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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
¢ =2998 x 108 ms~1

kg = 1-38 x 10723 JK-1

e=1602x 10719 C

m, = 9-109 x 10-31 kg

F = 96485 C mol~1

R =8-314 JK~! mol1

h =6-626 x 10734 Js

n = 3-142

1 amu = 1-66 x 10727 kg
lcal=4-1844J

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 10° Pa = 0-9869 atm
1eV=1602x10"19J
1Latm=101-34J

1 eV = 23060 cal/mol

4 72 ¢2 = 3-55 x 1022 cm?2 52

h2

=6-025 x 10738 Jm—2
8mg

he = 1-986 x 1026 Jm
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(b) @
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SECTION A

g (Freram) sreear & ersgior W § soag i A1 9 98 gt fraifa
SIS ST Ted Tferes sufera gt & | [ ma @ : eESiee 9 Mot &

3
TRt T B R10(15)=2££j2 e P2 S o= 22T 3ain

aO nao

ag = T ST (Bohr) & fwar 8 | 3177 @l 3iai a1 w2y 31 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(£] . e 2 where p= s and ag is the first Bohr
ap nag

orbit radius. Other notations have their usual meanings.]

Aifsam FuEe 3 Wifsan e H Jas Faisl & 99 dgias
UfEheHT o g fHanTed T 0T <t S7e STuat § | 3fa fag Ao

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

LT % |1 SHA T W 235U et fefed & wmar ¥ | weg g6
TTeHfcieh ATE et 072 FTA¥d & | 3HeT 39 § SATeT A5y aTet THET
238U @ 1T F & fI0 U &1 vt UFg & 41 gar & St % & a1q &
ST AT F 1fead & S @ | R 235UF, 3fit 238UF |t % frmor Y
feaTor e & foe 68 9wt & orefia STl ST 2 | U R =1 % 9,

2851 1 238U ¥ arTifersh qfe % Tu o 1 ftdhe HIRT |

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 235UF(; 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) THH VA (¥’ F ofoniva A | v w17 e & foo e sa
SiTeteh @it |
Define ‘unit cell’. Draw all the Bravais lattices for a cubic system. 5
(c) mmﬂmm,qﬁ(mercury)ﬂwmmﬁml
UiEher i & 1T SIS i -HIH-HT HeqaTd HEAT TS 2
Hg (1) AHf =0
S° =774 J/K mol
Hg (g) AH; = 60-78 kJ/mol
S° = 1747 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° =774 J/K mol
Hg (g) AH; = 60-78 kJ/mol
S° = 174-7 J/K mol

d () SEENSEREHNEE (CClLFy) M & ame FeEis — 30°C &,
hifash a9 112°C 2, 37 30 TTET shifaeh a1 40 atm ? | IFe T4 =1 20°C
A9 T 18 atm I q% Hifed fFam sme, o = g w@ufa anft 2 TeEs
T & TR OT 37AT S i |

The compound dichlorodifluoromethane (CClyF9) 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)  sAfdieear st ufearia Hifse | sfiEteear % ST 51 e HisT |
Define overvoltage. Mention the applications of overvoltage. 5

(e)  ETZSISH WITETES % TEH
2H,0, (aq) — 2H50 (1) + Oy (g), T WRIU FHsit 42 kJ/mol 7 dAfRT Sa
SAfuf3RaT Y dsmeH Fererst ¥ AT fRam Srar 8 aF s@eht @fshaor St 7-0 kJ/mol
? | 37 a9 &1 ke difs o o sraifa st et sfivar w =, e w
USTEH IING 3THeT 20°C A9 T AT & | 7 AT A1gf 7o A, T At |
A/TH AR |
The activation energy for the decomposition of hydrogen peroxide
2H504 (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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Q2. (a) EESHE Affyaar fagia &1 Sea@ Hifsw | wefiifa fifve i - dam,
fSEeht <femg 0 & L 7 2, 308 s #01 % e 3 yem=fid 1gie S St 6
STFAH By A1 E,y (T Faied Hear 1 3 2 g fosiisha) & qeqew € o
< et E |
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) () T=faRed 3 fore e s @ afere Hifv
(D) AT
(ID) YRATFEEE
(I1) gdieETse
IV) SRS A=
39 ¥ foraant Tunfiea S=aaw 2
Calculate the bond order for the following :
(I)  Oxygen
(I) Superoxide
(ITT) Peroxide
(IV) Dioxygenyl ion

Which will have the highest stability ? 10
(i)  CO % VT Hefh NG H! Wi |
Draw the molecular orbital diagram for CO. 10

() ()  HH=TEEAT 3 3N 6 aTct fpeeai & Himia fisar sura 1 gftsher i |

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

(i) U QTR Fied LrgihamHIdT ST hi samean Hifsu |

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

(i)

b @

(ii)

(o @

(i1)

PHKM-U-CHM

AT % FAAT Ul 31 IR araa (1) 298 K 31 (I1) 0 K Wi |
A S 6 oy <6 were afEe (FR-8Fe) (n62) 0-28 (nm)? 3t
WWWW@HT)WWQQ gmol~1 g

