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

Candidate has to attempt FIVE questions in all.

Questions no. I and 5 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 o question/part 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 a 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) TUAN m 1 TH HI, wéL%“téﬁiqaaa@swaﬁq;{@g%&W%W
v (x) Frefafea €

v, (&)= \/% sin P%X; n=1,23, ..

n FE1EH GE&1 8, 3R 0 <x < L 1o i Sfes = ary-ured i gl 2 |

) n=1n=23Rn=3%mY e % g areer % @i
STST |

G)  avi B B T R
P, () =y} (0w, (=) 50 T R |

(i) n=1n0=23Rn=237% T G & TY, 1 5 TG b 3T
T S 1 WTRISaT 61 Y@ 96T |

(iv)  fed o o1 o1 fiEa gam g 2
(b) ()  Tidl S Seamiaesa; gy R ger 6 S g 2

(i) o yier sl foem o et e H§ AS w fiest frm g 2

Gii) 25°C W, U®Ee — FU BF HHUW B T  giEad
1-8961 kJ mol™! & 3fiv wgift ufeds 3-2552 J mol™t & | 25°C W
@a: fexn &H-Hl g 72 aM ° gig % g fhu fewm =1 ol e 8 2

() oIS

RT a

A -y e
m ™~ Vm

% g IRwTNE, It ared g & wifas e (2, , V,, T,) % forg susmt
=1 fauttor Sifte, et et o 79 T 31 € |

A-BRL-M-DIFA _ 2



%
4
Sil
G
o
L
'{!" 't
h
&
£
e
5
- 7
£,
%

(d)

@)  He0 () =Hy0 (@

(ii) CaCOg (s} = Cal (8) + COg (g)
(iii) 2Hy(g) + 05 (z) = Hy0 (g
(iv) HQO (5) = HQO () = ﬁzg {g}

(v} ~ NH,CI(s) = NH;(g)+ HCl(g)

(e)  ITierefio ARt % e i gien wSedt 246-5 kd mol™! § | TEE wEl
qUICEd aTel Bie, S Oy B o = weh, ¥ ' 2

(a) A particle of mass m is confined in a one-dimensional box of length L.
The wavefunctions y_ (z) of the particle are given by

wﬂ{x)z \’% sin %; n=1.28 ..

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

of the box.

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

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

P, x)=vy] @y, ®

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

(iv)  What is the average momentum of a particle in a box ? 10

by @ How is entropy defined thermodynamically ?

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

(iii) At 25°C, the enthalpy change of the graphite — diamond phase

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

c i
e Van der Waals gas, defined by the expression
P VRT - - az
= Vi
where the symbols have their usual meanings. 10
@ Calculate the number of phases, components and degrees of freedom in

the following systems : 10
O  HO00=H0 (@ |
(i) CaCOg (s) = CaOl (s) + COs (g)
(i) 2H5(g) + 05 (g) = Hy0 (g)

v Hy0(s) = Hy0 () = Hy0 (g)

(v) NH,CI (s) = NHj3 (g) + HCI (g)

(e) The molar enthalpy of formation of oxygen atoms is 2465 kJ mol™..
What is the longest wavelength photon which could dissociate Og ? 10

o G 33 OF, OF~ it OF* & gorn Hifvm it Yo = a9y e
Q2. HYHI, A FI, AEY AAFA, Y HAA HR AgEhE W
<=t i |

i) TrfaRaa # @ 59 Sl & MaTHa 98 STEY HI §H h AT 7
R = 2

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

(5) NHjz 3R NF4
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(b) i i ‘e R % AR i §,

\3/2
M 2 ¢ MvZ/2RT
2n RT

f(v) = 475[

@) He % g 3R Ny, & 10, f(v) o1 Y@nRe s9mey |
)  cuise f$ f(v) WemwiEa 3, 19

jf(v) dv = 1
0

(i) ENTSY FF Wil Swsa STioes T vy, , Fefeiea g o6 ®

2RT
Ve =M

(0 20°C W 9 & - @@ 72:75 x 107> Nm™! 2 | 3¢l a9 | TIHiA &
3324 JHE-NFGNA I feRE W oy = 8324 x 102 Nm™! B | &
p = 0-9614 x 103 kg m™3 Te=m & 7w oK 09982 x 10% kg m™ 5@ &
o | et i weht # Uespialer faerm fean o8 oW 3o ?

