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Fuel cells have been projected as promising power sources for portable electronic

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) have 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 exchange
membrane (PEM), catalyst disposed on the opposite surfaces of the PEM to form a
catalyst coated membrane (CCM) and a pair of electrodes (7.e., an anode and a

cathode) disposed to be in electrical contact with the cataly st layer.

Prbton—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 high temperature fuel cell application 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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prepare sulfonated polysulfone polymers.

The need for a good membrane for fuel cell operation requires balancing of various
properties of the membrane. Such properties included proton conductivity, fuel-
resistance, chemical stability and fuel crossover especially for high temperature
applications, fast start up of DMFCs, and durability of cell performance. In addition,
it is important for the membrane to retain its dimensional stability over the fuel
operational temperature range. If the membrane swells significantly, it will increase
fuel crossover, resulting in degradation of cell performance. Dimensional changes of
the membrane also put stress on the bonding of the catalyst membrane-electrode
assembly (MEA). Often this results in delamination of the membrane from the
catalyst and/or electrode after excessive swelling of the membrane. Therefore, it is
necessary to maintain the dimensional stability of the membrane over a wide

temperature range and minimize membrane swelling,
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If two hydrophobic oligomers are used, the first oligomer preferably comprises a first

monomer and a second monomer whereas the second oligomer comprises third and
fourth monomers. In one aspect, the oligomers are hydrophobic. In another aspect,

one of the first or second oligomer is a hard polymer relative to the other.

The ion conductive monomers comprise a monomer and an ion conductive group such
as a sulfonic acid group. In some embodiments, the same monomer that does not
contain an ion conductive group can be used as the linking monomer in combination
with the ion conductive monomer to control the degree to which the copolymer
contains ion conductive groups. Alternatively, the linking monomer is structurally
distinct, i.e., different from the ion conducting monomer. The relative amounts of
monomers and oligomers used to synthesize the copolymer can be varied to control

the relative amount of ion conductive groups in the copolymer.

Prior to synthesis, each of the first oligomer, second oligomer and ion conductive
monomer contain leaving groups, such as halides, at their distal ends. The linking

monomer, on the other hand, comprises two displacement groups such as phenoxide,
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where the first group (Ar;X;-Ar-X,An-X5) n-Ar X-Ar,- corresponds to (AB),A, the
second group (Ars-X,-Ars-Xs-Arg-Xe¢)n-Ar-Xs-Ars- corresponds to (CD),C, where (AB)nA
and (CD),C may be the same or different. (Ar,-X;-Arg) is a monomer that is modified
to contain an ion conducting group and R;-Ary-Y-Ar,o-Ro- is a linking monomer. In a

preferred embodiment, (AB),A and (CD),C are different.

In this formula, Ari, Ary, Ary, Ars, Ary, Arg, Ary Arig, are independently phenyl,
substituted phenyl napthyl, terphenyl, aryl nitrile, substitute aryl nitrile, and one or
more of Ar; and/or one or more of Arg further comprise one or more pendant an ion
conducting groups, X; and X4 are independently —~C(O)- or —S(0),, X3, X3, X5 and X
are independently —O- or —S-; X7 is a bond, -C(O)- or S(O),-.

Ar; and Arg are the same or different from each other and are
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8 - Formula I'll \ J (ratio of
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ferred ebodinent is the cool yner of Fornul a
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wherein the ion conductive group comprises -SO;H, -COOH, -HPO;H or -SO,NH-
SO,-RF where RF is a perfluorinated hydrocarbon having 1-20 carbon atoms and said

ion conducting group are pendant to the copolymer backbone;

R; and R, are independently -O-or -S-.

wherein a, b and ¢ are independently between 0.01 and 0.98 and a +b +¢ = 1,

wherein m is between 1 and 12, n is between 1 and 12,

and wherein Y is a bond, -C(O)-, or -S(O5)-, and Arjp may be present or absent when
Y is a bond.

In some embodiments utilizing a single hydrophobic oligomer, when the ion
conducting monomer used to make the copolymer is SBisK, the linking monomer is

not BisK,
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and wherein a is between 0.05 and 0.2, b is between 0.01 and 0.2 and ¢ is between 0.5
and 0.95. In a preferred embodiment, a=0.13, b = 0.036 and ¢ = 0.83.

In another preferred embodiment the invention comprises a copolymer of Formula III,
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nmet hanol fuel. FIG 5 depicts the polarization curves
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FIG. 3 demonstrates the effect of relative humidity on the cell voltage of fuel cells
containing the copolymer of Example 1 as compared to Nafion® 112.

FIG. 4 depicts the polarization curves and power density for the MEAs made in
Examples 22, 23 and 24. MEA testing conditions: 6 mg/cm? Pt-Ru in anode, 4
mg/cm2 Pt in cathode, 60 °C cell temperature, 2.5 stoichiometric air flow, IM

methanol fuel.

FIG. 5 depicts the polarization curves and power density for MEAs 23 and 24. MEA
testing conditions: 6 mg/cm2 Pt-Ru in anode, 4 mg/cm?2 Pt in cathode, 60 oC cell

temperature, 2.5 stoichiometric air flow, 1M methanol fuel.
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In another aspect, one of the first or second oligomer is a hard polymer relative to the
other. Generally, the relative hardness or sofiness of one polymer versus another can
be determined by comparing the glass transition temperatures for each of the first and
second oligomers. A higher glass transition temperature indicates that the oligomer is
harder than the one used for comparison. A determination of whether a particular
monomer is harder or softer than another can be made comparing the glass transition
temperature of homomonomers. Alternatively, the first monomer and third monomer
in the first and second oligomers are the same allowing monomers 2 and 4 to be

varied so as to compare the relative hardness of one versus the other.

Uses of such polymeric materials include the formation of polymer electrolyte
membranes (PEMs), catalyst coated membranes (CCM’s) and membrane electrolyte
assemblies (MEA’s) which may be used in fuel cells and the like.
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co%tigg g{ol(ﬂ:q éﬁeag refatncglztrﬁ%e(ls: &m%oal{]%it ig_ﬁ%icu%;l %gﬁh I)\(?lglllg(él(l) %ough
theaind catiductingegdasi |y - O or -S-; X7 is a bond, -

AO- or -S(O -. and are the same or different from
each other and are- 14 - wherein the ion conductive

GegéralipethoaPior fesprepddhdibn of iHOBIARELingXdpOFhers are as follows.
The methods include the steps of combining a first comonomer with a second
comonomer to form a first oligomer and separately combining a third and fourth
comonomer to form a second oligomer. The first and third comonomer have at least
two leaving groups and the second and fourth comonomers have at least two
displacing groups. In one aspect, the first and third comonomers are in a molar excess
relative to the first comonomer, thereby forming first and second oligomers with
leaving groups on the end of the first and second oligomer. The ion conductive
monomer preferably also has two leaving groups. The linking monomer has at least

two displacing groups .

The term “leaving group” is intended to include those functional moietiés 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



2-RF where RF is a perfluorinated hydrocarbon having
1-20 carbon atons and said ion conducting group are
wpeondasmeos o t he copol ymer backbone; R and are PCT/US2004/037805
i ndependently -O, or - Swherein a, b and c are
i ndependent |y between 0.01,3nd 0.98 and a + b + ¢ = 1,
wherein mis between 1 and 12, n is between 1 and 12, -
15 - and wherein Y is a bond, -C(O-, or and may be
present or, absent. when Y is_a bond. In a preferred
VAR ARSRIRFRI Y, BPe.HiEDIA P BIOBR borarBRh LM ot frth abayer hn

xRN A L0 PRl B8 o B R R s o

phérioxkden glkmmde nesulﬁdeui;m’s agsocidted iwith amnatlnemohemeﬂs. of
randommess in the polynmer so fornmed. In these and
other fornmulas, mand n are independently 1-12, nore

Anprxefpleadf the dyntliesisafd fivetrand prseéaidadiigym2r B8,as @vltbwedshere LG

. ef.er abl particularly preferred
IS*E Yolsi anﬁﬁ%ﬁ%ar&ﬁp lacqment gra¥he” enbodi ments of this
or ot her forrrul as herein at |east one of mor nis 2.

I ers, mand n are at least 2. In sone
Th%%ﬁ%&”ﬁ%’ﬁ?%”%é@@ﬂ@i@m% used as the ion conducting
nmonomer, BisK is not used in conbination with SBi sk
The nole fraction of thEommauwladIs conponents as defined
by a, b and ¢ are as follows, a is preferably between

LGARXK -AR:14G -DGA G f-e riaiyAy;- e meerA ), 06 X, A3,-26, and
comsdnopree fAer abdnyoroeden®en 0. 05 andigdmdb(AB),iss preferably
between 0.01 - 0.04, nore preferably between 0.05 and
0.3, and nost preferably betmeen 0.05 and 0.2. c is

wh%@éﬁbﬁ&h&@%lﬁ%ﬁ&SQ 2 - 0.94, and nore preferably
bet ween 0.5 .

The second oligomer is similarly made:
Formula VII

LG-AR4X4ARs-LG + DG-ARe-DG — LG(ARsX4AR5-X5AR6-X¢)n-AR4X4ARs-LG
comonomer C comonomer D oligomer (CD),,C

when comonomer C is in excess.

First oligomer I, second oligomer II and an ion conducting monomer with two leaving
groups and a linking monomer with two displacement groups are combined in a
reaction vessel to form the ion conducting copolymer. Alternatively, the leaving
groups and displacement groups can be exchanged. In either of these approaches, the

copolymers can be represented by formula I:

Formula I

-((Al‘l X] —Al‘z -XQAI‘3 -X3) m-Ar1 -X1 —Arz-)a / ((AI‘4-X4-AI'5-X5 —Ar5-X6)n-Ar4—X4-
Ars-)b/ (AI‘7-X7-AI’8)C -R1Ar9-Y-Ar10-R2-



The nol e percent of ion conducting groups in the ion
conducting copolyner is calculated as follows: c
waelewsdedby a(n+l) + b(mHl) + c. In using thisP¢DURDE)I7805

the nol e percent of a nononer containing a single ion
conducting group is preferapgy bet ween 30 and 70% or
nore preferably between 40 and 60% and nost
preferably between 45 and 55% Wien nore than one

tained within the jon

ctln group C
WRGR A A o »A@u‘gﬁ apd Arwriragdepeadently phenph ﬁléntlwed
pﬁeﬁlﬂ ﬁa@ﬁ@h tBipRBSIL, 81 hiffle GABSHEEH thﬁfépénd%f aﬂ%?
in thée case of a monomer co on c
fuatbcmpogrmum 1011 henductifigegroep, Xmﬁdﬁaare mdep&d@ﬁ)tl)t 0 140%

r t0r,16 - nd most_, pyref erably
R sTof Xa Yo Rett e indsoulrbfir O by 15 bona-
C@ndrgOng. group can be nmeasured by the ion exchange
capacity (I EC). By way of conparison, Nafion(r)
Arsynil g 1 theasame @rmfféwnh&mg@ada@é@n adad 0.9 nmeq/ gm
I n the present invention, it is preferred that the | EC
en 0 and 3.0 neq per gram nore preferably
.5 nmeq per gram and nost preferably

' .2, meq per gram The foregoing ranges
can be readlly adapted for use in defining other
. ned herein. In an alternative

, gonononer |1 and conmononer |V are in
N p\@du'e oligomer 1A and A as foll ows:
eX - -X -Ar -X -VAr -DG Aigoner IA

DG C (Ar -X - Ar -X-Ar -XOnAr -DG A igoner HA



When oligoners 1A and A are used in conbination with

an i on conducting nononer conprising two displacenent
w@e@apseand a | i nki ng nononer conprising two | BEUSIP04/037805

groups, the copolyner so produced can be represented

by formula V: Formula V (Ar,-X -An-X Ar X ) -Ar -)

J(-Ar -X -Ar =X -Ar -X) “AFZ) 7(- 1 -X . ArCc-Re- Ar

-Y-Arl -R wherein each of the conponents are as

previ ously described. In another enbodi nent, the

\S an exanpl e of such a situation:-
—X-Ar -X A -X) mATr -) /((Ar
XA -V(Ar - X-Ar ) -RAr
=2 , Ar , Arg and are
phenyl napt hyl ,
ed aryl nitrile, and
Tala ' ' conpri se i on conducting group,
and X are independently -C(O- or -S(O , X, X, X
and are—lndependently - O or -S-; Xis a bond, -
' The Ar nononers are the sanme or
T T ot her and are where the nononers
or |different fromeach other and are- 18
erein the ion conductive group conprises - SG3H
-COOH, -HPO3H or -SO2NHS 2-RF where RF is a

and said I
copol yner /backbone;

>

wherein the ion conductive group comprises -SOsH, ~-COOH, -HPOsH or -SO,NH-
SO,-RF where RF is a perfluorinated hydrocarbon having 1-20 carbon atoms and said

ion conducting group are pendant to the copolymer backbone;

R and R; are independently -O-, or —S-

wherein a, b and ¢ are independently between 0.01 and 0.98 anda+b+c=1,

wherein m is between 1 and 12, n is between 1 and 12,



R and are independently -Oor -S-. wherein a, b and c
are i ndependently between 0.01 and 0.98 and a + b + ¢
WGe25/08e6 ein mis between 1 and 10, n i s betvweenus2o0a4a37805
10,- 19 - and wherein Y is a bond, -C(O-, or -S(Ch)-,
and may be present or absqg%_when Y is a bond.
Simlarly, Formula V can be"nodified such that and Ax
are selected fromthe aromatic groups as set forth in
Formula_VlI. The preparation of the disclosed first and
and ihsrean &) 15 gdweds -56e)-¢ PloiS€Q2)dnd Ra o rednbrpreseng onghgent when Y
is k&h%ng nmononer provide flexibility in the fornmulation
of the ion conductive copolyner. Selected first and
second ol i goners and nononers (both ion conductive and

Ll - [ ] [ raf i,o 0 provide
In % (Ig) %@%ﬁ?@gﬁd&%?%{égg%\b g r%g% lfnl)% dgﬁérﬁﬁty $1e §%Cha(%5érc hem cal
properties. A particularly preferred enbodi nent is:

. | a.l rehn LS . C wherei.n a is between 0.05
te iR B Beriso LA oo sTielmeRcing i it i Pt o
cofibmedizad Or 8. to kit Iinkichensae did@edbivdiihg ambtierlevkBof b =

0.036 and ¢ = 0.83.- 20 - Fornmula Il Ar = (ratio of

rangopwesion/thepelymesspfonped = 0.13, b = 0.036, ¢ = 0. 834
Anot her preferred ebodinment is the coolyner of formula

HC.
In these and other formulas, m and n are independently 1-12, more preferably 1-10,
and more preferably 2-8, and most preferably 3-6. In a particularly preferred
embodiment, m and n =4. In some embodiments of this or other formulas herein at

least one of m or n is 2. In others, m and n are at least 2.

In some embodiments, when SBisK is used as the ion conducting monomer, BisK is

not used in combination with SBisK.

The mole fraction of the various components as defined by a, b and ¢ are as follows.
a is preferably between 0.05 — 0.4, more preferably between 0.05 — 0.25, and most
preferably between 0.05 and 0.15. b is preferably between 0.01 — 0.04, more
preferably between 0.05 and 0.3, and most preferably between 0.05 and 0.2. c is
preferably between 0.2 — 0.94, and more preferably between 0.5 and 0.94.

The mole percent of ion conducting groups in the ion conducting copolymer is
calculated as follows: c divided by a(n+1) + b(m+1) + ¢. In using this formula, the
mole percent of a monomer containing a single ion conducting group is preferably
between 30 and 70%, or more preferably between 40 and 60%, and most preferably
between 45 and 55%. When more than one conducting group is contained within the
ion conducting monomer, such percentages are multiplied by the total number of ion
conducting groups per monomer. Thus, in the case of a monomer comprising two

sulfonic acid groups, the preferred sulfonation is 60 to 140%, more preferably 80 to



Formula IVAr =a =0.13, b = 0.036, ¢ = 0.834- 21 -
In alternate enbodi nents, one oligoner is used rather

wo bas/ossss or nore di fferent ol igonmers. Where tPCBUSR04/037805
the case, in sone enbodinents, it is preferred when
SBisK is the only ion condyg%[ng nononer that the BiskK
nmononer is not used. In another enbodi nent, where a
single oligoner is used, the copol yrmer is other than
that set forth in ExanEIes 3-1 6 herein. Pouy

13fiand eest peaferly AP il éQoe dhlisynativelys theameast ofrign eqandmh@ng

oSS 1 GPRETEL SR 1Y 1 P
Nefbor Gtpicadlyab wiwr exchendl oepabquoftd?%r]{laq/gﬂl. dan dld%ﬁ'@:?ﬁte I

r use in a fu
GO s PETSEreg A B B PTG PAn G T B 4648, Tere
p@f%&é(kﬁ? Betvedn 1D aHA 2B n2q pBPESmPLRd ﬁbﬁwéyfgﬁgfm%ee]naﬁg Gnd

ml's, nost preferably be ween .

ZEmNmaWrEEmcoated over polyner substrate As used
herein, a nenbrane is perneable to protons if the
proton flux is greater than approxinmately 0.005 S/cm

Tlaeofoee goingf rangds| oan e ecaddy atdzied tor @de B/ definingmsher formulas

ref abI greater than 0.02 S/cm As used herein, a
r%%er %s substantially inperneable to nethanol if
t he net hanol transport across a nenbrane having a

n thickness is |ess than_ the transfer_of pnethano
I %erait&e H"Wﬁaﬁﬁm SeREPREr 1 end pamengmer {Kjazmexgess ppd

praaﬁi‘eejlfg@ﬂleﬁmgﬂdﬁﬁnés%ﬁ&%s .perneabi ity of nethanol is
preferably 50% | ess than that of a Nafion(r) nenbrane,

nore preferably 75% | ess and nost preferably greater
than 80% DG-(-(Ars-X3- Ar-X;-Ary-Xs)mArs-DG

Oligomer TA
DG-(-(Are-X¢- Arg-X4-Ars-Xs. )y Arg-DG

Oligomer ITA

When oligomers IA and IIA are used in combination with an ion conducting
monomer comprising two displacement groups and a linking monomer comprising

two leaving groups, the copolymer so produced can be represented by formula V:

Formula V

(AI‘3 -X3—AI’1-X1AI‘2X2) m-Al’3-)a /i (—AI‘6-Xs-Ar4-X4-AI‘5-X5)n-A1‘6-)b/ (-AI’7-X7. Arl)c-Rg-
AI’9-Y-AI‘10—R2

wherein each of the components are as previously described.

