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A B S T R A C T  
 

 

Since photo-catalysis uses light energy to drive chemical processes, it is commonly 
considered a green technology to help us handle the more pressing environmental and energy issues 

facing human society. Enhancing the properties of photocatalysts has been a major focus of research 
and development up to now. Thanks to their remarkable stability and strong catalytic performance, 

noble metal–ZnO nanocomposites are garnering a lot of interest as potential candidates for catalytic 

applications in the future. 

This research focuses on photosynthesis-inspired studies that tackle global, environmental, and 

sociological issues such as sustainable agriculture, maintaining the balance of ecosystems, and 

producing clean energy. This review study presents a thorough explanation of this new class of 
nanostructures and emphasizes its potential applications across multiple fields, with the goal of 

encouraging researchers to integrate, investigate, and use multiple new ternary systems. 

 
 

 
1. INTRODUCTION 
 

One of the most popular processes for 

producing nanomaterials is hydrothermal synthesis. In 

essence, it is a solution-reaction based approach. 

Through hydrothermal synthesis, nanomaterials can be 

created at room temperature or exceedingly high 

temperatures [1]. 

Photosynthesis is one of the most robust and effective 

cycles found in natural processes. All of life's energy 

sources, such as feeding, burning fossil fuels, and, more 

recently, the industrial synthesis of value-added 

compounds or bioenergy, are powered by this 

amazingly simple system [2,3]. 

Zinc oxide (ZnO) is a cheap, non-toxic catalyst that has 

fascinating photocatalytic potential, particularly for the 

removal of pollutants from water. Nevertheless, due to 

its low efficiency, photocorrosion, and expensive energy 

recovery, its application has not yet been looked 

into.Further,  (ZnO) is one of the most commonly used  
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benchmark standard photocatalysts in environmental 

applications. Nevertheless, ZnO's total photocatalytic 

efficacy is constrained by its wide band gap and 

frequently occurring photogenerated charge carrier 

recombination, particularly at the nanoscale [4,5]. 

 [4], ZnO has a wide range of applications. For example, 

due of its high degree of biocompatibility and optical 

emission in the visible region, it has recently been used 

for biotherapeutic applications in the health industry. 

These qualities have been used in many medical 

applications, such as the treatment of cancer [6,7,8]. 

 The textile business has a lot of detrimental effects on 

the environment. The following substances are released 

into the atmosphere: dust, sulfur, sulfur dioxide, 

nitrogen oxides, and volatile organic compounds [9,10]. 

Silver (Ag) is regarded as one of the greatest choices for 

dopant selection because it may generate an electrical 

field and increase galvanic owing to surface plasmon 

resonance (SPR) [11,12].  ZnO/noble metal 

nanoparticles were produced via the solvothermal 

technique. The effects of reaction time, the presence of 

noble metals, and the kind of noble metal (Ag or Pt) 

have all been studied [13]. 

This study's photosynthesis-based research tackles 

global, environmental, and socioeconomic issues such 

as   sustainable agriculture, clean energy generation, and 

ecosystem balance Figure 1. 
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Figure 1. This figure shows the four fundamental stages of 

photocatalysis [11].  

 

 
 

2.PHOTOVOLTAIC CELLS WITH HYDROTHERMAL 
HEATING 

Hydrothermal processing, or "Hydrothermal 

Upgrading (HTUs)," was created by the Shell Oil 

Company as a method of converting biomass. The 

world's population is expanding and businesses are 

developing quickly.This causes energy demand to 

constantly rise. Since the industrial revolution, an over 

use of fossil fuels including coal, oil, and natural gas has 

resulted in environmental degradation. Fossil fuel 

combustion results in the atmospheric release of 

greenhouse gases, such as CO, CO2, NOx, SOx, and 

CH4. The greenhouse effect and global warming have 

been connected to these gases. This takes place because 

the increase in CO2 concentration that is correlated with 

the effect is what most people perceive to be the main 

cause of global warming. Unless there is a significant 

decrease in the quantity of carbon dioxide released into 

the atmosphere  [14,15]. 

 

3. NANOCOMPOSITES OF NOBLE METAL/ 
SEMICONDUCTOR PT/AG/ZNO 

Noble metals (Ag, Pt, Cu, and Au) exhibit the 

tiniest form of surface plasmon resonance (SPR) 

because their free electrons are able to freely flow 

through the nanomaterial.  A coherent oscillation of all 

conduction electrons at the metal surface may occur 

under resonance conditions when the wavelength of the 

stimulated light is greater than the size of the 

nanoparticle [16].That is to say, when the excitation 

radiation and the free confined electrons oscillate at the 

same frequency, a phenomenon called the Localized 

Surface Plasmon Resonance (LSPR) is produced [1]. 

