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ABSTRACT 

Graphene is a one-atom-thick allotrope of carbon. Due to its unique mechanical and 

electronic properties, graphene has been touted as very promising material for a great 

number of applications. In particular, biosensor is a device for the detection of specific 

analyte which combines a biological compound with a physicochemical detector 

component. There are three major components that complete a biosensor, namely the 

sensitive biological element, the transducer or detector element and also the associated 

electronics or signal processors. The working principle of graphene-based enzymatic 

electrodes is based on the direct electrochemistry of enzymes whereby electron transfer 

occurs between the electrode and the active centre of the enzymes without the 

participation of any mediators or reagents. In the current work, a graphene based 

glucose biosensor was prepared. The reduced graphene oxide (RGO)-glucose oxidase 

(GOx) was prepared from graphite powder as starting material. Material synthesis 

involved pre-oxidation of graphite to graphite oxide followed by further oxidation to 

graphene oxide. Subsequently, hydrazine monohydrate was used to reduce the graphene 

oxide to reduced graphene oxide. Finally, glassy carbon electrode (GCE) /RGO-GOx 

based glucose sensor was fabricated. Thereafter, the sample was tested with different 

concentrations of glucose solution. It was also being subjected to ultraviolet-visible 

absorption spectrophotometry (UV-Vis), Fourier transform infrared spectroscopy 

(FTIR) and cyclic voltammetry (CV). From this study, the obtained results are allowed 

for assessment of an optimum and sensitivity of the GCE/RGO-GOx based glucose 

biosensor towards the glucose concentration. It can be concluded that GCE/RGO-GOx 

based glucose biosensor can detect circa 3 to 7 mM glucose.  
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ABSTRAK 

 

Graphene adalah alotrop satu atom -tebal karbon. Dengan ciri-ciri yang unik mekanikal 

dan elektronik, graphene telah dipromosikan sebagai bahan dalam sejumlah besar 

aplikasi. Khususnya, biosensor adalah alat untuk mengesan analit tertentu yang 

menggabungkan sebatian biologi dengan komponen pengesan fizikokimia . Terdapat 

tiga komponen utama yang melengkapkan biosensor iaitu unsur biologi sensitif, 

transduser atau pengesan unsur dan juga pemproses elektronik atau isyarat yang 

berkaitan. Prinsip kerja berasaskan graphene - elektrod enzim adalah berdasarkan 

kepada elektrokimia langsung enzim mana pemindahan elektron berlaku antara elektrod 

dan pusat aktif enzim tanpa penyertaan mana-mana pengantara atau reagen. Dalam 

kerja-kerja semasa, graphene berasaskan glukosa biosensor akan disediakan. Glukosa 

biosensor yang berasaskan konsept pengurangan graphene oksida (RGO)-glukosa 

oksidase (GOD) akan disediakan daripada serbuk grafit sebagai bahan permulaan . 

Sintesis bahan akan melibatkan pra- pengoksidaan grafit untuk grafit oksida diikuti 

dengan pengoksidaan lanjut untuk graphene oksida. Selepas itu, hidrazin monohydrate 

akan digunakan untuk menurunkan oksida graphene untuk graphene. Akhir sekali, 

glukosa biosensor GCE/RGO-GOx akan direka. Selepas itu, sampel akan diuji dengan 

kepekatan larutan glukosa. Ia juga akan tertakluk kepada ultraungu- dilihat penyerapan 

spektrofotometri , spektroskopi dan voltammetri berkitar. Dalam kajian ini, keputusan 

yang diperolehi akan membolehkan untuk penilaian sensitiviti optimum dan glukosa 

biosensor GCE/RGO-GOx berdasarkan kepekatan glukosa. Kajian ini menjangka 

bahawa GCE/RGO-GOx berasaskan glukosa biosensor boleh mengesan sekitar 3mM 

glukosa. 
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1 INTRODUCTION 

 

1.1 Background of Study 

Diabetes is increasing worldwide at an unprecedented pace and has become a serious 

health concern during the last two decades. It is a major cause of mortality in the age 

group of 20–79 years. Based on its rapidly increasing incidence, it has been declared a 

global epidemic by the World Health Organization (WHO) The metabolic disorder in the 

form of diabetes mellitus can cause the deficiency of insulin and hyperglycemia. The 

syndrome is typically reflected by blood glucose concentration that will show readings 

above normal range of 4.4-6.6 mM. Diabetes is a disease that can cause fatality if left 

untreated (Wang J., 2008). Therefore, the diagnosis and disease management require 

close monitoring of blood glucose levels. In this respect, glucose sensor, functions via 

breaking the glucose using enzyme, is the most common biosensor applied in blood 

glucose level testing  (News Medical; Yoo & Lee, 2010) 

 

Graphene is a one-atom-thick allotrope of carbon. It is tightly packed into a two 

dimensional (2D) honeycomb lattice and is a basic building block for graphitic materials 

of all other dimensionalities. It can be wrapped into zero dimensional (0D) fullerens, 

rolled into one dimensional (1D) carbon nanotubes, or stacked into three dimensional 

(3D) graphite (Geim & Novoselov, 2007). Recently graphene had emerged as an 

interesting material in a great number of applications. This can be attributed to its unique 

mechanical and electronic properties (Huang, 2010). More so, there are scarcities of 

studies into the use of graphene as a biosensor. Most of the prior graphene studies are 

related to its electronic properties and applications that are confined to gas and pH 

sensors (Hong et al., 2009). 

 

Therefore, in this study, graphene will be employed as material of choice for fabrication 

of glucose sensor. From this work, it is envisaged that a functionalized graphene sheets-

based bio-nanocomposite film will be developed and its application for sensitive glucose 

sensing will be demonstrated. 
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1.2 Problem Statement and Motivation 

At present, the glucose sensor available in the biosensor market has several problems. It 

is costly and time consuming to calibrate the accurate blood glucose level for diabetes 

mellitus patients. Most of the current glucose sensor employed metal electrodes such as 

platinum (Pt) and gold (Au) which made the materials cost increased.  Besides that, the 

enzymatic glucose biosensor has a short life span.   

 

To overcome these problems, a recently promising material which is graphene is 

employed in the research to develop a glucose sensor which it is cheaper compared to 

those existing materials gold and platinum as the electrode inside the biosensor. 

Graphene has the high conductivity and is a good semiconductor which can be reliable to 

use as a raw material to develop a glucose biosensor. 

1.3 Objective 

i. To develop a glucose sensor. 

ii.  To quantify the amount of glucose solution that can be detected by the 

developed graphene based glucose sensor. 

1.4 Scope 

To achieve the aforementioned objectives, the current scopes of research have been 

outlined: 

i. Fabrication of glucose sensor using graphene 

To model the degree of connection between glucose and the graphene based 

sensor and how the graphene based sensor detect the glucose level. 

ii. Quantification of the range of glucose level detection of graphene based 

glucose sensor 

To quantify the concentration of glucose solution that can be detected by 

graphene based glucose sensor according to human blood glucose level which 

is 4.4 to 6.6 mM. 
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2 LITERATURE REVIEW 

2.1 Diabetes Mellitus 

2.1.1 History of Diabetes Mellitus 

Diabetes mellitus is a metabolic disorder of multiple aetiology characterized by chronic 

hyperglycaemia with disturbances of carbohydrate, fat and protein metabolism causing 

from defects in insulin secretion, insulin action, or both. The effects of diabetes mellitus 

include long-term damage, dysfunction and failure of various organs. There are three 

major types of diabetes which are type 1 diabetes, type 2 diabetes and gestational 

diabetes (WebMD Site). 

