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Titan dioxide (TiO2) is used in the enhanced oxidation method because of its ability in photocatalysis. It has shown its potential in the application of removal contaminant in the environment. However, the ability of disposing contaminant of
TiO2 is efficient only under a specific wavelength. Therefore, two methods have
been researched in order to increase the ability of TiO2 in photocatalysis under
UV ray and visible light. The first one is to add metal nanoparticles to the surface
of TiO2. The other one is to attach nanocarbon dots on TiO2. In this thesis work,
Graphene and gold nanoparticles were chosen as a support for the photocatalysis of TiO2.
The aim of this thesis is to research about the effect of Graphene/gold nanoparticles on the photocatalysis of TiO2. In addition, the ratio of gold and graphene
also affected to the ability of photocatalysis. Therefore, different samples with
various ratios were made to determine a necessary sample with a specific ratio.
In conclusion, Graphene/gold nanoparticles do affect on the photocatalysis of
TiO2. It improves the capacity of conduction band in TiO2, thus, TiO2 can produce
more OH*, which is an important factor in oxidizing the pollutants in the environment. Moreover, the sample that gave the most potential result was 0.1%Au –
Graphene/TiO2.
The thesis topic is belonged to Vietnam Academy of Science and Technology.
The permission of doing this thesis work was given by Mr Duc Chinh Vu – supervisor in Vietnam Academy of Science and Technology.
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GLOSSARY or ABBREVIATIONS AND TERMS

Au

Gold

CB

Conduction band

CCD

Charged Coupled Device

CVD

Chemical vapour deposition method

G

Graphene

IR

Infrared

MB

Methylene Blue

NIR

Near infrared

PMT

Photo multiple tube

UV

Ultraviolet

VB

Valence band

Vis

Visible light

SEM

Scanning electron microscopy

TiO2

Titanium Dioxide

TAMK

Tampere University of Applied Sciences

TBOT

Tetrabutyl orthotitanate
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1 INTRODUCTION

Nowadays, scientists and researchers are attracted by a material called Graphene. Materials that are made from Graphene have the potential in several areas such as digital applications, energy accumulation, and photocatalytic reaction
generation. (Li et al., 2012)
Nanoparticles such as gold, and silver are researched a lot about the plasmonic
effect, which is a phenomenon happened when free electrons in metal nanoparticles are interacted by incident light (Toropov & Shubina 2015). However, the
gold nanoparticles take the advantage due to its sustainability, chemical inertia,
good biological adaption, as well as illustration of plasmonic effect in visible light.
Gold nanoparticles absorbs photons very well since there are lots of fluctuation
of conducting electron in the plasmonic effect. (Nguyen et al., 2015)
According to some reports, gold nanoparticles enhances the photocatalysis of
Titan dioxide. Titan dioxide (TiO2) has the anatase structure, therefore, it needs
ultra violet light to stimulate an electron with enough energy to pass the limit zone.
Ultra violet spectra is only 5% of sunlight spectrum. Hence, using the light with
higher wavelength than the visible light for photocatalysis is an important issue in
commercialization for water treatment, and air treatment. Similarly, Graphene
shows its potential with light, therefore, it develops the effect of photocatalysis of
TiO2 in visible light spectrum. (Li et al., 2010)
By combining two materials which are gold and Graphene, the activity of photocatalysis of TiO2 was increased. Furthermore, the potential of removing pollutants
in the environment were improved with the help of Graphene/gold and TiO2. (Nguyen, 2018a)

1.1 A summary of researching situations
In recent years, high speed development in industrial and agricultural area has
brought a positive consequence for the living standard of human. However, along
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with the positive results that are brought from the economy, there are still some
negative impacts on the human’s life as well as the ecosystem. As a result, the
water, air, and soil are polluted by chemicals from industrial and agricultural process. It is obviously that the environmental pollution is one of the most considerable problems in every country. In addition, the existence of toxic chemical that
are insoluble, such as phenol, aniline, and RhodaminB, might be accumulated by
animals, plants, and human. Therefore, the removal of these pollutants is highly
necessary in this century. Recently, due to the impact of environmental issues,
scientists and researchers are researching about the creation of new materials
that can remove pollutants in the water source. Hence, a lot of treatment technique that were created such as absorption method, biological method, oxidationreduction method, and enhanced oxidation method. Of all the aforementioned
methods, the enhanced oxidation method has showed its outstanding potential in
the efficiency of removing the pollutants and transforming toxic organic chemicals
to inorganic chemicals and less hazardous. (Nguyen, 2018a)

