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[0125]
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[0129]
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[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]
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T3, Fe3d A9 Ax FA olF AT &3 WL E molu FAAG FEAE 7o AAASE F7HA77 ¢
MM, 22 7IEE 2709 B Alol2 WS BYAA P FAR dFsE od TS ST S gL A
7] =l W3] dHAgelx] o, FH 9 A FH(Pressing)©] 7hssith. dH =z, 3

ofs, ¥ wge FAMoR Agely] e ANdE So Adshl AWslE @k ey B wgd ne
AAelE o] 7b e Pejm wFE ¢ gon, B ounge] Wizt ofdel A gasks Axde @4HE A
oz Al FRANA BRAA ANS AR Aol B wHe nrt ¢

sajslel A ok Hrh, 2wy
AskA 28] gaA AFEE Aol

AA: 2 X3E e SAlol=9 Alx
A ﬁ' ZzA

2ol A ﬂ—ar b wRkA|ITh O]'—Ei{'“ oA BulE HAAF] FUAIA AX3 FH dFY 5ok AFAH A
A3 AZ:AIZITEH, AEo] BS FFcke AS I fsted BRE AL EvHET Ax B Ahe R
AA, HF QB Fatd of2y 3ol B kX (glove box) oAl Fdskglth

APFZA 20 X A A7 A& A3 (Small Angle X-Ray Scattering, SAXS)

A RE IER ABES ¥3U14E7] dF 4 (Pohang Light Source, PLS) 4C9F 9A beam lineoll A 3%

oh. QA X-raye] B (1) & 0.118 in (DE/€ = 10) o}, AlBSo] 4 A Fo] Ax P SRS Fiat
e WA fste] AE DES AHEste] HHE AS A Fsto *}%é}oﬂﬂr Az HE717HA19] A
0.5m¢} 1.5m3 Abgsle], A= 3b%59] #WE (scattering wave vector, g = 4psin(q/2)/1, q @ A&z
HAE A 33Tt

A¥ZA 3: AR FAF 4F S (Differential Scanning Calorimetry, DSC)

A RE TREA AEE9 DSC &% 7|Z%E (thermogram) + TA Instruments (model Q20) & o]&sle] =4
HAth, oF 5mge] AIRE olZoR AYZ S B "k oA &FnjE M Yda, ¥ &FErE #HE UE

(reference) = AF&3Ath. 5 C/min, 10 ‘C/mine] %2/W7t %o tldlA -65 €~120 C Alole] d9gats =
do] ZAH U

A% ZA 4: §9H3 (Rheology)

54 A% ©AE (storage modulus) I £ BAE (loss modulus) < Anton Paar MCR 302 #QVEE Al&
sto] SAskgith. v 8 279 Ha@k fo] FFREo] Qi AES FE 0.5m=E AT, BE
=48 A3 Ak A (linear viscoelastic regime) oA 0.1%¢] WEHE (strain) & SAHJY. A=<
2 0.5 rad/se® wA3T 1 C/min & £E2 /97 A8S Adgstgdon, 50T <xoA 0.1 - 100
rad/s W91 s va A3e Hyst3ict.

AYPZA 5 A=E =4

A =3 ABEL o2 4o ZF# B vkA (glove box) oA potentiostat (VersaSTAT 3, Princeton
Applied Research) & ©]&3} through-plane AEEE ZAFATE. A A TE F A= A (AHAdH A~
~¥ blocking electrodest 1 cm x 1 em "M working/counter AZF0 2 T4) & Al&agon, WZo| %y
= 200 mm 7} HEE A ZEAT).

T e EE S Abolel HAAAA 5 A
polarization voltage, DV)& 0.1V & %] 3+
2E e oj2z 879 FEn v (glove box) oA FAHA.

f

>~

Pt

i

—~ rlo
_(
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[0140]

[0141]

[0143]

[0144]

[0145]

[0147]

[0148]

[0149]

[0151]

[0152]

[0153]

[0155]

[0156]

[0157]
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APZA 70 M B39 (Fourier Transform Infrared Spectroscopy., FT-IR)
o)A E3H A2 Bruker Vertex 70 FT-IR #3F F=AE o] &31qlx 22 To 443 2ZoA Fdsk3lth
399 A&

(e} I~

= =
(2 BA%) 52 reflection mode & 32 H A3} ﬂéq}% Yol dgloen (M54 B3 1

5

g ol dodr. (R

%)

4 o =
em ), A AR (2 EA%F) 52 transmission mode® 16W =743t

[AAld 1]: YolEH(nitrile) X$E Ff A SAlol=2] A (PEO (CN)9] 3A)

Polyethylene glycol methyl ether (Mn=2000 g/mol, 4.0 g, 2.0 mmol)™¥} acrylonitrile (20 mL)ZS 0 C olA]
307+ wREAIZ]L 5 KOH (10 mg, 0.18mmol)E FATH. wWhg& Aol wmghalo] HW 5 nlo] HCl1S Wol WeS &
BAAY. 98 WS-ES dichloromethanes ©]-83}¢] ‘ri(extraction)?ﬂ' T IAHFTLEFIE ol&ste] &
E AAGY. €& 2EAE oEE(ether)E ©]&3t] AA AT, AxE F2 o NR DATAR A3 &= 1
o] PEO-CNell YERI AT,

o
ol

HNMR (300 MHz, CDCl3;) & ppm: 3.99-3.43 (n X 4H, -OCH,CH:0-), 3.37 (3H, -OCHs;), 2.59 (2H, —-OCH,CH.CN),