(a @ Compare the molecules OF, OF ™ and OF¥, discussing molecular
orbitals, bond orders, bond Ilengths, 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) SF5and BeFy
(3) BFgand BFy
(4) PHgand NHj
(5) NHg and NF5
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(b) The molecular speeds are distributed according to the Maxwell
distribution,

. 2812
f(v) = d-”t[ M } w2 :;!—I‘-‘IVA! 2RT

- (@) Sketch f(v) for He and for Ns.

(3) Show that f(v) is normalized, i.e.
jﬁf (v)dv = 1
0

(iii))  Show that the most probable molecular speed v,y , is given by

{2 RT
Vmp = M

(c) The surface tension of water at 20°C iz 7275 x 107° Nm™L A

33-24 vol% solution of ethanol has v = 33-24 x 102 Nm™! at the same
temperature. Given p = 09614 x 10% kgm™> for the solution and
0-9982 x 103 kg m™2 for water. How much less will alcohol solution rise

in the same capillary tube ?

Q. @ TSI (1-Serer) YY) % forg s Sifs=r we Refiied ©

() = shitee o 5 wefies o uifeaiies wrsdl o1 aan 1Y § |

()  p FEGHIRGG SIS 1 MG GAHH B | BISGIOE % 07, ¥ m,,
TNFE & ZoIUM, % WY FRE TR g T 8 2
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(iii)

@iv)

BIRGISHIA Y] B T e o for Sftea et ATien e
T TR =Hig :

<r> .—.I v*rydnr?dr
0

I e HEeTRgd g/ o &

73 /2
W(r)={ = J o H By

ag T

St 7 T W R 3 a, = dne,h?/mge? = 529 pm IR
EcIE R

59 sru @ 77 Taiits wRkes B (a,/2) B R g 2

(b) UIRIH U Sifedsh! w=Ts a = 520 pm I Tsh 3id: higd HH1T TeTF =
w9 ¥ freefera BT 2 |

@)
(i1)

(iii)

el I8 % Feeafaal & i fohal gl 3 2
foreeela K umg it yenfsm wemar et g 2
(&XT : Kb Y] Y1 = 39-1)

K+ 3t e fosat 8 2

(c) Cd-Ni g 928 = =M iR few=ntm & o sowgrs sifufRand @ g

22

S & foTg Cd 37 Ni ! o o &1 A 8 8 2
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(a) The basic Schrédinger equation for a hydrogenic (1—electron) atom is

8 EO
(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

(1ii) Evaluate the average electron-nucleus separation for the ground
state of 2 hydrogenic atom :

<r> =j. v rydnr?dr
0

: t
given that J.rn I e
0

-1
e

and the wavefunction is given by

ZS 1/2
w(r) =( = } e—Zr/aO
agm

where Z is the nuclear charge and a, = 4n g, h?/ m, €% = 52:9 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. 5u3=15
(1) What is the distance between nearest neighbours ? 5

(ii) What is the expected density of crystalline K metal ?
(Given : At. wt. of K= 39-1)
(iii)  What is the ionic radius of K* ? 5
(¢)  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) NO, ffg & a9 W T Fgaehd 0 18 3 | 59 39 19 & T 1 &l
0°C & = Su1 5 waT §, 99 S e ¥R W] Wl 8, 3K S

(i)

(i1)

(iii)

) @
(ii)

(iii)

(e @

(i)
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FATLA Tog FEAT B T HLd Y, T HT HHIH ey, S $H
QU] T TISIH H 2 |

W U W oNOING, (@O @EY 6 W U arel TR
SIS & A foh Femadt § |

298 K W Al & fow areesen f8ne =1 uieed 56 % [,
rEEE W NO, 3R 3U% 3¢uE & gl & foe Fefatea safesl
1 SEHTE SIS ;

pN02=46mmHg, p (3E) = 23 mm Hg

J1eyl I == BT § 2

Y I x, I xp % NG oA S o o, guisy T @ gal
¥ fasor SR i T PR ded @

Amix S =-1nR (x, In x, +xgln x5)

