
 

Question Bank 

Engineering Chemistry I 

Module 2: Phase Rule Introduction: 

1. Explain any two of the following terms- 1) Phases 2) Components 3) Degree of freedom.  

2. Define 1) phases 2) components 3) Degrees of freedom  

3. State Gibb's phase rule and the terms involved in it. Explain meaning of each term.  

One component system:  

4. State Gibb’s phase rule. Explain its application to one component system. OR Write short note on 

one component system- water  

5. Draw the phase diagram of one component system and explain 1. Curves 2. triple point  

6. What is triple point? Explain it with reference to one component system. OR Explain application of 

phase rule to one component system with the help of diagram and triple point.  

Two component system:  

7. What is condensed system? State and explain condensed phase rule. OR Reduced phase rule.  

8. What is condensed phase rule? Explain its application with the help of phase diagram of two 

component lead-silver system.  

9. What is phase rule? Explain its application with the help of phase diagram of lead-silver system.  

10. What is reduced phase rule? Diagram of lead silver system.  

Advantages and Limitations:  

11. Give the demerits/ limitations of Gibb’s phase rule.  

12. State phase rule with equation and give any three advantages/merits/applications of phase rule.                                                                     

.  

Numericals  

13. Using Phase rule find the no. of degrees of freedom in following systems at equilibrium.  

A. In water system when,ice  ↔ Water ↔ Water vapour  

B. A gaseous mixture of nitrogen and hydrogen.  

C. Decomposition of CaCO3.  

14. Find number of phases : 1. Saturated solution of NaCl, 2. Mixture of Rhombic and Monoclinic 

sulphur, 3. Mixture of O2 and N2, 4. Ice ↔ water.  

15. Find number of phases and components in  



A. ice  ↔ Water ↔ Water vapour  

B. Mixture of rhombic and monoclinic sulphur  
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Chapter 2:Phase Rule 

Gibb's Phase Rule:  

Gibb’s phase rule states that, If equilibrium in a heterogeneous system is affected only 
by external factors like temperature, pressure and concentration and not by electric 
or magnetic forces or by gravity or surface tension, then, the number of degrees of 
freedom (F)  is related to the number of components (C) and number of phases (P) by 
the equation,  
 

F = C –P + 2 

 

Explanation of terms:   
Phase 
A phase is defined as “any homogenous, physically distinct, mechanically separable 
portion of the system, which is separated from other such part of the system by 
definite boundary surfaces.” 
For example:  

• Gaseous phase:  Since gases are completely invisible, a gaseous mixture 
containing a number of gases or vapours constitutes a single phase. Air is a 
mixture of N2, O2, CO2, water vapour etc., which constitutes a single phase.  

 
• Liquid phase: The number of liquid phases depends on the number of liquids 

present and their mutual solubility. Two or more liquids completely miscible 
with one another give rise to only one liquid phase, for example, water and 
ethanol are miscible and the phase is one. A mixture of two immiscible liquid 
that is water and benzene or chloroform exist in two distinct liquid phases. 
Since solubility depend on temperature number of phases are also depends on 
temperature.  

 
• Solid Phase: Every solid in a system constitutes a separate phase and each phase 

is separated from others by a definite bounding surface. Hence, a heterogeneous 
mixture of solids consists of as many phases as the number of solid substances 
present in the mixture. e.g. mixture of sugar and salt.   

• In the decomposition of calcium carbonate  
 

               CaCO3(s)    ↔CaO(S)   +   CO2(g) 
 

The system consists of three phases namely: solid CaCO3, solid CaO and 
gaseousCO2  

Solution of a solute in a solvent constitutes a single phase e. g. solution of salt in  water.  
At triple point, water exists in three phases viz.   
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    Ice (s)         ↔Water (l)    ↔      Water Vapour (g) 
Component: 
It is defined as, “The smallest number of independent variable constituents which are 
required to express the composition of each phase in the system either directly or by 
means of a chemical equation”. 

The number of components of a system may or may not be the same as the actual number 
of substances present in the system.   
For example  

• Sulphur system consist of four phases   
Monoclinic sulphur, rhombic sulphur, liquid sulphur and sulphur vapour. The 
composition of each phase of the system can be expressed in terms of one 
constituent sulphur (S). Hence, it is one component system.  

• Water system: At the triple point all the three phases co-exists.  
      Ice (solid)     ↔     Water (liquid)     ↔    Vapour (gas)  

It is one component system because the composition of each of the three phases 
present can be directly expressed as H2O.  

• Decomposition of CaCO3. 
CaCO3 (s)        ↔     CaO (s) + CO2 (g) 
  

There are three different phase i.e. solid calcium carbonate, solid calcium oxide and 
CO2 gas.   
At first sight, it seems that it is a three component system. But it is considered as 
two component system because the composition of each of the above phase can be 
expressed in terms of any two of the three constituents present.   
For example , if only CaCO3& CaO are considered as components, then 
composition of each phase can be given as,  

 CaCO3 = CaCO3 + 0CaO  
CaO = 0CaCO3 + CaO  
CO2 = CaCO3 – CaO  
Thus composition of all three the three phases can be expressed by taking two of the 
constituents only. Hence it forms a two component system. 

 
Degrees of freedom 
 
The number of degree of freedom is defined as “the minimum number of variable 
factors such as temperature, pressure and concentration which should be arbitrarily  
fixed in order to define the system completely.” 
 
 Examples:  

• A system consisting of a pure gas is a one component, one phase system. If the 
temperature and pressure are specified, the volume of the gas can be known (.

.
. PV 

= nRT). That means in order to define the system completely, only two variables 
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are necessary. Hence degree of freedom for this system is two i.e. the system is 
bivariant.  

• A mixture of two gases (e.g. N2& O2) represents one phase and two component. For 
defining this system all the three variables i. e. temperature, pressure and 
composition are necessary. Therefore, F = 3, system is trivariant.  

• In case of water system, Ice (solid)  ↔   Water (liquid)  ↔ Vapour (gas), if all these 
three phases are in equilibrium, then no condition needs to be specified, as these 
three phases can be in equilibrium only at a particular temperature and pressure. 
Therefore for this system degree of freedom is zero. And the system is invariant.  

• For system, water ↔ water vapour, which has one component and two phases. It is 
necessary to specify only one variable i.e temperature or pressure. Hence, F = 1, 
system is univariant or monovariant.  

