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Abstract: The Nd-doped TiO, thin films with higher hydrophilic and photocatalytic activities were prepared on glass slides by an
acid-catalyzed sol—gel method. The effects of Nd doping on crystalline phase, surface composition and optical property were
investigated by means of techniques such as X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron
microscopy (TEM), Fourier transform infrared spectroscopy (FT-IR), optical contact angle tester and UV-Vis spectroscopy. The
results show that Nd doping obviously influences the hydrophilic and photocatalytic activities of TiO, thin films. Nd doping could
cause the TiO, lattice distortion, inhibit phase transition from anatase to rutile, cause red shift of the absorption spectrum edge,
produce hydroxyl radicals (‘OH), and accelerate surface hydroxylation, which result in a significant improvement in the
hydrophilicity and photoreactivity of Nd-doped TiO, thin films. When the content of Nd is 0.1% (mass fraction), TiO, thin films
achieve the smallest grain size (about 15 nm), and the hydrophilic and photocatalytic activities of TiO, thin film reach the maximum,
the contact angle is only 8.1°, and 92% of methylene blue is finally degraded. Moreover, the modification mechanism of Nd doping

was also discussed.
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1 Introduction

As a promising semiconductor photocatalyst, TiO,
has attracted worldwide interest for its good chemical
stability, strong oxidizing power, non-toxicity and
low-cost related in environmental problems such as
water and air purification or pollution control [1-3].
One-dimensional TiO,, such as nanopowder and
nanofilms, becomes the focus of considerable interest
due to their unique properties and their potential
applications, such as nanoelectronics and photo-
electrochemical applications. Due to the self-cleaning
and antifogging effects, TiO, thin films have been widely
used in material industry as coating glasses [4,5]. It is
known that the self-cleaning and antifogging effects are
attributed to the photocatalytic and hydrophilic activities,
respectively.

However, it is reported that there are still some
applications limited by two defects of TiO,: firstly, it
absorbs near UV light, and its band-gap (£,=3.3 eV)

does not match with solar light very well; secondly, the
photocatalytic efficiency of TiO, is not high, as the
recombination of photogenerated electron—hole pairs
results in low photo quantum efficiency [6]. Therefore,
many methods have been undertaken to improve the
photocatalytic activity of TiO, [7—9]. Transitional metal
ions [9—12] and rare earth elements [13,14] are usually
employed by the researchers as catalyst for the
incompletely occupied 4f and empty 5d orbits, which can
trap the electrons and/or holes and eliminate the
recombination of electron—hole pairs significantly.
Therefore, this results in the extension of their
wavelength response toward the visible region, and
consequently improving the photo-reactivity. In
particular, doping with lanthanide metal ions (Nd’") has
proved to be an efficient route to alter the photoactivity
of TiO, for selected reactions [13]. Such variation in
property might be due to the increase of oxygen
vacancies and a large number of hydroxyl groups with
enhanced polarity, which tended to make the surface
hydrophilicity. In the past two decades, numerous efforts
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have been devoted to the TiO, powders, while few
researchers dealt with the surface property of TiO, thin
films modified by rare earth ions. Thus, the main aim of
the work is to fabricate an effective photocatalyst by
doping TiO, thin films with lanthanide metal ions (Nd*),
and to discover the surface property of Nd-doped TiO,
thin films for its interesting and useful features.

As is known to all, many different methods and
techniques have been developed to fabricate the doped
TiO, thin films. Among them, the sol—gel method has
been reported to be the most powerful technique due to
the simplicity of the synthesis and the fact that the
nanofilms can be obtained by simple, cost-effective and
environmentally innocuous route.

In this work, the pure TiO, and the Nd-doped TiO,
thin films were prepared by the sol-gel method. And
hydrophilic and photocatalytic activities of Nd-doped
TiO, thin films were investigated in detail.

