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Fig. 1. XRD patterns of thin films with different Zn>* com-
positions.
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Table 1. Structural parameters obtained from
XRD spectra.

Samples (h k1) FWHM 3/(°) D/nm
TiO, (101) 0.177 8.384

3% ZnTiOy,  (101) 0.161 9.217
5% Zn-TiO, (10 1) 0.197 7.533
10% Zn-TiO, (101) 0.180 8.244
15% Zn-TiO, (1o1) 0.259 5.730
20% Zn-TiO; (10 1) 0.152 9.762
40% Zn-TiO,  (101) 0.227 6.537
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Fig. 2. SEM patterns of thin films with different Zn?* compositions.
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Table 2.  Roughness parameters obtained from

AFM (R,, Rys, Rs Ry, are the average, root-

mean-square, Skewness, and Kurtosis values of sur-

face roughness, respectively).

Roughness Roughness Skewness Kurtosis
Samples

R,/nm  Ryg/nm Rgy, Rk,

TiO, 3.515 4.359 -0.492 0.276
3%Zn-TiO, 2.230 2.851 -0.077 0.089
15%Zn-TiO, 5.590 6.990 -0.313 0.819
40%Zn-TiO, 6.115 8.703 -1.079 3.318

Height sensor

]
—12.8 nm 19.5 nm

(d) 40% Zn-TiO,

600.0 nm

Height sensor

22.0 nm —25.8 nm 22.0 nm

B 3 (a) 4l TiOy LK (b)—(d) 3%, 15% F1 40% Zn>+ 843 i b 5070 8 Al — 2 F = 4 AFM &%
Fig. 3. 2D and 3D AFM images of thin films with (a) pure TiO, and (b)—(d) 3%, 15% and 40% Zn?* composition.
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Fig. 4. XPS spectra of pure TiO, and thin films with 3%, 15% and 40% Zn>* compositions.
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Fig. 5. (a) Absorption spectra and (b) optical band gap energy of films with different Zn>* composition.
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Effects of different compositional ratios on physical structure
and optical properties of thin films during
alloying of Zn?t and TiO,"
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Abstract

A batch of TiO, films with different Zn?* compositions are prepared on a single crystal silicon substrate by
using sol-gel method to observe the changes in optical and photocatalytic properties in the alloying process of Zn?*
and TiO,. X-ray diffractometer (XRD) is used to observe the changes in the crystal structures of the films in
the alloying process and to track the formation of ZnTiO5 compounds. Scanning electron microscope (SEM) and
atomic force microscope (AFM) are used to observe the phenomena of a large number of holes on the surfaces of
the films due to the limited solubility of the crystal lattice for Zn?* in the alloying process. X-ray photoelectron
spectroscopy (XPS) and optical bandgap are used to observe the changes at a level of the electronic structure of
the films in the alloying process of Zn?* with TiO,. Finally, by degrading the methylene blue solution, it is
shown that a small amount of Zn?* doping is completely dissolved in TiO,, destroying the TiO, crystalline
quality. As the compositional share of Zn?* continues to increase to 15%, the limited solubility of TiO, for Zn%**
is verified in the XPS peak fitting,
resulting in a large number of hole
structures in the film, and the active
specific surface area of the film is
enhanced, while Zn?t effectively traps

the photogenerated e /h*. In order to

: \ 2+
continue to observe the effect of Zn \OH+MB — H04CO,
concentration on TiO,, we increase the

concentration of Zn?t to 40% and o

e % e _ Oz
0O2-+MB — HyO+CO»

-‘OH+MB — H,0+4CO,

observe the phenomenon in the alloying
process of Zn%** with TiO,. It is shown
that the appearance of the compound 15% Zn-TiO,
ZnTiO3 can act as a complex center Substance

for e /h* and a significant decrease in

o
2.764 eV B
[}

()

the percentage of TiO, leads to a

gradual decrease in the photocatalytic

efficiency of the films after alloying.

Keywords: TiO,, Zn**, photocatalysis, OH~
bandgap, surface
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