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Mo03/P25 catalysts were prepared by an impregnation method. The catalysts were characterized
by X-ray diffraction, ultraviolet-visible spectrophotometry, Fourier transform infrared spectrosco-
py, and laser Raman spectroscopy, and their photocatalytic activty was evaluated by the degrada-
tion of methylene blue dye under visible light. The monolayer dispersion threshold of MoOs on P25
was around 0.1 g/g. The strong interaction between the monolayer-dispersed tetrahedral-coordi-
nated molybdenum oxide species and P25 led to a decrease in the band gap of P25, thus increasing
the visible light absorption of the catalyst. Crystalline MoOs was formed on catalysts with a
Mo03/P25 mass ratio above 0.1. In these cases, the visible light absorption of the catalysts de-
creased with increasing MoOs content. The band gap of the catalyst was not the only factor affecting
its photocatalytic activity for the degradation of methylene blue under visible light. MoO3/P25 with
the MoOs to P25 mass ratio of 0.25, which possessed not only suitable band gap but also a certain
amount of crystalline MoOs, showed the best catalytic performance.
© 2014, Dalian Institute of Chemical Physics, Chinese Academy of Sciences.
Published by Elsevier B.V. All rights reserved.

1. Introduction

proving its quantum efficiency. The reported methods include
metal deposition [1,2], ion doping [3], coupling with other

TiO2 is the most frequently used photocatalyst due to its low
cost, high stability, and high photocatalytic oxidation activity. In
the presence of TiO2, most organic pollutants can be photo-
catalytically degraded and mineralized to CO2, H20, and other
small inorganic molecules. However, TiO2 has a relatively large
band gap (3.0-3.2 eV), requiring high energy ultraviolet (UV)
light for activation, and also suffers from low quantum yield.
Hence, most of the efforts towards modifying TiO2 to enhance
its visible light absorption and solar energy conversion effi-
ciency have been devoted to reducing its band gap and im-

semiconductors [4], and organic photosensitization [5]. The
band gap of MoOs is 2.9 eV, which is close to that of TiOz and
strong interactions occur between MoOs and TiO2 [6]. Many
studies have indicated that the photocatalytic activity of TiOz in
the UV region or the visible light region can be improved by
MoOs doping. For example, Kubacka et al. [7] studied mixed
Ti-M (M =V, Mo, Nb, and W) oxides and reported that only
structurally highly homogeneous anatase-type oxides with
electronic properties exclusively producing a decrease in band
gap may lead to efficient visible light-driven photocatalysts.
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Stengl and Bakardjieva [8] found that addition of MoO3 led to
an increase in the activity of anatase for the degradation of
Orange II dye in the UV and visible regions.

In the present work, MoOs was introduced to P25 (TiOz, ra-
tio of anatase to rutile of 80:20) by an incipient wetness im-
pregnation method, and the influence of MoOs dispersion on
the photocatalytic performance of P25 under visible light was
studied using the degradation of methylene blue dye.

2. Experimental
2.1. Catalyst preparation

P25 (AR grade, Degussa, Germany) supported MoOs cata-
lysts were prepared by impregnating 1 g P25 with an aqueous
solution of a certain amount of (NH4)¢Mo7024 (AR grade, Si-
nopharm Chemical Reagent Co. Ltd.), followed by drying at 120
°C for 8 h and calcination at 500°C in air for 5 h. The catalysts
were denoted as MoOs/P25(x), where x stands for the mass
ratio of MoOs to P25. In the present work, the values of x were
setto 0.05, 0.1, 0.15, 0.25, and 0.4.

2.2. Catalyst characterization

The structure of the catalysts was determined using a
Rigaku D/Max 2400 powder X-ray diffractometer with nick-
el-filtered Cu-Kq radiation (A = 0.154 nm). The specific surface
areas of the samples were measured on a Micromeritics TriStar
II 3020 adsorption analyzer. UV-Vis absorption data were ob-
tained using a JASCO UV-550 spectrophotometer. IR spectra
were recorded using an Equinox 55 Fourier transform infrared
(FT-IR) spectrophotometer at room temperature with KBr
pellets in the range 4000-400 cm-1. Samples were dried in an
oven (120 °C) before the measurements. A DL-2 laser Raman
spectrometer (A = 532 nm) was used to measure the Raman
spectra of the catalysts.

