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Question paper specilic instructions

q$T s-r d ft\ frfrrE sr-$v

i. This paper is divided into two Sections, Section-A and Section-B.

t qr+q-, d d-sJ q fuTrFd-d t. Eis-Aciti rrs-B

ii. Each Section contains four (4) questions.

q-d6 Brs i qR crc *t

iii. Candidate has to attempt five questions in all.

qfteilpff o) qis qril sT srn fu'sqr t t

Maximum Marks: 200
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iv. Question Nos. 1 and 5 are compulsory and out of the remaining, THREE questions are to be
attempted choosing at least ONE question from each Section.

crc {iqr 1 dr s Gifd-sl-d t 3iti ts cr{t t t m-A ftc o'r sf,r fus{r t. e-d6
*ie t g6 cr{ ol Ed orcr tt

v. Word limit in questions, where specified, should be adhered to.

cr<l t yr< frqr, sd frfrtre B, or srSu<"r fo-qr qrqr 
"TEq 
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vi. The number of marks carried by a question/part is indicated against it.

rd6 sr{/qFr d fr\ ftq-d oio sfld qmi Rg w dr

vii. Questions are printed in English & Hindi languages. In case of any ambiguity in

translation ofany question, English version shall be treated as final.

rdo qrt E-€ 3lti oiffi <i<i flseii t uvr tr sr+I d ergo< t frrS ersqcr

o1 RaTfr n .eiffi s-s-{ur s1 fr orfuq qrcr cTr(rrn I



SectionA(ds A)

Q 1. Write answers of the following questions

ffifuacfrbsrrftfrs
r(a) (i) The wave fiurction for a particle in a one-dimensionar box of length ,a,is giver (4)y = A sin (nxla). Calculate the value of .A, for a bo* of f""gtl, d0 ,-. 

."

ffi ,a, il (ro_onqrfr frw fr \ro. 6ur b ftq drq-s_ffi .y=Asin(zva)

frqr .rqr t r 800 n m f{r{ drd \1o- cy.ffi b ft q,n, t qn o1 qurcr 61fuS r

(ii) Describe shucture and functions of Haemoglobin. How does the (4)coordination of globin to the 5ft position of Hr;;;illi; 
"*i.il.iJ"r"rir.process?

frftilkq fr1 iiwtl .{r orf or aufi qflfuq r fiffifrq }. si ern q_r
rdfuq o.r qfqq ofiffis{ qfr.qr fr a* roq_ar oror a

1(b) (i) How do the atomic orbitals combine to form bonding and antibonding (4)molecular orbitals? what are the limitations assoJiated wittr 
- 
tsecombinations? Calculate the bond order of NO, NO* and NO_ ,p..*, ana

comment on their relative stability.

trtclU-o'Srs +-S rodtr+ 66 u*o qh cfr ofl iiq-{ €{rF.{6-6.Ar6 .-{ra A, Eq
€dqfr fr Affi +qtg Rn &uo, No-.fit no-c-flm &. €rniq +lE (uond order)
of qurqr of eh s{+1 sriqr Rrrcr qt foqoft e*r

(ii) The complex compound CoCl3(en) contains only one chloride ion
which can be precipitated as AgCl on the addition of AgNO3.a) Draw the strucfure of complex.

b) Write the rupAC name.
c) Calculate the EAN of complex.
d) Give the coordination number of Co in the complex.

€g-o ulFr5 666t:(en) fr &-qf, g6.qd€s €{rqr e ftfi AsNo3 fuf,rfr..r
ascl *'sv fr ora&D-a frqt qr qEaT el
ror $fofiFroot€r+a6p,
Cu) rig-e frFro 51 lupa6 rrq ffi I

gD iig-d AFr+fr ftC{ GaNl qfi rrugr a5t r

(q) iif-o fiFro fr 66 qfi tsqs6$+s{ risr dfus r

(4)
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1(c) (i) Using Maxwell relationship, prove that (4)

d (#)" = (#)" -o o)(#), = (#),

ffi( orfrqq or sqfrqor h qrkdot

d (#)" = (*a),ui.o{#), = (#),

(ii) Write a note on: Debye-Huckel limiting theory of strong electrolye. (4)

3-0-goo Sfua s#owr b u-*o tqgq oruu-a ksia +1 qrsr ot

1(d) (i) Write the cell reaction and calculate E. for the cell @)

zn,z** 1tM1 | re,*1t M), Fe3* (1M);pt

G'ven' El.r*rr,,. = +O.77 ^d Elo,* / rn= -o.76

+d qRfuqr ftRq .ft e-d b ftq r o1 rrom o1fus

zn,zn2* 1tM1l rez+ 1t M), Fe3+ (1M); pt

G'ven' El...,rr..+: +O.77 arrd Eln*/zn: _.O.ib

(ii) A substance when dissolved in water at l0-3M concentration absorbs 10 % (4)
ofan incident radiation in a path of lcm length. What should be the
concentration of the solution in order to absorb 90% ofthe same radiation?

