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ABSTRACT

This research report of the synthesis of composite polymers from liquid crystal mesogen reactive
(RM82) monomers with Methyl methacrylate (MMA). The purpose of this research is analysis the
effect concentration of MMA on the surface and thermal of the composite polymer PMMA-RM82.
The result of the morphological analysis of composite surfaces performed by polarization optical
microscopy (POM) technique showed liquid crystal textures affected composition from two mono-
mers. SEM images show that the surface of the RM82 liquid crystal has a shape resembling fibrous
and blade-like crystals with a length of up to 10 um (micrometers). Analysis thermal showed the
heat released by the PMMA-RM82 increased with the increase in MMA weight percent. This affects
the rapid crystallization process of PMMA-RM82 which of concentration MMA 30%-RM82 the heat
released is almost twice as much as the heat released by MMA 5%-RM82. The absence of PMMA
and RM82 peaks both endothermic and exothermic in PMMA-RM82 samples indicates that poly-
merization has occurred and a new product has formed. Analysis structure molecule by FTIR found
that the IR spectral form of each variation in the weight percent of MMA was almost the same, but
there was a spectral shift that showed that polymerization had occurred in PMMA-RM82 which was
characterized by a reaction to the free radical C=C bond released by the photoinitiator. XRD
pattern of composite PMMA-RM82 showed the peaks formed are located at scattering angles
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similar to RM82 but there is a decrease in intensity as the percent weight of MMA increases.

1. Introduction

Polymer research has undergone significant improve-
ments in several areas, namely new material synthesis
research, high polymer performance studies, and break-
through applications of polymer materials in several
fields, thus encouraging the development of newer
and better polymerization research. One of the develop-
ments in polymer research is the study of liquid crystal
polymers. This is comparable to the applications of crys-
talline polymers in a variety of fields. The uses of liquid
crystal polymers are numerous in areas ranging from
laser beam deflectors, automotive parts, aerospace,
and food containers to monofilament fibers [1,2].

The research and development of composite poly-
mers has led to the creation of smart materials.
Monomer liquid crystals can be combined with
other types of polymers. This research uses a thermo-
plastic-type polymer methyl methacrylate. According
to references, polymethyl methacrylate (PMMA) is
widely used because it is easy to obtain and has
high stability to chemicals and weather [3,4]. Liquid

crystal monomers that are usually used in the synth-
esis of composite polymers are types of reactive
mesogenous compounds. The reactive mesogen
liquid crystal monomer that can be used is RM82.
Reactive mesogen combined with material of mono-
mer polymethylmetacrylate will produce porous com-
posite materials [5,6]. The research novelty lies in the
introduction of RM82, which can be combined with
other monomers to produce composite polymers.
Polymerization of both monomers is easy, requiring
few reagents and resulting in zero waste.

The liquid crystal monomer used in this research is
the molecular structure of RM82, which is a reactive final
group and can polymerize each other under ultraviolet
light. Another advantage is that reactive
mesogens exhibit liquid crystal properties, i.e., self-
assembly, dielectric properties, and anisotropic optics.
Product polymer composites from MMA polymers with
RM82 have the potential to become membranes. This is
based on previous research that explains the possibility
of liquid crystal polymers becoming membranes [7,8].
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The properties of PMMA enable it to serve as a matrix
in the composite formation process [9,10]. Based on the
results of this study, the ability of PMMA to form
a composite with RM82 was observed. PMMA concen-
tration will have a great influence on the formation of
the composite. Therefore, this study aims to investigate
the influence of PMMA concentration on the formation
of PMMA-RM 82 composites.

