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Photoinduced chemical reaction between thioxanthen-9-one (TX) and diphenylamine (DPA)
were investigated by the nanosecond laser flash photolysis. With photolysis at 355 nm, the
triplet TX (3TX∗) is produced via a Franck-Condon excitation and intersystem crossing.
In the transient absorption spectra of the reduction of 3TX∗ by DPA in pure and aque-
ous CH3CN, four bands are clearly observed and assigned to absorption of 3TX∗, TXH·,
TX·− and DPA·+, respectively. With the increase of solvent polarity, the blue-shift was
observed for all absorption bands of the intermediates. With the aid of dynamic decay
curves, an electron transfer followed by a protonation process is confirmed for the reduc-
tion of 3TX∗ by DPA. The quenching rate constants of 3TX∗ by DPA very slightly de-
crease from 9.7×109 L/(mol·s) in pure CH3CN, to 8.7×109 L/(mol·s) in CH3CN:H2O (9:1),
8.0×109 L/(mol·s) in CH3CN:H2O (4:1) and 7.5×109 L/(mol·s) in CH3CN:H2O (1:1). There-
fore water plays a minor role in the title reaction, and moreover no obvious medium effect
of solvent polarity is observed for the electron transfer between 3TX∗ and DPA, indicating
that the 3nπ∗ and 3ππ∗ states of TX have the approximate ability to attract an electron
from DPA.

Key words: Electron transfer, Protonation, Reaction mechanism, Absorption spectra,
Laser flash photolysis

I. INTRODUCTION

Many aromatic ketones, like thioxanthones [1−3]
benzophenone (BP) [4, 5], and benzyles [6, 7], have
drawn extensive attention of many experiments and the-
oretical calculations [8−13], due to their important roles
in photochemistry and photobiology. In the presence
of an electron donor like amines, reductions of the ex-
cited electronic state of a ketone are able to form some
key radicals in polymer chain reactions, e.g. photoreac-
tion of thioxanthone with indolic and phenolic deriva-
tives [14, 15], photoreduction of BP by amines [16−18],
and so on. Among all aromatic ketones, thioxanthones
are usually used as photoinitiators for dentistry resins
[19−21], UV curing of coatings [22], and photopolymer-
ization of monomers in micelles [23]. It is noteworthy
that thioxanthone does not directly dissociate to free
radicals on UV photolysis, but they can absorb a UV
photon to yield the triplet excited state with a high
yields [9].

As an important aromatic ketone, thioxanthen-9-one
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(TX) has a typical conjugated carbonyl structure as
shown in Scheme 1, and the ketonic oxygen has a
strong ability to attract electron from surroundings
(Ered=−1.66 eV) [1]. By measuring the nanosecond
transient photoconductivity of TX and amino-alkyl rad-
ical of triethylamine (TEA-H), Dossot et al. observed
the thermal electron transfer between the ground state
TX and TEA-H· radical, followed by a fast deprotona-
tion to produce TEA-H·+ and TX·− radical ions [25].
Compared with the ground state of TX, the triplet
TX is more active to react with electron donors. Yip
et al. measured the lifetime of 3TX∗ in different sol-
vents, where the sulfur atom was proposed as the elec-
tron donor of charge-transfer complex formed in self-
quenching of 3TX∗ [26]. In the transient absorption
spectra of TX in acetonitrile, both the bands at 300 and
600 nm were attributed to 3TX∗ [27]. By comparing the
spectra in different solvents, Ferreira et al. found that
the maximum absorption of 3TX∗ has a blue-shift with
the polarity of the medium increasing [27]. The recent
theoretical calculations [28, 29] indicated that the low-
est triplet and singlet excited states of TX are close in
energy, so that internal conversion (IC) and intersystem
crossing (ISC) are facilitated once photoexcitation and
moreover both IC and ISC decrease with the increase
of solvent polarity.