2.3. Catalyst evaluation

A 110 W high-pressure sodium lamp was adopted as the
light source for the photodegredation experiments, and the UV
light portion of the lamp (A < 400 nm) was filtered using a
JB400 cut-off glass filter. An aqueous solution of methylene
blue dye (15 mg/L ) was used as the reactant. The catalyst
(0.01 g) was dispersed in 100 mL of the methylene blue dye
solution, and the reaction was conducted at 25 °C and atmos-
pheric pressure. After stirring of the suspension for 40 min, the
light was turned on and the suspension was bubbled with air.
The suspension (2-3 mL) was collected every 30 min, and the
supernatant was separated using centrifugation. The percent-
age of methylene blue dye degradation was determined based
on the absorbance of the obtained supernatant solution, meas-
ured using a 721 visible spectrophotometer at a wavelength of
664 nm. A blank experiment indicated that the degradation of
methylene blue dye in the presence of light irradiation but ab-
sence of catalyst was less than 10%. The amount of dye ad-
sorbed on the catalysts was also measured in the absence of

light irradiation.
3. Results and discussion
3.1. Catalyst characterization

Figure 1 shows the XRD patterns of P25, MoOs, and
Mo0s3/P25(x). In the XRD pattern of P25, the diffraction peaks
at 26 = 25.6° 38.1° and 48.2° are assignable to the (101),
(004), and (200) planes of anatase; while those at 26 = 27.7°,
36.4°, and 45.5° correspond to the (110), (101), and (111)
planes of rutile, respectively. In the case of MoOs, the peaks at
260 =12.8° 23.4° 25.7°, and 27.3° were due to the (001), (100),
(002), (011) planes of the a-MoOs phase, respectively. No
characteristic peaks related to MoOs phase were clearly ob-
served for the samples with MoOs/P25 mass ratio of less than
0.15. Thereafter, the intensity of the peaks belonging to anatase
decreased while that ascribed to the MoOs phase increased
with MoOs3/P25 ratio. The specific surface areas of the
Mo0s/P25(x) samples are listed in Table 1. The results indicate
that the specific surface areas of the catalysts decreased with
increasing MoOs loading.

Figure 2 illustrates the Raman spectra of MoOs and
MoO03/P25(x). In the spectrum of MoOs, the bands at 242 and
343 cm-1! are due to the Mo-0O-Mo deformation [9,10], and the
band at 287 cm-1 is the result of deformation of the Mo=0 bond
[11]. The other three bands at 671, 820, and 996 cm-! are as-
signable to the triply coordinated oxygen (Mo3-0) stretching
mode, which results from edge-shared oxygens in common to
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Fig. 1. XRD patterns of P25, MoOs, and MoOs/P25(x). (1) P25; (2) MoOs;
(3) Mo0s/P25(0.05); (4) Mo0Os/P25(0.1); (5) Mo0s/P25(0.15); (6)
Mo03/P25(0.25); (7) MoOs/P25(0.4).

Table 1
Specific surface areas of the MoOs/P25(x) samples.

Sample Specific surface area (m?/g)
Mo03/P25(0.05) 454
Mo0s/P25(0.1) 43.8
Mo03z/P25(0.15) 402
Mo03/P25(0.25) 37.2
Mo0s/P25(0.4) 334
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Fig. 2. Raman spectra of MoOs and MoOs/P25(x). (1) MoOs; (2)
Mo03/P25(0.05); (3) Mo03/P25(0.1); (4) Mo0s/P25(0.15); (5) MoOs/
P25(0.25); (6) MoOs/P25(0.4).

three MoOs octahedra [12], the Mo-0-Mo stretching of corner
sharing MoOs octahedra [11], and the symmetric Mo=0
stretching mode [12], respectively, in the orthorhombic a-MoOs3
phase. In the spectra of MoO3/P25(x), the bands at 144, 397,
517, and 638 cm-! are due to anatase [13], and the intensity of
these bands was almost unaffected by increasing the MoO3/P25
ratio. The characteristic bands of MoO3 appeared in the spectra
of the catalysts with MoO3/P25 mass ratio higher than 0.1. The
intensity of these bands increased with MoOs loading, suggest-
ing that the Mo species aggregated to form MoOs3 clusters [14].
The FT-IR spectra of P25, MoOs, Mo03/P25(0.05), MoOs/
P25(0.1), and Mo0O3/P25(0.15) are shown in Fig. 3. In the spec-
trum of MoOs, the band at 990 cm-1! is characteristic of the vi-
bration of the Mo=0 terminal bond, that at 870 cm-1 is associ-
ated with the vibration of Mo-0-Mo bridging bonds, and the
band at 620 cm-! is typical of the vibration of the Mo20: entity
formed by the edge shared MoOs polyhedra that form the or-

