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. ALLEN Polymers & POC and Sepration Techniques
POLYMERS & POC AND SEPRATION TECHNIQUES
—  Theterm polymer isused to describeavery large molecul e that is made up of many small repeating

Vo

Homopolymer sand Copolymers

molecular units. These small molecular unitsfrom which the polymer isformed are called monomers.

The chemical reaction that joins the monomerstogether is called polymerisation.
Starting from n molecules of a compound M, linking in a linear manner will form polymer

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 onetype 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 usualy
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:

APAANARARA
B B

l B
[ R R
O
BI|3BB

(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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Polymersareclassifiedin following ways:

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 o-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.

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.

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.

CLASSIFICATION BASED UPON SHAPE

Linear polymers

Polymer whose structureislinear isknown aslinear polymer. Thevariouslinear 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.

Polymers & POC and Sepration Techniques
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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
polymershavelower melting 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 are formed 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 NPT Sy O BT
reaction n

Polyamide

[ i
nHO-R-OH + nHO-C-R*~C-OH S2ndensation, orolrld| +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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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, polytetrafluoroethylene, polyacrylonitrile etc. 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

Radical Polymerisation :

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

[ P e
H,0,, CH,-C-0-O-H, KO—”—O—O—S—OK , CH3—C|I—N:N—C|:—CH3
CH, o) o) CN  CN

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

i
C,H.~CH=CH,, CH_=CH-CI, CH,=CH-O-C-CH,
Styrene Vinyl chloride Vinyl acetate
CH 2:C|:—CH3 ?
CH,=CH-CN C-O-CH, CH,=C-CH=CH,(G=H, CH; and ClI)
Acrylonitrile g
(vinyl cyanide) Methyl methacrylate 2-substituted-1,3-butadiene

Polymers & POC and Sepration Techniques
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Radical polymer haslinear aswell 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?_—C|.:H

G G
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
theaverage 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 here isthat 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,

CHs C,H,
el + CH,=CH - CIBC—CHZ—(I?H Styrene C1,C-CH,~CH{CH,~CHetc.
C6H5 C6H5 C6H5 C6H5
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If thechaintransfer agent aradica, which ishighly unreactive, thereaction chain getsterminated such
acompound thusinhibitsor arrests polymerisation. Many amines, phenols, quinonesetc. act asinhibitors.
So, eventracesof certainimpurities, which can act aschain transfer agent or aninhibitor caninterfere
withtheorigind polymerisation chan reaction. Hence, the monomerscould befreefrom such 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 Y| 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.

“cH,  CH,
oLl
2n CliHZ:CZJH—gH:éHZL R4 éHg—Zﬁl?H—Cl?Hz—z(l?Hin

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.

Polymers & POC and Sepration Techniques
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Thus whentheinitiator iscationicin nature, it would generate acationic intermediate on addition to
the double bond for propagating the addition chain process and is termed as cationic addition
polymerisation. The processisinitiated by an acid. The stagesof polymerisation are depicted 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, - CH-CH, - CH— 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,
|CH3 |c:H3 |c:H3 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

ALLEN .
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Anionic polymerisation awaysgiveslinear polymer. Anionic polymerisation termnated by an acid.
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 :

N\

+O - +
K NH, + CH?_:%H —— NH,-CH,-CHK
| |
X X

Chain propagating step :

N 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 - CH ) CH,
X X X X

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 stanceto 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- dipoleattractions. 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.

Polymers & POC and Sepration Techniques || iEHEEEGBG
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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. Examplesarecellulose, nylon, terylene, wool, silk etc.

(i) Condensation polymersformed from bifunctional monomersarefibresin 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 mechanical propertiesof the plastic. Asaresult, these plastics can be mouldedinto 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 Polymers

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 more rigid 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

Natural Rubber

Natural rubber isobtained from nearly fivehundred different plantsbut the main sourceisa braziliensi's
tree. Itisobtained in theform of milky sap known aslatex. Thislatex is coagulated 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 has low 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 to give strength and elasticity to natural rubber, it is vulcanized. Heating of rubber with
sulphur or sulphur containing compound at 150° C for few hoursis known as vulcanisation. The
essentia feature of the vul canisation istheformation of cross-linking between the polymeric chains.
Thiscross-linking gives mechanical strength to the rubber. V ul cani sation process can be enhanced
in the presenceof certain organic compounds known asaccelerators. Thecommon acceleratorsare:

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

SYNTHETIC RUBBER OR POLYMERISATION OF DIENES
Polymersof 1,3 - butadienesare called syntheti c 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.
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 oy =cH-c=cH HC ., cH =cH-c=CH,
Acetylene 4 Vinyl acetylene Chloroprene

Cloroprene undergoesfreeradica polymerisation to form neoprene (polychloroprene).
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Polymers & POC and Sepration Techniques
Cl
| Zieglar-Natta \ /CHZ_]_
nCH,=C-CH=CH, > c=C
_ Catalyst cu’ AN
2-chloro-1,3 butadiene 2 CH,

or
chloroprene

(Trans polymer
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 e ectric wiresand conveyor belts.

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.
2CI-CH,~CH,—Cl + Na-S-S-Na —Poymenisation ey oy, S 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.

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

styrene Rubber or GRS).
CH:CHZ
\CH,=CH_CH=CH, + n@ . «ECHZ—CH:CH—CHZ—CH—CHz}
- i n
1,3-Butadiene Styrene @

Buna-S
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Buna-Sis generally compounded with carbon black and vulcanised with sulpur. It is extremely
resistant to wear and tear and therefore used in the manufacture of tyresand other mechanica rubber
goods. Itisobtained asaresult of freeradical copolymerisation of its monomers.

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

@

@)

©)

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, = 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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(4)

Carpolactam isobtained by Backmann rearrangement of cyclohexanone oxime.

H (0] NOH
OO O=E0

Cyclohexane Cyclohexanol Cyclohexanone Cyclohexanone
Oxime

NOH
H,S0,

(0]
o Il
Backmann O 260-270°C —C—(CH,)-NH-
rearrangement NH H,0

(six carbon atoms in the
repeating units)
Nylon-6
NYON-2-NYL ON-6

It isin dternating polyamide copolymer of glycine and amino caproic acid and is biodegradable.

POLYETHYLENE

(@)

(b)

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.

High Dengty Poly Ethylene (HDPE) : Itisprepared by the useof 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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Thisresinisformed by condensation polymerisation of melamine and formal dehyde.

NH-CH,
H, N Y /NYNHCH JOH \( \(
+ HCHO — |
NYN Polymerisation Y

NH NH, NH, n
(Intermediate) Melamine-formaldehyde polymer
Itisaquite hard polymer and isused widely for making plastic crockery under the namemelamine.The
articlesmade from this polymer do not break even when dropped from considerabl e 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 methylene bridges
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
. i} CH,OH
+ Hego H.oroH | +

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

OH

OH

OH OH
CH,OH o
n Polymerisation CH;
n

Linear polymer

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

Cross - linked polymer (Bakelite)

JEE-Chemistry ALLEN .

MELAMINE - FORMALDEHYDE RESIN
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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 @COZH—» {OCHZCHZ—C—@Tﬂ—
n
0

0

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

BIODEGRADABLE POLYMERS

@

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

By far thelargest useof 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 biodegradabl e 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 hydrolysable ester group into the polymer. For example, when acetal
(1) isadded during the polymerization of alkene, ester group isinserted into the polymeric chains.

(@]
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

Aliphatic polyesters are important class of biodegradable polymers. some examples are described
below:
Poly - Hydr oxybutyrate-CO-B-Hydroxyvaler ate (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 @)

Polymers & POC and Sepration Techniques
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The properties of PHBV vary according to the ratio of both the acids. 3-Hydroxybutanoic acid
provides stiffness and 3-hydroxypentanoic acid imparts flexibility to the co-polymer. It isusedin
specialty packaging, orthopaedic devicesand evenin controlled drug relase. When adrugisputin
acapsuleof PHBV, Itisreleased only after the polymer isdegraded. PHBV also undergoes bacteria
degradation in the environment.

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 containschansof 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 D NM,
>
i
where N. isthe number of molecules of molecular massM,

Weight average molecular mass (M)

YN

" ZNiMi
|

where N, isthe 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.

ALLEN .
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COMMON POLYMERS
Monomer Repeatng unit Polymer
1. CH,=CH, —CH,—CH, - Polyethylene
Ethylene
P
2. CH;-CH=CH, ~CH,—CH- Polypropene
Propene
3. C4Hs-CH=CH, —CH;_—C|3H— 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
|C|) |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
+
C4H:—CH=CH,
T
13. CHZ:?—CH2+ CH,=C-CH=CH, — Butyl rubber
CH,
14. CH—~CH=CH_+CH_=CH-CH=CH, — Buna-S, SBR
15. CH,=CH-CN + C,H ,—CH=CH, — Buna-N, NBR
Cl
| ol
16. CH,=C-CH=CH, B Neoprene
Cloroprene ~CH,=C=CH-CH,-
OOH
D = i
17. + HO-CH~CH~OH —QOC—O—CHZ—CHZ—O— Poly(ethyleneterephthal ate,
COOH
Terylene, Dacron or Mylar 5
g
£
COOH OH
0 o ]
18. - _|(|: @'é_o O_o_ Kode Polyster !
COOH OH
i
C-OH g
19. @( + HO-CH~CH ~OH _c”: ﬁ—O—CHz—CHz—O— Polyethylene phthatate| <
%‘—OH 00
z
akydresin (Glypta)

m
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7/~
20. (CH,). ?
NH

Caprolactam

21. NH,(CH,)s~NH,

Hexamethylenediamine
+

I
HO-C-(CH,) 4—&:—OH
Adipic Acid

OH

22. © + HCHO

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

NH,
N| XN

24, )\ /A

H,N N 'NH,

Melamine

+ HCHO

|
—NH(CH,).~C-

I |
—NH-(CH,)¢-NH-C—(CH,),—C-

Nylon-6

Nylon - 66

Bakelite or resol

Urea- formaldehyderesin

Malamine formaldehyderesin
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(i)

CHEMICAL TESTS FOR FUNCTIONAL GROUPS

Elementa anaysis, physical, spectral and solubility test give areasonableidearegarding the identity
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)
RNH, 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
opaque suspension with greento blue color (Cr*3) in 2 sec.

