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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 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 and otherwise indicated, 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 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 (QCA) Booklet must be clearly struck off.
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Some useful fundamental constants and conversion factors
Ny = 6-022 x 1023 mol-!

Rydberg constant = 2-178 x 10~18 J

¢ =2-998 x 108 ms~!

kg = 1-38 x 10723 JK-!

e=1602x 10719 C

m, = 9-109 x 10731 kg

F = 96485 C mol-1

R =8-314 JK~1 mol-!

h =6-626 x 10734 Js

n=3-142

1 amu = 1-66 x 10727 kg

lcal=4-184J

1J=1kgm?2s2

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

1 bar = 1 x 10° Pa = 0-9869 atm
1eV=1602x10"197J

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

4 72¢2 = 3-55 x 1022 ¢cm?2 g2

h2
— =6-025 x 1038 Jm—2
8mg

he = 1-986 x 1026 Jm
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SECTION A

QL. (a) () ¥ (Fwiaw) sraear  esgion WAty § s i Aifve & a8 g Feffa
ST St T Aferes sfera ardt 8 1 [fear man 2 ense 9 et &

3
gamTRitRd BT we Rlo(ls)=2(£]2 . e P2 St p= 27 5 i

aO nag

ag = Y9 91 (Bohr) &1 Bra & | o177 ot siehi o1 amam=r 37 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
2
is Ryp(1s) = 2[£J . e P2 where p= 2lx and ag is the first Bohr
ap nag
orbit radius. Other notations have their usual meanings.] 5

(i) Wfeaw sz 3t wifean smierRe H JoF el ¥ OF dgidas
gRtahert & gRT fehTet T 9T Y 3Uer Swudat @ | 3fa fag A

Sodium bromide and sodium iodide have higher lattice energies
than expected from theoretical calculations. Justify. 5

(b) ()  IZHT HrY TR FH W 235U weniie faafed & S & | v g
STehfeieh STEe shayel 072 SfAw1d & | $Hh! 1Y ¥ SATST FTEeT ITet FHLATH
238U ¥ HAT FH & oIT U &l et UFg ¥ T 1 ugdr & Y o heg amq &
S HEHT § F1feqd & Srar ® | B 235UF 3t 238UF, Mt & oo Y
feaTor w1 & feTu &5 9w & refiT STa Sar @ | ueh fer = & ae,

2350 <1 238U ¥ Smifereh WYl 3 YA U T qhEeH IR |

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 235UF6 and 238UF6 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. 5
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(i) TH® A (HVF)’ A gfonfya Hifse | v gy e F oo e 59
SiTeteh @ife |
Define ‘unit cell’. Draw all the Bravais lattices for a cubic system. 5
(c) Trafafia sridet &1 T e, I (mercury) FT AT FaeHie i Hifv |
TRETH FA & [T STTIRT HH-HH-H HTATE HEAT TS ?
Hg () AH; =0
S° = 77-4 J/K mol
Hg (g) AHy = 60-78 kJ/mol
S° = 174-7 J/K mol

Use the following data to determine the normal boiling point of mercury.
What assumptions must you make in order to do the calculations ? 10

Hg (1) AHf =0
S° = 77-4 J/K mol
Hg (g) AH; = 60-78 kJ/mol
S° = 174-7 J/K mol

d) () SEFARSERIHNHE (CCloF,y) M & e Feis — 30°C ¢,
hifash a9 112°C 2, 37 36k T shifdh a1 40 atm ? | JFe 14 =1 20°C
A9 W 18 atm T q% HYifsd fmam S, ot < e gafa anft 2 e
o 3 ST 9T 9T 39 T |

The compound dichlorodifluoromethane (CClgFg) has a normal
boiling point of —30°C, a critical temperature of 112°C, and a
corresponding critical pressure of 40 atm. If the gas is compressed
to 18 atm at 20°C, will the gas condense ? Give your answer on the

basis of graphical presentation. 5
(i)  AfaTeear i aReaTiia i | sTferEteear & FTTAN 1 3ot HiTT |
Define overvoltage. Mention the applications of overvoltage. 5

(e)  TEIZSISH WIFETES % TTE
2H,0, (aq) — 2H50 (1) + Ogy (g), ¥ AHFAT 1 42 kJ/mol & AfehT S
Ffuferar #Y UeTeE Ferers AT forar Smar ® ar swehr afshaer St 7-0 kJ/mol
2 | 3@ 917 1l hifste o @ s sfifrar st e w =, e w
USTEH IIQ 3{TEe 20°C 9 T =eral & | 7 AT STaf qork A, ST AHet J
AF/HE R |
The activation energy for the decomposition of hydrogen peroxide
2H505 (aq) — 2H50 (1) + Og (g) is 42 kJd/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. 10
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Q2. (a) EESHE FffEaar fagia &1 Scaw fifsw | vefifa fifse 6 ww-forfa S,
fSEeht <fems 0 & L 7 2, 308 & 01 & o & yam=iied gt %o St %
SFAH By 31 Ey (hUT: Faied SET 1 31 2 g0 i) & deey € o
T & ATV & |

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

and Eg

(characterised by quantum numbers 1 and 2 respectively) are orthogonal

to each other.

