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SECTION A

Proton Spectra: The Chemical Shift

LEARNING OBJECTIVES

On completing this section you should be able to:

il
2,

3

List the desirable properties of an internal reference compound.

Define chemical shift in terms of the delta (8) scale, and list
chemical shift values of signals in ppm.

Explain the following terms: upfield, downfield, offset,
integration trace, shielding, deshielding.

Identify the protons in a simple structure which are deshielded,
and estimate a chemical shift range where their pmr signals
may occur.

Use an integration trace to estimate the numbers of protons
giving rise to given pmr signals.

State the approximate chemical shift ranges for alkane, alkene
and alkyne proton signals.

List the problems associated with the identification of OH and
NH signais.

Explain how OH signals can be identified using D,0.

Use a correlation table to predict the chemical shift values of

protons in a particular environment, and hence interpret simple
nmr spectra which do not exhibit spin-spin splitting.
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The chemical shift of the protons of acetone on the 6 scale is:

1 Ona60 MHz instrument

108 x ( ) ppm
( )

2 Ona 100 MHz instrument

10%x ( ) ppm
( )
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Height of X =
Height of Y =
Ratio of chemically different protons (Y : X)is ...ccccceovvvevvieeceviecennnn.

Possible structures of C,H, O, are
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The chemical shift value of

1 TheTMSsignalis .ccccceiiiiiivvinrieennn. ppm
2 Signallis e ppm
3 Signal2is = ccisssssssssssssa ppm

If the integration step for signal number 2 corresponds to 1 proton,

then the number of protons giving rise to signal number 1is .........
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Methyl acetate
i
CH;—C—O0CH,
|
|
|
| ? r
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The signal arising from the protons of the methyl group attached to

carbonhasd = .....cceeveeeennnnn.

The signal arising from the protons of the methyl group attached to

oxygen has d = .....cccccuvvveeeennn.
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CH,

I
CH;—0 -cI —CH,

CH,

2-methoxy-2-methylpropane

The least shielded protons belong to the group ......ccccceccuveniiiinnen.

L5 0 1 o 0 L R L R R N R R R R R R SR EEEEEEEEE RN RS RS A

NS NN Rl SRS NS EN N SN R RN SN AN NN SN NI NNl SSU NSNS UE N SN NS S U
2




Slide A20

Spectrum

1 BRI —

oF-

o)

é"

is that of dibromomethane

d)
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Chemical shift values (ppm)
CH4CI CH,CI, CHCI,
(a) 5.30 3.05 7.27
(b) 3.05 5.30 7.27
() 7.27 5.30 3.05
Series .....cco...... gives the correct & values for the series

chloromethane, dichloromethane, and trichloromethane.
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Methoxybenzene
CH40CgHs
: ¢ 7 e 5 2 1 op)
hXeth;J'xysvtermd ] ! ‘ '
- ——
g 8 7 6 5 4 d)
The methoxy signal for dimethyl ether has 6 = .................. ppm
The methoxy signal for methoxybenzene has 6 = .................. ppm

The methoxy signal for the methoxysteroid has 6 = .................. ppm
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Acetone |

0
I

\
CHy—C—CHj \
‘

A L T

Acetophenone

0
I

CgHs—C—CHy

‘‘‘‘‘‘‘‘‘‘‘‘

3,3-Dimethyl-2-butanone
0 CH,

———— W}

CH3—C—T—~CH3

|
[ -

9 8 ‘ 7 G 5 . 3 2

00
The protons in the methyl group next to the carbonyl group give
signals at

for acetone, O = e ppm

for acetophenone, O = susiississsesininderssssnsinsiois ppm

for 3,3-dimethyl-2-butanone, o T ppm
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X y
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CHz;—CH,—CH,—CHg,

Alkane

X

0]
]

y

1

CHy;—C—CH,—CH,

Ketone

X

|

CHy

Aromatic

to ppm
to ppm
to ppm
to ppm
to ppm
to ppm

Using a correlation table, write down the appropriate chemical shift

ranges for the protons labelled X and Y.

Slide A30

Using a correlation table, write down the appropriate chemical shift

CH
N3
CH3 CH2 CH\
CH3
Alkane

CH3 CH=—=CH CH3
Alkene

CH5 CH, C=CH
Alkyne

CH3—®—I£

Aromatic

d=__to___ppm
0=__to____ppm
d=__to___ ppm
0=___to____ppm

ranges for the protons indicated by an arrow.
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CH3 CHZCH2 CH2 CH2 CHZOH 0=___to____ppm
Alcohol
CH3 CH2 CH2 CH2 CH2—C—OH 0=__ _to_____ppm

Carboxylic acid

@—O}'I 0=__to___ _ppm

Phenol

Using a correlation table, write down the chemical shift ranges for
the protons indicated by an arrow in the alcohol, carboxylic acid and
phenol.



13

Slide A34
| |
t-Butanol (CHg)y-C
ik
CHy—G—oM
CHy
—OH
|

t-Butanol+D,0

The spectrum of t-butanol with D,0 differs from that of t-butanol
alone as follows:
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Offset=5pgm '

C,H40,

Acetic acid CH;—C—OH

OR o

Methyl formate H—C-—0CH,
i iy
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s by b b b g
2 = 7

The signal at 6 =

The signal atd = .................... ppm is due to

The compound which gives rise to this spectrum is therefore:




