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Undoped, Ag-doped TiO2 and N-doped TiO2 anatase nanocrystals were successfully prepared from titanium 
tetraisopropoxide by sol-gel method. The as-prepared TiO2 nanocrystals were structural and morphological characterized 
by X-ray diffraction, DRUV-VIS spectroscopy, FT-IR spectroscopy, SEM microscopy and EDX analysis. The presence of 
doping ions, Ag and N, was confirmed by EDX elemental analysis. Also, the results shows that the anatase TiO2 has a 
particle size in the nanometer range about 20-30nm, calculated by Scherrer’s relation and also confirmed by SEM images. 
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1. Introduction 
 

TiO2 or titania is a very well-known and well-

researched material due to the stability of its chemical 

structure, biocompatibility, physical, optical and electrical 

properties and also due to their unique properties and 

potential applications in catalysis [1-3], photo-catalysis [4-

8], sensors [9], solar cells [10], energy storage [11], and 

gene therapy [12]. It exists in three crystalline phases 

namely anatase, rutile, brookite [13]. Anatase type TiO2 

has a crystalline structure that corresponds to the 

tetragonal system (with dipyramidal habit) and is used 

mainly as a photocatalyst under UV irradiation. Rutile 

type TiO2 also has a tetragonal structure (with prismatic 

habit) and is the thermodynamically most stable phase. 

Brookite phase has an orthorhombic crystalline structure 

[13]. It is well known that the photocatalytic activity of 

TiO2 is related with crystal structure [1]. Also, the surface 

area, particle size, film thickness and UV light intensity 

have been seen to be the additional parameters influencing 

the photocatalytic activity of TiO2 [1]. On the other hand, 

the modification of TiO2 by doping with metallic and 

nonmetallic ions can also affect the crystallization process, 

influencing the photocatalytic efficiency of TiO2.  

The advantages derived from TiO2 and doped TiO2 as 

photocatalysts have prompted much research in the field 

[14]. Various methods are available for the preparation of 

TiO2-based photocatalysts, such as electrochemical [15-

19], thin films and spin coating [20], precipitation [21, 22], 

hydrothermal and solvothermal [23-25], chemical solvent 

and chemical vapour decomposition (CSV & CVD) [26, 

27], ultrasonic irradiation [28], two-route sol-gel [14, 29, 

30] and sol-gel [31-35]. The benefits derived from 

preparing TiO2 by sol-gel method, which include synthesis 

of nanosized crystallized powder of high purity at low 

temperature, preparation of composite materials, and 

production of homogenous materials have driven many 

researchers to use this method for preparing TiO2-based 

photocatalyst. 

Sol–gel is one of the most exploited methods; it is 

used mainly to produce thin film and powder catalysts. 

Many studies revealed that different variants and 

modifications of the process have been used to produce 

pure thin films or powders in large homogeneous 

concentration and under stoichiometry-control [36, 37].  

TiO2 semiconductor has a high band-gap (Eg > 3.2eV), 

excited only by UV sources with wavelengths shorter than 

388 nm in order to inject electrons into the conduction 

band and to leave holes in the valence band [38]. In the 

last decade, numerous studies have been recently 

performed to enhance electron-hole separation and to 

extend the adsorption range of TiO2 into visible range. 

These studies include doping metal/nonmetal ions into the 

TiO2 lattice [39], dye photosensitization on the TiO2 

surface [40], and deposition of noble metals [41]. From the 

doping metal ions, silver is particularly suitable for 

industrial applications due to its low cost and easy 

preparation. The effects of Ag dopants on the lattice or 

surface of TiO2 have been investigated [38]. He et al. [42] 

have investigated the effect of Ag doping on the 

microstructure and photocatalytic activity of TiO2 films 

prepared by sol-gel method.  

