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Spin correlation effects in spurs.

Brian Brocklehurst,

Chemistry Department, Sheffield University, Sheffield, S3 7HF, U.K.

In solids and liquids, high energy particles produce tracks consisting of spurs - groups
of ion pairs, excited molecules and free radicals. A considerable effort has been put into the
simulation of reactions in spurs, but, until recently, the role of spin in spur processes has
been neglected. This is justifiable for dilute aqueous solutions, because of the fast spin
relaxation of hydroxyl radicals. In many other systems, spin correlation is less readily lost as
is demonstrated by the effects of applied magnetic fields.

It is important to distinguish the effects of spin correlation and spin evolution. Because
of hyperfine interaction between electrons and nuclei, the spin wavefunction evolves over
some tens of nanoseconds giving rise to the familiar magnetic field and magnetic isotope
effects among geminate radical pairs. However, in a mobile liquid, most of the intra-spur
reactions are complete within about ten ns. So, in many cases, spin evolution during the spur
Iifetime can be neglected. A single pair just remains singlet but the 'effects of spin
correlation are more complicated for two or more pairs. For example, in a two-pair spur
which is in an overall singlet state, if one pair reacts as singlet, then the other pair must also
be singlet; if the first is triplet, the sec0l1:d must be triplet too - a striking result of quantum
mechanics.

A Monte Carlo model for spur reactions has been developed, capable of handling up to
five radical (ion)" pairs (ten unpaird electrons). Reaction dynamics are based on the
independent pairs approximation. The initial wavefunction is set up as overall singlet; when
an encounter occurs, e.g. between two radicals, the singlet and triplet amplitudes are
evaluated for that pair, a choice is made using a random number and the wavefunction is
updated accordingly.

Some of the results obtained for alkane solutions will be presented. The number of
reactions involved is large so that direct comparison with experiment is hardly feasible as
yet. However, the model is being used to explore spin effects and their role in processes in
spurs. Magnetic field effects due to subsequent spin evolution can be predicted. One
problem is that the distribution of spur sizes is only experimentally accessible in the gas
phase. However, this can be overcome experimentaIly, by using vacuum ultraviolet photons
to produce events with a known energy content.

Unlike alkanes, aromatic compounds have stable triplet states; the spin-spin interaction
in these species (zero-field splitting) causes spin evolution over 1-2 ns, i.e. before the spur
diffuses apart. This leads to magnetic field effects on this time-scale which have been
detected using vacuum ultraviolet excitation. The spur model is being extended to include
coherent spin evolution of triplet states, their spin relaxation and inter-system crossing.
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ESE is an attractive technique for the studies of short-lived para­
magnetic species. Its high time resolution, determined by width of the
first probing MW pulse, approachs to a few nanoseconds. Thus it seems
possible to inspect early period of CIDEP formation and kinetics of rad­
icals separation at sufficiently high viscosities. Next mechanism restriets
such possibility. If radicals are instanteously formed in pairs their sub­
siquent diffusion results in random shifts of their Larmor frequencies due
to the interradical dipole-dipole interaction (DDI). That process leads to
dephasing of the transverse magnetization, formed by the pulse applied
elose to the moment of the radicals creation, and lasts mostly within the
dead-time after applying this pulse. The main result is grouth or risetimes
of ESE or FID kinetics. To check the value of proposed mechanism we ap­
plied the M~nte-Carlomethod to model calculations of primary echo (PE)
amplitude V(t,r)=Vo(t) . Vd(t,r). Here r is the time interval between two
MW pulses, t is time interval between the moments of radicals formation
and application of the first pulse. The term Vo(t) is the PE singnal to be
measured at r = 0, Vd(t,r) is due to DDI. We calculated Vd(t,r) for a set
of diffusion coefficient (D) of radicals. For r = 0.3Jls and D < 10-6 cm-s",

the risetime of Vd(t, r) increased enough to allow in some cases its using for
estimation of D by comparing measured kinetic profile with calculated one.
To illustrate that we apply ESE to record the CIDEP kinetics of t-butyl
radicals generated in photolysis of di-t-butylketone in 2-propylbenzene at
viscosities up to 103 cP. The rising initial parts, isolated from the PE ki­
netics taken for set of TI, were used to obtaim dependence of D on TI for
t-butyl radicals at the early period of their history.
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MEANS OF MAGNETIC SPIN EFFECTS
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The reversible photoinduced transformations in amorphous

chalcogenides are weIl established phenomena. In this work the

attempt of elucidation of such transformations in thin films of

amorphous As Se prepared by vacuum sublimation have been made by
2 3

measuring of the stationary photoconductivity and its variations in

external magnetic field (H) with the strength 0-12 kOe in the

temperature range 170-330 K.. It was found that the photocurrent

kinetics after the switching on of the light and the character of

the magnetic field effect (MFE) depend on the intensity of light,

I. Two types of MFE have been observed. When I was - 1 wt/m2

swit.chi.nq on of the field led to decrease of the 'ph otiocur-re nt;

