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Abstract  
 
The experiments were carried out using Te-TiO2/Ti as working electrodes, prepared by the 
simple anodization technique and dip coating method, on Ti substrates (TiO2/Ti). The 
measurements were performed in an electrochemical cell using a three-electrode system, with 
Te-TiO2/Ti as the working electrode, Ag/AgCl as the reference electrode and pt as the auxiliary 
electrode. A flow system for determining the profile and photocurrent response of reactive 
orange 84 was developed using Linear Sweep Voltammetry (LSV) and Multi-Pulse Amperometry 
(MPA). The physicochemical properties of Te-TiO2/Ti electrodes have been studied using UV–vis 
DRS analysis techniques and compared with un-doped TiO2/Ti electrodes. The UV–vis DRS 

showed that the TiO2/Ti doped Te functionally decreases bandgap to 3.0 eV. The results showed 
that the photocurrent of reactive orange 84 was observed in the concentration range (1-5 μM), 
with a linear response between concentration and charge. 

 

Keywords:  Chemical Oxygen Demand, photoelectrocatalytic, reactive orange 84, sensor, Te-
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1. Introduction  
 

The presence of various organic matter and 
other substances in water bodies is one of the 
benchmarks for the level of pollution in an 

aquatic environment. Organic compounds are 
one of the most dominant pollutants, both in 
the pharmaceutical, agricultural, urban, etc. 

(Li et al., 2021; Spahr et al., 2020). The level 
of organic matter pollution in water bodies can 
be determined by analyzing COD and BOD 
which help by microorganisms, chemicals and 
others. COD is an important parameter in the 
determination of an organic matter, because 
of its high accuracy, fast analysis and easy 

standardization compared to Biochemical 
Oxygen Demand (BOD) (Abou‐Taleb et al., 

2021; Corbella et al., 2019). Additionally, BOD 
doesn't provide any indication of the oxidation 

state of the organic matter. Thus, COD is 
considered an important parameter to assess 
the level of organic matter pollution in the 

aquatic environment. Currently, various 
methods have been developed for accurate 

and sensitive determination of Chemical 
Oxygen Demand (COD) values.  

 
Determination of the COD value is needed to 
measure the oxygen demand for organic 

substances which is difficult to degrade by 
oxidation. However, the selection of methods 
that are accurate, effectively, faster, and 

environmentally friendly was still major a 
serious problem among researchers. 
Conventional standard methods for the 
determination of COD have been widely used, 
such as the potassium dichromate (K2Cr2O7) 
method (Avila-Rojas et al., 2018). However, 
this method has several disadvantages its 

application is limited, the process is long (2-4 
hours), has low detection sensitivity, produces 
toxic reagents (Cr2O7

2- and HgSO4), and is 
expensive (Ag+) (Kishimoto & Okumura, 

2018; Zhang et al., 2018). 
 
In recent years, photoelectrocatalytic (PEC) 

determination of COD based on TiO2 has 
attracted attention because it provides 
another technique with a strong oxidizing 
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ability and low recombination of 
photogenerated electrons and holes (Arham et 
al., 2016; Azis et al., 2017; Muzakkar, Umar, 
et al., 2019). TiO2 photocatalyst is a strong 
and most promising candidate because of its 
strong PEC oxidation power, non-toxicity, 

environmental friendliness and good stability 
when applied in the environment (Muzakkar, 
Nurdin, et al., 2019; Nurdin et al., 2016; 
Nurdin, Agusu, et al., 2019; Nurdin, Prabowo, 
et al., 2019) . In addition, TiO2 when irradiated 
with UV light can be excited to generate 

electrons and holes. This hole will produce 

hydroxyl radicals (•OH) when interacting with 
water molecules (Maulidiyah, Ritonga, et al., 
2015; Maulidiyah, Widianingsih, et al., 2015; 
Nurdin, Azis, et al., 2018). These hydroxyl 
radicals are powerful oxidizing agents that will 
be utilized for the degradation of organic 

molecules. 
 