Type 1 diabetes is used to be called as juvenile-onset diabetes because it often 

begins in childhood. It is also called as insulin-dependent diabetes. It caused by the body 

attacking its own pancreas with antibodies and also is an autoimmune condition. 

Normally the pancreas of people with type 1 diabetes is damaged and doesn’t make 

insulin. It could cause by genetic predisposition. The faulty beta cells in the pancreas that 

normally produce insulin also may be result in (Darwiche et al., 2012) 

The most common form of diabetes is type 2 diabetes. In type 2 diabetes, the body can’t 

obtain the glucose well because either the bodydoes not produce enough insulin or the 

cells ignore the insulin. Insulin is necessary for the body to convert glucose for energy 

(Frank et al., 2001). 

Gestational diabetes is normally found in pregnant women. Pregnant women who have 

never had diabetes before but who have high blood glucose are said to have gestational 

diabetes. Based on recently announced diagnostic criteria for gestational diabetes, it is 

estimated that gestational diabetes affects 18% of pregnancies (Sacks, 2011). Gestational 

diabetes starts when your body is not able to make and use all the insulin it needs for 

pregnancy. Without enough insulin, glucose cannot leave the blood and be changed to 

energy. Glucose builds up in the blood to high levels. This is called hyperglycemia. 
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Diabetes mellitus may present with characteristic symptoms such as thirst, polyuria, 

blurring of vision, and weight loss. In its most severe forms, ketoacidosis or a non-ketotic 

hyperosmolar state may develop and lead to stupor, coma and, in absence of effective 

treatment, death. Often symptoms are not severe, or may be absent, and consequently 

hyperglycaemia sufficient to cause pathological and functional changes may be present 

for a long time before the diagnosis is made. The long-term effects of diabetes mellitus 

include progressive development of the specific complications of retinopathy with 

potential blindness, nephropathy that may lead to renal failure, and/or neuropathy with 

risk of foot ulcers, amputation, Charcot joints, and features of autonomic dysfunction, 

including sexual dysfunction. People with diabetes are at increased risk of cardiovascular, 

peripheral vascular and cerebrovascular disease. 

Several pathogenetic processes are involved in the development of diabetes. These 

include processes which destroy the beta cells of the pancreas with consequent insulin 

deficiency, and others that result in resistance to insulin action. The abnormalities of 

carbohydrate, fat and protein metabolism are due to deficient action of insulin on target 

tissues resulting from insensitivity or lack of insulin. 

2.1.2 Current Methods of Glucose Level Detection for Diabetes Mellitus 

 

Previously the people with diabetes mellitus usually using an accurate method of 

measuring blood glucose concentrations by detecting both hyperglycaemia and 

hypoglycaemia. There are many types of glucose screening testing. One of those testing 

is fasting plasma glucose (FPG) which also a component of diagnostic testing. Fasting is 

defined as no food and beverage consumption other than water for at least 8 h before 

testing. FPG is a carbohydrate metabolism test which measures blood sugar levels and is 

used to diagnose diabetes. Relatively simple and inexpensive, the test exposes problems 

with insulin functioning (Baker, 2013). The FPG test is normally performed in clinical as 

it is easier and faster to perform, more convenient and acceptable to patients, and much 

cheaper. An FPG ≥ 126 mg/dL is an indication for retesting, which ought to be repeated 

on a different day to confirm a diagnosis. Oral glucose tolerance test (OGTT) is another 

diabetes test comes after FPG. When FPG is < 126 mg/dL and there is a high suspicion 
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for diabetes, an OGTT should be carrying out (Schneider et al., 2003). OGTT is testing 

the blood glucose level before and after intake of glucose solution which normally is 75 g 

of glucose.  The objective of undergo OGTT is to determine the ability of metabolising 

intake of sugar or carbohydrate of  the body.  

Table 2-1: Diabetes Mellitus and Prediabetic states as defined by the FPG and OGTT (75 

g anhydrous glucose) (Schneider et al., 2003). 

Fasting Plasma Glucose 2 h post OGTT Plasma Glucose Interpretation 

< 6.1 mmol/L And < 7.8 mmol/L No diabetes 

6.1 – 6.9 mmol/L And < 7.8 mmol/L Impaired fasting 

glycaemia 

< 7.0 mmol/L And 7.8-11.0 mmol/L Impaired glucose 

tolerance 

≥ 7.0 mmol/L And/Or 11.1 mmol/L Consistent with diabetes 

mellitus 

Continuous glucose monitoring system (CGMS) is also another blood glucose level 

testing for diabetes mellitus patients. It is a U.S. Food and Drug Administration (FDA) -

approved device that records blood sugar levels throughout the day and night. (Vashist, 

2013) The mechanism of CGMS is a tiny glucose sensing device also named as sensor 

inserted under the skin of the abdomen. The sensor measures the level of glucose in the 

tissue every 10 seconds and sends the information via a wire to a cell phone-sized device 

called a "monitor" that you attach to a belt or the waistline of your pants. The system 

automatically records an average glucose value every five minutes for up to seven days. 

The results of at least four fingers stick blood sugar readings taken with a standard 

glucose meter and taken at different times each day are entered into the monitor for 

calibration (Schulman et al., 1996). The main advantage of continuous glucose 

monitoring is that it can help identify fluctuations and trends that would otherwise go 

unnoticed with standard glycated haemoglobin (HbA1c) tests and intermittent finger stick 

measurements. 
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In both of these glucose level testing methods, glucose sensor is applied in their 

mechanism. There are three types of glucose sensors available in the current market, 

which were developed based on different technology platforms. The first type of glucose 

sensor is a classical amperometric sensor using thick film technology. The second type is 

a fiber-optic fluorometric glucose sensor based on oxygen measurement and third type is 

a spectroscopic glucose sensor using mid-infrared spectroscopy (CLINICIP, 2004). 

Amperometric glucose sensor is an enzymatic- electrochemical sensor. It was developed 

for CGMS based on a novel miniaturized planar sensor flow-through cell arrangement. 

The sensor, which was manufactured using polymer thick film technology, features four 

electrodes serving as the amperometric detection unit and for measuring conductivity. 

There a biocompatible selective diffusion barrier to protect the electrode surfaces and the 

enzyme immobilisate against interfering bio-compounds from the body fluid (CLINICIP, 

2004). The mechanism of amperometric sensors is employing an enzyme immobilized on 

the top of the working electrode (Wilson & Gifford , 2005). For example Clark-based 

amperometric sensors employ a glucose oxidase enzyme (GOD) then flavin adenine 

dinucleotide redox cofactor of GOD catalyzes the oxidation of glucose to glucarolactone, 

as shown in Equations (1) and (2): 

           (   )                  (     )   (1) 

   (     )        (   )           (2) 

The generated H2O2 is amperometrically assessed on the surface of working electrode by 

the application of the suitable redox potential, hence relating the current to glucose 

concentration (Malitesta et al., 1990), 

    
  
→      

           (3) 

A fiber-optic biosensor for glucose concentration detection has been designed, based on 

electrostatic self-assembly. The fibre-optic sensor system uses the enzyme-based 

oxidation of glucose, in combination with an optical oxygen sensor as transducer. A 

fibre-optic dual sensor setup was integrated into a flow-through cell. One sensor 

measures oxygen sensor only, while the second oxygen sensor is covered with an enzyme 
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layer (Bennett et al., 2006). The fluorescence of decacyclene (ex 385 nm, em 450–600 

nm) is quenched by oxygen. The ruthenium complex, tris(1,10-phenanthrolene)ruthenium 

chloride (ex 447 nm, em 604 nm), has also been used as an oxygen detector in enzymatic-

based glucose sensors by several groups, oxygen quenching the fluorescence of the 

ruthenium compound (Trettnak et al., 1988). The major advantage of this approach is the 

excellent selectivity of the oxygen optode transducer. The sensors have already been 

tested in both clinical studies and intensive care units with very promising results. 

