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devices, electric vehicles, and other applications due mainly to their non-polluting nature.
Of various fuel cell systems, the polymer electrolyte membrane based fuel cell
technology such as direct methanol fuel cells (DMFCs) has attracted much interest thanks
to their high power density and high energy conversion efficiency. The “heart” of a
polymer electrolyte membrane based fuel cell is the so called “membrane-electrode
assembly” (MEA), which comprises a proton conducting polymer electrolyte membrane
(PEM), catalyst disposed on the opposite surfaces of the PEM to form a catalyst coated
member (CCM) and a pair of electrodes (i.e., an anode and a cathode) disposed to be in

electrical contact with the catalyst layer.

Proton-conducting membranes for DMFCs are known, such as Nafion® from the E.I
Dupont De Nemours and Company or analogous products from Dow Chemicals. These
perfluorinated hydrocarbon sulfonate ionomer products, however, have serious limitations
when used in DMFC’s. Nafion® loses conductivity when the operation temperature of
the fuel cell is over 80°C. Moreover, Nafion® has a very high methanol crossover rate,

which impedes its applications in DMFCs.
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System describes a partially fluorinated proton
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oxidation generates enough heat to raise the cell temperature. If the membrane swells
significantly, it will increase methanol crossover. The membrane thus gradually loses its
ability to block methanol crossover, resulting in degradation of cell performance. The
dimension changes of the membrane also put a stress on the bonding of the membrane-
electrode assembly (MEA). Often this results in delamination of the membrane from the
electrode after excessive swelling of the membrane. Therefore, maintaining the
dimensional stability over a wide temperature range and avoiding excessive membrane

swelling are important for DMFC applications.



di mensi onal stability over a wi de tenperature range
and avoi di ng excessive nenbrane swelling are

wo ppons@ant for DMFC applications. 2 WO 2005/ 05P6I1S2004/037815
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WD 2005/ 050671 PCT/ US2004/ 037815 O 0 or wherein a,
b, ¢ and d are nole fractions of the nononmer present
WO pooshsoetopol ynmer where each are i ndependent | RCT/U82903/037815
0.01 to 1; Qis an ion conducting group conprising
-SABX, -COOX -PMBX or -S02-NH SO2Rf, where Rf is a
pref | uoronat ed hydrocarbon having 1-20 carbon atons;
and wher@in Xis & cation or a proton. Formula Il QO
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wherein a, b, ¢ and d are mole fractions of the monomer present in the copolymer where

each are independently, from 0.01 to 1;

Q is an ion conducting group comprising —SO;X, -COOX —PO;X or —SO,-NH-SO,Rg,
where R¢is a prefluoronated hydrocarbon having 1-20 carbon atoms; and wherein X is a

cation or a proton.
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wherein R1 or R2 are independently a single bond, a cycloaliphatic of the formula C,H,,.
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e ,or where R3 is aryl ketone, aryl sulfone, aryl

nitrile, and substituted aryl nitrile; wherein a, b, c
w@pwsgs@re nol e fracti ons of the nononer presePCT/US20046€37815

copol ymer where each are independently, fromO0.01 to

1; Qis an ion conducting group conprising -SO3X,

-COOX - P@BX or -S02-NH SO2Rf, and wherein Xis a

f our

independent |y phenyl, substituted
henyl, aryl nitrile, substitute

4 and/or Ar5 further conprise an
Tala C p, X1 and X4 are independently
-C(O- or -S(02, X2; X3, X5 and X6 are independently
-O or -S-. Ara and Ar6 are the sane or different from
wherad®B sty ketore, aryd sulfonel3argHiitile VMR dXD0 5 t0BAGHA nitrile;

PCT/ US2004/ 037815 F3 CF3 O

wherein a, b, ¢ and d are mole fractions of the monomer present in the copolymer where

each are independently, from 0.01 to 1;

Q is an ion conducting group comprising —SO3X, -COOX —PO;X or —SO,-NH-SO,R¢,

and wherein X is a cation or a hydrogen atom.

In another embodiment, four comonomers are used to make the ion conductive
copolymer, where at least one comonomer is ion conducting. A specific embodiment is

set forth in Formula III.

Formula III
-(AI‘1X1AI‘2X2AI‘3X3)a/ -(AI‘4-X4-AI‘5-X5-AI’6-X6)-b

where Arj, Ary, Ars, Arsare independently phenyl, substituted phenyl napthyl, terphenyl,
aryl nitrile, substitute aryl nitrile, and Ars4 and/or Ars further comprise an ion conducting
group, X, and X4 are independently —C(O)- or —S(O),, X, X3, X5 and X, are
independently —O- or —S-.

Ar; and Arg are the same or different from each other and are:

H,

CH3



Il Oo CHZ 6 WD 2005/ 050671 PCT/ US2004/037815 , O or
wherein the ion conductive group conprises -SQO3H,
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Where A = 0.60 and B= 0.40 BRI EF DESCRI PTI ON OF THE
DRAW NGS FIG 1 denonstrates the perfornmance of DVAC
w@osaswrng PEM s made of the copol yners of BEx@mphmo4/037815
20, Exanple 17 and Exanpl e 22 as conpared between 50
and 100% rel ative hum dity. DETAI LED DESCRI PTI ON The
i nvention provides random copol yners that are ion
conductive. One use of such polyneric material is in
the formation of polyner el ectrolyte nenbranes (PEMs),
menbrane (C CM and nenbrane
ies (MCA's), which may be wused in
cells. In one enbodi nent, random i on
M€’ copol yners can be nmade having the
following formula: Fornmula V X03S O0 R)a----O b O
/\ Od S03X n 8 WO 2005/050671 PCT/ US2004/ 037815
CH3 CF3 wheyein Ris a bond, a cycloaliphatic of the
formul a i 2, CH3, CF3 O 11 -0 O-

wherein the ion conductive group comprises -SO3H, -COOH, -HPO3H or -SO2NH-SO2-

RF where RF is a perfluorinated hydrocarbon having 1-20 carbon atoms and said ion

conducting group are pendant to the copolymer backbone;

wherein a is between 0.01and 0.99, b is between 0.01 and 0.99, a+b = 1.0.

In some embodiments, at least one of Xs, X3, X5 and/or Xg is S. In some embodiments,
X1 and/or X4 is =S(0),-. In other embodiments, X; and/or X4 is -C(O)-. In still other
embodiments, X is —=S(0),- and X4 is ~C(O)-. In other embodiments, A; and A¢ are
different.

A particularly preferred embodiment is Formula I'V:



O-00 OOor and Qis an ion conducting group

conprising -S@BX, -COOX -P@X or -S02-NH SQ2Rf where
wRRoos®3@7per f | uori nat ed hydrocarbon of 1-20 caP®@DIS2004/037815

atons and where X is a cation or probe. In this

copolynmer, a, b, ¢c and d are nole fractions of each of

t he nononers present in the copolyner where each are

i ndependently, from 0.01FoomabolY 1. | n one particular

enbodi nent, R is isopropylidene, cyclohexylidene 11.4

diphenylene di -isopropyl ene. In general, the

fooat copol ner s | ud n opr
§.(_ B C‘ S—@—S}—
"b from .9p |sfr b

about O to about 0.95 and d is about 0 to about
0.99. Preferably, a is fromabout 0.10 to about 1.00,
bis fromabout 0.05 to about 0.85, ¢ is fromabout O
to about 0.90 and d is from about 0.15 to about O0.95.
t ., prefer is fromabout 0.20 to about 0.9, b
Wi AR %%%8’&?050671 PCT/ US2004/ 037815 about 0. 10
to about 0.45, ¢ is fromabout O to about 0.80 and d
is fromabout 0.55 to about 0.90. In another
BRIFPBESERIPTION OFVEHEI DRAWPINGSNS to randomion
conducti ve copol yners and proton exchange nenbranes

having the formula: Formula VI X&Rl-ao / O R2 O R3-0
FIG. 1 demonstrates the performance of DMAc containing PEM’s made of the

copolymers of Example 20, Example 17 and Example 22 as compared between 50 and

100% relative humidity.
DETAILED DESCRIPTION

The invention provides random copolymers that are ion conductive. One use of such
polymeric material is in the formation of polymer electrolyte membranes (PEMs), catalyst
coated membrane (CCM) and membrane electrode assemblies (MCA’s), which may be
used in fuel DMFC’s fuel cells.

In one embodiment, random ion conductive copolymers can be made having the

following formula:

Formula V
XO,S o o
Aokt o OO
a b c d
SO,X
n



-1- 17 -aa S03X b c dwierein RLor RR is a single
bond, a cycloaliphatic of the formula C'H2i _2, CF3 O
WO B5AFB7tS- p -CH2- - -O OO -0 0 O TA |, orPCT/Vk®NE037815
R3 is aryl ketone, aryl sulfone, aryl nitrile, and
substituted aryl nitrile. 10 WO 2005/050671
PCT/ US2004/ 037815 wherein a, b, c and d are nole
fractions of the nmononer present in the coﬁHﬂynerCF3
where each are independently, from0.01 n
i on conducting group conprising -SO3X, -000X PO3X
wherSAR i 9EARE cycloheatRbf is ferpilef |Qdtenat édls,  CFs
hydr ocar bon havi ng 1-20 carbon atons; and wherein X is
a catign or a proton. In tpe sul f onat ed copol ymer, a,
b, c aﬁa d are nol e frastjoOns
in t#mseepolyner, ea ant |y fron1 0
__about Mand Xdig a ca
reberred enbo ifrent, R is cyc oh'iggyl and R
fluorenyl. In general, t he sul fonated copolyners
i ncl udeg eaction products wherein (a+c)=1.00,
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Q is an ion conducting group comprising —SO3X, -COOX —PO;X or —SO,-NH-SO2R¢

where R;is a perfluorinated hydrocarbon of 1-20 carbon atoms and where X is a cation or

probe.

In this copolymer, a, b, ¢ and d are mole fractions of each of the monomers present in the
copolymer where each are independently, from 0.01 to about 1. In one particular

embodiment, R is isopropylidene, cyclohexylidene, 11.4 diphenylene di-isopropylene.

In general, the sulfonated copolymers include reaction products wherein (at+c)=(b+d), a is
from about 0.05 to about 0.95, b is from about 0.01 to about 0.95, ¢ is from about 0 to
about 0.95 and d is from about 0 to about 0.99. Preferably, a is from about 0.10 to about
1.00, b is from about 0.05 to about 0.85, ¢ is from about 0 to about 0.90 and d is from
about 0.15 to about 0.95. Most preferably, a is from about 0.20 to about 0.9, b is from



(b+d)=1.00, a is fromabout 0.05 to about 1.00, b is
fromabout 0.01 to about 1.00, c is fromabout O to
wabeans@705 and d is fromabout 0 to about 0. 9BCT/US2004/037815
Preferably, a is from about 0.10 to about 1.00, b is
fromabout 0.05 to about 0.85, c is fromabout 0 to
about 0.90 and d is fromabout 0.15 to about 0. 95.
aboub&ﬁo po afoat QB Yy ¢ isafrom abouim) dd ebrut . 800artdad isdtwouebaut 005 to
b bg fromabout 0.10 to about 0.45, c¢c is from about O
a OPB Bout 0.80 and d is fromabout 0.55 to about 0. 90.
A particularly preferred random copol yner is: SO3H Om

In dhofbiér ¥WRBSEmBnt2 ke mvaﬁt@orf@r@ﬁsrta@and@ﬁﬁmménd@mb U@]i)dljlmers and
equals 1, n is between 1 and 0.5, nore preferab

PTOE@W@W%H@WGH@I@VHM ﬁé@m%% eferably between 0. 25
and 0.35, mis 1 mnus n, and is between 40 and 200
nore preferably between ggm Povi00. In a particularly
preferred polyner, nis g and mis 0.7 and has the
formula: 11 WO 2005/ 050671 PCT/ US2004/ 037815 803H /-
Q - 60~ D 03S 0. 7 50.30 k where Kk is betvveen 40 and

SOzX
/b

Coan al r epr es nt dr\s_O }
O

wherein R; or Ry is a single bond, a cycloaliphatic of the formula C,Hy,,.2,

where R3 is aryl ketone, aryl sulfone, aryl nitrile, and substituted aryl nitrile.