Ag, Pt, Pd, and Au-ZnO nanocomposites exhibit 

reduced electron-hole pair recombination, which can be 

used to improve the nano-photocatalytic characteristics 

of ZnO materials. This is because ZnO-based 

nanocomposites contain photo-catalytic holes and 

metal-accumulated electrons. It is possible to use (Ag, 

Pt, Pd, Au). The (Ag, Pt, Pd, and Au-ZnO) 

nanocomposites demonstrate reduced electron-hole pair 

recombination because ZnO-based nanocomposites 

comprise photo-catalytic holes and metal-accumulated 

electrons. Noble metal–ZnO nanocomposites have 

better qualities than ZnO materials.Accordingly, they 

might eventually take the place of ZnO materials in 

applications including photocatalysis, energy 

production, sensors, and converters. Moreover, several 

topologies of noble metal–ZnO nanocomposites have 

been described, indicating that noble metal–ZnO may 

find widespread application in nanotechnology [17, 18].   

Numerous studies have been conducted employing 

tourmaline, graphene, TiO2, and noble metals including 

Ag, Pt, and Au to increase ZnO's photocatalytic activity. 

Ag nanoparticles are said to hold the excited electrons 

as compared to pure Ag metal, resulting in a 34% 

increase in photocatalytic activity. Ag nanoparticles 

prevent electron-hole recombination from occurring. 

ZnO-Ag nanocomposite materials are made by 

hydrothermal, solvothermal, precipitation, 

electrodeposition, and sol-gel processes.  

The disadvantage of these procedures is that they 

necessitate numerous processing steps that must be 

followed by additional steps to remove impurities or 

leftovers [19,20]. In contrast to ZnO semiconductor 

which has a broad band gap, AgX (X = I, Br), a type of 

plasmonic semiconductor, has a tight band gap. This 

allows AgX to perform exceptionally well in 

photocatalysis and visible light sensitivity. As a result, 

AgX has garnered a lot of interest in photocatalysis [21, 

22]. Ag/AgBr particles were created by Wang et al. 

using a twofold jet technique. In a different work, Lin et 

al. used a simple in situ ion exchange technique to 

manufacture AgI/Ag/AgBr. Additionally, when exposed 

to visible light, it demonstrated outstanding 

photocatalytic activity for the destruction of MO. AgX's 

properties make it a popular modification material for 

wide band gap semiconductors, allowing the 

semiconductor's light absorption edge to be shifted from 

the ultraviolet to the visible light area [23-25]. These 

days, semiconductor photocatalysis has garnered a lot of 

interest as a successful solution to address these 

challenges. Additionally, it's generally accepted that 

composite photocatalysts exhibit superior photocatalytic 

performance compared to solitary ones. Because these 

photocatalysts have distinct electronic energy levels, 

their improved photocatalytic activity can be attributed 

to the driving force of the internal electric field, which 

can increase the rate at which photo-generated electron-

hole pairs separate and decrease their rate at which they 

recombine [26-29]. 
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4. PHYSICOCHEMICAL PROPERTIES AND 
CHARACTERIZATION 

Nanoparticles' physicochemical characteristics 

are important because they show how they interact with 

the environment or could interact with it under certain 

conditions. Depending on the intended purpose of the 

created nanomaterial, specific physicochemical features 

will take precedence over others. There will always be 

worries about the composition, texture, optical and 

electrical qualities, morphological attributes, structure, 

and potential reaction mechanisms in addition to the 

stability, reusability potential, and interface system 

[30,31]. When a substance is brought down to 

nanometric sizes, significant changes in its properties 

may occur. To ensure a thorough and credible 

investigation, these traits must be measured using 

trustworthy characterization techniques. The sections 

that follow provide a variety of intriguing ZnO-

graphene nanoparticle characterization methods [32-34].  

To the best of the researcher’s knowledge, resistive 

random access memory (ReRAM) has been considered 

a competitive option for next-generation NVM devices. 

Owing to its exceptional features, which include a low 

threshold voltage, low power consumption, quick 

switching times, a simple structural design, and superior 

storage density, it is beneficial .Resistive switching has 

been seen in a wide range of materials, including 

complex oxides, binary metal oxides, and organic 

compounds. However, the complex production 

technology of multicomponent oxides impedes their 

advancement because to the difficult doping control and 

ReRAM integration [35].  

