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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.

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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Qus ‘A’ SECTION ‘A’

1.() T T e s § geeet o fRufa i shea ofik waffie sfe wet
6t g FX | SREA F geEar § ren w3 g s ®b € 7
Compare average and most probable values of position of an electron in the ground
state of hydrogen atom. Explain with the help of drawing, why two values differ.

o | )

L) U foww R s, 4B, § wew) 4 dR B ¥ FrAffea o weet S AW

AT |

. 4 B

2s 2p,

2p; 2p,
= T FEE ¥ A et s et @ oo afed few
Consider the following atomic orbitals of 4 and B atoms in a heterodiatomic 4B
molecule.

A - %

2s 2p,

2p; 2p,
Depict the nonbonding interactions among these atomic orbitals with reason. 10

1.(c) () F3g 2w @5 faftrt & anfim forn o 2 1 faftdt o s v g, fomelt

W fdw firea § wta @W 1 U A R | o A e Hii |

(i) F-ig a1 fmior /e fireeer & o &1 & ywifaa = & 7

(i) F-centre defect can be introduced in several ways. Regardless of the method
used, the colour produced in any particular crystal is always same. Explain the
reasons.

(ii) How would the formation of F-centre affect the density of the crystal ? 10

1.(d) TR gEEET ¥ [0,]=021atm K [05]=5x10"atm WE T §, T 0, § O3 &
T & 298 K ® AG 1 IReam i |
fem e & 6 AG7(0;) =163 kI mol ™,

R=8314Jmol 'k,
F=96485 Cmol ! |
Calculate AG at 298 K for the formation of O3 from O, in urban smog, where
[0,] =0-21 atm and [O3] = 5x1077 atm.
Given; AG7(03) =163 kJ mol .
R=8314Tmol 'k,
F =96485 Cmol ™. 10
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1.(e)

2.(a)

2.(b)

2.(c)

o stufsrr & forg

Cu?*(aq) + Zn(s) ——> Cu(s) + Zn**(aq)

25°C ™R Zn/Zn?* IR Cu?*/Cu 1 HIe F9gIe fawa @R 0-339 V 3K 0762 V
® | 30 Al & W oo F SgeE w1 AEE @, AGe AR w @R, K &
ufteem Fifog |

[R=8314Jmol k']

For a cell reaction

Cu?*(aq) + Zn(s) —— Cu(s) + Zn?*(aq)

the standard electrode potential for Zn/Zn?* = 0-339 V and for Cu?*/Cu=0-762 V at
25°C. Calculate standard change in free energy AG® and equilibrium constant K for

the reaction.
[R=8314Jmol 'k™!] 10

T AT TR # 20°C W a1 &1 @@ 320x10°Pa & | ©7 a1 F wH W
g H T A A gEE, 100x10° Pa % Reg w0w ¥ MR ® waRa o
& g2 e T, S/ q% 9 @ e, P, sufadt S, Pexternaly F THI &I
B W, (P =Peyera) | T & T C, 1 =52R 27K ¥ a0 ¥ sifw aowm &
aReerm g | smest e smRor W At |

An automobile tyre contains air at 320x10° Pa at 20°C. The stem valve is removed

and the air is allowed to expand adiabatically against a constant external pressure of
100x10° Pa until P = Pextemal- For air, C, = 5/2 R. Calculate the final temperature
of the gas in the tyre. Assume ideal gas behaviour. 10

TF q W fawa g, freht e, L, @ (3 @ sm@R 0 ¥ L R), ve @
HE nth FA ST, §,(x), H ¥ | 3R F 5T A A F ww 1/a 7§ A
® @ F R T AR A W R il @ aReher Hifr |

A particle is in the nth energy state, ¢,(x), of an infinite square well potential with
width L (box size from O to L). Calculate the probability that the particle is confined
to the first 1/a of the width of the well. 20

e o wA & ot werd # fafewor, e wndd, A= 1.541 A ¥ am, (100)
foadt, 6= 14-88° R W fepar a1 | form wmers fareawr & w1 ww wed, wE w,
e e 108 A & &t st st s & & s ) @ 2 2
[Sin 14-88 = 0-257]

In a certain material of simple cubic structure, (100) diffraction is obtained at
0 = 14-88° with radiation of A = 1-541 A. Can this material accommodate an atom of
1-08 A radius interstitially in void space without lattice distortion ?

