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ABSTRACT 
Photopolymerizations of monomer methyl methacrylate being nanocomposite have been widely carried out because 
it has the advantage that it can improve the properties of the materials used. The purpose of this research was to study 
the synthesized characteristics of PMMA+ITO and PMMA+ITO+PE-b-PEG using the UV Curing method. The 
nanocomposites were synthesized with a variation of ITO concentrations were 5% w/t, 10% w/t, and 15% w/t. The 
characterization group functions using FTIR spectroscopy showed the loss of absorption peaks at wave numbers 3100 
cm-1 and 1670 cm-1 at PMMA. The results of XRD characterization showed that effect addition of PE-b-PEG, peaks 
appeared around the 2θ 19°-28° area which was a typical peak for PE-b-PEG. the nanocomposite is an amorphous 
phase still dominated. Value of conductivity of nanocomposite PMMA addition of ITO with a concentration of 15% 
resulted in a nanocomposite with the highest conductivity value of 6.4068 x 10-7 S/m.  
Keywords: Polymethylmethacrylate, Polyethylene Glycol, Indium Tin Oxide, UV Curing.  
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INTRODUCTION 

The technique of UV curing is one of the techniques for photopolymerizations of the acrylate function 
group. Some advantages of the technique of UV curing for photo polymerizations, are process 
polymerizations are not using solvent chemicals much, do not waste after the polymerization process, and 
all processes are cheaper than the usual polymerizations. Photopolymerizations by UV curing are known 
as technique polymerization addition. Methyl methacrylate is a monomer for making poly (methyl 
methacrylate) or in some references well known as PMMA. In general, using addition polymer methods 
and easy polymerization process and applications that polymer in many applications. Polymer methyl 
methacrylate has properties: transparency, thermal stability good, electrical insulation, and mechanical 
resistance.1,2 According to references poly(methyl methacrylate) has been successfully combined with a 
metal oxide to result in a product potential material in optic industries.3 Poly (methyl methacrylate) with 
Indium Tin Oxide (ITO) is one of the materials for lightweight IR shielding but has not been reported ITO 
nanoparticle a poly (methyl methacrylate) was photopolymerizations using UV curing technology. 
Therefore this research is synthesized nanocomposite PMMA-ITO modified with polyethylene block 
polyethylene glycol (PE-b-PEG). Many factors can be affected UV curing process rate reactions in process 
photopolymerizations.4 Process polymerizations can be effected the molecular weight (Mw) of that polymer 
resulting in UV curing.5 Metal oxide nanoparticles such as ZnO, gold, and silver are often used in a variety 
of polymer matrices for making nanocomposites.6 Therefore this research reported how ITO with 
polymethylmethacrylate interactions in the nanocomposite. More, nanocomposite PMMA-ITO and the 
addition of PE-b-PEG to the PMMA-ITO nanoparticle composite were expected to improve the mechanical 
properties and conductivity. PE-b-PEG is an amphiphilic block copolymer that has hydrophilic and 
hydrophobic parts.7 The hydrophobic part usually has good compatibility with the polymer matrix. The 
hydrophobic part of the amphiphilic polymer, namely polyethylene (PE), will interact with the hydrophobic 
PMMA molecule. Whereas the hydrophilic part in amphiphilic polymers is usually poly (ethylene glycol) 
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(PEG) which has excellent hydrophilicity and will interact with ITO nanoparticles. Some factors can be 
affected in the photopolymerization process of the resulted polymer are the monomers, composition of 
monomer, initiator concentrations, and the solubility of polymer with a metal oxide that was added in the 
system nanocomposite.8 In a case special in the UV curing method, radiation time is important because 
radiation time shows how long time for the interaction radiation source with the monomer.9 Therefore, this 
article reported experiment variation radiation time in photopolymerizations of monomer PMMA with ITO. 
After that, this article reported the effect of polyethylene block polyethylene glycol (PE-b-PEG) on system 
PMMA-ITO. In reference, PE-b-PEG is one of the surfactants for molecules of the polymer.10  Based on 
that this article will report on how to process photo polymerization monomer methyl methacrylate with ITO 
and PE-b-PEG. This research uses concentration weight percentages of nanoparticle ITO and PE-b-PEG. 
Product nanocomposites will analysis of structure molecules, crystallinities, morphology, and conductivity 
values. A specially added ITO will observe the conductivity properties of the nanocomposite. Polymer is 
semi-crystalline and has a crystal region dan amorphous region. The nanocomposite of PMMA-ITO and 
PMMA-PE-b-PEG with added ITO to increase conductivity properties.11,12 
 

