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Abstract- In this work, suspension polymerization is applied to fabricate monodisperse 

polymethylmethacrylate (PMMA) nanospheres with different diameters. Then, the artificial 

opal photonic crystals are fabricated with PMMA nanospheres using the vertical deposition 

via evaporation induced self-assembly method. Furthermore, the size of the nanospheres and 

optical properties of opals are investigated.  It is shown that the concentration of the 

polymerization initiator plays a key role in specifying the size of the polymer nanospheres 

and consequently the optical properties of the opal photonic crystals. 
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1. Introduction 

Photonic crystals (PCs) are periodic structures made of two or more materials with 

different refractive indexes [1] that have been studied extensively since Rayleigh 

investigated them in 1887 [2]. PCs are designed to control and manipulate the propagation 

of light. As a result of the destructive interferences among the waves scattered by the 

interfaces of the layers in the forward direction, light with a special range of 

frequencies are forbidden to pass the structure that is called photonic band gaps (PBGs). 

This property of photonic crystals made a wide range of applications for them such as 

optical filters [3]. 

Artificial opal photonic crystals are a kind of 3D photonic crystals that are made of 

polymer or silica spheres using self-assembly methods that are low cost methods for the 

formation of photonic crystals [4]. 

Also, variety of synthesis methods of opals building blocks, silica and polymer spheres, 

are widely studied [5, 6].  

In this work, suspension polymerization is used to synthesize the monodisperse PMMA 

nanospheres in different sizes and then the vertical deposition method, which is one of 

the frequently-used self-assembly methods, is applied to grow artificial opals. Then, 

optical properties of the fabricated opals are studied using the absorption spectra, 

optical microscopy and SEM images. 

2. Materials and method 

Methyl methacrylate (MMA, Merck), Potassium persulfate (KPS, Merck), H2SO4 (Merck, 95–

98%) and H2O2 (Merck, 35%) are used as received without further purification. Also, 

Deionized water (DI) is used throughout this work. 

2.1 Synthesis of PMMA Nanospheres via suspension polymerization 

In order to fabricate PMMA nanospheres using suspension polymerization, a tri-neck 250 

ml round-bottom flask equipped with nitrogen inlet and outlet tubes and a water-cooled 

condenser is used. To control the temperature of the flask, a water bath on a heater 

stirrer is used. The size of the spheres produced by this method depends on the 

temperature, stir rate and concentration of MMA and KPS.  

In this work, all the conditions are kept constant except the concentration of KPS that 

is the polymerization initiator. First of all, 80 ml of DI water is added to the flask 

with a magnetic stir bar inside. Then, it is stirred under the nitrogen flow for some 

minutes to deoxygenate completely. The stirring rate is 5000 rpm. The temperature of the 

flask is set to be fixed at 60°C. Next, 15 ml of MMA is added to the flask. Stirring 

under the nitrogen flow is continued for around 5 minutes. Then, if all the conditions 
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are fixed, 1 wt% or 4 wt% of KPS (based on MMA) that is dissolved in 20 ml of DI water 

is added to the flask quickly. The reaction continues for 40 minutes in a same condition. 

Milky white colloidal suspension is observed at the end. The fabricated polymer is 

filtered first using paper filter and the using 0.45 µm syringe filter. Afterward, the 

solution is poured in falcon tubes and the polymer is separated from the water and 

monomers that are remaining in the solution by centrifugation at the speed of 5000 rpm 

for 15 minutes for several times. Each time, DI water is added to the polymer solution 

before centrifugation. The successful products can be recognized by the colourful 

appearance of the polymers in falcon tubes that is shown in fig. 1 (a). The next step 

is leaving the falcon tubes at room temperature open lid for several days for being 

completely dried. The final product is shown in fig. 1 (b).  

Having prepared the building blocks of artificial opals, the vertical deposition method 

is applied to grow opals on the microscope slide. To do that, first, 5 wt% of PMMA 

nanospheres solution are prepared in DI water. Sonication for at least half an hour is 

necessary to disperse the PMMA nanospheres in DI water. The final concentration of 0.15 

wt% of PMMA solution is needed for vertical deposition that is prepared from 5 wt% 

solution.  

The microscope slides should be washed with water and soap and then rinsed with DI water. 

Next, they are dried by nitrogen gas. In order to have a good growth of the opals on the 

slides, they should be hydrophilized. In this work, hydrophilizing is done by immersing 

substrates in piranha solution (H2SO4: H2O2= 3:1) at 100 °C for 1 hour in a water bath. 

