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Abstract: Photo-inactivation Staphylococcus aureus bacteria based on Mn-N-TiO2 composite coated 

wall paint is a unique study for preparing antibacterial material applied on wall house. Utilization of 

mixed material plays a role in activating under visible light illumination by sunlight to inactivate 

bacterially. Preparation of Mn-N-TiO2 composite by the sol-gel method using reflux for 3 h and coated 

with wall paint. The bacterial test uses Nutrient Broth (NB) to grow S. aureus, which is tested 3 times 

(triple). The yellow sol-gel produced by TiO2 doped Mn and N is functionally decreased bandgap as 

2.8 eV. Subsequently, SEM/EDX data has characterized that the Ti, O, C, N and Mn elements are 

identified from composite Meanwhile, Ca is material produced from CaCO3 as wall paint colloidal. 

Based on these results, we report that the high concentration of Mn-N-TiO2 composite exhibited that 

the high inactivation response of S. aureus bacteria with 60% concentration is 87.73%.   
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1. Introduction 

The utilization of wall paint has generally been used to obtain the beauty house the 

shape of color and shiny [1]. In addition, it is protecting sunlight irradiation, weather, dust, 

lichen, and leak [2]. These conditions also attached bacteria and lichen, which is difficult for 

cleaning, caused moistly and not protected by wall paint [3,4]. Needed attention for repairing 

walls by using self-cleaning utilize smart material which has the substance's ability to clean 

themselves from dirt through chemical reactions. By this technology, it is expected to be able 

to maintain the aesthetic value of the walls [5].  

In the last decades, self-cleaning applications have been developed in wall paint by 

using a photocatalyst based on titanium dioxide (TiO2) nanoparticles [6]. Photocatalysis paint 

contained photoactive TiO2 as a white pigment that effectively removed organic pollutants, 

inorganic, impurities substances, microbes, and stains [7–9]. It is a chemical reaction process 

by energy photons from ultraviolet (UV) irradiation [10]. The effect of TiO2 photocatalyst can 

decompose organic compounds into CO2 and H2O, which is applied to decompose impurities 

and microbes attached to the wall's surface [11,12]. In addition, the unique properties of TiO2 
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photocatalyst are most successful as self-cleaning such as glass, marble [13], lime [14], cement 

[15], copper [16] etc. 

TiO2 photocatalyst is a semiconductor material widely used for optoelectronic, 

microelectronics, sensor, anti-fog, self-cleaning, water cleaning, and inactivation of the 

microorganism [17–20]. However, the TiO2 photocatalyst only active under UV light 

illumination caused the high bandgap energy (Eg) of 3.2 eV anatase phase, thus limited to high 

performance under sunlight radiation [21–23]. The application of TiO2 photocatalyst in wall 

paint very suitable for self-cleaning as resin/binder in the wall paint mixture, white pigment, 

and antimicrobial material [24,25]. Needed decorated TiO2 photocatalyst by metal or non-metal 

dopants decreases bandgap energy (optical properties) as applied under visible illumination 

[26]. 

The modern strategy to optimize the performance of TiO2 photocatalyst under visible 

region by doping method using metal or non-metal atoms on the TiO2 crystal matrix. The metal-

doped such as Iron (Fe), Cobalt (Co), Nickel (Ni), Cupprum (Cu), and Manganese (Mn) has 

been studied to increase the optical properties in the conduction band (Cb) as the role of 

trapping electron excited in Cb as a p-type semiconductor [27]. The Mn metal is one of the 

transition metals that is electropositive and has good electrical conductivity usefully as a dopant 

in TiO2 photocatalyst [28,29]. Meanwhile, the doping of non-metal like Carbon (C) [30], Sulfur 

(S) [31], Fluorine (F) [32], Phosphor (P)   [33], and Nitrogen (N) [34] was proven as an n-type 

semiconductor which is effectively shifting the optical absorption of TiO2 photocatalyst under 

the lowest energy level [35]. The couple doped (co-doped) was increased the stability of 

electron in semiconductor, high-response ability, and high-optical properties. This research 

explores the co-doped of Mn, N co-doped TiO2 photocatalyst then coated in wall paint, which 

is a high self-cleaning property for antibacterial activity. The S. aureus has selected due to the 

gram-positive bacterial group that is resulting in skin disorders when human has contact with 

material containing this bacteria. This research explores the co-doped Mn, N co-doped TiO2 

photocatalyst, then coated in wall paint with high self-cleaning properties for antibacterial 

activity. The S. aureus has been selected due to the gram-positive bacterial group resulting in 

skin disorders of human contact. 

