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Abstract. Polysilane films were prepared by the drop casting method and their optical and morphological properties have
been analyzed in order to investigate their suitability as alignment layers for nematic molecules. The samples do not absorb
the radiations in the visible domain, particularly those containing methylhydrosilyl units, and present a transmittance of
about 90% starting from 390 to 1100 nm. The optical band-gap is higher than 3.26 eV for all polysilanes indicating a low
probability of optical absorption processes in the visible range. The morphology of the pristine samples shows isotropically
distributed granular formations. The polymer surface was oriented by rubbing with two types of velvet: one with short
fibers and the other with long fibers. The latter generates higher surface anisotropy, as shown by the reduction of the surface
texture direction index values. The presence of methylhydrosilyl units allows a denser packing of the polymer structure and
thus finer surface periodicities, leading to better orientation of the nematic molecules on the polysilane surface.
Keywords: material testing, polysilane, rubbing, morphology, LC alignment

1. Introduction

In the last years, devices based on liquid crystal display (LCD) have evolved rapidly as a result of strong
competition among the other display technologies
including cathode ray tube (CRTs) and plasma display panel (PDPs) [1]. Given their advantages, such
as lightweight, low power consumption, and lowvoltage operation, LCDs occupy the largest proportion of the entire display market [2]. Therefore, such
devices are commonly encountered in every aspects
of everyday life, including manufacturing of watches,
cellular phones, notebook computers and wide
screen televisions.
The basic element of the LCD is represented by the
liquid crystal (LC) cell, consisting of a layer of
nematic molecules, sandwiched between two glass
substrates [3]. They are covered with an organic or
inorganic compound, like SiO2 or other oxides, which
provides a monodomain within the LC. The per-

formance of such devices relies in the homogeneous, defect-free alignment of the LC interacting
with the organic (e.g. polymer) layer. Improved orientation of the mesogens can be achieved by a proper
surface treatment of the substrates between which the
LC layer is interposed, also called alignment layers.
There are several different methods of LC alignment layer preparation, such as photoalignment,
and Langmuir-Blodgett (LB) layer deposition, but
one of the most used is mechanical rubbing of polymer films with a velvet cloth [4]. This technique is
successfully used in the production process of large
displays currently manufactured.
The continuous evolution of LCDs lies in the development of both current technologies and available
materials. Literature surveys [5–8] on this subject
show that many efforts have been made to control
and/or improve the viewing angle, the contrast, the
response time and the transparency of the alignment
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layer in the visible domain. The surface morphology of the rubbed alignment layer, the pretilt angle
and surface energy of the alignment film are influenced by the conformation of the polymer molecular backbone [9].
Many studies are focused on preparing alignment
layers by rubbing polyimides [10–13], poly(vinylidene fluoride) [14] or polyamides [15]. Since the
absorption characteristics of alignment layer determines unwanted light-transmission modulation of
the liquid crystal leading to ghost images on the
LCD panel [16, 17], the investigations are focused
on transparent polymers with good surface alignment ability.
Another class of transparent polymers is represented by polysilanes. They consist of chains exclusively made up of silicon atoms with significant
delocalization of the sigma electrons along the backbone. This aspect leads to interesting electrical and
optical properties, such as high quantum efficiency
of charge generation, high charge-carrier mobility,
efficient luminescence, and optical non-linearity [18].
Their photophysical properties are strongly influenced by the chemical structure of the polymer side
groups and/or dimensionality of the skeletal framework [19, 20]. To our knowledge there are no investigations on polysilane-based alignment layers patterned by rubbing.
Previous papers [21–23] showed that polysilanes
exhibit good ability of aligning molecules. The morphological features of these polymers are affected
by UV exposure due to the scission of the main chain
and oxidation processes [21]. Since UV-irradiated
polysilane generated different orientation of nematic
molecules from that induced non-irradiated polymer, patterning of surface orientation should be possible by partial UV-irradiation. It was shown that
the friction-transferred polysilane film patterned by
UV exposure with a shadow mask determines the patterned orientation of 5CB. Therefore it was reported
that this type of polymer films could be used in
practical applications as patternable LC alignment
layers [21].
Having all these in view, the present work is concerned with the research of different polysilane structures as suitable layer for LC alignment through conventional rubbing technology. For this purpose, four
polysilanes having methyl, phenyl and hydrogen side
groups in various combinations have been synthesized. Then, thin films have been casted onto quartz

glasses and their optical properties like energy gap or
other energies describing the absorption edge, were
analyzed in connection with the polymer chemical
structure. This type of optical analysis on polysilanes
using the method proposed by Tauc [24] and Mott
and Davis [25] is not reported yet in the literature.
The surface morphology was studied first and subsequently adapted by rubbing with two types of velvet. The surface features are discussed in relation with
both chemical structures of the polysilane and patterning conditions. The alignment capacity of polysilane films was further tested using a nematic LC.

