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ABSTRACT

Effect of the chemical structures on the mechanical

properties and morphology of polystyrene based ionomers

Park, Jae-Jin
Advisor @ Prof. Kim Joon Seop Ph.D
Dept. of Polym. Sci. & Engr.

Graduate School of Chosun University

According to the multiplet/cluster model for amorphous random ionomer
systems, ilonic aggregates in the non-polar polymer matrix, called multiplets, reduce
the mobility of the polymer chain segments surrounding them.! With increasingion
content, the number and size of reduced mobility regions increase and, eventually,
the regions start overlapping. When the reduced mobility regions become large
enough to show their own glass transition, i.e. a second Tgat higher temperature
than the ion-poor matrix Ty At this point, the restricted mobility regions are
called clustered regions. It is well known that the second Ty is related with a
number of factors, such as ion content, type of cation.

In the present study, we prepared new ionomers, poly(styrene-co-sodium tiglate)
PSTNa, and investigated their dynamic mechanical properties; the ionic modulus
and loss tangent curves of the ionomers were measured. We also compared the
mechanical properties of this ionomer system to those of poly(styrene-co-sodium
methacrylate) PSMANa ionomers; these two ionomers have the same ionic group,

1.e. sodium methacrylate, but PSTNa has methyl group in the beta position,



compared to a hydrogen atom for the PSMANa ionomer

_10_
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multipletS ©]F 3l poly(styrene-co-acrylate) o}o]Qx=m o] Z$-(o]27] & =
10 mol%) o= 9F 4.3 o] 2] multipletS o|&tha AAtHTE o]k SAXS 29
2= 4o MR Z dAEke Blolt.

Aol AF AHRE EH methyl”](0] Afoles a-8h X)) &4 o
wel styrene ofol = T4 V|AA 24 B EEEAV g@ERite S ¢
T ok 2™d o-ga9 g fH ] FAOl methyl”7]7F EAEE A=
styrene o}olQ =] £ B RERA = ojWA WHE

= =
tiglic acid &S 283t o8 AE5E WE F A F87]E NaOH=
o}o] @ =2l poly(styrene-co-sodium tiglate) P(S-co-TANa)Z ®F=o] o]o] F A
ZIAA dd D BEZA | didl] AFsIoiTth. o] AT AFE V& A7 7

gtA el poly(styrene—co-tiglic acid) &=AE
==z
=3
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® poly(styrene-co-methacrylate) [P(S—co-MANa)] 2 poly(styrene-co—acrylate)
[P(S—co-ANa)] ofolQ=m o] A7 AxE3} Hluwste] wE77F gle 45, HWE7|
7b a-gRA HAC e AS, 2 HETIF a-BAY g fX|e FA9
AT B-7(Scheme 3) EAAFE= ofolowxmo] =4 9 EEEA i3l ol E H

314 B3,

Scheme 3.

P(S-co-ANa)

P(S-co-MANa)
A
o N ( \
2 CH CH C
\ 4@/}(\ ‘ /y
COOH

P(S-co-TNa)
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2.2. 49

2.2.1. 182 A

WEe nEAQ] Ee](~E

-
©
o
|
(@)
9
o

JAH styrened} tiglic acid &
Qe AAARE st NzYe AMEESITHY. Styrene/tiglic acide] wF
SAE7E & A Fol v £ ¢33 = styrene/acrylate(0.25/0.15),
styrene/itaconic acid(0.26/0.12) Z12]3l ethyl acrylate/acrylate(1.02/0.91)]
WA H]E 133l styrene/tiglate?] ¥H3AHE F43 £ A3} <F 0.75/0.05

AE7} Yo} o] vt AU 2 o} 7zt FEAAE THEJT. v ZAS Table 1

o “eR AT

o

Table 2-1. Polymerization conditions for the P(S-co-TA)copolymers

Content of ionic TA in monomer benzoyl Reaction Reaction actual
Repeat units feed® peroxide time temperature yield
(mol%) Mol%/Mass (g) (hr) (°C) (%)
2.34 0.069/6.61 0.021 33.5 61 5
3.2 0.093/8.97 0.022 33.0 60 7
3.9 0.113/10.86 0.021 34.6 60 8
59 0.167/16.14 0.020 34.5 62 6
7.1 0.199/19.23 0.021 34.5 61 7
11.12 0.299/29.10 0.021 354 62 8

