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C

itrate-capped gold nanoparticles were prepared by
chemical reduction of HAuCl4 using citrate as the
reducing agent and stabilizer. The synthesized
nanoparticles showed an intense localized surface
plasmon resonance absorption band at 520nm.
Uniformly distributed spherical gold nanoparticles with average
particle diameter size of 12.2±1.65nm were verified through
Transmission Electron Microscopy (TEM) analysis. The stability
of the gold nanoparticles was affected by pH and Cu 2+.
Aggregates are formed at pH <3 due to surface charge
neutralization of the citrate-capped gold nanoparticles. With
Cu2+, aggregation is being initiated at a certain concentration.
Visual observations, UV-Vis spectroscopy and TEM analysis
were used to characterize the aggregated system. At optimum
parameters (i.e., wavelength, reaction time, and pH), a
calibration curve for Cu2+ determination was constructed. The
calibration curve has good linearity (r 2=0.9822) and sensitivity
of 0.0036 A.U./mM for the linear range from 2.5mM to 100mM.
Reproducible absorbance readings (r.s.d.= 1.56-6.15%, n=6) for
the linear concentration range of 2.5mM to 100mM were
obtained. The detection limit for Cu 2+ determination method is
5.0 mM.
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INTRODUCTION
Metal nanomaterials such as gold nanoparticles have found
wide application in chemical analysis due to their unique optical
and electrical properties. These properties of gold nanoparticles
are determined by their size, shape, composition and structure.
An accurate control of any one of these parameters allows the
determination of the final properties of the gold nanoparticles
(Aryal et al. 2007). The interesting optical properties of gold
nanoparticles are due to their localized surface plasmon
resonance (LSPR), which is caused by the collective oscillations
of surface electrons induced by visible light and is manifested by
an absorption band in the visible region of the optical spectrum
(Sarkar et al. 2008, Ye et al. 2008, Wang and Ma 2009).
In solutions, gold nanoparticles tend to be fairly unstable
and aggregate, thereby losing their important properties. For this
reason, special precautions have to be taken to avoid their
aggregation or precipitation. The most common strategy is the
use of stabilizers or protective capping agents, which not only
prevents their aggregation, but also results in functionalized
particles (Luo 2007). Among the variety of stabilizers and
protective capping agents for gold nanoparticles, the one
commonly used is citrate, which stabilizes the gold nanoparticles
through mutual electrostatic repulsion between neighboring gold
nanoparticles; this occurs as a result of the negative surface
charge of the citrate layer (Brewer et al. 2005, Sugunan and
Dutta 2005).
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Applications
of
gold
nanoparticles as colorimetric
sensors are usually based on
detecting the shifts in surface
plasmon resonance peak, due to
either the change in the dielectric
constant around the nanoparticles
as a result of adsorption of analyte
molecules, or to the analyteinduced agglomeration of the
nanoparticles. Both of these
effects rely on the selectivity
provided by the functionalized
capping agents, highlighting the
significance of the chemical
methods of synthesis and
stabilization
of
these
nanoparticles for use as solutionbased sensors (Sugunan et al.
2005).

Figure 1. UV-Vis Spectrum of the citrate-capped gold nanoparticles.

Figure 2. TEM micrograph of the citrate-capped gold nanoparticles.
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Gold
nanoparticles
as
colorimetric sensor or probe have
been widely used for several
analytes such as heavy metal ions
(Huang and Chang 2006, Kim et
al. 2001, Lee et al. 2007, Liu and
Lu 2003, Sugunan et al. 2005,
Yoosaf et al. 2007), oxoanion
(Kubo et al. 2005), flouride ion
(Watanabe et al. 2005), hydrogen
peroxide (Wu et al. 2007),
organophosphates (Simonian et al.
2005),
and
biomolecules
(Kattumuri et al. 2006, Liang et
al. 2004, Rho et al. 2008, Sun et
al. 2007). For example, Liu and
Lu (2003) used DNA-directed
assembly of gold nanoparticles as
colorimetric biosensor for Pb(II).
The sensor has tunable Pb(II)
detection range between 100 nM
and 4 µM. Sugunan et al. (2005)
developed a colorimetric sensor
for Cu2+ and Zn2+ based on gold
nanoparticles
capped
with
chitosan. The ability of chitosan
to chelate heavy metal ions was
effectively used for the detection
of Cu2+ and Zn2+. A DNAhybridized gold nanoparticle
probes were also used to detect
Hg2+ in aqueous media (Lee et al.
2007). The colorimetric response
of the gold nanoparticles solution
from purple-to-red color change
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was caused by the formation of thymidine-Hg2+-thymidine
coordination complexes. Hydrogen peroxide was also detected
based on the aggregation of gold nanoparticles where the
aggregation was induced by azoaniline liberated from the
oxidation of o-phenylenediamine by hydrogen peroxide in the
presence of horseradish peroxidase (Wu et al. 2007). Using this
sensor, hydrogen peroxide can be accurately determined down to
concentration levels of 1.3 x 10-6 M. Aslan et al. (2004) have
reported the sensing of glucose through the aggregation and
dissociation of 20-nm gold nanoparticles and changes in the
plasmon absorption induced by glucose. The described
colorimetric method proposed potential monitoring of µM
glucose levels in different
physiological fluids, such as tears,
blood and urine.

