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_LOGARITHMS
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Na. log No. log

o 3.14450 0.46715 In x=log xs=(1/M)=logx  (1/M)=2.3025 0.35222

6=2.71828 043428 logx=10Q;o X = Mi0g X M=0.43429 183778
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CHEMICAL SCIENCES

PAPER-III
Note : This paper contains four Sections. You are required to attempt all of
them.,
Character Table for Coy point group :
A, 1 1 1 1 Z X2 y? 72
A, 1 1 -1 -1 R, XY
B, - | 1 -1 X, Ry XZ
B, 1 -1 -1 1 Y, R, YZ
SECTION 1
Note : Answer any one elective from Q. No. 1 and one elective from Q. No. 2 in
500 words each. (2%20=40)
Elective I

1. {z)

(@)

(ii)

Chemical Science-IIT

Discuss the important factors that tend to increase zone spreading
in chromatography. How this can be represented in terms of

HETP ? 10

Sketch a neat thermogram (DTA) and explain the thermal behaviour

of hydrated calcium oxalate. 10
OR '

Elective II
The possible electronic traniitions in*the formaldel;lyde molecule
(Coy point group) are np > T, M > and o — o . Using group

theory, determine which of the transitions are allowed and which are

not. 10

Give a brief account on layer lattice compounds with special reference

to CdlI,,. 10
OR

Elective III
The following reaction is symmetry allowed and takes place upon heating.
Explain with the help of HOMO/LUMO of reacting partners. 10

/IIA
N
5

[P.T.O]




{z1)

(if)

(i)

(i)

2. (@)
(i)

Cornplete the following sequences :

1 AlCl; . Zn-Hg S0Cl, AlCL,
—> [A] > [B] > |C] ~— [D]
/ H? HC(CI

OR
Elective IV
What are the approximations underlying perturbation theory ? Obtain
the expression for first order correction to energy within the framework
of non-degenerate, time independent perturbation theory. 10

Prove that if two operators A and B commute then they have common
set of eigenfunctions. Give an example. Is the converse of this theorem

true ? Prove the result. 10
Elective 1
Explain oxygen transport mechanism by hemoglobin and give the
significance of myogiobin. 10
Estimate the spin-only magnetic moment for a d®-ion in Oh and Td
fields, generated by weak and strong field ligands. 10
OR
Elective II
Write a mechanism for the following reaction : 10
Me Me
Me
HCI
Me o)
CH;
Draw a Jablonski diagram and explain various processes that oeccur
after excitation of a molecgl;:{. 10

Elective III
State third law of thermodynamics. How can it be used to determine
the entropy of a substance near 0 K ? 10
Distinguish between Thomas-Fermi, Bose-Einstein and Maxwell-
Boltzmann statisties. Derive Boltzmann distribution law using the
method of undetermined multipliers. 10

Chemical Science-I11 6




Q. No. 1. Elective ....................
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Q. No. 2. Elective ....ccccurercrniene
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Note :

(2)

(it}

(ii)

SECTION 1II

Answer any one elective from Q. No. 8 to Q. No. § in 300 words each.

{3x15=45)
Elective 1

Transition elements possess variable oxidation states. Why ? Discuss
it in case of 3d! to 3d1° configurations. 8

Discuss the Gouy method to measure magnetic moment of a
complex. 7

OR

Elective 11

Outline plausible mechanism for the following transformation : 7
O OH
H
—
Et
no ot OH

Write mechanism of Br, addition to cis and trans 2-butene. Write the

products with configuration. 8
OR

Elective 11l

Obtain the HMO energies and corresponding wavefunctions for allyl
radical using Hiickel theory. 8

Calculate the temperature at which the vibrational partition
function q,;;, = 5 for CO if its frequency of vibration is given to
be 2135 cm™L. 7

Chemical Science-IIT 12




Elective 1

4. (2) Describe an idealised catalytic cycle, for hydrogenation of alkenes using
Wilkinson’s catalyst. 8
(1)  Explain — “Although trialkyl phosphines, arsines and stibenes
are weak o donors, yet they form kinetically stable complexes with
transition metals”, 7
OR

Elective 11

4, @ Predict the starting material and intermediate produets. 8
CrO, CH,N, HNO, (50%;) L
[Al [B] [C]
(ii)  Prepare 2, 5-dimethyl pyrrole starting from ethylacetoacetate applying
Hantchz synthesis. 7
OR

