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Characterization, Photocatalysis, and Potential Application to Air
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N—F—codoped TiQ (NFT) powders, prepared by spray pyrolysis (SP), were further characterized by
ultraviolet-visible (UV—Vis) absorption spectroscopy and photoluminescence (PL) spectra. The UV
Vis spectra indicated that the NFT powders could absorb not only ultraviolet light like pusep®i@er
but also part of the visible-light spectrurh € 550 nm). The PL spectra provided confirmation that four
electronic energy states exist between the valence band and conduction bantretdtdoped TiQ
that were attributed t& center,F* center, an origin-unidentified energy state, and an impurity energy
state formed by doped N atoms. Acetaldehyde decomposition was used as a probe reaction to evaluate
the photocatalytic properties of these NFT powders. As a result, we found that the photocatalytic activity
of the NFT powder prepared at the SP temperature of 1173 K was superior to that of commercial P25
under both UV and Vis irradiation. Moreover, trichloroethylene and toluene were selected as the other
two target reactants. Their decompositions on the optimal NFT powder were investigated using a specially
designed reactor cell by simulating a commercial blue LED air cleaner. The results indicate that our SP
sample has a good potential for application to air purification.

1. Introduction

N—F—codoped TiQ (NFT) powders were prepared by
spray pyrolysis (SP) as described in part 1 with the aim of
introducing new active sites by F-doping while the visible-
light (Vis) absorption was improved by N-doping. As a result,
a highly reactive, Vis-driven photocatalysis would be
achieved.

The Vis-driven photocatalysis of N-doped TiPowders
has been confirmed by many studfe®. However, the
mechanism for exhibiting Vis activity in this system is still
an open question. It is quite debatable whether doped
atoms or oxygen vacancies, originated from N-doping,
contribute to the Vis activity. Asahi et al. claimed that the
doped N atoms narrow the band gap of Tedd thus make
it capable of absorbing visible light and exhibiting Vis-driven
photocatalysi$.Irie et al. argued that the isolated narrow

band formed above the valence band is responsible for the

Vis responsé.However, Ihara et al. insisted that it is the
oxygen vacancies that contributed to the Vis activity and
that the doped N atoms only enhance the stabilization of
these oxygen vacanciéslakamura et al. also confirmed this
role of oxygen vacancies in the plasma-treated;Tpoto-
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catalysts In addition, Vis photocatalytic activity caused
by the structural oxygen vacancy was also reported by
Martyanov et af

As for the F-TiO, system, Minero et al. studied the
photocatalytic decomposition of phenol in aqueous solution
over fluorinated TiQ and claimed that the enhancement
effect was mainly caused by an increase in the number of
hydroxyl (OH) radicals since their formation was favored
on fluorinated TiQ.871° Yu et al. studied the photocatalytic
decomposition of gas-phase acetone over F-dopeg Ti@y

Nproposed that the doped F atoms conveft" To Ti®" by

charge compensation and that the existence of a certain
amount of T#* reduces the electrerhole recombination rate
and further enhances the photocatalytic actittylheir
different explanations are not surprising because the photo-
catalysts they used had pronounced differences in properties.
For the fluorinated Ti@ the fluorination was realized by
adding NaF to the reaction solution containing TiQe.,

by making the added fluoride react with the hydroxyl groups
on the surface of Tipto form =Ti—F specie$:1° Obvi-
ously, the added F atoms only presented on the surface of
TiOy; this on-the-spot fluorination is only used for a liquid-
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phase photocatalytic system. For the F-doped,Tithere
the F atoms occupy the crystal sites of the Fl@itice by
replacing oxygen atoms, the fluorination proceeded during
TiO, synthesis! F-doped TiQ can be used conveniently
for any photocatalytic system.

In this report, the optical properties of the NFT powders
prepared by SP were characterized by ultraviolésible
(UV—Vis) absorption spectroscopy and photoluminescence
(PL) spectra. Acetaldehyde decomposition was used as a
probe reaction to evaluate the photocatalytic properties of
these NFT powders under both UV and Vis irradiation. The
effects of N-F-codoping on photocatalytic activity were 300 200 500 600 700 800
investigated in detail. The reasons for exhibiting Vis photo- Wavelength / nm
catalytic activity in this system were elucidated. These figyre 1. Uv—Vis adsorption spectra of NFT powders. The inset shows
findings are helpful in understanding the role of doped N/F the enlargement of a part of the adsorption spectra ranging from 350 to
atoms in Vis photocatalysis. Moreover, the potential ap- 600 "M

