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Nanomaterials or nanoparticles (NPs) are nano-size particles with a (1-100) 

nm dimension, they show unique properties such as magnetic, electronic, optical, 

and activating effects. That is why NPs have many applications. Titanium dioxide 

(TiO2) or Titania based nanoparticals are commonly used NPs due to their medical 

and industrial applications. TiO2 NPs are used in photodynamic therapy (SDT) 

and drug delivery due to their non-toxicity. In this review paper we will show 

some of the types, synthesis methods, and applications of nano-TiO2. 

 

 

 

 
 

Keywords: 

Nanoparticles 

Titanium dioxide 

Sol-gel 

Hydrothermal 

Solvothermal 

CVD 

DOI: 10.22401/ANJS.25.4.01 

Corresponding author: asmaa85ali@gmail.com 

 

1. Introduction 
TiO2 is an inorganic semiconductor material of great 

interest because of its unique electronic and structural 

properties dependent on its phase. TiO2 has low cost, 

relatively harmless and chemical stability [1]. titanium 

particles have different types, the commonly types are 

Brookite that contains more titanium than other types (90-

100)%, the second one is rutile with (95-99)% titanium and 

finally anatase with (90-95)% [2], at ambient conditions the 

most stable phase is rutile however, anatase and brookits are 

metastable phase [1], the less common types are ilmenite, 

titanite, leucoxene, perovskite and dloparite [2].The crystal 

phases of TiO2 anatase, Brookite, and rutile are depicted 

below in Figure 1. 
 

 
Figure 1. The three crystal structures of TiO2. 

 

Brookite is rarely studied due to its complicated 

structure and its difficulty in synthesis in pure form. 

However, interest in brookite has increased because of its 

remarkable properties that have been found lately [3]. These 

phases depend on processing temperature and the 

preparation method of TiO2. According to XRD analysis, 

when TiO2 production occurs at a temperature < 873K, an 

analase crystal phase will be obtained. However, anatase 

shows more stability and transfer to rutile. If two conditions 

are met, the first one is at a temperature higher than 973 K 

and the second one is using small TiO2 NPs (size less than 

50nm) [4]. Analase as well as rutile show more stability than 

analase when the particles size is more than 14 nm [5]. 

 

2. Nano-TiO2 Synthesis Methods 

2.1 Sol-gel method: 
This method is a common method to synthesize TiO2 NPs 

because it is a simple, low-cost, and non-toxic. In this 

method, TiO2 NPs are obtained in the crystal phase as 

shown in the following lines. The sol is produced by the 

reaction of two compounds; the first compound (hydrolyzed 

titanium iv isopropoxide) is prepared from dissolved 

titanium iv isopropoxide (TTIP) in absolute ethanol with a 

stirrer for 1 hour. Following the addition of the second 

compound as a hydrolysis catalyst (deionized H2O + HNO3) 

drop by drop with a stirrer at 60 °C for 2 hours, the gel is 
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produced by evaporating the solvent from the sol solution 

by heating it at 100 °C for 1 day, and after annealing for 4 

hours at 600 °C, TiO2 NPs in the crystal phase [6]. 

The size of NPs that are obtained by the sol-gel method 

depends on temperature [7]. According to Scanning 

Electron Microscopy (SEM), when sol annealed at 450 °C, 

the size of the NPs is 30 nm [8], as shown in Figure 2(a). 

However, when sol annealing at 600 °C, the size of NPs will 

be 60 nm, as illustrated in Figure 2(b). 

 

    
Figure 2. (a) TiO2 NPs SEM when sol annealing at 450 °C. (b) TiO2 NPs SEM when sol annealing at 600 °C. 

 

2.2 Hydrothermal method: 
This method isn’t commonly used because it requires an 

autoclave and it is expensive. The term "hydro" means using 

water as a solvent, and "thermal" means using temperature. 

This method was used not only to synthesise nanoparticles 

but also nanotubes. Typically, TiO2 NPs are prepared by 

dissolving TTIP in distilled water, followed by the addition 

of NaOH under stirring until the formation of a white 

colloidal sol, and then being transferred into an autoclave 

for 12 hours at 240 °C and drying for 2 hours [8]. TiO2 

nanotubes can also be prepared by the hydrothermal method 

when dispersing TiO2 (Degussa P25) into NaOH solution 

for 2 hours at 30 °C, placing the mixture in the autoclave for 

72 hours at 110 °C, followed by redispersing for 3 hours in 

HCl solution, placing it in the centrifuge, after that, using 

distilled H2O in order to stabilise the pH at 6.7, and finally 

drying the final product at 80 °C in a vacuum oven for 24 

hours. Finally, the sample was annealed for 2 hours at  

400 °C [9]. According to SEM, the grain size of nano-TiO2 

synthesized by the hydrothermal method is ~100 nm. The 

SEM of TiO2 nanotubes and nano-TiO2 are depicted below 

in Figure 3 (a) and (b). 
 

