Electrospun Ti-doped hematite fibres and their properties
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Abstract Electrospun Ti-doped a-Fe,Os fibres were synthesized and their properties compared
with electrospun a-Fe>O3 and TiO; fibres as reference samples. All samples were characterized
with FE SEM (Field Emission Scanning Electron Microscopy), XRD (X-ray Diffraction), >’Fe
Mossbauer, FT-IR (Fourier Transform Infrared) and UV/Vis/NIR (Ultraviolet/Visible/Near
Infrared) techniques. Ti-doped a-Fe;Os fibres consisted of the interconnected nanoparticles.
These fibres showed a hollow substructure. XRD and >’Fe Mé&ssbauer spectroscopy showed the
titanium cations to be incorporated up to 10 mol % into the a-Fe,O3 crystal structure. The
incorporation of titanium cations into the a-Fe2Os crystal structure caused changes in the
corresponding FT-IR spectra. The band gap values of the electrospun fibres were determined and

the photocatalytic degradation of rhodamine B (RhB) with the same fibres was investigated.
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Introduction

In the last two decades a significant number of investigations appeared with the aim to find
best materials for photoelectrochemical (PEC) water splitting or photocatalytic decontamination
of polluted water. Hematite (a-Fe>O3) was selected as a potential material for these applications
due to several advantages. It has a suitable band gap value (~2.1 to 2.2 eV) and can absorb a
large portion of the visible solar spectrum. Moreover, hematite is characterized by good chemical
stability over a broad pH range in the aqueous medium, nontoxicity and a relatively low cost.
Naturally occurring hematite can also be used as a photocatalyst, due to its abundance in nature.
However, synthetic hematites showed the best results in the photocatalytic activity.

Ti-doped a-Fe2 O3 was investigated as a promising photoanode in photoelectrochemical
water splitting. Wang et al. [1] used the hydrothermal method combined with thermal annealing
to prepare a-Fe2Os3 and Ti-doped a-Fe2Os nanorod arrays on FTO (Fluorine-doped Tin Oxide)
glass. A similar investigation was conducted by Su et al. [2]. It was also found that Ti-doped o-
Fe>O3 coated with Ni(OH)2 [3] or InOOH [4] enhanced the PEC (Photoelectrochemical) activity
of these materials. Yang et al. [5] prepared the arrays of Ti-doped a-Fe>Oj3 particles on undoped
a-Fe20s as a layer on the FTO substrate. B-FeEOOH branched nanorods were orthogonal onto the
Ti-doped Fe>Os surface. Mazzaro et al. [6] reported a possible utilization of Ti-doped a-Fe2O3 in
the simultaneous photoinduced oxidation of benzylamine to N-benzylidenbenzylamine and
hydrogen (H2) production. Toussaint et al. [7] investigated Ti-doped a-Fe>O3 mesoporous films
for a possible application as photoanodes in the photoelectrolysis of water. The preservation of a
porous microstructure enabled a better electrolyte penetration in the film and thus reduced the
distance that the photogenerated holes had to travel to reach the electrolyte. Bu et al. [8]
incorporated ferrihydrite as a whole transfer channel between Ti-doped a-Fe O3 and cobalt
phosphate and reported that superior photocurrent density was achieved. Kang and Kang [9]
found that the incorporation of an ultrathin SiO; layer between the FTO substrate and Ti-doped
a-Fe2Os3 film suppressed a reverse electron recombination from the FTO substrate to the Ti-
doped a-Fe;Os layer, thus enhancing the PEC activity in water splitting. Furthermore, the
atmospheric pressure chemical vapour deposition [10], pulsed laser deposition [11] and the

electrospraying method [12] were used in the preparation of Ti-doped films. Santangelo et al.



[13] deposited Ti-doped a-Fe;O3 and Si-doped y-Fe>Os fibres on the ITO glass substrate using
the electrospinning method and measured their photoelectrochemical efficiencies.

This short selection from the works about Ti-doped a-Fe>Os showed a diversity of
approaches to the synthesis of this material as well as the corresponding characterisations. In the
present work we report the formation of Ti-doped a-Fe>Os fibres for different amounts of Ti-
dopant using electrospinning as the synthesis method. Electrospinning is a unique method in the
synthesis of various nanofibres which found application in science, engineering and biomedicine
[14]. Additionally, the electrospun a-Fe2O3 and TiO> fibres, as reference samples, were prepared
to compare their microstructural and photocatalytic properties with those of Ti-doped hematite
fibres. The photocatalytic activities of prepared samples were tested using the degradation of

rhodamine B.