“Total monomer mass in all case was 100 g.
HFS-53 THF(tetrahydrofuran)S AFE3le] 282 3]AA171 & o] g8 3}
[e]

Fo] HE&e "dojmy AWS FE3 I JFHEES A 120 CollA 1€ &<

&AM
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2.22. A4 % T

A P(S-co-TA) ] 4F TZ(mol®)E Eotr7] fste] dAFY LEAE
& (9/1 v/v) &He ﬁﬂ T HEZEdd AASGE ¥ NaOl/meE
HAe ARSI AAHSGY. o] FFHAE poly(styrene-co-sodium tiglate)
[P(S—co-TNa)] olole=m] JeZ A7] 93] NaOH/H &S F3AE ALE3te] b
2871E TAEH. T3E AEvE BEdAzAA % AHY AEER I,
olgA dojzl olo] o xmMES 170 CTolA 19 FoF 2371 ZA o).

=
l‘i—a
~—
s
rJL of\

fr
2
~
Y

=

|4 A& (dynamic mechanical thermal analysis, DMTA) A ¥<
W comressionmotaings O1-&38H] AlAS A AT, AlHY Y 2k
Aom 5 #3F 20 MPaZ S 7hete] AldS AFEATE. o2 A
dAE Ao A7 2. o(wﬂ) X 6.0(5°]) =< 30(Z°]) mm AT},
A A 19 T 130 Tl AF DA umearing SHATE

rr

e

7+ AgEY 7IAA AES SAH37] #18F] Polymer LaboratoriesAFe]
DNTA(Mark 11%)E AH&-3F3A Ae 2712 bending modeE B3} or, Fogs
0.3 Hz oA 30 Hz HYolA 5719 ABF+E Hasiont. & £5= 1 T/nin &
2 3k en, o] Ado|A Z+ A|59] loss tangent (tan &) @ T A ©@AHE

g
>
1
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2.3. 2% 3 1

DMAZ H¥E 3d 22 & Q& Aat A4 AFH AAY A
e

loss tangent ¢ A FEdEC %o wE W3lolt}h. Figure 2-1& Na'& 100% =

320 3.4, 5.9, 7.1 gz 11.2 mol% b HELVE AHm UE
poly(styrene-co-tiglate) ©}o]2x=m2] loss tangent =4, Figure 2-2& 9A]
Na'Z 100% ZF8A171 4.2, 7.3, 9.8 283 13.5 mol% A} FL&71E 71X Y=

poly(styrene-co-sodium methacrylate) [P(S-co-MANa)] ©}o] =™ 2] loss tangent
=4 28]31 Figure 2-32 poly(styrene—co—sodium acrylate) [P(S-co-ANa)] ©¢}©]
Qxmo 1 Hzol 419 loss tangent A4S %9 =2 HAFT. A 18 EF
olo]exmo] EAoE UelyE F 719 loss tangent JIAE HAFT. G 2
Tl 93 E matrix Lol 98k AolH & 2% 3= cluster ol 95 A7
Zolth, MZ A S o}o] =1l P(S-co-INa)otol L= o] 9o 110 CH-E
130 C AFolel]l matrix Zoll 918k =3 7F Qa, 160 CTollA 190 T Afolef cluster
el 93 9137} ek, 33 Figure 2-29] P(S-co-MANa) ofo]Q:=m& 120 CTH-H
160 C Afololl A matrix 75 HAFIL cluster 7= 190 CTolAFE 250 T A}o]
oA HolFEth mIAHOE Figure 2-39 P(S-co-ANa) ©lo]2x=mi= 120 CTH-E
150 C AFololl A matrix L& HOFI cluster L= 170 CTAAMFEH 210 T A}l
oA HoFET, o] FEE 1HIIHEIE P(S-co-TNa) oFo] =9 matrix 7t
cluster 77} P(S-co-MANa)Y P(S-co-ANa) o}o]exmE9 F+ LE Ht} Aoy
2 g 22 YehdE & 7

