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What Kind of States?

electronic UV-Vis

Rotational & vibrational infrared
rotational microwave

nuclear spin radiofrequency

radiation. NMR is concerned with change in the
direction of spin orientation as the result of the
absorption of radiofrequency
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Hydrogen

Chemical symbol |
for the alamant

Mass number = s 7
b= 7+N W
2 Atomic number = -
1 H number af praotons
Deuferium ' \ = neptron fumber

Dr. Jehad Diab




Nuclear Spin

o o

A spinning charge, such as the nucleus of H or
13C, generates a magnetic field. The magnetic
field generated by a nucleus of spin +1/2 is
opposite in direction from that generated by a
nucleus of spin —1/2.
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With no external magnetic field... In a magnetic field...
A spinning proton g g

— = I{.ﬁﬁ

Bo
randomly oriented. oriented with or against B..
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possible orientations calculated

Hydrogen has spin quantum number

possible orientation is (2*1/2+1=2) two +1/2 and -1/2.

Enagy ‘ Appled mignen-: field
=.]7 Pr | 2704
Spin state I =-12(8) 1 V.
I=12 ‘/"E-n-nnmq
b nucieus
A
Spin state I =+12 (a) 7

Freldstrengh B, ____
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Two Energy States

The magnetic fields of
the spinning nuclei
will align either
with the external
field, or against the
field. By

A photon with the right
amount of energy can
be absorbed and
cause the spinning
proton to flip.
=>
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A 4

Downfield Upfield
Decreased shielding Increased shielding

(CH,),Si (TMS)

100 9.0 8.0 7.0 6.0 5.0 4.0 30 20 1.0 0

Ch;amical shift (6, ppm)
measured relative to TMS
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more shielded,
absorb at a higher field

\<\H less shielded,
H absorbs at a lower field
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The NMR Graph

|
H—O—C—H
|
H
less shielded more shielded
lower field (downfield) higher field (upfield)
\ I

increasing magnetic field strength (By) ———>
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Information from *H-nmr spectra:

Number of signals: How many different types of hydrogens inthe .1
molecule.

Position of signals (chemical shift): What types of hydrogens. .2

Relative areas under signals (integration): How many hydrogens of .3
each type.

Splitting pattern: How many neighboring hydrogens. .4
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The NMR Spectrometer

sample tube
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magnetic field
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Delta Scale

shift downfield from TMS (in Hz)
spectrometer frequency (in MHz)

chemical shift, ppm & =

I I I I I I I I I I I
600Hz 480Hz 360Hz 240 Hz 120 Hz 0O Hz

o 9 8 7 6 5 4 3 2 I 0
ppm 6 I TMS
60 MHz

I I I I I I I I | | I
3000 Hz 2400 Hz 1800 Hz 1200Hz 600 Hz 0 Hz

10 9 8 7 6 5 4 3 2 | 0
ppm 0 I TMS
300 MHz



Tetramethylsilane

T
HsC—Si-CHg
CHs

TMS is added to the sample.

Since silicon is less electronegative
than carbon, TMS protons are highly
shielded. Signal defined as zero.

Organic protons absorb downfield (to
the left) of the TMS signal.

=>
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Typical Values

Type of Proton

Approximate 6

Type of Proton Approximate 6

alkane (—CH,) 0.9

alkane (—CH,—) 1.3

alkane (—(le—) 1.4
0)

—C—CH, 2.1

—=Cc—H 2.5

R—CH,—X 3_4

(X = halogen, O)

C=C 3-6
e T

~c=c( 17

CH,
Ph—H 72
Ph—CH; 2.3
R—CHO 9-10
R—COOH 10-12
R—OH variable, about 2-5
Ar—OH variable, about 4—7
R—NH, variable, about 1.5—-4

Note: These values are approximate, as all chemical shifts are affected by neighboring substituents. The
numbers given here assume that alkyl groups are the only other substituents present. A more complete

table of chemical shifts appears in Appendix 1.



Ethvyl acetate . 1300
H o H H 1200
| 1 | |
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Example 1H NMR spectrum (1-dimensional) of ethyl acetate plotted as signal intensity vs. chemical shift.
There are three different types of Hatoms in ethyl acetate regarding NMR. The hydrogens (H) on the
CH3COO- (acetate) group are not coupling with the other H atoms and appear as a singlet, but the -CH2-
and -CH3 hydrogens of the ethyl group (-CH2CH3) are coupling with each other, resulting in a quartet and
tripletrespectively.



https://en.wikipedia.org/wiki/Chemical_shift
https://en.wikipedia.org/wiki/Ethyl_acetate
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Acetate
https://en.wikipedia.org/wiki/Ethyl_group

number of signals?

e

one

@

one

CHs

two
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3.

Integration (relative areas under each signal): how many

hydrogens of each type.

a:b:c=3:2:2

a:b

6:1

Q
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a b c
CH5CH,CH,Br
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CH3;CHCH;,
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integration

(.

a 12 H

Q | -

a 6H
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splitting pattern?

H3;C. _CH
- g
a _C a

H3sC~  "CHs
a 12 H singlet a 12 H singlet
CH; @&
O } - f e
a 6 H singlet CHs  a
a 6 H singlet
b 4 H singlet
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mri
magnetic
resonance imaging

This image is copyrighted,
andused by kind
permission of Joseph

Hornak for use in Chem-
312.
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http://www.cis.rit.edu/htbooks/mri/