Experimental
Preparation of samples

Ti (IV)-isopropoxide (TIP, 97+%, CAS 546-68-9), Fe(NO3)3*9H>0 (98+%, CAS 7782-61-
8) and polyvinylpyrrolidone (PVP, My= 1 300 000, CAS 9003-39-8) were supplied by Alfa
Aeser®. Absolute ethanol p.a. (CAS 64-17-5) and 30 % H,0, (CAS 7722-84-1) were supplied by
Kemika (Zagreb, Croatia). Glacial acetic acid, p.a. (CAS 64-19-7) was supplied by Alkaloid
(Skopje, North Macedonia). Rhodamine B, p.a. (RhB, CAS 107599) by Merck was used. Mili-Q
water was used. Chemical conditions for the preparation of samples Ti0 (no titanium), Ti5 (5
mol % Ti), Ti10 (10 mol % Ti) and Ti100 (no iron) are given in Table 1.

Ti (IV)-isopropoxide 1M solution (a) was prepared by adding a proper amount of this
chemical into the volumetric flask. Then 2-propanol was added to the mark of 25 mL total
volume. Iron (III)-nitrate 1M solution (b) was prepared by dissolving 10.307g of Fe(NO3)3*9H,O
salt in mili-Q water also using a 25 mL volumetric flask. PVP in the C;HsOH viscous solution
(c) was prepared by dissolving 5g of this polymer into the 50 mL volumetric flask. The viscous
solution was mixed at 70°C and 350 rpm for 3h. Proper amounts of C;HsOH/glacial acetic
acid/or water were additionally added into corresponding volumes of the (a) TIP solution (for
Ti100 synthesis), (b) Fe(NO3)3*9H>0 solution (for Ti0 synthesis) or their (a,b) mixtures (for Ti5
and TilO synthesis) (Table 1). The electrospinning solutions were prepared by slow adding

(during 5 min) each of these three solutions into a previously prepared viscous PVP solution (c).



This adding was conducted under strong mixing (350 rpm). A similar synthesis of SnO> /TiO>
composite nanofibres was used by Tran et al [15].

The electrospinning device was set up using a Harvard Apparatus (Pumpll elite) and a
high-voltage auto-reserving power supply CZE1000R manufactured by Spellman (N.Y., USA).
The metallic nozzle was connected to the positive terminal of the power supply source and the
voltage was adjusted to 20 kV. The negative end was grounded and connected to the aluminium
plate sized 15%x20 cm. This aluminium plate was covered with a thick aluminium foil (0.030 mm)
for collecting the electrospun material. The distance between the metallic nozzle tip (needle 21G)
and the aluminium plate was 10 cm. The electrospinning process was conducted at a flow rate of
25 pL/min. No more than 5 mL of the electrospinning solution was electrospun on a single
aluminium foil. The process was repeated and a few batches were produced. Thus prepared
electrospun fibres on aluminium foil were put in vacuum for at least 15h at RT. Each individual
electrospun batch (without aluminium foil) was put in its separate Al>O3 crucible. Fibre mats
where then heated in the laboratory oven. Temperature in the oven was gradually increased by
10°C/min up to 550°C and after 3h of heating the crucibles were taken out of the furnace and left
cooling to RT.

Instrumentation

FE SEM images of prepared samples were taken with a scanning electron microscope JSM
7000F manufactured by JEOL Ltd. linked to the EDS/INCA 350 (energy dispersive X-ray
analyzer) manufactured by Oxford Instruments.

XRD patterns were recorded at RT with a Panalytical Aeris powder diffractometer using
CuKa» radiation. In the evaluation of XRD patterns, the programs Match! and Dicvol06 were
used.

Mossbauer spectra were recorded at RT using a spectrometer set up with modules supplied
by Wissenschftliche Elektronik GmbH. ’Co/Rh was used as a Mdssbauer source. The Mdssbauer
spectrometer was calibrated with a-Fe. The recorded Mdssbauer spectra were evaluated with the
MossWinn computer program.

UV/Vis spectra were recorded with a Shimadzu 3600 spectrometer linked to an integrating
sphere. The samples were put on top of BaSO4 powder (Wako Chemicals) spread on the surface,
then pressed into a holder.

