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ABSTRACT: Titanium dioxide is semiconductor metal oxide having many applications  

in photocatalytic activities, cosmetics and in the food industry. It exists in three major crystalline 

forms: anatase, rutile and brookite. The solvents play a major role in the synthesis, stability and 

morphology of the metal oxide nanoparticles. It affects both the phas,  and particle size of metal oxide. 

The main focus of the present study is to establish the effects of solvent on the phase of TiO2 

nanoparticle. Titanium dioxide (TiO2) nanoparticles have been synthesized by the sol-gel method 

using different solvents. The XRD results showed that the average crystallite size of all the samples 

was in the range of 5-25 nm. TiO2 nanoparticles prepared in different solvents gave different FT-IR peaks. 

AFM data clarified that the majority of samples showed spherical shape with average particle size 

ranging from 10-68 nm. The nanoparticles prepared in diethanolamine, acetic acid and propionic 

acid solvents showed comparatively good antibacterial activity due to the rutile phase of  

the nanoparticles. the pH of the solvent also influences titanium dioxide structure and antibacterial 

properties. 
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INTRODUCTION 

Nanotechnology expressed huge advances, as it has  

a broad range of applications in the field of catalysis, 

electronics, optical fibers, agricultural, bio-labeling  

and in other research areas [1-3]. It also has wide-ranging 

medical as well as therapeutic applications [4, 5].  

 

 

 

The nanoparticle may be organic (carbon nanotubes)  

and inorganic (magnetic, noble metal and semiconductor) [6]. 

The most commonly in use nanomaterials are metal  

and metal oxide [7, 8]. Nanoparticles are formed naturally 

(photochemical reactions, volcanic eruptions, woods fires,  

 

 

 

* To whom correspondence should be addressed. 

+ E-mail: bilalazim4@yahoo.co.uk 

1021-9986/2019/4/261-272     12/$/6.02 

 



Iran. J. Chem. Chem. Eng. Muhammad B. et al. Vol. 38, No. 4, 2019 

 

262                                                                                                                                                                  Research Article 

erosion, flora and fauna) as well as in the laboratory [9, 10]. 

Among the metal oxide, titanium dioxide got great 

attraction because of its low cost, special physio-chemical 

properties and thermal stability [11]. It has many applications 

which include bactericidal, self-cleaning building 

materials like bathroom floor and hygienic ware, etc [12].  

Titanium dioxide (TiO2) exists in three major 

crystalline forms: anatase, rutile, and brookite [13]. 

Anatase, rutile and brookite have high refractive index 

values which are 2.488, 2.609 and 2.583 respectively. 

Among them, rutile is highly stable and brookite  

is unstable while anatase is metastable phase [14].  

The anatase is considered as the most photochemically  

active phase of titanium dioxide (TiO2) [15, 16]. Currently, 

TiO2 is synthesized by physical, chemical and biological 

routes. Physical routes comprise physical techniques like 

mechanical milling and laser ablation etc. Chemical routes 

for nanoparticle synthesis involve the use of chemicals while 

biological routes include the use of different plants and 

microorganism [11]. Nanoparticles obtained by chemical 

routes consist of different processes such as reverse micelle 

method, sol-gel method, hydrothermal method, impregnation, 

ion exchange, precipitation and co-precipitation, solvothermal 

and chemical vapor deposition methods. The most feasible 

method for titanium dioxide synthesis is the sol-gel method, 

because of its ability to control the surface to bulk ratio.  

The method has greater advantages over other methods 

which include high purity, excellent homogeneity of  

the nanostructure materials, the low temperature required  

and other reaction conditions, which can also be simply 

controlled [17-21].  

The sol-gel process occurs in three steps, hydrolysis, 

condensation and growth or gelation [22]. The solvents 

play an important role in the synthesis of nanoparticles.  

The precursor can react with a variety of solvents  

in a specific way and produced different products.  

Its influence on the phase and shape of the particles. 

Different phases of titanium dioxide could be formed  

in different solvents. The supercritical carbon dioxide 

(CO2) solvent leads to the formation of the anatase phase 

of titanium oxide nanoparticles, while the use of 

methanol or the combination of methanol and ethanol as a 

solvent leads to the synthesis of the rutile phase [23]. 

Similarly, the use of isopropoxide and glycerol solvent  

in the synthesis of titanium oxide nanoparticles favor  

the tetragonal structure of anatase [24].  

The synthesis of the anatase phase from amorphous 

titania using ethyl alcohol and sol-gel technique is also 

revealed [25].  