A4 2]: tldE EFAH | E(diethyl phosphonate) X3t EZgdd@d SAlo]=9] FAI(PEO (PE)S] §HAD)

50 mL Round Bottom Flask(RBF)Oﬂ Diethylvinylphosphonate (2.5 mL, 16.3 mmol), Cesium carbonate (0.5 g,

1.5 mmol) & Ar oA 43 90 T oA 30837 WHEA]Z] 5], Poly(ethylene glycol) methyl ether (Mw=2000
g/mol, 5 g, 2.5 mmol) = acetonitrile 24 mLol =< “401“%13} 3¢ F<oF WA 3 OHCIS Yo Hke&

FAANAY. 98 W-ES dichloromethaned ©]83le] FZ(extraction)dt ¥ IJAZFTF
W& AAS T, A ARAE ofH Z(ether)E ©]-83sF] AAsHTE. A|lzx=d

1¢] PEO-PES] YEFHATE.

715 ol&3dte] &

_%_
EZo] NMR DATAS =43}

MR (300 Miz, D,O) & ppm: 4.15 (4H, -P=0(0CH,CHs),), 3.99-3.43 (n X 4H, -OCH,CH,0-), 3.37 (3H,
-0CH;), 2.26 (2H, -PCH,CH,0-), 1.33 (4H, -P=0(0OCH.CHs),)

[AAd 3]: F2F X (phosphonic acid) X$H Z&#A SAlo]l=9] A (PEO (PA)2] HAl)

o] phosphonate® X|3H¥l Poly(ethylene glycol) methyl ether (1 g, 0.46 mmol) < 25 mL chloroformel
o3, 0C 2 TEAT. Bromotr1methy131 ane (0.1mL, 0.75 mmol) & HH3] "Hojmg] Fr}b. 40 T oA 15
AREEQE A7 F MeOH & Wol W& FAAZT. W 2 § AT dEHTE ol gste] &uE A
Ak, Az® 2A49 NR DATA% =43k} £ 19] PEO-PAo eEbfAC),

' NYR (300 MHz, D:0) & ppm: 3.99-3.43 (n X 4H, -OCH,CH.0-), 3.37 (3H, -OCH;), 1.99 (2H, -PCH.CH,0-).

[Hlae 1]: ZAEA SApo|=9] A

Ethylene oxide monomeri= CaH.®ll 3}5-, n-ButyllithiumellA 3043F stirrings 7™ WSSl s AAE
3}, Methanol magnesium < ©]&3] AAls3al, &= A8 THFE benzophenone kethyl & ©]-8-3}¢]
AAsFAF . AAS 100 mL THFe Methanol (0.04 mL, 1 mmol), t-Bu-P, (1 mL, 1 mmol) & Y1l degassing=

Hgste] -T2 wHES Fulk. 7)ol HAS ethylene oxide (5 mL, 100mmol)< distilldl]l & F A=l
A3 Az 9SS T, WL 0.1 mLe acetic acidE ¥o] FZAAZIY. w8 FZ % hexaned ©] &3}
AAE R Pstglt.

=29 NMR DATAE ZAste] & 19 PEO o YERAATE.

Az

e
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[0158]

[0160]

[0161]

[0163]

[0164]

[0166]

[0167]

[0169]

[0170]

[0171]
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' NYR (300 MHz, D:0) & ppm: 3.99-3.43 (n X 4H, -OCH,CH.0-), 3.37 (3H, -OCH;), 1.99

[Alare] 2]: 2709] hydroxyIZ] 2 X85 ZEz SAlol=9] A

=
=
250 mL T+ B} ZEF~3o] 100 mL F4= WAl (anhydrous benzene) < AF&-3F Poly(ethylene glycol) methyl
ether (Mw=2000 g/mol, 5 g, 2.5 mmol) &NES FH|sta, 7)o 43 YEF (NaH, 0.5 g, 25 mmol) &

A7l 5, B&3t <42 (allyl bromide, 15 g, 125 mmol)< “401F331

olEth. EFES A2olA AR Fek kg
T o A WAl F, whEskA] @ At YEF (NalDE o3E T AARY. 9 wgEe 2
< gt wk

S5 (4 g, 2 mmol)S 80 mL ¢ ¥ =74 (anhydrous
8 mmol)

o
£ (thioglycerol, 8.6 g, 80 mmol), —z2]aL AIBN (1.3 mg,

toluene)oll FoliL, o] FalA| ) & Yo
= H o2 34, 80 ° C oA 1.5 AF e HkES At A EES IASAEFIE o83l &
2 A ARG, N E(ether)E o]-&3Fo] QA8 T}

AFd 1: MR A4 A3

A7) AAe 1 WA 3 2 ulae] 19 H MR =4 Z3HAV300, Bruker AHE), nitrile 2H87]7F 291® AA] o]
19] PEO-CN ¥x}e] A% 99% o4 =3 & A% EEE e AE AT F AT g
diethylphosphonate 2}-8-717} =% A Al 29] PEO-PE Jﬁ—rl}«] L 87%9 H& A3 F&S HHoH, o=
teRsste] FA T A e 39 phosphonic acid ZHg7]19] 7S 100%«] Vs £8S 7FA= PEO-PA 1EA}

7t AR AL AT 5 Ak olg @ AA5E B A5, 29 TP MRS FaA GA 100% 9 AL

A 2: PC A AFHCtE P A7 &2l)

