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rnstructions ( ffeYl) :

0 This paper is divided irrJco tuto Sections, Section-A ald Section-B.

g vqiqr i <id t tdqrFqd t, de-e *t ds-e r

(1r) Each Section contains elght questions.

!+sEisil eTrdir{ tr

(1n) A candidate has to attempt twelve questions.

\o vtaffi *1 aR€ wc] sr dfl ft'q{r tt

(tu) Question Nos. 1 and 9 are compulsory and out of the rerlraining, any
ten are to be attempted choosing frve from each Section.

vwriqr r rirs 3TMi *t*si-{nnnfrndwqr3.ttfrq{rt, v-+sds
t lFq-qis y.ril 61Ed 6r{r tr

(u) Question Nos. 1 and 9 consist of fiue parts each. Each part will be of
6 marks. Word limit will be -15O (in relevalt subjects only).

. w{ riqr r *r s* cfq-c+q qn tt v-+s qFr * fts o ei6 ftqtftd tt rrq $sl
rsodsfrfudt (cHRqqMl)t

(u) Remaining questions will be of 14 marks each.

iqvtq r+si+t*sfrllqEltt

chenistry/29A lP.r.o.



STCTION-A

ETg-A

Answer the foilowing questions :

Frqfubds{ilt3tti,
{a/ Calculate effective nuclear charge felt by 4s'

Germanium (Atomic No' 32)'

6" 5=30
I

4p and 3d electrons in

qfRqq (q€q6cis 3z) I +s, +pqi sa€WfraRI sgt{qfuq.tqlqrfrliclE{q
ql\'l q( | cb( |

Draw the molecular orbital diagram of cyanide ion (cN-), labelling each

orbital clearly. Calculate the bond order in cyanide ion'

51 6er*. *1 ws 5c t A+d 6{t ec sre-{r-$€ e{T{ * qtltfr-s q;q-5 6t ets q+l( |

srffi{s 3{r{c i qis 3{€{ (iitrc Fc) ff rrqqr att

Derive and exPlain Bragg's law'

izT 6r ftqq (Bragg's law) d goh qt € e'c-sT(t

[d) What is CST? What are the conditions under which two partially miscibie

liquids show 6/ upper CST and liiJ -lower-CST' 
How will the lower CST

change if an impuiiy-*otl-tble in both the liquids is added to the system?

csr Hr i? * dq-{ft iifr t, ffi n-ta A 3riRI6 M€ rq q{lft +-
/i) 3ct csT

6' fr{dTcsT

(e) The bond length in CO molecule is 1'128 A while in Co*' it is 1'115 A'

Justifu the reJuced bond length with the help of molecular orbital theory'

co3{E6'rsT-€ldr.tzeAiq-cfuco*q1.115A?|q{qrtrdssssfu-did;R
q6r+fl t, o,c €s Ef€ +e'r{ *l :ifue ftr< qtt

2. (a) A spherical drop of a liquid weighing 0'04 g is dispersed into 1500

microglobules of radius 0102 cm' Fittd th" resultant increase in surface

energy.

0. 04 s'{q-{ qre q$'n-dr*-R'k s1 o' 0 2 cm frqt qrd 1 s o 0 Rm' 
rdqfr t ffir Qqr

qrm tr sft s-qi i qnrlT* ug ffi t

(b] State and expiain Nernst heat theorem'

q€ (Nernst) * n'm sts d q-+ q.G 
Es {qfi qrsr +tt

(b)

(c)

Chemistry/29r4'



(c/ Show that

RsF+tu
f rrrr\ -lrrp'

cp-cv=1"-(#l"l[#j,
sy'rnbols have their usual mealings'

s1iffior srqc| €rqrq 3rQltr

6

3. Ia) Calculate the EMF of the foliowing concentration ce1l at 300 K : 2

3oo K rR ffq siSar +m 6r EMF Trf, Et :

cu(s) | cu2* (o'20M) | | cu2* (o'40M) | cu

/b) When solid sodium bicarbonate is heated in a closed container' the

follovtring equilibrium is obtained :

