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ABSTRACT

	 We have developed the spherical gold nanoparticles (AuNPs) with different size at room 
temperature using L-ascorbic acid as a reducing agent. Controlling pH of L-ascorbic acid from 2.0 
to 10.0 caused the decreasing of AuNPs size when measured using particle size analyzer. The 
alkaline condition leads to increase the reactivity of L-ascorbic acid even at room temperature. The 
homogeneous AuNPs were achieved even the synthesis was conducted at different pH of L-ascorbic 
acid (pH 2.0 to 12.0). The investigation using Transmission Electron Microscopy (TEM) confirmed that 
AuNPs performed a spherical shape. SEM-EDX measurement performed a strong characteristic peak 
of Au appeared at 2.0 keV. This research could be used to control of AuNPs size when synthesized 
at room temperature. The AuNPs obtained at optimum condition was stable up to 3 months. 
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INTRODUCTION

	 Research on nanoparticles has been 
significantly increased during the past decade because 
their unique physical and chemical properties. Metal 
nanoparticles have a wide range of application, 
such as biotechnology, microelectronics, catalysis, 
and also it could be applied as a chemical and 
biological sensor1,2. Among metal nanoparticles, gold 
nanoparticles (AuNPs) are the most frequently studied 
one due to its easy to synthesize and have a wide 
range of applications3. It is known that AuNPs have 

different properties than their bulk metal. Colloidal 
AuNPs have a color range from red-pink to purple 
based on the increasing size from 1.0 to 100 nm. 
AuNPs perform surface plasmon resonance (SPR) 
peak at 500-550 nm when measured using UV visible 
spectrophotometer. The SPR caused by electrons 
oscillation in the conduction band when interacting 
with light. It will not appear in their bulk metal4. 

	 Synthesis of AuNPs commonly involves 
chemical reduction of gold salt as a precursor using a 
certain reducing agent and stabilization of the formed 
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AuNPs using a capping agent3. Some researchers 
applied reducing agent and capping agent directly 
at the same time. A various reducing agent was 
performed to synthesize AuNPs such as trisodium 
citrate5 which was known as Turkevich method, 
NaBH4

6, glutamic acid7, and other amino acids8.

	 Size-controlled in the synthesis of AuNPs 
has been developed by several researchers. Qin  
et al.,9 reported that the nucleation and growth 
stages of AuNPs with different size can be achieved 
by changing the molar ratio or pH of reaction. Jang 
et al.,10 designing AuNPs which were covered by a 
mixed monolayer of hydrophobic and hydrophilic 
ligands to control the size of AuNPs formed. 
Their research applied 1-octadecanethiol and 
1-tetradecanethiol as hydrophobic ligands and  
11-mercaptoundecanoic acid as a hydrophilic ligand. 
They reported that the aggregation size of AuNPs 
can be monitored by varying the molar ratio between 
the hydrophobic and hydrophilic ligands. 

	 Qiu et al.,11 applied C6-carboxylated 
curdlan, one of a high molecular weight polymer 
of glucose, as reducing and capping agent to 
synthesize AuNPs under high temperature. They 
found different particle size of AuNPs when applying 
different pH of reducing agent. 

	 Ascorbic acid as a reducing agent was 
chosen in this experiment since this compound is 
biodegradable, environment friendly and highly soluble 
in water3. Hurtado and his co-worker12 developed 
AuNPs synthesized at room temperature by applying 
ascorbic acid and sucrose as a reducing agent. Annur 
et al.,13 performed AuNPs obtained without heating 
process using one reducing agent, L-ascorbic acid, 
but the correlation between the synthesis parameters 
and the size of AuNPs have not determined. In this 
research, we successfully in synthesis AuNPs at 
room temperature and determining the correlation 
between pH of reducing agent and the size of the 
formed AuNPs. We proved that the pH of L-ascorbic 
acid influenced their activity which gave an effect to 
the size of AuNPs achieved. 

