
Q.P. Code :18398 

[Time: 3 Hours] [ Marks:80] 

Please check whether you have got the right question paper. 

Ql) a) 

ii 
iii 

iv 

N.B: (1) All questions are compulsory 
(2) Figures to the right indicate full marks 
(3) Answer all the sub-questions together and in order 
(4) Spectral correlation tables are allowed 

Answer any four 

Predict mlz of base peak of ethyl benzene 
Calculate Index of hydrogen deficiency for C7H4CbO 
Give the number of signals in lH I'lMR of-

H3C 

\ 
CH3 

/ 
CH--CH 

/ \ 
H H 

Give the number of signals in 13e NMR of 

v Predict the IR frequency for the carbonyl group in acetophenone 
vi Depict a fragmentation pathway for isopropyl alcohol. 

Q.l) b) Answer any eight (two marks each) 

Predict the UV Amax for 

CI 

ii Predict the UV Amax for 

o 

4 
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iii Predict the lH NMR of-
o 

Ha~H'C < ) C=C-H 

iv How will you distinguish between the following by mass spectrometry? 

v Predict sc NM R giving 0 value & splitting pattern of the molecule- CH3CH2COCH2CH 3• Do not give 
ranges. 

vi How will you distinguish between the following by lH NMR spectroscopy 

vii A compound with molecular formula C6H140 gives only two peaks: septet at 03.65 and doublet at 0 
1.1, predict its structure. 

viii How will you distinguish by IR spectroscopy 

~a era 
ix Depict one fragmentation pathway involving rearrangement for n-hexanal. 
x Predict 13C NMR giving 0 value & splitting pattern of the molecule- CH3CH l COCH2CH3 • Do not give 

ranges. 

Q.2 Answer any five questions (5 x 8) 
a) Predict IR spectrum, 13C NMR and lH NMR of-

o 
II 

N = C-CH2-CH2-CNH2 

40 
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b) How will you distinguish between following compounds using anyone spectral technique. Give 
distinguishing spectral characteristics. If mass spectrometry is used one fragmentation pathway has to 
be depicted. 

ii) 

Jy 
o & 

c) A compound with molecular weight 201 has the following spectral characteristics 
IH NMR: & 7.28 (d, 8 Hz, 8 sq.), 6.73 (d, 8 Hz, 8 sq.), 3.93 (q, 6 Hz, 8 sq.), 1.37 (t, 6 Hz, 12 sq.) 

Deduce its structure and justify your answer. What would be the m/e value for the molecular ion? Will 
this compound show MCLafferty rearrangement? Give reason. 

d) A compound with molecular weight 140 has the following spectral characteristics; 
m: 2960, 2200, 1700 cm-l 

IH NMR 

& 
0.88 t 16 sq 
1.38 sextet 11 sq 
1.5 quintet 10 sq 
2.28 t 9 sq 
3.7 s 15 sq 

13e NMR: 6 13.5 (q), 18.2 (t), 21.9 (t), 29.3 (t), 52.5 (q), 68 (sL 84.8 (s), 210 (s) 
Deduce the structure and justify your answer 

e) An organic compound with molecular weight 164 has IR bands 3060, 2960, 1728, 1225 cm- l and lH 

NMR signals at & 7.8 (m, 21 sq.), 6 7.4 (m, 33 sq.), 63.8 (septet, 11 sq.), 6 1.5 (d, 62 sq.). Deduce thE! 
structure. Depict any two fragmentation pathways in the mass spectroscopy of the compound, one 
involving rearrangement. 

