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Question Paper Specific Instructions
Please read each of the following instructions carefully before attempting questions :
There are EIGHT questions divided in two SECTIONS and prinied both in HINDI and in ENGLISH.

Candidate has to aitempt FIVE questions in all.

Questions no. I and § are compulsory and out of the remaining, THREE are to be attempted choosing at least
ONE from each section.

The number of marks carried by a question/ pari is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which must be stated clearly
on the cover of this Question-cum-Answer (QCA) Booklet in the space provided. No marks will be given for
answers written in ¢ medium other than the authorized one.

Coordinate diagrams, wherever required, shall be drawn in the space provided for answering the question
itself.

Unless otherwise mentioned, symbols and notations carry their usual standard meanings.

Assume suitable data, if considered necessary, and indicate the same clearly.

Attempts of questions shall be counted in chronological order. Unless struck off, attempt of a question shall be
counted even if attempted partly. Any page or portion of the page left blank in the answer book must be clearly
struck off.
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Q1.

(a)

(b)

(c)

TuUg A
SECTION A

ZEIAN m 1 T 0, WL%T@%W%W% | ST & TR
v (x) Frefafea € |

v, (®)= \/% sin P%X; n=123, ..

n FE1EH T 8, 3R 0 < x < L 1o hl ez = wry-are i gl 2 |

) n=1n=23Rn=3%mY @R % g areeH ® W@
T |

G) ot iR R S P

P (x) =y} )y, (x) T qEEE

(i) n=1n0=23Rn=237% T G & Y, U 5 TG P 3T
T S <hl WTRehar w1 W@ §91sy |

(iv)  Sfed T o1 &1 fiTd GaT =08 2
(1) Tt 6 STdeRa: TS 768 YR i AT 8 ?
(i) o giER sl o &1 i e 5 AS w1 fiest frwm g 2

i) 25°C W, IR — TU BI THEAU H T uiEdw
1-8961 kJ mol™! B 3t wgiht uied 8-2552 J mol™t 2 | 25°C W
&a: Teu H-E g 2 a U ghg < g fohw e w1 adiar fierd § 2

ST
P VRTb_ a‘)
m Vm

% g IRWING, At ared g & wifas e (P, , V,, T,) % o siomt
=1 fauttor Sifte, Sigt gdient & 379 T 31 € |
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(@ T=taRes <91 ¥ W, gewl 65 T ot wWies Sl @1 uipem ST

(i)
(i)
(iii)
(iv)

(v)

H0 () =H

CaC0s (s) = Ca0 (s) + COy (g)
2H, (g) + O5 (g) = HyO (g)
HZO (g) = HZG (= Hg& ‘(g}

NH,C1 (s) = NH; (g) + HCl (g)

(e)  Tiereliom ARt % e i Oier wSet 2465 kJ mol™! § | TEE wE
‘(T@Tazé EHGH W, i 09 % e = }T%, E&h —éﬂ—[ ?

(a) A particle of mass m is confined in a one-dimensional box of length L.
The wavefunctions Y (x) of the particle are givenby

nnx

v, &) = \/%t sin T; n=1,2, 3y,

n is the quantum number, and 0 < x < L i3 the distance along the length

of the box.

) Sketch the wavefunctions for the states withn =1, n = 2 and
n=3.

(i1) Describe what is meant by the Born interpretation,

P, (x)= vyl ®w, ®

(iii) ~ Sketch the probability of finding the particle within the box for
the stateswithn=1,n=2and n = 3.

(iv)  What is the average momentum of a particle in a box ?

by @ How is entropy defined thermodynamically ?

(i) What role does AS play in determining the direction of
spontaneous change ? '

(iii) At 25°C, the enthalpy change of the graphite — diamond phase
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transition is 18961 kJ mol™ and the entropy change is

3-2552 J mol™!. Which is the spontaneous direction at 25°C ?
Which direction is favoured by a rise in temperature ?