3° alcoholsgiveno visiblereaction within 2 sec. remaining orange

Note: Aldehydesgive positiveresult.

0]

g
R/ \O

carboxylic acid

3RCH,OH + 4CrO, + 6H,SO, —— 3

1° alcohol (orange-red)

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

H (intense blue to green)

ALLEN .
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(iv)

Note:

v)

3

T
3R,CHOH + 2CrO, + 3H,50, —— 3 /C +6H,0 + 2Cr,(SO,),
2° acohol (orange-red) = R (intense blue to green)
ketone
i T
c\ + 2CrO, + 3H,S0, —— 3 C\ +3H,0 + Cr(SO),
R i R “oH
adenyde  (orange-red) carboxylic acid (blueto green)
ucas Test

L

Thistest distinguishes 1°, 2° & 3° acohol from each other
It uses, anhydrous ZnCl, in conc. HCI (lucas reagent)

R—OH

(HCI + ZnCl,)

> R—Cl + H,0

3° alcohols give whiteturbidity solution immediately

2° alcoholsgivewhiteturbidity solution within 5to 10 minutes

1° alcohols doesnot give white turbidity at room temperature
Benzyl alcohol also react immediately

Victor-Mayer Test
Thistest also distinguishes 1°, 2° & 3° acohol

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—N7 R—CH—NO, 2
I o
N-OH HNO, R
(Nitrolic Acid) |
R R—C—NO,
NaOH 0 |
| L
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\ o 9
C|3H |
+ HO, — 2 C +HO + HIO
CH 4 / \ 2 3
v AN R H
R OH
vicinal diol periodic acid aldehyde iodic acid
Cl:\ + HIO, + HO — ZR/C\OH + HIO,
RN,
1,2-diketone periodic acid carboxylic acid iodic acid
R OH
\ - O O
cl:l_| HIO y: y: HIO
+ + +
PN 4 r” YNon rR” H 3
rRT o
a-hydroxy periodic acid carboxylic acid aldehyde iodic acid
ketone
R OH
N\~ O O
c|: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
(|3H + HIO y: y: HIO NH
— + + +
e ' N TN : :
R SNHR' o
b-hydroxyamine periodic acid aldehydes lodic acid
. Theiodic acid is detected with 5% AgNQO, solution -an immediate precipitation of silver iodate
OCCurs.
HIO, + AgNO, —— HNO; + AgIO4(s)
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.
L 4

g\O1. Polymer, POC, Separ.p65

&POC, Separation

\Leader\Ct

node06\BOBO-BA\Kota

m



g\OL_Polymer, POC, Separ.p65

ymers & POC, Separation

eader\Cl

BA\Kota®

. ALLEN Polymers & POC and Sepration Techniques

(Vi)

Acetyl Chloride
Positive Test: Evolution of HCI gasand formation of ester asatop layer

I I
ROH + C — C. + HCI(g)
7\ 7\
H.C  Cl H.C® TOR
alcohol acetyl chloride ester
I I
ArOH + C — C + HCI(g)
7N\ 7\
H.C Cl H.C OAr
phenol acetyl chloride ester

3° dcoholsform primarily akyl chloridedueto thereaction of theliberated HCl on another molecule
of thealcohal.

Other functiona groupsthat give positivetest: 1° and 2° amines

I I
RNH, + C — G + HCl(g)
7\ 7\
H.C Cl H.C NHR
1°amine  acetyl chloride amide
O @)

R,NH yﬁ yl HCI(g)
NH + — + g
7\ 7\

H.C Cl H.C NR,

2°amine  acetyl chloride amide

Classification Tests For Aldehydes and K etone
(i) 2,4-Dinitrophenyl Hydrazine

NO, NO,
0 ' /
y: + ON NHNH, @560 4\ NHN=C
N \
aldehyde 2,4-dinitrophenylhydrazine 2 ,4-dinitrophenylhydrazone

or ketone
Positive Test: formation of yellow, orange or red ppt.

The precipitate may be oily at first and become crystallineon standing.
(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 ddehydes and methyl ketone

Only somecyclic ketones give positive results (ppt)

Thisreactionisgreatly inhibited by the seric constraints about the carbonyl group.
lodoform Test (For Methyl K etones)

I I
C + 3I,+3NaOH —— C + 3Na + 3H,0
N
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)

Positive Test: Yellow ppt for methyl ketones

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

The principal typesof compoundsthat giveapositive test:

?H @)

CH + 1,+ 2NaOH —— C + 2Nal + 2H,0
RN ’ 7\ ’
R CH, R CH,
2°acohol methyl ketone
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(ii)

(iii)

Thetest isnegativefor thefollowingtype:

O O O O
. |
N7\ 7\

RN
H,C CH, OR H.,C CH,CN H.C CH,NO, etc...,
In such compoundsthe reagent removes the acetyl group and convertsit to acetic acid, which ressts
iodination.
Acetoacetic acid is unstable, acidic agueous solutions decompose to give CO, and acetone.

T I
NN - SN + o,
H.,C CH, OH H,C CH,
@) O @)
| | o' | ,
/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 i
C + 2Ag(NH,),0H 2Ag(s) + + H,O + 3NH,
A g(NH,), 2(s) / ~ ) ;
R H ONH,"
aldehyde Tollens reagent slat of the

carboxylic acid
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,

s Crefo-1]

O=U)=O

(violet-purple solution dye)

Polymers & POC and Sepration Techniques
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(iv)

ALLEN .

Positive Test: yellow or yellowish green ppt.

All aldehydes give positive result except aromati c aldehydes (negative)

i i
C + 2Cu" —— C + Cu,0(s)
7\ /N .
R H R OH
aldehyde (blue) carboxylic acid  (red, yellow, or
yellowish green)
R H R O
NP \ 7
CH q C
| + 2Cu"” —— | + Cu,0(s)
AN A
R’ \O R’ \O

a-hydroxyketone  (blue)

| + 2Cu”

o-hydroxyaldehyde (blue)

1.2-diketone

R

HO

1,2-diketone

V
\C/

PN

(red, yellow, or
vellowish green)

o

+ Cu,0(s)

0]
(red, yellow, or
yellowish green)

At H Ar
\N/ /
| + 2Cu” —— | + Cu,0(s)
N
Ar/ \H AN Ar
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'

Alkanesare not usually characterized chemically becausethey are quiteinert to most classification

reactions
(i) Brominein CCl,
I
/C =C \ + —?—?—
Br
alkene (red-brown) 1,2-dibromoalkane
(colourless)
Br Br
_C=Cc_ Br . c_cC _Br . _Cc_C—
(brown) / \ (brown) | |
Br Br Br
alkene 1,2-dibromoalkane 1,1,2,2-tetrabromoalkane
(colourless) (colourless)

g\O1. Polymer, POC, Separ.p65

&POC, Separation

\Leader\Ct

node06\BOBO-BA\Kota

m



g\OL_Polymer, POC, Separ.p65

ymers & POC, Separation

eader\Cl

0-BA\Kota!

. ALLEN

(i)

Positive Test: Bromine color discharged without evolution of gas (HBTr)

Alkenes & akynesgive positiveresults

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: Purple color discharges, and brown color ppt (MnQ,) appears

Note: Aldehydesand alcoholsaso give positive result

Since the ionic characters of the Br, and KMnQ, reactions are very different, there is some
complementary character between the two tests.

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

but often slow or negligiblereactionwith Br,.

Br
C.H.CH=CH, + Br, i 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.

Polymers & POC and Sepration Techniques
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Tests for Alkyl Halides

. Aliphatic halides are often detected initially by qualitative by halogen analysishalogen analysis.
(i) Ethanolic Silver Nitrate& (ii) Sodium lodidein Acetone

. Both testsinvol ve displacement of halogen:

. 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 nitrateyieldsaslver 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 viny! 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 hadide (NaX) precipitatesfrom the solution.
RCI + Nal _Acetone | RI  + NaCl(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.
. 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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(i)

Tests for Amines and Amine Salts
Diethyl oxalatetest :
Thismethod hel psin the separation of primary, secondary and tertiary amines.
Primary amineson reaction with diethyl oxalate gives solid oxamide, secondary amine givesliquid
oxamic ester and tertiary amine remains unreacted in gaseousform.
2RNH, + (CO,Et), —> (CONHR), + 2EtOH
1. Thegaseoustertiary amineis separated out.
2. Thesolid oxamideisfiltered out of theliquid oxamic ester.
3. These products are added to the alkaline solution of NaOH.
Inthisway, Primary, secondary and tertiary amines are separated by Hoffmann's Method
NitrousAcid

Reaction of amineswith nitrousacid (HONO) classifiestheaminenot only as1°, 2°, or 3°, but also

asaliphatic or aromatic.
e H,0

RNH, + HONO + 2HCI— [RN, CI] N,(g) + ROH + RCI + ROR + alkene
1°aliphatic nitrous diazonium salt spontaneous

amine acid (unstable at 0°)

ArNH, + HONO + HCl—— AN, CI°
1°aromatic nitrous diazonium salt
amine acid (unstable at 0°)

N,(g) + ArOH + HCI

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 — O + NaCl + H,O

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

2° amines undergo areaction with nitrous acid to form N-nitrosoamine, which are usually yellow
solids.
R

RNH + HONO —— N-N=O +H,0
R

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

Polymers & POC and Sepration Techniques
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3P aliphatic aminesdo not react with nitrous acid, but they form a soluble salt. The reaction mixture
givesan immediate positive test on the starch-iodide paper for nitrousacid.
RN + H' R.NH'

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, + CHSO.C! + 2NaOH C,H,SO,NR'Na* + 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)

ALLEN .
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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,'Cl" —a0t
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 ALLEN .

