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Abstract

Water absorption of random styrene ionomers

So, In-sub

Advisor: Prof. Kim, Joon-Seop, Ph.D.
Department of Energy Convergence,

Graduate School of Chosun University

Ionomers are the polymers containing a small amount of ionic groups in the
relatively non-polar polymer backbone chains. Because of the nature of the
ionomers, if water molecules meet the ionomer, the water molecules reside in the
lonic aggregates and act as polar plasticizer. When the ion content of ionomers is
sufficiently high, the plasticization by water becomes a major drawback for the
ionomer applications. Thus, naturally the contact of water with the ionomers of high
ion contents has been avoided as much as possible. In this study, we investigated
the effects of the type of neutralizing cations on the water uptake of
poly(styrene-co—methacrylate) ionomers of varying degrees of ion contents to
understand the water uptake behavior of ionomers more quantitatively. Firstly, we
prepared poly(styrene-co-methacrylic acid) copolymer containing 6.1, 12.2 and 21.3
mol% of acidic units. Then, the acid groups of the copolymers were neutralized
with various cations including Li(D), Na(I), K(I), Cs(I), and Ba(Il). Subsequently, we
molded the coin-type samples using a hot press and a mould. Then, the polymer
specimens were Immersed In water. After certain periods of time, the weights of
specimens were measured, and compared with those of the samples containing no
water. It was found that the acid copolymer did not absorb the water noticeably. In

the cases of the ionomers, the initial rates of the water uptake were very high and

- Vil -
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the amounts of water in the ionomers reached maximum within two to three days,
and then leveled off with further increasing absorption time. For 6.1 mol% ionomers,
it was observed that the initial rates of water absorption were not dependent on the
type of cations. This indicates that the size of the cations matters for the initial
rate of water uptake. However, the maximum amounts of water were relatively low
for the Li- and Ba-ionomers. On the other hand, the amounts of absorbed water
were relatively large for the Cs- and K-ionomers. This suggests that the strength
of the interactions between ion pairs of the ionomers affects the water absorption
behavior of the ionomers. In the cases of 12.2 mol % and 21.3 mol% ionomers, the
initial rates of water uptake seemed to depend on the type of cations. The trend of
the maximum amounts of water for the 12.2 mol% ionomers was similar to that for
the 6.1 mol% ionomers. However, the trend was found to be opposite for the 21.3
mol% ionomers. This indicates the ion content also plays an important role in the

water absorption behavior of the ionomers.

- viii -
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19841 Escoubes 52 <79 WA 7] gk poly(Styrene—co—methacrylic acid

PSMAA &%&A9 Naz %35 PSMANa olol ol & Fo tar] 73
t.? Escoubesi ©l£7] §ako] wolA® & F5 §do] AL, 3L oLy gl

A= gzt 257} Holxn o] @ A hysteresis)o] ket B gt w3k A AE
T 99 Z(nondesorbable water)®] & W3+ ol 7] stekat g A FUFE TS A

2 erobyitt.

Yeager®t Eisenberg 78 19944 At #8715 7FA a1 Sl thgs 2epeoldl @

H TEEA B F5 2492 AFYTE’ PSMAA F5EA ] Z$ol o 15-20 mol%
Abol ol 4], poly(styrene—co-acrylic acid) &% @A A= < 13-17 mol% Aol
A1, poly(styrene-co-styrenesulfonic acid)®] 749+ F 5-10 mol% AloldA] & FF
Lok AV RmIy A4 Srbeke dde BRI olHd @S FRAlCAM =A
& W3tz Aol(transition) Lol #hal 7Pl oM, o2l jl Hol7} dojuk= 4t 287
Sho]l g olfre wEA A8 A ALE 28Tl HlEA w2 IFAEE HAT

om ZolA AU F/ WFBE ZAed ololewve] B F4 Ao
T OSAXS BAS Ba B F5 WAUSH o9 pdY 1A A& £499) 4
o A8

