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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 § 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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Some useful fundamental constants and conversion factors

N, =6-022x102% mol™!

fgan! f@ri%/Rydberg constant =2-178 x10718 J

c=2-998x10% ms!

kg =1-38x10723 gK!

e=1-602x1071° C

m, =9-109x1073! kg

F =96485 C mol !

R=8-314 JK ! mol!

h=6-626x10"%Js

n=3-142

1 amu =1-66x10"%7 kg

1 cal =4-184 J

1J=1kg m= g2

1A=10%cm =10""m =0-1 nm =100 pm

1 atm =760 torr =1-01325x10° Pa

1 bar =1x10° Pa =0-9869 atm

1 eV =1.602x10"12J

1Latm=101-34J

1 eV =23060 cal mol ™

4n2c2? =3.55%x10%2 cm? s72

h2
8m,

=6-025x10738 gm?

hc=1-986x10"2° U m
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WUE—A / SECTION—A
1. (@) U& drdfas 9 THEo, 99 S0 aed qHis
2
(P+P—-22J (V - nb) = nRT
14

B Iffga gfiemor § HH-T1 TEe AR-0E A gd 3R BH-G1 -3
yfodor ot gwfar 87 SI worrel § 39l ggal & )

One real gas equation is van der Waals equation

2
[P+M) (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) T A Y8 G RS B % I8 TH1E | SUGT | HH-T1 A S (i) 19 81, (if) GEF o,
(iii) TWTH, (iv) FRE R R (1) Few o weRfa wen? srEn it

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

(c) TH u1g % 1 gL A AR F TR WA §, IR gHE Fsuiiar @ 15 J KL (aRefeud
foran w2 o6 IR AR W faeft 7d ), @ 3 saw: B @ 300 K @ 400 K
W 8| 3R A scfehl § FHE o ¥ 3R I wrma qob g §, @) sifem qrme e widh
Radq & e Fif) (am i 9 et 3 faefa 9w rea fE )

Two blocks of a metal having same mass have same heat capacity 15 J K1
(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 d9HM 3R 1 atm I R SEAEISH 2ZIATFE1EE 1 20 Tfewrd A3eeE SEaiiane §
feifra e ®1 5@ @R W sififen 1 ama R (K ) 9 TS e S § afeda
o1 HIN

N,0,(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
and standard free energy change for the reaction at this temperature :

p)

N,0,(g) = 2NO, g) 5
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(e) NH,Cl(g ™ %1 ® fafm a2
(i) 39 a9 T = fesa o fop St R, ) 3o Frae wes 3R wrawamd sufee 87
(i) 3= " e 3@ fesa 7 wfofes NH,; oft 3ufem ®) ffam mes ofR wrawamd sufedm
Bt ?
NH,4Cl(s) decomposes when heated.

() 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?

() & Wd vg (Fem W) # foom T3 & fommm 7 el @@ C)(AgNO;)
=5x107* kmol m™ qun g@lt feer A F C,(AgNO3) =1x1072 kmol m ™ i Higdl
At faerm # s e mn R) Sga-smwe foorel A d@u &g F wem @S9 T R
25 °C R Tagq-vamfs a4 & Wi fava F @ AE & o i (Fmmew R
% ) |
One silver rod is immersed in a silver nitrate solution of the concentration
Ci(AgNOy) =5%10"% kmol m ™ and a second silver rod in the concentration
C2(AgNO3)=1><1O"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) ¥& fava =t faweard g0 y=-gw fafy & o w0 afed 27

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

(h) USRI w1 IgeE qmiar @ % @ it % o e 8 e A wn % a9 o e @ e
WY, A Sedl @Ua gl 7 forn S fR @ 8 °C amW M i ge § 30 °C dI9HE W 40
T SR Sed] @O BT, 3 ITUESH W1 I WA HS ol AR iy

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 FA A & vwm § T a1 7@ B 9 F g o oS WA g
il

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

() 3 TaR W A F w@a: AR FH U W AgEd a8 w@, e wi)

Spontaneous adsorption of gas on solid surface favours low temperature.
Explain, why.
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2. (a) T T MR F fow enfies =e w1 Aewaw faawn fefaRaa @

