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Surface Tension of Polysilanes Having Oxyethylenic Side Chains
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Polysilanes having oxyethylenic side chains,
{CHj3-Si-CH,CH,CH,>O(CH,CH»0);,R1},, where (m=0,1,23)
and R1=CH3 and C;Hs, have been prepared. A polysilane of
m=3 and R=CHj3 is soluble in alcohols, acetonitrile, and water.
Surface tensions of these polysilanes are larger than those of the
polysilanes ever reported. While dispersion component stays
almost constant(ca. 30-40 dyn/cm), polar component increases
with increasing oxygen atom numbers in the side chain.
Copolymers also keep the high values of surface tension.

Polysilanes are a new class of material having unusual optical
and electronic properties which comes from delocalized sigma
electrons along silicon catenated chain.l Studies of the physical
properties are essentially important for the industrial application
of polysilanes. Surface property, which relates closely with
addhesibility and wettability, is one of the important factors for
the application of polysilanes as the advanced material. Data of
surface property of polysilanes, however, are available only for
limited number of aryl and/or alkyl-side chain homopolymers and
copolymers.2.3

Polysilanes with polar side-chains are expected to improve
surface properties. Polymers having etherial4.5 and oxyethylenic
side chain6-8 have been reported to show poly(ethylene oxide)-
like behavior. The introduction of oxyethylenic side chains may
give additional function to polysilanes. We report here the
preparation and the surface properties of polysilanes having
oxyethylenic side chains.

Polysilanes 1-6 were prepared by Wurtz coupling reaction of
the corresponding dichlorosilanes.69 Polysilanes 2-4 are elastic
solid and become soluble in alcohols when the side chain
substituent involves more than two oxygen atoms. Polysilane 4
is even soluble in THF, alcohols, acetonitrile, and water. As
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1 0 CH; 7 0 CHs
2 1 CH, 8 1 CHs
3 2 CHjz 9 2 CHj
4 3 CH3 10 3 CH3
5 0 C,Hs 11 0 C»Hs
6 0 C¢Hs

shown in Table 1, the yields and the molecular weights of 1-
4 were not satisfactory enough. To improve the molecular
weight and the polymer yield and also to see the effect of

methylphenylsilylene units on the surface tension, copoly-
merization with methylphenyldichlorosilane (monomer ratio =
1:1) was attempted. Polysilanes (7-11) thus obtained kept
almost the same monomer unit ratio as the starting monomers.
The yields, molecular weights, and UV spectroscopic data are
summarized in Table 1. Absorption maxima (around 300 nm in
THEF) and the molecular weights(>104) in Table 1 indicate that
the prepared materials have intrinsic properties of polysilanes.
Surface tensions were calculated by the geometric-mean
method10 by using equations 1 and 2 where Oy, is the contact

angle, v represents the surface tension and superscripts d and p
correspond to the dispersion and polar components, and

Ys = vysd *  ysP ¢

(1 +cos O )y =2[ (yrdysd)12 + (ypysp )2 ] (2)

subscripts L and S donate liquid and solid phases, respectively.
The polar component includes dipole forces, induction forces,
and hydrogen bonding.

The contact angles for water and diiodomethane and the
surface tensions calculated thereby are summarized in Table 1.11
The surface tensions for polysilanes ever reported2.3 range from
25 to 52.8 dyn/cm, similar to most conventional polymers.12
Polysilanes listed in Table 1, thus, have notably high surface
tensions: homopolymers 2, 3 and 4 and copolymers 9 and 10
have higher surface tensions than those for the other reported
polysilanes. The value increased with increasing polarity of the
side chain. Since yd for polysilanes without phenyl group do not
exceed 40.5 dyn/cm,23 the unusually high surface tensions of
polysilanes in Table 1 are attributed solely to the large values of
yp. Previous papers reported that yp of surface tension of various
alkyl- and/or arylpolysilanes was negligible(< 1 dyn/cm).2.3 Qur
result is highly contrast to the previous report: yP is comparable

to yd in homopolymers 3 and 4 and copolymers 9 and 10. The
more oxygen atoms in the side chain, the higher surface tension
of the polysilane. In extreme case, yP of polysilane 4 (39.2
dyn/cm) becomes larger than yd (35.0 dyn/cm), and is almost
comparable to the surface tension of poly(oxymethylene) (43
dyn/cm)!3 in which the main chain solely consists of the same
unit as our side chain. The total surface tension of 4 (74.2
dyn/cm) is larger than that of water (72.8 dyn/cm) -which has
large yp value (51.0 dyn/cm) and relatively small yd value (21.8
dyn/cm).13

It is noticeable that yp of 3-ethoxypropyl-substituted poly-
silane, 5 is substantial while y of 3-phenoxylpropyl analogue, 6,
1s negligible. The polar effect of the side chain is, thus, more
critical in alkyloxy-polysilanes rather than in aryloxy side chain-
polysilanes.

The contribution of extremely high yp of the oxyethylenic
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Table 1. Yield, UV absorption maximum, contact angle, and surface tenssion of polysilanes
Film Aa Film (B)b

Polysilane¢) contact angle(®)d  Surface tension, dyn/cm contact angle(°)d  Surface tension, dyn/cm
# Yield(%) Amax ¢ My (X103) ©O.2 O yd YP Y 0.2 Oph - yd yP Y

1 34 290 30 55 33 357 16.9 52.6 68 37 36.0 95 455
2 39 303 10 51 41 31.2 21.6 52.8 49 42 30.4 234 538
3 1.4 303 8 29 10 39.5 29.7 69.2 34 8 40.3 267 67.0
4 i 310 20 9 23 35.0 392 74.2 7 16 37.0 38.1 751
5 1.1 301 140 76 42 34.8 6.1 40.9 69 38 35.7 92 49
6 3.5 308 270 89 18 482 04 48.6 85 20 46.7 1.1 478
7 7.5 337 130 70 31 383 10.3 48.6 63 37 35.1 125 476
8 29 337 58 57 34 35.6 15.8 51.4 62 36 35.1 13.0 481
9 4.5 337 10 48 28 36.8 20.6 57.4 62 36 353 244 597
10 3.8 336 11 25 23 36.0 33.5 69.5 24 18 374 330 704
11 7.5 337 79 65 35 36.4 10.9 473 56 52 259 214 473
PhMe® 392 337 200 89 32 42.6 0.9 43.5 89 35 41.1 1.0 421

a Cast from THF solution. See Ref. 12.

b Cast from toluene solution. See Ref. 12.

¢ Refer to text. d Measured 20 second after

dropping the liquid on the polysilane surface ( 23 oC, relative humidity 55%). Average value of ten measurements. ¢ Measured in THE.
f Measured by Gel Permiation Chromatography(GPC) refering to polystyrene standards. e Contact angle for water. h Contact angle for

diiodomethane. i Not determined yet. i Poly(methylphenylsilane).

group is sull effective in copolymers.!4 Therefore, we can
improve the wettability and adhesibility of polysilanes by
copolymerization with polysilanes having oxyethylenic side
chains.

Further study on physical properties of polysilanes 1-11 are
now undergoing in our laboratory.
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