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15 their agglomeration, and then aligning these nanoparticles to produce an orderly array.

This can often be attributed to the importance of Brownian motion and surface forces in
the nanoscale world. These forces can be significant factors causing agglomeration, such
as when strong surface forces make the moving parts of a NEMS device stick together
and seize up.

20 A particularly desired oriented nanomaterial is a sheet or film made from a resin
material, such as cellulose, in which aligned nanoscale magnetic particles are embedded.
Such materials can be used as “smart paper” and in magnetic information storage media.
While it is well established that the storage capacity of recording media can be
significantly increased by further reducing the grain size and distribution of magunetic

25  particles in the thin film in order to increase the signal-to-noise ratio of the medium, upon
reaching the nanoscale for the magnetic particles, it becomes increasingly difficult to
adequately distribute the particles and avoid agglomeration. Further, it is oftern necessary
to increase the magnetic anisotropy of the resulting product in order to guarantee thermal
stability of the recorded information.

30 Martin et al., Phys. Rev. E, 2000, 61(3), 2818-2830, discloses the production of
magnetic, field-structured composites (FSCs) by structuring magunetic particle

suspensions in uniaxial or biaxial (e.g., rotating) magnetic fields while polymerizing the
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Addi ti onal advantages will be set forth in part in the description that -

follows, and in part will be obvi o#¥MMe¥RYhe description, or can be
| ear nedZOb y practj gcecopcfangmitﬁ‘ﬁf%%%}p%ses of the disclosed materials, compounds,

compositions, articles, and methods, as embodied and broadly described herein, the
disclosed subject matter, in one aspect, relates to compounds and compositions and
methods for preparing and using such compounds and compositions. In a further aspect,
the disclosed subject matter relates to methods for producing nanomaterials, particularly
25  in the form of sheets or films, which have nanoparticles uniformly distributed and
embedded therein. These nanomaterials are also disclosed herein. Further, nanomaterials
having high magnetic anisotropy, permitting their use in thermally stable information
storage media, are disclosed as well as methods for their preparation. A still further
aspect relates to thermally stable information storage media having high signal-to-noise
30 ratio and high magnetic anisotropy and methods for making such media.
Additional advantages will be set forth in part in the description that follows, and
in part will be obvious from the description, or can be learned by practice of the aspects
described below. The advantages described below will be realized and attained by means

of the elements and combinations particularly pointed out in the appended claims. It is to
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descri bed bel ow. The advantages descri bed below will be realized and
attained by neans of the elenents and conbi nations particularly pointed out
in the appended clains. It is to 2 W 2006/ 130593 PCT/ US21106/ 020941 be
understood that both the foregoing general description a W ng
detail ed dé"é%?qﬂffﬁﬂa?’? are exenpl ary and expl anatory onl y'ﬁg%ﬁgorofé/@r?%ﬂ
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these publications in their entiretires are I ACOr por y reference
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reference is relied upon. In this specification and in the clains that

fol | ow, refprarteqitas aspects oply anddenetantended imprelimigingt er ms, whi ch shal | be defi ned
to have the follow [ @ h he. riptl cl ai ns of
this specificat i%#’?%g%;& éﬁg%%ﬁé?lf%lgﬁ’%%ﬂ%%bﬁgﬁ g?ncﬁsre%#én?ihéal\%gr d, such as
"conpri si ngdiscasdres oOthess medicitione antheir tutiretths ag: Heby inedrpdratet be deférenceand i s
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i nt egers, otodbis SEPIICAEST Ridsmo Figee @ngﬁcﬁ o B Sl he oS BoUNAHeC ai s, t he
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or number of terms, which shall be defined to have the following meanings:

20 Throughout the description and claims of this specification the word “comprise”
and other forms of the word, such as “comprising” and “comprises,” means including but
not limited to, and is not intended to exclude, for example, other additives, components,
integers, or steps.

As used in the description and the appended claims, the singular forms “a,” “an,”

25 and “the” include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to “a compound” includes mixtures of two or more such compounds,
reference to “an ionic liquid” includes mixtures of two or more such ionic liquids,
reference to “the film” includes mixtures of two or more such films, and the like.

“Optional” or “optionally” means that the subsequently described event or

30 circumstance can or cannot occur, and that the description includes instances where the
event or circumstance occurs and instances where it does not.

Ranges can be expressed herein as from “about” one particular value, and/or to

“about” another particular value. When such a range is expressed, another aspect

includes from the one particular value and/or to the other particular value. Similarly,

3



30 circunstance can or cannot occur, and that the description includes

i nstances where the event or circunstance occurs and i nstances where it
does not. Ranges can be expressed herein as from "about"” one particul ar
value, and/or to "about" another particular value. Wen such a range is
expressed, aAYRORNEI30EBpect includes fromthe one parti culP&T/UpAIH8208Hd/ or to
the other particular value. Simlarly, 3 WO 2006/ 130593 PCTI US2006/ 020941
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"10" and a particular data int "15" 15 are disclose i s under st ood
that great éﬁ‘oflﬁha?ﬁ tthg apy ECQFOH%M&P% 1nf13umgg§§ dif ?Pt f?@éaés i or equal

to, and equglselitalréiesk chapGhi aﬁ&’%ﬁﬁi@?@ﬁhs%ﬁ?ir&%@ﬂ)r%ﬁy@ﬁhﬁmﬁﬁm@ﬁﬁ@een 10
and 15. It is also understood that eaCh unit between two particular units
are al so oﬂagmoaﬁedForlémmplﬁalrﬁpmertwulfard_mmmt“l@”mdeaphrs@ﬂmwpourh w11, 12,
13, and; 14 g1 6 alag o d13Losed 20 The L ST DANGTRLEL) Bl 5 Ay Ysgd herein

refers to COI'T'pOSI | ons con n one nor e nanoparticulate subst ances
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copol yrers, anéﬁa ﬁd%?%‘éﬁqe@ﬁ%‘)dﬁﬁ@r@é@*“mt'll”r?g"’qe&tw T’B‘F‘é Uts AP her ei n,
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thereof, imm scible m sci bl e at the l'ecul ar "1 evel donmai n | evel .
disclosed.
20 The term “nanomaterials” as used herein refers to compositions which contain one

or more nanoparticulate substances along with a resin substrate material.
The term “‘resin substrate material(s)” as used herein includes one or more
polymers, one or more copolymers, and combinations thereof.
The term “blend” as used herein, includes two or more polymers, two or more
25  copolymers, and combinations thereof, immiscible or miscible at the molecular level or
domain level.
The term “polymeric materials” includes one or more polymers, one or more
copolymers, and combinations thereof.
The term “non-solvent” as used herein refers to a substance miscible with the one
30  ormore ionic liquids, but immiscible with the one or more resin substrate materials and
the one or more nanoparticulate substances.
The term “substituted” as used herein is contemplated to include all permissible
substituents of organic compounds. In a broad aspect, the permissible substituents

include acyclic and cyclic, branched and unbranched, carbocyclic and heterocyclic, and
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represent RAHWAgcasHersahpme enBbssquaRfoEnulatings chgisdinsodush regardleny of
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i sobutyl, sdibs1bset heﬂembbﬁd/\k/herﬂthgﬁﬂ’e)dkﬁnddﬁ@ﬁ@%ﬂéin substRaaitYin oneempaesy! . hexyl,
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t et racosyl , than gan, feanofhes insfapge, be deﬁned as some other substituents.

20 The term “alkyl” as used herein is a branched or unbranched saturated

hydrocarbon group of 1 to 24 carbon atoms, such as methyl, ethyl, n-propyl, isopropyl, n-
butyl, isobutyl, s-butyl, t-butyl, n-pentyl, isopentyl, s-pentyl, neopentyl, hexyl, heptyl,
octyl, nonyl, decyl, dode cyl, tetradecyl, hexadecyl, eicosyl, tetracosyl, and the like. The
alkyl group can also be substituted or unsubstituted. The alkyl group can be substituted

25  with one or more groups including, but not limited to, substituted or unsubstituted alkyl,
cycloalkyl, alkoxy, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, heteroaryl,
aldehyde, amino, carboxylic acid, ester, ether, halide, hydroxy, ketone, azide, nitro, silyl,
sulfo-oxo, or thiol, as described herein. A “lower alkyl” group is an alkyl group
containing from one to six carbon atoms.

30 The term “cycloalkyl” as used herein is a non-aromatic carbon-based ring
composed of at least three carbon atoms. Examples of cycloalkyl groups include, but are
not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, norbornyl, and the like.
The term “heterocycloalkyl” is a type of cycloalkyl group as defined above, and is

included within the meaning of the term “cycloalkyl,” where at least one of the carbon
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such as -O%nd@$zygédkﬁﬁmxmgcm2)a QA3, mhere "a" is an |nteger of from1lto

200 and A", A2, and A3 are al kyl and/or cycloallcyl groups. The term
"al kenyl " as usdkdhefiameiafkenyl” gs hvéﬂ@mw@rhygms@rb%gwﬂp@ﬁﬁzmwoz?&ce@p@on 15

atoms Wi h Aol bHEGUE Al er e cﬁﬁ%ﬂ{gg& il bEAGL-o86 BaRRORzGar bon doubl e

bond. ric structures suc are rnten to include
both the E Asythmdfrit stornbirss sugh as(PdA §) (€ (AT &Y aresititendedstd unmuderb@th the)Emuﬂ ae
herei n wherein an ymetric ene is be eonIC|tIy

rese i
i ndi cat ed b4/ SPHESH IE%IEPdFe 11Tﬁ81°51fﬁ q“g‘}eaﬂlbw LA gy P}Cut ed with
one or nor eauae,rn@lfspﬁreéeﬂ@ lowilrﬁbg befesaf)hd”'@g; mhicmea%si tﬂeQ)on§ gﬁﬁsdmﬁcedn?eoa

unsubstituted al kyl, cycloalk Koxy, al kenyl, cycl oal kenyl, aIkynyI
cycl oal kynygroup can be substituted wit one or more groups including, but not limited to, substituted
20  or unsubstituted alkyl, cycloalkyl, alkoxy, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl,
aryl, heteroaryl, aldehyde, amino, carboxylic acid, ester, ether, halide, hydroxy, ketone,
azide, nitro, silyl, sulfo-oxo, or thiol, as described herein.
The term “cycloalkenyl” as used herein is a non-aromatic carbon-based ring
composed of at least three carbon atoms and containing at least one carbon-carbon double
25  bound, i.e., C=C. Examples of cycloalkenyl groups include, but are not limited to,
cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclopentadienyl, cyclohexenyl,
cyclohexadienyl, norbornenyl, and the like. The term “heterocycloalkenyl” is a type of
cycloalkenyl group as defined above, and is included within the meaning of the term
“cycloalkenyl,” where at least one of the carbon atoms of the ring is replaced with a
30  heteroatom such as, but not limited to, nitrogen, oxygen, sulfur, or phosphorus. The
cycloalkenyl group and heterocycloalkenyl group can be substituted or unsubstituted.
The cycloalkenyl group and heterocycloalkenyl group can be substituted with one or
more groups including, but not limited to, substituted or unsubstituted alkyl, cycloalkyl,
alkoxy, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, heteroaryl, aldehyde, amino,
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aryl, heteroaryl, aldehyde, am no, carboxylic acid, ester, ether, halide,
hydr oxy, ketone, azide, nitro, silyl, sulfo-oxo, or thiol, as described
herein. The term "cycl oal kenyl" as used herein is a non-aronatic

