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Abstract: Sulfonated polyimides had been utilized and studied widely as available materials in chloro-alkali electrolysis,
cationic exchange resins, and so on. However, a slow decrease in performance during experiments had been reported, which
could be attributed to a loss of ionic conductivity related to either a continuous dehydration or polymer degradation. One of
main reasons to account for the degradation of sulfonated polymess is the hydrolysis leading to polymer chain scission and
decrement of molecular weight. Therefore, the objective of our study was to investigate possible imide cycle and additional
ester bond cleavage connected with SO;H presence under hydrated condition. In order to confirm and obtain as clear
information as possible about breakages of bonds via 'H and ”C NMR and IR spectroscopic analyses, our study was
performed by model compound. Consequently, model compounds with both phthalic and naphthalenic imide ring and ester
bonds were synthesized to evaluate the hydrolysis stability of sulfonated polyimide. The experiments were performed for
prepared model compounds before and after aging in deionized water at 80°C and were terminated by lyophilization
technique. The aging products were finally analyzed by NMR and IR spectroscopy.
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Fig. 1. Chemical structure of naphthalenic model com
pound A, C, phthalic model compound B, D.
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Dianhydride 2] 4,4'-Oxydiphthalic anhydride (OPDA)
9} 1,4,5,8-naphthalene tetracarboxylic dianhydride (NTDA)
%, Diamine & £ 4]+ 3-Aminobenzoic acid (m-ABA)E
Aldrichol 4 72 AFoz FUPom, 2 ol
2-hydroxyethanesulfonic acid,.sodium salt form (IEA),
tricthyle amine (TEA), benzoic acid®} &w]| &4 2] m-
cresol-S Aldrichol| Al F£98ted AF&&} T}

2.2. Modei Compoundgf &4
2.2.1. Naphthalenic Compound A
ALE97) sl A A2 m-cresol(25 wi%)E 2

2 Fouly AEZetAad m-ABAGS49 )¢k TEA
239 & Talsha WAl T, 9Hs LaE A
8913} NTDA(5.36 )9 benzoic acid(3.41 g)E
Yl HSEFES A2 10 mingt stirring3d)}x
AzH o2 130°CoA 8 h B9 FtEdT 1 % Wzt
Al712 BEE EHES g ofAlElc| B Haksta A
AAZ F, AHE g =49 JeHE A=x o

HEZE AAHZ F, 120°C J32EA4 AxA7h
A Z% triethylammonium formE DMSOo|| =o]i o]
g S e E o] A (Amberlyst 15)E
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2.2.2. Phthalic Compound B
AALEY 7] 3ol I Z2 m-cresol(25 wi%o)L 2
o Sontg A ZetAFe] m-ABA(5.29 g)$} TEA
(239 gy =93t WAl &, 3] BEE A&
E<l3l3l OPDA(6.20 g)s =8ty WHS-EFES A
294 10 minzt stirringdl A&H 02 180°Co A
8 h Ft 7HEsth 1 ¥, WA v ERES
el 2/ eE EFE Hastd IFHAZ £, A
g muu 39HE A2y yuddgaz *ﬂx—'}ﬂ
, 120°C AELEF N AZAA AZH triethy-
lammonlum formE DMSO9¢| =01 o|E ZAAL
UehgjE o] 2342 (Amberlyst 15)S o]-&3}] A
Ajstn ARAE A2 F O Azste AT A=
< A=t olg A A e £ 79.13%°]

1

2.2.3. Naphthalenic Compound C With Ester
and Sulfonic Acid Group

ALEY7] dollA 4A %] m-cresol(25 wi%)S ¥
S aulg ApZelae] m-ABAS49 )9 TEA
e £Q8tn AR F, e S AL
NTDA(5.36 g)9} benzoic acid(3.41 g)& =
H-2- 5328 Ah2o|A] 10 min7t stirringd} L
2o g 180°CollA] 8 h B3 7kggit}. o]F wbg
EFEL 150°C7HA] WA 7] Fo) [EAG.92 g)F =
YA71E 6 h FF §HEA7) AL, WAAIA REg EHE
S g oMHIEY Azl A F, DA%
oo LMo HorE A=y JH=ZZ AHT

120°C JZ B AxA I AZH trlethylammo-
nium formE DMSOd] =o]a1 o] 7S el
E o] & A(Amberlyst 15)2 o]&38e] Ak s}
I ARAE A7 F A AxES HE eSS A
o} olmf HA A W] F&-2 90.14%0|h.
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2.2.4. Phthalic Compound D With Ester and
Sulfonic Acid group

