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1 | INTRODUCTION

| Migyung Cho® | Jaesool Shim? |

TiO, thin films with various Mo concentrations have been deposited on glass and n-type silicon
(100) substrates by this radio-frequency (RF) reactive magnetron sputtering at 400°C substrate
temperature. The crystal structure, surface morphology, composition, and elemental oxidation
states of the films have been analyzed by using X-ray diffraction, field emission scanning electron
microscopy, atomic force microscopy, and X-ray photoelectron spectroscopy, respectively. Ultra-
violet-visible spectroscopy has been used to investigate the degradation, transmittance, and
absorption properties of doped and undoped TiO, films. The photocatalytic degradation activity
of the films was evaluated by using methylene blue under a light intensity of 100 mW cm™2. The
X-ray diffraction patterns show the presence of anatase phase of TiO, in the developed films. X-
ray photoelectron spectroscopy studies have confirmed that Mo is present only as Mo®* ions in
all films. The Mo/TiO, band gap decreases from ~3.3 to 3.1 eV with increasing Mo dopant con-
centrations. Dye degradation of ~60% is observed in Mo/TiO, samples, which is much higher
than that of pure TiO,.
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pair recombination rate. Because of these drawbacks, TiO, can only
generate e"-h"* pairs and degrade organic compounds under ultravio-

TiO, is one of the most effective semiconducting photocatalyst mate-
rials owing to its high chemical stability, nontoxicity, high catalytic
activity, and low cost.? The high photocatalytic activity of TiO, is
caused by photogenerated charge carriers (electrons [e”] and holes
[h™]). The electrons actively participate in the reduction of molecular
oxygen, and the holes mainly oxidize organic compounds. TiO, is also
used in a wide variety of other industrial applications, such as self-
cleaning materials, gas sensors, and solar energy conversion.> How-
ever, the efficiency of TiO, is limited by its wide band gap of ~3.4 eV

(depending on the particle size and other properties) and high e™-h*

M. Sreedhar and I. Neelakanta Reddy contributed equally to this work.

let light illumination. Thus, it is challenging to design a novel
photocatalyst with a lower recombination rate and high activity under
visible light.

Decreasing the optical band gap of TiO, by introducing the dopant
ions is a well-known fact. However, it seems to be an important matter
as, at the same time, not to create unwanted charge recombination
centers and localized electronic states, which would prevent an effec-
tive charge separation of excited electron hole pairs. Additionally, an
uncontrolled decreasing of conduction band may place the band edge
below the O, affinity level, subsidize the formation of oxygen radicals,
which are the key factors in photocatalytic reactions.® In spite of these

potential problems, the effective way of decreasing the band gap of
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TiO, is by doping with cations that occupy substitutional positions of
the network. The theoretical analysis shows that energy absorption
decreases proportionally to the number of doping atoms. For a random
distribution of substitutional atoms, a Gaussian-type density of states
can appear at the valence or conduction bands.” The corresponding
density of states is thus directly proportional to the number of doping
ions, which gives a chance to manage visible light absorption. The bal-
ance between the above mentioned potential negative effect by the
presence of localized electronic states and the positive effect in the
band gap energy requires intense research and is essentially an open
question.

Recently, numerous attempts have been made to decrease the
band gap of TiO, by doping TiO, with metals and nonmetals like Fe,®
La’ Ce10 NV12 C 1815 5nd F 16 Reducing the band gap of TiO,
increases its absorption in the visible region, which leads to an increase
in the overall photocatalytic efficiency. The dopant atoms delay e™-h*
pair recombination and reduce the band gap of TiO, The microstruc-
tures and electronic structures of TiO, may also modify its photocata-
lytic efficiency. Doping with transition metals has been carried out
extensively because of their unique d electron configurations and also
fulfills the 2 primary conditions mentioned above.'”*8 TiO, has been
doped with transition metals like Mo, Nb, and W, and these transition
metal ions can either segregate on the surface of TiO, or be incorpo-
rated into the substitutional and interstitial sites of TiO,. The substitu-
tion of dopants into different locations exerts various effects on the
properties of TiO,. However, substitutional dopant ions are the major
contributor to changes in the electronic structure and absorption effi-
ciency of TiO,*?