car bon- base i osed of at |east three carbon atons_and cont ai ni ng at
| east one ch?&@%G%r %ﬁ double 25 bound, i.e., C=C Exaﬁ%ﬂ@@ggpm””“
cycl oal kenyl groups include, but are not limted to, cyclopropenyl,

cycl obut enyéarbaxylit aqidrasen)dther,halide pedrozy ketoyt,, azitdg chitrbesxlgh yih1fo-oxo, or thiol
cyclohexadieQ%ld.ggébornenyl, and the like. The term "heterocycl oal kenyl" is
a type of SAPEURERVI™ group as defined above, and is included within the

neani ng of the tEfeferm CalkfBal dsaBdd hereitthied igydadcalRagroud 2ab 24 BabeRsEAS at ons
of thering is replaced wth a 30 heteroatom such_as, but not limted to,

ni trogen, o¥ipeastrcdyrkiprmulsconrinigrebicast onggabor-gabemitipisRandg Be plkymg
het er ocy¢l o : i r %HE@ i X

cycl oal kgnygdoggg%{pbeg{ﬁlgh{%gﬁgéh O%}%gl?éggﬁ ide‘&]iytlﬁ &ger%lﬁl)&?: n Eeintsc%lg% lt)lﬂ:;ﬁgg w th one
or nore grbmped fongibatiuteg,or butubstotted aliyl, eytloadkylsaiosdyi alkieraid] cycloalkeyhst i t ut ed
al kyl, cycl gal kyl Koxy enyl | pal kenyl .. al kynyl, cl,oal kynyl ,
aryl , heter%EW?%nyP%%HWQe?yghéﬁg¥yhéﬁ%éygb68%@@5@§§ygéﬁ¥@§§%g§h§§0941
carboxyl i ¢ Bdlidd, hy@sds§T ketGitd) @fide, Aato, 181, sAMELORY Yor tHi6T, @ @escidBdddRreidi tro, silyl,

sul fo-oxo, or thiol "as described herein, The term"al I%)gyl " as used herein
i s a hydrocar bonl¥riem “oicloalkysyl as used heigireis 8 wen-ajgniaiicgabppbasedr@e f or mul a

cont ai ”E@g. &mhd @%Jéfa‘? s é@&?&r&%\?&a dnfi'cBhtGin {Iﬁgﬂ-leal%%e%ﬂﬁ@ﬁ%:bo? group can

be unsubstitut'e substitute th one or no groups 1 nc I'ng, but not
limted to, trppledoutdit Bxkngplesnfsytisilkynyl edupd ylude,bpthreabkiyhiteddbkoxy, al kenyl ,

cycl oal kenyl al kynyl , .cycl oal kynyl ryl teroaryl,.al dehyd ani no,

car boxyl i c %}O&epté’gﬂeﬁfloé%émﬁcy%ﬂ%PWi %’93@6 : T%gtt%ﬁ'e ,heéﬁqcﬁé?ﬁmrty? o,
silyl, sulf @8 ofyclobikehyl gesip @S 86fired @bovResm i inchitied Wethii the iehag kynyl " as
used herein is a non-aromatic carbon-based ring 10 conposed of at |east
seven car bofcderBheyaaakyan arherany least ane aEthe sadoe gtomsraf dheringris raplacphl e bound.

Exanpl f_eycl Lnel I
CraToheBtyra NS OBHSIEN ol 208 G 5,00 U it e

"het er ocycl @h¢ &yeinalkynyl sroep inddetandcyclpelkpat] lgenupl cag be sybstimtedefr unadstitbiede, and
i s included

ithin_the neani f the term "cycl gal kynyl , " ere at | east
one of the gﬁ%ﬁ@ a&ﬂBME@B?P?$§¥4%W¥ dpékW@BﬁEBQ%c eﬁF%ﬁ%ﬁ&hgﬁgPﬁ%?%n1such
as, but not nio!rd@rbﬁﬁﬁs ihéludiﬁg,tHu%&flimiﬁaﬂf@%ﬂbstiﬁiﬂécf Wuns@dstiﬁlmsdmkw,_rd%loalk'yﬁbe
cycl oal kynyl group and heterocycl oal kynyl group can be substituted or

y {
unsubst i t ut aoxy, Thendyeycialieprly tlkypbsyclarliymdiasylobsienaal Riddhydegimisap can be
substit Yh ed cé%é)allig 1&id9%ster, ether, halide, hydroxy, ketone, azide, nitro, silyl, sulfo-oxo, or thiol

as described herein.

The term “aryl” as used herein is a group that contains any carbon-based aromatic
groﬁp including, but not limited to, benzene, naphthalene, phenyl, biphenyl,
phenoxybenzene, and the like. The term “aryl” also includes “heteroaryl,” which is

25  defined as a group that contains an aromatic group that has at least one heteroatom
incorporated within the ring of the aromatic group. Examples of heteroatoms include, but
are not limited to, nitrogen, oxygen, sulfur, and phosphorus. Likewise, the term “non-
heteroaryl,” which is also included in the term “aryl,” defines a group that contains an
aromatic group that does not contain a heteroatom. The aryl group can be substituted or

30 unsubstituted. The aryl group can be substituted with one or more groups including, but
not limited to, substituted or unsubstituted alkyl, cycloalkyl, alkoxy, alkenyl,
cycloalkenyl, alkynyl, cycloalkynyl, aryl, heteroaryl, aldehyde, amino, carboxylic acid,
boronic acid, ester, ether, halide, hydroxy, ketone, azide, nitro, hydroxamate, silyl, sulfo-

0Xx0, or thiol as described herein. The term “biaryl” is a specific type of aryl group and is
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nore groups including, but not limted to, substituted or unsubstituted

al kyl, cycl oal kyl, al koxy, al kenyl, cycl oal kenyl, al kynyl, cycl oal kynyl,
aryl, heteroaryl, aldehyde, am no, 20 carboxylic acid, ester, ether, haI i de,
hydr oxy, ketone, azide, nitro, silyl, sulfo-oxo, or thiol _as_describ

herei n. The WQIAFI43%| * as used herein is a group that cBﬁT’gﬁ%?Q“’%?ﬂﬁl‘”
carbon-based aromatic group including, but not limted to, benzene,

napht hal eneénclyded iy the dbﬁ@lhenyf “arylghBiaoW y¢fers e tveq arathgrotprcthiti akebouTHe ter m
"aryl" als C 25 defl n a ro t hat

cont ai ns a(r%oéf&lghg %Sﬁl elrag-hg ?raa%}ehgtssmél tEt(13%15 %rnaéeﬁ g?%‘él oﬁegrl nécs:llgr por at ed
Wi thin the cmbng-cabombmch;amaﬂalmlegﬂoup Exarrpl es of heteroatons include, but

are not limted . en, oxygen fur, and phosphorus, Likew se, the
term "non- het eFE}SJFWS"mW%‘F @Y‘Jg‘l }GEFd%EFe'r?PrEWBteﬁgﬁ'ﬁ]i‘@fSF‘?‘Fa" defines a
group that NONAP RehedA 0BRA Ag cmwm&ﬁﬁueﬁgﬁﬁ d}@gerp&@h@éuﬁn@d &et eroat om

The aryl group can be substituted or 30 unsubst|¥ut ed. The aryl group can be

subst i t ut edmgybstituisdaliot, crmlpélkglr allspryLi oyeloaenydy, allomyl, cmioalkymﬁl taesd, aro,
substitute tit cycl oal kyl, al koxy, al kenyl,

cycl oal ken%e%m ?%Jr'thi) élg%: (?Eé;%@l] aryl, heteroaryl, aldehyde, am no,

car boxyl i c aci dThe ha@mc&‘lbbgzl’aﬁs Ld:ﬁd Batiefs repﬁek?@ted Hyahé ﬁﬁmuhdemM)z, wedrone,
azide, nit rq h g{loxa te, sil sul fo- oxo, or thiol as described herein.

The term " b 2% P8 hydroxylsgsubstity dtOWéSu %tm&F%kijlrwﬂﬁaé}WM nyl, Wp 2006/ 130593
PCT/ 1J 52006, 080RéY1, a1 €odiyryl) Gryl &r hBlefdafy gFHup 'El¥§cnbecﬂle;i‘51ﬂ| Algfers to
two aryl groups that are bound together via'a fused ring structure, as in
napht hal endnclededarithimthe measidgwil thivieon ate ipmzas covwobads, srdtsirod temalent as i n

bi phenyl . Tsﬁictk%rrrs "am ne" or "am no" as used herein are represented by the
formula 5 A3, where A A2, and A3 can be, independently, hydrogen or
substituted or Tﬁtlsdrmsmmukﬁﬁ: z&ick’yalsusddmfeﬁﬂﬂsk@ﬂreseﬁﬂekwﬂe,foﬁmﬂhoal kenyl ,

al kynyl , ry het er as descrjbed herein. The

term " bor yl&oéé 4#‘5 ﬁ%ec}fé’ﬁtﬂ% és')(pédlswh gaqdd}qﬁﬂog for ggapyonyl where A
can be fydr acggbstltuted or unsubstituted al kyl, cycloal kyl, alkenyl,
10 cycl oal Ken I, alkynyl cycl oal kynyl, aryl, or heteroaryl group as

descri bed her ei fhe Xradestericls udesthedin hlrmmmtedbamhm@nolﬂlat—h()@(@)?x mrere ionized
corpounds, SR, ALY b RIS B SHREARRRN 1O
speci fi cat i §Bloaléis), allkymyd c?&l@i]kyﬂ}@, ragly1 s thatet canyl fg@dupaas @asdpided herein. The
term “polyester” as used herein is represented by the formula —(AIO(O)C-AZ-C(O)O)r—
20 or—(A'O(0)C-A%-0C(0))—, where A' and A? can be, independently, a substituted or
unsubstituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, or
heteroaryl group described herein and “a” is an interger from 1 to 500. “Polyester” is as
the term used to describe a group that is produced by the reaction between a compound
having at least two carboxylic acid groups with a compound having at least two hydroxyl
25  groups.
The term “ether” as used herein is represented by the formula A'OA?, where A'
and A’ can be, independently, a substituted or unsubstituted alkyl, cycloalkyl, alkenyl,
cycloalkenyl, alkynyl, cycloalkynyl, aryl, or heteroaryl group described herein. The term
“polyether” as used herein is represented by the formula —(A'0-A?0);—, where A" and
30  A? can be, independently, a substituted or unsubstituted alkyl, cycloalkyl, alkenyl,
cycloalkenyl, alkynyl, cycloalkynyl, aryl, or heteroaryl group described herein and “a” is
an integer of from 1 to 500. Examples of polyether groups include polyethylene oxide,
polypropylene oxide, and polybutylene oxide.