After hydrophilizing, the slides are rinsed with DI water again and then dried by 

 

Figure 2. The transmission and 

reflection of a white light from the 

fabricated artificial opal. 
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nitrogen gas. At that time, the clean slides are put in the 0.15 wt% PMMA solution in a 

10 ml bottle. The evaporation process is done in an oven at 45°C for 48 h. The PMMA 

nanospheres are organized in an FCC lattice on the microscope slide.  

3. Results and Discussion 

Figure 2 shows the transmission and reflection of a white light from the fabricated 

opal. As it is clear in this figure, the transmission and reflection spectrum can be 

recognized by their colour.  

The proposed optical properties of the prepared opals are due to the monodispersity of 

their building blocks that help them to be organized in an FCC lattice. The evidence of 

this monodispersity is the SEM image of the fabricated opal in fig. 3. As it is clearly 

seen in this figure, all the PMMA nanospheres have almost the same sizes. 

Optical microscope images of the prepared opals and also the SEM images of them in larger 

scale in comparison with fig. 3 are displayed in fig. 4 (a) and (b), respectively. 

Surface cracks can be seen in these images that are formed during the drying process and 

they are the intrinsic defects of artificial opals. 

 Beside SEM imaging, the absorption spectrum of the opals can reveal the size of the 

PMMA nanospheres. As it is displayed in fig. 5, the absorption spectrum of an opal has 

pseudo bandgap or incomplete PBG that is sometimes referred to as a stop-band. The peak 

wavelength of the absorption spectrum is dependent on the size of the nanospheres due 

to the modified Bragg equation as follows [4]: 

  2/122
)1(633.1 fnfnD vssp                         (1) 

 

Figure 3. The SEM image of the 

prepared artificial opals with PMMA 

nanospheres building blocks 
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Where 
p
and sD

are the peak wavelength and spheres diameter in a close packed lattice, 

respectively. sn
is the refractive index of the spheres (1.49 for PMMA) and vn

is the 

refractive index of the void spaces that is air in this work? Also, 
f
is the filling 

fraction for a close packed structure that is 0.76 for the proposed structure in this 

work. 

As it is seen in fig. 5, the peak wavelength in absorption spectra of Sample 1 and Sample 

2 prepared by 4wt% and 1wt% of KPS (based on MMA), which is the polymerization initiator, 

are 687 nm and 820 nm, respectively. Applying the eq. 1, the diameter of synthesized 

PMMA nanospheres can be calculated. Therefore, the diameter of Sample 1 and Sample 2 are 

303 nm and 361 nm, respectively. So, it can be concluded that by decreasing the 

concentration of the initiator (KPS), the diameter of the polymer spheres increases. 

Tunablity of the size of the nanospheres can be really crucial in the different 

applications of the opal photonic crystals. 
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Figure 4. (a) The optical microscope image (with the magnification of 400×) and (b) 

SEM image of the prepared artificial opal.
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Figure 5. The absorption spectrum of the sample 1 and sample 2 prepared by 4wt% and 1 

wt% of KPS 

4. Conclusion 

 In this work, suspension polymerization was applied to synthesize PMMA nanospheres as 

the building blocks of the artificial opal photonic crystals. Different factors, such 

as the reaction temperature, stirring rate and the concentration of the monomer (MMA) 

and the initiator (KPS) play an important role in the size of the produced nanospheres. 

Here, all the conditions were kept constant except the concentration of the KPS and the 

reaction was done for two different concentrations of 1 wt% and 4 wt% (based on MMA). 

Then, the vertical deposition method, which is one of the frequently used self-assembly 

methods, was used to grow opals on the microscope slides under the controlled conditions 

(in an oven at 45°C for 48h). The optical microscopy and SEM images of the prepared 

samples revealed that highly organized opals were fabricated. Also, the absorption 

spectra of the opals were used to calculate the size of the synthesized PMMA nanospheres 

using modified Bragg equation. It is concluded that PMMA nanospheres with the diameter 

of 303 and 361 are fabricated as a result of changing the KPS concentration. 

Opal photonic crystals have wide range of applications. One of the most important ones 

is using them as a template to fabricate inverse opals that are well-organized porous 

structures with a variety of sensing applications. So, being able to tune the size of 

the nanospheres and consequently fabricate opal photonic crystals with different optical 

properties is extremely promising. 
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