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PREFACE

It gives a sense of satisfaction to the authors to bring out this
Twenty-first edition of the book written as per the revised syllabus
for T.Y. B.Sc. class laid down by the University of Mumbai which is
in force from June 2018. The primary interest of the authors has
been to present the subject-matter with simplicity and clarity. Facts
and concepts have been illustrated with a large number of solved
problems.

According to the revised syllabus, use of S.I. Units has been
made throughout. The outstanding feature of this book is a brief note
on S.I. Units with their notations and their values which have been
given before the first chapter. Also the questions and problems given
at the end of each chapter will be most useful to the students to prepare
for their examinations. All changes have been made after the discussion
in workshop.

We also express our deep sense of gratitude to our publisher,
M/s. Himalaya Publishing House Pvt. Ltd., for their untiring efforts
and co-operation in bringing out the book in time in such an elegant
form.

Every effort has been made to avoid printing errors, though some
might have crept in inadvertently. Valuable suggestions and criticisms
for the improvement of the book from our colleagues who are teaching
this course will be highly appreciated.

AUTHORS
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SYLLABUS

Semester V: Units I to IV for 06 Unit Course, Total Lectures 60
Semester VI: Units I to IV for 06 Unit Course, Total Lectures 60
(Each unit is assigned 60 Lectures)

Notes: (1 ) Numerical and theoretical problems are expected from each unit except
chapters 4, 8 and 14.

(2) Use of Microsoft Excel in theory problems and practical work should be
encouraged.

SEMESTER V (USCH 501)

UNIT-I
1.0 Molecular Spectroscopy (15L)

1 .1 Rotational Spectrum: Introduction to dipole moment, polarization
of a bond, bond moment, molecular structure. Rotational spectrum of a
diatomic molecule, rigid rotor, moment of inertia, energy levels, conditions
for obtaining pure rotational spectrum, selection rule, nature of spectrum,
determination of internuclear distance and isotopic shift.

1 .2 Vibrational Spectrum: Vibrational motion, degrees of freedom, modes
of vibration, vibrational spectrum of a diatomic molecule, simple harmonic
oscillator, energy levels, zero point energy, conditions for obtaining
vibrational spectrum, selection rule, nature of spectrum.

1 .3 Vibrational-Rotational Spectrum of Diatomic Molecule:  Energy
levels, selection rule, nature of spectrum, P and R branch lines. Anharmonic
oscillator - energy levels, selection rule, fundamental band, overtones.
Application of vibrational-rotational spectrum in determination of force
constant and its significance. Infrared spectra of simple molecules like
H2O and CO2.

1 .4 Raman Spectroscopy: Scattering of electromagnetic radiation, Rayleigh
scattering, Raman scattering, nature of Raman spectrum, Stoke’s lines,
anti-stoke’s lines, Raman shift, quantum theory of Raman spectrum,
comparative study of IR and Raman spectra, rule of mutual exclusion-
CO2 molecule.

UNIT-II
2.0 Chemical Thermodynamics (10L)

2.1 .1 Colligative Properties: Vapour pressure and relative lowering of vapour
pressure. Measurement of lowering of vapour pressure – Static and Dynamic
method.

2 .1 .2 Solutions of Solid in Liquid:
2.1.2 .1 Elevation in boiling point of a solution, thermodynamic derivation

relating elevation in boiling point of the solution and molar mass of
non-volatile solute.

2 .1.2 .2 Depression in freezing point of a solution, thermodynamic derivation
relating the depression in the freezing point of a solution and the molar
mass of the non-volatile solute. Beckmann Method and Rast Method.

2 .1 .3 Osmotic Pressure : Introduction, thermodynamic derivation of Van’t
Hoff equation, Van’t Hoff Factor. Measurement of Osmotic Pressure –
Berkeley and Hartley’s Method, Reverse Osmosis.

2.2 Chemical Kinetics (5L)
2.2 .1 Collision Theory of Reaction Rates: Application of collision theory to

1. Unimolecular reaction Lindemann theory and
2. Bimolecular reaction. (derivation expected for both)

2 .2 .2 Classification of reactions as slow, fast and ultra-fast. Study of kinetics
of fast reactions by Stop flow method and Flash photolysis (No derivation
expected).

UNIT-III
3.0 Nuclear Chemistry (15L)

3 .1 Introduction: Basic terms-radioactive constants (decay constant, half
life and average life) and units of radioactivity.

3 .2 Detection and Measurement of Radioactivity: Types and characteristics
of nuclear radiations, behaviour of ion pairs in electric field, detection
and measurement of nuclear radiations using G. M. Counter and Scintillation
Counter.

3 .3 Application of use of Radioisotopes as Tracers:  Chemical reaction
mechanism, age determination – dating by C14.

3 .4 Nuclear Reactions: nuclear transmutation (one example for each projectile),
artificial radioactivity, Q-value of nuclear reaction, threshold energy.

3 .5 Fission Process: Fissile and fertile material, nuclear fission, chain
reaction, factor controlling fission process. Multiplication factor and
critical size or mass of fissionable material, nuclear power reactor and
breeder reactor.

3 .6 Fusion Process: Thermonuclear reactions occurring on stellar bodies
and earth.

UNIT-IV
4.1 Surface Chemistry (6L)

4.1 .1 Adsorption: Physical and Chemical Adsorption, types of adsorption
isotherms. Langmuir’s adsorption isotherm (Postulates and derivation
expected). B.E.T. equation for multilayer adsorption, (derivation not
expected). Determination of surface area of an adsorbent using B.E.T.
equation.

4.2 Colloidal State (9L)
4.2 .1 Introduction to Colloids:  Emulsions, Gels and Sols.
4 .2 .2 Electrical Properties: Origin of charges on colloidal particles, Concept

of electrical double layer, zeta potential, Helmholtz and Stern model.
(v) (vi)



Electro-kinetic phenomena - Electrophoresis, Electro-osmosis, Streaming
potential, Sedimentation potential; Donnan Membrane Equilibrium.

4.2 .3 Colloidal Electrolytes: Introduction, micelle formation,
4 .2 .4 Surfactants: Classification and applications of surfactants in detergents

and food industry.

SEMESTER VI (USCH 601)

UNIT-I
1.1 Electrochemistry (7L)

1.1 .1 Activity and Activity Coefficient:  Lewis concept, ionic strength,
Mean ionic activity and mean ionic activity coefficient of an electrolyte,
expression for activities of electrolytes. Debye-Huckel limiting law (No
derivation).

1 .1 .2 Classification of Cells: Chemical cells and Concentration cells.
Chemical cells with and without transference, Electrode Concentration
cells, Electrolyte concentration cells with and without transference
(derivations are expected),

1.2 Applied Electrochemistry (8L)
1.2 .1 Polarization: Concentration polarization and it’s elimination.
1 .2 .2 Decomposition Potential and Overvoltage:  Introduction, experimental

determination of decomposition potential, factors affecting decomposition
potential. Tafel’s equation for hydrogen overvoltage, experimental
determination of over-voltage.

UNIT-II
2.0 Polymers (15L)

2 .1 Basic Terms: Macromolecule, monomer, repeat unit, degree of
polymerization.

2 .2 Classification of Polymers: Classification based on source, structure,
thermal response and physical properties.

2 .3 Molar Masses of Polymers: Number average, Weight average, Viscosity
average molar mass, Monodispersity and Polydispersity.

2 .4 Method of Determining Molar Masses of Polymers: Viscosity method
using Ostwald Viscometer. (derivation expected)

2 .5 Light Emitting Polymers:  Introduction, Characteristics, Method of
preparation and applications.