S E LIS SR
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22. A9

221. a1 78A A

Poly(styrene-co—methacrylic acid)(PSMAA) &5 @4+ 424 7 S57ske] AA

=]

methacrylic acid(ry)= 0.64 ©]%th ¥W-&AH] S a3t AFELS T 249

)
N,
we
o
ne
flo

o] &4 g2 uLu)ol methanole] ol

At olds A& PSMAAS 100 °C oA 24 Az Bot Ag-AxA A

il

d styrened} methacrylic acidE benzoyl peroxideE 7NA A Z AL&3le] 60 °ColA A}

etz 82 FEger FAPGY aEAe weAulE styrene(r))=

0.22,
B

Aol 0.1 olshr) H=E k. Hkg2 Ful 8L tetrahydrofuran® @ 34 A Z a1,
=y

T 2 &9 PSMAA
A

Poly(styrene-co-styrenesulfonic acid)(PSSA) &% 4|+ benzoyl peroxideZ 7§ A
2 Abgsto] ®HE polystyrene(PS)E W& H Makowski 59 Wi & sho] EES

o]-&
AN#A =g nr? = PSE 12-dichloroethanee] *=¢ 60 °C2 7}€3t & sulfonic acid

¢} acetic anhydrideS &3l WE EE3F AJRE o] & AA3] HIFAZ]
o WA ZHTE Hk-go] Ey & methanolg #H7bshe] WHE-& X(ix]/\] 7] a1
o o] &2 A3 "ol 1 2-dichloroethanes FWA|7]& WHoOZ A
& % XLHET@}—L‘ R ]%0}7] A8 sHRFE 3 ol 72‘%‘13}. o] & A

PSSA+ 2e] 100 °C oA 24 A2F &2t & - A Z

EE

FTHAZ AFAEY A wEE
methanol(9/1  v/v) &do] %<
NaOH/methanol & <2 =

X5 6.3, 122, 169, 21.3 mol% $lom PSSA FSFA Y AF 287]e
6.0, 83, 135 mol% %Atk PSSA9l 799 Makowski 59| sulfonatione 0] &

f
2
2
o
A

8&11

ral
i

o

ko3
T

rir

eotr 7] §lste] A AEAE benzene/
% phenolphthalein XA ¢FS ¥al 005 N
colml AHHE PSMAA FE§A ] At Z}%ﬂiﬂ
v 2.8
3 A =

we A A87] BB nRAE 97 YEQY] Wil H3 135 mol%rt HES PS
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Z gulfonationr] ZTtE o] =FAEL ololo = AHE 7] 93 benzene/methanol

(9/1 v/v) €90 o] 0.4 N NaOH/methanol £ o2 FE3HA 9 A 2875 100%

Z3lAZAth Na"2 $3ld PSMAA % PSSA ofol 2 PSMANa % PSSNa #}aL
A F3tE ololewmi= WE-AXAA BE Alg2 dAglowm ok 100 °Cola] 24
A ZF EoF AF-AZA .

Ao AREEE A Al g wEh 200-300 °C, 25 MPaolA ¢4 @skglar @
Eolxl T4 Eeke AHe =27+ 13 mm(d) x 1.3 mm(t) oo & FF AdAE

A ZFeE7] el 100 °Col 31 oA 24 Al7E st A A el skt.

=

FA HHe] ofolm AlHE FRwL 3 /M 20 T, 30 mLe] B ¥ ¢ =
F57 Bl 29 WA ARD A7 AT Aol B Helul ¥ 84 A%

