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the reduction reaction between tetrachloroauric acid and sodium citrate was used. At the
end of the reduction reaction, gold nanoparticles with narrow size distribution were
obtained. The initial gold concentration, trisodium citrate concentration and mixing rate

were changed and their effects on particle size and size distribution were investigated. The

optimal gold salt concentration, trisodium citrate concentration and mixing rate were found
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0.06 mM, 0.17 mM and 450 rpm, respectively. Zeta sizer has been used to characterize and

determine the size and size distribution of the synthesized gold nanoparticles.

INTRODUCTION

Nanotechnology is one of the most important new
targets of science and technology. Nanotechnology
is formation of 100 nm sized particles and provides
significantly changeable featured different materials.
More excellent featured structures can be
synthesized. Arising of some disciplinary like
nanoengineering [1], nanoelectronic [2], and
nanobioelectronic [3] forced the synthesis of suitable
sized and functional block structures. This necessity
was encouraged to enhance angstrom and

nanosized features of substances. Colloids and
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aggregate science word has been started to make
and organize nanosized particles at this subject [4].
Most of these particles have been known for several
years. By the developing of some instruments for
particle characterisation, new disciplinary has been
come out for nanoparticles and nanocrystal
materials.

Nanoparticles are not only excellent materials by
structural features but also by functional features. It
can be provided changing of functional properties
by using various methods beside bulky properties.
Electronic [5], optic [6] and catalytic [7] properties of
nanoparticles have grew out of their quantum
levelled size. Nanosized particles have become
important employability in modern technology
systems due to their high surface area, different
optic and optical properties. Nanoparticles have
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been produced for various applications like
polymeric PS, PMMA [8], inorganic PbS, Ag2S,
CdSe, TiO2 [9] and Au, Ag etc [10]. These
nanoparticles can be produced by basic systems
like microemulsion, reverse micelle formation,
electro deposition etc. These nanoparticles can be
replaced to substrate surfaces like Au, Al, glass,
silica etc. by physical, chemical or replacement by
themselves methods to formation of regular nano
orderly structures. The surface can be modified
Gold

nanoparticles are the most suitable for this purpose.

interspace of metal nanoparticles.

Quartz crystal microbalance (QCM) sensors have
been used by growing rate in recent years. It's
because the system so cheap and movable. Quartz
crystals which they have metallic electrode (Au, Ag,
etc.) are used [11]. Due to piezoelectric properties
of these crystals, accumulation of mass on these
crystals changes the oscillation frequency of crystal.
By this drifting frequency, mass on this surface can
[12].
molecules (ssDNA, antibodies, etc.) bind to crystal

be measured quantitatively Biological
surface as ligand in QCM systems. Biosensors have
expanded to determine these targets pair biological
molecules. Measured drifting frequency is low
because there is surface area limitation and this
cause mistake [13].

MATERIALS and METHODS

In this work, gold nanoparticle synthesis was
achieved. The synthesis parameters, gold salt
concentration, sodium citrate concentration and
mixing rate effect to nanoparticle size were

investigated.

Gold Nanoparticles Synthesis

In this study, gold nanoparticles were synthesized
as mentioned in the literature [14]. Briefly, gold
chloroauric asid salt (H[AuCls]) was used as gold
salt in the experiments. Trisodium citrate
(Na3CgH507.2H20) was used as reducing agent.
Gold salt was mixed and boiled to the boiling point
(97.5°C) at prepared concentration to start the
synthesis reaction. Gold salt was yellow at that time.
After adding the prepared sodium citrate to the
solution, sodium citrate turned to citric acid. At that
stage yellow coloured solution suddenly became
transparent and colourless. It changed to black and
after than slowly to wine red [15]. The solution was
kept on mixing at all the colour changing stages and
it was kept on hot surface. When the colour
changing was end gold particle solution was kept on
mixing and to cooling. Gold salt synthesis was

concluded at this point.

2HAuUCI4 + 3CgHgO7 (citric acid) — 2Au + 3CsHgOs (3-ketoglutaric acid) + 8HCI + 3CO2

The submitted work investigates gold nanoparticles

synthesis by reduction reaction between
tetrachloroauric acid and trisodium citrate. The
dependence of nanoparticle size and size
distribution were tested by changing the initial
concentrations of gold salt, trisodium citrate and
rate.

mixing The colloid suspensions were

characterized by zeta sizer measurements.
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Gold nanoparticle synthesis is given above. The pH
value of red wine coloured solution was measured
and the nanoparticles were characterized by zeta
sizer to determine electrical charge, size and size
distributions (ZETA Sizer, 3000 HSA, Malvern-
England).

