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Purpose – measuring chemical exchange phenomenom
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Spin echoes?

wikipedia



Spin echo – Carr & Purcell Version



Bloch’s equation with a diffusion term (E. Hahn, Phys. Rev. 1950) 
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Solution : 



Bloch’s equation with a diffusion term (E. Hahn, Phys. Rev. 1950) 



Bloch’s equation with a diffusion term (H.Y.Carr & E.M Purcell , Phys. Rev. 1954) 

ai : 1 or -1
t : residence time of step
z : distance of step

Hahn’s results
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Hahn’s results

Carr&Purcell’s results



Spin echo – Meiboom & Gill Modification (CPMG experiments)

Hahn version CP version

CPMG version



Spin-Echo NMR of chemical exchange I. Theory (A.Allerhand&H.S.Gutowsky, J. Phys. Chem 1964)

Fast exchange limit
Approximation
(Z.Luz&S.Meiboom, 
J. Phys. Chem 1963)



Numerical calculation Results (A.Allerhand&H.S.Gutowsky, J. Phys. Chem 1964)
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T2 : transverse relaxation time with chemical exchange
T2

0 : transverse relaxation time

Large pulse separation ( tcp -> ∞ )

Short pulse separation ( tcp -> 0 )

T2 < 2tcp

Experimentally
impossible



Numerical calculation Results (A.Allerhand&H.S.Gutowsky, J. Phys. Chem 1964)

Large pulse separation ( tcp -> ∞ )

T2
0/T2 > 1.5

Limit of measurement

c.f. dw = 750Hz, Pa=Pb=0.5, T2
0 = 0.01

t >= 3.5 * 10-4 s



Spin-Echo NMR of chemical exchange II. Experiments
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Comparison between Spin-echo and High resolution

DMTCA
High 
resolution 
results



Advantages & Disadvantages

A major disadvantage of the spin-echo method is that nuclei with chemical shifts within gH1 of
the exchanging nuclei cannot be present. In typical pulse experiments H1 is 10 G, so that for
proton-exchange studies, all nonexchanging protons have to be replaced by deuterium.
However, there are a large number of systems with inter- or intramolecular exchange where
there are no interfering nuclei.

On this basis the reliabilities of the four methods

decrease in the order: spin-echo> line narrowing> intensity

ratio>peak separation.



Further works I. 




