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AbSTRACT

 The synthesis of silver nanoparticles via plant-mediated approach is an emerging area of 
research interest worldwide. The procedure is cost-effective and does not require the use of toxic 
chemicals and complicated reaction conditions. In the present investigation, silver nanoparticles were 
prepared using the leaf extracts of Ixora coccinea Linn., a common ornamental shrub in the Philippines, 
as the reducing agent. The effect of pH on the synthesis was investigated, and results showed that the 
quality of the synthesized silver nanoparticles changes in varying pH of the reducing agent. 
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INTRODUCTION

 Nanotechnology is a promising field 
nowadays due to its multiple applications in various 
industries1. Nanoparticles having the range of 1-100 
nm have interesting properties as compare to their 
bulk counterpart. In particular, silver nanoparticles 
(AgNPs) have been receiving fascination from 
people since the Middle Ages due to its unique 
properties and applications2. AgNPs have distinct 
physical and chemical properties that make them 
of potential value in microelectronics and medical 
imaging industries to name a few3. 

 Different methods of AgNP synthesis 
have been developed. One of the methods is 
the biological synthesis that emerged as green 
alternatives because it is cost-effective and 
environment-friendly4. The biological synthesis 
involved the use of environmentally benign materials 
as reducing agents such as disaccharide5, plant 
extracts6-8, fungus9 and bacteria10. Of the green 
methods the application of plant extracts emerged 
due to reasons that it eliminates the elaborate 
process of maintaining cell cultures and aseptic 
environments4. 
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 In the present study Ixora coccinea Leaf 
extracts were used for the synthesis of AgNPs. Ixora 
coccinea Linn., known as “santan” in the Philippines, 
is a low-growing tropical shrub with bright flowers 
composed of small blooms11-12. Reports on the 
traditional use of Ixora coccinea Linn. plant parts 
for the treatment of diverse ailments have been 
published11. Phytochemicals such as triterpenes, 
proanthocyanidins, and phenolic compounds have 
been reported to be present in Ixora coccinea 
Linn.13. These phytochemicals served as reducing 
agents for the synthesis of AgNPs6. The pH of Ixora 
coccinea Linn. leaf extracts were varied and the 
effect of variations in pH on the nanoparticle size 
and concentration was investigated. 

MATERIALS AND METHODS

Chemicals and equipment
 Ixora coccinea Linn. leaves were collected 
from Brgy. San Isidro, Cabanatuan City, Nueva 
Ecija, Philippines. Silver nitrate (AgNO3) and sodium 
hydroxide (NaOH) were used without any further 
purification. Distilled water was used as the solvent to 
prepare all the solutions used in this study. A Hitachi 
Double Beam Spectrophotometer UH 3500 was 
used for the AgNP characterization and estimation 
of size and concentration. 

Preparation of leaf extracts
  The healthy leaves of Ixora coccinea Linn. 
were washed with running tap water to remove 
the dirt and soil. The leaves were then rinsed with 
distilled water and chopped into small pieces. A 20 g 
of Ixora coccinea Linn. leaves and 100 mL of distilled 
water were allowed to boil with frequent stirring. The 
aqueous extracts were filtered and placed in an 
amber reagent bottle. The aqueous extracts were 
divided into two parts for pH adjustment. The pH 
of one part is pH 6 and used as-is. While the pH of 
the other part was adjusted to pH 10 using a dilute 
NaOH solution.

Synthesis of AgNPs
 The green synthesis of AgNPs was 
adapted from the reported procedure14 with some 
modifications. In brief 5 mL of Ixora coccinea 
Linn. leaf extracts were added to 45 mL of 1 mM 
AgNO3 solution. The reaction mixture was allowed 
to boil while vigorously stirred for 30 minutes. 
The completion of the reaction was signified by 

the change in the color of the reaction mixture. 
The synthesized AgNPs were transferred to an 
amber reagent bottle and stored at 4°C before 
characterization experiments. 
 
Characterization of green AgNPs
 The synthesized AgNPs were characterized 
using UV-Vis spectrophotometry (Hitachi Double 
Beam Spectrophotometer UH 3500). The synthesized 
AgNPs were diluted with distilled water and the 
absorbance values from 350-700 nm were obtained. 
The absorbance values were used to estimate the 
sizes, and concentrations of the synthesized AgNPs 
from a tabulated reference data-set15. 