471 Al 1 WA 3 %

4 oRE gl Hékﬂ
2 HPLC, Waters AF8)S Faf et 2 A3 T 3049k o], Ao 1 (PEO-CN)3F A el 2 (PEO-PA)
9 A Ale 3 (PEO-PE) iL&x}e] PDI7} 1.032.8 @glEglon, ol ATAE A9 vlud 1 (PEO)H Y3t
grolth. =, wdk 28719 A& WgAAAA bt YA @ e BAF F et

1ol A Zhzre] mEAFe] AR = (Polydispersity Index, PDI)7}ul &

2 H]nl
AEy g 2ulE 783 (Gel Permeation Chromatography, GPC) #21¥ (Waters Breeze

0

o

A5 3: DSC A A (FE77F aEAe] AAA v|XE 93¢ &2l)

287178 Aol AAAA WA= d%S AT fste] Ak FAF A H(differential scanning

calorimeter, DSC) #41& 49 ] 42 % 1eA9 2ol 2709 hydroxyl 2HE&7]7F =g H]

alof] 29] PEO-(OH), (¥ A7) ﬁB E&o]| AMRE 1EAF, 10-2017-0029527 %)<} nitrile ZE717F =

1 AAld 19 PEO-CNe] A9 ulme] 19 PEOe] Hla] oF 9% F714<l AAA 77 g1Edc). Hhd

diethylphosphonate 28717} =1 Aol 29] PEO- PEJ 2% PEO div] 53%<] 274488 7H¥er, <
q

[ d e

F3)3le] phosphonic acid 2872 FAE Ao 3& PEO thH] 42%0] E33F A2AAE 7IAA HE AL &

T AATE. ol F&f U 2Er]9] =o] PEOY] 7”3*4011 st gFS vAH, o]& &&3tH LA 3|

Ao A2 AxdS FIA7IE WHel 2 5 US5S & 5 AU
X1

Sample T, (T) AH, (J/g) T. (C) AH. (J/g) T, ()
Hlale] 1 PEO 55.2 178.3 33.6 161.7 -65
Hlxe] 2 | PEO-(OH), 54.4 161.4 21.6 136.7 -44
A 1 PEO-CN 54.1 156.9 28.7 145.8 -19
2 2 PEO-PE 47.3 91.9 20.8 74.3 -22
AAld 3 PEO-PA 53.2 78.8 18.4 66.5 -33
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[0174]

[0175]

[0177]

[0178]

[0179]

[0181]

[0182]

[0183]

[0184]

[0185]

[0186]

[0187]
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A3d 4: o2 Ax=AH S A3

}7] AAle] 1 (PEO-CN), 2Ald] 2 (PEO-PE), AAle] 3 (PEO-PA) 2 nBlxe] 1 (PEO)ONA FAE 2o izt
| 2 EALITFSI) = 6% =3 (r = 0.06) 3 Potentiostat(VersaSTAT 3, Princeton Applied Research)S A}&
gle] o] AEEZ BAEt. = 5ot Zo], Ao A phosphonic acid?} AgE A Ale] 3 (PEO-PA)2] aL
Hape]l Ammrh 7o) A= F4EE e & S AT

o

2

I
o
=)
av)
ﬁtl
rlet
i,
K
M
X
o
w
o
w
w
N
<
o
j=}
w
=
o
j=}
i
@
=
o
[}
-
o
=3
=
-
(¢}
=
=
N
)
o
w~
2,
i)
[
>~
>,
>,
Mo
K
v
(o0
ol
[y 2
>
Y
(o]
rlo
k
Gl
O>—]

A3 5: AZFEZ(ELECTRODE POLARIZATION) &2 Ax

-1m

g5 A 287] Aol dmzrgo]l Hald FoAe o] kel mAE gFS A8 s, AAldl 1
(PEO-CN), A AJell 3 (PEO-PA) % Hlaule] 1 (PEO)OlA € Z2te] aritatel] LiTFSIZE =3% Aol thafA
46 C oA 5 AYPES FFeAT. F A9 gEF Aol 0.1V xS Fo] 0.5417F Bk HAFe) WIS
skl 1 AdE &= 7ol yepdek. 2 A3, AAle] 19 PEO-CN3} A Aol 3] PEO-PA7F A¥H# Q1 PEOX.th
] AF S HHE RS g = JdAdrt. ol uEA Dubo] A8+ nitrile @ phosphonic
2-87)7F EAE] relaxationo] =@ A SN E EF3a(Tg 45) BlEFRS a4z A7l 2EFS
Shakst=dl frelehAl 2Hgshr] Wit e s AZbE A

th

* 2
Sample Lo/ Lo
Hlwo 1 PEO 0.442
AA 1 PEO-CN 0.619
AA 3 PEO-PA 0.522
A4 6. A 3 (FI-IR) 54 27
A7) Ade 33 22 AAAY AV #AstE dJdEs EA4387] #ste] A9l £ 3H(FT-IR, Fourier
transform infrared spectroscopy)= &3l 28719 1A 2 2F 4 Aol Fa4gS £43%0H. 47 A

Alell T WA 3 2 vlae] 19] FT-IR 574 235 &= 8 WA = 100 HeERHAT,

WA &= 8olA yEelhd A3 o] PASl 9 PEOSF HlwES wl ®Hu Ae O #87] Atole] #4AZ2FS UE
itk o]l= AdiAQl OHe 4+7F ¢F 1.7w1] © S ¥k o}y 2} phosphonic acid A}e]9] hydrogen bonding
network7} B &4 o2 FAE7] wLoltt.

