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ABSTRACT 
Gold nanoparticles have been attracted great attention in research area especially in the field 
of biomedical sensing and biological sensing in recent years. 

Gold nanoparticles (AuNPs) were synthesized by electrodeposition technique on the surface 
of Graphene Foam (GF) by fast scan voltammetry with using Gold (III) chloride trihydrate as 
the solvent. Then, the synthesized of gold nanoparticles were used in electrochemical sensor 
and surface-enhanced Raman scattering for detection of sample analyt (hydrogen peroxide) 
and (methylene blue) respectively.  

The effect of deposition time and applied potential on the density of AuNPs was investigated 
in chloroauric acid as a supporting electrolyte. The deposition time was varied by the scan 
rate and applied potential range. Scanning electron microscopy (SEM) and Surface-Enhanced 
Raman Scattering (SERS) were used for characterization of synthesized AuNPs onto 
Graphene Foam. The results confirmed that gold nanoparticles were deposited on the GF 
substrate with almost spherical geometry. 

The SERS performance of AuNP-Graphene foam was evaluated using methylene blue (1 
nM/L) as a SERS probe molecule. The method is based on drop-drying an analyte solution 
onto a substrate surface and subsequently analyzed by Raman spectroscopy. 

Herein, we report the study on the formation of GNPs decorating on Graphene foam, with 
different applied potential and time.         
  

Keywords:   Gold nanoparticles, Graphene Foam, Electrochemical, SERS, SEM. 

   

 

 

 

 

 

 

 

 

 

 

 



iv 
 

TABLE OF CONTENTS 
CHAPTER TITLE PAGE 

TITLE PAGE i 
ACKNOWLEDGEMENTS ii 
ABSTRACT iii 
TABLE OF CONTENTS iv 
LIST OF FIGURES vi 
LIST OF TABLES viii 

                        LIST OF ABBREVIATIONS                            ix  

                                                                              

1                     INTRODUCTION 1 
1.1 General background 1 
1.2 Scope 2 
1.3 Objectives 2 

 

2                     LITERATURE REVIEW 3 
2.1 Introduction of gold nanoparticles 3 
2.2 Synthesis of gold nanoparticles 4 
2.3 Synthesis of gold nanoparticles capped with citrate 4 
2.4 Synthesis of gold nanoparticles capped with PVP 4 
    2.4.1 Cold proess 5 
    2.4.2 Hot process 5 
2.5 Size control of gold nanoparticles in citrate reduction 6 
2.6 Charaterization of the synthesized gold nanoparticles 7 

2.6.1 Transmission electron microscopy 8 
    2.6.2 UV-vis spectroscopy 8 
2.7 Application of synthesized gold nanoparticles 9 
   2.7.1 Raman scattering 9 
   2.7.2 Surface-enhanced Raman scattering  10 
   2.7.3 Electrochemical detection 13 
2.8 Graphene 13 
2.9 Graphene foam 14 
2.10 Amperometric sensor 15 
2.11 Cyclic voltammetry 16 
2.12 Anodic stripping voltammetry 17 
2.13 Sensors 18 

 

3                     MATERIALS AND METHOD 19 
3.1 Material and equipment 19 

3.1.1 Chemicals 19 
3.1.2 Synthesized and charaterization equipment 19 

    3.1.2.1 PST instruction 20 
    3.1.2.2 Scanning electron microscopy 21 
    3.1.3 Hydrogen peroxide 21 
    3.1.4 Biosensors 22 
3.2 Methodology 23 



v 
 

   3.2.1 Experimental layout 23 
                           3.2.2 Nano-biosensor 25 
 

4                     RESULTS AND DISCUSSIONS 26 
4.1   Synthesis of gold nanoparticles on graphene foam 26 
4.2   Electrochemical response of GNPs-decorated graphene–foam   36     
        electrode and graphene-foam only electrode toward hydrogen  
        peroxide detection 
4.3   Characterization of the synthesized gold nanoparticles 39 

4.3.1 SEM 39 
    4.3.2 SERS 40 

 

5                     CONCLUSIONS AND RECOMMENDATIONS 41 
5.1 Conclusion 41 
5.2 Advantages of gold nanoparticles 42 
5.3 Recommendation 43 

 

                       REFERENCES                                                                                                  44 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vi 
 

LIST OF FIGURES 
FIGURE TITLE PAGE 

Figure 1.1 Graphene foam (a) deposited with gold nanoparticles, and             2
 (b) non-deposited    
Figure 2.1 The process of metallic nanoparticles synthesis          5 
Figure 2.2 TEM images (a-c) of the average size of gold nanoparticles      6     

synthesized using different ratio of /    
Figure 2.3 Size evolution of gold nanoparticles in different rate and different  7 
 time scale 
Figure 2.4 TEM images of gold nanoparticles synthesized by varying the pH 7 
Figure 2.5 Absorbance of gold nanoparticles at 520 nm 8 
Figure 2.6 Energy level diagram of Rayleigh and Raman scattering 9 
Figure 2.7 Rayleigh, Stokes and anti-Stokes peaks respectively. Since 10                            

Anti-stokes requires that molecules are initially at the first                               
excited vibrational states, which is much less probably than in the ground state 
at room temperature (Stokes case). Therefore, Stokes scattering intinsity is 
much higher than of anti-Stokes, and usually we measure Stokes signal  

Figure 2.8 Raman Spectroscopy: Green and red lines represent incident and      11   
scattering lights respectively. Notch filter is used to filter out the Rayleigh 
scattering and only Raman scattering to be remained  

Figure 2.9 (a) Raman spectrum of solid methylene blue powder and (b) SERS   12 
Spectrum of 10   methylene blue dropped onto AuNP-chitosen film  

Figure 2.10 The Graphene foam is macroscopic in total size (left), yet has        15 
nanoscopic internal structures (right)      

Figure 2.11 The principle cyclic voltammetry. (A) applied potential. (B) the 17                        
flowing current as function of time. (C) cyclic voltammetry curve which 
shows the current as function of potential  

Figure 2.12 The principle of anodic stripping voltammetry 18 
Figure 3.1 Illustration of the three electrodes set up for experimental        21  

electrochemical measurements  
Figure 3.2 Process steps for synthesis of Au-nanoparticles                                               23  
Figure 4.1 Cyclic voltammetry. Current vs voltage for water at graphene foam as       28  

modified electrode  
Figure 4.2 Cyclic voltammetry of hydrogen peroxide at scan rate in 50mV/s  29 
Figure 4.3 Amperometric detection of Au-Graphene foam at -1Volt 30 
Figure 4.4 Amperometric detection of Au-Graphene foam at +1Volt 30 
Figure 4.5 The current changes as function of time at (V=2Volt) 31 
Figure 4.6 Current changes as function of time at (V=-2Volt) 32 
Figure 4.7 The change of current as function of time at -2Volt during 60  33 
 and 120 second 
Figure 4.8 Amperometric detection of the current as function of time at -0.1Volt      33 

for 60 second  
Figure 4.9 Amperometric detection of Au-GF at -0.3Volt at 60 second 34 
Figure 4.10 Amperometric detection of Au-GF at -0.3 Volt at 120 second 35 
Figure 4.11 Amperometric detection of Au-GF at -0.3Volt at 180 second 35 
Figure 4.12 Amperometric detection of Graphene foam modified                      36       

electrode toward hydrogen peroxide  
Figure 4.13 Amperometric detection of gold nanoparticles synthesized                    37  

onto  graphene foam modified electrode toward hydrogen peroxide                                                                                                                           



vii 
 

Figure 4.14 Red color is the gold nanoparticles synthesized onto graphene                      38 
foam and blue color is the graphene foam modefied electrode                                                                                                          

 in hydrogen peroxide 
Figure 4.15 SEM of micrograph of the gold nanoparticles synthesized                         39   

on graphene foam at 60 second      
Figure 4.16 SEM of micrograph of the gold nanoparticles decorated                    39          

on graphene foam at 120 second                                                                                                                           
Figure 4.17 SERS spectrum of 1nM methylene blue dropped onto                         40 

AuNP-graphene foam  
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



viii 
 

LIST OF TABLES 
TABLE TITLE PAGE 

Table 3.1 List of chemicals used for synthesis of GNPs 19 
Table 3.2 List of instruments used for synthesis of GNPs 20 
Table 4.1 Experimental conditions of synthesized GNPs on GF for different 27
 times and voltages 
  
 
  



ix 
 

LIST OF ABBREVIATIONS 
              Abbreviation                                  Full Form 

                GNPs                                              Gold Nanoparticles 

                AuNPs                                            Gold Nanoparticles 

                DNA                                               Deoxyribonucleic acid 

                SEM                                               Scanning Electron Microscopy 

                TEM                                               Transmission Electron Microscopy 

                SERS                                              Surface -Enhanced Raman Scattering 

                UV-vis                                            Ultra Violet-visible 

                CV                                                  Cyclic Voltammetry 

                GF                                                   Graphene Foam 

                ASV                                                Anodic Stripping Voltammetry 

                3D                                                   Three-Dimensional 

                CVD                                                Chemical Vapor Deposition 

 

 

 

 

 



1 
 

CHAPTER 1 
INTRODUCTION  

                                              
1.1 General background        

The term Nano can be traced back to the Latin nanus and further back to the Greek word 
Nanos, which means small and it is used as in certain meaning to mean one-billionth part 
of10 , and has evolved to indicate extreme smallness. Therefore, nanoparticles are those 
particles which have two or more than two dimensions and are in the size range of 1 – 100 nm 
(Alanazi et al., 2010, Khan et al., 2014, Rosi and Mirkin, 2005). 