Various techniques like sputtering, spin coating, sol-gel, and dip
coating have been used to deposit doped TiO, thin films.2022
Table 1 summarizes details of literature available on molybdenum-
doped TiO, films deposited by various techniques.!??1233° The table
shows wide range of molybdenum concentrations inTiO, and its effect
on degradation properties of dye.!??12320 Among all other tech-
niques, sputtering technique is one of the best physical vapor deposi-
tion methods for producing thin films with high chemical stability and
high adhesion and has been used to deposit TiO, and Mo-doped

TiO, thin films. The transition metal Mo has been used as a dopant
in this study because it shifts the absorption edge of TiO, into the vis-
ible region and enhances its photocatalytic efficiency.?8%133 Table 1
shows the influence of Mo doping on degradation efficiency of meth-
ylene blue (MB) and methyl orange. However, studies on the influence
of Mo-doped TiO, deposited by radio-frequency (RF) reactive
sputtering for photocatalytic applications are not systematic and
unclear. Furthermore, optimizing the parameters to enable
photocatalysts to work under visible light is likely to have significant
technological benefits.

In this study, Mo/TiO, films were deposited on silicon and glass by
using reactive RF sputtering at 400°C substrate temperature. The crys-
talline structure, morphology, elemental oxidation states, and optical
properties of the Mo/TiO, thin films have been investigated. More-
over, photocatalytic studies of Mo-doped TiO, films have been carried
out by measuring the degradation of MB dye, which indicates the opti-

mal degree of Mo doping in Mo/TiO, films.

2 | MATERIALS AND METHODS

Reactive RF magnetron sputtering was used to deposit TiO, and
Mo-doped TiO, (Mo/TiO,) thin films on glass and n-type silicon
(100) substrates. The substrates were cleaned by employing standard
cleaning methods and loaded into a process chamber. Before
deposition, the chamber was evacuated to a pressure of 6 x 102 mbar
by a rotary pump (Pfeiffer Vacuum, DUO 10 M, Germany) and then
further evacuated to an ultimate pressure of 2.5 x 107 mbar by using
a turbo molecular pump (Oerlikon, Turbovac 361C, Germany).

A Ti target with 99.99% purity and a 2-inch diameter, from
Itasca, Korea, was utilized to prepare TiO, films. Rectangular 2 mm
thick Mo (99.99%) strips of different lengths were placed on the Ti
target surface to deposit the Mo/TiO, films. A constant distance of
50 mm was maintained between the target and substrate. The films
were deposited at a constant power of 100 W and a process pressure
of 10.2 mbar. In the chamber, the process pressure was maintained

by using argon (99.99%) and oxygen (99.9%) at flow rates of 12 and

TABLE 1 Literature survey of deposition methods, conditions, band gaps, and photocatalytic properties of Mo/TiO2 films

Postannealing/Substrate

SI. No Methods Mo (at %) Temperature (°C) Phase Band Gap (eV) Degradation References
DRMS 24-53 400-600 A 3.44-3.59 MB (60-70% in 5 h) 20
2 MEP 7.9-26.2 - A 2.3-25 Toluene 2
3 SG 1-10 500 (5 h) TiO, 2.65-3.2 MB 16
4 SG 1-3 450 (2 h) A 3.05-3.12 MO (73% in 2.5 h) 18
5 SG 5.12, 5.66, and 11.02 600 TiO, 2.81-2.75 Tebuconazole pesticide 28
6 RMS 1 to 10 wt% 600 (1 h) A 3.28-3.36 - &
7 DRMS 0.9-3.6 wt% 550 A 3.7-3.2 MB 25
8 UMS 2.69-11.81 600 AR Am - MB 22
9 PDS 2.44-6.96 400 and 600 A 2.95-3.17 MB 26
10 SG 0.5-3.5 300-650 A 3.01-2.79 MB 27
(36% efficiency)
11 RRS 1.95-25.29 wt% 400 A 3.23-3.12 MB (59.6% at 1.5 h) This paper

