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CHEMISTRY (PAPER-I)

|'I‘ime Allowed : Three Hours ] {Maximum Marks : 250|

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.

Question Nos. 1 and 5 are compulsory and out of the remaining, 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 have 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 Booklet must be clearly struck off.
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@WUs—A / SECTION—A

1. (a) Uh-fordra o, et dad 0 @ 1}, # o % <t B g e & 3, 6 R F Qe
HH, (x), 1 GReber Hifk)

Calculate (x), the expectation value of position of a particle, in the ground
state of one-dimensional box having length from O to I 10

(b) ¥R Ak F G et qenda F FH-TR T § gRewfera H ST @R #) NaCl, @@

% UWEH I GE T FRON % WY gia i) frefafes semfie stes Nacl siv
NaCl, % forg fean mn ¢ .

NacCl NaCl,
Uy =-757 kJ mol ™! Ug =-2155 kJ mol !

= |
AH[EA] =-348 kJ mol

%AH@SS} =+121 kJ mol !

AH gy =+108 kJ mol ™!

The enthalpy of formation of an ionic compound can be calculated with
accuracy by Born-Haber cycle. Predict, giving valid reasons, the possibility
of formation of NaCl, salt. The following thermodynamic data are given for
NaCl and NaCl, :

NaCl NaCl,
Uy =-757 kJ mol ™! Up =-2155 kJ mol ™!
AH gy = +495 kJ mol ! AH g, = +4561 kJ mol !

AHga =-348 kJ mol ™

%AH{diss) = +121 kJ mol !

AH gy =+108 kJ mol ! 10
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(c)

(d)

(e)

(b)

% We 98 % fag

(50, =2, (),

AIHHE TN A 39 We de f dar w eeii? = fifs)
For a rubber band
(5), = G,

What would be the length of the rubber band with an increase in
temperature? Explain it.

95 °C W Ve F a9-2 634 mm T T 100 °C AYHH R A ary-g@ gm?
ATaHH 9fEe | a9 I 40593 J mol 1 <t T R
[R=8-314 J K! mol™]

The vapour pressure of water at 95 °C is found to be 634 mm. What would
be the vapour pressure at a temperature of 100 °C? The heat of vapourization
in this range of temperature may be taken as 40593 J mol .

[R=8-314 J K! mol™]

g vamEte Avft i afmn ) gEEhl wedea ST

Define electrochemical series. Give its significance.

TS T § fafEell §H n =101 ¥ n=100 WY T F AarH HE1
(i) 38 A A Ieafa fafeon i amgfa i o #@ R7
(ii) 39 WHHOI 1 S HAT F Gl 87

Hydrogen atoms are observed to have radiative transitions from n =101 to
n =100 to occur.

(i) What are the frequency and wavelength of the radiation emitted in this
transition?

(i) Why is it difficult to observe this transition?

freferad gt wgerl ¥ fag safids sreeensd =1 difa o sfifaiia fie # s@s
e § R TER #1 d-FEE wffifd ©

spsd, sp3d2, dsp2, sd®

Draw the geometrical arrangements for the following hybridized systems and
identify the type of d-orbitals involved in each system :

spsd, sp3d2, dspz, sd®

10

10

10

10

20
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(c) T & A9 W b.c.c. Th del § BrefeE @ ¥ (p=7-86 g/em?)| 3@ frew § d
Ty R Bem # afees Fifvm) 910 °C T @ FW AR fe.c. B mufiEa/awiE
I R R W AR Fi B A qonm w Pl ) 59 s1eR w S ¥ 9 e 2,
W SHH F yam = i Fifs % @ 59 boe.c. A fe.c. @@ # wgiawn F0m,
@ q@ yEia M A G| R B i FWE 55-845 u B

Iron crystallizes in a b.c.c. unit cell at room temperature (p=7-86 g/cm3).