2. Materials and methods
2.1. Materials

The ingredients used in this study were MMA, dimethyl-
formamide (DMF), chloroform (CHCl;), aqua DM (demi-
neralized), benzoyl peroxide, and reactive mesogen
RM82. The tools used in this study were a set of glass
tools, a hotplate stirrer, a glass plate, and a set of UV curing
tools. The method used in this study is an experimental
method, which consists of PMMA-RM82 liquid crystal
polymer synthesis with the modification of PMMA
weight percent composition and sample characterization
with DSC (differential scanning calorimetry), FTIR (Fourier
transform infrared), SEM (scanning electron microscopy),
and XRD (X-ray diffraction). The information regarding the
materials used in this research is as follows: chloroform:
Purity 99.0-99.4%, manufactured by Sigma-Aldrich Pte-
Ltd, Germany. Benzoyl peroxide: Purity 70-<90%,
manufactured by Merck KGaA, Germany. MMA: Purity =
99%, manufactured by Merck KGaA, Germany. DMF:
Purity = 99.8%, manufactured by Sigma-Aldrich Pte Ltd,
Germany. RM82: Purity 95%, manufactured by Tokyo
Chemical Industry Co., Ltd, Japan.

2.2. Methods

Composites this research were prepared by mixing the
monomer MMA with the monomer liquid crystal RM82.
Compositions were MMA with weight percent variations
of 5% (1.99g), 10% (1.8g), 20% (1.6g), and 30% (1.49),
dissolved in a DMF-Chloroform cosolvent solution with
a ratio of w/w 7:3, with dissolving conditions at room
temperature and a stirrer speed of 20 rpm for 10 minutes.
Therefore, for all variations of MMA, the use of the mono-
mer RM82 was 30% (1.4 g). The formed solution is then
mixed with RM82 reactive mesogen and benzoyl perox-
ide initiator. It is then stirred at 60°C with a stirrer speed of
200 rpm for 5 minutes to form a transparent PMMA-RM82
solution. The formed solution is then poured onto a glass
plate to be polymerized using a UV curing tool for 10
minutes. The formed samples were then characterized
using DSC, FTIR, SEM, and XRD. The information regarding
the instruments utilized for the analysis of composite

polymer PMMA-RMB82 is as follows: FTIR: Bruker Alpha Il
(Bruker Optics, Germany), SEM: Zeiss EVO MA10 (Carl
Zeiss, Germany), XRD: Empyrean Series 3 (Malvern
Panalytical, UK), and DSC: DSC-60 (Shimadzu, Japan).

3. Results and discussion

The manufacturing process of PMMA-RM 82 composite
involves a polymerization process with the mechanism of
extending each monomer chain into a polymer chain.
Both PMMA and RM82 monomers have acrylate groups
that can undergo chain elongation or propagation reac-
tions. Therefore, the two monomers have the same poly-
merization mechanism, namely addition polymerization.
Consequently, the composite formation process with
photopolymerization techniques will form polymers that
have interrelated polymer chains between the two poly-
mers. According to references, the combination of two
monomers that undergo polymerization may form
a cross-linking chain or a three-dimensional network
[11-13]. However, this occurrence depends on many fac-
tors [10,12,14].

Liquid crystal recitative mesogen RM82 is
a monomer that also has the ability to undergo addi-
tion polymerization process. Therefore, the merging of
MMA with RM82 would be an interesting polymeriza-
tion process, namely between the monomers them-
selves and also between the two monomers.
According to the literature, the addition polymerization
process, also known as free radical polymerization, con-
sists of initiation, propagation, and termination stages.
At the initiation stage, the initiator benzoyl peroxide
undergoes homolytic breaking at high temperatures,
producing benzoyl radicals. Furthermore, at the propa-
gation stage, the benzoyl radical attacks the reactive
mesogen monomer RM82 and MMA monomer, and it is
expected that the two monomers combine to form
a long chain of polymers. The propagation reaction
lasts until the composition of each monomer is
exhausted and then the termination process occurs in
the form of the formation of bonds between mesogen
and PMMA polymers [15,16].

