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The performances of electrowetting-on-dielectric (EWOD) devices were investigated using micro-nano hierar
chical structures of pristine and noble metal-decorated SiO2 layers, with the entropy wetting model. The SiO2
layers were prepared by an electrospray technique, and noble metals were decorated by UV irradiation. In
addition, a thin Teflon coating was applied to enhance their initial hydrophobicity. The initial water contact
angle (WCA) value of the Pd-decorated SiO2 (Pd–SiO2) and Ag-decorated SiO2 (Ag–SiO2) layers was 165◦ , while
that of the Au-decorated SiO2 (Au–SiO2) and pristine SiO2 layers was 154◦ . Different external voltages (up to 200
V) were used to investigate the EWOD behavior of the fabricated layers. In all cases, the WCA decreased with
increasing applied voltage. Under 200 V (maximum applied voltage), WCA values of 129, 120, 115, and 102◦
were measured for pristine SiO2, Pd–SiO2, Ag–SiO2, and Au–SiO2 layers, respectively. Moreover, the EWOD
properties of the noble metal-decorated layers were studied in the presence of dodecane oil. At 200 V, the WCAs
of the Pd–SiO2, Ag–SiO2, Au–SiO2, and layers were 134, 97 and 100◦ , respectively. Finally, we applied the en
tropy wetting model to further understand the results of the EWOD experiments.

1. Introduction
The wettability of a material can be affected by external factors such
as light [1], electric fields [2], and thermal treatments [3], due to the
activation of new physicochemical interactions at the interface. Among
these factors, the utilization of an electric field for modifying the
wettability of a material, known as electrowetting (EW), has attracted
increasing interest in the recent years [4,5]. A special type of EW is
represented by EW-on-dielectrics (EWOD). In this approach, under an
external voltage (V), the wettability of a solid dielectric surface changes
from hydrophobic to hydrophilic. Therefore, the wettability of a
dielectric surface can be easily tuned with a high switching speed in a
broad range of contact angles (CAs) [6]. The most common configura
tion employed in studies on EWOD involves a dual-layer system
comprising a layer made of a dielectric material with a relatively large