 
Figure 3. SEM of (a) TiO2 nanotube, (b) TiO2 NPs. 

 

NPs synthesized by the sol-gel method have a smaller 

crystalline size than NPs synthesized by the hydrothermal 

method, and the NPs produced are highly crystalline [8]. 

Because the method conditions play an important role in the 

size of prepared NPs, and in the sol-gel method, there is a 

possibility to adapt their conditions, so the sol-gel method 

is more suitable for synthesizing small-sized NPs than the 

hydrothermal method [11]. 

 

2.3 Solvothermal method: 
This method is somewhat similar to the hydrothermal 

method, the difference being that this method requires the 
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use of a non-aqueous solvent. The temperature may rise in 

this method higher than the temperature in the hydrothermal 

method due to the ability to use high boiling point organic 

solvents [12]. The TiO2 NPs were synthesized by mixing 

tetrabutyl titanate (TBT) with glycerol in absolute ethanol 

and stirring for 30 min. The solution was transferred into an 

autoclave at 140 °C (the temperature may change according 

to desired results). After 24 hours, the product was washed 

with absolute ethanol. The precipitate with a white colour 

was collected and dried at 80 °C in a vacuum overnight. The 

sample was annealed in a muffle furnace for 2 hours at 500 

°C [13]. The SEM for this method is show in Figure 4 at 

different temperatures. 

 

 
Figure 4. Nano-TiO2 SEM by solvothermal method at (a) 140 °C, (b)170 °C and (c) 200 °C. 

 

This method provides a higher control of particle shape 

distribution and particle size of TiO2 NPs than the 

hydrothermal method. Because of that, this method can 

produce NPs with a narrow size distribution [14]. 

 

2.4 Direct oxidation method: 
TiO2 nanorods are synthesized by the oxidation method 

when Ti plate are oxidized by H2O2. Typically, Ti plate is 

placed in an H2O2 solution for 72 hours at 353 K to obtain 

TiO2 nanorods in the crystal phase [15,16] as shown in 

Figure 5. The addition of an inorganic salt of NaX, such as 

NaCl, NaF, or NaSO4 will control the nanorods. If NaF or 

NaSO4 is used, pure anatase will be produced. If NaCl is 

used, rutile has the most chance of being produced, 

Nanotube can be prepared via this method the same way, 

but H2O2 was replaced by NH4F and malonic acid as an 

oxidising agent [15]. 

 

 

 
Figure 5. FESEM of the Ti plate surface after soaking in the H2O2 solution (a) Low magnification, (b) high magnification image 

showing rod-like morphology. 
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The precipitation rate was affected by the anions and 

TiO2 nanorods were obtained in the crystal phase. The good 

thing about this method is its green chemistry, as it produces 

extremely low residual pollutants [17]. Peng and Chen used 

acetone as the source of oxygen to obtain TiO2 nanorods 

aligned arrays when they oxidised a Ti substrate at 859 °C 

for 90 min [18]. as shown in Figure 6 (a). The structure of 

the final product depends on the oxygen source. If pure 

oxygen is used, crystal grain films will be obtained. 

However, random non-fibers will be obtained from low 

oxygen concentrations as shown in Figure 6 (b). These 

nanofibers grow from TiO2 grain ledges. The high 

concentration of oxygen (pure oxygen) causes oxygen 

diffusion to dominate and an oxidation process to occur 

when TiO2 interfaces with Ti metal. As a result, large 

polycrystalline TiO2 grains will form [17]. 

 

 

 
Figure 6. SEM images of (a) low magnification of large-scale nanorod arrays prepared by oxidizing Ti with acetone at 850°C 

for 90 min, (b) chain-like and ribbon-like Nano fibers, (c) high magnification of column nanorod. 

 

2.5 Sonochemical method: 
This method uses ultrasonic techniques for NPs synthesis in 

a short period of reaction time by using the phenomenon of 

acoustic cavitation [19]. The major advantages of this 

method are: short reaction time, simple method, and energy-

efficient process [20]. González-Reyes et al. prepared TiO2 

NPs in the anatase phase, and anatase was transferred to 

rutile because TiO2 particles and pore kept growth by 

surface motion in addition to the growth of grain by grain 

boundary motion. Typically, TTIP is dissolved in a mixture 

of acetone and ethanol as a pressure-transmitting medium. 

