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INTRODUCTION

Cholesteryl acrylate and methyl phenyl benzoyl acrylate
are group of liquid crystal monomer which had optical properties.
Monomer cholesteryl acrylate is one of the cholesteric liquid
crystalline polymers properties such as thermal stability and
processability and these are potential candidates for optical
equipment and methyl phenyl benzoyl acrylate is ferroelectric
liquid crystal. Therefore, blends of two monomers cholesteryl
acrylate and methyl phenyl benzoyl acrylate are great interest
because of their combine optical properties [1]. In general
process of blending between two materials with different
physical properties be expected to produce a new material that
may has many advantages [2].

Liquid crystal properties depend on temperature condition
and phase of liquid crystal showed at certain range temperature.
The product of blending monomer liquid crystal can only be
used as UV-absorbing material to the application photosensor
at room temperature [3]. Polymerization process of blending
cholesteryl acrylate monomer liquid crystal with methyl phenyl
benzoyl acrylate monomer liquid crystal can be fixation of
structure liquid crystal for using at room temperature. That
polymerization was called in situ polymerization using UV
curing technique. Process in situ polymerization with UV
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radiation and the irradiated sample is heated at a certain
temperature using initiator 2-hydroxy-2-methyl-1-phenyl-
propane. Several factors influence of polymerization process
are: type initiator, initiator amount, duration of radiation and
temperature during radiation [4,5].

This research reports the effect of radiation time on
polymer producted. Characterization of polymer liquid crystal
performed by characterization of functional groups that explain
how the alkene group in the acrylic polymerization was reduced.
Characterization of the surface, cross section of the polymers
and crystallinities determining the molecular weight of the
resulting polymer. The results be expected to be a references
for applied technologies further to the results of the resulting
polymer product as UV absorber.

EXPERIMENTAL

Synthesis of monomer cholesteryl acrylate and methyl
phenyl benzoyl acrylate used reported by Hikam et al. [6] has
been modified. Materials for synthesis: cholesterol, (S)-(+)-
2-methyl-butanoic, hydroquinone, N,N’-dicyclohexyl-
carbodiimidy (DCC), N,N-dimethylpiridine-4-amine (DMAP),
dichloromethane, PTSA (p-toluene-sulfonate), KOH, concen-
trated HCl, ethanol, methanol, benzene, KI, K2CO3, acrylic
acid and petroleum ether was obtained from Merck. Chloro-



butyl acetate and ethyl p-hydroxy benzoate was obtained from
Aldrich. Analysis of thin-layer chromatography (TLC) using
a 0.2 mm aluminum plate with silica gel 60F-254 obtained
from Merck. Column chromatography using silica gel 60 with
70-230 mesh obtained from Merck.

Process blending of monomer cholesteryl acrylate with
methyl phenyl benzoyl acrylate by mixing two monomers in
1:1 ratio, respectively until homogeneous. After that added
darocore 1173 as an initiator. The process of blending process
using casting solution technique [7]. Both monomers are dissolved
using dichloromethane solvent. Homogeneous solution was
printed on the surface of the glass that has been coated with
polyimide. Blends of cholesteryl acrylate with methyl phenyl
benzoyl acrylate was heated at 55 °C for 30 min to remove the
solvent and stored for 24 h in a desiccator to maximize that
the film does not contain solvent blending.

Instrument for characterization of group function of
polymer acrylate was Fourier transformed infrared (FTIR)
spectrometer by Perkin Elmer. For surface characterization of
polymer using scanning electron microscopy (SEM). The
molecular weight of polymer were determined by gel permeation
chromatography (GPC).

RESULTS AND DISCUSSION

Polymerization of blending product from cholesteryl
acrylate with methyl phenyl benzoyl acrylate by solution
casting method is printed at transparent glass plate that has
been coated by the polyimide. This polymerization technique
is referred to as UV curing technique aimed at fixing the
structure of the polymer. The process of polymerization using
initiator 2-hydroxy-2-methyl-1-phenyl-propane or commonly
known photoinitiator darocure 1173. The fixation for oriented
of liquid crystal molecules acrylate polymers using glass
substrate surfaces that had been coated type of substance that
fixing the main chain (alignment material) [8]. Illustration of
photopolymerization process using UV curing technique can
be seen in Fig. 1.

UV Ray

Blending monomer

Polyimide glass

Fig. 1. Photopolymerization process of blending liquid crystal

Polymer liquid crystal acrylate from this research is in
situ polymerization which polymerization process as bulk
polymer by the fixation conditions of the molecular structure.
Study liquid crystalline polymer by Kato et al. [9] explained
type liquid crystal polymer are main chain liquid polymer
(MCLCPs) and side chain liquid crystal polymers (SCLCPs).
Type SCLCPs generally formed from addition polymerization
mesogen liquid crystal as a side chain. This work involved the
polymer liquid crystal acrylate as addition plymerization,

therefore liquid crystal polymer blending monomer cholesteryl
acrylate with methyl phenyl benzoyl acrylate is SCLCPs type
polymer.

Molecular weight of polymer liquid crystals acrylate was
determined by gel permeation chromatography (GPC). The
molecular weight of the polymer can be interpreted in expre-
ssion of molecular weight average number (Mn) and weight
average molecular weight (Mw). GPC measurement results can
also tell polydispersity index (PI) value of the ratio Mw/Mn.
Polydispersity index (PI) can be used as an indication of width
of the area within a molecular weight of the polymer sample
and also based on the literature value of PI can determine the
type of polymerization occurs [10].

