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Seat No.

H-003-1104001
M. Sc. (Sem.-IV) (CBCS) Examination
April - 2023
C-401 : Advance Spectroscopic Techniques
(All branches) (New Course)

Faculty Code : 003
Subject Code : 1104001

Time : 2% Hours / Total Marks : 70

Instructions : (1) All questions are compulsory.

(2) All questions carry equal marks.

1  Answer the following : (any seven) 14
(a) Write a note on halogen isotope.
(b) Write the full form of following techniques :
(1) FID
(2) DQF-COSY
(3) HSQC
(4) ROESY
(c) Give the types of UV absorption shift.

(d) Draw the 'HNMR spectrum of p-ethoxy-benzoic acid and
show the splitting pattern of each signal.

(e) Enlist the common detectors used in mass spectrometry and
draw the hypothetical mass spectrum.

(f) Draw the 13CNMR of 1-phenyl-1-pentanone at 135° rotation.
(g) Write characteristics properties of Raman Lines.

(h) How many peaks are expected of methyl radical in ESR ?
(1)  Give the range of NIR and discuss the disadvantages of it.

(j)  Why vapour of sample introduced at low temperature in mass
spectrometer ?
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2 Answer the following : (any two) 14
(a) Write a note on classical theory of Raman effect.

(b) Enlist the overall modification in NIR spectrophotometer and
application of NIR.

(c) Draw the electronic energy levels diagram and discuss
electronic transitions in UV spectroscopy.

3 Answer the following : 14
(a) Write a brief account on Popal Notation with suitable example.

(b) Describe HMBC 2DNMR technique and its interpretation style
with suitable example.

OR
(a) Calculate the !3C value of each carbon for following

compounds :
(i) CH,=CH-CO-O-CH,-CH,

N

]
i

Zad)

(b) Enlist the instrumental techniques used for the simplification
of complex NMR spectrum and discuss any one in detail.

4  Answer the following : 14

(a) Give the principle of mass spectrometer. Draw the schematic
diagram of it and discuss its functioning.

(b) What is first order and non-first order spectrum in NMR ?
Discuss in detail.

5  Answer the following : (any two) 14

(a) Discuss absorption due to carbonyl compounds in UV
spectroscopy in detail.

(b) Give the application of Raman spectroscopy.
(c¢) Explain hyperfine splitting in ESR.
(d) Compare and differentiate NIR and IR spectrophotometer.
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TABLE 5.3

Incremantal mmﬁht Effeots (ppm) on
Replacement of H by Y in Alkanes. Y Is Terminal
or Inteenat® (4 downlield, ~ upfleld)

o +01 Y .
B +9.4 Y a b4 = ¥
7 ~n8 : ‘ '\/\.Y . /\)\/\ ;
& +0,3 e B 8 B
€ +0.1 Terminst Tnternal
1 E) -4
174 ~3.4 N B ’
bl s ] ~L5 ——
4 o ¥ Terminal Iternal Tetminal Taternal
re) -23 CH +9 +6 #16  +8 -2
(1) -15 CH=CH, +20 +6 -0.5
o @ —54 CaeCH  + 4.5 + 53 -5
“The siotaticns. 1* (3% and 1° (4% denote a CH, group bound 10 & COOH +21 #6 +3 +2 -2
ReH. group and f&&ﬁnofl:?mpwﬁvd& The natation 2* (1% CoO~ +25 +20 + § +3 -1
denotes 1 RCH, grovp bound to & R,CH groap, and 20 on. COOR +20 +17 + 3 +2 =32
Codl +33 +28 . + 2
CONH,, |, +22 + 25 ~0.5
COR +30 +24 1 1 =2
CHO +31 0 -2
Phenyl +23 +17 +9 +7 -2
OH +48 +41 10 +§ -5
- OR 458 +51 + 8 5 -
OCOR +51 +45 + 6 +5 -3
NH, +29 +24 +11 +10 -5
NH? +26 +24 + 8 +6 =5
NHR +37 +31 + 8 +6 -4
NR, +42 + 6 -3
WNR{ +31 4+ 5 -7
Methane -2.3 NO, +63 +57 + 4 + 4
Eshane 57 - N + 4 + 1 +3 +3 -3
Propane 158 163 I58 $H +11 + +2 #1 -4
Butane 3.4 252 2.2 SR +20 +7 ~3
Pentans 139 2.8 347 28 139 F +68 ] +63 +9 + 6 -4
Hexane M4 21 322 322 13 Lo} +31 +32 +11 +10 -4
Heptane 141 232 36 297 326 Br +20 428+l 10 -3
Cutane 4.2 232 N6 B 199 i -6 +.4 +11 +12 -1
Nonane 142 233 326 300 303 y y -
* Add thewe increments (o the shift values of the appropriate carbon
Decane M2 22 326 31 NS wtom in Tablie 5.2 or 1o the sHift yaloe caloulted from Tebie 5.1
Isoburane 24,5 154 Source: FW, Wehell, AP, Marchand, and §. Wehels, Intergre-
Isopentane 222 301 320 117 1ation of Carbou:13 NMR Spectra, 2nd e, London: Heyden, 1983,
Isohexane 22.7 280 420 205 143
Neopsntane 3.7 284
1,2-Dimethyibutane 291 306 369 89 :
3-Methylpentane 1.5 293 369 (188, '
3CH)
2,3-Dimethyibutanc 19.5 33
2,23 Trimethylbutare 274 331 383 6.1
2.3-Dimethylpentane 7.0 253 383 (14.8,