Sodium Metal :

@)

(i)

The active hydrogen on 1° and 2° amines undergo reaction with sodium to form salt and liberate
hydrogen gas

2RNH, + 2Na —— 2RNHNa' + H,(g)

1°amine

2RNH + 2Na —— 2R,N'Na' + 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 g < K IL,O
OH CH @) COOH
0 |
"NH,
ninhydrin a-amino acid
NH, + (ll + CO,
7\

(0]
O 0 o) (0)
OH
NH, + — N
OH
O (0] O 0]
(blue to blue-violet)
e Ammonium salts(NH; Cl-) giveapositive test.

¢ Someamines, such asaniline, yield orangeto red colors, which is considered anegative test.

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

g\O1. Polymer, POC, Separ.p65

Blue colour but produce ayellow color instead.
Copper Complex Formation

)

[

R O
“en” Yo tout — \Cu/\;/(
/
| 0”7 O H, R

N H,
o-Amino acid Copper complex
(Blue)
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8.

Reaction with copper(I1) sulfate solution yieldsamoderate-to deep-blueliquid or adark-blue solid.
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)

(i)

Fuming Sulfuric Acid

1,50,

SO,
aromatic compound arylsulfonic acid

ArH ArSO.H + heat
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

AlCl,
3ArH + CHCl, ——— 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)

Non aromatics giveyellow color (Negative result)

Azoxybenzene and Aluminum Chloride

The color of the solution or precipitate is dependent on the functional groups present on the aryl
group.

Aromatic hydrocarbons and their halogen derivatives produce a deep-orange to dark-red color in

solution or give aprecipitate.
Fused aromatic ring (such as naphthal ene, anthracene, and phenanthrene) produce brown color.

Aliphatic hydrocarbonsgive no color or, at most, apaleyellow.

Polymers & POC and Sepration Techniques
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9. Tedsfor Ethers
. Ethersareonly alittle more polar and slightly more reactive than either saturated hydrocarbons or
alkyl hdides
. Ethers form extremely explosive peroxides upon standing, specially when exposed to air and/or
light. Liquid ethersthat shows solid precipitates should not be handled.
) HydroiodicAcid ( Zeisd's, Alkoxyl method)
R'OR + 2HI RT + RI + H,O
ether hydroiodic acid alkyl iodides
ArOR + HI RI + ArOH
ether hydroiodic acid alkyl iodides phenol
H,0
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 estersgiveal so positiveresult.
(i) lodine Test for Ethersand Unsaturated Hydr ocar bons
\C / \C /
Lo L
Alkene (r-Complex)
RO: +|, — (Rzij: —»IZ)
ether 5
g
N Positivetest: the color of the solution changesfrom purpleto tan.
. Aromatic hydrocarbons, saturated hydrocarbons, fluorinated hydrocarbons and chlorinated §
hydrocarbons do not react. %
. Unsaturated hydrocarbons produce alight-tan solid, while retaining the purple color of theiodine
solution. :
|
10. Testsfor Phenols
. As with alcohals, the acidic hydrogen in phenol can be detected with sodium (hydrogen gasis
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(i)

Polymers & POC and Sepration Techniques
evolved) or with acetyl chloride (an ester layer isformed).
) O
ArOH + I — | +HCl (g)
ch/ \Cl H3C/ \OAr
Phenol Acetyl chloride ester

Phenol s undergo reaction with yellow ceric ammonium nitrateto produce brown or black products.

OAr

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

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

Phenol s reduce potassium permanganate sol ution and undergo oxidation to quinones.

The manganese isreduced from +7 which givesapurple solution to +4 which is brown.

OH
3 +4KMnO, —> 3 + 4MnO, + 4KOH + H,0

0]

Phenol Phenol guinone brown

Brominewater

OH OH
Br. Br
+ 3Br, ——» + 3HBr

phenol Br

2.4.,6-tribromophenol
(white)

Positive Test: decolorization of bromine.

Thisisgood for water soluble phenols
Ferric Chloride- Pyridene Reagent

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

I
H
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(iii)

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

Good for al typesof Ar-OH.

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

Carboxylic acid with FeCl,, givesred colour only when saturating with NH., .
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
""""""""""" h indophenol (blue)

11.

@)

(i)

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 negativetes isindicated by agreenish precipitate.

Note: Nitroso compounds, quinones, hydroxylominesalkyl nitrates give al so positiveresults

Zincand Ammonium Chloride Reduction

RNO, + 4[H] —2%—» RNHOH + H,0

Nitro compound

NH,CI Hydroxylamine

RNHOH + 2Ag(NH,),0H —— RNO + 2H,0 + 2Ag(S) + 4NH,

Tollens reagent

Test the solution with Tollens Reagent
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(iii)

e PodtiveTest: formation of metallicsilver

*  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:.

Treatment of Aromatic Compoundswith Sodium Hydroxide

¢ Thenumber of nitro groups on an aromatic ring can be determined by the reaction with NaOH

* Inthereaction with NaOH:

e  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
OZNQG L’ OZNG

NO, NO.

Meisenheimer complex
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SEPRATION TECHNIQUES

METHODS OF PURIFICATION OF ORGANIC COMPOUNDS:

Organic compounds obtained either from natural source (or) synthesized inlaboratory are contami-
nated with impuritics. Various methodsare used for removal of impuritiesfroman organic compound
depends on the nature of compound and type of impurities present in it. The following methods are
commonly usedfor purification

(1) Sublimation (2) Crystdlisation
(3) Didtillation (4) Solvent extraction (differentia extraction)
(5) Chromatography.

Note: Most of the purecompoundscontain sharp Melting point & Boiling points.
Sublimation:

The process of conversion of sublimable solid to vapour state directly by heating without passing
through liquid stateis called sublimation.

Solid vapour

Thismethodisused for purification of solids

Sublimation processis used for separation of sublimable volatile compounds from non sublimable
impurities.

Sublimation is generally used for purification of camphor, napthalene. Anthracene. Benzoic acid,
phthalic anhydride, Anthraguinone, Indigo and lodine HgCl, solid SO,

Crydallisation::

Itisused for purification of solid organic compounds.

Crystallisation isbased on the differencein solubilitiesof the compound and impuritiesinasuitable
solvent.

The principleinvolved in thismethod isimpure compound dissolvedin asolvent issparingly soluble
at low temperature, but appreciably soluble a high temperature. Insolubleimpuritiesare separated by
filtration. The filtrate on cooling saturated solution, pure compound crystalises out. If a
compound ishighly solublein onesolvent and too little solublein another solvent then crygallisation
iscarried out by using mixture of these solvents.

Impurities, which impart colour are removed by adsorbing over activated charcoal.

Repeated crystallisation is required if organic compound contains impurities of comparable
solubilities.

The process of separation of different components of amixture by repeated crystallisation is called
fractiond crystalisation.

Fractional crystallisation isused for separation of two or more soluble substanceswhich have differ-
ent solubilitiesin the same solvent.

Most commonly used solvents for crystallisation are water, alcohol, ether, chloroform,
carbontetrachloride. acetone, benzene, petroleum ether.

ALLEN .
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Sugar having animpurity of common salt can be crystallised from hot ethanol. since sugar dissolvesin hot
ethanol but common salt doesnot.

Fractional crystallisation can be used to separate a mixture of KCIO, (less soluble) and KCI (more
soluble).

DISTILLATION :

Didtillation isan important method used to separate

i) Volatileliguidsfrom non volatile impurities.

i) Liquidshaving sufficient differencein boiling points.

SimpleDidillation :

Thisprocessisused for purification of liquidswhich doesnot undergo decomposition at their boiling
points

Thevapourisation of aliquid by heating and subsequent condensation of vapours by coolingisknown
asdidtillation.

Liquid mixture is taken in around bottom flask and heated carefully, the vapour component with
lower boiling point distillsfirst, the vapour formed is condensed by using condenser andtheliquidis
collected in areceiver. The vapours of component with higher boiling point distillslater.
Theliquidsthat have boiling point difference greater than 40°C can be purified by this method,

eg:

(i) Chloroform (BP. 334 K) & Aniline (B.P. 457 K)

(i) Ether (B.P. 308 K)& Toluene (B.P. 384 K)

(iii) Benzene (B.P. 353 K)& Aniling(B.P. 457 K)

Fractional Digtillation :

Fractional distillationisused if thedifferencein boiling point of two liquidsislessthan 40° C.
Vapours of liquid mixture are passed through fractionating column before condensation,which is
fitted over mouth of the round bottom flask.

