CHEMISTRY FOR NEET

BIOMOLECULES & POLYMERS

I Biomolecules & Polymers

1. Carbohydrates (Saccharides) : (Latin word : saccharum = sugar)

1.1 Concept

Generally, carbohydrates are substances with the general formula C (H,0), , and were therefore called
carboydrates (hydrates of carbon) because they contained hydrogen and oxygen in the same
proportion as in water. How ever, a number of compounds have been discovered which are
carbohydrates by chemical behaviour but do not conform to the formula C (H,O)y e.g ,2-deoxyribose,

CH,0,.
Hence, carbohydrates are biopolymers of polyhydroxy aldehyde or polyhydroxy ketones. “There
monomeric polyhydroxy aldehydes or ketones can also exist in hemiocetal and acetal forms in cyclic

structures.”

# Note:
Almost all of these compounds are chiral & optically active. “An exception of this is
dihydroxypropanone, CH,OHCOCH,OH".

1,3-

2 Classification of carbohydrates :

(A) Classification on the basis of number of hydrolysed products
S.No.| Carbohydrate No of units (on hydrolysed) Examples
1 Monosaccharides | 1 or single unit (cannot be hydrolysed) Glucose, Fructose, Galactose
2 Oligosaccharides 2 to 10 units Sucrose, Maltose, Lactose
3 Polysaccharides Many units Starch, Cellulose, Gums, Resins etc
(B) On the Basic of functional group
S.No. Carbohydrate No of functional group Examples
Aldehyde
CH=0
| Glyceraldehyde, Erythrose,
1 Aldose (CHOH), Theose, Ribose & 2-Deoxribose
| Glucose, Mannose, Allose.
CH,OH
Ketone
CH,OH
| n=0; Ketotriose, n = 1;
c=0 Ketoteroses, n = 2;
2 Ketose
| Ketopentoses, n = 3;
(CHOH), Ketohexoses
I
CH,OH
(C) On basis of carbon atoms.
S.No. Carbon atoms General term Aldehyde Ketone
1 3 Triose Aldotriose Ketotriose
2 4 Tetrose Aldotetrose Ketotetrose
3 5 pentose Aldopentose Ketopentose
4 6 Hexose Aldohexose Ketohexose
5 7 Heptose Aldoheptose Ketoheptose
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2.1 CONFIGURATION OF THE D-ALDOSES

HC=0
H OH
CH,OH
D-glyceraldehyde
HC=0 HC=0
H——OH HO——H
H——1—OH H——r—OH
CH,OH CH,OH
D-erythrose D-threose
HC=0 HC=0 HC=0 HC=0
H—7—OH HO——H H—r—OH HO——H
H—7—OH H——OH HO——H HO——H
H—7—OH H——OH H—r—OH H——OH
CH,OH CH,OH CH,OH CH,OH
/ D-ribose D-arabinose D-xylose D-lyxose
HC=0 HC=0 HC=0 HC=0 HC=0 HC=0 HC=0 HC=0
H——OH HO———H H—r—OH HO H H OH HO—7—H H——OH HO———H
H—r—OH H—r—OH HO——H HO H H OH H——OH HO—7—H HO——H
H—r—OH H—r—OH H——OH H—r—OH HO——H HO——H HO——H HO——H
H—r—OH H—r—OH H——OH H—r—OH H——FOH H——OH H—r—OH H—r—OH
CH,OH CH,OH CH,OH CH,OH CH,OH CH,OH CH,OH CH,OH
D-allose D-altrose D-glucose D-mannose  D-gulose D-idose D-galactose D-talose
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3. Structure :

0] All form of Aldose or ketose may exist in open chain form as well as in cyclic pyramose/furanose form.
Carbohydrate Structure Functional Typical
Group
HC=0
H——OH
HO———H
i} H——OH
D - Glucose H—]oH aldehyde 3rd (L)
CH,OH
HC=0
H—r—OH
H—r—OH
D - Allose H——OH aldehyde
H——OH No (L)
CH,OH
HC=0
HO———H
HO———H
D - Mannose H—+—OH aldehyde 2,3
H—r—OH
CH,OH
HC=0
H——OH
HO———H
D - Galatose HO——H aldehyde 3,41
H——OH
CH,OH
CH, - OH
|
C=0 3(L)
D - Fructose | Ketone
HO-C-H
I
H-C-OH
|
H-C-OH
I
CH,-OH
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Cyclie structure of monosaccharide

Carbohydrate Cyclic structure
Glucose 6 CH,OH 6CH,OH
HAS—QH H A5~ Q oH
H H
ANoH /I SINoH H/l1
3 2OH —2H
H  OH
Specmc rotatlon(112°) Specific rotation(19°)
o~D-glucopyranose  3-D-glucopyranose
Allose
6CH,OH 6CH,0H
W ERS H AT QOH
H
4 ||-_|| H/ :O H H/
HO - /, OH 2"
OH OH OH OH
a-D-Allopyranose 3-D-Allopyranose
Mannose
6CH,0H
H
4NoH Ho /1
HO OH
32
H H
o-D-Mannopyranose  f3-D-Mannopyranose
CH OH CH OH CH OH OH
O
HO 2
Fructose 3(%‘HZOH
OH H o|-| H
a-fructofuranose pB-fructofuranose

Page| 4



CHEMISTRY FOR NEET

BIOMOLECULES & POLYMERS

Disaccharide

Disaccharide Structure Monomeric unit linkage Properties
CH,OH D (+) Glucose + D(+) Glucose | Produced by
(a-1, 4-glycosidic linkage) action of malt on
starch.
Maltose Undergoes
mutarotation.
H OH
Maltose (o-1,4-glycosidic linkage)
GH.OH HOH2(13 o a-D-glucose + Q-P-fructose White crystalline
' H (a-1,8-2 glycosidic linkage ) | solid , soluble in
| o0— 5 water.
Sucrose CH,OH dextrorotatory
specific rotation
H OH Glycosidic OH H + 66.5°
linkage
D(+) Glucose + D (+) dextrorotatory
galactose
(B-1,4- glycosidic linkage )
Lactose
CH,OH
Lactose (B-1,4-glucosidic linkage)

Polysaccharide

Polysaccharide Structure

Monomeric unit
linkage

Amylose

a(1 — 4) Glycosidic
linkage

Amylose

C1l-a—D-Glucose +
C4-a-D-Glucose +
Cl-a—-D-Glucose +
C4-a-D-Glucose...

Branch

Amylopection

Main Chain  H H

Amylopectin

a(1 > 4)

C1l-a—D-Glucose +
C4-a-D-Glucose...
Branching at C1
a—D-Glucose + C6
o—D-Glucose....

