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Control of the wettability of graphene oxide surface

with femtosecond laser irradiation (Invited)
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(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun, 130033, China;
2. University of Chinese Academy of Sciences, Beijing, 100049)

Abstract: Modification of material surface morphology and properties based on femtosecond laser irradiation is
a novel processing technology developed in recent years, which has shown unique advantages in high-speed,
large-area and periodic subwavelength structure fabrications. Here this method was employed to rapidly fabricate
uniform subwavelength grating structures on the surface of GO film, and then the processing mechanisms, the
change of morphology and liquid wettability were investigated comprehensively. Through using different
experimental parameters such as the laser power and the scanning speed, the rGO grating structures with variable
depth-width ratios and surface "roughness" were obtained, leading to the controllable wettability with the liquid
contact angles in a range of 15° to 75°, and their contact angles were found to increase by an average of 20° after
20 days in the air. Our work lays a solid foundation for femtosecond laser micro/nano-processing of two-
dimensional materials. It is expected to have the future applications in the field of droplet collection, microfluidic
control, and so on.
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WA (AL f BB GO i R4 A1 B2 0 rGO
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(0 ) B 2 1 BT 8 52 DG TP, AN ALk, 38 5 0k H
FE AN 5 ¥ Ak B S RN RIE , A BB AT A ) ) i o
FRPEIE AT LAAS B 3 — 2B A R Tt

1R GE 1 e K FE TN TR ARG B 403 9K
B, 50 A0 6 20 A e o 2 ik A5, (B AT 3 o A AR AR
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LA A5 A0 s TR AR R i
ZHBRCT, BHAET, B RO TH AR
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I AR AR S BOGIE A B b TN 2540 P42 o it
EAERE 2 . AL, BT P AR 52 622 AT S A BRI,
RS R R A KRB K i

BEXT LR ), 285 BT AR B R I R T —
ol H 50 7D 2 2 AR o T vk —— SRR A B R
Y Z| (femtosecond laser plasmonic lithography, FPL)
ARE FIRZE ARG GO i J5 AL rGO, Ff H
W UAE MR T S 1 O T AR e AL 43 A1 118 S 33
£ M 45 #49 (rGO-laser induced periodic surface struc-
tures, rGO-LIPSS). 50t H 5 H AR A Lb, 7640 [R] 3%
JGSE (N ok vh e SRR | AT R AR ) R R A T
A 1 emx1.2 em, J&H]7% 680 nm B RN 25, FPL
FORTT DK I TR S 4 M EE UL b [FEF, |
T RANEOE ARG RE M, FPL HORTE N Tad 72
R B TARSRAYC BB RE ), AR N 45 Rl L
N2 TR B B T, R 1) A% G0 ) e B 1
A H i B e B = AR E o HeAh, 4R TR
(2R T 4544 7= A= LB, 1 FPL AR i 4 i T gl 2544
FRIE RO /N A6, 7] U FPL HR AR Z
A —E R LikAh T8 R ROE I TH AR/
Ao BEE, PR R T AR 4510 46 1GO #RHI L
AMEREIEAT TN, SCI0 R I 1A RHEE LK |
P eI R 7 TR R I T R AR, A {15 O
TEGAN T B a0 I T B I8 K & e i 5 o

S5AE Ak GO B4Rk 1Y R A % T IR R R O T 45 T Tk
—BWESE o ARFIT SRR, R TIPSR AR A S A P T
Z— T AT KB U AR T,
458916 rGO #HEHE T B R 2L, B AAE KR
PEITTHRAG T — & BT T HE I, SR AE 3 10 1R I 44
PERERFRSE T T BTSSR I A 210, SCHh X FPL
BRI 2549 4 rGO K i (1 Tl #2 L hn AL LA
SO AR TR T TR TR AMESY . SEI R B,
i 2 T IO VR AR 2 fish 1 (contact angle, CA) A LA 1
ORI T 20 AR 6003 Bl 9 iy A 4 [Rl I,
S A I Rl 23 AR S, RSP R BE T 20009
AR R o IR A TAEXS FPL £ R 7E 4549 b A 55
A5 TR A PF B T A8 R Ty T B S EEHE SR I .

1 rGO-LIPSS Mt &l &

1.1 GO H#EHI%

B, £ F K Hummers 72 ] £ 1) GO 3 K 1 it
T RE K, 38 o R R AR B 5T GO iR
(3 mg/ml); Hyk, FI) FH 48045 B VR T DEHLXT B FH A
(SiO,, 300 nm) 2 i #E 47 3E K AL B B, B GO IR
T RE R, IR E T e AL L AT e (2500 « Fl
30's) LIARTS L) 10 nm AR . fe)n, 2R E
STRRARAE, 9 GO MR MRE B s il . SCrh il
#H GO R 2974 100 nm,
1.2 XFEEmT

RENEOEIN TR G0 1 BRI A VR bk b
JiX K & 4 (Spitfire Ace, Spectra Physics), H 5 & il %
9 1 kHz, Bk w56 5 g 40 fs, F.0 3K 4 800 nm. i
OB et G BR . DRI AL CRUE R A% 22 b
Bo). AR T TR CRE ) MR LTI (B, £
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Fig.l Schematic diagram of fs laser processing system
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B2 50 mm, JEBREK T8 1L 29 800) Ji5 3 BAGT =AM R
T A 8 7E = 4ERS 1 b, ATl B A
KRS, SRR, YHOLIIER N P=35~70 mW,
FUH R A v=2~30 pmy/s B, 5 it 2 17 45 0T T S80I 35
KOEM45 4
1.3 kMHAEBFAZIRE