The term “halide” as used herein refers to the halogens fluorine, chlorine,
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15 group, i,e., C=0 The term"ester" as used herein is represented by the
formula -OC(O) Al or - C(O OAl, where Al can be a substituted or

unsubsti tut ed aIkyI cycl oal kyl, al kenyl, cycloal kenyl, al kynyl,
cycl oal kynyl or heteroar yI group as descri bed her ein. The term
"pol yest er’ ‘39 a‘bﬁ%r ein is represented by the fornul a PCT/US2006/020941

-(A10(0) G A2-C(0)O, 20 or-(A10(0)CGA2-OC(O)a , where At and A2 can be,
i ndependent bypmire, snthistline.ut ed or unsubstituted al kyl, cycl oaI kyl , al kenyl,

cyc oall ooyl SN BT i i S B, SR, rooer e

used to descri berm t@r&r@%tdﬂéahs hsed PEREHS eShr¥ntbdBy ﬂa@a@ﬁmﬂmb@rcy)ﬁém&ré:ormound
havi ng at Ie@st tyo car boxylic acid groups with a nig ﬁnd havi naglggt | east
ALy,

two hydr oxy andbA e s sindapsadendlyng substifated oasnaubsé@utﬁ‘é cydoglispradiesaitt ed by

the forny aﬁ%ﬁ bstituted or
unsubstl t ut eﬁh Y/l mﬁﬁl@koﬁﬁw}d% gf‘rféi?&oarg@&gf eny‘%ﬁaéd fﬁyl

cycl oal kynyl ar Ve, texom “dmieéramaseﬁlhemmupepd%med bgﬂlerfemnaﬂm—l‘lrhe term

"pol yet her™ her, is represented b he f O A20)2 , where
Al and 30 A2 carrlﬁff o %%%e#d@ﬁ?gvemds?ﬁﬁé?’?&f Y e ﬁ?s‘ﬂ\g(ﬁ tuted al kyl,
cycl oal kyl, al kempd term Clﬁﬁ'll@edskﬁé‘tyhe1e1ﬁ|1§<ﬂéﬁﬂékenteﬁwtH@deﬁﬂMI&)d—CNir yl, or

het er oar yl group descri bed herein and an integer of froml to 500.

Exanpl es of poly qrérrngqﬂdhwwrthqr@rmqor@prywwlbyﬁhef@xmal@ Sp%r’y@ ,GpTeene

Che. hal Sent T oot hes oRofendbify GReshRl 4 SRauaRa  ARBBBBalgh T 1

broni ne, andyd@iiybelkokpealitenyincydlyakeanyy lalkyasl, aebalkyeylearyl,ics hetepans gmupd by
the formul a ﬁj];gij term" ket one” as used herein is represented by the

fornula A CP A" and A2 can be, independently, a substituted or

unsubstituted al ¥y tem?ysthfQQJXK’f hs b SR is ropPesEMEd BRINE §oMulasal s .
cycl oal kynyl , aryl, heteroaryl group as described herein. The term

"azi de" as SEJA err@srﬁo)z r@pr@S@r)z@éy byherand' apbeiilydrogmsor Slqbét_lttl@d e "nitro"
o5 SSEABE SRl LRSI, LN A R TR LI 2o
herein is r h@tema@hgnedp hwddsheba‘ddtermnh aThrShg@roﬂtZtAB spedifiracion IH(O)” is #shortand A3 can
i T T R T G
heteroaryl g&@dbnted by the formula ~—S(O)2A1 , where A! can be hydrogen or a substituted or
unsubstituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, or
20  heteroaryl group as described herein. The term “sulfone” as used herein is represented by
the formula A'S(0);A?, where A' and A? can be, independently, a substituted or
unsubstituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, or
heteroaryl group as described herein. The term “sulfoxide™ as used herein is represented
by the formula A'S(O)A?, where A" and A? can be, independently, a substituted or
25  unsubstituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, or
heferoaryl group as described herein.
The term “thiol” as used herein is represented by the formula —SIH.
Reference will now be made in detail to specific aspects of the disclosed |
materials, compounds, compositions, articles, and methods, examples of which are
30 illustrated in the accompanying Examples.
Certain materials, compounds, compositions, and components disclosed herein
can be obtained commercially or readily synthesized using techniques generally known to
those of skill in the art. For example, the star‘ting materials and reagents used in preparing

the disclosed compounds and compositions are either available from commercial
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as described herein. The term "sul fo-oxo" as used herein is represented by

the formulas -S(OA, - S(O2A, -0O5(0O2A, or -0S(0)20A" , where A can be

hydrogen or a substituted or 15 unsubstituted al kyl, cycloal kyl, al kenyl,

cycl oal kenyl, alk cycl oal kynyl , aryl, or heteroaryl group as descri bed
her ei n. Thrdﬁ@ﬁ%ﬁémbﬁis speC|f|cat|on "S(C»" is a short PEIASM60204on f or

S=0. The term"sulfonyl" is used herein to refer to the sulfo-oxo group

repr esent ecsup¥idrdich 8¢ Aldridh cﬁé@oaﬁéo ; (Mﬂ@é&eé\ WEINALSs OYEHRATNMoRts a

substltuted or _unsubstituted al % aoa Kyl , alkenyl cycl oal ken
:h

al kynyl , wawl‘k{fhﬂshera?zcwnhﬁe@lﬁdmﬁét oryHigres Stdouis, Heoskoriaseprepmsedi n.  The
term "sul f ﬁéds‘fagéén *t‘&{hgéenskh ea?tefgflc?\gmgﬁoc{a&gesf ol fﬁ%haln%f?& E??eg
, 1n ed

where A’ can e en subs unsu
al kyl , cyclsuah ksyliesea hidelfigder” s&pagana;l fne@ygamceHyhﬂxﬂyk,,Vdmné@hllkymyh Widayyl , or

heteroar el e tern1"s f oxi d used herein is
represeé &%dgvgiﬁ§9ﬁo§W%1%8ﬂ %yﬁ§0m§ﬂ%F@@w“m§ﬁ ‘ﬁ?nﬁ%ﬁsﬁga i ndependent |y,
a substi tUtﬁ%pléfneﬁélsl{ﬂﬁgﬁéﬂScﬁéifc@@ub?liéﬁh‘ﬂs; 19898 IR gdrky/ R eacBb ke Wplumdzcdpoal kenyl
al kynyl , oal kynyl, aryl, or heteroaryl” group as descri bed herein. The

term "t hi ol( Olhlswﬂgé@ldh%?nél 19915 Masgh'e Sdravsad @pgamélheanm @Iothﬂey aR@f er ence
Wil now b%o’ﬂ@qﬁhﬁ&tlgﬁt QﬁdL&r&; Pé‘o‘fn fe erfsPf ErqurraEl*s‘i% 5t§o 111 materi al s,
conpounds, conpositions, artlc neth exanpl es of |ch are 30
|IIustratedhbhﬁkhﬁhacﬂﬁwpanylng Exanples CErtaln mat eri al s, conpounds,
conp05|t|ons n s .di scl oseq herein can be.obtained commercially
Poadit v oy nt oSt SRS i BRATAS COORRAPE oA RS 61 SHBORODT ki |

l n the art.thiQhn 8% adERI1E: cdR Wwb@I doRfnBBSEWitidlctn BEkel SRBRPAAHMSRE di N
preparing the disclosed compounds and conpositions are elther avai | abl e

f r om comera&$ plodacty\gy tﬁ@ disrlosgsoshesEnds0pGitore9Fhese suppthrrenstchale reas
Aldrich Chemc(f%cd E:Qr li’nf 2 t%@]{d{ﬁ% A/\glh,sctt %5}1 rft%'in%?n ogsagﬁb(%gtts(m e'i':—[chgns Pl ai ns,

N. J.), Fisher I en "Mo.) or are
prepared bgronpmt etodsf thesematetials tateodiecl sded kHaedhﬂmineaeic a¢ferehod éﬁnaclmgarmugc edur es

set for i.n references .such as Fieser and Fieser's Reagents for gani c
Synt hes%t ot Eivaleod $58ec YO PFRRAMTARS BudPmE(HEN o §ese)co RO B PS ry of
Car bon CO”'%?(?HG&% d}é@lbb‘ﬂeéacﬁ iPspRbifical BHRRIATRA P d@@&@&h@x’émﬁ@o@@ﬁ@n le

Publ i sher 989 ganlc Reactions, Volumes 1-40 (John Wley and Sons,
1991); Mar clﬁagomawdc%@sm&gé ahd 2 avahersyf myodif{cabons tht Ic@lyb@mdde Borrmbgr h

Edi t1on); 8o 08K o dPRE R 080 2o Yo QB8  dH30S, QR RS ard/ O

permutation that are possible are specifically contemplated unless specifically indicated to

20  the contrary. Thus, if a class of components A, B, and C are disclosed as well as a class
of components D, E, and F and an example of a combination compound A-D is disclosed,
then even if each is not individually recited, each is individually and collectively
contemplated. Thus, in this example, each of the combinations A-E, A-F, B-D, B-E, B-F,
C-D, C-E, and C-F are specifically contemplated and should be considered disclosed from

25  disclosure of A, B, and C; D, E, and F; and the example combination A-D. Likewise, any
subset or combination of these is also specifically contemplated and disclosed. Thus, for
example, the sub-group of A-E, B-F, and C-E are specifically contemplated and should be
considered disclosed from disclosure of A, B, and C; D, E, and F; and the example
combination A-D. This concept applies to all aspects of this disclosure including, but not

30  limited to, steps in methods of making and using the disclosed compositions. Thus, if
there are a variety of additional steps that can be performed it is understood that each of
these additional steps can be performed with any specific aspect or combination of
aspects of the disclosed methods, and that each such combination is specifically

contemplated and should be considered disclosed.
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Publ i shers Inc., 1989). 10 Al so, disclosed herein are materials, conpounds,
conpositions, and conponents that can be used for, can be used in
conjunction with, can be used in preparation for, or are products of the

di scl osed rrg,wg §/1%g% conpositions. These and other materials are disclosed
herein, and 1t 1S understood that when conbinations, sub$&T&S20MIPYct i ons,
groups, etc. of these materials are disclosed that while specific reference

of each vari ousDlé&ldsédihﬁﬂedtﬂ@roed%dcm;bﬂmgtdmselv&tgﬁmﬂmmsﬁspeﬁdmgldnmmméati on of
t hese conpounds rrtg% not be (gx plicitly disclosed, ch IS ecifically
cont enpl at SFULTGStRE PRicHal 2p p%qq{mqrgfnag&%magopaﬁicp aéG%’(?ﬁtB% ##s disclosed

and a numbefedfim RAAEAIIQR &o&@ﬁhc%&d@%‘o PRI b hitubll AR FecoRhing @EPRNENt S Of

the conpound are di'scussed, each every combi nation and permutation that
are possi blnémamaéergqbe@npmsm thy on@mmmlr@sure@bamﬁtemtegple@aﬁngdw gpejondiotat ed to

