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CHEMISTRY
Paper |

Time Aliowed : Three Hours Maximum Marks : 300

INSTRUCTIONS

Each question is printed both in Hindi and in English.
Answers must be written in the medium specified in the
Admission Certificate issued to you, which must be
stated clearly on the cover of the answer-book in the
space provided for the purpose. No marks will be given
for the answers written in o medium other than that
specified in the Admission Certificate.

Candidates should attempt Questions no. 1 and 5
which are compulsory, and any three af the remaining
questions selecting at least one question from each
Section.

The number of marks carried by each question is
indicated at the end of Lhe question.

Symbols and notations carry usual meanings, unless
otherwise indicated.

Coordinate diagrams, wherever required, may be
plotted on the answer-book itself.

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

IMPORTANT : Whenever a question is being
attempted, all its parts/sub-parts must be attempted
contiguously. This means that before moving on to the
next question to be attempted, candidates must finish
attempting all parts/sub-parts of the previous guestion
attempted. This is to be strictly followed.

Pages left blank in the answer-book are to be
clearly struck out in ink. Any answers that follow
pages left blank may not be given credit.
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1.

I MTRI RA TYVICA

(a}

(c)

(er

Y I

SECTION A

Define and differentiate between the following :

Ix3=12

(i}  Normalized and Orthogonal wave functions
{(ii}  Eigen value and Eigen function

(1ii) Eigen value and Most probable value

The heat of vaporization of ether is 25:98 kJ mol™!
at its boiling point 34-5°C. Calculate the rate of
change of vapour pressure of ether with

temperature at the beoiling point.

Electromagnetic radiation of wavelength 242 nm is
just sufficient to ionize the sodium atom. Calculate

the ionization energy of sodium in kJ mol L,

Determine the values of AH and AE for the
reversible isothermal evaporation of 90-0 g of water
at 100°C. Assume that water vapour behaves as an

ideal gas and heat of vaporization of water is
2244 kd g1

Sct up Born - Haber cycle for determining the
enthalpy of solvation of Mg** ions from MgCl, by

water.
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(%) frafafaa =1 ofafe ik =% o faver
FfT - 4x3=12

(i) SEmRGA IR Aifad T/ wEr
(i) 3T AM 3 3 wer
(i) 3T HH W DT 94

) 3R F AA-FN, TG FGAF 34.5°C UL

(%)

(s)

25:98 kJ mol™! 3 | T F F9GF W Y F 9Y
e T & YREE & €l o TR i |

242 nm TTaw &1 fa-gaea fafmon, afeas
A & A w4 & fau FiE-da Aty
2 1 Wfsam 7 IO Il kJ mol! ¥ @
HHfT |

90-0 g T & 100°C W IHAUIG GHATD &g &
AH 3T AE & AT =1 frgfeo Sife | 99 S
f& se-am eyl oW wE smeER w @
3 fof ST F aTH-FE 2244 kT g7 B

S ¥ gR MgClL, § Mg WHA & facrasA
F T & fauio &1 % fou @ - 3 9
g SINT |
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2. (a) The wave function for 1s electron of Li is given by
Z3l2

2 o3y where a, is equal to 52-9 pm.
3)1/2 c 0 0 q P

(ma
Calculate the value of radius at which the

probability of finding 1s electron is a maximum. 20

{b) Mectallic sodium  crystallises in a  body
cenired cubic lattice and has a density of
1-306 x 103 kg m™3. Calculate the length of the side
of the unit cecll (a) and the distance between
200 plane (d200).
Atomic weight of sodium is 29-99 g mol™L. 20

{¢) Draw molecular orbital diagram for the following
molecules and compare bond order, bond length

and magnetic properties :
CN and CN

Explain why the bonding in metal cyanides is
between metal and carbon. 20

3. (a) () Derive the Langmuir adsorption isotherm
for adsorption of a gas on a solid. Also,
mention assumptions involved. 10

{ii) Explain the steps involved in the reaction
A + B — C occurring under hetcrogeneous
catalysis. 10

!
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2,

(%)

()

(m

(%)

- . 3/2
Li & 1s 3R &1 G _Z o~7rlag
(nag)lm

% N ST 8, W a, =529 pm ® | B F wH

1 g Ffe, g W 1s 3o & 9w o

& Wfgsar fsay & |

ufgs dfzem @ g oy o (@R

ded wfaw dfew) ¥ fhedga oo @ sk

IHH TAE 1-306 x 10° kg m~3 8 | The R

(g 8F) F uvd F TEE (o) F JG BN

3R 200 T (d200) & W & T I I

HIfAT |

QfEam &1 IO AR 29:99 g mol! & |

Frefefan sl ¥ forq snfves-sei sma
CN 3R cN

e FIY & g IR0 @ F g woeRe) #

ey o o F & dg B @ |

M & I W AW & FRmiwe ¥ fem
AT SRR WHAT-YEn SR MY |
g § dfmfea sfigronett w1 IwE
HIHAT |

(i) fasmml ISor % ade =g @ gl
F9FRA A+ B o ¢ # wiia vl & w
HIfST |
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(b}

(c)

{a)

(b}

UPSC Exam -

If germanium shows photoconductivity at a
wavelength of 1824 nm, calculate the energy gap
between the valence band and conduction band in
germanium,

structure and

(i)  Idiscuss the bonding 1in

diborane.