Turn Over 
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f) A compound with molecular weight 104 has the following spectral data; 
IR: 3125-2857, 1718, 1449 cm-l 

IH NMR: 

{) 

10_95 s 5.4 sq 
4.13 s 11 sq 
3.66 q 10.6 sq, J=7.1 Hz 
1.27 t 16.2 sq, J= 7.1 Hz 

Deduce the structure and depict one mass fragmentation pathway 

g) Predict the lH NMR and mass spectrum of the following compound and depict one fragmentation 
pathway for the molecule 

HO-() L~-CH2-CH2-NHCH3 
Q.3) Answer any five questions 

a) Distinguish between the following compounds using a suitable spectral technique 

o 

AND 

b) Two isomers A and B with a molecular formula C3H60 2 display the following characteristics 
'IR: 

A 2860 cm-l 2750 cm-l 1742 cm-l 

B 2913 cm-l 1745 cm-l 

IH NMR: {) A: 1.35, 4.25 and 9.15 in the ratio of 3:2:1 
B: 3.85 and 2.05 in the ratio of 1:1 

Deduce the structure of A &. B and justify your answer. 
c) An optically active compound with molecular formula CSH120 shows the presence of a 0 20 

exchangeable proton. Its 13C NMH is 15 q, 18 q, 25 t, 30 d, 55 t. Deduce its structure and write 
structure of an isomer for the same and predict its BC NMR 

d) A compound of molecular formula C9 Hl203 has 
lH NMR: {) 3.6 (s) and 6.8 (s) in the ratio of 3:1 
13C NMR: 5 165, 115 and 55. 
Deduce the structure and justify your answer. 

20 
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e} A compound with molecular formula CsHsO shows IR absorption bands at 1695,1620 cm'l and lH 
NMR shows the following spectral characteristics. Deduce the structure and justify your answer. 
l5 
1.95 d 
2.2 s 

J=4 Hz, 3H 
3H 

5.85 dd J=4 Hz, 16 Hz, lH 
J=16 Hz, lH 6.5 d 

f} Depict two mass fragmentation pathways, one fission and one involving rearrangement for 
00 0 . 

g} A compound of molecular weight 99 containing C, H, 0 and N shows the following spectral 
characteristics -
IR (cm'l) : 2250,1740,1240 
lH NMR: 3.5 (s, 2H) 

3.8 {s, 3H} 
Deduce the structure and justify your answer. 
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IAlIACTEalsttC·lIfFJ.ARED ",.SOaI'TlONS OF fUNcrtOl'«i.1. Or:OUl'S 

~----~~~~~~--------~-+----~--
~ 

G'r6UP bl.!1..~ . lrii.ensit)' k1n:!e em-I 
~,~& . . . 

'. C. Unsaturated: 
· vinylc:ster type',: 

,"_Ikmsalllraled,md;atyl· 
.. Jf-utualurated ~lacton!i' . 
... JJ-lUISllturated T"lactonc" 
~.T"'lIllSlll\lmed .y4a<:100C:C 

d, .. -KCIOcsICfS '. ' 

e. ,8-J(,clocstctS(enolic) 
f. Carbollllles:· 

4: CARBOX¥LlC ACIDS 
· a. Cartonyl sliach~! vjhr.>tioru: 

satursted aliphatic . 
.. ..s-unsarurateda]ipb·atic 

aryl 
b. Hydroxyl strctchlok(borided)~ 

several W-ds '. " 
c. C2rboxylatc ani01! $trctchin~ 

S. ANHYDRlDE:STRETCHING 
VIBRA110NS 
&. SlItUrate4;.'licyclic 

b •. I1,.8-y.;ustunte\1;anlhryt 'acYclic 

C. S&t\lt1t.le~.s..mtmbefcltrin~ 

d: .. ./l-Unntuntet!: s:inembcred ring 

6. ACYL HAUDE'STRETCHING 
· VIBRATIONS· 

a. Acyl ftuorldeS" 
b. Acyl cblo'rideS' 
c. Acyl bromides. 
d. ,".P-Uasatura:ed iri<Iai'yt 

eo COf2 
r. COCli 
~. COB" 

'1:' A MlDlOS" 
&.Cubonyi.st{ctcnins. yjbr~tions 

Primary. sOOd and coo~nlrated 
$qiulio.n 

'556-5.65 
5.78-5.&2 
5.78-S.82 
S.6!-5.7S 

-5.5& 
S.1C-cS~1S 

~.06 
S,62-S.iS 

! .ro--S.l! . 
S.8J-s.n' 
S.U'-'5.'JS 

170-4.00 
6.21"-':'45 

u,1! 1JS-7.6~. 