However, the detail influence of the solvent on the 

structure of TiO2 is not reported. Therefore, the aim of 

this work is, to synthesis titanium oxide nanoparticles 

using different solvents and checks its potential use 

against different bacterial strains. 

 

EXPERIMENTAL SECTION 

Materials 

Methanol (99.9%) and propionic acid (99.9%), were purchased 

from Fisher scientific (England). Trisodium citrate dehydrate 

(99.0%), acetonitrile (99.9%), acetone (99.8%), 

diethanolamine (98%), n-hexane (99.0%), acetic acid (99.8%) 

and diethyl ether (99.9%) were obtained from Merck 

(Germany). Ammonia solution (28-30%) was purchased from 

Analar BDH (England). Titanium dioxide (98.0%) was 

purchased from BDH limited pool England. 

 

Preparation of Titanium dioxide 

TiO2 nanoparticles were prepared in different solvents 

(water, methanol, acetone, n-hexane, acetic acid, 

propionic acid, diethyl ether acetonitrile, Ammonia  

and diethanolamine) using the sol-gel method. 1g of TiO2 

was dissolved in a given solvent and stirrer it. In some 

solvents where TiO2 was not completely soluble,  

it was firstly dissolved in a small quantity of water  

and then poured in a given solvent. The prepared solution 

was stirred for some time. Meanwhile, 4g trisodium 

citrate (C6H5Na3O7.2H2O) was dissolved in that solvent 

in which TiO2 solution was prepared, which was then 

drop wise added into the TiO2 solution to maintain the 

ratio of titania and trisodium citrate as 1:4. The stirring  

was continued for 2 hours to obtain a homogenous mixture. 

The homogenous mixture was heated at below the boiling 

point of the given solvent at different temperature  

as given in Table 1. The heating and stirring were continued 

until the solvent was completely removed. The prepared 

materials were then heated at 110oC in a conventional 

oven for 24 h to obtain titania nanoparticles [26].  

The pH and color of the solution at the start and end  

of the reaction were monitored.  

 

Characterization of Prepared TiO2  

The prepared TiO2 nanoparticles were characterized 
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using FT-IR spectroscopy, Powder X-Ray Diffraction (PXRD) 

and Atomic Force Microcopy(AFM). Functional  

groups of the prepared nanoparticles were analyzed  

by FTIR Bruker, Pensor 27. The analysis was performed 

at room temperature and the sample was analyzed in terms 

of wave number ranging from 4000-400cm-1 using KBr 

method. PXRD was performed using Rigaku D/Max-2400. 

X-Ray diffractometer (Cu Kα radiation, λ = 1.54 Å).  

The flat-palate sample was analyzed using 40 kV voltage 

and 40 mA current. The average crystallite size was calculated 

using the Scherer formula. 

      t = Kλ / βCosθ 

Where t is the average crystallite size, λ the x-ray 

wavelength, β the Full Width at Half Maximum (FWHM) 

of the diffraction peak (radian), K is a coefficient (0.89). 

All the peaks were obtained in the range of 10-70  

two theta positions [16]. Morphological characterization  

was performed using Atomic force microcopy (Jeol SPM 

5200). The AFM was run at a frequency Si cantilever of 

125 mm length, force constant 42 N m-1 and resonance 

frequency 330 kHz were used.  

 

Antibacterial assay 

The synthesized titanium dioxide nanoparticles were 

screened against four bacterial strains (ATCC. 

Escherichia coli, MDR. Escherichia coli, ATCC. 

Pseudomonas aeruginosa, and MDR. Pseudomonas 

aeruginosa) using Agar well diffusion method [27]. 

Ceftriaxone (CRO) was used as a standard drug 

throughout the experiments. Distilled water (W) was used 

as a negative control. The experiments were performed  

at various concentrations. The equipment was autoclaved and 

sterilized at 121 ˚C for 30 minutes. In each petri plate,  

25 mL of prepared nutrient media (MHA) was poured 

and allowed to cool. With the help of sterile swabs /wire 

loops, the bacterial strains were spread on the nutrient 

agar plates and solidified. Each Petri plate was punched  

in 6 wells with a sterile borer of 6 mm diameter.  

The suspensions of synthesized titanium dioxide 

nanoparticles were prepared in distilled water with  

a different concentration such as 25mg/mL, 50mg/mL, 

100mg/mL, 150mg/mL, 200mg/mL and 250mg/mL. 

Then 30µl stock solutions (titanium dioxide nanoparticles 

suspension) were added to each respective well except 

the one well to which distilled water was added  

as a negative control. In order to avoid contamination,  

all the steps were carried out in the laminar flow hood 

and then plates were incubated for 24h at 37°C  

in incubator. After the stipulated time period, the zones 

formed were measured with a scale and recorded. Three 

replicates were preserved for each pathogen strain and the 

mean diameter value was expressed in millimeters [28].  