MATERIALS AND METHODS

Materials
	 HAuCl4 solution was made from 1.0 g 
certified gold metals 99.99% (PT. Aneka Tambang, 

Indonesia), dissolved in 40 mL aqua regia and 
followed by dilution to 100 mL by using distilled water. 
L-ascorbic acid (Merck, Germany) was used as a 
reducing agent. HCl and NaOH (Merck, Germany) 
solution were prepared to adjust the pH of reducing 
agent respectively. 

Synthesis of AuNPs
	 Synthesis of AuNPs was conducted by 
adding 2.5 mL of L-ascorbic acid 0.01 M to the 5.0 
mL HAuCl4 0.20 x10-3 M at room temperature without 
using stirrer, microwave or ultrasonic bath. The colour 
change from yellow to pink indicated the formation 
of AuNPs.

The effect pH of L-ascorbic acid to the AuNPs
	 The influence pH of reducing agent was 
observed by varied pH of L-ascorbic acid from pH 
2.0 to 12.0 using HCl and NaOH solution. The HAuCl4 
solution was reduced by L-ascorbic acid after adjust 
its pH. The AuNPs obtained was observed with UV 
Vis spectrophotometer and the size of this AuNPs 
was monitored using particle size analyzer.

UV-Vis spectroscopy measurement
	 The SPR band of AuNPs was directly 
measured using UV-Visible Spectrophotometer 
(Shimadzu UV-1700 PharmaSpec) after synthesis 
by scanning in the wavelength range 200-800 nm.  

Particle size analyzer
	 The effect of reducing agent pH to the size 
of AuNPs was monitored using particle size analyzer 
(Horiba SZ-100). The colloidal AuNPs was placed 
on the cuvette then the particle size distribution was 
investigated to the further evaluation.

TEM study
	 To study the morphology of AuNPs 
obtained, the colloidal AuNPs were observed under 
transmission electron microscope/TEM (JEOL 
JEM-1400). Preparation of sample for TEM analysis 
was conducted by immersing the copper grid in to 
colloidal AuNPs, the drying at room temperature. 
The accelerating voltage of 120 kV was applied in 
capturing image14.

FTIR measurement
	 The interaction between the AuNPs 
surface and the reducing agent was analyzed by 
Fourier Transform Infrared (FTIR), Shimadzu FTIR 
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Prestige-21. The FTIR measurement was performed 
by scanning the KBr plate of AuNPs in the range 
4000-400 cm-1. 

Zeta potential analysis
	 The zeta potential of the synthesized 
AuNPs was determined by zeta potential analyzer 
(Horiba SZ-100). Colloidal AuNPs was diluted with 
double distilled water then 1 ml of the solution was 
taken to the zeta potential vessel to be analyzed. 

SEM-EDX measurement
	 The presence of elemental gold of AuNPs 
was performed by scanning electron microscopy-
energy dispersive x-ray analysis (SEM-EDX). Dry 
powder of AuNPs sample after centrifuge was placed 
on a sample holder and coated with conducting 
carbon layer for analysis. 

RESULTS AND DISCUSSION

Synthesis of AuNPs 
	 The formation of AuNPs in this research 
was performed by mixing of HAuCl4 with L-ascorbic 
acid at room temperature. The appearance of pink 
color in the solution showed the formation of AuNPs. 
This changed color from yellow to pink (Fig.1) was 
due to the SPR which measured by UV-Visible 
spectrophotometer15. 

	 Ascorbic acid, the major component of 
vitamin C could reduce various metal ions16. As a 

reducing agent, L-ascorbic acid could donate the 
electron to reduce Au3+ to Au0 with the following 
equation17. 

2HAuCl4 + 3C6H8O6 → 2Au0 + 3C6H6O6 + 8HCl

	 This reaction occurred in the first minute 
after L-ascorbic acid added to HAuCl4 at room 
temperature. Ascorbic acid has two electrons 
reducing properties. It could interact directly by 
changing one of Cl- ions in HAuCl4 by OH functional 
groups. Afterwards, the other hydroxyl groups was 
deprotonated and formed an intermediate complex. 
AuNPs was reduced in the two step, Au(III) was 
reduced to Au(I) then reduced to Au(0). The last step 
of reaction produced Au(0), dehydroascorbic acid 
(DHA) and HCI15,16. Regarding to the previous report, 
the author summarized the reaction mechanism of 
the AuNPs synthesis using L-ascorbic acid as a 
reducing agent which is shown at Figure 2. 

