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Abstract. Highly effective antimicrobial agents are critical to human health. In this 

study, we treated nano titanium sensitized with different dose of Fuchsin Acid, 

Alizarin red and Tartrazine. We investigated the antimicrobial activity of Anatase-

sensitized with different organic dyes from same ratio as 0.2, 1, 2 Wt. %. Different 

dyes sensitizing nano titanium dioxide all exhibited different strong antimicrobial 

capacity than pure-titanium dioxide. Modification methods of Titanate were adopted 

to broaden the photo absorption region and improve photo-quantum efficiency, which 

is a useful way to enhance the antimicrobial capacity. 

1.  Introduction 

Bacteria have always been the cause of many diseases. To kill bacteria, antibiotic drugs are widely 

used, although certain results have been achieved, but lots of antibiotics will be used after the 

emergence of drug resistance. The development of high activity and broad-spectrum antimicrobial 

agents is critical to prevent the threat of antibiotics to pathogens. To achieve this, many metal 

materials have been choosed as antibacterial agents, such as, CuO, Ag, ZnO [1-3],  

Compared to Ag, Titania is a premium photocatalyst because of its high absorption capability, slow 

rate of charge carrier recombination and lower toxicity [2-5]. Meanwhile, antimicrobial properties of 

Titania must be involved in oxygen, which limits the ability of the TiO2 photocatalyst to inhibit some 

anaerobic bacteria. Thus, a battery of technologies that based on Titania had been developed to 

improve the antibacterial efficiency of Titania.  

Such as , doped with metal ion, including Ag+, Fe+, Zn+, Mn2+ [6,7], dye-sensitized [8,9], and 

doped with metal oxide ,WO3,SNO2 [10]. Though they possessed better performance than dyes-

sensitized Titanium, they are high toxicity [11, 12, 13, and 14]. 

The photocatalytic antimicrobial with titania has significant effect [15, 16], but this cannot be 

changed as a catalyst in the presence of a short absorption wavelength, visible light absorption rate is 

low (4%).  

Related research shows that Anatase has a wider absorption range from invisible light to visible 

light under the dye modified.  
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Meanwhile, these paper also shows, the antimicrobial of the nano titanium dioxide increased 

significantly due to the wider absorption range [13, 14]. Therefore, dyes sensitized Nano Titanium is 

expected to become a clinically effective and highly effective antibacterial drug. 

Research on manipulate the surface of Titanium with eifficient safe and cheaper dyes, is a critical 

focus in inorganic antibacterial research filed recently. 

Dyes including pure organic dyes and metal organic dyes, pure organic dyes including oxygen and 

poly methyl and a number of natural dyes such as Eosin, phthalo cyanine, porphyrines, rose red. 

Hidaka[19] et al. has studied the photocatalytic of Anatase in solution system under the irradiation of 

UV light and sunlight, and metal dyes-nano titania shows a better light absorption and antibacterial 

capacity than pure organic dyes-nano titania, however, metal organic dyes are several hundred times 

more expensive than organic dyes, shorter life of excitation state, and more  

Applications in the energy field. Alizarin red, Fuchsin Acid, Alizarin belong to organic dyes, which 

is cheaper than metal dyes. They have been confirmed better antioxidant activity than other orangic 

dyes according to Z. Ling et al [20], however, few articles have examined their different antimicrobial 

properties. 

Meanwhile, M. Muruganadham et al [15] found that Fuchsin, Alizarin red monohydrate, Tartrazine 

have better performance than other oraganic dyes in antimicrobial properties, however, they didn’t 

continue to search on the dose-response relationship. 

We mainly research on 3dyes-sensitizing Anatase Titanium nanoparticles to promote the study 

including Alizarin red, Fuchsin Acid, and Alizarin in the article. 

The Anatase Titanium nanoparticles and the dyes modified particles all prepared with efficient sol-gel 

phase (The dyes was added directly to the sol stage, and then stired), annealed at different 

temperatures [11, 12]. 

Then, the dye modified Anatase were analyzed with  XRD, UV–Vis. Escherichia coli(E. coli) was 

described as  a model, the organic dyes sensitized nano titania have been proven to own particular 

antibacterial activity. 

2.  Materials and Methods  

2.1.  Chemicals 

Tetrabutyl titanate (TTIP, C16H36O4Ti), absolute ethanol (C2H6O), methanol (CH3OH), acetic Acid 

(HAc), polyvinyl alcohol (PVA), ammonia (NH3) and other chemicals were purchased from 

Spectrochem Pvt. Ltd (Tianjin,China). Fuchsin Acid, Alizarin, Tartrazine was obtained from Alfa 

Aesar's parent company (Aksaray,Turkey). E. coli (ATCC 10536) was obtained from Manassas, VA, 

USA. Tryptone and yeast extract were obtained from QingDao Hopebio-Technology Co., Ltd. 

