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Saturation of Magnetic Field Effects Due to theAg Ag on the order of 0.01 in nonviscous solvéhtBecause this
Mechanism under Ultrahigh Fields of up to 28 T prediction was obtained by the special selection of various
unknown parameters, it is possible that the saturation field may
be lowered if the parameters are chosen otherwise.
In 1997, we constructed a laser flash photolysis apparatus with
a pulsed magnet to measure the MFEs on dynamic behavior of
The Institute of Physical and Chemical Research (RIKEN) rﬁdlcal pairs under ultrahigh magnetic fields pf up to 39 _W_e,
Wako, Saitama 351-0198, Japan t .ereforg, have chgllenged t.he above-mentioned pred|ctlpn and
National Research Institute for Metals  tried to _flnd saturation behavior of t_he MFEs due to ig@ropic _
Tukuba, Ibaraki 305, Japan AgM_W|th this apparatus, measuring _the hydrogen_abstractlon
reaction of 4-methoxybenzophenone with thiophenol in 2-methyl-
Receied February 16, 1998 1-propanol. We observed tha{B) values of the ketyl radical
decreased with increasiri§ from 0 to 10 T, but the decrease
Magnetic field effects (MFEs) on chemical reactions have been was almost saturated at 20 T. The saturates) value was’s
extensively studied during the last two decatiésThe MFEs of the Y(0 T) one. To the best of our knowledge, this is the first
on reactions of radical pairs in solution can be interpreted by the gbservation of the saturation effect of the MFEs due to the
radical pair mechanism. The conversion between the triplgt (T isotropic Ag mechanism.
and singlet (S) radical pairs arises from the following mecha-  |n the photochemical hydrogen abstraction reaction of 4-meth-

nism*~* (1) the Ag mechanism AgM) which is due to the  oxybenzophenone (MBP) with thiophenol (PhSH), the following
difference between thisotropic gfactors of two radicals in the  reactions are believed to occin®11.17.18

pair, (2) the hyperfine coupling mechanism (HFCM) due to the
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isotropichyperfine interaction between electron and nuclear spins, MBP + hv (355 nm)— IMBP* — SMBP* (1)
(3) the level-crossing mechanism due to the crossing of the S

and T, levels, and (4) the relaxation mechanism (RM) due to 3MBP* + PhSH— 3(MBPH' *SPh) 2
the anisotropic g-tensor ¢g), HFC, and spirspin dipolar

interactions. Thus, the radical pair lifetimez§) and the escape 3(MBPH' “SPh)— 1(MBPH‘ “SPh) 3)

radical yield {7(B)) are influenced by external magnetic fields.
According to theAgM,3 the 7rp and Y values from a triplet

3,1 oo - :
precursor should decrease with increasing magnetic fiB)d ( (MBPH' "SPh)— escape radicals (4)
because th&,—S spin conversion rate increases with increasing 1 . L

B. Such MFEs due to thAgM have been studied extensively (MBPH' *SPh)— recombination products )

under magnetic fields below 10,512 where the changes vi
due to theAgM are theoretically predicted to be proportional to
BY21-3.13 Experimentally, good linear relationships betw&¥B)
(= Y(B)/Y(0)) andB'? have been obtained:511.12

Recently, the saturation and reversion of MFEs under hig

Here, *MBP* and 3MBP* represent the singlet and triplet
excited states of 4-methoxybenzophenone, respectivélyBPH*
*SPh) and®(MBPH* *SPh) denote the singlet and triplet radical

h Ppairs composed of the 4-methoxybenzophenone ketyl (MBPH
. . and phenylthiyl (Ph$ radicals, respectively. Using the third
g?lgrsggln(i)cTridi; ggﬁgg{i \:e:bign-lf)gyugﬁggircza gixriaclztdlfons harmonic (355 nm) of an Nd:YAG laser, we carried out a laser
T),%4 and Ru complexesBa = 17.5 )15 Such saturation and flash photolysis stugy of 2-methyl-1-propanol squnor;s containing
reversion have been interpreted in terms of the spin relaxation '\K/'B%go'gz_lmol)dm )t_and 2&58150033215 mo! dT )bat 29;.3
due toanisotropicdg-, HFC-, and dipolar-interactions. There : € absorption o and the transiént absorption

has been, however, no report on the saturation of the MFESs duezggds of MBPHF”? Pt_]l_Shwere obﬁ_ervedt at 52'%'5591::;39'_
to the isotropic AgM. Theoretically, Schulten and Epstein nm;~respectively. The quenching rate constant o

predicted that suchhg-induced saturation of MFEs would occur ab‘?’?r;peﬂ?)?o\:‘\giltehsztﬁﬁevtvr?diggr?inaek?sggt?oi(%()ﬁ vinénr?]l_e;gEfé d
at extremely large magnetic field values of the order 6fT.6or at 550 nm under magnetic fields of@8 T. The concentrations

