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ABSTRACT 
In the current study, zinc oxide nanoparticles in different concentrations were synthesized by environmentally friendly 
biosynthesis method using Argyreia nervosa leaf extract and used to remove Rhodamine-B dye. The structure, optical activity, 
morphology and porosity of the obtained nanomaterials were determined using different techniques including These include   X-
ray diffraction (XRD), field emission scanning electron microscopy (FE-SEM), elemental spectroscopy (EDX), and scanning 
electron microscopy (TEM), and fluorescence imaging. ultraviolet. The reflection spectroscopy (DRS) and Brunauer-Emmett-
Teller (BET), and the zinc oxide chemical bond formations were confirmed by FT-IR, then the XRD results showed that the zinc 
oxide nanoparticles were successfully synthesized. TEM images of (ZnO-NPs) showed that the majority of the particles were 
spherical and weakly agglomerated, the best RhB stain removal was approached under ideal conditions (RhB = 5 
ppm,10ppm,15ppm, pH = 11, catalyst dose = 1.4 g/L and time irradiation = 180 minutes). The high efficiency of the catalyst 
showed enhanced photocatalytic behavior for the degradation of RhB dye with a removal rate (48% ) at 5ppm concentration, at 
a concentration of 10ppm about 31% and at concentration 15ppm the decomposition efficiency is 19%, without using any metal 
doping 
Keywords: green synthesis, ZnO, Photodegradation, RhodamineB, Argyreia nervosa, mechanism.  

 

INTRODUCTION 
Pollution of natural water resources is a serious global issue [1]. 
Water is the primary source of life on Earth[2]. Organic materials, 
medicines, various products, biocides, heavy metals, dyes, and 
plastics are among the most important pollutants [3]. The wide 
spread of organic dyes in industrial wastewater from industries 
leads to significant environmental pollution [4]. Dyes can be 
classified into natural and synthetic pigments [5,6]. Synthetic dyes 
are widely used in coloring and printing activities such as the 
paper, textile, leather, and cosmetic industries, [7]. Rhodamine dye 
photocatalysis is a process that involves the photolysis of organic 
dirt on surfaces by applying visible light, ultraviolet light, or both to 
make these surfaces hydrophilicThe photolysis process begins 
when the surface of the semiconductor is irradiated [8]. Effect of 
the structural structure and pH of the solution on the photocatalytic 
efficiency [9]. Photocatalysis, an advanced oxidation process, has 
shown great potential for being cost-effective, environmentally 
friendly, solar water treatment and complete decomposition of 
organic pollutants [10]. There are two methods that can be applied 
to obtain ultra-high fluid resistance surfaces that are developing 
rough surfaces and treating rough surfaces with materials with low 
surface energy. [11] Zinc oxide (ZnO) nanoparticles attract a lot of 
attention due to theirwidespread use and nanotechnological 
properties [12] Reports have indicated both risks and benefits 
associated with the use of zinc oxide nanoparticles in a 
concentration-dependent manner and the method of synthesis[13] 
. Zinc oxide is characterized by a low cost, a band gap of about 
3.37 eV, and a high binding energy of 60 mV [14-16]. It has 
advantages such as fixation on the substrate and especially the 
shape of zinc alloy with cubic lattice structure [17]. Among them, 
the metal oxides, ZnO exhibit ferroelectric, piezoelectric, catalytic, 
and photochemical properties [18]. Zinc oxide has many qualities, 
the main properties being semiconductivity, antimicrobial activity 
and UV absorption [19-24]. It is an important material frequently 
used in self-cleaning applications due to its high chemical and 
physical stability, oxidation capacity, and superior performance in 
decomposing organic molecules in basic and acidic aqueous 
solutions. [25,26]. Among the most important applications of zinc 
oxide are such as laser diodes, gas sensors, optoelectronic 
devices, and solar energy devices. ZnO nanostructures have been 
found to be used in nano-devices such as the nano gas sensor. 
ZnO in the form of nanostructures will enhance the properties of 
gas sensors due to its high surface area. Apart from this, the 
biologically safe properties of ZnO make it extremely important for 
biomedical applications. A method for economical mass production 
and determination of conditions so the synthesis of ZnO 