= ST Ao AMEHE ofoloew AHES] FHS 4L 9 FAF dAF @y
7 (scanning electron microscopy, SEM) 43}, 27F X~ Ab&H(small angle X-ray
scattering, SAXS) 23S st SEM 242 ¢4 Hitachirte] S-4800 SEM
2 AR&stalth SEM A3-S A AlHS A2dA e - dx = AA A4E Q@A
712 sl WMo ® HF & 40 ¥lEF 10,000 ¥ Eol A BT SAXS A3
< XSV AT48 3C WekslelA AAlsgith We] ol| A= 1064 KeV O]‘ﬂ EL
HAE 116 A, AHe] E3EE W) WEe 1 mm® B} Zgith A&7
+ Rayonix 2D MARI65E A&t om HE7]6F AJH Apo] 9 7%14(SDD)—E I m %
th 7] stellAl AFsiden, wiAI gl AV 2LxE BAS] SAXS # A9
Al A 7

1o,
A:H

°l
FEE gOrREENRE oF 002 oM 06 A9 WHlelA Ak

_15_

Collection @ chosun



231. ¥ & &4

Figure 19 §1+& ol=7]¢ o] 6.1, 12.2, 16.9, 21.3 mol%<¢l PSMANa o}o] 2 xw
oF Ab#Rg-719] ko]l 21.3 mol%S¢l PSMAA &59A], otdle o] 27|98 o] 238,
6.0, 83, 135 mol%<% PSSNa ool x=me} AF Z&7]9] $HaFo] 135 mol%] PSSA
FEHA 2a Frsd WER Alde FA ve(Raios: = F AP @aE

el 9ottt Ratios 2 ()3 o] -3t}

Ratio = (1)
ol& A T8 RatioE Tz HS o] %E}ﬁ]%{guﬂ, A XA Alele] ®FEo A}
(standard error)v 1#3Zof oenlz RAISIY T RExe A@2)E T3 FIoeH

SE-+v RER, 29 FELAL, sv REATHAA, ne BE AV|o|th

ARAA B RO B UM ®e 27 FF

Rl

= al
E=7F Al ®skAl ol 71&77F 0% A el
UTE EFE o] 7] stk weba el il debA =, PSMANa olol &
| st&Fo]l 6.1 oA 21.3 mol%6® AAF 5, PSSNa ofo] 2 w=me] o]27] gt
o] 28 oAl 135 mol%zE AZRGFE gz %27 559 HY B S5457
ste & & F Ak 53], 271¢ Ad = §F 57} PSMANa o}o] @ x=w
v 122 mol%, PSSNa o¢}ol@-m 9] Z-9-ol= 135 mol%el A F2#3] F7}sh= A
#ast 4 9lth. PSMANa®t PSSNa ofo] Qem o] o]27]9] g o] F71ed4yE 72F A

E=3
AL = Fe RNAZE AA d#uke] =277 AAE Ae aFE ¢ A, =2 55
N

A

lo
o,
rfo
N

(¢]
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14
—— 21.3md%
—&— 169mMd%
—v— 122md%

121 —o— 61Md%
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2/
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Figure 1. Weight ratio of PSMANa and PSSNa ionomers after and before
absorbing water as a function of water-immersing time.
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Figure 2($1)E PSMANa$} PSSNa o}o]Q -mo] & F4 g Z o 3_7] AR =,
el 19ol a1, Figure 2(¢F#])+ PSMANa®t PSSNa ofo]lewre] & &4 X

of Al & FFEE Y adeltt B F4 a#XZe) 2] VEVE A¥ 37 &
A (linear regression) 2 & 1z &5 ez A3 2(A8 H4-2A5 AdBA A

linear least-squares correlation coefficient) 3k ©] 0.95 o]Afo] & gto =z F3H 1 FH)
T Yz A A w2 B SFEEE ool B8 Figure 20l O
HEW o] 27]e] ghiFo] Frhgtel] wet 7] FFRe HU = F5E7F FHeHE
o} mE o] 27| dhEke] ¢k 10-15 mol2%7F "okl ufet PSMANag} PSSNa o}

