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Importance of Properties of the Lowest and Higher Singlet Excited States on the Resonant
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Radical cations ofransstilbene and substitutelans-stilbenes (stilbenes and the radical cations de®ote

and S, respectively) were generated from the resonant two-photon ionization (TPI) in acetonitrile with
irradiation of one-laser (266- or 355-nm laser) and with simultaneous irradiation of two-color two-lasers
(266- and 532-nm or 355- and 532-nm lasers) with the pulse width of 5 ns each. The formation y®lds of

the TPI efficiency, depended on the propertiesSan the lowest and higher singlet excited staf) and

S(S,)), generated from one-photon excitation with 266- or 355-nm laser and from two-photon excitation with
simultaneous irradiation of 266- and 532-nm or 355- and 532-nm lasers, respectively. The TPI efficiency
using two-color two-lasers increased compared with that using one-laser. It is confirmed that the TPI proceeds
through two-step two-photon excitation with the-S S; — S, transition. In addition to the electronic character

of S(S) which depends on the substituent®foxidation potential, and molar absorption coefficient of the

S — S; absorption as well-known important factors for the TPI efficiency, it is shown that properties of
S(S;) andS(S,) such as lifetimes, electronic charactersS;) andS(S,), molar absorption coefficient of the

S1 — S, absorption, and ionization rate fro8{(S;,) are also important.

Introduction transition is different from that of the;S~ S, transition, it is
obvious that the §— S; — S, transition can be selectivity

Two-color two-laser™* and the three-color three-laser flash erformed by excitation using two-color two-lasers tuned to the
photolysis techniques have been successfully applied to openp Y g

new photochemical reactiof$,where the transient intermedi- E\Os:r %r?;éj t% ;jqosiar;'igii%%r:wr:ﬁiﬂth ;Zztr;ﬁ isoer(]je
ates, such as various aromatic molecules in the lowest singlet 9 y

and triplet excited states, radicals, cations, and radical cationsfor the TPI method.

generated from the first or second laser flash photolysis, are traw:s:ﬁggr:teggesgﬂgrzz I')D ilnmgigi)?iltlgﬁenssﬁlndtrslg?\?vtcl)t-uctglgr
selectively excited with the second or third laser irradiation to ’ g

give those intermediates in the excited states, leading to newg';’]?j'lgggf gith%g?;?LyT;éfghwﬂg; (t2h?36-s::(;jn33523-2$r:1ai§;r
reactions such as unimolecular decompositiolsand isomeri- R ' e o
zation?>-22 bimolecular energi?-% and electron transf@?233+3 |rrad|at|on corresponds to the S S, transition). Thls_ is the_

We have also reported that the enhancement of the yield Offlrst example of the two-color two-laser flash photolysis applied

. . : to the TPI in solution, where wavelengths of two lasers are tuned
di(4-methoxyphenyl)methyl cation was achieved by the second B o : .
355-nm laser irradiation at an appropriate timing, through the to the S-S, and S-S, absorptions. Effects of substituents of

L - S and excitation laser wavelengths (266- or 355-nm) on the
resonant two-photon ionization (TPI) of di(4-methoxyphenyl)- . - i +
methyl radical generated from the first 308-nm laser irradiation, \(/:v%r;geen;z:\?n“i?] régﬁ?gﬁ::\g?;ﬁgﬁgﬁgﬁnlzia{:ﬁg;rrotrigrt]h:es TPl
during the 308-, 355-, and 532-nm three-color three-laser flash S, absorption) measurements were cargrlied out inporder to obtain
photolysis of di(4-methoxyphenyl)methyl chloriée. P

The TPI of organic compounds proceeds through two-step exact information of the 5-$, absorption.
excitation from the $to S states and from the;$o S, states®® Experimental Section
The photoionization probability of the TPI depends on the
electronic character of the; @nd $ states, which depends on
the substituent o and has influence on the properties3{§;)
and $(S;), and the electronic conformation of the radical

cations®® Several groups involving our group have studied the T ) '
TPI of a series of organic molecules from which an electron is P&ne 85MM), andtrans-4,4-dimethoxystilbene44MM) were

removed and attached to the nearest solvent molééufeThe ~ Prepared according to the procedures previously described in
dependences of the concentration of the radical cation generatedh® literaturet Quarterthlophe.neggl' )5 was also prepared
from the TPI on the solvent, fluorescence lifetime, oxidation according to the procedures previously>Benzophenone was

potential of molecules, and laser wavelength and intensity havePUrchased from Wako and purified by recrystallization from
been elucidatett#5 Since the absorption of theoS—~ S ethanol before use.qg(Tokyo Kasei) and acetonitrile (Wako
spectroscopic grade) were used without further purification.

