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INTROdUCTION

 Silver nanoparticles (AgNPs) are very 
popular nanomaterial. In addition to the abundance 
of silver in the earth crust, silver nanoparticles 
also have a broad spectrum of bactericidal activity, 
surface plasmon resonance absorption, and low cost 
of manufacturing1. For these reasons, AgNPs have 
been used in many application, such as antimicrobial 
agent2,3,4, part of environmental treatments, such as 
air, water, and surface disinfection5, and as chemical 
sensors for ammonia6, chlorine dioxide7, herbicides8, 
copper ions9, and lead10.

 In this study, the "AgNPs were synthesized"by 
chemical reduction method. Chemical reduction 
method is preferable because of its convenience 
factor, relatively low cost, and likely to be produced 
on a large scale11. The reducing agent will reduce 
the positive silver ion from the precursor solution 
to become zero charged silver particles which 
further will become AgNPs. The stabilizing agent 
was used to form a system, which can protect the 
AgNPs and prevent aggregation12. Many studies 
have been conducted by using different chemicals 
as reducing and stabilizing agents13,14,15. However, 
AgNPs synthesis by using only one chemical as 

The Performance of p-Aminosalicylic Acid As Reducing and 
Stabilizing Agent in Silver Nanoparticles Synthesis

dIAN SUSANTHY1, SRI JUARI SANTOSA1* and EKO SRI KUNARTI1

1Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Gadjah Mada, 
Sekip Utara Bulaksumur, Yogyakarta, 55281, Indonesia.

*Corresponding author E-mail: sjuari@ugm.ac.id

http://dx.doi.org/10.13005/ojc/350106

(Received: September 06, 2018; Accepted: January 07, 2019)

AbSTRACT

 In this study, silver nanoparticles (AgNPs) were successfully synthesized using p-aminosalicylic 
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using PSA, TEM, and XRD, respectively. The formed AgNPs had good stability for more than 2 
months. The mechanism of silver ion reduction and AgNPs stabilization by p-aminosalicylic acid 
were also proposed in the paper based on the FTIR analysis result. 
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both reducing and stabilizing agent is preferable 
than using two different chemicals. Some previous 
study had been conducted by using benzoic acid 
derivatives with hydroxy phenolic group as reducing 
and stabilizing agent in the AgNPs synthesis16,17,18. 
However, the use of benzoic acid derivatives with 
amino and hydroxyl phenolic groups has not been 
performed yet.

 In order to discover the role of each 
functional group in benzoic acid derivative, 
p-aminosalicylic acid was used in this research as 
reducing and stabilizing agent in AgNPs synthesis. 
The amino and hydroxyl phenolic groups were 
predicted to reduce the Ag+ ions to become Ag0, 
and the carboxylate groups will stabilize the 
formed AgNPs. This study critically examines the 
effect of the amino group addition or substitution 
on the benzoic acid derivatives as both reducing 
agents of Ag+ to Ag0 and as stabilizing agents for 
the formed AgNPs. Furthermore, a comparison 
was made with existing research which used other 
benzoic acid derivative in AgNPs syntheses, such 
as hydroxybenzoic acid and dihydroxybenzoic acid". 
The parameter examined includes the particle size, 
shape, and stability. In addition, the AgNPs formation 
and stability mechanism by p-aminosalicylic acid 
were also proposed based on the FTIR spectra of 
synthesized AgNPs.

ExPERIMENTAL

Materials
 All reagents were used as received without 
further purification. Silver nitrate Merck & Co. as 
precursor of AgNPs, p-aminosalicylic acid (Sigma 
Aldrich) as reducing and stabilizing agent, nitric acid 
and sodium hydroxide Merck & Co. as pH adjuster. 

Synthesis of AgNPs
 Silver nitrate solution (0.3 × 10-3 mol/L) 
was added to pH-adjusted p-aminosalicylic acid  
(10 × 10-3 mol/L) in a test tube with volume ratio of 
1:1 and homogenized. The mixture was then heated 
in a boiling water bath for several minutes until it 
turned yellow which indicates that the AgNPs were 
formed. After the reaction was finished, the mixture 
was cooled in tap water and transferred to a small 
bottle for further analysis. For reaction optimization, 
some reaction parameters were varied, such as pH 

(5-13), reaction time (0.5, 10, 15, 20, 25, 30 min), 
and mole ratio of the reactants.

