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In nature, rice leaves exhibit special anisotropic sliding capabilities. Although researchers have succeeded in fabricating artificial 
rice leaf structures and realizing the wettability function of the leaf surface, these methods used to date are complex and do not 
allow the fabrication of surfaces with large area. Herein, we adopted a simple technology — two steps soft transfer to fabricate 
biomimetic rice leaf. The fabricated surface well reproduced the structures of the rice leaf surface and exhibited a static superhy-
drophobic property similar to that of the real rice leaf surface. In terms of its dynamic wettability, it clearly exhibited an aniso-
tropic sliding property. Systematic measurements showed that the sliding angles parallel and perpendicular with the vein direction 
were 25° and 40°, respectively. The method was simple and reliable, without the need for expensive instruments and complex 
technologies, which could be used for the rapid fabrication of large-area artificial rice leaf surfaces. We believe that the artificial 
rice leaf surface fabricated by this method has great potential applications in biomimetic functional surfaces, microfluidics, and so 
on. 
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Micro/nanostructures endow plants and animals with special 
wettability. For example, the micropapillose structures on 
lotus leaves give them self-cleaning abilities [1]; the bristle 
microstructures possessed by water striders allow them to 
stand on water easily [2]; the short wide papillae and nano- 
grooves that make up the surface of roses have a strong ad-
hesive properties with water droplets [3]. Inspired by nature, 
researchers have paid great attentions to the investigation of 
the wetting mechanisms and the fabrication of biological 
surfaces [4,5]. To date, a number of artificial biosurfaces 
have been successfully realized by various physical and 
chemical methods, including template methods, chemical 
vapor deposition, electrospinning, self-assembly, and laser 
microfabrication [6–11]. In recent years, rice leaf has at-
tracted much attention because of its unique wettability. It 
exhibits not only excellent superhydrophobic ability but 
also special anisotropic sliding properties [12]. Namely, 

water droplets prefer to roll along the veins, and show a 
slight sliding angle (SA) in this direction. These characteris-
tics helped artificial rice leaf gain importance in a number 
of fields, including in fluidic direction control, no-loss liq-
uid transportation, and self-cleaning materials [13–18]. At 
present, many fabrication methods have been used to fabri-
cate biomimetic rice leaf surfaces and realize anisotropic 
contact angles (CA), including photolithography, wrinkling,  
electrospinning, and interference lithography [19–22]. For 
example, Chung et al. [20] produced tunable-aspect-ratio 
micro-wrinkled surfaces with anisotropic CAs using surface 
wrinkle technology. Zhang et al. [23] adopted nanoimprint 
lithography to manufacture a series of two-level hierarchical 
structures which showed a wide range of anisotropic wet-
ting. Xia et al. [24] reported strong controllable anisotropic 
wetting grooved surfaces, which were fabricated using 
two-beam laser interference lithography. Wu et al. [25] re-
alized two-directionally controllable anisotropic wetting 
using modified four-beam interference lithography. How-
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ever, these studies did not achieve the goal of dynamic su-
perhydrophobicity (small SA); neither did they realize ani-
sotropic sliding property. Recently, Wu et al. [26] made a 
careful investigation of the rice leaf surface, and proposed a 
new model to interpret the anisotropic sliding behavior. 
This model involved “three-level” structures (macro/micro/ 
nano). By combining photolithography, imprint lithography 
and nanoparticles coating, they manufactured hierarchical 
three levels structures. The prepared surfaces possessed 
controllable sliding anisotropy equivalent to that found in 
natural rice leaf. Although this approach could realize the 
structure and function of rice leaf, it was complicated and 
expensive. In this study, we adopted a simple technolo-
gy—two steps transcription—to fabricate biomimetic rice 
leaf. Using the natural rice leaf surface as a template, we 
adopt two steps soft transfer with elastic polymer materials 
to directly duplicate the microstructures of the real rice leaf 
surface. Using scanning electron microscopy (SEM), we 
carried out a comparative analysis of the microstructures in 
the natural and biomimetic surfaces. Furthermore, we inves-
tigated the static and dynamic wettability of the artificial 
surface characterized by CA and SA, respectively. We be-
lieve that this technology could be widely applied to fabri-
cate artificial rice leaf surfaces.    