Improvements of the transducers are currently underway, including the synthesis of new 

fluorophors with improved properties such as greater brightness and lower temperature 

dependence. 

Spectroscopic glucose sensor is a non-invasive optical technique to detect the glucose 

level. Existing non-invasive optical techniques include near infrared spectroscopy, 

Raman spectroscopy, photo-acoustic spectroscopy, femtosecond pulse interferometry, 

optical coherence tomography, and different types of fluorescence (Wang et al., 2008). 

The working principle of it is measuring the absorption of light at certain wavelength of 

relectance or transmittance in the blood solution. A non-invasive analysis of absorption 

ratio is carried out for different sets of the wavelengths. Changes in the detected 

reflectance or transmittance ratios are then correlated with specific material properties, 

such as the concentration of glucose in a subject’s circulatory system (Shao et al., 2012).  

 

Figure 2-1: The process of detecting a rat blood glucose level by using spectroscopic 

glucose sensor (Biophotonics). 
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Table 2-2: Comparison of current blood glucose level detection methods. 

Glucose level 

detection method 

Working Principle Sensitivity References 

Fasting plasma 

glucose 

Carbohydrate 

metabolism test by 

testing the plasma 

glucose. 

68% Baker, 2013 

Continuous glucose 

monitoring system 

A tiny glucose sensing 

device inserted under 

the skin of the 

abdomen. 

79% Schulman et al., 

1996 

Amperometric 

glucose sensor 

Enzymatic- 

electrochemical sensor 

- Wilson & Gifford , 

2005 

Fiber-optic 

fluorometric glucose 

sensor 

Combination of 

enzyme-based oxidation 

of glucose with an 

optical oxygen sensor as 

transducer. 

- Bennett et al., 2006 

Spectroscopic 

glucose sensor 

Measuring the 

absorption of light at 

certain wavelength of 

relectance or 

transmittance in the 

blood solution. 

75% Shao et al., 2012  
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2.2 Graphene 

2.2.1 History of Graphene 

Nearly 500 years, graphite has been known as a full and naturally mineral. B.C. Brodie, a 

British scientist was the first graphene oxide explorer in the early of 1859. B.C. Brodie 

was interested in the molecular formula of ‘‘graphite’’ and its discrete molecular weight. 

The oxidation of graphite by employed potassium chloride (KClO3) into slurry of 

graphite in fuming nitric acid (HNO3) was first proposed by him and named as Brodie’s 

method (Wang & Hu, 2011). After 40 years, L .Staudenmaier another scientist modified   

Brodie’s method. He replaced nitric acid with a mixture of sulphuric acid and nitric acid 

to increase the acidity of the reactants. Staudenmaier’s method is not applicable because 

it is hazardous and time-consuming (Gao, Graphite Oxide: Structure, Reduction and 

Applications, 2012). After 60 years of Staudenmaier’s strategy, chemists Hummers and 

Offeman in Mellon Institution of Industrial Research developed a different method for 

synthesis graphene oxide. Hummers’ method is less hazardous oxidation process by used 

potassium permanganate (KMnO4) instead of potassium chlorate (KClO3) as oxidizing 

agent (Wang & Hu, 2011). Potassium chlorate (KClO3) is flammable chemical oxidizing 

agents, so it is hazardous for the environment whereas potassium permanganate (KMnO4) 

has none of flammable characteristics. The whole oxidation process of Hummers’ method 

can finish within 2 h and final products have a higher degree of oxidation than 

Staudenmaier’s product. However, Hummers’ method usually incompletely oxidized 

graphite core with graphene oxide shells (Gao, 2012), so Kovtyukhova done some 

modification of Hummers’ method in 1999. Modified Hummers’ method was adopted to 

synthesize graphite oxide. The purpose of the modification was to assist graphite to 

achieve a higher degree of oxidation by pre-oxidation. 

Graphene in strictly two-dimensional (2D) crystals are known as not exist materials 

which argued by Landau and Peirels due to its thermodymically unstable. This argument 

was then strongly supported by Mermin through numerous of experimental observations. 

Throughout one of the experiment showed that graphene in dozens of atomic layers form 

become unstable when the melting temperature of the thin film decreases gradually 

together with the thickness. Due to this reason, atomic monolayer was known only as 

integral part of the three-dimensional (3D) structure where it only can grow on the top of 
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monocrystal layer with matching crystal lattice (Geim & Novoselov, 2007). In 2005, 

Professor Andre Geim’s group first studied the experimentally temperature quantum hall 

effect on a real piece of graphene, which was obtained by mechanical exfoliation of 

Highly Oriented Pyrolytic Graphite (HOPG). In 2010, Andre Geim and Konstantin 

Novoselov won the 2010 Nobel Prize in Physics due to discovery of graphene (Geim A. , 

2011). 

2.2.2 Properties of Graphene 

Graphene is a two-dimensional sheet of sp2-hybridized carbon. Graphene is a one-atom-

thick allotrope of carbon. It is tightly packed into a two dimensional (2D) honeycomb 

lattice and is a basic building block for graphitic materials of all other dimensionalities. It 

can be wrapped into zero dimensional (0D) fullerences, rolled into one dimensional (1D) 

carbon nanotubes, or stacked into three dimensional (3D) graphite (Geim & Novoselov, 

2007). 

 

Figure 2-2: The honeycomb lattice of graphene which can be wrapped up into 0D 

fullerences, rolled into 1D nanotube or stacked into 3D graphite (Geim & Novoselov, 

2007). 
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Recently graphene had emerged as an interesting material in a great number of 

applications. This can be attributed to its unique mechanical and electronic properties due 

to its long-range π-conjugation (Huang, 2010). Besides that, graphene provides excellent 

thermal conductivity, which is about 2000–4000 W·m
–1

·K
–1

 at room temperature (Pop et 

al., 2012).  

In the electronic properties studies of graphene showed that it has the ability to tune the 

charge carriers from holes to electrons continuously which produced high electrical 

conductivity. This is due to it is a zero-overlap semimetal with each atom is connected to 

three other carbon atoms on the two dimensional plane, leaving one electron freely 

available in the third dimension for electronic conduction (Bunch, 2008). Tests have 

shown that the electronic mobility of graphene is very high, with previously reported 

results above 15,000 cm
2
·V

−1
·s

−1
 and theoretically potential limits of 200,000 

cm
2
·V

−1
·s

−1
. This is because of the limitation of the scattering of graphene’s acoustic 

photons (Geim & Novoselov, 2007). 

