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A low band gap silicon-containing polymer
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Recently, the design and synthesis of low band gap
polymers have attracted a great deal of attention due
to their intrinsic electrical and optical properties as
compared to most conjugated polymers [1, 2]. Generally,
powerful approaches to low band gap systems are that
one is the introduction of quinoid character into the
aromatic conjugated polymer backbone and another is
the alternation arrangement of strong aromatic donor and
acceptor moieties along the polymer main chain [3–7].

As an exciting class of semiconducting polymers,
silicon-containing polymers have become very important
in the past two decades. Polysilanes are σ -conjugated
polymers with a one-dimensional (1D) Si chain backbone
and organic side chain substituents. It has a direct and wide
band gap ( ∼ 4.0 eV) [8]. Silicon-containing PPV deriva-
tives are polymers with alternating Si and π-electron sys-
tem, in analogy of the conjugated-non-conjugated block
copolymers with aliphatic spacer [9–11]. Compared to the
aliphatic segments, the silicon units with an aromatic of
flexible group are able to produce the same spacer effects
with lower operating voltages. It has been argued that the
participation of the d-orbital of the Si atom could assist
to increase the effective conjugation length, thus facilitate
charge mobility.

In this paper, we report the synthesis of such a kind of
poly(heteroarylene methines) containing silicon atoms
in the main chain, aiming to promote the interaction of
d-orbital of the silicon atoms with thiophene rings and in-
crease the effective conjugated length. In this way, a novel
low band gap silicon-containing polymer can be obtained.

The synthetic routes of silicon-containing poly-
mer and its monomers are shown in Scheme 1.
Bis(2-thienyl)methylphenylsilane 1 was synthesized
by a nickel-catalysed Grignard cross-coupling of
methylphenyldichlorosilane with 2-magnisiumbromo-
thiophene [12]. For polymerization of monomer 1, we fol-
lowed a two-step synthetic route reported by Jenekle [5].
First, the precursor 2 (PDTMPSiB) was prepared by the
acid-catalyzed polymerization of monomer 1 with ben-
zaldehyde. Then, precursor 2 was oxidatively dehydro-
genated in THF solution using 2,3-dicyano-5,6-dichloro-
1,4-benzoquinone-(DDQ). The resulting polymer 3,
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poly[(2,2′-(methylphenylsilanylene)-bithiophene-5,5′-
dily)benz-ylidene-block-((2,2′-methylphenylsilanylene)-
bithiop-henequinodimethane-5,5′-dily)] (PDTMPSiBQ),
was conformed by IR and ′H-NMR analysis. In FT-IR of
PDTMPSiBQ, the methine bridge C-H stretching band,
which was observed around 2800–3000 cm−1 in the
spectrum of precursor PDTMPSiB, almost disappeared,
but a strong new band at 1660 cm−1 for C=C ring
stretching vibration band of the quinoid aromatic rings
was found. In ′H-NMR spectrum of PDTMPSiBQ, the
characteristic methine hydrogen resonance at 5.90 ppm
for precursor PDTMPSiB completely disappeared, but
a new proton resonance of 7.5–7.9 ppm was observed,
which is characteristic of the formation of the quinoid
aromatic rings in the polymer backbone.

The optical absorption spectra of PDTMPSiBQ and
its precursor: PDTMPSiB in THF were recorded with
a Shimadzu UV-3150 UV-VIS-NIR spectrophotometer,
as shown in Fig. 1. For PDTMPSiB, the maximum ab-
sorption band is at 300–400 nm, which is assigned to
the π-π ∗ transition of the aromatic thiophene rings.
It is the same as the band of the previously reported
poly[(silanylene)thiophene]s [9d], and so for PDTMPSiB,
the Si units could be regarded as spacers. While for
PDTMPSiBQ, it gives one shoulder at 500–600 nm be-
sides the absorption band at 300–400 nm. The band at
500–600 nm should be assigned to the π-π∗ band gap
transition [5b], and it means that it has a higher π-electron
delocalization and a larger effective conjugated length. To
some extent, this may result from the quinoid structure
of PDTMPSiBQ to make the interaction of d-obital of
silicon atoms with thiophene rings in the polymer main
chain. Based on the onset absorption at about 850 nm,
the optical band gap can be estimated to be 1.46 eV,
which is much lower than that of the previously reported
poly[(silanylene)thiophene]s (3.45–3.47 eV) [9d].

The electrochemical properties of the polymer so-
lution were studied by cyclic voltammetry using
CHI440 Electrochemical Workstation. It was car-
ried out in 0.1 M tetrabutylammonium perchlo-
rate(TBAP)/dichloromethane, where the polymer con-
centration was 2–4 mg/mL, with Platium wires as both
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Figure 1 Optical absorption spectra of PDTMPSiBQ and its precursor:
PDTMPSiB in THF.

counter and working electrodes, and Ag/Ag+ as a ref-
erence electrode. The IP and EA of the polymer solu-
tion were estimated using the following relations [13]:
[Eon]ox = IP-4.4 and [Eon]red = EA-4.4, where the
[Eon]ox, [Eon]red are the onset potentials for the oxida-
tion and reduction of polymers versus the reference elec-
trode. Fig. 2 shows the cyclic voltammogram(CV) of
PDTMPSiBQ in the potential range of –2.0 to + 3.0 V
(vs. Ag/Ag+ reference electrode). The onset potentials
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Figure 2 Cyclic voltammetries at 100 mVs-1 of PDTMPSiBQ in
CH2Cl2 + TBAP(0.1 M) from + 3.0 to –2.0 V.

(Eon) for electrochemical oxidation and reduction were
observed at 1.38 V and − 0.32 V, respectively, which
correspond to an ionization potential (IP) of 5.78 eV
and an electron affinity (EA) of 4.08 eV. The elec-
trochemical band gap of PDTMPSiBQ calculated from
the difference between IP and EA is 1.70 eV, which is
higher than its optical band gap, but is still lower than
that of poy[5,5′-(dimethylsilylene)-2,2′-bithiophene] and
poly[5,5′-(dibutylsilylene)-2,2′-bithiophene] [9d].

In conclusion, a silicon-containing conjugated poly-
mer based on poly(heteroarylene methine), PDTMPSiBQ,
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has been synthesized. Compared to previously reported
poly[(silanylene)thiophene]s, it has a lower optical and
electrochemical band gap. And this may result from its
quinoid structure to make the interaction of d-obital of
the silicon atoms with thiophene rings, and increase its
effective conjugated length in the polymer main chain.
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