
INTRODUCTION

Water-repellent surfaces with a water contact angle higher
than 150º are known as superhydrophobic surfaces. A water
droplet on a superhydrophobic surface will roll off at a small
tilt angle. After the discovery of the important role of the hier-
archical structure of superdydrophobic surfaces in nature (e.g.
the lotus leaves), many artificial superhydrophobic coatings
have been developed to mimic the lotus leaves. In order to
achieve such a bionic superhydrophobic surfaces, both the low
surface energy and the rough morphology are necessary1. Many
techniques, such as assembling, electrochemical deposition,
sol-gel, etc., have been used to prepare such surfaces2-7. How-
ever, these methods are still complicated and or expensive.
For practical applications, further efforts are needed to find
more convenient and economical techniques.

Copper is an important common material and has been
widely used in many fields. The surface wettability of copper
has been extensively studied8,9. A contact angle of 161º has
been achieved on a flower-like CuO superhydrophobic surface
by Chen et al.10. The above mentioned studies on surface
wettability are mainly concerned with the surfaces of Cu, CuO,
or Cu(OH)2

11,12. Here Cu2O is employed in a different way,
Cu2O is usually thought of a typical p-type direct band gap
semiconductor with a band gap of 2.17 eV and has potential
applications in solar energy conversion13, electrode materials,
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sensors and catalysts14,15. Various interesting cuprous oxide
nanostructures such as cubes, cuboctahedra, octahedra, multipods,
nanowires and hollow structures have been synthesized by wet
chemical reduction16-19, electrodeposition20-22 and solvothermal
synthesis methods23-25. While most of the studies focus on
powders largely more than films. Moreover, the wettability of
Cu2O film has been less studied.

In the present work, Cu2O film was synthesized using a
facile hydrothermal method to form the necessary hierarchical
structure necessary for a superhydrophobic surface. The prepared
surface exhibits an excellent superhydrophobic property with
a contact angle of 159º. The water droplet can easily slide on
the surface, even with a slight tilt angle and compared to an
unmodified surface, has a lower adhesion to the modified surface.

EXPERIMENTAL

All the reagents were commercially available with
analytical grade and used without further purification. First, a
copper plate with a size of 2 cm × 2 cm × 0.01 cm (purity
99.9 %, purchased from Chemical Reagent ,Tianjin) is etched
in 2 M HCl for 30 s to remove surface oxides and then ultra-
sonically cleaned in ethanol and deionized water for 15 min,
respectively. Following the clean is an oxidation step that
includes immersing the sample into a 0.02 M aqueous solution
of sodium dodecyl-benzenesulfonate (DDBS) and then transfe-
rring the solution into a Teflon-lined stainless steel autoclave
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of 50 mL capacity, sealed and maintained at 200 ºC for 12-
48 h. When the steel autoclave has cooled down to room
temperature and the immersed copper plate is rinsed with
deionized water and ethanol thoroughly and then dried in air.
Next, the oxidized copper plate is immersed in an ethanol
solution of 1H,1H,2H,2H-perfluorodecyltriethoxysilane
(PDES) (alfa aesar purity 97 %) for 1 h. Finally, after being
rinsed in ethanol, the sample is heated at 120 ºC for 1 h at low
pressure (1 Pa) to finish preparing the samples. The samples
were analyzed using an X-ray diffractometer of D8 advance
with CuKα1 radiation (λ = 1.5405 Å). The morphologies of
the samples were observed using an S-3400N scanning electron
microscope (SEM). Contact angles (CA) of water drops on
the surface were measured using a GonioStar150 CA measu-
rement instrument. Analysis of the chemical elements present
on the copper surface was carried out using an ESCALab250
X-ray photoelectron spectrometer (XPS).

RESULTS AND DISCUSSION

Fig. 1 shows the surface scanning electron microscopy
(SEM) images of the original copper plate and of the oxidized
surface. It is clear that many large crystal grains several microns
in size exist on the oxidized surface and that smaller grains in
the hundreds of nanometers range have grown under the large
grains, composing a kind of hierarchical structure.

Fig. 1. (a) and (b) are the SEM images of the original copper surface with
the magnifications of 5 and 10 K, respectively and (c), (d) are those
of the oxidized surface

Fig. 2 shows the XRD patterns from the copper plate and
the as-prepared surface. In the pattern from the original
copper surface, there are three peaks corresponding to the
diffraction lines of cubic copper in the (111), (200) and (220)
orientations, respectively. These suggests that the copper plate
contains solely a cubic copper phase. In the pattern from the
oxidized surface, four additional peaks appear. These reveal
the existence of a Cu2O phase on the surface according to the
standard card of PDF#05-0667. The four additional peaks
correspond to the diffraction lines of Cu2O in the (110), (111),
(200) and (220) orientations, respectively. The process of
forming the crystal morphology of the Cu2O has been reported
earlier16-19. For the cubic phase, the surface energy value,
γ{111} < γ{100} < γ{110}, can be easily deduced from the

