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CHEMISTRY (PAPER-])

Time Allowed : Three Hours Maximum Marks : 250

QUESTION PAPER SPECIFIC INSTRUCTIONS

(Please read each of the following instructions carefully before attempting 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.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question from each Section.
The number of marks carried by a 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 have their usual standard meanings.
Assume suitable data, if considered necessary, and indicate the same clearly.

Attempts of questions shall be counted in sequential 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 Question-cum-Answer Booklet must be clearly struck off.
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FO ITAN HWiferes ferie 3R waiawor ot
Some useful fundamental constants and conversion factors

N, =6-022x102%3 mol™!

freanl feti®h/Rydberg constant =2-178 x107 8 J
c=2-998x10% ms™!

kg =1-38x1072% gK!

e=1-602x107"9 C

m, =9-109 x1073! kg

F =96485 C mol !

R=8-314 JK ! mol!

h=6-626x10"3%Js

n=3-142

1 amu =1-66x107%7 kg

1 cal =4-184 J

1J=1kgm?s™?

1A=10%cm =10"""m =01 nm =100 pm
1 atm =760 torr =1-01325x10° Pa

1 bar =1x10° Pa =0-9869 atm
1evV=1.602x107"17J

1 L atm =101-34J

1 eV =23060 cal mol !

4n2c? =3.55%10%2 cm? s72

h2
me

=6-025x10738 gm?2

hc=1-986x10"%° U m
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WUs—A / SECTION—A
1. (@) &% ardfes W gfiEo, 99 ST 9ed gHieE
)
[P+n—2a)(V—nb)=nRT
14

B Ifafga g § SF-|1 yEd SAd-A0aE S s@ R FH-T1 SIat-Sivas
wfterdor e gwifar &7 SI womelt & T 3FRET 1 AR

One real gas equation is van der Waals equation

2
[P+lEJ (V = nb) = nRT
V2

Which parameter in the above equation reflects the intermolecular force of
attraction and which one reflects the intermolecular force of repulsion?
Give their units in SI system. 5

(b) WA A FIYE 6 TS B % I8 1 ¥ ST | FH-T1 e SGET (i) 94 €, (i) GEAF 9,
(i) TEATH, (iv) FRE TF 3R () T o welfa wen? s=mEn fitg

The surface tension of liquid A is greater than that of liquid B. Which liquid
will show larger (i) vapour pressure, (i) cohesive force, (iii) boiling point,
(iv) capillary action and (v) wetting property? Explain. 5

(c) TH uTg % & §U A TRl R ZAWR GHA §, IR T Femaiiar @ 15 J KL (i
o o R 6 wr @owm W AR TE ), AfF 3 wEe: B aeEE 300 K @Ot 400 K
T 81 IR 2 sclfent § Fofg dod R 3R I wramEawen 9F qg §, A siftm @ aun o
gfEdq it e AR (IR i 2E s 3 faefa @ o oTe B R)

Two blocks of a metal having same mass have same heat capacity 15 J K}
(presumed independent of T), but are at different temperatures 300 K and
400 K, respectively. Calculate the final temperature and entropy change, if the
blocks are in thermal contact and reach equilibrium. (Assume two blocks
together constitute the isolated system) 5

(d) 300 K A9 3R 1 atm 3@ W SEARLISA g6 H1 20 Ufawrd AEeeH ersifarEe i
fomfem & 21 78 am W sfifEn @ aw R (K ) 7o S g S gieda 6

T ‘qelﬁ!‘l 5
N,04(g) = 2NO, (g)

At 300 K temperature and 1 atm pressure, dinitrogen tetraoxide is 20 percent
dissociated into nitrogen dioxide. Calculate the equilibrium constant (K p)
and standard free energy change for the reaction at this temperature :

N,0,(g) = 2NO,(g) 5
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(e) NH,Cl(s) ™ % ® fifom dran 2
(i) 39 FEW F 99 U 5 fe=a 7 foran wan R, ) 36 Raw wes oiR wrawyrd ufem #7
(i) ¥@ 7 wifoe @ fe=a § wfofes NH, oft 3ufeym 21 e wes ofr wrawamd sufedm
Y
NH,4Cl(s) decomposes when heated.

(i) How many components and phases are present when the salt is heated
in a closed container?

(i) Now, suppose additional NH; is also present in the container. How many
components and phases will be present?