2. Experimental
2.1. Starting materials

4!-pentyl-4-biphenylcarbonitrile (5CB, Sigma
Aldrich, Saint Louis, USA) nematic crystalline compound was used as received.

2.2. Polysilane synthesis
Polysilanes with structures represented in Figure 1
have been synthesized using the heterogeneous
Wurtz coupling technique of appropriate monomers.
Details concerning the synthesis method, properties
of the comonomers in relation with the reaction
conditions and methods to protect the methylhydrosilyl structural integrity have been described in
previous works [26–28]. The physico-chemical
characteristics of the studied polysilanes are presented in Table 1.
Polysilanes film samples have been prepared on
quartz slides by drop casting of a 1% polymer solution in toluene and overnight drying at room temperature. For this purpose the quartz slides were cleaned
in a HNO3 bath for 2 h then ultrasonicated for 5 minutes in acetone, washed with toluene and dried in
air. The average thickness of polysilane films vary
between 10 and 20 "m (Table 1). For each sample
5 plates were prepared and the standard deviation
for average thickness was determined and listed in
Table 1.

Figure 1. Chemical structures of the studied polysilanes:
(a) polymethylphenylsilane (PMePhS), (b) poly(diphenyl-co-methylphenyl)silane (P(DPh-MePhS)),
(c) poly(diphenyl-co-methyl(H))silane (P(DPhMeHS)) for m/n = 1 and P(DPh-MeHS) 7/1 for
m/n = 7/1
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Table 1. Physico-chemical properties of polysilanes and thickness of polysilane films
Sample code
PMePhS
P(DPh-MePhS)
P(DPh-MeHS)
P(DPh-MeHS) 7/1

Mw ·103
[g/mol]
3.8
4.6
3.2
4.1

Mw/Mn
[GPC]
1.20
1.21
1.50
1.18

2.3. Characterization
The absorption spectra of the films were recorded
using a SPECORD 200 Analytik Jena UV/VIS spectrometer (Jena, Germany).
Surface rubbing was performed with a laboratory
made device consisting in a cylinder covered with
velvet having a diameter of 12 mm and a rotation
speed of 200 rpm (rotatio/minute). The polymer films
were processed for 30 seconds, using two types of
velvet: one with short and rigid cotton fibers (Vsf)
and the other made of long and flexible acrylic fibers
(Vlf). The pile impression was 0.8 mm and the plate
of our instrument was fixed (its speed was zero).
The texture of the rubbing fabrics was investigated on
an Environmental Scanning Electron Microscope
(ESEM) type Quanta 200 (FEI, Eindhoven, The
Netherlands).
Polarized light microscopy (PLM) images were
recorded on an Olympus BH-2 polarized light microscope (Olympus Corporation, Tokyo, Japan), at 400#
magnification.
The surface morphology was investigated by the
Solver PRO-M, (NTMDT, Zelenograd, Russia) Scanning Probe Microscope (AFM) equipped with a commercially available NSG10 cantilever. The theoretical spring constant of the cantilever was 11.8 N/m,
the resonant frequency was 228 kHz and the manufacturer’s value for the probe tip radius was 10 nm.
All AFM images were collected in tapping mode, in
air, at room temperature. Different scanning areas
starting from 20#20 "m2 down to 3#3 "m2 have been
analyzed. For illustration purpose, scanning lengths
of 5 and 10 "m for pristine and rubbed samples
respectively have been chosen because the morphological features were easier to observe. However, all
the texture parameters were calculated from the AFM
data obtained over the 10#10 "m2 scanning area.

DPh/MePh
[molar ratio]
–
7/1
–
–

DPh/MeH
[molar ratio]
–
–
1/1
7/1

Average film thickness
[!m]
15±0.35
10±0.31
20±0.21
10±0.28

and is used in this study for comparison reasons. Poly
(diphenyl-co-methylphenyl)silane, P(DPh-MePhS),
was designed as a statistical copolymeric architecture structure, where the molar ratio of the comonomeric structural units is Mr = 7/1. The most interesting are the poly(diphenyl-co-methyl(H))silane
copolymers known also as polyhydrosilanes. This
work is focused on two polyhydrosilanes having
different content of methylhydrosilyl units: P(DPhMeHS) with Mr = 1 and P(DPh-MeHS) 7/1 having
Mr = 7/1.
The transparency of the polysilane films was studied within the 200–1100 nm spectral range. The
UV-VIS spectra presented in Figure 2 reveal that
samples do not absorb visible light, having a transmittance of about 90% in the domain starting from
450 nm to near infrared domain. One may observe
that the transparency band can be extended to the UV
region depending on polysilane substituent nature.
The introduction of specific side groups could influence the position of the cut-off wavelength (the wavelength at which the transmittance becomes less than
1% in the spectrum). Therefore, polysilanes containing rigid methylphenyl segments present higher cutoff wavelengths (Figure 2 inset).
The transmission characteristics of the investigated
films in the visible domain are optimal for LC alignment. Moreover, the sharp fall in the UV region can
offer information on the band gap. This parameter
and the energies describing the absorption edges are