Cellulose

Cellulose

C1l-a—-D-Glucose +
C4-B-D-Glucose +
C1l-a—D-Glucose +
C4-p-D-Glucose...
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Anomeric carbon Anomeric carbon
H OH HO H

INTER CONVERSION OF a and B

*1 * 1
H—2— OH H — 7 —OH
S HO——5—H O
HO 3 H O N 3
H—4—OH H_4_OH
H—t H—Ts
CH,OH
D-Glucose CH.OH 6
a-D-glucopyranose p-D-glucopyranose
(36%) (64%)
Haworth projection
6 CH,OH 6CH,0H
HASQH H A5 QOH
H H
4 4
OH H/l H H/|
HO
HO —1> OH 2"
H OH H OH
Specific rotation(112°) Specific rotation(19°)
o~D-glucopyranose -D-glucopyranose

Chair conformation structures :

6
6
AN ACHOH O
5 HO > OH
1 2
HO HO HO HO
3

HO 3
a-D-glucopyranose -D-glucopyranose

Anomers :
Anomers are diastereomers that differ in the configuration at the acetal or hemiacetal C atom of a sugar
in its cyclic form or Anomers are epimers whose conformations differ only about C-1.
For example, o D(+) and B -D(+) glucose are anomers. a-D(-) and B-D(-) fructose are anomers.

Epimers :
Diastereomers with more than one stereocentre that differ in the configuration about only one
stereocentre are called epimers.
i. D-Glyceraldehyde and L-glyceraldehyde (this pair is an enantiomer as well as an epimer).
i. D-Erythrose and L-threose are epimers.
iii. D-glucose and D-galactose are C-4 epimers and
iv. D-idose and D-talose are C-3 epimers.
v. D-glucose and D-mannose are C-2 epimers.
vi. Epimerisation of glucose at C-2 gives mannose.
vii. Epimerisation of glucose at C-3 gives allose.
viii. Epimerisation of glucose at C-4 gives galactose.
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Action of alkalies :

(a) With conc. NaOH glucose first turns yellow resinify. Fructose is not effected by conc. NaOH
(b) With dil. NaOH/KOH both Glucose & Fructose undergo a rearrangement to give equilibrium mixture
of three sugars.

D-Fructose M D-Glucose + D-Mannose
D-Glucose M D-Fructose + D-Mannose

D-Mannose M D-Fructose + D-Glucose

This rearrangement is known as Lobry De-bryn. van Ekenstein rearrangement.

4. Properties of Anomers : Mutarotation

When one of the pure glucose anomers dissolve in water, an intersting change in the specific rotation is
observed. When the a-anomer dissolves, its specific rotation gradually decreases from an initial value
of +112° to +52.7°. When the pure f anomer dissolves, its specific rotation gradually increases from
+19° to the same value of +52.7°. This change (mutation) in the specific rotation is called
mutarotation. What is happening is that each solution, initially containing only one anomeric form,
undergoes equilibrium to the same mixture of a-and pB-forms. The open chain forms is in intermediate in
the process.

For mutarotation atleast one hemiacetal group must be present in the sugar therefore all reducing

sugars will mutarotate.

anomeric
6 CH.OH carbon
0 6CH,OH
HAS5 H —_—
b H A5—OH
4Non HA! 4 H CHO
HO OH OH H
312 HO
— 2
H  OH ~ 3
H OH

Open chain form
of -D-glucose

Specific rotation (112°)
alfa-D-glucose
alfa-D-glucopyronose

alfa specific (+ 52.7°)

anomeric
6 CH,0H carbon
HAS OH
1 G
OH 1
HO H
A 3 2
- H OH

Specific rotation (19°)
beta-D-glucose
beta-D-glucopyranose

(C) Classification on the basis of Reducing and non Reducing properties :

() Reducing sugars
1. Reduces Tollen’s reagent, Fehling’s solution
& Benedicts’s solution.
2. Should have atleast one hemiacetal or
hemiketal functional group.
Ex. All mono and oligosaccharides
except Sucrose, Maltose, lactose

—O0 OH

X

R
Hemiacetal

(I Non Reducing sugars

Don’t reduce Tollen’s Fehling’s &
Benedict’s solution.

Should have acetal linkage.

Ex. All polysaccharides and
few oligosaccharides (Ex. Sucrose)
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4.1 Monosaccharides :
(A) Glucose (CgH;,0q) :

Glucose is the most common monosaccharide. It is known as Dextrose because it occurs in nature
principally as the optically active dextrorotatory isomers. It is act as a reducing agent (reduces both
Fehling’s solution and ammonical silver nitrate solution). When heated with sodium hydroxide, an
aqueous solution of glucose turns brown. It is known as dextrose and found as grapes, honey, cane
sugar, starch and cellulose.

Preparation :
(1) By acid hydrolysis of cane sugar (a disaccharide) :

C.HO. "M s CcH O +CH.O

127 22711 6 1276 6" 1276
Disaccharides a-glucose  B-fructose
Sucrose

o~ Glucose being much less soluble in alcohol than fructose separate out by crystallization on cooling.
(2) By enzymatic action over starch :

Starch —222*_, Maltose —¥2"* _ Glucose
Polysaccharides Disaccharides Monosaccharides

(C6H1005)n (C12H22011) (CGleoG)

Physical properties :

() It is white crystalline solids having melting point 146°C. It is readily soluble in water.
(i) Glucose is sweet in taste and also optically active (dextro rotatory).
(i) Glucose shows mutarotation.

Chemical properties :

(1) Reactions due to OH group :
CH,COCI

or > CH=0
(CH,CO),0 (clgHOCOCH3)4
CH,OCOCH,
Glucose penta acetates
CH=0
CH=0 PCl; E(ClHC|)4
(CHOH), —— CH,CI
CH,OH Penta chloroglucose (water soluble)
& Calcium gluconate
GCHZOB 6 CH,OH
HAS H
CH,OHH! |/H H A5 Q ome
—>4Non H/|" + 4 gH L
HO N-——5 OMe HO /H
H  OH

H OH
o & B-Methylglucoside
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(2) Reactions due to —CHO group :

CH=0
|
CHOH

CH=N-NH-C,H,

H,N-NH-C.H, (1 mole)_ |
- > CHOH
Phenyl hyadrazine |

CH,OH

(CHOH),

Glycosides-formation :

HOCH,

Glucose phenyl hydrazone
(CHOH),
CH,OH
(|3H =N-NH-CH,
3-mole (IJ =N-NH-C_H,
H,N-NH-CH, T
> ((llHOH)3
CH,OH
HCN Glucosazone
—> Glucose Cyanohydrin
COOH
Br,/H,O or (CHOH),

Tollen's reagent = |
or Fehling sol. ~ CH,OH
Gluconic acid

ICOOH
HNofoL, Loy

COOCH
Glucaric acid (Saccharic acid)

Na—-Hg/H,O
Reduction

HIA¢> n-hexane

Sorbitol

e Carbon sugar (black mass)

M) 2C,H,OH + 2CO, (Fermentation)

dil. alkali
————— > Fructose + mannose

LS HCOOH + HCHO

g|y003|de bond
HOCH, HOCH,

OH
H

H OCH,CH,
Ethyl-3-D-glucoside Ethyl-a-D-glucoside

(B) Fructose :

e Also said to be fruit sugar

e |t occur both in combined as well as free state.

e Fructose is named as fruit sugar because it is present in honey and most sweet fruit in free state.

e |t is sweetest monosaccharide and present in cane sugar and insulin in combined state.
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Note:

e |t is also known as a-Laevulose i.e. natural occurring compound is laevorotatory

Preparation :
By acid hydrolysis of cane sugar :

C,H,,0, +H0 —* 5 CH_O, +CH_O

12° '22 711 6 1276 6 '1276
Glucose Fructose

By enzymatic action of sucrose

invertase

Sucrose (C,H,,0,,)——">— Glucose + Fructose

(Disaccharide) inevert sugar

Glucose and fructose obtained by acid hydrolysis of sucrose can be separated by treating with Ca(OH),

which forms calcium glucosate & calcium fructosate. Calcium fructosate being water insoluble. It is
seperated out easily

Physical properties :

(1) It is colourless crystalline solid.

