
ASIAN JOURNAL OF CHEMISTRYASIAN JOURNAL OF CHEMISTRY
https://doi.org/10.14233/ajchem.2017.20436

INTRODUCTION

Nanomaterial, a material with any external dimension or

having the internal structure in the size range of 1-100 nm,

has been used in many products. Application of nanomaterial

follows its unique properties including high surface to volume

ratio, high surface energy and unique mechanical, thermal,

electrical, magnetic and optical behaviours. These properties

are different compared to their bulk material with the same

chemical composition [1,2]. Over the past few years, the

published papers show that there has been a significant increase

of research to explore nanoparticles. Nanoparticles may occur

in different shapes such as a sphere, cube, tetrahedron,

octahedron, bar, spheroid, bipyramid, decahedron, wire, rod,

plate, disc and hollow structures. There is a correlation between

the properties of nanoparticles with their shape and size [3].

Among the metal nanoparticles, silver nanoparticles

(AgNPs) have taken great of interest. Silver nanoparticles have

been known as an antibacterial agent and have been used in

the biomedical application, water treatment, food production,

textile industries and consumer goods. Experimental data show

that the antibacterial properties of AgNPs depend on the size

and shape of nanoparticles [4,5]. The size and shape of AgNPs

can be controlled by the synthesis method [6].
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A large number of methods are now available for the

synthesis of AgNPs. In chemical reduction method, the

precursor of silver, reducing agent and stabilizer or capping

agent should be available in the synthesis of AgNPs [3].

Sodium borohydride and sodium citrate are commonly used

in the reduction of silver ion to generate AgNPs. Polymers

such as polyvinyl alcohol stabilize the AgNPs during and after

formation of nanoparticles [7]. Development of synthesis

method to produce AgNPs with different reducing and capping

agent has been reported [8-11].

The objective of this study is to produce stable AgNPs using

m-hydroxybenzoic acid as reducing agent without addition of

any capping agent. Previous work showed that o- and p-

hydroxybenzoic acids could be used in the formation of AgNPs

[12]. In this paper, we describe the method in producing of

stable AgNPs using m-hydroxybenzoic acid as reducing and

simultaneously capping agents which is much more convenient

than the previous work using o- and p-hydroxybenzoic acids.

EXPERIMENTAL

Silver nitrate (Merck) m-hydroxybenzoic acid (Sigma-

Aldrich) and sodium hydroxide (Merck) were used as received

and no further purification was performed. UV-visible spectro-

photometer (Shimadzu UV-PharmaSpec), Fourier transmission



infrared spectrophotometer (Shimadzu FTIR Prestige-21) and

transmission electron microscope (JEOL JEM-1400) were

used in the characterization of the resulted AgNPs. The sample

for FTIR measurement was obtained by centrifugation of

AgNPs colloid at 13.000 rpm by IEC MB Centrifuge.

Synthesis of silver nanoparticles: Synthesis of AgNPs

was performed similarly to previous work [12]. Briefly, 5 mL

of silver nitrate solution was added to 5 mL of pH-adjusted m-

hydroxybenzoic acid in a test tube. The mixture of silver nitrate

and m-hydroxybenzoic acid was heated in boiling water bath

and then cooled in tap water. Resulted AgNPs were stored at

room temperature and normal laboratory condition for moni-

toring their stability. Reducing ability of m-hydroxybenzoic

acid was studied by reacting various concentrations of silver

nitrate (0.5 to 2.5 × 10-4 M) with a constant concentration of

m-hydroxybenzoic acid at 1.0 × 10-3 and 1.0 × 10-2 M. This

synthesis of AgNPs was performed at two different pHs of the

m-hydroxybenzoic acid solution (pH 11 and 12). Sodium

hydroxide solution was used to adjust the pH of m-hydroxy-

benzoic acid solution.

