
International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391 

Volume 6 Issue 6, June 2017 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

Green Synthesis of ZnO Nanoparticles Using 

Sollanam Santhocarbom to Study Its 

Solarphotocatalytic Activity 
 

Karthiga Rajendaran
1
, Sudha Annamalai

1
 

 
1Theni Kammavar Sangam College of Arts and Science, Kammavar Nagar, Koduvilarpatti, Theni – 625534, India 

 

E-mail: skarthika1121[at]gmail.com, sudhaguru2551994[at]gmail.com 

 

Abstract: ZnO nanoparticles were prepared through a facile one part green synthesis method with assistance of sollanam 

santhocarbom plant. The as synthesized ZnO was subjected to UV–visible diffuse reflectance spectroscopy (UV–vis-DRS), fourier 

transformed infrared spectroscopy(FT-IR), X-Ray diffraction (XRD), Scanning Electron Microscopy (SEM) and energy dispersive X-ray 

Spectroscopy (EDS). The solar photocatalytic activity of nanoparticles was evaluated by degradation of Fuchsine (FU) in aqueous 

solution. The plant extract modified ZnO exhibited the highest photocatalytic activity under sunlight illumination with a dye 

concentration of 10µm/L and it follows pseudo first order kinetic. 
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1. Introduction 
 

At the present time, the common industry processes are using 

dyes by textile industry to color their products. Since this 

industry also uses substantial amount of water in their 

processes to form highly colour effluent of this industry 

which generally has hazardous effect in our ecosystem due to 

the presence of these organic chemicals. So it was necessary 

to find a new way to remove colored dyes before discharging 

them into the environment [1, 2 ]. Heterogeneous 

photocatalytic degradation of refractory organic pollutants 

from water by semiconductors has attracted extensive 

attention in the past several decades [3–5]. Previous studies 

have proved that the wide-bandgap semiconductor 

photocatalyst such as TiO2 and ZnO can degrade various 

organic pollutants under UV irradiation, which offers great 

potentials for the complete elimination of toxic chemicals 

[6,7]. It has been reported that ZnO had higher photocatalytic 

efficiency compared with TiO2 in the degradation of several 

organic contaminants in both acidic and basic medium, which 

has stimulated many researchers to further explore the 

properties of ZnO in many photocatalytic reactions [8–10].  

 

ZnO nanoparticles can be synthesized by various approaches 

including sol–gel processing [11], homogeneous precipitation 

[12], mechanical milling [13], organometallic synthesis [14], 

microwave method [15], spray pyrolysis [16], thermal 

evaporation [17] and mechanochemical synthesis [18]. 

However, chemicals used for nanoparticles synthesis and 

stabilization are toxic and lead to non-ecofriendly by 

products. Plant extract or plant biomass could be an 

alternative to chemical and physical method for the 

generation of metal oxide nanoparticles in an eco-friendly 

manner. Solanam xanthocarpum leaves have been reported to 

possess anti-implantation and anti spermatogenic activities 

[19, 20] and it can also been shown a protective effect against 

the tumour promotion stage of cancer development. The 

leaves and flowers are observed to be promoters of hair 

growth and aid in healing of ulcer [21].Solanam 

xanthocarpum leaves has antioxidant as their phytochemical 

which can act as reducing as well as capping agent. The 

phytochemical analysis of the flower extract of Solanam 

xanthocarpum leaves contains Tannins, saponins, alkaloids, 

steroids, flavonoids in the aqueous extract. 

 

Therefore, developments of nanoparticles with high 

photocatalytic properties are of considerable interest. In the 

present study, direct precipitation method is used to 

synthesize ZnO nanoparticles using plant extract as a surface 

modifier has been studied. The solar photocatalytic activity 

for Fuchsine (FU) was studied using these synthesized 

nanoparticles under sun light irradiation. The study shows 

that SZO is a potential candidate as catalyst for solar 

photodegradation of FU in water with usage of very small 

amount of nanoparticles. 

 

2. Materials and Methods 
 

2.1 Materials 

Solanam xanthocarpum plants were collected from in and 

around Theni district. All the chemicals used in this 

experiment were of analytical grade. Double distilled water 

was used throughout the experiments. 

 

2.1.1. Experiment 

 

(a) Preparation of plant extract 

 

Thoroughly washed solanam xanthocarpum leaves 20 g were 

cut and boiled with 100 ml of double distilled water for 1h in 

hot plate at temperature 80 
o
C. Finally the plant extract was 

filtered through filter paper (what man no: 1) and stored in 

the refrigerator at 4
 o
C for further experiment [22]. 

 

(b) Preparation of plant extract modified ZnO 

 

5g of ZnO was dissolved in 100ml of double distilled water. 

