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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 otherwise mentioned, 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.

SLPM-P-CHM b 4



IeMY 2891\ 1<
O I Hiferas faRiar 3R ST /e (L0, o))

Some useful fundamental constants and conversion factors

N/

VISO L
snimsx3

i ALd

Ny =6-022 x 1023 mol!

Rydberg constant = 2:178 x 1018 J
¢ =2998 x 108 ms~!

kg =1-38 x 10723 JK-1

e=1602x 10719 C

m, = 9-109 x 10731 kg

F = 96485 C mol1

R = 8314 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"19m =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

1L atm=101-34J
1 eV = 23060 cal/mol

4 12 c2 = 3-55 x 1022 ¢m?2 g2

h2
— =6-025 x 1038 Jm—2
8mg

h, = 1-986 x 10726 Jm
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SECTION A

Ql. (a) Wmﬁlsmiﬁr=aoaﬁr=10aommﬁﬁﬁm%
ST T TR HITSTT, SFel ‘o A1 8 gl 37N a) = Teeht s e Hi Hsar g |

Calculate the ratio of probability of finding the 1s electron of hydrogen

atom at r = aj and at r = 10a,,, where r’ is the distance from the nucleus

and ag = radius of the first Bohr orbit.

(b)  HHI ITEAT ¥ YT I I dwal ¥ Aifeaq Fase GRed & 298 K WM &
fore aH-grer =k 1 Fmior Hifsr | wftafoa weRdit & T 1 3o Hife | giea
FIfSu for 390 o F9-8 Ty Fe01 T VG Tad & 3 BT ThT Hsil BT Icdsid
FAE

Construct the Born-Haber cycle for the formation of sodium chloride
crystal at 298 K from the elements in their normal states of existence.
Mention the names of the involving processes. Indicate which of them

are energy demanding and which are energy evolving.

(c) i 3R Rafereni el i forgla =TeiehaT Sgd & @ | THL dwail bl i1 HIAT STereht
fergger =eTendt # 9 8 F T € ? AN Aled AT HIFT |

Germanium and Silicon elements have very low electrical conductivity.
How can the electrical conductivity be enhanced by adding other
elements in trace amount ? Explain by examples.

(d) @ s Fie (e e 150 m? 8, % ot T g 10 cm TE TS R | 39
32 (50°C) & 3 e (— 10°C) Toh =TS o FRT AT 3 70T 3hY G FT & 2 FAT
BT <l TUHAT R ? (W TSI 2 3ffel & offr il T I & sl 15 ©)
fear T 2 : ATy o S =TT T = 24 x 1072 Js I m1 K1
Two sheets of copper of area 1.50 m?2 are separated by 10 cm. What is
the rate of transfer of heat by conduction from the warm sheet (50°C) to
the cold sheet (—10°C) ? What is the rate of loss of heat ? (Assume the

space between the two sheets is filled with air)
Given : Coefficient of thermal conductivity of air = 2-4 x 10~2 Js~1 m~1 K-1
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(e) 39 3dc ¥ Ygd Afdawd 1 &l 9 & ? Ffead (Kelvin) THISH0T 1 SUIT Hh

LEEIE
Why do liquids become superheated before boiling ? Explain using
Kelvin equation.

(0  FrfaRed sl 37 fSga el godl & IER WO SARIE HH H STaitdd
FIRT | 3799 I 1 e fag Fifse |
NH,, NF; 3 H,0
Arrange the following molecules in the ascending order of their dipole
moment values. Justify your answer.

NHj, NF5 and HyO

(g 0500 g Sisigeh 37T (Benzoic acid) 3T SIS & STefi SIS T4IT | 39 G641 &
AT H 1.236 K T 5¢d g3 | IEt Feirifd T et &1 0-300 g A i ST &
fore Tenfira fomam T 7R 3@ Ror @19 & 1.128 K 1 91@d g | SSigeh 37 o <&

Fr T, A, U298 = — 3227 kJ mol~1 & | I i T5F FHTFTR 2

0-500 g of benzoic acid was burnt under oxygen. The combustion
produced a temperature rise of 1236 K. The same calorimetric set-up
was used to burn 0-300 g of naphthalene and the resulting temperature
rise was 1128 K. The heat of combustion of benzoic acid,
A, U298 = _3227kJ mol~l. What is the heat of combustion of
naphthalene ?

