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This article deals with synthesis of titanium dioxide (TiO2) nanoparticles using sol-gel 

method. The morphological as well as optical and dielectric properties were determined. 

The anti-inflammatory properties of the synthesized nanoparticles were observed through 

in vitro assessment. For specified concentration of TiO2 nanoparticles under restricted 

experimental conditions, the absorbance was measured to evaluate the anti-inflammatory 

property. The morphological features and particle size with their crystal structure were 

determined by scanning electron microscopy (SEM), transmission electron microscopy 

(TEM) and powder X-ray diffraction (XRD). The optical properties of TiO2 nanoparticles 

were measured using UV-vis. absorption spectroscopy and photoluminescence (PL) 

spectroscopy. The FT-IR and Raman spectra analyses were also conducted that confirmed 

the presence of TiO2nanoparticles. Under predetermined frequency and temperature level, 

the dielectric properties including dielectric constant, dielectric loss and AC conductivity 

of the synthesized TiO2nanoparticles were determined. The findings indicated the anti-

inflammatory properties of TiO2 through in vitro assessment. The research also exhibited 

the inhibition of protein denaturation, protease inhibition and hemolytic assay for the 

synthesized Nano particles of TiO2. 
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1. Introduction 
 

Nanomaterials are chemical substances or materials which can be crystalline or amorphous 

and have a characteristic length scale smaller than 100 nm. Nanomaterials are known  to exhibit 

unique characteristics compared to the same material which have increased strength, chemical 

reactivity or conductivity that is which does not have nano-scale features. Based on their particle 

size and crystallinity index, nano-particles show different structural, thermodynamic, electrical, 

magnetic, spectroscopic and catalytic features. Titanium dioxide (TiO2) has drawn extensive 

attention because of its chemical stability, low cost and non-toxicity. However, TiO2 is only 

                                                           
*
 Corresponding author: drzairachowdhury76@gmail.com 



642 

 

 

excited by UV light so that the efficiency of solar light is very low [1]. Titanium dioxide is 

chemically inert semiconductor metal oxide that displays photo-catalytic activity in the existence 

of light with energy equal to or greater than its band-gap energy. These unique features as well as 

its’ relatively low price for manufacturing and processing, it is extensively used for photo-

catalysis, anodic materials and dye sensitized solar cells [2-4]. Due to its’ capability to give 

whitening effect and opacity to various products, it is widely added as additives for paints, papers 

and cosmetics products. The modification of nanocrystalline TiO2, in terms of their particle sizes 

can significantly affect their stability and tuned their morphology based on end application [5].  

Nanocrystalline titanium dioxide has carved a niche for itself under the category of 

promising functional materials due to its multivariant applications [6, 7], cost effectiveness, better 

stability towards chemical corrosion,  photocorrosion and  strong oxidizing power [8]. It is 

important to control its surface-to-volume ratio and the electronic structure which subsequently 

will enhance the functional properties of the nanomaterials [9]. These can be controlled by a 

careful selection of the method of fabrication. Among the numerous synthesis techniques, 

hydrothermal synthesis is considered to be more convenient because of the various advantages like 

particle size, morphological features, composition and phase structure can be controlled through 

manipulating the process variables including temperature, reaction time, pressure, concentration 

and pH value [10]. The sol-gel process is commonly used as it can ensure better stoichiometric 

ratio, low temperature for synthesis, high crystallinity values, high purity and very small particle 

size of the synthesized end nano materials [11-13].  

There is ethical concern for conducting experimental pharmacological research using 

animals. Thus there is lack of knowledge for suitability of any particular methods which should be 

utilized. In this research, protein denaturation bioassay is selected for in vitro assessment of anti-

inflammatory property of synthesized TiO2 nanoparticles. Usually most of the proteins lose their 

biological functions when denatured. Due to denaturation of protein, auto-antigens are produced 

which causes some arthritic diseases. The mechanism of denaturation involves alteration in 

hydrophobic properties as well as disulphide and electrostatic hydrogen bonding [14]. 

Denaturation of proteins is well documented because of inflammation. The inflammatory drugs 

such as salicylic acid, phenylbutazone and                 indomethacin have shown the dose dependent 

ability for thermally induced protein denaturation [15]. The denaturation is the change of proteins 

from a soluble to an insoluble form with a large variety of chemical and physical agents including 

acids, alkalies, alcohol, acetone, salts of heavy metals and dyes, and heat, light, and pressure [16]. 

