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Abstract: In this study, polysilanes were synthesized by electroreduction with different monomers such as
CH3HSICI,, PhSICl;, CH3SICl; and (CH3),SICl, by Mg eectrodes under ultrasonic radiation. The effects of
monomers and additives (p-dibromobenzene (DBB), naphthalene (NAPH) and anthracene (ANTH)) on the reac-
tion rate were investigated. Polymerization of PhSiCl; among the four monomers showed the highest rate. p-
dibromobenzene (DBB) was proved the most effective additive. Based on the observations, some possible reac-
tion mechanisms of the polymerization were proposed.
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1. Introduction promising candidetes for various applications such
as photoresists optoelectronic devices>® non-linear
The specia intrinsic properties make polysilanes  opticd materids®® precursors of thermaly stable
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ceramics, silicon carbide fibers*? and components of
anti-oxidation of carborvcarbon composites® As this
reason, severd synthetic pathways had been devel oped
which include Wurtz coupling reaction™ ** (eg. 1) and
eectrochemical reductive reaction’®™® (eg. 2).

n(Rlesi (@ 2)+2 nM — (Rlesi)n+2nM cl (1)
M=Naor K

+2ne
N(RRSCl) — (RR:S)+2nMClI- 2

Compared with Wurtz reaction, eectrochemical
reduction reactions had dtracted more attention
because of its mild reaction conditions. Masanobu and
Atsutaka®®? have studied the roles of some preli-
minary optimizations such as monomer, supporting
dectrolyte, solvent, additive, cathode material, current
dengity, dectricity, concentration and temperature on
the yidd of polysilanes. However, the studies on the
reaction rate of electrochemical reaction had seldom
been reported. In this paper, we had studied the
effects of the monomers and additives on the
electroreduction rate of polysilanes.

2. Experimental Section

2.1. Materials

Mg cathodes were polished with emery paper and
washed with acetone. Solvent tetrahydrofuran (THF)
was dehydrolyzed with metdlic sodium, digtilled
and stored under 4A molecular sieve. LiCIO, was
used as supporting dectrolyte. All the monomers
(CH3HSICI,, PnSICl;, CH3SICl; and (CH3),SICly)
and additives (p-dibromobenzene (DBB), ngphthaene
(NAPH) and anthracene (ANTH)) were purchased
from Shanghai Chemical Co., Ltd.

2.2. Electropolymerization

Electropolymerization was carried out in a 500
mL cell equipped with apair of Mg electrodes (12.00
cm?), which was dried a 323 K in vacuo for 3 h.
Supporting dectrolyte LiCIO, (1.07 g), the monomers
and THF (150 mL) were added into the cell under an
amosphere of nitrogen. The eectroreduction was
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carried out under congtant current of 90 mA, and
anode and cathode were aternated with the interval
of 17 second. Ultrasound (20 kHz) was applied to
the reaction mixture during the dectroreduction.

2.3. Detection of the reaction rate
The reaction rate was characterized by measuring

the decreasing rate of Si-Cl bonds in the solution.
Therefore the remaining of Si-Cl bonds was monitored
during the dectrolysis and it was determined as
following principle (equation 3)%22:

RSICl (4 H(4-NH,0—R.SI(OH) @ HAnHC  (3)
HCl+NaOH—NaCl+H,0

To determine the remaining of Si-Cl bonds in the
solution, partia reactant was drawn out from reactor
and injected into a conical flask. Then distilled water
(200 mL) without CO, was added into the conica
flask. Sealed the flask and stirred for 15 minutes at
room temperature. The solution was titrated with
NaOH standard solution with 1~2 drops of phenol-
phthalein indicator. Finaly, the percent of remaining
Si-Cl bonds were calculated using the equation 4:

Cl%=(Nx\/x35.5)x100/(Wx100) @)

Where N (mol/L) is the molar concentration of
NaOH standard solution; V' (mL) is the volume of
NaOH standard solution consumed; W (g) is the
weight of the reactant drawn out from reactor.

2.4. Separation and characterization of the
samples

The reaction was terminated after arrived at the
assigned amount of charge. Toluene (100 mL) was

Table 1. The preparation conditions and the samples code

Sample Type of monomer Additive
EPS1 CH3HSICl, no
EPS2 CH;SiCl3 no
EPS3 PhSiCl; no
EP4 (CH3).SiCl, no
EPS5 CH;HSICI, DBB
EPS6 CH;HSICI, NAPH
EPS7 CH3HSICl, ANTH
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added into the conicd flask and excess NH3; was
introduced to quench the remaining of Si-Cl bonds.
The reactants solution was filtrated and distilled
twice to obtain yellow oil product. The products of
different reaction with different monomers are listed
in Table 1 respectively.

The polymers were characterized by IR, UV-VIS
spectroscopy, IHNMR (AV-500). IR spectra were
recorded on an AVATAR 370 FT-IR spectrometer;
UV spectra were recorded using an obtained with a
Shimadzu UV-2501PC spectrometer.