StH ol FEE FU7RA O uwEl A olole x| EFO] matrixet cluster
s 2 25 FoE ojgde & Ui matrix I 2 A77F FopAH

2,
cluster M|3= 2 717 AfS ¢ Ut Al olole =7t HoFe= 7H 2
2kol 2 matrix 2 cluster 29 Z7] W] P(S-co-Na) o}o]w=m o] 79
matrix ¥ 39 A7|7} & olo] @ = 9] matrix A =7]o H]s] =X, Hb
=2 cluster 3] I7|= P(S-co-TNa) o}olexweo]l 377} thE F olo]Q = H
9] cluster ¥ A2l A7) H|3] oz FS5S & + Ut 7FF cluster I3
7b 2 A2 H%E o] =Y W P(S—co-MANa) ofolwmQl 2

PN
T

PN

T

u!

—lﬂ£
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%)
24 L O 3.4 mol%
OO O 5.9 mol%
A 7.1 mol%
v 11.1 mol%
]
= O
o © o
2 16 O
IS . ] P(S-co-TNa)
n O C%]
(7))
g oy
— E]Z&<§&
O A
0.8 F 0
By, K
oA A S 2 QS
v AT CHEE A
oL v AT A
0.0° '

Figure 2-1. Loss

tangents

as

150 180 210
Temperature’C)
a function of temperature for

ionomers, as measured at 1 Hz.
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2.0

O 4.2 mol%
O 7.3 mol%
A 9.8 mol%
v 13.5 mol%
15F
— @)
c %
o> P(S-co-MANa)
e ¥
S 10l
)
(7))
(®)
—
05 F
¢
(A
A_/_/—LL////%M.AQ;LL%M//F
T NI .
0.0 \ | ' :

Temperature’C)

Figure 2-2. Loss tangents as a function of temperature for P(S-co-MANa)

ionomers, as measured at 1 Hz.
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O 3.9mol%
A 8.2 mol%
v 11.6 mol%
2.0 F
Q@ P(S-co-ANa)

Loss tangent
|_\
(O

=
o

0.5

.‘d,&’u.n

200 240

Temperatue’C)

Figure 2-3. Loss tangents as a function of

ionomers, as measured at 1 Hz.
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Figure 2-45 o] Fxo] W& A olo]Qw-mo] matrix®} cluster 7 E YEH

A Zlojth. 7|4 ZE o] w9 ofolewmrt vk ZFAska 4 cluster
LEE AHBRESE 3. w877 a-ga Ao U&= P(S—co-MANa) ofo] @ = 9]
cluster = P(S-co-ANa)¢} P(S-co-TNa) o}o]l w9 cluster 7 BT Ho& A
& F da, Ad Fe 2504 cluster LE YEME AHo] a-vrx9 B-whAi
ztzt W' 7] 7F & P(S—co-TNa) otolexmdE & vt ¢ matrix

LE BW A ololexmrt a8 2 AolE HolA| ¥es ¥ F Yoy adE of
kel Aol & 2SR cluster Lol A< vz7EA] & P(S-co-MANa) > P(S-co—-ANa)
> P(S-co-TNa) &A1& matrix 77} ZFo] 7} dof.

ftlo

A ol BRI} FAYEE F B )

Cluster 7o 4%
T

P(S-co-MANa): 7, (C)= 178 + 5.1x[0]€ ¥=(mol%)]1(;* = 0.9835)
P(S-co-ANa): 7, (C)= 172 + 3.0x[0]€ = (mol%)]1(/* = 0.9990)
P(S—co-TNa): 7 (C)= 157 + 2.9x[0]2 % (mol%)](/* = 0.9524)
SHH | matrix 49 A%