hul

T3 = 99 1500 ~ 800 cm B Alol e Hol| A PEO AF&9] vibration ( §), wagging (U) twisting (6) 1

2] rocking (p)ell &3] YeElE A peaks W wsl|HH & PEOSE (NEUTE PEQF PAS] 5o qlo] 1 A7

} ol YA ZAadeE AL e 4 9d%dr}l. o]+= diethylphosphonate 2}87]¢} phosphonic acid 2H87]9
oz st PEO AM&9] Aol #AAsS7] wWEolth. o= Al A DSC A4 9E & d x| sy,

lo
[>
i J&_,

N

T = 10 oA AgEerixel A7 AdE PR0Y AS wHHe] OH 1EAtele] et inter—, intra-
hydrogen bonding®] 23] IR peak®] red shift®< 3<ld 4 AT},

x3 glE d9 2945 FA457] Hste] & 11 WA X 133 Zo], CN, PE, PA &=k ZH2bel| LiTFST 98 2%
£33%k 182k dalde] FT-IR 29 EHE v wskgltt.

wA gE dol =3E A9 = 11 olAM9 Zol, nitrile 877} 2lF A N2 e I

f@

o= ¢l
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[0189]

[0191]

[0192]

[0194]

[0195]

[0197]

[0198]

[0200]

[0201]
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ko] 2248 em olA LFERFE peake] A717F ZolSA H3, HAe] 2276 cm oA Li %ole3 AT nitrile
9] peake] MEA F&sHA ot
b o] PASY] A &= 12 o A1¢} ZFo], phosphonic acid 877} TFSI &o]L3 73l 4238 dAAdsHA =4

Ak 3400 cmiloﬂfﬂ UElY e OH peak”} 9F 3200 o 2 ol F3HAl H+= Aol el

wak, Al 1 (PEO-CN), AAld 2 (PEO-PE), AAle] 3 (PEO-PA) % H]:e] 1 (PEO)olA AR Zze] i

Aboll ZhzF LiTFSI 98 2% =33k 182 Asde] FI-IR 2HEHAS % 130 Yeldc). TFSI <ol 0=5=0

A3te] stretching ()l 93] YElL}E= 13549 1146 cm peakS W3] B PAS] 9 peake] A|7]7} & A

2o WE BR AA Z7sba, Ao 1146604 1136 om = peak?] °]FS #E & 4 vt o] AF 3 PA
o

S} gol @ Aole] B FAATS e

i=]

Fdet BE AEAE ether o ofg] H HAE ol AAE 3 FH AR, FAHAA dFLF A=A A
ANzL7] & A2 (Nuclear Magnetic Resonace, 1H-NMR, )E %3 A3S 3515 o1 (DCloF MeODE WH %
+ BEAZ ALY, A F3 32vE28 Y] (Gel Permeation Chromatography, GPC, Waters Breeze 2 HPLC)
2 THFE &vl2 3}o] PS standardE 7|l 2 S uEAEY] A X5 S48, 1 23, A9
1A 3 2 Hlatd 1 WA 204 AzE AEA}E B 1~20 kg/mol ©] A th.

[Alzd 1]: 2ol 4= I F (allyl group) 02 X3t EZdddl Ao =9 A (SEO-ened FFA)

50 mL T ®te ZEtaFo) 4 mb %4 Al (anhydrous benzene) & ARE3F PS-H-PEO (200 mg, 0.014 mmol)
3, 7)o 43 VEH (Nal, 3.4 mg, 0.14 mmol) & Yol&th, EIEL AF2oA] 3A7F 59t
H

=3t &9 (allyl bromide, 87 mg, 0.72 mmol)S "ojre] Frb. shF AXE wkgA7l 5, W&

a4 e a8t HEF (Nal):= ol3h2 53] 4713, H MR (500 Miz, CDCly) & ppm: 7.10-6.40 (b, n X

5H, CHyCH(CeHs)), 5.95-5.87 (m, 1H, CH=CH,), 5.29-5.16 (m, 2H, CH=CH,), 4.0 (d, 2H, OCH,CH=CH,), 3.64 (b,
n X 4H, -OCH,CH,0-), 2.21-1.20 (b, n X X 3H, CH.CH(Cglls)) .

[AAA 4]: HoleZeF4F (thioglycolic acid)2E X 3F Zgd gl LALo|=2] 4 (SE0-co FA)

50 mL T "te ZgkaFo] AFd] 1olA4  Al%3F SEO-ene (80 mg, 0.0057 mmol), Ao]Q Ak
(thioglycolic acid, 10.57 mg, 0.1147 mmol), 22]3 AIBN (1.9 mg, 0.0114 mmol) & o}2F A 3}lo|A] 1.6
nL < 5F<l (anhydrous toluene) © =<lt}. ¥H&& 80 T oA 2.5 A|ZF &<k s}, H MR (500 MHz,
CDCl3) 6 ppm: 7.10-6.30 (b, n X 5H, CH)CH(CeHs)), 3.56 (b, n X 4H, -O0CH,CH,0-), 3.23 (s, 2H,
-SCH,COOH), 2.78-2.75 (t, 2H, -CH,SCH,COOH), 2.21-1.20 (b, n X X 3H, CH;CH(CeHs)).