(2) It is soluble in water but insoluble in ether ketone and benzene.
(3) It is pentahydroxy ketone and shows mutarotation like glucose.
(4) It is reducing sugar.

Chemical Properties :

Due to OH group:
(2) It froms fructose penta acetate with acetyl chloride :

i
CH,—O-C—CH,
CH.OH (CH,C0),0_ |
_é -
| or CH,COCI ?o Q
?=O (CH-O-C-CH,), fructose penta acetate
I
(C|>HOH)3 CHZ—O—(ﬁ—CH3
CH,OH o
HOCHZO CH,OH HOCHzo OMe
CH,OH/H"
—>
HO /OMe  + HO, /CH,OH
HO HO

o-D-methyl fructoside B-D-methyl fructoside

(2) Reaction due to keto group :
It also form osazone with excess of phenyl hydrazine thus we can say that osazone formation is
characteristic of a-hydroxy carbonyl compounds.
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H,N-NH-C,H,
_—

CH.OH H,N-NH-CH, CH,—OH H,N-NH-C.H, CH=0 CH=N-NH- C,H,
[ -NH,& -C,H.—NH, | |
C=0 C=N-NH-C,H, C=N-NH-C,H, CH=N-NH-CH,
(GHOH), (CHOH), ('?HOH)s (CHOH),
CH,OH CH,OH CH,OH CH,OH
(A) Fructose osazone
—HCN 5 Fryctose cyanohydrin
| _Br/H0 o No reaction
CH,OH
| CH,OH CH,OH
¢=0 H—+——OH HO H
(?HOH)S Na-Hg/H,0 HO———H + HO——1—H
CHZOH ﬁraBH4 H __OH H __OH
(A) H———OH H———OH
CH,OH CH,OH
Sorbitol Mannitol
AP h-hexane + 2-iodohexane
St idisi
fong odIsh9 5 CH,-OH + COOH  +  COOH
agent | |
COOH ((|3HOH)z (CHOH),
glycollic acid COOH COOH
Tartaric acid trinydroxy
glutaric acid
A mixture
Fermentation ‘C2H50H (Ethy' A|COhO|)
Note : 1. Unlike other ketones, fructose can reduced Fehling sol. and Tollen’s reagents it is probably due to

formation of an equilibrium between glucose, mannose and fructose.

Chain lengthing :

OH CN 0] .
wen N\~ HOM' ) Coop__A I Ne-HoH' . o
CH=0 —> C|3H > | — | —\ Reduction = |
(CHOH), (C|JHOH)3 CHOH C|3HOH o (|3HOH
S o CHOH (GHOH), ?HU (GHOH),
Aldopentose CH,OH CH CH,OH
(Arabinose) C|)HOH Glucose
|
CH,OH
y-lactose
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4.2

(@)

Chain shortening :
CHO COOH

| | CHO
CHOH CHOH

|
| Br, | H0 | Ca salt  (CHOH),+ CO, (25%)
(CHOH), = > (CHOH), o, s v~ |

| | CH,OH
CH,OH CH,OH

Disaccharides :-
(A) Sucrose : (sucrose, Invert-sugar CH,,0, )

<}
Sucrose (Cane sugar) —*> a-glucose + B-fructose

Formation of sucrose (C H,,0,,)

o—D-glucose + B-D-fructose
C C

1 2

Pyranose form Furanose form

CH,OH

Glucose Glycosicide bond between C, & C,

HOCH, O
H HO )2
H CH,OH
OH H 1 OH H !
Fructose Sucrose

Two monosaccharides are joined together by an oxide linkage formed by loss of water molecule. Such
linkage through oxygen atom is called glycosidic linkage.

In sucrose linkage in between C1 of a-glucose and C2 of B-fructose. Since the reducing group of
glucose & fructose are involved in glycosidic bond formation, sucrose is non reducing sugar.

(i) On hydrolysis with dilute acids sucrose yields an equimolecular mixture of D(+)-glucose and
D(-)-fructose :

C.H,,04 . C.H,,0O,

C,H,,0,, + HO ——
D - glucose D - fructose

127 22711

[o] = + 66.6° [a] =+52.7°  [o] =-92.2°
Since D(-)-fructose has a greater specific rotation than D(+)-glucose, the resulting mixture is
laevorotatory. Because of this, hydrolysis of cane-sugar is known as the inversion of cane-sugar or

Inversion of sucrose (this is not to be confused with the Walden inversion), and the mixture of sugars
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4.3

are known as invert sugar Ex. D - Glucose & D-Fructose. The inversion (i.e., hydrolysis) of cane-
sugar may also be effected by the enzyme invertase which is found in yeast.

(ii) Sucrose is not a reducing sugar, e.g., it will not reduce Fehling’s solution or Tollen’s reagnet. It does
not form an oxime or an osazone, and does not undergo mutarotation. This indicates that hemiacetal

group is not present in the rings.

Polysaccharides :-
(A) Starch (CzH,,0g),, :

(i) Starch is the main contributor of carbohydrates in our diet. It exists exclusively in plants, stored in the
seeds, roots, and fibres as food reserve. Example rice, potato.
—> Amylose (20%) (water soluble)

(Starch)

—> Amylopectin (80%) (water insoluble)

(ii) Both amylose and amylopectin are composed of D-glucose units.

(iii) The amylose molecule is made up of D-glucose unit joined by a-glycosidic linkages between C-1 of
one glucose unit and C-4 of the next glucose unit. The number of D-glucose units in amylose range
from 60-300.

a(1 — 4) Glycosidic
linkage

Amylose

(iv) Amylopectin has a branched-chain structure. It is composed of chains of 25 to 30 D-glucose units
joined by a-glycosidic linkages between C-1 to one glucose unit and C-4 of the next glucose unit.
These chains are in turn connected to each other by 1, 6-linkages.
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Branch CH,OH
0
/" H
...... o’ \{"
H  OH
CH,OH
0
Main Chain  Hy /|4 H H
OH H
0
OH

Amylopectin = a(1 — 4)
The solution of a-amylose gives a blue colour with iodine.
The solution of Amylopectin gives a violet colour with iodine :

(B) Cellulose, (C4H,,05),, :

Cellulose

(i) Cellulose is the main structural material of trees and other plants. Wood is 50% cellulose, while
cotton and wool are almost pure cellulose. Other sources of cellulose are straw, corncobs, bagasse,
and similar agricultural wastes.

(i) Artificial silk, rayon, is used collectively to cover all synthetic or manufactured fibres from
cellulose.

(iii) The nitrates are prepared by the reaction of cellulose with a mixture of nitric and sulphuric
acids, and the degree of ‘nitration’ depends on the concentrations of the acids and the time of the
reaction. Cellulose trinitrate (12.2 — 13.2%N) is known as gun-cotton and is used in the
manufacture of blasting explosives and smokeless powders.