Chick and Martin considered heat denaturation as a reaction between protein and water, which 

implied in all probability of hydrolysis [17]. Some literature reported that denaturation of protein is 

one of the causes of inflmmation due to the production of auto-antigens in certain rheumatic 

diseases. It may be due to in vitro denaturation of proteins and proteniase. In this work, TiO2 

nanoparticles were synthesized by using sol-gel method, and the in vitro assessment of anti-

inflammatory property of synthesized TiO2 nanoparticles was conducted besides other structural 

and optical characterizations. 

 

 

2. Experimental details 
 

2.1 Titanium dioxide (TiO2) nano-particles Synthesis: Titanium tetra iso-propoxide was 

mixed with HCl, ethanol and deionized water. It was stirred for half an hour maintaining the pH 

value at 1.5.  After 30 minutes, 10ml of deionized water was added with the mixture and again 

stirred for another 2 hours at room temperature. After drying at room temperature, the powder 

obtained was heated at 100ºC for approximately 2 hours.  

 

2.2 In vitro assessment of anti-inflammatory property of TiO2 nanoparticles. 

2.2.1 Inhibition of protein denaturation 

Inhibition of protein denaturation was examined by the technique described in another 

study [18], with slight modification. Firstly, 500 µL of 1% bovine serum albumin was added to 

100 µL of TiO2. This mixture was kept at room temperature for 10 minutes, followed by heating 

at 51°C for 20 minutes. Then the mixture was cooled down to room temperature and absorption 
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spectrum was recorded at 660 nm. In this process, acetylsalicylic acid was used as a positive 

control. The experiment was carried out in triplicates and percent inhibition for protein 

denaturation was calculated using following formula. 

% Inhibition = 100 − [(A1 -A2)/A0)*100] 

Where, A1, A2 and A0 are the absorbances of sample, product control and positive control, 

respectively. 

 

2.2.2 Protease inhibition assay 

Inhibition of trypsin was evaluated by the method [19]. A quantity of 100 mL of bovine 

serum albumin was added to 100 µL of TiO2. This mixture was incubated for 5 min at room 

temperature. Reaction was inhibited with the addition of 250 µL of trypsin followed by 

centrifugation. The supernatant was collected, and absorption spectrum was observed at 210 nm. 

For positive control acetylsalicylic acid is used. The experiment was carried out in triplicates and 

percent inhibition of protease inhibition was calculated as below. 

% Inhibition = 100 − [(A1 - A2)/A0)*100] 

Where, A1, A2 and A0 are the absorbances of sample, product control and positive control, 

respectively. 

 

2.2.3 Haemolytic assay 

Haemolytic assay was carried out following the microtitre plate method [20]. In this 

process, the healthy human blood was collected using EDTA solution (2.7 g/100 ml) as an 

anticoagulant. The pellet was resuspended in normal saline (pH 7.4.) followed by three times 

centrifugation of as prepared mixture. Also, 1% erythrocyte suspension was prepared by adding 99 

ml normal saline to 1 ml of packed RBC. 

The micro haemolytic test was carried out in 96 well 'V' bottom micro titer plates. 

Different rows were selected for the different samples. In all the wells the serial dilution of the 

crude extracts (100 µl) was done till the last well, and 100 µl was discarded from last well. 1% 

RBC (100 µl) was added into all the 96 wells with standard controls that were included in the test. 

1% RBC suspension, 100 µl of distilled water was added, which acted as a positive control and 

100 µl of normal saline, which acted as negative control. The results were recorded after 3 hours 

stand of plate at room temperature. The red color suspension in the wells considered as positive 

haemolysis and button formation at the bottom of the wells was considered as lack of haemolysis. 

 

2.3 Characterizations Techniques 

The XRD pattern of the TiO2 powder was measured using a powder X-ray diffractometer 

(Schimadzu model: XRD 6000 using CuKα with a diffraction angle between 20 and 70º). For 

morphological study, scanning electron microscopy (SEM) (JEOL, JSM- 67001) and transmission 

electron microscopy (TEM) (H-800 TEM, Hitachi, Japan) with an accelerating voltage of 100 kV 

were used. UV-Vis. absorption spectra for the TiO2 nanoparticles were recorded using a Varian 

Cary 5E spectrophotometer in the range of 200-1000 nm. The thin film surface morphology’s 

evaluated by contact mode atomic force microscopy (AFM Multimode 8, Bruker). The FT-IR 

spectrum of the TiO2 nanoparticles was recorded using an FT-IR (Bruker IFS 66W) spectrometer. 