10



-(Ar 1 Xl Ar2X2Ar 3X3) a/ (Ar 4- X4- Ars- Xs- Ar 6- X6) b where
Arl, Are, Ar4, Ar5 are independently phenyl,
waamsosteat ed phenyl napthyl, terphenyl, aryl PeT/D81004/037815
substitute aryl nitrile, and Ar4 and/or Ar5 further
conprise an ion conducting group, X1 and X4 are
i ndependently -C(O- or -S(0O2, X2, X3, X5 and X6 are
whetges bnelang idyare olefractions oifhs merprgr@reseat infike enpelynear where

endl g b B 2B ot Uspoar 037815 - <D ore |

13 WD 2005/ 050671 PCT/ US2004/037815 0 O ,or wherein
Qib hmmnara)ndontﬁimg:gnoup camptiging c8MPX| &m@K&POymSOzHﬁHCﬁazRﬁ

sul foni rein a.is between 0.01 and 0.
whetg Hyay %@fﬂbf@f e&%’d@@@owwm L-24 cerbon ajoms; prdv, g?negn Xisa
catRh®r 8 pk&dnembodi ment is Formula IV. SO o O.Sa/ o

In the sulfonated copolymer, a, b, ¢ and d are mole fractions for each monomer present in
the copolymer, each independently from 0.01 to about 1 and X is a cation or a hydrogen

atom. In a preferred embodiment, R1 is cyclohexydyl, and R2 is fluorenyl.

In general, the sulfonated copolymers include reaction products wherein (a+c)=1.00,
(b+d)=1.00, a is from about 0.05 to about 1.00, b is from about 0.01 to about 1.00, ¢ is
from about 0 to about 0.95 and d is from about 0 to about 0.99. Preferably, a is from
about 0.10 to about 1.00, b is from about 0.05 to about 0.85, ¢ is from about 0 to about
0.90 and d is from about 0.15 to about 0.95. Most preferably, a is from about 0.20 to
about 1.00, b is from about 0.10 to about 0.45, ¢ is from about 0 to about 0.80 and d is
from about 0.55 to about 0.90.

A particularly preferred random copolymer is:

%w@ff@ﬁ C}}@%}f{%ﬁ@ﬂr

where n and m are mole fractions and, n plus m equals 1,

n is between 0.1 and 0.5, more preferably between 0.2 and 0.4 and most preferably
between 0.25 and 0.35, m is 1 minus n, and k is between 40 and 200 more preferably
between 50 and 100.

In a particularly preferred polymer, n is 0.3 and m is 0.7 and has the formula:

11



03- Where A = 0.60 and B= 0.40 Pol ynmer nenbranes nay

be fabricated by solution casting of the ion
w@ondstsrve copol yner. Alternatively, the pol BEEDS2004/037815
menbrane nay be fabricated by solution casting the
i on conducting polyner the blend of the acid and basic
pol ynmer. Wen cast into a nenbrane for use in a fuel
cell, it is preferred that the nenbrane thickness be
betmeen 1 t@yd0 ml

more preferably greater thafi® 0.01 S/cm nost k
preferably greater than 0.02 S/cm As used herein, a
menbrane is substantially inperneable to nethanol if
whdrb & isrbe¢thaeo#0 and 268port across a nenbrane having a

gi ven thickness is Iess than the transfer of nethano

gne o kness. In
Ton SphqE Ty S s Are 08 rererat b3 G OB HaaET 1
PCT/ US2004/ 037815 perneability of nethanol is
preferably 50% | ess thanrFbhaulaofila Nafi on nenbrane,
nore preferably 75% 1 ess and nost preferably greater

A ? Sr 8? i’f’e' iﬁf A AR e e
where C 6’at Iggré F ﬁo’g&endeht(l%nﬁ @H&ﬁ&g&ﬁ éff %’Qﬁgylacﬁmhenyl,

arleIﬁffﬂé I s‘&Bﬁltate RENitrEe eandtAr, @ad/or anefustheiecoanstisp aafi@r awldycting
bot h of the opposing sides of the PEM arezgartlally

growp, o et B JeReREANi{hOL a2, Kay By s5s apfels are

SofRicef erable a layer made of catalyst and
]nd&%%gﬁgﬁi(%#gferred catal ysts are Pt and Pt-Ru.

Pref err ed

Ar; and Arg are the same or different from each other and are

H;

CH3

¢
s

e}
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i ononers include Nafion and other ion conductive
polyners. In general, anode and cathode catal ysts are
wa@ppsis@7ont o t he nenbrane by well establ i sheRPICT/US2004/037815
standard techni ques. For direct nethanol fuel cells,
pl ati num rut henium catalyst is typically used on the
anode side while platinumcatalyst is applied on the
cat hode side and platinumis applied on the cathode
i de optionally supported on
initially dispersed in a small
OOny of catalyst in 1 g of
% sperdi on a 5% Nafion solution in
wat er/ al cohol is added (0.25-0.75 g). The resulting
dispersion may be directly painted onto the polyner
Alternatlvely i sopropanol (1-3 g) is added
' s directly sprayed onto the
yst may al so be applied onto the
transfer, as described in the open
ectrochi mca Acta, 40: 297 (1995)). The
ke MEA's. As used herein, an MEA

ding to the invention in conbination
W th cat hode el ectrodes positioned to be in
el ectrical contact with the catalyst |layer of the
CCM The el ectrodes are in electrical contact with a
S either directly or indirectly, when they
bl e of conpleting an electrical circuit which
€ pol ymer nenbrane and a load to which a
ric/urrent is supplied. Mire particularly, a
' is electrocatal ytically associ ated
fode side of the nmenbrane so as to
facilitate the oxidation of organic fuel. Such
oxi dation generally results in the formation 15 WO

2005000671 PZTFER2004/ 037815 of protons, electrons,
% di-@xi-4d vater. Since the nenbrane is
sist 3 tially
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i nper neabl e to organic fuels such as nethanol, as well
as carbon dioxide, such conponents remain on the
w@nediosnesi de of the nmenbrane. El ectrons for medpéT/omonses7s1s
el ectrocatal ytic reaction are transmtted fromthe
cathode to the load and then to the anode. Bal ancing
this direct electron current is the transfer of an
nunber of§{ protons across the menbrane to
e ehe an el ectrocatal ytic
pesence of the transmtted
atey. In_.one enbodinent, air
oxygen. | n another enbodi nent,
oxygen-enriched air is used. The nenbrane el ectrode
assenbly is generally used to divide a fuel cell into
arfodi ¢ and cat hodic conpartnents. In such fuel cel

ens, an organi ¢ fuel such as nethanol is added to
anodi ¢ conpartnment while an oxidant such as oxygen
a

nbient air is allowed to enter the cathodic
conpartnent. Dependi ng upon the particular use of a
whdrel the mlcbndactm@euipsafonq:eisb $ O arCOO ", dhiPia);hexdsul fonimide.

achi ev ppropr.i at e and r t . .Such
Wh%fﬁ‘é‘lqlég?ﬁ“@% Heng 4% é%; ?ﬂN&%ﬂoﬁg 781 0387 éets—f@r
residential, industrial, commercial power systens and
Apfaﬁfcu}éél? ﬁ&e%&%%bﬁﬁﬁer@%’ﬁnﬁww :as in autonobiles.
her Uses to which the invention finds partlcular
use [ cludes the use of fuel cells in ortab

S ety Gl S e T T g S

el ect Poni cs equi pmrent, conputer pt ops, conputer
not ebooks, personal digital assPstants and other
conputi ng devices, GPS devices and the like. In
addition, the fuel cells may be stacked to increase
vol t age and current capacity for use in high power
Vel AcdrG0omd Bsub#0 as i ndustrial and residenti al
services or used to provide | oconotion to vehicles.
Such fuel cell structures include those disclosed in
U S. Patent Nos. 6,416,895, 6,413,664, 6,106, 964,
Pol?m%f‘@leﬂl%t%ne@ nfa eliﬁgrlca'ied7 scA@ion éas off t_ﬁé a1on"-_’(r,o'ilaﬁc’t%fi:3
4,487, 5,482,680, 5,432,
cors|382, N@maalvsb@ fignmlysergemhroe sy s, fa@@c@%by solution casting

the ion conducting polymer the blend of the acid and basic polymer.

When cast into a membrane for use in a fuel cell, it is preferred that the membrane
thickness be between 1 to 10 mils, more preferably between 2 and 6 mils, most preferably

between 3 and 4 mils.

As used herein, a membrane is permeable to protons if the proton flux is greater than
approximately 0.005 S/cm, more preferably greater than 0.01 S/cm, most preferably
greater than 0.02 S/cm.

As used herein, a membrane is substantially impermeable to methanol if the methanol
transport across a membrane having a given thickness is less than the transfer of methanol

across a Nafion membrane of the same thickness. In preferred embodiments the
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Such CCM and MEM s are generally useful in fuel cells
such as those disclosed in U S. Patent Nos.
wWG2®485@30, 5,773,162, 5,992,008, 5,723,229, 6POBUSHBL037815
5,976,725, 5,789,093, 4,612,261, 4,407, 905,
4,629,664, 4,562,123, 4,789,917, 4,446,210, 4, 390, 603,
6, 110, 613, 6,020, 083, 5, 480, 735, 4,851, 377,
permeabdlity 54 ayetlendbie pretfrably 8074 lmzhanathmf @N@ﬁommgm@raag,gmore
3 5,688,613 688
pres@ip Rl Pyt R PSR hIa AR gy QA b Cofgafo the Nafion
meB¥@Ré. 050671 PCT/ US2004/ 037815 | n anot her aspect, the
invention relates to methods for the preparation of
the ion conducting sul fgnate) ran

Afterdhosylfrnpigd ﬁﬁﬁlpmaqoavé%@mha%%ﬁﬂrwéﬁn@ae@@mlaxaw @EM), it may
t
be TR A0 o (T EE R ol RO, A RREPRGn 1E0M o
conip@ises:zolalﬂmhe‘rg a‘glleasm)rﬁ:wa:de ansl paeferablyobathef ghcoapporing kides of the
second ormno The first nonomner sh I d have at
PENl@ggparti ol onairs wilkic RS ek L b s preferable a
laye?l'ﬁ%ﬂl &f Qét‘éﬁfstaéndll&ﬁﬁhef Ve T 1RH Qﬁtal}}%?st ar€ 2§ aﬁ’d P@RﬁcPre@érred
| east one I'eaving group of the first nononer. A third
ion@oers nocierde Nefiomaidother tdratontiagivatpolysags. t wo | eavi ng
groups, such that at |east one of the displ acing

roups_of the secon . dj st
e e b T R T AL
estaﬁﬁélidd%wrﬂ&rd&mmuﬁgn Fof Biredt Aeetim@patetElny) plaﬁnﬁmtrhthemum
ynmers, the process further includes the ste

cataém ipisgllwused vathe @@ﬂdﬁrﬁ%whﬂ%\maﬁamatcar%ts Rhedon the
[ t

catl%rdgg gg%g? %lagi{hﬁlﬂr?§ %‘ﬁéﬁﬁ g(%ﬁrrlgg% Slrrg% gra{ :Eﬁtg ﬁﬁ}y b&8ptionally
supp@cmllhgfmbonﬂﬁetoaraﬂyétllemﬂy dispemzd in 8 sirallendhedt owaater (about

|ncuethosef nction noi eties that be, . .
L00gHicH LS By & ORGP FR ARBHSEY & DAL OPJIEan iy,
watlralz%lg%}gfl Ekg%dd?? @?%@eib az%—@gg‘g@ IQeﬁgE{J g%ﬁ’@eﬁﬁ@ne i)i(?{g%%e directly painted
ontd e pbdsam ¢rohérobrianke , Aflfetrottivels, 1sopropanol (1-3 g)is added and the

dispersion is directly sprayed onto the membrane. The catalyst may also be applied onto

the membrane by decal transfer, as described in the open literature (Electrochimica Acta,

40: 297 (1995)).

The CCM is used to make MEA’s. As used herein, an MEA refers to an ion conducting
polymer membrane made from a CCM according to the invention in combination with

anode and cathode electrodes positioned to be in electrical contact with the catalyst layer
of the CCM.