The solution was subjected to sonochemical treatment in an 

ultrasonic bath for 50 min at 38 kHz. The prepared solution 

was evaporated at 150 °C followed by annealing at 400 °C 

for 2 hours [21]. Figure 8 shows TEM images of the 3 stages 

of prepared TiO2 NPs by González-Reyes et al. Anatase was 

prepared in the first stage, the particles grew in the second 

stage, and anatase-rutile was shown. Finally, the rutile was 

completely obtained in the third stage [21]. Hamed Arami 

et al. TiO2 NPs in rutile phase were prepared directly by 

dissolving TiO2 plates in NaOH solution at room 

temperature for 2 hours, followed by sonochemical 

treatment in an ultrasonic bath for 2 hours at 40 kHz, 

centrifuged, washed several times in deionized water, and 

annealed at 60 °C for 24 hours [22]. Figure 7 shows TEM 

and SEM images of the prepared TiO2 NPs by Hamed 

Arami et al. 

 

 

 
Figure 7. (a) Shown TEM and (b) SEM images of the prepared TiO2 NPs. 



    

Al-Nahrain Journal of Science  
ANJS, Vol.25 (4), December, 2022, pp. 1-10 

 

5 
 

2.6 Chemical vapour deposition method (CVD): 
This method is based on heating the substrate until 

metalorganic or inorganic precursors decompose, or on 

plasma activation. CVD occurs at low pressure but requires 

an expensive vacuum system, which is why plasma-

enhanced chemical vapour deposition (PECVP) is being 

developed [23,24]. Heejin Lee et al. TTIP was used as a Ti 

source and evaporated at 90 °C using argon gas as shown in 

Figure 9 (a). At 900 °C the mixture was passed through an 

alumina tube. This tube was connected to a T-junction 

containing beads of soda lime glass. These beads were pre-

treated for 30 min in acetyl alcohol as shown in the 

sechemate diagram in Fig 8 [25]. Shinde and Bhosale 

evaporated TTIP at 287-362 °C using oxygen-gas [26], as 

shown in Figure 9 (b). 

 

 
Figure 8. The sechemate diagram of evaporated TTIP in 

argon gas. 
 

 
Figure 9. SEM of (a) evaporated TTIP in argon gas and (b) of evaporated TTIP in oxygen gas. 

 

3. Nano-TiO2 Application 
There are many important uses for nano-TiO2, and this 

review will summarise the most important uses. In the food 

industry, nano-TiO2 is used to improve the white color, 

flavor, and brightness [27]. As a UV radiation shield, they 

are frequently used as additives and anti-caking agents in 

cosmetics and sunscreens [28]. To achieve the performance 

required for this use, El-Deen et al. show the improvement 

of TiO2 electrochemical properties and the requirement for 

amorphology to prevent particle aggregation during cycling 

[29]. The use of Nano-TiO2 as a semiconducting catalyst in 

the reaction of hydrogen production is recognized as an 

economical and green method, even in its modified or pure 

forms [30-32]. The use of Nano-TiO2 increases the 

efficiency of the therapy and the selectivity of 

photosensitizer (PS) [33]. The use of nano-TiO2 in drug 

delivery [34] As shown in Figure 10, nano-TiO2 interacts 

with drugs to improve their ability to penetrate cell 

membranes and selectively accumulate in diseased tissues 

[36,37]. 
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Figure 10. Simplified mechanism of nano-TiO2 as drug delivery vehicle. 
 

Nano-TiO2 showed antibacterial activity against E. coli 

and S. aureus because TiO2 binds to groups that donate 

electrons such as amides, hydroxyls, carboxylates, etc. 

Therefore, it inhibits the activity of DNA and cellular 

enzymes, which leads to increased permeability due to the 

formation of little pores in the walls of bacterial cells and 

leads to cell death [38]. 