(N & wa sz (em W) = foewr e ¥ foomm # Swd @@ ¢ (AgNO,)
=5x10"* kmol m™ qon gudt faear e &I C,(AgNO,) =1x1072 kmol m ™ I izl
I faeaa # fmfsm o w21 Sga-smgen fyagl 1 @av &g % Tem @ S T 2|
25 °C R Toe@-vamafs & & T fawa F @ AE A o S (Fmmee fRfa
F ) |
One silver rod is immersed in a silver nitrate solution of the concentration
C,(AgNO4) =5x10"* kmol m™ and a second silver rod in the concentration
Cz(AgN03)=lx10_2 kmol m™3. The electrolyte solutions are connected by

salt bridge. Calculate the difference AE of the redox potential for the
electrochemical cell at 25 °C (under equilibrium conditions).

(g) %< Tawa = fawaardt g y=-um fufa § a1 sfvEd 27

Why is it necessary to measure the cell potential using potentiometer under
zero-current conditions?

() TSERT N IgeE i @ FR men it % o fe § R 8§ e ¥ a9 svR e @ e
ST, @ Siedl @UE &) oH forn e £ @mn 8 °C ammE # gad 3 30 °C d9HH W 40
T SUTE1 Sed! @O g6, @ §9 uHed WEAl 6 wiEaw SS @ steen A
Everyday experience demonstrates that food will spoil outside in a hot
summer day much faster than it would be in a refrigerator. Estimate
the activation energy of these decomposition processes by assuming that

food will spoil about 40 times faster at a temperature of 30 °C than at
a-temperature of 8 °C.

() T 5 7 % ywm § o g 21 Ta B gh Aue d e @ R e s IW A g
e

A flower is red in colour in daylight. What will be its colour in green light at
night? Justify your answer.

() oW Hae W MW w wa: AN FH qUEE W SHEa B 81 #®&l, S fif)

Spontaneous adsorption of gas on solid surface favours low temperature.
Explain, why.
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2. (a) U T yonell % g enfoas we = dewae faaw fPefafaa @

3/2
ch=4nN( i ) c? e Mc*/2RT g,
2nRT

(it % ond it )

(lxd‘NCJaﬂ c ¥ WY @ FAR—
N dc

(i) q JS-HST AWE T, AT, T T, > Ty

(i) 3 TH-YF THAH M, A MW My, > M.
F el $ g fif

The Maxwell distribution of molecular speed of a gaseous system is

3/2 i
dnN, :41IN( - ) o g ME 2R e
2nRT

(Symbols have their usual meanings)

Plot (—1-‘ X dN") against c—
N dc

(1) at two different temperatures T} and T; T, > T;;
(i) at two molar masses M; and M,; M, > M,.

Justify your plots. 8+7=15

(b) (i) A fhelim T A 9 B F Y8 GG F: v, "y 81 & A aw@l B e §
feran o, A 37 2 7@ wrawenait ¥ v soOydE G F=mEm? (R TR iy, >vp)

Two immiscible liquids A and B have surface tension values y A and yg,
respectively. When both the liquids are taken in a container, then what
would be the interfacial tension between the two liquid phases? (Given :
Ya >Yg) S

(i) 20 °C AUHE T TS h MR 42, g s 220 nm 2, 39 Gag F AR-1R
faves 2@ F T Hif) 7@ a9EE W AT F 98 dE 22:39 mN mo! R

Calculate the pressure differential across the surface of ethanol spherical

droplet of radius 220 nm at 20 °C. The surface tension of ethanol at that

temperature is 22:39 mN m ', 10
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(c)

(i) 25 °C R LA hit 9fd A Fedure H W F 62-3 kJ mol ! ® a1 H(g) &
# aFE T 247 kJ mol ! B1 §® 225 °C 99EH W Hi(g) i awl A s B,
@ T gfEdr N o Aife) 25 °C B 225°C ) quEE W § 0H-30E

Hy@); Cp m =29-08 JK ™! mol™

I(8); Cpm =33-56 JK ' mol™

HI@g); Cp m =29-87 JK™! mol™!
At 25 °C, the latent heat of sublimation per mole of iodine is 62-3 kJ mol !
and the standard enthalpy of formation of HI(g) is 247 kJ mol 1.
Calculate the enthalpy change which occurs when HI(g) is formed from

the gaseous elements at 225 °C. The mean molar heat capacities over
the temperature range 25 °C to 225 °C are :

H,(g); Cp m =29-08 JK™' mol™
I,(8); Cp m =33-56JK " mol™
HIE); Cp m =29-87 JK™' mol™

(ii) Fr=fafga sfufEn % T 400 K aum ® AG® 6 omn Hifsm -

“Nalg)+> Halg) > NHs )

