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In nature, many plants and insects have superhydrophobic
surfaces with water contact angles (CAs) larger than 1508. For
example, the leaves of the plume poppy (Macleaya cordata)
and a lotus are covered with micrometer-sized rods or
protrusions that cause water droplets to roll over the sur-
face.[1] In particular, lotus leaves are well-known for their
superhydrophobic surface, where the contact angle and
sliding angle (SA) of a water droplet are (161.0� 2.7)8 and
2.08 ,[1] respectively (the “lotus effect”). Rose petals also show
super water repellency with a CA of about 152.48 ; however,
these droplets become pinned to the surface and cannot roll
off, even when the petal is turned upside down. This
phenomenon is the “pinned effect” or “petal effect.”[2] Such
surfaces have attracted great interest for both basic research
and practical applications in recent years.[3] To explain the
effects of surface topography on the enhancement of hydro-
phobicity, Wenzel[4] , and Cassie and Baxter[5] have proposed
models showing the roles of both the surface area and air
trapped in concavities on the surface. Jiang and co-workers
noted how the lotus effect represents the Cassie state[6]

(Figure S9 in the Supporting Information), while the petal
effect represents the Cassie impregnating wetting state.[6]

These two states are differentiated by the microstructures of

both surfaces. A Cassie state could be achieved in theory by
reducing the microstructure scale.

Studies on the fabrication of super water-repellant
surfaces with artificial materials have also been reported.[7]

Recently, we investigated reversible wettability changes by
using a photochromic diarylethene derivative.[8] Photochro-
mic compounds are molecules that can be switched by light
activation between two distinct states that have different
properties.[9] Some photochromic compounds show light-
induced reversible polarity changes, therefore wettability
changes can be controlled by using these compounds.[10]

Among the photochromic compounds, diarylethenes have
excellent thermal stability of both isomers and a high fatigue
resistance; however, no remarkable polarity changes are
observed during the photochromic switching.[9c] We previ-
ously reported how the reversible wettability changes on the
microcrystalline surface of such diarylethene derivatives were
accompanied by photoinduced topographical changes on the
surface.[8,11] Upon alternate irradiation with UV and visible
light, reversible crystal growth and melting was observed.
After UV irradiation, needle-shaped crystals of 1c
(Scheme 1) grew on the surface and enhanced the super-
hydrophobicity; these crystals were melted by irradiation with
visible light and the CA reverted to the initial value.

Herein, we report the selective formation of surfaces that
show the lotus effect (Figure 1a) and the petal effect (Fig-
ure 1b) on a microcrystalline film of the diarylethene
derivative 1o by controlling the UV irradiation and storage
temperature. On the surface in Figure 1a, the CA of a water
droplet was (162.9� 0.8)8 and the droplet rolled off when the
surface was tilted by only 28. Figure 1b shows the case of a
water droplet that stayed pinned onto the surface with
superhydrophobic character, even if the surface was turned
upside down (CA = (154.1� 0.9)8).

The two surfaces were prepared as follows: upon UV
irradiation (for 10 minutes), the diarylethene 1o (mp 100 8C)

Scheme 1. Photochromic reaction between open-ring isomer 1o and
closed-ring isomer 1c.
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underwent a cyclization reaction to the closed-ring isomer 1c
on the surface of the film. Then, the surface melted when the
films were kept above 30 8C, which is the eutectic temperature
of 1o and 1 c, and the formation of needle-shaped crystals of
1c (around 1–2 mm in diameter and 10 mm in length) occurred
within 15–24 hours (Figure 1a). The surface covered with the
needle-shaped crystals of 1c had a superhydrophobic charac-
ter (24 hours after UV irradiation, the CA was (163� 2)8).[8]

We examined the SA of a water droplet on the surface and
found that it was less than 28. Thus, the CA and SA of the
surface in Figure 1a strongly resemble those of a water
droplet on lotus leaves (that is, the lotus effect). For the
preparation of the surfaces, the microcrystalline surface of the
coated film of 1o was irradiated with UV light for 10 minutes
to convert compound 1o into 1c on the surface (Figure 2b),
followed by storage at 30 8C in the dark for 24 hours to cover
the surface with fibrils (Figure 2c). For the preparation of the
surface that displayed the “petal effect”, larger crystal sizes
are desired in order to pin the water droplet. By storage of the
film shown in Figure 2b at an elevated temperature, small
fibrils sparsely appeared (Figure 2d), then larger rod-shaped
crystals of 1c were generated by Ostwald ripening. After the
film was stored at 70 8C for 3 hours in the dark, the surface
was covered with rod-shaped crystals instead of fibrils (Fig-
ure 2 f, i, j). Then, the surface was irradiated with UV light for
a second time, and 1 o that appeared at the surface (Figure 2 f)
was converted into 1c (Figure 2g). By keeping the film at
50 8C for 1 hour in the dark, the surface below the larger rod-
shaped crystals were covered with newly formed fibrils
(Figure 1b, and Figure 2 h,k).