However, gold nanoparticle has been attract great attention in research area in recent years, 
especially in the field of biological tagging, chemical and biological sensing, optoelectronics, 
photo thermal therapy, biomedical imaging, DNA labelling (Alanazi et al., 2010), microscopy 
(Kim and Jon, 2012),  Surface-Enhanced Raman Spectroscopy, tracking and drug delivery 
(Deb et al., 2011, Han et al., 2007, Huff et al., 2007) , catalysis (Tedesco et al., 2010)  because 
they have unique electrical and magnetic properties due to their shape and size. Moreover, 
surface Plasmon nanoparticles such as gold nanoparticles could be used successfully for 
diagnostics and cancer therapy (Khan et al., 2014, Li et al., 2009, Mishra et al., 2012).  In 
addition, Gold nanoparticles based sensors have been used for detection of copper, mercury 
lead and arsenic in water by working on the principle of color change due to the aggregation 
of gold nanoparticles (Paclawski et al., 2012). 

Generally, Gold nanoparticles absorb electromagnetic waves of specific wavelengths. 
Therefore, it is depending upon the following parameters: particles size and shape, inter-
particle distance, and dielectric constant of the material surrounding the nanoparticle. 

Although GNPs are defined by small size, remarkably use in many commercial, biomedical 
and industrial application (Connor et al., 2005).  For instance, surface Plasmon resonance 
property of GNPs make them most suitable engineered nanomaterial for bio- imaging, 
biomedical therapeutics (Ghosh et al., 2008, Lee et al., 2005), bio-sensing (Cheng et al., 
2006),  and bio-diagnostic tools (Verma et al., 2014). 

“The stability of suspension depends not only on size, shape but also on liquid medium. The 
liquid in which nanoparticles suspend can effect on the surface charge of nanoparticles. 
Surface charge leads to repulsive forces between nanoparticles and keeps them far from each 
other, which results in a high stability of suspension”  (Bac et al., 2011).  

Common negative charge accumulated on the surface of the nanoparticles prevents the 
particles from physical contact (repulsive force has to be stronger than van der Waals forces 
and the thermodynamic forces.) 

Syntheses of gold nanoparticles were done by reduction of reaction between trisodium citrate 
( . 2 ) and tetrachloroauric acid or Gold (III) chloride trihydrate 
( . 3  ) (Li et al., 2011). The size and size distribution of nanoparticles are 
dependent on concentration of gold salt, trisodium citrate, temperature and mixing rate.  

However, the morphology, shapes and size of synthesized NGPs have characterized with SEM 
and SERS (Michaels et al., 1999). Therefore, these properties are dependent on the particle 
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size, shape and liquid medium. Figure 1.1 shows the Graphene Foam sample with deposited 
and non-deposited gold nanoparticles (Kelly et al., 2003).       
  

                    

(a)                                                          (b)      
  

Figure 1.1 Graphene foam, (a) deposited with gold nanoparticles, and (b) non-deposited 

1.2 Scope            

The aim of present study was to synthesis of gold nanoparticles on Graphene Foam surface 
with using electrodepositing technique and its application to electrochemical and SERS based 
sensor.              

1.3     Objectives 

1. Synthesis gold nanoparticles on Graphene Foam surface using electrodeposition 
2. Vary deposition conditions (voltage and time) 
3. Demonstrate the ability of using synthesized Au-decorated Graphene Foam electrode 

to Amperometrically detect sample analyte (H2O2). 
4. Demonstrate the applicability of using the Au-decorated Graphene Foam for Surface-

Enhanced-Raman-Scattering detection of methylene blue. 
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CHAPTER 2 
LITERATURE REVIEW 

 
2.1 Introduction of gold nanoparticles 

Gold metal for most chemical reaction is inactive when it is in its substance form. Therefore, 
its chemistry properties changes dramatically, when the gold was synthesized as Nano sized 
particles. Nevertheless, it has a good role to catalyze oxidation reaction at low temperature 
(Yazid et al., 2010).  

Properties of gold and  its gold nanoparticles are different together because the color of the 
bulk gold is yellow solid and it is inert in nature while gold nanoparticles are wine red solution 
and have been anti-oxidant (Deb et al., 2011). Gold nanoparticles (Au NPs) are the most stable 
nanoparticles (Daniel and Astruc, 2004). 

“Generally, gold nanoparticles are produced in a liquid (“liquid chemical method”), by 
reduction of chloroauric acid ( ), although more advanced and precise methods do 
exist. After dissolving , the solution is rapidly stirred while a reduced agent is added. 
This causes  ions to be reduced to neutral gold atoms (  ). As more and more of these 
gold atoms form, the solution becomes supersaturated, and gold gradually stars to precipitate 
in the form of sub-nanometer particles” (Biosselier and Astruc., 2009, Chow et al., 1993). 

The results confirmed that the highly dispersion of AuNPs on the surface of Graphene Nano 
sheets could be easily obtained via this simple and facile procedure. If the solution is stirred 
vigorously enough, the particles will be fairly uniform in size (Wang et al., 2013).  

Gold nanoparticles (AuNPs) were deposited on the surface of Graphene Foam by using 
chloroauric acid as the solvent and reducing agent. Gold nanoparticles (GNPs)  (Buining et al., 
1997, Thomas and Klibanov., 2003)  or Au nanoparticles (Au NPs) (Dammer et al., 2009, Li 
et al., 2009, Tsai et al., 2004), also named as gold colloids, suspended in a solution are the 
most compatible nanomaterial which have attracted increasing attention because they have 
more application due to their unique physical and chemical properties (Lan et al., 2004, 
Schmid and Corain., 2004, Ghosh et al., 2008, Biosselier and Astruc., 2009), for fabrication of 
smart sensing devices in biomedical science as bio-diagnostic tools application (Rosi and 
Mirkin., 2005).  

Gold nanoparticles could be synthesized with different concentration and size distribution of 
well-dispersed suspensions. The sizes of GNPs have been determined by measuring the 
diameter of whole particles (Verma et al., 2014, Kah et al., 2008).  

The reduction of gold ions formed the GNPs with varying sizes in the presence of appropriate 
stabilizing agents cap the particles and prevent from particles aggregation (Ghosh et al., 2008, 
Pillai and Kamat, 2004). The Au nanoparticles size and size distribution are not similar 
because they are depended on the ambient environment. The stability of gold nanoparticles are 
connect to  potential value which applied on the materials because it will make a repulsive 
force and kept the GNPs away from each other, which results in a high stability of suspension  
(Bac et al., 2011). 
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2.2 Synthesis of gold nanoparticles 

In this section we describe the newly developed technique for different synthesis methods of 
gold nanoparticles for the controlled deposition of tetrachloroauric acid on Graphene 
Foam. However, different sizes of gold nanoparticles were prepared by altering the ratio of 

 and the reducing agent (Chithrani et al., 2009). The initial gold concentration, 
trisodium citrate concentration and temperature have been changed and affect the particle size 
and size distribution as were observed with SEM and SERS (Verma et al., 2014).  

The following section two different coating agents were explained which used in synthesis of 
AuNPs.  

2.3 Synthesis of gold nanoparticles capped with citrate 

Gold nanoparticles were prepared by citrate reduction of 
. 3 . However, this method introduced by J. Turkevish In 1951.The basic 

experimental approach and shows the effect of the temperature and reagent concentration on 
the nanoparticle size and size distribution (Turkevich et al., 1951),  and  G. Frens in 1973, 
(Frense., 1973) found the variation of size of GNPs by changing the concentration of sodium 
citrate (Zabetakis et al., 2012). Therefore, after the required amount of . 3  solution 
heats to the boiling point while stirring vigorously, then trisodium citrate adds very quickly. 
Generally, this method used to produce spherical gold nanoparticles suspended in water. The 
colloidal gold will form because the citrate molecules act as both a reducing and capping 
agents, allowing for formation of the AuNPs. In the other word, the citrate reduction of gold 
nanoparticles, serve as the reductant and stabilizer agents (Pillai and Kamat, 2004). Moreover, 
the citrate reduction method is the best candidate for extent of GNPs because it is inexpensive 
reductant, non-toxic water solvent, and low pollution in the reaction. 

To produce large particles, less sodium citrate should be added in varying amount of auric 
acid. “An immediate color change from pale yellow to deep red occurred within 10 minutes. 
The solutions were kept at the boiling point for 15 minutes to assure the completion of the 
reaction and finally allowed to cool at room temperature” (Nur, 2013). The reduction in the 
amount of sodium citrate will reduce the amount of the citrate ions available for stabilizing the 
particles, and this will cause the small particles to aggregate into bigger ones until the total 
surface area of all particles becomes small enough to be covered by the existing citrate ions 
(Frense., 1973, Ji et al., 2007).          

2.4 Synthesis of Gold nanoparticles capped with PVP 

Stabilization of AuNPs were done by Polyvinyl pyrrolidone (PVP)  
( ) prepared by using two different synthesis methods. The main different between 
these methods are about the synthesis temperature. One of the methods required at room 
temperature for mixture of gold and PVP solution and it will be called cold method while the 
other synthesis method was required the heating solution up to 70  and it will be referred hot 
method. 
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2.4.1 Cold process 

In this method Polyvinyl pyrrolidone (PVP) was added to a solution of tetrachloroauric acid 
under vigorous stirring at room temperature. Then a NaOH was added to initiate reduction of 
the gold ions which was capped and stabilized by PVP. Therefore, in order to gain different 
size of gold nanoparticles the ratio of tetrachloroaurci acid to copping agent were altered.  