(b)) @

(ii)

(e @

(i1)

PHRM-U-CHM

Frefafiaa & fou smeer s o6 afeker Hifse
(D) S

ID) YURATFEE

(I11) eSS

(IV) eTEiifesiaer A==

34 | forgert Tl S=aaw e 2

Calculate the bond order for the following :

(I)  Oxygen

(II) Superoxide

(III) Peroxide

(IV) Dioxygenyl ion

Which will have the highest stability ?

CO o Tfvaeh FHefeh @ i Gifaw |

Draw the molecular orbital diagram for CO.

10

10

10

T HEAT 3 A 6 aTet fopeeat & €iwid Brsam 1T 1 ufteher I |

Calculate the limiting radius ratio for the crystals with

coordination number 3 and 6.

Ueh IQTRL0T Wied Fe3lharHIdT 2Nt hi e hifSu |

Explain stoichiometric defects with an example.

S

10

10
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Q3. (a) (i) oY AT OIS I R aquH (1) 298 K 3 (I1) 0 K WA
A S o A i HoE ufE@s (GhE-899H) (n62) 0-28 (nm)2 A
1 G T [ (FIST) S99 29 gmol—L & |

Calculate the coefficient of viscosity of air at temperatures :

(I) 298 K and (II) 0 K.

Assume that the collision cross-section (162) of air is 0-28 (nm)2
and average molar mass of air is 29 gmol—1. 10

(i) Ar, CHy 3 CgHg 6T %I 39% @ A19 % MR W s@d §¢ %A o
SHaferd T | I 1/ HROT AT |
Arrange Boyle’s temperature of the gases Ar, CHy and CgHg in

increasing order. Give reason(s) for the answer. 5

b ()  Frehed zE e o o s
EREISRIELIREER
HITT Higd I T AT T |
Which of the following liquids has greater surface tension :

Ethanol or Dimethyl ether
Explain the answer with reasons. 5

(i) U gt T g2 @l Bsar 150 nm 2, F 39-91 AqUYSS F AL a1 F
FHAT T IREhe AT |

Calculate the difference in pressure across the liquid-air interface
for a water droplet of radius 150 nm. 5

© () U UW AY (A AR T oF SchAviE gHardl Gdied ¥ Edad
100-0 L & =gt 224 L & ar & | ¥t ufshan % fore dcweieest ot #
qiEd T gfteher T | 71 S aroe 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 100-0 L to 224 L. Assume that temperature is

298 K. 10
(i) BT W % GHY U T T H=T AN 14T € 2 40 o 919 S8, U TR Ay

HATT ST HehalT & 2

Why does a tyre get hot when air is pumped into it ? Can a tyre be

inflated without a rise in temperature ? 5
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(i) frfafad sifafear % fag 25°C ™ NiO & T3 % 3w 0y ¥ T
(atm ) %1 IR FIWT, 7fd AG® = 212 kd/mole & :

NiO (s) == Ni(s) + % 09 (g)
Calculate the pressure of Og (in atm) over a sample of NiO at 25°C
if AG® = 212 kdJ/mole for the following reaction : 5
NiO (s) == Ni(s) + % O (g)
(iv) U U™ 3] (HIA) T8 200-00 atm 3 19-0°C W, F ERECER: R
(TH AT & FETT S T 39T 3 21 0-95 atm T8 1T 2 | 1 ¥ sifem

AYHI T 3Mhe HIC | feam mm 2« | &1 S[@-ome s o (ug)
0-150 K/atm 2 |

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 (uyy) of the gas

1s 0-150 K/atm. 5

Q4. (a) U TIT G (IATS) HIATYA fohaT TRIT 3T Ik WTareelT 3@ 1 T35 31 718 | 78 9/
T {36 gweh P foig & v v () 3f 31 (P) % v Aoy arer fem @

nP,=-329 139
! P
InP, =— @um

ﬁmﬁgmaﬁtﬁmﬁgmwmaﬁml
FTTITET 1 bar, 298 K W 319, g a1 29 21 2
AH g T & 2 GHETRT |

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 (P) are given by :

InP,=—- M+13-2
(ST
InP,=— gl?—oum

Calculate the triple point temperature and pressure.
Is the new drug solid, gas or liquid at 1 bar, 298 K ?
What is AH ? Explain. 15

sublimation
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b) () gaIveREeR (@R F ¥ 2 e T AT gEu h e T |
JAVTETT A TH=a T THifeha 3T T |

