
271
EAST EUROPEAN JOURNAL OF PHYSICS. 3. 271-278 (2023)

DOI:10.26565/2312-4334-2023-3-24 ISSN 2312-4334

ECO-FRIENDLY GREEN SYNTHESIS AND PHOTOCATALYST ACTIVITY 
OF Ag- ZnO NANOCOMPOSITE† 

Noorullah Mohammed Nemma, Zainab Sabeeh Sadeq* 
Department of Physics, College of Science, University of Baghdad, Baghdad, Iraq 

*Corresponding Author e-mail: zainab.sadeq@sc.uobaghdad.edu.iq
Received June 21, 2023; revised July 8, 2023; accepted July 11, 2023

The study successfully synthesized Ag NPs, ZnO NPs, and Ag/ZnO nanocomposites using an easy, cost effect and sustainable green 
synthetic approach. The purpose of synthesizing Ag/ZnO nanocomposites using two different plant extracts was to study their photo-
degradation activity on Methylene Blue (MB) dye. (XRD) diffraction analysis confirmed the presence of Ag crystalline size and the 
wurtzite hexagonal structure of ZnO. (FE-SEM) results indicated spherical, nanorods and there is Clustering of NPs with an irregular 
shape. The resulting metal/semiconductor oxide nanocomposites possessed unique photo degradation characteristics that were absent 
in the individual Ag NPs and ZnO NPs. 
Keywords: Nanoparticles; Nanocomposite; Wastewater treatment; Catalyst 
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1. INTRODUCTION
In recent decades, the disposal of harmful and toxic contaminants, such as organic dyes and heavy metal ions, has led 

to water pollution, which has become a significant environmental issue. Industrial effluent streams are the primary sources 
through which heavy metals and dyes enter the ecological system, posing substantial risks to human health [1]. Dyes have 
diverse applications across various fields in industries such as textiles, cosmetics, printing, and pharmaceuticals. 
Furthermore, these dyes are known to be environmentally stable and resistant to biodegradation unless a catalyst is 
present [2]. Effluents containing dyes are typically treated using chemical, physicochemical, or biological methods [3]. 
However, the utilization of these methods may prove to be both expensive and time-intensive. As a result, it is crucial to 
explore highly efficient and environmentally friendly approaches to degrade these pollutants in the environment. 

Among the different methods proposed for wastewater treatment [4-6], the photocatalytic process utilizing nano-sized 
materials has emerged as a reliable and environmentally safe technique. This process offers complete mineralization of dyes 
on the surface of these materials and is known for its high sensitivity, reasonable costs, and effectiveness [7-16]. 

Photo catalysis process is a technique that uses ultraviolet or visible light to break down organic dirt on surfaces [17-20]. 
A typical photo-catalysis process has a high photocatalytic activity under ultraviolet or visible light for the degradation of 
Methylene blue. A semiconductor photo catalyst absorbs photons to generate charge separation and activate the oxidation 
process. Light capturing, electron-hole pair formation and separation, and catalytic reaction have all been recognized as key 
processes in photo catalysis in latest years [21]. While numerous nanomaterials are used for wastewater treatment, many of 
them exhibit limitations such as low catalytic activity, limited adsorption capacity, constraints on photocatalytic efficiency, 
light absorption, and expensive production costs. [22, 23] 

Researchers have dedicated significant attention to studying metal nanoparticles (MNPs) during the past few 
decades [24-27]. Noble metal NPs have garnered greater interest compared to other metal nanoparticles because of their small 
size and high surface-to-volume ratio [28], the utilization of MNPs as heterogeneous catalysts offers notable advantages. [26, 
29–33]. However, one challenge that arises is the tendency of MNPs to aggregate. To address this issue and minimize the 
aggregation of nanoparticles (NPs), we require a support ideal material. Various inorganic compounds, including TiO2, ZnO, 
Fe2O3, Ta2O3, CuO, NiO, Cr2O3, RuO2, etc.), transition metal oxides with wide band gaps and stability can play an important 
role on the photocatalytic to remove organic [34]. Between of the different heterogeneous photo catalysts, zinc oxide, silver and 
gold NPs appeared as a more attractive alternative for controlling the pollution-related environmental issues [35-38]. 

The combination of metal nanoparticles (NPs) with metal oxide semiconductor nanocomposites has garnered 
significant attention from researchers worldwide. This is primarily due to their remarkable optical, electrical, and chemical 
properties, as well as their promising potential in various applications [39-41].  