Nano-TiO2 is used to target antigens or biomarkers 

which are specific to cancer cells, and shows good results in 

anti-cancer drug delivery in cancer therapy [39]. For 

successful cancer therapy, it’s important to choose a 

delivery system that targets the cancer cells without 

affecting the normal cells, such as TiO2 NPs [40]. The TiO2 

NPs are radiosensitive; therefore, they can be used in 

radiotherapy in cancer therapy [41]. This radio sensitivition 

results from the generation of reactive oxygen species 

(ROS) and effects on cell killing. ROS is generated from 

exposing Nano-TiO2 to light radiation in aqueous solution, 

hence the energy gap for anatase is 3.23 eV and 3.06 eV for 

rutile. The molecules pass to an excited state if they absorb 

a photon with equal or higher energy than the energy gap 

value of Nano-TiO2; hence the energy gap for anatase is 

3.23 eV. The free negative electrons attack surrounding O2 

and H2O to form ROS, including H2O2 superoxide (O2–) and 

hydroxyl radical. These three molecules are unstable and 

react with cell components to cause necrotic or apoptotic 

cell death [42-44]. Figure 14 shows a simplified mechanism 

of ROS generation by nano-TiO2. 

Photodynamic therapy is one way to treat cancer by 

ROS generation from nano-TiO2 [45-47] as photosensitizer 

(PS), an active component. PS is administered either 

topically or intravenously to the body. Exposing nano-TiO2 

to light radiation leads to an excited electron to a higher 

energy state and the transfer of energy in an oxygenated 

aqueous solution by sensitizer to surrounding molecules, 

either O2 or H2O, creating ROS, which leads to cell death in 

surrounding tissue [45]. The other way to treat cancer is 

through homodynamic therapy (SDT). This way uses nano-

TiO2 as a son-sensitizer to generate ROS [48-50]. 

Therefore, PDT and SDT cause little or no toxicity and 

cytotoxicity. Therefore, these methods are strong 

alternatives to chemotherapy and classical radiotherapy 

[51]. The schematic view of PDT and SDT is shown in 

Figure 11. 
 

 

Figure 11. The schematic view of PDT and SDT. 
 

Nano-TiO2 is used in teeth whitening and tooth personal 

care because of its photochemical activity [53]. It can 

eliminate odour by decomposing organic compounds like 

tobacco and gasoline [56]. Figure 12 shows the 

photocatalytic effect of TiO2. 
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Figure 12. Photo catalytic effect of TiO2. 
 

Anatase TiO2 NPs are semiconductors with high 

bandwidth because of which they're used in dye-sensitized 

solar cells (DSSCs) [57]. It is used as a coating material to 

protect it from corrosion because of its adhesion ability and 

ability to withstand high temperatures due to its high 

melting point, reaching 1840°C [58]. Because of its band 

gap values, Nano-TiO2 can absorb UV rays in the range of 

220-400 nm, so it is used as a UV protection material [59]. 

 

4. Limitations of Nano-TiO2  
In many studies, TiO2 is poorly sensitive to visible light as 

a photocatalyst because of its wide band gap, which is only 

excited by ultraviolet light as well as the relatively high rate 

of recombination of electron-hole pairs. This leads to poor 

efficiency and a low quantum yield of photocatalytic 

reactions. In many studies, in order to overcome this 

limitation, they used many processes such as: modifying 

TiO2 with non-metal ion or metal ion doping; noble metal 

addition; anionic and cationic doping; co-doping with two 

or more ions; and surface fluorination to improve the 

surface structure, extend the light absorption into the visible 

region and slow down the rate of recombination of electron-

hole [60,61]. 

The enhancement of nano-TiO2 activity as a 

photocatalyst can be increased by transition metal doping, 

but it causes toxicity of certain metals and thermal 

instability. Behnajady et al.; modified TiO2 via doping with 

magnesium (Mg) to yield Mg-TiO2. They found that 

magnesium didn’t cause toxicity. It’s low cost and easy to 

prepare, so it is very suitable for industrial applications [62]. 

Rutile TiO2 absorbs 4% of the sun's light. This is 

triggered by absorption into a strong oxidising state, and 

unwanted reactions occur, reducing the stability of DSSCs 

[63]. To prevent that, anatase TiO2 is used in DSSCs [57]. 

Due to their small size and particle-particle aggregation 

[64], nano-materials are difficult to handle. 

 

5. Conclusions 
Many synthesis methods, medical and industrial 

applications rely on its unique properties, which include 

magnetic, electronic, optical, and activating effects, as well 

as adhesion and heat resistance. This review paper 

mentioned some of these methods and applications. 

Regardless of the many applications of nano-TiO2, it has 

many limitations that should not be overlooked. These 

limitations were mentioned in this review as well. In the 

future, nano-TiO2 will continue to attract attention, both in 

commercial applications and in scientific research. 

 

References 
[1] Gazal Y.; Dublanche-Tixier C.; Chazelas C.; Colas M.; 

Carles P. and Tristant P.; "Multi-structural TiO2 film 

synthesised by an atmospheric pressure plasma-

enhanced chemical vapour deposition microwave 

torch", Thin Solid Films, 600: 43-52, 2016. 



