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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.

PHKM-U-CHM




F© I9FNT At RReRiah 3R EYTaw01 HRF

Some useful fundamental constants and conversion factors
Ny = 6-022 x 1023 mol!

Rydberg constant = 2-178 x 1018 J

¢ =2998 x 108 ms~1

kg =138 x 10723 JK-1

e=1602x 10719 C

m, = 9-109 x 10731 kg

F = 96485 C mol™!

R =8-314 JK~1 mol-1

h =6-626 x 10734 Js

n = 3-142

1 amu = 1-66 x 10727 kg

lcal=4-184J

1J=1kgm?2s2
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

4 122 = 3-55 x 1022 ¢m2 g2

h2
— =6-025 x 1038 Jm—2
8mg

hc = 1-986 x 1026 Jm
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Ql. (a) ()

(i)

b)) @
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@ us A
SECTION A

Tt () s # Erggiem T # S e & 9w g fatfa
i it wardr st srifer At 2 1 [ @ ewgeE S e

3
gamTRitRd BT we R10(1S)=2[—Z—]2 . P2 5l p= 2er g3

aO nag

ag = J99 SR (Bohr) &1 F3=a1 & | 377 aeft ikt ot AT 31ef 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(—Z—J . e 2 where p= Aaw and ag is the first Bohr
ap nag

orbit radius. Other notations have their usual meanings.]

Aifsam FmEe 3T ifead AREEe I Sas S9sl & 99 dgitas
gRahet & gRT fHehTel T 9T Y e It @ | 3fa fag Al

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

AT % ATy qHET B T 2350wty fomfed & S # | v g6
TTehfdieh STEe shaiel 072 SFAw1d € | $HH! 19 ¥ SATST ATEeT ATt FHEATTh
238U ¥ HAT FH & IC U &l et UFg ¥ a1 ugar & Y o heg amq &
S HEHT § F1feqd & Srar ® | B 235UF 3t 238UF, Mt & oo Y
T 5 & fofw &5 Tl & orefiT <re Sar @ | U e = # A,
235U ht 238U @ arafersh wwfe % Qe Uk 1 Ufthe HIfT |

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.
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(i) THF A (HIFHT) FH fonfya e | v gbiT Fem & e aaw d39
SiTeteh @ife |
Define ‘unit cell’. Draw all the Bravais lattices for a cubic system. 5
(c) mmmmm,qﬁ(memuw)ﬂmwmml
TRETH FA & [T STTIRT HH-HH-H HTATE HEAT TS ?
Hg () AH; =0
S° = 77-4 J/K mol
Hg (g) AH; = 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° = 1747 J/K mol

d) () IEEFESERHARHEEA (CClFy) A & AW F@e[i® — 30°C ¥,
hifaeh 19 112°C 2, 371 36 T shifaeh a1 40 atm © | IFe 14 =1 20°C
A9 W 18 atm T q% HUifsa foram S, ot < e gafa anft 2 e
T 3 TaR 9T 319 ST i |

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)  sIfraEieear S afoaTia i | sAfiateear % ST 1 Ieeid i |
Define overvoltage. Mention the applications of overvoltage. 5

(e)  TEIFIISH WIFETEES S TH
2H,0, (aq) — 2H50 (1) + Ogy (g), ¥ AHFAT 1 42 kJ/mol & AfehT S
ff3ram =it USTe e & Scfta o Sirar 2 df saeht wfshar it 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.
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Q2. (a) IS ffyadr fagia #1 scaw fifse | wefifa Hifve f - d,
St <fe1g 0 & L 7 2, 309 U& &0 & T & yam=hed Smsie %o St %
STEAE By I Ey (AT Faied Hear 1 37 2 grT forsieisha) & qeqew € o
THL & TR 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 E,

(characterised by quantum numbers 1 and 2 respectively) are orthogonal
to each other. 10

(b) () Trfeed & foe ey s # afere Hifv
I TS
ID) YURATFEE
(II1) 9eETsS
(IV) Srgaifeasiie e
T4 | foraent TaTfies s9aw & 2
Calculate the bond order for the following :
(D) Oxygen
(I) Superoxide
(III) Peroxide
(IV) Dioxygenyl ion

Which will have the highest stability ? 10
(i)  CO % 3TfVah Hegeh TG I Gifwy |
Draw the molecular orbital diagram for CO. 10

() () WH=THEAT 3 3N 6 a1 foeedl & dimia Frea s7ura &1 ufsher Hifv |

Calculate the limiting radius ratio for the crystals with
coordination number 3 and 6. 10

(i) U 3QTeT0T igd RiEihadidt ST i sarea Hifsu |

Explain stoichiometric defects with an example. 10
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Q3. (a @

(ii)

(b) @

(i1)

o @

(i1)
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a1 % FAAT Ul 31 IR arga (1) 298 K 3 (I1) 0 K Wi |
A1 o foh 3 1 derg uftE (hiE-89) (no2) 0-28 (nm)? ST ar
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 (m62) of air is 0-28 (nm)>2
and average molar mass of air is 29 gmol—1.