In order to explain the principle of petal surface
preparation, we investigated the storage-temperature
dependence of the topographical changes of the surface
after UV irradiation. The SEM images of surfaces stored at
30, 50, 70, and 90 8C in the dark for 1, 3, and 15 hours are
summarized in Figure 3. At 30 8C, small fibrils started to grow
after 1 hour (Figure 3a), the number of fibrils increased after
3 hours (Figure 3b), and finally most of the surface was
covered with fibrils (Figure 3c). The SEM images at 50 8C are
shown in Figure 3d–f. After 1 hour, the surface (Figure 3d)

was already covered with larger populations of small fibrils
compared to the image in Figure 3a. This phenomenon is
attributed to the fast growth rate and the larger amount of
nucleating fibrillar crystals at higher temperatures. After
15 hours, larger rod-shaped crystals were observed on the
surface (Figure 3 f). The diameters and lengths were approx-
imately 5–10 mm and 20–30 mm, respectively, which were
much larger than those of the initially formed fibrils. At 70 8C,
the large rodlike crystals were already observed after 1 hour
(Figure 3g), and the surface was completely covered by these
rods after 3 hours (Figure 3h, i). Storage of the surface at
90 8C led to its coverage with block-shaped crystals after
1 hour (Figure 3 j). When monitoring the surface at 60 8C, we
observed the growth of large rod-shaped crystals, accompa-
nied by the melting of the initially formed small fibrils. From
this observation, the phenomenon can be attributed to
Ostwald ripening (see the Supporting Information).

According to the magnified SEM images of the film stored
at 70 8C for 3 hours (Figure 2 i, j), the sizes of the newly

Figure 1. a) Contact and sliding angles of a water droplet on the
surface after storage at 30 8C for 24 h after UV irradiation were
(162.9�0.8)8 and 28, respectively. (SEM image corresponds to
Figure 2c). b) The contact angle of the water droplet on the surface
prepared by the procedure explained in Figure 2 was (154.1�0.9)8 and
the droplet stayed pinned onto the surface, even when it was turned
over (SEM image corresponding to Figure 2h). Scale bars: 20 mm for
all images, which are magnified 1000 � .

Figure 2. Schematic explanation of the formation of the surfaces that
show lotus and petal effects. Upon UV irradiation of the surface of a
coated film of diarylethene 1o (a), closed-ring isomer 1c (dark blue
layer) was formed only on the irradiated side of the surface (b). After
storage in the dark, the surface was covered with closely packed small
fibrils (c). After storage of the film shown in (b) for 1h at 70 8C, small
fibrils grow sparsely within 1h (d) After additional heating in the dark,
larger rod-shaped crystals grew while fine fibrils melted (e) and finally
the surface was covered only with rod crystals (f). The surface was
photoisomerized by a second UV light irradiation (g). After storing the
film at 50 8C for 1h in the dark, the surface was covered with rod
crystals and also newly formed fibrils (h). SEM images of the micro-
crystalline surfaces of diarylethene 1 (i–k). i) SEM image of surface
corresponding to (f) (1000 � ); j) Magnified image of (i) (2000 � );
k) Magnified image of Figure 1b (3000 � ). (Scale bar: 20 mm for
1000 � images, 6.7 mm for 3000 � images).
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formed rodlike crystals were 5–10 mm in width and 20–30 mm
in length. The diffraction peaks in the XRD pattern of the
rodlike crystals obtained by scratching the surface are found
at 5.1, 7.7, and 15.08, which are identical to those of single
crystal of 1c (Figure S4 in the Supporting Information). These
peaks are attributed to the (001), (010), and (111) lattice
planes of the closed-ring isomer crystal. As shown previous-
ly,[8, 11a] these peaks were also observed for the fibrillar crystals
formed during storage at 30 8C after UV irradiation. There-
fore, the rodlike crystals formed at 70 8C have the same crystal
structure as the fibrillar crystals formed at 30 8C and the
crystals of 1c obtained by recrystallization from the solution.

In order to examine the difference between the two
surfaces, dynamic advancing (qA) and receding (qR) contact
angles were measured. Values for qA and qR for the lotus
surface were (163.0� 1.1)8 and (162.1� 1.0)8, while those for
the petal surface were (154.5� 0.8)8 and (145.0� 0.7)8,
respectively. The difference of qA and qR, which is considered
a measure of wetting by McCarthy and co-workers,[12] is larger
than 58 for the petal surface. The better wetting property is
attributable to the ease of the penetration of water into the
petal surface grooves, which have larger available space than
those of the lotus surface (see the Supporting Information).
The procedure of fabricating the lotus-effect surface followed
by a petal-effect surface could be repeated three times.

In conclusion, we have successfully fabricated surfaces
that show lotus and petal effects from one photochromic

compound. These properties were achieved by controlling the
UV irradiation and heating profiles of the compound. This
technique will be applicable to the control of surface
wettability in the future.
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