breakdown field strength, along with an additional hydrophobic thin
film as the topcoat layer, which enhances the initial hydrophobicity of
the resulting system [7]. The water contact angle (WCA) on the device
surface may thus be significantly reduced by applying an external
voltage [8]. This process is able to mix, split, merge, and move liquid
droplets on the surfaces of a dielectric material [9]. Thus, this technique
can be applied in lab-on-chip electronics [10], variable lenses [11],
waveguides [12], electronic displays [13,14], and microprism arrays
[15]. To be used in such applications, EWOD devices should have a
reasonably low power consumption, low critical driving voltage (to
initiate the electrowetting behavior), and high degree of reversibility
[16].
To reduce the critical driving voltage used in EWOD studies,
dielectric materials with nanoscale thickness and a high dielectric con
stant (εr) are generally preferred, based on the well-known
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Lippmann–Young equation [17–19], which links the WCA to the
dielectric constant of the material and the layer thickness in the device.
In this regard, materials with high dielectric constants such as Al2O3 (εr
~ 9), Ta2O5 (εr ~ 22), HfO2 (εr ~ 25), ZrO2 (εr ~ 25), and TiO2 (εr ~ 80)
show promising EWOD properties [20].
However, the EWOD behavior of widely available materials such as
SiO2 (εr ~ 3.9) [21] also needs to be investigated. Even though SiO2 has
a low dielectric constant, it is inexpensive, extremely abundant, and can
be easily synthesized by different methods [3]. Although numerous re
ports on the hydrophobic properties of SiO2 are available [22–24], less
attention has been paid to its EWOD properties. To address the concerns
on the low dielectric constant of SiO2 mentioned above, we considered
another wetting approach: entropy electrowetting, in which the elec
trical leakage current of the electrochemical cell may result in a low
WCA [25,26], because of an increased system entropy. The electrical
leakage current measurement of SiO2/Si interface was shown in
Ref. [25], together with equations to link leakage current density with
electrolyte entropy and WCA. Furthermore, new developments of en
tropy wetting model are reported in two recent publications [27,28];
water contact angles can be calculated from entropy changes of either
the solid substrate [27] or the liquid phase [28]. Finally, we apply three
sequential steps to study the electrowetting process; (I) electrical
leakage [29], (II) entropy increase [30], and (III) reduction of WCA [25,
31].
The magnitude of the leakage currents is related to the dielectric
properties of the materials used in EWOD devices (Text S1 in Supporting
Information); for instance, we optimized the SiO2 layer thickness [25]
and nanorod ZnO structure [26] to enhance the EWOD device perfor
mance. Furthermore, even higher leakage currents may be generated
during the dielectric breakdown process in micro-nano hierarchical SiO2
layers decorated with noble metals, activated by an external electric
field.
Furthermore, Giordano et al. [32] studied the bonding of Pd, Ag, and
Au atoms on MgO(100) surfaces and MgO/Mo ultra-thin films, and
suggested that Ag and Au atoms could be ionized (therefore enhancing
electron transfer and leakage current) while Pd is basically unperturbed,
due to their different electron affinity. Yoram Selzer and David Cahen
investigated how to vary the dipole moment at Au/SiO2/Si interfaces by
using organic molecular absorbents that having different electron af
finities [33]. Delerue et al. [34] also reported that dielectric breakdown
is related to the metal bonding processes at a polarizable surface, which
is supported by the experiments of Heiz et al. [35]. Therefore, in this
study, we expect that leakage currents may further drive the reduction of
WCA in a micro-nano hierarchical noble metal/SiO2/Si device.
In this study, we explore a new approach, involving noble metaldecorated micro-nano hierarchical structures to control the EWOD be
haviors. The decoration of nanoscale noble metals on SiO2 not only al
ters the surface by producing a micro-nano hierarchical morphology, but
also widens the electronic bandgap and enhances the polarization/
breaking of surface chemical bonds. We expect that the wider bandgap
and surface bond polarization/breaking process will alter the leakage
currents, improving the EWOD performance.
In particular, we studied the EWOD properties of SiO2 layers in
which nanoparticles (NPs) of different noble metals, namely, Pd, Ag, and
Au, were decorated on the surface of SiO2 layers, producing a micronano hierarchical morphology. Rough SiO2 layers were prepared by
the electrospray method, whereas noble metal decoration was achieved
using the ultraviolet (UV) reduction technique. The EWOD properties
were investigated in both air and oil environments. The EWOD behavior
was irreversible in air, but reversible in the oil environment. In partic
ular, Ag- and Au-decorated SiO2 layers showed a superior EWOD
behavior. Previous literatures have reported electrowetting features of
pristine and composite SiO2 [25,36–42]. However, as far as we know,
less or no attention has been paid to effects of noble metals on EWOD
properties of SiO2-based materials. Thus, in comparison to other works,
novelty of present study is as follows: (i) study of effect of three noble
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metals (Ag, Au and Pd) on the surface properties and EWOD charac
teristics of SiO2 layers in air and oil media; (ii) applying the entropy
wetting model to explain the results of the EWOD experiments. Also, our
findings in this research were as follows: the EWOD properties of the
noble metal-decorated SiO2 layers showed greater changes along with
reversible properties relative to pristine SiO2 layer. Furthermore, pre
dictions from entropy wetting model were consistent with the measured
EWOD properties.
2. Experimental procedure
Fig. 1 provides a schematic illustration of the three main steps used
for the preparation of noble metal-decorated SiO2 layers in this study.
Each step is described in detail below.
2.1. Preparation of SiO2 layer
Si substrates served as underlying electrodes for the EWOD experi
ments. To prepare the electrospraying solution, tetraethoxysilane
(TEOS, Si(OC2H5)4) and methyltriethoxysilane (MTES, CH3Si(OC2H5)3)
were mixed in a molar ratio of 1:1 under stirring for 2 h at room tem
perature. The resulting solution was then mixed with another solution of
deionized water, ethanol, and HCl in the molar ratio of 9:6:0.03. Stirring
for 2 h produced the final solution for electrospray deposition.
The final solution was loaded into a syringe for electrospraying.
During this process, the feeding rate was set to 0.05 mL/h, the distance
between the needle tip and Si layer was approximately 10 cm, and the
applied voltage was set to 15 kV. After deposition, the layers were
annealed at 400 ◦ C/2 h in air.
2.2. Decoration with noble metal NPs
Noble metal (Pd, Ag, and Au) NPs were deposited on the surface of
the SiO2 layers. The UV photoreduction method was employed for the
deposition of the noble metals. Palladium chloride (PdCl2), silver nitrate
(AgNO3) and gold (III) chloride (HAuCl4) were dissolved in distilled
water for the decoration of Pd, Ag, and Au NPs, respectively. Then, the
SiO2 layers were fully dipped into the prepared solutions and UVirradiated using a halogen lamp (λ = 360 nm) at room temperature.
The intensity of the UV light was 0.11 mW/cm2 and the samples were
exposed to UV light for 60 s. Finally, to remove the remaining solvents
and organic species, the noble metal-decorated SiO2 layers were rean
nealed in air at 400 ◦ C for 1 h.
2.3. Teflon coating
A thin film of Teflon (thickness ~ 35 nm) was coated on the surface
of the noble metal-decorated SiO2 layers by spin coating using a spin
coater rotating at 2000 rpm for 60 s. Then, the Teflon-coated layers were
annealed in air at 80 ◦ C for 10 min to obtain a uniform and dense Teflon
film.
2.4. EWOD experiments
A contact angle analyzer was used to measure the WCAs in the EWOD
tests. The counter electrode was a tungsten wire, with one side inserted
into a droplet of deionized (DI) water and the other side in contact with
the electrode. DI water droplets (3 μL) were gently placed onto the
prepared layers (See Text S2 in Supporting Information). Then, various
DC voltages (0–200 V) were used. The tests were performed in both air
and dodecane oil (C12H26) environments. Fig. S1(a) shows the schematic
representation of EWOD experiments for water droplets in air atmo
sphere. Fig. S1(b) exhibits the same experiment in oil environment,
showing that how water droplet was immersed in an oil ambient.
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Fig. 1. Schematic illustration of the sequential processing steps used for the preparation of metal-decorated hierarchical SiO2 layers.