i
E]O{I
%E A

©,

eww BT X7 FFE aYZY TV g8 A Sobetal Al & = %
FASHA F7HgHE B 5 Utk ole vy Zo] AWE 5 k. WA, o] F5H
ofol o =m] AWML B 3] FA 7hast Eart vebdnl’ S4 7hast Zael o3
Azl AlEE Aol A B BEAES A3 BAEY Flol o] EE WA AE Y
ol AdHETt 19 oy olgA ST WA e Eo ¢ o) A A&
Aol dojuf ol o Eojd F dE Wl Fzre]l AV|A ") uhEhA, ofe] L1
A PR E HFAQ JYa B2 YR Frez 4 B dojus) "k’ &
H, o] 279 ko] Fold & multiplet®] ol BolA multiplet 7+ A 2|7} 77 A
a1, o]7]9] FhiFo] Wold R Eo| AL o] AA wWolA o] FEC AE A
AE g5 Folxivtal B F Utk &3 o]HA IAHE =8 A Fde] A4 4
A7) Alzbeta 18] F-E(water channel)©o] @Wold 4= Eo $x=Ho] Frhs] 1
ol o Wold WA AEe =& o Bol FekA | slelga 53 & 5 Un
PSMAA &5 8A H&9 dfddx FF5=7F d4stA 27k el ##sEE Ao

BuEgt. Ay B F5xe 9o PSMANagl 12.2 mol%$t PSSNael 135 mol%

121 PSMANa2l 6.1 mol%g} PSSNaSﬂ 6.0 mol%= Wl s] Ryl PSSNarl o v

Frue nolEts AL #AY F Atk ol 4 AEo)9 pre) F4 Aold oW
O
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Figure 2. (Up) the initial slope of the water absorption curve of the ionomers vs.
ion contents and (down) maximum water absorption values for the
lonomers vs. lon contents.
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Figure 4. SEM images of the lateral side of fractured samples. Before (a and b)
and after (¢ and d) absorbing water.(a, b: x 40 magnification) (c, d: x
10,000 magnification)
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ool owm] Tz W] 100 7)) Wit Bk

= (F A}&9] vk B8] B2 (g/mol) ) x [100— (0}o] 9. =m 9] o] & =5 (mol %) )] +

wn
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=
Z,
jas}
al
w
8
=
X
o
oIL
>
E
O
1
N
I
\I
my
o
b
r>~
et
&
0
o

(A} 2H87] WhE whe o] Ak (g/mol) + FEAIRL 7] del 9] 4= (g/mol)) < (e}e] 2 =m €] o] 55 (mol%))]

= 104.15g/mol (styrene) x 93.9 +[(86.06 g/mol (methacrylic acid) —1 g/mol (H) + 22.99 g/mol (Na)) x 6.1]

W] 100 Ao H FEAZa ofo

[~o
E
>
s

2/ 73 ofelewne 7
o|2wv]e] ol Y

o]
]_
Zol g Ag A& F AUrh

T3 w91 100 /1] EAE : ofo] i Al A = o] @ 9] o] 7] FHF (mol %) : Al ] 0]27] & 4= (mol) - -

ol +Z @9 E 100 ME 7PEglen® ofol e 3 e 100 /He Ht #
(g/mol)& olelem F2 9] 100 7N FAl(g)7} 3L, ofo] L =we] o] 7]

(mol2%)& olol o xm Fz &g 100 7o E99d+= o277 AMF(mo)E & F
olEA AR A& A B)AH AHe| Eoe ol THFHoz Hes| & ¢ STk

(218 FAl(g) ) x (eFo] L=m 9] o] 7] F&(mol%))]

Alel ol £7] F (mol) = ofol S 2 w9100 9] TAI(g)

g F-Ae] ofeliemo] Bolfl= o278 & 5 4 dvtd, FFE =9
£ = FE HIAIL vl 4 (6)3 o] ofo]lem ] o]27] s =
o] g AL 5 AU

FrE B B 5 16l ol o] Slres o b
RERE R e S MEE e R R S

*=
Il FAY ofeleuld EoQy o] oz A

3)