[Sin 14-88 = 0-257] 20

3 CRNA-F-CHM

Optional Province - optionalprovince.com




3.(a)

3.(b)

3.(c)

fpafafag smat § ¥ FH-9-30 (3e9aw) Wl AEE @ RS AR A9 SRR &
Sfua fag = |
OCN-  ONC SCN-

Identify the least stable ion of the following ions and justify your answer.
OCN~- ONC™ SCN- 10

74-6 g 1 o H TF A GYZ § K @ € | T (system) 3R IR (surroundings)
& A9HF 3K G 0°C 3K 1atm ¥ | % & 99 & FIEE W AS, ASgy, K
AS,;, F1 R FIRMT | AS,y, F [ & AT T WA & @HE 6 GR H T
frard foraed € 7 (S 6 A G IS B A 6:01 ki/mol ¥ 1)

A 74-6 g ice cube floats in the sea. The temperature and pressure of the system and
surroundings are 0°C and 1 atm. Calculate ASg, AS, and AS,y;, for the melting

of ice cube. What can you conclude about the nature of process from the value of
AS,... ? (The molar heat of fusion of water is 6-01 kJ/mol) 10

aﬁ%ﬁ,’qmmﬁwﬁﬂaﬂz‘éﬁmmwmwwﬁaﬁ;mmﬁa@ﬁm
TI'EIT%:

(i) R8T TF Y@, 1A 2 A F e AR e war w7

i) - = @, T % dR frmo @ e w7
'(iii)aﬂﬂ-ﬁaﬁi‘@,ﬁaﬁﬂaﬂa%waﬁmﬁmﬁmm%?
e it |

g 1
Curve 1

qd%h 2
Curve 2

«

st Y smafdeE w@en
Relative number of
molecules

_y Frfoaes =T
Molecular speed

The graph above shows the distribution of molecular speeds for Argon and Helium
at the same temperature.

(i) Which curve, 1 or 2 better represents the behavior of Argon ?
(ii) Which curve represents the gas that effuses more slowly ?

(iii) Which curve more closely represents the behavior of fluorine gas ? Explain.
10
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3.(d)

3.(e)

4.(a)

4.(b)

T 9 0 () & yEen @ & fmio difm sk 9 a6 Tt & e
&g | swifas q@, wifos @9 ok Pre fog B arfew/mew & st s
Frforg |

Construct a phase-diagram for a one component system (water) and explain all the
three curves. Also describe the significance of critical pressure, critical temperature
and triple point. 10

ST Aeh faga & & i Wy IR @ vee 3ga swea ¥ faeaw #F smm 6
FTel Bl WA A ATl SeRT-3(eRT Fl FT TR TR R gU G fraror
A

Provide briefly a qualitative account of different forces which influence the speed

of an ion in solution of strong electrolyte moving under an externally applied
electric field. _ 10

frferfiga fou o st % smER W war @d R @ @ o € B w B, N,
(126 K, 1 atm) & & g # & ?

R T,/K | P /atm
H, 33 13
N, 126 39

By using the following given data, find that under what conditions is H, in the state
corresponding to N, at 126 K and 1 atm ?

Gas T./K | P /atm
H, 33 13
N, 126 39 10

363-2K W S & ATS9GE 529 torr ¥ | FAISAG-FIUIA FHIGI FT WA FH
Sl I AT H AHIAF I, AH, O 3EaH Fe 3632K K 3732K F A9
# fagifia #1 [R=8-314 Tmol ' k]

The vapour pressure of water at 363-2 K is 529 torr. Use the Clausius-Clapeyron

equation to determine the average value of molar heat of vaporization, AH, of water
between 363-2K and 373-2K. [R=8-314Jmol' k] 10
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4.(c) HF AT AGE 4 3R B & R 4 o g8 oA s oK v B W QR
R T3 A 2-0 cm F ST qF UF R F wgar €, A 5@ B, A ¥ 7 Tt
F9TE 9% =Qm ?
" Consider two liquids 4 and B such that 4 has half of the surface tension and twice
the density of B. If liquid 4 rises to a height of 2:0 cm in a capillary, what will be
the height to which liquid B will rise in the same capillary. 10
4.d) ERfed (DeRwmd) w0 e fig fod ) fagg st (fRfe) g
(Fermm) 6 wee A e fva, faeror awr ofk dwia g % we /|
$ amEn #K |
Write down the basic principle of polarography. With the help of a neat typical
polarogram discuss the significance of halfwave potential, diffusion current and
limiting current. 10
4.(¢) BrCl 3 R wew (e gavr) & wfde@ar A W SR Br-Cl ey
oty ® fmh o |
(BrCl & fega smaof = 1-42x103%cm,
qEg TS dp, o =214x10" m,
ToFgE & Iy = 1-6x10717 C)
Determine the percentage of ionic character (bond polarity) of BrCl and comment
on the nature of Br—Cl bond.
(Dipole moment of BrCl = 1-42x1073% ¢m,
bond length, dg, ;= 214x10"m,
charge of an electron = 1-6x1071° C) 10
@UE ‘B’  SECTION ‘B’
5.(a) N,O, %l &igar & snaR R affsean
N,0,(g) — 2NO(g)
& o fam wuw wife @ 2
[NO] i ScTg @igar & et smxwr ft srf¥eafcs e o |
The rate Law for the reaction
N,0,(g) — 2NO(g)
is of first order in the concentration of N,O,. Derive an expression for the time-
dependent behaviour of the product concentration [NO]. 10
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5.(b)