Ar, CHy 3 CgHg i #1 37 At dI9 & MU W S 8¢ 59 §
At HIfST | I F1/3 HHoT AT |

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

Freaferfae 73t i e et T T & -
UIHTE AT SRR S

HIT Higd I T AT HIT |

Which of the following liquids has greater surface tension :

Ethanol or Dimethyl ether
Explain the answer with reasons.

T qHT T g fs@ehl Bisar 150 nm #, F 39-91 7SS F A9 A §
FHT T Uit AT |

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

TF UM A (Hie) AR AW F IoHUUT guardt ddied e
100-0 L & 9o 224 L & ar 2 | Ut ufhan % foe Rewsiees st
e T qfteher I | 7T S aromm 298 K 7 |

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.

FAT WA & GHT TS T T AT 8 S16T & 2 F47 5T 919 99, v TR Y
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 ?

10

10



(i) frfafad sfifer % fag 25°C ™ NiO & 73 % 3w 0, ¥ =
(atm ®) % qftherT FHIT, 7fE AG® = 212 kJ/mole & :

NiO (s) == Ni(s) + % Oz (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 :

NiO (s) — Ni (s) + é Oy (g)

(iv) T T A () T4 200-00 atm 3R 19-0°C W, % TeAqd @Y B
(T ) | T S T FHHT ST 2 0-95 atm & STAT & | 39 3 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

is 0-150 K/atm.

Q4. (a) U TIT G (IATS) HIATYA fohaT T I Ik TTareelT 3@ 1 T35 31 18 | 78 9/
T o 36k e feig 3 o @vet (P)) 3 3 (P) o ot ey 2 feam 2

inp =300 439
! P
InP, =— @46-1

ﬁmﬁgmmﬁaﬁtﬁaaﬁgmmwﬁm?ﬁm|
FT A1 T 1 bar, 298 K W 319, g I71 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 (Pg) are given by :

InP,=—- M—+13-2
(ST
InP,=— ﬁfﬁ—ous-l

Calculate the triple point temperature and pressure.

Is the new drug solid, gas or liquid at 1 bar, 298 K ?

What is AH ? Explain.

sublimation
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(b) @)

(i1)

() @@

(ii)
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gAvAREeh! (AT FT & 2 IO W AEAT YEu h AT HT |
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.

gigar ¥t &1 gfeaTiya FifSe o suhr ot &1 Seora Fifsie | <sam o
Flt GREdT T a1t TF & 7 Toh il ! GUfed HE a1 I |7 39 HY
3fua farg Hifso

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

o apHE sikeT A KA L, B KB, ¢ ¥ frw, 3 i
kp =5 x 108 571 3 kg = 3 x 108 s~1 § | 38 @ i fwifia Shifsg sier B
T TIE0T ARTHAT 7 |

ka kg

For the sequential reaction A > B > 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.

FrreAty srae ¥, afster ufafafem (BP) fafafiaa sfufsrar dar ®

a1 e Affaferm @ e @9, 92 @1 pH ~ 3 8 | 39 pH W SR a9
22°C W 37 TehHT o a7 Ui &

ki=70x10"%s1, kg=41x103s1, ky=57x103s"1

P, i Ieafer it afsu/Sust | R 2

15

10
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In acidic condition, benzyl penicillin (BP) undergoes the following

reaction :

P; < BP k%PQ

1

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 ?



w s B
SECTION B

Q5. (a) ufadifi s THedifir Worul &l STecii=eh! 3T # G HTd Y IH1 TshT | A
it |

Indicating ‘Fluorescence’ and ‘Phosphorescence’ processes in Jablonski

diagram, distinguish between both processes.

b) @

(ii)

SIel i 9 gEid FE BT e ?

How does water condense onto glass ?

IfE U T3 H 2:0 x 1011 torr & I ¥ R4 fhaT T, A 3 T8 T
Tl WA (HHTET) shl AT el 9id s % fofe fepan awer o 2 99
AT Tehet T S 3 T 1 TR SwTe T AT € | 38 I53 I 1%
F o ToTT a7 9 <1 1 T 47 Foha ST 8, ser 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.