Raman spectrum was collected using a Bruker RFS 27: stand-alone model Raman spectrometer. 

The photoluminescence (PL) spectra of the TiO2particles were recorded by Perkin-Elmer lambda 

900 spectrophotometer with a Xe lamp as the excitation light source. The dielectric properties such 

as dielectric constant and dielectric loss of TiO2 nanoparticles were investigated by using an 

HIOKI 3532-50 LCR HITESTER with frequency range 50Hz-5MHz. 

 

 

3. Results and discussion 
 

3.1. Structural and optical properties 
In the present work, XRD was carried out over the synthesized TiO2 nanoparticles with 

CuKα radiation. Fig.1 demonstrates that the diffraction peaks appear for the planes of (101), (004), 

(200), (105) and (204). The peaks indicate the formation of anatase phase of TiO2. The synthesized 
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material i.e TiO2nanoparticles displays a tetragonal structure. The average grain size (D) was 

calculated using the Scherrer formula [21].  

 

             (1) 

 

where, λ is the X-ray wavelength, θ is the Bragg diffraction angle, and β is the FWHM of the XRD 

peak appearing at the diffraction angle θ. The average grain size of TiO2nanoparticles at most 

prominent peak at (101) is found to be around 14 nm. 

 

Fig.1.X-ray diffraction (XRD) pattern of as prepared TiO2 nanoparticles 

 

 

The surface morphology of the synthesized TiO2 nanoparticles is analyzed by SEM and is 

illustrated byFig.2 (a-f).The SEM images (Fig.2 (a-f)) revealed fairly uniform distribution of TiO2 

nanoparticles. From the SEM images (Fig.2 (a-c)), it is observed that most of the grains fall in the 

nanoscale regime. It is also noted that the particles get aggregated on their surface. Aggregation of 

particles on the surface might be originated from the high surface energy of the synthesized 

nanoparticles as displayed in Fig.2 (a-c).SEM images (Fig.2 (e-f)) show particle heterogeneous, 

spherical and elongated, with large particle size distribution. From the micrograph it is clearly seen 

that the particles are spherical shape and uniformly distributed. Larger particles in this figure may 

be aggregates of the smaller particles (Fig.2 (a-c)). The value of particle size observed from SEM 

was in good agreement with the results obtained from XRD.  The average grain size was found to 

be 12 nm. 
  

     
 

Fig.2.1. SEM images of uniformly distributed TiO2 nanoparticles at: 

 (a) 300nm)  (b) 200 nm)  (c) 100nm 
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Fig 2.2. SEM images of uniformly distributed TiO2 nanoparticles at 1μm 

 

 

TEM is commonly used for imaging and analytical characterization of the nanoparticles to 

assess the shape, size, and morphology. TEM images of the TiO2 nanoparticles are shown in Fig.3 

(a-d). It is evident from the Fig.3 (a-d) that the particles were smaller in size and uniform in shape. 

The estimated particle size was around 22 nm. The Fig.3 (e) shows the HRTEM image of TiO2 

nanoparticles with an interplanar spacing of 0.30 nm which corresponds to the separation between 

the (101) lattice planes of TiO2. The diffraction rings from selected area diffraction pattern 

(SAED) image (fig.3 (f)) are indexed to the (101), (004), (200), (105) and (204) planes of 

tetragonal phase, which matched with the XRD data. 

 

 
a) 

 

 
b) 

 
c) 

 

Fig.3.1. TEM images of TiO2 nanoparticles (a) 50 nm; (b) 40 nm:  (c) 30 nm 

 

 
 

Fig.3.2. HR-TEM images of TiO2 nanoparticles  (d) 20nm; (e) 5nm: (f) SAED Pattern of TiO2 
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The FT-IR spectrum of TiO2 nanoparticles is shown in Fig.4. Peaks at 3450 cm
-1

, 3375 cm
-1

, and 

3262 cm
-1

 correspond to stretching vibration of the O-H bond. Peak observed at 2925 cm
-1

, 1656 

cm
-1

 corresponds to the C-H stretching vibration adsorbed H2O, respectively. The peaks at 1394 

cm
-1

 and 1155 cm
-1

 correspond to C-O vibrations. The peaks observed at 620 cm-
1
, 590   cm

-1
, and 

540 cm
-1 

correspond to Ti-O vibrations. The peak between 800 and 400   cm
-1

 is assigned to the Ti-

O stretching bands. The evidenced peak broadening can be ascribed to the small size of the 

prepared samples. TiO2 exhibited the characteristic peaks corresponds to the anatase phase with 

the absence of secondary or impurity peaks. Fig.5 shows FT-Raman spectra of the as prepared 

titanium dioxide (TiO2) nanoparticles. The characteristic high frequency Raman mode of anatase 

phase was observed for the peaks at 405, 530, and 650 cm
-1

. 

