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Abstract 
 

Seed-mediated growth method (SMGM) in preparation of gold nanoparticles becomes one of the most popular methods due to the sim-

plicity of the experimental procedures and flexibility in structural modifications. In this paper, we report a new method for synthesizing 

gold nanoparticles using silver seeds. The effect of seed concentration and growth time are investigated in this work. By increasing the 

silver seed concentration, it is found that the color of the colloidal gold nanorods obtained are changed from light pink to reddish purple, 

the surface plasmon resonance band is shifted to the blue region whereas absorption spectra becomes narrower. The additional peak is 

also spotted when increasing silver seed concentration to 5 µl. Meanwhile, increasing the growth time from 5 to 240 minutes tends to 

increase the color concentration of the solution. Besides that, the absorbance of colloidal gold nanorods is also increased with an increase 

in the growth time whereas optimum growth time is found to be 45 minutes. FESEM characterization shows that gold nanoparticles 

shapes are dominated by nanorods with average length, width, and aspect ratio are 129.8 nm, 42.9 nm, and 3.4, respectively. The energy-

dispersive x-ray spectroscopy (EDX) shows the chemical composition of the synthesized sample is Gold (Au) with weight % and atom-

ic % are 32.23 and 5.98, respectively. Besides that, signals from Carbon (C), Oxygen (O), and Indium (In) atoms were also recorded 

from EDS spectra. The present approach thus provides new method for synthesis gold nanoparticles with additional plasmon resonance 

peak thus it has very potential for application in plasmonic sensing. 
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1. Introduction 

Gold nanoparticles (GNPs) are most of the stable metal nanoparti-

cles and one of the most promising materials for sensor [1], bio-

sensor [2], catalyst [3] and drug delivery [4]. Recently, the fabri-

cation of gold nanoparticles has attracted wide attention because 

of their unique optical properties. These optical properties are 

obtained from interaction of light and electron on the gold nano-

particles surface called localized surface plasmon resonance 

(LSPR) phenomenon [5]. The particular wavelength where this 

phenomenon occurs is strongly dependent on size, shape, and 

structure of gold nanoparticles [6]. 

Numerous studies have been carried out to GNPs with different 

shape such as spherical [7], rod [8], wire [9], plate [10], cages [11] 

and many other shapes. Gold nanorods (GNRs) exhibited two SPR 

modes i.e. transversal mode (t-SPR) and longitudinal mode (l-

SPR). These characteristics make GNRs very attractive to be used 

in many biological, sensing, and plasmonic applications. The con-

sequence is researchers with a wide range of backgrounds ex-

tremely interested in studying GNRs production. There are three 

common methods used by researchers to produce GNRs, i.e. tem-

plate method, electrochemical method, and seed-mediated growth 

method. In recent years, the seed-mediated growth method has 

been the most popular method to fabricate gold nanoparticles due 

to the simplicity of the experimental procedures and flexibility in 

structural modifications [12]. 

The synthesis of GNRs by seed-mediated growth method was first 

demonstrated in 2001 by Jana and co-workers [13]. They synthe-

size GNRs using 3 - 4 nm gold seeds prepared by reduction gold 

salt (HAuCl4) with borohydride in the presence of sodium citrate. 

Meanwhile, the growth step was carried out by adding the seed 

solution to growth solution containing HAuCl4, CTAB, ascorbic 

acid and silver. GNRs with various aspect ratios can be obtained 

by adding different volume of seeds to different samples of 

growth. In 2003, Nikhoobalt and El-Sayed developed a new varia-

tion of synthesizing GNRs by replacing sodium citrate with CTAB 

in the seed process. To synthesize GNRs with higher aspect ratio, 

they also introduced co-surfactant, namely BDAC, in the growth 

solution. Using this method, the aspect ratio of GNRs was con-

trolled by adjusting the amount of silver ions in the growth solu-

tion and a yield as high as 99 % for the GNRs was achieved [14]. 