 

RESULTS AND DISCUSSION 

Titanium dioxide nanoparticles were prepared from 

trisodium citrate dihydrate and titanium dioxide using 

different solvents. Each solvent has unique properties and 

polarities. Therefore different solvents have a great 

influence on the phase (anatase, brookite and rutile)  

and crystallite size of titanium dioxide nanoparticle. 

Acidic or basic characteristics of different solvents favor  

the formation of different phases of TiO2. The colors of 

synthesizing titanium dioxide nanoparticles also depend  

on the solvent as shown in Fig. 1.  

Among different solvents, the diethanolamine sample 

gave a significant change in color. The color of the 

solution was slowly changed from white to brown and 

then brown to dark brown as shown in Table-1. A similar 

result is also reported in the literature [29]. However, no 

significant change in color was observed in the samples 

using other solvents. 

Pure TiO2 sample was heated and then analyzed  

by PXRD as given in Fig. 2. The peaks at two theta positions 

of 26, 38, 41, 48, 54, 55, 62 and 69 degree were observed 

which indicate the formation of anatase phase [30] while 

the peaks at two theta positions of 28, 44, 54, 57, 65 and 

66 degree showed the formation of rutile phase of 

titanium dioxide nanoparticles [31, 32]. This indicates 

that TiO2 heated gave a mixture of two phases of TiO2 i.e. 

anatase and rutile. 

The PXRD analysis of different solvent samples  

are given in Fig. 3. It was observed that the majority of 

the samples indicated the formation of anatase type of 

titanium dioxide. Ammonia solution consists of two 

phases of titanium dioxide nanoparticles (brookite and 

rutile) [33]. The peaks at two theta position of 11 to 17 

were observed in all samples except heated titanium dioxide. 

This is due to the fact that all the samples contained 

trisodium citrate at the start of the reaction which converted 

into sodium hexatitanate after heating [34]. The intense 

peaks in the methanol sample were found  

on the two theta position of 58 and 27 which shows 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCUQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FEscherichia_coli&ei=bqk9U8v7Aor9ywP5nIC4Bw&usg=AFQjCNGkbuDupYzhg4R_wZFX-E6wERcuzg&bvm=bv.63934634,d.bGQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCUQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FPseudomonas_aeruginosa&ei=dKo9U73kMqn9ygOgv4LwDQ&usg=AFQjCNEpzC9h5upPkPJwtXJlFg0tPR0QFw&bvm=bv.63934634,d.bGQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCUQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FPseudomonas_aeruginosa&ei=dKo9U73kMqn9ygOgv4LwDQ&usg=AFQjCNEpzC9h5upPkPJwtXJlFg0tPR0QFw&bvm=bv.63934634,d.bGQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCUQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FPseudomonas_aeruginosa&ei=dKo9U73kMqn9ygOgv4LwDQ&usg=AFQjCNEpzC9h5upPkPJwtXJlFg0tPR0QFw&bvm=bv.63934634,d.bGQ
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Table 1: pH and color of TiO2 nanoparticles with different solvents. 

Sample name Name of solvent Start pH٭ End pH٭ Start colour End colour 
Heating 

C)oTemperature( 

A Ammonia 11.7 8.77 White Off white 20 

B Methanol 10.2 9.36 White White 45 

C n-Hexane 8.90 8.95 Off white Pure white 40 

D Distilled water 8.30 9.80 White Off white 70 

E Diethanolamine 12.1 10.4 Off white Dark brown 220 

F Acetic acid 2.89 3.15 Pinkish white White 102 

G Acetonitrile 8.93 9.55 White White 65 

H Acetone 7.39 7.66 White White 40 

I Propionic acid 3.98 4.46 White White 110 

J Diethyl ether 8.32 8.76 White White 25 

Start of pH represents when the solvent and TiO2 were mixed and end of the pH represent when evaporation of solvent was near to complete from 

solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Synthesized samples of titanium dioxide nanoparticles A (ammonia), B (methanol), C (n- Hexane), D (distilled water), E 

(diethanol ammine), F (acetic acid), G (acetonitrile), H (acetone), I (propionic acid), J (diethyl ether). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 2: X-Ray diffraction patterns of heated TiO2 . (   Anatase   

   Rutile). 

