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PR-003-1104001 Seat No.

M. Sc. (Sem. IV) (CBCS) Examination
August - 2020

C-401 : Advanced Spectroscopy
(All Branches)

Faculty Code : 003
Subject Code : 1104001

1
Time : 25 Hours] [Total Marks : 70
Instruction : All questions are compulsory and carry equal marks.
1  Answer the following : (Any Seven) 14
(a) Give the characteristic properties of Raman lines..
(b) Give the name of mass-analyzer in mass spectrometry
and explain Ion-trap mass analyzer.
(¢) Discuss types of UV absorption shift.
(d) Differentiate Raman and IR spectra.
(e) Enlist the application of NIR Spectroscopy.
() Discuss the advantage of 13CMR spectroscopy.
(g) Give the full-form of HMQC, HMBC, NOESY and
TOCSY.
(h) Draw the 'HNMR spectrum of p-Nitro toluene with
splitting of the signals.
(1) Enlist the factors affecting the g-value.
() Write the principle of Mass-spectroscopy.
2  Answer the following : (Any Two) 14
(@) Draw the DEPT-90 and 135 for the following :
CH, 0] S
O
Sl b
HO 2
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(b) Sketch the NMR spectrum of AMX and A,B, system
with suitable example.

(¢) Describe HSQC 2D NMR technique with suitable
example.

3  Answer the following :

(a) Compare and differentiate NIR and IR
spectrophotometer.

(b) Determine the molecular formula of a compound which
gives the data in its mass spectrum.

m/z 120 [ 130 | 131 {132 | 133|134 | 135 (136 | 137
Rel. abundance | 30 {100 | 31 | 98 | 12 | 32 | 1.7 | 3.5 | 0.07
OR

3 (a) Draw the schematic diagram of Raman spectrophotometer
and discuss it in detail.

(b) Discuss the EPR spectrum of CHg radical.

4  Answer the following :
(a) Calculate 13CNMR chemical shifts for the following :
G HO-—CH,-CH,—CH,—CH,—CH,—CH, — NH,
(i) CH=C-CH,—CH,-CH,—CH,
() 2-Ethylexanol

(b) Discuss the "g" value for octahedral complex with
example.

5 Answer the following : (Any Two)

(@) Discuss the (n+1) rule, its failure and solution with
suitable example.

(b) Give the application of Raman spectra.

(¢ Draw the single beam UV-spectrophotometer and
functioning of it.

(d) What are the empirical rules for calculation of absorption
maxima in case of polynes?

14

14

14
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Data-table for the calculation of 3C Chemical shift

@ +9.1
8 +9.4
b 4 —'2-5
S +0.3
-« +0.1
1°* 39~ —1.1
1° (4D —3.4
2* 3" -2.5
2° (4°) —7.2
32" —3.7
3* 37 —9.35
4* (1°) —1.5
4° (2%) —8.4

“I'he notations 1° (3% and 1° (4°) denote a CH; group bound to a
RaCH group and to a R,;C group. respectively. The notation 2° (3%
denotes a RCH; group bound to a Ry;CH group, and so on.

TABLE 5.2

_74( y '_" M—- P~ R
P e
o ® et i ,.?c}.& PRS0 A ot S
Compound C-3 Cc-2 C-3 C-4 C-5
Mecthane —-2.3
Ecthane 5.7 -
Propane 15.8 16.3 15.8
Butane 13.4 25.2 25.2
Pentane 13.9 22.8 34,7 22.8 13.9
Hexane 14.1 23.1 32.2 32.2 23.1
Heptane 14.1 23.2 32.6 29.7 32.6
Octanc 14.2 23.2 326 29.9 299
Nonane 14.2 23.3 32,6 30.0 303
Decane 14.2 23.2 32.6 31.1 30.5
Isobutane 24.5 25.4
Isopentance 22.2 31.1 32.0 11.7
Isohexane 22.7 28.0 420 20.9 14.3
Neopentane 31.7 28.1
2.2-Dimethylbutane 29.1 30.6 36.9 8.9
3-Methylpentane 11.5 29.5 36.9 (18.8,
3-CH,)
2,3-Dimethylbutanc 19.5 343
2.2 3-Trimethylbutane 27.4 33} 38.3 16.1
2.3-Dimethylpentanc 7.0 25.3 36.3 (14.6,
3-CH»)
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TABLE 5.3

incrementat Substituent Effocts (ppm) on
Replacement of H by Y in Alkanes. Y is TYeorminal
or Internat® (+ dowitield, — upfield)

Y
g4 < Y - b4

. /\/\ - o -

: A Y B )

