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ABSTRACT

Gold nanoparticles (Au NPs) have been prepared by reduction of hydrogen
tetrachloroaurate aqueous solution (HAuCl ) with trisodium citrate and stabilized with polyvinyl
alcohol (PVA). The optimization of Au NPs was obtained by varying the volume of trisodium
citrate from 0.4 - 0.8 mL, and characterized by UV-vis spectroscopy and transmission electron
microscopy (TEM). It was found that the absorbance spectra exhibited its absorption peak
at around 520 nm for all cases, with a minimum value at 0.7 ml. of trisodium citrate. This
suggested that the size of Au NPs to be smallest at condition 0.7 mL trisodium citrate, thereby
indicating the optimum conditions. Stability of Au NPs was achieved by monitoring absorbance
of Au NPs over regular time periods. It was found that wavelength at maximum absorbance
changed with time after synthesis except for the 0.7 mL condition which was stable. This
suggested that, at condition 0.7 mL, the Au NPs were quite stable up to 700 hours; this could
be explored for further applications. Moreover, TEM results showed Au NPs obtained at
optimum condition exhibited near spherical shapes with a mean diameter and standard deviation
of 4.5 and 1.4 nm, respectively. Also moreover, FT-IR result suggested that Au NPs were
coated with a PVA layer.

Keywords: gold nanoparticles, nanomaterials, optical materials and properties, electron
microscopy, characterization methods.

1.INTRODUCTION

Recently, metallic nanoparticles have
caught attention due to their novel properties,
including high surface area and exceptional
surface activity providing excellent catalytic,
optical and electrical properties. In particular,
nanoparticles obtained from the noble metals,
such as those of silver or gold are of increased
interest [1]. Gold nanoparticles (Au NPs)

generally exhibit plasmon absorption bands,
depending on their size and shape [1-3], they
have a wide variety of potential applications.
For example, effective drug delivery to a
cancerous tumor, biomedicals, a wide range of
cosmetic and beauty applications, biosensors
and catalysts [1]. Numerous physical and
chemical methods have been employed in the
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preparation of Au NPs such as arc discharge,
laser ablation, grinding, radiolytic techniques,
chemical reduction, photochemistry, and
sonochemistry [1, 4-8].

Au NPs with narrow size distribution are
generally fabricated by a chemical reduction
method, typically performed by reducing a
HAuClI, aqueous solution using a reducing
agent such as sodium citrate, sodium
borohydride, or other organic compounds.
The use of stabilizers such as polyvinyl
alcohol (PVA), polyethylene glycol (PEG),
Polyvinylpyrrolidone (PVP), Hyperbranched
polyethylenimines, Phosphine, thiol, polythio-
phene, Poly(3-thiophene acetic acid) (PTAA)
and poly(acrylic acid) (PAA), or organic solvent
to protect Au NPs against agglomeration is
necessary |1, 9-18]. Thus, stability can be seen
as one of the important issues for preparation
of Au NPs. The stability issue that we are
interested is the stability of particle size over
a period of time by monitoring particle size
as a function of time. There is a report on
monitoring absorbance value of Au NPs as
a function of time [19]. For our work, we
have monitored wavelength at maximum
absorbance as a function of time in order to
study stability. It has been reported that
the red-shift of wavelength at maximum
absorbance is caused by the aggregation of
Au NPs [20].

Thus, in this work stability over a period
of time and optimization of Au NPs
stabilized by using PVA are investigated. PVA
was chosen because it is reported to be the
best stabilizer of metal powders in water
suspensions [21] being expected to be constant
for Au NP colloids.

2. EXPERIMENTALS
2.1 Preparation of Aqueous Gold Nanopar-
ticles

Au NPs were prepared by a chemical
reduction method from gold sheets (96.5%).
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Firstly, a HAuCl, aqueous solution was
prepared by adding 1.07 g of gold sheets in
the presence of 260 mL of 5% aqua regia
[22, 23] (HCE:HNO,, 3:1) in a 500 mL pyrex
flask, boiling and stirring for 10 hours while
adding distilled water every 2 hours. After
filtering the solution, distilled water was added
to keep the solution at a constant volume of
260 mI.. A HAuCl, aqueous solution with a
concentration of 20.0 mM was obtained from
this final 260 mL solution. Then, 1.0 mM of
this HAuCl, aqueous solution of 30 mL was
magnetically stirred and boiled before a
reducing agent of 40 wt% trisodium citrate
(99%, Fisher Scientific) was added at various
volumes ranging from 0.4 - 0.8 mL. As the
reducing agent was added, the color of
solution changed from an initial yellow to red.
Finally, 1 mL of 5 wt% PVA (99.5%, Fluka;,
MW 67000) was rapidly added to the red
solution, the final solution being cooled by
water to room temperature. The resulting red
solution was composed of Au NPs.