5.(c)

5.(d)

5.(e)

frafafea w9t Sfaa amen & @9 Sedateht sma § sfFa (ded) & |
(%) g ST

(@) wfcifa

() Tzt

() Saie EITaR

(¥) aas IemE

vk sfufea & fou smge @ & f@fy i e $ifvo |
Label each of the folloWing processes with proper explanation in Jablonski diagram :
(A) Allowed absorption

(B) Fluorescence .

(C) Phosphorescence

(D) Internal Conversion (IC)

(E) Inter System Crossing (ISC)

Discuss the mode of transition which is favourable for a photochemical reaction. 10

AR W w1 R 7 TAReRE WA & 9ee § | emieiye Tere ke wigawd
& ATAT IS0 & qIT HK |

What is allosteric effect ? Give example of an allosteric protein. Discuss homotropic
allosteric modulators with examples. 10

[Ni(CO),] 3R [Ni(CN),]* & IUPAC wmugfa ford | =amen & AT ZAR T=AT
g 3R & AER & 47 99 |

Write IUPAC nomenclature of [Ni(CO),] and [Ni(CN),]*". Give structure and draw
their shapes with explanation. 10

arsfEas SEAREREERE TR [(Me,Si0),] & Sa fra asifgarsml &
amTa: ditee wiwar foad | e @ @ fm @9 | 8 denw & fog
MeSiCl; &1 3Rfis qgrd & &9 § wgeh /e #4612l febar wman € ?

Write the general synthetic procedure of lower cyclosiloxanes like cyclic

dimethylsiloxane trimer [(Me,SiO);]. Draw its structure. Why MeSiCl; is not used
as starting material for its synthesis ? 10
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6.(a) (i) Cp,Fe,(CO), & uTg-41g smeiel 6t &ea & uikehaq Hiforg |
(i) 9T AV =B, Bil', & @A YR @ fiRa & |

(i) Calculate the number of metal-metal bond in Cp,Fe,(CO),.

(i) Determine the structural type of the metal atom cluster, Bi;*+ : 10

6.(b) Afeg Il (AAATEE TEET) F G AW H i e € ? 7€ @l («E)

ST FoEgie a1 foard € 7
Why are 4f metal ions (lanthanide ions) generally pale in colour ? Why do they
show line like electronic spectra ? 10

6.(c) Tomafafaa n-zrar defimt (forrel) & el &t & & W@ -

Co(0), Mn(l), Fe(Il), 3K Fe(IIl), ¥ ¥ d6-4Tq a1 /AT & TeA SN 3T
fufig sacfaa dife s=ma € | =men i |

o =

O

) (1)
Consider the above pairs of n-donor ligands :

Identify the 4% metal ions/atom among Co(O), Mn(I), Fe(II), and Fe(III), which form
neutral mixed sandwich compound. Explain. 10

6.(d) (i) XeFg® XeF,, XeF, 3 XeFq & fism & 3 gue forn o @k @
(i) =aTEar & §1g Jearel H ford —

B,Hy + 2NH; ——> ?
B2H6 + 2MC3N — ?

