
Chemical Science Review and Letters                                                                                 ISSN 2278-6783  

 
Chem Sci Rev Lett 2016, 5(17),  161-169                                                                   Article CS26204701                 161 

Research Article 
 

Synthesis and Structure of Poly(methyl methacrylate) (PMMA) 
Nanoparticles in the Presence of Various Surfactants 

 

Asma Khalaf Alshamari1 and Wafaa Mahmoud Sayed*2         
 

1Department of Chemistry, University of Hail, Hail, Saudi Arabia 
2Petrochemical Department, Egyptian Petroleum Research Institute, Nasr City, Cairo, Egypt 

 

Abstract 
Polymerization of methyl methacrylate (MMA) 

nanoparticles will be carried out in the presence of 

different surfactants. In this study, anionic (SDS), 

nonionic (NPE), and cationic (CTAB) micelles will 

be used as polymerization media to produce poly 

(methyl methacrylate) (PMMA) nanoparticles. The 

concentration of the surfactants during the emulsion 

polymerization affects both, the size of the formed 

PMMA nanoparticles and their electrical surface 

state. The structure of the obtained PMMA 

nanoparticle will be studied through transmission 

electron microscopy (TEM), thermo gravimetric 

analysis (TGA), fourier transform infrared (FTIR) 

spectra, X-ray diffraction (XRD) and electrical 

properties. 

The PMMA nanoparticles revealed enhanced 

conductivity compared to conventional bulk PMMA. 

The results revealed that the PMMA nanoparticles 

retarded thermal decomposition and enhanced the 

conductivities compared with pristine PMMA 

nanoparticles. 

 

 
 

 

 

Keywords: Poly (methyl methacrylate), 

Nanocomposites, Polymerization, surfactants 

 

*Correspondence 
Wafaa Mahmoud Sayed  

Email: wafaamahmoudsayed@hotmail.com 

 

Introduction 
 

The importance of polymers is mainly because polymers are still regarded as a cheap alternative materials that are 

manufactured easily [1]. Polymer nanoparticles have attracted the interest of many research groups and have been 

utilized in an increasing number of fields during the last decades [2]. 

 

Polymer nanomaterials have received much attention due to their special properties arising from their small size. 

Owing to the high surface/volume ratio of the small particles, the percentage of molecules or atoms on the surface is 

greatly increased. These properties are desirable for applications in various fields, such as: Drug delivery [3-6], 

sensors[7,8], molecular gels[9,10], semiconductors[11], catalysts[12,13], environmental applications[14], and industrial 

applications[15].  

 

A variety of methods have been reported to prepare polymer nanoparticles, such as: Solvent evaporation [16], 

molecular assembly[17], template chemistry[18], dendrimer polymerization[19], mechanical pulverization[20], 

microemulsion polymerization[21], and miniemulsion polymerization[22]. 

 

Intrinsically conductive polymers (ICPs) are considered as attractive subject of research because of their potential 

applications in multidisciplinary areas, such as: Electrical, electronics, thermoelectric, electrochemical, 

electrorheological, chemical, membrane, and sensor applications [23-26]. A useful approach to overcoming some of the 
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physical and chemical limitations, including the processability and mechanical and thermochemical stabilities of ICPs, 

involves the combination of these materials with other well-known nonconducting polymers, such as: Poly(vinyl 

alcohol), polystyrene, poly(methyl methacrylate) (PMMA), and poly(vinyl acetate)[27]. 

 

Poly(methyl methacrylate) (PMMA) is one of the important transparent thermoplastic plastics, which has been 

utilized to make windows, lenses, and other optical devices[28] and used to improve the mechanical properties and 

processability of PANI. PMMA is chosen as a dielectric matrix because of its high transparentability in the visible 

spectral range, which is important for optoelectronics, sensors, and smart-window applications [29]. Recently, several 

researchers synthesized polymer nanoparticles using microemulsion polymerization [30-34] 

 

Using differential microemulsion polymerization, PMMA particles can be controllably synthesized with respect to 

their nanosize and molecular weight, as well as polymer chain number in the particles.  

 

In this article, we report the fabrication of PMMA nanostructures with microemulsion polymerization. The size of 

the PMMA nanoparticle was controlled as a function of different surfactants (anionic, cationic, and nonionic). In 

addition, we will investigate the conductivity of PMMA nanoparticles as dependent on the type of surfactant. 