Graphite is unique in that the elastic constants in the direction perpendicular are vastly 

different than the elastic constants along the basal plane. This was known for quite some 

time and was experimentally measured during the 1960s and 1970s. Due to the resurgent 

interest in graphene and few layer graphene structures, it is worthwhile to revisit this 

history of graphite (Kelly, 1981). Mechanical strength of graphene can be investigated by 

atomic force microscopy (AFM) (Zhu et al., 2010). It shows a Young’s modulus of 1.0 

TPa and a fracture strength of 130 GPa by AFM (Zhu et al., 2010).  

More so, there are scarcities of studies into the use of graphene as a biosensor. Most of 

the prior graphene studies are related to its electronic properties and applications that are 

confined to gas and pH sensors (Hong et al., 2009). 
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Table 2-3: Properties of Graphene. 

Properties Explanation References 

Structure A hexagonal carbon lattice 

which tightly packed into a 

two dimensional (2D) 

atomic crystal. 

Geim & Novoselov, 2007 

Physical properties It has high specific surface 

area, which is 2630 m
2
/g for 

single-layer of graphene 

- 

Electronic conductivity Above 15,000 cm
2
·V

−1
·s

−1
 

and theoretically potential 

limits of 200,000 

cm
2
·V

−1
·s

−1
. 

Geim & Novoselov, 2007 

Thermal conductivity thermal conductivity of 

graphene at room 

temperature is 

about 2000–4000 W m 
–1

 K 

–1
 

Pop et al., 2012 

Mechanical properties Graphene shows a Young’s 

modulus of 1.0 TPa and 

fracture strength of 130 GPa 

by AFM. 

Zhu et al., 2010 
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2.2.3 Application of Graphene 

Due to the unique features of graphene, it had been employed in different fields. Thus 

graphene and its derivatives are expected to find applications in many fields such as 

nanoelectronic devices, chemical and biological sensors, energy storage and biomedical 

fields which have been summarized in Table 2.2-4.  

Table 2-4: Applications of Graphene in Different Fields. 

 Application References 

Graphene Electronic 

nanodevices 

Field effect 

transistors 

Novoselov et al., 2004  

Transparent 

conductive films 

Kim et al., 2009  

Energy storage device Li-ion capacitors Paek et al., 2009  

Ultra Capacitors Stoller et al., 2008  

Fuel cell and solar 

cells 

Wu et al., 2008  

Sensors Electrochemical 

sensors 

Schedin et al., 2007  

Biosensors Kuila et al., 2011  

Biomedical 

engineering 

Gene delivery  Park et al., 2006  

Drug delivery Liu et al., 2008  

Tissue 

engineering 

Fan et al., 2010  

Cancer therapy Liu et al., 2008 
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2.3 Biosensor 

2.3.1 Principle of Biosensor 

Include Biosensor is a device employed for the detection of an analyte which combines a 

biological component with a physicochemical detector component (Sadana & Sadana, 

2011). A working biosensor is comprised of three sections viz. the sensitive biological 

element, the transducer or detector element and also the associated electronics or signal 

processors (Chaplin & Bucke, 1990). The analytical devices consist of a biological 

recognition element directly interfaced to a signal transducer for correlating the 

concentration of an analyte to a measurable response (Li C. , 2010). The first biosensor, 

an oxygen electrode was developed by Professor Leland C. Clark in 1956 (Palchetti & 

Mascini, 2010). Today, this industry is a billion dollar industry. Even recent survey by 

Global Industry Analysts, Inc. indicates that global chemical biosensor market will touch 

$17.3 billion by year 2015. This is largely driven by the potential of developing new 

product application and furthering the usages and functions of current biosensors (Global 

Industry Analysts, 2010).  

 

Figure 2-3: The working principle and components of biosensor (Grieshaber et al., 2008).  
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Biosensors can be divided according to their analytes and detection mode (Joshi, 2006). 

Graphene-based enzymatic electrodes are based on the direct electrochemistry of 

enzymes involves in direct electron transfer between the electrode and the active center 

of the enzymes without the participation of the mediators or others reagents (Yao & Shiu, 

2008; Shao et al., 2009; Gao et al., 2014).  There are various types of enzymatics 

electrodes made from graphene based biosensor i.e. glucose sensor, NADH biosensor, 

haemoglobin biosensor, HRP sensor, catechol biosensor and cholesterol biosensor. 

Table 2-5: Type of graphene based biosensor and detected element (Kuila et al., 2011). 

Sensor Type Detected element References 

Glucose biosensor Glucose Fan et al., 2010 

Cholesterol oxidase Cholesterol Dey & Raj, 2010  

NADH NADH Keeley et al., 2011  

HRP H2O2 Zhou et al., 2010  

 

2.3.2 Glucose Oxidase Biosensor  

In 1962 Clark and Lyons of the Cincinnati Children’s hospital first developed the device 

of glucose enzyme electrodes. Their first glucoseenzyme electrode relied on a thin layer 

of glucose oxidase (GOD) entrapped over an oxygen electrode via a semipermeable 

dialysis membrane. Measurements were made based on the monitoring of the oxygen 

consumed by the enzyme-catalyzed reaction: 

          
   
→                      (4) 

A negative potential was applied to the platinum cathode for a reductive detection of the 

oxygen consumption. 

     
              (5) 

This glucose enzyme electrodes started the entire field of biosensor. To measure the 

glucose concentration, 3 different transducers can be used. The first type is oxygen sensor 

that measures oxygen concentration and converts oxygen concentration into electrical 

current.Second type is pH sensor that measures the acid (gluconic acid) production and  
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converts pH change into voltage change. The third type is peroxide sensor that measures 

H2O2 concentration and converts peroxidase concentration into an electrical current. 

Yang et al. (2006) have developed a glucose biosensor using a platinum nanowire 

nanoelectrode array (NEA). The authors used nanowires to fabricate a biosensor array. 

Their biosensor was able to determine glucose concentration in the range of 10
-6

 to 3×10
-2 

M. They claimed that their biosensor has a high efficiency of signal transduction and is 

able to determine glucose concentration in real blood samples. Moreover, their 

nanostructing process not only has increased the surface area and the number of 

electroactive sities, it also extended the upper detection limit. Glucose oxidase was used 

in their research which is stable when adsorbed onto the electrode surface. 

Significantly, the application of graphene in highly sensitive and cost-effective biosensor 

can be developed in this field (Hansen et al., 2006). Noble nanoparticles (NPs) such as 

platinum exhibit electrocatalytic behavior to H2O2 and have been widely used for sensing 

application (Choi et al., 2011). Chitosan with abundant amino groups exhibits good 

biocompatibility (Liu et al., 2005) and excellent film-forming ability originating from its 

protonantion and solubility in slightly acidic solution and stability from insolubility in 

solution with pH over pKa (6.3) (Denuziere et al., 1998). These characteristics is suitable 

to immobilize bioactive molecules and to construct biosensor. Glucose oxidase will then 

be immobilized to form a bionanocomposite film. Finally, all the components will be 

combined to fabricate a graphene based glucose biosensor code-named reduced graphene 

oxide (RGO)-glucose oxidase (GOx). 
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2.3.3 Limitation of Current Glucose Sensor  

Most of the current methods for blood glucose self-monitoring are for patients to obtain 

blood sample from capillary blood several times daily and to apply this blood to a reagent 

strip and portable meter for measurement. Such intermittent testing is unpopular because 

of the dislike of multiple sampling with a lancet, and has the disadvantage of not being 

possible during the night or whilst driving a car, and of missing episodes or hyper- or 

hypoglycaemia which do not occur at the time of sampling. 