3/2 4
an, =4nN( M ) o2 o~ M2 /2RT 4,
2nRT

(@ 5 o s §)

(1 dNC)aﬂcésmwmé@m—

— X

dc
(i) B HAH-FT AWM T, aN T, T T, > Ty;

(i) q TH-AYF FEAA M, A0 MyW; M, > M,.
J el g A

The Maxwell distribution of molecular speed of a gaseous system is

3/2 5
dN, =47t1V( o ) e* ¢~ M [2RT g,
2nRT

(Symbols have their usual meanings)

Plot (i x%) against c—
N dc

() at two different temperatures 7; and Ty, T, > T,
(i) at two molar masses M; and M,; M, > M,.

Justify your plots. 8+7=15

(b) (i) & el T&A A 901 B % YE GG HHI: v, q¥1 y 5 B @ OH1 Wl B 0 ey §
feran e, |1 37 21 53 WrEensT ¥ wem SToyEE e w@ e (R iy, >yp)

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

(i) 20 °C AUHAN W TATA H MR s, et fisan 220 nm R, 36h wa8 F AR-IR
fases T/ $ T i) T8 aUEE W AT 1 98 @@ 2239 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

KVMS-P-CHY/3 5 [P.T.O.



() (i) 25°C R LA h ufd A Fedurad i T8 I 62-3 kJ mol ! R 7€ Hi(g) I
# T TR 247 kJ mol ! B| §= 225 °C qUEH W Hi(g) T awll @ s B,

@ YR ufEd B o Al 25 °C § 225 °C A quEHE W aM-10H
Fenaiar F fwa 7= fig T §

Hy(g); Cp m =29-08 JK ! mol™

I,(g); Cp m =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 :

Hy(g); Cp m =29-08 JK™' mol™
I,@); Cp m =33-56 JK™! mol™
HIg); Cp m =29-87 JK™' mol™

10
(i) Freafafaa sfufsen % T 400 K awwm ®— AG® #i oF AT -
“Nale)+> Halg) > NHy )
M <fife 6 AS° ammm w fasf 7 R
(R ™2 :  AGggx =-16-496 kJ mol™!
Sk, =192-45 J K™! mol ™!
Sy, =191:61J K™! mol ™
Sh, =130-68 J K™! mol ™)
Calculate AG° at 400 K temperature for the following reaction :
1 3
ENz(gHEHz(g)—mHs(g)
Assume that AS° is independent of temperature.
(Given :  AGjggx =-16-496 kJ mol ™
Shm, =192:45 J K~ mol ™!
S, =191:61 J K™! mol ™!
Sk, =130-68 J K™! mol™}) 10
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3. (@ () T R Toeh § o e B R qanlis Rve 9 sl @ s % Rl
Y U, H, A @91 G & dey § =geqa difve)

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
(i) FShEm (TR = 321 °C) qu1 fomy (T = 271 °C) TH-gR & w39 faem
1 A & S 81 TR Tashifoe g fomy % 61 wR gfowa @ 146 °C W
@@ 1 T wawen sm@ H @ fife aon sR-H geerd dig 8, 6 guia
foe v wm @ dea ARG @ oo e % sfaen ol R smen fifg)
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) THRR-grE mgw # fewr fysmr /A Fm war 27
How does acetone-dry ice freezing mixture work? S
(b) 25°C R 5icf e § E =5V em™! & guiht fagga-83 01 gon &, Rmd zn2* e
H i v=2-74x10"° m s7! Rl
(i) S Zn?* A R B ¢ F A w1 e i) Re e ammm w S@ w@
WHAl % 1 = 0-890 mPa s R
(i) I % fowrw s D A o Ay
In a homogeneous electric field E =5V cm™, the speed v of Zn?* jons in
aqueous solution at 25 °C is 2-74x107° m s},
(i) Estimate the radius r of the hydrated Zn?* jon. The coefficient of viscosity
n of water at the given temperature is 0-890 mPa s.
(i) Calculate the diffusion coefficient D of the ion. 10
(c) (i) SIvmelt § 800 nm Iggagasa fafmm 6 vt smsgera i i o i)
Calculate the energy of 800 nm electromagnetic radiation per einstein
in SI system. 5
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(@)

HI(g) 1 wam-3veeq fafefaa fiw o di9 wrifies =l § a1 2
HI(g) + hv —— H(g) +1(g)

H(g) +HI{g) —2 > H, (g) +1(g)

1)+l —B s 1)
afifen ¥ forg, —g%(gnﬁuﬁwﬁs,ma@(@am sffn A TR

1 9dl AR |

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

HI(g) + v —> H(g) +1(g)
H(g) +HIg) — 2 H, @) +1(g)
1ig) +18) 2 I,

d[HI)]
dt

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

the reaction.