EH] n=nA+nBaﬂfﬁ\§HAa3nAW3Tﬂ3ﬁ3ﬂ'{§3B%nB

TS & ToTTEEy 9 foereE i g A
PI-Y Tma] 2w A fygo ol vem e € 2
Hy 319 & {70 Stemmest LCAO — MO GUThe =1 fmior i |

TIESSH-HGY TUTHTHI o ¥4 § Hy 319 1 9V HH & o, BHeer
3T e & I T SToTssit VB qlmwher freferfia 3 -

d=cq W, (1) wy (2) + cy y, (2) gy (1)

9 (i) § S TTheH for@l & 3% W19 SHehl o shiferm 3f, afe
H1E A 7, 9 39 | ot Hfvw |



(a) NO; 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 paramagnetizm and colour. bx3=15

@)

(1)

(iii)

) @

(ii)

(iii)

0 @

(i)
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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 NO5 and its product

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

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

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

Amix 8 =—nR (x, In %) + x5 In xg)

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

n, moles of liquid A and ny 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 W, (1) yp, (2) + cg W, (2) Yy, (1)

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

the differences, if any.

10
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SECTION B

\ % N o o
Q5. (a) SINSE 56 15! 718 5 Tgi%H 3hHid JER H

Cp = AT gl T AR Fofime o |

(b) 185°C ¥ = TE-Ti¥muHa et o @y fopelt off sigara & fsnfia 8 | 59 o
I 1 FHaT Al g ?

TH 9 & Jieded & 0 HiE-8 3nfvges e g 2
(c) Tr=taiaa smfssa

H, (g) + % 05 (8) + HyO (1) — 2H* + 20H"

% TR AGSgg ™l — 77-8 kJ WTaT ST € |
Ffafea srd-arfuien

% Oq (g) + HyO (I) + 26~ —> 20H"
% foIU Egqg &1 ufteher IR |
(ga : 1 HUS = 96,500 C)

(d) TERES AW A — B hfaly ot F=fefan & @R foaman s aesar
¥ '

o =8 e L 3 o gal, (4% s R v oo

fafew |
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(i)  A* % {ou Tl e dfFeT I 9F T Fed gL, [A] R I
forml & %9 H, S9E B % e & o an s afters

i |
i) T gl % 2Efiw, TMRRAT (1) WY SHife 3R (2) o™ Sife H s
STl § 2

(e) O AY=ITh W R TN < ST B0 & 2

firg it 5 Wi 3 e, s B m & T 1:*;_? ¥ wuat B

8, &l P AR % e % e, A SR K 9 % 5o Tuue § |

(a)  Show that in the adiabatic reversible expansion of a gas

6H
H.C :—(_)
B P )y

u = Joule — Thomsen Coefficient

where

Cp = Molar specific heat at constant pressure. 10

(b) 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

()  AGggg is found to be — 77-8 kJ, for the following reaction
H, (g) + % 05 (g) + HyO () — 2H* + 20H"
Calculate E§98 for the following half-reaction
% O (2) + HyO (1) + 26~ — 20H™

(Given : 1 Faraday = 96,500 C) 10
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Q6.

(d)

(e)

(a)

(b)

(e)

The mechanism of a chemical reaction A — B can be written as follows :

Ky
A+rA =A%+ A
K,
arXo .3
— *
&3] Write expressions for iEA] and d? ] in terms of [A], [A*]
t

and the rate constants.

(i) 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.

(iili) 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

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

equal to

and K are some constants of the system.

R3SiCl, RySiCly, RSiClg, (R = #foa) i flferena sgaienl ol o9H § s&qared

Topam e & 1wy ° 9 AR i st @l T il |

REEIRUERTE

()  TFA [CuCly? = I ], WG [Culy]? w1 =&l |

(i) [Co(CN)gl* % oMl [Co(CN)gl®~ TG Tmii 8, &b
[Fe(CN)gl®~ % et [Fe(CN)gl: arer =orfi 2 |

(i)  dfen ug HCON ¥ gRgieH T8 & i & my fomfa 8 ot 8, wg
98 aewie It | faafya 8 geft |

(iv)  [Culen)y]®* =1 Tonfiea TR [Cu(NHg),?* & Tl fors @
1 B R

(en = NH,, - CH,, - CH, - NH,)
() SIS IREET % SR, EEAEie %1 TEHR YUTE F91 Eal 8 ?
(i)  GEEEAIT C F urg T R 35 Fhrl 1 9ui i |
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(a)

(b)

(c)

Q7. (a)

(b)

(c)

(d)

(a)

(b)
(c)

(d)

RgSiCl, RoSiCly, RSiClg, (R = methyl) are used for making silicon

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

Explain why

(i)  The complex [CuCly)? exists, but [Cul,]*" does not.