pllcatlpn of the N,FT poyvders to air pu'rlflcatlon yvas also 2.4. Acetaldehyde AdsorptionThe adsorption experiment was

investigated by simulating a commercial LED air cleaner performed volumetrically at 298 K in the same equipment used

system. for the photocatalytic reaction. The adsorbed amount of acetalde-

hyde on a 0.500 g sample was calculated from the change in

acetaldehyde concentration in the gas phase, i.e., subtracting the
2.1. SynthesisThe N—F—codoped TiQ (NFT) powders were residual acetaldehyde in the gas phase after the adsorption reached

prepared by SP from a mixed aqueous solution containing,TiCl equilibrium from the introduced acetaldehyde (5000 ppm).

and NHF. The detailed process was described in parAlseries

of NFT powders were prepared by changing the SP temperature: 3. Results and Discussion

they were designated as NFT-xxx, where “xxx” represents the SP

temperature iriC. For comparison, undoped SP Bi(¥-800) and 3.1 Optlcal Characterization. 3.1.1. U\-Vis Spectra.

commercial P25 (Degussa, 5G/qy 75% rutile and 25% anatase) The absorption spectra of the NFT powders are shown in

were selected as reference samples. Figure 1. A new absorption band was observed in the visible
2.2. Characterization. The UV—Vis spectra were recorded on  range of 406-550 nm in addition to the fundamental

a Jasco V-550 spectrophotometer with an integrating sphere; 8aSO gbsorption edge of Ti§which is located in the UV region

was used as a reference sample. The PL spectra were measured g ahout 385 nm. The SP temperature had a strong effect on

room temperature using an rpm 2000 spectrophotometer (ACCENT the Vis absorption intensity, and the maximum VIS absorp-

Semiconductor Technologies Ltd., UK) with a HEd laser (325 tion was observed from NFT-700. The highest site-N

nm) as the excitation light source. concentration was also achieved in this sample, indicatin
2.3. Photocatalytic SystemThe photocatalytic decomposition P'e, 9

of acetaldehyde was carried out in a closed circulation system (CCS)that Vis absorp“?” is closely related _to doped N atoms.
interfaced to a gas chromatograph (G-3900, Hitachi, Japan) for Therefore, we attribute the new absorption band to the doped

analyses of gas composition. Prior to the catalytic experiments, theN atoms rather than the doped F atoms because we found
NFT powder (0.0500 g) was treated in a flow of oxygen gas at that only F-doping did not cause any change in the optical
573 K until no CQ product was detected. The sample was then absorption of TiQ.2 Other researchers also confirmed that
separated from the flow system and switched to the CCS by two F-doping could not contribute to the optical absorption
three-way stop clocks and evacuated under a vacuum of R8 spectra of TiQ by theoretical band calculatic3

at573 K for 1.0 h. After the sample had cooled to room temperature,  Ag stated in part 1, the NFT powders were vivid yellow.

a gas mixture of 88.0 kPa He (containing 930 ppm;CHO) and Generally, the color of a solid is determined by the position
13.3 kPa @ was introduced. The samples were irradiated from of its absorption edge; a shift of this absorption edge toward

outside of the reactor. A 200-W HgXe lamp (LA-300UV, Amax . . . .
= 365 nm) and a 150-W Xe lamp (LA-254Xéya = 470 nm, a higher wavelength can result in absorption in the visible

Hayashi Watch-Works. Co., Ltd, Japan) were used as the UV and part of the SP_eCtrum' For colored nitride c.o_mpounds, this
Vis sources, respectively, unless otherwise noted. The Vis wave- Shift was ascribed to the doped N atothédditionally, the
length was controlled through a 420-nm cut filter (L42, Kenko, adsorption edge of new band (ca. 475 nm) well agree with
Japan). The incident intensity to the sample surface for both light the reported value for the N-doped Ti®ysten? > These
sources was set to be 20 mW thn conclusions strongly support the theory that the appearance
In our study, total carbon amount (TCA, the amount of introduced of a new absorption band in the visible region over the NFT
CH;CHO) in CCS was checked during and after reaction. The TCA powders originated from the doped N atoms. However, it

after the reaction was specified in three parts, (1) formed. (@) should be noted that the doped N atoms exist as an impurity
undecomposed GJEHO, and (3) residual carbon on the surface

of the photocatalyst, which was determined by the amount of CO (12) Li, D.; Haneda, H.: Hishita, S.; Ohashi,N.; Labhsetwar, N.JK.
produced from its oxidation at 673 Kifd h at Q atmosphere. If Fluorine Chem2005 126, 69.

