Nuclear Magnetic Resonance
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Number of Signals, Chemical

Shift, Coupling and Integration
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Number of Signals and Chemical Shift

Equivalenthydrogenshave the same chemical shift.

Hydrogengprotons in different environments will show different
AEAT EAAI OEEEOOSI_)L OEA . -2 AAIlI
OA6 DOIT Ol dechieldedA 11T OO

bR e el e piilla e e e e el e ] C h) AAAAAAAAAAAAAAAAAA
R R (|:— c—0—
b
O N
X
N N
14 | i < o i
,,,,,,,,,,,,,,,,,,,,,,,,,,,, Uil I
! Al
10 9 8 7 6 5 4 ) 2 1 0

o (ppm)
Copyright © 2005 Pearson Prentice Hall, Inc.

H-NMR Spectroscopy 2






Intensity of Signals - Integration

AThe area under each peak is proportional to the number of protons.
AShown by integral trace.
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Spin-Spin Splitting (Coupling)

ASignal splitting occurs when there arainequivalent protons (therefore
have a different chemical shift) on the neighboring carbons.

ASignal splitting for a proton is neighboring proton +1.
AThis has to do with the alignment of the protons to the magnetic field.
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More on Coupling B
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The N+ 1 Rule

If a signal is split byN equivalent protons, it is split intoN + 1 peaks.

Relative Peak Intensities of Symmetric Multiplets
Niumber of Equivalent Number of Peaks Area Ratios
Protons Causing Splitting (multiplicity) (FPascal s triangle )
0 | (singlet) J
I 2(doublet) 11
2 3 (triplet) 1 2 1
3 4 (quartet) 1 3 3 1
4 5 (quintet) 1 4 6 4 1
5 6 (sextet) 1 5 10 10 51
6 7 (septet) 1 615 20 15 6 1

Range of Magnetic Coupling

£ Equivalent protons do not split each other.

Protons bonded to the same carbon will split each othemnly if they are
not equivalent.

Z
£ Protons on adjacent carbons normally will couple.
Z Protons separated by four or more bonds will not couple.



No coupling betweenHs because of electronegativ® inthe middle.
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Splitting for Ethyl Groups
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