(i) Using hybridization, explain what is the
shape of XeO4. Explain how VSEPR theory
accounts for the distortion.

Evaluate most probable speed and average speed
from Maxwell’s relation for distribution of speed in

a gas.

Given :

Calculate AS and AS_
2 moles of liquid water from 0°C to 100°C at a

canstant pressure of 1 atm. Treat heat capacity

for reversibly heating

of water independent of T and equal to

4184 JK1 gt
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(@) 3k FHAEE 1824 nm TR W yeEwgaeEa
YT e 8, O SHifqem 8 dEiemma 48 3k
TWMAFAT 9 F WA F HeA-3A T FINAC 1 20

(M () SEEH #H A AR ey | o=l
HifSg | 10
(i) HEO F TR WA g WP Ffe
XeO, @ & F1 § | Wy Ffqw fH
dlrg i d s fa fawu & fFe @R
FOT FIA B | 10

4. (%) fodt Ty O v 3 faaon & fAv dewdd & 9=y
¥ wfrman an iR sitwd a1 w0 gedied
HINTT |
feam o & 15

(@) Za-5 & 2 0 & 9960 T 1 aun T ¢ 4
100°C % IGUUNT ®Y ¥ WA T F foU
AS # AS,,  H T FFT | um ofifan By

Iq & TG d" T ¥ Wdy g oad
4184 JK1 g & FUET ¢ | 15
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(¢) (i) For a purc substance, whal Iis the
maximum number of phases that may exist

al constant pressure 7 Explain  and
illustirate. 10

(i)  What are parlial molar properties ? Show
that the partial molar free energy 18 equal

(EH_]
1o ani S,p,nj(

(d) Show that for a sccond order reaclion

e 10

2A — products, the half-life is inversely
proportional to the initial concentration of A. 10

hn:mn!
|
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m o = e wd F fau fEd Tm W
el & feadt sfusman dwemei &
A d Thal 8 ? wWE FHET 3

IR T HIGT | 10
o e Her e @ € 7 ewigy

v o o, ()

W%I o 10

() Tuien fr fedm wife sfufear ea o 3@, &
fow, o3y A & IFfWE  Wgar W
HTEHHIGT T 2 | 10
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SECTION B

5. (a) When Cl, s dissolved in  water, it
disproportionates, producing CI” ion and HCIO.
Find at what H,O" concentration the potential for
the disproportionation changes from a negative
value to a positive value, assuming 1-0 atm of
pressure and concentration of 1-0 M for all specics
except hydronium tons. Given :

E° =136 and E° =1.63 at 25°C.
Cly, € HCI0, Clg 12

kri10
(b) The value of tempcrature cocfficient, | ¢~ | at

300 K for a reaction is 2-8. Calculate the energy of

activation (Ea) of the reaction. 12

(¢) Volume of nitrogen required to cover through
monolayer 1 g of silica gel is 0-123 dm?® at 1 atm
and 273 K. Calculate the surface area of the gel

if each nitrogen molecule accupies an area of
162 x 10710 m?, 12

(d) With the help of P -V diagram of NH, explain the

critical temperature. 12

(e} Explain the term ‘overpotential’. 12

(VIR HER
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5. (F) S Cl, # 5 # fa@fsa fFa s 8, @@ &%
STHEYTE §lE Cl- 3EH 3R HCIO 3T FT
R | 9 HIT R R 1,0 Biel W SR
% U fasrg ROTHS 99§ 9 S YIS A
F @ SR, HA H den gC F eRSfAan
gt F wig o wfehE & T 10 atm ®
& AR 1.0 M & Tigal € 1 &9 ¢

g? -1.36 ¥ RK° - 1.83 (25°C W)
Cly, Cl™ HCIO, Clg 12

(@) & AffEm F fAU s00 K W AHE-TUE
["”0) T 2.8 | ST B -
(E,) %1 9feger S | 12

(M 1 7% fafes-9a & Wiy ®9 ¥ A &
fAu AT & 1 atm 3 273 K W 0-129 dm?
A H AR 7 | A TAF AL 3]
162 x 10710 m? &9%e & B B, @ ST &

TET-aThd T Efeng | 12
(%) NH, & -3 3RE H FgAal 4, Hifs-argae

& WY FHSY | 12
(%) v ‘Hfufaws’ & Wy ST | 12
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6. (a)

(b}

(d)

{(e)

(b)

(c)

(d)

Calculate overall voltage output of a

hydrogen — oxygen fuel cell which shows [ree
energy change (AG®) at 25°C equal to — 273-3 kJ
mol 1. Also, write anedic, cathodic and overall

reaction taking place in presence of KOH,

Discuss the working of a polarograph. Define £,
and iy and mention their application in chemical

analysis.

Write a short note on ion selective electrodes and

their uses.

Describe the relaxation method for studying

kinetics of fast reactions.

Which compound is called ‘inorganic benzene’ and

why ?

