WD 03/ 082968 PCT/ US03/09326 -1 5 METHOD FOR ATTACHMVENT OF ONE OR MORE
ORGANI C GROUPS ONTO A PARTI CLE BACKGROUND COF THE | NVENTI ON Thi s

appl i cat iwo oclogdions t he benefit under 35 U . S.C. 119(e) of mcirarsoso®26 10
Provi si onal Patent Application No. 60/368,053, filed March 27, 2002, and
60/ 368, 056, filed March 27, 2002, which are incorporated in their entirety
by reference herein. The present invention relates to particles having
attached organic groups, and nore partjicularly, the present invention
relates to nmethods of attachi ng one 15lor nore organi c groups onto
different types of particles. NUch effort has been expended over the |ast
several decades to nodjf the s chem str of car on black. Wile it
i S possi bPe to deposi]f/I REthe surface of
carbon bl ack, pernmanent]| }&ﬁéﬁﬁCr@R@H@S QNT@&%@A@@% ry of carbon bl ack
i s substantial | y nore difficult. 20 Some processes for chem cally changing
the surface of carbon black are known and used commercially. For exanple,
it is well kBAOKGROUNDEOHDHE INVACKNTSON ace can be oxidized with a
variety of treating agents. Surface oxidation is used to nmake some

comrer ci al productigis a%ﬂhﬁ&ﬂﬁtdlé?ﬂlslﬂ% Phefithiddt 36 U.SE. @199(e?8h§ﬁ&3§—'5f uric
acid and hal ogenation of a carbon black surface are also 25 known. Sone

rovi owed Dy TECRSRBIEPHERBAPIOAER b0 ghites §S1. OB NBRD, 3 2885 Bl

60/368,056, filed March 27, 2002, which are incorporated in their entirety by

reference herein.

The present invention relates to particles having attached organic groups,
and more particularly, the present invention relates to methods of attaching one

15  or more organic groups onto different types of particles.

Much effort has been expended over the last several decades to modify
the surface chemistry of carbon black. While it is possible to deposit physically
adsorbed material onto the surface of carbon black, permanently changing the
surface chemistry of carbon black is substantially more difficult.

20 Some processes for chemically changing the surface of carbon black are
known and used commercially. For example, it is well known that a carbon
black surface can be oxidized with a variety of treating agents. Surface
oxidation is used to make some commercial products. Sulfonation using sulfuric
acid or chlorosulfuric acid and halogenation of a carbon black surface are also

25  known. Some known methods for grafting polymers to the carbon black surface

are reviewed by Tsubakowa in Polym. Sci., Vol. 17, pp 417-470, 1992.  United



WO 03/ 082968 PCT/ US03/09326 -2 5 States Patent No. 4,014,844 relates to
the grafting of polyners onto carbon black by contacting the carbon bl ack
wi t h t he wologngavesand heating. United States Patent No. 3, 2C3/130890descri bes
carbon catal yst conpositions and a process for their production. The

catal yst conpositions are prepared by treating carbon particles with an

al kali or alkaline earth metal and 10 subsequently treating the resulting
carbon/ metal conposition with a solvating ether. The carbon portions of
the catal ytic conpositions can be react€d with various reagents, including
organi ¢ conpounds, to produce carbon conpositions. United States Patent

No. 3,043, 708 describes modified carbgn

di fi bl acks . 15 havi hydr ocar bon
groups cReni ates yatent Nenbll4 %J"‘t ielates P Hfe a&’lngtoﬁé’ Ogyéli‘eﬁ%ﬂrﬁg 15 f%’(? R %?afke
modi fi ed carbon bl acks are prepared by reacting carbon black with an
al kyl ati ng ageenntaating e gareandriack with themolwae andhgating. ¢ ype reacti on
catal yst. The hydrocarbon groups which reportedly can attach to the
surface of the cavhined Blaask Pataltudéo.ald,419e300c desdribasonearban geabulpss. A
nodi fied carbon black 20 containing aryl groups attached to the surface of

a carbon bl agk,ditiRR A Bhrasess REIthEr prodRaic| Ehdyatilgaconigsisiohakegenat ed
carbon black wth an aromatic hydrocarbon in the presence of a

Friedel - CrafLg Lyp %yct?éa?gg %%rgay?hﬁﬁ%s%@ g% alk'gﬂtcgrbfllcam% eartR dptAdddescri bes

r ubber corrpo%riePl ons-con e nodi carbon bl acks of United States

Egéie? It egllo Q: a?, 49(81763 jzgrzegtiryg Itﬁeerdesﬁgigé %%rblga rr?qul CNOOIflpO%itl%%SW ﬁoa goﬁ%ﬁfnlgb €s

ether. The carbon portions of the catalytic compositions can be reacted with
various reagents, including organic compounds, to produce carbon
compositions.
United States Patent No. 3,043,708 describes modified carbon blacks

15  having hydrocarbon groups chemically attached to the surfacé of the carbon
black. The modified carbon blacks are prepared by reacting carbon black with
an alkylating agent in the presence of a Friedel-Crafts type reaction catalyst.
The hydrocarbon groups which reportedly can attach to the surface of the carbon
black include aliphatic and aromatic groups. A modified carbon black

20  containing aryl groups attached to the surface of a carbon black is reported as
being preparable by reacting a halogenated carbon black with an aromatic
hydrocarbon in the presence of a Friedel-Crafts type catalyst. United States
Patent No. 3,025,259 describes rubber compositions containing the modified
carbon blacks of United States Patent No. 3,043,708.

25 United States Patent No. 3,335,020 describes modified carbon blacks

where the carbon black is treated with benzene which is then polymerized on the



where the carbon black is treated with benzene which is then polynerized on
the WO 03/ 082968 PCT/ US03/09326 -3 5 carbon bl ack. To prepare these
nodi fi ed warBoseobs acks, benzene and carbon bl ack are m x@dTWisVs0B24 ew s
Acid catal yst under anhydrous conditions for about ten m nutes. The
benzene on the carbon black is then polynerized to parapol yphenyl by nmeans
of a conbi nation co-catal yst-oxidizing agent and is reportedly thereby
bonded to the carbon black. 10 United States Patent Nos. 2,502,254 and
2,514,236 descri be the manufacture of'3pi gnents contai ni ng carbon bl ack.
United States Patent No. 2,502,254 reports that highly dispersed pignents
suitable for nmass__pignentation_of viscose can be obtai ned bg Cgr nerating an
[

azo pi gneht fabemblack, ek peaparst thessr WEALSH Lerbon  Blaglse bEhzsRE AP Hoduced by
coupling a diazotized am ne and another usual intennediate for a yellow,
orange, or reldclpiagnented withhe Lemwes dweik cablystamiden anbydioks icandtiensofort he ot her
of the aqueous solutions of which the m xing brings about the coupling.

Uni ted St at eshddat@niniiges. 2,Thé hedZher @pthict @ridnablatibiis thenoadgmerizzdnoal so
prepare a chocol ate brown pi gnent by coupling one nol ecular 20 proportion

of a tetrazopz 031 6 Beoatth bR af WRNHIRIRA W AEat Ay QRAI VBB Sa gt AT |
aryl net hyl péra@g#gﬁ;ji ﬁyt he presaence of car boan gl ack.1 lI %t &gelf;]ati olrfal Pat ent

apPL ot o0 M SRARRRERcEl dipopoftpcess, for oo fyimg e surfaces
salts. T{]Oe PT Ocesﬁnitgd rgtg‘?erst ?’g‘le t 8135’4'2?5%9,'2% iaﬂd p%{Sﬁh,&% ardéscribe the
manufacture of pigments containing carbon black. United States Patent
No. 2,502,254 reports that highly dispersed pigments suitable for mass
pigmentation of viscose can be obtained by generating an azo pigment in the
presence of carbon black.

15 The pigment is produced by coupling a diazotized amine and another
usual intermediate for a yellow, orange, or red pigment in the presence of carbon
black in one or the other of the aqueous solutions of which the mixing brings
about the coupling. United States Patent No. 2,514,236 reports that this process
can also prepare a chocolate brown pigment by coupling one molecular

20  proportion of a tetrazotized benzidine with two molecular proportions of an
arylmethyl pyrazolone in the presence of carbon black.

International Patent Application No. WO 92/13983 describes a process
for modifying the surfaces of carbon-containing materials by electrochemical
reduction of diazonium salts. The process is reportedly applicable, in particular,

25 to carbon plates and carbon fibers for composite materials. Electrochemical

reduction of diazonium salts containing certain functionalized aryl radicals to



25 to carbon plates and carbon fibers for conposite materi al s.

El ectrochem cal reduction of diazoniumsalts containing certain

functi onaWvD2ad8z®sy| radicals to WO 03/ 082968 PCT/ US03/ 09326 T/GS43/69326
covalently nodify carbon surfaces is also described in Delmar et al., J.
Am Chem Soc. 1992, 114, 5883-5884. According to WO 92/13983, the process
for nodifying the surface of a carbon-containing naterial consists of
grafting an aromatic group to the surface of this material by

el ectrochem cal reduction of a diazonitmsalt including this 10 aromatic
group. The carbon-containing material is placed in contact with a
diazoniumsalt solution_in an aprotic solvent and is negatively charged

Wi th rers%ecf’o‘f ently madife PEW%F Ceél’éoa%%g‘iséﬂg {0 hjeimag Ff‘ealdiéz‘gﬁi um sal t
solution. Use of a protic solvent is reported to prevent the

el ect r ocheni E&kmpbase 8%, {{ Hra88pr588fici ng the intended product as a result of
reduci ng the diazoniumtriple bond 15 to yield a hydrazine. Carbon
products and col oAedorgingnerivVe 9V39IR3, dict probexd fat mbéeging dhe surdacgaifiac gr oup
are described in U S. Patent Nos. 5,672,198, 5,571, 311, 5,630, 868,

