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Abstract

Contact angle of several plant leaves such as Iot AnD4d, ree a b egrass were 152.6 °
, 150.3 °, 151.4 “and 150.6 ° respectively, their m ructu re ‘observed by scanning
electron microscopy, It found that they are c osite struct f micro and nanometer.

According to this principle, experiment pre empl ystyrene microspheres with
diameter of 722nm, the copper atoms fI e voids 0 template by electrochemical
deposition, removed template, obtame@ r surf h regular arrangement of spherical
cave structure, then modified copp ace rosilane its contact angle surface is

156.3 °. Analyzed the factors assqciated with s ydrophob|C|ty the key parameters are
dlameter of the polystyrene mlcro eres and ctrodeposition time.
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1. Introductlon ﬁ
Superhydro y of sol fa e is an important physical property, the contact angle

was a paramet reasured ablllty of the solid surface [1]. The contact angle is greater
than 150 °, when water droplets rests on the solid surface, this is called super-hydrophobic
surface. Superhydro Gbe surface has a wide range of applications such as self-cleaning,
anti-corrosion, ant&v, antioxidant, which has become one of the hot spot of scientists and
]

engineers research [2-4].
In this papefsmicrostructures of lotus leaves, canna leaves, reed leaves and bluegrass

leaves we served by scanning electron microscope. Mimicked the plant leaves
micr r@re, experiment prepared regular arrangement of spherical cavities on copper
sur%)y electrodeposition methods, then modified copper surface with fluorinesilane,
obtained superhydrophobic copper surfaces.

2. Plant Leaves Experiment

2.1. Contact Angle Measurement

Some lotus leaves, canna leaves, reed leaves and bluegrass leaves are collected from the
Children Park and the Nanhu Park, Changchun, Jilin Province, contact angle of four typical
leaves were measured by contact angle meter (DSA100, accuracy of 0.1°, made by KRUSS).
The volume of water droplets was SuL in measuring experiment, Each values of contact angle
was measured for 5 times, taking their average, which were 152.6°, 150.3°, 151.4° and 150.6
° respectively, they are all superhydrophobic.
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2.2 Scanning Electron Microscopy Observation

Lotus leaves, canna leaves , reed leaves and bluegrass leaves were fixed on the stage
respectively, through processing of spraying gold, experimental samples were observed
through scanning electron microscope, their microstructures are shown in Figure 1, Figure 2,
Figure 3 and Figure 4 respectively.
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Figure 3. Microstructure of Reed Leaves
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Figure 4. Microstructure of Bluegr ais Leav%(>¥

3. Superhydrophobic Mechanism Analysi

Generally considered that superhydrophobic of s surfa 0 important factors [5-
6], one factor is the chemical compos:t!&hﬁ the soli face, another factor is

microstructure of the solid surface, microstr
only from the perspective of the microstru

to inter
leaves, reed leaves and bluegrass Ieaves);

s a relatiyely important factor. This paper
ttability of lotus leaves, canna

Cassie and Baxter [7] thin r dro contact with a rough surface is a
composite contact, the mwatg%; scale of urface structure is smaller than water
droplets. Meanwhile, because o surfaceension of water droplets, according to Cassie
model water droplets cal ill the greo the rough surface. Some air is trapped under
the water droplets. Aqtu&ce is ed of the solid and gas together, Cassie Cassie
equation is

cosd, = f 9) 1

1)
In Eq.1, 6, represents %barent contact angle of rough surface, f,represents area ratio

of which water drople tact the solid substrate area divided by the composite interface
area. @ represents ct angle of flat surface same chemical compose as rough surface.

Lotus leaf sur distribute micron-scale mastoid with hemispherical structure, the
mastoid dian%é,&s about 5-9um. There is a lot of nanometer scale fibrillar structure on the
mastoid, i erage diameter is about 90-120 nm shown in Figure 1. The micro-
nanostructuyes can form a layer of film in the lotus leaves surface by capturing effectively air,
In %n, the lotus leaf surface is covered with a layer of wax which can reduce the free
energy’of leaves surface, the 2 factors have great contribution for the lotus leaves
superhydrophobicity. Lotus leaves surface with special micro-nanometer composite structure
can effectively reduce the degree of contact between the solid and the liquid , this can affect
length and the shape of the three-phase contact line, which can greatly reduce the roll angle ,
Making water drops rolling easily from lotus leaves, it exhibit good superhydrophobic and
self-cleaning function.

Canna leaves also showed super-hydrophobic feature and self-cleaning function, which
image of scan electron microscope are shown in Figure 2. Canna leaves surface distributed
regular some grid with approximate rectangle, further amplification electron microscope
image of canna leaves, as can be seen, micron-level grids arranged regularly some folds with
nano-scale, these folds size are about 300-500 nm. Canna leaves surface formed binary
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complex structure, which conducive to capture air, forming an air film on the leaves surface,
so that it has the super-hydrophobic surface properties by Cassie theory.

Reed leaves surface is micro-nano composite structure which similar to lotus leaf, but the
mastoid of the reeds leaf arranged orderly direction along the leaves edges, arranged
disordered in the vertical direction of leaf edges, its electron microscope image are shown in
Figure 3.