Characterization of silver nanoparticles: The formation

of AgNPs was monitored by UV-visible spectrophotometer

using 1 cm optical path length quartz cuvette and 200-800 nm

wavelength range. The FTIR spectra were obtained by scanning

the KBr plate of AgNPs in the range of 4000-400 cm-1. The

solid AgNPs sample for FTIR measurement was prepared by

drying at 65 °C the centrifugation-recovered AgNPs from their

colloidal solution. Preparation of sample for TEM analysis

was performed by immersing the copper grid into AgNPs

colloid and then drying at room temperature. The accelerating

voltage of 120 kV was used in taking the image. The scale

provided in the micrograph was used in the calculation of the

particle size.

RESULTS AND DISCUSSION

Reaction time for the formation of silver nanoparticles:

Determination of time required for the formation of AgNPs

was performed by addition of 1 × 10-4 M silver nitrate to 1 ×

10-3 M m-hydroxybenzoic acid solution at pH 11. The mixture

of silver nitrate and m-hydroxybenzoic acid was then heated

in boiling water bath and the UV-visible spectra were collected

at different interval time reaction. Silver nanoparticles forma-

tion was confirmed by the appearance of yellow colour in the

mixture of m-hydroxybenzoic acid and silver nitrate. The

observed intense yellow colour was due to the surface plasmon

resonance, which could be measured by UV-visible spectro-

photometer [13]. The intensity of colour and peak of the spectra

related to the concentration of resulted AgNPs.

All reaction showed the formation of AgNPs. Although

the intensity of peaks was different with time reaction, all peaks

were centered at 410-420 nm. The maximum result of the

AgNPs formation, as shown in Fig. 1, was achieved at 15 min

of reaction time. There was different in the rate of AgNPs

formation using different isomers of hydroxybenzoic acid if

compared with previous data [12]. Formation of AgNPs using

o- and p-hydroxybenzoic acids took longer time (2 and 1 h)

than m-hydroxybenzoic. The order of consuming time for the

reaction followed the order o- > p- > m-hydroxybenzoic acid.
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Fig. 1. Plot of the peak intensity of AgNPs versus time during the synthesis

Reducing ability of m-hydroxybenzoic acid: The

reducing ability of m-hydroxybenzoic acid was determined

by plotting the intensity of surface plasmon resonance peak

versus the initial concentration of silver nitrate used in the

reaction. This relationship is described by a linear line model

with the equation of y = ax + b, where y is the intensity of

maximum peak, x is initial concentration of silver nitrate, b is

a constant and a is the gradient of the line representing the

reducing ability of m-hydroxybenzoic acid. To evaluate the

reducing ability of m-hydroxybenzoic acid, we used two

concentration of m-hydroxybenzoic acid (1.0 × 10-3 and 1.0 ×

10-2 M) and two pH of the m-hydroxybenzoic acid solution

(pH 11 and 12). The initial concentration of silver nitrate was

varied from 0.5 to 2.5 × 10-4 M. For all reactions, the spectra

centered at around 400-430 nm and the intensity of spectra

increased with the increasing the concentration of silver nitrate.

Surface plasmon spectra of all reaction are shown in Fig. 2.

By plotting the peak intensity versus initial concentration

of silver nitrate provided in Fig. 2, we obtained several equa-

tions. The equation of each reaction conditions was y = 7218x

– 0.2 (R2 = 0.99), y = 7099x – 0.2 (R2 = 0.99), y = 5490x – 0.2

(R2 = 0.96) and y = 3802x (R2 = 0.99) for data in Fig. 2A, 2B,

2C and 2D respectively. The gradient of the linear line

represents the reducing ability of m-hydroxybenzoic acid.

The maximum reducing ability of m-hydroxybenzoic acid

could be achieved when the reaction was performed using

1.0 × 10-3 M m-hydroxybenzoic acid with its pH was adjusted

to 11. The increase of pH and concentration of m-hydroxyben-

zoic acid decreased the reducing ability of m-hydroxybenzoic

acid.

