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Currently, scientists and technologists show increased attention to titanium dioxide nanostructures due to the broad prospects of their practical application as photocatalysts for photocatalytic decomposition of organic dyes [1], gas sensors based on TiO 2 [2], cells for solar energy conversion [3], and also as electrodes for optoelectronic devices [4]. Restricting the use of materials based on TiO 2 in optics and photocatalysis is closely related to the wide band gap of anatase (3.2 eV) and its activity only under UV irradiation [5]. One of the widespread methods of increasing the optical activity of titanium dioxide particles is their photosensitization by structures of a different nature, namely, with semiconductors or metals that can cause the "charge separation effect" [6]. An alternative way is the formation of various titanium-containing heterostructures, such as Ce/TiO 2 and Ce-B/TiO 2 [7], TiO 2 /ZnO-Ag nanocomposite [8], core-shell type nanoparticles Ag@TiO 2 on magnetic Fe 3 O 4 [9,10] for dyes degradation.

It is shown that the modification of the TiO 2 structure with argentum/silver doesn't only enhance the internal properties of anatase [START_REF] Zahornyi | Nanooptics and Photonics, Nanochemistry and Nanobiotechnology, and Their Applications[END_REF], but also gives it new properties, such as antimicrobial activity [8]. Moreover, recent studies talk about silver-doped titanium dioxide nanoparticles as a potential tool against the COVID-19 pandemic [12]. Thus, silver-modified TiO 2 is recognized as a promising material for preventing surface transmission of viral and bacterial pathogens, including COVID-19, and the antiviral activity of industrially coated AgNPs @ TiO 2 tiles has already been tested to deactivate SARS-CoV-2 under dark and light conditions [13].

In general, the physicochemical properties of titanium dioxide nanostructures (polymorphic modification, degree of crystallinity, morphology, dispersion, homogeneity, colloidal and phase stability) are determined by the synthesis procedure. There are the most typical methods for producing anatase nanopowders: simple sol-gel synthesis [14. 15], ultrasonic-assisted sol-gel synthesis [16], wet chemistry [17][18][19], acid treatment [19], hydrothermal [20] and solvothermal [21] methods, ultrasonic spray pyrolysis [22], electrochemical film deposition [23,24], and pulsed laser ablation [25].

Various organic and inorganic substances are used to form nanoparticles of pure titanium dioxide, as well as titanium dioxide doped with silver. For example, in the sol-gel process, tetra-n-butyl orthotitanate (TNBT) [26], titanium butoxide (Ti(OBu) 4 ), and titanium tetra-isopropoxide (Ti{OCH(CH 3 ) 2 } 4 ) dissolved in isopropanol with silver nitrate as precursors are used [15]. Solutions TiOSO 4 [27], TiCl 4 [7], TiO(OH) 2 [28] are usually used for the chemical synthesis of titanium dioxides. In addition, surface active substances and other complementary chemicals are applied to prevent aggregation and to reach the homogeneity of titanium dioxide nanoparticles.

The aim of the present work is to form the comparative study of the morphology, phase and chemical composition of argentum / silver doped TiO 2 nanostructures depending on the nature of precursor speciestitanium (IV) isopropoxide or metatitanic acid.

Objects and methods of the study

Composite TiO 2 &Ag 0 nanoparticles were formed in a low alkaline medium (NaOH) by titanium-containing precursors co-precipitation with argentum nitrate water solution in the presence of nucleating agents and the additional species that influenced hydrolysis rate. We applied a suspension of hydrated titanium dioxide TiO(OH) 2 (metatitanic acid) that was a product of the intermediate stage of processing of titanium concentrates and slugs at the plant "Sumykhimprom", and chemically pure titanium (IV) isopropoxide. Argentum nitrate solution was used as a source of silver to cover anatase surface. Argentum concentrations in the initial suspensions were 2, 4, 8, and 20 wt.%. Pure anatase phases obtained in both systems were compared. The first system suspensions were heated at 600 °C with a heating rate of 5 °C/min to obtain TiO 2 powder. The second system precipitates were dried at relatively low temperatures and heated to 600 °C within 5 h.