10

10



Determine expressions for the critical constants (P,, V., T, of a

- Van der Waals gas, defined by the expression
i VﬁT b
m Vi
where the symbols have their usual meanings. 10
@ Calculate the number of phases, components and degrees of freedom in

the following systems : 10
@ HOO=H0(® |
(i1) CaCOg (s) = CaO (s) + CO4 (g)

(i) 2Hs(g) + Og (g) = Hy0 (g)

Gv) Hy0 (s) = Hy0 () = Hy0 (g)

(v) NH,C1 (s) = NHj (g) + HCI (g)

(e) The molar enthalpy of formation of oxygen atoms is 246-5 kJ mol ™.
What is the longest wavelength photen which could dissociate Og ? 10

, (@ O W3 OF, OF 3R OF* i g i si T w W o
Q2. eI, MY Fl, A€y A, A FAiA M AT W
==l HIT, |

i) Frafafas 7 @ fom Sigl & MaTHa 98 @Y HivT g hH M 7
AR ?

(1) Hy0 3R NH;
(2) SF, 3 BeFy
(8) BF3 3 BFy
(4) PHg 3R NH;

(5) NHjz 3T NF4
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(b)  aTioaes Tieat ‘Hewae foawor’ & SR [&aia 3,

\3/2
M ] 2 - Mv2/2RT

= e
27 RT

fv) = éfrt(

@)  He™ R =it Ny F 1w, f(v) w1 TEnts sse |
i)  guisy % f(v) Tom=iRa g, S19i

[==]

jf(v} dv = 1
0

[ [ oS S

(it)  gIsY T Wil HHTs MO T vy, , FrEAfIRea g sew 3

2RT
Vmp = =T

(©  20°C W S %1 USSR T 7275 x 102 Nm7! §1 6 q9 W TIHA
33.94 EEA-NGYE a9 A H yo= 3824 x 10° Nm! 8 | =9
p = 0-9614 x 10% kg m™ feEw & fofg 3t 09982 x 102 kg m™ &+
e | s iy Tl § Uowieia f9eRe feaan 0 SW ST ?

(a) @ Compare the molecules OF, OF ~ and OF*, discussing molecular
orbitals, bond orders, bond lengths, bond energies, and

paramagnetism. 15

(i1) Which of the following pairs is expected to have the larger bond
angle and why ? : 10

(1) Hy0 and NHj
(2) SFy and BeFy
(3) BFgand BE]
(4) PHgand NHg
(5) NHj and NFy
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(o)

(b)  The molecular speeds are distributed according to the Maxwell

distribution,

TR
Sy o) ( M VT e e
f(v) = 4n J vee -
2rn RT
(1) Sketch f(v) for He and for Ns.
(i) Show that f(v) is normalized, i.e,

vgf(v) dv = 1

0

(iii)  Show that the most probable molecular speed Vinp » 1S given by

Vmp :,fg;;—r 15

(c) The surface tension of water at 2020 4s »72.75 x 10~° Nm™L A
33-24 vol% solution of ethanol hag.= 8324 x 103 Nm~! at the same
temperature. Given p = 0-9614 % 10° kg m™ for the solution and
0-9982 x 10° kg m~3 for waters How much less will alcohol solution rise

in the same capillary tube ? 10 -

Q. @ =g (L) T % R s s e BeRie 3 .

) e Y T 3 g o aitaies sreal @ e ot §

()  p TEE-ANE SIS % SO o & | B18gISH % T, 9% m,,
TOIF & SN, o 1Y ReY TR e G 8 9
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(i) FTEESHT WY e e % R s TR AT GIFRTo
T AT ST :

o
<T> =f v rydn 2 dr
0

SE Z TR 3rmew § ok iy = 47t80h2'/mee2 = 52-9 pm@i(
EEIE

Gv) T8 RO & 97 gailes g S (ag/Z) A i g ?

(b) WM Twe s o a = 520 pm I Uk 3d: Higa TT e 5
w9 | el g 2

) w8 o % Feeida & o e g g 0
(i1) MK%T@&%WT&WWW%?
(S 1 K9l 91T 97 = 39-1)
(iil) K"l 31 s feat 2 2
(c) cmmmﬁﬁzﬁ%aﬁmﬁx%mﬁh%hﬁ%a&%ﬁw@m
R 7
@a%%qcclaﬁf{maﬁgﬁ%ww@ﬁ%?
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(a)  The basic Schriodinger equation for a hydrogenic (1-electron) atom is