2.5. Characterizations
The morphology of the samples was investigated by field-emission
scanning electron microscopy (FE-SEM, Hitachi S-4200) and trans
mission electron microscopy (TEM; JEM-2100F). Chemical analysis was
performed using energy-dispersive X-ray spectroscopy (EDS) incorpo
rated in TEM. X-ray diffraction (XRD, X’Pert PRO MRD, Phillips) with
CuKα radiation (λ = 1.5041 Å) was employed to study the crystallinity of
products. Atomic force microscopy (AFM, Bruker Nanoscope Multimode
IVa) was used to inspect the roughness and surface topology of the
prepared layers. Functional groups were investigated using a Fourier
transform infrared (FTIR, Bruker VERTEX 80V) spectrometer (Shimadzu

8400S, Japan) in the frequency range of 2000–600 cm− 1. The chemical
state of the elements was studied by X-ray photoelectron spectroscopy
(XPS, VG Multitab ESCA 2000, UK). XPS experiments were performed
using an Al Kα X-ray source (hν = 1486.6 eV).
3. Results and discussion
3.1. Morphological, chemical and phase studies
Fig. 2 shows typical FE-SEM images of pristine and noble metaldecorated SiO2 layers. Fig. 2(a) shows the SiO2 particles forming the
SiO2 layer on the surface of the Si substrate. In addition, Fig. 2(b)–(d)

Fig. 2. Typical FE-SEM images of (a) pristine, (b) Pd-decorated, (c) Ag-decorated, and (d) Au-decorated SiO2 layers.
28314
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show the morphologies of the Pd-, Ag-, and Au-decorated SiO2 (hereafter
referred to as Pd–SiO2, Ag–SiO2, and Au–SiO2) layers, respectively. In all
cases, the noble metals were clearly deposited on the surface of the SiO2
particles and micro-nano hierarchical structures were formed. The
higher-magnification FE-SEM images displayed in the insets of Fig. 2(b)–
(d) demonstrate the presence of nanoscale noble metals on the surface of
microscale SiO2, producing a micro-nano hierarchical morphology. The
latter is highly beneficial for EWOD applications, because it leads to
increased roughness of the resulting structures. Further analyses were
performed using TEM. Fig. 3(a)-(c) show TEM, high magnification TEM
and high resolution TEM (HRTEM) images of Pd-decorated SiO2 layers.
Cleary, Pd NPs are successfully decorated over SiO2 layer. Fig. 3(d)–(f)
indicates TEM, high magnification TEM and HRTEM images of Agdecorated SiO2 layers, in which decoration of Ag NPs on SiO2 layer is
demonstrated. Finally, Fig. 3(g)–(i) exhibits TEM, high magnification
TEM and HRTEM images of Au-decorated SiO2 layers, in which fringe of
crystalline Au can be seen and HRTEM image obviously shows decora
tion of Au NPs over SiO2 layer. Fig. 4(a)-(c) shows the results of EDS
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mapping analyses for Pd-, Ag-, and Au-decorated SiO2 layers, respec
tively. As it can be seen, all expected elements are present in the syn
thesized products, demonstrating successful synthesis of desired
materials for EWOD studies. Additional chemical composition studies
were performed using EDS point analysis. Fig. S2 (a)–(c) shows the EDS
point analysis of Pd-, Ag-, and Au-decorated SiO2 layers, respectively. In
all spectra, the signals related to “O, Si, and deposited noble metal” can
be observed. Amounts of Pd, Ag and Au corresponded to 0.73, 0.94 and
5.43 wt%, respectively. Thus, EDS point results further demonstrate the
presence of Pd, Ag and Au NPs on the surface of SiO2 layers.
Fig. 5(a)-(c) shows the XRD patterns of Pd-, Ag-, and Au-decorated
SiO2 layers, respectively, in the range of 2θ = 10–80◦ . It should be
noted that SiO2 layer is overall amorphous in all samples, with a
noticeable (101) peak at around 23.2◦ (JCPDS File No. 89–3141). XRD
pattern of Pd-decorated sample exhibits a peak related to crystalline Pd
(JCPDS File No. 87–0645). In XRD pattern of Ag-decorated sample, the
peaks related to both crystalline metallic Ag (JCPDS File No. 87–0718)
and Ag2O can be seen. The peaks related to silver oxide are due to