Recently, Murray and his co-researchers reported an improved 

SMGM for synthesizing GNRs by using aromatic additives with 

low CTAB concentration [15]. In their work, the seed solution was 

prepared following the procedures as reported by Nikhoobalt and 

El-Sayed. Growth solution was prepared by adding salicylate-

based sodium salt for GNRs with l-SPR less than 700 nm and 

salicylic acid for GNRs with l-SPR greater than 700 nm in a solu-

tion containing gold salt, silver ion, ascorbic acid, and low con-

centration CTAB. As a result, the aspect ratio of GNRs could be 
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controlled by adjusting the concentration of silver ions as well as 

the amount of seed solution used. 

In this work, we introduced a new method to synthesize GNRs by 

replacing the seed nanoparticle with silver. Commonly, silver ion 

was known as a shape-directing agent in synthetic routine. When 

foreign metal ion, in this case is the silver ion, was introduced 

during seed process, the deposition during the growth process will 

be different with the regular process since the deposition mode on 

one metal to another metal surface can affected by their physico-

chemical properties. Therefore, the goals of this work are to inves-

tigate the effect of silver seeds concentration as well as the effect 

of growth time by means of SMGM. 

2. Experimental 

2.1. Materials 

Hydrogen tetrachloroaurate (HAuCl4), trisodium citrate, cetyltri-

methylammonium bromide (CTAB), sodium borohydride 

(NaBH4), and ascorbic acid were purchased from Sigma Aldrich 

(USA). Silver Nitrate (AgNO3) was purchased from Emory (USA). 

All of the chemicals were used without further purification. De-

Ionized (DI) water with resistivity around 18.2 MΩ, which was 

obtained from a Millipore RiOs water purification system was 

used for all solution preparations. 

2.1. Synthesis 

GNRs were synthesized using seed-mediated approach according 

to a procedure reported previously [16] with minor modifications. 

This process consists of two stages namely seeding and growth 

process. In the seeding process, silver seeds were prepared by 

reducing AgNO3 with NaBH4 in the presence of trisodium citrate. 

The 0.5 ml of 0.01 M AgNO3 and 0.5 ml of 0.01 M trisodium 

citrate were added into 19 ml DI in a glass vial, shaken for 30 

seconds, and later, left undisturbed for 30 minutes at temperature 

28ºC. Then, freshly prepared 0.5 ml ice-cold 0.1 M NaBH4 was 

added into the solution. After adding NaBH4, the color of the solu-

tion changed to yellow, due to the formation of a silver nanoseeds. 

The as-prepared silver seed was left undisturbed at temperature 

28ºC for 1 hour before further use. After that, the growth solution 

was prepared by adding 0.5 ml of 0.01 M HAuCl4 and 0.12 ml of 

0.1 M ascorbic acid into 20 ml of 0.1 M CTAB. After complete 

mixing, the solution color changed from yellow to colorless. Fi-

nally, growth process was carried out by added silver seeds solu-

tion into the growth solution. This mixture was left undisturbed at 

temperature 28ºC before further use. Schematic of the sample 

preparation is shown in Figure 1. 
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Fig. 1: The schematic of synthesizing gold nanorods using silver seeds. 

 

In order to study the effect of seed concentration, seed solution 

was added into growth solution with three different concentrations, 

i.e. 1, 5, and 10 µl. These samples were grown at growth time 1 

hour and labeled as GNR1, GNR5 and GNR10. Meanwhile, to 

study the effect of growth time, the optimum seed solution con-

centration which is 5 µl was grown at eight different growth time, 

i.e. 5, 10, 15, 30, 45, 60, 120 and 240 minutes. These samples 

were labeled as GNR5-5, GNR5-10, GNR5-15, GNR5-30, GNR5-

45, GNR5-60, GNR5-120 and GNR5-240. 

2.3. Characterization 

UV-Vis absorption spectra were recorded by UV-1800 Shimadzu 

UV-Vis Spectrophotometer (Japan) at a wavelength ranging from 

400 to 800 nm. The surface morphology of the samples was ob-

tained using a Joel JSM-7600F Schottky FESEM (USA) with an 

accelerating voltage at 5 kV. No metallization was required to 

observe the samples. The energy-dispersive x-ray spectroscopy 

(EDS) detector attached to the FESEM was used to analyze the 

elements of the sample. The voltage used for EDS also at 5 kV. 