2 .6 Antioxidants and Stabilizers:  Antioxidants, Ultraviolet stabilizers,
Colourants, Antistatic agents and Curing agents.

UNIT-III
3.1 Basics of Quantum Chemistry (10L)

3.1 .1 Classical Mechanics: Introduction, limitations of classical mechanics,
Black body radiation, photoelectric effect, Compton effect.

3 .1 .2 Quantum Mechanics: Introduction, Planck’s theory of quantization,
wave particle duality, de-Broglie’s equation, Heisenberg’s uncertainty
principle.

3 .1 .3 Progressive and Standing Waves:  Introduction, boundary conditions,
Schrodinger’s time independent wave equation (No derivation expected),
interpretation and properties of wave function.

3 .1 .4 Quantum Mechanics: State function and its significance, Concept of
operators – definition, addition, subtraction and multiplication of operators,
commutative and non-commutative operators, linear operator, Hamiltonian
operator, Eigen function and Eigen value.

3.2 Renewable Energy Resources (5L)
3.2 .1 Renewable Energy Resources:  Introduction.
3 .2 .2 Solar Energy: Solar cells, Photovoltaic effect, Differences between

conductors, semiconductors, insulators and its band gap, Semiconductors
as solar energy converters, Silicon solar cell.

3 .2 .3 Hydrogen: Fuel of the future, production of hydrogen by direct electrolysis
of water, advantages of hydrogen as a universal energy medium.

4.1 NMR – Nuclear Magnetic Resonance Spectroscopy (7L)
4.1 .1 Principle: Nuclear spin, magnetic moment, nuclear ‘g’ factor, energy

levels, Larmor precession, Relaxation processes in NMR (spin-spin relaxation
and spin-lattice relaxation).

4 .1 .2 Instrumentation: NMR Spectrometer.

4.2 Electron Spin Resonance Spectroscopy (8L)
4.2 .1 Principle: Fundamental equation, g-value-dimensionless constant or

electron g-factor, hyperfine splitting.
4 .2 .2 Instrumentation: ESR spectrometer, ESR spectrum of hydrogen and

deuterium.
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2.1

POLYMERS

Polymer science was born in the great industrial laboratories of
the world for the need to make and understand new kinds of plastics,
rubber, adhesives, fibers, and coatings. The widespread use of these
materials is remarkable. Before the pioneering work of Staudinger,
beginning in 1920, polymeric materials were classified as colloids and
were considered to be physical aggregates of small molecules, much
as droplets in a mist or fog are physical aggregates of water molecules.
Perhaps because of its origins, polymer science tends to be more
interdisciplinary than most sciences, combining chemistry, chemical
engineering, materials, and other fields as well. Staudinger’s insistence
and demonstration of the validity of the macromolecular concept ultimately
led to its acceptance and to the rapid development of the science and
its application.

2.1 Basic Terms
The word polymer is derived from two Greek words Poly – mer

– meaning “Poly – many”; and – ‘mer’ meaning unit or “part”. The
term was coined in 1833 by Joens Jakob Berzelius. Polymer (many
parts) structures can be represented by similar or identical repeat units,
which are joined together through covalent bond in regular fashion.
Each unit is called a monomer.

Example:

Monomer Repeat unit Polymer
1. CH2 = CH2 -[-CH2 - CH2-]- -[-CH2 - CH2-]-n

Ethene Polythene/Polyethylene

2. 3 2CH – CH CH
Pr opene

 3

2

CH
|

–[–CH – CH ]   
3

2

CH
|

[CH – CH ]n
Polypropene/Polypropylene

3. CH2 = CH – CH  = CH2 -[CH2 - CH = CH  - CH2]- [CH2 – CH2 = CH - CH]n
1, 3 Butadiene Polybutadiene

    4. 2 2

O
||

NH C CH
|
R

 

O
||

[NH C CH] –
|

R

 

O
||

[NH C CH]
|
R

n 

    Amino Acid          Protein

5. 2CH CH
|

CN

 2– [CH CH] –
|

CN


2[CH CH]

|
CN

n

 Acrylonitrile Polyacrylonitrile

Fig. 2.1.1

Polymerisation is a process, in which low molecular weight compounds
(monomers) are linked together forming a high molecular weight
compound(polymer).

nM (monomer)  (–M–)n (polymer)
Where, n in the above equation is called the degree of polymerization.
Degree of Polymerisation: The degree of polymerization, or

DP, is defined as the number of repeat units present in an average
polymer chain at time t in a polymerization reaction. The size of the
polymer chain is decided by this number. The length of the polymer is
measured in monomer units. The degree of polymerization is a measure
of molecular weight (MW) of polymer. Due to their large size, the
polymers are also called macromolecules. Polymers are a repeat of
smaller units but a macromolecule may or may not have repeat unit.example
haemoglobin is a macromolecule but they are not polymers because
they don’t have repeat unit.
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2.2 Classification of Polymers

Classification of Polymers based on Source
They are classified as: (i) Natural polymers, (ii) Synthetic polymers

and (iii) Semi-synthetic.
(i) Natural polymers. The polymers obtained from nature (plants

and animals) are called natural polymers. These polymers are very
essential for life. They are as under.

(a) Starch: It is polymer of glucose and it is food reserve of plant.
(b) Cellulose: It is also a polymer of glucose. It is a chief structural

material of the plant. Both starch and cellulose are made by
plants from glucose produced during photosynthesis.

(c) Proteins: These are polymers of -amino acids. They have
generally 20 to 1000 -amino acid joined together in a highly
organised arrangement. These are building blocks of animal
body and constitute an essential part of our food. 

(d) Nucleic acids: These are polymers of various nucleotides. For
example, RNA and DNA are common nucleotides. 

It may be noted that polymers such as polysaccharides (starch,
cellulose), proteins and nucleic acids, etc. which control various life
processes in plants and animals are also called biopolymers. 

(ii) Synthetic polymers. The polymers which are prepared in
the laboratories are called synthetic polymers. These are also called

Polymers

Based on Source Based on Structure Based on Physical properties

Natural

Synthetic

Semi-
synthetic

Cross
linked Liquid

resins

Branched

Cyclic

Linear Based on Thermal
response

Thermoplastics

Thermosetting

Fibres

Plastics

Elastomers

man-made polymers. For example, polyethylene, PVC, nylon, teflon,
bakelite, terylene, synthetic rubber, etc. 

(iii) Semi-synthetic polymers. These polymers are mostly derived
from naturally occurring polymers by chemical modifications. For example,
cellulose is naturally occurring polymers. Cellulose on acetylation with
acetic anhydride in the presence of sulphuric acid forms cellulose diacetate
polymers. It is used in making thread and materials like films, glasses,
etc. Vulcanized rubber is also an example of semi-synthetic polymers
used in making tyres, etc. Gun cotton which is cellulose nitrate used
in making explosive. Rayon and other cellulose derivatives like cellulose
nitrate, cellulose acetate, etc. are also semi-synthetic polymers. These
are thermoplastic polymers. Viscose rayon in the form of a thin transparent
film is known as cellophane. Cellophane is softened with glycerol.
Unlike plastic sheets, it absorbs water.

Classification of Polymers based on Structure 
On the basis of structure of polymers, these can be classified as:

(i) Linear polymers, (ii) Cyclic polymers, (iii) Branched chain polymers
and (iv) Cross-linked polymers. 

