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LOGARITHMS
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CHEMICAL SCIENCES

|
|
?
Paper - I1I1
| NOTES :(i) Question No. 1is compulsory (40 Marks). Answer it in 800 words
(8 pages).
(if) Attempt any ten questions out of the remaining 35 questions. (16 marks
each). Answer each question in 300 words.
- General Physical Constants :

Speed of light C = 2.998 x 108 ms-1

Avogadro constant N = 6.023 x 1023 mol-1

Faraday F = 96500 coulombs mol-1

Planck constant h = 6.626 x 1034 Js

Boltzmann constant k= 1.381 x 10-23 JK-1

Gas constant R = 8.314 JK-1 mol-! or 1.987 cal K-1 mol-}

L (@ @

(i1)

(b) @

(i)
C.Sci-111

The pulse polarogram of a lead sample gives a peak current of 1.9 pA,
To 5 cm3 of the sample 2 cm3 of 15 PPM standard lead solution is
added. This polarogram gives a peak current of 2.35 wA. Calculate
the amount of metal in 100 cm3 of the sample solution.

A 2.0 mm cell was filled with a solution of benzene in a non-absorbing
solvent. The concentration of the benzene was 0.010 mol L-! and the
wavelength of the radiation was 256 nm (where there is a maximum
in the absorption). Calculate the molar absortpion coefficeint of
benzene at this wavelength given that the transmission was 48
percent.

The Mossbauer spectrum of [Fe (CN)g}4- consists of a single line where
as the corresponding spectrum of {Fe (CN); NO}2- gives a pair of lines.
Explain why ?

The UV photoelectron spectrum of N, shows a series of discrete
ionization energies close to 15.6 eV, 16.7 eV and 18.8 eV. If the line
corresponding to 15.6 eV is due to the photoelectron ejected from the
3 Og orbital, the line at 16.7 eV corresponds to which electrons ?

5 [P.T.0.]
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What is spin-spin coupling ? How it can lead to splitting of the peaks in
PMR spectram of an organic compound ? Explain with suitable examples.
Show clearly how a doublet, triplet and a quartet is obtained.

©

Compound H has molecular formula CgH;50. IR and PMR spectra of the

compound are shown below. Deduce 1ts structure.
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Describe a typical ion selective electorde for the determination of fluoride.

Compare and contrast differential pulse polarography with classical
polarography.

(b)

Outline only the general criteria for the reversibility of an electrochemical

()
reation using cyclic voltammetry.
6
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3. (a)

(b)

4. (a)

~ (b)
(c)

5. (a)

(b)

6. (a)

. (b)
7. (a)

(b)
C.Sci.- Il

Define the following pertaining to column chromatography
(1) retention time

(11) plate height

(i11)) column resolution

(iv) gradient elution

What are the active sites of cation and anion exchange resins. Explain the
break through capacity of an ion exchange column.
Explain the principles of DSC.

What kinds of analytes are separated by size exclusion chromatography?
Explain the basis of separation giving examples of stationary phases.

Describe the determination of molecular weight of polymers using size
exclusion chromatography.
Describe the design and working of a hollow cathode lamp used in AAS.

Explain the principles of flame photometry. Discuss the interferences
encountered in this technique.

Differentiate between the following :

(1)  colorimeter and spectrophotomer

(1)  Partition and adsorption chromatography
(i) Potentiostatic and galvanostatic Coulometry

(iv) Dropping mercury electrode and mercury thin film electrode.

Describe the principles of a flow injection analyser.

In the perturbation theory, the basic assumption is H=H + ' which are
these hamiltonian opertors.

Determine the term symbols for the ground and first excited state of helium.
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10.

11.

13.

(a)

(b)

()

(b)

(a)

(b)

(a)
(b)

(©)

(a)

(b)

(a)

(b)

Explain why B - F bond is larger in BF~ than in BF3 molecule.

Apply Huckel pi-electron theory and show that cyclic butadiene does not
exist.

Discuss the hybridisation and structure of PCly and PCl;.

Explain why p? hybridisation is considered meaningless.

All solids have a thermodynamic tendency to acquire defects. Explain why?

How Schottky and Frenkel defects can be inferred from density
measurements.

Why are d—d electronic transitions forbidden ?
Why are they weakly absorbing ?

In CuFy, the CuZ* is six-coordinate with four F~ at a distance of 1.93 A% and
two at 2.27 A9. Explain the reason.

If the maximum absorption in the d-d peak for [Ti (H,0), ]3+ occurs at
20,300cm—!, where the peak will appear for [Ti (CN)G ]

The complex [CuCl, |~ exists, but [Cul, |~ does not. Explain why ?

Sulphur is reduced by a solution of Na in liquid ammonia but not by a
solution of Na in water. Explain why ?

S0, molecule is angular or V-shaped. Explain the type of bonding to justify
the shape.

C. Sci. -I11 8




14.

15.

