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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 and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.

Questions no. 1 and 5 are compulsory and out of the remaining, any THREE are to be auempted
choosing at least ONE question from each section. 2-;' 1%

The number of marks carried by a question [ part is indicated against it.

Answers must be written in the medium authorized in the Admwsm
stated clearly on the cover of this Question-cum-Answer (QCA) Bookle
marks will be given for answers written in a medium other th(m thc aut
Coordinate diagrams, wherever required, shall be draw 1 in the e
question itself. by
Unless and otherwise indicated, symbols and uomiana'
Assume suitable data, if considered necessary, and inc

Attempts of questions shall be counted in sequenti
shall be counted even if attempted Pa"“.)' §
Question-cum-Answer (QCA) Booklet m m . ;
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Some useful fundamental constants and conversion factors
N, = 6-022 x 1023 mol™1

Rydberg constant = 2178 x 10718 J

¢ =2-998 x 108 ms1

kg = 1-38 x 10723 JK-1

e=1602x10"19C

m, = 9-109 x 1031 kg

F = 96485 C mol~!

R = 8314 JK~! mol-!

h = 6626 x 10734 Js

n=3-142

1 amu = 1-66 x 10727 kg

lcal=4-184J

1J=1kgm?s2

1A=108cm=10"1"m = 0-1 nm = 100 pm
1 atm = 760 torr = 1-01325 x 10° Pa

1 bar = 1 x 105 Pa = 0-9869 atm
1eV=1602x10"19J

1Latm=101-34J
1 eV = 23060 cal/mol

4 n2¢2 = 355 x 1022 ¢m?2 g2

h2
— =6-025 x 1038 Jm=2
8mg

he = 1-986 x 10726 Jm
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SECTION A

qe (FeTaw) Sraeen § eTggie T § Seag ot Aifve o ag gl et

T St et srufera it @ | (feam man 2 : e S et
3

TEHTRITERG 357 B Ryo(1s) = (ZJZ . e P2 SEfp= 278 3 s

ag na

ag = TUH A1 (Bohr) F&1 AT 8 | 3177 Tt 3iehat ah7 amr=y 31f 2 |]

Determine the distance from the nucleus at which the electron is
most expected in the hydrogen atom in its ground state.

[Given : The normalized radial function for hydrogen-like systems
3

is Ryo(1s)= 2[£]2 . e 2 where p= Yoy and ag is the first Bohr
a0 na(

orpit radius. Other notations have their usual meanings.]

Hifeaw simEe 3R difeay JEEEe # Sas Sl & g9 dgii-as
Uftehat & grT el T g it e ST & | 3fud fag Fifsw |

Sodium bromide and sodium iodide have higher lattice energies
than expected from theoretical calculations. J ustlfy

Ve oun e Yy ‘/";}:a
=T & WY FHAH A T 235U Wﬁiﬁﬁﬁ%ﬂiﬁ 2|
T {deh ATEA Had 0 72m%lmﬁaﬁﬁmm§waﬁwﬁa€
238U & 1T FH & I U &t T8et UFg § sigeT vgar & St foF eg ara &
FY A H AIYa & a1 @ | {6 235U aiv 238UF, Tt & fasor 0y
oo % fore 68 =t & orefir gt Simar @ | U e = % A,

235U 1 238U | Aufereh wofeg o qua 0T 1 UiEe I |

The 235U isotope undergoes fission when bombarded with
neutrons. However, its natural abundance is only 0-72 percent. To
separate it from more abundant 238U isotope, U is first converted
to UFg, which is easily vaporized above room temperature. The
mixture of 235UFg and 238UFg gases is then subjected to many
stages of effusion. Calculate the separation factor, that is
enrichment of 235U relative to 238U after one stage of effusion.

<3



Mm(myﬁmmlmmm%mmﬁ
ST @if |
Define ‘unit cell’. Draw all the Bravais lattices for a cubic system.

( frferfaa atfwat &1 9T &1, I (mercury) T H FE91e 4 Fifs |

qRarer A & fo1u smyent s-ah-dt Feand et aeit 2 "
Hg (1) AHj =0 a8 ",Aq'&
S° =774 J/K mol
ﬂ Hg (g) AHy = 60-78 kJ/mol \*7/\
a& S° = 174-7 J/K mol S
’%« Use the following data to determine the normal boiling pzynt of mercury.

