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MeTon aaepHOro marHuTHoro pesoHaHca (AMP) ocHoBaH Ha
B3aMMOLENCTBUMN BHELLHErO ) OCHOBaH Ha
B3aMMOZENCTBMM BHELLHEro MarHUTHOrO MOss C ) OCHOBaH Ha
B3aMMOZENCTBMMN BHELLHEro MarHUTHOro Nons cagpamu, UMeLLnmu
MarHWTHbIA MOMEHT, T. €. NS SAep C HEHYNEBLIM . K Hum
otHocaTtca 'H, °C, °N,*°P u gpyrue. Cnektpockonus AMP Ha
aapax 'H B HacTosLLee BpeMsi Haubornee passuTa 1 nonyynna
Ha3BaHue (MMP).

Appornblk MarHnTTiK pesoHaHc (AMP) cbIpTKbl MarHUTTIK ©PICTiH
MarHUTTi MOMEHTI bap aaponapMeH e3apa apeKeTiHE Heri3aenreH.
Onapra 'H, "3C, "N, P xaHe 6ackanap xatagbl. AgpocbiHga 'H 6ap
CMNEKTPOCKONUS Kasip XaKCbl JaMblfaH XXaHe 051 NPOTOHAbl MarHUTTI
pesoHaHc ([MMP) goen atanagbl.



CabakTblH MaKkcaTbl:
AfQponbIiK MarHUTTI pe30oHaHC
94ICIMEH TaHbICcy
AMP kapananbim
CneKkTpnepiMeH TaHbIcy



Tinaik TepMmnHoNorng
AfQponbIiK MarHUTTI pe30oHaHC
-magnetic nuclear resonance-
A0epPHO MarHUTHbLIN PE30HAaHC



- Samples are dissolved in solvents free of 'H atoms, e.g.
ccl,, CDCl,,.

CHj
« A small amount of TMS

(tetramethylsilane) is added to calibrate ~ CHz3——Si—CH;
the spectrum.

_ CH;
 |tis used because:

« its signal is away from all the others

* it only gives one signal

* it is non-toxic

* itisinert

* it has a low boiling point so is easy to remove



No. of Signals = No. of Environments
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Intensity of Signals e« Number of H

« The area under each peak is proportional to the number of protons.

Mnowanb nog KaxabiM NMKOM NPOonopLMoHanbHa YMcny NpoTOHOB

* Shown by integral trace. MokasanHbiit Ha MHTerpanbHo KpUBON.
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How Many Hydrogens?

When the molecular formula is known, each integral rise can be
assigned to a particular number of hydrogens.
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EQUIVALENT H's

* |In a spectrum, there is one signal for each set of
equivalent H atoms. B cnektpe , ectb oguH curhan ans kaxaoro
Habopa 3KBMBaNEHTHbIX aTOMOB H .

* The intensity of each signal being proportional to the
number of equivalent H atoms it represents.

* NHTEHCUBHOCTbL KaXgoro CurHarsia nponopunoHasibHa Kofmm4ecTtBy
3KBMBAaNeHTHbIX atomoB H oH npeactaBlideT.



W@ 2 sets of equivalent H’s: ratio 6:2 (3:1)

Br
@ @ @ @ 4 sets of equivalent H's: ratio 3:1:2:3

Br

@ @ @ @ @ 5 sets of equivalent H's: ratio 3:1:2:2:3

CHs C @—@ 4 sets of equivalent H’s: ratio 6:1:2:3




For each of the following compounds, predict the
number of signals and the relative intensity of the
signals.

a) methylpropene f) ethyl propanoate
b) propene g) 1,2-dibromopropane
c) 2-chloropropane h) dimethylethyl
d) propanone propanoate

e) methylamine i) but-2-ene



CHs

CH,—C—CHjs

methylpropene

CH,—CH—CH;

propene
Cl

CH3—CH—CHs;

2-chloropropane

O
|

CH3—C—CHg

propanone

CHs—NH,

methylamine

0
|
C

CHy;—CH, O— CH,—CH

ethyl propanoate



CHs

=C—CH3
2 signals: ratio 6:2 (3:1)
methylpropene

3 signals: ratio 2:1:3
propene
Cl

CH;— CH—CHs

2 signals: ratio 6:1

2-chloropropane

O

CH;— C—CHs,

1 signal

propanone

CHz— NH;