3CHy)
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ot uhﬂmueot

Substitusdt (Adtachment) c2 <3 -4 {ppm trom TMS)
134 0.0 0.0 0.0 0.0

CHs - 9.3 +0.7 ~ 0.1 ~2.9 253 )
CHLCH, +15.6 -0.5 0.0 -2 9.2 (CH), 15.8 (CHy)
CH(CH:) +20.1 -2.0 0.0 -2.5 34.4 (CH), 24.1 (CH»)

» +22.2 ~3.4 -0,4 % 34.5 (C), 31.4 (CHy)
CHuwaCH, +8.Y -4 0.2 -8 137.1 (CCHY, 113.3 (CHY
Ce=CH -5 8 6.9 +0.1 +0.4 B4.0(CY, 77.8 (CH)

Xy SR -~ 1.8 .1 1.6
CHLOH +13.3 0.8 ~0.6 0.4 64.5
CHLOCCH, +7,7 ~0,0 ~0.0 Q.0 R0.7 {CH Y, 66,1 (CHY,
170,85 {Cmun D)
OH 26,6 -12.7 +1:6 e |
OCH, +3).4 - 44 +10 -7 54.1
OO, w290 B4 +1.6 -8,
OCCH; +22.4 -1 0. -3.2 23.9 (CH), 1697 (Cus()
gﬁ +8.2 +1.2 +0.6 +5.8 w20
COH, +7.8 -iy.4 -G +2.8 24,6 (CHG) 1987 (ConO)
|
gﬁ‘«ﬂs +9.3 +1.5 -2 3.8 196.4 (CemO)
| -
écrv, -5.6 +1.8 0.7 +6.7
{i!)
§ou +2Y +1.3 +0.4 4.3 880
%0081» 2.0 1.2 -0.1 +4.8 S0 {CHL), 166.8 (o)
168..

|
et FHE 2.9 +0.6 +7.0
T ~ 160 +3.6 +0.6 +4.3 9.3
NH, +19.2 1.4 +1.3 ~9.3
N(C(I)-Ix), + AL —~318.7 0.8 ~11.8 40.3

i
NHCCH, + 1L “9.9 +0.2 -5.6
NO, +19.6 -3 +0.9 +6.0
NemCam +5.7 -3.6 +1.2 ~2.8 129.5

al *+35.1 w343 0.9 i, 5
al +6.4 0.2 1.0 —-2.0
Br 5. 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
BCH;, +10.2 1,8 +0.4 3.8 15.9
SO NHy +15.3 -~2.9 +0.4 +3.3
SHCH), +13.4 +4.4 -1, -1.1

“See D. B. Bwing, Qrg. Magn. Reson., 12, 499 (1979) for chemicsl shifte of 706 monosubstituted bonzenes.
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Table 3.16  Influence of functional group 2 on the chemical shift positions (63 of
) nearby carbons in alkene groups. ard Hepzene rings

Baxe values: wthyleny (8 123 arvd benrens (5 128)
} ¥ e Ol Gipsa)
X S
/ \\ = s 04T
-1 Poap Npara
i Alkenes [ Beszenes §
! ey O i [s2nl | L e para '
{ipsoy
1o B L ¢] ¥ -
16 8 i o o 3
23 B b3 o o 2
%3 6 o o o —z
o — -l L3 Q Q
13 w1l 13 o | 3 ]
25 ~34 a8 — 04 1 -
3 - [ e 1 w2
-8 e o & 3 2 R4
R +t —B Eic 3 s
e — e 18 P ¥ § i P 1)
e P LR - 260 e i — i
[ - s e i 1 s 4 O
B = a2 B ] 20 -5 1 - &
A O, NROOR = 10 ~F 1 i
v 4 —~i5 15 4 4 1 &
st - -~ & 1 1 —3
oY - P 27 —13 L] —
IR ¥9 L H0 —15 1 8
e CHCRRE 8 ~ 27 23 it § w2
OO §%mm,¢mmn{ 4 > 2 2 o 5
v S e ] ) 34 i3 B 1 1 &
B W, — S N‘,‘f - - 1% o 0 4
— M, - - i 1.6 o |
i s — B 5 43 L]
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Table 3.15 !nﬂwérwe of functional group X oon ‘théEhﬁsz&iz!tht‘t position (&) of
nearby carbons in alkane chains