20, the_SOnGE 3 tio E N idft @R AlenSTRARGRE B Bemni AT iR ! 05 s

well as a nponent s a conbi nation
conpound Asﬁbstﬁcdhﬁ@imwﬁh saill besoraues iddic Radds, bst inddisdibidimiihdail dny of eci t ed,
each is individual Ig and col.l ect4§ve y cont e | ated. Thus, in this exanple,

each of t h@YLIRENTEPTiEmateals an 209 Or BLOEC @opaﬂlcxéatgsu@t@cesawae@nF are
speci fi cal |dﬁnﬁ§§h‘i@f8%@ér? Qeﬁ”ﬁﬂ e&@ﬁ’é&h%&ﬁc SURT Qﬁo‘h@djtodth§ ghiasedo faﬁ%ﬁ@ale5

di scl osure of A, B, and the exanpl e conbi na
Li kew se, @nyolsmb@etanmam@&m mﬁvshams ofithirreiskoniesr aiose)resm@uba‘matﬁamtynals

cont enpl,at n | t he sub- y E, B-F,
and C Oar gg%%ec q?@%ﬂ—?a grod 3 eé?bé'dalg% Tﬁt c}w%mpm%ldg'i nfngatao scl osed
from d|hsc| QiR nﬁﬂcdlaasuchas mﬂtﬁé\peﬁndﬁna@eﬁc fcorﬁﬂ@t%ﬁ&e Iexarrpl e corrtd)l nat i gn
A-D. This concept .appl.ies to ts of thjs discl]osure including, but
not 30 limited Q¥UC E@%ﬁ%&rpﬁw@tqﬁ%&s%sﬁ clasnafliguidn aonfaiping sekly ‘anized osed
conposi ti 0@?@016-5héi§1 ‘halvin rﬁéi@ﬁ%pcﬁﬂt?l e‘f%él@&/ﬁs@ﬂcc %f’ﬁﬁbét'ﬁ?é’f@x'abﬁrt&[b%vi(ﬂ)a& can be

performed it iIs unders t eac hese additional Steps can be
per f or rred Wi mo)sfamyessmm liquigs 4H spase Owanmm eratainng ofie orasqre cttgonsthat e

di sclo and t hat h such.conbinati al |

cont enpoat QP By oRieERTae S RIR DB aRhuish sFhSGul P

PCT/ US2006k@8@R41 Disclosed herien is process conprising dissolving and/or
suspendi ng one or nore resin substrate materjals and one or nore magnetic
nanopar ti cul at e Ditplpsed Reressin e processes fighihe argsiuetionrf nenmyerislpevhighibe | i qui ds

to provi de g flatlcilsre ANMled BRANELLARIF u2bifly (RABANRL Akl SOIPLSIAY. t e

one or nmore resin substrate materia havi ng e one or nore nmagneti c

nanopart i cuha¢ral.slhspacese somprites dilsswtlﬂdg arh#mrauspeb@ing onbommnong redie i xture with

a 20  substrate materials and one or more magnetic nanoparticulate substances in a medium
comprising one or more ionic liquids to provide a mixture, and recovering a solid
nanomaterial comprising the one or more resin substrate materials having the one or more
magnetic nanoparticulate substances distributed therein by combining the mixture with a
non-solvent, wherein during the recovery step, an electromagnetic field is applied to the

25 mixture to align the one or more nanoparticulate substances within the one or more resin
substrate materials.

The unique solvation properties of ionic liquids allow for the dissolution of a wide
range of resin substrate materials, particularly materials useful in the production of
magnetic information storage media, such as polyesters and cellulose materials. Further,

30  these unique solvation properties also allow the ionic liquid to dissolve a wide range of
magnetic nanoparticulate substances. This dual dissolution ability permits intimate
mixing of the resin substrate materials and the magnetic nanoparticulate substances,

which, upon adding the mixture to a “non-solvent” in turn, allows for the creation of

nanomaterials, most preferably in the form of sheets or films, wherein the magnetic

11



substance mscible wwth said one or nore ionic liquids, but immscible with
said one or nore resin substrate materials and said one or nore

nanoparti cul at e substances, wherein during said recovery step, an

el ectromagnetic field is applied to the mxture to align said one or nore
nanopart i cule‘é{f)go@ﬂgwﬁnces within said one or nore resin EHE§2P06(020941
materials; 10 and the nanomaterials produced thereby, along with their use
i n provi di nganppergecuiae sustans¢soradistrivetdd dreugbbutdbe srmrsubg@penatand andgreet i ¢

recording tagpe.,lonic |iquids e a well -est L shed, cl ass .of. | i quids
cont ai ni %g %Eﬁ“%q é}“”lq?)ﬁt?ez%r Se“%"p%@ﬁ‘égl?c@ﬂﬁlgﬂez\?i 1%84 %‘Eﬂgﬁ%reﬁ%ﬁ‘ 1°P§%Bel y bel ow
150C, or no&lringkefiE b hyndpatiews 4RAGI mdbile BREGAligabIeS Thé ARk i qui ds (1Ls) are

organi c salts containing one or nore cations that are 15 typically amoni um
i m dazol i unjangmaisyipls gampein anydesired |fomHb agh Ivls Jo1st plesheety pellms; avitapigpr

Di scl osed h I . q . [T el in
whioh tho | oecieeilh GiRoRhARERT R ik e B BN illoRoy BRABLAEN B B 1) 1 e
wi t hi n t he namspartidebsithiattike resmtsebstrate. matdrinl. pfimse sfomaitipn steesge dicdimalav ibag

and/ or suspending one or nore resin 20 substrate nmaterials and one.or nore
TRgnet i o naOBURL S 2 BT BUeR suerdie SRR CRT U E AGe QBB or o
tonic |'iquigsdith@, fichvs BRctBicall mhielc, IBAL hERLCAY S1if8leAnoahhttbn SHFATRESS | al
conprising the one or nore resin substrate materials having the one or nore

magnet i ¢ naieiyae brEuP asklimiiekioametesalg keavwr a5y s@art pprar e (alsodspowaibtheia@st he

m xture;pth: vent. ] j -

el ect rorlr%\ﬂg ng%lﬁ{brep %@Feﬂ%ﬁgz&% Iolit\/g%gfé&rgﬁl gxgaéztgg%ngodfricg8@%1§gﬁcgé]oﬁf§%¥e&§%deonor nor e
nanopart i cufuditeels phogrammnelsle mddia produced onklagink nfibsre Neesh-flan, dsrbal) wrltie
materials. The uni que ol vatcii. n properties of ionic liquids allow for the

di ssol ut i on™8$"°HC fioee PTHGSF resin substrate materials, particularly

mat eri al s usef ul sdifablehBnRORERS frlcBidle Hut ardBBNRhItEd oNpSIEMBIiPE sBhRl ALR agredi a,
such as polyesters and cel lul ose materials. Further, 30 these unique

sol vati on piatseelcokals,sind other hpduictliggids o i erelexamplg, the laniskeiid is remeyeddyr ange of
magneti gg naﬂlg%&i{i&?%\g&gr substances. This dual dissolution ability permts
intimate mXing O € resin substrate materials and the nagnetic

nanoparti cul at e Bhehnigete field vatd cin, beupiakial ddhixiaty ot héaximal xdepemliigorathe type
"non-solvent! in turn,_ allows for the creation of _nanomaterials, .nost

orof er abl y. PFPTERIBHPRPHiNG AERIREEICLES Gpstiepy 470 1 FARUPLIHLE FEmRBRIENS Ralealne

2006/ 130593 RekhibSAARBAARAL 4] accBRBARAIMH HuthadsSvaMBBWANA 8F A, ertdi St ri but ed

t hroughout the resin substrate material and are aligned due to the presence
of the el ecmegrtigifield used toaligndig nangpararlatemeissels cen hays apy dpsired field

20  strength, for example, in a range of from about 10 to about 1000 Gauss, or from about 50
to about 350 Gauss.

The processes disclosed herein can use polymers that contain various repeating
monomeric units as the resin substrate material. These monomer units can contain polar,
non-ionic, and charged groups, including, but not limited to, -NH;~, -NHR, -NR,,

25 -N'R;X,-0-,-OH, -COOH, -COO M, -SH, -SOsM", ~POs* M**, -PRs, -NH-CO-
NH; and -NHC(NH)NH;. These groups may be present in sufficient numbers along, or
pendent to, the polymeric backbone, in polymers, such as, polyacrylamide, polyvinyl
alcohol, polyvinyl acetate, polyamides, polyesters, polyimideamides, polybenzoimide,
aramides, polyimides, poly(N-vinylpyrrolidinone), and poly(hydroxyethyl acrylate).

30  These groups also impact the solubility of the respective polymer. The polymer can have
a complex structure due to intramolecular hydrogen bonding, ionic interactions,
intermolecular interactions, and chain-chain complexation. These interactions govern the
solution properties and performance.

Solvent properties such as polarity, charge, hydrogen bonding, interactions
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during which the nanoparticles are still nobile and alignable. The resulting
nanomaterials can be in any desired form e.g., in the formof sheets or
films, suitable for 5 the creation of information storage nmedia, due to the
hi gh ani sotropy and alignment of the nanoparticles within the resin
substrate rra‘fvgrzp% {1395%hese i nformation storage media can HRET/YBAWOAVL usi ng
any conventional recording force used for the particular type of recording
medi um suchetesenghepdlymenind thegpiednt can dlsodetcondideatd foeeffectveidisadluton aidor mat i on
storage rred%la .dnclude, but are not Iimted to, materials known as "snart
paper" (als in the art as 10 c-ink, reusable sign nedia or e-paper;

such as the el ecrmmwndmﬁ?b@ya&ﬁﬁmaplc@l%éea&ﬁeh QRd chitih! deRdt Aisshitomr ammabl e
medi a produced by Magi nk rom Neveh-1] an Israel) and in magneti c storage

tapes or di BRE. CO@mopéﬁlVéntﬁdﬁﬁ@b’ldPém their griqueEolepyar sndesupenmalscriat ed to, pol ar
l'iquid syst @mﬁ Inone
exanpl e, yt hgfml%oniét@ 1{&' ‘g‘a‘{t V@Eslgécgng; ggﬁg’lﬁlsi e adféﬁe{i}l}{ gdr’yyg?&%/\gm o

magnetic fi eyiadlpﬂrsbyiadxﬁmgbm mrnhmh&ﬂrpx&nﬂa&,ﬂaﬂxoxypropyh meihyl, ,cazﬁbemmlhyig on t he
type of ori at i thenno articles deS| d and_ i |lied to the
20T cubet P HBrte STESR Ao TS SOUAE CHe TSGR B ¢

net hods wel ol &V%fbﬂ%n{ehﬁo&'atmtefﬁeﬁons'Iﬁ(g%tthé're dy'i%l:ﬁaé!ﬁ%%ohﬁﬂﬁif kO bninitéh
nanoparti cu materials can have any desired field 20 strength, for

