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Abstract

Coupling reactions of 9,10-di(lithioethynyl)anthracene with dichloromono-, di-, and trisilanes, Cl(SiR2)mCl (m=1–3) gave
polymers composed of alternating 9,10-diethynylanthracene and organosilicon units. With dichlorotetraorganodisilanes, the
corresponding dianthracenophanes composed of two 9,10-diethynylanthracene units linked by tetraorganodisilanylene bridges
were also obtained, together with the polymers. The emission spectra of the polymers with di- and trisilanylene units suggest that
intrachain aggregation takes place in solution, although it is not obvious for the silanylene polymer. Cyclic voltammetric (CV)
analysis of the polymers shows the evident dependence of the CV profiles on the lengths of the silicon chain between the
diethynylanthracene units. When the polymer films were treated with FeCl3 vapor, the films became conducting with the
maximum conductivities in the order of 10−5 S cm−1. The double-layer-type electroluminescent (EL) devices were fabricated
using these polymers as a hole-transporting layer and tris(8-quinolinolato)aluminum (III) complex (Alq) as an electron-transport-
ing-emitter layer. The turn-on voltage of the devices became higher and the maximum current density smaller, as increasing the
number of silicon atoms in a polymer unit from m=1 to 3. The highest luminance of 1300 cd m−2 was obtained from the device
based on the silanylene-diethynylanthracene polymer. © 1999 Elsevier Science S.A. All rights reserved.
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1. Introduction

Polymers with a regular alternating arrangement of
an organosilicon unit �(SiR2)m� and an aromatic p-
electron system (Ar) are currently receiving attention.
Enhanced through-space interaction between the p-elec-
tron systems by the silicon bridge [1] and/or delocaliza-
tion of p-electrons through the organosilicon units by
s–p conjugation in the backbone [2] would originate
the unique optical and electric properties of these poly-
mers, including red-shifted UV absorptions and semi-
conducting properties in their doped states [2,3].

Our recent studies on the s–p conjugated polymers
pointed out that extension of the aromatic system
significantly influences the properties of the resulting
polymers. The photoactivities of disilanylene-polymers
[�Arx�(SiR2)2�]n (Ar=phenylene [4] and thienylene [5])
decrease with increasing the number of Ar groups (x) in
a repeating unit, and the conductivities of the chemi-
cally [5] or electrochemically [6] doped thienylene-poly-
mer films tend to increase along increasing x. It has
been also demonstrated that the number of silicon
atoms (m) in the organosilicon unit influences the prop-
erties of the polymers [�Ar�(SiR2)m�]n, and the increase
of m leads to changes in electronic and optical proper-
ties of the polymers arising from the changes of HO-
MOs and LUMOs from p-type to s-type [7].* Corresponding author. Fax: +81-824-227191.
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(Chart 1)

Very recently, we have examined a series of polymers
shown in Chart 1 regarding their use as the hole-trans-
porting materials in double-layer electroluminescent (EL)
devices and found that the turn-on voltages of the devices
become lower along the expansion of the p-electron
system (Ar) in the order of phenyleneBbiphenyleneB
naphthyleneB9,10-diethynylanthracene [8]. The EL
device using the diethynylanthracene-polymer shows the
best electrical properties and the highest external quan-
tum efficiency of 0.21% among the polymers examined.

In an effort to obtain information for designing
polymers with higher hole-transporting properties, we
synthesized a series of alternating polymers with mono-,
di-, and trisilanylene units �(SiR2)m� (m=1–3) and
9,10-diethynylanthracene groups and studied how the
length of the organosilicon bridge influences on the EL
properties of the polymers. In this paper, we describe the
optical, electrochemical, conducting, and hole-transport-
ing properties of the polymers.

