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Anisotropic superhydrophobic wettability measurement and
mechanism analysis of slippery zone in Nepenthes pitchers

WANG Lixin'* , ZHANG Linlin' , ZHANG Shuoyan', ZHOU Qiang?
(1. School of Mechanical Engineering, Hebei University of Science and Technology, Shijiazhuang 050018, China;
2. College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract To find the bionic prototypes used to designing superhydrophobic surfaces with anisotropic properties, the
anisotropic superhydrophobic wettability of slippery zone in Nepenthes pitcher was measured via a contact angle
meter. The morphology/structure of the slippery zone was examined via a scanning electron microscope and a scanning
white-light interferometer to obtain their structure parameters, and the influence mechanism of structure characteristics
on anisotropic superhydrophobic wettability was analyzed. The results show that: The contact angle of water droplet on
the slippery zone is (155.07 = 1.14) °, and the sliding angle of the slippery zone toward pitcher in bottom and up are
(2.88%0.45) " and (5.40%0.31) °, respectively. The slippery zone is covered by a large number of lunate cells with
micron-scaled structure parameters, and their both ends bend toward pitcher bottom to form a crescent-shaped profile
with an asymmetrical convex surface. Plenty wax coverings are densely and continuously distributed on the slippery
zone. It appears as discernible platelet-formed wax crystals with an irregular pattern and nano-scaled structure
parameters overlapping with each other to form plenty of distinguishable cavities. The wax coverings depend on their
cavities to trap air and become an important factor to make the slippery zone present superhydrophobic wettability.
Lunate cell’s slope and precipice structure make the rolling of water drops displaying different degrees of difficulty at
slippery zone, resulting in the anisotropic superhydrophobic wettability of slippery zone.

Keywords engineering bionic; anisotropic superhydrophobicity; sliding angle; slippery zone; lunate cell

WeRs B4 . 2019-10-13

HETWH . WILEESFREFERRAAFETH (BJ2017011) ;b4 H AR 223 4 (E2019208306) ; [H R H R Bl 4£ 3
4:(51205107)

B—1E# . FEALH. B 2UZ . B NFHUMAG A= 20 5T . E-mail . wanglx@hebust. edu. cn



36 bR R R R

2020 4 55 25 &

Ao I 2 1T PRLEAT R OK 931 98 5 900 0K 0055 Jo &y
A B R 3 2 235 ) T 2 B o K T R B 4 L e
J& T 2 % 5 K 2 11 (superhydrophobic surface)
O A gt . R B K 3R T 8 KT R B i o >
150° HyR 2 1 <<10° i b4 4 3R 17 . CAE 918 0 B
Tt RAT RS K TR B T SR A R B A i 22 40 B
A EE RN AT . 4% 1 S R K 2 1w B
TEAN R 77 1) b 55 90 2 S b 38 %) 1B /K ) 3 R 4 1T A
VO BE AR FKORI R IR AR #5055 5 T 2T H 25 LR 9 1
TR L TN T S R R v AR A TR 3 T S
v o A ) DG B PR 2R DR i K/ A ) S P R i
TR T ] 28 32 2R AR B A AN FOIE 0 45 1 i AR
3 THI A 11 A1 2% TH 8 40 o A IR 3R THT B RE R 3 1T A
NI LT . ARA P EZ ik R
Ty 525 205 ) TR 7 G 3 T 4 K ) o K T I I 42
1) Gy Pt 3 T DR B A I R A B 7K T 2 B R i 5
(8 Y T 8O0 AR AR i T A AT 2 T B A ) o
S 5 7K B2 o LA B S0 % 5 Kk A it e IR B
BN PIR e NS NSRS L ¢ O o<W R T Y
Lk s LA T T B 4 A 1 B A A R 3 O
B 7K / 4% 1) S 1 R i 7K 3 TR AT A B 12 T 0 AR DA L H
FETERN 28 T 2050 2% A w5 B R ) A8 A 1 A1 45 1)
L 50 B AR I AR B R AR 5 AR TR AL T Ry AR
i) 48 16 2 g AL

