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Abstract: Recently, layer-by-layer (LbL) assembled superwetting surfaces have attracted great interest. Here, hydro-
phobic LbL films were prepared using poly(ethylene-co-acrylic acid) (PEAC) ionomer and poly(allylamine hydrochlo-
ride) (PAH). PEAC was dispersed in tetrahydrofuran/water mixture and solution pH was adjusted to control colloid size
and dispersion stability. pH of PAH solution was adjusted to control the ionization of PAH. Surface morphology of PAH/
PEAC LbL film was greatly influenced by pH of PAH solution. When the pH of PAH was 3.0 and 5.0, relatively smooth
surface were obtained. In contrast, at the pH of 7.0 and 9.0, porous hierarchical structure appeared. Water contact angle
of LbL films increased from 95° to 132° as the pH of PAH solution increased from 3.0 to 9.0. In addition, hierarchical
structure was stable at aqueous solution of pH 11.0, but it partially dissolved at pH 2.2.
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i poly(ethylene-co-methacrylicacid)(PEMAC) ©] &= w £}
poly(ethyl-eneimine)(PE)2- ©]-&-3}o] th&atahg A| Z 3o
&g BHES AZE T PEMACE 229 tetrahydro-
furan(THF)ol] 591 3 A0 2 WzkA]A A& 500 nm =]
©] PEMAC #4Feli3} PEIE o]-8-ato] thutets: A 2813
o}t o] Holl, Nafion B4 A o838t 28 FHS
T |E g o}? BAF B4 B a7kRE o)
A

B Aolrd= A7) poly(ethylene-co-acrylic acid)(PEAC)
0] 23=M} poly(allylamine hydrochloride)(PAH)E ©]-8-3F 4~
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M Z. Poly(ethylene-co-acrylic acid)(PEAC, acrylic acid 20
wt%)= Sigma-Aldrich(USA)ZHFE] 9319932, poly(allylamine
hydrochloride)(PAH, 160000 g/mol)= Alfa Aesar(USA)ZH-
B Y3t} Tetrahydrofuran(THF), S1€HE, oFAlE, 1 M
TFASER 78, 1 M g4t 7842 AR
FRIshH o= E FASHA

Cautat M=, ogatete ks Sgtol=d ks ts
HAEHT-17, eI, l=h)E o|-&ate] A3t #
A Eol= FY LS oMIE, oflehe, SHTOIA 22Tt Al
& 717F 1027 AAEHAT o] F, LA Axst & o
vlol 2= 2R o) sE7F ZEk=n} 2] (Plasma Cleaner
32G-2, Harrick Plasma, USA)S AA5lH ) o2 &8
ol= FE 25 PAH £l 1587+ Yol aEAE F2A)7)
Al N8 SR Sl B 28, 1, 184 AlH S
o ThAl AE2 PEAC &0l 1587 J, 2H2 o
B SR 28, 1, 1 S AIFEIT 4371€] PAH/
PEAC 255 308] WhEsio] tisatas: A|lxs)l o, (PAH/
PEAC);, & H3I}, o]5 80°C QElX WZS A=x3ES

PEAC 8912 THF$} 572 =3 &<4o] PEACE &1t
slod Azttt WA, PEAC 1.8 g2 THF 150 goll 0]z,
ol& FABIEF 78N FISIEF 0.2 g5 7T 350 2)
o JZ3] Fofrtw wrkslgitt. o] % PEAC €99 pHE
8.6 T 9.00% A3t PAH £ 1 glLo] 84S
ARSI O pHE 3.0, 5.0, 7,5, 9.00.% 43T} pHE
B 1M HCIF} NaOH 8902 xdsirt. AlxH v}
Z8S- AKpH 2.2)3 971(pH 11.0) S=&olA 30%7F &
A ek o] % 48] SHT TRl 7 3024 2%
7 AlFSEAL 80 °C QEOl|A 7AZxsIAT

