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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 end prinied both in HINDI and in ENGLISH.

Candidate has to attempt FIVE questions in all.

Questions no. 1 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/ par 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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SECTION A

Ql. (a) TEAW m I TH HI, WﬁL%W%@%WﬁM%;W%W
v (x) Frefafea € ‘
\FE(X)-"’\/% sinil%x; n=1,23, ..
n FE1EH GEA1 8, 3R 0 < x < L 1o <l Sfers = wry-arel < gl 2 |
) n=1n=23Rn=3%wy @Rl % g areer % @i
ST |
) i B B i P,
P (x) =y} @y, (x) A 8 |
(i) n=1n=23n=3% T TR & T, B F g0 B Y
T S+ ! WITRIshal 61 3@ S9EY |
(iv) S99 T 0 & fEa gam %=1 § 2
b) () T 6 SsvTiaesa; gt Y TR S S g 2
(i) o gier sl faem o et e H AS w1 fies fwm g 2
(i) 25°C W, UFEE — ém‘w pe= ey ST M S e M G
1-8961 kJ mol™t B 3t wgit ufted 3-2552 J mol™ 2 | 25°C W
&a: Teun H-E g 2 a U glhg < g Tohw fown =1 adiuarn fierd 8 2
() a9
P RT 2 39
Vi —b Vi
% g1 UG, et el g & wifds et (@, , V,, T,) % Ty st
=1 fetor ifse, gt diel & smwa " g € |
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%

G)  CaCOg(s) == CaO () + COy (g)
() 2Hy (@) + Oy (g) = Hy0 (g

(iv) Hy0 (s) = Hy0 () = Hy0 (g)
()  NH,CI(s) = NH; (g) + HCI (g)

(e)  STfgElior waToRi & e i dien wieW 2465 kJ mol™! ¥ | WEE WAl
qUTCE I e, S Oy 51 o = ws, T w2

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

v 0= 2 sin T no1,2,3,..

o~ L
n is the quantum number, and 0 < x < L is the distance along the length
of the box.
i) 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] ®vy, ®

(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

A-BRL-M-DIFA =

rﬂ‘;'f ?. Download FREE UPSC E-BOOKS



https://iasexamportal.com/study-kit
https://iasexamportal.com/ebook

;i"nt ed Study Notes for UPSC Exam - https://iasexanportal .com not es

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

@ Van der Waals gas, defined by the expression
P=— T
m B Vo
where the symbols have their usual meanings. 10
@ Calculate the number of phases, components and degrees of freedom in

the following systems : | 10
(i) Hy0 (1) = HyO (g)

()  CaCOj(s) = CaO (s) + CO5 (g)

(i) 2Hg (g) + 05 (g) = HoO (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 L,

What is the longest wavelength photon which could dissociate Og ? 10
5 (@ @ S OF, OF~ 3R OF* #i gor it 3i T Fed ww amives
e HEHI, A=Y AT, aﬂwws’aﬁ AEY Heiell AN Fgehed |
<=1 T |
(ii) ﬁm%ﬁaﬁﬁﬁﬁmsﬁ@ﬁ%aﬁwa%aﬂéaﬁméﬁ?ﬁw%
3R AT ?

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

(5) NHjz 3T NFy
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(b)  aTivaes Tieal Tewaw foawr’ & SHER [&aia 3,

3/2
AT
M ] +2 o~ Mv2/2 RT

L ey —- é
ol n(zn RT

@  He® R =t Ny T T, f(v) = TEnin S8y |
i)  guisy B f(v) Tmw=iRa B, 19

oo

jf(V} dv = 1
0

[ [ o S

(i) oSy for waifas dwrsy Sivaw T vy, , FefciRea gro oea 2

2RT
T

(©  20°C W S %1 USSR T 7275 x 1072 Nm™! § | 36 a9 W QIHA
3224 SEEA-NTE I e Wy = 38324 x 10° Nm! B | &9
p = 09614 x 10° kg m™ feEm % forw 3t 09982 x 10° kg m™3 T
e | s i Tl ° Uewmieia ferm fraan 9 SW 33T ?

