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<CATALYTI C M CROPARTI CLES  FIELD OF THE INVENTION  The present inyention
rel ates generally to catalytic particles and nore particularly, tﬁB% 4
catalytic mcroparticles containing electroactive polyners and a transitio
nmetal. The present invention further contenplates nethods for the
preparation of catalytic particles and their use in catal ysing chem cal
reactions. BACKGROUND OF THE | NVENTI There has been consi derabl e
interest in using pol yneric ORFALYIIC méRWARTYCF]E y el ectroactive
polymers, to inmmobilize catalyst particles. Genera , the catalyst
particles have been deposited onto a pre-fornmed polynmer film Met hods

I nvol vi ng e QS n of catalyst particles onto pre-forned

el ect roactl‘ltlij fé’fﬁ%ﬁg&g& %f?bed in the follow ng articl es: (1)
Chandl er and Pl etcher, "The El ectrodeposition of Metals onto

Pol ypyrrol e Filns from Aqueous Solutions ", J. Appl. Electrochem 16, 62,
1986. The pregent)invensionarelates generallyHoecatalytie pasticlésoanda nbré|patioutartye rtoc al
Behavi our . _of Palladium.Partjcles at Polyaniline and Polypyrrole

Fi | ns", J catalytic miGepparticley apfaining, ?if’%,’ac&!ﬁ% Ppolygaprs and a transitipn iW?‘XlBafrthSk et
al, " El ectyradep@sidtion Tudhtd cohe "the&fddsaB | ic parti

M cropart iﬂ(’:I es i n Poly(4- vicnyl g@ﬁﬁl n%tﬁé%i I%E%ngéc@%%tgigs@f,ca%%ﬂc.pa&%ﬁm%,
2756, 198aheir use in catalysing chenlical redckions.et al ., "El ectrocheni cal |ncl usion of

Metallic Clusters in Organi ¢ Conducti ng Polyners”, J. Electroanal.
Chem, 158, 181, 1983.

BACKGROUND OF THE INVENTION
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There has been considerable interest in using polymeric matrices, and particularly
electroactive polymers, to immobilize catalyst particles. Generally, the catalyst particles
have been deposited onto a pre-formed polymer film. Methods involving the
electrodeposition of catalyst particles onto pre-formed electroactive films are described in

the following articles:

@) Chandler and Pletcher, "The Electrodeposition of Metals onto
Polypyrrole Films from Aqueous Solutions", J. Appl. Electrochem, 16, 62,
1986.

(ii) Leone, et al., "Electrodeposition aﬁd Electrochemical Behaviour
of Palladium Particles at P_olydniline and Polypyrrole Films", J.
Electrochem. Soc. 39, 438, 1992.

(iii)  Bartak et al, "Electrodeposition and Characterization of Platinum
Microparticles in Poly(4-vinylpyridine) Film Electrodes", Anal. Chem. 58,
2756, 1986.

(iv)  Tourillon et al., "Electrochemical Inclusion of Metallic Clusters in

Organic Conducting Polymers", J. Electroanal. Chem., 158, 181, 1983.



2 (v) Vork et al., "Oxidation of Hydrogen at Pl atinum Pol ypyrrole

El'ect r odes", El ectrochem ca Acta, 31; 1569, 1986. (vi)

Ghol am an and Contractor, "Oxidation of Formc Acid at Plati num

M croparticles Dispersed in a Polyaniline Matrix ", J. Electroanal. Chem,
289, 69, 1990. - (vii) Kost,and Bartak, "Electrodeposition of
Pl ati num M croparticles into Polyaniline Filns with

El ectrocat al ytig\pPIWéRtdt QNS "OxMafibn oS BFogeh Ut PlaitSm-Bo§Syrrole ¥R ses ", &
maj or di sadvant age of using a catal yst incorporation procedure, in whi ch

the netal ions Eearashemicnotos dledS6Nt 1988. pre- exi sting polynmer film is the
confinenent of the particles to the surface of the film To circunvent this

problem atte e.been made~t orp e ata.ly artieles into
a grow ng pol ;/TR@ fi lfﬂlarfi"(ﬁlfl 'g‘rac&duwa’@?“‘ 3 %’”8&38‘8") Pégg

130, 2126, 19830!1&6)5&%&% Bisﬁ&s%‘zq &Pbﬂyamﬁﬁé’mnﬂ” 'JOE‘&ctrB&thIPQ'héHQ),’ ng9! 6’9
during synthesis and subsequently reduced the RuJerr]- to generate

RuJerr] in sitl990ln US Patent No 5,334,292, a method is disclosed for
produci ng el ectroactive polyner filmwth nanodi spersed catal ytic

particles. The th I NV he, ati.on of | suspensi on of
catal ytic part Kﬁs(}&ﬁ @o\iﬁlnﬁ% ﬁ?f’?&? ER9sifan, o) E@?’F’ﬁ'g Mi%? Bﬁtf‘@‘ﬁermm
precursor. andt #h I ogat f

N th The i ncor poRamiBe SR LR S ORI aftst Jindh; ERULOH 2Y2. 125 5.
El ectroanal . Chem 158, 181, 1983) descrl bed the incorporation of finely

di vi ded and di spersed Pt particles in ynmers such as Nafion[err] while
the el ect rlRQNeN chmajprHisadyaniaecopl wsingp e%fatyat {cerPesation RIBFSIHER B “}tﬁvﬁ] fes

h
uch 25 PSR hCablrBtleds s URSCHBR P RS ishe CohnbflenCle e
cat al yst prattidled toshe sirfack ioff dwe filmir Tp earcuﬂaibﬁnmlsl‘jnoﬂeﬁﬁ attetipts devebédnanade

conposi tion containing netal particles, ol yner and a part i cul ate base
mat eri al  VIRIRIPIPOTES] tb%§atﬂb{§t pasticles ma@romatolwrt fim. nFomexamnle,c Nougbe: o

di ssol ved po y as.pol lLRyrr. d ol 5 0f
mat eri al . dl qt?o%?e %gB"ZS 6%28%&%?#%%‘{3&8&)%&% lglé 4 grpléirgﬁlr?gg?u Pabl e
or ganosi | Wrﬁmg dyaftesis Qﬂﬂ Shbseqienfly dedietd HRIRIGH 1 gé@@ité R lintseel
pl ati num co-catal ysts. US Patent -
In US Patent No 5,334,292, a method is disclosed for producmg electroactive polymer film

with nanodispersed catalytic particles. The method involves the preparation of a colloidal
suspension of catalytic particles in a solution containing an electroactive polymer precursor
and the subsequent electrosynthesis of the electroactive film with the incorporation of the
colloidal catalytic particles. Liu et al (J. Electroanal. Chem. 158, 181, 1983) described the

®
incorporation of finely divided and dispersed Pt particles in polymers such as Nafion while

the electrochemical dispersion of Pt microparticles in polymeric matrices such as

poly(vinylacetic acid) was described by Kao ez al (J. Am. Chem. Soc. 106, 473 1984).

