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LOGARITHMS
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ANTILOGARITHMS
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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 Cyy point group :

E Cg Cy (xz) Sy (yz)
1 1 1 7 X2 y2 72
1 -1 1 R, XY
| 1 -1 X, R, XZ
-1 -1 1 Y, R YZ

P b

X

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)

1. )

(@)

1. @

(i)

Chemical Secience-IIT

Elective 1
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 ny -» 1 , T > 7n and o6, — ¢ . 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

/II‘A |
N
5
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(&)

O

\ 1.AICI, = Zn-Hg SOCL,
+ Q ———= [A] > [B] > |CI

/ 2. Hy O HC!

O

1. (&)
(iz)
2. (@)
(i)
2. t4)
@i1)
2, (@)
@)

Complete the following sequences :

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 myoglobin. 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 Cl
CH,
Draw a Jablonski diagram and explain various processes that ocecur
after excitation of a molecgll% 10

Elective II1
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 statistics. Derive Boltzmann distribution law using the
method of undetermined multipliers. 10

Chemical Science-I11 6
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Q. No. 2. Elective

Chemical Science-III

LLALIL Ll LL]Y

[P.T.0J




Chemical Science-II1 '

10




Chemical Science-II1 11 P.TO.]




Note :

3. (Z)
{ii)

3. )

(i)

(@)

SECTION 11

Answer any one elective from Q. No. 3 to Q. No. 5 in 800 words each.

(8x15=45)
Elective 1

Transition elements possess variable oxidation states. Why 7 Discuss
it in case of 3d! to 3d'° 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
HO Pt OH

Write mechanism of Br, addition to cis and trans 2-butene. Write the
products with configuration. 8

OR
Elective 111

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 em™. 7

Chemical Science-II1 12




Elective 1

4, (z) Describe an idealised catalytic cycle, for hydrogenation of alkenes using
Wilkinson’s catalyst. 8

()  Explain — “Although trialkyl phosphines, arsines and stibenes
are weak ¢ donors, yet they form kinetically stable complexes with
transition metals”, 7

OR
Elective 11

4. (@) Predict the starting material and intermediate products. 8
CrO, CH,N, HNO, (50%) L
[A] [B] [C]
(i)  Prepare 2, 5-dimethy! pyrrole starting from ethylacetoacetate applying
Hantchz synthesis. 7
OR

-~ Elective I

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

k
Cl, —L1— 201

k
COCl + 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-IIT 13 [PT.O.




Elective I
5 () Compare structure and bonding of hexachlorotriphosphazene
@)  Justify — “Though Thallium is a member of the Boron family, yet
+ TII) compounds are the most stable.” 7
OR
Elective Il
5 @& Write mechanism of the following reaction : 8
O
.-OTs
OﬁCH3
. O O . .
(ify What do you understand by the terms regeoselectivity and stereo-
selectivity ? Explain with the help of appropriate examples. 7
OR
Elective 1II
3. @) 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
(z)  Debye Hickel theory can be applied successfully for 1 : 1 electrolytes
but not for 2 : 2 electrolytes. Why ? 7
Q. No. 3. Elective ....creeenersen
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Q. No. 4. Elective
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Q. No. 5. Elective ...... toseranaresres
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SECTION III

Note : Answer all questions from Q. No. 6 to Q. No. 14 in 50 words each,

(9)(10:90)

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

of +3.” Justify the statement. 5

7. (i) What are intercalation compounds ? Discuss graphite-potassium

intercalation compounds. Why arc these compounds deeply

coloured 7

5

(iiy Draw the structure of 8203_. How many peroxo linkages are

present ?

Chemical Science-IIT
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8. (i) Giving a neat diagram, show by calculation that, in an HCP lattice
formed of N atoms, the effective number of atoms in the umt cell

is8 =ix. 5

(i) 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. (£} Suggest reagents for the following transformations : 5

Et—C = C—H — %, Bt ¢ = c—CH,CcH,0H X1,

H H
N, S
C=C
Et/ \CHQCHEOH
(izy  Predict products in the reactions given below : 5

OoH |
OH
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10, @ Complete the following reactions :
O

hv H*

> O]

+ 1 > [N]

OH
(Ii) Supgest starting materials for the preparation of R.

H O
[P] + [@] —2 @;ﬁj
H o

[R]
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11. & Write most stable conformational structure of halides (S) and (T) given

below :

>|.....