1.2 Titanium Dioxide (TiO2)
Titan dioxide is an oxide formed from titan and oxygen. It is also known as titania
or titanium (V). Titan dioxide can be exploited from natural source. The three
sources that are the most popular in producing TiO2 in industry are ilmenite, rutile,
and anatase (LearnChemistry, n.d).

PICTURE 1. Anatase (Source: Descouens, D. 2009. CC BY-SA 4.0)
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PICTURE 2. Rutile (Source: Nguyen 2018b. Published with permission)

PICTURE 3. Ilmenite (Source: Ra’ike. 2009. CC BY-SA 3.0)
The applications of TiO2 is very diverse. It can be used as main components in
industrial and consumer products such as paints, roofing materials, covering materials, printing inks, cosmetics, pharmaceticals, catalyst, etc. (ChemicalSafetyFacts, n.d.)
During the process of researching and applying the enhanced oxidation in handling with environmental problems, TiO2 plays a role as a photocatalyst due to its
many unique characteristics such as cheap price, stable in different conditions,
non-poisonous, and not causing pollution. One of the effects of TiO2 in photocatalysis is the usage of photocatalysis to dispose the contaminant in the environment under the UV ray (λ < 380 nm). (Nguyen, 2018a)
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FIGURE 1. The process of photocatalysis (Source: Huang et al. 2016. CC BY
3.0)
Figure 1 shows the process of a semiconductor, particularly TiO2. The principal
of the photocatalytic reaction is as follows. When the surface of TiO 2 is illuminated
by light with energy level similar or higher than the bandgap energy ΔEbg (see
appendix 1), the electrons in the valence band are stimulated and moved to the
conduction band (Thiruvenkatachari et al., 2006). As the electrons have moved
to the conduction band, there are several holes in the valence band, and these
holes are positive charge (h+). The electrons in the conduction band are now
negative charge (e-). Now, in the valence band, there is a formation of OH* radical
due to the oxidation of h+ and the water in the environment. On the side, in conduction band, O2- is formed by the reduction of e- and oxygen. The photocatalysis
mechanism can be described by equations. (Ky, n.d.)
* In valence band
TiO2 (h+) + H2O  OH* + H+ + TiO2
TiO2 (h+) + OH-  OH* + TiO2
TiO2 (h+) + RX  RX+ TiO2
* In conduction band
TiO2 (e-) + O2  O2- + TiO2
O2- + H+  HO2-*
2HO2-*  H2O2 +O2
TiO2 (e-) + H2O2  HO* + HO- + TiO2
H2O2 + O2  O2 + HO* + HOThe OH* radical is the main factor that helps disposing the organic compound
and convert them into CO2 and H2O (Ngo & Tran, 2015).
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There have been several researches about the phototcatalysis of TiO2 based on
its different crystal form. There are 3 forms of TiO2: anatase, rutile, and brookite.
Researches have showed that the photocatalysis of TiO2 in anatase form is better
than that in rutile form. (Nguyen 2018a). In the conduction band of rutile, the value
is 0V (which is a standard value for the reduction of H2O to H2). Yet, in anatase
form, the value is less than 0, which mean that the reduction of anatase in conduction band is stronger, therefore, anatase can reduce O2 to O2-. This is the
reason why anatase is better than rutile. (Ky, n.d.)
It cannot be denied that the efficiency of photocatalysis of TiO2 is high. However,
in experiments of Kang’s group, they did some tests about the photocatalysis of
pure TiO2, and some others synthesized compounds of TiO2 and nanocarbon.
The result was quite surprising, the synthesized sample of TiO2 and nanocarbon
can absorb completely blue methylene (which was an indicator) in 4 hours while
TiO2 did not show any sign of absorption. Therefore, they concluded that if TiO2
are combined with nanocarbons, the photocatalysis efficiency can be improved a
lot. (Li et al., 2010)