The examples above involve the incorporatioh of catalyst particles into films. European
Patent No 0 665,265 describes a composition COntainitlg metal particles, a polymer and a
particulate base material which involves the reduction of metal salts in the presence of a

dissolved polymer such as polyvinylpyrrolidinone and a sol of the base material.

US Patent No 5,254,656, describes a method of preparing curable organosiloxane

compositions containing organotitanate/microencapsulated platinum co-catalysts. US Patent



:3 No 5,411,573 describes a process for accunul ating and recovering netal s
I-i their elenmental form i.e. an oxidation state of zero, froman acidic
solution by contacting the solution with an el ectroactive pol yner. In
accordance with the present invention, the instant inventors have now

devel oped a process for synthesizing ca%l ytic mcroparticles containing an
el ectroactive polyner and a transition rmmetal in a formsuch that the

oxi dat i on Nd 8/421 3773 ldB&ribead ?tdcesarfof@cai_nulaﬁpg af@tRbvérip mésk G theirRShédeN OF
THE I NVENTI ON  Throughout this sepcification and the clains which follow,
unl ess t hdomani&an m@%ﬁbn statecnfireraafeom an peidispobntion brponteting:the solutipm withns
such as "conprising" and "conprises", will be understood to inply the

i ncl usi on 25f t@?&?’&?qlw er or step or group of integers but not the
exclusion of any other integer or step or group of integers of steps. One
aspect of the present invention contenplates a nethod for the preparation
of cat al ytlhaccordanop swithithd presend intvemtitng thednstantrigventoohhavetnow davelapéda prosessh

oy or oGRS Ay BT BRI 41 SR PP AN gD,
and b) xﬁ&glglﬂ(ﬁ% ford sub eRPine ida‘(ﬁfoh@tﬁé‘gﬁﬁ'ﬂe%a‘ﬁsﬁﬁb etil'ls g}eaf’er.ttﬁzﬁﬁfér&' on
nmetal conpound; for a tine and under conditions sufficlent to incorporate

the transition metal, having an oxidation state greater than zero, onto the
pol yner. Anot her asEect of theE‘pr esent invention provides catalytic

m croparti%ﬂ%’éﬁr MNHFQ ess conprising the steps of: a)

provi ding an el ectroactive polynmer with a reduced oxidation state; and b)
contacting the polyner with an acidic solution of a transition netal
conpound; Throughout ribés aeptification andrdie tclaims whith ifollem; ubless theocqniexa trequites
transition nmetal, having an oxidation state greater thap zero, ontq thﬁ

pol ynmer .  OtReIWisgy heryeord Y pRIpFiscy fangd jyariahions SUEH a5, \CORPriSIE; and)i" ¢QIRRTEsEs 1, gV1

catalytic leﬁfdgﬁﬁfohitfi lhﬁﬁly(iﬁgﬂ{cilﬁidﬁ%f a stated integer or step or group of integers but not

the exclusion of any other integer or step or group of integers of steps.

One aspect of the present invention contemplates a method for the preparation of catalytic
microparticles containing a transition metal in a form such that it has an oxidation state
greater than zero, comprising the steps of:

a) providing an electroactive polymer with a reduced oxidation state; and

b) contacting the polymer with an acidic solution of a transition metal compound;

for a time and underl conditions sufficient to incorporate the transition metal, having an

oxidation state greater than zero, onto the polymer.

Another aspect of the present invention provides catalytic microparticles prepared by a
process comprising the steps of: | |

a) providing an electroactive polymer with a reduced oxidation state; and

b) contacting the polymer with an acidic solution of a transition metal compound;

for a time and under conditions sufficient to incorporate the transition metal, having an

oxidation state greater than zero, onto the polymer.

Yet another aspect of the present invention is directed to catalytic microparticles comprising
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/4 an el ectroactive polymer and a transition metal in a formsuch that the
t.ransition netal has an oxidation state greater than zero. Still yet

anot her aspect of the present invention relates to a nmethod for catal yzing
a chem cal reaction conprising a step of contacting catalytic

m croparticles, which conprise an el ect r‘?act I ve polymer and a transition
metal in a formsuch that the transition'netal has an oxidation state
greater t hﬁpelé&{:& iVl fé& @bﬁaﬁdﬁwaﬁﬁdiorpﬂ@ﬁpnﬁm&d fitHithaf dnd RansiRortimeanBas on,
for a tine an unﬁer OX Itrons sufficient to catalyze said reaction. In
yet anot hean exigson spdte ighaatqyrtbaezaroi nvention, there is contenpl ated a use of
a transition netal conpound in the preparation of catalytic mcroparticles
conprising an el ectroactive polynmer and a transition netal in a form such
that the t Lt inQat . A i
ot her - asaL et gpOelEp o e et kOBhddalTcRle s u HehRotoy bIA2iRE bithemical

M cropart i faétord comprisidg by sepnef botactimgpeatalitig rioeoparttibes, ofhicl)comprise an
providing an el ectroactive polynmer with a reduced oxidation state; and b)
cont act i ngele¢teoagtive pelymer @WP afrapsition metad 2 form sich tr‘ﬁ?@?’ﬂﬁ‘%‘ﬂ‘ Wﬁ%ﬁ”’ an

conpound; in.catalyzing a.,.chencal . Cld RSPR freddi®

i nvent i on PEIZHIS tggreggréﬁaﬂs Gt l”(‘:té?% élte?r@ca%cg@gé%%@ | CFl‘éS, cg%@irg ‘R an
el ect r oact j¢q At YAE indCoaditibANGiffitient WwRamlyzeRaid eastipnsuch that the
transition nmetal has an oxidation state greater than zero, in catalyzing a
chem cal reaction. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

