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Abstract 
 
 
 

There is an intense research interest on the development of a bio- inspired strategy for 
synthesizing magnetic graphene oxide (MGO) composite materials decorated with gold 
nanoparticles (AuNPs) because of their applications for the catalytic reduction of various 

nitroarenes. We exploited interesting dopamine chemistry to achieve in situ reduction of Au3+ 

salt to AuNPs and deposition of AuNPs on the dopamine-MGO surface. The magnetic 
properties were introduced in the catalyst for easy separation. Graphene oxide as supporting 
material has high surface area which can enhance the surface capacity by ascribing to the 
synergistic effect of polydopamine (PDA) with multifunctional groups. Mainly Dopamine 
coated on the surface of MGO in tris-buffer solution which leads to the formation of MGO-
PDA composite where PDA protects AuNPs from aggregation. To compare the catalytical 
activity of synthesized catalyst MGO-PDA@Au, another noble metal catalyst silver was 
introduced and synthesized in the same steps involved in gold nanocatalyst synthesis. The 
resultant catalysts were characterized by employing FESEM, X-ray, EDS, TGA, FTIR and 
UV-Vis spectroscopy. FESEM study showed that the average size of AuNPs and AgNPs 
particles is 8 nm and 12 nm, respectively. Dopamine coating and the presence of o ther 
chemical functional groups were confirmed by FTIR spectroscopy and TGA study showed 
that the thermal stability of nanocomposites. To study the catalytic activity of MGO-
PDA@Au, 4-nitrophenol was selected as model dye as it was UV active. Methylene blue 
(MB) was taken here to compare the degradation of 4-nitrophenol. In the presence of excess 
NaBH4, these reactions follow pseudo firstorder reaction kinetics. The reduction of organic 
dyes using aqueous NaBH4 is thermodynamically favorable, but kinetically not feasible due to 
the large potential difference between donor and acceptor molecules. The metal NPs 

accelerates the reaction by facilitating electron relay from the donor BH4-to acceptor dye 

molecules thereby overcome the kinetic barrier. After the reaction of catalysis for MGO-
PDA@Au catalysts degrade 4-NP and MB almost 96.4% in 7min and 98.9% in 5min 
respectively. So, MGO-PDA@Au composite materials exhibited good synergistic capabilities 
of efficient catalytic reduction efficiency along with fast red uction kinetics as tested for both 
dyes. 
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Nitroarenes are the largest and most important groups in industrial chemicals. These 

compounds are organic molecules that consist of at least one nitro group (-NO2) attached to 

an aromatic ring. The vast majority are synthetic, although several biologically produced 

nitroaromatic compounds have been identified. The strong electronegativity of the nitro group 

stems from the combined action of the two electron-deficient oxygen atoms bonded to the 

partially positive nitrogen atom. When attached to a benzene ring, the nitro group is able to 

delocalize π-electrons of the ring to satisfy its own charge deficiency. This not only provides 

charge to the molecule but also imparts unique properties that make the nitro group an 

important functional group in chemical syntheses. The nitro group is strongly deactivating 

toward electrophilic aromatic substitution of the benzene ring. Both the conjugation state and 

resonance properties of nitro groups attached to aromatic rings result in partially positive 

charges at ortho and para positions that act to repel electrophiles, and as a consequence, 

attacks are directed toward the open meta positions [1]. 
 

Nitroaromatic compounds are released into the biosphere almost exclusively from 

anthropogenic sources. Some compounds are produced by incomplete combustion of fossil 

fuels; others are used as synthetic intermediates, dyes, pesticides, and explosives. Recent 

research revealed a number of microbial systems capable of transforming or biodegrading 

nitroaromatic compounds. Anaerobic bacteria can reduce the nitro group via nitroso and 

hydroxylamine intermediates to the corresponding amines. 
 

The toxicity of nitroarenes and their metabolites has been studied in a variety of systems [2, 

3]. Both the nitro group and the amino group are relatively stable in biological s ystems. The 

interconversion between nitro and amino group, however, involves the intermediate 

production of the corresponding nitroso and hydroxylamine derivatives which are very 

reactive and, in many instances, more toxic than the parent molecules give so me more 

adverse effect of nitroarenes 
 

Therefore, suitable methods for the treatment of these toxic compounds are necessary. The 

chemical reduction of the aromatic nitro compounds to their amino analogues is one of the 

effective method for the removal of such compounds from contaminated water [4, 5] This 

method is advantageous over other techniques such as adsorption [6, 7], degradation [8, 9], 
 
 
 
 
electrochemical methods [10], coagulation/flocculation [11, 12], filtration [13, 14] etc. due to its 
ability to convert such toxic compounds to useful amino products. 
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One of the most commonly known methods is the filtration technology. Filtration methods such 

as ultrafiltration, nanofiltration and reverse osmosis have been used for water reuse and chemical 

recovery [15, 16]. In the textile industry, these filtration methods c an be used for both filtering 

and recycling of not only pigment rich wastewaters, but also mercerizing and bleaching 

wastewaters. The specific temperature and chemical composition of the wastewaters determines 

the type and porosity of the filter be applied. Further, the utilization of membrane technology for 

dye removal from textile wastewater is very effective as reported by various researchers 

[17][18]. However, the main drawbacks of membrane technology are the high cost, freque nt 

membrane fouling, the requirement of different pretreatments depending upon the type of 

influent wastewaters, and production of concentrated dye-bath which further needs proper 

treatment before its safe disposal to the environment [19, 20]. For membrane filtration, proper 

pretreatment units for removing suspended solid of the wastewaters are almost mandatory to 

increase the life time of the membranes. These make the process more expensive and thereby 

limit the application. Chemical coagulation and flocculation in wastewater treatment involve the 

addition of chemicals to alter the physical state of dissolved and suspended solids and facilitate 

their removal by sedimentation. Coagulation of dye-containing wastewater has been used for 

many years as main treatment or pretreatment due to its low capital cost [21, 22]. 
 
However, the majorlimitation of this process is the generation of sludge and ineffective 
decolorization of some soluble dyes [21, 23]. 
 
Adsorption method for color removal is based on the affinity of various dyes for adsorbents. It is 
influenced by physical and chemical factors such as dye adsorbent interactions, surface area of 
adsorbent, particle size, temperature, pH and contact time [19, 24]. Activated carbon is the most 
commonly used adsorbent and can be very effective for many dyes [25]. However, efficiency is 
directly dependent upon the type of carbon material used and wastewater characteristics [19]. The 
limitations of this technology are the eco-friendly disposal of spent adsorbents, excessive 
maintenance costs, and pretreatment of wastewater to reduce the suspended solid. 
 
Synthetic dyes are found in a wide range of products such as clothes, leather accessories, and 

furniture. These dyes are commonly used every day. However, a side effect of their widespread 

use is that up to 12% of these dyes are wasted during the dying process and about 20% of this 

wastage enters the environment (mainly into water supply) [26]. Dye degradation is a process in 

which the large dye molecules are broken down chemically into smaller molecules. The resulting 
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products are water, carbon dioxide, and mineral byproducts that give the original dye its color. 

During the dyeing process, not all of the dye molecules are used. The water waste that the 

industry releases contain a percentage of these dye molecules. Dye molecules persist in the 

environment because many of them are not reactive towards light, acids, bases and oxygen. The 

color of the material becomes permanent. Heterogeneous photocatalysis is a widely accepted 

technique of choice for environmental purification [27]. The standard experimental set up for dye 

degradation photocatalysis is by using a UV lamp to provide energy for the creation of oxidizing 

radicals. Photocatalysis is the addition of light to a semiconductor oxide/sulphide that results in 

electrons moving from the valence band to the conduction band. The electron-hole pairs formed 

will react with oxygen and water molecules to create superoxide anions and hydroxide radicals 

that have increased oxidizing and reducing abilities to be used on numerous industrial dye 

compounds. 
 
Many dyes, specifically in the textile industry such as methylene blue or methyl red, are released 

into ecosystems through water waste [28]. Many of these dyes can be carcinogenic and can come 

into contact with humans. As a result, newer treatments of the water waste are still in 

development. 
 
Modification on catalysts structure and use of noble metal nanoclusters on organic or inorganic 

supports constitute one of the main applications widely exploited. The value of nanoparticles 

(NPs) is one of the most important discoveries that have recently been developed in catalysis. 