FIGURE 2. Comparison of photocatalysis of TiO2 in visible light (Li et al 2010,
published with permission)

1.3 Graphene
Graphene is derived from graphite – a soft, multiple layers materials that are contained in pencils. It is formed by a layer of carbon which is arranged in the shape
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of honeycomb lattice (Techopedia, n.d.). Graphene was discovered by two Russian scientists, whose name were Kostya Novoselove and Andre Geim in 2004.
It is a new material that represents for two dimensional materials (Nguyen,
2018a).

FIGURE 3. Schematic structure of Graphene (Source: Giannazzo et al. 2011. CC
BY-NC-SA 3.0)

FIGURE 4. Structure of graphene (Source: Nguyen 2018a, published with permission)
Graphene is considered the thinnest materials in the world. Despite being the
thinnest one, it is the hardest materials with Young’s modulus of 1 TPa and tensile
strength of 130 GPa. Along with being the strongest materials, graphene is one
of the best thermal conductors at room temperature as well as electrical conductor (de La Fuente, n.d.).
In section 1.2, a conclusion was stated by Kang and his partners about the combination of TiO2 and a nanocarbon materials, whereby the photocatalysis of TiO2
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would be improved if TiO2 was added nanocarbon dots on its surface. The photocatalysis’s mechanism of TiO2 – graphene is shown by serial equations below
TiO2 – Graphene + hv  Graphene (e-CB) + TiO2 (h+VB)
Graphene (e-CB) + O2 adsorb  Graphene + O22- + H2O  Graphene + OH*
TiO2 (e-CB) + O2 adsorb  TiO2 + O22- + H2O  TiO2 + OH*
TiO2 (h+VB) + OH- adsorb  OH* + TiO2

FIGURE 5. Mechanism of photocatalysis of Graphene – TiO 2 (Source: Zhang and
Cui 2012. CC BY 3.0)
When the e-CB of TiO2 move to the conduction band, they will be caught and
transferred to graphene, therefore, the h+VB in the valence band of TiO2 are
avoided from being reformed with e-CB. As a result, h+CB can continue to produce
OH*. On the other hand, e-CB are adsorbed by oxygen on the surface of graphene,
thus, OH* are created after the process. The amount of OH* is increased, which
means the photocatalysis is increased. (Nguyen 2018a)
Therefore, the disposal of contaminant in the environment is enhanced.

1.4 Gold
Gold (Au) is a precious metal which belongs to group IB, and its atomic number
is 79. There are 2 types of electron configuration of Au, one is [Xe]5d106s1 and
[Xe]5d96s2. The energy level of Au at 5d and 6s is nearly the same, therefore,
there is a competition between d level and s level, and the electron in Au can be
either in d layer or in s layer. Due to this reason, the electrons in Au is very flexible,
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hence, they make Au become very endurable, and the spectrum of Au is very
complicating. (Nguyen 2018a)
Gold can be used as a support in photocatalysis of TiO2. Thus, it can be attached
to the surface of TiO2 nanoparticles. According to Kamat and his/her partners,
semiconducting nanoparticles under a process of photon excitement usually go
through a state of electron equalization when those nanoparticles are contacted
with metal nanoparticles. The re-arrangement of electrons in the materials has
made a shift in Fermi level, therefore, the capacity of forming more OH*, H2, and
O2- is increased. (Kamat et al., 2004)
The wavelength of UV and visible light have made an impact on the photocatalysis of TiO2 – Au. Some experiments were made to check the potential of the
aforementioned, and the result showed that the mechanism of photocatalysis was
different when various wavelengths were used (Silva et al. 2011).