nanostructures will be very useful. That is why the study of the 
composition of ZnO nanostructures is of great technical importance 
[72] Nanotechnology is an emerging technology that can 
revolutionize various scientific fields. Nanomaterials have wide-
ranging applications due to their size and conformation, and have 
been an important topic in the fields of basic and applied sciences. 
In recent years, there has been a great emphasis on nano-sized 
conductors due to their novel properties that have applications in 
optoelectronics. Among the many nanoparticles, zinc oxide 
nanoparticles (ZnONPs) are versatile semiconductors that exhibit 
significant optical transparency and luminescent properties in the 
ultraviolet-visible (UV-Vis) regions. These nanoparticles have 
become important in recent years, due to their excellent chemical 
and thermal stability. There are several to prepare nano-zinc oxide, 
such as sol-gel, hydrothermal, spray pyrolysis, microwave-assisted 
techniques, chemical vapor deposition, ultrasonic conditions and 
deposition methods [28-29].  
 To obtain nanoparticles in this paper, zinc oxide 
nanocomposites were synthesized using an environmentally 
friendly method and used to examine the photocatalytic activity of 
RhB dye removal from contaminated solutions. Nanomaterials 
have been described by XRD, FE-SEM, EDS, TEM, BET, DRS 
and FT-IR spectroscopy. The photocatalytic activity against RhB 
dye was studied under optimal conditions such as effect of catalyst 
dose, initial RhB dye concentration, irradiation time and pH effect. 
Study the effect of reactive oxygen scavengers. And to identify the 
most reactive species that contribute to the photolysis of RhB.  
 

MATERIALS AND METHODS 
Chemicals: All the chemicals obtained in this work were of high 
purity and were directly used without additional purification. 
(Zn(NO3)2. 6H2O99%), sodium hydroxide (NaOH 99.5%) and 
(Rhodamine- B 99.5%) 99% were purchased. From Sigma-Aldrich 
Chemie GmbH (Taufkirchen, Germany) was used, as well as 
solvents such as absolute ethanol 99.9%. and double-distilled 
water deionized during the experiments. Argyreia nervosa leaves 
have been used. 
Characterization: The structural phases of the synthesized 
nanomaterial powders were studied using XRD measurements 
using nickel-filtered Cu Kα radiation (λ = 1.54056 nm) in the range 
10°–80° (Shimadzu-Japan XRD 6000). It was identified using field 
emission scanning electron microscopy (FE-SEM) using JSM-6701 
(JEOL, Japan) and transmission electron microscopy (TEM) 
analysis using FEI Tecnai TF20 is 200 kV. DRS-UV-Vis spectra 
were measured in the 200-800 nm range using a Shimadzu-
Japanese UV-Vis 160V spectrophotometer. The specific surface 
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area and pore size were determined by Brunauer-Emmett-Teller 
(BET) analysis of N2 adsorption using QuadrasorbSIMP. A dual- 
UV spectrophotometer was used to read the UV visible absorption 
(UV-1650, Shimadzu).Fourier transform infrared spectroscopy 
(Bruker-FTIR) was conducted by using KBr pallet in the range of 
)4000–400 cm-1  (. 
Preparation of plant extract: For the purpose of preparing a plant 
extract with a concentration of 10%, we take the leaves of the 
Argyreia nervosaleaf plant and wash them with distilled water and 
dry them under the sun until they are completely dry. At 50 ° C for 
30 minutes, then we filter the plant extract to obtain a clear 
substance free of suspended matter and put it in sealed bottles for 
the purpose of using it in the preparation of nanomaterials. 
Synthesis of Nanocomposites ZnO: 
A Sample  (1)- preparation of zinc oxide at a concentration 
of )0.1M : Zinc oxide is prepared in an environmentally friendly 
manner by using the extract of the leaves of the creeping elephant 
plant at a concentration of 10% of the plant extract. We put in a 
250 ml beaker 50 ml distilled water and add to it 1.48 g of aqueous 