\rm qfl{ss lojM sitrdrrrqr{frgdqtdrt fr r tfrff&wfrs+.
G{rqfudfu-{ur 6r t o% q-q{ifud 6-rdr t r s-fl frfu-rur & s0% al orsrilfud 6-r+ }.
frq ffiqiq-drqrilfiqrBq?

1(e) (i) By using a suitable example discuss the Bom-Haber cycle for experimental (4)

determination of lattice energy.

S6 Bqgffi S{rt,Tul Ot UCfrrl 6-r+' qrf,fi ts;-Gf llattice energy) }'
qmrnd-o, fr qf{ur } fue Et{-td{ q-r w q-qf 6t r

(ii) Derive mathematical expression for Langmuir Adsorption isotherm.

fiqfEr erfffiffi b ftq G{i;qfr mq1 6t I

(4)
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Q 2. Write answersof the following questions.

frqfrBdtrdosfr &s-t-rfrfuqr

2(a') (i) Explain the splitting of d-orbitalsin an octahedral crystal freld. Give the (5)

number of unpaired electrons and 16or values in a strong and weak

octahedral field for Co2* ion.

orgs-d-6fq fr 'sd Az fr S- orffii-G 6r fr qrqq qr{rq 1 6oz. srq{ } E-{d o{tr

F-de ergq-m+tq Ar fr srgfrd {A-qfrl o1 riqr efu*p," al rrur+ ? r

(ii) How ethylene behaves as a ligand? Explain the structural changes in (5)

ethylene on binding with a metal ion on the basis of the Dewar-Chatt-
Duncanson @CD) model.

qffi{ ftrrs b Fq fr fu 
-S e-a6n o.-r-dr il Fcn-fu -<io.-{sr dffi r5s6 5

efi rR w Erg o{rT{ b sH iftI{ qi Sffi{ fr €r+trao ql{{dfr +1 qrcqr 6t 1

2(b) (i) Write cartesian form of Schrodinger wave equation and define the terms (5)

involved. Name the quantum numbers of an electron which are yielded by
the solution of this equation. How do these quantum numbers are helpful to

derive various atomic orbitals? Provide their relations with the radial node.

frErR dirr q$-f,{q or oltRrqc Fq ftrd sfu {sfr sflfud rffi (terms)

+1 qfuffi-a of r qo. EA-d{ 61 siec €ursi an crc ffir{q d qs qfro-iq

b qqrEH I ssr dt t r frftrx qrqrg ffifrw a] crq 6-G t frs A 6iec

riqnt i* vaq-o +fi & tBrd +s il sB{ E{b \iciq u-qn 6t r

(ii) Write concisely about the biological functions and toxicity of Mn,Co, As, (5)
Hg and Pb metal ions.

M n, co, As, Hs vtt eu vq ono-.it b nfuo ortr shAqrffidr b srt fr €Rtq
sqtftrdr

(iii) Explain why heavierp-block elements differ significantly from (5)

the lighterp-block elements. In what respect they differ.

uE oi fu pe,fo &qr0-a-o i* p-e,ffii offi1 ftr* dA A t

Afu-{-ffi-{€E-+nfrFr*tr
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2(c) (i) Show the splitting of d-orbitals in [Ti(H2O)6]Cl3 and explain itsabsorption (5)
spectrum. Why Ti3*complexes [Ti(I{2O)6]3* and [Ti(CN)6]3- give different
absorption bands at 20300 cm-t and,22300 cm-r, respectively.

f ri(H2o)6lct3fr d-efi HreorBrnscfr€(.r{tr{sbcf4qiqur*qqfr1
qreqr 6tr d rih offiw tri(Hzo)sl3. .rlF Fi(cr'r)ul'o'qqr: 20300 tdtr
gtt zz:oo tfr' ut.]ftTrl-3ftTrl ofEsicurfuAtr

(ii) Point out a few characteristic features of fluxional molecules. Briefly (5)
describe the fluxional behavior of [(4r-C5H5)Fe(CO)2(47-C5H5)]by using
relevant spectroscopy.

rrofurr;rf, (f tuxiona I eqefi a1 g-o hRrS ffisdrcil qn €Fm of r cniFro

+dw1fi ol tscft 6'-qfi 114i-crxryFe(co)r(4,-csHs)l +' wfuTm dr+6n

or€Acfrsufrafrl

(iii) Explain the reactions involved during the laboratory tests for NO3- ion. (5)
Comment on the synthesis, properties, and uses of nitrous and nitric acids.