2NaHCO3(s) 3 NarCO.(s) + HrO(g) + CO"(g\

Explain what will happen to the equiiibrium position if -
(i/ come solid NaHCO. is added to the container;

(ii/ solid NarCOa is removed from the container;

(iii,) some CO, is added to the container'

2NaHCOr(s) = Na2co3(s) + Hro(gl + Co 

"l0l
s€ s\ fs rigdq ftft qr wr dn qR-

fjj Pi..sr qr ds NaHco3 ritq{ it ft-flqT qrq;

/t, *'q Narco. e1*Lttfi-*retqq;

/ii, !|,-s co, {QT{ fr frflrqr qq1

(c/ The half-life of a gas phase reaction A-+ B +C is found to be independent

of initial concentration of the reactant. write t]:e rate law and derive the

integrated rate law for this reaction'

q* tq-tq yPdBqr A -+ B + C qr Etq.-drEs 3{fr-5Rs * sdfu -s qr<il qr ff* ;rS

irlzni+1ftd *rsq eftfrqr tftssfu-{dtcETff qm*ett

qq d|e ilRqq qr{srd+c *1 cs iis :frtc{ t rrd fuqr qrar t, d fttr rigc+ xrn €m t :

3chenistry/29A lP.T.O.



4. lal Ferrocerl" [n"(lt-crHs)] i" q,rit" stable and does not oddise in air while

cobaltocene [C"(tft-crHu)] is readity oxiCised to cobaltocenium

ro,, [co(rs-csHr)]*. wr,yr 5

qnfuq 
[n"(nt-crHr)] 6i6RREtdTt eh€-qrC afi+fr-fn (ai+frsTqq) €+dr,

. q-*fr*Mffq 
[c.('rt-crHr)] er$*+afffiEd (smffisl{q)A-s{*MRrfrqq

3nfi | co{n"-coH=} | qq qrar tr eit?L \ " "tl

(b) Givtng justification, compare the following pair of compounds for the
enenifi-.1 nr^-ar+r' . 3x3=9

liJ Stronger oxidising agent : HCIO., HCIO*
lrrJ Chemical reactivity : Borazrne, Benzene
(iiil Structures : IClo, IC1,

Sfu"e <irtfr Ee, ms g"rqcT * frq fir+fufun qlFrdi + vlg +f (d;TT 6t ,

f;i srfueTr$siffis{oTq+d : HClo.,HClo,

fr, {rflqfr-s 3Tfufuq-dT : d{Mrfi, d-S{

[zzU *l{<]ilq : IClo, IC1.

5. (a) The C - O stretching frequencies in some of the carbonyl complexes are
as follows :

7

[r4cou1]2- {tz+s cm-1}< cr(co)6 
{2000 "*-1}. [n"1co dJ2, {zzo+. -t}

Justify the above order of stretching frequencies.

gB 6TE1fr"d Eindqdt fi c - o ft-{q 3ilqfrqf ftET ysT{ t tl
[ri1cou1]'?- {rz+s cm-1}< cr(co)6 {2000 "* 

1}. 
[n"1cou1]2* {zzo+ cm-1}

3cfrm fr er-d eqftdi $ *u er Sfutq qan(r

(b) For a transition metal ion with db configuration, the electron pairing
ener$/ p is 30000 c- r. Th. orbital splitrings of lM(H,O)oj2- ana 1U1CN1^13:
are 1 4 000 cm-l and 34800 cm' I respectively.' Caf 6"iji" the numbero'of
unpaired electrons in both the complexes and classiff them as 1ow spin
and high spin complexes.

ao fr<rs qr& qe. {scq qrg + ft\ {fr"**{ ffilT s-qi p 30000 c* 1 t | 1ni1u, oy 
u1 