Nanoparticles (NPs) are commonly produced through various methods, including solvothermal processes, chemical 
reduction methods, and sol-gel techniques [42–47]. However, these methods are often highly cost and require the utilization 
of harmful chemicals. These chemicals are pose potential risks to the environment and biological systems [42-47]. 

Recently, there has been a development of biosynthetic approaches for the synthesis of MNPs. These methods make 
use of solvents that are comparatively less toxic, such as water, biological extracts, biological systems, and microwave 
technology [48–51]. 

Utilizing plant extracts for various applications offers several advantages, including their widespread availability, 
ease of handling, and possessing a diverse range of metabolites, although plant extracts contain a variety of secondary 
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metabolites with notable reducing potential, they can be effectively utilized as both reducing and stabilizing agents in the 
production of environmentally friendly nanoparticles (NPs) [52]. These characteristics make plant extracts a favorable 
option when compared to other biosynthetic approaches [53]. 

The aim of the present work is synthesis Ag- ZnO Nanocomposite by eco-green approach in ambient conditions 
using the extract of plant which work as both reducing and stabilizing agents and study their Photo catalysis activity. 

2. EXPERIMENTAL
2.1 Materials

Silver nitrate (AgNO3), zinc nitrate hexahydrate (Zn(NO3)2·6H2O), sodium hydroxide (NaOH), and methylene blue 
were obtained from Carlo Erba and Himedia chemical companies in highly pure form and used without further 
purification. The aloe vera plant and Hibiscus sabdariffa leaves were acquired from nearby markets. All glassware used 
in the experiment underwent thorough cleaning, including washing twice with distilled water (DW) and ethanol, followed 
by drying in the oven prior to use. 

2.2 Preparation of Ag NPs, ZnO NPs and Ag-ZnO nanocomposite via Aloe vera plant extract 
Initially, we produced the aloe vera extract by washing and cutting the leaves, extracting the gel, and blending it with a 

mixer. We took 100 grams of the gel and mixed it with 300 milliliters of distilled water, before placing it on a magnetic stirrer 
for 30 minutes. Subsequently, once it had cooled down we centrifuged the solution at 4000 rotations per minute for 
approximately 10 minutes. Then to get the Ag NPs, we prepared 0.1M of AgNO3 solution, the solution was stirred for 30 min 
at 60 C° on the magnetic stirrer and then we added 50 ml of the aloe vera extract to 100 ml of AgNO3. On the other hand, we 
prepared other solution from mixing 20 ml of aloe vera gel which was diluted with 150 ml of deionized water . After filtered 
and purified, 2 g of zinc nitrate hexahydrate (Zn(NO3)2 · 6H2O) was dissolved in 150 ml of the plant extract with stirring using 
the magnetic stirrer for 1 h at an 80 °C. Leave the zinc solution overnight. Separately, 4 g of Sodium hydroxide (NaOH) is 
dissolved in 35 ml of deionized water. Then 12 ml of NaOH solution was added to the precursor solution with the extract. 
Following the formation of a white precipitate, the Ag/ZnO nanocomposite is produced by gradually adding 100 milliliters of 
Ag nanoparticles to 100 milliliters of ZnO nanoparticles at 60 degrees Celsius, while continuously stirring to ensure thorough 
mixing. Final indicate was Ag/ZnO nanocomposite. Then all solutions were deposit on slides for further work. 

2.3 Preparation of Ag NPs, ZnO NPs and Ag-ZnO nanocomposite via Hibiscus sabdariffa plant extract 
Similar method was adapted to prepare Ag/ZnO nano-campsite via Hibiscus sabdariffa. First, we take the Hibiscus 

flowers then washed thoroughly with DW. Then they were sun dried and grinded into small pieces we mixed 2 gr with 100 
ml of DW then placed on a magnetic stirrer at 60 C° for 30 min. The red extract was filtered twice with cotton wool balls. 
After the completion of the extraction process, we take 50 ml of aqueous extract and repeat the same operation to prepare 
the Ag NPs. Then to prepare ZnO NPs, 4g of zinc nitrate hexahydrate (Zn(NO3)2 6H2O) was dissolved in 150 ml of the plant 
extract with stirring using the magnetic stirrer for 1 h at an 80 °C. Leave the solution overnight. Separately, 4 g of Sodium 
hydroxide (NaOH) is dissolved in 35 ml of deionized water. Then 20 ml of NaOH solution was added to the precursor 
solution with the extract. After the formation of a white precipitate, the Ag/ZnO nanocomposite is also produced by gradually 
adding 100 milliliters of Ag nanoparticles to 100 milliliters of ZnO nanoparticles at 60 degrees Celsius, while continuously 
stirring to ensure thorough mixing. Then we deposit all the solutions on slides for further experiments. 