FIGURE 6. Mechanism of photocatalysis of Au – TiO2 (a) under UV ray (b) under
the plasmonic effect of Au (Source: Silva et al. 2011, published with permission)
In the first experiment, the sample of Au – TiO2 was under the condition of UV
ray. The electron e-CB and h+VB was formed. The electron e-CB in the conduction
band was then injected to gold nanoparticles. In this case, the gold nanoparticles
played a role as an electrical buffer and a catalyst for the formation of H2. The
holes in valence band (h+VB) were filled by EDTA. In the second experiment, the
gold nanoparticles were stimulated by photons. The electrons from gold nanoparticles were moved to the conduction band of TiO2, leaving several holes in gold
nanoparticles. As a result, hydrogen was formed at the surface of TiO 2 as shown
in figure 6 (b). The holes in gold nanoparticles were filled by EDTA. (Silva et al
2011)
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1.5 Scanning Electron Microscope (SEM)
Scanning Electron Microscope (SEM) is an equipment that can create high resolution pictures by using a focused electron beam scanning over the surface of the
material (Nguyen, 2018a). Nowadays, due to the development of materials industry, light microscope cannot characterize the structure of materials, especially
nano-materials. Thus, SEM were created to solve the issues (NanoScience Instrument, n.d.).
In this thesis work, SEM were used to investigate the structures of Au – Graphene.

1.6 Raman Spectroscopy
Raman spectroscopy is used to analyze the structure as well as compositions of
materials. Moreover, it is used to investigate the characteristics during the changing of phase of crystalized structures. Raman spectroscopy is also used in assessing the impact of temperature and pressure on materials (Nguyen, 2018a).
During the process of Raman’s measurement, a high intensity laser light is as a
light source. The molecules in the materials will scatter the light from the light
source. Thereby, the laser light is scattered into 2 types of scattering light. One
is called the Rayleigh Scattering. Most of the scattered light is Rayleigh Scattering, whereby they have the same wavelength as the light source and they do not
give essential information about the materials. The other one is called Raman
Scattering. This type of scattering light only account for 0.0000001% amount of
light, but this one provides more useful information. The reason is because of the
different wavelength that indicates the chemical structure of materials (Horiba,
n.d.)

14
The spectrum of Raman shows the intensity and wavelength position of Raman
Scattered light. Along with that, there are several peaks that illustrates the bonds,
such as C – C, C=C, etc., in chemical structure of materials and groups of bonds
such as benzene, polymer chain, and so on (Horiba, n.d.).

1.7

X-ray difraction (XRD)

X-ray diffraction (XRD) is a technique applied in crystal structure analysing or unit
cell dimension determining. Monochromatic X-rays are directed toward a crystalline sample and produce constructive interference under the conditions of
Bragg’s law. (Chatterjee 2001; Dutrow & Clark n.d.)

Bragg’s law represents the relationship between the wavelength of x-rays, interplanar spacing of the crystal and angle of incident, which can be seen in equation
(1):
nλ = 2dsinθ

(1)

in which:
n = the order of reflection
λ = wavelength of incident x-rays
d = interplanar spacing of the crystal
θ = angle of incident
(Chatterjee 2001)

1.8 IR Spectroscopy

Being discovered by Sir William Herschel in 1800, infrared (IR) radiation is an
invisible electromagnetic radiation with wavelengths from 0,74 µm to 100 µm. IR
spectroscopy is a technique that is used in many experiments based on its different regions, including: Near infrared (12820 – 4000 cm -1), Mid – infrared (4000 –
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400 cm-1) and Far infrared (400 – 33 cm-1). Near infrared region is used in studying overtones, combination or harmonic vibrations. Mid – infrared is used in determining structure of organic molecules while Far infrared is used in analysing
inorganic matters (Morozhenko, 2012; Theophanides, 2012; Chromacademy,
n.d.). In this thesis, IR spectroscopy is used to determine the functional group of
Au – G/TiO2 samples with the mid-infrared region (4000 – 400 cm -1).

The absorbance of IR radiation by a sample can be measured using LambertBeer law:
𝐴 = 𝑙𝑜𝑔

𝐼
𝐼

(2)

In which:
A = absorbance
I0 = intensity of source radiation
I = intensity of the radiation leaving the sample
(Chromacademy, n.d.)