2*

*r 1lr1cNyu13- * *e-* frqrcq mn{r. 14000 cm-1 *r s+soo "--i it tq}
sT.q,"W n 3r$E Fd-4*ii fi wm *1 d{ i+'!il dc' \'q'Ed r*q' aft'rffi n
q,fu.aetr
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6. (a) For a first order reaction A_+p, the temperature t dependent rate
constant k was found to follow the equation l , ., l

calculate the pre-exponentiar factor ,4 and the 
"",i1-:,,^ 

= -(roo0)-: + 5'o '
vation energz -Eo.

qs yem 410 ff 3TftBqT .4 _+ p * ftq ilcctq (r) fuf{RTd a ftnio K a++.roT
1-ros k = -(i 000) i + s. o *i u-gukr. *m t t Xf _qr-dq sR€ A Si C_{fffu? sel a fi

rruFn qtt a

(b) What conclusions can- be reached from the facts that the rate ofdecomposition of HI on platinum i* p.opo.troJio tir. concentration of HIbut it is independent of tn. 
"o.r"".rladorr- "i ilr ." g"oa

fq nelii i qqT M fi-st-dr t ft €pcc cr Hr .Fr 3rqEra <"Hr * st_qdr + s_Ccrfust crg.tt"B cr Hr fi €r{dT cr ft!ftRTd i-S t?
{c/ Calculate the number 

",t::lt:1"1" per second_ per cm3 at 0 .C in hydrogengas at a pressure of 1.0 atmosphere, The molecular diameter of hydrogenis 2.76x10-8cm. How will ihe. coltisi;;;-;; second change with
1ri,f increase in temperatur e and, (ii) decrease in p.e"su..e
t o ergis$s qsrq q-{ qd o.c q{ Ersqitqq r)€ i yfr t+;s yftqq +Afc{ z-6rt ffriem q61 ;1, E-c*sq sT 3TrFd-s qH 2. 7 6, 1 s-s cm t r sfrd+€ effiii ff nsT ft q*€TerA*cM(E),ftt

0 drqqH t Ek
fzl nrrrnTif ffi

7. (a) An ideal solution of two components, with vapour pressure of 5O0 mm Hgand 200 mm Hg when pure, contains two moles of the more volatilecomponent and five moles of the less volatile one. Calculate _ 6(i) totoJ vapour pressure of the solution;
1rzy' composition of the vapour in equilibrium with a solution of thrscomposition.

A 3r-cqdi qrd rq 3Trs{t-€fq{c t, ftq-sr sTq qltr V€ :i-*en fr soo m* Hg er\
200 mm Hg f, {ffH eiE{fl-iT Erffi * z mot dn qn qrqsft€ qe,' * s *o1 tr .roFr ; _
/, sf(TI{ETFs-dsreTqltt;

[, Fq ri+s{ qrd e(q{c + spi €gdc qrd qrsT 6 €c++rr

/b/ Discuss the points where VBT failed in describing the properties ofcoordination compound.s. How did CFI overcome these drawbacks? g
y.-* !ft"it * UqeqT qi qff s{t t f*r fuga} w vBr BnTwT {6r ? 

=_qf 
*i r crriwq,fuit!T*S6T-gqqT?

chemtstry/29A
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8, (a) Discuss two factors affecting the magnitude of crystal field splitting. 3

fu€e fr-€ Rfrfr,I fi qrer *1 vqifra qfi qrd A q'R61 qt qql etr

(b) Explain how lanthaddes are extracted from their ores using ion-exchange

method. 3
\ 

- 
--s-- 

- 

--\ --:- ---------l :- s,-:-qut;t iF{ t-E 3T|{|q-qffiqq qqkl 6t sRrtlFI -5{d Eq ERrrfls-sg n5I 3qi5 3{€rF6I t{ 6{r
fi+*ror qrar Br

1cl Given 1114 a= f (V,T) and V=/(P,f), f G and V are state functions,

(aG \ fac \ faY )
show that I aP J, 

= 
| av J" I aP l"

/ac\ /aG\ raY\ /ac)t-t =t-t t-t +t-l
\aT )P lav/r\ aT lP \aT )v

R.nqqtfu G= f (v,r) sfu v=71e,r1, qR c*: y€zriffi{€t, trqofoiq

^ rac) rac) rav)FF I aP J, = 
| a v J. I aP J"

fac) fac) fav) fac\t-t =t-t I-t +t- I\a?JP \av/?\ar)P \ar )v

(d) What is dry ice? Why is it so called?