Calculate the radius of an iron atom in this crystal. At temperatures
more than 910 °C, iron prefers to be in f.c.c. If we neglect the temperature
dependence of radius of iron on the grounds that it is negligible, use
this information to determine whether iron expands or contracts when
it undergoes transformation from b.c.c. to f.c.c. structure. The atomic mass
of iron is 55:845 u. 20

3. (a) UM #H TF e, Swh B 04 cm B, 125 aga 9 41 # famfea & 1€ ) ydw o A
& F 9@ TN [yqq (61 F1 9 §E) =72 dynes/cm |
A drop of water, 0'4 cm in radius, is split up into 125 tiny drops. Find the
increase in surface energy. [ Yyater (Surface tension of water) = 72 dynes/cm | 10

(b) HRA-TOTHF TS F1 §7 R M Rer w1 pH fuita w3 F R # 5 wwe B

¥ WM | drn S 87
What are ion-selective electrodes? How is glass electrode used in the
determination of pH of a given solution? 20

© () w@ﬁmm/mﬁmﬁg(rp)%ﬁiﬁmﬁgm)ﬁmwﬁm
Hifsm )
(i) TF FWRH T B WP F g0 A Fa (WA Y R V,) F sem fwmy/ata
TR TH HE B AR W aeE T W HAafds @ (e R) oiv guu e fo (Rafa) R)
wa frgt i v v T mn, A e | wal Fon R siv armEen § v )

e 1 eifom awm w27 wefifa s 6 w5 wewn sgeefa wEe R
Fer dan

() Draw and explain the graph of enthalpy of vapourization from the triple
point (T,) to the critical point (T,). 10
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(i)

A thermally insulated box is separated into two compartments (volumes
V; and V,) by a membrane. One of the compartments contains an ideal
gas at temperature T, the other is empty (vacuum). The membrane is
suddenly removed, and the gas fills up the compartments and reaches
the equilibrium.

What is the final temperature of the gas? Show that the gas expansion
process is irreversible.

Insulated walls

4. (a) ﬁnﬁﬁaaagammﬁmﬁa,ahﬁzswmt,%agamaavaW:

(b)

Pt/Hj(; atm) ] H{c-0.01 M]H Cu(2c+=o-1 M]|Cu(s}

Calculate the e.m.f. of the following electrochemical cell at 25 °C :

Y

(@

1Y

Pt/H3(1 atm) lH[+c=o-01 M)” Cu{26=0,1 M)‘c“ (s

@éﬁﬁamﬁﬁﬁwﬁ%mﬂmﬁﬁmwﬁ%mﬁwﬁa
(m~eo)ﬂmw1mﬂ,wmﬁmmmmwm(m
mﬂo)%uﬁrwﬁaw(m)ﬁmwmnwﬁqﬂ*ﬂuwg@a:mﬂm
TEEd @ 39F o 21 e A I Sewa B o TR AR S B
Bt A T R TGN W EER F 98 T = 5 g 7 A pa e
(v w9 ) Qeft A | F 9N B

NO g ¥ fire Fifs e 3K I : 177 K 3 64 atm ®, @ CCl, & forg
I8 A #H: 550 K 3 45 atm 3| aret 99 fRR® a 3R b w1 AR R W
¥ foru w 27 fFa T %1 =@ER 300 K 3 10 atm R @ AT @7

A certain closed cell foam used as an insulating material is initially
filled with polyatomic gas of molecular weight ~ 60. Later, the gas diffuses
out of the foam and is replaced by dry air (mean molecular weight ~30).
Assuming that insulating property arises largely from the thermal
conductivity of the gas, explain the factors which influence the thermal
conductivity of the gas. For each factor, make an argument whether
insulating ability increases or decreases. What is the overall effect upon
the insulating ability?

10

10

10
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(c)

5. (q

(b)

(c)

(@)

(e)

(i) The critical temperature and pressure for NO gas are 177 K and 64 atm,
respectively, and for CCl,, they are 550 K and 45 atm, respectively.
Which gas has the smaller values of the van der Waals’ constants,
a and b? Which is the most nearly ideal in behaviour at 300 K and
10 atm?

HAS W@l % HEW ISR B g BTG-S P F W s 6 saren i)

Explain the phase diagram of phenol-water system by highlighting the
importance of tie lines.

@Wis—B / SECTION—B

- affen & an Reugs ¥ wiiew # sgem Hift) 78 o Remy B sfufen =
a4y w1, Afifras 6 Tfid wEa & sl 2

Derive an equation for rate constant of a zero-order reaction. Show that
half-life period of the reaction is proportional to the initial concentration
of reactant.

faema & wehrar % sraiw % fou - fam B we A ot @/ e fifg
State and derive Lambert-Beer law for absorption of light by solutions.

SRATFSH 1 €9 | U7 Hh 944 91 =i gt % i ) Grnfaty €t s shfiw
yoneft % g1 FA Framor fean s 27

Give the mechanism of fatal formation of hematin in the binding of dioxygen
by heme. How can it be averted by living systems?