CiE4talel sS4t tgutee] 7= ©x1547](Alpha
step D-100, KLA-Tencor)& ©]-8-3t] 78313t} thaatet
o] ¥H BEZX= HAAR 7 (SEM, Quanta 600, Hitachi)
= ol&sto] 15 kv 24X S8k 34 A, AEel
7nm A9 WS IHEIATE G54 719 SEMS 59
et §-F A A A2 LA E (Core-facility for
Converging Materials of Dongeui University)2] “4H] & &-&
SETh. AR (AFM) olWIAI= FAF @17 (Bruker,
Icon-PT-PLUS)S ¢85l S350 0H, o|& |83} root-
mean-square(RMS) =5 AXFSIATE PEACY] Y= H¥X+=
BRI ==A] 7] (Zetasizer Nano, Malvern)yS- ©]-83j] =4
o}, tEubete] BYEZLS 4 uLo] BHeS AdET,
HE7=247](Pheonix 150, SEO)E o]&3l] 43It} =
=gl BRE4E 54 Sk 22 dlEve &%
Aol T},
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THFS7 &5 871& ©l838l] PEAC S2°IE5 F4M
713 o] At S ARgsle] okt il 9F P25 F
O a3Aog xdstarat st

PEACE THFERT % &M AAEAY F4F AJH
2 2T g vk B Aol WA FABsMES 78
N3} PEAC/THF 92 7:39) ¥]&=2 E3siith g2tsht
EF-2 PEACY| ofadihs BT o|23le  JU=s A
© 2 ARGESOH, 7:39] EFH]ENA PEAC YAk 4
o] QFYEIATE ©1F, PEAC 4t §99] pHE 2433t
Akl o] pHE FRolmeo] =7] 2@} thEubuke] A4
Z 235t} PEAC 24 8919] pHE 8.63 9.0 AM&-3I9t).
pH7L o] B} =2 79oll= v vhuke] 34do] ofar, pH
8.6 olEflollA= aEAte] Ak QP Ado] HojA, A7) A
LA FHe] skt

Figure 1 JAHPHS o]&3te] 54 PEAC €99 X
2} = BEXE BT} pH 9.02] Aol 4= EE7)
¥ w2 F3, pH 8.69 Aol Y= Ex7} vlwd YA
Yepdth it A= pH 9.09014 356 nm, pH 8.6°14 523
nm=Z YERITE pH7E Aold4E, PEACS] ofadAke] o]
SHe7F FHaate] artake] g EAF /P8 /g o] HolA]
3, PR Sxo] WMAlshs AoR AThE).

tsatte] FAE vt G5 7]E o8-t S5
Ch(Figure 2). A= PAH 8219 pH7} S71eto] wh, whet
o] 577} S7Fskiet. PAH 84| pH7} 3.02+ 5.091 735
o= PEAC®] pHell #AIgle] vhete] 471 60 nm ©]8t=
whEte] Ag7ge] AR o] FoR]A] FEisict. PAHS] pHZL 7.5
oo R FTIePHA, el A7} AA| S8t PEAC
§99] pH7} 9.0%1 7%, F71= PAH pH 7.5914 220 nm,
PAH pH 9.0°1 630 nm= S7Fs}irt. 55k PEAC 8 pH
8.62] 7%, 7= PAH pH 7.5914 600 nm, PAH pH 9.0

—— PEAC pH 9.0
16 { ——— PEACpH 8.6
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Figure 1. Particle size distribution of PEAC colloids dispersed in
THF/Water mixture, measured using dynamic light scattering.
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Figure 2. Thickness of the (PAH/PEAC);, LbL film assembled with
PEAC and PAH at varying pHs.

o4 1000 nm= 78k},

PAH 9] pH S7}ol| wpE upat 7o) F7te= At
o] o] 23} o|gale] AT F Ut F PAH &4¢] pHZt
Z715kol wel, PAHS] o] 23l=E 74Askal ool ulel i
A ARzl FdFo] A AJeolA tsuhe)] F2kE o] F
A7t F7¥ekct. B3k PAH 819 pH7}F 5715kl whet v
dhel ¥ e] PEACY] o3kt S718laL, o] S48k
Hst7] 15k PAH F&%o] 71t 7771 57kl €t