5,707,432, 5c488n-38Rainthgindted A onSis® Y gPlfing an 4ot BSroffPo S6/:4A8&8, WO
97/ 47697, and WD 97/47699. Various uses for these nodified 20 carbon

product s andophﬂm&ﬁaﬁgfg@ggsqﬂﬁaﬁ 1?&@%@{)& of @@kabzgﬂi%&é?;aaﬁneﬁﬁﬁg@sghd

publ i cations are i1 ncorp eir entire erence
Despite gﬂe technolog di,scussed above, there remsins a need to. nodify the
r

surface ChenfSERICH Groaiyeqniaining mptstel S acsdalP FOHRE VIRS t o t he

diazonium salt solution in an aprotic solvent and is negatively charged with
respect to an anode which is also in contact with the diazonium salt solution.
Use of a protic solvent is reported to prevent the electrochemical process from
producing the intended product as a result of reducing the diazonium triple bond
15  toyield a hydrazine.
Carbon products and colored pigments having attached at least one
organic group are described in U.S. Patent Nos. 5,672,198, 5,571,311,
5,630,868, 5,707,432, 5,803,959, 5,554,739, 5,698,016, 5,713,988, WO
96/18688, WO 97/47697, and WO 97/47699. Various uses for these modified
20  carbon products and pigments are described as well. All of these patents and
publications are incorporated in their entirety by reference herein.
Despite the technology discussed above, there remains a need to modify
the surface chemistry of carbon products and impart desired properties to the

carbon products.
25

SUMMARY OF THE INVENTION



carbon products. 25 SUWARY OF THE | NVENTI ON WO 03/ 082968 PCT/ US03/ 09326

-5 5 The present invention relates to nethods of attaching one or nore
organi c gwouwp®smrt o t he surfaces of one or nore particl esPCrrusgemseal , the
met hod i nvol ves reacting at |east one radical with at |east one particle
capabl e of radical capture. In the nethod, the radical is generated by the
interaction of a transition netal containing conpound and an organo
halide. This interaction 10 preferably forns the radical in a reversible
process. Wen the interaction bet weert he halide and the net al conmpound
generates the radical in relatively |ow concentrations, the formation of

di sproportionati on products is, advantageo duced. The radical my be
a carbon? silicont enipquﬁ‘bte%m’em&’i’o§ claist éeusme@aa%& atEaF]ﬁm%rOlEee%ﬁ?‘?fﬁ] cent er ed
radical, and is pref erably a carbon 15 centered radl cal. O her types of
radi cal s carprpnicisgroupsTorgorthdisorhces soft ¢remn or marp redti¢dys. t He gonereh %\ giving a
surface with an attached organic group. The particles which are capabl e of
havi ng at t achetlo@invobas reatigg arlga bte ragicaliwithac laasteonetpattichs eapable dfi mi t ed
to, carbon products such as carbon black, colored pignents, polyners,

silica (e.g. ramcalhca%hiréc hﬁ@h&ﬁ@ﬂhﬁ&) the TRk 1@§e sted BBOtheBhARIacHed bpRat es, and
conbi nati ons t hereof is to be understood that both the forgoing general

descripti on @idid meJaf bRMG AehRuhE hnd 3205108 ARl © TRIECHREA YN

expl anat ory an are rnten

10  preferably forms the radical in a reversible process. When the interaction
between the halide and the metal compound generates the radical in relatively
low concentrations, the formation of disproportionation products is
advantageously reduced. The radical may be a carbon, silicon, nitrogen,
phosphorous, sulfur, tin or selenium centered radical, and is preferably a carbon

15  centered radical. Other types of radicals can be used. The radical is then
trapped by the surface, giving a surface with an attached organic group.

The particles which are capable of having attached at least one organic
group include, but are not limited to, carbon products such as carbon black,
colored pigments, polymers, silica (e.g. with attached groups), metal oxides,

20  metal carbonates, and combinations thereof.

It is to be understood that both the forgoing general description and the
following detailed description are exemplary and explanatory and are intended
to provide a further explanation of the present invention as claimed.
DETAILED DESCRIPTION OF THE PRESENT INVENTION

25 The present invention relates to methods of attaching one or more

organic groups onto the surface of one or more particles. In general, the method



to provide a further explanation of the present invention as clai ned.

DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON 25 The present invention

rel at es twormakzes of attaching one or nore organi c groupsSTAN®L3hE
surface of one or nore particles. In general, the nmethod WO 03/ 082968

PCT/ US03/ 09326 -6 5 involves reacting at |east one radical with at |east
one particle capable of radical capture. In the nethod, the radical is
generated by the interaction of a tran% tion netal containing conmpound and
an organo halide. This interaction pretérably forns the radical in a
reversi bl e process. \Wen the |nteract|on between the halide and the netal

conpound gener tes the radical in_re | ow 10. concentrati t he
For mat | o on BB TSI B opt BAISALTIR A okt ol apeiLOterDe Fepitly  The
radi cal nmay be a carbon, silicon, nitrogen, Bhosphorous sul fur, tin, or

sel eni um cengapheel JualiF sxthods e Tadicpk isfzepcanipd by teambmsaction i teasitian cal .
The radical is then trapped by the surface, giving a surface with an

attached ormetal comgaining. conippupd @aé ran orgam)nhalxdn fThis eeracedapeserelyt he
products made from 15 the nethods of the present invention. Any particle

capabl e of rRghedhe AR £ aVeRELIISROCdsH When BE 9@ eacabn tHieveddr B8ENt
invention. The particles which are capable of radical capture can have

this capabi | juv. dyey tige dﬁa@tawﬁ]ﬁfo%nah o6 B hRaP3h  HEkGor 1601 Ough

groups al r eac y attached onto the par wherein ese grou permt the
o, cartith GRodeie™ 26T ormuthr gameRSreifyits st il
attached gr Orléggced The radical may be a carbon, silicon, nitrogen, phosphorous, sulfur,
tin, or selenium centered radical, and is preferably a carbon centered radical.
The radical is then trapped by the surface, giving a surface with an attached
organic group. The present invention further relates to the products made from
15  the methods of the present invention.
Any particle capable of radical capture can be used in the methods of the
present invention. The particles which are capable of radical capture can have
this capability due to the surface chemistry of the particle or through groups
already attached onto the particle wherein these groups permit the radical
20  capture. Examples of such particles include, but are not limited to, carbon
products, colored pigments, polymers, silica preferably with attached groups,
metal oxides and metal carbonates. Combinations of different types of particles
can be used in the methods of the present invention.
Examples of carbon products, include, but are not limited to, carbon

25  black, carbon fiber, carbon plates, activated carbon, vitreous carbon, charcoal,

activated charcoal, graphite, and combinations thereof. The carbon may be of



met al oxi des and netal carbonates. Conbinations of different types of
particles can be used in the nethods of the present invention. Exanples of
carbon prwowss29s ncl ude, but are not limted to, carbon PEI/USLFHEIS26 car bon
fi ber, carbon plates, activated carbon, vitreous carbon, charcoal,
activated charcoal, graphite, and conbinations thereof. The carbon nmay be
of WO 03/082968 PCT/US03/09326 -7 5 the crystalline or anorphous type and
finely divided fornms of the particles gan be used. O her carbonaceous

mat eri al obtained by the pyrolysis of cellulosic, fuel oil, polyneric, or
ot her precursors can be used. Additional exanples, include, but are not

limted to, carbon_cloth, carbon aerogels, roli.zed ion exchange resins,
10 pyrol'zedﬁﬁﬁﬂ§ﬁﬁﬁnq?£ﬂq$§P“HES%B%Fﬁggn%ﬁﬁﬁﬁﬂa%ﬁgpﬁﬂggggPméﬁﬁﬁg?%d car bon
powder, nanotubes, buckyballs, silicon-treated carbon black, silica-coated
carbon bl aclbeuspdt al -treated carbon bl ack, densified carbon bl ack, carbon
clad silica, alumna, and ceria particles, and conbi nations thereof or

acti vat ed ver si on@thehearbafacébne maaid obaed sy tmtpgrdlgdis obeelblse, feela wast e
product or by-product of carbonaceous 15 material obtained by pyrolysis.

I'n addi tion,oit, RElyRkc] 6 Sthét Phecifsos altRNREd. PAdfifRital ¥ingilesppicludsaluty has an

attached organic group. A wi de range of conventional color pignents may be

d i th .0 i i : , bl K,
used 11 the ¢ G3ERhbfYRLIR Q) SASERORIY Gyrdt b GAhectsR). bl ac

white, violet, magenta, ow, as S m xtures thereof. Specific

:?(]grrpv\!l)esloof pzy(r)ohsz%gl r1‘)0 yln%g?ers]ltn%, n%gsrc])pgr%ug Oat cgjn rlnglcrcl)%ce-elt-ds? Haielté: éa!t‘b%rlll pvo\gdglz /47699

nanotubes, buckyballs, silicon-treated carbon black, silica-coated carbon black,

metal-treated carbon black, densified carbon black, carbon clad silica, alumina,

and ceria particles, and combinations thereof or activated versions thereof. The

carbonaceous material can also be a waste product or by-product of carbonaceous
15  material obtained by pyrolysis.

In addition, the particle can be a colored pigment which optionally has an
attached organic group. A wide range of conventional color pigments may be
used in the present invention and include blue, brown, cyan, green, black, white,
violet, magenta, red, yellow, as well as mixtures thereof. Specific examples of

20  such pigments can be found in PCT publication WO 97/47699 and WO
01/10963 and as well as the Colour Index, Third Edition (The Society of Dyers
and Colorists, 1982), all incorporated in their entirety by reference herein.
[Industrial Organic Pigments, W. Herbst and KHunger, VCH
Verlagsgesellschaft mbH, Weinheim, Germany, 1993] Specific examples

25  include; anthraquinones, phthalocyanine blues, phthalocyanine greens, diazos,

monoazos, pyranthrones, perylenes, heterocyclic yellows, quinacridones, and



01/ 10963 and as well as the Col our Index, Third Edition (The Society of
Dyers and Colorists, 1982), all incorporated in their entirety by

ref erencewbas®sa9ss [ | ndustrial Organic Pignents, W Herbst®carsoXoddenger ,
VCH Verl agsgesel | schaft nbH, Weinheim Gernmany, 1993] Specific exanples 25
i ncl ude; ant hraqui nones, phthal ocyani ne bl ues, phthal ocyani ne greens,

di azos, nonoazos, pyranthrones, perylenes, heterocyclic yellows,

gui nacri dones, and WD 03/082968 PCT/ USQ3/09326 -8 5 (thio)indigoids.

