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Abstract

Formation efficiency of radical cations oftrans-stilbene and the methoxy-substituted stilbenes (S = 1–6) during the resonant two-photon
ionization (RTPI) in acetonitrile has been studied by laser flash photolysis with a XeCl excimer laser (308 nm, 25 ns). The transient
absorption spectra ofS radical cations (S•+) were observed with a peak around 450–540 nm. The formation quantum yield ofS•+ (Φion)
was 0.06–2.1%. No relation betweenΦion andEox of S was observed, althoughΦion increased with the increasing lifetime ofS in the lowest
excited singlet state (S1). These results are coincident with a two-step two-photon excitation from the ground state (S0) to S1 and from S1 to
higher excited singlet state (Sn), and ionization from Sn. Considerably largeΦion was obtained for the RTPI of 3,5-dimethoxystilbene (5)
with relatively high oxidation potential and a long S1 lifetime amongS. This is explained by the intermediacy of the internal charge-transfer
excited state for the RTPI of5 based on the fluorescence lifetime measurement, solvatochromic measurement, and the dipole moment
calculation. The concentration ofS•+ increased with the increasing laser fluence (F). The log–log plot of [S•+] versusF gave a linear
line with a slope of approximately 2 for the RTPI of1–4, while approximately 1 for the RTPI of5 and6. The slope of 2 indicates clearly
two-photon excitation during the RTPI. The slope of 1 is explained by the photostationary state among S0, S1, and Sn states attained during
the laser pulse, particularly for the RTPI ofS with a long S1 lifetime.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The radical cations of molecules (M•+) can be gener-
ated from one-electron oxidation such as electrochemical
reaction, chemical oxidation using one-electron oxidants,
photo-induced electron transfer, two-photon ionization, ra-
diation chemical reaction, and so on[1–5]. Kinetic studies
of M•+ after the formation ofM•+ at a sufficiently high
concentration up to 10−5 M are usually performed with laser
flash photolysis and pulse radiolysis[6–9]. We have been in-
vestigating the formation and reactivity of radical cations of
stilbene and substituted stilbenes during photo-induced elec-
tron transfer reaction[6] and during pulse radiolysis[7–9].
We report here the formation of radical cations of a series
of stilbene and methoxy-substituted stilbenes during the res-
onant two-photon ionization (RTPI) with a XeCl excimer
laser as a convenient intense pulsed laser.

∗ Corresponding author. Tel.:+81-6-6879-8495; fax:+81-6-6879-8499.
E-mail address: majima@sanken.osaka-u.ac.jp (T. Majima).

The RTPI ofM occurs to giveM•+ and an electron with
irradiation at a high laser fluence (F in J cm−2 per pulse) us-
ing an intense short-pulsed laser with a wavelength tuned to
the absorption of the molecules[10–22]. The RTPI has been
observed during the LFP of many aromatic molecules such
as aromatic olefins[10,22], arenes[11–20,23], and aromatic
amines[21] because of their relatively low oxidation po-
tentials and strong absorption in the UV-Vis region. A first
excitation ofM generatesM in the S1 state (1M∗), and a
second excitation of1M∗ givesM in a higher excited singlet
state (1M∗∗). When the energy of1M∗∗ is higher than the
ionization energy ofM, electron detachment of1M∗∗ occurs
to giveM•+ and an electron, competitively with the internal
conversion. For example, pyrene (Py) and substituted Py in
the S1 state have a sufficiently long S1 lifetime τ(S1) such
as a few tens of nanoseconds, and their RTPI is known dur-
ing their laser photolyses using an intense short-pulsed laser
[21,24]. In addition to the RTPI ofM with a relatively long
τ(S1) such as diarylethylene and Py, the RTPI of stilbene
with short τ(S1) has been recently studied in several sol-
vents by ps pump-probe CARS[1,25–27]and in acetonitrile
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by ps time-resolved Raman spectral measurement[28]. The
yield of the stilbene radical cation has been found to depend
on the solvent, and the formation rate of the stilbene radical
cation from stilbene in the S1 state has been determined to
be on a 40–60 ps time scale in acetonitrile[28].

In order to use the RTPI as a method of generating stilbene
radical cations in high yields for the kinetic measurement,
we have studied the RTPI of a series of stilbenes (S =
1–6, trans-stilbene 1 and trans-4-methoxystilbene2, and
trans-2,4-, -3,4-, -3,5-, and -4,4′-dimethoxystilbenes3, 4, 5,
and6, respectively,Scheme 1) in acetonitrile with irradiation
using a XeCl laser (260 mJ, 25 ns FWHM) at the 308 nm
wavelength and a highF. Particular interest is focused on
elucidation of important factors for the formation efficiency
of S radical cations (S•+).