(i) Linear polymers. These are polymers in which monomeric
units are linked together to form linear chain. These linear polymers
are well packed and have high magnitude of intermolecular forces of
attraction and therefore have high densities, high tensile (pulling) strength
and high melting points. Some common examples of linear polymers
are high density polyethylene nylon, polyester, PVC, PAN, etc. 

(ii) Cyclic Polymers. – Cyclic Olefin Copolymer (COC) is an
amorphous polymer. COC is a relatively new class of polymers. This
newer material is used in packaging films, lenses, vials, displays, and
medical.

(iii) Branched chain polymers. These are polymers in which
the monomers are joined to form long chains with side chains or branches
of different lengths. These branched chain polymers are irregularly
packed and therefore, they have low tensile strength, low density, boiling
point and melting points than linear polymers. Some common examples
are low density polythene, glycogen, starch, etc. (Amylopectin).

(iii) Cross-linked polymers. These are polymers in which monomers
unit are cross-linked together to form a three-dimensional network
polymers. These polymers are hard, rigid and brittle because of network
structure, e.g., bakelite, malamine formaldehyde resin, etc.
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Classification of Polymers based on Thermal Response  
Polymers may be classified on the basis of mechanical response

at elevated temperatures as Thermoplasts and Thermosets.
(i) Thermoplasts. These are polymers, which soften when heated

and harden when cooled. Simultaneous application of heat and pressure
is required to fabricate these materials. On the molecular level, when
the temperature is raised, secondary bonding forces are diminished so
that the relative movement of adjacent chains is facilitated when a
stress is applied. Most Linear polymers and those having branched
structures with flexible chains are thermoplastics. Thermoplastics are
very soft and ductile. Examples are: Polyvinyl Chloride (PVC) and
Polystyrene, Polymethyl methacrylate, Polystyrene.

(ii) Thermosetts. Thermosetting polymers become soft during
their first heating and become permanently hard when cooled. They
do not soften during subsequent heating. Hence, they cannot be remolded/
reshaped by subsequent heating. In thermosets, during the initial heating,
covalent cross-links are formed between adjacent molecular chain.
These bonds anchor the chains together to resist the vibration and
rotational chain motions at high temperatures. Only heating to excessive
temperatures will cause severance of these cross-link bonds and polymer
degradation. Thermoset polymers are harder, stronger, more brittle
than thermoplastics and have better dimensional stability. They are
more usable in processes requiring high temperatures. Thermosets cannot
be recycled, do not melt, are usable at higher temperatures and are
more chemically inert.  Examples are Vulcanized rubbers, Epoxies,
Phenolic, Polyester resins, etc.

Classification of Polymers based on Physical Properties  
(i) Elastomers. Elastomers are polymers in which the polymer

chains are held by weakest intermolecular forces. These forces permit
the polymers to be stretched. A few cross-links are introduced between
the chains to help the polymer retract to its original position after the
force is released. Example, vulcanized rubber.

(ii) Plastics. These are usually much stronger than elastomers
or rubbers. Some of them are hard, rigid, stiff and dimensionally stable
while others may be soft and flexible. Examples include polyethylene,
polystyrene, etc.

(iii) Fibers. These polymers possess high tensile strength and
high modulus, because of strong intermolecular forces like hydrogen
bonding which operate in polyamides.

These strong forces also lead to close packing of chains and
thus impart crystalline nature. As a result, these polymers show sharp
melting points. These polymers are used for making fibers. Examples
include nylon and terylene.

(iv) Liquid Resins. Polymers used as adhesives, sealants, etc.
in a liquid form belong to this class. Examples include epoxy adhesives
and polysulphide sealants.

2.3 Molar Masses of Polymers
Polymer molar mass is important because it determines many

physical properties. Some examples include the temperatures for transitions
from liquids to waxes to rubbers to solids and mechanical properties
such as stiffness, strength, visco-elasticity, toughness, and viscosity.
If molecular weight is too low, the transition temperatures and the
mechanical properties will generally be too low for the polymer material
to have any useful commercial applications.

Unlike small molecules, however, the molecular weight of a polymer
is not one unique value. Rather, a given polymer will have a distribution
of molecular weights.

Since, a polymer is generally a mixture of molecules of various
molar masses and molecular sizes, we can visualise a molecular weight
distribution. Therefore,  for polymers, we should  not  speak of a molar
mass, but average molar mass. The distribution will depend on the
way the polymer is produced. If we plot the molecular weight distribution
for a polymer and indicate the locations of the various molar mass
averages, we have discussed, here is what we would see:

Fig. 2.3.1: Distribution of molar mass of a polymer

There are many ways, to calculate an average molar mass, depending
on how the average molar mass for a given distribution of molar masses
is defined.

High molar mass Low molar mass

Mw M n

M v
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Different ways to define molar mass of polymers are as follows:
1. Number Average molar mass (M

—
n)

2. Weight Average molar mass (M
—

w)
3. Viscosity Average molar mass (M

—
v)

Number Average Molar Mass (M
—

n)
Consider a property which is only sensitive to the number of

molecules present, a property that is not influenced by the size of any
particle in the mixture. The best example of such properties are the
colligative properties of solutions such as boiling point elevation, freezing
point depression, and osmotic pressure. For such properties, the most
relevant average molar mass is the total weight of polymer divided by
the number of polymer molecules. This average molar mass follows
the conventional definition for the mean value of any statistical quantity.
In polymer science, it is called the Number Average Molar Mass.

Consider a polymer sample in which N1, N2, N3, ..... be number
of molecules having molar masses W1, W2, W3,..... then the  number
average molar mass M

—
n is given by the relation.

        
1 1 2 2 3 3 1

1 2 3

1

N M
N M N M N M .......

M X M
N N N .......

N

i i
i

n i i

i
i








  
  

  






Where, Xi is mole fraction of polymer having molecular weight Mi.

But Wi = NiMi         
W

N
M

i
i

i
 

W
M W

M

i
n

i

i

  
 ...(2.3.1)

where, Wi is the weight of ith polymer having molar mass Mi.
Number average molar mass is determined by the Osmotic Pressure,

End-group titration and Colligative properties.

Weight Average Molar Mass (M
—

w)
Consider the polymer property which depends not just on the

number of polymer molecules but on the size or weight of each polymer
molecule. A classic example is light scattering. For such a property we
need a weight average molar mass. To derive the weight average molar
mass, replace the appearance of the number of polymers of molar
mass Mi or Ni in the number average molar mass formula with the
weight of polymer having molar mass Mi or NiMi. The result is

2

1

1

N M
M

N M

i i
i

w

i i
i












    

2X M
X M

i i

i i



By noting that NiMi/NiMi is the weight fraction of polymer with
molar mass Mi and Wi, an alternative form for weight average molar
mass in terms of weight fractions

2

1

1

W M
M

W

i

i i
i

w

i
i













M
—

w =

2N M w M

N M w

i i i i
i i

i i i
i i


 

  ...(2.3.2)

Comparing this expression to the expression for number average
molar mass in terms of number fraction we see that M

—
n is the average

M
—

i weight according to number fractions and that M
—

w is the average M
—

i
weight according to weight fractions. The meanings of their names
are thus apparent. The weight average molar mass is determined by
the Light scattering, Small Angle Neutron Scattering (SANS) and
Sedimentation velocity.

Example 2.3.1: A sample polymer contains 10, 20, 30 and 40
percent molecules of the polymer with molar mass 10,000, 12,000,
14,000 and 16,000 respectively. What is the mole fraction of each
type of polymer molecule and what are the number and weight average
molar masses of the polymer sample?