What is polarography ? Explain the concentration polarization at
the electrode. Give the labelled diagram of polarographic cell
assembly. a5

(i) @igar ¥+t gfofya Fifse 3t soh ot &1 oo il | S 3w
ol UREdT S aTd I & 7 1o Selt ! Gufed & a1 I |7 39 H9F H
3fua farg Hifso

Define concentration cell and mention its types. Justify the
statement “Fuel cells are energy conversion devices and not
energy storage devices.” 5

© () uH st ahier A <A, B KB, ¢ ¥ fru, 3 feriw
kp =5 x 108571 3 kg = 3 x 106 s~1 & | 37 wwy =t Fuifd i 519 B
T WIZOT TTehaw & |

For the sequential reaction A —k—A> B ﬁ——) C, the rate
constants are ky =5 x 108 s! and kg = 3 x 108 s~1. Determine

the time when the concentration of B is at a maximum. 10

(i)  2Tciy raey ¥, sfesar efafafer (BP) fmfafaa sfufsran aar 2

P1<-k—1— BP -—kg-—>P2

i

Py
a1 e Affaferm @ e @9, 92 @1 pH ~ 3 8 | 39 pH W SR a9
292°C W 37 TehuT 3 AT Ut © -
ki =70x10"%s1, kg=41x103s"1, kg=57x 10351
P, I Scufar Y aAfeu/3ust F@m & 2
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In acidic condition, benzyl penicillin (BP) undergoes the following

reaction :
P; < 51 pp K > P,
P3

Imagine while swallowing penicillin, pH of the stomach is ~ 3. At

this pH, and temperature 22°C, the rate constants for the

processes are :
k1 =70x10"%s7] kg=41x103s1, ky=57x 1031
What is the yield of P; formation ? 5

PHIM-U-CHM 9
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SECTION B

Q5. (a) ufadifi i THedifir Wehul &l STecii=ehl 3@ H GeId Hid §Y aH1 JshAl § e
it |

Indicating ‘Fluorescence’ and ‘Phosphorescence’ processes in Jablonski

diagram, distinguish between both processes. 10

(b) () o HEWEHHET FA Bare ?

How does water condense onto glass ? 5

(i) I TF I3 A 2:0 x 1011 torr F I ¥ IF(4a fHAT ST, A 36 T8 |
Tl WA (HHTET) shl AT el 9id s % fofe fepan awer o 2 99
AT woher W S % T 1 TR SRTEA ol AT € | 38 I8 I 1%
T % foTT a3 W 1T BT ST 7 FoRarT STTaT &, o ot i |

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. 5

() Frafafeaa @%at i IUPAC Amugid 3 A6 419 fafe :
(1)  NaylZnCly]

i) [PtClgl®"
(iii) [Pt(py)yl [PtClyl
Hy
. b 4+
(iv) [(H3N)4Co\o/ Co(NHg)4]
H

) Ni(CO),

PHIM-U-CHM 10
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Write the IUPAC nomenclature of the following complexes : 10
(i)  NagylZnCly]

(i) [PtClgl*
(iii) [Pt(py)yl [PtCly]
Hy
. / N\ 4+
(iv) [(H3N)4Co\0/ Co(NH3),]
H

(v)  Ni(CO),

(d) TS A0 HAT 2 2 FEH WO I B wqa AT | 3HhY w3 i A |

What is Zeise’s salt ? Outline its synthesis method. Describe its

structure. 10
) ()  AUTEE ATHE I AT AT |
(i)  ad greft & HE #t Zr & 9 T@T TR © | 39 S99 & 3fuq fag fifse

(1) Explain lanthanide contraction. 5

(ii)  Hfis placed below Zr in the periodic table. Justify the statement. 5

Q6. (a) () AR yww-TEEEE FAfrar I e dfsd 1-0 x 106 2, dr afufran
Hj (g) + Cly (g) — 2HCI (g) # U St ot faferoft St forger atmeed
480 nm &, FT G & T 3T~ §C HCI (g) F U 0pafY (ardt) i
TEAT T IThe I |
(eI T8 : Ny = 6-022 x 1023 mol1
h = 6626 x 10734 Js
¢ =2-998 x 108 ms1]

PHKM-U-CHM 1z
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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 108, 10

[Given: Ny =6-022 x 1023 mol~!
h = 6626 x 10734 Js
c = 2998 x 108 ms~1]
(ii)  UHA(T B HT 0-04 TTH U (Hier) Forerad, St o T 2 cm #1eT & ¥t §