(4)

>
ot

R
off

At

ol& &8 PSMANa ofo]Qwmmje] o] 27] st & wAke] Ji¢E A4tsle] Figure

59 veRf AT xF& AlZHh), yE& ofole=m o] o] 7] syl &3 e
ZLe]l A grolty. Heh @ Eo = Eisenberg®t Navratil®] deolHE $H7A %7

—_—
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(Eisenberg®} Navratil®] PSMANa ofol @ =1 o] &Hei= AlZgo]ar, AJH FAE 1
mmeo| ™, Blo]Eo| A o]27] stuko] 97 mol%e 4% F-AEke] ok 15-20%, 9.1 mol%

o A4 0¥l s, B AHe) ool Qiev]E Rapepo] o 0% o

o]

rfo

’

Figure 5% H 71 gEFo]l 6.1 mol%l A5 ol shud & A ¢k 1 7N,
12.2 mol%<] 7 A shvd ' A oF 4-5 mol%®] 7-F °F 13 7N,
21.3 mol%®] 7-¢ °F 14-15 /M9 & &AE &2 vkl & 5 St} Eisenberg®t
Navratil®] dlelg e vlas)] 2e o 1.9, 3.7, 55 mol% olel =] o|&x sl
235 e B A AT ok 1 A olskE, E AEY 6.1 mol%e @ Rl Ak
AL & 4 9t} Eisenberg®t Navratil®] do]&12e] 79, 9.1, 9.7 mol% ool 2 w=m 2] ¢

= B A% 122 mol% olelewm ] i e Ak FuEe A
<, =9 FF7F A e Ao o278 kel oF 5-6 mol%7tAl= o
2= sy BEa e B BEA lFE 1 Aol AMRA R o719 ghEke] ol

ool syt 2al e = A JNE a4 sold e Aol

do 2
rlo

o]

ke

A, B F57F 274 styrene 7 AFEo] obd multiplet Wl F-¢] —COO™ o] 7]

4 HE vetdoa Azbs] By, HA dEe Eo] drhvt B0l
Ao Sa & 4 odth Multiplet Qtel gl —COO™ 2H&7]olA 4 Ae] 7lsd
= 5 7tk webA] olel 2w 9] multiplet W9 —COO™ #H47]
: A A= 5 e 7hgsl B, olRT o @

]
=

= gde] golghm FEE 4 Uk e gee ¥ 2
wvlo] 7

I
o
Ho
2
>
0%
o
=
iy

Arks]l B 169 mol% ofol=we] A5 ¢F 8

oF 9 Aolth eolefdt Az Srol A HAwgh ofo]Qwem 8] o] 27 FhiEe] 10-15 mol%
oo FIhSe] wel V] = FFEe HU = FF0t F43% FUteke olwE
58 B dvk 2719 multipletel]l Eo] FE wds —COO™ A&7l Add A
HZ EAA%, 58 o SFHA JW B 2Azte] ddgez 8 SsiA Ho |
A A Zo] HA T o83 =& multiplet Wl Ak} 1 ko] HolA] A
W koA AW gk water channel= wH¥ Al & Aolgtal F53 & 4 Ut
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—O— 1.9 mol%{Nawrtil)
—— 3.7 mol%{(Nawrtil)
—— 55 mol%{(Nawrtil)
—O— 7.9 mol%{Nawrtil)
—A— 97 mol%{Nawratil)
—O— 91 mol%{(Nawrtil)
-@— 6.1md%

—v— 122moil%
& 16.9mil%
—>— 21.3mol%

=
N

0o

IN

water ndeades/ ion charge

Time (hour)
Figure 5. Number of water molecules per ion pair of PSMANa ionomers as a
function of water-immersing time
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23.2. dHs4 4