Mole Fraction Xi = 
Number of molecules of type

Total number of molecules
i

In this case the total number of molecules is 100.
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Therefore, their mole fractions are 10/100, 20/100, 30/100 and
40/100.

i.e., 0.1, 0.2, 0.3 and 0.4
Therefore, Mn  = xi Mi

= 0.1 × 10,000 + 0.2 × 12,000 + 0.3 × 14,000 + 0.4 × 16,000
= 14,000

Mw= xi Mi
2 / xi Mi

= 
2 2 2 20.1(10,000) 0.2 (12,000) 0.3 (14,000) 0.4 (16,000)

14,000
  

= 
7 6 6 610 28.8 10 58.8 10 102.4 10

14,000
     

= 
6200 10

14,000


= 14.3×103

= 14,300

Viscosity Average Molar Mass
Viscosity average molar mass or Mv is defined by

M
—

v =  

1
(1 )N M

N M
i i

i i

  
 
  




... (2.3.3)

Viscosity average molecular weight is determined by intrinsic viscosity
and the Mark Houwink equation. Where ‘a’ is a constant that depends
on the polymer/solvent pair used in the viscosity experiments. It varies
between 0.5 to1.0.

From Fig. 2.3.1, we see that  the narrower the molar mass distribution
of a polymer, i.e., the narrower the distribution of molar mass of the
components of a polymer, the closer the different molar mass averages
will lie to each other. If all of the polymer molecules in a polymer
sample were of the same molecular size, then all of the molar mass
averages would be identical. Of course, this is never the case with
commercial polymeric materials. But, polymer scientists and polymer
technologists use this fact to calculate a number called “polydispersity”,
which is, essentially, a measure of width of the molar mass distribution

for a polymer. They calculate the ratio of weight to number-average
molar mass. Polydispersity Index = M

—
w / M

—
n

The closer the polydispersity approaches a value of one (M
—

w = M
—

n),
the narrower is the molar mass distribution. In other words,  monodisperse
natural polymers are examples of this type.

The polymers whose molecules have wide range of molar mass
are called polydisperse polymers example synthetic polymers the
polydispersity index is greater than one (M

—
w > M

—
n).

Remember too, that the weight average is always greater than
the weight-average which, in turn, is greater than the viscosity-average,
which is always greater than the number-average molar mass. As we
go in this series from number-to viscosity-to weight average molar
mass, the large molecules in a polymer sample become increasingly
important.

Example 2.3.2: A polymer sample has molecules having molecular
weights of 1.0 × 105, 2.0 × 105, 3.0 × 105. Calculate the number
average molecular weight.

M
—

n = NiMi/Ni would be, 6.0 × 105/ 3 = 2.0 × 105.
Example 2.3.3: Size exclusion chromatographic data of a new

polymer shows the following molecular weight distribution.

Number of molecules Mass of each molecule

5 10,000
3 30,000
2 60,000

Calculate the number average (M
—

n) and the weight average (M
—

w)
molar mass of this polymer.

Number Average Molecular Weight is given by (The total weight
of the sample)/(Number of molecules in the sample), i.e.,
M
—

n = NiMi/Ni.
Multiply the weight of the polymer molecule by the number of

polymer molecules of that weight NiMi would be [5(1000) + 3(30,000)+
2(60,000)] = 260,000. Ni would be [5 + 3 + 2] = 10.

Therefore, Number Average molar mass M
—

n = 260,000/10 = 26,000
Weight average molar mass: The formula for the calculation of

weight average molar mass.
M
—

w =NiMi
2

 /NiMi = WiMi/Wi.

Polymers 231 232 College Physical Chemistry – III



To calculate the weight fraction W i, of each type of polymer
molecule, the Weight fraction of individual polymer molecules is the
mass of each polymer molecule (NiMi) divided by the total weight of
the polymer (NiMi).

Weight fraction Wi are 
5 (10,000) 3 (30,000) 2 (60,000), ,

2,60,000 2,60,000 2,60,000
  

= 0.1923, 0.34615, 0.461538

WiMi/Wi = 
0.1923 10000 34615 30000 0.461538 60,000

0.1923 0.34615 0.461538
    

 

= 39,999.78
Weight Average Molar Mass is 39,999.78.
Example 2.3.4. In a polymer sample, 20% of molecules have

molecules having molar mass 20,000, 30% have molar mass, 40,000
and the remaining have 60,000. Calculate weight average and number
average molar masses.

The polymer contains,
20% molecules having molar mass of 20,000.
30% molecules having molar mass of 40,000.
50% molecules having molar mass of 60,000.
Thus,

N M 20 20,000 30 30,000 50 60,000
M

N 100
i i

n
i

     
 



      = 46,000

2 2 2 2N M (20 20,000) (30 30,000) (50 60,000)M
N M 20 20,000 30 30,000 50 60,000

i i
w

i i

     
 
     

      = 51,3043
Example 2.3.5. A polymer sample has four different kinds of

molar masses as 1.5 × 105, 2.0 × 105, 3.5 × 105, 5 × 105 present in
the ratio 1:3:4:2. Calculate: (i) number average molecular weight and
(ii) weight average molecular weight.

The polymer contains
molecular weights of 1.5 × 105

molecular weights of 2.0 × 105

molecular weights of 5 × 105. They are in the ratio 1:3:4:2.
Thus,

Mn =  
N M

N
i i

i




=  
5 5 5 51 1.5 10 3 2.0 10 4 3.5 10 2 5 10

1 3 4 2
          

  

= 3.15 × 105

Mw =  
2N M

N M
i i

i i




=  
5 2 5 2 5 2 5 2

5 5 5 5
1 (1.5 10 ) 3 (2.0 10 ) 4 (3.5 10 ) 2 (5 10 )

1 (1.5 10 ) 3 2.0 10 4 3.5 10 2 5 10
          

          

= 359523.8095

2.4. Method of determining molar masses of polymers
Viscosity is a characteristic property of all fluids. It is defined as

a property by virtue of which it tends to oppose the relative motion
between two adjacent layers of the fluid or it is the force per unit area
required to establish a unit velocity gradient between two adjacent
layers of a fluid, a unit distance apart.

Viscometry is a useful technique for determining the molar mass
of the polymer. The molar mass obtained by this method is the viscosity-
average molar mass,  M

—
v. The viscosity of a polymer solution is considerably

higher than that of the pure solvent. Accurate measurements of absolute
viscosity is difficult practically. It is convinient to measure relative viscosity.

Ifo is the viscosity of pure solvent and  that of the solution of
a given polymer, then /o is called the relative viscosity r of the
solution.

i.e., r =

o

...(2.4.1)

Relative viscosity is related to other terms such as:
Specific viscosity sp is the relative increase in viscosity and is

given by,

sp =
 

 o

o
 = 


o

– 1 = r–1 ...(2.4.2)
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The ratio sp/C, i.e., the relative increase in specific viscosity
per unit concentration of the polymer, is known as reduced viscosity,
and this depends upon the molecular weight of the polymer. Since
reduced viscosity depends upon the concentration, it is necessary to
extrapolate a plot of sp/C against C to zero concentration. This extrapolated
value is known as intrinsic viscosity, i also called viscosity number
or staudingeer index. Thus,

i.e., red = sp/C ... (2.4.3)

i =
sp

c o

η
Lim

C

 
   ... (2.4.4)

where, ‘C’ is the concentration of the polymer in g/dl.
Fig. 2.4.3 Determination of K and  of mark-Houwink equation

Taking log on both sides.

log[ ] log log Mvk    ... (2.4.6)

From above equation a plot of log[] against log [M ]v  gives a
straight line whose slope is ‘’ and intercept on y-axis = log k.