(1i) [Co(CN)g]‘?"‘ is more stable than CD(CN)E;]‘}"‘", whereas
[Fe(CN)gl4~ is more stable than [Fe(CN)gI® ™.

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

(iv)  The stability constant of [Cu(en)9]?* is higher than that of
[Cu(NHjz) 12

(en = NHQ —_ CHZ — CH2 — NHQ)
(1) What is the co-operative effect of haemoglobin during oxygen
" transport ?

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

TS % F fooen 3u% oiiman qiieed YT STEeiNy 453 nm T AR
Altay SRt 368 508 nm W 3 | WiAGHH 1 e c¥al 40% B |
ety Feprar o e Tftreraan o1 IRy & w9 o Scon 21 R 2

T THAT Fft F AR 5 TR AAISE Sl F ST TFH AH
e Biq & | Tose IR |-

P foig ot e % o= F-F ST B § ? T % bol NG hl HEET
¥, ITE oA 7Y GEI HIT |

25°C W NoO5 Tl 3H-3Tg X 10* s & 1T AqE(d 7Y 1 Tiehe I,
&a ? fop 3% 39eeT %1 30 O, k=693x10°s1% |

A solution of a dye has its maximum wavelength light absorption at
453 nm and maximum fluorescence emission at 508 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 ?
Ilustrate with the help of the phase diagram of water.

Calculate the half-life of N9Ojg at 25°C and the fraction decomposed after

10%*s, given that the rate constant of its decomposition is
k=693x107s7L
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Q8. (@ () N "HE [Co(NHg)Cl)* % wwmemdl &9 § 2 AR &, @ Iehi
TS % Y@ ey o el & TR (S IHRI) hH 9mEE

i |
(i) HPpal % TEEEE (TUPAC) M faRew |
(i) @ FEHEEEl $ geun oifds Torm R TEEEe sl

&7

(b) 0°C W & % 36 g %I, 0°C T &% # ISHAVIE Fov % fTT AG, AS IR AH
% Ml w1 afERe I | 0°C W wE F e 6 9 T 335 Jgt %

ERE
(c) Tuse SHifsu 7o = o § 76 39 A 3 3w B & = fae =1 nersmifas
forg e g 2 |
(d) iR
Hg,Cly + Cly — 2Hg™" + 4CT-
& UM f99a E° &1 9iehed SN |

o ; Frefafaa s e
E° (Hg,Cly /Hg) = 0-27V
E° (Hg™"/Hgo ") =092V
E° (Hg /Hg?") =079V

E° (Cly /C1) =1-36 V

T : 3EHTE % o fonms

Ny = 6-022 x 1023 mol™?
h = 6626 x 10734 Jg
Kp =138 x 10728 JK1
¢=30x108 ms’1
R =8-314 JK ! mol™!
F = 96,500 C |
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(2)

(b)

(©

(d)

() Does the complex [Co(NHg)4Clolt have isomeric forms ? If so,

draw their structures and identify the type(s) of isomerization,
(i)  Write the chemical (IUPAC) name of the complexes.

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

reactivities ? 15

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"l. I5

Explain why the eutectic point of a solution between solid A and solid B
is invariant. 10

Calculate the standard potential E° of the reaction

Hg,Cly + Cly — 2Hg?" + 4CT-

Given the following reduction potentials :

E° (Hg2012 JHg) =027V
2+ 4 2+ '
E° (Hg™"/Hg, ) =092V
2+
E° (Hg /Hg" ) =079V

E° (Cly /CT) = 1:36 V 10

Given : Constants for use
N = 6-022 x 1023 mol ™
h=6626 x 1034 Js
Ky = 1-38 x 10723 JK!
c=30x108ms™
R = 8-314 JK™! mol™!

F =96,500 C
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