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Synopsis. Monophotonic ionization of N,N,N’,N’-
tetramethyl-1,6-pyrenediamine (TMPDA) in acetonitrile was
studied by means of ns laser photolysis and transient photo-
current measurement. The time dependences of the ab-
sorption of TMPDA cation radical and of the photocurrent
were different. Photoionization thus occurs through an ion-
pair state.

Photoionization of N,N,N’,N’-tetramethyl-p-phenyl-
enediamine (TMPD) in organic solvent has been ex-
tensively studied in order to clarify the primary process
of the photoionization.) These studies showed that
biphotonic ionization occurs through excited singlet
and triplet states as the intermediates in non- or less-
polar solvents. On the other hand, monophotonic
ionization was observed in polar solvents such as
acetonitrile.2 However, the mechanism of the mono-
photonic ionization in such a solvent as acetonitrile
has not yet been clarified. The difficulty encountered
in the photolysis of TMPD in organic solvent is that
the triplet-triplet (T-T) absorption of TMPD and
the absorption of TMPD cation radical are observed
in the same wavelength region, which makes kinetic
treatment difficult.)’?  We noticed that N,N,N',N’-
tetramethyl-1,6-pyrenediamine (TMPDA) has a low
ionization potential compared to TMPD,® and that
the absorptions of the T-T transition and of the
TMPDA cation radical are well separated. In order
to clarify the mechanism of the monophotonic ioniza-
tion, we studied the photoionization of TMPDA in
acetonitrile by ns laser photolysis and transient photo-
current measurements.
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Experimental

TMPDA. was synthesized according to the reported pro-
cedure.® Acetonitrile was distilled four times in the pres-
ence of phosphorus pentoxide, followed by distillation in
the presence of potassium carbonate. It was finally dis-
tilled without any additives. In the case of ns photolysis,

we used a nitrogen laser (peak power of 400 kW and pulse
width of 5 ns) as an excitation light source, and a Xe-flash
lamp (3CP-3, EG & G Co., Ltd) as a monitor light. In
the transient photocurrent measurements, we also used the
nitrogen laser as an excitation light source. The sample
cell has two stainless steel electrodes (1.45 cmx0.95 cm)
with a spacing of 0.8 cm: 110 V was applied between them.
Special care was taken not to irradiate the electrodes. A
load resistance of 1k{) was used: this results in the time
constant of 0.4ys. The sample solution was always
degassed several times by a freeze-pump-thaw method.

Results and Discussion

Figure 1 (a) shows the change of the electronic
absorption spectra of the acetonitrile solution of
TMPDA after N, laser excitation ([TMPDA]=3.5X
102 mol/l). We can assign the absorption bands at
510 and 560 nm as the T-T absorption and that at
595 nm as the TMPDA cation radical.®) The absorp-
tion band longer than 600 nm is probably due to
the solvated electron.® Figure 1 (b) shows the change
of the absorption of TMPDA+ at 590 nm with time
in the ns time range. Although we could not measure
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Fig. 1. (a) Time dependence of the absorption spectra

of TMPDA in acetonitrile after N, laser excitation.
1, 0.4 ps; 2, 3 pus; 3, 10 us; 4, 18 us.  (b) The change
of the absorption of TMPDA* at 590 nm with time.
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Fig. 2. Transient photocurrent of TMPDA in aceto-
nitrile after N, laser excitation at 20 °C.

the absorption spectra of TMPDA+ during the initial
50 ns after the laser pulse excitation because of the
interference of the fluorescence of TMPDA, we assume
that a TMPDA cation radical be produced imme-
diately after the laser excitation. Figure 2 shows the
transient photocurrent of the acetonitrile solution of
TMPDA excited by the nitrogen laser at 20 °C
(ITMPDA]=1.4%x10"*mol/l}. The curve showed
gradual increase of the photocurrent during the initial
10 ps, and then the gradual decay of the current.”
The plot of the peak photocurrent against the laser
light intensity showed a linear relation, thus verifying
the one-photon ionization of the present system. In
order to see whether photoionization occurs through
the triplet state or not, we did the photocurrent meas-
urement using a POPOP dye laser'® (4,,.=418 nm)
as an excitation light source and anthracene as a
triplet quencher of TMPDA.1) The photocurrent
measurement of the mixture of the acetonitrile solution
of TMPDA and anthracene ([TMPDA]=1.04x 104
mol/l, [anthracene]=1.04 x 10-3 mol/l) showed no ob-
vious reduction of the photocurrent. On the other
hand, the flash photolysis in the same system showed
complete quenching of the T-T absorption. Thus,
photoionization does not occur through the lowest
triplet state of TMPDA.

If the electron were ejected directly by the laser
pulse excitation in the one-photon ionization, the time-
dependence of the absorption of TMPDA+ and photo-
current should coincide. Figures 1 and 2 clearly show
that this is not the case in the present system. The
observed difference between the absorption and cur-
rent may be ascribed to a cationic transient, which
gives no current but shows an absorption similar to
that of TMPDA+. This transient seems to be an
ion-pair of TMPDA* and an electron (TMPDA+e-).
The ion-pair is produced by the laser pulse excitation
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(probably through the singlet excited state) and dis-
sociates thermally into free ions or recombines to
give neutral TMPDA. One may ask whether an
ion-pair can exist as long as 10 ps. It is noteworthy
that the absorption of the solvated electron is observed
for about 10 ps after the laser pulse excitation (Fig.
1 (a)). One possibility is that the TMPDA cation
radical and a solvated electron form an ion-pair.

We are grateful to Dr. Masaaki Yokoyama, Faculty
of Engineering, Osaka University, for constructing the
nitrogen laser.
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