In another embodiment, the oligomers have different hardness as compared to each

other. Formula VI is an example of such a situation:



| ess as conpared to the Nafion(r) nenbrane. After the

i on conducting copol yner has been forned into a
woreeoboaeeg it may be used to produce a catal yseCTUS10e4037805

menbrane (CCM. As used herein, a CCM conprises a PEM

when at | east one side and eferably both of the

opposi ng sides of the PEM are partially or conpletely

coated with catalyst. The catalyst is preferable a

| ayer made of catal yst and iononer. Preferred

catal ysts are Pt anBowulRRVI preferred iononmers include

hbflon(r%ahnd ot her ion conductive polyners. In
~(@en¥rar-Xahodés) andin Caioid((A2Xs-AcakalAreKe el Xapnd-)p&dr -
<. OR ﬁ %h qg; ape by well established standard

techni of i rect nethanol fuel cells,

platlnuniruthenlun1catalyst is typically used on the

anode side while platinumcatalyst is applied on the

Whele R d Vs e Atsey 7 Hyldr Sy and At ags indgrandegety Rh@‘ygle subfstipited

r n ral
pHERYY B orph I bt OF R R, HEP S e A
flltthﬁ‘ coatphise en mmkmnd(fatnglhgtsm@ anl dbe a@@ffndémﬁﬂfrl}ﬂy
por o] The catalyst is initially.
p%fr §§3)zr %2:2??33 Png gnd e indspenganidy ~Papiodt: XOowgond, -
(ggtaﬂg@j in 1 g of water). To this dispersion a 5%
|ononer solutlon in water/al cohol is added (0.25-0.75
The resultlng dlsper5|on may be dlrectly pai nt ed

Th%r&lg g Ep % e S e PP e BT

nmenbrane. The catal yst may al so be
>rbrane by decal transfer, as

open literature (El ectrochimca Acta,
The CCMis used to nmake MEA's. As

2 made froma CCM according to the
bi nati on wi th anode and cat hode
/i oned to be in electrical contact

H

where the Arg monomers are the same or different from each other and are



with the catalyst |ayer of the CCM The el ectrodes are
in electrical contact with the catal yst |ayer, either
wa@lzoososdeys or indirectly, when they are capabl eP@f/US2004/037805
conpleting an electrical circuit which includes the
CCM and a |l oad to which the fuel cell current is
supplied. Mrre particularly, a first catalyst is
el ectrocatal ytically associated with the anode side of
the PEM so as to facilitate the oxidation of hydrogen
or organig¢ fuel. Such oxidation generally results in
gt'i ofrof protons, electrons and, in the case
»,—car bon di oxi de and water. Since the
5 oS Suystantial ly inperneable to nol ecul ar
hydrogen and organi’c fuels such as nethanol, as well
as carboncgi oxi de, such conponents remain on the

angd sigle © e nenbrane. Electrons fornmed fromthe
Q ; (! caction are transmtted fromthe
cathode t¢. thet%ad and then to the anode. Bal anci ng

this direct electron’current is the transfer of an
[ of protons across the nmenbrane to

di ¢ _conp ent. There an el ectrocatal ytic
AN o Ygey in the presence of the transmtted
occurs Yoform,water.- 23 - In one enbodi nent,

used to divide a fuel cell into
nmpartnments. In such fuel cel

o as hydrogen gas or an organic

ol is added to the anodic

oxi dant such as oxygen or anbi ent
t he cat hodi ¢ conpartnent.

ctt-ar use of a fuel cell, a
onbi ned to achi eve appropriate

>

wherein the ion conductive group comprises -SO;H, -COOH, -HPOsH or -SO,NH-
SO,-RF where RF is a perfluorinated hydrocarbon having 1-20 carbon atoms and said
ion conducting group are pendant to the copolymer backbone;

R; and R; are independently -O-or -S-.

wherein a, b and ¢ are independently between 0.01 and 0.98 anda+b+c =1,

wherein m is between 1 and 10, n is between 1 and 10,



power sources for residential, industrial, comercia
power systens and for use in |oconotive power such as

W0 pooansweobi | es. Ot her uses to which the i nvene@DNS2004/037805
finds particular use includes the use of fuel cells in
portabl e el ectronic devices;guch as cell phones and
ot her tel ecommuni cation devices, video and audio
consuner el ectronics equi pment, conputer | aptops,

onput.er,, not ebook personal digital assistants and
af’@t‘ﬁgﬁrele%ﬁuﬂ [T o)Lt :g@:ﬁsa BeBay Be Present|or ghsent yhen
Y adgdhédpn, the fuel cells may be stacked to increase
vol tage and current capacity for use in high power
applications such as industrial and residential sewer
services or used to provide |oconotion to vehicles.
Such fuel cell structures include those disclosed in
Siwilgrly Harewia Nasn be mitibibsich thad A3, £64A rs Grel @fec@@4rom the
5,840,438, 5 3,,16 57 281, 5,547,776, 5,527,363,
arghal SRS a%s,egg%%%‘%or@%s 680, 5,432,021, 5,382,478,
5, 300, 370, 5,252,410 and 5, 230,966. Such CCM and MEM s

are gener al seful in fuel cells such as those
TH R ghiie faopat andggcons! Jiggmenand choepfien,
Rk s e s
cogdurdige 2000lymeB o8klena] fit dddse6ad] oligodRts ARBMoMMEH (HdHion

1,374 420, 544 .759, 712, 5,807,412, 5,670, 266,
coftfple g inGingEgn s rondidabn e brattiogtariceimmmlisrer
hawinig Ghvaristyeoxiphg sishanid REeMRAI plopettiBer ei n by reference.

The CCM s and MEA' s of the 1nvention may al so be used

in hydrogen fuel cells which are known in the art.

A Bx66RbEs pidfehratiembof3@nae9; 6,617, 066; 6,602, 920;- 24
: 6,602,827; 6, 568, 633; 6, 544, 679; 6, 536, 551;

6, 506, 510; 6, 497,974, 6, 321, 145; 6, 195, 999; 5, 984, 235;
5,759, 712; 5,509, 942; aqﬂwﬁnﬂ§§5989 each of which are

K@SOO.@@—C%/@gg@EZ@P@g_\—/b /’
P

wherein Aris ;

o0 o0

wherein a is between 0.05 and 0.2, b is between 0.01 and 0.2 and ¢ is between 0.5 and

0.95. In a preferred embodiment, a=0.13, b=10.036 and ¢ = 0.83.



expressly incorporated herein by reference. The ion
conducti ng pol ynmer nenbranes of the invention also
WO 2ovd/ouses as separators in batteries. Parti cul B€T/¥S2004/037805
preferred batteries are Iithiumion batteries.- 25 -
Exanples A list of some of,the nononers used in
practicing the invention are set forth in Table I.
Table I. Mononmers Used 1) Difluoro-end nononers
Acronym Ful | nanme Mol ecul ar Chem cal structure weight
Bis K 4,4 ' -Difiuorodoxssdatone 218.20 Bis SO 4,4
-Di fl uor odi phenyl sul fone 254.25 - ? S-Bis K
3,3 -disulfonated-4,4"- 422.28 SO Na

di £1 uor obenzophone NaO,S 2)\ Di gydr gxy-end nogpners Bis
i gl scaiogmol P O OO,
exa uorﬁsba Xt

»lsopropylldene) lrw F dlpheno

\

Ar= CFs (ratio of biphenol/6F = 0.6/0.4)

a=0.13,b=0.036,c=0.834

Amnother preferred ebodiment is the coolymer of formula IIC.

Formula IV

O «% Q}/@ O OO0/
tp@*—w

Ar=

a =0.13,b=10.036, c=0.834



B Bi phenol 186.21 Bis FL
9, 9- Bi s(4- hydr oxyphenyl ) fl uorene 350.41 Bis Z .

W@ 2005049686 ohexyl i denebi sphenol 268. 36 HO JTWPCT/Ob20B#/637805
S 4,4' -thiodi phenol 218.27 / -OH 3) Dithiol-end
monomer s Acronym Full Ml ecyl ar Chemical Structure
name wei ght- 26 - 4,4'-thiof” bis 35 benzene thiol This
Tabl e al so provides acronyns used for the various

I @itartl ng nononers as well as the nononers as contai ned

n

EIRALS STRRPdimERiE e e SeB ol et wtheothvartwa oF Bieynditerent
oliiéeﬁllei"sd eWhEl% thidh % ﬁWcQ&R@% e 0dn§eﬁt§ qg%?r&gl%)d %ng{ SBisK

= bl ock "copol yner om copOl ase
is hiesonky amcoBdRitimlg, mchémer [dc3: ) dwﬂleﬁpﬁbndmerr mﬂc&te‘:@ecb rInaﬁdther
bi phe AF = Bi SAF (6F), FL = Bis

m% gznﬁr‘fxwhefaaé&g GOt Useh g .cwﬂﬁmer isiether thapéhat set

foﬁp[ﬂ@kﬁhb@Mﬂlmﬁel@irpck copol ymer without BisKinits
formul ation Abbreviations include:

Polymer membranes may be fabricated by solution casting of the ion conductive
copolymer. Alternatively, the polymer membrane may be fabricated 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 0.1 to 10 mils, more preferably between 1 and 6 mils, most

preferably between 1.5 and 2.5 mils, and it can be coated over polymer substrate

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 permeability of methanol is preferably 50% less than that of a
Nafion® membrane, more preferably 75% less and most preferably greater than 80%

less as compared to the Nafion® membrane.

After the ion conducting copolymer has been formed into a membrane, it may be used
to produce a catalyst coated membrane (CCM). As used herein, a CCM comprises a
PEM when at least one side and preferably both of the opposing sides of the PEM are
partially or completely coated with catalyst. The catalyst is preferable a layer made of
catalyst and ionomer. Preferred catalysts are Pt and Pt-Ru. Preferred ionomers

include Nafion® and other ion conductive polymers. In general, anode and cathode



| EC. lon Exchange Capacity (meqg/g), IV : Inherent

viscosity (dl/g) CD. conductivity (S/cm Exanple 1. BL
WO 2065449696 - B/ 50, A igoners Used: FL4 + AF4 O PODDO82004/037805

(FL4, F-end): mor n =4 1In a 500 mM three necked

round flask, equipped with @ nmechanical stirrer, a

t her roneter probe connected W th a nitrogen inlet, and

a Dean- Stark trap/condenser 4 4' di f 1 uor obenzophone

((Bi sK, 34.91 16 9,9-b
cat@rly%ﬁsé&}e? bwé%ﬁqu g‘éﬁléf‘r‘i’énﬁeﬁ By el eatzbleﬁéle@ stapdard taghniyues. For
B D R
sidowhilBgilatémen cathlystrie applicdronnthx tathedengde. SF (ﬁ\hiysircgém/air ed
d I t Af t heat C
g draa el BB o Ty eptor g eraly Faied on
the 488dE&sfdel andl flatif¥nt & appRSd bA Qaet dﬂthoﬁ@ side VE4thly S Eﬁagrb‘é' ng

stlrrlng, the sol ution was dropped into L of co
Opt@aﬂawppw@mmcavbcgb rithescagalyst is lnglallTId@pplrsettum sraalbamount

of \wecer &aboHEI 1(&(§r{1% 8{” tzﬁgfﬁnq &V\%f\ﬁ{iﬁa]a \MTtO EIHa d{s\ﬁ\%rtﬁleoéralf 5?1 igpomer

solu&ibrcuuwd@f/awamumd@ﬂ (8.28ayB5 g)Trrﬁe @ésumagem g@@ﬁmtrﬁ@y be
follow ng structure: digoner 2 (AF4, mor n =

dlr%ﬂm%nfég OgtorRe pakyses aliez e@ltqmatwehn mopman@lﬂég) is

i ' t |

oS35 et s, Pty DYOLACRRortE D ALY
alsatbet appliekardtb tior mémbrane py ldieck mahstep he dederibdl i thdopeh0. 35

. , a anhydr ous ssi u rbonate (19.9 g in a
hte‘%i)t%@gecgfoc Bjcailcigs 4@!\?@6 (gb]%%}tlom of Tol uene. The

ol i goner has the follow ng structure: Polynerization

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 the catalyst layer, either directly or
indirectly, when they are capable of completing an electrical circuit which includes
the CCM and a load to which the fuel cell current is supplied. More particularly, a
first catalyst is electrocatalytically associated with the anode side of the PEM so as to
facilitate the oxidation of hydrogen or organic fuel. Such oxidation generally results
in the formation of protons, electrons and, in the case of organic fuels, carbon dioxide
and water. Since the membrane is substantially impermeable to molecular hydrogen
and organic fuels such as methanol, as well as carbon dioxide, such components
remain on the anodic side of the membrane. Electrons formed from the
electrocatalytic reaction are transmitted from the cathode to the load and then to the
anode. Balancing this direct electron current is the transfer of an equivalent number
of protons across the membrane to the anodic compartment. There an electrocatalytic

reduction of oxygen in the presence of the transmitted protons occurs to form water.



In a 500mM three necked round fl ask, equipped with a
mechani cal stirrer, thernoneter, nitrogen inlet and
we@sOBas kK trap/ condenser, 3, 3" -di sul f onat ed- BCHUS2004/037805
di f1 uor obenzophone (S-BisK, 17 61 g), Aigomer 1
(15.16 g), digoner 2 (4.1 bi phenol (9.31 g), and
anhydr ous pot assi um car bona e (8 29 g) were dissol ved
in a mxture of DMSO and Tol uene (about 20% solid
concentration). The m xture was heated to toluene fl ux
In Qp¢ gmbpdimenhgir ig deriontretol oxygam dn anether eapboriuentopxygan-

endi¥RN diNGhgage tenperature to 173-175 for 4h. The
reaction mxture was precipitated from nmethanol to get

the crude product and washed with DI -water. The

T SRR AR S
andtathodit @nmpaﬁﬁﬂedtsg o syzhi foeltdell spabmyiser fué\lnﬂlcmla§hjgdi;) int das or
an

R B o o i b e
sudiess Hygerby %ﬂbieﬂt gt g%flllaWeé‘E@ LM dle c%}% 58& altigk. @

solutiron (25wt % cast dr| e to make a
Depending npor( Qle@amdular hise &l a fikheelh htnaiedofeiib canbe n‘@ﬁbmed to

R REAREOR LA SR A PG HIPY St apRicetiis inege ebefiae
poW@ﬁédﬂﬂ&s"f@ﬁre@i@Eﬁtﬁl el dustigl, Qd'ﬂn%grc?eﬁ p8QeGysithR RAYIRE i

menbr ane was swollen in vvat er at roomtenperature an
locprwtiye Pyt suelrs imagomohies tQthet u}ses\iavswhiehﬂm miem;onﬂnds

b
oo PO RS S P e b
phdnesané @the?lﬁel&omﬁhmﬂeamdm&ﬁevﬁ‘ﬁs lvl’d@fa@lﬂtau&lbsc@ﬁﬁrﬁé{' eWctromids

dl /g in DVAC fo 25 g/ dl). IECis .97 ne /q.
eQ%mabppwwr apHps; @/na?ﬁtqrmqebzolsy oegsoRpddigital pesispantseand

othkf Eampﬁ‘t‘ﬁ?é {évﬁ‘&ﬁ elr)§ LEG ésnan}aQ# Rk taﬂﬁltl%nh{he q% c%lis may be

ter-upta ol T rane
staﬂd:% to increase voltage and current capacity for use in hlgh power applications

such as industrial and residential sewer 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.

The CCM’s and MEA’s of the invention may also be used in hydrogen fuel cells
which are known in the art. Examples include 6,630,259; 6,617,066; 6,602,920;



Exanple 2: BL FL4 AF4 - B45 digoners Used: FL4 +
AF4 This bl ock pol ymer was synt hesi zed and treated in
w@2@s0¥d60¢ way as described in exanple 1. S- Bi BKI/UI809@®7805
g), Aigomer 1 (15.86 g), Aigoner 2 (6.83 @),
bi phenol (9.31 g), and anhygyous potassi um carbonate
(8.29 g) were dissolved in@a m xture of DMSO and
Tol uene (about 20% solid concentration) This pol ymer
s.an inherent viscosity of 1.
6 Q3T 5 PRBOS s S Bt Bnate Sy AT Bes el d
. t r in
P ot ar T o e s SRS iR A e, | 0
expresshyriaperparated hereir binreferencéds 29 - Exanple 3: BL _ FL4
AF4 - B/ 41 Aigoners Used: FL4 + AF4 This bl ock
pol ymer was synthesized in a simlar way as descri bed
Thé ionesoadpténg p@BinsKmeitbrahés gf theChveniog &lsd find4sdaPeparators in

A j goper, 2 pheno). (9.31 g), .and anhydrous
bat&&‘fgsgf‘fﬁm%&fyuzrﬁéfrgd@sﬁ%sgye {néwén HsREETed in a

m xture of DMSO and Tol uene (about 20% solid

concentration). This polyner has an inherent viscosity

of .30 dl/g in DMAc (0.25 g/dl). IECis .64 neq/g.

Conductivity: 0 .068 S/cm (0.092 S/cm boiled in water

I hr), swelling by area in boiled water 1 hr: 35%

wat er - upt ake after boiling the menbrane in water 1 lir

. 52% Exanple 4: BL _ FL4 AF8 - B/ 48 A igoners Used:

FL4 + AF8 A igomer 3 (AF8, F-end): or n = 8 This

ol i goner was synthesized in a simlar way as descri bed

in the oligomer 1 synthesis: BisK (34.91 g), Bis AF

(47.07 g), and anhydrous potassi um car bonat e



(23.22 g) in a mxture of 220 M of DVMSO and O m of
Tol uene. This structure is the sane as oligoner 2
wexweptshhat the AF unit is repeating 8 tines PEL/82004/037805
than 4 tinmes. Polynerization The bl ock pol yner was
synthesized in a simlar w?g as described in exanple :
SBi sK (17.82 g), Oigomer T°(14.0 g), Aigoner 3 (7.8
g)., biphenol (9.31 g), and anhydrous potassium
carbonate (8.29 g) were dissolved in a m xture of DVSO
and Tol uene (about 20% sBrampkesncentration). This
pol yner has an inherent viscosity of .79 dl/g in DVAC
; t
A h@pof?sg 5 ZH#O t)ct)le él}(ﬁfén{ezs() }1%& dﬂ?fﬁﬂci\%&ng%hdiﬂ%ﬂti@n a¥e eIQ rf;(g%l)ll’l
Tabdtrba in boiled water 1 hr: 45% water-upt ake af ter
boiling the nenbrane in water 1 hr : 63% 30 - Exanple
5: (BL FL4 AF4 - B/ 42 Aigoners Used: FL4 + AF8 This
bl ock pol ymer was SabldiEsMpadmieers Hsel mi | ar way as
described in exanple : SBisK (17.31 g), digoner 1

1)[9&;%, o ponat k(8 b0 gy wor e i okolvad

Actopyt " il et DVSO and Tol Eé\?%éleé‘%%u@"hﬁ el

_cancentlration) This polyner Hyeeaghin | nhpr ent viscosity
Bisd¢ 1. 73 4t giffuarabwneonbenas g/|@1$.20 EC|i 65 frealy.
Conductjivity: 0.074 S/cm (0.100 S/cm h; @ @ F
| ng

swelling by area in -boilled water

58% Table Il sets forth thg properti|é&
copol yner made in Exanples 1-|5 as wel |

hr)
Bis\§&ber - ugdrBreitRpradiphsayisnlgne HeStasbr an r@ge ri

S-Bis K 3,3’-disulfonated-4,4’- 422.28 SOsNa

difluorobenzophone ﬁ
F ¢ F

2) Dihydroxy-end monomers

Bis AF (AF | 2,2-Bis(4-hydroxyphenyl) 336.24 N
or 6F) hexafluoropropane or ' Ho—@c OOH
4,4'-(hexafluoroisopropylidene) éFa
diphenol
BP Biphenol 186.21
HO OH
Bis FL 9,9-Bis(4-hydroxyphenyl)fluorene | 350.41 HO Q O oH

CO

Bis Z 4,4'-cyclohexylidenebisphenol 268.36 HOO OOH

Bis S 4 4-thiodiphenol 21827 [yod s )-on

3) Dithiol-end monomers

Acronym | Full Molecular Chemical Structure
name weight




ot her oligoneric block copolyners. Table I1I.
Properties of Aigoneric Bl ock Menbranes Pol yner | EC
WO X008D{%Icm) CD Swel ling Wateratrt (boil ed) % B@EL/EE®94/037805

Bl K AF4- AF/ 35 1.23 1.12 0.025 0.060 35.7 42.0 B K
AF10- AF/ 35 1.23 1.14 0. 049_ ._045 127 160 Bl K FL4- AF/ 41
1.40 1.19 0.036 0.080 43.8 .8 BIK FL4- 1.58 1.45

0. 048 B50AF50/42 0.088 43.2 58.3 Bl FL4AF4-B/ 41 1.64
1 300068 0.002.34 7 52 1 Bl EL4-B/41 1.63 1.54 0 061

0.087 |45 5 B FL4lAFS- B 4

37.5 §
3563. 7

Bl K FL

FLAAF

din Bl F

4hidF/ 41

BlbemLenaF4 -

- B/ 50 1.