P(S-co-MANa): 7, (C)= 117 + 3.0x[0]€ ¥=(mol%)]1(;* = 0.9946)
P(S—co-ANa): 7, (C)= 117 + 2.7x[0]& ¥»E(mol%)]1(/* = 0.9615)
P(S—co-TNa): 7 (C)= 116 + 1.3x[0]2 % (mol%)](/* = 0.9615)

Oq 7] /\1 12 "E }dﬁé -%] _/_,\_—Z}--%\- }6]‘1 1 7:” 7‘-” —}l:/im?r least-squares correlation coo[[iciomol E]'

o] HEZHEEH & F AE AL WA cluster 2 A9l P(S-co-MANa) ©}o]
=9} P(S-co-ANa) ofelewme] 27| 7, kol Z+zh 178 C ¢ 172 CTE 1¥
Zbol & HolA Fethe Aotk 3 o] Fxo WE cluster LY F7HES
Ho| = P(S-co-ANa) ©}o] o= e} P(S—co-TNa) ololex=m7}F 242 3.0 C ¢ 2.9
C |8tths Aolth, &, Soldk H-2 P(S—coMANa) ofe]x=m o] Ao =
S7F 0] 5.1 T AE=R T8 F ofolexnrd H|F o}F Z F7HAE Elth.

°£rL_11~o

f
T
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240 F A P(S-co-MANa)
[ P(S-co-AANa)

O P(S-co-TANa)

200 -

T, (°C)

160

120

3 6 9 12
lon content (mol%)

Figure 2-4. Glass transition temperatures of the matrix and cluster region
of three different polystyrene—based ionomers as a function of ion

contents, measured at 1Hz.
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& matrix 79 Afole 271 L 3ol Al ofelewmm EF oF 117 TE H]
23 S Boly o] wxo] WE matrix 5o F7FE2 P(S-co-MANa) ©}o] Q=
Wl P(S-co-ANa) ofolex=m7F 247 3.0 T ¢ 2.7 C&E H|523}al, P(S-co-TNa)
ofole o] Afovt 1.3 T AX9] 2 e 7Kus Ao, o714 Fr=
& A A olo]lexm o] o] FE F7l WE matrixe} cluster ¥ F7F AL
7F P(S-co-ANa) ofo]l@=me] Aol F grel Hl=aad o (2.7 T vs. 3.0 T),
P(S-co-MANa) o}o] @ =w e} P(S-co-TNa) o}o] Qw9 ZHLol&E matrix 7 =7F A
=7} cluster 7 57F AEQ ¥ AE o] x| gethe ARAOItHE.0 T ovs.

5.1 C, 1.3 T vs. 2.9 T).

g

Figure 2-55-¥ 2-72 Z}Z} P(S-co-TNa), P(S-co-MANa), 18]3 P(S-co-ANa)
O}'O]—Jo—iua'o/] X%% %}\égstomgc modulus% %E‘O/] t}‘:]!_—}l:i l:]l—-oq %E} Zﬂ% Tﬂ'}\c‘lg “T,"d
'% E—E’j %57]— %7]'61:}01] Lq‘a}' 'Pra]}b]- E'%Ei*/—\-g/assy modulus ‘P’_a ;l(j_o]g/dss transition,

(e}

—_

O = h=
% plateauiwzic plateau, Tl_a] %j_o]glass transition, —ﬂ-T}g— EE31 -}—\-I'ubbery modulus :——/-a—l——’-

%‘f/ow 1‘0g1'011-9-i —ﬂ%x]' /\6]7%]0] t&é-_]__u}"f_' Zi% OEL —}l: 9)]\‘:]' O:ﬂ% %OJ 11.1 mol%

o

P(S-co-TNa) o}o]Q =9 H$o] 120 C 7HAE FElde AES Hola 120 —
140 C Alol= FEldolE& 140 — 180 T Alol+= o] plateaus, 180 — 210 C
Abo]l 2EoME AT FAES BHoFi O oo REAdAME LEAT SE27
A ZEth, AA RO R Hol fEHol &% oo e AF BAE Fho] oL T=
7V S TS FkelH Al A frEldol(matrix B)E UEWE 349 71&
715 ol FE7F S gl weE Rt w2 F HA frEl ol (cluster 7)
£ YeiE A% 84E F49 Vel FH 9 FFA0. AFgEHE 25 o
Ao A BAEE AL AqA7A M FEE HE ol plateaud H X9k Fo|7t
ol FLEE T AILFE 5 2EE 81 B2 AF SAHE oz ot
= Aol olgfgr @ yHA F ool A|Z=EQl P(S-co-MANa) 1E]il
P(S-co-ANa) o}o]Q =M= Az

