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Abstract: A membrane composite polymer liquid crystal of polymethyl methacrylate
with mesogen reactive 257, doped with lithium ions (PMMA-RM257-Li), has been
successfully synthesized. Synthesized PMMA-RM257-Li using methods of UV exposure to
polymer solutions and were made with RM257 variations of 10, 30, 50, 70 and 90 wt.%.
Membrane composite polymer PMMA-RM257-Li was characterized by FTIR where
absorption peaks appear at wavenumbers 2935 cm™ indicating the-CHs group, 1730 cm™
indicating the C=0 group, and 1630-1660 cm™ indicating the presence of aromatic
groups. XRD analysis results showed that the membrane polymer PMMA-RM257-Li is
semicrystalline. The composite membrane obtained optimum test results at the addition
of 50 wt.% RM257 with an ionic conductivity of 1.01 x 107> S/cm and an ion exchange
capacity value of 0.02385 meq/g. This study shows that the addition of 50 wt.% RM257
provides the most optimal membrane characteristic results. The characterization results
showed that the addition of lithium ions to the manufacture of PMMA-RM257

membranes improved the membrane's capabilities for membrane fuel cell technology.

Keywords: methyl methacrylate; membrane; reactive mesogen; conductivity

m INTRODUCTION

Membrane composite polymer is a material that is
made from more than one monomer or a combination of
monomers and other materials. The advantage of
membrane materials made from a combination of more
than one material is the combination of the strengths of
each of these materials. So, it is expected that the resulting
membrane will have some advantages. Research on
membranes has been growing significantly today,
particularly in the field of polymer electrolyte membranes
used in fuel cell technology. The material for making the
membrane greatly affects the results of the membrane. In
several studies, it is reported that the PEM membrane
used is fluorinated membranes or the perfluorosulfonic
acid (PFSA) polymers known as Nafion membranes.

However, Nafion's membrane has some drawbacks
including a decrease in ionic conductivity and low
humidity at high temperatures. For these reasons, other
proton-conducting membranes was made in this
research. Therefore, an in-depth study of the materials
to make the membrane is needed [1-3].

Polymethyl methacrylate (PMMA) is an essential
and interesting polymer because of its attractive optical
and physical characteristics decisive about its area
applications. It is a transparent polymer that has high
durability, weather resistance and a high refractive index.
However, the use of pure PMMA has limited mechanical
properties, is less compatible, rigid and non-bioactive.
One way that can be done is to combine PMMA with
reactive mesogens. Polymers combined with reactive
mesogens will form a liquid crystal polymer network,
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resulting in more robust mechanical properties. Reactive
mesogen RM257 is one of the monomer liquid crystals
that was polymerized by photopolymerization [4-5].

One of the important factors in a polymer composite
membrane is its conductivity. Therefore, to improve the
conductivity properties of the membrane composite, in
this study, the PMMA-RM257 membrane was added
lithium acetate (CH3COOLIi). Research conducted by
other researchers showed results that the addition of
CH;COOLi to the PMMA/CH;COOLi solid
membrane can increase ionic conductivity to the

salts

optimum of 821 x107°S/cm at a 60:40 variation. In
addition, CH;COOLi was chosen because of its relatively
affordable price compared to some other lithium salts,
such as LiTFSI and LiBOB and has a high solubility level
in most solvents, especially polar organic solvents such as
DMEF [6-7].

One type of membrane that is currently being
developed is a polymer membrane for fuel cell systems.
The problem in the previous study is that the conductivity
value of the membrane that has been widely used is still
low for a PEM membrane. The combination of PMMA
with reactive mesogen RM257 and the presence of
expected to
conductivity value and ion exchange capacity. The

lithium-ion doping is increase the
reactive mesogen RM257, in some studies, has good
conductivity values, especially with the addition of
lithium ions. Therefore, in this article, it is reported that
the results of research on the manufacture of PMMA-
RM257-Li polymer membrane have great potential for
becoming a polymer membrane in the fuel cell system.
The use of RM257 is due to the ability of its monomers to
be polymerized and also exhibit liquid crystallinity, which
is expected to play a role in the fuel cell process.
Combining the capabilities of PMMA and RM257 is the
idea reported in this article. The results are expected to
provide opportunities to become membrane fuel cells [8-
10].