PAHS] pH7} 7.5 = 9.02 Y3 7%, PEACY pH7t
8.6001A A% E< F77F pH 9.0 Alzd HEo] F
ARt 2-38) &= =4 e o] Figure 1914 &2 v}
o} 7o), pH 8.6°14 PEAC 4AFe] Ha =7t o] 27] o
Fog Holth

Figure 32 PAH €43} PEAC &4¢] pHol| w2 tj=ut
o] W BEEXE HojFr) AvAe TR 82 PEAC
99| pH 8.63} 9.0 Z71olA9] SEM ©]u]A], AlHA] P2
PEAC £ pH 8.6°14¢] AFM ©|H|A| & HojET)

PEAC -§21¢] pH7} 9.04 = (FHA &), PAHS] pH7} 3.0
5000 735, ¥ oFg B4 Furt #2E7)= shu o
A= 2 93 e BEER Ean) o] M=
A =olE ube} o] HEe] A AghH ol WhA,
PAHS] pH7} 7.5¢1 739, Fdo) B8k 9 7271 Vet
ok v 2R PRp7E A Bl e v 1He 4
YeRth PAH pH 9.001Me 2d #x7} o8lea, 2 ¢
A7) v e 53 BHTES eI

PEAC §91¢] pH7} 8.6 Wi(FHA ), PAH &<9] pH
7} 3.0 5.020 A5-= AE vjire)e HHS VR vt
™ PAH 9] pH7} 7.59F 9.091 ¢ w5 o3 Fx7) vt
Aglom, 53] pH 7.50014 & © 2Ealal thadel 83
27} YERTH PAH €9°] pH 9.0¢ ©, PEAC & ]
pH 9.021 730l Hl8] pH 8.6¢! 7%, 82 Fx7} sH)
veRstth(Figure 3(d) vs. 3(h)). pH 8.6914 PEAC 94=1¢] =
717y 27 9 A, vlad 2wt 22 vl 25 UER
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pH of PAH solution

pH of PEAC solution

Figure 3. Surface morphologies of (PAH/PEAC);, LbL films assembled using PEAC solutions of pH 8.6, 9.0, and PAH solutions of pH 3.0-
9.0. SEM images are shown in the first (a-d) and second row (e-h), and AFM images are shown in the third row (i-1).

= Zog dodr).

Figure 3 A1) 3)ol= PEAC pH 8.6+ Al=H t}=u}
2] AFM o]viAlE YERRRITE. AFM ©|vAl= tiAlZ SEM
olu| A ¢} fAkEFI o, PEAC pH 9.02] 7$-% H|Z=38l3iT}.
AFM °]R|R| & o] g3te] g ALt

Figure 4= Thsulate] ==& Yepdth. PAHS| pH7} 3.5
E+= 5.020 7%, PEACS| pHSF #AIGle] 2% 45 nm ©]
sho] vz v 7S vl PAHS] pH7L 7.59F 9.091
719-, PEACY] pHol| e} =%7} th274] Yebgth. PEAC
SN pH7}F 9.0¢ wl, PAH §9<] pH7} 7.5+ 9.022
Z7VePEA, 25 170 nmollA 65 nmE ZH2skieh Bhd,

250
— PEAC pH 9.0
- 200 —= PEAC pH 8.6
Z
Z 150
o
2
5 100
2
o I I
L HA N0 NI A
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Figure 4. Roughness of (PAH/PEAC);, LbL films assembled with
PEAC and PAH solution at varying pHs.
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PEAC -§-91¢] pH7} 8.6%1 7d-F-, PAH &4 ¢] pH7} 7.5014
9002 Z718t wl, 2EE 172 nmollA] 145 nmE 7HA
7t AA ektt A R 2= thsk PEACSE PAH €< pH
o] 9ggkS Figure 32] SEM ©|u|X|o|A Lehd Azke} U3
st} 93 3t A9 5 22 =4 Yelth

