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Abstract: The surface behavior of the ZnO[-based films could be modulated via a postannealing and 
ultraviolet (UV) irradiation with different powers and time, respectively. These present results 
could provide modulate the microstructure related in grain-size distribution and photocatalytic 
behavior for potential guide in the field of wide bandgap semiconducting oxides. The ZnO films 
were prepared onto Corning-1737 glass substrates by using radio-frequency magnetron sputtering 
without supplying oxygen source at room temperature. For the purpose of obtaining modulable 
grain microstructures, the as-prepared ZnO films (Z0) were treated via a postannealing 
modification in vacuum furnace at 300°C for 30 minutes after deposition (Z300) accompanied with 
the adjustable internal stress. The contact angle (CA) value of ZnO film reduced from 95° to 68° was 
owning to the different grain microstructure accompanied by a change in size variation. In addition, 
the UV light with different irradiation powers could also be used to improve the hydrophilicity 
varied from hydrophobic status to superhydrophilic status due to the desirable surface 
characteristics of the photocatalytic action. In addition, the photocatalytic activity of ZnO film 
exhibited efficient photodegradation of methylene blue (MB) under UV irradiation, with a chemical 
reaction constant of 2.93×10-3 min−1. In this present work, we demonstrated that the CA value of the 
ZnO films not only caused from hydrophobic to hydrophilic status accompanied by a change in 
grain size combined with internal stress but also induced by the UV light irradiation combined with 

photocatalytic activity simultaneously. On the other hand, the enhanced surface plasmonic 
resonance could be observed that is due to couple electron and photon oscillations and can be 
generated at the interface between a flat, continuous Pt capping nanolayer. This designed structure 
could also be considered as a Pt electrode pattern onto ZnO (metal Pt/ ceramic ZnO) for 
multifunctional heterostructured sensors and devices in near future. 

Keywords: surface behavior; internal stress; ultraviolet light power; photocatalytic; heterostructure 
 

1. Introduction 

The surface behavior of oxide materials has been considered for various powerful applications 
including sensors, detectors, cleanup of the environment, energy conversion and related memory 
nanodevices [1–12]. The various sensors and detectors have been focused and developed on one-
dimensional (1-D) nanostructures and existed difficult task for super large-scale manufacture with 
uniformity. The functional coatings deposited on metal, ceramics, semiconductor, and corresponded 
nanostructures are easy and useful way to obtain significantly surface plasmonic enhancement in the 
electrical and optical performances combined with bottom materials [13–17]. So the strong plasmon-
exciton coupling in metallic capping shell combined with semiconductor-based materials has 
potentially provided a method to enhance the plasmon-exciton interaction and corresponded 
specificity for many application areas [18–20]. The hydrophobic/ hydrophilic functional coatings are 
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usually fabricated by modulating surface status with low/ high surface energy for generating nano/ 
micro structures. The zinc oxide (ZnO) is easier to form texture with the lowest surface energy at (002) 
plane, also, ZnO is a general material for photocatalysis among the metal oxides. ZnO compound 
displays a photo reactivity under ultraviolet (UV) light irradiation owning to its wide band gap, and 
its surface wetting state could be modulated significantly by irradiation strength with a light energy 
of UV [21–25]. Therefore, the semiconducting ZnO compound is a suitable selection for 
multifunctional surface coating. A reversible UV light-driven hydrophobic/ hydrophilic surface 
characteristic for ZnO-based nanostructures and related nano- wires/ rods decorated with metallic 
nanoparticles has been widely developed and demonstrated [26–29]. 

The semiconducting ZnO compound has typical large exciton binding energy (60 meV), direct 
wide-bandgap (3.37 eV) and highly transparent in the visible region with a transmittance of over 
80%. Hence this is an excellent selection for future potential applications and used in UV detectors, 
light emitters, transparent thin film transistors, solar cells, piezoelectric transducers, chemical gas 