3. Results and Discussion

All theyellow oil products EPS1, EPS2, EPS3 and
EPA from the reactions are soluble in common
organic solvents, such as, toluene, THF, methylene
chloride. However, the polymeric product from
(CH3),SICl, by the Wurtz reaction are usualy
insoluble. The IR spectra of polysilane were shown
inFig. 1. All the polysilanes revedled C-H stretching
(2960 and 2920 cm™) groups, C-H bending (1450
and 1410 cm™) groups, Si-CH; (1260 and 790 cm™),
Si-Si (460 cnY). These absorptionsimply the presence
of S-S and Si-CHs bonds in all polysilanes.

The UV absorption spectra were not identica for
the polymers with different reaction conditions,
which were showed in Fig. 2. Compared with our
previous work,2*® we found that these products
were polysilanes: The UV absorption spectrum of
EPS1 only had a narrow absorption band a appro-
ximate 216 nm; this is the typica symbol of linear
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Fig. 1. FT-IR spectra of polysilanes.
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Fig. 2. UV spectra of polysilanes.
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Fig. 3. 'THNMR spectrum of polysilane.

polysilanes.® Small broad peaksin the range of 240-
260 nm were observed in absorption spectra of
EPS2, EPS3 and EP$4, those peaks absorbance are
contributed to branched polysilanes.?

Fig. 3 shows the 'THNMR spectrum of polysilane.
See from Fig. 3, there were four major peaks near §
0.09, 0.25, 0.55 and 0.85 ppm; these were chemica
shifts of Si-CH3.2 The broad and complication of
these peaks were due to the complex structures
around the Si-CHj; groups. The observed peaks near
8 5.8, 5.2, and 3.9 were the characteristic chemical
shiftsfor Si-H.%

The eectrolysis reaction rate of four monomers
without additive was not identical (shown in Fig. 4).
The decreasing rate of Si-Cl bonds stands for the
reaction rate. As a whole, the electrolysis reaction
rate of CH3;HSICl,, CH3SICl; and PhSiCl; descends
along with the amount of charge increased. At initial
stage, the reaction rate with CH3HSICl,, CH;SICl;3
and PhSiCl; showed relatively higher rate compared
with the reaction with CH;HSICl,. Overdl, the
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Fig. 4. Influence of monomers on the eectropolymerization
without additive.
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Fig. 5. The effect of additives on the eectropolymerization

reaction rate of PhSICl; among the four reactions
was the fastest, which because of the eectrons
transfer and radical anion stabilization by aromatic
ring. When the value of eectricity arrived at 100
mA-h, the percent of Si-Cl bonds remaining with the
monomers CH3HSICl,, CH3SiCl;, PhSiCl; and
(CH,),SICl, was 52.5%, 61%, 50% and 93%
respectively. Beyond 100 mA-h, al the reaction rates
of electrolysis dowed down except for (CH3),SiCls.
At 500 mA-h, the reaction rates were very dow and
the percent of Si-Cl bonds remaining was 29.5%,
27%, 13% and 25% respectively. So the practica
function of eectrolysis is small after passed 10%
theory charge.

The electrolysis reaction rates of CHsHSICl, with
additivesare amilar (shown in Fig. 5). The eectrolysis
reaction rates of CH;HSICl, are comparative if
additive putted into or not before the amount of
charge arrived at 100 mA-h, but the reaction rates
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were about 10 times faster with additives after 100
mA-h. After the amount of charge arrived at 100
mA*h, the eectrolysis reaction rate of CH;HSICl,
with DBB, NAPH and ANTH are dl more quick
than no additive. Of the three additives, DBB was
the most effective one which showed highest rate.
When the amount of charge arrived a 10% of theory
value, the percent of Si-Cl bonds remaining with
DBB, NAPH, AN and no additive are 17.5%, 27%,
29% and 43.3% respectively. Compared with the
percent of Si-Cl bonds remaining (29.5%) without
additive at 500 mA*h, the function of additives on
the eectrolysis of CH;HSICI, isremarkable.

The mechanism of the formation of linear o-
conjugated polysilanes by Wurtz reaction had been
widdly studied®?" However, the reaction mechanism
for the eectrochemica synthesis of polysilanes had
scarcely been investigated.® It has been proposed
that eectrochemical polymerization should follow a
similar mechanism as Wurtz coupling reaction. Herein,
we proposed a possible mechanism for the dectro-
chemical synthesis of the linear polymers which is
shown in Scheme 1.Y® The monomer gets one
electron to form anion species, this anions then react
with monomer, producing silyl anion, which can go
on with more monomers. Thus the propagation
reaction begins and more anions propagate into
polymers.

The corresponding reaction mechanisms for eec-
tropolymerization of CH;HSCl, with DBB or NAPH
were proposed in Scheme 2-3.1*° Based on the
above mechanisms, the aromatic group facilitates
electron transfer and stabilizes the radical anion. So

R,

| ik R
Cl—Si—y _tle .
| Cl o CHSi ey i@
R;
2 R, R,
i i
cl—siP

e

R, R,

Scheme 1. Proposed  reaction mechanism for  electropoly-
merization of Rleg Clz (R]_:CHg, R>= CHj3 0or H)
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the reaction of phenyltrichlorosilane with Mg
electrode is fastest one among the four reactions. The
same phenomena had also been observed in Miller
and coworker's® studies. Good eectrons acceptor
makes DBB easy to form anion, which can initiate the
propagetion of the reaction. So the net effect with
DBB had greatly increased the reaction rate
Different with DBB, NAPH and ANTH accelerate
the reaction rate by function as electron transmitters.

