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Theoretical Background of Dynamic Nuclear Polarization

The general theory of Dynamic Nuclear Polarization is well described elsewhere[1,2]. Here only the specific case of the interaction between an electron spin S carried by a radical species and a proton spin I in liquids in a constant magnetic field B0 shall be considered. More details can be found in the litterature[3-10].
The Overhauser effect (E) on spin I that occurs upon EPR irradiation (usually by microwaves) of spin S coupled to it can be calculated as:
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where IZ and I0 are the observed and equilibrium polarization of the nuclear spin, SZ and S0 the observed and equilibrium polarization of the electron spin,  the electron-nucleus coupling constant and f the leakage factor.

Assuming a pure dipolar interaction under the extreme narrowing limit, the electron-nucleus coupling constant  can be approximated to ½.  The leakage factor f represents the part of the electron-nucleus interaction in the longitudinal relaxation of the nucleus:

[image: image2.wmf]0

1

1

1

I

I

T

T

f

-

=

                                  (A2)
 where T1I and T1I0 are the T1 values of the nucleus observed in the presence and the absence of the radical species. Knowing the spin-lattice relaxivity r1 and the concentration c of the latter, f can be written as:
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The saturation factor s of spin S induced by EPR irradiation can be introduced in the formulation of the Overhauser effect E as:
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where S and I are the magnetogyric ratio of the corresponding spins. The saturation factor is described as:
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where T1S and T2S are the spin-lattice and the spin-spin relaxation time constants of spin S, B1 the irradiating magnetic field oscillating at angular frequency ( and (S the resonance frequency of the electron. The value of s ranges from zero in case of no saturation to unity in case of complete saturation.

In case of an additional hyperfine coupling of the electron with an adjacent nucleus K, a number of possible transitions between spin states can occur hence resonance splitting of the EPR lines. In nitroxides the electron is coupled with a hyperfine constant ASK to the 14N nucleus (K=1). Six spin states can then be defined and 6 possible transitions. At “high fields” (
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), only 3 transitions between spin states are considered, with 3 resonances in the nitroxide EPR spectrum. As only one EPR line can be saturated, the Overhauser effect is divided by the multiplicity n (n=3). 

Taking into account the saturation time TS of a given EPR line the Overhauser effect can be written as:
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Under the experimental conditions of the present study, the maximal value for E, i.e. the maximal possible enhancement in the MRI signal, is around 110.
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