The transmittance is calculated by using equation (3):
%𝑇 =

𝐼
∙ 100
𝐼

(3)
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2 AIM OF THE WORK

The aim of this work was to create the Graphene/gold and research its physical
and chemical characteristics. Plus, the photocatalysis of TiO2 with Graphene/gold
nanoparticles attached on its surface was tested during the experiment. The color
indicator such as blue methylene or Rhodamin B was used as pollutants, in order
to see the efficiency of the photocatalysis between graphene/gold nanoparticles
and TiO2.
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3 MATERIALS AND METHODS

3.1 Creating the sample Graphene/gold by sonic vibration and ultra violet method
The chemical that was used in this process was Chloroauric acid, 99.999% trace
metal basis (HAuCl4) (Sigma-Aldrich). The devices that were used for this process were sonic vibrator, UV light (wavelength 254 nm), and centrifuge.
First of all, Chloroauric acid was mixed with Graphene solution in a beaker. Then
the mixture was vibrated in the sonic vibrator under the UV light in 120 minutes.
Under those conditions, the interaction between ion Au3+ and the surface of Graphene was increased. Then, the mixture was rinsed by distilled water. After that,
it was centrifuged with the speed of 12000 rpm so that the residual gold nanoparticles were removed from the solution. Finally, the final synthesized compound
was dried. The process was repeated four times to create four more samples with
the amount of gold varied from 2.5% to 12.5% in weight. (Vu, 2019)

3.2 Creating the sample of TiO 2
The chemicals and devices used in the experiment were shown in the table below:
TABLE 1. Chemicals and equipment that were used in the experiment
Chemicals

Devices

Tetrabutyl orthotitanate (TBOT)

Magnetic stirrer

Ethanol

Sonic vibrator

Ammonia (liquid)

Centrifuge

Acetylacetone
Acetone
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TiO2 was created by using sol-gel method. TBOT was used as a precursor for the
formation of TiO2. Ethanol was used as a solvent. Ammonia was used as a catalyst for the hydrolysis process. Two beakers were prepared for the experiment.
In the first beaker, acetylacetone and ethanol were poured in. Then, TBOT was
added to the mixture in the first beaker, and the mixture was stirred. In the second
beaker, ammonia, ethanol, and distilled water were mixed together. After that, the
two beakers that were prepared at the beginning was slowly poured into another
beaker which had already contained ethanol, and they were mixed in half an hour.
After 30 minutes, the mixture was cover by a plastic cover and let to rest in 24
hours.
After a day, acetone was added to the mixture, and the mixture was stirred again.
The gel was obtained after this process. Then, the gel was rinsed by ethanol, and
distilled water. After that, it was stored in the dryer at 100oC, and heated in the
heater at 450oC in 2 hours. (Vu, 2019)

3.3 Creating the sample of Graphene – Au/TiO2
The Graphene-Au, which was prepared in the section 3.1, and TBOT was mixed
together in a beaker which contained ethanol. The mixture was mixed in 30
minutes by magnetic stirrer. Then, ammonia 25% was added to the mixture. The
mixture was cover and continued to be stirred until there was a formation of gel.
The gel was let to be rest in 1 day. After that, the gel was mashed into powder,
and it was let dried in room temperature. Next, the gel powder was heated at
450oC in 2 hours in the nitrogen condition. Finally, 5 samples of graphene –
Au/TiO2 were created. These 5 samples were different in the percentage of the
gold. Hence, they were marked sequentially 0.05%Au – 2%G/TiO 2, 0.1%Au –
2%G/TiO2, 0.15%Au – 2%G/TiO2, 0.2%Au – 2%G/TiO2, and 0.25%Au –
2%G/TiO2. (Vu, 2019)

19

3.4 Methods for determining the characteristics of materials
According to the instruction of Vietnam Academy of Science and Technology, the
Scanning Electron Microscope (SEM) was used to capture the picture of the materials. The purpose of this was to see the structure of the materials after being
created and later it will be analysed basing on their structure.
For analysing the structure of the materials, the Raman spectroscopy was used.
By looking at Raman spectroscopy, the structure and components of the materials can be determined by unique oscillations of matters. Another tool that was
used for analysing the structure of the materials was X-ray diffraction (XRD).