B ek FEL SR G

e B e
. ce—shift Bshite peshift
} : i F 1 F |
B
X e T %t S ¢ _--{::* —
® R
[ A o e or 3°
fa €2 £ 9 & 3 i3 - %
—$8: see table 3,13
T g ) 1 - 5 b
cuntonial—— CH, & - @ O
Cin eyclohax anes)
— O = CF bl (¥ 12 7 2
e £ EEECTHE r . 3 3
— e Hy , AR 23 17 11 1o -3
o 70 S 7
R - a3t 35 42 o -
—=Br 19 28 37 1 4
1 T 10 20 - 1 ]
iy e NHER, ——NRy 29 24 is 1 it
2 1 ¢ 8 9] & -
MR | e ROV 10 - © 4]
— R Y x% - - 7 -3
S 06 | 3 & - * e
s SEL e d - . 2 -
e OFL 50 “s 40 e -3
e O 50 24 17 10 parsy
s CHCCX R, 53 50 45 G o
Wﬁ'ODt-i,M*(fmlﬂ,-—;—-CON,( 20 (T 13 a3 A
e e 3 IO £ T | 30 24 1% 2 3
e B B e By N f:: 56 - 3 o
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where M, = characterisidc value of the chemical shift of the observed C,
which depends upon the number of M atoems (n) ‘Attnched o it

o= aumber of groups

o = carbon atoms in the ocposition

= in = and
& == In § positions

The characteristic values of o, v and SCatoms {i iy

given in Table 223,

ALY 1o b used ft:'zt the
calenlaton depend wpon the nember of M aroms on the obsorved — O and sre

Example
1 2 3 @ .
A-Methylheptane CHy —~ CHy — CHy » CH —CHay CH -~ CH
|
4 CH
- TABLE 3.23
Otserved C EW N — Td -y &
s & . &.80 CH5 4] RO A9
[0 < P 2.56
CH 17.83
o 2548
S £ 15.34 CH; 0.0 26T o.25
faiz M @75
CH 16,70
o 21.43
{
—FL 23,46 CHFia (s X4 YT 0.0
I €L 5.60
Y 1i.14
< 14.70
P
e e =TT feiz o0 0.86 A
] CFLy 226
fod 21 3.96
ot 7.35

Nore: Methyl groups in o and all groops in @ boave no offect. Groups in -y pcﬁ&iﬁr:m higyve
negative or only atightly positive effect, -

There are 3 groups of cquivalent C-atoms.

Bex = Ay b Rl b oy
Brosry)y ©y = 0. B4 9.56 1 {—R.99) e (2 DL 49)

e s

Botyy ©a ™ 15.34 4 975 4 (2% (-2.69)) + O

Brorg) o =

- 14.35 (qr)

25 = 19,96 (i)

Seny ©, = 2346+ (2 x 6.:60) + (~2.07) =
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15.34 -4 975 4 16.70 4 (- 2.69) 4 0.25 = 39.35 (ir)
= 3459 (a)

{obaserved 53
14,35 (qr)
19.96 (tr)
3035 (iry
34.59 (d}
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Table 3.13 & values for the carbons in alkynes (sp)

REPRESENTATIVE ALKYNES
acetylene (ethyne) CH==CH § 72

R—C=CH

R-—CE=C~—R’ CsH;— C=CH
83 66 :

82 83 78

CﬁHs e IR T C(,I’“{S
86

90

EMPIRICAL PREDICTIONS FOR OTHER ALKYNE CARBONS

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

C—CC L= CEEC = e (o e
§ v B « o g oy &
increments 0.5 0 +5 +7 -6 %2 -1 +0.8

base value 72

Table 3,04 B wvalues for the carbons in aromatic and heterocyche moleonteés (sp?
and st oarbons lisved) .

: 27
,‘ : 2 128
128 136125 15s LA 125 i29
2 - 127
x 132
ez e re naphithalsns anthracens phenanthrence
5 20 e, } 2D
126,5530 vaa 33 @ 146 128
g - ‘ 2 inn izs
pog B0 ek E P2EY )
22 127
tetralin indane acenaphthenc seenaphihytene
. 139
Wit r 127 108 126
C N aa [Qixzs é@Bilﬁ O 156
53 s ; 5
11
furary thiophone pyreoie

pwridines

26
O et | ) 26 s a5
D EE 4, 3 3z 7 :
Sy ! :é‘: a8
1

terrulivdrofaran, fetrabydrothiophene Py rralidine
THEF

o
T2 N R Toypm—— ’ ’ CH R P
7N - /2 _\'}‘ (2 T Torn % N .
e ‘ - 2 O
Lnd ?}" [1+3 3 < o :
_ h . RN
imiclazods Py razole

GLOCOSE - OH anial
G % equaatorial
Cy Oy € CTa €4 Cs 38
o~ WY WE TR OTY TP e
B W3 72 MM RO 9 632
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