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Photonic crystals (PCs) have great photon interaction with their periodic structure to create 

fascinating optical properties. Furthermore, when incorporating PCs with Ag-Cu alloy nano- 

particles (NPs) in a core-shell structures it has unique linear optical properties that give great 

enhancements in electromagnetic field in the form of 3D- metallodielectric photonic crystals 

(MDPCs). However, silver and copper alloy NPs are not widely studied due to their unique 

localised surface plasmonic resonance (LSPR). Copper alone has a low stability and high 

tendency to oxidise, thus, silver was used to stabilise the interaction. In this research, combining 

both LSPR of Ag-Cu NPs and photonic resonance of PCs can create a substrate with high 

sensitivity towards light. By taking the approach of green sustainability, surfactant free-emulsion 

copolymerisation reaction was conducted. Copolymer was synthesised in the absence of 

emulsifiers and toxic solvent, while Ag-Cu NPs obtained from reduction of sodium borohydride. 

A polyethylene imine (PEI) linker was used to correlate between alloy NPs and copolymers. The 

UV-vis analysis showed the resulted core shell structure that provided spectrum with a sharp 

peak at 291 nm and under transmittance electron microscope (TEM) analysis, alloy NPs was 

strongly held on the spherical ball of copolymer with diameter of 450 nm indicating the 

successfulness combination of these two materials. In short, this synthesised substrate gave high 

potential and possibilities to be used as a substrate in surfaced enhanced Raman scattering 

(SERS). 
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Photonic crystal (PC) is an intriguing substance due to 

its unique optical characteristics and ability to be 

created synthetically. A characteristic of PC that 

results from its periodic arrangements is the photonic 

bandgap, which may be tailored to fit the needs of 

certain applications [1]. The PCs might be useful in a 

variety of applications, including polarisers, laser 

waveguides, photovoltaics, and biomedical engineering 

[2]-[4]. Since its development, it has been incorporated 

into a wide range of designs, including inverted, 

metallodielectric, fibres, and annular [5]-[7]. In this 

context, due to its combination of PCs with surface 

plasmon resonance, metallodielectric PCs (MDPC), a 

PC containing metal nanoparticles in either core-shell 

or wafer template structure, has become a captivating 

choice for sensor, detection, and surface-enhanced 

Raman scattering (SERS) investigation [8]. Formerly, 

basic material used to create PCs was silica but in the 

preparation of nanometre particle sizes, the use of 

silica contributed massive toxicity towards the 

environment [9]. Therefore, choosing the right material 

is the most vital part to encounter this isue. In this 

research, styrene and methyl methacrylate (SMMA) 

copolymer were chosen as a basic material to create 

fully functional PCs due to their low cost and easy 

processing materials, while the use of bimetallic alloy 

nanoparticles created perfect light-gathering components 

for PCs [10]. 

 

Metals such as gold (Au), silver (Ag), and 

copper (Cu) have been widely investigated as the 

substrate source in the field of SERS due to the visible 

range localised surface plasmon resonance (LSPR) 

and surface plasmon polarisation (SPP) properties of 

free electrons in coinage [11]. However, Cu and Ag 

nanoparticles alone are not stable since Cu may quickly 

oxidise to create CuO and Cu2O, whereby Ag has 

problems with aggregations and low chemical stability 
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which poses a constraint for SERS experiments [12]-

[14]. In order to overcome these limitations, by alloying 

Ag and Cu would allow the performance of two distinct 

metals combine into bimetallic nanoparticles [15]-[19]. 

For instance, prior investigations have suggested that 

Ag-Cu alloy plasmonic substrates have great strength, 

antibacterial activity, and reproducibility, whereas Ag-

Cu core-shell plasmonic substrates have outstanding 

thermal stability, antioxidation and chemical stability 

[23]-[25]. Therefore, alloy Ag-Cu bimetallic nano-

particles are directly improving each metal chemical 

characteristic and hold promise in a variety of  

application fields, especially in SERS. 