Vapours of liquid with higher boiling point condense before the vapours of liquid with lower boiling
point the vapoursraising up in thefractionating column isricher in morevolatile component.
Fractionating column provides many surfaces for heat exchange between ascending vapours and
descending condensed liquid.

Each successve condensati on and vapourisation unit inthe fractionating columniscalled atheoretica
plate.

Liquidsforming aconstant boiling mixture (azeotropic mixture) can not be separated by this method.
Fractional distillation isused to separate different fractionsof crude oil in petroleum industry.
Thismethod isused for separation of mixture of acetone(B.P. 330K) and methy! alcohol (B.P. 338K)
Mixture of benzeneand tol uene can be separated by fractional distillation.

Ex.1 How isethyl alcohol purified from methylated spirit.

Sol:

Methylated spirit isethyl acohol contaminated mainly with methyl acohol. Ethyl alcohol ispurified
by fractiond didtillation Sncethedifferenceinboiling pointisless.

Polymers & POC and Sepration Techniques
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DISTILLATION UNDER REDUCED PRESSURE (Vacuum Distillation)
Thismethod isused to purify liquids having very high boiling points, which decompose at or bel ow
their boiling points.
These liquids are made to boil at a temperature lower than their normal boiling point by reducing
pressure on their surface with the help of vacuum pump.
Glycerine, H,0,, forma dehyde arepurified by vacuum distillation.
Glycerol can be separated from spent-lyein soap industry by using vacuum distillation.
Sugar cane juice is concentrated in sugar industry by evaporation under reduced pressure which
saves|ot of fuel.
Steam Didtillation :
This method isused for separation and purification of organic compounds (solidsor liquids) which
i) aresteam volatile
ii) areinsolublein water.
iii) Process high vapour pressure (10-15 mm of Hg at 373 K)
iv) Containsnon volatileimpurities.
Steam ditillationisbased on Dalton'slaw of partid pressurei.e., P=P, + P,. where P= Atmospheric
pressure.
P, = Portial pressure of organicliquid
P, = Vapour pressure due to water.
Compounds which can be purified by steam distillation are aniline, nitrobenzene, bromobenzene,
o-nitrophenal, o-hydroxy benzaldehyde (salicylaldehyde), o-hydroxy acetophenone, turpentine ail,
essentid ails.

Ex.2 Mention about the purification of (a) aniline and (b) naphthalene

Sol.

(@) Aniline can be purified by steam digtillation becauseit isimmisciblewith water and steam vol il e.
(b) Naphthalene can be purified by sublimation becauseit changeson heating directly to vapour state
and on cooling, it changes back into solid form.

Solvent Extraction (Differential Extraction) :

Definition: The processof isol ating an organic compound from its aqueous sol ution by shaking with
asuitablesolvent iscdled differential extraction. It isalso called solvent extraction

When an organic compound is present in an aqueous medium, then it is separated by shaking it with
an organic solvent in which it is more soluble than in water.

Solvent should be immiscible with water and organic compound to be separated should be highly
solubleinit

Organic solvent and aqueous sol ution are immiscible with each other, so they can form two distinct
layers (which can be separated by separator funnel).

Organic solvent isdistilled or evaporated to get organic compound.

If organic compound isless soluble in organic solvent then large quantity of solvent isrequired to
extract small quantity of compound, whichissaid to be continous extraction.

ALLEN .
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Benzoic acid can be extracted from itsaqueous sol ution using benzene as solvent.
Ether isabetter solvent in differential extraction dueto:

1) itslesspolarity i) lessreactivity

iii) LessBoiling Point iv) higher solubility of organic compounds
SEPARATION BY CHEMICAL METHODS:

It isused for mixture of substanceswhich are chemically different.

eg:

(1) Separation of acidic and basic compoundsof coal-tar.

(2) HC=CH-2Tmel , cyC=CCu —S&— HC=CH
(impure) U2+2 (red ppt.) (pure)
(3) Pyroligneous — a2, calcium ——— CH,COOH
Acid acetate

(from wood distillation industry) - CH,COOH + MeCoMe + MeOH

(4 CH;OH —2@% _, Methyl oxalate —2°H@%0_, CH,OH
(Impure) (Crystalline) (pure)

Chromatography :

Thismethod isused for separation of mixturesinto their components, purification of compounds and
also to test the purity of compounds.

Chromatography is obtaind from the greek word " Chroma" means colour and "graphy" meanswriting.
Thismethod wasfirst used for separation of coloured substances found in plants.

This method was described by Tswett.

This Technigue consists of two phasesoneis stationary phaseof large surface areawhile the second
ismoving phasewhichisallowed to move slowly over the stationary phase.

Stationary phaseiseither liquid or solid, while moving phase may beliquid or gas.

The technique of chromatography is based on the rates at which the components of the mixture
moves through a porous medium (called stationary phase) under the influence of some solvent (or)
gas (called mobile phase).

Mixture of substancesis applied on astationary phasewhich may be solid or liquid A pure solvent, a
mixture of solventsor agasisallowed to move dowly over the stationary phase, the components of
the mixture get gradualy separated from one another.

Recovery of separated substances by using suitable solvent isknown as elution. The solvent used is
known as eluant.

Polymers & POC and Sepration Techniques
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Based on the principleinvol ved chromatography isclassfied into

a) Adsorption chromatography and

b) partition chromatography.

Adsorption Chromatography :

Adsorption chromatography isbased on thefact that dif ferent compounds are adsorbed on an adsorbent
to different degrees.

Commonly used adsorbents are sllicagel, alumina, magnesium oxide, cellulose powder, activated
animal charcod.

When amobile phaseis allowed to move over stationary phase, the components of the mixture move
by varying distancesover stationary phase.

There are two main types of chromatographic techniques based on principleof differential adsorption
(i) Column chromatography and

(i) Thinlayer chromatography (TLC)

i) Column Chromatography

It involves separation of amixtureover acolumn of adsorbent packed inaglasstube, whichisfitted
with stop cock at itslower end.

The mixture to be separated on the adsorbent is placed at the top of the stationary phase.

An appropriate eluant, which isaliquid or amixture of liquidsisallowed to flow down the column
slowly.

The strongly adsorbed substances areretained near the top and others come down to various distances
in the column,

(it) Thin layer chromatography (TLC)

It involves separation of substances of a mixture over athin layer of an adsorbent coated on glass
plate.

Theglassplateiscoated with adsorbent (ex: silicagel, alumina) asathin layer (about 0.2mmthick) is
called chromatography plate or chromaplate.

The solution of mixture to be separated is applied assmall spot about 2cm above from one end of the
TLC plate.

ALLEN .
S.No. | Chromatography process Stationary Phase | Mobile Phase
1 Column chromatography Solid Liquid
(Adsorption)
2. Liquid-liquid partition Liquid Liquid
chromatography
3. Paper chromatography Liquid Liquid
4, Thin layer chromatography (TLC) | Liquid (or) solid | Liquid
5. Gas-liquid chromatography (GLC) | Liquid Gas
6. Gas-solid chromatography (GSC) Salid Gas
7. lonic exchange chromatography Solid Liquid
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Theglassplateisplacedinaclosed jar containing the d uant. Astheeluant rises up, thecomponents of the
mixture move up along the eluant to different distances depending on their degree of adsorption and
Separation takes place.

The relative adsorption of each component of the mixture is expressed in terms of its retardation
factori.e, R, value.

e eennes
......... PLELEEITE N
L
X
y |m-~======" .' """" 4
__________________ (base line)

_ Distance moved by the substance from base line (x)
f Distance moved by the solvent from base line (y)

The spotsof coloured compoundsare visbleon TLC plate dueto their original colour.

The col ourl ess compound which fluroscene are detected with ultraviolet light

Spots of compounds are even detected by allowing them to adsorb iodine, will show up as brown
Spots.

Sometimes an appropriate reagent is sprayed on the plate.

eg : Amino acids are detected by spraying the plate with ninhydrin solution.

Partition Chromatography :

Partition chromatography isbased on continuousdifferential partitioning of components of amixture
between stationary and mobile phases.

Paper chromatography isatype of partition chromatography.

In paper chromatography aspecial quality known as chromatography paper is used.

In Chromatography paper, cellulose helps as support, and water absorbed from air on to hydroxyl
groups of cellulose acts as sationary phase.

The chromatography paper spotted with the solution of mixture at the baseissuspended in asuitable
solvent or mixture of solvents, thissolvent (s) act asmobile phase.

The solvent rises up the paper by capillary action and flows over the spot.

The paper selectively retains different component according to their differing partition in the two
phases. The paper strip so developed is called chromatogram.

The spots of the separated coloured compounds are visible at different heights from the position of
initia spot on the chromatogram.

Polymers & POC and Sepration Techniques
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The spots of the separated col ourless compound may be observed either under ultraviolet or by theuse of
appropriate spraying agent
Additional Information : Applicationsof Chromatography:
i) In Chemical Industry column chromatography is used for separation of required components
obtained after synthesis.
if) TLCisuseful for monitoring large scal e column chromatography.

Phar maceutical industry : Chromatography isused for separation of chiral compoundsto obtained
pharmaceutically activeoptical isomer.

Food Industry : Chromatography techniquesare used for quality control infood industry. It isused
to determine presence and to separate additives, flavours etc. It is also used to detect presence of
contaminentslike mould, bacteriain food.

