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PICOSECOND LASER PHOTOLYSIS STUDIES UPON PHOTOCHEMICAL
ISOMERIZATION AND PROTOLYTIC REACTION OF A STILBAZOLIUM BETAINE
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‘The dynamical behavior of a stilbazolium betaine (M) and its protonated form (MH™) in their excited singlet states (Sy)
was studied using picosecond laser flash photolysis. From the time-resolved transient spectra direct evidence was obtained
for the deprotonation of trans-MH? in the S, state, competing with isomerization.

1. Introduction

The photoinduced trans/cis isomerization is one of
the most important fundamental processes in photo-
chemical and photobiological reactions. and many in-
vestigations have been carried out in order to eluci-
date its mechanism. Recently. direct observation of
the isomerization process in the singlet excited state
has become possible owing to the development of
picosecond laser spectroscopy. Up 1o now, however,
the svstems studied with this method are rather lim-
ited. The picosecond studies have been concentrated
on stilbenes [1] and rhodopsins |2]. A picosecond
laser photolysis study of the singlet excited state of
thioindigo has also been reported recently [3.4].

On the other hand. a detailed study of the photo-
isiunerization has been made in the merocyanine dye
ot stitbazolium betaine (M) type by making the mea-
© surements of the reaction vields with the stationary
method [5]. According to this study. M, . is more
stable than M ;5 und does not show photoisomeriza-
tion. However. the O-protonated form (MHY) readily
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undergoes trans/cis photoisomerization. Owing to this
peculiar behavior in aqueous solution, M shows the
following reaction cycle:

+H™ -y L -HT
Mirans = MHj 0 MHG == Mj5 = Mipaps-
This reaction cycle is interesting as a chemical model
related to the molecular mechanism of some impor-
tant photobiological phenomena such as the light-
driven proton pump of Halobacterium halobium or
the process of vision [5].

Because of its interesting properties of intramolec-
ular charge transfer as well as protonation coupled
with photoisomerization, we have examined this sys-
tem by means of picosecond laser photolysis in order
to observe directly the relevant processes and to eluci-
date the details of the reaction mechanism.
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2. Experimenial

The merocyanine dye, 4 -hiydroxy-1-methylstil-
bazolium betaine (MH*), was the same sample as used
before {4]. Deionized and distilled water was distilled
again with a non-boiling type distillation apparatus
made of quartz. 98% H,SO,4 and pH 6 as well as -
pH 10 buffer solutions (Puffer-Titrisol Merk) were
used to control the pH of the sample solutions.

Absorption and fluorescence spectra were mea-
sured by using respectively a JASCO UVIDEC-1 type
spectrophotometer and an Aminco—Bowman spectro-
photofluorometer.

Picosecond time-resolved tran51ent absorption
spectra and fluorescence decay curves were measured
by means of a microcomputer-controlled picosecond
laser photolysis system with a repetitive mode-
locked Nd3*: YAG laser as the excitation source, de-
tails of which were reported elsewhere [6,7].

In order to minimize the permanent trans/cis con-
version in the observed volume, the solution in the
sample cell was stirred after every shot: The sample
solutions were deoxygenated by irrigating them with
a purified nitrogen gas stream. Measurements were
carried out at room temperature (26 + 1°C).

3. Results and discussion

The absorption spectra of M and MH* are shown
in fig. 1a. At pH > 10, the concentration of the pro-
tonated species is negligible and the solution of M is
photochemically stable. At pH < 6, only the MH*
species is present in the ground state. MH* shows
trans/cis photoisomerization and irradiation of
MH'{rans leads to a trans/cis mixture. The broken
curve in fig. 1a shows the spectra of the cis form cal-
culated by Steiner et al. [5]. The fluorescence spec-
tra are also shown in fig. 1b. The absorption spectrum
of the merocyanine in 5% H,SO, solution was the .
same as that obtained at pH 6.