RESULTS AND DISCUSSION

 The effects of pH on the synthesis of 
AgNPs were investigated by comparing the surface 
plasmon, size and concentration of the synthesized 
AgNPs. The AgNO3 precursor solution was colorless. 
Upon the completion of the reaction, the color of the 
solution turned to yellow to dark brown, indicating 
the formation of AgNPs due to the reduction of silver 
ions by phytochemicals present in the Ixora coccinea 
Linn. leaf extracts16. The differences on the color 
intensity of the synthesized AgNPs were observable 
Fig. 1 and can be attributed to the difference in the 
concentration of AgNPs in the sample. The pH of 
the Ixora coccinea Linn. leaf extracts affected the 
formation of nuclei for AgNPs synthesis resulting 
from increasing or decreasing number of AgNPs17. 

Fig. 1. The synthesized AgNPs using Ixora coccinea Linn. 
leaf extracts with (A) pH 6 and (b) pH 10 

 The spectral character istics of the 
synthesized AgNPs are associated with its surface 
plasmon resonance (SPR)18 Fig. 2. SPR is due to 
mutual vibrations of the free conduction electrons in 
resonance with light, which is influenced by the size 
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and shape of the synthesized nanoparticles19. The 
maximum absorption λmax peaks of the synthesized 
AgNPs at pH 6 and pH 10 were 452 nm and 439 
nm, respectively. These values were within 320–580 
nm, which is characteristic λmax for AgNPs20. 

 The sizes of the synthesized AgNPs using 
Ixora coccinea Linn. leaf extracts with varying pH 
were also estimated from a tabulated reference 
data-set15 Fig. 4. AgNPs synthesized at low pH 
are larger (76 nm) than the AgNPs synthesized 
at higher pH (66 nm). This is attributed to the fact 
that the reaction rate at high pH is increased with 
subsequent crystallization into smaller particles. 
This crystallization involved the nucleation and 
growth processes of smaller particles from Ag 
nuclei22. Futhermore, pH values influence the size 
of green synthesized nanoparticles. This is due to 
the alteration of electrical charges of biomolecules 
and capping agents such as secondary metabolites 
due to ionization that results in changing their ability 
to bind and reduce metal ions20. 

Fig. 2. UV-Vis spectra of synthesized AgNPs using Ixora 
coccinea leaf extracts with (A) pH 6 and (b) pH 10

 The estimated concentrations of AgNPs 
at pH 6 and 10 were 2.7 x 10-3 nM and 1.1 x 10-2 
nM, respectively Fig. 3. Thus, the results suggest 
that more AgNPs were obtained from the Ixora 
coccinea Linn. leaf extracts with a pH of 10. 
These results are due to the possible ionization 
of functional groups of secondary metabolites at 
high pH present in the leaf extracts. It is reported 
that flavonoids such as catechins and cyanidins 
were isolated in the leaf extracts of Ixora coccinea 
Linn.21. It is probable that at high pH, the hydroxyl 
groups (-OH) of these flavonoids are deprotonated. 
Thus, these molecules served as the reducing and 
capping agents.

Fig. 3. Concentrations of synthesized AgNPs using  
Ixora coccinea Linn. leaf extracts with (A) pH 6  

and (b) pH 10

Fig. 4. Estimated sizes (in nm) of synthesized AgNPs using 
Ixora coccinea Linn. leaf extracts with (A) pH 6 and (b) pH 10

CONCLUSION

 Herein, Ixora coccinea Linn. leaf extracts 
have been effectively used for the green approach of 
synthesizing AgNPs. This plant-mediated approach 
is cost-effective and straightforward. The pH of the 
Ixora coccinea Linn. leaf extracts were varied before 
using as a reducing agent in the synthesis. Results 
revealed that smaller and higher concentrations 
of AgNPs were obtained at alkaline leaf extracts. 
The effect of pH on the phytochemicals in the leaf 
extracts caused the observed variations in the quality 
of AgNPs. The study presented a simple and green 
approach to produce AgNPs for various applications 
in different fields. 
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