• The system may be described as nonvariant, univariant, bivariant and trivarient 
according to the number of degrees of freedom, zero, one, two or three, 
respectively.  

One Component system (The water system) 

It is one component system as H2O is the only chemical compound involved. Water exists 
in three possible phases, namely, solid, liquid and vapour.  
The diagram consists of   
1. curve : three curve are OA, OB and OC 
2. Areas: three curves divide the diagram into three areas AOC, AOB and BOC. 
3. Triple point:  the above three curves meet at the point O which is known as triple 

point.  
 

 
 

 

B ’ 
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Description of the phase Diagram:  
Curve AO:  

• This curve is known as vapourization curve. 
• The curve starts from O which is the triple point of water and ends at A, the critical 

point (Temp. is 3740C , press. 218 atm).[critical point- temp. beyond which liquid 
phase merges with vapour phase and they are no longer distinguishable with each 
other.]  

• Along this curve there exists liquid water in equilibrium with water vapours.  Water 
(liquid)  ↔ Vapour (gas) 

 Curve OB: 
• This curve is known as the sublimation curve.   
• Along this curve solid ice is in equilibrium with its vapours.  
• The curve starts at O and ends at B i.e. absolute zero (-2730C) [absolute zero- 

lowest temperature upto which one can remove heat from a system or a system has 
the lowest energy]  

Curve OC: 
• It is known as melting point or fusion curve.  
• The curve starts at O and ends at C. The inclination of the curve towards the 

pressure axis i.e. y axis indicates that the melting point of ice is lowered by increase 
of pressure.  

• At any point on the curve two phases i.e. ice and liquid water is in equilibrium. 
Along each curve two phases are in equilibrium and as water is a one component 
system, applying phase rule,  
F = C - P +2  
F = 1 – 2 + 2 
F = 1 

                 Each curve is univariant i. e. to locate any point on the curve either temperature or          
.               pressure should be known.  

 
Areas AOB, BOC and AOC: 

• In the area AOB: only vapour phase exists.  
• In the area AOC: only water phase exists.  
• In the area BOC: only ice exists.  

All these areas are bivariant, i.e. in order to locate any point in the area, the 
temperature and pressure must be defined. This also follows from the phase rule,  
F = C – P + 2     
F = 1 -1 + 2    
F = 2 

Triple point: 
• The three curves OA, OB and OC meet at a point which is known as triple point.  
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• At this point all the three phases namely water, ice and vapour coexist. Thus the 
value of P is three.  

• Applying the phase rule  to this point 
F = C - P + 2   
F = 1 – 3 + 2    
F = 0  
 
Thus the degree of freedom at triple point is zero.   

• It means that three phases can coexist in equilibrium only at a definite temperature 
and pressure which correspond to the point O.   

• Thus the values of temperature and pressure which corresponds to point O are  
0.00980C and 4.58 mm of Hg.  
 

Metastable curve OB': 
As water does not always freeze at 0ºC, so if the vessel containing water and vapour is 
perfectly clean and free from dust, it is possible to super-cool water several degrees below 
its freezing point O. The dotted curve OB' is a continuation of vaporization curve OA. It 
represents the vapour pressure curve of super cool water. This curve represents metastable 
system. On slight disturbance, the super cool water at once changes to solid ice. It may be 
noted that metastable vapour pressure of super cooled water is higher than the vapour 
pressure of ice.  

Two Component Systems(eutectic system) 
Introduction:   
Eutectic System: 
A binary system consisting of two substances, which are miscible in all proportions in the 
liquid phase, but which do not react chemically, is known as the “eutectic (easy to melt) 
system”, e.g., a mixture of lead and silver comprises of such system.  
 
Eutectic mixture: 
It is a ‘solid solution’ of two or more substances having the lowest freezing point of all 
possible mixture of the components.   
 
Eutectic point: 
The minimum freezing point attainable corresponding to the eutectic mixture, is termed as 
eutectic point. 
 
Condensed or reduced phase rule: 
In a two component system, when P = 1, degree of freedom (F) has the highest value:  
F = C – P + 2  
F = 2 – 1 + 2  
F = 3.  
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Since the maximum degrees of freedom in a two component system is three, so the phase 
behavior of a binary system may be represented by a three dimensional diagram of 
pressure, temperature and composition, which cannot be conveniently shown on paper. 
Solid-liquid equilibrium of an alloy has practically no gas phase and the effect of pressure 
is small on this type of equilibrium. Therefore, experiments are, usually conducted under 
atmospheric pressure. Thus, when the pressure is kept constant of a system, in which 
vapour phase is not considered, then, it is known as condensed system. It will reduce the 
degrees of freedom of the system by one and for such a system, the phase rule becomes: F  
= C – P + 1 
This is known as reduced or condensed phase rule, having two variables, namely, 
temperature and concentration (or composition) of the constituents.   
 
 
Silver – lead system:   
 
It is a two component system with four possible phases  
1) Solid lead, 2) solid silver, 3) Solution of silver and lead and 4) vapour. Since the 
pressure has nearly no affect on equilibrium, so the system can be represented by a 
temperature-concentration diagram at constant atmospheric pressure. Also the vapour 
phase can be ignored as it is practically absent and the condensed phase rule equation can 
be made applicable: F = C – P + 1 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Phase diagram for Pb-Ag eutectic system. 

 
Explanation of phase diagram:   
Curve AO: 

• It is the freezing point( or melting point) curve of Ag. It shows effect of addition of 
lead on freezing point of silver.  

  

 0     0    % P   
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• Curve starts from point A (1234 K or 961ºC), which represents freezing point of 
pure Ag.  

• From this curve it can be seen that the freezing point of Ag falls gradually on 
addition of Pb, along AO, till the lowest point O ( 576 K or 303º C)is reached, 
where the solution gets saturated with respect to lead and the freezing point of 
silver does not fall any further.  

• Along this curve, solid Ag and liquid melt coexist and hence, according to reduced 
phase rule equation:  
F = C - P + 1 
F = 2 – 2 + 1  
F = 1.   
i.e. the system is univariant.  

 
Curve BO: 

• It is the freezing point ( or melting point) curve of Pb. It shows effect of addition of 
silver on freezing point of lead.  

