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ABSTRACT  

Biosynthesis of Silver Nanoparticles (Ag NPs) was synthesized 

from aqueous silver ions using the reducing agent of Ixora 

coccinea L., flower extract. From the UV–Vis absorption 

surface Plasmon resonance band at 435nm was confirmed the 

synthesis of Ag NPs. X-ray diffraction (XRD) analysis of four 

peaks was identified the FCC crystalline nature of metallic 

silver. Surface morphology and sizes of Ag NPs were viewed 

by field emission scanning electron microscope (FESEM); the 

particles are spherical shapes with sizes ranging from 14 to 45 

nm. Further, the Ag NPs have shown moderate antioxidant 

activity (DPPH, and Nitric oxide assay) against the standard 

ascorbic acid. 
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INTRODUCTION  

Synthesis of metal nanoparticles (MNPs) mainly concerns the physico-chemical compositions 

and controlled variable sizes, shapes. NPs are extensively used in the medicines, cosmetics, 

electronics, sensor, catalysis, and materials sciences
1,2

. Plant extract mediated green/biosynthesis 

of MNPs are environmental eco-friendly, less energy expensive and high yield. In recent times, 

Rapeseed (Brassica napus L) extract mediated synthesized Ag NPs were determined the 

effective antioxidant activity
3
. Alternanthera sessilis Linn., leaves extract mediated Ag NPs have 

been an effective antimicrobial, antioxidant activities
4
, Ulva lactuca (seaweed) extract used the 

biosynthesized Ag NPs were applied the photocatalytic degradation of methyl orange dye
5
, 

Gymnema sylvestre leaf extract mediated Ag NPs and Au NPs have been noticed on in-vitro free 

radical scavenging efficacy as well as antiproliferative effect in Hep2 cells
6
. Ixora coccinea L., 

belongs to the family of Rubiaceae. This plant has been used in the Folklore and Siddha 

medicine as the treatment of dysentery, leucorrhoea, chronic ulcer, anti–inflammatory, 

hypertension, menstrual irregularities, sprains, and skin diseases
7,8

. The reported present work, 

biosynthesis of Ag NPs was synthesized from silver ions using the reducing agents of I. coccinea 

flower aqueous extract. Further, the Ag NPs have investigated an in-vitro antioxidant activity 

and compared with the standard ascorbic acid. 

EXPERIMENTAL METHODS 

Extraction of I. coccinea flower  

Fresh I. coccinea flower was collected from the area of Manonmaniam Sundaranar University 

(MSU) campus, Tirunelveli, Tamil Nadu, India. 10 g of I. coccinea flower was thoroughly 

washed with running tap water followed by triple distilled water in order to remove the dust. The 

washed flower was taken in a 250 ml Erlenmeyer flask; 100 ml of distilled water was added and 

boiled at 80°C for 10 min. After, the extract was filtered through Whatman’s No.1 filter paper 

and stored at 4°C for further use in the biosynthesis of NPs.  
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Biosynthesis and characterization of silver nanoparticles 

About 20 ml of 1 mM aqueous silver nitrate was taken in a 50 ml clean Erlenmeyer flask and 

added 1.0 ml of I. coccinea flower extract at room temperature. Initially, the colorless reaction 

mixture was changed to dark brown to indicate the formation of Ag NPs. This Ag NPs were 

recorded on Perkin Elmer Lamda 25 model UV–Vis spectrophotometer in the wavelength 

regions 200 to 800 nm. The obtained Ag NPs were centrifuged at 10,000 rpm speed for 10 min at 

40°C. The residual part of Ag NPs was dried in hot air–oven at 60°C for 24 h. The dried Ag NPs 

were characterized by PANalytical X’PERT–PRO powder XRD instrument with Cu Kα 

radiation (1.5406Ǻ) in the 2θ range 20-80° and the scanning speed at 0.002 min per degree. The 

Ag NPs capped phytochemical groups were identified by JASCO FTIR spectroscopy using KBr 

pellet method in the range of 4000–400 cm
-1

. The morphology and sizes of synthesized Ag NPs 

were viewed by HITACHI SU-6600 model FESEM analytical instrument. The morphology of 

synthesized Ag NPs was viewed by HITACHI SU-6600 model FESEM with energy-dispersive 

X-ray spectroscopy (EDS) elemental analytical instrument to determine the particles shape and 

sizes. 

In-vitro antioxidant activity of Ag NPs 

DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging assay 

The antioxidant activity of Ag NPs was determined using a DPPH radical method. 3.9 ml of (0.1 

mM) DPPH was mixed with 0.1 ml of various concentrations (10, 25, 50, 75 and 100 µg/ml) of 

Ag NPs. The reaction mixture was allowed to stand at room temperature for about 45 min. After 

the absorbance of reaction mixture was determined by UV–Vis spectra with wavelength at 517 

nm and against DPPH for the blank solution. The DPPH radical scavenging activity in the 

percentage of inhibition has calculated by the equation (1). 

% of inhibition = (Ablank–Asample/Ablank) × 100 -------- (1) 

Where Ablank is absorbance of the blank solution (DPPH) only. Asample is the absorbance of the 

test sample of Ag NPs. Ascorbic acid was used as a standard positive control. 
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Nitric oxide (NO) radical scavenging activity  

The NO radical scavenging activity of the Ag NPs was measured the standard method with some 

modification. Sodium nitroprusside (1.5 ml) and phosphate buffer (0.5ml of pH 7.4) were 

separately added to 1.5 ml of different concentrations (10, 25, 50, 75, and 100 µg/ml) of Ag NPs. 

