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Sol-gel nanostructured titania materials have been reported to have applications in areas ranging from optics via solar energy to gas sensors. In order to enhance the photocatalytic activity, there are many studies regarding the doping of TiO 2 material with either nonmetals (S, C, N, P) or metals (Ag, Pt, Nd, Fe). The present work has studied some un-doped and Pd-doped sol-gel TiO 2 materials (films and gels), with various surface morphologies and structures, obtained by simultaneous gelation of both precursors Ti(OEt) 4 and Pd(acac) 2. Their structural evaluation and crystallization behaviour with thermal treatment were followed by DTA/TG analysis, IR spectroscopy, FTIR, spectroellipsometry (SE), XRD and AFM. The influence of Pd on TiO 2 crystallization both for supported and un-supported materials was studied (lattice parameters, crystallite sizes, internal microstrains). The changes in the optical properties of the TiO 2 -based vitreous materials were correlated with the changes of the structure. The hydrophilic properties of the films were also connected with their structure, composition, and surface morphology.

Introduction

Among the non-conventional wet chemical processes, the sol-gel method based on hydrolysis and polycondensation of metal-organic precursors such as metal alkoxides may be considered an adequate procedure for high purity and homogeneous oxide materials preparation. In metal-organic derived vitreous and ceramic systems, the Vitreous coatings obtained by the sol-gel method, at low temperature processing, represent a promising application, and TiO 2 -based vitreous films were among the first ones in this respect [START_REF] Dislich | Amorphous and crystalline dip-coatings obtained from organometallic solutions: procedures, chemical processes and products[END_REF][START_REF] Dislich | Glassy and crystalline systems from gels, chemical basis and technical application[END_REF][START_REF] Yoldas | Antireflective coatings applied from metal-organic derived liquid precursors[END_REF].

Titanium dioxide thin films have applications in optics and electronics because of their excellent properties e.g. chemical and physical stability, high refractive index, good transmission in VIS and NIR regions, high dielectric constants, high electrical resistance and interesting catalytic properties. We have previously published results on vitreous reflecting TiO 2 films on aluminized commercial glass [START_REF] Zaharescu | Herstellung von Glasschichten durch die Sol-Gel Technik[END_REF], TiO 2 films containing transition metals [START_REF] Zaharescu | TiO 2 -based vitreous coatings obtained by sol-gel method[END_REF][START_REF] Crişan | Vanadium doped sol-gel TiO 2 coatings[END_REF][START_REF] Crişan | Structural and optical study of the Fe 3+ doped TiO 2 sol-gel coatings[END_REF][START_REF] Trapalis | TiO 2 (Fe 3+ ) nanostructured thin films with antibacterial properties[END_REF], TiO 2 films obtained from different Ti-alkoxides [START_REF] Zaharescu | TiO 2 -films obtained from different Ti-alkoxides[END_REF] and an AFM study of these [START_REF] Zaharescu | Atomic force microscopy study of TiO 2 films obtained by sol-gel method[END_REF].

Highly dispersed nanoparticles of noble metals, such as Pt, Pd, Rh, Ru and Au in mesoporous supports as titania, alumina, silica are widely used as catalysts in organic synthesis, petrochemistry, etc. In a study concerning the photocatalytic activity of noble-metal-loaded TiO 2 , Ranjit et al. [START_REF] Ranjit | Photocatalytic reduction of dinitrogen to ammonia over noble-metal-loaded TiO 2[END_REF] suggest that an ohmic contact is formed between the metal and semiconductor. Hence electrons can easily flow to the metal sites on TiO 2 under irradiation and the role of the metal is to act as an electron sink and thus to enhance the activity. However, it is difficult to introduce metal nanoparticles into mesopores by traditional impregnation methods, because they tend to deposit richly on outer surface of mesoporous materials and moreover it is difficult to control the loading amount by impregnation [START_REF] Yuan | Synthesis of Pd nanoparticles in La-doped mesoporous Titania with polycrystalline framework[END_REF].
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Sol-gel method easily allows the preparation of nanocomposite materials such as inorganic matrices in which a metal phase could be highly dispersed. Many studies deal with Pt dopant [START_REF] Facchin | Sol-Gel Synthesis and Characterisation of TiO 2 -Anatase Powders Containing Nanometric Platinum Particles Employed as Catalysts for 4-Nitrophenol Photodegradation[END_REF][START_REF] López | Effect of pH on the incorporation of platinum into the lattice of sol-gel titania phases[END_REF][START_REF] López | Phenylacetylene hydrogenation on Pt/TiO 2 sol-gel catalyst[END_REF]. Concerning Pd doping, generally, its dispersion by sol-gel method was made in SiO 2 [START_REF] López | Synthesis and spectroscopic characterization of Pt and Pd silica supported catalysts[END_REF][START_REF] López | Structure of Pd/SiO 2 Sol-Gel and Impregnated Catalysts[END_REF], Al 2 O 3 [START_REF] Othman | On the characteristics and hydrogen adsorption properties of a Pd/γ-Al 2 O 3 prepared by sol-gel method[END_REF][START_REF] Noh | Characteristics of the Pd-only three-way catalysts prepared by sol-gel method[END_REF] and in vitreous matrices [START_REF] Carturan | Phenylacetylene half-hydrogenation with Pd supported on vitreous materials having different chemical composition[END_REF]. There are few references so far regarding the use of Pd 2+ as a dopant in the case of a sol-gel prepared TiO 2 matrix.