2. Results and discussion

2.1. Preparation of polymers with
9,10-diethynylanthracene units

9,10-Diethynylanthracene was readily lithiated by
treating with two equivalents of MeLi in ether producing
9,10-di(lithioethynyl)anthracene, which was then treated
with dichlorodiethylsilane to give poly[(diethylsilany-
lene)-9,10-diethynylanthracene] (1a) in 66% yield
(Scheme 1). Similar reactions of the dilithium reagent with
dichloromono-, di-, and trisilanes, Cl(SiR2)mCl (m=1–
3) gave the corresponding polymers (1b, 2a, b, and 3).

Scheme 1.

Yields, molecular weights, melting points, and glass-tran-
sition temperatures of the polymers are summarized in
Table 1. Rather low yields of some polymers are ascribed
to the formation of oligomers with low molecular weights.
Polymers 1a and 2a, b were readily separated from the
oligomers by Soxhlet-extraction with hexane in the pure
form as the hexane-insoluble residue. In case of polymer
2a, only a fraction with high molecular weight is not
dissolved in hexane, therefore the isolated yield of the
polymer is low. Polymers 1b and 3 are highly soluble in
hexane and purified by reprecipitation from chloro-
form�isopropyl alcohol.

From the reactions with dichlorodisilanes, anthra-
cenophanes (4a, b in Chart 2) were isolated from the
Soxhlet-extracts. The polymers and anthracenophanes
were well characterized by spectroscopic analysis. By the
chemical shifts of the dd-signals of the aromatic protons
in the 1H-NMR spectra, anthracenophanes 4a, b and
polymers 2a, b are readily identified from each others.
Thus, the signals for 2a, b appear in the normal range
for anthracene ring protons, while for 4a, b, shielding
effect of another anthracene unit causes high-field shifts
by about 0.5 ppm for the ring protons (see Section 4).

(Chart 2)

Table 1
Synthesis of diethynylanthracene-polymers

Mw (Mn) a m.p. (°C) cPolymer NP bYield (%) Tg (°C) c

153200 (2100) 536.7661a
6400 (2900) 74 – d1b 70 8.9

5 16 300 (6800)2a 17.2 61 11
38 5.92b 3700 (2000) 5365

8200 (3800)133 9.5 69 −49

a Determined by GPC, relative to polystyrene standards.
b Number of polymerization=Mn/(Fw of a polymer unit).
c Determined by DSC.
d Not clear.
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Fig. 1. ORTEP drawing of compound 4b.

ment of 4a, b by melting at 300°C under an argon
atmosphere gave black insoluble materials.

In order to estimate the ring strain in the anthra-
cenophane rings, we determined the crystal structure of
4b by X-ray diffraction analysis, whose ORTEP drawing
is depicted in Fig. 1. Table 2 summarizes selected bond
lengths and angles of 4b, in comparison with those of
cis,trans- and all,trans-1,2,5,6-tetramethyl-1,2,5,6-te-
traphenyl-1,2,5,6-tetrasilacyclooctadiyne (5a and 5b in
Chart 2), which readily undergo anionic and thermally
induced ROP to give poly[(1,2-dimethyl-1,2-diphenyldis-
ilanylene)ethynylenes] [9a, 11a]. As can be seen in Table
2, although the bond lengths and angles for the ring of
4b deviate from their ideal values, the degree of deviation
is smaller relative to 5a, b.

Corriu et al. have previously reported the synthesis of
poly[(diphenylsilanylene)-9,10-diethynylanthracene] by
the Sonogashira-coupling [12] of diethynyldiphenylsilane
with 9,10-dibromoanthracene [13]. When we carried out
a similar PdCl2(PPh3)2-catalyzed reaction of 1,2-di-
ethynyl-1,2-dimethyldiphenyldisilane with 9,10-dibro-
moanthracene in refluxing triethylamine, a polymer with
a low molecular weight of Mw=1700 was obtained.
Carrying out the polymerization in a mixed solvent of 1:1
triethylamine–toluene at a reflux temperature led to the
formation of the polymer with higher molecular weight
(Mw=14 000). Although 1H-NMR spectra of the poly-
mer samples from the two runs reveal the signals with
sufficient integration ratios, the signals are broad and
their IR spectra show an Si�O stretching band around
1050 cm−1. These results clearly indicate that cleavage
of Si�Si bonds was involved in this polymerization to
some extent.