Characterization of AgNPs
 Synthesized AgNPs were characterized 
using UV-Vis spectrophotometer (Shimadzu  
UV-Pharma Spec 1700)  in order to measure their 
SPR absorbance. The scanning was performed at 
300-800 nm wavelength range and quartz cuvette 
with 1 cm optical path length. The scanning was 
performed in fast speed with interval of 1 nm.

 For TEM analysis (JEOL JEM-1400), 
the AgNPs colloid was immersed by copper grid. 
The immersed copper grid was then dried at room 
temperature. The image was taken by using 120 kV 
accelerating voltage. The TEM image was further 
analyzed using imageJ software in order to observe the 
particle size and measure the particle size of AgNPs. 

 AgNPs were also characterized by X-Ray 
Diffraction (Rigaku) to confirm the crystal form of 
AgNPs. The XRD spectra was also used to calculate 
the particle size of the AgNPs by using  Debye-
Scherrer Equation  (Equation 1) where d is average 
particle size (nm), K is constant (0.9), λ is the 
wavelength of X-ray (nm), FWHM is the full width at 
maxima of the peak, and θ is the Bragg angle (°)19. 

  (1)

 Particle Size Analysis (Horiba SZ-100) was 
also performed for the synthesized AgNPs to measure 
the particle size of AgNPs and their polydispersity 
index using dynamic light scattering method. The 
temperature of the holder is 25°C with scattering angle 
of 90. Furthermore, the zeta potential measurement 
was also performed using the same instrument in 
order to evaluate the AgNPs  stability.

 The FTIR analysis (Shimadzu FTIR 
Prestige-21) was also performed in order to predict 
the reduction mechanism in the AgNPs synthesis. 
The FTIR analysis was performed for synthesized 
AgNPs and p-aminosalicylic acid. The AgNPs was 
separated from their solution using centrifuge with 
speed of 13000 rpm. The separated AgNPs were 
then dried in the oven at temperature of 65°C. The 
dried AgNPs were then mixed with KBr and formed 
into pellet. The pellet was analyzed in wavelength 
range of 400-4000 cm-1.
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RESULTS ANd dISCUSSION

The Effect of Acidity in AgNPs Synthesis 
 Solution acidity is one important parameter 
for the synthesis of AgNPs. In this study, the pH 
of p-aminosalicylic acid was varied from 5 to 13. 
The solution could not be more acidic because 
p-aminosalicylic acid could not be dissolved when 
pH was lower than 5. It could not be more basic 
since the silver ions in the silver nitrate solution as 
precursor would be reduced to solid silver above  
pH 13. The formation of AgNPs was indicated by the 
occurrence of absorbance band in the wavelength 
range of 400-500 nm. This band was known as SPR 
absorbance of AgNPs20. 

and 12. AAt pH 10 and 11, the absorption band 
was at 411 nm with absorbance of 1.548 and 1.614 
nm, respectively. while at pH 12 the absorbance 
band was at 392 nm with absorbance of 1.069. In 
order to make sure the optimum pH condition, the 
concentration of silver nitrate solution was varied 
(0.1, 0.3, and 0.75 x 10-3 mol/L) for each pH in 
order to evaluate the reducing performance and 
stabilizing performance of p-aminosalicylic acid in 
each pH. The result is shown in Fig. 2. It can be 
seen that in pH 11, the formed silver nanoparticles 
in almost every precursor concentration gave the 
highest absorbance value than other pH. It means 
that p-aminosalicylic acid has the best reducing 
performance in pH 11. 

 Fur thermore, the result of stabil ity 
evaluation showed that the silver nanoparticle 
which synthesized in pH 11 has the better stability 
than nanoparticles which synthesized in pH 12 
because silver nanoparticles which synthesized in 
pH 12 settled down earlier than silver nanoparticles 
synthesized in pH 11. Increasing the pH value 
of p-aminosalicylic acid can improve its reducing 
performance, but decrease its stabilizing performance 
on the formed silver nanoparticles and vice versa. 
Based on these reasons, it can be concluded that 
pH 11 is the optimum pH for the silver nanoparticles 
synthesis with p-aminosalicylic acid as reducing and 
stabilizing agent. 

