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Abstract: Fluorine-free hydrophobic surfaces are attractive for sustainable materials applications. In this study, multilayer
films were fabricated by layer-by-layer assembly of anionic poly(acrylic acid)-1-octadecylamine (PAA-ODA) complexes
and cationic poly(allylamine hydrochloride)-sodium dodecyl sulfate (PAH-SDS) complexes. Film growth, surface mor-
phology, and wettability were systematically investigated as functions of ionic strength and deposition cycle. The addition
of NaCl to the PAA-ODA dispersion promoted thicker film growth, likely due to charge screening of the PAA chains and
the resulting coiled polymer conformations. Increasing the number of bilayers produced denser and rougher surface struc-
tures. The as-prepared films were initially hydrophilic; however, after moisture exposure, the surfaces became distinctly
hydrophobic. This wettability transition is attributed to moisture-induced plasticization of the multilayer film, which pro-
motes the rearrangement of hydrophobic ODA and SDS chains at the surface and lowers the surface free energy.
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£ AT A= l-octadecylamine(ODA)} &A1 & A g
poly(acrylic acid)(PAA), ZZ2]37 sodium dodecyl sulfate(SDS)
2} B35 A3 poly(allylamine hydrochloride)(PAH)S
ol-§-to] TEHtErS AT PAAE T o2 S0l
et Aks el detd et A dEAle opdald i
Aot} 2% Sodium chloride(NaCl) =5 2% 4@&"‘1 PAA
=< ek SAsks W A4 e Aojd
Aok¥ 2 OJ%LOML (PAH-SDS/PAA- ODA) quuL,] A
48 2 AT Ak 85 AAL O A
G P02, NaCl ESIo] st A Bo) PAAS] AR
Sefol ol JFL vA\2, 0|70l LbL ulete] 7 vzl
oA WGHEAE FHIIT £ pH 9 27114 PAH
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M=zt 7|7 PAA(M,~ 100000 g/mol, 588 7|5 35 wit%),
PAH(M,,~ 17500 g/mol), SDS 2 sodium chloride(NaCl)=
Sigma-Aldrich(Milwaukee, WI, USA)°IA 315t ODA
(M~ 269.52 g/mol)= TCI(Tokyo Chemical Industry)®l] A]

3kt Hre] AFo] gle g BE £ golf
(D.I water, resistivity > 18 MQ-cm)E AR5l A 2313
73S 2= poly(ethylene terephthalate)(PET) 25 (FilmBank,
Gyeonggi-do, Korea)2 AFH&-315 T PET 252 A& Ao
methanol®} D.I water® X202 A|H3 & Ad=F 7|2
ZAZA)F)13L corona treatment(BD-20C, Chicago, IL, USA)E
AAJEIAct, v 7 24 2 1 P EAoll= silicon(Si)
wafer(University Wafer, South Boston, MA, USAYE A&-3}
At

PAH-SDS ¥ PAA-ODA S&le| M=. 0.2 wt% SDS
g3} 02 wt% PAH 882 z}zko] B2kS DI waterell
G F 24247 5_F wHksto] A x=E ATk 0.2 wt%
ODA T4t 2 ODAE DI watere] #4HA1Z]1 % bath
sonicators ©|-§-3to] 22417k FRF 2511 AElste] A|xEk
T}, PAH-SDS E314] §94& 0.2 wt% PAH $43} 0.2 wt%
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SDS &S 1:19] Fou|2 Egste] Azt om, s o
gk 3l Al 1 M NaOHE 2 38le] pHE 9= =H 3t
PAA-ODA =313 B2 02 wi% PAA 43} 02 wiv%
ODA #4HS 1:19] FoR|2 E¢sie] A|zsiqit. o] 4%
o)A AAS flall, A& Wyt StollA] PAA-ODA &3]
2ol NaClg H7bete] E NaCl =71 075 2 1.5 M
o] Hrs -39t

