
����������	 
��	�	

�

Chapter 14:     BIO MOLECULES
Carbohydrates :  The Polyhydroxy aldehydes or ketones or the compounds which yield these on hydrolysis and 

generally contain at least one chiral carbon atom are called Carbohydrates. Classified into 3 types. 

i) Monosaccharides : These are the simplest carbohydrates ( containing C3 to C7 carbon atoms ) which cannot be 

hydrolysed to smaller molecules. E.g Glucose , fructose etc. 

ii) Oligosaccharides : These are the carbohydrates which give 2 to 9 monosaccharide molecules on hydrolysis.  

e.g : Sucrose ( disaccharide ) , Raffinose ( Trisaccharide ).Sweet in taste. 

iii) Polysaccharides ( Non sugars ): These are the carbohydrates which on hydrolysis give large number of  

monosaccharide molecules on hydrolysis. E.g : Starch , Cellulose , Glycogen etc. 

Polysaccharides are not sweet in taste, hence they are also called non-sugars. 

Reducing or Nonreducing sugars.  

All those carbohydrates which reduce Fehling’s solution and Tollens’ reagent are referred to as reducing sugars. 

All monosaccharides whether aldose or ketose are reducing sugars.  

In disaccharides, if the reducing groups of monosaccharides i.e.,aldehydic or ketonic groups are bonded, these are 

non-reducing sugars e.g. sucrose. On the other hand, sugars in which these functional groups are free, are called 

reducing sugars, for example, maltose and lactose. 

Structure of Glucose : 1. Its molecular formula was found to be C6H12O6. 

2. On prolonged heating with HI, it forms n-hexane, suggesting that all the six carbon atoms are linked in a straight 

chain. 

3. Glucose reacts with hydroxylamine to form an oxime and adds a molecule of hydrogen cyanide to give 

cyanohydrin. These reactions confirm the presence of a carbonyl group (>C = 0) in glucose. 

4. Glucose gets oxidised to six carbon carboxylic acid 

(gluconic acid) on reaction with a mild oxidising agent 

like bromine water. This indicates that the carbonyl 

group is present as an aldehydic group. 

5. Acetylation of glucose with acetic anhydride gives 

glucose pentaacetate which confirms the presence of 

five –OH groups. Since it exists as a stable compound, 

five –OH groups should be attached to different carbon 

atoms. 

6. On oxidation with nitric acid, glucose as well as gluconic acid both yield a dicarboxylic acid, saccharic acid. 

This indicates the presence of a primary alcoholic (–OH) group in glucose. 
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Open chain structure  for glucose. 

Cyclic Structure of Glucose 

The structure (I) of glucose explained most of its properties but the following reactions and facts could not be 

explained by this structure. 

1. Despite having the aldehyde group, glucose does not give 2,4-DNP test, Schiff’s test and it does not form the 

hydrogen sulphite addition product with NaHSO3. 

2. The pentaacetate of glucose does not react with hydroxylamine indicating the absence of free —CHO group. 

3. Glucose is found to exist in two different crystalline forms which are named as α �and β. The α - form of 

glucose (m.p. 419 K) is obtained by crystallisation from concentrated solution of glucose at 303 K while the β - 

form (m.p. 423 K) is obtained by crystallisation from hot and saturated aqueous solution at 371 K. 

This behaviour could not be explained by the open chain structure  for glucose. 

ANOMERS : A pair of stereoisomers which differ in 

the configuration at  C-1, are known as ANOMERS..  

e.g  :   α -D – glucose and  β -D- glucose .  

The cyclic structure of glucose is more correctly 

represented by Haworth structure as given below 

Disaccharides 

The two monosaccharides are joined together by an 

oxide linkage formed by the loss of a water molecule.  

Such a linkage between two monosaccharide units 

through oxygen atom is called glycosidic linkage. 

MUTAROTATION  : The change in specific rotation of an optically active compound in solution with time, to an 

equilibrium value is known as Mutarotation. 

α - D – glucose  �----------� Equilibrium mixture ( Open Chain form ) �----------� β - D - glucose 

      [α]D = +112
0
   [α]D = +52.7

0  
                                                 [α]D = +19

0
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INVERSION OF SUGAR: Hydrolysis of sucrose brings about a change in the sign of rotation, from dextro (+) to 

laevo (–) and the product is named as invert sugar.and the process is known as Inversion of sugar. 

PROTEINS = > Proteins are complex nitrogenous organic macromolecules found in the living systems. 

AMINO ACIDS : These are the compounds containing both amino and 

carboxyl groups. & α - amino acids are the building blocks of proteins.

Non Essential Amino Acids : synthesized in the animal body.                         