4. (@) YRR § fogurdt URE T ¥ YW BN Il YEUeiEE a w1 @i 95T qun e
Ff)

(b)

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

()

(@)

25 °C W SR A = B +C % A9 § 3= ghg H 715, 5o %R0 B a1 C
H Wiz A 5 ) fagife w1 30 ps 7 TN 3™ Wl ¥ T 25 °C W A
fRr® 2-0x107'° moldm™ & 3R 25°C W B @91 C aHl hI 4 Gisdl
2-0x10™* mol dm ™3 | 38 wureh & wife a1 i A v v

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 3:0 us. The equilibrium constant for the
system is 2.0%x107'® mol dm™ at 25 °C, and the -equilibrium
concentrations of B and C at 25°C are both 2:0x10™% mol dm™.
Calculate the rate constants involved in the system.

 W@Wd B, T @ ¥ W IR D a1 D’ F & "R W sfufwmet
pf g X2 p o dm 2 B B W wE
Cp o =0-5 kmol m~2 ®| 40 e ¥ =&, B #! W5 F4 ¥& 0-05 kmol m ™3
® T ?; I W IUR D’ @R A g, e WE@ Cp =0-1 kmol m 2 R
I NF k, A ke, H TREFEH HIRTY

KVMS-P-CHY/3 8
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(c)

(b)

(c)

(@)

(e)

(9)

(b

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

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

concentration of B is Cp oy =0-5 kmol m™3,

After 40 minutes, the

concentration of B has decreased to 0-05 kmol m 2

the product D’ with a concentration Cp =0-1 kmol m~

; in the same time,

3 is formed.

Calculate the rate coefficients k; and k,.

AT-gag IR -y g fufwa f nfew i, iy i ¥ @@ ¥ iy
giafda Bt &1 gieema ey & g s fifsg)

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

@Uues—B / SECTION—B
TF 9Hard (140 g), St 40 m s~ A 7 ¥ 97 W R, 9 2 wreh R #0127 W

vl w feoquft i)

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

fega ol &1 AT HH, GEYY- qY1 fA9-SREARTyeE ¥ 3T wE Hif)
Distinguish between cis- and trans-dichloroethylene by using dipole moments.
Framfiss smaw % @y TEge A A A WA Iy Fif)

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

WA o1 Sereh, e ®R A a8 200 pm B, I6% 3 FiE 111 THAE % 9 ) go@ HH
g #n B7 =wEn Hifg)

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

HiEifRE 1 77 39 A arfiea R S R7
What is ferredoxin? How is it classified?

FIe THTE 1 87 T8 AT F AR ¥ FY gl B 17

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

HH 1 fqaiioa AN T FHE @ 87 T TEA H A F)

Why is ferrocene termed as a sandwich compound? Explain its structure.
HEA aEgaal @1 87 iy u it & el § quEgeaa & YR # 3g@ i

(i) [Cr(Hy0)gCl] @t [CrCI(H,0)5]Cl, - H,0

(1) [Co(NH3)5S0,4]NO; @1 [Co(NH3)5NO3]SO,

(i) [Pt(NHg),] [PtClg] T1 [PNHg)4Cly] [PCl,]

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 [CrCl1(H,0)5]Cl, -H,0
(@) [Co(NH3)5S04]NO3 and [Co(NH3)5NO3]SO,
(i) [PtNH;),][PtClg] and [Pt(NHs)4Cly] [PLCl,]
(i) FAHEHH T T B? 3Hh AR G & FY HINY)
What is inorganic benzene? Explain it with structure.
() UfFeAEe EEa ¥ R7 =rEn fifg

What is actinide contraction? Explain.

