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L uminescence Properties of Poly(3-M ethoxythiophene)—
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The el ectronic absorption and fluorescence spectraof electrosynthesized poly(3-methoxythiophene)—
bithiophene (PMOT-BT) composite oligomers were studied in organic solution (DM SO) and/or in
the solid state on ITO plates. Different spectral properties (absorption and fluorescence maximum
wavelengths, fluorescence quantum yields, etc.) were found to depend on the bithiophene initial
concentration used during electrosynthesis and, subsequently, on the film composition and oligomer

chain length.
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INTRODUCTION

L uminescence spectroscopy hasbeen widely applied
in the past few years to study the microstructure, redox
processes, and energy transfer in electrosynthesized or
chemically prepared oligomers and polymers [1-8].
Recently, oligothiophene derivatives have been a subject
of great interest because of their good chemical stability,
electrical properties (in the doped state), and important
use in optical applications, charge storage, and molecular
electronics. However, until now, thereislimited informa-
tion concerning their luminescence properties [6—9].

Previously, we haveinvestigated the electrosynthesis
of poly(3-methoxythiophene) (PMOT) in an aqueous
anionic micellar medium, using sodium dodecy! sulfate
(SDS) as surfactant [5,10]. The optical and photophysical
properties of the resulting films, constituted mainly of
hexamers, were also studied [8,9]. Very recently, we per-
formed the electrosynthesis of PMOT, using the same
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micellar medium in the presence of a small amount of
bithiophene (BT) (102 M) [11]. We found that BT had
an electrocatalytic effect on the MOT electrooxidation,
alowing the electrodeposition of PMOT—-BT composite
films on Pt and Fe substrates [11].

In the present paper, we report on the influence
of the initial bithiophene concentration on PMOT-BT
optical and fluorescence properties. The structures of the
oligomers under study are shown in Scheme I.

EXPERIMENTAL

All films were electrosynthesized potentiostatically
(current density: i=1 mA/cm? during 5 min) on a Pt
electrode as described previously [11]. PMOT was
obtained from a H,O-BuOH (96/4, v/v) solution con-
taining 0.1 M MOT + 0.1 M SDS + 0.1 M LiClO,. For
PMOT-BT electrosynthesis, we added 1073, 5-1073, or
2:1072M BT in H,O-BUOH (94/6, v/v). PBT films were
obtained using 0.05 M BT + 0.1 M SDS+ 0.1 M LiCIO,
in H,O—BUOH (90/10, v/v); the BUOH percentage was
increased to solubilize the BT in the micellar medium.

The electronic absorption spectra were determined
at room temperature (298 K) on a Perkin—Elmer UV—Vis
Lambda 2 spectrometer. The fluorescence spectra were
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Scheme |. Structure of the oligomers under study.

recorded at 298 K using a Perkin—Elmer LS-50 spectro-
photofluorometer.

The matrix-assisted light desorption-ionization, time
of flight (MALDI-TOF) mass spectra of the films were
obtained on a Voyager Elite (PerSeptive Biosystems,
Framington, MA) Time of Flight mass spectrometer.

RESULTS AND DISCUSSION

Composition of the PMOT-BT Films

Before studying the electronic absorption and fluo-
rescence spectra of the PMOT-BT films, we investigated
their composition, using MAL DI-TOF mass spectrometry
[5]. The distribution of the oligomersin PMOT-BT films
is shown in Table I. Upon adding small quantities of
BT in the bulk electrolytic solution, composite films,
including various amounts of PMOT (tetramers, pentam-
ers, and hexamers), copolymers (with MOT and BT
units), and tetra(bithiophene), are formed. Ascan be seen,
an increase in the BT initial concentration from 10723 to
2:1072 M provokes a significant increase of the copoly-
mer percentage in the films.

Electronic Absorption Spectra

The electronic absorption spectral properties of the
PMOT-BT filmsin their neutral form were recorded in

DMSO solution (Fig. 1) and in the solid state, on ITO
sheets (Fig. 2), and compared with those of PMOT and
PBT.

The PMOT-BT spectra are characterized by amain
band in the 490- to 510-nm region, assigned to the delo-
calized m — w* electronic transition and corresponding
to the conjugated segments in the oligomer chain [12],
and asecondary band in the 320- to 350-nm region. Upon
going from film to DM SO solution, the main peaks show
only rather small spectral shifts (AN = 2—-18 nm) and
molar absorption coefficient weak differences, which
indicates a moderate change of the organization of the
PMOT-BT oligomers in the solid state and in the solu-
tion.

However, two distinct spectral behaviors are appar-
ent in both media. Indeed, in DM SO solution, the PMOT—
BT main peaks (496—507 nm) are moderately red-shifted
(AN = 2-9 nm) against PMOT and strongly red-shifted
(AN = 55-66 nm) relative to the PBT maximum (441
nm). It is well known that the absorption band position
of oligothiophenes depends on their chain length [13].
Since the PMOT-BT films are not only constituted of a
mixture of PMOT and PBT, but also include copolymers
of bithiophene and 3-methoxythiophene (Table 1), the
observed, weak red shift relative to PMOT can be attrib-
uted to the overall lengthening of the PMOT-BT chains
by one bithiophene unit.. On the other hand, the strong
red shift of the PMOT—-BT absorption band against PBT
is probably due to the methoxy group e ectrodonating

Table!. Composition of the PMOT-BT Films Prepared Using Different BT Initial Concentrations

[BT] (MOT), (MOT), (MOT)s (MOT)s PMOT® PMOT-BT®
M) BT BT BT BT (BT)a (%) (%)
0 — — — — — 100 0
1073 121 95 — — — 784 216
5103 6.1 236 12.2 43 33 50.5 46.2
2:10°2 8.9 323 19.7 6.4 37 29.0 67.3

2 Sum of the tetramer, pentamer, and hexamer percentages in the film.
b Total of the percentages of the various PMOT-BT copolymers.
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Fig. 1. Electronic absorption spectra of 107 (r.u) L~ PMOT, PMOT-BT, and PBT DMSO
solutions.

mesomer effect, producing a marked electronic delocal-
ization in the oligothiophene chain [8,14].

