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DCI-003-1104001 Seat No.
M. Sc. (Sem. IV) Examination
July - 2022
C-401 : Advanced Spectroscopy (All Branches)
Faculty Code : 003

Subject Code : 1104001

Time : 2:30 Hours] [Total Marks : 70

Instruction:  All questions are compulsory and carry equal marks.

1  Answer the following. (any seven) 14

(a) Write the principle of Mass spectrometry.

(b) Write the full form of following techniques:
(1) HMBC (2) INDIQUITE (3) NOESY (4) DEPT

(c) Write the advantage of double beam UV-Instrument.

(d) Draw the 'THNMR spectrum of p-Methyl-benzoic acid and
show the splitting pattern of signals.

(e) Explain McLafferty rearrangement with suitable example.

(f) Draw the I3CNMR of following compound at 135° rotation.
i

cl \j\ "CH,
H,C” “CH,

(g) Give the characteristic properties of Raman lines.
(h) How many packs are expected in methyl radical?
(1) Enlist the detector used in NIR-spectrophotometer.
(j) Enlist the techniques used for ionization in Mass

spectrometry.
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2 Answer the following. (any two) 14
(a) Discuss the classical theory of Raman effect in detail.
(b) Discuss the advantages and application of NIR.
(c) Draw the schematic diagram of single beam UV
spectrophotometer and discuss its main components in
details.

3 Answer the following: 14
(a) Sketch the NMR spectrum of AA'BB' and AMX system with
suitable example.
(b) Describe HETCOR 2D NMR technique with suitable example.
OR
3 Answer the following: 14
(a) Calculate the 13C Value for following Compounds.

H,C—CH,;—CH;—CH;—CH;—OH

O

cr
(b) Give a brief account on following :

(1) Relaxation Process
(2) Chemical Shift in NMR Spectroscopy

4  Answer the following: 14
(a) Enlist the Mass analyzer and explain TOF mass analyzer in
detail with diagram.
(b) Enlist different types of coupling in PMR spectroscopy and

explain any two with suitable example.

5  Answer the following. (any two) 14
(a) Draw the electronic energy levels diagram and discuss
electronic transition in UV spectrophotometer.
(b) Discuss quantum mechanical theory of Raman effect.
(c) Discuss accurate molecular weight determination method
with suitable example in mass spectrometry.
(d) Explain hyperfine splitting in ESR.
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T - C of Substituent
Substituent {Attachment} C2 3 Ce4 ‘ {ppm from TMSY
H ' 0.0 0.0 0.0 0.0
CH, 9.3 +0.7 ~0.1 -29 213 /
CH.CH, +15.6 -0.5 0.0 ~2.6 29.2(CH,), 15.8{(CH,)
CH(CH,), +20.1 ~2.0 0.0 ~2.5 344 (CH), 24,1 (CH,)
C(CH),s +22.2 ~3.4 ~0.4 ~3.1 34.5(C), 314 (CHy)
CH==CH, +9.1 -2.4 0.2 -0.5 137.1 (CHY, 113.3.(CHy)
Ce=CH -5.8 +6.9 +0.1 +0.4 84.0.(C), 1B (CH)
CH; +12.1 -1.8 -0.1 -1.6
CH,0H +133 -0.8 ~-0.6 «0.4 &5
CH,OCCH, +1.1 ~0,0 ~0.0 ~0,0 20.74CH;), 66.1 (CH),
OE 170.5 {C==0)}
OH +26.6 ~12.1 +1:6 ~7.3
OCH, #31.4 ~14.4 +1.0 -39 s4.1
OCH; 290 ~9.4 +1.6 ~5.3
OCCH, +22.4 ~71 0.4 ~3.2 23.9 (CH,), 169.7 (C==0)
CH +8.2 1.2 +0.6 +5.8 192.0
0
]
CCH; +7.8 ~0.4 ~0.4 2.8 24.6 (CH,)), 195.7 (C=0)
CCH; +9,1 +1.8 -0.2 +3.8 196.4 (C==0)
CCPy -5 +1.8 +0.7 +6.7
i
COH +2.9 +13 +0.4 44,3 168.0
COCH, 420 1.2 ~0.1 +4.8 S1.0(CH,), 1668 (C=0)
168.5
cel . 46 +2.9 +0.6 +7.0
CesN ~16.0 +3.6 +0.8 +43 195
NH, +19.2 ~12.4 +1.3 -9.5
NICH) 4224 =157 +0.8 ~11.8 403
NHCCH, +11.1 -39 40.2 ~55
NO, +19:6 -5.3 +0.9 +6.0
Ne=Ce=0 +5.7 -3.6 1.2 ~2.8 129.5
¥ +35.1 ~14.3 +0.9 -4.5
¢l +6.4 +02 +10 -2.0
Br -54 434 422 -1.0
1 -32.2 +9.9 2.6 -1.3
CR, +2.6 -3.1 +0.4 +3.4
SH +2.3 +0.6 +0.2 «3.3
SCH;, +10.2 ~1.8 +0.4 ~36 159
SO,NH, 153 ~2.9 +0.4 +33
SHCH,), +13.4 +4.4 -1.1 -§.1