2 Experimental

To prepare Nd-doped TiO, thin films, two kinds of
solutions (Solutions A and B) were prepared first.
Solution A was made from tetrabutyl titanate and ethanol
in a mass ratio of 1:4, then 1 mL acetylacetone (Acac)
and 2 mL polyethylene glycol (PEG) were added
dropwise into Solution A under vigorous stirring, and pH
of the solution was adjusted to 2.5 with HNO;. Acac and
PEG were used as hydrolysis inhibitor and film-forming
agent, respectively. Solution B was made from Nd(NOs)s,
which was dissolved with deionized water. Solution B
was added dropwise into Solution A under vigorous
stirring, and the content of Nd was between 0.1% and
0.9% (mass fraction). Consequently, a light yellowish
solution was obtained and then gelatinized for 3 h to
form TiO, gel. The glass slides (25 mm x 50 mm X
1 mm) were used as the substrates. The slides were
pulled from the gel at a speed of 2 mm/min by
dip-coating instrument, dried at 90 °C for 0.5 h, and then
the dry gel precursor was calcined at 550 °C for 2 h.
Finally, TiO, thin films were obtained. In the meantime,
pure TiO; as a blank catalyst was also prepared using the
same procedure except that Solution B was substituted
by deionized water. All the chemicals used in the
experiments were of analytical grade.

Multifunctional X-ray diffractometer (XRD, Bede),
scanning electron microscope (SEM), transmission
electron microscope (TEM, JEM—-2100) and Fourier
transform infrared spectrometer (Nicolet 5700) were
used to characterize the phase structure, the surface
morphology and the composition of the samples,
respectively. The hydrophilic properties were observed
on the optical contact angle measuring instrument (Zheke,
DSA 100). The photocatalytic activity of thin films was

measured by the UV—Vis spectrophotometer (Shimadzu,
2501 PC).

To measure the photocatalytic activity, the solution
of methylene blue was prepared. The standard solutions
of methylene blue with the concentration of 1-11 mg/L
had a good linear relationship with absorbance [15], so
4 mg/L methylene blue was chosen as degradation model.
The concrete steps were as follows: 15 mL methylene
blue (4 mg/L) was taken into the beaker at room
temperature, the thin films were put into the beaker, and
then a 25 W ultraviolet light was turned on. The
absorbance of residual methylene blue was detected
every 1 h. The degradation rate of methylene blue (7)
was calculated as follows:

1 =(co—c)/cox100% = (A, — A)/ Ay x100% (1)

where ¢, and A, are the initial concentration and
absorbance of methylene blue solution at 664 nm,
respectively. C and A4 are the concentration and the
absorbance of methylene blue solution at 664 nm under
UV light irradiation with different time, respectively.

Both blank and dark experiments emendated
disturbance produced from ultraviolet radiation and
adsorption of the thin films, respectively.

3 Results and discussion

3.1 Structural properties

Figure 1 shows the effects of neodymium on the
phase compositions of the Nd-doped TiO, thin films. For
comparison, the pattern of pure TiO, thin film is also
shown in Fig. 1. The pure TiO, thin film exists as the
coexistence of anatase and rutile. However, the rutile
phase cannot be found in the Nd-doped TiO, thin films.
When the content of Nd*" is 0.1% (mass fraction), only
the anatase can be found. When the content of Nd**
increases to 0.5%, three weak diffraction peaks of
NdTiOj; are found. With the content of Nd increasing
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Fig. 1 XRD patterns of pure TiO, (a), 0.1% Nb-doped (b),
0.5% Nb-doped (c) and 0.9% Nd-doped (d) TiO, thin films
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continuously from 0.5% to 0.9%, the weak peaks of
Nd,O; and NdO, appear in the pattern.