EXPERIMENTAL 
Material and Methods 
Materials for this research were: monomer methyl methacrylate, nanoparticle Indium Tin Oxide (ITO), and 
initiator Benzoyl Peroxide (BPO) with apparatus for this research are chemical glassware, analytic balance, 
magnetic stirrer, hotplate, 25 watt UV lamp, Mercury lamp, UV curing system box, thermometer, glass 
plate from Canowedge cell (CWC), and 400 µL micropipette. Experiments with this research began proses 
UV curing of monomer methyl Methacrylate as a polymer matrix for composite preparation. A total of 40 
µL of Methyl Methacrylate was placed in 50 mL of beaker glass then added 1.5% w/t initiator of BPO and 
stirred until homogeneous. Indium Tin Oxide (ITO) nanoparticles with variations concentrations (5, 10, 
and 15% were added to the MMA solution. The solution was slowly mixed at room temperature. PMMA / 
ITO nanoparticle composite samples with concentrations (5, 10, and 15) % w/t were then poured on a glass 
plate and polymerized using the UV Curing method for 5 minutes at 100ºC. PE-b-PEG was prepared in 
various masses, namely 0.001 g, 0.002 g, and 0.003 g dissolved in 0.8 mL of chloroform Furthermore, the 
photopolymerizations process was carried out at 100°C for 5 minutes using UV light. Instruments for 
characterizations were: FTIR (Fourier Transformed Infrared), SEM (Scanning Electron Microscopy), XRD 
(X-Ray Diffraction), and LCR meter to determine the conductivity of nanocomposite results. 
 

RESULTS AND DISCUSSION 
Synthesized of nanocomposite PMMA-ITO was carried out by mixing 40µL Methyl Methacrylate 
monomer with 1.5% w/t BPO initiator. Solution mixing was stirred until the initiator was completely 
dissolved in MMA.13 Product nanocomposite of PMMA-ITO using a variation of percentages 
concentrations of ITO are of 5%, 10%, and 15% w/t and stirred. Then the solution was poured onto a glass 
plate and placed on a hotplate which had set the temperature at 101ºC. Then the sample was polymerized 
by being given ultraviolet radiation using a UV lamp with a power of 25 Watts for 5 minutes. 
Photopolymerization using the UV curing method was carried out in isolation in a closed box. Produk 
nanocomposite of PMMA-ITO and PMMA-PE-b-PEG-ITO formed thin layer transparency.14,15 
The nanocomposite of polymer PMMA-ITO is an interesting polymer because polymer can combine with 
ITO which are both very different. Polymer PMMA can be formed cross-linking and some porous that ITO 
entrapment inside matrix polymer. Interactions in the nanocomposite of polymer PPMA formed chemical 
crosslinking in the form of covalent bonds or physical crosslinking. Chemical crosslinking determines the 
permanent bonding in polymer and maybe physical crosslinking determines in bonding between polymer 
and ITO.16 The process of polymerization of methyl methacrylate was known as radical-chain addition 
polymerization. Process polymerizations involve initiation, propagation, transfer, and termination steps. 
Addition polymer using UV radiation curing because this method is solvent-free and has low energy 
consumption.17,18,19 Product Nanocomposite of PMMA-ITO characterizations structures of the molecule 
using Fourier Transformed Infra-Red (FTIR). We compare the spectrum FTIR for PMMA, PMMA-5%ITO, 
PMMA-10%ITO, and PMMA-15%ITO.  Spectrum can be seen in Fig.-1 showed spectrum in graphic 
%Transmittance versus wavenumbers (cm-1).  
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Fig.-1: Peaks FTIR of PMMA+ITO in Some Variation Percentage of ITO 

 

