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In this work, pure and silver (Ag)-loaded TiO2 nanocrystals (NCs) with various concentration of Ag were prepared by soft chemical route and the effect of Ag nanoparticles (NPs) on the functional properties of TiO2 was studied. X-ray diffraction (XRD) and Raman studies confirmed that the synthesized product had single phase nature and high crystalline quality. The crystallite size was decreased from 18.3 nm to 13.9 nm with the increasing in concentration of Ag in TiO2 NCs.

FESEM micrographs showed that the pure and AgNPs-loaded TiO2 have spherical morphology and uniform size distribution with the size ranging from 20 to 10 nm. Raman scattering spectra of pure and AgNPs-loaded TiO2 revealed the characteristic mode that is related to the vibration of oxygen atoms in TiO2. Optical properties show the characteristics peaks of TiO2 and the shifting of the peaks position was observed by changing the concentration of Ag. The tuning of bandgap was found to be observed with the increase in Ag, which could be ascribed to the synergistic effect between silver and TiO2 NCs. Density functional theory calculations are carried out for different Ag series of doped TiO2 lattices to simulate the structural and electronic properties. The analysis of the electronic structures show that Ag loading induces new localized gap states around the Fermi level.

Moreover, the introduction of dopant states in the gap region owing to Ag doping can be convenient to shift the absorption edge of pristine TiO2 through visible light.

Introduction

Semiconductor-based photocatalysts have attracted great attention owing to their potential applications in photocatalysts, water splitting for hydrogen production, and renewable energy by converting sunlight to electricity or fuels [1,2]. Among these materials, TiO2 is considered to be one such promising metal oxide because it possesses excellent physical and chemical properties, such as high oxidative power, long term stability, non-toxicity, and low cost [3][4][5]. TiO2 has a wide band gap [6] in which the absorption coefficient is limited in the ultraviolet light region. Furthermore, photoexcited electron-hole pairs tend to recombine relatively easily in TiO2 [7]. Both of these factors limit possible applications in photocatalytic materials' design. Therefore, tuning the band gap of TiO2 to make it photosensitive to the visible-light region with low electron-hole recombination has become one of the most important goals in photocatalyst studies [8]. Doping TiO2 with noble metal nanoparticles such as Pt, Ag, Pd, Au, and alloys is one of the most effective approaches to improve the photocatalytic properties by visible light harvesting and charge carrier separation simultaneously without crystal destruction in TiO2 [9,10]. When metals and semiconductors are in contact, because of the lower Fermi levels of metals, they can act as an electron reservoir suppressing the recombination rate, thus extending the life-time of charge carriers and significantly enhancing the photocatalytic performance [11,12]. Among the noble metals, silver nanoparticles (Ag NPs) has been shown to be an active catalytic element and has been applied to various catalysts due to its unique physical, chemical, electronic and optical properties [START_REF] Zhang | Defect-Mediated Formation of Ag Cluster-Doped TiO2 Nanoparticles for Efficient Photodegradation of Pentachlorophenol[END_REF][START_REF] Subrahmanyam | Surface modification of sol gel TiO2 surface with sputtered metallic silver for Sun light photocatalytic activity: Initial studies[END_REF][START_REF] Li | Preparation of Ag-doped TiO2 nanoparticles by a miniemulsion method and their photoactivity in visible light illuminations[END_REF].

The presence of Ag NPs in vicinity of TiO2 NCs also increases its photocatalytic efficiency via the interfacial charge transfer (IFCT) that occurs effectively towards the Ti-Ag-O phase and the presence of oxygen vacancies [16]. The presence of surface plasmon resonance of Ag NPs during the visible irradiation drive the electron from metallic NPs to TiO2 or the reverse way and in turn improve light harvesting [17,18].

Various methods to fabricate Ag doped TiO2 have been reported. For example, some studies have used chemical reduction method by doping Ag + into TiO2 NPs [16,[START_REF] Quiñones-Jurado | Silver Nanoparticles Supported on TiO2 and Their Antibacterial Properties: Effect of Surface Confinement and Nonexistence of Plasmon Resonance[END_REF]. Yang et al, used photo-reduction method of silver nitrate (AgNO3) by using TiO2 NPs under UV light [20]. Zhou et al. fabricated Ag/Ag-doped TiO2 used modified sol-hydrothermal method with the assistance of NaOH additive [21]. Al Suliman et al. synthesized Ag/TiO2 nanorods by chemical reduction route by doping Ag + into Ti Sheet at high temperature [22]. Although, we use in this work the chemical route to fabricate Ag doped TiO2 NCs.

