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In this work, zinc oxide nanoparticles are synthesized via the green and easy 
sol-gel method. Then, they are characterized by Fourier transforms infrared 
spectroscopy (FTIR), powder X-ray diffraction (XRD), UV-visible diffuse 
reflectance spectroscopy (DRS), transmission electron microscope (TEM),  
field emission scanning electron microscopy (FESEM), and Brunauer Emmett 
Teller (BET) analysis. The XRD result showed that ZnO nanoparticles have a 
hexagonal phase structure with an average crystallite size of 18 nm. The TEM 
results revealed the nanoparticles’ size of about 25-35 nm with spherical 
morphology. The optical Tauc-based band gap was found to be 3.03 eV. The 
BET analysis was performed to determine the specific surface area of the ZnO 
NPs,  15.87 m2/g. The impact of various parameters such as catalyst dosage, 
dye concentration, visible light irradiation and time were evaluated in dye 
degradation. The ZnO NPs showed a high photocatalytic performance for 
degradation of malachite green dye at room temperature in aqueous solution 
so that 92% of malachite green (MG) was degraded in 90 min.
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INTRODUCTION
Nanotechnology is the science related to the 

synthesis and utilization of NPs in different fields 
such as environment, food, health, chemistry, 
physics, biology, drug delivery, cosmetics, 
engineering, etc. [1-7]. Nanoparticles are of main 
attention due to their very small size and large 
surface to volume ratio. Also, nanomaterials exhibit 
effective features such as chemical steadiness, 
thermal conductivity, and high catalytic reactivity 
[8, 9]. Diverse methods have been presented for 
the synthesis of nanoparticles such as physical, 
chemical, and green methods [10-12].

Recently, researchers have focused on green 
synthesis methods to synthesize the metal 
nanoparticles with favorable size and, morphology 
[13-15]. Some advantages of this method are 
the cost-efficiency, quickness, safety and being 
ecological-friendly [16-20]. A green synthesis is an 
approach in which the NPs are produced by plants, 
algae, fungi, bacteria, etc. [21-24]

Water pollution is one of the important 
challenges of present decade, so propound a 
solution to wastewater treatment is particularly 
important. Photocatalysis has been used as the 
significant and impressive approach to remove the 
pollutants in water and wastewater [25, 26].
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Herein, tragacanth gum is used to prepare the 
zinc oxide nanoparticles via green sol-gel method. 
The synthesized nanoparticles are applied in 
photocatalysis for malachite green degradation in 
aqueous solution under visible irradiation. ZnO 
NPs are characterized by FTIR, XRD, TEM, SEM, 
DRS, and BET. The chemical structure of malachite 
green dye is shown in Fig. 1.

EXPERIMENT
Materials

The tragacanth gum (TG) was purchased from 
a health food store. The Zn(NO3)2.6H2O compound 
was prepared from Merck and was consumed when 
received. The structural properties of ZnO NPs were 
characterized by X-ray powder diffraction (XRD) 
technique on X’Pert-PRO advanced diffractometer 
using Cu (Kα) radiation (wavelength: 1.5406 Å) 
in the range of 2θ from 10 to 80. The external 
structure of ZnO was investigated by a Jasco 6300 
Fourier transform infrared (FTIR) spectroscopy. 
The UV–Vis absorption spectra were prepared on 
a Metrohm (Analytical Jena-Specord 205) double-
beam instrument. The optical properties of the 
synthesized zinc oxide were evaluated by UV-Vis 
DRS (Shimadzu, UV-2550, Japan) by using BaSO4 
as a reference. The specific surface area of the ZnO 
was determined by the BET nitrogen absorption/
desorption technique in the Belsorp Mini II 
apparatus. The compound morphology and size 
of the sample surfaces were studied by scanning 
electron microscope (Zeiss EVO 18, Germany) and 
the TEM (Philips CM30) analysis.

