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Precessing Free induction
nucleus decay
Fourier

Cf M' transform
7 Rf Time

Frequency
pulse  §omain domain

Superconducting magnet
(cooled by liquid helium)

The radio frequency excitation
pulse and resulting NMR signals
are sent through cables between
the probe coils in the magnet and
the computer.
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Radio frequency (Rf)

generator and computer
operating console

Sample tube spins within the Fourier transformation of the signal
probe coils in the hollow bore from the time domain to the frequency
at the center of the magnet. domain occurs at the computer console.

Fourier Transform
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PERELE-HNFF
a) inductive effect (i ¥»<g;):

CH3F CH30H CH3CI CH3Br  CH3I CH3H TMS
(ppm) 4.06 3.40 3.05 2.68 2.16 0.23 0

X 4.0 3.5 3.0 2.8 2.5 2.1 1.8
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b)¥ % & &+ (homolytic hydrogen atoms)3 #p ke chi* £ =4 (chemical
shift equivalent)

(@ H CH, ) H CH,(Cl Cl CH,
b > N 7 N, 7
=€ | Replace H with CI C=C iz C=C
/ N / \ i \

(@ H CH; &) H CH, H CH,

3-Chloro-2-methylpropene  1-Chloro-2-methylpropene

Chemically equivalent protons are in the same environment and will

produce only one signal

Hydrogens are chemically equivalent or homotopic if replacing each
one in turn by the same group would lead to an identical compound

H3C—CH3 e | O—CHjs

H3C L
H3C ch)ﬁ/



Br B;r Eir

HL.C.AH replacement Hls.C.AQ QL.C.AH
| of each H | |

CH3 by some CHQ CH;

group Q 2 2

Enantiomers

If replacement of each of two hydrogens by some group leads to
enantiomers, those hydrogens are enantiotopic
In the absence of a chiral influence, enantiotopic
hydrogens have the same chemical shift and appear in the

same signal

Cl\ /H Cl\ /Q Cl\ /H
C—C replacement C—C - C—C
2 N by Q >4 N / e
H H H H H Q
#

Diastereomers

If replacement of each of two hydrogens by some group leads to
diastereomers, the hydrogens are diastereotopic
Diastereotopic hydrogens have different chemical shifts and

will give different signals
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n Multiplicity

Relative Intensity

0 Singlet (s)
1 Doublet (d)
2 Triplet (t)
3 Quartet (q)
4 Quintet

5 Sextet

6 Septet
K

7 Octet 1 21
( h
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Unsaturated Index = carbons - [ (hydrogens)/2 / - [(halogens)/2 /] + [
(nitrogens) /2 ] +1
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4) 13C NMR

13C NMR Approximate Chemical Shift Ranges
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Mass
O
Benzamide [l
C;H;NO C+
Mol. Wi.: 121 B )
. ) -C(
O-.. NH, O~ _NH, - L0, @
=
- m/z7 105 m/z 77
P
+C “‘ah(_-‘}f; '
I ] \ﬁ\\\ D%/Nﬂzl
M sz 121 m/z 44
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I 3Ly
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Fragment ions

O
Benzamide [
C,H;NO C+
Mol. Wt.: 121 ) ) .
ot -
Os_NH, Os__NH, y co @
ge: m/z 105 m/z7 77
+e —<€ ST 5
A |
Abundance = - [ N molecular ion
Ch 105
5 1003 M*
s 3 Base peak 1214
= . 51+
5
2 505
= 44
1 18 284 |
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x Peaks’ heights are proportional to the number of ions
of each mass



Exercise page 441
9.29. e) C4HqCl:

W/\Cl
a) C4H100: OH i Q
f) C15H140:
(UN = 9) H
i (]
b) C3H7B:
0
HSC/\)J\OH
Br

H3C+Br
H g) C4H7Br02:
o (UN =1)
c) C4H8O: )J\/
(UN=1) h) CgHio:
CH,OH (UN'=4)

d) C7H80: © i) C4HgO3: /\O/\[(OH
(UN = 4) (UN =1)



j) C3H,NO: H3C O
(UN=1)  pc” Yy o

k) C4H1000: /O\/\O/
(UN = 0)

|) C5H100:
(UN = 1) -

m) C8HgBr:
(UN =4)

9.31: CHs
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