the difference between the TCA and the sum of (1), (2), and (3) is (13) Yamaki, T.; Umebayashi, T.; Sumita, T.; Yamamoto, S.; Maekawa,
less than 2.5% of the TCA, the obtained reaction data was g"dngag"fsuso' A.; Itoh, HNucl. Instrum. Methods Phys. Res2803
considered to be believable; otherwise, a repeat experiment was(14) mMarchand, R.; Tessier, F.; Le Sauze, A.; Diot/. J. Inorg. Mater.
needed. 2001, 3, 1143.
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Figure 3. Proposed structural model of energy states that exist between
the VB and CB of TiQ. The dotted arrows represent the possible existing
PL emissions beyond 1000 nm.
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the lattice ions surrounding the vacancy; the emitting center
was identified as Pi" ions?° However, the energy state
induced by Ti" ions seems to locate just below the CB of
TiO,.1! Therefore, in this study, peak 3 is considered as an
origin-unidentified peak. Peak 4 at 700 nm is attributed to
the doped N atoms because no such peak was found on T-800
and P25. The PL intensity increased monotonically with the
SP temperature, indicating that the radiative recombination
was enhanced with the SP temperature. This enhancement

s i, is mainly attributed to the doped F atoms because we found
L 1 L 1 L L 1 a similar result on a Ti@system doped only with fluoring.

400500 600 700 800 900 1000 PL spectra also directly reveal the processes of the

Wavelength/nm radiative recombination of charge carriers between two

Figure 2. (a) PL spectra of NFT powders and reference samples. (0) (different energy statégIn the case of NFT powders, shallow

Deconvolution of the broad peak for NFT-900. The solid line represents . .
the original TPD profile and deconvoluted peaks, the broken line is the traps exist at 0.51 and 0.82 eV_ below the CB, correspondmg
fitting curve, and the dotted line is the error of the fitting. to peak 1 and peak 2, respectively. These values agree well

. , . with the reported- andF* center levels in TiQ"1° A deep
since its cqncentrauon was 100 low to fqrm anew phgse to trap also exists at 2.0 eV below the CB corresponding to
cause a shift of the fundamental absorption edge o$,Ta® peak 3; its energy state is denoted as OUES, origin-

. . . . 15 1 L

observed in a TitNy thin film. , unidentified energy state. Additionally, the UWis spectra

3.1.2. PL SpectraPL emission spectra have been widely i, rigyre 1 indicate that the doped N atoms formed an
us_ed t_o investigate the efficiency of charge carrier trapping, impurity energy state (IES) (2.6 eV, 475 nm) below the CB,
migration, and transfer and to understand the fate of juqqh & peak concerning the transition between CB and
electron-hole pairs in semiconductor particl¥sFigure 2a IES did not show up in the PL spectra. This disagreement
shows the PL spectra of the NFT powders as well as onyeen the Uv-Vis and PL spectra is easy to be understood
reference samples. A broad band including more Fhan fourbecause the appearance of light absorption between two
peaks was observed for each NFT powder. Accordlngly,_ the different energy states does not mean the inevitable presence

PL spectrum of each NFT powder was deconvoluted into ¢ 5 hhotoluminescence emission. Therefore, only by the
five peaks; an example is shown in Figure 2b for NFT-900. ., \hination of UV-Vis and PL spectra can the energy states
Peak 1 at 465 nm is attributed to the oxygen vacancy with between the VB and CB be entirely elucidated.
two_trapped electrons, i.ek; center._Peak 2 at 525 nm is Based on these results, we propose a structural model in
_asagned to the oxygen vacancy W'th one trapped eIeCtron’Figure 3 for the energy states existing between the VB and
i.e., F*center:° Peak 3 "’Tt 6.27 nm might be a consequence CB of N—F—codoped TiQ. The excited electron transition
of the Franck-Condon principle and the polarizability of pathways corresponding to each peak is also depicted. The
: ] i e e peak 4 is assigned to the transfer of excited electrons between
R AR el SRABT R F* center and IES. Peak 5 at 905 nm is assigned to the
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16646. vacancies because many studies have confirmed that the
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Table 1. Photocatalytic Activities of NFT Powders

sample NFT-600 NFT-700 NFT-800 NFT-900 NFT-1000 NFT-1100 T-800 P25
Ro/20~7 mol min~1 (UV) 4.04 5.32 6.44 10.3 8.24 1.21 1.20 6.74
QY/%(UV) 2.5 2.9 3.3 4.2 3.7 1.7 1.0 35
Ro/10-8 mol min-1 (Vis) 2.46 3.45 435 8.41 5.53 0.61 0.12 1.2
QY/% (Vis) 0.28 0.39 0.47 0.78 0.60 0.086 0.015 0.14

formation of the superoxide @©) and hydroxyl (OH)
radicals, two important active species for initiating a photo-
catalytic reactior}?? requires oxygen vacancy sit€g*