Moreover, it is challenging to use organic materials as a 

function layer to improve the molecular stability and 

structure of the ReRAM, which results in lengthy 

retention and remarkable endurance [36].  Using direct 

current (DC) magnetron sputtering, three sets of 

transparent conductive ZnO/Ag/ZnO, or ZAZ, 

multilayer coatings were produced. Zinc (Zn) and silver 

(Ag) metallic targets were used for sputtering. Various 

analytical techniques were used to investigate the 

effects of the thickness of the Ag layer and the ZnO top 

layer on the characteristics of the ZAZ multilayer 

system. Using X-ray diffraction, the effects of the 

thicknesses of the Ag and ZnO top layers on the 

structural properties were investigated [37].  Materials 

with distinct properties at the nanoscale are generally 

distinct from those at the macroscopic level. 

Researchers are studying the special biological 

properties of nanoscale materials with a high volume to 

surface area ratio for use in a range of applications. ZnO 

has unusual piezoelectric, optical, and semiconducting 

characteristics. ZnO-NPs can be produced using a 

variety of physical and chemical processes, such as sol-

gel, pyrolysis, solvothermal, hydrothermal, vapor 

deposition, laser/vapor deposition, epitaxy, and thermal 

evaporation. Despite being extremely effective, these 

methods have several disadvantages, like the creation of 

hazardous waste through chemical reactions and 

significant energy needs for physical operations [38]. As 

a result, they have received a lot of attention in the 

degradation of various contaminants, microorganism 

disinfection, carbon dioxide photoreduction, hydrogen 

generation, synthesis of fine chemicals, a crucial 

component of heterogeneous photocatalysis reactions 

are semiconductor materials. 

Based on a survey of the literature, TiO2 and ZnO are the 

most widely used heterogeneous photocatalysts because 

of their non-toxicity, low cost, and good physical and 

chemical stability [39]. 2,4-Dinitrophenol (DNP), a 

phenolic pollutant, is considered a priority pollution due 

to its carcinogenic properties and ability to 

bioaccumulate in water bodies [39]. Because DNP is 

extremely stable and resistant to degradation, its 

removal is difficult. Here, bamboo leaves were used to 

successfully produce Progressive Graph Convolutional 

Networks (Pseudo Graph Convolutional Network 

(PGCN)/AgI/ZnO/ CarbonQuantum Dots (CODs), a Z-

scheme assisted quaternary photocatalyst, using the 

hydrothermal method. In order to efficiently 

photodegrade DNP as a harmful pollutant, the resulting 

heterostructure nanocomposite has a designed textural 

surface, improved optical and electrical characteristics, 

and a customizable band gap [40].   AgI has a greater 

negative conduction band potential than the majority of 

semiconductor materials.More over, when it is put onto 

other catalyst surfaces, it can efficiently encourage 

carrier separation.Consequently, it is frequently 

combined with other semiconductor photocatalytic 

materials to create innovative visible light-driven 

photocatalysts. Conversely, AgI's morphology is mostly 

described as nanoparticles, which is advantageous 

because it allows it to stick to the surface of substrate 

photocatalysts with varying topologies and form a stable 

heterogeneous structure. To increase their photocatalytic 

activity, scientists have spent the last 20 years 

constantly creating novel AgI-based composite 

photocatalysts. AgI-based composite photocatalyst 

research has reached a tipping point, particularly in the 

last two or three years Figure 2 [41]. 
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Figure 2. Explained AgI based composite photocatalysts 

reached a climax [41]. 
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Arabic Abstract 
 

لأكثر إلحاحًا التي ايئية والطاقة قضايا البخضراء لمساعدتنا في التعامل مع البما أن التحفيز الضوئي يستخدم الطاقة الضوئية لدفع العمليات الكيميائية، فإنه يعتبر عادةً تقنية 

ى زي القوي، تحظا التحفيتواجه المجتمع البشري. لقد كان تعزيز خصائص المحفزات الضوئية محورًا رئيسياً للبحث والتطوير حتى الآن. بفضل ثباتها الملحوظ وأدائه

 دن النبيل وأكسيد الزنك بالكثير من الاهتمام كمرشحين محتملين للتطبيقات الحفزية في المستقبل.المركبات النانوية المصنوعة من المع

توازن النظم  ، والحفاظ علىلمستدامةايركز هذا البحث على الدراسات المستوحاة من عملية التمثيل الضوئي والتي تتناول القضايا العالمية والبيئية والاجتماعية مثل الزراعة 

لات متعددة، بهدف تشجيع حتملة عبر مجااتها المة، وإنتاج الطاقة النظيفة. تقدم هذه الدراسة المراجعة شرحًا شاملاً لهذه الفئة الجديدة من الهياكل النانوية وتؤكد على تطبيقالبيئي

 الباحثين على دمج الأنظمة الثلاثية الجديدة المتعددة والتحقيق فيها واستخدامها.
 