AL 7] st A 9A 2] m-cresol(25 wi%)S ¥

& Faulg A FZetAF0] m-ABA(S.29 g)9} TEA

(239 g)& =3t wAR F, 68 §3E AL
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204 10 minz}t stirringdlz A& Z 180°Col A
8 h &< 7tEsith o] % REEEFES 150°C7HA] |
N7 F, IEAS.92 )& £Q38H 6 h ¢ ¥hg A7)
F, YA 9 ERES dHz/des EFE
o Aslst AAAZ F, FAE v BeHE A
23 Yugdezs A F, 120°C JFLES
A AZAZI A ZH triethylammonium formE DMSO
d Zoli olE A4S Uehlle oA
(Amberlyst 15)E& o]-83te] A E|stn HHHE A7
T oA AR HE AES A olg AAHA
H

N

=

Ztzk o} Az ¥ model compoundE-& YA E o] &
3 9 fauel B9 olF FREHAL oF
Felge dsdA B JE2EQ 80°CE AHEH
QB A AZF T FAAH, aging ¥, 2+
BEEL O o149 aging® F7] 918 freeze-drying
v S o] &3} lyophilization technique® 2 ¥H3-& &
EAIZItE NMREAE 98- = Varian model NMR
1000 spectrometer(Varian Inc., Palo Alto, CA)E o]&
sl 'H, "C NMREAo] RF oo}z om, NMR
28 93} solvent2 = DMSO-d67} o}£= ATt =
3 FT-IR spectral= 4000-400 cm™ 2] H$]oj A Nicolet
Magna IR 760 spectra E.S.PE o]&3le] A& + ATk
3. @ 9 1%
3.1. Model Compouds2| &4

Model compounds®] ¥4 Z}Z} m-ABA2} OPDA
9}o] Z§Huk-3(model compound B) E= NTDAS}2
282 (model compound A) 2 #)Z% model com-
pound A, Bo] IEAEZ o|2H 23}dk-3(model com-
pound C, D)O. & o|FojZt} E3H Yz gl A o U]C
(model compound A, C)9 A4S el B £
[12,13]1914 AA1" AAH benzoic acidE X3}
I3l ammonium form®] A ZF model compounds=
A% Aol ol A E AE-SlS proton formo.
2 4890 229 $94 FEE NMR# FTIRS
olgstel BHs oD, Adkd satE 729 YAT
2 A
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(a) BC NMR for model compound A
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(ppm)
i
(b) 'H NMR for model compound A

Fig. 2. NMR spectra for model compound A for aging at
80.

3.2. Model Compound A0l il $siotmM
Model compound A+ 1.926 mol/Le] L& 244
Qtoll HojAH, agingo] o] FAE xE 80°CHT.
Model compound Al th§t 724 H3l= aging &
500 h7tA) DMSO-d6 §ristol e 'He BC-NMR 2
AL Tl #Fsgon, virgin AEA v)male] 1
H3ls A@dstgch A 7o) w2 Model compound A
9] #23 WH3lE Fig 2414 TA59EH, '"H NMR
AME g W BEAE XA gpon, T
A7ke] PC NMRA|AE 148 ghawbo] of7te] shift‘ﬂ
o] HAHUS W, g Ax9 drdAE oy
3t FZFEAAR Agdth o= E&[2-4]00 4 Zﬂ*l 2l
upe} ozl ojuj=o) o3t Sl S 5l

=9 dzgdA Selolrize $abB A B AT 113

[ P S S S S TP U S R S SR L
168.5 168.0 167.5 167.0 1665 1660 1655 1550 1645 164.0 1635 163.0 1625 1620 1615 161.0 1605 160.0

(ppmy)

(2) °C NMR for model compound B

13 512

[T PO T U TSN VY S R R TP SN NP EDUE P B

820 815 810 805 800 795 790 785 780 775 770 7.65 760 7.55 7.50
(ppm)

(b) 'H NMR for model compound B
Fig. 3. NMR spectra for model compound B for aging at
80.

T shs o

3.3. Model Compound Bof| thst $3iotx A
Model compound B+ 1.668 mol/L«I FTEE 80°Col
A1 aging¥ 1t} Model compound Bol| o3+ -2
3h= Fig. 394 EoA= AAY 8 h o]Fo]E NMR
A2HEHOZ fHAFHIA A #gtth. 2@} 8 h Fo
= PC NMRd glojME, tl$=E starting material o]
Hls) 2 slase] Bo zteks) glon, 53] 14, 2
W kAo 83l 166,263 166.08 ppme] )Xol A
BEHE 2709 D259 168417 167.97 ppmo. 2 2]
chemical shift H3}7} #Z= Q). o)} BAF) 20
T T3 99 wWsle] tisiME Table 14 £
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Table 1. Attributions and Chemical Shifts of Carbonyl Carbons of Hydrolysis for Model Compound B