5.4i-5~6 
and 559'-S~75' 

H:7-S.62" 
iDd 5.65.:.S.l1 

5.lS-S.4~ 

and S56-5.71·· 
5.41-556 

and 5.47-5.62 

-5.41 
-557 
-5.S3 

S.61-S.72: .. 

and 5.n"Ul 
5.19 
S.47 
5,47 

-6.06 
-s.n 

. (s) laoo.·1770 
(sf 1~1717 

:(5) 17)0..1711 
(s) 17'6O-'k740 

.>(s) -I!oo 
'Is) 1755-17<-0 
(s) -"SO 
(~) 17sc-"1740 

(1) ri2S-liOO 
. {5}, I1lS-'i690 

(:S) 1"100-1680 

.(w) ~2..~ 
($) 11i10-155O 
(1) l~llOO 

(s) 1~ISOO·· 
CS}, 17'90-1140· 

; (~~ 1130-1780 
($) lm-l72G 
{s) 1170-1320 
($) 1800-1750' . 
(~) l!~laoo 
(s) IDO-nso 

($) "';!SSO 

(i) ';';1795· 

(s) ":"l&10 
($) iiSo-i750 
(in) 1150-1720 
(s) t~J 
Is} ··1Kll 
(5) 1!2,S 

($) .,..1650 
($) -1690 Prirllllry i dilute solution 

S~I1~ry.so,iidand ~Q!nU'at"d 
solution . S.9S..:&J-4 (5) 1630-1630 

Seconclary. dilute solution s.sS-5:99-· (s) 1700-1670 
T~iary. solid s~ ~11 solmions . . : 5..99-':14 (s)·· ,1670-.I6Ji) 
Cyclic. J..l2CIams,·dilutc·SO!lItioll . -S.?S (:<J:'.' ":"\680 
Cyclic. t-laClams. diiuteso!ution -S.Slt (s) -1700 

:#~ 

CltAMCTElltSTIC u-~o. AItSOCPT1n:o<s ,)f Fl.'1<cnc>x.~1. GkC>Ul'lt 

"1 
Group R!'n;.e:!, . Intemlty IUn~ em-I 

Cyclic. y-Iac:t:ims. fused to :inNh~t 
lin&- dilute solu lion S.71~SJ!8 (s)' 1750-1700 

Cyclic. p-lactams, dilute $Oluoo .. 5.68-~.78 (~) 1760-17)0 
eyeli.::. p..lllct:tms. fused '0 anCither 
. rin~ dilute solution· 5.62-5.65 <,) 1780-!710 

Ureas. a~lie -6.02 (5) --,pro 
UreaS, q:.:Jic. ~m=>betecl rin & -6.10 (s) -164a 
Ure:.s, cyclic. S-membeted rin! -5.81 «) -'I7ro 
Urethanes 5.75-5.92 (s) 17-1O-16~ 

Im;des.':aq-clic . -5.85 (s) -1710 
.a. ... d -5.1!8 (~) -'1700 

lmic.lcs. cyclic:; ~memb<reJ rin; -:5,85 (5) :"'171:> 

~d -5.8S (s) -l7t"o 

Imidcs. e:yclic. .. .,B-unS3lutllleO: 
6-mo:mbc:tecl ring -5.73 (s) -1730 

and -5.99 (s) -167() 

Imidcs. e:ydiC::S-mcrribet'~ ring -5.65 (s) -1770 
~ ... d -5.8S (s; -li()') 

Im~lcs. cycrlC .... p.linsaIUrate,;t 

S-mcmbercd rin~ -559 (s) ..;li'lO 
a.na -5.SS (1) -1i10 

b. N-H Strdc:h;n~ -<mr-3tions 
Prin:at)'. free: ,;..., b:inJs -:LS6 (m) -3500 

~-:d -2.94 1m) -:;':00 

Prim:rry. bOnded: two bands -2.99 (.n) -335<: 

mil -3.IS • em) -lll1C 

secondary; free: On;, ~nd -1_92 (rn) -343C 

Secondary. honded; one I::aod 3.0-3.2 fm) 3.!:!0-'>t-W 

e. N-H Bcndin& ·~-ibralion. 
Pfim!try am.ide:: .. dilule ~Iui;on 6.17-6.:!9 (s) 16:!o-190 

