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  SECTION - I

Q1) Attempt any four of the following : [20]

a) Determine the structure of a monomer A C
6
H

10
O

2
 (Mol. Wt. 114) and

the polymers B and C based on the data given below. Explain your

answer.

(i)  Polymerization (i) Hydrolysis*

A ----------------->   Polymer B    ------------------>   Polymer C

(ii) Purification (ii) Purification

*Assume there is no backbone degradation during hydrolysis

A IR - 1720, 1625, 970 cm–1; UV - 215 nm ε ~ 7000

B Mol. Wt.3420; IR - 1735 cm–1

C Mol. Wt. 3000; IR - 3300 - 2500 cm-1 (broad), 1730 cm-1

b) Deduce the structure of any two of the following compounds, all of

which are C
8
H

8
O

2
. Explain the given data.

i) IR : 2730, 1680, 1605, 1495, 765 cm-1; UV : 257 nm ε ~ 11000.

ii) IR : 1760, 1600, 1505, 760, 680 cm-1.

iii) IR : 3300, 1680, 1595, 1495, 850 cm-1; UV : 270 nm ε ~ 12000.

It gives positive iodoform test.

�����������������
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c) Make a neat sketch of the 1H-NMR of the following monomer shown

below. Consider chemical shifts, multiplicity, integration, coupling

constants, intensity of lines within a multiplet, and comparative intensity

of different lines of different multiplets. Assume no coupling of OH

proton with CH
2
.

d) Identify the different isomers of C
5
H

10
Cl

2
 from the 1H-NMR data given

below

i) 1.1 (s, 6H), 3.7 (s, 4H);

ii) 0.9 (t, 6H); 2.5 (q, 4H);

iii) 0.9 (d, 6H), 1.75 (m, 1H), 4.15 (m, 2H); 4.9 (m, 1H);

iv) 1.3 (quintet, 2H), 1.9 (m, 4H), 3.75 (m, 2H);

v) 1.0 (s, 9H), 5.7 (s, 1H).

e) The tolylene diisocyanates A and B are important raw materials for the

preparation of polyurethanes. Indicate the differences in the 1H-NMR

of each of the aromatic protons for both these compounds. consider

integration, chemical shift, multiplicity and coupling constants.

f) Draw four possible isomers of

indicate the number of signals expected for each of these compounds.

For each compound indicate the expected chemical shift, multiplicity,

coupling constant, integration (assume 1H = 4 mm) for the protons at

highest and lowest field only, with reasons.
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Q2) Attempt any four of the following : [20]

a) The CMR spectra of 2 and 3 are given below. Identify which spectrum

corresponds to which compound, giving reasons. Assign the signals.

Note that both compounds are diethyl esters of important polymer raw

material.

i) 14 (q)*, 62(t)*, 129 (d), 130.5 (d), 130.7 (s)*, 134(d)*, 165(s)*.

ii) 12(q)*, 60(t)*, 128(d)*, 130 (d)*, 131(s), 166 (s).

* strong signals

b) Identify the two possible monomers both C
4
H

6
O from their CMR data

giving reasons. Assign the signals.

i) 76 (down, ab)*, 124 (up, up).

ii) 24 (down, ab)*, 67 (down, ab)*, 98 (up, up), 147 (up, up).

The first word in brackets indicates result of DEPT 1, the second word

that of DEPT 2. * ab = absent.

c) Assign a structure to a possible polymer monomer based on the spectral

data. Explain your answer. Assign the signals seen in CMR and 1H-NMR

Mol. formula C
7
H

12
O

4
; UV Featureless above 220 nm,

IR : 3400 to 2500 (broad), 1729 cm–1.

CMR (in D
2
O): 26 (q, strong), 32 (t), 38 (t), 42 (s), 182 (s), 185 (s)

1H-NMR(in D
2
O): 1.1(s, 60 mm). 1.7 (t, J = 6 Hz, 20 mm);

2.2 (t, J = 6 Hz, 20 mm)

TABLE 1-Some characteristics IR data in cm-1. Values are approximate.