exanpl e, i nowamas@éenéf arfdrin maabsases ¥eter.onaibesl of chonalin aliesingdhe pelpmerahout 50

to abou 3581sc§8‘§éﬁ%1etho*&§ RFHV? 5338l o%@%]ol%gsgﬂlggﬁ{ it eg'in BEtyme? ﬁ%ﬁ’é’ oh[fqid hat

cont ai n var| ous repeati MONONEr i erial.
These nononesthel silvent,dlums lessaﬂuag nhemub@ msage Rodipioogssiag stepsl amimaalgﬁgl thg rooerpﬂ
including, but not limted t N R3X- OH, -000H,
- 000FM , 5P¥°°658B@Kﬁrenmﬁ%?mﬁféyrml\&;ﬁgno%PﬁlR@@uStﬁmblsnH 13 F\W&ﬁ‘ﬂ@j‘ﬁiﬁz These

groups may ROy REE IR0 bolyefuhbdiGEERN deEBH‘EE@ Edh AP hse@{n the AREBMA th@hodshe
pol yneri c backbone, in pol ynmers, such a pol yacryl am de, pol yvinyl

al cohol , polyspsewf celbdasat ia paﬁtﬂuiﬂan@ @E@ﬁal uptbb proslpetion, ofgmawptap@eszﬂmlwg
pol ybe”é?' mstg %ﬁ{“nldaﬁfl ?xPBg%e‘u%]dqg)ﬁn reol%cé/r(ii}f o'fEH/e' 18%%?@ d&r{‘tﬂé‘ﬁ%ﬁg and

pol y( hy roxye acr roups al'so i he' 56 |I|t of
t he respective pmn)crmqmdél' {‘n‘eLsp@ hgmﬁmma morhpl\ze solacm behﬁvﬁ)r csmlpateﬂ with due t 0

i ntranol ecul ar en bond Lonic interacti o i nter cuI ar

i nt er act i on&ad 19?%’?%@9%"11? ‘Eﬂaﬂr FRbYeR% Regense. e Aresalts ?ﬂde‘?oééﬁcgo‘?%l %Govern the
sol ution prapasdtit @&vaﬁd'r?ﬁe'sfo@maa&m @&W&ﬂts RAGREAHy Sfut&URdlu@s pol arity,
charge, hydrogen bonding, interactions

dispersion, 7, 0-T, hydrogen bonding, d1p01ar and ionic/charge-charge. The Abraham
20  solvation equation is a useful method used to characterize ILs solvent property to
understand the polymer dissolution behavior in ILs. Some typical C4smim ILs interaction
parameters are shown in Table 1 below. ILs that have strong dipolarity, hydrogen bond
accepting (A) ability, and hydrogen bond donating (B) ability are compared with other
solvents that are capable of dissolving cellulose (see table below). Csmim C1, one of the
25  most unique solvents, shows the largest A (a =4.860) and a strong ability to interact with
solute molecules via non-bonding or m-electron interaction (r = 0.408). The cation
C4mim, in combination with the anion C17, exhibits significant ability to interact with -
systems of solute molecules (Adnderson, J.L. et al). The smaller Gibbs free energies of
hydration of C1 (AGyya =347 kJ/mol) shows a larger HBA 4.860, compared to that of
30 1.660 of [BF4 | (AGpyg = —200 kJ/mol).

Table 1

Tonic liquid excess ‘ Polarity / hydrogen | hydrogen | molecular
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WO 2006/ 130593 PCT/ US2006/ 020941 between the pol yner and the sol vent can
al so be considered for effective dissolution and blending. Three abundant
pol ysacchari des, cellul ose, starch, and chitin, do not dissolve in nost
common solvenés directly due to their unique nol ecul ar and supernol ecul ar 5
structure. (13433 enhance a pol yner's dissolution is ?QP@ﬁém*%%ﬁ}y
nodify it, for exanple, by adding one or nore hydroxyethyl, hydroxypropyl,
met hyi , cafboxymet hyl,  SUkioicRlar OF pPlEREBIAY § OhGMPS [0 LORd POIY Wlume
structure. | These nodificdtions altler the pollyner's aforenentidned
interactiops and can t her|eBSfracer ejas paramstes ol |ubicidityy nbé@ﬁﬂbnj organic
solvents apd in nmany casgs water. |l nstead of ] Y. i ng the
pol ymer, the 10 di scl osed nethods jprovi des a ﬁ%?ﬁ%%étflﬁg%%ﬁéging t he vijrgin
pol ymer usj| agmin®gic |1 quijds408as t[ll‘eal,gpﬂ vent, [t4gep | esbaming chempwal usdge

and processi ng_steps and jmaking t averall process envi onnent al 1y
and econom| aniyBEyst ai nabtOeld4lt ilsl-3@nt enpl dtled®0 ho\we2$3 t hat04981 yner|s
nodi fi ed as=d pbed—canm atsobeusgg T the—dizgctoseg et hods—5Fhe e of
cel | ul ose, Fldf-‘niﬁj air#f.(i cul ar, qis usef ullb'lﬂrp t he pr olg§u6?ti on gf smar t Sa“ﬁ’gr S, i ch
can 15 st of Pirhéthgladeadnias |20136 can bel.3kused ugan re-recorgi ng of| ot73¢
i nf or mat i op—on—t-he paper—+—tonicLjguids (~}Ls") havel a—nmore caonplex solvent
behavi or cphRyastediamenide; (& t i onaj I-3ueous dfd or ganj &74ol vent| 0-888ausd Its
are salts apg, §1s1ﬁfo‘imi'eecud§‘.f1 MO Gf1T T SOt Vgt TYPEggRl | NUET@GET Ons
between |Ls_w th many soljutes include disperjsion, 71ta, a-lr hvgroqen
bondi ng, di pol ar and 1 oni c/charge-charge. The Abraham 20 sol vati on equati on
is a useful nethod used to characterize Its solvent property to understand
the pol ymer di ssbisgiieskamrlanfiretisalosed prcessprnsotigpihe mixingmf ang exmerst er act i on

par anet ers I ihalarity,

hydr ogen bo?]e(riﬁl %E%t#lﬁag%%p%%? %?%@brgngﬁ@%?%%@ﬁo‘ﬁggag{ogégﬁlggjlleﬁg (B) ability
are conpar edanwptticdbtieenbstaobsseitlh end draoraiomicclapalsl Miafngdias debadonglisteld! ul ose
(see table bel ow). Ini.m C .. oneof the 25 t uni gue solvents,. shows the
| argest (7 a0 oguetonH Prar-2wan gt ebgmec hetitd s Tineus sitipg

ol ecul es ViRci@RmROAGAGh MEctAnBheCdonRABtdnN kT Ritek DB, (i orre $Hedi@i8rxanifle cation
CAmim in conbination with the anion C-, exhibits significant ability to

i nteract wi i mixtureis deepdstogbosil (0P e Fhe additionf ho gar Bosupplied by @1y al ).~ The

smaller Gb oo r.gi . I : = kJ/ nmol ) shows
a | arger HB él}lvfc 36 ,a ?%g&%glr%gg@{ngo{?%% &tgkﬁg%gﬁci%ﬁ\(%%ﬁ ggﬂt:efﬁ%’,&myd :) - 200 "
kJ/ mol ). Tabligodateownincel Itduas Hesxfowsisthit notosvai¢ sadiatiby dotogéynpioy dieolanbut

nol ecul 2b

also facilitates the dissolution of polymeric materials in the ionic liquid. While not

wishing to be bound by theory, it is belived that the facilitated dissolution can be due to

the absorption and resulting increase molecular motions of solute and solvent.
In other examples wherein the resin substrate material is cellulose, ionic liquids
can allow for the dissolution of cellulose without derivatization in high concentration.

15  Such a solution can be heated to about 100°C, or to about 80°C, in an ultrasonic bath.
This heating can be effectively accomplished by using microwave radiation supplied by a
domestic microwave oven. In one example, an admixture of hydrophilic ionic liquid and
cellulose is heated to a temperature of from about 100°C to about 150°C using microwave
radiation. Further methods for dissolution of cellulose in ionic liquids are described in

20  U.S. Patent No. 6,824,599 and 6,808,557, which are incorporated by reference herein in

their entireties for their teachings of ionic liquids and methods for using them.

Resin Substrate Materials

Suitable resin substrate materials for use in the process of the present invention

include, but are not limited to, polymers and copolymers formed by step, chain, ionic,
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13 WD 20061130593 PCT/ US2006/ 020941 nol ecul ar pol arisability bond bond
volunme refraction paraneter acidity basicity paraneter parameter Cimmd
0.408 1.826 4. 860 -0.121 0.392 C4111imBF4 -0.141 1.365 1.660 -0.283 0.473
CAmmPFr6 0 1.540 1.369 0 0.439 Dinethylacetamde 0.36 1.33 0 0.78 0.787
Di met hyl f on P WE185%7 1.31 0 0.74 0.6468 Di net hyl sul f oRCHESY0EH2084174
0.88 0,776 In sone exanples, the disclosed processes provide the m xing of

one or mremgrc@gmﬁg,%b@mﬁ@g@i ériAalisns( pol ymers and/ or copol yners) and one
or nore magnetic _ nanoparticul ate substances with one or nore ionic |iquids.