The morphology of the composite nanostructures was studied by scanning electron microscopy (SEM) using MIRA 3 TESCAN (Czech Republic) equipped with an energy-dispersion spectrometer (EDS) that let to determine the chemical composition of the samples. Determination of the phase composition of the obtained samples was performed by the method of powder X-ray diffraction phase analysis on the DRON-3 device with radiation of the copper anode (CuK  ). The scanning step was 0.05-0.1 degrees, exposure -4 sec., range of 2 anglesfrom 15 to 90. Samples were taken at standard temperature. The International Powder Standards Committee (JSPDS International Center for Diffraction Data 1999) database was used to determine the phase composition. In addition, the analysis of the powders of metatitanic acid system was performed by powder X-ray scattering measurements at the MORPHEUS platform (Laboratoire de Physique des Solides) on a molybdenum rotating anode generator (RU H3R, Rigaku Corp., Japan) equipped with a multilayer W/Si mirror (Osmic) delivering a monochromatic beam of 1 x 1 mm² ( λ = 0.711 Å) at the sample position. Two-dimensional X-ray scattering patterns were collected on a MAR345 detector (marXperts GmbH, Germany) with 150 µm pixel size, placed at a sample-to-detector distance of 250 mm. For these experiments, powder samples were inserted in borosilicate glass capillaries (WJMGlas/Müller GmbH, DE). A simultaneous study of thermogravimetric and differential thermal properties (TG-DTA) of the composite particles was performed in the static air atmosphere by thermal analyzer Q-1500D (Hungary). The parameters of the pattern recording were the following: the samples 200 mg were heated at the rate of 10 °С/min from 20 to 1000 °С; the sensitivity was 20 mg; TG -500, DTG -500, and DTA -250. The samples were placed into a corundum crucible and covered by a quartz beaker to create a homogenous temperature field.

Results and discussions

XRD analysis

The X-ray diffraction study of the powders obtained in titanium (IV) isopropoxide systems (C 12 H 28 O 4 Ti) confirmed the formation of pure anatase structure (PDF # 21-1272) when argentum nitrate solution was not presented in the initial suspension (Fig. 1a). But the addition of argentum cations in the titanium (IV) isopropoxide suspension led to the small peaks on XRD patterns corresponded to metal silver (PDF # 89-3722) appearance among reflexes of anatase structure. Fig. 1 b and Fig. 1 c demonstrate the change of lattice parameters of TiO 2 anatase depending on the weight ratio of metal cations (2 and 4 wt% argentum, correspondingly). At the same time, the increase in the initial argentum concentration to 8 wt% resulted in principle another phase composition of the powder. So, two titanium-containing phases such as trigonal Ti 2 O 3 (PDF # 43-1033) and monoclinic beta-TiO 2 (PDF # 46-1237 and PDF # 46-1238) were clearly determined in the pattern (Fig. 1d). Under the following condition the amount of silver reflexes was much higher (Fig. 1d).

The analysis of the TiO 2 and TiO 2 &Ag powders formed from the metatitanic acid systems under all experimental conditions showed only tetragonal anatase structure (Fig. 2). The silver peaks appeared on the pattern at the initial argentum content 8 wt.% only, but they were absent at the lower wt.% of argentum.

The calculation results of coherent scattering region CSR (primary particle size) for anatase powders are present in Table 1. To calculate the CSR of powders formed in titanium (IV) isopropoxide systems, planes (200) and (204) were selected taking into account the high level of background noise for the most intense plane (101) on the X-ray diffraction patterns (Fig. 1). According to obtained data, the decrease of average primary particle size of anatase was 2 nm maximum. The coherent scattering region of the powders formed in metatitanic acid systems was calculated according to (101) and (200) planes and it was bigger in respect to titanium (IV) isopropoxide systems. But the presence of argentum resulted the decrease of 0.5 nm in CSR.

