very different from reactivity toward sodium

iodide in acetone, both tests should be used with any halogen compound.
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(ii)

Tests for Amines and Amine Salts
Diethyl oxalatetest :
Thismethod hel psin the separation of primary, secondary andtertiary amines.
Primary aminesonreectionwith diethyl oxa ategivessolid oxamide, secondary aminegivesliquid oxamic
ester andtertiary amineremansunreacted in gaseousform.
2RNH, + (CO,Et),—> (CONHR), + 2EtOH
1. Thegaseoustertiary amineisseparated out.
2. Thesolid oxamideisfiltered out of theliquid oxamic ester.
3. Theseproducts areadded to the alkaline solution of NaOH.
Inthisway, Primary, secondary and tertiary aminesare separated by Hoffmann'sMethod
NitrousAcid
Reaction of amineswith nitrous acid (HONO) classifiestheaminenot only as1°, 2°, or 3°, but also as

aiphatic or aromatic.

N H,O
RNH, +HONO +2HCl— [RN, CI'] ——— N,(g) + ROH + RCI + ROR + alkene
1°aliphatic nitrous diazonium salt spontaneous
amine acid (unstable at 0°)

+ - H,O
ArNH, + HONO + HCI—— ArN, Cl N,(g) + ArOH + HCI
1°aromatic nitrous diazonium salt
amine acid (unstable at 0°)

The diazonium salt of the primary aromatic amine reacts with sodium 2-napthol to produce

ared-orange azo dye.

Ar
N=N""
O Na" O Na"
AN, CI" + + NaOH — OO + NaCl + H,0

diazonium salt sodium 2-naphthol azo dye
of the 1° (red-orange)
aromatic amine

2° aminesundergo areaction with nitrous acid to form N-nitrosoamine, which areusualy yelow solids.
R

RNH + HONO —— N-N=O +H.O

/

R
2° amine nitrous acid N-nitrosoamine
(yellow oil or solid)
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(iii)

3P diphatic aminesdo not react with nitrousacid, but they form asoluble salt. Thereaction mixturegives
animmediate positivetest on the starch-iodide paper for nitrousacid.
RN + H —— RNH

3° aliphatic (soluble)
amine

3° aromatic amines react with nitrous acid to form the orange-colored hydrochloride salt of the
C-nitrosoamine. Treating the solution with baseliberatesthe blue or green C-nitrosoamine.

QNRZ + HONO + HCI O:NONHR;CI +H,0

3° aromatic amine nitrous acid hydrochloride salt of C-nitrosoamine
(orange)

NaOH

O=N4©7NRZ + NaCl + H,0

C-nitrosoamine
(green)

Although nitrousacidisuseful for characterizing amines, other functional groups also react.
A methylenegroup adjacent to aketo group is converted to an oximino group and alkyl mercaptans
yield red S-alkyl thionitrites.

0 0
| 4@
CH,
ch/ \CHZCI-L, + HONO —— H3C/ \ﬁ/ +H,0
N
N

OH

RCH,SH + HONO —— RCH,—S—N=0 + H,0
S-alkyl thionitrite
(red)

Hinsberg Test

Based on the reaction of the amine with benzenesulfonyl chloride (Hinsberg reagent), it can
be used to seperate 1°, 2°, and 3° amines.

1°amines: give solution that produce ppt after addition of HCI

RNH, + CHSOCl + 2NaOH

C,H.SONRNa~ + NaCl + 2H,0

1°amine  benzenesulfonyl (soluble)
chloride
H+
C,H.SO,NHR
sulfonamide
(insoluble)

2°amines: give ppt - acidification of the solution doesnot dissolve the sulfonamide (i.e., the PPT is
not soluble in NaOH or HCI)
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R.NH + CH.SO,Cl + NaOH CH,SO,NR, + NaCl + H,O
2°amine  benzenesulfonyl sulfonamide
chloride (insoluble)

\H—‘ No Reaction

3° amines: undergo reaction with benzenesulfony! chloride to produce quaternary ammonium
sulfonate salts, which yield sodium sulfonate and insoluble 3° aminesin basic solution.
Acidification of the reation mixture resultsin the formation of sulfonic acidsand solubleamine salts

RN + CHSOCI C.H.SONR,'ClT —0t
3°amine  benzenesulfonyl
chloride
Nyt 2HC1 e
CHSO, Na" + NR, + NaCl + H O —— CH,SO.H + RNH CI" + 2NaCl
(soluble) (insoluble) (soluble)

Theresults of the Hinsberg test must not be used alonein classifying amines. The solubility of the
original compounds must also be considered.

If theoriginal compound isamphoteric, whichmeansthat it issolublein both acidsand alkalies, the
Hinsberg method failsto distinguish among the types of amines.