In general, the polymerization process is described in
Figure 1(a-d). Figure 1(a—d) illustrate the polymerization
process between MMA monomers and RM82. The first
stage of the BPO initiator undergoes a process of becom-
ing radicalized which will then attack MMA monomers
and RM82 monomers eventually each monomer
becomes a radical monomer and propagates each
other to carry out the chain extension process.

Composites in this research were prepared by mixing
the monomer MMA with the monomer liquid crystal
RM82. Compositions were MMA with weight percent
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Figure 1. (a) Polymerization of initiator benzoyl peroxide. (b) Propagations mechanism of RM82. (c) Propagations mechanism of MMA.

(d)Termination process of polymerization of MMA and RM82.

variations of 5%, 10%, 20%, and 30%, dissolved in a DMF-
Chloroform cosolvent solution with a ratio of w/w 7:3, with
dissolving conditions at room temperature and a stirrer
speed of 20 rpm for 10 minutes. Therefore, for all varia-
tions of MMA, the use of the monomer RM82 was 30%.
The photopolymerization process is performed for 10
minutes using UV curing, that photopolymerization con-
ditions (weight monomers) about a short time.
Photopolymerization process using benzoyl peroxide
initiator and UV light. Therefore in UV curing process
about a short time.

Polymerization between MMA monomer and RM82
will form a very complex polymer chain, commonly
referred to as an elastomer [17,18]. Based on the results
of this study, it is expected that the elastomer produced
will be maximized at the time of application. Liquid
crystal monomer elastomers will generally have many
advantages as materials with many benefits [19].

Analysis using a polarization optical microscope
(POM) was conducted on polymer composite of PMMA-
RM82 to explore liquid crystal properties of RM82 on
composite polymer. Images captured via POM of the
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composite in variations of concentration of MMA can be
seen in Figure 2. In general, the morphology of the thin-
layer film produced from the PMMA-RM82 polymer com-
posite after the UV curing process appears transparent.
However, after 24 hours of storage, it can be seen that
there are parts that were initially transparent to form an
opaque surface.

Morphological analysis of composite surfaces is per-
formed using polarization optical microscopy, which
showed the effect of MMA concentration. As depicted
in Figure 2, the composite from 5% MMA is transparent
and clear colour of liquid crystal RM82 and this images
for 10% MMA. Therefore, after added MMA are 20% and
30%, morphology of composites changes be blue and
opaque. These conditions explained that MMA much
more blend to composite and liquid crystal effect
decrease [20].

Morphological analysis of the PMMA-RM82 compo-
site using SEM was performed with a secondary elec-
tron detector and an electron energy of 20 kV, with
a photomagnification of 2500x. Morphological
images of the composite SEM results can be seen in
Figure 3.

Based on the SEM images in Figure 3, it can be seen
that the surface of the RM82 liquid crystal has fibrous
and blade-like crystals with lengths of up to 10 um
(micrometers). This sample is an aggregate of high-
molecular weight. Upon adding PMMA, with a PMMA
weight percent of 5%, a new shape emerges in the form
of a large circle attached to the end of the blade, as seen
in Figure 3b [21-23]. This indicates that polymerization

-

RMS82 + PMMA 5% o

RMS82 + PMMA 20%

began to occur in PMMA-RM82. That the peak of PMMA
weight gain of 30% occurred cross-linking aggregation
which resulted in a change in shape to become like a
crystal chunk indicating that a phase had formed in the
product [24-26].

Composite thermal analysis of PMMA-RM82 was con-
ducted using a heat-flux-type DSC instrument in the
temperature range of 30-300°C for 30 min under N,
atmosphere, as shown in Figure 4. In DSC heat flux,
endothermic activity causes the sample to absorb heat
and must be cooler than the furnace, so the peak points
downward, also known as endo down. While in heat flow
DSC, the same activity requires the instrument to supply
more power to the sample so that the sample tempera-
ture and reference are maintained at the same tempera-
ture, so the endothermic peak points up, also known as
endo up [27,28].