A fife & AS°® ammm w fnft 78 21
(Rmmn @ :  AGggx =-16-496 kJ mol !
Siu, =192-45 J K™ mol ™!
Sk, =191-61 J K™! mol™"
Sk, =130-68 J K™! mol 1)
Calculate AG® at 400 K temperature for the following reaction :
1 3
5N2{g)+5H2(g)-~>NH3(g)
Assume that AS® is independent of temperature.
(Given :  AGjegx =-16-496 kJ mol ™
Skug =192:45 J K™! mol ™!
Sy, =191-61 J K™! mol ™

Sh, =130-68 J K™! mol ™)
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3. @ (i @ﬁmuﬁﬂ@m%mmﬁmﬁm%ﬁﬁmﬂﬁﬁ%w
TOEH U, H, A 301 G % & § g Hifvg)

Derive the expressions of chemical potential of a component in a mixture

system in terms of extensive thermodynamic properties U, H, A and G. 10

(ii) M (e = 321 °C) 91 famy (7% = 271 °C) h-gR & 919 39 faewm
1 AffE Tdf I ' e TeEwifos fag femw % 61 wR wfiea @ 146 °C W
@ ®1 % wawen s@ w1 Wt e qun SR-d reend de 8, 7 it *
fore g W R Aee i) 39 Temsifas e F wiaem o A e fivg)

Cadmium (m. pt.=321 °C) and bismuth (m. pt.=271 °C) do not form solid
solutions or compounds with one another. Their eutectic point lies at
61 weight percent of bismuth and 146 °C. Sketch their phase diagram and

label each region to show what phases are present. Explain the cooling

curves of this eutectic mixture. 10

(iii) THEA-3E 5w w1 fewewrd fasvr FR FW = B9
How does acetone-dry ice freezing mixture work? 5
(b) 25°C | ichg fae@d # E =5V em ™ &1 wnift foggq-&= & gan 2, ol 2n2* s
F G v=2.-74%x10"° m s7! Rl

() SeaSEa Zn2t A N B £ & R F e hifvm) Re e aamm W ose w5
WMl % n = 0-890 mPa s R

(i) 3 F fawo i D A e Al

In a homogeneous electric field E =5V cm™, the speed v of Zn?* ions in

aqueous solution at 25 °C is 2-74x10™> m s\,

() Estimate the radius r of the hydrated Zn?* ion. The coefficient of viscosity
n of water at the given temperature is 0-890 mPa s.

(ii) Calculate the diffusion coefficient D of the ion. 10

(c) () SI vorelt § 800 nm gagesa fafw it wfa smg=werRm =i $it moF Hifvr)

Calculate the energy of 800 nm electromagnetic radiation per einstein
in SI system.
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(ii) Hl(g) &1 ym-3med Frafafaa e m & grifis =t & 81 2 .
HI(g)‘FhV _ H[g)+1(g)
Hig) +Hl(g) —2 5 H, (g) +1(g)

1) +1lg) —3— 1,g)
afifn % firg, _%ﬁmﬁs,ma@mwmﬁmm

<Rl 9dl <MY |

The photodecomposition of Hl(g) takes place following three elementary
steps :

Hl[g]+h\l-—) H[g)+I[g)
H(g) +HIg) — 2 H, g) +1g
Ig)+1(g) —2 1,(g)

d[HI(g)]
dt

Find the expression of - , quantum yield (¢) and kinetic order of

the reaction.

4. (@) YEUAREH § fagurd IR e B UW BN T YEUCEE a0 F1 @i 95 a1 fEem
i)

Draw and discuss the polarographic wave obtained in the case of a dropping
mercury electrode in polarography.

(b) (i) 25°C W UHEEN A = B +C % qugH & I=Hs ghe i 7, e Fro B q@n C
H iz N w¢ ) FHf F 30 ps T T W WA F U 25 °C | =
fBr® 2-0x1071® moldm™ & 3R 25°C W B ¥ C @H I W= Gzl
2-0x10~* mol dm 2 | T8 Wil & wnfire an feri#l # e fifve)

The equilibrium A = B+ C at 25 °C is subjected to a sudden temperature
increase that slightly increases the concentrations of B and C. The
measured relaxation time is 30 us. The equilibrium constant for the
system is 2:-0x107'® mol dm™ at 25°C, and the equilibrium
concentrations of B and C at 25°C are both 2-0x10™* mol dm™3.
Calculate the rate constants involved in the system.