Theoretically, First-principles calculations based on density-functional theory (DFT) have provided significant contributions towards understanding the physical and chemical processes involved in photocatalysis [23][24][25]. Numerous theoretical investigations on TiO2 photocatalysts have been performed during recent decades. Moreover, they have been also reviewed to support the experimental results [26][27][28][29][30][31][32][33][34][35]. The electronic structures of metal/TiO2 interfaces have previously been studied by DFT calculations [36]. The effect of the formation of oxygen vacancies in the TiO2 layer near the interface has also been investigated [36][START_REF] Shahzad | First principles study of the adsorption and dissociation of H2S on TiO2 anatase (001) surfaces[END_REF][38][39][40]. An important progress in the theory of catalysis has been made by Hammer and Norskov, [41] who suggested that trends in reactivity on a metal surface can be understood in terms of the energy of hybridization between the bonding and anti-bonding adsorbate states and the metal d-bands.

In this work, we report the chemical synthesis of AgNPs-loaded TiO2 and study the effect of Ag nanoparticles on the structural, optical and electronic structure properties of TiO2 to explore the possibility of utilizing the prepared nanomaterials for photocatalytic applications. The results showed that by simply altering the concentration AgNPs in TiO2 matrix resulted in tuning of bandgap of TiO2 which could be beneficial for the enhancement in photocatalytic activity. The theoretical studies were conducted to investigate the structural, electronic and optical properties using the first-principles calculation method. This leads to determine of the band gap change and allows for an investigation of the structure/property relations in this AgNPs-loaded TiO2.

EXPERIMENTAL AND COMPUTATIONAL METHODS

Experimental details

Synthesis of AgNPs-loaded TiO2

For the synthesis of pure and Ag loaded (1%, 2%, 5%, 10%, and 19%) TiO2 nanocrystals (TAg 0, TAg 1, TAg 2, TAg 5, TAg 10 and TAg 19), 0.1 M TiO2 nanoparticles were dissolved in 100 mL deionized water. The solution was then stirred on magnetic stirrer for 1 hour. Required volume of AgNO3 (0.1 M) solution was added to the existing sol. Reduction of Ag + was carried out by drop-wise addition of 25 mL ascorbic acid (0.02 M), until a color change from colorless to brownish was noted. This solution (silver nitrate and ascorbic acid) was heated in microwave at a power of 450 W for few minutes to complete the reaction which resulted in AgNPs-loaded TiO2. Centrifuging and drying the prepared samples was carried out, the final product was then grinded using mortar and the product was then used for further characterizations.

XRD was used to determine the phases of the product. XRD measurements on different powders were performed using Philips X'pert MPD 3040 x-ray powder diffractometer operated at 40 kV and 30 mA with CuKα (1.541Å) radiation. The UV-Visible spectrometer (Agilent 8453) was used to record the absorption spectrum of AgNps-loaded TiO2 nanocrystals in the range of 200 to 800 nm of wave length using the combination of Tungsten and Deuterium lamp. FTIR (Perkin Elmer; Spectrum Two) was used to study the structural studies of the prepared product. Morphologies of the samples were studied using filed emission scanning electron microscopy (FESEM; JEOL JSM 7600 F). High resolution transmission electron microscopy (HRTEM) images of the sample were obtained using images were obtained using a FE-TEM (JEOL/JEM-2100F version) operated at 200 kV. The structure of the prepared samples was analyzed by Raman microscope (HORIBA; LabRAM HR800, France SAS) at room temperature and an ambient atmosphere with a He-Ne wavelength laser of 633 nm and power of 20 mW.