zinc nitrate Zn( NO3)2. 6 H2O and heated to 50 degrees 30 minutes 
and add the plant extract for two hours. From light yellow to faint 
yellow, where the nucleation process begins, where the PH 
becomes about 12, and heating continues for two hours at a 
temperature of 50 degrees Celsius, then it is left for 24 hours to 
form the precipitate, and then the washing and separation phase of 
the precipitate begins, where the washing is done with ethanol 
concentration of 99% to purify it from and after it is used Centrifuge 
8000, then distilled alcohol, then distilled water, and the process of 
washing and separating the precipitate continues to pH = 7 and 
then drying the Rasperin machine. At a temperature of 80 ° C, 
suitable for 4 hours, then transferred to the nano-burning furnace 
(ZnO NPs)  [30-31].  
B The Sample (2)  preparation of zinc oxide with a 
concentration of )0.2M  ( : We put in a beaker a capacity of 250 ml 
50 ml of distilled water and add to it 2.97 g of aqueous zinc nitrate 

Zn( NO3)2. 6 H2O and heat at 50 ° C with continuous stirring for 10 
minutes and add to it the plant extract at a concentration of 10% 
with Heating for two hours During this period we add sodium 
hydroxide NaOH at a concentration of 1 M (2 g of sodium 
hydroxide dissolve in 50 ml of distilled water) add to the mixture 
drop by drop until the color changes from light yellow to faint yellow 
where the nucleation process begins until the pH becomes about 
12 and continues Heating for another two hours at a temperature 
of 50 degrees Celsius, then leaving the solution for 24 hours to 
form the precipitate, then the washing and separation stage of the 
precipitate, where washing is done with ethanol, which has a 
concentration of 99% to purify it from impurities and is separated 
by a centrifuge at 8000 cycles per minute for 10 minutes and then 
washed with distilled water, then With alcohol and then distilled 
water, the washing and separation process is repeated until we get 
pH = 7, and then the process of drying the precipitate is done in a 
hot air oven at 80 degrees Celsius for a period of 4 hours, then it is 
transferred to the burning oven for the purpose of calcination and 
for a period of 4 hours at a temperature of 500 degrees Celsius, 
and then make sure that the zinc nitrate is reduced to zinc ions by 
changing the color from yellow to white, and the white solid 
substance formed is zinc nanoparticles ZnO Nps [32-33]. 
Photodegradation oF Rhodamine B dye: To study the 
photocatalytic activity of photocatalysts, the RhB dye was used as 
a staining model. A Xenon 100 w lamp was used as a visible light 
source for dye processing. In this regard, a known amount of the 
photocatalyst was suspended in 100 ml of aqueous dye solution 
with magnetic stirring for 90 min in the dark at 60 °C to ensure that 
the adsorption-desorption equilibrium occurred. Then, the mixture 
was exposed to visible light irradiation with continuous magnetic 
stirring for 180 min. After a certain time, 2 ml of the radioactive 
solution was withdrawn, and separated at 8000 rpm for 15 min to 
remove the photocatalyst nanoparticles and obtain a clear 
supernatant. Then, the absorbance of the residual RhB dye was 
measured using a UV visible spectrophotometer at the dye's 