What assumptions must you make in order to do the calculations ?
Vy Hg (1) AH; =0
v S° = 77-4 J/K mol
K Hg (g) AH; = 60-78 kJ/mol
S°® = 174-7 J/K mol
d @ SEEREEREHE (CCloFy) Afie & am= #@&@uHi% — 30°C 2,

Shifdeh G190 112°C ¥, 31 36 ATET FHifds 2@ 40 atm & | I(E T H1 20°C
dq9 W 18 atm <1 a GUifeq forar S, o Fan i gufa 2nft 2 aEs

X 2 fEoT 36 AT Ot YAt ST S |
— | The compound dichlorodifluoromethane (CClyFg) has a normal
boiling point of —30°C, a critical temperature of 112°C, and a

corresponding criticai pressure of 40 atm. If the gas is compressed

to 18 atm at 20°C, will the gas condense ? Give your answer on the

o WO_ basis of graphical presentation.
1) stferdieear Hi uftita A | sifieieean 3 st 1 SeoE HifT |

Define overvoltage. Mention the applications of overvoltage.

BI3SIS WIFHISS & 3TIHe

2H,04 (aq) — 2H50 (1) + Og (g), ¥t WiHAM F1 42 kJ/mol B AfHT 5«
T TSTEH heTols | IR f3har Smar 2 dF gaeht afseaor St 7-0 kJ/mol

2 | 3G d17 1 e Fifse e 1T eeafa st st sivar w ==, fm w

USTEH IS ATHT 20°C 1Y T ST & | 7 S a0 A, T Jeai §

AR/ A 2 |

The activation energy for the decomposition of hydrogen peroxide

2H904 (aq) — 2H50 (1) + Og (g) is 42 kJ/mol, whereas when the reaction

is catalyzed by enzyme catalase, it is 7-0 kJ/mol. Calculate the

temperature that would cause the uncatalyzed reaction to proceed as

rapidly as the enzyme catalyzed decomposition at 20°C. Assume the

frequency factor A to be the same in both cases.
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. (a) esHa fAfiadr fagid & Ieom difse | weffa fifse fF wp-fadfr s,
fSraeht & 0 & L 9% 2, 399 & 01 & foru @) yem=iisa A0 %o St foh

UM E, 30 B,y (9T Fieq Fedr 1 3 2 g faviea) & qeqey €, 0

T & RO 2 |

State Heisenberg’s uncertainty principle. Show that for a particle in a
one-dimensional box having length from 0 to L, the two normalised
eigen functions corresponding to the eigenvalues E; and Ej
(characterised by quantum numbers 1 and 2 respectively) are orthogonal

to each other. =5 10

(b) famafafiga & fou stera w9 &1 gitese fifse -

) s Sl é
Dy 5

D) RS - s T

III) 9 P\

(I1]) WHiaETse \x 7 \/,,./
(IV) ST 3T e b OF v

. z ,
T & e e Seaaw A 2 N o % Y\y{o\ @
e <
Calculate the bond order for the followinz }
0 o VS
xygen
' v \\\\K © o
/uperomde o, o7 9\
)

{{P/eroxide O ¥ . S‘g Q\/
Dioxygenyl ion ;;

ich will have the highest stability ?

1) CO & 1fiass Heeh N i Wifdu |

Draw the molecular orbital diagram for CO. 10
| ol
¢
(c) HH GEAT 3 3 6 AT Foheeal & HiHid FIsar SAT9Td &1 Uit $Hifva | {,\
Calculate the limiting radius ratio for the crystals with «
coordination number 3 and 6. 10

1) e 3aTelvT Higd Wisfraridt 3t st samear Hifee |

Explain stoichiometric defects with an example. 10
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Q3. (a) (1)
(11)

(b)) Q)
(11)

(c) @@
(ii)

PHIKM-U-CHM

AT F T T o1 Gfreher aToHT (1) 298 K 31T (1) 0 K s #hifer |
i i foh Ay o wee uftEd (RTE-a9) (n6?) 028 (nm)? iy
o1 ST TTH 3 (1) FAHH 29 gmol ! 2 |

Calculate the coefficient of viscosity of air at temperatures :
(I) 298 K and (II) 0 K.