The SEM and TEM micrographs of pure TiO, and
Nd-doped TiO, thin films prepared at 550 °C are shown

in Fig. 2 and Fig. 3, respectively. It can be observed that
all samples have a granular morphology without particle
agglomeration and a relatively uniform particle diameter
distribution. Meanwhile, Nd-doped TiO,; thin films

Fig. 2 SEM images of pure TiO, (a), 0.1% Nd-doped (b), 0.5% Nd-doped (c) and 0.9% Nd-doped (d) TiO, thin films prepared at
550 °C

0 1 2 3 4
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Fig. 3 TEM images of pure TiO, (a), 0.1% Nd-doped (b),
films prepared at 550 °C
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0.5% Nd-doped (c) and EDS spectrum of 0.1% Nd-doped (d) TiO, thin



2604 Jun DU, et al/Trans. Nonferrous Met. Soc. China 25(2015) 2601-2607

appear to have smaller grains, a corresponding smoother
and denser surface than pure TiO, thin films. And 0.1%
Nd-doped thin film presents the smallest grains and the
size is about 15 nm. With the content of Nd increasing
continuously from 0.1% to 0.9%, the size of crystalline
phase increases from about 15 to 40 nm, but the particle
diameters of pure TiO, thin films are 50—60 nm. Thus,
the presence of Nd modifies the texture of the TiO,
surfaces.

Furthermore, the EDS pattern of 0.1% Nd-doped
thin film is also shown in Fig. 3. From this EDS
spectrum, a very weak signal for Nd and a very strong
signal for Ti can be observed. This is consistent with the
nominal amount of doped Nd. Elements Cu and C are
also detected, which are originated from the supporting
copper grid. From Figs. 1-3, it can be concluded that Nd
can enter the TiO, lattice in Nd-doped TiO, thin films. It
is known that the ionic radii of Ti*" and Nd*" are 0.061
and 0.098 nm, respectively. The ionic radius of Nd** is
larger, so the doping of Nd will cause the TiO, lattice
distortion. As a result, the growth of TiO, crystalline
phase decreases, as shown in Fig. 1(b) and Fig. 2(b), the
peak intensity and the size of TiO, crystalline phase
decrease. On the other hand, the densities of rutile and
anatase are 4.22 and 3.84 g/cm’, respectively. The rutile
has higher stacking density than anatase. After Nd enters
the TiO, lattice, it is difficult to form high stacking
density because of the lattice distortion. As shown in
Fig. 1, compared with the pure TiO, thin films, the
diffraction peaks of rutile TiO, can be rarely found in
Nd-doped TiO, thin films. This means that the content of
rutile crystalline phase is very little in the Nd-doped TiO,
thin films. Consequently, it can be concluded that Nd
doping can inhibit phase transition from anatase to rutile.

3.2 Hydrophilicity
Figure 4 shows the hydrophilic property of Nd-
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Fig. 4 Hydrophilic property of Nd-doped TiO, thin films
prepared at 550 °C for 2 h (Inset: images of contact angle of
pure TiO, (a), 0.1% Nd-doped (b), 0.5% Nd-doped (c) and
0.9% Nd-doped (d) thin films at 550 °C

doped thin films. When the content of Nd is 0.1%, the
hydrophilicity of TiO, thin film reaches the maximum, as
shown in the inset Fig. 4(b), the contact angle is only
8.1°. With the content of Nd increasing continuously
from 0.1% to 0.9%, the hydrophilicity decreases
gradually. When the content of Nd is 0.9%, the contact
angle goes up to 49.2°, higher than that of pure TiO, thin
film. It can be concluded that the content of Nd has an
important effect on the hydrophilicity.

Figure 5 shows the FT-IR spectra of thin films.
Absorption at 450—800 cm ' is assigned to the stretching
vibrations of Ti—O—Ti, Ti—O, and O—Ti—O
bonds [16]. The absorption bands at about 1393.73 and
1603.37 cm ' are attributed to the bending vibration of
H—O—H bonds, which are assigned to the chemisorbed
water. Compared with pure TiO,, Nd-doped TiO, thin
films have the strong stretching vibration of O—H
absorption peak at 3348.42 cm ' and the characteristic
absorption peak of CO, at 2360.93 cm '. Obviously,
Nd-doped TiO, thin films have a higher ability of
absorbing water than pure TiO; thin films, which results
in more hydroxyls on the surface of Nd-doped TiO,.
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Fig. 5 FT-IR spectra of TiO, thin films