‘Terminat Internal
o B v

Y Terminal Intermal ‘Terminal Intermal
CH, + 9 + 6 -+ 30 + 8 —_—2
CH==CH, +20 + 6 —0.5
Ce==CH + 4.5 + 5.5 -3.5
COOH +21 + 16 + 3 + 2 -2
COO~ +2S +20 -+~ S + 3 -2
COOR +20 “+ 17 -+ 3 + 2 —~2
COCl +33 +28 + 2
CONH:. +22 ~ 2.5 —Q0.5
COR ' 430 +24 + 1 + 1 —2
CHO +31 O —_—2
Phenyl +23 + %7 -+~ 9 + 7 —_2
OH +48 +41 + 10 + 8 —5
OR +58 +351 -+ 8 + 5 -—
OCOR +51 +45 + & “+ S g )
NH, +29 ~+24 4+ Il + 10 -5
NHY +26 +24 4+ 8 +~ 6 -—
NHR 437 +31 + 8 4 6 —a
NR, +42 + 6 -3
NRT 31 + S5 -7
NO,; +63 -+ 57 + 4 + 4

CN + 4 + 1 + 3 + 3 -—3
S +11 +11 +12 +11 —d
SR +20 + 7 -3
3 +68 +63 “+ 9@ + 6 —
Ci +31 +32 +11 4+ 10 —4
Br +20 +25 +11 + 10 -3
 § - 6 -+ 4 +1t +12 — ¥

= Add these increments to the shift values of the sppropriate carbon

atom in Table S 2 or to the shift value calculated from Table S.1.
Sowurce: F.W. Wehrli, A.P. Marchand, and S. Wehrii, Interpre-

rarion of Carbon-13 NMR Spectra. Z2nd ed.. London: Heyden,. 1983,
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Table 3.14 & values for the carbons in aromatic and heterocyclic molecules
(sp” and sp’ carbons listed)
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TABLE 6.9

C of Substituent

C-1

Substituent (Attachment) C-2 Cc-3 C-4 (ppm from TMS)
H 0.0 0.0 0.0 0.0
CH, 9.3 +0.7 -0.1 -2.9 21.3

CHLCH, +15.6 -0.5 0.0 -2.6 29.2 (CHj), 15.8 (CHj)
CH(CH,); +20.1 -2.0 0.0 —2.5 34.4 (CH), 24.1 (CH))
C(CH,)s +22.2 —3.4 -0.4 -3.1 34.5 (C), 31.4 (CH,)
CH==CH, +9.1 —2.4 +0.2 —0.5 137.1 (CH), 113.3 (CH»)
C==CH —5.8 +6.9 -1-0.1 +0.4 84.0 (C), 77.8 (CH)
C.H, +12.1 -1.8 —0.1 -1.6

CH,OH +13.3 -0.8 —0.6 —0.4 64.5

CH,OCCH, +7.7 ~0.0 -~0.0 ~0.0 20.7 {CH)), 66.1 (CHa).

170.5 (C=O0)

OH +26.6 -12.7 +1.6 -7.3

OCH, +31.4 —14.4 +1.0 -7.7 54.1

OCHSs +29.0 —9.4 +1.6 -5.3

OCCH;, +22.4 —-7.1 -0.4 —-3.2 23.9 (CH,), 169.7 (C=0)
EH +8.2 +1.2 +0.6 +5.8 192.0

T

CCH, +7.8 —-0.4 -~0.4 +2.8 24.6 (CH,), 195.7 (C==0)
o

[

CCeH s +9,1 +1.5 -0.2 +3.8 196.4 (C=0)

o

1]

CCF, -5.6 +1.8 +0.7 +6.7

COH +2.9 +1.3 +0.4 +4.3 168.0

COCH, +2.0 +1.2 -0.1 +4.8 51.0 (CH,), 166.8 (C=0)
ﬁ 168.5

CC1 +4.6 +2.9 +0.6 +7.0

C=N -16.0 +3.6 +0.6 +4.3 119.5

NH, +i9.2 —12.4 +1.3 —-9.5

N(CH,). +22.4 —15.7 +0.8 ~11.8 40.3

NHCCH, +11.1 -9.9 +0.2 -5.6

NO, +19.6 —-5.3 +0.9 +6.0

N=C=0 +5.7 -3.6 +1.2 —-2.8 129.5

F +35.1 —14.3 +0.9 —~4.5

Cl +6.4 +0.2 +1.0 -2.0

Br —5.4 +3.4 +2.2 -~1.0

1 -32.2 +9.9 +2.6 -7.3

CF, +2.6 -3.1 +0.4 +3.4

SH +2.3 +0.6 +0.2 -3.3

SCH, +10.2 —1.8 +0.4 -3.6 15.9

SO,NH; +15.3 —2.9 +0.4 +3.3

Si(CH,)s +13.4 +4.4 —1i.1 -1.1

*Sce D. E. Ewing, Org. Magn. Reson., 12, 499 (1979) for chemical shifts of 709 bsti d b
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Table 3.17 6 values for the carbons in carbonyl groups and some other multiple — bonded
environments (solvent shifts, +2 ppm, are commonly observed for C = O)