[AAd 5]: w27t FYAF (mercaptosuccinic acid)o2 X 3td Z@dgadl 2Abo]=9 A (SE0-2¢ ¢
I34)

50 mL ¢ S vty ZATo] AlFd 194 AZE3F SEO-ene (85 mg, 0.0061 mmol), HWEE IuHik
(mercaptosuccinic acid, 36.6 mg, 0.244 mmol), z¥]3L AIBN (4 mg, 0.0244 mmol) < o}= 373}
L o %4 tho] €4l (anhydrous dioxane)d] 9IT}. WHS-S 80Co|A 1.5 A7+ b Maath, H MR (500
MHz, CDCl; and MeOD (5:1)) & ppm: 7.10-6.30 (b, n X 5H, CH,CH(C¢Hs)), 3.56 (b, n X 4H of -OCH,CH.0-

>
—_
oo

and 1H of -C(H)COOH), 2.88-2.56 (m, 2H of -CH,COOH and 2H of -CH.S-), 2.20-1.20 (b, n XX 3H,
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[0208]

[0209]

[0211]

[0212]

[0213]
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CH,CH(Cells) ) .

[AAl4] 6]: Aol AE (thioglycero)Z X $E Fo P SAlo]=9] A (SE0-2h ¢ §4)

50 mL ¢ T wvte ZEkaFo] AFo 104 A F3F SEO-ene (85 mg, 0.0061 mmol), Aol A=
(thioglycerol, 26.4 mg, 0.244 mmol), ~22]3 AIBN (4 mg, 0.0244 mmol) & o}23 3+7 slo|A 1.7 L ¢ F

% =29 (anhydrous toluene)o] =olth, ¥HLe 80 ° C oA 1.5 A7k SoF Aadch. H MR (500 Miz,
CDCls) & ppm: 7.10-6.30 (b, n X B5H, CH,CH(CeHs)), 3.64 (b, n X 4H of -OCH,CH,O- and 3H of
thioglycerol), 2.66-2.63 (m, 4H, —CH,SCH,-), 2.20-1.20 (b, n X X 3H, CH,CH(Cell5))

Aglel 8: Dero] A$F PSP BE FFHA A
FEYAE TS

AAlel 4 WA eellA st o], ME thE TR e geor X3hE PS-b-PE0 £5F ¥

%= 1404 E 4 d%o], PROS wWyto] -0H 191 PS-b-PEO (7.4-6.5 kg/mol) = WA F43} YEF (Nal)
sl BE3} o4& (allyl bromide) ZEC®E X3&tct. 1 thS thiolating agent (thioglycolic acid,
mercaptosuccinic acid, thioglycerol) & ©]-&3%F E]2-4l #X2]& W-§ (thiol-ene coupling reaction) & %
3 e oe 99 25S =9 F Atk dol=FA17] (hydroxyl), €9 (allyl), 7ZF25AI4F (carboxylic
acid), ©ol2 (diol), Y7FE2EA|AF (dicarboxylic acid), & Z}Zt SEO-h, SEO-ene, SEO-c, SEO-2h —z¥]ar
SEO-2c= ™33t PEO SEEZHY (5.0 kg/mol) = FAFSE ¥FSS %3] PEO-h, PEO-ene, PEO-c PEO-2h,
PEO-2¢ & 3MA38 Y. PEOO] tis] Hehs X33k BE AME2 A5 F717F 0.19 kg/mol ©]&lo|t}.

% 15a% SEO-ene, SEO-c, SEO-2h, SEO-2c¢] 1H-NMR AHEHS Jehfgtt. A EZHo| A 5.94-5.88 ppm 7}
5.29-5.16 ppm 9] A7} A}EA 3L 3.30-2.50 ppm o M2 HT7F AAEHE RO SEO—c, SEO-2h, and SEO-
2¢ 7F Ao oR FAHATE e AT NR dlol8 & 7Iwto R, wido] Xghe Awrb BF 95% o] d<l

©:

AL sy, = 15b9 A T3} I =2ulE 783 (Gel Permeation Chromatography, GPC) £ 3af tf& Ful
golu} Amsgo] Qojux gtk AL Hlasin

= 15¢9] FT-IR ~#EFS ¥m| 3700-3100 cm  AFolol Al LEFLbE 0-H ~E#% 9]3= gehgugaso] o
H] g &= &4% ok 4= 9lt}. T3 SEO-c, SEO-2¢ ¢ AFEHo|A 1750-1700 en oA Hol= (=0 ¥ T Lo
-COOH 18 ?9} o] g AL &4 F Art. T X3 Fr-1R 242 BT 45288 228 FEo) A

AFd 9: grdo] X8d SE0 EF FF A T (Morphology) ¢ HEA (Viscoelastic) &4

o wee] X#H SE0 B FEFAEY FERE ARG & 162 FHIE ARES 60 T oA SAXS
JolE12 UERHGITH. dhte] OIS 7FAE SEO-h A2 ¢ = 0.363 nm oA 8hube] bragg peakito] #2E|4l
o}, weke] -COOHE 71X SEO-c Al®i B3 ¢ oA (domain spacing, diw = 17.3 mm) 1q :2¢ 9] bragg

peaks H ATk ol A= AHE @} (lamellar) 739 B85 ov|gheh. SEO-he} HlwsfrH, vk g
groll A Akt A7I7F mol EAl 7 Ae & = den], o= wdke] -Co0H =9jel o8 Fx7F d4EHE &
Hz oA

