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Instruction :

1  Answer the followings : (any seven)

(a)
(b)
(c)
(d)

(e)
()

(2
(h)
(i)
G)

Define the terms: wavenumber and Frequency.
What is meant by (n+1) rule in spin-spin coupling in NVR?
Define the term: Base peak and Metastable ion.

How will you distinguish O-Nitrophenol and p-Nitrophenol
using UV spectroscopy?

Write the application of DTA.

Write the strength and limitations of X-ray powder
diffraction.

Explain TGA curve for Calcium oxalate.

How many peaks are obtained in CMR for o-xylene and
p-chlorobenzoic acid.

write the full form of HMBC and COSY.
What is Hooks law in spectroscopy?

2 Answer the followings : (any two)

(a)
(b)

(c)

Draw the block diagram of TGA and explain it in details.

Sketch the NMR spectrum of Ethyl benzene and explain
splitting of each signal.

Discuss types of shift and bands in UV spectroscopy in
details.

All questions are compulsory and carry equal marks.

14

14
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3  Answer the followings : 14
(a) Discuss Coupling constant in details in NAM spectroscopy.
(b) Calculate the 13CNMR value of each carbon of 2-butanol.
OR
3 Answer the followings : 14

(a) Draw the schematic diagram of IR Instrument and write its

functioning.

(b) Enlist the analyzer used in mass spectrometry, discuss any

one of them in details.

4  Answer the followings : 14

(a) State the Principle of Mass spectrometry and also discuss

the application of Mass spectroscopy.

(b) How many types of electronic transition possible in Acetone

and ethylene with respect to UV absorption.

5  Answer the followings : 14

(a) Discuss absorption due to carbonyl compound in

UV spectroscopy in detail.

(b) Write a brief account on Popal Notation with suitable

example.
(c) Explain Bragg's rule in p-XRD method.
(d) Explain instrumentation of DSC.
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Data Table of 13C NMR Exaples

TABLE 5.1

g Atoms Shift (ppm) (A)

o +9.1
+9.4

fr ~3.5

& +0.3

¥ +0.1
1G9 -3
1° (4% -3.4
2* (3%)e ~2.5
@) .2
vy} ~3.7
(3% -8.5
&%) ~1.5
2% -84

“The notations 1° {3 and 1° (4% denote 8 CH; group bousd 16 0
RCH group and o 8 RyC group, respectively. The notstlon 2° (3%
denotes & RCH; group bound to & R;CH group, and 8o on,

TABLEES

mmmmm

Effects (ppm).on

mpmmxnwvwm«mmmmm
or Internal® {4 Muﬂotd, upfleld)

Compound

Mathane -2.3
Ethane §7
Propans 158 163 158
Butane 13,4 252 252
Pentane 13,9 228 347 228 D9
Hexane 144 230 32 32 14
Heptane 141 232 326 297 328
Qctane 4.2 232 36 99 299
Nonsne 142 233 328 300 303
Decane 142 232 326 311 308
Isobutane 45 B4
Isopentane 222 3Lt 30wy
{sohexane 22.7 8.0 0 209 143
Neopentane 317 281
2.2-Dimethylbulane 295 306 6% 89
3-Methylpentane 1.5 295 369 (1488,

v 3-CH,)
2.3-Dimethylbutane 19.5 343
1.2,5 Trimethylbutane 14 330 383 164
2.3-Dimethylpentane 1.0 253 363 (146,

3-CH,)
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¥ @ ¥ & ¥
8 B B
Terminal Internal
4 .

¥ Terminal Internal Terminal Internal
CH, + 9 + 6 +10 + 8 -2
CHWCH, +20 ) + & ~3.5
CasCH + 4.3 + 53 ~3.5
CO0H 421 +16 + 3 + 32 =2
Coo~ +25 +20 4+ § +3 =2
COOR +20 +17 + 3 +2 ~2
<ol +33 +28 + 2
CONH,, , +22 + 23 ~8.5
COR +30 +24 +1 +1 =2
CHO +31 0 -3
Phenyl +23 +17 + 9 + 7 =2
OH +48 +41 +10 +8 =3
OR +38 +51 + 8 + 5 -4
QCOR +51 445 + 6 +5 -3
NH, +29 +24 +11 .+ -8
NH? +26 +24 + 8 + & 5
NHR +37 +31 + 8 + & w4
NRy +43 + 6 -3
NRyY +31 + § «7
NO, +63 +57 + 4 + 4
CN + 4 % 1 +3 +3 -3
SH +11 +i1 +12 +11 =4
SR +20 +7 -3
¥ +68 +63 + 9 + 6 4
< +31 +32 +11 +i0  ~4
Br +20 +25 +11 +10 -3
H -8 +4 +11 +12 -1