L4S8- B/ 4
B/ 45 1.
1.41 1.1
97 1.52

PHE-
78 1.11

1 0.033 0. 075 51.3 62.5 B

0. 093 0.112 50.2 63.9 Bl

FL4AF8-B/ 48 1.87 1.79 0.092 0.100 62.8 45.2 Bl
Thfg‘!;[%'?ié @0 %r%ﬁ%%'agongg%%%cp {i'glge x?a?_:]@%s g’_tgggygEx rgél}ﬁ?}%gs' \Xe%l' as
the (nﬁ&aorﬁele rag kontained withBr icdkondddive cObIIGMBR! (MBS acronyms
ge3| zed in a simlar way as described in the
mCE‘Fi ¢réollowiggint hesi s, using fol | owi ng conpositions:

4, 4' di f | uor odi phenyl sul fone (Bis SO 2

Acronym :R = random copolymer, Bl = block copolymer
RK = random copolymer based on Bis K and S-BisK,
RS = random copolymer based on BisSO, and S-BisK
B = biphenol, AF = BisAF (6F), FL = BisFL, Z = BisZ

'BIK = Block copolymer containing BisK in its formulation
Bl_ = Block copolymer without BisK in its formulation

Abbreviations include:

IEC:
CD:

lon Exchange Capacity (meq/g), IV : Inherent viscosity (dl/g)
conductivity (S/cm)

Example 1: BL _ FL4AF4 — B/50, Oligomers Used: FL4 + AF4
Oligomer 1 (FL4, F-end): morn=4
In a 500 ml three necked round flask, equipped with a mechanical stirrer, a

thermometer probe connected with a nitrogen inlet, and a Dean-Stark trap/condenser

4,4’-difluorobenzophone (BisK, 34.91 g, 0.16 mol), 9,9-bis(4-

2

hydroxyphenyl)fluorene (Bis FL, 42.05 g, 0.12 mol), and anhydrous potassium
carbonate (19.9 g, 0.192 mol) were dissolved in a mixture of 220 ml of DMSO and
110 ml of Toluene. The reaction mixture was slowly stirred under a slow nitrogen
stream. After heating at ~120 °C for 1h and was raised to ~140 °C for 2 h, and finally
to ~160 °C for 3 h. After cooling to ~70 °C with continuing stirring, the solution was

dropped into 1L of cooled methanol with a vigorous stirring. The precipitates were



40.68 g), 4,4 -thiodiphenol (Bis S, 30.56 g), and

anhydrous potassium carbonate (23.22 g) in a mxture
wW@20038®end of DMSO and O ml of Tol uene. S8 hasPCTIES2004/037805

followi ng structure: Polynerization This bl ock pol ynmer

was synthesized in a sim I_a%] way as described in

exanple : SBisK (17.31 g), Igoner 1 (14.0 ),

AQigoner 4 ( 1.14 g), biphenol (9.31 g), and anhydrous

e B o 2 e 8 S, e
SHEFRORTLS G SRk PO (Tt R P BTG G250

Conductivity: 0.072 S/cm (0.097 S/cm boiled in water

I hr), swelling by area in boiled water 1 hr: 41%
ter-uptake after boiling the nenbrane in water 1 hr

0 Efa 7. BL FL4 - B/ 41Col\ geasr ed: L4
L oo L;E_F
[ 16747 Q)

Cs=Rl ock PO
s descrited in ,

Aigoner 1 (25.66 g),
pot assi um car bonate 8.2
m xture of DMSO and Yol 4 )
concentration). This polynmer has an inherent viscosity
of 1.54 dl/g in DMAc (0.25 g/dl). IECis 1.63 neqg/g.
Conductivity: 0.061 S/cm (0.087 S/cm boiled in water

Olighmys 2 A4 .| egdpymarea=432 - n boiled water 1 hr: 35%
wat er - upt ake after boiling the nenbrane in water 1 hr
: 49% Exanple 8: BLK _ FL4 - B50 AF50/42 A igomer

Thissdigomil wa® synthesized in a similar way as described in the oligomer 1

synthesis, using following compositions: 4,4’-difluorobenzophone (BisK, 34.91 g),
4,4’-(hexafluoroisopropylidene)diphenol (Bis AF, 40.35 g), and anhydrous potassium
carbonate (19.9 g) in a mixture of 220 ml of DMSO and 110 ml of Toluene. The

oligomer has the following structure:

Polymerization

In a 500ml three necked round flask, equipped with a mechanical stirrer,
thermometer, nitrogen inlet and Dean-Stark trap/condenser, 3,3’-disulfonated-4,4’-
difluorobenzophone (S-BisK, 17.61 g), Oligomer 1 (15.16 g), Oligomer 2 (4.10 g),
biphenol (9.31 g), and anhydrous potassium carbonate (8.29 g) were dissolved in a
mixture of 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 4h. The reaction mixture was precipitated from

methanol to get the crude product and washed with DI-water. The polymer was



Thi s bl ock polynmer was synthesized in a simlar way as
described in exanple : Bis K (2.75 g), S BisK
W@ 1®5888%¢ O igoner 1 (14.0 g), biphenol (4. 66PCIUSBOE037805
AF (8.41 g), and anhydrous potassium carbonate (8.29
g) were dissolved in a mxt4yye of DMSO and Tol uene
(about 20%solid concentration). This polymer has an
| nherent viscosity of .45 dl/g in DMAc (0.25 g/dl).
i S Conduct i vit 0.048 S/cm (0.088
treaéf 0. Qd’fl‘P]e%Zs:bﬁt ARHEQS Sohftipn aé&félq ford beyr termsadyas thepiotan

I
Tort b tbn i acid itiap TR 5o 3 kb R oLl Brger and
drigditA0°Cl dvgoright, aibihen Biidd altrﬂQ?C'[imdSr ‘alcowk fiod YOBC Was
synthesized in a simlar way as described in exanple :
Bis K (2.4 g), S-BisK (13.5lg), Aigoner 1 (16.33 g),
DriBid @ol@cﬁae{r]&ﬁas&ﬂs@)vedaﬂ diracthyldccanideqDasAE ) U0 ngke b@ﬂﬁﬁ@n

f DVSO
516 an et TSI o B BP0 MRichbl ier

:
obtﬁf'ﬁ%d ;H&mlsé%ﬁef gag _trxatégm ﬁg ; gxncséo%% t%qgédug sblgu@g@ %#gl%?é}

DM@C %@L@/ apchrinsed ireDI-watenamgl nd HsJO. mméué wagddiycted, aad dried
2ﬁ)‘c;,'led water 1 h : 44% water-uptake after boiling the
t rane in water 1 hr : 59% Exanple 10 B: AF8 - B/ 45
a i gormer used' AF8 (oligomer 3) only This block
nmer _wa theS| genélnasnmlarwa as descri

Ths*Tp p]ol %gﬁﬁ}eén 2 pesswdl B Vﬁa)ter a@‘qq«{’%fpé\}pegat%rggn 7heggo ymer
mefh‘bﬁﬁ@ %@hdﬁ&l@% Wds meRArAWAL %ﬁe@éﬁ%@s?héflﬂ@l&ﬁﬁpxgﬁﬁatn@ was

were di ssolved in a m xture of
SWOITEIUUE nquﬂamgawatezmlslmurdo neasen vateriuptake and@8welling by area.

This polymer has an inherent viscosity of 1.52 dl/g in DMAc (0.25 g/dl). IEC is 1.97
meq/g. Conductivity: .093 S/cm (0.112 S/cm, boiled in water 1hr), swelling by area in
boiled water 1 hr: 50%, water-uptake after boiling the membrane in water 1 hr 64%

Example 2: BL _ FL4 AF4 - B45 Oligomers Used: FL4 + AF4

This block polymer was synthesized and treated in a similar way as described in
example I: S-BisK (16.98 g), Oligomer 1 (15.86 g), Oligomer 2 (6.83 g), biphenol
(9.31 g), and anhydrous potassium carbonate (8.29 g) were dissolved in a mixture of

DMSO and Toluene (about 20% solid concentration).

This polymer has an inherent viscosity of 1.11 dl/g in DMAc (0.25 g/dl). IEC is 1.78
meq/g. Conductivity: 0.081 S/cm (0.099 S/cm, boiled in water 1hr), swelling by area
in boiled water 1 hr: 40%, water-uptake after boiling the membrane in water 1 hr :
57%



Thi s polymer has an inherent viscosity of 1.21 dl/g in
DMAC (0.25 g/dl). TECis 1.78 neg/g. Conductivity: 0.1
wO2508600. 103 S/cm boiled in water |hr), swePdT/nH2004037805

area in boiled water 1 hr: 36% water-uptake after

boi ling the nmenbrane in wat 1 hr : 81% Exanple 11:
BLK _ AFI O - AF/ 35 O igoners Used: AFl Conly digoner 5
(AFI O, F-end): DP = 10 This oligoner was synthesi zed

exapafy Bl Nrbed ot Ghingossnn basd: bt JCk (4. 01

g), Bis AF (48.42 g), and anhydrous potassium
Th@aﬂm@mndrwa@@yrmesized% Fh264il4E Sval 2fas az&rmedﬁ{ Qg@% ﬁn§

of Tol uene. Pol ynerization This bl ock

Blsgyﬂﬁ Hesz@lgamenl £] Ig%tr()lmn@é’f dé&s8 rgD,tieplhqml @(ﬁngjl, md

antfih S pbizscityegtyord Bac Sl el bPEEE ik IS hoaee
Tola8n@bgyt 2084 soldkd scsrcdemahon) a m xture of DMSO and

Tol uene (about 20% solid concentration). This polynmer
has an inherent viscosity of 1.14 dl/g in DVMAc (0.25

Thig /p8lymer hkar ﬁlhbre?lﬁ viseEi of@UJUj&!:j inV]DM)Ac @ W%d@ BT is 1.64

(0.045 S/.cm iled in water | hr swel | area in

meg{gl C@%ﬁ%tf@f QLO% S/enp (BH9ndcmy b Revaien k), oelling by area
b e R e ——

52%rea, water up-take:84% 34 - Exanple 12. Synt hesi s of
partial block polynmer with non-sulfonated

Example 4: BL _ FL.4 AF8 — B/48 Oligomers Used: FL4 + AF8

Oligomer 3 (AF8. F-end): morn=38

This oligomer was synthesized in a similar way as described in the oligomer 1
synthesis: BisK (34.91 g), Bis AF (47.07 g), and anhydrous potassium carbonate
(23.22 g) in a mixture of 220 ml of DMSO and 110 ml of Toluene. This structure is
the same as oligomer 2 except that the AF unit is repeating 8 times rather than 4

times.

Polymerization

The block polymer was synthesized in a similar way as described in example 1: S-
BisK (17.82 g), Oligomer 1 (14.0 g), Oligomer 3 (7.8 g), biphenol (9.31 g), and
anhydrous potassium carbonate (8.29 g) were dissolved in a mixture of DMSO and

Toluene (about 20% solid concentration).

This polymer has an inherent viscosity of 1.79 dl/g in DMAc (0.25 g/dl). IEC is 1.87
meq/g. Conductivity: 0.092 S/cm (0.100 S/cm, boiled in water 1hr), swelling by area
in boiled water 1 hr: 45%, water-uptake after boiling the membrane in water 1 hr :
63% |



hydr ophobi ¢ segnment Fl uorine end group ol igoner

(di fl uorophenyl sul fone/ 4, 4'-thiol bi sbenezenesul fi de)
w@e@paswmbé on (segnment size n=4) In a 250nm t hreel/nswke7805

round fl ask, equi pped with a nechanical stirrer,

t hernoneter, nitrogen inlet nd Dean- St ar k

trap/ condenser, 4,4 - Thlof%lsbenezenethlo

(15.0246qg), difluorophenyl sulfone (20.34g), anhydrous

pot assi um car bonat e % Iéb were dissolved in a mxture

Expipls 3inBho Xied A4 BiA2 Oligemers Wsedo tdlehtAXS on) . The
m xture was heated to toluene flux with stirring,
Th{smw;tnli@ W@ﬁ%ﬁﬁl@ésiﬁe@ u@a sﬂaﬁgrfv&ary AAResditRf il ¢ S-
nperature to 175 . The rfeaction m xtur

qu& @6 ;3|d| 2)aPbgomen ﬂn(lﬁsﬂ tgéxr@llgqmﬁrg'ie(ﬂ 310tg), bipbienop(DALg), and
o PR B 281 AU B P Bl S0 5

Tollehy @Bout2A% @61l BoceRbHMn)t hr ee necked round fl ask,
equi pped with a nechanical stirrer, thernoneter,
nitrogen inlet and Dean- Stark trap/condenser 4, 4" -

Thﬁfpbglntarslbﬁﬂﬁzﬁit@érhlv@coél%ﬁ@ﬁa])/% nﬁDMAtO(OOﬁ@'aw IEC is 1.65

sul fone (6 1023 sul f onat ed di fT uorophen

megAg} 6@’%@{09@11366@ 4 St (oG E/_t.m, @mgi lnrwater %/hr}u @weﬂmgé)mrea
rop I I el bISb nezenes de
in l%lleg '\)Ja,lte(lfﬁolﬁr) 5@2% r\{va l% 'IlPsﬁ{p a?t ?151 rIBSIH fape 1§W f1
58%ere di ssolved in a m xture DMSO and Tol uene (about
20% solid concentration). The m xture was heated to
toluene flux with stirring, keeping the tenperature at

Tabl4 OGefsdortbkhe phpirticd Of @as@®pbBRe hedde ie Ek@mpiésd 11578 well as
for 4-4.5h, The reaction n1xture precipitates from

Othﬁ’é@lrgé’ﬁwlctb@%?oﬁqlﬁén?réde pr oduct .

Table II. Properties of Oligomeric Block Membranes

Polymer IEC v CD(S/cm) CD Swelling Water-
atrt (boiled) % uptake%
BIK AF4-AF/35 123 | 1.12 0.025 * 0.060 35.7 42.0
BIK AF10-AF/35 1.23 | 1.14 0.049 0.045 127 160
BIK FL4-AF/41 1.40 | 1.19 0.036 0.080 43.8 58.8
BIK FL4- 1.58 | 145 0.048
B50AF50/42 0.088 43.2 58.3
Bl FL4AF4-B/41 1.64 | 1.30 0.068 0.092 34.7 52.1
Bl FL4-B/41 1.63 | 1.54 0.061 0.087 35.0 48.5
Bl FL4AFS8-B/42 1.65 | 1.73 0.074 0.100 37.5 58.3
Bl F1.4S8-B/42 1.71 | 1.36 0.072 0.097 41.1 63.7
Bl FL4AF4-B/45 1.78 | 1.11 0.081 0.099 39.8 57.2
BIK FL4-AF/41 141 | 1.11 0.033 0.075 51.3 62.5
Bl FL4AF4-B/50 1.97 | 1.52 0.093 0.112 50.2 63.9
Bl FL4AF8-B/48 1.87 | 1.79 0.092 0.100 62.8 45.2
Bl _AF8-B/45 1.78 | 1.21 0.119 0.103 80.9 36.3

Example 6: BL _ F1.4 S8 - B/42 Oligomers Used: FL4 + S8)

Oligomer 4 (S8, F-end): morn= 28



The menbrane conductivity: 0.076S/cm Swelling after

boi |l ed: 50% by area, water up-take:41% 35 - Exanple
waosMieosded A igoner 1: DP = 4 In a 500 threeP@EUR®A4/037805

round fl ask, equi pped with a nechanical stirrer, a

t her nronet er probe connectedypnth a nitrogen |nIet and

a Dean-Stark trap/condensery 4,4'-difl uor obenzophone

(BiskK, 34.91 g, 0.16 nol), 9, 9-bis(4-
g, 0.12 nol), and

h [)fl 42. 05
Th‘ﬁﬁ‘ﬁ&l‘%@ eméi/zaééﬁl{gﬁ%ggr%ﬁ@t way @aiesqu@d ip theidigomst ¥,
synlredi SThs Rl M @r&gn:ivgag%n@m 4T3i1ﬂ§&8d EQS'I 1%%t Q?ls SO;,

m xture was sl ow ed Gnder a srow’nit
40.68 ghahtt’ -m@daphdmeh(Bmg 30.568% ahd ranmtwowpotasm&l é@nsonbteh

R hts 338 ot DA sap 14D Sl hohgme Sowisinen

folloGMig Biiidigrest i rring, the solution was dropped into L
of methanol with a vigorous stirring. The precipitates
were filtrated and washed with de-ionized water four

| nes ads]d dried at 80 C overni ght and thepn dried at
@A_m@ das h| ock) £opual yirey/ Was
esliz\d i/n a s ag deschi bgd jn\thg *

oI [ gorre? 1 synthesi s, u3| ng foI | owhg conposi tions:
4,4" -di fl uor obenzophone (BisK, 6.49 ),
3, 3" -di sul fonat ed-4, 4' -di fl uorobenzophone (SBi sk,

13 Bolyderifdtiogoner 7 (18.29 g),
, | -Bi s(4 hydr oxyphenyl) cycl ohexane (BisZ, 26.28 g),

drous potassjum carbonate (12.51 g 216 nlL of
Thlb%éﬁ %fsms onthegized Hea sipilar gey a3 d@ﬁ@hW‘CLm axample 1 S-
nted
iR Y Oneh e PE L Bl Dibut L1 ) BitRbel B shceve
anhy\mhs rpgtasamdl arbhandte (E)@I’g)lv&r& 4lssolved 1n a mlxture of DMSO and

Toluene (about 20% solid concentration).

This polymer has an inherent viscosity of 1.36 dl/g in DMAc (0.25 g/dl). IECis 1.71
meq/g. Conductivity: 0.072 S/cm (0.097 S/cm, boiled in water 1hr), swelling by area
in boiled water 1 hr: 41%, water-uptake after boiling the membrane in water 1 hr
64%

Example 7: BL _ FL4 - B/410oligomer Used: FL4 only

This block polymer was synthesized in a similar way as described in example 1: S-
BisK (16.47 g), Oligomer 1 (25.66 g), biphenol (9.31 g), and anhydrous potassium
carbonate (8.29 g) were dissolved in a mixture of DMSO and Toluene (about 20%

solid concentration).

This polymer has an inherent viscosity of 1.54 dl/g in DMAc (0.25 g/dl). IEC is 1.63
meq/g. Conductivity: 0.061 S/cm (0.087 S/cm, boiled in water 1hr), swelling by area



Thi s bl ock polynmer was synthesized in a simlar way as
descri bed in Exanple synthesis, using follow ng

W@ 0oposicdé ons: Bi sSK (6.84 g), SBisK (16.76 g),PC/Uson®037805
7 (20.90 g), BisZ (21.47 g), and anhydrous potassi um
carbonate (14.37 g).- 36 - an'pl e 15 This bl ock

pol ynmer was synthesized in a simlar way as descri bed
i n Exanpl e synthesis, using follow ng conpositions:

. Bi.sK (5.72 g), SBlSK(l?O omer 7 (19.59 q),
m@?f@é 39, lihzr o, VRSN ey )baét% mﬁv@mmw@r?m
494;,13. 48 g). Exarrpl e 16 Th| s bl ock polynmer was

synthesized in a simlar way as described in Exanple
synthesis, using foll ow ng conpositions: Bi sK (5. 27

Exggnplesi?‘ lélyggﬁﬁ’ —Siso Abke25e; ogie%‘i{s%ﬂ P4 g (21.47

ous potassiumc onha
Exanpl e 17 This bl ock polyner was synt heS| zed |n a
Thésibigdkgrolymegr wes dﬁshfrsuzwédn p ninEampdyes sigsartbed i IIIS c:xamsplmg Bis

K G S IR IR R P 26T T TS A o,
and@ihy oy §om§ﬂ1&§ LB (Mgi% PwérbQistSlved in Eﬁﬁﬁﬁfeeoflﬁwso

Thi s bl ock o(&mar was synthesized in a simlar way as

andj Eelyenafaboutn2 B salid sorsgntratias)s, using fol | owi ng
conposi tions: BisK (2.16 g), SBisK (15.48 g), Oigoner
7 (31.35 g), BisZ (16.10 g), and anhydrous potassi um
Thispoboreathas monl’xge@t)wscwam ef E45 d/g in DixiAc @ingldl). 1BC is 1.58

me?r%e % g‘f&b%{&g? &H?O b ggﬁhg% f’l%c}sl\élo‘@aeli{er ﬂBF’ 5%’3}{\’?‘}&%6 area
in boiled water 1 hr: 43%, water—uptake after boiling the membrane in water 1 hr :
58%

Example 9: BLK _ FL4 — AF/41 Oligomer used: FL4 only

This block polymer was synthesized in a similar way as described in example 1: Bis
K (2.4 g), S-BisK (13.51g), Oligomer 1 (16.33 g), Bis AF (16.81 g), and anhydrous
potassium carbonate (8.29 g) were dissolved in a mixture of DMSO and Toluene

(about 20% solid concentration).

This polymer has an inherent viscosity of 1.19 dl/g in DMAc (0.25 g/dl). IEC is 1.40
meq/g. Conductivity: 0.036 S/cm (0.080 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 :
59%

Example 10 B: _ AF8 - B/45 Oligomer used: AF8 (oligomer 3) only

This block polymer was synthesized in a similar way as described in example 1: S-
BisK (18.62 g), Oligomer 3 (25.57 g), biphenol (9.31 g), and anhydrous potassium
carbonate (8.29 g) were dissolved in a mixture of DMSO and Toluene (about 20%

solid concentration).



(S'cm) r.t./boiled (% Ww H) (ng.ml/ cc.mn.cnR)

Exanple 1.20 0.58 32 NA/0.034 NA/0.018 33 15 13
wWEx@sPI®w9d. 30 1. 64 35 0.020/0.037 NA/0.016 26 HAT/L&2004/037805

Exanple 1.40 0.72 56 0.024/0.053 0.010/0.017 40 16 15

Exanpl e 1.50 0.99 59 0.041/Q. 058 NA/ 0. 044 43 16- 37 -

16 Exanple 1.20 1.00 27 O.'(? 1/0. 035 0.003/0.010 25 12

17 Exanple 1.20 1.44 25 0.023/0.035 NA/0.011 25 12 18

Ex le 19 This bl ock pol ynmer was, synthesized in_a

Thigpiymsr haggn ssheged viscpaty ofnl - ExdigineD M Qi #dD i Gip 1.78

ey CAMIIERT 15 800 95 B B oyl S
in tailby drasers] juo B&%s iwateramtdkendiebdilidg & rg¢mblaxainpivete20 hr :
810 his bl ock polyner was synthesized in a simlar way as

descri bed in Exanple synthesis, using follow ng
conposi tions: BisK (6.97 g), SBisK (12.00 g), Oigoner

7
Example 11: BLK _ AF10 — AF/35 Oligomers Used: AF10 only

Oligomer 5 (AF10, F-end): DP =10

This oligomer was synthesized in a similar way as described in the oligomer 1
synthesis, using following compositions: BisK (34.91 g), Bis AF (48.42 g), and
anhydrous potassium carbonate (23.88 g) in a mixture of 220 ml of DMSO and 110

ml of Toluene.

Polymerization

This block polymer was synthesized in a similar way as described in example 1: B
isK (2.34 g), S-BisK (14.57 g), Oligomer 5 (25.74 g), BisAF (16.81 g), and anhydrous
potassium carbonate (8.29 g) were dissolved in a mixture of DMSO and Toluene

(about 20% solid concentration).