LbL =8 CHE SgEHfatel M=, 7]ehe ol PAH-
SDS &3] 845} 0] PAA-ODA E-31A] g 7t
7} 54 St w2 HA A, 7t A5 T Alolddle
D.I waterollX 12 &<+ AlX ket shte] bilayer(BLY= +

Wi sk Bgk) gelol g 13l) e 4% #7124
2J3i5ick 3 WAl BL 4% olF o= $2 1% Thle) 4] A

e 1Ro® S5eelt) o2 3 LbL ¥ 342 WhEsto]
dsle A 75 2= ks Alxsiivk A WA BLe A
SRR Fo] S| F2kEo] <t
92191 3 Hste} U3t AT 7Ivte] FAHEE 57 F2t
A8 o] Folle 271 Fol ?P‘é@ﬁi B defellA
F4 H3o] urk wr| 198 5
& AR 2 A0 1o sl
EM 24, LbL #=re] S/ = profilometer(NanoMap-PS,
Aeptechnology, Santa Clara, CA, USA)E ARg-slo] 274311
o FAE AR 5P Alxd i) ARl tiel 24
2 53] o 249 ko) Baow YEiRen, & 24
Slame 158] olAdolTh. Rl A AANE FARIAI
(field emission scanning electron microscopy, FE-SEM; S-
4800, Hitachi, Japan)s ©|-8-3to] #&allom, g vl=
P& Core Facility for Supporting Analysis & Imaging
of Biomedical Materials®l] 44 %] &] o] )37 National Research
Facilities and Equipment Center(NFEC-2008-09-066891)<]
A A& WS} FE-SEM ¥ A chargings #4-3}s17] ¢l
A& O F 6 nm A WES AvE AHT & 54
stTh Y4 242 FE-SEMol| A%d energy—dlsperswe
X-ray spectroscopy(EDS, Oxford Instruments, UK)E A}-&
slo] 223190tk PAH, PAA, SDS £9 2 ODA E-4tele] A}
9= Zetasizer Nano ZS90(Malvern Instruments Ltd.,
Worcestershire, UK)S ©]-&3to] =439t & HE24S
Phoenix-MT drop analyzer(SEO Inc., Republic of Korea)E
ARESte] 4 pLe] 22 E S4SIITE Bl HEAL =
oo Alxd 3o AEM M2 v Tl RIS S5
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Figure 1. Schematic illustration of the LbL assembly of PAA-ODA and PAH-SDS complexes for the fabrication of eco-friendly hydrophobic

films, along with the chemical structures of the components.
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Table 1. Zeta Potentials of the Prepared Complex Dispersions

Components Zeta potential (mV)
PAH-SDS 72.7
PAA-ODA -29.8

PAA-ODA (0.75 M NaCly” -26.5
PAA-ODA (1.5 M NaCly -24.2

“PAA-ODA dispersion containing 0.75 M NaCl. “PAA-ODA dispersion
containing 1.5 M NaCl.
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Figure 2. Film thickness of the LbL-assembled (PAH-SDS/PAA-
ODA) multilayer films as a function of the number of deposition cycles
(bilayers), showing the effect of NaCl concentrations (0, 0.75, and
1.5M) in the anionic PAA-ODA dispersions. Error bars represent
the variation in thickness measured from three independently pre-
pared samples.
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Figure 3. Top-view FE-SEM images showing the morphological
evolution of the (PAH-SDS/PAA-ODA, 5) multilayer films at different
deposition cycles: (a) 5 BL; (b) 10 BL; (c) 15 BL; (d) 20 BL.
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Figure 4. (a) Top-view FE-SEM image of the 20 BL (PAH-SDS/PAA-
ODA1.5) multilayer film; (b) the corresponding EDS spectrum. The
detected elemental signals support the successful incorporation of
the intended polyelectrolyte-surfactant complexes in the film.
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Figure 5. Wettability of the (PAH-SDS/PAA-ODAL.5) films: optical images of water droplets on 10 and 20 BL films (a) before; (b) after
moisture exposure (70% RH, 25 °C, 3 h); (c) water contact angles as a function of bilayer number before (black circles) and after (red squares)

moisture treatment.
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