thorhombic a-MoOs3 structure [15]. In the spectra of P25 and
the supported MoOs catalysts, the broad bands located at 521
and 668 cm-1! are related to the vibration of the Ti-O bond and
the rotation of the Ti-O-Ti bond in P25, respectively [16]. For
all the supported MoOs samples, the band centered at 960 cm-1
is attributed to the vibration of the Mo-O-Ti species, which is
mainly in the tetrahedral form [17]. Compared with the similar
band in the spectrum of MoOs, the band at 996 cm-! in the
spectrum of Mo0s/P25(0.15) with relatively high MoOs loading
should be assigned to the vibration of the Mo=0 terminal bond
[15,17,18].

Figure 4 shows the UV-Vis spectra collected from P25,
Mo0s, and MoO3/P25(x). P25 is composed of anatase and rutile.
The band gap of anatase is 3.2 eV while that of rutile is 3.0 eV,
neither of which has a visible light response. In contrast, MoO3
exhibits visible light absorption because its band gap is only 2.9
eV. The absorbance of MoOs/P25(x) for visible light was in-
creased in comparison to that of P25, and the optimum
Mo0s3/P25 ratio was found to be 0.1. Above 0.1 the absorption
in the visible light region decreased. It should be noted that the
UV-Vis spectrum of MoO3/P25(0.15) was similar to that of
Mo03/P25(0.25). When the MoO3/P25 ratio was as high as 0.4,
the optical absorption of the catalyst was close to that of the
bulk MoOs.

TiO2 is an indirect band gap semiconductor. Therefore, the
band gap values of the catalysts can be calculated from the
UV-Vis spectra using the equation a = c(hv - Eg)2/hv, where c is
a frequency-independent constant and « is the absorption coef-
ficient [19]. The intercept from the extrapolation of the linear
portion of the (ahv)1/2~hv plot gives the band gap, Eg [14]. Fig-
ure 5 shows the plot for the calculation of the band gap using
P25 as an example. The band gap calculated for P25 was 3.03
eV, which is close to the known value (around 3.1 eV), indicat-
ing that the calculation is reliable. Table 2 summarizes the cal-
culated band gap values of the different catalysts. The band
gaps of the MoOs/P25(x) catalysts decreased with increasing
Mo0s3/TiO2 mass ratio until 0.1, above which the band gap in-

.~ 870
990 ™" )]
54
§
‘g
[_‘
1 1 1
1200 1000 800 600 400

Wavenumber (cm™")

Fig. 3. FT-IR spectra of MoOs, P25, and MoOs/P25(x). (1) MoOs; (2) P25;
(3) Mo03/P25(0.05); (4) Mo03/P25(0.1); (5) Mo03/P25(0.15).
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Fig. 4. UV-Vis spectra of P25, MoOs, and Mo0Os/P25(x). (1) P25; (2)
MoOs; (3) Mo03/P25(0.05); (4) Mo0s/P25(0.1); (5) MoOs/P25(0.15);
(6) Mo03/P25(0.25); (7) Mo03/P25(0.4).
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Fig. 5. Plot for the calculation of the band gap of P25.
Table 2
Band gaps of the Mo0O3/P25(x) samples.
Sample Band gap (eV)
Mo03/P25(0.05) 2.55
Mo03/P25(0.1) 2.16
Mo03/P25(0.15) 221
Mo03/P25(0.25) 2.26
Mo03/P25(0.4) 2.45

creased with MoO3/TiO2 mass ratio.