1N NaOH added to the above solution with constant stirring 
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to adjust the pH of the solution to the above solution. 5ml of 

plant extract was added and stirring is continued for 5 h. The 

nanoparticle was and dried at room temperature and 

calcinated for 1h in a muffle furnace at 500 
o
C [23]. The same 

procedure is followed without plant extract for the 

preparation of ZnO. The schematic digram of prepared 

nanoparticle are shown in Figure 1. 

 

 
Figure 1: Schematic diagram of synthesis of SZO 

 

1.2.1. Evaluation of Solar photocatalystic activity 

 

For the photocatalytic evaluation, the aqueous solution of FU 

was used as the target pollutants. The degradation tests of FU 

aqueous solutions were carried out outdoors at noon on sunny 

days under solar light irradiation at room temperature (~35 

°C) in September, Tamilnadu. For each test, 0.10 g of the as-

prepared photocatalysts was dispersed in 100 ml of FU 

solutions with a concentration of 10μM in round bottom 

flask. The solution was then exposed to the sunlight directly 

and with regular time intervals of 30 min, the suspensions 

were centrifuged to remove the photocatalysts completely at 

5000 rpm for 5 min. Aliquots of the residual transparent FU 

solutions were transferred to a cuvette for UV–visible 

spectroscopy for the absorption spectra. The photocatalytic 

efficiencies of different photocatalysts over FU are defined by 

the relative ratios of C/C0, where C is the concentration of 

FU aqueous solution after sunlight irradiation at predefined 

time (t), and CO is their concentration at the equilibrium 

adsorption state. C and C0 were determined by the relative 

absorbance (A/A0) at 423 nm, where A is the absorbance of 

FU after sunlight irradiation at predefined time (t), and A0 is 

the absorbance at equilibrium [24, 25] . The for the 

solarphotodegradation and the experimental setup was shown 

in Figure 2 and 3. 

 

 

 
 

 
Figure 2: The schematic diagram for the Solar 

photodegradation of FU dye 

 

 
Figure 3: Photograph of Solar Photoreactor setup 

 

3. Result and Discussion 
 

3.1  UV–Vis spectral studies 

 

Figure 4 (a) shows the Uv –visible spectra of ZnO (SZO) and 

plant extract modified ZnO (SZO). The absorption SZO is red 

shifted when compared to ZO. This attribute due to the 

addition of plant extract with ZnO. The optical band gap Eg 

of the nanoparticles is determined by extrapolation of linear 

portion of α
2
 versus hυ plots using the plots using the 

following equation [26]. 

 

  
 

where α is the absorption co-efficient, hυ is the photon 

energy. Eg optical band gap energy and c is the constant 

depending on the electron – hole mobility. The results are 

shown in Figure 4. (b) (c) and the values of Eg were found to 

be 3.05 eV, 2.25 eV for ZO and SZO. These results 

manipulate the SZO exhibit improved absorption ability in 

the visible range which suggests that the solarphotocatalytic 
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activity would be greatly increased by the effective 

absorption of visible light compared to ZO. 

 

 
Figure 4 (a): UV-vis- DRS of ZO and SZO 

 

 
 

 
Figure 4(b): Tauc plot of ZO (c) Tauc plot of SZO 

 

3.2 . FT-IR 

 

FI-IR spectrums of SZO are shown in Figure 5. It has been 

reported that the peaks around 1020 and 674 cm
-1

 correspond 

to stretching vibration of ZnO 
[58]

. The peaks 1588 cm
-1

 and 

3442 cm
-1

 represent the diverse function groups of absorbed 

biomolecules on the surface of the ZnO nanoparticles [27]. 

The sharp peak at 1404 cm
-1

 corresponded to the C-N 

stretching mode of the aromatic amine group. The band at 

1588 cm
-1

 can be assigned to the amide 1 band of the proteins 

and aromatic ring and 3442 cm
-1 

was related to N-H 

stretching [28, 29]. The position of peaks indicated 

presumably some secondary metabolites such as tannins, 

flavonoids, alkaloids and cartenoids which are abundant in 

the plant extract have interacted with ZnO surface making 

ZnO to be received visible light irradiation [30]. 

 
Figure 5: FTIR spectrum of SZO 

 

3.3. XRD 

 

The as-synthesized nanoparticle was examined for XRD 

pattern and was shown in Figure 6. XRD pattern is in good 

agreement with the standard peaks for the face centered cubic 

phase of ZnO (JCPDS card 65-2880), and the strong peaks 

(111) and (220) planes was observed with 2θ values of 32.97
o
 

and 59.01
o
. The average crystallites size was calculated using 

the Debye
’
s scherrer equation 

[63]
.
 

 

  (3.2) 

 

where β is the full width at half height maximum of the most 

intense 2 θ peaks, is the shape factor (0.89). θ, λ are incident 

angle and wavelength of X-rays respectively. The average 

crystal size of ZO decreases with the addition of plant extract 

[31] and the crystalline size of ZO and SZO are 23 nm and 17 

nm respectively.
 