Fig. 3. (a) TEM image, (b) high-magnification TEM image, and (c) HRTEM image of Pd-decorated SiO2 layer. (d) TEM image, (e) high-magnification TEM image, and
(f) HRTEM image of Ag-decorated SiO2 layer. (g) TEM image, (h) high-magnification TEM image, and (i) HRTEM image of Au-decorated SiO2 layer.
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Fig. 4. Results of EDS mapping analyses of SiO2 layers decorated with (a) Pd, (b) Ag, and (c) Au NPs.

Fig. 5. XRD patterns of SiO2 layers decorated with (a) Pd, (b) Ag, and (c) Au NPs.

annealing of sample in air. Finally, XRD pattern of Au-decorated sample
shows (111), (200), (220), and (311) peaks related to crystalline planes
of Au (JCPDS File No. 89–3697). Thus, based on XRD patterns, it can be
concluded that crystalline noble metals are decorated over amorphous
SiO2 layer.
Fig. 6 shows typical AFM images of the pristine SiO2 and Au–SiO2
layers, both of which show a dense and rough morphology. The surface
roughnesses of the pristine SiO2 and Au–SiO2 layers were 4.124 and
4.737 μm, respectively. This confirms the effectiveness of noble metal
decoration in enhancing the surface roughness, which is beneficial for
EWOD applications. Fig. S3(a) displays the FTIR spectrum of the pristine
SiO2 layer. The absorption peak at 1035 cm− 1 confirms the existence of
Si–O–Si bonds in the deposited layer. Furthermore, the absorption peaks
at 883 cm− 1 (Si–C bonding), 771 cm− 1 (symmetric Si–O stretching), and

707 cm− 1 (Si–O bending modes) can be observed. The last peak located
at 1274 cm− 1 is also attributable to the presence of –CH3 groups [43].
The XPS spectrum of the pristine SiO2 layer, shown in Fig. S3(b), dis
plays peaks corresponding to the Si, O, and C (originating from air). This
highlights the high purity of the synthesized SiO2 layer. Fig. S3(c) shows
the XPS spectra of the noble metal-decorated SiO2 layers, which display
peaks related to Au 4f, Ag 3d, and Pd 3d states. The high-resolution Pd
3d XPS spectrum in Fig. S3(d) shows two distinct 3d3/2 and 3d5/2 peaks,
which are characteristic features of Pd 3d core levels [44]. Moreover, the
Ag 3d core level spectrum presented in Fig. S3(e) is composed of Ag
3d3/2 and Ag 3d5/2 peaks, in agreement with the literature [45]. Simi
larly, the XPS spectrum of the Au 4f core level region (Fig. S3(f)) displays
two peaks corresponding to Au 4f5/2 and Au 4f3/2 [46].
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Fig. 6. Typical AFM images of (a) pristine SiO2 and (b) Au-decorated SiO2 layers.