This paper presents our results on processing and structural and optical characteristics of un-doped and Pd-doped sol-gel TiO 2 materials (films and gels). The influence of Pd on TiO 2 crystallization for both supported and un-supported materials was studied in terms of lattice parameters, crystallite sizes, internal microstrains. Films wettability properties are also discussed in correlation with their composition, structure and surface morphology.

Experimental

Both un-doped and Pd-doped TiO 2 films were synthesized using the alkoxide route of the sol-gel method. In all cases the tetraethyl orthotitanate 95% (Merck), Hamilton motorized syringe (10 mL), operated by a computer, allowed controlling drop volume with 0.5 nL accuracy. Drop volumes of 0.5 µL were chosen to avoid drop shape alteration due to gravitational force and to diminish the evaporation effects. The samples were irradiated for photoactivation using filtered UV light (100 mW/cm 2 at 366
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nm) from a 150 W high-pressure mercury lamp. The CA angle versus the UV irradiation dose was monitored until the surface photoactivation reached the saturation.

After that, the UV lamp was removed and the time dependence of the contact angle was registered for 64 h, with an 8h step, keeping the samples in a dark place between measurements.

Results and discussion

Continuous and homogeneous films with good adherence to the support were obtained in the experimental conditions presented above.

Optical properties of the films as derived from SE measurements are presented in Table 2 andFigures 1 and2 Table 2 Figure 1 (a,b)

The packing density (relative to anatase phase) of the films was calculated [START_REF] Patil | Optical properties and adhesion of air oxidized vacuum evaporated bismuth thin films[END_REF] using equation (1):
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where n A (λ) represents the refractive index dispersion of the anatase phase of TiO 2 [START_REF] Borgogno | Automatic determination of the optical constants of inhomogeneous thin films[END_REF] while n s is the dispersion of the refractive index of the sample (Figure 2 a-d). As will be seen further, according to the XRD data, the anatase was found to be the main phase in the analyzed gels and, therefore, was used as reference in obtaining the packing density of the samples. Nevertheless, the rutile phase can be also used as reference, producing a slight shift of the results towards lower values of the Packing Density.

Figure 2 ( a-d)

From SE measurements one can observe the increase of the refractive index and consequently the decrease of the film thickness with temperature as a result of the film densification. The presence of Pd induces an absorbtion component k≠0 [START_REF] Johnson | Optical constants of transition metals: Ti[END_REF]. The 0.5% Pd-TiO 2 thermally treated bi-layers films have the best packing density.

FT-IR spectra of un-doped and Pd-doped TiO 2 films thermally treated at 300 and 500°C are presented in Figure 3 (a,b). respectively, due to water and alcohol removal, associated with significant mass losses on TG curves. In the temperature range 150 -400°C, thermo-oxidative degradation processes of the organic matter, more pronounced for Pd-doped TiO 2 as exothermic peaks at 186 and 352°C, can be observed for both gels, on DTA and TG curves. At 352°C, an overlapping of the amorphous to anatase phase transformation, is not excluded. For the un-doped TiO 2 gel (Fig. 4a), a supplementary exothermal effect at 517°C due to rutile formation is evidenced.