Scc(>n<!.~ry ;lI'nid5. dilute: $l,!~,;,'n 6.45-6.62 (1) 155(1-1510 

C. Mi".,ell~us ehro~boric t:rouJK 
'I. ALCOHOLS AND PHENOLS 

3. O-H Stretdiin~ ,;lnalions 
J-"r.:e°tH· . - 2.74-2:79 ('-. sh) 365()-JS<)() 

lnterm~ c'cIIlarly hydrogen Ix-'!'Ided 
(c:h3tit;e· on di\utirn) 

sinr,lc h.ridEe eompbi.nds· 2.82-2.90 (v. sh) 3550-)4$0 

po!ymc:i-iC :lSsocilirion . 2.9~-3.n {so b} 340'.) - nco 
Inrf:lmok<.-ul:iriy h~;drO!;cn' !»ndcd 

(no ch:ln~ on dilution) 
sin!.ic: brid!c coml"JUnas 2.so~2.90 (Y. sh) 3570·}-!50 

chcl~[e , ... ,mpoJoInds 3.1-·1.0 ("". b} J:OO·~:OO 

t AbbrciialioAs: 5 *' »r~ m ~ mcdiv~~ ,. ;:: ~t2t •. v -= ... &n:~~~ b = bt¢acl. sh :: sharp. 

...:.. :::;. 3.Pf'{\"-xim:ndy 
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ClI/.JV'C'r!'kl$TIC Illt".~MD AaMll.'i'TlO!(S otc nll'<CTto.'IAJ. GkOt.'!'Sr 

~~ __ .If!!. 

\l 
Group lbn:t" Intensity llanJt ~111~1 --------t. C-NOt.Nitro ~'Ompoullds: 

afomalK: 

llliphatK: 

&' O-N02. Nitflt(S 

h.· C-NO. Nitrow compounds 
i. ·O-NO. NittitH 

.c. HALOGEN COMPOUNDS. C-X 
STR.ETCHING 'ilBRATIONS 
... C-F 
h.C-p 
e. C":"Br 
d. C-I 

S. SULFUR. COMPOUNDS 
;t. S-:-H Stfel~hini "ibtatu-ns 
h. C-S SttelCbin!.y;brauons 
Co "5-0 Strctehin& vibratioM: 

mlfolides 
sutrOftd 

.sullites 

. sul(ollyl.ehloride$ 

. sulro~midc$ 

sulfonic: adds. 

U1"".61 
. and' 1..l()"i.iO 

U';~ . .t) 

and 1.l$~iJO 

6.06. ·6.15 
~d ;.1O-S.00 

6.1S·Hi 
HS .. M6 

alld 6.15-6.11 

and 

7.1-10.0 
12S-16.6 
16~2U.O 

-10 

JJS-B2 
.j1~9.52 

U5-t.i1 
U2·S.i1 
1."'.i.69 
1.l1 .. B.70 

and 1.00..; . ./1 

. !.+t-~J9 
and 1.30-i ,J.6 

UI4.77 
and. '."1~1.6? 

&.21~S.iO 

9.4l-9.i1 
and -ISA 

($) 
($) 
(1) 
(s) 
(i) 
(s) 
(t) 
(s) 
(s) 

($) 
(1) 
(s) 
(s) 

(w) 
(s) 

(s) 
(s) 
($) 
(s) 
($) 
(5) 
($) 
(I) 
(I) 
(1) 
($) 
(s) 

.151O-1SOO 
U10-13¢O 
1510-1510 
1J1O-1l1O 
16:50 .. 1600 
IlOO-l2JO 
1600-1500 
1&8()..IUO 
1625·1610 

I «X).. UXO 
800-600 
600-500 
-500 

2(,()()...2$!() 
1l(X)...IO!iC) 

I OiO-I01O 
1160-11-iQ 
I3so..I3CiO 
12j()../I5iO 
1.c)()"13$O 
.llaS~t IO'S 
mo-t)4I) 
1110-11«) 
Ilso..lXO 
l2Io-lI~j 

