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ABSTRACT 

Objective: The objective of this study was to prepare the titanium dioxide (TiO2) by using Anodizing method that was subsequently coated with 
nitrogen (N) and silver metal (Ag) in the TiO2/Ti matrix.  

Methods: The preparation of N-TiO2/Ti using the sol-gel method was carried out by adding 3 ml of 5M NH4Cl as the source of nitrogen with a dip-
coating technique. Ag@TiO2/Ti was prepared using an electrodeposition method with 0.1M AgNO3 solution in 0.5% EDTA as the source of Ag metal 
dopants for one minute.  

Results: Photocurrent response test using the Linear Sweep Voltametry (LSV) showed that the TiO2/Ti electrode becomes active when irradiated 
UV light, while the addition of dopants makes nonmetal (N-TiO2/Ti) and metal (Ag@TiO2/Ti) active in visible or UV light irradiation. The analysis of 
Rhodamine B organic compound degradation by using UV-Vis spectrophotometer showed that the TiO2/Ti electrode was active in UV light 
irradiation at degradation rate 0.09 min-1, while N-TiO2/Ti and Ag@TiO2/Ti were active in visible light irradiation at degradation rate 0.0372 min-1 
and 0.0732 min-1, respectively. 

Conclusion: The photoelectrocatalytic activity test to degrade organic compound of Rhodamine B showed that N-TiO2/Ti and Ag@TiO2/Ti electrode 
were able to be active in visible light. 

Keywords: TiO2/Ti, Silver (Ag), Nitrogen (N), Rhodamine B, Anodizing, Photoelectrocatalytic. 

 

INTRODUCTION 

The rapid increase in the number of textile industries nowadays has 
contributed to the large increase in industrial waste generated 
worldwide [1]. One of the organic compounds commonly used in the 
textile industry is Rhodamine B [2]. The use of this dye has been 
banned in Europe since 1984 as the compound belongs to a strong 
carcinogen. If it accumulates in the water, it will become toxic and 
harmful to the environment. The Indonesian government itself, 
through the decree of the Environment Ministry, No. 
KEP.42/MENLH/10/1996, October 29, 1996, has set for both the 
rules and the parameters of industrial waste water pollution, which 
is considered to be harmful to the environment. 

Many efforts have been made to address the problem of pollution, 
for example, by conventional approach such as biological process 
that uses microorganisms and other approaches like the use of 
activated carbon. However, the conventional treatment of waste 
water shows to be less effective because the structure of the organic 
compounds in the effluent contains one or more relatively stable 
benzene rings [3]. 

One of the alternative approaches being developed to degrade a 
variety of organic waste in pollution management, especially for 
industrial waste, is a photocatalytic process. Some advantages of this 
process are that organic pollutants can be degraded into harmless 
compounds such as water and CO2 and then the use of chemicals and 
energy becomes more efficient. The photocatalytic technology with a 
TiO2 semiconductor photocatalyst is one way to address liquid waste 
problem. Photocatalytic process can be carried out at room 
temperature and the energy requirement is much less [4]. 

Various modifications and methods to increase the activity of TiO2 
photocatalyst have been studied. Mahoney et al. have modified TiO2 
material with the approach to use a molecule template (surfactants) 
and add an alkali metal as well as a transition metal or a doped 
metal [5]. Nurdin M. modified TiO2 by adding with transition metals 

such as Cu which increases the photoelectrocatalytic activity [6]. 
Ruslan et al. did the preparation of N-doped TiO2 by a hydrothermal 
process and this has succeeded to reduce the energy gap which 
makes the catalyst active in visible light [7]. 

TiO2 photocatalytic performance can be improved electrochemically 
by combining the photocatalytic and electrochemical processes, 
known as photoelectrocatalysis [8]. Photoelectrocatalytic method is 
a method of reaction process between photon and voltage. This 
mechanism is not much different from the photocatalysis but with 
the addition of an electric field variable in which it can be observed 
the relationship between the occurring photocatalytic reaction and 
the resulting current. Photoelectrocatalytic process has been proven 
to be one of the very effective methods to degrade organic pollutants 
in water [9]. Zhang et al. developed a photoelectrochemical cell 
system in which the most important part is the preparation of nano-
sized TiO2 films [10]. 

The addition of dopants (metal and non-metal) can improve the 
photocatalytic activity in visible light exposure. Several studies have 
been carried out to try to make metal immobilization in TiO2, 
including immobilization of gold [11], iron [12] and silver [13].  