Current day sensors do not always work properly for the first few hours after insertion 

because the bodies immune system tries to fight against the foreign object causing blood 

sugar reading to not be as accurate as desired. The limitations for current continuous 

glucose monitoring system are the help of healthcare professionals is needed for the 

invasive procedure to apply the sensor. It has a limited funtional period which is between 

two to five days. There are possible of side effects for example skin infection. To get the 

glucose concentration, there are need for frequent re-calibrations which involved painful 

finger pricking to obtain the blood sample (Heinemann, 2006). It is usefulness and 

efficacy for people with type 2 diabetes is less known and potentially controversial, given 

the continuing controversy over the efficacy of self-monitoring of blood glucose (SMBG) 

in this cohort. Although more effective in predicting future levels of glucose, the out of 

pocket expense can be significantly higher because some insurance companies view this 

currently as experimental treatment (Vashist, 2013). 
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3 MATERIALS AND METHODS 

 

3.1 Chemicals 

Chemicals were procured from Sigma-Aldrich, Germany. Graphite powder purchased 

from Orioner Hightech Sdn Bhd with 325 mesh size was used as the raw material. 

Concentrated hydrochloric acid, sulphuric acid, potassium permanganate and hydrogen 

peroxide were used for the oxidation process whereby graphite powder was oxidized to 

graphite oxide. Subsequently, during the graphene oxide reduction stage, hydrazine 

monohydrate was used as the reducing agent. To utilize graphene as a glucose sensor, 

materials such as glucose, sulphuric acid, acetic acid, potassium chloride, phosphate 

buffer saline and hydrogen peroxide will be employed. All solutions used in the glucose 

sensor experiment were prepared from ultra-pure water. 

3.2 Sample Preparation 

3.2.1 Preparation of Graphene Oxide 

This graphite oxide was synthesized by graphite powder through pre-oxidation and 

oxidation process based on Hummers and Hummers Improved method (Pantelic et al., 

2009; Marcono et al., 2010). A total of 20 g of graphite powder was stirred in a heated 

solution of 30 ml H2SO4, 10 g K2S2O8 and 10 g P2O5 at 80°C for 30 min until dark blue 

mixture form. The mixture was cooled to 25°C inside the desiccator for 6 h. After that 

deionized water was added and the ingredient was filtered and washed until filtrate 

attains neutral pH. Then, the filtrate was dried overnight in vacuum desiccator at 25°C. 

Subsequently, 460 ml of concentrated H2SO4 was used to oxidise the graphite in the ice 

bath after the drying process. 60 g KMnO4 was added slowly with stirring and 

temperature of suspension was maintained at 20°C. Then, the ice bath was removed and 

the suspension was heated at 35°C for 2 h in a water bath until the suspension thickens 

and effervescence paste in brownish grey colour was formed. Then, 920 ml deionized 

water was added to the suspension followed by heating to 98°C for 15 min. Another 2.8 

L deionised water was then added together with 15 ml of 30% H2O2 and the suspension 

colour was change into bright yellow. After that, the suspension was filtered and filtrate 
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was washed with 5 L of 1:10 concentrated HCl. Finally, filtrate was dried overnight in 

vacuum desiccator at 25°C. 

3.2.2 Preparation of Conventional Chemically Reduced Graphene Oxide 

 

Reduction of graphene oxide started with the exfoliation of graphite oxide to graphene 

oxide (GO). A total of 0.5 mg/ml graphite oxide was ultrasonicated in 250 ml deionized 

water for 30 min (500kW, 40% amplitude). The brown homogenous GO produced was 

centrifuged at 10,000 rpm (CR 21GIII, Hitachi, Japan, R20A2) for 10 min to remove 

unexfoliated graphite oxide. After that, the solution pH was adjusted to pH 10 by using 

5M of KOH. Then, 10 mM hydrazine monohydrate was used to reduce GO in aqueous 

media. The resulting mixture was refluxed at 95°C for 24 h. Finally, the reduced 

graphene oxide (by hydrazine monohydrate (HRGO)) was filtered using 0.45 µm of 

PTFE membrane with vacuum filter funnel and dried in vacuum oven overnight. During 

filtration process, HRGO produced must be washed with copious DI water to remove the 

excess hydrazine monohydrate after reduction (Park & Ruoff, 2009). 

3.3 Preparation of Graphene Based Glucose Sensor 

3.3.1  Preparation of Reduced Graphene Oxide (RGO)/Glucose Oxidase (GOx) 

The RGO was prepared by dissolved 0.025g of reduced graphene oxide in 50 ml of ultra-

pure water. Then the mixture was sonicated 30 minutes to get the concentration of 0.5 

mg/mL RGO. The GOx concentration was fixed at 10 mg/ml by dissolving GOx in a 0.1 

M phosphate buffer saline (PBS) solution at pH 7. 

3.3.2 Pretreatment of Glassy Carbon Electrode (GCE) 

The GCE was polished with 0.05µm alumina slurry and Buehler polishing cloth. After 

that the GCE was washed with deionized water and ultrasonicated for 3 minutes each in 

water and ethanol then dried. 
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3.3.3 Fabrication of GCE/RGO-GOx Modified Electrode 

40 µL of RGO dispersion and 60 µL of GOx solution were mixed and sonicated in 

microcentrifuge tube for 30 minutes to produce RGO-GOx composite. Then 10 µL of the 

RGO-GOx composite was drop casted onto GCE and allowed to dry at room temperature. 

The RGO-GOx modified electrode was transferred to 0.05 mM PBS (pH 7.0) solution 

containing various concentration of glucose. The range of glucose concentration to be 

detected is 0 to 7 mM which covered up the normal human blood sugar level 4.4 to 6.6 

mM (Wang J. , 2008). The glucose was the electrochemically reduced to gluconic acid by 

performing cyclic voltammetry (15 cycles) from 0.5 to -0.5 V at a scan rate of 50 mVs
-1

. 

Figure 3-1 shows the structure layers of GCE/RGO-GOx that will be formed as a glucose 

sensor. The chemical reactions that will occur when GCE/RGO-GOx glucose sensor is 

employed to sense glucose concentration are as shown in Figure 3-2. 

 

Figure 3-1: The structure layers of RGO-GOx. (Hasan et al., 2011) 
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Figure 3-2: The reactions occurred during the GCE/RGO-GOx glucose sensor 

functioning (Hasan et al., 2011). 
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3.4 Instrumentation 

3.4.1 Ultraviolet-visible Absorption Spectrophotometry (UV-Vis) 

The UV-Vis absorption spectra of graphene oxide and reduced graphene oxide were 

collected using UV-Vis to detect and measure the reduction rate of graphene oxide to 

graphene. Absorption peak for reduced graphene at 230 nm red will shift to 270 nm 

while absorption peak for graphene oxide (GO) at 230 to 240 nm. 

3.4.2 Fourier Transform Infrared Spectroscopy (FTIR) 

FTIR was performed using Thermo Scientific iS50 FTIR to identify the functional 

group in samples. In this experiment, (Thermo Scientific iS50 FTIR) was planned to use 

over the wave number range of 4000-400 cm
-1

. 

3.4.3 Scanning Electron Microscope (SEM) 

Scanning electron microscope (SEM) is an analytical technique used in materials 

science to investigate the molecular surface and their electronic properties. The surface 

structure and characterization of graphene oxide and reduced graphene oxide by using 

hydrazine monohydrate were investigated through SEM analysis. This measurement 

was done by Central Lab of University Malaysia Pahang. 