(iv) Sodium Hydroxide Treatment of Ammonium Salt and Amine Salts

Amine salts can be detected by treating the salt with NaOH to liberate ammonia or amine.

I I

C + NaOH —— C + NH, + H,O
SN SN ’ ’
R O'NH, R O Na
ammonium salt st of a ammonia

carboxylic acid

RNH,X~ + NaOH —— RNH, + NaX +H,0

amine salt 1° amine
Moistened pink litmus paper placed in the vapor above the solution will turn blue if ammoniaor a
volatileamineispresent.

(v) Libermann’s nitroso test :

It isused asatest for secondary amines.Secondary amines(aliphatic aswell asaromatic) reactswith
nitrous acidto form N-nitrosoamines.

(CH,),NH + HONO —> (CH_),N-N = O + H,O
Nitrosoamines are water soluble yelow oils and when warmed with phenol and few dropos of

conc.H,SO, produce a green colour solution which turns blue on adding alkali.This reaction is
called Libermann’ snitroso reaction .

Tertiary aminedo not react with nitrous acid.



JEE-Chemistry

Sodium Metal :

7.
@)

(ii)

L 4

Theadtivehydrogenon 1° and 2° aminesundergo reaction with sodiumto form sdt andliberatehydrogen gas

2RNH, + 2Na —— 2RNHNa' + H,(g)

1°amine

2RNH + 2Na —— 2R,NNa' + H(g)

2°amine

Testsfor Amino Acids
Ninhydrin Test :

Amino acids and p-amino acids react with ninhydrin to give a postive test which is blue

or blue-violet color.

O O O

OH R ” < K I1,O
OH \ClH/ \O' \COOH
O

(0]

ninhydrin a-amino acid O 0
NH, + (ll + CO,
7N\
0 R H
O o) O 0)
OH
NH, + — N
OH
(0] O O o

(blue to blue-violet)

@]

Ammonium salts (NH; Cl-) giveapositive test.

Some amines, such asaniline, yield orangeto red colors, which is considered anegative test.

Proline, hydroxyproline, and 2-, 3-, and 4-aminobenzoic acidsfail to give

Blue colour but produce ayellow color instead.

Copper Complex Formation

o)
|

R 0
R C ) NH, O
ol N

\CI:H/ o el — /C”\:(

"NH, 0" O HN" "R

o-Amino acid Copper complex
(Blue)

Reaction with copper(I1) sulfate solutionyieldsamoderate-to deep-blueliquid or adark-blue solid.
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Tests for Aromatics

If the molecule already contains reactive chemical substituents (acids, amines, ethers, carbonyl
compounds, etc.,) usethe corresponding classification test for that particular group.

New substituents can be added onto the aromatic ring or existing substituents can be modified, such

that the new

Compound May be More Readily Characterized.

(i)

(ii)

Fuming Sulfuric Acid

1,50,

ArH ArSO.H + heat

3
aromatic compound arylsulfonic acid

Thistest isgood for aromatics with no other functional groups.

Positive Test: the aromatic compound dissolves completely in H,SO, with the evolution of heat
(Fuming)

Chloroform and Aluminum Chloride

AlCI,
3JArH + CHCI, - Ar,CH + 3HCI
aromatic triarylmethane
compound
Ar,CH + R’ Ar,C" + RH
triarylmethane triaryl carbocation
(colored)

Aromaticsgive colored solution or powder.

Positive Test: (Orange, red, blue, purple, green)

Nonaromaticsgiveyellow color (Negativeresult)

Azoxybenzene and Aluminum Chloride

Thecolor of the solution or preci pitateis dependent on the functional groups present onthearyl group.
Aromdtic hydrocarbonsand their halogen derivativesproduce adegp-orangeto dark-red color in solution
or giveaprecipitate.

Fused aromati ¢ ring (such as naphthal ene, anthracene, and phenanthrene) produce brown color.

Aliphatic hydrocarbonsgiveno color or, a most, apaeye low.
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0. Testsfor Ethers

. Ethersareonly alittlemorepolar and dightly morereactivethan either saturated hydrocarbonsor akyl
haides
. Ethersform extremely expl osive peroxides upon standing, specialy when exposed toair and/or light.

Liquid ethersthat showssolid precipitates should not be handl ed.
() HydroiodicAcid ( Zeisd's, Alkoxyl method)

R'OR + 2HI R'T + RI + H,O
cther hydroiodic acid alkyl iodides

ArOR + HI RI + ArOH
ether hydroiodic acid alkyl iodides phenol

H,O
Hg(NO,), + 2RI ——— Hgl, + 2R'OH + 2HNO,

mercuric alkyl mercuric
acetate iodide iodide
(orange)
. Positive Test: Orangeor Orange-red color indicating.
i Note Ethyl and methyl estersgiveasopositiveresult.

