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In this paper, we describe the first observation of the effects of Scheme 1. Photochemical Reaction Scheme for ) )

a weak magnetic field on the recombination reaction of neutral free 2-Hydroxy-4'-(2-hydroxyethoxy)-2-methylpropiophenone in Solution
radicals in isotropic solution. This work also represents the first o 3 *
use of time-resolved mid-infrared spectroscopy in the measurement \54 hv (266nm) o

of magnetic field effects (MFES). OH > &

There has been recent and rapidly increasing interest in the effects o ISC on
of magnetic fields, particularly very weak ones, on the recombina- E o-HP o
tion reactions of free radicals through the radical pair mechanism OH EOH
(RPM)1 This has been fuelled by both the concerns over the
potential effects of electromagnetic fields (EMFs) on human health
and the proposals that the RPM may be the mechanism responsible
for the magnetic compass in birds and some other anifmalsile 3
the literature contains many examples of the effects of magnetic o o
fields of magnitude sufficient to retard singtatiplet-state mixing | Magnetic |
in the radical pair (RP) by energetically separating thestiblevels Field
through the Zeeman interactibftypically involving fields of a few o 7<OH > o
millitesla or greater), there have been very few reports of the effects E Dependent (
of very weak magnetic fields (typically less than 1 mT) that can OH Step o
enhance singlettriplet-state mixing in the RP through a removal
of hyperfine spin-state degeneracies and unlocking of coherences
between states with different degrees of singteiplet charactep. Diffusion
In those few studies, careful steps are taken to extend the lifetime Geminate
of the RP sufficiently that effects of the very weak field have time products
to develop. This involves using radical ion pairs in solutions where |.
the RP lifetime is extended due to electrostatic interactions or by 7<OH
encapsulating RPs in micelles, which keeps the RP in contact for o
a sufficient length of time. Here, we report the first low-field effect p]izfl?llzfs D E A B
(LFE) obtained for a neutral radical pair in isotropic solution. We on
also describe, for the first time, the observation of a magnetic field
effect detected using time-resolved infrared spectroscopy. The full
details of our experimental apparatus will be described in a future
publication.

The reaction investigated is the radical recombination reaction
occurring after the photodecomposition of 2-hydroxy+hy-
droxyethoxy)-2-methylpropiophenona-HP) and is described in
Scheme 1lo-HP is photoexcited using the fourth harmonic of an
Nd:YAG laser. It undergoes intersystem crossing, and the resultant
triplet-state molecule cleavesto the carbonyl group to generate 1.0 1
an RP consisting of radicals A and B. The generation and s
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overlap is significant. Thus, the curve represents the true decay
curve due to removal of the radical intermediates. To study the
effect of magnetic field on the radical decay kinetics, a pulsed
current source was constructed which, when used to supply a pair
of Helmholtz coils, produces a static magnetic field of up to 21
mT for a duration of approximately 2 ms. The experiment involves
recording consecutive decay curves in the presence and absence
of this magnetic field and repeating the process for a user-defined

subsequent decay of these radicals is monitored via the absorptions,
of infrared light (from a lead salt diode laser) into the carbonyl-
stretching mode of radical A. The maximum absorption for this
mode occurs at 1805 crh The detection is selective for this radical
as the IR frequency varies significantly from that of the parent
molecule (1663 cmi, FTIR spectrum of solid sample). Figure 1
shows the decay curve obtained from the photoly$ia @ mM
solution ofo-HP in cyclohexanol at room temperature and indicates 2 0.0 . . . : . . . .
the excellent signal-to-noise ratio obtainable. 0 10 20 30 40
The IR absorption technique used means that no reaction products Time after UV laser / us

are detected at the IR frequency employed, in contrast to the rigure 1. Transient decay curve recorded at 1805 &and corresponding
majority of studies in the UVvis region where product spectral  to the absorbance of radical A in cyclohexanol.
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Normalised infrared intensi
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1.04 recombination. It is thus likely that the observed magnetic field
effects arise from both geminate and freely diffusing RPs.

The field effect appears not to be completely saturated at 21
mT, which given the calculateB;; valu€’ of the RP of 3.27 mT
(using literature hyperfine couplindsimplies that incoherent spin
relaxation is occurring on a timescale comparable to the RP lifetime.