Environment-Testing lab : Presence and quality of pollutantsin air and drinking water can be
determined by chromatography technique.
Diagnostic Technique: Presenceof certain drugsand the marker compoundsfor medical diagnosis
in blood and urine are determined.
Qualitative Analysisof Organic Compounds ( Detection of Elements):
Thequalitative analysisof an organic compoundinvolves detection of all elementspresentinit
Detection of Carbon and Hydrogen :
Carbon and hydrogen are detected by heating the compound with cupric oxide (CuO).
Carbon present in the compound is oxidised to carbondioxide, which turnslime water milky.
Hydrogen present in the compound is converted into water, which turns anhydrous copper sul phate
into blue.

C +2CuO —— 2Cu + CO,

H, + CUlO —— Cu+H,0

Carbondioxideturnslimewater milky.
Ca(OH), + CO, — CaCO, + H,0O
(milky)
Water vapoursturn anhydrous copper sulphateinto blue.

CusO, + 5H,0 —— CuS0O,.5H,0

anhydrous hydrated
(colourless) (blue)

Detection of Nitrogen, Sulphur Halogens & Phosphorus:

Nitrogen, sulphur, halogens and phosphorus present in an organic compound are detected by
Lassaigne'stest.

Organic compounds are fused with dry sodium in fusion tube and fused mass after extraction with
water isboiled and filtered, thefiltrate is called sodium fusion extract

During prepartion of sodium fusion extract covaent compound is converted into ionic compound.
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. Thefollowing reactionstakes place

Na+C+N—2NaCN

2Na+S —2->Na,S

2Na+ X, —2—>2NaX (X=Cl,Brorl)

Test for Nitrogen :
Sodium fusion extract is boiled with freshly prepared ferrous sulphate ( FeSO,) solution and then
acidified with concentrated sul phuric acid. The formation of Prussian blue colour confirmsthe presence
of nitrogen.
2NaCN + FeSO, — Fe(CN), + Na,SO,
Fe(CN), + 4NaCN — Na,[Fe(CN) ]
sodium hexacyanoferrate(l1)
On heating with concentrated sulphuric acid some Iron(l1) ions are oxidised to Iron(l11) ion, which
reacts with sodium hexacyanoferrate(l1) to producelron (111) hexacyanoferrate(ll) (ferri ferrocyanide)
whichisPrussian bluein colour.
3Na,[Fe(CN)] + 2Fe,(SO,),
— Fe,[Fe(CN)g]; + 6Na,SO,
ferriferrocyanide
(prussanblue)
. Thistest failsin case of diazo compounds.
. If theamount of nitrogen present isless, then Prussan blueispresent in collaida form and the solution
looksgreen.
Ex.3 Hydrazine doesnot give Lassaigne'stest, Why?
Sol. IntheLassaigne'stest, nitrogen isconverted to cyanide by combining with carbon of the compound
Hydrazine does not contain carbon and hence cyanide cannot form.
Ex.4 Why diazonium saltsdo not show positive Lassaigne'stest for nitrogen ?
Sol:  Diazonium saltsare unstable and losenitrogen as N, gas on heating. Hence during fusion, no sodium
cyanideisformed in Lassaigne's extract dueto the loss of nitrogen.
Test for Sulphur:
a)  Sodiumfusion extract isacidified with acetic acid and |ead acetate isadded to it, ablack precipitate of
lead sulphideisformed, which indicates presence of sulphur.
Na,S + (CH,CO0),Pb - PbS | +2CH,COONa
black
b)  Sodium fusion extract is treated with freshly prepared sodium nitroprusside, appearance of violet
colour (purple) indicates presence of sulphur.
Na,S + Na,[Fe(CN).NO] — Na,[Fe(CN);,NOS]
(sodium nitro prusside) (violet)
. In caseboth nitrogen and sulphur arc present in an organic compound sodium thiocyanateisformed,
which givesblood red colour with neutral FeCl,; solution.

*
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Na+ C+ N+ S— NaSCN
3NaSCN + FeCl; — Fe(SCN), + 3NaCl
(blood red)
(or)
Fet3+ SCN-— [Fe(SCN)]*?
(blood red)
If sodium fusionis carried out with excess of sodium, the thiocyanate decomposesto yield cyanide
and sulphide, theseionsgivestheir usual tests.
NaSCN + 2Na— NaCN + Na,S
Test for Halogens:
Sodiumfusion extract isacidified with nitric acid and then treated with silver nitrate solution.
(i) White precipitate, solublein ammonium hydroxide indicates presence of chlorine.
NaCl + AgNO, — AgCl { + NaNO,
(white ppt)
AgCl + 2NH,OH — [Ag(NH,),]CI + 2H,0
(soluble complex)
(i) Y ellowish precipitate, sparingly solublein ammonium hydroxideindicatespresence of bromine.
NaBr + AgNO, — AgBr 4 +NaNO,
(yellowish ppt)
(iii) Yellow precipitate, insoluble in ammonium hydroxideindicates presence of 1odine.
Nal + AgNO; — Agl I + NaNO,
yellow
precipitate
Nitrogen and sulphur are also present in the compound, the sodum fusion extract is boiled with
concentrated nitric acid to decompose sodium cyanide & sodium sulphideformed during Lassagne's
tedt, otherwisethey interfere with silver nitratetest for halogens.
NaCN + HNO,; - NaNO; + HCN 7T
Na,S + 2HNO, — 2NaNO; + H,S T
If NaCN and Na,S are not decomposed, then white and black precipitates of AQCN and Ag,S are
formed respectively with silver nitrate solution.

ALLEN .
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(i)

(i)

Bellstein'sTest:
A copper wireflattened at oneend isheated inan oxidisng flame of Bunsen burner. Thehestingiscontinued
till it does not impart blue colour flame. The hot end of copper wireisnow touched with the organic
substanceand isonce again kept in flame, the appearance of green or blue colour indicatesthe presence of
ha ogensinthe organic compound.

Limitations:

(a) Substances such as urea, thioureado not contain halogens but givesthistest

(b) It does not tell which halogen is present in organic compound.

ChlorineWater Test for Bromineand lodine:

Both AgBr and Agl are yellow precipitates, it is alittle bit difficult to identify given halogen in
bromine or iodine, to confirm it chlorinewater test is used.

Sodium fusion extract isacidified with dilute H,SO, (or) HNO,, to thisl(or) 2ml of chloroform (or)
Carbon tetrachloride is added and then excess of chlorine water is added with constant shaking.

If chloroform (or) carbon tetrachloride layer becomesyellow (or) brown indi catespresence of bromine.
2NaBr + Cl, — 2NaCl + Br,

Br, dissolvesin chloroform (or) carbontetrachloride givesyellow (or) brown colour

If chloroform (or) carbon tetrachl oride layer becomesviolet indicates presenceof iodine

2Nal + Cl, — 2NaCl +1,

|, dissolvesin chloroform (or) carbontetrachloridegivesviolet colour.

Presence of NaCN (or) Na,Sin sodium fusion extract doesnot interferein thistest.

Test for Phosphorus:

The compound is heated with oxidisng agent (sodium peroxide) or with fusion mixture (sodium
carbonate and potassium nitrate) phosphorus present in the compound i s oxidi sed to sodium phosphate.
The solution isboiled with nitric acid and then treated with ammonium molybdate, a canary yellow
(ammonium phospho molybdate) precipitate formation (or) yellow colouration indicates presence of
phosphorus.

2P+ 5Na,0, —— 2Na;PO, + 2Na,0
Na,;PO, + 3HNO; ——> H,PO, + 3NaNO,

H,PO, + 12(NH,)2M00, + 21HNO, ——>

(NH,),PO,.12M00, + 2INH,NO, + 12H,0

(ammonium phospho molybdate)

Test for Oxygen :

Thereisno direct test for oxygen.

If organic compound isheated in adry test tubein nitrogen atmosphere, if water dropletsare formed
onthewallsof thetest tube indicates presence of oxygen.

Presence of oxygen can be known by testing functional groups containing oxygen.

eg: —OH, -COOH, -CHO, -NO, etc

Polymers & POC and Sepration Techniques
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Ex.5

Sol.

QUANTITATIVE ANALYSIS

It involvesthe estimation of percentage composition of variouselementsby suitable methods.
Estimation of Carbon and Hydrogen

Carbon and hydrogen are estimated by Liebig's combustion method.

A known mass of an organic compound is burnt in the presence of excess of oxygen
(freefrom CO,) and Cupric oxide (CuO)

Carbon and hydrogen present in the compound are oxidised to CO, and H,O respectively

CiHy +(x+%} O, ——xCO, +% H,O
CO, and H, O produced are weighed by absorbing in concentrated solution of potassium hydroxide
and anhydrous cal cium chloride (or) magnesum perchlorate respectively

0%C=12, weight of CO, formed
44 weight of organic compound

x100

oM =2 « weight of CO, formed
18 weight of organic compound

x100

On complete combustion, 0.246g of an organic compound gave 0.198 g of carbon dioxideand 0.1014g
of water. Determine the percentage composition of carbon and hydrogen in the compound.

12x0.198x100 _
44x0.246

%oof carbon= 21.95

2x0.1014x100 _ 458

% of hydrogen =
pothydrog 18x0.246

ESTIMATION OF NITROGEN

Nitrogen present in organic compound is estimated by

(@) Dumas method

(b) Kjeldahl'smethod

(a) Dumasmethod

In thismethod nitrogen present in the organic compound is converted in to N(molecular nitrogen)
A weighed amount of organic compound is heated with cupric oxide in an atmosphere of
carbondioxide.

