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MAGNETIC FIELD EFFECT ON GEMINATE RADICAL ‘PAIR RECOMBINATION, .
NUCLEAR HYPERFINE VERSUS SPIN EXCHANGE INTERACTION l ¢

. Pairs of radical ions, 2A + 2pt generated in polar
solvents by nanosecond laser flashes have been investigated
in the presence of external magnetic fields. The pairs are
produced in the overall singlet state, via photoinduced
electron-transfer between electron donor (D)
and acceptor melecules - (A) . and recombine geminately
by back electron-transfer to form the molecular triplet stite;

- k. .. (B} ;
{("n + 2D'*') ——-—-S*T ( A R 2D+} ——-—3A or 35

The magnetic fmld effect can bc interpreted quantltatwely by
assuming that the spin realigoment in the radical ion pair leading from
the 1mt:.a11y produced overall’ smglet state to the molecular triplet
state is governed by the byperfine :.ntera.ct:.on in each radical, the
e.xchzmge interaction of the radical spins 4in the pair (which increases
with decreasing n), and by the Zeeman'splitting of the 'I+1, Tor T-1
enerpy levels of the radical paix t:r;p‘iet state,
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The magnetic field effect on ko, (B} is based

on the following, interactions: -

The BYPERFINE INTERACTION in each radical between the
nuclear §pins (I,) And the unpaired electron cpin in

governed by the hyperfine coupling constant, a.,r and
can be expressed by

By ‘Vﬁ al eI+ 1) |

This root-mean-sgquare value, Bi' (2-46 Gauss) is a

measure of the nuclear magnetic f£ield acting on the
electron spin in the radical, i, and causing its
realignment.

With the values B1'and Bz for the-two radicals and

their arithmetic mean E-%(B1 +Bz) one obtains for the

hyperfine interaction in the geminate radical pair

B, By B12"'322
AE i —— | d — =2-—-———...—.B
hfi B 1 B 2 B1+B2 1/2

The EXCHANGE INTERACTION between the two radicals in the
pais splils Lhu siuylel aud Ladplel lovels uf Wie pals

by the amount

27(r) =1.9x 101.0 Gauss exp(- —o—i-s—a—a-)

which decreases exponentially with increasing distance,
r, s50 that

23(138) ~ 0.016 Gauss
25(103) & 10 Gauss
27 ( 73) n 6000 Gauss

ZEEMAN SPLITTING of the triplet xadical pair

into T+,‘T°, T_ byIAE;P=g uﬁB.
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| MOLECULAR FRIPLET FORMNTION ' E 8

IN CEMINATE RADXCAL PALR RECOMNINATION®
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ELECTRCN SPIN PRECESSION
Induced by ths Hyperfine Interaction
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MAGNETIC FIELD DEPENDENCE OF
THE PYRENE TRPLET YELD
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Model compounds of the type A=(CH2)yD (with A = pyrepe,
D = dimethylaniline and n = 4 - 16) have been used to investigate the
cffeet of the polymethylene chain on the intramolqcular electron trans—
fer processes, and also the influence of external magnetic fields on
the spin dynamics in the radicazl ion pair 25 —{CH2)p~2D* from which the
wolecular triplet state 3 ~(CH2) D i8 formed. This was doge uging the
fluorescence liferime and trapsient absorption measurements with the
aid of nanosecond laser flashes, .

The 1esulls show char the most frequently occurring {equilibrium)
end-to-end distance of the polymethylene chain increases with Vp and
that the chain dynamics are governed by an effective diffusion coeffi=
cient, D gf+ Although the latter increases with n s it i3 several
orders o% magnitude smaller than the relative diffusion coefficient of
the unlinked A and D molecules.

The magnetic field effect can be interpreted quantitatively by
assuming that the spin realigmment in the radical ion pair leading from
the initially produced overall singlet state to the molecular triplet
5tate is governed by the hyparfine interaction in each radical, the
exchange interaction of the radical spins in the pair (which increases
with decreasing n), and by the Zeeman splitting of the Ty, Ty T-)
energy levels of the radical pair triplet state.

The differences in behaviour with respect to molecular triplet
formation of the linked compounds with long (n 2 12), medium (6 <n<12)
and short (n £ 6) polymethylene chaine are discussed.

Censral Reaction Slwine
for Polymethylene - Linked A—{CH 2]~ D Systems

Teq - Most frequently occurring {equilibrium)
A,D distance

o : A,D encounter distance

d: interplnnur'separation in the exciplex
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- Bottom: ‘general energy level
© diagram for the geminate
Ta doublet pair. The splitting
: of the T.1, Tg, T-1 esnergy
levels of the triplet pair
state is due to Zeeman inter-
action. Also indicated is the
singlet-triplet splitting due
P q t0 weak (2JIpin) and strony
&; (2 Jorg) exchange interaction
relative to the nuclear hyper-
fine. interaction (AEnsi). The
bent arrows indicate the
hyperfine-coupling-induced
singlet~triplet transitions.
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In the linked compounds:

A= (Cﬂz}nmb (n=1~18)
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tional changes leading o a distribution of ena-to-ena
dictsncar. r. and honce of tho cinglotetriplet rplittinge.
2J(x), ovexr the lifetime of the linked radical pair.
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" MAGNETIC FIELD EFFECT
on the geminate recombination of
polymethylene-linked radi;al pnrs_
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In the linked compounds:

A— (Cﬂzl)n—D (n=1-16}

-the polymethylene chain ‘is constantly undergeing conforma-

tiong

1l changes leading to a distxibution of end-to-end

distances, I, and hence of the oluylet-triplet aplitsingc,
2J(x), over the 1ifetime of the J.inkad radical pair.
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The Threugh-Cpase Lpin-Exchange --Intr.rac.t:‘.nn of
Polymethylene=Linked Pairs 2 'r-(C'!’lz)n-ﬂD*

mn

n 2Jc£f Toff Toff 'z'Im'.n Toin
(B nx) Ve
(Gauss) (&) &) (Gaurs) (&
13 (7.3) 1078 17.6
12 an 10> 164
11 40 9.35 2,820 0.0002 15,1
10 111 8.87. 2,806 10,003 13.9
g 285 8.43 2.811 '0.038 12.6
1 750 7.98 2.421 6.37 11,1
7 2300 7.4% 2.818 8.4 10.1
6 (7600) “125 . 8.8
Toge ™ 2.815Van R r. =1.26 (n-o-]‘) 4

MAGCNETIC FIELD DEPENDENCE OF INTRAMOLECULAR EXCIPLEX FORMATION
IN POLYMETHYLENE-LINKED A-D SYSTEMS :
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fe. 1. Fluoescence spectra (comected)of Py(16DMA in Fig. 3. Magnetic fic_ld.dcpendcncc of the relative exciplex

"H3CN (1) 'without, (2) with cxternal magnetic ficid & = fluerescence intensity'Q" ~ I'(B)/I'(0) of compounds

'S0 G. The pyrenc moicty was excited at 337 am. - PIY(CHQ)"DMA, n =816, in CH4CN, detected at 595 nm
and at room temperature.