The resonance of hydroxybenzoic acid isomers was

believed influencing their reducing ability. The resonance for

o- and p-hydroxybenzoic acids is occurred to the exo-ring

system, in contrast for m-hydroxybenzoic acid, where the

resonance takes place only to the endo-ring system. In the

case of o-hydroxybenzoic acid, internal hydrogen bonding may

also have a contribution. Hence, the m-hydroxybenzoic acid

had the highest reducing ability. By comparing with previous

data [12], the order of hydroxybenzoic isomers reducing ability

followed m > p > o-hydroxybenzoic acid. This order agrees

with the previous data published by Simic et al. [14]. The

reducing ability also correlated with the rate of reaction for the

formation of AgNPs using these reducing agents.
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Stability of silver nanoparticles: The stability of AgNPs

was studied at the duration of 18 weeks storage at a normal

laboratory condition. Silver nanoparticles used for stability

test were synthesized using 1.5 × 10-4 M silver nitrate and two

concentrations of pH 11-adjusted m-hydroxybenzoic acid (1.0

× 10-3 and 1.0 × 10-2 M). Observation after 18 weeks showed

that the colour of AgNPs was visually still identic with that of

fresh synthesized AgNPs. Fig. 3 shows the profile of AgNPs

surface plasmon resonance spectra. Compared to the fresh

synthesized AgNPs, there was only 2 % of peak intensity

reduction but with no observable shift of λmax from 416 nm.

The similar result was also found for the synthesized AgNPs

using 1 × 10-2 M m-hydroxybenzoic acid. No observable shift

of λmax at 424 nm and only a 1.5 % reduction in the peak

intensity were found. These data suggested that the resulted

AgNPs were highly stable.

Since we did not use additional capping agent to stabilize

the resulted AgNPs, it is proposed that m-hydroxybenzoic acid

simultaneously serves as both reducing and capping agent.

Silver nanoparticles were capped by m-hydroxybenzoic acid

Fig. 2. Surface plasmon resonance spectra of AgNPs synthesized using different initial concentration of silver nitrate (A) [m-hydroxybenzoic

acid] = 1.0 × 10-3 M, pH = 11; (B) [m-hydroxybenzoic acid] = 1.0 × 10-3 M, pH = 12; (C) [m-hydroxybenzoic acid] = 1.0 × 10-2 M, pH

= 11; (D) [m-hydroxybenzoic acid] = 1.0 × 10-2 M, pH = 12

Fig. 3. Surface plasmon resonance spectra of AgNPs after a period of 18 weeks; (A) [m-hydroxybenzoic acid] = 1.0 × 10-3 M; (B)

[m-hydroxybenzoic acid] = 1.0 × 10-2 M
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and resulted in the stabilization effect. The attachment of m-

hydroxybenzoic acid on the surface of AgNPs was predicted

through its carboxyl functional group. The FTIR spectra of

m-hydroxybenzoic acid (spectra not shown here) showed that

the intensity of the peak at around 1700 cm-1 (C=O vibration)

was higher than the peak at around 1600 cm-1 (C=C aromatic

vibration). It was different with the spectra of m-hydroxy-

benzoic acid capped AgNPs (Fig. 4). The spectra showed no

observable peak at around 1700 cm-1. No observable peak

around 1700 cm-1 indicated the contribution of the carboxyl

group in the complexation with AgNPs [15]. Previously pub-

lished data also support that hydroxybenzoic acid attach to

the AgNPs through its carboxyl group and providing stabili-

zation effect [16,17].

Fig. 4. FTIR spectra of m-hydroxybenzoic acid capped AgNPs [m-

hydroxybenzoic acid] = 1.0 × 10-3 M, [AgNO3] = 2.0 × 10-4 M, pH

= 11

Effect of the concentration of m-hydroxybenzoic acid:

The stability studies show that m-hydroxybenzoic acid does

not only play a role in reducing but also in capping the resulted

AgNPs. To determine the effective mole ratio of silver nitrate

and m-hydroxybenzoic acid, the synthesis was performed using

a different concentration of m-hydroxybenzoic acid with a

constant initial concentration of silver nitrate (2.0 × 10-4 M).