The hydrophilic processes of Nd-doped TiO, thin
films can be expressed as follows:

TiO,+hv—>h"+e (Charge pair generation) 2)
OH +h'—>-OH 3)
H,0+h"—>-OH+H" 4)

When a UV photon is absorbed by TiO, thin films,
an e/h” pair is produced according to Eq. (2). On the
surface of TiO, thin films, the holes react with surface
hydroxyl groups (OH') and adsorbed H,O, to form
hydroxyl radicals (-OH). The basis of hydrophilic state is
related to the production of very active "OH obtained
primarily according to Egs. (2), (3), and (4).

Ti**+e—>Ti*" (Surface trapped electron) (5)
0> +2h"—1/20,+0 (Oxygen vacancy) (6)
H,0+0—>-OH %
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Nd doping can form the dopant level near the
valence band of TiO, [17]. The electronic transition from
the modified dopant band to the conduction band will be
effectively  improved, and the  hole—electron
recombination will decrease. The electrons tend to
reduce the Ti(IV) cations to the Ti(IIl) state, and the
holes oxidize the O, anions. In the process, oxygen
atoms are ejected and oxygen vacancies are created.
Thus, more Ti'y defects and oxygen vacancies are
procured [18]. Then, water molecules can occupy these
oxygen vacancies, producing adsorbed —OH groups,
which tend to make the surface hydrophilic.

Furthermore, there is an important influence of the
surface chemical groups on the performances of the thin
films. As shown in Fig. 5, Nd-doped TiO, thin films have
more hydroxyls, which can form hydrogen bonds with
water, so, the surface property of the doping samples is
significantly enhanced.

On the other hand, when the dopants are excessive,
as shown in Fig. 1(d), the rest of Nd cannot enter the
TiO, lattice but cover on the surface of TiO,, and form
junction. The wvalence bands and
of two crystals maybe link
paratactically, and charge capture centers may become
recombination center [19], so hydrophilic activity is
reduced. The reaction equation can be described as
follows:

Nd*"+e—Nd** (8)
Nd**+h"—Nd** 9)

heterogeneity
conduction bands

3.3 Photocatalytic activity

Figure 6 shows the UV—Vis patterns of TiO, and
Nd-doped TiO, thin films prepared at 550 °C. It can be
seen that the absorption edge shifts toward longer
wavelength for Nd-doped TiO, thin films, which means
that the light absorption ability is greatly improved. The
absorption peaks remain almost at the same position,
while the peaks of Nd-doped TiO, thin films become
steep. When the content of Nd is 0.1%, the ultraviolet
absorption ability of TiO, thin films increases to the
greatest (about 3.7). This indicates that Nd doping can
not only influence the band gap of the sample, but also
enhance the light absorption.

Figure 7(a) shows the adsorption spectra of
methylene blue solution after the photocatalysis process.
It can be observed that the strongest absorption peak of
methylene blue is at about 664 nm. Compared with the
original solution, the absorbance intensity of methylene
blue solution decreases obviously under UV irradiation,
which indicates that methylene blue has been
photodegraded.  Furthermore, the absorbance of
methylene blue solution photodegraded by 0.1%
Nd-doped TiO, thin film is the lowest. Figure 7(b) shows
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Fig. 6 UV—Vis patterns of TiO, thin films prepared at 550 °C
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Fig. 7 UV—Vis adsorption spectra of methylene blue solution (a)
and effect of Nd doping on photocatalytic activity of TiO, thin
films (b) after 6 h photocatalytic reaction

the effect of Nd doping on the photocatalytic activity of
TiO, thin film. As shown Fig. 7(b), when the content of
Nd is 0.1%, the photocatalytic activity reaches the
maximum, and the photodegradation is 92%. However, a
decrease in photocatalytic activity appears when the
content of Nd becomes too high. The basic law of data
change is in good agreement with the conclusion above.
Therefore, Nd doping can enhance the photocatalytic
activity of TiO, thin films and 0.1% Nd doping exhibits
the highest photocatalytic activity.