In 2001, Asahi et al. [43] characterized an N-doped 

TiO2 film by the reactive sputtering method, and reported 

that the N-doped film had a high photoefficiency at the 

visible range.  
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In this paper, nanosized Ag-doped TiO2 and N-doped 

TiO2 particles were prepared by a simple sol-gel method 

using titanium tetraisopropoxide like Ti precursor. The 

physical properties of the prepared particles were 

investigated by X-ray diffractometer (XRD), Fourier 

transform infrared spectroscopy (FT-IR), diffuse 

reflectance UV-VIS spectroscopy (DRUV-VIS), scanning 

electron microscopy (SEM) and energy dispersive X-ray 

analysis (EDX). 

 

2. Experimental 
 

Titanium (IV) tetraisopropoxide (TTIP, 98%), silver 

nitrate (AgNO3), urea, ethanol and ammonia (NH3) were 

purchased from ALDRICH Company.  

Nanosized Ag-doped TiO2 and N-doped TiO2 

particles were prepared by a simple sol-gel method.  

1. The synthesis method for nanosized undoped 

TiO2 and Ag-doped TiO2 (TiO2-Ag) materials was 

reported in our previous paper [44] 

2. The N-doped TiO2 (TiO2-N) nanocrystals were 

successfully synthesized by sol-gel method. An amount of 

ethanol was stirred with 5 mL TTIP and after 10 minutes, 

30mL of distilled water was added in dropwise. The pH of 

the initial solution was 5.5 and before adding the doping 

precursor (ureea) the pH was adjusted with 1N NH3 

solution until 8. Two different quantities were used for 

TiO2 doping, such as 2 wt% (TiO2-N2) and 3 wt% (TiO2-

N3). 

The obtained solutions were filtered, washed and 

dried to 60ºC for 5 hours. For crystallization the materials 

were annealed separately into an oven for 2 hours. In case 

of undoped TiO2 the annealing temperature was set at 

250ºC (TiO2-250) and 350ºC (TiO2-350) and for doped 

TiO2 nanocrystals at 500ºC (TiO2-Ag2-500, TiO2-Ag3-

500, TiO2-N2-500 and TiO2-N3-500) respective 600ºC 

(TiO2-Ag2-600, TiO2-Ag3-600, TiO2-N2-600 and TiO2-

N3-600).  

The materials were structural and morphological 

characterized by specific methods. The crystallinity of the 

prepared samples was measured by X-Ray diffraction 

(XRD) using PANalytical X’PertPRO MPD 

Diffractometer with Cu tube. The light absorption 

properties of the materials were studied by UV-VIS 

diffuse reflectance spectroscopy (DRUV-VIS) using a 

Lambda 950 Perkin Elmer device. The bond vibration of 

modified materials was analyzed by Fourier transform 

infrared spectrometry (FT-IR) using a JASCO FT/IR-430 

spectrometer. A scanning electron microscopy (SEM) 

using Inspect S PANalytical model coupled with the 

energy dispersive X-ray analysis detector (EDX) was used 

to characterize the external surfaces of the nanocrystals, 

using catalyst powder supported on carbon tape.  

 

3. Results and discussion 
 

Figures 1i and ii presents the XRD patterns of 

undoped TiO2 (i), TiO2-Ag2 and TiO2-Ag3 (ii), TiO2-N2 

and TiO2-N3 (iii) annealed at different temperatures. It is 

well known that annealing improved the crystallization of 

TiO2 powders and accelerated the transformation from 

amorphous phase to anatase or rutile phase. The XRD 

patterns confirms that at low temperature, about 250ºC 

(Fig. 1i, spectra a), the crystalline phase for undoped TiO2 

reveals pure anatase form (2 theta: 25.3º, 37º, 37.8º, 38.6º, 

48º, 54º, 55°[45]). By increasing the temperature at 350ºC 

(Fig. 1i, spectra b) the anatase phase is almost disappeared 

and the rutile form (2 theta: 27.3º, 35.9º, 41.1º, 54.1º [46]) 

is predominantly. This aspect is explained by the effect of 

annealing temperature on the anatase form, which become 

metastable at higher temperature and it is converted into 

stable rutile phase [44].  
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Fig. 1. XRD patterns of i) undoped TiO2, ii) TiO2-Ag2 

and TiO2-Ag3, iii) TiO2-N2 and TiO2-N3 at different 

calcinations temperatures ( ٭- anatase, ○–rutile) 