sensors, biosensors, and resistive random-access memory (RRAM) devices [30–35]. Owning to the 
various potential applications, ZnO has a modulational effect of surface characteristics, which can 
offer a remarkable surface behavior including photocatalytic activity and reversible hydrophobic/ 
hydrophilic wetting transition by using UV light irradiation originated from its intrinsic 
semiconducting characteristics. It can be known that the reversible wettability and modulation of 
ZnO compound was due to the competition of surface chemical characteristics between adsorption 
and desorption of rearrangement of hydroxyl groups and organic supply chains on its surface status 
[36,37]. One of the photo reactive materials such as ZnO has been highly applied its surface 
characteristics and used to display modulated wetting behavior combined a quickly hydrophobic/ 
hydrophilic transition with modulational contact angles. The various methods have been claimed on 
controlling surface microstructures, which are developed to modulate the wetting and photocatalytic 
behavior of functional coatings. On the other hand, the different grown skills of ZnO hetroepitaxy 
films have been reported [38–46], the sputtering coating skill is a suitable one for manufacturing 
large-area uniform ZnO films for the purpose of applying for future cleanup of the environment, 
related optoelectronic nanodevices and biosensors because it has received an important attention due 
to its stable deposition rates and with rapid growth of high-quality coatings at low temperature. It 
can be understood that the deposited uniformity of nanostructures, thin, and thick films with super 
large area was caused by various sputtering specifications including sputtering power, sputtering 
pressure, supplying content gas, substrate temperature, and the distance between target and 
substrate. 

In our present work, the surface behavior of highly textured ZnO films prepared by using RF 
sputtering system without supplying oxygen source at room temperature have been investigated. 
The wetting behavior, grain size, and morphological features on the surface of textured ZnO films 
were modulated via a direct postannealing modification. The transmittance for all textured ZnO films 
was also examined and demonstrated. The surface wetting behavior of textured ZnO films was 
checked by water contact angle measurement equipment. The modulable wetting behavior was 
obtained by adjusting the strength of UV light irradiation and storage in dark room for 12 hrs to reach 
the initial water contact angle. Our claimed work also offers a simple skill to modulate the wetting 
behavior of ZnO films by modulating UV power density. The coupling of surface plasmons and 
excitons using a continuous Pt capping nanolayer onto ZnO film has been selected to study the 
coupling effect for the metal/ semiconducting oxide heterostructures, and could be used for the 
fabrication of nanodevices in next step. Our claimed work presented a convenient and original 
method to modulate surface behavior and enhance surface plasmons for wide-bandgap 
semiconducting ZnO just directly by capping a metallic nanolayer not such as to decorate with 
metallic nanoparticles. This not only enlarges the future requirements of ZnO compound but also 
power-assists a simple idea with wide-bandgap semiconducting material sketch and nanodevice 
evolution on flexible and transparent substrates for future wearable technologies. 
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2. Experiments and Film Structures 

The textured ZnO films were prepared onto Corning-1737 glass substrates by using radio-
frequency (RF) magnetron sputtering without supplying oxygen source at room temperature. The 
glass substrates in chamber have been placed parallel to ZnO binary target with 99.99% purity, whose 
thickness and diameter are 3 mm and 51 mm, respectively. The glass substrates were cleaned in 
acetone and ethanol at first to withdraw organic contaminants, then ultrasonically rinsed in 
deionized water, and finally dried in hot air before set the glass substrates into the working chamber. 
The high vacuum working chamber was pumped down to a base pressure of 4.5×10-7 torr. The argon 
gas was then used in working chamber with a working pressure of 1×10-2 torr and without supplying 
oxygen gas. The ZnO films have been prepared using 75 W RF power, and all the film thickness was 
fixed at 250 nm. Furthermore, for the purpose of obtaining modulable grain microstructures, one of 
the as-prepared ZnO sample was during postannealing modification in furnace at 300°C for 30 
minutes after deposition. 