Synthesis of Zinc Oxide nanoparticles 
Zn(NO3)2.6H2O was used as starting material 

for the synthesis of ZnO NPs. In the first step, 0.2 g 
of the tragacanth gum (TG) was added in 40 ml of 

deionized water and mixed for 80 min at 70 °C. Next 
step, 1.5 g of zinc salt was added to the obtained 
gel. The container was moved to a sand bath with 
the stabled temperature at 75 °C and stirring was 
consecutive for 12 h. The product of this step was 
a white color resin. Then, this resin was calcined in 
air at 500 °C for 4 h to obtain ZnO NPs.

Photocatalytic experiment
All photocatalytic tests were done by a 

fluorescent lamp (λ>400, 90 W, parmis, Iran). The 
degradation of the selected dye was followed in 50 
ml solution of different dye concentrations. Diverse 
dosages of ZnO nanoparticles (0.03, 0.04, 0.05 
and 0.06) were used. The degradation efficiency 
of malachite green dye was evaluated by UV–Vis 
spectrophotometer at a λmax = 619 nm.

RESULTS AND DISCUSSION
Characterization of Zinc Oxide NPs

The phase and structure of the ZnO 
nanoparticles were determined by the XRD 
technique. Fig. 2 showed the XRD pattern of zinc 
oxide NPs. The peaks located at 31.77°, 34.39°, 
36.30°, 47.53°, 56.52°, 62.91°, 66.33°, 67.82°, 
69.08°,72.45°, 76.90°, 81.33°, 89.24°, 92.62°, 95.22° 
and 98.65° correspond to (100), (002), (101), (102), 
(110), (103), (200), (112), (201), (004),  (202), 
(104), (203), (210), (211), and (114) crystal planes 
of ZnO, respectively (JCPDS file No. 65-3411). All 
the diffraction peaks were readily indexed to a pure 
phase hexagonal structure. The average crystallite 
size of ZnO nanoparticles was obtained from the 
full width at half maximum (FWHM) of the (101) 
diffraction peak with the Scherrer formula:
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Fig. 1. Structure of malachite green (MG) 

  

Fig. 1. Structure of malachite green (MG)
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where D is the crystallite size of the catalyst 
(nm), β is the full width at half maximum (FWHM) 
of the peak, λ is the X-ray wavelength and θ is the 
diffraction angle [27]. Using the above formula, we 
gained an average crystallite size of 18 nm for ZnO 
NPs.

Fig. 3 demonstrates the FTIR spectrum of zinc 
oxide NPs. For this sample, the bands observed at 
452 cm-1, 1624 cm-1, and 3425 cm-1 are attributed 
to Zn–O, O–H bending, and stretching vibration of 
O–H group, respectively [28]. 

Fig. 4 displays the FESEM image of green 
synthesized ZnO NPs. As seen in the FESEM image, 

the zinc oxide NPs have narrow size distributions 
with uniform spherical shape. Moreover, the 
TEM images (Fig. 5) of the ZnO NPs were in a 
good agreement with the SEM image, and also 
showed that the prepared sample has a spherical 
morphology with a regular particle size of about 
25-35 nm.

The specific surface area (15.87 m2g–1), pore 
diameter (45.73 nm), and total pore volume (0.067 
cm3 g−1) of ZnO NPs were specified by the BET 
method. 

The band gap of zinc oxide nanoparticles was 
evaluated by diffuse reflectance spectroscopy 

 
Fig. 2. XRD pattern of ZnO NPs 

  

Fig. 2. XRD pattern of ZnO NPs

 
Fig. 3. FTIR spectrum of ZnO NPs. 

  

Fig. 3. FTIR spectrum of ZnO NPs.
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(DRS). The band gap energy was obtained by a 
reflectance technique by exerting the Tauc theory 
[29]. The result exhibited that the band gap of ZnO 
nanoparticles is nearly 3.03 eV (Fig. 6). Hence, 
it is confirmed that the ZnO NPs are suitable 
photocatalyst in a visible-light region.

