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A feasible production of poly (methyl methacrylate)@alloy (gold-silver) core shell has

been presented as candidate in enhanced detection of surface enhanced Raman scattering

(SERS). Free emulsifier- emulsion synthesised PMMA sphere with average size of 419 nm in

diameter were used as core material for incorporation of alloy nanoparticles (6 nm) resulting

a core-shell structure. The fabrication of PMMA@alloy SERS substrate was successfully

done via self-assembly thus the produced SERS substrate that comprise of unique optical

properties combination arising from periodic core arrangement and plasmonic activity of

alloy nanoparticles. Alloy is bimetallic nanoparticles in which the combination of silver

(Ag) and gold (Au) present an absolutely improved light resistance as compared to single

metal alone with great surface plasmon resonance. Morphology and elemental analysis was

performed through scanning electron microscope (SEM) and the analysis showing species of

both Au and Ag in single alloy nanoparticles. The alloy nanoparticles were also observed to

homogenously coating the PMMA sphere. Surface plasmon resonance activity was maximum

at 476 nm obtained from UV-Visible spectroscopy. High surface production was observed

to have periodically arranged PMMA@alloy core -shell and potentially to be used as SERS

substrate.
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I. INTRODUCTION

Surface enhanced Raman scattering (SERS)

is label free tools with high sensitivity and pow-

erful spectroscopy techniques for the analysis of

∗Corresponding author:syara.kassim@umt.edu.my

molecular fingerprint along with excellent sub-

strate thus establishing SERS to be important

ranging from environmental monitoring, food

quality control, analytical chemistry, biomedical

and disease detection [1]-[5]. Accordingly most

attempts to improve SERS activity has been fo-
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cused on achieving high-performance SERS sub-

strates by using noble metal mainly including

Au, Ag and Cu [6]-[9]. However sensitive and

large area of identification and detection of un-

known sample remain as huge challenge due to

several limitation factor of substrate. Insuffi-

cient hot spot resulting from small surface area

lead to weak signal enhancement followed with

low molecular affinity for metal surface. Pho-

tonic SERS substrate currently has an intense

interest among researchers in which the fabrica-

tion is the main focus [10]-[14]. Several studies

were proposing to assemble nanoparticles in pe-

riodic arrangement to exhibit photonic band gap

(PBG) properties however the cost behind this

production is a huge deal. Furthermore the sub-

strate has a narrow active area and the stability

remain under argumentation.

Remarkable point is that Ag NPs produces

a sharp resonance however their weak resistance

towards light or easily oxidise in nature brings

Au as a great option among researcher. De-

spites of their stability and generally inert, Au

NPs were also believed in biocompatibility and

scope for surface chemistry however the plas-

monic activity is not as strong as silver [15]-

[18]. Originates from this situation bimetallic

(Au-Ag) alloy nanoparticles were synthesised in

this work to improve both physical and chemical

properties compared to single metal nanoparti-

cles. Polymer core material has been selected

in most research due to its easily controlled size

and shape [19]-[20]. Poly (methyl methacrylate)

spheres were selected as core material accord-

ing to its feasible production, tunable particles

size, reproducible, and could be removed eas-

ily if using as template for further work [21]-

[26]. Besides PMMA sphere could simultane-

ously stabilize metal nanoparticles from agglom-

erates by preparing a sites for the nanoparti-

cles to homogenously incorporate. Upon fab-

ricating, PMMA sphere obeyed to assemble in

periodic manner thus exhibited photonic band

gap (PBG) properties thus an idea of combin-

ing metal properties together with this photonic

crystals could be enhanced the performance of

SERS substrate threefold.

In this work, 3D metallodielectric pho-

tonic crystals SERS substrate was synthesized

and fabricated to demonstrate as highly sen-

sitive performance towards 4-aminothiolphenol.

PMMA spheres were prepared via free-emulsifier

emulsion polymerization continue with surface

modification with polyethylene imine (PEI) [27].