Speci fic exanmpl es and further information concerning the colored pignents
and net hods of making colored pignents with attached aromatic groups or

al kyl graqups are described i.n PCT Publication Nos. WD 97/47699 and WO

01/ 109637 i idEPRugeidy | Apgaiiic &xamples ﬁnﬁy&&%ﬂﬁﬁ&@m‘?{br‘:&’%m&é e
particle can be a polymer. The polymer can be a thernoplastic polyner or a
t her noset t i nylgred ypigmentsuardn exethadk eofpoiajtingr celared pigmenito vifiio higanbed

copol yner, terpolyner, and/or a polyner containing any nunber of different

repeating Unirbati€ Wbl or tAIRyIPRLIIPE arB! @BEMbed An tIPET PPESIRALod MN&Nti on  can
be any type of polyner, such as a random polyner, alternating polyner, 15

Tne  potyrer Ve 278 o 0. 0F}i806s, B BRHaR oy 8 Ben TR Betekcie ol Y e

pol ybl ends. The polynmer can be an interpenetrating polymer network (IPN);
si mul t aneousher¢ift er penetrating pol ymer network (SIN); or interpenetrating
el astoneric network (IEN).

10 The particle can be a polymer. The polymer can be a thermoplastic

polymer or a thermosetting polymer. Further, the polymer can be a
homopolymer, copolymer, terpolymer, and/or a polymer containing any number
of different repeating units. Further, the polymer present in the present invention
can be any type of polymer, such as a random polymer, alternating polymer,

15 graft polymer, block polymer, star-like polymer, and/or comb-like polymer. The
polymer used in the present invention can also be one or more polyblends. The
polymer can be an interpenetrating polymer network (IPN); simultaneous
interpenetrating polymer network (SIN); or interpenetrating elastomeric network
(IEN).

20 The silica, metal oxide, and metal carbonate particles which can be used
in the methods of the present invention preferably have attached at least one
organic group which is capable of capturing a radical. The silica can be of any
type, including precipitated and amorphous silica. Similarly, the metal oxide
can be any type, such as aluminum oxide, zinc oxide, titanium dioxide, and

25  calcium carbonate.



20 The silica, nmetal oxide, and netal carbonate particles which can be used
in the nethods of the present invention preferably have attached at | east
one orgawpd3gswep whi ch i s capabl e of capturing a radi calPCTAIse3/893é ca can
be of any type, including precipitated and anorphous silica. Simlarly,
the netal oxide can be any type, such as al um num oxi de, zinc oxide,
titani um di oxi de, and 25 cal ci um carbonate. WO 03/082968 PCT/ US03/ 09326
-9 5 Oher particles which can be used in the nmethods of the present
invention include silicon-treated carBon black which is an aggregat e
having a carbon phase and a silicon-containing species phase. Details of
this silicon-treated carbon _black can _be found in U S. Patent Nos.

5, 747, 562, 5, 622 Uher pagigslesyhivk aan bepygd mylegpgthadsof therpresent Jeatet and
publications are incorporated in their entirety 10 by reference herein.
Anot her typendfderaliconetieatadearbongiadkevhiskeh ansaggregite vaingoaeaglpn @wsbon bl ack
which is preferably partially coated with silica. A further description of

this type ofanpar tilicdrecsaainidg dpecivsl phisel nDefafiatboif ahial silRaheindatedApqrborcat i on No.
WO 98/ 13428. Another type of particle that can be used is netal -treated

carbon bl ackg,crta, WhkRiddh @hg%&&wo@%ﬁmm5%29,@!3@,0“/@9@@%@0%@

met al - contai ni ng speci es phase. Furthér details of this aggregate are set

forth in U R t 6 el Jd.S. b .k [
by rof er enca ettt IS onyais et ACoutifhche dfe LERRIPRESHER e Tplidy S0 121

oxi e b1 0 e oheact o0, Bl LB ot EAREI SR RS B e

carbon black which is preferably partially coated with silica. A further
description of this type of particle can be found in International Patent
Application No. WO 98/13428.
Another type of particle that can be used is metal-treated carbon blacks
15  which are aggregates having a carbon phase and a metal-containing species
phase. Further details of this aggregate are set forth in U.S. Patent No.
6,150,453, which is incorporated in its entirety by reference herein.
Organic groups can be attached to the silica and metal oxide prior to the
reaction of the transition metal compound and the organohalide compound using
20  compounds that include, but are not limited to, organosilanes, organotitanates or
organozirconates. Specific examples of pretreating agents are 3-
acryloxypropylmethyldimethoxysilane, 3-methacryloxypropyltrimethoxysilane,
vinyltriethoxysilane.
Particles useful for the present invention may, for example, have primary
25  particles sizes in the general range of from about 10 nm to about 800 nm or

more, and preferably from about 10 nm to about 250 nm, and primary aggregate



20 compounds that include, but are not limted to, organosilanes,
organotitanates or organozirconates. Specific exanples of pretreating
agent s arwo033/08968| oxypr opyl net hyl di net hoxysi | ane, PCT/US03/09326

3- et hacryl oxypropyl tri net hoxysilane, vinyltriethoxysilane. Particles
useful for the present invention may, for exanple, have primary 25
particles sizes in the general range of fromabout 10 run to about 800 nm
or nore, and preferably from about 10 d’m to about 250 nm and primry
aggregate WO 03/082968 PCT/ US03/ 09326710710 5 sizes in the general range of
from about 50 nmto about 100 microns, preferably from about 50 nmto

about 10 _m crons, .still re preferabl rom apout. 75 nm to abqut 1

m cron. Phe T E}’ref%?ééfag’f%é&e 8# ferP 8“%%4 PJ?’éPé’go‘tLE{alr‘?Z’BBmé‘ﬁ’;?’ Eﬁ??‘f‘tr%ﬂ}’e
surface area and preferably ranges fromabout 10 n2 /g to about 2000 n2 /g
and nore priggreahort S0 fmderpb®id U0 mErers, styl merapistarably aPoytyS rmd stil |
nore 10 preferably fromabout 50 n2 /g to about 500 n2 /g; and the particle
structure poaebentabmicroanbes BETewmrfaboatca b tlessé pafictpstoan decuty sbdiflecc/ 100 g,
nore preferably, from about 50 cc/100 g to about 200 cc/ 100 g. The anount

of the partiglf@se HesasNprefitibli daridde fofPEEJuO M0 & /& he abdanHdd ins?rr% afi@t al
conpound and organo-hali1de conpound can be any anount and is 5 preferably

an arount w6 s peROL! bl 19 i 9L UGGHERNT 08D (B"9g Oknd BHIP mEOANi ©

groups onto each € particles present during the reaction. The

oL ganonal o, TRty ctar STRPSNG2le LPBrP ) PR SR Lo
preferably ranges from about 10 cc/100 g to about 1000 cc/100 g, more
preferably, from about 50 cc/100 g to about 200 cc/100 g.

The amount of the particles present during the reaction of the transition
metal compound and organo-halide compound can be any amount and is

15  preferably an amount which would permit uniform attachment of one or more
organic groups onto each of the particles present during the reaction.

The organohalide may be a compound of the formula RX. R or R’ (as
described below) is an organic group and is preferably an alkyl group, an aralkyl
group, a group of the formula CH,COOR’, CHR’COOR’ or CR’,COOR’ and is

20  most preferably a benzylic group of the formula ArCH,, ArCHR’ , ArCR’,,
Ar,CH or Ar,CR’. R'can also be hydrogen. R or R' may also be an aryl group,
an alkaryl group or an acyl group. In more detail, R and R’ can be an aliphatic
group, a cyclic organic group, or an organic group having an aliphatic portion
and a cyclic portion. R and R’ may be substituted or unsubstituted, branched or

25 unbranched. Aliphatic groups include, for example, groups derived from

alkanes, alkenes, alkynes, alcohols, ethers, aldehydes, ketones, carboxylic acids,



group, a group of the fornmula CH2ZCOOR , CHR COOR or CR 2COOR and is 20
nost preferably a benzylic group of the formula ArCH2, ArCHR , ArCR 2,

Ar 2CH or wWD2GIB82968 can al so be hydrogen. R or R nay al sechasasoses |
group, an al karyl group or an acyl group. In nore detail, R and R can be
an aliphatic group, a cyclic organic group, or an organic group having an
aliphatic portion and a cyclic portion. Rand R nmay be substituted or
unsubstituted, branched or 25 unbranch%l. Ali phatic groups include, for

exanpl e, groups derived from allcanes,; *al kenes, allcynes, alcohols,
et hers, al dehydes, ketones, carboxylic acids, WO 03/082968 PCT/ US03/ 09326

-11 5 esters, nitriles, and _carbhohydrates. clic organi roups i ncl ude,
bt ar o riot ST HHSD G T EPETRE ny S -mBUHC e acte g Tl dhoped
cycl oal kyl's, . cycl oal kenyls, heterocyclic hydrocarbon groups (for exanple,
pyrrolidi nyl imitgdr rte) i pYdyclie pedraspimpn, gfﬁmﬁmolfphylexﬁh%ei heyelpalkylsar y|
groups, for exanple, phenyl, naphthyl, anthracenyl, and the |ike) and

het er oaryl geywlgdkenyis, datarbgyiclic 1ydoycasizam rqupsy (fodi empinple, hpyerotidinydhi azol yl ,
furyl, indolyl, and the like). Ar is an aryl group. Ar2CH and Ar2CR

i ncl ude subspyrdiirsdl ﬁﬂbeﬁdﬁﬁf,ﬂ?&hélﬁﬁblﬂ@dfalﬂdoﬂﬁane)%@lJ%%oups!:_lﬂéﬁ bdmpigpeci fic
exanpl es of organic groups which can formthe organo portion of the

5. 030, 8o, oP 075l et PanERER RE nefahf 9os Byn{ipphtt
o 258, o8 oYL BT IOy s L0l Sy dnchtyaul By, Bub'gran”
g: (2.)22: ggg: g’ngyié: &%H gﬁé%gz:@%?;r}clgc? ¥ g@g’%ﬁ’or%hg'u%gﬁgﬁe%’ ﬂl?drgr?y? ’g?o8u%’s.