* To whom correspondence should be addressed. Telephofes879- Apparatus. Picosecond laser flash photolysis was carried out

8495. Fax: +6-6879-8499. E-mail: majima@sanken.osaka-u.ac.jp. using a third harmonic generation (THG, 355 nm) of a
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Materials. trans-4-Bromo-4-methoxystilbeneNIB), trans
4-chloro-4-methoxystilbeneNIC), trans-4-methoxy-4trifluo-
romethylstilbene NIF), trans-2,4-dimethoxystilbene2dMM),
trans-3,4-dimethoxystilbene3dMM), trans-3,5-dimethoxystil-
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TABLE 1: Properties of S? and Formation Quantum Yields
of S during the 266- and 355-nm TPI of S in AN @;,,25¢

30 ps) as an excitation source. A white continuum pulse anq @355 Respectively)

generated by focusing the fundamental of the ps Nd:YAG laser

on a DO/H,O (1:1 volume) cell was used as the monitoring

light and detected with a MOS linear imaging head (Hamamatsu
Photonics, M2493-40) equipped with a polychromator (Hamamat-

su Photonics, C5094). The nanosecondnosecond two-color

two-laser flash photolysis was carried out using a fourth
harmonic generation (FHG, 266 nm) or THG (355 nm) of a
Nd:YAG laser (Quantel, Brilliant, fwhm 5 ns) and a second
harmonic generation (SHG, 532 nm) of a Nd:YAG laser

(Continuum, Surelite, fwhm 5 ns) as the first and second lasers,
respectively, which were irradiated to the sample solution at

the same time. The monitoring light from a pulsed Xe lamp

(Osram, XBO-450, 450 W) was detected with a Si-avalanche |

S—S €mad
absorption 10*M™1 IP% Es ®ion?%Y @355
S peak fmay/nm cmt eV eV 1072 1072

545 17 5.30 3.22 2.8 2.1

MC 550 1.8 531 3.26 2.6 2.3

MF 500 1.3 541 3.27 15 1.3

44MM 600 55 5.05 3.33 6.7 2.4
24MM 490 0.85 5.02 3.17 1.8 0.89

MM 527 2.5 512 3.23 3.6 2.5

507 2.7 574 3.17 11.0 9.3

aWavelength fmay) and molar absorption coefficients.fy) of the

— S, absorption peak, ionization potentials (IP), and energy of the
lowest singlet excited stat&gy). ° IP = (1.4734 0.027F* + (5.821
.009)%" cEstimated from the wavelength of the maximum

photodiode (Hamamatsu Photonics, S5343) equipped with aapsorption peak! ;o2 and d;,,3* are the formation quantum yield

monochromator (Nikon, G250). The signal from the detector

of S* during the 266-nm (20 mJ pulsk fwhm 5 ns) or 355-nm (60

was digitized with an oscilloscope and transmitted to a personal mJ E’G‘é'sel' fwhggs5 ns) laser flash photolyses $fn AN, respectively.
computer via the GPIB interface. Transient absorption spectra Pion”*” and ®in™* values were obtained from eq 1.

were measured by a multichannel analyzer with an image

intensifier having a 30-ns gate width. The air-saturated or Ar-

saturated sample solutions were prepared to have absorbance

of 1.0 at the excitation wavelength of the first 266- or 355-nm
laser in a quartz cell. Such high concentrationSefere used
for the determination of the concentration 8f* under the

present experimental conditions because of the low formation

guantum yield ofS*. Consequently, the absorbed photons by
S during the first 266- or 355-nm laser irradiation were
equivalent for allS.

Determination of Molar Absorption Coefficient of the Sy
— S, Absorption. The molar absorption coefficient)(of the
S; — S, absorption ofS was determined by the chemical
actinometry using4T as standard. FodT, the transient
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Figure 1. Transient absorption spectra observed at 0, 30, and 100 ps
after a 355-nm 30-ps laser pulse during the TPM# in AN. Inset:

400 500

absorption spectral change corresponding to the intersystemyme profile of the transient absorption at 550 nm fB. The

crossing fromdT(S,) to 4T(T,) was observed by the picosecond
laser irradiation. Therefore, the concentratiod®f{S;) can be
calculated from the optical density at 570 nkQDs7() to be
2.6 x 1075 M using the reported intersystem crossing yield of
0.71 and molar absorption coefficient of the-+ T, absorption
(er-1=1.5x 10* M~1cm! at 570 nm). When an acetonitrile
(AN) solution of MB was prepared to have equivalent absor-
bance with that oAT at the excitation wavelength, the laser
flash photolyses dfB and4T were performed under the same
conditions. The initial concentration dB (S;) generated during

absorption peaks at 550 nm at 0 ps and at 500 nm at 100 ps are assigned
to the § — S, of MB(S;) andMB**, respectively. The signals around

532 nm were removed because of the stray light from the laser
scattering.

estimated to be 1.% 10* M~1 cm™L. Similarly, € values for
otherS(S;) at the absorption maxima were determined as listed
in Table 1.

Results and Discussion

the laser flash photolysis can be assumed to be equivalent with A. Properties of S in the § State (S(9)). Figure 1 shows

that of 4T(S,). Therefore,es-s of MB(S;) at 545 nm was

the transient absorption spectra obtained during the laser flash
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photolysis ofMB in AN with the 355-nm laser excitation (fwhm

30 ps). Immediately after the laser excitation, a broad absorption
band centered around 545 nm was observed. The transient

absorption band decayed with the rate constant ofsx3 8010

s™1, which agreed well with the fluorescence lifetime B

(28 ps). Therefore, the observed band is assignedBd¢S;)
which is similar to that fotrans-stilbene reported by Oberle et
al58 At 100 ps after a laser excitation, a long-lived band around
500 nm was observed to be assigned toNti radical cation
(MB**). The formation ofMB*" is explained by the TPI using
the 30-ps laser because of the high photon density.

The § — S, absorption was also observed for other
44MM showed the intense; S~ S, absorption band at the
longest wavelength amortg probably due to the conjugation
of the w-r* orbital with n-electrons of oxygen atoms at the
p-positions in44MM (S;) having two methoxyl groups at the
p-positions.

lonization potentials (IP) in the liquid phase were estimated
from the oxidation potentials &.57 A series of dimethoxystil-
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Figure 2. Transient absorption spectra of MBobserved at 500 ns
after the 355-nm 5-ns laser flash and after the 532-nm 5-ns laser flash
during the TPI ofMB using the 355-nm laser and 355- and 532-nm
two-lasers, respectively. Inset: plots of Iag{ODsq) vs logl, where

| is the intensity (mJ) of the 532-nm laser flash during the simultaneous
irradiation of the 355- and 532-nm lasers.

benes shows low IP value because of the electron-donatingfluorescence lifetime a85MM (S;) amongS(S;) because of the

character ofp-methoxyl substituents. Several propertiesSof
are summarized in Table 1.

B. TPI of S with 266- or 355-nm Laser.When an AN
solution of MB was irradiated with a 266-nm laser (20 mJ
pulse’t, fwhm 5 ns) or a 355-nm laser (60 mJ pulsefwhm
5 ns), a transient absorption spectrum with a pdal, at 500
nm, assigned tMB**, was observed immediately after the laser
flash. This clearly shows that the TPI BB occurs within the
266- or 355-nm laser flash (5 ns) to giB** and a solvated
electron, as previously observed with irradiation of a 308-nm
25-ns laser flash The TPI was confirmed from the dependence
of the laser intensity oA AODsgo= AODs26532 — AODso2%6
or AOD5o?2°7332 — AODsgg*>® which is the concentration of

intramolecular charge transfer state assume®&M (S;).44

C. TPI of S with Two-Color Two-Laser Irradiation.
Interestingly,S* was generated in a higher yield during the
TPI1 with simultaneous irradiation of the 355- and 532-nm two-
laser flashes at the laser intensities of 3 and 150 mJ pllse
respectively (Figure 2). The concentrationMB*™ was 2.8x
107% M, which is much higher than 4.% 10~7 M obtained
during the TPI with irradiation of the 355-nm one laser flash
(3 mJ pulse?). No formation ofMB** was observed during
the laser photolysis with irradiation of the 532-nm laser flash
(150 mJ pulsel). Therefore, $], obtained byAOD of the
peak absorption o8 divided by thee values ofS'* during
the simultaneous irradiation of the 355- and 532-nm two-laser

MB*" increased by the 532-nm irradiation as the second laser. fashes, increased compared with that during the irradiation of

The ionization potential (IP) oMB in AN (5.5 eV) is higher

than the one-photon energy of 266- and 355-nm light (4.7 and 4, yield of S+

3.5 eV, respectively) (Table 1).