The crystalline preferred orientation and crystallinity in ZnO films was examined by X-ray 
diffraction analysis (XRD, PANalytical, Almelo, The Netherlands) with Cu Kα radiation (λ = 1.54 Å) 
in the 2θ ranges of 20–90°. The morphological features on the surface and corresponding elemental 
information for ZnO films was performed by scanning electron microscope (SEM, Phenom XL G2, 
Thermo Scientific, Massachusetts, USA) and field emission scanning electron microscopy (FE-SEM, 
Dresden, Germany), respectively. The chemical composition of the ZnO compound was identified to 
be Zn40O60 by field emission electron probe X-ray microanalysis (FE-EPMA, JEOL, Tokyo, Japan). The 
measurement and calculation for contact angle and surface free energy of ZnO films was evaluated 
with the water contact angle (CA, Rame-Hart 100 goniometer, Capovani Brothers Inc., NY, USA) 
measurement by using small drop of liquid water onto surface for individual ZnO sample. The 
degree of accuracy for the water contact-angle measurement was induced by the image quality, using 
a charge-coupled device (CCD) to capture the images of the drop of liquid water (~ 5 μL). And then 
the processing of the fitting curve function was achieved immediately by using CA software, and the 
value was evaluated to be about ±1 degree. In addition, the related measurement of surface free 
energy (SFE) for individual sample was also simultaneously evaluated. The power energy of 
ultraviolet (UV) light irradiated with ZnO films was between 330 and 3330 mW/cm2 by using mercury 
arc lamp (HAMAMATSU-Deuterium L2D2) with a 365 nm wavelength. In this work, the as-prepared 
ZnO films without any postannealing modification and with a 300°C postannealing modification will 
be denoted below as Z0 and Z300, respectively. 

3. Results and Discussion 

The X-ray diffraction spectra for the samples Z0 and Z300 are shown in Figure 1(a). The XRD 
spectra confirm both samples demonstrate a tough peak positioned at approximately 2θ = 34°, which 
is corresponded to the high degree of c-axis orientation with wurtzite crystal structure along ZnO 
(002) plane (JCPDS Card: 36-1451). The large intensity of the diffraction spectra originated from the 
ZnO (002) plane is owing to the smallest surface energy in the ZnO (002) basal plane in wurtzite 
crystal structure, contributing to a crystallographic orientation along the [001] preferred crystalline 
direction. The peak intensity of ZnO (002) diffraction angle enhanced considerably with increasing 
the temperature and time of postannealing modification, which is due to much more energy to 
improve the crystallinity via a postannealing process. In addition, from the XRD spectrum of sample 
Z300, there is still have one slight peak located at around 76.6o, indexing as ZnO (004). It can be known 
that without any peaks except the (00n) diffraction angles are obtained over a large angular range (θ–
2θ scan), demonstrating the ZnO film did epitaxially prepare onto the glass substrates. In addition, 
as shown in Figure 1(b), it can also be demonstrated that the ZnO (002) diffraction peak slightly 
changed from low angle region (2θ = 34.36°) toward high angle region (2θ = 34.39°), indicating the 
internal stress of the ZnO films have been modulated via a direct postannealing modification. 
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Figure 1. (a) X-ray diffraction spectra for the as-prepared ZnO films (Z0) and then have been 
modulated via a postannealing in vacuum furnace at 300°C for 30 minutes after deposition (Z300), 
respectively. (b) is the relating slow-scan spectra for the ZnO (002) diffraction peak in the θ-2θ region 
of (a). 

For the purpose of confirming the internal stress between these two samples, the internal stress 
σ of hexagonal/ wurtzite crystal structure materials can be illustrated as: 

σ = 450(c-c0)/c0 GPa (1)
where c is the lattice parameter/ constant for c-axis of hexagonal crystal structure that can be obtained 
from tough ZnO (002) peak originated from XRD patterns, and c0 is 5.206 Å, the corresponding lattice 
constant value for bulk ZnO. As shown in Eq. (1), the lattice constant c0 is used to calculate the internal 
stress of the textured ZnO compound. Furthermore, for the purpose of estimate the lattice constant, 
the Bragg’s equation can be used for determining the lattice spacing of crystals. 