The electrodes are in electrical contact with a membrane, either directly or indirectly,
when they are capable of completing an electrical circuit which includes the polymer
membrane and a load to which a electric current is supplied. More particularly, a first
catalyst is electrocatalytically associated with the anode side of the membrane so as to

facilitate the oxidation of organic fuel. Such oxidation generally results in the formation
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i odi de, brom de), tosyl, nesyl, etc. In certain
enbodi nents, the nononer has at |east two | eaving
wW@e@apsn67whi ch are "para” to each other wth rESpES1004/037815
the aromatic nononer to which they are attached. The
term "di splacing group” is intended to include those
functional noieties that can act typically as
of pnutmhe ejxoirbess cattvardidysidelaspivater. n@inae theanémigrage supbstagially
Sui able non The resu I s.that .the moponer to

RIS e EE RURly st g Srenh s pie Uil 4 oo i BRES T

con?gotna&ta %anala BAhebhddi€ A¥e b el Hembi@né. NElctRORFmEPfrom the
| eavi ng group was associated wth. An

elecélsoaﬁqalyélc aieaCtlhn@re wanspdtiel] Spmabe pethededo the lpgdiade thende e

o AT ORI DR 5  )  be o

profad b&IS20BE hidarBihe toEXAMBES cdidphemeént. Nheenar dedipestalyliy
Di fl uoro-end nononers Acronym Ful | nane Ml ecul ar

redytioniof #Ky2a0rip the presengg of Hie tragsmitted protons occurs to form water. In

"B 8 .~ .
o Pyl GF SLREAE0ONE 2471 e g yTof oo
airissed.O S-Bis K 3,3'-disul fonated-4,4'- 422.28 q SG3Na
di fl uorobenzophone F ---p C\ F

The membrane electrode assembly is generally used to divide a fuel cell into anodic and
cathodic compartments. In such fuel cell systems, an organic fuel such as methanol is
added to the anodic compartment while an oxidant such as oxygen or ambient air is
allowed to enter the cathodic compartment. Depending upon the particular use of a fuel
cell, a number of cells can be combined to achieve appropriate voltage and power output.
Such applications include electrical power sources for residential, industrial, commercial
power systems and for use in locomotive power such as in automobiles. Other uses to
which the invention finds particular use includes the use of fuel cells in portable
electronic devices such as cell phones and other telecommunication devices, video and
audio consumer electronics equipment, computer laptops, computer notebooks, personal
digital assistants and other computing devices, GPS devices and the like. In addition, the
fuel cells may be stacked to increase voltage and current capacity for use in high power
applications such as industrial and residential services or used to provide locomotion to
vehicles. Such fuel cell structures include those disclosed in U.S. Patent Nos. 6,416,895,
6,413,664, 6,106,964, 5,840,438, 5,773,160, 5,750,281, 5,547,776, 5,527,363, 5,521,018,
5,514,487, 5,482,680, 5,432,021, 5,382,478, 5,300,370, 5,252,410 and 5,230,966.

Such CCM and MEM’s are generally useful in fuel cells such as those disclosed in U.S.
Patent Nos. 5,945,231, 5,773,162, 5,992,008, 5,723,229, 6,057,051, 5,976,725, 5,789,093,
4,612,261, 4,407,905, 4,629,664, 4,562,123, 4,789,917, 4,446,210, 4,390,603, 6,110,613,
6,020,083, 5,480,735, 4,851,377, 4,420,544, 5,759,712, 5,807,412, 5,670,266, 5,916,699,
5,693,434, 5,688,613, 5,688,614, each of which is expressly incorporated herein by

reference.
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NaG3S 2) D hydroxy-end nononers Bis AF (AF
2, 2-Bi s(4- hydr oxyphenyl) 336.24 C 1 F3 or 6F)
weooahsusor opr opane or HO C/ OH PCT/US2004/037815
4, 4" - (hexaf | uor oi sopropyl i dene) CF3 di phenol BP
Bi phenol 186.21 HO\ / \ / OH Bis FL
9, 9- Bi s(4- hydr oxyphenyl ) fl uorene 350.41 H/ \ 90H Bis
In afiotheraspegtcihe ieventiowerletos &pimeﬁmlds ﬂﬁShaﬁrep@atiom of the i@H

con%xqtm%dé gg ﬁalt %?FS ﬁ&%g?lg lgogéy éﬁ@ fqus po?ymer electrolyte
metRbrentSAA WAV %netﬁ@ﬂ@f&/épzfﬁb |thé\4ﬂbl%ﬁé' E@hbﬂl@g"& fidt monomer

Structur € nane wei 4" -thiol be HS S
havirgrat ésast arfeiion corvaimgt @rcupSuch eha selforrEROUP Wath a second

Bi sphen ked
con BB S, R 4 B R PGP BRI kP cond
cont SHRRI¥P BRIUEd have at least two groups that can displace at least one leaving group
of the first monomer. A third comonomer is included that has at least two leaving groups,
such that at least one of the displacing groups of the second comonomer can displace at

least one of the leaving groups of the third comonomer.

In a particular embodiment for the preparation of such polymers, the process further
includes the step of combining a fourth comonomer having at least two displacing groups
that can react with the leaving groups of either the first comonomer or the third

comonomer.

The term “leaving group” is intended to include those functional moieties that can be
displaced by a nucleophilic moiety found, typically, in another monomer. Leaving
groups are well recognized in the art and include, for example, halides (chloride, fluoride,
iodide, bromide), tosyl, mesyl, etc. In certain embodiments, the monomer has at least two
leaving groups, which are “para” to each other with respect to the aromatic monomer to

which they are attached.

The term “displacing group” is intended to include those functional moieties that can act
typically as nucleophiles, thereby displacing a leaving group from a suitable monomer.
The result is that the monomer to which the displacing group is attached becomes
attached, generally covalently, to the monomer to which the leaving group was associated
with. An example of this is the displacement of fluoride groups from aromatic monomers

by phenoxide or alkoxide ions associated with aromatic monomers.

17



nitrogen inlet and Dean-Stark trap/condenser,

Bi sphenol A (9.128g), 4, 4'-
W@ 2006838g) , sul fonated 4, 4'
(5.91089),

di ssolved in a m xture of DMSO and tol uene
The m xture was heated to

solid c

oncentration).

di f1 uor obenzophenone
- di f | uor obenzophenoPET/US2004/037815
anhydr ous potassium carbonate (7.2g) were

(about 20%

toluene reflux with stlrEXﬁ@ﬂPLE§ep|ng the tenperature

at 150C for 4h,

then increasing the tenperature to 175

to 180C for 6h The reaction m xture was precipitated

with ac

et one or

met Habde¢ Lt Moponeirs Used

t hen washed with hot water four tines.

b B

fn\éﬁ?mérﬁ -

DMAC for 20% coating solution
kK menbrane was soaked in

crude product,
The dry pol yner
The
1. 5M H2SO4

Actamyml 6h
sever al
The pol

rFulamereni ght ) and t hen
times until no H2SO4
ymer menbrane was swol |

Maoisadarn 1
residue \

I vt

' (Bemidel etiudtare
vas det ect ed.
er at room

Bid €per 4
nmeasur gd

swol | en
24 _hour

i D
SRR

in an 8M net hanol aque
s to nmeasure the dinen

rerRhgne

pol ymer 1
POUS M Xt U
sional st

onducti gt Yy Was

PR Ko

2h|||1‘\/

Bis\¥Phano
H Cel |,
chr omat
0.0218/

14,2 Ridlsexpdivhamy setfantr o

and the perneation rat
ography anal ysis. The 71
cm Swelling at 80C, 8N

d5#358M |
e was ol
renbr ane (
t620%Db

M MeOH

area

S-Ris &ss- g
PCT/ US2
Bi sphen
500m t
nechani

et -disubfoatgd-404°7 cnR/ s4

é{)ﬁl/ O%? 15 Exan”pl e 2 3

BBy dr oqui ng

hree necked round fl ask

2d22.28 WO
$ul f onat eq
DNe CONpPOS

cal stirrer,

t her nonet ¢

equi ppe

2005/ 050671 SONa

1 PE
»iFt |

g tﬁ"o 2,

{th a

Br,  nitrgd

s
»gén’i nl et and

Dean- St
Z)B dro u

ar k trap/condenser,
in

ydroxy-en monomers

bi sphenol

A

(4. 564Q),

Bis AF (AF
or 6F)

2,2-Bis(4-hydroxyphenyl)
hexafluoropropane or
4,4'-(hexafluoroisopropylidene)
diphenol

336.24

-OTo-

BP

Biphenol

186.21

Bis FL

9,9-Bis(4-hydroxyphenyl)fluorene

350.41

w3 Lo
O

Bis Z

4,4'-cyclohexylidenebisphenol

268.36

Bis S

4,4'-thiodiphenol

218.27

3) Dithiol-end monomers

18




(2.202g), 4, 4'-difluorobenzophenone (5.6732g),

sul fonated 4, 4'-di fl uorobenzophenone (5.9108g) and
w@nivpaiswos pot assi um carbonate (7.2g) were di SBOT/USIH0S/0B7815

a mxture of DMSO and tol uene (about 20% solid

concentration). The m xture was heated to tol uene

reflux with stirring keeping the tenperature at 150C

ActapymyhFull hen | Molesslarg the  t enpEheminabStrocta®0C f or
6h. Theameact | weight xt Ure was precipitated with acetone

[0)§ T lq_ U gl lTe Cruue 4oy uctl,
3vaith nh'ft4 \%\}gger four ti .
di sso| ¥8d i n DVAC for
obt ai P8 || thick n
for 1P Ol(over ni ght) 3
several timesl until nd H2SMU residue _was det ected. The

menbrane conductivity: 0.027 S/cm. Exanple 3

Sul fonat ed PEEK wi th 4, 4" -Thi odi phenol conposition In
Ex@m@%9ﬂ1 three necked round flask, equipped with a

nmechani cal stirrer, thernonmeter, nitrogen inlet and

Dean- Stark trap/condenser, 4,4'-thiodi phenol (8.728g),
Sulfpnaked PEEK withoBisphepdlek omapp&ti6in 32g) , sul f onat ed

4,4' -di fl uorobenzophenone (5.9108g) and anhydrous

' t 7. 2Q). di Lved Jn. ) Xture
tn RSP0 ik 2T bpbe B oo Bl e b
nitfg¥ & ana DeBeBtatt t£H/doatieees Bisthenal AW9.M28d) 414> ng,
.keeping the tenperature at 150C for 4h, then
diffuqeqhenzaphgnansdS Odape) atliprataddst.4'7dillagmbenzaphesme (F19¢08g),

[ Xt S | i i t 0

PR AR PSS LU R30I o roen
(aboot 208atelid fawenttatioes. Théemixmrdwaylecacanduclubn feflux vithtirring,

Slcm 20 WD 2005/ 050537% P%T/ US2004/ 037815 Exanple 4 o
keeping the temperature at 150°C for 4h, then increasing the temperature to 175 to180°C
for 6h. The reaction mixture was precipitated with acetone or methanol to obtain the
crude product, then washed with hot water four times. The dry polymer was dissolved in
DMAC for 20% coating solution. The obtained 2mil thick membrane was soaked in
1.5M HySO4 for 16hr (overnight) and then rinsed in DI water for several times until no

H2S04 residue was detected.

The polymer membrane was swollen in water at room temperature and the polymer
membrane conductivity was measured by AC impedance. The polymer membrane was
swollen in an 8M methanol aqueous mixture at 80 °C for 24 hours to measure the

dimensional stability.

Methanol crossover was measured in 8M MeOH using H-Cell, and the permeation rate

was obtained by gas chromatography analysis.
The membrane conductivity: 0.021S/cm, Swelling at 80C, 8M: 620% by area

8M-MeOH Cross-over : 6.9 x 10”7 cm*/sec.
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mbr ane conductivity
temﬁu‘afuom‘ax BI°CEs6hn The r&0%oOn mixture was prempfcated Wlth acetone or

metfi) S o ROODGT: Foh A SOBRT Paies SR iy Tha e

polfrh@Skas cﬁ%lv&ﬁ@tﬁDMA@ f& m%%ﬁtlﬁ@bolﬁﬁér[ I'Elie obtained 2mil thlck
t her nomet er, nitr gen i nl et and Dean- St ar k

membrape vignarakedin 1. M B Phicoypightopy Benenemddindayater
for gfgl—e%]l}g%or 0 glﬁlog%é%(géggkgg&% Vg%%&%ec)te,da'sul fonated 4, 4' -

di fl uor obenzophenone (5.9108g) and anhydrous potassium
Theaaethbraat eor{diicyg}y: W2& S/am ssol ved in a m xture of DVMSO
and tol uene (about 20% solid concentration). The
yre was heated to toluene reflux with stirring,
*Wéé'ﬁl ng the tenperature at 150C for 4h, then
i ncreasing the tenperature to 180C for 6h. The

Sulfdiaedd PREK with 491" YRESodiph©aoNednip sxétion t h acet one or
nmet hanol to get the crude product, then washed wth

In ahSOOml three necked round flask, equipped with a mechanical stirrer, thermometer,
nitrogen inlet and Dean-Stark trap/condenser, 4,4'-thiodiphenol (8.728g), 4, 4°-
difluorobenzophenone (5.6732g), sulfonated 4,4’-difluorobenzophenone (5.9108g) and
anhydrous potassium carbonate (7.2g) were dissolved in a mixture DMSO and toluene
(about 20% solid concentration). The mixture was heated to toluene reflux with stirring,
keeping the temperature at 150°C for 4h, then increasing the temperature to 175-180°C
for 6h. The reaction mixture was precipitated with acetone or methanol to get the crude

product, then washed with hot water four times.