All the test samples were incubated at room temperature for an hour. After the incubation period, 

0.5 ml of Griess reagent was added to each test sample. The notable wavelength at 550 nm of 

absorbance was measured. Ascorbic acid was used as the standard. The NO radical scavenging 

activity was calculated by equation (2). 

% of I effect = (A0–A1/A0) × 100  ---------- (2) 

Where “% of I effect” is the percentage inhibition of NO radical, “A0” is the absorbance of all 

the reagents without Ag NPs and “A1” is the absorbance of all reagents with Ag NPs. 

RESULTS AND DISCUSSION 

In the green chemistry method, the colorless reaction mixture (extract and silver ions) was 

changed to dark brown
9
 with a one hour to identify the formation of Ag NPs. The stability of 

synthesized Ag NPs was scrutinied by UV–Vis spectra at different time intervals as shown in 

Fig. 1. The UV–Vis spectral SPR sharp band at 435 nm was confirmed the synthesis of Ag 

NPs
9,10

. After 30 hrs, the increased UV-Vis spectra absorbance intensity was very low but did 

not any transfer of the wavelength region. So this result to conclude the maximum amount of 

aqueous silver ions was reduced to metallic silver.  

 

Fig. 1 UV–Vis spectra of biosynthesized Ag NPs by aqueous AgNO3 in the presence of I. 

coccinea flower extract at different time intervals 
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Fig. 2 shows the disappearance/appearance of some characteristic functional groups in 

compound were present in the I. coccinea flower extract before and after the biosynthesis of Ag 

NPs. Both spectral results showed the wave numbers at 2925 and 2922 cm
–1

 of C–H stretching 

groups and at 1618 cm
–1

 due to carbonyl stretching of amide linkage group
11

. The vibrational 

bands at 3248 and 3325 cm
–1

 are free overlapping of amine (NH) and hydroxyl groups were 

identified by the flower extract and Ag NPs. The new absorption band at 1712 cm
–1

 is due to the 

carbonyl group which indicates that the hydroxyl groups of organic compounds were oxidized 

followed by silver nitrate was reduced to metallic silver (Ag NPs)
12

. These spectral results shows 

formally identified phytochemicals such as polyphenols, carbohydrates and flavonoids 

compound are present in the flower extract and act as good reducing agents in the biosynthesis of 

Ag NPs. Similarly, the plant extract used the synthesis of Ag NPs reported respectively
3, 4,13

.  

 

Fig. 2 Green synthesis of Ag NPs using I. coccinea flower extract: A) FTIR spectra;              
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B) XRD spectrum. 

 

Fig. 3 FESEM image of the synthesized Ag NPs; A) Low magnification image; B) & C) 

High resolution image; D) EDS spectrum of the presence of silver. 

The XRD spectrum (Fig. 2B) of Ag NPs shows four major Bragg reflection at 2θ peak values 

and corresponding lattice planes at 38.14° (111), 44.27° (200), 64.51° (220) and 77.56° (311) has 

to confirm the metallic silver as face centered cubic (FCC) structure. The XRD patterns were 

corroborated with the database of Joint Committee on Powder Diffraction Standards (JCPDS) 

file No. 89–3722. Few unassigned peaks (asterisk *) were identified the crystallization of 

bioorganic compounds that occurs on the surface of NPs respectively reported
9,14

. FESEM 

analysis of biosynthesized Ag NPs (Fig. 3) were identified by shapes and sizes.  Morphology of 

the particles has been confirmed by poly-dispersed spherical shape and sizes range from 14 to 45 

nm (Fig. 3B & 3C) and into slightly agglomerated to the surface. The purity of biosynthesized 

Ag NPs was determined by Energy dispersive X-ray diffraction (EDX) analysis as shown in Fig. 
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3D. The spectrum reveals that the strong elemental signals of silver were confirming the 

synthesized Ag NPs and some other biomass peaks were identified
15,16

. 

The product of Ag NPs were investigated by in-vitro antioxidant activity of DPPH assay, and 

Nitric oxide assay
4,18

. The DPPH activity of Ag NPs shows the disappearance of purple color 

which indicates the presence of the antioxidant property. Fig. 4a illustrates an increase in Ag NPs 

concentration as well as increases the radical scavenging activity
19

. The NO radical scavenging 

activity was determined by the different concentration of Ag NPs using the nitrating agent of 

sodium nitroprusside and Griess reagent. An increase in concentration of NPs, increases the NO 

radical scavenging activity (Fig. 4b). This result reveals that the Ag NPs shows superior 

scavenging activity as compared to the standard with similar such inhibition was respectively 

reported
20

. 

 

Fig. 4 In–vitro antioxidant activity of Ag NPs and standard Ascorbic acid; a) DPPH assay; 

b) NO radical assay. 

CONCLUSION  

In the I. coccinea flower extract mediated biosynthesized Ag NPs was eco-friendly, 

environmentally simple one step, nontoxic, low-cost, and high yield of NPs. The color and UV–

Vis SPR band at 435 nm was confirmed the production of Ag NPs. The Ag NPs surface 

morphology and sizes were clearly identified by FESEM. The Ag NPs was showed moderate 

antioxidant activities of DPPH and NO radical assays. Nowadays the plant biosynthesized MNPs 
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have been used in the various biological investigations of antimicrobial, antioxidant, anti–

HIVand anticancer activities in the modern medicine. 
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