In general, the quenching of the triplet thioxanthone
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Scheme 1 Molecular structures of TX, TX·−, and DPA.

and derivatives by amines is believed to occur via the
intermolecular electron transfer mechanism. Therefore,
the reduction of 3TX∗ by amines is thought as a typ-
ical example of the electron transfer, and many inves-
tigations has been performed on these photochemical
reactions [1, 23, 24, 30−35]. A transient photocur-
rent measurement [31] on reduction of 3TX∗ by two
typical amines, 1,4-diazabicyclo[2,2,2]octane (DABCO)
and diphenylamine (DPA), were performed respec-
tively. Although the electron transfer from DABCO
to 3TX∗ was verified, the reduction mechanism be-
tween DPA and 3TX∗ was uncertain due to too low
yield of free ions. Recently, the electron transfers
between 3TX∗ and triphenylamine (TPA), 3,5,N ,N -
tetramethylaniline (TMA) were certified by observing
absorptions of TPA·+, TMA·+ radical cations [35].
In the transient absorption spectra of TX and DPA
[24], three new bands in acetonitrile were arbitrarily
stated for TXH· (420 nm), TX·− (680 nm), and DPA·+
(720 nm), respectively, although the bands were seri-
ously blurred with too low signal-to-noise ratio. It is
noteworthy that the spectral assignment of DPA·+ rad-
ical cation in the experiment is doubtable, because a few
previous experiments have the inconsistent conclusions,
e.g. at 670 nm in methanol [36], at ∼690 nm in low-
temperature matrix irradiation experiments [37, 38] and
in radiolysis measurement [39]. More significantly, the
intensities of the bands at 680 nm (TX·−) and 720 nm
(DPA·+) were not increased simultaneously, which was
contradictory with the primary electron-transfer pro-
cess between 3TX∗ and DPA [24]. To verify the elec-
tron transfer mechanism it is very necessary to find a
confessed spectral assignment of DPA·+ radical ion.

It is well known that the triplet excited state of aro-
matic ketones is formed by promotion of an electron
from a nonbonding (n) orbital of oxygen onto an anti-
bonding π∗ orbital (noted as nπ∗ configuration). But
in a more polar solvent, 3ππ∗ state is stabilized as the
lowest-lying triplet state [40, 41]. In this case, the pri-
mary process of the triplet aromatic ketone in 3ππ∗
state usually is a H-abstraction from an environment
(R-H) to produce a ketyl radical instead of the electron-
transfer, and its rate depends on the ISC yield and its
energy [42, 43]. Thus it is worth to reinvestigate the

reduction of 3TX∗ by DPA in different solvents, to iden-
tify that the dominant primary reaction is the electron
transfer or H-abstraction process in different polar sol-
vents. Furthermore, to compare the reaction rates in
proton inert solvent with the aqueous solvents, it will
be very useful to understand the role of water in the
title reaction.

In the present experiment, the transient absorption
spectra of TX in CH3CN and CH3CN:H2O at different
volume ratios with photolysis at 355 nm are measured
respectively. With the aid of the quenching dynam-
ics, the new spectral assignments for all intermediates
in the reduction of 3TX∗ by DPA are obtained, like
TX·−, DPA·+, and TXH· radical. Therefore the whole
reduction mechanism of 3TX∗ by DPA will be clearly
proposed. Moreover, the quenching rate constant of
3TX∗ by DPA in various solvents will be derived from
the fitting of the quenching rates vs. concentration of
DPA. The influence of the distributions of 3ππ∗ and nπ∗
configurations in 3TX∗ on the bimolecular reaction rate
constant with DPA will be discussed subsequently.

II. EXPERIMENTS

Steady-state absorption spectra (UV-3600, Shi-
madzu) and fluorescence spectra (F-4600, Hitachi) of
aromatic ketone in different solvents were measured
by using commercial spectrometers. The nanosecond
laser flash photolysis was performed with a home-made
experimental system [44, 45]. A 500 W Xenon lamp
was employed as the analyzing sources, and the pulsed
photoexcitation source was the third harmonic laser
(355 nm, pulse width 8 ns) from an Nd:YAG laser
(PRO190, Spectra Physics). The typical power of the
pulsed laser is 4 mJ/pulse. Two light beams perpendic-
ularly passed through a flow quartz cuvette with an op-
tical path length of 10 mm. A photomultiplier (CR131,
Hamamatsu) was installed at the exit of monochroma-
tor to measure intensity of the transmission light. The
wavelength range of the spectrometry is 250−800 nm.
At a spectral wavelength, the decay curve of intermedi-
ate was averaged by multi-shots and recorded with an
oscilloscope (TDS3052B, Tektronix). The transient ab-
sorption spectra were scanned with an accumulation by
64 shots for each wavelength.