• Curve starts from point B (600 K or 327ºC), which represents freezing point of pure 
Pb.  

• From this curve it can be seen that the freezing point of Pb falls gradually on 
addition of Ag, along BO, till the lowest point O (576 K or 303º C) is reached 
where the solution gets saturated with respect to silver and the freezing point of, 
lead does not fall any further. 

• Along this curve, solid Pb and solution coexist and hence, the system is univariant 
like AO. 

Point O (eutectic point): 
• The two curve AO and BO meet at O, where three phases (solid Ag, solid Pb and 

liquid melt) co-exist and according to condensed phase rule, the system will be 
invariant. 

           F = C – P + 1    
           F = 2 – 3 + 1    
           F = 0.  

• The point O (576 K or 303º C) represents a fixed composition (Ag = 2.6%; Pb =  
97.4%) and is called eutectic composition.   

• No mixture of lead and silver has a freezing point lower than the eutectic 
temperature.  

• If the contents are further cooled, then, simultaneous crystallization of a mixture of 
Ag and Pb in relative amounts corresponding to eutectic point O takes place. 

Area AOB: 
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Region above AOB represents only one phase (liquid melt). Applying condensed 
phase rule, F = C – P + 1  
F = 2 – 1 + 1  
 F = 2. i.e area is bivariant. 
If a sample of lead containing less than 2.6% Ag is taken, say P. on allowing the mass to 
cool, the temperature gradually falls without any change in composition, till point P’ is 
reached on the curve BO. On lowering the temperature, lead begins to separate out and 
the composition varies along P’O, till point O is reached. On further cooling, the whole 
mass solidifies to the eutectic composition. 

Application of eutectic systems  

• Pattinson’s process: The above principle is used in pattinson’s process of 
desilvarization of lead. If a sample of argentiferrous lead, containing Ag less than 
2.6% is allowed to cool gradually, then, lead will separate out and the solution will 
become progressively richer in Ag till the percentage 2.6 of Ag is reached. On 
further cooling the whole mass will solidify and silver can thus be removed from 
lead.  

• Some eutectic mixtures are used in preparing solders used for joining two metal 
pieces together. E.g. Pb-Sn solders.  

• Eutectics are also used in safety fuses which are used in buildings to protect them 
against fire hazards. E.g Woods metal. 

 
Advantages and limitations of phase rule:  
Advantages of phase rule:  
 
1. It gives a simple method of classifying equilibrium states of the system in terms of 

phases, components and degrees of freedom.  
2. It confirms that the different systems having the same number of degrees of freedom 

behave in the similar manner.  
3. It predicts the behavior of systems when subjected to changes in the variables such as 

pressure, temperature and volume.  
4. It requires no information regarding molecular structure since it is applicable to 

macroscopic system.  
5. It is applicable to physical as well as to chemical phase reactions.  
6. Phase rule takes no account of nature or quantity of the reactants or products in phase 

reactions.  
 

Limitations of the phase rule:  
 
1. As the phase rule is applicable to heterogeneous system in equilibrium, it is therefore 

of no use for such systems which are slow in reaching the equilibrium state.  
2. As the phase rule is applicable to a single equilibrium state, it never tells about the 

number of other equilibrium possible in the system.  
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3. Phase rule considers only the number of phases rather than their amounts therefore, 
utmost care must be taken while deciding number of phases existing in an equilibrium 
state (even if a trace of phase is present, it accounts towards the total number of 
phases.).  

4. All the phases in the system must be present under the same pressure, temperature.  
5. According to phase rule, solid and liquid phases should not be in finely divided state, 

otherwise deviations occur. 
 
Numericals on Phase Rule  
Type 1 
1. An alloy of Sn and Pb contains 73% Sn. Find the mass eutectic in 1 kg of solid 
alloy, if the eutectic contains 64% of Sn. (Ans-750g)  
2. An alloy of Cd and Bi contains 25% Cd. Find the mass eutectic in 1 kg of solid 
alloy, if the eutectic contains 40% of Cd. (Ans-625g)  
3. An alloy of Sn and Pb contains 80% Sn. Find the mass eutectic in 1 kg of solid 
alloy, if the eutectic contains 6o% of Sn. (Ans-500g)  
4. An alloy of Cd and Bi contains 20% Sn. Find the mass eutectic in 1 kg of solid 
alloy, if the eutectic contains 50% of Cd. (Ans-800g)  
 
 
 
Type 2 

1. An alloy AB of 10 g weight contains 25% of A. The molten AB on cooling gave out 
B and an eutectic alloy with A and B at equal percentage. What is the amount of B 
that has formed? (Ans- 5g) 

2. An alloy AB of 20 g weight contains 20% of A. The molten AB on cooling gave out 
and an eutectic alloy A and B with at equal percentage. What is the amount of B that 
has formed? (Ans- 12g) 

 Type 3 
1. 1000 kg of a sample of argentiferrous Pb containing 0.1% Ag is melted and then 
allowed to cool. If eutectic contains, 2.6% Ag, what mass of (i) eutectic will be form, (ii) 
Pb will separate out?  
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University theory Question Bank (R-2019)  

Engineering Chemistry- I  

Polymer Classification:  

1. Write short note on Thermoplastics and Thermosetting polymers.  

2. What are thermoplastic polymers? Name any two thermoplastic polymers. Give preparation, 

properties and uses of any one thermoplastic polymer (PMMA).  

3. Distinguish between Thermoplastics and thermosetting polymers.  

4. Give reason: Thermosetting polymers cant be reshaped and reused.  

5. What is degree of polymerization?  

6. Give the classification of polymers.(On the basis of types and polymerization process)  

Polymerization:  

7. What is polymerization? What are the conditions for polymerization?  

8. Distinguish between addition and condensation polymerization.  

9. Write short note on Addition polymerization/ condensation.  

Preparation properties and uses:  

10. Explain the preparation, properties and uses of PMMA  

11. Explain the preparation, properties and uses of Kevlar.  

  

Glass transition temperature and viscoelasticity:  

12. Explain the term “glass transition temperature” What is its significance?  

13. Define glass transition temperature. What factors influence its value?  

14. what is meant by viscoelasticity?  

 

Compounding of plastic:                                                                              

15. What are main constituents/ ingredients of plastic? Write the functions and examples of each 

constituent? OR What are the additives for plastic? OR What are the main constituents of plastic?  