Fig. 2. XRD patterns of the copper surface and the oxidized surface,
respectively

distances between these three crystal planes and the central
Wulff’s point. From a crystallographic point of view, Cu2O is
a cuprites structure and the amount of the Cu1+ is twice that of
the O2- tetrahedral. The structure can be described as a cubic
close packing of copper atoms. The {111} and {100} planes
in the Cu2O crystal lattice are different in the surface atom
structures. The surface with plane {111} is nonpolar, whereas
with plane {100} is polar. According to Gibbs-Wulff’s theory,
both the {111} and {100} planes are often remained in the
final appearance. Generally, the growth of dipolar Cu2O crystal
dependent on not only their polar characteristic, but also the
supersaturation of the solute. Under equilibrium condition,
the inorganic crystal growth are determined by the relative
order of surface energies. The fastest crystal growth will occur
on the surface with the highest surface energy. This results in
the elimination of higher-energy surfaces while the lower-
energy surfaces increase in area. When the dodecyl benzene
sulfonate are added during the crystal growth process, the
relative order of surface energies can be changed. Because of
the anisotropy adsorbability, these additives adsorb onto a
certain crystallographic plane more strongly than others. This
preferential adsorption lowers the surface energy of the bound
plane and hinders the crystal growth on it, resulting in a change
in the final morphology of Cu2O26,29.

The surface of the hierarchical structure of Cu2O was
chemically modified with PDES to improve the hydrophobicity.
Fig. 3(a) shows the typical XPS spectra of the Cu2O hierarchical
structure both before and after chemical modification with
1H,1H,2H,2H-perfluorodecyltriethoxysilane (PDES). The
peaks corresponding to Si2p, C1s and F1s in the spectra of the
chemically modified sample reveal that the radicals containing
fluorine had been successfully assembled onto the surface of
the hierarchical structure. Fig. 3(b) shows the high resolution
XPS spectrum of the sample modified using 1H,1H,2H,2H-
perfluorodecyltriethoxysilane. The peaks at 284.8, 291.4 and
293.6 eV can be assigned to the -CH2, -CF2 and -CF3 groups,
respectively10, which also confirms the assemblage of the
F-contained radicals onto the surface as well. In Fig. 3(c), the
Cu2p1/2 and Cu2p3/2 peaks also confirm the existence of the
Cu2O phase30-32, this agrees well with the XRD results.

Just as with most metals, the original copper surface is
hydrophilic with a contact angle of 69º. Fig. 4(a-c) showed the
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Fig. 3. XPS data of (a) the spectrum of the unmodified surface and the
modified surface with PDES, (b) C1s spectrum of the modified
surface, (c) Cu2p spectrum of the modified surface

contact angle images of the oxidized surface before and after
being modified using PDES. After being oxidized in a reaction
solution at 200 ºC, the surface morphology and chemical properties
have been changed and the surface contact angle has been
reduced to 14º (Fig. 4(b)). In addition to the influence on the chemi-
cal properties, the reduction of the contact angle may also be
explained by the Wenzel theory: for a hydrophilic surface, sur-
face roughness contributes to the improvement of wettability.

Fig. 4. (a) a water droplet on the original copper surface; (b) a water droplet
on the oxidized surface before and (c) after modified with PDES;
(d) the water droplet sliding photos on the PDES-modified surface
taken with a interval of 60 ms (d1 to d3)

After being treated with PDES, the contact angle of the
oxidized surface has changed from 14 to 159º [Fig. 4(c)] and
is dominated mainly by a reduction in the surface free energy
of the rough surface.

When the surface modified with PDES is tilted slightly,
the water droplet on it can easily slide. Fig. 4(d) shows photos
of a water droplet sliding at the superhydrophobic surface.
The adhesion of a water droplet to the modified surfaces was
also tested using the method reported by Gao et al.33. Fig. 5
shows the contact, deformation and departure processes of a
water droplet suspended from a syringe contacting a modified
surface. The water droplet can easily and completely leave
from the modified surface.

Fig. 5. Contact, deformation and departure processes of water droplet
suspending on a syringe with the modified surface. the arrows
represent the moving direction of the water droplet

To understand the superhydrophobicity of a hierarchical
surface fully, the Cassie and Baxter equation can be used:

21r fcosfcos −θ=θ

where θr and θ represent for the contact angles of the rough
and smooth surface, respectively; and f1 and f2 are the fractions
of the interface area of solid-water and air-water, respectively.
According to the Cassie-Baxter equation, the increasing
fraction of air-water surface leads to an increase in the contact
angle on a rough surface. In this paper, θr and θ (118º in our
practical test) are the contact angles of the final sample surface
and of a PDES-modified smooth copper surface, respectively.
In the present studies, the f2 value of the PDES-modified surface
is estimated to be 0.88, which indicates that a large fraction of
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air is trapped in the hierarchical structures after they have been
created by chemically modified. This has led to the superhydro-
phobicity of the surface.

Conclusion

High hydrophilic and superhydrophobic Cu2O surfaces
have been created using different solution modification
methods. Through an oxidization process, a Cu2O layer with
a kind of hierarchical morphology was grown on the copper
surface and the contact angle of the surface was reduced to
14º from the original value of 69º. Modified using PDES in
the subsequent step, the surface was changed to be super
hydrophobic with a contact angle of 159º and a low sliding
angle less than 5º. The analysis of XPS spectra of the PDES-
modified sample reveals that the F-contained radicals have
been successfully assembled onto the surface. According to
the Cassie-Baxter equation, the fraction of contact area
between solid and water, f2, was estimated to be 0.88. Both
the surface morphology and the F-contained radicals are
considered to be the determinants of the superhydrophobicity
and low sliding angle. Moreover, the surface shows a low
adhesion for water and a long-term stability.
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