2.4.2 Hot process 

In this method in order to making gold nanoparticles, first, a known amount of tetrachloroauric 
acid was weight and then dissolved in water. Then various amount of PVP solution were 
added because of to achieve different sizes of gold nanoparticles. However, the final solution 
of HAuCl4.3H2O and PVP in water were heated up to 70  for 3 hours, then, cooling at room 
temperature. With permission from Yusuf Nur (2013). 

However, in figure 2.1 shows the metallic nanoparticle synthesis procedure the Citrate, 
Borohydride, Alcohols act as the reducing agent in nanoparticles. For example, the following 
equation is the chemical analysis for the reaction where the hydroxylamine is as reduction 
agent for gold chloride 

 

Figure 2.1 The process of metallic nanoparticle synthesis. Reprinted from Stripway 
(2000) 

  
+ → + 4 +  

+ 3 →  

Here,  is the reducing agent which was oxidized and release free electron, and  is 
reduced into   (Turkevich et al., 1953).   
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 2.5 Size control of GNPs in citrate reduction 

The size and size distribution of gold nanoparticles depend on many factors. There are some 
factors demonstrated which effect on the size of gold nanoparticles. “Frens in 1970” clearly 
has found that one of the factors is the changing the concentration of sodium citrate. Which 
resulting the different size of gold nanoparticles. However, when the concentration of the 
sodium citrate decreased, the number of nuclei could be decreased. In contrast, the final size of 
GNPs should increase when the concentration of sodium citrate decreased.  

The other factor which could be effected on variation of size of GNPs is the changing the 
initial molar ratio between sodium citrate ( ) and Auric acid ( ), the /
  ratio. 

TEM were used for showed the evolution of the size, size distribution and shape of GNPs for 
several reactions for /  ratio. Therefore, as seen the figure 2.2 when the ratio of 
sodium citrate at constant auric acid changed the size and distribution of size GNPs were 
changed. The figures clearly show when the ratio of sodium citrate increased the size of GNPs 
decreased, while the distribution of size were increased. 

         

Figure 2.2 TEM images (a-c) of the average size of gold nanoparticles synthesized using   
different ratio of /  . Reprinted from (Ji et al., 2007) 

However, time is another factor which could be has effect on the size and size distribution of 
GNPs. At the initial time many small nuclei generated, and then aggregated to form particles 
with irregular shapes. Figure 2.3 clearly shows that the average size of the gold nanoparticles 
were increased until it reached a stable size with the increased of time while the distribution of 
the particles decreased. On the other hand, in most cases, single and close to spherical particles 
were the major products, although some small aggregates be observed. In contrast, when the 
ratio of the /  increased, the tendency of aggregation decreased (Yang et al., 
2007). 
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Figure 2.3 Size evolution of gold nanoparticles in different rate and different time scale 
Reprinted from (Ji et al., 2007) 

Ultimately, another factor which affects the size of gold nanoparticles is the pH of the 
reaction. Generally, the results indicate that when the pH were increased the size of particles 
decreased. As seen in figure 2.4 the pH of sodium citrate increased from 3.7 to 5.8, the size of 
particles is decreased (Yang et al., 2007). However, the particles would be high stable when 
increased the pH due to complete charging of the clusters because of the maximum repulsive 
electrostatic interaction (Weisbecker et al., 1996, Mayya et al., 1997).  

 

Figure 2.4 TEM images of gold nanoparticles synthesized by varying the pH. Reprinted 
from (Ji et al., 2007) 

2.6 Characterization of the synthesized gold nanoparticles 

There are some techniques have been used to characterized the synthesis of gold nanoparticles. 
However, in following section will introduce the different techniques which show hoe these 
techniques have been applied for the related sample preparation steps.   
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2.6.1 Transmission electron microscopy 

The morphology, distribution, structure and the size of the prepared gold nanoparticles or Au 
nanoparticles (Li et al., 2008) were observed by transmission Electron microscopy (TEM) 
(Schmid and Corain, 2004). In the other word, the size and size distribution of gold 
nanoparticles analyses by transmission electron microscopy (Lan et al., 2004, Zhou et al., 
2006, Mocanu et al., 2009, Kawamura et al., 2009, Storhoff et al., 1998, Bar, 1996, Petroski et 
al., 2009, Ma et al., 2009). Therefore, a drop of gold suspension on Graphene Foam, dry at 
room temperature and then would subjected to electron-microscopic chamber for observation. 
The UV-vis spectroscopy method could be used in the wavelength range of 300-800 nm for 
absorption spectrum of gold nanoparticles. It detects concentration variation in the colloid by 
scanning the whole height of the sample in transmission and backscattering (Han et al., 2007). 

2.6.2 UV-vis spectroscopy 

In order to characterization of gold nanoparticles Spectrophotometry is using to characterize 
the GNPs. However, when the particles size increased, the absorption peak shifts to longer 
wavelength. In addition, the width of absorption spectra is related to the size distribution 
range. Because of surface Plasmon resonance and show heavy absorption of visible light at 
520 nm. Therefore, gold nanoparticles show a single absorption peak in the visible range 
between 510 – 550 nm. The gold nanoparticles show as brilliant red color, would be varies 
according to their size. The figure 2.5 shows that the absorption of gold nanoparticle was 
measured in single beam spectrophotometer. 

 

Figure 2.5 Absorbance of gold nanoparticles at 520 nm. Reprinted from Verma et al., 
(2014) 
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2.7 Application of synthesized gold nanoparticles 

Generally, the synthesized gold nanoparticles were using in order to detect the analyte and 
show the amount of the different substance in analyte. The following section briefly 
introduced the two common applications of synthesized gold nanoparticles in electrochemical 
sensing and surface-enhance Raman scattering (SERS).       

2.7.1 Raman scattering 

Raman scattering, is the fundamental principle of Raman spectroscopy. However, in 1928, Sir 
Chandrasekhara Venkata Raman (C.V. Raman) and Kariamanikkam Srinivasa Krishnan (K.S. 
Krishnan) searched out that the incident light and scattered light are not same together (Mallik, 
2000).  Therefore, in 1930, Sir C.V. Raman was awarded a Nobel Prize in physics for the 
effect of the scattering light. Hence, this technique is named in honor of one of its discoverers, 
Sir Raman (Vaskova, 2011).  

When the LASER beam interaction with the sample the molecules were changing from its 
initial state to vibrational state. Therefore, the Raman scattering results from an inelastic light 
scattering. The figure 2.6 shows the Rayleigh and Raman scattering in different level energy. 

 

Figure 2.6 Energy level diagram of Rayleigh and Raman scattering. Reprinted from 
(Vaskova, 2011) 

However, there are two types of Raman scattering depending on negative or positive 
frequency shifts. In one type the scattered light has lower energy than the incident light, hence 
it called Stokes Raman scattering, and the other type, the scattered light has higher energy than 
the incident light, hence it called (anti-Stokes of Raman scattering). In the Rayleigh scattering 
the incident and scattered light have same energy. The probability of anti –Stokes is very less, 
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therefore for analyzing and characterization of particles only could be used from the Raman 
scattering. Moreover, the Raman scattering depends with some factors, such as, excitation 
wavelength of the used laser, used excitation power, changes in polarizability of the 
molecules, and the amount of Raman active molecules illuminated by the laser beam and 
temperature (Vaskova, 2011).          

2.7.2 Surface-enhanced Raman scattering  

When the electromagnetic light collision with molecules, the incident light must induce an 
electric dipole moment, thereby the molecule changes from (low energy state) ground state to 
(high level energy state) vibrational state, therefore the formula has written as 

                                                  =  

Here,  is the polarizability of the molecule, E is electric field, and µ is dipole moment of the 
molecule. However, Raman scattering results from the changing the molecule from its initial 
vibrational state to a different vibrational state. 

 

Figure 2.7 Rayleigh, Stokes and anti-Stokes peaks respectively. Since Anti-stokes 
requires that molecules are initially at the first excited vibrational states, which is much 
less probably than in the ground state at room temperature (Stokes case). Therefore, 
Stokes scattering intensity is much higher than that of anti-Stokes, and usually we 
measure Stokes signal. Reprinted from (Dippel, 2001) 
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Although most of the molecules emitted elastic or Rayleigh scattering, the probability of 
Raman scattering is very less to occurring. Therefore, the electromagnetic field interaction 
with the small metal sphere, caused the surface Plasmon fields ( ) could be occurs, and this 
enhance the electric field from  to   the equation is described in flow.  

                                                  = +  

Where,  is the incoming field , 

 is the total electric field , 

And  is the dipole field which induced by the metallic sphere or surface-Plasmon field. 

The increasing of field intensity could be enhanced the Raman scattering signal as seen in 
figure 2.8. However, “molecules located on the GNPs surface could be submitted to the large 
field which caused by the Plasmon resonance of the gold nanoparticles”. Therefore, in order to 
characterize the electromagnetic field which have resulted by the Plasmon resonance of GNPs, 
among the different spectroscopic techniques such as (“surface-enhanced fluorescence, 
surface-enhanced Rayleigh scattering, surface-enhanced absorption and surface-enhanced 
Raman scattering”), SERS (Hudson and Chumanov, 2009) is the best technique, because of its 
huge enhancement of the signal. SERS is able to enhance Raman signal intensity of molecule 
magnificent orders of magnitude (10 − 10 ) through electromagnetic field enhancements.   