3. Results and discussion
3.1. Optical properties

Polymethylphenylsilane, PMePhS, is a homopolymeric structure composed of methylphenylsilane
units. It was widely studied in previous reports [19]

Figure 2. The UV-VIS spectra of the studied polysilane
films
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determined using the approach of Tauc [24] and
Mott and Davis [25]. The method starts from the evaluation of the optical absorption dependence on photon energy, reflecting the type of optical transitions.
The absorption coefficient, !, is calculated using
Equation (1):
a5

1
1
ln a b
~
d
T

(1)

where d is the polymer film thickness and T is the
transmittance.
The dependence of the absorption coefficient versus
photon energy for most amorphous materials presents
three domains: (1) absorption due to the interband
transition near the optical band-gap, (2) absorption
below the optical gap defines Urbach edge caused
by the electric fields produced by charged impurities and other possible sources of internal electric
fields and (3) optical absorption at low energies
produced by structural defects, referring to the weak
absorption Urbach tail.
Figure 3 shows the absorption coefficient as a function of incident photon energy, E, for the studied
polysilanes. It can be noticed that the shape of the
obtained curves is similar to that proposed by Tauc
for a typical amorphous compounds [24]. Each of the
absorption edges from Figure 3 exhibits two different domains, characterized by different slopes. Both
exponential parts follow the Urbach rule [29] given
by Equation (2):
a r exp a

hv
b
B

(2)

where B becomes either Urbach energy, Eu, in the
high-energy exponential region or Tauc energy, Et,
describing the low-energy exponential part of the
absorption coefficient.
The values of Eu and Et of the polysilane films are
obtained from the reverse of the slope of the dependence of absorption coefficient on photon energy in the
two domains depicted in Figure 3. It can be noticed
that the results displayed in Table 2 are influenced
by the substituent type and the copolymer composition. The different absorption capacities of the samples in the low-energy absorption domain can be
explained by considering the fact that in this energy
region take place transitions involving defect states
in the tails of the states density. Thus, the presence
of structural defects, like the break or torsion of polymer chains, determines the occurrence of the optical

Figure 3. Absorption coefficient dependence on photon
energy for the investigated polysilanes
Table 2. The values of Tauc energy, Et, Urbach energy, Eu,
and optical band-gap, Eg, of the studied polysilanes
Sample
PMePhS
P(DPh-MePhS)
P(DPh-MeHS)
P(DPh-MeHS) 7/1

Et
[meV]
3367.1
4310.3
2173.9
1785.7

Eu
[meV]
127.6
319.4
277.3
121.2

Eg
[eV]
3.37
3.21
3.29
3.35

absorption processes. The combination of the flexible methyl or bulky phenyl side groups into polysilane backbone could favor structural disorder and
hence the increase of the Et and Eu values. In the sample P(DPh-MePhS), where the diphenylsilyl segments are connected through bulky methylphenyl
units, significant distortions can be produced leading
to defects and higher values for Eu and Et energies.
When the coupling of the diphenylsilyl is made
through an elastic segment, such as methyl(H)silyl
(in P(DPh-MeHS) and P(DPh-MeHS) 7/1), all tensions are dissipated by local modification of the
polymer conformation, resulting in lower values for
the width of the tails of localized states.
The interband transitions in the high absorption
region are expressed through another optical parameter, namely the optical band-gap, Eg. This energy is
evaluated from the analysis of the spectral dependence of absorption at the highest energies of incident
photons. The theory developed by Tauc [24] and
Mott and Davis [25] for amorphous materials allows
the determination of the optical band-gap from the
intercept with x-axis of the dependence expressed
by relation (3):
! = C(E – Eg)2
where C is a constant.
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Figure 4. The Tauc dependence for the investigated polysilanes