o]de] AAA o] w=H, PEMAC/THF 843} PEES- ©]
g3lo] A3 tsabute] RHe Aue YAt A Eol
AE Aol 2= 1 um AEE A YERGTE? Bh,
B oAl A %3F PEAC /PAH B2 %7} 200 nm
J3k2 Yoz, mAle tad 327t sl UERsiT
s dz Az oS pH 2.0-2.49F pH 10.0-12.0
o] &N FHYsH= A, theA F27F UERHA
P KAl whutke] 887} k| QLrh 2 2 Aol A
£ A%x" PEAC/PAH thurkS: pH 2.29F pH 11.0914 30
B2 XSl T B o] ¥sls st PAH
golo] pH7} 3.0 5.020 FA0N AzE thsutake] 75
dheke] A 7E 60 nm ©]stE GF FEL] #dAdo] HojA
AJ3kaL, pH 7.59F 9.09] PAH &HellA A2 tEutets
2HA7] FAE s

Figure 5= 2371 Ag] A5, PEACS} PAHS] pHell u}&
tsutake] FA HelE Yepdth. PEACS] pHSF #AIR1],
A2 pH 22004 2F X218t 9= t5utet F771 15-
35% ZHAsIAAL, pH 11.091M = FAI7F vl23] PgstA &

o
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Figure 5. Changes in (PAH/PEAC);, LbL film thickness after post-
assembly treatment at pH 2.2 and pH 11.0 for 30 min.
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|53 ol= At A& Fal 715l A o] F-u7t
FE= Zlo] o}, e8]y theuhe] FaAl g7t
Ak 2 & F Aok

o2 2hd7] A $o 31 RE2XE AT
(Figure 6). Figure 6°] A 32 pH 2.2, FHA 3 pH
11,0914 A28 thZatute] SEM olu|=|o]m, AHA] &
< pH 11.0914 $*j2] gt th5-ateke] AFM o]u|=]o]t}.

Figure 6(a)= pH 9.09] PEAC o2 #| =% tj5utet
< AT £ FH Aotk Az 5] 9F FxE
(Figure 3(c), 3(d)) pH 22014 4+ 2] & Algbxieh. 539,
pH 9.0°] PAH &0 = Ay thgdhake 4k A2 A
mj118] & ¥ES el o) pH 229 4t A &, b5
whake] RRARl g2 9 77t AleRRl7] wiiolt). vk
A, pH 11.0914 &7] HEgk 739, I BE2X]9] & s}

(a) PEAC pH 9.0

Post-treatment pH

pH of PAH

7} BFEA] ket

Figure 6(b)= pH 8.62] PEAC €02 z|x% tj=utut
S FATS 3] ®W ARlelt}. Figure 6(a)2] 739} vizk
7HZ, pH 22004 Ak 2] $, 93 727t Alekslem, pH
11.0014 971 A3 4= 23 F+27F A=

Figure 6(a)2} 6(b)2] AIHA Yoll= pH 11.00014 %8st A
Z29] AFM ©]uAE YERM, SEM o]n| x|} vl A3}
£ HAFETh AFM oJR|AE o]§ste] 2EE ALkt

Figure 7& 2H97] $A4 2] A5 th3atte] x5 W=
RHojEo) tEnbekS pH 22004 A28k A, 257 Hit
Ao =Z 61% AL 7Aadte Aoz Yelgth £3], PEAC
pH 9.0/PAH pH 9.0°14 Az &S A Agdt A¢ 2=
7} 8 nm= vi-¢- @A YERE O o]= SEM o|n|A| 2} Y|
gt pH 11.00014 971 AElgh 75, 2529 ¥isk= 10% W

300
PEAC pH 9.0 PEAC pH 8.6
. 2501 m As-made
= == pH22
£ 200 | o pi110
g
$ 150 4
=
=11]
2 100 -
&
50
U d
7.5 9.0 75 9.0
pH of PAH solution

Figure 7. Change in roughness of (PAH/PEAC);, LbL films after
post-assembly treatment at pH 2.2 and pH 11.0.

