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pH effect on the aggregation of silver nanoparticles
synthesized by chemical reduction
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Silver colloidal nanoparticles were prepared according to the chemical reduction method in which the ascorbic acid was
used as a reducing agent and sodium citrate as a stabilizing agent. The absorption spectra of all prepared samples obtained
using the UV-Vis spectrophotometer showed a surface plasmon peak at a wavelength of about 420 nm. The size of the silver
nanoparticles was controlled by changing the pH values of the reaction system. At high pH, smaller size silver nanoparticles
were obtained compared to low pH values. This difference can be attributed to the difference in the reduction rate of the
precursor. In addition to the inverse proportionality between the size and the pH value it is clear that increasing the pH value
enables us to obtain spherical nanoparticles while at low pH, rods and triangular particle shapes were formed. Poor balance

between nucleation and growth processes could be the cause of this result.
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1. Introduction

In the last few years, nanoparticles science and
technology have been widely developed due to fas-
cinating physical, chemical and optical properties
of these species. Most of their properties are re-
lated to high surface to volume ratio of nanopar-
ticles as well as some quantum size effects. Every
particle having a dimension in the range between 1
to 100 nm can be defined as a “nanoparticle”.

Metal nanoparticles, such as silver and gold
nanoparticles, are widely used in various fields
such as medicine, biology, chemistry, physics
and electronics. This widespread use results from
unique properties such as thermal, magnetic, elec-
tronic, electrical and optical properties compared to
bulk phase [1].

Many researchers have prepared and charac-
terized silver nanoparticles (AgNPs) using differ-
ent methods such as chemical methods, gamma ra-
diation, laser ablation and electrochemical meth-
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ods [2-5]. Others have studied the possibility of
controlling their shape and size through investigat-
ing factors that affect their dimensions. Hongli et
al. observed the changes in color of colloidal silver
solutions at different pH values [6]. Under high pH,
the color of silver solution was changed from col-
orless to yellow and then brown. Under low pH,
the color was changed from colorless to yellow
and then blue turbid. Dong et al. showed that the
shape of AgNP particles depended on the pH value
when they used citrate (Na3CgHs07) as a reduc-
ing as well as a stabilizing agent and they found
that the shape of AgNPs at high pH was a mix-
ture of spherical and rod-like particles while at low
temperature the shape was triangular and polygo-
nal [7]. Mazumdar et al. studied the possible toxic-
ity of silver nitrate solutions and sodium borohy-
dride solutions (AgNO3/NaBH4) on the seeds of
three plant species since they were used as raw
materials for nanoparticle synthesis [8]. Qin ef al.
studied the size and shape of AgNPs by changing
the pH value of the solution and observed that the
size became smaller and the shape more spherical
as the pH increased [9].
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In this study, silver colloidal nanoparticles have
been prepared according to the chemical reduction
method in which the ascorbic acid was used as a
reducing agent and sodium citrate as a stabilizing
agent. The effect of pH on the color, shape and size
of silver nanoparticles was investigated.

2. Experimental
2.1.

Silver nitrate (AgNOs3), trisodium citrate
(Na3zCgHs507), ascorbic acid (CgHgOg), sodium
hydroxide (NaOH), nitric acid (HNOs3), acetic
acid (CoH40Og) and deionized water were used in
the experiment. All chemicals were produced by
Sigma Aldrich (India), Merck (India) and Acros
(USA).

Materials

2.2. Procedures

A 0.1 M AgNO;3 solution was prepared by
adding 16.987 mg of AgNO3 to 1 ml deionized
water. A 100 ml of an aqueous solution containing
ascorbic acid (C¢HgOg) 6 x 10~* M and trisodium
citrate (NazCgHs07) 3 x 107> M was prepared, and
the solution was adjusted to different pH values by
adding of 0.2 mol/l of citrate acid or 0.1 mol/l of
NaOH solution.

The aqueous solution was placed over a heater
which was switched on simultaneously with a stir-
rer and a condenser. When the temperature reached
around 100 °C, the solution started to boil and the
AgNOs; solution was added drop by drop through
the upper opening at the ratio 1 ml AgNOs3 solu-
tion: 100 ml aqueous solution of sodium citrate and
ascorbic acid. The color of the solution changed
to light yellow after adding AgNOs3 solution un-
der low pH to blue turbid under high pH. The first
change appeared within 5 — 10 minutes after adding
AgNOj; solution. Boiling must have been continued
for almost 1 hour at a fixed temperature of about
100 °C [10].

3. Results and discussions

The prepared colloidal silver nanoparticles
were investigated using different analysis tools.

The particle size analyzer was used to investigate
the size of the prepared nanoparticles. Fig. 1 shows
the size distribution in one of the prepared samples.
It is clear that most of the prepared nanoparticles
have the radii less than 70 nm and about 45 % of
them have the radius below 51 nm.
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Fig. 1. Size distribution of silver nanoparticles.
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Fig. 2. Absorption spectra of silver nanoparticles.

The UV-Vis spectrophotometer was used to ob-
tain the absorption spectra of the prepared samples.
Usually, these spectra give the indication about the
formation of colloidal silver nanoparticles as well
as the quality of the tested samples.