Carbon and hydrogen present in the compound are oxidised to CO, and H,O, while N, is at free.
Some oxides of nitrogen formed are reduced to free nitrogen by passing over heated copper gauze

x'lytNz

C.,H N +(2x+%quO—>

xCO, +Y H20+E N, + 2x+2 |cu
2 2 2

Polymers & POC and Sepration Techniques
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Ex.6.

Sol.

Ex.7

Sol.

Oxidesof nitrogen+ Cu— N, + CuO

Themixtureof gases produced Iscollected over caustic potash solution (K OH solution) which absorbs
CO..

Nitrogeniscollectedinthe upper part of nitro meter.

06N = 28 ><Volume of nitrogen in ml at STP><1OO

22400  Weightof organic compound

0.25g of an organic compound gave 30 cm? of moist dinitrogen at 288 K and 745 mm pressure.
Calculate the percentage of nitrogen. (Aqueoustension at 288 K = 12.7 mm)

Mass of the substance=0.25¢g

Volume of moist dinitrogen = 30 cm3

Temperature =288 K

Pressure=745—-12.7 =732.3 mm

Volume of dinitrogen at STP:

PV, T, 7323x30x273

V, =11y -2 - =27.4cm’
T PR 288 x 760
) _ ) 28 vol of N, at STP 100
Percentage of nitrogen in organic compound = > 400 Wt of organic compound
28 27 4 x 100 = 13.6
22400 0.25

0.3g of an organic compound gave 50 ml nitrogen at 27°C and 715 mm pressure. If the aqueous
tension at 27°Cis15 mm, calcul ate the percentage composition of nitrogen in the compound.
Mass of the substance=0.3¢g
V olume of the moist dinitrogen =50 ml
Temperature=27°C =27 + 273 =300K
Pressure = 715—15 = 700 mm
Volume of dintrogen at STP:
_ RV, T, 700x350 x273

T, P 760 x 300

28 vol of N, STP <100 — 28 419

22400 Wt of organic compound = 22400

x100=17.46

22400 ml of dinitrogen at STPweight =28 ¢
28x41.9
22400

034 of ) q tai 28x41.9
.o g Of Organic compouna contains 22400

41.9 ml dinitrogen at STPweight =

g of N,
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Ex.8

Sol.

28x41.9 y 100
22400 0.3

100 g of organic compound contain =17.46

percentage of nitrogen = 17.46

Kjeldahl'sMethod :

In thismethod nitrogen in the organic compound isconverted into anmonia (NH,,)

A known massof organic compound containing nitrogen is heated with concentrated sulphuric acid
in presence of K,SO, and CuSO, then nitrogen present in the compound is converted into ammonium
sulphate. K,SO, increases boiling point of H,SO, and CuSO,, acts as catayst.

Organic compound + H,SO, — (NH,),SO,

Theresulting solutionisdistilled with excess of sodium hydroxide

(NH,),SO, + 2NaOH —— Na,SO, + 2NH, + 2H,0

Ammoniaevolved is absorbed in aknown but excess volume of standard HCI (or) H,SO,, sotution.
Theacid left unreacted is estimated by titration agai nst standard sol ution of sodium hydroxide.

14 VxN

x _ x100
1000 wit. of organiccompound

Percentage of Nitrogen =

1.4xV xN
%N =—— .
Weight of organic compound

WhereV =volume of acid in ml neutralised by anmonia

N = Normality of acid.

Thismethod issimpler and more convenient

It ismainly used to find percentage of nitrogen present in food stuffs, soils, fertilizers and various
agricultural products.

Thismethod is not applicable to compounds containing nitro (-NO,), Nitroso (NO), azo group

O X
(-N=N-), azoxy compounds |: N = Kl :| and nitrogen present in thering (pyridine O quinoline
TN N

X
©|\/J) because nitrogen present in these compounds is not quantitatively converted in to
N

ammonium sul phate.

In Kjeldahl's estimation of nitrogen, the ammonia evolved from 0.5 g of an organic compound
neutralised 10 ml of 1M H,SO,. Calculate the percentage of nitrogen in the compound?

10 ml of 1M H,SO, = 20ml of 1M NH,

1000 ml of 1M ammonia contains 14 g nitrogen

Polymers & POC and Sepration Techniques
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Ex.9

Sol.

14x20
1000

20 ml of 1M ammoniacontains gN,

14x20x100
1000x0.5

% of nitrogen = 56.0

In Kjeldahl's estimation of nitrogen, the ammonia obtained from 0.5 g of an organic substance was

M

passed into 100 cm? of 10

NaOH for neutralisation. Calculate the percentage of nitrogen in the

compound.
m eqg. of H,SO, taken = molarity x basicity x volume (ml)

_ 1 2x100=20
10

m.eq of NaOH = 1—](')><1><154=15.4

m. eq of H,SO, unused - 20— 15.4 = 4.6

1.4xmeq of H,SO, unused 1.4x4.6

. _ _ = =12.88%
% of nitrogen Wt of organic compound 05 0

ESTIMATION OF HALOGENS CARIUSMETHOD

A weighed amount of an organic compound isheated with fuming nitric acid in the presence of slver
nitrate contained in ahard glasstube known as carius tube.

Carbon and hydrogen present in the compound is converted into CO,, and H,0.

Hal ogen present in the organic compound is converted into silver halide.

The perecipitateiswashed, dried and weighed

Atomic weight of halogen y Weight of silver halide formed y
Mwt of silver halide Weight of organic compound

Percentage of halogen = 100

35.5 y wt of AgCl formed
143.5 wt of organic compound

%Cl = x 100

80 y wt. of AgBr formed
188 Wit. of organic compound

%Br =

x100

06l — 127 Wt.of Agl formed <100

= X
235 Wt. of organic compound

ALLEN .
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Ex.10 In Carius method, 0.1890g of an organic compound gave 0.2870g of silver chloride. Calculate the
percentage of chlorinein the compound

Sol: Weight of substance=0.1890g
Weight of silver chloride =0.2870g

weight of AgCl x35.5x100 ~ 0.2870%35.5x100 _ 378
weight of substance x 1435 =~  0.1890x143.5

% of chlorine=

Ex.11 Onegram of bromodkane on heating with excess silver nitrate in Cariustube method gave 0.94g of
yellow precipitate. What isthe percent weight of halogen ?
Sol. Weight of substance =1g Y ellow precipitateis AgBr ; Weight of AgBr = 0.94g

0.94 x80x100
1x188

% of bromine = 40

Ex.12 In carius method of estimation of halogen 0.15g of an organic compound gave 0.12g of AgBr. Find
out the percentage of bromine in the compound

80 x 0.12 x 100 _ 3104
188 x0.15

Sol. % of bromine =

Estimation of Sulphur Cariusmethod:

. A weighed amount of organic compound is heated in acarius tube with sodium peroxide or fuming
nitricacid.

. Sulphur present in the compound is oxidised into sulphuric acid, whichistreated with BaCl,, solution
gives precipitate of BaSO,.

. It isfiltered, the precipitateiswashed, dried and weighed.

%S — Atomicwt of sulphur y wt of BaSO,, formed <100

Mol.wtof BaSO,  wtof organiccompound

%S — 32  wtof BaSO, formed <100

" 233" wt.of organic compound

Ex.13 In sulphur estimation, 0.157 g of an organic compound gave 0.4813 g of barium sulphate. What is
the percentage of sulphur inthe compound?
Sol. 233 g BaSO, contain 329 sulphur

. 32x0.4813
0.4813g BaSO, contain 2—339 sulphur
32x0.4813x100
%of sulphur = — o5 e~ 4210
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Ex.14 On heating 0.2g of an organic compound with amixture of barium chlorideand nitric acid, 0.466g of

Sol.

barium sulphate was obtained. Calculate the percentage of sulphur.
Weight of substance=0.2g

Weight of barium sulphate =0.466 g

0.466x32x100 _30

0.2x233
Estimation of PhosphorusCariusMethod : A weighed amount of organic compound isheated with

fuming nitric acid, then phosphorus present inthe compound isoxidised to phosphoric acid. Phosphoric
acidis precipitated as magnes um ammonium phosphate (Mg NH,, PO,)), by addition of magnesiamixture
(MgCl, + NH,OH + NH,Cl)

Magnesium ammonium phosphate is washed, dried and it is heated strongly to get magnesium
pyrophosphate { Mg,P,0O.).

Magnesamixture
H;PO, MgNH,PO,
(Phosphoric acid) (Magnisium ammonium phosphate)

Weight percentage of sulphur =

2MgNH,PO, —— Mg,P,0; + 2NH, + H,0
(Magnesium
Pyrophosphate)

62 y wt. of Mg,P,0, formed y
222 wt. of organic compound
Phosphoric acid is precipitated as ammonium phospho molybdate (NH,,),PO,.12M0O, by adding
ammoniaand ammonium molybdate. (Molecular massof (NH,),PO,.12M00O, = 1877)
6P 31 y wt of (NH,), PQ4.12M003formed y

1877 wt of organic compound

Estimation of oxygen.

Usually percentage of oxygen in organic compound is determined by method of difference % of
oxygen = 100 — (sum of the percentages of al other elements)

Oxygen present in the organic compound is estimated by Aluise's method.

A known amount of organic compound is subjected to pyrolysisin astream of nitrogen.
The mixture of gaseous products containg oxygen is passed over red-hot coke, then all theoxygenis
converted in to carbon monoxide.