TX (98%), DPA (99%), and TPA (99%) were pur-
chased from Alfa Aesar Co. and Acros Co. respec-
tively, and used without further purification. Accord-
ing to too low solubility of TX and DPA in water,
the mixed solvents of acetonitrile and water in differ-
ent volume ratio are used in the following experiments.
Acetonitrile of high performance liquid chromatography
reagent and triply-distilled deionized water were used
to prepare the aqueous acetonitrile solvent in different
ratio. All the solutions were deoxygenated by purging
with high-purity argon (99.99%) for 30 min before the
spectroscopic and dynamic measurements. The laser
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flash photolysis experiments were performed at ambient
room temperature (∼25 ◦C). In all the following spec-
tral measurements, the concentration of TX was kept
as 0.5 mmol/L.

III. RESULTS AND DISCUSSION

It is well-known that both absorption and fluores-
cence spectra of aromatic ketone can be changed by
solvent polarity. With the ratio of water in acetoni-
trile increasing, solvent polarities are monotonically
increasing.

A. Steady-state absorption and fluorescence spectra of
TX

The steady-state absorption spectra of TX in differ-
ent solvents are shown in Fig.1(a), while Fig.1(b) dis-
plays their fluorescence spectra under 355 nm irradia-
tion. Only a little red-shift of less than 3 nm is found
for the maximum absorption of TX in aqueous acetoni-
trile compared to that in pure CH3CN, and absorption
intensity is almost unchanged. However the maximum
absorption wavelength is red-shifted as the arrow shown
in Fig.1(a) with solvent polarity increasing. The fluo-
rescence intensities are dramatically improved with the
increasing of solvent polarity, and more than 15 nm red-
shift is observed for the maximum fluorescence.

As suggested by Ferreira et al. both 1nπ∗ and 1ππ∗
characters are involved in the S0→S1 transition of TX
[27]. Although solvent polarity can probably influence
energies of 1nπ∗ and 1ππ∗ states [40, 41], the Frank-
Condon excitation is almost unchanged as shown in
Fig.1(a). However with the increase of solvent polarity,
1ππ∗ state is significantly stabilized as the lowest sin-
glet excited state [29]. Thus the contribution from 1ππ∗
state is enhanced in Fig.1(a), whilst the maximum ab-
sorption and fluorescence are red-shift. Moreover, due
to decrease in interval conversion (IC) and intersystem
crossing (ISC) with the solvent polarity increasing [29],
the fluorescence intensity is significantly improved. All
the conclusions agree with the most recent calculation
[29].

B. Transient absorption spectra of TX in different
solvents

Since acetonitrile is inert in chemical reaction, the
absorption spectra and dynamic behaviors of TX in
pure CH3CN on photolysis are the simplest and use-
ful to understand its photophysical and photochemical
characteristics. The transient absorption spectra of TX
in CH3CN after laser photolysis are shown in Fig.2(a),
where four delay times are listed as 0.4, 1.0, 4.2, and
8.6 μs. In the spectra an unique wide peak is observed

FIG. 1 (a) Steady-state absorption and (b) laser induced
fluorescence spectra of TX in different solvents. The arrows
show the maximum absorption wavelength and the maxi-
mum fluorescence wavelength are red-shifted with solvent
polarity increasing.

at 627 nm. It can be attributed to the triplet-triplet
transition of 3TX∗, as the same as the previous con-
clusions [24, 27, 35]. Moreover, the assignment is also
verified by an additional experiment, in which its inten-
sity was dramatically quenched by the solvated oxygen.