 

In this research, the green chemistry approach 

was employed since methods that reduce the usage 

of dangerous substances had been established. The 

PCs were synthesised via surfactant-free emulsion 

polymerisation reaction since surfactants provided 

negative effects to people and ecosystems [26]. Apart 

from that, this research also involved deionised water 

as a medium of reaction. On the other hand, Ag-Cu 

NPs was synthesised separately by chemical reduction 

with sodium borohydride. Notably, these Ag and Cu 

metals were rarely studied as compared to Au as these 

particular metals have complex LSPR in which both 

oscillated at short and long axes [12]. Furthermore, 

this synthesised 3D-MDPCs have the potency to be 

applied as substrate on SERS instrument to determine 

the fingerprint of a molecule structure in chemistry. 

 

EXPERIMENTAL 

 

Chemicals and Materials 

 

For the synthesis of styrene methyl methacrylate 

copolymer (SMMA), all the chemical and standard 

supplies used were bought from Sigma Aldrich 

Company and R&D marketing. The chemicals were 

methyl methacrylate monomer (MMA), styrene 

monomer (STY), sodium hydroxide (NaOH), potassium 

persulphate (KPS), ammonium hydroxide (NH4OH), 

hydrogen peroxide (H2O2) and deionised water (dH2O) 

with a resistivity of 18.0MΩ. In the synthesis of  

bimetallic Ag-Cu alloy NPs, the chemicals used were 

silver nitrate (AgNO3), copper chloride (CuCl2), sodium 

borohydride (NaBH4), ethanol, deionised water (dH2O) 

and calcium chloride (CaCl2) for drying in the 

desiccator. For the preparation of SMMA@Ag-Cu 

core shell, polyethylene imine (PEI) was used as a 

linker to correlate between copolymer and alloy. 

 

Synthesis of Styrene Methyl Methacrylate  

Copolymer (SMMA) 

 

Synthesis of SMMA was carried out via surfactant 

free emulsion copolymerisation and varied in MMA: 

STY ratio. In a fume hood, a reflux condenser was 

connected with 250 ml tri-neck round bottom flask 

equipped with magnetic stirrer and poured with 100 

ml of deionised water. The system was heated to 70 oC 

through silicon oil bath while purging with nitrogen 

gas (N2) and stirred at 350 rpm. These parameters 

were applied throughout the reaction. Once all the 

parameters remained constant, mixture of monomer 

MMA:STY was added into the flask followed by KPS 

initiator. After 8 h of reaction, the product was filtered 

by using a filter paper and centrifuged at 20,000 rpm 

by Eppendorf 5810. The obtained samples were washed 

successively by using deionised water. 

 

Surface Modification of SMMA with PEI 

 

The dilution of PEI solution was conducted for 100 ml 

by mixing 2.8 ml of PEI with deionised water. Then, 

5 ml of prepared SMMA copolymer was mixed with 

diluted PEI solution. The mixture was then added into 

a beaker containing 100 ml of deionised water while 

stirring vigorously at 650 rpm. The reaction was left 

to stir for one day and the obtained SMMA-PEI 

suspension was centrifuged, redispersed and reagitated 

for at least six times. 

 

Synthesis of Ag-Cu Alloy NPs 

 

Bimetallic Ag-Cu alloy NPs were synthesised via the 

metallic salt reduction method. Firstly, a round bottom 

flask wrapped with aluminium foil was purged with 

N2 gas for a few minutes. Then, a mixture containing 

10 ml of 0.1 mol AgNO3 and 10 ml of 0.1 mol CuCl2 

was added into the flask and stirred with the aid of a 

magnetic stirrer for 10 min. Next, 0.3 mol of NaBH4 

solution was added gradually into the flask. After one 

h, the product was filtered and the precipitate was 

washed with ethanol in an ice-cold atmosphere. At the 

end of reaction, the green precipitate was filtrated and 

washed with ethanol. The following samples were dried 

in a desiccator having CaCl2 at room temperature. 

 

Synthesis of SMMA@Ag-Cu Core Shell 

 

Initially, the Ag-Cu NPs were diluted for 10 ml by 

mixing 0.02 g of solid alloy with deionised water. The 

reaction was further left to sonicate for at least one h 

to obtain a dark green solution. Then, 7.5 ml of  

SMMA-PEI was added to the prepared alloy solution. 

The SMMA was introduced dropwise at approximately 

10 drops/min while continuously stirring at 400 rpm. 

After that, the reaction was left to stir for two days. 