*Sce D, B, Ewing, Org. Magn. Reson., 13, 499 (1979) for chemical shifts of 709 monosubstituted benzenes.
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TABLE 8.8

¢ C of Substinwent
Substituent (Attschment) 2 o8] C4 {ppas from TMS)
H 0.0 0.0 0.0 0.0
CH, 9.3 +0.7 0.1 -2.9 213
CH.CH, +15.6 0.8 0.0 1.6 2.2 (CHy), 15,8 (CH,)
CHICH), +20.1 ~2.0 0.0 ~2.8 34.4 (CH), 24.1 (CH,)
C(CHys +2.2 -34 -0.4 =31 34.5(C), 314 (CHy)
CHwCH; +9,1 -1.4 +0.2 -0.5 137.1 (CH), 113.3 (CHY)
CreCH ~58 +69 +0.1 +0.4 $4.0(C), TVL.B{CH)
CoH, +12.1 -1.8 ~0.1 -1.4
CH,OH +13.3 0.8 -0.6 -0.4 64.5
s +1.1 ~0.0 ~0.0 ~0.0 20.7{CH,), 66.1 (CH,),
. 170.5 (Cwe0)
OH +16.6 ‘w127 +1i6 ~7.3
OCH, +314 14,4 +1.0 .7 $4.1
OCH, +290 ~9.4 +1.6 -$.3
OZCH; +22.4 ~7.1 ~0.4 =32 23.9 (CH,), 169.7 (Coe0)
%x’i +3.2 +1.2 +0.8 +5.8 192.0
‘(?‘CH: +7.8 ~0.4 -0.4 +2.8 24.6 (CH,), 195.7 (Cme0)
CCH, +9.1 +1.5 ~{.2 +3.8 196.4 (Con0))
%CF» 5.6 +1.3 +0.7 +6.7
CCH +2.9 +1.3 +0.4 +4.3 168.0
ZOCK: +20 +1.2 ~0.1 +4.8 51.0 (CHL), 166.8 (Ce0)
za - 168.5
. 4.6 +19 +0.6 +7.8
CemN ~16.0 +18 +0.8 +43 1193
NH, +19.2 14 +1.3 -9,
N(CH)y +22.4 ~15.7 +0.8 ~11.8 4.3
NHECH. +11.1 ~99 40,2 8.8
ROy +19.6 ~5.3 +0.9 +6.0
NomeCul) 5,7 -3.6 +1.1 3.8 129.9
F +35.1 RS TS +0.9 4.8
a +64 +0.2 +1.0 -2.0
Br ~54 +3.4 +2.2 ~1.0
1 -32.2 +9.9 +2.6 ~7.3
CFy +2.6 ~3.1 +0,4 +34
SH +23 +0.6 0.2 ~33
SCH, +10.2 ~18 04 -33% 15.9
SONH, +15.3 ~2.9 +0.4 +33
SHCHs « +13.4 44 -1.1 1.1