3.2. Photocatalysis3.2.1. UV Photocatalytic Decomposi-
tion of Acetaldehydéhe CQ evolution during acetaldehyde

In this study, the initial rateRy, mol min~1) and quantum
yield (QY, %) of CQ formation, 1.0 h after the reaction
began, were calculated to represent the photocatalytic activity
in order to make a quantitative comparison. The results are
summarized in Table Ry value is a product of the slope of

decomposition on the NFT powders under UV irradiation is the time-CO, yield curve (Figure 4) at time= 0 and a
shown in Figure 4. The photocatalytic activity of the NFT constant. The constant is the upper-limit amount of poten-
powders greatly depended on the SP temperature. Thetially formed CQ, which is twice the amount of introduced
maximum photocatalytic activity was observed for NFT-900, CH;CHO. QY is a ratio of the number of formed GO
and it was higher than that of P25. Generally, many factors, molecules to the number of consumed phot¥n3he

e.g., surface area, crystallinity, surface hydroxyl density, and photocatalytic activity of NFT-900 was higher than that of
oxygen vacancies, affect the activity of a photocatad$/t. P25 by 1.5 times folRy, and 1.2 times for QY. When a
However, because these factors are closely related to eacimaterial is functionalized for Vis-driven photocatalysis, it
other, e.g., the surface area decreases with an increase iis important to keep or improve its UV photocatalytic activity
crystallinity by calcination, it is difficult in practice to control ~ because the most desired solar light source contains about
each factor precisely and independently for obtaining the 5% UV and the efficiency of light utilization for a Ti©®
highest photocatalytic activity. Thus, the activity of a based photocatalyst is much higher for UV than for ¥is.
photocatalyst is a combined effect of many factdrs our Comparing the photocatalytic activities of NFT-800 and
case, the SP temperature used during the sample preparatiom-800 prepared at the same SP temperature, we concluded
process dominated these factors because other preparatiothat the photocatalytic activity of the former was higher than
conditions were identical. Therefore, it is easy to understand the latter by 5.3 times foR, and 3.3 times for QY. The
that the highest photocatalytic activity was achieved at a unique surface structure and the doped F atoms were

particular SP temperature.
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Figure 4. CO; evolution during the UV photocatalytic decomposition of

acetaldehyde on NFT powders.
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Figure 5. CO; evolution during the Vis photocatalytic decomposition of
acetaldehyde on NFT powders.
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considered to contribute for the high UV photocatalytic
activity of NFT-900.

3.2.2. Vis Photocatalytic Decomposition of Acetaldehyde.
The CQ evolution over the NFT powders with Vis irradia-
tion at wavelengths longer than 420 nm is given in Figure
5. The results are similar to those of the UV case. However,
it should be noted that each NFT powder demonstrated a
higher photocatalytic activity compared with P25, indicating
that N—F-codoping is an effective and feasible approach for
achieving Vis-driven photocatalysis. Thg's and QY’s of
CO, formation 3 h after the reaction began, are listed in
Table 1. The photocatalytic activity of NFT-900 was higher
than that of P25 by 7.0 times fd&, and 5.7 times for QY.
Comparing the photocatalytic activities of NFT-800 and
T-800, we concluded that the photocatalytic activity of the
former was higher by 36 times fdét, and 31 times for QY
than that of the latter. The Vis-driven photocatalysis induced
by the N-F-codoping is outstanding.

To elucidate the correlation between the photocatalytic
activity and the site-N/F concentrations, the site-N/F con-
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1
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Figure 6. Dependence of the photocatalytic activity on the site-N/F
concentration.

centration values in the NFT powders, given in pattidere
arranged in magnitude order. Then the arranged site-N/F
concentration values were designed as abscissa, arigh the
values of the NFT powders that every site-N/F concentration
value corresponded to were designed as ordinate. Conse
quently, Figure 6 was obtained. No correlation between the Figure 7. Designed photocatalytic reactor cell with an interior blue LED
Ro's and the site-N concentrations was observed for both light source.