2.2. Optical, electrochemical, and conducting properties
of the polymers

Table 3 summarizes the UV absorption maxima of the
present diethynylanthracene polymers. They exhibited
almost identical UV spectra, independent of the length
of the silicon chain and the nature of the substituents on
the silicon atoms. The shape of the UV spectra of
the polymers is also quite similar to the UV spectrum of
a model compound, 9,10-bis(trimethylsilylethynyl)-
anthracene (6 in Chart 2, lmax (o)=439 (45 750), 413
(33 220), 390 (14 040), 270 (149 140)). The absorptions in
the low-energy region of the polymers are slightly red-
shifted by about 10 nm relative to those of model
compound 6. However, the degree of the red-shifts is
smaller than that observed for the other alternating
polymers composed of alternating organosilicon units
and smaller p-electron systems, such as phenylene,
ethynylene, and ethenylene, from the respective mono-
meric compounds [2]. These results clearly indicate that
the diethynylanthracene unit is electronically rather iso-
lated and no significant orbital interaction takes place

Table 2
Selected bond lengths (A, ) and angles (°) for compounds 4b and 5a, b

5b a5a a4b

Bond lengths
Si�Si 2.358(3) 2.38 2.368

1.8421.839(7), 1.829(7) 1.831Si�C (sp)
1.192(9), 1.194(9) 1.201 1.2069C�C

Bond angles
103.7 102.8105.7(2), 106.2(2)Si�Si�C (sp)
166.7 164.3169.1(6), 166.8(7)Si�C�C

a Values given are averages.

Table 3
UV and CV data for diethynylanthracene-polymers

Absorption lmax Oxidation peak potentialPolymer
(V vs. Ag/Ag+) b(nm (o ×10−2)) a

(0.80), 1.02, 1.28448 (295), 419 (208), 3941a
(91), 271 (495)

1b (0.80), 1.03, (1.20)447 (262), 418 (195), 394
(91), 272 (703)

2a 451 (316), 422 (238), 398 0.80, (0.94), 1.03, (1.24)
(111), 272 (697)

(0.64), 0.78, 1.01449 (272), 421 (223), 4062b
(437), 263 (843)
449 (315), 422 (255), 3983 0.68, (0.90), 1.06
(121), 272 (752)

a In THF.
b On polymer films. Numbers in parentheses indicate potentials for

shoulders.

It has been demonstrated that ring-opening polymer-
ization (ROP) of strained organosilacycles under anionic
[9], cationic [10], and thermally induced conditions [11]
offers a convenient route to the polymers with alternating
organosilicon and conjugated units. Attempted ROP of
4a, b in a sealed glass tube with a catalytic amount of
methyllithium or tetrabutylammonium fluoride in THF
was, however, unsuccessful. With a catalytic amount of
AlCl3, WCl6 or Pd(PPh3)4, again no reaction occurred.
In these experiments, only the starting anthracenophanes
were isolated from the reaction mixtures. Thermal treat-
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between the diethynylanthracene p-orbitals and silicon
s-orbitals. This agrees with the results of experimental
and theoretical investigations for this type of the poly-
mers, which indicate that the s–p conjugation is not
significantly operative for the polymers with highly
extended p-electron systems [2,4,14].

Similar to the UV spectra, the shape of fluorescence
spectra of the diethynylanthracene polymers in THF
closely resemble that of model compound 6 (lem (rela-

Fig. 4. Excitation spectra of polymer 2a in THF and in the solid
state.