(h) 300 K W 0% 53 fesa § ush Meftar o 2 Foredt 3 o9 an 1 Ffiey (@41 o 9 o)
7 3T T firgor 8 | 39 919 W fgsa & 32T #T 31« 1.00 atm ® | 99 f&ss &l 150 K
ek ST fofam ST &, Y a1 0-37 atm @ | T 1 GAISH T 8; & 0, I8 R
T 1T T TH2I07 2 370 I h TR T |
feammar & : 150 K WU (CyHg) HT a9 31« = 0-10 atm
{391 =1 shifaes @19 = 44 K

A sealed container contains a gaseous sample at 300 K consisting of
either pure ethane, or pure neon, or a mixture of the two. The pressure
inside the container at this temperature is 1-00 atm. When the container
is cooled to 150 K, the pressure is 0-37 atm. What is the composition of
the sample; pure ethane, pure neon or a mixture of both ? Explain your
answer.

Given : Vapour pressure of CoHg at 150 Kis 0-10 atm

Critical temperature of neon = 44 K
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() U o T &ahet 49-8 cm? B, 36k HUL T AfUq fohaT STHT @ I Taot
FT e 19-3 g/em? B | U fqerg, o waof i sifedtewtor staerm +3 2, Sad
3-25 A ol U T shl Tgd forat 17T | € 18 aeq W Taol Al U WHA T, fSraeht
e 1 x 1073 em 2, & # % fC stmavares 9 i TET AT |

(feam T 2 - Tt st 3NV 559m = 196-97 g/mol)

The surface area of an object to be gold plated is 49-8 ¢cm?, and the
density of gold is 19-3 g/cm3. A current of 3-25 A is applied to a solution
that contains gold in the +3 oxidation state. Calculate the time required

to deposit an even layer of gold, 1 x 10~3 cm thick, on the object. 5
(Given : Molecular mass of gold = 196-97 g/mol)

() U | TETET HI AqUEYT 99 (intake temperature) 400°C 3R fawm amg
(exhaust temperature) 150°C T =Tferd foram Stmar @ | o e @ o & fawr
¥, TETET Afahan foha-t AT § el ot Tehar & 2 fop Rufort & sifteraw & e
FLURAE ?

A steam turbine is operated with an intake temperature of 400°C, and
an exhaust temperature of 150°C. What is the maximum amount of
work the turbine can do for a given heat input ‘Q° ? Under what

conditions is the maximum work achieved ? 5

Q2. (a) Uk-faty fesam, ot &aTs @’ ®, § U 1 & 31fkded it MRaT &in = 1, 2 3%
3 g F fw, 0 < x < % &7 7 1 FIfT |

Find the probability of existence of a particle in a one-dimensional box of
length ‘a’ in the region 0 <x < % for the statesn =1, 2 and 3. 15

(b)  3recity frufeat § 298 K W ATedfisi T AHe o= fava +1.23 V ? | e
fearfert & 04 (g) F T3 & AT =T & T A o= fava Fr e 2

The standard reduction potential of oxygen under acidic conditions at
298 K is +1-23 V. What is the standard reduction potential for the

four-electron reduction of Og (g) under basic conditions ?. 15
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Q3.

(c)

(d)

(a)

(b)

Zn2* 3R SZ- AT i Hreamd sFaHEr 074 A 3R 1.84 A €1 ZnS % fpea
eI (crystal lattice) & 3TRAT & T iR gl it =g &t fyif Hifem |
ZnS % CCP (o1 ffore Hepet) =T a1 |

The radii of Zn2* and S? jons are 0-74 A and 1-84 A respectively.
Determine the most stable form of arrangement of ions in ZnS crystal
lattice. Draw the CCP (Cubic Close Packing) structure of ZnS.

