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CHAPTER  II 

INFLUENCE OF CHITOSAN BLENDED REDUCED GRAPHENE 

OXIDE NANOSHEETS FOR THE ELECTROCHEMICAL 

DETERMINATION OF p-AMINOPHENOL 

2.1 INTRODUCTION 

Phenols and its derivatives are treated as organic pollutant due to its serious 

deleterious effect on aquatic organisms. p- Aminophenol is used as an important 

intermediate in the synthesis of drugs. It is the hydrolytic degradation products that 

are dangerous to living things [1]. Due to its serious nephrotoxic and teratogenic 

effects, it is dangerous to humans and animals which cause irritation to eyes, skin 

and respiratory system. The accumulation of excess of acetaminophen causes severe 

fatal hepatoxicity, inflammation of the pancreas and skin rashes. On account of its 

high toxicity, the United States and European pharmacopeia‘s has limited the 

maximum content of p-AP in pharmaceuticals to 50 ppm [2-3]. Therefore, it is very 

important to develop a simple, sensitive and accurate detection method for the sensing 

of p-aminophenol. As a result of this, various methods have been proposed in  

the last few years such as   HPLC method, capillary electrophoresis, micellar  

electro kinetic chromatography, nuclear magnetic resonance spectroscopy analysis, 

flow injection analysis with spectro photometric detection etc., Among all these 

methods electrochemical methods are considered to be effective methods due to its 

advantages like low cost, remarkable sensitivity, low-power requirement, quick 

detection etc.,[4-5]  

Graphene oxide is a single layer of sp
2
 hybridized carbon atoms, densely 

packed in a honey comb lattice. Owing to its extraordinary electronic transport 

property and high electrocatalytic activity, graphene oxide and its derivatives provides 

an effective sensing platform for the detection of biomolecules, toxins etc., the 

electrochemical reactions of analyte are greatly promoted on graphene film, resulting 

in the enhanced voltammetric response [6-7]. Chitosan (CS) is a linear β-1,4-linked 

polysaccharide natural bio polymer which has its reactive amino and hydroxyl groups 

in its linear high molar mass poly glucosamine chains that are amenable to chemical 
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modification. Due to its distinct chemical and biological properties, the chitosan-

functionalized reduced graphene oxide electrode facilitates the electron transfer rate at 

the electrode surface through the π-π stacking interaction and electrostatic attraction, 

thus enhances the electrochemical performance for sensing applications [8-9]. In this 

chapter chitosan funtionalized reduced graphene oxide nanocomposites is synthesized 

by chemical reduction method. The synthesized nanocomposites are characterized 

using FT-IR, XRD, SEM, EDAX. The electrochemical sensing of p-Aminophenol is 

investigated using cyclic voltammetry.   

2.2 EXPERIMENTAL PROCEDURE 

2.2.1 Reagents 

Graphite powder, Conc.sulphuric acid (98% H2SO4), potassium 

permanganate (KMnO4), hydrogen peroxide solution (30% H2O2), sodium nitrate 

(NaNO3), sodium hydroxide (NaOH) and chitosan, acetic acid, sodium borohydride 

(NaBH4), p-aminophenol are of analytical grade, purchased from sigma Aldrich and 

are used as received without further purification. 

2.2.2 Synthesis of Graphene oxide 

 

Figure 2.1 Schematic representation for synthesis of Graphene oxide 

Graphene oxide (GO) is synthesized from natural graphite using modified 

hummer‘s method that includes both oxidation and exfoliation of graphite sheets. 

The schematic representation for synthesis of graphene oxide is shown in Figure 2.1. 
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The graphene oxide is synthesized by taking 1g of graphite powder and 0.5 g of 

sodium nitrate (NaNo3) and are mixed in 25 ml of concentrated sulphuric acid 

(H2SO4) and kept under stirring for 1hour at room temperature. This is then followed 

by the gradual addition of 3 g of potassium permanganate (KMnO4) under constant 

stirring by maintaining the temperature below 15
○
C to prevent overheating and 

explosion. The colour of the solution then becomes green indicating the formation of 

oxidizing agent.  The temperature is then raised to 35
○
C and stirred continuously for 

12 hours. The colour of the solution is turned into brown colour after 12 hours of 

continuous stirring which indicates that graphite has been successfully oxidized. The 

reaction mixture is diluted with the addition of 500 ml of distilled water in order to 

achieve better exfoliation. At the end of the reaction 5ml of 30% hydrogen peroxide 

(H2O2) solution is added to remove the excess of residual KMnO4. The colour of the 

reaction mixture turns into yellow indicating the complete removal of KMnO4 [10-

11]. The solution is then left undisturbed for overnight and the resultant supernatant 

is filtered and washed with 10% HCl and distilled water until the solution reaches 

pH 7. The centrifuged solution is dried in oven at 60
○
C for 12 hours.  