The concentration of m-hydroxybenzoic acid was varied

from 0.5 × 10-4 to 1.0 × 10-2 M. Fig. 5 shows the intensity of

the peak of AgNPs produced with different concentration of

m-hydroxybenzoic acid. It can be seen that the maximum result

was exhibited by the reaction using 2 × 10-3 M of m-hydroxy-

benzoic acid where the mole ratio of silver nitrate and m-

hydroxybenzoic acid was 1:10. The amount of formed AgNPs

tended to decrease with the increasing of the concentration of

m-hydroxybenzoic acid over the mole ratio of 1:10.

To understand the effect of an excess of m-hydroxybenzoic

acid concentration on the particle size, we performed the

synthesis based on the result presented in Fig. 5. The 2.0 ×

10-4 M silver nitrate and two concentration of pH 11-adjusted

m-hydroxybenzoic acid (2 × 10-3 and 1 × 10-2 M) were used.

In these reactions, the mole ratio of silver nitrate and m-

hydroxybenzoic acid were 1:10 and 1:50. The images and

particles size distributions are shown in Fig. 6. Reduction

using mole ratio 1:10 produced the particles size ranged from

8 to 62 nm with the average 19 ± 9 nm. On the other hand,

particles size ranged from 13 to 87 nm with the average 31 ±

15 produced by the reaction using mole ratio 1:50. The result

Fig. 5. Plot of AgNPs peak intensity and concentration of m-hydroxy-

benzoic acid used in the synthesis of AgNPs

showed that the particle size and polydispersity of AgNPs

increased by the increasing concentration of m-hydroxy-

benzoic acid.

The results of TEM analysis support the measurement

using UV-visible spectrophotometer (Fig. 7). The red shift of

λmax from 415 to 425 nm and an increase of the spectra at

wavelength around 600 nm indicated that AgNPs produced

using a higher concentration of m-hydroxybenzoic acid had a

larger particle size and high polydispersity. The correlation

between particle size and polydispersity with the intensity of

spectra at longer wavelength are also supported by other

published data [5,18].

The mole ratio of silver nitrate and m-hydroxybenzoic

acid influenced the size of AgNPs. An excess of m-hydroxy-

benzoic acid produced larger particles size with higher

polydispersity. The ratio of silver nitrate and capping agent

plays an important role in determining the shape and size of

AgNPs [19]. Increasing the concentration of reducing agent

that also simultaneously serves as capping agent has a tendency

to produce larger particles [20].

In this paper, we also suggest that m-hydroxybenzoic and

p-hydroxybenzoic acid have the same way in action as a capping

agent. As proposed in our previous paper for p-hydroxybenzoic

[12], m-hydroxybenzoic acid creates an arrangement of their

molecules providing the space for the growth of AgNPs. Higher

concentration of m-hydroxybenzoic acid results in the larger

arrangement of the molecules so providing a larger space for

particles growth. It is why an excess of m-hydroxybenzoic

acid results in larger particles.

Conclusion

We developed a rapid method for synthesizing of stable

AgNPs using m-hydroxybenzoic acid without additional

capping agent. The reducing ability of m-hydroxybenzoic acid

was influenced by its pH and concentration. The effective mole

ratio of silver nitrate and m-hydroxybenzoic acid was 1:10 at

the pH of reaction equals to 11. The average size of resulted

AgNPs synthesized with these reaction parameters was 19 ± 9

nm. Increasing the concentration of m-hydroxybenzoic acid

enhanced the polydispersity and the size of particles (31 ± 15

nm). The AgNPs were stable over the period of 18 weeks at

normal laboratory condition.
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Fig. 7. Surface plasmon resonance spectra of AgNPs synthesized using

different mole ratio of silver nitrate and m-hydroxybenzoic acid
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Fig. 6. TEM images and particle size distribution histogram of AgNPs; Mole ratio of silver nitrate:m-hydroxybenzoic acid (A). 1:10 (B).

1:50; Scale bar 50 nm
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