This approach has been also applied earlier for
amorphous polymer foils [30–32]. The Tauc plots for
the investigated polysilanes, displayed in Figure 4,
present a saturation domain at high energies followed by an exponential one in the low energies
range, from which were extracted the values of the
optical band-gap energy (Table 2). It can be noted that
the obtained values increase with decreasing the
polarizability of the polymer. Therefore, the different
types of chain conjugation affect the Eg values. In
P(DPh-MePhS) containing diphenylsilyl segments
linked through methylphenilsilyl there is a synergetic effect on Eg caused by both "–" and "–! conjugations, leading to a reduction of the optical bandgap. In P(DPh-MeHS) 7/1 only "–" conjugation has
continuity since the "–! one is interrupted by the
short chain of methylhydrosilyl. This results in
slightly higher values of Eg. The same tendency is
noticed for P(DPh-MeHS), which contains methyl
(H)silyl units, where the lower probability of electrons delocalization eliminates the possibility of
optical absorption processes. Nevertheless, all samples exhibit optical band-gap energy higher than
3.26 eV, which is a good indicator of transparent
polymer films [28].
Considering the good optical properties of the prepared polymer films, it can be concluded that they
meet the transparency requirements encountered for
liquid crystal alignment layers.

For a better understanding of the effects created by
the rubbing velvet fibers a comparative analysis
between the pristine films and the patterned ones
was performed. The changes occurring in the polysilane surface features were closely examined by
AFM investigations. Figure 5 reveals that the topography of the unrubbed polymers is determined by the
structural peculiarities. Thus, the morphological
aspects can be associated with the different packing
abilities of the studied polysilanes, due to the side
groups, which induce a different flexibility for each
macromolecule. The presence of bulky and rigid
methylphenyl units in the polymer structure
(PMePhS or P(DPh-MePhS)) favor the conformational disorder, thus the chain packing is diminished
and the surface roughness increases resulting in
granular formations of nanometric dimensions. In
P(DPh-MeHS) or P(DPh-MeHS) 7/1 samples, the
introduction of non-bulky and flexible methyl(H)silyl
segments enhance the chain mobility and conformational order. This leads to a closer chain packing,
with lower free volume as reflected by smaller root
mean square roughness (Sq) and implicitly flatter
structural formations (Table 3). The variation of Sq
does not influence the LC alignment as much as the
surface uniformity and anisotropy.
For an easy evaluation of the spatial properties of the
surface, two texture parameters were used, namely
texture direction index, Stdi (which shows the degree
of surface orientation) and texture aspect ratio, Str
(which identifies the uniformity of the surface texture, isotropy vs. anisotropy). These parameters
Table 3. The values of texture direction index, Stdi, and texture aspect ratio, Str, and root mean square roughness, Sq, for the studied polysilanes before and
after rubbing with velvet having short (Vsf) and
long fibers (Vlf), respectively
Sample
PMePhS
PMePhS - Vsf
PMePhS - Vlf
P(DPh-MePhS)
P(DPh-MePhS) - Vsf
P(DPh-MePhS) - Vlf
P(DPh-MeHS)
P(DPh-MeHS) - Vsf
P(DPh-MeHS) - Vlf
P(DPh-MeHS) 7/1
P(DPh-MeHS) 7/1 - Vsf
P(DPh-MeHS) 7/1 - Vlf

3.2. Surface morphology
The investigations continued with morphological
analysis of polysilane films in order to check their
surface organization ability (after rubbing) and
implicitly their LC alignment properties [33].
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Texture
direction
index, Stdi
0.638
0.420
0.442
0.744
0.443
0.493
0.749
0.403
0.589
0.699
0.460
0.322

Texture
aspect ratio,
Str
0.141
0.080
0.040
0.125
0.074
0.052
0.460
0.095
0.090
0.528
0.078
0.075

Sq
[nm]
19
12
11
52
19
30
0.9
32
21
0.6
31
11
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Figure 5. The 2D-AFM images of the pristine polysilane films: (a) PMePhS, (b) P(DPh-MePhS), (c) P(DPh-MeH)S and
(d) P(DPh-MeH)S 7/1