For the interference study, 2.5 and 0.25 mM of the metal ion
solutions were prepared by serial dilution from a 1.0 M metal
ion stock solutions. The solutions were then stored in an amber
bottle.
Instrumentation
UV-Vis absorbance spectra were collected using a double
beam UV-Vis spectrophotometer (Perkin Elmer Lambda 35)
equipped with deuterium and tungsten lamp, 2.00 nm fixed slit
width, UVWINLAB v.2.85 software and operating at a
maximum scan rate of 240 nm/min. Disposable UV-cuvettes

In this study, the feasibility
of using citrate-capped gold
nanoparticles as a colorimetric
reagent for copper(II) ions was
investigated.
The
detection
strategies were based on the color
change that originate from the
analyte-directed aggregation of
gold nanoparticles. Interaction of
copper(II) ions with the citrate on
the surface of the nanoparticles
could form linkages among
nanoparticles with Cu(II) ions
acting as bridges, or compete for
the binding site of the citrate and
completely removing it from the
surface of the gold nanoparticles,
thereby causing aggregation of
the nanoparticles.
MATERIALS AND METHODS
Chemicals
All chemicals used were of
analytical reagent (AR) grade and
were used as received without
further purification. Hydrogen
tetrachloroaurate (HAuCl4•3H2O,
≥ 49%), L-glutathione reduced (≥
99%), and sodium
citrate
dihydrate were purchased from
Sigma-Aldrich. All glasswares
were cleaned with freshly
prepared 3:1 HCl/HNO3 (aqua
regia), then rinsed thoroughly
with deionized water and
ovendried prior to use. Deionized
water (Janija Trading) was used to
prepare all solutions in this study.
92

Figure 3. UV-Vis spectral evolution of the citrate-capped gold nanoparticles upon
progressive addition of (a) 0.1M HCl and (b) 0.1M NaOH
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(BrandTech) with 10mm-pathlength were used as sample holder
for all UV-Vis analysis. Transmission Electron Microscopy
(TEM) analysis was carried out with a ZEISS LIBRA ®120
PLUS transmission electron microscope operated at an
accelerating voltage of 120 kV. Samples were prepared by
dropcasting 5 µL on a 200 mesh Formvar-coated copper grid and
allowing it to dry at room temperature. Measurements of pH
were employed using a Metrohm 691 pH meter which was
calibrated with standard phosphate buffer solution (pH 4 and
10). Photographs of the samples and instruments were taken
using a Canon PowerShot A720 digital camera.

of 1.0mM HAuCl4 solution were heated in an oil bath with
vigorous stirring in a round bottom flask equipped with a
condenser. Upon boiling, 5 mL of 38.8mM sodium citrate
solution were rapidly added to the vortex of the solution. A
transition of color was immediately observed from pale yellow
to dull blue to wine red. The solution was further boiled for 30
minutes and then cooled with stirring to room temperature. It
was then filtered and kept in a refrigerator using a glass amber
bottle container. The pH of the gold nanoparticles solutions was
measured and adjusted to desired values with 0.1M HCl, or
0.1M NaOH. The gold nanoparticles solution was further
characterized by UV-Vis spectroscopy and TEM.