FT-IR spectra were recorded using a spectrometer Frontier manufactured by Perkin Elmer.
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The photocatalytic measurements were conducted with a MAX-303-Compact Xenon Light
source with a 300 W lamp manufactured by Asahi Spectra and the corresponding filter. The
suspension containing Ti-doped a-Fe>O; catalyst, RhB and H>O> was illuminated in the range of
visible light (420 nm < A < 700 nm) up to 3h. The standard procedure for photocatalytic

experiments was reported elsewhere [16]. The errors are estimated with the last significant digit.

Results and Discussion

Figures 1 and 2 show FE SEM images at different optical magnification of electrospun Ti0
to T1100 produced by heating the precursor (composite) fibres at 550°C for 3h. In all cases well-
developed fibres are visible. Ti-doped a-Fe>Os fibres (samples Ti5 and Til0) showed a well
visible substructure, i.e., the interconnected nanosize particles as the forming units in these fibres
(Figure 2).

Figure 3 shows broken Ti5 and TilO fibres as grinded with spatula, and their hollow
substructure. During the heating of precursor (composite) fibres a solid outer layer of
interconnected nanosize Ti-doped a-Fe2O3; was formed first. We assume that the released gases
originating from organic components and nitrates in bulk (deposit/precipitate) to be under
pressure, thus enabling the formation of a hollow substructure. The formation of hollow
structures in metal oxides (nanofibers and nanotubes) was the subject of investigations by many
researchers [17-22]. However, this problem is not solved with general conclusion. This is
understandable, because the appearance of hollow nanofibers and nanotubes strongly depends on
the nature of chemical compounds (precursors) and the preparation procedures. Figure 4 shows
for illustration the mapping of sample Til0. The atoms Fe, Ti and O are well distributed at/near
the surface of this sample.

Figure 5 shows the XRD patterns of samples Ti0 (no titanium), Ti5 (5 mol % Ti), Ti10 (10
mol % Ti) and Ti100 (no iron). The diffraction lines of reference hematite, rutile and anatase are
identified on the basis of powder diffraction data in JCPDS powder diffraction file (card No. 00-
033-0664 for hematite; cards Nos. 00-021-1272 and 00-021-1276 for anatase and rutile,
respectively). The XRD pattern of sample Ti0 corresponds to hematite as a single phase, whereas
sample Til00 is a mixture of rutile and anatase. The XRD patterns of samples Ti5 and TilO
correspond structurally to a hematite phase. The unit-cell parameters calculated for samples Ti0,

Ti5 and TilO0 are given in Table 2. The unit-cell volume decreased slightly with the increase in



structurally incorporated titanium cations. The crystallite size of the corresponding particles
decreased in the order Ti0, Ti5 and Til0.

Figure 6a shows the RT Mossbauer spectra of reference sample Ti0 and samples Ti5 and
Til0 which are characterized with one sextet of Mdssbauer lines corresponding to the hematite
phase. In the spectrum of sample Til0 a central quadrupole doublet of small relative intensity is
noticed and taking into account XRD results it can be assigned to a small fraction of
superparamagnetic particles (5.8 %). The Mdssbauer spectra of these samples were fitted using
the distribution of hyperfine magnetic fields (Bnr) shown in Figure 6b. The calculated Mdssbauer
parameters are given in Table 3. A reduction in the hyperfine magnetic field (Bnr) and a slight
increase of the linewidth (I') are visible due to the incorporation of Ti*" cations into the hematite
crystal structure.