The resulting pale blue solution of SMMA@Ag-Cu 

core-shell was centrifuged, redispersed and reagitated 

several times. The synthesised solid SMMA@Ag-Cu 

was further characterised to study their chemical 

properties. 

 

Fourier-Transform Infrared Spectroscopy (FTIR) 

Analysis 

 

In this research, FTIR spectroscopy was used to study 

the functional groups present in SMMA, also to analyse 

copolymerisation of STY and MMA successiveness. 

FTIR spectra were recorded on a Perkin-Elmer 2000 
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FTIR spectroscopy. During the sample preparation, 

SMMA suspension was oven dried and the powder was 

pelleted with potassium bromide (KBr), whereas STY 

and MMA solution were dropped directly on sodium 

chloride (NaCl) disc. The analysis was performed at a 

range from 4000 cm-1 to 650 cm-1. 

 

Scanning Electron Microscope (SEM) 

 

The morphology of SMMA, Ag-Cu bimetallic alloy 

nanoparticles and SMMA@Ag-Cu core-shell were 

observed through scanning electron microscopy (SEM). 

For sample preparation, a few drops of diluted SMMA 

or SMMA@Ag-Cu suspension were placed on SEM 

sample stub and oven dried at 60 ºC while 0.05 g of 

Ag-Cu powder was placed directly on SEM sample 

stub. All samples were sputtered coat with gold before 

viewing to avoid charging effect from the electron 

bombardment. Samples of thin films were also 

sputtered coat with gold before viewing.  

 

Ultraviolet Spectroscopy (UV-Vis) Analysis 

 

The optical activities study for Ag-Cu bimetallic alloy 

NPs and SMMA@Ag-Cu core shell was investigated 

via UV-vis spectroscopy to study the photonic and 

SPR properties, respectively. For sample preparation 

of Ag-Cu bimetallic alloy nanoparticles, 0.02 g of Ag-

Cu alloy was diluted with 10 ml of deionised water 

and left to sonicate for at least one h before analysis, 

while SMMA@Ag-Cu suspension was analysed without 

any dilution. 

 

X-ray Diffraction Spectroscopy (XRD) Analysis 

 

XRD is an effective scientific method for measuring 

the characteristics and behaviour of crystallinity and 

for estimating the crystal size of alloy nanoparticles. 

XRD was used to study the crystallinity and purity of 

the samples. The analysis was performed by using 

fabricated Ag-Cu alloy NPs and SMMA@Ag-Cu thin 

film that was cut into 2 cm × 2 cm and the 2θ angle 

was set from 10º to 85º.  

 

Electron Dispersion X-ray Spectroscopy (EDX) 

Analysis 

 

Elemental analysis study for SMMA copolymer, Ag-

Cu NPs and SMMA@Ag-Cu core shell was performed 

via energy dispersive X-Ray spectroscopy (EDX) 

analysis. The mapping was performed at a few 

different spots with 10,000 magnifications, spot size 

of 6 mm ×5 mm and 10 mm working distance. 

 

Transmittance Electron Microscope (TEM) Analysis 

 

The morphology of SMMA@Ag-Cu core-shell was 

also observed through TEM. For TEM sample 

preparation, dispersed SMMA@Ag-Cu core-shell 

suspension was dropped onto a copper grid and left for 

10 min. The excess sample was removed by using 

clean tissue papers and carefully transferred onto the 

sample holder prior to analysis. 

 
RESULTS AND DISCUSSION 

 

Synthesis of SMMA Copolymer 

 

Physically STY and MMA monomer are colourless 

liquids, but synthesised SMMA copolymer appeared 

as milky white suspension. Even though, the colour 

changes were noticed during the synthesis, the  

successiveness of SMMA copolymerisation was 

analysed via FTIR spectroscopy by investigating the 

functional group present in synthesised SMMA 

copolymers. Based on the FTIR spectroscopy shown 

in Figure 1, the functional group existed in SMMA 

copolymer, especially the carbonyl group (C=O) bond 

and (C-H) benzene bond revealed in the spectra. 

 

 

 
 

Figure 1. FTIR spectra of SMMA copolymer. 
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Sharp peak was observed around 1670 cm-1 for the 

three ratios, indicating the existence of C=O functional 

group and a medium peak at 760 cm-1 indicating the 

presence of aromatic C-H functional group. However, 

a broad peak of O-H stretches approximately 3480 cm-1 

appeared in the FTIR spectra of SMMA copolymer 

indicating the presence of water vapour in the sample. 

