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Abstract 

 

The level of contamination in water and air is rising rapidly in the world. To detect and 

remove organic and inorganic pollutant from wastewater and air, many photocatalytic 

nanocomposites have been introduced. In this research, we reported the fabrication of gallium 

oxide with magnetic graphene oxide (GO) which performs as a photocatalyst. Here, gallium 

oxy hydro oxide (GaOOH) was prepared with gallium nitrate and oxalic acid by 

hydrothermal method and finally gallium oxide (Ga2O3) was prepared by calcination at 450 

ºC for 3h. Gallium oxide was fabricated by magnetic graphene oxide (MGO) where graphene 

oxide and magnetite were prepared by Hummers method and co-precipitation method, 

respectively. The synthesized nanocomposite magnetic graphene oxide gallium oxide (MGO-

Ga2O3) was characterized using x-ray photo electron spectroscopy (XPS), x-ray diffraction 

(XRD), transmission electron microscopy (TEM), field emission scanning electron 

microscopy (FE-SEM), energy dispersive x-ray (EDX), fourier- transform infrared 

spectroscopy (FTIR), thermogravimetric analysis (TGA) and magnetization. Wide scan 

spectra of XPS determined the chemical composition of the photocatalyst and the high 

resolution of XPS determined the bonding nature of this photocatalyst. The phase structure 

and crystallization of MGO-Ga2O3 were identified by XRD. The FE-SEM and TEM images 

indicated the morphology of this photocatalyst. FTIR spectra ensured the functional group 

and TGA confirmed about thermo stability of this nanocomposite. Magnetic properties of 

MGO-Ga2O3 were measured by vibrating-sample magnetometer at room temperature and 

showed that this nanocomposite is paramagnetic. Photocatalytic degradation of methylene 

blue (MB) and methyl orange (MeO) dye by UV-irradiation were investigated and the 

degradation rates were 93% and 55%, respectively. 
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1. General Remarks 
 

From 19th and 20th century, industrial revolution brought enormous change in human life. 

This change is called as development of the world. This development has introduced about 

industrial pollution.  So, pollution is most important and environmental challenges for the 

developed world. The developed countries are being more developed by improved 

technology and industrial revolution but on the other hand the world is being more polluted 

and lost its natural resources. That is why developing countries are being affected too much. 

These countries are leading ill health, death, disabilities and potential impact of climate 

change. So, world leaders, scientist, environmentalists are very concern about the 

environmental pollution. They are working seriously to keep the earth green and sustainable. 

For that, scientists and technologists have taken some steps to follow the green procedure of 

technology and invention which will be not harmful for the environment.  

 

Mostly water has been polluted for the industrial development. The textile dyes and leather 

industries depend on various dyes. For using these dyes, the surface water is contaminated. It 

is noted that a trace amount of water soluble dyes can cause a great problem for human life 

[1,2]. There are many technologies has been introduced to remove dyes from waste water. 

The methods are coagulation, catalysis, filtration, adsorption [3,4]. Adsorption and catalysis 

method are very attractive to the researchers to remove the dyes because of its high 

efficiency, easy methodology and cheap [5,6]. 

 

Photocatalysis is a part of catalysis method to degrade organic dye, hazardous chemicals from 

waste water and environment under UV visible light and sunlight. Titanium oxide, zinc 

oxide, gallium oxide, lead oxide and gold based composite are most notable as photocatalyst 

[7,8]. Researchers proved that in these photocatalysts, the gallium oxide is a new and very 

effective photocatalyst and it is noted that it is active 1.4 times than titanium oxide [9]. 
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1.1. Dyes 

Dye is a substance which is used to impart color to textiles, papers, leathers, and other 

materials such that the coloring  is not readily altered by washing, heat, light, or other 

factors to which the material is likely to be exposed. Dyes differ from pigments, which are 

finely ground solids dispersed in a liquid, such as paint or ink, or blended with other 

materials.  Maximum dyes are organic compounds, whereas pigments may be inorganic 

compounds or organic compounds. Pigments generally give brighter colors and may be 

dyes that are insoluble in the medium employed. There are different type of dyes, such as 

acid dye, synthetic dye, pigment dye, azo dye, mordant dye, aniline dye etc. are widely 

used in textiles [10]. 

1.1.2 Problem caused by textile dye on the environment 

Dyes cause a lot of problems in the environment. The problems which are caused in 

environment by dyes are given below: 

 Depending on exposure time and dye concentration, dyes can have acute and/or chronic 

effects on exposed organisms. 

 The presence of very small quantities of dyes in water (less than 1 ppm) is highly visible 

due to their brilliance. 

 The greatest environmental concern with dyes is their absorption and reflection of 

sunlight entering the water. Light absorption diminishes photosynthetic activity of algae 

and seriously influence on the food chain. 

 Dyes can remain in the environment for an extended period of time, because of high 

thermal and photo stability. For instance, the half-life of hydrolyzed Reactive Blue 19 is 

about 46 years at pH 7 and 25 °C. 

 Many dyes and their breakdown products are carcinogenic, toxic to life. Dyes are mostly 

introduced into the environment through industrial effluents. 

 Triple primary cancers involving kidney, urinary bladder and liver of dye workers have 

been reported. 
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 Textile dyes can cause allergies such as contact dermatitis and respiratory diseases, 

allergic reaction in eyes, skin irritation, and irritation to mucous membrane and the upper 

respiratory tract. 

 

 

Fig. 1.2.1 Different types of dyes and its impact on water 

 

1.2 Dye removing methods 
 

1.2.1 Filtration 

Filtration method is commonly used to remove dye from waste water. For recovery chemicals 

from waste water, there are ultrafiltration, nanofiltration and reverse osmosis are used [11, 

12]. In the textile industry, these filtrations are used to filter and recycle not only pigment rich 

wasted water but also mercerizing and bleaching waste waters. The specific temperature and 

chemicals of waste water determines what type of filtration method can be applied to filter. 

The membrane technology is very effective to remove dye [13, 14]. But it has some 

limitations such as it is expensive, frequent membrane fouling, requirement of different 

pretreatments depending upon the type of influent wastewater and production of concentrated 

dye-bath that needs proper treatment before its safe disposal to the environment [15,16]. 
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                                Fig. 1.2.1 Schematic illustration of filtration technique                                                       

 

1.2.2 Coagulation 

Coagulation and flocculation sedimentation and disinfection. This method is used in 

worldwide to decontaminate waste from water [17,18]. There are various types of coagulant 

such as inorganic coagulant, synthetic polymer and biological coagulant [18,19]. Despite of 

its low cost, its major limitation of this process is the generation of sludge and ineffective 

decolonization of some soluble dyes [20].  

 

Fig. 1.2.2 Schematic illustration of coagulation technique (https://civilseek.com/) 

 

https://civilseek.com/
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1.2.3   Adsorption 

        Adsorption method for decolonization is based on the affinity of various dyes for 

adsorbents. It is influenced by physical and chemical factors such as dye adsorbent 

interactions, surface are adsorbent, particle size, and temperature, pH and contact time [22, 

23]. Activated carbon is mostly used and it is very effective for many dyes [24].  Limitations 

of this technology are the eco-friendly disposal of spent adsorbents, excessive maintenance 

costs and pretreatment of wastewater to reduce the suspended solid. 

 

Fig. 1.2.3 Schematic diagram of adsorption (Y. Yu et al  RSC Adv, vol.4, pp.18222-18228,2014) 

 

1.2.4 Catalyst 

Catalyst is a substance that speeds up a reaction rate but remain unchanged chemically at the 

end of the reaction.  A catalyst can take part in multiple chemical transformations. Catalyzed 

reactions have lower activation energy than the un-catalyzed reactions. Catalysis can affect 

the reaction environment favorably like heat or bind to the reagents to polarize bond. 