 

 

Fig. 4.FT-IR spectrum of TiO2 nanoparticles  

 

 

 

Fig.5. Raman spectrum of TiO2nanoparticles 

 

 

The characteristics of the band structure of the materials can be observed from optical 

adsorption studies. Fig.6 shows wavelength of the as prepared TiO2 nanoparticles with the 

variation in optical absorbance. The optical absorption coefficient was calculated in the 

wavelength range of 200 - 1000 nm. Further, at higher wavelengths the samples were found to be 

completely transparent. The absorption band edges were estimated to be around 355 nm. The 

increments in absorption of TiO2nanoparticles with respect to control indicated a stabilization of 

protein, i.e. inhibition of protein (albumin) denaturation or anti-denaturation effect by the test 

extract. The peak broadening of the absorption spectrum could be because of quantum 

confinement of the nanoparticles. 
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Fig.6. UV-visible absorption spectrum of TiO2 nanoparticles  

 

 

The study has an absorption coefficient (α) obeying the following relation for high photon 

energies (hν) as follows; 

hv

EhA n

g )( 



                      (2) 

 

Where, α,A and Eg are the absorption coefficient, constant and band gap, respectively. The 

fundamental absorption corresponding to the optical transition of the electrons from the valence 

band to the conduction band can be used to determine the nature and value of the optical band gap 

Eg of the nanoparticles. The exponent ‘n’ depends on the type of transition and it may have values 

1/2, 2, 3/2 and 3 corresponding to the allowed direct, allowed indirect, forbidden direct and 

forbidden indirect transitions, respectively. The band gap is determined by extrapolating the linear 

portion of the curve. The direct band gap energies were calculated by plotting Tauc’s graphs 

between (αhv)
2
 versus photon energy (hv) for TiO2 nanoparticles is shown in Fig.7. The intercept 

of the tangent to the plot on the X-axis gives the direct band gap of TiO2 nanoparticles. The band 

gap was found to be 3.2 eV. The calculated band gap energy for the prepared TiO2 nanoparticles is 

higher than the bulk material. This is due to the quantum confinement effect. The reduction in 

particle sizes results in increase of surface/volume ratio. Surface atom has lower coordination 

number and atomic interaction which increases the highest valance band energy and decreases the 

lowest unoccupied conduction band energy. This leads to increase in band gap. 

 

 

Fig.7.Evaluation of [(αhν)
2
] plotted against photon energy (h) of the optical energy  

band (Eg) diagram of TiO2 nanoparticles. 

 

 

PL spectra were recorded for the sample synthesized with the wavelength range of 300-

500 nm and is illustrated by Fig. 8. From Fig. 8, it could be observed that at room temperature the 

emission band is centered on at 390 nm. It has been reported that nanostructured titania generally 

exhibits a broad emission band centered at around 360-500 nm at room temperature [22]. This 

phenomenon is attributed to the surface defects. Basically this plays a major role in defining the 
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luminescence properties. The peak in the photoluminescence spectrum between 320-400 nm 

indicates to the direct recombination between electrons and holes [23]. 

 

 
 

Fig.8.Photoluminescence spectrum for TiO2 nanoparticles 

 

 

The dielectric loss and dielectric constant of the pellets of TiO2 nanoparticles were 

measured using disk form for different frequencies under predetermined range of temperatures. 

The deviations in dielectric constant at different frequency and temperature range for TiO2 

nanoparticles are illustrated by Fig.9.  
 

 
Fig.9 Variation of dielectric constant with frequencies at different temperatures 

 

 

The magnitude of dielectric constant was high in the lower frequency region. This is 

caused by the presence of all four polarizations namely, space charge, orientations, electronic, and 

ionic polarization and it decreases with the increase of frequency [24]. From the plot, it revealed 

that dielectric constant increases with increasing temperature. This occurs due to the presence of 

space charge polarization near to the grain boundary interfaces. However, this factor is completely 

dependent on the perfection and purity of the synthesized sample [25]. The variations in dielectric 

loss of TiO2 nanoparticles against temperature and frequency are illustrated by Fig.10. It can be 

observed that the magnitude of dielectric loss is inversely proportional to value of frequency. 