Based on the FTIR spectrum in Fig.-1, there are some peaks in the spectrum to analyze some group 
functions in molecules of PMMA and PMMA-ITO. In general, there is no peak in 4000 cm-1 until around 
2000 cm-1. This condition shows that there has been a successful polymerization process in the PMMA 
because the =CH2 bond has been broken. But for PMMA-5%ITO at wave number 2900 cm-1, a low 
absorption peak appears for the two samples which indicates a vibration from CH3, especially a sharp peak 
at the wavenumber 3100 cm-1 which is a vibration of =CH2 in group functions in molecules methyl 
methacrylate. That peaks in the spectrum of FTIR PMMA spectrum did not appear. Then the absorption 
peak appears at the wavenumbers 1735 cm-1 for MMA and 1750 cm-1 for PMMA which indicates a vibration 
of the C=O ester bond. Then in the IR spectrum of MMA, the absorption peak appears at the wave number 
1670 cm-1 which is the vibration of the C=C double bond in the MMA structure.20,21 The absorption peak 
does not appear in the IR spectrum of PMMA which indicates that polymerization has occurred in the 
PMMA sample. The peaks at wave numbers 1140-1240 cm-1 for MMA and 1147-1221 cm-1 for PMMA 
which is the vibration of the COC bond on the ester group in both MMA and PMMA structures. However, 
samples with 15% ITO variation had a stronger peak intensity than those with 5% and 10% variations. This 
shows that the intensity of the PMMA-ITO nanocomposite IR spectrum is influenced by the ITO 
concentration used as the amplifier.22,23 

 
Fig.-2: FTIR Spectrum of PMMA+ITO+PE-b-PEG 

 

FTIR analysis on the PMMA-ITO nanoparticle spectrum with added PE-b-PEG mass variation did not 
change the structure of the PMMA-ITO nanoparticle composite. It was seen in Fig.-2, that the peaks formed 
did not experience a significant change in wavenumber. Changes only occur in peak intensity and peak 
depth. The depth of the peaks formed looks even sharper due to the addition of PE-b-PEG. The PMMA-
ITO FTIR spectrum of nanoparticles with the PE-b-PEG variation showed similar absorption peaks of 
functional groups, namely –CH Sp3, C=O ester, and C-O-C (ether). The addition of PE-b-PEG did not 
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change the structure of the functional groups but only acted as a guide and structure regulator for the 
PMMA-ITO nanoparticle composites to make them more tight and regular.24,25 Furthermore, XRD 
characterization was used to determine the effect of adding ITO amplifiers with various variations on 
PMMA-ITO nanocomposite samples. The typical peak of the PMMA shifts to a right angle at 2θ 21º-27º. 
The typical ITO high peaks in the 2θ 31º and 35º regions have also disappeared. This shows that the 
nanocomposite interaction that occurs between PMMA and ITO nanoparticles is exfoliation. The 
exfoliation that occurs in nanocomposites is because the interaction between nanomaterial particles as 
reinforcement is much lower than the interaction between polymers. As a result, the more dominant 
characteristic of nanocomposites is the nature of the polymer, not the nature of the reinforcement. This is 
evidenced by the XRD results on the characterization of PMMA-ITO nanocomposites. The diffraction 
peaks that are typical of ITO metal disappear and the typical peaks of shifting PMMA are thought to occur 
due to the exfoliation interaction.26  

 
Fig.-3: XRD pattern of PMMA+ITO 

 

Characteristics of X-Ray Diffraction Patterns of PE-b-PEG Modified nanoparticles of PMMA-ITO 
Nanoparticles Using XRD shown in Fig.-3 there is a sharp strong peak around the 2θ 19°-28° region which 
is a typical peak for PE-b-PEG. The amorphous phase still dominates even though the addition of PE-b-
PEG is shown from the sloping diffraction pattern or does not show the strongest sharp peak.27 In Fig.-4 
showed XRD peak for PMMA+ITO+PE-b-PEG that various concentrations of PEG, that peak XRD without 
PE-b-PEG there were not peaks 2θ in 20 until 30. Therefore, concentrations of 0.001; 0,002; and 0.003 PE-
b-PEG showed peaks 2θ in 20 until 30.  

 
Fig.-4: XRD pattern of PMMA+ITO+PE-b-PEG 

Polymer materials are generally insulating materials. Therefore, it has a very small conductivity value for 
the methyl methacrylate polymer which is 5x10-16 S/cm which can be increased by adding a conducting 
material. In this study, ITO nanoparticles were added to the methyl methacrylate polymer system.13,21 
Determination of conductivity value using the instrument of LCR explained the measurement of the 
impedance parameters known as L (inductance), C (capacitance), and R (resistance) or called LCR.  
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Fig.-5: Diagram of Value Conductivity of PMMA+ITO 
Based on the bar diagram in Fig.-5, it can be seen that ITO is a conductor material because it has a fairly 
large conductivity value, namely 0.4703 S/m. The addition of the ITO amplifier to the PMMA-ITO 
nanocomposite increased the value of the conductivity of the nanocomposites. The highest value of the 
nanocomposite conductivity occurred when the addition of a 15% ITO amplifier, which was 6.41x10-5 S/m. 