The preseni invention provides catalytic mcroparticle i .EHI afi
catal ytic LH X‘T’tc?ﬁ‘ﬁfthe}' Z‘;“f&g B%ﬁlﬁrﬂfgﬁeﬂgmﬁﬁm&"e ?Sé%?%}éhg%feg r%‘rl&:#dil a on

transition tl% )m.)&nﬁ lfIchl féﬁﬁﬂlﬁbﬂ%& cﬁt@ﬂﬂ%rﬁeﬁphh%s'&hﬁ:‘ns Iﬁéle@ﬁ@adﬁ’tlé on
state greater thah zero, and nethods for producing samne. ccordingly, one
aspect of polgmer ek transitiemmetahincoformrsptiathatthe trapsition metal hasan pridyion/aten

greater than zero.

Another aspect of the present invention provides a use of catalytic microparticles prepared
by a method comprising the steps of:

a) providing an electroactive polymer with a reduced oxidation state; and

b) contacting the polymer with an acidic solution of a transition metal compound;

in catalyzing a chemical reaction.

A further aspect of the invention is directed to a use of catalytic microparticles, comprising
an electroactive-polymer and a transition metal in a form such that the transition metal has
an oxidation state greater than zero, in catalyzing a chemical reaction.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides catalytic microparticles, in particular, catalytic microparticles

comprising an electroactive polymer and a transition metal in a form such that the transition

metal has an oxidation state greater than zero, and methods for producing same.

Accordingly, one aspéct of the present invention contemplates a method for the preparation



.5 of catalytic mcroparticles containing a transition netal in a form such
that it has an oxidation state greater than zero, conprising the steps of:
a) provi ding an el ectroactive polyner with a reduced oxi dation state;
and b) contacting the polyner with an acidic solution of a transition
metal conmpound; for a tine and under co(r)\ﬁitions sufficient to incorporate
the transition netal, having an oxidati state greater than zero, onto the
POl yer . ofTegalphic HeBlophicRRt dothikifig o BAnAiGE T n0n GOHA!SHER Ghat it has an

m croparticles conprising an el ect roact ive polymer and a transition netal

in a form@udaﬂonrsmtegmtenﬂamsaem compeisiig thastepsiofixi dati on state greater

than zero and to s artlclesvvn epared by the steps of

provi di ng #n el@'@f’;tEi ‘?}EC%FQ W“E wﬁ?‘rae‘i?g é& PlB"FFs"PQte; and b)
cont acti ngyt he St

conmpound,; g?‘)or a&?‘l rrgﬁéa d’ggk conght%?%%sébg% |((§:}Taeﬁ?ﬁstio |ncorpor teht he

transi ti onfomattihe ahdwunder mdnmslauffmlem; mum:omm'atbehe thaasitior muetal having an
pol ymer. used herein, the term"mcroparticles" refers to particles
havi ng an gt greater ﬂb%‘o"ﬂosl@t? BenOlIBeL. | ess. Preferably the

m croparticles have an average size of about 5.0 [err]mor |ess, nore
preferably about 1.0 [err]mor |less and nost preferably, about 0.5 [err]m

or |ess. ]ivremdld?&ﬁtﬁmfis alsb dirb@tedrto @hpid MRtd a‘t‘@clﬁlim‘ﬁﬁi‘fs ' h dlg@active
refer to an ectrically conductive or sem conductive mer or

conbi nat i cnoiymweané@ftrarwtmm ipp fmauqmtbatlthgltrmﬁmme :ansetdaaonaraet ive
| f b f l e, "A

Fentbook. Aot iiin 2ol Maip SHidh nattiets SRR pRGRRA B RE B 05 T Sotherm

Marcel Deldger ﬂ\‘on leﬂﬁaéctro%@dlwrﬁﬂs?m& {avlithca%ﬂ&&ﬁtcﬁdiha'%ﬁ khenengar e of

particul ar i nt erest. The electrical conductivities of such materials may be
made to urh)erg(ﬁoamn&ﬂlelpdbsncnwnhamaadm solution plrasgin métabtmnpcmﬂ or -

el ectrochem c Four,. mai n asses, of such n ugat ed ners have

been |dent'¥’1f| ggne ﬁ‘iuﬁd‘a FOPdIfODs P g éﬁ“té‘népqof%"rﬂf@r “ﬂf%i(‘iy Wene)

and its ded)ﬁd’a%ifoh‘é?a'ie {eyﬁ%tﬁg@%ﬂﬁ) o@ﬁk and pol y(an| i ne) and its
po

derivatives. Prefer | asses are th y(heterocycllc) and
pol y(aniline) polyners.

As used herein, the term "microparticles" refers to partlcles having an average size of about
10 pum or less. Preferably the microparticles have an average size of about 5.0 um or less,

more preferably about 1.0 pm or less and most preferably, about 0.5 pum or less.

As used herein, the term "electroactive polymer” is taken to refer to an electrically
conductive or semiconductive polymer or combinations thereof. A number of electrically
conductive or semiconductive polymeric materials are knowh. They have been described,
for example, in "A Handbook of Conducting Polymers" Vols I and II, edited by T.
Skotheim, Marcel Dekker, N.Y. (1986). Polymers with cqnjugated backbones are of
particular interest. The electrical conductivities of such materials may be made to undergo
a metal-like transition, via the process of chemical or electrochemical doping. Four main -
classes of such conjugated polymers- have been identified, viz., poly(acetylene) and its
derivatives, poly(phenylene) and its derivatives, poly(heterocyclic) polymers, and
poly(aniline) and its derivatives. Preferred classes are the poly(heterocyclic) and

poly(aniline) polymers.