Approximately at higher frequencies, the magnitude of loss angle has the same value at all 

temperature range studied here. Due to presence of adsorption current in dielectric materials, 

dielectric losses occur. In case of polar            dielectric materials, the orientation of molecules 

along the direction of the external electric field needs adequate electric energy. This energy is 

needed to overcome the forces of the internal friction [26].  
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Fig.10.Variation of dielectric loss with frequencies at different temperatures 

 

 

The phenomenon of space charge formation as well as inhomogeneity analogues to defects 

inside the inter phase layers causes absorption current.  Subsequently this causes the dielectric loss 

in nano-materials [27]. The AC electrical conductivity of TiO2 nanoparticles is illustrated by 

Fig.11.  
 

 

 
 

Fig.11. AC conductivity of TiO2nanoparticles 

 

 

It was observed that the magnitude of AC electrical conductivity is proportional with 

frequency level.  Due to increase of hopping frequency of electrons at higher frequency level, the 

AC conductivity of the material was also increasing at higher frequency level [28]. With increase 

in temperature, the grain size of the particles usually increases resulting decrease in grain 

boundaries. Thus, conductivity increases with increased rate of conduction losses. For small 

polaron hoping, usually high AC conductivity is observed at higher frequencies [29]. The 

conductivity of nanomaterials is caused by highly localized charge carriers bound to the lattice 

with lattice strain which is known as polaron conduction [30, 31]. 

 

3.2. Anti-inflammatory property of TiO2 nanoparticles 

In this study, the ability of TiO2 to inhibit protein denaturation was studied. Selected 

extracts were effective in inhibiting heat induced albumin denaturation. TiO2 was observed as 

68.92% μg/mL and respectively. Aspirin was used as a standard anti-inflammation drug. Results 

are presented in Fig. 12.TiO2 exhibited significant antiproteinase activity. The percentage of 

inhibition was observed in TiO2. The standard aspirin 72.9% drug showed maximum proteinase 

inhibitory action. TiO2 was observed as crude extraction 66.9% μg/mL. Results are shown in 

Fig.13. 

 



650 

 

 

 
 

Fig.12.Inhibition of protein denaturation activity 

 

 

 

 
 

Fig.13.Inhibition of proteinase activity 

 

 

In haemolytic assay, haemolytic activity of the TiO2 is 32 HU. The Present study supports 

the previous reports, i.e. the hemolytic activity of TiO2, Halocynthiaaurantium disrupted 8% and 

16% of human erythrocytes, respectively [32]. Hemolysis of human and sheep red blood cells has 

been studied by Al-Hassan et al. [33]. Al-Lahham et al. has studied the specific activity of the 

catfish epidermal factor reporting to be of 20.6 units mg
-1

 protein, which is found to be a level 

somewhat lower than that of most protein hemolytic factors [34]. 

 

 

4. Conclusions 
 

In this work, sol-gel method was used to synthesize the TiO2 nanoparticles successfully. 

The     X-ray diffraction (XRD) pattern confirmed the formation of TiO2 nanoparticles. The 

surface morphological studies from SEM analysis illustrated the spherical shape of the synthesized 

TiO2nanoparticles; whereas TEM analysis determined the particle size of the as synthesized TiO2 

nanoparticles. The particle size determined was around 22 nm. FT-IR and FT-Raman spectra 

confirmed the presence of functional group in the synthethesized TiO2 sample. The UV-Vis. 

absorption spectrum measured the band gap value to be of 3.2 eV. The PL spectrum identified that 

the prepared TiO2 nanoparticles exhibited the broad emission at 390 nm. The dielectric constant, 

the dielectric loss and AC conductivity were also evaluated at different frequency level and 

temperature range. The TiO2 nanoparticles exhibited significant antiproteinase activity. The 

standard aspirin 72.9% drug showed maximum proteinase inhibitory action. The TiO2 was 

observed as crude extraction 66.9% μg/mL respectively. The in vitro anti-inflammatory 
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assessment evidenced that the TiO2nanoparticles prevented protein denaturation. The preliminary 

results of this study suggest that the synthesized TiO2 nanoparticles have high potential in anti-

inflammatory drug development. However, further definitive in vivo studies are necessary to 

ascertain the detail mechanisms and constituents of TiO2 necessary for its anti-inflammatory 

action, which is aimed in our further follow up study.  
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