Essential Amino Acids : which cannot be synthesized in the animal body but 

are essential for the metabolism. 

ZWITTER ION : An internal salt or dipolar ion 

formed when the acidic and basic groups in amino acids 

neutralize together.This is neutral but contains both 

positive and negative charges. 

PEPTIDE LINKAGE : The –CO --- HN – bond 

formed by the reaction between two amino acids is 

called the peptide bond or the peptide linkage. 

Proteins can be classified into two types on the basis of their molecular shape. 

(a) Fibrous proteins : When the polypeptide chains run parallel and are held together by hydrogen and disulphide 

bonds, then fibre– like structure is formed. Such proteins are generally insoluble in water. Some common examples 

are keratin (present in hair, wool, silk) and myosin (present in muscles), etc. 

(b) Globular proteins : This structure results when the chains of polypeptides coil around to give a spherical shape. 

These are usually soluble in water. Insulin and albumins are the common examples of globular proteins. 

STRUCTURE OF PROTEINS  

Primary Structure :  It tells us   i) The relative number of the amino acids and ii) The sequence in which they are 

bonded to each other. 

Secondary Structure : This refers to the shape in which a polypeptide can exist. There are two types. 

α - Helix Structure : In this peptide chain get coiled up to give a spiral structure. 

β - pleated sheet structure : A flat sheet structure is formed in which neighbouring  chains are held together by 

intermolecular H—bonds  

Tertiary Structure : This structures relates to the folding of protein chains in space to give rise to a 3D 

characteristic shape. It gives rise to two major molecular shapes viz. fibrous and globular.  

The main forces which stabilise the 2° and 3° structures of proteins are hydrogen bonds, disulphide linkages, 

van der Waals and electrostatic forces of attraction. E.g  keratin and haemoglobin. 

Denaturation of Proteins : When a protein in its native form, is subjected to physical change like change 

in temperature or chemical change like change in pH, the hydrogen bonds are disturbed. Due to this, globules 

unfold and helix get uncoiled and protein loses its biological activity. This is called denaturation of  protein. 

During denaturation 2° and 3° structures are destroyed but 1º structure remains intact. The coagulation of egg 

white on boiling is a common example of denaturation. 
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ENZYMES : Ref -  Surface Chemistry 

VITAMINS  :  Certain organic compounds required in the diet in small amounts to perform specific 

biological functions for normal maintenance of optimum growth .  

Classification of Vitamins :  

 (i) Fat soluble vitamins: Vitamins which are soluble in fat and oils but insoluble in water are kept in this group. 

These are vitamins A, D, E and K. They are stored in liver and adipose (fat storing) tissues. 

(ii) Water soluble vitamins: B group vitamins and vitamin C are soluble in water so they are grouped together. 

Water soluble vitamins must be supplied regularly in diet because they are readily excreted in urine and cannot be 

stored (except vitamin B12) in our body. 

NAME OF THE 

VITAMIN 

SOURCES DEFICIENCY DISEASES 

1. Vitamin A 

2. Vitamin B1

(Thiamine) 

3. Vitamin B2

(Riboflavin) 

4. Vitamin B6

(Pyridoxine) 

5. Vitamin B12

6. Vitamin C 

(Ascorbic acid) 

7. Vitamin D 

8. Vitamin E 

9. Vitamin K

Fish liver oil, carrots,butter and milk 

Yeast, milk, green vegetables and cereals 

Milk, eggwhite, liver, kidney 

Yeast, milk, egg yolk, cereals and grams 

Meat, fish, egg and curd 

Citrus fruits, amla and green leafy 

vegetables 

Exposure to sunlight, fish and egg yolk 

Vegetable oils like wheat germ oil, 

sunflower oil, etc. 

Green leafy vegetables

Xerophthalmia  , Night blindness 

Beri beri (loss of appetite,retarded growth) 

Cheilosis (fissuring at corners of mouth and 

lips), digestive disorders and burning 

sensation of the skin. 

Convulsions 

Pernicious anaemia (RBC deficient in 

haemoglobin) 

Scurvy (bleeding gums) 

Rickets (bone deformities in children) and 

osteomalacia 

Increased fragility of RBCs and muscular 

weakness 

Increased blood clotting time

NUCLEIC ACIDS : Nucleic acids are polymers of certain monomeric units called Nucleotides.  

They are of two types = DNA & RNA 



����������	 
��	�	

�

A nucleotide = 1) A Pentose sugar 2) A nitrogen base 3) A Phosphate Group 

Sugar => Ribose sugar in RNA & Deoxyribose sugar in DNA. 