Time-resolved transient absorption spectra of
MH},, < in buffer solution of pH 6 are shown in fig.
2a. Fig: 3a shows semilogarithmic plots of transient
absorbance at 430 and 700 nm. The absorbance at -
430 nm shows a two-component decay. The decay
time of the fast component estimated by subtracting
the slow component from the observed decay curve
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Fig. 1. (@) Ground-state absorption spectra of M and MH?* in
aqueous solution. (b) Fluorescence spectra of M(p# 10) and
MH*(pH 6) in aqueous solution.

was very short: this corresponds to the very short
fluorescence lifetime observed for the same solution
by means of a streak camera (see fig. 3b). These re-
sults indicate that the transient absorption at 430 nm
which shows rapid decayis due to the §,, < S; transi-
tion of MH{ps-
The absorbance in fig. 2a shows negative values
around 500 nm. This wavelength region coincides
with that of the fluorescence band of MHuans*
which indicates that the monitoring light pulse of the
picosecond continuum is a little amplified by the in-
duced emission from the S state of MH;'mns in the
wavelength region of fluorescence. On the other
hand, the strong absorption band around 700 nm is
typical of the hydrated electron (e ;) [8], which
seems to be produced by a biphotonic process. .
~In the time-resolved spectra in fig. 2a an absorp-

" tion peak is observed at 440 nm after rapid decay of

the fast component at 430 nm. It might be possible
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Fig. 2. (a) Time-resolved transicnt absorption spectra of MH* in aqueous solution (pH 6). Concentration of MH*: 7 X 107> M. (b)
Time-resolved transient absorption spectra of MH in 5% 115804 aqueous solution. Concentration of MH*: 4 X 1075 M.

that the absorption around 440 nm is due to a radical
species such as MH2% produced by electron photo-
ejection from MH*. To check this possibility we have
examined how the transient absorbance, detected
with a delay time of 100 ps, at 440 nm and 700 nm
depends on the excitation pulse intensity. We found
that the species absorbing 440 nm radiation is pro-
duced by a monophotonic process whereas a bipho-
tonic process is responsible for the formation of the
species absorbing 700 nim radiation. Thus one may
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conclude that the absorption band at 440 nm is not
due to the radical species MH2Y,

On the other hand, the peak wavelength of this ab-
sorption band coincides with that of the ground-state
absorption band of My ... This result strongly indi-
cates the occurrence of protolytic dissociation of the
excited MH:’rans in competition with isomerization.
In fact such a process is to be expected, since MH*
has a pK* of 1.9 in the S state [9,10], indicating
that the molecule is a much stronger acid in the ex-
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Fig. 3. (a) Semilogarithmic plot of transient absorbance of MH* in aqueous solution (pH 6). (b) Fluorescence decay curve of MH'

in aqueous solution (pf7 6).

cited state than in the ground state (pK = 8.54 at
25°C [9]). :

If ”‘MHmms undergoes deprotonation, fluores-
cence from *M; ., should be observable even if no
M ans EXists at pH 6 in the ground state. However,
the yield of M, is apparently not very large, and

‘since its fluorescence yield is quite small (cf. fig. 1b),

the detection of the Mtrans fluorescence will be dif- -

ficult in the presence of the strong MH* fluorescence.

We made a comparative study of the behavior of
*MH:rans in solutions buffered at pH 6 and solutions
with 5% H,S0,4: We found that in such a strongly
acidic solution the fluorescence yield was higher by
~20% and the same applied to the quantum yield ¢,
of trans — cis photoisomerization. On the other hand
a slight shift in the photostationary state towards

a greater cis fraction ¥, when irradiated at 365 nm,
indicated that ¢, did not change'to a comparable ex-
tent. These findings altogether prOvide convincing
evidence that deprotonation of *MH;, . is suppressed
in the strongly acidic solution. '

It is of interest to re-examine the quantum yield
data obtained by Steiner et al. [5] in the light of
these results. It was suggested that the photoisomeriza-
tion of MH{xans to MH’&S and vice versa proceeds via
a common intermediate X. Thus the photochemical
quantum yields may be decomposed as follows:

* 1t should be noted here that in S% H2S0j4 solution the
thermal back isomerization “chs'"’ MHj, ¢ occurs — ob-

viously acid catalyzed — at an appreciable rate (half con-~
version time being ~2-3 h at 75°C)
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Src = AxPXc- : M