2. Experimental section

2.1. Materials

1 (>99.5%) was purchased from Tokyo Kasei and purified
by recrystallization from ethanol before use. The substituted
stilbenes (2–6) were synthesized by the Wittig reaction of
the corresponding substituted benzaldehyde and benzyl-
triphenylphosphonium chloride with sodium ethoxide in

Table 1
Oxidation potentials and absorption and fluorescence spectral data of1 and substituted stilbenes (2–6) in Ar-saturated acetonitrile

S (Eox)a (V) Absorption Fluorescence Stokes shift (nm)

λmax (nm) εmax (M−1 cm−1) λmax (nm) (Φf )b (τf )c (ps) τ(S1)d (ns)

1 1.27 307 3.3× 104 349 0.016 39 nd 42
2 0.89 317 2.5× 104 373 0.003 7 nd 56
3 0.73 331 2.2× 104 391 0.001 5 nd 60
4 0.79 325 2.9× 104 384 0.008 19 nd 59
5 1.22 308 2.9× 104 392 0.023 76 4 84
6 0.75 326 3.0× 104 373 0.080 30 0.35e 47

nd: not determined because ofτ(S1) shorter than 1 ns.
a Peak voltage for the irreversible oxidation vs. Ag/Ag.
b Fluorescence quantum yield.
c Lifetime of 1S∗ calculated from the Sticker-Barge equation (see text).
d Measured by ns time-resolved SPC.
e According to[37].

absolute ethanol at room temperature according to literature
procedures[29–34] and recrystallized from ethanol before
use. 4-Methoxystilbene (2), mp: 137–138◦C (136–137◦C
[32]); 2,4-dimethostilbene (3), mp: 62–63◦C (62–63◦C
[29]); 3,4-dimethoxystilbene (4), mp: 107–108◦C (111◦C
[30]); 3,5-dimethoxystilbene (5), mp: 47–48◦C (56◦C[31]);
4,4′-dimethoxystilbene (6), mp: 214–215◦C (214.5–215◦C
[31]). Acetonitrile, dimethylsulfoxide (DMF), and tetrahy-
drofuran (THF) (Kishida Kagaku; spectroscopic grade),
methanol (MeOH), butylalcohol and cyclohexane (Nacalai
Tesque; spectroscopic grade),iso-propylalcohol (2-PrOH),
1,2-dichloroethane (DCE), diethylether (DEE), chloro-
form, iso-octane, andn-hexane (Wako spectroscopic grade)
was used without further purification. 9,10-Dicyanthracene
(DCA) was purchased from Aldrich and purified by recrys-
tallization from benzene before use. Biphenyl (Bp) was
purchased from Wako and purified by recrystallization from
ethanol before use.

2.2. Absorption and fluorescence spectral measurements

UV Spectra were measured in acetonitrile by a Shimadzu
UV-3100PC UV-Vis spectrometer with a transparent rectan-
gular cell made from quartz (1.0 cm×1.0 cm×4.0 cm, path
length of 1.0 cm). Fluorescence spectra were measured by
a JASCO FP-500 (A) spectrofluorimeter at 25◦C. The light
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source for the excitation was a 150 W Xe lamp (Toshiba).
A photomultiplier (Hamamatsu R928) was used for the de-
tector.

The absorption peak was observed around 307–331 nm,
while the fluorescence peak was around 349–392 nm de-
pending onS. The Stokes shifts were 42–60 nm forS except
for 5, while it was 84 nm for5. The fluorescence quantum
yield of S (Φf ) was determined from the integrations of the
fluorescence using an external standard of1 in acetonitrile
(Φf1 = 0.016) [35] and molar absorption coefficients of1
andS. The fluorescence lifetimes (τf ) were calculated from
the molecular absorption coefficient at the peak and band
width of the peak according to the Sticker-Barge equation
[36] as shown inTable 1.