AT A ofolewmm A 2HY A BAHE =
A patterndl Al Hole= Aol fFElHol & 33} o] plateau =°]7F Y=}
= Aot Fuz B Ag A I P(S-co-MANa) A¥}+= Kim 5°] P(S-co-MANa)
ofo]Q o] 71 A Ao gk Aol E& Aot Aot



O 3.4 mol%
O 5.9 mol%
A 7.1 mol%
v 11.1 mol%
8 |
—
©
(a
) —
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S
Qr
6 .
90

Temperature®C)

Figure 2-5.Storage moduli of P(S-co-TNa) ionomer blend as a function of

temperature, measured at 1 Hz.
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g ™ P(S-co-MANa)
O 4.2 mol%
5 O 7.3 mol%
A 9.8 mol%
o v  13.5 mol%
~ 8 I
©
¥l
) ——
|
S
°r
6 -

Temperature®C)

Figure 2-6.Storage moduli of P(S-co-MANa) ionomer blend as a function of

temperature, measured at 1 Hz.
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9 \ P(S-co-ANa)
®) O 3.9 mol%
O A 8.2 mol%
0O v 11.6 mol%
o @)
< ®
2l O
— e
LLl
S
-
6 =
|

120 160 200 240

Temperatue®C)

Figure 2-7.Storage moduli of P(S-co—-ANa) ionomer blend as a function of

temperature, measured at 1 Hz.
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3l o] plateau?] %°]& clustering F=et A A oz AHAAA 7 9l
o}, wepa] Al olo]Qm A]AEIQ] o] plateaul] FO|E
o] ZAAAE oldst=d =go] 2 Zoltt. ofo] =] o] plateau A&
BE o2 EEHZ mic wans = BlWSHAA Tzt O o] EEdX
= AT BAHE FHY ol plateaud] 7717 MS3E 7HAE HO EEYEE
gttt Figure 8o o]=7] Tl wWE  P(S-co-TNa), P(S—co-MANa) H
P(S-co-ANa) o}o]QxmE9] o] EEHAE YEAT. Al ofo]oxn EF o]

27] gFol FAVFE ol mEALI FAFL ¢ 5 Ak aUd 3} AEE

P(S-co-TNa) ¢}o] oM & H|s YEE HAFEH P(S-co-TNa) ofol w7} oF
AL e B Tl oo AR HAFE A2 P(S-co-MANa) oFo] x=m ¢
clustering =7} 2 o] =Y o P(S-co-ANa) ofo]o:m KT} g1
P(S-co-INa) ofolex=me] AfEte= v O o Aotk 2.1 A &4 dF
st Z13} o] P(S-co-MANa)¢} P(S—co-ANa) olo]2:=m <] clustering X+ cone
angle 7I'dS o] &3t Aol dArt. & a-gta $1A9 #WEY] wtol o]27]E0]
multiplets o]F#Hi & w YA GoHE AAsHA ¥l cone angleo] HAAA =il
o] P(S-co-MANa) ool Q=9 multiplet A 7|7} ZolAA e 1 ees B
A w== &a37F A9, wEbd P(S-co-MANa)  o}o] =12  clusteringe
P(S-co-ANa) ©}o] Q@ x=m 9] clustering Bt} =T},

