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duration showed the quantum beats.

A singlet-born radical pair formed in the photo-dissociation of tetraphenylhydrazine in SDS micellar solution
is studied using an X-band time-resolved (tr-) EPR and a transient absorption detected magnetic resonance
(ADMR) methods. The tr-EPR observation shows the fast spin relaxation between two middle states of the
radical pair by the singlet-triplet dephasing. The ADMR method is more reliable for the determination of
the kinetics data. The employment of short duration microwave-pulse clearly controlled the reaction of these
radical pairs and the kinetic rate constants are determined. Furthermore, the changing of the microwave

Introduction

Radical pair dynamics in a supercage attracts the interest of
many photo- and spin-chemists because of their spin selective
reactivity and controllable nature by external magnetic field
and electromagnetic field. Several reports of the triplet born
cases exist, but those of the singlet born case are quite few
except for the reports of the radical-ion pair systems.'

In this review, a singlet-born radical pair formed photochem-
ically in SDS micellar solution is studied using an X-band
time-resolved (tr-) EPR and a transient absorption detected
magnetic resonance (ADMR) methods. This system is the
fast photo-dissociation ® of tetraphenylhydrazine (TPH)
via the singlet excited state. As for the TPH system, sev-
eral observations of the photolysis and radiolysis using opti-
cal and EPR methods have been reported.” '? The tr-EPR
observation of this system showed a dramatic time evolution
of the CIDEP (chemically induced dynamic electron polar-
ization) spectral pattern.'® 14) The data proved the fast spin
relaxation between two middle states composed of the sin-
glet (S) and triplet (To) states. This relaxation was ratio-
nalized by the singlet-triplet dephasing induced mainly by
the modulation of the fluctuated exchange interaction. Al-
though this observation of the CIDEP time-evolution also
provided the estimate of the recombination reaction rate and
spin-lattice relaxation time, the accuracy of these quantita-
tive data obtained from the spin polarization seemed to be
questionable. A reaction yield detected magnetic resonance
(RYDMR) method is the observation technique of the chem-
ical reaction yield which involves radical pairs and is one
of the excellent ways to solve this problem. We employed
a transient optical absorption detected magnetic resonance
(ADMR) method, which provided the information of the con-
centration controlling of a radical pair as the intermediate
species by microwave radiation under EPR conditions. In
fact, the employment of a short duration microwave pulse
(m-pulse) controlled the reaction of the RP, and the reaction
rate constant from the singlet state and the spin-lattice re-
laxation time of this system were determined. Furthermore,
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the changing of the microwave duration shows the quantum
beat of this system induced by the electromagnetic field.

Experimental

The concentration of SDS in aqueous media was 0.10 mol
dm~2, and that of TPH was 1.0x10~% mol dm 3. The sample
was deoxygenated by bubbling with nitrogen gas and flowed
through a quartz cell for tr-EPR and a quartz tube connected
with optical fibers for the transient absorption measurement.
All the experiments were carried out at room temperature.
The response time of the microwave switching was 6 ns or bet-
ter in case of ADMR observation and the microwave field, Bi,
was controlled up to 3.25 mT using TWT amplifier. The tr-
EPR and ADMR experiments were carried out using a pulsed
excimer laser (A = 308 nm) for an excitation. The transient
absorption band at around 700 nm was assigned to dipheny-
laminyl radical (DPA) in an SDS micelle environment,'® and
the wavelength of 690 nm was monitored using a monochro-
mator.'6 1%

Time-resolved EPR observation

Figure 1 shows typical tr-EPR spectra observed in this sys-
tem. From this figure, it is obvious that immediately after
laser photolysis the spectrum of the spin correlated radical
pair is A/E pattern that is reproduced by the calculation of
a singlet precursor SCRP using a theoretical model without
spin relaxation between two middle states. At the stage of
300 ns after photolysis the spectral shape becomes A/E/A /E-
like pattern that is explained by the spin relaxation of the two
middle states. The singlet-triplet dephasing (STD) model
tentatively explains the relaxation between two middle states
where the distance fluctuation between two radicals in the
pair induces the dephasing. This STD works as spin-lattice
relaxation between the two states as the result. At later
time (O 4 ps) the spectrum changed to the triplet precursor-
like pattern of E/A/E/A with slight absorptive distortion
(not shown here). This spectral pattern change is reason-
ably explained and reproduced by thermal relaxation of all
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Fig. 1. (a) Tr-EPR spectra observed after laser excitation of TPH
in an SDS micelle at room temperature. (b) Simulated tr-EPR
spectra of the radical pair in consideration of the kinetic process
(see text).