 

Figure 2.2 Flowchart for synthesis of graphene oxide 
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2.2.3 Synthesis of reduced graphene oxide/ chitosan nanocomposites  

 The reduced graphene oxide/chitosan (rGO/CS) nanocomposites is 

synthesized by chemical reduction method. In this typical synthesis, 50 mg of GO is 

dispersed in 25 ml of distilled water by ultrasonication for 1hour to form GO 

solution and 25 mg of chitosan is added into 2% acetic acid in water to prepare 

aqueous CS solution. The solution is stirred for 1hour at room temperature by 

maintaining the pH at 3. Thus the formed CS solution is added drop wise into the 

above dispersed GO solution. The temperature of the solution is then raised to 60
○
C 

and stirred for 1hour. Then 25 mg of sodium borohydride (NaBH4) solution is stirred 

for 1hour at room temperature separately. The prepared NaBH4 solution is added 

dropwise into the above reaction mixture. The solution is allowed to stir for 4 hours 

at 60
○
C and the resultant mixture is left undisturbed for overnight. The suspension is 

centrifuged and dried in oven for 60
○
C for 4 hours [12-13].   

2.3 RESULTS AND DISCUSSION 

2.3.1 FT-IR Spectral Analysis 

 

Figure 2.3 (a-c) FT-IR spectra of (a) GO (b) rGO (c) rGO/CS nanocomposites 

FT-IR analysis is used to examine the presence of functional groups involved 

in the formation of RGO/CS. The FT-IR spectra for GO, rGO, rGO/CS 
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nanocomposites is shown in the Figure 2.3(a-c).The widest band formed around 

3300 cm
-1 

to 3500 cm
-1 

corresponds to the O-H stretching vibrations of hydroxyl 

group. The low intensity band at 1620 cm
-1 

attributes to the C=C skeletal vibration 

of non-oxidized graphite which indicates that some of the graphite structures have 

retained even after the oxidation of graphite as shown in the Figure 2.3 (a). The 

sharp intense band at 1419 cm
-1

 can be attributed to C-O stretching vibrations of 

carboxyl groups. The characteristic bands of C=O stretching and bending vibrations 

of carboxylic acid are formed at 1733 cm
−1

 and 1221 cm
−1

. Thus the presence of 

carbonyl, hydroxyl and epoxy groups attributes that graphite has been successfully 

oxidized into graphene oxide by modified Hummer‘s method [14-15].   

The reduction of GO into rGO as in the Figure 2.3(b) shows two significant 

bands at 3300 cm
-1   

and 1419 cm
-1

  which corresponds to the O-H stretching 

vibrations of water molecules. Thus the decrease in the intensity of these bands 

clearly indicates the removal of oxygen groups from the graphene oxide. Moreover 

the disappearance of most of the absorption bands clearly indicates that graphene 

oxide has been successfully reduced into reduced graphene oxide [16]. 

 It is evident from the rGO-CS spectrum that the disappearance of the band at 

1733 cm
−1

 and the appearance of new band at 1640 cm
−1

 corresponding to NHCO 

stretching vibrations may be due to the reaction of carboxylic groups in GO with the 

NH2 groups in CS. The band at 1056 cm
−1

 attributed to C-O stretching vibrations of 

primary alcohol is more intense than that of GO band at 1074 cm
−1

and this may be 

due to the interaction of O-H groups of GO with CS. The characteristic band of 

secondary amide (N–H bending) is observed at 1544 cm
−1

 in GO spectrum shifted to 

lower wavelength  at 1512 cm
-1 

 in rGO-CS spectrum indicates the presence of 

newly formed amide bonds between GO and CS [17] . These results clearly show 

that CS has been binded completely with rGO. 
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2.3.2 XRD Structural Analysis 