- a-¢ B-gA YA HEZI7F st Sl P(S-co-TNa) ©fo] 2w
o Aol w&d] JAolw e gohd P(S-co-MANa) ofel@=m KT} cone
angleol © A multiplet®] =77} ZopAokstal zeid AAT o B
multipleto] ¥HE1 A clusteringe] B #Eo] o] EE# 27} P(S-co-MANa) -7
Hoh o & Fhol yefok stth. SHXRF DMTA 2d Aye I vHE ygtoh, o]o
gt A9 ot B-gA fXo Ade HETY JFE G| o]27|E0
multiplets olF= whAg HA Mo dAFlE BT Zo] ofyet o277}t
= 9AA tiglate®] B-®A FAZY AR 3 see rovariorer LT B OFEF7]
o] obd7} ghrh. Tiglate® a-%ta HXol= 2427 wlE7]9f 25-IEAHE
7}

A8k i, A2 4 p-giolE HErvE S, olFEA a-9 B-¥

ME ¥o

7]
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a4 YAt XA A= ARG AFF Aol At
3 vk -gA Aol wel-me) Palo] ohe} wel-re
ne)-me] Aoz olFold YA P(S-co-TNa) ofo] L] o] ThekH|
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multiplets ©|F7] #al A@aMoket= dAGN7E WF A dArte] ol =3 FA
S gL ¢ gl Foltk. wEtA E P(S-co-TNa) otolex=meo] 54 7|44 A¥
A3E FMsly] Yl Fad AL AFHoz oA P(S-co-ANa) ool x=m e}
P(S-co-MANa) o}o] =™ 2] clustering AFo]oll A o]oF7|3F multiplet ¢F o] =7]<]
cone-angle 7H@¥RE olYe} multiplet FA A7} A5 o] o =HF-E clustering
o] ¢kstAl dojdthtE AR oltt.
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O P(S-co-MANa)
A P(S-co-ANa)
O P(S-co-TNa)

(00}

lonic modulus (N/rﬁ)
~

(o))

0 3 6 9 12

lon content (mol%)

Figure 2-8. Ionic modulus as a function of ion contents at 1Hz for the

P(S-co-MANa), P(S-co-ANa) and P(S-co-TCs) ionomers.
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Kim J.-S., Wu G., Eisenberg A. Macromolecules 1994, 27, 814.
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Gedde U. W. Polymer Physics, Chapman & Hall, London, 1995.
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Al 3 & Poly(styrene-co-tiglic acid) &ZFgA| o}o]
x99 P T

Ak oz ololowmE JpAI A7ZF X-A AFHSAXS) A¥oz P
worphologe ST B SAXS 9|37 e AE ool #AFETE As & T
Utk olFA #E A= dY9eM deude XA e dAx 2R 528
multipletE°]l A& S scarvering ceners 22 24&317] W&ol YEbd= Zlo
o] 979 YA= A 27IKZE B =4 Macknight Sl 9ldld SAXS T A=
Core=Shell @EHO] ol & imic aggregaes’t NHTE oA AT 33=H
SAXS A7} YEtvE A= 3 AR W8 sarvering veeror?) g(=4msin 6/ N, 9 7]A]
0 (ArEFe] Z=/2) olal, A& A AXEE Brage Al dages 01273
core®} FHHH O R o] /o] ¢kt v 2] shell Ato]ld AgE YERATIAL 131
t}. @ @3, Yarusso?t Cooper®] Hard-Sphere =@ ©3td T+ 19 multiplet
o] IFEAF matrixoll EEF O] Ad=d SAXS HAE ol FFA =, multipleto] Ak
& FTAHoE ZEste] HoFE Zojgta silon A9 EAFE HoFE 4=
A Gt LEZFE AXEE Brage AElE ¥R At T4 Atole] Hy Aggta &
Ak B mReld F2 ASEHE By tir-nore BT SAXS 27}
B} = Brage A8l inter-multiplet A2l & Hard-Sphere EEo|A o]ok7]st= &

-
N
T
=
N2

Blo] ol& A BRERAE wolEo] AMgstal Atk o] 4 JHX BERA B
2 ool et RERX/ER B o]E=0] AAHIAT 7= Bl Rde
ZE SIS OB AT dFollel e REL P o] BW AFH:L A
R

(1) Eisenberg's original model of clusters and multiplets
(2) Ponomarev and Ionova's model of the thermodynamics of ionomers