For non-metal immobilization, Aditi et al. studied for nitrogen 
immobilization in TiO2 [14]. Dopant metal ions have a Fermi energy 
level which is lower than that of TiO2 so that the excited electrons 
can be transferred from the conduction band to insert metal 
particles on the TiO2 surface, while the holes in the valence band 
remained in TiO2 which in turn they increase the photocatalytic 
activity [15]. Several researchers have applied the modification of 
this method to the photocatalytic process. 

The objective of this study has two folds: (1) to compare data from 
TiO2/Ti photoelectrocatalysis using anodizing method (electrochemical), 
then dopped with non-metal (nitrogen (N)) and metal (silver (Ag)) 
whose role is to improve the degradation of organic pollutants; (2) based 
on this system, to study the efficiency of the photoelectrocatalytic 
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method in degrading Rhodamine B organic compound with variations of 
TiO2/Ti, N-TiO2/Ti and Ag@TiO2/Ti. 

MATERIALS AND METHODS 

Preparation of Ti (titanium) plate  

The preparation of Ti (titanium) plate was done by cutting Ti plate 
with 99% purity, 0.5 mm thickness and size 4 cm x 2 cm. Next, it was 
sanded with 1200 CC fine sandpaper until the surface was clean and 
shiny, and then washed with the detergent solution, water, and 
distilled water. The purpose of this treatment was to obtain a clean 
Ti plate from impurities. After dried in air, Ti plate is then immersed 
(etching) using a mixed solution of HF, HNO3, and distilled water in 
the ratio 1:3:6 for two minutes.  

This treatment was aimed to remove fat and oxide layer left on the 
Ti metal surface. The final stage was to rinse Ti plate with distilled 
water in order to remove residual etching solution on the Ti plate 
surface and then dried in air [16]. 

Preparation of TiO2 layer with anodizing method 

The prepared titanium plate was inserted in the probe which was 
filled with the electrolyte solution in the form of 0.27M NH4F and 
distilled water with a 98% glycerol. The electrolyte solution was 
produced by dissolving 0.99 g of NH4F using 4 ml of distilled water and 
96 ml of 98% glycerol. Anodizing process was done by placing a Ti 
plate as anode and Cu plate as cathode by using a magnetic stirrer and 
a potential difference of 25 volts was provided by connecting to a 
power supply. This anodizing process was carried out for four hours.  

The final stage was the calcinations of Ti plate for 1.5 hours with 
temperature 500 oC to evaporate the residual electrolyte solution 
remained on the surface of Ti plate and to obtain crystals of TiO2 
anatase which has a better activity than other types of crystals [16]. 

TiO2/Ti doping process with nitrogen (N) using sol-gel method 

To dope TiO2 with nitrogen, sol made from Solution 1 in the form of 
TiO2 colloidal solution was prepared by using controlled hydrolysis 
of 4 mL titanium tetra isopropoxide, 0.5 mL acetyl acetonate 15 ml 
of 99% ethanol. Solution 2 was in the form of 15 ml of 99% ethanol 
and 2 ml of distilled water with the addition of 1 ml of 0.1 M acetic 
acid. The solution was mixed and refluxed for 3 hours at 
temperature 50 oC. Then, it was stirred using a magnetic stirrer for 3 
hours at temperature 50 oC, followed by the addition of 5 M NH4Cl to 
produce TiO2 sol containing nitrogen.  

The resulting sol was evaporated at room temperature for 48 hours 
to form a gel. Furthermore, the resulting gel was heated in the oven 
at temperature 80 oC for 30 minutes. The coating process was done 
by using the dyeing process in the TiO2-covered areas of the 
titanium plate. After performing dyeing technique for 10 minutes, 
then the plate was lifted out smoothly. Finally, it was calcined in 
furnace for 15 minutes at temperature of 150 ˚C. 

Doping process with silver metal (Ag) using electrodeposition 
method 

Electrodeposition process of TiO2/Ti electrode was carried out as 
follows; metal electrodeposition solution used was AgNO3 as source of 
Ag metal dopant [17], 0.17 g of AgNO3 was dissolved in 100 ml of 
distilled water, with the addition of EDTA 0.5gr in 100 ml, and then both 
AgNO3 and EDTA solutions were mixed. Electrodeposition method was 
performed for one minute with a potential difference of 1.0 volts. Then, 
the formed Ag@TiO2 was stored in a desiccator for 24 hours. 