(a)                       (b)

Fig. 1. The photograph of (a) HAuCl4 0.2 mM (b) AuNPs 
reduced by L-ascorbic acid

Fig. 2. The mechanism of AuNPs formation which reduced by L-ascorbic acid
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	 The SPR band at 500-550 nm which is the 
characteristic wavelength for AuNPs formation was 
observed in the first minute after reaction as shown 
in Fig. 3. This absorption band is different when a 
gold atom in the HAuCl4 solution and after AuNPs 
arrangement. 

pH dependence on control size of AuNPs 
	 The effect of reducing agent pH to the size 
of AuNPs was investigated by varying of the pH of 
L-ascorbic acid from pH 2.0 to 12.0. The increasing 
pH from 2.0 to 12.0 caused the blue shift (Fig. 4). 
In the very acidic condition (pH 2.0), the λmax is  
533 nm. Expanding the pH of L-ascorbic to 4.0 
caused the λmax shifted from 533 nm to 530 nm. 
AuNPs reduced by L-ascorbic acid at pH 6.0 and 8.0 
were red shift to 525 and 524 nm. Converting the 
pH of reducing agent to alkaline condition (pH 10.0) 
resulting in the sharper and lower wavelength which 
achieved in 524 nm. The shifting of λmax in the SPR 
peak relate to the size of AuNPs formed19.  

	 The correlation between the SPR peak 
(λmax) and the size of AuNPs, was carried out using 
particle size analyzer. The results in Fig. 4 showed 
the relationship between the λmax of AuNPs and 

Fig. 3. The UV-Vis spectra of the initial HAuCl4 and HAuCl4 
after being reduced by L-ascorbic acid in the first minute
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their size. Expanding pH to alkaline induced the 
size of AuNPs to become smaller than in acidic 
condition. In a very acidic solution (pH 2.0), the size 
distribution of AuNPs was dominated by AuNPs 
with the size range from 200-300 nm (26.4%). It is 
because in an acidic condition, the hydroxyl groups 
in the reducing agent were protonated through the 
addition of H+ caused the decrease of L-ascorbic 
acid reactivity11.  

	 The size of AuNPs was smaller with 
increasing the pH. At the pH 10.0, the size of 
AuNPs was the smallest, dominated with the size  
20-40 nm (24.9%). We could say that at this 
condition, the optimum pH of L-ascorbic acid was 
achieved. A similar phenomenon was also observed 
in the previous report11. AuNPs synthesized 

using C6-carboxylated curdlan obtained a more  
well-dispersed spherical morphology with smaller 
particle sizes under alkaline conditions. 

	 Setting pH of L-ascorbic acid at 12.0 
caused the aggregation of AuNPs. Hence, the size 
of AuNPs was getting bigger (the dominant size  
40-60 nm). The color of AuNPs formed at this condition 
changed from pink to blue. The measurement using 
UV-Vis spectrophotometry showed the λmax shifted 
to longer wavelength (535 nm). 

	 Qin et al.,9 reported that the difference 
in the rate of the reactions conducted at different 
pH might be attributed to the different reactivity of 
ascorbic acid at different pH. In the alkaline pH, –OH 
functional groups in the L-ascorbic acid is more 

Fig. 4. UV-Vis spectrophotometry and size distribution of AuNPs synthesized with different pH of L-ascorbic acid 
 (A) pH 2.0, (B) pH 4.0 (C) pH 6.0 (D) pH 8.0 (E) pH 10.0 (F) pH 12.0
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easily to deprotonate to reduce Au3+ become Au0, 
cause the increasing reactivity of L-ascorbic acid.