nλ = 2d sinθ (2)
In this case, where λ is the shortest wavelength of an incident X-rays (λ = 1.54 Å), and d(002) is for the 
interplanar spacing of hexagonal wurtzite structure of ZnO (002) facet. As shown in Figure 1, the 
ZnO (002) diffraction peak of both samples are located at 2θ = 34.36° and 34.39°, respectively. After 
substituting θ into Eq. (2), the d(002) of each sample is 2.607 Å and 2.605 Å, respectively. So based on 
above typical definitions, it can be calculated the c-axis lattice constant of ZnO from the above 
obtained results. Therefore, the value of lattice constant for each sample is 5.214 Å and 5.21 Å, 
respectively. At last, replacing each lattice constant into Eq. (1), and then the internal stress for 
textured ZnO films could be calculated and obtained. As shown in Figure 2, the internal stress of 
samples Z0 and Z300 were be calculated by the obtained information from X-ray diffraction spectra, 
and the calculated values of internal stress for samples Z0 and Z300 are -0.76 GPa and -0.46 GPa, 
respectively. Apparently, the values of internal stress for Z0 and Z300 are indeed modulated by a 
simple postannealing modification. According to the obtained results above, the internal stress of 
textured ZnO films was modulated via a suitable postannealing temperature and time, hence this 
kind of transition was attributed to the much higher heat energy during the postannealing 
modification. So the energetic particles bombardment and the design of heterostructured films could 
be applied into the laxation of internal stress and accompanied by the transition of grain-size 
morphology [47,48]. 
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Figure 2. The relationship between lattice parameter/ constant and internal stress of samples Z0 and 
Z300, respectively. 

Meanwhile, the different internal stress will result in different microstructure, the plan-view 
SEM images for the as-prepared ZnO film and with postannealing modification at 300°C as shown in 
Figures 3a,b. Figures 3a,b display modulable grain microstructures accompanied by a change in grain 
size corresponding to samples Z0 and Z300, respectively. This kind of grain size transition was 
induced by a postannealing modification that can be easily manipulated. The as-prepared ZnO film 
(Z0) with the average grain size is 29 ± 2 nm as displayed in the inset of Figure 3a. In addition, the 
ZnO film via a postannealing modification at 300°C (Z300) with average grain size is 53 ± 2 nm as 
shown in the inset of Figure 3b. The grain size histograms for fractions and distribution analysis by 

using Gaussian mode fitting curve (red line) are shown in the inset of Figures 3a,b. Such kind of 
improvement could be contributed to getting much higher heat energy during the postannealing 
modification that directly leading to the enhancement of grain growth kinetics, and the 
microstructure of the ZnO films could be modulated via the varied temperature and time of 
postannealing modification. That could be known via a postannealing modification, the nanograin 
with complex domain amalgamate and combine with each other to develop grain coalescence as 
displayed in Figure 3b. It can also be examined that the apertures located between grain and grain 
can catch oxygen inside and exist onto the surface area of top film. The corresponding images of 
water droplet on the ZnO surfaces are displayed in Figures 3c,d. The surface water contact angles 
(CAs) are 95° and 68° for samples Z0 and Z300, respectively. The as-prepared ZnO film shows 
hydrophobic wetting status due to the smaller nanograin size and much more apertures supply more 
the trapping of oxygen that decreases the contact area between water droplet and surface area of ZnO 
as displayed in Figure 3c. While with a postannealing modification at 300°C, the microstructure 
surface shows hydrophilic status, which is owning to the giant grain size and smooth surface, so it 
will get smaller apertures that cannot supply the trapping of oxygen between the interface of ZnO 
compound and the water droplet as shown in Figure 3d. This transformation caused the CA 
decreased from hydrophobic (CA = 95°) to hydrophilic (CA = 68°) status, and it was induced by the 
less apertures formed with a postannealing modification at 300oC. The schematic diagram is 
illustrating for the different modes showing the status of water droplet onto various surface 
structures of the ZnO compound as shown in Figure 3e. The microstructure contained smaller grains 
is with much more apertures and exhibits hydrophobic wetting status without any modification. In 
addition, the smooth surface with grain growth phenomenon leading to much less trapping of 
oxygen between the interface of ZnO compound and the water droplet, and then induced the wetting 
behavior from hydrophobic to hydrophilic status, which is to serve as a surface indication of grain 
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coalescence to form giant grain size. In short, the surface hydrophilicity could be promoted when 
there is less oxygen caught between the solid and liquid surface demonstrating a small CA via a 
simple factor of postannealing modification as schematically displayed in Figure 3e. 

 

Figure 3. Plan-view FE-SEM images and the insets showed calculation of the average grain size and 
its distribution are for the prepared samples (a) Z0 and (b) Z300, respectively. (c) and (d) are for 
relating contact angle images for samples Z0 and Z300, respectively. (e) Schematic diagram is a 
transition of surface wetting behavior for ZnO samples without and with a postannealing 
modification. 