 

Experimental: 
 

Materials and reagents: 

MMA (Aldrich, steinheim, Germany), potassium peroxydisulfate (KPS), sodium dodecyl sulfate (SDS; 99%), nonyl 

phenol exthoxylate (NPE), and cetyltrimethyl ammonium bromide (CTAB) (was obtained from Aldrich Chemical 

Co.) 

 

Measurements: 
Fourier transform infrared (FTIR) spectra: 

The FTIR spectra of the synthesized PMMA were recorded using Nicoletis-10 FTIR Spectrometer. 

 

Transmission electron microscopy (TEM): 

The microstructures of the synthesized PMMA were examined by TEM (Japan) on a JEOL JEM- 2100 (Japan) at an 

accelerating voltage of 120 kV. 

 

X-ray diffraction (XRD): 

The XRD patterns of the PMMA nanoparticles synthesized with different types of surfactants (anionic, nonionic, and 

cationic) were recorded using Pan Analytical model X’Pert pro diffractometer with Cu Kα (λ= 1.54060 Å) incident 

radiation. The XRD peaks were recorded in the 2θ range of 10°–80 

 

Conductivity measurement: 

The PMMA samples were pressed into pellets in a manual hydraulic Press - 15 tons (model GS15011 – Atlas Manual 

15T) .We determined the bulk conductivity of the different polymer samples by pressing them into pellets with 

thickness ranging between 2.4 and 4.4 mm. 

 

The conductivity measurements were carried out by a four-probe technique recorded by a Keithley Electrometer 

HiGH /Resistancemeter (model 6517A). The pellets used in this measurement were placed between two copper 

electrodes, which were connected to the two terminals of the Keithley electrometer and the data were recorded at 

room temperature. 

 

Thermogravimetric analysis (TGA) measurements: 

TGA of the synthesized PMMA was carried out on a TA Instruments SDTQ 600 V20.5 Build 15 simultaneous 

(United States) TGA–differential scanning calorimetry thermogravimetric analyzer. The samples were heated under a 

nitrogen flow (100 mL/min) from 50 to 500°C at a rate of 20°C/min. 
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Synthesis of the PMMA nanoparticles 

PMMA nanoparticles will be synthesized through differential microemulsion polymerization by a semi-batch 

operation. Potassium persulfate (KPS) will be used as the initiator and sodium dodecyl sulfate (SDS), nonyl phenol 

exthoxylate (NPE), and cetyltrimethyl ammonium bromide (CTAB) as the surfactants. KPS, surfactant and deionized 

water will be put into a three-neck round-bottom flask (250 ml) equipped with magnetic stirrer, reflux condenser, and 

thermometer. After the temperature will be raised to 75°C, the monomer will be added in a differential manner 

(continuously addition in very small drops) for about 1h. Afterwards, the reaction temperature will be kept at 80–85°C 

for an additional hour before a cooling operation applied.  

 

Separation of polymer samples for characterization 

The resultant polymer was precipitated using methanol and was separated by a vacuum filtration technique. The 

surfactant and initiator were washed off the particles three times with a sufficient amount of warm de-ionized water, 

polymer was dried in oven at 80°C. 

Several PMMA nanoparticles were synthesized with different types of surfactants (SDS, NPE, and CTAB) to 

investigate the morphology, conductivity, and TGA. For comparative purposes, PMMA without surfactants was also 

synthesized under similar conditions. 

 

Results and Discussion 
First, a micellar solution was prepared by the dissolution of the surfactant in distilled water with the concentration 

over its cmc. It has been well established that surfactants will aggregate spontaneously to form micelles when the 

concentration is over their cmc. Because of the presence of the hydrophobic micellar core and hydrophilic interface, 

these micelles are capable of dissolving water-insoluble substances.[35] 

 

A certain amount of MMA is added to the solution to be loaded onto the micelles, these micelles may serve as 

templates to orient and organize the MMA molecules in the solution. The orientation or organization of MMA 

molecules in the micelle solutions may have affected the regioselectivity of the reaction. Different types of surfactants 

with different molecular structures were selected to form the micelle templates for the polymerization of MMA. The 

difference in the behavior of the polymerization of MMA in various micelle solutions could be explained by the 

variation of the local environment formed by different surfactants. In all of these micelle solutions, hydrophobic cores 

were formed; however, the hydrophilic interfaces of the micelles were quite different because of the differences in the 

head-group structure of the surfactants. 