% P= 100

100

compound ——> O, + other gaseous products

2C+0,—22% ,2c0

CO formed is quantitatively converted into CO, by passing over warm | odine pentoxide (1,0;)
5CO + 1,0, — |, + 5CO,

Theresulting gaseous mixture (CO, and |,,) ispassed through potassium iodide sol ution, which absorbs
iodine, and then passed over KOH to absorb CO,,.

Yoof Oxygen = 16 wt. of CO, formed

X h x100
44 wt.of organic compound

ALLEN .
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Ex.15 0.2g of an organic compound on analysisgave 0.147g of carbondioxide, 0.12g of water and 74.6 c.c of

Sol.

nitrogen at S.T.P. Cal cul ate the weight percentages of constituents.
Weight of compound = W=0.2g

Weight of CO, =W, =0.147g

Weight of H,0 =W, =0.12g

Volumeof N, at STP=74.6 c.c.

W; x12x100  0.147 x 12 x100

% of carbon = W44 02 44 = 20.04%
W, x2x100 0.12 x 2 x100
% of Hydrogen = 2VV><18 - 0.2x18 = 6.66%
W,x28x100 746 146.63%

% of Nitrogen = Wx22400  8x0.2

Remaining isoxygen.

% of Oxygen = 100 — (%C + %H + %N) = 100 — 73.33 = 26.67%

Note: Presently estimation of elements(C,H and N) in organic compound isestimated by using
CHN elementd analyser by taking very smal amoung of substance (1-3 mg), resultsaredisplayed on
screenwithin short time.

Chemical Methodsused to Find Molecular Mass Silver Salt Method for Acids:

Organic acid forminsoluble dlver sdts, which on heating undergoes decompostion toleave aresdue
of metdlicdlver.

RCOOAg——  Ag
Silver salt Silver (residue)

Equivalent of silver salt  mass of silver salt

Equivaent wt. of silver Mass of silver

E+108-1 Massof silver sat
108 Mass of silver

E_ Mass of silver salt
Mass of silver

X 108} -107

Molecular weight of acid = Equivalent weight of acid (E) x basicity.

Platinic Chloride M ethod for Base

Organic bases combineswith chloroplatinic acid (H,PtCl) to form insoluble platinichloride, which
onignition givesmetallic platinum.

If 'B"ismono acidic base then formula of salt will be B,H,PtCl...

BZH 2PtCI 6 T) Pt

Polymers & POC and Sepration Techniques



JEE-Chemistry ALLEN .

Molecular mass of platinum sat Mass of platinum salt
Atomic mass of platinum Mass of platinum

If E isequivalent weight of basethen

2E+410 Mass of platinum salt
195 Mass of platinum

1{Mass of platinum salt

E== _ x195-410
Mass of platinum }

2

Molecular mass of base = Equivaent massof base x acidity
Emperical formula

. The simplest whole number ratio between the atoms of various & ements present in onemol ecule of a
substance iscaled emperical formula
Calculation of Emperical Formula
The stepsinvolved are

. Divide mass percentage of each element by itsatomic mass, givesrelative number of atoms.

. Simplest ratio is obtained when the figures obtained is divided by lowest number.

. If the simplest ratio obtained is not awhole number ratio, then multiply all the figureswith suitable
integer to get simplest whole number ratio.

. Writesymbols of various elements side by side with above numbersat the lower right corner of each,
whichisemperical formulaof compound.
Molecular formula
The actual number of atoms present in one molecule of asubstanceis called molecular formula.
Molecular formula= (Emperical formula),,
where

3 Molecular wt of the compound
Emperica formula weight of the compound

. If vapour density isgiven then molecular weight = 2 x vapour dengity.
Deter mination of molecular formula of GaseousHydr ocar bons (Eudiometry) :

. Eudiometry isadirect method used tofind molecul ar formulaof gaseous hydrocarbon without finding
percentage composition of el ementsand itsmolecular weight.

. A known volume of gaseous hydrocarbon is mixed with excessof pure and dry oxygen in eudiometer
tube placed inverted in atrough of mercury.

. The mixtureisexploded by passng an e ectric spark between platinum electrodes. Asaresult carbon
and hydrogen of hydrocarbon are oxidised to CO, and H,O vapour respectively.

. Thetubeisallowed to cool to room temperature, then water vapour iscondensed in to liquid water,
whaose volume occupied isalmost negligible. Thusthegaseous mixtureleftin eudiometer tubeisCO, and
0,.

m
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Caustic potash solutionisthen introduced in to eudiometer tube which absorbs CO., completely.

The gasleft isunused O, -

2NaOH + CO, — Na,CO,, + H,0O

Decreasein volume on introducing KOH solution gives volume of CO,, used.

Sometimes volume of O, left unused isfound by introducing pyrogallol and noting the decreasein
volume.

Let molecular formula of gaseous hydrocarbon is CXHy. On combustion one volume of it forms x'
volumes of CO, & "y/2' volumes of water vapour.

CiHy +(x+%}02—>xCO2 +%HZO

Yy y
1vol| x+= Z vol
( 4} X vol 5 \
For 1 volume of hydrocarbon

Volume of O, used = (XJ%}VO'

Volume of CO, produced = x vol.

Contraction on explosion and cooling =1+ % (volume of liquid water is neglected)

Determination of Molecular massby Victor Meyer'sM ethod
A known mass of the volatile substanceis vapourised in victor meyer's method.
The vapours obtained displacesan equal volume of air in to graduated tube.

I:)lvl I:)2\/2
Thevolume of air displaced iscalculated at STP condition by using T = A
1 2

Mass of substance taken

_ _ x 22400
Mol. mass of volatile Substance =\ ;e of air displaced in ml at STP
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EXERCISE # O-l

1.

Which of the following is monomer unit of polystyrene :-

(A) CH.= gH (B) CF,=CF, (C) cH=CH (D) CH=CH,
CN Cl CoHs

Weakest intermolecular forcesare present in :-
(A) Neoprene (B) Terylene (C) Polystyrene (D) Bakdlite

Thermosetting polymer, Bakeite isformed by the reaction of phenol with :-
(A) CH,CH,CHO (B) CH,CHO (C) HCHO (D) HCOOH

Which oneis classified as a condensation polymer?
(A) Teflon (B) Acrylonitrile (C) Dacron (D) Neoprene

Novolacisa:

(A) linear polymer of urea and formaldehyde

(B) crosslink polymer of urea and formaldehyde
(C) linear polymer of phenol and formaldehyde
(D) crosslink polymer of phenol and formaldehyde

Which of the following is not a semisynthetic polymer.
(A) cis-polyisoprene (B) cdlulosenitrate
(C) cellulose acetate (D) vulcanised rubber

Which one of the following polymersis prepared by condensation polymerization
(A) Styrene (B) Nylon-6,6 (C) Teflon (D) Rubber

Which of the following statement is not true :

(A) Natural rubber has the trans-configuration at every double bond.
(B) Buna-S is a copolymer of butadiene and styrene.

(C) Natural rubber isa 1, 4-polymer of isoprene.

PL 0001

PL 0002

PL 0003

PL 0004

PL 0005

PL 0006

PL 0007

(D) Invulcanization, the formation of sulphur bridges between different chains make rubber harder

and stronger.

Structures of some common polymers are given. Which one is not correctly presented ?

(A) Nylon 66 -+NH(CH,),;NHCO(CH,), - CO -],
(B) Teflon —+cCF, - CF, -),

© Neoprene[ &

(D) Terylene { 0C~O)-COOCH,-CH,-0)-

CH,-C = CH—CHZ—CHZ—J
n

PL 0008

PL 0009

ALLEN .
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10. Of the following which oneis classified as polyester polymer ?

(A) Terylene (B) Bakelite
(C) Maamineformaldehyde (D) Nylon-66
PL 0010
11. Which one of the following is not a condensation polymer?
(A) Dacron (B) Neoprene (C) Melamineformaldehyde (D) Glyptal
PL0O11
12.  Which of the following statementsisfalse?
(A) The repeat unit in natural rubber isisoprene
(B) Both starch and cellulose are polymers of glucose
(C) Artificial sillk isderived from cellulose
(D) Nylon-66 is an example of elastomer
PL 0012
13.  Which one of the following sets forms the biodegradable polymer ?
(A) HO — CH, — CH, — OH & HOOC~O)-COOH
(8) {O)~CH = CH, and CH, = CH — CH = CH,
() CH,=CH-CN and CH, = CH — CH = CH,
(D) H,N — CH, — COOH and H,N — (CH,)-—COOH
PL 0013
14. Nylonisan example of :-
(A) Polythene (B) Polyester (C) Polysaccharide (D) Polyamide
PL0014
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EXERCISE # O-l1
For the Separation of two immiscibleliquidswhich method (or apparatus) isused?
(1) Chromatography (2) Fractionating column
(3) Fractional digtillation (4) Separating funnel / Decantation
PO0001
A mixture of benzene and chloroformis separated by
(1) Sublimation (2) Separating funnel  (3) Crystallization (4) Didtillation
PO0002
Which of the following has molecular weight of 92 ?
(1) Toluene (2) Benzene (3) Methanal (4) Propene
PO0003
Anilineisusudly purified by
(1) Chromatographic technique (2) Steam ditillation
(3) By addition of oxalic acid (4) Fractiona crystdlization
PO0004
The most suitable method for separation of 1:1 mixture of ortho- and para- nitrophenolsis
(1) Sublimation (2) Chromatography  (3) Crystdlization (4) Steam ditillation
PO0005
Distillation under reduced pressureis employed for
(1) Benzene (2) Petral
(3) Glyceral (4) Organic compounds used in medicine
PO0006
Impureglycerineispurified by N
(1) Steam ditillation (2) Smpledidtillation :i
(3) Vacuum didillation (4) None of the above §
PO0007 *
Absolute acohol isprepared by ;
(1) Fractiond distillation (2) Kolbe'smethod ;
(3) Azeotropicdistillation (4) Vacuum didtillation ;
PO0008 :’
Thelatest technique used for purification for organic compuoundsin EE
(1) Chromatography (2) Vacuum didtillation 2
(3) Fractiond distillation (4) Crysallisation i
E
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10.