Metal nanoclusters, as building blocks for preparing heterogeneous catalysts, offer new 

possibilities of universal significance for designing and constructing structure controllable 

catalysts [29-31]. Noble metal nanoparticles have attracted huge attention owing to their 

excellent catalytic properties and their potential applications to remove the organic dyes and 

hazardous chemicals [32, 33]. For example, Au, Pd, Cu, Ni, Fe, and Pt nanoparticles among 

them gold nanoparticles (AuNPs) exhibit better interaction with visible light than any other 

known organic or inorganic chromophore because of its greater density of conducting electrons. 

The high surface energy of the nanoparticles usually causes AuNPs to aggregate extensively and 

therefore require stabilizers and supporting materials to generate homogenously distributed 

samples. Synthesizing supporting material with multi functionality ensuring the high catalytic 
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efficacy is therefore a great challenge for the researchers. Among these methods, catalytic 

degradation has received much attention because of the high efficiency, simplicity and economy 
 

[34] [35-37]. Therefore, there is a demand for an efficient heterogeneous catalyst which 

canreduce the aromatic nitro compounds to the corresponding amino derivatives. Catalytic 

reduction of nitroarene is a key reaction for two important reasons: First of all because it is 

one of the most utilized remediation applications for the removal of nitro compo unds from the 

environment and secondly because hydrogenation of nitro aromatics is considered as the most 

effective way to produce corresponding amino aromatics and has been widely used in 

production scale. Explain why you have designed Au nanoparticles on Magnetic GO. 
 
In this study, graphene oxides were prepared by modified Hummers method [38]. To attain 

magnetic behavior, Fe3O4 was incorporated in GO by modified co-precipitation method [39]. A 

thin layer of dopamine was coated onto magnetic graphene oxide (MGO) by self-polymerization. 

After that gold nanoparticles are loaded onto polydopamine layer by in situ reduction and 

forming the desired catalyst MGO-PDA@Au. For the comparison silver nanocatalyst (MGO-

PDA@Ag) was synthesized with the same procedure. The phase identification and crystallinity 

of the sample were analyzed using X-ray diffraction (XRD) technique from which the crystallite 

size, interlayer spacing and lattice parameters of the nanocatalyst were estimated. The chemical 

structural features of the prepared nanomaterials were confirmed by Fourier Transform Infrared 

(FT-IR) spectroscopic technique. The surface morphology was monitored by Scanning Electron 

Microscopy (SEM). The elemental analyses of the materials were estimated using Energy 

Dispersive X-ray (EDX) method. Thermogravimetric analyses were used to show the thermal 

stability and the proper phase transitional behavior of the desired nanomaterials as well as the 

relation between the phase, particle size and temperature. The catalytic properties of the prepared 

materials were examined by UV-VIS spectrometer. Two dyes 4-nitrophenol and Methylene blue 

were selected to observe the catalytical process by catalyst on UV. At first, the reaction was 

conducted only with dyes and NaBH4 where no catalyst was added. The reaction procedure was 

observed by UV spectrum. Again, the reaction between dyes and NaBH4 was conducted by 

adding synthesized MGO-PDA@Au catalyst and 
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observed until the reaction was completed and the percentage of reduction was calculated. After 

that, the observation proceeded with another catalyst MGO-PDA@Ag. The catalytical reduction 

of both catalysts was compared. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.1 Catalytic reductions of Nitroarenes by gold NPs. 
 
 
The main objective of the research is to synthesize graphene oxide (GO) and dopamine based 
magnetic nanocatalyst containing AuNPs. GO provide a high surface area that was synthesized 
by the modified Hummer’s method and ferrous a nd ferric chloride was used to incorporate 
magnetic property. Afterward polydopamine was coated using Tris-HCl (pH8.5) buffer. Finally, 

gold nanoparticles were loaded on the polydopamine layer by in situ reduction of Au3+ to Au 

followed by immobilization of as- formed Au NPs onto the polydopamine coated magnetic GO. 
This as-prepared catalyst is characterized by employing some state-of-the-art techniques such as 
scanning electron microscope (SEM), X-ray diffraction (XRD), thermal analysis, magnetization 
 
 
property and other common techniques like FTIR and UV-Vis spectroscopy. This nanocomposite 

may be used for investigation of the catalytic performance for the catalytical reduction of 

nitroarenes. Again, AgNPs were synthesized with same steps to analyze and se t comparison 

between two noble metals (Au and Ag) for catalytic reduction performance. Last of all having 

magnetic iron nanoparticles enables to separate nanocatalyst easily by magnet from solution. 
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2.1 Background 
 
 

Catalysis is the driving force behind the development of the chemical industry, which can not 

only make us use natural resources more efficiently, but also reduce the pollution in the 

processes of the chemical industry. In the last century, catalysis has b ecome the foundation of 

the large-scale production of the chemical and petroleum industry [1-4]. However, there still 

exist some problems to be solved [5, 6]. With the development of nanotechnology, catalysis 

has ushered in some new challenges and opportunities. 
 

In recent years, certain achievements have been made in the metal nanomaterials as 

heterogeneous catalysts [7-10]. These catalysts have a very high catalytic activity and 

selectivity for specific reactions. Nanocatalysts for catalytic chemical reactions mainly include 

the oxidation reaction, the reduction reaction, coupling reaction and the electrochemical 

reaction [11].Noble metal nanocatalysts have attracted huge attention owing to their excellent 

catalytic properties and their potential applications to remove the organic dyes and hazardous 

chemicals [12, 13]. Nobel metals like Au [14], Pd [15], Ag [16] and Pt [17] are more popular. 

Among them AuNPs based nanocatalysts have shown highly active catalytic properties in 

many reactions, such as selective hydrogenation of organic molecules, carbon monoxide (CO) 

oxidation, and the water-gas shift reaction [18]. 
 

One of the universal concerns is related to the pollution of water resources by the organic dyes 

released from textile and fiber dyeing industries. These compounds are hazardous for human 

health, animals, plants and the environment. Consequently, they should be removed from water 

and wastewater to protect living species and the environment [19]. A well-known example of 

toxic dyes is 4-nitrophenol (4-NP), which affects the kidneys, liver and central nervous system of 

animals and humans and leads to many diseases [20]. This organic dye cannot be easily converted 

into non-hazardous products due to its low water solubility and high chemical stability. However, 

some chemical routes can help to reduce it to 4 -aminophenol (4-AP), which can inhibit corrosion 

and act as a substrate for synthesis of antipyretic and analgesic agents [21].Therefore, the reaction 

of 4-NP reduction to 4-AP is an important chemical conversion process from both industrial and 

environmental perspectives. To prompt this reaction, transfer of electron from theNaBH 4 donor to 

the 4-NP acceptor can be facilitated by the means of an 
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appropriate catalyst, such as metal nanoparticles (NPs) [22]. Catalytic reduction of nitroarenes 

is a key reaction for two important reasons: First of all because it is one of the most utilized 

remediation applications for the removal of nitro compounds from the environment and 

secondly because hydrogenation of nitro aromatics is considered as the most effective way to 

produce corresponding amino aromatics and has been widely used in production scale. It is 

well-known that nitro compounds are important contaminants for the environment and living 

organisms as well [23, 24]. Their toxic and carcinogenic nature due to the presence of nitro 

groups in their structure is widely demonstrated. Several remediation methods are proposed in 

literature such as photocatalytic degradation [25]or electrochemical methods 

[26].Nevertheless, the reduction of nitro groups into amino compounds through catalytic 

hydrogenation is one of the most utilized [27].Significant progress has been achieved in the 

field of nitro aromatic compounds reduction under catalysis by supported gold nanoparticles 

(Au NPs).The catalytic activity of AuNPs is strongly dependent on their sur face chemistry. 

The high surface energy of the nanoparticles usually causes AuNPs to aggregate extensively 

and therefore require stabilizers and supporting materials to generate homogenously 

distributed samples [28, 29]. Synthesizing supporting material with multi functionality 

ensuring the high catalytic efficacy is therefore a great challenge for the researchers. 
 
 

2.2 Catalyst 
 

A catalyst is a substance that increases the rate of a reaction, without being used up itself. 