2. Experimental Methods 

2.1 Preparation of Mn-N-TiO2 composite. 

Synthesis of Mn-N-TiO2 composite was conducted by mixing of 15 mL EtOH, 2.0 mL 

Aquades, 1.0 mL Acetic Acid (0.5 M) into a reflux flask which is containing 4.0 mL of 

Titanium tetra- isopropoxide (TTIP), 0.5 mL Acetyl Acetonate (AcAc) and 15 mL EtOH. 

Subsequently, it was stirred by using a magnetic stirrer for 1.0 h at a temperature of 50°C and 

followed by the addition of 2 mL 0.5 M CO(NH2)2 as Nitrogen source and 1.0 mL 2.5% Mn 

solution to obtain Mn and N sol-gel TiO2 composite. It evaporates at room temperature for 48 

h to form a gel and is heated at 80°C for 30 min. To obtain the Mn-N-TiO2 powder, we 

calcinated the sol-gel Mn-N-TiO2 composite at a temperature of 400°C for 1 h and 

characterized by UV-Vis Diffuse Reflectance Spectroscopy (UV-DRS) to observe optical 

properties. 
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2.3 Preparation of Mn-N-TiO2 composite coated in wall paint colloidal. 

The solution test of Mn-N-TiO2 composite was prepared by a variation of 40%, 50%, 

and 60% diluted by distilled water in 10 mL and stirring at 50°C for 2 h. It was mixed with 20 

mL polyethylene glycol (PEG) as coagulate material to be easily integrated with wall paint 

material and stirring at 60°C for 15 min. Mn-N-TiO2/PEG was mixed for 30 min with 250-

gram wall paint colloidal. Finally, it was characterized by Scanning electron microscopy with 

energy-dispersive X-ray spectroscopy (SEM/EDX) to obtain the morphology characteristic and 

elements on the surface. 

2.3 Antibacterial activity test. 

The antibacterial activity test was carried out using cement as adhesive walls house 

containing with variation concentration of Mn-N-TiO2 coated wall paint. Thus, it was dried 

and added into 15 mL NB, which has planted with  100 μL S. aureus bacteria (0.5 Mc). 

Subsequently, it was stored at room temperature for 7 days under visible light illumination and 

dipped into 20 mL saline solution. It is diluted as the concentration of 100, 10-1, 10-2, 10-3 and 

taken as 100 μL then mixed in Nutrient Agar (NA) were inserted into a petri dish. We test 

antibacterial properties into Mn-N-TiO2 composite coated wall paint by variating 

concentration. The total colony of bacteria was observed by the instrument total plate count 

(TPC) to obtain the inactivation S. aureus bacteria percentage. 

3. Results and Discussion 

3.1 Preparation of Mn-N-TiO2 composite. 

Preparation of Mn-N-TiO2 composite has been conducted using a sol-gel method that 

is useful for TiO2 nanoparticle synthesized doped metal and non-metal. This method was 

advantageous for controlling pH stability, temperature, and rate hydrolysis [36]. The sol-gel 

method can make a nano-sized particle, uniform size, not lumpy, pure and homogeneous [37–

39]. In addition, the parameters are varied, the size and the distribution of pore can be controlled 

and relatively inexpensive and easy to apply [11].  

In this study, we use the alkoxide source as a precursor of TTIP, which serves as a 

distribution medium for dopant ions to form the Mn-N-TiO2 composite. This method has been 

applied by Nurdin et al.. that the organic solvent has a role for preserve titanium stability in 

order to protect the oxidation reaction [40]. The addition of AcAc is a ligand chelate titanium 

metal and to form mesostructure-assisted TiO2 anatase. While, ethanol solvent to control the 

rate of hydrolysis due to the TTIP is very easy to transform into Ti(OH)4 if it reacts by water. 

These solvents were refluxed at 50°C for 3 h to increase interaction and homogeneity particle. 