Since the films are very thin (thickness derived from SE measurements ranges between 400 and 510 Å for thermally treated films, one-layer film, and 710 to 950 Å for two-layers film), their diffraction spectra, no matter of the temperature of the thermal treatment, are covered by the diffraction spectra of the support, which is amorphous.

Therefore, the crystallization study was accomplished on un-supported gels resulted from the gelation of the starting solutions used for the films preparation. The incipient crystallization (Ti-O bond formation) was also detected by IR spectroscopy.

IR spectra of the thermally treated (300-500°C) un-doped and Pd-doped TiO 2 gels show the following vibration bands: 3440 cm -1 (ν OH ), 1640 cm -1 (δ HOH ), 670 cm -1 (ν Ti-O of isolated tetrahedral TiO 4 ), 540 cm -1 (ν Ti-O of condensed octahedral TiO 6 ) and

A c c e p t e d m a n u s c r i p t

With the increase of the temperature, the intensity of the vibration bands due to Ti-O bonds increases and they are better defined. At the same time, the vibration bands due to the presence of molecular water and structural OH -diminish.

XRD results obtained with XRAY5.0 program [START_REF] Drăgan | Modeling, Aproximations and Program for Estimating some Structural Factors with XRD[END_REF][START_REF] Drăgan | Fast Analysis of the XRD profile with the XRAY3.0 Program[END_REF] for the same gels are presented in Table 3 (the identified phases, the lattice constants and some microstructural factors).

Table 3 XRD results presented in Table 3 evidence the presence of anatase as single crystalline phase in all samples thermally treated at 300°C, respectively un-doped and Pd-doped TiO 2 , no matter of the dopant concentration. At 500°C beside anatase, rutile phase could be observed, its presence depending strongly on the dopant concentration.

With the Pd concentration increase, the rutile crystallinity decreases, vanishing at 1%

Pd.

The profile analysis of the XRD peaks shows that, for 0.5% Pd concentration in the material annealed at 500°C, the anatase crystallite size has the smallest value (307 Å), and the local strain is the highest (1.9 x 10 -3 ). Our calculations show a slight decrease (~5%) of the interplanar spacing along the [200] and [004] crystallographic axes. This involves both a local densification of the anatase lattice (in agreement with SE results) and a decrease of the rutile cristallinity compared to the un-doped sample.

The further increase of Pd concentration to 1% leads to a slight relaxation of the lattice and, consequently to the increase of the crystallites size.

In spite of different mechanisms, the induced photo-catalytic activity and hydrophilicity of the surface are two phenomena strongly inter-related [START_REF] Fujishima | Titanium dioxide photocatalysis[END_REF]. Therefore,
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CA measurements are often used as an (indirect) indication of the photocatalytic activity of the photocatalytic thin films.

The hydrophilicity results are presented in Figures 5 and6.

Figure 5 Figure 6 The films are considered super-hydrophilic when CA values of water with their surface are below 10 degrees [START_REF] Luca | Increasing surface hydrophilicity of titania thin films by doping[END_REF]. For our non-irradiated film samples, the CA values range between 50 and 72 degrees. As shown in Fig. 5, a sharp decrease of the contact angle towards values lower than 10 degrees, for UV doses ranging between 6 and 10 J/cm 2 , can be observed. An exception occurs for the 1% Pd-doped TiO 2 film thermally treated at 500°C which presents a slower decrease, reaching only 18 degrees for an UV irradiation dose of 36 J/cm 2 . With this exception we may consider that the studied films become super-hydrophilic by UV irradiation. An inset was added to Fig. 5, where the saturation values of the CA were plotted with respect to Pd content (0-1%), for the thermally treated films. The thermal treatment of the samples at 300°C leads to an increased super-hydrophilic performance of the films, especially for the sample with the highest Pd concentration. At 500°C, the annealing of the films results in a marked degradation of the hydrophylicity of the surface.