 

Figure 2.4 (a-c) XRD patterns for (a) GO (b) rGO (c) rGO/CS nanocomposites 

The structure of the prepared nanocomposites is studied using X-Ray 

diffraction. The XRD pattern of GO, rGO and rGO/ CS nanocomposites are shown 

in the Figure 2.4 (a-c). The sharp peak at 11.42
○
 corresponds to (002) plane of 

Graphene Oxide with an interlayer distance of 0.85 nm as shown in the Figure 2.4 

(a). This indicates that the graphite is completely oxidized after the chemical 

oxidation by modified hummer‘s method. The small additional peak at 42
○ 

corresponds to the (001) plane and may be due to the incomplete oxidation of 

graphite [18].  

It is observed from the Figure 2.4 (b) that after the reduction of graphene 

oxide into rGO, the sharp peak at 11.42
○
 has shifted to 24

○
 with an interlayer 

distance of 0.7 nm which clearly suggests the successful reduction of GO into  

rGO. The decrease in the interlayer distance in the diffraction peak of rGO  

clearly indicates the removal of oxygen functional groups from the planes of GO 

[19].  
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It is observed from the Figure 2.4 (c) that because of the blending of chitosan 

into rGO, a small diffraction peak appeared at 10.3
○ 

that corresponds to the plane of 

chitosan. The broad peak around 24
 o

 corresponds to the diffraction peak of reduced 

graphene oxide and broadening of the peak may be due to the amorphous nature  

of chitosan. Moreover the additional peak at 42
○ 

corresponds to the (001)  

plane which may be due to the incomplete oxidation of graphite [20-21]. It is  

further observed that the diffraction peak intensity of the chitosan blended reduced 

graphene oxide nanosheets is found to be very low compared with that of graphene 

oxide. These results clearly indicate that chitosan has been well blended into the 

rGO.  

2.3.3 SEM analysis 

   

 

Figure 2.5 (a-c) SEM images of (a) GO (b) rGO and (c) rGO/CS 

nanocomposites 
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The morphological characterizations of the synthesized GO, rGO and rGO/CS 

nanocomposites are examined by Scanning electron microscopy. Figure 2.5 (a-c) 

shows the SEM images of GO, rGO and rGO/CS. It shows that the prepared 

graphene oxide is of thin sheets, significantly exfoliated and looks like a flat 

wrinkled leaf like structure with distinct edges and foldings as depicted in the  

Figure 2.5(a).It is further observed that the graphene oxide nanosheets are  

closely associated with each other [22-23]. Thus the wrinkled structure may  

be advantageous because of having high surface area of graphene oxide  

nanosheets that could prevent the sheets from collapsing back into graphitic 

structure.  

Figure 2.5(b) shows the SEM images for the prepared reduced graphene 

oxide (rGO). It shows that the surface morphology of rGO is similar to that of GO. It 

is of thin sheets that are randomly aggregated with distinct edges, wrinkled surfaces 

and folding [24-25].  

The soft white patches on the surface of rGO nanosheets as observed  

from the Figure 2.5 (c) attributes that chitosan has been fully covered on the  

surface of rGO and may be due to the formation of hydrogen bonding, which  

can interact with the hydroxyl, amino groups and carbonyl moieties in the  

graphene oxide sheets and chitosan respectively. This phenomena shows that 

chitosan has been strongly interacted with the reduced graphene oxide nanosheets 

which results in the enhancement of the properties of rGO/CS nanocomposites.  

[26-27].  
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2.3.4. Energy-Dispersive X-ray Analysis 

  

 

Figure 2.6 (a-c) EDAX spectra for (a) GO (b) rGO and (c) rGO/CS 

nanocomposites 

The elemental analysis and chemical composition of the prepared 

nanocomposites is analyzed using Energy dispersive X-ray spectroscopic (EDAX) 

technique in the range between 0 and 20 KeV binding energy. In the Figure 2.6 (a-

b), the presence of carbon and oxygen confirms the successful formation of 

graphene oxide and reduced graphene oxide [28]. The quantitative presence of 

carbon, oxygen and nitrogen as shown in Figure 2.6(c) [29,13], there by confirms 

the formation of rGO/CS nanocomposites . 