In the RM82 sample, the resulting DSC curve only has
small endothermic peaks and are not very sharp, while in
the DSC curve, PMMA-RM82 exhibits sharp endothermic
and exothermic peaks, as shown in Figures 5 and 6. This
indicates that thermal transformation activity at RM82
tends to be slow with a small enthalpy change at peak,
whereas after the addition of PMMA at a certain
weight percent, there is a rapid thermal transformation
activity, with a large enthalpy change compared to
enthalpy change without PMMA addition [29].

The RM82 thermogram has a low melting point curve
(Tm) compared to other PMMA-RM82 composites. This
illustrates that the melting process in composite polymers
requires higher temperatures because they have

RMS82 + PMMA 10%

82 + PMMA 30%

.

Figure 2. POM images of composites of PMMA-RM82.
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Figure 3. SEM images of composite: (a) RM82, (b) PMMA 5% — RM82, and (c) PMMA 30% — RM82.
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Figure 4. Thermogram DSC of PMMA-RM82.

undergone a crystallization process or cross-linking bonds
in the PMMA-RM82 polymer composite that is formed. On
the thermogram, it can also be seen that the PMMA-RM82
composite exothermic peak is very sharp. This indicates
the crystallization process formed in the composite. The
addition of monomers to RM82 forms polymer compo-
sites that form crystalline phases in the polymer more and
more. Where a cross-linking curve is formed on the
PMMA-RM82 composite, it indicates the occurrence of
a ‘cure’ process. Thus, it can be said that the cure or cross-
link process occurred in this study.

The difference in melting and crystallization tempera-
ture peaks is due to the variation in composition of each
sample, although the mixture is the same. The results of
this study show that the composition of PMMA-RM82
with variations in MMA composition will provide different
thermal properties as well. This is because the composite
polymer chains formed vary depending on the composi-
tion of each monomer in the PMMA-RM82 composite
polymer formed.

The endothermic curve in the RM82 and PMMA-
RM82 samples is shown in Figure 5. Endothermic
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Figure 5. Endothermic peak curve of PMMA-RM82.
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Figure 6. Exothermic peak curve of PMMA-RM82.

activity that occurs is melting. Data for endothermic
peaks of composite PMMA-RM82 are presented in
Table 1. The RM82 endothermic curve that is formed
has a peak at a temperature of 85.01°C and absorbs
heat of 59.07 mJ. After adding PMMA, a wide and
sharp endothermic peak was produced, which indi-
cates that endothermic activity that occurs in the
PMMA-RM82 sample requires greater heat than the
RM82 sample [28-30]. After adding PMMA, the

polymer undergoes cross-linking in its structure. DSC
graphics show a wide and sharp endothermic peak in
the PMMA_RM82 sample. This phenomenon indicates
that endothermic activity that occurs in the PMMA-
RM82 sample requires more heat than in the RM82
sample. Crystallization peaks observed for RM82
endothermic curve show a peak at a temperature of
85.01°C, while for composites PMMA-RM82, they
range from about 71.70°C until 78.52°C.



Table 1. Data for endothermic peaks of PMMA-RM82.
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Sample Onset Peak Endset Heat Enthalpy

RM82 80.47 °C 85.01 °C 89.39 °C —59.07 mJ —196.90 J/g
PMMA 5%-RM82 78.52 °C 84.76 °C 85.52°C —285.64 mJ -71.41 J/g
PMMA 10%-RM82 78.15°C 84.85 °C 85.70 °C —270.77 mJ —67.69 J/g
PMMA 20%-RM82 73.27 °C 78.76 °C 81.12°C —139.67 mJ -34.92 J/g
PMMA 30%-RM82 71.70 °C 76.55 °C 79.05 °C —148.93 mJ -37.23 J/g

This is indicated by the amount of heat absorbed in the
PMMA-RM82 sample, which is more than double the
amount of heat absorbed in the RM82 sample. In addition,
there was a shift in endothermic temperature peaks in
PMMA-RM82 samples, indicating that there was a rapid
transformation of thermal activity compared to the ther-
mal transformation of RM82. The amount of PMMA com-
position in the polymer composites PMMA-RM82 appears
to affect their thermal properties, especially when PMMA
composition is 20% and 30%. This suggests that MMA
monomers at that number form more crosslinking phases
in the polymer composites formed.