The characterization results indicated that the monolayer
dispersion threshold of MoO3 on P25 was around 0.1 g/g. This
value is in accordance with that reported in the literature.
There are strong interactions between MoOs and TiOz, and the
maximum dispersion capacity of MoOs on TiO2 should agree
with the value according to a close-packed monolayer model
[20]. The Mo surface packing density is 6.8 x 1018 /m2 [14],
which is equal to MoO3 0.0017 g/m2. The specific surface area
of P25 adopted in the present work was 47 m2/g. Therefore,
the theoretical MoO3/TiO2 mass ratio corresponding to the
monolayer dispersion threshold should be 0.08. Both the Ra-
man (Fig. 2) and FT-IR (Fig. 3) measurements confirmed that
when the MoO3/TiOz mass ratio was higher than 0.1, the Mo
species on the surface of P25 grew and aggregated to form a
crystalline MoOs phase. Based on the UV-Vis results, the visible
light absorption of P25 was significantly enhanced by the mon-
olayer dispersed Mo species. The catalysts not only showed
visible light absorbance, but an absorbance that was even
higher than that of MoOs. The formation of the Mo-0-Ti bond
between the monolayer dispersed Mo species and TiOz (Fig. 3)
would be one of the reasons accounting for the enhancement.
The electronic transition between TiOz and MoOs is symmetry
forbidden [21,22]. Once the Mo-0O-Ti bond formed at the in-
terface of MoOs and TiO2, the symmetry may have been re-
duced, and the electron transfer from the valence band (VB) of
TiOz to the conduction band (CB) of MoO3 would have become
possible due to the charge transfer properties of Mo-0-Ti [22].
Because the band gap between the VB of TiO2 and the CB of
Mo0Os is in the energy range of visible light [14,22], the visible
light absorption of the catalysts was improved. Further in-
crease in the MoOs loading led to the formation of crystalline

MoOs3, which may have reduced the interaction between the Mo
species and TiOz, and thus the visible light absorption of the
catalysts.

3.2. Catalytic degradation of methylene blue dye under visible
light

The degradation of methylene blue dye under visible light
was used as the probe reaction to evaluate the visible light
photocatalytic activity of P25, MoOs, and MoO3/P25(x). The
results are presented in Fig. 6. The conversion of methylene
blue dye over P25 and MoOs was less than 8%, indicating that
the two catalysts possessed low photocatalytic activity under
visible light. The addition of MoOs led to an increase in the ac-
tivity of P25, and the optimum MoOs3/TiOz mass ratio was
found to be 0.25. After 150 min reaction under visible light over
Mo03/P25(0.25), the conversion of methylene blue dye
reached 38%. There was no close relation between the specific
surface areas (Table 1) of the catalysts and their photocatalytic
activity, suggesting that the specific surface area cannot be the
key factor determining the performance of the catalysts. Com-
bined with the characterization results, the band gap or the
visible light absorption of the catalysts seems to be not the only
factor affecting their activity. MoOs is an acidic semiconductor
[23], while methylene blue dye is a basic dye. Although the
visible light absorption of the catalysts with high MoOs3 loading
was low, the adsorption of the substrate on these catalysts was
strong. Figure 7 shows the variation of the relative methylene
blue concentration during its adsorption over MoOs and
Mo0Os/P25(x). Either the adsorption rate (the slope of the
curve) or the adsorption capacity of the catalysts increased
with MoOs content, indicating that the adsorption of methylene
blue dye on Mo0O3/P25(x) increased with MoOs loading. Hence,
Mo0s3/P25(0.25), which not only possessed a suitable band gap
but also a certain amount of crystalline MoOs, showed the best
catalytic performance.

40
©)

g 30F
=]
=
E 0
S 20r
O
=
S 5)
5 4
_E‘ 101 3)
5 )
= @)

G n 1 n 1 n 1 n 1

0 30 60 90 120 150

Time (min)

Fig. 6. Photocatalytic activity of P25, MoOs, and MoOs3/P25(x) under
visible light. (1) P25; (2) MoOs; (3) Mo0s3/P25(0.05); (4)
Mo03/P25(0.1); (5) Mo0s3/P25(0.15); (6) MoO0s3/P25(0.25); (7)
Mo03/P25(0.4).
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Fig. 7. Variation of the relative methylene blue concentration during its
adsorption over MoOs and MoOs/P25(x). (1) MoOs; (2) MoOs/
P25(0.05); (3) Mo0s3/P25(0.1); (4) Mo0s/P25(0.15); (5) MoOs/
P25(0.25); (6) Mo0O3/P25(0.4).