Although TiO2 has many advantages, such as 
high oxidizing ability, its application in visible 
irradiation is still very limited. Caused TiO2 is 
only active by exposure to UV light with a wide 
band gap energy (Eg) (for anatase 3.2 eV) 

(Natsir et al., 2021; Nurdin, Dali, et al., 2018; 

Nurdin, Maulidiyah, et al., 2018; Wibowo et 
al., 2020). Several strategies have been 
applied, including the addition of dopants with 
the expectation of reducing the energy band 
gap so that light absorption can be shifted to 

visible irradiation. The selection of suitable 
dopants is very important to expand the 
absorption area of the TiO2 photocatalyst and 
reduce the gap energy. We found that 
Tellurium (Te) is a suitable dopant for TiO2 
photocatalyst because it has a small band gap 
energy (0.32 eV) and valence band (VB) and 

conduction band (CB) for charge separation of 
TiO2. In Addition, Te has a large enough 
electronegativity value so it has the potential 

as an electron acceptor material for TiO2 (Kim 
et al., 2019; Mondal et al., 2021).  
 
Preparation of the dopant layer into the 

surface of the TiO2/Ti film is an important 
factor to improve the performance of the PEC 
system. The dip-coating technique has been 
developed for the preparation of 
semiconductor layers because of its low cost, 
simple process, good performance, and 

controllable coating thickness. 
 
This study describes a PEC technique for COD 
determination using Te-TiO2/Ti nanocom-

posite electrodes which is accurate and 
sensitive. Tellurium-modified TiO2/Ti elec-
trodes (Te-TiO2/Ti) were made by a simple 

sol-gel method and anodizing method. RO 84 
dye was used as a model compound to see the 
accuracy of the method. Moreover, the optical 

properties of the synthesized electrodes were 
also investigated. 
 
 
2. Methodology  
 

2.1. Materials  
 
The materials used in this study were titanium 
plate (0.5 mm thick and 99% pure), titanium 
isopropoxide (> 97% pure), ethylene glycol 
(C2H6O2), telluric acid (Te(OH)6) 99%, 

ammonium fluoride (NH4F), acid fluoride (HF), 

nitric acid (HNO3), sodium nitrate (NaNO3), 
glycerol 87%, plate copper (Cu) and reactive 
orange 84 (RO 84) dye was purchased from 
Sigma–Aldrich (M). The characteristics of the 
RO 84 dye are tabulated in Table 1. 
 
Table 1. Properties of RO 84 dye. 
 

Properties Information 

Common name Reactive Orange 84 

Molecular formula C58H30Cl2N14Na8O26S8 

Molecular weight 1850.29 

CAS registry number 91261-29-9 

Molecular structure 

 

 

2.2. Preparation of TiO2/Ti plate 
 
TiO2/Ti plate was used as the electrode 
substrate, and by cutting Ti Plate to a size of 
4 x 0.5 cm and thickness of 0.5 mm. Then 

cleaned by soaking in a solution of HF, HNO3 
and aquades in a ratio of 1:3:6 for 2 minutes 

in each solution. In the final stage, TiO2/Ti 
plate was anodizing at a potential of 25 V in 
an electrolyte solution containing 87% 
glycerol, distilled water and 0.27 M NH4F, the 
same as used in the previous work (Nurdin, 
Muzakkar, et al., 2022). 

 
2.3. Synthesis of Te-TiO2/Ti nanocom-

posite electrodes  
 
The-TiO2/Ti nanocomposite electrodes were 
prepared by the sol-gel and dip-coating 

method previously reported by (Bachvarova-

Nedelcheva et al., 2016) with slight 
modifications. Firstly, solution A is made by 
mixing 8 mL of Ti[OCH(CH3)2]4 with 30 mL of 
C2H6O2. Meanwhile, solution B was prepared 
by dissolving Te(OH)6 into 30 mL of C2H6O2 
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with various concentrations of Te, 0.10%, 
0.16%, 0.21% and 0.27%, respectively. Then 
the solution mixture was refluxed for 10 hours 
at 60°C. The Te-TiO2 sol was evaporated at a 
temperature of 150°C to form a sol-gel. 
Furthermore, the prepared TiO2/Ti plate was 

coated with a Te-TiO2 sol-gel using the dip-
coating technique. The TiO2/Ti plate was 
immersed in the Te-TiO2 sol-gel for 10 minutes 
and then slowly lifted vertically. After the 
coating process, the Te-TiO2/Ti electrode was 
calcined at 50˚C for 10 minutes. 