Remember that if it got used up, then it would be a reactant. This process is called 'catalysis'. By 

using catalytic reagent, one can reduce the temperature of a chemical transformation, reduce 

reagent-based waste and increase the selectivity of a reaction that avoids the unwanted side 

reactions which leads to the green chemistry. Catalysts are the silent heroes of the chemical 

reactions that make human society tick. A catalyst would be that substance that would give you an 

option of a shortcut, bypassing that le ngthy, snaking road. By giving you a new alternate route, 

you can proceed to go towards saving time and energy. Biocatalysts are called Enzymes. 
 

2.3 How Do Catalysts Work 
 

The simplest way to understand how a catalyst works is that they lower the activation energy 
required to initiate a chemical reaction. Activation energy is the energy barrier that must be 
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surmounted in order to begin a chemical reaction. By lowering the activation energy barrier, it 

shows a 'new' path for the reaction to occur. If you are familiar with energy profile diagrams, 

you can see the difference between catalyzed and un-catalyzed reactions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.1 Working mechanism of a catalyst 
 
 
 
 

2.4 Importance of catalyst 
 

Catalyst increases the rate of reaction, lowers the activation energy barrier and improves the yield. 

It saves time and energy to get the same results in the end. The modern industrialized world would 

be inconceivable without catalysts. There is no other technical principle that combines economic 

and ecological values as closely as catalysis. The development of chemical products in advanced, 

industrialized societies will only be technically, economically, and ecologically by means of 

specific catalysts. Examples inc lude the specific production of stereo-chemically pure 

pharmaceuticals, the construction of tailored polymer materials, the reduction of pollutants from 

manufacturing plants and combustion systems (e.g. , power stations, motor vehicles). Another 

major topic for the twenty-first century, the production, storage, and conversion of energy, will 

also be promoted by catalysts. Thus, catalysis is the No. 1 technology in chemical industry: 95% 

of all products (volume) are synthesized by means of catalysis; 70% of all products (processes) are 

synthesized by means of catalysis; 80% of the added value in chemical industry is based on 

catalysis. Approximately 80% of all catalytic processes require heterogeneous catalysts, 15% 

homogeneous catalysts, and 5% biocatalysts. The total commercial value of all catalysts 

worldwide is over US$ 17.2 billion in 2014. In crude oil refining processes, the catalysts costs 
 

amount to only about 0.1% of the product value, and for petrochemicals this value is about 13 



0.22%. Estimates suggest that catalysis contributes to >35% of the world’s GDP (gross 

domestic product). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.2 Energy profile diagram 
 
 
 

2.5 Types of Catalyst 
 

Catalysts are classified into several types, such as heterogeneous catalysts, homogeneous 
catalysts, photocatalysts, enzymes and biocatalysts and nanocatalysts. 

 

2.5.1 Homogeneous Catalyst 
 

This type of catalyst is in the same phase as reactant but the mechanistic principle can be 

invoked in heterogeneous catalysts. Usually homogeneous catalysts are dissolved in solvent 

with substrate. One example of homogeneous catalysis is the effect of H+ on the esterification 

reaction of carboxylic acids, such as the formation of methyl acetate from acetic acid and 

methanol [30]. 
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2.5.2 Heterogeneous Catalyst 
 

Heterogeneous catalysts are a substance that acts in a different phase than reactants. Most 

heterogeneous catalysts are solids that act on substrates in a liquid or gaseous reaction matrix. 

Heterogeneous catalyst has active side, which is atom or crystal faces where the reaction 

actually occurs. For example, in the Haber process finely divided iron particles act as a 

catalyst to synthesize ammonia gas from nitrogen and oxygen. The reacting gases absorb onto 

the reactive side onto iron particles and the resultant is ammonia gas [31]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.3 Photocatalyst 

 
Generally speaking, photocatalysis is one kind of reaction that usages light to activate a substance 

that modifies the rate of a chemical reaction without being involved itself. On the other hand, 

photocatalyst is the substance that modifies the rate of chemical reaction using light irradiation. 

For example, chlorophyll is a typical natural photocatalyst where TiO 2 is man-made 

photocatalyst. Chlorophyll photocata lyst usually captures sunlight to turn carbon dioxide and 

water into oxygen and glucose (here bellow mentioned as photocatalyst), but on the contrary TiO 2 

photocatalyst creates strong oxidation agent and electronic holes to breakdown the organic matter 

to carbon dioxide and water in the presence of photocatalyst, light and water [32]. 
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Figure 2.4 Schematic illustration of photo catalytic technique 
 
 
 
 

2.5.3 Electro catalyst 
 

Electro catalyst catalyst acts in the modification of electrochemical reactions occurring on an 

electrode surface. Electro catalysts are a specific form of catalyst that functions at electrode 

surfaces or may be the electrode surface itself. In fuel cells, different metal-containing 

catalysts are used to increase the rate of the half-reactions. Ruthenium (IV) oxide is widely 

used as an electro catalyst for producing chlorine, chlorine oxides [33]. 
 
 

2.5.4 Enzymes and biocatalyst 
 

Biocatalyst is a substance that initiates or modifies a chemical reaction in a living body is 

termed as biocatalyst. Enzymes are known as protein-based catalysts in biology in the field of 

metabolism and catabolism. Most of the biocatalysts are enzymes, but other non-protein-based 

molecules also exhibit catalytic properties including ribozymes, and synthetic deoxy 

ribozymes [34]. 
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2.6 Nanocatalyst 
 

The field of nanocatalysis is not as new as could be expected from the current nano hype. 

Actually, its concept is known since the 1950s when the term nanotechnology was not even 

known. However, nanocatalysis is a process in which catalysis procedure use nanotechnology, 

so nanocatalyst is a catalyst composed of nanoparticles smaller than 100 nm in at least one-

dimension porous compounds having pour diameters not bigger than 100 nm. Nanocatalysts 

have simultaneous advantages of both homogeneous and heterogeneous catalytic systems. 

Nan catalytic system allows rapid, selective chemical transformations with excellent product 

yield coupled with the ease catalyst separation and recovery. Recover y of catalyst from the 

system is a more important characteristic of any catalyst for green chemical manufacturing for 

industry. Because of nano size (high surface area) the contact between the reactant and 

catalyst increases dramatically (this phenomenon is close to the homogeneous catalysis). The 

insolubility of catalyst in the reaction, solvent makes catalyst heterogeneous and hence can be 

separated out easily from the reaction mixture (this phenomenon is close to the heterogeneous 

catalysis) [35]. Catalysis is one of the pioneer applications of nanoparticles. Various types of 

elements and materials such as aluminum, iron, titanium dioxide, clays and silica all have 

been used as catalyst in nanoscale for many years. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.5 Mechanistic model of the reduction of 4-NP by borohydride in 
the 

 
presence of gold nanocatalyst. 
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2.6.1 Activity of nanocatalysts 
 

The appropriate reason for its tremendous catalytic behavior showing by NPs even has not 

been understood. The large surface area of NPs has straight forward positive effect on the rate 

of the reaction. Structure and shape-based properties any materials and its nanoscale can also 

effect on catalytic activity of a material. All of these advantages of NPs will enable industrial 

chemical reactions to become more resource efficient, consume less energy, and produce less 

waste which helps to counter the environmental impact caused by our reliance on chemical 

processes [36]. Figure 2.6 represents the basic difference between the bulk catalysis and 

catalysis shown by nanoscale materials. In recent years, noble metal nanoparticles have tensed 

boundless attention because of their excellent catalytic properties and potential application, 

such as organic synthesis, fuel cells and environmental protection [37]. NPs-based catalysts 

are usually heterogeneous catalyst broken up into metal nanoparticles in order to speed up the 

catalytic process. Metal NPs have a higher surface area so, there is increased catalytic activity 

because more catalytic reaction can occur at the same time. Nanoparticle catalyst can also be 

easily separated and recycled [38], can play two different rules in catalytic process: they can 

be spot and support of catalysis processes [39]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.6 Comparative efficiency of homogeneous, heterogeneous and nanocatalysis 
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2.7 Nobel Metals as Nanocatalysts 
 

Noble metal nanoparticles have attracted huge attention owing to their excellent catalytic 

properties and their potential applications to remove the organic dyes and hazardous 

chemicals. Metal nanoparticles are versatile materials that can be used in applications such as 

environmental remediation, energy, medical technology and water treatment [40]. Therefore, 

development of easy and fast method for the degradation of organic dye is a challenging job 

for environmental chemists. Recently, noble metal NPs such as gold, silver, palladium, 

platinum has been used for the degradation of various organic dyes [41]. 
 