5

(if) The compound (S) undergoes E, elimination 250 times faster than (T).

Explain.

Chemical Science-I11
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12, &) Food gets cocked 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 7 5
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13. () Distinguish between physisorption and chemisorption. Why
chemisorption of reactants is a must for catalytic activity of a

surface. 5

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

3
I for Boron isotope is g 5

H\B/H\B/H
1’ Na’ \g
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14. (@) Why are molecular weights of polymers expressed as averages 7
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 IV
Note :  Aunswer afl questions from Q. No. 15 to Q. No. 19 in 80 words each.
(5x5=25)
15. Explain why [Mn (OH)6 Jzﬁ_ is pale pink, MnQ,, 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.  THNMR spectrum of oxetane is reproduced below. Assign the signals to various
protons and justify. b

90 MHz - <>o

oxetane .

o
o
>
Gy~
h
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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 R of the two closely eluting solutes are 8 min and
10 min respectively. The dead time {5 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 ? 5
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ANTILOGARITHMS

Mesan Differences

o 1 2 3 4 5 6 Y a ¢ T2 3188 5]7 6 2
so lz1e2 3170 | 3177 | 3184 13192 | argee | azoa (3214 | 8221 jazz2e |1 1 2(3 4 415 6 7
51 {|3296 {3243 | 3251 | s258 {3266 | 9273 [ 9261 [ 32680 | 9206 1330413 2 2|3 4 5[5 6 7
52 {3911 {3319 | 2327 | 3334 | 3342 ) 3350 } 3357 | 3366 [ 8373 /828141 2 2{3 4 5:5 6 7
53 ||3386 [ 3308 { 53404 | 2412 13420 | B428 | 9436 13443 | 3451 |3468 |1 2 23 4 576 € 71
84 3467 L3476 { 2489 | 3491 | 3400 | 5508 | d516 | 3624.] 3532 (3s40i1 2 2|3 4 5|6 & V
-85 3548 {3656 | 3665 [ 3573 [ 8581 | 3580 | 3su7 |260e | s614 {26221 2 2|3 4 5(6 7 7
56 {3631 { 3630 | D648 | 3656 | 3664 | aeva | 3se1 {0600 | 3698 13707 |1 .2 3[04 518 7 B
57 |is71s | 3724 | 3733 | 3741 [arsa | a7s8.{3ve7 | 3776 | 3ve4 | 37921 2 3|3 4 516 7 B
53 |l3so2 | 3511 | 3018 | 3e28 | 3837 | za4s | 3855 | o664 | 3873 | 3882711 2 3|4 4 516 7 8
50 Hzeeo | ss0n | acos | 9917 {9028 | Ba3s | 3vds 354 | 9065 1367271 2 374 5 6318 7 8
.60 i|3pe1 | 3080 | soap | 4008 | 4016 | 4007 | 4008 ) 4048 | 4055 [ 40641 2 B |4 5 66 T &
&1 4074 | 4083 | 4093 | 4102 [ 4111 | 4121 { 4130|4140 | 4150 ja159{1 2 3|4 &5 6|7 B @
62 {4169 | 4178 ¢ 4188 | at98 [ 4207 | 42177 | 4227 [ 4236 [ 4246 (4258 |1 2 3|4 5 6|7 3 &
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64 14965 | 4375| 4066 | 4506 4400 | 4416 | 44264438 [ @448 [ 4457 |1 2 314 5 €37 B 9
65 |l447 | 4477 | 4487 | 4498 |4508] 4519 | 4529 | 4830 4550 |4580 )1 2 314 5 6|7 B 9
