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1. Nuclear Spin1. Nuclear Spin

Total nuclear spin is analogous to electron spin, but 
does not follow “Aufbau” principle so convenientdoes not follow Aufbau  principle—so convenient 
to look up in tables.

Three main types of nuclei:

• I = 0  (12C, 16O, 32S). No spin, no NMR.

• I = ½ (1H, 13C, 19F, 29Si, 31P; “dipolar nuclei”).
Simplest and most common nuclei 
st died b NMRstudied by NMR.

• I ≥ 1 (2H, 14N; “quadrupolar nuclei”). Less 
frequently studied but have importantfrequently studied, but have important 
coupling behavior with I = ½ nuclei.
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1H (I = ½) in CH3OH as an example.
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1. Nuclear Spin1. Nuclear Spin

1H (I = ½) in CH3OH as an example.

In the absence of an 
applied field, nuclei are 
randomly oriented½½
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randomly oriented.

Energies of all nuclei are 
equivalent
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Spins do interconvert 
periodically.



2. Applied Static Magnetic Field2. Applied Static Magnetic Field

1H (I = ½) in CH3OH as an example.
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applied field Bo, nuclei are 
oriented by the field.
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Energies of nuclei are 
split by the field.
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Sensitivity of NMR is dependent on
population distribution. So, sensitivity
depends on:
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1. Applied field strength Bo;

2. Magnetogyric ratio of nucleus ;
H

H
3. Abundance of spin in population.



great nucleus. 1

not so great. 1.76 x 10-4

also great. 0.83

3.85 x 10-6poor.

also great. 6.65 x 10-2

2. Applied Static Magnetic Field2. Applied Static Magnetic Field
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BoNuclei precess at the

Larmor frequency o =
2

Larmor frequency.

• Different for different nuclei
• Depends on field strengthDepends on field strength
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Big Fields MeansBig Fields Means
Big Magnets

Interior of a 4.73 T magnet (on 

Installation of 16.45 T magnet in 
Hasselmo Hall.
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2. Applied Static Magnetic Field2. Applied Static Magnetic Field

MI = -½½
Bo

E

MI  ½½

o =
Bo

2
MI = +½

Mo = “bulk magnetization”, 
sum of all spin vectors 
precessing about Boprecessing about Bo



3. Applied Radiofrequency Pulse3. Applied Radiofrequency Pulse

O ill ti li d fi ldBo
• Oscillating applied field

• Frequency matched to 
Larmor frequency of 

i l

M

precessing nucleus

• B1 makes individual 
precessing vectors 

Mo follow oscillation

• As a result, Mo also 
follows oscillation

• If B1 is halted, Mo

relaxes back to original 
state

Transient Mxy is detected 
by radiofrequency coil.

state