Similar transient absorption spectra were observed during the

TPI of otherS such asMC and MF using the 266- (20 mJ
pulse ) or 355-nm (60 mJ pulsé) lasers. Table 1 shows the
formation quantum vyield ofS* with the 266- or 355-nm
irradiation @;on2%6 and ®;,3%%, respectively) estimated from

@)

where '] and BBp*] are the concentrations o&* and
benzophenone (Bp) in the triplet excited st&@pt). [°Bp*] is

(I)ion266 or (Dionsss = [S+]/[ 3Bp*]

the 355-nm one-laser flash. Similar enhancement of the forma-
was observed during the TPI of oth®using
the 355- and 532-nm two-lasers (Table 2).

The slope of a plot of logj against logAAODsqg) was found
to be approximately 1, whetds the laser intensity (mJ) of the
532-nm laser flash (Figure 2, inset), suggesting that the TPI
occurred fromS in the higher singlet excited stat8§(S,)
generated from the 532-nm laser excitatiors($;) (Figure 3).
We have reported that a photostationary stat&(&f) can be
attained within the 5-ns laser flash duration in the TPtrahs
stilbene and methoxy-substituted stilbeR&Similarly, it is
suggested th&¥(S,) exists with a lifetime and undergoes internal

equal to the photon concentration of the laser flash at 266 or conversion toS(S;) or ionization toS*. The energy level

355 nm, determined using chemical actinometry of the—-T

achieved by the excitation with the 355- and 532-nm two-lasers

T, absorption of Bp as the standard according to the method IS €stimated to be 5.50 eV from the singlet state eneffgy <

described. The molar absorption coefficierdsdf all S were
estimated from the transient absorption peak intensitie3of
generated by the hole transfer from biphenyl radical catign (
= 1.45x 10* M~1 cm~1)32 during the 355-nm flash photolysis
of a mixture of 9,10-dicyanoanthracene (6x1 1075 M),
biphenyl (0.2 M), andS in AN. For 44MM **, 24MM**,
34MM*t, and 35MM**, ¢ values at absorption peaks were
reported** For MB**, MC**, andMF**, those were estimated
to be 25x 104 2.4 x 104 and 2.2x 10* M1 cm™},
respectively. TheDi,2%® and ®;,,%%° values for the 266- and
355-nm laser excitation were 0.046.11 and 0.0090.093,
respectively, depending da It has been suggested th&T]
depends on the fluorescence lifetime 8(S;) and molar
absorption coefficients of the; S~ S,. In particular, the®jq,
for 35MM is the largest amon§, which relates to the longest

3.20 eV) of (S;) and the 532-nm laser photon energy (2.30
eV). The excitation energy of 5.50 eV is sufficient to ionize
MB in AN (IPjq ~ 5.50 eV). Thus, the formation dfIB** is
interpreted by the two-step two-photon resonant excitation of
the $— S; and § — S, transitions using the 355-nm and 532-
nm two-lasers, respectively. In the case of the excitation with
the 266- and 532-nm two lasers, the excitation energy is also
sufficient to ionizeMB . The 532-nm laser irradiation MB (S;)
givesMB (S,), from which the ionization occurs subsequently
to give MB*" and an electron (Figure 3). Similar transient
phenomena were observed during the TPI using two-color two-
lasers (266 and 532 nm or 355 and 532 nm) of o®€Fable
2).

The formation quantum yields & during the TPI using
the 266- and 532-nm two-lasers and 355- and 532-nm two-
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TABLE 2: Formation S** during the TPI of S in AN using 266- and 355-nm Laser, 266- and 532-nm Two-Lasers, and 355- and
532-nm Two-Lasers, andAODs_ %32 at 532 nn#

266+532% 355+532
266° AOD/ Do/ 355! AOD/ Do/

S AOD AOD AOD?%6 102 AOD AOD AOD3* 102 AODs %2
MB 0.006 0.045 7.5 0.47 0.012 0.07 5.8 0.71 0.13
MC 0.004 0.032 8.0 0.49 0.008 0.058 7.3 0.84 0.09
MF 0.001 0.016 16.0 0.63 0.005 0.024 4.8 0.88 0.03
44MM 0.040 0.33 8.3 15 0.13 0.59 4.5 2.6 0.11
24MM 0.004 0.044 11.0 11 0.03 0.054 1.8 1.3 0.03
34MM 0.01 0.14 14.0 1.4 0.06 0.15 2.5 1.5 0.092
35MM 0.042 0.052 12 14 0.016 0.070 4.4 1.7 0.044