through the sampIe with the time ccnst.ant; 1:' ::s 1 s, i. e. to fast

MFE. But if· I was more then 10 wt/m2 together with the fast

negative MFE the poa i.t.Lve del ayed MFE with 1:' "" 10 2 s has been

observed. with I increasing the value of fast MFE decreased while

the value of the delayed one increased. The dependences of the fast
J

and delayed MFE on H correspond to the relaxation mechanism of the

evolution of the full spin of the pairs of particles. The fast MFE

is connected with the dependence of the rate of geminate

recombination of the electron-hole pairs (e ... h) created by the

photoexcitation on their spin state. The appearance of the delayed

MFE is caused by the recombination of the free charge carries

(electrons and holes) on the photoinduced paramagnetic centers. In

the frames of 'Mott-Davis-street model [1] such centers are neutral

ones DO. According to the model of Klinger with coworkers [2]

paramagnetic centers of recombination may be formed after the

autolocalisation of electrons (holes) and they are charged.

1. Mott N.F., Davis E.A., Street R.A. Phil. Mag. 31 (1975), 961.

2. Klinger M.l. Uspekhi Fiz. Nauk 152 (1987), 623.
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SPIN UNCOUPLING IN RYDBERG STATES

by

S. P. McGLYNN

Department 0/ Chemistry
Louisiana State University

Baton Rouge, LA 70803 (U. S. A.)

ABSTRACT

The analysis of the rotational sub-band structure in the B bandsystem of methyl
iodide by Mulliken and Teller has been extended to all four states of the .. .4a,22e36sa,

Rydberg (R6s) configuration. All available one- and two-photon absorption data can be

reproduced using a single set of molecular constants and selection rules derived by
generalizing the frame transformation of the quantum defect theory to a symmetrie top
molecule. It is shown that eleetronic-nuclear interactions in addition to the electronic
Coriolis coupling term must be included in an interpretation of the rotational structure
of the R6s states. In particular, uncoupling of the spin of the Rydberg electron from the
molecular axis is a key element in understanding the results. Molecular constants
obtained by fitting experimental bandshapes of the R6s origins are shown to be those of
the alternative levels of the freely-rotating, electronically-degenerate molecu1ar ion

core, CH3I+(2E3/2,l/2).
J



ANALYTICAL TREATMENT OF MAGNETIC FIELD EFFECTS AND CIDNP IN

CONTACT GEMINATE RECOMBINATION OF RADICAL-ION PAIRS

IN SOLUTIONS OF ARBITRARY POLARITY.

N.V.Shokhirev and A.A.Zharikov .

Institute of Chemical Kinetics and Combustion

Novosibirsk, 630090, Russia

At present there is a substantial progress in studying

magnetic and spin effects in the processes of radical pairs

geminate recombination (for example, see [1]). A model of

non-interacting radicals in high magnetic fields with the

recombination at the contact is the most developed model providing

analytical description [1]. In a practically important case of

ion-radical pairs (IRP) with the Coulomb interaction between

partners, only approximate analytical approximations exist which

are based either on the generalization of numerical ' calculations

[1,2] or on the perturbation theory [3].

At the same time, the analytical approximation of the Green

function for diffusion motion in the Coulomb potential which has
, .

recently been put forward [4] allows one to analytically describe

magnetic and spin effects for the case of IRP recombination in
.J

media of arbitrary polarity.

In the present paper general expressions for recombination

probabilities in the case of contact recombination (with the rates

Ws and wT for singlet and triplet states, respectively) and the

contact exchange interaction are obtained. The reagents motion is

described by the isotropie continuous diffusion in the Coulomb

potential. IRP are generated at the distance r o in the state
A

described by the spin matrix °

Os S = Vs/.K, °T T = VT/ ( 3.N" ), ,
Here Vs and VT are initial populations (VS + VT = 1), and Jl is the

number of nuclear subsystem states.

