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A smart surface with wettability that can be switched between

superhydrophobicity and superhydrophilicity has been realized

on a transparent and conductive SnO2 nanorod film by the

alternation of UV-irradiation and dark storage.

In recent years, inspired by the surface topography induced

superhydrophobicity of lotus leaves, many research groups have

prepared superhydrophobic surfaces that biomimic lotus leaves.1

However, surfaces with only superhydrophobicity can not meet

demand in the rapid development of smart devices. In a typical

case of an intelligent microfluidic switch, surfaces with controllable

wettability are highly desired. These films with reversible super-

hydrophobicity and superhydrophilicity can be prepared by

tuning the surface micro/nanostructure or the surface chemical

composition.2–5

Tin oxide (SnO2) is an important wide band-gap semiconductor,

which is well-known for its excellent transparency and conductiv-

ity, and has been widely used in many fields such as

optoelectronics,6 gas sensors,7 energy storage,8 and energy

conversion.9 In the past several years, nanostructured SnO2 has

attracted much attention due to its unique properties,10 but these

studies are mainly focused on its gas sensitivity11 and electricity,12

and few reports have concerned its surface wettability,13 especially,

the realization of reversible superhydrophobicity and super-

hydrophilicity on transparent and conductive SnO2 films has

never been reported.

In this communication, we report the preparation of aligned

SnO2 nanorod films with switchable superhydrophobicity and

superhydrophilicity. The water contact angle (CA) on the as-

prepared films changes from 154.1 ¡ 0.9u to 0u when exposed to

UV-irradiation, and the wettability reconverts to its initial

superhydrophobic state by keeping the films in the dark for a

certain time. The films with such smart wettability show semi-

conductivity and 60% transmittance in the visible region. This

study may open up the prospect of meeting the demands of

intelligent microfluidic switches and expanding the applications of

SnO2.

The aligned SnO2 nanorod films were prepared in two steps.

Firstly, a wafer with SnO2 crystal seeds was prepared by spin-

coating SnO2 sols{ on a clean glass substrate and further calcining

at 500 uC for 2 h. Secondly, a wafer covered with SnO2 crystal

seeds was immersed in a 50 mL aqueous solution of SnCl4?5H2O

(9.69 6 1024 M) and urea (0.15 M) in the presence of 2.5 mL HCl

(37%) in a closed bottle. The bottle was then heated at 95 uC for

2 days. After deposition, the films were rinsed thoroughly with

deionized water, dried at room temperature and stored in the dark

for several weeks.

The typical field-emission scanning electron microscope (FE-

SEM) images of the as-prepared films are shown in Fig. 1a, b,

which indicate that the films are composed of aligned nanorods

with a diameter and length estimated to be 30–50 nm and 150–

200 nm, respectively. According to the X-ray diffraction (XRD)

pattern of the as-prepared films (Fig. 2), the crystalgraphic phase

of the nanorods can be indexed to cassiterite, which is consistent

with the standard data file (JCPDS file no. 41-1445). Compared
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Fig. 1 a) and b) are the topview and cross-sectional view of the FE-SEM

images of the as-prepared SnO2 nanorod films, respectively.

Fig. 2 XRD pattern of the as-prepared SnO2 nanorod films.
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with the bulk material, the diffraction peaks are relatively

broadened owing to the small size.

The wettability of the as-prepared films was evaluated by water

contact angle measurements. The water droplet shape on the SnO2

nanorod films is shown in Fig. 3a, showing the CA of 154.1 ¡

0.9u. When the films are exposed to UV-light (with a wavelength of

254 nm) for 2 h, the water droplet spreads out on the films and

results in a CA of 0u (Fig. 3b), showing that the superhydrophobic

surface has been changed to superhydrophilic. After keeping the

superhydrophilic films in the dark for 4 weeks, the wettability

returns to superhydrophobic again and the cycles can be repeated

(Fig. 3c).

Tin oxide is a hydrophilic material and the water CA on smooth

SnO2 films is about 20u.14 Interestingly, the as-prepared SnO2

nanorod films show superhydrophobicity. As known, surface

roughness and surface free energy are the two main factors that

dominate the surface wettability. It is believed that the super-

hydrophobicity of SnO2 films is caused by the formation of aligned

nanorods. From the FE-SEM images, it can be seen that the SnO2

nanorods on the substrate are slightly separated from each other.