(i) How XeF can be separated from a mixture of XeF,, XeF, and XeFg ?
(ii) Write the products with explanation
B2H6 + 2NH3 — ?
B2H6 e 2Me3N e 10
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6.(e)

7.(a)

7.(b)

7.(c)

7.(d)

FeCly ol Steiig foemem =wdien e ® oK 78 g ¢5-3=9 w0 fo=amdl & g
FEAT ST Hr SR AEE AT € | W1 Sty @ ave i |

Aqueous solution of FeCl, is bright yellow and not pale-violet like other metal ions
having high-spin d> configuration. Discuss the origin of the colour. 10

Teh Y91 YUich Fqy IuHewars (Sgrntantiae) dae difin H Ierew Jeord &%,
o arg e iR ST WA geae # B | SR @ SR fag )|

Cite one example of an optically active tetracoordinated complex compound where
the metal ion and donor atoms lie on a plane. Justify your answer. 10

LaCl, (979 gredariEe) 3R LuCl, (FEifmw geaares) & so faas o
&M H | S a1 e w1 pH feamar @ 2 amen fifvm |

Consider aqueous solutions of LaCl; (Lanthanum trichloride) and LuCl; (Lutetium
trichloride). Which solution shows lower pH ? Explain. 10

kg
e @R, 0406 3R sm afufen 3 feriw, 421x10% sec! B | yg wwwE
TaETEl & wioes § YEHT A R, T THIH FHEgdl [cis], = 0-115 mol dm™
e woramat A W F wnE wEn ¥ el Saw e # feaer e e 2

k o
sfufsran cis-2-butene i § trans-2-butene el feamstt # waw ife % | 25°C W,

k
The reaction cis-2-butene E__L trans-2-butene is first order in both the direction. At

=
25°C, the equilibrium constant is 0-406 and the forward reaction rate constant
is 4-21x10* sec”!. Starting with a sample of pure cis isomer with [cis], = 0-115
mol dm, how long it will take to form half of equilibrium amount of the trans
isomer from cis isomer ? 10

0°C 3R 1 atm T W, THh fuwsd & ufed #1 e F oo Tgem i &
130 cm?® g!, 3AaA i ravEEar ® | sftsive & 98 Sewer wfa w5 afeam

FIRTT | ATEdoH 3] & g e &Ewe, 0162 (nm)? far T |
[N o= 6-022x10%3 mol™]

At 0°C and 1 atm pressure, the volume of nitrogen gas required to cover a sample
of an adsorbent is found to be 130 cm® g~!. Calculate the surface area per gram of
adsorbent. Given that area occupied by a nitrogen molecule is 0-162 (nm)?.

[N= 6-022x10% mol™] 10
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7.(e)

8.(a)

8.(b)

8.(c)

8.(d)

Frafafea wgat &t Jadm fadwaret w® gaarems feaft 1
(i) [Cu (OAc),],

(ii) [Cu (CN){I*

Compare and comment on the magnetic properties of the following complexes :
(1) [Cu(OAc),],

(ii) [Cu (CN),I*- 10

3 THEgEl § ¥ SH-91 e Wl ® ? e fif |
[(H3N)s Cr—CN - Cr(CN)s]

[(H;N)5 Cr—NC - Cr(CN)s]

Which one is more stable between the two isomers ? Explain.

[(H3N)s Cr— CN — Cr(CN)s]
[(H3N)5 Cr-NC- CT(CN)S:I 10

Srtadienrarafe R FEFREEEtE w9 # IREEtE F afe o\ @ @
e 3R IF1 &9 RAEEiE @ @ fod | deeeiE % ved @ ol

Draw the active site structure of Hemocyanin (Hc) in deoxyhemocyanin and
oxyhemocyanin forms, and write the colour of Hemocyanin in these two forms.
Write the functions of Hemocyanin. 10

far ik Rk-fer (ymem) s siffwarst & afemr 2 | R-TER gaen afafmn

3o W ¥ ad o Reve f R s o 21w @ RER g

TEE 3 |

Define stationary and non-stationary (branching) chain reaction. Non-stationary
chain reactions always lead to explosion under certain conditions. Give a detailed
account of these conditions. 10

fRR-saen aftwer & 1 b R 7 Frafafes wewRemate sfifer &
FeRTfadl A qAH A A g8 afirdeT T qeES © 7

Hy(g) + Cly(g) — 2HCI(g)
=0 sffsrn & wren af sfis 3t ® | @ F @ S g | ar sreifya
(3rmerEET) WY |

CRNA-F-CHM 10

Optional Province - optionalprovince.com



8.(e)

What is meant by steady-state approximation ? How this approximation helps in
deriving the kinetics of following photochemical reaction ?

Hy(g) + Cly(g) — 2HCl(g)
The quantum yield of this reaction is extremely large. Justify or criticize this
statement. 10

AR Sfae FHaTdt 9% A gead w | AR sfhsiew wEardt @,
sfufsrar fit semfadt =1 3@ gdig /wae | WEERT A § 3 wwns § 7

Derive Langmuir adsorption isotherm. How does Langmuir adsorption isotherm
help in elucidation of kinetics of a gaseous reaction on solid surface ? 10
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