Beatitradenad B

Son D, B, Ewing, Org, Magn, Reson,, 13, 499 (1979) for chemical ehifts of 209
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Influence of functional group X on the chemical shift position {(8).of

-l C¥

ce-shift Bwshiift
1 j 1 ]
¥ ¥ 1 4
R
X X CH e X—-—«v?ﬂ—— x-—-%m
R R
A or pa ar 3*
~CHy 9 & 3 9 -
~— R ses table 3.11
axial ——CHy 1 - - s
equatorial - O, 6 - - @
(in cyclohexanes)
s OH = CH g 22 {6 12 7 b
—CEECH » - — 3 -
—CeHy, =Ar 23 17 11 10 i
—F 70 - - 8 -
- - a 33 a2 10 -
e By 19 28 37 11 il
- -7 10 20 . - 13 i
=Ny, = NHR, ~~NR, 29 24 i8 i3 .
—NO, ‘ €2 - - 3 -
~NHCOR, ~~NRCOR 10 - - [+ o
~=NHy ¢ 25 - - 7 -~
N 3 C 4 - 2 P §
—SH 2 - - 2 -
~OH 50 as 40 . -
IR, 50 24 17 0 L
—OCOR 52 50 45 r -t
-—COQH,--COQR,-;—CO‘N< 20 16 13 2 -3
= COR, ~CHO 3a 24 17 2 -3
50 — - 3 [+]

SOy H, =50, N Q
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Data Table for 13C NMR Spectroscopy

TABLE 8.1,
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1° g4+
T
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3N
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iy
& )
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2.5
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3.4
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-84

T motatbonn 1* (377 med 1% (47 dencta 5 CHy proe bouad 10 %

BTH grovp wal to & R groams,
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Mathane -2.3
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Propsua 5.8
Butaos 3.4
Pentang 13.8
Hexans 14.1
Heptans L]
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Nonane 4.2
Diocrne 4.2
Isobutane 4.3
Isopaatane 322
Isohexmna 22.7
Neopeniaoe 3.7
2. 2-Dimsthylbulanes 9.3
I-Methylpeniane 1.3
A3-Dimsthylbutans 19.5
2.2, 3-Trimethytboutans 27.4
2.3-Dimsthyipentsons 7.0
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N, +63 “ %7 + 4 4+ 4
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SH +11 41 >12 +14 R
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TABLE 3.23

Observed C

Aq ——
—CH; 6.80 CH, 0 259 0.49
CH, 9.56
CH 17,83
C 2548
~CHp~ 1534 CH, 0.0 —2.69 0.25
CH, 9.75
CH 16.70
c 21.43
--(lZH 23.46 CH, 0.0 —2.07 0.0
f CH, 6.60 -
CH 11.14
C 14.70
«ci;.. 27.77 CH, 0.0 0.86 0.0
| CHy 226
CH 356
C 735

Note: Methyl geoups ip a arid all groups in 8 have no effect. Groups in 4 pasition have
negative or only slightly positive effect. ’

Table 3.13

d values for the carbons in alkynes (sp)

REPRESENTATIVE ALKYNES

acetylene (ethyne) CHEECH 6 72

83 66 82 83
CeHy—C=C—R
g6 Sf

G0

EMPIRICAL PREDICTIONS FOR OTHER ALKYNE CARBONS

CﬁI"Is—“ C‘:—EC‘«CGFIS

Chemical shift (8) = 72 + Z(increments for carbon atoms)

C—(C—C~CCZC~Co =~
5§ v p§ «a o gy 0§
incremments  +0.5 0 45 +7 -0 42 ~1 +0.5

base value 72
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