The high-resolution transmission electron microscopy (HRTEM)

image (Fig. 4) shows that the spacing of the lattice fringes is

0.335 nm, which can be indexed as the (110) plane of rutile SnO2.

This indicates that the as-prepared SnO2 nanorods grow along the

c-axis with the side face consisting of the (110) plane. For SnO2,

the sequence of the surface free energy of the crystal faces is (001)

. (101) . (100) . (110).15 When water contacts the films, it will

penetrate into the films along the (110) plane of the SnO2 nanorod.

Since the (110) plane has the lowest surface energy, water can not

wet the nanorods. Therefore, an air pocket at the interface between

water and the nanorod films can be formed. Theoretically, from

the equation formulated by Cassie and Baxter16 that describes the

contact angle at a composite surface, coshf 5 fscoshw 2 fv (where

hf and hw are the contact angles on the SnO2 nanorod films and on

a smooth SnO2 surface, respectively, fs and fv are the fractional

interfacial areas of the SnO2 nanorods and the air in the troughs

between individual nanorods, respectively.), an increase in fv will

lead to an increase in hf. That is, the air trapped in the films

enhances the hydrophobicity of the surface. The air pocket

prevents the penetration of the water droplet into the grooves and

causes the water droplet suspended on the surface of the films.

When the films are exposed to UV-light, hole–electron pairs will

be generated on the surface of the SnO2 nanorods. Some of the

holes can oxidize lattice oxygen to dissociative oxygen, and oxygen

vacancies will form on the SnO2 nanorods. Water molecules are

more favored by the defective sites than oxygen molecules in the

air because of the strong adsorption between oxygen vacancy and

hydroxyl.14,17 This leads to a hydrophilic SnO2 nanorod film.

When the water droplet contacts the films, it wets the nanorods,

and penetrates into the grooves of the films along the nanorods

due to the three-dimensional capillary effect.18 During dark

storage, hydroxyls adsorbed on the defective sites can be gradually

replaced by oxygen in the air, because oxygen adsorption is

thermodynamically more stable.17,19 The surfaces of the SnO2

nanorods thus return to the initial state and the wettability of the

films reconverts to superhydrophobicity. This mechanism was

confirmed by the X-ray photoelectron spectroscopy (XPS) analysis

of the as-prepared SnO2 nanorod films (see ESI{). Similar

phenomena have been observed in the case of ZnO and TiO2

films.2

Although SnO2 is conductive, it is difficult to investigate the

conductivity of the as-prepared SnO2 nanorod films by common

measurements due to the special surface structure. In the present

work, the electronic properties of the as-prepared films are

measured with atomic force microscopy (AFM) using a conductive

cantilever under the application of bias voltages.20 The typical

current–voltage (I-V) curves (Fig. 5a) indicate that the I-V

behavior is nearly exponential in the range of 22 to 2 V,

exhibiting a semi-conductive property (see ESI{ for the simulta-

neous current scanning image).

The transmittance spectra of the as-prepared films is shown in

Fig. 5b, which indicates that the transmittance of the SnO2

nanorod films is about 60% in the visible region. As known,

transparency and superhydrophobicity are competitive properties

Fig. 3 Water droplet shapes on the as-prepared SnO2 nanorod films a)

before and b) after UV-irradiation; c) reversible superhydrophobicity and

superhydrophilicity transition of as-prepared films by alternating UV-

irradiation and storage in the dark.

Fig. 4 a) TEM image of a single SnO2 nanorod; b) high-resolution TEM

image of the as-prepared SnO2 nanorod.
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in the preparation of transparent superhydrophobic films.21 The

transparency of the SnO2 films decreased due to the formation of

nanorod structures, which is essential in increasing the surface

roughness and forming a superhydrophobic film. Considering the

inherent properties of SnO2, it can be expected that the

transparency and conductivity of the SnO2 nanorod films would

be improved further by doping with F or Sb ions.

In summary, SnO2 nanorod films with switchable super-

hydrophobicity and superhydrophilicity have been successfully

prepared via low temperature hydrothermal methods. The surface

smart property is realized by alternating UV-irradiation and dark

storage. The mechanism is ascribable to the cooperation of the

surface roughness, the orientation of the nanorods and the surface

photosensitivity of SnO2. The as-prepared films exhibit semi-

conductivity and 60% transmittance in the visible region. SnO2

nanorod films with such special properties are significant in

realizing smart switches on transparent and conductive surfaces,

which can meet the demand of intelligent microfluidic devices and

expand the applications of SnO2.
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