4. Conclusions

The monolayer dispersion threshold of MoO3 on P25 was
around 0.1 g/g. The interaction between the monolayer-dis-
persed molybdenum oxide species and P25 was strong, leading
to a decrease in the band gap of P25, and thus an increase in
visible light absorption. Crystalline MoO3 was formed on the
catalysts having a MoO3/P25 mass ratio above 0.1, which may
have reduced the interaction between the molybdenum oxide
species and TiO2. In these cases, the visible light absorption of
the catalysts decreased with increasing MoOs content. The op-
timum MoO3/P25 mass ratio of the MoOs/P25(x) catalysts for
the degradation of methylene blue dye under visible light was
found to be 0.25. This suggests that not only the visible light
absorption but also the adsorption of the substrate influenced
the activity of the catalysts. MoOs/P25(0.25), which not only
possessed a suitable band gap but also a certain amount of
crystalline MoOs, showed the best catalytic performance.
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T PE R

2. LEERS

2.1, fELFIEHIF

K SRR BB — a2 5 R 4H R B (93 B 4,
AR ML 220 B A W] A A T g P25 (43
4li, Degussa, 1% [5) I, 120 °C 1458 h, 2R J5 7500 °C k5
5 hib 43 AL 7, 30 8 MoO4/P25(x), 1 H1x i MoOs 1
P25 it (x = 0.05, 0.1, 0.15, 0.25F10.4).
2.2, ELFIBIRE

K H A 22 D/MAX-2400 74 X 5 2 AT 51X (Cu K,
B, 2 = 0.154 nm) I 52 46 R 25 0. FF S L 3R T AR
Micromeritics 2> @) TriStar 11 302074 5 5} bb 3 AR F1 1L
BRIE AT 2. H HASTASCOZA BIUV-55074 4% k- 1]
W38 [ 5 A (UV-Vis) I 52 i 4k 751065 w] LRI 40
(IR, 2145 R P4 [ A0 ve A "] EQUINOX 557
{8 A7 A 0 21 AP 61 (FT-IR)ASCI 5 . A i A6 T H A8 o
(120 °C) T4 )5 HKBri & & v, Zil NI, Sk v [
4000-400 cm™. K DL-2% 4047 5 (Raman) Y6 i 430
SE AT Raman i P, 0% 64 = 532 nm.
2.3. fEWFIEIEG

IR 110 WK =g H B4 KT, FH ALY 38D TB4007E
4 <400 nmP)J. K 15 mg/L P 25 W /K i
WAE D ). H20.01 gfEAL I F 100 mL ¥ FH AL i
KW, P S B i 225 °C. AE % 5 R 4t #E40 min 5
TFARREAT G I, Il 2R AR 1) AR R A BN
£ERE30 minBL_E EHEWI(2-3 mL), B0 8 5 FH 72178 n]
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WIGT Y66 T £E664 nmie AL BRI, JIF
T S R 1 B A . 8 SRR WY, AR I
AT, R R 45 AF 1 7 R 1 AR 32 /N T2 10%. BEAR,
AETCIC AT T IE T FH R 5 A A A 7B IR

3. #R5iHe

3.1, EUFIRLESESR

K 1/£P25, MoO; 2 MoOs/P25(x)Ff i [T XRDE . 7
P25 Hh, 20 = 25.6°, 38.1°F148.2° {1 117 5 16 43 551 X6} 3 F-
BLAKH A1 (101), (004) F1(200) & 1 ; 260 =27.7°, 36.4° Fl
45.5°73 SIS BT <g 2L AT A (110), (TO1)AT(LLL) i 10 T 5
. T AE MoOs i 1, 20 = 12.8°, 23.4°, 25.7° F127.3° [ %
73 ) %5 ¥ 0-MoOs [£] (001), (100), (002) F1(011) & 1. £
MoO5/P25 i 5 LUK T-0. 15 (R A i I XRD 1% Hh % 1H \2
[FIMoO 4 LI, 2 Ji, Bli#E MoO4/P25 i fit L 18 i, B4k
A4 AIE U 558 1 0 59 , MoOs [ 1R IE 1T S 068 1% 7 448 o
MoOs/P25(x)FF: it IR LL R AR A1 TR 1, Ak 77 L & i A
B MoO5FH 28 52 1 i ifi B 1K