=2, 7 ”2
e Vzw*iﬁ_}e ]i!}:E‘l@i
Zu \47m e T )
(i) Explain what the terms in this equation mean. 5
(ii) p is the reduced mass of the electron-nucleus pair. For hydrogen,
how does it compare with m, , the mass of the electron ? 5
(ii1)  Evaluate the average electron-nucleus separation for the ground
. state of a hydrogenic atom :
<T> = f Wy dn r? dr
0
; N ol n!
given that jrn e T dr = .
al’H*L
0
and the wavefunction is given by
1/2
3
W(T) . Zg W e—.Zr/aD
aSx)
where Z is the nuclear charge and a, = 4n g, h2 Jmn, e? = 529 pm
is the Bohr radius. 10
(iv)  Why is this different from the most probable radius (a,/Z) ? 5
(b)  Potassium crystallizes as a body centred cubic lattice having unit cell
length a = 520 pm. Sx3=15H
(1) What is the distance between nearest neighbours ? 5
(i1) What is the expected density of crystalline K metal ?
(Given : At. wt. of K= 39-1)
(iii)  What is the ionic radius of K* ?
() What are the electrode reactions for charging and discharging of the
Cd — Ni alkaline battery ?
What are the advantages of choosing Cd and Ni for the cell ? 10
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Q4. (a) NOp T8 & 9 T TF Sggav™ G0 19 7 | 59 30 N9 % ¢ +0 +
0°C & = Iz1 Rer Sral B, 99 ST NFw WR wg Sl B, SN SEe
SRR 31 17 3 9T & '

(1)

(ii)

(iii)

(b)) @)
(i1)
(iii)
(c) ()
(i)
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g Torg HOeAT 1 SR id 5T, T O T ey, St W
0T T TASIHT o 2 |

BB L TN M e el 1 e ol o1 R ol e o
FERTISY & o o emad ®

298 K W ¥Rl o ToIg wremawen s =1 uiwem w0 % g,
G 9T NO,y, 3R 39% Ic07e % gl & forg FefaRaa offee

P, =46 mm Hg, p (3€) = 23 mmHg
NGy

3TMES! 9o = B B 2

WWWXAWXB%WWW%W,W%E‘T@
% oo s < o Felafee B 2

Amix S =-nR (x in'x, + x5 In xg)

o

W& n =n, +np IU(FI A F n, TEAYS FWEI B F g
THIYAT < THOTEET 55 o= 5 5o qEn § |

FH-T AN 3N T e verh vem o 9

Hy 319 % o st LCAO — MO oo w1 fmfor hiftr |

ETESISH-FGY TUTheH! & ¥4 § Hy 319 71 909 H % 170, BEeer
3R ST % G T ATTHISHH VB TR Feffd § -

d=cyy, (D, (2)+cyy, (2)yy (D

W(i)ﬁﬁa@w%@%mﬁwmwaﬁmaﬂt,ﬁ
FIE T 7, O 3§ W ool Fifd |



(a) NOo gas is a paramagnetic brown gas at room temperature. When a
sample of the gas is cooled below 0°C, its molecular weight increases,

and it loses its paramagnetism and colour. 5x%3=15

@

(i1)

(iii)

(b)) @

(ii)

(iii)

© M

(1)
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Using electron dot structure, write an equation which accounts

for these observations.

Based on these observations, predict whether the reaction taking

place is endothermic or exothermic,

Use the following data for the pressures of NOy andqits product

at equilibrium to calculate the equilibrium constant for the
reaction at 298 K :

Py 0q =46 mm Hg, p (product) =23 mm Hg
What is an ideal solution 7

Show that the entropy of mixing of two liquids to form an ideal
solution of mole fractions x A and Xp is

Amix S =—nR (x4 In X +xg In xp)

where n = n, + ny is the total amount of solution resulting from

n, moles of liquid A and np moles of liquid B.

What mole fractions give the maximum entropy of mixing ?

Construct a trial LCAO — MO wavefunction for the H2 molecule.

The trial VB wavefunction used by Heitler and London to
describe the H, molecule in terms of hydrogen-like
wavefunctions is

¢ =cy ¥, (1) 4y, (2) + cg W, (2) Yy, (1)

Compare with the wavefunction you wrote in (i) and comment on

the differences, if any.

