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ABSTRACT 
 

Gold nanoparticles offer variety of applications in chemical and biological fields. Intensity and position of 
surface plasmon resonance (SPR) band in gold nanoparticles can be modulated by size and shape of the 
nanoparticles or the dielectric properties of the surrounding environment. This feature provides a 
convenient way to control the SPR of gold nanoparticles for surface enhance Raman scattering 
applications. It was popularly reported that gold nanoparicle can be synthesized favorably by chemical 
method but such approach also bring some limitation to applications due to surfactant often used in the 
synthesis process. In this report, we present the results of preparation of gold nanoparticles by combining 
sputtering and thermal annealing method. Size of the as-prepared gold nanoparticles, observed by 
scanning electron microscopy, increases monotonically with increasing sputtering time. Gold 
nanoparticles with size from 30 to 100 nm at high density and homogenous distribution was obtained 
when sputtering time is increased from 10s to 50 s. Gold thin film prepared at longer sputtering time 
could not be converted to gold nanoparticles as pointed out by absorption spectra. Variation of 
nanoparticle size results in corresponding shift of the SPR band. 
Keywords: Gold nanoparticles; sputtering; thermal annealing; surface plasmon. 
 

INTRODUCTION 

Gold nanoparticles have shown its potential 
applications in various fields such as 
biomedical, electronics, photovoltaics … due to 
interesting properties such as: surface plasmon 
resonance, biocompatibility, excellent catalytic 
properties, multiple surface functionalities [1–5]. 
These applications have fostered research 
related to synthesis of gold nanostructures in 
general and gold nanoparticles in particular. A 
good synthetic process should provide gold 
nanoparticles of controllable morphology and 
shapes. Since its discovery, reduction method 
was broadly used as an effective way to prepare 
gold nanoparticles from solution phase [6,7]. 
Further modification of reduction method 
offered a convenient tool to obtain gold 
nanostructures of various shape including 
nanowires, nanorods, nanoflowers, nano-
urchins… and of narrow size distribution. 

However the organic compounds used in the 
synthesis process might limit the applicability 
because purity is a key factor in many biological 
or electronic applications.  

In this paper, we reported the fabrication of 
gold nanoparticles by a facile process with 
combining sputtering and thermal annealing 
methods. The obtained nanoparticles were 
characterized with different techniques such as: 
scanning electron microscope, diffuse 
reflectance spectroscopy. The results show that 
the products are of high quality. The major 
advantages of this approach are the homogeneity 
and uniformity of the nano products. The simple 
fabrication is also promising for scaling up for 
mass production. 

EXPERIMENTAL 

Sodalime glass was used as substrates for 
preparing gold thin films. The substrates were 
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first cleaned by ultrasonic bath in double 
distilled water, ethanol and acetone in sequences 
to remove any organic residue on the surface. 
The samples were then dried by air gun blowing. 
The substrates were then transferred into 
vacuum chamber of a DC sputtering system. The 
substrates were mounted onto an unheated 
copper plate. Thin films of gold were deposited 
on the prepared substrates by DC sputtering 
process at base pressure of 6 Pa. The used target 
is a gold disk (purity of 99.99%) of 2.5 inches. 
The current used in this research is fixed at 20 
mA. The sputtering time was changed from 10s 
to 50s while the thickness of prepared films was 
estimated by using extrapolating plot provided 
by the sputtering system supplier. 

 
(a) 

 
 
Figure 1. Image of DC sputtering system (a) and 
horizontal furnace (b) used to fabricate gold thin 
films in this research.  

In order to transform gold thin films into 
nanoparticles, heat treatment at 300oC in 2h was 
applied. Morphology of the obtained nano 
products were then characterized with scanning 
electron microscope Nova Nanosem while 
surface plasmon property was studied by diffuse 
reflectance spectroscopy.  

 

RESULTS AND DISCUSSION 

Figure 2 shows SEM images of gold thin 
films sputtered in 10 s and 40s. The images 
show that the films are smooth and 
homogeneous. It is likely that sputtering times 
does not change the morphology of surface 
morphology of thin films except thickness. 

 
(a) 

 
(b) 

Figure 2. SEM images of gold thin films 
sputtered in 10s (a) and 40s (b)  

After heat treatment at 300ºC in 2h, the gold 
layer was turned into array of gold nanoparticles 
of quite uniform size and shape. The 
nanoparticles has quasi spherical shape. The 
images also show that particle size is in a 
correlation with thickness of the as-prepared thin 
film. As the sputtering time increasing from 10s 
to 50s particle size increase accordingly from 30 
nm to over 100 nm. It is also noted that at long 
sputtering time, size distribution becomes 
broader.  