Subsequently, MnCl2.4H2O as Mn metal and CO(NH2)2 as Nitrogen sources have been added 

into sol TiO2, stirring for 0.5 h to form an Mn-N-TiO2 composite. Finally, the sol Mn-N-TiO2 

was evaporated for 24 h to obtain the sol-gel (Figure 1a). 

Sol-gel has been produced with a yellow color that plays a role in absorbing the visible 

region if it illuminates by visible light and responds to the excitation electron in the conduction 

band. This phenomenon due to the range space band gap has decreased after adding the Mn 

metal (electron trapping) while the N non-metal distributing hole for high oxidation is initiated 

to degrade or inactivate bacteria. 
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Figure 1. (a) Sol-gel Mn-N-TiO2 composite; (b) Powder of Mn-N-TiO2 composite.  

Effectiveness preparation of Mn-N-TiO2 composite, we calcination to obtain the Mn-

N-TiO2 composite powder because of anatase crystal has photoactive properties with high 

surface area. It has calcinated at 500°C for 1 h to release solvents and also high crystallinity 

reconstructure produced as powder of Mn-N-TiO2 composite. In addition, the high temperature 

is very useful for preparing TiO2 nanocomposite due to the collision of atoms to obtain the 

small particle (Figure 1b) [41]. 

3.2 Characterization of Mn-N-TiO2 composite. 

3.2.1 UV-Vis diffuse reflectance spectroscopy.  

Bandgap energy has been analyzed to observe optical properties by using diffuse 

reflectance spectroscopy (UV-Vis DRS). It was employed to examine the optical response of 

the starting material TiO2, we have compared the TiO2 anatase with Mn-N-TiO2 composite for 

effectiveness doped metal and non-metal The bandgap is significantly affected by factors such 

as phase structure, temperature and crystal size [42,43]. Figure 2 shows that the bandgap energy 

of sol-gel TiO2 after calcination of 3.27 eV. Its same result by Zhang et al. [44] the fabrication 

of TiO2 by dip-coating technique resulting in the anatase crystal structure. TiO2 anatase 

bandgap of 3.2 eV has a response under UV region 388 nm, which cannot apply under sunlight 

irradiation. The Mn-N-TiO2 composite is also characterized to discover bandgap energy 

decreases caused effect of Mn and N as dopants. Figure 2 the Mn metal and N non-metal doped 

TiO2 composite has successfully decreased bandgap energy with a value of 2.8 eV. 

 
Figure 2. Bandgap spectra of TiO2 compared with Mn-N-TiO2 composite.  
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3.2.2. Scanning electron microscopy with energy-dispersive X-ray spectroscopy.  

The characterization morphology of Mn-N-TiO2 coated on wall paint has been carried 

out by using scanning electron microscopy with energy-dispersive X-ray spectroscopy 

(SEM/EDX) showed that the morphology deepest cracks between contacted particulate 

particles. The temperature effect has formed a crystallinity of particles with particle variation 

size. We conclude that the white particles exhibited TiO2 material because TiO2 atoms have 

high-density and molecular weight, reflecting more electrons that appear brighter than low-

density atoms. Figure 3 has examined the average particle size of Mn-N-TiO2 coated on wall 

paint was 2.075 μm. Meanwhile, the wall paint contained other elements such as CaCO3, 

binders, and others covered in TiO2 crystals. 

 
Figure 3. Morphology and elements characterization of Mn-N-TiO2 composite coated on wall paint 

We observe by using EDX data of Mn-N-TiO2 composite coated on wall painting shows 

that the Ca atoms have high peaks due to CaCO3 is a wall paint composition source. Based on 

Figure 3 exhibits that the Mn peak was obtained at 0.277 KeV; N at 0.677 KeV; Ti at 4.508 

KeV, and O at 0. The presence of Mn and N peaks indicated that doping between Mn (metal) 

and N (non-metal) were successful. In addition, the presence of Ca characterized on 3.75 KeV. 

These results had been compared with Paul and Choudhury and Gurkan et al.., reporting that 

Ca and C can be derived from the main raw material of paint composers CaCO3 as emulsion 

paints [45,46]. By EDX data, we obtain the content of the mixer element of Mn-N-TiO2 

composite coated on wall paint (Figure 3). 