maximum wavelength (λmax = 554 nm). The effect of various 
factors including irradiation time (0-180 min), catalyst dose (1 g/L), 
pH = 11 and initial RhB concentration efficiency (5ppm) on 
photolysis efficiency was investigated. The photolysis efficiency 
(PDE%) of the dye was calculated using the following equation: 
 Photodegradation efficient (PDE%) = [(Co− Ct) / Co] x 
100…………….(1) 
 Where, Co is the initial concentration of RhB dye, Ct is the 
concentration of RhB dye  
 at time (t) [34]. 
Determine the lambdamax of Rh-B dye: In order to determine 
the maximum wavelength of Rh-B dye, the UV and visible 
absorption spectra of the dye solution were recorded at 
concentration (10ppm) and the wavelength was fixed by a UV 
spectrophotometer. Within the range from (200-800 nm), where the 
maximum wavelength of Rh-B dye solution was determined at its 
highest absorbance in the UV and visible spectrum, where the 
greatest wavelength of Rh-B dye was λmax=553nm. 
 

 
Figure 1: represents the absorption spectrum of rhodamine-B dye 
 
Titration curve for rhodamine - B dye: The titration value of 
rhodamine dye Rh-B was drawn by preparing a group of dye 
solutions with different concentrations of (5-15ppm). At 
wavelength( λ max =553nm) the focus that is in the Beer-Lambert 
Law area of application. 
 

 
Figure 2: titration curve of rhodamine-B dye 
 

RESULTS AND DISCUSSION 
X-ray diffraction (XRD): To determine the crystalline shape and 
size of the synthesized nanomaterials were analyzed by X-ray 
technique. Figure 1 shows the XRD diffraction of zinc oxide,The 
diffraction peaks are observed to appear at  (2θ = 31.86∘, 34.53∘, 

36.41∘, 46.17∘, 56.76∘, 62.91∘, 63.05∘, 66.40∘ ,68.02∘, 69.20∘, 
72.84∘, 77.01∘) assigned to Miller levels (100), (002), (101) (210) , 
(011), (103), (220), (002), (112), (120), (202), respectively of ZnO 
crystals in cubic shape and hexa wurtzite and this agrees with the 
(JCPDS card No. 036-1451). these prominent and clear peaks 
indicate the formation of the pure zinc oxide compound that 
appeared in the previous results [35]. 
Scanning Electron Microscope (FE-SEM) analysis: Surface 
characteristics of the morphology of zinc oxide nanoparticles with 
different proportions in terms of particle size, shape and 
agglomeration, as well as the distribution of these particles. The 
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properties and effectiveness of zinc dioxide,  depend to a large 
extent on the nature and shape of their surface. show scanning 
electron microscope images of nanoparticles (ZnO)  as shown in 
Fig. (a) is an image of oxide particles zinc nanoparticles. The 
results of the examination showed that the zinc oxide particles 
have a spherical shape with an average fine size between (30-90 - 
nm) in addition. The particles tend to agglomerate less as a result 
of the ultrasonic effect which disperses these small particles and 
prevents them from agglomerating or accumulating too much, and 
the presence of some agglomerations is due to polar attraction and 
weak electrostatic forces (Wanderwales) in addition to the 
calcination process which has an effect that is very difficult to avoid 
due to the use of high temperatures (500 °C) to complete the 
growth process ZnO crystals [36]. 
 

 
Figure 3: X-ray diffraction pattern for ZnO 
 

 
Figure 4: FE-SEM images of ZnO . nanoparticles 

 
Dispersive X-ray Spectroscopy (EDX) Energy: The EDX 
spectrum is used to analyze the proportion of the elements present 
in the prepared oxides and nanocomposites. The results of the 
EDX analysis proved the presence of ZnO NPs. The results also 
confirmed the atomic ratios as shown in Table .1 for zinc and 
oxygen, and this evidence confirms the formation of nano-zinc 
oxide. 
 