Figure 6 shows the CA recovery vs. time, when keeping the samples in darkness, following the initial saturation photo-activation. As a general rule, the decay of the surface photo-activation is achieved after more than 40 hours, the CA values reaching the prior-to-irradiation values. As seen in Figs. 5 and6, the activation-decay processes are reversible to a high extent.
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To explain the observed differences in the UV light-induced hydrophilicity in the samples, we have to take into account the combined effects of the surface roughness, the amount of anatase phase, and the effect of the dopant. Additionally, the increased surface roughness results in decreased values of the CA of the surface with water [START_REF] Luca | Increasing surface hydrophilicity of titania thin films by doping[END_REF],

thus adding its effect to the photo-enhanced hydrophilicity.

There is a good agreement between the surface roughness values obtained by AFM and the initial values of the CA (for the non-irradiated samples) for all the films. Although the samples are very smooth with RMS values lower than 10 nm (Figure 7) they present a super-hydrophilicity. The slower decrease of the CA values versus UV irradiation dose and its high final value (18 deg at 36 J/cm 2 ) for 1% Pd concentration can be explained by a slight relaxation of anatase lattice and consequently by the increase of the crystallites size. 

Conclusions

A crystallization study of sol-gel un-doped and Pd-doped TiO 2 materials (films and gels) was performed.

The influence of Pd on TiO 2 crystallization both for supported and un-supported materials was studied (lattice parameters, crystallite sizes, internal strains). The profile analysis of the XRD peaks, show that for 0.5% Pd concentration in the material annealed at 500°C, the anatase crystallite size has the smallest value (307 Å), and the local strain is the highest (1.9 x 10 -3 ). Our calculations show a slight decrease of the All the films present super-hydrophilicity properties which were connected with their structure, composition, and surface morphology. 
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  inorganic network structure is formed by mixing the starting components at the molecular level in solution. The solids (films, fibers, powders and bulk materials) with predetermined structure can be obtained by varying the experimental conditions during the gel formation stage, allowing an excellent compositional control of the product.

  . The experimental ellipsometric spectra were modeled with the multilayer and multicomponent Bruggemann's effective medium approximation (BEMA) model[START_REF] Bruggemann | Berechnung verschiedener physikalischer Konstanten von heterogenen Substanzen[END_REF]. The fitting parameters were: the thickness of the layers and the volume fraction of the components (amorphous TiO 2 , the anatase phase of TiO 2 , Pd, air-filled void). The optical constants of the films were obtained from the best fit. The dispersion of the refractive index (n) and of the absorption coefficient (k) versus wavelength (λ) for 0.5% Pd-TiO 2 bi-layers films is presented in Figure1 ((a) and (b)).

Figure 3 .

 3 Figure 3.
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 4 Figure 4 (a, b) presents TGA/DTA results for un-doped and 1 % Pd-doped TiO 2

Figure 4 (

 4 Figure 4 (a, b)

Figure 7 (

 7 Figure 7 (a-c) presents AFM images of pure TiO 2 and Pd-doped TiO 2 films

Figure 7 .

 7 Figure 7.
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  interplanar spacing along the[200] and [004] crystallographic axes. This involves both a local densification of the anatase lattice (in agreement with SE results) and a decrease of the rutile cristallinity compared to the un-doped sample. The further increase of Pd concentration to 1% leads to a slight relaxation of the lattice and, consequently to the increase of the crystallites size.

Figure 1 .

 1 Figure 1.

Figure 2 .

 2 Figure 2. Packing density versus wavelength (λ) for Pd-doped TiO 2 films, as-deposited

Figure 3 .Figure 4 .Figure 5 .

 345 Figure 3. FT-IR spectra of un-doped and Pd-doped TiO 2 films thermally treated at
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 67 Figure 6. Time dependence of the contact angle, measured under surface de-activation
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  . The nitric acid, HNO 3 65% Merck, was used as catalyst to obtain a final pH of the sol in the range 3-3.5. The experimental details are presented in Table1.