3. Lifetime measurement with single-photon counting

τ(S1) was measured by ns time-resolved single-photon
counting (SPC) (Horiba NAES-1100) using a quartz rectan-
gular cell (1.0 cm×1.0 cm×4.0 cm, path length of 1.0 cm).
Here, we useτ(S1) for fluorescence lifetimes measured
by SPC, andτf for fluorescence lifetimes based on the
Sticker-Barge equation[36]. The fluorescence and scatter
signals were detected with NFL 111 ns lamp and SSU-111
photomultiplier. The fluorescence decays were analyzed by
the least-square iterative deconvolution method. The ab-
sorbance of the degassed specimens was less than 0.1 in
acetonitrile. The value ofτ(S1) = 4 ns measured for5 was
10 times longer than the calculatedτf = 76 ps (Table 1).
Theτ(S1) values of otherS were shorter than 1 ns and out of
the detection limit. Theτ(S1) = 0.35 ns for6 in the S1 state
has been measured by the ns time-resolved single-photon
counting[37].

3.1. Solvatochromic measurement

Because the largest Stokes (84 nm) shift and longest life-
time (4 ns) were observed only in5, the internal charge-
transfer (CT) character is suggested for the character of
5 in the S1 state. Solvatochromic measurement was thus
carried out. The presence of the CT excited state has been
assumed based on the solvatochromic effects ofp-dimethyl-
aminobenzonitrile[38,39] and trans-4-dimethylamino-4′-
cyanostilbene[40] on their absorption and fluorescence
spectra. Absorption and fluorescence spectra of5 were
measured in various solvents such as acetonitrile, dimethyl-
sulfoxide, and tetrahydrofuran, methanol, butylalcohol,
and cyclohexane,iso-propylalcohol, 1,2-dichloroethane,
diethylether, chloroform,iso-octane, andn-hexane. The sol-
vatochromic shifts of the maxima peaks (νabsandνf ) of the
absorption and fluorescence spectra of5 are indicated as the
straight lines of plots ofνabs andνf versus the solvent po-
larity function (
p) [40] with the slopes ofm(abs) andm(f),
respectively, as shown inFig. 1. Dipole moments of the S1
state and CT excited state ofS were calculated from the

Fig. 1. Plots ofνmax of absorption (�), fluorescence (�), and Stokes
shift (νabs− νf , 	) vs. the solvent polarity function (
p) for 5.

solvatochromic slopes ofm(abs) andm(f) to be µS1 = 3.1
andµCT = 9.1 D, respectively, based onµg = 2.3 D using
the MOPAC AM1 method. In contrast, little change was
observed for the peaks, shapes, absorbance, and intensities
depending on the solvent in the absorption and fluorescence
spectra of1 and2.

3.2. Nanosecond laser flash photolysis

Nanosecond laser flash photolysis experiments were
carried out using 308 nm flash from a XeCl excimer
laser (Lambda Physik Compex 102; pulse width of 25 ns
FWHM, laser intensity of 50–200 mJ per pulse, andF of
128–512 mJ cm−2 per pulse) and the third harmonic os-
cillation (355 nm) of a Nd3+:YAG laser (Quantel Brilliant
Q-switch laser; pulse width of 5 ns FWHM) as an excita-
tion source. The monitor light source was obtained from
a 450 W Xe lamp (Osram XBO-450) synchronized with
the laser flash. The irradiation volume of the laser beam
was identical with that of the monitor light source. The
intensity of the monitor light source was detected using
a photomultiplier (Hamamatsu R928). The electric signal
from the photomultiplier was digitalized by an oscilloscope
and transmitted to a personal computer with the interface
RS 232C. The signals were accumulated. Transient ab-
sorption spectra were measured by a multichannel analyzer
with an image intensifier having a 30 ns gate width and
transmitted to a personal computer with the interface RS
232C. The spectra were accumulated (Unisoku 1-02). The
samples were prepared in degassed or saturated with Ar for
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15 min, using a transparent rectangular cell made of quartz
(1.0 cm× 1.0 cm× 4.0 cm, light-path length of 1.0 cm) at
room temperature. The concentration of S was chosen to
have an absorbance of 1.0 at 308 nm of the excitation laser
wavelength.

3.3. Oxidation potential measurement

Oxidation potentials (Eox) were measured in acetonitrile
by cyclic voltammetry (BAS Model CV-50 W voltammo-
graph) with platinum working and auxiliary electrodes and
a Ag/Ag+ reference electrode at a scan rate of 50 mV s−1.
Ferrocene (Eox = 0.76 V) was used as a standard external
reference. Measurements were performed in dry acetonitrile
containing 1.0×10−3 M of S and 0.1 M tetraethylammonium
tetrafluoroborate electrolyte. Because the cyclic voltagrams
gave irreversible oxidation peaks, the peak potentials were
taken forEox (Table 1). Eox values ofS were 0.89–1.42 V.