Table 1: shows the values of oxygen and zinc in ZnO 

Element Weight% Atomic% Summation 

Zn 79.4 43.41 100% 

O 20.6 56.59 

 
Transmission electron microscopy (TEM) analysis: The TEM 
images showed that the majority of the particles were spherical 
aggregated, where homogeneous ZnO nanoparticles with 
spherical shapes and weak agglomeration were observed as 
shown in Figure (a). [37]. Ultrasound is responsible for the scaling 
and contraction of nanoparticles, and. The average nanoparticle 
size was calculated from measurements of more than (150) 
nanoparticles in the random fields of the TEM grid. The size of the 
zinc oxide nanoparticles ranged around (20.37 nm ) and this 
indicates the success and accuracy of the method of preparing the 
zinc oxide nanocomposite [38]. 
Surface area analysis (BET,BJH): Depending on the adsorption-
desorption isotherms, the surface area of the prepared samples 
was determined by the Brunauer-Emmett-Teller (BET)way and the 
results are shown in Figure (5a) the nitrogen adsorption-desorption 

BET isotherm on the surface of the zinc oxide compound and 
Table (2) Surface Area Analysis (BET, BJH)also also shows the 
pore size distribution according to the BJH isotherm if the surface 
area of ZnO is about (11.83 m2g-1) and the pore diameter range is ( 
55.2nm ) and the size The porosity is ( 4.20 cm3 g-1), and the 
figure(5. b) shows the nitrogen adsorption-desorption isotherm on 
the surface of iron oxide according to the BET isotherm ( 
11.088cm3  g-1) The pore diameter range is (14,572 nm) according 
to the BJH isotherm [39] . this indicates that the prepared 
composites are of the Microporous type of solid porous materials 
that have a pore size ranging within the range             (2-50 nm). 
According to the classification of the International Union of Pure 
and Applied Chemistry ( IUPAC) [40] . 
 

 

 
Fig .5: EDX analysis of ZnO, and Pictures of the elements of the compound 
ZnO 

 

 
Figure 6: TEM and histogram images of the compound ZnO 
 

 
Fig. 7: Nitrogen adsorption-desorption isotherms and corresponding pore 
size distributioncurve ofZnO 

 
Ultraviolet Reflection-Scattering Spectrum (DRS): The optical 
properties of ZnO nanostructures were studied using ultraviolet 
diffused reflection spectroscopy (UV-Vis DRS), as shown in Figure 
(a). Unpaired ZnO showed strong adsorption in the UV region with 
a distinct absorption edge at nm378 which can be assigned to the 
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intrinsic bandgap absorption of ZnO due to electron transitions 
from the valence band to the conduction band (O2p → Zn3d). [41] 
The absorption edge of ZnO corresponds to Previously reported 
absorption peaks for ZnO are within the spectral range 350-390 
nm [42-43]. In semiconductors, the energy bandgap can be 
determined (for example) using the relationship between the 
absorption coefficient (α) and the energy of the incident photon ( 
hv) near the edge of the optical range as shown in Tauc's 
equation: 

 )α  hv)2 = A(hv-Eg)………………………………………(2) 
 α / represents the absorption coefficient, V/ the frequency of 
light, h / Planck's constant,            A/ the proportionality constant . 
  As figure .6b show, extrapolation of the linear region of 
(αhv)2 vs. hv plots provides the bandgap (Eg) for the synthesized 
nanoparticles. The spectral absorption edge of ZnO corresponds to 
a band gap of 3.2 eV. 

 
Table 2: Surface Area Analysis (BET, BJH) 

Sample Surfac earea (m2/g) Pore volume (cm3/g) Pore Diamete r(nm) Type of pore Hysteresis (p/po) 
ZnO 1.8305 4.2056 55.266 Microporous H3 

 

 
Fig .6: (a)UV-vis diffuse reflectance spectra and (b)plot of variation of ( 
ahv)2(ev)2 photon energy for  ZnO 

 
Fourier transform infrared Spectroscopy (FT-IR): The infrared 
spectrum is widely used in diagnosing the prepared 
nanocomposites, if it gives an idea of the type of interference 
between the components of the nanocomposite.( 4000-400 cm-1) 
and the IR spectrum of the compound zinc oxide (ZnO) showed 
the presence of a broad band at 3434 cm-1 and a weak band at 
frequency 1500 cm-1 due to the stretching vibrations of the 
carboxyl group (O-H) and due to the water molecules adsorbed on 
the surface of the zinc oxide In addition to the presence of another 
residing band at the frequency region between 416 cm-1, which 
belongs to zinc oxide (Zn-O), and this diagnostic band confirms 
that it is zinc oxide [44]. 2879 cm-1  belongs to carbonated species 
to CO2 from the atmosphere [45]. 
 