2.4 Photocatalytic activity 
The procedure was conducted in according to previous work [54, 55]. The efficiency of the synthesized photocatalyst 

samples were assessed by monitoring the degradation of MB dye as a model pollutant. To control the photo-catalytic 
degradation process, the optical absorption peak of MB dye at 664.5 nm was determined. We prepared solution of MB 
dye by dissolving 10 mg in 1000 ml of distilled water and stirring it on a magnetic stirrer for two hours. The solution was 
left overnight to ensure complete dissolution of the MB dye before using it. Approximately 30 mg of nanomaterial 
(Samples) was adding, 50 ml of MB (10 mg/ml), the solution was stirred in a dark room for one hour to ensure adsorption 
equilibrium between Methylene Blue (MB) and the catalyst surfaces. Subsequently, the solution was exposed to UV light 
from a 6W lamp with a wavelength of 254 nm serving as the irradiation source. At equal intervals of time (15 minutes), 
samples were collected, filtered, and monitored for MB degradation using UV-visible spectroscopy (Shimadzu 
1900i-Japan). Using the following eqution [56] to calculate the degradation efficiency. Efficiency =  (େబ – େ  )େబ  ×  100% =   (୅బ – ୅  )୅బ  ×  100% (1)

C0, C, A0, and A refer to the concentration and absorbance of methylene blue (MB) before and after exposure to UV light, 
respectively. 

3. RESULTS AND DISCUSSION
3.1 X-ray diffraction (XRD) analysis

First, analysis of Ag NPs via A. vera leaves and H. sabdariffa flower extracts. (Figure 1.a) shows XRD pattern and the 
crystalline size of the synthesized Ag NPs with diffraction peaks at 2θ = 35.2°, 43°, 67°, and 74.8° for the Aloe vera, and 



273
Eco-Friendly Green Synthesis and Photocatalyst Activity of Ag-ZnO...     EEJP. 3 (2023)

diffraction peaks with 2θ = 35°, 46.4°, 65°, and 72.2° for Hibiscus sabdariffa respectively. Which both can be corresponded 
to the (1 1 1), (2 0 0), (2 2 0) and (3 1 1) Braggs planes. Also, the X-ray diffraction powder pattern in the two extract also 
had small peaks. This could be formed because of the organic ingredients of the leaves and flower extracts and because of 
the small residual amounts of AgNO3 that it is did not diminished. It is notable that the peak was associated with the (111) 
plane is the highest and most intense of the peaks. The Ag NPs produced in the present process are naturally crystalline with 
an FCC structure and the determined patterns of XRD matched closely with the standard (JCPDS: 01-1164) [57]. 

On the other hand, the diffraction pattern of the ZnO NPs samples that prepared via Aloe vera and Hibiscus 
sabdariffa plants extract fig (Figure 1.b) shows diffraction peaks at 2θ = 31.96°, 34.6°, and 36.52°, corresponding to 
Braggs planes of (100), (002), and (101), respectively, while the other peaks at 2θ =47.68°, 56.8°, 63.16°, 66.36°, 68.16°, 
and 69.4°, corresponding to lattice planes of (102), (110), (103), (200), (112), and (201), respectively. It has been that all 
the major peaks characteristic of hexagonal wurtzite structure of ZnO and determined patterns of XRD matched closely 
with the standard (JCPDS: 36-1451) [58]. 

  
Figure 1. XRD of (a) Ag NPs, (b) of ZnO NPs via Aloe vera and Hibiscus sabdariffa. 

 
3.2 Field emission scanning electron microscopy (FE-SEM) 

The FE-SEM images in Figure (2) illustrate the morphology of Ag NPs, ZnO NPs and Ag/ZnO NCPs synthesized 
via a green method using plant extracts like Aloe vera and Hibiscus sabdariffa respectively. 

   
a b c 

   
d e f 

Figure 2. FE- SEM of Ag NPs formed via (a) aloe vera, (b) hibiscus sabdariffa, FE- SEM of ZnO NPs formed via (c) aloe 
vera, (d) hibiscus sabdariffa, FE- SEM of Ag/ZnO nanocomposite formed via (e) aloe vera, (f) hibiscus sabdariffa. 