N

SE0S] PEO Al&ol Webe T ol 7% SE0-2h 9 SE0-2¢ % Y 6q, Y8q, Y14q, Y16q, ¥20q,
a@a ¥ 22¢ bragg peake TE T F dglow ol @ AP Ao]Rol= (gyroid) TEE omshr},
Domain spacing (dni) < SEO-2h 7} 18.4 nm, SEO-2¢ 7} 18.8 nm & =0 A Z7}3 AL A J9=

PR AN -
4], o] @ethe] tho]l2 (diol), TZFEEAAF (dicarboxylic acid)ol ¢J38] free volumeo] Z7}3+ Axpe}ar
ZrEth, AAAHoR, o] AYE Eo) wutk F87|E PEO A& =SHH AA Aol 7HAs] free volume©]

Jbeb= Aol sjAE ¢ vk, ARA PO WEE= 1.21 g/em 9 whA EAE PE0e] WEE 1.12 g/cn

N

w O oz
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[0214]

[0215]

[0216]

[0218]

[0219]

[0220]

[0221]
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o]},
169] 4td® DSC "olHE B WS =913 SE0 A& (SEO-c, SEO-2c, SEO-2h) E9] SEO-hol H]3] W&

k1

gl Ap) < B9 819 (Al o] = 215.6 J/g (PEO homopolymer) Qmje] AANEZ 100% = st 7
= SEO-h, SEO-c¢, SEO-2h, 2®]3 SEO-2¢ o whall ZHz}b 60.3%, 36.0%, 27.9%, 133 31.8% ©]%

=
- =1
= a5 2 1 mol%e FE7] wiZel o3 A HAE Hole A W FHEE

SEOo ook IES =% AL ¥ HAebd EA (linear viscoelastic property) o= FQ3F 38 w3
o & 17a BUESA S ARES 80 ° C FH 1 ° C/nin =2 W2l SAT A% (storage, G'), &4
(loss, G") A ES YeUdt. #2% o8-S B PEO A& ¥us X3sle 49 Aol 243 = 7A%s
S Bt S BAE WHESle] 42 EEEAE HudEY, 4 IS =999 A B REY
2 (FAHez FA) 7F ATel Sk As #EE S vk (61 = 17 MPa (SEO-h), 35 MPa (SEO-c), 122 MPa

). SEO-2h ¢} SEO-2¢ ©] A9 4% WA (cubic symmetry) & 7HA= #fol

(SBO-2h), 12]aL 121 MPa (SEO-2¢)).
ROl (gyroid) Tx9] olfom Qlef 7P ¥ EEdAE Hole AL & 4 u. Wi, PRO sEELH
(homopolymer) ©] 73 =& Z1ioll A¥glo] Buelrrt fgashe dyks Bl Aejshad 2 a5

3 = X
£ SE09] 7IAA Hre & JFS vAE FeE AE AS F Ut
0-

2c] EEeact e 54 AR vas Fdn. 54 2= (323K oA JE

% 17boll SE0-2c$} P

5 WAl A FES A PEO-2¢ & HAEZHA HeAdA (viscoelastic solid, G'(w) ~ G"(w) ~ wm) o] Wk

>

S WY, #e LmoA SE0-2c = PEO-2c HT} 100 W] o] o o mEeAZ wglon Ed uiw

olzm7b ekatglth (G'(w) ~ w o, GUw) ~w ). o] A= lwAle] EA3} pS BEe| glassyd AHE ola
o] Bt A (elastic behavior) ¢ EAE Holx= AL vehdd).

29 2487]8 Q¥ 1A AHL B ol AE 54
O ovgeE we 1§ AVW MRS 9F 92 £qee] o AX 542 Auugd. £ gt AC

impedance spectroscopy & ©]83to] r = 0.02 (r =[Li 1/[E0]) €& =33 AZEL 250 WE ol A

=
EAS 54 Aoty A¥E BHWA Eug X33 A FRAAY ARV A EE AL EEEA
2 g glon, 7}237\]"& (carboxylic acid) & =3 E4o| 7} AA3HA PEOY ZAARAHS FEUT
BEE AR O8] s st AS v o2 AE EAS BRAY. 9 O5S Y4 A4S 7 Aol 2=
o]

(glass transition temperature) 7} 65 C (SEO-h), -45 'C (SEO-c), -44 °C (SEO-2h), ~12]3 -37 °C (SEO-
2¢) 2 MR Eeta, WLRmVF FAEE AL vfe SRR datet & 5 gk 53], SE0-2he} SEO-
2¢ 7} SEO-hell H]3) 3~7w] ©] g REUAE A= AL nEEH v F5EE vhe @Jﬂrﬂ‘r"’ AAZ.
c,
7}

=

595 r=0.02 2 £33 Z$ SEO-c, SE0-2h, SE0-2¢ ¥+ F+F7} FA¥AaL, SEO-h = PS¢ S £33
PEO %F9] segregation strength 7} 5718te] 2hde} (lamellar) +2E 7MA& AS & & ATt

EE A dal] 52 koA vRe ARk FYste A3E BAAN, tols (diol) 2FS 7H A
g F %ol 44%E (lithium transference number, TLi) o] A3 AE AL AAFYL. = 18bolE 60

el i ghe GERIATH r=0.02 ® AEAS EBF ARES BT APor RAFdon, I 4
3} (polarization voltage, DV ) & 0.1VE §A5te] F 719 2lF A5 Alolo] YAA7]aL 22 AF/FE 574