PICTURE 4. X-ray diffraction SIEMENS D5005

3.5 Methods for assessing the photocatalysis
The photocatalysis was researched at room temperature, and under the UV light
(66 W, max wavelength was 254 nm). The distance between the Au – G/TiO2
liquid and the UV light was 20 cm. In each experiment, 7.5 mg of each samples
of Au – G/TiO2 was dissolved in 25 ml of Methylene Blue (10-5M). Before samples
were researched about the photocatalysis, they were put in the sonic vibrator for
30 minutes, under dark condition. The purpose was to assess the adsorption ability of the samples with Blue Methylene. (Vu 2019)
After 30 minutes of vibrating, the 5 samples of Au – G/TiO 2 was researched about
the photocatalysis. During the experiment, each sample were placed under the
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UV light and each of them was stirred. After each 30 minutes, which were 30
minutes, 60 minutes, 90 minutes, 120 minutes, and 150 minutes, the samples
were taken out for centrifuging. After being centrifuged to remove the catalysts,
the MB concentration in each sample was analysed by using UV measurement
(λ = 254 nm). (Vu 2019)
The collected data after being measured were handled by the software
OriginPro8.5. In OrignPro8.5, the graphs of Raman spectroscopy, IR – results,
results of photocatalysis assessment, as well as logarithm illustration of photocatalytic reactions were drawn automatically. Also, the kapp, which was an apparent first-order kinetic constant of photocatalysis, was calculated by the software
during the work. (Vu 2019)
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4 RESULTS AND DISCUSSION

4.1 Results from analysing the structure of the materials
4.1.1 X-ray diffraction graph

FIGURE 7. X-ray diffraction graph of TiO2
As can be seen from the graph, the peaks are at 25.28o(101), 37.81o(004), and
48.1o(200). The peaks illustrated the features of TiO2 materials. In this case, the
graph showed that this was the anatase form of TiO2 (Vu 2019). By comparing
with X-ray diffraction of TiO2 from Yeniyol, the result obtained was quite reliable
(Yeniyol et al., 2014).
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4.1.2 Results from Scanning Electron Microscope

PICTURE 5 and 6. SEM’s pictures of Graphene and Au2.5% - G

PICTURE 7 and 8. SEM’s pictures of Au5% - G and Au7.5% - G

PICTURE 9. SEM’s picture of TiO2
Picture 5, 6, 7, and 8 show that the existence of gold particles attaching to Graphene is obvious. In these pictures, the white dots are gold nanoparticles that
attach on Graphene. The average size of gold nanoparticles is about 30 nm.
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As can be seen from the picture 9, TiO2 attaches to each other under powder
form. The size of each nanoparticles of TiO2 is about 10 – 20 nm.

4.1.3 Results from Raman spectroscopy

Intensity, a.u

Figure 11 shows the Raman spectroscopy of Graphene and Au-Graphene.

Raman Shift (cm-1)

FIGURE 8. Raman spectroscopy of Graphene and Graphene/Au
There were 2 peaks that were called D and G. D was created by the fluctuation
of photons from the orbitan sp3 of the functional groups that contained oxygen.
The G was created by the bonds of sp2, including single bond, and double bond
in the basis carbon materials. (Vu 2019)
In this case, there was a slight increase of Au-G comparing to Graphene. The
increase was caused by the impairment of the structure during sonic vibration,
thus, the structures of Graphene during this process might be reformed to Graphite structure (Vinodgopal et al., 2010).
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4.1.4 Results of infrared FT-IR
The FT-IR of graphene in figure 12 indicates the existence of -OH group at 3400
cm-1, and functional group C-O-C at 1170 cm-1. Peaks, which are 1510 cm-1, 1630
cm-1, and 1708 cm-1, are carboxyl and carbonyl group of Graphene/Au. Peaks

Transmitance (a.u.)

that are at 2370 cm-1 are supposed to be CO2 molecules.

