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Ouestion paper specific instructions
qeq qr + Rq Bilrs ul-gtqr

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

a qarq{ A r=id q E ntrGrf, B, cie-A ct{ Ejs-B

2. Each Section contains four (4) questions.

c-&cr {ds fr qrt cr.T BL

3. Candidate has to attempt five questions in all.
qterT$ A cfq cet'f ml s+r fuscr t r

4. Question Nos. I and 5 are compulsory and out of the remaining, THREE questions are to be attempted

choosing at least ONE question from each Section

ceq €qr 1 eil{ 5 srFgrd t ts+t( s}E crif q fr ffi fic sl st-r frqcr B,

c-e-m eis t q+ ce-T d ao zn-ccr B I

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

seif t Qrq frqT, wei 6Bgo B, or ergw<.r fu-qr qrqr ertrq r

6. The number of marks carried by a question/part is indicated against it.

c-&+ ceq/ aTrrr + ftC F-Td ' sT+ €rqi Rq .rq t r

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

of any question, English version shall be treated as final.

c-*cr cqq trd sil( s*ffi ffi rrqrsfr { uqv trcprf * ergqr q ffi €rtqqttT fr R+rR E,

eiffi ssl,T A A e{fuq qFn GrTqTr I
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Section A (Eis3T)

Ql Answer the fbllowin questions [g x 5 : a0]

lilralillda qedl d'iar elf3t

I (a) Derive Schrodinger wave equation for the wave mechanical model for atomic

structure and discuss its application to hydrogen atom.

c{arq] €lqar * ld'q atrr qif}ar aTsa d.fld('a'r}fErrr atq sdl+rq qr"a m{'slll

6rsglsd c{HruJ q{ gs+' 3{{qd4 c{ sdr m{'t

1(b) Enurnerate postulates and limitations of VSEPR theory. Predict molecular
geometry of NH,, H,O, SFe and XeFo.

fi('s*q[:rn ftryia Sr :+f,f,'trxurr:+t:llr €rqnii 6r rtutar m{-t ys,, H,o, sFo

$ir 1.p. 6r :irurldm sqrf,frlt *r rli"qarsll mt't

l(c) Give an account of stoichiometric and non- stoichio-.t.i. a"fects in solids with
suitable cxamples.

jqg+d 5dr6{ur} d.srq a}s qEH"i t't ce}g+'}frQ+ slir aYa-ce}gm}frfl+ q}q} mr

lilErq frflG('t '1

1 (d) Prove thermodynamically that,

5EiTr4f,afftq $c t lfrqu +t f+,

a. Internal energy for an ideal gas is independent of its volume at constant

temperafure.

fi;Sr snast Jis #r siaR+ sdr lFqr drsan s{ 3s* 3ilqaa t ea;i-* ddl'dl

b. Enthalpy of an ideal gas is function of temperature only.

\16 3flqel rls 6r (,;$oqt d'aa arqqra + Haa d'sq it ddr'd'r

1(e) Discuss the role of Na*, K* and Ca'* in human physiology.

(8)

(8)

(8)

(8)

(8)

aETA ertl{ ffiql laara d Nu*, p. if}r ca,. #l *1Bar c{ Edr fitl

Q 2 Ansrver the follorving questions

flirald.flda qsa) * i.r{ Afi't

2(a) i. Explain the Heisenberg Uncertainty Principle.

6rgeacir:+fi.fltqaar l€quia ffr eqrcqt qt.

ii. Calculate the mass of a particle, if uncertainty in the position and velocity of a

particle are 10''n m and 5.27 x 10-20 m s-' respectively. (5)

\rs s'ur g-qeuan 6t aqar ml', qle f=+-dt o"r fi l€qF rlir drl it :+flilf-tEaar

FIT?r: l0-,0 frle{:ltl S.ZZ x l0,o dtef t+s', 'd-t

(s)

(2)



2(b) i. Draw molecular orbital diagrarn for carbon monoxide (CO). Deduce the bond
order for CO, CO*, CO in carbonate ion and CO in acetate ion. (8)

arta ala):fi+€tgs (co; * fi(, 3{rqfam s'efiq rnts Eatrrt co, co*, mrqJilu

3iTqa d 6s 3llr (r$Ite 3rTqd ii 6e d'f,il'v qq s'a f,tordl

ii. Discuss struculre, bonding, aromaticity arrd uses of borazine and Phosphazene. (8)