DRMS indicates DC reactive magnetron sputtering; MEP, microemulsion preparation; SG, sol-gel; RMS, RF magnetron sputtering; UMS, unbalanced mag-
netron sputtering; PDS, pulsed DC sputtering; RRS, RF reactive sputtering; A, anatase; R, rutile; Am, amorphous; MB, methylene blue; MO, methyl orange.
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3 sccm, respectively. Also, the deposition time and substrate
temperature were kept constant at 60 minutes and 400°C.
Presputtering was carried out for 10 to 20 minutes to remove the
native oxide and surface contamination from both the target and
the metallic Mo strips by using the same pressure and power as those
were used for deposition. Mo strips of 1 x 5, 1 x 10, 1 x 15, and
1 x 20 mm? in width and length were used to develop the doped
TiO, films.

2.1 | Characterization

The crystalline structure of deposited TiO, and Mo/TiO, films were
analyzed in 6-26 mode by using a 9 kW X-ray diffractometer (Rigaku,
Japan). The samples were scanned with a step size of 0.02° and a scan
rate of 3° minutes . The morphology was studied by field emission
scanning electron microscopy (FESEM) by using a Carl Zeiss Supra
55, and chemical composition was evaluated by an energy dispersive
spectroscopy facility attached with FESEM. Charging of the sample
was avoided by coating it with a few nanometers of gold for FESEM
analysis. The roughness of the films was determined by using atomic
force microscopy (AFM). The AFM topography was obtained with a
drive frequency of 240 kHz and a force constant of 11.8 N m™! in
tapping mode.

X-ray photoelectron spectroscopy (XPS) was employed to study
the elemental oxidation states and surface characteristics of TiO,
and Mo-doped TiO, films by using a Thermo Scientific MultiLab
2000 spectrometer. Nonmonochromatic AlKa radiation (1486.6 €eV)
with an X-ray source operated at 150 W (15 kV, 10 mA) was used to
investigate the deposited films. The Cls peak at 284.5 eV was taken
as a reference to analyze the binding energies of deposited films. Thin
film samples were mounted on sample holders after cutting into small
pieces (10 mm x 10 mm) and kept in a preparation chamber at
1 x 1078 Torr ultrahigh vacuum for 5 hours to remove volatile surface
contamination. After 5 hours, the samples were transferred into ana-
lyzer chamber having ultrahigh vacuum of 1 x 10™% Torr one by one.
A pass energy of 40 eV with a step increment of 0.05 eV was used
to obtain individual core level spectra, and survey spectra were
obtained with a 70 eV pass energy and 0.5 eV step size.

The optical properties of TiO, and Mo/TiO, were studied by using
a ultraviolet-visible spectrometer (JASCO 670, Japan). A Tauc
extrapolation plot was used to calculate the optical band gap (E,) of
the films. The absorption coefficient was calculated by the following

equation:
ahv = A(E-E,)"

where E, E,, m, h, A, and m are the energy of the incident photons, ini-
tial energy of the photons, frequency, Planck's constant, proportional-
ity constant, and an integer, respectively.

2.2 | Photocatalytic studies

The photocatalytic activities of pristine TiO, and Mo/TiO, films were
studied via photodegradation of a dilute MB solution (2 ppm concen-
tration, M2661, Samchun Chemical, Suncheon, Korea). Methylene blue

was chosen as a model organic compound. The MB solution was
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poured onto the pristine TiO, and Mo-TiO, films. The films were then
irradiated under artificial sunlight from a Xenon arc lamp (Newport,
Oriel Instruments, USA) equipped with an A.M. 1.5 filter, which had a
light intensity of 100 mW cm™2. The MB solution was collected after
1 hour 30 minutes, and the changes in MB concentration were esti-
mated by measuring the intensity of the MB absorption peak at
664 nm using the ultraviolet-visible spectrometer (Optizen POP
Mecasys Co. LTD, Korea). The tests were repeated to confirm the reli-

ability of the results.