Fig. 2. Fluorescence spectra of 1a, 2a, and 3 in THF.

tive intensity)=420 (31), 437 (100), 469 (51), 500 (12)
nm). The polymers exhibit two emission maxima at
almost the same wavelengths, around 450 and 480 nm,
and a shoulder at about 520 nm regardless of the
structure of the silicon chain (Fig. 2). However, an
additional shoulder appears at about 560 nm for di-
and trisilanylene-polymers 2a and 3, probably due to
the formation of aggregates. Since the concentrations of
the polymers for the fluorescence measurements are
sufficiently low (1.9–2.2 mg l−1), interchain aggrega-
tion does not seem to play an important role and the
shoulders in low energy region are probably due to the
intrachain aggregation of diethynylanthracene units. It
is likely that the longer silicon chain leads to the higher
flexibility of the polymer chain, favoring the intrachain
interaction in the solution phase. Similar intrachain
aggregation of silylene�divinylbenzene copolymers,
whose fluorescence spectra in a solution reveal red-
shifted emission bands, has been recently reported [1a].

Interestingly, the present polymers exhibit only emis-
sion bands at about 560 nm in the solid state (Fig. 3),
while the excitation spectra of the polymers in the solid
state are identical with those in THF, as illustrated in
Fig. 4. Moreover, no obvious dependence of the silicon
chain length on the emission profiles is observed in the
fluorescence spectra of the polymer films. These results
indicate the intensive formation of eximers presumably
due to the inter- and/or intrachain aggregation of the
diethynylanthracene units, resulting in the red-shifted
emission band in the solid state.

Fig. 5 displays cyclic voltammetric profiles for the
polymer films, and the anodic peak potentials are sum-

Fig. 3. Fluorescence spectra of 1a, 2a, and 3 in the solid state. Small
peaks in the range 430–530 nm are ascribed to background emis-
sions.
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marized in Table 3. As shown in Fig. 5, these polymer
films underwent irreversible anodic oxidation in multi-
steps. In contrast to UV and emission spectra of the
polymers, evident influence of the chain length of
organosilicon units in the polymer backbone can be
seen. The first oxidation potentials move to lower po-
tentials with increasing number of silicon atoms in a
unit. One might consider the possibility that the poly-
mer conformations in the solid state affect the CV
profiles, e.g. the elongation of silicon chain provides the
polymer flexibility in the solid states to facilitate the
counter anions to enter into the polymer films. How-
ever, such changes in morphology does not seem to be
a major reason of the potential shift for the present
polymers, since there can be seen no direct correlation
between the peak potentials and Tg values (Table 1).
The participation of Si�Si bonds is, therefore, inferred
as the reason why the first oxidation peak potentials
depend on the organosilicon chain length in the present
case. Actually, we have recently reported similar electro-
chemical behaviors of organosilanylene�biphenylylene

alternating polymers in the solid state [15]. Thus, films
of disilanylene�biphenylylene polymers, [(SiR2SiR2)-
4,4%-(C6H4)2]n (7, R2=Me2, Et2, and Ph, Me), undergo
irreversible anodic oxidation in two steps at 1.25 V and
1.57 V versus Ag/Ag+, while films of monosi-
lanylene�biphenylylene, [(SiMe2)-4,4%-(C6H4)2]n (8), and
disiloxanylene�biphenylylene polymers [(SiEt2OSiEt2)�
4,4%-(C6H4)2]n (9), reveal a single oxidation peak at 1.65
and 1.49 V, respectively. On the other hand, polymers 7
exhibit UV absorption maxima at 282–283 nm, which
are red-shifted only by 7–18 nm from those of 8 and 9.
These are indicative that the Si�Si s-orbital plays an
important role in the first electrochemical oxidation
step of the disilanylene�biphenylylene polymers but
does not significantly affect the electronic states of these
polymers, similar to the present organosilany-
lene�diethynylanthracene polymers.