Further, specific examples of organic groups which can form the organo portion

of the organo-halide are set forth in U.S. Patent Nos. 5,672,198, 5,571,311,

5,630,868, 5,707,432, 5,803,959, 5,554,739, 5,698,016, 5,713,988, 6,534,569,

15 6,506,245, 6,494,946, 6,494,943, 6,478,863, 6,472,471, 6,458,458, 6,372,820,

6,368,239, 6,350,519, 6,337,358, 6,336,965, 6,258,864, 6,221,143, 6,218,067,

6,110,994, 6,103,380, 6,068,688, 6,054,238, 6,042,643, 5,977,213, 5,958,999,

5,955,232, 5,922,118, 5,900,029, 5,895,522, 5,885,335, 5,851,280, 5,830,930,

5,803,959, 5,725,650, 5,698,016, 5,630,868, WO 96/18688, WO 97/47697, and

20 WO 97/47699. All of the patents and publications referenced above and herein

elsewhere are incorporated in their entirety by reference herein. X is Br, Cl, F or

I. When R is benzyl, X is preferably Cl or Br. When R is alkyl or aralkyl, X is
preferably Br. When R is aryl, X is preferably I or Br.

The organohalide may be a compound of the formula X-Sp-[A],R”, X-

25  Sp-[POHIR”, X-Sp-[Vinyl]R”, or X-Sp-SMA. X is Br, CL, F or I. Sp is a spacer

group. Examples of Sp include, but are not limited to, -CR”,CO,-,



5, 955, 232, 5,922,118, 5,900,029, 5,895,522, 5,885,335, 5,851, 280,
5,830,930, 5,803,959, 5,725,650, 5,698,016, 5,630,868, W) 96/18688, WO
97/ 47697, warnd/ 020680 97/ 47699. Al l of the patents and publ iPCattisos89326
referenced above and herein elsewhere are incorporated in their entirety

by reference herein. Xis Br, C, For |I. Wwen Ris benzyl, Xis
preferably d or Br. Wien Ris al kyI or aral kyl, Xis preferably Br. Wen
Ris aryl, Xis preferably | or rganohal i de may be a compound of
the formula X-Sp-[Al"R", X- 25 Sp[P X—Sp-[\ﬁnyI]R", or X-Sp-SMA. X
is Br, d, For I. Spis a spacer grou Exanpl es of Sp include, but are
not |imted t 296 CT/ US03/ 09326 -12 5 -CR'2CONR' -,

- CH2CBH P - C%CO?}%C\%R g(é%ﬁ - CR' 206HACH2C02 , - CR' 206HACH2
, -CR'2C6H4CH20- -, and the Ilke The group A represents an
al kyl ene oxi @g@aﬁnﬁ}bgz@'ﬁ dﬁRa@aﬂtcﬂth(b -abBuiC HlQHﬁra 8 SH.9-an integer

froml to 500, and R' represents hydrogen, a 10 substitut ed or
unsubsti t ut e@ﬁh@&[@@zeupdt}wlika. substituted or unsubstituted aromatic
group. The group A can be the sane or different when p is greater than 1.

Exanpl es of pref eThegon) kylepRgertx kilglkglcas pside REd U frodbbait @ t9@boilti M t ed
to, - CH2CHz O-; -CHCH3 -CH2 0-; -CH 2- CH(CH3) - -CH 2 CH2 CH 2-0-, or

conbi nat i ons;4 Q%rb%ﬁ% yﬁ{hﬁﬁt%%ﬁlﬂ%n?%d 2o SRS ?egf&kﬂt@wda)a@ehataed

pol ynmer such as starch,” or cel ose

10 substituted or unsubstituted alkyl group, or a substituted or unsubstituted
aromatic group. The group A can be the same or different when p is greater than
1. Examples of preferred alkylene oxide groups include, but are not limited to, -
CH-CH-O-; -CH(CH)-CH-O-; -CH-CH(CH)-O-, -CHCHCH-O-, or
combinations thereof.

15 The group POH represents a polyhydroxylated polymer such as
polyvinyl alcohol, starch, or cellulose.

The group Vinyl represents an acrylic or styrenic homo- or copolymer
comprising repeating substituted or unsubstituted acrylic or styrene monomer
units. Some of these monomer units may comprise an ionic group, an ionizable

20  group, or a mixture of ionic or ionizable groups. Examples of preferred Vinyl
groups include homo- and copolymers of acrylic or methacrylic acid, homo- and
copolymers of acrylic or methacrylic acid salts, homo- and copolymers of
acrylic or methacrylic acid esters, styrene-acrylate polymers, sulfonated or
carboxylated styrene-acrylic polymers, styrenic polymers, and ethylene-acrylic

25  acid polymers.



The group Vinyl represents an acrylic or styrenic hono- or copol yner
conprising repeating substituted or unsubstituted acrylic or styrene
nonomer WOIBHS2980Me of these nononer units may conprise RATIUNNS/@93¢6 oup, an
i oni zabl e 20 group, or a mxture of ionic or ionizable groups. Exanples of
preferred Vinyl groups include honpo- and copol ynmers of acrylic or

nmet hacrylic acid, hono- and copolyners of acrylic or nethacrylic acid
salts, honpo- and copol yners of acryIHé or nethacrylic acid esters,
styrene-acryl ate pol yners, sulfonated™of carboxylated styrene-acrylic

pol ymers, styrenic polyners, and ethylene-acrylic 25 acid polyners. WO

03/ 082968 PCT/ USQ3/ 09326 3 5 The group SMA.r.ep st rene mal ei c
anhydri dé pol ynmerth§r gigup (J%YI%VE?PF‘?F@“B@ %\tygﬁlnﬁ n‘ﬁ&‘%&&éeall? # Dol yner

such as an ester, amde, iinide, and a partlally esterified or. amdized
mat erial Wi tdlqﬂaatr\@mfmemaml@mmd%@ﬁ pPlygensishas a8 gpter apide dnidepy anpl es
of organo-halide conpounds include, but are not limted to, 3- 10 chloro
benzyl bromadée,a gditisliyestbadial or bmidindoneesinkwithromsimet carbeilid, acki

br onopr opi oni ¢ aci d, 2-brono-2-nethyl propionic acid, propyl bronpacetate,

br onohexene, gu &hﬁg@@g&ﬁhyl) benzoic acid, N (2- bronDethyI)phthallnlde 3-
pi col yl chlorl e, chl oropropyltrinmethoxy S|Iane pol y(chl or onet hyl styrene),

S Sroo ot oo PR kPP e ATg SPM % o
chior Obult yih %Pozrg abtenzyl rlocr)r{l el:) Utl}igrcc))gtlht ) I1 %fomod%ﬁlegaglge oacgt gg&t 8. 2-
bromopropionic acid, 2-bromo-2-methylpropionic acid, propyl bromoacetate,
bromohexene, 4-(chloromethyl) benzoic acid, N-(2-bromoethyl)phthalimide, 3-
picolyl chloride, chloropropylirimethoxy silane, poly(chloromethylstyrene), 2-
chloroethanesulfonic acid, 2-bromoethanesulfonic acid, 2-

15  chloroethylchloroformate, 4-chloro-1-butanol, v ,v ’-dibromo-p-xylene, 4-
chlorobutylbenzoate, ~ chlorobutyronitrile, ~ 2-chloroethyl  carbamate,  2-
chloroethylphosphonic acid, 2-chloroethyltoluene sulfonate, 4-
chloromethylphenyl isocyanate, 2’-bromoacetophenone, (4-
bromobutyl)triphenylphosphonium  bromide, bromobutyrolactone, 3-

20  (bromomethyl)pyridine, 4-bromomethyl-N-methylpyridinium bromide.

Other halides that can be used for generation of radicals from the
interaction with metal compounds have the formula RSO,X, RSX, RNX,, R,NX,
RP(0)X,, R,P(O)X, P(0)X;, RROP(O)X, (RO)P(0O)X, R;SiX, R,SiX,,
R,SiYX, RSiX,, RSiYX,, RSiY,X, RSeX, R,SeX,, R;SnX, R,SnX,, RSnX,

25  where R is hydrogen, an alkyl group or an aryl group, X is Br, CL, F,or L and Y



chl or oet hyl phosphoni ¢ acid, 2-chl oroethyltol uene sul fonate, 4-

chl or onet hyl phenyl isocyanate, 2'-bronpacetophenone, (4-

br omobut ywptosiogdsesy| phosphoni um br om de, br onobut yr ol act om€T/1H03/24326
(bromonet hyl ) pyri di ne, 4-brononet hyl - N-nret hyl pyri di ni um brom de. O her
hal i des that can be used for generation of radicals fromthe interaction
with nmetal conpounds have the fornmula RSO2X, RSX, RNX2, R, NX, RP(O X2,
R2P(O) X, P(O X3, RIROP(O X, (RO 2P(O X, R3S X, R2Si X2, R2Si YX, RSi X3,

RSI YX2, RSi Y2X, RSeX, R2SeX2, R3SnX, RﬂéﬁXZ RSnX3 25 where R i s hydrogen,
an al kyI group or an aryl group, X is Br, , F, or 1 and Y WO 03/082968
PCT/ US03/ 09326 4 5is n al koxy o axyl oxy rou These conpqunds

pr ef er abl gésn%‘?‘ QXE PF fa@f oxXy ﬂFQ‘H’ogEL@SC ‘g ?ergbllyl SeHRtale F‘HH‘Ior

sel eni um based radicals by loss of X. The transition nmetal conpound is
capabl e of r atagengbainherausesiliony sinotreseledin hased tisticalopby biseofX. a radi cal .
The radical is fornmed fromthe organo part of the organohalide by | oss of
t he halide. The r Jilecahnsitborpreéter abinpousd eRs eshable radVesstibg ywithhehe
transition nmetal in the transition netal conpound will generally, but not

necessarily, ofah6Ralfe i SlagF to%legﬁal ﬁﬁlcﬁf ati @8icA 9 YorRleadHih t&for%ﬁﬁ) reaction
with the organohal i de conpound |l es of transition netals that can be

e R P e S i e
Q1) or 1o Fvprsiftl Thefessfi pe B bins G RetL foBbtgund Safohive at
east one [ %1?tnr?ot?1§cessarily, enter a higher oxidation state as a by product of the reaction
with the organohalide compound. Examples of transition metals that can be
used in the transition metal compound include Cu(l), Fe(Il), Ru(l), Ru(Il),
Ni{I), Pd(ID), Co(Il), Cr(II), Cu(0), Ni(0), Fe(0), Pd(0), Pd(II), Rh(I), Rh(II),
15  Cr(Ill). The transition metal compound preferably contains Cu(I) or Fe(Il).
In addition, the transition metal compound can have at least one ligand as
part of the transition metal compound. The ligands fnay be used to increase the
solubility of the metal compound or to alter the reactivity of the metal
compound. The ligands may be unidentate, bidentate, or polydentate, and may
20 coordinate through N, P, O, S or C. Examples of such ligands include, but are
not limited to, amines such as 2,2°bipyridine, dinonyl2,2’bipyridine, octyl
amine, ethylene diamine, diethylene triamine, tetramethylethylene diamine,
pentamethyldieth&lene triamine, tris(dimethylaminoethyl)amine, phenanthroline,

or an alkylpyridylmethanimine. The ligands may be phosphines such as

25  triphenyl phosphine.