For FESEM and EDS purpose, the sample was prepared by centri-

fuging 10 ml of the growth solution at 4000 RPM using Sewage 

electric centrifugal machine model 800-1 for 15 minutes. Then, 

the precipitate of the solution was dispersed in 10 ml DI water and 

re-centrifuged for another 15 minutes to remove the excess surfac-

tants. After second round of centrifugation, the precipitate was 

dispersed in 1 ml of DI water to prepare a concentrated solution. 

10 µl of this solution was dropped on a clean ITO substrate (5 mm 

x 5 mm) and dried at 60 ºC. 

3. Results and Discussions 

The gold nanoparticles have been successfully synthesized using 

seed-mediated growth method. The schematic of reaction in seed-

ing process is shown in Figure 2. 
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Fig. 2: The schematic of silver seeding process: (a) reduction process of 
Ag+ ions to Ag complex in the presence of trisodium citrate and (b) reduc-

tion of Ag complex to Ag nanoseeds in the presence of sodium borohy-

dride. 

 

When Ag+ ions and trisodium citrate were mixed, an Ag+ ions 

capped with COO- head group and lead the formation of Ag com-

plex [17] as seen in Figure 2a. As weak reducing agent (sodium 

borohydride) was added to the Ag complex, the solution turned to 

pale yellow (see Figure 1), indicates formation of silver seeds with 

size less than 5 nm as previously reported [18]. The reaction oc-

curs in this condition is shown in Figure 2b. 

Whereas, the reaction occurs in growth process is illustrated in 

Figure 3. When the ion Au3+ and CTAB surfactant were mixed, 

the mixture solution turned to orange (see Figure 1), indicating the 
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formation of AuBr- [19]. Then, the solution turned to colorless 

when ascorbic acid was added (also see Figure 1). This indicates 

Au3+ ion was successfully changed to Au+ [20] as described in 

Figure 3a. This solution remains unchanged even after left for 

long time (more than 24 hours), indicates that Au3+ was not re-

duced to Au0 in the absence of seed solution. We assumed this is 

because of ascorbic acid is too weak to reduce Au3+ to Au0. When 

the silver nanoseeds solution was added, the growth solution slow-

ly turned from colorless to pinkish which demonstrates that gold 

nanoparticles was formed as shown in Figure 1 and the reaction 

occurs as shown in Figure 3b. It is assumed that at first stage, 

silver nanoseeds act as catalyst in reduction of Au3+ to Au0 by 

ascorbic acid and then its surface play a role as nucleus in initial 

growth process.  

 

Au3+

T=27ºC

Ascorbic acid

+ N
+ Br

-

CTAB

O
O

HOOH

OH

OH H

Au+N
+ Br

-

N +Br -

N+ Br-

N
+Br

-

N +Br -
N

+Br
-

N
+ Br
- N

+Br
-

N
+ Br

-

N
+Br -

N+ Br-

N
+Br

-

N +Br - N
+Br

-

N
+ Br

-

N+ Br-

Gold ion – CTAB 

(growth solution)

(a)

Au NPs

AuAu+N
+ Br

-

N +Br -

N+ Br-

N
+Br

-

N +Br -
N

+Br
-

N
+ Br
- N

+Br
-

N
+ Br

-

N
+Br -

N+ Br-

N
+Br

-

N +Br - N
+Br

-

N
+ Br

-

N+ Br-

Growth solution

Ag nanoseed

Ag

(b)
 

Fig. 3: The schematic of gold nanoparticles seeding process: (a) reduction 

process of Au3+ ions to Au+ complex ions in the presence of ascorbic acid 

and (b) reduction of Au+ complex to Au0 (Au nanoparticles) assist by Ag 
nanoseeds.  

3.1. Effect of silver seed concentration 

Formation of gold nanoparticle in solution was confirmed by the 

appearance of color change in growth solution after a certain time 

of growth process. Photographs of aqueous gold nanoparticles 

synthesized with various silver seed concentration were shown in 

Figure 4.  

 

 
Fig. 4: Photograph of aqueous solutions of GNRs synthesized with various 

silver seed concentration.  

 

When silver seed concentration 1 µl added to growth solution, the 

color of colloidal gold nanoparticles is light pink. As the silver 

seed concentration was increased to 5 µl, colloidal gold nanoparti-

cles in purple are produced. Continual increase of the silver seed 

concentration to 10 µl produced reddish purple colloidal gold. 