 
Fig. 7: Infrared spectrum of ZnO 

 
Study of the Photocatalyst activity of the catalyst: In order to 
study the catalytic activity of zinc oxide and its efficiency in 
cracking Rhodamine B dye, Rhodamine B dye was prepared with 
RhB concentration = 5 ppm, Catalyst dose = 1.0 g/L, pH 11, T = 
298 K, irradiation time = 180 min) . Zinc oxide was tested under 
the same conditions as a function of illumination time. appearance. 
It was found  that treating the dye with zinc oxide as a 
photocatalyst shows a decomposition efficiency at 5ppm 
concentration about 48%, at a concentration of 10ppm about 31% 
and at concentration 15ppm the decomposition efficiency is 19%, 
therefore zinc oxide and visible light alone cannot decompose the 
dye. The results clearly indicate that the bandgap is lower than the 
conduction band of ZnO, which is mainly responsible for visible 
light absorption and thus narrows the bandgap of ZnO. Zinc oxide 
must be impregnated with metal oxides. 
 

 
Fig.8: Demonstrates the catalytic activity of zinc oxide ZnO 

 
Photo-Degradation Mechanism  ZnO: ZnO is an n-type 
semiconductor with a direct and wide band gap in the near-UV 
spectral region        (≥3.32 eV) and high electron mobility [46]. The 
ZnO electronic structure provides photocatalytic activity, giving 
ZnO unique multifunctional properties. When ZnO is excited by a 
radiation of energy equal to or greater than the band gap (Eg), 
excited electrons move to the conduction band ( e-

CB), leaving 
behind holes in the valence band (h+

VB ) [47]. 
 ZnO + hυ→ZnO (h+

VB +e-
CB)……………(1) 

 h+
VB +H2O→OH+H+ …………………..(2) 

 e-
CB +  O2→  ·O2

−………………………...(3) 
 ·O2

−+ H+→HO2
· .......................................(4) 

 HO2
· + HO2

· →H2O2+O2………………..(5) 
 e-

CB + H2O2
 →  ·OH+OH-……………..... (6) 

 .OH + RhB →Degradation products→ CO2 + H2O……(7) 
 This process is schematically presented in Figure.8. ZnO is 
 

 
Fig. 9: Photocatalytic mechanism of zinc oxide 

 

CONCLUSION 

The present study reported that the present work is economically 
viable, environmentally friendly, effective and safe for green 
preparation of ZnO NPs using Argyreia nervosa leaf extract without 
using any toxic or hazardous substance. The as-prepared 
nanomaterials possess a crystal system with more than one crystal 
form, the results showed that the illumination of the dye solution 
catalyst showed negligible photodegradation efficiency, thus light 
alone cannot degrade the dye molecules. As the results showed, 
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so the zinc oxide must be doped with transition elements for the 
purpose of narrowing the energy gap. This was because the 
surface of the zinc oxide is included with an appropriate amount of 
metal oxides that enhances the absorption of visible light. 
remarkably, The time-dependent photo-catalytic activities of pure 
and doped samples of ZnO were studied separately under 
irradiation of UV–visible and visible light by degradation of 
Rhodamine B dye. The high efficiency of the catalyst showed 
enhanced photocatalytic behavior for the degradation of RhB dye 
with a removal rate (48% ) at 5ppm concentration, at a 
concentration of 10ppm about 31% and at concentration 15ppm 
the decomposition efficiency is 19%, without using any metal 
doping. 
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