M xi ng can be actBphie penegrssnggongkymessparcherderived Tomeewmiead pythebs art
i ncl uding, sQﬁi’Eesnlﬁ&luhl'ng]ﬂ otlﬁ’mte\ﬂ%'p%gﬁa&hhﬁc{e% 1 e@i%? BaRaaid, agitation

mechani sns, sonicatio vortexin S eC| c’exanple, the mixture
i s heated tpoly&mbhmle,lmmloi(m Eedotpotymens, phbfamlﬁd@mobaacaalppélyeldﬁtw any

t I d ti I t t d
Co o i croue BRlrae o B, dR PRORA Birtirfheal Buayizc Rt A P AChot onl y

provi des heiitdaus, &Qul@b@ﬁeﬁi@@lﬂdld)&feaét&@htchﬁndslﬂis%bl p@lg -»f polymeric materials
inthe ionic |i Uld VWhile not w shing to be bound theory, it is belived

that the fédf‘ll%f@ﬁ@dh%ﬁt@mlﬂﬁqp@w Shydeyidmethacrylgts, BFB¥%5¥11;§1?$ SAYETeSY esul ti ng
wh
I ncrease ”‘sin' REm{TRE 131; Iﬁgonﬁﬁleucfn?m?lgg géf}iﬂ{ﬁ@é pflllygu B%géhggﬁJ%%ﬁﬁe erein

the resin stratenae IS ce ioni C ow for the
di ssol uti omobfet}wﬁnblgl}@ebpvﬂuyadnﬁumuue,rpomtyrm pdyethylers nghdﬁ:\&iﬂﬂ:mhinall on. 15

Such a .sol uti.on can he heated to.about 100C r .t bout.80C, in an

ul trasdii c PFEHEHSOH H%B&r"ﬁtgylgﬁ‘ﬂmﬂ’@ %‘f‘#béﬂopscgm}y%]&@w %hed by using

m crowave radi atM@idniddPintiu@sl bhyard notdanmstth Co-Blefifi) B AroXY Syl dth tgxanpl e,
an adm xture of hydrophilic ionic |iquid and cellulose is heated to a

t enper at ur éngies acaylpriBdetethyirne isebuidens: stispe iyl alyords Vnhaetats, amyhalpfeml

T o N el T T

ref erence Hemedldehyde, atdiddehydatvimyépyradidinone, tbnkidient,@ad Wopgsae.of i onic |i qui ds
and nethods for using the sjn Substrate Materials Suitable resin
substrate Mf‘%‘?‘it'&&iaﬂg’lﬁ‘nﬁg‘ktgﬁ“fﬁ%“cﬁ?ocess of the present invention

The magnetic nanoparticulate substances suitable for the disclosed methods and

compostions can be any magnetic material having nanoscale dimensions that is
susceptible of alignment or orientation in the presence of an electromagnetic field.
Suitable magnetic nanoparticulate substances include, but are not limited to, iron, cobalt,
20  mnickel, oxides thereof and mixtures/alloys thereo£ Further examples of magnetic
nanoparticulate substances include one or more of cobalt particles, iron-cobalt particles,
iron oxide particles, nickel particles, and mixtures thereof.
Ionic Liquids
The ionic liquids comprise one or more cations and one or more anions. In many
25  examples, a mixture of cations and anions is selected and optimized for the dissolution of
a particular combination of one or more resin substrate materials and one or more
magnetic nanoparticulate materials.
In other examples, the cation is derived from an organic combound including, but
not limited to, the following heterocyclics: imidazoles, pyrazoles, thiazoles, isothiazoles,
30 azathiozoles, oxothiazoles, oxazines, oxazolines, oxazaboroles, dithiozoles, triazoles,
selenozoles, oxaphospholes, pyrroles, boroles, furans, thiophens, phospholes, pentazoles,
indoles, indolines, oxazoles, isoxazoles, isotriazoles, tetrazoles, benzofurans,
dibenzofurans, benzothiophens, dibenzothiophens, thiadiazoles, pyridines, pyrimidines,

pyrazines, pyridazines, piperazines, piperidines, morpholones, pyrans, annolines,

15



i nclude, but are not limted to, polynmers and copolyners forned by step,
chain, ionic, 14 WO 2006/130593 PCT/ US2006/ 020941 ri ng-openi ng, and

catal yzed pol yneri zations. Suitable polynmers and copol yners can be derived
fromnatural and synthetic sources including, but not limted to,

pol ysacchari ester, pol yam de, pol yurethane, polysiloxane, phenol
pol yners, ‘?@2?10?/?905¥ pol yacet al, polyolefns, 5 acryl at T/W?Oﬁ/ﬂ@?% at es
and dienes. In particular, preferred polynmers include, but are not limted
to, cell ul phthalazmgs, qeiﬂamltn@eands;uirmhﬁnes,@ﬁﬂaﬁnes pinkolidimes] isoquhofings, and

hydr oxynet h tpacr t , pol y-2- hydr oxyet hyl met hacryl ate, pol yam des,

pol yesters, mge i des, pol ybenzoi m de, aram des, polyim des,

pol yvi nyl al cohcnhe am@hmqmtidnmexhe iprb MQﬁleéb:@EtﬁnﬁlsWéﬂleastlaﬁé youhe ydlmﬁgl | e,
pol ystyrene, pol y?t hyl ene_oxide with termnal 10 amgine grou | i near

pol yet hyl erfErURilogshY Bitiadtine dshol S h I and @a rﬁeo4 ‘WBRemsihs P?“FF‘@I%de, but are
not |i mst e%ﬁglﬁstlﬁteﬂl cafoRes, i 19.1&%%15%%%&@%&@1 othBora iédsBﬁates
acrylonitri et hyl ene, | so%uty ene, styrene, viny clhfl vi nyl

acet at e, V|pﬂ19$phab&;phb'bxom¢telﬂdhgsl subretithtad Dymubstltﬁbchydrmlzgésytrtﬂates@adll obi ose,

vi nyl i dene chl or tetrafl yoroet f or mal deh | dehyde,

vi nyl pyrr o|1’i08?‘1?6¢%8§h1&j’ﬂ15>&?’e% hg %ﬁ@ﬁteonef%e ﬁé?‘i%%d ﬁ&ﬂé‘ga?f’? ul at e
Subst ances CEhszstﬁggﬂﬁymgaaampa&ﬁ3sﬁmkeataﬂ<y$ ltJ?SIb@lR?BSub%ﬁtuteﬂbe@loﬁ]ﬁ ], the

di scl osed net hods _and conpostions can any magnetic material having

nanoscal e dﬁe%yé@tqfwl‘)?g‘ﬂ §‘&P§B@Eﬁdﬁﬁe@%’fﬂoé&1ﬂ<ﬂghﬁ¥bﬁﬂ Sifuted et ation in the

resencg ofy e i i ul ate
gubst anl?es | %ﬂf ?%e%gup%g?lg{efnog{ﬁ aﬁloq(iyeaé k§a&@#’ Slmg% ali ]?l}og%ﬂrﬁ c'tl?lé ", oxides
t her eof andhiej seﬂamneaﬂdadohrbyrmtlmhsethﬂedf Furt her exarrpl es of nagnetic

nanoparti cul at e ;supst ance one or nore_.of cobalt particles

i ron-cobal t partl{l(?ﬁ’g ?%ncaﬁﬁ?%gatﬁgﬁa}n& waele fvemsm Slé?Fltr{) (fEg of ﬁﬁﬁmm xt ur es
t her eof . IQabﬂaetnﬂglstﬁlﬁatumesucmhﬁnimawoqiamczﬁﬂ&i iafcEsu@iisle %dmmaﬁn&laaﬂﬂws and
one or nore anions. In many 25 exanples, a mxture of cations and anions is
sel ect ed ariaméaﬂwﬁ%heﬁaalogqm@r@ﬁ@léehalﬂaeanmf exagipfsa ptlidcdit Gn—eo¥Bil At i on of
one or res

nanoparPy cor e s ARgF ST S8Rl St Al AP Ao R n, RILSHLBONR | om an
organic corqnmmruin ‘bacalhulzblgergor ;iseuldohadogenl IImad(htiort,(a,l ((heC§ akylpdi(mgthyl)-

het erocycli.cs ol es [ i.azol .es

azat hi ozol e‘g’ldaﬁﬁi]g']flﬂ? §th r az hOIs){%' ﬁé’g?’laggtﬁg%%% é§u1tag’?et hi ozol es,

triazol es, anion.

Further examples of ionic liquid are ones that are liquid at or below a temperature
20  of about 200°C (e.g., below a temperature of about 150°C) and above a temperature of
about —100°C. For example, N-alkylisoquinolinium and N-alkylquinolinium halide salts
have melting points of less than about 200°C. The melting point of N-
methylisoquinolinium chloride is about 183°C, and N-ethylquinolinium iodide has a
melting point of about 158°C. In other examples, a contemplated ionic liquid is liquid
25  (molten) at or below a temperature of about 120°C and above a temperature of minus
44°C. Still further, a contemplated ionic liquid is liquid (molten) at a temperature of
about minus 10°C to about 100°C.
Further examples of ionic liquids include, but are not limited to, [Comim]Cl,
[Csmim]Cl, [C4mim]Cl, [Cemim]Cl, [Csmim]Cl, [Comim]I, [Cymim]l, [C4mim][PFs],
30 [Comim][PFg], [Csmim][PFs], [Csmim][PF¢], [ Csmim][PFs], [Csmim][BF4],
[Comim][BF,], [Comim][C,;H30,], and [Comim][C,F30,].
Illustrative 1-alkyl-3-methyl-imidazolium ionic liquids, [Cy-mim]X, where n=4
and 6, X =C17, Br, SCN, (PF¢)", (BF4)", and [Cgmim]Cl have been prepared. The

dissolution of cellulose (fibrous cellulose, from Aldrich Chemical Co.) in those
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sel enozol es, oxaphosphol es, pyrroles, boroles, farans, thiophens,

phosphol es, pentazoles, indoles, indolines, oxazoles, isoxazoles,

i sotriazoles, tetrazoles, benzofurans, dibenzofurans, benzothiophens,

di benzot hi ophens, thi adi azol es, pyridines, pyrimdines, vyra2|nes

pyri dazi nesWOPOME3eP3 nes, pi peri di nes, nor phol ones, pyraﬂE/U%WﬁﬂPwﬁés 15 WO
2006/ 130593 PCT/ US2006/ 020941 pht hal azi nes, qui nazol i nes and qui noxal i nes,
qui nol i nesilluptyativeidnik h@sds wrslecpmtiailt combtiora vdth leatiig maJIOD&E;SNithmEaﬂion The

o0t on POk o Bl SALE LML TR il L SR WGP

BRA7, substidrew8d hestify. UNEbsé bdltioRd catbaEminaSver$ qﬁskll_ytwmeﬂl 1scahe@y
nsubstituted netall ocar bor anes, phosphates, phosphites, pol yoxonetall ates,

substltuteﬁ‘@@mﬁW§@H@ﬂ@ﬁd@%ﬁmgéﬁ%@%?ﬁﬁb@§ ftriflates and noncoordinating
d wh ty: t
ani ons; s an ey Qeﬁnhﬁ’le%ﬁa*i%ﬁ%l 01AE 2P %ﬁr@&%ﬁ%@?ﬁéﬁﬂﬁgﬁﬁ“p

consi stl ng of hy rogen, ubstitute stituted
cycl oal kyl substastiadtydeeydf; watﬁebea oitrpgéoainkajhing badasﬂhclua Bahithet sulattwc| oal kyl ,
aryl, substl uted aryl, 10 heteroar substituted. heter I Ikoxy,

ST oy P ot oneinatint SriRh SRt o LR hesh Lot BisPoiiie. wf

conbi nat i 0§tﬁut£dﬂ3§ pRparedNt @?R?)ﬁreﬁ%?@&hﬁéng tﬁé—idnwmdnﬁ@id &D0lodd 7 tRe Si Ngl e
five-unenbered ring free o usion to other ring structures, such as an

i mi dazol i uARSERACIOHWate OB a giffogabPetaiging besedo AWM agfmixtHee. jonic |iquid can be

a hal Ogﬁn or ps ‘f%fgé%lf Hont ﬁ{onféaﬁm%le @yegl obifise ac%eng@fr@}nktﬂé cc%ﬁirgc}é a-G6

al koxyal kyl ) - subs ute Zzol rum-i on a sult e cation.
cor r espondsetgused fi pmparalibriueh@ﬂsairmgmhmm sp]&eapqiedrab begemwst dffectindgivithdie, a