Write the functions and examples of each constituent.  

16. Write short note on compounding of Plastic.  

17. What are plasticizers? Give their functions and examples OR What is the function of plasticizers in 

compounding of plastic. Give two examples.  
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18. Role of fillers, plasticizer and lubricant in compounding.  

Fabrication of Plastic:  

19. What is meant by Fabrication of plastic? Name the different methods of fabrication? Explain transfer 

molding with the help of a neat diagram?  

20. What is meant by Fabrication of plastic? Name the different methods of fabrication? Explain any one 

with the help of a neat diagram?  

21. Write short note on any 1 of the following 1) Injection molding 2) Compression molding.  

22. What is meant by Fabrication of plastic? Explain transfer molding & Injection molding with the help 

of a neat diagram? OR Describe any one moulding method suitable for thermoplastic resin.  

23. What is moulding? Explain with the help of a neat diagram extrusion moulding of an insulated cable.  

OR Write short note on Extrusion molding. OR Describe any one moulding method suitable for 

thermoplastic resin.  

24. What is meant by Fabrication of plastic? Explain compression molding with the help of a neat 

diagram?  

Conducting polymers:  

25. Write short note on conducting polymers?  

26. State applications of conducting polymers.  

27. Advanced polymeric materials like conducting polymers have gained increasing importance in the 

recent years. Explain what their structural features with one example each are. (classification of 

conducting polymer.)  

28. Define conducting polymer? Explain how polymers are made conductors with suitable examples.  
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University theory Question Bank (R-2019)    

Engineering Chemistry- I  

Atomic and Molecular Structure  

Atomic Structure  

1. What are the fundamental particles of an atom.  

2. Explain the concept of shell and sub-shell with reference to the atom.  

3. What are the orbitals?  

4. Give the difference between the orbit(shell) and Orbitals (sub-shell). 5. Give the different shapes of 

the following orbitals  

a. s- orbitals b. p- orbitals c. d- orbitals  

Quantum Number  

6.What are Quantum Numbers? Explain them in detail.  

OR  

6. Explain in detail the following Quantum Numbers  

a. Principal quantum number.  

b. Azimuthal quantum number  

c. Magnetic quantum number  

d. Spin quantum number  

Electronic Configuration  

7. What is meant by electronic configuration of an element (write electronic configuration from atomic 

no. 1 to 30)  

8. What are the rules to be followed for filling the electrons.  

OR  

8. Explain the following rules which have to be followed for filling up of electrons in different orbitals. 

a. Aufbau Principle  

b. Pauli's Exclusion Principle  

c. Hund's Rule of Maximum Multiplicity.  
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Molecular Orbital Theory  

9. What is Molecular Orbital Theory?  

10.Explain LCAO method with reference to MOT.    

OR  

10. How are molecular orbitals formed by addition and Subtraction.  

11. Give diagrammatic representation of the Molecular Orbital Diagram.  

12. What are bonding and anti-bonding molecular orbitals?  

13. Differentiate between bonding MO and anti-bonding MO.  

14. What are the conditions for the combination of atomic orbitals.  

15. What are sigma and pi molecular orbitals.  

16. Differentiate between Sigma and pi MO.  

17. Explain the formation of molecular orbitals in diatomic molecules.  

OR  

17. What are the atomic orbitals which can combine for formation of diatomic molecule.  

18. Give diagrammatic representation of the energy levels of the MO's in diatomic molecles.  

19. What are the properties of a molecule that can be explained on the basis of molecular orbital 

energy diagram.  

MO diagram for Homo-nuclear diatomic molecules  

20. Explain in detail the MO diagram for Homo-nuclear Diatomic Molecule Be2.  

OR  

20. On the basis of MOT, explain the bond order, Stability and Magnetic behavior of Be2 Molecule.  

21. Explain in detail the MO diagram for Homo-nuclear Diatomic Molecule O2.  

OR  

22. On the basis of MOT, explain the bond order, Stability and Magnetic behavior of O2 Molecule.  

 

MO diagram for Hetero-nuclear diatomic molecules  

22. Explain in detail the MO diagram for Hetero-nuclear Diatomic Molecule NO.  
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OR  

22. On the basis of MOT, explain the bond order, Stability and Magnetic behavior of NO Molecule.  

23. Explain in detail the MO diagram for Hetero-nuclear Diatomic Molecule CO.  

OR  

23. On the basis of MOT, explain the bond order, Stability and Magnetic behavior of CO Molecule.  

24. Explain Why NO+ ion, nitrosyl ion, is more stable than NO molecule.  
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Chapter 3: Polymers 
• The word polymer is derived from a Greek word polymeros. 

              Poly- many,    
              Meros - parts.  

• This term was introduced by Berzelius in 1833. 
Definitions: 

• Polymer- A complex giant molecule of high molecular mass, built by linking 
together a large number of monomers. 

• Monomer-Small repeating unit in polymer are called monomers.  
Examples of polymer: - polyethylene, polystyrene, rubber, starch, protein etc. 

• Polymerization- A process of formation of high molecular weigh compound by 
reacting monomer molecules together in a chemical reaction. 

• Degree of polymerization- It is the total number of monomers present in a given 
polymer. 

• Functionality- It is the number of bonding sites present on a monomer. 
Classification of polymers:- 
 
There are different ways in which polymers can be classified. They are as follows.   
1. Based on the origin- 

• Natural polymers- polymers which are available from the natural sources are known 
as natural polymers.  

    Example- Starch, Cellulose, Proteins, Natural rubber, cotton, jute, silk etc.  

• Synthetic polymers- polymers which are synthesized in lab or industries are known 
as synthetic polymers or man-made polymers.  
Example- Nylon, Synthetic rubber, polyethylene, polypropylene, PVC etc.  

• Semi-Synthetic polymers- polymers which are obtained by modifying natural 
polymers are called semi-synthetic polymers.  
Example- Cellulose acetate, Halogenated rubber, tericot etc.. 
 

2. Based on the monomer present: 
           They are classified as homopolymer and copolymer.  

• Homopolymer: In this polymer the repeating units (monomers) are the same. E.g.  
rubber 

 
• Copolymer: In this polymer, the repeating units are not same, but are derived from 

two or more molecules. 
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3. Based on chemical composition:- 

• Organic polymer: - A polymer whose backbone chain is essentially made of carbon 
atom is termed as organic polymer. The atoms attached to the side valencies of the 
backbone carbon atom are usually hydrogen, oxygen, nitrogen. The majority of 
synthetic polymers are organic. E.g :- polyethylene , polypropylene ,PVC.  
The body of the living organism contains organic polymer in the form of proteins, 
DNA, RNA etc.  