 

 

The XRD patterns are different when the metallic, 

respective non-metallic ions are presents. The TiO2-Ag 

and TiO2-N exhibited a different behavior when the 

calcinations temperature is around 500°C (Fig. 1ii spectra 
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a and b, Fig. 1iii spectra a and b). For both obtained 

materials pure anatase crystalline phase is present at 

500°C without the appearance of rutile form. The 

increasing of the temperature around 600°C determined 

the rutile phase appearance like predominant crystalline 

phase (Fig. 1ii spectra c and d, Fig. 1iii spectra c and d). 

The literature data reports that the transformation of the 

anatase phase into rutile phase around 600ºC and the 

transformation temperature depends on the precursors type 

and on the synthesis conditions and properties of the 

particles [38]. Also, it can be seen that the doping degree 

and the type of dopants did not influence the phase 

transition. 

Based on the XRD patterns were calculated the 

particles size of the prepared materials. Crystallite size 

was calculated by Scherrer’s formula i.e. D=kλ/βcosθ [47], 

λ is the wavelength of the X-ray radiation (λ = 0.15406 

nm), k is the Scherrer’s constant (k=0.89), and β is the line 

width at the half maximum height. The average particle 

size obtained for anatase phase from XRD data for 

undoped, Ag-doped TiO2 and N-doped TiO2 nanocrystals 

were in the range of 20-30nm (Table 1).  

 

 
Table 1. Average particle sizes by Scherrer’s equation. 

 

Material type Particle size (nm) 

TiO2-250 25.4 

TiO2-Ag2-500 23.0 

TiO2-Ag3-500 21.4 

TiO2-N2-500 31.9 

TiO2-N3-500 26.7 

 

 

The light absorption properties of the prepared 

materials crystallized in pure anatase phase were studied 

by DRUV-VIS performed under ambient conditions in the 

wavelength range of 300-550 nm. Figures 3i and ii 

presents the DRUV-VIS spectra recorded for TiO2-250, 

TiO2-Ag2-500 and TiO2-Ag3-500 (Fig. 2i), respective 

TiO2-250, TiO2-N2-500 and TiO2-N3-500 (Fig. 2ii). 

Spectra analysis shows that undoped TiO2 synthesized by 

sol-gel route adsorbs only in UV domain at the wavelength 

around 390 nm. The literature data presented that the 

anatase form of undoped TiO2 has band-gap energy about 

3.2eV, which means that for electrons excitation the 

semiconductor needs to be expose to a radiation with the 

wavelength smaller or equal with 385 nm, namely in UV 

domain [48]. 

For the Ag-doped TiO2 nanocrystals (TiO2-Ag2-500 

and TiO2-Ag3-500) it can be seen a slight adsorption 

movement in the visible domain at the wavelength range 

390-450 nm. The doping amount influences the spectra 

movement in the visible domain (Fig. 2i).  

From Fig. 3ii it can be seen that the bands attributed 

to the stretching modes of Ti-OH bound has different 

values depending of materials type: TiO2-250 (Fig. 3ii, 

curve a) presents a large adsorption band in the range 

3382-3490 cm
-1

, for TiO2-N3-500 (Fig. 3ii, curve c) it can 

be seen a movement of the wavenumber range to 3373-

3548 cm
-1

 and for TiO2-N2-500 (Fig. 3ii, curve b) the Ti-

OH vibration bands became weakly, the wavenumber 

range being 3487-3343 cm
-1

. 

At the wavenumber of 1383 cm
-1

 it can be seen a new 

band attributed to the inflexion vibration of C-H bound. 