In the RM82 sample, no significant exothermic activity
was detected, and the exothermic peaks data of the
composite PMMA-RM82 are presented in Table 2. After
melting, there is an increase in heat flux value in the
temperature range of 90-100°C, but it does not penetrate
the Y-axis (+). The event that occurs is a baseline shift after
endothermic activity caused by changes in the mass or
specific heat of the sample.

The formation of sloping and wide exothermic-like
peaks indicates that the sample is recrystallized but still
in the liquid phase. This means that in this temperature
range, the sample is actually a liquid but has crystal-like
characteristics. In the PMMA-RM82 sample, there was
a wide and sharp exothermic curve. The heat released
by the PMMA-RM82 sample increased with the increase
in PMMA weight percent. This affects the rapid crystal-
lization process of PMMA-RM82, where in PMMA sam-
ples 30%-RM82, the heat released is almost twice as
much as the heat released by PMMA samples 5%-
RM82. The absence of PMMA and RM82 peaks, both
endothermic and exothermic, in PMMA-RM82 samples
indicates that polymerization has occurred and a new
product has formed [13,31-33].

Confirmation of the molecular structure is observed
using an FTIR spectrophotometer in Figure 7. The sample
is characterized by FTIR with the aim of obtaining informa-
tion about the emergence of functional groups contained

Table 2. Data for exothermic peaks of PMMA-RM82.

in the sample. Testing of 30% RM82 samples was carried
out to obtain preliminary information about functional
groups formed in samples without the addition of PMMA.

The FTIR spectrum of RM82 identified more than five
absorption bands, which indicate that the sample has
a complex structure. Identification at wavenumbers
2939.64 cm™' and 2866.34 cm ™" indicates the presence of
C-H methyl bond stretching asymmetry (thread). No sharp
peaks were detected at wavenumbers between 2000 and
2500 cm™, indicating that the compound has no triple
bond. This is in accordance with the structural drawings of
RM82, which do not have triple ties. Furthermore, at wave-
number 1724.44 cm™', it indicates the presence ofaC=0
bond conjugate belonging to ketones because no specific
peak for aldehydes is found at 2700-2800cm™".
Furthermore, wavenumbers 1605.81 cm™' and 1512.26
cm™' were identified as C=C aromatic stretching bonds.
The presence of an aromatic structure in this data is sup-
ported by the appearance of small peaks at 3100-3200
cm™', which are C-H aromatic stretching bonds. The peaks
at wavenumbers 1256.68 cm™' and 1200.74 cm™" indicate
C-O ether aromatic stretching bonds, and the peaks in the
fingerprint area at wavenumbers around 750-800 cm™,
850-900 cm™ ", and 800-850cm™" represent
C-H substituted 1.2 (ortho), C-H substituted 1.3 (meta),
and C-H substituted 1.4 (para) bonds, respectively. Other
peaks identified in the fingerprint area are peaks at wave-
number 1411.95cm™" as C-H methylene bending bonds,
wavenumbers 1166.02cm™" and 1068.61cm™' as
C-O stretching bonds belonging to alkyl substituted ethers,
and wavenumber 987.6 cm™" as C-H out-of-plane vinyl with
bent vibrations [34-36].

After the addition of PMMA, it was found that the IR
spectral form of each variation in the weight percent of
PMMA was almost the same, but there was a spectral shift
that showed that polymerization had occurred in PMMA-
RM82, which was characterized by a reaction to the free
radical C=C bond released by the initiator and then
reacted with the double bond of the RM82 monomer.