However, surface-enhanced Raman scattering (SERS), have been used to enhance the 
sensitivity of electrochemical sensing or bio-sensing (Cheng et al., 2013, Haes and Duyne, 
2002).  

 

Figure 2.8 Raman Spectrometer: Green and red lines represent incident and scattering 
lights respectively. Notch filter is used to filter out the Rayleigh scattering and only 
Raman scattering to be remained. Reprinted from (Vaskova, 2011) 
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However, “the selection rule for Raman spectroscopy is the polarizability change along the 
vibration, which usually provides only a weak Raman-active signal at usual concentration 
levels. Considerable enhancement occurs at the AuNP surface, however, because the intensity 
of the Raman signals depends on the fourth power of the local electric field that is very high at 
the AuNP surface due to the Plasmon resonance”. Electric field with an incident wavelength 
excited the surface Plasmon because the incidents light interact with charge density on surface 
then results in strong light scattering (Hutter and Fendler, 2004). “This enhancement also 
originates, in addition, from electronic coupling between adsorbed molecules and the AuNP 
surface resulting from charge transfer between the AuNP metal surface and adsorbed 
molecules” (Kim et al., 2010). In addition, gold nanoparticles have been arisen to both 
absorption and scattering whose proportional depends on the GNPs size (Biosselier and 
Astruc, 2009).  

We used the methylene blue as a SERS probe molecule in order to evaluate the performances 
of SERS. In figure 2.9 with comparing the (a) and (b) the solid methylene blue powder and 
methylene blue molecule dropped were dropped on the AuNP-chitosan respectively can result 
that the bands at 360,670,1031, and 1230  the methylene blue are observed in the SERS 
spectrum. It can result that the methylene blue were observed on the AuNP-Chitosan substrate. 

 

Figure 2.9 (a) Raman spectrum of solid methylene blue powder and (b) SERS spectrum 
of   methylene blue dropped onto AuNP-chitosan film. Reprinted from 
(Santos et al., 2014) 
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2.7.3 Electrochemical detection 

This study is focused in synthesis gold nanoparticles on single-layer Graphene foam, then use 
as an electrode in electrochemical sensor. Usually this electrode can be used to investigate the 
interactions between Graphene foam and adsorbed molecules. Electrochemical sensor consists 
of a reference electrode, a counter electrode and a sensing electrode (or working electrode). In 
order to maintain a known and a fixed stable constant potential which is applied to the sensing 
electrode, commonly the reference electrode made from Ag/AgCl, has kept at a distance from 
the reaction site. Nevertheless, the working electrode has served as the transduction element in 
the biochemical reaction, while the counter electrode appoints a connection to the electrolytic 
solution. The gas molecule is reacting at the sensing electrode and producing an electrical 
signal which is proportional to the gas concentration and the current flow between the counter 
and sensing electrodes. In the other word, Current flows between the cathode and the anode. It 
can be measured to determine the gas concentration (Grieshaber et al., 2008, Wang et al., 
2008, Chaubey and Malhotra, 2002, Ali et al., 2006). 

The compounds which have ability to sensing aspect can be defined the biosensors, therefore, 
the sensors can sense biochemical compounds such as nucleotide, biological proteins and 
tissues. In order to obtain the output signals, the active sensing material on the electrode must 
act as catalyze the reaction of the biochemical compounds. 

In electrochemical technique the current vs potential behavior was measured with the 
voltammetry at an electrode surface. The reduced or oxidized of electro-active chemical 
species at the electrode was caused by the varied of the potential. The currents are observed 
during the forward scan which caused by reduction process, and those the oxidation was 
caused the revers scan. Therefore, the resulting current is dependent on the concentration of 
the chemical analyte or species.         

2.8  Graphene 

Graphene consists of a sheet of single-layer of carbon atoms arranged in a honeycomb 
structure (Dong et al., 2011, Georgakilas et al., 2012). It has composed from single- atomic-
layer graphite sheets. It was discovered in 2004 (Wlasny et al., Novoselov et al., 2004, Wang 
et al., 2009, Li et al., 2010, Tong et al., 2013, Zhou et al., 2013),  and it is one of the 
nanomaterial. Graphene properties are like metals. It does not have energy gap in the 
electronic band structure. In other words, Graphene is a semi-metal or zero band gap 
semiconductor, which act as a metal when the energy applied by application of gate voltage 
(Galib, 2012).  Graphene is one of the softest materials (Chen et al., 2007).  

Nowadays, Graphene has attracted a lot of attention in the scientific community because of it 
has a distinct properties and potential in nanoelectronic applications. Moreover, it has very 
high electrical conductivity at room temperature (Geim and Novoselov, 2007, Berger et al., 
2006). Scientists have interested to study the Graphene in scientific and technological area. In 
particular, Graphene in recently use in wide range of applications, such as energy storage, 
batteries, electronics, solar cells, and bioscience/biotechnologies. Graphene has many 
properties, such as high surface area to volume ratio, exhibits higher electric and excellent 
thermal conductivity. Graphene has strong mechanical strength, having a Young modulus of 
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about 2 TPa it is not absolutely because many articles shows different value (Shao et al., 2010, 
Dragoman, 2009, Raveendran et al., 2013, Grande et al., 2012, Song et al., 2012).  

Graphene is a material that combines from semiconductors and metals properties. It has 
intrinsic resistance than any other known materials at room temperature, and conduct very 
good electricity at room temperature. “The recent results obtained by the university of 
Maryland scientist provide directions to achieve high-electron speed in Graphene near room 
temperature, which is critically important for practical applications”. If could be eliminated 
other extrinsic factors that limit mobility in Graphene, the intrinsic mobility in Graphene 
would be higher than any other known material. However, when a molecule absorbed on the 
sensing device, the conductivity dramatically increased, then, converted into an electrical 
signal by changing the conductivity of the device. So, Graphene is also a very promising 
material for chemical and biochemical sensing applications in which an electrical signal from. 

However, most of the processes are performed in solution, in order to assemble charged 
compounds in a directed way; electrical field give further possibilities for creation of 
functionalized sensing electrodes (Prasad, 2007).        

2.9 Graphene foam 

Graphene foam is a solid which made from single-layer of Graphene. Graphene Foam (GF), a 
three-dimensional (3D) was synthesized through chemical vapor deposition (CVD) 
processing; carbon atoms are deposited with using Ni foam templates to coat metal foam. 
Then the Ni is removed by using chemical etching. It has been capable to uses in electronics 
and energy storage systems (Li et al., 2012, Yavari et al., 2011).   

In order to CVD fabrication of the GF, hydrogen and methane gases are using decomposition 
at1000  under ambient pressure , therefore nickel or copper foam is used instead of using a 
thin sheet of nickel to capture Graphene. The 3D network Graphene foam formed as a 
macroscopic structure with more thin interconnected sheets of Graphene (figure 2.10 a-b). 

There are some properties of Graphene foam such as high surface area, high conductivity, 
highly mechanical strength, flexibility, and elasticity. However, 3D of Graphene foam was 
formed as a free-standing macroscopic structure with extremely thin interconnected sheets of 
Graphene. 
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Figure 2.10 The Graphene foam is macroscopic in total size (left), yet has nanoscopic 
internal structures (right). Reprinted from (Yavari, 2011) 

There is some most application of Graphene foam according it properties which were 
mentioned in above. However, one of the most application of Graphene foam is using in 
chemical sensing which the Graphene sensor have been made from Graphene foam was used 
as sensor and it is more sensitive than ones currently found on the market.  Moreover, the 
Graphene foam sensors need to detect the gases at room temperature, while other commercial 
sensors maybe require high temperatures to detect the gases. In addition, Graphene foam has 
high surface area can store more energy and capable to use in super capacitors and batteries. 

2.10  Amperometric sensor 

Electrochemical sensors have variety kind of biosensor, which amperometric sensors are a 
type of electrochemical sensor. Amperometric sensors measure the current that is linearly 
dependent in the analyte concentration, which resulting during the reaction of the oxidation or 
reduction of an electro-active species with biochemical. 

In electrochemical sensors, amperometry is using to analysis in which the signal of interest 
that is a current. When the analyte are oxidized or reduced at the electrodes, electrons are 
transferred from the electrode to the analyte or to working electrode from the analyte. The 
directions of flow of electrons are proportional to concentration or properties of the analyte. 
Therefore, the flow can be controlled by the electric potential which has applied to the 
working electrode. 

Moreover, amperometry method is used to measure the current at the constant and stable 
potential, whereas, voltammetry is used to measure the current during controlled variations of 
the potential. Moreover, the peak value of the current measured is dependent to the analyte 
concentration (Grieshaber et al., 2008, Wang et al., 2008, Chaubey and Malhotra, 2002, 
Eggins, 2003, Luppa et al., 2001, Thevenot et al., 1999). 
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2.11 Cyclic voltammetry  

Voltammetry is an analytical method, which measuring the resulting current is obtained by 
varying potential. Therefore, it is an amperometric technique (Heyrovsky, 1956, Eggins, 
2003). Cyclic voltammetry (CV) is useful to gain information about the redox potential and 
electrochemical reaction rates of analyte solutions. Cyclic voltammetry be used to characterize 
the gold nanoparticles modified electrode (Lu et al., 2007).  