part of the transition netal conpound. The |igands nay be used to increase
the solubility of the netal conpound or to alter the reactivity of the
nmetal cowpamans2iesihe | i gands may be uni dent ate, bident atepcarusppbysaent at e,
and may 20 coordinate through N, P, 0, S or C. Exanples of such |ligands
include, but are not limted to, am nes such as 2, 2' bi pyridine,

di nonyl 2, 2' bi pyridine, octyl am ne, ethylene diam ne, diethylene triamne,
t et ramet hyl et hyl ene di am ne, pentanet hgl di et hyl ene triam ne,

tris(di met hyl am noet hyl ) ai ni ne, phenarrt Toline, or an

al kyl pyri dyl met hani m ne. The |igands may be phosphi nes such as

tri phenyl phosphine. WO 03/082968 PCI/US03/ 09326 -15 es of

suitabl e Iransiti EramRlealof syHdde faasitior Mg, compouade lli*Fé‘tlde | rTEla’feeﬂ‘ﬁt 0,
CuClL, CuBrlL, FeCl2L, CuClL21 CuBrlL2, FeCl2L2 wherein L is a bidentate

| i gand, suchlisgte@ i@, ChCHyrCuBre FeOlzhelCUéJﬂad;rﬂl@Liz,nEdQlde wherpouhds a
ucaL,,, CuBrL',,, wherein L' is a nonodentate |igand, such as octyl am ne
and n is anbidshtegeligdndosuch 4502,9 Bipgidihe ahgosnEsldd BeRide 2ompetiiddl " 2,
CrBr3L"2 10 where L" is triphenyl phosphine. Metal conpounds that are

useful for ”@h@lL’C%@rﬂe%ﬁﬁeﬁﬂlt {saaf‘ﬁlfoﬁédenl%‘i%é Yigﬁ{d Z34H AN GotRaRikSAlqul 1 n the

present invention. These' conmpounds include those described in WO 97/1824;

1 ed I k
oSO B MO LA oSN il s o

references therein,. Pr fer xanpl es of such tran5|tion nmet al conpounds
are coppgq Y*’;rﬁr enz{pg Pg}nﬁyrl di ne conpl ex,

Metal compounds that are useful for metal catalyzed atom transfer
polymerizations are useful in the present invention. These compounds include
those described in WO 97/1824; ‘Controlled Radical Polymerization’ K.
Matyjaszewski, ed., ACS Symposium Series 685, American Chemical Society,

15  Washington, 1998 and all references therein. Preferred examples of such
transition metal compounds are copper (I) bromide - 2,2’-bipyridine complex,
copper (I) chloride - 2,2°-bipyridine complex, iron (II) chloride -
triphenylphosphine complex, iron (II) bromide - triphenylphosphine complex,
nickel (II) chloride - triphenyl phosphine complex, nickel (II) bromide -

20  triphenyl phosphine complex, chromium (III) chloride - triphenylphosphine
complex, chromium (III) bromide - triphenylphosphine complex, iron (II)
chloride - tri(n-butylamine) complex and iron (II) bromide - tri(n-butylamine)
complex.

When the transition metal compound reacts with the organohalide, the

25  byproduct transition metal compound may contain a transition metal in an

increased oxidation state. Although it is not necessary, it is optional to use a



copper (I) chloride - 2,2'-bipyridine conmplex, iron (l11) chloride -

tri phenyl phosphi ne conplex, iron (11) bromde - triphenyl phosphi ne conpl ex,
ni ckel (1WPposhdwrs de - triphenyl phosphi ne conpl ex, nickelPCiusp3/ims3esri de 20
tri phenyl phosphi ne conplex, chromum (l11) chloride - triphenyl phosphi ne
complex, chromum (l111) brom de - triphenyl phosphi ne conplex, iron (I1I)
chloride - tri(n-butylam ne) conplex and iron (I1) brom de -

tri(n-butylam ne) conplex. Wen the transition netal conpound reacts with
t he organohalide, the 25 byproduct trafsi ti on netal conpound may contain a
transition nmetal in an increased oxidation state. A though it is not
necessary, it is optional to use a WO 03/082968 PCT/ US03/09326 .-16 5

r educi ng %geFﬁduf’lﬁétagP%t @awbqa@awp of spdnemegthepzidation atate f dheyjransifiory he
transition netal in the byproduct transition netal conpound. Such a

reduci ng agentetdhas the byprasfuet rangitednf metal esfmpazinidciStigh e iedusimp agenbliastar ansi ti on
nmet al conmpound necessary for the overall reaction. Exanples of such

reduci ng ageptefertedcdffedeos fediiciag ¢ha@hount ofitrhadtisrometad domposnd fidcbssaryst annous
chloride, diimde, sodiumdithionite, sodium 10 hypophosphite, sodium

dithionite apg 8ol aHam ga/de\ﬁ}vs@.ﬁm%bﬁs oPL&dneiclifdng hEGHIC Il RIBI Se abe SOdi um

oxal ate and form c aci respect to anounts of the various reactants

0520 i S PR bt L S35 LR Bl IS R0 B
et ongy S S OB, LSRR O S AR PR ™ | Beled "
reducing agents are sodium oxalate and formic acid.
With respect to amounts of the various reactants used in the methods of
the present invention, the transition metal compound is present in an amount to
at least permit the attachment of at least one organic group onto at least one
15 particle. Similarly, the organo-halide compound is present in a sufficient
amount to at least permit the attachment of at least one organic group onto the
particle. When compared to the surface area of the particle, the amount of
transition metal compound present is preferably from about 0.01 umol/m’ to
about 5 umol/m* and more preferably from about 0.1 umol/m® to about 4
20 umol/m>. When compared to the surface area of the particle, the amount of
organo-halide compound present is preferably from about 0.01 umol/m” to about
5 umol/m?, and more preferably from about 0.1 umol/m? to about 4 umol/m’.
Another manner in which these amounts can be characterized is with respect to
the ratio of the amount of the transition metal compound to the amount of the
25  organo-halide compound. Such ratios are from about 10:1 to about 1:100 and

more preferably from about 1:1 to about 1:50. The amount of the reactants will



anount to at least permt the attachnent of at |east one organic group onto
the particle. Wen conpared to the surface area of the particle, the
anount ofwotmasss i on nmetal conpound present is preferabl ycrrusos/edseut 0. 01
umol /n2 to about 5 unol/n2, and nore preferably fromabout 0.1 unol hn2 to
about 4 20 unvol/int. Wen conpared to the surface area of the particle, the
anount of organo-halide conpound present is preferably fromabout 0.01
unol /n2 to about 5 unol/n2, and nore preferably fromabout 0.1 unol/nR2 to
about 4 unol/ n2. Another manner in whi’th these amounts can be
characterized is with respect to the ratio of the amount of the transition
nmetal conpound to theg annun% of the 25 organo-thLde COWPOﬁ%f. Such ratios
are from-abolfyASPIARE GRS FNWY oL RESANHOFTEURS RIS HbPS/atachH A8 ite 1: 1 to
about 1:50. The anmount of the reactants will WO 03/082968 PCT/ US03/ 09326
-17 5 vary depéaléi ng upon the anount of organic groups that is to be
attached onto the particle. Wth respect to other reactant conditions,
whi | e any tenper aWitleraapay ¢o othee réacemr coglitiens evhidle umg tefnpelatire @betd on

m xture can be used, it is preferred that the tenperature of the reaction

occur at tenmpRradd@SedperbfufdbAie $backin kdixaROin BDuR0fk. is PRIG I @her abl y
fromabout 20 to about 150C, and nost preferably from about 20C to about

100C. The regction | referably carri out in t i qui -phage.. Sol vents
are pref er ablt rggtrn of iR Rite i SdeHimbfesraliz Ak o Ml “oome
solubility. Mxtures of saolvents nag be used and include, for_ exanple,

wat er / al EbhoPOYCe mpge preferaldy fiogs 40 iahout hed°fe ard Mot Rrsfegably frel out at a

about 20°C to about 100°C. The reaction is preferably carried out in the liquid

o=

phase. Solvents are preferably those in which the halide and/or metal complex
have some solubility. Mixtures of solvents may be used and include, for
example, water/alcohol blends. It is preferred that the reaction is carried out at a

15  temperature below the boiling point of the solvent, but it would be possible to
carry out the reaction at higher temperatures if a pressurized reaction vessel was
used. Useful solvents include, but are not limited to, toluene, xylenes, water, and
alcohols.

The reaction of the organohalide and metal complex with the particle

20 may be carried out in air or under an inert atmosphere.

Furthermore, though not necessary, other optional ingredients can be
included such as buffering agents, surfactants, antifoaming agents, dispersing
agents, and accelerants. The amounts of these optional ingredients will be used
in conventional amounts as with other reactions or can be readily determined in

25  view of the goals as set forth and described in the present application.



15 tenperature below the boiling point of the solvent, but it would be
possible to carry out the reaction at higher tenperatures if a pressurized
reacti on wolsmB29ems used. Useful solvents include, but areTrnzsn3/hesmsted to,
t ol uene, xylenes, water, and alcohols. The reaction of the organohalide
and netal conplex with the particle 20 may be carried out in air or under
an inert atnosphere. Furthernore, though not necessary, other optional

i ngredi ents can be included such as b%ffering agents, surfactants,

anti foam ng agents, dispersing agentsjgénd accel erants. The amounts of

t hese optional ingredients will be used in conventional anmounts as with

ot her reagtions or can be readily determned in 25 view of the goals as
set forthoand desOTEda oncixes o wgeis ga%l@maeémei%fﬁghﬁw eboeuaN

PCT/ US03/ 09326 -18 5 Mdre than one type of organic group can be attached
to the parti éiféseririspesdif fasiicden canyhveusedfin plag sare¢ eepcidem Berthesagrd, the he same
reaction. Furthernore, the particles can be subjected to one reaction to
attach one t ppeictek can hamibgeaedoionanehctidbinenattaab joae typd of organatdrenp arelact i on to
attach a second type of organic group, which can be the sanme or different

fromthe firgenr kddnto0 R dthdrNeadidit foCattich Al becoRd t&%epafﬁ ofdaniAtoap] ons are
possi ble. The resulting product which is a particle having attached at

| east one OLGAN GrALOND SIS o BIMErR Son? RS 1RARKEQAS AIPT | NI NG

pl ates, black rmatrix/color ers, toners, elastolners, as tires or
corrponenL(Z thereo% and the like as described in the patents set forth

above. Th pRfASF of KPR greAeriifed

The resulting product which is a particle having attached at least one
organic group has many uses such as in inks, coatings, printing plates, black
matrix/color filters, toners, elastomers, such as tires or components thereof, and
the like as described in the patents set forth above. The particle having attached

15  at least one organic group preferably has the organic group attached such that it
cannot be removed by Soxhlet extraction. Preferably, the attachment is a
chemical attachment such as a covalent bond. Also, the attachment can be
through a molecule other than oxygen on the surface of the particle, such as a
carbon-carbon type bond, and the like.