 

2.4. Experimental setup and procedures 
 
All experiment was carried out in a reactor 
containing three-electrode such as Te-TiO2/Ti 
(working electrode), Ag/AgCl (reference 
electrode), and a platinum wire (counter 

electrode). The reactor structure has been 
reported in our previous paper (Nurdin et al., 
2017). We used a xenon lamp with a power of 
18 Watts and wavelength of 360 nm which is 
placed at the reactor near the working 
electrode and was used as the visible light 
source. 0.5 M NaNO3 was chosen as the 

supporting electrolyte in this experiment. 

Reactive Orange 84 was used as the standard 
test compound for COD measurement studies 
along with various factors affecting COD 
measurement performance. RO 84 solution 
was prepared by dissolving RO 84 into distilled 

water, in which 0.1 M NaNO3 was also added 
as a supporting electrolyte. About 10 mL of RO 
84 solution was used in PEC reactions. The 
COD measurement was performed with a 
potentiostat portable (e-DY2100B). 
 
3. Results and Discussion  

 
3.1. UV-Vis DRS Analysis 
 

To observe the optical properties of TiO2/Ti 
and Te–TiO2/Ti electrodes were analyzed 
using UV–Vis DRS spectrometry within the 
wavelength range of 250–550 nm. Figure 1 

shows the difference in band gap energy 
between TiO2/Ti electrodes and Te-modified 
TiO2/Ti electrodes. TiO2 film without the 
addition of dopants has a band gap energy of 
3.25 eV. While the band gap energy of the Te-
TiO2/Ti electrode is around 3.0 eV, this shows 

that the addition of tellurium can reduce the 
band gap energy of TiO2 (He et al., 2018; 
Mathew et al., 2020). This phenomenon will 
reduce the energy required to activate the 

TiO2 photocatalyst so that electrons will be 
more easily excited from the valence band to 
the conduction band. The more electrons in 

the conduction band, the greater the 
opportunity for the electron charge to reach 
the photocatalyst surface (Guo et al., 2020; 

Hamdy et al., 2021). So that it has an impact 
on the maximum degradation process. In 
addition, the decrease in band gap energy also 
causes a shift in the absorption wavelength of 
the electrode to the visible region (400-800 
nm) so that the degradation ability of the Te-

TiO2/Ti electrode is more optimum. The UV-Vis 
DRS results informed that Te entering the TiO2 
atomic lattice can narrow the band gap 
energy, thereby shifting the absorption to the 
UV-Vis region which might improve the 
photoelectrocatalytic performance of the TiO2 

film. 

 
 

Figure 1. Bandgap spectra of TiO2/Ti compared 
with Te-TiO2/Ti electrode. 

 
3.2. Linear Sweep Voltammetry of Te-

TiO2/Ti electrode 
 
LSV test was carried out to observe the 
electrochemical properties and also the 
current response in UV and visible irradiation 

toward the Te-TiO2/Ti electrode. The LSV test 
was carried out in the potential range of -1 
Volt - 1 Volt with a scan rate of 0.05 V/s and 
a sensitivity of 1 x 10-4 and 0.5 M NaNO3 as a 
supporting electrolyte (Nurdin, Wibowo, et al., 
2022). Figure 2A shows that the Te-TiO2/Ti 

electrodes with variations concentrations of Te 

of 0.10%, 0.16% and 0.21% respectively did 
not produce peak currents. This phenomenon 
was caused by the absence of a given light 
source to excite electrons (e-) on the surface 
of TiO2 from the valence band (VB) to the 
conduction band (CB). 

 
Under different conditions when exposed to 
UV and visible illumination (Figure 2B and 2C) 
the Te-TiO2/Ti electrodes showed a significant 
increase in current.  Figure 2B shows the LSV 
plots of the different electrodes under UV light. 
Te-TiO2/Ti electrodes with various 

concentrations showed high photocurrent 
density. The highest photocurrent was 
achieved when the Te concentration of 0.1% 
compared to other concentrations. It was 
different when the Te-TiO2/Ti electrode was 
illumination to visible light, producing a 
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relatively weak current (Figure 2C). Although 
Te was able to reduce the band gap energy of 
TiO2 as evidenced by UV-Vis DRS data, its 
performance in the visible region is not 
effective. 

 

 
 

 
 

 
 

Figure 2. LSV voltammogram curves of (a) Te-
TiO2/Ti electrode in the dark, (b) Te 
TiO2/Ti electrode under UV illumination 
and, (c) Te-TiO2/Ti electrode under 
visible illumination. Electrolyte: 0.1 M 
NaNO3 solution.  