NaCl % T& T #, T 10,000 Tl § 8 T T, S @14d: Na* § Sreariird
24T 2, I0F T T CaZ+ IeA1ad 8 | 91 A fo C1™ 7o ait Tt o quid:
STETTYA &, A T i Ersforarigt . 2t

In a sample of NaCl, one of every 10,000 sites, normally occupied by
Na*, is occupied instead by Ca2*. Assuming that all of the CI~ sites are
fully occupied, what is the stoichiometry of the sample ?

afe a9 25°C 3R T 1.00 x 106 atm B, @ 1.00 cm? FH FdE AT Fd4 W
FHTRHISI 3 Tfer Ve HegT St TEAT T TR HiT |
Calculate the number of collisions that oxygen makes per second on

1-00 em? of the surface of the vessel containing them if the pressure is
1-00 x 10~ atm and the temperature is 25°C.

T ehfee 3 25°C 3 1 atm 2@ W IMET % 3F6T (bulk) ¥ & U Oid IHT &
THGHT STHR % forgeh 3c0= A & foTw 10-0 J e e 2 |

()  ¥% WM gu foF I qHE ke | Ta @, fargent i B i ufwen
IS |

(i) U forege o AT o 0TS Sl HEAT 1 Uiteher HifoT |

T ® : w1 g 1 = 0072 J/m?2

Suppose that 10-0 J of work is required to create droplets of uniform size

from a mole of water in bulk at 25°C and 1 atm pressure.

(1) Assuming that surface tension is independent of area, calculate
the radius of the droplets.

(i1))  Calculate the number of water molecules in a droplet.

Given : Surface tension of water = 0-072 J/m?

SLPM-P-CHM &

15

10

15



(c) mm@%mﬁﬂﬁf@ﬁmﬁqﬂq%
T eI = — 138°C
HHT FYF = 0°C
ifeh a9 = 152°C
Shifdeh 219 = 38 atm
e it for Frep fofg o & wr= eriss & ofigr A9 @ 3R B foig W AT 7
3x 100 torr 2 |

(i) ST T WIS G 15T |

(i) 1 atm 3R 140°C WA Hl 40 atm T GUITSd fohaT T & | 77 39 Fobamm
o SO foret oft Wy 3 srareed Suftyd Bt § 2

(iii) 1 atm 3R 200°C WY HI 40 atm T Gaifed foHam sar 2 | = 36 e
o QI forelt oft Wy 3t e uftera Bt § 2

You are given the following data for butane :

Normal melting point = — 138°C

Normal boiling point = 0°C

Critical temperature = 152°C

Critical pressure = 38 atm

Assume that the triple point is slightly lower in temperature than the

melting point and that the vapour pressure at the triple point is
3 x 107 torr.

(1) Sketch a phase diagram for butane.

(ii) Butane at 1 atm and 140°C is compressed to 40 atm. Are two
phases present at any time during this process ?

(iii) Butane at 1 atm and 200°C is compressed to 40 atm. Are two
phases present at any time during this process ? 10

(d) UH IATZ FHAT FEH a9 40°C 7, 39H T fesd § 0°C W 100 g 9% &t
2 | 5ot Ao fesel o et dafd 2 & o faerdt 2 | 78w gu % fos & et ot
ST 1 TIHGT G4 & 2T 8, fesa & foramm ster gufaa 2 sia ot o6 foeer
ST HI IWHT ATTHH 40°C T Tgd ST 2
fear 8 - b i Gres ST = 334 Jg!
ST <t TSI AT = 2260 JgL
STeT 3l ST 97T = 4184 J kg1 K1
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A container with 100 g of ice at 0°C is placed in a humid room whose
temperature is 40°C. The ice melts as water vapour condenses into the
container. Assuming that all the heat transferred to the container comes
from the condensation, how much water will have condensed in the
container once all the ice is melted and has reached 40°C ? 10
Given : Heat of fusion of ice = 334 Jg~1

Heat of vaporization of water = 2260 Jg!