4. Conclusions

The reaction rate of polymerization of CHzHSICl,,
CH,SiCl5, PhSICl; and (CH5),SICl, by dectroreduction
were not identica. Polymerization of PhSiCl; among
the four monomers showed the highest rate. Without

additive, the percent of Si-Cl bonds remaining for
CHsHSICl, were 29.5% when éectricity reached
15.5% of theoretic vaue. However, the percent of
Si-Cl were 17.5%~29% when dectricity arrived at
10% of theory vaue with additives. The additives
DBB, NAPH and ANTH al can accelerate the
reaction rate. DBB accelerate the reaction by initiate
the propagation of the reaction, however NAPH and
ANTH function as eectron transmitters.

Acknowledgements

This work was supported by the Anhui High
Education Young Teachers Research Found of China
(2007jq1094) and the Master Found of Anhui
University of Architecture of China

References

1. A. Yamaguchi, T. Ogawa and H. Tachibana, J. Elec-
trochem. Soc, 143, 657-664(1996).
2. R. D. Miller, D. Hofer, D. Rabolt and G Fickes, J. Am.
Chem. Soc, 107, 2171-2172(1985).
3. H. Kuzmany, J. F. Rabalt, B. L. Farmer and R. D. Miller,
Chem. Phys, 85, 7417-7420(1986).
4. F C. Schilling, A. J. Lovinger and J. M. Ziegler, Macro-
molecules, 22, 3061-3068(1989).
5. H. Suzuki, Adv. Mater, 8, 657-661(1986).
6. H. Suzuki, J. Lumin, 1005, 72-74(1997).
7. H. Suzuki, J. Meyer and J. Slimmerer, Adv. Mater, 5,
743-748(1996).
8. A. Fujiki, K. Yoshimoto and Y. Ohmori, Jpn. J. Appl.
Phys, 34, 1365-1367(1995).
9. R. D. Miller, D. Hofer and G N. Fickes, Polym. Eng.
i, 26, 1129-1136(1986).
10. K. Kanemitsu, K. Suzuki and T. Masumoto, Solid Sate
Commun, 86, 545-548(1993).
11. S. Ygima, J. Hayashi and M. Omori, Chem. Lett, 75,
931-934(1975).
12. Y. Hasegawa and K. J. OKamura, Mater. ci, 20, 321-
326(1985).
13. X. Bao, M. J. Edirisinghe and G F. Fernado, J. Euro.
Ceram. Soc, 18, 915-922(1998).
14. R. D. Miller, D. Thompson and R. Sooriyakumaran, J.

Analytical Science & Technology



15.

16.

17.

18.
10.

20.

21

22.

23

The effect of monomers and additives on the reaction rate of polysilanes preparation by electroreduction

Polym. i. A, 29, 813-824(1991).

D. Bratton, J. Holder and J. Simon, J. Organomet.
Chem, 685, 60-64(2003).

K. Shigenori, I. Manabu and B. B. Hang, Tetrahedron
Lett, 38, 4607-4610(1997).

A. V. Lori, S. Kevin and J. B. Wang, Electrochimica
Acta, 45, 1007-1014(1999).

A. V. Lori and K. Hang, Polymer, 41, 441-444(2000).
O. Mitsutoshi, T. Takeshi and H. Hiroshi, Electroc-
himica Acta, 44, 3475-3482(1999).

U. Manobu, T. Michio and |. Hiroshi, Electrochimica
Acta, 35, 1867-1872(1990).

K. Atsutaka, T. Eiji and K. Toshihiro, Organometallics,
11, 2899-2903(1992).

L. Zhiyin, Organosilicon compounds industry analysis.
Beijing. Chemica Industry Press, 63-64(1979).

. A. Watanabe, Y. Miike and M. Tsutsumi, Macromo-

Vol. 21, No. 5, 2008

24.

25.

26.

27.

28.

29.

437

lecule, 26, 2111-2116(1993).

F J zhang and L. Chen, J. Shanghai Uni., 12, 543-
546(2006).

S. Wy, L. Chen and F. J. zhang, Polym. Mater. Sci. &
Eng., 23, 64-67(2007).

R. D. Miller and J. Michl, Chem. Rev, 89, 1359-1410
(1989).

M. Okano, K. Takeda and T. Toriumi, Electrochim. Acta,
44, 659-666(1998).

S. M. Xing and Y. L. Wang, Organosilicon Synthetic
Technics and Application of the Production. Beijing.
Chemica Industry Press. 126-127(2000).

J FE Ry, S FE Li and J M. Liu, J. Insulating Material.
22, 92-94(2005).

. P. Zuren, Polymer Chemistry. Beijing, Chemicd Industry

Press. 132-133(2003).