Figure 7 shows the FT-IR spectra of samples Ti0 to Til100. Sample Ti0 (no titanium)
shows two very strong IR bands at 520 and 438 cm™!, one small intensity IR band at 387 cm™, as
well as two shoulders at 650 and 590 cm™. This FT-IR spectrum can be assigned to the a-Fe2O3
phase. Generally, the IR spectrum of a-Fe2Os3 shows six active vibrations, two A2, (E]|c) and four
E.,(E | _c). The parameters (orand ;) obtained by a harmonic oscillator model, as applied to a-
Fe0s, are reported in reference literature [23-26]. Two shoulders at 650 and 590 cm™ which
appeared in the FT-IR spectrum of sample Ti0 can be related to the nano/micro structure of long
a-FexO; fibres. Rendon and Serna [27] reported a significant difference in the IR spectra of -
Fe;0s in dependence on the size and shape of the corresponding particles. In the FT-IR spectra
od samples Ti5 and Til0 the shoulder at 590 cm™ as well as a small intensity IR band at 387 cm™!
diminished as a direct consequence of the incorporation of Ti*" cations into the crystal structure
of a-Fe;0s. The FT-IR spectrum of sample Ti100 (no iron) is characterized with one strong IR
band at 488 cm™!, two very broad shoulders positioned at 738 and 574 cm™ and one IR band
close to 375 cm™'. Since the XRD pattern of this sample showed the presence of rutile as the
dominant phase associated with the anatase phase, the FT-IR spectrum of sample Ti100 can be
considered as the contribution of these two TiO; polymorphs. Posch et al. [28] reported IR bands
for both tetragonal rutile and anatase, which are close to the IR bands shown for sample Ti100.
Ocaiia et al. [29] reported that the particle size and the state of aggregation of TiO» (rutile) show

a strong impact on the IR spectrum, as theoretically predicted. The Raman spectra additionally



showed changes at the surface of rutile particles. Gonzalez et al. [30] reported data for transverse
optical (TO) and longitudinal optical (LO) frequencies (in cm™) for the anatase polymorph.

Figure 8 shows UV/Vis/NIR spectra recorded for samples Ti0 to Ti100. The electrospun o.-
Fe,Os fibres (sample Ti0) are characterized with very small relative intensity bands at 340 and
459 nm, shoulders at 541 and 673 nm as well as two shoulders at 827 and 880 nm. The most
pronounced effect of Ti-doping is visible on a shift of the band at 827 to 855 nm and a relative
increase in the intensity of the band at 855 nm. The nature of UV/Vis/NIR bands recorded for .-
Fe>O3 was discussed in reference literature [31, 32]. It is generally known that the procedure of
a-Fe2O3 doping with various metal cations affects the nano/micro structure of a-Fe>Os, the
optical spectra, as well as some other properties. This was illustrated by Risti¢ et al. [31]. In a
mentioned work [31], Mn-doped 1D goethite (a-FeOOH) particles were prepared by the
coprecipitation method starting with NaOH and iron choline citrate solutions. Thus formed Mn-
doped a-FeOOH particles were heated at 300°C to obtain Mn-doped 1D a-Fe;Os particles.
Malviya et al. [33] prepared thin films of Ti-doped a-Fe;Os on an FTO-coated soda lime glass
substrate with a varying amount of titanium up to 7%. The UV/Vis spectra were recorded and the
photoelectrochemical effect was investigated with these films.

The UV/Vis spectrum of sample Til00 is characterized with one broad band of a very
strong intensity corresponding to TiO2 polymorphs (~3.2 eV for anatase and brookite and ~ 3.0
for rutile were reported). In the solar spectrum UV radiation participates only by a few percent,
whereas the rest are visible and infrared radiation. For this reason researchers are trying to shift
the absorption for TiO» more towards the visible part of the spectrum [34]. Serpone [35]
discussed the doping of TiO> with either anions (mostly N, C, and S) or cations in order to
enhance the photonic efficiencies of photoassisted surface redox reactions. Khan et al. [36]
reported the enhanced photocatalytic and photoelectrochemical activities of TiO» previously
irradiated with an electron beam. Ansari and Cho [37] achieved similar effects by ball-milling
TiO, with elemental phosphorus. Hu et al. [38] investigated the photocatalytic properties of a
composite, electrospun TiO, / MWNT (MWNT= multi-walled nanotubes). These works showed
that the composition and preparation procedure play a very important role in the photocatalytic
and photoelectrochemical properties of TiO,. Generally, anatase is a more active photocatalyst
than the rutile polymorph [39]. Investigating this feature, Luttrell et al. [40] concluded that the

bulk transport of excitons to the surface contributes to this difference. It was found that for
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anatase the activity increases for films up to ~5 nm thick, whereas for rutile films the maximum
activity is up to ~2.5 nm. This showed that charge carriers excited deeper in the bulk contribute
more to the surface reactions in anatase than in rutile.