N o3-o{Frc }' ftg q*qqndr qtq{uil t d{r{ sfifud shfrqr€fr +1 qreqr E t r

rTqEs qh rEE6 \,k6 b ffiqq,guil oh sqdnil qr fuquft 6t r

Q 3. Write answers of the following questions.

6r666y&oufr &urtfrRst

3(a) (i) Derive expression for intermolecular collision frequency (Z I I ) between (5)
similar type of ideal gas molecules.

qcn q-6R + enEqf lls uqefr il d-a .ra-t-snurfuo rotrs enqfr frs r r I b
fuVeftre6rr*O'

(ii) Write the expression for Maxwell's distribution of molecule velocity and use (5)

Maxwell's distribution of molecule velocity to derive most probable velocity

of an ideal gas.

ffio b o{E trr t fudrq } fr q qErqfr ftd srh \'+' s{rfl f tq } s-{S

€qrfud t r 61 srq fli b frq ffid b e{q ftr b ft-drur 6.r sqfrrr +t I

3(b) (D What do you understand by mean free path of ideal gas? Derive the (5)
relationship between thermal conductivity ofideal gas and mean free path.

\rf, r{r{{ffs } qlq Effi crrf t e{rq q uffi Sr undtyq +1 drqq
qrc+-ar ofu qltq Eft crrf b ffq $iiq enE-a of r



(ii) Define Surface tension. Discuss various methods of determination of surface (5)
tension.

yril{ra qn qfu {rfud 6t Yrd-{rdb f{vtiur } fr Fr* a-ffi qt q-qf of t

(iii) Discuss Joule-Thomson effect. Derive expression for inversion temperature. (5)

W-drr+ rt{ra qc q-qf 6t r Edcu dlqcn b fre orFrqfr qrq 6t t

3(c) (D Define Partial molal properties and discuss the methods of determination of (5)
Partial molal quantities.

o{iRrit qtmd 
UUil d qftt{kd 6t s{tt o{iRro +d qtxtgil b fu kur b Tffi

qtq-qf 6tr
(ii) Derive integrated forms of Clapeyron-Clausius equation for liquid-gas (5)

reversible phase transition.

a-ro-flsqffi {rurSfi curbfr qdqfi {-mtfr{sqfi -6{ur}\r+tfldFq

qrq6tr

(iii) Differentiate between Schottky defects and Frankel defects with the help of (5)

suitable examples.

sqTff cfiCtuil 61 re{ t rM As .fi{ h}-( dfr b d'q eim of t

Q 4. Write answers of the following questions.

ffiRac-&fiqfl1 brflfrfust
4(a) (i) Give specihc examples of the formation of metal-alkyl complexes by using (5)

oxidative addition and insertion reactions. What are the factors that facilitate

these reactions? Also comment on the instability of transition metal alkyl

compounds.

qffi3fr s qts olF sfum{ chfrqTsil ot gqfrrr al}' Erd- sror{d offifi }
rraa b ERre uffErur t r fc sfr fu 'qrofi o1 ghrfl f,{6 ffi rA srft 6 rrs Hr t,
rimcur EE-ottrr{d Affi +1 .}tR$dr w fi Equfr d I

(ii) Derive expression for forward and reverse rate constant for a (5)

reversible reaction

qld-d-tr o{Frfu-qt } lov orq'nff 3it frq{d etRrr } ftq stFrqfr qrq ot.
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4(b) (i) Discuss the structure of diborane (BzHe) and give its reactions with (5)

(a) Ammonia (b) Ethene (c) Water (d) Sodium

Bfrc (s,Hu) 01 rir++ or ft-+tq d orti {s t Ai drfr

frqfrEa eqm b slq o{Frfu qr 6,r fufiq t
C6.)sdfrql (q)enr gDmr (q)frEqq

(iii) Describe the discovery and importance of first metal-sandwich (5)

compound of cyclopentadienyl ligand. Identify the transition metals

A, B and C present in the following reactions of metallocene of first row

transition metals.