All experiments of spectral measurements, transient ab-
sorption measurements, and oxidation potential measure-
ments were carried out at room temperature.

4. Results

4.1. Transient absorption measurement of S•+
during the RTPI of S

A transient absorption spectrum with a maximum peak
at λmax = 472 nm was observed during the 308 nm laser
flash photolysis of1 in acetonitrile (3.8 × 10−5 M) at F =
512 mJ cm−2 per pulse (Fig. 1). The transient absorption
decreased with lowerF. The transient absorption spectrum
was reasonably assigned to the1 radical cation (1•+) ac-
cording to the previous report[41]. Concentrations of the
sample solution were set at the absorbance of 1.0 for the
sample solution with a 1 cm optical length at the excitation
wavelength (308 nm). From the relationship between the ion-
ization potential of1 (7.8 eV) and the photon energy of a
XeCl laser (4.0 eV),1 is ionized by two-photon excitation at
308 nm. Similarly, transient absorption spectra ofS•+ with
peaks around 450–540 nm were observed in the region of
400–600 nm, although the peaks were much broader, two
peaks were observed for2•+ and5•+, and the peaks of5•+
and6•+ shifted to the longer wavelength. Because a 308 nm
photon energy is not sufficient for the ionization ofS, S•+
is generated during the RTPI of otherS types at 308 nm in
acetonitrile.

An electron is generated together withS•+, and the elec-
tron then reacts with acetonitrile to give an acetonitrile rad-
ical anion and a dimer radical anion which have a weak
absorption in the range of 400–600 nm[42]. Even a sol-
vated electron reacts partly with1 at a rate constant of
(2–5) × 1010 M−1 s−1 [43], The 1 radical anion cannot be
generated on a time scale of 100 ns at a concentration of
10−5 M of 1. In fact, no transient absorption of the1 rad-

ical anion with a peak at 530 nm was observed at 100 ns
after the laser flash during the RTPI of1 (3.8× 10−5 M) in
acetonitrile as shown inFig. 2.

4.2. Formation quantum yield of S•+ (Φion) of the RTPI

The molar absorption coefficients (ε) of S•+ at a wave-
length of the absorption is necessary to determine the con-
centration ofS•+. The formation of1•+ and6•+ has been
observed during the pulse radiolyses in DCE at room tem-
perature[6–8], �-radiolysis in butyl chloride solution at 77 K
[9], and photo-induced electron transfer between DCA in
the singlet excited state (1DCA∗) and Bp in acetonitrile at
room temperature[44,45]. The molar absorption coefficients
(ε) of all S•+ determined from the photo-induced electron
transfer were used in the present study because acetonitrile
was the solvent in both experiments.

The transient absorption spectrum of the Bp radical cation
(Bp•+) was observed at the end of the laser flash during
355 nm 5 ns flash photolysis of a mixture of DCA (0.1 mM),
Bp (100 mM), and6 (1 mM) in acetonitrile. The Bp•+ ab-
sorption decayed together with the formation of a new peak
at 530 nm assigned to6•+. These are responsible for electron
transfer from Bp to1DCA∗ to form Bp•+, and a DCA radical
anion (DCA•−) and hole transfer from Bp•+ to 5. From the
maximum
O.D.670 = 0.026 of Bp•+, [Bp•+] was calcu-
lated to be 1.8×10−6 M usingε670 = 1.45×104 M−1 cm−1

[46]. [Bp•+] = [6•+] is assumed; therefore,ε at 540 nm
(ε540 = 4.1× 104 M−1 cm−1) was calculated for6•+. Sim-
ilarly, ε values for the absorption ofS•+ at the wavelength
monitored were calculated:ε480 = 4.7×104 for 1•+, ε485 =
6.1×104 for 2•+, ε480 = 3.3×104 for 3•+, ε480 = 3.4×104

for 4•+, andε480 = 2.5 × 104 M−1 cm−1 for 5•+.
From [1•+] = 2.0× 10−6 M, the quantum yield was cal-

culated to beΦion = 2.0 × 10−3 for the RTPI of1•+ at
F = 512 mJ cm−2 per pulse. Similarly,Φion values forS•+
were obtained as shown inTable 2.