For the case of high magnetic fields, general formulae for

the yield of singlet and triplet products take the simplest form

Ps =~(ro'ws){V; - ~[O(b,Ws)V;- ~O(b,WT)V;] - ßQ(b,WST)CST}X



X(iWST) = ~(b,iWST)/~o(b)

* 1 -t ' 1
Vs = VS- 2(1-e cos ~)(VS-3VT)'

PT = ~(rO'WT){~(2VT+V;) + ~[O(b,ws)V;-~Q(b,WT)V;]+ ßQ(b'WST)CST}~
where

I = {Re X(iWST) + O(b,WST)IX(iWST)12}/ä , ß = Im X(iWST)/ä ,

ä = 1 + ![O(b,ws)+O(b,WT) + 20(b,wST)] Re X(iWST)

+ ~[O(b,ws) + O(b,wT)]O(b'WST)IX(iWST)12
r o
f ~(r,iWST)dr = ~ + i~
b

* 1-tVT = VT+ 2(1-e cos ~)(3VS-VT)

r 1-E
~ST= 2e ein ~ (VS-VT/3)

WST = WST({m}) is the frequency of S-T transitions [1]. The

summation of the equations over all nuclear configurations {m}

gives total populations of the products, and weighted with m
n

gives the polarization of n-th nucleus.

In the above formulae, b is the contact radius, ~(r,w) is the

recombination product yield in a scalar problem with the start at

rand the contact recombination rate w, while O(r,w) = 1 - ~(r,w)

is the aurvival probability. Analytical expressions for ~ and ~o

are given in [4]. For the . absence of the exchange interaction

wST = (wS + wT)/2, and for infinitely large exchange wST ~ ,oo .

Comp~ison with numerlcal calculations shows rather high

accuracy of the proposed method for the yields and CIDNP. In , t he

present paper the influence of the Coulomb interaction magnitude

on scalar probabilities and transition effectiveness is studied.

It is shown that the so-called "exponential" regime exists, when

the square root dependence on frequency and viscosity [1] is

replaced by a linear one. Besides, the influence of the reaction

with acceptors and relaxation i8 discussed.
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THE INFLUENCE OF THE SOLVENT POLARITY ON MAGNETIC

EFFECTS IN GEMINATE RECOMBINATION. BALANCE APPROXIMATION

A.A.Zharikov and N.V.Shokhirev .

Institute of Chemical Kinetics and Combustion

Novosibirsk, 630090, Russia

The processes of geminate recombination of ion-radical pairs

(IPR) in solvents if different viscosity and polarity are being

intensively studied. At present the description of a contact

recombination of spinless particles is most fully developed. The

relationship between the problem parameters (diffusion

coefficient, Coulomb interaction magnitude, contact recombination

rate w, etc .) and the stationary characteristics (the

recombination products yield ~(r,w) or the survival probability

O(r,w) = 1 ~(r,w» as well as the time form of the

recombination kinetics is established [1,2J. However, if S-T

----+ separated
species

1 (A- , . . D+)

kST+tkTS

3 - +(A •• , 'D )
w

T-product ~ 3(A-D+)

conversion in a geminate IRP is neglected, the results cannot be

effectively used to interpret experimental data.

In the present paper the expressions for the singlet (PS) and

triplet (PT) recombination products yield in a balance

approximation are obtain~d, t~e Coulomb interaction force in IRP

being arbitrary. The relative motion in a pair was described by

the isotropic tcontinuous diffusion in the Coulomb potential. It

was assumed that the transitions occur in the region of weak

exchange interaction (r > R) and are defined by the rate constants

kST and kTS (see the schemel.

S-product c
ws

1 (A-D+)

b R r

Scheme

If a pair is generated in the singlet state at the distance

r o within the zone of strong exchange (ro < R), general formulae

are reduced to the following

- -- -- - - - - - - - - - - - ---



(1)

(2)

-

The probability of the pairs yield into volume

(3)

where

~ = 1 + ~R(~~ [ kSTO(R,wS) + ~Sn(R,wT)] (6)
o

A Cf(R.A) AX( ) = ~ (R) =kST + ~S . (7)
o

Analytical expressions for ~, n, Cf and ~o are given in [2].

The influence of the medium viscosity and polarity on

recombination probabilities and magnetic field effect (MFE) of the

reaction are studied on the basis of the analytical expressions

(1-7). When estimating MFE in media of moderate viscosity, we

assumed that in the case of high magnetic fields only

S-Totransitions occur, i.e. kST' = ~s = k For zero magnetic

field, kST =3~s =3k , i.e. all triplet states are effectively

mixed with the singlet one. The monotonous dependence of the MFE

suppression with the decreasing polarity or increasing viscosity

of the solution is obtained.

For recombination . in .v i s c ou s media, the contribution of

non-adiabatic ST transitions in high . magnetic fields is

estimated. Jn this case, expression (1) takes the form

* * *PT(ro) = PT(ro) + [~(r ,wT)-PT(r )]g (8)

where r* is the point of the terms intersection, ~ is the

parameter which characterizes ST mixing and coincides with the

transition probability [3] in the limit of weak mixing. It is

found that the applicability eondition of a widely used simple

kinetic seheme [4] in MFE description coincides with the exponen­

tial regime condition in geminate recombination kinetics [2]
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