The dynamic decay curves of the intermediate at
627 nm were measured, and the quenching rate kobs
of the intermediate was derived from the least square
fitting of the curve with a pseudo first-order kinetic.
As shown in Fig.2(b), the rates are monotonously in-
creased and the self-quenching rate constant ksq is
determined as 9.9×108 L/(mol·s), which is far lower
than the diffusion-controlling rate limit in acetonitrile
(1.94×1010 L/(mol·s)). Thus a dynamic excimer is
expected to stabilize triplet TX and reduce its self-
quenching rate.

Similarly, the transient absorption spectra of
TX in CH3CN:H2O (9:1), CH3CN:H2O (4:1), and
CH3CN:H2O (1:1) solvents are shown in Fig.3, respec-
tively. With the ratio of water increasing, the absorp-
tion intensity of 3TX∗ is slightly decreased. The absorp-
tion of triplet TX is slightly blue-shifted from 614 nm
in CH3CN:H2O (9:1), 607 nm in CH3CN:H2O (4:1) to
600 nm in CH3CN:H2O (1:1). As shown in the most
recent calculation [29], the triplet-triplet transition en-
ergy of 3ππ∗ increases with the increasing of solvent
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FIG. 2 (a) Transient absorption spectra of TX (0.5 mmol/L) in pure acetonitrile, (b) quenching rate kobs vs. concentration
of TX, and (c) the experimental and fitted dynamic decay curves of the intermediate at 627 nm.

FIG. 3 Transient absorption spectra of TX (0.5 mmol/L) in different aqueous solvents, (a) CH3CN:H2O=9:1,
(b) CH3CN:H2O=4:1, and (c) CH3CN:H2O=1:1.

polarity. It is consistent with the present phenomenon
of blue-shift. In addition, interval conversion (IC) and
intersystem crossing (ISC) are weakened with the sol-
vent polarity increasing [29], and hence the absorption
intensity of 3TX∗ is certainly decreased.

By fitting the decay of absorption intensity of 3TX∗,
its quenching rates are measured and summarized in Ta-
ble I. Due to hydrogen bond between hydroxyl of water
and keto oxygen of TX, the direct H-abstraction easily
occurs in a protic solvent. Thus a new weak absorption
at ∼417 nm in Fig.3 can be assigned as the absorption
of TXH· radical according to the previous conclusions
[24, 27, 35]. Moreover, no electron transfer does evi-
dently occur in these solutions because no absorption
of TX·− radical anion is observed at ∼680 nm. Thus
the overall quenching mechanism of 3TX∗ in a protic
solvent is a competition between the self-quenching and
the H-abstraction processes. As shown in Table I, the
quenching rate of 3TX∗ is decreased with a sequence of
CH3CN:H2O (9:1, 4:1, and 1:1) solvents. It is well con-
sistent with the fact that the 3ππ∗ state is less reactive
towards H-abstraction [46]. The greater the polarity
of the solvent is, the more dominant the 3ππ∗ state of
3TX∗ is, and hence the quenching rate the slower is.

C. Photo-induced chemical reaction between TX and
DPA in pure acetonitrile

In the presence of DPA, transient absorption spec-
trum of TX in pure acetonitrile was measured and
shown in Fig.4. Intensity of the absorption at 627 nm is
dramatically reduced from that in Fig.2(a), while that
at 420 nm is notably improved. Two new absorptions at
∼683 and 780 nm can also be clearly observed with the
weak intensities, especially at the delay time of 1.0 μs.

The dynamic decay of these four absorptions was
measured and shown in Fig.5(a). It is similar to Fig.2(a)
that the bands at 627 and 420 nm can be assigned to
the absorptions of 3TX∗ (627 nm) and TXH· radical
(420 nm), respectively. Obviously, the decay rate of
3TX∗ is much faster than that in the absence of DPA,
indicating that a fast reaction between 3TX∗ and DPA
definitely happens. With the quenching of 3TX∗, the
intermediates at 683 and 780 nm are produced quickly
with a close rate. Both the absorptions reach the maxi-
mum at about 0.7 μs and then decrease. Thus both the
intermediates should be the initial reaction products of
3TX∗ and DPA. Moreover, the absorption at 420 nm
is gradually increased to its maximum at about 1.2 μs,
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TABLE I Absorption wavelengths λ, lifetime t, and quenching rates kobs of intermediates after photolysis of TX
(0.5 mmol/L) in different solvents.