Synthesis of Citrate-Capped Gold Nanoparticles
Assay of Copper(II) Ion
Citrate-capped gold nanoparticles were synthesized
according to the method proposed by Rho et al. (2008). Fifty mL

In order to demonstrate the effect of Cu 2+ ions on the
aggregation of gold nanoparticles,
500µL
portions
of
different
concentrations of Cu2+ (2.5mM, 5.0mM,
10.0mM, 25.0mM, 50.0mM, and
100mM) were added individually to
500µL of gold nanoparticle solution and
the resulting mixtures were then
allowed to react for 6 min.
Subsequently, the absorbance changes
at 700 nm were monitored. The pH
values of the gold nanoparticle solutions
were varied using 0.1M HCl, or 0.1M
NaOH, from pH 4 to pH 10 to
investigate the effect of pH on the
aggregation.
RESULTS AND DISCUSSION
Characterization of Citrate-Capped
Gold Nanoparticles
The
citrate-capped
gold
nanoparticles were synthesized by
chemical reduction using HAuCl4 as the
precursor salt and citrate as the reducing
agent. The pH value of the synthesized
citrate-capped gold nanoparticles was
measured to be around 6.0-6.1. The UVVis absorption spectrum of the citratecapped gold nanoparticles is shown in
Figure 1. The absorption band centered
at ~520 nm is characteristic of gold
nanoparticles and is due to the surface
plasmon resonance absorption which
gives rise to the gold nanoparticles’
distinctive red color (Patungwasa and
Hodak 2007).
TEM was used to
measure the particle size of the citratecapped gold nanoparticles. Figure 2

Figure 4. TEM micrographs of citratecapped gold nanoparticles at pH (a) 3,
(b) 7 and (c) 10.
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shows the TEM micrographs of the
citrate-capped gold nanoparticles taken
at 40000x magnification. As can be seen
from the micrographs, the gold
nanoparticles are mostly spherical in
shape. Further analysis confirmed that
the nanoparticles exhibited an average of
12.2 nm diameter size with a standard
deviation of 1.65.
Effect of pH
Variation in the pH of the gold
nanoparticles solution was detected to
have an effect on the optical property of
the gold nanoparticles. Adjustment of
the pH value of the gold nanoparticle
solution from pH 4 to 10 did not show
any change in its wine red coloration.
This also indicates the stability of the
disperse state of the gold nanoparticles
in this pH value range. However at pH
value 3, the color already became purple
which is an indication that slight
aggregation had taken place. And further
adjustment to a pH value below 3
already caused the gold nanoparticles
solution to turn blue, which showed that
the gold nanoparticles had already
aggregated.

Figure 5. UV-Vis spectra of gold nanoparticles with varying concentrations of Cu2+

The color distinction with pH was
also reflected in the UV-Vis spectra.
Figure 3 shows the LSPR band of the
gold nanoparticles with the addition of
HCl or NaOH. For the addition of HCl,
there is no observable shift in the LSPR
band peak position until the pH is
around 4, indicating no aggregation
effect. However, as the pH approaches 3,
a sign of aggregation becomes apparent.
The aggregation is indicated by the
appearance of a shoulder peak which is
approximately centered at 610 nm. This
may be the result of surface charge
neutralization of the particles caused by
the addition of HCl (Basu et al. 2007).
For the addition of NaOH, no indication
of aggregation was observed even at pH
values above 10.
The
aggregation
of
gold
nanoparticles at pH 3 was further
confirmed by TEM analysis. TEM
micrographs of gold nanoparticles
solution at pH 3, 7 and 10 are shown in
94

Figure 6. TEM micrographs of aggregated gold nanoparticles due to the presence
of 2.5 mM Cu2+.
Philippine Science Letters
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Figure 4. For pH 7 and 10 (Figures 4b and 4c), the particles are
still dispersed with no signs of aggregation observed and the
mean particle diameter was determined to be 12.7 ± 2.6 and 12.0
± 1.9, respectively. For pH 3 (Figure 4a), it is evident that
aggregation had taken place due to closer confinement of the
particles. This observation also coincides with the UV-Vis
spectrum and visual analysis of the color of the gold
nanoparticles solution at pH 3. Although most of the gold
nanoparticles still mainly consist of 12 nm diameter size
particles at this pH, the particles already have a broader size
distribution in the range of 7-28 nm, compared to those at pH 7
and 10 with a size distribution range of only 9-18 nm.
Effect of Copper(II) Ions
Copper(II) ions were noted to affect the stability of citratecapped gold nanoparticles in aqueous solution. Addition of
2.5mM to 100mM Cu2+ showed a red-to-blue change in color;
only the addition of 1.0mM Cu2+ did not exhibit any change in
color, suggesting that no aggregation had taken place. These
observations were also confirmed by the UV-Vis absorption
spectra taken after the addition of the different concentrations of
Cu2+ (Figure 5). The absorption spectra also did not show any
observable change with the addition of 1.0 mM Cu 2+, while with
the addition of 2.5mM to 100mM noticeable red shifts were
observed with increasing absorption peak band intensities as the
concentration was increased.
The TEM micrographs of the gold nanoparticles solution
after addition of Cu2+ (Figure 6) clearly indicate the formation of