These images exhibit a spherical shape of Ag NPs, with particle sizes ranging from (16.99 -26.39) nm and 
(13.11 - 29.50) nm using Aloe vera and Hibiscus sabdariffa respectively as shown in Fig. 2 (a & b), while Fig. 2 (c & d) 
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demonstrate the formation of agglomerate ZnO NPs with hexagonal nanorod shape, with particle sizes ranging from 
(23.04 – 32.58) nm and (37.99 - 79.59) nm, the metallic silver nanospheres are evenly dispersed on the surface of ZnO 
NPs, loose agglomerations of NPs have grown larger and formed clusters, resulting in the formation of nanorod-like 
Ag/ZnO NCPs with particle sizes ranging from (22.39 - 40.05) nm and (59.73 -87.05) nm as in Fig. 2 (e & f). It is evident 
that the agglomerations of Ag/ZnO NCPs were significantly larger in size compared to pure Ag NPs and ZnO NPs. 

In this process, silver nanoparticles form an outer layer coating on the surface of ZnO particles. In one possible 
method, that the silver nanoparticles introduced to a solution containing ZnO particles and allowed to bond with the ZnO 
surface due to attractive electrostatic forces or chemical interactions. The silver nanoparticles can then continue to 
accumulate on the surface of the ZnO particles, forming a layer. This can be facilitated by agitation or heating of the 
solution. Our results agree with the results of other work [59-61]. 

3.3 Dye degradation activity 
The photocatalytic effectiveness of Ag nanoparticles, ZnO nanoparticles, and Ag/ZnO nanocomposite powder, the 

degradation rate of Methylene Blue dye in a solution was measured under UV light. Samples of the degraded dye solutions 
were collected at different time intervals, and their absorbance was determined using a UV-Visible Spectrophotometer to 
quantify the dye degradation rate using the equation (1) above. Figure 3 showed UV-visible absorption spectra of the 6 
samples, where Fig. 3 (a & b) represent the Ag NPs efficiency from Aloe vera, Hibiscus sabdariffa respectively. 
Fig. 3 (c & d) represented the ZnO NPs efficiency from Aloe vera, Hibiscus sabdariffa respectively. And Fig. 3 (e & f) 
represented the Ag/ZnO nanocomposite efficiency from Aloe vera, Hibiscus sabdariffa respectively. 

Figure 3. UV-Vis absorption spectra of Ag NPs via (a) aloe vera, (b) hibiscus sabdariffa, UV-Vis absorption spectra of ZnO NPs 
via (c) aloe vera, (d) hibiscus sabdariffa, UV-Vis absorption spectra of Ag/ZnO NCs via (e) aloe vera, (f) hibiscus sabdariffa of 

photo degradation samples against MB. 
The above results indicate that the Ag/ZnO nano composite had the highest photo degradation activity as shown in 

Figure 4, with a degradation rate of 97% for Aloe vera and 87% for Hibiscus sabdariffa. 

Figure 4. The efficiency of Ag NPs, ZnO NPs and Ag/ZnO NCs against MB dye. 
The ZnO NPs also showed a high level of photo degradation activity, with degradation rates of 95% and 75% for 

Aloe vera and Hibiscus sabdariffa, respectively, while the Ag NPs had lower levels of activity, with degradation rates of 
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86% and 21% for Aloe vera and Hibiscus sabdariffa, respectively. These results suggest that the Ag/ZnO nano composite 
could be a promising material for photocatalytic applications. 

To determine the rate of photocatalytic reactions, the pseudo-first order rate constant (k min−1) can be calculated by 
estimating the slope of the lines in Figure (5). 

 
Figure 5. First-order kinetics of MB dye degradation against Ag NPs, ZnO NPs, Ag/ZnO NCs using different plant extracts with 

irradiation time. 

These lines are plotted between ln (A0/A) and irradiation time, and the results indicate an increase in the value of k 
for samples prepared from Aloe vera extract. Table (1) presents the efficiency values and k for each sample. Figure (6) 
demonstrates a possible mechanism of the Ag/ZnO NCs photocatalyst.  

 

Figure 6. A possible mechanism of Ag/ZnO NCs photocatalyst. 