3.4.4 Cyclic Voltammetry (CV) 

Cyclic voltammetric and amperometic measurements was performed to measure and 

detect the current at the working electrode and plotted versus the applied voltage. 

Electrochemical window of working electrode and electrolyte solution can examine the 

oxidation/reduction peak of redox species. If absence of redox analyte the cyclic 

voltammogram formed rectangular shape as voltage constantly varies the current got to 

steady state. 15 continuous cyclic voltammograms was executed in the potential range 

between -0.5 to 0.5 V while scan rate at 50 mV/s. The Camry PHE 200
TM

 of CV was 

employed in this analysis. 
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Figure 3-3: Instrumentation of glucose sensor signal processor. 

 

 

Figure 3-4: Experimental set up for detecting glucose concentration for GCE/RGO-

GOx. 
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4 RESULT AND DICUSSION 

 

4.1 Analysis of Reduced Graphene Oxide 

4.1.1 Ultraviolet-visible Absorption Spectrophotometry (UV-Vis) 

In oxidation of graphite oxide to unreduced graphite oxide (GO), the position of the 

Ultraviolet-Visible spectrophotometry (UV-Vis) adsorption peak of the dispersion was 

monitored. Based on Thakur & Karak (2012) research, unreduced GO dispersion is 

located at 230 nm and after the completion of reduction of GO the red shift of this C=O 

bond characteristics peak was observed at 270.9 nm for using phytoextracts as the 

reducing agent. 

The result obtained was compared with the previous studies (Li et al., 2008). The 

absorption peak of unreduced GO obtained was matched with the previous study which 

had the highest absorbance 1.886 at 230 nm wavelength shown in Figure 4-1. This 

showed that there are successful GO produced in this experiment. 

Besides that, the absorption peak of the GO dispersion at 230 nm was shifted to 270 nm 

after the reduction process by using hydrazine monohydrate refluxed at 95°C for 24 h. 

The highest absorbance detected is 1.658 at 270 nm wavelength shown in Figure 4-1. 

This peak shift phenomena proved that the reduction of graphene oxide to graphene was 

completed (Choi et al., 2011). 

 



 25 

 

Figure 4-1: UV-Vis spectra of GO (a) and reduced GO by hydrazine monohydrate 

(HRGO) (b) in aqueous dispersion. 

4.1.2 Fourier Transform Infrared Spectroscopy Analysis (FTIR) 

FTIR spectrum was performed using Thermo Scientific iS50 FTIR to identify the 

functional group in samples. In this experiment, (Nicolet Avatar 370 DTGS) was used 

over the wave number range of 4000-400 cm
-1

. The results of graphite, graphene oxide 

(GO) and hydrazine reduced graphene oxide (HRGO) which obtained from FTIR 

spectrum are shown in the Figure 4-2. Initially graphite only presents two intense bands 

which are 1540.59 cm
-1

 and 870.25 cm
-1

. After the oxidation stage, the graphite was 

further oxidised to graphene oxide. The presence of intense bands at 1623.03 cm
-1

 (for 

C−C stretching), 1053.84 cm
-1

 (for C–O stretching) and a broad band at around 3400 

cm
-1

 for hydroxyl group indicate the presence of oxygen containing moieties such as 

carbonyl, carboxylic, epoxy and hydroxyl in GO which showed that more functional 

group were appeared after oxidation.  
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Figure 4-2: FTIR spectra of graphite (a), graphene oxide (b) and reduced GO by using 

hydrazine monohydrate (c). 

Besides that, Figure 4-2 showed the differences of GO and HRGO. There are not 

perfectly reduction occurred in this experiment because not all functional group are 

fully reduced. In HRGO’s FTIR spectra, the hydroxyl group which present in GO was 

being reduced from 3332.05 to 3227.69 cm
-1

 and the peak at 1623.03 cm
-1

 (for C−C 

stretching) in GO was reduced to 1633.86cm
-1

. However the broad band at 1053.84 cm
-1

 

(for C–O stretching) in GO was fully reduced which was clearly disappeared in spectra 

of HRGO. Therefore, the aim of reduction of graphene oxide was achieved which are to 

remove the functional groups attach to the graphene basal. These functional groups are 

the main influencing factor towards conductivity of graphene. 

  

(a) 

(b) 

(c) 
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4.2 Qualitative Analysis of Reduced GO 

4.2.1 Scanning Electron Microscope Analysis (SEM) 

SEM micrographs of HRGO at lowest (10 µm) and highest (2 µm) resolution are shown 

in Figure 4-3. Based on the Figure 4-3, most of the samples were agglomerated together. 

The SEM images shown in Figure 4-3 (a and b) reveal an agglomerated like surface 

area appearance which indicates the well exfoliation after reduction. The typical 

crumpled and wrinkled HRGO on the rough surface of the film showed the yielded 

chemical functional groups such as carbonyl group and hydroxyl group. Meanwhile, it 

is cleared proved that the electrical conductivity of synthesized HRGO was good on a 

surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-3: SEM images of HRGO (a) 3.0KX and (b) 500X. 

 

 

 

  

       
 
 

                   
 
 

(a) 

 

(b) 
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4.3 Performance of RGO-GOx Based Glucose Sensor 

4.3.1 Cyclic Voltammetry Analysis (CV) 

Figure 4-4 shows the CVs of the RGO-GOx modified electrode in PBS (0.05M, pH 7) 

containing various concentrations of glucose under air saturation condition. This 

occurred process is known as biocatalytic reaction of glucose oxidase to glucose. 

During the oxidation of glucose, the reduction of the flavin group (FAD) imbedded in 

the enzyme occurred by reacting with glucose and formed FADH2, followed by 

reoxidation of the flavin to form FAD and H2O2 (Wang J. , 2008). The GOx is 

regenatered back through the reoxidation process. The equations bellow show how the 

process undergone: 

GOx (FAD) + glucose           GOx (FADH2) + gluconolactone   (1) 

GOx (FADH2) + O2           GOx (FAD) + H2O2     (2) 

 

 

Figure 4-4: Cyclic voltammograms at GCE/RGO-GOx in various concentrations of 

glucose solution (in 0.05M PBS). Glucose concentration: 0, 3, 4, 5, 6 and 7 mM from 

outer to inner. Scan rate: 50 mV/s. 
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Table 4-1: Concentrated of glucose solution detected. 

Concentration of glucose solution 

(mM) 

Current (A) 

0.0 -2.53×10
-05

 

3.0 -1.96×10
-05

 

4.0 -1.71×10
-05

 

5.0 -1.40×10
-05

 

6.0 -1.33×10
-05

 

7.0 -1.20×10
-05

 

 
Based on the result in Table 4-1, the relationship between glucose concentration and 

current had been plotted in Figure 4-5. As shown Figure 4-5, the peak current initiating 

from the reduction of O2 increased linearly with the increase of glucose concentration 

ranging from 0 to 7 mM with the correlation coefficient, R=0.9812. This working linear 

range of detection of this glucose sensor is adequate to practical application for 

detecting blood sugar concentration which is 4.4 to 6.6 mM (Wang J. , 2008).  