Catalyst characterization 

Linear sweep Voltammetry (LSV) 

LSV was measured with Linear Sweep Voltammetry using 0.1 M 
NaNO3 solution, where 0.85 g of NaNO3 was dissolved in 100 ml 
flask. LSV testing was conducted on the potential -1 to 1 volt, with a 
scan rate of 1x10-4 V/s, in which each of TiO2/Ti, N-TiO2/Ti, and 
Ag@TiO2/Ti electrode was tested by illuminating the UV and visible 
light. The LSV results were used to observe the photoelectrocatalytic 
activity during the testing process. 

Ultra violet–visibel (UV-Vis) spektrofotometer 

The measurement using a UV-Vis spectrophotometer was intended 
to determine the performance of TiO2/Ti, N-TiO2/Ti and Ag@TiO2/Ti 
electrode on Rhodamine B degradation. 

Dye degradation test with photoelectrocatalytic system 

Determination of the standard curve of Rhodamine B  

The method to determine the standard curve of Rhodamine B was 
using Rhodamine B solution with a concentration of 0.5; 1.0; 2.0 and 
3.0 ppm. The solution was made as follows; 0.01 g of 100 ppm 
Rhodamine B was dissolved in 100 ml distilled water. Then, 100 
ppm Rhodamine B was pipetted for each 5 ml; 10 ml; 20 ml and 30 
ml and then each was diluted with 0.1M NaNO3 in 1000 ml of 
distilled water. Finally, wavelength and absorbance values were 
determined from each concentration of Rhodamine B by using UV-
Vis spectrophotometer. 

Dye degradation test of rhodamine B 

Dye degradation test of Rhodamine B for each 0.5; 1.0; 2.0 and 3.0 ppm 
(+0.1M NaNO3) was carried out by using the Multi Pulse Amperometry 
(MPA) with a ten-minute duration and a potential difference of 0.5 volts 
in a state of UV and visible light variation. Every ten-minute span within 
one hour period the absorbance measurement was performed by using a 
UV-Vis spectrophotometer to determine the decrease in the dye 
concentration. The measurements were made for TiO2/Ti, N-TiO2/Ti, 
and Ag@TiO2/Ti electrodes. These results were plotted; the absorbance 
against the degradation rate constant of Rhodamine B compound. 

RESULTS AND DISCUSSION 

Fabrication of TiO2/Ti thin layer through anodizing method  

To produce TiO2 thin layer on the surface of Ti plate, an anodizing 
method has been carried out for four hours with a potential 
difference of 25.0 volts. The most important part in the development 
of photoelectrochemical cell system is the preparation of nano-sized 
TiO2 films [18]. The high voltage in producing TiO2/Ti thin layer 
results in a formed structure which tends to look like nodules or 
particulates. In general, the anodizing process will form a 
nanomaterial with size between 1 to 100 nm [19]. 

Anodizing is an electrochemical oxidation process that will result in 
the addition of a layer film on the top of metal surface. Plate which has 
been in anodizing was then calcined at temperature 500 °C for 1.5 
hours. The calcination process aims to evaporate organic solvents 
which are trapped in a titanium plate. In addition, Zhang et al. reported 
that the calcination process is intended to obtain crystals of TiO2 
anatase with a better photocatalytic activity than the other types of 
crystals for a calcination temperature at about 500 °C [10].  

This is due to the crystals of anatase that has a larger surface area 
and greater active side such that they absorb light better than any 
kind of rutile crystals. The band gap energy of anatase structure is 
3.2 eV which is equivalent to 388 nm. This band gap energy indicates 
how much energy is required for the transition of electrons from the 
valence to conduction band. 

The appearance of pores and void spaces on the surface of TiO2 layer 
is the first step for the formation of nano-tube [20] and the high 
acidity on the tube base helps the pore in forming tube structure 
[21]. This technique will result in TiO2/Ti formation on the surface 
of Ti plate. Fig. 1 shows visually that the TiO2 layer produced by 
anodizing method is quite homogeneous with a good layer thickness. 
 