Lattice parameters of tetragonal anatase particles were determined using XRD data and they are present in Table 2. According to standard JCPDS File # 21-1272 the lattice parameters of TiO 2 anatase equals a = 3.785 nm, c = 9.513 nm. These values of Table 2 were close with a small difference to Ag-TiO 2 thin films coated on the glass substrates with different dopant concentrations (1%, 3%, 5% 7% and 10%) and annealed at 550 •C [29]. But for anatase obtained in titanium (IV) isopropoxide systems both parameters are higher than standard data and they are gradually decreased together with an increase in argentum concentration. Lattice parameters of TiO 2 anatase formed in metatitanic acid systems are different from the standard in the third digit. Hence, we assume that in the process of synthesis, argentum cations can partially include into the crystal lattice of titanium dioxide and cause its deformation due to the mismatch between the ionic radii of Ti 4+ (0.068 nm) and Ag + (0.126 nm) cations. At the same time, the selective reduction of silver clusters is not excluded, which leads to blocking of crystal growth along the c axis. The volume of the crystal lattice was calculated using the standard formula for tetragonal system V = a 2 c. Therefore, Ag as a doping element in TiO 2 can prevent the formation of a rutile structure and promote the formation of a pure anatase structure.

TG-DTA analysis

Thermal gravimetric analysis was performed to determine the role of argentum cations in the phase transformation of titanium precursor species in the temperature range from 20 to 1000 °C. Corresponding curves are present in Fig. 3.

So, the exothermic effect at the temperature range from 200 to 310 °C for pure titanium (IV) isopropoxide system is related to the destruction of isopropoxide (232 °C) and combustion of the organic species. The shoulder in DTA curve at T 300 -410 °C points to the crystallization of anatase structure from the primary amorphous titaniumbearing phase (Fig. 3a). The following heating of the sample leads to a gradual transformation of the TiO 2 crystal lattice into rutile lattice at T = 720 -760 °C. Removing of structural water takes place in the temperature range from 105 to 210 °C. General weight loss is 24.4 %.

Analysis of TG-DTA date obtained for titanium (IV) isopropoxide system in the presence of 4 wt% argentum shows exothermic effect related to the destruction of isopropoxide at T = 320-345 °C and argentum nitrate (300 °C) as well (Fig. 3b). Significant exo effect in the temperature range from 360 to 510 °C corresponds to the formation of not only anatase particles doped with argentum cations but the appearance of silver clusters. Under such conditions the exothermic reflex characterized the phase transformation of anatase into rutile is not appeared. The numerous kinks in DTG curve describe the removal of structural water and destruction of nitrogen oxides (NO 2 into NO). In addition, the structure of anatase powder is not changed at T > 510 °C. General weight loss of TiO 2 &Ag (4wt.%) powders is higher in comparison with pure TiO 2 particles and it reaches 40. 

CEM-EDS analysis

Analysis of scanning electron microscopy data indicates the titanium oxide nanopowders belong to polycrystalline structures. The morphology of pure anatase is shown in Fig. 4a. The particles have a spherical shape, and are present in a non-aggregated state. However, upon the addition of silver nitrate solutions (at c(Ag + ) = 2 and 4 wt.%) to the titanium (IV) isopropoxide system, the anatase particles acquire a more faceted shape (Fig. 4b, Fig. 4c).

An increase in the silver content to 8 wt% led to the formation of titanium oxides of a different type, such as Ti 2 O 3 and -TiO 2 (Fig. 1d), whereas the morphology of the particles acquired a well-crystallized form (Fig. 4d, Fig. 4e). Generally, the increase in c(Ag + ) provides aggregative stability the system and formation of individual particles as well, while the usage of metatitanic acid for the synthesis procedure leads to aggregation of TiO 2 &Ag 0 composites (Fig. 4f).