 

Figure 4-5: The glucose concentration versus current graph. 
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5 CONCLUSION 

 

5.1 Conclusion 

This project focuses on fabrication an economical glucose biosensor by using a cheap 

raw material which is graphene. Detection of glucose concentration is based on the 

oxidation method by using enzyme which is glucose oxidase. The minimum 

concentration of glucose can be detected is 3 mM and up to 7 mM of glucose solution 

by using GCE/RGO-GOx based glucose biosensor. This showed that GCE/RGO-GOx 

based glucose sensor can fully cover the normal human blood glucose level which is 4.4 

to 6.6 mM.  

5.2 Recommendations 

The research was completed in small scale which is not stabilized and the glucose used 

was purchased from Sigma-Aldrich. To verify the reliability of the sensor, the real 

blood sample was recommended to replace the manufactured glucose as the sample. 



 31 

REFRENCES 

 
Baker, J. (2013, May 17). dLifeTV. Retrieved May 16, 2014, from Blood Tests for 

Diabetes Diagnosis and Management: Fasting Plasma Glucose Test: 

http://www.dlife.com/diabetes/type-2/diabetes-diagnosis/fasting-glucose-test 

Bennett, L., Michael, V., & Gerard, L. (2006). Implantable Concanavlin a Based 

Sensors for Interstitial Fluid Glucose Sensing in Diabetes. New York: Springer 

Science+Business Media, Inc. 

Biophotonics. (n.d.). Retrieved May 17, 2014, from Finding Photonic Ways to Monitor 

Blood Sugar: http://www.photonics.com/ 

Bunch, J. (2008). Mechanical and Electrical Properties of Graphene Sheets. New York: 

Cornell University. 

Chaplin, M., & Bucke, C. (1990). Enzyme Technology. Cambridge Unversity Press. 

Choi, B., Im, J., Kim, H., & Park, H. (2011). Flow-injection amperometric glucose 

biosensors based on graphene/Nafion. Electrochimica Acta,56, 9721-9726. 

CLINICIP, c. (2004). Clinicip. Retrieved May 17, 2014, from Glucose Sensors: 

http://www.clinicip.org/ 

Darwiche, G., Mohammed, S., Aldawi, N., Skaria, S., & Tesfa, Y. (2012). Gastroparesis 

among Type 1 and Type 2 Diabetic Patients in the United Arab Emirates. 

Journal of Diabetes Mellitus, 96-106. 

Denuziere, A., Ferrier, D., Damour, O., & Domard, A. (1998). Chitosan-chondroitin 

sulfate and chitosanÐhyaluronate. Biomaterials 10, 1275-1285. 

Dey, R., & Raj, C. (2010). Development of an Amperometric Cholesterol Biosensor 

Based on Graphene-Pt. Physics Chemistry, 21427-21433. 

Fan, H., Wang, L., Zhao, K., Nan, L., Shi, Z., Ge, Z., et al. (2010). Fabrication, 

Mechanical Properties, and Biocompatibility of Graphene-Reinforced Chitosan 

Composites. Biomacromolecules, 2345-2351. 

Frank, B., Manson, J., Stampfer, M., Colditz, G., Liu, S., Solomon, C., et al. (2001). 

Diet, Lifestyle, and The Risk of Type 2 Diabetes Mellitus in Women. The New 

England Journal of Medicine, 790-796. 

Gao, W. (2012). Graphite Oxide: Structure, Reduction and Applications. Houston, 

Texas: Rice University. 

Gao, W., Tjiu, W., Wei, J., & Liu, T. (2014). Highly sensitive nonenzymatic glucose 

and H2O2 sensor based on Ni(OH)2/electroreduced graphene 

oxide−Multiwalled carbon nanotube film modified glass carbon electrode. 

Talanta volume 120, 484-490. 

Geim, A. (2011). Nobel Lecture: Random walk to graphene*. Reviews of Modern 

Physics, 851-863. 

Geim, A., & Novoselov, K. (2007). The rise of graphene. Nature Material, 183-191. 

Global Industry Analysts, I. (2010, February 17). PRWeb. Retrieved March 23, 2014, 

from http://www.prweb.com/releases/chemical/sensors 

Grieshaber, D., MacKenzle, R., Voros, J., & Relmhult, E. (2008, January 31). 

Electrochemical Biosensors - Sensor Principles and Architectures. Sensor, 1400-

1458. 

Hansen, J., Wang, J., Kawde, A.-N., Xiang, Y., Gothelf, K., & Collins, G. (2006). 

Quantum-Dot/Aptamer-Based Ultrasensitive Multi-Analyte Electrochemical. 

American Chemical Society, 2228-2229. 

Heinemann, L. (2006). Continuous glucose monitoring:overcoming the obstacles. 

Diabetes voice, 26-28. 



 32 

Hong, W., Wang, J., Kang, X., Wang, C., Wang, D., Liu, J., et al. (2009). Glucose 

biosensor based on immobilization of glucose oxidase in platinum 

nanoparticles/graphene/chitosan nanocomposite film. Talanta 80, 403-406. 

Huang, B. (2010). Electronic properties of boron and nitrogen doped graphene 

nanoribbons and its application for graphene electronics. Physics Letters A 375, 

845-848. 

Joshi, R. (2006). Biosensors. India: Isha Books. 

Keeley, G., O'Neill, A., Holzinger , M., Cosnier, S., Coleman, J., & Duesberg, G. 

(2011). DMF-exfoliated graphene for electrochemical NADH detection. Physic 

Chemistry, 7747-7750. 

Kelly, B. (1981). Physics of graphite. Springer Netherlands. 

Kim, K., Zhao, Y., Jang, H., Lee, S., Kim, J., Kim, K., et al. (2009). Large-scale pattern 

growth of graphene films for stretchable transparent electrodes. Nature Material, 

652-655. 

Kuila, T., Bose, S., Khanra, P., Mishra, A., Kim, N., & Lee, J. (2011). Recent advances 

in graphene-based biosensors. Biosennsors and Bioelectronics 26, 4637-4648. 

Li, C. (2010). Introduction and Overview of Biosensors and Electrochemistry. 

Nanoflorida Conference. Florida. 

Li, D., Muller, M., Kaner, R., Wallace, G., & Gilje, S. (2008). Processable aqueous 

dispersions of graphene nanosheets. Nanotechnology, 101-105. 

Liu, Y., Wang, M., Zhao, F., Xu, Z., & Dong , S. (2005). The direct electron transfer of 

glucose oxidase and glucose biosensor based on carbon nanotubes/chitosan 

matrix. Biosensors and Bioelectronics 21, 984-988. 

Liu, Z., Robison, J., Sun, X., & Dai , H. (2008). PEGylated Nano-Graphene Oxide for 

Delivery of Water Insoluble Cancer Drugs. J.Am. Chem. Soc, 10876-10877. 

Malitesta , C., Palmisano, F., Torsi, L., & Zambonin, P. (1990). Glucose Fast-Response 

Amperometric Sensor Based on Glucose Oxidase Immobilized in an 

Electropolymerized Poly( o-phenylenediamine) Film. Analytical Chemistry, 

2735-2740. 

Marcono, D., Kosynkin, K., Merlin , J., Sinitskii, A., Sun, Z., Slesarev, A., et al. (2010). 

Improved Synthesis of Graphene Oxide. ACS Nano. 

News Medical. (n.d.). Retrieved March 24, 2014, from http://www.news-

medical.net/health/Biosensor-Applications.aspx 

Novoselov, K., Geim, A., Morozow, S., Jiang, D., Zhang, Y., Dubonos, S., et al. (2004). 

