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C-401 : Chemistry

(Advance Spectroscopic Techniques) (All Branches)
(New Course)

Faculty Code : 003
Subject Code : 1104001

1
Time : 25 Hours] [Total Marks :

Instructions : (1) All questions carry equal marks.
(2) Attempt any five questions out of ten.

1 Answer the following :

(a) Why mass spectrometers operate at very low pressure ?

(b) Write the full form of following techniques :
(1) HMBC
(i1) NOESY
(ii1) HETCOR
(iv) DEPT

(c) Show the possible electronic transition of acetone and
benzaldehyde.

(d) Draw the "THNMR spectrum of vinyl acetate and show the
splitting pattern of signals.

(e) Draw the hypothetical mass spectrum and explain the
molecular ion peak.

(f) Differentiate Raman and IR spectra.

(g) Draw the "CNMR of following compound at 135° rotation.
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Answer the following :

(a) Give the principle of Raman spectroscopy.

(b) Discuss the limitations of ESR spectroscopy.

(c) Give the types of UV absorption shifts.

(d) Write the name of reference standard used in NMR
spectroscopy in aqueous and organic solvents.

(e) Write a note on COSY-2D NMR techniques.

(f) Enlist the factors affecting the chemical shift value in PMR.

(g) Explain nitrogen rule and their importance in the interpretation
of mass spectrum.

Answer the following :

(a) Sketch the NMR spectrum of AMX and A B, system with
suitable example.

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

Answer the following :
(a) Discuss quantum mechanical theory of Raman effect.
(b) What is hyperfine splitting in ESR spectroscopy ?

Answer the following :

(a) What is mass analyzer ? Give their name and explain with
diagram of quadrupole mass analyzer.

(b) Explain in detail electronic ionization and chemical ionization
with benefits and limitations.

Answer the following :
(a) Calculate the "CNMR chemical shift of followings :
(1) CH,-CH,-CH,-CH,-CH_-OH

o) /\of\\

(b) How many "CNMR signals are possible for the following
compounds:
(1) o-xylene
(2) 1,2-dichlorobenzene
(3) p-NO,-benzaldehyde
(4) m-cyano chlorobenzene
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7  Answer the following :
(a) Enlist the applications of NIR.
(b) Discuss the Popal notation in detail.

8  Answer the following :
(a) Discuss the applications of UV spectroscopy.

14

14

(b) Discuss Woodward — Fisher rules for the calculation of

absorption maxima in dienes, trienes and polyenes.

9  Answer the following :
(a) Give the application of Raman spectroscopy.

14

(b) Draw the electronic energy level diagram and discuss

electronic transitions in detail.

10 Answer the following :
(a) Discuss the ESR spectrum of H..
(b) Discuss the classical theory of Raman effect.
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Data Table for 13C NMR Spectroscopy

TABLE 6.1

17 (37 —1.3
1° (4= —3.4
2* (39~ —2.5
2° (4% —7.2
3 —-3.7
3 (39 —9s
4 (19 —1.5
- ) —8.4

R;CH group and to a RyC group,
denotes & RCHa group bound 1o a R/CH group, end

158 16.3 15.8
Butane 13.4 25.2 25.2
Pentane 13.9 22.B 34,7 22.8 13.9
Hexano 14.1 23.1 32.2 32.2 23.1
Heptanc 14.1 23.2 2326 29.7 32.6
Octane 14.2 23.2 32.6 29.9 29.9
Nonanes 4.2 23.3 32.6 30.0 30.3
Decane 4.2 23.2 32.6 31.1 30.5
Isobutane 24.5 254
Isopentanc 222 3t.1 32.0 117
Ischexanc 227 28.0 420 20.9 14.3
Neopentane 31.7 28.1
2,2-Dimethylbutanc 29.1 30.6 368.9 8.9
3-Methylpcatane 11.5 295 369 (18R,
3-CH,)
2.3-Dimethylbutanc 12.5 343
2.2,3-Trimethyibutane 27.4 33.1 38.3 16.1
2.3-Dimethylpentane 7.0 253 36.3 (14.6.
3-Cxis)

TABLE 5.3

» (ppm) on
Replscement of H by Y in'Alkanes. Y Is Termins!
or + ¥ b

d B r
v T 1 2T Internal
CHly -~ 9 + 6 +10 + 8 —2
CH=—=CH; +20 + 6 —0.5
Ce==CH + 4.5 + 5.5 —3.5
COOH +21 + 16 + 3 + 2 -2
COoO- +25 +20 + 5 + 3 -2
COOR +20 +17 + 3 + 2 —2
COC1 +33 +28B + 2
CONH., +22 + 2.5 —0.5
cor +30 +24 + 1 + 1 -2
CHO +31 o —2
Phenyl +23 +17 + 9 + 7 —2
OH +48 +41 + 10 + 8 -5
OR +58 +351 + 8 + 5 —
OCOR +5% +45 + 6 + 5 —3
NHa +29 +24 +11 +10 -5
NHY +26 +24 + 8 + & -5
NHR +37 +31 + B + 6 —4
NR, +42 + 6 -3
NR; +31 + 5 -7
NO; +63 +57 + 4 + 4
CN + 4 + 1 + 3 + 3 -3
SH +11 +11 +12 +11 —a
SR +20 + 7 -3
) o8 +68 +63 + 9 + 6 -
<1 “+31 +32 +11 +10 -~
Br +20 +25 +11 + 10 -3
1 — 6 + 4 +11 12 —1