This color difference indicates that GNPs produced have different 

sizes, shape or density [21]. 

UV-Vis absorption spectra of gold nanoparticles synthesized using 

various silver concentrations were shown in Figure 5. Increasing 

silver seed concentration from 1 to 10 µl resulted in increasing in 

absorbance. This indicates the particle concentration obtained is 

increased [22] as a result of high metal nuclei. Increasing silver 

seed concentration also shifted SPR band to the blue region (SPR 

reading peak for GNR1, GNR5, and GNR10 are 562, 541, and 534 

nm, respectively) which correlated to a decrease in nanoparticles 

size [23]. Besides that, as the silver seed concentration increased, 

the absorption spectra also become narrower indicated that homo-

geneity of gold nanoparticles are increased [24]. Additional peak 

which indicates the shape changes also appeared by the increasing 

of silver seed concentration (GNR5). However, this additional 

peak became less prominent when silver seed concentration in-

creased to 10 µl (GNR10). 

 

 
Fig. 5: UV-Vis absorption of GNRs synthesized with various silver seed 
concentration.  

 

Based on the results obtained from UV-Vis absorption spectrum, a 

shape control mechanism of gold nanoparticles can be achieved by 

changing concentration of silver nanoseeds. The schematic illus-

tration of gold nanoparticles shape control is shown in Figure 6. 

When the concentration of silver nanoseeds is 1 µl (GNR1), the 

shapes of gold nanoparticles are in sphericals with only one SPR 

peak visible at 562 nm. Two SPR peaks at 541 nm and 617 nm 

were observed in sample GNR5 indicating that gold nanoparticles 

obtained are in nonsphericals shape resembling nanorods charac-

teristics. Two SPR wavelengths peaked at 534 nm and 590 nm 

could still be observed as the quantity of silver nanoseeds continu-

ously increased.  However, the second peak is blue shifted com-

pared to the sample GNR5 (from 617 nm to 590 nm), indicating 

that nanorods obtained have smaller aspect ratio (as well as its 

diameter and length). These results will be verified using FESEM. 

Growth solution +  

Ag seeds 1 µl

Ag seeds 10 µl

Ag seeds 5 µl
Ag

Gold 

nanospherical

Gold nanorods 

(small AR)

Gold 
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Fig. 6: Schematic illustration of the gold nanoparticles shape control by 

changing concentration of Ag nanoseeds. 
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3.1. Effect of growth time 

The color of colloidal gold nanoparticles synthesized using silver 

seed at concentration 5 ml with different growth time were shown 

in Figure 7. It was observed that as the growth time extended, the 

color of the colloidal gold nanoparticles changes from light pink to 

dark purple. The first 5 minutes growth time changed the growth 

solution from colorless to light pink. When the growth time ex-

tended from 5 to 240 minutes, the color of colloidal gold nanopar-

ticles slowly changing to dark purple. 

 

 
Fig. 7: Photograph of colloidal gold nanoparticles synthesized using silver 

seed with different growth time. 

 

Absorption spectra of gold nanoparticles under similar condition 

was shown in Figure 8 and its reading of absorbance peaks was 

tabulated in Table 1. It showed that the absorbance increased with 

an increase in the growth time. Optimum absorbance obtained 

from a sample prepared at growth time of 45 minutes. When 

growth time extended over 45 minutes, the absorbance spectra 

were decreased. It was also revealed that sample GNR5-5 exhibit-

ed only one absorption peak, while other samples exhibited two 

absorption peaks. The first peak at wavelength 541 nm was asso-

ciated with transversal surface plasmon resonance (t-SPR) of gold 

nanoparticles whereas the second peak associated with longitudi-

nal surface plasmon resonance (l-SPR) was blue shifted from 640 

to 625 nm as their growth time increased from 15 minutes to 240 

minutes. 

From the UV-Vis absorption spectra, it can be assumed that the 

growth of gold nanoparticles started with the formation of spheri-

cal shape as demonstrated in Table 1. However, as the addition of 

growth time, the growth of gold nanoparticles along the longitudi-

nal direction faster than transversal direction, resulting nanorods 

shapes. Colloidal gold nanoparticles thermodynamically stable for 

growth time up to 30 minutes. 