Kinetically it is a chemical reaction. It is not consumed by the reaction itself. It may be 

inhibited, destroyed or deactivated by secondary process. Catalytic reactions are now widely 

used in industry to make various types of useful things. It helps petroleum and coal to turn 

into liquids. There is a natural catalyst in the human body is called enzymes which play an 

important role to digestion and many other works. 
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                                      Fig. 1.2.4. Schematic diagram of catalyst. 

 

1.3 Types of catalyst 

There are various types of catalyst. Such as heterogeneous catalysts, homogeneous catalysts, 

organocatalysts, electro catalysts, photo catalysts, enzymes and biocatalysts, auto catalysts 

and nanocatalysts. 

  

1.3.1 Heterogeneous catalyst 

Heterogeneous catalysts act in a different phase than the reactants. Most heterogeneous 

catalysts are solids that act on substrates in a liquid or gaseous reaction mixture. A 

heterogeneous catalyst has active sites, which are the atoms or crystal faces where the 

reaction actually occurs. For example, in the Haber process, finely divided iron serves as a 

catalyst for the synthesis of ammonia from nitrogen and hydrogen[25.26]. 
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1.3.2 Homogeneous catalyst 

Homogeneous catalysts function in the same phase as the reactants, but the mechanistic 

principles involved in heterogeneous catalysis are generally applicable. Usually 

homogeneous catalysts are dissolved in a solvent with the substrates. For example, of 

homogeneous catalysis involves the influence of H+ on the esterification of carboxylic acids, 

such as the formation of methyl acetate from acetic acid and methanol [27]. 

 

1.3.3 Electro catalyst 

This type catalyst acts in the modification of electrochemical reaction occurring on electrode 

surface. Especially in fuel cell, different metal containing catalysts are used to enhance the 

rate of the half reactions that comprise the fuel cell. One common type of fuel cell electro 

catalyst is based upon nanoparticles of platinum that are supported on slightly larger carbon 

particles. When in contact with one of the electrodes in a fuel cell, this platinum increases the 

rate of oxygen reduction either to water, or to hydroxide or hydrogen peroxide.  Besides this 

electro catalyst, ruthenium (IV) oxide is the inorganic compound with the formula RuO. This 

black solid is the most common oxide of ruthenium. It is widely used as an electro catalysis 

for producing chlorine, chlorine oxides and oxygen catalyst is ruthenium (IV) oxide [28,29]. 

 

1.3.4 Organocatalyst 

  In  organic chemistry,  organocatalysis refers to a form of catalysis, whereby the rate of a 

chemical reaction is increased by an organic catalyst referred to as an "organocatalyst" 

consisting of carbon, hydrogen, sulfur and other nonmetal elements found in organic 

compounds [30]. Because of their similarity in composition and description, they are often 

mistaken as a misnomer for enzymes due to their comparable effects on reaction rates and 

forms of catalysis involved. There are some organocatalysts such as Biomolecules: proline, 

phenylalanine. Secondary amines in general.  The cinchona alkaloids, certain oligopeptides 

[31]. 

https://en.wikipedia.org/wiki/Catalysis
https://en.wikipedia.org/wiki/Chemical_reaction
https://en.wikipedia.org/wiki/Organic_compound
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Sulfur
https://en.wikipedia.org/wiki/Misnomer
https://en.wikipedia.org/wiki/Enzyme
https://en.wikipedia.org/wiki/Biomolecule
https://en.wikipedia.org/wiki/Proline
https://en.wikipedia.org/wiki/Phenylalanine
https://en.wikipedia.org/wiki/Secondary_amine
https://en.wikipedia.org/wiki/Cinchona_alkaloid
https://en.wikipedia.org/wiki/Oligopeptide
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1.3.5 Enzymes and biocatalysts 

In biology, enzymes are known as protein-based catalysts in metabolism and catabolism. 

Most biocatalysts are enzymes, but other non-protein-based classes of biomolecules also 

exhibit catalytic properties including ribozymes, and synthetic deoxyribozymes. In 

biocatalysis, enzymes are employed to prepare many commodity chemicals like large-

fructose corn syrup and acrylamide [32,33]. 

 

1.3.6 Nanocatalyst 

Nanocatalyst was introduced in 1950 when nanotechnology had been introduced. 

Nanocatalyst is a catalyst composed of nanoparticles smaller than 100 nm in at least one 

dimension porous having pour diameters not bigger than 100 nm. These types of catalysts are 

normally heterogeneous catalysts broken up into metal nanoparticles in order to speed up the 

catalytic process. Metal nanoparticles have a large surface area so there is increased catalytic 

activity because more catalytic reactions can occur at the same time. Nanoparticle catalysts 

can also be easily separated and regenerated with more retention of catalytic activity than 

their bulk counterparts [34]. These catalysts can play two different roles in catalytic 

processes: they can be the site of catalysis or they can act as a support for catalytic processes. 

They are usually used under mild conditions to prevent decomposition of the nanoparticles at 

extreme conditions. Various types of elements and materials such as aluminum, iron, titania, 

clays and silica all have been used as catalyst in nanoscale for many years [34,35]. 

 

1.3.7 Photocatalyst 

Photocatalyst is such type of catalyst which can facilitate a chemical reaction under lower 

light energy. It increases reaction rate and can work under lower temperature. At present, it is 

considered as an innovative method in green chemistry. It produces surface oxidation to 

decontaminate harmful substances such as organic compound under sun light or UV –visible 

https://en.wikipedia.org/wiki/Enzyme
https://en.wikipedia.org/wiki/Metabolism
https://en.wikipedia.org/wiki/Catabolism
https://en.wikipedia.org/wiki/Ribozyme
https://en.wikipedia.org/wiki/Deoxyribozyme
https://en.wikipedia.org/wiki/Biocatalysis
https://en.wikipedia.org/wiki/High-fructose_corn_syrup
https://en.wikipedia.org/wiki/High-fructose_corn_syrup
https://en.wikipedia.org/wiki/Acrylamide
https://en.wikipedia.org/wiki/Heterogeneous_catalyst
https://en.wikipedia.org/wiki/Metal
https://en.wikipedia.org/wiki/Nanoparticles
https://en.wikipedia.org/wiki/Surface_area
https://en.wikipedia.org/wiki/Catalysis
https://en.wikipedia.org/wiki/Catalyst_support
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light. It is noted that there are a natural photocatalyst in our environment is chlorophyll which 

captures sunlight and turns carbon di-oxide and water into oxygen and glucose[36.37].           

                               

1.3.7.1 Types of photocatalyst 

    There are mainly two types of photocatalyst, these are homogeneous and heterogeneous 

photocatalyst. 

1.3.7.1.1 Homogeneous photocatalyst 

 In homogeneous photocatalysis, the reactants and the photocatalysts exist in the same phase. 

The most commonly used homogeneous photocatalysts include ozone and photo-Fenton 

systems (Fe+ and Fe+/H2O2). The reactive species is the •OH which is used for different 

purposes. The mechanism of hydroxyl radical production by ozone can follow two paths.  

O3 + hν  →  O2 + O(1D) 

O(1D) + H2O  →  •OH + •OH 

O(1D) + H2O  →  H2O2 

H2O2 + hν  →  •OH + •OH 

Similarly, the Fenton system produces hydroxyl radicals by the following mechanism  

Fe2+ + H2O2 →  HO• + Fe3+ + OH− 

Fe3+ + H2O2 →  Fe2+ + HO•2 + H+ 

Fe2+ + HO•  →  Fe3+ + OH− 

In photo-Fenton type processes, additional sources of OH radicals should be considered: 

through photolysis of H2O2, and through reduction of Fe3+ ions under UV light:  

H2O2 + hν   →  HO• + HO• 

Fe3+ + H2O + hν  →  Fe2+ + HO• + H+ 

The efficiency of Fenton type processes is influenced by several operating parameters like 

concentration of hydrogen peroxide, pH and intensity of UV. The main advantage of this 

https://en.wikipedia.org/wiki/Fenton%27s_reagent
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process is the ability of using sunlight with light sensitivity up to 450 nm, thus avoiding the 

high costs of UV lamps and electrical energy. These reactions have been proven more 

efficient than the other photocatalysis but the disadvantages of the process are the low pH 

values which are required, since iron precipitates at higher pH values and the fact that iron 

has to be removed after treatment [38,39].  