~ Elective III

4. (D) The formation of phosgene by the reaction CO + Cl, = COCl, appears
to follow the mechanism :

k
Cl, == 2ci
1(—1

k
Cl+ CO ——kL COCl

-2

k
COCl1 + Cl, —2— COCl, + Cl

Assuming that the intermediates Cl and COCI are in the steady
state what is the rate law for this reaction ? 8

()  How temperature jump method can be used to determine the rate of
fast reactions ? 7

Chemical Science-II1 13 [PT.O]




5 @
(i)

5 (&
(i)

5. (¥
(i)

Elective 1
Compare structure and bonding of hexachlorotriphosphazene
(PNCly)g with BgNgHg. 8
Justify — “Though Thallium is a member of the Boron family, yet
- TKI) compounds are the most stable.” 7
OR
Elective II
Write mechanism of the following reaction : 8
O
.-OTs O0—C—CH;,
—_
OAc

T "‘~0ﬁ—CH3
What do you understand by the terms regeoselectivity and stereo-
selectivity ? Explain with the help of appropriate examples. 7
OR
Elective III

Explain the origin of overtones and combination (or difference) bands.
What is the Morse Potential ? How will you justify its analytical

form when r — « and r near equilibrium ? 8
Debye Hiickel theory can be applied successfully for 1 : 1 electrolytes
but not for 2 : 2 electrolytes. Why ? 7

Q. No. 3. Elective .....ccecrvnrreees

Chemical Science-II1 14
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Q. No. 4. Elective
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Q. No. 3. Elective .............. I
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SECTION 111
Note :  Answer all questions from Q. No. 6 to Q. No. 14 in 50 words each.

(9% 10=90)

6. (Z) What is Lanthanide contraction and what are its consequences ? 5
(1)  “The Lanthanide elements show the common stable oxidation states

of +3.” Justify the statement. 5

7. (r) What are intercalation compounds ? Discuss graphite-potassium
intercalation compounds. Why are these compounds deeply

coloured ? 5

(ii Draw the structure of 8203_. How many peroxo linkages are
present ? 5
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8. (1} Giving a neat diagram, show by calculation that, in an HCP lattice
formed of N atoms, the effective number of atoms in the unit cell

is s1X. 5

(iiy In an FCC lattice, the A atoms occupy corners, while B atoms occupy
the face centres. What is the empirical formula of the compound in

terms of A and B ? 5
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9. {r) Suggest reagents for the following transformations : 5

Et—C = C—H —L&) Et—C = C—CH,CH,0H —L¥~1—>

\ /

Et/ \ CH,CH,OH

({iiy  Predict products in the reactions given below : b

OH
CD _Ho, | L] _ Base | [M]
OH
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10. @) Complete the following reactions :

0O

"o [N s [0

+ 11

OH

(ff)  Suggest starting materials for the preparation of R.

H O
P] + [Q] —2— @:;:j
H 5
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11, () Write most stable conformational structure of halides (S) and (T) given
below : 5
Me Me
Yy

" " > ci

/5\ S) /5\ (T)
()  The compound (S) undergoes E, elimination 250 times faster than (T).
Explain. 5
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12. () Food gets cooked faster in a pressure cooker than in an open pan.

Explain briefly the principle behind this. 5

(i)  What do you mean by reverse osmosis ? At 27°C, 36 g of glucose per
liter has an osmotic pressure of 4.92 atm. If the osmotic pressure of
a solution is 1.5 atm at the same temperature, what shouid be its

concentration ? 5
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13. () Distinguish between physisorption and chemisorption. Why
chemisorption of reactants is a must for catalytic activity of a

surface. H

@)  Draw the multiplet pattern expected for bridge protons in diborane where

I for Boron isotope is 3 5

H\B/H

N,
/N

H
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14. () Why are molecular weights of polymers expressed as averages ?
Write the equation for number average and weight average molecular
weights of polymers. 5

(if)  Explain the principle of isotope dilution analysis, 5
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SECTION 1V
Note :  Answer all questions from Q. No. 15 to Q. No. 19 in 30 words each.
(5x5=25)
15.  Explain why [Mn (()H)6 ]2+ 1s pale pink, MnQj is black and MnO, is intensely
coloured purple. 5

16.  Write structure of (S)-isomer of lactic acid CH3CH(OH)COOH and assign
priority of each group. 5
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17. HNMR spectrum of oxetane is reproduced below. Assign the signals to various
protons and justify. 5%

90 MHz | <>,

oxetane .