However, the voltage gain two values at the fixed rate, therefore, when the voltage rises  the 
scan rate is reversed and the voltage is drop back to  (Pei et al., 2001). The current is 
measured between the counter electrode and the working electrode, while the voltage is 
measured between the working electrode and the reference electrode. The resulting 
measurement showed as current vs. voltage, in the plotted graph. The current is depend on the 
potential, since the voltage was increased toward the electrochemical reduction potential of the 
analyte, the current also increase. “With increasing voltage toward  past this reduction 
potential, the current decrease, having formed a peak as the analyte concentration near the 
electrode surface diminishes, since the oxidation potential has been exceeded. As the voltage 
is reversed to complete the scan toward  , the reaction will begin to reoxidize the product 
from the initial reaction. This produces an increase in current of opposite polarity as compared 
to the forward scan, but again a decrease, having formed a second peak as the voltage scan 
continues toward . The reverse scan also provides information about the reversibility of a 
reaction at a given scan rate” (Grieshaber et al., 2008).  

The principle of cyclic voltammetry curve has shown in figure 2.11. A cyclic voltammetry 
was begun at an initial potential ( ; figure A). Then, the scans was proceeding until potential 
rise to   and return the initial potential or first step. According to definition, the scan rate is 
the change of potential as function of time ( = ). Potential and current are both function of 
time caused the current flow can be plotted as a function of applied voltage. The current could 
be recorded during the scan (figure B). The result of CV has shown in figure C. “As shown by 
the CV curve, when the voltage is increased from to  with scan rate ( ), at first almost no 
current flows, with the exception of the capacitive background current. From a certain 
potential, the current begins to increase up to a maximum value owing to an electrochemical 
oxidation reaction on the electrode surface, and then decreases afterwards. This maximum 
current is called the peak current, for the anodic oxidation process ( ). The respective 
potential where the maximum current occurs is called peak potential, here anodic peak 
potential ( ). After reaching  and decreasing the potential back to , the respective 
reduction reaction starts to proceed and the peak cathodic current ( ) and the associated peak 
potential ( ) can be identified” (Harnisch and Freguia, 2012).  
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Figure 2.11 The principle cyclic voltammetry. (A), applied potential. (B), the flowing 
current as function of time. (C), cyclic voltammetry curve which shows the current as 
function of potential. Reprinted from (Harnisch and Freguia, 2012)  

The (CV) depends on the catalyst concentration, scan rate and the electrode surface. 
Therefore, increasing the concentration of reaction specific enzymes will obtain in a higher 
current compared to the non-catalyzed reaction (Patolsky et al., 1999, Grieshaber et al., 2008).  

2.12 Anodic stripping voltammetry 

In order to determine the concentration of trace metals, anodic stripping voltammetry was used 
in this process. Anodic stripping voltammetry (ASV) is a voltammetry method was used for 
determination of quantitative of specific ionic species. On the other word, it has been using to 
determine those metals which exhibited appreciable solubility in analyte. “ASV consists of a 
deposition potential that is more negative than the half wave potential of the metals to be 
determined and an anodic (positive going) scan to oxidize the reduced metal back into 
solution”. However, during the deposition step the analyte was coating on the working 
electrode, and have been oxidized from the electrode during the stripping step. 

The current was measured vs. the applied potential during the stripping step. This current is 
proportional to the concentration of the analyt. In figure 2.12 principle of anodic stripping 
voltammetry illustrated by the potential vs time waveform for a solution which containing 
cadmium and copper. Analyte molecule will either be reduced or oxidized at the working 
electrode causing observable oxidation or reduction current. The appropriate reduction voltage 
can be used to identify the analyte. 
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Figure 2.12 The priciple of anodic stripping voltammetry (www.medicinescomplete.com) 

2.13 Sensors 

Sensors are the devices, which are composed of an active sensing material with a signal 
transducer and measure a physical quantity and convert it into a signal which can be read by 
an observer or by an instrument. Transmit of the signal without any amplification from a 
change during in a reaction was performed using these components which was used in sensors. 
These sensors are powerful devices for detecting and sensing biomolecules. However, for 
further processing, the produced output signal which is as electrical, thermal or optical through 
the devices could be converted in to digital signals. Biosensors exert a Bio detector or 
Biochemical detectors that have individual components of proteins and enzymes which 
microorganisms and cells are complete. This biological sensor must be connected to a 
transducer to produce (usually and electrical signal) a visible response. Biosensors generally 
related to certain feel and measurement of special chemicals therefore it’s called enzymatic 
probes. These probes use to determine daily glucose, lactose, sucrose, galactose and 
cholesterol without taking blood sample from patients. Usually these materials are called 
substrates whereas analytical is more general. Biosensors can be defined as Biological sensor 
connected to a transducer. Therefore, according the different reasons for classifying sensors 
the one of the ways which this classifying was done based on these output signals. One of the 
sensors is the electrochemical sensors which have more advantage over the others. Thus, the 
modified electrode can sense the materials which are in any analyte without doing any damage 
to the host system (Yogeswaran and Chen, 2008).  
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CHAPTER 3 
MATERIALS AND METHOD 

 
For this experiment we need different materials and equipment for measurements and 
characterization of our sample. In this chapter, we explain the various materials that were used 
in this thesis. The two main materials are required for this experiment which is chemicals and 
measurement and characterization applications. Therefore, this chapter will give a brief 
introduction for reader about the different measurement equipment which was used during the 
experiment.            

3.1 Materials and equipment 

3.1.1 Chemicals 

All chemicals used for the synthesized of gold nanoparticles throughout this experiment are 
given below. 

                  Table 3.1 List of chemicals used for synthesis of GNPs 

Chemical Name Chemical formula Supplier  Purity (%) 

Hydrochloroauric acid 3  USA 99.9% 

Sodium citrate 2  USA 99% 

Gold(III) chloride ( )  USA 99% 

   

 3.1.2 Synthesis and characterization equipment 

For synthesis of gold nanoparticles storage bottles, glass, pipettes, Graphene and etc. were 
used. The following equipment were used for synthesis of GNPs and mentioned in the table 
below. 
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                 Table 3.2 List of instruments used for synthesis of GNPs 

Equipment Name Purpose 

Magnetic Stirrer Mixing solute and solvent 

PalmSens Control the potential 

SEM Imaging/topology morphology 

SERS Chemical analysis/bond structure 

 

The SERS and SEM were used for characterization of GNPs. 

However, most of the equipment was not available in AIT; hence we do this experiment at 
Mahidol University in Electrochemical biosensor laboratory.      

3.1.2.1 PST instruction 

In general the instrument is used with electrochemical sensors or electrochemical cells with 
three electrodes: working electrode, reference electrode and auxiliary or counter electrode. In 
the so-called two-electrode configuration the counter and reference electrodes can be 
combined to a single electrode. In that case the counter and reference connectors are tied 
together.  

For this experiment in order to perform cyclic voltammetry on electroactive for deposition of 
gold nanoparticles on Graphene foam, the following three electrodes are need to set-up: a 
working (sensing) electrode (WE), a reference electrode (RE), and a counter electrode (CE). 
After set-up these electrodes, the current will follow and the current vs potential polarization 
curve can be recorded. Therefore, in order to measuring the current flow between the WE and 
CE, and controlling the voltage between the WE and the RE we have using the potentiostat.  
The voltage will drop between the (RE) and the (WE), and the current generate according the 
Ohm’s law and flow between the WE and CE. The resistance of owning the electrolyte 
between the WE and the RE causes a drop in potential in the solution and Graphene foam 
synthesized. Resistance of the solution and distance between the WE and RE are caused to 
increase the drop of potential. 
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Figure 3.1 Illustration of the three electrodes set up for experimental electrochemical 
measurements           

3.1.2.2 Scanning electron microscopy  

The Scanning Electron Microscope (SEM) is one of the most modern tools routinely used to 
generate high-resolution images of shapes of samples and shows variations in chemical 
compositions. It allows the study of both morphology and composition of biological and 
physical materials also used to identify phases based on qualitative chemical analysis 
structure. By SEM across a specimen, high resolution images of the morphology or 
topography of specimen, with great depth of field, at varying magnifications can be obtained. 
Moreover, SEM is used to analysis the size, shape, and distribution particles.    

3.1.3 Hydrogen peroxide  
 
Graphene foam have been developed in biosensors for detecting . Electrochemical 
behavior of  on Graphene foam modified electrode, which shows dramatically increase in 
electron transfer rate. Therefore, this important properties and significantly enhanced 
performance on Graphene based electrode for detecting  shows the   high sensitivity 
electrochemical sensors. Graphene foam is using in electrochemical sensors and different 
electrochemical sensing based on Graphene foam for bio-analysis and environmental analysis 
have been developed. Graphene have being a promising electrode material in electro analysis 
(Sha et al., 2010). 
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3.1.4 Biosensors 
 
Today in fields such as medicine, chemical industry, food industry, environmental monitoring 
and menu factoring pharmaceutical products and health use the benefit of biosensor. These 
sensors are powerful devices for detecting and sensing biomolecules. For example the human 
senses of smell and taste is a sample of natural biological sensor to identify the various scents 
and flavors. The immune system is a natural bio sensor which identifies the millions of 
different molecules. In the fact sensors are an analytical tool that intelligently utilizes 
biological material to recognize compound or compounds and react to them. The reaction 
products can be a chemical message optical or electrical. Most usage and researches on 
biological sensors are in medical diagnostics and laboratory sciences. Glucose Biosensors is 
currently the most successful on the market that can be used to measure blood glucose 
concentration. For example the pancreas of diabetics is not producing enough insulin. In this 
case frequent evaluation of blood glucose level is essential to regulate the insulin 
consumption. This tool helps patients with diabetes to measure their blood glucose levels 
during the day and inject insulin if required. 
 
