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Abstract 

 

The preparation of a thin film of nano-sized Mn-N-TiO2, attached to a 

substrate Ti plate, was carried out. This preparation was performed by dip-

coating in a sol-gel, refluxing, and then calcining at 450°C. The Mn-N-TiO2 

crystals were characterized by DRS, XRD, FTIR, SEM, and BET. The Mn-

N-TiO2/Ti film was characterized by a potentiostat. The results of the DRS 

measurements indicated that the wavelengths were in the visible region. The 

XRD measurements showed that the product was dominated by Mn-N-TiO2 

in the anatase form, with a crystallite size of 15.43 nm. Characterization by 

FTIR indicated the presence of Ti-O, -NO, Ti-N and Mn-O bonds. BET 

analysis the pore surface area, pore volume, and pore were 92.95 m2/g, 0.03 

cm3/g, and 5.5 Å, respectively. The SEM measurements showed that the 

crystals were small in size and well dispersed. Photocurrent response of Mn-

N-TiO2/Ti electrode was active in absorbing the visible light. This system can 

be used as a sensor for COD. 
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INTRODUCTION 

The limitations of the conventional methods for determining the COD (chemical 

oxygen demand) have led to many attempts by researchers to overcome the 

shortcomings that exist [1]. The development of COD determination methods can be 

classified into two categories [2]. The first includes conventional methods, which 

involve the principle of chemical oxidation [3]. The second includes methods that 

involve electrocatalytic oxidation to measure the COD value [4]. 

 

Similarly, methods for organic waste management are being developed at this time 

that are based on photodegradation [5,6]. In addition to being more effective, the 

method is considered more operationally economical. Through this method, waste 

containing large quantities of organic compounds undergoes decomposition, so that 

its toxicological effects on the environment are reduced [7]. In fact, the ideal 

degradation of hydrocarbons produces only carbon dioxide and water, and therefore 

has no unwanted side-effects and necessitates no further treatment [8,9]. 

 

This has encouraged scientists to create an innovation-friendly environment, 

introducing the principle of optimization and efficiency of industrial processes, which 

has come to be known as the concept of green chemistry [10,11]. Since the 

publication of the phenomenon of photocatalytic titanium dioxide by Fujishima and 

Honda i.e. the splitting of water into oxygen and hydrogen by semiconducting TiO2 

under ultraviolet light, materials based on TiO2 have been studied to address 

environmental problems [12]. 

 

Various attempts have been made to obtain high photocatalytic efficiency, including 

the synthesis of nano-crystalline TiO2, the insertion of dopants, and the addition of 

sensitizers [13-15]. Various forms of photocatalytic reactors have been designed and 

applied to the degradation of organic substances in the liquid or gas phase [16,17]. 

Some researchers have carried out modifications of the photocatalyst matrix of TiO2 

to allows its activation by visible light. One form of modification is the insertion of 

other atoms (dopants) into the TiO2 crystal matrix, wherein the matrix elements of the 

dopant create a new catalyst that has a smaller band gap value equivalent to the 

energy of visible light [18,19]. 

 

Efforts to use Mn and N as dopants, which function to extend the photocatalytic 

activity of TiO2 to visible light radiation for COD sensing and for the degradation of 

dyes, have not been widely studied. In this study, TiO2 will be modified with the non-

metal dopant N (nitrogen) and the metal dopant Mn on a Ti plate substrate. The 

addition of the dopants Mn and N in the TiO2 catalyst system is expected to improve 

the performance of the reform-photocatalytic process [20,21] in its application for the 

measurement of COD and the degradation of a dye triggered by irradiation in the 

visible light region [22]. The addition of Mn and N as dopants may also serve as the 

active core of the TiO2 photocatalytic process, as well as electron traps to prevent 

electron–hole recombination [23]. Thus, it may improve the performance of the 

photocatalytic degradation of dyes in wastewater. 
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The photoactivity of the synthetic product will be evaluated by measuring its ability to 

photocatalytically degrade wastewater produced by the textile industry [7]. The 

selection of the textile industry for the wastewater system was based on the 

abundance of organic compounds, and the simulation based on this system is expected 

to yield a photocatalytic application in industrial waste management techniques [6]. 