St Yarusso9t Cooper®] Hard-Sphere Z@e] 95} aHA matrixel= 7 &
o] multiplete] X3 o] gl&=d SAXS ¥=E o] 3] FA(multiplet)e] AHeh $H 2
zZhgsto] Kol Zolgtal UM, guaxEH-E AXME = Bragg Ade AR S4
ole] | Al AhS B =EolA AHEEHE EHM REolA SAXS =7}
El= Bragg A2+ multiplet AFo]9] A2, Hard-Sphere oA A otsle &
o] o] 3§ EEEAZ WolEo] A

£

A

1}
2l

-

B =wdA e ofoler o] B Fo] whE multiplete] HE] HEE SAXSE
stk Figure 6(91)% ol&7] g#e] 53, 11.0, 169, 21.3, 255 mol%3 &£
kA @2 PSMANa o}o] 2=l SAXS ZA3E Figure 6(o}d)= ool i=mo] 3
A7F Z2E3| 52 FFAZ AlHe SAXS A#E HoAFEU WA, E2 F567]
PSMANa ©}o] @ wHE& ¢F g = 031 A7 B4 #=27} Hols HolE ¥y,
5% PSMANa ool wmEe ¢ = 026 A FtoA] =7t Helth 7 olo]
MO grax 1S HOlRW EE& F5EA & 53 mol% oFol o] 9o
Al BHolAE &Auk ¢ = 030 A4, 11.0 mol% o}o] & €] o*r‘cﬂt g =031 A
1169 mol% ofel e wre] Aol ¢ = 032 A7 21.3 mol% oFol L wr o] A $o =
q =034 A‘l, 255 mol% olel @ w=r o] AH$ol= g = 034 A4 SAXS ¥ AE Ho
Fv, B2 F5470 53 mol% oFolewrie] 9ol ¢ = 0.3 A7 11.0 mol% ool Qi
el 9ol g = 027 A7, 169 mol% ofelLiem o] 9ol ¢ = 023 AT 21, 3
mol% oFelQ wme] ALolE ¢ = 023 A 255 mol% oFelewne] AfolE g =
024 A0l SAXS ¥ AE BolFEth 3, o] F4d PSMANa ofo] = o] 3=
= (intensity)= #913] 20158 HolFt} Figure 2014 EW 21.3 mol%2] ool
= A9 °F 60 %7 BE FFE F UtkE S & F vk AHA Eo] A
AekE FAE F 011 gola, o]8 AE 1.35 mme ¢€r% dejgtn 71gstd 29
ol 0.083 mmolth A #He] %7 1.35 mme}t Hlms] #e u), Zo] F ek X-A9
sls] Arhar B ¢ gleh mEpa], aeze] wae) Av|7) oA Ae ol
2o 7t43l mafe] o) Atgk FAgte] ARTE AA HAe A
YA A oolgha Bk
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Intensity

q(A)

Figure 6. (Up) SAXS profiles of PSMANa ionomers of different ion contents and
(down) SAXS profiles of water-absorbing PSMANa ionomers of different
ion contents.
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Figure 6914 SAXS =79 HulHE& YEINE gma #2 Qo] olo]wmme] Abeh
T4 Arele] Hat A2l Bragg ARl (Derage = 20/ gma) S AlAFSF] Figure 701 e
Atk WA, Z& FFATA FE ofolwmm o] Ao o] 7] Fhigo] FrpShel] whet
Bragg A7} 21 AdlA 18 Az HgAH oz Zo]Er) o= o]27] o] ol
w2t Al 28 multiplete] A7 multiplet F A2l7F €] YElUE d4oZ dE A
b, Be F53 ofolowme] 9ol o279 o]l 5 mol%dlAl 10
mol%® Eo}A W Bragg A7} oF 21 AdlA ¢F 23 Az Hojdrh ela Al 15
mol% & o] 27] gl F7}sbd Bragg 72le 23 AclA 27 Az F23] soluit)
71 o] FE o] RY] §EHE FIMAAL Bragg AEle] ®st= A9 girh