Computational details

All calculations were carried out using the framework of the density functional theory (DFT) within the local combination of the atomic orbitals (LCAO) approach as implemented in the Quantum Atomistix ToolKit (quantumATK) [START_REF] Smidstrup | QuantumATK: an integrated platform of electronic and atomic-scale modelling tools[END_REF] package. The Perdew, Burke, Ernzerhof (PBE) with the generalized gradient approximation (GGA) to the exchange correlation functional is employed [START_REF] Perdew | Generalized gradient approximation made simple[END_REF]. The norm-conserving PseudoDojo [START_REF] Van Setten | The PseudoDojo: Training and grading a 85 element optimized norm-conserving pseudopotential table[END_REF] pseudopotential was chosen for characterizing the interaction between ion nuclei, and the valence electrons. The computation of self-consistent field (SCF) was iterated until the difference of total energy less than 10 -6 Ha was completed. The structures were fully optimized by using the limited-memory Broyden-Fletcher-Goldfarb-Shanno algorithm, with force on each atom site fewer than 0.05 eV/Å. For the geometry optimization, a 4 × 4 × 3 Monkhorst-Pack [START_REF] Monkhorst | Special points for Brillouin-zone integrations[END_REF] k-grid is used, and for electronic property calculations, a 10 × 10 × 8 grid is used. The electronic and optical properties are calculated using a more accurate Heyd-Scuseria-Ernzerhof hybrid functional (HSE06) [START_REF] Ferreira | Approximation to density functional theory for the calculation of band gaps of semiconductors[END_REF][START_REF] Kanoun | magnetism in Sc-doped ZnO with zinc vacancies: A hybrid density functional and GGA+U approaches[END_REF].

Results and discussion

Structural properties

X-ray diffraction analysis

XRD patterns were studied to illustrate the structure and phase composition of as-synthesized materials. Figure 1 displays the results of XRD of pure TiO2 and AgNPs-loaded TiO2 nanocrystals synthesized by above described method. From the XRD pattern, it is observed that the diffraction peaks at 2θ angles 25.3, 37.9, 48.05, 53.9, 55.06, 62.4, 68.76, 70.3, 75.06, 78.67 corresponding to the crystal planes (101), (004), ( 105), ( 211), ( 204), ( 116), ( 215), (206) belong to the fundamental anatase structure of TiO2 (JCPDS card no. 21-1272). Further it can be observed that the shape of the peaks appears clear and sharp and no impurity peaks are there in these patterns which indicates pure form of TiO2. In addition, some of the peaks marked by (*) belong to the crystal planes of silver (JCPDS card no. 04-0783). The intensities of these peaks increase with the increasing concentration of Ag in TiO2 expect the 10 % concentration of silver where the intensity is higher than 19%, this difference could be due to the slower agglomeration rate of silver nanoparticles and with the more excess of silver cations. The crystallite size of all the prepared samples were calculated by using the Debye Scherrer formula which is given below [48]:

(1) where the letters have their usual meaning, k is a constant, λ is a wavelength of x ray used, β is the FWHM parameter and θ is the diffraction angle. It has been found that the crystallite size decreases with the increasing concentration of Ag in TiO2 nanocrystals. It has been found that the crystallite size decreases with the increasing concentration of Ag in TiO2 nanocrystals, these results are in good agreement with the previous work [START_REF] Chakhtouna | Recent progress on Ag/TiO2 photocatalysts: photocatalytic and bactericidal behaviors[END_REF]. The crystallite size of pure and AgNPs-loaded TiO2 nanocrystals was found in the decreasing order as 18. 30, 17.52, 17.45, 17.35, 14.57, 13.91 nm with 0%, 1%, 2%, 5%, 10%, and 19% Ag, respectively. Inset of Fig. 1 shows the HRTEM image of AgNPs-loaded TiO2 (2%) in which clear interplanar spacing of 0.36 nm corresponds to (101) plane of TiO2 and 0.23 nm corresponds to (111) plane of Ag, respectively could be seen. Additionally, the attachment of AgNPs on the surface of TiO2 is also evident from the HRTEM image.

FTIR analysis

Figure 2 displays the FTIR spectra of pure and AgNPs-loaded TiO2 nanocrystals. It confirms that the strong absorption peaks of pure TiO2 and AgNPs-loaded TiO2 at 3396, 1684, 1619 and 1420 cm -1 have identical behavior, which is possibly due to hydrogen bonded surface hydroxyl groups and OH of adsorbed water molecules [50]. Further, the vibration peak 1630 cm -1 can be ascribed to the O-H bond. The peak at 1411 cm -1 can be ascribed to the alcohol group which occurs due to the addition of ethanol solution while washing the samples. The strong absorption peak around ~450 cm -1 describes the formation of pure and AgNPs-loaded TiO2 nanocrystals. Furthermore, with the increase in concentration of Ag in TiO2, there is a shift in the characteristics peak (~450 cm -1 ) to-wards higher wavenumber as shown in the zoomed are of marked region in Fig. 2, and the occurrence of new peaks correspond to AgNPs (~1400 cm -1 ) were observed. 

