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a b s t r a c t

Two-dimensional starlike molecule 7 consisting of benzothiadiazole-thiophenylphenyltriazine groups
and pentamethyldisilanyl substituted thienylene units that extend to three directions was synthesized by
the reactions of 2,4,6-tris[4-(4-hexyl-5-(7-(3-hexyl-5-iodothiophen-2-yl)benzo[c][1,2,5]thiadiazol-4-yl)-
thiophen-2-yl)phenyl]-1,3,5-triazine (5) with the pentamethyldisilanylthienyl substituted stannyl de-
rivative (6). UV-visible absorption and fluorescence properties of starlike molecules 4 and 7 have been
investigated in dioxane and in the solid state. The application of TiO2-electrode coated on the surface
with the use of 7 to dye-sensitized solar cells has been discussed.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Three-dimensional organosilicon dendrimers containing p-
conjugated units have attracted a great deal of attention to their
potential application in organic photo- and electroluminescent
materials [1e13]. We have reported synthesis and optical proper-
ties of various types of three-dimensional starlike silicon com-
pounds [14,15], and also two-dimensional ones, whose arms
extended to three or four directions [16,17] (see Chart 1). They show
interesting properties, depending on their unique molecular
structure, and may be used as functionality materials. For example,
the compounds bearing the arms consisting of a regular alternating
arrangement of a silicon-silicon bond and bithienylene unit, which
extend to three directions reveal high fluorescence quantum yields
and long lifetimes of the excited state [15e17].

Recently, a considerable attention has been focused on low-
band gap materials as active layer in photovoltaic cells for light
absorption [18,19]. The alternating arrangements of electron-
donating and electron-accepting moieties in the materials give

rise to mutual interaction between HOMO of the donor and LUMO
of the acceptor, and reduction of the band gap in these systems.
Recently, Ohshita et al. prepared disilanylene polymers with con-
jugated donoreacceptor systems and used them as sensitizing dyes
[20e24]. In this paper we report synthesis of a new donor-acceptor
type of the disilanyl substituted starlike molecule bearing a triazine
core, and its application to dye-sensitized solar cells (DSSC)s.

2. Results and discussion

The synthesis of the arms having benzothiadiazole and pen-
tamethyldisilanyl substituted thienylene units were carried out as
shown in Schemes 1e3. Treatment of the lithio derivative prepared
by the reaction of 2,4,6-tris(4-bromophenyl)-1,3,5-triazine (1) and
n-butyllithium, with 2-isopropyl-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane afforded compound 2 in 18% yield (Scheme 1) [25].

Suzuki-Miyaura cross coupling reaction of 2with 4-(5-bromo-3-
hexylthiophen-2-yl)-7-(3-hexylthiophen-2-yl)benzo[c][1,2,5]thia-
diazol (3) in THF afforded 2,4,6-tris(4-(4-hexyl-5-(7-(3-
hexylthiophen-2-yl)benzo[c][1,2,5]thiadiazol-4-yl)thiophen-2-yl)
phenyl)-1,3,5-triazine (4) in 24% yield.

Compound 5 was prepared by treating 4 with 3 quiv. of N-
iodosuccinimide (NIS) in chloroform in 47% yield. The starlike
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molecule, 2,4,6-tris(4-(4-hexyl-5-(7-(4-hexyl-5’-(1,1,2,2,2-
pentamethyldisilyl)-2,2’-bithiophen-5-yl)benzo[c][1,2,5]thiadia-
zol-4-yl)thiophen-2-yl)phenyl-1,3,5-triazine (7) was prepared by
Stille coupling reaction of 1,1,2,2,2-pentamethyl-2-(5-(tributyl-
stannyl)thiophen-2-yl)disilane (6) with 5. The product 7 was iso-
lated from the resulting reaction mixture, using a silica gel column
in 24% yield.

The structure of 7 was verified by mass and 1H, 13C, and 29Si
NMR spectrometric analysis (see Experimental Section).

In fact, mass spectrometric analysis for 7 indicates the presence
of a parent ion at m/z 2343, which is consistent with the calculated
value for C126H153N9Si6S12. The 1H NMR spectrum of 7 shows two
signals at 0.13, 0.40 ppm due to the methylsilyl protons, and the
signals at 7.10, 7.21, 7.31, 7.52 ppm attributed to thienyl ring protons,
along with hexyl protons and phenylene protons. The 13C NMR
spectrum of 7 reveals two signals at �2.9 and �2.4 ppm attributed

to the methylsilyl carbons, and twenty three signals due to the
aromatic carbons, as well as the signals due to the hexyl carbons.
The 29Si NMR spectrum reveals three signals at �23.5
and �18.8 ppm, due to two different kinds of the silicon atoms.
These results are wholly consistent with the structure proposed for
7.

2.1. Optical properties of starlike molecules 4 and 7

The UVevisible absorption spectra and fluorescence spectra of
compounds 4 and 7 are shown in Figs. 1 and 2, respectively, and
their spectral data are summarized in Table 1. Compound 4 in
dioxane exhibits two bands at 373 nm (ε ¼ 74000 M�1 cm�1) and
414 nm (ε ¼ 56000 M�1 cm�1). The fluorescence spectrum of 4
excited at 373 nm displays the emission maximum at 560 nm. In
the case of excitation at 373 nm, the fluorescence quantum yield of

Scheme 1. Synthesis of compound 2.

Chart 1. Various types of three-dimensional starlike silicon compounds.
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