When exposed to UV light, electrons in the Ag/ZnO NCs can absorb photon energy and move to the conduction band 
(CB), generating an equal number of holes in the valence band (VB). Since the conduction band CB energy level of ZnO 
is higher than the Fermi level of Ag-ZnO, the electrons can transfer from ZnO to Ag. Consequently, the photogenerated 
electrons can be trapped by Ag, preventing their recombination with holes. This leads to an accumulation of more 
electrons and holes at the Ag/ZnO interface, ultimately enhancing the photocatalytic activity of the Ag/ZnO NCs. 

The conduction band (CB) electrons may subsequently generate superoxide anion radicals (O2−), while the valence 
band (VB) holes may react with H2O to create hydroxyl radicals (•OH). These hydroxyl radicals can facilitate the 
degradation of MB. The reactions can be summarized as follows [62 - 64]. 

 𝑍𝑛0 ൅ 𝑃ℎ𝑜𝑡𝑜𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 →  𝑒ି(𝐶𝐵) ൅ ℎା(VB) (2) 

 𝐴𝑔ା ൅ 𝑒ି(𝐶𝐵) → 𝐴𝑔 (3) 

 𝑒(஼஻)ି ൅ 𝑂ଶ(௔ௗ௦௢௥௕௘ௗ) →  𝑂ଶ. ି (4) 

 ℎ(௏஻)ା ൅  𝐻ଶ𝑂(௔ௗ௦௢௥௕௘ௗ) →  OH ∙  ൅𝐻ା (5) 

 ℎ(௏஻)ା ൅  OHି →  OH (6) 

 𝑂ଶ. ି ൅ MB dye → degradation products  (7) 

 OH ∙  ൅ MB dye → degradation products (8) 
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Table 1. The efficiency values and pseudo-first-order rate constant (k) for each sample. 

Prepared samples Degradation efficiency K (min-1) 
Ag NPs via A. vera 86 0.020507143

Ag NPs via H. sabdariffa 21 0.00220619
ZnO NPs via A. vera 95 0.033383333

ZnO NPs via H. sabdariffa 75 0.01387381
Ag/ZnO NCPs via A. vera 97 0.032133333

Ag/ZnO NCPs via H. sabdariffa 87 0.020735714

4. CONCLUSION
In summary, Ag/ZnO NPs, Ag NPs, ZnO NPs were successfully prepared via nontoxic, fast, low cost, eco-friendly 

and simple green method using two kind of plant extracts that is having comparable functional groups that could 
potentially aid in the production of NCPs and ultimately be transformed into valuable nanomaterial. XRD and FE-SEM 
analyses were utilized to check structural properties. Ag/ZnO NCs showed powerful photocatalytic activity compared 
with Pure Ag NPs and Pure ZnO NPs, against MB which totally decolorized as a wastewater pollutant. The novelty of 
the investigated results of Ag/ZnO NCs which utilizes leave and fruit extract as a cost effect and eco-friendly additive 
that have a significant effect in the enhancement of wastewater treatment. 
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ЕКОЛОГІЧНО ЧИСТИЙ ЗЕЛЕНИЙ СИНТЕЗ, ТА ФОТОКАТАЛІЗАТОРНА АКТИВНІСТЬ НАНОКОМПОЗИТУ Ag-ZnO 
Нуруллах Мохаммед Немма, Зейнаб Сабіх Садек 

Факультет фізики, Науковий коледж, Багдадський університет, Багдад, Ірак 
Дослідження успішно синтезувало наночастинки Ag, наночастинки ZnO та нанокомпозити Ag/ZnO, використовуючи простий, 
економічний та стійкий екологічний синтетичний підхід. Мета синтезу нанокомпозитів Ag/ZnO з використанням двох різних 
рослинних екстрактів полягала у дослідженні їх фотодеградаційної активності на барвнику метиленового синього (MB). 
(XRD) дифракційний аналіз підтвердив наявність розміру кристалів Ag і гексагональної структури вюрциту ZnO. Результати 
(FE-SEM) показали сферичність, нанострижні та наявність кластеризації НЧ неправильної форми. Отримані нанокомпозити 
метал/напівпровідник оксид володіли унікальними характеристиками фотодеградації, які були відсутні в окремих 
наночастинках Ag і наночастинках ZnO. 
Ключові слова: наночастинки; нанокомпозит; очищення стічних вод; каталізатор 