The membrane conductivity: 0.021S/cm
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water four tinmes. The dry polynmer was dissolved in
DVAC for 20% coating solution. The obtained 2m |

wa hioskswsenbr ane was soaked in 1.5M H2SO4 f or | BEIF/US2004/037815
(overnight) and then rinsed in DI water for several
times until no H2SO4 resi due was detected. 21 WO
2005/ 050671 PCT/ US2004/ 037815 The menbr ane

Exgoplédcti vity: 0.021 S/cm Exanple 6 Sul fonated PEEK
with 4,4 -Cycl ohexyl i denebi sphenol - hydroqui none

Suli(ﬁl@e P F%gg‘wﬁg ?@(ﬁe&gﬂg@%ﬁ%rogfﬁg?grﬁ?deﬁr%gof go%ngosition
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carponate (/. re dissolved 1n a nixture of
(5. Addgx a:idwehﬁdr()abpraasm@ﬁ/wsmen@te cﬁaag)swtneahwoh/)ed iThenixture of

I\@e(z Ee?lu\(/f\:ﬁg (et ﬁ%}eq%%tsaﬁg%%c%ﬁg O 2IIiIIIX{L1IIih%}SZYtaS flfr:a{tenc?fo toluene
refluR GH@asikig, kbéitemrasapstatird & 1505¢ ¥&UD, iR iGbreasthethe

reaction m xture was Erem pitated with acetone or
temperatiatd 1701 YEE foneh.c Thelecapiionmixture Wespragiptiatad withtacetone or

L

polyikickaddindoladan Mg ASDEvk 20%d dbaﬂm@ bR SAThoOsbtAtBA 2mil thick
(overnl ght) and then rinsed in wat er  for sever

mem FABS WA £paKe &n MWZSstQMéhWeH%@EH@dmﬂTHQSCd 1o D1 water
Wlﬁ%s%ﬁﬁ%lklﬁggﬁes&r&?u@%@é&%ecﬁm' ling at 80C 8M

by area oss-over : 2.4 x 10-7 cn®/sec.
nple 7 This exanpl e discloses a random copol yner
Thebmsmbrann cdndtictivity: 0.020S/cm.

Example 5

Sulfonated PEEK with 50% 4,4'-(Hexafluoroisopropyldene) diphenol and 50%

Hydroquinone composition

In a 500ml three necked round flask, equipped with a mechanical stirrer, thermometer,
nitrogen inlet and Dean-Stark trap/condenser, 4,4'-(hexafluoroisopropyldene)diphenol
(6.726g), hydroquinone (2.202g), 4, 4’-difluorobenzophenone (5.6732g), sulfonated 4,4’-
difluorobenzophenone (5.9108g) and anhydrous potassium carbonate (7.2g) were
dissolved in a mixture of DMSO and toluene (about 20% solid concentration). The
mixture was heated to toluene reflux with stirring, keeping the temperature at 150°C for
4h, then increasing the temperature to 180°C for 6h. The reaction mixture was
precipitated with acetone or methanol to get the crude product, then washed with hot
water four times. The dry polymer was dissolved in DMAC for 20% coating solution.
The obtained 2mil thick membrane was soaked in 1.5M H,SOy4 for 16hr (overnight) and

then rinsed in DI water for several times until no H,SO, residue was detected.
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then increasing the tenperature to 175-180C 22 WD
hydroguingne sompesifron D4/ 037815 for 6h. The reacti on

m xture was precipitated with acetone or methanol to

In agfﬁOn{l I?lﬁe@ Bé@%d rRURGUEE hﬁ?}ﬂ:d%ﬁh@ thebhdricdl %n%%lfé?mometer

four tinmes. The conduct|V|ty and water up-take at
nitrogorintee ameaamStarlah@/tqrdEesbn hatepslahelsplidanebisplzamol €081977gg),

nyegodindReg IR P e SR s o Pk rulieed -

dlﬂ%ﬁobé&%@@@ﬁqgmbsmg%&@&a%ﬁﬂoéﬂasmm RemoaRbEn Qgﬁv&e&kasolved

t hree necked round flask, equip _Fed wth

in aannmrh aﬁD&\é‘f’O gnq tlegne (th?éﬁ r?ﬁ%eftoélrd conmrttrra@g@h hel mixtagvas
hea%jg }cﬁ’ﬁ%{eﬁﬁ )?’Br{ gﬁ% th(e famgg;rﬂ 2[1)1‘6 at 150°C for 4h, then

inc&asﬁﬂg meuanpa@mzau@meymrse"(c G'of’ﬂhl 40he re&bli(ﬁﬂﬁﬁitﬁfé was precipitated
-di f 1 uor obenzophenone (4.55989) an{(;l%q]I E){?Qr ous

Wltba@eé%rsq i hanebipaged theerods pradpet, Hica s L HFRIEE fipug times.
We@%s%@ésb‘ﬁ@@ in ﬁl@myﬁtfof%%ghﬂu?% &g&v‘?\aﬁ? L’f}%t dtRfthed 2mil

m-xt ure was heated to toluene re
thlcﬁftmembnage waksmpedin 1.5 He$@efoatl dlnle(oatmﬂﬁm)carfddhemﬁnsed in DI

n increasing.fhe ure t -180C for 6h.
waiph BT SeA ghoat i B SO e B th acet one or
nmet hanol to get the cr ude
The membrane conductivity: 0.017S/cm, Swelling at 80C, 8M: 120% by area

8M-MeOH Cross-over : 2.4 x 107 ¢cm?/sec.
Example 7

This example discloses a random copolymer based on 4,4'-
Cyclohexylidenebisphenol(BisZ)/Sulfonated
Difluorobenzophenone(SBisk)/Difluorobenzophenone(Bisk).

In a 500ml three necked round flask, equipped with a mechanical stirrer, thermometer,
nitrogen inlet and Dean-Stark trap/condenser, 4,4'-cyclohexylidenebisphenol (10.7344gl),
4, 4’-difluorobenzophenone (6.546g), sulfonated 4,4’-difluorobenzophenone (4.222g) and
anhydrous potassium carbonate (7.2g) were dissolved in a mixture of DMSO and toluene
(about 20% solid concentration). The mixture was heated to toluene reflux with stirring,

keeping the temperature at 150°C for 4h, then increasing the temperature to 175-180°C
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product, then washed with hot water four tinmes. The
conductivity and water up-take at roomtenperature
wae@shssred in tabl e bel ow. Exanple 9 This exampl/&S2004/037815
di scl oses a random copol yner based on 4, 4' -
Cycl ohexyl i denebi sphenol (Bi sZ)/ Sul f onat ed
Di f1 uor obenzophenone( SBi sk)/ Di f1 uor obenzophenone( Bi sk)
for 6h. [The seabii@mixtimeees quckipﬂatbd) wiih dcbmak or egthapplkid gef the crude

pro%g(ge g@g@%aebr@m 1&({3%@% pr tim {m rcra?t 'T"flé COI{HUC{IVI%’e v%t%} up—taCf(e at

roofh émp@%ﬁh@%’ﬁékédqﬁmb%@%@\nm (10.73449), 4,
4' -di fl uorobenzophenone (5.6732g), sulfonated

4 4' -di fl uorobenzophenone (5.9108g) and anhydrous
Exmpl@sﬁsi um carbonate (7.2g) were dissolved in a mixture
of DVSO and toluene (about 20% solid concentration).

: t | .I th
T e R S 50C T or an, t hen

Cyfclnhdf)@aﬂerteglsb]ﬁol(BmZ@f&ﬂfumteﬂo 175- 180C for 6h. The

.feaction_m xt te acet one or
DiflRorpheapiEBo T SR Baprogst LT )
PCT/ US2004/ 037815 crude product, then washed with hot

Tn ¥88®A1 thRE hediedBSund HHESKS ONHPSdd With ¥ nPdtBaNied]1QkirrdR) thetrﬁll@ﬁleter
at roomtenperature are listed in table bel ow

nltl@empmé@ttand)ﬁe@oﬁmlctmmcwd@mﬂ ﬂ;%gyclqhwhé@esgphw@(&7344) 4,
-l bReS G301 a a3 e piybplthone (4 3598) and
anl3A%ushd a8 tin ReNRhA0 V7 Lg¥ wety dik@ihaxihiadaieht 91 DAISO and toluene
(about 20% solid concentration). The mixture was heated to toluene reflux with stirring,
keeping the temperature at 150°C for 4h, then increasing the temperature to 175-180°C
for 6h. The reaction mixture was precipitated with acetone or methanol to get the crude
product, then washed with hot water four times. The conductivity and water up-take at

room temperature are listed in table below.
Example 9

This example discloses a random copolymer based on 4,4'-
Cyclohexylidenebisphenol(BisZ)/Sulfonated
Difluorobenzophenone(SBisk)/Difluorobenzophenone(Bisk).

In a 500ml three necked round flask, equipped with a mechanical stirrer, thermometer,
nitrogen inlet and Dean-Stark trap/condenser, 4,4'-cyclohexylidenebisphenol (10.7344g),
4, 4’-difluorobenzophenone (5.6732g), sulfonated 4,4’-difluorobenzophenone (5.9108g)
and anhydrous potassium carbonate (7.2g) were dissolved in a mixture of DMSO and
toluene (about 20% solid concentration). The mixture was heated to toluene reflux with
stirring, keeping the temperature at 150°C for 4h, then increasing the temperature to 175-

180°C for 6h. The reaction mixture was precipitated with acetone or methanol to get the
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In a 500m. three necked round fl ask, equipped with a

mechani cal stirrer, thernonmeter, nitrogen inlet and
wOe@soStear k t rap/ condenser, hydroqui none (0. 88P8HVS2004/037815
4,4" cycl ohexyl i denebi sphenol (8.5875qg), 4,

-di f 1 uor obenzophenone (5.6732g), sulfonated
4,4" -di fl uorobenzophenone (5.9108g) and anhydrous
crufopradsitytheaavdshedhtveth hdt Rafer fen ¢éimedi Tho lcvadhciinitypand water up-
m xture of DMSO angd t ] yene g bout 20% solid
take grieeR P RPPEHe & 3 heated to tol uene

reflux with stirring,

keepi ng the tenperature at 150C

f (’Molﬂ{Cofn%%Elubﬁcr eagiondudtieyt enMPesafli to 175} 180C
for Thée reaction mxture mas precipitated with
acetone or nethanol [to get the cruyde product, then

wa $h &Bis i IBiskiBisk) wat 8/cm our ti nes| “The nenbrane
conductivity 0.030|S/cm Smelllnq at 80C, 8M 92 % by
ar EOHC USSTQy 54 —x 107 ctngfsec.—24 WO
2c%§‘f‘6‘§@6?1 PCT/ uszoo4%537815 Exaknzp;sl e 11 Sul f opat ed
PEEK wi th 50% Hydr oqui none/ 50%

4| Exafdpld ®hexyl i denebd.ehenol |1 n|a8%500nl t hree| necked
round fl ask, equi pped with a nechanical stirrer

t hermpoet-er A-trodgen -n!et are—begp—Stark
tr?ﬁ‘ﬁ@@kdgnser hydrquQI fhone (2. 2()2@ 4, 4

cycl ohexyl i denebi sphenol (5.3672q]),
4'—drfTuorobenzophenone (5.6/32Q0), suITonated