• Inorganic polymer: - If the backbone of the polymer chain contains atoms other 
than carbon, then it is called inorganic polymer.  
For E.g  :- polysilane,  polyphosphate  

 
4. Based on response to heat :-  

• Thermo softening plastic: These are polymers which become soft on heating. They 
can be moulded into different shapes and shape is retained on cooling. They can be 
remoulded number of times by heat treatment. Hardness of such plastic is 
temporary. 

           E.g:- Polyethylene, Polypropylene, Polystyrene, PVC   
• Thermosetting   plastic: - These are polymers which cannot be reformed once they 

are set. They are also called as thermosetting resins. They have somewhat 3-D 
structure and high molecular weight.   

        E.g:- Urea formaldehyde, Phenol formaldehyde.  
 
Distinguish between Thermoplastics and Thermosetting polymers  

Thermoplastics polymers Thermosetting polymers 

1 Softens on heating and stiffen on 
cooling, reversibly by the action of 
heat. 

1 On heating they are converted into an 
infusible mass and once set they cannot 
be reshaped. 

2 They can be remoulded. 2 They cannot be remoulded. 

3 Formed  by addition 
polymerization. 

3 Formed by condensation 
polymerization. 

4 Soluble in organic solvents 4 Insoluble in organic solvents 

5 They are soft, weak and less brittle. 5 They are hard, strong and more brittle. 

6 They have low molecular weight as 
compared to thermosetting. 

6 They have high molecular weight as 
compared to thermoplastics. 
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7 Chemical change does not occur on 
heating only physical changes are 
involved. 

7 Chemical changes occur on heating. 

 
Polymerization  
 
Polymerization- A process of formation of high molecular weigh compound by 
reacting monomer molecules together in a chemical reaction. 
Types of polymerization:- 

1.Addition polymerization.   
2. Condensation polymerization.  
3. Co- polymerization. 
 
Distinguish between addition polymerization and condensation polymerization 
Properties of polymers 

SR. 
No 

Addition Polymerization Condensation polymerization 

1. Monomer molecules having multiple 
bonds undergo addition reactions. 

Monomers having simple polar 
groups condensed together by 
elimination of small molecule such as 
H2O, CH3OH etc. 

2. The monomer should contain one or 
more double bond ( i.e. they should be 
bifunctional) 

Monomers should have functionality 
more than two. They should have 
groups like - OH, -COOH, -COOR, 
NH2. 

3. Also called as chain reaction. Also known as step polymerization 
4. The reaction is very fast. It is a slow reaction. 
5. No byproducts are formed. Byproducts like H2O, CH3OH, NH3, 

and HCl are formed. 
6. Addition polymers have comparatively 

low molecular weight. 
High molecular weight products are 
formed. 

7. This polymerization takes place in three 
steps: - Initiation, propagation, 
termination. 

Only one type of reaction i.e. 
condensation between two functional 
groups is involved. 
 

8. Polymers  are  thermosoftening 
(thermoplastic) 

Polymers are thermosetting 
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Molecular Weight-  
1.The important properties of polymers are influenced by the molecular weight of 
polymers as the intermolecular force of attraction between different polymeric chains 
increase with the length of the polymeric chains.  
2. Higher molecular weight polymers are tougher and more heat resistant.  
3. Their softening temperature are also higher compared to the low molecular weight 

polymers.  
 
There are two methods for determining molecular weight of polymers  
1. Number Average Molecular Weight  
2. Weight Average Molecular Weight  
 
1. Number Average Molecular Weight (Mn) 
Mn is defined as the total weight (w) of all molecules in a polymer sample divided by the 
total number of molecules present. 

 
 
 
Where, Ni is the number of molecules of molecular mass Mi 
Mn is determined by measurement of colligative properties such as freezing point 
depression, Boiling point elevation, Osmotic pressure.  
Mn is a good measure of physical properties such as tensile strength. 
 
 
 
2. Weight Average Molecular Weight Mw 
Mw is defined as the total weight (w) of all molecules multiply by molecular mass Mi in a 
polymer sample divided by the total weight of molecule (w)  
 
 

9. Eg:  -  polyethylene, 
 polypropylene, polystyrene. 

Eg: - urea and phenol formaldehyde. 

  



 

 
 

 
Mw is obtained from light-scattering and ultra
is a good measure of molecular size. 
Numericals 
1. A polymer sample consists of 10% by weight of macromolecules of molecular weight 

10,000 and 90% by weight of macromolec
Calculate Mn and Mw. 

2. A polymeric mixture is prepared by mixing three polymers A, B, C having M
    weight in mixture as given below

 
3. In a polymer, there are 100 molecules of molecular wight 100, 200 molecules of 
molecular weight  1000 and 300 molecules of molecular weight 10,000 find M
 
The preparation, properties and uses of the following
 
1. Polymethyl methacrylate (PMMA) or Lucite or plexiyglass. 
 

Polymer  

A  
B  
C 
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scattering and ultra-centrifugation techniques M
is a good measure of molecular size.  

A polymer sample consists of 10% by weight of macromolecules of molecular weight 
10,000 and 90% by weight of macromolecules with molecular weight 100,000. 

A polymeric mixture is prepared by mixing three polymers A, B, C having M
weight in mixture as given below 

3. In a polymer, there are 100 molecules of molecular wight 100, 200 molecules of 
molecular weight  1000 and 300 molecules of molecular weight 10,000 find M

The preparation, properties and uses of the following  

Polymethyl methacrylate (PMMA) or Lucite or plexiyglass.  

Mn Mw Wt. in Mixture 

1.2x 105 
5.6x 105 
10x 105 

4.5x 105 
8.9x 105 
10x 105 

 

centrifugation techniques Mw 

A polymer sample consists of 10% by weight of macromolecules of molecular weight 
ules with molecular weight 100,000. 

A polymeric mixture is prepared by mixing three polymers A, B, C having Mn ,Mw and  

3. In a polymer, there are 100 molecules of molecular wight 100, 200 molecules of 
molecular weight  1000 and 300 molecules of molecular weight 10,000 find Mn and Mw. 

