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CHEMICAL SCIENCE
| PAPER III

Note :—(:) Question no. 1 is compulsory (40 marks). Answer it in 800 words (8
pages). :
() Attempt any ten questions out cf the remaining 35 questions (16 marks
each). Answer each question in 300 words (3 pages).
1. (A) Answer any three of the following :

(@

()

()

(@)

By improving the instrument design the resolving power can
be improved. However, a minimum width called ‘natural line
width’ is inherent to all atomic and molecular transitions. What
factors contribute to this ?

TNT on detonation decomposes as

7 3 5 7

In a constant volume calorimeter, 454 mg of TNT at 25°C on
detonation evolved 1.64 kcal. Neglecting volumes of solids and
liquids, calculate AH and AU for the detonation. (MW of TNT
= 227)

Neatly sketch the possible fundamental modes of vibration for
CO, molecule. Which of them are IR or Raman active vibrations ?
The first rotational absorption of 12C16Q is at 3.84235 cm~! while
that of 13C180 is at 3.67337 cm~!. Taking the mass of oxygen
to be 15.9994 and that of 12C to be 12.00, calculate the atomic

mass of 1°C. , 12
(B) Write briefly on any three of the following :
(@) Superconducting Heterometal Oxides;
(b) Structural features of ZEOLITES make them fascinating
materials in catalysis;
(c) Fischer-Tropach process for Synthetic Gasoline;
(@ Unique behaviour Fluorine. 12
(C} - Attempt any three cf the following :
(@) A 100 MHz (23, 846 gauss) spectrometer observes a proton that
absorbs at a field 0.20 gauss downfield from TMS. Determine
its chemical shift and express this shift as a frequency.
Chem. Sc.—III 3 P.T.O.



D)

()

(©

¢o

(@)

()

(c)

4, (a)

(b) Propose a structure for compound t.hat.;ﬁas the~"x'nolécular formula
CioH,4 and shows the proton NMR signals at 7.1 &(m, 5H) and
L.2(s, 9H).

(¢) Deduce structural formula of compound X w_hich shows :
M* =117, A, = 234 nm, 3C-NMR shows six lines, IR—2230
em™!, The 1H NMR signals are seen at 7.5 §(d, 2H), 7.2 & (d,
2H), 2.4 §(s, 3H).

(d) In the mass spectrum of ethyl butanoate an intense peak at
M/2 = 88 ig seen. Explain its formation. ' |

Draw a block diagram of a double beam spectrophotometer.

Nar.e the source and the detectors used in uv, visible and IR

regions.

The lowest pH recorded experimentally so far is — 0.3 aven in solutions

with acid concentrations of greater than 10 N. Brieflv give reasons.

What is the function of Temperature control knok in a pH-meter ?

For H3PO,, K, = 7.5 x 103, K, = 5.2 x 108 and K3 =1.0x10"12.1f

equal volumes of 0.1 N solutions of Hy;NaPO, and HNa,PO, solutions

are mixed, what will be the pH of the mixture ? ‘

When common salt and crushed ice are mixed the temperature falls

to ~ 21°C. Briefly explain this on the basis of phase rule.

Draw Temperature composition diagram for Ethylalcohol-water

system.
For the reaction :
LN 1

and the equilibrium constant is 20. Calculate the relaxation time
for the reaction.

Show that for a crystalline solid, the absolute entropy is given by

Sp = fo C,din T)

Chem. Sc.—IT] 4
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(b) A steam engine operafss between 27°C and 100°C. Calculate its
maximum possible efficiency. If the boiling point of water at a pressure
of 50 atm is taken as 267°C (Superheated steam), what will be the
efficiency of the engine ? In both cases the temperature of the sink
is 27°C. | |

N (c) Carbonated beverages are bottled with CO, under high pressure.
Why does the mixture fizz when the container is suddenly oper-d
to the atmosphere ? Use Le Chatelier’s principle to describe what
happens ?