Heat capacity of water = 4184 J kg~1 K1

(e)  =ATEAT HITSC {3 s araaT o wiommeaey et 31 amT=ra: e requl i
AdE |
Explain why crystalline solids are generally more defective as a result of
increasing temperature. 5

Q4. (a) NO 3 & MG F&F (MO) @ RE | NO i FAeHsh Areief foris
Feit 626 kJ mol~! & Safk NO* #I 1047 kJ mol~! & — 3Tk =ATE@AT T&d
ST | NO weh sifufsramefier qee i ate i 7ewi & qehdl & — Jaise 4 |

Draw the molecular orbital (MO) diagram of NO molecule. The
experimental bond dissociation energy of NO is 626 kJ mol~! while that
of NO* is 1047 kJ mol~! — rationalize it.

NO can also act as a reactive radical — how ? 20
(b) T Iid fIerdd #, Tk TGS W HTal-eh ANiTeh o HATHeTeLor o fore, forgwor €mid
T T TEheT hifeTT |

w fifsre s i § o ol aftafera & o o= foem § faawr wa
(diffusion layer) i T1eTE 0-05 cm &t T

fearma e

(i)  wretes Aire i FiEdT, Cafyg = 1072 mole litre™!
(ii)  Frefies e T faw 107 Dagrdifyss = 2 x 1075 em? sec™!

Calculate the diffusion limiting current for the oxidation of an organic
compound at an electrode in a quiescent solution.

Assume six electrons are involved in the reaction and the thickness of
diffusion layer is taken as 0-05 cm in an unstirred solution.

Given :
(i)  Concentration of organic compound, Coyrganic = 102 mole litre™1
(ii)  Diffusion coefficient of organic compound,

Drganic = 2 x 107% cm? sec™! 10
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(c)  hiceram A13ee, St Uk Yot faga-3Auued 2, 30 SHHIeR Sefid faerad § =reiehar
&, 25°C W o = 262 mS em ™ AT T & | = fow 7w HAfewei @ faega-arawrem,
St o Ca2t 3T &, IHehT ATH-3TV[E Tcieshal a1 e H SUTeed a S o STl
& AT T Tieher HIfT |
25°C W AT Tt i 3Ta a1 0 UTH-3TU Teiehdl (- TeIRad @ :

) A2 (mS m2 mol-1)
Ca2+ 119

(i1) 1% (mS m2 mol1)
NO; 7-14

The level of conductivity in a decimolar aqueous solution of calcium
nitrate, which is a strong electrolyte, is measured as
o = 262 mS ecm™! at 25°C. Calculate the molar conductivity of the
electrolyte, that of calcium ions and the transport numbers of the two

types of ions present in the solution, with the data given

below.
Molar conductivity at infinite dilution in an aqueous solution at 25°C : 10
(i) A$ (mS m? mol1)
Cal+ 119
(ii) A2 (mS m? mol1)
NO4 7-14

(d) " AT EA I, P = 2 atm T A SFTEIT 1 G7: TG Fd & | T e &
ISLPNCNEIERIRIEER RIS L1

() HCl(g
(i) NyO(g)
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ek AT & STfiremeht 3t Icurel Y smifiash TR 3 ST o aitermt
SATEAT TS |

feam a2 : wwa o A T e, 25°C W

i)  AGgHq=— 953 kJ mol™

(i)  AGY=+ 1037 kJ mol~!

Suppose we redefine the standard state as Pressure, P = 2 atm. Find the
new standard AG; values of each substance :

(i) HCl(g)
(i) NyO(g)

Explain the results in terms of the relative entropies of reactants and
products of each reaction. 10

Given : Standard free energy of formation at 25°C :

i)  AGYy=—95-3 kJ mol!
(i)  AGy o=+ 1037 kJ mol~!
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