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

paramagnetism. ' : 15

(ii) 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) BFjand BE]
(4) PHgand NHj
(5) NHj and NFy
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(b) The molecular speeds are distributed according to the Maxwell
distribution,

A Sketch f(v) for He and for No.

(ii) Show that f(v) is normalized, i.e,
{f (v)dv = 1
.

(iii)  Show that the most probable molecular speed Vmp » 18 given by

Ymp zﬂz;'g‘ 15

(c) The surface tension of water at 20°C iz 7275 x 10~ Nm™L A
33-24 vol% solution of ethanol has v = 3324 x 103 Nm~! at the same
temperature. Given p = 09614 x 10° kg m™ for the solution and
0-9982 x 10° kg m~3 for water. How much less will alcohol solution rise

in the same capillary tube ? 10 -

Qs. @ TSGR (1-50egt) WA % forg smeanies $ife=r aefissor Reffeg 2 -

) e Y T 30 g o aitares sreal @ e ol §

() p FEHEF SIS F EAEG GeE 8 | ¥R % Y, 98 my,
TOTF % SEHM, o 1Y ReY TR qerT e 8 9
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() FTEESEE WY e e % R s TR AT GIFRTo
T AT I ; |

SET Z TR S 2 a, = 4me, b2 /me e = 52:9 pm
Br=m g 4 s

(v) TopH wROr @ 98 waifs wiles S (2,/2)8 R 8 2

(b)  WRREW Teheh B o 2 = 520 pm IS
e Ay a D Teh 3d: “higd T ST 5

) 8 I % Tl & o e g g 0
(ii) MK%@WWW%?
(afr : KT 9] 91 = 39-1)
(iil)  K*h1 31t s et 2 2
(¢ Cd-Ni mﬂaéﬁ%mﬁnaﬁi%ﬁrﬁn%%@é@g rfufsrad e A

82
@a%%qcaaﬂ?maﬁgﬁ%wm@%%?
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(a)  The basic Schriodinger equation for a hydrogenic (1-electron) atom is

&3 ,;3 ot
ﬁ.& ; [ e
—.“m'ifzngmi r——]w:".}zgf
Zu \4mEp T )
(i) Explain what the terms in this equation mean. 5
(i) 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 :

<r> :g v rydn 2 dr
0

I
given that frn e gy = &
0

n+l
a+

and the wavefunction is given by

142
3
W(T) = [ zg } e—Zr/ao
agm
where Z is the nuclear charge and a, = 4n g, 12/ m, e? = 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 pr. SH3=15H

(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 Kt ?
()  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 W TF Sgah g 19 7 | 59 30 M9 5 @ +0 #
0°C & = Is1 Fen w1 8, 99 ST onEm 9R ¢ ST §, ofR SEe
SRR 3T U1 3 ST B |

@ g Torg HUeT 1 SR i Y, T O wee ey, i e
YUl T FISEHW T 2

() 3 WU W enaiE, [EiEE Ry R e uey awh erffean
oI & W T wmadt 2

(i) 298 K W #HiWiERa & o Frenswen BN o1 aieem 5 & [,
TR 9T NOy, 3R 39% 3c07e % ol & fore FefaRan oifwd

T SEIATS IR

Pxog = 46 mm Hg, p (39E) = 23 mm Hg

b @ 3TMes! e o B § 2

@) ey i x, 3R x;, % aned fewm s ¥ R, gwise fF 2
<+ oo s o o Felatee a6 R

AmixS=-nR(x, Inx, +xpinxg)

EH nznA+nB$?ﬁﬁA%nAmﬂ3ﬁ3ﬁT§aBa§nB
THSYAT < FHOTTREET 59 ferm 5 o uEn § |

(i)  FA-H wmeT] ofw STRrmaw g wefh e wE § 9

(@ @  Hp s for sl LCAO — MO Fomse 1 Fmfo i |

(i) ETEQINF-HEN GUTHRGH! % §9 § Hy 319 19U S % 1, BEeeR
3R A & §R1 T IS VB qlTwer Frefoad § -

d=c3 W, (D}, (2) + 5y, (2) yy (D

W(i)ﬁﬁﬁ@%%@%ﬁmamwmaﬂt,ﬁ
FIE T 7, A 37 W ool Fifdr |
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(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. 5x3=15
) Using electron dot structure, write an equation which accounts
for these observations. 5
(ii) Based on these observations, predict whether the reaction taking
place is endothermic or exothermic, 5