The polymer composite membrane produced from
this research is expected to be an alternative to the fuel cell
membrane that has been used so far. The results of
previous research show that PMMA-RM257 a polymer
composite membrane that has the opportunity to be used
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as a fuel cell membrane. This is based on the chemistry
and chemistry of the membrane, especially its ability as
an electrolyte polymer membrane [11-12]. Synthesis of
membrane composite polymer liquid crystal PMMA-
RM257-Li made in this study using methods of UV
exposure to polymer solutions. Membrane polymer
solutions were made with variations in RM257 of 10, 30,
50, 70, and 90 wt.%. The liquid crystals of RM257 are
made in variations with the aim of analyzing how the
composite polymer membranes are produced.
Membrane characterization is polarizations optics
microscope (POM), Fourier transformed infrared
(FTIR), scanning electron microscopy (SEM), and X-ray
diffraction (XRD). Membrane composite of PMMA-
RM257-Li was tested for ionic conductivity and ion

exchange capacity (IEC).
m EXPERIMENTAL SECTION
Materials

The materials used are methyl methacrylate
(MMA), (DMF),
benzoyl peroxide (BPO), and reactive mesogen RM257.

dimethylformamide chloroform,

Instrumentation

The tools used in this research are 25 W UV lamp,
spatula, analytical balance, magnetic stirrer, hotplate
stirrer, aluminum, black box, drop pipette,
thermometer, and beaker. FTIR ALPHA II BRUKER
was used to determine the functional groups in the
PMMA-RM257-Lithium.
Morphology surface of membrane composite PMMA-
RM257-L1 was studied using SEM-EDX Zeiss EVO
MA10, where the data obtained from SEM produces a
three-dimensional micrograph in the form of images.
XRD Empyrean Series 3 (Malvern PANalytical, UK) was
used to determine the crystalline nature of the sample.

membrane  composite

This analysis will bring up specific peaks.
Procedure

The manufacture of PMMA-RM257-Li membrane
begins with the process of mixing MMA monomers with
RM257 monomers and CH;COOLi 40 wt.% in DMF and

chloroform solvents. The dissolution was carried out in
a glass beaker at room temperature and a 20 wt.%

Afrizal et al.



694 Indones. J. Chem., 2026, 26 (3), 692 - 701

solution was produced. The same was done for RM257 by
making solutions with variations of 10, 30, 50, 70 and
90 wt.%. After that, the MMA solution was mixed with the
RM257 solution in a 1:1 ratio. BPO initiator as much as
the tip of a spatula was added to the MMA-RM257
mixture at 95 °C within 5 min and a speed of 250 rpm.
Then the MMA-RM257 sample was poured onto a
Printed Circuit Board coated with copper electrodes with
an interdigital structure and then polymerized using the
UV curing method for 15 min. Composite membrane
manufacturing by making a 60 wt.% MMA solution in
DMEF. Furthermore, solutions of CH;COOLIi at 40 wt.%
and RM257 with variations of 10, 30, 50, 70, and 90 wt.%
are made in the same way. Each solution is then mixed in
equal proportions and homogenized at 600 rpm for 6 h at
40-45 °C. Next, samples were added to the BPO initiator
and then homogenized at room temperature at 250 rpm
for 5 min.

m RESULTS AND DISCUSSION

Membrane PMMA-RM257-Li was made by the
process of photopolymerization of MMA with RM257
using the UV curing method. Polymerization begins with

Li*

the initiation stage, where the addition of BPO will break
the double bond (addition) on MMA and RM257 to
form free radicals between MMA and RM257 [13-15]. In
the second stage, i.e., the propagation stage, PMMA and
RM257 free radicals form a continuous cross-linked
polymer chain. The use of UV light will direct the end
groups on the RM257 and MMA monomers to form a
liquid crystal polymer network, furthermore, after the
molecule stabilizes, there will be a cessation of polymer
chain growth, which is the termination stage. The cross-
link that occurs between MMA-RM257 is a covalent
bond predicted to have a reaction mechanism as shown
in Fig. 1.