 
 

2.7.1 AgNPs 
 

AgNPs are very important due to their low cost, high photostability, abundance, environmentally 

benign nature and size and shape-dependent catalytic activities compared with the gold, palladium 

and all of the other metal NPs [42]. According to literature, AgNPs have various kinds of shapes. 

Among those shapes, preparation of quasi-spherical AgNPs has been attracted a lot of research 

interested due to its extravagant catalytic activity. Scientific repor ts attribute that the utilization of 

additives such as polymers, oligoprolines, peptides and surfactant is a good approach to fabricate 

quasi-spherical AgNPs in the presence of reducing agents[43]. 
 
 
 

2.7.2 Pt NPs 
 

Due to the quite high chemical stability and catalytic activity, Pt nanomaterials have been widely 

used in many fields, especially in catalysis. The chemical properties of Pt are inactive and stable in 

air and moisture. Their existing partially-full d orbit in the outer layer of Pt results in it being easy 

to form complexes and some intermediates with high activity. Consequently, Pt is one of the most 

significant catalytic materials. Early in 1831, as catalysts, Pt had been successfully applied to the 

synthesis of sulfuric acid. From then on, Pt-based catalysts have attracted more and more 

researchers because of their excellent catalytic activity, selectivity and stability. They play an 

important role in a wide field of medicine, environmental protection, energy, petroche micals and 

fine chemicals. In 2009, Grimes and coworkers investigated nitrogen-doped titania nanotube 

arrays which were loaded with both Cu and Pt nanoparticles 
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and successfully used the catalysts for high-rate solar photo catalytic conversion of CO2 and 

water vapor to hydrocarbon fuels [44]. Pt nanocatalysts for the reduction of p-nitro phenol 

have been also reported much more, such as the Pt nanoparticles decorated on reduced 

graphene oxide by the simultaneous reduction of graphene oxide and the metal ions in 

Mg/acid medium, dendrimer-templated and reverse micro emulsion Pt nanoparticles and 

reduced graphene oxide supported porous PtAu alloyed nanoflowers [45]. 
 
 
 

2.7.3 AuNPs 
 

AuNPs based nanomaterials used as catalyst have shown highly active catalytic properties in 

many reactions, such as selective hydrogenation of organic molecules, carbon monoxide (CO) 

oxidation, and the water-gas shift reaction. The catalytic activity of AuNPs is strongly 

dependent on their surface chemistry. Among various nanomaterials, gold nanoparticles 

(AuNPs) have attracted considerable attention because of their unique physical and chemical 

properties and potential technological applications. Unlike bulk Au with its familiar yellow 

color, when the size of Au reaches nanoscale dimensions, its color changes to ruby red or 

purple (Figure 2.7) due to the absorption of the light at certain wavelengths, e.g., 520 nm 

(green light[46-48]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.7 Photographs of aqueous solutions of AuNPs as a function of increasing dimensions. 

Corresponding transmission electron microscopy (TEM) images of the particles. 
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2.8Stability of Metal Nanoparticles (MNPs) 
 

Though NPs have wide range of applications in various fields but these applications are 

limited due to its aggregation properties. Because of the high surface energy of NPs usually 

causes extensive aggregation[49, 50]. In some former method capping agents have been used 

to get uniform dispersed composite NPs. But capping agents require severely limit the 

catalytic activity of NPs. To overcome this type of problem, stabilizers and supporting 

materials have typically been used to obtain homogeneously distributed samples[28, 29]. 

Therefore, the use of high surface area materials as supports is a promising strategy for the 

fabrication of ultrafine and well-defined noble metal NPs that not only function as barriers to 

prevent encapsulated NPs from coalescing but also improve the chemical and thermal stability 

and enhance the electrical conductivity of functional materials. Various noble metal based 

catalytic systems has been developed, such as Au@ZrO2, Au@Carbon and Pt-decorated 

carbon composites[51]. For example, the Au@Carbon core-shell catalyst exhibits excellent 

catalytic properties, and it can catalyze the reduction of 4-nitrophenol (4-NP) by NaBH4 to 4-

aminophenol (4-AP) within 5 min at room temperature [52]. The facile and green synthesis of 

novel metal-NP catalysts that exhibit further improved catalytic activity remains a challenge. 
 
 
 

2.9 Supporting Materials for Nano Particles 
 

2.9.1 Graphene oxide (GO) 
 
From the above- mentioned metal NPs activity, it is obvious that there is a need for a material 

thatcan hold metal NPs and make them more effective. There is some basic hindrance in the 

metal NPs activity [53]. Large scale aggregation of metal NPs is one of the main reasons for the 

use supporting materials. The high surface energy of metal NPs is the cause of their aggregation. 

To stop their aggregation and make them isolated metal NPs, high surface area supporting 

materials is needed [28]. Surface active materials are obvious choice for this kind of purpose. 

Surface active materials such as carbon-based nanomaterials, especially carbon aerogels carbon 

nanotubes (CNTs), graphene and their composites, represent promising type materials for this 

purpose. The nature of the high-surface-area materials, including their microstructure, surface 

chemical properties, and physical properties, is closely related to the growth of MNPs andtheir 
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properties [54].Moreover, by virtue of pores with well-defined size, MNPs within crystalline 

matrices, such as MOFs, could potentially serve as size- and/or shape-selective heterogeneous 

catalysts [55]. The remarkable properties of MNPs supported by high-surface-area materials 

have attracted a surge of interest and investment and are stimulating the emergence of 

innovative industrial applications in catalysis. 
 

Graphene is one of the common materials for the purpose, consists of a o ne-atom-thick planar 

sheet comprising an sp2-bonded carbon structure, is a novel material that has emerged as a 

rapidly rising star in the field of material science [56, 57]. Graphite oxide, formerly called 
graphitic oxide or graphitic acid, is a compound of carbon, oxygen, and hydrogen in variable 
ratios, obtained by treating graphite with strong oxidizers. The maximally oxidized bulk 
product is a yellow solid with C: O ratio between 2.1 and 2.9 that retains the layer structure o f 
graphite but with much larger and irregular spacing. The bulk material disperses in basic 
solutions to yield monomolecular sheets, known as graphene oxide by analogy to graphene, 
the single- layer form of graphite. One specific branch of graphene research deals with 
graphene oxide (GO). Recently, GO has attracted much research interest for its outstanding 
electrical, thermal, and mechanical properties [58, 59]. GO has 2-D structure with high surface 

area (theoretically 2630 m2/g for single- layer graphene) and oxygen containing rich 

functional groups such as carboxylic, hydroxyl and epoxide groups, which confirms the 
availability of further modification [56, 60,61]. Graphene oxide sheets have been used to 
prepare strong paper-like materials, membranes, thin films, and composite materials. GO have 
two important properties: 

 
i. It can be produced from cheap, easily available graphite, with high yield. 

 
ii. It is highly hydrophilic, so it can be dispersed in an aqueous medium. This helps 
transport and storage in large scale applications. 

 
For these reasons, GO is still an important topic of research despite its inferiority to 
pure graphene. 
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Figure 2.8 Comparison of graphene and graphene oxide structure. 
 

2.9.2 Magnetic graphene oxide (MGO) 
 

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. It is reported that 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, it has also been reported 

that 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 particle 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. 
 

Recently, more attention has been paid to 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 [62]. Among these 

multifunctional composites, magnetic CNTs composites have been emerging to be an 

interesting area of advanced research owing to their potential applications in microwave 

absorption, electrochemical biosensor [63]. 
 
 
 
 
 
 
 

23 



2.9.3 Polydopamine 
 

To apply magnetic GO in some applications, much work has been done to functionalize the 

magnetic GO surface with another phase to enhance compatibility and improve stability. 

