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DM-003-1104001 Seat No.
M. Sc. (Sem. 1V) (CBCS) Examination
March - 2022

C-401 : Advanced Spectroscopy
(All Branches)

Faculty Code : 003
Subject Code : 1104001

1
Time : 2; Hours] [Total Marks : 70
Instruction : All questions are compulsory and carry equal marks.
1  Answer the following : (Any Seven) 14

(a) Draw the schematic diagram of Mass spectrometer and
write its functioning.

(b) Write the full form of following techniques:
(1) DQF-COSY

(2) TOCSY
(3) NOESY
(4) DEPT

(¢ Discuss types of UV absorption shift.

(d) Draw the ITHNMR spectrum of Ethylbenzene and show
the splitting pattern of signals.

() Define the terms, Base peak, Parent peak and Molecular
ion peak in mass spectrometry.

() Draw the 3CNMR of following compound at 135°

rotation.
HC CH
3 \c/ 3
Hl &
HO 2
H,C” “CH,

(g) Write the principle of Raman Spectroscopy.

(h) How many peaks are expected in methyl radical?

(1) Enlist the detector used in NIR-spectrophotometer.
() How many packs are expected in methyl radical?
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2  Answer the following : (Any Two) 14
(@) Draw the schematic diagram of a laser Raman
spectrometer and discuss source of light in details.
(b) Discuss the advantage and disadvantage of NIR-
spectroscopy.
(¢) Discuss the application of UV-spectroscopy in details.

3  Answer the following : 14
(a) Sketch the NMR spectrum of AyX and XYZ system with

suitable example.
(b) Describe HOMO COSY 2D NMR technique with suitable

example.
OR
3  Answer the following : 14
(a) Calculate the 13C Value for following Compounds.
N
||
0
)J\/CHs
H3C NH,

(b) Discuss the factors affecting on chemical shift in NMR-
spectroscopy.

4  Answer the following : 14

(a) Enlist the ionization techniques used in mass
spectrometry and discuss any one in details.

(b) How many 3CNMR signals are possible for following
compounds :
(1) o-Dichlorobenzene
(2) m-Dinitrobenzene
(3) Cinnamic acid
(4) m-Cyano bromobenzene

5 Answer the following : (Any Two) 14

(a) Discuss Woodward-Fieser rules for calculating absorption
maxima in o, —unsaturated carbonyl compounds in
details.

(b) Explain hyperfine splitting in ESR.

(¢) Discuss quantum mechanical theory of Raman effect.

(d) Compare and differentiate NIR and IR
spectrophotometer.

DM-003-1104001 ] 2 [ Contd...



TARLE 8.0

-9 20.3

b2

3y +0.7 —G.1

CEHLCHp -0-3;,:2 -0.9 0.0 -ﬁ 2.2 mw.&séﬁ CCHL)

CEICH o) +20.8 -2.0 0.0 - GCED, 24.

CHChEDe +gz =3.4 0,4 -3.0 28,5 (5D, 1.4 (CHLD

Gl +D.8 —-2.3 0.3 -0 137.8 T, 113.3 (CHD
—-53 +6.2 +Q.8 + Q.8 24,0 (D, T7.8

+12.1 —31.8 ~0.1 :3 ﬁ
£13.3 -0.8 -0.6 @3.5
~DD 20.7 LCHIgde €8.8 (CHD,
+7.7 ~0.0 ~0.0 e+