5 S v aprteh B i shon Pt bt Tt Bl Ao P ra el SRS 0 Toni o

l'iquid arefiednesorkdiaé bk verd sbicthal leRleflofdvRW SthalleNpIREFHoAlen andOanehogaut 200C
(e.g., below a tenmperature of about 150C) and above a tenperature of about

- 100C. For qesteng salisgoataaing Siorfen dhain all ybaHents arakpowni wsibeyd highaial i de
| f
salts ihavg, bﬁ@sa&ﬂ' ééft no'tﬁ&ﬁ d i 1@%%&%%&@9&%@2 dzﬁhfuo ds RAlct of N

rrethyllsoqum |n|umc or| els IqU|n0|n|um|od|de
has a nel ligwids.poi nt of about 158C In ot her exanples, a contenplated ionic

qulo Ve I qu 23 CooLLon) ol Sl RElol A eTPSyice kot J20C end
is liquid GoRifealimplovamb@Rerad pefiofSly-rapofbd sdThBIHE okQEHIISscak BidtordARC.
salt/base N-benzylpyridinium chloride/pyridine as discussed in U.S. Patent 1,943,176, and
20  in which the maximum solubility was 5 weight percent. Indeed, additional ni;[rogen-
containing bases as were used in that patent are not required to obtain good solubility of
cellulose in the ionic liquids.
Other ionic liquids include, but are not limited to, those ionic liquids disclosed in
U.S. Patent 6,824,599 and U.S. Patent 6,808,557, the contents of each being hereby’
25  incorporated by reference in their entireties for at least their teaching of ionic liquids.
Additives
Any conventional additive used in polymeric formulations can be incorporated
into the nanomaterials of compositions and methods disclosed herein. If these additives
are incorporated during the dissolution stage of the resin substrate materials and magnetic
30 nanoparticulate substances, such additives should not interfere with the solute-solvent and
solvent-solvent interactions, Examples of conventional additives include, but are not
limited, plasticizers, fillers, colorants, UV-screening-agents and antioxidants. Other
additives include, but are not limited to, those additives disclosed in U.S. Patent
6,808,557.

17



Further exanples of ionic liquids include, but are not limted to,
[C2minMd, [CrnimMd, [CAmnld, [ComMMdA, [Cmnd, [Cnrinl, [AmmMl,
[CAminm [PF6], 30 [C2nlinm[PF6], [C3 J[PF6], [C3m m [PF61, [C6m ni[PF6],

CAm BF4 CZr ni BF4 C2ni C2H302 and [ C2m C2F30
I[I I ustrﬂr [ati v&‘?q 1;/@159@]3[ met ]hyl [I m dg]zgl ium i ]onl c li ([:]w dsnip[qws?ﬂoﬂ‘}”k%lv\here n

=4 and 6, X =CF, BC, SCN-, (PF6)-, (BF4)-, and [Cgmi M C have been
pr epar ed. The di ssol ution of cell uEXtAMl’LEBrous cellul ose, fromAldrich

Conic 11 qui db el RSTERIEERA FORRN RN RALEPAG P Tb0t “WEREoni cat i on

and wi th macéopdiny & the distloged siBfecthiefitr eXigsdt BLEhplEd ﬁ§ﬁ<btlihﬂeﬁ?dbdlt§benhanCed by
t he use of CI’OV%[a e heating. Cellul ose solutions can _be prepared very

qui ckly, whiysyeot gt @sppgts %‘fthq wpisrimatic dis¢latrdderein dubiathst i ledttfoni ¢
benefits. §eﬂr&eﬁ@§v%@ﬂgh§mﬂfre§1ﬂF.' PRMsE F)&%Rgﬂésda?e ARty b hePr epared from

such a liquid is substantiall ree o ter or a nitrogen-containing base.
Such a | i quiuivaents ehdivdrmtioncafithapmsnhippentioo méigheare epparant td esskibed wat er or a
ni trogen-c t%ni ng base. Thus, when a solution is prepared, it is prepared
by adm xi ngl[‘] ionic liquid and cellulose in the absence of water or a

ni trogen-cont ai Wffogs h@ﬁeﬂae%ﬁ?nfa@éfﬁ@@ur@déﬂuﬁc?h&th réépeét tb al@Bed{e gl f f er ent
cations can be enpl oyed of those screened fromthe common sets used to
prepare i orfMOUPEGEIBSANTSricta At SOiRA e anddsuiatipny hope begstouara &t i ve, with

the sngllesh I gat af‘e:}ﬂ]?t ;&@ﬁ]]@ t

Al kyl - n@l’l gﬁn?shﬁ]dg%géatds eﬂa?tg 0 ga%:b%w%%h{ tPé?mre sor%r%e1 dlesoQt%eés&s e ectl ve.
Smal | er phdsrppﬁnatumnmamteammmahmmeqwahmphmcy Batd ge nmneraumvangtmﬂmxﬂer chain
al kyl substl t s ar.e ave hi

15 t d
o ton not . IPEFAESLHTFR RS CEtiias o aHBE PORGEAoRT COOa e o

l'i qui ds. Thelvumﬁn@sntdnme%&eé ipkbRdEdY 288 beiRr teattidh rhh%tila.ﬁli asndffnyant for
cellul ose provides a significant inprovenent over the previously-reported

sol ubi | i ty 8% beBsediip ertémiza themodichpimity andyield obtasned frome e JlessyibediPiRPEsn
chl ori dgf py (51%? éﬁgorﬂﬁle% &ﬁﬁl@q ﬁe'ﬁranétlolE @Flﬁ)@ reém?zhi ?ﬁmlz%@gchzé}o&e@s whi ch the

maxi mum sol u ht* percent. [ ndee I onal rogen-

cont ai ni ng doad;lesnsas Were used in that patent are not required to obtain good
sol ubilitylg) (iei_l ulose in the ionic liquids. Gher ionic |iquids include,
but are not™¥M'fed to, those ionic liquids disclosed in U S Patent

6, 824, 599 and U.A3 anRah@ple & t18pedbdn of the dis610EcApr Scesdes, aRERanBpiriel eI @t eby

suspended in a mixture of the ionic liquid and the resin substrate material, e.g., dissolved

20  cellulose. The nanoparticles are present in a range of from 2.0 to 30.0 wt% relative to
ionic liquid. The resin substrate material is present in an amount of from 2 to 20 wt%
relative to ionic liquid. The obtained suspension is placed in an ultrasonic bath for 1
hour, then degassed in a vacuum oven (e.g., at about 50°C for approximately 10 minutes).
A 150 Gauss magnetic field is then supplied using a single magnetic field source or a

25  combination of magnetic field sources. The resin substrate material is reconstituted with
the nanoparticles captured therein in an aligned configuration, by contacting with water to
remove the ionic liquid while causing the resin substrate material to reconstitute in solid
form with the nanoparticles encapsulated therein, all while maintaining the presence of
the magnetic field. The contacting with water can be performed by a variety of methods,

30  such as extrusion of the mixture in the form of a sheet into water, casting the mixture into
a sheet and washing the sheet with water to remove the ionic liquid.

In preferred method for performing the present invention, the mixture is manually

homogenized (to ensure complete mutual dispersion) and then cast as a film

(approximately 1 mm thickness) on a glass plate using coating rods (R&D Specialties,
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25 incorporated by reference in their entireties for at |least their teaching
of ionic liquids. Additives Any conventional additive used in polyneric
formul ati ons can be incorporated into the nanomaterials of conpositions and
met hods di scl osed herein. If these additives are incor ing the

di ssol uti oW &YYE'F? the resin substrate materials and ﬁggﬁ%ﬁﬂ%ﬂ§@5

nanoparti cul ate substances, such additives should not interfere with the
sol ut e- soIWQh@t,I\RFDd Tf@(ﬂlmem&rs@nﬁé‘nﬁedﬂmm&;ml@mms E&@n@ﬁ@m e fibonivent i onal

addi tives i.nc Iers orants,
UV- scr eeni r@ 5% g?ﬂb&%ant 1% Wﬂlgntn}sntp%gilﬁg n5§ ﬁvggn lsrPé‘Tcegi étﬁl are not
limted tand iﬂms:eecaﬁhdmtﬂﬂﬁ)rdt Isast 06 Rahirs to lehch. resmaxaem (suth Bﬂ&ﬁﬁﬂ]m)l? WO

2006/ 130593 ﬁgT S2006/ 020941 EXAMPLES The fol |l owi ng exanples are set forth
below to i e the nethods and results according to the disclosed

subj ect "HtterCM%Q%&%mﬁé@QWhﬁﬁaﬁh%vﬂﬁ&amﬁ®ﬁﬁﬂ%é1ﬂﬂxéﬁtoﬂ@@&ﬁﬁh&ﬁwﬁf al
aspects of the subject matter disclosed herein, but rather to illustrate 5

r epr esent &t ievidentie horiskiladdn rtmfl tltmﬂrbﬁe@ée@md@aéser@mfeﬁmea apdetited to
excl ude t r t o) h, are
appar ent tcgr%l[c))ne S a?? glf:}ﬂlh\rér‘?1 en%&?)% SY‘RI ﬁgl\%ger n&%ﬁ" (% fg%uéreg%%dur e
accuracy with-borhieiapitais, ﬂ‘mSﬁum@k(ted By and ia il the sdopHﬁEthaTclaﬁIﬁs sihee ) but
sone errors and devi ati gns should be acgcounted for. 10 Unles di cat ed

ot her wi se MAPXPPSS! ?éméa&fr@msmx@ﬁweo SRt Withet drpargecFom deat  anbi ent
t enper@t Ulsgopedidedt! £ 351818 uhder@boihat Bthatftk NRERNES fofth of BN @i NUTET OUS

vari ations and combi nations of reaction conditions, e. g., conponent

concent r atabempangiegidravdngol tebrtisterprefed ssaHbstrative andugot in ehmetmaqn@s pressures
and other reaction ranges and conditions that can be used to optim ze the
product purity and yield obtained fromthe described process. 15 Only
reasonabl e and routine experinmentation will be required to optim ze such
process conditions. Exanple 1: As an exanple of the operation of the

di scl osed processes, the nanoparticles are suspended in a mxture of the
ionic liquid and the resin substrate material, e.g., dissolved 20

cel lul ose. The nanoparticles are present in a range of from2.0 to 30.0 wt%
relative to ionic liquid. The resin substrate nmaterial is present in an
amount of from2 to 20 wt %
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relative to ionic liquid. The obtained suspension is placed in an ultrasonic
bath for 1 hour, then degassed in a vacuumoven (e.g., at about 50C for
approximately 10 mnutes). A 150 Gauss magnhetic field is then supplied
using a single magnetic field source or a 25 conbination of magnetic field
sources. The resin substrate material is reconstituted with the

nanopar¢j gigs captured therein in an aligned configuration, by contacting
with water to renove the ionic liquid while causing the resin substrate
material to reconstitute in solid formwth the nanoparticles encapsul at ed
therein, all, K while intaining the presence of the magnetic field. The