Figure 6. Fourier angular spectra derived from the 2D-AFM images of the pristine polysilane films: (a) PMePhS,
(b) P(DPh-MePhS), (c) P(DPh-MeH)S and (d) P(DPh-MeH)S 7/1
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were calculated based on the Fourier angular spectrum and provided information about the directional
preference of the structures in the surface. The topographical AFM images (Figure 5) and the aspect of
the corresponding Fourier angular spectra (Figure 6)
obtained for all four pristine films suggest surfaces
without apparent orientation. These findings are
supported by the higher values of Stdi and Str parameters shown in Table 3, indicating that the surfaces
are isotropic, having the same characteristics in
every direction.
In order to produce a proper orientation of the
nematic 5CB, the polysilane films surfaces were
adapted by rubbing with two velvet fabrics having
different characteristics of the constituent fibers. It
is well known that each fiber tip comprises subfibrous filaments that have a broad range of diameters, from a few submicrometers to a few micrometers. The contact of the filaments with the polysilane film during rubbing could generate microroughness and also the reorganization of the chains
at the surface because of the temperature rise. In our
experiments we used velvet having short and rigid
fibers (Vsf) and velvet made from long and flexible
fibers (Vlf). The aspect, shape, and size of these
two types of textile fibers are analyzed by ESEM,
as presented in Figure 7. According to this investigation, the material Vsf presents fibers with 950 "m
length and 15 "m thickness, whereas Vlf fibers with
4000 "m length and 23 "m thickness.
The AFM data show that for all polysilane films the
structural formations (randomly distributed on the
surface) become less prevalent and fine micro-

grooves lines appear parallel to the rubbing direction. According to Berreman model [33], this type
of surface organization is essential for inducing a
good alignment of LC molecules. The detailed modifications induced in sample’s surface topography
during rubbing with the two types of velvet are
reflected in bidimensional AFM images and their corresponding Fourier angular spectra (Figures 9–11).
The changes resulted in the morphology of the investigated samples might be explained by considering
the chemical structure of the polymer, which determines through its organization a specific deformation response of the film surface during processing.
In other words, when the chain conformation determines denser packing it can be assumed that the hardness increases producing only weakly developed
structure at the surface, while a more ductile polymer is deformed more easily, producing relatively
well-developed structure. The rigid linking methylphenyl units lead to a reduced chain packing resulting in a less organized structure, which allows deeper
penetration of the velvet fibers (as seen in Figures 8
and 9 for samples PMePhS and P(DPh-MePhS)).
Conversely, the presence of the flexible methylhydrosilyl coupling segments (methyl groups) results
in a more compact polymer structure and this generates a smaller depth of the formed microgrooves
(as seen in Figures 10 and 11 for samples P(DPhMeHS) and P(DPh-MeHS) 7/1).
Another essential factor which strongly influences the
resulting morphological features is the type of the
fabric fibers. The material constituted from short
and tough fibers (velvet Vsf) penetrates better with

Figure 7. ESEM images obtained for (a) velvet with short fibers (Vsf) and (b) velvet with long fibers (Vlf)
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Figure 8. 2D-AFM image (a, c) and the corresponding Fourier angular spectra (b, d) for PMePhS film rubbed with velvet
with short fibers (Vsf) and velvet with long fibers (Vlf), respectively

the tip the sample surface, resulting in more intense
racks. The textile having long and flexible fibers
(velvet Vlf), tends to bend more during rubbing,
diminishing the depth of the surface grooves created on polysilane films. Thus, during patterning,
the polymer surface predominantly interacts with
sides of the fiber than with its tip. For all the studied
polysilanes, except P(DPh-MePhS), a better regularity of surface topography is achieved when they are
rubbed with Vlf. For P(DPh-MePhS) film, whatever
the rubbing fiber, the depth of the microgrooves is
almost the same, possibly due to its prevalently aromatic structure. Previous investigations showed that
polymers containing aliphatic units develop more
uniform pattern during rubbing with natural fibers
like Vsf, while aromatic structures adopt the mentioned surface features when are processed with synthetic fibers (in our case Vlf) [10]. In addition, align-

ment layer orientation mechanism is not only determined by the mechanical contact, but also by the
temperature rise of the layer that causes the polymer
chain reorientation.
The values of Stdi and Str parameters (Table 3) calculated from the Fourier angular spectra (Figures 9–
11) were significantly lower for all the rubbed polymer films, comparatively with those observed at the
unrubbed ones. This indicates that the surface was
oriented and periodic structures were induced by
the rubbing process. Additionally, the smaller values
of the Str ratio (Str < 0.1) indicate stronger anisotropy,
much more evident in the case of samples rubbed
with synthetic velvet fibers.

3.3. Testing of LC alignment ability
The mechanism of LC molecules orientation on
rubbed polymer films is determined by various fac463
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Figure 9. 2D-AFM image (a, c) and the corresponding Fourier angular spectra (b, d) for P(DPh-MePhS) film rubbed with
velvet with short fibers (Vsf) and velvet with long fibers (Vlf), respectively

tors including surface topography and intermolecular interactions. However, which of these two aspects
play the major role is not fully understood. The alignment mechanism of the nematic molecules is the
result of two effects: liquid crystal orientational elasticity in connection with an induced surface pattern
[33] and short-range interactions on the molecular
scale [34, 35]. Taking into consideration the surface
features of the polysilanes and the characteristics
derived from their structure, the alignment mechanisms are discussed by considering the surface periodicity and uniformity as the main factor which
induces the LC orientation.
The alignment behavior of 5CB on polysilanes,
rubbed with the two types of velvet, is tested by PLM.
The employed approach provides preliminary indications about the quality of nematic orientation.