11.

12.

13.

14.

15.

=
o

=
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In paper chromatography
(1) Moving phaseisliquid and stationary phaseissolid
(2) Moving phaseisliquid and stationary phaseisliquid
(3) Moving phaseis solid and stationary phaseissolid
(4) Moving phaseissolid and stationary phaseisliquid
PO0010
A is alighter phenol and B is an aromatic carboxylic acid.Separation of mixtue A and B can be
carried out easily by using a solution of

(1) Sodium hydroxide (2) Sodium sulphate
(3) Caciumchloride (4) Sodium bicarbonate
PO0011
In sodium fusiontest of organic compoundsthe nitrogen of the organic compound is converted into
(1) Sodamide (2) Sodiumcyanide  (3) Sodiumnitrite (4) Sodium nitrate
PO0012
The Lassaigne'sextract is boiled with dil. HNO, before testing for halogens because
(1) Silver halidesare solublein HNO, (2) Na,S and NaCN are decomposed by HNO,
(3) Ag,Sissolublein HNO, (4) AgCN issolublein HNO,
PO0013
InalLessaigne'stest for nitrogen, the blue colour is dueto the formation of
(2) Potassum ferricyanide (2) Sodium cyanide
(3) Sodiumferrocyanide (4) Ferri-ferro cyanide
PO0014
Which of the following compounds does not show L assaignetest for nitrogen?
(1) Urea (2) Hydrazine (3) Phenyl hydrazene (4) Azo benzene
PO0015

When piece of human hair are heated srongly with sodalime smell of ammonia can be detected.
which one of the following conclusion can be drawn from this observation.

(1) Ammoniaispresentinhumanhar (2) Ammonium saltispresentinhar
(3) Hair containsamino acids (4) None of the above
PO0016
The Beilstein test for organic compoundsis used to detect
(1) Nitrogen (2) Sulphur () Carbon (4) Halogen
PO0017
Which of thefollowing isthe best scientific method to test presence of water inliquid?
(1) smdl (2) Taste
(3) Useof litmus paper (4) Useof anhydrous copper sulphate
PO0018
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19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

ALLEN .
Liebig's method isused for the estimation of
(1) Nitrogen (2) Sulphur
(3) Carbon and hydrogen (4) Halogens
PO0019

0.765 gm of an acid gives 0.535 gm of CO, and 0.138 gm of H,O. Then the ratio of percentage of
carbon and hydrogenis

(1) 19:2 (2) 1811 (3) 20:17 (4 1.7

PO0020
Nitrogen is an organic compound can be estimated by
(1) Kjeldahl'smethod only (2) Dumas method only
(3) Both the methods (4) none of these methods

PO0021
Dumas method involvesthe determination of nitrogen content in the organic compound in form of
(1) NH, (2 N, (3) NaCN (4) (NH,),SO,

PO0022
In Kjeldahl'smethod, nitrogen present isestimated as
(DN, (2) NO (3) NH, (4) NO,

PO0023

The percentage of sulphur in an organic compound whose 0.32g produces 0.233g of BaSO,
[At.wt.Ba=137, S=32] is
(110 (2)10.0 (3)235 321

PO0024
If 0.2 gram of an organic compound containing carbon, hydrogen and oxygen on combustion, yielded
0.147 gram carbondioxideand 0.12 gram water. What will bethe content of oxygenin the substance?
(2) 73.29% (2) 78.45% (3) 83.23% (4) 89.50%

PO0025
If a compound on analysis was found to contain C=18.5%,H= 1.55 %, CI=55.04% and
Oxygen =24.81%, Then theempirical formulais

(1) CHCIO (2) CH,CIO (3) CH,0OCI (4) CICH,O

PO0026
Anorganic compound contains C=40 %, H= 1 3.33% and N=46.6 %. Itsempirica formulawould be
(1) CHN (2) CH,N (3) CH,N (4) CH.N

PO0027

Two eements X (atomic weight =75) and Y (atomic we ght=16) combineto give acompound having
75.8% X. Theformulaof thecompoundis
() XYy (2) X.,Y (3 XY, (4) XY,

PO0028
On analysisasaturated hydrocarbon isfound to contain 83.70% carbon and 16.30% hydrogen. The
empirical formulawill be (at wt. of C=12, at. wt. of H=1)
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(1) CH, (2) CH, (3 CH, (4 CH,,
PO0029
30. Empirical formulaof ahydrocarbon containing 80% carbon and 20% hydrogenis
(1) CH (2) CH, (3) CH, (4)CH,
PO0030
31. Anorganic compound with C=40% and H=6.7% will have theempirical formula
(1) CH, (2) CH,O (3) C,H.O, (4) CH,0O,
PO0031
32. Inahydrocarbon, massratio of hydrogen and carbon 1:3, the empirical formulaof hydrocarbonis
(1) CH, (2) CH, (3)CH (4) CH,
PO0032
33. 8.24 gof avolatileliquid on vaporization gives 45 ml of vapours at NTP. What will be the vapour
density of the substance? (Density of H,=0.089 g L)
(1) 95.39 (2) 39.95 (3)99.53 (4) 59.93
PO0033
34. 0.1914 gof anorganic acid isdissolved in about 20 ml of water. 25 ml of 0.12 N. NaOH isrequired
for the complete neutralization of the acid solution. The equivalent weight of theacidis
(1) 65.0 (2)64.0 (3)63.8 (4)62.5
PO0034
35. Theequivaent weight of an acid isequal to
(1) Molecular weight x acidity (2) Molecular weight x basicity
(3) Molecular weight /basicity (4) Molecular weight /acidity
PO0035
36. Simpledistillation can be used to separate liquidswhich differ in their boiling pointsat least by
(1) 5°C (2) 10°C (3) 35-50°C (4) 100°C
PO0036
37.  Empiricd formulaof acompound isCH,O. If itsvapour density is90,then the molecular formulaof
thecompound is
(1) CH, 0O, (2) CH.0, (3) CH,0O, (4) CH,0,
PO0037
38. Theempirical formulaof anacidisCH,0,, the probable molecular formulaof the simplest acid may
be
(1) CH,0 (2) CH,0, (3) CH,0, (4) CH.O,
PO0038
39. A gaseous hydrocarbon has 85% carbon and vapour density of 28. The possible formula of the

hydrocarbon will be
(1) CH, (2 CH, (3) CH, (4) CH,
PO0039

L 4
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40.

41.

42.

43.

45.

46.

47.

48.

ahydrocarbon has C=85.72% and remaining H. The hydrocarbon is
(HCH, (2) CH, (3) CH, (4) CH,

PO0040
An organic compound containing carbon, hydrogen and oxygen contains 52.2 % carbon 13.04%
hydrogen. Vapour density of the compound is23. Itsmolecular formulawill be
() CHO (2) CH,O (3) CH,O (4) CH,O

PO0041
percentage of Se(at.wt 78.4) in peroxidase anhydrase enzyme is 0.5% by weight, then minimum
molecular weight of peroxidase anhydrase enzymeis
(1) 1.568 x 10 (2) 1.568 x 10°
(3) 15.68 (4) 2.136 x 10

PO0042
The emprical formulaof acompoundis CH.. Oneof the compound hasamass of 42 g. itsmolecular
formulais
(1) CH, (2 CH, (3) CH, (4) CH,

PO0043
Inacompound C, H and N atomsare presentin 9:1:3.5 by weight. If molecular weight of the compound
1108, then the molecular formulaof the compound is

(1) CHN, (2 CHN (3) CH,N, (4) CH,N,

PO0044
the following is the percentage composition of a compound. Na=16.08%, C=4.19% , 0=16.78%,
and H,0 = 62.95%. Itsmolecular formulais
(1) Na,CO, (2) Na,COH,0 (3) Na,CO,.10H,0 (4 Na,CO,.5H.0

PO0045
An organic compound contains 49.3% carbon, 6.84% hydrogen and itsvapour density is73. Empirical

Formulaof thecompoundis
(1) CH.0, (2) CH, 0O, (3) CH, 0O (4 CH,0O

1072 1074

PO0046
Molecular mass of avolatile substance may be obtained by
(1) Kjeldahl'smethod (2) Duma's method
(3) Victor meyer'smethod (4) Liebig'smethod

PO0047
The most suitable method of separation of 1:1 mixture of ortho and para nitro phenol is
(1) Digtillation (2) Crydallization (3) Sublimation (4) Chromatography

PO0048

ALLEN .
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49. Kjeldahl'smethod can not be used for the estimation of Nitrogenin

(1) Pyridine (2) Nitro compounds  (3) Azocompounds  (4) All
PO0049
50. InKjeldahl'smethod nitrogen presentisestimated as
(DN, (2) NH, (3) NO, (4) None
PO0050
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EXERCISE-O-I
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