6 Preferably, the electroactive polyner itself may be fornmed by

pol ymeri zi ng conj ugat ed nononers containing nitrogen, in the formof inine
and/ or am ne noieties, and nay exist in a nunber of intrinsic redox states
arising fromthe imne/amne nitrogen ratios. Desirably, the electroactive
polymer is selected fromthe group consisting of synthetic aniline

pol ynmers, synthetic pyrrole polyners, and their derivatives, and

conbi nat i op\eferiiiv EHe- i o d | ing! St

I nventi on may %gy’p?{gp%?%@ag%ﬁc\éoggﬁgag%élgﬁ%yegegglr?ia ?ggp?lgg{ﬁﬁi%g‘ges, ted

i ncl udi ng rosmaivgrs centaingng wittogey liy ther formtaf aminerwid Air eptine lodeties,aind may exist

pol ymeri zati on. Reduci ng. t he, oxi dati on, state qof the el ectroactive polyner
P Ty ovi s Number KBoBkipie FloShenERing oM, e iiee BERR AIETgRoraRs: o
carried o ' f i ued Qf‘ﬁﬂéﬁ
Most eff e(L:!tb c#\%bﬂﬁ@%?%%ﬁ%%%%ﬁeﬁl #rﬁ%egr%%@?gﬁhn@? ag} Xlllﬁtcéﬁ%#gigg?fec roaé:t I ve
pol yner s iasmildehpelyadrsitsynthictie pyotojerpolynmers; amidtheerddérivatives, r adoeaabinations

oxi dation state. Accordi ngly, another aspect of the invention provides a
met hod forth?ﬂ‘?@f-pr eparation of catalytic mcroparticles containing a
transition nmetal in a formsuch that it has an oxidation state greater than
zero, conprising the steps of: a) provi ding an el'ectroactive pol yner
wWith a redpeesestidabiive polymbphd iA sk Present ifRAiGEina Be iphépalsdl H0FBFdiMg tdar@n
acidic solution of a transition netal conpound; for a tine and under

condi t i onsrecegnizedi teehniques; mebiding exidativeechemieal ipolysnerivation and glactrgcheamical

oxi dation state.qgreater than zero, onto the polyner; wherein step a)
further ccﬁfﬁﬂ" UPRe step of first deprotonating and reducing the
oxidation state of a mcroparticul ate el ectroactive polyner to afford the
el ectroactive polymer with a reduced oxi dation state. In a preferred

met hod, t HRedueing thedoxidation stiteoof theelectroastivet polyrhert th pravtidean deettdavtiveymilymen

Con 2 Rl B Le hind SB R  Eo
accept a g{]féhﬁ&ng ?%QR n gk‘gﬁt ffe@lve ‘iﬁéog@r{%rf of thE 83 RGP b thelGLdaiRS

bases whi cont th enent car
polymers is achieved when the polymers are reduced to their lowest oxidation state.

Accordingly, another aspect of the invention provides a method for the preparation of
catalytic microparticles containing a transition metal in a form such that it has an oxidation
state greater than zero, cbmprising the steps of:

a) providing an electroactive polymer with a reduced oxidation state; and

b) contacting the polymer with an acidic solution of a transition metal compound;

for a time and under conditions sufficient to incorporate the transition metal, having an
oxidation state greater than zero, onto the polymer; wherein step a) further comprises the
step of first deprotonating and reducing the oxidation state of a microparticulate electroactive

'polymer to afford the electroactive polymer with a reduced oxidation state.

In a preferred method, the desired reduced oxidation state of the electroactive polymer can

be achieved by deprotonation, followed by reduction with a reducing agent.

As used herein, the term "base” refers to any substance which can accept a proton or donate

an electron pair. Organic bases are defined as bases which contain the element carbon.



.7 ‘Inorganic bases are those which do not. An alkaline solution is defined
as having a pH greater than about 7. Deprotonation may be carried out by
any suitable neans using any known inorgani c and organi ¢ bases which may

i nclude am nes such as al kyl substituted am nes including triethylam ne,
and diisopropyl am ne; and netal (Li, hb,yq Ca and My) hydroxides, hydrides,
al koxi des, acetates, carbonates and hydr'ogen carbonates. Preferred bases

| ncl ude aqligolsicalal 4B o wibR S nob! #h AkaRRORIubdI @ifek bihatispecH! | Y
preferred 1S . uitabl e reduci ng agents are known to those skilled in
the art angedtcthaslabshdse based on netals such as Fe, Sn, Al and Zn, for
exanpl e, hydrides such as LIAlIH er], NaBH err]; Herr]/catalyst; and the
hydrazi nes. Preferred reducing agents are the hydrazi nes which incl ude

phenyl hydr.azi ne or h i ne.istelf. B, ry "gglf,l@- gtion
metal " reflg?p§°t[°8atf%¥’g& g?’ré’%é d%‘ﬁibﬁfea&l Ya@ﬁﬁ%}l\gﬁﬂegﬁggrﬁ? ga ?3& ? ?vﬁll{ei%lr d o?&f
shel I's in ¢rbsiié L& TRMN miag! icRite Navineg sper s allkyl substitattddamings finslhdings i n
conpounds (as defined in Basic lInorganic Chemstry, F. A Cotton and G

I

W;] | ki nslon,tripﬁxy_kmrﬁﬁa,ﬁ,1 arkh ﬂ:\i&ﬁrﬁpﬁmﬁlﬁh@nér@etﬁh (bhelNa & S8 andoMB)hydroxides;
St abte dNORdE SIKAenoeken et A s laBioafll PRt BB
89-107 as %%B&%hg%lﬂgs&ﬁﬁbﬁ?ﬁc% NaORBUGOT ard IKOH\TEspetially preférfedHANBEOK OF

CHEM STRY (73RD EDI TI ON 1992-1993). Preferred transition netals -
are elements 21-29, 39-47, 57-79 (known to those skilled in the art as d

bl ock el enents) and .even nore preferred e nts.include rutheniu , :
osm um (cssu,ltab;?or&fl‘eﬁﬁlg REHILS i‘ﬁeil&oﬁ’ﬁ toitRgse Sﬁ[@ @‘B‘H’E‘F@&a lﬁﬂﬂéepﬁ‘:?ﬁ E]ff%g?%t) -
Most pref el allVenchis FE285! W Uha"2hakor &aﬂ?l&,?ﬂf&ﬁﬂes sudi @is IALRL | SABEL 3t e
greater than zero i s dependent upon t%e transition el ement and the

al | onabl e Hytfgyitpmdshe hedratioes. cPreferredaaducing apents areathe hiydragimes which declude
skilled in the art. Preferably the oxidation state is between + 1 and + 8.