3 | RESULTS AND DISCUSSION

31 |

The X-ray diffraction (XRD) patterns of TiO, and Mo/TiO, thin films

on silicon (100) substrates are shown in Figure 1. The TiO, and

Structural studies

doped TiO, films are polycrystalline with anatase phase, and they
are well fitted with the tetragonal crystal structure. The XRD reflec-
tions of the films agree well with those of JCPDS file No. 21-1272.
The peaks observed at 26 of 25.28° 37.80°, 48.04°, 53.89°, and
62.68° correspond to the (101), (004), (200), (105), and (204) planes,
respectively. The intensity of the strong (101) peak decreases with
increasing Mo dopant concentration, which may be due to changes
in the mobility of the titanium and oxygen atoms. Moreover, the
(101) peak gets broadened due to the microstrain produced by the
slight mismatch in the size of Ti ion and Mo ion. Bregani et al** have
observed larger microstrain when the Mo dopant concentration is
increased. The crystalline nature of TiO, decreases while doping with
molybdenum. From Figure 1, it is observed that as-deposited Mo/
TiO, films with higher concentration of Mo tend to be amorphous
in nature. This can be attributed to the inhibition of TiO, crystal
growth by addition of molybdenum.®® Increasing the concentration
of Mo also leads to a reduction in the nucleation of the crystalline
phase of anatase TiO, ¢

(*) Substrate peak

"**-*"’Mh \ .

4.“151"]'1{')2
%, 3Mo/TiO,
=
2 P l‘l\m ) | IMo/TiO,
P [ TV SR SN
g
e IMo/TiO,

-
i

(
{WJ
$uo
f(204)
24 Famw
5

Degree 26

FIGURE 1 X-ray diffraction (XRD) patterns of various thin films on
silicon substrate: A, TiO,; B, 1Mo/TiO,; C, 2Mo/TiO,; D, 3Mo/TiO,;
and E, 4Mo/TiO,
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TiO, films with low Mo concentrations are found to be crystalline,
and the films doped with more than 1.5 at.% Mo are amorphous. The
crystallite sizes (C,) of the films, summarized in Table 2, have been esti-
mated by using Scherer's formula:

kL
G = Bcos 6

where k is the shape factor (0.9), B is the full width at half
maximum of the peak, and L is the X-ray wavelength. Table 2 shows
that the crystallite size of pure TiO, is ~6.3 A, while the crystallite
size of the Mo-doped TiO, films is higher than that of pure TiO,
films (~118.4 A). Houng et al? have also observed this increasing

trend.

TABLE 2 Variation of crystallite size (C,), dislocation density (6), strain
(€), stack faulty probability (a), and stress (Ogtress) for pure TiO, and Mo-
doped TiO, thin films

at.% of Mo C,(A) ex10° & (lines/m) «a Ostress (GPa)
0.0 (TiOy) 6.3 2.930 7.1 x 10 0388 0414
0.5 (1Mo/TiO,) 1183 2.930 25x10Y 0379 0414
1.5 (2Mo/TiO,) 1184 2926 1.0 x 10%° 0.056 0.414
(A) O1s
OKLL
= Mo3d MDSPTRP
= Cis
<
2 (b)
B
=
o
E
(a)
T - T T T
a 200 400 600 800 1000
Binding Energy (eV)
Tizp

© %

2P,

Intensity (A. U)

(a)

455 déD 465 470
Binding Energy (eV)

The lattice strains (€) of the films have been calculated by using

Equation 2:

_ PBcosd

7 (2

€

The lattice strain of the films is almost constant at ~2.9299 x 1072
(Table 2). Dhanapandian et al®” have observed a slightly high strain of
3.3663 x 102 in Sn-doped TiO, thin films.