This error may be due to the incomplete drying of 

solvent during sample preparation part for FTIR analysis.  

 

The morphology and structure for both 25:75 and 

50:50 ratios of SMMA copolymers were studied by 

using SEM analysis. Based on SEM image shown in 

Figure 2, monodispersed, unaggregated and homogenous 

copolymer microspheres were successfully synthesised 

for both ratio of SMMA copolymers. Moreover, the 

SMMA copolymer spheres were packed together and 

formed a well-ordered arrangement of colloidal crystals. 

However, in terms of particle size analysis by using 

SEM measuring tools, it showed that the ratio of 50:50 

SMMA was smaller in the size of polymer spheres as 

compared to a ratio of 25:75 SMMA (Table 1).  

 

 

Table 1. Particle size of synthesised SMMA. 

 

MMA:STY Particle size (nm) 

25:75 440 

50:50 402 

 

 
 

 
 

Figure 2. SEM image of SMMA copolymer of (a) 25:75 ratio (b) 50:50 ratio. 
 

 

 
 

Figure 3. UV-vis spectrum of Ag-Cu bimetallic alloy NPs. 
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Synthesis of Ag-Cu Bimetallic Alloy NPs 

 

Bimetallic Ag-Cu alloy NPs synthesised via metallic 

salt reduction method emerged as green powder. In 

this part, UV-vis analysis is one of the most important 

explorations since it determines the intensity of 

absorption of the alloy NPs. Based on the UV-vis 

spectrum in Figure 3 showed a strong absorption peak 

at 380 nm in near visible region of electromagnetic 

spectrum. Additionally, the formation of a single peak 

proved that the combination of Ag and Cu to form 

bimetallic alloy NPs was successful. This is because, 

pure Ag and Cu showed a strong absorption peak at 

431 nm and 592 nm, respectively [27]. 

 

In addition, SEM analysis was also conducted 

to determine the size and morphology of synthesised 

Ag-Cu alloy NPs represented in Figure 4. However, 

the structural and morphological analysis of Ag-Cu 

NPs could not be performed properly since it was  

difficult to capture the sharp SEM image of Ag-Cu 

NPs. However, based on the SEM images shown in 

Figure 4, it can be concluded that the Ag-Cu bimetallic 

alloy NPs were successfully synthesised since they 

were in spherical shape and some of the particles were 

connected to each other. On this point, the particles 

that linked to each other were considered as alloys 

[28]. 

 

Besides, XRD analysis was also conducted to 

study the crystallinity of Ag-Cu NPs. Figure 5 

represents the experimental XRD pattern of Ag-Cu 

alloy synthesised from the chemical reduction of 

AgNO3 + CuCl2 and compared with the XRD 

spectrum in previous literature. From the spectrum, 

four intense peaks were identified at position 2𝜃 of 

37.8°, 44.1°, 64.2° and 77.24°. The peaks at 37.8° 

attributed to the formation of Ag-Cu alloy nano-

particles, whereas other peaks at 44.1°, 64.2° and 

77.24° showed a less intense in the XRD spectrum, 

 

 

  
 

Figure 4. SEM image of Ag-Cu alloy NPs (a) without gold coating (b) with gold coating. 

 

 

 

 
 

Figure 5. (a) XRD spectrum of synthesized Ag-Cu alloy NPs and (b) XRD spectrum of Ag-Cu alloy NPs in 

previous literature [29]. 
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indicating the presence of copper oxide (CuO) in 

samples [29]. The appearance of CuO may be due to 

the oxidation of copper in samples during sample 

preparation. Therefore, XRD characterisation proved 

the successful formation of Ag-Cu alloy NPs instead 

of the mixture of Ag and Cu. 

 

Additionally, EDX analysis was also performed 

to determine the percentage of each element presence 

in the sample. Based on the EDX spectrum shown in 

Figure 6, each element represented in Ag-Cu alloy 

NPs was shown successfully. However, the presence 

of oxygen may be due to the oxidation of some Cu 

metals to form CuO during the synthesis. Table 2 

indicates the interpretation of EDX spectrum where 

the percentage amount of oxygen was 0.67 %, while 

for Ag and Cu the percentage amount were 34.35% 

and 65.31%, respectively. These indicated that the 

sample was an alloy of Ag-Cu instead of individual 

Ag and Cu. In addition, the percentage amount of 

oxygen proved that the sample did not undergo 

complete oxidation.  