0.5

0.6 -

Magnetic field = 21mT This implies a relatively long RP lifetime, which seems reasonable
0.24 Magnetic field = 2mT given that a weak field is also capable of influencing singteplet
Magnetic field = OmT (Control) .o . T
state mixing in the RP. When acetonitrile is employed as a solvent,

the lifetime of the RP is reduced substantially due to the large
reduction in viscosity. In this case, the RP does not live long enough
for a magnetic field to influence singtetriplet spin-state mixing,
T T T v T - 1 and so no magnetic field effects are observed at all at any available
Timeaﬁe,f,%,ase”ps field value. The results are particularly significant in that they
Figure 2. Subtracted decay curves (magnetic field-onagnetic field off) indicate that without any Spe(;ial modi.fication of soIvenF envi.ron-
for radical A in cyclohexanol at three different field values. The number of Ment, a very weak magnetic field can influence free radical yields.
free radicals is increased at 21 mT and reduced at 2 mT relative to zero There are clear implications for the investigation of MFEs in
magnetic field. biological systems. The instrumentational significance of these
results is that the use of time-resolved infrared allows the study of
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RP systems inaccessible to bVis absorption and fluorescence
4 i ¥ %i measurements. Moreover, the technique yields sufficient sensi-
3l I gt ' tivity to measure field effects of 1% or even less. This corresponds
o] i [ to an absolute change in infrared intensity at the detector of
g 2 ! 0.001%
= b . .
; | A [ . In conclusion, the radical recombination reaction of radicals
g i L] generated from the photolysis afHP was studied on a micro-
X 0= * second time scale using time-resolved mid-infrared spectroscopy.
4 % . L] The reaction was found to exhibit opposite magnetic field depend-
| Ts encies at 2 and 21 mT, the effect at low-field being the first such
-2 T T T T T T T T observation for neutral free radicals in isotropic solution. These
0 5 10 15 2 results are clearly the starting point for a thorough investigation
Magnetic field strength / mT into the effects of geminate and freely diffusing pairs, RP structure,
Figure 3. Magnetic field effect (calculated usirfield on) — I(field off)/ solvent viscosity, relaxation, and so forth, along with full kinetic

I(field off) for integrated intensities-12 us after laser irradiation) versus  gnalyses. Such an investigation is currently being undertaken.
magnetic field for 266 nm irradiation af-HP in cyclohexanol.
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on one reveals any effect of the magnetic field. As a control
experiment, the same process can be performed without connectingreterences
the pulsing unit to the coils. This confirms the reproducibility of ) ) )
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field. (4) Many examples can be found: @ynamic Spin ChemistrNagakura,
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the number of free radicals surviving at high (21 mT) field since (5
those T.; born radical pairs are energetically incapable of inter-

N

Anisimov, O. A.; Grigoryantz, V. M.; Kiyanov, S. V.; Salikhov, K. M.;
Molin, Yu. N. Teoret. Eksper. Khinl982 18, 292. (b) Fischer, HChem.
Phys. Lett1983 100, 255. (c) Hamilton, C. A.; Hewitt, J. P.; McLauchlan,
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i i i i V. F.; Buchachenko, A. LChem. Phys1991, 153 443. (e) Batchelor, S.
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the rate of singlettriplet-state mixing in the RP. Clearly both Yu. N. Chem. Phys. Letl995 233 444. (g) Stass, D. V.; Tadjikov, B.
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dependence over the range of magnetic fields available is shown O.; Lipsky, S.Chem. Phys. Letfl997 264, 649. (j) Sacher, M.; Grampp,
G. Ber. Bunsen-Ges. Phys. Cheh®97 101, 971. (k) Eveson, R. W.;

in Figure 3. Timmel, C. R.; Brocklehurst, B.; Hore, P. J.; McLauchlan, K.IAt. J.
The radical decay curves exhibit complex kinetics due to both Radiat. Biol.200Q 76, 1509.
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the decay is dominated by the slower f-pair recombination. The (8) Wu, C.-H.; Jenks, W. S.; Koptyug, |. V.; Ghatlia, N. D.; Lipson, M.;

initial magnitudes of the decay curves differ in the presence and Tarasov, V. F.; Turro, N. 1. Am. Chem. S0d993 115 9583.
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