(AB)Mb,c, (AB—Faeet wemfl) S syweadisn Aifil # fra snficdia wmmeme oiv fifm
wHEagd 999 &7

How many geometrical isomers and stereoisomers are possible in the
coordination compounds of the type (@)szcz(AB-—bidentate ligand)?

frafafaa sifufenstt @ g A

() XeF4 +12H,0 ——

(i) XeFg+ ____ ——— XeOF, +PFg
(i) XeOF4;+ __ —— 2XeO,F,
(iv) 3XeF, +2(S03)3 —
(v)

+XEF2 ¢ & (C6H5)2 SF2 + Xe
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Te

(b)

(c)

(@)

(b)

Complete the following reactions :

() XeF, +12H,0 —— __
(i) XeFg+ ____ — XeOF, +PFg
(i) XeOF,+ __ —— 2XeO,F,

(iv) 3XeF, +2(S03)3 ——

(U} +XCF2 —)(C6H5)2 SF2 + Xe

a=fA 3R |t & areye, S weEnia @ FR e 7

How does the bonding in cyclic phosphazene differ from that of benzene
and borazine?

gz fagra & sfedmd @ 87 wwnor sraeen fagia | s e F9 A o R0

What are the limitations of collision theory? How is it explained by transition
state theory?

SRR At wward 9% F e # goaa Fif) 7 f e fF @ & @i gfeey
¥ et 9% 9 9YE-FIR a1 YR Afeiem F SRy F#ar B

Derive an equation for Langmuir’s adsorption isotherm. Show that under
limiting conditions of pressure, the system follows both first-order and
zero-order of adsorption.

faftm eie-wem WEET SR I SgET/ETa eid aensti @ wEE it

Draw the structures of various iron-sulphur proteins and their corresponding
redox states.

s Frefafad yarda el #§ afted auaEl w g T 'H NMR % Segft seee %
YR W Fh AEYT F1 TWEE 8 HA7

(i) (CsHs),Ti
(i) C3(CHz)sFe(CO),

How would you account for bonding in the following fluxional molecules based
on 'H NMR spectral studies at variable temperatures?

() (CsHs)sTi
(W) C3(CH3)4Fe(CO)4

10

10
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()

(a)

(b)

(c)

% ¥a i 10 mi fewm B, st 7% 0-05 Aier sifadfers 3na 3iR 0-01 Wier e wehe
¥ 9 R, # ¥ faferor Rmem qtmesd 2500 A 2, 9R fewet /zart 1§10 80 s i fafemor =i
1 AN A F G7 A 30 H Wigal 9eH 0-04 Hiek ® Wit 2| Iy e atnded w
HRAF 3 % THEREAEE 992 F S ey w1 9iehed i)

(R : N=6-022%x102 mol ™}, h=6-626x10"3% Js 3R c=3x10% m s7!)

Radiation of wavelength 2500 A was passed through a cell containing 10 ml
of a solution which was 0:05 molar in oxalic acid and 0-01 molar in uranyl
sulphate. After absorption of 80 joules of radiation energy, the concentration
of oxalic acid was reduced to 0:04 molar. Calculate the quantum yield for
the photochemical decomposition of oxalic acid at the given wavelength.

(Given : N=6-022x10%% mol™!, h=6-626x10">* Jsand c=3x10® ms™})

JarE 3 g 3fa fig it f stautes dffe BrF,, Tifes fems & w9 3 e wwa
¥ iR sva-gme qun Fenes /el sfifEe B gga /8 e R

Justify that the interhalogen compound BrF; acts as an aprotic solvent and
undergoes acid-base and neutralization reactions by giving examples.

Foge Al ¥ Wy gede ol R AR W wum ufe s uig Al & Y
Yo ol | rEm &) w0 wfikd gEeh e fifgl T AR Al S g,
for® gafm il Faw w=Hw F AR F agEd § o S wfogada R

The observed magnetic moments of lanthanide ions in general differ from
observed magnetic moments of first row transition metal ions. Explain by

giving reason(s). Identify the lanthanide ions having magnetic moments
corresponding to spin-only value, and those which are diamagnetic.

IqgeEdsA 9f® [Ru (PPhy),CINO),]" # ©& NO falre (denft) a9 Yawa: @ waf®
a0 dfka ®1 3@ a9 § NO fafre &t stem-srem sevs famn iR sgmifa M—N 3Ty
wa i =rE i)

In the coordination compound [Ru(PPh;),CI(NO),]*, one NO ligand bonds

linearly while the other is bent. Explain the different modes of bonding of
NO ligands in this molecule and expected M—N bond orders.

20
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20
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