 

 

  
 

Figure 6. EDX spectrum of Ag-Cu NPs. 

 

 
Table 2. EDX analysis of Ag-Cu NPs. 

 

Elements Mass Percentage (%) Weight Percentage 

(%) 

Ag 0.17 34.35 

Cu 0.66 65.31 

O 0.09 0.67 

 

 

Figure 7. UV-vis absorbance of (a) SMMA@Ag-Cu alloy core-shell (b) Overlapped SMMA copolymer, Ag-Cu 

alloy and SMMA@Ag-Cu core shell. 
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Synthesis of SMMA@Ag-Cu Core Shell 

 

The synthesised SMMA@Ag-Cu core shell was in a 

light blue solution. In order to study the interaction of 

the core shell with light, UV-vis analysis was conducted 

on synthesised MDPCs. Figure 7(a) shows a sharp 

peak obtained at 291 nm that slightly shifted to the left 

as compared to Ag-Cu UV-vis analysis and shifted to 

the right as compared to SMMA copolymer UV-vis 

analysis shown in Figure 3. This is because, it was 

acknowledged that the combination of copolymer and 

metal NPs had improved the mechanical and electrical 

properties of photonic crystals [30]. Therefore, the 

UV-vis analysis of SMMA@Ag-Cu indicated that the 

resulting core-shell structure had improved the 

absorbance efficiency as compared to alloy and 

copolymer alone. Also, it directly deduced that the 

combination of copolymer and alloy NPs was successful, 

as well enhanced the absorbance efficiency.  

 

Furthermore, TEM characterisation was  

conducted on SMMA@Ag-Cu core-shell to study the 

morphological and structural behaviour of the core 

shell. Based on the TEM image in shown Figure 8, 

SMMA copolymer nano spheres could be observed 

with average sizes of 450 nm and were also clustered 

together owing to the strong attraction effects of the 

PEI linker. Unfortunately, the presence of Ag-Cu alloy 

NPs was incapable to observed in TEM analysis. The 

Ag-Cu bimetallic alloy NPs was complicated to be 

analysed using microscopic imaging since highly 

distributed metal species may be mobile, even at room 

temperature, depending on the surrounding gas 

particles [31].  

 

CONCLUSION 

 

In conclusion, SMMA@Ag-Cu a metalloidielectric 

photonic crystal (MDPC) was successfully produced 

by using SMMA photonic crystal as building block, 

while Ag-Cu bimetallic alloy nanoparticles as the 

metallic core shell. Significantly, a green chemistry 

approach has been taken for the synthesis of mono-

dispersed SMMA copolymer, whereby surfactant 

free emulsion copolymerisation reaction was employed 

and deionised water, a non-toxic solvent was used as 

a medium throughout the synthesis. Optically active and 

stable Ag-Cu alloy NPs synthesised from the chemical 

reduction method produced a high yield of alloy 

combination instead of individual Ag and Cu metals. 

 

Moreover, the SMMA@Ag-Cu also had unique 

optical properties, such as high dielectric constant and 

produced higher absorbance in UV-vis analysis as 

compared to Ag-Cu alloy and SMMA alone. In this 

context, it was proven that the invention of replacing 

a single polymer with SMMA copolymer elevated the 

heat resistance and was able to be fabricated as SERS 

substrate since it was capable to endure several Raman 

lasers [32]. Likewise, a substrate incorporated by using 

Ag merged with Cu could also promote SERS activity 

when detailed control in their compositions was 

applied [12]. Even though, the UV-vis results showed 

that SMMA@Ag-Cu had plasmonic properties. Further 

control over particle size, density and the surrounding 

medium's dielectric properties is still required to 

improve the electromagnetic properties on the surface 

for SERS activity [33]. Hence, this SMMA@Ag-Cu 

MDPC also has the potential to be used in various 

applications, especially as SERS substrate. 
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Figure 8. TEM images of SMMA@Ag-Cu core shell. 
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