31Tt SEO-h = 0.25 o] 7 @S UEgen | o= 3l nawE A=A POt HE o =3 dad 1t

o 3y Fetsity, @k aEo] FFEEAAE (carboxylic acid) & =3 AL I, 2 3AA7IH &kAw, v

o

I 2w }7kel ZbakelTh (0.48). % 18bell -OHSE -(OH), = Woke] w9
t}. ol9} & A WAHUZ B g HoM =9 EE .
] 5|

Aoy, gdt 5o #AGle] 5 A} (lamellar) F+3%
&2l Ao}, 72 EA]AE (carboxylic acid) & &k

o] (diol) L&

1
& ARl = A daE dEh



[0223]

[0224]

[0225]

[0226]

[0227]

[0228]

[0229]

[0230]

[0231]
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o2 M= A7 Mg 9 A
£-219] (segmental motion) O.E

o o £2 AERES Bts otk ¢ $EE ok vol& (diol) ZHS 7F 4 1

SAE S Holon, UE ARELS ~0.2 ARY goE w$ & gloltl. AE% ©lo]ElE Vogel-Tammann-
Fulcher (VIF) 2]o= fittingsle]d ¥ Held A9 (potential barrier) <= SEO-h, SEO-c, SEO-2h, 18]l

SEO-2¢ o thsl] Z+zF 974 K, 1181 K, 1380 K, 18] 1227 K o]t}.

PEO AollA 9] Bt 2Eo] o3t Inter-, Intramolecular A 528

PEO o4 9] Inter-, Intramolecular A& zHgo] that A% g AFE 98te] FI-IR £33 HS o). &
& 2Fe] AEE Axshy] flste] s BAFe] PEO (0.55 kg/mol) 2 @ IFS A#Ete] ARES FHE
St ol ¥ I2EF9 FEE 8 molwHA FUMAAHY. @A EAEL Ao, CaF, window Aol

o A9 23 FT-IR A2FEAES #A=35+9th. 2900 cn oA Bolx C-H stretching peak & Wi FFo=
A& T,

el WA g aF et TR 94Fgs Adnry] 98 #HEF 9S =3sA & PR AREES
BAS9T. © 19a0l% 22 T, 3700-2600 e @olq Q& FI-IR A E=#S Y}, PEO-h 9 PEO-2h
o] ~AERS Hwd] WS W red-shift (41 em ) S WL, OH stretching o o8 W=o] H7|7} Z7}e}

ATk, o] HE inter-chain oAl Hol= G4 Ao W= BUb& shiftd FE7F 27] wjitol intra-—chain
T4 AFelA o= Aojgtal Qe 4= k. oY Aide deEshA -0 e a5 ASE sEE e AT
or%x A& Yo S4Q1 WEE = & Avke A& guidtt. old Wste= Z= PE0S] AR Fag A4
< 3} o] DSCoF & (rheology) HAHLoZ &l g 4= 9t}

PEO-c$} PEO-2¢ A& HE3H OH stretchingol] o] ¢
A71e] 3 =27t 3000-3700-cm GG A HAFEHJOoH, oA Lo FI=2
S

ether Ahao} ghitebA A4S dvk= s on .

g 9as T o AU sHAN BEE] BRESE vk
X
b

AAF (carboxylic acid) ©] A&

Zskukel 212 PEO-c € PEO-2¢7} 1850-1600 (:mi1 ol Holx (=0 stretching ¥ A7} 3] ttE2r}= Aol
Uk PEO-c= AIZHe] s A7F Bl Wk PEO-2c= shube] ¥AE HGI=Hl, eleh &2 Aol PEO-co] W
-C00H7} o] %8t AMAY dimer& At 44T (hydrogen bonding) ZF Abs= ‘432t (quadrupole
interactions) < 3= AL oujdt}. JFRAH o2 PEO-2cE YA ol (steric hindrance) & <13lo] 9J¢}

e FEAgel F AojubA ekgiet.

GEol A= A9, C-0-C vibrationsh FAlo] TSI~ Lol &3} PRO ek TEAfle] Fa AY FEAES B

= =
A3 ¢ YAk, ol Fs A8 Fpol=F/A| (hydroxyl) IEe EYstE A W F=E Ao & 19del
Pmﬂmqmlaquamﬂgﬁ,msuaﬁmyﬂAﬂ—H§E4Lrwsmf%a;£%%2§€:%4 PEO-

oh 29 EHS o] &3lo] backgroundE AAske] 79 3332 cm oF 3542 e Al A OH stretchingo] o] W
3= B g 4= . o]Yd A= 47 OH 253 TRSI- o] Alole] F#=4aAgoz Qs 7ok, O 1%
3 gFol Alel9] coordinationdl] 2]%F Aolt}. E]HEo]>3} coordinations SFHA] blue shift 3= A2
B3LYP exchange—correlation functionaloll 7]%3}le] density functional theory & ©]&3%+ $o]&3 71”’1“_‘?3

(Ab Intio calculation)S AR&3sle] 53 Ayl 2 H3Hsl4it).

>,
{o

oleg A Fa W] ol & (diol) TFe] R SEOZF e L F Mol o] wehil ol Aleld]

Aol =& A
Y EIS =33 PEO-c ¢ PEO-2¢c 9 AS$ & A5 ddo|A (=0 stretchingol 23 M2 A7} B2
O‘]‘—‘

REAE=4
548 Bt AL onath. wehq Wil
% EAS ol Ao Agdrt. (X 18c).