(iii)  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 :

Py 0q =46 mm Hg, p (product) = 23 mm Hg g
) @ What is an ideal solution 7 5

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

Amix S=—nR (x, In x, + x5 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. 10

(iii) What mole fractions give the maximum entropy of mixing ? 5

(c) 6))] Construct a trial LCAO — MO wavefunction for the H, molecule.

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

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

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

the differences, if any. 5
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I B
SECTION B

T o S i SR o3 e
Q5. (a) Twige & ol 19 S5 s2on Sepavihie yer o

1 = S[CT — ATHER T[OTH
Cp = ST grel T AHve ferfdvse e |

(b)  185°C ¥ T gR-TEEHR S % ay et off s § fonfa R | 5w aw
i TRIT SHET ST 8 2

UH a9 = feae & o s onivas fpafafi 2 2
(¢) T=faigg e

Hy (g) + % Og(g) + HO () —» 2H" + 20H

% I AGge ™I — 77-8 kJ T ST B |
Frfafaa ed-sfufen
% Og (g) + HyO () + 26~ — 20H"
% Taq Ejeq &1 uitemer HIfm |
(g1 : 1 BT = 96,500 C)
(d) rmmﬁ%aﬁ%?ma aBﬁ%mﬁlﬁI ffaRea & saR fomar < "

@ “‘iAI sr LAY & v 1A) [A%) sin 3 i 3 =1 § o

IGEC

A-BRL-M-DiFA 11

r‘ﬁ’f ?. Download FREE UPSC E-BOOKS


https://iasexamportal.com/study-kit
https://iasexamportal.com/ebook

Get Printed Study Notes for UPSC Exam - https://iasexanportal .coni notes

(e)

(a)

(b)

(c)

@) A* % T R s AR W AW W ae §u, (A) oft 3
feri % w9 ¥, s B ¥ frmm ¥ fwm dn s e

£~

(i) b qEmetl % eneli, affsan (1) wom R o (2) Bl R0 B
ST B 2

S sfermTenl R RAE SR % e B E 9

Fo e i el % fore, sraifin ¥ m ) oo 28 % o e

%, el P RIS 5 T % 90 3, A 3% K 9 % oo 10w § |

Show that in the adiabatic reversible expansion of a gas

oH
M.S :“[-H‘_J
o &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 o) + % 05 (g) + Hy0 (1) — 2H* + 20H"
Calculate E§98 for the following halfreaction

Og(2)+ HoO () + 267 = 20H"

B | b

(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 :

A¥* —>E“2 B

in terms of [A], [A%]

e *
(i) Write expressions for iEA} and d1a%

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.

(iii) Under what conditions does the reaction become (1) first order
and (2) second order ? 10

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

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

equal to

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

and K are some constants of the system. 10

Q6. (a) RgSiCl, RySiCly, RSiClg, (R = A1) =i faicies aget! I s § 30w
form <t B 1 wveww & 7 st 1 ylies w s Sk |
(b) EHIISY I :
@) A [CuCly? =1 aIffwed 8, wig [Cul )2 =1 78 |
(i)  [CoCN)gl™ & T [Co(CN)gl>~ wmar worft 2, w&fs
[Fe(CN)4]%~ 3 Tl [Fe(CN)glt ey warft 2 |
(iii) i1 @1g HCON # ssgio 1w & fifm & iy Rafa @ 9 8, wy
98 GoRjish oA | fawfia 8 gl |
(iv)  [Culen)y]** =1 Tfica fOR® [Cu(NH;),12* & Tonfcy s @
eIl BIA 8§
(en = NH, - CH, — CH, - NH,)
(© ()  SAToEISH IREET % GH, EETESH 1 GEhi YHIE w21 8 § 7
(i) B C % o7y T 3R 39 T[T 9o HIRT |
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(@)  RgSiCl, RgSiCl,, RSiCl;, (R = methyl) are used for making silicon
polymers. Explain the roles of these compounds in the synthesis. 10
(b)  Explain why
(1) The complex [CuCi, )% exists, but [Cul)? does not.
@  [CoCN)gl®~ is more stable than [Co(GN) 1°7,  whereas
6 6
[Fe(CN)gl*~ 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 [Culen)o]®* is higher than that of
[Cu(NHz),)%* ‘
(en = NH; —~ CH, - CHy — NH,). 20
) @ What is the co-operative effoct of haemoglobin during oxygen
" transport ?
(ii) Describe the metal site of Cytochrome C and its function. 20