(iv) Non-reducing sugar.
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PROTIENS & AMINO ACIDS

Proteins : Proteins are the most abundant-biomolecules of the living beings. The chief source of
proteins are milk, cheese, pulses peanuts, fish meat etc. These are high molecular mass complex,
biopolymers of amino acids. The word protein is derived from Greek word proteios which means
primary or of prime importance.

Amino Acids : Each living cell is made up of thousands of different proteins All proteins
contain the elements like carbon, hydrogen, oxygen, nitrogen and sulphur. Some of these also contain
phosphorus, iodine and traces of metals such as, Fe, Cu, Zn, & Mn. All proteins are polymers of a-
amino acids and on partial hydrolysis give peptides of varying molecular masses which upon complete
hydrolysis give a-amino acids.

Proteins —dess_, peptides —2dess 5 5_amino acids
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Type of a-amino acids :
Nonpolar, aliphatic R groups Aromatic R groups
C|BOO‘ (|300' (|IOO' COO‘ COO‘ COO'
+ +
Hﬁ—;—H H,N—C—H H,N—C—H H, N—C—H N—C—H N—C—H
Glycine Alanine * Valine . '
COO COO’ COO’
* Phenylalanine Tyrosine * Tryptophan

H N—C—H
Positively charged R groups
COO‘ COO‘

+ | +
H,N—C—H H3N—C—H
. - H N—C—H H N—C—H
* Leucine * Methionine * Isoleucine
Polar, uncharged R groups
COO‘ COO‘ COO‘

H,N— C H HN— C—H H, N—C—H
- - * Lysine * Arginine * Histidine
Serine * Threonine Cysteine Negatively Charged R groups
COO‘ 000* COO’
H .
~ CcOO
C Hﬁ—C—H H, N—C—H
H, N +
- . H,N—C—H

Glutamate

Glutamine Aspartate

Asparagine

Proline

* Essential amino acids.
Note : To remember essential amino acids mnemonic is PVT-TIM HALL

To remember non essential amino acids mnemonic is C444TS-GGGP
All a-amino acids except glycine have chiral C-atom and have (L) configuration normally

These organic compounds contain amino as well as carboxylic acid group. On the basis of position of

amino group in the chain, these are named as a, B, y etc. amino acid

B w
R—C|)H—CH2—COOH

R—(T)H—COOH
NH, NH,
o-amino acid -amino acid
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Amino Acid : Building Blocks of Proteins

Amino acids are the building blocks of the molecular structure of the important and very complex class
of compounds known as proteins. The proteins on hydrolysis yield mixture of the component amino
acids.

Amino acids are bifunctional compounds containing both an amino and a carboxylic acid group. They
are represented by the general formula :

H o
I
HoN -C- C-OH = :
? | . or  H,N-CH-COOH where, R =alkyl, aryl, or any other group
Amine Carboxylic
R Acid group R

Zwitter ion (Dipolar Nature of Amino acids) :

In a neutral amino acid solution, the —COOH loses a proton and the —of the same molecule picks up
one.The resulting ion is dipolar, charged but overall electrically neutral. This is called Zwitterion
(German, “two ions”). Therefore amino acids are amphoteric.

H O H O
H,N-C-C-OH —* H3N‘f‘c‘o
|R +H R

Zwitter ion

There are around 20 amino acids in the living system.

Classification of Amino Acids :

(A) On the basis of synthesis :

(i) Non essential amino acids : 10 amino acids are synthesis in our body and these are said to be
non essential amino acids (eg. Gly, Ala, Glu, Asp, Pro and Cys).

(ii) Essential amino acid : 10 amino acids which are necessarily be present in our diet are called
essential amino acids (eg. Val, Leu, I leu, Lys and Phe).

(B) On the basis of functional groups present :

(i) Neutral amino acids : If only one — NH, and one — COOH groups are present. eg. Glycine, Alanine,
Valine, Leucine etc.

(if) Acidic amino acid : If one basic and two acidic groups are present. Additional acidic functional
group must be present in the side chain. E.g. Aspartic acid and Glutamic acid.

(iii) Base amino acid : If two basic and one acidic group is present. Additional basic group must be
present in the side chain. E.g. Arginine, Lysine & Histidine.

Isoelectric point of a-amino acids :

When an ionised amino acid is placed in an electric field, it will actually migrate towards the opposite
electrode. Depending upon the pH of the medium, three things can happen. The positive form (1) will
migrate to the cathode, the neutral form (l) (Zwitter ion) will not migrate, while the negative form (ll) will
migrate to the anode. The pH at which the amino acid shows no tendency to migrate when placed in an
electric field is known as its isoelectric point. This is characteristic of a given amino acid. Thus glycine
has its isoelectric point at pH 6.1.

i o 0
: | -
HsN—F—C—OH HaN—-C-C-0~ Hy,N-C-C-0
Ht | HO™
R PKa, R pK,, R
Low pH (Acid soln.) * Zwitterion 2 High pH (Basic soln.)
Cationic form(ll) Neutral form (1) Anionic form(ll1)
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Isoelectric Point : The pH at which the amino acid shows no tendency to migrate when placed in
an electric field is known as its isoelectric point.

Because of amphoteric nature in acidic solution it exist as the +ve ion. Hence it migrate towards
cathode while in basic solution it exist as —ve ion and migrates towards anode.

In strongly acidic medium

@ e @
HN-CH-COU" +  Hr(ag) ——> HN-GH-COOH
R R

cathode
In strongly basic medium

@ S
H?,N—?H—COO + OH(ag) —> HZN—?H—COOG

R R
anode

At some intermediate pH amino acids exist as a neutral dipolar ion i.e. the concentration of the cation
and anions are equal and it does not migrate towards either electrode, this pH is called iso electric point
of amino acid which is different for different amino acids.
For example :
() For neutral amino acid : pH of isoelectric point varies between 5.1 to 6.5. e.g. Glycine has pH value 6.0.
PKq, +PK,,

2
(i) For acidic amino acid : Where there are two COOH groups and one NH, group then isoelectric pH

PI for neutral amino acid is calculated as

is around 3. e.g. Aspartic acid.
Aspartic acid :

HOzCCHZCfHCQH HOCCHCHCO, K,
PR (side chain) — — pK, - -
CWNH =188 +l|\lH3 =3.65 OZCCHZCI:HCOZ =9.60 OZCCHzcl;Hcoz
Conjugate acid Zwitterion NH, NH,

of zwitterion

. . . PKa, +PKy
PI for acidic amino acid is calculated as ——*%

The pl of aspartic acid is the average of pK_, (1.88) and the pK, of the side chain (3.65) or 2.77.
(iif) For basic amino acid : where there are two NH, groups and one COOH group then isoelectric

point varies between 7.6 to 10.8.
e.g. Lysine (9.8)

Lysine:
+ —
H:,N(CH2)4|CHCO2 oK pK,
+ - _— i H —_
PK. = TO,CCH,CHCO,  (side chain) j N(CH,),CHCO
H.N(CH,),CHCOH 1,% o NH. =8 95 CCH, : Ulipay ) HN(CH.), ,
| : . ' j. = I : ILH
NH, Conjugate acid NH, A
of zwitterion
pKa2 + pKa3

PI for basic amino acid is calculated as
The PI of lysine is the average of pK_, (8.95) and the pK, of the side chain (10.53) or 9.74.