 

1.3.7.1.2 Heterogeneous photocatalyst 

 Heterogeneous catalysis has the catalyst in a different phase from the reactants. It is a 

discipline which includes a large variety of reactions: mild or total oxidations, 

dehydrogenation, hydrogen transfer, 18O2–16O2 and deuterium-alkane isotopic exchange, 

metal deposition, water detoxification, gaseous pollutant removal, etc. The ultimate goal of 

heterogeneous photocatalyst design is to start reactions between the excited electrons with 

oxidants to produce reduced products, and/or reactions between the generated holes with 

reductants to produce oxidized products. Due to the generation of positive holes and 

electrons, oxidation-reduction reactions take place at the surface of semiconductors[40]. In 

the oxidative reaction, the positive holes react with the moisture present on the surface and 

produce a hydroxyl radical. Here MO stands for metal oxide:  

UV + MO  →  MO (h + e−) 

Oxidative reactions due to photocatalytic effect:  

h+ + H2O  →  H+ + •OH 

2 h+ + 2 H2O  →  2 H+ + H2O2 

H2O2  →  2 •OH 

Reductive reactions due to photocatalytic effect:  

e− + O2   →  •O2
− 

•O2− + HO•2 + H+  →  H2O2 + O2 

HOOH   →  HO• + •OH 
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1.4  Functions of photocatalysts 

In modern technology, there are various functions of photocatalyst in our daily life. 

Especially, to decontaminate waste from our environment. But there are also some important 

application of photocatalyst in our human life. These are as follows: 

 Antibacterial substance 

 Water purification 

 Air purification 

 De-odorization 

 De-contamination 

 

1.5 Photocatalytic nanocomposite 

Nanocomposite is multiphased solid material where one of the phases has one, two or three 

dimensions of less than 100 nanometers (nm), or structures having nano-scale repeat 

distances between the different phases that make up the material.  Normally nanocomposite 

consists of continuous phase and nanofiller or reinforcing phase. The continuous phase may 

be of polymer, ceramic or metal and the nanofiller may be of nanoparticles, sheets or fibers. 

Nanocomposites differ from conventional composite materials because of exceptionally high 

surface to volume ratio of the nanofiller. The mechanical, electrical, thermal, optical, 

electrochemical and catalytic properties of the nanocomposites change noticeably from that 

of the component materials. Nanocomposites are widely used in environment protection, drug 

delivery system, electronic devices, packing materials and so on [41,42,43]. 

Photocatalytic nanocomposite is also a multi phased solid material which can work under 

light energy. In modern chemistry, photocatalytic nanocomposite is an attractive subject to 

the scientist.  Already, various type of photocatalytic nanocomposite has been introduced to 

https://en.wikipedia.org/wiki/Nanometers
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remove waste from water and air. Such as Photocatalysts, including titanium dioxide (TiO2), 

zinc oxide (ZnO), iron oxide (Fe2O3), bismuth vanadate (BiVO4), cerium oxide (CeO2), 

cadmium sulfide (CdS) and zinc sulfide (ZnS) are widely applied for the innovative treatment 

of water pollutants. 

 

1.5.1 Titanium oxide based photocatalytic nanocomposite 

Titanium oxide is widely used to make photocatalytic nanocomposite.  TiO2 incorporated into 

outdoor building materials, such as paving stones in noxer blocks [51,52] or paints, can 

substantially reduce concentrations of airborne pollutants such as volatile organic compounds 

and nitrogen oxides [53]. Such as graphene oxide -titania photocatayst, magnetic titanium 

oxide photocatalyst, gold-titania photocatalyst etc. TiO2 in thin film and nanoparticle form 

has potential for use in energy production: as a photocatalyst, it can break H2O into hydrogen 

and oxygen. With the hydrogen collected, it could be used as a fuel. The efficiency of this 

process can be greatly improved by doping the oxide with carbon[54]. Attempts have been 

made to  mineralize pollutants photocatalytically from waste water. TiO2 offers great 

potential as an industrial technology for detoxification of wastewater for several factors:  

1. The process uses natural oxygen and sunlight and thus occurs under ambient 

conditions; it is wavelength selective and is accelerated by UV light. 

2. The photocatalyst is relatively cheap, easily collectable, non-toxic, chemically and 

mechanically stable, and has a high turnover. 

3. The formation of photocyclized intermediate products, unlike direct photolysis 

techniques, is avoided. 

4. Oxidation of the substrates to CO2 is complete. 

5. TiO2 can be supported as thin films on suitable reactor substrates, which can be 

readily separated from treated water [51]. 

 

https://en.wikipedia.org/wiki/Noxer_block
https://en.wikipedia.org/wiki/Titanium_dioxide#cite_note-46
https://en.wikipedia.org/wiki/Volatile_organic_compound
https://en.wikipedia.org/wiki/Nitrogen_oxide
https://en.wikipedia.org/wiki/Titanium_dioxide#cite_note-47
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Fig.1.5.1 Schematic diagram of photocatalytic activity of TiO2 

 

1.5.1.1 Graphene oxide - TiO2 based photocatalyst (GO-TiO2) 

Recent studies concentrate on the preparation and applications of GO modified photocatalyst 

due to their high  surface area and high activity in most catalytic processes[55]. It has been 

well documented that GO is heavily oxygenated graphene that is readily exfoliated in water 

to yield stable dispersions consisting mostly of single-layer sheets. The use of graphene oxide 

as the nanoscale substrates for the formation of nonocomposites with metal oxides is widely 

explored due to an idea to achieve  a hybrid which could be combined both properties of GO 

as fascinating paper-shape material and the features of single nano-sized metal oxide 

particles[56]. Generally, TiO2 is currently known as the most available and commercially low 

cost photocatalyst. Titanium dioxide (TiO2)-based heterogeneous photocatalysis has emerged 

as a promising advanced oxidation technique for purification of water and air pollutants. The 

better photocatalytic properties on the TiO2-GO nanocomposite systems irrespective of light 

sources could be attributed to synergy effects including the increase in specific surface area 

with graphene oxide amount as well as to the formation of both π–π conjugations between 

butane molecules and aromatic rings and the ionic interactions between butane and oxygen-

containing functional groups at the edges or on the surfaces of carbonbased nanosheets. 

Graphene oxide works as the adsorbent, electron acceptor and photosensitizer and efficiently 

enhances the butane photodecomposition [57,58].   
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       Fig. 1.5.1.1  Schematic diagram of grapheneoxide titanium oxide,G.Y., Zhang et al, Chemical  
                          Engineering Journal.  Vol.302, 633-640, (2016) 

 

 

1.5.2 Zinc oxide based photocatalytic nanocomposite 
Zinc oxide is a unique material that also use to make photocatalytic nanocomposite. ZnO 

nanostructures have been shown to be prominent photocatalyst candidates to be used in photo 

degradation owing to the facts that they are low-cost, non-toxic and ecofriendly [59]. ZnO 

nano-particles are very useful for the water decontamination due to the following reasons: It 

produces H2O, more efficiently and shows high rate of mineralization,  provides high surface 

for reaction due to higher number of active sites. It is better photocatalyst as compared to 

TiO2 because it absorbs high efficiency with solar light and have higher rates of activities. It 

is comparatively cheap, environmentally friendly. It exhibits tunable properties, which can be 

modified by size reduction, doping, sensitizer etc. [60]. 
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1.5.2.1 Graphene oxide-ZnO based photocatlyst 
 

 Zinc oxide @ graphene oxide (ZnO@GO) composite has been prepared as a photocatalyst 

for the degradation of organic dyes. The  obtained ZnO@GO composite was used to enhance 

the photocatalytic performance on MB. The optical property was revealed by ultraviolet-

visible (UV–Vis) spectroscopy techniques. The results show that the ZnO@GO composite 

plays an important role in the enhancement of photocatalytic performance and achieves a 

maximum degradation efficiency[61,62] . 