    

Al-Nahrain Journal of Science  
ANJS, Vol.25 (4), December, 2022, pp. 1-10 

 

8 
 

[2] Lakshmanan V. I.; Bhowmick A. and Halim M. A.; 
"Titanium dioxide: production, properties and 

application", Titanium dioxide: Chemical properties, 

applications and environmental effects: 75-130, 2014. 

[3] Samat M. H.; Ali A. M. M.; Taib M. F. M.; Hasan O. H. 

and Yahya M. Z. A.; "Hubbard U calculations on optical 

properties of 3d transition metal oxide TiO2", Res. 

Phys.; 6: 891-896, 2016. 

[4] Hwu Y.; Yao Y. D. and Cheng N. F.; "X-ray absorption 

of nanocrystal TiO2", Nanostruct Mater, 9: 355-358, 

2016. 

[5] Zhang H. and Banfield J.F.; "Thermodynamic analysis 

of phase stability of nanocrystalline titania", J. Mater. 

Chem.; 8: 2073-2076, 1998. 

[6] Hosseini M. S.; Sadeghi M. T. and Khazaei, M. 

"Wettability alteration from superhydrophobic to 

superhydrophilic via synthesized stable nano-coating", 

Surf. Coatings Technol. 326, 79-86, 2017. 

[7] Catauro, M.; Tranquillo E.; Dal Poggetto G.; Pasquali 

M.; Dell’Era A. and Ciprioti V. S.; "Influence of the heat 

treatment on the particle size and on the crystalline 

phase of TiO2 synthetized by the sol-gel method", 

Materials, 11: 2364, 2018. 

[8] Vijayalakshmi R. and Rajendran V.; "Synthesis and 

characterization of nano-TiO2 via different methods", 

Arch. Appl. Sci. Res.; 4(2): 1183-1190, 2012. 

[9] Yu H.; Chen J.; Zhang S.; Yu Y.; Wang S. and Ye M.; 

"Effects of electrolyte composition on the growth and 

properties of titanium oxide nanotubes", 

Electrochemistry Communications, 135, 107217, 2022. 

[10] Zhang Y. X.; Li G. H.; Jin Y. X.; Zhang Y.; Zhang J. 

and Zhang L. D.; "Hydrothermal synthesis and 

photoluminescence of TiO2 nanowires", Chem. Phys. 

Lett.; 365, 300, 2002. 

[11] Rahman I.; Vejayakumaran P.; Sipaut C.; Ismail J.; 

Bakar M. A.; Adnan R. and Chee C.; "An optimized 

sol-gel synthesis of stable primary equivalent silica 

particles", Colloids Surf. A Physicochem. Eng. Asp.; 

294: 102-110, 2007. 

[12] Byranvand M. M.; Kharat A. N.; Fatholahib L. and 

Beiranvand Z. M.; JNS 3: 1-9, 2013. 

[13] Fan Z.; Meng F.; Zhang M.; Wu Z.; Sun Z. and Li A. 

"Solvothermal synthesis of hierarchical TiO2 

nanostructures with tunable morphology and enhanced 

photocatalytic activity", Appl Surf Sci; 360: 298-305, 

2016.  

[14] Abza T.; Saka A.; Tesfaye J. L.; Gudata L.; 

Nagaprasad N. and Krishnaraj R.; "Synthesis and 

Characterization of Iron Doped Titanium Dioxide (Fe: 

TiO2) Nanoprecipitate at Different pH Values for 

Applications of Self-Cleaning Materials", Advances in 

Materials Science and Engineering, 2022, 2022. 

[15] Wu J. M.; Zhang T. W.; Zeng Y. W.; Hayakawa S.; 

Tsuru K. and Osaka A. L.; "Large-scale preparation of 

ordered titania nanorods with enhanced photocatalytic 

activity", Langmuir, 21 (15): 6995-6999, 2005. 

[16] Wu J. M.; "Low-temperature preparation of titania 

nanorods through direct oxidation of titanium with 

hydrogen peroxide", J. Cryst. Growth, 269(347), 2004. 

[17] Chen X. and Mao S. S.; "Synthesis of titanium dioxide 

(TiO2) nanomaterials", J. Nanosci. Nanotechnol.; 6: 

906-925, 2006. 

[18] Peng X. and Chen A.; "Aligned TiO2 nanorod arrays 

synthesized by oxidizing titanium with acetone", J. 

Mater. Chem.; 14(2542), 2004. 