In contrast, on ITO plates, the main maxima of the
PMOT-BT of various compositions are significantly
blue-shifted (AN = 27-40 nm) against PMOT, which
indicates a specific molecular orientation of PMOT-BT
chains in the solid state, due to interactions between the

oligomer molecules themselves. These spectra results
suggest the existence of aggregation, whichismorelikely
to occur in unsubstituted polybithiophene than in the
(substituted) PMOT. A similar behavior has been
observed recently in the case of the optical properties of
oligothiophene and oligophenylvinylene nanoaggreg-
ates [4].

Absorbance

— T T T
400 600

A, nm

Fig. 2. Electronic absorption spectra of PMOT, PMOT—-BT, and PBT neutral films on ITO.
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Tablell. Fluorescence Properties of PMOT, PMOT-BT, and PBT DM SO Solutions?

Compound Copolymer (%)° Nex (NM) Nem (NM) oS 7 T component (%)©
PMOT 0 465 565 0.38 0.90 100
PMOT-BT1f 21.6 464 563 0.20 0.61 76

213 24
PMOT-BT29 46.2 466 562 0.28 — —
PMOT-BT3" 67.3 466 559 0.23 0.81 88

1.65 12
PBT 0 448 546 0.22 0.80 89

253 11

a Concentration: 10~° repeat unit (r.u.) L™, except for PBT, which was only partially soluble in DMSO.

b Total of the percentages of the various PMOT-BT copolymers.

¢ Fluorescence quantum yields evaluated against fluorescein as the standard (¢ = 0.90 at 25 + 5°C) [15], on an SLM Aminco Bowman Series 2

luminescence spectrometer.

4 Fluorescence lifetimes, measured as described previously on a laboratory-made multifrequency phase fluorimeter [8].

¢ Percentage of each exponential fluorescence decay.

f Electrosynthesized in the presence of 1073M BT.

9 Electrosynthesized in the presence of 5 X 10°°M BT.
" Electrosynthesized in the presence of 2 - 1072M BT.

Fluorescence Spectral Properties

We have investigated the fluorescence spectral prop-
erties of PMOT, PMOT-BT, and PBT neutra films in
DM SO solution. Our results are summarized in Table 11.

We found that the fluorescence emission spectra of
PMOT and PBT in solution are strongly red-shifted
against the corresponding monomers, respectively, MOT
(ANgy = 170 nm) and BT (AAg, = 150 nm). A very large
increase in the PMOT and PBT fluorescence intensity is

also observed relative to the corresponding monomers,
which confirms that extended w-conjugated electronic
systems are involved in the PMOT and PBT oligomer
chains.

On the other hand, the fluorescence excitation spec-
tra of PMOT and PMOT-BT present a wide band cen-
tered at about 464—466 nm, which is moderately blue-
shifted relative to the main absorption band maximum
of these oligomers; thisindicates that the excited species-
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Fig. 3. Fluorescence emission spectra of 107° (r.u.) L= PMOT and PMOT-BT in DMSO solutions.
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correspond to the absorbing species (see Table Il and Fig.
1). The PMOT-BT emission spectra exhibit a broad,
structureless peak located in the 559- to 563-nm region,
which is weakly blue-shifted (AN = 2—6 nm) against
PMOT when the initial BT concentration increases from
0to 2 X 1072 M in the eectrolytic medium of film
preparation (Fig. 3). This fluorescence blue shift seems
to vary simultaneously with the content of BT, which can
be attributed to a higher aggregation occurring in the
presence of this unsubstituted oligomer. Also, it is note
worthy that the fluorescence quantum yields of
PMOT-BT (¢br = 0.20-0.28 in DM SO) decrease signifi-
cantly relative to that of PMOT (¢r = 0.38), which is
ascribed to the presence of BT units within the oligomer
chains (Table II). This result may be related to the PBT
fluorescence quantum yield, much lower than that of
PMOT. Finaly, the fluorescence decay presents a mark-
edly different behavior for PMOT and PMOT-BT.
Indeed, the fluorescence lifetimes () are monoexponen-
tia (tg = 0.90 ng) in the case of PMOT, whereas they
present two exponential decaysincluding ashort-duration
(Te = 0.61-0.81 ns) and along-duration (1 = 1.65—-2.13
ns) component for PMOT-BT and also for PBT (1 =
0.80 and 2.53 ns). All these features suggest the use-
fulness of fluorescence spectroscopy to gain information
on the oligomer distribution in a composite film.

CONCLUSION

Inthiswork, we have studied the luminescence prop-
erties of 3-methoxythiophene—bithiophene composite
oligomers, electrogenerated using different bithiophene
concentrations in the electrosynthesis medium. We have
essentially shown the existence of parallel changes of the
copolymer total percentagesin thefilms, on the one hand,
and of the absorption and luminescence properties (maxi-
mum absorption and fluorescence emission wavelengths,

fluorescence quantum yields, fluorescence lifetimes), on
the other hand. This demonstratesthe possible application
of electronic absorption and luminescence spectroscopy
for investigating the chain lengths and oligomer distribu-
tion in copolymers films.
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