The results of ES are present in Table 3. The nanocomposites obtained in both titanium (IV) isopropoxide and metatitanic acid systems are characterized by relatively homogeneous composition and they contain sodium (0.4-4.7 wt.%) in addition to the main elements: titanium, silver, and oxygen. The powders formed in the titanium dioxide TiO(OH) 2 system (4 wt.% Ag) is differed by the presence of sulfur (up to 1 wt.%) as it is shown in Table 3, Spectra 1-3. The chemical composition of powders obtained in the titanium (IV) isopropoxide systems strongly depends on the initial argentum concentration. The samples (4 wt.% of Ag) contains potassium (Table 3, Spectra 6-8), but the powders formed at 2 and 4 wt.% contain chlorine within 0.5 wt.% (Table 3, Spectra 4-8). An increase in the initial c(Ag + ) to 8 wt.% leads to the formation of composite particles that do not include K, Cl, S (Table 3, Spectra 9-11). The formation of TiO 2 &Ag 0 composites formed at 20 wt.% Ag may be confirmed via the disappearance of titanium and high content of silver 24.9-33.4 wt.% (Table 3, Spectra 12-13). Probably, the anatase cores are completely covered by silver shells. Table 3, Spectrum 14 points the composition of colloidal stable sol formed at 20 wt.%. The disperse phase contains 0.5 wt.% Ti and 1.41 wt.% Ag and composition of dispersion medium includes 0.8 wt.% K and 26.5 wt.% Na. Thus, an experimental study shows the possibility of obtaining composite TiO 2 &Ag 0 nanoparticles using titanium (IV) isopropoxide and metatitanic acid as precursors via a simple chemical precipitation process. In both cases, nanocomposites are characterized by a narrow primary particle size distribution, the inclusion of silver cations in the anatase crystal lattice, and the simultaneous reduction of silver clusters on the anatase surface. An increase in silver wt.% leads to a decrease in the lattice parameters of anatase and its crystallinity degree. At a relatively high silver content (20 wt.%), the nanoparticles are completely covered with a silver shell, and core&shell type structures are formed in this system. Usually, nanoparticles formed in the metatitanic acid system exhibit lower aggregate stability compared to the structures formed in the Ti (IV) isopropoxide system. X-ray diffraction studies indicate a change in the polymorphic TiO 2 modification and the formation of Ti 2 O 3 and beta-TiO 2 structures in the Ti (IV) isopropoxide system with an Ag amount up to 8 wt.%. The thermogravimetric analysis made it possible to determine the transformation temperatures of the amorphous titanium-containing precursor into the anatase structure (510 °C) and its subsequent transformation into rutile phase (720-760 °C). But in the presence of silver the anatase structure does not change up to 1000 °C. In the composition of nanostructures, except for titanium, oxygen and silver include such elements as S, Cl, Na and K, which belong to the additives introduced into systems to regulate the processes of hydrolysis and nucleation. Further chemical treatment can be used to remove impurity components from the particles' surface before the practical application of nanocomposites in biology and medicine.

Conclusion

Ag-doped TiO 2 nanopowders with different Ag contents have been synthesized by a chemical precipitation method; Ag content had a marked influence on the microstructures of TiO 2 -Ag systems. The use of titanium (IV) isopropoxide and metatitanic acid as a precursor performing chemical synthesis of titanium oxide nanoparticles in the presence of AgNO 3 (0-4 wt.%) solutions shows the formation of anatase structure at the precipitates annealing at 600 °C. An increase in the Ag fraction to 8 wt.% results in the formation of Ti 2 O 3 and -TiO 2 phases in the Ti (IV) isopropoxide system. The primary particle size equals 8.3-10.6 nm for Ti(IV) isopropoxide system, and 12.3-14.0 nm for the metatitanic acid system. According to TG-DTA study of pure isopropoxide system the structural water removes at 210 °C, destruction of isopropoxide and combustion of organic matter occurs at 300-410 °C, crystallization of anatase is fixed at 510 °C, and the anatase transformation into rutile phase determines at 720-760 °C. The structure of anatase does not change in the presence of silver up to 1000 °C. Morphological study shows high crystallinity of both types' structures, but lower aggregate stability of composites formed in metatitanic acid solution. Nanocomposites of all types include four chemical elements -Ti, Ag, O and Na, as well as a small amount of various impurities -S or Cl and K, depending on the composition of precursor species. At the same time relatively high concentration of argentum in the initial solution lead to obtaining chemically pure composite nanoparticles and core&shell type structure as well. During doping by Ag has got important work function to our TiO 2 -anatase the transfer of electron will take place from Ag to conducting band oxide to achieve Fermi level equilibrium following by localized surface plasmon resonance to catching and holding of microorganisms, generation of oxidizing radicals by photocatalysts under UV irradiation, mechanical damaging of microorganisms, and inactivation of microorganisms.

Step-by-step we are going to discover all components and deliver all evidence of such a concept for the effective antimicrobial guard.
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Fig. 1 .

 1 Fig. 1. XRD patterns of the powders formed in titanium (IV) isopropoxide systems (a) TiO2; (b) TiO2&Ag (2 wt.%); (c) TiO2&Ag (4 wt.%); (d) TiO2&Ag (8 wt.%). Numbers correspond to: 1 -TiO2 (anatase); 2 -Ag 0 ; 3 -Ti2O3; 4 --TiO2.