(i) lodine Test for Ethersand Unsaturated Hydr ocar bons

\C/ \C/

lcl; + 1, |C|: —,
PN PN
Alkene (m-Complex)

RO: +1, ——|RO: —1,
ether

N Positivetest: the color of the solution changesfrom purpleto tan.

. Aromatic hydrocarbons, saturated hydrocarbons, fluori nated hydrocarbonsand chl orinated hydrocarbons
do not react.

. Unsaturated hydrocarbonsproducealight-tan solid, whileretaining the purplecol or of theiodine solution.
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10. Tests for Phenols

. Aswithacohols, theacidic hydrogenin phenol can bedetected with sodium (hydrogen gasisevolved)
or with acetyl chloride (an ester layer isformed).

0
ArOH + él - (ll +HCI (g)
PR PR
H.C Cl

H.C OAr
Phenol Acetyl chloride ester
. Phenolsundergo reaction with yellow ceric ammonium nitrate to produce brown or black products.

OAr

|
(NH,).Ce(NO,), + ArOH —> (NH,),Ce(NO,), + HNO,

ceris ammonium phenol (brown or black)
nitrate (yellow)

. Phenol sreduce potass um permanganate sol ution and undergo oxidati on to quinones.
. The manganeseisreduced from +7 which givesapurplesolution to +4 whichisbrown.
OH )
3 +4KMnO, —> 3 +4MnO, + 4KOH + H,0
O
Phenol Phenol quinone brown
0] Brominewater
OH OH
Br Br
+ 3Br, —> + 3HBr
phenol Br
2.4,6-tribromophenol
(white)
. Positive Test: decol orization of bromine.
. Thisisgoodfor water soluble phenols

() Ferric Chloride- Pyridene Reagent

X
3ArOH +3 || +FeCl,—> Fe(0An; 3+ | [(D] |l
=
phenol N (Coloured complex) N+
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(iii)

Positive Test: Production of blue, violet, purple, green, or red-brown colors

Good for all typesof Ar-OH.

OH 0
Positivetest for enols. (/\/u\)

Carboxylic acid with FeCl, givesred colour only when saturating withNH, .

Libermann’snitrosotest :

While phenol is reacted with NaNO, and concentrated H,SO,, it provides a deep green colour
which changes to red on dilution with water. while generated alkaline along with NaOH, blue
colour isrestored. Thisreactionistermed asLiebermann’s nitroso reaction and isemployed asatest
of phenal.

@OH —le NO@OH = O:C>:NOH

p-Nitrosophenol Quinoxim

o= (=NOH+H OH 2%, 0=( >=N—<: :}—OH —NaOH ,  Sod. salt o
""""""""""" R indophenol (blue)

@)

Indo phenol (Red)
Test For Nitro Compounds

FerrousHydroxide Reduction
RNO, + 6Fe(OH), + 4H,0 —— RNH, + 6Fe (OH),

Nitroalkene Ferrous Ferric hydroxide
hydroxide (red-brown, brown)
(green)

* Positive Test: indicated by the change in color from green to red-brown or brown due to the
oxidation of ironfrom+2to +3.
* A negativetest isindicated by agreenish precipitate.

*  Note: Nitroso compounds, quinones, hydroxylominesalkyl nitratesgivea so positiveresults
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‘(ii) Zincand Ammonium Chloride Reduction
RNO, + 4[H] —E0> RNHOH + H,0
Nitro compound 4 Hydroxylamine
RNHOH + 2Ag(NH,),0H —— RNO + 2H,0 + 2Ag(S) + 4NH,
Tollens reagent
¢ Tedthesolutionwith TollensReagent
e PostiveTed: formationof metdlicslver
*  Only 3° diphatic nitro compounds and aromatic nitro compounds are reduced by Zn/NH,Cl
to the hydroxylamine.
* The hydroxylamine is then detected by the formation of metallic silver in the Tollens test
(or formation of ablack or grey precipitate). Thisisknown as Mulliken—baker test:.
(ili) Treatment of Aromatic Compoundswith Sodium Hydroxide

The number of nitro groups on an aromatic ring can be determined by the reaction with NaOH
* Inthereaction with NaOH:

*  Mononitro aromatic compoundsyield no color change or avery light yellow

¢ Dinitro aromatic compounds produce a bl uish-purple color

e Trinitro aromatic compoundsgive ared color

¢ Thecolor of the solution isdue to aMeisenheimer complex

_ OH
OQNQG __OH olNG

NO, NO,

Meisenheimer complex