This polymer has an inherent viscosity of 1.14 dl/g in DMAc (0.25 g/dl). IEC is 1.23
meq/g. Conductivity: 0.049 S/cm (0.045 S/cm, boiled in water 1hr), swelling by area
in boiled water 1 hr: 127%, water-uptake after boiling the membrane in water 1 hr :
160%

The membrane conductivity: 0.060S/cm, Swelling after boiled: 68% by area, water
up-take:84%



(17.76 g), 2,2'-Biplienol (12.66 g), and anhydrous

pot assi um carbonate (12.22 g). Exanple 21 This bl ock
wooliperosas synthesized in a simlar way as deSDDB19eH037805

i n Exanpl e synthesis, using follow ng conpositions:

Bi sK (7.84 g), SBisK (14.83,9), Oigoner 7 (20.90 g),

2,2'-Bi phenol (14.89 g), and anhydrous potassium

carbonate (14.37 g). Exanple 22 This blbogk pol yrrerI was

synt hesized in a_ sinilar way as described in Exanple
Exa ["nﬁgn éy,nfbgﬁlﬁ gf pytiad lack n%évme%mthm.-suﬁome@s. 41
hydiophabicsegment13 ¢), O igonmer 7 (27.43 g),

2,2' -Bi phenol (13.03 g), and anhydrous potassi um

. . i i sp.
A0y 1 SONSUOR0  BEcsi

prepgiptiore {$egownt sizansd)ni | ar way as described in Exanpl e
synthesi s, using follow ng conmpositions: BisK (4.35
g), SBisK (12.67 g), Oigomer 7- 38 - (23.51 Q),

In 2230mIBihpéeamasked raind Tlagh, eqaipged mihdrmechanioslasisict)m

bonat 10..7 MEA cont ai ns this bl ock

the GRS et o0 ERLi Bh Dy K B R saRTaf s
: ¥ . . . o
Thii’y""é%bﬁ‘é‘i%%?q‘a‘;ﬁ“go?& A R LU

potgssiunsppenptes ] kD wore ddsolyedriara mixtar IIYSE) and Toluene (about

24« Bi . (13,03 . and, anhydrous pgtassjium .

20% 551t BLRaaRRlo g T e 59° nBHlrd R @lEnT BhERgbietiine
keepingahy n@nperkaditl 101020 Sor Wni, thehliMGKase MnFREUMAS 175°C for 4h.
synthesized in a simlar vva}; as described in Exanple

The feaction mixture precipitates from methanol to get the rude product, and then
washed by hot water four times. Dry at 80C oven for one day and 75C vacuum oven

for 2days.

Polymerization

In a 250ml three necked round flask, equipped with a mechanical stirrer,
thermometer, nitrogen inlet and Dean-Stark trap/condenser, 4,4°-
Thiolbisbenezenethiol (12.5205g), difluorophenyl sulfone (6.102g), sulfonated
difluorophenyl sulfone(901664g), oligomer(12.672g, n=4, fluorine end of
difluorophenyl sulfone/4,4’-thiolbisbenezenesulfide composition), 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

4-4.5h. The reaction mixture precipitates from methanol to get the rude product.

The membrane conductivity: 0.076S/cm, Swelling after boiled: 50% by area, water
up-take:41%%6



synthesis, using follow ng conpositions: BisK (2.94
g), SBisK (12.33 g), Aigoner 7 (28.73 g),
wQ2@s/0Bi6phenol (10.24 g), and anhydrous pot assPCIUS2004/037805
carbonate (9.88 g). Exanple 2 6 This block polyner was
synthesized in a simlar as described in Exanple
synthesi s, using follow ng conpositions: BisK (2.86
g) SBi sK (14.11 q), Olgorrer 7 (31.35 ),
2' - Bi phenal 1.17 and anhydr ous potassium
Ex%‘&Pl?o]r%t%ePﬂ lgg)nefgx Té 2 7 This bl ock pol ymer
was synt hesi zed in asimlar way as described in
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carbonate (8.98 Q).
A block copolymer was synthesized in a similar way as described in the oligomer 1
synthesis, using following compositions: 4,4’-difluorobenzophone (BisK, 6.49 g),
3,3’-disulfonated-4,4’-difluorobenzophone (SBisK, 13.39 g), Oligomer 7 (18.29 g),
1,1-Bis(4-hyydroxyphenyl)cyclohexane (BisZ, 26.28 g), and anhydrous potassium
carbonate (12.51 g), 216 mL of DMSO and 108 mL of Toluene. The dried polymer
was converted into acid form by stirring in hot H,SO4 (0.5 M) solution for one hour,

followed by de-ionized water washing, and dried.

Example 14

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (6.84 g), SBisK (16.76 g), Oligomer 7
(20.90 g), BisZ (21.47 g), and anhydrous potassium carbonate (14.37 g).



Table 2. Ex-Situ Data Summary for Bl ock Polyners
Menbrane | EC SWs Methanol Water | (neqg/g) (dL/g) (%
WO 264050896 ed crossover uptake (H O (S/cm r.t.PODUE®A4/037805
(% ww) H) (ng.ml/ cc.min.cm2) Exanple 19 1.20
1.74 16 0.027/0.039 0. 023/-%60-24 22 10 Exanple 20 1.25
2.09 18 0.030/0.039 0.012/0.015 24 11 Exanple 2 1 1.30
2.14 24 0.033/0.046 0.014/0.027 27 12 Exanple 22 1.20
1.48 23 0.026/0.037 0.013/NA 20 9 Exanple 23 1.25 1.59
Example 30/ 0. 042 0. 014/0.024 25 11 Exanple 24 1.30 2.08
21 0.034/0.044 0.013/0.023 27 12 Exanple 25 1.15 1.11
T s Ty 882 P SR ) od gyt B 13
synghesig4 u6ing 43llvang compositionst Biska (T 22R 8BIsK3 (1 71048, Qligomer 7

(195902 7068 [ Brdrodahess st iiena8 43482k 5o 26
0.041/0.057 0.017/0.035 29 12 Table 3. In-Situ Data

E Su for Bl ock Polynmers Menbrane Thi ckness Power
X%ﬁ&ai Met hanol HFR (m) at 0.4 V crossover (Chm cn®)

(mMNcin 2) (md¥cm2)
This block polymer was synthesized in a similar way as described in Example 13

synthesis, using following compositions: BisK (5.27 g), SBisK (19.80 g), Oligomer 7
(20.90 g), BisZ (21.47 g), and anhydrous potassium carbonate (14.37 g).

Example 17

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (3.92 g), SBisK (13.48 g), Oligomer 7
(23.51 g), BisZ (16.10 g), and anhydrous potassium carbonate (10.78 g).

Example 18

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (2.16 g), SBisK (15.48 g), Oligomer 7
(31.35 g), BisZ (16.10 g), and anhydrous potassium carbonate (10.78 g).

Table 1. Ex-situ Data Summary for Block Polymer

Membrane | IEC [M]2s SW |o Methanol Water A
(meq/g) | (dL/g) | (%) | r.t./boiled Crossover uptake (H,O
(S/cm) r.t./boiled (Yo, wiw) | /H"
(mg.mil/
cc.min.cm?)
Example | 1.20 0.58 32 NA/0.034 NA/0.018 33 15
13
Example | 1.30 1.64 35 0.020/0.037 | NA/0.016 26 11
14
Example | 1.40 0.72 56 0.024/0.053 | 0.010/0.017 |40 16
15
Example | 1.50 0.99 59 0.041/0.058 | NA/0.044 43 16




Exanpl e 19 44 106 46 0.20 Exanple 20 56 11 39 0. 22

Exanple 2 1 56 112 44 0. 17 Exanple 22 45 103 40 0. 18
wE2@spiwI3 57 120 45 0. 18- 40 - Exanpl e 24 48rdR0SH84/037805

0. 14 Exanple 25 48 110 43 0. 18 Exanple 26 46 122 53

0.14 Exanple 27 52 116 65 0,14 Exanple 28 58 112 52

0.12 Exanple 29 57 124 71 0.12 Exanple This bl ock

pol ymer was synthesized in a simlar way as descri bed

i e 1 synthesis usina-followina comositiaons:
Mal e 1 synt ; -ng g ]

ex
Bl&K (1499 g) |"SRisK (12184 g), Oiigoner 1 (15.67 q).

Egimglel- hiy oxyl| g¥ny1)27 | 4-010260.085pl0.0e12 o068 (2D. 78 | 12
g)7 and anhydious pdtassijum carbonate (10.78 [g).

Exxgiipl el 22 Thil 9.48 ockepol ynez3/e@ss syNaiesized 25 a 12
sign | ar way as descr|i bed i n Exanpl el synthesis, using

folTowi ng conposi tions: BIsSK (4. 70 g), SBIisK (13740
g), Aigonmer 7 (15.67 g),
Bis§4-hydroxylphenyl)-l,4-diisopropy|benzene (20.78

Exgmplestfd anhydr ous pot assi um carbonate (10.78 g).
Exanpl e 33

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (8.52 g), SBisK (13.51 g), Oligomer 7
(20.90 g), 2,2°-Biphenol (14.89 g), and anhydrous potassium carbonate (14.37 g).

Example 20

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (6.97 g), SBisK (12.00 g), Oligomer 7
(17.76 g), 2,2’-Biphenol (12.66 g), and anhydrous potassium carbonate (12.22 g).

Example 21

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (7.84 g), SBisK (14.83 g), Oligomer 7
(20.90 g), 2,2’-Biphenol (14.89 g), and anhydrous potassium carbonate (14.37 g).

Example 22

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (5.41 g), SBisK (14.13 g), Oligomer 7
(2743 g), 2,2’-Biphenol (13.03 g), and anhydrous potassium carbonate (12.58 g).
MEA 10 contains this block copolymer.

Example 23

This block polymer was synthesized in a similar way as described in Example 13

synthesis, using following compositions: BisK (4.35 g), SBisK (12.67 g), Oligomer 7




Thi s bl ock polynmer was synthesized in a simlar way as
descri bed in Exanple synthesis, using follow ng
W@ 09p0sdedé ons: Bi sK (4.38 g), SBisK (14.01 g),PC/UsmenE037805
7 (15.67 9),
Bi s(4- hydr oxyl phenyl) -1, %8' sopropyl benzene (20.78
g). and anhydrous potassium-carbonate (10.78 g).
Exarrpl e 34 Thi s bl ock polymer was synthesized in a
as _described in Exanple synthesis, usin

(23f5él g)o%a%@@bw@é &1 1hes andapayy dris potagyiumsarhomate 408 g)
M%Q s]( %ﬁggﬁqélfrbé eny g’b’??ﬁ di i sopropyl benzene (20.78

and anhydrous potassium carbonate (10.78 g). MEA

ains this block copolyner.- 4 1 - Exanple 35
Ex%ﬁpféo% ock polyner was synthesized in a simlar way as

descri bed in Exanple synthesis, using follow ng
This blppksidlymaswasBswkhasZzed  gyimiBBvsi af d8schiBed)in EGnge i r

synfyebib e g in sampysifions: BiSK ChTbey B 63 Do ligomer 7
(279493 g)ang’ iBlBHéHo@ (1133 @33,1;)3&1&1 a&myaﬁ-_rda%@afsﬁuﬁﬂ&rﬂ&a@)az NEB).

contains th bl o€k copol ymer. Exanple
ME@ﬁ b%ROIQ‘f@lI;Srfblsb‘lM@?ﬁb’n@sl zed in a simlar vvay as
descri bed in Exanple synthesis, using follow ng
conpositions: BisK (2.49 @), SBi sK (16.27 g), dAigoner
ExampRR%1 g),
Bi s(4- hydr oxyl phenyl ) -1, 4- diisopropylbenzene (20.78

Thlg%zlocﬁ 1%@?%9%&%&@&(:0'[) iR %9 ﬁes(cflgeg& %amsd}’!?ﬁ

syniiesis kuging Yotbrwing somypoditiess: BM( (2]94&g):} SBudK’:l( 12v88yg)a®ligomer 7

s ERS e ASTRRL 55 i RS 5 Se

Example 26

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (2.86 g), SBisK (14.11 g), Oligomer 7
(31.35 g), 2,2°-Biphenol (11.17 g), and anhydrous potassium carbonate (10.78 g).

Example 27

This block polymer was synthesized in a similar way as described in Example 13 -
synthesis, using following compositions: BisK (2.54 g), SBisK (14.74 g), Oligomer 7
(31.35 g), 2,2°-Biphenol (11.17 g), and anhydrous potassium carbonate (10.78 g).

Example 28

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (1.80 g), SBisK (12.90 g), Oligomer 7
(26.12 g), 2,2°-Biphenol (9.31 g), and anhydrous potassium carbonate (8.98 g).



(26.12 ),
Bi s(4- hydr oxyl phenyl)-1,4-diisopropyl benzene (17. 32
W@ osamd9@anhydr ous pot assi um carbonate (8.98 ghCT/Usdnh€037805
4. Ex-situ Data Summary for Bl ock Polymers 31-37
Menbrane | EC SWs Met hanol ter | (meqg/g) (dL/g) (99
r.t./boiled crossover uptélg’ ‘(HO(S/'cm) r.t./boiled
(% ww) H) (ng.ml/ cc.mn.cm?2) Exanple 1.20 1.88
27 0.023/0.040 NA/0.010 25 12 Exanple 32 1.25 1.65 31
Example%0. 042 0.010/0.016 26 12 Exanple 33 1.30 1.86 30
0. 030/0.041 0.010/0.020 30 13 Exanple 34 1.20 1.17 28
PO s 0T 1001 5" T3 E Al Sosfibdd B pntafle £5
synthegig,1usingipBowving d¢0p@2tor80BiK Exzhg) 8BEK 1339 g), GBgditer 7

o R PRePe G5, eibwiumioorieRerites S Enat HaRe- |
Met hanol HFR- 42 - (m at 0.4 V crossover (Chmcm)

2) (mNcnR) Exanple 54 105 33 0.21 Exanple 32
Ex%g%%‘ 37 0.19 Exanple 33 55 108 40 0.19

This block polymer was synthesized in a similar way as described in Example 13

synthesis, using following compositions: BisK (1.25 g), SBisK (13.96 g), Oligomer 7

(26.12 g), 2,2°-Biphenol (9.31 g), and anhydrous potassium carbonate (8.98 g).

Table 2. Ex-Situ Data Summary for Block Polymers

Membrane IEC Ml2s SWilo Methanol Water A
(meq/g) | (dL/g) | (%) | r.t./boiled crossover uptake H,0
(S/cm) r.t./boiled (%, wiw) | /H"

(mg.mil/

cc.min.cm?)
Example 19 | 1.20 1.74 16 |0.027/0.039 | 0.023/0.024 | 22 10
Example 20 | 1.25 2.09 18 |0.030/0.039 | 0.012/0.015 |24 11
Example 21 | 1.30 2.14 124 10.033/0.046 | 0.014/0.027 |27 12
Example 22 | 1.20 148 |23 ]0.026/0.037 | 0.013/NA 20 9
Example 23 | 1.25 1.59 |24 |0.030/0.042 | 0.014/0.024 |25 11
Example 24 | 1.30 2.08 |21 ]0.034/0.044 | 0.013/0.023 |27 12
Example 25 |[1.15 1.11 |24 ]0.026/0.037 | NA 24 12
Example 26 | 1.20 1.67 |22 ]0.031/0.040 | NA/0.009 21 10
Example 27 |1.25 145 |25 ]0.034/0.043 | NA/0.013 24 11
Example 28 | 1.30 146 |24 10.038/0.049 |0.011/0.027 |27 12
Example 29 | 1.35 1.80 |26 |0.042/0.058 | 0.016/0.036 |27 11
Example 30 | 1.40 1.30 |28 ]0.041/0.057 | 0.017/0.035 |29 12
Table 3. In-Situ Data Summary for Block Polymers
Membrane Thickness | Power density | Methanol HFR

() at 04 V| crossover (Ohm.cm?)
(mW/cm?) (mA/cm?)

Example 19 |44 106 46 0.20
Example 20 | 56 111 39 0.22
Example 21 |56 112 44 0.17
Example 22 |45 103 40 0.18
Example 23 | 57 120 45 0.18




Exanpl e 34 53 102 33 0.22 Exanple 35 54 1 14 33 0. 20
Exanpl e 36 50 122 49 0.16 Exanple 37 52 100 37 0.18
wE2@spkwIld8 This bl ock pol ymer was synt hesi zedP@TUS2004/037805
simlar way as described in Exanple synthesis, using
foll owi ng conpositions: 2, g difl uorobenzonltrl le (6.10
g), SBisK (13.35 g), Glgomsr 7 (22.21 9),
2,2' -Bi phenol (15.83 g), and anhydrous potassi um
(1R 27 a) Fyarml e 39 This block pol ymer was

—carbgnat
Exapyple Rbhsi|ASd in a [si3f lar way|A8 described 954 Exanplle

Exapyple B&si|<48 usi ng f0I0 owi ng cbhPosi tions: | 0.18

Exdayiile 6 f ||ulor obenzdniaxile (5.883g), SBi sK [(14403 g),

Exdahplgomer| 52 (22. 21 gl6 2, 2' - Bl ghenol (15.83.@9), and

Exa{i\ﬂglyggouggpot assifufcar bonat €55 15. 27 9. Ngf9 27,

L3HTTY TS b o 4LUpUI YITET 71 Exanpte 40 dlllib bt Utk

Aaocoyri

[JUI yHher—was—syntnest zed—+—a-stmtar Way—aS—GeStt ed

i n Exanpl e synthesis, using follow ng conpositions:
Exd#mpledilf i uor obenzoni t rile (5.31 g), SBisK (13.88 g),

Aigoner 7 (20.90 g), 2,2'-Biphenol (14.90 g), and

14 37 iy anmpl e
i R R SRR B Bhel ¥ S ribr M BrReky o
syntlesieS ush%dfollbwfﬁxgmlhposﬁty&IShBﬁleS(ﬂr 905¢)NEB{s’ deVS4 , Oligomer 1
conpasi i ons: fluorobenzonitrile é
(15 &d; gg*@ls@?,hydroxylphenyl) -1,4-diisopropylbenzene (20.78 g) an anhydrous

potassium carbonate (10.78 g).

Example 32

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (4.70 g), SBisK (13.40 g), Oligomer 7
(15.67 g), Bis(4-hydroxylphenyl)-1,4-diisopropylbenzene (20.78 g), and anhydrous

potassium carbonate (10.78 g).

Example 33

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (4.38 g), SBisK (14.01 g), Oligomer 7
(15.67 g), Bis(4-hydroxylphenyl)-1,4-diisopropylbenzene (20.78 g), and anhydrous
potassium carbonate (10.78 g).

Example 34

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (3.24 g), SBisK (14.80 g), Oligomer 7
(23.51 g), Bis(4-hydroxylphenyl)-1,4-diisopropylbenzene (20.78 g), and anhydrous
potassium carbonate (10.78 g). MEA 22 contains this block copolymer.



(14.57 g), digoner 7 (29.39 g), 2,2'-Biphenol (13.96
g), and anhydrous potassium carbonate (13.48 g).
wE2@speIst2 This bl ock pol ymer was synt hesi zedP@TUS2004/037805
simlar way as described in Exanple synthesis, using
following conpositions: 2,6qdifluorobenzonitrile (3.66
g), SBisK (15.23 g), Glgomsr 7 (29.39 9),
2,2'-Bi phenol (13.96 g), and anhydrous potassi um
ar te (13.47 g). Exanple 43 This bl ock pol ynmer was
Exg %ﬂiized ina simlar way as described in Exanple
synthesis, using foll ow ng conpositions:
Thid bodt pfo'lﬁﬁ’é’rosb@snﬁ& MdsTzell & & Sindifhr gk)aiy a§@b§ﬁb@&i’n E)?‘a.rﬂﬁle 13
adigoner 7 (27 , Zz-ggeno 3 g), and
synaltsisdnng foblsrving |cgmp@atlbm1@t1 (289 5)3 S@)SK El>6a4ﬁog)e Omgomer 7

.0, BN SRR 53 SHRLEREL G0, Copbil ) 4R

potaszipe sarboens (1R 78 gyli MREIOLD beMaas itkis blo@k c %&?mgl) SBi sK
(13.83 g), digoner 7 (31.35 g), 2,2 -Biphenol 1.17
g), and anhydrous potassiun1carbonate (10.78 g).
Exipsplade 45 This bl ock polymer was synthesized in a
sinilar way as described in Exanpl e synthesis, using
03|t|ons 2, 6- difluorobenzonltrlle (1

Th]é;% c%@ogy%e(rm Wyn&esmgi lnbfb piapilay wex ps ggscglj)ed in Example 13
synfhedis; \%Uﬁ’é‘ﬁ)ﬂ@wlﬁ% @oéﬁoﬁﬁen@@%l@@z@ép WBiROHRSH YT0ligomer 7

car bonat e
(23.51 g), Bis(4- hydroxylphenyl) 1 4 dusopropylbenzene (20.78 g), and anhydrous

potassium carbonate (10.78 g). MEA 24 contains this block copolymer.

Example 37

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (1.23 g), SBisK (14.00 g), Oligomer 7
(26.12 g), Bis(4-hydroxylphenyl)-1,4-diisopropylbenzene (17.32 g), and anhydrous

potassium carbonate (8.98 g).

