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0.1

Select the correct answer in the following.
1. In IR, the C-H stretching absorption of alkyne is observed at

a, ~2150 cm™ c. ~1000cm™
b, ~3300em™ d. ~1300cm™

2. In UV spectra the n—o* transition is shown by

a8, Ketones c. Alcohols
b, Alkanes d. Olefins

3. In the instrument with 1.4 Tesla magnetic field the proton will resonate at

a. 60 MHz ¢, 100 MH=z
b. 90 MHz d, 300 MH=z

4. In the PMR spectrum, mesitylene(1,3,5-trimethyl benzene) will give

a. 2 signals ¢. 4 signalls
b. 3 signals d. 6 signals

5. In “'C NMR, phenanthrene will give

a. 14 signals c. 5 signals
b. 6 signals " d. 7 signals

6. The solvent CDCl in "*C NMR spectrum will give -

a. adoubletat 1008 c. asingletat 180 &
b. atripletat 77 & d. asingletat40 &

7. In mass spectra, the metastable ion peak is observed

a. as diffused peak at non integral m/z value c. as two lincs with equal intensity
b. at heighest m/z value d. at M-15 position
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8. In HETCOR. specira, the connectivity observed between 'H and VC is

e ¢. Jand'J
b, e iF
Q.2  Answer the following (Any Seven). 14

2

Q.3 A. Answer the following.

Explain Fermi resonance observed in IR spectroscopy.
With suitable example explain the terms chromophores and auxochromes.

. The symmetrical stretching vibration in H;0 is IR active whereas the same is inactive
in COs. Explain.

. Sketch the expected PMR spectrum for ethyl acetate by taking approximate & value
for each signal.

. Assign the spin systems (Pople notations) for I-nitropropane and p-chloro nitrobenzene.

. How will you differentiate o-, m- and p- xylenes on the basis of proton decoupled

e NMR spectra.

. Write the important characteristic properties of DEPT-90 and DEPT-135 spectra.
. With suitable example explain Mclafferty rearrangement observed in mass spectroscopy.

. Sketch the "H-"H COSY spectrum for ethyl benzene by taking approximate & value

for each signal.

(i) State and explain the Beer-Lambert law.
(i) Discuss in detail the characteristic IR absorptions in aldehyvdes and esters.

B. Calculate o, for the following molecules. 06

(1]
' OR

B. Answer the following. 06

(i
(i
(i

) How can you differentiate o-hydroxy acetophenone and p-hydroxy -
acetophenone on the basis of their IR spretra?

i) In IR, s-trans benzal acetone absorbs at 1674 em™ while s-cis benzal acetone
absorbs at 1699 cm™ . Explain.

i) Draw the relative energy level diagram for the following electronic transitions.
F—n*, o—o*, n—r* and n—vo*
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Q. 4 A. (i) What is coupling constant in PMR? Explain vicinal and germinal couplings in detail,

(ii) List the important methods for the simplifications of PMR spectra. Discuss the
use of shift reagents in detail.

B. (i) A compound with molecular formula CgH, 204 shows the following signals in PMR
spectrum. Assign the structure.

Signal position(§) Multiplicity Protons
0.9 Doublet 6H
1.9 Multiplet 1H
2.1 Singlet 3H
3.85 Doublet 2H

(i) What is nuclear overhauser effect? How will you distinguish following
compounds using NOE-PMR spectra?
C

(0]
Y
H,C0 Cl
(1)

(i)
OR

B. (i) Sketch the expected PMR spectrum for 3-methyl-2-pentanone by taking
approximate & value for each signal.
(ii) What is chemical shift equivalent? Dimethylformamide, in its PMR

spectrum shows two separate signals for two methyl groups at room temperature but

it shows only one signal for two methyl groups at 123 *C. Explain.

Q. 5 A. Do the "C NMR chemical shift caleulations for the following molecules.

(i) CHy-CH-CHy-CHy-CHy-CHy-NH, (i} Hac@m

() CH;-CHCHy-C-CH-CH-CHy-CHy
ot 0

B. (i) Sketch the proton coupled and proton decoupled *C NMR spectra for p-methoxy
benzaldehyde by taking approximate chemical shift value for each signal.

(i) Indicate the position and multiplicity of the signals for the following solvents
in "C NMR.

(1) Acetone-ds  (b) DMSO-ds (c) Benzene-ds

OR
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B. (i) A bicyclic hydrocarbon
proton decoupled C 5

with molecular formula CiH,, shows only two peaks in
pectrum. The DEPT spectra indicated that those signals are

for CH and CH;. Assipn the structure to the compound,

(ii) Sketch the "H-"C HETCOR spectrum for

value for each signal.

2-butanol by taking approximate &

Q.6 A. Do the mass fragmentation for the following molecules,
(2) 2-methyl-2-pentancl (b) Z-pentanone () 3-pentanone

B. (i) Discuss FAB and MALDI techniques used in mass spectroscopy.
(ii) What is metastable ion peak in mass spectroscopy? A parent ion with mass 91,
results a daughter fon of mass 65, calculate the pasition of the meta stable ion peak.