2.   Base = Purines ( Adenine & Guanine ) & Pyrimidines ( Cytosine , Thymine and Uracil )  

Functions of Nucleic Acids :  

Replication :  It is the property of a molecule to produce another identical molecule. 

Protein Synthesis – involves 2 steps , viz – Transcription and Translation. 

DNA Fingerprinting 

A sequence of bases on DNA is also unique for a person and information regarding this is called DNA 

fingerprinting. It is same for every cell and cannot be altered by any known treatment. DNA fingerprinting is now 

used 

(i) in forensic laboratories for identification of criminals. 

(ii) to determine paternity of an individual. 

(iii) to identify the dead bodies in any accident by comparing the DNA’s of parents or children. 

(iv) to identify racial groups to rewrite biological evolution. 
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Chapter 15:    POLYMERS

The process of formation of polymers from respective monomers is called polymerisation. 

Classification of Polymers : 

I. Based on Source :

1. Natural polymers :  found in plants and animals. E.g are proteins, cellulose, starch, some resins and 

rubber. 

2. Semi-synthetic polymers :  Cellulose derivatives as cellulose acetate (rayon) and cellulose nitrate,etc. are 

the usual examples of this sub category. 

3. Synthetic polymers : A variety of synthetic polymers as plastic (polythene), synthetic fibres (nylon 6,6) and 

synthetic rubbers (Buna - S) are examples of  man-made polymers extensively used in daily life as well as in 

industry. 

II. Based on Structure of Polymers :

1. Linear polymers : These 

polymers consist of long and 

straight chains. The examples are 

high density polythene, polyvinyl 

chloride, etc. These are 

represented as: 

2. Branched chain polymers : These 

polymers contain linear chains having 

some branches, e.g., low density 

polythene. These are depicted as 

follows: 

3. Cross linked or Network 

polymers : These  are  usually  

formed  from  bi-functional  and 

tri-functional monomers  and  

contain  strong covalent bonds 

between various linear polymer 

chains, e.g. bakelite, melamine, 

etc. 

III. Based on Mode of Polymerisation :

1. Addition polymers : formed by  the repeated addition of monomer  molecules  possessing  = or =  bonds. 

Homopolymers  : the addition polymers formed by 

the polymerisation of  a single monomeric species 

are known as  homopolymers,  e.g., polythene.    

Copolymers :  The polymers made by addition 

polymerisation from two  different monomers are termed 

as copolymers,  e.g., Buna-S, Buna-N, etc. 

2. Condensation polymers : formed by repeated condensation reaction between two different bi-functional 

or tri-functional monomeric units. Here  elimination of small  molecules such as water, alcohol, HCl, etc. take 

place.     The examples are terylene (dacron), nylon 6, 6, nylon 6, etc.  

IV. Based on Molecular Forces

1. Elastomers : These are rubber – like solids with elastic properties. The polymer chains are held together by 

the weakest intermolecular forces.  . The examples are buna-S, buna-N, neoprene, etc. 
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2. Fibres :  *high tensile strength   and   high  modulus.   *strong  intermolecular  forces  like  hydrogen 

bonding.   *crystalline nature. The examples are polyamides (nylon 6, 6), polyesters (terylene), etc.  

3. Thermoplastic polymers : intermolecular forces of attraction intermediate between elastomers and 

fibres .Capable of repeatedly softening on heating and hardening on cooling. E.g  Polythene, polystyrene, 

polyvinyls, etc. 

4 Thermosetting polymers : These  polymers  are  cross  linked  or heavily branched molecules,which on 

heating undergo extensive cross linking in moulds and again become infusible. These cannot be reused. 

Some common examples are bakelite, urea-formaldelyde resins, etc. 

V. Based on Growth Polymerisation

The addition and condensation polymers are nowadays also referred as chain growth polymers (Intermediates 

like Anionic, Cationic and Free radical ) and step growth polymers (No intermediates)  depending on  the 

type of polymerisation mechanism they undergo during their formation. 

Preparation of some important addition polymers :

a) Polythene

 (i) Low  density polythene (LDP) :  Polymerization of ethene under high pressure of 1000 to 2000 

atmospheres at a temperature of 350 K to 570 K in the presence of traces of dioxygen or a peroxide initiator 

(catalyst). LDP  is chemically inert and tough but flexible and a poor conductor of electricity. Hence, it is used 

in the insulation of electricity carrying wires and manufacture of squeeze bottles, toys and flexible pipes. 

(ii) High density polythene (HDP) :  It is formed when addition polymerisation of ethene takes place in a 

hydrocarbon solvent in the presence of a catalyst such as triethylaluminium and titanium tetrachloride 

(Ziegler-Natta catalyst) at a temperature of 333 K to 343 K and under a pressure of 6-7 atmospheres. 