Fig. 2 .

 2 Fig. 2. XRD patterns of the powders formed in the metatitanic acid systems: dotted linestandard pattern of TiO2 anatase; black linepure TiO2 anatase; red line -TiO2&Ag (4 wt.%) composite.

Fig. 3 .

 3 Fig. 3. TG-DTA curves of the powders formed in titanium (IV) isopropoxide systems (a) TiO2; (b) TiO2&Ag (4 wt.%).

Fig. 4 .

 4 Fig. 4. SEM images of the powders formed in the titanium (IV) isopropoxide systems: (a) pure TiO2 anatase; (b) TiO2&Ag (2 wt.%); (c) TiO2&Ag (4 wt.%); (d) TiO2&Ag (8 wt.%); (e) TiO2&Ag (8 wt.%), and metatitanic acid system: (f) TiO2&Ag (4 wt.%).

Table 1 .

 1 Dispersity of anatase nanopowders depending on the dope argentum content (wt.%)

	Composition of anatase nanopowders	(hkl)	CSR (nm)
	Titanium (IV) isopropoxide systems	
	TiO2	(200)	9.3
	TiO2	(204)	10.6
	TiO2&Ag (2 wt.%)	(200)	8.7
	TiO2&Ag (2 wt.%)	(204)	8.8
	TiO2&Ag (4 wt.%)	(200)	8.3
	TiO2&Ag (4 wt.%)	(204)	8.8
	Metatitanic acid systems	
	TiO2	(101)	14.0
	TiO2	(200)	12.3
	TiO2&Ag (4 wt.%)	(101)	13.5
	TiO2&Ag (4 wt.%)	(200)	12.0

Table 2 .

 2 Lattice parameters of anatase nanopowders depending on the dope argentum content (wt.%)

	Composition of anatase nanopowders	a (nm)	c (nm)	V (nm 3 )
		Titanium (IV) isopropoxide systems	
	TiO2	3.776	9.583	136.64
	TiO2&Ag (2 wt.%)	3.768	9.564	135.79
	TiO2&Ag (4 wt.%)	3.758	9.543	134.77
		Metatitanic acid systems		
	TiO2	3.785	9.522	136.41
	TiO2&Ag (4 wt.%)	3.780	9.554	136.51
	TiO2&Ag (8 wt.%)	3.787	9.519	136.52
	a		b	

Table 3 .

 3 Distribution of chemical elements (weight %) in composition of TiO2&Ag 0 nanostructures according to EDS data

	Spectrum	O	Na	K	N	Element, (wt.%) S Cl	Ti	Ag	Total
					metatitanic acid system (4 wt.% Ag) system	
	1	39.13	0.42	-	-	0.78	-	52.27	7.39	100.00
	2	35.31	0.54	-	-	1.02	-	59.12	4.01	100.00
	3	39.74	0.78	-	-	0.67	-	54.27	4.54	100.00
				titanium (IV) isopropoxide system (2 wt.% Ag)		
	4	42.97	1.47		-		0.41	51.11	4.05	100.00
	5	36.01	1.41		-		0.48	56.92	5.18	100.00
				titanium (IV) isopropoxide system (4 wt.% Ag)		
	6	43.62	2.39	0.47	-	-	0.57	46.29	6.66	100.00
	7	38.14	1.57	0.43	-	-	0.49	52.01	7.36	100.00
	8	39.84	2.22	0.47	-	-	0.48	49.69	7.29	100.00
				titanium (IV) isopropoxide system (8 wt.% Ag)		
	9	50.40	4.59	-	-	-	-	36.27	8.74	100.00
	10	46.32	4.45	-	-	-	-	40.37	8.86	100.00
	11	50.50	4.67	-	-	-	-	36.23	8.60	100.00
				titanium (IV) isopropoxide system (20 wt.% Ag)		
	12	34.21	-	5.06	35.24	-	0.61	-	24.87	100.00
	13	26.97	-	3.35	28.61	-	7.29	0.39	33.39	100.00
	14	70.71	-	0.83	26.48	-	-	0.58	1.41	100.00
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