Optical properties

The UV-Vis absorption spectra of the pure and AgNPs-loaded TiO2 nanocrystals are shown in Fig. 3 where n=2 for indirect band gap semiconductor. The tuning of band gap was found to be 3.01 eV, 2.98 eV, 2.95 eV, 2.91 eV, 2.71 eV and 2.63 eV for 0%, 1%, 2%, 5%, 10%, and 19% Ag, respectively. It was observed that the band gap was slightly decreased with 1% Ag, 2% Ag, and 5% Ag in TiO2, while, with higher concentration of Ag such as 10%, and 19%, resulted in the abrupt decrease of band gap as compared to pure TiO2 (see Fig. 3 (b) and 3 (c)). Therefore, the optimum concentration of Ag in TiO2 to make it visible light efficient could be taken as 5% Ag which could be extend to 10% with decreased bandgap, thus increased visible light absorption. 

Raman Analysis

Figure 4 shows the Raman spectra of pure and AgNPs-loaded TiO2 nanocrystals.

The pure TiO2 shows an intense Raman peak at 145 cm -1 , which can be assigned to the Eg optical Raman mode of anatase TiO2. The other Raman peaks at 196 cm -1 , 394 cm -1 , 512 cm -1 and 636 cm -1 were assigned to Eg, B1g, A1g and E1g Raman modes of anatase TiO2 respectively. In the case of AgNPs-loaded TiO2 nanocrystals, all the Raman peaks of TiO2 have been observed, while no Raman active peak from Ag was observed due to the crystal symmetry of Ag [START_REF] Quiñones-Jurado | Silver Nanoparticles Supported on TiO2 and Their Antibacterial Properties: Effect of Surface Confinement and Nonexistence of Plasmon Resonance[END_REF][START_REF] Alsharaeh | Sol-Gel-Assisted Microwave-Derived Synthesis of Anatase Ag/TiO2/GO Nanohybrids toward Efficient Visible Light Phenol Degradation[END_REF]. (b) shows the morphology of sample synthesized using 1% AgNPs-loaded TiO2 nanocrystals which has particle size of 18-22 nm. When the concentration of Ag further increased to 2%, the particle size reduced to 18-20 nm (see Fig. 5(c). Further increase in Ag concertation to 5% in TiO2, reduction of particle size of 17-19 nm can be observed.

Upon increase in the concentration of Ag to 10% and 19%, the particles size was decreased to 15-18 nm (see Fig. 5(e)), and 14-19 nm (see Fig. 5(f)), respectively. The reduced size of the nanoparticles might be related to the effect of confined electrons, which hinders the interaction of surface Plasmon resonance at visible light, such as was noted by UV-vis and Raman spectroscopy. This phenomenon can be associated with electronic barrier sets for Ag NPs with very small sizes, e.g. diameters < 20 nm, such as was explained by Tsivadze A, et al. [START_REF] Tsivadze | Plasmon Properties of Silver Spherical Nanoparticles and Films[END_REF]. Interestingly, the anchored Ag nanoparticles on the surface of TiO2 could be seen for the samples doped with Ag nanoparticles (Fig. 5(b)-(f)) which further confirms the successful attachment of Ag nanoparticles on the surface of TiO2 nanocrystals.

Electronic properties

We started by performing a structural analysis of defect free TiO2 prior to investigating the defects using first principles calculations. The anatase structure is the most common polymorphs of TiO2 which is hexagonal (the space group I41/amd), as shown in Fig. 6. The optimized lattice parameters, a = 3.782 Å, c = 9.496 Å, show a fair agreement with the experimentally reported values (a = 3.7842 Å, c = 9.5146 Å) [54]. To construct configurations doped with TiO2, a 2 × 2 × 1 supercell consisting of 48 atoms was used, as shown in Figure 6. Substitutional defects are induced in the supercell to model the different doped systems [START_REF] Ikram | Impact of Bi Doping into Boron Nitride Nanosheets on Electronic and Optical Properties Using Theoretical Calculations and Experiments[END_REF]. Three types of doping configurations are modeled, including one substitutional Ag at Ti site (equivalent to 6.25% Ag concentration), two substitutional Ag at Ti sites (equivalent to 12.5% Ag concentration), and three substitutional Ag at Ti sites at (equivalent to 18.75% Ag concentration). The incorporation of Ag dopants into the anatase lattice at Ti sites shows that a-and c-lattice parameters change a little compared to those of pristine TiO2 (Table 1). This difference occurs from the tetragonal lattice distortion after the incorporation of Ag dopants. The optimized Ti-O and O-O average bond lengths of pure TiO2 are 1.960 and 2.47 Å, respectively, which are rather close with the experimental measurements [54] and theoretical values [START_REF] Khan | Effect of Ag doping concentration on the electronic and optical properties of anatase TiO2: a DFT-based theoretical study[END_REF][START_REF] Guo | First-principles study of electronic structures and opticalproperties of Cu, Ag, and Au-dopedanataseTiO2[END_REF][START_REF] Wang | First-principles study on transition metal-doped anatase TiO2[END_REF]. For the introduction of single Ag impurity, the process decreases the Ti-O and increases O-O bond distance because of the crystalline structure distortion. Our results show that Ag doping shows a long-range impact on the system, in which all lengths of interatomic bond are changed [START_REF] Alshoaibi | Insights into the Impact of Yttrium Doping at the Ba and Ti Sites of BaTiO3 on the Electronic Structures and Optical Properties: A First-Principles Study[END_REF]. A similar feature is observed for two and three Ag doping. 
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 1 Figure 1. XRD patterns of pure and AgNPs-doped TiO2 nanocrystals. Inset shows HRTEM image of AgNPs-loaded TiO2.