qEdta${r{dfr.r€eq-6Atrtg-ffirqAFr+'e1etq.:ircE€olduf q

of r qrd qfr & €Fcq qqoil b izrd$a o1 ffiRm qtufrqrcfr fr ctqe

dmwen{ofr^r u66 6q6unof r

(a) O o,",r, tn, "o, 
qlr-coox

o
allylMsBr O

B

=,

A
2 Ph-Ph @
+a- I Ph

xytene 'O*.r,c-,- 
7/

\/ Ph qs

(iii) Discuss the Transition state Theory ofChemical Kinetics and derive (5)

expression of rate constant using the Transition state Theory.

rrsrqh# {ffrffi b dtr-qur cffefi qr rqqarr 6r frEl.(r CqIq qftEs{D

or vcfrq 6rb ffiRi-fi a1 omrcqR qrqr 6t'

(c)

o
o

Bo
o

co
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4(c) (i) what are the causes_and consequences oflanthanide contraction? Describe (5)
cation exchange method for the separation of lanthanides. Cir" u typl"ui

elution curve of lanthanide ions using buffered ammonium citrate stution as
the eluent.

fiqqEs bo,Rurs{trqfrurgwrt?fit{r{Csbgrwwr&. frq ffirr{
\ris+q ED st sfi of r ffi -g crfrFqq sr+z fudq-r-ol sqft r t(goe (e t u ent) *.
dr w E-rb fi0-{r{g en+fr or (16 hRrS (qr+ms' 

1e I ut ion cu rve) t I

(ii) state Third law of rhermodynamics. prove the principle of unattainability of
absolute zero temperature.

s,qqaffi qil frstt Aqq {at5q. Wf W ilqqg 61 o{qrqdr & fuAia ai srfud 6t I

(i) Discuss the characteristics and mechanism of heterogeneous catalysts.

Aqq a-M 61 hisdr.si oir dz w uqf atfus r

Section B (qs B)

Q 5. Write answers of the following questions.

ffifuaq-&+.qfr*'w-rfrRsr
5(a) Discuss the structure of carbanion and explain the mechanism of conversion of

ethyl acetate in to ethyl acetoacetate in presence of sodium ethoxide.

o.r.ihq-{ aff €rfir qr s-sf Et oir Seuqq--fNE€ fr1 BcR{fr fr ffiaz +l
tNaeffau fr s{di b qldbqr tuur np 61 * *-,

5(b) Discuss the mechanism and stereochemistry of S,y2reaction.

sr,:'z qfrfu-qr fr1 ffifu olr dffi il re qt q-df qrt 
r

5(c) write synthesis and apprication of porystyrene and poryvinyr chroride.
qffreEff q srk Ef -fr hqrsffirr{s ol riqAqur oir o€qft r ft €

5(d) Complete the following reaction and discuss it,s mechanism.

(s)

(5)

(8)

(8)

(8)

(8)

NaNH2/NH3

------------->

8



(5)

(5)

(s)

(5)

(5)

ffikd sfrfrqr o1 {qr of vtt qvb fr +r frp * * -*,

NrNE2/NH3
----------->

5(e) Discuss the following: (i) Norish-Type r reaction (ii) Norish-Type il (8)

reaction.

ffi fua qt e-qf olfr (: t il nft sr-rr6nt sfr fr-qr | fi D ffiqr-u-on r I qfr fr-qr I

Write answers of the following questions.

ffiRHe-&+.qfr bs-mfrfrqr

6(a) (i) which product is obtained when 2,3-dimethylbutane-2,3-diol treated with

concentrated H2SOa?

+tcHIsEEqrqilartwz,:-erEfr q66gla-z,3-srfrd6iske-qft -+'

qfus b qq uq-qrkd fuqr qdr p
(ii) Which product is formed when cyclohexanone oxime is treated with

concentrated H2SOq? Discuss mechanism of the reaction.

+1n qr sEE sr{d ilar t qs q6dffiftrfiffiq qn s1-q vqtr6
qks b sR{ Bq-qrLd fu qr qrdr t, qfrfu qr fu'w fip *, * O'

6(b) (D Write note about Knoevenagel reaction.

ft+i-dqhfr-qrbefrfr+cftrGr

(ii) Write note about Reformatsky reaction.

ttwfinf$ol shb.ur & ett C +c ft€ r

(iii) Which product is obtained when benzaldehyde is treated with NaOH?

Discuss the mechanism ofthe reaction.

+t+sr sffE fiq d-ar t w fu NaoH &- sF{ sqsrfud

fu qr qnr tr qfrbqr fr ur AP 6, * O,



6(c) (i) What is aromaticity? I,3,5-cycloheptatrienyl cation is aromatic whereas (5)
1,3,5-cycloheptatriene is not. Explain.