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 g mol~1. 10

Ar, CHy 3 CgHg a1 1 37% Sfaet A9 & MU W Sgd 8¢ %9 7
Faferd ST | I FH1/F FHror A |
Arrange Boyle’s temperature of the gases Ar, CHy and CgHg in

increasing order. Give reason(s) for the answer. 5
Freferfia 7t 3 e g o ot & -

TRATE AT STEATIS $o

T Fied I hl AT I |

Which of the following liquids has greater surface tension :

Ethanol or Dimethyl ether
Explain the answer with reasons. 5

T Ut st g @t fsar 150 nm 2, % 59-a17 SqUYss ¥ A9 o &
FHeR T TRhe HIfrT |

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

TH UM A (Hi) AR N F Ik gEardt ddfted # s
100-0 L § 9est 22-4 L & e & | Ut ufskan & fore dewdieest st #
TREd T IfEhe IR | 71 e araa 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

BT W % WHT U T T 91 &Y AT @ 2 o T 919 991, U TR Y

GATT ST HhalT & 2

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

inflated without a rise in temperature ? 5
&



Gii) frfafea sfifrn & faw 25°C @ NiO % T4 % IW 0y ¥ @

(iv)

(atm ™) Wqﬁm'-raﬁﬁm T AG® = 212 kd/mole &
NiO (s) = Ni(s) + % O (g)

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

NiO (s) —— Ni (s) + % 0, (g)

TH UMW ] (1) T 200-00 atm 3R 19-0°C W, & Tods @Y I
(IITH ) & T S 9T 36T 3107 21 0-95 atm T8 STaT 2 | g 3 sifem
AIIH T 3TThe HIST | fem mm 2« | 1 S[-omed s ()
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 (ugm) of the gas

is 0-150 K/atm.

Q4. (a) Uk AT G (TATS) HYATHT fhaT TAT 3N Ik Traeem 3710 Y 1o i 778 | 7% g
T {3 S8k e foig 3 ame et (Py) 3 31 (P) o ot amed < feam & -

3010

nP,=———+132
l T
InPy=— 38%+16-1

ﬁmﬁgm@tﬁmﬁgmmmm|
FTTATGT 1 bar, 298 K W 34, 14 a1 29 81T 2
AH g T & 2 THIATRT |

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 :

3010

inP =— 3820 161
T

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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(i1)

© @

(i1)
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gavRfgsh (ASRITE) FT R ? T T HZAT Y0 Y AT HINT |
JAVHETT ¥ TH=a 1 AT 3 AT |

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

Tigar A 1 gioaiya Hifre o suht Rt &1 e FfT | a7 8
St qiEdd i arel 39 & 7 fon il @ gufed wE are 99 |7 39 S H
Sfua farg Fferg |

Define concentration cell and mention its types. Justify the

statement “Fuel cells are energy conversion devices and not
energy storage devices.”

TF ATHmE AR A ka , B KB, ¢ % o, an foiw
kp =5 x 106 571 3T kg = 3 x 106 51 & | 30 & =i Fruifia Hifse s« B
T TIZ0T A & |

For the sequential reaction A LI > B kp > C, the rate
constants are ky = 5 X 108 s71 and kg = 3 x 108 s~1. Determine

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

T araey §, afesar affafem (BP) fFrafafiga stfafsrardar g

Plek—l BP —k2—>P2

Py
T s Affufem = e @99, YT #1 pH ~ 3 8 | 38 pH W AR a
22°C T3 TehHT & a7 feemian &
ki =70x10"%s1 kg=41x103s"1, kg=57x103s"1
P, I Scafer T sAfour/3ust T R 2

15

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

reaction :

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=41x103s"1, kg=57x 103 s-L.
What is the yield of Py formation ?



@ us B
SECTION B

Q5. (a) R it pif s w STedE st § ghw @ gy A e | 4
i |

Indicating ‘Fluorescence’ and ‘Phosphorescence’ processes in Jablonski

diagram, distinguish between both processes.

b) @

(i1)

ST g W hid FE BT g ?

How does water condense onto glass ?

IfE T T3 H 2:0 x 10711 torr F & & IS FoRAT ST, dF 39 T8 W
Tl WA (AHTET) s ST 3reft i s9 % fe foraen wwr & 2 5
ST Teher T S 3 A 1 AR SETEA T STl @ | 39 53 I A%
T F T 3 0 <Ter T SR 7 f3ham ST 7, shror 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.