* Add (hese increments to the shift values of the appropriate catbon

atom in Table $.2 or to the shift value calculated from Table 5.1,
Source: F.W. Weheli, AP, Marchand, and S, Wehrli, Interpre-

wation of Carbon-13 NMR Specira. 2nd ed., London: Heyden, 1963,
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C of Substituent

Lo |
Substituent (Attnchment) -2 -3 4 {ppm from TMS)
24 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 {CHy), 15.8 (CH,)
CH(CH;J» +20.1 -0 0.0 -~ 34.4 (CH), 24.1 (CHj)
CECH,)s 22,2 ~3.4 -0.4 3.8 34.5 (T), 31.4 (CH,)
CH : 63 +9.1 -2.4 +0.2 -0.5 137.1 (CH), 113.3 (CHY
C ~5.8 +6.9 +0. 4 +0.4 84,0 (), 77.8{CH)
(5. #§2.1 ~1.8 -0.1 ~1.6
CHLOH +13.3 0.8 06 -4 64.5
CHOCCH, +7.7 0,0 0 ~ Q.0 20.7 (CH,), 66.1 (CHY,
) 170.5 {C=0}
OH +26.6 -12,7 + 16 -7.3
OCH, +31.4 — 844 +1.0 -7.7 54.1
0%&:, +29.0 -5t + 1.6 -8
CCCH +22.4 -1 -4 o 23.9 (CH,), 169.7 (Cma0D)
EB +8.2 +1.2 “+0.6 +5.8 192.0
%cﬂ: +7.8 ~0.4 —0.4 +2.8 '24.6 (CHLY, 195.7 (CezO)
%:c,u, +9.1 +1.5 -0.2 +3.8 196.4 (Ce==0)
%30*’- -5.6 +1.8 +0.7 +6.7
gox»i +2.9 +§.3 0.4 +4.3 168.0
g .
COCH, +2.0 4.2 ~0, 1 4.8 31,0 (CH,, 166.8 (Co=0)
168.5
Ect +4.6 +2.9 +0.6 + 7.0
CasN -16.0 +3.6 +0.6 +4.3 119.s
MH, +19.2 ~12.4 +1.3 —-9.5
N(C%Jgi,}, 22,4 ~35.7 +0.8 ~11.8 40.3
NHCCH, +1h.1 -9, 0.2 - X
NO; +19.6 -2 +0.9 +6.0
B i Cee O +5.7 -3.6 1.2 -8 129.5
¥ L #3851 - 14.3 +0.9 ]
Cr 5,4 +0.2 + 5.0 et 2 ¢
Br %4 +3.4 +2.2 5.0
1 ~32.2 +9.9 +1.6 -F3
CF, +2.6 ~3.1 +0.4 +3.4
s +2.3 +0.6 +0.2 -3.3
BOUH, +16.2 ~ 1.8 0.4 -5 5.9
SONFEy +15.3 -~2.9 +0.4 +3.3
SHCH)s +§3.4 4.4 —f.4 ~%.1

vlee D B, Bwing. Org. Maogn. Reson.. 12, 499 (1979) for chemical shifts of 709
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Table 3.16  Influence of functional group X on the chemical shift positions (8) of

nearby carbons in alkene groups and benzene rings

benzene (6 1283

Base velies: sthyisne {8 123} arted
' X

Tl Lipro)
s KRFE IR

N

Mo SRR

c=1 c=z N para
i Adkenes ' Benzenes N
. Lo | L2 v e § e T para '
{iprxen}
. i 0 B L o o -3
S o M 1 i6 -8 (H o o .
B, M 3 B 21 o o -3
e H is —th ] ¢ o -2
e TH B CH - - i % o <]
b AT ¥3 T 13 -~ t e}
R 2% - 35 ~14 i %
—C] 3 —th [ o 1 2
—BE - ] - ¥ 2 i
e 38 T ~32 10 3 )
—NHy - 18 —33 1 ¥
o WHR - 0 s f i ~ 30
PRy - - e -1 1 -1
Dy 22 ~} 20 w5 E &
B HOOR, —NROOR - - § 1] -7 3 s
- - 15 T 4 H &
st - - 4 1 i -3
= IFF - - 27 —13 1 ¥
—OR 25 -39 T30 —15 ¥ ~8
e O 18 —27 23 - i .
— OO, wcmn,.mmmi 4 9 2 2 o %
= COR, —CHO ‘ it 13 @ 1 i &
—SO,H, —SO0;N{ - - 16 o (s %
—PMey - - - 1.6 o ol
ATy - - @ 3 L¢] L]
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Table 3,18  Influence of functional group X on the chemical shift position (&) of
nearby carbons in alkane chains

e I e Lo s
o B ¥

ev—-shuift Bshiaf y=ahift
L I i [ '
¥ 1 K ] + ¥
”’
X Koo CTFi g X —COH— x--ft::m
’!t\
= or 2% OF 3=