10

10
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TIE B

SECTION B
Q5. (a) TS T el T =5 TESH IEEAVIY YER
( 0H
ol (.——j
P )

i = S[E — ATHE T
Cp = SN gre T JHv ferfimse e |

(b)  185°C ¥ T TR-TEEHR S % @y et off s # i R | 53 A
i TRIT SHET ST 8 2

TH A9 % dfedeg & e wE-w arivaes ey g o
(¢) T=laigg e

H, (g) + % 0y (g) + HyO (= 2H* + 20H

+ T AGSgg ™I — 77-8 kJ T ST 2
Ffefea erd-arfifman

—% Oq(g) +HoO () + 267 —» 20H
& fag Bjyq &1 uiter HIRm |
(g9 : 1 U= = 96,500 C)

(d) TEEE WG A — B el o Frefeiea & o e s wswan
8 | :

@ “‘zi*” i E‘_?t_] ¥ f7n (AL [A%] 3T 3 fRRE % w0 § s

ToaRem
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(e)

(a)

(b)

(c)

@) A* % T R sEe @Rt B AW W Ie §u, (A] ofw 3

ferw % w7 ¥, s B ¥ Rew ¥ R A Ons sifiers
Him |
(i)  Topd qEmetl % e, affhan (1) wom R o (2) Bl |0 B W
ST ® 2
3 AR T FT TR F TN 8 2
firg iR & wWisiow ¥ fre, ssifvg wm?ﬁwfﬁ? * SUsE 2
+

%,aﬁPﬁm%w%w%,AﬁRKﬁaéswmél

Show that in the adiabatic reversible expansion of a gas

oH
H.C :“[M_)
E &P )y

u = Joule — Thomson Coefficient

where

Cp = Molar specific heat at constant pressure. 10

Below 18-5°C triethylamine is miscible with water in any proportion.
What is the temperature known as ?

What is the molecular mechanism for the existence of such a
temperature ? 10

AGsgg is found to be — 77-8 kJ, for the following reaction
By () + % 05 (g) + Hy0 (1) — 2H* + 20H"
Calculate Eg% for the following halfreaction

02 (g) + HoO (D) + 2¢” = 20H

B | et

(Given : 1 Faraday = 96,500 C) 10
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(d) The mechanism of a chemical reaction A — B can be written as follows :

()

(ii)

(iii)

x ZEA] and d]A% in terms of [A], [A%]

Write expressions for :
t

and the rate constants.

Assuming a steady state approximation for A*, express.the rate

constant for the formation of the product B in terms of [A] and

the rate constants.

Under what conditions does the reaction become (1) first order
and (2) second order ?

() How many types of absorption are there on solid adsorbents ?

Prove that, for chemisorption, the amount of the adsorbed phase m is

equal to =
1+

where P is equal to the pressure of the adsorbent, A

and K are some constants of the system.

Q6. (a) RgSiCl, RySiCly, RSiCly, (R = W) ! [&icier Sgaeh! I s # SWHTA
form <t B 1 wvewwr & 1 st B yfieeet o s Sk |
(b)  EHEHTSY I

@)
(i)

(iii)

(iv)

© @

(i)
A-BRL-M-DIFA

HH [CuCly )2 o afSied B, 7 [Cul ]2 =1 76 |
[Co(CN)l* & WoHma [Co(CN)gl>~ wmar wrft &, wefe
[Fe(CN)g]3~ & TFA [Fe(CN)gld™ vamer womft 2 |
dilsn a1g HCN & Fregom i & i % oy frafa @ o 3, wg
T8 GoeRfieh 3T o fawifa 4 gl |
[Cu(en)o]* =1 ToTfied ORI [Cu(NHy), 2+ & T foms @
eIl BIA § |

(en = NH, - CH,, - CH, - NH,)
Siereiior IREEA & S, SRl 1 Feshrl YH1E F1 BT £ 2
AT C F g T 7R S S 1 avi R |
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Q7.

(a)

(b)

(c)

(a)

(b)

(c)

(d)

(a)

(b)
(c)

(d)

RgSiCl, RySiCly, RSiCls, (R = methyl) are used for making silicon

polymers. Explain the roles of these compounds in the synthesis.

Explain why

(i) The complex [CuCly] 2= exists, but [Cul,]

() [Co(CN))*~ is more stable than [Co(CN)Gl*™, whereas
[Fe(CN)g]*~ is more stable than [Fe(CN)gI3~.