The photodegradation parameters will be determined by the results of the 

characterization of the synthetic Mn-N-TiO2 product. 

 

The main feature of the development of the photoelectrochemical cell system is the 

preparation of the nano-sized Mn-N-TiO2/Ti film in order to obtain a film anode 

having a large surface area and high activity. The sol-gel method and calcination will 

be used to prepare the Mn-N-TiO2 film as desired. This paper will report the results of 

the characterization of the produced Mn-N-TiO2 film, which will be used as the 

working electrode in the measurement of the pollutant degradation of COD and dye-

based photoelectrochemistry. 

 

 

RESEARCH METHODS 

Material 

The materials used in this study were titanium tetraisopropoxide (TTIP; 97%, 

Aldrich), ethanol (95%), NaNO3 (0.1 M), distilled water, HCl (31%), HF (40%), 

HNO3, acetylacetonate, urea, a Ti plate, and NH3, 2-propanol, acetic acid, 

MnCl2.2H2O. 

 

Synthesis of Mn-N-TiO2 Sol-gel Method 

The initial step in the synthesis of Mn-N-TiO2 by the sol-gel method was to prepare a 

mixture of two solutions. The “A” solution, a TiO2 colloidal solution, was prepared by 

the controlled hydrolysis of TTIP (4 mL) in 0.5 mL of acetylacetonate and 15 mL of 

ethanol or 2-propanol in a reflux flask. The “B” Solution was prepared by placing 15 

mL of ethanol and 2 mL of distilled water, with the addition of 1 mL of 0.5 M acetic 

acid, into a separating funnel. Then, the “B” solution was added to the “A” solution 

gradually through the funnel while stirring using a magnetic stirrer. The solution 

mixture was refluxed for 2 hours at 50°C. 

A sol of TiO2 was obtained in a beaker glass, to which was added MnCl2·2H2O 

(varying the concentration of the metal ion Mn to 1%, 2% and 3% by weight). The 

mixture was stirred magnetically for 3–4 hours to obtain a homogeneous mixture. The 

next step was performed in order to dope Mn-TiO2 with a source of nitrogen (urea). 

The same sol was stirred using a magnetic stirrer, followed by the addition of the 

nitrogen source at concentrations of 1.0, 1.50 and 2.0 M for 1 hour at 50°C to produce 

a Mn-TiO2 sol containing nitrogen. 

The sol was oven-dried at a temperature of 80°C for 30 minutes and calcined at a 

temperature of 500°C for 2 hours. A powder of Mn-N-TiO2 was obtained, ready for 

characterization by UV-Vis diffuse reflectance spectroscopy (UV-Vis DRS), X-ray 

diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), scanning electron 

microscopy (SEM) and Brunauer–Emmett–Teller (BET) analysis. 
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Preparation of Electrode 

a. Ti Plate  
A Ti plate, which had been previously prepared, was then immobilized by sols of 

TiO2, N-TiO2, Mn-TiO2 and Mn-N-TiO2 by superimposing the plate surface evenly 

using a deep coating technique. Then, the plate was allowed to dry and calcined in a 

furnace at a temperature of 500°C for 3 hours to allow the formation of anatase 

crystals, which progressed well. In order to obtain a uniform thin film on the surface 

of the plate, the coating process was repeated three times. 

 

Characterization of Mn-N-TiO2 Catalyst 

Characterization was performed to determine whether the products were in 

accordance with the intended purpose. The products, including the synthesized TiO2 

and N-doped TiO2 and the films of TiO2 and N-doped TiO2, were found to have been 

prepared successfully. The synthesized Mn-N-TiO2 was characterized using UV-Vis 

DRS, XRD, SEM, FTIR and BET, while the Mn-N-TiO2 films were characterized 

using an electrochemical system or a potentiostat. 

 

 

RESULTS AND DISCUSSION 

Characterization by UV-Vis DRS 

Characterization of Mn-N-TiO2 was conducted by UV-Vis DRS to obtain information 

about the crystal band gap of the electrodes. The overall results of the analysis of 

TiO2, N-TiO2, Mn-TiO2 and Mn-N-TiO2 are shown in Table 1. 