(i) @ 9ad B, Tk & AT W IqEl D @41 D’ H A wHir wules st
pef g 2 p gm hefls w2 B @ Wi W
Cp, 0 =0-5 kmol m™> ®| 40 fiFe % =&, B 6 Wiza 7 FH 0-05 kmol m™>
® TE ?; I R IR D’ @R da §, SEd wiEa Cp =01 kmol m™ R
I NF k, Ak, FT GReped Hifw)
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()

(b)

(c)

(@

(e)

(g)

(h)

A substance B converts simultaneously to the products D and D’ by two

parallel elementary reactions D ¢—— B 2 ,D’. The initial
3

concentration of B is Cg o =0-5 kmol m™. After 40 minutes, the

concentration of B has decreased to 0:05 kmol m_a; in the same time,
the product D’ with a concentration Cp =0-1 kmol m™ is formed.

Calculate the rate coefficients k; and k,.

3G-|aE IO TH-TEE Auue fufwa f nfew wif, w sfufras ¥ @@ ¥
wfafda gt 31 gheama frarfafy & e smen fifva)

The kinetic order of the solid-surface catalyzed gas-phase decomposition
reaction varies with the pressure of the gaseous reactant. Explain with
plausible mechanism.

©uve—B / SECTION—B
% SHeTd (140 g), S 40 m s~! i 7fa ¥ T @ B, I9H 2 wred) qveed @ 7 I
favfa w foqofi Hifsm

What is the de Broglie wavelength for a baseball (140 g) moving at 40 m s~ !?
Comment on your finding.

feya ot &1 vEm FF, gETH- A9 fAYg-SEEETYeE § e e Hifig)
Distinguish between cis- and trans-dichloroethylene by using dipole moments.

Framfrs smew % @y A15de A A AR GEATd Iy i

Provide the resonance structures with formal charges for the nitrate ion.

T ¥ ST, e FR A dEE 200 pm R, I9F A FEH 111 Haa F o9 F gad wH
gt #7127 = hifg)

What is the shortest distance between two successive 111 planes of simple
cubic lattice of edge length 200- pm? Explain.

WeifRm #0137 @R 3 g fe s 27

What is ferredoxin? How is it classified?

#e NG 1 27 T8 90 F AR ¥ FF wifaa w27

What is chelate effect? How is it affected by the ring size?

A Wl Sacifaa A FT HE T 87 Fhh Gl Y AqrEq1 i

Why is ferrocene termed as a sandwich compound? Explain its structure.
HEAA wHEgaa /&1 27 fiw et F Siet § wnEgea ¥ yen w1 3gw hife

(i) [Cr(H,0)gCl] @1 [CrCl(H,0)5]Cl, - H,0

(@) [Co(NH3)5SO4]NO; @91 [Co(NH;5)5NO4]SO,

(@) [Pt(NH3)4] [PtClg] a9 [Pt(NH3),Cl,] [PtCl,]

10

15
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What is ionization isomerism? Mention the type of isomerism in the given
pairs of complexes :

(i) [Cr(H,0)¢Cl3] and [CrCl#H,0)5]Cl, - H,0

(ii) [Co(NH3)5S0,4]NO5 and [Co(NH3)5NO3]SO4

(@) [Pt(NHj3)4] [PtClg] and [Pt(NH3),4Cl,] [PtCly)
(i) AFEAS S T RY 3R AT WA F WY HINY

What is inorganic benzene? Explain it with structure.
() YFRAEE A=A F 7 =EN Hf)

What is actinide contraction? Explain.

6. (a) (i) VSEPR gl % sigenr Frafafan A gée wweamedt aur safafd &1 egum s -
(1) SO,, (2) 13, (3) SF4, (4) BrFs, (5) XeF,

Predict the Lewis structures and geometry of the following as per
VSEPR theory :

(1) SO,, ()13, (3) SF4, (4) BrFs, (5) XeF,
(i) Fy Y % AM0aF FHarsh A@ HI FRY Y1 36 a9 FH a9 b HdeR &1 Ig@
Hifem)

Draw the molecular orbital diagram for F, molecule, and mention its
bond order and magnetic behaviour.

(b) (i) [CoH,0)g)*" =1 Tl TagH Fi1 T[eirell, WA [CoCl, )%™ =1 Wags Teq Hen
i 87 =TEn Hifs

Why is the electronic spectrum of [('.10[1—120)6}2+ pale pink, whereas the
spectrum of [C0C14]2_ is deep blue? Explain.