This is the most convenient method to determine the molecular
weight of the polymer, since once the values of K and  have been
obtained for a given type of polymer and solvent, it is only necessary to
measure viscosities of solutions of known concentration in the same solvent.

Example 2.4.1: For a solution of a polymer in chloroform of
concentration 3.0g/dl the specific viscosity is found to be 0.12. The
constants K and a in Mark-Houwink equation are 3.2 × 10–6 and 0.85
respectively. Calculate the molecular weight of the polymer.

According to Mark-Houwink equation, the intrinsic viscosity of
a polymer solution is related to its molecular weight by

i = Lim
CC o

sp














= c K M a

Here, K = 3.2 × 10–6, a = 0.85 C = 3.0 g/dl, sp = 0.12

 
012
30
.
.

 = 3.2 × 10–6 × M 0.85

 M 0.85 =
012

30 32 10 6
.

. .  

= 1.25 × 104

sp/C

 i

Concentration ( C)

Fig. 2.4.2 Determination of intrinsic viscosity

Staudinger found in 1950 that for a series of polymer sample of
given concentration at constant temperature, the intrinsic viscosity is
related to the molar mass of polymer by the equation called as Mark-
Houwink-equation as:

[ ] (M )vk   ... (2.4.5)

Where, Mv = Viscosity average molar mass k and ‘a’ are constants.

‘’ depends on the geometry and shape of molecule. Values vary
from 0.5 and 1.0.

log i

log k

Slope = 

log M
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 0.85 log M = log 1.25 × 104

 log M =
4 0969

085
.

. = 4.820

 M = 6.607 × 104 g mol–1

Nomenclature for Polymer Solution Viscosity

Result Units Equation

Relative Viscosity dimensionless r = /0

Specific Viscosity dimensionless sp = r – 1 = (– 0)/0

Inherent Viscosity dl/g inh = (ln r)/c
Reduced Viscosity dl/g red = sp/c
Intrinsic Viscosity dl/g [] = (sp/c)|c  0
Absolute Viscosity cP  = r × solvent

Kinematic Viscosity cS k = /density

Ostwald Viscometer
It is a type of capillary viscometer.

There is ‘U’ shape tube with two bulbs
and two marks as shown in the following
figure and is used to determine the viscosity
of Newtonian liquids.

Principle
When a liquid flows by gravity, the

time required for the liquid to pass between
two marks, upper mark and lower mark,
through a vertical capillary tube is
determined. The time of flow of the liquid
under test is compared with the time required
for a liquid of known viscosity (usually
water).

The intrinsic viscosity is determined experimentally as follows:
Consider a volume V of liquid flowing through a capillary of

radius r and length l in time t seconds, which is related to its absolute
viscosity   by the Poiseuille equation:

 =
4

8V
P r t

l


... (2.4.7)

 t = 4
8 Vη l
P r ... (2.4.8)

where, P is the pressure difference under which the liquid flows. If 
and o are the viscosities of a polymer solution and pure solvent respectively,
and t and to are their corresponding times of flow, then, for the same
capillary tube, the driving pressure ‘p’ at all stages of the flow of a
liquid is given by hdg where ‘h’ is difference of heights between upper
and lower limbs ‘g’ is accelaration due to gravity ‘d’ is density of the
liquid

Hence, for two different liquids we can with

            
11 1 1 1

2 2 2 2 2

hd gt d t
hd gt d t


 



t
to

=

o

... (2.4.9)

It may be noted here that for calculating the intrinsic viscosity of
a polymer sample in solution, it is not necessary to know the absolute
viscosities of the solvent and the solutions, but using Ostwald’s viscometer
only the times of flow of a constant volume of solvent and the solutions
through a particular capillary tube is determined. The specific viscosity
of the solutions of the polymer of different concentrations in a given
solvent is determined. The ratio of specific viscosity to concentration
(sp/C) is then plotted against concentration and the graph is extrapolated
is zero concentration and this value is the required intrinsic viscosity.
(Fig. 1.2.3).

The viscosity of unknown liquid 1 can be determined using the
equation,

1 = 
1 1

2
2 2

t
t

 
 ... (2.4.10)

Where, 1= Density of unknown liquid 2 = Density of the known
liquid

t1= Time of the unknown liquid t 2 = Time of the known liquid
2= Viscosity of known liquid

Once 1 the reduced viscosity of the polymer solution is determined
we can calculate specific viscosity. A plot of sp/c for various concentrations
of polymer solutions against concentration (Fig. 2.4.2) will give intrinsic
viscosity as intercept using Mark-Houwink equation the molecular weight
of polymer can be determined by knowing the value of k and a.

Example 2.4.2: For a solution of a polymer in chloroform of
concentration 3.0 g/dl the specific viscosity is found to be 0.12. The

UPPER
MARK

LOWER
MARK

Fig. 2.4.4 Ostwald
Viscometer
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constants K and a in Mark Houwink equation are 3.2 × 10-6 and 0.85
respectively. Calculate the molecular weight of the polymer.

According to Mark-Houwink equation, the intrinsic viscosity of
a polymer solution is related to its molecular weight by

i =
lim

0
 

   
sp KM

c c

Here, K = 3.2 × 10–6,  = 0.85; c = 3.0 g/dl, sp = 0.12

Therefore, 
0.12
3.0  =3.2 × 10–6 × M0.85

M0.85 = –6
0.12

3.0 3.2 10 

= 1.25 × 104

 0.85  log M = log 1.25 × 104

 log M = 
4.0969

0.85

= 4.820
M = 6.607 × 104 g mol–1

2.5. Light Emitting Polymers
LEP is a technology based for the use of polymer as the semiconductor

in LED’s. These polymers exhibit electroluminescence property. Examples
of these polymers are Poly Phenylene Vinylene (PPV), Poly(-2-methoxy-
5-(2-ethyl) Hexoxy- Phenylene Vinylene (MEH PPV).

PPV

;            

MEH-PPV

O

O

C
C

H

Fig. 2.5.1

Characteristics
1. They consume less power.
2. They are have greater power efficiency.
3. They have electroluminescence property.
4. They can conduct electricity and have fluorescence property.
5. They are cheap.
6. They display images with more clarity.

Principle of working of LEP
When current is made to flow in the forward direction through

PN junction, visible light is emitted from the region of deplition layer.
This is due to recombination of minority carriers so that, when an
electron falls from the conduction into valence band, energy is released
in visible form. Such a light emitting diode is referred to as an LED.

Conduction band (CB)
Band gap

1.5 cv

Valence band (VB)

6 = 10–9 3 cm–1

Fig. 2.5.2

Light emitting polymers are conducting polymers with p-molecular
orbitals delocalized along  the polymer chain, so the electronic charge
transport differs from inorganic semiconductors. The property of light
emitting polymer to emit light when a voltage is applied to it is called
Electroluminescene. The fluorescence of the organic polymers depends
on 3 factors.

1. The nature of carbon skeleton.
2. The geometrical arrangement of the molecule.
3. The type and position of the substituents.
Increasing the extent of conjugation and therefore increasing the

mobility of p electrons often results in an increase in fluorescence
intensity.
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Fig. 2.5.3: Polyacetylene   increase in conjugation leads to increase in
 e– mobility

The nature of substituents can have a strong influence either
through steric or electronic effects. The different types of e– donating
and e– withdrawing substituents may be used to tune the band gap and
hence the emission colour of LEP. The band gap between valence band
and conduction band of the light emitting polymer determines wavelength
region (color) of the emitted light.

In addition, a Light Emitting Polymer should fulfill the following
requirements.

