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We studied electronic structure and dy-
namics of the excited and ionic states of
polymers having aromatic groups in solution,
using ps and ns laser photolysis methods.'”
Whether electronic excitation, holes and elec-
trons are localized on one chromophore or
delocalized over several ones could be eluci-
dated by analyzing the absorption spectra of
the excited and ionic states.>”® A relation
between electronic structure, interchromo-
phoric interaction and relative geometry of
the corresponding chromophores have been
made clear. Furthermore, a new photochemi-
cal behavior characteristic of polymers excited
by a pulsed laser was reported for the first
time.! All these results have been obtained for
polymers having N-carbazolyl and 9-phen-
anthryl groups as pendant or backborn chro-
mophores. There has been no such study on
the excited and ionic states in polymers other
than these. Although pyrene is the most repre-
sentative aromatic hydrocarbon showing in-
termolecular singlet excimer formation,” only
the T, T, absorption spectrum of the poly-
mer with this chromophore was reported.® In
the present communication, absorption spec-

tra of the excited singlet, triplet, cationic and
anionic states of poly(1-vinylpyrene) are pre-
sented, as these are the basis for understanding
interchromophoric interaction and photo-
chemistry in polymers.

Poly(1-vinylpyrene) is the same as that re-
ported elsewhere® and was used after purifi-
cation. Its mean degree of polymerization was
estimated to be more than a few tens. N,N-
Dimethylformamide (DMF) (Dotite Spec-
trosol) was used without further purifica-
tion. The mean chromophore concentration
was ~5x 107*M. Unless otherwise noted, all
solutions were flushed with N, gas and the
spectra were measured at room temperature.
The ps transient absorption spectra were mea-
sured by using microcomputer-controlled ps
Nd**: YAG laser photolysis system.'® The
spectra of the triplet and ionic states in us time
regions were obtained by using an excimer
laser photolysis system where the 351 nm pulse
with 14ns fwhm was used as an excitation
light source.!

Time-resolved absorption spectra in the ps
and ns time regions are shown in Figure 1(a).
Immediately after excitation a band shape
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Figure 1. (a) Time-resolved absorption spectra of

poly(1-vinylpyrene) in DMF in ps and ns time regions.
(b) A ratio of absorbance at 475 nm over that at 500 nm
as a function of the delay time.

descending to the long wavelength was observ-
ed, which is partly ascribed to an artifact
brought about by temporal characteristic of
the monitoring ps continuum.!? The peak at
475 nm was assigned to the S S, transition
of the monomeric excited state by comparing
with reference data.!® The relative absorption
intensity at 500 nm increases compared to that
at 475nm with an increase in delay time. The
absorption peak at 100 ps was at 500 nm and
its band shape did not change up to 5 ns. This
is quite similar to the absorption spectrum of
the pyrene excimer which was observed in the
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Figure 2. Time-resolved absorption spectra of poly(1-
vinylpyrene) in DMF in the us time region.

case of concentrated pyrene solution. No dis-
cussion is given here for the absorption at
about 420 nm, since the monitoring light in-
tensity is weak around 400 nm and absorption
intensity is rather low. No distinct excitation
intensity dependence was observed, so that a
contribution of ion radicals induced by mul-
tiphoton absorption is excluded. The time-
constant of the spectral change was estimated
by plotting the absorbance ratio against the
delay time, as shown in Figure 1(b). A quite
rapid decrease up to a few tens of ps is
considered to be due to a difference of arrival
time of monitoring ps continuum,'? while a
slow decay indicated that the excimer for-
mation occurs with a time constant of several
hundreds of ps.

The absorption spectrum of the triplet state
is shown in Figure 2. At a few us after
excitation the absorption maximum was ob-
served around 420nm and its band width is
broader than that of 1-substituted pyrene.'* In
the spectrum at late stages, a broad band with
the maximum at 430 nm was observed. This
spectral shape is almost identical with that of
the former work® and similar to that of meso-
and racemic-bis[1-(1-pyrenyl)ethyllether.!>
Since the latter was assigned to the triplet
excimer of pyrenyl chromophores, the triplet
excitation in this polymer is concluded to be
stabilized as the excimer.

Cation and anion radicals of poly(l-
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Figure 3. Time-resolved absorption spectra of poly(l-
vinylpyrene) cation (a) and anion (b) in DMF, which
were produced by quenching the excited singlet state
with 0.2M 1,4-dicyanobenzene and 1.0M Dabco,
respectively.

vinylpyrene) were produced by quenching its
excited state with 1,4-dicyanobenzene and 1,4-
diazabicyclo[2.2.2]octane  (Dabco), respec-
tively. The measurement was performed under
air-saturated conditions to suppress the rel-
ative contribution of the TT, band at
420 ~ 430 nm. The spectra of both ion radicals
are shown in Figure 3. The absorption bands
of the polymer cation around 380nm and
500nm are similar to the bands of pyrene
dimer cation. '® The formation process seems
to be rapid since no spectral change was
observed at these delay times. On the other
hand, the spectrum of the polymer anion is
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identical with that of the pyrene monomer
anion radical. A contribution of the bands of
1,4-dicyanobenzene anion and amine cation is
considered to be negligible because their molar
extinction coefficients are smaller compared to
those of pyrene ion radicals.!”-'8

The absorption spectra of the excited and
ionic states of poly(l-vinylpyrene) were mea-
sured for the first time under the same exper-
imental condition. The singlet excitation and
hole were stabilized as excimer and dimer
cation of pyrenyl groups, respectively, while
the interchromophoric interaction in the tri-
plet state was weak. On the other hand, an
interaction between anionic and neutral ch-
romophores was repulsive inducing no spectral
change. The present results are quite similar to
those of poly(N-vinylcarbazole) and related
polymers as well as dimer model com-
pounds.®!” The geometrical and electronic
structures of pyrene excimers and dimer ions
in the polymer were being studied.
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