UV and Vis cases. This is ascribed to the double-faced
behaviors of the doped N atoms. Except for the positive roles,
to be discussed later, the IES formed upon N-doping (Figure
3) also acts as a recombination center of photogenerate
charge carriers, and thus deteriorates photocatalymy-
ever, theR, value monotonically increased with the increase
of the site-F concentration irrespective of UV or Vis case.
This confirms that the doped F atoms contributed the Vis
photocatalytic activity of the NFT powders.

3.2.3. Potential Application to Air PurificatiorAn LED
(light-emitting diode) air cleaner for use in cars is a typical
example of a practical application of photocatalytic technol-
ogy to air purification. The LED is characterized by low
powder consumption, semi-permanent lifetime, quick re-
sponse time, and small volume compared with conventional
light sources? Therefore, it is said that LED is so far the
most desired light source for a photocatalytic system from
an energy-saving point of view; its application in photocata-
lytic systems will significantly stimulate the implementation
of photocatalytic technology. Here, we simulated this system

and designed_a special re actor_ cell with an inte_rior LE‘_Q( . Activity of the NFT PowdersThe NFT powder demonstrated
= 470 nm) (Figure 7) to |_nvest|gate the potent_lal application a high photocatalytic activity under both UV and Vis
of our SP samples. Besides acetaldehyde, trIChlOroethylenewradiation. The reasons should be closely related to its unique
and toluene were selectgd as_the other two target reactantsy  tace characteristics, the doped N atoms, and the doped F
Each reactant was carried with water-free synthesized air

(N2/O, = 79/21, viv). The total carbon amounts introduced atoms. First, the highly porous and strongly acidic surface

o th i tem for the th tant desi nhanced the adsorptivity of the NFT powder for a reactant.
0 Ihe reaction system forihe three reactants were designec, dependence of the adsorbed amount of acetaldehyde
to be at the same level in order to compare their degrees of

d i (Aag) On surface acidity on the NFT powders is shown in
ecomposition. . N Figure 9. TheAyq almost linearly increased with the surface
The results are given in Figure 8. NFT-900 demonstrated

. ) _ - acid site density except NFT-1100, suggesting that the acidic
a powerful photocatalysis, and its photocatalytic activity Was g6 of the NFT powders is beneficial for the adsorption
superior to that of commercial Ti®25 for each of the target of reactant molecules. Thegof NFT-900 (15.2¢mol m-?)

reactants. Six hours after the reaction started, the yi€Id was much higher than that of P25 (8ol m2). Kwan et
was 54.8% for acetaldehyde, 33.0% for trichloroethylene, '

and 13.7% for toluene, indicating that acetaldehyde is the
easiest reactant to be decomposed and toluene is the most
ifficult. Additionally, the very slow CQ evolution in the
lank test (no photocatalyst) confirmed that the decomposi-
tions of the three typical air pollutants occurred through
photocatalysis and that their sglhotolysis could be ne-
glected.

Here, it should be noted that trichloroethylene and toluene
are generally degraded into G@nly under high-energy UV
irradiation3°3! However, they decomposed over our SP
samples under Vis irradiation. Moreover, we used a very
high concentration for each pollutant. Generally, their
concentrations are much lower in polluted air; e.g., the upper
limit of toluene concentration in indoor air is 0.07 ppm if
Japanese indoor environmental regulations are being com-
plied with, and it would be only 7 ppm even if it exceeds
this specified value by 100 times. Therefore, we think that
our SP samples have a good potential for application to air
purification.

3.2.4. Possible Reasons for the High Photocatalytic

(30) Zou, G. M.; Cheng, Z. X.; Xu, M.; Qiu, X. Q. Photochem. Photobiol.
(29) Taoda, H., EdBook on PhotocatalysifNikan kougyou: Tokyo, 2002; A: Chem.2003 161, 51.
p 124. (31) Jeong, J.; Sekiguchi, K.; Sakamoto, ®hemospher@004 57, 663.
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Figure 9. Dependence of the absorbed amount of acetaldehyde on the Figure 10. Dependence of the photocatalytic activity on the absorbed

surface acidity on NFT powders.

al. confirmed that the enhancement in surface acidity
improves the activity of a photocatalytic systém.