The present diethynylanthracene polymers are insula-
tors, but became semiconducting when the thin solid
films of the polymers were exposed to FeCl3 vapor
under the reduced pressure. The conductivities in-
creased with increasing doping period and reached
maximum values in the order of 10−5 S cm−1 after 20
h of doping. No obvious influence of the structure of
the silicon chain on the conducting properties of the
polymers was observed. This is in contrast to the fact
that the CV profiles of the polymer films are signifi-
cantly affected by the length of the silicon chain, as
described above. The maximum conductivities of the
polymers are slightly lower than those reported for
poly[disilanylene-1,4-diethynylbenzenes] doped with
iodine (0.56–1.2×10−4 S cm−1) [16] and comparable
to those for FeCl3-doped poly[disilanylenedi-
ethynylpyridynes] (1–3×10−5 S cm−1) [17].

2.3. Electroluminescent properties of the polymers

Next, we examined hole-transporting properties of
the present polymers in a double-layer electrolumines-
cent (EL) system. We constructed three devices with
layers of ITO/polymer film/Alq/Mg�Ag in which Alq
(tris(8-quinolinolato) aluminum (III)) is used as the
electron-transporting-emitting layer and ITO (in-
dium�tin-oxide) and Mg�Ag are the anode and
cathode, respectively. We also examined a device hav-
ing a poly(N-vinylcarbazole) (PVK) film as the typical
hole-transporting layer instead of diethynylanthracene
polymers, for comparison. Fig. 6 shows the current
density–electric field curves of these device with differ-
ent diethynylanthracene polymers. Of these, the devices
with silanylene polymers 1a, b exhibited the smallest
turn-on electric field (ca. 4×107 V m−1), whereas the
device with 1a exhibited higher current density than the
device with 1b at any electric fields applied (up to
1.4×108 V m−1) and reached a maximum value of

Fig. 5. CV profiles for polymers 1a, 2a, and 3.

Fig. 6. Current density–voltage curves for EL devices having poly-
mers (	) 1a; (
) 1b; (�) 2a; and (+ ) 3, and (�) PVK as the
hole-transporting material.



S.A. Manhart et al. / Journal of Organometallic Chemistry 592 (1999) 52–60 57

Fig. 7. Luminescence–voltage curves for EL devices having polymers
(	) 1a; (
) 1b; (�) 2a; and (+ ) 3, and (�) PVK as the hole-trans-
porting material.

thracene�organosilicon alternating polymers affects the
optical and electrochemical properties of the polymers.
A longer silicon chain length provides a higher flexibil-
ity in the polymer chain to favor the intrachain aggre-
gation in solution. In the solid state, strong aggregation
takes place in inter- and/or intramolecular fashion.
Oxidation potentials of the polymer films are also influ-
enced by the silicon chain length and shift to lower
potentials with the elongation of the chain.

The silicon chain length has little effect on the con-
ducting properties of the polymer films doped with
FeCl3 vapor, but exert significant influence on the
hole-transporting properties of the polymers, which are
improved by reducing the silicon chain length.

4. Experimental

4.1. General

All reactions were carried out under a dry nitrogen
atmosphere. Solvents were purified by distillation from
appropriate drying agents under argon. 1H-, 13C- and
29Si-NMR spectra were recorded on Jeol model JNM-
EX 270 and JNM-EX 400 spectrometers. UV spectra
were measured with a Hitachi U-3210 spectrophotome-
ter. IR-spectra were measured on a Perkin–Elmer 1600-
FT infrared spectrometer. Molecular weights of
polymers were determined with two Shodex columns,
using THF as the eluent, and are relative to polystyrene
standards. The actual thickness of each layer on the EL
devices was measured with a Sloan Dektak 3030 surface
profiler. The emitting area was 0.5×0.5 cm2. Lumi-
nance was measured with a Topcon luminance meter
BM-7 at room temperature.

4.2. Materials

9,10-Diethynylanthracene and compound 6 were pre-
pared as reported in the literature [18].