 
 
 
 
 

  
 
 

Fig. 1.5.2.1   Schematic diagram of grapheneoxide zinc oxide , R. Atchudan et al. , Journal of 
Photochemistry & Photobiology, B: Biology Vol. 162, pp. 500-510 (2016) 

 
 

 

1.5.3 Tin oxide based photocatalytic nanocomposite 
 

At present, tin oxide also attracted much attention to the researchers due to its physical and 

chemical properties. The last decade, SnO2 has been studied as promising material with many 

unique surface properties including luminescence and photocatalytic activity [63]. The  high 

degradation rate of the organic dye on the as-synthesized SnO2 NPs with size below 10 nm 

can be attributed to the small size of SnO2 NPs because the large surface area helps to 
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increase the photocatalytic reaction sites and promotes the efficiency of the electron-hole 

separation. 

 

1.5.3.1 Graphene oxide-tin oxide based photocatalyst  
Recently, tin oxide @ graphene oxide photocatalyst has been investigated to increase the 

effectiveness and quality to degrade organic dyes. By adjusting the addition amount of GO 

during synthesis, tin oxide nanostructure in Sn-RGO evolves from hierarchical Sn3O4 

nanosheets arrays to ultrafine Sn2+ self-doped SnO2 nanoparticles [64,65]. The Sn-RGO 

nanocomposite with narrowed band gap and tunable energy band structure show efficient 

photocatalytic activities for methyl orange (MO) degradation under visible light irradiation 

[64,66,67]. 

 

 
                   

Figure. 1.5.3.1  Schematic diagram of grapheneoxide tin oxide, F.W.Feng et al, springer, 

vol.50, pp. 1-16,2017, 

 

 

 

 

1.5.4 Gold based photocatalytic nanocomposite 
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Noble metal gold (Au) based nanocomposites also shows the photocatalytic activity. The 

largest and most widely used source of energy in the world is the crude oil. The maximum 

amount of crude oil is used as transportation fuels in the form of diesel, gasoline and jet fuel. 

Unfortunately, such crudes contain sulfur in the form of organic sulfur compound. Light fuel 

contains organic sulfur compounds which pollute the environment by producing SO2 and 

airborne particulate during combustion. Au/TiO2 nanoparticles show the higher activity to 

degrade benzothiaphene and dibenzothiophene dye [68].  

 

1.6 Literature review 
Already, TiO2, SnO2, ZnO, Au- based photocatalytic nanocomposite has been introduced. In 

these nanocomposite, TiO2 is mostly applied in the research work to degrade organic and 

inorganic pollutants. The other nanocomposite also used to decontaminate waste water. But 

there are some limitations. These limitations are as follows: 

 Separation technique is lengthy 

 Lower surface area 

 Lower adsorption capacity 

 Small portion is reusable 

 

1.7 Gallium oxide based photocatalyst 

Gallium oxide hydroxide (GaOOH) is considered to be an important precursor for the direct 

preparation of wide-bandgap gallium oxide (Ga2O3), 4.2-4.9 eV.5 On the other hand, gallium 

oxide was also prepared by using gallium metal. Generally, GaOOH can be transformed into 

various phases (α, β, and γ) of Ga2O3 after the dehydration at suitable temperature [54]. 

Therefore, the synthesis of GaOOH and its transformation into various Ga2O3 phases is an 

interesting research topic. Researchers evaluated the photocatalytic activity of various 

morphologies of gallium oxides and found that the photocatalytic activity was strongly 

influenced by the morphology due to the difference in their surface properties. In these 

morphologies, photo degradation ability varies to one another. So, scientists are researching 

which type of form of gallium oxide is most able to degrade organic pollutants. It is noted 

https://www.sciencedirect.com/topics/chemical-engineering/sulfur
https://www.sciencedirect.com/topics/chemical-engineering/sulfur-compounds
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that alpha gallium oxide is mostly workable under UV light to degrade organic pollutants. 

There are some gallium based photocatalytic nanocomposites such as graphene oxide-gallium 

oxide, gallium oxy hydroxide based photocatalyst etc [69,70]. previous research showed that 

photocatalytic activity of gallium oxide is 1.4 times than titanium oxide [9]. 

 

1.8 Supporting materials with high surface area, 

extended strength and reusability 

The high activity and stability of the catalyst fabricated over the composite carbon support. 

There are graphene oxide, reduced graphene oxide, carbon nanotube are mostly known 

supporting material to fabricated catalyst. One of the advantages of the graphene oxide is its 

easy dispersibility in water and other organic solvents, as well as in different matrixes, due to 

the presence of the oxygen functionalities [71, 72]. This remains as a very important property 

when mixing the material with ceramic or polymer matrixes when trying to improve their 

electrical and mechanical properties [73]. Besides, more attention has been attracted to 

researchers the functionalization of carbon nanotubes (CNTs) with various inorganic 

nanoparticles such as metals, metal oxides for further improving their properties and 

extending their applications in various fields of technology [74-76]. Among these 

multifunctional composites, magnetic CNTs composites have some applications in 

technology. There much work has been done to functionalize magnetic CNTs surface with 

another phase to enhance compatibility and improve the stability. Among all materials, silica 

as a protecting shell was utilized to coat the magnetic carbon nanotube [77]. There have been 

lots of reports about successful synthesis of silica coated magnetic CNTs. 
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Fig. 1.8 Supporting material CNT and grapheneoxide (M Lan et al, Applied Surface Science, 

vol. 282,  pp.937–946, 2013, (b) S. Acharya et al Inorg. Chem. Front, vol. 2, pp. 807–823, 

2015) 

                                    

1.9 Magnetically responsive nanocomposite 
 

During the last decade, the development of magnetic polymer nanocomposite materials has 

been the source of discovery of spectacular new phenomena, with potential applications in 

the multidimensional fields. Among the broad spectrum of nanoscale materials being 

investigated for various environmental and biomedical applications, magnetic nanoparticles 

(MNPs) have gained significant attention due to their intrinsic magnetic properties, which 

makes them successful as magnetically recoverable catalysts, drug delivery agents, anticancer 

materials, magnetic resonance imaging devices, etc. Magnetic nanoparticles and 

nanocomposites have aroused significant scientific and technological interest because of their 

potential applications in the fields of biomedicine, information technology, magnetic 

resonance imaging, catalysis, telecommunication, and environmental remediation [78,79,80]. 

, magnetic nanoparticles dispersed in composites usually have a strong tendency to form 

agglomerates for reduction of energy associated with high surface area-to-volume ratio of the 

nanosized particles. To avoid aggregation of magnetic nanoparticles, protection strategies 

have been developed to chemically stabilize the magnetic nanoparticle. The properties of 

magnetic particles remain same after stabilization. So, its application in polymer 

nanocomposites is increasing day by day. 
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1.10 Magnetic nanoparticles 
In nature iron oxides exist in many forms like magnetite (Fe3O4), hematite (α-Fe2O3) and 

maghemite (γ-(Fe2O3). Among these oxides Fe3O4 particles are more demandable due to 

surface efficiency. The surface area of iron-oxide-based magnetic materials decreased their 

response to external magnetic field making it difficult to recover the adsorbents after 

treatment has been completed. On the other hand, the adsorption capacities of adsorbents rely 

largely on the available surface areas, and the increase of the surface area is normally 

obtained by the decrease of the particle size of adsorbents. As a result, there is a need to 

synthesize such absorbents with proper particles size for the removal of dye or heavy metals 

from industrial wastewater. Up to date, there are many methods to synthesize iron oxide 

nanoparticle. The most common methods include co-precipitation, hydrothermal synthesis, 

thermal decomposition, sol-gel method and colloidal chemistry method. Among these 

methods, co-precipitation has proven to be the most promising method for the production of 

iron oxide nanoparticles as the procedure is relatively simple and the particles can be 

obtained with controlled particle size. 