(Qingdao, China).  

2.1.1.  Synthesis of titania nanoparticles. The Nano Titania were synthesized by sol-gel method using 

TTIP as titania source [21], anhydrous ethanol as solvent and hydrochloric acid as inhibitor.  

Process:  

17ml of TTIP was added dropwise to 60 ml of ethanol, the mixture was stirred at 55℃ 

magnetically, then formed solution A. 

40ml absolute ethanol mixed with 2.5ml distilled water, adjusted with hydrochloric acid to 

pH=0.5-1, then formed solution B. 

B was added dropwise to A, and stirred about 2h magnetically, then formed solution C. 

Aging in air, formed Titania gel after 24h. 

Dry out the water and organic solvents in the gel according to 80℃ thermostatic, then formed the 

yellow xerogel. 

Xerogel was treated with the agate mortar, grinded for 15mins, then formed the Nano Titania 

particles. 

The powders were calcined 3h at 450℃. 
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2.1.2.  Synthesis titania nanoparticles with Acid Fuchsin, Alizarin red, Tartrazine. During the phase, 

different dyes was added to the mixture of A and B, and stirred with the mixture, and all the conditions 

were kept same. In order to facilitate record, the different weight of organic dyes mixed into Nano 

Titania simplified with Wt. %( 0.2, 1, 2), the weight of the pure Nano Titania was 5g.  

2.2.  Materials Characterization 

The information about crystallinity and purity of the samples were procured by X-ray diffraction 

(XRD, AXS Company, D8ADVANCE). Based on the strongest diffraction peaks and the SCHERRER 

formula, to calculate the average particle size of the corresponding crystal. 

The UV–Vis absorption spectra of the particles were recorded with a UV–Vis spectrometer 

(HACH Company, DR6000).  

2.3.  Antibacterial Capacity Tests 

After the synthesis , the weight of all particles is approximately 15mg, we choosen 1mg of every 

nanoparticlesdissolved into 10mL for analysis.The antibacterial properties were evaluated by standard 

disk diffusion test [22], all kinds of nano titanias (0.1mg/mL)were  impregnated into discs, and 

distilled water loaded the filter papers (6 mm in diameter) with 10ul. 0.3*108cfu/ml E. coli were 

cultured on aseptic agar plates (9cm in diameter). All discs were carefully placed on the top of agar. 

The plates are kept after 24 hours of incubation at 30℃ under the sunlight. 

The prepared inoculum has been used in 15min. Dipped the sterilized cotton swab into the liquid 

and rotate it several times on the tube wall to remove too much bacterial fluid. Then coated with the 

test medium throughout the surface of the medium, repeated several times, each time the plate rotated 

60 degrees, and finally along the plate around the two laps, to ensure uniform coating. Sticked the drug 

sensitive test paper until the moisture on the plate was absorbed by the agar and began to stick the 

paper. In order to promise termediate plate reached the temperature of the incubator, the plate has 

placed separately in the reaction box, and reaction box have been sterilized. Meanwhile, the 

concentration of sterile saline (10 L) as control was 0.1mg/mL. 

2.4.  Statistical analysis 

Data were processed with SAS software, analyzed by one-way ANOVA analysis to evaluate the 

difference among dye grades. A P-value of 0.05 was used to determine statistical significance, to 

determine the relationship among dye content correlation analysis was performed. 

3.  Results 

3.1.  Crystallographic phase transition and phase identification 

The phase and phase purity of Anatase particles prepared at annealing temperatures of 450 ℃, was 

detected with X-ray diffraction patterns. The peaks are situated at 2θ = 25.36, 37.77, 47.99, 54.21. The 

peak centred at 25.36 with FWHM, after calculated with Debye-Scherrer equation, the size of the 

prepared materials was 22 nm. 

Interestingly, the crystallite size was found to be decreased when anatase was sensitized with dyes 

also hints the existence of core_shell nanostructures. The size of Anatase-Acid Fuchsin and Anatase-

Alizarin red was calculated as 20.8 and 21.1 nm, respectively, while the size of Anatase-Tartrazine 

was calculated as 21.3nm(under 0.2wt% dyes modified, respectively). 