 The same optimum pH was also obtained 
for several reducing agents, which are the derivatives 
of the benzoic acid, such as hydroxybenzoic acid16,17, 
dihydroxybenzoi acid18, and aminobenzoic acid21. The 
synthesis of AgNPs by using derivatives of benzoic 
acid is usually conducted under basic conditions. 
It happens because the benzoic acid group will be 
deprotonated and the formed negative charge can 
interact easily with the positive metal ion22. under 
basic conditions due to amino and hydroxyphenolic 
groups becoming more negatively because their 
proton atoms are attracted by the base. Therefore, 
the amino and hydroxyphenolic groups are able to 
interact more easily with the metal ion.

The Effect of Reaction Time in AgNPs Synthesis
 For the time optimization, the reduction 
reaction was monitored at the regular time interval 
using UV-Vis spectrophotometry from 0 to 45 min. 
The result is shown in Fig. 3. It can be seen that the 

Fig. 1. The spectra of the reaction product between of 
0.3×10-3 mol/L AgNO3 and 50×10-3 mol/L p-aminosalicylic 

acid at various pH

Fig. 2. The SPR Absorbance of AgNPs made from AgNO3 
with various concentration (0.1, 0.3, and 0.75 x 10-3 mol/L) 
and 50×10-3 mol/L p-aminosalicylic acid at pH 10 (D), pH 11 

(•) and pH 12 (■)

 Based on the spectra in Fig. 1, it can be 
shown that the reaction can occur at pH of 10, 11, 
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optimum reaction time is 10 min since the increase in 
reaction time above 10 min did not give a significant 
increase in the SPR absorbance. 

 Compared to the previous research with 
the same pH condition, reaction temperature, 
and reactant concentration, AgNPs which was 
synthesized by p-aminosalicylic acid gave higher 
SPR absorbance in shorter reaction time than 
AgNPs which synthesized by o-hydroxybenzoic 
acid16 or p-aminobenzoic acid21. On the other 
hand, compared to silver nanoparticles synthesis 
with using o, p-dihydroxibenzoic acid as reducing 
agent18, the use of p-aminosalicylic acid as reducing 
agent gave resemblant absorbance. 

 Based on these comparisons, it can be 
concluded that the amino or hydroxyl group addition 
can increase the reducing performance of benzoic acid 
derivative compound because there will be more active 
sites in the compound. However, compared to hydroxyl 
group, the amino group substitution did not give any 
significant difference in its reducing performance.

The Effect of Reactant Mole Ratio in AgNPs Synthesis
 The concentration of each reactant is very 
important in the formation of AgNPs. In this study, 
varying the reactant mole ratio was done using 
AgNO3 with concentration of 0.3 x 10-3 mol/L and 
p-aminosalicylic acid with concentration 0, 2, 4, 6, 
8, and 10 x10-3 mol/L. The spectra of the product 
from the reaction of various mole ratios of AgNO3 to 
p-aminosalicylic acid are shown in Figure 4. There 
were 3 highest absorbance values: 1.40, 1.42, and 
1.41 for mole ratio of 1:20, 1:27, and 1:33 (AgNO3: 

p-aminosalicylic acid), respectively. It means that 
p-aminosalicylic acid has reached its maximum 
reducing performance in mole ratio of 1:27 where 1 
molecule of AgNO3 was attracted with 27 molecules 
of p-aminosalicylic acid. 

 The same mole ratio was also used by 
Susanthy et al., (2017) which used dihydroxybenzoic 
acid as reducing and stabilizing agent in AgNPs 
synthesis18. But this result was a little bit different 
with the effective mole ratio of AgNO3 to the 
p-hydroxybenzoic acid which has value 1:2016. It 
can be concluded that the number of active moiety 
in reducing agent influence the optimum ratio mole 
of reactant in AgNPs synthesis. 

Characterization of AgNPs
TEM
 The reducing ability of a reducing agent 
can be evaluated by the formed particle size. Silver 
nanoparticles formed through the reduction of Ag2O 
aggregates which then reduced by reducing agent to 
become Ag0 and finally become silver nanoparticles23. 
Reducing agent with better reducing performance will 
produce silver nanoparticles with smaller particle size. 
The TEM image of the optimum AgNPs and its particle 
size distribution are shown in Fig. 5. It can be seen 
that AgNPs have a spherical shape. The average particle  
sizes counted from the TEM image are 14.55±7.13 nm. 

