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A BF3-modified poly[2,5-di(2-thienyl)pyridine] film was
prepared through two synthetic approaches: electropolymeriza-
tion of 2,5-di(2-thienyl)pyridine (1) followed by film-state post-
functionalization using a trifluoroborate diethyl ether complex
(BFEE) vapor (method 1), and BFEE electropolymerization of 1
(method 2).

Recently, post-functionalization of ³-conjugated com-
pounds has become attractive from the view point of band gap
tuning.1 When boron Lewis acids bind to a nitrogen in imine
(C=N)-based aromatic compounds, electron density on the ³-
conjugated system decreases, resulting in a narrowing of the
band gap.1a,1b,2 This functionalization can occur because of the
interaction between the lone pair of the nitrogen atom and the
vacant p-orbital of the boron atom. Recently, we have success-
fully demonstrated the BF3-modification of pyridine-based ³-
conjugated polymer films.2 In addition, this approach offers
“Lewis acidchromism (also called halochlomism)” and macro-
gradation optical patterning of conjugated polymer films. More
importantly, high-performance solid-state nuclear magnetic
resonance measurements contributed to the characterization of
the BF3-modified polymer films. Formation of the BF3pyridine
complex unit in the ³-conjugated system induces bathochromic
shift in both absorption and fluorescence spectra. This prepar-
ative route to the BF3-modified polymer films is multistep as
follows: (A) polymerization (polymer synthesis), (B) cast
coating on a glass plate (preparation of film), and (C) film-state
modification by Lewis acid vapor treatment (polymer reaction).

On the other hand, polymerization of boron-modified
monomers for synthesis of boron-based Lewis acid-modified
³-conjugated polymers is a better approach to alleviate the
synthetic process. However, the polymerization of the Lewis
acid-modified pyridine-based monomers is difficult due to the
low stability under conventional polymerization conditions.
Therefore, we focused the BFEE (trifluoroborate diethyl ether
complex, BF3OEt2) electropolymerization method3 of the
pyridine-based monomer for direct synthesis of the BF3-
modified ³-conjugated polymer film because of the following
two advantages: (i) electropolymerization can be carried out
using BF3 (Lewis acid)-modified monomer, thus electropolyme-
rization in the presence of BFEE offers one-pot preparation
of BF3-modified pyridine-based polymer film; (ii) BFEE is a
helpful reagent to electropolymerize aromatic monomers due
to lowering their oxidation potentials.3 In this communication,
we wish to report the preparation of a BF3-modified pyridine-
based conducting polymer film through two synthetic routes
as follows: electropolymerization of a pyridine-based monomer
followed by BFEE vapor treatment (method 1), and BFEE
electropolymerization of a pyridine-based monomer (method 2).

2,5-Di(2-thienyl)pyridine (1) was synthesized by Stille
cross-coupling reaction between 2-(tri-n-butylstannyl)thiophene
and 2,5-dibromopyridine with tetrakis(triphenylphosphine)pal-
ladium(0) as a catalyst.2 Two synthetic routes to a Lewis acid
(BF3)-modified poly[2,5-di(2-thienyl)pyridine] (P1-BF3) are
outlined in Scheme 1.

UVvis absorption spectrum of 1 in THF exhibited a
maximum at 340 nm (Figure 1a). Coloration from transparent to
yellow was observed by visual inspection on addition of BFEE
(2.0 equiv). The spectrum (bold line) revealed the appearance of
a red shifted band with a maximum at 387 nm and blue-shifted
transition band centered at 318 nm. This red shift (47 nm) results
from the intramolecular charge-transfer (CT) interaction4 be-
tween the electron-donor thiophene and the electron-acceptor
BF3-modified pyridine unit. Moreover, blue shift (22 nm)
evidences the existence of steric hindrance (BF3). Twisted

Scheme 1. Two synthetic routes to BF3-modified pyridine-
based conjugated polymer film. Lewis halochromism of P1 film
using BFEE and Et3N vapors.

Figure 1. UVvis absoption (a) and photoluminescence (b)
spectra of 1 in a dilute THF solution. Reversible change of
spectra through treatment with acid (BFEE) and base (Et3N).
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configurations of 1-BF3 reduce the mean conjugated length. The
spectrum of 1-BF3/THF added with triethylamine (Et3N) blue-
shifted and completely corresponded to the absorption spectrum
of 1 (dotted line). Photoluminescence (PL) spectrum of 1 in THF
exhibited a maximum at 395 nm (Figure 1b). After addition
of BFEE (2.0 equiv), the spectrum (bold line) revealed the
appearance of a red-shifted band with a maximum at 446 nm.
This red shift (51 nm) is derived from the intramolecular CT
emmision.4 The spectrum of 1-BF3/THF added with Et3N blue-
shifted and completely corresponded to the PL spectrum of 1
(dotted line).