2 signals: ratio 3:2
methylamine

I
CH;— C—O—CH,—
4 signals: ratio 3:2:2:3
ethyl propanoate




Br Br (‘) CH;

CH,—CH—CHs CH; —CH,—C—O0—C—CH,
CH,
1,2-dibromopropane dimethylethyl propanoate

CH3z— CH=—CH—CHjs

but-2-ene



Br Br O CHs

CH,— CH—CHj CH;— C— O—C—CH;
3 signals: ratio 2:1:3 3 signals: ratio 3:2:9 CH3
1,2-dibromopropane dimethylethyl propanoate

CH3— CH=CH— CH3
2 signals: ratio 6:2 (3:1)
but-2-ene



RELATIVE INTENSITY

ﬂ

a |-

There are four signals here — each has the
same area and so represents the same
number of H atoms



Integral given as number/ratio of H
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[ — type of proton chemical shift, type of proton chemical shift,
| é/ppm d/ppm
L CH;—C 0.7-1.6 6.4-8.2
H
C—CH,—C 1.4-2.3 —C—CHO 9.4-10.0
C—CH—C
|
C
NcH—c— carbonyls 2.0-27 =G OH 0.5-4.5*
- esters
O  amides
acids

—CH—N amines 2.3-2.9 4.5-10.0*
amides OH

2.3-3.0 —C—NH 1.0-5.0*
CH

—O—CH alcohols 3.34.8 —CO—NH 5.0-12.0*

esters

esthers
—CH—Clor Br 3.04.2 —CO—OH 9.0-15.0*
—CH=CH— 4.5-6.0 *these signals are very variable (sometimes

outside these limits) and often broad.




What type of proton chemical shift, type of proton chemical shift,
é/ppm é/opm
are CH;—C 0.7-1.6 6.4-8.2
3 w0k . 5
O
frequencies
of CH—C 1.4-2.3 C—CHO 9.4-10.0
C—CHx>— 4-2. —C— 4-10.
these C—OH—C
|
C
NcH—c— carbonyls 20-27 —C—OH 0.5-4.5*
- I esters
O amides
acids
—CH—N amines 2.3-2.9 4.5-10.0*
amides OH
2.3-3.0 —C—NH 1.0-5.0*
CH
O—CH alcohols 3.3-4.8 —CO—NH 5.0-12.0*
esters
esthers
—CH—Clor Br 3.04.2 —CO—OH 9.0-15.0*
—CH=CH— 4.5-6.0 *these signals are very variable (sometimes

outside these limits) and often broad.




What type of proton chemical shift, type of proton chemical shift,

é/bpm S/opm
are 0.7-1.6 6.4-8.2
the 7-1. @ e 4-8.
frequencies
of
1.4-2.3 —C—CHO 9.4-10.0

these

NcH—Cc— carbonyls 20-27 —C—OH 0.5-4.5*
-~ esters
O  amides

acids

amines 2.3-2.9 4.5-10.0*
OH
2.3-3.0 —C—NH 1.0-5.0*

—QO—CH alcohols 3.3-4.8 —CO—NH 5.0-12.0*

esters

esthers
—CH—Clor Br 3.04.2 —CO—OH 9.0-15.0*
—CH=CH— 4.5-6.0 *these signals are very variable (sometimes

outside these limits) and often broad.




What type of proton chemical shift, type of proton chemical shift,
é/ppm s/opm
are CH;—C 0.7-1.6 6.4-8.2
3 G ot £5 . .
O~
1.4-2.3 —C—CHO 9.4-10.0
ScH—c— carbonyls  2.0-2.7 —C—OH 0.5-4.5*
R esters
O amides
acids
—CH—N amines 2.3-2.9 4.5-10.0*
amides OH
2.3-3.0 —C—NH 1.0-5.0*
CH
—O—CH alcohols 3.3438 —CO—NH 5.0-12.0*
esters
esthers
—CH—ClorBr 3.04.2 —CO—OH 9.0-15.0"
—CH=CH— 4.5-6.0 *these signals are very variable (sometimes

outside these limits) and often broad.