O-H 3600 (free) NH 3300 C-H 3000

C≡N 2250 C≡C 2200 C≡C 1620

vinyl ester 1760 Saturated ester 1740 Saturated ketone 1720

Saturated amide 1650
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TABLE 2-Approximate chemical shifts of protons (δ values)

CH
3
-C 0.9 C=C-CH

3
 1.6 O=C-CH

3
 2.0

ROCH
3
 3.8 -CO-CH

3
 3.8 H

2
C=C 4.6

C=C-H 5.1 HC=C-CO 6.3 C=CH-CO 5.7

TABLE 3-Approximate CMR chemical shifts

RCH3 10-30 R2CH2 25-40 R3-CH 30-50 H3C-O 53-75

C≡C 75-100 C≡N 110-125 Benzene 128.5 C=C 100-140

C=N 145-162 RCOOR, RCOCH
2
, RCOR, RCHO,

RCOOH 165-180 190-210

d) The CMR spectra of indole (A), quinoline (B) and isoquinoline (C)

are shown below. Identify the spectrum consistent with the structure.

Assign the signals indicated by numerals to the different carbon atoms.

i) 120.8 (d), 126.3 (d), 128# (s), 128.3 (d), 129.2 (d), 130.2 (d),

135.7# (d) 148.1# (s), 150.1# (d).

ii) 102.1# (d), 111.1# (d), 119.6 (d), 120.5 (d), 121.7 (d), 124.1(d),

127.6# (s), 135.5# (s)

iii) 120.2 (d), 126.2(d), 127 (d), 127.3 (d), 128.5# (s), 130.1 (d),

135.5# (s), 142.7# (d), 151.7# (d).

e) Identify the six isomers of the dinitronapthalenes from the CMR and

NMR data given below. Explain your answer. Clearly show which

carbons are identical in each isomer and indicate which are the protons

referred in 1H-NMR. In proton noise decoupled spectrum isomers H

and I show five signals, J and K show six signals while L and M show

ten signals. In 1H-MNR the most down field region is as follows :

H(s, 2H); I(dd, J =2 and 8 Hz, 2H); J(dd J = 2 and 8 Hz, 2H); K(d, J=2

Hz, 2H,) L(dd J=2 and 8 Hz, 2H); M(two doublets each 1H, J = 2 Hz); N

(two doublet each 1H, J = 8 Hz).

f) Write short note on overtone and combination bands seen in infra red.
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SECTION - II

Q3) Attempt any four of the following : [20]

a) Write a note on the factors affecting thermal stability of polymers.

b) Write note on DTG for polymer degradation analysis.

c) Explain the term dichroic ratio and infra red dichromism. What

information about the polymer sample can be obtained from the

dichromism absorption band?

d) Sketch and explain the X ray diffraction pattern for oriented and

unoriented poly oxymethylene. Define and explain birefringence.

e) Define acid number in the analysis of polymers. Describe the method

for the analysis of acetyl number of polymers.

f) With the help of a neatly labeled diagram explain the working of

scanning electron microscope. Mention important applications.

Q4) Attempt any four of the following : [20]

a) Explain the power camera method used to study X ray diffraction

pattern of polymers.

b) Explain principle of TEM analysis for polymer characterization.

c) Explain the significance of glass transition of a polymer obtained from

DSC.

d) Write a note on Freeman and Carrol method on TGA analysis.

e) Draw and label the different transitions obtained when a semicrystalline

polymer is analyzed by DSC.

f) Discuss heat of fusion and degree of crystallinity in polymers and give

one method of their determination.

����
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  SECTION - I

Q1) Attempt any four of the following : [20]
a) Enlist the differences between crystallinity and crystallizability. Is it

possible to obtain 100% crystalline and 100% amorphous polymers?
Explain.

b) With the help of structures explain the cis-, trans- and 1,2-vinyl
configuration of butadiene units in polybutadiene molecule. Which
one is most crystalline and why?

c) What is the effect of molecular weight on glass transition temperature?
d) Explain Schatzki crankshaft model. With the help of examples explain

your answer.
e) Explain what happens to polymers upon quenching. Comment on the

Tg and Tm of samples before and after quenching.
f) Define first order and second order transition in polymers. What is

secondary glass transition?