—

5
w
3]
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18.  Greenhouse effect derives its name from greenhouse but the mechanisms of

the two phenomena are different. Explain. 5

19.  The retention time tp of the two closely eluting solutes are 8 min and
10 min respectively. The dead time ¢, is found to be 0.5 min. The base
width of the two peaks are found to be 0.8 min and 1.2 min, calculate
the resolution. What will be the resolution if the column length is
doubled ? S
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A NTI‘POG-NR!TH MS

Moan Differences

o 1 2 3 4 5 N 7 8 9 72 3145 6]7 89
60 lla1e2 13170 3177 | 3184 | 3192 | 3199 | az206 $3214{ @221 j3228[1 1 2|3 4 415 6 7
51 {13238 | 3243 | 3251 | 3258 {3266 | 3273 | 3281 [ 3289 | 9296 1330411 2 23 4 5|5 6 7
52 {|3311 | 3319 | 3327 | 3334 | 3342 | 3350 |} 3357 {3365 | 9373, |3381§1 2 213 ¢ §'5 6 7
53 ||aags [ 3396 | 3404 | 8412 | 3420 | 3428 | 3436 | 3443 | 3461 [348811 2 2|3 4 536 & 71
54 ||3a87 Y3475 3483 | 3491 | 3499 | 3508 | 3516|3524 | @582 {38401 2 213 4 5|6 8 7
55 lias48 {3556 | 366> | 3573 lass1 | 3580 | @547 | 2606 | 3614 |362211 2 213 4 56 7 7
56 llaes1 | 3630 | 2645 | 3656 | 064 | 3673 | 3681 | 3600 | 3698 {3707({1 2 8|3 4 5]6 7 8
57 lia715 | 3724 | a7a3a | a7a1 {3750 | a7se. | 3767 | 3776 | 3784 [3793)1 2 3|3 4 6|68 7 B
58 ||3soz | 3814 | 3810 | 2828 | 3897 | 2848 | 3855 {3864 | 3873 |3882°|1 2 3|4 4 516 7 8
50 i3es0 | 200 | a00e | 3017 | 8926 | 8936 | 3945 | 3654 | sgea Yas7271 2 314 5 516 7 8B
.60 {3081 {3000 | 3995 | 4009 | 4018 | 4027 | 4036 | 4046 | 4055 [ 40641 2 B |4 &5 66 T 8
61 lao74 [ 4083 | 4093 | 4102 | 4111 | 4121 {4130 | 4140 | 4150 {4158 {1 2 3|4 5 6|7 8 9
62 la169 | 4170 | 4188 | 4108 | 4207 | 4217 | 4227|4206 { 4246 (4286 |1 2 3|4 5 6|7 8 O
63 |la265 | 4276 | 4285 | 4205 F4305°| 4315 [ 4325 43351 4345 {43551 2 3|4 5 687 8 9
64 114365 | 4375 | 4385 | 4306 | 4406 | 4416 | 4426.1 4436 | 4446 {44571 2 314 5 617 8 9
85 (4467 | 4477 | 4487 | 4498 [4500| 4519 | 4529 | 4538 4550 45680 |1 2 314 5 6|7 8 9
.88 {las7t | 4581 | 4892 | 4803 [ 4613 | 4624 | 4634 | 4645 4656 | 4667.01 2 3|4 5 617 2 10
67 ||4677 | 4688 | 4699 {4710 | 4721 | 4732 | 4742|4753 | 4764 |4775)1 2 3|4 & 7{8 9 10
.68 l|a7es | 4797 | asos 14819 | 4831 | 4842 [ 4883 14064.1°4875 1408711 2 3 (4 6 718 8 10
.69 {4098 | 4009 | 4920 | 4932 | 4943 | 4955 { 4966 [ 4977 | 4989 (5000 }1 2 3 {5 & 7B 9 10
.70 ||5012 | 5023 | 5035 | 5047 165088 | 5070 | 5082 | 6083 ‘5105 | §117j1 2 4|5 6 78 9 11
71 i|s120 {5140 | 5152 | 5164 {5176 | 5188 | 5200 {5212, 82R4 5236 {1 2 4|8 ¢ 7|8 1011
