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B
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Ui FiellA A 23 whgS doA Vg oA o7t AT el AAE Sl Hod kel o
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7E 58] AdsA et

A7 71Fe F8(Glass), AYE o] (Silicone wafer), Z@olddg g Zed o]E(Polyethylene
terephthalate, PET), & o]u|=(polyimide), =z|ol€& A28 o]E (polyethylene-naphthalate, PEN), A&
292~ Zo|(cellulose paper) % YAZE(Nylon), Z o 2~F (polyester), ZgoladzlEY
(polyacrylonitrile), ZWE a2 (polydimethylsiloxane), Zg|oHE24Z(polyethersulfone, PES), =
2]d & (polysulfone, PSF) % ZejHlde]dl&F e 2ke] =(poly(vinylidenedifluoride), PVDF)& g8 oA

AeEE 139 4 o 593 7AE #hsE AL ok

@ Zlom, B Aol Wes} ol MAlde] oJs AnHE o ANHA gt AL G el A
< b Aol gleld AR E Aot

&t7] wkg2 3¢ wel pVBC IR EME IO S ol&ste] AxsATE. 0D Fwule] 7]#s 91X
A7), 71#e] 2EE 38CZ A ). Hiddl A &F 2 2to|=(vinylbenzyl chloride)2} 7HAIAI<1

L Alo] = (tert-butyl peroxide, TBPO)ZS Z}Z} 1.0, 0.3scem® HIEE 7|3AA 3487|4527 A
W2 o]Fatar, Myl ¢ 150mTorr X3 FEHE A8t T, Al dHHAES 150CE 7Hdste] 7]
7)o FaE GEA S-S guZd STAA pVBC TEEZYHE AR A 3 Fx).

s
o
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[0092]

[0093]
[0094]

[0095]

[0096]

[0098]

[0099]

[0100]

[0102]

[0103]

[0105]

[0106]

SS50ol 10-1746632

TBPO

s

iCVD Polymerization

Cl Cl

VBC PVBC
g7l A AZF pVBC SR E W ug Ao

“ vl 2 BARA, % 29 FI-IR AHEY 2% 39 R 24
S E3}o] pVBC ZEAZF iCVD TH T

]
#87)e] 3 (degradation) §lo] WRBL A et

M1 ox

= 20 UbERA wRe} 7Fo], iCVD B4 Foll IR AHE A Hd7)(-(=C, 1,630cm )] A7} AetAS Felat
Qom 1,265, 672cm 2] -C-C19] I (peak) 7} FAH T 9SS Felagrt, EF, © 39 [-NR AHE
Aol v d7)7F A3 @48k, AWS(aliphatic) ¥ A7F Uehd AL Folste] Zwr & JAHASS
gelstitt.

pVBC Z|M7} 21 7154 2% glo] §Ado] 7tesitts AL iCWD A Fol dwrdeoz 4z gz T
olo = F7t2 3l MhgS =Y ¢ Aok AS usie Aoz B WA pVBC &R EE W F
A Bl iCVDE o] &3te] o224 7l AEAE NEet=dl oA wlg- Fadk Holgk & = g

AAld 2: p(DMAMS-co-VBC) o]A] 7} 1itz}e] A= (Copolymer 1)

371 A (I0VD) & o] &3te] 7hud o4 IEAE FAEH7] fste], B2 7]3E iCVD Fwule] $X
A71aL, #ge Brem o] S35 FE87] flate] A7) 719 &xE 38TE FASIAT. 1 5, WEEA DMAMS
(N,N-dimethyl-aminomethyl-styrene)®} VBC (vinylbenzyl chloride) 2 7JAIA|S] tert-H-E 3 SALo] = (tert-
butyl peroxide, TBPO)Z Ztz} 0.4, 0.8, 0.3scem®] W& = 713kAA 387 ad527] B o|%atar, W
$e2 150mTorr FF FEE FASt FH, Al dAHES 150TCE 7Hgste] 7] 712 F2e 9
55 4uZ T3AA p(DMAMS-co-VBC) ©] A4 7kl LA (Copolymer D& AZFATH(EH7] ¥Hg2 1 Fx).