 

The head group of NPE was polyoxyethylene, with nine repeat units without any charge. Therefore, a neutral 

hydrophilic interface was formed around the NPE micelles in the solution. The long ethylene oxide chain in NPE 

effectively hindered the sulfate ions (oxidant, KPS) from attacking the MMA in the micelles. 

 

Thus, the formation of PMMA particles in NPE micelles was very slow because the disulfate ions should have 

diffused through the films formed by the ethylene oxide chains to initiate polymerization .No electrostatic interactions 

between the head group of NPE and other species were expected at the hydrophilic interface other micelles.  On the 

other hand, if a positively charged hydrophilic region in the CTAB micelle solution was formed, anionic species such 

as OH would have been likely attracted in this region through electrostatic interaction .When oxidant KPS was added 
to the reaction system, the polymerization took place at nanoscale micelles and was then followed by PMMA growth. 

The micelles formed by surfactants such as SDS had negatively charged interfaces in the solution. This negative 

charge of the micellar surface retarded the approach of disulfate ions into ions; this resulted in a slower reaction rate in 

the SDS micellar solution compared to that in the bulk aqueous solution. 

  

1. FTIR spectroscopy 

(Figure 1) presents the FTIR spectra of the prepared PMMA nanoparticles. The main characteristic bands of PMMA 

were assigned as follows: 

The band at about 753 cm−1 is assigned to out of plane OH bending. The band at around 980 cm−1 is the characteristic 

absorption vibration of PMMA. Stretching vibration frequency of ( CH3) appears at wave numbers of 2951 cm−1 

and 2850 cm−1, and the bending vibration frequency of ( CH3) is at a wave number of 1384 cm−1. The wave number 
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1730 cm−1 corresponds to the stretching vibration frequency of ( C O). The wave number 1150 cm−1 represents 

the stretching vibration frequency of ( C O). Our samples contain water, which is shown in the marked area in 

Figure   (from 3200 to 3750 cm−1). Thus, it was confirmed that our product is the PMMA. 

 

 
 

Figure 1 FTIR spectra of PMMA synthesized in (a) cationic, (b) anionic, and (c) nonionic surfactants and  

(d) without surfactants 

2. TEM: 

The surfactant is one of the key components in microemulsion polymerization; the effects of three types of surfactant, 

SDS (anionic), CTAB (cationic) and NPE (non-ionic), on the particle size of the resultant polymers were investigated 

in this work. 

 

The TEM images of PMMA nanoparticles synthesized in SDS (anionic) micellar solution appeared as homogeneous 

spherical shapes [Figure 2(a)], and their diameter sizes varied from 13-18 nm. [Figure 2(b)] presents the TEM image 

of the PMMA nanoparticles polymerized with CTAB micelles, which appeared as spherical shapes 39–62 nm in 

diameter. In the NPE micellar solution, some precipitates, which had an irregular sphere like shapes and ranged from 

6 to 13 nm in diameter, were observed, as shown in the TEM image in [Figure 2(c)]. In our study, we expected that 

NPE is the best in terms of reducing the particle size of PMMA because: (1) relatively high SDS concentration (> 
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cmc) might have increased the aggregation number and micellar size. (2) The cationic surfactants contain amine 

compounds which can be easily oxidized by the peroxide initiator. 

 

 
 

Figure 2 TEM of nanoparticle PMMA synthesized in (a) anionic, (b) cationic, and (c) nonionic micellar solutions 

 

From [Figure 2], it can be seen that the polymer particles are very uniform and are nearly spherical. Combing the 

results of [Figure 2], very important information is obtained, namely that the nanosize PMMA particles can be 

obtained conveniently by the microemulsion polymerization. This result is very important and practical, and useful for 

industrialization of the microemulsion polymerization technique. 

 

3. XRD 

The XRD patterns of the PMMA nanoparticles synthesized with different types of surfactants (anionic, nonionic, and 

cationic) is presented in [Figure3]. All the samples are taken in powder form. 