Q2) Attempt any four of the following : [20]
a) Do poly(methylmethacrylate) and syndiotactic poly(methylmethacrylate)

exhibit glass transition temperature? Justify your answer.
b) Show with suitable examples the effect of restricting groups on glass

transition of polymers.
c) Write a note on the growth and structure of spherulites in crystalline

polymers and the arrangement of molecules in the spherulites.
�����������������
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d) Define heat capacity. Explain the construction and method of suitable
instrument to determine glass transition temperature.

e) Write a suitable expression for the estimation of glass transition
temperature of copolymers.

f) Write a short note on theories of glass transition temperature.

SECTION - II

Q3) Attempt any four of the following : [20]
a) What is the difference between adhesion and cohesion? Write a note

on the mechanism of adhesion.
b) Write and explain the differences between varnishes and paints. Give

commercial examples of paints and varnishes.
c) What is tinting and tint resistance? Explain tinting resistance of white

pigment and tinting power of dye pigment.
d) Write a note on the classification of adhesives.
e) How does one test the adhesives during their manufacture? Enlist the

quality control tests.
f) What are the salient features to be considered before adhesive application

on a surface?

Q4) Attempt any four of the following : [20]
a) How is pigment to binder ratio important in the preparation of a paint

formulation?
b) Why is polylactic acid preferred as a packaging material in several

commercial applications?
c) In what polymeric materials are electronic gadgets normally packed

and why.
d) Write a note on the equipments used in the paint industry. Explain the

working of any one of the equipments.
e) Suggest packaging material for

i) milk and dairy products,
ii) confectionary items
iii) agrochemicals.

f) Write a note on oil bound paints, enamel paints and powder coating.
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  SECTION - I

Q1) Attempt any four of the following : [20]
a) Explain how recycling of post consumer polymer is carried out. Enlist

the types of plastic containers that should not be recycled.
b) Explain essential features of biodegradation. Why are polymers

generally difficult to biodegrade?
c) What are functional polymers? Describe application of functional

polymers in organic synthesis.
d) Explain the formation of functional polymers by chemical modification

route. Are these reaction different from reactions of low molecular
weight compounds.

e) Giving reasons, suggest polymers for bone replacement, dental
application and substitute for blood.

f) Discuss the preparations and important applications of nylons as
engineering plastics.

Q2) Attempt any four of the following : [20]
a) Describe the different phases in a liquid crystalline polymer. Explain

the structure-property relationship in liquid crystalline polymers.
b) What are synergistic and miscible blends? What experimental tools

could be used to differentiate them?
c) What are the different methods of increasing thermal stability of

polymers.
�����������������
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d) Define thermally stable polymers, flame retardant polymers and
polymers with high HDT. Discuss the resulting properties.

e) Describe synthesis of any one thermally stable polymer.
f) What are engineering plastics? Discuss importance of HDT in selecting

engineering applications of plastics.

SECTION - II

Q3) Attempt any four of the following : [20]
a) What polymers would one use for the following applications (any three):

i) hip replacement ii) heart valves
iii) artificial kidneys and iv) contact lens? Give reasons.

b) Write a note on applications of polymeric membranes in pollution
control.

c) Describe the preparation of nylon-6? Enlist important applications.
d) Write a note on the chemistry and technology of PPS or polysulfone.
e) Differentiate between commodity, engineering and specialty plastics.

How are HDT and UL rating important in selecting polymers for impact
resistance and glass replacement applications.

f) Describe the importance of various molding process option while
selecting engineering plastic for various applications.

Q4) Attempt any four of the following : [20]
a) What polymeric materials would you recommend for the following

application and why?
i) separation of suspended solid in water
ii) dissolved salts from water
iii) separation of N

2
 and O

2
 from air.

b) Giving examples of controlled release drugs, describe the various
mechanisms to controlled release of drugs.

c) Write a short note on the different applications of piezoelectric PVDF.
d) What are electroactive polymers? Describe the mechanism of electrical

conduction using solitons and polarons.
e) Discuss applications of polymeric membranes in food processing.
f) Write a note on the selection criterion for the selection of various

engineering plastics for different applications.
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