K278 T MoO; K MoOs/P25(x) ft) Raman i . {F
MoOs ] Raman % & 1, 242 F1 343 em™ WL Wi 1§ Ny
Mo—O-Mo 2% JE ¥ 5 1% 11 287 em™ &b (1 0 1) I )i
Mo=O 142 I HREN, 671, 8201996 cm™ Ab W It 43 31
U I A a-Mo O 1) L 1 3% 12 4H 48 ) T 7 o Mo—O fh 4 4
U LTk 34 P A AR R I Mo-O (i 45 Fi s 1T
F A i Mo=O XS BRI 45 4 51", 7 MoOs/P25(x) [ 1
144,397, 51751638 cm™" A (1 WE YAz i 7T I Jeg by B84k 1)
RN B MoOs/P25 i LU I 1K, U b B k™
(R RF AR W iR 52 L ANAE . i MoO5 5 P25 J5 & EE K 1701
I I 4 H I MoOs FRIREAIE U6, I LI 1 8 8 1) 1 vy 1
Tn, BEHIMoIFh 2 AL T R 4 48 Mo O, 41,

3 2 4% Ak 751 £ 9 $0400-1200 em ™' 5 [ (B FT-IR
B ZEMoOsFE S F, 990 em™ 4k [ g I A Mo O AH A i
Mo =OfH%EI=z), 870 cm™ &b (KWL WL X} N Mo—O—Mokfr
B4R, M1620 em™" Ak (1 W e ) 4 HE 30 (FTMoO6 2 THT
A (K49 i a-MoOs I & 14 B8 75 ) JE BRI Mo, O, 1 i 1) ik 5)
i3 7EP2S K HABHMoOs I i, 52171668 em™' 4t
17 58 W i 0 3 0 U J A P25 TR Ti-O i 1 i 3 A
Ti-O-Ti 1) %% zh "L 18 fit 47 61 . MoOs ) £ il 1, 960
cm™ Ak (AR AL UG S DY T A4 PV [ Mo—O—Ti 88 g 31 5 7).
i 4 MoOs 1 41 4k O i, 7F MoO; & & # w1 1)
MoO3/P25(0.15)FE it 1, 996 cm ™" 4 W i 16 13 I J& MoOs
AT A Mo=O Ay fh i e > 1719,

&l 4 24 P25, MoOs LA K2 MoO,/P25(x) [f) UV-Vis i .
P25 B KA R 4 20 A0 W AR ALK, BEEKAT (R 2570 98 FE N
3.2eV, &4 A H3.0 eV, AL WG HB A W N
MoO; 2% 55 & 42.9 eV, 7E R WG N —E . 4
% MoO; Ji7 MoO3/P25(x) X} 1T WL ' (1 W AT AN [R] R B 11
$& iy, A MoO,/P25(0.1) X6 1] UL 6 (1 Wi W e 5t . Bl
MoO; 7 5t 3 i, A 4k 70065 BT L' i WRSC B A . 3L,
MoO5/P25(0.15) 5 MoO4/P25(0.25) % Y W M M Jo AHALT,
{H 24 MoOs/TiO, it 1 L ik 2 0.4, AL T2 AP AT
FEHIR 5 A AT MoO 3 A A ).

TiO, A (A1 B AR, AR AR UG 22 B
5 UV-VislB I R EL K R = c(hv — Eg)*Thv (¢ I WRICH
H, a WIS R BN il (o) P~y i 25, BGZ 2 P
28 3 3 A8 P T LA B R T (0 AR T R ENY. IS LA
P25 W7 T AR B FE T HOR BB AR B P25
AR LI N 3.03 eV, S5 S A P25 4R TE 5 (Z13.1 eV)AH
W, YORHTE S TV AT RE . K28 H T AN [HIMoO5/P25 (x)
PRI EEHE FE . 24 MoOs/TiO, it i Eb /N T-0. 11, 2447
i JEE A B B 3G KT /), 24 MoOs/TiO, i 2 LK
RO, A 5 P Bt A T LU 3G KT HG OK