the spin states and the fast recombination reaction from the
two middle states. According to these tr-EPR spectra and
the calculation of the modified Liouville equation with expo-
nential model provided the several parameters of the kinet-
ics. The recombination rate (krec), the spin-lattice relaxation
time (T% = kux '), and the singlet-triplet dephasing time
(Tm) were estimated to be 2 x 107¢ s™!, 4.5 us, and 50ns,
respectively. In this tr-EPR work, we investigated the spin
polarization change by time, but there were many different
causes of the spin polarization and the value of the exchange
interaction used was rather arbitrary. To estimate more accu-
rate kinetic parameters, measurement of the spin polarization
(a spin — [ spin) is not always reliable and we need the ob-
servation of the concentration of the radical pair (« spin + 3
spin) instead of the spin polarization.

ADMR observation

Figure 2 (a) shows the timing chart of the present observa-
tion. Figure 2 (b) shows the signal difference between MW-on
and MW-off where ¢; and 7mw were fixed to be 100ns and
12 ns, respectively. The observation of the absorbance differ-
ence after delay of t2; namely, the subtraction of MW-on and
MW-off absorbance is proportional to the population differ-
ence of the middle two states (S-To mixed states) and the
outer two states (T4+1 and T_1) at the stage of the MW irra-
diation.'® (1) For the observation of the ADMR spectrum,
the observation window of 500 ns was opened for data acqui-
sition where ¢; and t2 were fixed to be 100ns and 500 ns,
respectively. The ADMR spectrum is well explained by the
distribution of the hyperfine structure of the DPA radical as
shown in Fig. 3. (2) The observation of the quantum beats
by the microwave field was performed to determine the spin
flip angle of the radical pair. The times of ¢; and t2 were
fixed and Tmw was incrementally changed. According to the
observed beat signal (not shown here) we could estimate the
approximate B; value employing calculation of a modified
Liouville equation '*'® with an exponential model that re-
produced the beats. In these data, two kinds of beat sig-
nals appeared, a single frequency beat, which corresponded
to the Rabi frequency, and a double frequency beat which
was due to a simultaneous excitation of two spins in a rad-
ical pair.”’lg) To determine the kinetic parameters of the
recombination reaction rate from the middle two spin states
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Fig. 2. (a) A timing chart of the ADMR observations (see text)

where ty, to, and Tmw are initial delay of the MW-pulse after laser
photolysis, second-order polarization developing period, and MW-
pulse duration, respectively. The absorbance values during the ob-
servation window of MW-on and MW-off are time-integrated and
subtracted as Absorbance (MWon— MWg). (b) Time-evolution
of the absorbance difference of MW-on and MW-off after w-pulse
of 12 ns under By field of 1.4 mT. The solid line shows the best
fitting of the simulated kinetic curve.
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Fig. 3. ADMR spectrum observed using Tmw and Bj values given in
Fig. 2 (b). The stick spectrum is the simulated one using reported
hyperfine coupling constants of the DPA radical.

(krec) and the spin-lattice relaxation time (71 = kux '), two
kinds of the observation methods were carried out as follows:
(3) The observation of the pulse shift dependence where t2
and Tmw were fixed and ¢; was changed incrementally (not
shown here). Here the 7-MW pulse works as a flash lamp
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to take a snapshot of the population difference. The popula-
tion difference gradually decreases and its sign is inverted at
about 600 ns after photolysis. In the calculation of the modi-
fied Liouville equation the reaction rate of kree = 5 x 10% s71
and the relaxation time of 77 = 1.0 us were determined.!®
These values are different from those estimated by the CIDEP
data mentioned above.'® %) The parameters obtained by the
present RYDMR time-evolution experiment is more reliable,
because this gives the information of a direct concentration
change by time and not the spin polarization. (4) To confirm
and to get more information about this RP in a micelle, the
observation of the time evolution of the absorbance differ-
ence after a single MW-pulse was done as mentioned above
(Fig. 2 (b)). The solid line drawn in Fig. 2 (b) is the best fit-
ting of the above mentioned model and the rate constants es-
timated by this way are krec = 5.1 x 108 871, ke = 6.7 x 10°
s™! (T1 = 1.5 us) and the escape rate of kesc = 3.5 x 10% s 1.
The values of krec and T3 are nearly identical to those esti-
mated by the pulse shift method. The slow recombination
rate of this singlet-born radical pair system make the present
ADMR observation possible and the slow rate may be due
to rather linear structure of DPA radical after dissociation of
TPH where DPA group is bent.*?
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