(iii)  Copper metal dissolves in HCN with evolution of hydrogen gas,
but it does not dissolve in sulphuric acid.

(iv)r The stability constant of [Cu(en)o]®* is higher than that of
[Cu(NHg), 1%

(en = NH, — CH, — CHy — NH,).
(i) What is the co-operative effect of haemeglobin during oxygen
" transport ?

(ii) Describe the metal site of Cytochrome C and its function.

WW%WWWWWW%S nm W AR
stftreham TR Seot 508 nm T $4 (G 6 TEien auar 400 & |
mﬁrwaﬁﬁﬁﬁmmw‘%ﬁ%%wﬁméﬂ%?
E%W%%m%mﬁmm%mw@@qaﬁw
<feor & § | T Hifv |-
ﬁaﬁgaﬂxwwﬁa%aﬁaw-@@m@%%?w%%ﬁmﬁm
q, ITE W FC G2 Hw |
25°cutN205a%aﬁ-sa1gaﬁt10%%&1@31@9&33@%7%%,
aﬁ%ﬁfsmmaﬁéﬂﬁm,k:6-93><10—5s“1%|

A solution of a_dye has its maximum wavelength light absorption at
453 nm and maximum fluorescence emission at 008 nm. The quantum
efficiency of fluorescence is 40%. What percentage of absorbed light is
emitted as fluorescence ?

'The absorption spectra of lanthanide ions are sharper than those of ions

of the first transition series. Explain,

What are the differences between the triple point and boiling point ?
IMustrate with the help of the phase diagram of water.

Calculate the half-life of N 205 at 25°C and the fraction decomposed after

10%s, given that the rate constant of its decomposition is
k=693 x10551,
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Q8. (a) () TN WHA [Co(NH3),Cll™ % @@l = & ? = &, &t seh
EEIE % L@ ST SR UEISEEET % WhR (3 THH) Y gEaH

ik |
(i)  HPal & TaEEE (IUPAC) 7 fafeaw |

(i) W TEEEEl % wEwn s el of twmle sl
Brell & 2

(b) 0°C W & % 36 g ¥, 0°C W &% H Ishuofig W[ + AT AG, AS 3K AH
% HMI S GHEe HINT | 0°C T % % Ted B A S 335 Jglo b

T 3§ |
(¢) U= i for = &R0l § 75 39 A it 3w B & &f9 faomm =1 monsifas
forg foeer g 2
(d) R
Hg,Cly + Cly — 2Hg?" + 4CI-
% A 8 E° &1 T i |

= ; efate s e -

E° (Hg,Cly /Hg) =027V
E° (Hg ' Hgo ™) = 092V
Eo(Hg [Hg™) = 079V

E°(CL /C1) =136V

T4 . T & fou R

Nj =6-022 x 1023 mol !
h = 6626 x 1034 Js
Kp =1-38 x 10723 K1
c=30x 1{)8 ms’"1
R = 8314 JK~ 1 mol™?
F = 96,500 C |
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(a @ Does the complex [Co(NHg),Clyl* have isomeric forms ? If so,

raw their structures and identify the type(s) of isomerization.

(ii) Write the chemical (TUPAC) name of the complexes,

(iii) Do the isomers have identical physical properties and chemical

reactivities ? 15

(b) Calculate the values of AG, AS and AH for the reversible condensation of
36 g of water at 0°C to ice at 0°C. The latent heat of melting of ice at
0°C is equal to 335 Jg ! 15

(¢)  Explain why the eutectic point of a solution between solid A ‘and solid B
1s invariant. 10

(d)  Caleulate the standard potential E° of the reaction

Hg,Cly + Cly — 2Hg?* + 4C1-

Given the following reduction potentialg’

E° (Hg,Cly /Hg) = 027 V
24 por 24 '
E° (Hg /hg2 )=0:92V
2+
E° (Hg /Hg™) =079V

E° (Clg /CT) =1-36 V 10

Given : Comstants for use
Ny = 6-022 x 1023 molL
h = 6-626 x 10734 Js
Kp = 1-38 x 10728 JK-
c=30x10%ms?
R = 8314 JK1 mol!
F = 96,500 C
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