Table 4. Ex-situ Data Summary for Block Polymers 31-37

Membrane IEC Mhs |SW|o Methanol Water A
(meq/g) | (dL/g) | (%) | r.t./boiled crossover uptake (HZO
(S/cm) r.t./boiled (%, wiw) | /H")
(mg.mil/
cc.min.cm?)
Example 31 | 1.20 1.88 |27 [0.023/0.040 | NA/0.010 25 12
Example 32 | 1.25 1.65 |31 ]0.025/0.042 | 0.010/0.016 | 26 12
Example 33 | 1.30 1.86 | 30 |0.030/0.041 | 0.010/0.020 | 30 13
Example 34 | 1.20 1.17 |28 |0.024/0.041 | 0.010/0.014 |25 12
Example 35 | 1.25 1.67 |30 |0.025/0.045 |0.011/0.017 |27 12
Example 36 | 1.30 1.72 |33 ]0.031/0.048 | 0.014/0.025 | 30 13
Example 37 | 1.20 1.38 |27 |0.025/0.038 | NA 24 11

Table 5. In-Situ Data Summary for Block Polymers 31-37

| Membrane

| Thickness | Power density | Methanol

| HFR




Exanpl e 46 This bl ock pol yner was synthesized in a
simlar way as described in Exanple synthesis, using

WO odoso¥tengy conmposi tions: 2, 6-di fl uorobenzoni t rPCEUSDN4T37805
g), SBisK (15.20 g), digonmer 7 (31.35 g),
2,2'-Biphenol ( 1.17 g), angd anhydrous potassium
carbonate (10.78 g). Exanpl € 47 This bl ock pol ymer was

synthesized in a simlar way as described in Exanple
syntt hesis usi si-ng- f ol l.owi ng c nT\IlQI tions:

2,6-difl @'r)obenzcrﬁ“trl@é (3V g2 Bi sK ( (@hBgmy)
Qigolrrer 7 (16.98 @ W/cm?) ?cmez‘%

ExBinplelhydiboxyl phenidI -1, 4-di i §6propy| benzefgl(22. 52

Exaples2d psthydr ous mxjassi um ¢arbonate (11]6899) .

ExBxprege f8 This DOl pok pol ynetr 4pas synthes gag in a

Ex[§1h e'ﬁ,r as d Sf(}ji bed In tjgsrrpl € Syn[ n‘B'ZQ u5| )]

AR TN E A
Exéﬁlp]ﬁ%hu \$qt\y /1 nh ﬂﬂ% - i él'pmr nn\/l henz =Q‘l6( 20 78

N N

Example 374" vydr nuj Magmlum 3/honate (10]948g). Table

6 Ex-situ Data Summry for Bl ock Polymers 26- 48
Menbrane EC S Ws Methanol Water | (neqg/g) (dL/g) (%

iled crossover uptake (H O (S/cm r.t./boiled
Exﬁ%t[ﬂ% H) (mg.ml/ cc.mn.cm2) Exanple 1.20 2.77 1

0. 026/ 0. 033 NA/0.007 18 8
ThlS block polymer was synthesized in a similar way as described in Example 13

synthesis, using following compositions: 2,6-difluorobenzonitrile (6.10 g), SBisK
(13.35 g), Oligomer 7 (22.21 g), 2,2°-Biphenol (15.83 g), and anhydrous potassium
carbonate (15.27 g).

Example 39

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: 2,6-difluorobenzonitrile (5.88 g), SBisK
(14.03 g), Oligomer 7 (22.21 g), 2,2°-Biphenol (15.83 g), and anhydrous potassium
carbonate (15.27 g). MEA 27 contains this block copolymer.

Example 40

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: 2,6-difluorobenzonitrile (5.31 g), SBisK
(13.88 g), Oligomer 7 (20.90 g), 2,2’-Biphenol (14.90 g), and anhydrous potassium
carbonate (14.37 g).

Example 41

This block polymer was synthesized in a similar way as described in Example 13

synthesis, using following compositions: 2,6-difluorobenzonitrile (3.88 g), SBisK



Exanple 39 1.25 1.92 2 4 0.031/0.033 NA/0.010 24 11
Exanple 40 1.30 1.91 2 6 0.037/0.046 NA 31 11 Exanpl e
W@ 20504%06 2. 23 3 0 0.029/0.036 NA/0.013 25 12 BEXHIP1004/037805
42 1.25 2.13 2 1 0.034/0.046 NA/0.012 26 11 Exanple 43
1.30 1.29 2 7 0.037/0.052 28 12 Exanple 44 1.20
1.36 2 2 0.030/0.038 NA 22 10 Exanple 45 1.25 0.93 2 5
0.031/0.044 NA 31 14 Exarrple 46 1.30 0.81 2 5
0. 037/0Q.047 NA 28 12 e 47 1.20 1.13 1
(14é7é8¢bg@3@ N3 Des 22?5 Bllﬂhen@é(B %&rpn@amydlotwoassgm
036 NA/0.014 23 11 Table 7. In-Situ Data
car@t?ha%@g‘hfs%) Bl ock Pol ynmers 38-44, 47 and 48 Menbrane
Thi ckness Power density Methanol HFR (n) at 0.4 V
Exééﬁgs&ver (Chmecnm2) (MVWcm 2) (mA/ cnR) Exanple 38 50
1°0.23 Exanple 39 47 11 8 36 0.20 Exanple 40 44
130 64 0.13 Exanple 56 110 39 0. 22 Exanple 42 43 106
Thig blogk pelymea nydseydthediged {iva §mildr Wdy Ex degotibedlih Bxanil®1312
synglesm us1ngni%hgmng gc?mfligs?tlons 96 cg fluorobenzonitrile (3.66 g), SBisK
(15.23 g), Oligomer 7 (29.39 g), 2,2’-Biphenol (13.96 g), and anhydrous potassium

carbonate (13.47 g).

Example 43

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: 2,6-difluorobenzonitrile (3.18 g), SBisK
(14.93 g), Oligomer 7 (27.43 g), 2,2’-Biphenol (13.03 g), and anhydrous potassium
carbonate (12.58 g).

Example 44

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: 2,6-difluorobenzonitrile (1.92 g), SBisK
(13.83 g), Oligomer 7 (31.35 g), 2,2’-Biphenol (11.17 g), and anhydrous potassium
carbonate (10.78 g).

Example 45

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: 2,6-difluorobenzonitrile (1.71 g), SBisK
(14.47 g), Oligomer 7 (31.35 g), 2,2’-Biphenol (11.17 g), and anhydrous potassium
carbonate (10.78 g).



Exanple 48 55 11 8 34 0.21 Exanple 49 F-ended A i goner
8:DP = 6 This oligoner was synthesized in a simlar
worysagedescri bed in the oligomer synthesis, uBCTIYS2004/037805
foll ow ng conpositions: BisK (65.46 g), 9, 9-bis(4-
hydr oxyphenyl ) f | uor ene (8]4g9 g), and anhydrous
pot assi um car bonate (26.95 Qg), 540 L of DMSO and 270
ni L of Tol uene. Exanple 50 A bl ock pol ynmer was
synthesized in a simlar way as described in Exanple
Exaggpleesi s, using fol | owi ng conpositions: BisK (3.97
g), SBisK (14.82 g), Aigoner 8 (22.78 g),
- Ry - | _ i 0 y
Thig SR PV RS SR n A BpEPRANGRLANG iR TEls
syntiesispising5ollTing chmpesitipok:ydediflesolapromitsle £ 47 igh SBisK

Lmlar wa scrifed.in le.synt hesiis, usin

15 B8 T 5 & o ot B T07 ) gt ps Bigttom
cartibhate @1 0.9938r 8 (18.98 Q), o

Bi s(4- hydroxyl phenyl ) -1, 4-dii sopropyl benzene (17.32

g), and anhydrous potassium carbonate (8.98 g).
Exdnfglenlze 52 This bl ock polyner was synthesized in a

simlar way as described in Exanple synthesis, using
Thi%?ll’olc]gjvjmplggwg ??vgg g}?r{i]%elsggg 651 %I s?éilgrzwgyoasggés cr?l%dsir}f x:!i?n'pISell 3

kst 'gﬁﬂ% ! bdifiboné 'J§mgi&&% &? .6% -SBisK
Syng ?’gﬁ anﬁ§%f§3§ﬂ%of%§g?&%§gar 5natg gﬁgg?g %ifﬁgs
(13.39 g), Oligomer 7 (16.98 g), Bis(4-hydroxylphenyl)-1,4-diisopropylbenzene
(22.52 g), and anhydrous potassium carbonate (11.68 g).

Example 48

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: 2,6-difluorobenzonitrile (2.17 g), SBisK
(14.49 g), Oligomer 7 (23.51 g), Bis(4-hydroxylphenyl)-1,4-diisopropylbenzene
(20.78 g), and anhydrous potassium carbonate (10.78 g).

Table 6. Ex-situ Data Summary for Block Polymers 26-48

Membrane IEC ks | SW |o Methanol Water A
(meq/g) | (dL/g) | (%) | r.t./boiled crossover uptake (H,O
(S/cm) rt/boiled | (%, wiw) | /HY)

(mg.mil/

cc.min.cm?)
Example 38 | 1.20 277 |17 |0.026/0.033 | NA/0.007 18 8
Example 39 | 1.25 1.92 |24 |]0.031/0.033 | NA/0.010 24 11
Example 40 | 1.30 191 |26 |0.037/0.046 | NA 31 11
Example 41 | 1.20 223 |30 |0.029/0.036 | NA/0.013 25 12
Example 42 | 1.25 2.13 |21 ]0.034/0.046 | NA/0.012 26 11
Example 43 | 1.30 1.29 |27 |0.037/0.052 | NA 28 12
Example 44 | 1.20 1.36 |22 |0.030/0.038 | NA 22 10
Example 45 | 1.25 093 |25 [0.031/0.044 | NA 31 14
Example 46 | 1.30 0.81 |25 ]0.037/0.047 | NA 28 12
Example 47 | 1.20 1.13 | 31 ]0.023/0.035 | NA/0.013 25 12




Exanpl e 53 This block polyner was synthesized in a
simlar way as described in Exanple synthesis, using

WO edosowteng conpositions: BisK (1.28 g), SBi sK PABUSW04/037805
g), Aigonmer 8 (25.63 Qg),
Bi s(4- hydroxyl phenyl) -1, 4- disi sopropyl benzene (15.59
g), and anhydrous potassi umcarbonate (8.08 g).
Exanpl e 54 This bl ock polyner was synthesized in a

mle svynthesis.__ usi ng
Exempledh nigL-28rmod 0930nd-33Ri [<k0P4H0 836 o) NAKRO A (12397 | 11

g), Aigoner 8 (25.63 g), Bis(4-hydroxyl phenyl ) -1

, 4-di i sopropyl benzene (15.59 g), and anhydrous
Taplet7absbinmDearSmnnedre oBBI&kPolyhxardgiet, 83 addd8 bl ock
MepsHryme Iwa}slcme@i hegviadddnRity | Mdthdl Way aHFReSC“ bed

i n Exanpl (?)synt hesks, @gi ngy i elds@Wend corrp(@HIﬁl

BI skK (O 6 SEBl(&Mq’IIéz)GS qkmA%dlz%orrer (25. 63

Ex nﬁfeqﬂ;”y X)" P1Tg 'w )-| ;A=dit 3)’}” opytbenz @53‘)\ 15- ;I,

ceQlm & haonat.a (9

et I%I':: cwiulmu pol y el ‘génc synt qu'(;Zﬁ in a
Examplei4d, @ as dad80 bed in =24l e synt he@ild, usin
Expmpledili ngd&onposifliléns: Bi sk|B8. 34 g), SHGR2(12.16
Example@Ri gotder 8 (22088 g), 2, 261Bi phenol ([10.147 g), and
ExanplgdBous4Pot assijunpcar bonat ¢5¢10. 78 g) . [Exaqple 57
Exdiiple 48l ocdg pol ynern 1vas synthegpzed Th a Sfgngar vay| as
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Example 49

F-ended Oligomer 8: DP =6

This oligomer was synthesized in a similar way as described in the oligomer 13
synthesis, using following compositions: BisK (65.46 g), 9,9-bis(4-
hydroxyphenyl)fluorene (87.60 g), and anhydrous potassium carbonate (26.95 g), 540
mL of DMSO and 270 mL of Toluene.

Example 50

A block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (3.97 g), SBisK (14.82 g), Oligomer 8
(22.78 g), Bis(4-hydroxylphenyl)-1,4-diisopropy1benz¢ne (20.78 g), and anhydrous
potassium carbonate (10.78 g).



(22.78 g), BiszZ (16.10 g), and anhydrous potassi um
carbonate (10.78 g). Exanple 58 This bl ock polynmer was
washesdeed in a simlar way as described i n BXEDF1084/037805
synthesi s, using follow ng conmpositions: BisK (3.97

g), SBisK (14.82 g), Aigongr 8 (22.78 g),

Bi s(4- hydr oxyl phenyl) -1, 4-dii sopropyl benzene (20.78

g), and anhydrous potassium carbonate (10.78 g). Table

8 Ex-sjtu Data Summary for Bl ock Polyners 37-42
Exgaplt 2he | EC [h] 25 SW's Methanol Water | (meg/ g)

(dL/g) (%9 r.t./boiled crossover uptake (H O (S/cm

. ' 9 : - i |
ol ln Ty 5 gL T A
synthezss, 9si9g f@bvin®eomimsidansd BEG8(00D L) SBisKL 0l 28(agp Ddigber 8

15959, B3Ry RdD- baaciboptmrtpigealy 11 shiaprvdis
pothss2im tai®3nad (D9O@H/ 0. 037 0.008/0. 030 25 11 Exanpl e 55
1.30 1.18 33 0.028/0. 044 0.008/0.032 27 12 Exanple 59

Ot ended A igoner 9: DP = 4- 48 - This oligoner 9 was
Exam@wsezsi zed in a simlar way as descri bed int he _
ol i goner synthesis, using follow ng conpositions: BiskK

: , 9,9-bis(4- o
Thlg%?oc?(%o%gmer was synt gs1zed in a similar way as described in Example 13
synthesis, using following compositions: BisK (2.70 g), SBisK (13.51 g), Oligomer 8
(18.98 g), Bis(4-hydroxylphenyl)-1,4-diisopropylbenzene (17.32 g), and anhydrous

potassium carbonate (8.98 g).

Example 53

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (1.28 g), SBisK (13.34 g), Oligomer 8
(25.63 g), Bis(4-hydroxylphenyl)-1,4-diisopropylbenzene (15.59 g), and anhydrous

potassium carbonate (8.08 g).

Example 54

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (0.95 g), SBisK (13.97 g), Oligomer 8
(25.63 g), Bis(4-hydroxylphenyl)-1,4-diisopropylbenzene (15.59 g), and anhydrous

potassium carbonate (8.08 g).

Example 55

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (0.61 g), SBisK (14.63 g), Oligomer 8
(25.63 g), Bis(4-hydroxylphenyl)-1,4-diisopropylbenzene (15.59 g), and anhydrous

potassium carbonate (8.08 g).



hydr oxyphenyl ) f1 uorene (94,00 g),
pot assi um car bonate (48.20 Q),

wa. 2ef/0Isbaene.
synthesized in a simlar way as described in Exanple

synt hesi s,

g), SBisK (15.64 g),

using follow n
digo

onposi tions:
r 9 (19.72 g),
g). and anhydrous potassium carbonate (14.37 g).

and anhydr ous
540 rnL of DMSO and 270
Exanpl e 60 This bl ock pol yner WeST/US2004/037805

Bi sK (9. 37
Bi sZ (19. 32

Exanpl e 61 This bl ock polyner was synthesized in a
Example 3 way as described in Exanpl e synt hesi s,
SBi sK (15.59

foll ow ng conpositions:

Thlg)D%]OCgﬂO%{@’ fyal siResPRd M a siPhid

drous potassium carbonate (10.
syntiesis, lnﬂlng:follpwqurr@mpmslosy WikESb Sd )i $iBJaKs(1anll6@) Qhgomasr 8

O b r e PinST IR T B =gy P ialinn 78 e
Bi sZ (9 39 0),
Table 9. Ex-situ Data Summary for

9 (36.97 g),

Exé@é@&ﬂgte (8.98 g?.

ol ymers 43-45 Menbrane | EC SWs Met hanol
r.t./boiled crossover

| (meq/g) (dL/g) (% _ _
Thié SleeRipotynier Magisirethles{z4d i wimthr) wiyas dﬁsbﬂbaﬁnfﬂ}i’anﬁﬂe 1%
npl e 60 l 25 0.85 30 0.0Q21/0.032 0.015

synEBE AP llg Vi comps ot Faok/(8.008h H39A1380 75, Oligomer 8
(22.78 g), BisZ (16.10 g), and anhydrous potassium carbonate (10.78 g).

Example 58

Bi sK (5.04 g),
&%@aﬁ&sgﬂbeﬁﬂdﬁﬁample 13

Si.S

dswae

usi ng

and anhydrous potassium

Wat er

upt ake (H O

This block polymer was synthesized in a similar way as described in Example 13

synthesis, using following compositions: BisK (3.97 g), SBisK (14.82 g), Oligomer 8

(22.78 g), Bis(4-hydroxylphenyl)-1,4-diisopropylbenzene (20.78 g), and anhydrous
potassium carbonate (10.78 g).

Table 8. Ex-situ Data Summary for Block P olymers 37-42

Membrane IEC Ml2s SW | o Methanol Water A
(meq/g) | (dL/g) | (%) | r.t./boiled crossover uptake (H,O
(S/cm) rt/boiled | (%, wiw) | /H)
(mg.mil/
cc.min.cm?)
Example 50 | 1.20 1.09 28 0.020/0.033 | 0.007/0.026 | 28 13
Example 51 | 1.25 0.97 31 0.024/0.037 | 0.008/0.017 |27 12
Example 52 | 1.30 0.86 40 0.029/0.046 | 0.011/0.020 |28 12
Example 53 | 1.20 0.89 27 0.021/0.033 | 0.006/0.019 | 23 11
Example 54 | 1.25 1.02 29 0.025/0.037 | 0.008/0.030 | 25 11
Example 55 | 1.30 1.18 33 0.028/0.044 | 0.008/0.032 |27 12
Example 59

OH-ended Oligomer 9: DP = 4




Exanpl e 62 1.25 0.56 33 0.019/0.029 0.013 26 12 Table
10. In-Situ Data Summary for Bl ock Polyners 2, 43-47.
woveeobinaees Power density Met hanol HFR at 0.4 V PCDESIHO€037805
(Chmecnm2) (nMWcnR) (M cm 2)- 49 - Exanple 2 83 5 3
0.15 Exanple 43 87 6 5 0,20 Exanple 44 90 9 6 0.19
Exanple 45 103 3 1 0.21 anple 46 93 3 3 0.25 Exanpl e
47 73 2 5 0.24 MEA testing conditions: 3 lrr};/cmz Pt-Ru
[.n anade, 2 /cnP Pt in cathode, 60 C ce )
This Oli%%@r%WEﬁ , thbsiged imyp shpibaaYay; oS dgpariber dnthenaligomienhd|
| ‘ol 1. nQ: S AR AV f.ur g her support
Synthe%%’reﬁstn}%eﬁ? )(;{6@? % plr6 glgc% 1o nissga(ﬁg 9(8(%)3%93 rbgg(%-esc_r i bed
hydroxyiphenyd}iboteniel{P4 06 pk cintlianhydrons péixssiinh ea®3nik i(¢0P®E), 580

) [ [ r was synthesized in a simlar way
mL Ofﬁ@@?@g&g@é&f E’fﬂgﬁf’@f‘omer 10, using fol | ow ng
conmpositions: 4,4'-difluorobenzophone (BisK, 34.91 g,

0.16 nol), 9,9- bis(4-hydroxyphenyl)fluorene (42.05 g,
Example 6§ ), and anhydrous potassi um carbonate (25.87 g,
0.187 nol), 220 nL of DVMSO and 110 niL of toluene.

This deBBk §ol_§)'gfég Kval @&El?(tl%[zleﬂqﬁ aSYRIReHhy 89adsBriBeSinEafpldBY as
escripeda i n a e 1,
synthesis, using following comggsitions: BisK (9.37 g), SBisK (15.64 g), Oligomer 9

(19.72 g), BisZ (19.32 g), and anhydrous potassium carbonate (14.37 g).

Example 61

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (5.04 g), SBisK (15.59 g), Oligomer 9
(29.58 g), BisZ (12.88 g), and anhydrous potassium carbonate (10.78 g).

Example 62

This block polymer was synthesized in a similar way as described in Example 13
synthesis, using following compositions: BisK (2.54 g), SBisK (16.22 g), Oligomer 9
(36.97 g), BisZ (9.39 g), and anhydrous potassium carbonate (8.98 g).

Table 9. Ex-situ Data Summary for Block Polymers 43-45

Membrane IEC Mhks |SW |o Methanol Water A
(meq/g) (dL/g) | (%) | r.t./boiled crossover uptake (H,O
(S/cm) rt/boiled | (%, wiw) |/HY
(mg.mil/
cc.min.cm?)
Example 60 | 1.25 0.85 30 0.021/0.032 | 0.015 25 12
Example 61 | 1.25 0.53 31 0.024/0.034 | 0.022 28 13
Example 62 | 1.25 0.56 33 0.019/0.029 | 0.013 26 12
Table 10. In-Situ Data Summary for Block Polymers 2, 43-47.
Membrane Power density | Methanol HFR
at 04 V| crossover (Ohm.cm?)