(3) Hopfinger et al.'s cluster model
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(4) Hsu and Gierke's elastic theory of cluster swelling in PTFE ionomer

(5) Forsman's theory of site aggregation

(6) Datye, Taylor, and Hopfinger's cluster model

(7) Mauritz and Rogers's water sorption isotherm model for clustered ionomers
(8) Dreyfus' model for multiplet clustering

(9) Tadano et al.'s order—disorder transitions of ionic clusters

(10) Nyrkova, Khokhlov, and Doi's multiplet formation theory

2 AFoAMe dellA At 7IAIE] FAE ZAFE P(S—co-TNa) o}o] 8= 9]
BE2ZX] i3] SAXS 7Hoz dAFsta o] AE P(S—co-MANa) E P(S-co-ANa)
ofolxwo] REZ e} Hlusle] oA WEFAe] W' 7] /57t polystyrene of

ool AR BY R BEZA AT Pl th Lolwngt s,

3.2. 49

3.2.1. Al5FH]|

SAXS HEE AT ofolewmE RHE7
(9/1, V/V) &qoll =3 F Hergo] =
2tk T ofolewrE

O
oF ¢F 120 C oA R-F-HZAFH T},
3.2.2. Al A F

SAXS A& g AlES AR k] B2 EY AIEE 25 WPa 4E o
2 A=A 3ATE.  P(S-co-TCs) ool x

P(S-co-MACs) &} P(S-co-ACs) ofol@x=m o] Ao ¢F 250 ColA A4FAHFE o
ok, A8 A7 ¢ 1 m(FA) X10 m(A &) FEATE.

i
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3.2.3. dHg zA}

P(S-co—-TCs), P(S-co-MACs)} P(S—co-ACs) ool w=m o]
at7] st 23 7FE7] AT ekl AC1elA &7F X-A 4b
A Ao g AT A8 thee FEshr] vtk (Bolze J., Kim J., Huang
J.=Y., Rah S., Youn H. S., Lee B., Shin T. J., Ree M. WMacromol. Res. 2002,
10, 2). o] Agol ALEd e A (A)S 1.608 A A3, AJUA= 2.8 keV F &
o, Al 2 W A7 1 m® Bub 2. AE7] 2% position-sensitive
one- dimensional Si diode array detectorg& AF&3}1oH A5}t AZE7] Atol9]
A= 300 mm ek, AR 7] spell A AAlsialeor, Add = F7iek w9
g A7l eakE EAsI] SAXS 30 AR HEE ¢ FTFE AU
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Figure 3-1. SAXS profile of P(S-co-TCs) ionomers.
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Figure 3-2. SAXS profile of P(S-co-MACs) ionomers.
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Figure 3-3. SAXS profile of P(S-co-ACs) ionomers.
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Figure 3-4. SAXS profiles for P(S-co-ACs), P(S-co-MACs), and P(S-co-TCs)

ionomers.
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Figure 3-5. Positions of the SAXS peak,
P(S-co-MACs), P(S-co-ACs) and P(S-co-TCs) ionomers as a function

of 1on contents.
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A SAXS HoHE o Zo] BAEHE 8 A} average persistence lengthZ
T8 4 9t WA log(intensity * ¢) S y2OZ 31 ¢ FHS xZ20F 3}
E o dojeirt FAHolA "Hojyr] Adse ¢ gte2REH T ¢+E 2.87/g* A
of Wi AXFSIA persistence length7b Fa AT MV o]&A 8 persistence
length S ¥ 3-19] =359 c}.
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Table 3-1. Average persistence length of P(S-co-TCs), P(S-co-MACs) and

P(S-co—ACs) ionomers

Lonomer Average Persistence length(A)
P(S-co-TCs) ionomers
3.3 —
5.9 —
7.1 11.7
11.1 10.7
P(S-co-MACs) ionomers
3.2 —
7.3 9.3
13.5 8.3
P(S-co-ACs) ionomers
3.9 —
6.9 9.8
8.2 9.5
11.6 9.5

o] B HW & F Ae AL HA A o}o] 29| persistence length & EF
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