Maintaining the high level of visible transmittance of device acts as a key role in the particular 
and industrial applications such as action wearable device and panel of the solar cell. Figure 4 shows 
the optical transparency for the as-prepared and with a postannealing modification of ZnO 
compound, respectively. From the spectra of optical transparency, the samples Z0 and Z300 exhibited 
highly transparent in the visible region with average transmittance values of 83.6% and 81.7%, 
respectively. The average transmittance of sample Z300 is slightly less than sample Z0, and it was 
attributed to the much more defect formation including mainly oxygen vacancies, which were 
formed while oxygen gas losing under vacuum atmosphere during a postannealing modification. 
From the above-mentioned results, all the highly textured ZnO films have excellent optical 
transparency and exhibit with a visible light transmittance beyond 80%. It is clearly displayed that 
both hydrophobic and hydrophilic surface wetting status of ZnO compound have potential to apply 
on smart window combined with the related optoelectronic, semiconducting and energy nanodevices. 
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Figure 4. Transmittance spectra of the prepared samples Z0 and Z300 compared with pure glass 
substrate, respectively. 

As a photonic material, it is important to verify the optical performance of ZnO compound, the 
photoluminescence (PL) spectra is considered as a regular method. Generally, it can be known that 
the PL emission spectrum of ZnO compound can be separated with two main sections. The first 
section belongs to near-band-edge (NBE) emission spectrum, which is contributed from the free-
exciton recombination generating in UV zone. Another one is deep-level (DL) emission spectrum, 
which is constructed from the impurities and related possible defects mainly including oxygen 
vacancies and zinc interstitials that are originated from the suppression of the DL emission spectrum 
in visible zone. Figure 5 displays the PL spectra for both samples Z0 and Z300, respectively. The both 
samples demonstrate a tough NBE emission spectrum, which is positioned at approximately 374 nm 
and act for the dominant recombination mechanism of photogenerated charge carriers (excitonic 
photoemission). In contrast, another negligible defect band, which is positioned at approximately 546 
nm (DL emission) induced by the intrinsic defects mainly including oxygen vacancies and zinc 
interstitials possibly existed in the ZnO compound, demonstrating that the ZnO compound are nearly 
defect-free. It is noteworthy that the tough peak of NBE emission spectrum for sample Z300 is slightly 
changed toward high wavelength band compared to the sample Z0. Based on previous published 
works, the peak shifting of NBE emission for the PL spectrum of ZnO in our present work can be 
induced by the quantum-size confinement effect [49–51]. On the other hand, the PL peak intensity in 
UV band of sample Z300 is slightly larger and narrower than the as-prepared sample Z0, which are 
related to the degree of crystallinity in the ZnO compound. In other words, it indicates that the PL 
spectra display an identical trend compared to the analysis results of XRD as both crystallinity and 
optical characteristics were simultaneously enhanced. Besides, the PL intensity of the peak in DL 
band with sample Z300 is slightly greater than the sample Z0 owning to the increasing oxygen 
vacancy while losing the oxygen atoms from the ZnO compound during a postannealing 
modification under the vacuum atmosphere. 
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Figure 5. Photoluminescence spectra for the samples Z0 and Z300, respectively. 