Wt. in Mixture 
(gms.) 

200  
200  
100 
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Properties:   
1. It is clear, colorless transparent plastic with high softening point.  
2. Good impact strength, high tensile strength.  
3. Good optical property i.e. it transmits 98% of the sunlight including ultra violet light.  
4. Compared to glass, it weighs only one-third, hence can be easily moulded to any 

desired shape. Scratches on it can be easily removed by rubbing it with a cloth 
moistened with acetone. After cracking fragments formed are less sharp, and less 
harmful. 

 
Uses:  
1. It used for tail and signal light lenses.  
2. It is an excellent substitute of glass (TV screens, wind screens)  
3. It used to make artificial eyes, contact lenses, dentures.  
4. It is used for making dome-shaped covers of solar collectors (i.e solar heaters).  
 
2.Kevlar (Aromatic Amide): 
Preparation: 
 
 

 
 
Properties:   

1. Highly strong, i.e. 5 times strong than steel, 10 times strong than Aluminium.  
2. High heat stability and flexibility.  
3. Rigid than nylon.  

Uses:   
1. Aerospace and aircraft industry  
2. For making car parts such as tyres, brakes.  
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3. Protective clothing- bullet proof jackets, helmets etc.  
4. For making ropes and cables. 

 
Glass Transition Temperature: 
 

• This temperature below which a polymer is hard, brittle and glassy and above 
which it is soft, flexible and rubbery is called glass transition temperature. The hard 
brittle state is known as the glassy state 

• The soft flexible state as rubbery or viscoelastic state.  

• On further heating, the polymer becomes a highly viscous liquid and this state 
isknown as viscofluid state. 



.  
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The glass transition is a property of only the amorphous portion of a 
semicrystalline solid. The crystalline portion remains crystalline during the glass 
transition.  

Diagramatic representation:-  
Glassy State    Rubbery state        Visco fluid state  

(Brittle plastic)   (Tough plastic)                (Polymer melts)  

Temperature              Tg           Tm     
    

Factors Influencing Glass Transition Temperature:-  

Mobility of the polymer chain is the main factor that affects glass transition temperature..   
A polymer chain that can move easily will change from a glass to a rubber at a low  
If the polymer chains don't move as easily, then it will require a relatively high temperature to 
change the compound into a rubbery form.   
Thus lesser the mobility higher the Tg. 
Value of Tg depends upon molecular characteristics that affect chain stiffness. 
 Chain flexibility is diminished and Tg is increased due to following 
1. Presence of Polar side atoms or groups of atoms increases glass transition 
temperature.  

For example:  PVC   Tg is    87oC  

                         PP     Tg is – 18oC  

PVC (poly vinyl chloride) has stronger intermolecular forces than polypropylene (PP) because of 
the dipole-dipole forces from the C-Cl bond. 

2. Pendant Groups: The influence of pendant groups on the glass transition temperature is 
somewhat more complicated.  

A)  Bulky pendant groups, such as a benzene ring, can catch on neighboring chains like a "fish 
hook" and restrict rotational freedom. This increases Tg.  

For example:-  

PP is polypropylene Tg    – 18oC 

      PS is polystyrene     Tg     100 oC 
Due to Presence of bulky side groups, Tg of polystyrene greater than polypropylene.  

B)Flexible pendant groups, such as aliphatic chains, tend to limit how close chains can pack. 
This increases rotational motion and lowers Tg. 
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3. Cross-Linking: 

 The presence of cross-linksbetween chains restricts mobility and raises the Tg. 

4. Molecular weight:Increase in the molecular weight tends to raise Tg  

5. Presence of Double chain bonds and aromatic chain groupsstiffen molecular backbone and 
raises the Tg. 

6. Plasticizers: 

Plasticizer molecules cause separation of polymer chains which results in increase in the mobility 
of the molecule. Hence Tg decreases. 
Random copolymerization reduces molecular packing and inter-chain forces of attraction 7. 
Co-polymerization: 
which result in increase in chain mobility. Hence Tg decreases. 

Significance of glass transition temperature: 

1. It is used as a measure for evaluating the flexibility of a polymer molecule and type of 
response the polymeric material would exhibit to mechanical stress  

2. Tg value along with Tm values gives an indication of temperature region at which a 
polymeric material transform from a rigid solid to a soft viscous state.  

3. It helps in choosing the right processing temperature in which material can be converted 
into finished product. 

 

Viscoelasticity  

• Majority of the engineering polymers are neither 100% crystalline nor 100% amorphous 

• They are combinations of amorphous and crystalline.  

• Below Tg the polymer  becomes hard brittle and glassy solid.  

• Above Tg, the polymer becomes soft flexible and rubbery.  

• On further heating at melting temperature Tm and beyond Tm the polymer become viscous 
liquids and start flowing.  
In case of polymers above Tg,There exists an intermediate stage where movement 
of the polymer chain is activated this corresponds to liquid state, but the movement 
of the polymer molecule as a whole is prevented or forbidden. This is solid state.  

• This state is a combination of liquid and solid, and is called the rubbery state or viscoelastic  
state.  



.  
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• Under the influence of applied stress it exhibits properties of a viscous fluid as well as an 
elastic solid. This property is known as viscoelasticity and the deformation is known as 
viscoelastic deformation. 

Plastic: 
 

1. The word plastic originated from Greek, meaning a material that can be moulded or formed 
into any shape of one’s own choice.  

2. The plastic is defined as, “An organic material of high molecular weight, which can be 
moulded into any desired form, when subjected to heat and under pressure”. properties like, 

3. They have gained lot of importance in every walk of life, due to their unique  

• Lightness in weight.  
• Good thermal and electrical insulation.  
• Good corrosion resistivity.  
• Low fabrication cost and decorative surface effect.  
• Chemically inert to action of light, oils, acids and dampness.  
• Low maintenance cost and high refractive index. 

 
 
Compounding of Plastic:  
(Additives of plastic or constituents of plastics) 

• In order to impart certain definite properties to the finished product, plastic is compounded 
with other ingredients.  

• These ingredients are known as additives. 
• The selection of additives and the operation of mixing them with the polymer 

constituent are known as compounding. 
 