Effect of visible light irradiation and Zinc Oxide NPs 
The photocatalytic activity of ZnO NPs on 

degradation Malachite Green (MG) dye was 

appraised under the three states: ZnO nanoparticles 
under visible light irradiation (photocatalysis), Zinc 
oxide NPs under dark (adsorption), and visible 
light irradiation without ZnO NPs (photolysis). As 
shown in Fig. 7, the simultaneous use of ZnO NPs 
with visible light irradiation has led to degradation 
of 92 % of MG dye within 90 min. In the photolysis 
state, we do not have dye degradation. When the 
reaction was surveyed in the presence of catalyst 
under dark, adsorption of dye was achieved 56 %. 

 
Fig. 4. SEM micrograph of the ZnO NPs. 

  
 

 
Fig. 5. TEM micrograph of the ZnO NPs. 

  

Fig. 4. SEM micrograph of the ZnO NPs.

Fig. 5. TEM micrograph of the ZnO NPs.
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Effect of Zinc Oxide dosage
To survey the impact of the zinc oxide dosage 

on decolorization, different amounts of the ZnO 
NPs were consumed. In this test, 0.03- 0.06 g of 
the ZnO was used in 10 mg/L concentration of 
MG dye and at a constant time of 90 min. Fig. 8 
displays the effect of photocatalyst dosage on dye 
decolorization performance for 90 min. It can be 
found that enhancing the catalyst amount causes to 
increase the removal of MG dye.

Effect of initial dye concentration 
Concentration of dye is an important parameter 

to enhance the performance in photocatalytic dye 
degradation [30]. So, photocatalytic degradation 
of MG dye was followed by changing the initial 
dye concentrations (6, 8, 10, 12 mg/L) with a 

constant ZnO amount (0.05 g). As presented 
in Fig. 9, the degradation efficiency of MG dye 
has been decreased from 92% to 82%, while the 
initial dye concentration increased from 10 to 12 
mg/L. 

The effect of irradiation time on the dye degradation 
The UV-Vis absorption spectra of the MG dye 

were monitored to determine the photodegradation 
in the presence of zinc oxide nano photocatalyst at 
different irradiation times. The UV-Vis absorbance 
spectra were explored to demonstrate the effect 
of irradiation time on decolorization efficiency. 
The decrease in absorbance intensity at 619 nm 
(maximum wavelength of MG dye) with increase 
the irradiation time is confirmed in Fig. 10. Roughly 
92% of MG was degraded in 90 min. 

 
Fig. 6. Tauc plot of the ZnO NPs. 

  

 
Fig. 7. Effect of visible light irradiation on the decolorization efficiency (%).  Reaction conditions: MG =10 mg/L, 

catalyst= 0.05 g, pH=natural and room temperature 

  

Fig. 6. Tauc plot of the ZnO NPs.

Fig. 7. Effect of visible light irradiation on the decolorization efficiency (%).  Reaction conditions: MG =10 mg/L, catalyst= 0.05 g, 
pH=natural and room temperature
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Fig. 8. The effect of photocatalyst dosage on the photocatalytic degradation of MG dye (pH = natural, MG=10 

mg/L) 

  

 
Fig. 9. The effect of the initial concentration of MG dye on the decolorization efficiency (%). 

  

 
Fig. 10. Absorption spectra of MG solutions (10 mg/L) in the presence of 0.05 g of ZnO photocatalyst 

 

Fig. 8. The effect of photocatalyst dosage on the photocatalytic degradation of MG dye (pH = natural, MG=10 mg/L)

Fig. 10. Absorption spectra of MG solution (10 mg/L) in the presence of 0.05 g of ZnO photocatalyst

Fig. 9. The effect of the initial concentration of MG dye on the decolorization efficiency (%).
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CONCLUSION
In this study, we present the green synthesis 

of ZnO NPs using tragacanth gum by the sol-gel 
method. This method has many benefits such as 
low cost, non-toxic, compounds uniform, simple 
work-up, and high efficiency. The synthesized 
nanoparticles were characterized by FTIR, 
XRD, TEM, SEM, DRS, and BET analyses. The 
photocatalytic activity of the ZnO nanoparticles 
was investigated for degradation of malachite 
green dye under visible light irradiation. The 
results showed that 92% of the selected dye is 
removed within 90 min. The effect of visible light, 
photocatalyst dosage, initial dye concentration, and 
irradiation time was surveyed separately.
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