Elrrl3a:lir qYr$dla #t +iwar, aitra fi qqlil. ttfifla+ar:llr 
=qqla 

c{ qdr 6't'l

2(c) i. Give composition and working of glass electrode. Justify it as one of the first ion

selective electrode.

rdrs Sd+ils 6T rirsar rlk mdqurrdl {rl}('t gt cqq 3ilqd Es;rraq6 gd+q}g

frt qm*scil=ftao6rrtt

ii. What are electrochemical cells? Give composition arid uses of Leclanche cells

and Fuel cells.

gd+q)*f,fr's'd til +qr'ilr d+airr ta:lir $ua ta fr €rEar:lk sqqlq qdr(t

iii. Discuss magnetic properlies of lanthanide$ and actrnides. Which lanthanide

compounds have been identified as shift reagents useful in NMR spectroscopy?

'.i?argqo Efu uffrcarggs +'{o6ro rJw} vl qdt o{'r NMR Fq+O€6}qr it
Jcq)fi filce 3{r*6'fot d' 5c fi m}a s ',tz}args q}ffrm} ffr v5am fr a$ 'd'z

Q 3 Answer the following que

ffrratifda s?a) + in{ erlit
3(a) i. Describe Bragg's Law and derivc Bragg's equation. How it is useful in

identification and characterizing nanomaterials.

fur * ftqq 6r ddrd +{'sl}r *rr or sdtowr eg;c;d ml't q6'"ia}aaftqa 6r
v5ara:lir aeTUI adrd it firs qorr sqqlefl'dt

ii. What is the inter planer distance in crystal showing first order diffraction at an

angle 12.73 by X-rays of wavelength 0.1542 nm? (4)

o.ts42 nm airr aYd fi (r+s_i (dr{r 12.73, d'dor s{ qera a}fle ldEta asfri
Er& Brra d:iar adlu q$ lfiafi 'dr

(5)

$)

(s)

[401

(6)

(3)



3(b) i. Using Gibbs-Duhern Equation find an expression for Partial Molar Entropy and

Parlial molar volume. (5)

f,ileu-g$'a rdl+lur s'r icq)q mr* sriiql+ alal wqY{l:l}r srif,rY+ a}ar
3{rsaa d'fi(, (16 3Tf$'eqf+a u}d'l

ii. What is the physical significance of chemical potential? Give expression for
probability density for the Maxwell distribution of molecular speed. (5)

{rgrqfilm ftTHat fl u}fli'q 7T6aa +qr tr rnurfld*'4fa * f}+sda flaaqsr *'lilq
€arraqar qdad d.f,i(r 3{ff,aqffrd d-t

iii. Describe the stop-f)ow method fbr understanding the chemical kinetics of fast

reactions. (5)

ds rTla qfaffiqr(, ffr rrsrqffr+ afafi +') eagi t'f,il('rlm-var5ldB mr adra mt

3(c) i. Give the photochemical reactions taking place in the formation of ozone in the

stratosphere and its destruction by chlorofluorocarbons. (5)

€Harq asa it :rlsla d lfrcrur:ilr +alrlcalrlar*a Earu S€+ ldarrr t't Oli
Erdr q')e)*|fr+a qfAffiqB{t a} d'r ',

ii. Give general fonnula for cyclopentadienyl complexes. Describe strucrure,

bonding, aromaticity and uses of fenocene. (5)

€E+alqtfe('fea mYrcd+s d-f,fru rrrqr;rr qr a't *rlflQ'a Sr €rsar. dtra.

tttlla+'ar slk sqqla mr adrd s'{'l

iii. How metal-metal bond are different from metallic bonds? Which metals have
tendency to form metal-metal bond? Give examples of some complexes showing
metal-metal bond. (5)

trrq-Erg dq, qrfiamaiq t Pa,-s ssr{ ffr;d'dz da dl urq:+t d urg-urq dtr Eari 6r

vElA 5)dl'dr ut(-urq du Err'ril drd t6 +iga) *'Eqr6rur {ff,S('t

(4)