HDP  thus produced, consists of linear molecules and has a high density due to close packing. It is also 

chemically inert and more tough and hard.It is used for manufacturing buckets, dustbins,bottles,pipes, etc. 

(b) Polytetrafluoroethene (Teflon) : Teflon is 

manufactured by heating tetrafluoroethene with a 

free radical or persulphate catalyst at high 

pressures. It is chemically inert and resistant to attack 

by corrosive reagents. It is used in making oil seals 

and gaskets and also used for non – stick surface 

coated utensils. 

(c) Polyacrylonitrile : The addition polymerisation 

of acrylonitrile in presence of peroxide catalyst leads 

to the formation of polyacrylonitrile.   

Polyacrylonitrile is used as a substitute for wool in 

making commercial fibres as orlon or acrilan. 

Condensation Polymer or Step Growth polymer

1. Polyamides

(i) Nylon 6,6: It  is  prepared by the condensation 

polymerization of hexamethylenediamine with 

adipic acid under high pressure and at high temp. 

Nylon 6: It is obtained by heating caprolactum with 

water at a high temperature. 
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Nylon 6, 6 is used in making sheets, bristles for 

brushes and in textile industry . Nylon 6 is used for the manufacture of tyre cords, 

fabrics and  ropes.

2. POLY ESTERS  :  These  are  the  polycondensation  products of dicarboxylic acids and diols.   

Dacron or terylene is the best known example of polyesters. It is manufactured by heating a mixture of 

ethylene glycol and terephthalic acid at 420 to 460 K in the presence of zinc acetate-antimony trioxide 

catalyst as per the reaction given earlier. Dacron fibre (terylene) is crease resistant and is used in blending  

with cotton and wool fibres and also as glass reinforcing materials in safety helmets, etc. 

3. Phenol - formaldehyde polymer (Bakelite and related polymers) 

These are obtained by the condensation reaction of phenol with formaldehyde in the presence of either an acid 

or a base catalyst.  The initial  product could be a linear product – Novolac used in paints. 

Novolac on heating with formaldehyde undergoes cross linking to form an infusible solid mass called 

bakelite. It is used for making combs, phonograph records, electrical switches and handles of various 

utensils. 

4. Melamine – formaldehyde polymer :  Melamine formaldehyde polymer is formed by the condensation 

polymerisation of melamine and formaldehyde. 

It is used in the manufacture of unbreakable crockery. 

Copolymerisation : Copolymers have properties quite different from homopolymers. For example, butadiene - 

styrene copolymer is quite tough and is a good substitute for natural rubber. It is used for the manufacture 

of autotyres, floortiles, footwear components, cable insulation, etc.  

RUBBER :

1. Natural rubber : Rubber  is  a  natural  polymer  and possesses elastic properties. It is manufactured from 

rubber latex which is a colloidal dispersion of rubber in water. Natural  rubber  may  be  considered  as  a  

linear polymer of isoprene

 (2-methyl-1, 3-butadiene) and is also called as cis - 1, 4 -polyisoprene. 

                       

Vulcanisation of rubber: Process  consists of heating a mixture of raw rubber with sulphur and an 

appropriate additive at a temperature range between 373 K to 415 K. On vulcanisation, sulphur forms cross 
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links at the reactive sites of double bonds and thus the rubber gets stiffened. In the manufacture of tyre 

rubber, 5% of sulphur is used as a crosslinking agent. 

SYNTHETIC RUBBERS

1. Neoprene : Neoprene or polychloroprene is 

formed by the free radical polymerisation of 

chloroprene. It is used for manufacturing 

conveyor belts, gaskets and hoses 

2. Buna – N :  Buna –N is obtained by the 

copolymerisation of 1, 3 – butadiene and acrylonitrile 

in the presence of a peroxide catalyst. It is resistant to 

the action of petrol, lubricating oil and organic 

solvents. It is used in making oil seals, tank lining, etc. 

BIODEGRADABLE POLYMERS

1. Poly  �-hydroxybutyrate – co-�-hydroxy valerate (PHBV) :  It is obtained by the copolymerisation of 3-

hydroxybutanoic acid and 3 - hydroxypentanoic acid. PHBV is used in speciality packaging, orthopaedic 

devices and in controlled release of drugs. PHBV undergoes bacterial degradation in the environment. 

2. Nylon 2–nylon 6  :  It is an alternating polyamide copolymer of glycine (H2N–CH2–COOH) and amino 

caproic acid [H2N (CH2)5 COOH] and is biodegradable. 
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