The various additives/ingredients added are as follows,  
 
1. Resin(Binder) 

FUNCTIONS: 
• It forms the major part of plastics and holds the different constituents of plastic together. 

EXAMPLES: 
• Binders are of two types: thermoplastic and thermosetting.  
• Thermoplastic- PE, PP, PVC, Thermosetting- urea and phenol formaldehyde.  

 
2. Fillers  FUNCTIONS: 
Fillers are added to plastics in order to,  

• Reduce the cost of plastic.  
• Reduce shrinkage on setting and brittleness.  
• Improve hardness.  
• Improve solvent resistance etc. 
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EXAMPLES: 
The most common fillers are carbon black, calcium carbonate, calcium sulphate, talc, 
silica, alumina, clay, iron oxide, wood flour and metallic powders.  
 

3. Reinforcements  
FUNCTIONS: 

• In some respects reinforcements may be regarded as fillers, but they are added mainly to 
improve the tensile strength properties of the plastic material.  

EXAMPLES:
   

• Typical reinforcing materials available as fibers are glass, asbestos, boron, carbon, ceramic, 
cotton flock, jute, synthetic fibers of nylon, polyethylene terephthalate etc. 

4. Plasticizers  FUNCTIONS: 
 

• To improve plasticity and flexibility.  
• To improve processing and reduce brittleness of the end product.   
• They lower the glass transition temperature below room temperature, so that the properties 

of a material change from hard, brittle, and glass-like to soft, flexible and tough. 
EXAMPLES: 

 Phosphates, vegetable oil, camphor, esters of oleic acid.  
 
 
5. Lubricants  FUNCTIONS: 

• They eliminate external friction between the polymer and the metal surface of the 
processing equipment.  

• To impart flawless glossy finish to the product. 
EXAMPLES: 

Waxes, oils, stearates, oleates 
 
6. Stabilizers  

• Stabilizers provide protection against degradation caused by heat, oxidation, and solar 
radiation. Hence, they can be classified as heat (or thermal) stabilizers, antioxidants and UV 
light stabilizers.  

EXAMPLES: 
Heat stabilizers: lead compounds like lead chromate, white lead, stearate of Pb, Cd, 
and Ba. 

• Antioxidants: substituted phenols, aromatic amines and sulphur compounds. 
• UV  Light  stabilizers: substituted  benzophenones;  benzotriazoles  and 

acrylonitriles, titanium dioxide and zinc oxide   
 
7. Fire Retardants  

FUNCTIONS: 



.  

12 

Plastic compounds may also contain components that improve the fire resistance of the 
end product.  

EXAMPLES: 
The most commonly used fire retardants are compounds containing halogen, derivatives of 
antimony, phosphorous, boron, and nitrogen.   

 
8. Colorants  FUNCTIONS: 

• Colorants are added to give colour to the plastic material and also to improve the 
appearance.  

EXAMPLES:   
Ultramarine- blue colour, CaCO3 and zinc oxide- white, chromium trioxide- green, ferric 
oxide – red colour. 

 
 
Fabrication of plastics:  
Giving desired shape to plastic is known as fabrication of plastic. 
The methods usually depend upon: - types of plastic or resins used i.e. whether thermosetting or 
thermo softening plastic. Commonly used fabrication methods are,  
 

1. Compression moulding.   

2. Injection moulding    

3. Extrusion moulding    

4. Transfer moulding  

 

1.Compression Moulding 
• Compression moulding is used for thermoplastics as well as thermosetting polymers.  
• Compression moulding is the process that moulds molten plastic, through compression, 

into the desired shape of the moulding.   
• The die used for moulding purpose consists of two parts:  

               Upper cover part & Lower part  
In closed condition the gap between two halves gives the desired shape to the product.  
Generally lower part of the mould is fixed & upper part moves up & down. The 
movement being properly aligned because of guide pins present. The lower part 
of the die also has arrangement for heating & cooling by circulating fluid 
through pipe work.   

 
 



• 

13 

 
        

• The predetermined quantity of plastic ingredients in proper proportion is filled into the 
cavity. A slight excess of material is taken to ensure that the cavity gets completely filled 
with material.  

• The charge in cavity is heated to make the moulding easier. Moulding temperature ranges 
from 1300C to 1800C with pressure varying from 100 to 500 kg/cm2 depending upon kind of 
raw material.   

• Due to heat and pressure, the cavity is filled with fluidized plastic. Then two halves are 
closed very slowly, to ensure the uniform distribution of plastic mass in the mould. It will 
take the shape of mould.   

• Finally curing is done either by heating (in case of thermosetting plastic) or cooling(in case 
of thermo softening plastic). 

• After curing, the moulded article is taken out by opening the mould parts. 
 
Advantages: 

• Relatively low capital and tooling cost.  
• Low mould maintenance.  
• The product has low residual stress.  
• Retention of mechanical and electrical properties.  

 
Applications: 

Familiar products manufactured by compression moulding include: 3-pin mains plugs, 
electrical switches, sockets and ashtrays, handles of electric irons etc.  

• Thermoplastic products like gramophone records.  
• Rubber products like springs, anti- vibration mounting pads   

 
 

SJCEM 
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2. Injection moulding:  
 

• It is used for moulding thermoplastic polymers. 
• Injection moulding is a process where the hot, soft plastic is forced into a cavity in a steel 

die.   
• The size and shape of the cavity is the same as the finished product.  
• The shapes may be simple or complex.  
• A pigment is added to the plastic powder or granules to produce the desired colour.  
• The plastic is placed in a hopper so that it falls into the machine as the screw turned by the 

gear driven by an electric motor.  that converts the plastic into a hot, almost liquid 
substance.  

• As the screw turns it pushes the plastic along the machine and through the heater  

• A split die is connected to the end of the machine.  
• The screw is pushed into the machine and this forces the soft plastic through a small hole 

into the cavity of the die. 
• The die and plastic are cooled to harden the plastic (curing). 
• The die is separated and the plastic item is released. The process is then repeated to make 

another item. 

Injection 

moulding 

Advantages:  

• High speed production,  
• ow moulding cost, 

• Loss of material is less and low finishing cost,   

• ability to make complex shapes in single operation, 
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Limitations: 
High capital cost of injection moulding machine.  
Moulds are also costly. 
 