4,4' -di fl uorobenzophenone (5.9108g), anhydrous
pot assi um carbonate (7.2g) were dissolved in a
Exampleilde DMSO and t ol uene (about 20% solid
concentration). The m xture was heated to tol uene
d L
SufGPERE o] S0 ERRIRARE £ TP Raficp G
for 6h. The reaction m xture was precipitated wth
In afEndrikree menkddannd flbgk, gghippdtewith adecchamidalstirret, lisarmometer,

iSRRIt PR o 3&@%33 ogpipate JTRRRE A4

cycl@ietyISBREBRBhenol (8.5875g), 4, 4’-difluorobenzophenone (5.6732g), sulfonated
4.4’-difluorobenzophenone (5.9108g) and anhydrous potassium carbonate (7.2g) were

dissolved in a mixture of DMSO and toluene (about 20% solid concentration). The
mixture was heated to toluene reflux with stirring, keeping the temperature at 150°C for
4h, then increasing the temperature to 175-180°C for 6h. The reaction mixture was
precipitated with acetone or methanol to get the crude product, then washed with hot

water four times.
The membrane conductivity: 0.030 S/cm, Swelling at 80C, 8M: 92 % by area

8M-MeOH Cross-over : 5.4 x 107 cm?*/sec.
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Exanple 12 In a 500 nL three necked round fl ask,

equi pped with a nechanical stirrer, a thernoneter
w@embeswonnected with a nitrogen inlet, and a PCT/US2004/037815

Dean- St ark trap/ condenser, bis(4- fluorophenyl)sulfone

(BisS, 24.79 g, 0.0975 nol), 3,3 -disulfonated-4,4"-

di fl uor obenzophone (ShisK, 22.16 g, 0.0525 nol), BisZ
ExampleoH g, 0.15 nol), and anhydrous potassium

carbonate (26.95 g, 0.19 nol), 270 nL of DI\/SO and 135

e R T —

at -85 C for Ih and at -120 C for 1 h, the reaction
In 3 0fnelrthitea reeckad ravamid Sk tequippt @ it & meck@nival simebr ftheralometer,
.to -170 C.for 2 fter cooling to.-70 jth
nItogRY "x%'a’ﬁ% ﬂ?ﬁﬁ'tﬁtﬁ @P/ $andenses 1&,0%‘8}0&?&%?%% +8F opped
cydléﬁeﬁyllden@ffns?ﬁ@ﬂcﬁ% ‘3671@”4"4 V&lﬂﬁbt@béﬂzgﬁ{e‘%ﬁe (§673"2§} r§Qlfona‘ted
he hoodl e-TI'i ke precipitates were cut” and washed W t

4 %dlmm@qenZQmemmé%9 ), athhiydugdus potgFidn cabonitg KT. 2g)m@re

aisg it 1y o BOURRS et Ee CRAE o SaRF honesRifiest; The mixure
wabhediotl 16€o1(iknb r&RoWVitR B@rrin@sl@@g githe ta@ic@ituteVit ¢ S0°CTHd€ 4h, then

pol ynmer was then dried a overni ght and at 80 C
inc{Ragiag thﬁé%mnﬁratﬂ@rwﬁédﬁg C fg5i6h. Jdieyerstion aixre Waheeipitated

w1t‘1’1'a§9c§12%/ 5%1\/}3} algﬁlgt%l g% g—%l ck)gqe%ﬁ?& %&ggﬁél@h)\mﬁé tSvater four times.

cross-over in 8 M nethanol was 0.009
Thergremibrane comidnctivity: QBB S ed), SM-diclid tQroistgvenad. 30 T em?/sec.
S/cm (non-boiled) and 0.041 S/cm (boiled). 25 WO
200?/ 50671 PCT/ US2004/ 037815 Exanple 13 This pol ymer
thesized in a simlar way as described in
exarrpl e 1, using follow ng conpositions:

In ebﬁ(&({ i fihreerephedydund laklo ReuipBed Hith4ddm EhaflicallstRRE, aBérmometer
3 - di suI fonated-4,4' -difl uorobenzophone ( Shi sK,

pm@s cappegied (yvigls 0 niEpgen TPk 2nq 3 b)eps-Siark draphondenser, bis(4-
fluorophenyl)sulfone (BisS, 24.79 g, 0.0975 mol), 3,3’-disulfonated-4,4’-

difluorobenzophone (SbisK, 22.16 g, 0.0525 mol), BisZ (40.25 g, 0.15 mol), and
anhydrous potassium carbonate (26.95 g, 0.19 mol), 270 mL of DMSO and 135 mL of
Toluene. The reaction mixture was slowly stirred under a slow nitrogen stream. After
heating at ~85°C for 1h and at ~120 °C for 1 h, the reaction tempefature was raised to
'~135 °C for 3 h, and finally to ~170 °C for 2 h. After cooling to ~70 °C with continuing
stirring, the viscous solution was dropped into 1L of cooled methanol with a vigorous
stirring. The noodle-like precipitates were cut and washed with di-water four times and
dried at 80 °C overnight. The sodium form polymer was exchanged to acid form by
washing the polymer in hot sulfuric acid solution (0.5 M) twice (1 h each) and in cold di-
water twice. The polymer was then dried at 80 °C overnight and at 80 °C under vacuum
for 2 days. This polymer has an inherent viscosity of 0.60 dl/g in DMAc (0.25 g/dl). It’s
one-day swelling in 8M Methanol at 80°C was 142%, cross-over in 8 M methanol was
0.009 mg.mil/cc.min.cm? (boiled), conductivity was 0.013 S/cm (non-boiled) and 0.041
S/cm (boiled).
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nol ), and anhydrous potassium carbonate (26.95 g, 0.19

nmol ), 270 nL of DMSO and 135 nL of Toluene. This
w@eioposis7has an i nherent viscosity of 0.67 dl/pCT/HSOMY37815

(0.25 g/dl). Exanple 14 This pol yner was synt hesi zed

inasimlar way a described in exanple 1, using the

follow ng conpositions: BisK (10.69 g, 0.049 nol),
Exampledi¥ | uor obenzonitrile (5.86 g, 0.042 nol),

3,3 -disul fonated-4, 4" -difluorobenzophone (SBi sk,

20.69 a, 0.0 | i 37, . 0, . 1),. an
hig o e s b Pk n A B ba podestivg bl 708
follbvirf coxﬁaﬁ@@lmdbll@ﬁﬂmxopﬁentygwm (BIdY, 92| B@Igymepo Prﬂﬁ) ary’-

I nherent vi scosity of

disytfonatided 45 difhiosohsargivhon é\ﬁe%l%lslfé %i Bresi %%0 mﬁl)aB§Zrﬁ40 8% g, 0.15
ol SRR g SIS s 210 gy 13

mLAbfJ6%ugnel ) This pdlymetihaw hi orthateadvidecdkitydif DlaTatl e MMAb ¢0.25
(SBisK, 14.78 g, 0.035 nol), 9,9-bis(4-
g/d ydr oxyphenyl ) fl uorene (35.04 g, 0.10 nol), anhydrous
pot assi um carbonate (17.97 g, 0.13 nol), anhydrous
Exipfe 14180 nl) and freshly distilled toluene (90 ni).
This polynmer has an inherent viscosity of 0.88 dl/g
in DMAc (0. 25 g/ggi. Its one-day swelling in 8 M
Thigpekyam| wastsysthesiged immssiniler wey a geearibied igexamnie hauséng the

D T I R e

0. 0$2 il ), B -diqiilfomelied aidr - cuﬂea;%amph@mstmm .20069ag110l. (&9 kfol), BisZ
Thi slqpol ynmer was synthesized in a sinilar

(e ge of )na@(Mﬁ’ﬁ’ui Polassipg carRanpstnd> (809%8%%1} g mL of
DN@S(%an&ié?gH rgﬁtg)t egg ?ﬂﬁ dgﬁ’ﬂ% %(?ra%%enzop (taglesg(?sé%mfb 86 dig in
DMveAc @425 g/dD). 06 ol ), 9, 9-bis(4

Example 15

This polymer was synthesized in a similar way as described in example 1, using
following compositions: 4,4’-difluorobenzophone (BisK, 14.18 g, 0.065 mol), 3,3’-
disulfonated-4,4’-difluorobenzophone ((SBisK, 14.78 g, 0.035 mol), 9,9-bis(4-
hydroxyphenyl)fluorene (35.04 g, 0.10 mol), anhydrous potassium carbonate (17.97 g,
0.13 mol), anhydrous DMSO (180 mL) and freshly distilled toluene (90 mL). This
polymer has an inherent viscosity of 0.88 dl/g in DMAc (0.25 g/dl). Its one-day swelling
in 8 M methanol at 80°C was 26%, cross-over in 8 M methanol was 0.013
mg.mil/cc.min.cm?® (non-boiled) and 0.016 mg.mil/cc.min.cm? (boiled), conductivity was
0.010 S/cm (non-boiled) and 0.019 S/cm (boiled).

Example 16

This polymer was synthesized in a similar way as described in example 1, using
following compositions: 4,4’-difluorobenzophone (BisK, 19.64 g, 0.09 mol), 3,3’-
disulfonated-4,4’-difluorobenzophone (SBisK, 25.34 g, 0.06 mol), 9,9-bis(4-
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hydr oxyphenyl ) fl uorene (52.56 g, 0.15 nol), and
w@nvgdswos pot assi um car bonate (26.95 g, 0. 19P@m$2004/037815

270 nmL of DMSO and 135 ni of toluene. This pol yner has

an inherent viscosity of 0.77 dl/g in DMAc (0.25

g/dl). Its one-day swelling in 8 Mnethanol at 80C
hydwaypB&Std) floooas-(62.66 g 0.18 mlhana anbydrmpqtas@mm carbonate (26.95

e, O i 70 -t AP 8y Bb i i Plgmerchey i inherent

vmc’élsl@frbﬁ @Wdll?ghh eiAaQe29 gﬂﬂﬁ Itﬁéri‘en@te(ybswdum@ in SEMQHéihﬁlol 4t 80°C

hi's po ynmer was synt hesiZzed in a simlar

wasoﬁé%,rqrw@ven ire& Mrpicthanol was $g16 met mdmmgn@mnﬁw boilsdyand

0.0 ]% %;g ﬁ?‘% gﬁﬁ?@%}%} % f.%néucftﬁﬁgr oe}%)e nz o o n e(g?réggq?@ and 0.023

S/crﬁitbﬁ&(jg 0.056 nol), 1,1-bis(4-
hydr oxyphenyl ) cycl ohexane (BiszZ, 18.78 g, 0.070 nol),
9, 9- bIS(4 hydr oxyphenyl') fl uorene (FL, 24.53 g, 0.070
EX%P‘F 17and anhydrous pot assi um carbonate (25.15 g,
0.18 nol), 250 nL of DMSO and 125 ni of toluene. This

Thl%ﬁ/AXIHEF vﬁ@%ﬁﬁe%lké'&lhﬁraes%ﬂyﬂ WaHPS de)écﬁ’fﬁedQn%%arﬂfﬁ/ll/eg {ifing

Its one-day swell
ollmﬂganwipoatlogsﬁ G\hélﬂsn%benzwbgnb(félﬂ(; 33 m1 egdvanb) 3,3°-

aisiffSbart e St ardh e S R B D F el o e
hyd%)@y@shémyayclbqaekaaﬁ)(md 18. 7@@20@70 mm(l}q@@ 51314- Exanpl e 18

ymer was s&nt hesized in a sim| ar

hyda@@y@hernéﬁlupﬁe@@ﬁop ©53 g, 487 gol angd axmsigm&n%é@m @Ronate

il 0.
B ke e
inh&2ntis@sitPo D623 difglih DMAB(D.LS @All). Its one-day swelling in 8 M

met?pagprl % giﬁ 3‘5{\%& )9%1 l,/a; E}E@%}SV%E]% grl\%gi@c?tgargdl v&%s %70ﬁ 5 nn?é.%’il/ cc.min.cm®

(non-boiled) and 0.025 mg.mil/ce.min.cm? (boiled), conductivity was 0.018 S/cm (non-
boiled) and 0.042 S/cm (boiled).