5. (@) Given du = T.ds ~ P.dv, do a Legendre transformati)n to get the
thermodynamic quantity A.

(5) Critical micelle concentration of an aqueous solution of sodium dodecyl
sulfate is 1073 mol. lit~! at 25°C. What is AG® for micellization ?

(¢ () Which will have higher aggregation number : Lithium dodecyl

sulfate a sodium dodecyl sulfate ?
() Which will show higher CMC : CTAB or PEO having equal
nuvmber of carbon atoms ?

6. (@) ‘Stern model for electrical double layer is superior to Gouy-Chapman
model’. Give reasons.

(b Draw Evan's diagram to show inhibition of corrosion.

(¢) The standard reduction potential of Cu and Ag are + 0.34 V and
+0.79 V respeciively. Calculate the e.m.f. of the cell formed by their
combination. Indicate how the cell can be represented. Write the
electrode and cell reactions.

7. (@) A finely divided metal shows high catalvtic activity but it is difficult
to handle it. Suggest an alternative to maintain high activity and
name characterization techrniques you may use.

(b) Write BET equation, draw BET plot and show how monolayer volume
can be determined from it.

(¢ Why physisorption has no catalytic application ?

Chem. Sc.—III 5 P.T.C.



8. (@ The resonance reabsorption of Y-rays is difﬁcult to observe. What
~~ conditions Méssbauer used to realize it ?
b) Stat‘e the conditions for molecules to be microwave active and infrared
active,
(©) What are magnetogyric ratio and the BN factor of the 31P nycleus,
the magnetic moment of which is 1.1305 HN- (Given By = 5.051 x
10727 J . 71 and h = 6.626 x 10-34 dJs).
9. (@ In what respect high temperature fuel cell is better than low
temperature fuel ce]] ? :
(b) Give important differences between step growth polymerization and
chain growth polymerization.
(¢) Inagiven Space there are 20 particles. If an imaginary wall divides

|
|
!
i
| ~ Space into two parts, compute the probability that all the 20 particles
are on the same side of the wall. ’
|
|
|
\

10. (@ The entropy is defined gs
S = -k} Pinp
5

where P, = e'BE"/Q and Q = ) e PE Explain S in terms of Q.

(6) Show that statistical mechanical partition function has same property
a8 quantum mechanijcal wave function.

(©)  Air consists of g mixture of 2194 of oxygen and 79% N, by volume.
Calculate the entropy of mixing of the eléments of air,

1. (@) Show that an oscillating dipole hag frequency components v + Veib

as well as the exciting frequency v,

(6) From the following datg comment on the molecular structure of
nitrous oxide and assign the observed lines to specific molecular

vibrations :

V(cm™) iR Raman
£89 strong, PQR Contour —
1285 very strong, PR ' very strong, polarized
2224 very strong, PR strong, depolarized

(¢ What do you mean by ‘hot bands’ in spectroscopy ?
Chem. Sc.—I11 6




12.

(@)

(®)

©

Give the valence electron count for the following species. Which
one/s conforms to the E.A.N. rules ?

@) Cog(uz-CO)g(CO)G

@)  W(CO),

(i) Cr(CNMe),

(v) [Fe(CN)gJ4-

W) [Cr(CO)IZ

(vD) [Mn(CO)S(CHzCGHs)]*

(viv) Fe(CO)4Br2

(viii) [Mn(CO),]%

(ix) Ni(PPhy),

(x) H Rh(CO),

(x1) Ru3(CO)12

(xii) [Co(CN)y])2~. ,

Name each one of the above speéies.

Using Wilkinson’s Complex, discuss the Homogeneous Catalytic

< Hydrogenation of Propene.
13.  Write briefly on :
(@ Structure and Role of Biological Membranes during ion transport.
i (6) Biological Nitrogen Fixation.
(¢) Icosahedral structure of [B12H12]2‘ anion.
(d) Structural features and Correlation between the structures of Heme
group proteins.
14. (@ () Sketch bonding orbitals that result from the combination
of the following «rbitals on separate atoms : p,_ and p.:D.
and d,, ; and d,, and d,,.
(i)  Write the molecular orbital configuration diagrams and give
- the bond order of NO* ; NO, and NO-. Which one/s of these
- species should be paramagnetic ?
(b) Give molecular orbital diagram of COBALTOCENE and explain its
magnetic behaviour.
Chem. Sc.—III 7 P.T.O.