 

Fig. 1: The results of anodizing process on a Ti plate to produce 
TiO2 
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Doping TiO2/Ti with nitrogen (N) using sol-gel method 

N-TiO2/Ti material was prepared by using the sol-gel method. Sol-
gel method is the most common used to synthesize non-metal or 
metal TiO2 doped nanoparticles because the sol-gel method has 
many advantages, for example, in terms of purity, homogeneity, 
flexibility, easily controlled, economically. Based on the report of 
Asahi et al. sol-gel approach can produce TiO2 nanoparticles doped 
with nitrogen in 1% to 20% concentration [22]. 

Sol-gel was synthesized by using titanium tetra isopropoxide base 
material (TTIP) as a matrix, acetyl acetonate which acts as chelating 
ligands will produce an exothermic reaction and makes the yellow 
solution. To dope with nitrogen, the formed sol was added 5M NH4Cl 
as a source of nitrogen atoms. This process aims to reduce the 
energy (band) gap, in which the nitrogen atom is expected to replace 
some of the positions of oxygen atoms in the TiO2 semiconductor 
[23]. 

The formed TiO2 by using the anodizing method was then coated by 
using a dip-coating technique in the formed sol-gel. The dip-coating 
method has been widely used in the formation of a thin film layer on 
the surface because the resulting thin film has good transparency. 
After the dip-coating process was completed, it was calcined at 
temperature of 150 °C. Lockman et al. has reported the anatase 
crystalline form which was observed in TiO2 heating temperature 
starting from 120 °C and it reaches a perfect form at temperature of 
500 °C. [23] This temperature choice aims to bind the N-TiO2 layer 
more powerful such that the adhesive force between a N-TiO2 thin 
layer and formed TiO2 layer on Ti plate becomes better and this 
eliminates the excess of water solvent as well as forms crystalline 
phase TiO2 anatase. 

This technique is a process in incorporating other atoms (dopants) 
for the purpose of improving the properties of the material 
designation, such as increasing the conductivity of semiconductors, 
gaining semiconductor with only one charge carrier (electron or 
hole), or getting a semiconductor with a lower energy gap with 
origin. Doping N-TiO2 showed a significant photocatalytic activity in 
various types of reaction under visible light region and it has a good 
stability [25]. Visually, the result obtained in the N-TiO2 doping 
technique is shown in fig. 2. 

 

Fig. 2: The surface of TiO2/Ti which has been immobilized N-
TiO2 

 

Doping TiO2/Ti with metal silver (Ag) by using the 
electrodeposition method  

Ag doping was done by the electrodeposition method. Ag metal was 
deposited on the TiO2/Ti surface which was previously made by 

using the anodizing method. Ag metal was used because it can act as 
a trap electron and it can be expected to reduce the recombination 
of electrons and holes [26]. 

Electrodeposition of Ag metal on TiO2/Ti surface was performed by 
using 0.1% AgNO3 electrolyte in EDTA solution which served to bind 
the metal and control  the number of Ag metal attached to the formed 
TiO2 [26]. Electrodeposition process was done by connecting the 
TiO2/Ti electrodes (cathode) with a negative current source, while the 
Cu plate (anode) was connected to the positive current source with the 
potential current of 1.0 volts for one minute. With the 
electrodeposition process, The Ag metal attached to the TiO2 surface 
which has been formed through anodizing process, see fig. 3. 
 

 

Fig. 3: Immobilized TiO2/Ti surface with Ag metal 
 

The Construction of a photoelectrocatalytic reactor 

The obtained electrodes were then used in the photoelectrocatalytic 
reactor. The technique to provide a reactor was using UV and visible 
light in a box size of 60 cm x 30 cm where inside the box was 
covered by aluminum foil. The scheme of photoelectrocatalytic 
reactor can be seen in fig. 4. 
 

 

Fig. 4: A Photoelectrocatalytic reactor 

 

Determination of the electrode activity 

The photocurrent is the observed current when the electrode is 
irradiated by UV or visible light. This current is also the 
measurement of the transfer rate among semiconductor/electrolyte 
surfaces. Thus, it can be also used to measure the rate of OH radical 
formation on the catalytic surface. In this study, the measurement of 
the photocurrent as a potential function was performed by using 
Linear Sweep Voltammetry (LSV) technique in an electrolyte 
solution of 0.1 M NaNO3 connected to portable potentiostat. 