Sample Onset Peak Endset Heat Enthalpy
PMMA 5%-RM82 87.21°C 91.18 °C 95.48 °C 757.79 mJ 189.45 J/g
PMMA 10%-RM82 8733 °C 91.24°C 96.53 °C 730.92 mJ 182.73 J/g
PMMA 20%-RM82 81.72°C 85.30 °C 92.78 °C 1.24) 309.63 J/g
PMMA 30%-RM82 79.52°C 83.11 °C 88.40 °C 131 324.48 J/g
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Figure 7. FTIR spectrum of the composite of PMMA-RM82.

Sample testing with XRD aims to obtain information
about the diffraction pattern formed in the sample.
Sample measurements were carried out at 26 5°-60° at
a measurement temperature of 25°C, using Cu anode
material (Ka = 1.54060 A), and the XRD pattern of com-
posite of PMMA-RMB82 is illustrated in Figure 8.

The scattering angles for each peak in the XRD pat-
tern of PMMA-RM82 are presented in Table 3 for result
identification.

In the RM82 sample, there were sharp peaks at 20
10.187°, 20.405°, and 21.627°, with respective peaks
intensities being 38,219 a.u., 66,946 a.u., and 23,754 a.
u. Sharp peaks with sufficiently high intensity indicate
that RM82 has crystalline properties. While in the PMMA-
RM82 diffraction pattern, the peaks formed are located
at scattering angles similar to RM82, but there is
a decrease in intensity as the percent weight of PMMA
increases. The decrease in intensity that occurs in
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Figure 8. XRD pattern of the composite of PMMA-RM82.
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Table 3. Data regarding scattering angles in the XRD pattern of
PMMA-RM82.

Sample Scattering Angle (26)

RM82 10.187°
20.405°
21.627°
10.068°
20.26°
21.508°
10.25°
20.442°
21.664°
PMMA 20%-RM82 9.99°
20.182°
21.352°
10.38°
20.572°
21.742°

PMMA 5%-RM82

PMMA 10%-RM82

PMMA 30%-RM82

PMMA-RM82 samples is in the form of destructive inter-
ference, so that the scattered waves will eliminate each
other [37]. This decrease in intensity is caused by an
increase in the composition of PMMA, which has amor-
phous properties. Consequently, there is an increase in
the amorphous intensity of PMMA, which will decrease
the crystallinity of the sample. This is evidenced by the
peak intensity in the PMMA-RM82 sample that decreases
when the weight percent of PMMA is added to 30%.
Generally, polymers have semicrystalline properties
because they are polymer chains whose molecular struc-
ture is random [38-40].

4. Conclusion

The synthesis process of MMA and liquid crystal RM82
to form composites of PMMA-RM82 involves addition
polymerization, also known as free radical polymeriza-
tion that consists of initiation, propagation, and termi-
nation stages. At the initiation stage, the initiator
benzoyl peroxide undergoes homolytic breaking at
high temperatures, producing benzoyl radicals.
Furthermore, at the propagation stage, the benzoyl
radical attacks the reactive mesogen monomer RM82
and MMA monomer, and it is expected that the two
monomers combine to form a long chain of polymers.
The morphology of composites polymer PMMA-RM82
appears transparent, and at higher concentrations of
MMA, the surface of the composites appears opaque.
Based on the SEM images, it can be seen that the
surface of composites PMMA-RM82 that when the
sample began to add PMMA, which is with a PMMA
weight percent of 5%, there is a new shape in the form
of a large circle attached to the end of the blade. The
thermal analysis showed that the DSC curve for RM82
only has small endothermic peaks and are not very
sharp, while the DSC curve for PMMA-RM82 has sharp
endothermic and exothermic peaks. This indicates that
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the thermal transformation activity of RM82 tends to
be slow, with a small enthalpy change at peak,
whereas after the addition of PMMA at a certain
weight percent, there is a rapid thermal transformation
activity, with a large enthalpy change compared to
enthalpy change without PMMA addition.
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