Pr ef er r ed phenpydragingroshydrazie isglfare +2, +3 and +8: for Os, +3, +4 and +8:
for Rh, +1 and +3; for Ir, +1, +3 and +4; for Pd, +2 and for Pt, +2 and +4.

As used herein, the term "transition metal" refers to the elements defined as having partiaily
filled d or f shells in their elemental form or having partially filled d and f shells in
compounds (as defined in Basic Inorganic Chemistry, F. A. Cotton and G. Wilkinson, page
203, 1st Edition) and are further capable of catalysing a chemical reaction when they have
an oxidation state greater than zero. Suitable elements may be selected from elements 21-
29, 39-47, 57-79 and 89-107 as depicted in the PERIODIC TABLE OF ELEMENTS in the
CRC HANDBOOK OF CHEMISTRY AND PHYSICS (73RD EDITION 1992-1993).
Preferred transition metals are elements 21-29, 39-47, 57-79 (known to those skilled in the
art as d block eiements) and even more preferred elements include ruthenium (Rh), osmium
(Os), rhodium (Ro), iridium (Ir), palladium (Pd) and platinum (Pt). Mo_st preferably, the
transition metal is palladium. |

The oxidation étate greater than zero is dependent upon the transition element and the
allowable oxidation states for each element. These are known to those skilled in the art.
Preferably the oxidation state is between +1 and +8. Preferred oxidation states for Ru
are +2, +3 and +8; for Os, +3, ;1-4 and +8; for Rh, +1 and +3; for Ir, +1, +3 and
+4; for Pd, +2 and for Pt, +2 and +4.
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.8 " Suitably, the transition netal conmpound is an oxi de, conplex or salt of
t.he transition netal such that the transition netal has an oxi dation state
greater than zero. Appropriate forns are known to those skilled in the art
and include halide salts (fluoride, chloride, brom de, and iodide salts,
particularly chloride salts), oxides and other conplexes fornmed from
|igands. A preferred transition metal co$mpound is palladium chloride
(PdC[err]). The size of the mcroparticles can be varied by the addition
of a colloidal inorganic additive to a solution of the nononmer during the

formation gfiabiie il @srsitRAchétEcdRfPoui® is arfyxidd) eoppibixtdraalt of tie waisitivndnadtal
I norgani ¢ additive during the polynerization of the correspondi ng ngnoner,

el ect r oact such thasItherransition wetal thas an axidatiompfatsi greatershan gefe. (ARRTOBYiats §oMS 0. 5
[err]m can he fornmed. Sujtable collojdal Jnorgani BYRY e

i nor gani ¢ YRi*Fewndq Sﬁﬁ%ﬁ‘%én ﬁ'f?da %mcbﬁdgg'@hg%f%&élﬁ%é o ?i(rgf B%Agtﬂbifi?/’,
the inorgagif; 1da abivVéhié $xi \@ Bihef @binPlexbs Fcihdd HoOm O
nononer o%ﬁ%%n%gbé?ﬁ%g%h?’o&g%%ﬁj%%?’a?)’?lg?sé%bI yeaboililf9 0.85 to about 5
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5 and more preferably about 1 to about 3.

In the absence of colloidal inorganic pai'ticles during the formation of the electroactive
polymers, the average particulate size obtained after reduction of the polymer is preferably

about 1 pm.

Preferred concentrations of monomer in solutions are between about 0.01M and 1.0 M,
more preferably between about 0.01 and 0.5 M and even more preferably between about
0.1M and 0.2M. Especially preferred concentrations for the monomers of aniline or

pyrrole are about 0.1M to 0.2M.

In the oxidative polymerization of the respectave monomers , preferably aniline or pyrrole,
an oxidizing agent is used. Suitable oxidizing agents are known to those skilled in the art
and may include oxidizing agents selected from ammonium persulfate, ferric chloride,
K,Cr,0, and KIO,. The amount of oxidizing agent used in the polymerization process is
dependent on the monomer used and suitable quantities in relation to the respective

monomers are known to those skilled in the art. Preferably the oxidizing agent is employed



9 on a nolar ratio of oxidizing agent to nononer of about 0.1 to 5,
preferably about 0.5 to 3. The preferred oxidizing agent for aniline is
anmoni um persul fate and the preferred amount of the oxidizing agent is 2/3
of that of the aniline nmononer on a nolar basis. In the case of

pol ymeri zati on of polypyrrole, the prefeéred oxidizing agent is ferric
chloride and the preferred anount is 2.5 tinmes that of pyrrole nononer on a

nol ar  basicn a moRe raie®df bEidiing agehetol BoRmMECHThbotd. arts 5, PrefeablisibRnce. 54 ch
can donate aaﬁlr oton or accept an electron pair. Oganic acids are defined
as aci ds whi dhedueferred oxjdiziag agerit for aniline. is |ammoniwm peswilfate andethetpreferiedi ch

do not. |l .ution fr I ch.the transition netal is .
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acid, and nitric acid. Preferably the acid is hydrochloric acid. O her
sui tabl e acids may include chloroauric acid, or any acid in which the
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upt ake prqocesses nay be carried out at a tenperature of between about
10[err]C -I“B@PEHCraF@% apthese WhicBdOSE- at room tenperature.  In yet another
aspect, the present invention relates to a nethod for catal yzing a chem cal
reaction conprising a step of contacting catalytic mcroparticles, which

conpri se arheedciiit sokabA NP MhidkEthe 3Msifioh MR it iftbrpthl i) de bRCFosURR
that the transition netal has an oxidation state greater than zero, wth

t he cheni delyrearigRaraelescandipa minerdlacids anatganie acid on orgapic acid sotutiemshchriber
condi ti ons, suf.fici 0_cat al . sai act.i on. Yet. a further aspect of
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an oxidation state greater than zero, In catalyzing a chemcal reaction.
acid. Preferably the acid is hydrochloric acid. Other suitable acids may include chloroauric
acid, or any acid in which the transition metal is soluble. Preferably the acid is at a
concentration of between 0.01 to 10M, more preferably 0.1 to 5.0M and more preferably

0.25 t0 2.0M.