TET BT B, ¥ IR FLETT T A1 §AG JehRT i dterdt 50% FH € | TH
U (HieR) foreiia Turieh =1 aftsher shife |

On passing monochromatic light through a 0-04 molar solution
kept in a cell of thickness 2 cm, the intensity of the transmitted
light was reduced to 50%. Calculate the molar extinction
coefficient. 5

(b)  forwmift Seafia srfufsrer & oma am Twerd & 2 U8 W W arelt srfufsear % AT
TN T IeE T |

SR srfereier Rrgia T ST T B, 39 TR Seer o o ferr s fh
PH &7 ¢ W 7 319 9T Sqafed 81T S hife Semiaeh! ST ST Tl & A
39 T W ATHTET BT I HifS T AT BT AT HLAT & |

What is meant by heterogeneously catalyzed reactions ? Mention 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
pressure. 15

(© () |ifemmdw @@ ? s gorelt d difead qu i ifewr i e i |

What is ‘sodium pump’ ? Explain the role of sodium pump in

biological system. 10
(i) ST FTR 2 Mg P450 i ek i s31edn i |
What is Bohr effect ? Explain the role of Cytochrome P450. 10

PHKM-U-CHM 12
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Q7. (a) fowees & frgid (CFT) ¥ am oif wwaedt & & ‘&’ Farat % frareT #t wefifa
i |
ffefaa um w fewuft Hifsa
T A & dy 2 2 3 d,, FEhI b W7 oll 1 3T, TLHAE & F G
R h T AT H GHET & |°
Show the splitting of ‘d’ orbitals in square planar field according to
Crystal Field Theory (CFT).
Comment on the following statement :
‘The difference in energy between the dy?_y? and dyy orbitals in square

planar field is identical to the difference between the same orbitals in
the octahedral field. 10

(b) () T g FEIAA AT FHE -

M — C ATeY 577 C — O &g sh9
Ni(CO)4 1-33 2-64
[Co(CO)4]™ 1-89 2-14
[Fe(CO)4 % 2:16 1-85
SYer oAl i ATEAT FH |
The bond orders of some metal carbonyls are :
M - C bond order C = O bond order
Ni(CO)4 1-33 2-64
[Co(CO)4]™ 1-89 2-14
[Fe(CO)4]1% 216 1-85
Explain the above facts. 10
(i) A, B3R CH IgaIT | A 3B FH Ao i Fardae 2 ?
NaNO2
[Co(NH3)5ClICly ——— A
a7,
HCl1 B

PHKM-U-CHM i3
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Identify A, B and C. What is the relationship between A and B ? 5
NaNOz
[Co(NH3)5ClICly — A

Let stand || UV ray
or warm,
HCI B

Dilute NHg

(aqueous)

s

(¢ () Toreea & fugia & smun i, fFmfafad s o faer i
& [CoFg]3~ TITHIA &, [Co(CN)g)3~ Wldgarehia & |

On the basis of Crystal Field Theory, account for the following
statement :

While [CoFg]3~ is paramagnetic, [Co(CN)g|3~ is diamagnetic. 10

(i)  Cog(CO)g I HTET/HTAATSI bl TIT HIfVT | FHb Feahid reror 9T fewuft
it |
Elucidate the structure(s) of Cog(CO)g. Comment on its magnetic
behaviour. 15

Q8. (a) ‘sp3d WG PF5 310 & 19F NMR wagn & wft F g arfenyey fows ved € 1
AT HifeT o W |

‘All the F atoms appear indistinguishable in the 19 NMR spectrum of
sp3d hybridized PF5 molecule.” Explain how. : 10
(b) (@)  CIFg 3 & Gt Hwa daTcAsh Rufadll st STST | qeheitd SHTford hifse
o 39 & F-H g9 ST/ wrTeHe Rufd gt | CIF 310 o AT 9
feoquft FHifsra |

Draw all the possible structural dispositions of ClF3 molecule.

Establish logically which will be the most favoured disposition.

Comment on the shape of CIFg molecule. 10
(ii)  BgHg oI GTAT Y SHTST | HSHIUT GIEHIVT 3 IR T BoHg H 3TEET i

STEAT HIFT |

Draw the structure of BoHg. Explain the bonding in BoHg on the

basis of hybridization approach. 10
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(c) Trefofea & 78 Ammeet & gus i et & oot ey frmdt Y wifere s

ifere

(i)  SHER YIS e

(i) facraes frsdur

(iii) TSIt STaEgor

(iv)  ATFHTRIT STTEAT HT TETHT

Briefly explain the principles involved in the following methods of
separation of the lanthanides : 20
(1) Repeated fractional crystallisation

(i1)  Solvent extraction

(iii)  Fractional precipitation

(iv) Change of oxidation state

PHKM-U-CHM 15
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