AzE nFEA geke FAREG (KPSl ol mEAe] AR 2 tuEE BAEon, XPS AT EFA
AEF ol2(NH)9} F2eolt o] 2(Cl-)9 ¥ ol 7ludE FE, &, ¥EFACNCI-—)o] A4 FES <
sl AOR ol 2 niEAY %S YebATh, A7) Copolymer 19 7Fa % HEE 21%82 EAHAUHE 1
254 =AF)

A Ald 3: p(DMAMS-co-VBC) o]Ad 7tal 31i}9o] A= (Copolymer I11)

A7) AA 4 104 A7) whEkA] DMAMS, VBC, TBPOS] F¢ v]&< 7247t 0.6, 0.6, 0.3scemE A3 AL A<

Stae FYS WHo R A|FSE Y. FAREZ I (XPS)o] 48 Copolymer 119 o] 7lilE& 28% o=

A A

AAld 4: p(DMAMS-co-VBC) o]24] 7Fal 13tz}e] A% (Copolymer I111)

A7) A e 1ol 4] ek DMAMS, VBC, TBPOO] ¢ Hl&< Z+zF 0.4, 0.8, 0.3scems A8 AL AYstas
A3l B o g A F3Tt. FAREF V) (XPS)o] EAE copolymer 119] o2 7luE+ 17% FFo = A

o}

32 off
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[0107]

[0108]
[0110]

[0111]

[0112]
[0114]

[0115]

[0116]
[0118]

[0119]

[0120]

[0121]

[0122]

S==5| 10-1746632

TBPO

iICVD Polymerization

DMAMS VBC partially crosslinked p(DMAMS-co-VBC)

A Ao 5. p(DMAEMA-co-VBC) ©]-24d 7}l 1i-x}e] A Z(Copolvmer IV)

337145 2 (I0VD) & o]gate] 7t o] 24 NEAE w—sm 91ste], B 719E 10D Audle] 9131 A
7151, wdgt Riewo] F28 FE3H7] fste] v 7|de] EF 38CTE FASHATE. 1§, TEFA] DMAENA
(N,N-dimehylaminoethyl methacrylate)®} VBC(vinylbenzyl chloride) = ZHA]AI¢] tert-FE 3 2ALo]=(tert-
butyl peroxide, TBPO)E Z+7Z} 0.4, 0.8, 0.3sceme] H|EZE 7|3HA1A 37 d527] AW E o)%sta

A
) A=

&= 150mTorr A& FEE fAste] 8, Aol FeES 150C2 7hdste] 7] 7ol 38 G
55 @ F3A1A p(DMAEMA-co-VBC) ©]24d 7hal 312 (Copolymer IV)E AlZsATH(E7] 8k 2 3hx).

2

FARE L7 (XPS) o]l B2 F Copolymer 112 0] 7FuE: 50% 4502 BARYUH(E 1 2 = 5 2x%).

A Ald 6: p(DMAEMA-co-VBC) o] 7Ful 3142}] A= (Copolymer V)

’F7] AAldl 104 whEFx] DMAEMA, VBC, TBPOSl 91 Wl&S 77 0.6, 0.6, 0.3sceme FA13 AES Al9stu
v sde o Axs T

FBAAEZ 7 (XPS) ol EAE copolymer 119] o] & 7l EE 46% F£F o2 BEA QT

AAld 7: p(DMAEMA-co-VBC) ©] 24 7Ful 3142}] A|Z(Copolymer VI)

’F7] AAldl 104 whEFx] DMAEMA, VBC, TBPOS] 91 WI&S 77+ 0.4, 0.8, 0.3scems FA13 AS Al9stu
v sde o AxsGT.