 

 

Fig. 5: Linear Sweep Voltammetry (LSV) Graph; (A) TiO2/Ti electrode, (B) N-TiO2 electrode, and (C) Ag@TiO2/Ti electrode 
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Fig. 5 (A), LSV of produced TiO2/Ti electrode has the highest activity 
when it was irradiated by UV light. This is consistent with the theory 
that TiO2 has photoelectrocatalytic activity when it is irradiated by 
UV light, which is active at a wavelength of ≤ 388 nm and at Energy 
gap (Eg) of 3.2 eV. The TiO2 matrix without dopants did not respond 
in the dark and it gave a response to the light current when 
irradiated with visible light as the energy obtained from the visible 
light is smaller to activate TiO2/Ti. 

Fig. 5. (B) shows LSV of produced N-TiO2 by the photoelectrocatalytic 
activity. When illuminated the UV light, photocurrent response 
observed was near zero while it has a good intensity when the 
electrode was irradiated in visible light. Activity of N-TiO2/Ti 
electrode shows the visible light irradiation which proved that 
doping N in TiO2 has a good activity and able to be 
photoelectrocatalytic in visible light irradiation. 

Fig. 5. (C) shows that LSV of produced Ag@TiO2 indicates a good 
activity when it was irradiated with visible light and the resulting 
response proved that the Ag@TiO2/Ti electrode was able to work 
with visible light irradiation. When the electrons moved from the 
valence to conduction band, they were trapped by Ag metal which is 
enable to minimize the recombination between electrons and holes 
such that the energy used with the visible light irradiation is much 
smaller. Likewise the UV light irradiation on the Ag@TiO2, electrons 
are able to move from the valence to conduction band so that it has 
photoelectrocatalytic activity, however, it showed that UV light 
irradiation is lower than the visible light irradiation. 

Degradation test of organic compound Rhodamine B using 
TiO2/Ti, N-TiO2/Ti and Ag@TiO2/Ti electrodes 

Determination of organic compound Rhodamine B using UV-Vis 
spectrophotometer 

Colorful compounds can be measured by UV-Vis spectrophotometer 
as it has chromophore group that gives color to the compound. This 
is due to that each molecule is able to absorb light in accordance 
with the required wavelength and energy to undergo an electron 
transition from the ground state to an excited state. The maximum 
wavelength of Rhodamine B was obtained by 554 nm. 

In this case, the electron transition has occurred in which it is involved 
the π electrons conjugating along the chromophore group of heterocyclic 
Rhodamine B compound by absorbing energy and this becomes an 
evidence. This compound shows a red color because of the transition in 
the visible light region. A calibration curve was obtained by plotting the 
concentration versus the absorbance and the equation is as follows.  

 ……………… (1) 

Degradation test for organic dye rhodamine B using TiO2/Ti, N-
TiO2/Ti and Ag@TiO2/Ti electrodes 

The photoelectrocatalytic system is a combination of 
electrochemical process with photocatalyst, where the TiO2/Ti, 
N-TiO2/Ti and Ag@TiO2/Ti electrodes work if they are subjected 
to UV or visible light in which this can give a pair of electrons 
and positive holes (h+). The positive hole can initiate the 
oxidation reaction at the electrode surface, while the electrons 
flow through the back contact to the counter electrode and they 
are transferred to the electron catcher being present in the 
solution. The electron flow can be observed as a current 
proportional to the light and the amount of organic matter 
content of Rhodamine B in solution. 

The electron-hole separation will increase the provision of positive 
bias potential on the working electrode immersed in solution, as a 
result of the formation of the electrical field near the interface, so 
that the surface of the working electrode is anodic. In this situation 
the recombination of electrons and holes by transferring to the 
solution through the auxiliary electrode is cathodic [8]. With this 
way, the potential difference can increase the efficiency of 
separation charge so that the formation of OH radicals that 
accelerate the process of organic compound degradation of 
Rhodamine B becomes higher. 

Testing the degradation of organic compound Rhodamine B was 
performed using Rhodamine B concentration of 0.5 ppm, 1 ppm, 2 
ppm and 3 ppm, with treatment as photolysis and also photo 
electrocatalysis. Photolytic method is a method used to degrade a 
compound by using only radiation, as shown in fig. 6. 

 

Fig. 6: Graph of Rhodamine B photolysis when irradiated by UV 
and visible light 

 

Fig. 6 shows that the concentrations of Rhodamine B when irradiated 
in UV and visible light photolytically decreases slowly, due to the 
oxidation reaction and the broken bond of Rhodamine B. According to 
Wilhelm and Stephan when Rhodamine B is illuminated by UV or 
visible light and the oxidation reactions occurs on its organic 
compound, the bond break in Rhodamine B occurs [28]. 