a AOD is the optical density of the transient absorptiorsuofat the peak wavelength observed at 100 ns after laser flash photad\@iRs<>32
is the optical density of the;S— S, absorption at 532 nm, during the 355-nm (30 ps, 3 mJ pljdaser flash photolysi€. 266-nm laser flash
photolysis (3 mJ pulsg). ¢ 266- (3 mJ pulset) and 532-nm (150 mJ pulsy laser flash photolyse€.355-nm laser flash photolysis (3 mJ pul¥e
€355- (3 mJ pulse?) and 532-nm (150 mJ pulsy laser flash photolyses.

- 7.1 of electron-withdrawing and -donating characters of substituents
(S +e),, is expressed as,. o, values of Cl, Br, CE, and methoxyl are
5.5 0.23, 0.23, 0.06, and-0.24, respectively.d;,,2%67532 and
“F°- - - =53 ®ion3%5"532 decreased linearly with the increasingaf®® The
4.7 €1S (S +e-) i ion indi
1.7 E1°n solv. linear relation indicates thaiy,266532 and ®;,,3°"532 decreases
3.5 & with the increasing of the intramolecular charge-transfer char-
A= . . 2—3.2 acter of §(S,). Since concentrations of a8 were used to be

S1 same for the §— S, transition, properties o5(S;) must
influence ®jo,. In other words, ®j,n is influenced by the
substituent of5(S,).

The values ofPj,n256532 were similar to those objon3°5"532
for eachS. It is obvious that the §— S; — S, transition is
S, performed by the resonant excitation using the two-color two-

Figure 3. A schematic energy diagram of the TPI for the generation lasers. A little formation of3™ occurs using the 266- or 355-

of ST** using two-color two-laser photolysis. Numbers are energy levels nm one laser, while the gfflClentlformatlonSf* occurs through

in eV for the electronic states. One-photon energies of 266- and 355- "€ & — S1 — S, transition using 266- and 532-nm or 355-

nm light were 4.7 and 3.5 eV, respectively. IPSfs estimated to be ~ @nd 532-nm two lasers. In contrary to the similar values of

approximately 5.3 eV. The energy level achieved by the excitation with ®;on266"532 and ®,,3°5"532 for eachsS, there were large differ-

the 266- or 355- and 532-nm two-lasers is estimated to be 5.50 eV ences betwee@ionZ%andq)ion355during the TPI using one laser

from Es; (3.2 eV) and the 532-nm laser photon energy (2.30 eV).  (266- or 355-nm) because of the large difference between the

molar absorption coefficients of thg S> S, transition at 266

and 355 nm.

D. Important Factors for TPl. During the one-laser TPI,
266+532 355+532 __ 1701 first [S*] depends on the fluorescence lifetimeS§§;) and the molar

Pion or @iy = 2SI x AbSye6 o1 gsst absorption coefficients of the;S> S,. In particular, the®io,

[16°°"] x (1—1074Pss%) (2) for 35DM is the largest amon§ because of the intramolecular

charge-transfer character 88DM(S,). Differences ofd;,,256

where [~ and [I**°°"{ are the photon concentrations of the  (1.5-11.0%) and®;o,2% (0.9-9.3%) were almost 10 times
first laser flash at 266 or 355 nm and the second laser flash aldepending onS (Table 1) and much larger than those of

532 nm, respectively, determined using chemical actinometry g, 266+532 (0.47—1.4%) and®;o,355+532 (0.71-2.6%) (Table
of the Tl_—> Th absorp?ion of benzophenone angb_@s standard, 2). One reason for the difference is the extremely Iig258
respectively, according to the method described. TIH&][ and ®;,,35 values (11.0% and 9.3%, respectively) for the TPI