Figure 4 shows absorption spectra of the 
sputtered gold thin films. As can be seen that no 
plasmon peak was observed in the spectra which 
is in agreement with the fact that after sputtering 
gold was form as a continuous thin layer on 
substrates. 

After heat treatment, clear plasmon peaks of 
gold appear in the absorption spectra. As 
sputtering time increasing, gold nanoparticles 
becomes bigger and size distribution is broader. 

500nm 

500nm 
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As a result, plasmon peak becomes broader and 
shifts to longer wavelengths. At sputtering time 
longer than 50s, plasmon peaks is faded out 
because of the large particle size.  

  
(a) 

 
(b) 

Figure 3. SEM images of gold thin films 
sputtered in 10 s (a) and 40s (b) after being 
annealed at 300ºC in 2h.  
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Figure 4. Absorption spectra of gold thin films 
prepared by sputtering method.  

The results show that by controlling 
sputtering time, we can control the particle size, 
which in turn affect plasmon properties of the 
gold nano-particles. 
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Figure 5. Absorption spectra of gold thin films 
prepared by sputtering method after heat 
treatment.  

CONCLUSION 

We successfully prepared gold nanoparticles 
on sodalime glass by combining sputtering and 
thermal annealing method. Particles size and 
surface plasmon property of gold nanoparticle 
can be conveniently controlled by sputtering 
time. The results demonstrate that combination 
of sputtering and annealing is a promising route 
to prepare gold nanoparticles array on flat 
substrates for various applications.  
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ABSTRACT 
 

Gold nanoparticles are well-known for surface plasmon resonant related applications such as: surface 
enhanced Raman scattering, photovoltaics. In these applications, particle size is extremely important due 
to its effect on surface plasmon resonant peak position. In this report, thin films of gold were first 
fabricated by sputtering methods. Gold nanoparticles were developed by annealing the as prepared gold 
thin films at 300ºC.  The as-prepared nanoparticles was characterized with scanning electron microscopy, 
absorption spectroscopy while Raman spectroscopy was used to study the surface enhanced Raman 
scattering. The as-prepared arrays of gold nanoparticles show excellent SERS activity with organic dye 
methylence blue as probe. Particle size shows clear effect on enhancement of Raman signal methylence 
blue.  
Keywords: Gold nanoparticles; sputtering; thermal annealing; surface plasmon. 

INTRODUCTION 

Since its discovery, surface enhanced Raman 
scattering (SERS) is expected to provide a 
sensitive tool for chemical and biomedical 
sensing and imaging [1–3]. In this technique, 
preparation of noble metals nanoparticles is 
extremely important because they serve as the 
platform for Raman enhancement. Self 
assembled monolayer of gold or silver 
nanoparticles developed from solution phase is 
reported to provide good enhancement of Raman 
signal [4–6]. However, one main limitation of 
this method is the randomness of the 
aggregation of nanoparticles during synthesis, 
which often leads to poor repeatability of the 
prepared SERS substrates. This in turn prevents 
the capability of using these substrates for 
quantitative study. Hence, development of SERS 
substrates based on evenly distributed array of 
noble metal is of great interest.  

In this research, we report of using gold 
nanoparticles array on sodalime glass to 
effectively enhanced Raman scattering. The 2D 
arrays of gold nanoparticles were fabricated by 
sputtering and annealing method. Morphology 

and surface plasmon resonance property of the 
samples were then characterized with scanning 
electron microscope and absorption 
spectroscopy, respectively. Surface enhanced 
Raman scattering on the as prepared gold 
nanoparticle array was also studied.  

EXPERIMENTAL  

Thin films of gold were prepared on 
sodalime glass substrates. Ultrasonic bath was 
applied to clean the substrates. The substrates 
were cleaned with double distilled water, 
ethanol and acetone in 10 min each cycle several 
times to clean the surface. The samples were 
then dried before being transferred into vacuum 
chamber for sputtering process. DC sputtering 
system integrated in Scaning electron 
microscope was utilized to prepare gold thin 
films. Heat treatment was not applied during 
sputtering process. Base pressure in vacuum 
chamber is maintained at 6 Pa. A gold disk 
(purity of 99.99%) of 2.5 inches was used as 
target. The current for sputtering was fixed at 30 
mA while sputtering time was from 10s to 50s. 
The thickness of obtained films was estimated 
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by the correlation between sputtering time and 
thickness given by the manufacture of sputtering 
system.  