1.  bonds are stronger than -bonds even when there are excited
states in the * bonds.

2.  orbitals present on the adjoining polymer molecules should
overlap with each other enabling three dimensional movement
for electrons and holes between molecules.

3. permit electrons and holes capture each other to form excitons.
4. permit the excitons to emit photons.
The absorption of emissive polymers are attributed to electronic

excitation from -* transition states and *- for emission. Increasing
the extent of conjugation and therefore increasing the mobility of n
electrons often results in increase in fluorescence intensity. The band
gap between the valence band and conduction band of the semiconducting
polymer decides the wavelength of light absorbed by having various
substituent, different colours can be obtained.

Method of preparation
A thin film of semiconducting polymer is sandwiched between

two electrodes (anode and cathode). When there is movement of electrons
and holes from the electrodes, there will be recombination of these
charge, carriers and this leads to emission of light through glass of the
LEP.  The structure is shown in Fig. 2.5.4.

Fig. 2.5.4: Light Emitting Diode

Introuction of Light Emitting Polymers (LEP)
Light emmiting polymer is a polymer that emits light when a voltage

is applied to it. LEPs are used to manufacture light weight, ultra thin
displays for mobiles, TV screens, computer screens. This novel technology
has finally replaced the bulky, space consuming and power hungry
cathode ray tubes (CRT) used in TV screens and computer monitors.
LEPs are special plastic materials that convert electrical power into
visible light.

LEP devices can be made by either spin or blade coating the
precursor polymer solutions on the indium tin oxide (ITO) coated glass
substrates.

Thermal conversion of the coated precursor polymer solution is
carried out which yields dense and pin-hole free films of p-phenylene
vinylene (PPV). Finally, the cathode deposition is done. Evaporated
calcium or aluminium are used as cathode. The thickness of the polymer
layer in such LEP devices is of the order of 100 nm.

Top Electrode

Light
Emmission

Layer

Hole Transport
Layer (HTL)

ITO

Glass

Light

Light

–
V
+

Electrical
Power

Light
Emitting
Polymer

Visible
Light

Polymers 241 242 College Physical Chemistry – III



Fig. 2.5.5: Structure of polymer light emitting diode

Advantages
1. They are thin displays.
2. Produce Sharp and bright image.
3. Low power consumption.
4. Any colour and any shape or non-planar shape can be obtained.
Applications :
1. LEPs are used for making non-planar displays.
2. Used as displays for cellular phones.
3. Simple backlights and alphanumeric displays are the early LEPs

product.
4. Used in laptop and computer screens.
5. Used to prepare organic solar cells.
6. Creation of thin film displays for electronic newspaper and

used to develop a cheaper simple light source are some of its
future applications.

2.6 Antioxidants and Stabilisers
To improve the physical and mechanical properties of Polymers,

certain substances are added to their bulk, these are called antioxidants
and stabilisers.

Antioxidants
Under the effects of shear stress and mechanical loading in an

oxygen environment, plastics and elastomers are generally degraded
and age rapidly. This is translated by a loss of mechanical properties
like strength, stiffness or flexibility and a discoloration, yellowing or
loss of gloss of the plastic.

Polymer antioxidants are used to combat this degradation and
extend plastics’ lifetime. Antioxidants protect the polymer from heat
and oxygen ageing. Antioxidants inhibit autoxidation that occurs when
polymers reacts with atmospheric oxygen. Molding or casting of plastics
(e.g., injection molding) require them to be above their melting point
or glass transition temperature (~200-300°C) and under these conditions
reactions with oxygen occur much more rapidly. Antioxidants are of
greater importance during this process stage. Antioxidants are often
referred to as being primary or secondary depending on their mechanism
of action.

Primary antioxidants (radical scavengers)
Primary antioxidants act as radical scavengers to remove peroxy

radicals (R00•), alkoxy radicals (RO•), hydroxyl radicals (HO•) and
alkyl radials (R•) formed by the action of oxygen on the polymer.
Oxidation begins with the formation of alkyl radials, which react very
rapidly with molecular oxygen (rate constants  107-109 mot-1 s-1) to
give peroxy radicals, these in turn abstract hydrogen from a fresh
section of polymer in a chain propagation step to give new alkyl radials.

R• + O2  ROO•
ROO• + RH  ROOH + R•

Glass

To

Light

Excition Polymer

Hole

Electron

Electrode (A)

(C)

V

+

–
–+
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Pentaerythritol tetrakis (3,5-di-tert-butyl-4-hydroxyhydrocinnamate):
A primary antioxidant consisting of acrylated sterically hindered phenols.

Secondary antioxidants (hydroperoxides scavengers)
Secondary antioxidants act to remove organic hydroperoxides

(ROOH) formed by the action of primary antioxidants.

Tris (2,4-di-tert-butylphenyl) phosphite. These will convert polymer
hydroperoxides to alcohols, becoming oxidized to organophosphates
in the process:

ROOH + P(OR')3  OP(OR')3 + ROH
Transesterification can then take place, in which the hydroxylated

polymer is exchanged for a phenol:
ROH + OP(OR')3  R'OH + OP(OR')2OR

Thermal stabilisers
PC heat stabilizers are used in medical-grade PC, they protect

polymer against the high temperatures during processing, storage or
autoclaving. Salts of heavy metals, metal salts of organic acids, and
nitrogenous organic compounds are used. Barium-zinc or calcium-
zinc additives are very effective heat stabilizers for PC, but are restricted
for medical applications, Iron oxides and carbon blacks are widely
used as heat stabilizers in silicone sealants and adhesives heat stabilizers
trap the hydrogen chloride that is generated when PC decomposes at
high temperatures and prevent discoloration and degradation.

Light stabilisers
Light stabilizers are chemical additives used to protect polymers,

especially those that contain regular repeating units, against degradation
resulting from exposure to UV radiation. Zinc derivatives of monoalkyl
H-phosphonates are used as UV stabilizers for cellulose, polyesters,
and other polymeric materials.Mixtures of metal salts (M = Mg, Ca,
Zn, Ba, Cd, Sn, and Pb) of different monoalkyl H-phosphonates (R =
alkyl [C1 to C20], alkylaryl, cycloalkyl) are used as stabilizers for
polyvinyl chloride.

UV stabilisers
Exposure of non-UV stabilized PC to strong UV or outdoor sunlight

conditions can lead to the yellowing of its surface. Degradation of
polymer leads to deterioration of its physical properties. The presence
of UV stabilizers at concentrations well below 1%, improves, the light
transmission this will help in is less yellowness and less deterioration
of the mechanical properties of the PC. Benzotriazoles are used in PC
formulations as UV stabilisers.

O O O
P C(CH )3 3

C(CH )3 3

C(CH )3 3

(CH ) C3 3(CH ) C3 3

(CH ) C3 3

O

OH

OO
O

O
O

O

O

HO

HO

OH

Tris (2,4-di-tert-butylphenyl) phosphite, a phosphite widely used
as a secondary antioxidant in polymers.

Hydroperoxides are less reactive than radical species but can undergo
hemolytic bond breaking to form new radicals. As they are less chemically
active they require a more reactive antioxidant. The most commonly
employed class are phosphites esters, often of hindered phenols, e.g.,
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Bisoctrizole: A benzotriazole-phenol based UV absorber These
UV absorbers dissipate the absorbed light energy from UV rays as heat
by reversible intramolecular proton transfer. This reduces the absorption
of UV rays by the polymer matrix and hence reduces the rate of weathering.
Other UV-absorbers are oxanilides for polyamides, benzophenones for PC.