Fig. 3. SPR absorbance of AgNPs made from 0.3 x 10-3 
mol/L AgNO3 and 0.05 mol/L p-aminosalicylic acid at pH 11

 Compared to the previous study, AgNPs 
synthesized using p-aminosalicylic acid has smaller 
size compared with AgNPs synthesized by using 
hydroxybenzoic acid16,17 and dihydroxybenzoic 
acid18. However, AgNPs in this research are still not 

Fig. 4. The SPR Spectra of AgNPs produced from the reaction 
of various mole ratios of AgNO3 with p-aminosalicylic  

acid at pH 11
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uniform, some particles stick to each other because 
the reduction process had not finished and kept 
going on even under room condition. Based on these 
result in the term of the formed particle size, the 
addition or substitution of amino groups in benzoic 
acid derivative compound can increase its reducing 
performance on silver nanoparticle synthesis.

Particle Size Analyzer
 The synthesized AgNPs was also analyzed 
by particle size analyzer to obtain the more accurate 
particle size. The result showed that the AgNPs 
which synthesized using p-aminosalycilic acid had 
average particle size of 32.3 nm with PI value of 
0.34.  This result was bigger than using TEM because 
the PSA measure the all particles in the solution, 
including some bigger silver particle which had not 
become silver nanoparticles, while TEM measure 
particular part of the solution. The zeta potential 
value of the synthesized AgNPs is -21.3 mV. It 
means that the synthesized AgNPs was capped by 
negative charge which most likely comes from the 
deprotonized carboxylate moiety. However, the zeta 
potential value of AgNPs capped by p-aminosalicylic 
acid was not high enough give stable nanoparticle 
because it was smaller than 30 mV24.

Fig. 5. TEM images of AgNPs synthesized by using 0.3 x 10-3 
mol/L AgNO3 and 10 x 10-3 mol/L p-aminosalicylic acid at 

pH 11 and a reaction time of 10 min

Fig. 6. Particle size distribution of AgNPs synthesized by using 
0.3 x 10-3 mol/L AgNO3 and 10 x 10-3 mol/L p-aminosalicylic acid 

at pH 11 and a reaction time of 10 minutes

nanoparticles by using Debye-Scherrer Equation (1) 
where d is average particle size (nm), K is constant 
(0.9), λ is the wavelength of X-ray (nm), FWHM is 
the full width at maxima of the peak, and θ is the 
Bragg angle (°)19. The average calculated particle 
size is 22.07 ± 3.08 nm. This value is higher than 
particle size which obtained from TEM data but 
smaller than particle size which obtained from 
PSA data. However, the particle size comparison 
with AgNPs synthesized by hydroxybenzoic acid or 
dihydroxybenzoic acid only can be performed from 
TEM data, because the authors did not provide the 
PSA and XRD data.

 The XRD spectra of the synthesized AgNPs 
was showed in Fig. 6. Compared to AgNPs which 
synthesized with chitosan-polyethylene glycol25, 
there were 4 similar peaks, they are peaks in 2θ 
of 38.10°, 44.34°, 64.64°, and 77.38° which were 
characteristics to face-centered cubic of AgNPs. 
 
 The obtained peaks from XRD spectra 
also can be used to calculate the particle size of the 

FTIR
 The reduction of Ag+ ion to become 
AgNPs involved the amino and hydroxyl moieties of 
p-aminosalicylic acid. It can be seen from the spectra 
of p-aminosalicylic acid (Fig. 7), the amino moiety 

Fig. 7. xRd Spectra of AgNPs synthesized by using 0.3 x 10-3 
mol/L AgNO3 and 10 x 10-3 mol/L p-aminosalicylic acid at pH 

11 and a reaction time of 10 minutes
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gave strong absorption in wavenumber of 3495 and 
3387 cm-1 which are twin peaks indicating the primary 
amino moiety. This absorption is disappeared in the 
AgNPs capped by p-aminosalicylic acid spectra 
and covered by a wide peak of carboxylic acid. The 
alkene absorption around 3000 cm-1 was decreased 
which means that the number of double bond 
between carbon becomes smaller.

The Stability Evaluation of AgNPs
 In order to evaluate the p-aminosalicylic 
acid performance as stabilizing agent, the stability 
of synthesized AgNPs was evaluated. The AgNPs 
colloid is stored in a closed bottle at normal 
laboratory condition. The SPR absorbance of AgNPs 
was observed in some time interval until 10 weeks. 
The colloid visually looked similar after 10 weeks of 
storage and the SPR spectra change can be seen in 
Fig. 9. After 10 weeks, the wavelength number of SPR 
was not changed, but the absorbance changes as 
much as 0.137 or 7% from the initial absorbance.