Wavelengths (cm-1)

FIGURE 9. Infrared spectroscopy of Graphene/Au

4.2 Assessment on the efficiency of photocatalysis
The initial concentration of Methylene Blue (C0), after being vibrated in 30
minutes, was decreased. This meant the samples of Au – G/TiO2 with different
amount of gold had the ability of adsorption. However, the adsorption rate of samples was not affected by the amount of gold in each of the samples.

Concentration (x 10-5 M)
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Time (mins)

FIGURE 10. The change of concentration of MB

Time (mins)

FIGURE 11. C/C0 during the process of photocatalysis
As can be seen from figure 14, the effect of photocatalysis increase very much in
the sample of 0.1%Au – G/TiO2 after 2.5 hours under the UV light. Following up
the sample of 0.1%Au – G/TiO2 was the sample of 0.15%Au – G/TiO2, then
0.05%Au – G/TiO2. These were the three samples that showed the potential in
adsorbing the colour of Methylene Blue. The remaining samples, which were
0.25%Au – G/TiO2 and 0.2%Au – G/TiO2, showed less ability in the adsorption of
Methylene Blue. However, they were still better than Au – TiO2 and G/TiO2.
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Time (mins)

FIGURE 12. Logarithm illustration
Photocatalysis with the reagent Methylene Blue is always analysed by using kapp,
which is the apparent first-order kinetic constant of photocatalysis that illustrates
the reaction rate. The higher the kapp, the higher the rate of photodegradation of
Blue Methylene (Guo et al. 2018). Figure 12 shows the logarithm illustration of
photocatalytic reaction. In this experiment, kapp was used to compare each of the
sample, then from the result, the best sample was determined. The highest kapp
recorded belonged to sample 0.1%Au – G/TiO2, which was 1.224*10-2 minute-1,
which meant after 150 minutes, 0.1%Au – G/TiO2 had produced the biggest
amount of OH* to oxidize the colour molecules so that the colour of Methylene
Blue was photodegraded the most. However, the amount of Au increase does not
increase the speed of adsorption. As can be seen from figure 12, the kapp of
0.1%Au - G/TiO2 was the highest one, but the values after that were belonged to
0.15%Au – G/TiO2, followed by 0.05%Au – G/TiO2, 0.2%Au – G/TiO2, and
0.25%Au – G/TiO2. Therefore, the kapp was not affected by the amount of gold in
the samples.
There was another researched made by another person about the effect of Carbon nanotube (CNT) – gold on the photocatalysis of TiO2. And the result was
nearly the same since the most potential sample was 0.1%Au – 2%CNT/TiO2
(Nguyen 2018a). Hence, the ratio of 0.1% Au was a good amount of gold for
supporting the photocatalysis of TiO2. However, graphene showed more ability in
the removal of colour of Blue Methylene. The assessment was based on the kapp.
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As the kapp of 0.1%Au – G/TiO2 was 1.224 * 10-2 min-1, it was higher than that of
0.1%Au – CNT/TiO2 which was 1.035 * 10-2 min-1. The key factor lies in the structure of graphene since it is the new 2D shape, therefore, it contributes more benefit to the photocatalysis of TiO2.
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5 CONCLUSIONS

In each sample, Graphene and Au were considered the receptor, therefore, the
photocatalysis of TiO2 were improved. From the result, it is obvious that 0.1%AuG/TiO2 is the best photocatalyst. With the support of 0.1%Au-G, the photocatalysis of TiO2 was increased by 3.7 times than pure TiO2.
In conclusion, the effect of Graphene/gold was analysed and demonstrated. The
results are obvious that Graphene/gold nanoparticle did play an important role in
improving the photocatalysis of TiO2.
The utilization of photocatalysis in treating the pollutants in water and waste water
are now one of the prospects, especially in removing the organic pollutants. Other
than that, the experiment has made a premise to develop the materials of Graphene/Au – TiO2 by adding more metal nanoparticles such as silver, SiO2, etc.
The purpose is to increase the capacity of spectra in photocatalysis of TiO 2 and
raise the capacity of producing more OH* so that the photocatalysis can be used
even under visible light and the efficiency of removing contaminants is enhanced.
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