OR

B. A compound has molecular formula CioHi20;. It gives the following spectral analysis,

Interpret the spectral data and assign the s

tructure to the compound,

IR (em™) : 1711, 3000, 2950, 1500, 1600 and 820,

a

2.1
16
38
6.9
7.1

Mazs:

PMR :

Multiplicity

Singlet
Singlat
Singlet
Doublet
Doublet

Mo, of
protons
3H
ZH
3H
2H
2H

“C NMR ;

PC(5) DEPT-90 DEPT-135
30.0 - positive
50.0 - Negative
55.0 i positive
114.0 positive positive
127.0 - -
130.0 positive positive
139.0 . -
207.0 = -

m/e : 164(M"), 149, 133, 121, 107, 43

LR AT T T
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Tyie of protog Chamsdon) shift, prom
s
Cyclopropane e
RCH; a
:Iiw - & i :‘i- -
il . -l-;::ﬂi-'
Albylic C=C—CH, COLT
Fluories BWC—F a45
Bromides HC—ir .54
Arloot . =4
HC—OH 244
Esters ROOO—CH 3741
Estcrs HC—COOR 3332
Ackds HO—COOH 2-2.8
Carbonyl compogeda  HO—C=0 2.7
Mddetiydic R-CHO G
i Ar-OH +12
Esnslse mﬂ—q—ﬂﬂ , tﬁ: .
.
et RN, - -
Characteristic Infrared Absorption Frequencies
Bond Compound type Frequency range, em™
C-H Alkanes Iﬂﬂ-ﬂﬁ;h =
1350-1470
cH Alkenes 3020-3080 (m)
. 6T3-1000
C-H Aromatic rings 3000-3100 (m)
G6T5-E70
cai Allynes 3300
C=C Alkenss 1640-1680 {v)
[ C=C Amﬁ 21002260 (v)
g-ﬁ 1500, 1600 (v)
| 4 %& Eﬂm %’Htﬂfﬂl..ﬂm 1080-1300
=0 hwdes, Eﬂmt,urhuq'i:nm, r7ah
] -H Mmm:lwhuk.pbmuh A6 10-3 640 (v)
Hydrogen bonded alcohols, phenots 3200-3600 (broad)
Carbonoyliz acids 2H0-3000 (broad)
N-H Amines 3300-3500 {m)
CN Amines 1180-1360
CaN Nitriles 2210-2260 (v)
; -Hiy Nitro compounds E515-1560
L= 1345-1385
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L m"mﬁﬂg absorption for dienes | s : Characteristic absorption for o, f-unsatorated

Base vabee for beteraannilar disne 214,
Bate value for bameasmular dicne 253 .
incrempnis fior © - |
Diryble bopd extending anjugaiion +30 : :
Alkyl pebasibaent or dng residoe +5 |_
Foapings: DAs

H.':. o OAlk +6

SALk +4

o, Br 7 ; +3

HIATKD +EH ,
Solvent comeslioe® +0 i

Reur = Totsl

Characteristic absorption for substituted

. bénzene derivatives
' g
ArCORATCHO A0 HArO0E {mim)
Parent ehromephore: Ar = CoH. ;
-3 = Alkyl or ring residue, (2.8, AFCOR) M 7
G = H, (AsCHO) 250
Ehﬂﬂmn:{hm.ﬂludﬁ.rfﬂl;l 230 -
Incremeni for cich substitoesl oo Ar: ©
== licy] T ring rosidue o, - F3
e F +10
 =0H, —0CH,, —DAlk o m- +T
: =2 425 1
1 " (oxyanioa) - +11
b m- +2
P + 78
o | o, m- £l
P 10
—fir 4y me F2
P 4 1%
—HH; o, e 13
P + 3B
—HHCOCH, L R
=8 +43
—HHCH, P +73
T —H{CH; o, m- 420
. +B5

carbonyl mmpumiﬁ

pdldo w LILLL

Bage volurs
Acyelic o f-umsaturaled lﬂm
Eb;-cm’.mhmﬂ eyclic n-..ll-ul_:ﬂll.uﬂd kesance

PFive-mremibered cyclic o f-uniatarsted kelopes
'n_.ﬂ_J.M:lIu.rl.l:-ld aldehydes

¢ @ -Unssturated carboxylic acids and essers .