[ oSl e 3 1 & ]
Ar ~~CTICY
€ HO
R €Y e S P
- A O —— R
AX e CCP e AT

f"' CCY oo

L

<>

aliphatic aldehyvdoes

aryl and conpauned atedeliycdos
diafkyl ketones

wryl (;I'tv.' cuntupated ketones

sy ciobexnnone derivitives

RO 208

1Vt
2052318

1960199

2O-213

>
V cyclopentanone dorivatives 214220
b © biuvyelic hetones 215210
¢/‘ sisnple quinones LHRO-I 87
<
K <O curboxylw twids undd salts £6¢ i
R CHICI* 4 < 3 i OO~
R O RS alipharic estern 169170
AT =L AHIAT esturs with covajupslion in
f"-t'()() oo the acid er alcohol moisty 1049~1 64
<« v
.:3‘ ", lacionen P70-178
¢ -
e £ Y= €D - CCY - anlsycdrides, all classos 1OX=17 N
€ ONI mnsdes, afl clannes inciudang b fusns 162170
Table 3.17 (cwrtineecd )
e LY e N — O~ imides 168-184
—_COC1 acyl chiloruies, all classes 167- 172
—N—— O - =N —— ureas 153—-163
== ) = Y e O carbonates 152-1586
R CE=N nitriles 114- 124
R-—NEZEC isonitriles 156-158
R—N=C==0 isocyanates 120~-130
~c=non oximes 148-158
>‘ = NNIHCONH semiicarbazones 158-1G60
O =N —NH — hydiazones 145 149
Ny e — .
SO =N R finines 157-17S
*=Nore -
{ Do
5177
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Table 3.15 Influcnce of functional group X on the chemical shift position (8) of
nearby carbons in alkane chains

Ko € e € Clen L

a B v
. w—shift f-<shat't y-shity
b e e — | .
R
X A—Clig— X —CH-- .\’-——é"‘———

& R

| or 2° or 3°
—CH, o 6 3 9 -3

- R see table 3 11
uaxial —-CH, 1 S --6
equatotial — CH 6 - 9 [e]
(in cyclohexanes)

—CH ™ CH, 22 16 1 7 -.2
—CE==CH 4 - 3 3
—CoHg , AT 23 17 11 10 -3
— 70 . 8 -7
b & | 3 35 42 10 5
—Br 19 28 37 11 4
e | « 7020 -~ i1 -2
-=NH,, = NIIR, -~ NR, 29 24 18 i1 4
— Ny a2 - 3 -5
——NHHCOR, —NMRCOR 10 - - [+ o]
—NH, " 25 - . 7 -3
—CN 3 L] . 2 -3
S 2 - X 2
— Ok 50 45 a0 9 .3
—OR 50 24 17 10 "o
—OCOR 52 50 15 7 -6
—COOH, -——(‘(K)R.—;—(‘ON( 20 16 13 2 -3
- COR, =IO 30 24 17 b 3
—-—N0,i, '——SC),N\ 50 3 (4]
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Table 3.16 Influcence of functionual group X on the chemical shift positions (8) of
nearby carbons in alkene groups and benzence nings
Base values ethylene (8 123) and benzene (8 128)
X C—1 (pso)
X\ e OOrthec>
/—\ - meta
C—1 Co—2 para
1 Alkenes 11 Benzenes i
! Q1 Coe=2 ) Co=1 ortho meta para
(ipso)
—C'H, 10 -8 v o o -2
R. ) 16 -8 15 o o -2
R, 5 23 -8 21 <] o -2
—CH==CH, 15 -6 9 o o -2
~—CH=CH - - -6 4 o o
—CeHs . —ATr 13 1} 13 -1 b} -1
Lo o 25 - 34 35 ~-14 1 -5
-1 3 -6 6 0 1 -2
—Br -8 1 -5 3 2 -2
—t ~38 7 - 32 10 3 -1
—NH, - - 18 -13 1 —-10
-=NHR - 20 —~14 1 - 10
—NR, . - 22 16 1 —10
—NO, 22 -1 20 -5 i 6
—NIICOR, —NRCOR 10 -7 1 -4
—CN 15 15 —~16 a4 1 6
—SH - . 4 1 1 -3
—Ou - - 27 —-13 1 -7
—OR 29 - 39 30 —-15 1 -8
-~OCOR 18 27 23 -6 1 -2
—-COOH.——COOR.—CON< 4 9 2 2 o 5
—COR, —CHO 14 13 ] 1 1 6
“=SO3H, —so,N< - 16 o o 4
—PMe, - - 14 1.6 o —1
—PAr; . - 9 5 o 1]

Ruble 3.13

O values for the curbons 1 alkynees (sgp)

REPROSTINTANIVIE ALKYNES

acctylene Ccthyne) CIFS&=<t1 s 72

R-—— = O
=3 66
Collly = ¢ ERIC —— R
ae

IR s €% TR € e JR

22

EMPIRICAY. PRODICTIONS FOR OTHHEIR ALKYNE CCAR ls&DN&

-

o Hog— ¢ SCLY

83

TS

Cally == = C oI,

o0

Chemical shift (3) «= 72 + XE¢ lncromantl for cn:bon ntonxs)

("-—-—-c-——(‘—-—c

inorements
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2O,

e 4
e

!5 -7
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base valuc 72
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&
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