 

 
Fig. 8: UV-Vis absorption of GNRs synthesized with various growth time. 

 
Table 1: UV-Vis absorbance result for the sample prepared at different 

growth time. 

Sample 

t-SPR l-SPR 

Wavelength 

(nm) 

Absorbance 

(a.u) 

Wavelength 

(nm) 

Absorbance 

(a.u) 

GNR5-5 541 0.268 - - 

GNR5-10 541 0.569 634 0.342 

GNR5-15 541 0.676 640 0.445 

GNR5-30 541 0.772 640 0.534 

GNR5-45 541 0.791 637 0.561 

GNR5-60 541 0.790 636 0.563 

GNR5-120 541 0.784 628 0.572 

GNR5-240 541 0.772 625 0.557 

 

FESEM image of gold nanoparticles synthesized using optimum 

condition (silver seed concentration 5 ml and growth time 45 

minutes, GNR5-45) was shown in Figure 9. It was clearly seen 

from Figure 9a that the gold nanoparticles were produced, repre-

sented by white grain. However, the structure obtained was inho-

mogeneous. Higher FESEM magnification, i.e. 30K (Figure 9b) 

shows that the sample consists of several shapes such as rods, 

spherical, and irregular shape which highlighted by red, blue, and 

yellow circle, respectively. FESEM image with size 3.09 x 4.13 

µm further analyzed using ImageJ to calculate the population of 

each shape. Figure 9d shows the detailed calculation of each struc-

ture in percentage. It is revealed that the majority of gold nanopar-

ticles was nanorods (50 %) as shown in Figure 9c, meanwhile the 

population of spherical and irregular shape were 29 % and 21 %, 

respectively. 

 

 
Fig. 9: FESEM image of gold nanoparticles produced following aforemen-
tioned protocol at optimum condition (GNR5-45) at magnification a) 10K, 

b) 30K, c) 100K and d) graphical representations of the distribution of the 

gold nanoparticles shape. 

 

Further, the size (length, width, and aspect ratio) distribution of 

gold nanorods were also calculated using ImageJ and the results 

were shown in Figure 10. Length of the gold nanorods was ob-

served to be varied from 36 to 332 nm and width varies from 19 to 

88 nm. Minimum and maximum aspect ratios for the gold nano-

rods were 1.4 and 8.9, respectively. 
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Fig. 10: Histogram of a) length, b) width and c) aspect ratio of gold nano-
rods from sample GNR5-45. 
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To determine the chemical elements at the sample, an energy dis-

persive X-ray spectroscopy (EDS) analysis was conducted. The 

EDS spectrum of the sample was shown in Figure 11. The peaks 

of gold, carbon, oxygen, and indium were found in each LIS-GNP. 

The presence of gold peaks confirms that nanoparticles obtained 

are gold nanoparticles. Indium and oxygen peaks found in the 

EDS spectrum was contributed from the ITO substrate, since the 

ITO was made of 74% In, 18% O2, and 8% Sn. Meanwhile, the 

presence of carbon peak in EDS spectrum due to the interaction 

between the sample and the remaining environment in the FESEM 

chamber. It is also interesting to note that the silver peaks could 

not be observed from the spectrum. This finding suggests that the 

surface composition of the nanoparticles prepared using this 

method have phase purity of gold nanocrystals. 

 

2 4 51 3 keV

Element Weight % Atomic %

C 17.34 51.20

O 14.44 32.01

In 34.99 10.81

Au 33.23 5.98

Total 100 100  
Fig. 11: EDS spectrum of the sample GNR5-45. 

4. Conclusion 

A simple method for synthesis colloidal gold nanoparticles from 

silver seed has been demonstrated. In this study, the physical, 

optical and structural of gold nanorods were investigated. Accord-

ing to the results, it was found that silver seed concentration 

played a critical role in the formation of gold nanorods. It was 

found that silver seed concentration 5 µl suitable for formation of 

gold nanorods. Below this concentration, gold nanospherical was 

obtained as indicated by only one SPR band. It was also found that 

increasing growth time lead to higher density of gold nanoparti-

cles which was indicated by an increment of absorbance and 

reached optimum condition at growth time 45 minutes. 
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