H AT, AT 5 T ARG R A B Rk
(surface plasmon polaritons, SPP) f) 1 #5 BLIS K fif B
JEE T 5T 2 1R PR SR SO TR G AR . B
B TCENBOG A BRI 5 AT SPP 7 A, B
JE ASHEOGS SPP kA T W15 0GR it 7E 25 M) |
JE BRI TTAR, I8 b e ol ik #8 E 780 30 4
SSRAEIE oSSR ARTE I AETE R 2 — 20 B e A0
55 SPP (S G RCR, (R AU T 1S5, I R4
W IEA — i R R P I K A st . T
SPP il ‘5 A H % )% (transverse magnetic wave, TM) #5
2, i DLHTE U 25 B804S # J7 1 — e 5 ARG IR PR 7
] A 2

SRIMAEEA WL g, T GO TER UG 5L
rGO it 2 v, BRI A HL O T A T R T 2
PR S e B ) AR Ak, DRI S R A A R 2R T U A
L, 3 (transverse electric wave, TE) #5 2 f) 3¢ ifif iz, HJJ
TE-SPP. X33 TE-SPP 5 A& A T Mg
BCE A SRR A AT B OCZE ™S . A s R Ay
SERIEA R OE G R A 2 R o

&l 2 (a) rGO-LIPSS [ SEM [&l; (b) rGO-LIPSS HYFE ML LR 2 4]
Fig.2 (a) SEM image of the rGO-LIPSS; (b) Schematic diagram of rGO-

LIPSS formation mechanism

2 SRR

2.1 REEHINETH %8 rGO-LIPSS

TRENIOE N TS B0 U XA S R RSB
AR . TR B T L BOG IR IR D5 Y
ZUEF, B EE R N v=10 um/s, SRJFFEAR Y
BWOEII % (P=35~70 mW) T WL8Z rGO-LIPSS Y i 7%
k., ani&l 3(a) HEF 1 B (AFM) 3451 BUE TR .

5, LI R IR E A SR AR, e 4s
FA B BE AN H= 90 nm 7% % I /N 2 H=48 nm, % & 1A
FIX— J AEAL S ASHEOG N TE-SPP (1T ¥b i A
Ko HBOCHIRRBARES, 19 T 200 & W 231 19K
Jthg i RAE AR A AL IR B T GO Btk {8, I
PEICH 55 7 B AL W TC B ke il . T b il i # A
Bl 2 B T, DR I B A e Ao A A R LA
gy iR TR e S 22 R DI OHERR,, i S B0
MR TR T HE TS . IS B2 DR A 38, 3%
SR 5 55 DX I A 25 T8 U i, TR GO i ASEKE B
P57 0 I LR R A e A8 . A R B
AR MRS B 3G N, A T U S R,
T8 o A s 4 B AR e (2D-FFT) %A JA] rGO-LIPSS
B I B B AT T o0 M7 o a0 LS ) A 1Y
Wil & & B, BEAE A SGE5R B0, B S5 G ) 2
{458 (FWHM) 3281728 5, Uh W M 28 i 0 RS B A
JIE T B, 3 S TR ek 5 T A R A BT RS
SEEGEERANE 3(b) A 3(c) iR
2.2 AEEHEE T 5 &K rGO-LIPSS

SEGHE— 2D WER T AR OGN T D) 3R AR {1
T (P=50 mW), ¥ 3 & I\ v=2 pum/s & 7 34 N 2 v=
30 um/s 13 72 HF 45 1Y rGO-LIPSS #% i (998 81 % 2D-
FFT 754k, SEgu g R an 18l 4 s

O 3 A B R A A o AR OB R
SFPTET AR P Ik o SR AR H A8 . R TS A [ Y
WOGH R, AR i Ik vh 2L E B 25 N=6200 &
Wi A% Sl N=410, 4 % B rGO-LIPSS & £ . H=36 nm
% 58 i 3] H=89 nm, FWHM M 1 0.135 pm™ 25 2K
0.12 ym™' AR R RIS FIR AR FEEOE TR
A 19 rGO-LIPSS AHARL A5 Ak it 72, S BHOG K vh
SRV E 8 ks S BTN TR S A TR TE Y
T A R T AR ) B4
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Fig.3 With the increase of laser powers, the AFM images (a), Gaussian fitting curve of the 2D-FFT spectra (b) and the full width at half maximum (c) of

the prepared rGO-LIPSS samples
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Fig.4 With the increase of laser scanning speed, the AFM images (a), Gaussian fitting curve of the 2D-FFT spectra (b) and the full width at half

maximum (c) of the prepared rGO-LIPSS samples
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3.1 AREAIETH%E rGO-LIPSS HIiEH 14

rGO-LIPSS # it J& 5 728 Ak Xof b4 Rk 2% 18 A v 1 1
HA W, L5, 5 X AR BOGY) R
F11 rGO-LIPSS 14 fil i HEAT 17 000, e HL AR AR fh 1
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14 32 il F1 249 o0 CA=51°, i3 o 3 306 m T2 %
Jei, AR THT A 42 fi £ SE R SO N = SO AR
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Fig.5 Dependence of contact angle on rGO-LIPSS samples prepared

under different laser powers
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Fig.6 Dependence of contact angle on rGO-LIPSS prepared under
different scanning speeds
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Fig.7 Contact angle development of different samples stored in air for

different time
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