Pet T PeXOxt- 2
with the underlying assumption
Oxc TOx = 1 . )

On the other hand. ¢, is generally assumed to equal
1.s0 that

Nt = Pet (4)
and. combining (1).(3)and (4): '
Orx = O/l = B¢y)- 3)

With ¢, = 0.33 and ¢, = 0.57 we obtain ¢,x = 0.77.
In other words. 23% of * MHtmns disappear through
other channels than isomerization. This figure com-
pires well with the increase of@f and ¢, upon acid-
ification of the solution. meaning that deprotonation
of * Mllmmc in weakly acid solution is the main side
channel of deactivation besides isomerization.

Assuming that dissociation of *MHp, s contributes
207 of the decav rate constant. which was obtained as
1.67 X 1010 s-1 in weakly acid solutions [5], the rate
constant of déprotonation would be =3 X 10951,
which compares well with observed values for mole-
cules with strongly acidic excited states [11].

The results obtained with the 5% H,S0,4 solution
of Mll"‘m\ in the picosecond laser experiments are
shown in fig. 2b. where the transient absorption spec-
tra at early delay times from the excitation pulse are
ncarly the samie as in fig. 2a. However. the absorption
band a1 440 nm observed at a delay time of =100 ps’
in the case of the solution with pH 6 cannot be recog-
nized for this strongly acidic solution. Furthermore,
at =200 ps. not only the 430 nm band but also the
absorption due to eg), can be hardly observed. -

The rapid disappearance of ey, absorption in
strongly acidic solution may be ascribed to the reac-
tion of e ;.. with high concentration hydronium
ions. The decay of the transient absorption due to
Coapy 1N 3% 1,80, solution was exponential. and the
decay time was obtained to be =70 ps.

ft should be noted here that. in strongly acidic
solution. after the rapid decay of the S, + S, absorp-
tion band of MH{ < and that ofegolv, no absorp-
tion band due to long-lived excited species can be rec-
ognized in the visible region. No such absorption
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band can be recognized also in weakly acidic solution

- except for the absorption bands due to the transiently

produced M, ;... and e_;, - These results support the
mechanism of direct trans/cis photoisomerization
from the S state assumed in the previous report in
analogy to the case of stilbene or stilbazoles [5].

We have examined also the excited state of M,
by means of picosecond laser photolysis method. Al-
though we observed a fluorescence decay curve simi-
lar to that of MHj,,, . by means of a streak camera,
no appreciable transient absorption band except for

-that of e_;, was detected in the measurable wave-

length region (500—800 nm).

From the fact that M, .- does not show photo-
isomerization and that the fluorescence radiative
transition probability obtained from the fluorescence
quantum yield and lifetime is considerably smaller
than the value calculated from the absorption band,
the following two alternative mechanisms have been
proposed [5] for.the behavior of excited M, , . .: (a)
the singlet state S; reached upon excitation relaxes
very rapidly to a lower singlet state S'1 with a smaller

" fluorescence transition probability; and (b) vibra-

tional relaxation in S; state competes with an internal
conversion to a singlet state Sy (situated above the
zero-point vibrational state of S;) which is very effi-
ciently deactivated non-radiatively. The present re-
sult of picosecond laser photolysis seems to indicate
that the S, < S, band of the fluorescent state cannot
be detected due to the very small concentration of S¢
state. i.e. mechanism (b). However, it might also be
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Fig. 4. A schematic diagram for the photochemical processes
of M and MH*. At pH 6, the distribution of the decay of vari-
ous species over their respective decay channels is as follows.

Mu’(mnS —MHy 0+ hv 1 5%, *MHyone ZE *Myang
20%, M“tmns“’ X: 77%, MHc:s - X: 100%, X -~ MH”tmns.
57%, X — MH{;s: 43%.



possible that the S,, < Sy band is hidden in the region

of the strong ground-state absorption band of M, -

Summarizing the above results together with the
previous ones, the photochemical processes of the
present system may be represented schematically as
indicated in fig. 4.
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