Example 18

This polymer was synthesized in a similar way as described in example 1, using
following compositions: 4,4’-difluorobenzophone (BisK, 21.27 g, 0.0975 mol), 3,3’-
disulfonated-4,4’-difluorobenzophone (SBisK, 22.17 g, 0.0525 mol), 9,9-bis(4-
hydroxyphenyl)fluorene (FL, 26.28 g, 0.075 mol), 4,4’-dihydroxydiphenyl ether (O,
15.16 g, 0.075 mol), and anhydrous potassium carbonate (26.95 g, 0.19 mol), 270 mL of
DMSO and 135 mL of toluene. This polymer has an inherent viscosity of 1.21 dl/g in
DMAc (0.25 g/dl). Its one-day swelling in 8§ M methanol at 80°C was 50%, cross-over in
8 M methanol was 0.023 mg.mil/cc.min.cm® (non-boiled), conductivity was 0.030 S/cm
(non-boiled) and 0.039 S/cm (boiled).
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15.16 g, 0.075 nol), and anhydrous potassi um carbonate
(26.95 g, 0.19 nol), 270 nL of DWMSO and 135 nL of
wa 200871 Thi s pol ynmer has an i nherent vi scosiPgr/08§2004/037815
1.21 dl/gin DMAc (0.25 g/dl). Its one-day swelling
in 8 Mnethanol at 80C was 50% cross-over in 8 M
met hanol was 0.023 ng.m|l/cc.mn.cn2 (non-boil ed),
Exaopldd®tivity was 0.030 S/cm (non-boiled) and 0.039
S/cm (boi led). 27 WD 2005/ 050671 PCT/ US2004/ 037815

.EX 19
Thlm@%re W&s é%%%sdgﬁ%ﬁy‘ &Pgﬁ‘ﬂ% Wi (gesrgge n epan\Mol%' lnhélﬁé
foll@@ﬂﬁ%%hipc@,{tﬁmsM A -digiubldbengdypoAe mieke2 (. B §10. 0&2215 B3 3RB,3’-

dlsdf@ateﬂdséré@hmrabenmpﬂlpa@f%@ﬁz% o ae0-0 B8 wRD, BZ{30.42 g, 0.075
mof} PGPS (€, Rt e 0T M) s syt pppsstum

carlﬁtﬁldteé(ﬁb 96r €Q0s] 9prﬁbla,8$7 ounl ocfDNISOaind 133D 6f ’g),lu@el This polymer
ene.

has@@lllgl}%&’rnt ‘ﬁ%r?@mg)hOf hﬁbf@ﬁ ﬁ’f@ég@ 2@ g%lgl itSG)Pecﬂaﬁ’ﬁWieng in8M
tﬁé@ﬂ 2 ng? ) gg@'%, ‘1;1t0§s RGN SNEhAroD Yak U 089 Mgt mil/cc, mm cm?

117% <cross-over in hanol
(nowdeiléd)Dddndugtinity fvas 026 SéaR (ndmrbooilddd alllda@m57 S/cm (boiled).
conductivity was 0.026 S/cm (non-boiled) and 0. 057
S/c boil ed). Exanple 20 This pol ynmer was
Exwﬂgﬁ&si zed in a simlar way as described in exanple
1, using follow ng conpositions:

Thi4é pélynﬁg Waatl ?ﬂtﬂi@ﬂi&ﬂh@@mﬂ&" Why asl@esbéb@] in@xA@plel, using
i su

onat ed-4, 4' - di f| uor obenzo hone
follzwngztcoglpceﬁlt@awnﬁﬁj diffpogohsnzgphone (fBisKx %ﬁ% Sy S&F&g}a ére”

g h y I [
o550 B SRR ikt SpEknYine dlphany b
hydrat}lphem}tlyﬂlﬁcﬁ&@@@m €) 0¥ 5Srmodl), 4, Q’?cﬂlhyrdlromﬁdlﬂm ethen(15396 g,
TN TEANTCRCIR G T O T T
ancgl’gf\S/: thi, 39 tblte. MITBhHRBRE had argﬁ)jﬁel‘é’ﬁﬁvlz&s@ty of 03810% &% DMAC
(0.25 g/dl). Its one-day swelling in 8 M methanol at 80°C was 72%, cross-over in 8 M
methanol was 0.023 mg.mil/cc.min.cm® (non-boiled), conductivity was 0.026 S/cm (non-
boiled) and 0.056 S/cm (boiled).

Example 21

This polymer was synthesized in a similar way as described in example 1, using
following compositions: 4,4’-difluorobenzophone (BisK, 21.27 g, 0.0975 mol), 3,3’-
disulfonated-4,4’-difluorobenzophone (SBisK, 22.17 g, 0.0525 mol), 4,4’-
(Hexafluoroisopropylidene)-diphenol (25.21 g, 0.075 mol), 4,4’-hydroxyphenyl ether
(15.16 g, 0.075 mol), and anhydrous potassium carbonate (26.95 g, 0.19 mol), 270 mL of
DMSO and 135 mL of toluene. This polymer has an inherent viscosity of 1.10 dl/g in
DMAc (0.25 g/dl). Its one-day swelling in 8 M methanol at 80°C was 232%, cross-over

in 8 M methanol was 0.020 mg.mil/cc.min.cm2 (non-boiled) and 0.079
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nmet hanol was 0.023 ng.m|/cc. mn.cn2 (non-boil ed),
conductivity was 0.026 S/cm (non- boiled) and 0. 056
w@EL@agdsoi | ed) . Exanple 21 This pol ymer was syPeTiesSiop€as7815
in asimlar way as described in exanple 1, using
foll owi ng conpositions: 4,4'-difluorobenzophone (BisK,
21.27 g, 0.0975 nol), 3,3 -
mg.diiked thinan b (bodled), caiduictivitpben  OBA Sran (18B-siled2 20d7.06] S/cm
b g 525 nol), 4,4'- (Hexafl uoroi sopropylidene)-dipheno
(boiles8. 51 g, 0.075 nol), 4,4’ -hydroxyphenyl ether (15.16
g, 0.075 nol), and anhydrous potassium carbonate
Exdﬁ%ﬁeQQ g, 0.19 nol), 270 nL of DMSO and 135 nL of
to uene. This polynmer has an inherent viscosity of
10 dl/g in DWVAc (0.25 g/dl). Its one-day swel |ling
Thns polgmes vras Ruwbesizad leeelwé@ v degtied ip FEamDle BSINE

o o500 BT s DR T B S Bharb3 AT - £ anc

diflogrobérzbplcor (rﬁSBmK (B5B |geap42 oo PR 6tdihy dryxyd smBilyAdphenol (MB,

n b0| and 061 S/ b d

24 BB G Rernd e metrEe Gorbonats o PR Rdgo Ao 216 AL of
DM@@S&{& mderbﬁmeﬁé en;hs PHI%:hi%Q had & inﬁWeﬁﬂvﬁ&ﬂﬁ? %f‘l iogRFz in

BisK (17.02 g, 0.0 3' -di sul fonat ed-4
Dl\/hﬂcf(IOlIérng@]énzophone ((SBl sK 17.73 g, 0.042

nol ), 2, 5- di hydr oxy-4' - net hyl bi phenol (MB, 24.03 g,

Q. ), and anhydrous potassium carbonate (21.56 g,
EX%Pﬁéggﬁol) 216 nL of DMSO and 108 nL of tol uene

Thi s polynmer has an inherent viscosity of 1.07 dI/g in
ThiDp#lomeDwas sgttlegizedinanirhBardBayTin desibeylirexavaple 1, using

fol lg’_\%lnr{ggq%?plé)zo%glolng aBlS?( (n91 é?:agrg, 0%2/6 r%%l)dfgpaisel?onated 2 )éfanpl ©
difluorobenzophone (SBisK, 10.34 g, 0.024 mol), 4,4’-dihydroxytetraphenylmethane
(24.67 g, 0.050 mol), and anhydrous potassium carbonate (12.57 g, 0.091 mol), 126 mL
of DMSO and 63 mL of toluene. This polymer has an inherent viscosity of 1.01 dl/g in
DMAc (0.25 g/dl).

Example 24

This polymer was synthesized in a similar way as described in example 1, using
following compositions: BisK (19.85 g), 3,3’-disulfonated-4,4’-difluorobenzophone
(SBisK, 16.47), 9,9-bis(4-hydroxyphenyl)fluorene (22.77 g), Bis Z (17.44 g) and
anhydrous potassium carbonate (23.36 g), 240 mL of DMSO and 120 mL of toluene. This
polymer has an inherent viscosity of 0.74 dl/g in DMAc (0.25 g/dl).

Example 25

This polymer was synthesized in a similar way as described in example 1, using
following compositions: BisK (19.85 g), 3,3’-disulfonated-4,4’-difluorobenzophone
(SBisK, 16.47), 9,9-bis(4-hydroxyphenyl)fluorene (11.39 g), Bis Z (26.16 g) and
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foll owi ng conpositions: BisK (9.93 g, 0.046 nol),

3,3 -disul fonated-4,4"'- difluorobenzophone (SBi sk,
wao34s@71 0. 024 nol ), 4, 4" -di hydroxyt et r aphenyPeeUkn€037815

(24.67 g, 0.050 nol), and anhydrous potassi um

carbonate (12.57 g, 0.091 nol), 126 nL of DWVSO and 63

nmL of toluene. This polyner has an i nherent viscosity
anhgdroms thaﬁidng carrbonBivie3.80 g2524@/rm1 pf DM S$(phé 12@ nifhp&toluene. This

s synthesi ze descri bed
polfifentFRapraent qiitng s v ol PAEEA T efD. “5r ok
(19. 85 g) 3,3 -disul fonated-4,4'-difl uorobenzophone
Ex e, 16.47), 9, 9-bi s(4-hydroxyphenyl)fl uorene
(22.77 g), Bis Z (17.44 g) and anhydrous potassium
carbonate (23.36 240, L of DMSO _and 120 nL of
This gplyese wayhintheierdinsrsinila wey asirspidbnd ipicsamRledy ugng

follgggnéés%h‘{pgsﬂugn%?sﬁ gl S §“3)-'d15€¥f%m|3@ 42P. dgﬂgﬁéﬁ?lﬁéﬂzbfﬁ%e

hesir zed i n far way as descri
(SBiskaripl4d),10,9 bs(aﬂaglydfa)dypbwylh)@uomp ¢34.16 gh Ris Bi(8. R2(g19n(85

oo TS0 455, 12 PAGERRRNG v BB, T

polBhr Has @R SnhbRen@)vi@heit? 8 V65 NP o BRORI {0.25 g/dl).
CT/ US2004/ 037815 anhydr ous potaSS|un1carbonate

(23.36 g), 240 nL of DVSO and 120 nlL of toluene. This
Expopledr has an i nherent viscosity of 0.63 dl/g in DVAc
(0.25 g/dl). Exanple 26 This polynmer was synthesized

in asimlar way as described in exanple 1, using

In & $00n0\whre@ neckoP aduhd flask, eqiipped dBh 8 meghanical stirrer, thermometer,
3, 3" -di sul fonated-4, 4' -di fl uor oben

mtr@gemnpyet ang Qean-Stark ﬁl&ﬁg{cggwq%rﬂﬁ}ﬂ) 1l éd}q'@ﬁgld{lqulgﬁgfne)blsphenol
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were dissolved in a mixture DMSO and Toluene (about 20% solid concentration). The

mixture was heated to toluene flux with stirring, keeping the temperature at 140°C for 6h,

then increase temperature to 173-175°C for 6h. The reaction mixture precipitates from

methanol to get the rude product.