the formation of both phases of titanium dioxide 

(brookite and rutile) nanoparticles. The n-hexane sample 

shows the formation of anatase and rutile phases of 

titanium dioxide (TiO2). The water sample consists of 

three phases (anatase, rutile and brookite) of titanium 

dioxide (TiO2). The peaks at two theta position of 16 – 19 

indicate the formation of sodium titanium oxide 

(Na2O.3TiO2) and sodium titanium hydrogen oxide 

hydrate (NaHTi4O9.3H2O) [35]. The acetic acid sample 

demonstrates all the three phases of titanium dioxide 

nanoparticles (anatase, brookite and rutile). In the 

acetonitrile sample, broad peaks were observed which 

show an amorphous and rutile phase.  In acetone sample  

all the three phases of titanium dioxide (TiO2) nanoparticles 
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Fig 3: X-Ray diffraction patterns of titanium dioxide prepared in different solvents  

the samples (A to J) detail are described in Table 1. 

 

were found. The peak at two theta positions of 40-41 

degrees denoted the titanium hydride in the sample [36].  

From the above discussion, it was found that different 

phases of TiO2 were stabilized in different solvents, 

depending upon the pH and polarity of solvents. 

Furthermore, the sample prepared in different solvents 

gave different crystallite sizes of nanoparticles. The average 

crystallite size of all samples of titanium dioxide NPs was 

in the range of 5 – 25 nm. The solvent having pH 7 or 

below gave a small crystallite size and all the three phases 

of TiO2 [37]. The small particle size may be due to the 

disintegration of the particles in these solvents. It was found  

in the literature that at different pH the composition  

of TiO2 gave different forms of titania [38].  

For H+,  

TiO2 + nH+ ↔TiO2Hn 

For OH-,  

TiO2 + nOH- ↔ TiO2(OH)n n-  

The sample prepared in solvents having pH above 8 gave 

the brookite and rutile phase of TiO2. The largest crystallite size 

was observed in ammonia and acetone samples.  

This can be correlated to the low boiling point (bp)  

of the solvent. The samples were dried in the oven about 8-

10oC below the boiling point of particular solvents.  

The acetone and ammonia have low bp. Therefore the pH  

and low boiling point contribute to high crystallite size  

of the TiO2 nanoparticles. The smallest crystallite size 

was shown by the acetonitrile sample. The smallest 

crystalline size of acetonitrile might be due to the highest 

polarity and a polar aprotic behavior of acetonitrile. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4: FT-IR spectrum of sample heated TiO2 . (Pure sample). 

 

FT-IR analysis 

Absorption bands of titanium dioxide nanoparticles 

prepared in different solvents are labeled on the basis  

of literature. Pure titanium oxide was heated at 110oC  

for two hours and then analyzed by the FT-IR as shown  

in Fig. 4. The band at 3427 cm-1 and 1639 cm-1 represent 

the stretching and bending vibration of water [37].  

The presence of O-Ti- O bond vibration was clearly 

evident from the band at 819, 871 and 981 cm-1 [39].  

Furthermore, the band at 711 cm-1 represents the Ti-O-O 

bonds [40].  The band present at 1396 and 1469 cm-1 

confirmed the stretching vibration of pure Ti-O-Ti bonds 

[41]. The band at 78 cm-1 and 1153  cm-1 indicate  

the Ti-O-C bond [42].  

It was obvious from Fig. 5 (B) that the Ti-O-C  

and C-O of alcohol (methanol) band appears at 1078-1191 

and 1278 cm-1 respectively [43]. In Fig.-5 (E) the bands 
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Fig 5: FTIR spectra of titanium dioxide sample in different solvents. The sample (A to J) detail are described in Tab. 1. 

 

at 3442 cm-1 and 3257 cm-1 designated the presence  

of N-H stretching vibration of diethanolamine and O-H  

of water [44]. The band appears at 1078 characterizes  

the symmetric stretching of C-O group [45]. The C-O band 

of acetic acid sample appeared at 1155 cm-1. The band  

at 1575 cm-1 denoted the C=O bond of acetic acid. The band 

at 1303 and 1386 cm-1 assigned the C-O-O symmetric 

and asymmetric stretching vibration [46, 47]. 

The band found in sample (acetone) at 2613 -3635 

cm-1 showed that water and methyl groups of acetone 

bands overlap with one another [48]. The C=O band 

appeared at 1681 cm-1 [45, 46]. In diethyl ether sample 

the band at 1163 to 1313 cm-1 denoted the C-O bond  

of ether [49].  From these results, it can be concluded  

that different solvents interacted in a different way with 

TiO2 and this interaction may be influenced on the phase 

and particle size of TiO2 nanoparticles. 

