
C. S. (!v1i\IN) EXAM, 20<)9 

I C-DTN-J -DIA I 
CHEMISTRY 

Paper I 

J Time Allowed : Three Hours I ( Maximum Marks : 300 I 
lNSTH.UCTIONS 

Each question is printed both in llindi and in 
English. 
Answers must be written in the medium 
specified in the Admission Certificate issued 
to you, which must be stated clearly on the 
cover of the answer-book in the space provided 
for the purpose. No marks will be giuen for 
the answers written in a tnedium other than 
that specified in the Admission Certificate. 
Candidates should attempt Questions no. 1 
and 5 which are compuLsory, and any three 
of the remaining questions selecting at least 
on e question from each Section. 
The number of marks carried by each 
question is indicated at the end of the 
question. 
Syn1bols and notations carry usual meaning, 
unless otherwise indicated. Coordinate 
diagrams, where1.:er required, are to be plotted 
on the answer book itself" and not on separate 
graph sheet. 
Assume suitable data if considered necessary 
an.d indicate the same clearly. 
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SECTION A 

I. Ans\\•er any three of the follow-ing 2Vx3=60 

(a) Ciive the Schr6din~er's wave equation for H-atoms 

in cartesian and polar co-ordinates. With the help 

of a diagram show thL• relation bet\\•een the two 

co-ordinates. 

~b) Explain on the basis of MO theory. why : 

Ci J Liquid oxygc·n sticks to the poles of a mag-net 

\\•hile liquid nitrogen does not do so. 

( ii) He 2 and Be2 n1olecules do not exist. 

(iii J The bond order in oxygen is 2, \vhile that of 

nitrog-en is :3. 

I ivi llydrogcn molecule 1s more stable than H.: 
1on. 

(c) Derive Bragg~~ equation. Using X-ray powder 

pattern of a cornpound describe how do you 

calculate the spacing bet\veen the planes. 

I d} One mole of a perfect gas is ten-fold expanded 

isothermally and reversibly at 300 K. Calculate 

w, q, ...).u, ....).!!, .\S, .\A and ...).G. 

2.. ta) \Vhat do you mean by quantum numbers'? Discuss 

difTerent types of quantum numbers and their 

significance. 20 
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1. RktfHf€Jct -q ~ fct;;?i. rft;r ~ ~ ~f'-iil!: : 20><3=60 

(<:6) q)lrlf~ afu: ~ R~}llichl -q H-4{J110Jalr ~ ~ 
~f:S'R ~ CftrT ~p•flq;<on cit !4~(1 c6t~l!: 1 ~ 
aiR@ ctt fft?t~ol ~, ~ ~ f~<:!"~tic€i ~ <SftT.l 
ff14~ <!O~If~l!: I 

(~) 310] ~ f~e&iC1 (MO f~4t{l) ~ a:rT'tffi "tR ~ 
ct;l f&t t:(, ~ : 
<i> ~ a:tTCRil\il"i 1CS4etl ~ ~ ~ f:qqq;ffi t 

\il~fq:; ~ "i l~?l\51'"1 ~ ~ Cfl{ffl I 

(ii) He2 afu: Be2 31UjaU CfiT 3if@(C4 m ~ ~ I 

(iii) a:ttCHil\il"i -q ~ cilf2 2 ~, \OliiStfCfi "il~?lZii"i 
ctt~W3~1 

(iv) ~~~~l\il"i 310] H; 3il~"i ctT ~ ~ 
~~I 

( Tf) ~ ~ ff 4l Cfi {O I cit &j({4 o;;j Ch l Niil!: I fct1 «! 4) fi I Cfi i1:; 
x-fct;{UI T{Uf s:tfn~4 CfiT ~@111(1 ~ SQ:, qOT"i 

t:hl 1\.it t:( 1% ff q (1 ~1 ~ Girq 3i ii <I (1 CfiT :mq fq; fl 54 Cf) R 

4RCf1(1"i ~ ~ I 

(~) 3il<}lf ih:r ~ ~ ~ cit *i'IC1141liC1: afu: 
d~lOfoft~cl: 300 K "tR ~-TIT ~f{tlko fq:tlU \0111(11 

~ 1 4RCf1(1"i cnlNiil!: w, q, ~u, 6.H, ~s, llA altt ~G. 
2. (Cfl) q:q i c:lOf ti &=II an ~ 31TtT CfliT am t:1 Cf), (1 ~ ~ ? fcff~ 

!4Cfi1U <tf q:qjc:11 ti&=~I3TI afu: d"iCh JOtt?tq ~ ~ 
~~V::I ~ 
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(b) Define dipole moment. 