 

1.10.1 Co-precepitation method 
The most conventional method for obtaining Fe3O4 is co-precipitation. This method consists 

of mixing ferrous and ferric ions in a 2:1 molar ratio in highly basic solutions at room 

temperature or at elevated temperature. The size and shape of the iron oxide nanoparticles 

depend on the type of salts used (such as chlorides, sulfates, nitrates, perchlorates, etc.), the 

ferric and ferrous ions ratio, the reaction temperature, the pH value, and the other reaction 

parameters (e.g. stirring rate, dropping speed of basic solution). Fe3O4 nanoparticles are not 

very stable under normal conditions and are easily oxidized. 

Fe3O4  +  2H+ Fe2O3   +    Fe2+   +     H2O

 

In order to avoid the possible oxidation in the air, the synthesis of Fe3O4 NPs must be done in 

an inert atmosphere. 
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1.10.2 Surface modification of iron oxide nanoparticle 
Bare iron oxide nanocparticles tend to aggregate because of strong magnetic attractions 

among particles, the van der Waal force and high surface energy. On the other hand, when 

the magnetic nanoparticels are in contact of air, these particles are further oxidized to form 

alpha or gamma Fe2O3. To avoid this problem surface of iron oxide nanoparticles are coated 

to improve their stability and biocompatibility and to achieve hydrophilicity and conjugating 

capability. Several coating materials including organic polymers (e.g. dextran, chitosan, 

polyethylene glycol), organic surfactants (e.g. sodium oleate and dodecylamine), inorganic 

metals (e.g. gold), inorganic oxides (e.g. silica and carbon) etc. are used to modify the surface 

of the magnetic nanoparticles. 

 

1.11 Motivation of our research 
We set up our research goal to make such type of photocatalytic nanocomposite which will be  

easily collectable, low cost material, environmentally friendly, sustainable and reusable and 

its procedure will be simple and easy methodology. 

Here, we introduced a facile methodology to fabricate a ternary hybrid photocatalyst, where 

Ga2O3 is active photocatalyst and it is functionalized by MGO. Here, magnetite is covalently 

attached with graphene oxide. Since, GO is a good adsorbent, it can keep in touch Ga2O3 with 

it. This hybrid photocatalyst has higher absorption capacity and it is magnetically separable. 

As per as our best knowledge, the Ga2O3 hybridized with MGO has not been investigated yet.  

Oxalic acid is a ligand and it has been applied to make many nanomaterials [56]. Here, Ga2O3 

was prepared by hydrothermal method with oxalic acid and Ga(NO3)3 successfully [9]. 

Graphene oxide and magnetite (Fe3O4) has been prepared by Hummers method and co-

precipitation method respectfully [81,82]. In this study, the photocatalyst has been applied 

under UV light irradiation to degrade organic dye pollutants (methylene blue, methyle 

orange) and recyclability as compared with magnetic graphene oxide nanocomposite. 

These as-prepared composites are characterized by employing some state-of-the-art 

techniques such as transmission electron microscopy (TEM), scanning electron microscope 

(SEM), X-ray photoelectron spectroscopy (XPS), x-ray diffraction (XRD), energy dispersive 
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x-ray (EDX), and other common techniques like FTIR and UV-Vis spectroscopy. This 

photocatalytic nanocomposite will be used for the degradation of different dyes from the 

wastewater. 
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2.1 Materials and instruments 

2.1.1 Chemicals and reagents 
 

The chemicals and reagents used in this research were analytical grade and used without 

further purification. Deionized water was used as solvent to prepare most of the solutions of 

this work. The chemicals and reagents which were used in this research are given below: 

 

i. Ferrous chloride and Ferric Chloride (Sigma Aldrich)  

ii. Tetraethyle orthosilicalte (Merck, Germany) 

iii. (3-amino propyle) triethoxy silane (Merck, Germany) 

iv. Graphite flake (325 mesh) (Sigma-Aldrich) 

v. Sodium nitrate (Merck, Germany) 

vi. Potassium permanganate (Merck, Germany) 

vii. Sulfuric acid (Merck, Germany) 

viii. Hydrogen peroxide (Sigma-Aldrich) 

ix. Acetone (analytical grade) 

x. Gallium Nitrate (Sigma Aldrich) 

xi. Oxalic acid (Sigma Aldrich) 

xii. Ammonia solution (25%). 

xiii. Methylene blue (Merck, India) 

xiv. Methyle orange (Loba, India) 

 

 

2.1.2 Instruments 
Analysis of the samples was performed using the following instruments: 

 

i. Fourier Transform Infrared Spectrophotometer (SHIMADZU FTIR-8400) 

ii. Field Emission Scanning Electron Microscopy (JSM-7600F, Tokyo, Japan) 

iii. Transmission electron microscopy (TEM) 

iv. X-ray Diffractometer (Philips, Expert Pro, Holland) 
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v. X-ray photoelectron Spectroscopy (XPS) 

vi. Centrifuge machine (Hettich, Universal 16A) 

vii. pH meter (Hanna, HI 8424, Romania) 

viii. Digital Balance (AB 265/S/SACT METTLER, Toleto, Switzerland) 

ix. Freeze dryer (Heto FD3) 

x. Oven (Lab Tech, LDO-030E) 

xi. Furnace (Naber Therm, N-7, Germany) 

xii. UV-visible Spectrophotometer (Shimadzu-1800) 

 

2.2 Method of preparation 

2.2.1 Preparation of magnetic iron oxide nanoparticles (IONs) 

The magnetic iron nanoparticles were prepared by chemical co-precipitation method [1] 

which is an easy methodology. In brief, a mixture of 0.005 mol 2.703g FeCl3 and 0.0025mol 

.6336g FeCl2 in 50mL distilled water was deoxynated by passing N2 gas about 10 min and 

the ratio was Fe3+/Fe2+ = 2mol. 20 mL NaOH was rapidly poured into the iron salt under 

magnetic stirring at room temperature and the orange color iron salt changed into black 

precipitation instantly. After stirring 20 min, the black precipitation was separated 

magnetically and washed by distilled water several times by centrifugation. 

 

2.2.2 Preparation of silica coated magnetic IONs 

After preparation of Magnetic IONs, it was coated with silica by hydrolysis of tetraethyl 

ortho silicate (TEOS) using Stober’s method [1,2]. In this preparation, 300 mg Magnetic 

IONs were dispersed into 240 mL ethanol and 60 mL distilled water. After that, we sonicated 

it for 15min. The pH value was adjusted to 9 by using 25% ammonia solution. Then, TEOS 

added in it under vigorous stirring. The dispersion was stirred for 10 hours at room 

temperature. After completing the hydrolysis, it was heated at 50 0C for 12 hours. Then the 
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solvent of solvent was separated by centrifugation and washed with anhydrous ethanol and 

dimethyl formamide (DMF). 

 

2.2.3 Preparation of amino functionalised SiO2 (magnetic IONs) 

The Silica coated magnetic IONs sample was ultrasonically dispersed in 120 mL DMF and 

80 mL toluene. Then the sample was taken into a double necked Round Bottom flask and 

added drop wise 10 mL 3-amino propyl tri-ethoxysilane (APTES) under magnetic stirring. 

The sample was stirred for 24 hours and separated by centrifugation. The sample was washed 

by toluene several times. After that, 150 mL toluene was mixed with that sample and heat at 

120 ºC to become the volume 90mL and kept it at room temperature carefully.  

 

2.2.4 Preparation of graphene oxide (GO) 

The modified hummers method was applied to prepare GO [3]. In this case, 2g graphite 

flakes and 1.5 NaNO3   were mixed in three necked round bottom flask in an ice bath, 150 mL 

H2SO4 (98%) was added and KMnO4 was added for 1 hour. The mixture was stirred for 2 

hours. After removing the ice bath, the stirring was kept for 5 days at room temperature. 

