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Multilayer Thin Films by Conformation Change of Polymer Chains
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Abstract: The positively charged poly(diallyldimethylammonium chloride) (PDDA) and the negatively charged
poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate) (PEDOT:PSS) were fabricated to multilayer thin films using
layer-by-layer(LbL) method. In order to fabricate uniform and dense multilayer thin films, both PDDA and PEDOT:PSS
were required to induce linear conformation of polymer chains. By adding 0.01 M NaCl in PEDOT:PSS solution as con-
trolling ionic strength, the structures of PEDOT:PSS were linear to form uniform thin films. As the concentration of
PDDA solution was reduced, PDDA was found to have linear structure which was suitable for coating with PEDOT:PSS.
By applying spin to the substrate to induce the shear force to the polymer solution, the polymers were physically made
to have linear structure so that more uniform and dense multilayer thin films were obtained.

Keywords: layer-by-layer assembly, thin film, poly(diallyldimethylammonium chloride), poly(3,4-ethylenedioxythio-

phene)-poly(styrenesulfonate), polyelectrolytes.
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iophene)-poly(styrenesulfonate) (PEDOT:PSS)= 71A1341 ®
flollA Frstal w2 AT S 7HAH, Aol A
T 8 7IRE 378 Mejrt 7hsste] wheo g2 28w 7ol B
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PEDOT:PSSE 274 ¢] PEDOT %15:41¢] PSS7F A A7)
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25 Bl B2 4 ok wEhA] 89 7|Hke] alige]
Hreksy g7go] 7hs e LbL WS AH8-5te] PEDOT:PSS
719k vRsateks Al xsto] oA 2 AdR; Aape] e oF
gol] gt AAFEe] HArE| AL Uk SEX|RE o]t o
AlEOIA LbL 378lA9] 88k Wl Ak LA et
AQlgeje] ol w2 LbLS o] &3 tiEutute] 4 b
ool tigt AF= FE3HA] B2 & oltt.
£ Aol AE LbL WS o]8-38le] 7|3 Wl tiaEA 3l
ol A ZEA A3 A2l poly(diallyldimethylammonium
chloride)(PDDA)ZE- A8}l PEDOT:PSS2} $71 (PDDA/PEDOT:
PSS) thaatetd &5 Al 2tal A th(Figure 1). 7]l 1€
PEDOT:PSS thsitet /4ol et A5 nigo s yaat
el de] = W7, sodium chloride(NaCl) 8-S ©]8-3+ o]
e 24, 713 e o) gs Ae 89 Qv 58 Bt
FEA P2 Aojo] wE LbL thEubete] A4 W ¥ W
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(PDDA/PEDOT:PSS), multilayer thin films

Figure 1. Polymer structure and scheme for LbL assembled mul-
tilayer thin films using PDDA and PEDOT:PSS.
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Alef Y XfZ. Poly(diallyldimethylammonium chloride)
(PDDA, average M, 200000-350000, 20 wt% in H,0)<}
poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate)
(PEDOT:PSS, 1.1% in H,0), sodium chloride= Sigma-Aldrich
2 5FE FYsIGth 71HeZ ARSE o1ATH99.98%, T
0.25 mm)y> Alfa Aesar= 58 Y3t o=} ek
2Fdsteto 2 2E Y8tk Polyimide(Pl) ZE Hlo]Z &
ALPHAFLONO.ZH-E] Y33 rt.

Ciagfatel M=. ¥4 3x6 cm? 27]9] o} 7|#e %
S IPA12 7] JAC-3010, Kodo)s o]8-3led 5757, oMHlE, olg
SO 77 1084 ARG F AxSIGch AHE ofetael
x4 A8 A s s EFeh=v 22U(PDC-32G-2,
HARRICK PLASMA)YS ©]8-31 1027+ O, S2t=v} A2
gt & 713 SIHE polyimide(Pl) & Elo|ZZ HIEgle] B
satgith Ero] 2A8E W /%S Ll A3 717
(nanoStrata Inc.)& ©|-8-3}¢] PDDA <~8<43} PEDOT:PSS <~
gojol) Wl AAsle] thEubare Y4k Figure 2).