Dyes and Pigments

Colorants
Plastic colorants are chemical compounds used to color plastic.

Those compounds come in a form of dyes and pigments. The type of
a colorant is chosen based on the type of a polymeric resin that needs
to be colored. Dyes are usually used with polycarbonates, polystyrene
and acrylic polymers. The colorant must satisfy various characteristics,
for example, it must bey chemically compatible with the base resin, be
a suitable match with a color standard be chemically stable, i.e., being
able to survive the stresses and processing, temperature (heat stability)
in the fabrication process and be durable enough.Inorganic as well as
some organic pigments are common examples of pigments used.

Colorant Chemical class Type
Diarylide pigment azo dye pigment
Sudan stain azo dye dye
Oil Blue A anthraquinone dye
Disperse Red 11 anthraquinone dye

Colorant most provide the desired effect and be able to withstand
heat and temperature charges. If they are not fast it will affect the
mechanical property of polymer.

Antistatic agents
Antistatic agents are added to polymers to minimize the build-up

of static electricity/electric charge in plastic materials. Building up static
charges on the plastic surface disrupts the processing procedures and
can be an issue for hygiene and aesthetics. Antistatic agents can be
external and internal. With external antistatic agents, the plastic is coated
by spraying or via immersion while internal antistatic agents are incorporated
into the polymer matrix and then migrate to the surface. Some conductive
filler can also be used as antistatic agents. The antistatic agents includes
fatty acid esters, ethoxylated amines, quaternary ammonium.

Curing Agents
Curing is a term in polymer chemistry that refers to the toughening

or hardening of a polymer material by cross-linking of polymer chains,
brought about by electron beams, heat, or chemical additives. When
the additives are activated by ultraviolet radiation, the process is called
UV Cure. A curing agent is a substance that is used to harden a surface
or material. It is typically applied to polymer surfaces to facilitate the
bonding of the molecular components of the material. The stronger
the molecular bonds are, the harder the material surface is.

Curing agents or hardeners play an important role in the curing
kinetics, gel time, degree of curing, viscosity, curing cycle and the
final properties of the cured products. There are mainly three types of
curing agents. The first type of curing agents includes active hydrogen-
containing compounds and their derivatives. The second type of curing
agents includes anionic and cationic initiators. They are used to catalyse
the homopolymerisation of epoxy resins. Molecules which can provide
an anion such as tertiary amines, secondary amines and metal alkoxides
are effective anionic initiators for epoxy resins. The third type of curing
agents are called reactive cross-linkers. They usually have higher equivalent
weights and cross-link with the secondary hydroxyl groups of the
epoxy resins or by self-condensation. Polybasic acids/anhydrides,
polyamines, polythiols, poly(amido amine)s, hyperbranched polyamines
and polyols are used for curing vegetable oil-based epoxy resins. 2-
Methylimidazole, dicyanodiamide, hexahydrophthalic anhydride and
triethylenetetramine are a few examples of such hardeners. 2,4,6-tri
(dimethylaminomethyl) phenol may sometimes be used as an accelerator
in anhydride curing.

OHN

NN

OH

N

N

N
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PROBLEMS
Problem 1: A sample of a polymer contains molecules with molecular

weight 1 × 103, 1 × 104 and 1 × 105 in the proportion 1 : 2 : 2 respectively.
Calculate the number-average and weight-average molecular weight
of the sample.

Solution: Let the number of molecules be 100, 200 and 200
respectively (proportion 1 : 2 : 2).

Hence,

Number-average molecular weight ( Mn ) is given by –

Mn = 
N M

N
i i

i




= 
3 4 5100 10 200 10 200 10
(100 200 200)

    
 

= 
510 (1 20 200)

500
 

 = 44,000

 Mn = 4.4 × 104

Similarly,

Number-average molecular weight ( Mw ) is given by –

Mw = 
2N M

N
i i

i




= 
3 2 4 2 5 2

3 4 5
100 (10 ) 200 (10 ) 200 (10 )

(100 10 200 10 200 10 )
    

    

= 
8

5
10 (1 200 20,000)

10 (1 20 200)
 

 

= 
310 (20201)

221

 Mw = 9.1 × 104

Problem 2: A sample of a polymer contains chains of two distinct
molecular weight 2 × 103 and 5 × 103 in the ratio of 5 : 2 Calculate:

(i) number-average molecular weight,
(ii) weight-average molecular weight of the polymer.

Solution: (i) Number-average molecular weight,

Mn = 
N M

N
i i

i




Mn = 
3 3(5 2 10 ) (2 5 10 )
5 2

    


Mn = 
4 410 10 20,000

7 7


  = 0.2857 × 103

(ii) Weight-average molecular weight

Mw = 
2N M

N
i i

i




= 
3 2 3 2

3 3
[5 (2 10 ) ] [2 (5 10 ) ]

(5 2 10 ) (2 5 10 )
    

    

= 
6 6

4 4
5 4 10 2 25 10

10 10
    



= 
6 6 6

3
(20 50) 10 70 10 7 10

20,000 20,000 2 10
   

 


= 37 10
2


Mw = 3.5 ×103

Problem 3: A sample of protein contains equimolar mixture of
ribonucleus (m = 13,700), haemoglobin (m = 15,500) and myoglobin
(m = 17,200). Calculate the number-average and weight-average molecular
weights of the sample.

Solution: Given: mribo = 13,700, mhaem = 15,500, mmyo = 17,200
nribo = nhaem = nmyo
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 Mn = 
1 1 2 2

1 2

n M n M ...
n n ...
 



 Mn = 
1 13700 1 15500 1 17200

1 1 1
    

 
 =15466.07

 Mn = 1.5467 × 104 ... (1)

= 
2 2

1 1 2 2

1 1 2 2

M M ...
M M ...

n n
n n

 
 

= 
2 2 21 (13700) 1 (15500) 1 (17200)

(1 13700 1 15500 1 17200)
    

    

= 
4

2
72378 10
464 10





= 1.5598 × 104

 Mn = 1.5598 × 104

Problem 4: The intrinsic viscosity [] of an aqueous solution of
a polymer at 298 K was found to be 0.2349. Calculate the molecular
weight of the polymer. [ = 0.64, K = 3.6 × 10–4]

Solution: Given:  = 0.2349, K = 3.6 × 10–4,  = 0.64, Molecular
weight = (M) = ?

We know the equation,
 [] = KM

 log  = log K+  log M

 log M = 
log log K 



 log M = 
4log 0.2349 log3.6 10

0.64

 

 log M = [–0.6291 – (–3.4437)]

 log M = 
2.8146
0.64

 log M = (4.3979)

  M = Antilog 4.3979
  M = 2.5 × 104

  Molecular Wt. = 2.5 × 104

Problem 5: The intrinsic viscosity [] of a solution of a polymer
in an organic solvent was found to be 1.60 at 298 K. Calculate the
molecular weight of the polymer.

Given: = 0.64, K = 5.1 × 10–4

Solution: [] = intrinsic viscosity of solution = 1.6  = 0.73,
K = 5.1 × 10–4, Molecular weight of polymer = M = ?

[] = KM

 K


= M

Taking log on both sides

log log K 
 = log M

4log1.6 log5.1 10
0.73

 
= log M

 log M = 
0.2041 ( 3.2927)

0.73
 

 log M = 4.7898
  M = Antilog (4.7898)

M = 6.163 × 104

Problem 6: The intrinsic viscosity [] of a polymer solution is
3.6 × 10–1 dlg–1 at 298 K. The constants K and  in Mark-Hauwink
equation are 3.6 × 10–4 and 0.64 respectively. Calculate the molecular
weight of the polymer.