Conductivity: 0.0168S/cm (0.0436 S/cm, boiled), swelling by area in 8M methanol: 67%,

8M methanol cross-over: 0.013 mg/min.ml.mls.
Example 28

In a 500ml three necked round flask, equipped with a mechanical stirrer, thermometer,
nitrogen inlet and Dean-Stark trap/condenser, 4,4’-(1,4-phenyldiisopropyldiene)bisphenol
(17.30g), Bis K(7.637g), S-Bis K(6.333g), anhydrous potassium carbonate (9.0g) were
dissolved in a mixture DMSO and Toluene (about 20% solid concentration). The mixture
was heated to toluene flux with stirring, keeping the temperature at 140°C for 6h, then
increase temperature to 173-175°C for 6h. The reaction mixture precipitates from

methanol to get the rude product.
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pol yner has an inherent viscosity of 1.05 dl/g in DVAcC
(0.25 g/dl). Exanple 27 In a 500nmL three necked round

wo b@skso6equi pped with a mechanical stirrer, PCT/US2004/037815
thernoneter, nitrogen inlet and Dean- Stark
trap/ condenser,
4,4" - (1, 4- phenyl di i sopr opyl di ene) bi sphenol (17.309),
Bis K(7.0915g), S-Bis K(7.3885g), , anhydrous

CorfR 55O UER R 0 AU sOME Y s methanct

4198 0F BlRtHaRbl SYs-ovdre0.0mM Kighmt wamideat ed to tol uene
flux with stirring, keeping the tenperature at NOT for

6h then increase tenperature to 173-175C for 6h. The
Exahﬁﬁ@?bon m xture precipitates from nethanol to get

the rude product. Conductivity: 0.01685/cm (0.0436

S/cm boiled), swelling by area_in 8M nethanal: 67%
Thigenden KaRelymsr 34§ Spyhesizay. ip 2FURFMVEY # deﬁPrgt?edEQ grynele 1:

. r n
Bis 15 B Ik (T Ao B o, Py o RSl bnae
(16.Be ghwEieadissdlvapiheantews ef DMSO and Toluene (about 20% solid
4,4' - (1, 4- phenyl di i sopropyl di ene) bi sphenol (17.30g),
conggnirafgry. 637g),  S-Bi s K(6.333g), anhydrous potassium
carbonate (9.0g) were dissolved in a m xture DVSO and
Tol uene (about 20% solid concentration). The m xture

Thivpslyheshadart isherehtigseostty ok L2l gdn DMAa 0.2k g&fh). 1§ G isd 23

termperat ure at 140C far . Lhen Ji.ncrease..t 2 .
meq/ gt iy AL oaHom 4P sty e L o SIS LR in
boilkd Yater MeirhaTR| waér@lgtakb Afer bidEnPHReAbEhbrad®inMiter 1 hr : 31%

2005/ 050671 PCT/ US2004/ 037815 Conducti vity:

0.00786S/cm (0.0315 S/cm boiled), swelling by area in
Exsiplesphanol : 41% 8M nethanol cross-over: 0.011
ng/mn.mM.ms. Exanple 29

This random copolymer was synthesized in a similar way as described in example 1:
BisK (13.09 g), S-BisK (16.89 g), BisAF (33.62 g), and anhydrous potassium carbonate
(16.59 g) were dissolved in a mixture of DMSO and Toluene (about 20% solid

concentration).

This polymer has an inherent viscosity of 1.18 dl/g in DMAc (0.25 g/dl). IEC is 1.38
megq/g. Conductivity: 0.030 S/cm (0.071 S/cm, boiled in water 1hr), swelling by area in

boiled water 1 hr: 47%, water-uptake after boiling the membrane in water 1 hr : 53%
Example 31

This random copolymer was synthesized in a similar way as described in example 1:
BisK (12.0 g), S-BisK (19.0 g), BisAF (33.62 g), and anhydrous potassium carbonate
(16.59 g) were dissolved in a mixture of DMSO and Toluene (about 20% solid

concentration).
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Thi s random copol yner was synthesized in a simlar way
as described in exanple 1: BisK (14.18 g), S-BiskK
W@ 1005860) , Bi SAF (33.62 g), and anhydrous potBSEUSW4/037815
carbonate (16.59 g) were dissolved in a m xture of
DMSO and Tol uene (about 20% solid concentration).
This polyner has an inherent viscosity of 1.82 dl/g in
ThiDMAgmeOh®Snghlirgnt MigOsitg of 128 dligegDMACERa0gtdlyi B is 1.38
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31 % Exarrp1 e 30 This random copol yner was

synthesized in a simlar way as described in exanple
ExéhqﬂCQQSK (13.09 g), S-BisK (16.89 g), BisAF (33.62 g),
nd anhydrous potassium carbonate (16.59 g) were
d| ssolved in a mxture of DMSO and Tol uene (about 20%

Thi$ fhnldfm &99@?[&%@ é?ﬂﬁ'lesgéﬂ i aps‘?llni/l% 5\? stdé%@rﬂ')é?lhﬁreﬁ%ple 1:

VI scosi t
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06385t B S bR S8 A el Py
cong@ﬁmlgﬂﬁ in water 1 hr : 53% Exanple 31 This random
copol yner was synthesized in a simlar way as

described in exanple 1. BisK (12.0 g), S-BisK (19.0

SAF ( r t [ a
ey EgRETe ity GOl RGN AR SRRl JRD°fe
merﬂiﬁiahe Becapaeshad0341$ dall (RaR@asily) alfieobyiling in Wéler, so swelling

2005/ 050671 PCT/ US2004/ 037815 _This pol yner has an
and; Heiraeke dato wer ppt obtainefdgorgperly. i n DMAC (0. 25 g/ dl).
IECis 1.38 neqg/g. Conductivity: 0.045 S/cm (0.088

S/cm boiled in water | hr), swelling by area in
Example 33

This random copolymer was synthesized in a similar way as described in example 1:
BisK (12.87 g), S-BisK (17.31 g), biphenol (9.81 g), BisAF (16.81 g), and anhydrous
potassium carbonate (16.59 g) were dissolved in a mixture of DMSO and Toluene (about

20% solid concentration).

This polymer has an inherent viscosity of 1.30 dl/g in DMAc (0.25 g/dl). IEC is 1.62
meq/g. Conductivity: 0.045 S/cm (0.090 S/cm, boiled in water 1hr), swelling by area in
boiled water 1 hr: 47%, water-uptake after boiling the membrane in water 1 hr : 65%

Example 34

This random copolymer was synthesized in a similar way as described in example 1:
BisK (11.35 g), S-BisK (20.27 g), biphenol (11.17 g), BisAF (13.45 g), and anhydrous
potassium carbonate (16.59 g) were dissolved in a mixture of DMSO and Toluene (about

20% solid concentration),
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boiled water 1 hr: 73% water-uptake after boiling the

nmenbrane in water 1 hr : 85% Exanple 32 This random
w@opshswser was synthesized in a simlar way asPCT/US2004/037815

described in exanple 1: BisK (13.09 g), S-BisK (16.89

g), biphenol (18.62 g), and anhydrous potassi um

carbonate (16.59 g) were dissolved in a m xture of
ThiDMI@manblaskal inberent vibensity 20 %28 alligdn DMAcNL6 &/ dIpnlEC isEO2

meqfF; Gaer i e Lo Ol Sippted T B eing BY arca in
boiRB &I 108! 1A oveaterlbaike afiersdilifg tRfhahibleé id Wetet D hr : 89%
water, so swefli ng and water-uptake data were not

obt ai ned properly. Exanple 33 This random copol ymer
Ex#aplelgnt hesized in a simlar way as described in

exanple 1. BisK (12.87 g), S BisK (17.31 g), biphenol

(9.81 g), BisAF (16.81 g), and anhydrous potassium

Thi$ #nB8RAB oIy Her WhsEyniesiCeinSSaYI8twh a@dd¥eribatl 8 Rbmple 1:
DVSO and” Tol uene (about 20% solid concentration).
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DMAc (0, 25 IECis 1. 62. 1 Q. I vitye
potg o Rt tobbe e Eastiedip F s DR b pong about

20%¥ola] &mckdiratiom)| ed water 1 hr: 47% water-uptake after
boiling the nenbrane in water 1 hr : 65% Exanple 34
Thi s random copol ynmer was synthesized in a simlar way
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Example 36

This random copolymer was synthesized in a similar way as described in example 1:
BisSO, (15.51 g), S-BisK (16.47 g), BisFL (7.01 g), BisAF (26.90 g), and anhydrous
potassium carbonate (16.59 g) were dissolved in a mixture of DMSO and Toluene (about

20% solid concentration).

This polymer has an inherent viscosity. of 1.07 dl/g in DMAc (0.25 g/dl). IEC is 1.30
meq/g. Conductivity: 0.018 S/cm (0.048 S/cm, boiled in water 1hr), swelling by area in
boiled water 1 hr: 27%o, water-uptake after boiling the membrane in water 1 hr : 29%

Example 37

This random copolymer was synthesized in a similar way as described in example 1:
BisK (13.09 g), S-BisK (16.89 g), 4,4'-cyclohexylidenebisphenol (BisZ, 26.84 g), and
anhydrous potassium carbonate (16.59 g) were dissolved in a mixture of DMSO and

Toluene (about 20% solid concentration).
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Thi s polymer has an inherent viscosity of 1.29 dl/g in

DMAC (0.25 g/dl). ITECis 1.92 neqg/g. Conductivity:
w@2@8856%7/tm (0.103 S/cm boiled in water 1hr),PcIEekionsgs781s

by area in boiled water 1 hr: 77% water-uptake after

boiling the nmenbrane in water 1 hr : 89% Exanple 35

This random copol yner was synthesized in simlar wa

Thigpolymees hppan inherent yisspstyo! 1.4 dikg DM @)25 gdii ERC is 1.57
meg/%; Cgljde%th l D58 g7c‘rr9 bsn/g éé%: l%izg 896):191)}1'1‘} gwglhng by area in
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solid concentration). This polynmer has an inherent
viscosity of 1.13 dl/g in DMAc (0.25 g/dl). TECis
Examﬂ,ieg,greq/g Conductivity: 0.027 S/cm (O 054 S/cm
boiled in water lhr), swelling by area in boiled
water 1 hr: 33% water-uptake after boiling the

Thﬁ%mfoﬁm)pomyrﬁat ®hs dynftlesized 8P4 s@iam@ a3 @esU?ﬂbéd P& aPle 1:

mer was synthesized in a simlar wa

BlSé(eglé OB dSBHsEX40m8P &), BisZ Bl 48R), Bis\ (1 681 g)Smgl agkydrous
poté%sﬁung Zax%gmatg (%: %9 %nglje (g%s‘olv%ldslﬁ": ﬂ(s&ggg 85' %S@ g.lqd Toluene (about

rous ass m car bonate
2O%isslsi@bmeyéntrat1@1)m xture of DMSO and Tol uene (about 20%
solid concentration). This polyner has an i nherent
viscosity. of 1.07 dl/g in DVAc (0.25 g/dl). TECis

3 G ERAH S doMdit Yot 10
T sARmTRel tn pRRF R sekiblr Ll OTAC A I TR C s 147
meg@t €onduchivity27.927 Same (0.0 Skm, bdiler inbedtes M), shvelling by area in
nbr ane. i ter 7 This random
oG A syeesiafler Rong Hh membiaay vt 1 1R T so%
descrl bed in exan‘pl e 1. BisK (13.09 g), S-BisK (16.89
cycl ohexyl i denebi sphenol (BisZ, 26.84 g), and
Ex aWRM%US pot assi um carbonate (16.59 g) were dissol ved
in a mxture of DMSO and Tol uene (about 20% solid
concentration).
This random copolymzzr was synthesized in a similar way as described in example 1:
BisK (13.09 g), S-BisK (16.89 g), BisZ (5.37 g), BisAF (26.90 g) and anhydrous
potassium carbonate (16.59 g) were dissolved in a mixture of DMSO and Toluene (about

20% solid concentration).

This polymer has an inherent viscosity of 1.08 dl/g in DMAc (0.25 g/dl). IEC is 1.42
meq/g. Conductivity: 0.027 S/cm (0.077 S/cm, boiled in water 1hr), swelling by area in
boiled water 1 hr: 44%, water-uptake after boiling the membrane in water 1 hr : 55%

Example 40

In a 100ml three necked round flask, equipped with a mechanical stirrer, thermometer,
nitrogen inlet and Dean-Stark trap/condenser, 4,4’-Thiolbisbenezenethiol (4.5074g), 4,4°-
difluorophenyl sulfone(2.7459g), sulfonated 4,4’-difluorophenyl sulfone (3.2994¢),
anhydrous potassium carbonate (3.3g) were dissolved in a mixture DMSO and Toluene

(about 20% solid concentration). The mixture was heated to toluene flux with stirring,
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33 WD 2005/ 050671 PCT/ US2004/ 037815 This pol yner has

an i nherent viscosity of 1.01 dl/g in DVAc (0.25
w@2@bsp5067EC i s 1.57 nmeq/g. Conductivity: 0.03BCBUSI004/037815

(0.064 S/cm boiled in water Ihr), swelling by area in

boil ed water 1 hr: 33% water-uptake after boiling the

nmenbrane in water 1 hr : 45% Exanple 38 This random
keeping dhe/tompenatge syt Esfor 4l then mcrsians tearrpewégreé@ 175°C for 6h. The

scri bed in le 1:.. .Bi.s 13.
reagﬁonng]x 15 zvil%ﬁﬁirgcg%nﬁge%@%(tef?ﬁ%& Oer%ldé %lﬁodugt then
wadhed 8§ hbtumateafobomake. (16. 59 g) vvere di ssol ved in a
m xture of DVMBO and Tol uene (about 20% solid

concentration). This polyner has an inher ent Vi scosity

ol BBt Dot LB By T

takd:69%, Thwefbhmnig isiat se dorthn formmmam I evherk ah=F 0.64hd%= 0.4
wat er - upt ake after boiling the nenbrane in water 1 hr
50% Exanple 39 This random copol ynmer was
ExzﬁﬁﬁkhﬂSI zed in a simlar way as described in exanple
1. BisK (13.09 g), S-BisK (16.89 g), BiszZ (5.37 g),
Bi SAF (26.90 g) and anhydrous potassi um carbonate

In o 100nf @) n¥eREE relingB Ak ellipped Wtk b h{e‘éhﬁﬁc@kﬁ@e@ ﬂ@rmometer
Tol uene (about 20% solid concentration).

nitthgas i MPBPENStads SEDPRIPTBN: 4108 PO eNEL 3, DRIE), 4.4
d
ainleBphenrl gt AT RO Brue RN M bbnyDeliphe £ 8604g)
anhpdioue dotassien carbbiiate43 3g) Wateahssobtedhlﬁ aafdlfllé(allre BcMﬂ?L(g ggd Tohiene
t 55% n ] .
S Sitho e i A i
kee?fn' g ElempbBREEHBLEC for BhhA9ERrdagd %&n&?ﬁuﬂ@qéﬁ7§t(;afo;f 6h. The

condenser, 4,4'-Thi ol bi sbenezenethiol (4
reactiof mixture was filtered and precipitates from methanol to get the rude product, then

washed by hot water four times.