t PL ERAEZ5 0] DUF Y, MoO,sEP25 ik 2l i K
BAZ AR IR Y (I MOo O/ TiO, R EE N AE0. 1 2 4. X 5
SCRR R A AT, TiO, 5 MoOs (K AH HAF F #2531, MoO,
FETIO, I 1 2 J2 43 Bl 25 1 B i 5 o 2 7% i PO,
MoOs 7 TiO, 3 [l H1 J2 i 75 W 1) 3% 1f0 % 5 2 6.8
10"/m? M #4 J5MoO; 40.0017 g/m?. A= Sk ] (P25
LR TR 47 m/g, WIMoOs{EP25 3 [ i 3l e K 2 41t
H I MoOs/TiO, i 5 LL I HLHE {4 0.08. H7 2 itk (K]2)
RIE AN (K3) R W, 2MoO,/TiO, it & b A F-0.1H,
Mo ¥ Ff 75 P25 3 1l 41 28 K K 0 i A (1) MoOs. 25 &
UV-Vis 1% 45 R ] LUG H, 52 2 B Mo b 1 25 2
T T P255F AT LG R AL, S B AR AL TS AN K FT AT
T, Ty HA AT OGRS B R T MoOs. H R4 LK)
AP FI 5 TiO, 2 7] T iMo—O-Ti % (#13) v] fig A& 4
e A R T RO JR R 22— TiO, FIMoO5 . [7]
(BRI 2 ) B AR BEL (2122 {H A R AE TiO, S5 MoOs B A
Gl A sliMo-O-Tift, BT Mo-O-Tiftk B A HLf 5555
FEPE, WU 2 FT 80X R KT B AR BR, A M TiO M A 2
MoO; T iff ) L7 BRIT A8 75 7] R 22 1y A THO, 41 45 3
MoO; T4 [ 47 B 1 0 m D0 IR i X i phy U422,
IEER T AR T G IR . Bl A MoOs 7 5 [ 3
T, AEAE AT R T 126 A2 MoOs i 4 5, FEAIK T Mo
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Tt 55 TiO, 2 IR AH FLAE L, AT R D0 e W A s Bl 2
BEAIL.
3.2, AIDLE TR R E IS {L P AR

AT LT (R B8 A2 7. FF k5 R A R S B VP AY
T P25, MoO3 & MoO4/P25(x) A4 771 1 7T W' FHE AL 36 17,
i HOR T 6. L, PAP25 FIMoOs /AL TN, T
FH R W A 6 /N 1 8%, 13 I 3 HL A B I ] L fe
G PE. T MoOs 1 T HEAL NG P, B £ MoO5/P25
Ji L LG 0.25. 1) WL TR Y150 min T, W R W AR
MoO3/P25(0.25) b [P AL 2L ) T 38%. i 4k 71 1) e fiie
B PERN L LR TR (R 1) Z [N LSRR, U AL
FIEE R T ARAN & P JLHE Ik () DGR, &5 R AE 45 R T LA
A, AR A B8 BN AT DY PR IR AN A2 v s
PR 3. MoOs & MR - 7 R, 1 Wi F O 3 i sl
PEGLRL. MoOsHH 358 1 A A 77 AR T mT IO I i
WA BT AL, ELRE R A2 1R R B . 17 O NI PR R W A
MoO; & MoO3/P25(x) b W B sy e & B ) ] (1) A2 4k, W] LA

T H, P S5 R R B R (1 2 %) BEMooOs 75
SN T 3G 0, 15 I MoOs/P25 (x) % E FF R W 10 W B B
MoO; & S I G . Ak, HA & By 98 FTMoO; 41
A FIMoO,/P25(0.25)F I H ot £ (I 1.

MoO; 1 P25 3% [l i K HRLJ2 47 805 0 Y () MoO5/P25
R R0 040, B2 B A A R 5 P25 2 IRl
BRI A AR, BRAIG T P25 2K 98 B, $ i T Ak R
A WG RIMRAL. 1T 2 MoO+/P25 B L K T-0. 10, 24 1%,
mi HMoO;, HI 59 T AP Bl 55 TiO, 2 1] (AR HAE A,
A TR AT L' PRI IR AT B2 17T B Mo O 5 11 28 £ 184 A i A
S 1 AT W BRI R L 05 SN, 54 (19 Moo O, /P25 Jit e
L 240.25, U0 B A A5 1 AN SO 1 56 mT LY Ry i
W, IREIE S N IR R R T R A oG, B
T H AR 98— 58 fib AT MoO; 7 1 [T MoO5/P25(0.25)
I B S N 1 .
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