Q7. (a) @W%WW&@WWWW%SmW@?
Stfereham TR Seo 508 nm T F | i 6 waien 2aE 409 & |
Wﬁﬁwmaﬁﬁﬁ:ﬁmmmﬁ%wﬁmsﬁmé?

(b) EWW%%W%W%MM%WW@W
<Heer & § | T Hift |-

(©) ﬁﬁﬁgaﬂtwma%aﬂaw-waémsﬁ‘é‘?w%%amﬁm
H, ITE W 7Y gere Hf |

(d) 25001111\1205@3?%?-34@@?10%%%@@81%33@‘31%1%%,
aﬁ%ﬁsmmménﬁm,k=6-93x10—5s‘*1%|

(a) 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 ? 15
(b)  The absorption spectra of lanthanide ions are sharper than those of ions

of the first transition series. Explain, 10
(¢)  What are the differences between the triple point and boiling point ?

Ilustrate with the help of the phase diagram of water. - 10

(d)  Calculate the halflife of N 205 at 25°C and the fraction decomposed after

10%s, given that the rate constant of its decomposition is
k=693x105571, - 15
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Q8. (a) () W WHA [Co(NH3)Cll® % wwEsfl =v & 7 = &, &t seh
T % (ETeE S o wuEE ¥ YR (B ISR) 9 gEE
PR me €
HIfTT |

(i)  HPal ® TaEHE (IUPAC) 7w faRaw
(i) T GHEEE % Fewn Wi oM ol gamiee stiifmeamieend
Bl 8 ?

(b) 0°C W & % 36 g ¥, 0°C W &% H Ieshuoliy W[ % AT AG, AS 3R AH
% WMl T IHEe HINT | 0°C W % % Ted B W S 335 Jgl

T 8§ |

(©) WW%WW%%@@A@?@@B%%WWWW
fog P g 7 |

(d) =fifsm

Hg,Cly + Cly — 2Hg”" + 4CI-

% O 8 E° &1 Tiehe Sl |

& ; Tfarad 1= fove
E° (Hg,Cly /Hg) = 0-27V
E° (Hg™'/Hg2") =092V
E° (Hg [Hg) = 079V

E°(CL /C1) =136V

9 : AT & o R

Nj =6-022 x 1023 mol !
h = 6626 x 10734 Js
K = 1-88 1072 gg1
c= Jall 1{)8 ms’"1
R =8-314 JK~! mol!
F = 96,500 C ‘
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(ii)

(iii)
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Does the complex [Co(NHg),Clyl* have isomeric forms ? If S0,
raw their structures and identify the ty pe(s) of isomerization.

T3

Write the chemical (TUPAC) name of the complexes,

Do the isomers have identical physical pmpérties 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 Jgt 15

(c) Explain why the eutectic point of a solution between solid A and solid B

is invariant, - 10

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

Hg,Cly + Cly — 2Hg?" + 401

Given the following reduction potentials :

E° (Hg,Cly /Hg) = 027V
24 yor 2+ :

E° (Hg /hg2 )=092V

E° (Hg /Hg™") = 079V

E°(Cly /CT) =1-36 V 10

Given : Constants for use

A-BRL-M-DIFA

Ny = 6-022 x 1023 mol!
h = 6626 x 10734 Js

Kp = 1-38 x 10728 JK-
¢=30x108 ms?

R = 8-314 JK1 mol!

F = 96,500 C

16
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