 Compared to the previous research, AgNPs 
with p-aminosalicylic acid as stabilizing agent has 
lower stability than AgNPs with p-hydroxybenzoic 
acid as stabilizing agent whose SPR absorbance 
changes only as much as 1% from initial absorbance 
after 16 weeks16. The addition of amino group on 
the p-aminosalicylic acid maintains the reduction 
process and the AgNPs become smaller in size but 
less stable."

 Furthermore, the comparison also made 
for 2,4-dihydroxybenzoic acid which was also 
has 3 functional groups, one carboxylic and two 
hydroxyphenolic groups. AgNPs synthesized by 
p-aminosalicylic has better stabilizing performance 
shown by the smaller SPR absorbance change than 
AgNPs synthesized by 2,4-dihydroxybenzoic acid 
whose SPR absorbance change as much as 8% after  
6 weeks of storage. It was predicted that amino group 
has better reducing and stabilizing performance than 
hydroxyl group because the resulted AgNPs are 
smaller and more stable.

The Mechanism of Silver Ion Reduction and 
AgNPs stabilization by p-Aminosalicylic Acid
 The proposed mechanism of silver ion 
reduction by p-aminosalicylic acid in AgNPs synthesis 
can be seen in Fig. 10. The reduction of silver ion 
by p-aminosalicylic acid was conducted under basic 
condition. Beside influences p-aminosalicylic acid, 
basic condition also influence the silver ion. In basic 
condition, the H atom from hydroxyl and amino 
moieties of p-aminosalicylic acid was deprotonated 

Fig. 9. The SPR Spectra of AgNPs synthesized by using  
0.3 x 10-3 mol/L AgNO3 and 10 x 10-3 mol/L p-aminosalicylic 

acid at pH 11 and a reaction time of 10 minutes

Fig. 10. The Reduction Mechanism of Silver Ion by 
p-Aminosalicylic Acid

Fig. 8. FTIR Spectra of p-minosalicylc acid and AgNPs 
capped by p-aminosalicylic acid
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(reaction i) and the moieties becomes more negative 
which enable it to react with the positive silver ion, 
while silver ion will aggregate to become Ag2O 
(reaction ii). In the water, the surface of Ag2O 
aggregates interacts with water and be hydrated to 
become AgOH which can absorb Ag+ ion (reaction 
iii)23. The positive silver ion which surrounds the Ag2O 
aggregates then interacts with the deprotonated 
hydroxyl and amino moieties of p-aminosalicylic 
acid (reaction iv). Thus, the oxidation-reduction takes 
place with the Ag+ ion as the center of the reaction. 
The Ag+ ion was then reduced to become Ag0 particle 
which further becomes silver nanoparticles, and 
the deprotonated hydroxyl and amino moieties of 
p-aminosalicylic acid was oxidized to become keton 
and imine (reaction v). However, even if in the FTIR 
spectra of AgNPs there is absorption peak in the 
wavelength of 1635 cm-1, it cannot verify the keton 
and imine formation because this absorption can 
also come from carboxylic moiety.

 Not only as the reducing agent of the Ag+ 

into AgNPs, p-aminosalicylic acid also stabilizes the 
formed AgNPs. The mechanism of AgNPs stabilization 
by p-aminosalicylic acid went through the repulsion 
force between adjacent deprotonated carboxylic acid 
moiety (Fig. 11). This mechanism was supported by the 

Fig. 11. The stabilization mechanism of AgNPs by 
p-aminosalicylic acid

negative zeta potential value of the synthesized AgNPs. 
However, further analysis was needed to confirm these 
proposed mechanisms. The same mechanism was 
also proposed by previous studies16,17,18.

CONCLUSION

 This present study reports the rapid 
synthesis of AgNPs from silver nitrate precursor 
solution with p-aminosalicylic acid as reducing and 
stabilizing agents. The synthesis process highly 
depends on the pH, reaction time, and mole ratios 
of the reactants. The optimum synthesis condition 
was reached at pH11, reaction time of 10 min and a 
reactant mole ratio of 1:27 (AgNO3 to p-aminosalicylic 
acid). The formed AgNPs had been characterized 
by Spectrophotometry UV-Vis, TEM, PSA, XRD, 
and FTIR. The particle shapes of the resulting 
nanoparticles are spherical with a size of 32 nm. 
The mechanism of silver ion reduction and formed 
AgNPs stabilization by p-aminosalicylic acid were 
proposed.
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