[19] Tai G. A. and Guo W. L.; "Sonochemistry-assisted 

microwave synthesis and optical study of single-

crystalline US nanoflowers", Ultrason. Sonochem.; 

15: 350-356, 2008. 

[20] Tu W.; Li H.; Li B.; Cheng J.; Xu P.; Zhang W. and 

Yang F.; "Micelle-mediated assembly of metals in 

Ag@ MnOx/m-SiO2 for reinforced antimicrobial 

activity and photothermal water evaporation", Journal 

of Alloys and Compounds, 924, 166489, 2022. 

[21] González-Reyes L.; Hernández-Pérez I.; Díaz-Barriga 

Arceo L.; Arce-Estrada E.; Suárez-Parra R. and Cruz-

Rivera J. J. "Temperature effects during Ostwald 

ripening on structural and bandgap properties of TiO2 

nanoparticles prepared by sonochemical synthesis", 

Mater. Sci. Eng. B, 175(1): 9-13, 2010. 

[22] Arami H.; Mazloumi M.; Khalifehzadeh R. and 

Sadrnezhaad S. K.; "Sonochemical preparation of 

TiO2 nanoparticles", Mater Lett; 61: 4559-61, 2007. 

[23] Tendero C.; Tixier C.; Tristant P.; Desmaison J. and 

Leprince P.; "Atmospheric pressure plasmas: a 

review", Spectrochim. Acta B Atomic Spectrosc.; 61: 

2-30, 2006. 

[24] Belmonte T.; Henrion G. and Gries T.; 

"Nonequilibrium atmospheric plasma deposition", J. 

Therm. Spray Technol, 20(4): 744-759, 2011. 

[25] Lee H.; Song M. Y.; Jurng J. and Park Y. K.; "The 

synthesis and coating process of TiO2 nanoparticles 

using CVD process", Powder Technology, 214(1): 64-

68, 2011. 

[26] Shinde P. S. and Bhosale C. H.; "Properties of 

chemical vapour deposited nanocrystalline TiO2 thin 

films and their use in dye-sensitized solar cells", J. 

Anal. Appl. Pyrolysis, 82: 83-8, 2008. 

[27] Peters R. J.; van Bemmel G.; Herrera-Rivera Z.; 

Helsper H. P.; Marvin H. J.; Weigel S. and 

Bouwmeester H.; "Characterization of titanium 

dioxide nanoparticles in food products: analytical 

methods to define nanoparticles", Journal of 

agricultural and food chemistry, 62(27): 6285-6293, 

2014. 

[28] López-Heras I.; Madrid Y. and Cámara C.; "Prospects 

and difficulties in TiO2 nanoparticles analysis in 

cosmetic and food products using asymmetrical flow 

field-flow fractionation hyphenated to inductively 

coupled plasma mass spectrometry", Talanta, 124: 71-

78, 2014. 

[29] El-Deen S. S.; Hashem A. M.; Abdel Ghany A. E.; 

Indris S.; Ehrenberg H.; Mauger A. and Julien C. M.; 



    

Al-Nahrain Journal of Science  
ANJS, Vol.25 (4), December, 2022, pp. 1-10 

 

9 
 

"Anatase TiO2 nanoparticles for lithium-ion batteries", 

Ionics, 24(10): 2925-2934, 2018. 

[30] Reddy N. L.; Shankar M. V.; Sharma S. C. and 

Nagaraju G.; "One-pot synthesis of Cu-TiO2/CuO 

nanocomposite: application to photocatalysis for 

enhanced H2 production, dye degradation & 

detoxification of Cr (VI)", International Journal of 

Hydrogen Energy, 45(13): 7813-7828, 2020. 

[31] Mathew S.; Ganguly P.; Rhatigan S.; Kumaravel V.; 

Byrne C.; Hinder S. J. and Pillai S. C.; "Cu-doped 

TiO2: visible light assisted photocatalytic 

antimicrobial activity",Applied Sciences, 8(11), 2067, 

2018. 

[32] Reddy N. L.; Emin S.; Kumari V. D. and Muthukonda 

V. S.; "CuO quantum dots decorated TiO2 

nanocomposite photocatalyst for stable hydrogen 

generation", Ind Eng Chem Res; 57: 568-577, 2018. 

[33] Horikoshi S. and Serpone N.; "Introduction to 

nanoparticles", Microw. Nanopart. Synth. Fundam. 

Appl.; 1-24, 2013. 