Explain the following = 

( i) \Vhy is dipole mon1ent of BF 3 zero ? 

( ii 1 \Vhy is dipole n1oment of ~3 greater than 

that of NF3 ? 

r iii l \Vhy docs S02 huve dipole moment ·while CO~ 

does not ? 

f c) Derivt.• an expression to estimate the frequency of 

collisions of gas n1olecules v.rith a surface. DeHcribe 

20 

the relaxation method for studying fast reactions. 20 

3. r a) \Vhat are stoichiometric and non-stoichiomettic 

defects ? Explain Schottky defects and Frenkel 

defects and n1ention their consequences. 

(b) l)erive an equation for surface tension exerted by 

a l i4uid in a g) ass capillary tube placed in the 

liquid when there is a rise. 

( Cl \Vhich among the follo\ving are intensive 

properties : pressure. volun1e, temperature, 

inteTI1al energ:.', free energy and chen1ical 

potential ? 

(ii} Define Gibbs free encrb'Y function. Explain 

its Hignificance. 

20 

20 

20 
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((§) fu~ a:trl{l1f ~ ~ c;1Nicz 1 

f;1l1i ft1 f@ f1 ~ ~ cfi1 f:J1 t; : 

(i) BF3 Cf>T fuWl 3i1E(Of ~ mm ~~ ~? 
(ii) NH3 q;-r fu~ 3111{0f NF 3 ~ fu~ 3iff£?T i=f 
~ ~' ~? 

(iii) 802 Cf>T ~~ 3iler?f ~ ~ \Jili(fch C02 Cf>T 

~~ a:tter?r ~ mm ~, ~ ? 20 

(11) ~ ~ ~ ih=r-31U]aTI ~ -81::1~fi cn1 3ii~Rt q;-r 

511 CfCh C1-=i ~ ~ ft::ro: ~ cx:i 'l1 Cfi C>Jj)("tt ;;f cfi1 f\31 t; I 

~ 3lfcqfs;t)lllaTI ~ ~ ~ Jcr~ 'fcW=1 q;'T qOl-=i 

chlf:Ji~ I 20 

3.. (q>) {«fllfl(.f){Ujfiict);q am 3=f-{'8'fl4lCf){Uffl4rfllf ~ ~ 

~ ~· ? ~11cch1 ~ am Sfl~M ~ ~ ~ ..... 

chlf:Ji~ am 3"i&i qf{oul{i Cf>T affi@ chlf-Ji~ I 20 

((§) ~ -q ~ ~ &>i~ r:tf~lc:til ~ -q ~ ~ 
3t I lll fu (1 ~ (1 ;:u q ~ ft::ro:, ~ fl l1 ll \3 f'~ I "i m, 
~ f{4)Cfi(OJ djf<1?f ch)f~~ I 20 

(11) (i) f;•fl=-=if~f~fl -q ~ ctR--B 1ff5"i ~ ~ : ~' 
a:il~fFi, orq, 3'tinRCfl ~, :!ffi £\itf am 
'(l~t~f~t:h fcrqq ? 

Cii) fil¥1 ~ ~ £\itf q;ft"""' cfiT ~ c{lf~cz 1 

d'8Cn 4~fel ~ ~ chlf-Ji~ I 20 
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4. (a) Show that 

( i) 

lb) (i) 

T(~p) - p 
rJT v 

c _ c = [P ('au ·) J (~) 
P v + Jv- T i)T P 

The vapour pressures of "vater at 298 K and 

308 K are 3167 Pa and 5599 Pa respectively. 

Calculate the enthalpy of vaporisation of 

water. 

(ii) Define excess free energy. What ts its 

significance '? 

{C) li) Nitrogen gas gets cooled as it expands 

whereas hydrogen gas gets warmer as it 

expands. JusLify the observation. 

( ii .1 The standard free energy change for the 

folhnving reaction is R·? k.J nlol 1 · 

2 C lg-raphite) + 2 H 2 0 ¢ CH4 lg'> + C02 Cg) 

Calculate the equilibrium constant of the 

reaction at 900 K. 