Figure 2 .

 2 Figure 2. FTIR spectra of pure and Ag doped TiO2 nanocrystals, and zoomed area of selected region in FTIR spectra.
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 33 Figure 3. (a). UV-Vis absorption spectra of pure and AgNPs-loaded TiO2 nanocrystals.
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 3 Figure 3 (b) displays the band gap of pure and Ag doped TiO2 nanocrystals. The energy band gaps were calculated using Tauc's relation and is given by [51]:
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 3 Figure 3. (b). Band gap determination of pure and AgNPs-loaded TiO2 nanocrystals.
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 3 Figure 3. (c). Plot of Band gap as a function of Ag% for pure and AgNPs-loaded TiO2 nanocrystals.

Figure 4 .

 4 Figure 4. Room temperature Raman spectra of pure and AgNPs-loaded TiO2 nanocrystals.

Figure 5 .

 5 Figure 5. FESEM images of (a) pure TiO2, (b) 1% AgNPs-loaded TiO2, (c) 2% AgNPs-loaded TiO2, (d) 5% AgNPs-loaded TiO2, (e) 10% AgNPs-loaded TiO2, and (f) 19% AgNPs-loaded TiO2. Inset of (c) shows the zoomed area of selected region in which AgNPs are attached the surface of TiO2.

Fig. 5 Fig. 5

 55 Fig. 5 displays the FESEM images of synthesized pure and AgNPs-loaded TiO2 nanocrystals under similar experimental conditions. Fig. 5(a) shows the FESEM micrograph of pure TiO2 sample where the particles are well distributed all over the surface and exhibited well defined regular spherical structures. The spherical shape particles have almost uniform size in the range of 20-25 nm. The morphology of AgNPs-loaded TiO2 can be clearly seen from Fig. 5(b)-(f), and it was observed that the particle size decreased with the increasing concentration of Ag nanoparticles in TiO2. More specifically, Fig. 5(b) shows the morphology of sample synthesized using 1% AgNPs-loaded TiO2

Figure 6 .