4.3. Relationship between Φion and F

The Φion calculated from the concentration ofS•+ in-
creased with the increasingF. The log–log plot of [1•+]

Table 2
Quantum yield of the RTPI (Φion) and slope of linear plots of log[S•+]
vs. logF

S S → S•+ + e−

(Φion)a × 10−3 Slope

1 2.0 1.9
2 0.6 2.0
3 1.4 1.7
4 6.0 1.8
5 20.7 0.8
6 12.6 1.2

a At F = 512 mJ cm−2 per pulse in acetonitrile.
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Fig. 2. Transient absorption spectra assigned toS•+ observed at the end of a laser flash withI = 200 mJ per pulse andF = 512 mJ cm−2 per pulse
(large
O.D.), andI = 100 mJ per pulse andF = 128 mJ cm−2 per pulse (small
O.D.) during the RTPI ofS at 308 nm in acetonitrile. Concentrations
of 1 (a), 2 (b), 3 (c), 4 (d), 5 (e), and6 (f) were 3.8 × 10−5, 4.0 × 10−5, 6.3 × 10−5, 4.7 × 10−5, 3.7 × 10−5, and 2.7 × 10−5 M, respectively.

versusF showed a linear relationship with a slope of 2, which
indicates that theΦion of 1•+ is proportional toF2 (Fig. 3).
A slope of approximately 2 was also obtained for the RTPI
of 2–4 as shown inTable 2, indicating two-photon excitation
during the RTPI. On the other hand, the slopes of 0.8 and
1.2 were obtained for the linear log–log plots of [5•+] and
[6•+], respectively, versusF (Fig. 3). The slopes of plots
of log[S•+] versus logF were summarized inTable 2. The
slope means the photon number required to produceS•+ in
the RTPI. The slope of approximately 1 for the RTPI of5
and6 would suggest one-photon process for the formation
of 5•+ and6•+, although the RTPI of5 and6 occurs with
two-photon excitation. A mechanism of the RTPI of5 and
6 is suggested to be different from that of1–4.

4.4. Relationships between Φion and Eox or τf

The effects of the physical properties ofS on theΦion
were examined. No relation between theΦion (0.06–0.29%)
andEox of S was observed (Fig. 4). On the other hand,Φion
increased with the increasingτf of 1S∗ (Fig. 5).
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Fig. 3. Log–log plots of [S•+] (in M) vs. laser fluence (F in mJ cm−2 per
pulse). [S•+] values were calculated from
O.D. at 480, 485, 480, 480,
480, and 540 nm of1•+ (�), 2•+ (�), 3•+ (	), 4•+ (�), 5•+ (�), and
6•+ (�), respectively.
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5. Discussion

5.1. Mechanism of the RTPI of 1–4

It is found thatS•+ (1•+–4•+) is generated during the
RTPI in which S is excited to the S1 state (1S∗) with the
first-photon excitation at 308 nm, and1S∗ is then excited
to the Sn state with the second-photon excitation at 308 nm
during the single laser pulse irradiation (25 ns). The con-
centration of S•+ was proportional toF2 for 1•+–4•+
(Table 2). This relation is usually obtained for the RTPI
because two-photon absorption is necessary for ionization

S0

S1

I.P.
Sn

CT (15*) or Quinoid (16*) 

IC, Fl

308 nm

S•+ +e-
ionization

IC, Fl308 nm

308 nm
IC S = 1-6

Scheme 2.

of S to give S•+. Therefore, stepwise excitation ofS in-
volving first excitation to the S1 state and second excitation
to the Sn state is followed by electron detachment from the
Sn state to giveS•+ during the RTPI of1–4 as shown in
Scheme 2where IP, IC, and Fl are the ionization potential,
internal conversion, and fluorescence, respectively.

Because the peaks and shapes of the absorption and emis-
sion spectra of1–4 in various solvents were similar, the
S0–S1 absorption is assigned to the��* transition with a
similar S0–S1 energy gap. On the other hand,Eox changed
from 0.73 to 1.27 V andτf (5–39 ps) changed 7–8 times. No
relation betweenΦion (0.06–2.1%) andEox of 1–4 was ob-
served (Fig. 4), althoughΦion increased with increasingτf
(Fig. 5).