Figure 5ol SAXS # =9 HUH S UEUFE gnax 0S4 multipletd o] +23<]
Hit M5E A4e 4 3, Figure 6914 Bragg A@l 32 do 1 cm’ %9
multiplet 7|5 AL F Atk AARE 98] BEE ol 223 A 4 el EAgtt
517} EA T Astel Bed AREY YR %§7%18% ol%}cﬂ TaA Tk oLl
Al ofole=m el A FF2 T E 100[(Ele] A/ vEl = E = (94.7/5.3)] 0% 3}il
5.3 mol% PSMANa olo] =M E o & &9°] T':X]'%]:(MWMABS)E Al bst A ot

MWhwasz = (MWs x 94.7) + (MWwana * 5.3)

o7 A MWsT styrene®] A%, MWiuanat™ methacrylic acid®] Aol t). o] €A
T B FMWras) ol A 1 em’™d 01289 2 S(MOLwasa) S oFdl e} o] At
SHA T

MOLyass = (dvass / MWhass) % 5.3 mol%

A7M duass= 5.3 mol% PSMANa o}o] @ wrje] Witeltd welrd 1 em® @ o] &4
2] T (Nionomer) = O+ 9} Zo] A4 4= it}

Nionomer = 6.02 x 10% % MOLnas oNat00
:l—ljj multipleto] ]:/_]'15'_:0] H(J— 7ﬂ;(]— Lﬁoﬂ %ZH-:‘}Q'J—I 7]'X<§6‘]'51 DBragg %}% o]%é‘}ﬂd 1 CI’I]3
9] multiplet F(Np)& 72 7 ATH

Nom = 1 CI'I]3 /(DBragg)3
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0 5 10 15 20 25 30
lon conterts (Mol %)

Figure 7. Bragg distance calculated from gmax as a function of ion content
of PSMANa ionomers.
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1 Cl'n3 &0 '4 mllltlplet T(Nmul)gjr ] @_94 _}l:(]\/vionomer) oﬂ /q I’Illlltiplet % O] '1%/%]_94 —)V:
(Monic)'é‘ 74] )1\1'6;:_]-— —}l: 9)1@

Nienic = Nionomer / Nmu

ol&g A Aoz multiplet & ¢l €% F¢ 1 cm® %9 multiplet 5 (Na) @ ©] 2242
45 Table 20 YEFH AT

Table 2. Number of ion pairs per multiplet and number of multiplets in ionomers
(1 ecm® size) of various ion contents

Acid contents | Density No. of ion—pairs No. of multiplets in 1 cm® of
(mol%) (g/ml) per multiplet (ea.) sample (ea.)
5.3 1.07 3.1 1.06 x 107
11.0 1.10 5.7 1.21 x 107
16.9 1.15 8.2 1.36 x 107
21.3 1.20 9.5 1.53 x 107
25.5 1.27 11.5 1.60 x 107

Table 25 HW, o]27]e] vhwko] F7igtel] uwhel multipletd ol%¢ 747} 53
mol% o}o] =12 9o 31 oA 255 mol% olol =] %o 115 M2 F7}
931, 1 cm® %9 multiplet 5 T3 o] &7] o] =7}t wh
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3.2. 43

321. &4 A4 R T3

AL benzene/methanol(9/1 v/v) &do] =2 & FFFA] A L5
NaOH/methanol &2 FIAA=H F3t=+ 2H2F 0, 20, 50, 80, 100 % ). o
B U Yol o7 F3g ofolo W E WEY] Y& 6.1, 122, 21.3 mol% A FH-&

712 714 PSMAA #%5&3E benzene/methanol(9/1 v/v) & o] ¥l & FF3A<]
Ab 2871 & LiOH, NaOH, KOH, CsOH, Ba(OH)z/methanol €22 100 % &3}A1H