Gold Salt Concentration effect
In this part of the study, the gold salt initial
concentration effect was investigated. Gold salt

solution was mixed with deionised water (pH 7.2) at
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different ratios (gold salt/water ratio 1/10-1/1 w/v).
So, gold salt concentrations were changed from
0.03 mM to 0.3 mM (0.03, 0.0375, 0.05, 0.06, 0.075,
0.10, 0.15, 0.30 mM). The
concentration (sodium citrate, 0.17 mM) and mixing

reducing agent

rate (450 rpm) were kept constant during synthesis

experiments.

Sodium Citrate Concentration effect

The effect of sodium citrate (Figure 1) which was
used as reducing agent to the nanoparticle size was
investigated in this part of the study. As mentioned
in literature, sodium citrate has important effects on
the synthesis of nanoparticles [16]. Sodium citrate
concentration was changed from 0.01 mM to 0.50
mM (0.010, 0.025, 0.050, 0.075, 0.10, 0.15, 0.25,
0.35, 0.50). Gold salt concentration (0.06 mM),
sodium citrate/water ratio (1/5) and mixing rate (450
rpm) were kept constant during experiments.

Figure 1. Chemical structure of trisodium citrate.

The Mixing Rate Effect to the Nanoparticle Size
In this part of the study, the mixing rate effect to the
nanoparticle size and size distribution was
investigated. For this purpose, the mixing rate was
changed from 300 to 800 rpm (300, 400, 500, 600,
800 rpm). Other parameters, such as gold salt

concentration and sodium citrate concentration,
were kept constant as 0.06 mM and 0.17 mM,
respectively.

All the synthesis reactions were followed for colour
formation and pH value.

Gold Nanoparticle Characterization

Relationship between particle size and colour was
observed by transparency and turbidity. Turbid
solutions indicate aggregate formation of different
sizes. Nanoparticle formations were detected by
transparency observations and red wine coloured
solutions. Particle size and size distribution of
synthesised gold nanoparticles were determined by
The
nanoparticles were imaged by scanning electron
microscope (SEM, JEOL, JSM-6490, USA).

using Zeta-sizer. synthesized gold

RESULTS and DISCUSSIONS

Gold Nanoparticle Synthesis

Effect of Initial Gold Salt Concentration

The reduction reaction of gold salt (HAuCls) with
citric acid results with the formation of 3-ketoglutaric
this
concentration which initially reacts with AuCI

acid. In reduction reaction, gold salt
amount is important factor to the reduction process
by citrate ions [17]. Initial gold salt concentration was
changed between 0.03 mM and 0.3 mM and the
results were given in Table 1. The sodium citrate
concentration and mixing rate were kept constant as

0.17 mM and 450 rpm, respectively.

Optimal gold salt concentration range for gold
nanoparticle synthesis was found as 0.05-0.1 mM
(1/6-1/3 HAuCl,/water ratio). In these conditions, the
gold nanoparticle size was in the range of 23-120
nm. High gold salt concentrations cause aggregate

2HAuUCI4 + 3CgHgO7 (citric acid) — 2Au + 3CsHgOs (3-ketoglutaric acid) + 8HCI + 3CO2
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Table 1. The effect of different gold salt concentration to particle size.

Gold salt/ Gold Salt H Size (nm) Size distribution Abpearance
water ratio (mM) P (nm) PP

1/10 0.030 5.83 micro particle - Transparent
1/8 0.038 5.68 micro particle - Transparent
1/6 0.050 5.72 120 £ 12 84.6-130.1 Transparent
1/5 0.060 3.32 23+23 19.4-30.8 Transparent
1/4 0.075 3.35 48 +4.8 33.7-50.3 Transparent
1/3 0.10 3.30 80 +8.0 61.0-101.6; Transparent

237.0281.9
1/2 0.15 2.34 aggregate formation - Turbid
1/1 0.30 1.98 aggregate formation - Turbid

*Sodium citrate concentration (0.17 mM)

formation and leads to turbid solutions. Otherwise,
micron size gold particles were obtained in low initial
gold salt concentrations.

It was reported that the average diameter and the
character of the distribution curve changed with
preparative conditions such as concentration and
Three

different

ratio of reactants. different  gold

concentrations gave particle size
distribution curves [18]. In another study, the
monodisperse nanogolds with different particle sizes
were obtained by the same procedure with different
amounts of citrate [19]. The colloidal gold was
prepared by reduction of HAuCl, (2 wt %) by sodium
citrate aqueous solution (2 wt %) and the obtained
particles have diameters as 12, 18, 24, 30, 46, 61,
and 65 nm according to transmission electron
microscopy results. In another study, the molar
ratios of HAuCl,/Nag citrate were 0.30, 0.75, 1.00,
and 1.51, respectively. The diameters of the colloidal
nanoparticles were measured by using transmission
electron microscopy as 16 £ 2.3 nm, 24 + 2.1 nm, 42

+ 2.6 nm and 51 £ 5.3 nm, respectively [17].