As we know, TiO, is a semiconductor. UV light can
excite electron—hole pairs (Eq. (2)). The photogenerated
electrons react with molecular oxygen (O;) to produce
superoxide radical anions (O, ) (Eq. (10)), and the
photogenerated holes react with water to produce
hydroxyl (‘OH) radicals (Eq. (4)) [20]. And hydroxyl
radicals (-OH) produced during photocatalysis have been
reported to be detected by the photoluminescence (PL)
technique [21,22].

Oyte—>0, (10)
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Both holes and hydroxyl radicals (OH) have been
proposed as the oxidizing species responsible for the
degradation of the organic substrates. Then, these two
types of reactive radicals decompose organic compounds
together. When Nd is doped into TiO, thin films, Nd ions
may act as an electron trap agent, thus promoting
electron separation and transfer effects [6]:

Nd*"+0,—Nd**+0," (11)
Nd**+e—>Nd** (12)

Moreover, an appropriate content of Nd may form
more hydroxyls, which can trap more photogenerated
holes and improve the separation of electrons and holes.
As a result, Nd doping is responsible for an enhancement
in its photocatalytic activity.

But when the concentration of Nd becomes too high,
Nd may be served as a mediator of interfacial charge
transfer or as a recombination center [23], and in our
case the optimal content of Nd is 0.1%, above which the
photocatalytic activity decreases.

The concentration ratio of methylene blue solution
(calcag) versus degradation time is shown in Fig. 8§,
where cpo and ¢, are the initial concentration of
methylene blue solution and the concentration at
different illumination time, respectively. It can be seen
that Nd doping significantly improves the photocatalytic
activity of TiO, under UV light. Firstly, the
photocatalytic activity of Nd-doped TiO, thin films is
improved along with the increase of doping amount from
0 to 0.1%, but it switches to decrease when Nd content is
above 0.1%, which demonstrates that Nd-doped amount
is an important factor for photocatalytic activity and
there is an optimal dosage. According to the
photocatalytic results, it can be concluded that the
optimal dosage of Nd doping is 0.1%, and the
degradation rate of methylene blue solution can achieve
92% under UV light irradiation time of 6 h.

1.0
—e— TiO,
—a— 0.1% Nd-TiO,
0.8} —v— 0.5% Nd-TiO,
—« 0.9% Nd-TiO,
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Fig. 8 Variation of ca/cyo of methylene blue solution with
photocatalytic time

Secondly, an appropriate amount of Nd can form the
surface chemical groups, such as O—H, which can be
found in Fig. 5. Due to the strong electron-withdrawing
property of these groups, hydroxyl can accelerate the
photocatalytic process of TiO, thin films and improve
their photocatalytic activities. As shown in Fig. 8, at the
initial stage, the surface chemical groups can react with
the organic compounds; both the surface chemical
groups and TiO, have an important influence on the
photocatalytic activity, thus the photocatalytic process is
accelerated. But the surface chemical groups will be
depleted as the reactions progress; only the intrinsic
mechanism of photo-catalysis has effects on the
photocatalytic activity, as shown in Fig. 8. When the
reactive time is above 1 h, the photocatalytic activities of
the Nd-doped thin films decrease, and their activities are
similar to those of pure TiO,. In a word, Nd-doped TiO,
thin films have higher photocatalytic activity at the initial
stage.

4 Conclusions

1) Pure TiO, and Nd-doped TiO, thin films were
prepared on glass slides by sol—gel method. The results
show that Nd can enter the TiO, lattice, which causes the
TiO, lattice distortion and inhibits phase transition from
anatase to rutile. And 0.1% Nd-doped TiO, thin film
presents the smallest grains (about 15 nm) and the most
uniform surface.