What are sacrificial anodes ? How do they inhibit
corrosion ?

0!8 guanta of

A certain system absorbs 3-0 x 1
light per second. On irradiation for 10 minutes,
2.0 x 107 moles of the reactants was found to have
reacted. Calculate the quantum efficiency of the

process.

What arc the functions of carbonic anhydrase and

carboxypeptides ? Explain.

What molecule is responsibie for oxygen transport

in molluscs ? Give its structure.
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) BESIH-AFE foH A w9yl deed

TP & Ufler FIVT S 25°C R OAh-Fel
TREad (aG®), - 2733 kJ mol™! ¥ TR WA
T ¥ | THS WY KOH # 3ufeafd ¥ @ aret
e, FaiE sk wwm sfulear o fafEu )

) e @ frafaf w o=t S | g, ok

& wRfra Fifse s Tarete-faeene § 3%
FTAM & I FIWT |

() FEH-FOMAF Foaeiel W 3N 356 39 ®

Hfgw feoul fafay |

(7) g0 fbrmsii & Afast &1 sweggq 30 & fog

fagifa fafa &1 avi7 Fifew |

) fog difts ®t ‘sdfe 559 w8 S 2 sk

i ?

) I UAIE FNOF ? F UHROT & fRY YN 9

YT FS & 7

(@) U fa99 o3 Y9 & 3.0 x 108 T2 &7 9fg

TYHUE YNNI H & | 10 T OF O W
o = 6 AR % 2.0 « 1078 Wt s
T Gh | 9 TR &) Jaien Swd H SR
FHIfT |

() FEF TRREH IR FEFdTeEs &

yord & 7 Wy HfSw |

(%) dierehl § sfeden ufimed § fw sl e

FaEr & 7 IuE G wEE i |
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8. (a) From the following data calculate the solubility
product of AgCl at 25°C :

Ag | 0-1 M KCl satd. with AgCl}| 0-1 M AgNO, | Ag

(Given : B, at 25°C = 0-455V, log, 2=0-3) 14

(b) (1)  Explain what is lanthanide contraction.

iy CuCl, 1s coloured but ZnCl, is colourless.
Explain, i6

(¢) Draw all the sterecisomers of [Co(en)ZClz] and

comment on their optical activity, 20

(d) Compare the 10 Dq values of the fellowing ions
with proper justification (At. No. of V, Fe and Os
are 23, 26 and 76 respectively)

() [V(H,0)2* and {V(H,0)g1**

(i) [Fe(CN)gl"~ and [Os(CN)I* 10

Given : Constants for use
N, = 6:023 x 10%% mol™!
h = 6625 x 10734 Js
Kp = 138x 1023 JK!
¢=30x 108 ms!

R=8314J K mol!
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8. (%) M= &S #1 T ¥ AgCl & 25°C R ez

%A 919 FIGT
Ag| 0-1 M KCl satd. with AgCl || 0-1 M AgNO, | Ag
(89 : 25°CY E ) = 0455V, log,,2=03)

(@) () IR f& SRNEE GEed w= oA @ |
(i) cuCl, T & T&g znCl, TEW & | =

|

() [Colen),ClL,] & Wil fafgm wmeafadi & s
SRT 3R T vl wimE W frwgof
FIAT |

() frfaf@e sl & 10 Dg OFT W, IS
ey Ted A T, AN BT (v, Fe 3R
Os Y TaH HAF HAI 23, 26 3 76 F)
() [V(H,0) 2" 3R [V(H,0),)%

(i) [Fe(CN)GJ*" 3R [Os(CN)g1

16

10

gq : IUG @ fow s
N, = 6023 x 102% mol™!
h = 6625 x 1074 Js
Kp=138x1023JK"!
¢=30x10% mg™!

R =8314 J K ! mol!
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F-DTN-M-DIFA
A fasm
Ueq-94 1
e« AT A qorie : 300
Fgad
v g B sk st e A mwr d

ot & 3% 3 Aregw § frd IR wier e s
W9 mAwr-g7 § fpar mar & SR 59 AregH @ W
s FR-gRa# & g@-y% K Sifea Flie @ K
B 777 aTRT | F39-UF 4% 3fcifiad areds & 3Rk
37 Fel} mreg A o 0 TR R @I 3 e A
o e 1 31K 5 A & | ) vl ° | gd @vs
73 a5% U 59 G [l i e & 3R dlfT )
v T & e Frag sim yeg s d RI mw d
g 37k wrarer & A 3ef & s fAffe &
%ﬁm, s& e &), FaR-gRasr | seRad
/

aﬁmﬂfﬁmmaﬁaﬁwwﬁﬁmwmﬁ
i @i |/

: g wEae & 5 17 f et g T IR @
@ &, a5 39 e & it srmy/3g-ar & IR ar-ar
& | swar aef gy & 5 st wee @7 IR forad & foe
I dg3 @ g Ao we & wift sm/se-am & IR
AT & S | 3 a5 BT BT W TR DT |
e gReraT 3 arch B8 gr el ot A we W @
#e d | arh g ge yol & I frd §e IR & D
7 f2v o8, e & wwar & /

Note : English version of the Instructions is printed on
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