2.2 Characterization of Gold Nanopar-
ticles

Au NPs were characterized by UV-vis
spectroscopy, transmission electron micro-
scopy (TEM) and Fourier Transform Infrared
Spectroscopy (FT-IR Spectroscopy). The
UV-vis absorption spectra of Au NPs were
recorded in the range of 400-900 nm using a
1 cm cuvette. A typical sample for TEM was
prepared by drying naturally a drop of solution
containing Au NPs at room temperature on
a carbon-coated copper grid, this crystalliza-
tion being obtained by a selected area electron
diffraction pattern (SADP). The concentration
of Au NPs was determined using a calibration
technique with standard solutions of 10 ppm
Au NPs [Purest Colloids, Inc.]. In addition,
the stability of Au NPs was observed by
monitoring their absorbance at fixed periods
of time.
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3. RESULTS AND DISCUSSION
3.1 Optimization of Gold Nanoparticles
The optimization of Au NPs was
performed by varying a volume of trisodium
citrate from 0.4 - 0.8 mL in the presence of
PVA (see Figure 1a). This showed absorbance
spectra of Au NPs synthesized by employing
trisodium citrate after synthesis for 700 hours.
For all cases, the absorbance spectra exhibited
its absorption peak at around 520 nm.
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A 7Lmax, defined as wavelength at maximum
absorbance and obtained from the absorbance
spectra of Figure 1a, was plotted in Fig. 1b as
a function of trisodium citrate volume
accompanying a full width at half maximum
(FWHM) value.

It can be seen that the 7Lmax decreased
with the increasing volume of trisodium citrate
until it reached a minimum value at 0.7 mlL.
Normally, A can be related to particle size

3.0
a ﬁ
@ & .'—'.‘3 —»=—0.4 mL of trisodium citrate
2.8+ ‘;f ". "X, —+—0.5mL of trisodium citrate
P 5 7 —— 0.6 mL of trisodium citrate
204 - %, "« —+—0.7 mL of trisodium citrate
] _\__,.a":-' . "¢ —<—0.8 mL of trisodium citrate
E y“ . 'Xgr
£ 1.5+ v Ko
8 .-f;”-
2 [ §
< 3%
1.0 e
0.5
00 T T T 1
400 500 600 700 800 900
Wavelength (nm)
530 120
o
(b) ~*~ Mmax
; —o— FWHM
& - 110
__ 525 \O . -
£ . £
& =
>< - 100 S
: =
< T
520 .
- 90
515 T T T T T 80
0.4 0.5 0.6 0.7 0.8

Volume of trisodium citrate (mL)

Figure 1. (a) Absorbance spectra of Au NPs, (b) A, and full width at half maximum
(FWHM) of Au NPs in various volume of trisodium citrate at 700 hours after synthesis.
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of nanoparticles [24]. This suggested that
the minimum size of Au NPs occurred at
condition 0.7 mL trisodium citrate. Moreover,
FWHM related to a size distribution [24], for
condition of 0.4 mL., it had a minimum value,
indicating the narrowest size distribution.
However, there were precipitated particles in
solutions indicating agglomeration of Au
NPs which was confirmed by the presence
of a maximum value of A_ . Thus, at 0.7
ml. condition, FWHM had its minimum value
without precipitated particles.

Since the Au NPs obtained exhibited
smallest size and narrowest size distribution
at condition of 0.7 mL, the optimization
condition for synthesis of Au NPs in this
experiment was determined to be at 0.7 mL
of trisodium citrate volume in the presence

of PVA.