15. (@) How one can distinguish between the following isumers ?

®
1))
()
()
)

(Co(NH3)581']SO4 and [Co(NHg),SO,]Br
[(30(1‘\IH3)3(NOz)3 and [Co(NHg).] [Co(NOy),]
Cis-and Trans {CoCl.z(en)Z]Cl

Cis-and Trans [Pt(glycine),)

Cis-and Trans NH4[C0(N02)4 (NHy),]

(6) Cite one example each of the following types of isomerism :

®
(i)
(i)
(iv)
)
(vi).

Hydration Isomerism:

Coordinaiion Isomerism:;

Linkage Isomerism;

lonization Isomerism; 7
Geometrical Isomerism;

Optical Isomerism.

(c) Measurement of 10 Dq and discuss the factors responsible for the
magnitude of 10 Dq.
16.  Write briefly on :
(@ Ziegler-Natta Catalysed Polymerization of ethylene.
(b) Water gas shift reaction using Homogeneous catalyst.
() Fluxional behaviour of Pentacoordinated molecule.
(d) ZSM-5, its nature and applications.
17. (@) Arrange the following in the increasing order of property given in

each case :

(®  Oxidizing capacity of CrO,%, FeO,? and Vo, }3-

(i)  First ionization energy of S, Al, P and Mg

(&) N-N bond order in Ny, NyF, and N H,

(iv) Ionic radii 02, N3~ and O,

®) & In solid state CuF,, the Cu—F distance is found at 193 A
(four bonds) and two bonds of Cu—F at 2.27 A,

() Magnetic properties of [Fe(H,0)6]%* and [Fe(CN)g}3-, give their
comparison. '

(i) Explain why solid ferrocene exhibit staggered conformation.
While ferrocene in vapour form possesses Eclipsed
conformation. ,

(iv) Back donation in metal aikene and metal alkyne complexes

Chem. Sc,—I1]
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18. (@) Write the highest coordination number exhibited by the following

19.

20.

(b)

(@

®

(@

(9)

©

ligands :

() Acetyl acetone;

@ity Porphyrin;

(i) 18 Crown-6 ether;

(iv) Diethylene triamine;

() Diethylene triamine penta-acetic acid;

(vi) Valinomyecin;

(vii) Schiff base Salen;

(viit) EDTA;

(ix) Triphenyl phosphine;

(x) Tripeptide glutatheone (YL glutamyl Leysteinyl glycine)

Discuss the electronic configuration of lanthanides and lanthanide

contracticn. ,

()  Give the structural formulae of two metallocenes with bent
structures

(i) Structure of ¢ bonded metal alkyne and metal allylene
compounds.

(iiiy Factors governing the Ionization energy should be discussed
in brief.

(iv) Cive four points of differences between Boron and Aluminium.

() Why CO; is a gas while 510, 1s solid ?

What are Sihicones ? How are these prepared and discuss in brief

their application ?

Give Schematic representation of Homogeneously Catalysed

Hydroformylation oi buiyicus using Cuswass Carbonyl

A black substance ‘X) when heated in presence of KNO4 and KOH

produced a green mass (Y). On extraction with water Y gave a green

solution. The green solution turned purple (Z) when a current of

chlorine was passed through it.

What are porphkyrins and discuss in brief the Biogenesis of

Porphyrin ?

Chem. Sc.—III 9 P.T.O.



2. (o)
(b)
(0
22. (o
(b)

(©

What ere Ionophores and what role these play in understanding
the biochemistry of alkali metals ?

Discuss critically but in brief the reversibly binding of dioxygen to
Haemoglobin.