1  Materials and methods 

1.1  Materials 

The primary template used in our experiments was natural 
green rice leaf, which was picked from the city of Yueyang 
(Hunan Province, China). The material used in the two 
times transcription was PDMS (polydimethylsiloxane, Dow 
Corning, USA). Fluoroalkylsilane (Heptadecafluoro-1,1,2, 
2-tetradecyl trimethoxysilane) was purchased from Sikang 
Company (Fujian Province, China). The anhydrous ethanol 
was of analytical reagent grade.  

1.2  The fabrication of biomimetic rice leaf  

Figure 1 shows a schematic diagram of the artificial rice 
leaf fabrication process. First, we intercepted a 5 cm-long 
natural rice leaf, and carefully washed it by ethanol. After 
drying in air, the rice leaf was spread and pasted on a glass 
slide as the primary template. To carry out the first soft im-
print lithography, we then poured a PDMS layer with a 
thickness of approximately 3 mm onto the primary template. 
After curing, we peeled the PDMS film off the primary 
template, and pasted it on another glass slide. This produced 
the inverse structure template. Finally, the artificial rice leaf 
was obtained after a second soft transfer following the same 
process as the first. The detailed processes were as follows: 
The PDMS prepolymers and curing agent were mixed in a 
10:1 weight ratio. During each PDMS soft transfer process, 
we poured the PDMS on a template, and the PDMS was 

degassed in vacuum chamber. After baking at 70°C for 4 h, 
the PDMS was solidified and could be peeled off after it had 
cooled. In the second transcription, the template was com-
posed of PDMS. To facilitate the peeling process, the surface 
was treated with surface modification before the second tran-
scription. After thermal evaporation at 60°C, fluoroal-
kylsilane with low surface energy was grafted on the surface 
of the structure, which lowered the interfacial adhesion.  

1.3  Sample characterization 

The surface morphologies of the biomimetic rice leaf were 
characterized using a field emission scanning electron mi-
croscope (JSM-7500F, JEOL, Japan). We investigated the 
surfaces obtained by two steps PDMS soft imprint process. 
The results were characterized and compared with a natural 
rice leaf surface. Both the static and dynamic wettability of 
the surface were studied. To accomplish this, we used a 
Contact Angle System OCA 20 instrument (DataPhysics, 
Germany). Static CA measurements were performed using a 
droplet with a volume of 0.004 mL. We measured the contact 
angle perpendicular and parallel to the leaf vein, to character-
ize the CA anisotropy. The dynamic wettability was charac-
terized by measuring the sliding angle (SA). The Contact 
Angle System was also used for these experiments; a droplet 
(with a volume of 0.004 mL) was placed on the biomimetic 
rice leaf, and the test bench was tilted until the droplet began 
to slide. This angle of inclination was taken as the SA. 

2  Results and discussion 

Figure 2 shows a scanning electron microscope (SEM) im-
age of the natural rice leaf. As Figure 2(a) shows, there 
were macro groove arrays of sub-millimeter scale on the 
surface. The height and width of the grooves were approxi-
mately 200 and 50 μm, respectively. There were also full 
papilla structures of micrometer-scale, with heights and 
widths of approximately 3–5 and 5–8 μm, respectively. As 
shown in the magnified image (Figure 2(b)), abundant 
nanostructures were clearly present on each papilla. These 
morphologies constituted the micro/nanostructures of the 
papilla. These micro/nanostructures offer enough surface 
roughness to allow the rice leaf to exhibit excellent super-
hydrophobic characteristics. The macro groove arrays 
 

 
Figure 1  The process used for the fabrication of the biomimetic rice leaf 
surface.  
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Figure 2  SEM images of a natural rice leaf surface. (a) Macro-groove 
structure on rice leaf surface; the scale bar represents 100 μm. The direc-
tion along which the groove extends is the vein direction. The SA was 
smallest in this direction; (b) SEM image of the micro/nano composite 
structure on the rice leaf surface; the scale bar represents 10 μm. The inset 
figure shows a magnified image of the papilla. Nanostructures can be 
clearly observed. These micro/nano structures mean that the rice leaf has 
excellent superhydrophobic properties. 

extended in one direction (parallel with the vein direction), 
with the papilla arrays ordered in the same direction. These 
structural features guide water droplets along the groove, so 
water droplets exhibit their smallest sliding angle in this 
direction. Consequently, the rice leaf surface has an aniso-
tropic sliding property.  