Assume that the collision cross-section (n62) of air is 0-28 (nm)?
and average molar mass of air is 29 gmol—1.

Ar, CHy 3T CgHg 4 #Y 3% d/at a9 & AW T agd g0 F9 |
Safterd FHIfT | T 1/ HHT AT |

Arrange Boyle’s temperature of the gases Ar, CH4 and CgHg in
increasing order. Give reason(s) for the answer.

Frfafad sat § foraer geia o s1faeh @
TIHTS AT SRR S

FOT Bfed I i AT HI9T |

Which of the following liquids has greater surface tension :

Ethanol or Dimethyl ether
Explain the answer with reasons.

us Tt St g2 et Bsar 150 nm ®, % 5991 SIS % A-IR T
AT T Yfha HifT |

Calculate the difference in pressure across the liquid-air interface
for a water droplet of radius 150 nm.

T T A (W) A T % SoRavid gEAd ddted § e
100-0 L & ozt 22-4 L & Srar & | et whopan & fog ecweicest =1 &
qftada T qiteher I | 719 SAfSTe arem 298 K 2 |

Calculate the change in Helmholtz energy for a reversible
isothermal compression of 1 mole of an ideal gas whose volume
decreases from 1000 L to 224 L. Assume that temperature is
298 K.

2aT YT & GWI U AT TH R B ST & 2 991 fSET 9 9eie, U TRy @t
THEATT ST HehdlT & ?

Why does a tyre get hot when air is pumped into it ? Can a tyre be
inflated without a rise in temperature ?

é
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(iii)

(iv)

frfafaa sifafien & faw 25°C @ NiO & 797 & IW Oy % 2@
(atm ™) &7 gfered Fifsre, afe AG° = 212 kJ/mole 1 £

NiO (s) == Ni(s) + % 09 (g)

Calculate the pressure of Oy (in atm) over a sample of NiO at 25°C
if AG® = 212 kJ/mole for the following reaction :

NiO (s) == Ni(s) + % O (g)

T T A (Hie) T8 200-00 atm 3R 19-0°C T, F daqds 9 S1C
(G ) H HETT ST T ET AW 2 0-95 atm T8 ST @ | 719 % HAfdq
qTGHTT &M 3TheH HISC | feam T 2 : g & -Amad 0% (uyp)
0-150 K/atm ? |

Estimate the final temperature of one mole of gas at 200-00 atm

and 19-0°C as it is forced through a porous plug to a final pressure
of 0-95 atm. Given : The Joule-Thomson coefficient (uyr) of the gas

1s 0-150 K/atm.

Q4. (a) U AI1 S (SATS) HIATSA foram TTT 37T IHF TG 311 ol TaNu 6t 778 | I 9T
T {3 e e feig % wre At (P) SIS (Py) % HUT a1 a1 foam T e -

3010

InP,=——+13:2
l T
lnPs = 3;8'12‘2+16-1

e feig ATawT i frep feig 2re 1 witeher ifsm |
T T4T ST 1 bar, 298 K W 319, 19 41 29 211 2
AH g FT 8 2 HHEATST |

A new drug has been synthesized and its phase diagram is explored. It is
found that near its triple point, vapour pressure over the liquid (P;) and
over the solid (Py) are given by :

Ty $+13-2

/)
InPy=- ¥+16-1

Calculate the triple point temperature and pressure.

Is the new drug solid, gas or liquid at 1 bar, 298 K ?
What is AHgplimation ? EXplain.,
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(b) )

(i1)

() @

(i1)
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(T AT § 7 erdgiE W HiEdT YA i =@me Fifsu |
YAV A W 1 AT 3 A |

What is polarography ? Explain the concentration polarization at
the electrode. Give the labelled diagram of polarographic cell
assembly.

qigar At ot ahoaTiia e ik gaeht foredt 1 Seor@ #ifeT | <399 Her
1 UfEdT H aret @7 & 7 5 et &1 gufed G A 37 |7 35 FIF HI
3 firg hifsm |

Define concentration cell and mention its types. Justify the
statement “Fuel cells are energy conversion devices and not
energy storage devices.”