Chiang Mai J. Sci. 2011; 38(1)

3.2 Stability of Gold Nanoparticles

Stability of Au NPs was performed by
monitoring absorbance of Au NPs at a period
of times. Figure 2 showed A of AuNPs in
various volumes of trisodium citrate, and at
regular periods of time (observed at 10 -700
hours after synthesis). It can be seen that A,_
changed with time after synthesis except for
the 0.7 mL condition when A__was stable
with time. This suggested that at condition
of 0.7 mL, the Au NPs were quite stable up
to 700 hours, and confirmed the optimization
condition at 0.7 mL of trisodium citrate
volume as discussed above. Noteworthy is
that the Au NPs solutions were maintained at
normal room temperature during the stability
experiment.
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Figure 2. km“ of Au NPs in various volumes of trisodium citrate, and after various periods
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3.3 Characterization of Gold Nanopar-
ticles

Figures 3a shows a TEM image, 3b a
size distribution histogram with Gaussian
curve fitted to the data, and 3c the selected
area diffraction pattern (SADP) of an Au NP.
This was synthesized at the optimization
condition of 0.7 mL trisodium citrate after
synthesis for 700 hours. The TEM image
shows Au NPs to exhibit an approximately
spherical shape with an aspect ratio of 1.08.
The aspect ratio is defined as the ratio between
length and diameter of Au NP. The size
distribution histogram of particles, fitted with
a Gaussian curve, obtained a mean diameter
and standard deviation of 4.5 and 1.4 nm,
respectively. The low standard deviation
value of 1.4 nm confirmed the narrow size
distribution as seen in low FWHM of
absorbance peak (Figure 1b). Monodispersity
of colloids or nanoparticles includes the
particles uniform in size and shape [25, 20].
It can be directly observed from TEM
result that showed Au NPs were uniform
nanospheres in size of 3-6 nm indicating
monodispersity. Moreover, the indirect
observation can be done by observing a
peak in absorbance spectra. The single peak
suggested that Au NPs colloids contain a
spherical in shape. SADP in Figure 3¢ showed
a ring pattern with some spots indicating the
polycrystalline property of Au NP. The SADP
rings can be assigned to the (111), (200), (220),
(311) and (222) planes according to the
standard diffraction pattern of JCPDS No.
04-0784. This indicated Au NPs to be in the
face-centered cubic (fcc) structure, having
additionally a lattice parameter a = 4.10 A
(a measure from Figure 3c). Au NPs,
synthesized at optimization condition of
0.7 mL trisodium citrate after synthesis for
700 hours, were calibrated with a standard
concentration of 10 ppm of Au NPs in the
diameter range 2 - 4 nm and a concentration
of 60 ppm.
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Figure 3. (a) TEM image, (b) size distribution
histogram of Au NPs by using the 0.7 mL
of trisodium citrate of Figure 3(a) with
Gaussian curve fitted to the data and (c)
Selected area diffraction pattern (SADP) is
depicted in Figure 3(a).
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3.4 Effect of PVA Molecule

Figure 4 showed FT-IR spectra of PVA
and PVA stabilized Au NPs. It was found that
FT-IR spectra showed a different frequency
and bandwidth between pure PVA and Au
NPs with PVA, especially at O-H stretching
region at around 3,390 cm™. The O-H
symmetric stretching vibration frequency at
3,390 cm ™ was clearly observed for pure PVA
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while the broad absorption bands at 3,418
cm’! for gold nanoparticles with PVA was
observed. The presence of the hydroxyl
vibrational bands in the gold nanoparticles
suggested the presence of PVA and confirmed
the PVA coating on Au NPs. It should be
noted that the blue-shift of hydroxyl peak due
to Au NPs was observed and it was in
agreement with other reports [11, 27].

0.25-
@
(&)
c
©
£0.20-
£
0]
=
o
-
: ——PVA
0.15- -
-------- PVA - Au NPs
J L] U ] U ] u L) v L] e I v 1 v 1
4000 3600 3200 2800 2400 2000 1600 1200 800

Wavenumber (cm”

1)

Figure 4. FT-IR spectra of PVA (solid line) and PVA stabilized Au NPs (dot line).

4. CONCLUSION

Gold nanoparticles were successfully
prepared by reduction of hydrogen tetra-
chloroaurate aqueous solution with trisodium
citrate and stabilized with PVA. The
optimization of Au NPs was determined
from an absorbance spectra of 0.7 mL of
trisodium citrate which gave the smallest size
and narrowest size distribution of Au NPs.
Stability of Au NPs at condition 0.7 mL was
up to 700 hours at normal room temperature;
this could be explored for further applications.
TEM results confirmed that the Au NPs
derived at optimum condition exhibited a
near spherical shape, having a mean diameter

and standard deviation of 4.5 and 1.4 nm,
respectively. TEM results suggested that the
obtained Au NPs were monodispersity.
Moreover, FT-IR result suggested that Au
NPs were coated with a PVA layer.
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