First, we investigated the microstructures of artificial 
biomimetic surfaces. Figure 3 shows SEM images of the 
prepared artificial rice leaf. Figure 3(a) is the inverse rice 
leaf structure after the first transcription. This structure in-
cluded macrogroove structures and porous microstructures. 
Figure 3(b) shows the porous microstructure. These were 
simply the inverse of the nanostructures on the rice leaf. 
These results showed that the macro/micro/nano structures 
of the rice leaf surface were retained after the first soft 
transfer. Figure 3(c) and (d) shows images of the biomimet-
ic surface after the second soft transfer. Compared with 
Figure 2, Figure 3(c) shows nearly the same macro/micro 
structures. Some nanostructures also can be observed in 
Figure 3(d). The structures of artificial rice leaf surface 
were well reproduced, similar to that of natural rice leaf.   

The wettability of the artificial rice leaf surfaces was 
measured, and a comparison was made with the natural rice 
leaf. First, we took static CA measurements. For the natural 
rice leaf, the CAs perpendicular and parallel to the leaf vein 
were 151° ± 2° (Figure 4(a)) and 146° ± 4° (Figure 4(b)), 
respectively, demonstrating excellent superhydrophobicity. 
For the corresponding artificial rice leaf, the static CAs in 
the two directions were 153° ± 3° (Figure 4(c)) and 145° ± 
2° (Figure 4(d)), respectively. Owing to the excellent tex-
ture duplication capabilities and low surface energy proper-
ty of PDMS, the artificial rice leaf exhibited superhydro-
phobic properties similar to those of the natural leaf. 

As the uniqueness of the rice leaf’s wettability is particu-
larly reflected in its anisotropic sliding behavior, the sliding 
angle (SA) was measured. When a water droplet stays on 
the artifical rice leaf surface, we tilt the surface till the 
droplet begins to slide. The angle of inclination at which the 
droplet begins to slide is defined as the SA. The smaller the 
SA, the more easily the water droplet slides on a surface,  

 
Figure 3  SEM images of the PDMS template and artificial rice leaf. Panels 
(a) and (b) show SEM images of the PDMS template obtained after the first 
transfer. The natural leaf macro/micro/nano structures were well preserved on 
the inverse PDMS surface. (c) and (d) show SEM images of the artificial rice 
leaf obtained after the second transfer. The macro/micro structures were 
reproduced very well. The nanostructures were partly reproduced.  

 
Figure 4  Hydrophobicity tests on the natural and artificial rice leaf. Pan-
els (a) and (b) illustrate the CAs perpendicular and parallel to the natural 
rice leaf vein direction. Panels (c) and (d) show the CAs perpendicular and 
parallel to the artificial rice leaf vein direction. There were almost no dif-
ferences between the two CAs. The fabricated artificial leaf surface well 
mimicked the static hydrophobicity of a natural surface. 

and the better the dynamic wettability of the surface. We 
took SA measurements in two orthogonal directions. For the 
natural rice leaf, the SAs along the perpendicular and parallel 
directions were 9° and 3°, respectively. For the artificial leaf, 
the SAs in the two directions were 40° (Figure 5(a)) and 25° 
(Figure 5(b)), respectively. The difference between the CAs 
in the two directions was small (Figure 4), but the difference 
in the SAs was large, illustrating the clearly anisotropic slid-
ing properties of the artificial biomimetic surfaces. 

3  Conclusion 

Aiming to replicate the unique wettability of rice leaf, and 
to address the challenge of the fabrication of an anisotropic 
sliding surface, we fabricated artificial rice leaf by a simple  
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Figure 5  SA test on the artificial rice leaf surface. (a) shows the water 
droplet’s sliding process perpendicular to the vein direction. The water 
droplet began to slide when the surface was tilted at 40°. (b) shows the 
water droplet’s sliding process parallel with the vein direction; the SA was 
25°. The differences between the two directions were large; the surface 
fabricated by us showed an obviously anisotropic sliding character. 

two steps soft imprint method. The achieved surface faith-
fully reproduced the macroscopic and micro/nanostructures 
of the natural template, and exhibited directional sliding 
behavior which is a high contact angle and an anisotropic 
SA. This method is simple and reliable, without the need for 
expensive instruments and complex technologies. We be-
lieve that the artificial rice leaf surface fabricated by this 
method could find broader applications in microfluidics, 
no-loss liquid transportation, and bioinspired systems. 
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