 

Atomic force microscopy analysis 

The AFM results of heated titanium dioxide 

nanoparticles are presented in Fig. 6. It is clear that most 

of the particles of heated titanium dioxide samples were 

spherical in shape with an average particle size of 45nm 

and were different in size and shape. In ammonia, 

methanol, water and diethanoamine samples have small 

particles and were spherical in shape. The crystallite size 

of the acetonitrile sample was 10 nm and exists in the pure 

rutile form of titanium dioxide [50, 51]. In acetic acid and 

diethylether samples, particles were agglomerated 

however, no cracked or holes were found. AFM results 

indicate that average particles sizes vary from  

sub micrometric to micrometric in dimension. In other 

samples, particles were agglomerated to form the column  

and irregular shape. 

 

Antibacterial activity of synthesized titanium dioxide 

nanoparticles 

To check the antibacterial activity of titanium 

dioxide samples prepared in different solvents,  

the agar well diffusion method was used. Results 

showed that few of the synthesized samples show 

activity against gram negative bacteria (E.coli and 

Pseudomonas aureginosa). The inhibitory concentration 

of titanium dioxide nanoparticles depends on the 

bacterial strains. Different concentration of TiO2 nanoparticles 

(25 mg/mL, 50mg/mL, 100mg/mL, 200 mg/mL and  

250 mg/mL) were assessed against different strains. 

According to present studies, the minimum 

concentration of titanium dioxide required to kill the 

E.coli and Pseudomonas aureginosa strains were about 

250 mg/mL. Among different solvents, the propionic 

acid, acetic acid and diethanolamine samples showed 

activity against E.coli and P. aureginosa while other 

solvents samples give negative results as shown in Fig. 

7. The propionic acid sample showed the highest 

activities against all the mentioned pathogens as shown 

in Fig. 8 and Fig. 9. The rutile phase of titanium dioxide 

obtained in these samples may be the main reason for its 

active nature.  This may be the synergetic effect of 

solvent with nanoparticles which stabilized the titanium 

oxide in different crystal form which is active against 

different pathogens.  
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Fig. 6: AFM 3D images of different samples of titanium dioxide nanoparticles, A (ammonia), B (methanol),  

C (n- Hexane), D (distilled water), E (diethanol ammine), F (acetic acid), G (acetonitrile), H (acetone), I (propionic acid),  

J (diethyl ether) K (heated titanium dioxide). 
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Fig. 7: Antibacterial activity of different samples of titanium dioxide nanoparticles,) against P. aeruginosa and  

E.Coli. The sample (A to J) detail are described in Tab. 1. 
 

CONCLUSIONS 

In this research work, the effect of different solvents 

on the morphology (different phase and crystal size  

of TiO2) was studied. The results show that the solvents 

have a great role in the synthesis of different phases  

of TiO2 nanoparticles. The polarity and acidity of the 

solvent are made it a good choice for a reaction.  

The PXRD results showed that the average crystallite 

size of all the samples was in the range of 5-25 nm. 

Furthermore, it was found from the XRD results that  

the solvent having pH 7 or below gave small crystallite size 

and all the three phases of TiO2, while the solvents  

having pH above 8 gave the brookite and rutile phase of TiO2. 

Ammonia and acetone samples gave the largest crystallite size 

while using acetonitrile, acetic acid and propionic acid 

solvents produced the smallest crystallite size. 

ATCC Pureginosa ATCC.P.aureginosa 

MDR E. Coli MDR E. Coli 

 

MDR E. Coli MDR E. Coli 

MDR.P.aureginosa 
MDR.P.aureginosa 
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Fig 8: Antibacterial activity of TiO2 nanoparticles against 

E.coli. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 9: Antibacterial activity of TiO2 nanoparticles against P. 

aureginosa. 

 

The FT-IR analyses support the XRD results and all  

the desired peaks for different phases of titanium oxide 

prepared in a different solvent were obtained. The solvent 

interaction with titanium oxide is supported by the presence 

of hydroxyl group which appeared in all protic, water  

and pure samples while other samples it was disappeared. 

The AFM data also showed that most of the particles 

have a spherical shape with average crystallite size 

ranging from 10-68 nm. The TiO2 nanoparticles prepared  

in ammonia, methanol, water and diethanoamine samples 

have small spherical particles about 10 nm, while larger 

particle sizes were found in acetic acid and diethylether 

solvent. 

It was concluded from the antibacterial results  

that the diethanolamine, acetic acid, and propionic acid 

solvents showed comparatively good antibacterial activity 

due to the rutile phase and pH of these solvents which 

modify the properties of titanium dioxide. 
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