General structure of chlorophyll and discuss how chlorophyll facilitate
photosynthesis.

A classical method of synthesizing a-amino acids is based upon
modified phthalimido malonic ester method. Utilizing this concept
suggest a synthesis of glutamic acid.

Allose is an aldohexose with a structure similar to glucose except
for the opi)osite stereochemical configuration at Cg. Draw Haworth
structure for a B-anomer of D-allose.

Treatment of 3-chlorocyclopropene with SbCly yields a stable
crystalline solid () of formula C3H;5bClg. 1 is insoluble in non-polar
solvents but soluble in polar solvents. The 'H NMR shows three
exactly equivalent protons. Give most likely structure of I and show
how this structure accounts for the various observations.

23.  Predict the product and name the reactions involved wherever possible

(any four) :

CH, |
Q—-c':-:c < H () CH,~C=C-CH,Br
CH, (ih Hydrolysis

®
(id + CH,COCH,COOEt —base |
0
/CHO -
CH, o ,
(iid) | 4+ CHNH,+ <|3==0
AN CH,
CHO
Chem. Sc.—1II 10



' (i) Bu” Li in the presence of
(iv) N.NH SO,CH, — —>
| _ (1) (CHy),N.CH,.CH,.N(CH,),

(ii) D,O
- L(+) - diethyl tartrate .
: ® 7 )_ OH TGP, + Bu'OOH + CH,CL,, ~20°C"
‘ hv
(vi) /A SN / 16
NO
24.  (A) In the following pericyclic reactions :
()  Predict the product and its stver'eochemistry;' and
(t) Name the reaction tvpe and give selection rules (attempt any
two) :
[
- 175°C
—_
()
H Q
“~H N A
(b) + O
CH, 0
i H,C\ =~
(©) D A 10
H,
~C,H;
Chem. Sc.—II1 11 P.T.O.



(B) There aré three isomeric pyridine mono-carboxylic acids :
D, m.p. 137°C, E, m.p. 234-237°C, F, m.p. 317°C

Their structures were proved as follows :

Quinoline + KMnO, _ OH” 4 dibasic acid (C;H;NO,) —»
A

—— E(m.p. 234 -237°C)

Isoquinoline + KMnO, OH- a dibasic acid (C;H;NO,) —

~2 L B(m.p 234-237°C) + F(m.p 317°C)

What structure chould be assigned to D, E and F ?

25 Describe the reagents and the intermediates required for each of the
following conversions (more than one step may be required). Attempt
any two :

0) HBCT/\ H,C\ ™~ Br
OWENIC
NO,
COOH
o O—
' OCH, OCH,
! (Fiv) Y O J
| ,
\

Chem. Sc.—III
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26.  Predict the product of the following reactions (any two) :
o) BF. WI, + NaOHm) .
12 }S +(CH300)206%-> product A C >
(i) H,0*
< |
duct B Bry duct C
proauc ‘IO—OO—C—-) proauc
th) /é ; H,80,(aq) > product A CeHCH,NH, - product B
0 ‘
@ O M product A ENE% product B _PClL product C
4
16
27. (@) Predict the product and suggest a mechanism of the following
photochemical transformations (any two) :
® @ SN
hv
- ; —C— ->
@) @ I <O > (CH,),CH.OH
0
OCOCH,
(u1d) @ hv 12
() Complete the following reactions :
[
. v
® 74 Photosensitizer
'% |CH2
) Colls—C—CiH, + A . 4
0
Chem. Sc.—III 13 P.T.O.




28. (@) How will you bring about the following conversions using appropriate

reagents/reactions ?

