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1955 SolomonZFEMZEEINOE (Nuclear Overhauser Effect)

1966 ETHEYErnstF1AndersonsEI] T
E 3 T izt iR
(Fourier Transform NMR)

1973 Mansfield3x 1554 Lz B (% &




1970s Jeener, Ernst f24/SEI T — LR (two-dimension NMR)

1985 WithrichEB ETFNOERY R EPREIFZHSE THE —1 (/) FZHBPTIAY
B REE

1987/8 =Rz HR, 13C, N[EMLZEFRIC

1990s % 7F{B#k3E4 (Residual Dipolar Couplings)
TJ/T, (ZFEIFMHHT O
X X tHxmT% (Cross-correlated relaxation)
TROSY (Transverse Relaxation Optimized SpectroscopY)
CRINEPT (Cross-Correlated RelaxatloN-Enhanced Polarization Transfer)
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Otto Stern Isidor Isaac Rabi Edward Mills Purcell Felix Bloch
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Richard R. Erns Kurt Wuthrich Paul Lauterbur Peter Mansfield
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Table 1.1 Nucle1 of Major Interest to NMR Spectroscopists

Abundance . s | Relative® v g at
Tostope ) Z Spin L 7 >0 L. At 7.04T
(%) sensitivity | 1T(MHz)

99.9844 1/2 2.6752 1.000 2.5 300

0.00964

llB

13C

g 0.00101

N 1/2 0.00104

19g 1/2

95 . 1/2

3p 100 15 1/2 1.0829 0.0664

a  Magnetic moment in units of the nuclear magneton. e//(? ui, c)
Magnetogyric ratio in SI units
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precession
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‘,u | =Y h[(] +1) I = quantum number

u, =y him m=1 I-1, I-2... -l = allowed states
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H (I =1/2)
Larmor frequency
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1H (I = 1/2)
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Chemical shielding
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Chemical shift:
— aoiso [HZ] = Vobs = Vo
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- O0; M1 = (Vo< = Vo)/ (Vo' 1 0-6 14 Tesla: vy = 600 MHz
iso [PPM] = (Vobs - Vo)/(Vo ) — 1 ppm = 600 Hz (*H)
°* ppm: parts per million

* ppm value is not field dependent 21 Tesla: vi = 900 MHz
— 1 ppm =900 Hz ('H)
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Observe with the Lamor frequency
— “rotating frame”
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Free Induction Decay (FID)
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* NMR Relaxation
- Restoring Boltzmann equilibrium

* T2-relaxation
- disappearance of transverse (x,y) magn
- 1/T2 ~ signal line-width

e Tl-relaxation

- build-up of longitudinal (z) magnetization
- determines how long you should wait for the next
experiment




e Sensitivity
— Signal to noise ratio (S/N)

e Sample concentration
* Field strength

e Resolution

— Peak separation
e Line-width (T2)
* Field strength
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Sample Resonance
preparation assignment

| soluble protein
stable
isotopic labeling

Further NMR experiments :
Dynamical study
Interaction study

Structure calculation
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R ERIE (2D NMR)




=Rz RIE (3D NMR)

Figure 1. llustration of the increase in resolution afforded by the increase in dimensionality. In the 2D

spectrium, four cross-peaks overlap. By correlation with a third resonance frequency, each cross-peak oblaing
e p. B) ] pe

a different position along a line in the 3D specirum, thus resolving the overiap problem
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proton A proton B

spin-spin interactions
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Properties of NMR friendly nuclides

Nuclide Spin Number  Gyromagnetic Ratio (y) Natural Abundance

[10" rad T s7] [%]
1/2 26.7519 99.985

1 4.1066 0.015
1/2 6.7283 1.108
1/2 -2.7126 0.37
1/2 10.8394 100.0




Overview of NMR structure determination
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