Alloy nanoparticles were prepared by reducing

the silver and gold precursor with sodium citrate

and introduced to modified PMMA/PEI. 3D

fabrication was done through bottom-up tech-

nique by self-assemble the SERS substrate and

ready for SERS probe molecule casting. Mor-

phology study was performed on both fabri-

cated PMMA thin film and PMMA@alloy dis-

persion to observe the periodicity of the assem-

bled sphere and homogeneity. The morphol-

ogy of final SERS substrate and nanoparticles

was observed and elemental mapping analysis
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was done to investigate percentage of element

species for Au, Ag and carbon (carbon rep-

resents PMMA). Surface plasmon resonance′s

peak of alloy nanoparticles and the core-shell

were compared and discussed in relation to the

SERS activity.

II. EXPERIMENTAL PROCEDURE

A. Materials

Methyl methacrylate monomer (MMA,

99%), poly (sodium -4-styrenesulfonate)

(PSSS), polyethylene imine (80% ethoxylated

solution) (PEI) and gold (III) chloride hydrate

(∼50% Au basis) (HAuCl4) were purchased from

Aldrich (Milwaukee, WI, USA), while potassium

persulphate (KPS) and trisodium citrate (TSC)

were purchased from RM Marketing (U.K).

Silver nitrate (AgNO3) was purchased from

Bendosen Laboratory Chemicals and deionized

water (resistivity 18.0 MΩ) was used for the

preparation of all solutions. All chemicals and

solvents were used as received without further

purification. All reactions were carried out in

the fume hood.

B. Synthesis PMMA@alloy coreshell

Monodispersed PMMA spheres with aver-

age size of 427 nm were initially synthesized

via surfactant free emulsion polymerization [28].

Where 64 ml of deionized water, 10 ml monomers

MMA and 16 ml of initiator KPS (0.13 M) were

fed onto a tri-neck round-bottom flask equipped

with a nitrogen inlet tube and water cooled re-

flux condenser. This polymerization was carried

out by heating at 90 ◦C with an automatically

controlled silicon oil bath and hotplate stabilizer

rod. Milky white colloidal suspension was ob-

served after 15 minutes and the reaction was con-

tinued for another 30 minutes for complete the

polymerization. The obtained colloidal suspen-

sion (PMMA) was then filtered and continued

with centrifugation (Eppendorf 5810, Germany)

step at 3800 rpm for 25 minute to results ho-

mogenous PMMA spheres for further use.

PMMA was undergone surface modification

by using PEI before incorporated with alloy NPs

in which alloy nanoparticles were separately pre-

pared by using citrate reducing agent. 78 ml

of deionized water was boiled at 100 ◦C, while

stirring at 300 rpm. 1ml of AgNO3(1mM) and

HAuCl4 (1mM) were carefully dropped into the

flask followed with addition of 8ml TSC (0.1M)

immediately. The reaction was continued at

100◦C and 300 rpm for 15 minutes. The re-

sulting alloy NPs suspension was centrifuged

and redispersed. The solution was let to cool

at room temperature before incorporated onto

PMMA/PEI spheres. PMMA/PEI suspension

was dropped into alloy nanoparticles suspension

and the reaction was stirred (450 rpm) for a

day at room temperature to form the core-shell.

PMMA@ alloy core-shell was centrifuged and re-

dispersed for fabrication and characterization.
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C. Fabrication

Fabrication of PMMA thin film and PMMA@

alloy CS (3D MDPC SERS) substrate was done

via self-assembly technique. 1 cm x 2 cm size

microscope glass slide was settled 45◦ in either

PMMA or PMMA@ alloy suspension and let

grow in an oven (Eppendorf, Germany) at 60

◦C for 2 days.

D. Characterization

The average diameter and polydispersity of

polymer particles dispersion were measured by

using particle size analyzer (PSA, Malvern, UK)

and dynamic light scattering (DLS, Malvern,

UK) together with analysing the zeta potential

of polymer and alloy NPs. The morphology of

PMMA and PMMA@alloy CS was observed by

using scanning electron microscopy (SEM, JEOL

model 6360F) images and the composition of

coreshell were confirmed by electron dispersive

X-ray spectroscopy (EDS). A drop of disper-

sion and also thin film was placed on a sample

stub and dried before SEM viewing. Alloy NPs

and the core-shell was investigate it potentiality

in photonic applications by using UV-Vis spec-

troscopy (Shimadzu, Japan).