The measurement showed that silver nanoparti-
cles had an absorption peak around the wavelength
of 410 nm. This is a characteristic property of silver
nanoparticles and corresponds to the surface plas-
mon resonance. A typical absorption spectrum of
silver nanoparticles colloid is shown in Fig. 2.
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Transmission electron microscope TEM imag-
ing technique was used to determine the shape and
size of the nanoparticles that were formed under the
influence of different pH values.

3.1. pH effect on the size of AgNPs

There are many factors that affect the size and
shape of silver nanoparticles. In this part, we will
address the impact of the pH on the size of AgNPs
by monitoring size variations as a result of chang-
ing the pH of the solution.

Absorption spectra at different values of the
pH (7, 8, 9, 10, and 11) are presented in Fig. 3.
A general trend is that the surface plasmon reso-
nance peak shifts toward the short wavelength re-
gion as well as becomes narrower when the pH
value increases.
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Fig. 3. Absorption spectra of AgNPs at different pH
values.

Assuming that the shift in the surface plasmon
resonance peak indicates a change in the size of
AgNPs and hence any shift of the peak toward the
shorter wavelength is accompanied by a decrease
in the size of the prepared AgNPs, we conclude
that raising the pH of the solution results in the
formation of nanoparticles with smaller size and
vice versa. On the other hand, the broadening of
the surface plasmon resonance peak indicates the
existence of a wider range of sizes in the solution.

Fig. 4 shows the relationship between the max-
imum absorption and the pH value which is almost
directly proportional. Fig. 5 shows that the rela-
tionship between the size of AgNPs and the pH
value is inversely proportional. The effects of the

pH value on the AgNPs size, absorption peak and
wavelength are listed in Table 1.
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Fig. 4. Relationship between the pH values and the
maximum absorption.
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Fig. 5. Relationship between the pH values and the size
of AgNPs.

Fig. 6 presents the results of all TEM mea-
surements of the prepared samples at different pH
values. It is clear that as the pH value increases,
the sizes of the particles decrease and the shape be-
comes more spherical. It is worth mentioning that
the results of the TEM imaging are in good agree-
ment with the results obtained from the absorption
spectra of the same samples.

According to Fig. 6, the particles prepared un-
der low pH (7, 8 and 8.5) are mostly irregular in
shape. Irregularity in the shape of particles can be
attributed to the slow reduction rate of the precur-
sor in addition to the poor balance between nucle-
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Table 1. The wavelength, absorption peaks and radius
of AgNPs at different pH values.

pH The peak The wavelength ~ The size
+0.01 absorption (arb.u.)  (nm) +0.3 of AgNPs
7.00 1.193 428.0 74.00 £3.11
8.00 1.955 418.5 67.00 £ 1.59
8.50 2.197 416.0 57.00 £ 1.37
9.00 2.287 410.5 54.00 £ 1.95
10.00 2.476 404.0 43.00 =+ 1.87
11.00 2.716 397.0 32.00 £1.55

PH=8.5

PH=8

¢

PH=10

&
g

L] « 5

Fig. 6. TEM image of nanoparticles at different pH
values.

ation and growth processes. On the other hand, the
AgNPs prepared under high pH (10 and 11) are
more regular and smaller compared to the previ-
ous samples prepared at lower pH values. The av-
erage radii of particles are around (43.00 £+ 1.87,
32.00 £ 1.55) nm, respectively, and the shape of sil-
ver nanoparticles is spherical. The spherical shape
of silver nanoparticles can be attributed to the bal-
ance between the nucleation and growth processes
as well as to the increase in reduction rate of the
silver precursor (Ag™).

3.2. The effect of the pH on the color of
AgNPs

Fig. 7 shows the variation in the color after
adding silver nitrate solution (AgNO3) to the ascor-
bic acid and citrate solution. With increasing the

pH values the color of the solution changes from
colorless to yellow and then to brown, while it
changes from colorless to blue turbid as the pH
values decrease.
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Fig. 7. The color of AgNPs colloids at different pH
values.

The variation in color can be attributed to the
surface plasmon resonance since the strong interac-
tion between silver nanoparticles and light results
in collective oscillations of conduction electrons on
the surface when excited by light at specific wave-
lengths.

4. Conclusions

Silver colloidal nanoparticles were prepared ac-
cording to the chemical reduction method in which
the ascorbic acid was used as a reducing agent and
sodium citrate as a stabilizing agent. The absorp-
tion spectra of all prepared samples obtained using
the UV-Vis spectrophotometer showed a surface
plasmon peak at a wavelength of about 420 nm.
This peak is a characteristic property of silver
nanoparticles.

The relationship between the average size of sil-
ver nanoparticles and the pH values of the solution
was investigated. It has been found that as the pH
value increases, the surface plasmon peak shifts to
left indicating a decrease in the size of the prepared
nanoparticles. Moreover, this shift in the peak is ac-
companied by a decrease in the width of the peak
indicating size uniformity.

TEM images obtained using the transmission
electron microscope confirmed the results obtained
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using the UV-Vis spectrophotometer regarding the
dependence of the size on the pH value. In addi-
tion to the inverse proportionality between the size
and the pH value, it is clear that increasing the
pH value produced a spherical nanoparticles while
at low pH, rods and triangular particles were ob-
tained. This result can be attributed to the poor bal-
ance between nucleation and growth processes.
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