Note : Amino acid has minimum aqueous solubilities at their isoelectric points.
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(@) General methods of preparation

1. Aminolysis of a-halocarboxylic acid
CH;CHCO,H + 2NH, ho  CH,CHCO? + NH,Br
| excess 2 |
Br - ®HN,
2—-Bromopropanicacid alanine
2. By strecker synthesis : Aldehyde reacts with a mixture of NH,Cl and NaCN to form oa-aminonitrile (as

an intermediate) which on hydrolysis gives an amino carboxylic acid.

1. H,O / HCI, A N CH3C|:HCO?

CHCH —L &~ cH,CHCN 2 o
| ©NH,
NH, alanine
2 —aminopropanenitrile
3. From aceto acetic ester :
i i i
CH.C NaOCH, = CHC CH.C OH-N=0
TUSCH, e DCHNa = SCHR | (NaNO, + il HO)
/ 2 2Hs - -
CH,0O C,H,O C,H.,O
0] O
®  RCHCOH IR IR
RCHCO2 — hydrolysis CH3C \ I reduction CH3C \ |
s s CNH, <" —  =C-N=0
©NH, NH, CHO™ C,H.0
4. By Gabriel Synthesis :
O
]

o
Il

I ethyl o —chloroacette |

N-potassium phthalimide

o)
I

|
(0]
5. Effect of Heat :

+ CICH,COC,Hs

glycine

[
0 COH
O ® |
CO H,O, A _ H,NCH,COH
NCH,COCH, — > + COH
<

0
O
AN
_ C/NCH2COCZH5

@)

|
O
phthalic acid

o-amino acids undergo intermolecular dehydration on heating at about 200°C to give diketopiperazines.
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(b)

NH -+ H HO; NH
CH, (l: =0 CH, IC =0
| |
0=C i /CH2 —2 > O-= C /CHz +2H,0
iOH _Hi— NH NH
glycine 2,5-diketopiperazine

B-amino acids undergo intramolecular deamination on heating to form a, B-unsaturated acids.
O o)

B oo
?Hzcl:HCOH — % 5 CH,=CHCOH + NH,

iINH,H acrylic acid
y-amino acids and 8-amino acid undergo intramolecular dehyderation to form cyclic amides called.
(|3H2— Cle (i:Hz_(-l:Hz
CH, cio C{g /c\\+ H,0
AN N A
Lactams. NH—HIGF! — NH O
y amino acid y—butyrolactam
O
~CHN] /CHN _o
CH, C-<OH CH, C*
C|)H NG A cle rL
2 NH EE— 2
\CHZ/ \CHz/
8-amino acid d-lactam

In case of e-amino acid, intramolecular cyclisation would given a seven-membered ring, which is formed

with difficulty. Hence, there is intermolecular polymerisation forming nylon-6.
N(CH,),.C — NH(CH,),C — NH(CH,),.C -
NH,N(CH,),COOH —*» I I I

monomer unit

Nylon-6
Other Reactions of a-Amino Acid :
NH,
NaOH
— NaOR . R-CH-COONa (salt)
R-GH-COOH b cron NH;
OH Dry HCI R-CH-COOC_H, (ester)
HCI
R-CH-COOH < < R-?H-COOH_> Ba(OH)/A .
@I 0] NH > R-CH, (1° amine)
NH,CI 2 I
R—CH-COOH <221 N
e o R—ICH—CHZOH (Alcohol)
NH-C—CH
no NH, o
PCI I
—_— R—(l)H—C—CI (Acid halides)
NH,
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5.1

Note :

Peptide linkage :
Amino acid units are linked together by peptide —ﬁ—NH - linkage and form polypeptides.

@)
2 i i
H2N—C|)H—C—OH + H2N—C|)H—C—OH + H2N—C|)H—C—OH .................
R R Rl
1 9 11
—HN—(I')H—C--NH—?H—C--NH—CI)H—C—OH
R R R

Polypeptide

Formation of protein linking together from different amino acids is not a random process. Each
molecule of a given protein have the same sequence of amino acid along with its polypeptide chain.
This tells about its own specific properties. Even the change of just one amino acid can change
drastically the properties of entire protein molecules.

e.g. hemoglobin has 574 amino acids in definite sequence. The change of only one amino acid makes it
defective hemoglobin which looses its property of carrying oxygen in blood stream and result a disease
called sickel cell animea.

Writing and Naming of Polypeptides :

The structure of polypeptides are written in such a way that amino acid with free —NH, group is written
on the left hand side (N-terminal) of the polypeptide chain, while the amino acid with the free carboxyl
group is written on the right hand side (C-terminal) of the chain. Thus a tripeptide
alanylglycylphenylalanine (Al, Gly, Phe) is represented as follows :

| |
HZN—(llH—C ~NH-CH,~C-NH—- CH-COOH

CH, CH,—CH,
Alanine Glycine Phenylalanine
Ala—Gly—-Phe or A-G-F

The name of any polypeptide is written starting from the N—terminal residue while writing the name the
suffix “ine” in the name of the amino acid is replaced by “yI” (eg. glycyl for glycine, alanyl for alanine etc)
for all the constituent amino acid except the C— terminal residue. This nomenclature is usually not used.
Instead the three letter abbreviation or one letter codes for various a-amino acids present in the chain is
used. For example the above tripeptide is named as Ala-Gly-Phe or A-G-F

Properties of polypeptides :-

(i) Polypeptides are amphoteric in character because of the presence of terminal ammonium and
carboxylate ion as well as the ionised side chain of amino acid residues. Therefore like amino acids
they neutralize both acids and bases and possess isoelectric points. At isoelectric point polypeptides
have least solubility and hence can be separated.

(i) The total contents of smaller peptides in tissues is small as compared to protein. However, like
protein they also carry out many important functions in bio-system. Most of the toxins (poisonous
substances) in animal and in plant sources are polypeptides. Some oligopeptides such as oxytoxin,
vassopressin and angiotens are effective hormones while others act as sweetening agents. For
example the dipeptide aspartyl phenyl alanine methyl ester called aspartame is 100-200 times more
sweet than sucrose and is used as a suger substitute for dibetic patients

HOOC-CH, CH,—C.H,

H,N-CH-CONH-CH-COOCH, Aspartame
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5.2

Proteins :

Proteins are the most abundant-biomolecules of the living beings. The chief source of proteins are milk,
cheese, pulses peanuts, fish meat etc. These are high molecular mass complex, biopolymers of amino
acids. They occur in every part of the body and form fundamental basis of structures and determine
functions of life. The word protein is derived from Greek word proteios which means primary or of prime
importance.

Proteins are present in almost all the living cells of plant and animals. The protoplasm of plant and
animal cells contains (10-20%) proteins. In human beings they are the main constituent of muscles,
skin, hair, nail, tendons, arteries and connective tissue.

Classification of Proteins :
() On the basis of molecular structure :

(i) Fibrous proteins (i) Globular proteins

(i) Fibrous Proteins : When polypeptide chain run parallel and are held together by hydrogen and
disulphide bonds then fiber like structure is formed such proteins are generally insoluble in water.
Ex. Keratin, myosine, collagen, etc.