Solution: [] = 3.6 × 10–1, K = 3.6 × 10–4, Mol. wt. = M = ?
By Mark-Hauwink equation,

[] = KM

log h = log K +  log M

log log K 


= log M
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4log0.36 log3.6 10
0.64

 
= log M

1.5563 4.5563
0.64


= log M

3
0.64 = log M

4.6875 = log M
M = 4.8696 × 104

M = 48696

QUESTIONS
1. Explain the terms:

(i)  polymer,  (ii) monomer, (iii) repeat unit, (iv) degree of polymerization and
(v) high polymer.

2. Explain and Illustrate with the help of structures the following:
(i) Homopolymer, (ii) Copolymer, (iii) Branched Copolymer, (iv) Block
Copolymer and (v) Graft Copolymer.

3. How are polymers classified? Illustrate with suitable examples in each case.
4. Explain: (i) Number average molecular weight, (ii) Weight average molecular

weight and (iii) Viscosity average molecular weight.
5. Explain the use of: (i) Ultracentrifuge and (ii) Viscometer, in molecular weight

determination of polymers.
6. Explain the terms: (i) relative viscosity, (ii) specific viscosity and (iii) intrinsic viscosity

How are they related to the molecular weight of the polymer?
7. (a) Define the following terms mathematically and explain how they are obtained

experimentally. (i) relative viscosity, (ii) specific viscosity and (iii) intrinsic
viscosity.
(b) State the Mark-Hauink equation? How can it be used to determine the
molecular weight of a polymer sample?

8. Describe the ultra centrifugation technique used for determining the molecular
weights of high polymers.

9. Describe one method to determine Mn  or M w , of a polymer..

10. Write a short note on light emitting polymers.
11. Explain the important features of LEPs.
12. Describe the method of preparation of and structure of polymer based light

emitting diode.
13. Describe advantages and applications of LEPs.
14. What are anti oxidants? How are they classified?

15. Give examples and structures of antioxidants.
16. What are colorants? What are their characteristics?
17. Explain antistatic againsts. What are their different kinds?
18. What are curing agents? What and they used for?

NUMERICALS

1. Calculate Mn  and M w  for a sample of polymer containing chains of different
masses as follows:
Number N 10 25 50 30 10
Mars M 500 1,000 10,000 30,000 60,000

(Ans. 1.62 × 104, 4.188 × 106)
2. Two polymers of molecular masses 20,000 and 2,00,000 are mixed together in

equal parts by weight. Calculate Mn  and M w . (Ans. 11.0 × 104, 18.36 × 104)

3. A protein sample consists of an equimolar mixture of ribonuclease (M = 13.7 ×
103), haemoglobin (M = 15.5 × 103), and myoglobin (M = 17.2 × 103). Calculate
the number average and weight average molecular weights.

(Ans. Mn  = 15.5 × 103, M w  = 15.6 × 103)

4. A protein sample consists of 10% molecules of molecular weight 10,000, 80% of
20,000 and 10% of 40,000. Calculate the number average and weight average
molecular weights. (Ans. 21 × 103, 23.33 × 103)

5. The composition of a protein corresponds to 5 mol of molecular weight 30,000
and 10 mol of molecular weight 60,000. Calculate the number-average and weight
average molecular weight. (Ans. 5 × 104, 5.4 × 104)

6. A polymer solution contains equal numbers of molecules of molecular weight

20,000 and 30,000. Calculate Mn  and M w . (Ans. 2.5 × 104, 2.6 × 104)

7. A polymer solution contains equal masses of molecules of molecular weight

20,000 and 30,000. Calculate Mn  and M w . (Ans. 24009.6, 25000)

8. The intrinsic viscosity (n) of a polymer solution is 2.7 dl - g–1 298 K. Using
Mark Houwink equation, calculate the molecular weight of the polymer.
Given K = 3.6 × 10–4 and  = 0.64. (M.U. 2005)  (Ans. 6.49 × 105)

9. A polymer sample has 25 g and 50 g of polymers of molecular weights 2.5 × 103

and 6 × 103 respectively. Calculate the Mn  or M w .
(M.U. 2005) (Ans. 8.897 × 103, 4.833 × 103)

10. A polymer sample contains a mixture of four molecules of molecular weights 5 ×
105, 7 × 105, 3 × 105 and 4 × 105 in the ratio 2 : 3 3 : 1. Calculate the number
average and weight average molecular weights.

(M.U. 2006) (Ans. 4.88 × 105, 5.45 × 105)

Polymers 253 254 College Physical Chemistry – III



11. The intrinsic viscosity of a polymer dissolved in chloroform is found to be
1.2 dl  g–1 while constants in Mark Houwink equation a 0.72 and K = 5.8 × 10-

4. Calculate the viscosity average molecular weight ( M ) of polymer. Also

calculate number average molecular weight ( Mn ) and weight average molecular

weight ( Mw ) if Mn  is 10% less than M  and Mw  is 10% more than M

(M.U, 2008) (Ans. M  = 42,331, Mn  = 38,098, Mw  = 46,564)

Objective Questions
I. Multiple Choice Questions

1. A polymer is formed when simple chemical units
(a) Combine to form long chains.
(b) Combine to form helical chains
(c) Break-up
(d) Become round

2. Which is a naturally occurring polymer
(a) Polythene
(b) Proteins
(c) PVC
(d) Polypropylene

3. The monomer of PVC is
(a) Succinic acid
(b) Vinyl Chloride
(c) Vinyl acetate
(d) Glycol

4. Which of the following is thermosetting plastics
(a) Perspex
(b) Bakelite
(c) PVA
(d) PVC

5. Which of the following is fluorocarbon plastic
(a) Nylon
(b) Teflon
(c) Terylene
(d) Rayon

6. The ratio of weight average molecular weight to number average molecular weight
is called
(a) Degree of polymerisation
(b) Polydispersity index

(c) Z- average molecular weight
(d) Viscosity average molecular weight

7. Heating rubber with sulphur is called as
(a) Galvanisation
(b) Vulcanisation
(c) Sulphonation
(d) Bessmerisation

II. Fill in the blanks
1. Nylon 66 is an example of _________ Polymer.
2. LED are made up of _________ material.
3. Mark Houwink equation is _________.
4. Glass is an example of  _________ polymer.
5. Epoxy resins are _________ resins.
6. Additives added to polymers to prevent static charges in them are called

_________.
III. State whether the following are True or False:

1. Teflon is a fluorocarbon plastic
2. Silk is a synthetic polymer.
3. Viscose rayon is a natural fibre.
4. Nylon is dyed with acid dyes.
5. Thermoplastics are linear polymers.

IV. Match the following

A B

1. Weight average molecular weight (a) Traffic light indicators
2. Specific viscosity (b) Scavengers
3. Mark Houwink equation (c) Dyes

4. LEP (d) M
—

w = 

2N M w M

N M w

i i i i
i i

i i i
i i


 
 

5. Antioxidants (e) i = c o
Lim

C

 
  

spη

6. colorants (f) a[ ] (M )vk 

Ans.
I. 1.-(a), 2.-(c), 3.-(b), 4.-(b), 5.-(b), 6.-(b), 7.-(b)

II. 1.- Polyamide, 2.- Semiconductor,  3.- [] = K, 4. - Inorganic, 5.-  Thermosetting,
6- Antistatic agents

III. 1. True, 2. False, 3. False, 4. True, 5. True
IV. 1. - (d), 2. - (e), 3. - (f), 4. - (a), 5. - (b), 6. - (c)
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