ETf 3rq€ wr ti v€'igr wiie-a q-m ti
SECTION-B

rde-s
9. Answer the following questions : 6x5=30

a---c--a- 
-] 

:- 
- 

:\.riHrclr{g(l y{ir cb 3n{ q:

(a) Why Furan is sulphonated by using pyridine sulphur trioxide complex
a;rd not with concentrated HrSOo? Give mechanism of this sulphonation
reaction.

aul qn +1 qEftSq {.m{ ?E3ritrr{s qiE{aw ql iqq}'T qr* fr q qm t c fr {rq
H2so4 * qlqt Fq qe]+sc sPdfrqr fi ffiqtff {dTEl

(b) Why polywinyl alcohol polymer is not prepared by polymerizing vinyl
alcohol? What happens when vinyl acetate is poll.rnerized ard the resulting
product is hydrolysed?

qr{ii{d s6t{d *l Adn{-{q s{+ Ad-qrt{Tfd 3r-gl-{ra cidc{ eit € fuR ftqr
qrdr i? qs Er{{r{d cmh s;t cf$+ir{q fqqr qrar i 3rh qfunff TflK +1Ei*iffiEs
lchql \rllcll E, (q d,^.{ | QIcll 6 t
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(c) How will you distinguish the following pairs?
(I) Ethyl vinyl ketone and Diethyl ketone by UV_visible spectroscopy
(ii) ButaneJ and 2-Butalone by IR Spectroscopy

ffq g.-d] fr 3ilc +* eia{ st}z

0 neri-{€ q|{{l{d fudq *{ sr{.*I|{€ ftilaq _ uvBqqn +rardfr ern
6, qzr{€ Sr z _ gaw _ rR +*fr{*}fi dRT

(d) Predict the stereochemistry of the productfs)
is hydrogenated by using 6"1ct u, is.il'"'",
ve rfte - z - qtrr *) o"/Rt *l q-c-dR q.r+ 2s "c cr Er{g}fu}c fuqr qrm t, AT&atHetRT/ei-Aeorqft-ccrql*.rXrt1rme,iTEr - - -

(e) In the following reaction, identift A to. D _
ftqefteqrdaioir*.qreri,

CHr-Q]1-911:CHz + CH, -e11, _____1,",9-ff-9l-!!_,f,

2NBSI

rnl<___-0319_{er_ r*r
/iz) S or pd \",

10' (a) what product will. be obtained when a mixture of m-anisidine,nitrobenzene, glycerol, conc. HrSoo ;Ji;;""" sulphate is heated? Namethe reaction arrd exprain tn" #. 
"1 ""rrlo-porrra in the mixture. writedown the mechalism involved.

qq nz-{fifofoq, rrgfiii"ft+, r{0F, rrq H2 so4 3i{ Sw Fez + ftsq d rTd frqT
1m t, ne +t+-Hr snrq HH Etn i i onm# *rin ** 

"t, 
A# + # *#;qF$T sT sth *tr EsS nrfo &qrfr.p *] fuir

FrFd +qq sfu ilEirn-sq * lnNrvrn +t*fl t +aq t' + fus-l ii enq id eiar +ii r

How wili you differentiate
spectrum of ethyibenzene

between tJ:e signals
and nitrobenzene?

formed, when cis-2_butene

9

(b)
of benzene ring in 1HNMR

7
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11, Complete the following reactions and explain the formation of products : 14

ffq sfrBqr +1 w s\ 3i{ f{ffif, dt erd &qrqt fi qrs, st :

\,/
CH"N, + C: C

,/\H.C CH,

t2. (a) Explain the following reaction with mechanism

ftq sft'Bqr sr ffi$ strd q"fc st'
11rJ

9

13.