However, there was no correlation between the dye concentration and the size of obtained 

crystallite according to repeated experiments, Furthermore, the size of bare Anatase and dyes modified 

Anatase were also not correlated. 
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Figure 1. XRD pattern of (a1) Anatase-Acid Fuchsin, (a2) Anatase-Alizarin, (a3) Anatase- Anatase-

Tartrazine, (b) Pure-Anatase 

3.2.  Antimicrobial activity under sunlight 

3.2.1.  ZI of antimicrobial activity. Figure 2 (d1) shows the ZI (Zone of Inhibition) of pure Anatase 

samples under sunlight. After 24h, the higher the Anatase content in the plate, the bigger ZI is. ZI is 

linearly related to the amount of Anatase incorporation. With the increase of the content of Anatase, 

the value of ZI increased. A positive correlation was observed between the ZI and pure Anatase 

content (R= 0.81, P＜0.05). 
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Figure 2. (A) ZI Acid Fuchsin; (b) ZI of Tarazin ;( c) ZI of e Alizarin red. (d) Relationship between 

concentration and ZI  

 

Meanwhile, Figure 2 (a)(b)(c), (d1) (d2) (d3)shows that, with the increase of the content of dyes-

Anatase, the value of ZI increased, same as the dyes increased. In the present study, the ZI increased 

when the dyes content increased. A positive correlation was observed between the ZI and Tartrazine 

content (R= 0.54, P＜0.05).  

However, there is no significant difference between dyes-Anatase (1Wt. %) and dyes-Anatase 

(2Wt. %) level both in Acid Fuchsin and Alizarin red group. After 24h, there is no significant 

difference between Acid Fuchsin and Alizarin red group (at 1Wt. % and 2Wt. %) too.  

After 24h, all dyes- Anatase possessed a higher significant different ZI value than pure-Anatase. At  

2Wt.% level, the best was Acid Fuchsin group, it increased 2.97 times than pure-Anatase, Alizarin red 

group increased 2.91times than pure- Anatase, Tartrazine group increased 1.63 times than pure- 

Anatase.  
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3.2.2.  UV-Vis Analysis 

 

Figure 3. (a)UV-vis diffuse reflectance absorption spectra of various samples (a.Tartrazine-TiO2, b. 

Alizarin red-TiO2. Acid Fuchsin-TiO2), (b) the sheme of dyes-sensitized Anatase photodegradation 

pollutants under sunlight illumination (c)  

 

Figure 3(an Anatase, b Alizarin red modified Anatase, c Acid Fuchsin modified Anatase d 

Tartrazine modified Anatase) is the adsorption of Alizarin red, Acid Fuchsin, Tartrazine and the 

diffuse reflectance spectra. Three kinds of dyes all absorb visible light, the maximum absorption peak 

is located in 420nm, 542nm and 426nm. They come into contact with a large surface area of nano 

titanium dioxide, the molecular structure of the sulfonic Acid group in Kulun and Anatase interaction 

with the adsorption of titanium dioxide surface [23].The figure shows that Anatase is a wide band gap 

semiconductor, only absorb ultraviolet light, the adsorption of Acid Fuchsin and Alizarin red after the 

optical absorption edge shifted to long wave, there is a strong absorption in the visible region, which 

indicates that the three kinds of dyes has good effect light sensitization to Anatase. Dyes not only 

broaden the response range of Anatase to visible light, to overcome the insufficient use of Anatase 

solar rate is low, and can significantly improve its photocatalytic activity under sunlight. 

Figure. 3 (a) shows that the sensitization agent is adsorbed on the Anatase surface, and the light is 

excited by the sensitization agent. The sensitization agent will inject electrons into the Anatase 

conduction band, and react with the adsorbed reactant via the Anatase surface. The reaction of the 

agent and the sacrificial agent back to the ground state, or its own decomposition [24]. 

According to Figure3. (b), compare with Tartrazine, Alizarin red and Acid Fuchsin which have 

more joints point than atrazine. The reaction of agents contingent on the joints, has been accepted by 

some reports [25]. Consequently, organic dyes sensitized with nano Anatase are more efficient for 

antibacterial applications according to their joints with nano Anatase. 

4.  Conclusion 

There was no correlation between the dye concentration and the size of obtained crystallite, Size has 

not also correlation between bare-anatase and dye modified anatase. 

The antimicrobial rate of the nano-Anatase was mainly related with assistant of the absorption 

which increased with the dyes and linearly with their concentrations. 

Dyes modified anatase increased the antimicrobial rate under the 2Wt. % in Tartrazine group 

significantly. However, it has not significantly increased above 1Wt. % in Alizarin red and Acid 

Fuchsin group.  

After 24h, all dyes- Anatase possessed a higher significant different ZI value than pure-Anatase. At 

2Wt. % level, the best was Acid Fuchsin group, it increased 2.97 times than pure-Anatase, and 
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Alizarin red group increased 2.91times than pure-anatase, Tartrazine group increased 1.63 times than 

pure-anatase. 

Anatase is a wide band gap semiconductor, only absorb ultraviolet light, the adsorption of Acid 

Fuchsin and Alizarin red after the optical absorption edge shifted to long wave, there is a strong 

absorption in the visible region, which indicates that the three kinds of dyes has good effect light 

sensitization to Anatase. 
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