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Molecular structure and packing of various organopolysilanes with symmetric and
asymmetric side-chains have been obtained by comparing the theoretical X-ray dif-
fraction pattern with the experimental pattern. Molecular structure of the organo-
polysilanes with asymmetric side-chains, such as, poly(methyl propyl silane) and
poly(methyl phenyl silane), is mainly determined by the intra-molecular van der
Waals interaction between the adjacent side-chains, which is similar to that of
the organopolysilanes with symmetric side-chains, such as, poly(di-methyl silane)
and poly(di-propyl silane). Packing of the organopolysilanes is determined to
occupy closely in space in both cases. However, density of the organopolysilanes
with asymmetric side-chains is smaller than that of the organopolysilanes with
symmetric side-chains because of the large space between the adjacent side-chains.
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1. INTRODUCTION

Recently, many researchers are interested in organic devices, such as,
organic light emitting diode [1]. We are able to fabricate large scale
light emitting diode using organic material. Up to the present time,
many papers concerning carbon-based polymers have been published
[2]. Electric conductivity of the carbon-based polymers is high when
the polymers have double-bonds. On the other hand, silicon-based
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polymers, that is, organopolysilanes, have single-bonds. However, the
o electrons in the organopolysilanes are extended along the main-
chain, so that the electric conductivity becomes large compared with
that of the carbon-based polymers without double-bonds [3]. Moreover,
the conformation of the silicon backbone changes with a change of
temperature. This causes a change of the wavelength of the optical
absorption peak [4]. Therefore, organopolysilanes are expected to
be used for future optical and electronic devices. We have already
reported the light emitting diode and the solid-state dye-sensitized
solar cell using the poly(di-methyl silane) thin film which was
fabricated by the vacuum evaporation technique [5,6].

Concerning the silicon-based polymers, it is very difficult for us to
obtain crystal structure (strictly speaking, molecular structure and
packing) of organopolysilanes, because a large single-crystal cannot
be obtained. Therefore, we have obtained the molecular structure
and packing of various organopolysilanes with symmetric and asym-
metric side-chains by comparing the theoretical X-ray diffraction
pattern with the experimental pattern [7]. The packing of the silicon-
based polymers is also checked on the computer graphic display. Up to
the present time, we have clarified the molecular structure and pack-
ing of poly(di-methyl silane) [7], poly(di-ethyl silane) [8], poly(di-propyl
silane) [8], poly(di-butyl silane) [9], poly(di-pentyl silane) [9], and
poly(di-hexyl silane) [10].

In this article, we have clarified the molecular structure and packing
of the organopolysilanes with asymmetric side-chains, such as, poly-
(methyl ethyl silane), poly(methyl propyl silane), poly(methyl phenyl
silane), and poly(butyl pentyl silane). As a result, it is found that the
molecular structure of the organopolysilanes with asymmetric side-
chains is mainly determined by the intra-molecular van der Waals
interaction between the adjacent side-chains, which is similar to that
of the organopolysilanes with symmetric side-chains, such as, poly
(di-methyl silane), poly(di-ethyl silane), and poly(di-propyl silane). It
is found, however, that density of the organopolysilanes with asym-
metric side-chains is smaller than that of the organopolysilanes with
symmetric side-chains because of the large space between the adjacent
side-chains.

2. THEORETICAL CALCULATION

Theoretical calculation was performed using the conventional diffrac-
tion theory. First, the unit cell, the conformation of the silicon back-
bone, and the positions of the atoms of the side-chains were assumed.
Then, the structure factor for each Miller index was calculated.



Downloaded by [University of California, San Diego] at 14:28 09 August 2012

Symmetric and Asymmetric Side-Chains 147/[537]

After that, we can obtain the theoretical X-ray diffraction pattern. The
theoretical X-ray diffraction pattern obtained was compared with the
experimental X-ray diffraction pattern. The packing of the polymers
was also checked on the computer graphic display.

3. RESULTS AND DISCUSSION

Figure 1 shows the experimental and theoretical X-ray difraction
patterns of poly(di-methyl silane). The position of the diffraction peak
is determined by the lattice parameters of the unit cell, and the strength
of the diffraction peak is determined by the positions of the atoms in
the unit cell. Because the first-order structure of the poly(di-methyl
silane) molecule is confirmed, it is concluded that the theoretical
X-ray diffraction pattern is in good agreement with the experimental
pattern.

The theoretical X-ray diffraction pattern shown in Figure 1(b) was
calculated using the model shown in Figure 2. In Figure 2, a, b, and
¢ denote the primitive translation vectors of the sub-cell. The direction
of the vector ¢ is the same as the direction of the main-chain. The large
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FIGURE 1 Experimental (a) and theoretical (b) X-ray diffraction patterns
of poly(di-methyl silane).
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circles indicate methyl groups. The conformation of the silicon back-
bone is all-trans. As shown in Figure 2, the molecules are closely
packed in space. The most important point is that the van der Waals
diameter of the methyl group is about 0.4 nm, which is almost the
same as the magnitude of the vector e. This causes well-defined all-
trans conformation. Therefore, it is concluded that the molecular
structure of poly(di-methyl silane) is mainly determined by the
intra-molecular van der Waals interaction between the adjacent
methyl groups.

Figure 3 shows the obtained molecular structure and packing of
poly(di-propyl silane). Similar to Figure 2, @, b, and ¢ denote the primi-
tive translation vectors of the sub-cell. The conformation of the silicon
backbone is all-trans, which is the same as that of poly(di-methyl
silane). The important point is that the two propyl side-chains are
asymmetrically stretched due to the intra-molecular steric hindrance.