The dependence of the photocatalytic activiy)(on the
Aagis given in Figure 10. A linear relationship between the
Ry andAsqwas observed irrespective of UV or Vis irradiation,
indicating thatA,qis a key factor affecting thBy,. Generally,
the reaction rater] of a photocatalytic reaction can be
described by LangmuirHinshelwood kinetic equatioft:

r = kKC/(1 + KC) 1)

whereK is the adsorption coefficient of the reactant, which
is closely related to the microstructure of the particle surface,
e.g., surface area and acidityrepresents the reaction rate
constant, which is closely connected with the density of
space-separated electrons and holes that appeared on t
surface of a photocatalyst denotes the concentration of

the reactant to be decomposed. Therefore, to provide high

photocatalytic efficiency, a photocatalyst must retain large
K andk values. In our case, a larggg means a larg«;
thus, theRy's of the NFT powders linearly increased with
the surface acidity. Moreover, the surface acidic site also
acts as an electron acceptérThis would enhance the
separation of photogenerated electrons and holes, i.e.
increasek value, and improve the photocatalytic activity.

(32) Kwon, Y. T.; Song, K. Y.; Lee, W. |; Chio, G. J.; Do, Y. B. Catal
200Q 191, 192.
(33) Morrison, S. RSurf. Sci.1975 50, 329.

amount of acetaldehyde on NFT powders.

Second, the doped N atoms in the NFT powders improved
the Vis absorption. The UW¥Vis spectra in Figure 1
unequivocally indicate that the N-doping did not cause the
narrowing of the band gap of the TiGn our NFT system
because a shift in the fundamental absorption edge of TiO
was not observed. Instead, an isolated impurity energy state
(IES, Figure 3) was formed near the VB of the 3i0he
presence of this IES improved the Vis absorption and
increased the number of photons taking part in the photo-
catalytic reaction. Undoubtedly, this could enhance the
photocatalytic activity. Moreover, the formation of oxygen
vacancies upon N-doping is considered in terms of the charge
neutrality conditions. Incorporation of the two N atoms into

hthe oxygen sites should be accompanied by the formation

€ o
of one oxygen vacancy to maintain the overall electro-

neutrality of the crystal lattice. However, in the NFT system,
it appears that the contribution of the doped N atoms to the
Vis photocatalytic activity through the oxygen vacancies was
not significant. This was inferred from our results showing
a much higher photocatalytic activity for the¥—codoped
TiO, powders than for the N-doped Ti®" Therefore, the
contribution of the doped N atoms to the Vis photocatalytic

‘activity in our NFT system is achieved mainly by the

improvement of the Vis absorption.

(34) Li, D.; Haneda, H.; Hishita, S.; Ohashi, Mater. Sci. Eng. B2005
117, 67.
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Third, the doped F atoms in NFT powders produced porous and acidic surface enhanced its adsorptivity to reactant
several beneficial effects on the photocatalytic activity which molecules; the doped N atoms improved the visible-light
are listed below. (1) F-doping led to the formation of new absorption; and the doped F atoms could produce several
active sites. Our PL results in Figure 2 indicated that beneficial effects on the photocatalytic activity. However,
F-doping mainly contributed to the formation of oxygen for the case of UV, the doped N atoms might have a negative
vacanciesK andF* centers). As stated above, the formation effect since they led to the formation of the IES that could
of the O~ and OH radicals requires oxygen vacancy act as a recombination center of photogenerated charge
sites?*24Emeline et al. also elucidated in detail the enhanced carriers.
effect of oxygen vacancies (includifgandF* centers) on
photocatalysig® If the oxygen vacancy acts as a site for the 4. Conclusions
formation of the active radicals, F-doping undoubtedly
increases the number of this kind of active sites. Minero et The N—F—codoped TiQ powder demonstrated a higher
al. claimed that the formation of hydroxyl radicals (H photocatalytic activity under both UV and Vis irradiation as
was favored on fluorinated Ti3° This also indirectly compared to undoped SP Ti@s well as commercial P25.
supports the role of new active sites formed by doped F This high activity was ascribed to a synergetic effect of its
atoms. (2) F-doping resulted in the formation of surface acid unique surface characteristics, doped N atoms, and doped F
sites. These acid sites would not only increase the adsorp-atoms. The simulation results indicate that our NFT powder
tivity of the NFT powders for a reactant but also act as is a very interesting and promising photocatalytic material
electron acceptors by themselves. (3) It was reported thatand has good potential for application to air purification.
F-doping increased the photogenerated electron mobility in
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