Effect of Initial Sodium Citrate Concentration
Sodium citrate turns to citric acid after hydrolysis in

water and is used as reduction agent in the

220

nanoparticle synthesis reaction. Citrate ions in
medium cause reduction of tetrachlouric (AuCl,) to
monochlouric (AuCl) ions.

The sodium citrate concentration was changed in
the range of 0.01 mM-0.5 mM and the results were
obtained as given in Table 2. Other parameters,
initial gold salt concentrations and mixing rate were
used as 0.06 mM and 450 rpm, respectively.

It can be seen from the Table 2, the synthesis
reaction wasn’t realized at low sodium citrate
concentrations. Probably, citrate ions couldn’t be
high enough to reduce gold ions. While sodium
citrate concentration is rising reduction reactions
realised. Sodium citrate amount is an important
parameter for gold nanoparticle synthesis as
depicted in literature [15].

The aggregate formation was observed in 0.075 and
0.1 mM sodium citrate concentrations. This result
also confirms that the citrate concentration is again
not enough. When salt concentration was between
0.15 and 0.5 mM, gold nanoparticle formation was
realised. But,
synthesized at 0.15 and 0.25 mM sodium citrate
concentrations. The average of these two sodium

desired nanoparticle size was
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Table 2. The change of particle formation with sodium citrate concentration.

Sodium citrate (mM) pH Size (nm) Size distrubition (nm) Appearance
0.010 1.98 no synthesis
0.025 2.15 no synthesis
0.050 2.49 no synthesis
0.075 2.82 aggregate formation - Turbid
0.10 2.88 aggregate formation - Turbid
0.17 3.18 25.0+2.3 19.4-30.8 Transparent
0.25 3.35 353+35 33.7-50.3 Transparent
0.35 4.27 374 +£3.7 26.5-42.0; 330.05529.2 Transparent
0.50 4.79 504 +50 6.0-8.0; 40.0-60.4; Transparent
100.5-159.3
Gold Salt Concentration (0.06 mM)
citrate concentrations was used throughout the Effect of Mixing Rate

research.

Metal nanoparticles can be synthesized by the use
of reducing agents like sodium citrate, borohydrate,
and alcohols. But, sodium citrate is the most
common one [15]. It was reported that nearly
monodispers particles were synthesized by citrate
reduction while particle size was controlled by initial
reagent concentration [20]. The dependence of
nanoparticle diameter on citrate concentration in the
reductive synthesis of gold nanoparticles was
investigated by the addition of trisodium citrate
solution (1% aqueous solution) to 50 mL of 0.01 %
H[AuCl,]. The nanoparticle diameter was obtained
in the range of 16-147 nm when added amount was
changed from 1.0 to 0.16 mL.

Table 3. The effect of mixing rate to particle size*

Particle size and size distribution were also affected
by mixing rate. In this part of the study, the effect of
mixing rate to particle size and size distributions was
investigated. The obtained results were given in
Table 3. Gold salt concentration and sodium citrate
concentration were fixed on 0.06 mM and 0.17 mM,
respectively. The mixing rate was changed from 300
to 800 rpm.

Nanoparticle formation was observed for all mixing
rates, but, larger size distribution occurred. The
narrow size distribution was found at 400, 450, and
500 rpm. Thus, the mixing rate, 450 rpm, was used
throughout the research. High mixing rates resulted
very small nanoparticle size, but, size distribution
gets larger. The mixing rate effect was also
investigated in details by another study [21].

Mixing Rate (rpm) pH Size (nm)  Size Distribution (nm) Appearance
300 2.96 42.0+42  26.5-52.9; 333528 Transparent
400 3.22 259+25 13.0-32.6;41.1-81.9 Transparent
450 3.18 25+23 19.4-30.8 Transparent
500 3.08 163+16 10.3-31.1;40.0-71.9 Transparent
600 3.00 42+04 1.5-4.2; 20.9-126.4 Transparent
800 3.07 3.2+£0.3 2.6-4.1;8.212.9; 51.5-81.7; Transparent

205.2-258.9

*Gold salt concentration (0.06 mM), sodium citrate concentration (0.17 mM).

221



A. Tabrizi, F. Ayhan and H. Ayhan / Hacettepe J. Biol. & Chem., 2009, 37 (3) 217-226

Colloidal gold nanoparticles were prepared by
mixing of the reactants at high temperatures. It was
indicated that vigorous mixing needs to be applied
[14].

The final pH value of reduction reaction is a highly
important parameter for particle size formation and
size distribution. As can be seen from the three
tables, pH 3 was accepted as the end of reduction

reaction and synthesis.