Q 4 Answer the following questions t40l
ftraf,iltda c?at d'Jir{ Al3q

a(a) i. What do you understand by Inner orbital and Outer orbital Cornplexes? With
suitable examples discuss hybridization, geornerry and rnagnetic properties of these
complexes. e)
:naRm 6aftq Elk errq +'eflq qfts$ t:nc +qr sqfla'{r 5e{+d 5(r6{ur} d.rru ga

cftsil *'dmwr, ;qrflfr'flt:lk g<ffru zjur] vl qq'r +{'r

ii. What are semiconductors? Discuss characteristic features of Intrinsic and Extrinsrc
semiconductors giving examples and their uses in prcsent day technological
development (g)

rrtlqra;F'+qr'dr :riaftq :llr qreq :l{uram'} #r fltflelse fldr}sar3rf, JilF{ur tar:l}r
E*qra afitlfi flt*ls fr sad tczr)a c{ qdr m'{'l

4(b) i. Derive Clausius-Clapeyron equation for ideal gas in irs inregrared fonn. How
can this expression be applied for vaporization, sublimation. fusion or transition
between two phases of a solid? , (7)

v$rqa sc fr 3nq?i *s d'fltq +arsf,frqs-+iitda €dt6{o-r Eg.q-d 6tt gq

srBaqffra F) lfiSI als * d qrur) d'drE dpql6{ur. ssfqraa. +iaqa qr +iraq *
f,d.v *t arrtr lfirTr sr ss-ar'dr

ii. What do you understand by Physical adsorption and Chernisorptions? Derive the' expressions for adsorption isotherm applicable to physical adsorption and to
chemisorptions. (g)

ailFq'$Esrlqur (rEi tgrqa $Erilsq t:nc +zrr EHfla'd, a+tfi.+:rBerlsur 3lit
Tsrqa $frsrlsq q{ arrl $fuer}qq gF}a* d'f,il(':+f*aqlfraqT erw;Ftt

4(c) What are Cytochromes? Explain the role of Cytochromes in electron transport for
physiological processes? (10)

€Felm}H +qr H? errtlRm sf*-qui 4'ld('gd+q'na cRd6a t'i urgelrla 6r effr+'r E.rr(r ?

(s)



Section B (tigE)

Q 5 Anstver the following questions

Itraldtda qeal * 3?r{ etfll,t

5(a) i. Among following which one is more stable, explain why?

Benzene or 1,3,5-hexatriene

Cyclobutadiene or 1,3-butadiene

filratdlda d d dta gr 3rfrm lFql8., rcse 6{+q}r
iidtaqr r,:,s-B+srqEa

€'I$+dlgeBIil 4i 1,3-c{ergld

ii. What are Annulenes? Predict the aromaticity of following with explanation:

[8]Annulene, [1 4]Annulene, [1 6]Annulene, [1 8]Annulene

(r{d;a arr'gr €csA.F{q * srzr filraf,tt&a 6r tr}ffFemar6I e{fasqdru?f6t.

1a1[;gdla, tt4l u;gdla. tt6l Ggdlil, [ts](r;gdta

5(b) i. Show the sequence of reaction steps involved in the synthesis of m-nitro

acetophenone from benzene.

ddra t (ra_aEo ('fielS.ala d'dedqur fr slrrfra s{ur} 6r s8r ra flesr('t

ii. Describe ditterent categories of pericyclic reactions. State general

rules and conditions under which pericyclic reactions takes place.

tttsrgf,fraa qfaf+-s'B{i 6r flaf,fr;a Atfrql6r Edra q'{'l srqrq f,ilqa ('d qrd qarri

flSad':iaJra tfiqrsffrdm qf,aD.,-qrd 6)A Bl

5(c) i. Explain with the help of or-bitals drawings (FMO approach) that themally induced

cycloaddition of 1,3 butadiene and ethylene is permissible whereas dimerization of

ethylene is forbidden.