From the above-mentioned results, the highly textured ZnO prepared at RF power of 75 W 
without any postannealing modification shows the hydrophobic wetting behavior and the 
corresponding CA value is 95 ± 1°. However, the photocatalytic behavior has been widely reported 
and demonstrated by many works [52,53]. For the purpose of modulating the wetting behavior of the 
ZnO, the sample Z0 was placed under the ultraviolet (UV) light with a wavelength of 365 nm. This 
wavelength and strength of UV light has enough photon energy than the intrinsic band gap (3.37 eV) 
of the pristine ZnO. The relationship between the different powers of UV irradiation ranged from 330 
to 3330 mW/cm2 and the water contact angles (CAs) has been displayed in Figure 6. Figure 6 displays 
the related water CA images accompanied with the as-prepared ZnO compound (sample Z0), the 
drop of liquid water spread on the surface of sample Z0 with nanograin structure after UV irradiation 
for 10 min with different powers ranged from 330 to 3330 mW/cm2. It can be clearly observed that the 
CA value of sample Z0 was reduced from 95±1o to 67±1o under the ultraviolet irradiation with 330 
mW/cm2 UV power. Moreover, the water CA value was highly reduced from 95 ± 1° to 49 ± 1° under 
the ultraviolet irradiation with 700 mW/cm2 UV power. And then the water CA angles were 
dramatically drop-down from 95 ± 1° to 23 ± 1° and 19 ± 1° under the ultraviolet irradiation with 1520 
and 3330 mW/cm2 UV power, respectively. It demonstrates that the surface free energy of the ZnO 
compound was significantly modulated by the different power of ultraviolet irradiation and 
demonstrated the typical photocatalytic characteristics. In addition, the rapid reducement of CA 
values of as-prepared ZnO compound can be contributed from the photocatalytic reaction in ZnO 
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owning to the generating electron-hole pairs upon photoillumination induced by photoelectron 
emission. These holes and electrons can either recombine or change to the surface of semiconducting 
oxides to react with groups adsorbed on the surface of semiconducting oxides. Furthermore, when 
UV light irradiated on the ZnO compound and the generated photon energy equal or larger than the 
band gap of ZnO compound, the electrons (e−) are excited into the conduction band from valence 
band. Simultaneously, the same number of holes (h+) produced in valence band, some of the holes 
react with surface oxygen atoms or lattice oxygen (O2−) to develop surface oxygen vacancies O1−, while 
the electrons combine with lattice metal ions (Zn2+) to develop Zn2+ defective sites, the water 
molecules and oxygen would contest with each other for the purpose of absorbing dissociatively on 
the imperfect sites. The surface status of semiconducting oxides caught electrons (Zn+) toward to react 
with oxygen molecules adsorbed on the surface status of semiconducting oxides. In the meantime, 
the water molecules could coordinate with oxygen vacancy sits (VO), which lead to the dissociative 
adsorption of the water molecules onto surface status of the ZnO semiconducting oxide. The 
imperfect sites are kinetically more desirable for hydrophilic adsorption of hydroxyl groups (OH−) 
than adsorption of oxygen molecules. 

 

Figure 6. (a) The contact angle (CA) images for the sample Z0 under UV irradiation for 10 min without 
and with the different UV powers ranged from 330 to 3330 mW/cm2, respectively. (b) The UV power 
as a function of CA value for sample Z0 under UV irradiation with a light wavelength of 365 nm. 
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In addition, the Eqs. (3-7) depict that the photocatalytic mechanism of imperfect sites on surface 
of ZnO semiconducting oxide. 

ZnO + 2hv→ 2h+ + 2e− (3)
Some of surface oxygen atoms or lattice oxygen (O2−) react with the holes to generate surface oxygen 
vacancies O1−, while some of the lattice metal ions (Zn2+) react with electrons to generate Zn2+ 
imperfect sites, as depicted in the subsequent equations. 

O2− + h+ → O1− (surface hole trapping) (4)

Zn2+ + e− → Zn+ (surface electron trapping) (5)

O1− + h+ → 1/2O2 (gas) + VO (surface oxygen vacancies) (6)
The oxygen and water molecules could contest with each other to absorb dissociatively on the 
imperfect sites. The surface caught electrons (Zn+) toward to react with oxygen molecules adsorbed 
on the ZnO surface of semiconducting oxide: 

Zn + O2 → Zn2+ + O2− (7)

An UV irradiation can modulate the chemical surface states of the ZnO semiconducting oxide, and 
therefore manipulated its surface wetting behavior. From the above-mentioned results, the surface 
wetting behavior can be simply modulated by a simple factor such as power of UV irradiation. Besides 
those mentioned ZnO, it is considered as a candidate with many potential devices such as biosensor, 
biomedical device and other multifunctional detecting devices [54–58]. 
The ZnO films was dispersed in methylene blue (MB) solution in order to measure the photocatalytic 
efficiency during UV irradiation in 10 min steps as shown in Figure 7. The photodegradation rate (K) 
of ZnO films can be calculated as the following equation (8): − ln ቀ ஼஼బቁ = 𝐾𝑡                                      (8) 

where Co is the UV-Vis absorbance of the solution before irradiation (initial MB concentration), C is 
the UV-Vis absorbance of the solution after irradiation (concentration of MB at time t), K is the 
apparent rate coefficient (kinetic degradation rate), and t is reaction time of catalysts. 