Characterization of AuNPs
TEM analysis
	 The particle size of AuNPs was measured 
by particle size analyzer as explained before. Particle 
size analyzer results confirmed that all of AuNPs 
formed with different pH of L-ascorbic acid were 
monodisperse. It means that AuNPs in this experiment 
are homogenous. TEM analysis was performed 
to confirm the result of particle size analyzer and 
investigate the morphology of colloidal AuNPs. TEM 
image (Fig. 5) showed that AuNPs formed have 
certain shapes, it was spherical, well separated, no 
aggregated mass each other, and clearly indicates 
the stabilization likes the previous research20.

Fig. 5. TEM images of AuNPs synthesized using L-ascorbic 
acid as reducing agent

FTIR study
	 FTIR spectroscopy was conducted to 
observe the surface modification of AuNPs. The solid 
of AuNPs sample for FTIR measurement was prepared 
by centrifugation of colloidal AuNPs at 12000 rpm at 
room temperature. The extract was also dried at the 
room temperature to apply in the further analysis.  
The result given in Fig. 6 showed the presence of 
O-H stretching characteristic band at 3448 cm-1 and 
O-H bending at 1635 cm-1. C-O vibration band was 
observed at 1381 cm-1 and C=O band was found at 
1118 cm-1. These characteristic bands correspond to 
the functional groups at dehydroascorbic acid (DHA)
around Au (0) after reaction occurred.

Zeta potential analysis
	 The analysis of zeta potential is based on 
the direction and velocity of particles under the effect 
of known electric field. Zeta potential was performed 
to predict the nature of the electrostatic potential 
near the surface of the particles21. Smaller sized 

nanoparticles possibly had higher surface charge 
density compare to larger nanoparticles22. The zeta 
potential for AuNPs reduced by L-ascorbic acid at 
pH 10.0 was-4 mV (Fig. 7). It means that the surface 
charge of AuNPs is negative, hence this AuNPs are 
very potential as a chemical sensor, like a sensor for 
heavy metals in environment. 

Fig. 6. The FTIR spectra of AuNPs synthesized by 
L-ascorbic acid as a reducing agent

Fig. 7. The zeta potential of AuNPs synthesized at optimum 
condition (pH L-ascorbic acid is 10.0)

SEM-EDX measurement
	 In the scanning electron microscopy 
(SEM), the electron interact with the atoms contain 
in the sample, producing signals that provide 
the information about surface topography and 
composition of the sample20. Energy Dispersive Xray 
(EDX) based on the element which has characteristic 
atomic structure produce the specific X-ray emission 
spectrum. Fig. 8 showed the topography and EDX 
spectrum of the AuNPs. It could be clearly seen 
that a strong characteristic peak appeared at  
2.0 keV in the EDX spectrum was the characteristic 
signal of gold corresponding to the SPR of AuNPs as 
reported in the research before11. The EDX spectrum 
performed the elemental gold peak (87.24%), 
oxygen peak (3.51%), and carbon peak (9.25%) 
confirming the use of L-ascorbic acid as a reducing 
agent in the AuNPs synthesis.
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(a) (b)

Fig. 8. (a) The SEM image of AuNPs (b) The typical EDX pattern of AuNPs reduced by L-ascorbic acid

	 The optimum AuNPs synthesized using 
L-ascorbic acid at room temperature in this research 
was stable for three months. The pink color still 
appeared for three months. After three months, 
AuNPs tend to aggregate and the color change 
from pink to purple. Fig. 9 performed the SPR peak 
of AuNPs after aging for three months. 

CONCLUSION

	 Controlling of AuNPs size is very important 
in the research due to the stability of AuNPs. Setting 

the pH of L-ascorbic acid, as a reducing agent from 
acid to alkaline condition increased the reactivity of 
L-ascorbic acid because the hydroxyl groups are 
easily to deprotonated at alkaline condition. The 
optimum pH of reducing agent was achieved at pH 
10.0. The size distribution of AuNPs at optimum pH 
were dominated by AuNPs which has size range  
20-40 nm (24.9%). AuNPs formed were monodisperse 
and have a spherical shape. The surface charge of 
these AuNPs were negative (-4.0 mV). The future 
experiment should be conducted to investigate the 
response of these AuNPs with the other metals 
ions or molecules to develop it as a biological or 
chemical sensor.  
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