cont acti'ng v@ﬁ?ﬂ?i%fg?m@ et 8W§F%80%9r1§n%'ari ety of methods, 30 such as
extrusion of the @isslwkEaidlot AEpdrAMP PontbishRBlofi(Af SheWRtnire r&@S§ilbBGatk e

m xture into a sheet and washi'ng the sheet with water to renove the ionic
liquid. |In pnatealsend thtonedr frore pegiasicmangpartieilpe eslstancenveatiedivm t he

m xture i s manual lr&. honogeni zed i&tg ?nsure conpl ete nmutual dispersion) and
then cast asSORRISITONELH BTG i9RLE HaYids TR VId5iRRIES) 2h a gl ass plate using
coating rods (R&D Specialties, 18 WD 2006/ 130593 PCT/ US2006/ 020941 Weber,
NY). The filns are reconstituted and the IL solvent is |eached fromthe
filnms with dei oneeadriiPia)sol2 Qandaodtéroadicngposing ltlet enercecwors résiusubsmatet he fil m
is placed in a bﬁtg .ag%w: mrersed in DI .H2O for. at | east 24 hours to |each
resi dual | L TRGEHS 28VIPEAN FRCETMOTF M EHNFPPFHIC a@SHE?—taIE&%QﬁF & which are

obvious and iiiefl b3eEmbHE! ARlmikRud BANLMNEMGhaRL [T be evident to one
skilled in the art? It wll be understood that certain features and sub-
conbi nations are of utility and nay be enpl oyed without reference to other

f eat ures and b- conbi hati on Thi is contenpl ate nd i. ithin the
ures su rTblcﬂlg.l S isis dg‘%/ma iS W thi

scope of the clai WESTIg RERE o oK ieB1 40 edepbiodiasBritsiivys HRIIRAHEMES ¢ he

I nvention V"‘xﬁb&ﬁi’e tf‘%ﬁ%{ tth'e%ﬂﬁfof BIBkd Rop iR QARG ubfgERO tithiind %h'e%nE%r Rere
under st ood that al tter herein set forth or shown in the acconpanying
drawi ngs i s teeintsebstratempteeitisd as illustrative and not in a limting sense.
19 CLAIM5 1. A nethod for nmaking a nanomaterial, conprising: dissolving
and/ or suspending a conbination of (a) one or nore resin substrate
materiajs anghd iaBASs Ofil! GhERENGL bRcAGRORRNE I BLGuaHRgt ances, in a
medi um conprising one or nbre ionic liTquids, to provide a m xture; and
recoveri ng aelsatonthgnamofiglderi al conpri sing the one or nore resin substrate

3. The method of claim 1, wherein the electromagnetic field is a biaxial electromagnetic
field.

4, The method of claim 1, wherein the electromagnetic field is a triaxial electromagnetic
field. |

5. The method of claim 1, wherein the one or more resin substrate materials are at least

one member selected from the group consisting of polysaccharides, polyesters,
polyamides, polyurethanes, polysiloxanes, phenol polymers, polysulfides, polyacetals,
polyolefins, acrylates, methacrylates, polyimideamides, polybenzoimide, aramides,

polyimides, and dienes.

6. The method of claim 5, wherein the one or more resin substrate materials is cellulose

or a derivative thereof.
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material s having the one or nore nmagnetic nanoparticul ate substances
distributed therein, by conbining the m xture with a non-solvent; wherein
during the recovery step, an electronmagnetic field is applied to the

m xture to align the one or nore nanoparticul ate substances within the one
or nore resin substrate materials. 2. The nethod of claim11, wherein the

el ect r ofagnetlihe nidtleiddofidaim Linilaxdialthe reédivmrconmgisest ore dringdrd ior8c ligids net hod of

claim1l. wherein the.el ectro netic field is.a.biaxial .el ectro netic
field 4 "ThaHBeRdaucH PERAR Ay Be amar aice i il DEmERABE 4 1AL | s o
triaxial el ?Qﬁén%é@gél@étb&frofd tﬁ!:%rou’é-coﬁh@tir(él%fﬂ&@d&fﬂe&'p%‘réﬂoles, Whebekn the one
or nbre resin substrate materials are at 1east one nenber selected fromthe

group consi stisotigazsflespataplsiardbaokdbmzolesloxesines; sxazohioésy andzdbstolgsol yur et hanes,
pol ysi | oxanes, . phenol .pol yners, | ysul fides, pol yacet al ol yol efi ns,
horylates, et RIREP AriEeI B Dir RedaRP s PoEhEs: haraEs: 14l des.

pol yi m des, Qlﬁl@pl‘f@n@,’}ﬁﬁ)s?lﬁ)les]_ﬁ@ntﬁ&‘%ﬂ&(?Qld@fes,QhééHHeg?,goﬁé@&%@,'i%x‘aﬂﬁe@ne or nore
resin substrate materials is cellulose or a derivative thereof. 20 7. The
met hod of cl asatmidzoleshetreiales, henamfbnsndbenpfises bensothiophowse i onic |iqui ds

having a catign portion of .the one or.nore ionic |iquids formed from at
onst one - meBERo LBt e BB R i BHSY HHEGIeSs
pyrazol es, thiazohes, pipkSAhi AZRbRTonRZALMOZMH BRes, R Baliz820] fitnazONAZI Nes,
oxazol i nes, xazaboro?gs, dithiozol es, triazol es, Sel enozol es,
oxaphosphol esind gymosiless, @ounaines, pytrotidinss, isdghinophemnsnd phokiphadrsshereof.

pent azol es, indol es, indolines, oxazol es, isoxazoles,

i sotriazol es,tetrazol es, benzof urans, di benzofurans, benzothi ophens,

di benz ot OpNEHiSmeth il AIARP| &3herff thinBESm A TbdbRES mBLiGHE NEfids
pyri dazi nes, piperazines, piperidines, norphol ones, pyrans, annoli nes,

pht hal azi nes,hagmigraazalonivegortiamdf tionexamoremnicdujuid foresd] frpyrat tdabtdinees,
R A
the oroup coneyst g o el agera i gt SE RO R g RS, S04z
, BR4-, car boubsiested sl focarbbeaies phbsphates phospiti@b,| ppdyarxborctatass,

carboxylates, substituted carboxylates, triflates and noncoordinating anions;

wherein R is at least one member selected from the group consisting of

hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl,

heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl,

substituted heteroaryl, alkoxy, aryloxy, acyl, silyl, boryl, phosphino, amino, thio,

seleno, and combinations thereof.

9. The method of claim 1, wherein the medium comprises one or more ionic liquids
selected from the group consisting of 1-C, alkyl-3-methyl-imidazolium
chloride, 1-Cs alkyl-3-methyl-imidazolium chloride, 1-C,4 alkyl-3-methyl-
imidazolium chloride, 1-C¢ alkyl-3-methyl-imidazolium chloride,
1-Cg alkyl-3-methyl-imidazolium chloride, 1-C; alkyl-3-methyl-imidazolium
iodide, 1-C4 alkyl-3-methyl-imidazolium iodide, 1-C4 alkyl-3-methyl-imidazolium
hexafluorophosphate, 1-C, alkyl-3-methyl-imidazolium hexafluorophosphate,
1-C; alkyl-3-methyl-imidazolium hexafluorophosphate, 1-iso-C; alkyl-3-methyl-
imidazolium hexafluorophosphate, 1-C¢ alkyl-3-methyl-imidazolium
hexafluorophosphate, 1-C4 alkyl-3-methyl-imidazolium tetrafluoroborate,

1-C; alkyl-3-methyl-imidazolium tetrafluoroborate,
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substituted netal |l ocarboranes, phosphates, phosphites, polyoxonetall ates,
carboxyl ates, substituted carboxylates, triflates and noncoordi nating
anions; wherein Ris at |east one nenber selected fromthe group consisting
of hydrogen, alkyl, substituted al kyl, cycloal kyl, substituted cycl oal kyl,
het er oal kyl, heterocycl oal kyl, substituted heterocycl oal kyl, aryl,
substituted arqd alkylet-sredatyhidazslis bedtate eod hétellgadyngthal-koidgzolamy| oxy,

acyl, silyl, boryl, phosphino, am no, thio, seleno, and conbi nations

t hereof . 9. ?W@“ﬁ%‘ﬁ%ﬁiof claim1l1, wherein the nedium conprises one or nore
ionic liquids selected fromthe group consisting of I -C2

al kyl - 3-net hyl -i m dazol i um chl oride, 1-C3 al kyl -3-nethyl-im dazolium

chl ori dd0. 1- Che adthdd F-alatnhly [wherrerh thezain-winenhisermeie berisetegted from the group
aIkyI-3-nethyI-Lnida%oIiun1ah‘o i de, 1-C$ al kyl -3-nethyl -i m dazol i um
chioride, | <essisingafwterangalcopplSqazolium iodide, |-C4

al kyl -3-net hyl -i m dazolium i odi de, 1-C4 al kyl -3-net hyl -i m dazol i um

hexaf | uor ophosphate, 1-C2 al kyl -3-net hyl -i m dazol i um hexaf | uor ophosphat e, |
- C3 al kyli- 3- At mydthadd fddzial 1,uhelnex did arercopios ptaghetic danopatiCBagl skpdta®esret hyl -
i m dazol i um hexaf| uor ophosphat e, 1-C6 al kyl - 3- et hyl -i.m dazol i um

hexaf | uor oph@&Hatast Oﬂe-‘&mg?rk%?&-@érf&%@]e- RRRSIHlHPL EPRaPHoriShat e, 1- 2
al kyl - 3- net hyl 4.0 | i f : 21 1-C2

al kyl - 3- met hié 1‘16%1%3‘5031 Ik g}%ré{(gtaié&lgﬁgﬁ%[@&%?fkyl _3-met hyl -i mi dazol i um
trifluoroacetate. 10. The nethod of claim1, wherein the non-solvent is a

menber sel ected fromthe gro consi sting of water and al cohols. 11. The
met hod df- ol 4 RAnPmaFial BreRRReYdhemshodl élaﬁag}nwﬁw%@ﬁ@aapf Mot e

substances QA Sh1s O8] er . 96l e6LEthdrE t he group consisting of
iron, cobalt, i 0%3%%% ogiggg t ere%?,lgfﬁgysrfﬁgleof and m xtures thereof.
12. A nanomaterial prepared by the nethod of claim1l, wherein the one or
nore resi.n bstrate terials. is_cellulogse or,_a derjvative thereof. 13.
The nandrat efﬁlmnaeqna?tﬁ{l&z?amh{?am6?%%@faa§»§ﬁfeétﬁ,lm&rfaiils\r%-or a disk. 14. The
nanomat eri al claim 12, wherein the one or nore magneti c nanoparticul ate
subst ances are at |east one nenber selected fromthe group consisting of

i ron, cddal t Themaakehterioxilaas], vateadi thealnk oy sndré eragndticaradoparktulates t her eof .

22 :
substances are at least one member selected from the group consisting of iron, cobalt,

nickel, oxides thereof, alloys thereof and mixtures thereof.
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