() Frafafea @t #1 IUPAC Tmugfa & sgam I fofe :

®
(ii)

(i11)

(iv)

(v)

PHKM-U-CHM

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

Hy

v N\ 4+

[(H3N)4Co\o/ Co(NHg),4]

H
Ni(CO),

10

10



Write the IUPAC nomenclature of the following complexes : 10

D

(i)

(iii)

(iv)

(v)

Nagy[ZnCl,]
[PtClgl%
[Pt(py)4l [PtClyl
Hy
N
AN
H

[(H3N),Co Co(NHy),]**

Ni(CO),

(d) — SITSH ST T2 ? FHehT WO 4T T St ShITTT | SHehT ST 67 Ui i |

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

structure. 10

(e) (@)
(ii)
@)
(ii)

Q6. (a) (@)

PHKM-U-CHM

ARG 1= i ATEAT HIT |
ITad Gt § HE &t Zr & = T@r T ® | 39 w99 1 3fq fag hifsa

Explain lanthanide contraction. 5

Hf is placed below Zr in the periodic table. Justify the statement. 5

Ife gt iR i Fren dfsa 1.0 x 108 2, ar st
H, (g) + Cly (g) — 2HCI (g) # U St faferwoft et forwepr atmeed
480 nm &, FT FAWET B T 39 g HCl (g) F T AT (diedr)
TEAT T IR I |
(e mam & : Ny = 6:022 x 1023 mol1

h = 6626 x 10734 Js

¢ = 2-998 x 108 ms1]



(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 105,

[Given: Nj =6-022 x 1023 mol!
h = 6626 x 1034 Js
¢ =2998 x 108 ms™1]
(i)  UHATT FHT T 0-04 T [ (Her) e, S o 0 2 cm AT F o #

TET §AT 2, ¥ IR FERT T A WG Jehrr i A 50% FH w | U
U () fareite uries =1 afteher #hife |

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 Iefea srfufsrem & o1 & e € 2 I8 W AN arelt AT % HATa
T HT IeoE T |

SR rfereirer g T ST A g, 39 W S o foe e s e
PH T ¢ W 37 31 W AEfed BT TH hife Seideh s ST7aor Hidl € 31
39 T W ATHFT BT I TS TATIrehT T STTET AT 2 |

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 PHg on tungsten follows first
order Kkinetics at low pressure and zeroth order kinetics at high
pressure.

()  oifemmdw T ? S yoredt & wifeaw v i it St sqren Hife |

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

(i) IR IHE FATE ? Mg P450 i et i saren Hifvw |
What is Bohr effect ? Explain the role of Cytochrome P450.

PHKM-U-CHM =2
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Q7. (a) e & Rrgid (CFT) % o1 af wnaeft 8 § ‘4 et & fyured %1 yeifa
i |
frefafaa e o fewguft fifs -
T At & 22 3R d,, FEhI ok TET Fioll T 3T, TLHAET & F T
e % T S F THETE |’
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?_y2 and dy, orbitals in square

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

(b) (1) FS U] FEAA AT FAE :

M - C A& s C — O A=Y 5°H
Ni(CO)4 1-33 2-64
[Co(CO)4]™ 1-89 2-14
[Fe(CO),]2- 2:16 1-85
ST oAt T AT AT |
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)4l™ 1-89 2-14
[Fe(CO)41% 2:16 1-85

Explain the above facts.

(ii) A, B3R CH YeAT| A IRBF AT FTHIT R ?

NaNO,
[Co(NHy)sCIICl, —2> A

g7,
HCI1 B

PHKM-U-CHM 13
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Identify A, B and C. What is the relationship between A and B ? 5

NaNO2
[Co(NH3)5ClICly — > A
Let stand || UV ray
or warm,
HC1 B
Dilute NHg
(aqueous)

) () Treea o fagia & smun w, Fefefaa we o faawr i
Safeh [CoFgl3~ S &, [Co(CN)g]3~ Mfdgarshia & |

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

While [CoFgl3~ is paramagnetic, [Co(CN)gl3~ is diamagnetic. 10

(i)  Cog(CO)g T HTEAT/ETEATAT &l TIL HITT | 6 Yl T AT T fevqofy
it |
Elucidate the structure(s) of Cog(CO)g. Comment on its magnetic
behaviour. 15

Q8. (a) ‘spid HHRA PFj5 319 % 9F NMR Wagd # vt F umy] srfersier fewms ved € 1

e HifST fF =i 2 |

‘All the F atoms appear indistinguishable in the I9F NMR spectrum of
sp3d hybridized PF5 molecule.’ Explain how. : 10

(b) ()  ClFg 30 i @¥ft €9 GaTcns Rl Sl 15T | TohETd JHTIO hifsT
foF 70 & - T T/ fufd g | C1F5 310 % 3THR T
feoquft hifsr |

Draw all the possible structural dispositions of ClFg molecule.

Establish logically which will be the most favoured disposition.

Comment on the shape of C1F3 molecule. 10
(i) BgHg ol TTEAT Y ST | WU GIRIVT o STMUR W ByHg H 3T i

STEAT T |

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

basis of hybridization approach. 10

PHKM-U-CHM 24



(c) TrefeRad & 78 SAdAmeet % quwa Y At & o arer fremt i wfireg s
Fifsru -
() SR IS e

(i) T s
(iii) TSIt ST
(iv)  STTEETRTOT 7TEYT HT SSAT

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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