	Table 1
	Supported TiO 2 based vitreous films have been obtained by dip coating on microscopic
	slide substrates. The un-supported porous materials resulted from the gelling of the
	starting solutions at room temperature, were dried at 80°C and then thermally treated in
	air, at 300, 400, 500°C/1h according to DTA/TGA results. The densification of the films
	was realized at the same temperatures (Table 1). The second layer was deposited after
	the densification of the first one at 300°C.
	The following characterization methods for films and un-supported gels were used:
	spectroellipsometry (SE) with null-type Ellipsometer in 0.4-0.7 µm wavelength range at
	an angle of incidence of 70°, FT-IR with a Perkin Elmer Spectrum 100 spectrometer in
	the 550-4000 cm -1 range, XRD performed using a Bruker-AXS, D8 Advance type with
	copper radiation, AFM images with a Nomad microscope from Quesant, in the
	intermitent contact regim, hydrophilicity measurements, DTA/TGA using a Netzsch
	STA 409 PC Luxx thermal analyzer, and IR spectroscopy performed on a Carl Zeiss
	Jena Specord M-80 IR spectrophotometer with KBr pellets technique. A home-built
	2 samples goniometer allowed the study of TiO 2 films hydrophilicity, by measuring the contact
	containing 0.5% and 1 wt% Pd related to TiO 2 were prepared. absolute ethanol (Riedel angle (CA) between the deionized water and film surface. The CA measurements were
	de Haën), min.99.8 Vol % was used as solvent for both titania and palladium performed at room temperature under 65% environment humidity conditions. A
	precursors. The hydrolysis reaction took place in the presence of the water, added in
	substoichiometric quantity, in a closed system, in nitrogen atmosphere, under vigorous

Ti(OC 2 H 5 ) 4 , represented the TiO 2 source. The source of Pd was Pd acetylacetonate, 99%, (Merck), Pd(acac) 2 , C 10 H 14 O 4 Pd. The doped materials were obtained by simultaneous gelation of both precursors in the sol-gel process. Two Pd-TiO

Table 2 -

 2 The thickness (d) of the films, as-deposited and thermally treated, and the volume fraction of the components

			0.5 % Pd-doped TiO 2 mono layer films		
	Sample	d(Ǻ)	TiO 2 (%)	Anatase(%)	Pd(%)	Air(%)	Error*10 -7
	I	630	65	0.05	0.45	34.50	1992
	300 C	350	67.21	14.63	0.54	17.62	1781
	400 C	330	66.74	14.75	0.54	17.97	1320
	500 C	460	65.93	14.57	0.54	18.95	1006
			0.5 % Pd-doped TiO 2 bi-layers films		
	I	1010	83.32	0.07	0.57	16.04	129931
	300 C	710	70.92	14.87	0.40	13.81	2772
	400 C	730	70.97	14.84	0.40	13.78	5872
	500 C	720	70.91	14.87	0.40	13.81	2107
			1 % Pd-doped TiO 2 mono layer films		
	I	990	61.58	0.05	0.81	37.57	2864
	300 C	470	67.30	5.97	0.91	25.82	1723
	400 C	510	65.17	5.78	0.88	28.16	1482
	500 C	400	69.14	5.96	0.91	23.99	1783
			1 % Pd-doped TiO 2 bi-layers films		
	I	1150	74.09	0.04	0.71	25.16	98605
	300 C	950	70.94	6.87	1.05	21.14	7697
	400 C	760	70.37	6.81	1.04	21.77	3994
	500 C	770	72.51	7.02	1.07	19.40	2674

Table 3 .

 3 XRD data of the un-doped and Pd-doped TiO 2 gels

	Sample	Identified		Lattice constants	Microstructural
							factors
		phases	a	c	u.c.v.	<D>	10 +3 x<S>
		[%]	[Å]	[Å]	[Å 3 ]	[Å]	
	TiO 2 /300°C	A	3.80	9.57	137.8	173	2.1
	TiO 2 +0.5%	A	3.79	9.51	136.8	185	6.6
	Pd/300°C						
	TiO 2 +1% Pd/300°C	A	3.79	9.51	136.7	169	4.5
	TiO 2 /500°C	A -73.96	3.78	9.51	135.9	442	1.1
		R -26.04	4.59	2.96	62.3	405	1.2
	TiO 2 +0.5%	A -93.98	3.78	9.50	135.7	307	1.9
	Pd/500°C						
		R -6.02	4.73	2.91	65.2	295	1.6
	TiO 2 +1% Pd/500°C	A	3.78	9.53	136.3	348	1.8
	A -Anatase; R -Rutile;					
	a, c -lattice parameters; u.c.v. -unit cell volume; D -crystallite size; S -internal
	microstrains						
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