() FrfaRad @t 1 IUPAC AHugid % Igar 9 fafe

(1)
(ii)
(i)

(iv)

(v)

PHIM-U-CHM

Nag[ZnCly]
[PtClgl%~
[Pt(py)4l [PtClyl

Hy

Ve N\ 4

[(H3N)4CO\O - CO(NH3)4] "

H
Ni(CO),

10

10



Q6.

(d)

(e)

(a)

Write the IUPAC nomenclature of the following complexes : 10
(i)  NaylZnCly

(i) [PtClgl*

(i) [Pt(py)yl [PtCLy]
Hy
N

. N

(iv) [(H3N)4Co\0/ Co(NHg),]**
H

(v)  Ni(CO),

SIS TG0 AT E ? SHhT G307 ey Y S AT | S8eht 6T 7 vl Shifre |

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

structure. 10
() STES = hl SRS HifT |
(i)  3TTad Greft § HE & Zr & 1= @1 T 8 | 39 S99 1 3fuq fug fifsm

(1) Explain lanthanide contraction. 5

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

() 3 v stfafrar i Faren afea 1.0 x 106 ®, @t sl
H, (g) + Cly (g) — 2HCI (g) ¥ U St I fafomolt it frger qtmeed
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]
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(b)

(c)

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,

[Given: Ny =6-022 x 1023 mol™!
h = 6626 x 10734 Js
¢ =2-998 x 108 ms™1]
(ii) TS FHT HT 0-04 T A (Hier) foera, St ok T 2 cm g & 4 H

TET BT B, ¥ IR FEHT T A1 A Joh=T i s 50% FH € | aH
U (HieR) e Turish st it i |

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.

forminft Ieifca stfufsram & oTa I gwed € 2 I8 W BN arelt Aishar & AT
TN T IeE T |

SR sfereier Rrgia T ST A g, 39 W Seor & fore fearor i f
PH; &1 2% T 3 319 T 10feq 8T oW hife Sentiaeh! ST AT HLdT 8 31
39 39 T AL BT I TS SeATIrh! T ST HLAT S |

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.

() oifemmdw @ R 2 Sfae vt 7 aifsa gu st e i e ST |

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

(i) IR T FT R 2 WEsHA P450 st it st et Hifse |
What is Bohr effect ? Explain the role of Cytochrome P450.

PHKM-U-CHM 12
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Q7. (a) fowees & frgid (CFT) ¥ am oif wwaedt & & ‘&’ Farat % frareT #t wefifa
i |
frefafaa s o feogoft hifs -
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.’
(b) () TS AT FEAA D ST HY 2 -

M — C 316Y shH C -0 A=Y 9
Ni(CO)4 1-33 2-64
[Co(CO)4]™ 1-89 2-14
[Fe(CO)412- 2:16 1-85
SYFeR et ht ST HIT |
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) 42~ 2:16 1-85

Explain the above facts.

(ii) A, B3INCH UGN | A JIRBF AT AT G- ?

NaNO,
[Co(NHy)sClICl, —> A

a7,
HCI1 B

PHIRM-U-CHM i3
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Identify A, B and C. What is the relationship between A and B ? 5

NaNOz
[Co(NH3)sClICl, ——=> A
Let stand Uv ray
or warm,
HCI B
Dilute NH3
(aqueous)

v

e () e o fagia & smam w, Fefafa e ot foeor difs
&% [CoFgl3~ HTATHIA &, [Co(CN)g|3~ Widaehia & |

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 HLEAT/ETATS i TIT HIVT | §Hb Ferehid r=ror 9 fewoft
it |
Elucidate the structure(s) of Cog(CO)g. Comment on its magnetic
behaviour. 15

Q8. (a) ‘sp3d THT PF5 310 & 19F NMR wagw & @it F qan sfave fewms ved € 1
e HIfT fr Wi g |

‘All the F atoms appear indistinguishable in the 19 NMR spectrum of
sp3d hybridized PF5 molecule.” Explain how. - 10

(b) (@)  CIFg 30 & Gt T daTcnsh fRufadll st sHTST | qeheiTrd ST hifse
o 38 @ P-4 T e/ e Rafd gt | CIFg 310 & SR 9@
feoquft Hifsr |

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 | HSHUT GIEHIVT 3 ITUR T BoHg H STEYT i

STEAT HIFT |

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

basis of hybridization approach. 10
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) Tfafea & 78 A9Ameet F qus i fafat § o arer frmt i d@ftre sare
Fhifsra -
(i) SR TwTst e

(i) T Aemd
(iii)  TWTSIT STgEqor
(iv)  SATFHTERIOT JATEAT T JeT

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

PHRKM-U-CHM 15
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