1 PR 0 98 5L (Nepenthes) K 5 28 52 B
Xf B L) 1 R A AR O RE K O AR A KT
BRILER., ETE/OWERSEH R 52, 5
R > S T H S TR ORI AL X AE 4
GYEUEL B EDIR G T ARSI G 0 N A B2 Kk
TR 7K S5 Gt TR T 3T 2 5 7 TR R Ok T R A
FHAF 3505 AR B SO A 0 Bk 2 kB et iR
1R T 25y 8 ] P 22 DA 940 2 Ao ) 68 S fR 00 8 A4 OO
A A LR R I T SO R A B I R RS
L B A A BF S At VTR P 9 7 A% T B 3 T A 0 2R D
R MR X B 5 A Ok 9 H B iR (Lunate
cell) Fngh & 9 i i 5y 4K 2 (Wax coverings) 20 % 19
TN 52 6 Sl Al T A 303 ) B AR M B A B
AE I 00 B 2 ik SR L AR DX A A A R
RE A 43 WA AL T A T 1k J o PR 47 2K B o 9 Ak i 2k
KR EFRICEY . BURE T WX EHE
JEE VR VA R S 7 HG R AT 0K 288 O R i A i 3 A e
3X Ay i K 3 TETBIF A 4 it T AT AR R 4 ) 4 AR DR R

ICAESR 273 B8 A0 I R T8 7% XS i /K 1 V. IR

QAT . W B DR 1 /= B P VR 110 5 fl £ 125 3R
1607 W B IX bl A B A L 85 5 A 21 1 1 B b &2
DU PE T HOB B KRR R S FG T SR A R 4
BEHYY . AW & B T DX 6 K i T A
2 BE RS T8 R R B AN RS 22 S, X UR TR S A
8 2 B0 [ T 5 38009 552 o V- 11 42 fol ol AR 22 S
J3 B A V9 s = ] O 8 U P 1) 257 R 3 Bl v B X &
PG5 #4017 THT ) 45 ) SR R B e A R TR
F0 B 7 DA 7 S S R K Y R R L e B Ry
T it 78 RS FR A 2K IR B f S 3%, AH I T Tl 1Y
10750 IR T g 25 1o S5 A R i 7K 2 T A o 42 A3t
TR0 A A BRI A OGBS DXOIE 35 25 48 X 4 1]
S e 7K T 38 R 5 5 W) F AL ) A T . A IS
LA A B B ( Nepenthes alata) HWF5E N5, % H
Fe Al Ay D S0 3 3R AR i 58 3 B2 X (Slippery
zone) I % 1] S M R B 7K T W R e SR ] 41 4 o B R
SISO 3 B DI S50 205 40 - $ i = 4y
TEAR B, B TE8 75 56 8 B0 0 G T A% DX 4% ) S M R g
KT R P 1 5 A AL B DL Ry 4% 1) S 1 i K R
T A WF AR A B 2%

1 #HH5FE

1.1 BEEHEBBRX

VILT G B ¥ (Nepenthes alata) W)W B X
SRR FERT G B 1)) o I I 7 LA A T /) e 2
SR ARG E AR BEIOSUGAM JE (K 130, 84
5.5 mm, n=12) JF BT AL XM 1 em X1 em /Yy
IR T 4% I S PR 8 i K 1R AT o i S R
B 45 A6 UL
1.2 &rRHEEEKERTAH R

AL AT 27 5 fioh £ I 5 {X (SL-200K'S, Solon
o) 3 D IR K R 7 R AR 3R T 0 2 ik £ TR
Biff . R BETH T (Sessile drop) il 3 pL 7K 5 3
U A A 2 T 42 i 2 ik A D AL 1 A ) R AR R
S R AE LI B 3 Cast 3.0 43 H7 b B, 35 B4 fi
B S L K T I8 2R 00 R A SR T e % R AR T
BB H 2K G R LSRR E B
PR ARE A1 B B R VR 3l A . a6 A A A A A il
B 2 AST7 ) [ o LA 7K 09 7R 3% 75 1] 43 590 51 1)
I 2 IS 5 TS
1.3 BBREHENNELEHFERSE RN