Biosensor came from two words Bio and Sensor. In a Biosensor, the sensing element that 
response to a biological substance has a biological nature, it must be connected to a transducer 
to produce a visible response. Biosensors care generally related to measurement of special 
chemical that may be physiological also. Usually these materials are called substrates whereas 
analyte is more general. Biosensors can be defined as biological sensor connected to a 
transducer.  

Converter does detect functions which can be detected by converter and absorbed by bio-
receptor then produce the signal by re-crossing the converters.  

Biosensor performance is entirely optional to particular analyte molecules or responds and 
react with other substances can be avoided.  
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3.2 Methodology 
 
3.2.1 Experimental layout 
 
 

 
 

  
             Figure 3.2 Process steps for synthesis of Au-nanoparticles 
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In order to do these experiment as shown in the figure 3.1 and 3.2 we need these tools: 

 Windows PC or laptop, with Windows 2000, XP, Vista or Windows 7 (32-bit). 
 .NET 2.0 framework installed 
 Minimal screen resolution of 1024 × 768 
 PS -Trace installation CD-ROM or downloaded setup package 
 Serial, USB cable or USB- to – serial adapter 
 Sensor cable with crocodiles and test-sensor 
 Adapter (6V – 1500 mA or higher) 
 PalmSense with firmware version 4.1 or higher 

 
Moreover, for sensor connector we need three electrodes which coded with different color: 

 Red – working (sensing) electrode (WE) 
 Black – counter electrode (CE) 
 Blue – reference electrode (RE). 

 
All these electrodes were connected via the cable with PalmSense although the PalmSens 
could be used with a stirrer which is activated during the conditioning and depositioning phase 
of a measurement or it can be controlled manually in Manual Control. However, for software 
installation we need to install the PSTrace by running Setups.exe. Therefore, before PalmSens 
was used without the adapter, the batteries must be charged. Then the adapter connects to the 
dc-in connector. Switch on the PalmSens by pressing the power key until the display shows 
“Self- test”. During the self-test the voltage range of the instrument is tested and shown. The 
normal range is from approximately – 2.035 V to + 2.047 V. 

PalmSens could be used with the adapter connected and the batteries charged. The adapter 
however increases the noise level. First of all, we connect the test -sensor to the PalmSens 
before the measurement was performed. Then the PalmSens was connecting to the PC and in 
case of a PalmSens, switch it on. 

In order to indicate the sensitivity, sodium citrate was used in electrochemical detection, 
because sodium citrate is a reducing agent which is occurred by reaction of hydrochloric acid. 
Moreover, hydrogen peroxide was used for compared the synthesized gold nanoparticles on 
Graphene foam modified electrode with Graphene modified electrode. Amperometry and 
voltammetry were selected to show the process of the synthesis process of GNPs on Graphene 
foam. The resulting of the decorated gold nanoparticles characterized with using scanning 
electron microscopy and surface-enhanced Raman scattering. 

 

 

 



25 
 

3.2.2 Nano-biosensor 

With the era of nanotechnology sensors have also changed. Because of the small size of 
nanometer precision sensors and their reaction will be very high, so that even a few atoms of 
gas will respond, the use of nanotechnologies, new horizons, for the use of nanoparticles 
carbon nanotube in identifying some of the chemical and biological chemistry has opened, one 
of the interesting applications of carbon nanotube facilitate electron transfer reactions. That is 
why as a broker in the production of sensors and biological sensors used, the kinetics of the 
electrochemical reactions during a process called electro – catalyzed acceleration and provides 
a way to measure the electrochemical. Nanotubes will be one of candidates for making 
sensors. With nanotubes can make both chemical sensors and mechanical sensors. Single – 
walled and multi – walled carbon nanotubes due to their unique electronic and mechanical 
properties of a variety of applications found including the ability to use them as high – 
precision sensors for the detection of very low concentration and high speed.   

Carbon nanotubes as chemical sensor can detect very small concentrations of molecules in a 
gas at room temperature with high sensitivity chemical sensors consist of a series of single – 
walled nanotubes and can reveal chemical substances such as nitrogen dioxide (NO2) and 
ammonia (NH3). The electrical conductivity of semiconducting single – walled carbon 
nanotubes in a vicinity of NO2 placed ppm200, can be increased to three times within a few 
seconds and add 2% NH3 for guidance will be doubled. Prepared sensors from single – walled 
nanotube has a high sensitivity and rapid response in room temperature. These characteristics 
have important implications for diagnostic applications from biosensors by using materials 
such as proteins lipids and enzymes in the outer wall of pitidy nanotube any changes in the 
components of nanotubes cause change in their electrical conductivity. Scientists have found 
that the activations link is also proportional to the molecular characterization and exposure to 
changes in the electrical conductivity of the nanotubes which is unique to the molecule. So far, 
studies on proteins carbohydrates and antibodies have been conducted on this issue, all of 
which have been confirmed. It would be expected that the presence of any type of molecule 
containing nanotube environment and it can be connected to the electrical frequency or a 
different light recorded. In this way nanotubes electrical potential between two electrodes 
placed. Biological molecules can be established by interface elements on the nanotube. This 
test is a test for the detection of glucose in solution by Biosensors. Glucose oxidase enzyme is 
as bio-receptor. This enzyme is highly specific because the presence of glucose and other 
sugars are not affected.  

Glucose oxidase, oxide the glucose in the presence of oxygen to Glut acted electrons from the 
reaction of nanotubes that are passed between electrodes for electric flows. The initial rate of 
the reaction is proportional to the concentration of glucose. The more glucose level greater 
flow is shown and not the absence of analyte in the sense intended.  
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CHAPTER 4 
RESULTS AND DISCUSSIONS 

 
4.1 Synthesis of gold nanoparticles on graphene foam  

In order to synthesis of gold nanoparticles through the citrate reduction for preparing gold 
nanoparticles we added 25mM sodium citrate ( 2 ) into the 3mM ( ( ) ) 
which results auric acid or Gold (III) chloride trihydrate ( . 3 ).  

Here, we added the 2mM of ( . 3 ) into clean glass then the solution was break up 
with used electrical current to reduce the Au(III) into neutral Au atoms and coating onto 
Graphene Foam.  

After turn on the PalmSens (controlled-potential source) the reaction would start and the 
current was generated which allowing forming the gold nanoparticles on Graphene foam. Au 
(III) ions are reduced and thus deposited onto the Graphene foam surface.  

Here, we study the formation of gold nanoparticles which were decorated on Graphene foam, 
with different applied potential and time. The experiment summarized in table 4.1. 

However, the negatively charged layer of citrate molecules were caused to the gold 
nanoparticles would be mono dispersion state because of repel from each other, as shown the 
SEM image. Moreover, the applied potential is also important for characterization of gold 
nanoparticles. 

Gold nanoparticles were synthesized by various methods. In this study, the synthesized of gold 
nanoparticles decorated on Graphene foam have been done by electrodepositing process. The 
electrodepositing was performed using amperometric under different potential at room 
temperature for variant times. Here, we have investigated gold nanoparticles deposition with 
small applied potential and short deposition times. 

The cyclic voltammetry was used to study the characteristic features of gold nanoparticles 
which modified as electrodes. The gold nanoparticles synthesized on Graphene foam then 
served as a working or sensing electrode. Then used as a sensing electrode in hydrogen 
peroxide for comparing with Graphene foam. 
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Table 4.1 Experimental conditions of synthesized GNPs on GF for different times and 
voltages 

Sample 
code 

. 3  

(mM) 

Trisodium 
citrate(mM/ml) 

( )  

 

Voltage 

(Volt) 

Time 

(Sec) 

E1 2mM 25mM 50ml 3mM -0.1 60 

E2 2mM 25mM 50ml 3mM -0.1 180 

E3 2mM 25mM 50ml 3mM -0.2 180 

E4 2mM 25mM 50ml 3mM -0.2 60 

E5 2mM 25mM 50ml 3mM -0.2 120 

E6 2mM 25mM 50ml 3mM -0.3 60 

E7 2mM 25mM 50ml 3mM -0.3 120 

E8 2mM 25mM 50ml 3mM -0.3 180 

E9 2mM 25mM 50ml 3mM -1 60 

E10 2mM 25mM 50ml 3mM -1 120 

E11 2mM 25mM 50ml 3mM -1 180 

E12 2mM 25mM 50ml 3mM -2 60 

E13 2mM 25mM 50ml 3mM -2 120 

E14 2mM 25mM 50ml 3mM -2 180 

E15 2mM 25mM 50ml 3mM +1 200 

E16 2mM 25mM 50ml 3mM +2 200 

 

In the first of this experiment, we have run a cyclic voltammetry for water and have 
determined the capacitance of Graphene foam modified electrode. In following figure has 
shown that the Graphene foam is a high conductivity and fellow very good current. As seen in 
figure 4.1 in water no current flow, this current is the capacity of background current of 
Graphene Foam. 
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In figure 4.1 as seen the Graphene foam was used as modified electrode into water at the 
V=0.0 V, the cyclic voltammetry as shown in this figure no any response recorded. It means 
that no any oxidation or reductions was recorded. Then, we added the FeCN instead of water 
then characterized with cyclic voltammetry therefore it was observed small peak in current 
which shows small increase in current. It could be resulted that the FeCN oxidized or reduced 
on Graphene foam surface. 