[34] Lai Y. K.; Wang Q.; Huang J. Y.; Li H. Q.; Chen Z.; 

Zhao A. Z. J.; Wang Y.; Zhang K. Q.; Sun H. T. and 

Al-Deyab S.S.; "TiO2 nanotube platforms for smart 

drug delivery: A review", Int. J. NanoMed.; 11, 4819-

4834, 2016. 

[35] Ziental D.; Czarczynska-Goslinska B.; Mlynarczyk D. 

T.; Glowacka-Sobotta A.; Stanisz B.; Goslinski T.; 

and Sobotta L.; "Titanium Dioxide Nanoparticles: 

Prospects and Applications in Medicine", 

Nanomaterials, 10(2), 387, 2020.  

[36] Zhao W.; Adeel M.; Zhang P.; Zhou P.; Huang L.; 

Zhao Y. and and Rui Y.; "A critical review on surface 

modified nano-catalysts application for photocatalytic 

degradation of volatile organic compounds", 

Environmental Science: Nano.; 2022. 

[37] ISO/TS 80004-2:2015(en). Nanotechnologies− 

Vocabulary− Part 2: Nano-objects. Available online: 

https://www.iso.org/obp/ui/#iso:std:iso:ts:80004:-2: 

ed-1:v1:en (accessed on 5 December 2019). 

[38] Haghi M.; Hekmatafshar M.; Janipour M. B. and 

Seyyed S.; "Antibacterial effect of TiO2 nanoparticles 

on pathogenic strain of E. coli", Int. J. Adv. 

Biotechnol. Res, 3 (3): 621-624, 2012. 

[39] Bazak R.; Houri M.; Achy S. E.; Hussein W. and 

Refaat T.; "Passive targeting of nanoparticles to 

cancer: A comprehensive review of the literature", 

Mol Clin Oncol; 2(6): 904-8, 2014. 

[40] Awasthi R.; Roseblade A.; Hansbro P. M.; Rathbone 

M. J.; Dua K. and Bebawy M.; "Nanoparticles in 

Cancer Treatment: Opportunities and Obstacles", Curr 

Drug Targets; 19(14):1696-1709, 2018. 

[41] Youkhana E. Q.; Feltis B.; Blencowe A. and Geso M.; 

"Titanium dioxide nanoparticles as radiosensitisers: an 

in vitro and phantom-based study", International 

Journal of Medical Sciences, 14(6), 602, 2017. 

[42] Feng X.; Zhang S.; Wu H. and Lou X. "A novel folic 

TiO2-SiO2 photosensitizer for cancer targeting in 

photodynamic therapy", Colloids Surf. B 

Biointerfaces, 125: 197-205, 2015. 

[43] Geiseler B.; Miljevic M.; Müller P. and Fruk L.; 

"Phototriggered Production of Reactive Oxygen 

Species by TiO2 Nanospheres and Rods", Journal of 

Nanomaterials, 2012: 1-9, 2012.  

[44] Amiri M. R.; Alavi M.; Taran M. and Kahrizi D.; 

"Antibacterial, antifungal, antiviral, and 

photocatalytic activities of TiO2 nanoparticles, 

nanocomposites, and bio-nanocomposites: Recent 

advances and challenges", Journal of Public Health 

Research, 11(2), 22799036221104151, 2022. 

[45] Dolmans D.; Fukumura D. and Jain R. K.; 

"Photodynamic therapy for cancer", Nat. Rev. Cancer, 

3(5): 380-387, 2003. 

[46] Sepúlveda A. A. L.; Velásquez A. M. A.; Linares I. A. 

P.; de Almeida L.; Fontana C. R.; Garcia C. and 

Graminha M. A. S.; "Efficacy of photodynamic 

therapy using TiO2 nanoparticles doped with Zn and 

hypericin in the treatment of cutaneous Leishmaniasis 

caused by Leishmania amazonensis", Photodiagnosis 

and Photodynamic Therapy, 30 (101676), 2020. 

[47] McNamara K. and Tofail S. A.; "Nanoparticles in 

biomedical applications", Advances in Physics: X, 

2(1): 54-88, 2017. 

[48] Çeşmeli S. and Biray A. C.; "Application of Titanium 

Dioxide (TiO2) Nanoparticles in Cancer Therapies", 

Journal of Drug Targeting, 1-13, 2018. 

[49] Deepagan V. G.; You D. G.; Um W.; Ko H.; Kwon S.; 

Choi K. Y. and Park J. H.; "Long-Circulating Au-TiO2 

Nanocomposite as a Sonosensitizer for ROS-Mediated 

Eradication of Cancer", Nano Letters, 16(10): 6257-

6264, 2016. 