6. (a) () VSEPR fagia & siganr fmfafas 6t g awmett qon sfufa 1 egam oy
(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,, (2) 13, (3) SF,4, (4) BrFs, (5) XeF,
(i) Fy 39 % 3705 Hefeh NG 1 SR a1 3 &Y HH a9l Gaehld AR 1 IPQ
Fifsm|

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

(b) (i) [Co(H,0)g]?* T ToaRIF Wagn Bt e, AREA [CoCl, ]2~ F1 Tagn Tew e
i 7 =En fifv)

Why is the electronic spectrum of [Co(H:ZO)f,]2+ pale pink, whereas the
spectrum of [CoCl4]2' is deep blue? Explain.

(i) EAN fram w1 37 frafafed % EAN 7@ &t momn $if

(1) [Cr(CO)¢] (2) [Fe(CN)g]*"

(3) [CoMH;)e]>" (4) [Ni(NH3)g)**

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

(3) [CoMH3)e]%" (4) [Ni(NHjz)g]?*

(c) [Re,Clg]? @M % (&Y %7 Y1 IGIW AU HI qui HIR|

Describe the bond order and quadruple bonding in [ReQCls]z“ ion.

KVMS-P-CHY/3 10
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7. (@) (i) Y& fRT F y(x) = e, afqizt/‘x:;xnn F AFH FeA 8| IPH T 1 27

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

n

is the eigenvalue? 5

(i) T areq el |9 L 7, 3% o Rufes o= = B, ofe 3u% et fufos st
Id B, W T T g wu (R o m R) 3 e gmy-fde safem wfie
d%y 2mE

—t
dx? 2

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

3| Swfafed g F1 gHEE wdx):@ﬂn("i") % el n=123 .. %I
n=0 IgHd b & 37 = A

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
g Yy \2V+2n;E\u(x)=0; 0<x<L
dx h
: . ; 2 . (nmnx
The solution of the above equation is W, (x) = \/'Z- sm( ); where
n=123, .... Why is n =0 not allowed? Explain. 5

(b) (i) 3R TH Tk WA & i qoia B Ap, X Ax > h F I | FEfE F1 FTed § aifh
Ax=50 pm @, q € q°1 d § =Fad AfTadar 1 ga FEe| 9 QA et |
ferqoft fifsrg |

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, X Ax 2 h.
Comment on your two findings. 10

(i) 2p, F&F & T n, [ TN m; % 7A ¥ 37 == FRE)
What are the n, [ and m; values of 2p, orbital? Explain. )

(¢ (i) 99 e GEmsl SC, BCC @ul FCC # & #-# wwmn wed sifve ol #m-dh
=T ge8 w0 frwedt Sfia 37 U Sierh WAl B Uged TUTd Y MU SR
TT Y1 I I
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 [P.T.O.



(i) TFeeea 3™ § o veE-fom faada % semmm 3g wAors safasen & fo s A @

4 27 saTE i)

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

8. (a) dHFAfH % T 9 R TH&d o AR W Hifv)

Differentiate between T and R conformation of hemoglobin. 10

) ()

(i)

©

(i)

(1ti)

()

TRERA § GEAT 991 fEYA &1 9uiq Hifvg

Describe the structure and bonding in diborane. 10

fafeel =t %0 Fffga fr sman 27 Frafafea fafeseet & am 9o w@wmet # sgam
gy

(1) Si03™ @A, (2) Si,05 amA, (3) Siz08 A

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

(1) Si0F™ ion, (2) Si,0%  ion, (3) Siz0§ ion
300 K W Eu®' aq Sm3*, &dge & guhi gl & 9@a # eigafia & @
Fd 87 = fifvw)

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

Eu @91 Yb & BlgH La @ Lu 7% $ uifcas Ben w0 &0 ad s =7
Why do the metallic radii decrease from La to Lu except at Eu and Yb?  3+2=5

FIEE B Sfea Fmin fafy g 2 srem e S 27 faawo @ifs

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

Ce3* am%3+§wmmﬁmaﬁﬁﬁ%%,mwﬁw%aﬁaﬁa
gy qwiia 7

Why do Ce3* and Yb3* not absorb in the visible region, but show
sharp absorption in the ultraviolet region? 5
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