T ATHE AR A ko , g _kB, C & fau, 3 fe=s
kp =5x 106571 3R kp = 3 x 106 s~1 ¥ | 39 wwa = fwifia Hifse 5= B
T GIZUT TForham & |

ka kg

> B — C, the rate
constants are ky = 5 x 10% s~1 and kg = 3 x 108 s~1. Determine

For the sequential reaction A

the time when the concentration of B is at a maximum.

AT IraEn §, Afese vfffem (BP) Frafafaa sifufsrarzar 2 -

P1<k1 Bp _X2

I
Py
ur fifsre afifaferm @ frerd @, 92 &1 pH ~ 3 ® | 36 pH W 31T a9
22°C T3 TehHT & AT feetian & :
k1 =70x10"4s7], kg=41x103s1 kg=5"7 x 10-3 s-1
P, &1 3cufy it cifew/ausr R 2

> P2

10



In acidic condition, benzyl penicillin (BP) undergoes the following
reaction :

"
-

Imagine while swa]lowmg pemcllhn pH ofthe stomach is ~ 3. At
this pH, and temperature 22°C, the rate constants for the
pmcessesaré .-HH&;‘ R SRnshitos 1w aeph e

. ’41’1-&}0_3 L 1.;;31‘1 =517 x 10951

me gm W ey
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SECTION B

Q5. () i si T e I SociT st ¥ g Fd g ST TR |
&t |

Indicating ‘Fluorescence’ and ‘Phosphorescence’ processes in Jablonski

diagram, distinguish between both processes.

(b) (i) I FHid WHHHAT HH BT = ?

How does water condense onto glass ?

(i) o T8 A 2:0 x 1011 torr F I ¥ Iefed AT MY, AT I 7B T
T WA (W) i AT el Ot S % e e gma s 2 5=
AT Tohet T T F AT 1 e S b STTavEedT @ | 36 U5S AT
F % foTT a3 1 31a8 =T T=NT =41 foham STt 7, shmer ot 9 |

How long will it take for about one-half of a monolayer to form on
the surface if the surface is exposed to a pressure of
2:0 x 10711 torr ? Assume that a monolayer formation needs an

exposure of 1 Langmuir. Also give reason for using such low

pressure in cleaning the surface.
Sl sy e

c) Hepell w1 [UPAC AHUSI % ATER T foifa :
a2 [ZD.C14]

[PtClgl

/um/ [Pt(py)4] [PtCl]
gz
/ \ 4
wl [(HaN),Co Co(NHa), 4
/CW)/ N0 > 3)4

H
/m/ Ni(CO)4
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Calculate the number of moles of HCI (g) produced by the
absorption of one Joule of radiant energy of wavelength 480 nm in
the reaction Hy (g) + Cly (g) — 2HCI (g) if the quantum yield of the
photochemical reaction is 1-0 x 105.

[Given: Ny =6-022 x 1023 mol-!
h = 6626 x 1034 Js
¢ =2998 x 108 ms~!]

(i)~ Uil TehTRT T 0-04 U HU[H (o) faeram, St fh T 2 cm HI2TE & HeT |
TET B3 7, ¥ IR @ AT qF S FehreT i disrar 50% F9 &1 T3 |
AU (AT fereiiee Turieh 31 IR i |

On passing monochromatic light through a 0-04 molar solution
kept in a cell of thickness 2 c¢cm, the intensity of the transmitted

light was reduced to 50%. Calculate the molar extinction
coefficient.

(b)”" fawmitt Icufa srhafshar & 319 T GHerd € 2 I8 W B arelt AafHar 3 swEma
0T T Ieeid T |

e stferier frgia S U g, 39 TR S % fou e s
PH_ %7 ¢z T {7 31 Wt SAUHed BH1 T9H shife semiashl ST SATaL07 HidT & 371
3= A T YT BT I HITE SeRTIqeh! b1 STTET HLAT & |

What is meant by heterogeneously catalyzed reactions ? Ment1on the
consecutive steps for a reaction to occur on a surface

Using Langmuir adsorption theory, account for the experimental
observation that the decomposition of PH3 on tungsten follows first
order kinetics at low pressure and zeroth order kinetics at high

Hifgam qu F1 8 2 Sifash urelt § Hifeaw qu it yiHehT i e i |

is ‘sodium pump’ ? Explain the role of sodium pump in
iological system.