 

Figure 4.1 Cyclic voltammetry. Current vs voltage for water at Graphene foam as   
modified electrode 

Cyclic voltammetry (CV) was used to characterize the Graphene foam modified electrode. 

The figure 4.2 shows the CV of the Graphene foam modified electrode in hydrogen peroxide 
(200 ) at the scan rate of 50 mV/s. 

We add the 200  of   then characterized with cyclic voltammetry and Graphene foam 
was used as sensor modified electrode. As seen in figure 4.2, the  is sensitive to surface 
chemistry of Graphene foam modified electrode. The cyclic voltammetry (CV) was used to 
characterize the electron transfer behavior in Graphene foam at . However, this figure 
shows the enhanced electrochemical response of  at Graphene foam modified electrode. 
With comparison the Graphene foam in water with , the peak current increases in 
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hydrogen peroxide. It is observed that the peak current of  is 0.208 mA. The result 
indicate that the ( )is more sensitive than water. And Graphene Foam can use for 
detection of hydrogen peroxide as sensor in electrochemical sensors. 

 

Figure 4.2 Cyclic voltammetry of hydrogen peroxide at scan rate in 50 mV/s 

The process of deposition of Au onto Graphene foam was described in flowing figures. As 
seen from these figures the processes were occurred in simple electrode reaction.  However, in 
the case of oxidation or reduction, Graphene foam is capable to receive the gold atom from the 
electrolyte. Therefore, the current was generated at surface through transfer of electrons from 
the electrode to the redox species. 

We applied the -1Volt and +1Volt potential, then the deposition of Au onto Graphene foam 
was observed through Amperometric detection because during the deposition of gold atoms 
the current generated and this current caused by transfer of gold atoms from analyte to 
Graphene foam surface. As seen in following figures the sensitivity of the surface at positive 
potential is higher than the negative potential. In negative potential in figure 4.3 during the 
deposition the current reached a plateau, after the current has risen at saturated then decreased 
slightly. In contrast, in positive potential as seen in figure 4.4 during the deposition of Au onto 
Graphene foam the current initial increased dramatically then after reached in saturated level 
decreased sharply. 
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Figure 4.3 Amperometric detection of Au-Graphen foam at -1Volt 

 

 

Figure 4.4 Amperometric detection of Au-Graphene foam at +1Volt 
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With comparing together the current generated at positive potential is higher than the negative 
applied potential. In the other word, the interesting of deposition of gold atoms onto Graphene 
foam is much higher in positive applied potential. 

In figure 4.5 has shown the change of current as function of time. We applied different 
potential for example negative and positive potential for different time. When the positive 
potential (V = 2Volt) have applied, initially, we have seen a sharp rise in current because it 
was cussed by the sharp change in the scan rate. Then the current was reached almost as 
steady state. The deposition time is 200 second. 

 

Figure 4.5 The current changes as function of time at (V = 2Volt) 

We applied negative potential (-2Volt) as seen in figure 4.6. The current increased steadily. 
The response of current is not very sharply. 
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Figure 4.6 Current changes as function of time at (-2Volt) 

The interaction between Au atoms and GF surface at positive applied potential is higher than 
the negative applied potential. Therefore, the density of gold nanoparticles with increased the 
applied potential will increased. In the other word, the low density of gold nanoparticles could 
observe at the low potential (V< 1Volt). However, for synthesized gold nanoparticles through 
the electrodeposited with vary potential; the positive potential is more efficiency than the 
negative potential.  

The following figures show that the current change during the deposition at different applied 
potential for different time would be almost similar together. 
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Figure 4.7 The change of current as function of time at -2 Volts during 60 and 120 
second 

As seen in figure 4.8 we applied the -0.1Volt the current initial increased then reverse and 
decreased. During the deposition the scan rate was started from initial (low) potential and 
increased until the scan completed (high) potential. When the scan rate reversed the current 
was changed the sign then when the scan stopped the current has gone to zoro (initial state). It 
is mean that during the deposition time the current was changed as function of time.  

 

Figure 4.8 Amperometric detection of current as function of time at -0.1 V for 60 second 
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Figure 4.8 shows the deposition of Au onto Graphene foam for 60 second at -0.1 Volt. As seen 
in this figure the current increase as function of time from -43 . The high current peak is -
28.80  at 13.31 second and in this time the current was saturated, then start to decrease the 
current therefore at 60 seconds the current was – 46.25 .  

We applied -0.3 Volt for three times 60 seconds, 120 seconds and 180 seconds respectively. 
With comparing these figures together as seen in figure 4.9 the current decreased slightly then 
increased steadily. While in figures 4.10 and 4.11 the initial current increased steadily. In 
figure 4.10 the current fell dramatically at 94.70 seconds. And in figure 4.11 the current 
dropped sharply at 115.3 seconds. As seen in these figures with increased the time of 
deposition it seen more gold atoms would deposited onto Graphene foam because of the 
current also increased due to transfer gold atoms onto Graphene foam surfaces. To produce 
high density of gold nanoparticles on Graphene foam, time of deposition and applied potential 
should be increased. 

 

Figure 4.9 Amperometric detection of Au-GF in -0.3 Volt at 60 second 
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Figure 4.10 Amperometric detection of Au-GF in -0.3 Volt at 120 second 

 

Figure 4.11 Amperometric detection of Au-GF in -0.3 Volt at 180 second 
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4.2 Electrochemical response of GNP-decorated graphene-foam electrode and 
graphene-foam only electrode toward hydrogen peroxide detection 

After synthesized gold nanoparticles onto Graphene Foam we used it as sensors electrode in 
electrochemical sensors toward hydrogen peroxide. We added the 0.1 ml hydrogen peroxide 
into the phosphate buffer (7.5 pH) then the process of detection was resulted at 0.5 V for 200 
second. 

However, after deposited gold nanoparticles on Graphene foam it display excellent catalytic 
activity and make easy to transfer electron during the reaction process. In order to show the 
possibility of synthesized gold nanoparticles we examined as modified electrode for its 
amperometric response for hydrogen peroxide. In the other hand, we compare the AuNPs-GF 
modified electrode with Graphene foam modified electrode toward hydrogen peroxide. We 
applied 0.5 Volt potential and study the response of current, as seen high response current was 
observed for GF. The current signal is directly depended with the increasing positive potential. 
In the other word, when the positive potential was increased the current response also have 
increased.  

 

Figure 4.12 Amperometric detection of Graphene foam modified electrode toward 
hydrogen peroxide 
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The figure 4.13 shows the typical current vs time at the gold nanoparticles modified as 
electrode to hydrogen peroxide. The gold nanoparticles decorated on Graphene foam modified 
electrode suggested a considerable decrease in the overvoltage for the hydrogen peroxide and 
was showed to be excellent amperometric sensors for hydrogen peroxide at 0.5 Volt . More 
experiments have shown that the sensitivity of gold nanoparticles modified electrode is higher 
than conventional gold electrode. The electrochemical response could be described the 
excellent catalytic activity, unique electrical properties and high conductivity of gold 
nanoparticles. Moreover, the higher effective surface areas of gold nanoparticles also have 
shown with the excellent electrochemical response in hydrogen peroxide. 

 

Figure 4.13 Amperometric detection of gold nanoparticles synthesized onto graphene 
foam modified electrode toward hydrogen peroxide 

However, in the range of 0.5 had showed the high response current for Graphene foam. In the 
positive range the response is much higher.  

This result clearly indicates that the conductivity of Graphene foam is very high and it is able 
to carry electrical current without experience any damage. When the control-potential source 
applied a few volts across the sample therefore a large of current induced and flew a few 
mille- amperes. 
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There are compared the conductivity of Graphene foam with gold nanoparticles synthesized 
onto Graphene foam modified as electrodes in electrochemical sensor. In order to 
functionalize the electrode with a receptor and gold has higher electron affinity to bind a 
receptor. If we try to bind Graphene receptor it is not trivial and it will need carbon bonding 
and breaking the Graphene structure. Graphene Foam has higher electron conductivity than 
gold therefore higher current in amperometric detection. In figure 4.14 has clearly seen the 
Graphene foam carry out the current higher than the gold synthesized on Graphene foam 
modified electrodes in electrochemical. There is hydrogen peroxide has used as electrolyte at 
the 0.5 Volt for 200 second. 

Figure 4.14 Red color  is the gold nanoparticles synthesized onto graphene foam and blue 
color is the graphene foam modefied electrode in hydrogen peroxide 

Here, the GNPs decorated onto Graphene foam modified electrode showed good electro- 
catalytic activity toward hydrogen peroxide, it means that the electrode can be served as a new 
bio-sensing which made it ideally to construct oxidase-based biosensors. In addition, the 
GNPs-GF has large specific surface area which adsorbs much more hydrogen peroxide than 
GF modified electrode. One can see that the GNPs were sensitive toward hydrogen peroxide 
than Graphene foam. Due to current response it can result that large amount of hydrogen 
peroxide are adsorbed onto the gold nanoparticles decorated onto Graphene foam surfaces. 
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.4 3 Characterization of the synthesized gold nanoparticles 

In order to show the successive of decorating of gold nanoparticles on Graphene foam, SERS, 
and SEM was used to characterize the Au-nanoparticles on Graphene foam. However, the 
surface enhanced Raman spectrum and scanning electron microscope micrograph clearly 
demonstrates that the gold nanoparticles were successfully deposited on Graphene foam. The 
figures 4.15 and 4.16 show the SEM images of the synthesized gold nanoparticles on 
Graphene foam at different times and different applied potential.  In this figure the white dots 
appear the gold nanoparticles and the dark dots appear the Graphene foam surfaces.  