The photodegradation ratios of the MB solution with and without ZnO films (C/C0) versus 
exposure/ reaction time (t) under UV light are shown in Figure 7(a). The examination in the absence 
of photocatalyst shows an insignificant photocatalytic efficiency of MB, indicating an insignificant 
self-photolysis of MB molecules under the illumination of UV light. C0 is the initial concentration of 
MB and C is the MB concentration varied during the exposure time of UV light irradiation. The value 
of C/C0 for solution with ZnO films is decreased with increasing the exposure time of UV light 
irradiation, so C/C0 is simply calculated as the ratio between these photoabsorbance values. Figure 
7(a) shows that pure ZnO film is useful as the photocatalysts with enough photocatalytic efficiency. 
The linear relationship of -ln(C/C0) as a function of reaction time is plotted in Figure 7(b), and the 
apparent rate coefficient (K) for MB photodegradation is evaluated via the pseudo-first-order 
approximation, which is proportional to the corresponding values of photoabsorbance. The 
photodegradation rate (K) is calculated as the slope of the linear fit in ln(C/C0) versus t plot for each 
sample, and the kinetic degradation rate (K) for pure ZnO film is equal to 2.93x10-3 (min-1). Therefore, 
the general principle of dye-sensitized photocatalytic reaction related to ZnO film for MB solution is 
plotted in Figure 7.  
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Figure 7. (a) (C/C0) and (b) -ln(C/C0 ) ratios as a function of reaction time for photocatalytic 
degradation of MB solution in the presence of the ZnO film under UV irradiation. 

When absorption of energy is higher than the band gap energy of the ZnO, the holes (h୚୆ା ) are 
generated in valence band (VB) and electrons (eେ୆ି ) in conduction band (CB), respectively. This 
phenomenon was directly related to the existence of superficial ZnO lattice oxygen atoms/ ions that 
can associate with the oxidation of the adsorbed MB molecules, leading to the existence of surface 
hydroxyl groups acting as hole-acceptors to generate OH· radicals, which can be responsible for the 
generation of superoxide ions [59–64]. So the hydroxyl radicals (．OH)  decompose the MB 
effectively to generate water (H2O), carbon dioxide (CO2), and other inorganic by-products. 

To further investigate the plasmonic coupling effect, a 15 nm thick Pt nanolayer was selected to 
deposit onto ZnO compound by direct-current (dc) sputtering, which was denoted as Pt/ZnO. A Pt 
thin film was existed with continuous layered structure deposited onto ZnO semiconducting oxide 
as observed by the two-dimensional (2D) AFM topographical morphology as displayed in Figure 8a. 
The continuous growth of capping nanolayer is also supported by three-dimensional (3D) AFM 
micrograph as displayed in Figure 8b. From AFM line-scan as displayed in Figure 8c, the height of Pt 
continuous structure was observed. The plan-view SEM image of Pt/ZnO heterostructures showed 
highly uniform state, and typically displayed flat surface morphology as displayed in Figure 8d. It 
can be obviously observed that the CA value of Pt/ZnO heterostructures was changed from 95 ± 1° 

(ZnO) to 86 ± 1° (Pt/ZnO) while capping with a Pt continuous nanolayer as displayed in Figure 8e. 
The X-ray scattering was used to ideally complement these microscopic methods since it could 
successfully reflect representative microstructural information for a large sample area for Pt/ZnO 
heterostructured films as displayed in Figure 8f. The XRD pattern for Pt/ZnO heterostructured films 
has typical ZnO(002) and Pt(111) diffraction peaks, which supports the existence of Pt nanolayer 
coated onto ZnO semiconducting oxide, which can be indexed to Pt/ZnO bilayer films in a crystalline 
phase. In addition, there is no diffraction peak of indefinite phase from Pt/ZnO bilayer films was 
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obtained, thus suppling strong proof for complete coverage of the ZnO by Pt without an intermixed 
phase. Above structural and morphological data analysis support the configuration of Pt/ZnO 
heterostructured films, and the XRD spectra analysis is consisted with the observation from the 
topical AFM and SEM images as displayed in Figure 8. 