(mW/cm?) (mA/cm?)
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ThéiMbias &athpldd p ?oﬁdler@dlﬂ{er%?po"i’tsfog BRAYPRESE b RUANR] ©

1, using foll ow ng osi t
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0.045 nol), digoner 10 (19.59 ¢
Ex%,ﬂgﬂgﬁgm hydr oxyphenyl ) fl uori ne (26.28 g,
and anhydr ous potassium carbonate (13.47 g, 0.097
Oligmohgr,102B® . of DMSO and 125 nl of Tol uene. Exanple 66
Thi s block polyner was synthesized in a simlar way as

1,. ysi
This glsgom |08l 3 {

0.075 nol ),

er was syntﬁemzrg%lm a similar W%y as described for oligomer 10, using
following compositions: 4,4’-difluorobenzophone (BisK, 34.91 g, 0.16 mol), 9,9-
bis(4-hydroxyphenyl)fluorene (42.05 g, 0.12 mol), and anhydrous potassium
carbonate (25.87 g, 0.187 mol), 220 mL of DMSO and 110 mL of toluene.

This block polymer was synthesized in a similar way as described in Example 1,
using following compositions: 4,4” -difluorobenzophone (BisK, 7.75 g, 0.0355 mol),
3,3’-disulfonated-4,4’-difluorobenzophone ((SBisK, 15.00 g, 0.0355 mol), Oligomer
1(20.90 g), BisZ (21.47 g, 0.08 mol), and anhydrous potassium carbonate (14.37 g,
0.10 mol), 250 mL of DMSO and 125 mL of toluene. This polymer has an inherent
viscosity of 0.49 dl/g in DMAc (0.25 g/dl). Its one-day swelling in 8 M methanol at
80°C was 52%, cross-over in 8 M methanol was 0.016 mg.mil/cc.min.cm? (non-
boiled, conductivity was 0.013 S/cm (non-boiled) and 0.034 S/cm (boiled).

Example 64

This block polymer was synthesized in a similar way as described in example 1, using

following compositions: 4,4’-difluorobenzophone (BisK, 5.72 g, 0.026 mol), 3,3’-



foll owi ng conpositions: 4,4'-difluorobenzophone (BisK,
4.68 g, 0.021 nol), 3,3 - .
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0.075 nol), and anhydr ous[,wggt_asm um car bonate (13.47
g, 0.075 nol), 250 L of and 125nL of tol uene.
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This block polymer was synthesized in a similar way as described in example 1, using

following compositions: 4,4’-difluorobenzophone (BisK, 4.68 g, 0.021 mol), 3,3’-
disulfonated-4,4-difluorobenzophone (SBisK, 19.06 g, 0.040 mol), Oligomer 10
(19.59 g), bisphenol (13.96 g, 0.075 mol), and anhydrous potassium carbonate (13.47
g, 0.075 mol), 250 mL of DMSO and 125 mL of toluene.

Example 67

This example illustrates block copolymer system using BisK-O block in the non-ionic
region, and SBisK-Z in jonic region, the non-ionic region consists of 11%. Size 6 of
BisK-O block.

Oligomer 11: DP =6

This oligomer was synthesized in a similar way as described for oligomer 10, using
following compositions: 4,4’-difluorobenzophone (BisK, 65.46 g, 0.30 mol), 4,4°-
dihydroxydiphenyl ether (0, 50.55 g, 0.25 mol), and anhydrous potassium carbonate
(44.92 g, 0.325 mol), 540 mL of DMSO and 270 mL of toluene.
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Example 69 illustrates ionic region consist of sBisK-Z unit:
Oligomer 12: DP =8

This oligomer 12 was synthesized in a similar way as described in oligomer 1, using
following compositions: 4,4’-difluorobenzophone (BisK, 65.46 g, 0.3 mol), BisZ
(70.44 g, 0.262 mol), and anhydrous potassium carbonate (17.97 g, 0.13 mol), 540
mL of anhydrous DMSO (270 mL) of toluene. This block polymer was synthesized
in a similar way as described in example 1, using following compositions: 4,4’-
difluorobenzophone (BisK, 4.57 g, 0.021 mol), 3,3’-disulfonated-4,4°-
difluorobenzophone (SBisZ 17.41 g, 0.041 mol), Oligomer 12 (29.72 g), BisZ (18.78
g, 0.07 mol), and anhydrous potassium carbonate (12.57 g, 0.091 mol), 270 mL of
anhydrous DMSO and 135 mL of toluene. This polymer has an inherent viscosity of
0.62 dl/g in DMAc (0.25 g/dl).



(25.27 g), 9,9-bis(4-hydroxyph enyl)fluorene (21.02 g,
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wO®7F849%06 ), 250 L of DMSO and 125 L of t ol ueneCT/Uk1084/037805
pol ymer has an inherent viscosity of 0.84 dl/g in DVAc

(0.25 g/dl). Exanple 71 illystrates ionic region
consi st of sBisK-AF unit: THi's bl ock pol ymer was
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This polymer has an inherent viscosity of 0.47 dl/g in DMAc (0.25 g/dl).
Example 72 illustrates ionic region consisting of sBisK-B unit:

This block polymer was synthesized in a similar way as described in example 1, using
following compositions: 4,4’-difluorobenzophone (BisK, 4.57 g, 0.021 mol), 3,3’-
disulfonated-4,4’-difluorobenzophone (SBisK, 17.41 g, 0.041 mol), Oligomer 12
(29.72 g), 4,4’-dihydroxybiphenyl (13.03 g, 0.07 mol), and anhydrous potassium
carbonate (12.57 g, 0.091 mol), 250 mL of DMSO and 125 mL of toluene. This
polymer has an inherent viscosity of 1.01 dl/g in DMAc¢ (0.25 g/dl).

Example 73 illustrates ionic re gion consisting of sBisK-O unit:

This block polymer was synthesized in a similar way as described in example 1, using
following compositions: 4,4’-difluorobenzophone (BisK, 4.57 g, 0.021 mol), 3,3’-
disulfonated-4,4’-difluorobenzophone ((SBisK, 17.41 g, 0.041 mol), Oligomer 12



(29.72 g), 4,4'-dihydroxydi phenyl ether (14.15 g, 0.07

nol ), and anhydrous potassi um carbonate (12.57 g,
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X¥RBHpl%e 75 This block polymer was synthesized in a
simlar way as described in exanple 1, using follow ng

Thig ®IRQPolyne Svas éyﬂth'eﬁbédl Ho4 GRENRZ %9 Q8 Ses(cﬁb@dﬁn é%agﬂalegl using
0.018 nmol), 3,3 di sul fonat ed- 4, 4' - di fl uor obenzophone

followgnggompositipps: ¢, 4 eddb@rcvh@moplmﬁ Goisks 1.298 £26,0259 gpl), 3,3-
dlSL]l'lf(ﬁ’l %dh/y Q,r & ﬁ’l&%gg}lg h%ﬂg ﬁl%g@% %O@ QS%Dnla})BOﬁ,g?l}‘ier 12

ols ot assium-tcar

(29%@)m4oﬂlhwﬁ@mmeﬂﬂ31M3 cgt 0.00 |mtﬁ_)] @nd Ihhysir@@ iuhas

0. 25 g/ dl
carbonted 1357 d AT Py 359amE iSRS fing 25 ehlap il et afh@%d

polfnXhddl G 1hl§br$rﬁ %1§c%§‘1§% Pi; g gbigﬂ’% ZED‘&JSTQ?/ &e%g@e nbr ane

properties from Exa
Cross-over in 8M Conductivity Swelling (% Met hanol
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This block polymer was synthesized in a similar way as described in example 1, using
following compositions: 4,4’-difluorobenzophone (BisK, 3.91 g, 0.018 mol), 3,3’-
disulfonated-4,4’-difluorobenzophone (SBisK, 14.92 g, 0.035 mol), Oligomer 12
(25.47 g), 1,5-dihydroxynaphthalene (9.61 g, 0.060 mol), and anhydrous potassium
carbonate (10.71 g, 0.078 mol), 206 mL of DMSO and 103 mL of Toluene. This
polymer has an inherent viscosity of 1.10 dl/g in DMAc (0.25 g/dl).

Table 11 summarizes the impact of the chain length and flexible in the ionic region on
the final membrane properties from Examples 10-16.

Polymer One-day Cross-over in 8M Conductivity
Swelling (%) Methanol (S/cm) (Non-

(mg.mil/cc.min.cm?) | boiled/boiled)
(Non-boiled/boiled)

Example 7 116 0.034/0.081 0.38/0.055

Example 8 46 0.025/0.020 0.026/0.045

Example 9 141 0.0320/0.11 0.025/0.35

Example 10 47 0.036 0.047/0.075
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EX%‘.’%*/ cc.min.cm2 (boiled), conductivity was 0.026
S/cm (non-boil ed) and 0.047 S/cm (boil ed).
This block polymer was synthesized in a similar way as described in example 1, using

following compositions: 4,4’-difluorobenzophone (BisK, 3.91 g, 0.0179 mol), 3,3°-
disulfonated-4,4’-difluorobenzophone ((SBisK, 14.92 g, 0.035 mol), Oligomer 12
(25.27 g), BisZ (8.05 g, 0.035 mol), 9,9-bis(4- hydroxyphenyl)fluorene (10.51 g,
0.035 mol), and anhydrous potassium carbonate (10.78 g, 0.078 mol), 250 mL of
DMSO and 125 mL of toluene. This polymer has an inherent viscosity of 1.02 dl/g in
DMAc (0.25 g/dl). Its one-day swelling in 8 M methanol at 80°C was 63%, cross-
over in 8 M methanol was 0.036 mg.mil/cc.min.cm? (non-boiled) and 0.038
mg.mil/ce.min.cm? (boiled), conductivity was 0.026 S/cm (non-boiled) and 0.047
S/cm (boiled).

Example 77
Oligomer 13 (FL4): DP =4

In a 500 mL three necked round flask, equipped with a mechanical stirrer, a
thermometer probe connected with a nitrogen inlet, and a Dean-Stark trap/condenser,
4,4’-difluorobenzophone (BisK, 34.91 g, 0.16 mol), 9,9-bis(4-
hydroxyphenyl)fluorene (42.05 g, 0.12 mol), and anhydrous potassium carbonate
(25.87 g, 0.187 mol), 220 mL of DMSO and 110 mL of Toluene. The reaction

mixture was slowly stirred under a slow nitrogen stream. After heating at ~85 °C for



Exanple 77 Aigonmer 13 (FL4): DP = 4 In a 500 nL three
necked round flask, equipped with a nechanica

W@ 005081696 a t her nonet er probe connected w t h aPCi/USYE037805
inlet, and a Dean-Stark trap/condenser,
4,4' -difiuorobenzophone ( #iK 34.91 g, 0.16 nol),
9, 9-bi s(4- hydroxyphenyl)fttuorene (42.05 g, 0.12 nol),
and anhydrous pot assi um car bonate (25.87 g, 0.187

1), of DMSO and O nL of Tol uene. The reaction
lh aﬁ%tmléo \ﬂé@réllbmvegqu tempareee wasstiswd t9it138g€rfor 3 h, and

ﬁnaé:fyr t§2 aEn_ZlO d I“o? b egtd %gofﬂl 85700" C{ Qhth ngtlnulg gtgrg ng,oth%

reaction ure was ra

sohﬁd‘n&ﬁas?drdippeé Iimiio fliLre] domlddﬁnéﬂﬁﬁhdl: Wit a ngbrolué\fsﬁﬂfngc @aki ng
he ;sol utjon

t.0. 70 C w ntjnuin stlrrln was
pregipigpRene tltsatsq? %‘LW%‘EP o BTy aty f%)Hf 4mg$ gl drigd at 80°C
ove?ﬁl ﬁtr érﬁgther;r Be PLR0IR ﬁﬁe?%a%ﬁ%‘?fcjrgl &a?@t ed and vvashed

-water four tinmes an 80 C overni ght,
and then dried at 80 C under vacuumfor 2 days. This
Thipblssk pplymenmias waéh@ymdhegu simatlan wayaasdesttilad indlye alsgomer 1

escri he

syl ol ding o Raiens L S uaR R bk ch O

3,33diSusHated!l4, wncﬁﬂaﬁlmﬂeﬂz bﬁé gk eNg.0p By sl dorBir 35,(19.59 @),
09D D et S {615t 20 Sh antyseapoigssivavaarbonat

(13 %N%dﬂ@gﬁ[i ggb@fﬁ? H{}T% Iq gg ?@J 8{}?01(1!51:1)’6 n%adlwglglolgﬂ' ali’i 1812erent

visdostte o£h00 dl/g aoBMAc @.23 g@d0).dl /g i n DI\/AC (0.25 g/dl).
Exanpl e 78 This bl ock pol yner was synthesized in a
simlar way as described in the oligonmer synthesis,

Exﬂggkdgfollomﬁng conposi tions: 4,4 -difl uorobenzophone

(BisK, 4.68 @),
This block polymer was synthesized in a similar way as described in the oligomer 10

synthesis, using following compositions: 4,4’-difluorobenzophone (BisK, 4.68 g),
3,3’-disulfonated-4,4’-difluorobenzophone (SBisK, 19.06 g), Oligomer 10 (19.59 g),
4,4’-biphenol (13.97 g), and anhydrous potassium carbonate (13.48 g), 240 mL of
DMSO and 120 mL of Toluene. This polymer has an inherent viscosity of 1.89 dl/g in
DMAc (0.25 g/dl).

Example 79

This block polymer was synthesized in a similar way as described in the oligomer 1
synthesis, using following compositions: 4,4’-difluorobenzophone (BisK, 4.68 g),
3,3’-disulfonated-4,4’-difluorobenzophone (SBisK, 19.06 g), Oligomer 10 (19.59 g),
2,7-dihydroxynaphthalene (12.01 g), and anhydrous potassium carbonate (13.48 g),
240 mL of DMSO and 120 mL of Toluene. This polymer has an inherent viscosity of
1.00 dl/g in DMAc (0.25 g/dl).



3,3 -disul fonated-4, 4" -difl uorobenzophone (SBi sk,
19.06 g), Aigoner 10 (19.59 g), 4,4 -biphenol (13.97
W@ osamd9@anhydr ous pot assi um carbonate (13.48 BOT/US2004/037805
mL of DVMBSO and 120nL of Tol uene. This polyner has an
i nherent viscosity of 1.89.dl/g in DVAc (0.25 g/dl).
Exanpl e 79 This bl ock poly r was synthesized in a
simlar way as described in the oligoner 1 synthesis,
usi ng follomnng conpositions: 4,4 -difluorobenzophone
Examplad0 4. 68 g), 3,3'-disul fonated-4, 4 -difluorobenzo
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anhydrous pot assi um carbonate (5.39 g), 120 nL of DMSO
and 60 nL of Tol uene.



Thi s polymer has an inherent viscosity of 0.84 dl/g in

DMAC (0.25 g/dl). Exanple 81 This bl ock pol yner was
washesdeed in a simlar way as described i n PEEUS2004/037805

ol igoner 1 synthesis, using follow ng conpositions:

4, 4' -di fl uor obenzophone (_ 555, 1.94 9),

3,3"-disul fonated-4, 4" -difl'uorobenzophone (SBisK, 7.50

g), Aigoner 14 ( 1.66 g), 4,4 -biphenol (5.58 g), and

anhydr ous _pot assi um car bonate (5. 39 é, 120 nL of DWMSO
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described in the oligonmer 1 synthesis, using follow ng
Exaopleddi ti ons: 4, 4' -di f1 uorobenzophone (BisK, 1.94 g),
3,3 -disul fonated-4,4'-difiuorobenzophone (SBisK, 7.50

. [ 14 1.66. .. g .
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and 60nL of Toluene. This polyner has an inherent
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, 3 -dis bgonated-4,4'-difluorobenzophone (SBi sK, 1.88
D C,(Odﬁga r 14 (13.60 g),
9, 9- bi s(4- hydroxyphenyl)fluorene (12.26 g), and
Ex#fipe@pous potassium carbonate (6.29 g), 150nmL of DMSO
and 75nmL of Tol uene. This polynmer has an inherent

vi scosity of 0.68 dllg in DMAc (0.25 g/dl).
This block polymer was synthesized in a similar way as described in the oligomer 1

synthesis, using following compositions: 4,4°-difluorobenzophone (BisK, 1.94 g),
3,3’-disulfonated-4,4’-difluorobenzophone (SBisK, 7.50 g), Oligomer 14 (11.66 g),
1,1-bis(4-hydroxyphenyl)cyclohexane (8.05 g), and anhydrous potassium carbonate
(5.39 g), 120 mL of DMSO and 60 mL of Toluene. This polymer has an inherent
viscosity of 0.64 dl/g in DMAc (0.25 g/dl).

Example 83

This block polymer was synthesized in a similar way as described in the oligomer 1
synthesis, using following compositions: 4,4 °-difluorobenzophone (BisK, 0.64 g),
3,3’-disulfonated-4,4’-difluorobenzophone (SBisK, 11.88 g), Oligomer 14 (13.60 g),
9,9-bis(4-hydroxyphenyl)fluorene (12.26 g), and anhydrous potassium carbonate
(6.29 g), 150 mL of DMSO and 75 mL of Toluene. This polymer has an inherent
viscosity of 0.68 dl/g in DMAc (0.25 g/dl).

Example 84

This block polymer was synthesized in a similar way as described in the oligomer 1

synthesis, using following compositions: 4,4°-difluorobenzophone (BisK, 1.94 g),



Exanpl e 84 This bl ock pol yner was synthesized in a
simlar way as described in the oligoner 1 synthesis,
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Example 86
Oligomer 15 (AF8): DP =8

This oligomer was synthesized in a similar way as described in the oligomer 1
synthesis, using following compositions: 4,4’-difluorobenzophone (BisK, 87.28 g),
4,4’ -(hexafluoroisopropylidene)diphenol (117.69 g), and anhydrous potassium
carbonate (62.88 g), 560 mL of DMSO and 280 mL of Toluene.

Example 87

This block polymer was synthesized in a similar way as described in the oligomer 1
synthesis, using following compositions: 4,4’-difluorobenzophone (BisK, 3.88 g),
3,3’-disulfonated-4,4’-difluorobenzophone (SBisK, 15.00 g), Oligomer 15 (29.12 g),
1,1-bis(4-hydroxyphenyl)cyclohexane (16.10 g), and anhydrous potassium carbonate
(10.78 g), 240 mL of DMSO and 120 mL of Toluene. This polymer has an inherent
viscosity of 0.72 dl/g in DMAc (0.25 g/dl).



synthesi s, using follow ng conpositions:
4,4" -di fl uor obenzophone (BisK, 3.88 g),
w@2@s5/0di6sal f onat ed- 4, 4' - di f1 uor obenzophone ( SBPGKES2004/037805
15.00 g), Aigomer (29.12 g),
I, 1-bis(4- hydroxyphenyl)cyﬁjohexane (16. g), and
anhydrous pot assi um carbonate (10.78 g), 240 ni of
DMSO and 120 L o f Toluene. This polyner has an
i nherent viscosity of 0.72 dl/g in DVAc (0.25 g/dl).
Exaygple 88, anpl e 88 This bl ock pol yner was synt hesized in
a simlar way as described in the oligonmer 1
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conposi tions: 4, 4 d| fl uor obenzophone (BisK, 4.20 g),
Exdainple-89i sul f onat ed- 4,4' -di fl uorobenzophone (SBi sk,
16.25 g), QAigoner 15 (31.55 g), 4,4 -biphenol (12.10
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e 90 Thi s bl ock pol'ymer was synthesi zed
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DMSO and 120 mL of Toluene. This polymer has an inherent viscosity of 1.29 dl/g in
DMAc (0.25 g/dl).

Example 90

This block polymer was synthesized in a similar way as described in the oligomer 1
synthesis, using following compositions: 4,4’-diflucrobenzophone (BisK, 3.55 g),
3,3’-disulfonated-4,4’-difluorobenzophone (SBisK, 13.75 g), Oligomer 15 (26.70 g),
4,4’-(hexafluoroisopropylidene)diphenol (18.49 g), and anhydrous potassium
carbonate (9.88 g), 240 mL of DMSO and 120 mL of Toluene. This polymer has an
inherent viscosity of 0.54 dl/g in DMAc (0.25 g/dl).

Example 91

This block polymer was synthesized in a similar way as described in the oligomer 1
synthesis, using following compositions: 4,4’-difluorobenzophone (BisK, 4.20 g),
3,3’-disulfonated-4,4°-difluorobenzophone (SBisK, 16.25 g), Oligomer 15 (31.55 g),
2,7-dihydroxynaphthalene (10.41 g), and anhydrous potassium carbonate (11.68 g),



3,3 -disul fonated-4, 4" -difl uorobenzophone (SBi sk,

13.75 g), Aigoner (26.70 g),
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viscosity of 0.54 dl/g in c (0.25 g/dl). Exanple 91
Thi s bl ock polynmer was synthesized in a simlar way as
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Example 92

Synthesis of partial block polymer with non-sulfonated hydrophobic segment
Fluorine end group oligomer 16 preparation (Segment size n=4)

In a 500m] three necked round flask, equipped with a mechanical stirrer,
thermometer, nitrogen inlet and Dean-Stark trap/condenser, Bis Z (80.508), Bis
K(87.28g), anhydrous potassium carbonate (54g) 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 4h. The oligomer precipitates from methanol to get the rude product, then
washed by hot water four times. Dry at 80°C oven for one day and 75°C vacuum oven

for 2 days.