 
Figure 1. Image of gold nanoparticles array 
prepared by sputtering and thermal annealing 
method. The sputtering time is 10s, 20s, 30s, 40s 
and 50s. 

In the next step, the as-prepared thin films 
were annealed at 300ºC in 2h. The heat 
treatment helps to form array of gold 
nanoparticle distributed quite evenly on the 
substrates. 

The samples were then studied with 
scanning electron microscope and absorption 
spectroscopy. Raman spectrometer Lamram HR 
800 was used to investigate surface enhanced 
Raman scattering of the as-fabricated substrates 
with Methylence blue as Raman probe. Laser 
power was estimated as 0.2 mW at the surface 
sample. Raman signal was collected with a 50x 
long working distance lens.  

RESULTS AND DISCUSSION 

Figure 2 presents SEM images of array of 
gold nanoparticles formed by annealing gold 
thin films sputtered in 10 s and 40s. As can be 
seen from the figure that the nanoparticles have 
uniform size and quasi spherical shape.  

It is noted that particles size increases with 
increasing sputtering time. Average particles 
size of gold nanoparticles developed from thin 

films sputtered in 10s is about 30nm while that 
of the sample sputtered in 40s is over 100nm 
with a broad size distribution. 

 
Figure 2. SEM images of gold nanoparticles 
obtained by annealing gold thin films sputtered 
in 10 s (a) and 40s (b).  

 
Figure 3. Absorption spectra of gold thin films 
with and without heat treatment.  

Figure 3 shows absorption spectra of the 
sputtered gold thin films before and after 
annealing at 300ºC in 2h. The absence of 
plasmon peak in the absorption spectra before 
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annealing process implies that gold was formed 
as a continuous thin layer on substrates.  

After heat treatment, clear plasmon peaks of 
gold in the absorption spectra demonstrate that 
gold layers were transformed into nanoparticles 
due to the shrinkage induced by heat treatment. 
Absorption data show agreement with SEM 
images where broader plasmon peaks and red 
shift of plasmon peak correspond to growth of 
particle size as well as size distribution.  

SEM images and absorption data show that 
gold nanoparticles of different size, and tunable 
surface plasmon resonance were obtained by 
controlling sputtering time. Surface enhanced 
Raman scattering of methylence blue adsorbed 
on these gold nanoparticle was studied to 
demonstrate the application of surface plasmon 
resonance in biomedical field. Figure 4 shows 
Raman spectra of methylence blue adsorbed on 
gold nanoparicles array prepared from thin films 
of 40s sputtering. 

Raman spectra clearly illustrate 
characteristic Raman peaks of methylence blue 
at 1299, 1393, 1497, 1621 cm-1. Table 1 
summarizes the corresponding vibration modes 
of methylence blue. The Raman peaks in our 
study agree well with those reported previously 
for this material. 

Raman data shows that the asprepared gold 
nanoparticles are good SERS substrates of high 
sensitivity, which allow detecting methylence 
blue at very low concentration of 10-10 M. 

Estimated enhancement factor of the 
asprepared SERS substrates based on gold 
nanoparticles was 3.8×107. The result is 
promising and show that SERS substrate based 
on gold nanoparticles has some advantages such 
as simple processing, high puritiy. 

Table 1. Raman peak position and assignment of 
the corresponding vibration mode 

Observed 
Raman peak 

Raman vibration mode  [1,7] 

1299 (CH); (C-N) ring 

1393 (C9-N10); (C3-N2); (C-N) 
ring; (CH) 

1497 (CH2)twist ; (CH) 

1621 (C-C)/(C-N) 

 
Figure 4. Raman spectra of methylence blue 
adsorbed on gold nanoparticles prepared from 
gold thin films sputtered in 40s.  

CONCLUSION 

Uniform gold nanoparticles were prepared 
on sodalime glass by combining sputtering and 
thermal annealing method. Surface plasmon 
peak position of gold nanoparticle is dependent 
upon particle size, which can be tuned 
conveniently by controlling sputtering time. The 
as-prepared gold nanoparticle array can serve as 
good surface enhanced Raman scattering 
platform and can be applied in biomedical 
analyzing. Further optimization of enhancement 
factor is being conducted.  
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