Among all materials, silica as a protecting shell was utilized to coat the magnetic carbon 

nanotube [64]. Although there have been lots of reports about successful synthesis of silica-

coated magnetic GO, little work has been done to functionalize with organic coating. In the 

case of polymer shell layers, DA has received significant attention as a candidate material 

because of its unique coating quality and functionality [65]. It has been reported that the self-

polymerization of dopamine could form stable coating on the surface of inorganic and organic 

materials in comparison to the other coating techniques [66]. Besides its biocompatibility and 

adhesiveness, the DA coatings have the other attractive features: DA coatings can serve as a 

versatile platform for secondary surface- mediated reactions, leading to tailoring of coatings 

for diverse uses. More importantly, DA has been shown to be an effective carbon source for 

the formation of carbon-coated materials [67]. 
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3.1 Materials and Instruments 
 
 

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

purification. De- ionized (DI) water was used as a solvent to prepare most of the solutions of this 

work. Purity and CAS Registry number of all studied materials as tabular form. The chemicals 

and reagents which were used in this research are given below: 
 

i. Graphite flake (325 mesh), (Merck, Germany) 
 

ii. Potassium permanganate (Merck, Germany) 
 

iii. Sulfuric acid (Merck, Germany) 
 

iv. Hydrogen peroxide (Sigma-Aldrich) 

v.Ferrous chloride 4H2O (Sigma Aldrich) 

vi. Ferric chloride 6H2O (Sigma Aldrich) 
 

vii. 2-amino-2-hydroxymethylpropane-1, 3-diol (Tris) (Sigma-Aldrich) 
 

viii. Dopamine hydrochloride (Sigma-Aldrich) 
 

ix. Hydrogen tetrachloroaurate hydrate (HAuCl4·4H2O) 
 

x.Silver nitrate (analytical grade) 
 

xi. Ammonia solution (25%) (Merck, Germany) 
 

xii. p-nitrophenol 
 

xiii. NaBH4 
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3.1.2 Instruments 
 
Synthesis, characterization and data analysis were performed by using the following 
instruments 
 

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

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

iii. UV-visible Spectrophotometer (Shimadzu-1800) 
 

iv. X-ray Diffractometer (Philips, Expert Pro, Holland) 
 

v. Thermo gravimetric analyser (TGA 50-H) 
 

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. Vacuum oven 

 
xii. Hot plate 

 
 
 

 

3.2 Method of Preparation 
 

3.2.1 Preparation of Graphene Oxide (GO) 
 

Graphene oxide was synthesized from synthetic graphite powder according to the modified 

Hummers method [1]. 2g of graphite powder (Alfar Aesar, 99. 999% purity, 200 mesh) was put 

into concentrated H2SO4 (12mL) and HNO3 (8mL) at 80°C. The mixture was kept at that 

temperature for 8h using a water-bath. After cooling to room temperature, the mixture was diluted 

with 0.5L of de-ionized (DI) water and left overnight. Then, the mixture was filtered and washed 

with DI water. The product was dried under ambient conditions overnight. After that the treated 

graphite powder (1g), NaNO3 (1. 03g), and concentrated H2SO4 (62g) were placed in a flask. Then, 

4.5g of KMnO4 was slowly added under stirring and the temperature of the mixture was kept to 

below 20°C for 2h. After further vigorous stirring for 2 days at room temperature, the reaction was 

terminated by the addition of DI water (140mL) and 30% H2O2 
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solution (2.5mL). The mixture was filtered and washed by repeated centrifugation and 

filtration, first with 1M HCl aqueous solution and then with DI water. DI water (50mL) was 

added to the final product, which was subjected to ultrasonication. The obtained mixture was 

dialyzed through semi-permeable membranes for one week to remove the remaining metal 

species. Finally, the resulting solid was dried in air and can use for further modification. 
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Graphite powder Oxidized gra phite powde r 
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Figure 3.1 Schematic illustration of graphene oxide (GO) preparation. 

 

3.2.2 Preparation of Magnetic Graphene Oxide (MGO) 
 
 

MGO was synthesized following a modified co-precipitation method [2]. The procedure of a 

typical synthesis experiment is as follows. Firstly, 100mg GO was dispersed into 100mL of DI 

water by ultrasonication. Then the GO dispersion was added into a 250mL three- necked flask 
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and stirred vigorously. Secondly, FeCl3.6H2O (0.4095g) and FeCl2.4H2O (0.147g) were 

dissolved in DI water (12mL) and the solution was dropped into the flask containing GO 

dispersion under severe agitation for 20min. Afterward, the mixture was heated to 50°C and 

the pH was adjusted to 10 with the observation of black precipitation. The solution was further 

heated to 85°C and the heat was maintained for an hour. The as-prepared MGO was 

magnetically separated and washed for more than 3 times. Finally, black MGO powder was 

obtained by drying. 

 

3.2.3 Fabrication of Polydopamine on MGO (MGO-PDA) 
 
 

A thin layer of polydopamine (PDA) was coated onto MGO [3]. 60mg of GO and 15mg of 

dopamine hydrochloride were dispersed in 100mL of 10mM Tris-HCl (pH 8.5) buffer and 

then sonicated for 30min. Afterward, the mixture was stirred at 60°C for 24h. The resultant 

product was separated and collected with a magnet, followed by washing with deionized 

water 3 times. 

 

3.2.4 Preparation of MGO-PDA@Au nanocatalyst 
 

In a typical preparation of MGO-PDA@Au, 100mg of MGO-PDA NPs were suspended in 

HAuCl4 aqueous solution (80mL) and the mixture was stirred for 24h at room temperature. 

The resultant nanocomposite was separated and rinsed with deionized water for at least three 

times, and then dried under vacuum oven at 50°C for further use [4]. 
 

3.2.5 Preparation of MGO-PDA@Ag nanocatalyst 
 

Preparation of MGO-PDA@Ag, 80mg of MGO-PDA NPs was added with 2% ammonium 

AgNO3 aqueous solution (10mg/mL) and the mixture was stirred for 12h at room temperature 

in rotator shaker. The resultant nanocomposite was separated and rinsed with deionized water 

and ethanol for at least three times, and then dried under vacuum oven at 50°C for further use 

[5]. 
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3.3 Sample Characterization 
 

3.3.1 Fourier Transform Infrared (FTIR) analysis 
 
 

The infrared spectra of the graphene oxide (GO), magnetic graphene oxide (MGO), poly 
dopamine coated MGO (MGO-PDA), gold-coated catalyst (MGO-PDA@Au) and silver-
coated catalyst (MGO-PDA@Ag) were recorded on an FTIR spectrometer in the region of 

4000 – 500 cm
-1

. All the 4 samples had dried. A small portion of samples were taken into 

vial and oven-dried at 60 °C to confirm their dryness. GO flake is very strong so it was 
ground into a mortar with a pestle to get GO powder. The other four samples were not 
ground because they were physically granule/powder in shape after completely drying. The 
powder mixture was then compressed in a metal holder under a pressure of 8–10 tons to 
make a pellet. The pellet was then placed in the path of IR beam for measurements. 

 

3.3.2 Scanning Electron Microscopy (SEM) 
 
 

The surface morphology of the synthesized magnetic graphene oxide (MGO), poly 
dopamine coated magnetic graphene oxide (MGO-PDA), gold-coated catalyst (MGO-
PDA@Au) and silver-coated catalyst (MGO-PDA@Ag) was adopted using Scanning 
Electron Microscopy (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. 

 

3.3.3 X-ray diffraction (XRD) 
 

The crystallinity of magnetic graphene oxide (MGO), gold-coated catalyst (MGO-PDA@Au) 

and silver-coated catalyst (MGO-PDA@Ag) composite 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 × 15 mm) and pressed 
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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. 

 

3.3.4 Thermo Gravimetrical Analysis (TGA) 
 

TGA is the study of weight loss of a specimen with respect to the temperature increasing. The 

quantities are recorded for a TGA; they are the weight, the temperature, and temperature 

change rate. Weight loss and weight loss rates are usually plotted for further analysis. TGA 

system usually consists of high precision with pans, an oven and a closed chamber. The 

balance must able to sustain high temperatures up to 100°C.The thermal stability of MGO - 

PDA, MGO-PDA@Au and MGO-PDA@Ag were studied by a thermo-gravimetric analyzer 

(TGA) in a nitrogen atmosphere. Approximately 3-10mg freeze-dried samples taken into an 

aluminum cell and heated from 27°C 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. 
 
 

3.3.5 Magnetic Property Analysis 
 

The magnetic properties of MGO, MGO-PDA@Au and MGO-PDA@Ag were measured EV-

9 Microsensor (Germany) with an applied field between -10000 and 10000 Oe at room 

temperature. The samples were dried in an oven overnight and then taken for analysis. 
 