The method is based on recording the changes in
light intensity when rotating the sample (placed under
crossed polarizers). For all films, dark regions are
recorded at 0 and 90° rotation of the LC director with
respect to the crossed polarizers, revealing that it is
aligned parallel to the polarizers’ transmission direction. Further rotation of the polymer film from this
position at 45 and 135° relative to the crossed polarizers, bright states are observed since the electric field
components passing through the easy direction of
5CB have the highest resultant on the analyzer transmission direction. This behavior is characteristic for
a homogeneous alignment of a nematic LC. Given the
regularity of the induced grooves it can be noticed
that the higher uniformity of the surfaces rubbed
with Vlf leads to a higher contrast between the dark
and bright states (as seen in Figure 12). This is indica464
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Figure 10. 2D-AFM image (a, c) and the corresponding Fourier angular spectra (b, d) for P(DPh-MeH)S film rubbed with
velvet with short fibers (Vsf) and velvet with long fibers (Vlf), respectively

tive that the 5CB orientation is more uniform in the
case of Vlf. The alignment of 5CB is relatively poor
for samples PMePhS and P(DPh-MePhS) samples,
regardless the rubbing fabric, can be explained by
considering their less flexible structure that leads to
less deep surface grooves. Thus, the performance of
alignment abilities is higher for the samples containing methylhydrosilyl units, namely P(DPh-MeHS)
and P(DPh-MeHS) 7/1. Considering the transparency
and surface morphology, it can be concluded that
this type of polysilane films meets the requirements
for alignment layers.

4. Conclusions

A series of polysilanes films was prepared in order
to investigate their optical and morphological properties for LC alignment purposes. The influence of
the specific chemical structure over the optical prop-

erties of the polylsilane was investigated resulting
that introduction of less polarizable methylhydrosilyl units into the polymer backbone improves the
transparency. All samples present a transmittance of
about 90% in the range of 450–1100 nm. The Urbach
energy tends to increase for the samples with rigid
methylphenyl segments (PMePhS or P(DPhMePhS)), which facilitate less chain packing and
implicitly a more disordered structure. Optical bandgap is higher than 3.26 revealing a low probability
of optical absorption processes, thus sustaining the
suitability of the samples as alignment layers from
the point of view of lack of absorption in the visible
domain. The morphology of the pristine polysilanes
is constituted from isotropically distributed granular formations. In order to obtain a proper alignment
of a nematic LC the surface of the samples was
adapted by rubbing with two different velvets: one
465
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Figure 11. 2D-AFM image (a, c) and the corresponding Fourier angular spectra (b, d) for P(DPh-MeH)S 7/1 film rubbed
with velvet with short fibers (Vsf) and velvet with long fibers (Vlf), respectively

with short fibers and other with longer fibers. The
polymers containing methylhydrosilyl units present
a more compact structure. Hence, finer grooves are
formed at the polymer surface, leading to a better
orientation of the 5CB nematic. Also, the velvet with
longer fibers generates surfaces with higher uniformity facilitating a positive contribution to the LC
alignment. This is supported by the higher contrast
between the bright and dark states recorded by PLM.
Considering the transparency and surface morphology of the samples containing more methyl substituents, it can be concluded that this type of polyhydrosilane are good candidates as alignment layers
for LCDs.

References

[1] Kim K-H., Song J-K.: Technical evolution of liquid
crystal displays. NPG Asia Materials, 1, 29–36 (2009).
DOI: 10.1038/asiamat.2009.3
[2] Kim S. S.: Invited paper: Super PVA sets new state-ofthe-art for LCD-TV. SID Symposium Digest of Technical Papers, 35, 760–763 (2004).
DOI: 10.1889/1.1825793
[3] Chrzanowski M. M., Zieli$ski J., Olifierczuk M.,
K%dzierski J., Nowinowski-Kruszelnicki E.: Photoalignment – An alternative aligning technique for liquid crystal displays. Journal of Achievements in Materials and Manufacturing Engineering, 48, 7–13 (2011).
[4] Stöhr J., Samant M. G.: Liquid crystal alignment by
rubbed polymer surfaces: A microscopic bond orientation model. Journal of Electron Spectroscopy and
Related Phenomena, 98–99, 189–207 (1999).
DOI: 10.1016/S0368-2048(98)00286-2