Figure 9 shows direct band gaps (Eg/ eV) of samples Ti0, Ti5 and Til0 as determined by
the Tauc plot method. In this figure the linear parts of curves are shown in shadow and the
corresponding linear plots are intersected by the x-axis to obtain Eg/ eV values. It is visible that
the incorporation of titanium into the a-Fe>Ojs crystal structure caused a decrease in Eg values
from 2.13 eV for sample Ti0 to 2.06 for sample Til0.

Fig. 10 shows the kinetics of photocatalytic degradation of RhB in the solutions containing
H>0,. The numeric data for these kinetics (up to 3h) are given in Table 4. It is well visible that
the best photocatalytic activity was obtained for reference sample Ti0 (94 %). Doping of a-
Fe;O3 with 5% titanium reduced the photocatalytic activity to 28 % (sample Ti5), then with a
further increase of titanium (sample Til0) the photocatalytic activity increased in relation to
sample Ti5. The medium photocatalytic activity (54 %) was obtained for sample Ti100 (no iron).
This work undoubtedly showed that the incorporation of titanium cations into the o-Fe2Os
structure significantly impaired the photocatalytic efficacy of the corresponding samples (Ti5
and Til0). Here, taking into account reference literature (see Introduction) it can be emphasized
that, contrary to present photocatalytic experiments, the photoelectrochemical (PEC) efficacy is
higher when Ti-doped a-Fe2Os is used instead of undoped a-Fe2Os. Probably these differences
are due to some specific reactions involved in the photocatalytic degradation of RhB and
photoelectrochemical behaviour of Ti-doped a-Fe>Os.

Incorporation of Ti*' cations into the hematite crystal structure caused defects due to
different charges of Ti*" and Fe*". This was accompanied with a slight changes in the band gap
values from 2.13 to 2.06 eV for samples Ti0 to Til0. An abrupt decrease in photocatalytic
activity of sample Ti5 was noticed. The increase of photocatalytic activity of sample Ti10 can be
related with the increase of the amount of Ti*" cations at/near the surface of Ti-doped hematite
particles (preconcentration effect).

The complexity of problem can be illustrated with the following works. Investigation of
the electrospun BN/TiO2 (BN=boron nitride) composite nanofibers showed significantly high
photocatalytic activity (99%) in relation to commercial P25 powder (60%) and TiO> nanofibres
(65%) [41]. Nasr et al. [42] showed that electrospun BN-Ag/TiO> composite nanofibers also
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showed a high photocatalytic activity, which was assigned to the efficient electron transfer from
photoexcited Ag/TiO> to BN nanosheets to retard TiO> charge recombination. BN5-Ag3/TiO;
composite was selected as efficient and long term stable antibacterial material for biomedicine
use and water disinfection. These works also showed the complexity of photocatalytic activity of
metal oxide materials and corresponding dependence on the chemical composition and synthetic
procedure applied.

Photocatalytic reactions involved during the irradiation of metal oxides in an aqueous
medium with solar light can [43, 44] also be applied to hematite or a Ti-doped hematite
photocatalyst. This photocatalytic process starts with the formation of hole-electron pairs as
follows:

hematite + hv = hiz + ecp (1)
where VB is a valence band and CB is a conduction band. Due to the charge separation the

following oxidative and reductive reactions are possible taking into account h' and e,

respectively.
h'+H,0-»H +°OH 2)
2h' +2H,0~2H +H,0, (3)
H,0,-2"OH (4)
¢ +0,-°0, (5)
‘0, +H,0+H - H,0,+0, (6)
H,0, - 2 'OH (7)

The hydroxyl ("(OH) and superoxide ('02_) radicals are supposed to be the most reactive species

[45, 46]. Generally, the efficacy of oxidative (h") and reductive (e”) photocatalytic reactions
depends on several factors such as the band gap, presence of different metal cation dopants,
crystal defects, size and morphology of particles or films, penetration of solar light into the metal
oxide as well as the recombination of charges. These facts show a very complex nature of

photocatalytic processes involving metal oxide materials.