CH3CN:H2O TXH· 3TX∗

t/μs kobs/10
5 s−1 λ/nm t/μs kobs/10

5 s−1 λ/nm

1:0 – – – 1.98±0.02 5.05±0.04 627

9:1 4.73±0.06 2.11±0.03 417 2.32±0.03 4.30±0.06 614

4:1 4.85±0.05 2.06±0.02 417 2.90±0.07 3.45±0.08 607

1:1 5.15±0.09 1.94±0.04 417 3.85±0.09 2.60±0.06 600

TABLE II Lifetime t, quenching rate kobs, and absorption wavelength λ of all intermediatesa.

CH3CN:H2O λ/nm kobs/10
5 s−1 t/μs CH3CN:H2O λ/nm kobs/10

5 s−1 t/μs

TXH· 1:0 420 1.85±0.03 5.39±0.07 3TX∗ 1:0 627 27.21±0.04 0.3675±0.0005

9:1 418 1.80±0.03 5.55±0.07 9:1 614 27.17±0.05 0.3680±0.0006

4:1 418 1.75±0.03 5.71±0.07 4:1 607 25.72±0.04 0.3887±0.0006

1:1 418 1.62±0.03 6.17±0.09 1:1 600 23.35±0.05 0.4282±0.0008

TX·− 1:0 683 3.44±0.04 2.90±0.03 DPA·+ 1:0 780 2.04±0.09 4.9±0.2

9:1 683 3.74±0.05 2.67±0.03 9:1 780 2.00±0.09 5.0±0.2

4:1 683 3.42±0.05 2.92±0.04 4:1 780 2.00±0.05 5.0±0.1

1:1 683 2.63±0.04 3.79±0.05 1:1 780 1.72±0.06 5.8±0.2
a Concentration of DPA is 3 mmol/L.

FIG. 4 Transient absorption spectra of TX and DPA in pure
CH3CN at different time delay after photolysis.

and hence it is naturally attributed to a product of the
secondary reaction.

By using the least square fitting with the first-order
or second-order kinetics, the quenching rates of the in-
termediates are obtained and summarized in Table II.
It is well known that DPA has a low oxidation potential
as a common electron donor in reaction, so that it can
provide an electron to 3TX∗. Thus DPA·+ and TX·−
radical ions are expected via an initial electron trans-
fer process of Eq.(1). Thus the spectral carriers of the
absorptions at 780 and 683 nm are straightly assigned
to the products of the electron-transfer process, DPA·+
and TX·− radical ions. Since there are the inconsistent
spectral assignments of the absorptions of DPA·+ rad-
ical cation, an additional experiment on photoreaction

between TX and TPA was done in order to clarify the
absorption of DPA·+ in CH3CN. Due to the lower oxi-
dation potential of TPA than that of DPA, the electron
transfer is primary between 3TX∗ and TPA. Figure 6
shows the transient absorption spectra with photolysis
at 355 nm, where several absorptions are visible at 420,
550, 627, and 670 nm. It is well-known that absorption
of TPA·+ has the maximum at ∼550 nm in acetonitrile
[47], the peak at 670 nm is certainly assigned to the
contribution of TX·− radical anion. By comparing the
spectra in Fig.4 with that in Fig.6, the spectral carrier
of the weak absorption at 780 nm in Fig.4 is believed
to be contributed by DPA·+ radical cation. It is note-
worthy that the weak absorption of DPA·+ in CH3CN
covers such a wide wavelength range that it is difficult
to identify the peak position. It is believed as the chief
reason to cause the inconsistence in all the references.

Once producing, TX·− radical anion can rapidly ab-
stract a proton from DPA·+ to produce TXH· radical as
Eq.(2). TXH· radical contributes to the 420 nm band
as the same as Fig.3. The quenching rates of TX·− and
DPA·+ are close indeed as shown in Table II, and the
slight faster rate of TX·− probably is due to contami-
nation of the nearby absorption of 3TX∗.