466

Soroceanu et al. – eXPRESS Polymer Letters Vol.9, No.5 (2015) 456–468

Figure 12. Polarized light images revealing dark and bright states as result of 5CB orientation on rubbed polysilane films
with velvet having short (Vsf) and long fibers (Vlf), respectively
[9] Chang C-J., Chou R-L., Lin Y-C., Liang B-J., Chen J-J.:
Effects of backbone conformation and surface texture
of polyimide alignment film on the pretilt angle of liquid crystals. Thin Solid Films, 519, 5013–5016 (2011).
DOI: 10.1016/j.tsf.2011.01.155
[10] Barzic A. I., Rusu R. D., Stoica I., Damaceanu M. D.:
Chain flexibility versus molecular entanglement response
to rubbing deformation in designing poly(oxadiazolenaphthylimide)s as liquid crystal orientation layers.
Journal of Materials Science, 49, 3080–3098 (2014).
DOI: 10.1007/s10853-013-8010-5
[11] Barzic A. I., Stoica I., Hulubei C.: Semi-alicyclic polyimides: Insights into optical properties and morphology patterning approaches for advanced technologies.
in ‘High performance polymers – Polyimides based –
From chemistry to applications’ (ed.: Abadie M. J. M.)
InTech, Novi Sad, 167–214 (2012).
DOI: 10.5772/2834

[5] Hahm S. G., Lee T. J., Chang T., Jung J. C., Zin W-C.,
Ree M.: Unusual alignment of liquid crystals on rubbed
films of polyimides with fluorenyl side groups. Macromolecules, 39, 5385–5392 (2006).
DOI: 10.1021/ma060956f
[6] Takatoh K., Hasegawa M., Koden M., Itoh N.,
Hasegawa R., Sakamoto M.: Alignment technologies
and applications of liquid crystal devices. Taylor and
Francis, London (2005).
[7] Hirosawa I., Koganezawa T., Ishii H., Sakai T.: Effects
of annealing on rubbed polyimide surface studied by
grazingincidence X-ray diffraction. IEICE Transactions on Electronics, E92C, 1376–1381 (2009).
DOI: 10.1587/transele.E92.C.1376
[8] Hirosawa I., Sasaki N., Kimura H.: Characterization of
molecular orientation of rubbed polyimide film by
grazing incidence X-ray scattering. Japanese Journal
of Applied Physics, 38, L583–L585 (1999).
DOI: 10.1143/JJAP.38.L583

467

Soroceanu et al. – eXPRESS Polymer Letters Vol.9, No.5 (2015) 456–468

[23] Tanigaki N., Kyotani H., Wada M., Kaito A., Yoshida Y.,
Han E-M., Abe K., Yase K.: Oriented thin films of conjugated polymers: Polysilanes and polyphenylenes.
Thin Solid Films, 331, 229–238 (1998).
DOI: 10.1016/S0040-6090(98)00924-9
[24] Tauc J.: Optical properties of solids. Plenum, New
York (1969).
[25] Mott N. F., Davis E. A.: Electronic processes in noncrystalline materials. Clarendon, Oxford (1979).
[26] Sãcãrescu G., Voiculescu N., Marcu M., Sãcãrescu L.,
Ardeleanu R., Simionescu M.: Polyhydrosilanes I. Synthesis. Journal of Macromolecular Science Part A: Pure
and Applied Chemistry, 34, 509–516 (1997).
DOI: 10.1080/10601329708014977
[27] Sacarescu L., Siokou A., Sacarescu G., Simionescu M.,
Mangalagiu I.: Methylhydrosilyl chemostructural effects
in polyhydrosilanes. Macromolecules, 41, 1019–1024
(2008).
DOI: 10.1021/ma071853f
[28] Hamciuc V., Pricop L., Marcu M., Ionescu C., Sacarescu L., Pricop D. S.: Reaction conditions study in linear H-functional polysiloxane synthesis. Journal of
Macromolecular Science Part A: Pure and Applied
Chemistry, 35, 1957–1970 (1998).
DOI: 10.1080/10601329808000990
[29] Urbach F.: The long-wavelength edge of photographic
sensitivity and of the electronic absorption of solids.
Physical Review, 92, 1324–1326 (1953).
DOI: 10.1103/PhysRev.92.1324
[30] Barzic A. I., Stoica I., Fifere N., Dobromir M., Hulubei
C., Dorohoi D. O., Harabagiu V.: Transparency and
absorption edges of disiloxane modified copolyimides.
Journal of Molecular Structure, 1044, 206–214 (2013).
DOI: 10.1016/j.molstruc.2012.12.044
[31] Barzic A. I., Stoica I., Fifere N., Vlad C. D., Hulubei C.:
Morphological effects on transparency and absorption
edges of some semi-alicyclic polyimides. Journal of
Polymer Research, 20, 130–138 (2013).
DOI: 10.1007/s10965-013-0130-8
[32] Jarz(bek B., Schab-Balcerzak E., Chamenko T., S%k
D., Cisowski J., Volozhin A.: Optical properties of new
aliphatic–aromatic co-polyimides. Journal of NonCrystalline Solids, 299, 1057–1061 (2002).
DOI: 10.1016/S0022-3093(01)01130-9
[33] Berreman D. W.: Alignment of liquid crystals by
grooved surfaces. Molecular Crystals and Liquid Crystals, 23, 215–231 (1973).
DOI: 10.1080/15421407308083374
[34] Johannsmann D., Zhou H., Sonderkaer P., Wierenga
H., Myrvold B. O., Shen Y. R.: Correlation between
surface and bulk orientations of liquid crystals on
rubbed polymer surfaces: Odd-even effects of polymer
spacer units. Physical Review E, 48, 1889–1896 (1993).
DOI: 10.1103/PhysRevE.48.1889
[35] Kikuchi H., Logan J. A., Yoon D. Y.: Study of local
stress, morphology, and liquid-crystal alignment on
buffed polyimide surfaces. Journal of Applied Physics,
79, 6811–6817 (1996).
DOI: 10.1063/1.361502