Electric Field Effect in Atomically Thin Carbon Films. Science, 666-669. 

Paek, S., Yoo, E., & Honma, I. (2009). Enhanced cyclic performance and lithium 

storage capacity of SnO/graphene nanoporous electrodes with three-

dimensionally delaminated flexible structure. Nano Letters, 907-914. 

Palchetti, I., & Mascini, M. (2010). Biosensor Technology:A Brief History. Fiorentino. 

Pantelic, R., Meyer, J., Kaiser, U., Baumeister, W., & Plitzko, J. (2010). Graphene 

oxide: A substrate for optimizing preparations of frozen-hydrated samples. 

Journal of Structural Biology 170, 152-156. 

Park, S., & Ruoff, R. (2009). Chemical methods for the production of graphenes. 

Nature nanotechnology, 50-62. 

Park, T., Jeong, J., & Kim , S. (2006). Current status of polymeric gene delivery 

systems. Advanced Drug Delivery Reviews, 467-486. 

Pop, E., Varshney, V., & Roy, A. (2012). Thermal properties of graphene:Fundamentals 

and applications. Materials Research Society, 1273-1281. 

Sacks, D. (2011). Diabetes & Pregnancy: A Guide to a Healthy Pregnancy. American 

Diabetes Association. 



 33 

Sadana, A., & Sadana, N. (2011). Handbook of Biosensors and Biosensor Kinetics. 

Elsevier. 

Schedin, F., Geim, A., Morozov, S., Hill, E., Blake, P., Ktsnelson, M., et al. (2007). 

Detection of Individual Gas Molecules Adsorbed on Graphene. Natural 

materials, 652-655. 

Schneider, H., Shaw, J., & Zimmet, P. (2003). Guidelines for the Detection of Diabetes 

Mellitus- Diagnostic Criteria and Rationale for Screening. Clin Biochem Rev, 

77-80. 

Schulman, J., Rule, O., Whitmoyer, Lebel, R., Lucisano, J., & Mann, A. (1996). 

Glucose Monitoring System. Los Angeles: United States Patent. 

Shao, J., Lin, M., Li, Y., Li, X., Liu, J., Liang, J., et al. (2012). In Vivo Blood Glucose 

Quantification Using Raman Spectroscopy. Blood Glucose Quantification, 

1270-1278. 

Shao, Y., Wang , J., Wu, H., Liu , J., Aksay, I., & Lin, Y. (2009). Graphene Based 

Electrochemical Sensors and Biosensors: A Review. Electroanalysis, 1027-

1036. 

Stoller, M., Park , S., Zhu, Y., An, J., & Ruoff, R. (2008). Graphene-Based 

Ultracapacitors. Nano Letters, 3498-3502. 

Thakur, S., & Karak, N. (2012). Green reduction of graphene oxide by aqueous 

phytoextracts. Carbon 50, 5331-5339. 

Trettnak, W., Leiner, M., & Wolfbeis, O. (1988). Fibre optic glucose biosensor with an 

oxygen optrode as the transducer. Analyst, 1519-1523. 

Vashist, S. (2013). Continuous Glucose Monitoring Systems: A Review. Diagnostics, 

385-410. 

Wang, H., & Hu, Y. (2011). Effect of Oxygen Content on Structures of Graphite 

Oxides. Analytical Chemistry, 6132-6137. 

Wang, J. (2008). Electrochemical Glucose Biosensors. Chem.Rev.108, 841-825. 

WebMD Site. (n.d.). Retrieved May 13, 2014, from Diabetes Health Center: 

http://www.webmd.com/diabetes/types-of-diabetes-mellitus 

Wilson, G., & Gifford , R. (2005). Biosensors for real-time in vivo measurements. 

Biosensors and Bioelectronics, 2388-2403. 

Wu, J., Beceril, H., Bao, Z., Liu, Z., Chen, Y., & Peumas, P. (2008). Organic solar cells 

with solution-processed graphene transparent electrodes. Applied Physics 

Letters, 263302-263304. 

Yang, M., Qu, F., Lu, Y., He, Y., Shen, G., & Yu, R. (2006). Platinum nanowire 

nanoelectrode array for the fabrication of biosensors. Biomaterials, 5944-5950. 

Yao, Y., & Shiu, K. (2008). Electroanalysis. 1532-1548. 

Yoo, E.-H., & Lee, S.-Y. (2010). Glucose Biosensors: An Overview of Use in Clinical 

Practice. Sensors 10, 4558-4576. 

Zhou, K., Zhu, Y., Yang, X., Luo, J., Li, C., & Luan, S. (2010). A novel hydrogen 

peroxide biosensor based on Au–graphene–HRP–chitosan biocomposites. 

Electrochimica Acta, 3055-3060. 

Zhu, Y., Murali, S., Cai, W., Li , X., Suk, J., Potts, J., et al. (2010). Graphene and 

Graphene Oxide: Synthesis, Properties, and Applications. Advanced Materials, 

3906-3924. 

 
 

 



 34 

APPENDICES 
 

Reduction of GO by using hydrazine monohydrate at 95°C for 24 hours. 

The UV-vis spectra result of GO and reduced GO. 

 

TEST SETUP 
  GENESYS 10S UV-Vis v4.003 2L9Q068004 

   Scanning 4:10am 12Nov14 

Test Name ASE 
 Measurement Mode Absorbance 

Start Wavelength 200.0nm 
 Stop Wavelength 300.0nm 
 

Sample Positioner 
Manual 
6 

 Scan Speed Fast 
 Interval 5.0nm 
 ID# (0=OFF) 1 
 Auto Save Data On 
 Data File Name G1 
 

   

   ID# 4 
 Wavelength Abs 
 200 1.523 
 205 1.572 
 210 1.636 
 215 1.715 
 220 1.795 
 225 1.857 
 230 1.886 
 235 1.869 
 240 1.811 
 245 1.723 
 250 1.611 
 255 1.484 
 260 1.34 
 265 1.203 
 270 1.072 
 275 0.971 
 280 0.904 
 285 0.865 
 290 0.841 
 295 0.822 
 300 0.801 
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TEST SETUP 
  GENESYS 10S UV-Vis v4.003 2L9Q068004 

   Scanning 4:10am 16Nov14 
 Test Name ASE 
 Measurement 

Mode Absorbance 
 Start Wavelength 200.0nm 
 Stop Wavelength 300.0nm 
 Sample Positioner Manual 6 
 Scan Speed Fast 
 Interval 5.0nm 
 ID# (0=OFF) 1 
 Auto Save Data On 
 Data File Name G2 
 

   

   ID# 4 
 Wavelength Abs 
 200 0.971 
 205 0.921 
 210 0.928 
 215 0.943 
 220 0.983 
 225 1.036 
 230 1.102 
 235 1.187 
 240 1.284 
 245 1.409 
 250 1.509 
 255 1.569 
 260 1.62 
 265 1.648 
 270 1.658 
 275 1.559 
 280 1.523 
 285 1.481 
 290 1.409 
 295 1.367 
 300 1.319 
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Figures of characterization devices’ model.  

 

 

 
UV-vis spectrometry model HITACHI U-1800 

       

 

 

Thermo Scientific iS50 FTIR 

spectrometer 
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SEM device model EVO HD Carl Zeiss. 

 

 
 

Cyclic voltammetry device’s model Camry PHE 200
TM

. 

 