Type of polymer chain of side chain liquid crystal polymers
(SCLCPs) can be confirmed through the analysis of cross-
sectional surface texture of polymers [11]. Surface characteri-
zation was performed by scanning electron microscopy (SEM).
SEM images (Fig. 2) of surface of polymers not different,
polymer lamella from three polymers clear seen. Polymer was
resulted at radiation time 60 min and 90 min showed chain
polymer making cross linking. Polymer liquid crystals were
made at radiation time at 120 and 150 min. It seems polymer-
ization process has exceeded the optimum time, because
surface of polymer looks thick and dense. Surface images of
polymer seems to accumulate or damaged because of the
possibility of breaking up some of the polymer chains.

Rt = 60 min Rt = 90 min

Rt = 120 min Rt = 150 min

Fig. 2. SEM images of polymer at radiation time (Rt) 60, 90, 120 and 150
min

For the complete analysis surface of polymer liquid crystal
acrylate, that compare with the characterization of polymer
by X-ray diffraction (XRD). In general, polymers has amorphous
and crystalline region [12]. The result of characterization of
polymer by XRD showed that polymer from radiation time at
60,90 and 120 min appear a little sharp peak at 2θ > 30 and
polymer from radiation time at 150 min appear not peak in
XRD patterns generated in Fig. 3.

The XRD patterns can be seen that peaks of polymer with
the irradiation time for 60, 90, 120 and 150 min showed the
peaks for polymer are not different. XRD peaks of the product
polymer with Rt 60 min showed peak spacing values d (Å) in
shrap peak at 2, 2.02, 4.24 and 31.7; there are 4 peaks. But in
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Fig. 3. XRD patterns polymer liquid crystals of blending cholesteryl
acrylate/methyl phenyl benzoyl acrylate (ChA/MFA) (Rt = 150 min)

XRD pattern of the product polymer with Rt 90 min showed
peak spacing values d (Å) in shrap peak at 2, 2.58, 4.32, 9.34,
15.44 and 31.68l there are 6 peaks. XRD pattern of the product
polymer with Rt 120 min showed peak spacing values d (Å) in
shrap peak at 2, 2.02, 9.84, 15.44, 16.92, 18.62, 23.3 and 31.72.
However XRD pattern of the product polymer with Rt 150
min showed only one sharp peak with spacing values d (Å) at
2.00.

The phenomenon interested from XRD pattern, which
polymer result in this research crosslinking of polymer can be
changed because radiation time in respectively polymer.
Almost all polymers is semi-crystalline morphology, which
any crystallion region and amorphous region. According to
Rivnay et al. [13] semi-crystalline polymers exhibit disordered
amorphous regions coexisting with crystalline regions. UV
ray can effect on morphology liquid crystalline polymer were
network formed and presence of straight-chain polymer of
regular and amorphous phase in the polymer seen a chain or a
irregular shape of the polymer fibers.

The goal of polymerization of blending liquid crystal
acrylate in this work is the structure fixation nematic cholesteryl
acrylate and smectic methyl phenyl benzoyl acrylate. Process
of UV curing at 60 min radiation time not yet optimal to
fixation that structure. The reason only 4 sharp peaks in XRD
pattern. Therefore UV curing at 90 min radiation time has
optimal to fixation that structure. Comparison with UV curing
at 120 min the fixation has broken because crystallized region
disappeared. Product polymer at radiation time at 150 min
appeared fixation structure all broken and that phenomenon
we can see from XRD pattern there are no sharp peak.

Gel permeable chromatography showed the first peak at
molecular weight (Mw) 2243 and the second peak at Mw 1160.
Polydispersity index (PDI) for the first peak is 1,02943-
1,03691 and for the second peak is 1,02099-1,02514. Based
on PDI information, it is concluded that polymerization process
is the addition polymerization. Characterization with Fourier
transformed infrared showed weak peak at wave number
1612.56 cm-1 that interpreted lessening double bonding in C=C.
Based on result of GPC, SEM, XRD and FTIR this research
for curing process at 90 min give the good performance.

Conclusion

Polymerization process using initiator darocure 1173 with
UV curing technique. Polymer was resulted at radiation time

60 and 90 min showed chain polymer making cross linking.
Polymer liquid crystals were made at radiation time at 120
and 150 min and it seems that the polymerization process has
exceeded the optimum time, because surface of polymer looks
thick and dense. The XRD patterns can be seen that peaks of
polymer with the irradiation time for 60 min, 90 min, 120 min
and 150 min showed the peaks for polymer are not different.
XRD peaks of the product polymer with Rt 60 min showed
peak spacing values d (Å) in shrap peak at 2, 2.02, 4,24 and
31.7; there are 4 peaks. But in XRD pattern of the product
polymer with Rt 90 min showed peak spacing values d (Å) in
shrap peak at 2, 2.58, 4.32, 9.34, 15.44 and 31.68; there are 6
peaks. XRD pattern of the product polymer with Rt 120 min
showed peak spacing values d (Å) in shrap peak at 2, 2.02,
9.84, 15.44, 16.92, 18.62, 23.3 and 31.72. GPC Result showed
the first peak at molecular weight (Mw) 2243 and the second
peak at Mw 1160. Polydispersity index (PDI) for the first peak
is 1,02943-1,03691 and for the second peak is 1,02099-1,02514.
Characterization with Fourier transformed infrared showed
weak peak at wave number 1612.56 cm-1 that interpreted
lessening double bonding in C=C.
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