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ABSTRACT

 The synthesis of spherical gold nanoparticles (AuNPs) by the chemical reduction process 
and the characterization of the synthesized nanoparticles is the main aim of this article. Reduction 
of Chloroauric acid by trisodium citrate salt was performed to get AuNPs of average diameter 20 nm. 
Trisodium citrate is not only the reducing reagent but also the stabilizer of the synthesized AuNPs. 
Some important modern techniques like UV-Vis spectroscopy, diffraction light scattering (DLS), 
X-ray diffraction (XRD), transmission electron microscopy (TEM), Selected area electron diffraction 
(SAED) and electron diffraction X-ray (EDX) were involved for the characterization of synthesized 
AuNPs. Chemical reduction and Size-controlled growth of spherical AuNPs were followed for this 
particular synthesis of AuNPs.
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INTRODUCTION

 Colloidal nanoparticles (specifically metals) 
are becoming more and more significant in an 
assortment of scientific and technical fields. The 
gold nanoparticles (AuNPs) are perhaps the most 
significant members of the metal nanoparticles 
groups among all the metal colloidal nanoparticles. 
AuNPs are mostly studied and used nanoparticles 
over last 30 years. The applications of AuNPs are vast 
in the numerous field of catalysis, nanomedicines, 
microelectronics, optics and biotechnology.1-6 “Top 
down” and “bottom up” are the two usual procedure for 
the synthesis of AuNPs. The use of the first process 
is limited because it is difficult to control the shape 

and size of the AuNPs.7 The “bottom up” process is 
the wet chemical process of reduction of Au salts into 
AuNPs. The chemical reduction is simple and has 
a control over the size and shape in the synthesis 
of AuNPs.8 Spherical AuNPs were synthesized by 
using some very common reducing reagents like 
ascorbic acids, potassium citrate, borohydride, 
lemon grass and branched polyethylenimine, etc.9-

15 Different scientific groups used sodium citrate as 
a common reducing agent to get spherical AuNPs 
which was familiarly done by Turkevich et al., in 1951 
and thereafter systematically it was going on.16-19 It 
was also established that throughout the reduction 
reaction the reductant tri-sodium citrate has various 
roles.20 Besides reduction of HAuCl4, tri-sodium 
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citrate plays a fundamental role in determining the 
pH of the reductive reaction which gives an impact 
on the size of AuNPs.21 Focus should be given 
on in situ and seed growth processes in order to 
prepare spherical gold nanoparticles. It follows in situ 
process when nucleation and consecutive growth 
are accomplished in the same rection.22 On the 
other hand in seed growth mainly smaller paricles 
allows to be grown in to larger particles.18,23 Here in 
this article spherical AuNPs were synthesized are 
nearly of a particular diameter about 20 nm. 20 nm 
AuNPs has size (diameter) advantages in catalytic 
reaction shown by Aromal and coworkers. They 
observed that in the presence of AuNPs having 
diameter of 20 nm the reduction of 4-nitrophenol 
completed in 30 minutes.24 Some researchers show 
that 20 nm AuNPs were uptaken preferentially over 
the other diameter by the pancreas cancer cells 
which is very useful in cancer treatment and X-ray 
drug delivery system.25 Amyloidal fibril formation 
of beta-lactoglobulin could be inhibited by 20 nm 
AuNPs reported by U. C. Halder et al.,26 Y.R. Lee  
et al., investigated that 20 nm AuNPs were act as an 
in vitro antioxidant. They also found that antibacterial 
properties of the synthesized nanoparticles (AuNPs) 
which was very significant.27 Hence 20 nm AuNPs 
have attracted extensive attention for their multiple, 
unique functional properties, easy to synthesis within 
a small duration, vast applications and advantages 
of which some are above mentioned. Therefore 
attention is paid on synthesis and characterization 
of a particular diameter AuNPs i.e. 20 nm. 

MATERIALS AND METHODS

Reagent and chemicals
 Chloroauric acid (HAuCl4) and tri-sodium 
citrate (all AR grade) were purchased from Sisco 
Research Laboratory (Mumbai, India) and Merck 
(Mumbai, India) respectively. These two main 
chemicals were used without additional purification, 
as received. Millipore water was used to prepare all 
the solutions.

Synthesis of gold nanoparticles (AuNPs)
 The Chemical reduction of Chloroauric 
acid was done by trisodium citrate to prepare 
colloidal AuNPs following Frens method.28 The glass 
apparatus which are used in the preparation were 
washed by aqua regia, rinsed with Millipore water 
and dried in oven. To synthesize AuNPs 5 mL of 

38.8mM tri-sodium citrate was added quickly to a 
solution of 50 mL of 1 mM HAuCl4 and the solution 
mixture was kept stirring for about 25 min till the 
colour of the solution turns wine red. The wine red 
solution was filtered through 25 mm syringe filter with 
0.2 μm membrane and the filtrate was stored. The 
following two reactions are involved in the reduction 
process of chloroauric acid by tri-sodium citrate.

Characterization of AuNPs by UV-Visible 
spectroscopy 
 The UV absorption spectrum was taken 
in the 350–700 nm wave-length range at room 
temperature by using Shimadzu-TCC 240A UV-Vis 
spectrophotometer. Path length of the cubate used 
in this purpose was 1 cm.