(ii) Globular proteins : The polypeplide chain in these proteins is folded around it self to form
spheroidal shape. The folding takes place in such a manner that lipophilic (non-polar, fat soluble) parts
are pushed inwards and hydrophilic part (polar, water soluble) are pushed outwards. As a result water
molecules interact strongly with the polar groups and hence globular proteins are soluble in water. As
compare to fibrous proteins these are very sensitive to small changes in temperature and pH.
e.g. Insulin, albumin, thyoglobulin, antiadiodies, haemoglobin fibrinogen etc.

(1) On the basis of chemical composition :

(i) Simple proteins : These proteins on hydrolysis give only a-aminoacids. e.g. albumin in the white
portion of eggs, glutenin in wheat, oxygenin in rice, keratin in hair, nails, horns etc.

(i) Conjugated Proteins : These are the proteins in which protein part is combined with non-protein
part. These proteins on hydrolysis give a non-protein in addition to the a-amino acids (Prosthetic
group). The main function of prosthetic group is to control the biological function of the protein.
Prosthetic groups are carbohydrate, phosphate group, lipids (ester of higher fatty acids) and so on.
Casein of milk, haemoglobin of blood are conjugated proteins.

(iii) Derived Proteins : These are the degradation products obtained by partial hydrolysis of simple or
conjugated proteins with acids, alkalies or enzymes. e.g. proteoses peptones, and polypeptides
Protein — Proteoses — Peptones — Polypeptides

Structure of Proteins :

Proteins are biopolymers having a large number of amino acids through peptide bonds having three
dimensional (3D) structures. Structure and shape of proteins can be studied and evaluated at four
different levels i.e. primary, secondary, tertiary and quarternary, each level being more complex than
the previous one.

(i) Primary structure of Proteins :

The manner and specific sequence in which different amino acids are joined to form polypeptides in a
protein molecule is called 1° structure of that protein. Any change in this primary structure i.e sequence
of amino acids creates a different proteins.

The first primary structure of a protein i.e INSULIN was determined by Frederic Sanger (a British
chemist) and for this work he was awarded the Nobel prize in 1958. The different chemical and
biological properties of various proteins are primarily due to the difference in their primary structures.
Normal Haemoglobin —Val — His — Leu — Thr — Pro — Glu —Lys—

Sickle cell anemia Val — His — Leu — Thr — Pro — Val — Lys—
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(if) Secondary structure of Proteins :

The conformation in which the polypeptides chains
assume a shape as a result of H-bonding is called the
secondary structure of protein.

Types:

(a) a-Helix structure

(b) B-pleated sheet structure

(iii)Tertiary structure of proteins :

The tertiary structure of protein represent overall folding of the polypeptide chains i.e further folding of
the secondary structure. In other words, tertiary structure refers to the manner in which the entire
protein molecule folds up in the three dimensional space to produce a specific shape. It gives rise to
two major molecular shapes fibrous and globular. The main forces which stabilise the 2° and 3°
structures of proteins are hydrogen bonds, disulphide linkages, vander waals and electrostatic forces of
attraction.

(iv) Quarternary structure of proteins :

Although many proteins exist as a single polypeptide chain but there are certain proteins which are
composed of two or more polypeptide chains referred to as sub-units or protomoss. These subunits
may be identical or different and are held together by non-polar covalent forces such as, H-bonds,
vanderwaals interaction and electrostatic interactions. The quarternary structure refers to the
determination of the number of sub-units and their special arrangement w.r.t. each other in an
aggregate protein molecule The Haemoglobin possesses quarternary structure and it is an aggregate of
four polypeptide chains or sub-units.

A diagramatic representation of all four structure is given below, each ball represent an amino acid.

S

QAT

TERTIARY QUATERNARY
STRUCTURE . STRUCTURE STRUCTURE STRUCTURE

Diagrammatic representation of four levels of protein structure
(twe subunits of two types in quaternary structure).

PRIMARY SECONDARY

Denaturation of proteins :

A protein found in a biological sytem having a unique three dimensional structure and specific biological

activity is called a native protein. When a protein in its native form is subjected to a physical change like

change in temperature or pH, the hydrogen bonds are disturbed. As a result-globules unfold and

helices get uncoiled and protein loses its biological activity. This is called Denaturation of proteins.

During denaturation 2° and 3° structure are destroyed but 1° structure remain intact.

e Changing the pH denatures proteins because it changes the charges on many of the side chains.
This disrupts electrostatic attractions and hydrogen bonds.

e  Certain reagents such as urea and guanidine hydrochloride denature proteins by forming hydrogen
bonds to the protein groups that are stronger than the hydrogen bonds formed between the
groups.
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e Detergents such as sodium dodecyl sulphate denature proteins by associating with the non polar
groups of the protein, thus, interfering with the normal hydrophobic interactions.
e  Organic solvents denature proteins by disrupting hydrophobic interactions.

e  Proteins can also be denatured by heat or by agitation. Both increase molecular motion, which can
disrupt the attractive forces. The coagulation of egg white on boiling and curdling of milk caused by
the bacteria present in milk are common examples of denaturation of protein.

Renaturation of proteins :

The denaturation may be reversible or irreversible. The coagulation of egg white on boiling and curdling
of milk are an example of irreversible protein denaturation. There is some cases where the process in
actually reversible. The reverse process is called renaturation. In such cases when the temperature and
pH of a denatured protein are brought back, the secondary and tertiary structures of protein are
restored.

Test for proteins:

(a) Biuret test : Biuret reagent is a blue colour mixture of sodium hydroxide and copper sulphate. The
blue colour of the reagent turns violet in the presence of proteins.

Condition : e At least two peptide linkages must be present.

eg. Dipeptides do not give this test but tri, tetra,.......... can give this test.
(b) Xanthoprotic:

Protein + conc. HNO, — Orange colour alkaline solution
(c) Ninhydrin test :

Proteins or Amino acids Purple coloured product.

Polymers

These are very high molecular mass substances where each molecule is derived from very large
number of simple molecules joined together in a regular way. This simple molecule is monomer and the
process of formation of polymers from simple molecule is polymerization.

nCH,=CH, —— [-CH-CH,-]_

ethene polyethene
Polymers are two types :

(i) Homopolymers :
Polymers in which repeating structural units are derived from only one type of monomer units are called

homopolymers.
n-CH,=CH.  polymerization . {CH, - CH2;
Ethylene Polyethylene
(Monomer) (Polymer)

Ex. Polypropylene, polyvinyl chloride (PVC), polyisoprene, neoprene (polychloroprene) polyacrylonitrile
(PAN), nylon-6, polybutadiene, teflon (polytetrafluoroethylene), cellulose, starch etc.

(if) Copolymers :
Polymers in which repeating structural units are derived from two or more types of monomer units are
called copolymers.

n H,N— (CH,), — NH, —
Hexamethylenediamine Polymerization
(Monomer) > (Nylon - 6, 6)
n HOOC - (CH,), —- COOH — [CO(CH,),CONH(CH,),NH],
Adipic acid
(Monomer)
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Note : In Homo polymer empirical formula of monomer and polymers are same

1.1 Polymers can be classified by following ways :
(A) Classification based on origin or source :

Polymers
v
v
Natural polymers Synthetic polymers Semi-synthetic polymers
e.g. protein (peptide linkage) (man made polymers) e.g. Cellulose nitrate,
carbohydrate (glycosidic linkage) e.g. Nylon—6,6, Dacron, cellulose acetate etc.
natural rubber. PVC etc.