Suitably, the polymerization, reduction and transition metal uptake processes may be carried

out at a temperature of between about 10°C - 60°C, more preferably at room temperature.

In yet another aspect, the present invention relates to a method for catalyzing a chemical
reaction comprising a step of contacting catalytic microparticles, which compﬁse an
electroactive polymer and a transition metal in a form such that the transition metal has an
oxidation state greater than zero, with the chemical components required for said reaction, -

for a time and under conditions sufficient to catalyze said reaction.

Yet a further aspect of the invention is directed to a use of catalytic microparticles,
comprising an electroactive polymer and a transition metal in a form such that it has an

oxidation state greater than zero, in catalyzing a chemical reaction.



10 Chem cal reactions which may be catal yzed by the catalytic
mcroparticles of the present invention may include any chenical reaction
whi ch can be catalyzed by a transition netal having an oxidation state
greater than zero. Suitable reactions include the reduction, by

hydr ogenati on, of various functional grouyps such as carbon-carbon doubl e
and triple bonds; carboxylic acids, estet's and amdes; nitriles; nitrates;
al dehydes; ketones as well as the reduction of nol ecul ar oxygen. The
present invention is further described by the follow ng non-limting

exanpl es. Chemichl rebetioms dehish may,behatatyzed bytthat:athlyﬂc spieroparticleledfothe pregenen

I n each exanpl e have, bgsn sel ected for the purpose of illustration only and

are not t om¥ERHORfoRY inclids any chengical weaction which gan pﬁéafé‘b’@%%bbﬁ teansitionvmaetdl on.

EXAMPLE 1
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stirring for several_ hours. The m croconposites were separated from t he

sol uti on bsAreexyliciacidsaesten andprmides; speiles dnitrates;\aldehydes; kewanes as well as the
centrifugation-re o) | e was repeated twi ce. The pol ypyrrole
mcrocorrpors ﬂ'o\ﬂa@@@%ﬁg&fﬁéﬁum ng 1 mM of pyrrole, 9.1 g ferric chloride
hexahydrate and 3 g colloidal silica in 100 nl deionized water. The

reactions were carried out at roomtenperature under constant stirring for
sever al holhespresens inieption mfpubcn dascribedcbys thedfoHowingf nomalnmitmgsathplesnltb)yﬂl

centrlfug I on, and di I n_deLo d wat er

centrifuga ei‘b‘ﬁl Fsé%ﬂ‘ég‘@ ﬁ‘égmeépﬁ% Caetﬁﬁ%g'éfanfw& exam,ﬂ_l}z/iméeezl selgcted

el ect r oactfoy ¢ Hg%rofrmﬁgtﬂ&ie BF6d Sifdes

procedure in I?)?%ﬂds le 1 were deprotonate E)y tr eat ment nggélﬁgé%tgglgﬁsoogm NaCOH
for 1 h, fsnbpa)m’éﬂhebgvmem ng with deionized water and dryi ng under dynam c
vacuum The reduction of the undoped polyners was carried out by reaction

W th excess hydrazine foll owed by washing with water and acetone. The
el ectroactgygppsiyyer m croconposites prepared using the

A polyaniline microcomposite was synthesized using 2 ml of aniline, 3.14 g ammonium
persulfate and 3 g colloidal silica in 100 ml of IM HCI. The reactions were carried out at
room temperature under constant stirring for several hours. The microcomposites were
separated from the solution by centrifugation and redispersed in 1M HCIl. The
centrifugation-redispersion cycle was repeated twice. The polypyrrole microcomposite was
synthesized using 1 mi of pyrrole, 9.1 g ferric chloride hexahydrate and 3 g colloidal silica
in 100 ml deionized water. The reactions were carried out at room temperature under
constant stirring for several hours. The microcomposites were separated from the solution
by centrifugation and redispersed in deionized water. The centrifugation-redispersion cycle

was repeated twice.

EXAMPLE 2

The electroactive polymer microcomposites synthesized according to the procedure in
Example 1 were deprotonated by treatment with excess 0.5M NaOH for 1 h, followed by
washing with deionized water and drying under dynamic vacuum. The reduction of the
undoped polymers was carried out by reaction with excess hydrazine followed by washing

with water and acetone. The electroactive polymer microcomposites prepared using the



-col l oi-dal silica and according to the procedures stated above, have a

pol ymer content of about 50% by wei ght and a nean particle size of |ess
.than 0.5 [err]m EXAMPLE 3 The el ectroactive pol ymer m croconposites
prepared according to the procedures in Exanples 1 and 2 were treated with
PdCl [err] in 0.5MHC with Pd[err] concentration of 100 ng dnferr] and a
N(from PAN and PPY)/Pd nole ratio of 4:1 %for several hours under constant
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the Pd is present as Pd[err] rather than elenental Pd and the C/Pd ratio
is close to 2. EXAMPLE 4 The catalytic activity of the Pd-containing

m croconp §3 AN t hesi zed according to procedures in Exanple 3 is
dermnstra?g |nP1t§ﬁg reduction of dissolved oxygen in water. In the

reducti on The ¢lectrohotivé polymen mistotgmpdsite’ dpfépaiéd Vickoding ke It prbcedinfed inn
wat er, dissol ved oxygen content was reduc(ej% to | ess than 20ppb. EXAMPLE 5
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EXAMPLE 4

The catalytic activity of the Pd-containing microcomposites synthesized according to

procedures in Example 3 is demonstrated in the reduction of dissolved oxygen in water. In

the reduction of dissolved oxygen using H, and 0.01 wt% of microcomposite in water,

dissolved oxygen content was reduced to less than 20ppb.

EXAMPLE 5

Microcomposites containing Pd and electroactive polymer can be synthesized according to
the procedures in Examples 1, 2 and 3, without the inclusion of colloidal silica. The mean
particle sizes of the Pd-containing microparticles are less than 5 pm. The Pd exists as Pd**

in these microcomposites.