Then, 6mL H2O2 added into the mixture. Then 250 mL distilled water mixed with H2SO4 (7.5 

mL, 98%) and to dilute that sample 4.17 mL H2O2 (30 wt%) was added. Finally, the sample 

was washed with distilled water several times by centrifuging and dialyzed for 5 days. 

Obtained GO was dried in a vacuum oven. 

 

2.2.5. Preparation of magnetic graphene oxide (MGO) 

 Prepared GO was introduced with aminated MION to make magnetic graphene oxide 

(MGO). In this case, 20 mg GO in 60 mL water was ultrasonicated for 3 hours. After that the 

coupling agent 10mg 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) was added 

into the solution. The mixture was stirred for 30 min. Then the prepared  aminofunctionalised 
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silica coated IONs was added and ultrasonicated this solution for 30 mins. After that, the 

reaction was stirred at 80degree centigrade for 1 hour. Afterwards, the solution was washed 

with distilled water by centrifugation and separated magnetically. The obtained product was 

Magnetic graphene oxide (MGO) [4,5,]. Then the product was dried in a freeze dryer. 

 

2.2.6 Preparation of magnetic graphene oxide gallium oxide 

(MGO-Ga2O3) 

Gallium oxide (Ga2O3) was synthesized by using Gallium nitrate and Oxalic acid in a 

hydrothermal process [7]. To make this sample, there was followed two steps. First step was 

to make GaOOH from 50mL of .0508 mol/L gallium nitrate and 50mL of 0.155-0.666 ml/L 

oxalic acid. The mixture of gallium nitrate and oxalic acid were stirred and heated under 90ºC 

for 1 hour. Then the solution was transferred into a 250 mL Teflon cup and the autoclave was 

set up in an oven for 10hours at 175ºC. Afterwards, the obtained solution was washed by 

ethanol to remove the impurities and dried in a vacuum oven. Then, prepared GaOOH was 

mixed with MGO and ultrasonicated for 30 min. The obtained solution was dried in an oven 

at 50ºC and decomposed at 450ºC for 3 hours under argon atmospheric conditions. After 

cooling in a room temperature, the MGO-Ga2O3 was collected [6]. 

 

2.3 Sample characterization 
2.3.1 Fourier transforms infrared (FTIR) analysis 
 

The infrared spectra of the GO,  IONs, MGO, MGO-GaOOH and MGO-Ga2O3 were 

recorded on an FTIR spectrometer in the region of 4000 – 500 cm-1. Then all samples were 

dried. A small portion of samples were taken into vial and oven dried at 60 
0C to confirmed 

their dryness. GO flake is very strong so it was grinded into a mortar with a pestle to get GO 

powder. Other four samples were not grinded because they were physically granule/powder 

in shape after completely drying. The powder mixture was then compressed in a metal holder 
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under a pressure of 8–10 tons to make a pellet. The pellet was then placed in the path of IR 

beam for measurements. 

 

2.3.2  Field Emission Scanning Electron Microscopy (FE-SEM) 
 

The surface morphology of the synthesized  IONs, GO, MGO, MGO-GaOOH, MGO-Ga2O3 

were adopted using FE-SEM. The completely air dried samples were put on a conducting 

carbon strip. The sample loaded strip was then mounted to a chamber that evacuated to ~ 10-3 

to 10-4
 torr and then a very thin platinum layer (~few nanometers thick) were sputtered on the 

sample to ensure the conductivity of the sample surface. The sample was then placed in the 

main SEM chamber to view its surface. The microscope was operated at an accelerating 

voltage of 5.0 kV. The system was computer interfaced and thus provides recording of the 

surface images in the computer file for its use as hard copy. 

 

2.3.3 Transmission Electron Microscopy (TEM) 

 TEM images were taken by a JEOL JEM-2200FS TEM machine operated at 200 kV. 

Samples for TEM imaging were prepared by placing a drop of sample solution in ethanol 

onto a carbon-coated copper grid and dried in air. 

 

2.3.4 X-ray Photoelectron Spectroscopy (XPS) 

XPS measurements were performed on samples that had been prepared within 4 days using 

the AXIS ULTRA spectrometer (Kratos Analytical). The base pressure in the analytical 

chamber was <3 x10-8
 Pa. The monochromatic AlKα source (hν=1486.6 eV) was used at a 

power of 210 W. The photoelectron exit angle was 90⁰, and the incident angle was 35.3⁰ 

from the plane of the surface. The analysis spot was 400 x 700 μm. The resolution of the 

instrument was 0.55 eV for Ag 3d peaks. Survey scans were collected for binding energies 

from 1100 to 0 eV with analyzer pass energy of 160 eV and a step of 0.35 eV. The high 

resolution spectra were run with a pass-energy of 20 eV and a step of 0.1 eV. Relative 

sensitivity factors (RSFs) for different elements were as follows: 1 for F (1s), 0.477 for N 

(1s), 0.955 for Br (3d). Only one set of XPS scans was performed on a given sample; 
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therefore, XPS analysis before and after surface reactions were performed on different 

samples. 

 

2.3.5 X-ray diffraction (XRD) 

The crystallinity of IONs and MGO-Ga2O3 composites were analyzed by X-ray diffraction 

pattern in the powder state. The powder samples were pressed in a square aluminum sample 

holder (40 mm × 40 mm) with a 1 mm deep rectangular hole (20 mm x 15 mm) and pressed 

against an optical smooth glass plate. The upper surface of the sample was labeled in the 

plane with its sample holder. The sample holder was then placed in the diffractometer. 

 

2.3.6 Energy Dispersive X-ray (EDX) spectra 

Elemental analyses of the synthesized IONs, MGO, MGO-GaOOH, MGO-Ga2O3 

nanocomposite were performed by EDX spectra. The dried powders of IONs, MGO, MGO-

GaOOH and MGO-Ga2O3 nanocomposites were placed on a 1 cm × 1 cm conducting steel 

plate. The steel plate was then placed on a conducting carbon glued strip. The sample was 

then placed in the main FE-SEM chamber integrated with the EDX instrument. 

 

2.3.7 Thermogravimetric analysis (TGA) 
 

The thermal stability of IONs, MGO, MGO-GaOOH, MGO-Ga2O3 were studied by a thermo-

gravimetric analyzer (TGA) in a nitrogen atmosphere. Approximately 3-10 mg freeze dried 

samples taken into an aluminum cell and heated from 30 to 800 C at a heating rate of 10 

C/min under a nitrogen flow of 10 mL/ min. Before the data acquisition segment, the sample 

was equilibrated at 25 
C for 5 min to obtain an isothermal condition. 
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2.3.8 Magnetic Property Analysis 

The magnetic properties of IONs and MGO-Ga2O3 were measured EV-9 Microsense 

(Germany) with an applied field between -10000 and 10000 Oersted at room temperature. 

                                                                                                                      

2.3.9 Photodegradation measurement 
To measure the photocatalytic activity, first of all 75 mL, 1g/L MB was prepared. Then, 20 

mg MGO-Ga2O3 was mixed with 20 mL MB aqueous solution, that was continuously stirred 

for 30 mins in a dark place at room temperature to achieve the adsorption equilibrium on the 

photocatalyst [6]. After that, the stirring was continued under UV irradiation (λ=254nm) for 

20 min. Then the photocatalyst was separated by magnet and took the minimum solution to 

measure UV spectroscopy. This stirring was continued 2 times after 20 mins under UV light 

and took the UV spectroscopy. 