Conclusions

Electrospun Ti-doped a-Fe;Os fibres containing up to 10 mol % titanium cations were
synthesized. Upon calcination of the composite fibres at 550°C, the obtained Ti-doped a-Fe>O3
fibres consisted of the interconnected nanosize particles. These fibres showed a hollow
substructure. XRD patterns confirmed the presence of an a-Fe>Oj3 crystal structure with up to 10
mol % Ti*" ions incorporated. The incorporation of Ti*" ions into o-Fe,Os fibres was also
confirmed by Mdossbauer spectroscopy measuring the reduction of hyperfine magnetic fields in
relation to reference o-Fe2Os fibres. The effect of the incorporation of titanium cations into the
a-Fe>Os crystal structure was also noticed in the FT-IR spectra. Band gap values of the samples
were determined using the UV/Vis spectra and the Tauc plot method. The incorporation of 5 mol
% titanium cations into the o-Fe:Os; structure significantly reduced the photocatalytic
degradation of rhodamine B (RhB). The photocatalytic effect increased for 10 mol % titanium
cations incorporated. These measurement show the difference between the behaviour of
electrospun Ti-doped o-Fe;Os; nanofibres in the degradation of RhB on one side and the
photoelectrochemical effect of Ti-doped a-Fe2O3; nanoparticles or nanofilms in water splitting

(see Introduction ) on the other.
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Figure Legends

Figure 1
Figure 2
Figure 3
Figure 4
Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

FE SEM images of samples Ti0, Ti5, Ti10 and Ti100 at lower optical magnification

FE SEM images of samples Ti0, Ti5, Ti10 and Ti100 at higher optical magnification
FE SEM images of samples Ti5 and Ti10 showing the hollow substructure
Distributions of iron, titanium and oxygen atoms illustrated with sample Ti10

XRD patterns of the samples Ti0 (no titanium), Ti5 (5 mol % T1), Ti10 (10 mol % Ti)
and Ti100 (no iron). Standard XRD patterns of hematite, rutile and anatase are also
shown

(a) RT Mossbauer spectra of reference sample Ti0 and doped samples Ti5 and Ti10; (b)
distributions of hyperfine magnetic fields (Bnf) for the same samples

FT-IR spectra of samples Ti0 to Ti100

UV/Vis/NIR spectra of samples Ti0 to Til00

Tauc plot method was used to determine direct band gaps (E¢ / €V). The linear parts in
curves are shown in shadow

Photocatalytic efficiency in degradation of rhodamine B (c/co vs. time of illumination) as

determined for samples Ti0 to Ti100
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Table 1

Chemical conditions for the preparation of samples

Samples Tio Ti5 Tilo0 Ti100

Solution (a, b)

(a)AM TIP in 2-propanol / mL 0.182 0.364 3.630

(b) 1M Fe(NOs)s * 9H,0 in water /mL  3.630 3.448 3.266

CoHsOH / mL 3 3 3 3

Glacial acetic acid / mL 1 1 1 1
Solution

(c) PVP/C2H50H / mL 10 10 10 10

Glacial acetic acid / mL 2 2 2 2

Total volumes

Additionally added H,0 / mL 0.5
Total glacial acid / mL 3 3 3 3
Total solution volume / mL 19.630 19.630 19.630 20.130

Key: TIP=titanium (IV)-isopropoxide
PVP=polyvinylpyrrolidone (M= 1 300 000)

Ti0 = no titanium; Ti5 =5 mol % Ti; Ti1l0 = 10 mol % Ti; Ti100 = no iron

Table 2
Unit-cell parameters of prepared samples calculated by program Match!

Sample a/A c/A Vv /A3 Crystallite size* / A
TiO 5.0361 13.756 302.16 1067
Ti5 5.0327 13.751 301.65 439
Til0 5.0306 13.750 301.37 359

*Crystallite sizes were estimated by Scherrer formula
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Table 3

"Fe Mossbauer parameters at RT of samples Ti0, Ti5 and Til0

Sample Line &6/mms! AorE;/mms? Bnt/T T /mms?! Area/%

Tio M 0.36 -0.22 51.0 0.21 100.0

Ti5 M 0.36 -0.20 50.8 0.24 100.0

Til0 M 0.36 -0.20 50.6 0.25 94.2
Q 0.34 0.91 - 0.45 5.8

Key: 6=isomeric shift relative to a-Fe at RT, Bur= hyperfine magnetic field, A or Eq=quadrupole
splitting, ['=linewidth, M=sextet, Q=quadrupole doublet

Errors: § and Eqor A=+0.0l mms™, Byy=+02T

Remark: Mossbauer spectra were fitted using the distribution of hyperfine magnetic fields.

Table 4
Photocatalytic efficiency of prepared samples

Sample RhB d?grad_aticfn after
3h of illumination / %
TiO 95
Ti5 )8
Til0 38
Ti100 54
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