2) Nd doping can cause red shift of the absorption
spectrum edge and accelerate surface hydroxylation,
which results in a significant improvement in the
hydrophilicity and photoreactivity of Nd-doped TiO, thin
films. The possible mechanism of enhanced
hydrophilicity may be that Nd doping can produce more
oxygen vacancies and hydroxyl, both of them can form
hydrogen bonds with water.

3) The enhanced photocatalytic activity may be
mainly attributed to the enhancement of photogenerated
electron—hole pair separation. And Nd-doped TiO, thin
films have higher activity at the initial stage because of
the existence of the surface chemical groups. When the
content of Nd is 0.1%, the hydrophilic and photocatalytic
activity of TiO, thin film reaches the maximum, the
contact angle is only 8.1°, and 92% of methylene blue is
finally degraded.

References

[1] HUANGML,XUCF WUZB,HUANG YF, LINJM, WU J H.
Photocatalytic discolorization of methyl orange solution by Pt
modified TiO; loaded on natural zeolite [J]. Dyes and Pigments, 2008,
77:327-334.

[2]  SASANI GHAMSARI M, BAHRAMIAN A R. High transparent
sol—gel derived nanostructured TiO, thin film [J]. Materials Letters,



131

(4]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

Jun DU, et al/Trans. Nonferrous Met. Soc. China 25(2015) 2601-2607

2008, 62: 361-364.

WANG R, HASHIMOTO K, FUJISHIMA A, CHIKUNI M,
KOJIMA E, KITAMURA A, SHIMOHIGOSHI M, WATANABE T.
Light-induced amphi-philic 1997, 388:
431-432.

OCHIAI T, FUJISHIMA A. Photoelectrochemical properties of TiO,

photocatalyst and its applications for environmental purification [J].

surfaces [J]. Nature,

Journal of Photochemistry and Photobiology C: Photochemistry
Reviews, 2012, 13: 247-262.

YIN S, IHARA K, AITA Y, KOMATSU M, SATO T. Visible light
induced photocatalytic activity of TiO,-.A,(A=N,S) prepared by
precipitation route [J]. Journal of Photochemistry and Photobiology
A: Chemistry, 2006, 179: 105—-114.

YIN S, YAMAKI H, KOMATSU M, ZHANG Q, WANG J, TANG Q,
SAITO F, SATO T. Preparation of nitrogen-doped titania with high
visible light induced photocatalytic activity by mechanochemical
reaction of titania and hexamethylenetetramine [J]. Journal of
Materials Chemistry, 2003, 13: 2996—3001.

COLON G, HIDALGO M C, MUNUERA G, FERINO I,
CUTRUFELLO M G, NAVIO J A. Structural and surface approach to
the enhanced photocatalytic activity of sulfated TiO, photocatalyst
[J]. Applied Catalysis B: Environmental, 2006, 63: 45—59.

CHOI J, PARK H, HOFFMANN M R. Effects of single metal-ion
doping on the visible-light photoreactivity of TiO, [J]. Journal of
Physical Chemistry C, 2010, 114: 783-792.

ZHOU M H, YU J G, CHENG B. Effects of Fe-doping on the
photocatalytic activity of mesoporous TiO, powders prepared by an
ultrasonic method [J]. Journal of Hazardous Materials B, 2006, 137:
1838-1847.

YANG Xi-jia, WANG Shu, SUN Hai-ming, WANG Xiao-bing, LIAN
Jiang-she. Preparation and photocatalytic performance of Cu-doped
TiO, nanoparticles [J]. Transactions of Nonferrous Metals Society of
China, 2015, 25(2): 504—509.

ANERA R M, HENRIQUEA A J L M, JOSE R G, CAUE R.
Deposition of TiO, and Ag: TiO, thin films by the polymeric
precursor method and their application in the photo degradation of
textile dyes [J]. Applied Catalysis B: Environmental, 2009, 90:
205-212.