EXAMPLE 6
The catalytic activity of the Pd-containing microcomposites synthesized according to
procedures in Example 5 is demonstrated in the reduction of nitrobenzene by H, to aniline.

With a molar ratio of Pd to nit_robenzene of 1/100, 99% of the nitrobenzene is converted

to aniline within 2 h.



1. A nmethod for the preparation of catalytic mcroparticles containing a
transition nmetal in a formsuch that it has an oxidation state greater than
zero, conprising the steps of: a) providing a mcroparticul ate

el ectroactive polymer with a reduced oxi dation state; and b) contacti ng
the polynmer with an acidic solution of a]1transition I r
time and under conditions sufficient to ¥ncor por ate lmumum]mﬂ““mn@t aiT,
havi ng an QkAUOME; on state greater than zero, onto the: palymers s2. * A

met hod of claim 1 wherein the oxidation state of the transition netal
elenent is between +1 and +8. A method of claim1 or 2 wherein the

3.
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el ectroactive polyner is selected from pol y(heterocycli |'§}s(%m l'i ne)
pol ymers afld t hprioviding 4 micropasiculateselectroagti veepdipmentvith|aaieduetdvdxidation stane

el ectroact| Ve pol ymer contains inmne and/ or am ne noieties. 6. A
met hod of ®%im 4 wherein the el ectroactive polymer is poly(aniline),

POl y(pYrT abe) . oufhRiny Rl ity Qi SRSURIT A @hslon’iabell PRLGIRES O

derivatives. nmet hod of any one of clalns erel

el ect r oact ffarea pinleyandrurkias comditionsenifificienttto in¢apbdrawetht twnsitiohimdtals thaviag an 8.
A nmet hod of .any one of clains 1 to 7 wherein step a) further conprises the
step of fi?"é‘?a%’gﬁaé? rFater ARADACEO.r QIR heRPIYTREL- oxi dati on state of a

m croparticul ate el ectroactive
13

2. A method of claim 1 wherein the oxidation state of the transition metal elememt is’

between +1 and +8.

3. A method of claim 1 or 2 wherein the electroactive polymer is selected from

poly(acetylene), poly(phenylene), poly(heterocyclic) and poly(aniline) polymers and their -

derivatives or combinations thereof.

4, A method of claim 3 wherein the electroactive polymer is selected from

poly(heterocyclic) and poly(aniline) polymers and their derivatives.

5. A method of claim 4 wherein the electroactive polymer contains imine and/or amine
moieties. ' '
6. A me_thod of claim 4 wherein the electroactive polymer is poly(aniline),

poly(pyrrole), a derivative thereof or a combination of said polymers or derivatives.

7. A method of any one of claims 1 to 6 wherein the electroactive polymer has been

reduced to its lowest oxidation state.

8. A method of any one of claims 1 to 7 wherein step a) further comprises the step of

first deprotonating and reducing the oxidation state of a microparticulate electroactive



-poI yrrer to afford the el ectroactive polynmer with MState

) A nethod of claim8 wherein the electroactivy IL
deprotonat ed followed by reduction by a reducing mm‘gg‘ \mﬁet od of
claim9 wherein the deprotonation is achieved by swal kal t ne
sol ution. 11. A nmet hod of claim10 erein the agueous solution is a

Li OH, KOH or NaCH sol uti on. 12. A hod of claim 11l wherein the
aqueous S @hiniedo affor M dibchBhitive %mer]\git%a ééilﬁ@& Bﬁﬂaﬁt‘;n g&hil M 8 wherein
Io eny y

the reducing agent is hydrazine o razi ne. A et hod of
any one of clains 1 to 13 wherein the catalytic mcropartlcles further

g T i
Ti Si
rret o] o ?h@gﬁ&%ﬁbyhe{ea&% %\Eg edtNOr gani c oxide is Tierr] or SiJerr].

rein the inorganic oxide is Si(err]. 18.
A rrethod of any one of clains 1 to 17 wherein the catal ytic mcroparticles
have an average size of about 5.0 [err]mor |ess. A et hod of claim

18 wher ei A% he A methogiafclaim3 wierein thedeprosonation lwémqa@é byjapaqyeousisdkaling o
[err]mor shﬁl’?ﬁn.

11. A method of claim 10 wherein the aqueous solution is a LiOH, KOH or NaOH

solution.
12. A method of claim 11 wherein the aqueous solution is a NaOH solution.
13. A method of claim 8 wherein the reducing agent is hydrazine or phenyl hydrazine.

14. A method of any one of claims 1 to 13 wherein the catalytic microparticles further

comprise an inorganic particulate additive.

15. - A method of claim 14 wherein the inorganic particulate additivé is an inorganic

oxide.
16. A method of claim 15 wherein the inorganic oxide is TiO, or SiO,.
17. A method of claim 16 wherein the inorganic oxide is SiO,.

18. A method of any one of claims 1 to 17 wherein the catalytic microparticles have an

average size of about 5.0 pm or less.

19. A method of claim 18 wherein the catalytic microparticles have an average size of

about 1.0 pm or less.



14 20. A method of claim 19 wherein the catal ytic nicroparticles have an
average size of about 0.5 [err]mor |ess. 21. A:-net hod of any one of

clainms 14 to 17 wherein the inorganic particul ate ag “ uulﬂu“nnﬂuﬁ
into the catalytic mcroparticle during the synthesi | In‘
polymers fromtheir respective precursor rmnorrers. %22t LA hethod

claim 21 wherein the inorganic additive 4 used at ‘a weight ratio of

addi tive tgp.an Alxﬁahéd)aﬁaamgo%amﬂﬁrcﬁ tROMicIORPHEEs RivelE YRBsbeaRlSs 0. 1
and 10. 23. A met hod of claim 22 Whef’hglrn t he |norgan|c additive 1's used
at a wei ghaboub@iSoumfordeddi ti ve to an el ectroactive pol ymer precursor nononer
of between about 0.5 and 5. 24. A met hod of claim 22 wherein the