The membrane conductivity: 0.056S/cm, Swelling after boiled: 46% by area, water up-
take:29%

Example 42

In a 100ml three necked round flask, equipped with a mechanical stirrer, thermometer,
nitrogen inlet and Dean-Stark trap/condenser, 4,4°-Thiolbisbenezenethiol (4.5074g), 4,4°-
difluorophenyl sulfone(3.3599g), sulfonated 4,4’-difluorophenyl sulfone (3.0933g),
anhydrous potassium carbonate (3.3g) were dissolved in a mixture DMSO and Toluene
(about 20% solid concentration). The mixture was heated to toluene flux with stirring,
keeping the temperature at 140°C for 4h, then increase temperature to 175°C for 6h. The
reaction mixture was filtered and precipitates from methanol to get the rude product, then

washed by hot water four times.

35



di fl uorophenyl sul fone(2.7459g), sulfonated
4,4" -di fl uorophenyl sulfone (3.2994g), anhydrous
WEassicom car bonat e (3.3g) were di ssol ved i n BCTUK1004/€37815
DMSO and Tol uene (about 20% solid concentration). The
m xture was heated to toluene flux with stirring, 34
WO 2005/ 050671 PCT/ US2004/ 037815 keeping the
ExamgplpdBat ure at 140C for 4h, then increase tenperature
to 175C for 6h. The reaction mxture was filtered and
preci pitates from nethanol to get the rude product,
In at106m! thwes heckeld younst ﬂMt equippedrwith areechafhenl stéméry thegmometer,
.. conducti v Swel |i.n aft boi | ed: 9 ,
nite e, L Vi G BP OV L4 SR AP re RO 07, 4.4
dlﬂu&Bf)llibnfyP:fulfcﬁfe(QJb’m?'gb |sﬁlﬂ3ﬁﬁ5&4 @’-ﬂﬂﬂm@olﬁ{éﬁypsuﬁoﬂe ¢1.8306g), 2,5-

hree necked round fl ask
DlCh’@mH@PBﬂ swifohe €l. h“é’dlgamnbadrogs petegsium cadonwmE3.3g), were dissolved

ina A{m} ur%ﬁﬂ/gﬁ(gl agg élﬁ g%%ou}??@% 490216 %g{lse%?r%ﬁ@e "The mixture was

heafdtiftd tdh@RIRAYWith @infrﬁigek&pﬂYg“tK@ YemSehthif @ t1@0°C for 4h, then
4,4' -di fl uorophen % suI fone (2.8874g), anhydrous
incrgasedemperauEa b bk dor eh. 3w regstion misiee wag filtered apg preginitates

fro%%a?lgpto t J']t%da %?&thld{ AR A Iaél gy ﬁ8{'ﬁr§t@{ Fodl bigfak.  The

dluene ux” W stirring,
keepi ng t he terrperature at 140C for 4h, then increase

tenperature to 175C {0 The eact.j Qn_Jm xt ure was
Thempngiegs cnpoHy H %9%‘5/ $W@ﬂf&é¥tﬁfaa‘mieat bg]‘tféi’y @, water up-
akgmig%product then washed by hot water four tines.
he nmenbrane conductivity: 0.056S/cm Swelling after
0|Ied 46% by area, water up- take:29% Exanple 42 In
Exﬁh%% t hree necked round flask, equi pped with a
anical stirrer, thernoneter, nitrogen inlet and
Dean- Stark trap/condenser, 4,4'-Thiol bi sbhenezenet hi o

In & 7b0n (48e ne ke round flask, equipped with a mechanical stirrer, thermometer,
nitrogen inlet and Dean-Stark trap/condenser, 4,4’-Thiolbisbenezenethiol (3.3805g), 2,9-
dihydroxyl-fluorene (1.53g), 4,4’-difluorophenyl sulfone (2.9747g), sulfonated 4,4’-
difluorophenyl sulfone (2.8874g), anhydrous potassium carbonate (3.3g) were dissolved
in a mixture DMSO and Toluene (about 20% solid concentration). The mixture was
heated to toluene flux with stirring, keeping the temperature at 140°C for 4h, then
increase temperature to 175°C for 6h. The reaction mixture was filtered and precipitates

from methanol to get the rude product, then washed by hot water four times.

The membrane conductivity: 0.065S/cm, Swelling after boiled: 60% by area, water up-
take:84%

All references cited throughout the specification, including those in the background, are

specifically incorporated herein by reference in their entirety.
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di fl uorophenyl sul fone(3.3599g), sulfonated

4,4" -di fl uorophenyl sulfone (3.0933g), anhydrous
WEassicom car bonat e (3.3g) were di ssol ved i n BCTUK1004/€37815

DMSO and Tol uene (about 20% solid concentration). The

m xture was heated to toluene flux with stirring,

keepi ng the tenperature at 140C for 4h, then increase
Altliomigh élreapraseat inerit Y&GiChdsobees llescTived wi@arcfeirmemb ptetﬁarmdvvas

filtered and precipitates from net et th
ombogiRCTT. aa0ES KU RSO IO A2 A PR Ry fedgadeds form
and%aﬁ%@{&@@xﬁ)%ﬁlfﬁ%hﬁ%@@ﬂﬁ@ﬁﬂ@g&pe X e¥heerftidn! N a
t hree "'necked round fl ask, equipped with a
nechanlcal stirrer, thernnneter nitrogen inlet and
Dean- St ar k trap/condenser, 4,4'-Thio|bisbenezenethio
(4.5074q9), 4,4'- difluorophenyl sulfone(2.9747q),
sul fonated 4, 4'-di fl uorophenyl sul fone (1.8306g), 2, 5-
Di chl or ophenyl sulfone (1.1441g), anhydrous potassium
carbonate (3.3g) were dissolved in a m xture DVSO and
Tol uene (about 20% solid concentration). The m xture
was heated to toluene flux with stirring, keeping the
tenperature at 140C for 4h, then increase tenperature
to 175C for 6h. The reaction m xture was filtered and
precipitates from nethanol to get the rude product,
t hen washed by hot water four tines. The nenbrane
conductivity: 0.054S/cm Swelling after boiled: 154%
by area, water up- take:209% Exanple 44 In a 100ni
t hree necked round flask, equipped with a nechanica
stirrer, thernmoneter, nitrogen inlet and Dean-Stark
trap/ condenser, 4,4'-Thiol bi sbenezenethi ol (3.3805q),
2,9- di hydroxyl -fluorene (1.53g), 4,4'-difluorophenyl
sul fone (2.9747g), sulfonated 4,4'- difluorophenyl
sul fone (2.8874g), anhydrous potassi um carbonate
(3.3g) were dissolved
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in a mxture DVMSO and Tol uene (about 20% solid
concentration). The m xture was heated to toluene

WO baeg/osderh stirring, keeping the tenperature aPCIUSIB04/037815

for 4h, then increase tenperature to 175C for 6h. The
r eaghy ' I filtered. and precipitates from
metwﬁ!IR C S[Sude product, then washed by hot
wat er four tinmes. The nmenbrane conductivity:

0. 065S/ crn iGvebhduwegvatsmlyhe havilig thO%orimular ea, wat er
up- take:84% All references cited throughout the

speci fication, (AN&, NEXOEAr dat)gpagngﬁ%t}qgs -Ragkgxoynd, are

spe(:lflcally |ncor porated herein by reference in their
ent 3 5 4
At s i R Ll e -
r ef &ﬁﬂi&ﬁﬁl iyl miteileg Bulﬁdltute atyd aitrien tusd ADHIEIMI‘SA@ KirtHee d
inthe art wll ni ze that
f or FATRIH 2AdPRIPIHLHE GHoURe 5%3 ?erlalﬁwqmée%tbw &%)
sco 050650

?%)gg 024?835(3\5{%@ Nﬁ_ﬁﬁééﬁ&@gﬁ%&—gﬁ I %0 &/ .]and whereln at least
condmacctf}éﬁxeoﬁelaydré% ihaSH; ng the fornul a: (ArI
X1Ar 2X2Ar 3X3) a/ (Ar4- X4- Ars- Xs- Ar6- X6) b where Arl, Are,
Ar4, Ar5 are independently phenyl, substituted phenyl
napkhydnd AR at&thiRiemélor deffarbntHdnk biuﬁh othéglliakdit € aryl

nitrile, and Ar4 and/or Ar5 further conprise an ion
conducting group, Xl and X4 are independently -C(O) -

or - X3, X5 and X6 are independently -0- or
- S- : cast one of X2, X3, X5 and X6 is
-S-: are the sane or different from
each ot

CFa

38



H3 CH3 7 F3 CF3 150 0 -<D-, 20\ / cx2 38 WO

2005/ 050671 PCT/ US2004/037815 , 10 0 0 or 39 WO
WQRSHIBO671 PCT/ US2004/ 037815 wherein t he i oPCT/US2004/037815

conductive groups conprise SO3-, -COO, H2PO3- or

sul f : 5 wherein a is between 0.01 and 0.99, b
IS betye . = 1.0. 2. Anion
conduc Aving the formula: so3 0 0 6 11
ONG :
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Were A = 0.60 and B= 0.40 10 3. A sul fonated
copol yner having the formula 0 So3H 60-0--0\1-0 - 4

wO02®smses7k where n and mare nole fractions, nPOTWS2004/037815

equals 1, nis between 0.1 and 0.5, 15 mis 1 m nus
n, and k is between 40 and 200. 4. A proton exchange
wenbrane (PEM) conprising the ion conductive random
copelymer of claim1 through 3. 40 WD 2005/ 050671
P 2004/ 037815 5. A catal yst coated nenbrane (CCM
¢ sing the PEM of claim4 wherein all or part of
at ™~ east one of the opposing surfaces of said nenbrane
[ e, el ectrode
S L e S SRSk s R
fulfehingdd;| conpri si ng the MEA of cla|n16. 8. An
el ectronic device conprising the fuel cell of claim7.

9. An electric notor conprising the fuel cell of claim
Wherdid add between 0.0 1and 0.99, b is between 0.01 and 0.99, and a+ b=

1.0.

2. An ion conductive copolymer having the formula:

OO0~ %/%j} e

Where A = 0.60 and B= 0.40

3. A sulfonated copolymer having the formula

wgﬁgﬁ@}(@i@o@ﬁ@%

where n and m are mole fractions, n plus m equals 1, n is between 0.1 and 0.5,

m is 1 minus n, and k is between 40 and 200.

4. A proton exchange membrane (PEM) comprising the ion conductive

random copolymer of claim 1 through 3.
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5. A catalyst coated membrane (CCM) comprising the PEM of claim 4
wherein all or part of at least one of the opposing surfaces of said membrane

comprises a catalyst layer.

6. A membrane electrode assembly (MEA) comprising the CCM of

claim 5.
7. A fuel cell comprising the MEA of claim 6.
8. An electronic device comprising the fuel cell of claim 7.

9. An electric motor comprising the fuel cell of claim 7.
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