S
o
o
o
ro,
o
o r
RN
o ¢
o,
fo
o,
=l
ny)
£z
>
fol
L
oo
(e}
fil
4
2
2o
2
i
flo
r_l_4

= 2039 ZAAAS 7FA:= PEO-h ¢ dimerE A3l PEO-¢ 283 intramolecular 4 ATS &= PEO-2h
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£ ado® Fdste] Yehlideh. 2ol EAds 4 Fol2e dxtx o7 PRO F49] ether Ak
2%} coordinations akal, wWek IFI HFEHE Foleel FAATS . teols (diol) IFS EHoR
7F AMEL AME= A3 28 (quadrupole interactions) & 3FX k7] wjEo] T7FEEA]AE (dicarboxylic
acid) & Bo® 7 AEHY & A= SA4F gF o2 FEFES B

5
b1
[\
=}
S
AC)

o,
m
o,
—
=
@
o
=

[0232] T OFS F3ke] PS-b-PEO EF FF AL 2] d  (self-assembly), A1
viscoelastic properties) 1Z]i o] AXE EAS FHse= AFES 33Tk, oA

g aofshd, AWMAR PE-b-PE0 =% FFHANe PEO kel o e aEs

volumeS F7FA1713L PEOS] AF& el (chain conformation)& ¥ &AA co-continuous

£ 28 F At olge WEE A2 AEE (~308) FUhe AF Aed 5 (3-7H 7
53] to]l& (diol) ZFS ZHoZ 7zl AS FAEm: A HYeA 2 o2 AR

Tl

b ore o2

fr go <0
1o,

s 1y
N
N
ofy
ko
ot

FA

2

0O

3

d= =

o, o= Axd 1T dald Hoew S8 el dual oAXIY. FHAE Tk 5] ¥
= & o

3l

A9
1=} =
=

woh pd ot 22 go o o

KMo
it
2
ol
ol
rlr
ol
e
o
as)
=
S
ey
@ o2 ok
i o
N
i l“ﬂ Rk
ol
e
)
:Cg
i)
L
1o,
rl
;
X
rO
e}
B =
ro,
A
o
i)
ot
o
fo
+
of
e
o

2
o
2
BN
2
il

oo
)
2
By
X
=
-3
o
By
2
o3l
[
B
=
i)
2
o
N
2
Gl
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k1
:
[\

31p NMR

—— PEO(2K)_PO(OEt),
——PEO(2K)_PO(OH)

2

T T T ]
50 40 30 20 10 0

Chemical shift (ppm)

=d3
PDI=1.03 —— PEO(2K)
—— PEO-PA

—— PEO-CN

—— PEO-PE

23 24 25 26
Elution Volue (mL)
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EHY
-1
—
o
=
- B
> -
O
i I
— — H[@0 1 PEO(2K)
O -3} —Hlm0| 2 PEO-(OH),
T — MAI0l 1 PEO-CN
[ — &lA|0] 2 PEO-PE
ARk LE PEO-PA
30 40 50 60 70
Temperature (°C)
EHS
—~ &
= 10" Yy | =
7)) \ L
| .,
&
S w0 - ", -
= r=20.06 2 .
S5 v
E =
o m PEO -
O @ PEO-PA
6 A PEO-PE v =
= 10°{ w PEO-CN L2
o T :

T — T v . T
2.8 29 3.0 3.1 3.2 3.3

1000/T (1/K)

_26_




ZIHSd 10-2019-0033422

=0
s oo A
10" @ A - E
E 1N o by =006
) % vv‘vA
E .
> °
= @
> 1074 " - .
5 et a
5 v
p . v
o
O m PEO v
O ® PEOPA m -
e 1024 A PEO-PE v -
9 V PEO-CN . ]
5 6 Vi 8 9 10 11
1000/(T-T,) (1/K)
=87
1.0
<
L 08
S
@)
o 0.64
Q
N
T 04- :
=
2 o) ® PEO |
' v PEO-PA
« PEO-CN
00 T T T 1
0.0 0.1 0.2 0.3 04 0.5

Time (h)
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k1
N2
(o'}

— MPEO

0.10 -

0.05 -+

Absorbance (A.U.)

4000 3500 3000 2500

Wavenumber (cm-1)

0.20

0.154

0.10 4

Absorbance (A.U.)

0.05 4

0.00 J T T T T T T T T T T T
1500 1400 1300 1200 1100 1000 900 800

Wavenumber (cm-1)
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Backgroundsubstraction
—PEO 3207 cm’’
—20H '
—~ 0.05{—PA
=
\E-U/ . £
© 3364 ¢m’’
O bt
C F
©
o]
e
(®)
n
H®)
< oo ..
T T T T T 1
3800 3600 3400 3200
=4
Wavenumber (cm )
0.012
0.010+
0.008 +
0.006 4
0.004
0.002
0.000

2320 2300 2280 2260 2240 2220 2200
Wavenumber (cm-1)
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I SN

SEO-h SEO-ene

0 S
HSR )n\/\/ "R

AIBN /80 °C m

—R: ScooH Y\OH \(\COOH
OH COOH
SEO-c SEO-2h SEO-2¢

MeOD e,h MeOD cf d

3 SEO-2h
| de Ol\/f\/s\/°°°"
e g h
/::5\/
4 SEO-c
d 9
O]
C < }\'/\h
b
T T T T T T T T T A SEO-ene
7 6 5 4 3 2 1 0
Chemical Shift (ppm)
(b) ©) 100 7
——SEO-h .
——SEO-c P
——SEO-2h ;’ %9
V.
——SEO-2¢ 2 -OH
2 o8
£ —— SEO-h
g . |—sEo<
© 974
= ——SEO-2h
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