3.3. Antibacterial activity test of Mn-N-TiO2 composite coated wall paint. 

The potency of Mn-N-TiO2 composite-wall paint as antibacterial activity was 

conducted under visible light illumination. Bacterial testing was carried out quantitatively 

based on the percentage reduction of bacterial colonies on media. S. aureus was used for testing 

the ability sample because this bacteria is generated nosocomial infections such as pneumonia, 

mastitis, phlebitis, meningitis, urinary tract infections, osteomyelitis and endocarditis. 
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Figure 4. Photo-inactivation of S. aureus by variation treatment, (a) Without wall paint; (b) wall paint; (c) Wall 

paint coated Mn-N-TiO2 composite (40%); (d) Wall paint coated Mn-N-TiO2 composite (50%); (e) Wall paint 

coated Mn-N-TiO2 composite (60%). 

Variation concentration of Mn-N-TiO2 composite that was added into the wall paint to 

obtain the high antibacterial activity test with variation 40%, 50%, and 60%. These variations 

had been repetitions by a triple to produce more concrete and accurate data (Table 1). The 

antibacterial activity test of Mn-N-TiO2 composite variations to inhibit S. aureus can be seen 

in Figure 4 and Figure 5. 

 
Figure 5. Percentage of inhibiting S. aureus bacterial using Mn-N-TiO2 composite coated wall paint 

Table 1. Inhibition S. aureus bacterial using Mn-N-TiO2 composite coated wall paint (Triplo). 

Sample Treatment Negative control Total of Colony 

Nutrient Broth + S. Aureus Nutrient Broth without S. aureus 

1 2 3 1 2 3 1 2 3 

Without wall paint 208×103 141×103 1×103 63×103 35×103 137×103 145×103 106×103 99×103 

Wall paint 109×103 222×103 198×103 23×103 130×103 135×103 86×103 92×103 73×103 

Wall paint +  

Mn-N-TiO2 (40%) 

41×103 78×103 158×103 12×103 21×103 107×103 29×103 57×103 51×103 

Wall paint +  

Mn-N-TiO2 (50%) 

9×103 35×103 106×103 3×103 21×103 58×103 6×103 14×103 48×103 

Wall paint +  

Mn-N-TiO2 (60%) 

3×103 14×103 34×103 2×103 3×103 3×103 1×103 11×103 31×103 
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Antibacterial activity test has been carried out using Mn-N-TiO2 composite coated wall 

paint to inhibit the S. aureus bacteria. The presence of several bacterial colonies formed above 

the nutrient agar surface. In addition, the Mn-N-TiO2 concentration variation also affected the 

total bacterial colonies. Based on data, the Mn-N-TiO2 concentration of 60% coated wall paint 

has better activity in inactivating S. aureus bacteria under visible illumination. This due to Mn-

N-TiO2 initiated OH radical formed that capable of reaction bacterial. Reactive radical species 

(ROS) consisting of • OH and • O2
‾ are produced from photogeneration processes on the titania 

surface by strong oxidative substances to attack cell walls and cell membranes in bacteria. 

Inactivated bacterial cells by photocatalysis will decrease permeability cells. 

Mechanism to inactivate bacterial cell, first the contacting on cell walls by an oxidation process 

namely of lysis process. Subsequently, oxidation reaction on the cytoplasm membrane 

decreases the permeability cell and then the metabolism cell will defunct. The Mn-N-TiO2 

composite coated wall paint can also reach damaged cell membranes and direct attacks can 

accelerate cell death. We discover that the wall paint is also developed for antibacterial 

properties and utilized on wall homes or hospitals that are protecting S. aureus.  In addition, 

Mn-N-TiO2 composite has more advantages in the photocatalyst system such as wideband, 

photostable, inert, and is able to degrade organic compounds into CO2 and H2O, which are 

relatively harmless. 

4. Conclusions 

Preparation of Mn-N-TiO2 composite coated on wall paint has been decreased bandgap 

energy of TiO2 with 2.8 eV, which is active under visible illumination. The microstructure has 

been observed that particles' average morphology size is 2.075 µm with percentage 

composition unsure of Mn at 2.09%, N of 2.07%, Ti of 22.18%, O of 52.12%. In addition, wall 

paint has contained CaCO3 with a percentage mass of Ca is 18.63% and C of 2.91%. The 

potency of Mn-N-TiO2 composite in inactivating S. aureus. 
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