20 The present invention will be further clarified by the following examples,

which are intended to be purely exemplary of the present invention.

EXAMPLES
CTAB surface areas were obtained using ASTM D-3765. DBPA data
25  were obtained according to ASTM- D2414.

The materials were analyzed for chlorine by combustion.



15 at | east one organic group preferably has the organic group attached
such that it cannot be renoved by Soxhlet extraction. Preferably, the

att achnenwoios/ose9¢ghem cal attachnment such as a coval ent b®ed/USAb/eB26 t he
attachnent can be through a nolecul e other than oxygen on the surface of
the particle, such as a carbon-carbon type bond, and the like. 20 The
present invention will be further clarified by the foll ow ng exanples,
which are intended to be purely exenplary of the present invention.
EXAMPLES CTAB surface areas were obtai®d using ASTM D-3765. DBPA data 25
wer e obtained according to ASTM D2414. The materials were anal yzed for
chl orine by conbustion. WO 03/082968 PCT/ US03/09326 -19- 5 Exanple 1 10
Preparatidn of a carbon product A carbon black (10y) with a CTAB surface
area of 361 nR/g and a DBPA of 117nm/100 g was stirred with 1.44 g of
copper (l) bromde, 3.12 g of 2,2" bipyridine and 100 i nL of xyl enes.
After addition of 2.06 g of 4-chlorobenzyl brom de, the m xture was heated
at reflux overnight under a nitrogen 15 atnosphere. The carbon was renoved
by filtration and subjected to Soxhlet extraction with THE overni ght and
then with nethanol for three days. The product was then washed with
concentrated amoni um hydroxi de until the

Example 1
10 Preparation of a carbon product
A carbon black (10g) with a CTAB surface area of 361 m*/g and a DBPA
of 117mL/100 g was stirred with 1.44 g of copper (I) bromide, 3.12 g of 2,2’
bipyridine and 100 mL of xylenes. After addition of 2.06 g of 4-chlorobenzyl
bromide, the mixture was heated at reflux overnight under a nitrogen
15 atmosphere. The carbon was removed by filtration and subjected to Soxhlet
extraction with THF overnight and then with methanol for three days. The
product was then washed with concentrated ammonium hydroxide until the
washings were colorless. After drying, the product contained 1.44 % chlorine,
compared to 0.09 % for the untreated carbon black and therefore contained 0.38
20  mmol/g chlorobenzyl groups.
Example 2
Preparation of a carbon product
A carbon black (10g) with a CTAB surface area of 361 m*/g and a DBPA
of 117mL/100 g was stirred with 1.44 g of copper (I) bromide, 2.06 g of 4-
25  chlorobenzyl bromide and 100 mL of xylenes. After addition of 2.56 g of octyl

amine, the mixture was heated at reflux for ome hour under a nitrogen



washi ngs were colorless. After drying, the product contained 1.44 %
chlorine, conpared to 0.09 %for the untreated carbon black and therefore
cont ai nedw0.0388298© mmol / g chl or obenzyl groups. Exanple 2 PpPmapsasedseon of a
carbon product A carbon black (1 Og) with a CTAB surface area of 361 nR/g
and a DBPA of 117nm./100 g was stirred with 1.44 g of copper (I) brom de,
2.06 g of 4- 25 chl orobenzyl brom de and 100 nL of xylenes. After addition
of 2.56 g of octyl amne, the m xture was heated at reflux for one hour
under a nitrogen WO 03/082968 PCT/ US037289326 -20 5 at nosphere. The carbon
was renoved by fiItration and subjected to Soxhlet extraction with THE
overni ght _and the nmet hanol for thyee days. The _product was then
washed with emﬁ%rﬁ at %’g%‘h"*ﬁ‘ﬁ]fﬁ%ﬁé&ﬂéﬂ@ﬁtqm art%éubmﬁ@dqr%égxméfr e
colorless. After drying, the product contained 0.50 %chlorine, conpared

to 0.09 % f oextransionrvitle TEEY ovemizbh abll dbkn swilth mbderdlofoe thentdiysedll: 12 10
nmmol / g chl orobenzyl groups. Exanple 3 Preparation of a carbon product A

car bon bl ackpfolfig) wat tthera wadid s/ithf aseerdtrfal ahndeiuydréide antDBRA 15 of
117m/ 100 g was stirred with 1.44 g of copper (lI) brom de, 2.06 g of 4-

chl orobenzyl whE@Rpd@e@nd1ckRs. Ma it d{?ﬂlgﬁ dﬁﬁ&teéon@éi'ﬁ’écf 580 Rfchibrig8, 9 of

octyl amine, the mxture was heate lux for five hours under a

ni trogen compared to 0.09 % for the untreated carbon black and therefore contained 0.12

10 mmol/g chlorobenzyl groups.

Example 3
Preparation of a carbon product
A carbon black (10g) with a CTAB surface area of 361 m?*/g and a DBPA
15  of 117mL/100 g was stirred with 1.44 g of copper (I) bromide, 2.06 g of 4-
chlorobenzyl bromide and 100 mL of xylenes. After addition of 1.29 g of octyl
amine, the mixture was heated at reflux for five hours under a nitrogen
atmosphere. The carbon was removed by filtration and subjected to Soxhlet
extraction with THF overnight and then with methanol for three days. The
20  product was then washed with concentrated ammonium hydroxide until the
washings were colorless. After drying, the product contained 0.82 % chlorine,
compared to 0.09 % for the untreated carbon black and therefore contained 0.21
mmol/g chlorobenzyl groups.
Example 4

25 Preparation of a carbon product



at nosphere. The carbon was renoved by filtration and subjected to Soxhl et
extraction with THE overnight and then with nethanol for three days. The 20
product wa® oslogasevashed with concentrated amoni um hydr oxipda/usas/09432¢ he
washi ngs were colorless. After drying, the product contained 0.82 %
chlorine, conpared to 0.09 %for the untreated carbon black and therefore
contained 0.21 mmol/g chl orobenzyl groups. Exanple 4 25 Preparation of a
carbon product WO 03/082968 PCT/ US03/09326 -21 5 A carbon black (5g) with
a CTAB surface area of 361 n2/g and a A of 117mL/100 g was stirred with
5.57 g of Nickel bis(triphenylphosphine) dibromde, and 25 nL of tol uene.

After addition of ,1.54 g of 4-chlorohenzyl _bromd he, m xt was heat ed
at refl uxé over ni ght® ]i’ng'i’laﬂ? éﬁb&’ 2 gﬁ@c%ﬂf%&%”%&?t%@e@é#ﬁ)ﬁ ration
and then washed with tetrahydrofuran %6 xI GOr), 10 and toluene (6 x|l OOnl),
concent r at ed ohriBmLiMAOhgavek Birsed avith 381§  ofaNerkeb Ristiyighesfphosplenaeki d (3 x
25m.. The product was subjected to Soxhlet extraction with water
over ni ght. Aflibesmiley budy 25 trhle gftoldeict. Acfoart alidited df 1.44% of Wlohtarslesnzglonpar ed
to 0.09 %for the untreated carbon black and therefore contained 0.30
nol / g chl or phemiay | th&hekife washeked PR oveifBRAHEORtr8Eerd TR BeEbnPr oduct
was removed by filtration and then washed with tetrahydrofuran (6 x100mL),
10 and toluene (6 x100mL), concentrated ammonium hydroxide (4 x 25mlL), and
5N hydrochloric acid (3 x 25mL. The product was subjected to Soxhlet
extraction with water overnight. After drying, the product contained 1.14 %
chlorine, compared to 0.09 % for the untreated carbon black and therefore
contained 0.30 mmol/g chlorobenzyl groups.
15
Example 5
Preparation of a carbon product
A carbon black (5g) with a CTAB surface area of 361 m?*/g and a DBPA
of 117mL/100 g was stirred with 1.62 g of Iron (II) bromide, 3.93 g of
20  triphenylphosphine, and 25 mlL of toluene. After addition of 0.98 g of 4-
chlorobenzyl bromide, the mixture was heated at reflux overnight under
nitrogen. The carbon was removed by filtration and then washed with toluene (6
x 100mL), concentrated ammonium hydroxide, and 5N hydrochloric acid (3 x

25mL). The product was subjected to Soxhlet extraction with water overnight.