3.2. EWOD experiments
Although clean and flat SiO2 surfaces are hydrophilic, they turn into
hydrophobic surfaces upon roughening [1]. To investigate the wetting
behavior of the fabricated layers, the initial WCAs were measured before
applying an external voltage. As shown in Fig. 7, the WCA of the Pd–SiO2
and Ag–SiO2 layers was 165◦ , whereas that of the pristine and Au–SiO2
layers was 154◦ . Accordingly, all fabricated layers showed super
hydrophobic properties, due to their surface roughness and to the low
surface energy resulting from the Teflon coating. The wetting behavior
of the fabricated layers can be described by the Cassie–Baxter model
(non-wetting state), according to which air bubbles can be trapped in
side the grooves underneath the water droplets [47], resulting in a high
WCA. A higher initial WCA is advantageous for EWOD studies, because
in the absence of an external voltage it leads to a greater change in the
WCA value [48].
To study the EWOD properties of the fabricated layers, various
external voltages up to 200 V were applied to the pristine and metaldecorated SiO2 layers, and the obtained results are summarized in
Fig. 7. The figure also shows optical images recorded under the highest
applied voltage (200 V). For larger voltages (V > 200 V), nonreversible
damage was caused by the breakdown of the Teflon insulating layer,
which allowed the current to pass through the system and electrolyze
the water droplet. Therefore, the EWOD measurements were limited to
voltages up to 200 V.
Similar trends were observed in all cases, i.e., the WCA decreased
with increasing applied voltage. This behavior is consistent with the
Lippmann–Young equation [49,50]:
cosθv = cosθ0 +

1 εε0 2
V
2 γ LG d

(1)

where θv and θ0 are the WCA values in the presence and absence of
applied voltage, ε0 is the dielectric permittivity of air, ε is the dielectric
permittivity of the dielectric layer, d is the thickness of the dielectric
layer, and γLG is the liquid–air interfacial tension [51]. This equation
implies that the WCA decreases with increasing external voltage (V2). A
redistribution of surface charges is expected to take place upon voltage
application, followed by a change in the free energy of the water droplet.
This change in free energy reduces the WCA, resulting in the water
droplets spreading and thus wetting the surface [25]. Fig. 8 illustrates
the EWOD mechanism, in which the surface shows hydrophobic prop
erties before application of the electric field, and the WCA decreases in
the presence of the applied voltage.
Even though all fabricated layers generally exhibited the same trend,
their WCAs measured at specific voltages were different. Under 200 V,
the WCA values for the pristine, Pd–SiO2, Ag–SiO2, and Au–SiO2 layers
were 129, 120, 115, and 102◦ , respectively. Therefore, the pristine layer
showed the smallest variation in WCA upon voltage application. These
experimental data are consistent with the entropy wetting model, in
which a high leakage current will result in increased system entropy,
leading to a reduced WCA. In an electrochemical cell with a fixed
external voltage, a low dielectric electrolyte may result in (1) evident
leakage currents, (2) increased system entropy, and thus (3) reduced
WCA.
Due to the different electronic band structure of Pd, Ag, and Au QDs,
their dielectric constants decrease with decreasing size [32,33]. It is
known that dielectric constant is inversely proportional to the electric
field building up across the two capacitor plates, thus, at a given loaded
voltage, the activated electric fields is stronger in a low the dielectric
constant materials than in a high dielectric one. Therefore, the leakage
current intensity is expected to be higher in the former than the later, i.e.
the leakage current intensity decreases from the Au/SiO2/Si, to the
Ag/SiO2/Si, and finally to the Pd/SiO2/Si device. It is interesting to
analyze Fig. 2(b)–(d), where the size of Au NPs is significantly smaller
than those of the Pd and Ag. A similar trend in the size of Pd, Ag, and Au
was also reported in Ref. [52] (from 2000 nm (Pd) to 70–170 mn
(Ag/Au)). A similar trend in the size of Pd, Ag, and Au was also reported
in Ref. [52] (from 2000 nm (Pd) to 70–170 mn (Ag/Au)). Finally, the

Fig. 7. Variation of WCA vs. applied voltage for pristine SiO2 and noble metal
(Pd, Ag, Au)-decorated hierarchical SiO2 layers in air. (Optical images are
also shown).

