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Nucleus % Natural abundance 1 Number of energy levels

'H, a single proton 99.985 : 2

H, a deuterium nucleus, D 0.015 1 3
B 20 3 7

''B 80 - 4

12C 98.9 0 1

BC 1.1 = 2

4N 99.6 1 3

'°0 99.8 0 1

R 100 l 2
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y: Gyromagnetic Ratio
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energies of
'H spin states

—

1 |
al This essentially a measure of

"how magnetic" the nucleus is:
how fast the energy difference
between the various spin states
goes up with an increasingly

energy separation of
H spin states in mag
field of strength B

same energy 1= = = = = 7§ strong external field. Higher
In abgence of | TH{ numbers are better. It can be
mag field | positive or negative. Sensitivity
é > scales as y°2.
strength of magnetic field Protium: 26.8

Carbon-13: 6.7
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energies of
'H spin states

/\ 13C$

sameenergy |- — — — — — 'smaller energy

energies of
13C spin states
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energy separation of ___——13¢4
'H spin states in mag

field of strength B
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Resonance frequency in Resonance frequency in

Nucleus 45477 magnetic field

an 18.8 T magnetic field

/ MHz / MHz
'H 200 800
’H 30.7 122.8
13C 50 200
3lp 81 324
195pt 43.3 173.2

HBEKRYBESAKRLIZS0 pT

Xiamen University .



0 Sample
lift (air)

| ~Sample

}Z:ﬂ,'

Superconducting
Magnet

Ascend™ 950
Aeon

Legs

intensity
intensity

Time (s) d (ppm)
FID Spectrum

NMR JEEXPHEHEDRE B S | ©HEEREIRAZEY (NbTaTi);Snhlpk,
XMTHREERE TTEEESE | Bt s ARIHNBRAINEZXEF.

Xiamen University >



NRATB ISR FIZ(EZHEIIR T E R AR A BT ST £ HRE RISIERLR |
BE FTAE K- 322 HRNIRERR [ ZBEIRMIRETARLT.
(BELHIARMLE, ARBIESZEREENHIEFEATENRFIZAER
HBER:., XRIRNBRTRFZEABNRFEE. ElnT , BT
XtF—HAEs] , LEEMRE(]B CRI# , SIMIE7EHER.

electron 'cloud’

\ magnetic field set up
4~ by moving electrons
opposes the applied
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peak of interest difference just a few Hz

/\
/ peak from frequency of resonance - frequency of reference

. . . — 6 X
/ reference chemical shift, 3, in ppm = 10 frequency of reference

compound

P / ™ millions of Hz

multiply by 10° to get a reasonably
sized number expressed in ppm

<——— increasing frequency
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<——— increasing frequenc ical shift (i =10 x
gireq y chemical shift (in ppm) = 10 A& x frequency of reference
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Compound used is TMS - tetramethylsilane
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silane, SiH, tetramethylsilane, Si(CH3),4
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Compound Shift of methyl carbon / ppm

CH;Li —-14

Si(CHy),4 0 by definition

CH;CH; 7
CH;Cl 26

CH3;NH; 28

CH;0H 50

CH;NO, 61
CH;F 72

CH;Li is like “CH7 Li*” —the carbon is heavily shielded
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withdrawing withdrawing
groups attached groups attached
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