Bluegrass leaves surface covered convex hull with peanut-shaped, the average length of
the convex hull is about 100-200um, average width of the convex hull is about 40-60um.
further amplification electron microscope image of bluegrass leaves, as can be seen, some
nanoscale petals arranged regularly on the convex hull, its electron microscope 4mageeare
shown in Figure 4. This micro-nano composite structure can effectively ab rb&jthis
structure is important factor of superhydrophobicity. 6%7

4. Mimicking Plant Leaves Structure 6 ’ @

4.1. Electrodeposition Experiment

First, polystyrene microspheres powders wer@de fr Wl}w)erization of styrene
d

(Tianjin Guangfu Fine Chemical Research Instjtte) and sodi odecyl sulfate (Shanghai

Reagent Factory).Secondly, ethanol and wa Iume-ra 1:1) as a dispersion medium,
which is mixed with polystyrene m|cros (mass fr on of 1%). Latex colloidal of
polystyrene can be prepared. Finall colle%mpf polystyrene microspheres have
assembled on the gas-liquid interfac e template.

Electrochemical deposition is use |dely in ratlon of the template guide techniques,
which can make the space of tefplate f|-| ffectively, So that the template structure is

accurately reproduced, exper@ntal ste & follows [8].
m

(1) The copper s cut into x 15 mm size, soaked into acetone for 3 min,
remove impurities orﬁﬂ% pper s e cleaned in ultrasonic cleaning machine, washed with

deionized water nltroge®

(2) The co Iates were, placed on the beaker accommodating polystyrene colloidal
microspheres. The press the gas-liquid interface is increasing slowly to the optimal
pressure (18 mN / m per plate previously immersed in a liquid can be pulled up by
software controllin ble speed motor, polystyrene microspheres on water surface can be
transferred to the er plate. Its morphology was shown in Figure 5, average diameter of
polystyrene Hﬁ@pheres is about 722nm.

Flgure 5. SEM Image of Template
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(3) The electrolyte was 0.1 mol/L of CuSO4 solution (Beijing Chemical Plant),
electrodeposition experiments completed by the electrochemical workstation (Wuhan Gaoss
Union Company), deposition potential is about -0.5 V, deposition time was respectively 1s,
3s, Bs, 7s, 9s, 11s, 13s, 15s, 17s, 19s, 21s, 23s. Electrodeposition was finished, copper plates
were cleaned by chloroform (Beijing Chemical Plant), removed polystyrene microspheres.
When deposition time is 19 s, SEM images was shown in Figure 6.

Copper plate completed ctrodep itiom, immersed into methanol solution of the pre-
hydrolysis C8F13H4SL 0 % or 5 hours at room temperature, placed into the
oven (202-3AB typ Taisit % pany), heated for 1 hour at a temperature of 130 °

4.3. Contact @ MeasE @nt

Contact angle of co ate completed prepared was measured by contact angle meter
(DSA100, accuracy , made by KRUSS). the volume of water droplets was 5uL. among
experiments, each@s of contact angle was measured for 5 times, Taking their average,
which was 1
4.4. Effect Contact Angle of Microsphere Diameter

uni ich is approximate a regular hexagon with inscribed microspheres. After
electradeposited, microspheres removed, diameter of spherical cavity is smaller than

microspheres on the template (722 nm). f, was calculated for example spherical cavity in Fig.
5(b).

Aqa@ seen from Figure 5(a), each polystyrene microspheres with around slits formed a

(oAA A
A A )

In Eq.2, A, is the area of the microspheres around slits, A, =451431.9. A, is the area of
microspheres cavity, A =301754nm®. A,, A, are brought into Eq.2, get f, =0.33,
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contact angle of copper surface is &, €=82.5", f, and & are brought into Eq.1, obtain
6, =128.8°

Surface free energy of copper experimental samples can be reduced through fluorine silane
modified, which of contact angle is 156.3 °, the performance of super-hydrophobic.

4.5. Effect on the Contact Angle of Deposition Time

The contact angle is increasing with the deposition time. When the deposition time is 19s,
the contact angle is the maximum. When electrodeposition time is greater tha.&l:i,.the

contact angle starts to become smaller, the process of contact angle changing wi ition
time process is shown in Figure 7.

In the deposition process, the thickness of the deposited layer is in@ with the
deposition time, the depth of the spherical cavities i ak%increa;%s s decreasing,
according to Eq.1, the contact angle of copper surfac \n easigg. IMdepth of spherical
cavities continues to increase, f; is increasing, acc 0 E%)Mtaa angle of copper

surface is decreasing.
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5. sion
(1)’Microstructure of lotus leaves, canna leaves, reed leaves and bluegrass leaves were

observed through electron microscopy, experiments show that micro-nano structures is an

important factor caused surface with superhydrophobic property, different microstructure can
obtain similar superhydrophobic effect.

A 1 Figure 7. Curve of Contact Angle Changing with

(2) Experiment prepared template of polystyrene microspheres with 722nm diameter,
copper atoms filled effectively the gap of template of polystyrene microspheres by
electrodeposition method, the template was removed, the copper surface obtains regular array
microstructure of spherical cave.

(3) The copper surface with spherical cave was modified by low surface energy material
(fluorinesilane), the contact angle of copper surface is 156.3 °, which is superhydrophobic.
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