0 H next door
singlet (s)

1 H next door
doublet (d)

2 H next door
triplet (t)

3 H next door _ Y,
quartet (q)

= - =

n+1 O

more H next door
multiplet (m) 8 / 6 5 4 3

d chemical shift



SPIN-SPIN

COUPLING

signal singlet doublet triplet quartet
appearance JL \ | /\ \ \
number of
lines 1 2 3 4
number of H's
next door 0 1 2 3
relative size 1:1 1:2:1 1:3:3:1




Splitting for
3,methylpropan-2-one
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Number of H's next door +1

But you don’t couple to
e H’s that are equivalent

e H's on O’s




Hydroxyl Proton

Hz
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impurities will not
show splitting.




v Explain the splitting patterns

H3C—C\
O—CHo=-CHa
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hatterns

4 W Explain the splitting |
Cl—C—C—C—C|
[y
TMS
M gl
I I * I " I ¢ @ & 1
6 S5 4 3 2 1



B =375

H H H - Triplet (3)
c1—¢ ¢—¢-cu
H H H
B A B
A=220
Quintet (5)
TMS
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0O methyl propanoate

\)lv
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Explain the splitting pattern
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methyl propanoate




Hydroxyl Proton

Arises because the H on the OH, rapidly
exchanges with protons on other molecules
(such as water or acids) and is not attached to
any particular oxygen long enough to register
a splitting signal.

$$0o— o




OH hydrogens are This is a quartet despite
always seen as a singlet the fact that there are 4
«- there is no splitting H’s on adjacent atoms - ),
the H on the OH doesn’t
couple



Identifying the O-H or N-H Peak

« Chemical shift will depend on
concentration and solvent.

 To verify that a particular peak is due to
O-H or N-H, shake the sample with D,O

* Deuterium will exchange with the O-H
or N-H protons.

* On a second NMR spectrum the peak
will be absent, or much less intense.



before shaking with D,O after shaking with D,O

% 2 2B SRR + L

H atoms attached to the N in amines also interchange with deuterium




SUMMARY

Number of signals how many different sets of
equivalent H atoms there are

Position of signals information about chemical
environment of H atom

Relative intensities gives ratio of H atoms for peaks

Splitting how many H atoms on adjacent C
atoms



For each of the following compounds, predict the
number of signals, the relative intensity of the
signals, and the muiltiplicity of each signal.

a) methylpropene f) ethyl propanoate
b) propene g) 1,2-dibromopropane
c) 2-chloropropane h) dimethylethyl
d) propanone propanoate

e) methylamine i) but-2-ene



CHs

2 signals: ratio 6:2(3:1)
S S

3 signals: ratio 2:1:3
d md

Cl

CH;— CH—CHs

2 signals: ratio 6: 1
d m

O

CH;— C—CHs,

1 signal

CHz— NH;

2 signals: ratio 3:2
t q

I
CH3—CH,—C—0—CH,—
4 signals: ratio 3:2:2:3

tqqgt



I_‘%r I‘Br ﬁ CHs
CH,— CH— CHj CH;— CH,— C—O——C—CH;
3 signals: ratio 2:1:3 3 signals: ratio 3:2:9

d md t g s CH3

CH3 — CH=CH— CH3

2 signals: ratio 6:2(3:1)
dq



O=0

CHs CHa —CHa

3:2 tripket & quartet CH; —
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Chemical shift, 8/ppm






KEY POINTS

e 13C NMR spectra are often simpler than 'H NMR spectra.

e They give a lot of valuable information about the chemical
environment of C atoms (e.g. the difference between C
atoms in C=0, C-N, C=N, C-C, C=C, etc.).

e There is one signal for each set of equivalent C atoms.
e There is no coupling (unlike *H NMR).

e The size of signal is not relative to the number of equivalent
C atoms (unlike H atoms in H NMR).

e As gw IH NMR, the chemical shift (d) is measured relative to
TMS.

e Although deuterated solvents are usually used, there will be
a signal for any C atoms in the solvent.



Example 1 - butanone ”
CH3— CHQ— C_ CH3
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CHy3—CH,—CH,—CH
Example 2 - butane & : ] ;
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Example 3 - ethanol CH;—CH,—OH
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