K I 3 A5 T 18 A X I A A AT T8, LA
% B PR BE DR T S X4 i 2 B 300 R T B8 D S5



% 8 1

ESLH A R RO R X A% ) e A A S I B A A S LB 0 A 37

¥ A% (Bal-Tec SCD005, Balzers, % #iL) %} T b A
AHATHE AL PE R IR LY 10 nm, AR E
5 & %% 55 (Scanning electron microscope, SEM,
Hitachi S-4800, H %) X &b 3 4 11y £ A< JE 17 T8 55 25
FWLEE IR e o8 1 i BR1F R A7 45 M P AR 45 20
ST BRI, A = 48 B OGBS W AL (Scanning
white light interferometer, SWLI, Zygo NV-5000,
I D) X R A A AT A UL R RO #% DXOIE B 45
9N ] FR AL B .

2 BRI EITIE

2.1 BBXERRMEEHRKERITA

Tt RS X 45 1) S A I K T SR AT A T3 SR A 45
J5 s BT AR U R AR AE 5 2 . H B 1Ca) AT, W 8
DX FE 5 {7 T 2 3 F- o0 B 1 BROIR OB 30, 77 A 1
fil /1 A T 153. 00~ 160. 61°, F-¥{E K (155. 07 &
11O, # B B A 35k 09 8 5 K 1808 R .

BIX lippey zone 3

< 55F
® +* PP . * * P o e .
So * PE+TT2E Mean=SD

= 45¢ (5.40£0.31)° n=20

7

E 35F N e ° e ¢, o
® s

| HMEI% Mean=SD_
(2.82+0.45)° n=20

Bl 1Ch) B o 1 8% DX W ) i 8 OIS 30 19 VR 8h M A T
2.03~3.37°, F-HI{H M (2. 820, 45)° 5 3 1] i 5 T
ERIVE S A T 4. 83~6. 01°, 218 K (5. 40 +
0.3D)°, AN Jy ) BVR 3/ i i 35 22 51, SR i &
X LA A i 11 45 1) S M R O /K T R R L X T DL
5 1) S e A I 7 3 T o R A 4 A TR
2.2 BBEXEREN

SEM Wi 25 5 5 73 1 8% X TP 54 45 44 H 9 3 1)
A Y A 5 A (Lunate cell) I8 4 35085 HE 91 (1)
SRR ZE (Wax coverings) ¥ il (& 2(a)) . 1% 5 Z i
F1R YOI 35 5% g 8 R AR S i AR R
B R AE S W E5 K 500, B BB A AN X Bk T 1 3R 2
EEECE 2(b)) , Bl W £% X 76 S0 45 44 Jr 1hl 2 B
A ) S A2 H TR RS B U E T )
e B 1) R O T A A A L O T T ECHES TR X
BE2 LB S AR T B K A S B0 ) L
TWE 2(0)),

PHE+TT2E (155.07+1.14) ° n=20
Mean+SD

_ Slippery zone

fi Conlact angle

0 5 10

15 20 25 30

FEAEL Number of samples
(b) WX ff Sliding angle of the slippery zone

Bl1 BEEMHEZEEANSRBXEZRREBHRKERITA

Fig. 1 Structure of Nepenthes pitcher and anisotropic superhydrophobic wettability
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Fig. 2 SEM images of slippery zone in Nepenthes pitcher
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Fig. 3 3D morphology and structure of slippery zone in Nepenthes pitcher
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water droplet; r, radius of the contact circle between the water droplet and the slippery zone.
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Influence mechanism model of lunate cell’s morphology and structure toward pitcher bottom/top
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