 

2.3.10 Recyclable usage 
After the first degradation, the photocatalyst was separated from the solution by an external 

magnet. Then the nanocomposite was washed with ethanol several times. After that, the 

nanocomposite was washed with distilled water 3 times. Then it dried in a vacuum oven and 

used it as a photocatalyst to degrade dye. 
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3.1 Fabrication of  magnetic graphene oxide gallium oxide 

(MGO-Ga2O3) 

Here , we introduced a facile methodology to fabricate a ternary hybrid photocatalyst, where 

Ga2O3 is active photocatalyst and it is functionalized by MGO. Here, magnetite is covalently 

attached with graphene oxide. Since, GO is a good adsorbent, it can keep in touch Ga2O3 with 

it and also increases its surface area. This hybrid photocatalyst has higher adsorption capacity 

and it is magnetically separable.  Oxalic acid is a ligand and it has been applied to make 

many nanomaterials. Here, GaOOH has been prepared by hydrothermal method with oxalic 

acid and Ga(NO3)3 successfully[7].GO and magnetite have been prepared by hummers 

method and  co-precipitation method. After preparing the GaOOH, it had been mixed with 

MGO and sonicated for 2 hours. Then dried in vaccum oven the synthesized MGO-GaOOH 

dried in vacuum oven and calcined at 450 ºC in a inert furnace. Then we got the final 

photocatalytic nanocomposite MGO-Ga2O3. 
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3.2 Transmission electron microscopy (TEM) analyses 

TEM image of MGO and Ga2O3 are presented in figure 3.2.In the Fig (a) it can be seen that 

the silica coated IONs are well dispersed in the graphene oxide sheet. It is also shown that the 

silica coat had been assembled with a thin layer on the IONs. This silica coat played an 

important role to protect the Iron oxide magnetic core from air oxidation. It is also attached 

with other nanomaterial covalently. In the figure (b), a new cubic shape material can be seen. 

This cubic shape is for Ga2O3. (b) figure shows that the fabrication of Ga2O3 with the MGO 

successfully. Fig.(b) is the direct proof of MGO- Ga2O3 nanocomposite.                                                                                                                                                                                                                                                                                                                                                                                                                                           

Fig. 3.2 TEM image of (a) MGO and (b) MGO- Ga2O3 

 

3.3 Field Emission Scanning Electron Microscopy (FE-

SEM) Analysis 

In the figure 3.3, FE-SEM shows the morphology of MGO-Ga2O3 nanocomposite. These 

figures show the morphology of (a) IONs, (b) MGO, (c) MGO-GaOOH and (d) MGO-Ga2O3. 

In the image of (a), it can be seen that the spherical shape is for IONs and highly uniformed 

in size. The average particle size about 5-10 nm. The other image (b) it is clearly shown that 

the silica coated MION are finely arranged in the graphene sheet. The other image (c) is 

shown a new shape of a material which is as like as very small size of cubic shape. This cubic 

shape is for GaOOH and it is formed at 175 degree centigrade in a hydrothermal process. 

There are also be seen some nano rod shape with cubic shape [3]. After calcination at 450 

degree centigrade, the GaOOH turned into Ga2O3. So, in the figure of (d) MGO-Ga2O3, it is 

 (a)  (b) 
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seen that the clear cubic shape for Ga2O3 [3]. This FE-SEM image is the direct evidence of 

nanocomposite. 

 

Fig. 3.3 FE-SEM image of (a) IONs, (b) MGO, (c) MGO-GaOOH and (d) MGO-Ga2O3 

 (a)  (b) 

 (c)  (d) 
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3.4 Energy Dispersive X-ray (EDX) Analyses 

Fig. 3.3  EDX analyses of MGO, MGO-GaOOH, MGO-Ga2O3 

Elemental analyses of the IONs, MGO, MGO-Ga2O3 nanocomposite analyzed by Energy 

Dispersive X-Ray (EDX) method. The EDX patterns are presented in figure 3.3. The peaks 

observed at 0.277, 0.392, 0.525, 1.739, and 6.398 keV, for K lines of C,N,O, Si and Fe 

respectively. The percentage of C,N,O, Si and Fe were determined from the intensity of the 

lines. 
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3.5. X-Ray photoelectron spectroscopy (XPS) Analysis 

3.5.1. XPS widescan 

In order to know and confirm the bond that were formed in MGO-GaOOH and MGO-Ga2O3 

were characterized by X-ray photoelectron spectroscopy. The widescan spectra is shown in 

figure 4. This spectra gives the idea of existence of elemental composition on the surface but 

it does give their bonding nature. This XPS spectra reveal the presence of C1s, O1s, N1s, 

Fe2p, Si2s, Si2p, Ga2p. At the binding energy C, O, N and Si are found at 286.6 eV, 532.8 

eV, 400 eV, 100.4 eV,151.2 eV respectively. But the prominent species Ga is found at 1118 

eV. The percentages of elements on the surface are presented on the table 3.5.1.  

 

Figure 4. Widescan spectra of MGO-GaOOH and MGO-Ga2O3 

Table 3.5.1: Chemical composition of MGO-GaOOH and MGO-Ga2O3 

Composite      C(%)      O(%)       N(%)      Si(%)     Ga(%) 

MGO-GaOOH      77    16.9     2.8     2.5      0.1 

MGO-Ga2O3     40.1    34.5      3    21.6      0.6 

 

 



53 
 
 

 

3.5.2. High resolution C1s and Ga2p spectra 

Wide scan spectra confirmed the existence of C and Ga. But the bond with other element 

could not explain. To be sure the bond formed with other element with C and Ga, this high 

resolution spectra were taken. High resolution C1s spectra and Ga2p of  MGO-GaOOH and 

MGO-Ga2O3 are shown in figure 3.5.2 (a,b) and 3.5.2 (c,d). According to the binding energy, 

these peaks are assigned to the carbon of C-Si (284.3eV), C=C (284.6eV), C-N (285.8eV), 

C=O (288.6eV) due to silica coated magnetic graphene oxide in the figure of 3.5.2(a) and  

3.5.2 (b) [16,17,18,19]. In the Ga2p spectra, peak position at 1118 eV in the figure of 3.5.2 

(c) and 3.5.2 (d), nanocomposite reveal the formation of Ga-O covalent bond [8, 20]. This 

information gives us the idea of interaction between MGO and Ga2O3 clearly. 

 

 (c)  (d) 

 (a)  (b) 
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Fig. 3.5.2 High resolution spectra of C1s of (a)MGO-GaOOH (b) MGO-Ga2O3 and Ga2p3/2 

of (c) MGO-GaOOH and (d) MGO-Ga2O3. 

Table 3.5.2. XPS C1s peak information for 5 types of C bonds in MGO-GaOOH and MGO-

Ga2O3 

Composite C-C 

(%) 

B.E C-N 

(%) 

B.E  C-O-

C (%) 

B.E. C=O 

(%) 

B.E O-C=O(%) B.E 

MGO-

GaOOH 

   65 284.7    11 285.8    13.3 286.4   3.36 287.8      6.6 288.8 

MGO-Ga2O3    61 284.7   20 285.8    18.4 286.3             

 

3.6 X-Ray diffraction (XRD) analysis 

The crystalline properties and phase identification were characterized by X-ray diffraction 

using a Philips X’pert PRO X-ray diffractometer. The diffractogram was obtained by using 

Cu-Kα radiation (λ= 0.15406nm) in the range10 to 70 C with steps of 0.021 and acquisition 

time of 1.0s/step. The X-ray diffraction patterns of IONs and MGO-Ga2O3 nanocomposite 

were shown in Figure 3.6. The Iron oxide nanoparticles (IONs) have six diffraction peaks 

peak at 2theta=30.24, 35.56, 43.38, 57.34 and 62.82º. The peaks are associated with Miller 

indices of (220), (311), (400), (511),(440), respectively. The average crystallite size was 

determined by Debye-Scherrer equation Dhkl= 0.9λ/ß cosθ. The crystallite size was found to 

be about 5.32nm. the lattice parameter a was determined by the dhkl=a/√h2+l2+k2 and the 

lattice parameter was found to be 8.36 Angstrom. The same series of peaks are also observed 

in the other XRD patterns of MGO-Ga2O3 remaining unchanged. But there are some new 

peaks for Ga2O3 at 2θ=36.1, 33.7, and 54.02º. The higher intensity peaks are observed which 

are associated with Miller indices of (110), (130), (240) [JCPDS no-06-0503]. This XRD 

peaks indicate the stability of crystalline phase of IONs in the nanocomposite of MGO-Ga2O3 

during the silica coating and graphene oxide.   
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3.7. Fourier-Transform Infrared (FTIR) analyses 

Figure 3.7 (a,b) shows the FTIR spectra of IONs, Silica coated  IONs, Amino functionalized  

IONs, MGO, MGO-Ga2O3 were measured by IR Prestige-21 respectively. In the figure of 5, 

strong adsorption peaks are assigned at 3400cm-1, 580cm-1, 1094 cm-1, 804 cm-1, 1553cm-1, 

1665cm-1 for –OH, Fe-O vibration, Si-O-Si asymmetric and symmetric, N-H and c=c 

respectively. Besides, peaks of -CH2 and –CH3 are appeared at 1492cm-1, 1385cm-1 [17,18]. 