i norganic additive is used at a weight ratio of additive to an

el ectroactjye pgly of re Qf A
met hod of %fr/\y oﬁe %?6 Pf ﬁﬁg&%é J@ﬁﬂﬁe@gk‘pﬁ%{@&t r%ﬁlgolq %mé%p?i‘ﬂ@uﬁte %dd%t?ve
rut heni um isdacorponatedhinet te catalytid uiitropadticRIdwrngD thepdyittiesisnof the 2ectroadtive
nmet hod of claim 25 wherein the transition netal is palladium 27. A

met hod of RMymersdrem thairrespective prezgrsap a1080MErhe transiti on nmetal conmpound
Is an oxide or halide salt of a transition netal. 28. A nmethod of claim
27 wherein the transition netal conpound is a chloride salt. 29. A

met hod of ZJ.ai NA3BethbEbLtRIh P2 Wherbmi the eﬁbrgmlalad&ﬁwwﬁstdl at aOﬁEigﬁtikdﬂB of
chloride (PdC[err]). 30. A nmet hod of any one of clains to 29 wherein
t he aci di cadd#fivgttp@n elictroactjyeipolymer:pra¢ursoranoramet. of between about 0.1 and 10.

23. A method of claim 22 wherein the inorganic additive is used at a weight ratio of

additive to an electroactive polymer precursor monomer of between about 0.5 and 5.

24. A method of claim 22 wherein the inorganic additive is used at a weight ratio of

additive to an electroactive polymer precursor monomer of between about 1 and 3.

25. A method of any one of claims 1 to 24 wherein the transition metal is ruthenium,

osmium, rhodium, iridium, palladium or platinum.
26. A method of claim 25 wherein the transition metal is palladium.

27. A method of any one of claims 1 to 26 wherein the transition metal compound is an

oxide or halide salt of a transition metal.
28. A method of claim 27 wherein the transition metal compound is a chloride salt.

29. A method of claim 28 wherein the transition metal compound is palladium chloride
(PACL). '

30. A method of any one of claims 1 to 29 wherein the acidic solution of step b) is.a

mineral acid.



31.° A nmethod of claim30 wherein the nineral acid is selected fromHd or
HNQ err]. 32. A method cl aim 31 wherein the moneral aeie—s—Ha—— 33.
A nmet hod of any one of clains 1 to 29 wherein the acid is an mom [

jd |s an

aci d. 34. A nmet hod of any one of clains 1 to ﬁm‘mm‘&lmumﬂl

organi c aci d. 35. A met hod of any ong of clai

concentration of the acid solution is fr about 1M t& 1bM A

nmet hod of claim 35 wherein the concentration of the acid sol utlon is from
about 0.1Mto 5M 37. A nmethod of claim36 wherein the concentration of
the acid s3l.uti Arméthod oHelaimb 30 twherdlh khet mirierdl tid is 38ected froneHD dr EIN@pY one

of clains 1 to 37 when perforned at a tenperature of between about 10[err]C
- 60[err]C. 39. A nmet hod of claim 38 when perforned at room

t enper at ur AQnethodelhfth %4 vfhe?élﬁ Lﬁh?ﬂﬁﬁeirﬁla‘éﬁl l?ﬂ_mfalri sing an el ectroactive

pol ymer and a transition neta orm suc at ‘'the transition netal has
an oxi dation state greater than zero. 41. Catal ytic mcroparticles of

claim40 when prepared according to the nethod of any one_ of clains 1 to
39. 33. " A method of any one of claims 1 to 29 wherein the acid is an inorganic acid.

34. A method of any one of claims 1 to 29 wherein the acid is an organic acid.

35. A method of any one of claims 30 to 34 wherein the concentration of the acid

solution is from about 1M to 10M.

36. A method of claim 35 wherein the concentration of the acid solution is from about
0.1M to 5M.

37. A method of claim 36 wherein the cbncentration of the acid solution is from about
0.25M to 2.0M.

38. A method of any one of claims 1 to 37 when performed at a temperature of between
about 10°C - 60°C.

39. A method of claim 38 when performed at room temperature.

40.  Catalytic microparticles comprising an electroactive polymer and a transition metal

in a form such that the transition metal has an oxidation state greater than zero.

41.  Catalytic microparticles of claim 40 when prepared according to the method of any

one of claims 1 to 39.

42. A method for catalyzing a chemical reaction comprising the step of contacting

catalytic microparticles, further comprising an electroactive polymer and a transition metal



42 A nethod for catal yzing a chem cal reactlonm of

contacting catalytic mcroparticles, further conprisin act ve
polymer and a transition netal ““‘\Ell mﬁ \GIM“\

16 in a formsuch that the transition netal has an *€ greater
than zero, with the chem cal precursors _ required for sai d reaction, for a
time and under conditions sufficient to!8atal yze said reaction. 43. A
met hod of jflaafopnddchvinh ehd riiiRidnAhetay s 41 SXiARAH étEtE %?ezﬁéxeth% 0%, %ﬂ*h the
according to the nmethod of any one of clains 1 to . 44, Use of a

t ransi t i orchemical preounsons mequiredtfhesaid saatict, ifomna tlfnecaad alhgid:ﬂ conditiononficient tos
conprisin el ectroactive polymer and a transition netal in a form such
that the %@?@etsfi’&f CA4to" has an oxidation state greater than zero.  45.
Use of catalytic mcroparticles, prepared by a nethod according to any one
of claimse 1 to 39, in catalyzing a chem cal reaction. . 46. Use of

catal yti c 43L cr oparethod ef<laimotPpwhereinghacatalystahiceapatticles dre pyeperedaiecording to
transition nmetal in a formsuch that it has an oxidation state greater than

zero, in ¢be Befhodad any ope of elaims L@ 89-on.

44.  Use of a transition metal compound in the preparation of catalytic microparticles
comprising an electroactive polymer and a transition metal in a form such that the transition

metal has an oxidation state greater than zero.

45.  Use of catalytic microparticles, prepared by a method according to any one of claims

1 to 39, in catalyzing a chemical reaction.

46.  Use of catalytic microparticles, comprising an electroactive polymer and a transition
metal in a form such that it has an oxidation state greater than zero, in catalyzing a chemical

reaction.