(i) EAN fram %= 27 Frafafias % EAN w7 &t o $ifvg

(1) [Cr(CO)] (2) [Pe(CN)g]*

(3) [ColNH3)g)%" (4) [Ni(NH3)e)?*

What is EAN rule? Calculate the EAN value of the following :
(1) [Cr(CO)) (2) [Fe(CN)g]*"

(3) [Co(NH3)e)?* (4) [Ni(NH;)g]**

(c) [Re,Clg]? ™ 0H % =Y %9 qU1 IV AEE H FUH HIw)

Describe the bond order and quadruple bonding in [Re,Clg]?™ ion.

KVMS-P-CHY/3 10
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7. (q)

(b)

(c)

(i)

(@

(i)

(i)

wﬁhﬁﬁq%w(xhe“,aﬁﬁa}a:;x—immﬁqw%l HPH WA F 7

Show that y(x) = e®* is an eigenfunction for the operator A = What

n .

is the eigenvalue? 5

& dieg e dor L R, 3u% o Rufrs o9 3 &, of sos 9 fufes =i
3 a 2, U 9 d s g w0 (Rraet o m ) % fou wg-frag ifer wdieo

d%y 2mE
dx2 ﬁ2

2 Tyfafga gfter w1 wmyE wn(x)=\/§sin(n2x) % W’ n=1,23.. %
n=0 IHa i TE B? = A

y(x)=0; 0<x<L

The time-independent Schrédinger equation for a free particle (of mass m)
in a box of length L (inside the box potential energy is zero, but outside
the box is infinity) is
2
dcy " 2mE

dx2 ﬁ2

y(x)=0;, 0<x<L

The solution of the above equation is wn(x)=Esin(r—1%£]; where

n=123, .... Why is n =0 not allowed? Explain. 5

IR T T Y] % i g B Ap, X Ax > h % AN & Fafeud w1 wEd § arfh
Ax=50 pm &, @ T qun fa F gHam AFfTaar 1 gar Tz 9w @ Frewst w
feoquft Hifsrg|

Find the minimum uncertainty in momentum and speed if we wish to

locate an electron within an atom so that Ax=50 pm, using Ap, xAx 2 h.
Comment on your two findings. 10

2p, F&F F I n, 1 70 m; F 79 F70 &7 = K
What are the n, l and m; values of 2p, orbital? Explain. 5

@ e =Rl SC, BCC @91 FCC # & $H-H §=1 a8 3fus 3R #F-dt
AT G0 HH fREEd 95 37 U e el § SFed 39T S TUET
T 391 IW AR

Out of three lattice structures SC, BCC and FCC, which one is most

economically packed and which one least? Give your answer, calculating
packing fraction of each lattice structure. 20

KVMS-P-CHY/3 11 IBT.0.
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(i) freca 3 A o vwe-form faads & srvmam 3 s SFfawm & fog s 6 =
¥d 87 ="E s

For Bragg X-ray diffraction studies of crystalline solid, what is the Bragg
condition for constructive interference? Explain. 5

8. (a) TMFAIfSA ¥ T 991 R 9984l § 3w e Hifsu)

Differentiate between T and R conformation of hemoglobin. 10

(b) (i) SEEIA § G dw1 Ay &1 gviq hifvg

Describe the structure and bonding in diborane. 10

(i) Tafaal =t % affea fFm sman 27 Freafofas faferrel & am qeon s=medt #1 sgam
gy

(1) Si03~ A, (2) Si,05 ¥mA, (3) Siz05 mH

How are silicates classified? Predict the names and structures of the
following silicates : 10

(1) Si0F™ ion, (2) Si,05 ion, (3) Siz08 ion
() (i) 300 KR Eu®" q Sm3", &g ¥ qahg sl F 9ad # wigaia w1
Fd 87 AR i)

Why do Eu®' and Sm3’ not follow the trend of magnetic moment of
lanthanides at 300 K? Explain. 5

(i) Eu 991 Yb #I 81 La @ Lu a5 6 uifcas B=n #=1 #0 &l st 27

Why do the metallic radii decrease from La to Lu except at Eu and Yb? 3+2=5

(iii) S-1ge wi sifea Fmin fafy g %8 sem fen sman 27 faewo i)

How are lanthanides separated by a complex formation method? Give
description. 5

(iv) Ce3* am%3+§mméﬁﬁgiashﬁamﬂﬂﬁ€iﬁ§,aaﬁﬁwﬁnﬂ%ﬁﬁfﬁa
g giid &7

Why do Ce®' and Yb®' not absorb in the visible region, but show
sharp absorption in the ultraviolet region? 5
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