4.3. Preparation of polymers

In a 250 ml three-necked flask was placed 0.67 g (3.0
mmol) of 9,10-diethynylanthracene in 30 ml of ether.
To this was added 6.0 ml (6.1 mmol) of a 1.02 M
MeLi-diethylether solution at −80°C. The reaction
mixture was allowed to warm to room temperature (r.t)
and stirred for additional 2 h. After cooling down to
−80°C, 0.48 g (3.05 mmol) of dichlorodiethylsilane in
10 ml of ether was added dropwise to the mixture. The
reaction mixture was allowed to warm to r.t. and
stirred for 12 h. Hydrolysis of the mixture with 50 ml of
water, followed by reprecipitation of the organic prod-
ucts from chloroform–ethanol, gave yellow solids. The
solids were placed in a Soxhlet apparatus and washed

760 mA cm−2. As we reported in a previous paper [8],
the electrical properties of the device with disilanylene
polymer 2a were almost the same as that with PVK. In
contrast, the device with trisilanylene polymer 3 ex-
hibits even higher turn-on electric field and smaller
current density at the same operating electric field.
These results indicate that hole-transporting properties
of the diethynylanthracene polymers are improved in
the order of 3B2aB1bB1a by reducing the number
of silicon atoms from the oligosilanylene units. It is
most likely that high concentration of diethynylan-
thracene units in the polymer layer favors the p–p
interaction between diethynylanthracene units in an
intermolecular way, which plays an important role for
improved hole-transporting properties. No evident cor-
relation between the molecular weights or number of
polymerization (Table 1) and the current density-elec-
tric field profiles are observed.

By applying electric field, each device exhibited green
EL whose spectrum was almost identical with the pho-
toluminescence spectrum of vacuum deposited Alq, im-
plying that the EL originated from the Alq layer. As
shown in Fig. 7, the device with polymer 1a emits the
light at lower electric field than the other, reaching the
highest luminance of 1300 cd m−2 at ca. 10×107 J
m−1. On the other hand, the capability of the device
with polymer 3 was found to be the worst among the
devices tested, in accord with the current density–elec-
tric field characteristics.

3. Conclusions

The silicon chain length in the present diethynylan-
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with ethanol and then with hexane to give 0.61 g (66%
yield) of polymer 1 remaining insoluble in hexane:
Mw=3200 (Mw/Mn=1.5). IR nC�C 2128 cm−1. 1H-NMR
(CDCl3): d=1.14–1.25, 1.35–1.46 (m, 10H, EtSi), 7.58
(dd, 4H, aromatic H, J=6.6, 3.3 Hz), 8.70 (br. dd, 4H,
aromatic H, J=6.6, 3.3 Hz). 13C-NMR (CDCl3): d=6.9,
7.8, 103.1, 103.5, 118.5, 121.9, 127.2 (2C), 132.5. Anal.
Found: C, 81.82; H, 5.76. (C22H20Si)n. Anal. Calc.: C,
85.11; H, 5.84%. Lower carbon content determined by
combustion analysis than the theoretical value is often
observed for organosilicon polymers [17,19,20]. This
would be due to the formation of carbon-containing
ceramics, such as b-SiC during the analysis. In fact, the
IR spectrum of the ash obtained from combustion of
polymer 1a at 800°C, the same temperature as used for
elemental analysis, shows a strong absorption at 1082
cm−1 due to nSi�O with a weak shoulder around 1200
cm−1 due to nSi�C.

Polymers 1b, 2a, b, and 3 were prepared as described
above. For isolation of anthracenophanes 4a and 4b, the
Soxhlet-extracts from treatment of 2a, b were evaporated
and the residue was recrystallized from hexane. Polymers
1b and 3 were purified by reprecipitation from chloro-
form�isopropyl alcohol.

Data for 1b: yellow solids. Mw=6400 (Mw/Mn=2.2).
IR nC�C 2130 cm−1. 1H-NMR (CDCl3) 0.78 (3H, s, MeSi),
0.09–1.88 (m, 9H, BuSi), 7.58 (dd, 4H, aromatic H,
J=6.6, 3.3 Hz), 8.70 (br. dd, 4H, aromatic H, J=6.6,
3.3 Hz). 13C-NMR (CDCl3) −0.8, 13.9, 16.2, 26.1, 26.3,
103.1, 104.1, 118.4, 127.2 (2C), 132.5. Anal. Found: C,
82.55; H, 6.55. (C27H30Si)n. Anal. Calc.: C, 85.13; H,
6.21%.