355 nm
266 nm

lasers Pion256532 and ®;,n3°57532 respectively) were calculated
from eq 2

values were determined to be 4:010~* and 6.2x 10"* for of 35DM. Because the molar absorption coefficients of the S
the 266- and 355-nm irradiations, respectively, whif&pn{ — S, transition is considered for the calculation of @, the
depended on the experimental conditions. Akssss is the differences of®;2667532 and ;03557532 depending orS are
absorbance of the sample solution at 266 or 355A0Ds_s>%2, much smaller than that obi,,25¢ and ®;,3%5. The maximum
the optical density of the:S— S, absorption ofS at 532 nm, difference of ®;o26+532 and M;o355532 among the TPI ofS

was determined from the 30-ps laser flash photolysis as ag approximately three times foMB and 44MM . It is
described in the Experimental Section. We used the equivalentsuggested tha8(S,) is involved during the TPI 08 in AN and
intensity of 3 mJ pulse* for the determination oAODs-s>* that properties 08(S;), such as the lifetime, electronic character
using a 30-ps 355-nm laser flash and for the TPI using the two of §(s,), and ionization rate, influence the TPI &fin AN.
5-ns lasers (355 and 532 nm). It is assumed that the equivalentajthough little is known for the Sstate in solution, the existence
concentration of the Sstate can be generated by the 30-ps and of the §; state is suggested by studies on the-SS, absorption

5-ns 355-nm laser excitation. Table 2 showg,,2%6"532 of dye$°62 and the § — T, transition of texaphyri#f and
Pion*°°7%% and AODs-s**2 dendrime$* during the two-photon excitation.
It is interesting to discuss the effects of substituentgp. ]
MC, MB, MF, and 44MM have para-methoxyl andpara- Conclusions
substituents such as ClI, Br, grnd methoxyl. According to S was generated during the TPI8in AN using one laser

the Hammett analysis, the parameter which denotes the strengti{266- and 355-nm, 5 ns) and two-color two-lasers (266 and 532
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nm or 355 and 532 nm, 5 nsST] generated by the TPI using 19%3)97W§7n‘?, Z.; Weininger, S. J.; McGimpsey, W. &.Phys. Chem.
two-color two-lasers (266 and 355 nm: _3 mJ pufsé&32 nm: (24) Cai, X Hara, M.: Kawai, K. Tojo, S.: Majima, Them. Phys.
150 mJ pulse!) was larger than that using one-laser (266 and | ¢ 2002 368 365.

355 nm: 3 mJ puls#), suggesting the importance of the (25) Cai, X.; Hara, M.; Kawai, K.; Tojo, S.; Majima, TThem. Phys.
second-step one-photon resonant excitation f883) to S(Sy) Lett. 2003 371, 68.

; ; + ; (26) Sakamoto, M.; Cai, X.; Hara, M.; Fujitsuka, M.; Majima,Jl Am.
for the formation yield ofS™. There were large differences . <V S0c2004 126, 9700,

between ®p,?%° (at 20 mJ pU|3é) and ‘Dion‘o’s‘r’.(ﬁlt 60 mJ (27) Fuijitsuka, M.; Oseki, Y.; Hara, M.; Cai, X.; Sugimoto, A.; Majima,
pulse 1) for 44MM and 24MM during the TPI using one laser ~ T. ChemPhysCher2004 5, 1240.

because of the large difference between the molar absorption_ (28) Cai, X.; Sakamoto, M.; Hara, M.; Tojo, S.; Kawai, K.; Endo, M.;
Fujitsuka, M.; Majima, T.J. Phys. Chem. 2004 108 7147.

coefficients of the $— S, tran.sn.lon at 266 and 355 nm. On (29) Cai, X.; Sakamoto, M.. Hara, M.: Tojo, S.: Kawai, K. Endo, M.:
the other handd;,266*532was similar to®ion3%%*532 for 24MM, Fujitsuka, M.; Majima, T.J. Phys. Chem. 2004 108, 9361.
34MM, and 35MM, because theS— S; — S, transition is . S30ghose(k:iﬁY.; F;j(i)tgzkféé\/l.l:;%r?, M.; Cai, X.; Sugimoto, A.; Majima,
itati i ~ _ T.J. Phys. Chem. .

gig?gmfﬁeb%g;?éﬁﬁfgﬁpériﬁg;agfnzggggz ;Tl% 2/)\_/0 Sgglggzwvo (31) Wang, Z.; McGimpsey, w. Gl. Phys. Cheml1993 97, 5054.

: . . ion ] on (32) Fujita, M.; Ishida, A.; Majima, T.; Takamuku, 8. Phys. Chem.
was approximately three times for the comparison betvi¢Bn 1996 100, 5382.
and44MM. The linear relation betwee®;,,266t532 or @;,,355+532 (33) Majima, T.; Fukui, M.; Ishida, A.; Takamuku, S. Phys. Chem.

indi  266+532 _ 355+532 ; 1996 100, 8913.
andoy indicates thation and @ion decrease with (34) Sakamoto, M.; Cai, X.; Hara, M.; Tojo, S.; Fujitsuka, M.; Majima,
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