(b) (+) and (—) suspensions with rinsing solutions; (c) spin-dipping
assembly.
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Figure 3(ay= UREFERe AlZsl7] 2e] 7]3ke] 258 1o
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ThFigure S1). ©]&gk Z71¢14 PDDA®} PEDOT:PSSE 7|
ol LbL 253 7Z9-(Figure 3(b)), &Lk Bfto] A=A
ool FRAo = AP E F2E ¥4-S Yelitt. PDDA
o} PSSe B5F 7 Ak AEld= et deks wAY £
EAke] Aol vl o] FAARA] 2 A AL
st 7=t ofg) Al ARzl e LbL 5ol 3
e PX= ZoE mlelHT)
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Figure 3. Photographs of (a) bare substrate and (b) LbL assembled
(PDDA/PEDOT:PSS); 1 at both concentrations of 5 mg/mL on sub-
strates.

WA T R o] o] 9] g FESITh A
£2} 28122l PDDAS} PEDOT:PSS= 5% #3le] w7}
pHoll &]E381A] 97] wj&o) 22} -89 pH 24 S &
M= EAF At Aol 28-S 71UE] o). wEbA
IEA} g NaCl 99 M7 B3l dsks Wil A=
AL Aol HHRE: o]2o] BH7]F d¥oz o] 2HgE
o|F A M} 2 EHE FEl EAR] Mk 24-ste
t}=abeks P43t PDDA 843} PEDOT:PSS &
A AL FHFE T3 BE g0 001 M E= 0.10 M2
NaCle- 371k 5 5 BLs9] LbL A&o] 43| A ck(Figure 4).
NaCle] #71=A] e 7390l F AEA F22 o s &
A AgHE W (Figure 4(a)), RE &) NaClo] H71e
FollE o AE H7kEA] eke Zlof wisiA] 73 o] A
AF o=z miuto] FAE|o] H|wA FHHA RIS 5
rozw HA FRIF 4 AUATH(Figure 4(b), (c)). FESH AlE.2
W SEM ARIS E3le] NaCle] H71E4-E thzuhdlo] o
FAA AFE= Aol FHEEASH (Figure 4(d)-(), ©l+=
Aol Ash A e Qe B o] AEAF Y
o] Fe] FAVE Sk 2122 LbL v S ofA
dutd o 7 F=E = Aol A7 & HEZHS =5l
FAAE wete] 244 2 FAEE B A9, HrtEe
NaCle] s=rt Z7182 B HE7he] Hapt gasie] o
743t ghte] FAEE SR 4 AJAT H43] =2 A
22 #ds 5 2W FFE ol FA = X3 th(Figure

4Hg)-(1).
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Figure 4. (a—) Photographs; (d—) SEM images; (g—i) water contact
angle images of LbL assembled (PDDA/PEDOT:PSS)s at concen-
trations of 5 mg/mL with varying concentrations of NaCl (0, 0.01
and 0.10 M).
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Figure 5. Schematic representation of the conformation change
of (a) PEDOT:PSS; (b) PDDA as salt and polymer concentration,
respectively.
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Figure 6. Photographs of LbL assembled (PDDA /PEDOT:PSS), at
1 mg/mL and 5 mg/mL, respectively with varying concentration of
NacCl (0, 0.005, 0.01, 0.05 and 0.10 M) in PEDOT:PSS solution.
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0.005, 0.01, 0.05, 0.10 MZ tF43HA A4 = A th(Figure 6).
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Figure 7. (a, ) Schematic representation; (b, f) photographs; (c, g)
SEM images; (d, h) water contact angle images of LbL assembled
(PDDA/PEDOT:PSS);s at 1 mg/mL and 5 mg/mL, respectively with
0.01 M NaCl in PEDOT:PSS solution; (a—d) with spinning or (e-h)
without spinning.
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Figure 8. Schematic representation of the effect of spinning-induced
shear force on the conformation in LbL multilayer thin films of
(PDDA/PEDOT:PSS),.
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Supporting Information: tha} H&EE A3 2ol digh

] B (SEM images of bare substrate and photographs of LbL

assembled multilayer thin films in varying concentrations).

o] AF= T ARRIECM LS 5 35U Th(http:/jjournal.
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