 

 
Figure 6(a): XRD image of ZO 
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Figure 6(b): XRD image of SZO 

 

3.4. SEM and EDX 

 

Figure 7(a) and (b) shows the SEM image of ZO and SZO 

respectively and is observed that the ZO sample is composed 

of small plates and needle structure disappeared and their 

surfaces are smooth with the addition of plant extract [32]. 

The antioxidant present in the plant extract acts as a surface 

modifier and Figure 8. shows the EDX spectrum of ZO and 

SZO. The highest intense peaks observed at 0.5 kev and 2.32 

kev correspond to O and Zn element present in the ZO and 

SZO nanoparticles. 

 

 
Figure 7(a): SEM image of ZO 

 

 
Figure 7(b): SEM image of SZO 

 

 
Figure 8(a): EDX spectrum of ZO 

 

 
Figure 8(b): EDX spectrum of SZO 

 

Table 1: EDX elemental analysis of ZO and SZO 

S. No Sample Atomic % KeV 

1 ZO 
Zn= 24.43 

O = 74.05 

Zn = 1.01, 8.63, 9.57 keV 

O = 0.52 keV 

2 SZO 
Zn= 24.43 

O = 74.05 

Zn = 1.01, 8.63, 9.57 keV 

O = 0.52 keV 

 

3.5. Solarphotocatalytic activity of SZO 

 

Photocatalytic experiments was carried out with an intial FU 

concentration of 10μm with catalyst dosage of 0.10 g/L was 

shown in Figure9. Further more SZO (99%) source a 

enhanced photocatalytic activity when compare to ZO (80%). 

 

 
Figure 9: Effect of various catalyst on solarphotocatalysis of 

FU 
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3.5.2. Effect of catalyst concentration 

 

The influence of the catalyst concentration of FU dye has 

been studied by using different dosages of SZO ranging from 

0.050 - 0.150 g/L was shown in Figure 10. It has been found 

that the photodegradation percentage increase with increasing 

SZO dosage from 0.050 to 0.10g/L, thereafter, increase in 

photocatalyst loading (0.15 g/L) decrease the degradation. 

The obseved enhancement in the photodegradation is proably 

due to an increased of number of avilable sites on ZnO 

surface. Further increasing of SZO loading may cause the 

aggregation of free catalyst, increased opacity and a decrease 

in the peneration of light as a result of the incresed scattering 

effect [33]. 
 

 

 
Figure 10: Effect of SZO dosage on the photodegradation of 

FU 

 

3.5.3. Effect of initial dye concentration on the 

photodegradation of FU  

 

After optimizing the photocatalyst dosage, the effect of intial 

dye concentration ranging from 5 to 10 μm on the 

photodegradation of FU was ivestigated [34]. The obtained 

results are shown Figure11. It has been observed that the 

photodegradation increased with increasing in dye 

concentration from 5 to 10 μm the photodegration increase, 

this may be due to the fact that as the dye concentration was 

increased and more dye molecules were available for 

concutive degradation. 

 

 
Figure 11: Effect of initial FU concentration on its 

photodegradation 

 

 

3.5.4 Kinetic study FU 

 

The solarphotocatalytics reaction kinetics of FU degradation 

experiments follows pseudo first order equation and it can be 

expressed as follows [35]: 

 

 (3) 

 

where Co is the initial concentration of FU at t=0 min, is the 

concentration of FU at irradiation time ʽt’ and k is the rate 

constant. The plot of – ln(C/Co) versus irradiation time ʽt’ is 

depicted in for the degradation of FU in the presence of ZO 

and SZO photocatalyst. Pseudo –first order rate constant are 

evaluated from the slopes of –ln(C/Co) versus time plot. The 

rate constant of SZO (1.69 X 10
-2

) was higher than of ZO 

(7.17 X 10
-2

) manifesting that addition of plant extract 

solanam xanthocarpum is apparently an effective method to 

improve the visible light –induced photocatalytic efficiency 

are shown in Figure 12. 

 

 
Figure 12: Kinetic plot of –ln(C/Co) versus irradation time 

for the photodegradation of FU 

 

4. Conclusion 
 

Solanam xanthocarpum plant was used to synthesis ZnO 

nanoparticles through green method. The structure, 

morphology and optical properties of the nanoparticles were 

confirmed by XRD, SEM, EDX, FT-IR, and Uv-vis DRS 

measurements. The highest degradation efficiency was shown 

to be 99% degradation of FU in 120 min at a dye 

concentration of 10 µm with catalyst dosage of 0.10g/l. It 

follows pseudo first order kinetic with a rate constant of 1.69 

X 10
-2

 for SZO was higher than of ZO (7.17 X 10
-2

). 
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