:fi'f$eas 1gital ((rcn(rmi rlstmlw; ffr s6rqar t sqart f+ 1,3 aXedld 3lt{

qfl{dta zil adlq $c t ifta sr$+alflaw :r{fru 'd osffi ufEdla 6'r

fr5augitra' df*a B.

ii. How and why is rubber cornpounded? Give composition and uses of Buna N

and butyl rubber.

{q{ 6} *t :lk Tq} f,frf}d lfiqt arar'd't gdr (rd 3l}{ o{el$d {q{ 6l €rsar 3l}l

]EIZI.I4EAIUI

[8 x 5 :40]

(4)

(4)

(4)

(4)

I

(4)

(4) I

I

(6)



5(d) i. Which region of the electromagnetic radiation is used in f-ollowing?

Rotational Spectroscopy, Vibrational Spectroscopy, E,lcctronic Spectroscopy

and NMR Spectroscopy ?

fiaga gFofiiq fBl+-wr) d'l+s ei-* mr rcq)4 f,irafltfl&a d 14,-qr sTEl'dl

qufi rt+qkm){r, aqa r$+g}ra}{t, gd+gYlilm rQ+q}rdfr:lk ruuR ct+q}rm}frr
ii. What is the principle behind Magnetic Resonance Irlaging (MRf)?

go#ru 3{{ara gAf;irr 
1{a3rT{3TT$; * {td f,tryia +qr'dr

5(e) Based on IR spectra how would you distinguish the follorving? (4+4)

Edr(,1+- IR Fq+il d. :mrrr cq f,A'Fdfafda d-dtq sial q;lar d't qara 6)arr

i. Aldehydes pnd Ketones

(rfFs6r5s:llr d.e);s

ii. Isorners of C,HN: (CH3),N CTH,NHCH, C,HNH,

c,H,N * sngglqd: (cH.).N C,H5NHCH, G,H,NH:

Q 6 Answer the following questions t40I

filraf,ilfl&a q?a] d'J.r{ Afit 'i

6(a) i. Give structure, mechanism and reducing action of NaBH. and LiAlH".

(6)Why NaH cannot be used for this purpose?

NaBH,, tfrl tintH" ffl +itEar, .is $ir 3rsilrq6 f*,-qr m'radrao{'t

S€ qqlad *.ld'('NaH 6r iErzr)4 +qi a6i ffr'qi il s6ar ?

ii. Write the reaction, conditions and structure of the products when: (6)

sfalfiqr f€qfaqY:fir sccrEt ffI *iwar f,ilti sq
a. 2-cyclohexenone is treated with NaBH 4

2-frrg+d)fi+tala.fi'r isEr{ NaBH, t fl+qr drar'd-

b. 2-cyclohexenone is treated with LiAlH.

z-srg+dld+tala 6t isEI{ LiAlH. t l+-qr aril'd
c. methyl propanoate is treated with LiAIH 4

flfrqr$a qltala-c 6r iqEr{ LiAlHo t fil-qr dmr t
iii. Nylon falls under which category of synthetic polymers? How it is synthesized?

arqdYa f,selPem qYfaar 6t l+'s rlufi fr 3ildr'dr ss6r +iqdqur d't olar "tlz (3)

(4)

(4)

(7)



6(b) i. Explain basic principle of 'H-NMR specrroscopy. How spin-spin coupling

affects the signal in NMR spectroscopy?

,H-NMR rt+flro)fi d qa fl€'4ria Sr eqrcqr al-t lFca_fFqa Seaa NttrtR

rt+qlca)fi ii firaa d d-fr qsTrfaa 6{dr'dr

ii. How can you diff'erentiate 'H-NMR signals of Isopropyl benzene and i,3,5-
trimethyl benzene, when both are isomeric liquids containing only c and H?

rttgclvllQa ddra :lk 1,3,5_qrg*qrgd ddra * r H_Nirln €*a) d *t :iar
l4sr smi'd, ss alal sT$€)frftfi ard card'd.lfrart d'aa g :{k u A}t'dz

6(c) i. Give mechanism of reduction of ketones under Wolff-Kishner conditions. showing

all the steps and stnrcture of intennediate species.