3TX∗ +DPA →3 [TX−· · ·DPA+] → TX·−+DPA·+ (1)

TX·− +DPA·+ → TXH· + (DPA−H)
· (2)

As shown in Fig.5(b), the obvious quenching rates
kobs monotonically increase with the DPA concen-
tration, and a linear relationship is found. Using
fitting with the Stern-Volmer relationship as Eq.(3),

DOI:10.1063/1674-0068/28/cjcp1503054 c©2015 Chinese Physical Society



498 Chin. J. Chem. Phys., Vol. 28, No. 4 Lin Chen et al.

FIG. 5 (a) Normalized dynamic decay curves of the intermediates at 420, 627, 683, and 780 nm in pure acetonitrile, where
the arrows show the delay time to reach the maximum of absorption, (b) quenching rate of triplet TX vs. concentration of
DPA, and (c) the experimental and fitted dynamic decay curves of the intermediate at 627 nm.

FIG. 6 Transient absorption spectra of TX and TPA in pure
CH3CN at different delay time after photolysis.

the quenching rate constant kq can be determined
as 9.7×109 L/(mol·s), which is close to encounter-
controlled rate constant in CH3CN.

kobs = k0 + kq[DPA] (3)

where k0 and kobs are the quenching rate of 3TX∗
(0.5 mmol/L) in solution of the absence and presence
of DPA, respectively. Obviously, the quenching rate
constant kq is much higher than the self-quenching rate
constant ksq (9.9×108 L/(mol·s)), and thus the quench-
ing of triplet TX by DPA is very effective indeed.

To confirm the electron transfer mechanism between
3TX∗ and DPA, the free Gibbs free energy change ΔG
is calculated by the Rehm-Weller Eq.(4),

ΔG = Eox − Ered − q2

εr
− ET (4)

where Eox and Ered are the oxidation potential of DPA
and the reduction potential of 3TX∗, respectively. ET

is the excited energy of the triplet TX, 274.4 kJ/mol
[48]. For DPA, the value of Eox is 0.84 eV (vs. SCE)
in acetonitrile. For 3TX∗, the value of Ered is −1.66 eV
(vs. SCE) in acetonitrile. q2/εr is the Coulombic work

term of the product ions at the encounter distance, and
the value is 0.055 eV in acetonitrile [35]. Thus ΔG
of the electron transfer reaction Eq.(1) is determined
as −0.4 eV, indicating the electron transfer is able to
occur between 3TX∗ and DPA indeed.

D. Photochemical reaction between TX and DPA in
protic solvents

Figure 7 shows the transient absorption spectra of
TX and DPA in two protic solvents of CH3CN:H2O (9:1
and 1:1). The four bands in Fig.4 are also visible with
slight wavelength-shifts. The maximum absorptions at
614 or 600 nm are shifted from 627 nm in pure acetoni-
trile and still assigned to triplet-triplet absorption of
3TX∗. Compared with the spectrum in Fig.4, intensity
of triplet TX is reduced at the same delay time. Sim-
ilarly, the absorptions at ∼418, ∼673, and 780 nm are
contributed by TXH·− radical, TX·− radical anion and
DPA·+ radical cation, respectively, and exhibit slight
blue-shift from those in pure CH3CN. Solvent polarity
is believed to be the most significant reason of the blue-
shift.

Similar to quenching in pure acetonitrile, the electron
transfer between 3TX∗ and DPA and the protonation
process between TX·− and DPA·+ radical ions are
expected as well in protic solvent. By fitting the
decay curves, the quenching rates of the intermedi-
ates were obtained and summarized in Table II as
well. Obviously, the quenching rates of 3TX∗ slightly
decrease with the increase of water ratio, although
an additional reduction pathway of the H-abstraction
from H2O definitely exists. However due to too low
rate of H-abstraction process, water are believed to
play a minor role in the photoinduced reaction of TX
and DPA. Furthermore, in Fig.8 the obtained rates vs.
the concentration of DPA are plotted. The observed
rates monotonically increase with the DPA concen-
tration as a linear relationship. Using fitting with
the Stern-Volmer relationship Eq.(3), kq can be de-
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FIG. 7 Transient absorption spectra of TX (0.5 mmol/L)
and DPA (0.3 mmol/L) in protic solvents of CH3CN:H2O
as different ratio of (a) 9:1 and (b) 1:1 with photolysis at
355 nm.