Imide (model B) Amic acid Carboxylic diacid
o 2*
o COOH 2%
o ~
~ . \@: __ /oj/x COOH
N 1R |
l{ C \ / [lik
Il 600K
Q COOH 0 COQH
Carbon position ¢ (ppm/TMS) Carbon position S (ppm/TMS) Carbon position & (ppm/TMS)
1 166.26 1H* 168.41 1* 168.49
2 166.08 2% 167.97 2% 167.79

100

90

80 \

v (C=0} in plane :
I . < |f8 =Ny
70

S0, symmetric stretching vibration

\

Ester C-0-C symmetric stretching vibration |

60

% Transmittance

50

VIC-N-C)

40 Model Compound D.at 0 hour

o " i 1 i 1 i

1600 1400 1200 1000 800 600
Wavenumber (cm")

r— v {C=0) out of plane
1

2000 1800

400

(a) FT-IR spectrum for Model compound C

Model Compound C at Ohr

6.4

M|
50

(ppm)
) BC NMR spectrum for Model compound C
Fig. 4. Structural analyses for Model compound C.
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A}, o]& ENE chemical shift¥ 3 F 5] amic
acido| A Yelus 938 Yepdie bl o= 17t
amic acid29] &7} o]FAE & 4 AN B3
A Fig. 39] 'H NMROJME 94 8 h A7 F ojr]=
289 B oz 138 $4A7F 1 singleto] A
doubleto. 2 o] Watehs HAYL 4+ U EF £F

WHHQ, A 13 @ A 2 F, 2003

(4194 He

Hlol o] A)7te] wel amic acidol] A

carboxylic diacidZ22] B3|& #&E & AU o]y
& 2= FT-IRE T SHHAE & Jed, 44
2 Azko] ATl wet ojrlEe] B4 B=e) AR
o] FAFRACL : (vgm (C=0) : 1772 ami’, Y agym (C=0) :
1718 em™ and » (CN) : 1375 em™)

3.4. Model Compound Coll thsh F3totH 4
Model compound Cof T3} starting material2]
FT-IR% PC NMR 23 Edo] Fig. 494 Boxj&],
E3] FT-IR 28E Y XNE 1165 cm o4 9] ester bond
9] C-O-C symmetric stretching vibration®} T£&-o]
1042 cm’'e] SO symmetric stretching vibrationo] 3
FEoj At} Aging AL 1.774 mol/Le] FEE 80°C
o} 2xoA APEJ=d, 2 AFA= Fig 5904 Bo
Rt} 'H NMRo|ME Azto] xgo] whz} 8 o 49
AAY Fa7F LEZSZ vASHA shiftH L, 53
49 FAo oM E  doubletoZ  split® A7t
singlet®. 2 #31gh. °C NMRA|AE 149 87} 9
Zo=m uAdtA deshieldingE ol g o, o|gt 733k
S 53] 200 h A7 $ B gh AAE UM F
oAl R 149 ga%e 29 7, 10, 13, 9,
12, 6, 4, 8% 2o QlojAe LEZOZ shielding©]
o]Zj A o] 53] Model compound Col] 3]0jA]2]
T4 st dolwte s A5 5 ANeH, Fig
604 BAAE A go] T2 WHitE #Fs]
93] FT-IR 28 8L #28 ZAH, virgin material ol
A HAARE= 1165 em™ 9 ester bond7) A}EFAL B
& 4 QI o9} t2H 2 Fig. 59149 1, 2
2olME o WalE FEAHoIAA Gt o
53] 2004 7F9] agingd] AT JheRaE g $AE v
gdlA) e oluz ma]7} ofd o 2Bl Aol o] F

oAl Ao AT & AU

&
=
=
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12
14 1
)
-— t=10hr

o 4 R SOOIV | MUV
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Fig. S. (a) 'H NMR spectra ; (b) (c) BC NMR spectra of
model compound C for aging at 80.

Esrer C-0-C syr metric stretching vibration
e

=200 hr\l
N
.

Disapperance of estei C~0-C symmetric stretching vibration
S T i T

2000 1800 1600 1400 1200 1000 800 600 400

Wavenumber (cm™)

Fig. 6. FT-IR spectra change for model compound C for
aging at 80.