Liquid crystalline polymers have distinctive
properties of their texture, which are shown from the
texture patterns observed using a POM. Based on Fig. 2,
the texture of the liquid crystal on the PMMA-RM257-
Li polymer composite membrane can be seen to be
evenly textured in each variation of the RM257
composition [16-18]. The composition of RM257 30 and
70 wt.% has a separate droplet texture that has a different
color on each droplet and is neatly arranged, which is a
characteristic of liquid crystal polymers. At the time of

/OYO
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~

Fig 1. Polymerization structure scheme of PMMA-RM257-Li
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Fig 2. POM textures membrane composite of PMMA-RM257-Li with variations: (a) 10, (b) 30, (c) 50, (d) 70, and

(e) 90 wt.% of RM257

the composition of RM257, as much as 30 wt.%, there was
a change in texture, which was originally the texture of the
droplet, evenly changed to a change in certain parts to
form an aggregate [19-20]. This suggests the possibility of
polymerization, which forms elastomers in certain areas.
However, there is still the original separated droplet.
Therefore, it can be concluded that when the composition
of RM257 is 30 and 70 wt.%, a suitable PMMA-RM257-Li
polymer composite membrane is produced.

The results of the surface texture observation of the
PMMA-RM257-Li composite polymer membrane can be
confirmed by SEM analysis (Fig. 3). Based on the results,
the photo SEM of membrane composite polymer PMMA-
RM257-Li at all compositions, ranging from 10 to 90 wt.%

RM257 showed a layered morphology on the surface of

membrane, which is not smooth, suggesting
agglomeration (clumping). The membrane composite
polymer at 50 wt.% RM257 shows surface membrane
morphology, smooth and there are molecular shapes of
bars with close proximity. In some parts, there is
agglomeration (clumping) where there are shapes like
bars, which are characteristic of reactive mesogens. The
sample with 50 wt.% RM257 variation gives good
smoothness and uniformity results, which indicate that
RM257 and lithium jon have filled the cavity in the
PMMA matrix perfectly [21-23].

Based on Fig. 4, the spectra of the three samples with

varying mass percentages of RM257 have a shape that is
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Fig 3. SEM images of PMMA-RM 257-Li: (a) 10, (b) 30, (c) 50, (d) 70, and (e) 90 wt.%
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Fig 4. FTIR spectra of membrane composite polymer
PMMA-RM257-Li

not much different. There is a wide peak indicating the
presence of an elongated vibration O-H group at
3394 cm™. There is a peak with low intensity, indicating
the presence of ~CHj; group with asymmetric strain
vibration type at 2935 cm™". The peak of 1730 cm™ shows
the presence of C=0O bonds, indicating the presence of
ester functional groups in the sample with the type of
stretch vibration. The absorption peak of 1602 cm™
indicates the presence of aromatic groups belonging to
RM257. An absorption peak at 1248 cm™ indicating the
presence of C-O-C bonds stretching vibrations in ether
groups in both PMMA and RM257 structures, and at
1060-1144 cm™ an absorption peak appears, indicating
the presence of C-O bonds with stretching vibrations.
Due to the discovery of the C-O functional group, it can
be concluded that this compound is an ester [24-25].

At 1670 cm™, no absorption peak appeared
indicating the absence of the C=C group, which in the
MMA structure displays an absorption peak at this
wavenumber. In addition, in this spectrum there is no
absorption peak at 3100 cm™, indicating the absence of
=CH,; (vinyl) groups belonging to MMA. This difference
in structural characteristics indicates that the MMA and
RM257 monomers have bonded by forming covalent
bonds. In the three spectra above, the peak intensity
increases slightly as the mass percentage of RM257
increases, which explains that the concentration of
RM257 affects the intensity of the PMMA-RM257-Li
infrared spectrum.

At 1600 cm™" there is an absorption peak indicating
the presence of C=C aromatic, a special longitudinal
vibration of RM257. The peak of absorption that appears
at 1557 cm™" with high intensity indicates the presence
of a COO-group of elongated vibration and the peak at
1250 cm™ indicates the presence of a C-O bond of
elongated vibration ester. There is an absorption peak at
1021 cm™, which indicates the presence of a Li-O bond
with elongated vibrations. In the fingerprint area, there
are peaks in 761-763 and 841-843cm™, C-H is
substituted 1,2 (ortho) and C-H is substituted 1,4 (para).
According to previous research, the effect of the
presence of lithium salts will result in the coordination
of salt cations in polar groups in the polymer matrix [26-
27].