 
 
 

3.3.6 Reduction Experiments (MB) by NaBH4 
 

0.5 mL of fresh NaBH4 aqueous solution (0. 1mol L
−1

) was injected into 4. 5 mL of methylene 

blue (MB) aqueous solution (20 mgL
-1

) under stirring. The blue color of MB gradually vanished 

by catalytic reduction. The reduction process was monitored by measuring the changes in the 
absorbance at 665nm at different times (i.e. 0 min, 1 min, 2 min, 3 min, 4 min, 5 min,6 min) with 

 
a UV−Vis spectrophotometer. Again 3 mL 4-Nitrophenol (4-NP) solution (0. 1 mM) was stirred 
with NaBH4 solution with time interval (i.e. 0 min, 1 min, 2 min, 3 min, 4 min, 5 min,6 min etc.). 
The reduction process was monitored by measuring the changes in the absorbance. 
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3.3.7 Reduction Experiments (4-NP) by NaBH4 
 

At first 3mL of 4-nitrophenol (4-NP) (0.1mmolL
−1

) was taken and 2mL freshly prepared 

NaBH4 (0.1molL
−1

) was added to it with stirring then the reduction process was monitored by 
measuring the changes in the absorbance at 400nm at different time interval (i.e. 0 min, 1 min, 
2 min, 3 min, 4 min, 5 min, 6 min, 7 min, 8 min, 9 min, 10min…… ) with a UV −Vis 

 
spectrophotometer. 

 

Again 0.5 mL of freshly prepared NaBH4 aqueous solution (0.1mol L
−1

) was injected into 

4.5mL of methylene blue (MB) aqueous solution (20mgL
−1

) under stirring. The blue color of 
MB gradually vanished. The reduction process was monitored by measuring the changes in the 
absorbance at 665nm at different times (i.e. 0 min, 1 min, 2 min, 4 min, 7 min, 10 min+) with 
a UV−Vis spectrophotometer. 

 
 
 
 

3.3.8 Catalytic Experiments 
 

3.3.8.1 Reduction of 4-nitrophenol (4-NP) 
 

3 mg portion of catalyst (MGO-PDA@Au) was dispersed in 5mL of DI water. Then 3mL of 

4-nitrophenol (4-NP) aqueous solution (0.1mmolL
−1

) added to it. Subsequently, 2mL of 
 

freshly prepared NaBH4 aqueous solution (0.1molL
−1

) was injected into the solution under 

stirring. The yellow color of 4-NP gradually vanished by catalytic reduction in the presence of 
reducing agents. The catalytic process was monitored by measuring the changes in the 
absorbance at 400 nm at different time (i.e. 0 min, 1 min, 2 min, 3 min, 4 min, 5 min, 6 min, 7 
min, 8 min, 9 min) with a UV −Vis spectrophotometer. Mainly the observation was monitored 
with catalyst and without catalyst. Then the same experiment was repeated with silver catalyst 
with the same time interval [6]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
38 



3.3.8.2 Reduction of methylene blue (MB) 
 

At first 4.5mL of methylene blue (MB) was taken and 0.5ml freshly prepared NaBH4 was 
added to it to monitor their catalytic process by UV spectrum. After that 3 mg portion of 
catalyst (MGO-PDA@Au) was dispersed in 5 mL of DI water. Then again 4.5mL of 

methylene blue (MB) aqueous solution (20mgL
−1

) added to it. Subsequently, 0.5mL freshly 

prepared NaBH4 aqueous solution (0.1molL
−1

) was injected into the solution under stirring. 

The blue color of MB gradually faded by the catalytic reduction. The catalytic process was 
monitored by measuring the changes in the absorbance at 665nm at different times (i.e. 0 min, 
1 min, 2 min, 3 min, 4 min, 5 min, 6 min, 7 min, 8 min, 9 min) with a UV −Vis 
spectrophotometer. Mainly the observation was monitored with catalyst and without catalyst. 
Then the same experiment was repeated with silver catalyst with same time interval [6]. 
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4.1 Synthesis of Nanocatalyst 
 

In order to incorporate the magnetic properties in graphene oxide (GO), Fe3O4 nanoparticles were 

loaded on the surface of GO. FeCl2 and FeCl3 solution (Fe
2+

: Fe
3+

 = 2:1) were dropped to GO 

suspensions as an iron source, with Fe
2+

 and Fe
3+

 ions attracted to the negatively charged oxygen 

atoms of GO. The solution was adjusted to alkaline condition (pH 10) and Fe 3O4 particles were 
formed in situ by co-precipitation [7]. MGO-PDA was fabricated by mixing the MGO aqueous 
suspension with dopamine hydrochloride at pH 8. 5. However, no obvious aggregate formation was 
observed when MGO-PDA was dispersed in water, which is attributed to the stabilization by PDA [8]. 
The prevalent view is that in alkaline conditions dopamine is oxidized to dopamine quinone. The 

adhesion of PDA onto Fe3O4 surface may attribute to the formation of COO−H3N
+

 ion pairs between 

the abundant carboxyl groups on the particle surface and the amine groups of dopamine [9]. The 
structure of MGO-PDA@Au nanocomposites was obtained by adding the as-prepared MGO -PDA to a 
HAuCl4 solution and did not require extra reagents or thermal treatment 

 
[10]. The possible mechanism of the generation and stabilization of Au NPs on PDA coating is 

speculated in Fig.4. 1. When MGO -PDA NPs are mixed with HAuCl4 solution, Au
3+

 ions diffuse 

into the PDA layer and then are reduced to Au
0

 atoms in situ by the catechol groups of PDA and 

the catechol groups are oxidized to corresponding quinones. On the other hand the core-shell 
structured MGO-PDA@Ag nanocomposites were obtained by adding the as-prepared MGO-PDA 
with Tollen’s reagent and shake for 12h [11]. Ag nanocatalyst was synthesized in same steps for 
the comparison with Au catalyst. 
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Figure 4.1 Schematic illustration of immobilization of gold and silver nanoparticles onto 

MGO-PDA nanocomposite. (Tris buffer: tris(hydroxymethyl)-aminomethane buffer). 
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4.2 Functional Group Characterization by Fourier 
 

Transform Infrared Spectroscopy (FTIR) 
 

Fourier Transform Infrared Spectroscopy (FTIR) spectroscopy relies on the fact that most 
molecules absorb light in the infra-red region of the electromagnetic spectrum. This absorption 
corresponds specifically to the bond present in the molecule. The frequency range is measured 
as wave numbers over range 4000-600cm-1. FTIR spectroscopy has characterized, to confirm 
the functional groups present in synthesized compounds, The Characterization peaks for GO 
show that the characteristic band of the carboxyl group appears at 3400cm−1 (O– H stretching 

vibration), 1718cm−1 (C=O stretching vibration), 1600 cm−1 (skeletal vibrations from un-

oxidized graphitic domains), 1387 cm−1 (O–H deformations in the C–OH groups), 1231cm-1 

(C–OH stretching vibration) and 1034cm−1 (C–O stretching vibration in C–O–C in epoxide) 
 
 

[12]. The peak at 1718cm-1corresponding to C=O of the carboxyl group on the GO shifts to 
1638 cm-1, may be due to the formation of –COO- after coating with Fe3O4.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.2 FTIR spectra of GO, MGO, MGO-PDA, MGO-PDA@Au and MGO-PDA@Ag. 
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FTIR spectrum has shown two broad peaks at 1587 and 1084cm
-1

 which correspond to the 

aromatic C–C stretch and C–O stretch, respectively. The transmittance band around 563cm 
-1

 is 

attributed due to Fe–O [13]. After the deposition of polydopamine, a broad peak at 3406cm
−1

 can 

be observed, which is contributed to the adsorption of amine groups. The peak at 1600cm
−1

 may 

be due to the vibration adsorption of C-N group, indicating that the polydopamine coating was 
successfully obtained [14]. All the peaks of MGO-PDA remain the same in MGO -PDA@Au and 
MGO-PDA@Ag composites. The corresponding peaks are shown in table 4.1. It shows that the 
dopamine layer remains same in other two composites. For MGO-PDA@Au and MGO-PDA@Ag 
nanocomposites the peak position of the functional groups on MGO-PDA still remind and their 
shapes are similar. This can prove the interaction between AuNPS and AgNPs with MGO -PDA 
composite by forming an electrostatic attraction. 