termined as 8.7×109 L/(mol·s) (in CH3CN:H2O=9:1),
8.0×109 L/(mol·s) (in CH3CN:H2O=4:1), and
7.5×109 L/(mol·s) (in CH3CN:H2O=1:1), all of which
are close to the encounter-controlled rate constant.
Therefore, the dominant quenching process of 3TX∗
by DPA in protic solvent is still the electron-transfer,
which is consistent with the case of pure CH3CN. The
corresponding rate constant slightly decreases with the
increase of solvent polarity.

As the recent calculation suggested [29], both 3nπ∗
and 3ππ∗ states of TX exist in polar solvent with dif-
ferent population ratio. With the increase of solvent
polarity, the 3ππ∗ configuration becomes more domi-
nant. However, the decay rates of 3TX∗ in all media of
Table II are approximate. Therefore the 3nπ∗ and 3ππ∗
states of TX should have the approximate ability to at-
tract an electron from DPA, although the 3ππ∗ state is
less reactive towards hydrogen atom abstraction [46].

IV. CONCLUSION

Photoinduced chemical reactions between TX and
DPA in pure and aqueous acetonitrile have been investi-
gated by the method of the nanosecond laser flash pho-
tolysis. With photolysis at 355 nm, triplet TX (3TX∗) is
produced via a Franck-Condon excitation and intersys-
tem crossing with a high yield. Without any chemical

FIG. 8 Dependence of the observed quenching rates of
3TX∗ on concentration of DPA in (a) CH3CN:H2O=9:1 and
(b) CH3CN:H2O=1:1.

quenchers, only a wide band at 627 nm is observed in
the transition absorption spectra, which is assigned as
the triplet-to-triplet transition of 3TX∗. In the protic
solvents, a weak absorption at 417 nm appears and is
attributed by TXH· radical, which is formed via a direct
H-abstraction of 3TX∗ from water. No electron trans-
fer does evidently occur since no absorption of TX·−
radical anion is observed.

In the presence of DPA, reduction of 3TX∗ occurs via
a typical two-step mechanism of the electron transfer
and protonation process. The TX·− radical anion
and DPA·+ radical cation are found to contribute to
the bands at 683 and 780 nm, respectively, in pure
acetonitrile. Since there are uncertain assignments
of DPA+ in the previous experiments, an additional
experiment of the electron transfer between 3TX∗
and TPA has been done. The results indicate that
the absorption of DPA+ cation is a really wide and
gradual band with a maximum at 780 nm in pure ace-
tonitrile. Thus the absorption at 683 nm is straightly
assigned to TX·−, which is consistent with the previous
conclusions. Following the primary electron-transfer
process, a protonation process between TX·− and
DPA·+ is proposed to form TXH· radical. Through
fitting the decay rate of 3TX∗ with the concentration
of DPA, the quenching rate constant is determined as
9.7×109 L/(mol·s) in pure acetonitrile. In the polar

DOI:10.1063/1674-0068/28/cjcp1503054 c©2015 Chinese Physical Society



500 Chin. J. Chem. Phys., Vol. 28, No. 4 Lin Chen et al.

solvents, the blue-shift was observed for all absorption
bands of the intermediates in the title reaction. The
quenching rate constants of 3TX∗ by DPA are deter-
mined as 8.7×109 L/(mol·s) (in CH3CN:H2O=9:1),
8.0×109 L/(mol·s) (in CH3CN:H2O=4:1), and
7.5×109 L/(mol·s) (in CH3CN:H2O=1:1), respec-
tively. Thus the dominant quenching process of 3TX∗
by DPA in protic solvent is still the electron-transfer,
where water plays a minor role. The corresponding
rate constant slightly decreases with the increase of
solvent polarity. Therefore no obvious medium effect
of solvent polarity is observed for the electron transfer
between 3TX∗ and DPA, indicating that the 3nπ∗ and
3ππ∗ states of TX have the approximate ability to
attract an electron from DPA.
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