aggregated gold nanoparticles. This fact strongly supports the
notion that the interparticle distance is reduced. When the
interparticle distance in the aggregates decreases to less than
about the average particle diameter, the electric dipole–dipole
interaction and coupling between the plasmons of neighboring
particles in the aggregates result in the red shift of the absorption
band (Mocanu et al. 2009).
Colorimetric Assay of Copper(II) Ions Based on Gold
Nanoparticles Aggregation
Copper(II) ions can be quantitated based on its aggregation
effects on gold nanoparticles. The aggregation can be monitored
visually through the change in color and spectrophotometrically
through the change in the absorption spectra. It was noted that
with increasing concentration of Cu2+, the surface plasmon band
originally centered at ~520 nm decreases dramatically as a new
absorption band between 670 nm to 700 nm progresses.
Inspection of the spectra shows maximum divergence at 700 nm.
At this wavelength, high sensitivity can therefore be achieved.
The aggregation of the gold nanoparticles in the presence of
Cu2+ was found to vary with time. Upon addition of the Cu 2+ to
the gold nanoparticles solution, abrupt color changes from red to
blue were observed. Time-dependence monitoring of the
aggregation process of gold nanoparticles in the presence of
different Cu2+ concentrations showed that after 360 seconds the
absorbance changes were already very minimal. This indicates
the formation of stable aggregates and therefore ensures good
reproducibility of the absorbance readings after this time
duration. For Cu2+ concentrations of
10mM and 25mM, relative standard
deviation (r.s.d.) values of 5.36% and
3.70%, respectively, for 6 trials were
obtained.

Figure 7. Calibration curve for the determination of Cu2+ at optimum parameters

The pH of the gold nanoparticles
solution was also found to vary with
the absorbance readings of the
nanoparticles towards Cu2+. As
mentioned previously in section 3.2,
stability of gold nanoparticles was
affected by the pH of its surrounding
medium. Thus, variation in the pH
value of its medium will affect its
sensitivity and response to Cu2+. The
pH value of the gold nanoparticles
solutions was then varied before the
addition of Cu2+. Upon assessment of
the plot of the absorbance versus the
Cu2+ concentrations at different pH
values (from pH 4 to pH 10), the best
linear plot was obtained at pH 4.
At these optimum parameters
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(i.e., wavelength, reaction time, and pH), the calibration curve
displayed a sensitivity of 0.0036 A.U./mM and a linearity of
0.9822 r2 (Figure 7). The calculated detection limit for the
determination method is 5.0 mM.
CONCLUSION
Citrate-capped gold nanoparticles were synthesized in
aqueous medium via a chemical reduction method. In this
method, citrate served the dual purpose of being the reducing
agent and the stabilizer. The citrate-capped gold nanoparticles
solution displayed a wine red color and characterization through
UV-Vis spectroscopy showed a characteristic LSPR band at 520
nm. The presence of spherical gold nanoparticles with average
particle diameter size of 12.2 nm ± 1.65 was confirmed by TEM
analysis. Gold nanoparticles aggregate upon disruption of the
stabilizer. A colorimetric method for the determination of Cu 2+
was demonstrated based on the aggregation of citrate-capped
gold nanoparticles. Cu2+ assay calibration curves were
constructed under optimum parameters (wavelength, reaction
time, and pH). The calibration curve for the Cu 2+ determination
has a linearity value of 0.9822 r 2 and sensitivity of 0.0036
A.U./mM. Good reproducibility was also observed with a
computed relative standard deviation values of 1.56-6.15% (n=6)
for the linear range from 2.5mM to 100mM. The limit of
detection for the calibration curve is 5.0 mM.
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