The influence of spin relaxation and locally
strong spin exchange on magneto-spin effects
in radical pairs in high magnetic fields

Alexander B. Doktorov

V. V. Voevodsky Institute of Chemical Kinetics and
Combustion, SB RAS, Institutskaya 3, 630090,
Novosibirsk, Russia

E-mail: doktorov@kinetics.nsc.ru



mailto:doktorov@kinetics.nsc.ru

’@ Content

1. Introduction

2. Interactions in radical pairs (RPs)
3. Stochastic Liouville equation (LSE)
4. Magneto-spin effects

5. Effective radii and efficiencies

6. Locally weak and strong exchange
7. General results

8

. Examples in the absent of spin
relaxation



Introduction
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Magneto-spin effects in high magnetic fields have a
significant effect on the formation of spin chemistry
phenomena. They are recombination yield and
chemically induced dynamic electron polarization
(CIDEP) of geminate radical pairs (RPs).
Polarization of electrons is manifested in abnormal
intensities (as compared to equilibrium ones) of
ESR spectral lines which can be either emission or
enhanced  absorption. There are various
mechanisms of the formation of this phenomenon.
We consider the radical pair mechanism.



Introduction

Theoretical consideration of recombination and
stationary electron polarization has a long history and
was based both on numerical methods and on
analytical calculations. However, consistent analytical
consideration of magneto-spin effects was conducted
under condition of locally weak exchange interaction
and neglecting the longitudinal relaxation. Based on
the generalization of gyroscopic model we consider
the most general case for spherically symmetric
system and contact recombination. It has been shown
that longitudinal spin relaxation essentially influences
effective radius of dephasing induced by non-local
exchange interaction of radicals.




external magnetic field and nuclear

é Interaction of radical spins with high
spins
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Spin relaxation
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 Relaxation Liouvillian R has elements
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Singlet and triplet recombination

. Recombination Liouvillian
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Here braces denote anti-commutator.
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P and Q — projection operators




* Dephasing interactions
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 Stochastic Liouville Equation for density matrix
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 Singlet recombination yield

Magneto-spin effects
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« Electron spin stationary polarization
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é Free Green function (Resolvent)

Equation and connected “relaxation™ parameters
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g Other connected parameters

* “Frequency” parameters
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* Reduced (dimensionless) reaction constants
K d-A

k. = _ =K (d)—=K.(d)r (i=5.,T.d
= ampa ) =Kild)e )
 Reaction efficiencies of recombination

_RS_ kSCO _RT kTCO
Ps = Pr=——

d 1+k.c,’ d 1+k,c,




Combined parameters

"Triplet recombination’” parameters
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Effective values
Effective population difference
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m Exchange (dephasing) resolvent
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[  Weak and strong exchange

 Week exchange Strong exchange




(20 Stationary Electron Polarization

General condition
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% Singlet Recombination Yield
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A — 1 Pa g‘pd‘z
d — N
Cag l—Repd+g(Repd—‘pd‘ )
g: §T 1
CuB




| o Dephasing at weak exchange
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Neglect of spin relaxation
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* Neglect of spin relaxation
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ﬁ Parameters for

freely diffusive RP
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Magneto-spin effects
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Parameters in micelle
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ﬁ Recombination yield in micelle
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Polarization in micelle
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Gyroscopic model

Sx:pSTO(r’t)_I_IOTOS(r’t)’Sy:i(pSTO(r’t)_IOTOS(r’t))

\ =pSS(l” t)_pTOTO(r t) . = Pr.t, (r’t)_pTT (I’,t)

5, ,055(’” t)+/0TOTO(r t) I, =Pr.r. (I’ t)-l_pTT( 9t)
s (

S={S£(r). S (r). $E(r). T (r)}

(Q+R+J(r)+K 5(r-d) +ﬁer(r) =-§, 5(r-d)
drrd drrd

_ ¢ of _
Sox =90, =0, 8y, =y TOZ—GT+—0T_,




Liouvillians
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