Fig. 8. Mechanism of the EWOD process.
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measured EWOD performance shown in Fig. 7 agrees well with the
above proposed relationship among size, dielectric constant, leakage
current density, entropy, and WCA, where Au–SiO2/Si enables the
lowest WCA in air. Although the layering of different materials will
result in different voltage drops and it will be inversely proportional to
dielectric constants, the above hypothesis of changes in dielectric con
stants may not be the only mechanism that directly brings about leak
ages. Subsequently, we measured the leakage currents as shown in
Fig. S4, exhibiting that the leakage currents are a function of applied
voltage. Overall, with increasing the applied voltage for all layers, the
leakage current increases. Also, the order of leakage current is as fol
lows: Au–SiO2>Ag–SiO2>Pd–SiO2> SiO2, so as the leakage current in
creases, the WCA decreases in the exact order in Fig. 7. Therefore, as a
key principle of the entropy wetting modelling, the leakage currents are
experimentally validated to be increased along with the reduction of
WCA.
Because the pristine SiO2 layer showed the smallest variation in WCA
upon application of the external voltage, the EWOD experiments in
dodecane oil were only performed on noble metal-decorated SiO2 layers.
It is worth noting that the use of toluene and methyl naphthalene as oil
phases impairs the EWOD performance, owing to the large dipole
moment of the molecules, because the dipoles interact with the applied
field and disrupt the EWOD effect [50]. In contrast, oils with symmetric
molecules such as dodecane have a low dipole moment, which cannot
affect the electric fields used to control the liquid movement in EWOD
experiments.
Fig. 9 shows the variations of the WCAs versus external voltages up
to 200 V in dodecane oil, for noble metal-decorated SiO2 layers. The
figure also includes optical images of water droplets obtained under the
maximum applied voltage. The samples exhibited the same trend
observed in air, namely, their WCAs decreased with increasing external
voltage, in agreement with the Lippmann–Young equation. Similarly, it
has been reported that the use of a dodecane oil environment can reduce
the WCA [53]. The experiments revealed that the Pd–SiO2 layer showed
the smallest WCAs variation among the tested layers, at all applied
voltages. For example, at the highest applied voltage (200 V), the WCA
values of the Pd–SiO2, Ag–SiO2, and Au–SiO2 layers were 134, 97, and
100◦ , respectively. The slight discrepancy between the results in air and
oil may be due to experimental uncertainties or specific catalytic re
actions at the oil/Au and oil/Ag interfaces. In summary, the present
results open up a new avenue in EWOD research, involving the use of
low dielectric constant materials decorated with metallic NPs.
Because EWOD devices are repeatedly turned on and off in appli
cations such as displays, it is necessary to explore the behavior of EWOD
layers in the presence and absence of external voltage. Fig. 10 illustrates
the reversible behavior of the noble metal-decorated SiO2 layers in oil.
On switching off the external voltage, the water droplet came back to its
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Fig. 10. Reversibility tests for metal (Pd, Ag, Au)-decorated hierarchical SiO2
layers in oil environment.

initial state, highlighting the excellent reversibility of the fabricated
layers, which is a very promising feature for practical EWOD applica
tions. It should be noted that EWOD devices can work in various fields in
air atmosphere and oil ambient such as liquid lenses [54–56], displays
[57–59], lab on a chip [60–62] and microfluids [63]. Among them, a
liquid lens can change a concave lens into a flat lens or a convex lens by
applying a voltage using two liquids that are not generally mixed
[64–66]. Therefore, as one of the main applications in oil ambient, the
liquid lens has the advantage of being able to change the focus without a
mechanical device, unlike a solid lens that is complicated in spatial
design.
4. Conclusion
In this work, pristine and noble metal-decorated SiO2 layers were
synthesized through a two-step method, involving electrospraying of
SiO2 layers followed by UV reduction of noble metals (Pd, Ag and Au).
The fabricated layers showed a micro-nano hierarchical structure and
were initially superhydrophobic. EWOD tests performed under applied
external voltages (0–200 V) showed that the WCA decreased with
increasing voltage, in accordance with the Young–Lippmann equation.
However, this behavior was not reversible in air. Furthermore, the
EWOD properties of the noble metal-decorated SiO2 layers were inves
tigated in the presence of dodecane oil, and they showed greater changes
along with reversible properties under these conditions. Moreover,
when the entropy wetting model was applied to the design of the micronano hybrid structures, the predictions of the model were consistent
with the measured EWOD properties. Therefore, this rational design
approach may promote the development of EWOD technologies. Finally,
the reversible modulation of the WCAs of noble metal-decorated SiO2
layers in the presence of an external voltage can be used for practical
applications such as liquid lenses, electronic displays, and biochips.
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