.4 3.1 SEM 

A typical Scanning Electron Micrograph (SEM) of gold nanoparticles has shown in following 
figures which electrodeposited on Graphene Foam. SEM study shows that the gold 
nanoparticles have synthesized on Graphene foam. As seen in figure 4.15 the observed gold 
nanoparticles density is low for short deposition times. Therefore when the time and applied 
potential increased (V= -1Volt), as seen in figure 4.16 the density also increased. In other 
word, at longer time and increased potential the density of gold nanoparticles more increased. 
Thus, the density is depended on the increase of the time and applied potential. 

 

Figure 4.15 SEM of micrograph of the 
gold nanoparticles synthesized on 
graphene foam at 60 seconds under        
(V=-2Volt) 

 

Figure 4.16 SEM of micrograph of the 
gold nanoparticles decorated on graphene 
foam at the 120 second under (V=-1Volt) 

 

Results indicate that with the time increases the density of GNPs increased. On the other hand, 
for low potential (V<1Volt), density of GNPs is very low and with increased the applied 
potential the density of GNPs also increased. 

SEM images of synthesized gold nanoparticles have clearly presented that the synthesized 
gold nanoparticles have almost spherical shapes.  
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4.3.2  SERS 

GNPs decorated onto Graphene Foam were used in surface-enhance Raman scattering in order 
to detect molecules. SERS also confirmed that the successful synthesized of gold 
nanoparticles decorated on Graphene foam. In order to show the performance of SERS 
methylene blue was used for this task. We dropped the methylene blue onto a substrate surface 
(AuNPs-Graphene foam) then analyzed with surface-enhanced Raman spectroscopy. On the 
other hand, SERS indicate that the methylene blue was observed on gold nanoparticles-
Graphene foam. The figure 4.17 is indicating the formation of GNPs on Graphene foam and 
the methylene blue molecules on gold nanoparticles- Graphene foam.   

 

Figure 4.17 SERS spectrum of 1nM  methylene blue dropped onto AuNP-graphene foam 

This result clearly appears that the molecules of methylene blue were observed on the gold 
nanoparticles which were synthesized on Graphene Foam. In SERS we observed major peak 
of methylene blue (1nM), at 446, 770, 1150, and 1622  respectively. These are major 
character for methylene blue molecules. “The bands at 236, 306 and other peaks were not 
observed the methylene blue spectrum therefore can be Au-Graphene foam and Au-MB 
complex, respectively”. 
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CHAPTER 5 
CONCLUSIONS AND RECOMMENDATIONS 

 
5.1 Conclusions 

Gold nanoparticles on Graphene foam have been successfully synthesized by using 
electrodeposition method. It is observed that particles size is dependent on the time and 
applied potential. The experiments carried out in that work included the synthesized of gold 
nanoparticles on Graphene foam. However, the reducing agent such as sodium citrate was 
added into tetrachloroauric acid then resulted auric acid solution. Gold ions reduced from 

    through current by electrodeposition technique from auric acid at vary potential 
(positive and negative) for different deposited times, and then decorated onto Graphene foam. 
In negative potential the current was changed very slowly and density of gold nanoparticles is 
low. As potential increased the density of GNPs also increased. In contrast, in positive 
potential the current rose sharply and it is much higher than negative applied potential. 

Gold nanoparticles decorated onto Graphene foam duo to their higher surface area were 
exhibited excellent catalytic activity in electrochemical modified as electrode. In this 
experiment, we have compared the Graphene foam modified electrode with the gold 
nanoparticles decorated onto Graphene foam modified electrode, so we have demonstrated the 
sensitivity of the gold nanoparticles decorated onto Graphene foam modified electrode toward 
hydrogen peroxide is much better than Graphene foam modified electrode at detection 
potential of 0.5 volt. However, the result indicated that during the synthesized process the gold 
nanoparticles are decorated on the Graphene foam. Moreover, our result indicate that for 
distribution of gold molecule onto Graphene foam surface, the Graphene foam mixing with 

. 2   solution were helped, so they also helped to were deposited of gold 
nanoparticles on Graphene foam surfaces.   

The electro-deposition is a convenient and simple method was used for prepared gold 
nanoparticles onto Graphene foam modified electrode based electrochemical sensor. Then, 
surface-enhanced Raman spectroscopy (SERS) was a fast and non-destructive method for 
detecting methylene blue by used the synthesized gold nanoparticles substrate was studied. 

Gold nanoparticles were easily synthesized on Graphene foam by a simple and convenient 
electrodeposited technique through current using as a reductant agent. Synthesized gold 
nanoparticles showed sensitivity to detect methylene blue in low concentration and has 
exhibited excellent performance as s SERS substrate. 

In this study, we have investigated the electrodeposition of gold nanoparticles on Graphene 
foam surface. The density of gold nanoparticles was investigated and analyzed in relation to 
several parameters such as voltage and time. When the applied potential and time of deposited 
increased the density of AuNPs-Graphene foam also increased. 
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The surface enhanced Raman scattering technique was indicated that the gold nanoparticles 
successfully synthesized onto Graphene foam because they have absorbed the methylene blue 
molecules. Moreover, the results indicate that the absorbed peaks for methylene blue are 446, 
770, 1150, and 1622,  respectively. They are major character for MB molecules.  

Gold nanoparticles have many properties such as small size, high surface area, stability, non-
cytotoxcity , physical, optical and chemical. Therefore, it could be used in cancer therapy for 
killing the cancer cells, diagnosis and targeted drug delivery. They can use as cancer antigen 
and in tumor therapies without side effects on near cells.  Moreover, using gold nanoparticles 
containing an antigen were able to build a tool to identify diabetes. This tool is much faster 
and more accurate than current methods for diagnosis diabetes and no risk to the patient. In 
future, it is possible to build a chip plasmonic for diagnosing diabetes. To make this chip we 
can synthesis the gold nanoparticles onto glass slide surface. In addition, synthesis of gold 
nanoparticles were able to join with cancer and tumor cells and can to killing these cells 
because they can interact with cancerous cells and have been minimized the side effects of 
conventional drugs. Therefore, the gold is an excellent material for use in such devices 
because it seen easily and emit suitable intensity of radiation. In addition,  it would be possible 
to use from the a solution which containing a drop of blood, water and a small amount of 
DNA containing gold nanoparticles be used to detect and treat diseases. Gold nanoparticles are 
able to impair getting blood to the tumor. However, the low doses of gold nanoparticles can 
active or passive the genes which could be involved in angiogenesis.  Angiogenesis is a 
complex process that is responsible for delivering oxygen and nutrients to tumors used in 
many types of cancer. The synthesis of gold nanoparticles functionalized with peptides would 
be very effective to act enable or disable the genes involved in angiogenesis. 

On the other hand, results have demonstrated that Graphene foam is highlight important in 
application as a transducer for electrochemical sensors and biosensors in the form of modified 
electrodes. Hence, due to very high surface area, Graphene foam can be used as conducting 
surface for deposition of catalytic nanoparticles. 

Moreover, Graphene foam can be used as enhancement in the current, reduction in potential, 
has a mechanical stability which is capable to use for the development of efficient of 
electrochemical sensors and field effect transistors.       

5.2 Advantages of gold nanoparticles 

Duo to sides effects of conventional drugs on cells the drug delivery by gold nanoparticles 
have more advantages than other nanocarriers. Gold nanoparticles have many properties which 
have many advantages over other nanocariers such as conventional drugs. There are some 
advantages of gold nanoparticles which have preferred than other methods for diagnosis in 
field of medicine. Gold nanoparticles have small size, shape and almost uniform dispersion. 
Therefore, they have unique physical, optical and chemical properties so, have more effective 
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to reach in the target site through blood flow; they can load dense of drug duo to their high 
surface area. 

The gold nanoparticles are most stable. Therefore, the stability of gold nanoparticles can be at- 
least for six months.             

5.3 Recommendations 

The mechanism of the nanoparticles growth can thus be described by the initial stabilization of 
gold nanoparticles electrodeposited by sodium citrate ions followed by the tetrachloroauric 
acid and finally results the auric acid solution with Graphene foam. Therefore, this suggests 
that by adding less number of sodium citrate ions and applies positive potential for longer time 
deposition; there is a possibility to obtain much higher nanoparticles. 

For synthesis of gold nanoparticles onto Graphene foam the electrodeposition technique is the 
most stranger and controllable method for different size, shape and density of nanoparticles.  

In the future, AuNP-Graphene foam can be employed as a SERS sensor for detect and identify 
pharmaceutical drugs by using the same methodology, even in low concentration. This 
methodology is simple, fast and cost-effective. 

The gold nanoparticles that were synthesized by this method were showed an improved even 
much better compared to chitosan capped nanoparticles. The nanoparticles were found to be 
unstable. While the gold nanoparticles synthesized by using the citrate can be stable for almost 
six months. 
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