Inert gas
(31ms i€)

+i-""' "o'oL 
Q<lh.cr tcH.

(b) Explatn, which of the following is more reactive in a Diels-Alder reaction : 5

frSis-t" t (DielsAlder) vtdfrqrqftqttdc arfY€sfrBflTcft€f r ffiqfr,

cH2 : 911- 6H : CH-OCH. and

CH, : 911- gH: CH- CHz - OCH3

Threo-isomer of 1,2-dibromo-1,2 diphenyiethane, in the presence of pyridine,
gives (Z)- 1 -bromo- 1 ,2 -diphenyiethene, whereas the erythro-isomer under
similar conditions gives (E)- 1,2-diphenylethene. Explain.

1, 2 €T-{frfr - 1, 2 srEM+{ 6T trd-3rFdct, qERRc ff 3qRrft ii, 1z;- t -e}fr - r, z-

el n e-{rdT t ;refu {qsq 3re-em}it it cfufr dT{dc{ (E)- r,2- s|Efu-{-$q - EFtq

e-irdT tt qrsr dt

L4. (a) What is the major product formed when m-bromoariisole is treated with
potassium amide in liquid amonia? Write the mechanism involved.

qq irr€ 3r+ffqr t ffi|qq srcrs-s t €RT m-i+cft*d frmq vrar t, rs qil{-€r

qq BffiS rrft-d Etd'r t i Est 3inffR{ ffiqtff a1 69,

74
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'' 3t:';l'ii"$1,:f ffifrff 
is insoruble in non-porar sorvents but is readly

of methylidene
and (B). Name

phosphoranes
the reactions

sERir€Eqr$E-cT-$d dqrE€ itr Str( fc_dmil fr g-gqRro {S t fu_€ qr* i 3Trn* i 
s

Wcrfr-dtreiqrq{r

(a) A tertiaq amine undergoes the following reaction
n3rv-- 3&-, 

14) __4-_+ (B)
(B), carr a-lso be obtained by the reactionwith acetaldehyde. Write
invorved and also explain ilT::ffffj. *,
C*' zRHr 3rcr$q ftrr !ftDET t gvr*r | ,

n3w--x&-- 1a)__A- ta;
(a), *1 cfu&rBfl{€ * sTeT tprt-$ft.Rq sfidltc ff yfrBil anr rfi yrn fuqr qr e*-m

*'*H 
tcuq*it di ftd, l"r 

"j"ffR" 
##; *r il e-n( 3tu sRT 6

/b/ How 
"#J"X"3::*guish 

.isopropvl-benzene 
and n-propyle-benzene from

;tivdiu-to +Oa o+{ 
"_$ci-fd_+Sc 

il c+fr qrq *.*ee en_q drn arq ++ 3i-a{

16. (a) predict the majo-trji:::;::#fl ";i"T*:l,iil"i"::":?"1,..i:T*,1il""i,1?T.,"

ftqdiyS-*yfrftqrtrr-dr
+ ffi s {rr-q sd6fu ,** S, 

* 5w $mq} sT Tiburq e,Trq r tr+s -d R * r.q

NaNH"-". TidTffi(t)

11 /N(cH.)"
tiit I X 1.H**(_-._/ \cH. ZlEear .

1<n o/'\

N(cH")"oH
@ -"o
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(Q:WnaI is metaitable,ion-peak in' mass,s,p.ectrul*r. of organiqpompounds?.
Why tlrey frequently occur at non-integral va]:qg. of.'.m/z?, .,. ,i.i. .,, - 

'5

c|cctARlq&dAtt?

' , - . :,i -i . ,,.,;:i,:--+i;F-C,t-* F i;Ft
: ' :r- I-'lT!.ij: r"p rFit f

+

10

aiin:p;, * **,?E 3rtr{' ;lr+fii-tft s-d

***