25  After drying, the product contained 1.79 % chlorine, compared to 0.09 % for the



A carbon black (5g) with a CTAB surface area of 361 n2/g and a DBPA of
117m./ 100 g was stirred with 1.62 g of Iron (Il) bromde, 3.93 g of 20

tri phenylwbaspsiose, and 25 nL of toluene. After addition eCTUSOBG20f 4

chl orobenzyl brom de, the m xture was heated at reflux overnight under

ni trogen. The carbon was renoved by filtration and then washed wi th tol uene
(6 x 100mL), concentrated anmoni um hydroxi de, and 5N hydrochloric acid (3
X 25mL). The product was subjected to_Soxhlet extraction with water
overnight. 25 After drying, the produc‘t2 contained 1.79 %chl orine, conpared
to 0.09 %for the WO 03/082968 PCT/US03/09326 -22 5 untreated carbon bl ack

and therefore contained 0.4 | / hl or obenzyl r oups. anple 6

Pr epar ati%n grtregteds © anl?lﬁgﬁgprgﬁhg’ﬁ %Sncoélltaé’&%%/(osﬁg Wgﬁg aC%f?Fg\%n%}fﬂrface
area of 361 nR/g and a DBPA 10 of 117nl/100 g was stirred with 2.19 g of
Chrom um (| | Bjoups.om de, 3.93 g of triphenyl phosphine, and 25 nL of .
tol uene. After addition of 0.98 g of 4- chlorobenzyl brom de, the m xture

was heated at reflux overni ght undeExanigle 6gen. The carbon was renoved by
filtration and then washed with toluene (6 x 100mL), concentrated ammoni um

hydroxi de, and 5N hydr ochl orpyepafdtfbn(o? acatbow pidduct The product was
subj ected to Soxhlet extraction with water overnight. After drying, the

g Sonkaned gl 0 e LOTNR A Pt 001 T st o
10 of 117mL/100 g was stirred with 2.19 g of Chromium (III) bromide, 3.93 g of
triphenylphosphine, and 25 mL of toluene. After addition of 0.98 g of 4-
chlorobenzyl bromide, the mixture was heated at reflux overnight under
nitrogen. The carbon was removed by filtration and then washed with toluene (6
x 100mL), concentrated ammonium hydroxide, and 5N hydrochloric acid (3 x
15  25mL). The product was subjected to Soxhlet extraction with water overnight.
After drying, the product contained 0.72 % chlorine, compared to 0.09 % for the
untreated carbon black and therefore contained 0.18 mmol/g chlorobenzyl
groups.
Example 7
20 Preparation of a carbon product
A carbon black (5g) with a CTAB surface area of 361 m*/g and a DBPA
of 117mL/100 g was stirred with 1.17 g of Copper (I) bromide, 1.3 g of 2,2°-
Bipyridine, and 20 mL of toluene. After addition of 1.7 g of 4-chlorobenzyl
bromide, the mixture was heated at reflux overnight under nitrogen. The carbon
25 was removed by filtration and then washed with toluene (6 x 100mL), and

concentrated ammonium hydroxide until washings were colorless. The product



groups. Exanple 7 20 Preparation of a carbon product A carbon black (5g)
with a CTAB surface area of 361 nR2/g and a DBPA of 117nl/100 g was stirred
with 1.1WwgoehsGepper (1) bromde, 1.3 g of 2,2'- Bipyridipeg/usasieb32® nl of
toluene. After addition of 1.7 g of 4-chlorobenzyl bromde, the m xture
was heated at reflux overnight under nitrogen. The carbon 25 was renoved by
filtration and then washed with toluene (6 x 100nm.), and concentrated
anmoni um hydr oxi de until washi ngs were col orl ess. The product WO 03/ 082968
PCT/ US03/ 09326 -23 5 was subj ected t 023oxhl et extraction with THE
overnight. After drying, the product contained 1.5 %chlorine, conpared to

0.09 %for the untreated carbon black and therefore contained 0.40 nmol/g
chl or obenzy| Vg supiscted go é@@%téxgacwlbﬁ’éﬁha?ﬁgnowlglatr baH s §yine: $hecar bon
black (5g) with a CTAB surface area of 361 n2/g and a DBPA of 117m/100 g
was stirred wiaductGoppared(1.3 % chioride, copredBoB W9 Hi fog th&onireatedodarkon 15 7: 3
wat er ;i sopropanol m xture and , in sonme cases, reducing agents. After

addi tion of Bla0Bagd thitre3ore btz 040 mbloOgichierobcheyl @raipsr e was heat ed at
reflux overnight in air or under nitrogen. The carbon was renoved by
filtration and then washed with concentrated amoni um hydroxi de until

washi ngs were

10
Example 8
Preparation of carbon products
Carbon black (5g) with a CTAB surface area of 361 m*/g and a DBPA of
117mL/100 g was stirred with Copper (I) bromide, 2,2’-Bipyridine, 50 mL of a
15  7:3 water:isopropanol mixture and , in some cases, reducing agents. After
addition of 1.03 g of 3-chlorobenzyl bromide, the mixture was heated at reflux
overnight in air or under nitrogen. The carbon was removed by filtration and
then washed with concentrated ammonium hydroxide until washings were
colorless. The product was subjected to Soxhlet extraction with THF overnight,

20 dried and analyzed for chlorine. The products had attached 3-chlorobenzyl

groups.



col orl ess. The product was subjected to Soxhlet extraction with THE
overni ght, 20 dried and anal yzed for chlorine. The products had attached
3- chl or obwo2gl082968 oups. WO 03/ 082968 PCT/ US03/ 09326 - 24- PETHSas3e6 CuBr
Bi pyri di ne Reduci ng Reaction Atnosphere Attached g g agent Tine, Hr
groups, mol/g 8A 0.72 2.34 - 1 Air 0.49 8B 0.72 1.56 - 16 Air 0.40 8C
0.72 0.78 - 16 Air 0.06 8D 0.072 0.23 - 16 Air 0.24 8E 0.072 0.23
Potassium 16 Air 0.31 oxalate, 0.92 g 8F 0.072 0.23 Sodium 16 Air 0. 36
formate, 0.34 g 8G0.72 2.34 - 16 A r29-42 8H 0.72 2.34 - 16 Ni t rogen
0.46 Exanple 9 Preparation of a carbon product

5

Example CuBr Bipyridine Reducing Reaction  Atmosphere Attached

g g agent Time, Hr groups,
mmol/g
8A 0.72 2.34 - 1 Air 0.49
8B 0.72  1.56 - 16 Air 0.40
&C 0.72  0.78 - 16 Air 0.06
gD 0.072 0.23 - 16 Air 0.24
8E 0.072 0.23 Potassium 16 Air 0.31
oxalate,
092¢g
8F 0.072 0.23 Sodium 16 Air 0.36
formate,
034 ¢
8G 0.72 234 - 16 Air 0.42
8H 072 234 - 16 Nitrogen 0.46
Example 9

Preparation of a carbon product
A carbon black with a surface area of 200 m*/g and a DBPA of 117
10 mlL/100g was dried in a vacuum oven at 120 °C for two days. Xylenes were
dried over molecular sieves for two days. The requisite glassware was dried at
150 °C and cooled under nitrogen.
The carbon black (5g) was stirred with 0.25 g of copper (I) chloride, 2.0
g of dinonyl 2,2’-bipyridine and about 50 mL of xylenes. After addition of 1.8 g

15  of benzenesulfonyl chloride, the mixture was heated at reflux overnight under



A carbon black with a surface area of 200 nR/g and a DBPA of 117 10

m./l1 OOy was dried in a vacuum oven at 120 C for two days. Xyl enes were

dri ed ovewormlogres ar si eves for two days. The requisite glPasdisas/eseas dried
at 150 C and cool ed under nitrogen. The carbon black (5g) was stirred with
0.25 g of copper (1) chloride, 2.0 g of dinonyl 2,2'-bipyridine and about
50 nL of xylenes. After addition of 1.8 g 15 of benzenesul fonyl chloride,
the m xture was heated at reflux overnight under WO 03/ 082968

PCT/ US03/ 09326 -25 5 nitrogen. The pf@ uct was renoved by filtration,

subj ected to Soxhlet extraction with THE overni ght and then subjected to
Soxhl et extraction with t hanol for t days.. The pr.oduct S en washed
with concent PAOSE™- gh%ﬁhwgﬁ?%yﬁFﬁipﬁgwﬁﬁgyl%ﬁ Oﬁasﬁﬁﬁﬁgﬁ&épggggh%rless.

Sul fur analysis showed that the product had nore sul fur than the_ untreated
car bon bl ackexrastioneyidi gHg ommghga@d theahadigstrintp Sertflenguiragiorupdth o her
enbodi nents of the present invention will be apparent to those skilled in
the art frometnsbdésratieordagt. t ke ppatuct ivcat then wadhepraith i wacatratdde

present invention disclosed herein. It is intended that the specification

t
and exanpl egmBRnARRayEeLRIE vasl ﬁémiﬁ%s)’w@r@'cmoﬂ&si hSwfilr Ay SE Sifveand spirit
of the 15 present being indicated by the follow ng clains and equival ents

thereof. WO {3 432988, 8%50 Y293/ Q8320an 1S intrealddVarbon (Hablt ¥rPilerifore

10 had attached phenylsulfonyl groups.

Other embodiments of the present invention will be apparent to those
skilled in the art from consideration of the specification and practice of the
present invention disclosed herein. It is intended that the specification and
examples be considered as exemplary only, with a true scope and spirit of the

15  present being indicated by the following claims and equivalents thereof.



1. A nethod of making a particle having attached at | east one organic
group conprising reacting at |east one radical with at | east one particle
wherein wbasnsdsgal is generated fromthe interaction of pafr/usessd32e&ne
transition nmetal conpound with at |east one organo-halide conpound in the
presence of one or 10 nore particles capable of radical capture of a
radical. 2. The nmethod of claim1l, wherein said particle is a carbon
product. 3. The method of claim 2, mhsreln sai d carbon product is carbon
bl ack. 4. The nethod of claim 2, mhere A said carbon product is carbon 15
bl ack, carbon fiber, carbon plate activated carbon, vitreous carbon,
nanotubes charco I acti d charcoal, graphite, or conbinations

t hereof . 5. f%&Aﬂ%$HGHA§ 1§$i§h11 wherein said particle is silica having
attached at |east one organic group. 6. The nethod of claim 1, wherein said
particle is a sillca ceshatiof mekisgrahpatitle deving ayeshadzat|gash ave Atgaaic | east
one organic group attached to the silica-coated carbon black. 7. The

met hod of cl gtowp tomphicingireacsiap dt asttanelredicd veith aigigas gat artetnwhérsinng a
carbon phase and a netal -containing species phase, optionally 25 having at
| east one or ganiagicgl AU geﬁét@&*ﬁ%% R (Sa@uEl 608t Eash\6hd HASR06 netal

PCT/ US03/ 09326 - 27 The nmethod of claiml, wherein said particle is a

metal oxide 95mpound with at least one organo-halide compound in the presence of one or

10  more particles capable of radical capture of a radical.