72 5248 | 5260 | 5272 | 5284 15297 | 5309 | 5321 | 5333 | 5346 636811 2 415 8 719 1011
.73 ||5370 | 5383.| 5305 | 5408 | 5420 | 5433 | 5446 [ 5458 | 5470 | 548311 3 4|6 € &0 1011
74 |isa95 | 5508 | 5521 | 5584 {6546 | 5559 | 5572 {5585 | 5598 | 56101 3 4|5 6 B9 1012
75 {5823 t 5636 | 5645 | 5662 [ 5675 | 5689 15702 | 5715|5728 |5741{1 3 4|5 7 8|0 1012
76 ||5754 | 5788 | 5781 | 5794 |'5808 | 5821 | 5834 | 5848 “'5861",5875 1 3 a[5 7 a9 1112
77 ||s888 | 5002 | 5916 | 5020 {5943 | 5957 | 5970 | 5994 | sobe [e0t2|1 3 4,5 7 81011142
.78 ||6026 | 6039 | 6053 | 6067 {6081 | 6095 {6109 V6124 | 6128 | 61521 3 486 7 8101113
.79 |le166 | 6180 | 8194 | 8209 | 6223 | §237 | 6252 {6266 | 62681 | 629511 3 4 |6 7.9 (101113
80 {l6510 1 6324 | 6330 | 6953 | 6368 | 6383 | 6097 |6412 | 6427 |6442 |7 3 46 7 91101213
.81 [|Bas7 {6471 | B4BE | 6501 f6516 | 6531 [ 6546 | 66561 | 6577165922 3 S16 B 9111214
B2 ||8607 | 6622 | 8637 | 6653 | 8668 | 6683 | 6609 | 6714 4730 |6745{2 3 s5{8 B 9111214
.53 6761 | 6775 | 6792 | 8808 | 6823 | 6839 | 6855 | 6471 | 6887 |B00212 3 516 8 9111344
.84 ||eat8 | 8934 6050 | Boee {6062 | 6998 {7015 7031 | yoa7 lyosa 2 3 5[6 8 10111315
85 17076 17006 | 7112 [ 7320 | 7145 | 7161 | 7178 ! 7194 | 7231 | 72282 3. 517 8 10121315
86 ||7244 L7261 | 7278 | 7205 | 7311 ; 7228 17345 [ 7362 7379 {7896 |2 3 6|7 8 101121315
87 {7413 | 7430 | 7447 | 7484 | 7482 | 7490 | 7516 {7534 | ¥551./756B(2 3 & |7 B 10{12 1416
.88 7586 1 7600 | 7621 | 7698 | 7656 | 7674 | 761 {7002 | 7727 (7745 |2 4 & |7 © 11{121416
.89 ||7762 [ 7780 | 7798 | 7816 | 78234.{ 7a62 {7870 | 7880 | 7907 |7925]|2 4 5|7 9 11[1314 16
90 [|7943 ] 7962 ! 7980 | 7a%8 | 8017 | 8035 | 8054 | 8072 ) 8091 [ 811042 4 &7 O 11(131517
.91 s128 | 8147 | 6168 | 8185 | 6204 | 8222 | 8241 | B2a0 | 8279 (8299 ]2 4 6|8 9 TT[131517
92 ileaie | 8337 | 8358 8375|8395 | 8414 [ 8433 | 8453 | 8472 [B49212 4 6B 10 12|14 1517
03 |les11 18531 | 551 | 8570 [ 8590 | 8610 | 8630 |AS50 8670 | 86802 4 6 18 10 12{141818
.04 lja71u [ 8730 | 8750 | 8770 | 8790 | 8810 | 883t } 8851 | 8872 | 889212 4 B |8 1012]141618
95 [lao13 | 8093 | 8954 | 8974 [ 8395 | 0016 | 9036 [9057 | 9078 | 9099 f2 4 68 10 12[1517 19
.96 |l2120 { 9141 | 9162 | 9183 |9204 | 9226 | 9247 {0268 | 9290 [5311|2 4 618 11 TBI51719
.97 10333 | 9354 | 9376 | 9397 | 9419 | 9441 | 9462 [ 9484 | U506 | 9626 ]2 4 7|9 11 13,16 1720
.98 {losno | 0872 | 8594 | ou16 {9638 | see1 | 9883 [ o705 [ 9727 [B750]2 4 7|9 11 13[181820
w9 o772 | o795 | 0847 | 9840 | 9863 | nase | asoe | 0931 | 9954 {9977 j2 5 719 11 14[16 1820
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