Figure 4 shows the side-chains of poly(di-propyl silane). The envel-
ope shows the van der Waals radius of the methyl CH3 and methylene
CH,; groups. As shown in Figure 4, the van der Waals diameter of the
methyl and methylene groups is about 0.4nm, which is the same as
that of the period along the ¢ axis. Therefore, each methyl and meth-
ylene group is attached to the adjacent methyl and methylene groups
bonded to the second nearest neighbor silicon atoms by van der Waals
force. This causes the well-defined all-trans conformation as well as
well packing of poly(di-propyl silane) molecules. These circumstances
are the same as those of poly(di-ethyl silane) [8], poly(di-hexyl silane)
[10], and poly(di-octyl silane) [11].

¢
{"< . <‘{\ &
(
Methyl group

FIGURE 2 Molecular structure and packing of poly(di-methyl silane).
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FIGURE 3 Molecular structure and packing of poly(di-propyl silane).

Figure 5 shows the molecular structure and packing of poly(methyl
propyl silane), which has an asymmetric side-chain. In Figure 5, a, b,
and ¢ denote the primitive translation vectors of the sub-cell. The
conformation of the silicon backbone is all-trans. Strictly speaking,
we cannot use the word “crystal”, because the arrangement of the
side-chains of poly(methyl propyl silane) is considered to be atactic.
Therefore, we should use the word “molecular structure and packing”
for organopolysilanes with asymmetric side-chains. In the case of
poly(methyl propyl silane), intra-molecular steric hindrance does not
occur, because one of the two side-chains is methyl group. So the con-
formation of the carbon backbone in the propyl side-chains becomes
all-trans, as shown in Figure 5. Each methyl and propyl group is
attached to the adjacent methyl or propyl side-chains bonded to the
second nearest neighbor silicon atoms by van der Waals force, which
is similar to that of the organopolysilanes with symmetric side-chains.
Figure 5 was obtained by superimposing the two arrangement of the
side-chains in poly(methyl propyl silane) [12-14]. Because the
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FIGURE 4 Side-chains of poly(di-propyl silane).

arrangement of the side-chains is atactic, the density of the poly(methyl
propyl silane) is a little bit smaller than that of the poly(di-propyl silane)
crystal (see Figure 3).

Figure 6 shows the experimental and theoretical X-ray diffraction
patterns of poly(methyl phenyl silane). Figure 6(a) shows the X-ray
diffraction pattern of poly(methyl phenyl silane) powder. As shown
in Figure 6(a), there is a large diffraction peak near 10°. Concerning
the thin film, there were no diffraction peaks for the films fabricated
from the poly(methyl phenyl silane) solution. Figures 6(b)—(e) show

FIGURE 5 Molecular structure and packing of poly(methyl propyl silane).
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FIGURE 6 Experimental and theoretical X-ray diffraction patterns of
poly(methyl phenyl silane).

the theoretical X-ray diffraction patterns calculated with silicon
backbone conformations of all-trans, trans-gauche-trans-gauche’,
trans-gauche-trans-gauche-trans-gauche, and 7/3 helix, respectively.
These theoretical X-ray diffraction patterns are not in good agreement
with the experimental pattern shown in Figure 6(a). However, these
theoretical patterns are not so different from the experimental pat-
tern. The most plausible silicon backbone conformation of poly(methyl
phenyl silane) is helix, because one of the two side-chains is phenyl
group. A large diffraction peak in Figure 6(a) indicates that the dis-
tances of the three lattice planes parallel to the ¢ axis deduced from
the adjacent three polymer chains are same, suggesting the hexagonal
columnar structure.

Figure 7 shows the side-chains of poly(methyl phenyl silane). When
the plane of the phenyl group is perpendicular to the e axis, steric
hindrance occurs between the methyl and the phenyl groups. There-
fore, the phenyl group should be inclined from the plane perpendicular
to the e axis, suggesting a helical conformation.
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FIGURE 7 Side-chains of poly(methyl phenyl silane).

We have also studied the molecular structure and packing of
poly(methyl ethyl silane) and poly(butyl pentyl silane). As a result,
it is found that the silicon backbone conformations of poly(methyl
ethyl silane) and poly(butyl pentyl silane) are all-trans and 7/3 helix,
respectively. In both cases, the silicon backbone conformation is
mostly determined by the intra-molecular van der Waals interaction
between the adjacent side-chains, which is the same as those of the
organopolysilanes stated before. Density of poly(methyl ethyl silane)
and poly(butyl pentyl silane) is smaller than that of poly(di-methyl
silane), poly(di-ethyl silane), poly(di-butyl silane), and poly(di-pentyl
silane), because there is large space between the adjacent side-chains
in the case of the organopolysilanes with asymmetric side-chains.

4. SUMMARY AND CONCLUSION

Molecular structure and packing of various organopolysilanes with
symmetric side-chains, such as, poly(di-methyl silane) and poly(di-pro-
pyl silane), and asymmetric side-chaines, such as, poly(methyl propyl
silane) and poly(methyl phenyl silane), have been obtained by compar-
ing the theoretical X-ray diffraction pattern with the experimental
pattern. Molecular structure of the organopolysilanes with asymmet-
ric side-chains is mainly determined by the intra-molecular van der
Waals interaction between the adjacent side-chains, which is similar
to that of the organopolysilanes with symmetric side-chains. Packing
of the organopolysilanes is determined to occupy closely in space in
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both cases. However, density of the organopolysilanes with asymmet-
ric side-chains is smaller than that of the organopolysilanes with
symmetric side-chains, because the side-chains of the asymmetric
organopolysilanes are atactic, so that there exists large space between
the adjacent side-chains.
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