. $3td ofoleeme WE-AXAA B AW ARR dsden, o 100 °CelA
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Figure 8. Weight ratio of PSMANa ionomers after and before absorbing water as a
function of water-immersing time.
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Figure 9. (Up) the initial slope of the water absorption curves of the ionomers vs.
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lonomers vs. neutralization level.
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Figure 10. SAXS profiles of (up) PSMNa ionomers of varying degree of neutralization

and (down) water—absorbed PSMANa ionomers of varying neutralization
level.
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Figure 11. Bragg distance calculated from gmex as a function of neutralization level
of PSMANa ionomers.
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Table 3. Number of ion pairs per multiplet and number of multiplets in ionomers
(1 cm® size) of varying degree of neutralization

Acid contents | Degree of Ion contents | No. of ion—pairs No. of multiplets in
(mol%) Neutrlization (%) | (mol%) per multiplet (ea.) | 1 c¢m® of sample (ea.)
11 100 11 5.7 1.21 < 10%

11 80 8.8 4.5 1.27 x 10%

11 50 5.5 2.7 1.34 x 10%

11 20 2.2 1.0 1.52 x 10%

5.3 100 53 | 3.3 1.06 X 102

A, BE F3l g5 dotry] 93] Figure 1191 PSMANa-5.3 mol% ©}o] 2 =
re ZFA A vastATE 11.0 mol% oFel w7l 50 % F3FE ™ o]

7] drEFo]l °F 55 mol%7t "k 100 % F3Fd 53 mol% ofolLxmE &8 557
Bragg 7121 ¢ 0211 AdlA 0212 Aes =1 Zo|7} 7¢] wol
g}et olo] Qw1 9] Bragg AZE ¢F 195 AolA 208 Ae=z <F
13 A A= Wass A2 2 F Jded, oldd 22 592 9 Bragg Ad 71
T oA Ayst A3 Zo] multiplet 5o AR A $ vt B8 F4EA
22 JHe Bragg A#E vlustH, 100 % F3d 5.3 mol% ofol w799
21.1 Aola1, 50 % %39 11.0 mol% PSMANa ofol @ =me] 7% 195 Aolty. uhe}
A 50 % F3E 11.0 mol% PSMANa o}o] 2x=m 2 multiplete] 757} ¥ Bk A
S ¢ 9 Al Multipletd o]-=224e] Hit J5E AAtel B, 50 % e3kd 11.0
mol% PSMANa olo]lex=me] 79 <F 27 7o, 100 % <<3t¥ 53 mol%
PSMANa ool =9 Ao oF 33 7/I&, 50 % F3}d 11.0 mol%e] PSMANa ©}©]
M7 100 %349 5.3 mol% PSMANa ©fo] 2w Bt} multiplets O]gr o] &4
o M Ave Ae & F Uk @9, B S3kE ololem = 2k-g-71 7}
multiplet ¢tell EASPEA multiplet2 ©]F31 & Na'$} H™ < Na' wg w38 o
oxika 4 A glrh® olefd usk W& multiplet P9 o] 24 Ate]e] AT A&
°F3lAl A multiplet®] 7FAAAH ZHEstA @ Aolgtal FHE B 5 dedH, ol#E
7}y A43 g3 uf o multiplet°ﬂ EAsEE ol g7 Ao a1, multiplet®] 7l
= O #@old & v #Wel FFske A O]E‘ri’ TS5 F vk AA=E, 50 % 34
11.0 mol% PSMANa o}eo]le =] H = FF = (Ratio)= °F 1.0350]3L, 100 % < 3}

o{wé
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Multiplet morphology vs.
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Figure 12. Weight ratio of PSMA ionomers neutralized with various cations as a
function of water-immersing time
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Figure 13. (Up) The initial slopes of the water-uptake curve of ionomers
neutralized with various cation and (down) maximum water-uptake
values as a function of ion radius.
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Figure 15. (Up) SAXS profiles of PSMANa ionomers neutralized with various

cations and (down) Bragg distances calculated from gmax as a function
of ion radius
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