[12] Barzic A. I., Stoica I., Popovici D., Vlad S., Cozan V.,
Hulubei C.: An insight on the effect of rubbing textile
fiber on morphology of some semi-alicyclic polyimides
for liquid crystal orientation. Polymer Bulletin, 70,
1553–1574 (2013).
DOI: 10.1007/s00289-012-0858-z
[13] Stoica I., Barzic A. I., Hulubei C.: The impact of rubbing
fabric type on surface roughness and tribological properties of some semi-alicyclic polyimides evaluated
from atomic force measurements. Applied Surface Science, 268, 442–449 (2013).
DOI: 10.1016/j.apsusc.2012.12.123
[14] Geivandov A. R., Palto S. P.: The influence of ferroelectric polymer alignment layer on electrooptical properties of nematic LC cell. Molecular Crystals and Liquid Crystals, 433, 155–164 (2005).
DOI: 10.1080/15421400590957143
[15] Negi Y. S., Suzuki Y., Hagiwara T., Kawamura I.,
Yamamoto N., Mori K., Yamada Y., Kakimoto M., Imai
Y.: Surface alignment of ferroelectric liquid crystals
using polyimide, polyamide-imide and polyamide layers and their effect on pre-tilt angle. Liquid Crystals, 13,
153–161 (1993).
DOI: 10.1080/02678299308029061
[16] Kim T. Y., Kim W. J., Lee T. H., Kim J. E., Suh K. S.:
Electrical conduction of polyimide films prepared from
polyamic acid (PAA) and pre-imidized polyimide (PI)
solution. Express Polymer Letters, 1, 427–432 (2007).
DOI: 10.3144/expresspolymlett.2007.60
[17] Hoogboom J., Rasing T., Rowan A. E., Nolte R. J. M.:
LCD alignment layers. Controlling nematic domain
properties. Journal of Materials Chemistry, 16, 1305–
1314 (2006).
DOI: 10.1039/B510579J
[18] Da Z. L., Zhang Q. Q., Wu D. M., Yang D. Y., Qiu F.
X.: Synthesis, characterization and thermal properties
of inorganic-organic hybrid. Express Polymer Letters,
1, 698–703 (2007).
DOI: 10.3144/expresspolymlett.2007.95
[19] Ne&p'rek S., Wang G., Yoshino K.: Polysilanes –
Advanced materials for optoelectronics. Journal of
Optoelectronics and Advanced Materials, 7, 223–230
(2005).
[20] Okoshi K., Fujiki M., Watanabe J.: Asymmetrically
tilted alignment of rigid-rod helical polysilanes on a
rubbed polyimide surface. Langmuir, 28, 4811–4814
(2012).
DOI: 10.1021/la204789g
[21] Tanigaki N., Mochizuki N., Mizokuro T., Yoshida Y.,
Yase K.: Orientation patterning of liquid crystals by
UV-irradiated polysilane oriented films. Molecular
Crystals and Liquid Crystals, 445, 119–124 (2006).
DOI: 10.1080/15421400500369492
[22] Tanigaki N., Yase N., Kaito A., Ueno K.: Highly oriented films of poly(dimethylsilylene) by friction deposition. Polymer, 36, 2477–2480 (1995).
DOI: 10.1016/0032-3861(95)97351-F

468