FAAEZ 7 (XPS) o] BA1E copolymer 119] o]& 7tuEE 31% 302 BAFHT

r /
o o TBPO
+ -
iCVD Polymerization

N cl

DMAEMA VBC partially crosslinked p(DMAEMA-co-VBC)

_16_



[0123]

[0125]

[0127]

[0128]

[0130]

[0131]

[0133]

[0134]

[0135]
[0136]

[0137]

SS=50dl 10-1746632

* 1
Flow ratio? Copolymer ratio®  Ionic Bonding Ratio® (%)
Polymer tert-Amine S .
monomer - VBC N:Cl N7 ratio Cl ratio
Copolymer I 2:1 2521 21 22
Copolymer II 131 121 28 30
Copolymer III 1:2 L33 17 19
Copolymer IV 2:1 1.3:1 50 51
Copolymer V 151 V| 46 47
Copolymer VI 142 1:22 31 33

 Flow ratio : each monomer flow ratio during i1CVD process.
® Copolymer ratio : (N +N;%) ¢ (Cly, + CLy,).
¢ Jonic Bond % : N* ratio =N, /(Nls +Ny," +Clyy), Clratio = Clyy / (N + Cly, + Cly)

p(DMAMS-co-VBC) 2 p(DMAEMA-co-VBC)2] #z} £37](XPS)2] "o|HE ZAlste] = 4 ¥ = 50 2+ TA|sh
Ak, ¥ 1, = 4 2 X 59 yeRd mle} o], tert-obyl ©EA:VBCZF 1:121 p(DMAMS-co-VBC) ©]&A4 7hal
AE2F (Copolymer I1)¢} 2:1¢1 p(DMAEMA-co-VBC) ©]<&43 7}l aEAF(Copolymer I1V)e] o] 2ZAgH|7} 7} =
Ela=

(28]
iCVDE o] &% 0|24 7t 1A 54 A4S 918l p(DMAMS-co-VBC) ¢} p(DMAEMA-co-VBC) 4 5 7} i
Apol| A o] JluErt 7P =& Z7A<l Copolymer 119} Copolymer IV 27}A] a&zfo] thsf] €4 REH A

(e}
(Elastic modulus), °©]=H=%(ion conductivity) % W3}eA BH|AEZS A5}
<etd wE# ~(elastic modulus) SH>
e 2E# ~(elastic modulus) 42 F1E3(Kim, et al., Nat Commun. 2013, 4.)2] Wl o3 SAHH

At A Copolymer 119} Copolymer IVE 25X5mm =719 Cu/Si 7] 9o iCVD B E o] &3}e] 400nm F7
= s9stal, A7) 71AE AsHE 1D (FeCly) 80 HAAM Cudt oFste] 7] ndaE = &4 9o 9

$ Zg-2®Yd(free-standing) ZE2 FHE WHEJT. 7] 2ES Al 2HS o83t Htu|2 3] (Van
der Waals force)o. 2 %31, WIS (strain rate)S 0.3X1055, 0.2 F-A]3HHA Zolo] W3S =A3lo] g4

X (elastic modulus)ES =43 t}t. Copolymer 119} Copolymer IVE Z+2; 1.2, 0.87 GPazZ SAHATH

= 6 Fa).

Ol AR FA>

L

Copolymer II9} Copolymer IVE Z}Z} 400nm F7A= 32 BFY A=(0.8 radius) ol iCVD W E o]&3le] =
g3la, 47 AZe E‘fO]i—’.‘—Oﬂ 24X Fob A o] 2FE(ionic species)e HEAEl(equilibrium stat

e)E FES. 1 % AC d¥d E47](impedance analyzer)E ©]8-ste] ¥ X(impedance) #& 574
s, ok Ao o3 1L AELEE FAs3i
L
O =
R xA

0: o]&HXE%(ion conductivity, S/cm)

Ry: A& (resistance, Q)
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[0138]

[0139]

[0141]

[0143]

[0144]

[0145]

[0147]

S=E53 10-1746632
L: BE29 7 (thickness of films, cm)
A Z9 3¥ A= @A (cross—sectional area of polymer coated electrode, cmg)

A Copolymer 119 Copolymer 1VS] o1& AEE= 747F 1.6X10 2 1.3X10  S/cm %< ot

<Wjgetd HAE>
Copolymer 119} Copo ymer IVe] 7] EAo] gk W3t H2EES & zZt7e] nEAE 0]—/‘1]§(acetone),
S22 X E(CHCL, HEZGsIo| =2 FT(THF), o]AZ RIS ([PA) &Moo 24A)7F ot A7 Fof mEx}9