Applications: 
Products such as the case of a mobile phone, computer parts, TV cabinets, mugs, buckets, 
milk crates, safety helmets, ice-block trays and food containers are prepared by injection 
moulding.  
 
3. Extrusion moulding:. 

 It is used for moulding thermoplastic polymers. 
 In extrusion moulding the plastic powder (or granules) is placed in a hopper and then falls 

into the machine 
 The screw turns and pushes the raw plastic along the machine where it is heated to soften 

the plastic.  
 The softened plastic is then forced through a hole in the extrusion die.   
 The extruding process is also very much like that of an old, hand operated meatmincer.  
 The extruded plastic is cooled (curing) and then cut into the desired lengths.  
 The shape and size of the extrusion is the same as the shape and size of the hole in the die.  
 Changing the shape of the hole in the extrusion die will produce different shapes.   

 
Advantages and applications: 
It is most efficient and most rapid method for producing long continuous article such as tubing, 
tooth paste tubes, rods and filaments, pipes etc.   
 
Limitation:  
However this method can be used for obtaining linear shapes only. 
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Moulding of insulated electric cable of vertical extrusion moulding 

4. Transfer moulding 

• The method is applicable for thermosetting plastic but the technique used is that of 
injection moulding.  

• In this method the mould powder is kept in a heated chamber which is maintained at 
a temperature at which the moulding powder just starts to become plastic.   

• This plastic is then injected through an orifice into mould by a plunger, working at a 
high temperature.  

• The temperature of the material at the time of injection from the orifice becomes so 
high that moulding powder becomes liquid and flows quickly into the mould. 

• Mould is then heated up to the curing temperature required for setting.  
• The moulded article is then ejected mechanically.  

  
Advantages:- 

• Intricate shapes can readily be produced by transfer moulding.  
• Article produced is free from flow marks.  
• Even thick pieces cure almost completely and uniformly.  
• Shrinkage and distortion are minimum due to uniform and through curing. Hence 

the mechanical strength and density of fabricated plastic pieces is higher.  
• Moulding and finished cost are very less.  
• Blistering is almost eliminated, since air and waste gases are expelled in the 

plasticizing chamber itself. 
Limitations: 

• Tooling is costly and complex  
• It increases wear and maintenance cost. 

 



 
Applications: 
Utensil handles, electric appliance parts, electronic components, coils, integrated circuits, 
plugs, etc.  

 
Conducting polymers   
 
i) Most polymeric materials are poor conductor of electricity, because of the non 

availability of large no. of free electrons in the conduction process. 
ii) Within past several years, polymeric materials have been synthesized 

electrical conductance on par with metallic conductors. 
iii) Polymers that conduct electricity are called conducting polymers. 
iv) Conducting polymers are long, carbon

called monomers & are capable of c
v) These polymers are widely used over conventional conducting materials because of 

their ease of processing, relative conductivity, & stability. 
vi) Conducting polymers are much more electrically conductive than standard polymers, 

but much less than metals such as copper. 
E.g. polyaniline, polythiophene

 
Classification:- 

Intrinsic polymers (polymers containing conjugated pi electrons)
 This type of

backbone. 
 Presence of delocalized
 E.g:- polyacetylene polymer, Polyaniline, Polythiophene. 

 
A) Doped conducting polymer
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Transfer moulding 

Utensil handles, electric appliance parts, electronic components, coils, integrated circuits, 

Most polymeric materials are poor conductor of electricity, because of the non 
availability of large no. of free electrons in the conduction process.  
Within past several years, polymeric materials have been synthesized 
electrical conductance on par with metallic conductors.  
Polymers that conduct electricity are called conducting polymers.  
Conducting polymers are long, carbon-based chain, composed of simple repeating units 
called monomers & are capable of conducting electricity.  
These polymers are widely used over conventional conducting materials because of 
their ease of processing, relative conductivity, & stability.  
Conducting polymers are much more electrically conductive than standard polymers, 

ch less than metals such as copper.  
E.g. polyaniline, polythiophene 

Intrinsic polymers (polymers containing conjugated pi electrons) 
This type of polymers contain conjugated-electron system in the 
backbone.  

Presence of delocalized electron pair increases the conductivity of polymer. 
polyacetylene polymer, Polyaniline, Polythiophene.  

Doped conducting polymer 

  

 

Utensil handles, electric appliance parts, electronic components, coils, integrated circuits, 

Most polymeric materials are poor conductor of electricity, because of the non 

Within past several years, polymeric materials have been synthesized which posses 

based chain, composed of simple repeating units 

These polymers are widely used over conventional conducting materials because of 

Conducting polymers are much more electrically conductive than standard polymers, 

 
electron system in the 

electron pair increases the conductivity of polymer.  
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• These polymers are obtained by exposing intrinsically conducting polymers like: 
polyacetylene, Polyaniline, Polythiophene with a charge transfer agent.  

• These polymers are usually doped with appropriate impurities so that their 
conductivity increases.  

• P-doping impurities are lewis acids like I2 Br2, AsF5 and BF3 etc which act as 
oxidizing agent.  

 

 
 
 

• N- Doping impurities are Li, Na, Ca, etc. here the polymer is treated with the 
impurity so that reduction takes place & negative charges are created on the 
backbone of the polymer.  

 
 

 
C)Extrinsic conducting polymers:  

• Conductive element filled polymer: Here conductive element such as carbon 
black, metallic fibres and metal oxides are added to the polymer. Here the polymer 
acts as a binder to hold the conductive element together. 

• Blended conducting polymer: Here a conventional polymer is blended with 
conducting polymer like polyacetylene,  Polyaniline, Polythiophene either by 
physical or chemical change. 

• Co-ordination conducting polymer (inorganic polymer): 
This is a charge transfer complex containing polymer obtained by combining a 
metal atom with a polydentate ligand 

 
Applications:-  
1) In rechargeable light weight batteries, these batteries are 10 times lighter than Pb- 

storage batteries.  
2) In optically display devices.  
3) Wiring in aircrafts & aerospace components.  
4) In antistatic materials: To avoid static electricity in plastic, carpets in office, theaters, 

doped aniline is used as antistatic material.  
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5) They are used in construction of photovoltaic cells like, Al / conducting polymer / Pt  
6)In telecommunication system.  

7) Electronic devices like transistors and diodes.  

8) In solar cells and drug delivery system for human body. 
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