_ Increments for

Alkyl group, ring residoe o
b

+ amd higher
Falar groupings: —O0H ;
k &
=ho o ff
—Me &
’ A
T
]
—5alk B
e | ]
B
—FEr @
i
—HKR, P _
Frocychic double band
Hemodieps compomchl*

i}

s

s

.oma

210
195

+30
+ 10
12
+18
+15
+30
&30
+ &
+35
+ 4]
417
+31
+Es

15

+1
+13
+30
+45

+5 |
+24



I shifts for terminal and internal systems

-

B Ehifts for some linear and branched

chain alkanes

Ci O C3 Cd4 O

Tromnbes]

T293333393235352 258

ik

*

28343983 79 33 33

233333
398332 52 umm mmm
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13C shifts for substituted benzenes
Base value for benzene is 128.5 ppm

[+ | 1 of Gt

2 § Gy a0 111 o8

o, +53 w07 =0l =18 i

m‘ +hb b L1 T ] =14 Bl 118
+201 =18 (1] =15 Ma 21

COCHL), + 13 =34 -4 =51 S (0L 304

CH = CH, +21 =34 ik i B7a TIR3 (O}

CanCH =58 +68 +51 +04 B0 (03, T12 (CH)

H, +11 =148 =1 =L&

Gtion 3 %8 N 7o
+

OH +Mb =127 +14 =73

OCH, +i14 =144 L0 =13 501

OCH, +30 =44 +L§ -53

tx:ll. + 14 =71 =04 -32 B (THLL 16T (O

L +i2 +12 +05 +58 1520

E'-'IL +148 = =4 +14 Tl (CHL), ST (O

EC& +01 +15 -0 +28 1964 (Cme)

Eﬁ =35 +18 +07 +&7

E)GI +25 +11 +04 +435 1588

%’GL +20 +12 =l +45 5 FEE ()}

t!..'ﬂ. i +19 +04 +70

Lﬂu +50 -12 i +14

Cmab =160 +35 +06 +43 1195

HH, +19.2 =J24 +13 =35

M{CH,),; 224 =157 +08 =118 403

PGI'C’I. +ild =08 +i02 =55

HO, +10.6 =53 +049 +80

He=Cen() +57 =34 +13 =18 155

E of +351 -id3 +04 =45

a +id +03 +1.0 =10

Br =54 +14 +22 =18

] -322 +85 +38 =73

OFy 426 =11 +04 +34

5H +13 +08 +0 =33

5CH, +103 -18 +04 =15 155

SO,NH, +153 =18 + 04 +33

SHCH, +134 wd =13 =11




Influence of functional group X on the chemical shift position (3) of
nearby carbons in alkane chains’ '

¥—C—C—C—0C

[ - S |
ar—shifil f-shift p-ghiift
L [1EEs 1 L |
i | B | | I |
'
X XY—CH~ .1’-—-—1|:H— .!f—r1:—
R

15 ar M ar 3®

—CH, g 6 3 9 oy
—R: see table 3.11

axial —CHy I - - 3 ~i
equatorial —CH;y i - . 9 0
{in cyclohexaneas)

—{CH=CH, 22 16 12 7 )
—C=CH 4 . = 3 -3
—CH;, —Ar a3 17 11 10 -3
—F 0 - - g -7
=1 ) 3] 35 42 i0 =3
—0Br 19 B 37 i —4
=] —Tto 20 = - it -2
—NH;, —MNHR, —NR, 29 24 I8 11 —d
—N; ; 62 - - 3 ]
—MNHCOR,—NRCOR 1o - - 0 O
—MH,* 25 - - 7 -3
—CH 3 @€ - 2 -3
—5H . = = 2 =2
=—JH i 30 45 40 9 =3
—OR 50 : 24 17 10 —B
—OCOR 52 S0 435 T -6
—CWH,—CUBR.—CDN{ 20 16 13 2 —3
—COR,—CHO 30 24 17 2 -3
—50,H,—50;N { 50 = = 3 0




Influence of functional group X on the chemical shifl positions (8) of
nearby carbons in alkene groups and benzene rings

Baze values;  ethylene (6 123) and benzene (& 128)
s C—1 (ipa)
‘rx e taF Py
e
//’ \\ T el
c—l C=1 \\pﬂr-;r
E Alkenes g i Benzencs —
C—1 =2 C=] orthi mfn para
(a0}

={H, 10 -8 9 0 a -2
R ™y 16 -8 15 0 0 w3
R, A 23 B 21 i 0 3
—CH=CH, 15 —6 9 0 0 -2
—CH=CH - - -6 4 L1 0
—CgHs, —Ar 13 =11 13 -1 I ~1
o i 235 =34 35 —14 1 -5
—i] 3 —& i) 0 1 -2
—Br -8 —1 -5 3 P - d
-] —38 7 -32 10 3 =
—NH, - - 18 -13 1 —10
—NHR - - 20 —14 ! —10
=HNE; - - 22 -1a 1 =10
—H, 22 -1 20 -4 1 i
—NHCOR, —NRCOR - - 1o - | i
—{H —15 15 = 1] 4 1 &
—5H . - 4 ! ! =
—OH - - 27 =13 1 =T
=R 249 -39 11 —15 | -8
—OCOR ig =11 23 =l 1 -2
—-C‘DUH.—CGEFR,,—CI}N:: 4 9 2 2 1] 5
—COR, —CHO i4 13 9 I I &
=505 H, “—ECHN{ - - 16 1] 1 4
—PMe; - - 14 1.4 0 -1
—PAry 5 - 9 ] i} 0
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