Data for 2a: yellow solids. Mw=16 300 (Mw/Mn=2.4).
IR nC�C 2122 cm−1. 1H-NMR (CDCl3) 0.9–1.24 (m, 20H,
EtSi), 7.2–7.4 (m, 4H, aromatic H), 8.4–8.65 (m, 4H,
aromatic H). 13C-NMR (CDCl3) 5.4, 8.9, 104.1, 105.4,
118.6, 126.7, 127.1, 131.3. 29Si-NMR (d in CDCl3) −28.2.
Anal. Found: C, 78.58; H, 7.21. (C26H28Si2)n. Anal. Calc.:
C, 78.73; H, 7.11%.

Data for 2b: yellow solids. Mw=3700 (Mw/Mn=1.8).
IR nC�C 2116 cm−1. 1H-NMR (CDCl3) 0.63 (s, 12H,
MeSi), 7.3–7.4 (m, 4H, aromatic H), 8.5–8.6 (m, 4H,
aromatic H). 13C-NMR (d in CDCl3) −2.2, 126.6, 126.8,
127.1, 131.8, signals for acetylene and anthracene ipso
carbons could not be found due to the low solubility of
the polymer in CDCl3. Anal. Found: C, 74.80; H, 5.85.
(C22H20Si2)n. Anal. Calc.: C, 77.59; H, 5.92%.

Data for 3: yellow solids. Mw=8200 (Mw/Mn=2.2).
IR nC�C 2124 cm−1. 1H-NMR (CDCl3) 0.47 (s, 6H, MeSi),
0.54 (s, 12H, MeSi), 7.4 (dd, 4H, ring protons, J=6.6,
3.3 Hz), 8.4 (dd, 4H, ring protons, J=6.6, 3.3 Hz).
13C-NMR (CDCl3) −6.6, −1.7, 104.3, 107.1, 118.4,
126.6, 127.1, 132.0. Anal. Found: C, 66.78; H, 6.66.
(C24H26Si3)n. Anal. Calc.: C, 72.36; H, 6.57%.

Data for 4a: m.p. 290°C. MS m/z 792 [M+]. IR nC�C

2118 cm−1. 1H-NMR (d in CDCl3) 1.09 (q, 16H, EtSi,

J=7.9), 1.36 (t, 24H, EtSi, J=7.9), 6.98 (dd, 8H,
aromatic H, J=6.6, 3.3 Hz), 8.01 (dd, 8H, aromatic H,
J=6.6, 3.3 Hz). 13C-NMR (CDCl3) 5.1, 9.0, 105.1, 107.7,
117.8, 125.4, 126.6, 130.9. 29Si-NMR (d in CDCl3)
−23.61. UV lmax (THF) 454 (o 29 700), 420 (50 400), 406
(43 700), 263 (84 300), 222 (37 500). Anal. Found: C,
77.94; H, 7.13. C52H56Si4. Anal. Calc.: C, 78.73; H, 7.11%.

Data for 4b: m.p. 287°C. MS m/z 680 [M+]. IR nC�C

2121 cm−1. 1H-NMR (CDCl3) 0.61 (s, 24H, MeSi), 6.99
(dd, 8H, aromatic H, J=6.6, 3.3 Hz), 8.01 (dd, 8H,
aromatic H, J=6.6, 3.3 Hz). 13C-NMR (CDCl3) −2.6,
106.5, 106.5, 117.7, 125.5, 126.4, 130.8. 29Si-NMR
(CDCl3) −33.7. UV lmax (THF) 454 (29 600), 418
(51 400), 261 (74 000), 222 (32 200). Anal. Found: C,
77.09; H, 5.89. C44H40Si4. Anal. Calc.: C, 77.59; H, 5.92%.