The dislocation densities of the TiO, and Mo-doped TiO, have
been calculated by using Equation 3:

6=— (3)

S

The dislocation density of the films increases with the Mo dopant
concentrations from 7.1 x 10%° to 1.0 x 10%° lines/m (Table 2), because
of the difference in ionic radii of Ti and Mo ions. Similar results have
been observed by Dhanapandian et al*” when Sn is doped into TiO,
for antibacterial applications.

The stress of the deposited films has been estimated by Equa-
tion 4:

€
Ostress = EE (4)

Mo3d

(B) 3d,,.

(b
{a

)
)
T ¥
230 235 z40
Binding Energy (V)

U\i

(a)

Intensity (A. U.)

Intensity (A. U,)

525 530 535
Binding Energy (V)

FIGURE2 A, XPS survey spectra of: (a) TiO,, (b) 1Mo/TiO,, and (c) 4Mo/TiO,; B, Mo3d core level spectra of (a) 1Mo/TiO, and (b) 4Mo/TiOy; C,
Ti2p core level spectra of (a) TiO,, (b) 1Mo/TiO,, and (c) 4Mo/TiO,; and D, O1s core level spectra of (a) TiO,, (b) 1Mo/TiO,, and (c) 4Mo/TiO,
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where E is the Young's modulus of the material (282.76 GPa)*® and ¢ is
the strain of the films. The positive values indicate that the stress is in
tensile nature. The observed stress in the films is almost constant at
~0.4142 GPa (Table 2) for both doped and undoped TiO, films. The
observed values are much lower than that of the films developed by
Raj et al*? (0.763 GPa).

The stacking fault probability (@) has been estimated by Equation 5:

272
— | _|A(20 (5)
. (45\/§tan9) (29)

The stacking fault probability of the peaks has been calculated
from the XRD peak shift of the films with reference to JCPDS file
No: 21-1272 by using Equation 5. The faults vary from 0.0562 to
0.3876, and the TiO, film shows higher stacking fault value than the

Duate 4 Mar 2015
Tima 101811

4Mo/TiO,
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doped films. The maximum stacking fault of 0.3876 is shown by a pure
TiO, thin film (Table 2).

3.2 | X-ray photoelectron spectroscopy studies

Detailed XPS characterization has been carried out to understand the
nature of the surface of the Mo/TiO, thin films. X-ray photoelectron
spectroscopy of TiO, has also been recorded for comparison. Typical
XPS survey spectra of Mo/TiO, thin films with different compositions
are shown in Figure 2A. The survey spectra clearly show the presence
of Mo, Ti, and O species in the as-deposited films. The Mo3d core level
spectra of Mo/TiO; thin films are shown in Figure 2B. The Mo3ds,23/2
peaks observed at 232.5 and 235.6 eV are assigned to Mo®* spe-
cies.*>*! The binding energy peak positions indicate that Mo exists in
fully oxidized Mo®" in the films. There is no signature of Mo® or other

molybdenum suboxide species in the films. In theTi2p core level spectra

Dot -1 2 Maw 2018
Tima 144837

Date 13 bar 2018
Tieras 1484 44

FIGURE3 FESEM surface morphology and cross-sectional images (inset) of A, TiO,; B, 1Mo/TiO,; C, 2Mo/TiO,; D, 3Mo/TiO,; and E, 4Mo/TiO,,

and typical ED spectra of F, TiO, and G, Mo-doped TiO,
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shown in Figure 2C, the 2p3,/, 1,2 peaks at 458.5 and 464.33 eV corre-
spond to Ti** in TiO,. 3> In Mo/TiO films, the titanium is present in +4
oxidation state as in pure TiO,, and the addition of Mo does not influ-
ence the nature of the Ti** species significantly. The O1s core level
spectra of all films, shown in Figure 2D, contain a main peak at
~530.0 eV, which is attributed to oxide materials onIy.35 The relative