20 

20 

20 
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4. (Cii) G~lf~ Q> fen : 

(i) (~)T = T(~t - p 

(ii) CP - Cv = [ p + ( = )T ]( ~ )P 20 

(lY) (i) 298 K 3ih: 308 K tR ~ ~ CfT'&f ~ >h'-1 ~I: 
3167 Pa 3ih: 5599 Pa ~ I ~ ~ qlti4Pf ctl 
l{~~ CflT qftfi(1-=t q;1f"'l{ I 

(ii) ~ ~ ~ q,l ~ ~f\iil{ I ~BCfil 

("ll) (i) 

(ii) 

C-DTN-J-DIA 

Cf<IT 'i (:fit ~ ? 20 

.,,~C.l\iiPf ~ 5{~'(0[ lR isT m- \iirm ~ 'Oii<:ffq; 
"' 

~~~~l'iiPf ~ >Hf(Ul tR ~ CfiT ~ 7W1 

m ;;Jitctl ~ , ~ ~ mm ~ ? 

RYf{1f{gfl ~ ~ ~ 41P1Cfi ~ £\iif 

qf{c:n:fPi 8·7 kJ mol- 1 t : 
2 C ( a4li$C!) + 2 H 20 ~ CH4 (g) + C02 (g) 

900 K lR ~ ~ fftattcH'~I ff2HiCh CflT 

4Rcti(1-=t q)lf~cy: 1 20 
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SECTION B 

5. Answer any three of the following : 20x3=60 

ta) (i) Define transport number of anton and 

describe how it is measured. 

(ii) Explain the basis of polarography. How is it 

used in diffusion measurements ? 

(iii) \Vhat is the principle behind ion selective 

electrode and how is it used as a reference 

electrode? 

(iv) Define overpotential and exchange current 

density. 

(b) Derive the rate constant of a second order reaction 

when 

(i) two different reactants have same initial 

concentrations. 

(ii) two different reactants have different initial 

concentrations. 

(c) (i) Explain the pattern of splitting of d orbitals 

in a square planar ligand field . 

(ii) Calculate the Crystal Field Stabilisation 

Energy and Spin-only 1\tagnetic Moment of 

[Co(NH3 )6 ] Cl2. 
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20><.3=60 

(cti) (i) ~OIIq~ q:,1 31M•I"'-=i B@l qiT ~ <lf~t( 
3ih: qOJ-=i q)lf~Q\ fq:; d~q)J J4Jqe:{ ~ 5fq)l{ 

fcti~l \Jilctl ~ I 

(ii) 4ltYl{l~l!<hl ~ ~ ~ ~ c£lf\ifl( I fqfi'(Ui 

JOitq;:fl -q ~BCflt ~ QCflt< aq4)•r Fcti~t "11ctl 

~ ? 

cun 3itq~ q'(Otk4Cfl ~<Act?1:s ~ ~ cp:rr r~-.s:ict 
~ 3lh: dfiCf)l ~ ~c?fCf?\s ~ ~ -q ~ 
SICfiJ< aq41•t fCflql \Jit(1t ~ ? 

(iv) 3lfu-~ 3lh: fctf;:p"' ~ mu \4-=i(i:t q:,1 ~ 
<lf~QO 

(~) f~nl~ chlR ~ ~ Gl ft:eFdCh ~ Otj{<fst 

ql)f~Q\, ~ 

(i) Gl fqfcq?T ~ q:,1 ~ m- ~ 
~is:\(1tct m , 

(ii> G1 rcrr~ ~ ctr 3ffill-3ffi"ll ~ 
~is:\ctl tt m 1 

(TJ) (i) cpf fili("f(1l ~(.'1J;ft ~ -q: d ~ ~ ~ql20"'1 
~ Sffo~q ~ ~ <tlNit( I 

(ii) [Co(NH3 )61 Cl2 qif fa;R:(.'1 ~ f~{lCf){OJ 3l\Jif 

a:fh: Ct; q (.Yi- Sf"ct ¢h o I ~ c€t l:f 3i l't_U T CfiT q f{q; fFI 

c£lf~C( I 
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(d) f i ) ~lention the most stable oxidation state of 

each of the metals Ce. Eu, Th, U and Pu. 

(ii) "Magnetic susceptibility measurements are 

of little use in the structural elucidation of 