2. The method of claim 1, wherein said particle is a carbon product.

3. The method of claim 2, wherein said carbon product is carbon
black.

4. The method of claim 2, wherein said carbon product is carbon

15  black, carbon fiber, carbon plate, activated carbon, vitreous carbon, nanotubes,
charcoal, activated charcoal, graphite, or combinations thereof.
5. The method of claim 1, wherein said particle is silica having
attached at least one organic group.
6. The method of claim 1, wherein said particle is a silica-coated
20 carbon
black, optionally having at least one organic group attached to the silica-coated
carbon black.
7. The method of claim 1, wherein said particle is an aggregéte
comprising a carbon phase and a metal-containing species phase, optionally

25  having at least one organic group attached to the aggregate.



metal carbonate having attached at | east one organic group. 9. The nethod
of claim8, wherein said netal oxide or nmetal carbonate is alum num oxi de,
zi nc oxi dwp osiogz@es um di oxi de, magnesi um oxi de, cal ci um ca&cChrarsas/e3240 10.
The met hod of claim1, wherein said particle is a colored pignent. 11. The
met hod of claim 1, wherein said organo-halide conpound has the fornmula RX
and Ris an organic group and Xis Br, d, F, or I. 12. The nethod of claim
11 wherein Ris a benzylic group of the formula ArCH2, ArCHR , ArCR 2,
Ar2CH or Ar2CR and Ar is an aryl grou87and R is 15 an organic group. 13.
The nethod of claim 1l wherein Ris alkyl. 14. The nethod of claim11,
wherein Ris aryl. 15. The nethod of claim 11, wherei.n Ris_ al kyaryl or
aryl al kyl> 16. Thé r’@’ceh’@ﬁ’%@fi of| a1, Whser isHdRarcls ig anBik ioéf@éc%‘?/rpound
has 20 the forrmula RSO2X, RSX, RNX2, R2NX, RP(O X' R2P(O X, P(O) X3,
R(RO) P(O X, (R 2mbpose hRds: xiackedhiXast PRshrgxic REIURS, RSi YX7, RS Y2X,
RSeX, R2SeX2, R3SnX, R SnX2, RSnX3 where R is hydrogen, an al kyl group or
an aryl group, X bs Bie,mé&hod bf claim I8, waainYsdid neetel alkidexyr metabeaybanaye gr oup.
17. The method of claim1l, wherein said organohalide has an organo 25

portion whi cly hpnAfdldxpiatite 8%iYPsitadinGy Adxeded ibeSiusl O%ide, Odlciath Or gani c
group having an aliphatic portion and a cyclic portion. WO 03/ 082968
PCT/ US03/ 09326; ;748

10 10. The method of claim 1, wherein said particle is a colored pigment.
11. The method of claim 1, wherein said organo-halide compound has
the formula RX and R is an organic group and X is Br, CL, F, or L.
12. The method of claim 11 wherein R is a benzylic group of the formula
ArCH,, ArCHR’ , ArCR’,, Ar,CH or Ar,CR’ and Ar is an aryl group and R’ is
15  an organic group. |
13.  The method of claim 11 wherein R is alkyl.
14.  The method of claim 11, wherein R is aryl.
15.  The method of claim 11, wherein R is alkyaryl or arylalkyl.
16.  The method of claim 1, wherein said organohalide compound has
20 the formula RSO,X, RSX, RNX, R,NX, RP(0)X,, R,P(O)X, P(O)X,,
R(RO)P(0)X, (RO),P(0)X, R,SiX, R,SiX,, R,SiYX, RSiX,, RSiYX,, RSiY,X,
RSeX, R,SeX,, R;SnX, R,SnX,, RSnX, where R is hydrogen, an alkyl group or
an aryl group, X is Br, CL, F, or I, and Y is an alkoxy or aryloxy group.
17.  The method of claim 1, wherein said organohalide has an organo
25  portion which is an aliphatic group, a cyclic organic group, Or an organic group

having an aliphatic portion and a cyclic portion.



5 18. The nethod of claim1, wherein the transition netal in said
transition netal conmpound is capable of changing froma | ower oxidation
state toweodiogdses oxi dation state. 19. The nmethod of cl aiPeTASosbseei n sai d
transition metal conpound contains a netal selected from Cu(l), Fe(ll),
Ru(l), Ru(ll), Ni(lIl), Pd(Il), Co(ll), 10 Cr(ll), CQu(0O), N (0), Fe(0),
Pd(0), Pd(Il), Rh(l), Rh(Il), or Cr(Ill). 20. The nethod of claim 1,
wherein said transition netal conpound cont ains Cu(l) or Fe(ll). 21. The
method of claim1, wherein said transit4Son netal conmpound s present in an
amount of from about 0.01 mmol/n2 to about 5 mol/nm2 and 15 said

or gano- hal i de conmpqund s pr i_n, an anpunt from about Q.01 |/ n2
to about 5 mmol / nfSwhedhe tg‘chPft‘E)lalﬂlhel’ ‘ﬁl?ﬁfr%léet%ﬁrtéadmg?ont H@%eﬂ“t? . 22.
The met hod of cl aim 1, wherel n said transition netal conpound further
conprises at tiapsiion oretel Icogpaund B3capdtle ofshinging frowl alaweoxidatienstate sai d at

| east one ligand is 20 2,2' bipyridine, dinonyl2,2"bipyridine, octyl am ne,
et hyl ene di altmhh'gheﬂbye'ﬂzhiohlestwe. triam ne, tetranethyl ethyl ene di am ne,

pent amet hyl di et hyl ene triam ne, tris(dinethylam noethyl)am ne,

phenant hroline, anoal | Ity RYdthly biEhiaN Wh&%n%md hﬁhﬁﬁ&{‘ﬁeteﬂ%ﬁ@%ﬁtﬁ- 24.
The method of claim22, wherein said at |east one ligand is

2.2 bi pyr i di g h d HARHC Rtk Cufth R B, AR RiRETAHEN3L0RR2E - 29

10 Cr(Il), Cu(0), Ni(0), Fe(0), PA(0), PA(IT), Rh(I), Rh(IL), or Cx(III).

20.  The method of claim 1, wherein said transition metal compound
contains Cu(l) or Fe(II).
21.  The method of claim 1, wherein said transition metal compound

is present in an amount of from about 0.01 mmol/m® to about 5 mmol/m* and
15  said organo-halide compound is present in an amount of from about 0.01
mmol/m’ to about 5 mmol/m”® when compared to the surface area of the particle.
22.  The method of claim 1, wherein said transition metal compound
further comprises at least one ligand.
23.  The method of claim 22, wherein said at least one ligand is
20  2,2’bipyridine, dinonyl2,2’bipyridine, octyl amine, ethylene diamine, diethylene
triamine, tetramethylethylene diamine, pentamethyldiethylene triamine,
tris(dimethylaminoethyl)amine, phenanthroline, an alkylpyridylmethanimine or
triphenyl phosphine.
24.  The method of claim 22, wherein said at least one ligand is

25 2,2’bipyridine or dinonyl2,2’bipyridine.



5 25. The nethod of claim11, further conprising at |east one reducing

agent capable of reducing the transition netal conpound during the reacting
of the awoldasievne transition netal conpound with the arCrames/ovoe
organo- halide conpound. 26. The nmethod of claim1l, wherein said reacting
occurs at a 10 tenperature of fromabout 20 C to about 200 T. 27. The
particle having attached at | east one organic group resulting fromthe

met hod of claim 1. 28. The particle having attached at | east one organic
group resulting fromthe nethod of clZ°m 2. 15 29. The particle having
attached at | east one organic group resulting fromthe nethod of claim 3.
30. The particle having_ attached ait_ | east one organic group resulting from
the method of clai*h 4. 3¢ mephed phelain |l e TURtheT ARMBESAE ﬁte%a%toqeerﬁéqm%e
organic group resulting 20 fromthe nethod of claimb5. 32. The particle
havi ng at t acheentaapabde of redneing thyaminsitipnonptal esopaundgluringdhe rdsetipeohod of
claim6. 33. The particle having attached at | east one organi c group

resul ting f it leestroat hedsitibn ehailnoompodhd 34th {Heeat peast bt ergravihaidat t ached
at | east one organic group resulting fromthe nethod of claim8. WO

03/ 082968 PCL)H503/9326
26.  The method of claim 1, wherein said reacting occurs at a
10  temperature of from about 20 °C to about 200 °C.
27.  The particle having attached at least one organic group resulting
from the method of claim 1.
28.  The particle having attached at least one organic group resulting
from the method of claim 2.
15 29.  The particle having attached at least one organic group resulting
from the method of claim 3.
30.  The particle having attached at least one organic group resulting
from the method of claim 4.
31.  The particle having attached at least one organic group resulting
20 from the method of claim 5.
32.  The particle having attached at least one organic group resulting
from the method of claim 6.
33.  The particle having attached at least one organic group resulting
from the method of claim 7. |
25 34, The particle having attached at least one organic group resulting

from the method of claim 8.



-30 5 35. The particle having attached at | east one organic group resulting
fromthe nmethod of claim9. 36. The particle having attached at | east one
organi c gwouwp/osmstil ting fromthe nethod of claim10. 37. PChaISpHBRE] €

havi ng attached at | east one organic group resulting 10 fromthe nethod of
claim11l. 38. The particle having attached at |east one organic group
resulting fromthe nmethod of claim12. 39. The particle having attached at
| east one organic group resulting fromthe nethod of claim13. 15 40. The
particle having attached at |east one of‘ganic group resulting fromthe

met hod of claim14. 41. The particle having attached at | east one organic

group resulting fromthe nethod of claim 15 42. The particle having
attached at |east dne mﬁbctﬂ’gﬁ%‘ﬂ%g Pté%cil}g‘}l Ahlpastnerrernic BEOURSERBEISD cl ai m
16. 43. The particle havi ng attached at | east one organic group resulting
from the net Hioin 8 meethodhoficzainyd. The met hod of clai m 16, wherein said

or ganohal i de conpound has the formula RSO2X.
36.  The particle having attached at least one organic group resulting

from the method of claim 10.
37.  The particle having attached at least one organic group resulting
10 from the method of claim 11.
38.  The particle having attached at least one organic group resulting
from the method of claim 12.
39.  The particle having attached at least one organic group resulting
from the method of claim 13.
15 40.  The particle having attached at least one organic group resulting
from the method of claim 14.
41.  The particle having attached at least one organic group resulting
from the method of claim 15.
42.  The particle having attached at least one organic group resulting
20  from the method of claim 16.
43, The particle having attached at least one organic group resulting
from the method of claim 17.
44.  The method of claim 16, wherein said organohalide compound

has the formula RSO,X.