~=Add these increments 1o the shift valucs of the

iste carbon

appropriste

atom in Table 5.2 or ta the shift value calculated from Table S.1.
Source: F.W. Wehrli, A.P. Marchand, and S. Wehrli, Inserpre-
1ation of Carborn-13 NMR Specira. 2nd ed.. London: Heyden, 1983,

Raalrler 3.8 & v.ﬂu(.s for the carbons in aromatic and hoterocyelic molecuales (sp?
and sp? carbons tisted)

A 127
-y @fi\m @@@ ,2.,
benzone naphthalenc anthracone phtsnan(hrcnc

L206 30 23 30
. 13222, 1as L aaSies (it
’ 25 1Y 124
1 2 IR 3 128 e L2
or 126 LE = e
tetrakin Fndan acenaphihone scenaphthylenc
11 127 108 126
O raa (@YD (@Y C Ol
&1 3 = 5
5 N
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TABLE 6.9

C-t C of Substitnent

Substituent (Attachment) c-2 c-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

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 34.4 (CH), 24.1 (CH,)

C(CHy)s +22.2 —-3.4 —0.4 —~3.1 34.5 (O), 31.4 (CH,)

CH==CH, +9.1 —2.4 +0.2 -0.5 137.1 (CH), 113.3 (CHp

Ce=CH —5.8 +6.9 +0.1 +0.4 84.0 (C). 77.8 (CH)

CeHs +12.1 —-1.8 —0.1 —-1.6

CH,OH +13.3 -0.8 -0.6 —0.4 64.5

CH, +7.7 ~0.0 ~0.0 ~0.0 20.7 (CH,). 66.1 (CHa),
E 170.5 (C==0)

OH +26.6 -12.7 +1.6 —7.3

OCH, +31.4 —14.4 +1.0 -7.7 54.1

OCH;, +29.0 —-9.4 +1.6 —5.3

OCCH; +22.4 ~7.1 —0.4 —-3.2 23.9 (CH,), 169.7 (C=0)

CHE +8.2 +1.2 +Q.6 +5.8 192.0

CCH, +7.8 —0.4 —0.4 +2.8 24.6 (CH,), 195.7 (C==Q)

CCH, +9.1 +1.5 -0.2 +3.8 196.4 (Cw=O)

CCF; -5.6 +1.8 +0.7 +6.7

COH +2.9 +1.3 +0.4 +4.3 168.0

I

COCH; +2.0 +1.2 —0.1 +4.8 51.0 (CH,). 166.8 (Ca==0O)
168.5

ca +4.6 +2.9 +0.6 +7.0

CanlN —16.0 +3.6 +0.6 +4.3 119.5

NH, +19.2 —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 —53 +0.9 +6.0

Ne=C=0 +5.7 -3.6 +1.2 —2.8 129.5

F . +35.1 —14.3 +0.9 —4.5

o] +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.NE, +15.3 —-2.9 +0.4 +3.3

SHCH,), +13.4 +4.4 —1.1 ~1.1

*See D. E. Ewing, Org. Magn. Reson., 12, 499 (1979) for chemica! shifts of 709
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Table 3.15 Influence of functional group X on the chemical shift position (3) of
nearby carbons in alkane chains

A C—Cormm C— C

o B k4
a-—-shift f-shift »r—shift
} i | {
R
X X—CHg~— X —CH-— X—(lt——-
k Rr
1% or 2 or 3-
—CH, o & 3 ° —3
— R: see table 3.11
axial —CH 13 — — s —6
equatorial — CH 5 & — - 9 Q
{(in cyclohexanes)
—CH=CH, 22 16 12 7 -2
—C=CH 3 — — k) —32
—CuHsg, ~Ar 23 17 11 10 -3
—F 70 — . 8 7
—Ct - 31 3s 42 10 —35
- Br 19 28 37 11 —ah
e § — 7 to 20 - — 11 —3
— Nk, — NHR, ~—NR, 29 24 18 11 — 3
—NO, &2 - 3 -5
= NHCOR, —NRCOR. 10 s . Q Q
—NHy* 25 - - 7 -3
—CN 3 4 — 2 -3
~—3H z - - 2 -2
—OH 50 45 40 9 —3
—OR 50 24 17 10 —6
—OCOR 52 50 as 7 e
——COOH,—-COQR,—;——CON< 20 16 13 2 3
—COR,—CHO 30 24 17 2 —3
-—SO,H.-—-—SOzN< 50 — ~ 3 o]
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