 

 
Fig.-6: Diagram of value conductivity of PMMA+ITO+PE-b-PEG 

  

The bar chart in Fig.-6 shows the conductance and conductivity value data for each sample. When the 
addition of 0.001 g PE-b-PEG to the PMMA-ITO nanoparticle composite material, the conductivity value 
is greater than the addition of other PE-b-PEG materials of 6,5071⨯10-5 S/m. The addition of ITO 
nanoparticles and PE-b-PEG can increase the conductivity value but the effect is not too significant. The 
conductance value is influenced by the movement of the ionic charge, the charge density, and the resulting 
electric field strength. The decrease in the conductivity value of the PMMA-ITO nanoparticle composite 
with the mass addition of PE-b-PEG can be influenced by the critical concentration of micelles. The 
surfactant ions from PE-b-PEG affect the structure of PMMA-ITO nanoparticles so that their conductivity 
values decrease with increasing PE-b-PEG mass. 
 

 
 
 
 
 
 
 
 
 
 

 
 

Fig.-7: SEM Photo PMMA+ITO 10% (A), PMMA+ITO 15% (B), PMMA+ITO+PE-b-PEG 
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The nanocomposite of PMMA+ITO and PMMA+ITO+PE-b-PEG resulted from this research analysis of 
the morphology surface. In Fig.-7 photo image of morphology features nanocomposites can be seen from 
the characterization test using SEM.28 This research reported three different nanocomposites that PMMA 
combines with ITO and PE-b-PEG. Nanocomposite polymer this research showed morphology features 
heterogeneous which PMMA in general polymer has chains bonding with metal oxide of ITO nanoparticles. 
Fig.-7A showed the morphology of nanocomposite PMMA+ITO 10% making spherical chains polymer 
that average sizes of 5.905 µm, 6.050 µm, and 6.389 µm. But in morphology PMMA+ITO 15% of chains 
polymer ropes-like those average sizes of long of ropes are 1.737 µm, 1.835 µm, and 1.360 µm. therefore, 
when PMMA+ITO added PE-b-PEG the morphology of surface nanocomposite making sheets. Based on 
material added to Polymer methyl methacrylate making effects structures surface of nanocomposites.29 
Some references analyzed there some agglomeration begins to occur in PMMA. The agglomeration of the 
nanocomposites was caused by the ITO concentration that had passed the threshold. The use of 
amplifiers/fillers in nanosize can increase the threshold value in the nanocomposite system so that ITO 
cannot fill the cavities contained in the PMMA matrix.30,31 
 

CONCLUSION 
The nanocomposite of polymer PMMA-ITO nanoparticle with modifications by PE-b-PEG was an 
interesting polymer. Polymer PMMA can be formed cross-linking and some porous that ITO entrapment 
inside matrix polymer. The process of polymerization of methyl methacrylate was known as radical-chain 
addition polymerization. Based on IR spectra each sample has relatively the same shape. However, samples 
with 15% ITO variation had a stronger peak intensity than those with 5% and 10% variations. This shows 
that the intensity of the PMMA-ITO nanocomposite IR spectrum is influenced by the ITO concentration 
used as the amplifier. The PMMA-ITO FTIR spectrum of nanoparticles with the PE-b-PEG variation 
showed similar absorption peaks of functional groups, namely –CH sp3, C = O ester, and C-O-C (ether). 
The addition of PE-b-PEG did not change the structure of the functional groups but only acted as a guide 
and structure regulator for the PMMA-ITO nanoparticle composites to make them tighter and more regular. 
Characteristics of X-Ray Diffraction Patterns of PE-b-PEG Modified Nanoparticles of PMMA-ITO 
Nanoparticles Using XRD is a sharp strong peak around the 2θ 19°-28° region which is a typical peak for 
PE-b-PEG. The amorphous phase still dominates even though the addition of PE-b-PEG is shown from the 
sloping diffraction pattern or does not show the strongest sharp peak. The highest value of the 
nanocomposite conductivity occurred when the addition of a 15% ITO amplifier, which was 6.41x10-5 S/m. 
morphology of nanocomposite PMMA+ITO 10% making spherical of chains polymer that average sizes of 
5.905 µm, 6.050 µm, and 6.389 µm. But in morphology PMMA+ITO 15% of chains polymer ropes-like 
those average sizes of long of ropes are 1.737 µm, 1.835 µm, and 1.360 µm. therefore, when PMMA+ITO 
added PE-b-PEG the morphology of surface nanocomposite making sheets. 
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