PETER A, MIHALY COZMUTA L, MIHALY COZMUTA A,
NICULA1 C, TUDORAN L BAIA L B. Efficiency of Cu/TiO; to
remove salicylic acid by photocatalytic decomposition: Kinetic
modelling [J]. Journal of Materials Science & Technology, 2014, 29:
129-133.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

2607

de la CRUZ ROMERO D, TORRES G, AREVALO J C, GOMEZ R,
AGUILAR ELGUEZABAL A. Synthesis and characterization of
TiO, doping with rare earths by sol—gel method: Photocatalytic
activity for phenol degradation [J]. Journal of Sol-gel Science and
Technology, 2010, 56: 219-226.

WANG Y J, LU K C, FENG C G. Photocatalytic degradation of
methyl orange by polyoxometalates supported on yttrium-doped TiO,
[J]. Journal of Rare Earths, 2011, 29: 866—871.

LIF B, LI X Z, HOU M F, CHEAH K W, CHOY W C H. Enhanced
photocatalytic activity of Ce*’~TiO, for 2-mercaptobenzothiazole
degradation in aqueous suspension for odour control [J]. Applied
Catalysis A: General, 2005, 285: 181—189.

MILLS A. An overview of the methylene blue ISO test for assessing
the activities of photocatalytic films [J]. Applied Catalysis B:
Environmental, 2012, 128: 144—149.

YU J C YU J G HO W K, ZHAO J C. Light-induced
super-hydrophilicity and photocatalytic activity of mesoporous TiO,
thin films [J]. Journal of Photochemistry and Photobiology A:
Chemistry, 2002, 148: 331-339.

GOMBAC V, de ROGATIS L, GASPAROTTO A, VICARIO G,
MOTINI T, BARRECA D, BALDUCCI G, FORNASIERO P,
TONDELLO E, GRAZIANI M. TiO, nanopowders doped with
boron and nitrogen for photocatalytic application [J]. Chemical
Physics, 2007, 339: 111-123.

LI W, SHAH S I, HUNAG C P, JUNG O, NI C. Metallorganic
chemical vapor deposition and characterization of TiO, nanoparticles
[J]. Materials Science and Engineering B, 2002, 96: 247-253.

NIU X S, LI SJ, CHU H H, ZHOU J G. Preparation, characterization
of Y**-doped TiO, nanoparticles and their photocatalytic activities
for methyl orange degradation [J]. Journal of Rare Earths, 2011, 29:
225-229.

XIANG Q J, YU J G, WONG P K. Quantitative characterization of
hydroxyl radicals produced by various photocatalysts [J]. Journal of
Colloid and Interface Science, 2011, 357: 163—167.

ISHIBASHI K, FUJISHIMA A, WATANABE T, HASHIMOTO K.
Detection of active oxidative species in TiO, photocatalysis using the
fluorescence technique [J]. Electrochemistry Communications, 2000,
2:207-210.

YU J C, HO W, IN J, YIP H, WONG P. Photocatalytic activity,
antibacterial effect, and photoinduced hydrophilicity of TiO, films
coated on a stainless steel substrate [J]. Environmental Science and
Technology, 2003, 37: 2296—2301.

SIS R SKTERER R AL L 1 B

VA A MR SRS, A 330031

B OE: WRRAEAE B EAE BOR R B B S R K EAD AL PRI Nd 482% TiO, #ifiE. ] XRD.

BB R B A TR W AES S

SEM. TEM. FT-IR. Jt2A 3l A &R 4h a] UL

CEEHATIT Nd B2 RN iR gk . AL sae s P g

ISER . &5 RRH], Nd BRI SR K PEAD AL E REAT T2 M . Nd $87% 35 TiO, dh kAL TE, FlE ALk
ISR A ) 2 A AHEE AR BANRBOETE ZLRS , 7 A KR U R OH) I I R i (R R AL e . 4 Nd
BN 0.1% (RSO, BRI RS B/, 2900 15 nm, WK SRR MERE S HE, Fefl MmOl 8.1°, H 92%
(K1 LR BOCHEIL IR . BEAh, X Nd B 2% AL A T 8

R AR BB

W BEIRE: SRk tfigf

(Edited by Wei-ping CHEN)