< & & 3 -3 -3
—— R seie table 817

[N EN R o & H - - 5 el
eepuratorial Oy & - s o [}
{in oyvlohexanes)

—CH s =0 brded e P2 ki 4
e 0 OB 4 - 3 -3
ey . Ay 23 1 i3 10 ]
a2 ge] - 8 —
7R 31 As 42 i 24 e
— 19 28 37 ¥ 3
s e F iy R wy Jou 13 e
——WNHy, s NHR, e NR 29 24 8 11 i
T CEy 62 - — 3 —5
= PERCOR | - N ROO R 13 ¢} o - € (&}
a4 P 25 - El -3
— ] 3 1 - 2 = |
1 ] - 2 2
e I 50 5 a0 -] -3
R 50 Do 7 10 e
s TICHRL 52 S0 A5 b A — &
e MO, e OO R, ——COMN < 20 16 i3 2 ]
s TR, ——CTFRCY ) 30 Dk 1y 2 3
B B e B0 N < s ] - - b3 e
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where A, = characieristic value of the chemical shift of the observed
which depends upon ithe puamber of M stoms {n) attached (o it
n = pumber of groups
o = sarbon atoms in the o -position
= == 0 oy and '
& = inn & positions
The characteristic values of o, v and SCoatoms (L, ALY 1 be used for the
caleulaton depend upon the number of M atoms on the observed — € and are
given in Table 3,23,

Example
1 2 3 a4 . ,
d-Methylheptane ChHy — CHy — CHy — ©H o~ CHy CHy~ CHy
' I
4 CH,
‘ TABLE 3.23

Observed O gy - ¥ &
™ = 5.80 o 5 2% : ¢ R R ] AD

Oz .56

L0 L 1783

© pracie to
e & E T 15.34 L & 0 0.0 e B LR {325

Lo & BI5

L 0 | 165,70

« B3
- rf;n ' 23,46 i 2 N 0.0 —2.07 0.0

| s & 5 BB

Lol | 11.14

o 14,70
mé‘ﬂ— T LCELs 0.0 086 LR ¢

I CFIy 226
L o § ane
Lad 73S

HMeove: Methyl groups n o and all mum in 0 hove g0 efifect. Groups In o position have
negative or anly slightly positive sifee,

There ars 5 groups of eguivalent C-atoms,

7 = A, B oels b oy - ond ) Cobserved §)
Brestyy oy = 6.8 4 9,56 4 (~2.99) - (2 x 0.49) = 14.35 (qr) 14.35 (gqr)
ety ¢ = 13.34 4 .75 4 (2 = {~=2.69)) -+ 0.25 = 19,96 (ir) COEREG (tr)
Story) oy = 15.34 4 9.75 4 16.70 + (—2.69) -+ 0.25 = 39.35 (1r)  39.35 (tr)
Somy ©, = 23.46 -+ (2 x 6.60) «+ (—2.07) = 34.59 (1) 34.59 (4)
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Table 3.13 & values for the carbons in alkynes (sp)

J

' REPRESENTATIVE ALKYNES

acetylene (ethyne) CH=CH 5 72

R==C=CH R—C=C-—R’ CsHs— C=CH
83 66 82 83 78
CaHs“‘C%C“"“R CﬁHs'—“CEC_C6H5
86 90

EMPIRICAL PREDICTIONS FOR OTHER ALKYNE CARBONS

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

C—C=C =~C—C=C—CeC —C—0C
8§ v B o o g oy 0§
increments +0.5 0 +5 +7 —6 +2 —1 +0.5

base value 72

Table 3.34 B values for the carbons in sromatie and heteroeyelic molecules (5p2
and spt carbons listed)

128

¥27 128
i razerie naphithaltens anthracens phenanthrene
» - 30 129
12813228 L. 14 33 { 4300136 L ioenizs
) 126 R 128 i28
or 126 37755 128757 .
tetralin incane scenaphthenc seenaphthylens
139
111 127 108 . 136
(@ I (D 25 LD s C o
B h i
H
Para thicophene pyrrols pyrvidine
e ]
2l 3 R -
L¥ < ) !f <38
" f3
tetrahydrofarsn, Fasscd * Bresraes pyrrolidine piperidine
THF
&
CH O o

122 B 106 13
Y Nise é’ 3 s 2 .
N *.‘,‘,N 1O S Ton )
H
e v raseie
immidazole B G RAICOISE @ e I il

8= O equaitorial

Ty Qp €y Ta Ca s 38
o - D7 TS 77 T v G2
B~ 93 T2 T4 PO W2 62
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