According to the mechanism of the RTPI of1–4
(Scheme 2), Φion is expected to increase with lowerEox,
longer τf , and larger transition probabilities of the S0–S1
and S1–Sn excitations. The relation of largerΦion with
lower Eox has been generally found for the RTPI of various
molecules. However,Eox was not an important factor in the
RTPI of a series of molecules such asS (1–4). Because the
two-photon energy of 308 nm light is 8.0 eV, which is higher
than the ionization energies ofS, the difference inEox does
not influence theΦion. On the other hand, the effect ofτf
appeared clearly onΦion. The concentration of1–4 was
chosen to have an absorbance of 1.0 at 308 nm of the exci-
tation laser wavelength; thus, the transition probability of
the S0–S1 excitation does not appear inΦion. The transition
probability of the S1–Sn excitation is definitely an impor-
tant factor forΦion, although it is not known. Consequently,
it is found thatS should be designed to have a longerτf of
1S∗ in order to obtain a highΦion during the RTPI.

5.2. Mechanism of the RTPI of 5 and 6

The relation of [S•+] proportional toF (slope= 1) was
obtained for the RTPI of5 and6. 5 has the second highest
Eox of 1.22 V, the longestτf of 76 ps, and the largestΦion =
2.07×10−2 amongS. 6 has the second lowestEox of 0.75 V,
the second longestτf of 30 ps, and the second largestΦion =
1.26×10−2 amongS. Because concentrations of the sample
solutions were set at the absorbance of 1.0 at the 308 nm
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excitation wavelength, the excitation from the S0 to S1 state
proceeds similarly for allS. The relation betweenΦion and
F is thus explained by a photostationary state with constant
concentrations of5 and6 in the S1 and Sn states which are
attained within the laser flash duration. It should be noted
again that theΦion depends not onEox but on τf (Figs. 4
and 5).

According to dipole moments calculated for5 in the S0
and S1 states, a CT excited state with a longτ(S1) = 4 ns is
assumed for5 in the S1 state, which is responsible for the
efficient second excitation to5 in the Sn state to give5•+
in a largeΦion (Scheme 2). Because6 has two methoxyl
groups substituted symmetrically to the two benzene rings,
such CT excited state cannot be expected for6 in the S1
state. However, the second excitation occurs very efficiently
from 6 in the S1 state to the Sn state at the 308 nm laser
wavelength. The lifetime of 0.35 ns for6 in the S1 state has
been measured by the time-resolved single-photon count-
ing [37], although such long lifetimes for otherS in the S1
state were not observed.2–4 have one or two methoxyl sub-
stituents on one benzene ring, while6 has two 4-methoxyl
substituents symmetrically on two benzene rings. Therefore,
it is suggested that6 in the S1 state is stabilized and has
the longer lifetime of 0.35 ns because of the quinoid-type
electronic structure involving not only�-electrons but also
n-electrons of oxygen atoms of two methoxyl substituents,
which contributes much less in2–4 in the S1 state.

The slope of 1 can be obtained for the RTPI ofM with
relatively long τ(S1) of 1M∗. It should be generally con-
sidered that the RTPI ofM generatesM•+ effectively via
the CT excited state even ifM has a relatively highEox. It
is suggested that the CT excited state has probably larger
absorption cross-section for the second excitation to the Sn

state at the laser wavelength. The intermediacy of the CT
excited state is also assumed for non-linear light absorption
enhanced by the CT excited state[47,48]. Consequently, it
is found that the RTPI ofS reflects the properties of the in-
termediate in the S1 state, and the slope of 2 is not essential
for the RTPI.

6. Conclusions

S•+ was generated from the RTPI ofS in acetonitrile
with irradiation of a XeCl laser pulse with highF. Φion
was proportional toF2 for the RTPI of1–4, althoughΦion
was and proportional toF for the RTPI of 5 and 6. No
relation betweenΦion (0.06–0.29%) andEox of S was
observed, althoughΦion increased with the increasingτf .
Based on these results, together with the relationship be-
tween the ionization energy ofS and the photon energy of
a XeCl laser, the RTPI proceeds via a two-step two-photon
excitation through1S∗ and ionization from the Sn state.
The intermediacy of the internal CT excited state for the
RTPI of 5 was suggested based on the fluorescence lifetime
measurement, solvatochromic measurement, and the dipole

moment calculation. The RTPI ofS reflects the properties
of the intermediate in the S1 state. Although the slopes of
the log–log plots of [S•+] versusF has been frequently
discussed as a proof of the RTPI, it is found that the slope
of approximately 2 is not essential for the RTPI. The slope
of approximately 1 observed for the RTPI of5 and6 is ex-
plained by the photostationary state among S0, S1, and Sn
states attained during the laser pulse in the RTPI. It is sug-
gested thatS should be designed to have a longerτf of 1S∗
such as the CT excited state in order to obtain a high yield
of S•+ for the kinetic measurement ofS•+ during the RTPI.
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