1000010)J 
-650 

t Al>btuistiocl.: s '" SUOtlSo !". '" medivm. ....... ~ • ., .. ';uiablc. II .. brold, ill '" ill.".. 
- .. approldmaldy 

\0 

o . 
~ 
~ 
o 
Q., 
~ 

~ 
00 
W 
\0 
Q(I 



--~,~-------

Prot;m Chcmlcll Sllfts (V .. haes .. re liven on thr 1-
otrlc;3&uy'ppnn'cd hole; t .. 10.0~ - 6) 

,Methyl . Methy1('ftc Methir.e 

SI1.~stitu:nt Group 
,Methyl Methylmc ltWthine Substituent Group Protons ProtonS PrOton 
Protl)DS Protons Preto •. 

HC-F 4.25 4.50 4.80 
HC...c:,..CH1 '0'.95 .' 1.20 ISS ,HC,...NOl ,. 4.30 ' .' '4~35 4.6C1 
HC-C-Nftz . I.OS 1.45 •. 70 CYcit'propine . 0.10 0.40 HC-C-C=C 1.00 1.35, 1.70 
HC-C-e=iO I.OS· 1.$$ 1.9S 

Cyc:lobuta..'lC .1.4S 

HC-C-NRAr' 1.10 I.S0· .. LSD" 
CycloPen~c·, 1.65 

HC-C-NH{O=O)~ 1.10 I.SO :1;91) . 
CYc:lohCJtaoc .;; .1.50 ·1.80 

HC-C-(C~Q)NR: 1.10 LSO· 'LBO-
Cycloheptanc 

-' 
; ,1.25 r,' 

HC-C~C';'Q)Ar 1.1::' l.5~ l.90 Substit\l~nt'G.r~up 
, .;.'i 

HC-C-(C,..O)OR US 1.70 'L90· 
Proton Shift Substi~ent Group ' .. i l'~oton~ft 

HC-C-At .·US 1.5S !.SO ;,HO;:-e=O .·.·)0-12 HC-C"::'OU (and OR) 1.20 UD 1.1S 
Hc=rcR. l.3S 

Hc-c-b;ca . 1.20 UD ·1.80 
HCSCAr 2.90 .. m>~o, .,1 ~-12 

H~'-C~ 1.25 .1.6$ 2.0.0 
HC5C-f=c; 2.15 . HO-At .4.5-6.5 

H€-:.C-SR 1.2S i.60 1.90 
liAr 1.20 ~~O~R 0.5-4.5 

HC-C-OAr L30 l;S$ +.00 
HCO..,o .8.1 HS-Ar 2.8-3.6 

HC-C-O(C=O)R ,.1 . .30 1.40 
HCO-R 9A-IO.0 ·,HS-R 1-2 

HC-C-SH L30 .1.60 
L80 HCO-:-AI 9.1-10.5 ::~:~ .. 3-6 

HC-C-(S=O)f •. anl! :-SO?R L35 1.10 h65 HO-N=:C(Q;;l\1lc) .. ' 9..:.12 0.5-5 
• . : ~ !, .. ", : .. -' . 

HC-C-NRi '1.40 .·I.7.S .1.QS 
RC-C-O(C=O)CF l 1.40 1.65 
HC-C-Cl US LBO. 1.95 
HC-C-O(C=O)Ar 1.65 1.7:5, Lss 
HC-C-Br -USO- 1.&S 1.90 

~ 
"13' '. Q 

He-CHl 0.90 . f.30 ,l.5Q 
.. c Chelnjc:~Uhifts(Valuea pnn pn the" $Cue,relative to TMS.) 

liC-c=-c 1.60 2.0S 
HC-C=C ··1.10. 2.20 ,~30 

Primary Secondary Tertiary QU:Iotemary 
HC-(C=O)OR (ant NR:J) 2..00 2.2$ 2.50 

Substitu~t Group Carbon Carboll ,CUPoII ·.:.Carbon 
HC-SR . . . 2.05 2.5S 3;90. 
HC-O-O '2..\0 .2.30· 2.5S 