(B) Classification based on synthesis :
Polymers (Synthesis)
I

v v
Addition polymers Condensation polymers
e.g. Polyethene, PVC etc. e.g. Nylon-6,6 Dacron etc.
(C) Classification based on Structure:
Polymer
|
(1) Linear polymers (2) Branched chain polymers (3) Cross-linked polymers

eg : PVC, polyethylene, nylon eg : Amylopectin, glycogen etc. eg . - Bakelite Melamine
polyester etc. formaldehyde resins etc.

= e ==

Such polymer have high They have lower m.p., low densities These polymers are hard
melting point, high densities and lower tensile strength. rigid and brittle because
and high tensile strength. of their network structure.
(D) Classification based on Mechanism :
Polymer
I
v v
Chain growth polymers Step growth polymers
(1) Free radical (does not depend upon chain carrying
(2) Cation free radical or ion) e.g. Nylon—6,6
(3) Anion

e.g. PVC, polythene, polystyrene etc.

(1) Free radical :
This mechanism involve catalyst which generate free radical. Steps involved are :
(i) Chain initiation step :
(RCOO), ——> 2RCOO* —** 3 R*; R*+CH,=CH, ——> R-CH,~CH,"

(if) Chain propagation step :
R—-CH,~CH,* + CH,=CH, —— R-CH,-CH,~CH,—CH,» — "% , R_(CH,-CH,) ~CH,—CH,’

(iii) Termination step :
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R~(CH,~CH,) ~CH,—CH, + RHCH,~CH,) ~CH,—CH," —> R(CH,~CH,) -CH,~CH,-CH,~CH,(CH~CH,) R
or R-(CH,-CH,) -R ——> (~CH,—CH,-)_

(2) Cationic addition polymerisation.

This polymerisation is initiated by acid. Steps involved are :

(i) Chain initiation step : A® + CH,=CH, —— A —CH,— CHj;

(i) Chain propogation step : A-CH,—CH; + nCH,=CH, —— A—~(CH,-CH,) -CH,— CH;
(iii) Termination step : A (-CH,—CH,) -CH,-CH,® —— A —(CH_-CH,) —-CH=CH,

(3) Anionic addition polymerization :

[©]
(i) Chain initiation step : B® + CH,=CH, —— B-CH,- CH,
o c]
(if) Chain propagation : B—CH,— CH, + nCH, = CH, —— B —(CH,—CH,) ~CH,~ CH,
© ®
(iii) Termination step : B—(CH,~CH,) - CH, —*CH,~ B—(CH,—CH,) -CH,~CH,

(E) Calssification based upon molecular force :
Polymer (molecular force)

Thermo setting polymers Elastomers Fibers Thermoplastics
e.g. Bakelite e.g. Vulcanized e.g. Nylon-6,6 e.g. PVC 4 CH,~CHY}.
(phenol + formaldehyde resin) Rubber perlon(nyclon-6) &
Polystyrene (-CHZ—CI—II )

CeH;

(i) Elastomers : Polymers in which the intermolecular forces of attraction between the polymer chains
are the weakest are called elastomers.
e.g. Buna rubber, Natural rubber etc.

(ii) Fibres : Polymers in which the intermolecular forces of attraction are the strongest are called fibers.
These forces are either due to H-bonding or dipole-dipole interactions. In case of nylon (polyamides),
the intermolecular forces are due to H-bonding while in polyesters (terylene, dacron) and
polyacrylonitrile (orlon, acrylin) Dipole-dipole interactions between the polar carbonyl (C = O) groups
and, between carbonyl and cyano (- C = N) groups respectively.

(iii) Thermoplastics : Polymers in which the intermolecular forces of attraction are in between those of
elastomers and fibres are called thermoplastics. The process of heat softening and cooling can be
repeated as many times as desired without any change in chemical composition and mechanical
properties of the plastic.

e.g. Polyethylene, polypropylene, polystyrene, PVC, teflon etc.

(iv) Thermosetting polymers : These are semifluid substances with low molecular weights which
when heated in a mould, undergo change in chemical composition to give a hard, infusible and
insoluble mass. This hardening on heating is due to extensive cross-linking between different polymer
chains to give a three-dimensional network solid. Examples : Phenol-formaldehyde (bakelite), urea-
formaldehyde, etc.

e.g. Bakelite urea-formaldehyde resin, terylene etc.
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Some Common Addition Polymers/ Chain Growth Polymer (Homopolymers)

.No. Monomer Formula Name(s) Uses
CH,=CH, e B Polyethylene film wrap,
L (ethylene) (CHz-CH,), (low density (LDPE)) plastic bags
CH,=CH Polyethylene electrical
2= 2 _ . . .
2 (ethylene) ~(CHCHY), (high density (HDPE)) insulation
bottles, toys
CH,=CHCH (|:|_|3 Polypropylene similar to LDPE
3. - $ _ : carpet
ropylene CH—CH, PP) different grades !
(propylene) { }t (PP) : upholstery
Cl . .-
CH,=CHCI | . . pipes, siding,
: . ; — Pol I chloride (PVC .
4 (viny! chloride) {CH CHziq; oly vinyl chloride (PVC) flooring
Cl
5 CH,=CCl, ‘IE(I:_CH } Poly(vinylidene chloride) seat covers,
: (vinylidene chloride) | 21, (Saran A) films
Cl
e —|ECH2—CHiq:] polystyren (PS) toys, cabinets
2= 6l'15 H
6. (styrene) (Styron) packaging
(foamed)
N
7 CH,=CHCN i Polyacrylonitrile rugs, blankets
: (acrylonitrile) ‘EéH_CHz} (PAN, Orlon, Acrilan) clothing
non-stick
8 CF,=CF, (CFp-CFy), Polytetrafluoroethylene surfaces
' (tetrafluoroethylene) T (PTFE, Teflon) electrical
insulation
For making
FC=CFC non-stick
9. Chlorotrifluoro —(CF,-CFCl)— Polychlorotrifluoro ethylene (PCTFP) . .
ethylene utensils coating
making etc.
_ lighting covers,
10 CH, C(ﬁ;f])ﬁozcm - Poly(methyl methacrylate) g si%ns
methacrylate) [CH,C(CH3)CO,CHsl— | (PMMA, Lucite, Plexiglas, perspex) skylights
CH,=CHOCOCH; ) Poly(vinyl acetate) latex paints,
11. (vinyl acetate) ~(CH,-CHOCOCH;), (PVAC) adhesives
Polyisoprene
(zigler-natta)
CH,=CH-C(CH3)=CH, —[CH,-CH=C(CHj)- Cis-form Trans-form requ_ires.
12. (isoprene) ZCHZ] T (natural rubber) Gutta-purcha vulcanization
(1, 4-addition) for practical use
HON o O N}
H C<H >n —<H2C/ A
U= Polychloroprene .
13, | CH=CH-CCI=CH: | o\ o1-ceolcHyl, (cis + trans) synthetic rubber

(chloroprene)

(Neoprene)

oil resistant
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Some Condensation Polymers (step Growth Polymers)

S.No Type Components Formula Classified as
Polyester HOZC C6H4 COZH 0 o COpOlyIneI'
/Dacron/ (Terephthalic acid) o Step growth,