PMMA has a peak width at 26 = 13.20°, 31° and 35°
indicating the amorphous structure. The membrane
PMMA-RM257-Li showed a sharp peak at 20 = 16.33°,
24.02°, 44.68° and 72.54°, which indicates crystalline
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properties. For the membrane with a variation of 50 wt.%
RM257, there is a wide peak at 20 = 20.82°, while in the
variation of 70 and 90 wt.% RM257 there is a wide peak at
20 = 20.5°. Along with the increase in the concentration
of RM257, it was observed that the peak at 20 = 31°
disappeared. The loss of this peak indicates that the
increased concentration of RM257 makes the properties
of the membrane semi-crystalline. While CH;COOL; has
crystalline properties that have a sharp peak at 20 = 7.7°,
10.1° 21.1°, 26.1°, and 30.9° [28].

While some other peaks are less sharp, this identifies
the presence of a semicrystalline phase in the membrane
produced. In Fig. 5, the diffraction pattern at variations of
10 and 30 wt.% RM257 shows crystalline properties
characterized by the presence of sharp peaks, while in
variations of 50, 70, and 90 wt.% RM257 shows semi-
crystalline properties characterized by wide and sharp
peaks. At variations of 10 and 30 wt.% RM257, no typical
width peak of PMMA was found at 20 = 13.20°, 31°, and
35°. However, in the diffraction pattern, there are peaks
with high intensity at 260 = 44.9° and peaks with moderate
to low intensity in the range of 260 = 11-50.9°, which show
crystalline properties. This crystalline phase comes from
the orderly chain structure of the RM257 polymer,
because the formed RM257 liquid crystalline polymer will
have an orderly polymer chain orientation after the
polymerization process. In this condition, the polymer
chain fixation process of the LC RM257 polymer occurred
[29-31]. This crystalline phase is expected to function
when used as a membrane in fuel cell systems, where the
process of releasing and capturing electrons occurs. So,
based on the results of this XRD, it can be concluded that
this research has succeeded in creating a membrane that
can be an opportunity as a polyelectrified membrane
(PEM) in the fuel cell system later [32-33].

The synthesized lithium-ion-doped PMMA/RM257
composite membrane was then tested for ion exchange
capacity to determine the composite membrane's ability
to exchange cations. The test was carried out by soaking
the membrane in sulfuric acid for 24 h with the aim of
protonating the composite membrane. After that, the
membrane is washed with aqua DM so that the excess H*
ions can be removed. The membrane is re-soaked with

697

NaCl to exchange H* for Na* ions. The number of ions
exchanged can be determined by titration using NaOH.
The IEC value of composite membranes increases as the
concentration of RM257, as shown in Fig. 6. However, it
decreased when the concentration of RM257 was above
50 wt.%. The value of the ion exchange capacity at the
addition of 10 wt.% RM257 is 0.00967 meq/g and at the
addition of 30 wt.% RM257 is 0.01931 meq/g. In addition
to 50 wt.% RM57, an IEC value of 0.02385 meq/g was
obtained. The addition of 70 and 90 wt.% RM257 yielded
IEC values 0f 0.01142 and 0.01166 meq/g. The magnitude
of the IEC value represents the number of active sites or
functional groups that play a role in the exchange of ions
on the membrane. Based on this, the addition of 50 wt.%

(e)

(d)

(c)
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Fig 5. XRD of membrane PMMA-RM257-Li with a
percentage weight variation of RM257: (a) 10, (b) 30,
(c) 50, (d) 70, and (e) 90 wt.%
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Fig 6. IEC graph of PMMA/RM257 composite

membrane doped with lithium ion, with RM257

concentration variation
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RM257 provides more ion exchange sites, allowing the
composite membrane's ability to exchange ions to reach
an optimal value of 0.02385 meq/g. Previous research has
shown that an increase in IEC values will be in line with
an increase in membrane conductivity [34-36].