Allcllnl!S .~ . 
HC-(O=O)R 2.10 2.35 2.65 

C-CE- -20 to 30' 251.045. , 30 %G 60 '35 to 70 
HC-0=N 2.15 .~2.4S 2.90 

.C-O 40 to 60 401010 60 to 15 .. 10·toS5 

~O 7.20 2.40 
C:"'N 20 to 45 40t,q6Q .. , 50tQ10 . .§5 to 75 

liC-Ar (and N~l)' 2.25 .2AS 2.85. 
e-s 10 to 30 2S to4~ 40 toS5 "r to7O HC-SSR 2.35 2.1:0 
e';';'JJaude' ~3J,to 35 -10 to 45 . 30to 65 . 5 t07S 

9 HC-(C=O)Ar 2.40 2.70 3.49 
(f). .(Cl) (1) .eel) .. (1). (el) ) (CI) 

HC-SAl' 2.40: 
HC":'NRAr 2.60 3.10 3.60' 

Alkync;s 10 to.100 Isoc:yanides 130 to 150 
~. 

H¢-SO-tR and -(SO)R 2.60' 3.05 '. Al!(enes liOtolSO Carbonates iso to 160 n 
~ 

HC-Br . . . 2.70 3.40 00 
Afematics .. 110 to 13S ·0ximes ISS to 1'65 0 

d H'C-NR; 2.95 3.10 J.60 
.. C.uDstitulcd 125 to 145 Urea ISO to 170 Q. 

~ 
HC-NH(O=Q)R 2.95 . 3.35 l.8S 

Hetcroaroma.tics IlSto14O Thioureas Hi5 to 185 ~ 
HC--C\ 3.05 3.4S 4;OS C-a 135 to 155 Esters. Anhydrides 150 to' 115 
HC-DH and '-OR 3.20 3.40 3.60 

Cyeates lOS to 120 Amides 160 to 180 ~ 

0 HC-NH~ 3.50 ·3.75 4.95 
bocyanatcs lIS to 13S Acids, Acyl chlorides 160 to 18S QC 

< HC-O(C=O)R 3:65 4.1ll- 4.95 Tb,iocyanates 110 to lie Aldehydes 175 to 205 c..w 
HC-OAr 3.80 .4.0C 4.60 

·&otbiocyan .. tes 120 to 140 Ketones 175 to22S \t:l 
t.'!j HC:"O(C;=O)Ar 3.80 4.20 5.0S. .CymidCl~· ilO to 130 QC 

~ 
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12 

C .. t d 'd' onjuga e lenes & T' nenes, Sit ·Eth I oven :. ano 
Parent value for Butadiene sy~tem 217nm 
or acyclic conjugated mene 

I 

Acyclic triene 245nm 
HomoanIlular conjugated diene 253nm 

-Hetroannular conjugated dieue 2lS'run 
Increment for each substituents . 

Alkyl substituents or ring residue Snm 
Exocyclic'double bond· Sum 
. Double bond extending conjugation 300m -, Auxochrome 
-OR +6nm 

.. 

-SR +30nm 
~Cl -Br· +5nm 

~ +60nm 
-O~OCH3 0 
Woodward Fieser ndes for a(3-unsaturated carbonyl com.pound~:-
a) Parent v~lues 
a.f5-unsaturated .acyclic 'or six . 

- .. --21S om 
. membered ketone 
o.~-unsaturated five membered ring 202nm 
ketone 

~ 

a~-unsaturated aldehyde ...... 207nm 
h)Increm,ents 
o Each alkylsubstituents or ririg residue ---
At·.a positlon lOnm ...... 
At J3 position· 12nm ... 

At gatnIria arid higher 'position 18 run ,-
~~achexo~l'clic double bcmd 5 run: 

'. 

iii) Double bond extendil1g 30 run 
conJugation 

. 'iv) HomQannu}ar ~onjugated . 39nm 
diene 

. ~~uxochromcs Positions « 

a B gamma '. 

-OH 35 30 50 
-OR 35 30 17 . 
-SR - 85 -- - -i'iif.G)COQHl 0 6 6 .... .. -
-Cl 15 12 - --B! 25- 30 - --NRl .. . ;,95 - ... - , ..... .;----: 