4.4. X-ray crystallographic analysis of 4b

All unique diffraction maxima with 0B2uB126.1° for
4b were recorded on a Rigaku AFC-6S automated
four-circle diffractometer using graphite-monochro-
mated Cu–Ka radiation (l=1.5418 A, ). Refractions with
I\3s(I) were used in the least-squares refinement. The
structure was solved by SIR92 direct method [21] and
expanded using DIRDIF94 Fourier techniques [22].

Table 4
Crystal data, experimental conditions, and summary of structural
refinement for 4b

4bCompound
C44H40Si4Molecular formula
681.14Molecular weight
P1(Space group

Cell dimensions
10.492 (2)a (A, )
12.700 (2)b (A, )

c (A, ) 7.626 (1)
106.35 (1)a (°)
102.72 (1)b (°)
80.72 (1)g (°)
945.7 (3)V (A, 3)
1Z

Dcalc. (Mg m−3) 1.196
720.00F(000)
0.4×0.3×0.2Crystal size (mm3)
YellowCrystal color

(m) mm−1 3.355
Rigaku AFC-6SDiffractometer
298Temperature (K)

Wavelength (A, ) 1.5418 (Cu–Ka)
Graphite crystalMonochrometer
v−2uScan type
4Scan speed (deg min−1)

Scan width (°) 0B2uB126.1
2856No. of unique reflections
2444No. of observed reflections (I\3s(I))
0.075R
0.100Rw

a

a Weighting scheme is (s(Fo)2+0.0004�Fo�2)−1.
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The non-hydrogen atoms were refined anisotropically.
Neutral atom scattering factors were taken from
Cromer and Waber [23]. Anomalous dispersion effects
were included in Fcalc. [24]; the values for Df % and Df %%
were those of Creagh and McAuley [25]. The values for
the mass attenuation coefficients are those of Creagh
and Hubbel [26]. All calculations were performed using
the teXsan [27] crystallographic software package of
Molecular Structure Corporation. Cell dimensions,
data collections and refinement parameters are listed in
Table 4.

4.5. CV measurements for the polymer films

CVs were measured using a three-electrode system in
an acetonitrile solution containing 100 mM of te-
traethylammonium tetrafluoroborate as the supporting
electrolyte. Thin solid films of the polymers were pre-
pared by spin coating of the polymer solution in chlo-
roform on ITO working electrodes. An Ag/Ag+

electrode and a Pt plate were used as the reference and
counter electrode, respectively. Peak potential was de-
termined in a sweep rate of 50 mV s−1. The current–
voltage curve was recorded on a Hokuto Denko
HAB-151 potentiostat/galvanostat.

4.6. Measurements of conducti6ities of polymer films
doped with FeCl3

Solid films of polymers prepared by spin-coating of
polymer chloroform solutions on glass plates were held
over ferric chloride powder, which was placed in a glass
vessel. Doping was performed under reduced pressure
(1 mmHg) by heating the bottom of the glass vessel at
150°C for 24 h. The conductivities of the polymers in
vacuo were determined by the four-probe method.

4.7. Preparation of EL de6ices

A thin film (30–40 nm) of the diethynylan-
thracene�oligosilanylene polymer was prepared by spin-
coating from a solution of polymer in dichloroethane
on an anode, indium�tin-oxide (ITO) coated on a glass
substrate with a sheet resistance of 15 V cm−1 (Asahi
Glass Company). An electron-transporting-emitting
layer was then prepared by vacuum deposition of tris(8-
quinolinolato) aluminum (III) (Alq) at 1×10−5 torr
with a thickness of 60–70 nm on the polymer film.
Finally a layer of magnesium�silver alloy with an
atomic ratio of 10:1 was deposited on the Alq layer
surface as the top electrode at 1×10−5 torr.

5. Supplementary material

An ORTEP drawing with a full atomic numbering

scheme and tables of atomic coordinates, anisotropic
thermal parameters, bond lengths and angles, and ob-
served and calculated structure factors for compound
4b (22 pages). This material is available on request from
J.O.
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