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Report:

The experimental goal was to establish the effect of the presence of N- and O-interstitial dopants on the local
structure of Ti in anatase titanium dioxide photocatalysts. The samples of TiO, were previously synthesized
in the Lab of University of Oviedo by three different procedures using titanium oxysulfate and titanium
peroxo complex as precursors and ammonia as a source of nitrogen. The titania samples containing N-
dopants were obtained at heat treatment temperatures of 400 and 500 °C and marked as T 400 and T 500.
Oxygen doped titania was obtained at higher temperatures of 600 and 800 C° and these samples were
designated as T 600 and T_800 (Fig. 1).

X-ray absorption data were collected around Ti K-edge using a -70 °C ethanol cooled double Si(111) crystal,
which gave an energy resolution of AE/E = 1.5x10-4. The experiment was performed at room temperature in
fluorescence mode at standard 45° geometry. For fluorescence detection, Sirius liquid nitrogen cooled multi-
element solid state X-Ray detector from e2v was employed. The detector included 13 Si(L1i) crystal sensors
mounted on a low noise electrically restored FETs. Pure commercial TiO2 anatase (Aldrich), the nitrogen-
doped and the oxygen-rich samples were measured in the energy range from 4.8 to 5.7 keV.
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Figure 1. The representative EXAFS data for a series of titania samples. Extended
region fitting using ARTEMIS in R-space for (—) T_400,(—) T_500, (—) T_600, and (—) T_800 samples

Table 1. The results of EXAFS data fitting.

Sample Path Coordination R [A] o’ [AY]
number
T_400 Ti-O equatorial 3.46 (2) 1.935 (2) 0.0003 (1)
Ti-O axial 1.58 (2) 1.977 (2) 0.0003 (1)
Ti-N_interstitial 0.99(6) 2.436 (4) 0.0004 (1)
Ti-Ti 3.62 (2) 3.033 (1) 0.002 (1)
T_500 Ti-O equatorial 321(2) 1.959 (2) 0.0003 (1)
Ti-O axial 1.652) 1.975 3) 0.0003 (1)
Ti-N_interstitial 0.45(6) 2352 (2) 0.0001 (1)
Ti-O_interstitial 0.51(7) 2.581 (4) 0.002 (1)
Ti-Ti 4.26(2) 3.035 (1) 0.002 (1)
T_600 Ti-O equatorial 3.36 (2) 1.968 (2) 0.0003 (1)
Ti-O axial 1.89(4) 1.976 (2) 0.0003 (1)
Ti-O_interstitial 1.05(8) 2.620 (7) 0.010 (2)
Ti-Ti 4.03(3) 3.039 (3) 0.001 (1)
T_800 Ti-O equatorial 3.61(1) 1.961 (2) 0.0002 (1)
Ti-O axial 2.25(2) 1.973 (2) 0.0002 (1)
Ti-O_interstitial 1.28(9) 2.537(5) 0.010 (1)
Ti-Ti 4.41(2) 3.026 (2) 0.004 (1)
Anatase Ti-O equatorial 4.00 1.939 (2) 0.0001 (1)
(Aldrich)
Ti-O axial 2.00 1.976 (3) 0.0001 (1)
Ti-Ti 4.00 3.042 (2) 0.0006 (1)

R — bond distance; o - XAF'S Debye-Waller factor

The obtained during the experiment results have allowed us reconsidering the mechanism of oxygen-rich
titania formation from a precursor containing a source of nitrogen. We have demonstrated that at low
temperatures of thermal treatment (400-500 °C) nitrogen-doping of TiO2 anatase titania occurs, and the N-



species occupy interstitial position in the titanium dioxide anatase crystal structure causing creation of defects
(oxygen vacancies) in the titanium first coordination shell. The treatment under air at high temperatures
completely removes the N-dopants, thus leaving the Ti coordination unsatisfied provoking the charge
imbalance in the TiOs units. It forces the neighbouring oxygen atoms to occupy a vacant place, which in its
turn results in the cascade reaction of adsorption of atmospheric oxygen and its diffusion to the unoccupied
sites. The captured oxygen forms the interstitial O-species inside the TiO2 network, expanding the TiO2
crystal cell. The coordination number of Ti in the oxygen-rich titania exceeds the value of 6, thus implying
the formation of O-O peroxo bridges coordinating titanium atoms (Table 1).

[1] L. Krivtsov, M. Ilkaeva, E. Salas-Colera, Z. Amghouz, J.R. Garcia, E. Diaz, S. Ordofiez, S. Villar-Rodil, J.
Phys. Chem. C, 2017, 121, 6770.