 

Figure 8. AFM topographical morphology of the Pt/ZnO bilayer films (a) 2D topical feature; (b) is 3D 
feature for (a), and (c) is a line scan profile of Pt/ZnO bilayer films related to (a) and (b), and the scan 
area is 2 × 2 μm2. (d) is a plan-view SEM micrograph. (e) is a CA image. (f) is a corresponding x-ray 
diffraction pattern. 

In addition, the surface plasmonic resonance (SPR) is coupled electron and photon oscillations 
that can be obtained and generated at the interface between Pt metal and ZnO semiconductor for the 
purpose of designing SPR heterostructures. Usually the pure metals could offer surface plasmonic 
collective oscillations of free electrons, which could collect the electromagnetic (EM) waves to a little 
fraction of a wavelength while enhancement of local field energy by several times of magnitude [65]. 
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It was reported that the local EM field experienced by analyte molecules on the metal surface in 
nanoscale is dramatically enhanced, generating considerably enhanced Raman intensity [66]. We 
considered such kind of ZnO semiconductor capped with a continuous Pt nanolayer with suitable 
thickness which could induce localized field around its surface, there may be a coupling effect and 
exhibit the SPR. For the purpose of confirming this idea, the Raman spectra of the pristine ZnO and 
Pt/ZnO bilayer heterostructures were measured at room temperature as shown in Figure 9. In the 
case of Pt/ZnO heterostructured films exhibited a remarkable peak enhancement, the frequency of 
1LO phonon peak is positioned at approximately 573 cm-1 corresponded to A1 (LO) phonon, while 
the E1 (TO) mode is forbidden according to the Raman selection rule [67,68]. Thus, the absence of the 
TO mode in the measurements further confirms that the ZnO film is with highly c-axis orientation. 
Hence all the measured results inferred from X-ray diffraction patterns and Raman analysis show the 
same tendency. 

The above result also demonstrates a surface-enhanced Raman scattering that can be obtained 
by capping with a Pt continuous nanolayer onto ZnO semiconducting oxide. Therefore, a simple 
method is achieved and presented here that the surface plasmonic resonance and surface wetting 
behavior of ZnO compound can be effectively modulated by capping a Pt continuous nanolayer not 
such as to decorate with metallic nanoparticles. The Pt/ZnO heterostructures exhibited many novel 
and valuable applications in future due to its multifunctional material characteristics acted as a 
typical structure of nanodevice design. 

 

Figure 9. Raman spectra measured at room temperature for pristine ZnO semiconducting oxide 
without and with a Pt capping nanolayer. 

4. Conclusions 

In this work, the textured ZnO films were successfully prepared onto glass substrates with (002) 
orientation by radio-frequency magnetron sputtering system without supplying oxygen source at 
room temperature, and even epitaxial ZnO (004) facet can be obtained via a postannealing 
modification at 300oC. All the ZnO semiconducting oxide demonstrated excellent crystallinity and 
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high level of visible transmittance (beyond 80%). The as-prepared ZnO semiconducting oxide 
displayed the hydrophobic status, and then even transfer to hydrophilic status via a simple 
postannealing modification. The CA value, internal stress and the optical transmittance of 
photoluminescence for ZnO semiconducting oxide were significantly modulated by the surface 
microstructure, which is induced by a simple factor of postannealing modification. The rapid CA 
conversion of the ZnO semiconducting oxide could be modulated from hydrophobic (95°) to 
superhydrophilic (19°) by using a simple method via different power of UV light irradiation. The 
rapid transformation of CA for ZnO semiconducting oxide is due to the photocatalytic reaction 
induced by the positive surface charges accumulated on the surface via photoelectron emission. A 
greater impact on photocatalytic efficiency of ZnO film for the MB degradation is confirmed. 
Therefore, a simple way is proposed herein that the CA and photocatalytic variation of ZnO 
compound can be easily modulated by postannealing modification and ultraviolet irradiation, 
respectively. The enhanced Raman intensity in the Pt/ZnO bilayer heterostructures could be obtained 
due to the strong coupling of the light emission with the localized surface plasmonic resonance of the 
Pt nanolayer that could offer an effective path to lead more photonic scattering from incident light 
and further be used for sensing and multifunctional nanodevices design of wearable technologies. 
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