a6 Has7t | 4581 [ 4892 | 4803 [4613 | 4625 [ 4634 [ 48457 4658 | 4867 |1 2 3|4 5 6|7 @ 10
&7 15877 |4ens | 4pon [ 4710 {4721 | 4732 | 474214753 [ av64 (477811 2 3|2 & 7|B 9 10
.68 l|a7ee | 4797 | 4808 | 4019 | 4831 | 4842 | 45653 {4064 4875 | 4008711 2 Q{4 6 7|2 810
.69 [|4298 | 4000 | 4020 | 4832 | 4943 | 4055 | 4966 | 4977 | 4989 500011 2 3{6 & 7|8 910
.70 ||so12 | 5023 | 5035 | 5047 | 5088 | 5070 | Sos2 | 6083 | 6105 [§117]1 2 4|5 6 718 2 1
71 5120 | 5140 | 5152 | 5184 [ 5176 { 5188 | 5200 {5212, 52p4. | 8236 {1 2 4|5 & 7]8B 1011
72 Ns2a8 | see0 | 5272 | 5284 15297 | 5308 | 5321 [ 5333 | 8346 |5368:1 2 415 6 7|9 1011
73 |s370 | 5383. 5306 | 5408 } 5420 | 5433 | 54456 | 5458 | 5470 [ 548341 3 4|58 68 819 1011
74 |49 | 5508 | 5521 | 5584 {6546 | 5559 | 5572 [ 5585 | 5590 |56810[1 3 4|5 6 819 1012
i “5623 5636 | 5849 | 5662 | 5675 | 5ogn | 5702 | 5715 s7pa | 57411 3 45 7 8|0 1012
706 |s7s4 | 5788 { 5781 | 5704 {Ba0a | 5821 | 5084 | 5848 [ 5881|5875 |1 8 als 7 69 1112
77 |s8a8 | 8002 | 5916 | 5920 | 5943 | 5957 | 5870 | 5984 | 5088 |6012{1 3 4,5 7 B0O1112
.8 ||eo26 803w | 6053 | s067 | eoa1 | Boos |e109 16124 | 6136 |6152]1 3 4js 7 81101113
.79 l|e166 | 81801 6194 | 0209 [6223 | 237 [ 6262 fe266 | 6281 | 620511 & 4|6 7. 9[101113
80 lles30 [ 6324 | 6330 | 6983 | 6366 | 6382 | 6397 [B412} 6427 {6442 |1 3 4|8 7 9101218
81 {8457 | 6471 | 8486 | 8501 {6518 | €531 | 6646 6561 | 6577 (659212 3 §.6 B 9(111214
82 |jeeo7 | 6622 | 8837 | 6653 | 8668 | 6883 | 660016714 (6730 (67452 3 S5{8 B B 11124
.usla?m 6776 | 6792 | 6808 |8323 | 6830 | 6855 | 8471 | 6687 [BO024{Z 3 5|6 8 9 1113.14
8a ||leats (6934 6050 | 8066 | 6062 | e€oon | 7015 f7oa1 | ro47 lyoeaf2 3 58 8 1o[111315
8% 7079 7006 | 7412 [ 7120 | 7145 | 7161 | 7178 17104 [ 7290 {72282 3. 5:7 8 10121315
86 {7244 } 7261 | 7278 | 7205 | 7311 | 7328 ' 7345 [ 7362 [ 7378 (73962 3 &7 8 10112131§
B7 |7413 | 7430 | 7447 | 7483 | 742 | 7409 | 75168 {7534 | 7561.1 75682 3 B [7 © 10[12 14 16
B8 ||7586 Y 7600 | 7621 | 7638 | 7656 | 7674 | vep1 {7Tr00 | 7727 (7748 |2 4 &7 9 11121416
.89 ||7762 [ 7780 | 7798 | 7816 |7824.{ Tas2 | 7870 j7ese | 7907 |Tees ]2 4 6)7 9 11]1314 16
00 [|7943 | 7962 ! 7pa0 | 708 | 8017 | 6035 | 8054 [ 8072 | 2081 |@110f2 4 817 8 11131517
91 8128 | 8147 | 8186 | 8185 { 8204 | 8222 | 8241 {B2g0 | 8279 [8299 ]2 4 6|8 9 11131517
9z i8aie | 8957 | 8356 [ 837516395 | 8414 [ Ba33 | 0453 | 8472 | 849212 4 6 |B 1012|1415 37
03 ||ss11 18531 | 8551 [ 6470 | 0590 | As10 | BBS0D {ABS0 8670 (a0 (2 4 €8 1012
o4 lfe71u [ 8730 | 8750 | 8770 {8790 | 8810 | 683t (€851 [ 6872 {8pg2 |2 4 B |8 1012
9% llag13 | 8033 | 8954 | Bov4 | 8295 | 0016 | 008 [9057 | 9078 |oosof2 4 68 1012
96 |l9120 9141 | 9162 | 9123 o204 | 0226 | 9247 | o288 | 9290 [8H11[2 4 6]8 1 1D
97 19333 | oas4 | 0378 | 9397 |o419 | 9441 | 9aez fo404 | UEOE (952612 4 791113
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