 

Table 1. Measured band gap energies of TiO2, N-TiO2, Mn-TiO2 and Mn-N-TiO2 

 

No. Sample Gap energy (eV) 

1. TiO2 Degussa P-25 3.35 

2. TiO2 pH 3 3.20 

3. N-TiO2  3.03 

4. Mn-TiO2 2.32 

5. Mn-N-TiO2 2.22 

 

From Table 1 it can be seen that the band gaps of N-TiO2, Mn-TiO2 and Mn-N-TiO2 

are lower than that of TiO2 in the visible light region. The band gap can be used to 

calculate the corresponding wavelength by the following formula:  
 

)(
8.1239 eV

gg
hcEg 


 

 

With decreasing values of the band gap, the energy of light required to form the 

photohole (conduction band) and photoelectron (valence band) will decrease, 

conceivably allowing the use of a visible light source. 
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Characterization by XRD 

Characterization by XRD was performed to obtain information about the crystal 

structures of the synthesized TiO2, N-TiO2, Mn-TiO2 and Mn-N-TiO2. The XRD 

analysis of the materials was conducted using calcined gels, which were not coated on 

a Ti plate substrate, but received the same heat treatment as those that were coated on 

a substrate. 

 

Figure 1 shows the results of the XRD analysis of the TiO2, N-TiO2, Mn-TiO2 and 

Mn-N-TiO2 catalysts. In the figure, peaks can be seen that provide information about 

the identity of the crystalline forms prepared in this study. The crystal forms can be 

determined by comparing the values of 2θ or d (Å) from the measurements with the 

standard card data for crystalline TiO2. 

 

 
 

Figure 1. XRD analysis of TiO2, N-TiO2, Mn-TiO2 and Mn-N-TiO2 

 

 

The XRD analysis results for the TiO2 catalyst are shown in Figure 1. It can be seen 

that the XRD pattern contains nine peaks of diffraction at 2θ = 25.39°, indicating that 

the samples of TiO2, N-TiO2, Mn-TiO2 and Mn-N-TiO2 were dominated by 

crystalline anatase. From the peaks of the diffractograms, it was calculated by the 

Scherrer equation that the crystal size was 17.89 nm for the TiO2 catalyst and 15.43 

nm for the Mn-N-doped TiO2 catalyst. 
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Characterization by FTIR 

 

 
Figure 2. FT-IR spectra of TiO2, N-TiO2, Mn-TiO2 and Mn-N-TiO2 

 

The spectra obtained by characterization using FTIR are shown in Figure 2. This 

indicates the presence of -OH stretching, marked by the appearance of absorption 

peaks at around 910 cm-1 (bending vibration) with a weak signal, and 3400 cm-1 

(stretching vibration) with a strong signal. The presence of OH groups arises from the 

titanyl groups at the Ti-OH terminus of the crystal phase of TiO2 and water adsorbed 

on the surface. The indication of the presence of the stretching of CN groups probably 

arises from aliphatic amine groups, which are characterized by the presence of a peak 

at around 1064 cm-1. In addition, the presence of the C=O stretching indicated by the 

absorption peak at 1600 cm-1 is derived from ketone groups [22]. 

 

An indication of the presence of Ti-O bonds occurs in the absorption peak at 600 cm-

1, while the absorption peak at 1475 cm-1 (symmetric vibration) indicates the presence 

of –NO groups. This absorption provides evidence of the insertion of nitrogen into the 

TiO2 matrix. In addition, an indication of the presence of Ti-N bonds occurs in the 

absorption peak at 508 cm-1, with a weak signal. The amount of nitrogen present in 

the catalyst is evidently low. 

 

Characterization of the functional groups in the Mn-TiO2 composite was performed 

using an FTIR in the wavenumber range of 400–4000 cm-1. The strong, broad 

absorption peaks at the wavenumbers 3394.72 and 1620.21 cm-1 are the O-H 

stretching and bending vibrations of H2O molecules trapped within the framework of 

the hygroscopic composite. The Ti-O peak of TiO2 appears at 2337.72 cm-1. The 

influence of the atomic mass of Mn on the Ti-O bonds can be calculated by Hooke's 

Law: the greater the mass of the atoms interacting, the lower the frequency of 
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vibration, hence the smaller the wavenumber [24]. From the decline in the absorption 

wavenumber of the composite TiO2 from 1064.71 to 1056.99 cm-1, it is evident that 

the metallic Mn ions were immobilized. It is thus concluded that the composite Mn-

N-TiO2 had been successfully synthesized. 