In the other figure of 7(b), some new peaks are assigned. These peaks are at 1728 cm-1, 1665 

cm-1 for MGO corresponded to C=O and C=C group [16,19]. Besides,  here are some new 

peaks also are observed at 1014 and 941cm-1 for Ga-OH, 687, 577 and 468 cm-1 for Ga-O 

band [8,13]. These peaks strongly support that the photocatalytic nanocomposite MGO-

GaOOH were fabricated well. 

 

 

   Fig.3.6 XRD spectra of  IONs and MGO-Ga2O3 
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                    Fig. 3.7. (a) FTIR spectra of GO, IONs, SiO2IONs, NH2SiO2(IONs) and MGO 

 

 

 

                                     Fig.3.7 (b) FTIR spectra of MGO and MGO-Ga2O3 
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Table 3.7  Characteristic IR bands of IONs, MGO, MGO-Ga2O3 

Wavenumber (cm-1) Interpretation 

801 Si-O-Si (asym) 

1090 Si-O-Si (sym) 

 1553 NH2 

1422 C-H bending 

1377 C-H bending 

1317 CH2 wagging 

565 Fe-O 

1728 C=O 

468 Ga-O 

898 -CH2 bending 

 

 

3.8 Thermogravimetric (TGA) analyses 

Thermogravimetric analysis (TGA) was carried out to measure thermal stability and pyrolysis 

behavior of IONs, MGO and MGO-Ga2O3 nanocomposite at the temperature range 20-800ºC 

by using TGA-50, SHIMADZU, THARMOGRAVIMETRIC ANALYZER. The TGA curve 

is shown on the figure of 8. From the curve, it is seen that all the samples showed a slight 

weight loss at low temperature below 200ºC. This mass loss for releasing of water molecules 

that weakly absorbed in the particle surface. But at the high temperature, 470-600ºC, all the 

nanocomposite showed the significant mass loss corresponding to the graphitic combustion 

[8]. MGO showed much mass loss for CO, CO2 and steam. But the mass loss of 

nanocomposite MGO-Ga2O3 showed relatively less than MGO. There may be interaction 

between MGO and Ga2O3 are strong, so the decomposition of MGO-Ga2O3 is restricted. 

After the 600ºC, there is no significant mass loss and it confirmed the complete combustion 
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of graphitic material. The nanocomposite showed maximum 9% mass loss within 200-600ºC. 

So, it can be said that the nanocomposite is highly thermo stable. 

 

Fig. 3.8 TGA analyses of IONPs, MGO and MGO-Ga2O3 

 

3.9 Magnetisation Analysis (Magnetisation Test of MGO-

Ga2O3) 

Magnetic properties of MION and MGO-Ga2O3 were measured by VSM at room 

temperature. The figure 3.9, showed the hysteresis loop of S like curve of IONs and 

nanocomposites exhibit the paramagnetic behavior respectively. The magnetic saturation 

values are 12 and 19 emu/g for IONs, MGO-Ga2O3 respectively. The magnetization value 

decreased because of covering IONs by SiO2 and hybridized with GO and Ga2O3 [19]. The 

nanocomposite showed the paramagnetic behavior. In dried and suspension state, this 

nanocomposite showed the magnetic attraction with a magnet. When a magnet took to the 

vial, then the particles attracted with a magnet bar. But, after removing the magnet bar, the 
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nanocomposite was well dispersed after shaking. So, this magnetic test confirm that the 

nanocomposite is capable to separate dye from aqueous solution quickly. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.9 Magnetisation of IONs and MGO-Ga2O3 
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3.10 Photo catalytic activity 

3.10.1 Degradation of MB 

Previous studies have reported that Ga2O3 photocatalyst is very efficient under UV light 

irradiation [7]. We have also applied our photocatalyst under UV irradiation to degrade 

cationic dye. For degradation, we have used Methylene blue which is model pollutants. Here, 

figure 3.10.1 are for absorbance of UV light and degradation rate respectively. In this figure  

A and A0 for absorbance after irradiation time and at initial time respectively. These 

experiments reveals that methylene blue dye (1g/L) has been degraded by photocatalyst 

MGO-Ga2O3 under UV irradiation. The degradation rate was measured 93% within 60 

minutes. This degradation result is strong evidence of activity and high efficiency of our 

newly prepared photocatalyst MGO-Ga2O3. After completing the dye degradation, the 

photocatalyst was separated with magnet and it was reused for further degradation. After 

separating the nanocomposite, it was washed with ethanol. Then the residue of ethanol was 

taken for UV-Vis spectra. In the UV-Vis result, there was no significant spectra for 

desorption. So, it is a strong evidence of  MGO-Ga2O3 photocatalytic activity. 

 

 

 

 

 

 

 

 

 

Fig.3.10.1 (a)  Photodegradation activity and degradation rate of MGO-Ga2O3 
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Fig. 3.10.1 (b) UV-Vis spectra of washed ethanol residue of MGO-Ga2O3 

 

 

3.10.2 Degradation of Methyle orange 

The prepared photocatalyst MGO-Ga2O3 was also applied on methyle orange (MeO) 

degradation. Although, methylene blue always degraded faster than methyle orange [22]. 

Both dyes are same molecular weight. MB is a thayazine dye and MeO is an azo dye. When 

the photocatalyst was applied to degrade MeO (1g/L) under UV irradiation, it was observed 

that within 90 minutes, approximately 55% dye was degraded. So, it can be said that the 

photocatalyst also able to degrade the anionic dye MeO within short time. After completing 

the degradation, the photocatalyst was separated for further use. 
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Fig.3.10.2 Photocatalytic acivity and degradation rate of MGO-Ga2O3 
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3.11   Conclusion 

In this study, photocatalytic nanocomposite was synthesized by easy methodology. This 

photocatalyst contains magnetic nanoparticles and this magnetic nanoparticles are covalently 

bonded with graphene oxide which made the nanocomposite is easily separable and 

recyclable. Functional groups of the nanocomposite were analyzed with the help of FTIR 

study. The surface morphology of the synthesized nanocomposite was characterized by field 

emission scanning electron microscopy (FE-SEM) and transmission microscopy (TEM). 

From the FE-SEM and TEM image it is clear that the size of the particles of the 

nanocomposite is in nanoscale dimension and also found that particle is about uniform in 

size. The elemental composition and of the nanocomposite were characterized by x-ray 

photoelectron spectroscopy (XPS) and energy dispersive x-ray (EDX) analysis. The results 

show that the successful functionalization of graphene oxide in amino functionalized 

magnetic iron oxide nanoparticles. It also ascribes that successful amide bond formation 

between the amino group of amino functionalized magnetic IONs and graphene oxide and 

confirms that the formation of MGO-Ga2O3. The crystallinity of the nanocomposite was 

characterized by x-ray diffraction (XRD) analysis. Thermo sensitivity was analyzed by 

thermogravimetric analysis (TGA). The results show that after the calcination of MGO-

Ga2O3 in an inert furnace, the thermal stability of the nanocomposite dramatically increased. 

This indicates that the nanocomposite is highly thermo stable. UV study ensures the photo 

catalytic activity that it is applicable on different type of dye to degrade pollutants. This 

photocatalytic nanocomposite is environmentally friendly, reusable, sustainable, relatively 

cheap and keep the earth green. 
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