The lithium ion-doped PMMA/RM257 composite
membrane is measured for ionic conductivity using an
LCR-meter that will produce a resistance value. Fig. 7
shows the conductivity values of composite membranes.
At the addition of 10 and 30 wt.%, RM57 yielded ionic
conductivity of 2.46 x 10™* and 5.93 x 10™* S/cm. At the
addition of 50 wt.% RM257 yielded an ionic conductivity
of 1.01x107°S/cm. The magnitude of the ionic
conductivity of the membrane at the addition of 70 and
90 wt.% RM257 was 5.54x 10 and 1.52 x 107* S/cm.
Based on Fig. 6, there is an increase as the concentration
of RM257 increases by reaching the optimal at an increase
of 50 wt.% and then decreases when the concentration of
RM257 is above 50 wt.% [37-38].

Conductivity was measured using the Sanwa LCR-
700 type LCR meter. The capacitance value increases as
the concentration of water vapor increases. Water vapor
will settle in the cavity and surface space of the membrane.
Water has a high dielectric constant; the diffusion of water
vapor on the membrane increases the dielectric constant
resulting in an increase in capacitance [39-40].

The capacitance value increases as the concentration
of water vapor increases, as can be seen in Fig. 7. Water
vapor will settle in the voids and surface space of the thin
film. Water has a high dielectric constant; the diffusion of
water vapor in the thin film increases the dielectric
constant, which results in an increase in capacitance. The
identification of the membrane composite of PMMA-
RM257-Li is determined through the capacitance value,
which explains how the composite membrane produced
in this study is capable. This capacitance value represents
the ability of composite membranes in subsequent
applications.

Membrane composite polymer PMMA-RM257-Li,
which consists of 40 and 30 wt.% RM257, shows better
capacitance results, where high capacitance changes of up
to 1700 pF are observed as RH increases. Whereas in the
20 wt.% RM257 sample, the change in capacitance is less
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than 100 pF. This could be due to the addition of RM257
concentration increasing the cluster grain size on the
surface of the film, thus increasing the sensitivity of the
film to the absorption of water molecules. The
relationship between frequency and the change in
capacitance is also evident, where a frequency of 1 kHz
yields the greatest effect on the increase in capacitance in
all samples.

Based on previous research, the decrease in ionic
conductivity occurs due to a decrease in the segmental
movement of polymers in the membrane, which can
inhibit the mobility of ions so that the number of moving
ions will be reduced. The highest ionic conductivity is
owned by the membrane with an addition of 50 wt.%
RM257, which is 1.01x107S/cm. The possible
mechanism of ion transfer in the membrane involves a
hopping mechanism, also known as the Grotthuss
mechanism (see Fig. 8). In this mechanism, the Li* ion
will coordinate with the polymer's polar group during
the segmental motion of the polymer, causing the Li ion
to dissociate. Li ions that have been dissociated move
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between sites by hopping in a polymer matrix. Thus, the
existence of polar groups and segmental motion of
polymers is an important factor to support more optimal
ion transfer.

m CONCLUSION

Membrane composite polymer PMMA-RM257-Li
has been successfully made by the UV curing method.
FTIR results show that MMA has polymerized into
PMMA, where there is no 3100 cm™ absorption, which is
the vibration of the ~CH, bond in the MMA spectrum.
SEM results indicate that the PMMA-RM257-Li thin film
with a 40 wt.% RM257 exhibits the best smoothness and
uniformity. The value of the IEC at the addition of 10, 30,
50, 70, and 90 wt.% RM257 is 0.00967, 0.01931, 0.02385,
0.01142, and 0.01166 meq/g. At the addition of 10, 30, 50,
70, and 90 wt.% RMS57 yielded ionic conductivity of
246 x 107, 593 x 107, 1.01x107°, 5.54x 107" and
1.52x10*S/cm. So that membrane composite of
PMMA-RM257-Li that 30 and 40 wt.% RM257 variations
have good electrical properties and sensitivity properties.
The increase in RM257 concentration in the membrane
composite shows differences in structure and electrical
properties, where the greater the concentration, the better
the structure and electrical properties of the sensor.
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