WqEodI +n fu r,:,s-@o wrcq Wntro t qefr5 r,E,s-

qEdtsrEr{rrflel

(ii) complete the following reaction and explain its reaction mechanism. (5)

(i) (BHr2
H3c-c:cH2 

;,rprai- ?

ffifud cFfrqr +1 gtr of vh 6b BrqrEfu w qd d I

(i) (gH3)z
Hsc_c:cH2 

(jDrpr/oil- ?

(iii) complete the fonowing reaction and explain its reaction mechanism. (5)

H3C-C:CH2 + HBr _________> ,?

ffiRtrd chfr.qr o1 qn 6t qh rsb mfu q{ qqf d I

H3C-C:CH2 + HBr ______+ ,l

Q7. Write answers of the following questions.

ffiBas-&osfr &a-r-tfrfrsr

7(a) (i) Discuss Woodward-Hoftnann rules. (5)
g.€-i-C-Efui" frqm qt qqf of I

(ii) which product is obtained when phenyl acetate heated with arhydrous (5)
AlCl:? Explain the mechanism of the reaction.

w fu -r66oqp. oi ffe ar c r, & srq rrd fr -qr vrdr t d +t+sr s-or< crq
ilartzufrfrqrffifu+1qsf str

7(b) (i) write classification of dienes. Discuss different t)?e of diene by givinc (5)
suitable examples.

Hg€q or srfo-rur fr Rq r Bcg-ff ts-d6tq t+-r fr Fr* q-+-R il srqgq 61eqf
otr
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(ii) Write applications of the following: (i) NBS (ii) OsO .

hFfrEdbor{tr+qfud:0 NBs (ii) oso4.

(iii) Write note about E2 mechanism by taking suitable example.

sqffr ts-drflq a-6-t t. fi,-orBD & efr fr i-e ftrd I

7(c) (i) Discuss the mechanism and stereochemistry of STyl reaction.

s", sfrfrqr 61 ffifu ofu eftdftffi qt qqf of r

(ii) Which product is obtained when pyrrole is treated with POCI3/DMF?

Explain mechanism of the reaction.

+t+sr tsEE qrq ilor t ws qpn-d +1 nocryour &. qF{ w-qrf{d fu.qr qtdr &
qhfrqrffiD+tq-df6tr

(iii) why electrophilic substitution reaction in pyrrore, thiophene and firan
takes place at 2od position? Explain.

qrqn-d, qftff{ .fir qrn fr q@nrfuo cfd€rqr cfrfuqr (R
eflrqidilfr&qrqrolfrq r

Q 8. Write answers of the following questions .

mfudr&oqfr b$mfrfrsr

E(a) (i) Explain the relative aromaticity and reactivity of fr,an, thiophene and pyrrole.
qrri-d, end,+t{ .fir qnr +1 u0u ttttro-or .}rh qhffiffi r o1 aqreqr

+lfrs1

(ii) Write Fischer indole synthesis.

fusnistdrisAqurftrdr

8(b) (i) Complete the following reaction and discuss its mechanism.

cHs
(i) Hg(oAc)2, Hro

(ii) NaBHa

(5)

(5)

(5)

(s)

(5)

(5)

(s)

(5)

?
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ffiEtrd sfrfrqr +1 qfl 6t ofu ssb Brqrhfu qr qqf qi 
I

cHs
(i) Hg(oAc)2, H2O

(ii) NaBHa

(ii) which product is obtained when acetaldehyde is treated with NaoH? Explain
mechanism of the reaction.

ot+sr von qrw etar t w t$tfugec oJ N 
"o 

H &. sB{ uqsrfrd fu 
.qr q|dr

A cFdtuqrB,qIEftotqqf otr

(iii) Complete the following reaction and explain it's mechanism.

H3C-c:cH +
HzSOa . HqSO,

rt.\,_------.--.-

FqfuRrd qhfuqr el W of eir wb Brqrfrfu q{ qqf d I

H3C-C:CH + ?

8(c) (i) write basic principle of Nuclear Magnetic Resonance (NMR) and discuss

about Chemical shift and coupling constant.

w+q{e-+t+ org+r< 6qr{Scong * WftEjd frl ffi oir rrurqtro

Sfr vh Urt RRi6 b efr fr q-cf +t r

(ii) Write note about Mclafferty rearrangement.

ffim..ff Tfq-dR{r } slt fr +c ftrG r

(iii) Write note about Woodward-Fieser rules.

e-s-dd-fu-s{ ftqfi } Ert t i-e ftrd r

?

(5)

(s)

(s)

(5)

(s)

72