The atomic and weight percentage of the elements are tabulated and shown 

in inset of Figure 2.6 (a-c). It is observed from the Figure 2.6 (a-b) that the 

percentage of oxygen in reduced graphene oxide is comparatively less than that of 
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graphene oxide therby indicating that oxygen elements have been removed during 

the reduction of graphene oxide. This confirms the successful formation of rGO as 

also evidenced from XRD analysis. It is further observed from the table that the O/C 

ratio of rGO/CS is higher than that of GO and the nitrogen element in rGO/CS is due 

to the NH2 groups of CS.  These results clearly attribute the incorporation of CS into 

the reduced graphene oxide.  

2.4 ELECTROCHEMICAL RESPONSE OF p-AMINOPHENOL 

 

Figure 2.7 (a-b) Cyclic voltagramm curve for (a) GO/GCE (b) rGO/CS/GCE in 

presence of 10µM of p-Aminophenol in 0.1 M Phosphate buffer solution (PBS : 

pH 5) at a scan rate of 20 mV s
−1 

 The electrochemical measurements are carried out using electro chemical 

workstation. A three-electrode configuration is employed, consisting of a modified 

glassy carbon electrode (3mm in diameter) that serves as the working electrode and 

Ag/AgCl (3M KCl) and platinum wire serves as the reference and counter electrodes 

respectively. The electrochemical measurements are carried out in the electrolyte 

solution of 0.1 M phosphate buffer solution (PBS). The electro-chemical behaviour 

for the prepared GO and rGO/CS nanocomposites is measured using cyclic 

voltammetry (CV) and is carried out in PBS solution, at a potential range from -1 to 

1 V with a scanning rate of 20 mV/s. Figure 2.7 (a-b) shows the Cyclic voltagramm 
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curve for  GO and rGO/CS modified GCE. It is observed from the Figure 2.7 (a)  

that by the addition of 10µM of p-AP in 0.1 M Phosphate buffer solution, no redox 

peak is observed for GO modified GCE. In contrary a pair of weak redox peak is 

observed at a potential of about Epa = 0.42V and Epc = -0.009V is observed for 

rGO/CS modified GCE with peak current of about Ipa = 0.079µA and Ipc = -0.09µA. 

This remarkable increase in redox peak current of p-AP for rGO/CS modified GCE 

is due to the presence of chitosan [30, 3-4].  Due to its high adsorptive property, the 

rGO/CS nanocomposites increase its active sites which results in the larger 

accumulation of p-AP on the surface of nanocomposites. Thus the enhancement in 

strong electrocalatylic activity is because of the synergetic effect between rGO, CS 

and the high electron transfer rate of rGO/CS nanocomposites. Hence, these results 

show that rGO/CS nanocomposites exhibits high electrochemical property for the 

electrochemical detection of p-AP. 

2.5 CONCLUSION  

In this chapter, the polymer functionalized reduced graphene oxide 

nanocomposite is developed for the electrochemical detetction of p-AP.  The 

graphene oxide is synthesized by modified Hummer‘s method and the chitosan 

functionalized reduced graphene oxide is synthesized by chemical reduction method. 

The synthesized rGO/CS nanocomposites is further characterized by FT-IR, XRD, 

SEM and EDAX analysis. XRD analysis shows the small diffraction peak at 10.3
○ 

corresponds to the plane of chitosan. The broadening of the peak at 24
 o

 may be due 

to the amorphous nature of chitosan. FT-IR reveals that the band at 

1640 cm
−1

 corresponds to the NHCO stretching vibrations of amine groups of 

chitosan.  The morphology of rGO/CS nanocomposites shows that the formation of 

white patches on the surface of flat wrinkled leaf like structure of rGO. The electro-

chemical behaviour for the prepared GO and rGO/CS nanocomposites is 

investigated using cyclic voltammetry. The rGO/CS nanocomposites exhibits high 

redox peak current for p-AP compared to GO modified GCE. The high adsorptive 

property of chitosan and the high surface area of rGO results in the enhanced 

electrocatalytic activity of p-AP.   Thus the rGO/CS modified GCE shows good 

electrocatalytic activity towards the detection of p-Aminophenol.  
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