Photocatalyst is a catalyst that works with the help of light 
(photons). With the photocatalytic method the concentration of 
Rhodamine B decreases as shown in fig. 7. In this case, the TiO2 
semiconductor is a photocatalyst that absorbs photon energy in the 
UV region. 

 

Fig. 7: Graph of the decrease of the rhodamine B concentration 
in TiO2/Ti photocatalysis 

 

Compared to the photoelectrocatalytic method of TiO2/Ti, the 
potential difference of 0.5 volts on the various types of concentration 
and light showed that the activity in degrading organic compound of 
Rhodamine B using a portable potentiostat is faster than that using 
TiO2 photocatalyst. Fig. 8 shows a significant decrease in the 
concentration of Rhodamine B by using TiO2/Ti catalyst. 

 

Fig. 8: Graph of the decrease of Rhodamine B concentration in 
photoelectrocatalysis by using a TiO2/Ti catalyst 
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It is clearly shown in fig. 6, fig. 7 and fig. 8 that there was a difference of 
degradation rate obtained from the photolytic, photocatalytic and 
photoelectrocatalytic process. Photolytic process had the lowest 
degradation activity compared to other two processes where 
Rhodamine B was illuminated with photons that may break the bond 
of the Rhodamine B compound. The photocatalytic process has shown 
a good degradation activity although it is not as good as the 
photoelectrocatalytic process. This is because this 
photoelectorcatalytic process sometimes suffers from the electron-
hole recombination so that the active species can be reduced and 
results in a low degradation activity. Photoelectrocatalytic process is 
basically not much different from the photocatalytic process. In the 
photoelectrocatalytic process, electrons (electric current) were 
applied such that this prevents the electron-hole recombination when 
illuminated with light. The results showed that the molecular 
degradation of Rhodamine B dye can be more efficient by using the 
photoelectrocatalytic method compared to both photolytic and 
photocatalytic method. 

 

Fig. 9: Graph of Rhodamine B degradation using the N-TiO2/Ti 
catalyst 

 

 

Fig. 10: Graph of Rhodamine B degradation using a Ag@TiO2/Ti 
catalyst  

 

Degradation by using N-TiO2/Ti electrodes has a good activity in 
degrading Rhodamine B compound. The decrease of the 

concentration indicates that N-TiO2/Ti is able to work actively in the 
visible light irradiation, see fig. 9. This shows that N-TiO2/Ti can 
reduce the band gap energy so that the light energy needed to create 
the electrons experiencing a transition state from the valence band 
to the conduction band becomes small due to the relatively small 
distance between the valence band and the conduction band. 

Degradation using Ag@TiO2/Ti electrode produces a good activition 
in degrading the Rhodamine B compound in visible light irradiation. 
Fig. 10 proves that Ag@TiO2 is able to work well in visible light as 
silver can trap photogenerated electrons from the semiconductor 
and allows holes to form hydroxyl radicals which produce 
degradating reaction of organic species [29]. 

 

Fig. 11: Graph of Rhodamine B Comparison using of N-TiO2/Ti 
and Ag@TiO2/Ti catalysts 

 

Fig. 11 shows that the results of the Rhodamine B degradation using 
Ag@TiO2/Ti electrodes is more active than those using N-TiO2/Ti in 
degrading Rhodamine B at visible light irradiation. In this case, 
Ag@TiO2/Ti prevented the of electron recombination while N-
TiO2/Ti reduced only the band gap of TiO2/Ti.  

In addition, the preparation of Ag@TiO2/Ti with the 
electrodeposition method is much thinner than that with the N-
TiO2/Ti technique. This was shown by the decrease of the 
Rhodamine B concentration. According to Ibhadon et al. doping 
technique produces a good photocatalytic activity, homogeneous 
and transparent flat layer as well as a smaller particle size [30]. 

Kinetic reaction of photoelectrocatalysis degradation of Rhodamin 
B using TiO2/Ti, N-TiO2/Ti dan Ag@TiO2/Ti electrodes 

By the Langmuir-Hinshelwood equation, the reaction rate constant 
can be determined by plotting  ln ct/co against irradiation time (t) 
which gives a straight line with a slope k. This is the concentration 
curve with respect to time for conditions N-TiO2/Ti and Ag@TiO2/Ti 
photoelectrocatalysis in various concentrations. From the curve the 
value of the degradation rate constant (Kd) is obtained as shown in 
table 1. 