Ele.q'-ffirral fl€rrtdq) d'aoa 6re};q Sr:rqErq+ fil-qr d, llst'i qnffra sefl
qrurl slk Hsqddr qsrflaq) *r +irqar m) Eqfrc't

ii. Predict tlte reaction and products of Reimer-Tiemann reaction of pymole.

qr$td S lgal-8rrla qfal+,-qr fir sfafil-qr rllr E.qra} #r arldsqErutl m{'r

Q 7. Ansrver the lbllorving questions 
1

flirafldt&a qra} d.5.r{ Afit
7 (a) i. Give structure of azulene, fulvene. Predict their aromaticity with explanation. (B)

(rgdta $k gad.a ffr €rEar {tt3-('l Fqsfifi{q * srq Eafr ttr}flze;ar sl 3r{HraFTqr(rt

ii. Give strucnrre, merits and uses of diborane in organic synthesis. (7)

srgqlta Sr fwar. nw :ilr +l&lim +isdsur it scqla Ear(rt

7(b) i. What do you understand by Elimination reaction? Explain difference between

El and E2 nrechanism. (5)

i;Hda:+ffrflfiqr t:nc +qr HHfle S, pl :lir Ezaq * dfq:iar +coz m.tt

ii. For a base induced E2 reaction of 2-bromobutane, identify the major and minor

reaction products. Show the stability of transition states. (5)

2-olaleXta 6t nrr 3ilErlta s2 v[tl],-ur d ld(,, vglr rlrr ag qfAfil-qr

iacral *r c6sra +t t +imsur 3{d€qBfi *r fpenar l4srtt

(s)

(s)

(8)

(7)

(8)



7(c) i. Explain the mechanism of oxidative action of SeO,. Give reaction and structure of
product of following upon treating with SeO.

Seo, 6t ril'+sttlzslfiqr fft flfi'qrra'fr ongrgvt seo, s sqqrfta 6'{t cr lilralillda
fi qfafa,-qr rill rqrE 6r €war Afliq:

a. Acetophenone. qf€e)$-ala

b.2_pentene z_il&a

c. Cyclohexanone qr$+ale'+grdlt

ii. What is the significance of charge transf-er absorption under UV-vis spectroscopy.

Give example of species exhibiting charge transf-er specrra?

{dt-fiq ti.+q}ro}{t d-aAa qr* qiss'{ 3{E?r}qq 6r +qT qA.s'd'r qr-'r qigs'{ rt+gr
qqf{Ia 6{e drtt qilrfAq} * sEr6wr tr

Q 8. Answer the following questions

lfrraldtGa qeal d ia{ Afi.+ (10)

8(a) Give structure of tropolone and sydnone. Predict their aromaticity with explanation.

qlclala :ltr l€sala 6r +ilsar 4ll3ur FqsA6{ur d srq saffr tr}f}f2'6'dr 61 3{{Hra
d4rtt

8(b) i. Explain Witting Reaction and its stereoselectivity'? Give its mechanism showing role of
phosphorus ylide.

ldlaq ft('+qra :llr gs#t r&RqltAfficP{8l6} €aflr(r? tnYrw}w qdr$s ffr qlfror alfri
g(r g{Tfi lil-qrfaB Arli (' r

ii. Why heterocyclic compounds are susceptible for electrophilic substitution reaction?

Among pyrrole, furan, thiophene and indole, what is their order of reactivity and state

the reason for the same.

tqlsrgf,fra+dtfltr+gd+dflq'til+cfff€arrqdcfaflfi'qrd'lilq:rlil+idEallra+uIg2
qril)d, FWra, pq)frra $ir g*a fr cfaB-qrqftaaT irr Fa.rsr B' :llr gs+l:fir{ur Erdr(t

8(c) i. Write a note on applications of HIO, and CrO, in organic synthesis.

6ltk6 +ir*qq fr Hro., :llr g.s, * rgvulal s{ (16'a}e ldrlt

ii. In a Norish type II reaction, Show the mechanism of formation of product on irradiation

of cyclopentanone.

dFnr c-+rr rr cfrE-qr fr, urg+aliftala * Efl+rq c{ iccr d'lfrCrur 6r f}qrfdfr f{urtr

(8)

(7)

(7)

(8)

(8)

(7)

(e)