 
 

Table 4.1 Characteristic peak and interpretations correspond to MGO-PDA@Au composite 
 
 
 

 Functional Group Wavenumber (cm
-1

) 
    

 O–H stretching 3400  
    

    
 C=O stretching 1718  

    
 C–C stretching 1587  

    
 C–O stretching 1084  

    
 Fe–O bending (Fe3O4) 563  

    
 C–N stretching 1600  

    
 N–H bending 3446  
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4.3 Surface morphology study using Scanning electron 
 

microscope (SEM) 
 

The surface morphology was investigated by SEM for MGO, MGO-PDA, MGO-PDA@Au and 

MGO-PDA@Ag are shown in figure 4. 3 Morphology of MGO (a) flakes prepared by dispersing 

MGO precipitate in water which is interconnected highly porous structure with pore size ranging 

from few microns to few tens of microns can be observed in the SEM image of MGO. 
 
 
 
 
 

a b  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

c d 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.3 SEM images for the surface of MGO (a), MGO-PDA (b), MGO-PDA@Au (c), and 
MGO-PDA@Ag (d) nanocomposite. Resolution x 100,000. 

 
 
 

The morphologies of MGO (Figure a) suggest that they have a nearly flake- like shape with 
characteristic crumpled waves and single- layer nature and show a considerable rough surface 

 
 
 
 
 
 
 

46 



 
with the magnetite beads on the surface of graphene sheets, which indicate the successful 

combination of Fe3O4 on the surface of graphene. Uniform size distribution o f NH2–Fe3O4 

NPs was found from the SEM (figure b). More interestingly, the NH2–Fe3O4 NPs themselves 

have mesoporous structures on their surface (figure b). Moreover, the surface of NH2–Fe3O4 

NPs was successfully coated with the nanosheets. Figure (c) shows many spherical AuNPs 

that are deposited on the surface of dopa since the molecular size of Au is smaller than 12 nm; 

the SEM image has not enough resolution for distinguishing this size. Since PDA acts as a 

moderate reducing agent and an effective linker [15] [16], AuNPs with controllable density, 

homogeneous size and uniform distribution. Besides, the PDA film does not damage the 

characteristic single- layered morphology of graphene. The preservation of original graphene 

morphology and the attached AuNPs will play an important role in enhancing the analytical 

performance of the nanocomposite [17]. Figure (d) indicates the coverage of Ag NPs 

deposition on dopa could be due to the deposition of large amounts of Ag atoms on 

continuously grown in dopamine layer. 
 
 
 

4.3.1 Size Distribution for Au and Ag particles 
 

The average particle size of Au and Ag is measured by software named MIPAR. In that 

software firstly required SEM image was inserted. The size is plotted against the total number 

present in percentage. The size range of Au particles is distributed throughout the surface from 

5-20nm and the maximum particle size is 8-12nm. 
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Figure 4.4 The size (equivalent diameter) distribution of Au particles obtained by FESEM. 
 
 
 

4.3.2 Size Distribution for Ag particles  
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Figure 4.5 The size (equivalent diameter) distribution of Ag particles obtained by SEM. 

The size range shows Ag particles range from 7-50nm distributed throughout the surface 

and the maximum particle size placed between 10-25nm. 
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4.4 Energy Dispersive X-ray Spectral Analysis (EDX) 
 

Elemental analysis of the MGO, MGO-PDA, MGO-PDA@Au and MGO-PDA@Ag 

nanocomposites has been performed by Energy Dispersive X-ray (EDX) method. In Fig. 

4.6(a) the peaks observed at 0.277, 0.525, and 6.398 keV, for K lines of C, O, and Fe 

respectively. Fig.4.6(b) exhibits that the peaks appear at 0.277, 0.525, 6.398, 0.392 keV for K 

cell of C, O, Fe and N. Fig. 4.6(c), (d) exhibits that the peaks appear at 0.277, 0.525, 6.398, 

0.392, 2,121 and 2,983 keV for K cell of C, O, Fe, N, Au and Ag respectively. So, the EDX 

data confirms the presence of required elements in synthesized nanocomposites. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.6 EDX spectra of (a) MGO (b) MGO-PDA (c) MGO-PDA@Au, and (d) MGO-
PDA@Ag. 
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4.5 X-ray Diffraction Analysis (XRD) 
 

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

diffraction using a Philips X’pert PRO X-ray diffractometer. The XRD patterns of the 

synthesized MGO, MGO-PDA@Ag and MGO-PDA@Au composite are shown in Figure 4.7 

The peaks (4.7 (a)) at 2θ = 30.1° (220), 35.2° (311), 43.5° (400), 53.9°, 57.2° (511) and 62.8° 
 

(440) were consistent with the standard XRD data of Fe3O4 [Joint Committee on Powder 
Diffraction Standards (JCPDS card No.19-0629)] [3, 18]19]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.7 XRD spectra of MGO (a), MGO-PDA@Ag (b) and MGO-PDA@Au 

(c) composite. (a) Zoom in spectra of MGO. 
 

Due to the crystalline nature of silver nanoparticles, intense X-ray diffraction (XRD) peaks 

were observed corresponding to the (111), (200), (220), (311) and (222) planes for silver at 2θ 

angles of 38.2°, 47°, 65.27°, 77.6°and 81.7° respectively (Figure 4.7 (b). This was in 

agreement with the unit cell of the face-centered cubic (fcc) structures (JCPDS file no. 04– 

0783) [20]. The X-ray diffraction (XRD) pattern of Au nanoparticles is shown in Fig. 4.7 (c) 

five XRD diffraction peaks at 2θ of 38.0°, 44.4°, 64.5°, 77.2° and 81.6° correspond to the 

diffraction of the (111), (200), (220), (311), and (222) lattice planes, indicating a face-

centered-cube (fcc) 
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phase (JCPDS 04-0784) of the Au crystal [21]. Since the GO powder does not have a crystal 

structure, no obvious characteristic peak of GO can be distinguished. A comparison of our 

XRD spectrum with the standard confirmed that all particles formed in our experiment were in 

the form of nanocrystals. 
 

4.6 Thermo Gravimetrical Analysis (TGA) 
 

Thermal analysis technique such as thermogravimetric analysis was carried out to measure the 
thermal stability of MGO-PDA, MGO-PDA@Au and MGO-PDA@Ag nanocomposites at the 

temperature range 20-8000C. Figures are following the data. The profile for the MGO -PDA 

showed that it has lower thermal stability than MGO-PDA@Au, because it showed a 
gradualweight loss with increasing temperature due to the decomposition of the groups 
containing oxygen which can be attributed due to the evaporation of adsorbed water that 
weakly adsorbedon the particles surface and a rapid decomposition of the PDA film [22]. 

 
 
 
 
 

100  
 
 

80   

 
60 
 
 
40 
 
 

20 MGO-PDA 
MGO-PDA@Ag 

 
0 

MGO-PDA@Au 
 

200 400 600 800  
Temperature (ºC) 

 
Figure 4.8 Thermogravimetric analysis of MGO-PDA, MGO-PDA@Au and MGO-
PDA@Ag. 
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On the other hand, MGO-PDA@Au and MGO-PDA@Ag have shown the slight degradation 

at 97 °C for physically absorbed water. Also, there is a steady weight loss until 800 ◦C and 

around 20% and 30% weight loss are observed respectively. The observed behavior is most 

likely as a consequence of the surface desorption of bioorganic compounds present in the 

nanoparticles powder [23, 24]. So, compare to MGO-PDA nanocomposite, we can say that 

our desired nanocomposites are thermally stable. 
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4.7 Magnetic Property Analysis 
 

The paramagnetic behavior of MGO and MGO-PDA@Au composite was measured by 

plotting magnetization curves. The hysteresis loops of MGO and MGO-PDA@Au composite 

are shown in Fig. 4.9. It can be seen that the magnetic saturation values of these are about 41.9 

and 9.2 emu/g respectively. The decrease in magnetic saturation of the MGO -PDA@Au 

nano-composite in comparison with MGO may be arisen to the increased mass of the 

polydopamine shell and AuNPs. Despite though the extra weight of MGO-PDA@Au 

composite exhibits the paramagnetic behavior. The inset photograph shows the magnetic 

behavior of MGO-PDA@Au composite and it can easily separate from aqueous solution using 

an external magnet. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.9 Magnetic hysteresis loop of MGO and MGO-PDA@Au nanocomposite. The inset 

photograph: separation of MGO-PDA@Au composite from aqueous dispersion using a 

magnet bar. 
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4.8 Catalytical Reduction of 4-Nitrophenol 
 

4.8.1 Reduction of 4-Nitrophenol by only NaBH4 
 

NaBH4 is a reducing agent. It can reduce 4-NP (yellow color) to 4-aminophenol (4-AP) (pale 
yellow color). Herein, the reduction of 4-NP by NaBH4 used as a model reaction to 
investigate the catalytic performance of MGO-PDA@Au composite. This reaction monitored 
by the color bleaching of 4-NP solution after the addition of NaBH4, as indicated by the 
gradual decrease in the maximum absorbance value at 400 nm with the time in UV-vis 
spectra. Fig. 4.10 explore the UV−vis spectra for reduction of 4-NP aqueous solution (0.01 

mmolL−1) by NaBH4. The spectra show that after 20 min small amount of 4-NP was reduced, 

it says that the rate of the reaction is very low. Finishing the reaction, it will take several days. 
 