8.3 x 10 cm/sec. Exanple 92 Synthesis of parti al

bl ock pol ynmer with non-sul fonated hydrophobi c segnent
wWO-Laws0#ases end group ol i gomer 16 preparation ( SEQNE1004/037805

size n=4) In a 500m three necked round fl ask,

equi pped with a nmechani cal6sti rrer, thernoneter,

nitrogen inlet and Dean- St 2k trap/ condenser, Bis Z

(80.508), Bis K(87.28g), anhydrous potassi um carbonate

(P54g) wer e dissolved in a mxture DMSO and Tol uene
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concentration). The m xture was heated to toluene flux

with stirring, keeping the tenperature at 140C for 6h,
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Synthesis of partial block polymer with non-sulfonated hydrophobic segment
Fluorine end group oligomer 17 (BisZ/BisK) preparation (segment size n=4)

In a 500ml three necked round flask, equipped with a mechani cal stirrer,

thermometer, nitrogen inlet and Dean-Stark trap/condenser, Bis Z (80.508), Bis
K(87.28g), anhydrous potassium carbonate (54g) 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 té
175°C for 4h. The reaction mixture precipitates from methanol to get the rude
product, and then washed by hot water four times. Dry at 80C oven for one day and

75C vacuum oven for 2days.
Polymerization

In a 500ml three necked round flask, equipped with a mechanical stirrer,
thermometer, nitrogen inlet and Dean-Stark trap/condenser, Bis Z (13.418),
BisK(5.2368g), S-Bis K (8.4444g), oligomer 17 (12.0112g, n=4, fluorine end of

BisZ/BisK composition), anhydrous potassium carbonate (9.0g) were dissolved in a



Exanpl e 93 Synthesis of partial block polynmer with

non- sul f onat ed hydr ophobi ¢ segnent Fl uorine end group
wo@bkiogossese (Bi sZ/ Bi sK) preparation (segnment si zBCTE&)004/687805

a 500m three necked round flask, equipped with a

mechani cal stirrer, thernmoppter, nitrogen inlet and

Dean-Stark trap/condenser, Bis Z (80.508), Bis

K(87.28g), anhydrous potassium carbonate (54g) were

.dissolved in a mxture DMSO and Tol uene (about 20%
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Ex%ﬁgﬁ sK conposi'tion), anhydrous potassium carbonate
: were dissolved in a- 62 - mxture DMSO and

Tol uene (about 20% solid concentration). The m xture
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toluene flux with stirring, keeping the temperature at 140°C for 6h, then increase
temperature to 173-175°C for 4-4.5h. The reaction mixture precipitates from methanol

to get the rude product.

Conductivity: 0.01468/cm (0.0378 S/cm, boiled), swelling by area in 8M methanol:

51%, 8M methanol cross-over: 0.022 mg/min.ml.mls.
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equi pped wth a nechanical stirrer, thernoneter,
waozaosogens i nl et and Dean- Stark trap/ condenser , P@GI/ESZ04/037805

(13.418), BisK (4.8878g), S-Bis K(9.2884g), oligoner

17 (11. 21129, n=4, fluorineg, end of BisZ/ BisK

conposi tion), anhydrous potassi um carbonate (9. Qg)

were dissolved in a mxture DVBO and Tol uene (about

20% solid concentration). The m xture was heated to
Exampleehe flux with stirring, keeping the tenperature at
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Polymerization

In a 500ml three necked round flask, equipped with a mechanical stirrer,
thermometer, nitrogen inlet and Dean-Stark trap/condenser, Bis Z (13.418), Bis
K(4.8878g), 3,3’-disulfonated-4,4’-difluorobenzophone (S-Bis K, 8.444g),
oligomer(9.953g, n=6, fluorine end of BisZ/BisK composition), 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 4-4.5h. The

reaction mixture precipitates from methanol to get the rude product.
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In a 500ml three necked round flask, equipped with a mechanical stirrer,
thermometer, nitrogen inlet and Dean-Stark trap/condenser, 4,4’-Biphenol (8.3794g),
Bis K(1.2444g), S-Bis K(12.9794g), oligomer 18 (18.00g, n=4, fluorine end of
BisZ/BisK composition), 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 4-4.5h. The reaction mixture precipitates from

methanol to get the rude product.

Conductivity: 0.0427S/cm(0.078S/cm, boiled), swelling by area in 8M methanol:

61%, 8M methanol cross-over: 0.052 mg/min.ml.mls.
Example 98

In a 500ml three necked round flask, equipped with a mechanical stirrer,
thermometer, nitrogen inlet and Dean-Stark trap/condenser, 4,4°-Biphenol (8..3794g),
Bis K(1.1032g), S-Bis K(13.6625g), oligomer 18 (15.1777g, n=4, fluorine end of

BisZ/BisK composition), anhydrous potassium carbonate (9.0g) were dissolved in a



thernoneter, nitrogen inlet and Dean- Stark
trap/ condenser, 4,4'-Bi phenol (8.3794g), Bis

WKEe5A4069¢) , S-Bis K(12.9794qg), oligoner 18 (1BCDU82004/037805
n=4, fluorine end of BisZ/ Bi sK conposition), anhydrous
pot assi um car bonate (9. Qg) re dissolved in a mxture
DVBSO and Tol uene (about ZD%N'EOI id concentration). The
m xture was heated to toluene flux with stirring,

.keeping the tenperature at 140C for 6h, then increase
mixtarIaML A Toudmed(ahorss 267irsolid somestratiome Thedobsion was
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ross-over: 0,052 /mn.m.ms. Exanple 98 In a 5
mefcl}@pgletorggubgam}edgﬁ@u 1 ask, equi pped with a nechani cal

stirrer, thernmoneter, nitrogen inlet and Dean- Stark
mh&&%ﬁgﬂﬁmém(o‘b%' S/8hPRsRE), &Rk SASka iBB®I methanol:

K(1.1032g), S-Bis K(13.6625g), oligorer 18 (15.177/7/9g,
72%=8M thethend] weosederot). 0BinggZmBi.wknmdonposi t i on), anhydr ous

pot assi um carbonate (9.0g) were dissolved in a- 65 -
Exg}'nxieugde DMSO and Tol uene (about 20% solid

eORCent rat i on). The m xture was heated to toluene fl ux

wWth stirring, keeping the tenperature at 140 C for
In 600 brecineckedasend fashesqiipped with dfidelibnfcaCstiér, 4- 4. 5h.

The reaction mxture pr ecirgi tates_from nethanol to

et
thep P Gh SRR RE: AR B OB (bl & 2 e
: rof )% r ' - %
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BisZ/BisKromplositien); exlkeiouspotedsifinamikhoneq (P Orzp sverd dissaved in a
mi%gems‘zf‘almdsf cl)l{legn%r(hbout 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 4-4.5h. The reaction mixture precipitates from

methanol to get the rude product.

Conductivity: 0.072S/cm(0.0922 S/cm, boiled), swelling by area in 8M methanol:

98%, 8M methanol cross-over: 0.067 mg/min.ml.mls.
Example 100

In a 500ml three necked round flask, equipped with a mechanical stirrer,
thermometer, nitrogen inlet and Dean-Stark trap/condenser, 4,4°-
(Hexafluoroisopropylidene)-diphenol (6F, 16.8065g), Bis K(4.8878g), S-Bis
K(9.2884¢g), oligomer 18 (11.2112g, n=4, fluorine end of BisZ/BisK composition),
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 4-4.5h. The reaction mixture precipitates from methanol to get the rude
product.



thernoneter, nitrogen inlet and Dean- Stark
trap/ condenser, 4,4'-Biphenol (8.3794), Bis

WKEDsBDBg) , S-Bis K(15.0287g), oligonmer 18 (1BCOUS2004/037805
n=4, fluorine end of BisZ/ BisK conposition), anhydrous

potaSS|un1carbonate (9. Cg)égere di ssolved in a mxture
DVBO and Tol uene (about 20% solid concentration). The

m xture was heated to toluene flux with stirring,
t hen increase

140C for 6h,
cobfigund; P4 EERra TG edn.vatine tinsrsad G anthanc:

tRL 1 to get the rude
24gar gwu%lﬁthafé(g;déﬁgtoﬁvﬁe?yd %SH%%%P&?@% 0922 S/cm boil ed),
swelling by area in 8M net hanol: 98% 8M net hano

Exempde1@ver: 0.067 ng/min.ni.ns. Exanple 100 In a
500n three necked round flask, equipped with a
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(Fbxafluor0|sopropylldene) di phenol (6F, 16.8065q),
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bonate (9. Qg)
In § BB hiee bk AL schiepedveth ek raemdatirembol
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toluene flux With stirrin pl ng enper at ure at
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reac xtur.e precipitates from
P Otgé% Uh an oPg)I?a‘tc @1@) PRE (]5%58 B’ gﬂ% fixture %M&é@ﬁé delyepp (gbout
20% sGleYSirmBiﬁtEht%X 2TIY BRtu Qds %&ted %ldérﬁq}%‘x{ﬁ 8§§Ing,
t hanol : 24% 8M net hanol cross-over .
keeﬁﬁyggﬁ teﬁqp_efﬁtlg_e aé(g}@fgr 4o then increase temperature to 175°C for 4h.
The reaction mixture precipitates from methanol to get the rude product, and then
washed by hot water four times. Dry at 80C oven for one day and 75C vacuum oven

for 2days
Polymerization

In a 500ml three necked round flask, equipped with a mechanical stirrer,

thermometer, nitrogen inlet and Dean-Stark trap/condenser, Bis Z (13.418), Bis
K(4.8878g), S-Bis K(9.2884¢g), oligomer 19 (12.7333g, n=4, fluorine end of 6F/BisK
composition), 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 4-4.5h. The reaction mixture precipitates from methanol
to get the rude product.

Conductivity: 0.0114S/cm(0.0321 S/cm, boiled), swelling by area in 8M methanol:

38%, 8M methanol cross-over: 0.013 mg/min.ml.mls.



Synthesis of partial block polymer w th non-sul fonated
hydr ophobi ¢ segnent Fl uorine end group oligonmer 19

W@ 85Bisky preparation (segnment size n=4) | n apGD081004/037805
three necked round flask, equi pped with a nmechani cal
stirrer, thernoneter, nitrggen inlet and Dean-Stark
trap/ condenser, 4,4 -
(Hexaf | uor oi sopr opyl i dene) - di phenol (6F, 100.839q),
B| s é‘? . 28g), anhydrous potassi um carbonate (549)

%solved in a mxture DVBO and Tol uene (about

20% solid concentration). The m xture was heated to
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379@re0| pitates fromnethanol to get the rude product.
Conductivity: 0.0114S/ cm(0.0321 S/cm boiled),

E Mﬁi“ RY b y area in 8M nethanol: 38% 8M nethanol
Xcr ses1 over: 0.013 mg/mn.mM.nmMs.- 67 -

Synthesis of partial block polymer with non-sulfonated hydrophobic segment
Fluorine end group oligomer 20 (6F/BisK) preparation (segment size n=8)

In a 500ml three necked round flask, equipped with a mechanical stirrer,

thermometer, nitrogen inlet and Dean-Stark trap/condenser, 4,4°-



Exanpl e 102 In a 500m three necked round fl ask,

equi pped wth a nechanical stirrer, thernoneter,
wozaosogens | nl et and Dean- St ar k trap/pondenser,PCTﬂBﬂman&E

4,4' -(1,4- rhenyl diisorropyl di ene)bi sphenol (17.30g),

Bis K(4.8878g), S-Bis K(9. 2&849) , oligoner 19

(12.733g, n=4, fluorine end of 6F/ Bi sk conposition),

anhydr ous pot assi um car bonat eb( 9. Og)oo/wer le_ gi ssolved in
' d. Tol about sol i
i TR ereTHaD el (3 W46 it B 166708 on b
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20%tvelid eauxtentration) x The enjuture iwak hadted td QBN BuRAAE stir@nget
r oduct ity: 0.0102S/ cn(0. 0215
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non- sul fonat eéd hydrophobi c segnen uor i ¢ g
wagheddorhsr wasr (@r/BieskKDrpatRRE avémfor paedapmid 35 eadi@d) oven
forbA 500n three necked round flask, equipped with a
(Xne%ﬂ%nical stirrer, thernmoneter, nitrogen inlet and

Dean- Stark trap/condenser, 4,4'-- 68 -

(Bdéyeatrizetion sopropyl i dene) - di phenol (6F, 17.6455Q),
Bi s K(87.28g), anhydrous potassi um carbonate (54Q)
m_xt ure DVSO and Tol uene (about

e dissolved in ) ( ) ]
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t..the rud roduct, and the shed hy hot water

conflilopF gl a2 bk 49 VB4 ccahgd 7B Ervistnm
DMB3and 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 4-4.5h. The reaction mixture precipitates from methanol

to get the rude product.

Conductivity: 0.0118/cm(0.021 1S/cm, boiled), swelling by area in 8M methanol:

37%, 8M methanol cross-over: 0.023 mg/min.ml.mls.
Example 104

Following examples demonstrate the effect of various block size and sulfonation

degree
Oligomer 21 Preparation (Block size n = 4)

In a 2L three necked round bottom flask, equipped with a mechanical stirrer,
thermocouple, heating mantle, controller, nitrogen inlet and Dean-Stark
trap/condenser, Bis Z (80.508), Bis K(87.28g), anhydrous potassium carbonate
(71.86g) were dissolved in a mixture DMSO and toluene, 720 ml and 360 ml

respectively (about 20% solid concentration). The mixture was heated to toluene



for 2days Pol ynmerization In a 500m three necked round
flask, equi pped with a nechanical stirrer,

Wa b@siweed er, nitrogen inlet and Dean-Stark — PCT/US2004/037805
trap/ condenser, Bis Z (13.418), Bis K(3.2729g), S Bis
K(12.4151g), oligomer 20 (24, 24549, n=8, fluorine end
of 6F/ Bi sK composition), anmfydrous potassium carbonate
(9 Og) were dissolved in a m xture DMSO and Tol uene

li.d tration The m xture was
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P“’%g" "WS 053%991%‘1’ %tégg'#fg Héﬁwam vacywiy,driggiapés ﬁ%mrz days.
cross-over: 0.023 ng/mn.nm.ms. Exanple 104 Fol | ow ng
Podymbdzatibgnonstrate the effect of various bl ock size

and sulfonation degree A igonmer Preparation (Block
In a 2L three necked round bottom fl ask,

In %5@%&%@@ #ptkgd éOlWé% hetiera é]asléteqmp@ﬁd Mﬂl@rmmh@uph]atlrrer
n Lr O
thefiESiongR, MEAlths ap U AMNEE ngRldeh G ardlash- Stk
trapd¢@idea®y Bis arqh:yélra)); 931p wassv&gm SBIDRNRURN it @%bz%vﬁr e
di ss O and toluene, 720

oliggeB ot Y 4y Bt k). Trhmglivs povssbmics kevmsdhl o8 .
d“i“??ﬂ??ﬁ“*%é%%?ﬁ*}ﬁf‘%%@*%%ﬁ%ér TRy,
(abpw 20&msa %ﬁ@onm’[ra‘uon) 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 4-4.5h. The reaction mixture was precipitated into 2 L of methanol. The
polymer was then washed with DI water 4 times. The product was oven dried at 80C
for one day and vacuum dried at 75C for 2 days. The dried sample (0.1250g) was in
25 ml of dimethylacetamide (DMAc) to determine inherent viscosity. The inherent
viscosity of the sodium salt polymer was found to be 0.67 dL/g. A sample was
prepared for GPC analysis by dissolving 50 mg of polymer in 20 ml of DMAc
containing 0.1M LiBr. The sample was found to have a peak molecular weight of

about 46, 350 based upon polystyrene standards.
Example 105

In a 500ml three necked round bottom flask, equipped with a mechanical stirrer,
thermocouple, heating mantle, controller, nitrogen inlet and Dean-Stark
trap/condenser, Bis Z (13.418), Bis K(6.0441g), S-Bis K sodium salt (7.0521g),
oligomer 21 (n = 4) (17.2480g), anhydrous potassium carbonate (17.9g) were
dissolved in a mixture dimethylsulfoxide (DMS O) (180 ml) and toluene (90 ml)
(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-



tenperature to 175 C for 4h. The reaction m xture was

precipitated into 2 L of methanol to get the crude
w@e@doets9s t hen washed with hot DI water four tPEEES20041€37805

product was oven dried at 80 C for one day and vacuum

dried at 75 C for 2 days. Pglynmerization In a 500ni
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The reaction mxture was precipitated into 2 L of
ExaupleaH . The pol ymer was then washed with DI water 4
times. The product was oven dried at 80C for one day

j 2 days. .The dried sanple
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thetteqconpien beatitiganentle, vosmdki, tftrogoEnicn el Béin-YiagCcoSi ty
f t.he sogi al t gé_yrrer was found to be 0.67 dL/g.
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In a .50 t hree necked roun ottom
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stirtidpe Ikﬁépiﬁg Fﬁh@tenﬁ%ﬁd’tﬁﬂ&&t MRPC! 181 68, A0ES cleBe tefipbf-A9E D 173-

' t Dean- St ar
17558 Ifoer 4-?1.nSh. The reaction mixture was precipitated into 2 L of methanol. The
polymer was then washed with DI water 4 times. The product was oven dried at 80C
for one day and vacuum dried at 75C for 2 days. The dried sample (0.1250g) was in
25 ml of dimethylacetamide (DMAc) to determine inherent viscosity. The inherent

viscosity of the sodium salt polymer was found to be 0.643 dL/ g.
Example 107
Oligomer 22 Preparation (Block size n = §)

In a 2L three necked round bottom flask, equipped with a mechanical stirrer,
thermocouple, heating mantle, controller, hitrogen inlet and Dean-Stark
trap/condenser, Bis Z (70.4445g), Bis K(65 .4600g), anhydrous potassium carbonate
(47.1912g) were dissolved in a mixture DMSO and toluene, 540 ml and 270 ml
respectively (about 20% solid concentration). The mixture was heated to toluene
reflux with stirring, keeping the temperature at 140°C for 4h, then increasing the

temperature to 175°C for 4h. The reaction mixture was precipitated into 2 L of



trap/ condenser, Bis Z (13.418), Bis K(6.0441g), S-Bis
K sodiumsalt (7.0521g), oligoner 21 (n = 4)
W@ 1005248@y) , anhydrous potassi um carbonate (17POLYS24/€37805
di ssolved in a m xture dinethylsul foxide (DVBO) (180
m) and toluene (90 n) (abQPt 20% sol i d
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Example 108

In a 500ml three necked round bottom flask, equipped with a mechanical stirrer,
thermocouple, heating mantle, controller, nitrogen inlet and Dean-Stark
trap/condenser, Bis Z (13.4180g), Bis K(4.8223g), S-Bis K sodium salt (9.4169g),
oligomer 22 (n = 8) (21.2296g), anhydrous potassium carbonate (17.9g) were
dissolved in a mixture dimethylsulfoxide (DMSO) (180 ml) and toluene (90 ml)
(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 4-4.5h. The reaction mixture was precipitated into 2 L of methanol. The
polymer was then washed with DI water 4 times. The product was oven dried at 80°C
for one day and vacuum dried at 75°C for 2 days. The dried sample (0.1250g) was in
25 ml of dimethylacetamide (DMAc) to determine inherent viscosity. The inherent
viscosity of the sodium salt polymer was found to be 0.935 dL/g. A sample was



viscosity of the sodiumsalt polyner was found to be
0.643 dL/g. Exanple 107 digoner 2 2 Preparation
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oven dried at
for one day and vacuum drled at 75°C for 2 days. The dried sample (0.1250g) was in

25 ml of dimethylacetamide (DMAc) to determine inherent viscosity. The inherent
viscosity of the sodium salt polymer was found to be 0.992 dL/g.