(b) PEAC pH 8.6

Post-treatment pH

pH of PAH

Figure 6. Surface morphologies of (PAH/PEAC);, LbL films assembled with (a) PEAC solutions of pH 9.0; (b) PEAC solutions of pH 8.6
and post-treated at pH 2.2 and pH 11.0. SEM images are shown in the first and second rows, and AFM images are shown in the third row.
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140 1 == pEACpH 8.6 =

120 4
_ 100 1
< 801
[
= 60 1

40 1

20 1

0
30 50 15 90

pH of PAH solution
Figure 8. WCA of as-made (PAH/PEAC);, LbL films.

ol® & Wshrt vehtA] ettt

pH 2201141 AF A2jet 49, F-A20 837 wAsar, pH
11094 = thgafate] HlwA] gt 212, FEo] QP
PEAC®| o}=d4te] o] 235t%7} mf-9- F8 ;}% & ok
pH 220114 o} 3be] o] 2slert #A3] 7hashHAa
o] opwlxte] o] Agto] ofslEof whuke] Faf 7} @Ag A
oltt.

TRk ER e 2 W7HE flE, o ErEre] A7)
2] A% EHZZH(water contact angle, WCA)S =433
t}. Figure 8 2H/17] 2] 2 vhaatete] EHE7HE Ho
Z=t}. PEAC pH 9. 001]*1 zﬂzﬂ tsuhehs B PAH 89
o] pH7F 3.03} 5.020 A5, EHZF7r0] 90-100° TS
w, pH7}F 7.5904, E% 27—101 131°2 A F7elict. 18
L pH7}F 9.0¢] 79l EFE7to] thA] 104°= 743
t}. PEAC pH 8. 5011*1 Az tgukete] 7-%-, PAH pH 3.0
7 5000145 95° F=9 E@ =748 B3O, pH 7.59F 9.5

qAE, BRFZ] 132° HE= % ZAIS o= A e i
o 83 Fx7t AWsH vehd Aee 2EE A 29
e} EXE7bo] =4 JEhsith

Figure 99| PAH &9¢] pH 7.59} 9.00|A A=H tha4t

160

PEACpH9.0 | PEAC pH 8.6
140 1 - As-made
120 A == pH2.2
mm pH 11.0
o 100 A
< 80
o
= 60
40 A
20 1
0
7.5 9.0 7.5 9.0

pH of PAH solution

Figure 9. Change in WCA of (PAH/PEAC);, LbL films after post-
assembly treatment at pH 2.2 and pH 11.0.
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we] Ael7] Ael A% BHE2S GERith PEAC $9)
o] pHl 4741%101 e e pH 22914 4 2]t

A%, 23 72 2BE s, BRELI] 30° B 2]
ATk WHE, pH 11.0014 A2I]k 73, E2ke] st 34
FAUTE o= 83 Fxo| & W} gl7] wjizelth

2 B
B ATel|AE PEAC ©] @19} °Fds]d PAHE o]&-3}
of teutete Axslith. THRS R &3 & o1&
3l PEAC At %0“4 PAH.J pHoﬂ w}—a— ﬂ% A, 2H

ZEX -E PAH %@HJ pHel
5‘4~rl?4 &’it}. PAH-J pH—‘é— 3.0, 5.0, 7.5, 9.00.8 WA AL
wl, pH 7.59} 9.09] 7ol thgateto] o] FeeH o
™, 53] pH 7.5¢] 274 83 Fx7t 7P Awsil v
ERstth. ©]= PEAC ©|x=HE ©]&3 oA theutte]
A|Zoli= PEAC #4F &9 9] Axe} o], PAHS| pHE]
Zdo] v F8FE & F Utk EHEZS PAH 99
pH7} 3.0914 9.00.2 F715hel| waf 8 Fx0] Wo=w
9500l A] 132°7}A] F7} 8Tk

A2l 2: o] = AR e Aol Al
2 AT A4S wol FYPE AT UNo.
2018R1C1B5085125).
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