ZETA Sizer Results

The analysis that was performed with Zeta sizer
gives the particle size and size distribution. Zeta
potentials of nanoparticles were also measured in
the same manner. The peak number, peak area,
and peak amplitude gives important explanation for
size and size distribution of nanoparticles. If there is
one peak Zeta sizer shows real size average of
particles. If there is more than one peak at Zeta sizer
distribution should be considered for the size of
particles.

The negative charge was also another important
Zeta
measurements at the end of the reduction reaction

indicator of particle size. potential
were negative because of citrate ions. Hence, the
nanoparticle size diameters small than 100 nm were
obtained in the research. The zeta potentials of the
nanoparticles synthesized in the scope of this study
was obtained between -4 and -5 mV. The results
were also compatible with the literature results [16,

20].

Effect of Initial Gold Salt Concentration

Gold synthesis reaction was performed for gold salt
concentrations from 0.03 mM to 0.3 mM. The
sodium citrate concentration and mixing rate were
0.17 mM and 450 rpm, respectively. The analysis
results were given in Figure 2 for 1/5, 1/4, and 1/3
HAuCl,/water ratios. When 1/5 ratio was used

particle size of 24.5 nm with 95.5 % intensity was
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obtained (Figure 2a). The particle size of 48.2 nm
with 92.9% intensity was found for 1/4 ratio (Figure
2b). Size distribution was not observed for both
AuCl, concentrations.

In Figure 2c, the nanoparticle size formation was
detected around 85.7 and 237.8 nm. The intensities
were 16.4% and 76.7%
distribution. As a result, the initial gold salt
the best

nanoparticle formation while other parameters were

which indicate size

concentration of 0.06 mM gives

kept constant as indicated before.

Effect of sodium citrate concentration

The sodium citrate concentration was changed
between 0.01 mM and 0.5 mM and initial gold salt
concentration and mixing rate were used as 0.06
mM and 450 rpm, respectively.

The results indicate that no synthesis or aggregate
formation occurred when the sodium citrate
concentration was lesser than 0.17 mM. On the
other hand, size distribution was observed when the
concentration was higher than 0.25 mM.

Figure 3a shows the nanoparticle formation when
0.25 mM sodium citrate was used. The zeta sizer
result indicates that the nanoparticles with sizes as
33.7 and 41.2 nm were obtained with 7.1 and 92.9
% intensity, respectively. When sodium citrate
concentration was increased to 0.35 mM, better size
distribution occurred. The nanoparticles with the
sizes of 33.3, 42 and 420 nm were formed with
different intensities. The analysis for 0.17 mM
resulted with particle size of 24.5 nm with 95.5%
intensity (Figure 2a). This concentration was
selected as optimum condition for sodium citrate.
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Figure 2. Effect of gold salt concentration onto particle size (a) 0.06 mM, (b) 0.075 mM, (c) 0.1 mM.
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Figure 3. Effect of sodium citrate concentration onto particle size (a) 0.25 mM (b) 0.35 mM.

Effect of mixing rate

In order to investigate the mixing rate effect on the
nanoparticle formation and size distribution, the
mixing rate was changed from 300 to 800 rpm. The
gold salt concentration and sodium citrate
concentration were kept constant as 0.06 mM and
0.17 mM, respectively. When mixing rate was 300
rom, the synthesized nanoparticles have size
distribution such as 42 and 420.3 nm (figure not
given) with 51.7 and 23.4% intensity, respectively.
In the case of 600 and 800 rpm mixing rates, size
and size distribution interval gets larger (figure not
given). The nanoparticle size was measured as 16.3
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and 51.7 nm with 11.5 and 44.2% intensities for 400
rom (Figure 4). On the other hand, the size was
determined as 15.5 and 55.2 nm with 14.2 and
46.8% intensities for 500 rpm (figure not given). But,
in order to overcome size distribution, the mixing
rate of 450 rpom was tested and found as optimum
mixing rate. Figure 2b depicts the zeta sizer results
for this value.

CONCLUSION

This research investigated the synthesis parameters
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Size Distribution(s)

% in class

20 ........‘..i.....E............. O S

5 10 50 100
Diameter (nm)

Figure 4. Effect of the mixing rate (400 rpm) onto the particle size.

of gold nanoparticles and the effect of experimental
parameters on size and size distribution. It was
found that initial gold salt concentration and
trisodium citrate concentrations and mixing rate are
very important variables in the colloid nanoparticle
synthesis. The applications of gold nanoparticles are
highly extensive as conductive material in sensors
and/or biosensors. Narrow size distribution and
small monosize gold nanoparticles also offer
advantages for self-assembled monolayer formation
and enhanced surface area.
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