Measurement of AuNPs by Dynamic light scattering
 The intensity of the scattered light induces 
fluctuations by the nanoparticles which are diffused in 
the solution. As DLS is very sensitive to particle size, 
it is used to detect the distribution of the molecules 
and supramolecular aggregates.29 Different peaks 
were observed for different sizes of the molecules. 
In this experiment the measurements of DLS was 
done with citrate coated AuNPs employing Zetasizer 
Nanos(Malvern Instrument, U.K.), using 2 mL 
rectangular cuvette (path length 10 mm), which is 
equipped with and 633 nm laser. The measurement of 
hydrodynamic diameter of AuNPs was done at 20oC.

X-ray diffraction (XRD)
 Colloidal AuNPs containing solution was 
lyophilized for two days to solidify it for XRD study. 
Then a Brucker AXS (Model D8, WI, USA) was used 
to measure the XRD pattern of powered AuNPs 
sample. The pattern was recorded with Cu Kα 
radiation (λ=1.5409Å) at a scan rate 1 step/0.2 sec 
within the scanning range of two thetta (2q) from 20° 
to 80°. The tube voltage and the tube current were 
40 Kv and 40 mA respectively in room temperature 
during the experiment.

Morphological characterization by TEM
 A high resolution transmission electron 
microscope (JEOL-HRTEM-2011, Tokyo, Japan) 
was used for the morphological studies of AuNPs 
between the voltage region 80-85Kv with different 
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magnification. The sample solution was sonicated 
about 60s and diluted about 50 times. A micropipette 
was used to drop cast of the diluted solution on  
a carbon coated copper grid of mesh size 300C  
(Pro Sci Tech). The droplet was soaked by filter 
paper after 20s. The grid was air dried and incubated 
for 6h before taking TEM images. SAED and EDX 
were also observed with the same sample prepared 
for TEM analysis.

RESULTS AND DISCUSION

Characterization by UV-spectroscopy
  The UV-Spectra recorded from the colloidal 
solution (strong red colour of AuNPs) was shown 
by Fig. 1. This figure shows a typical Plasmon band 
which appeared a single but strong absorption peak 
centered at about 524.5 nm.

X-ray diffraction (XRD)
 The XRD pattern was shown by Fig. 3. The 
four distinct diffraction  peaks of 2q values at 38.2°, 
44.4°, 64.1° and 77.6° represents 111, 200, 220 and 
311respetively.It indicated that synthesized AuNPs 
are crystalline in nature. This result matched with 
JCPDS file no 04-0784.

Fig. 1. UV-Visible absorption spectra of 
AuNPs ranging from 350-800nm 

Dynamic Light Scattering (DLS)
 Dynamic Light Scattering is normally 
familiar in observing the hydrodynamic size (radius) 
of particles within the solution which is an estimation 
of the aggregated particles. Relative proportion of 
particle size (radius) measurement was done in this 
section. The hydrodynamic diameter AuNPs were 
found ∼20nm which is represented in (Figure 2).

Fig. 2. Bardiagram of number of particle size distribution

Fig. 3.  XRD of crystalline AuNPs

Characterization of AuNPs by HRTEM and SAED
 Here TEM was done to confirm the 
diameter of the synthesized AuNPs. It was observed 
that the diameter of AuNPs were of about 20 nm 
(Fig. 4c). The TEM analysis revealed that the 
synthesized AuNPs were mostly spherical in shape 
and well dispersed. Fig. 4 revealed the morphoplogy 
of spherical AuNPs with different magnification  
(Fig. 4a-c). Inset of Fig. 4a represents the bright 
SAED pattern of synthesized AuNPs which proves 
particles are metallic in nature.30

Fig. 4. TEM pictures of AuNPs and its different zoomed 
in pictures are (a) and (b-c) respectively. SAED pattern is 

represented by inset of Figure 4a

EDX analysis
 The optical adsorption peak was observed 
at approximately 1.90, 2.30, 8.5, 9.8, 10.4, 11.5 and 
13.4 keV.31-33 These are typical EDX signal for the 
adsorption of AuNPs due to SPR shown in (Fig. 5). 
Among all the above mentioned peaks 2.30 KeV 
displayed highest intensity which indicates the 
presence of spherical AuNPs and are pure in nature 
already mentioned by few research groups.31,32
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due to their stability in colloidal medium and their 
performance in such a complicated surroundings. 
Secondly to develop the possible application 
of AuNPs, it is very much necessary to study 
systematically the preparation and characterization 
of it (AuNPs). On the basis these two points this 
article should get importance because I have 
synthesized AuNPs (of a particular diameter) were 
found ~20nm which was proved by the above 
mentioned experiments. Citrate stabilized spherical 
AuNPs were colloidal in nature. Citrate plays dual 
role as a reducing reagent of HAuCl4 and stabilizer 
of synthesized AuNPs in that colloidal environment. 
Still more and more experiments needed to 
understand the procedure of synthesis of AuNPs 
of an accurate diameter and their stability in the 
colloidal environment. 
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Fig. 5. EDX profile of synthesized AuNPs

DISCUSSION

 There is a strong absorption paek at 524.5 
nm in UV-Vis study reveals that the diameters of 
synthesized bare AuNPs are of ~ 20nm. This result 
also indicates that the particles are isotropic in shape 
and uniform in size. The DLS study also indicates 
the same result.The XRD pattern represents the 
production of crystalline AuNPs with definite planes. 
The clear TEM images are the solid proof of diameter 
of AuNPs which are ~20nm. SAED indicates about the 
crystalline nature of AuNPs and EDX gives supportive 
evidence about the pure spherical size AuNPs.

CONCLUSION

 There are certain issues which need to be 
point out. Firstly the synthesis of metal nanoparticles 
of a particular diameter with accuracy is very difficult 
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