[50] Yang C. C.; Wang C. X.; Kuan C. Y.; Chi C. Y.; Chen 

C. Y.; Lin Y. Y. and Lin F. H.; "Using C-doped TiO2 

nanoparticles as a novel sonosensitizer for cancer 

treatment", Antioxidants, 9(9): 880, 2020. 

[51] Campos D. A.; Schaumann G. E. and Philippe A. 

"Natural TiO2-nanoparticles in soils: a review on 

current and potential extraction methods", Critical 

Reviews in Analytical Chemistry, 52(4): 735-755, 

2022.  

[52] Kurzmann C.; Verheyen J.; Coto M.; Kumar R.V.; 

Divitini G.; Shokoohi-Tabrizi H.A.; Verheyen P.; De 

Moor R.J.G.; Moritz A. and Agis H.; "In vitro 

evaluation of experimental light activated gels for 

tooth bleaching. Photochem", Photobiol. Sci, 18: 

1009-1019, 2019.  

[53] Cuppini M.; Leitune V. C. B.; de Souza M.; Alves A. 

K.; Samuel S. M. W. and Collares F. M.; "In vitro 

evaluation of visible light-activated titanium dioxide 

photocatalysis for in-office dental bleaching", Dent. 

Mater. J.; 38: 68-74, 2019. 

[54] Tong H.; Ouyang S.; Bi Y.; Umezawa N.; Oshikiri M. 

and Ye J.; "Nano-photocatalytic Materials: 

Possibilities and Challenges", Adv. Mater.; 24: 229-

251, 2012. 



    

Al-Nahrain Journal of Science  
ANJS, Vol.25 (4), December, 2022, pp. 1-10 

 

10 
 

[55] Nakataa K. and Fujishima A.; "TiO2 photocatalysis: 

Design and applications", J Photochem. Photobiol C: 

Photochemistry Reviews.; 13: 169-189, 2012. 

[56] Mondal K.; "Recent advances in the synthesis of metal 

oxide nanofibers and their environmental remediation 

applications", Inventions, 2(2): 9, 2017. 

[57] Nwanya A. C.; Ezema F. I. and Ejikeme P. M.; "Dyed 

sensitized solar cells: a technically and economically 

alternative concept to p-n junction photovoltaic 

devices", Int J Phys Sci, 6(22): 5190-5201, 2011. 

[58] Abdalla J. A.; Thomas B. S.; Hawileh R. A.; Yang J.; 

Jindal B. B. and Ariyachandra E.; "Influence of nano-

TiO2, nano-Fe2O3, nanoclay and nano-CaCO3 on the 

properties of cement/geopolymer concrete", Cleaner 

Materials, 100061, 2022. 

[59] Selvasofia S. A.; Sarojini E.; Moulica G.; Thomas S.; 

Tharani M.; Saravanakumar P. T. and Kumar P. M.; 

"Study on the mechanical properties of the 

nanoconcrete using nano-TiO2 and nanoclay", 

Materials Today: Proceedings, 50: 1319-1325, 2022. 

[60] Kumar S. G. and Devi L. G.; "Review on modified 

TiO2 photocatalysis under UV/visible light: selected 

results and related mechanisms on interfacial charge 

carrier transfer dynamics". The Journal of physical 

chemistry A, 115(46): 13211-13241, 2011. 

[61] Kallio T.; Alajoki S.; Pore V.; Ritala M.; Laine J.; 

Leskela M. and Stenius P.; "Antifouling properties of 

TiO2: photocatalytic decomposition and adhesion of 

fatty and rosin acids, sterols and lipophilic wood 

extractives", Colloids Surf A: Physicochem Eng 

Aspects, 291: 162-17, 2006. 

[62] Behnajady M. A.; Alizade B. and Modirshahla N.; 

"Synthesis of Mg-Doped TiO2 Nanoparticles under 

Different Conditions and its Photocatalytic Activity" 

J. Photochem. Photobiol.; 87: 1308-1314, 2011. 

[63] Nwanya A. C.; Ezema F. I. and Ejikeme P. M.; "Dyed 

sensitized solar cells: a technically and economically 

alternative concept to p-n junction photovoltaic 

devices", Int J Phys Sci, 6(22): 5190-5201, 2011. 

[64] Zhou C.; Xi Z.; Stacchiola D. J. and Liu M. 

"Application of ultrathin TiO2 layers in solar energy 

conversion devices", Energy Science & Engineering, 

10(5): 1614-1629, 2022. 

 