III. RESULT AND

CHARACTERIZATION

The average size and surface charge of the

material in every stage of preparation is sum-

marised in Table 1. Accordingly 427 nm poly

(methyl methacrylate) (PMMA) spheres with

polydispersity index (PDI) of 1.35% was ob-

tained. From the PDI data, it can be concluded

that the PMMA spheres have a low size disper-

sion thus homogenously in suspension. The ho-

mogeneity of core material which is PMMA is

a key factor in achieving an excellent photonic

band gap (PBG) properties in further fabrica-

tion as SERS substrate. Homogenous PMMA

sphere would produce a high order sequence dur-

ing fabrication thus resulting in photonic crys-

tals with nearly complete PBG. Zeta potential

(ζ-potential) is well known technique for deter-

mining the surface charge of nanoparticles in so-

lution (colloids). Thus in this work, ζ-potential

is another confirmation indicator besides to de-

termine if a surface modification to the nanopar-

ticle has been successful or if a processing step

has modified the nanoparticle surface. High ζ-

potential (usually in range of +25 mV and -

25 mV) reveals high degree of long term stabil-

ity of suspension while dispersions with a low

ζ-potential value will eventually aggregate due

to van der Waal inter-particle attractions. By

relying on this PMMA spheres, alloy nanopar-

ticles and the core-shell have low tendency to

aggregates in long time period. Surface modi-

fication of PMMA with PEI was also success-

fully obtained by comparing the charge value

of PMMA and PMMA /PEI is -31.36 mV and

+48.86 mV respectively. Furthermore, the sta-

bility of dispersion after modification was also
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notified. Alloy nanoparticles (Alloy NPs) how-

ever have problems in determining the actual

value due to limitation of zeta size in which par-

ticles with diameters of <20 nm have a high mo-

bility in solution due to the applied field and

Brownian motion. In addition, these particles

have very low light scattering properties thus

satisfactory quality result hardly being analysed.

However the surface charge of alloy NPs still

could be finalised even with a very low value of

ζ-potential thus linking PEI in between PMMA

and alloy NPs is promoting the incorporation of

alloy on PMMA surface. Average size of alloy

NPs (6 nm) however was obtained from elec-

tron micrograph measurement tools with stan-

dard deviation of 0.02 (Figure 2 (c)).

Table 1. Average particle size and surface

charge of PMMA, PMMA/PEI and alloy NPs.

Materials Average size PDI index Surface charge

(nm) (%) (mV)

PMMA 427 1.35 1.35

PMMA/PEI - - +48.86

Alloy NPs 6 nm - -9.94

Physically, Figure 1 shows the obtained silver

nanoparticles with golden orange colour indicat-

ing the existence of the nanoparticles and fabri-

cated PMMA thin film which exhibiting a very

brilliant colour as light strikes translating the

opalescence colour of photonic crystals that ex-

ist in nature such butterflies wings and peacock

feathers [29]. Morphology of every material in

each stage of study was observed through scan-

ning electron microscopy (SEM) as compiled in

Figure 2. The first two images (Figure 1 (a) and

(b)) show perfect ordered arrangement of fab-

ricated PMMA in a repeated sequence of face-

centered cubic (FCC) lattice structure. This

structure could exhibit optical properties of pho-

tonic crystals which so called as photonic band

gap (PBG) or stop band. Theoretically PBG

arises as incident light strikes the structure, it

will be reflected at certain wavelength relying

on particles size, angle of diffraction and mate-

rial refractive index according to Bragg Snell′s

law.

This phenomenon enables the structure to

control light according to required wavelength by

modification of its size, angle or materials. Thus

in this work aiming toward SERS enhancement

study wavelength in range of 400 nm to 600 nm

was targeted and will be discussed in details in

UV-Vis spectroscopy section. Alloys NPs were

examined through SEM as shown in Figure 2

(c) by drying alloy NPs solution on double tape

to prevent sample loss thus from the image it

could be observed that alloy NPs were actually

stacked on tape. Figure 2 (d) displays the mor-

phology of PMMA@alloy core-shell in suspen-

sion in which tiny white dots indicate alloy NPs

attachment and could be seen to completely in-

corporates surround the PMMA sphere

In further, the percentage composition of el-

ements especially Au and Ag in bimetallic al-

loy nanoparticles was analysed via energy dis-

persive X-rays scattering (EDS). The insert im-
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Figure 1. Photo of opalescence PMMA thin

film (left) and alloy nanoparticles (right)

obtained in this work.