16.

17.

18.

(1) What cluster valence count (CVE ) is characteristic of octahedral prismatic
clusters ? Show calculations.

(1) How can CVE be derived from the 18-electron rule ?

(a) Compare the temperature dependence of ferromagnetic and
antiferromagnetic substances.

(b) Super conductors exclude magnetic field. What is this effect known as ?
Give two examples of oxide superconductors. Why presence of copper and
oxygen deficincy are important in these materials. Explain.

(a) Describe the functions of hemoglobin and myoglobin in human body.
(b) Explain the role of cytochromes in electron transport chain.

(¢) Why are d metals such as Mn, Fe, Co and Cu used in redox enzymes in
preference to Zn, Ga and Ca ?

Complete the following reaction and give mechanism. Identify the reaction type.

Me
(@ MGA N ®) A
_° _
COO0 Me 5:—_
© ﬂ .\ Iil A C) T
° CIZOO Me

(a) Which of the following compounds are aromatic and which are non

Elw e

H ,
Amongst these Pyridine is less readily attacked by electrophiles. Explain.
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(b) Attempt the following :
(i) Cg Dg, common solvent used as NMR solvent, is prepared by treating
benzene with DySO 4 suggest mechanism for formation of CgDy.

(ii) Although halogens are O deactivators, are found to be ortho/
para directors. Explain.

19. (a) Consider the following reaction

Z—2— [

Explain, why it is thermally allowed with the help of HOMO-LUMO
approach.

(b) Predict the products in the following reactions and show the mechanism of
formation. H

hu o CHa
?

20. Predict the prodcuts in the following reactions. Indicate major/minor products
if any. Explain your answer with mechanistic details.

(o] (e}
7
/ KOH 9
(a) 20°C )
H
O KCN )
b A
0 Me

0 [
[ e 0—0_
(d Ph—C —CHy _13¢—C—0—0—H
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21. (a) Specify the reagents to do the following reactions

O CH,

OH
" OMe
0O
O

(IV) CH2 = CH2 ? CH3 CHO

(b) Give a stepwise mechanism of the following reaction.

O
1./\/\MgBr ®‘g /\/\Me
@"CEN ether -
2. H36 l N2H4
KOH, A

@* CH, "\ Me

(i) Explain how isotopic labelling can be used to elucidate the mechanism
of a reaction.

22. (a) Attempt the following :

(ii) Benzynes are intermediates in aromatic substitution reactions.
Suggest experiment to 'trap' this intermediate.

C.Sci-II1 11 [P.T.0.]



(b)

C. Sci. -1

If all Hydrogens of benene are repalced by deuterium, the rate of
nitration decreases considerably. Does this observation support above
mechanism ? Explain.

(iv) Alcohols dehydrate easily under strongly acidic conditions. Propose
mechanism for dehydration of following alcohol and explain catalysis

by acids.

CH,
CH, |
! He —CH +* H,0
CH,—CH— OH CH, ?

Attempt the following :

() Outline synthesis of 2, 5-diphenyl furan starting from appropriate
1, 4—diketone.

(i) How can an aldohexose be converted into an aldopentose ? Explain
with example. :

(ii1) Suggest mechanism for the following reaction

NH, + ::: :: :
o G : N
NH H

(iv) Give the steps involved in the conversion of Acetyl CoA into mevalonic
acid.

12



23. Derive the structure of the compounds on the basis of the following spectral
data.

(a)

(b)

24. (a)

(b)

C.Sci-II1

(1) Mol. Formula : C, H N

1) u.wv. —> 272 nm (e = 18000)

(i) IR > 2212, 1604, 845, 814 cm~!

(iv) PMR (3) - 1.03, 3H, r, J=7Hz
260 2H q J= 7Hz
560 1H d J=16Hz
721 2H d J=85Hz
743 2H d J=85Hz
772 1H d J=16Hz

(1) Molecular formula C7H;NO4

(i) u.wv. - 225 (e =13000)
256 (e = 7800)
335 (e =160)

(1) 1R - 2720, 1700, 1605, 1530, 1350cm™!

(iv) Mass (m/z) — 151 (MY), 150, 105, 77, 51

(v) PMR () - 7.8, t 6mm, J=8.5Hz
83 dt 6mm J= 85x2 Hz
843 dt 6mm J=85x2Hz
8.6 t emm J=2Hz
10 s 6mm

Complete the following sequence and write the structures of intermedate/
products.

O

Me Br
LDA Y
\© -78°C { } H;"0 | { }

Suggest a synthesis of the 1,4-di ketone II from I (acetaldehyde), employing
the concept of reactivity umpolung

O O

Il Il
CHz CHO CH, - C — (CHy), ~ C ~ CH;

1 I
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25. (a) Assign structure to compounds on the basis of the spectral data given

(1) @) Mol formula - CsHq; Br.
(1) PMR () - 1.8 6H d
102 3H d
205 1H m
3.53 1H m
(2) (@ Mol. formula - CsH1g O9
() IR - 1710 ecm~1 & 3400 cm-1
(ii1) PMR (8) - 1.2 6H ]
22 3H s
26 2H s
4.0 1H 8

(b) Attempt the following :
(i) The ¢ for para aminobenzoic acid is —0.62 and G, value for
p

m- amino benzoic acid is 0.00. What is the significance of these
values ?