Terylene/Mylar HO-CH,CH,-OH o Linear Polymer
Ethylene glycol n
HO,C-C4H,4-CO,H 0 ol Copolymer
Glyptal or (Phthalic acid) O-CH,-CH,-0— g o Step growth,
Alkyds resin HO-CH,CH,-OH > Linear Polymer
Ethylene glycol
n
(HO-C4Hs-),C(CHs), 0 Copolymer
Polycarbonate (Bisphenol A) _©_ —©— I N Step growth,
Lexan X,C=0 (X =0CH; or Cl) Linear Polymer
mn
Polyamide HO,C-(CH,),-COH Copolymer Step
(Nylon 6,6) H,;N-(CH,)s-NH, ~[CO(CH,),CO-NH(CH,)sNH],~ growth, Linear
Polymer
Nvlon 6.10 HOOC—(CH,)s—COOH o Copolymer
yion o, H,N-(CH,)s-NH, N T Step growth,
{C~HCH)—C-NH-(CH.). -NH Linear Polymer
Polyamide Homopolymer,
Nylon 6, Perlon- 0] N - Step growth,
L NH [CO(CH,)sNH], Linear Polymer
Polyamide para HO,C-C¢H4-CO,H O 2 NJr Sctzg Oglr};r\l;i;
Kevlar para H,N-C¢H,-NH, |1| Linear polymer
Polyamide meta HO,C-CgH,-COH @ Copolymer
Step growth
Nomex meta H,N-C4Hy-NH, i
Linear polymer
HOCH,CH,OH
HsiC C.,;,O Copolymer
Polyurethane M= QCHa Step growth
Spandex Linear polymer
M ' O—(CHz)2-04
=0
O-H Copolymer Cross-
. PhOH + HCHO in (excess) CH H linked polymer
Bakelite « ©/ 2 2 ) Step growth
] |
Urea- H,N-CO-NH, (Urea) (NH_CO_NH_CH Copolymer
formaldehyle HCHO (Formaldehyde) —CU-NF-CH, ‘)ﬁ Ste-p growth Cross-
Resin linked polymer
HN /NH N
elamine .
formaldehyde \/\l (melamine) N Cross-linked
resin polymer
NH, NH

+ HCHO (formaldehyde)

n
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Some Useful Copolymers

Monomer A Monomer B Copolymer Uses
H,C=CHCI H,C=CCl, Saran films & fibers
H,=CH-CH=CH, Buna Rubber In manufacture of

1, 3-Butdiene (Homo-polymer) tyres, hoses, efc.

SBR styrene butadiene

H,C=CHCgHs H,C=CH-CH=CH, rubber (Buna-S) Tires
_ _ _ Nitrile Rubber .
H,C=CHCN H,C=CH-CH=CH, (Buna-N) Adhesives hoses
_ H,C=CH-CH=CH,
H,C=CHCN + HyC=CHCqHs ABS rubber Fuel tanks
H.C=C(CHy), H,C=CH-CH=CH, Butyl Rubber Inner tubes
F,C=CF(CF3) H,C=CHF Viton Gaskets

Natural rubber :
Natural rubber is a polymer of isoprene, and obtained from natural source-latex tree. In natural rubber,
isoprene units are joined together in head-to-tail fashion and all double bonds in the polymer chain have
cis configurations as shown in the given figure

/H /H
= = =C
”#\H /C C\cH— c;H/C NeH— \CHQ/“s
Cis-1,4-polyisoprene
(Natural rubber)
The polymer contains cis repeating units and has a molecular weight ranging from 100,000 upto

1,000,000. A related polymer, called gutta percha which has a structure with trans double bonds and a
much lower molecular weight. A typical sample of gutta percha has a molecular weight of about 7,000.

n
H

Gutta percha

The cis arrangement of the double bonds in natural rubber prevents the rubber molecules from fitting
into an ordered structure. Thus, rubber is an amorphous polymer. Because of the random coiling of its
polymer chains, rubber stretches easily. When strectched, the rubber molecules are forced into a higher
energy state. When the tension is released, rubber snaps back to its original random coiled state.

Vulcanization of Natural Rubber

Raw rubber is soft and tacky, they have very low mechanical strength, affected by environmental
factors such as light, temperature, and oxygen and are of no use for any commercial purpose. These
factors make rubber unsuitable for a number of applications. To enhance the mechanical properties and
stiffness of natural rubber in 1839, charles Goodyear devised a method of reacting rubber with sulphur
to form a more durable material.

Valcanization is a process in which natural rubber is heated with sulphur, where it undergo
crosslinking and connect the isolated rubber chain through a network making them strong and stiff.
Vulcanization forms both the cyclic structure shown on the left and the more desirable cross-linked
structure shown on the right in the following figure.
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Vulcanized rubber
Increasing the amount of sulphur makes the vulcanized polymer harder and more durable. Adding 3-5%
sulphur makes a product good for rubber bands and inner tubes. Adding 20-30% sulphur makes a hard
rubber that was once widely used in ways that a hard synthetic plastic is used today. The vulcanization
process made early automobile tires possible.

Biodegradable Polymers :

A large number of polymers are quite resistant to the environmental degradation processes and are
thus responsible for the accumulation of polymeric soild waste materials. These soild wastes cause
acute environmental problems and remain undegraded for quite a long time. In view of the general
awareness and concern for the problems created by the polymeric soild wastes, certain new
biodegradable synthetic polymers have been designed and developed. These polymers contain
functional groups similar to the functional groups present in biopolymers.

Aliphatic polyesters are one of the important classes of biodegradable poylmers. Some examples are
given below :

(A) Poly B-hydroxybutyrate — co—f-hydroxy valerate (PHBV) :

It is obtained by the copolymerisatin of 3-hydroxybutanoic acid. PHBYV is used in speciality packaging,
orthopaedic devices and in controlled release of drugs. PHBV undergoes bacterial degradation in the
environment.

OH OH

| | 0-CH-CH,~C-O—~CH-CH,-C
CH3; -CH-CH, -COOH 4+ CHz-CH, -CH-CH,-COOH ___, | 1 I/
(3 —Hydroxybutanoic acid) (83 —Hydroxypentanoic acid) CH, O CH, O

PHBV
(B) Nylon—-2-nylon-6 :
It is an alternating polyamide copolymer of glycine (H,N-CH,—-COOH) and amino caproic acid
[H,N (CH,), COOH].
0 0
A
n H,N-CH,—COOH + n H,N—(CH,).-COOH —— tNH-CH,-C-NH—(CH,).-C{_
(Nylon-2-nylon-6)
It is step-growth copolymer.

(C) Poly glycolic acid (PGA) and poly lactic acid (PLA) :- This copolymer is commercially called
dextron.

n OH-CH,~COOH —— {OCHZ—%

PGA
Glycolic acid
A copolymer of PGA and PLA (90 : 10) was the first biodegradable polyester used for stitching of
wounds after operation.
(D) Poly-X-caprolactone lactone (PCL) : - It is obtained by chain polymerization of the lactone of 5(or

%) hydroxy hexanoic acid.

o T
I A
nHO—(CH,), —_C—oH ——> T O~(CH.)—C
n
PCL

5(or ¥) hydroxy hexanoic acid
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