 

 
 

Figure 3 XRD patterns of PMMA synthesized in (a) anionic,(b) cationic, and (c) nonionic surfactants and  

(d) without surfactants 
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Pure PMMA shows a predominant and broad peak with a maximum at 2 θ =15°C along with broad but low-intensity 

peaks at 30°C and 41°C . These broad peaks indicate the amorphous nature of the polymer [36]. 

 

All of the XRD peaks of PMMA are relatively broad, which confirms the small size of PMMA nanoparticles. The X-

ray diffraction pattern indicates the amorphous nature with large diffraction maximum that decreases at large 

diffraction angles. The shape of the first main maximum indicates the ordered packing of the polymer chains. The 

intensity and shape of the second maxima are related to the effect inside the main chains [37]. The observed broad 

humps in the XRD spectrum indicate the presence of crystallites of very low dimensions [38]. 

 

The XRD patterns of the PMMA nanoparticles were similar to that of PMMA, as shown in [Figure 3(a–d)]. These 

results were consistent with the results of the FTIR analysis. For that, there was no difference between the PMMA and 

PMMA nanoparticles. 

 

The diffraction peaks of PMMA have no change by adding surfactants. This indicates that the surfactants molecules 

do not enter into the nanoparticles, they only get absorbed on the surface of the particles. 

 

4.  Electrical Conductivity Measurements 
 

The electrical conductivity σ (Ω-1 cm-2) was calculated from Equation (1) 

 

                                                                                                            (1) 

 

Where ρ (Ω cm2) is the specific resistance of the materials and is calculated from Equation (2) 

 

                                                                                                    (2) 

 

Where R (Ω) is the resistance, A (cm3) is the total area, and L (cm) is the thickness of the sample. 

 

Table 1 Conductivity (S/cm) of the Synthesized PMMA Nanoparticles 

 

Sample Conductivity 

PMMA –bulk 1.25  x 10-9 

PMMA–CTAB 2.13  x 10-9 

PMMA–SDS 2.19  x 10-9 

PMMA–NPE 2.60  x 10-9 

 

Table I shows that the conductivities of the PMMA nanoparticles prepared in SDS, CTAB, and NPE micelles were 

highest compared with those of the particles formed in bulk aqueous solution according to the following order: NPE > 

SDS > CTAB > Bulk aqueous solution .This may have been due to the fact that, the polymerization reaction in 

surfactant micellar solution occurred in the confined space of micelles, the density of the PMMA particles formed was 

higher than that of particles formed in bulk aqueous solution[39]. PMMA nanoparticles can be applied as optically 

transparent conducting materials because of their high conductivity and ultrafine nanosize. 

The obtained values were situated between the two extremes of those of semiconductors (10−10–10+2 Ω−1 cm−1).[40] 
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5. TGA 

TGA measurement of nano-PMMA was performed under an N2 atmosphere. The TGA curves for the PMMA 

synthesized in aqueous solution with and without the SDS, NPE, and CTAB micelle templates are compared in 

[Figure 4]. 

 

 
 

Figure 4 TGA of PMMA in (a) anionic, (b) cationic, and (c) nonionic surfactants and (d) without surfactants 

 

Pure poly (methyl methacrylate) is deemed to have poor thermal behavior. A study of thermal degradation 

temperature of PMMA by TG exhibited that the polymer degrades in three steps at 180°C, 250°C and 350°C with a 

heating rate of 10 °C min−1[41]. In our study, the weight loss observed in the temperature range from room 

temperature up to 100°C for all of the samples corresponded to water molecules/moisture, and the weight loss of 

PMMA [Fig. 3(a–d)] at temperatures up to 250°C was attributed to the loss of oligomers, and the weight loss beyond 

250 up to 500°C was due to the degradation of the polymer main chain. As shown by TGA [Fig.4(a–d)], the rate of 

weight loss of PMMA was in the following order:  

 

PMMA– SDS > PMMA– NPE > PMMA–CTAB > PMMA–bulk, respectively 

 

Conclusion: 
In this study, anionic (SDS), nonionic (NPE), and cationic (CTAB) micelles were used as polymerization media to 

produce PMMA nanoparticles. The use of surfactants as templates in the synthesis of conducting PMMA may offer 

new possibilities for the fabrication of PMMA with different morphologies, thermal stabilities. We found that the 

nanocomposites had a good thermal stability and higher electrical conductivity than the pristine polymer. 
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