(i) Consider the p values of the following substituted acids.

? OH |? l?
Q)\OH Qr\r( Q/\/\ OH Q/M OH
0]
X X X X
p=1 p=0.5 p=0.2 p=0.5

Interprete these p values.

(iii) Justify the observed realtive rates of the following reactions and also
the stereochemistry of the reaction
TsO H H
@
OAc Relative Rate
- 1011

(a)

(b) OAc

C. Sci. -III 14



26. (a)

(b)
|
l

| 27. (a)
|
|

(b)

28. (a)

(b)

(©

29. (a)

(b)

C.5ci.-I11

(iv) What is enantioselective reaction ? Illustrate with one example.

What are the Norrish type I and II reactions ? Explain with the help of
suitable examples.

Predict the products (major) in the following reactions and suggest
mechanism for their formation.

®

o

Describe the Debye-Huckel limiting law for the determination of mean ionic
activity coefficient.

hv

—_——

What molarity of CuSO, has the same ionic strength as 1.00 mol Kg-1
KCl (aq)?

Discuss the Gouy-Chapman model of the electrical double layer at the
electrode solution interface.

Calculate the standard emf for the following cell :
Cr | Cr3*(a=1) || Cu?t (a=1) | Cu

(Given : EO(Cr3+, Cr) = -0.774V, Eo (Cu2+, Cw =~ 0.337V)

Write down the two half reactions for a reversible propane/oxygen fuel cell
operating under standard conditions.

Define the laws of thermodynamics. What are the concepts if any that each
law leads to? Why heat has a special place in thermodynamics ?

When crushed ice is mixed with salt, the temperature drops to —21°C.
Explain giving reasons for such an observation.
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(c) Calculate the change in freezing point of water at 0°C per atm change of
pressure. Given, heat of fusion of ice is 355 J.g~1, density of water is
0.9998 g.cm~3 and the density of ice is 0.9168 g. cm3.

30. (a) Define partition function. Derive the relationship between translational
partition function, temperature and volume of particle.

(b) State principle of equipartition of energy. On the basis of this calcualte the
maximum value of Cv for a diatomic molecule.

(¢) Calculate the number of degrees of freedom for the decompostion
equilibrium of CaCOj.

31. (a) Show that for a diatomic vibrating rotator

Where the terms have their usual meaning.

(b) Explain the Raman activity of vibrational modes of CO9 molecule and
thereby mutual exclusion principle.

(¢) The firt line in the rotational spectrum of carbon monoxide has a frequency
of 3.8424 cm~1. Calculate the rotational constant and hence the C-O bond
length in carbon monoxide.

32. (a) Derive Stern-Volmer equation for determining the rate constant of a
reaction based on flourescence quenching.

(b) What is acid-base catalysis ? Explain its mechanism.

33. (a) Show that for an enzyme catalysed reaction :

R S N VIR B
A% Vimax Vmax [S]O

where V is the rate, K, is Michaelis constant, [S] substrate concentration.
C. Sci. -IIT 16




(b)
(©)

34. (a)

(b)

(©)

35. (a)

(b)

(©

36. (a)
(b)

(©)

C.Sci-III

Distinguish between a primary and a secondary kinetic isotope effect.

The rate constant for the nitrosyl formation reaction 2NO + Cl, — 2NOCl
is determined to be 5.7 M—2 s~1 at 273 K. Calculate the changes in [NOJ,
[Cly] and [NOCI] in a millisecond if the reaction is started by mixing
0.27 M NO and 0.93 M Cl,.

Define boiling point and explain evaporation phenomenon. Why b.p. of a
liquid increases when a small amount of solute is added to it ?

Explain how the mixing of reactants and products affects the position of
chemical equilibirum.

The addition of 100g of a compound to 750 g of CCl, lowered the freezing
point of the solvent by 10.5 K. Calculate the molar mass of the compound.

[Given : K¢ (for CCl,) = 30K/(mol kg~1)].

Define glass transition temperature Tg of a polymer. What are the factors
that affect Ty ?

What do you understand by thermoplasts and thermosets. Give an example
to illustrate how a thermoplast can be converted into a thermoset. Explain
why PTFE behaves like a thermoset ?

Write the structures of polymer chains that can result from polymerization
of isoproene.

Describe briefly the nature of nuclear forces.

With the help of binding energy curve, explain the release of energy in both
nuclear fission and fusion reactions. Give one example of each of the
processes.

What do you mean by 'bremstrahlung *?
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