+26.6 —12.7 +1.6 —7.3
<3883 ~ 343 1.0 ~3.7 34.0
+22.0 -D.4 +3.6 —$.3

+22.48 —~7.1 -4 -3.2 23.9 (ClLd, 169.7 (C=0p

:ZM

%TZ

z@gg +8.2 1.2 +0.5 +5.8 1920
Lo,

L.,

Lo

Locs,

L,

24.6 (CHods 195.7 (C=lDD

+7.8 -0.4 -0.4 +2.8
+2,0 +%.5 -2 +3.8 198.4 (Ce==0)
-3.6 +3.8 +0.7 +5.7
+2.9 +1.3 +0.4 +4.3 168.0
+2.0 +1.2 —0.1 +4.8 55.0 (CHL). 165.8 (C=0})
1625
+4.5 +2.9 +D.G +7.8
-16.8 +3.6 +0.5 +4.3 139.5
+19.2 -32.4 +1.3 -9.3
+22.4 ~18.7 +0.8 —11.8 £0.3
NHICCH +18.3 —2.9 +0.2 -3.6
Ny +19.6 -3.3 0.9 +~3.8
NemaCreald +5.7 -3.6 +1.2 -2.8 329.3
g +35.3 ~14.8 0.9 —3.5
< +&uG +0.2 +5.0 -2.0
Br —~$.4 +3.4 +2.2 -1.0
2 ~32.2 0.9 +2.6 ~7.3
Ty +2.6 -3.0 +@,4 +3.8
S5 +2.3 +0.5 +0.2 -3.3
BTH, +10.2 -3.8 +0.4 -~3.6 18,9
ST, +13.3 —-2.9 +0.8 <+3.3
SUCHT), - . #1234 +4.4 -i.4 -1.1
“8sa D. B. Bwing, Ovp. Moge, Sescs., 13, 429 (1975) for chemien) ehiRa of 709 —t
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YABLE §.9

C-1 C of Substituent
Substituent (Attachment) C-2 C3 C4 (ppm from TMS)
H 0.0 0.0 0.0 0.0
CH, 9.3 +0.7 -0.1 -29 21.3
CH,CH, +15.6 -0.5 0.0 ~2.6 29.2 (CHy), 15.8 (CH,)
CH(CH,), +20.1 ~2.0 0.0 -2.5 34.4 (CH), 24.1 (CHy)
C(CH,) +22.2 ~3.4 ~0.4 -3.1 34.5(C), 314 (CH,)
CH==CH, +9.1 -2.4 +0.2 -0.5 137.1 (CH), 113.3 (CH»)
C=CH -5.8 +6.9 +0.1 +0.4 84.0(C), 77.8(CH)
C.H; +12.1 ~1.8 -0.1 -1.6
c.on i - by oy o (CH,), 66.1 (CHy)
+1.7 ~0.0 ~0.0 ’ .7 (CH), 66. "
CH,0CCH; , 170:5 {C==0)
OH +26.6 ~12.7 +1:6 -7.3
OCH, +31.4 ~14.4 +1.0 17 54.1
OCH; +29.0 -9.4 +L6 -53
g .
OCCH, +224 ~7.1 -0.4 -3 23.9 (CH,), 169.7 (C=0)
0
ggx +82 +1.2 +0.6 +5.8 192.0
?
CCH, +1.8 -04 -0.4 +2.8 24.6 (CH,), 195.7 (C==0)
0
i
CCHs +9.1 +1.5 -0.2 +3.8 196.4 (C==0)
0
]
CCF, -5.6 +1.8 +0.7 +6.7
(ﬂ)
CoH +29 +1.3 +0.4 +4.3 168.0
0
i
COCH, +2,0 +1.2 -0.1 +4.8 51.0 (CHy), 166.8 (C=0)
8 168.5
ca +4.6 +2.9 +0.6 +7.0
C=N ~16.0 +3.6 +0.6 +4.3 119.5
NH, , +19.2 ~12.4 +L3 T =95
N(CH,) +224 ~15.7 +0.8 ~11.8 40.3
0
i
NHCCH, +15.1 -2.9 2 -5.6
NO, +19.6 -5.3 +0.9 +6.0
Ne==C=0 +5.7 -3.6 +1.2 -2.8 129.5
F +35.1 ~143 +0.9 -4.5
cl +6.4 +0.2 +1.0 -2.0
Br -5.4 +34 422 -1.0
I -32.2 +9.9 +2.6 -1.3
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 +33
SH(CH,), +13.4 +4.4 ~1.1 -1.1

*See D. E. Ewing, Org. Magn. Reson., 12, 499 (1979) for chemical shifts of 709 monosubstituted benzenes.
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Table 3.13 & values for the carbons in alkynes (sp)