 
 
 

 2.0 

 1.5 

(a
.u

.)
 

 

Ab
so

rb

an
ce

 

1.0 
 

 
 
 
 

0.5 
 
 
 
 

0.0 
 
 
 
 
 

Figure 4.10 The 4-NP reduction 
catalysed by only NaBH4. 
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4.8.2 Reduction of 4-Nitrophenol by MGO-PDA@Au 
nanocomposite 

 
Catalytic performance of MGO-PDA@Au nanocomposite shown in Fig. 4.11. To evaluate the 

catalytic activity of MGO-PDA@Au composite, 4-NP solutions were used for the tests. 

Without the addition of AuNPs as a catalyst, the peak of 4-nitrophenolate anion at 400 nm did 

not change. Upon the addition of catalyst, it has reduced to 30 while a new peak at 1.2 in 1 

min. The new peak at 1.2 exhibited for reduction corresponding to a reaction product 4-NP. 

The overall reaction was completed near 96.4% in just 7 min. 
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Figure 4.11 The 4-NP reduction reaction monitored by UV-visible spectrophotometry 
catalysed by MGO-PDA@Au. 
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4.8.3 Reduction of 4-Nitrophenol by MGO-
PDA@Ag nanocomposite 

 
Catalytical reduction of 4-NP shown in Fig. 4.12 where MGO-PDA@Ag was reduced to 1.4 

in 1 min. Without the addition of AgNPs as a catalyst, the peak of 4- nitrophenolate anion at 

400 nm did not change. Upon the addition of catalyst, it has reduced to 30 while a new peak at 

1.4 in 1 min. The new peak at 1.2 exhibited for reduction corresponding to a reaction product 

4-NP. The overall reaction was completed near 8 min. 
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Figure 4.12 The 4-NP reduction reaction monitored by UV-visible spectrophotometry 
catalysed by MGO-PDA@Ag. 
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4.9 Catalytical Reduction of Methylene blue 
 

4.9.1 Reduction of methylene blue (MB) by only NaBH4 
 

NaBH4 is a reducing agent. It can reduce MB (color full compound) to leuco MB (colorless 

compound). Herein, the reduction of MB by NaBH4 is used as a model reaction to investigate 

the catalytic performance of two noble catalysts. This reaction monitored by the color 

bleaching of MB solution after the addition of NaBH4, as indicated by the gradual decrease in 

the maximum absorbance value at 664 nm with the time in UV- vis spectra. Fig. 4.13 explores 

the UV−vis spectra for reduction of MB aqueous solution (20 ppm) by NaBH4. The spectra 

show that after 10 min small amount of MB was reduced, it says that the rate of the reaction is 

very low. Finishing the reaction, it will take several days. 
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Figure 4.13 The methylene blue reduction reaction monitored by UV-visible 
spectrophotometry catalyzed by NaBH4. 
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4.9.2 Reduction of methylene blue (MB) by MGO-PDA@Au 
nanocomposite. 

 
 

Catalytic performance of MGO@PDA-Au nanocomposite shown in Fig. 4.14 evaluate that it 

has shown tremendous performance by reducing maximum MB only just in 0min. MB gives 

peak at 658 nm and absorbance peak at 3.0 after the addition of catalyst the absorbance goes 

directly to 0.6 so the total conversion is about 98.9% and to complete the reaction it has just 

taken 4 min only. 
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Figure 4.14 The methylene blue reduction reaction monitored by UV-visible 
spectrophotometry catalysed by MGO-PDA@Au. 
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4.9.3 Reduction of methylene blue (MB) by MGO-
PDA@Ag nanocomposite 

 
Catalytic performance of MGO-PDA@Ag nanocomposite shown in fig. 4.15 To evaluate the 

catalytic activity of MGO-PDA@Ag initially MB gives a peak at 658 nm and absorbance peak 

at 3.0 after the addition of catalyst the absorbance goes 1.7 and after the increa sing of time the 

rate of reduction gradually decreased and took time to finish the reaction. 
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Figure 4.15 The methylene blue reduction reaction monitored by UV-visible 
spectrophotometry catalyzed by MGO-PDA@Ag. 
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4.10 Kinetics 
 

The UV-visible data obtained for the catalytic reduction of MB and 4-NP in presence of 
MGO-PDA@Au and MGO-PDA@Ag nanocomposites were very elusive and therefore it 
motivated us to study the kinetics further in order to compare their catalytic performances and 
reaction mechanisms. For the comparison of the catalytic activity of MGO-PDA@Au and 
MGO-PDA@Ag nanocomposites, the reaction rate constant was obtained directly from the 

slope of the straight line of ln (Ct /C0) versus time (t) plot that follows the pseudo-first-order 

kinetics. The ratios of Ct (the concentration of dye at time t) to C0 (the initial concentration of 

dye) can be obtained from the relative intensity ratios of the respective absorbance (At /A0) at 

664 nm for MB and 400 nm for 4-NP. From figure 4.16, it can be seen that the reaction rate 
constant for catalytic reduction of MB in presence of MGO -PDA@Au nanocomposite was 

found to be 0.995 min-1, whereas, in the presence of MGO-PDA@Ag the rate constant was 

0.427 min-1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.16 Pseudo- first order kinetic plot (ln (Ct /C0) versus time, t) for the catalytic reduction 
of (a) MB and (b) 4-NP in presence of MGO-PDA@Au and MGO-PDA@Ag nanocatalysts. 
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4.11 Recyclability Test 
 

As noble metals which are used as a catalyst sometimes go through staining by reaction 

products during catalytic reactions. Due to stain the stability of this catalyst can get hamper so 

the improvement is must maintain the stability for practical applications. In order to test the 

catalytic stability of the as-synthesized gold and silver nanocomposites, the catalysts were 

recycled up to 8 times in the presence of NaBH4. After each cycle, the nanocomposite catalyst 

was isolated from the solution by applying an external magnetic field and reused after 

washing with ethanol and water for MB. This phenomenon implies a facile and efficient way 

to separate and recycle the materials from reaction systems. The recycling process of the 

nanocomposite takes only 10 min to complete. For instance, the average reduction of MB 

within the 8 cycles was found to be 92% for Au a nd 90 % for Ag. The fast and efficient 

regeneration of the as-synthesized catalyst along with greater recyclability could be performed 

due to the stabilizations of the AuNPs and AgNPs by GO network and polydopamine which 

also prevent the aggregation and hold the particles very strongly. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.17 Recycling of MGO-PDA@Au and MGO-PDA@Ag for the adsorption of 
methylene blue. 
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4.12 Conclusions 
 

In this research, a facile, in situ, and efficient approach was denoted for the synthesis of MGO-

PDA@Au nanocomposite. Au- immobilized nanocomposite exhibits excellent catalytic 

efficacy on the reduction of organic dye 4-NP and MB with NaBH4 as well as fast adsorption 

rate of MB from aqueous solutions from another noble Ag nanocomposite. The excellent 

catalytic reduction and adsorption execution can be attributed to the disperse Au NPs onto 

polydopamine coated with magnetic-GO based nanocomposite as supporting material. The 

superparamagnetic properties of the MGO-PDA@Au composite enable them to be easily 

recovered for reuse under an external magnetic field. The versatile mussel- inspired 

polydopamine and GO flakes as supporting material also allow the further surface 

functionalization for the development of multifunctional adsorbent materials. Our experiment 

gives the impression that MGO-PDA@Au nanocatalyst developed to have potential 

applications over MGO-PDA@Ag nanocatalyst in catalysis and wastewater treatment. 
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