Example 110
Oligomer 23 Preparation (Block size n = 2)

In a 2L three necked round bottom flask, equipped with a mechanical stirrer,
thermocouple, heating mantle, controller, nitrogen inlet and Dean-Stark
trap/condenser, Bis Z (53.6721g), Bis K(87.2800g), anhydrous potassium carbonate
(71.8692g) were dissolved in a mixture DMSO and toluene, 750 m1 and 360 ml
respectively (about 20% solid concentration). The mixture was heated to toluene
reflux with stirring, keeping the temperature at 140°C for 4h, then increasing the
temperature to 175°C for 4h. The reaction mixture was precipitated into 2 L of
methanol to get the crude product; then washed with hot DI water four times. The

product was oven dried at 80°C for one day and vacuum dried at 75°C for 2 days.



for one day and vacuumdried at 75C for 2 days. The

dried sanple (0.1250g) was in 25m of
walevsesdeys acet am de (DMAc) to determ ne i nher eP€T/US2004/037805

viscosity. The inherent viscosity of the sodium salt

pol ymer was found to be 0.90 dL/g. Exanple 108 In a

500m three necked round bottom fl ask, equipped with a

nmechani cal stirrer, thernocouple, heating nmantl e,

controller, nitrogen inlet and Dean- Stark
Example/lddndenser, Bis Z (13.418Qg), Bis K(4.8223g),

S-Bis Ksodiumsalt (9.4169g), oligonmer 22 (n = 8)

in 4 Abrf 2080 hea @l AL OROH AR LU EALHANA St Olior

thefthgcoapld, licatitig rean(lé), Cboﬁirdlle(ralhﬁugerﬂl@%t aad Délan-Stark
concentrat.i on
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the ¢ QngeRE) atWA6°C for 38, tikn ﬁfcré&b@teﬁiﬂ%bﬁt@@% 20): 8 ﬂ%"C@Mq@)l 30

det'er m ne i nherent Vi scosi . The inherent viscosity o
The rep¢teonspiiturmves mtecpma;qunto\éls of gianelo Thepdymssway thgn

waho B SRIP YRR (. DATORART Wb B0 YR B e

vacRuhMried Bt 750 e Bédave) Ehendrfedfsamptt (001 250g)eva ip@aknl of
nol ecul ar, W€I ght of about 106, 040 based_upon

dimsghyaceipntide M&v&é&%@er@wﬁrzr@n&m@sm a k@eﬁ?ﬁrerﬁwwé%wy of

the@?&llﬁﬁldsa[t%lé%é}%a{s?&}u{dt@%lé’o S64hpRed with a mechani cal
stirrer r nocou heat'i ng ntle, controller,
nitrogen inlet and Dean- Stark

Example 112

In a 500ml three necked round bottom flask, equipped with a mechanical stirrer,
thermocouple, heating mantle, controller, nitrogen inlet and Dean-Stark
trap/condenser, Bis Z (20.1270g), Bis K(9.9827g), S-Bis K sodium salt (8.8046g),
oligomer 23 (n = 2) (6.2214g), anhydrous potassium carbonate (27.0629g) were
dissolved in a mixture dimethylsulfoxide (DMSO) (180 ml) and toluene (90 ml)
(about 20% solid concentration). The mixture was heated to toluene flux with
stirring, keeping the temperature at 140°C for 6h, then increase femperature to 173-
175°C for 4-4.5h. The reaction mixture was precipitated into 2 L of methanol. The
polymer was then washed with DI water 4 times. The product was oven dried at 80C

for one day and vacuum dried at 75C for 2 days.
Example 113

In a 500m! three necked round bottom flask, equipped with a mechanical stirrer,
thermocouple, heating mantle, controller, nitrogen inlet and Dean-Stark
trap/condenser, Bis Z (20.1270g), Bis K(7.2661), S-Bis K sodium salt (14.0620g),



trap/ condenser, Bis Z (13.418Qg), Bis K(1.8984q),
S-Bis K sodiumsalt (15.0757g), oligoner 22 (n - 8)

W@ 20502866) , anhydrous pot assi um car bonat e ( 17POQUS20e4/€37805
di ssolved in a m xture dinethylsul foxide (DVBO) (180
m) and toluene (90 n) (aZgut 20% sol i d
concentration). The m xturé was heated to toluene flux
with stirring, keeping the tenperature at 14OC for 6h,

then increase tenperature to 173- 175 C for 4-
oligppaer 284@tT dh(6m21t gk anliwdeous Pataspvmpeenpigt(H3. 27i9gaﬂwere

isfR AP i i BRATRAHB3: HASOIRRISAY M RorbosBb ol

(at@ndm%eummd[deﬁtﬂaztﬁsimy'ﬁhefﬁnbmre ngaé lzhysted T&@éﬁhh(b %&?ﬂp l e
n I et acet am de C

Sma@e }\Qa?Flé?I&Fﬁtuf\‘?ia% g‘&% Etfg)r 611%1@% IRFERSSfemperaiEg tot V3-

175”‘C 1‘0?@ 45531{j gy SAkibn HRJ(t FE&Yas §c1{)19é‘ﬂ&fj1 ch’2 P& A fnof szlhg
Exanpl e 110 A 1| goner Preparation (Block size n
po]ymeam&tltehr\whméwkhd)lr\mﬂdl thoet om f 1 ask, equi pped wit h
a nechanical stirrer, thernocouple, heating mantl e,

con ﬂo‘{w nitrogen inlet and Dean- Stark
3‘7 denser, Bis Z (53.6721g), Bis K(87.2800g),
anhydr ous pot assi um car bonate (71.8692g) were

Oligos2 IM&eparatton(BrddkrsezeMSANd t ol uene, 750 m and
360 m respectively (about 20% solid concentration).

Th xture was heated to toluene reflux with
In %tlfrtgr]leﬁﬁed%ééﬁ oftga fas nﬁsiém&lta@m@nm stkmer t hen

therREERRE, Bgadr@%&rﬁfép&frﬁ’oﬁ&enft gﬂé% ah8 beéﬁ St

reacti on m xture was precip Into 2 rrethanol
trap/oongtensarnBisct (379902 B(st K(615 MéﬁOgbasﬂdmdrwustmtdsaUmEMarbonate

CLILARE AR T s RS S N
resp&AvRly&aBduk 20% solid concentration). The mixture was heated to toluene
reflux with stirring, keeping the temperature at 140°C for 4h, then increasing the
temperature to 175°C for 4h. The reaction mixture was precipitated into 2 L of
methanol to get the crude product; then washed with hot DI water four times. The

product was oven dried at 80C for one day and vacuum dried at 75C for 2 days.



In a 500mM three necked round bottom fl ask, equi pped

Wi th a mechanical stirrer, thernocouple, heating
worenwslh@edcontrol | er, nitrogen inlet and Dean- SPEK/KS2004/037805

trap/ condenser, Bis Z (20. 1270g), Bi s K(8.5424q),

S-Bis K sodiumsalt (11. 59,}% oligonmer 23 (n = 2)

(6.2215), anhydrous potassitum car bonate (17.99g) were

di ssolved in a mxture dinethyl sul foxi de (DVSO (190

and toluene (100 m) (about 20% solid

Ing é lriilre&tneokﬁ)d ropbbatiog flask, ogEpprdavidia mclmllqabﬁmerrl ux

el p e [ for 6h,
el D SRR B o SRS b R o O,
trap/@@nfdehm Bisx4 (06 2708), SBis Kpjotaineshli @80220{.9 @igomer 24 (n=
net hanol . The pol yner was then washed w wat er 4
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of the sodium salt Q| mer was found 0Q... 46
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reaﬁﬂlﬁfﬁix‘tﬁﬁ%&%fiﬁé’clﬁhﬁéﬁ 1ﬁtor@E RaRicBRnob tI'hE b&kymer was then washed

t her nocoupl e, heating mantle, controller, nitrogen

withrDlewateirdi tibes Thetdaied samplp /(@ dATien sens in B sl 2f ( 20. 1270y),

. Bi.s K(9. 982 -Bi;s K .sodi I 46 L
cingy g8 (Bhratf e sBR b fitrnt B R BB sty of
theGad @&l Epd pierOfMoInd@te 0igsdl/wed in a mxture

di net hyl sul foxide (DVSO (180 m) and toluene (90 m)

(about 20% solid concentration). The m xture was
ExpepleHlY 0 tol uene flux with stirring, keeping the
tenperature at 140C for 6h, then increase tenperature

Tn 4 9004 Bthret iR ced Blndbdtond ﬂas];hg ﬁ?é?lt\kli@fpa MeXhdi&l ¥@ser,

precipitated into 2 L of rrefh he pol yner was
thettheepupies headinginiantle) controBer, ditogereinlet Bhé Derndtaek was
oven, dr i eg af %% . . .
trap/condenser, Bis Z (16.1017g), Bis K (6.3366g), S-Bis K sodium salt (11.6552g),
oligomer 24 (n = 8) (12.7379g), anhydrous potassium carbonate (10.7841g) were
dissolved in a mixture dimethylsulfoxide (DMSQO) (200 ml) and toluene (100 ml)

(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 4-4.5h. The reaction mixture was precipitated into 2 L of methanol. The
polymer was then washed with DI water 4 times. The polymer was found to have an

inherent viscosity of 0.66 dL/g in the proton form.
Example 116

In a 500ml three necked round bottom flask, equipped with a mechanical stirrer,
thermocouple, heating mantle, controller, nitrogen inlet and Dean-Stark
trap/condenser, Bis Z (13.4180 g), S-Bis K sodium salt (17.5670 g), oligomer 24 (n =
8) (31.8444 g), anhydrous potassium carbonate (8.9837 g) were dissolved in a mixture
dimethylsulfoxide (DMSO) (250 ml) and toluene (125 ml) (about 20% solid



for one day and vacuumdried at 75C for 2 days.
Exanple 113 In a 500m three necked round bottom
wo b@sk4osequi pped with a nmechanical stirrer, PCT/US2004/037805
t her nocoupl e, heating mantle, controller, nitrogen
i nl et and Dean- Stark trap/9 ndenser, Bis Z (20 127Qg),
Bis K(7.2661), S-Bis K sodium salt (14 062Qg),- 74 -
oligoner 23 (n = 2) (6.2217g), anhydrous potaSS|um
carbonateails 47599) were dissolved in a mxture
corflentratign) s dhe mikiges W@\Jrs@)ed(tq g@uqﬂe)ﬂuanwh firiog&keeniog the)
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to 173- 175 C for 4-4.5h. The reaction m xture was
withlabwpter htigysi Hegopymerorasfpkiadiave snmhgisny vissosiim of 0.83
i.th DI water 4 times. Exanple 114
dL%?@ggﬁgéﬂggf reparation (Block size n = 12) In a L
three necked round bottom fl ask, equipped with a
nmechani cal stirrer, thernocouple, heating mantle,
controller, nitrogen inlet and Dean-Stark
trap/ condenser, Bis Z (73.799Qg), Bis K(65.46009),
anhydr ous pot assi um carbonate (53.9019g) were
di ssolved in a m xture DMSO and tol uene, 540 nml and
270 m respectively (about 20% solid concentration).
The m xture was heated to toluene reflux with
stirring, keeping the tenperature at 140C for 4h, then
increasing the tenperature to 175 C for 4h. The
reaction mxture was precipitated into 2 L of nethano
to get the crude product; then washed with hot DI
water four tinmes. The product was oven dried at 8CC
for one day and vacuumdried at 75C for 2 days.- 75 -



In a 500mM three necked round bottom fl ask, equi pped
Wi th a mechanical stirrer, thernocouple, heating
worenwslh@edcontrol | er, nitrogen inlet and Dean- SPEK/KS2004/037805
trap/ condenser, Bis Z (20.127Qg), S-BisK sodium salt
(28.1240Qg), ollgoner 24 (n 12) (31.2316g), anhydrous
pot assi um car bonate (13. 555%9) were dissolved in a
m xt ure di met hyl sul f oxi de (DMSO) (300 ml) and tol uene
100 n1) (about 20% sol i d concentration). The mxture
ThESCAAIMEPdSyene flux with stirring, keeping the
tenperature at 140C for 6h, then increase tenperature
1. t AnigiBedidBetlyef mpolymer Ebmpr'rﬁag atdeast bonhydraphobée slg@mer and
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i orhs iR andth il SR e RwitinR e Seahbie.
(0.125Qg) was in 25 n of dinmethylacetam de (DMAC) to
det erm ne inherent viscosity. The inherent viscosity
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Exanpl e 116 In a 500m three necked round bottom
flask, equi pped with a nechanical stirrer,

wao b@soeeeupl e, heating mantle, controller, nitPOIES004/037805
inlet and Dean-Stark trap/condenser, Bis Z (13.4180
g), S-Bis Ksodiumsalt (17,5670 g), oligoner 24 (n =
8) (31.8444 g), anhydrous'z%tassiun1carbonate (8.9837
g) were dissolved in a m xture di nmethyl sul f oxi de

(DMSO (250 m) and toluene (125 m) (about 20% soli d-

ncentrati o e mxture was heated to tol uene

i g the tenperature at 140C

I NCr &g enperatureto 173-175 C for

.bh. The reaction m xture was precipitated into 2 L

of nethanol. The polyner was then washed with DI water

randomy distributed within a
2. The ion conductive copol ynmer of
sai d copol ymer conprises at |east two

, grephobi g ol igoners. 3. An ion conductive
copol ynmer having the formula: -((Ar -X -Ar-X -Ar-X3)
r-/((Ar 4-X4 -Ar 5-X5 -X-Ar -Ar 4-X -) -Ar
-) R-Ar -Y-Ario-Rwhere -((Ar -X -Ar -X
A -X -A-rX -Ar -Xe) --AXr- Ar -) are the
ant hydr ophobi ¢ ol i goners, where Axh,



substituted phenyl napthyl, terphenyl, aryl nitrile,
substituted aryl nitrile, and Axh and/or further

W@ 0upi®ses an i on conducting group, and are PCT/US2004/037805
i ndependent | y -CXC» or S(C»Z X3, X5 and are
i ndependently - O - 30 is a bond, - C(O- or
S(O -. and are the sarre o di f ferent from each ot her

and are CH, / CH 78 -- 79 - and wherein the ion
conductive groups conprise 3, -COO, H2P 3 or
'fonimde; R and are independently -Oor -S-.

exein a, b and ¢ are i ndependently between 0.01 and
$ and a + b + ¢ =1, wherein mis between 1 and 12,
between 1 and 12, and wherein Y is a bond,

- -, ,and be resent or absent e hond.
2 R R R et sy R SORarin Ot ey RuPar o
Sulf(}ﬁlmﬁ{eXAr -X2) -Ar) [(ArX -AXr4 -Ar 5-X)n --)Ar
/- . -Ar -YAr -R where Ar , Ax , and are
|ndBp@n@Bmﬂﬁwnéﬁ€n9ﬁﬁWSQb@tStuted phenyl napthyl,

ter %%% %, k%a c{%cﬂje ulicle gndeﬁtﬁ)gétWegrtl § %l %r XIO Iaglﬁlal b + =d 1,

and/or °on - cond ing group
and wkdread f is rbdmaseﬁdemﬁlly n Q(b@)weeﬁrl mﬁ(l@) 2 X2, X3, X5
and are |nde§endently - . X7 is a bond -

and wherein Y is a bond -C(O)- -S(Op_) and Ar1o may be present or absent

when Y is a bond.

4. An ion conducting copolymer having the formula:

(AI‘3 -X3-AI'1-X1AI‘2-X2) m-AI’3-)a / (AI’6-X5-AI'4-X4-AI‘5-X5)H-AI'6-)b/ (AI‘7-X7_ Arg)c-Rl -AI’g-Y-
Arg-Ry

where Ary, Ar; Ary Ars Arg, Arg, Aty and Arg are independently phenyl,
substituted phenyl napthyl, terphenyl, aryl nitrile, substituted aryl nitrile, and Ar;
and/or Arg further comprise an ion conducting group, X; and X4 are independently
—C(0)- or -S(0),, X, X3, X5 and X; are independently —O- or -S-; X7 is a bond, -
C(0)- or S(0),-,

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



C(O- OS(O -, and are the sane or different from

each other and are- 80 -- 81 - wherein the ion
W@ emdetshere group conpri ses - SO3H, - COOH, - HPOBET/U§2004/037805
2NH SO2- RF where RF is a perfluorinated hydrocarbon
havi ng 1-20 carbon atons ﬁgf said ion conducting group
are pendant to the copol yner  backbone; R and are
i ndependently -Oor -S-. wherein a, b and c are
i ndependently between 0.01 and 0.98 and a + b + ¢ = 1,
wherein i/s between 1 and 10, and wherein Y is a

-X-Ar - XA -X) -A -) /(A -X-Ar -X-Ar
V(Ar -X . ATg) -R-Ar -Y-Ar :R where Ar , A
i S . 9 and are independently phenyl,
substituted phenyl napthyl, terphenyl, aryl nitrile,
substitutgd aryl nitgile, and and/or Arg further
conprise fn ign _condpcti ng group, and X4 are
' ; 2, X3 X5 and are
7 1s a bond, - C(O- or

. : s Zare the same or different
fromeach other and are- 82 - where the nononers are

t !f faﬁB‘HDr

CH;

ferent fromeach other and are CH CH \

wher eXth€ nono
if
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CF- 83 - wherein the ion conductive group conprises
-SBH, -COCH, -HPCG3H or - S 2NH SO2-RF where RF is a
w@ensluwseé nat ed hydrocarbon havi ng 1-20 car bonPEI/O8®04/037805
and said ion conducting group are pendant to the
copol ynmer backbone; R and e i ndependently -Oor -S-.
wherein a, b and c are ind Eéndently bet ween 0.01 and
0.98 and a + b + ¢ =1, wherein mis between 1 and 12,
nis between 1 and 12, and wherein Y is a bond,
0O -, and may be present or absent when Y is a bond.
An i on conductive copolynmer having the formula: OS
ein Ar is : / CFor- 84 - and wherein a is between
5 and 0.2, b is between 0.01 and 0.2 and c is
between 0.5 and 0.95. 7. An ion conductive copolyner

haVI ge;gff;url] egglg_ggrll ct%@gi@g%%éré&@s%&&@? e&g)dl—g -HPO;H or -
SOEWPQS@%'I@QW &P R@ﬁgﬁ 'beltfﬁl\bhﬂgte& Hﬁdrgafrﬂ&ﬁ Bt F£28 carbgn 13ms

A proton exchange nenbrane
and E&Mommnﬁmtmg@ommae |p©nda.notocthc toprdymepmclimme; of

R; and R, are independently -O-or -S-.

wherein a, b and ¢ are independently between 0.01 and 0.98 anda+b+c =1,
wherein m is between 1 and 10,
and wherein Y is a bond, -C(O)-, -S(0,)-, and Ar;p may be present or absent

when Y is a bond.

5. An ion conductive copolymer having the formula
(AI'3 -X3-Ar1-X1Ar2-X2) m-Ar3-)a / (Ar6-X6-Ar4-X4-Ar5-X5)n-Ar5-)b/ (AI'7"X7_ Al‘g)c-Rl-Arg-Y-Arlo"Rz

where Arj, Ar; Ars, Ars, Ary, Arg, Arg and Aryg are independently phenyl,
substituted phenyl napthyl, terphenyl, aryl nitrile, substituted aryl nitrile, and Ar;
and/or Arg further comprise an ion conducting group, X, and X4 are independently
—C(0)- or -S(0),, X, X3, X5 and Xg are independently —O- or -S-; X7 is a bond, -
C(0)- or S(O);-.

where the Ar; monomers are the same or different from each other and are



claims 1-8. 10. A catalyst coated nenbrane (CCM
conprising the PEM of claim9 wherein all or part of
wW@eooseeshe one opposi ng surface of said PEM conpeT/E8204037805
catal yst layer. . A nmenbrane el ectrode assenbly (MEA)
conprising the CCM of claim10. 12. A fuel cell
conprising the MEA of claififr” 13. The fuel cell of
claim 12 conprising a hydrogen fuel cell. 14. The fuel
cell of claim12 conprises a nethanol fuel cell. 15.
oni ¢ device conprising the fuel cell of
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where the Arg monomers are the same or different from each other and are
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V\,/herein the ion conductive group comprises -SOsH, -COOH, -HPO;H or -
SO,NH-SO,-RF where RF is a perfluorinated hydrocarbon having 1-20 carbon atoms
and said ion conducting group are pendant to the copolymer backbone;

R and R, are independently -O-or -S-.

wherein a, b and ¢ are independently between 0.01 and 0.98 anda+b+c=1,

wherein m is between 1 and 12, n is between 1 and 12,

and wherein Y is a bond, -C(O)-, -S(O,)-, and Ar;o may be present or absent

when Y is a bond.

6. An ion conductive copolymer having the formula:

(o0 a¥s O OO A OO FOr OO
(oo

wherein Aris ;

oo, OO
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and wherein a is between 0.05 and 0.2, b is between 0.01 and 0.2 and ¢ is between
0.5 and 0.95.

7. Anion conductive copolymer having the formula

(oo~ ¥ r O+ AD L0 EOr OO

O;H
Q
%ﬁcﬁgﬂ-ﬂ%
HO;S ¢
O+C
Ar= and lFs (ratio of biphenol/6F = 0.6/0.4)

a=0.13,b=0.036, c = 0.834

8. Anion conducting copolymer having the formula

O

(o100 orotOy0f0-0-0r0 )

Ar=

a=0.13,b=0.036,c=0.834
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9. A proton exchange membrane (PEM) comprising the ion conducting copolymer of

claims 1-8,

10. A catalyst coated membrane (CCM) comprising the PEM of claim 9 wherein all

or part of at least one opposing surface of said PEM comprises a catalyst layer.
11. A membrane electrode assembly (MEA) comprising the CCM of claim 10.
12. A fuel cell comprising the MEA of claim 11.

13. The fuel cell of claim 12 comprising a hydrogen fuel cell.

14. The fuel cell of claim 12 comprises a methanol fuel cell.

15. An electronic device comprising the fuel cell of claims 12 and 13.

16. A power supply comprising the fuel cell of claims 12 and 13.

17. An electric motor comprising the fuel cell of claims 12 and 13.

18. A vehicle éomprising the motor of claim 16.