The specific band for inflexion vibrations of water 

molecules is in the range of 1620-1645 cm
-1

 [50]. The 

adsorption from the region 400-600 cm
-1

 reflects the 

presence of Ti-O-Ti bound (Figs. 3i and ii) [51]. 
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Fig. 2. DRUV-VIS spectra for i) TiO2-250 (curve a), 

TiO2-Ag2-500 (curve b) and TiO2-Ag3-500 (curve c) and 

ii) TiO2-250 (curve c), TiO2-N2-500 (curve a) and        

TiO2-N3-500   (curve  b)   obtained  by  sol – gel  method. 

 

 

For the N-doped TiO2 nanocrystals (TiO2-N2-500 and 

TiO2-N3-500) the spectra are slightly moved towards 

wavelength of 400 nm, and when the doping degree is 

smaller the adsorption band in under 400 nm (Fig. 2ii). 

Figures 3i and ii represent the FT-IR spectra of TiO2-250, 

TiO2-Ag2-500 and TiO2-Ag3-500 (Fig. 3i), respective 

TiO2-250, TiO2-N2-500 and TiO2-N3-500 (Fig. 3ii). A 

large adsorption band around 3382-3490 cm
-1

 attributed to 

the stretching modes of OH group, indicated the presence 

of water molecules (Fig. 3i) [49]. Also the presence of 

bands at the wavenumbers of 2846 cm
-1

 and 2915 cm
-1

 are 

associated to the symmetric and anti-symmetric stretching 

modes of C-H bound.  
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i) 

 
ii) 

Fig. 3. FT-IR spectra for (i) TiO2-250 (curve a), TiO2-Ag2-500 (curve b) and TiO2-Ag3-500 (curve c) and (ii) TiO2-250 (curve 

a), TiO2-N2-500 (curve b) and TiO2-N3-500 (curve c) 

 

For the morphological and structural characterization 

the obtained materials were characterized by SEM 

morphology and EDX analysis (Figs. 4-6). Thus are 

presented examples of SEM images and EDX spectra for 

undoped TiO2, Ag-doped TiO2 and N-doped TiO2. SEM 

images evidenced for all the obtained materials the 

spherical form of TiO2 nanocrystals, specific for anatase 

phase [52] highly agglomerated in asymmetric 

conglomerates (Figs. 4a, 5a, 6a). At a higher magnification 

(mag. 200.000x), it is obvious that the anatase TiO2 

(spherical form) has particle size in the nanometer range. 

EDX microprobe provided a semiquantitative elemental 

analysis of the surface indicating the materials purity. 

Thus, for undoped TiO2 (Fig. 4b) EDX spectra evidenced 

the Ti and O presence, for Ag-doped TiO2 and N-doped 

TiO2 its shows the Ag (Fig. 5b) respective N (Fig. 6b) ions 

presence. Also, the doping degree did not influence the 

size, shape or agglomeration degree of the particles.  

 

          
a)                                                          b) 

 

Fig. 4. a) SEM morphology and b) EDX analysis for TiO2-250 synthesized by sol-gel method 
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a) 

 
b) 

Fig. 5. a) SEM morphology and b) EDX analysis for 

TiO2-Ag3-500 synthesized by sol-gel method  

 

 
a) 

 
b) 

 
Fig. 6. a) SEM morphology and b) EDX analysis for 

TiO2-N3-500 synthesized by sol-gel method 

4. Conclusions 
 

Undoped, Ag-doped TiO2 and N-doped TiO2 

nanocrystals were successfully obtained by sol-gel method 

using titanium tetraisopropoxide like Ti precursor. It was 

used two doping degree, namely 2wt% and 3wt%. Based 

on XRD patterns the optimum annealing temperature was 

set up at 250°C for undoped TiO2 and 500°C for doped 

TiO2 nanocrystals in order to obtain pure anatase phase. 

The average particle size obtained for anatase form 

calculated by Scherrer’s equation was in the nanometer 

range, 20-30 nm. SEM images presented the spherical 

form of TiO2 nanocrystals, specific for anatase phase and 

also confirmed the nanometer particle size. EDX analysis 

confirmed the materials purity and presence of doping ions 

(Ag and N).  
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