REPRESENTATIVE ALKYNES

acetylene (ethyne) CHZ==CH$ 72

R—C=CH R—C=C—R’ CsHs— C=CH
83 66 82 83 178
86 90

EMPIRICAL PREDICTIONS FOR OTHER ALKYNE CARBONS

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

cC—-C—C—C—-C=C~—C—C—C~—C
8 v B «a o oA 8
increments 40,5 Q0 +5 +7 -6 +2 -1 +0.5

base value 72

TABLE 3.23
Observed C Ay o o &
—CH, 580 CH, o 259 0.49
CH, 9.56
CH 17.83
C 2548
—CHp 15.34 CH; 0.0 —2.69 0.25
CH, 9,75
CH 16.70
C 71.43
~CH 23.46 CH, 0.0 207 0.0
I CH, 6.60
CH 11.14
C 14.70
|
Coe 27.77 CH, 0.0 0.86 0.0
] CH; 2.26
CH 3.96
C 735

Nare‘ Methyi groups in & and all groups in # have no eife»t. Groups i « posmcm have
negative or only slightly positive effect.
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Table 3.15 Influence of functional group X on the chemical shift position 4 &)
nearby carbofs in alkane chains

" wid ot
o

ST

X — o T T

o 8 ¥
o—-shift F-shift i
& i L i :
H 3 k4 T e
R
X H—CHg— xm?u— )r_-—(::-—-
R R
1® or 2° or 3°
—CHa ] & 3 v -3
——R: see table 3.11
axinl ~——CH, 1 _, - s e
eRatorial — C¥H 5 & - - 9 &
{in cyclohexanes)
TCH ==CH, 22 ts 12 7 -~z
—CEECH - _ _ 5
TTCHs, ——Ar 23 17 13 10
—F 70 - — s >
—3 - 31 35 a2 10 -
—Br 19 28 37 13 -
o X —7 to 20 . — 11 -2
—NEf,, ~— NHR, —NR, 20 24 18 1 -
—O, &2 _ N s s
~~NEHCOR, ~—NRCOR 10 - - o =
bt 12 Pl 25 _ _ = =
oM 2 4 - z -3
—SH 2 ~ _ - i
—OH T so 45 40 K- -3
—OR 50 24 17 3T e
—OCOR / 52 50 as 7«* -
r-*-f‘OOyt,*——-COGR,ﬁ-—CON\ 290 16 13 z -3
| TCeR,—CHO 30 24 17 = -3
~—SO,;H,. —SO,N Q 50 —- — 3 [
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Data Table for 13C NMR Spectroscopy

TABLLE 1

Ths potatons §Y (57 uesd 1Y (43 deaote n OH, meus bousd to o
DA prom oo (o o Ry sxencp, rerpretively. Tho notetion I° 7
Dot 7 RCHS Srowmp Dound 1o 0 ReCH Zrecs, ped e oo,

Imoleeome 24.5 254

Isopemeaste 222 311 3208 iy

Besshenmne 227 280 420 208 143

Deopeninns 387 28,1

2. 2-Dismcthyibrianc 29.: 3048 36.9 8.2

I-Mleehylpeatans 3.5 22,3 369 (18.8,

23-DisasthyToutnns ™5 343 er
2.2 &*ﬁm«%hwbumu 27.4 33.8 332 288
2.2-Dimethylpontans 7.0 253 363 (4.5,

BACHY

TABLE 5.5
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= = e
. = : W 3 I :
15, - 5 B ] 30 - O ~2
ga':-cx‘g, <20 - & ~0.3
- &S « 5.5 3.5
COOE +23 +16 + 3 Tz =z
Coo- 25 22 3 Tz 2
TAPOR - 17 -+ 3 - T —Z
COTL ~33 -2B 2
SO «32 * 2.5 s
e 3D “+38 3 -~ 2 -2
Ze] «3t o -2
g’im ~23 +27 + @ + 7 -2
pcstd +33 -+ 3D “- B f.;
"OR. 35 -5 B - = —
TCCOR +83 +45 b ::“S) g1
> 28 - -
ot TR - > A o8 o+ & =5
INEIR +37 31 + 8 =6 -4
a2 + & -2
MR +3% + 5 -
NOy +S3 57 + 4 &
«n + -~ 3 + 3 + 3 -3
33 411 +3t -2 +18 id
SR +20 -7 -
= ES —y - @ - & -t
o 31 -~ +31¥ 3% -
Br +20 -z -z +10 -3
Fl - - +3l < §2 ~3
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