lanthanide 1 " comp exes. Justi(v the 

statement. 

6. (a) Explain collision theory uf reaction rates. \Vhat are 

the factors which cause failure of this theory in 

certain cases? IIow do you make allowance for the 

deviation from the ideal behaviour '! 

Describe the structure of electric double 

layer and define outer potentlal and inner 

potential. 

( ii > Calculate the emf of the following cell and 

predict \Vhether the g1ven cell 

repre~entation is correct or V~-·rong. If \vrong. 

\vrite the correct reaction. 

2 'J Cu <sl I Cu + taq) II Zn-+ (aq) I Zn (s) 

Given E } ::::: + 0·34 \.T 
t'u-t. C'u 

-
E , ::::: - o-7n \' 

'" :....+I Z r.n n 

20 

20 
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(~) (i) Ce. Eu, Tb, U a1h: Pu ~~ ~ ~ SOI~Cfi qiT 
~ ~ a:iTCR'ilq;{ot ~ CflT affi(9 
ct1Nictl 
H ~·~ • , . .,.A. • ~ 

(ii)~l~s fl1('11 q,1 fl{~~lf'iCfi Olll&tl ~ 

1ta:4ct1tt ~ 'iiY-1'1 q;r aqq,:~, -;r ~ ~{lti4< 

~ I" ~ Cfi~ ~ fl'i:zfrt ~ oci; W 
ctlf\iit( I 

6. (Cll) ~ ~ Cfit B~~ f~~{l q;) "ftll! chlf\iiQ\ I ~ 
fcpflf:t &ff&fcll ~ ~ ft21~it ct) fct\f){1(1j q;r CbJ{UJ 

~ ~ Cf)I{Cf) Cfln-CFIT ~ ? 3it<~f ~q~l{ ~ 
fct ~ cl ~ ~ ft;:rQ: arrq Fc6 fl Q q; I{ < (.11 cl ~ ? 20 

(~) (i) <lyo ~ \ffif <tt (Oi{=t:trtl q;r qofrt chlf\il~ 
a1h: ~ fcrqq a1h: 3i i i"1 Qq; fcrqq ~ ~ 

~f'iiQ\1 

(ii) frfl•=-tR1f&cl W1 ~ fct err. ~ (emO q;r 

4RCficlrt c:hlf\ifQ\ a1h: ~C4ijtilrt cltli~Q\ fch cpn­

~ ~ "ffi1 ~ f-1~401 ~ ~ GJT fcfl !lclft I 

~ n{1ct m, ffl mft ~ fe1f~Q\ I 

Cu (s) I Cu2+ ( aq) II Zn2 + (aq) I Zn (s) 

Eo = + 0·34 V 
cu2+tcu 

Eo ::- 0·76 V 
Zn2+ /Zn 20 
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(c) (i) What are photochemical reactions ? 

Explain quantum efficiency. 

(ii) The quantum efficiency of the reactions 
between hydrogen and chlorine lS 1 o5 

whereas that between hydrogen and 
bromine is 0·01. Explain the reason for this 
difference. 

7. (a) Derive an equation for Langmuir's adsorption 
isothenn. Discuss the causes for deviations 
observed. 

(b) (i) What are prosthetic groups of cytochromes 
and haemoglobin ? 

(ii) Taking into consideration electron transfer 
and catalytic function, write 1n brief on 

(c) (i) 

ferrodoxins. 

Explain why octahedral Co(ll} complexes 
have rather higher magnetic moment than 
tetrahedral Co(ll) complexes. 

(ii) Explain the ong1n of the colour of 

8. (a) (i) 

permanganate. 

Write IUPAC nomenclatures of 

~[Fe(CN)5NO] 

[Co(~{)2)3(~3)3] 

[Co( en )2Cl2 1 Cl 

[Pt(py}4 ] [PtCl4 ). 

(ii) Explain the terms 'chelate effect' and 

20 

20 

20 

20 

'lability' in complexes with examples. 20 
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(Tf) (i) Sf&ii~I-'CIBt4f;;Cf) ~ CFU ~ ~ ? 