surface concentrations of Mo and Ti in the thin films are calculated from

TABLE 3 The roughness and thickness of TiO, and Mo-doped TiO,
thin films

Sample R, (nm) Rims (NmM) Thickness (nm)
TiO, 0.106 0.156 53.02
1Mo/TiO, 0.673 1.458 37.60
2Mo/TiO, 0.169 0.216 58.77
3Mo/TiO, 1.804 3.250 65.80
4Mo/TiO, 0.129 0.171 117.7

nm

S0

40

=

pm
1

the integrated peak areas and atomic sensitivity factors of Mo3d and
Ti2p. The surface concentrations of Ti and Mo are 58 and 42 at.% in
1Mo/TiO, and 22.5 and 77.5 at.% in 4Mo/TiO,, respectively.

3.3 | Morphological studies

The surface morphologies of the TiO, and Mo/TiO, films have been
investigated by FESEM. Figure 3A-E shows FESEM images of pristine
TiO, and Mo/TiO, films that are deposited on silicon substrates at a
constant temperature of 400°C. The surface morphologies of the
deposited films depend on the concentration of Mo dopants. The pris-
tine and doped TiO, films show uniform spreading of grains and dense
structures that cover the entire surface area of the silicon substrate
without surface cracks or voids. Clear differences in particle size are
observed between these films. The particle sizes in pristine TiO, thin
films are ~7 A. In contrast, the doped films have larger particle sizes
of ~120 A. These data correlate well with XRD measurements. The

FIGURE 4 AFM images of A, TiO,; B, 1IMo/TiO5; C, 2Mo/TiO,; D, 3Mo/TiO,; and E, 4Mo/TiO,
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highly Mo-doped TiO, samples (Figure 3D: 3Mo/TiO, and Figure 3E:
4Mo/TiO,) show bigger grains than the TiO, films with low concentra-
tions of Mo dopants (Figure 3B: 1Mo/TiO, and Figure 3C: 2Mo/TiO,).
Overall, the grain sizes of Mo-doped TiO, films are larger than those of
pristine TiO5 films. Cross-sectional images of TiO, and Mo-doped TiO,
films are shown in the inset of Figure 3. The films show good bonding
to the silicon substrate. With the exception of 1Mo/TiO, (Figure 3B)
and 4Mo/TiO, (Figure 3E), the films have a slightly columnar structure
(Figure 3A-C). The thicknesses of the films increase from ~37 to
~117 nm with increasing Mo concentrations (Table 3).

Atomic force microscopy topographical images of the deposited
pure TiO, and Mo-doped TiO, films are shown in Figure 4. The colum-
nar structure is also observed in the 3D AFM images, which reveals that
growth occurred in the (101) plane of the films. This finding agrees well
with the XRD data. The estimated average roughness (R,) and root-
mean-square roughness (R.m) values of the films are summarized in
Table 3. R, and R, are varied from 0.106 to 1.804 nm and from
0.156 to 3.250 nm, respectively. All the doped films have higher R,
and R, s values than the pureTiO, films. However, the 3Mo/TiO, sam-

ple shows the highest R, and R,,,s values compared to the other films.

3.4 | Optical properties

Figure 5A,B shows the transmittance and absorption spectra of the
TiO, and Mo/TiO, films deposited on glass substrates at a substrate

temperature of 400°C. The TiO, film shows an average transmittance

100 = (A)
80+
=
2 604 H
]
3 2
H
& 404 {a) TiO,
= ) 1MoTiO,
20 ©) 2MoTTiO,
{d) 3MoTiO,
{€) $MoTiO,
n L] L T T T T T
W0 400 S0 &0 TO0 SO0 900 1000
Wavelength (nm)
00030
(a) TiO,
nigazs.| @) IMaTIO, (
(€) DNTIO,
() INTIO, {')\
0.00201 : -
(&) DTIO, e
) &
0.0015 4 g
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] =
® o004 s
—-—
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0.00054
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@