Figure 2. SEM image of a) and b) PMMA thin

film, (c) alloy NPs and (d) PMMA@alloy

core-shell dispersion.

age in Figure 2(d) illustrates the spectrum ob-

tain from the EDX analysis while Table 2 sum-

marises each element with the indicating mass

percentage. 65.92 % of Au and 8.02% of Ag was

analysed in alloy NPs coated 17.43% of PMMA

polymer host

High percentage of Au in this bimetallic

structure could be explained according to their

nature of stability itself and due to strong light

resistance compared to Ag. In this work we are

using 1:1 ratio of Au and Ag precursor thus in or-

der to obtained equal percentage the ratio could

be tuned to 2:1 or 3:1 of Ag and Au volume

Table 2. EDS analysis for every element

constituent of PMMA@alloy core-shell.

Element (keV) Mass % K

C K* 0.277 17.43 9.0891

O K* 8.63

Ag L* 2.983 8.02 8.8211

Au M* 2.121 65.92 82.0898

UV-Vis spectroscopy spectrum in Figure

3 demonstrates SPR peak of alloy NPs and

PMMA@alloy core-shell at the wavelength of 451

nm and 438 nm respectively. Slight shift and less

intense of PMMA@alloy core-shell as compared

to alloy NPs was observed due to the assimila-

tion of PMMA and alloy NPs dielectric environ-

ment which also contribute to the merge of SPR

and the photonic band gap (PBG) properties.

This SPR peak was believed could be increased

by the increasing the alloy NPs composition or

by decreasing polymer diameter which provides

higher surface area for the incorporation sites.

However for the actual usage PMMA@alloy core-

shell is in thin film form thus the hybrid prop-

erties of PBG and SPR could not be study us-

ing typical UV-Vis spectroscopy. Thus Raman

spectroscopy analysis will be carried out for final

detection studies to confirm the applicability.

According to the findings PMMA@alloy 3D
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Figure 3. UV-Vis absorption spectrum of Alloy

nanoparticles and PMMA@Alloy core shell.

MDPCs SERS substrate could be potentially

used as SERS sensitive substrate due to its ex-

cellent plasmonic properties. Furthermore the

holey structure of the core-shell particles itself

have a contribution in trapping the electron and

create a region of high electron density. In ad-

dition 3D MDPC SERS substrate also could be

fabricated in large area and would serve large

active area upon detection. Another remarkable

point is it was reproducible and highly stable to

be stored in long time.

IV. SUMMARY

In conclusion, the core-shell structure con-

sist of PMMA as core and alloy (Au-Ag) as the

shell was successfully synthesised in this work

in developing 3D SERS substrates referring to

both physical and optical properties. The core-

shell advantages with interior nanogap in be-

tween Au-Ag alloy nanoparticles on the sur-

face of PMMA sphere. Besides the fabrica-

tion of PMMA@alloy SERS substrate was per-

formed via self-assembly method which is low

cost and laboratory practise. Alloy NPs were in-

troduced onto PMMA surface with modification

using PEI. The uses of PEI successfully modified

negatively charge PMMA surface to enhance the

incorporation of alloy NPs. The average size of

6 nm alloy NPs was obtained with intense SPR

peak at the wavelength of 438 nm indicating the

improvement of plasmonic activity of alloy NPs

compared to Au NPs from our previous work

along with stability.

The results from the fabrication the ob-

tained SERS substrate consisted of two prop-

erties arising from photonic crystals and metal

nanoparticles that were from periodic arrange-

ment PMMA@alloy and alloy nanoparticles re-

spectively. These properties were so called as

PBG and SPR properties each from periodic ar-

rangement of PMMA@alloy and alloy nanopar-

ticles enables sensitive SERS substrate. The

enhancement of Raman signal was expected to

gradually increased and stable for a long time

period. Compared to conventional SERS sub-

strate , the PMMA@alloy coreshell could serve

the most versatile yet sensitive substrate due to

the ability of alloy NPs itself in gripping SERS

reporter molecule vertically possess better per-

formance in chemical and biological analysis.
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