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Splitting for
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aligned  opposesd
* Noneqguivalent protons on adjacent carbons have magnetic fields
that may align with or oppose the external field.

* This magnetic coupling causes the proton to absorb slightly
downfield when the external field is reinforced and slightly
upfield when the external field is opposed.
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1,1,2-Tribromoethane
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Doublet: 1 Adjacent Proton
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Triplet: 2 Adjacent Protons

chemical
shift of H?

or
spins of Hb protons: ? f ¢ ﬁ
e
e
HP protons HP protons

reinforce field oppose field




e

Hs that Hrese peaks
w’"; lo are QafJ'auwf

— 7N
° T er 3
J Coupling Constants Ciral
* Distance between the peaks of multiplet proten NMHR

. D @’unvw protons
* Measured i .

H— c — O
|

Bo H K
* Not dependent on strength of the external field

2) aafl)' st carbon

H

* Multiplets with the same coupling constants may come from «-: - ¢ o
adjacent groups of protons that split each other. splobh :

H
Vl‘a - b c
Colu P}fﬂtﬁ

Nt |

3) nor eg]‘f“‘”w Protons

- J
compPlex clural o N

3pu,+»tin3



ol aon
L Hs I Laas
vele t

-@Ui

e e 5yl

J s 57

e empi . §erinal
meta
. qflalic
« Free rolation
, orthe
- eu
* +rans

C,.b-'lb(,*cjf—-_;a.al

Values for
Coupling Constants

| | Approx. J
— (ll s (|? —  (free rotation) 7 Hz®
H H
oy "
/CZC\ (cis) 10 Hz
H H
ey o
C=C (trans) 15 Hz
oo W
H
e P H
C=C (geminal) 2 Hz
P ™ H

Approx. J

H
o
H

2 Hz
H

(meta)

\C/

— H 6 Hz
“H
(allylic)
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Stereochemical Nonequivalence

*Usually, two protons on the same C are equivalent and do not
split each other.

*If the replacement of each of the protons of a -CH_ group
with an imaginary “Z” gives stereoisomers, then the protons
are non-equivalent and will split each other.
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Time Dependence

* Molecules are tumbling relative to the magnetic field, so NMR is
an averaged spectrum of all the orientations.

* Axial and equatorial protons on cyclohexane interconvert so
rapidly that they give a single signal.

* Proton transfers for OH and NH may occur so quickly that the
proton is not split by adjacent protons in the molecule.
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N-H Proton .
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*On a second NMR spectrum the peak will be absent, or
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Combined 23C and *H Spectra
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* Resonance frequency is '@@ 15.1 MHz instead of 60
MHz.

* Peak areas are not proportional to number of carbons.

* Carbon atoms with more hydrogens absorb more strongly.
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Spin-Spin Splitting ’

« It i unlikely'that a 3C would be adjacent to another 13C, so

splitting by carbon is negligible.

« 3C will magnetically couple with attached protons and
adjacent protons.

* These complex splitting patterns are difficult to interpret.




Proton Spin Decoupling

* To simplify the spectrum, protons are continuously irradiated
with “noise,” so they are rapidly flipping.

* The carbon nuclei see an@)f all the possible proton
spin states.

* Thus, each different kind of carbon gives a single, unsplit
peak.



Off-Resonance Decoupling

*13C nuclei are split only by the protons attached
irectly to them.

*The N + 1 rule applies: a carbon with N number

of protons gives a signal with N + 1 peaks.
attaches)
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Interpreting 2C NMR

* The number of different signals indicates the number of
different kinds of carbon.

* The location (chemical shift) indicates the type of functional
group.

* The peak area indicates the numbers of carbons (if integrated).

* The splitting pattern of off-resonance decoupled spectrum
indicates the number of protons attached to the carbon.



- H | CGI'LaV) 4’3?‘@-

Two 13c NMR Spectra . S'— 1,»: JLLJ:

t1-4 "
N =y doxs ne=o
]3C NMR Lbﬂ-u_.l_l C —)LQ)’@‘-"-‘J 050;:\5;'_ ﬂ=2=3 < O,
O & a g
3 I || 2 y N3 /\')r
b CHg_C_CHz'—'CH; 3+ =Y :\(/
- i b c o{’ ) ‘?““"L"“' -
ne3 TMS bg
=+1-4  2-butanone
a uartet
= of
q
),
Q
>
b ™S | &
£z
p
cS

1111[11111111111111|111|J1111[1111|111111111]1111]1111111111111111111111111111111111111111111111111[1111111|1|1111111|11|11

240 220 200 180 160 140 120 100 80 60 40 20 0
o (ppm)




Hydrogen and Carbon Chemical
Shifts
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