L L] L] L] L] L L] L] L] Ll L] L]
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FIGURE 5 A, Transmittance; B, absorption spectra of deposited thin films on glass with various compositions; C, variation of a
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of ~85% in the wavelength range of 300 to 1000 nm. Similar transmit-
tance behavior is also observed in the Mo-doped TiO, films. The Mo
concentration does not significantly affect the film transmittance.
The absorption spectra in Figure 5B reveal that the absorption edges
of Mo-doped films are shifted toward a higher wavelength (red shift)
compared to the pure TiO, film; the edge is shifted toward higher
wavelength with increasing Mo concentrations.3° The absorption
edges of doped films are in the range of 350 to 420 nm. The transmit-
tance spectra are used to evaluate the band gap of TiO, and Mo-
doped TiO, films. The indirect band gaps of TiO, and Mo-doped
TiO, films are determined by plotting a'/2 versus the photon energy
(hv)*? as shown in Figure 5C. The observed band gap of TiO, matches
well with the literature (~3.27 eV).%¢ The band gaps of the Mo-doped
TiO, films vary from ~3.23 to ~3.12 eV and are lower than the band
gap of the pure TiO, film. The band gaps of TiO, films decrease with
increasing Mo dopant concentrations; the
(~3.12 eV) is observed in the 4Mo/TiO, sample.

lowest band gap

35 |

The photocatalytic activities of TiO, and Mo/TiO, thin films have
been studied by using MB dye degradation. The decomposition of

Photocatalytic activity

MB under visible light has been measured after 1.5 hours of irradiation.
The absorption spectra of samples with different Mo concentrations
are measured during MB degradation, and the results are displayed in

Figure 5D. Methylene blue degradation has been measured by using

150 =
(B) (a) TiO,
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07s
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energy (hv) of deposited thin films; and D, absorption spectra of MB degradation of thin films
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TABLE 4 The degradation efficiency of TiO, and Mo-doped TiO,
films

Degradation Efficiency [%]

Sample Details Test 2
Pure MB -
Photolysis of MB 1.5 h 7.1
TiO, 15.5
1Mo/TiO, 14.9
2 Mo/TiO, 254
3Mo/TiO, 19.53
4 Mo/TiO, 59.6

the change in absorbance of MB at 664 nm. In the absence of a cata-
lytic film, the degradation of MB is negligible. Without Mo, the TiO,
film shows minimal photodegradation (15%), while ~59.6% degrada-
tion occurs with the 4 at.% Mo-doped TiO, thin film.

The reaction mechanism of photocatalytic degradation of MB is
presented in Equation 6.

MB + Mo:TiO, 2% CO, + H;0 + NO + NH; + 503" + Mo:Tio,
(6)

The absorption edge of the Mo>*/¢*-doped TiO, is extended to
the visible light region, causing increased photocatalytic activity in
the visible region. Doping with Mo also increases the number of carrier
electrons, resulting in faster reaction kinetics because of superoxide
radical formation. These hydroxyl and superoxide radicals can react
with MB to yield degradation products. The degradation efficiency of
samples after 2 tests is presented in Table 4.

4 | CONCLUSIONS

Reactive RF magnetron sputtering has been used to deposit TiO, and
Mo-doped TiO, thin films on glass and silicon substrates at a substrate
temperature of 400°C. The XRD patterns reveal a (101) orientation;
thus, the films show the tetragonal structure of anatase TiO,. The crys-
talline structure and optical band gaps of the films decrease with
increasing Mo concentrations. A constant stress of ~0.4142 GPa is
observed in both doped and undoped TiO, films. XPS results demon-
strate the presence of Mo®* species in all the deposited Mo/TiO, films.
All the doped films have higher R, and R,,s compared to pure TiO,
films, with values in the ranges of 0.106 to 1.804 nm and 0.156 to
3.250 nm, respectively. The transmittance spectra of Mo-doped TiO,
films show redshift. The highest degree of dye degradation is seen with
the 4Mo/TiO, film.
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