&qjc;q ~ ctlT ~ c:hlNiq: I 

(ii) ~~~:il"ii"i 31R CR1'ttl"i ~ Gifq ~an ctt 
qqj2q ~ 105 ~' "iiatfcfi ~~~~,\it~ 31R Jltft"i 
~ ~ ~ 0·01 ~ I ~ a:hR ~ ft;{"Q: q)I{Ofj q;) 

~ chll\itQ\ I 20 

7. (Cfi) ~·liRf< ctf ~ Blifilq ~ $ ft;{"Q: f!4\Cf){UI 

os;('tf st <=tH~ Q\ 1 ~ \ifR qffi M :q (1 ;?f $ Cf) 1{0 n lR 

~ cilRi~ I 20 

(~) (i) Bl~i)si)qj 31R ~~tct'Jfa:."i ~ ~l~f2Cfl B'i~ 
cnR--cnR- ~ ~ ) 

(ii) 

(Tf) (i) 

(ii) 

~~CRO~~ a:ict{OI 31R d~{ch) Sfthtlf 'Q1: ~:ql'( 
"' 

~ SQ:, t};{l:slfct::erff lR ~ lt f<.1f~Q\ I 20 

~li~l~lt 1% cp:ff CflROI ~ 1% 3"1~ 4)(1c:Ql:l 

Co(II) fi1le1l CfiT ::qgt:q;(1cfi) £1 Co(ll) ~1Hi ctf 
~ a:c=qfi'( ~Cfil;q aitl{uf ~ ~ I 

q'(~·Jt?i<P ~ -{1r ~ 3(\!1'4 ~ ~ CfllRi~ I 20 

8. (q)) (i) f=;p::=tf<.1f~<1 ~ IU PAC ~ ~-ffi f<.1f~Q\ : 

K 3[Fe(CN)5NO] 

fCo(N02 )3(NH3)3] 

[Co(en)2Cl2] Cl 

[Pt(py)4 ] [PtC14 ] 

____,..,..,'r'YYY ~ • ...... ~ ( ....::\ ~ , -~ 
(ii) d(!OU${01 G~ ~~ ft1ie11 ~ Ci)ici2 ~ 611( 

' =t:f:q("H11 ' ~~~j cit ~ chlf\ii({ I 20 
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(b) Explain the ~tructure and bonding in 

t. i} Hexachlorocyclutriphosphazcne 

( -j i) Xenon hexafluoride 2V 

( c t Explain thl' salient features of the structure of 
')- . 

[Re~Clt'l~ and H 2 Ru6 tC0)H'. 20 
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("8) f.:t141fC1f~f1 -q ~{itrtt ~ ~ ti'i$tt~Q\ : 

(i) ~CWICR1l{ltit$CR1l?i$Y1T%t~91 

(ii) ~n-=tT-=t ~CFHtlkjaft{t~s 20 

~ . 
(ll) (Re2C18)2- alR H 2Ru6 (C0>18 qit e{itrtl ~ Sf~@ 

~ cit ~ Cfilf-:11({ I 20 
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.... 

'~l£f~ fa$11~ 
s::p~ .-.-mf 1 

3ljd~l 

I C-DTN~J~DIA I 

1 'illl_'iP , 300 

>lr4d5 >rR" If; ;ocfJ 3fk 3i I)Jft iRT if fNT -! I 

Jl,~)· $ ~ 3"?ft ~ if fM;@ "Jf""R enff:l! 
!Jt'?fd5! 3cH& 3174dJ Jld~l- rJ:f if tdJ47 7JGIT -!, 
3ik ~ ~ mr ~c:e 3ffi& ~-!)«td5 ~ 
1J?5f ~ rrr 3iid>a P,fffc:c ~ rrr /d5a7 J!Fil 

enff:l! 1 ua~J-ra- rrr J&1Rsin ~ &5 31i?tRm 
~ FctJ m rnrz;p::r if 1M & TfT? :JfR rrr c5rt 3ic5 
;:¢f ~ J1Jl}iJ I 

~ 'fi'Lc47 1 3ik 5 3/Rd/4 -t I ~/iJjJ Jl,~)· if 
it >lr4d5 ?.5105 it ~-it-~ ~ ~ ijrtctJ'< 
/dJ waif c=ff;:r !rl~ ;>fy &i :JrR cfJfJre 1 

Q<=ildJ WFf dJ fm! R4H 3fcp ~ $ 3F0 if ~ 
W ~: I 

ucfJdJ 3fk ~idJH!aR &5 'RIJ..J!rq 312! PtffBI?t f!. I 
Rff!ttiC/5 317~{51, Jff!f 3174:tQ<tJ tit, ~-3Rr1Cbl 
rrr 317Hf&?t m71Jtl!, ~2lqi -rrrro eN?- rrr ;;eft 1 
~ 31/CJ!J4d5 tit fit 3q?jff) 3lldJi{J C!5T d4rt 

af!Gtl! ff2lT 3r:tct5} f?rfffc:c m71Jtl! 1 

1\lote: En[!lislz l.'cr.-,·ion of" the lnstructiuns is prin.f('d on 

the fi·()nt cur..·cr of' this question paper. 
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