 

It is clear that the difference in the light 

current response of the Te-TiO2/Ti electrodes 

in the dark and when exposed to UV light 
(Figure 2). In dark conditions, the anodic 
current response is seen to be close to zero, 
this indicates that the conductivity of the 
lightless electrode is very small. Unlike the 

case with electrodes treated with UV light, the 
anodic current response increased with 
increasing potential. This phenomenon 
indicates that the Te-TiO2/Ti electrode 
becomes conductive. 
 

3.3. Multi Pulse Amperometry of Te-
TiO2/Ti electrode 

 
Measurement of the photocurrent response of 
Reactive Orange 84 was carried out using the 
MPA technique. The experiment was carried 

out using a three-electrode system 

(Maulidiyah et al., 2017; Tribawono et al., 
2016).  
 

 
 

 
 

 
 
Figure 3. Amperogram of Te-TiO2/Ti electrodes 

against test compounds RO 84; (A) Te 
0.10%, (B) 0.16%, and (C) Te 0.21%  
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The MPA test was carried out at a potential of 
0.6 V, a sample time of 0.5 seconds and a 
running time of 60 seconds with 0.1 M NaNO3 
(electrolyte solution). The choice of NaNO3 
electrolyte solution in the PEC system is based 
on its ability to conduct electric current. 

 
Based on Figure 3, it can be seen that the 
initial photocurrent increases with increasing 
solution concentration. The MPA response 
indicated that this compound was well 
degraded by the Te-TiO2/Ti electrode. In 

Figure 3C, it can be seen that the current RO 

84 coincides with the current of the NaNO3 
electrolyte solution. This phenomenon 
indicates that RO 84 has been completely 
degraded by the electrodes. 
 
Figure 4 confirmed that the charge (Q) of RO 

84 increases as the concentration of the 
solution increases. The value of the light 
current increases linearly with increasing 
concentration. This is in accordance with 
Faraday's law that the value of charge is 
proportional to concentration, Q = nFVC (Priya 
& Jeyanthi, 2019; Zini et al., 2020). Overall, 

the three electrodes showed good 

performance, this is evidenced by the charge 
value from the measurement results close to 
the theoretical charge value (Nurdin, 
Muzakkar, et al., 2022). The electrode with 
0.16% Te concentration is the electrode that 

has a charge value that is closest to the 
theoretical charge value of the test sample. 
 

 
 

Figure 4. The relationship between Qnet and the 
concentrations of RO 84 dye. 

 

3.4. Determination of COD Value 
 
Figure 5 shows the relevant correlations 

between the photocurrent and the different 
RO 84 concentrations, computed as COD 
values. The photocurrent generated from each 
measurement of the COD value is subtracted 

from the current value of the blank solution, 
to obtain the net current value (Qnet). 

In this part, the Te-TiO2/Ti electrode was used 
to measure the COD of RO 84 solutions. As can 
be seen from Figure 5. as the COD value 
increases, the I value increases. In addition, 
the graph shows that the net current value is 
highest when the tellurium concentration of 

0.16%, while the current value is lowest when 
the tellurium concentration of 0.21%. This is 
primarily during the reaction process, a large 
quantity of OH radicals were produced which 
oxidized the dye RO 84. This demonstrated 
the different catalytic degradation capabilities 

of the three-electrode, owing to the different 

concentrations of tellurium. It can be observed 
that for all the electrodes investigated, the 
number of net loads obtained is directly 
proportional to the concentration. 
 

 
 
Figure 5. The relationship between PECOD and the 

concentrations of RO 84 dye. 

 
4. Conclusion  
 
In this work, the influence concentration of 
tellurium on the TiO2/Ti electrode for 

assessing COD has been investigated. In 
short, Te-TiO2/Ti electrode was prepared by 

the electrochemical anodization method. The 
photoelectrochemical properties of the 
electrode were examined, indicating that the 
Te dopant can facilitate the transfer of 
electrons TiO2/Ti electrode, which is favorable 

to advancing photocatalytic performance for 
oxidation of the RO 84 dye. The experimental 
results LSV and MPA exhibited that Te-TiO2/Ti 
showed high activity and good stability for 
PEC. We also found that the Te-TiO2/Ti 
electrode produced a photocurrent which is 
linearly correlated with the dye concentration 

RO 84 during photoelectrocatalytic 
degradation. 
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