T The Institute of Physical and Chemical Research. of MBP and PhSH in the employed 2-methyl-1-propanol solution
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Figure 1. A(t) curves observed at 550 nm for the hydrogen abstraction
reaction of triplet 4-methoxybenzophenone with thiophenol in 2-methyl-
1-propanol at 0, 6, and 28 T.
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Figure 2. Magnetic field dependence of the yield of the escape
4-methoxybenzophenone ketyl radida(B) = Ag (300 ns)Aq 1 (300 ns))
observed at 550 nm in 2-methyl-1-propangl= 3.33 cP) with a pulsed
magnet. Insert: th&(B) values observed at lower fields {0 T) by an
electromagnet®) and a superconducting magn@)(

= Ag (300 ns)Aq 1 (300 ns) gives the MFE on the yield of the
escape MBPH The obtained®(B) values fromA(t) curves are
plotted againsB in Figure 2. In addition, the plots &(B) values
versusB2 observed at lower fields{10 T) by an electromagnet
and a superconducting magnet were inserted in Figure 2.
We can see from this figure thR{B) decreases with increasing
B. As clearly seen from the inserted figure, the decreas¥g)
(1 — R(B)) is proportional toB? in the low field region (0< B
< 10 T). We previously found similar MFEs in the low field
region 8 < 10 T)1561L12 Sych B2 dependence observed in
the low field region can be explained by the diffusion model of
radical pairs As shown in Figure 3b, th&,—S conversion is
accelerated by a weak magnetic perturbatitngdB), and the
escape radical yield decreases with increasingn this figure,
the rate constants of ;FFS conversion due to the HFCM and
AgM are represented blgircw and kagu, respectively, and the
constants of the recombination from the singlet radical pair, and
the radical escape from the pair dg, andkes, respectively.
We found, however, that the decreaseR(B) was almost
saturated at 20 T as clearly seen in Figure 2. R{8) value
becomes/; of theR(0 T) one forB = 20 T. This is the limiting
value of theAgM.2 To the best of our knowledge, this is the
first observation of the saturation of the MFEs due toiioéropic
Ag mechanism. Inthe present reaction, fgvalue is tentatively
considered to be 0.0052, but it is possible to be much l&fger.
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Figure 3. T—S spin conversion of a radical pair generated from a triplet
precursor{pand T.;) at @ B=0T, (b)0T<B <20 T, and (c)B =
20 T.

Such saturation can qualitatively be interpreted by a complete
To—S spin conversion when the recombination reaction from
singlet radical pairs occurs extremely fast.kdf.is much larger
than kyecm at zero field, almost all of radicals in the prepared
triplet radical pair escape from the pairs as shown in Figure 3a.
At high fields B = 20 T), the radicals in the [ pairs escape
from the pairs as shown in Figure 3c, but thgpairs can be
converted to the S ones. If tlg—S conversion Kurcm + Kagw)
process and the recombination from the S pairs are much faster
than the escape procedgdcm + Kagw, Kec > kesd, the pairs
initially produced atT, predominantly recombined from the S
pairs. This means thag of the triplet radical pairs can disappear
by the recombination process instead of the escape one, as shown
in Figure 3c. Thus, the saturation of the MFEs observed in the
present photochemical reaction can qualitatively be explained by
the completeT,—S spin conversion due to th&gM.

Let us analyze the present experimental results by the ordinary
theories which are applicable for larggB. Schulten and Epstein
obtained saturation behavior at very high fields of the total singlet
geminate recombination yield from a triplet precurkorWe,
however, could not use their theory because their maximum yield
was as small a%s. On the other hand, we can apply the following
theory presented by Freed and Pedersen to our résults:

%a{l + % In(1+ «/ﬁ)}
RB)=1-";A 7 (6)
1+7q{1+%ln(1+ «/ﬁ)}
q= Ag 3B of/2hD (7)

where, A is a constant for the degree of diffusion controlled
reaction. D is a diffusion constant. We simulated thHe
dependence oR(B) by this model with a set of adequate
parametersAg = 0.0052,d = 10 A,D = 1.0 x 106 cnm? s},

A = 1) and plotted our simulation in Figure 2. We can see from
this figure that the saturation of the MFEs due to txgM can

be reproduced fairly well by this model. Thus, we conclude that
the extremely large magnetic fields {0° T) for the Ag-induced
saturation predicted by Schulten and EpsStedme not necessary,

if suitable reaction systems are chosen. However, the observed
R(B) values shown in Figure 2 are somewhat deviated from the
simulation. The present experimental results, therefore, suggest
that more theoretical investigations are necessary for explaining
our results on thé\g-induced saturation.
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