 6 Figure 6. The optimized geometry structures of 2 × 2 × 1 supercell model of anatase undoped and (b) Ag doped TiO2. The blue, red and gray spheres represent Ti atoms, O atoms, and Ag atom, respectively. Band structure plots for pristine and Ag doped anatase TiO2 with different concentrations are shown in Figure 7. For pristine anatase TiO2, our computed band gap energy of 3.16 eV with HSE06 functional agrees well with the experimental value (3.01 eV) in which the top of the valence band is located near Γ-X points while the bottom of the conduction band is located at Γ point. When substituting one Ti by an Ag atom, the band structure of the host TiO2 is perturbated by adding an acceptor levels above valence band edge, as illustrated in Fig. 7(b). The induced impurity state near the valence band edge is also clearly appearing in the corresponding density of states (DOS), reflecting the achievement of the p-type states. Introduction of impurity states in the gap region owing to Ag doping may be convenient to shift the absorption edge of pristine TiO2 into visible light. For two Ag doping at two Ti sites in TiO2 supercell, an increased amount of impurity energy levels is appeared in band gap just above the valence band edge, which may facilitate in transferring excited electrons by visible-light to the conduction band (see Fig.7c). With increasing dopant concentration by replacing three Ti atoms by three Ag atoms, it shows from Figure 7d that more impurity states are created near the Fermi level and above valence band maximum (VBM). All these findings show that increasing Ag dopant concentration in TiO2 supercell may reveal greater p-type behavior than the single Ag doped system which might be practical in absorbing visible light low-energy photons. To explain the modifications in the band structures, the total and partial DOS are calculated using the HSE06 functional and displayed in Fig. 7. The analysis of DOS of pure anatase TiO2 shows that the conduction band minimum is mainly made by Ti 3d states whereas the valence band maximum is dominated by the contribution of O 2p states. From Figure 7b, the Ag doping introduces acceptor states in which the contribution of Ag 4d states is larger compared with O 2p states, indicating the occurrence of the O 2p -Ag 4d hybridization. Moreover, the VBM and conduction band maximum (CBM) shift to higher energies. With Ag incorporation concentration rising, more defect states are added. It is noticed that the VBM and CBM of two and three Ag doping configurations keep nearly at the same position. It is found that with increasing substitution concentration, the number of defect states incorporated in the gap region increases with a wide distributed above the VBM.
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 78 Figure 7. Calculated Band structures and total and partial DOS of (a) pristine (b) Ag(6.25%) doped TiO2, (c) Ag(12.5%) doped TiO2 and (d) Ag(18.75%) doped TiO2. To estimate the optical harvesting ability, the absorption coefficients are computed at HSE06 levels for undoped and doped TiO2 at different concentrations, as illustrated Fig. 8. The spectrum of TiO2 reveals the appearance of high intensity resonant peaks in the ultraviolet range and displays no absorption response in the visible region. DopingAg into TiO2 structure modified the absorption spectrum of pristine TiO2. It shows a good optical absorption property in the visible region. Note that there is a strong absorption peak in UV region at 220 nm and another absorption peak at about 520 nm in the visible light range. Interestingly, the improved absorption is ascribed to the photons absorptions because of the electron excitation from valence band edge to the Ag 4d gap states, inducing significant red shift, corresponding to the absorption at 520 nm. This result is consistent with the previous theoretical results[START_REF] Khan | Effect of Ag doping concentration on the electronic and optical properties of anatase TiO2: a DFT-based theoretical study[END_REF]. With the increase of Ag substitution concentration, synergistic effect of Ag(12.5%) and Ag(18.75%) doping induces more impurity Ag 4d gap states, which lead to the improvement of the visible-light photocatalytic

Figure 8 .

 8 Figure 8. Calculated Absorption coefficient spectra of Ag doped TiO2 as compared with those of pristine TiO2.

  In summary, pure and AgNPs-loaded TiO2 nanocrystals with various concentration of Ag nanoparticles were successfully prepared. XRD and Raman studies confirmed that single phase nature and high crystalline quality of the product. In the nanocomposites, the presence of both the Ag and TiO2 phases revealed the formation of loaded TiO2 with Ag NPs. It was observed that the size was tuned with the Ag concentration in TiO2. FTIR studies showed the characteristics bands of TiO2 and Ag without any additional bands features. Optical properties studied by UV-Vis spectroscopy show the characteristics peaks of TiO2 and Ag, and the shifting of the peaks position was observed by changing the concentration of Ag. The tuning of bandgap was found to observed with the increase in Ag, which could be ascribed to the synergistic effect between AgNPs and TiO2 NCs. Morphological characterizations by using FESEM show that the particles size was reduced with the increase of Ag in the TiO2, however keeping the shape of the nanoparticles unchanged. First principles calculations are performed for various Ag configurations of doped TiO2 structures to calculate the structural and electronic properties. The analysis of the electronic structures show that Ag doping induces new localized gap states around the Fermi level. Moreover, the incorporation of dopant states in the gap region owing to Ag doping can be convenient to shift the absorption edge of pristine TiO2 through visible light.

Table 1 .

 1 lattice parameters, a, c, volume, V, and average bond lengths (Å) of pure and doped

	anatase TiO2.						
		a (Å)	c (Å)	V (Å)	Ti-O	O-O	O-Ag
	Pristine	3.782	9.496	543.34	1.960	2.47	-
	Ag(6.25%)	3.800	9.528	550.40	1.950	2.50	2.030
	Ag(12.5%)	3.818	9.572	557.08	1.951	2.48	2.064
	Ag(18.75%)	3.845	9.586	561.11	1.950	2.478	2.020
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