 

Characterization by SEM 
The SEM measurement results provide information about the surface topography of 

the crystals. 

 

 
 

Figure 3. SEM characterization: A.TiO2, B. N-TiO2, C. Mn-TiO2 and D. Mn-N-TiO2 

 

It can be seen in Figure 3 that the crystals are very small in size, and well dispersed, 

although some agglomerations are also present. These may be caused by the presence 

of solvent molecules trapped in the crystal structure of TiO2. This is consistent with 

the appearance of the peak related to the O-H vibration in the FTIR spectra presented 

above. The small crystal size enhances the activity of the catalyst: because the 

photocatalysis takes place on the surface of the catalyst, the smaller the particle size, 

the greater the active surface area that is exposed to the substrate, thus accelerating 

the photocatalytic reaction [25]. 
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Analysis of Pore Surface Area (BET) 

Characterization was performed using a surface area analyzer to determine the surface 

area, pore volume and pore diameter of the composites TiO2 and Mn-N-TiO2. This 

determination was based on the absorption of nitrogen gas by the surfaces of the 

porous solids, as modeled by BET theory. The BET surface areas of the composites 

TiO2 and Mn-N-TiO2, as well as the obtained porosity curves for the isothermal 

adsorption/desorption of nitrogen gas (N2) by the composites, are shown in Figure 4. 

 

 
Figure 4. Isothermal adsorption/desorption of N2 gasses 

 

Based on analysis of the BET results, the addition of Mn and N into the composite 

TiO2 caused an increase in the pore surface area from 55.74 to 92.95 m2/g, a decrease 

in the pore volume from 0.10 to 0.03 cm3/g, and a decrease in the pore diameter from 

6.0 to 5.5 Å. 

 

The increase in the surface area of the composite Mn-TiO2 is thought to originate 

from the immobilization of the transition metal Mn ions and non-metallic N ions on 

the composite structure of Mn-N-TiO2, causing increased breaking of the surface. The 

immobilization of Mn and N on the TiO2 framework leads to changes in the bonding, 

making the structural arrangement of the atoms less regular, so that the surface area 

increases. The surface area of the composite Mn-N-TiO2 plays an important role in 

photocatalysis by visible light. Additionally, the adsorption of the substrate on the 

catalyst surface is a requirement for the photodegradation process; therefore, the 
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larger surface area of the photocatalytic composite is desirable because it facilitates 

the adsorption of organic matter and allows the transfer of the adsorbate compound to 

the active site. 

 

Photocurrent Response of Electrode Modification Mn-N-TiO2/Ti 

Measurements of photocurrent response to Mn-N-TiO2/Ti electrode was performed 

using UV and Visible lights irradiation as well as measurement in the dark condition 

(Figure 5).  

 

 
 

Figure 5. Photocurrent measurement of Mn-N-TiO2/Ti. 

 

 

It shows that the largest photocurrent response is shown visible light response. The 

photoactive in visible light prove that the addition of Mn and N was able to create an 

active catalyst in absorbing the visible light. This system can be used as a sensor for 

COD, and for the degradation of dyes in the visible light region. 

 

 

CONCLUSION 

DRS measurements indicated that the wavelengths were in the visible region. The 

XRD measurements showed that the product was dominated by Mn-N-TiO2 in the 

anatase form, with a crystallite size of 15.43 nm. Characterization by FTIR indicated 

the presence of Ti-O, -NO, Ti-N and Mn-O bonds. The SEM measurements showed 

that the crystals were small in size and well dispersed. Based on analysis of the BET 

results, the addition of Mn and N into the composite TiO2 caused an increase in the 

pore surface area from 55.74 to 92.95 m2/g, a decrease in the pore volume  

from 0.10 to 0.03 cm3/g, and a decrease in the pore diameter from 6.0 to 5.5 Å. The 

photoactive in visible light prove that the addition of Mn and N was able to create an 

active catalyst in absorbing the visible light. 
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