10
1
‘ (b) How will you perform the following conversions ?
|
| CH, COOH
{ X2 CN Steps COOH
| OIS >
| N N
i H H
\
|
| (id) HsCOm Steps H,CO_~ X
‘ © NH | N
‘ H,CO" " %5 H,CO™ Y
| o CHz
CH,
OCH,
OCH, OCH,
OCH,
6

Chem. Sc.—III 14




29. (@) Complete the following reations :

SAN NH, SAN N (ii) Na-salt
H H

Hy, "7 950°C

(b) Attempt any one of the two reactions :

. I} |
@ </:)—\> ﬂ:ﬁzs_% product H2N'C'NH2> product j

NaOH Bu'ONa
Nél/NHy HCS,Na A _NaOCH, B 4
@) L§N NH, CH,0H |

() Suggest the biogenesis of B-pinene starting from geranyl

w

pyrophosphate.

30. (a) Complete the following reaction sequences :

(i) PhyP = CH.Li
(ii) Bu'OH

> product A

EtOO0C-C=C-COQEt , product B

# ;

(CH,),SiCH,.COOEL
LDA, THF-78°C

» product 10

Chem. S¢.—III 15 P.T.O.

(l;]" LN




31.

32.

(6) Complete the following reactions -

?
0 Wl I = D) e

(i) /\/\\\\

(i) LiAlH,,CH,ONa o 7
OTHP (i) I,

(@) Explain the following :

tal .
(®  Cyclohexanone % equatorial alcohol

Cyclohexanone [(CH3)2 CHO]3AL) axial alcohol.

() On heating cis-4-hydroxycyelohexane Carboxylic acid forms a
lactone; but trans-4-hydroxy cyclohexane carboxylic acid does
not. Draw the stereo-structures of two carboxylic acids and
lactone.

(b)  Given below in column A are some common organic compounds while
celumn B lists a possible use for each of the compound. Match the
entries in the two columns by correctly identifying the use for each
of the compounds -

A B

(@ Ascorbic acid (® A nucleotide

(6) Adenylic acid (%) A drug intermediate

(©  Anthranilic acid (@) A vitamin

(&) Salicylic acid (tv) A dye intermediate

(© How is genetic code transcripted in protein biosynthesis ?

(@ Why are hollow cathode lamps less prone to self absorption than
electrodeless discharge lamps ?

b 0.0121 g of benzoic acid ALl w120 was wissotved 1 100 ml of
methanol water (1 : 1). Ifa 10 ml aliquot of this solution was further
diluted to 100 ml which showed an absorbance of 0.80 at 265 nm
in a 10 mm cell, what is the molar absorptivity ?

(¢ Draw a schematic diagram of DTA. How 1s it different from
DSC ?

Chem. S¢.—II1 18




G

36.

Chem. Sc.—III ' 17 P.T.O.

33.

35.

(@

(b

©
(@

(b)

(©)
(@)

b

(@
(@
(b)

©

What could be the shape of the titration curve for the photometric
titration of bismuth (III) with EDTA at 265 nm.

Why should monochromators contain as few reflecting surfaces as
pussible ? What is the relationship between a monochromator’s
bandwidth and the width of a spectral feature which ensures that
it will be accurately recorded ?

What are the causes of background inteferences in AAS ?

Why =re generally group V (As, Sb) elements analysed by the hydride
generation method in AAS ? ,
When a simple digestion by heating a sample with acid or base

“in the hood does not dissolve the sample that is required for analysis,

a digestion with a flux or microwave digestion in a closed container
may solve the problem. What are the advantages of zach of these
techniques over simple acid digestion ?

How is thermogravimetry used for the quantitative analysis of a
mixture of calcium and strontium ?

What are the factors on which glass transition temperature of a
polymer depend ? How is Tg determined ?

A sample of L-dopa is electrolysed exhaustively with 42.0 pC. The
process requires two electrons per molecule. The formula weight of
L-dopa is 197.2. What is the mass cf L-dopa in the samgle ?
How is UV-visible spectrometry used for the analysis of mixtures
of absorbing substances ?

Why is linear scan voltamamograms generally assume a sigmoidal
curve ?

Why are stripping methods more sensitive than other voltammetric
procedures ? '

Why is square wave polarography of great speed and high
sensitivity ?
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