3.5. Model Compound Dofl cHst
Model compound D= Z g0 A 1.680 mol/Le] &
T2 AZEYHoiH AT 80°ColA aging® At
Model compound D] 318tz Fzo W& 753
chemical shift®] W3}= Table 2914 AAHUTH
model compound D¢ %2 ¢l Wil FHEHZE WY
o] 95 dojz MEZ3 %7)9) virgin materialo] th3t
NMR 3379 WEE F2AFS 53 o|Fod & Jlo
™, 1 7= Fig. 7914 RARe vhe} 2ol 7] &
=M 2 h £3E 2 4§ HE7F 'H NMRoA #
Al 2 138 fAjolA wlMSHA spiltd 3=
7} A o spilts]olA] 8 h H# & &3] 27) 9 9=
=z ZgAA HH, 108 YA singletol]l A doublet
o229 WP}l olfolA HArk EH PC NMRo M=
Table 204 RAR= A} TL31A 166.429) 166.25
9o FRY BAI} 168159 167419 91Xz
chemical shift7} o}Fo0}& o0, % A9 ester bondol] 3}
oJAxe olWd walx AFEHoRA gt HE,
uekE gl Ay -SOH Aoz X $d ofv]
Z[4]e) BRAXE 0.5 hel s Fof gAY 35t
obgAdel fFAFe] TEAFHGTH ol o E|2H Y
o3 AzE ZEA &3} oln|=9] G} ol
HaAdgol o|Folxe Ao] oilet oA #HEH
Model compound Bo| A& ojnjt s1g]o] A o] Fo]
A& #AFY 5 Jor, I §3f FEHE amic acidE
AA carboxylic diacid29] I}4L HXA €& ¢ &
itk &), model compound D2} 7|8 % =

Saetdy
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Table 2. Attributions and Chemical Shifts of Carbonyl Carbons of Hydrolysis of Model Compound D

Imide (model B) Amic acid Carboxylic diacid
e O . /%BOH
0. 7 Ry // . ;T \i‘ - r S 2%
\/ ] N_j§ //\ JsosNa ;\i\// 1 8 g:*Nb,‘ N ‘ /\ S0,Na /_/O\: /\\ - - COOH
N ’ p— I :’/ 3 ! 1
\\ ﬂ i) *\\ ) '\'\\ PEENG L
Y "o o 0 > COOH
[o} o/
Carbon position S (ppm/TMS) Carbon position S (ppm/TMS) Carbon position S (ppm/TMS)
1 166.42 1** 168.15 1* 168.49
2 166.25 2% 167.41 2% 167.41

I-I.I.I.inl.l.lnl:lnlnl.l.l:nlnlnlnlnl

$.30 8.25 8.20 8.15 8.10 8.05 8.00 7.95 7.90 7.85 7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 7.40
(ppm)

@

PR NTUR NAPURN BT NS N T NS NNPUN YN N NN GO (U0 SOV ST S R |
168.5 168.0 167.5 167.0 166.5 166.0 165.5 165.0 164.5 164.0 163.5 1630 162.5 162.0 161.5 161.0 160.5 1600

(ppm)

(b)
Fig. 7. (a) '"H NMR spectra ; (b) °C NMR spectra of
model compound D for aging at 80°C.
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compound Bol| ¥V]&] sulfonic acidZ XZ%E model
compound D2} ] =& acidityd] Fof] £ HA ?—__1
oju™, sulfonic acidg 213 XgE W3S ehals

o] s A= graftd sulfonic acid groupsg ZH= model
compound D2] 7}ES7E ¢ =g A dojuA Hol

SRR
4.2 &

£¥E3} Eoolv|=e] FIRPEAE Eoh A
ZA3}7] YA AR gE Y 279 Model com-
poundE AZ3HL, o] JdgAAY 2 AF2E
9l 80°CollA] agingA|# FT-IR¥ 'H, "C NMR& E3)
a7 Faot FaAARe WAR 2P 2
A7 5988 71X Z=EA model compound BI}
carboxylic acid®] W& acidityZ 3} vl =9 8
Az W9 A4S Jehisd ute), dau2ddE
53 £E3tE T £&3} o|v

o

= (model compound

Dt 9% ZHLEAA 247 ol3ke) vluy we
Hepde Byt 29 =Y %%ﬁ} QRIS

amic acidE AA carboxylic diacidZ @A H o2 3
3l

vzgd s olu=d 9JojA= carboxylic acidZ X
38 model compound A7} Y3 80°Ce] =AM
500 h o4 & F3MAFEE Role H v, &
E3} o]u|=29) model compound C= Ao E &
gz sle #Roz 3] Aol HolAA =
™, 71 7keREe YAe olrl= st ofd o 2E|
243NN olFAA Hut. EF FT-IR¥ NMR
spectrac]] A} BEE = vpe} go] 5P| TEA oln|
coj Hl& 698e] UzedA ojv= nErt F4 <t
gt Aol AF AFHAUT
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