) T R 0 RS P450 1 wiftrht ot e i |
What is Bohr effect ? Explain the role of Cytochrome P450.
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Q1. /a) Toreed & Ugid (CFT) % 3178w ot wwaeft & # ‘d’ et & faured i yefifa
FHifT |
ffafaa s oz fevgeft fHifsme -

Frl GHAe! & H dy2_ 2 3 dy, FEehi & T oll T I, HLHAFT & F G0
FEFI ok A 3 & THET 2 |’
Show the splitting of ‘d’ orbitals in square planar field according to
Crystal Field Theory (CFT).
Comment on the following statement :

A ‘The difference in energy between the dy2 ;2 and dyy orbitals in square

planar field is identical to the difference between the same orbitals in
e octahedral field”

) () S g HrE o AT FAE :

M — C &Y 79 C — O 3&Y hH
Ni(CO)4 1-33 2-64
[Co(CO)41™ 1-89 2-14
[Fe(CO)4% 2:16 1-85
I qeAT ht AT HITST |
The bond orders of some metal carbonyls are :
M - C bond order C — O bond order
e Ni(CO)4 1-33 2-64
¢ [Co(CO)I™ 1-89 2-14
«  [Fe(CO)(% 216 1-85
Explain the above facts.

1 (i) A, BIRCH UG | AN BF AT d FTHGTR ?

NaNO,
[Co(NHg)sClICl, ——=> A

a7,
HC1 B

PHKM-U-CHM va

10

10



Identify A, B and C. What is the relationship between A and B ?

NHNO2
[Co(NHg)sClICly, ——=> A

Let stand || UV ray
or warm,
HC1

Dilute NHg
(aqueous)

/ j foreear & fagia & =tmam w, famferftad e &1 faawor difso -
Safeh [CoFg)3~ STHTHI &, [Co(CN)gl 3~ Sfagaehia & |

bo%
a @ On the basis of Crystal Field Theory, account for the following
statement :
547

Lo @ While [CoFgl3~ is paramagnetic, [Co(CN)gl3~ is diamagnetic. 10
P (ii)”” Cog(CO)g T HTEH/ETZATAT i TYY AT | 38 Feehia =01 9T fevquft
T :

Elucidate the structure(s) of @/oz(CO)S. Comment on its magnetic
@ behaviour. = 15

\p. (a) ‘sp3d HH@ PF5 310 & '9F NMR Fegn § |+t F o) sifase fews ued & 1

=TT Hifs f TR 2 |
‘All the F atoms appear indistinguishable in the 'F NMR spectrum of
Co sp®d hybridized PF5 molecule.” Explain how. 10
(b) ()  ClIFg 370 i Gt §we GCaTenes [Rufai st 15T | dehdTd SaIfvrg Hifse
o 30 @ HH-H gl st/ Rufa 2t | ClFg 310 % &R ™
feoauft s |
Draw all the possible structural dispositions of CIFg molecule.
Establish logically which will be the most favoured disposition.
Comment on the shape of C1F3 molecule. 10
(i)  BgHg ! HTEAT I SIS | TS PRIV & ST W BoHg W e i
ST HIST |
Draw the structure of BoHg. Explain the bonding in BoHg on the
basis of hybridization approach. 10
PHIEM-U-CHM 14



(c) Frefafiad & w8 SISt & g it fafert & o arer framt #i wfie smen
EURLE
(1) SRS TSt foreed
(i) focmres frem
(ifi) SIS STaErgur
(iv)  SATRETRTOT TS T FeeHT

Briefly explain the principles involved in the following methods of

separation of the lanthanides : 20
. . N%
(i)  Repeated fractional crystallisation /
(i)  Solvent extraction & f/f
(iii) Fractional precipitation @ /
] e o~ %SV
(iv) Change of oxidation state @ %
j “/7,/ |
O
= p.3
7~
& Y. ~ o /@ / ——
42
e °
A
A 9@ Iy
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