 

Table 1: Rhodamine B degradation rate constants for each variation of concentration with respect to irradiation of UV and visible light of 
TiO2/Ti, N-TiO2/Ti and Ag@TiO2/Ti in photoelectrocatalysis 

Concentration (ppm) Kd UV 
TiO2/Ti 
(M-1 min-1) 

Kd Vis 
TiO2/Ti 
(M-1 min-1) 

Kd UV 
N-TiO2/Ti 
(M-1 min-1) 

Kd Vis 
N-TiO2/Ti 
(M-1 min-1) 

Kd UV 
Ag@TiO2/Ti 
(M-1 min-1) 

Kd Vis 
Ag@TiO2/Ti 
(M-1 min-1) 

0.4970 0.0839 0.0088 0.0223 0.0372 0.0331 0.0732 
0.9945 0.0900 0.0102 0.0149 0.0233 0.0186 0.0307 
2.0393 0.0714 0.0227 0.0080 0.0128 0.0096 0.0130 
2.9945 0.0675 0.0094 0.0062 0.0078 0.0069 0.0098 
Mean ( ) 0.0782 0.0127 0.0128 0.0202 0.0170 0.0316 
Standard deviation (Sd) 0.0050 0.0028 0.0033 0.0057 0.0050 0.0119 
 

As shown in table 1, the value of degradation rate constant gets smaller 
as the concentration of Rhodamine B dye solution increases, which 
indicates that the photoelectrocatalytic process becomes faster in the 
dye solution with a lower concentration. This is due to that using the 
same number of catalysts can result in the same number of the active-

surface sides. Consequently, Rhodamine B dye solution with lower 
concentrations can be entirely absorbed on the electrode surface in which 
the photoelectrocatalytic process can become more efficiently. Meanwhile, 
with the higher concentrations of Rhodamine B, the degradation rate 
constant becomes decreased. According to Tian et al. the decrease of 
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degradation rate constant is affected by the active site of the catalyst in 
generating O2 and OH radicals, in degrading the tested compound and in 
absorbing the UV or visible light of the tested compound, which thereby 
reduces the effectiveness of degradation [31]. There is an ascertain 
crystallinity effect which is formed variably and this affects on the 
degradation rate constant due to the limited surface area of the catalyst. 
The value of TiO2/Ti degradation rate constant tends to be good in UV 
light irradiation whereas in visible light irradiation it becomes less 
active, due to the effectiveness of TiO2 to receive energy from UV light 
in order to move electrons from the valence band to conduction band 
so that the formed hole and electron species can degrade organic 
compounds. The Ag@TiO2/Ti formation tends to be higher than that 
the active N-TiO2/Ti in visible light irradiation. This is because of the 
Ag thin layer formation on the TiO2/Ti surface so that it is capable to 
trap the photogeneration electrons from semiconductor and allows 
holes to form the hydroxyl radical and transfers electron more rapidly 
that produces degradation reactions of organic species, meanwhile the 
formed N-TiO2/Ti layer with dip-coating method from sol gel may be 
due to slow electron transfer from the semiconductor layer surface to 
the bulk, causing a slowdown because the layer is not homogeneous 
and losses sol-gel coating when inserted to the test probe. 

CONCLUSION 

By using the anodizing method, the formation of TiO2 nano tube layer on 
the surface of Ti plate which was subsequently coated with nitrogen (N) 
and silver (Ag) produces the activities of photocurrent response of N-
TiO2/Ti and Ag@TiO2/Ti electrode which were able to be active in visible 
light, while the TiO2/Ti electrode is capable to be active in UV light. The 
results of photoelectrocatalysis activity test to degrade organic compound 
of Rhodamine B showed that the degradation rate constants of TiO2/Ti 
electrode when irradiated were 0.0227 min-1 in visible light and 0.09 min-1 
in UV light which were active in UV light irradiation. Meanwhile, N-TiO2/Ti 
and Ag@TiO2/Ti have a good activity to degrade the organic compound of 
Rhodamine B when irradiated; for N-TiO2/Ti, the degradation rate 
constants were 0.0372 min-1 if irradiated by visible light and 0.0223 min-1 
by UV rays and for Ag@TiO2/Ti the degradation rate constants were 
0.0732 min-1 if irradiated by visible light and 0.0331 min-1 by UV light. 
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