A cyclic voltammogram (CV) of 1 is displayed in Figure 2a.
A three electrode system equipped with an indium tin oxide
(ITO)-coated glass substrate (working electrode), platinum
counter electrode, and Ag as a reference electrode was used in
an electrolytic solution of acetonitrile containing 0.1M tetra-
ethylammonium tetrafluoroborate (Et4NBF4). The onset oxida-
tion potential (Eonset,ox) of 0.05M 1 was evident at 1.07V (vs.
Ag/Ag+). Electropolymerization of di(2-thienyl) compound 15

(potential sweep between ¹0.5 and 1.1V (vs. Ag/Ag+)) in
0.1M tetraethylammonium tetrafluoroborate (Et4NBF4)/acetoni-
trile) successfully proceeded to deposit a pale yellow-colored
thin film on the ITO working electrode (Figure 2b). The
obtained polymer P1 was washed with acetonitrile, then
chloroform and dried under reduced pressure, and showed
relatively high stability under normal conditions. Next, P1 film
was exposed to BFEE vapor by mounting the sample face down
in a clamp stand 1 cm above the surface of a BFEE bath at 20 °C
(1min). The color of the polymer film changed from pale yellow
to deep orange.

CV of 1 in BFEE (neat) is shown in Figure 2c. The
oxidation potential of 1 in BFEE (1-BF3) was lower than that in

Et4NBF4/acetonitrile (vs. Ag/Ag+) because of lowering of the
aromatic resonance energy and promoting the abstraction of an
electron from the most electron-rich position in the aromatic
ring.3 The onset oxidation potential of 1 was 0.44 eV (vs. Ag/
Ag+). BFEE electropolymerization of 1 (potential sweep
between ¹0.5 and 0.8V (vs. Ag/Ag+)) in BFEE (neat)
successfully proceeded to deposit an orange-colored thin film
on the ITO working electrode (Figure 2d). The obtained
polymer, P1-BF3

6 was washed with acetonitrile, then chloro-
form and dried at room temperature. Next, P1-BF3 film was
exposed to Et3N vapor by mounting the sample face down in a
clamp stand 1 cm above the surface of a Et3N bath at 20 °C
(1min). The color of the polymer film changed from deep
orange to pale yellow.

UVvis absorption spectra of the polymer films are shown
in Figure 3. In Figure 3a, P1 exhibited a single absorption
maximum at 405 nm. After BFEE vapor treatment by mounting
the sample face down in a clamp stand 1 cm above the surface of
a BFEE bath at 20 °C (5min), a red-shifted absorption band
centered at 425 nm was observed. In addition, the absorption
edge was red-shifted by 72 nm. This red shift was derived from
the inter- or intramolecular CT interaction between electron-
donor thiophene moiety and electron-acceptor BF3-modified
pyridine unit.2 The spectrum of P1-BF3 film prepared through
BFEE electropolymerization (method 2) showed a broadened
absorption band centered at 425 nm (Figure 3b). This band

Figure 2. (a) CV curve of 1 measured in 0.1M Et4NBF4/
acetonitrile. (b) Electropolymerization of 1 in 0.1M Et4NBF4/
acetonitrile. (c) CV curve of 1 in BFEE. (d) BFEE electro-
polymerization of 1. ITO working electrode; scan rate, 0.1V s¹1.

Figure 3. (a) UVvis absoption spectra of P1 before and after
BFEE vapor treatment. (b) UVvis absoption spectra of P1-BF3
before and after Et3N vapor treatment. (c) UVvis absoption
spectra of P1-BF3 by both method 1 and method 2.
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arising from inter- or intramolecular CT interaction indicates the
successful preparation of the BF3-modified polymer film. After
Et3N vapor treatment by mounting the sample face down in a
clamp stand 1 cm above the surface of a Et3N bath at 20 °C
(5min), the spectrum exhibited a narrow absorption band
maximized at 405 nm. Moreover, the absorption edge was
blue-shifted by 72 nm. This blue-shifted band corresponded with
the absorption spectra of P1 film. These results strongly support
the successful preparation of the BF3-modified polymer film via
two synthetic approaches and the efficient halochromism using
Lewis acid and base vapor treatment. In addition, the halo-
chromism of the polymer films was achieved by repitition of
acidbase treatment (Figure S17).

Non-emitting properties of both the obtained polymer films
were observed by visual inspection on excitation at 365 nm.
Moreover, PL spectra were not observed by measurement of
these films excited at this absorption maximum wavelength.

Figure 3c exhibited UVvis absorption spectra of P1-BF3

prepared by both method 1 and method 2. The spectrum of P1-
BF3 prepared by method 2 showed increasing CT band intensity
at around 500 nm (vs. ³³* transition band at around 420 nm)
compared with the spectrum of P1-BF3 prepared by method 1.
It is because the film by polymerization of 1-BF3 has higher
BF3pyridine complex ratio (m) than that by post-functionaliza-
tion of P1.

In summary, we have successfully demonstrated the
preparation of a BF3-modified poly[2,5-di(2-thienyl)pyridine]
(P1-BF3) film thorough two approaches: electropolymerization
of 2,5-di(2-thienyl)-2,5-pyridine (1) followed by film-state post-
functionalization using BFEE vapor (method 1), and BFEE
electropolymerization of 2,5-di(2-thienyl)pyridine (method 2).
The advantages of method 2 are not only a short synthetic route
but also efficient polymerization due to lowering the oxidation
potential of 1. P1-BF3 film by method 2 showed higher CT
absorption efficiency than that by method 1. The optical
property of these polymer films is switchable by using Lewis
acid and base vapor.
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