dl A=E vlaston, T TEAE A7 &0 %'HE]X] %= BEA4S B

Q
[e]
g A/%F9 Copolymer 11 ZAoj EHfz} TURE
3

r—{m

8ell obAlE 24413 A
BRIt obAlE A e
W AR7I7E A9 SV

;
5]
%
_IlN'
ﬂJ
e
o
QL
2
=
=
ot
Moy
X
j
Lo

6 % % 7° e wkek 2], p(DMAMS-co-VBC) 2 p(DMAEMA-co-VBC)9] TEPAE olAERE % S
A BEH2(nodulus) #E 7FAH, = 8o YeErd vle} o], =& W& ujAl(solvent resistivity)= 7FA+=
Aoz FAHA}. ol iV T +4S Bato] wtEox LIXM ol 7hul FEjm FyAon FAHHUS
S Ho FE Aojgt & F Q.

@

e A8 AEsgs v, g9 B 442 A AolA glelA ol

1=}
B
e FAA Ve oA vk AAGE Y Eoln, ool os] & o] Wl AlFEE o] obd HE
we Aotk whebx, e AHAR] Mee ATEEH AR5 FkE 9ste] Aeoj¥va & Aol
=
=9
EH]
iCVD (Initi hemical r iti

Step 1. Step 2. Step 3. Step 4.

Injection of The formation of Absarption of The polymeric film

vapor phased radicals by heat primary radicals growth onto the

monomers from filament & monomers substrate

(Initiation step) onto the substrate {Propagation step)
(Adsorption step)
M 1
l M | I .
I- 1

M MMM

Substrate (Temp. 10 ~ 50 °C)
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Abs. (a.u.) il

k1
N2
W

Intensity (a.u.)

SS50ol 10-1746632

VBC . gV
908cm- E_—ﬁCH2‘ 672em-
e c-cl
1265cm™ C-Cl
1630cm™ C=C \ I
I, S
pVBC
C': = icrlltained
e dlsagpeare
aliphatic C=C maintained
increased disappeared o B
3500 3000 1800 1500 1200 900 600
-1
Wavenumber (cm )
5.33:‘36
VBC 6.74-6.81

5.81-586

T.A44-7.46 T44-T 46

7.37-1.38 737139

pVBC

s

L

Cl

After, iCVD process,

Proton related to vinyl

was significantly reduced &
Aliphatic proton peak was appeared.

Remained vinyl moiety ~ 3%

8 7 6 5 4 3 2
Chemical Shift (ppm)

1 0
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74

Copolymer I

k1

Copolymer II

N1ls

SS50ol 10-1746632

Copolymer III

Nis

410 405 400 395 410 205 a00 395 410 405 400 395
Binding Energy (eV) Binding Energy (eV)
Copolymer I Copolymer Il
cizp Al Cizp poy

——

210 205 200 195

Binding Energy (eV)

190 210

205 195 180

Binding Energy (eV)
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200 195

205

210 190

Binding Energy (eV)



k1

ne)
&

Copolymer IV

Copolymer V

Ni1s

410 405 400 395 #0405 400 395 410 405 400 395
Binding Enerqy (eV Binding Enerqgy (eV Binding Eneray (eV
Copolymer IV Copolymer V Copolymer VI
Ci2p Cl2p Cl2p

210

200 195

205
Binding Energy (eV)

190 210

205 200 195
Binding Energy (eV)

_21_

190 210

205 200 195

Binding Energy (eV)

Copolymer VI

N1s

190

SS50ol 10-1746632



k1
N2
(@)Y

20

-
n

Stress (MPa)

— p(DMAMS-co-VBC)
---- p(DMAEMA-co-VBC)

0 y [ [ [ [
0.00 0.01 0.02 0.03 0.04 0.05
Strain (%)
=97
? y
—e— p(DMAMS-co-VBC)
4l | =°—P(DMAEMA-co-VBC)
gl
i e
@)
> 2p
N
1t
0 [ [ [ [
0 1 2 3 4 5

Z' (Ohm)
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oin
]
Jm
9!

10-1746632

=8
<p(DMAMS-co-VBC), 1: 1> <p(DMAMS-co-VBC), 1: 1>
_Pristine sample _After 24hrs in acetone

I T T T T

Pristine 3.159 0.432 0.341 3.067
Acetone (24h) 7.324 0.622 0.469 6.958
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