;\] " _e3ed4x6HTWO 02/ 26921 PHOSPHATE FLUOROSURFACTANTS FOR USE | N CARBON .
DI OXI DE Cross- Reference to Rel ated Applications .w PCT/US01/29812 The ( pﬂ/
present apPbeeerion clains priority to Provisional Applic®CTramosaesial No.

60/ 235,516 fil ed Septenber 26 2000) the disclosure of which is incorporated
herein by reference in its entirety. Field of the Invention The present
invention generally relates to surfactants that exhibit solubility in

carbon di oxi de, and systens utilizing the same. Background of the Invention
The use of carbon di oxide as a clean, abundant, and tunable solvent is
potentially environmental Iy beneficial, and accordingly it is being

i nvestigated in a nunber of appllcatlons i ncl udi ng, for exanple, cleaning

«protocols, coatings, and poI ymer ’mwmmmummm processi ng. See e.g.,
Wlls, S. L.; DeSinobne, J. Angevv. d. 2001, 40, 518:

Not wi t hst andi ng" the above potential bemeforts, carbon dioxide is often
*limted in that many materials such as water exhibit limted.solubility

therein. . In response to these pos lity limtations,
fluorosurfactants have been devel o m |aI |y assist in t he

di spersion of water in carbon di OXI Harrison, K ; Goveas) J.;
Johnston, K P.; ORear, E A Langrml r‘GOOOOE994 70, 3536, Johnston) K P.;
Harri son) KoL ; Clar ke, M J.; Howdle, S. M; VWO 02/ 26921 PCT/ USOL
/29812 Heitz, M P.; Bri gRHOSPHATE RIWORQSUBFAGEANTSph, T. W Sci ence
1996, 271, 624, Eastoe, J.; HAR4ISE INTARBONDIOEDE Steytler, D. C;
Hennan, R K. Langnuir 1996, 12, 1423, Eastoe, J.; Gazelles, B. M H.;

Steytler, D. C; Holnes, @rodd-Refdréhce fd RBIatec‘Y‘A@th&loné Heenan R K.
Langrmuir 1997, 13 6980, Zielrnskr- ., Kal er,

Rosov, N. Langnlihe present apglicatmeuclaimsspeerity 1o: Prmal Anphcatlopa%‘e@nawo

St eyt I er) Chem
Phys. 2000&)/3@5&@1%@%@?6 mbgrgf% ?dboBﬂig? 8\;15%216,&3%; Bﬁlg nsF %@r&&bﬁ&l Phys.

Chem 8 208¢reiri By reffciice ind elitiretyC. T.; Johnston, K. P.; Dai, H J.;
Cochran, H D.; Melnichenko, Y. B.; Wgnall, G D. J. Phys. Chem B 2001,
105, 3540) and Liu, Z.-T.; Erkey, C Langmuir 2001, 7 7, 274. Accordingly,

wat er -incarbon di oxide (WC) m Cg@&‘b‘rﬁhgnﬁeﬁﬁaﬁa' ni ng appreci abl e wat er

guantities have been achieved, a use in a nunber of
appl i cations suEheanseserﬂdrpeamonlgeneyaityrmtes tosgdactantscthat extibit solubility

vol tammetr. c u caonversions. See e.g., Holnes, J.
D. ; Bharga'\'?a(farFE Aﬁox%rad‘gsy gemi\"%[% ﬁ@?&ﬁ % P Langnuir 1999, 15,
6613, Ji, M; Chen, X.; Wi, C M; Fulton, J. L. J. Am Chem Soc. 1999,
921, 2631, Jacobson G B.; L%P_krgmurﬁoﬁ'thelﬁ‘?@ﬁﬁdrpn K P. J. Og. Chem
1999) 64, 1201, Ode, H ; Hunt ar a, C. M Anal. Chem
2000 72, 4738, Theaisemf carpanctioxide, agja clean, a@und@midendjunahle splveniis R M
. Am Che |

D “Robi neattengany inyignappGefend®. 883 pctariho KIS b invealgatpd S

Pander, S. pufdbedbf hpplicaviont #tluding XeP xafple, @éﬂnmg\b%tsafdhewatimg\seaﬂb SO

been t he SUbll ect of conputational treatnents. See Sat ani cal | vy, S. ;
Cui, S. T.PolymahRragudction and procgesingn Sae eg., W&H@@r!- 1085imone, & Aigew

Chem. Int. Ed. 2001, 40, 518. Notwithstanding the above potential benefits,
carbon dioxide is often llm|ted in that many materials such as water exhibit
flimited solubility therein.
In response to these pbssib’lé solubility limitations, fluorosurfactants have
“been developed to potentially assist in the dispersion of water in carbon dioxide.
See e.g., Harrison, K.; Goveas, J.; Johnston, K. P.; O'Rear, E. A. Langmuir
1994, 10, 3536, Johnston, K. P.; Harrison, K. L.; Clarke, M. J.; Howdle, S. M.;



Nonet hel ess, inspite of any advantages of these systens, there remains a

need in the art for surfactants and systens enpl oying the sane that allow
for inproved2Reratilization of various materials in carboRCAIBRI/ABI2 such

as, for exanple, water. WO 02/ 26921 Summary of the Invention

PCT/ US01/ 29812 I n_one aspect, the invention provides a nethod of renoving

wat er frormi@itd,iMst.; Bsigpbdi- M- ofvadiernt:tRandotpie TelVhogiersap®98es/ édfihet i ng a
first co on. ter rd S trer S PRRS n of
matter cgpr%%té%h“] ! g%ygﬁﬁ Z M%@%Btg bﬁ@é‘%’?f%& ﬁéﬁg%ﬁb%g“%ﬁg I eaésété)one
phosphat e g2, ouR3akds{o) Ja @aﬂeﬂeﬁtBCMnHJ Sierygeqﬂ l:(On Hrblmésde H.yPéit, ed.rkR at

| east a portion_ of the surfactant is. sq | vent, such that the

at | east oW@a@uT fhckiaapan, é?*rd@elsa"’étmwéagwﬁ%-o@%%nz'é{"n%“{%eRV\g‘t efliner om t he

f t id hod of
“appl i ng. B R Fall FBSR Ve, FEPE o 1. B R BBl P dheTah g o

“ f:orrp03| t i drawlf Arrﬁtbyﬂierc@rr@uBu?gemEl,eF&sifoldn& s $lechaot BoK. ey, iGiemg. (1 ) at
east one osp oup sql ve conpri si car bo i oxi de,

wher ei n at ?)% pgdqq @m%gf%tﬁ% gﬁr &aﬁt'%argév%ﬁﬂ&@%ﬂ” ’Re[g tvent; and
appl ying tlhﬁ SO B2ON00TONBALAY, LRRLR. T SUDSE RSN ST, hRlHL e car bon

di oxi de separat es fromthe surfactant and wherein the surfactant coats the
subst r at e. Coechranothér; Mstmﬂte)wkohéf BowdigriatinGpitovi fFéyscChpms B 2QHs 1655, mat t er

oroup and 320 Er8Uiyent e BGe S A OB ol ad - PR Hl DR Pa pect s

of the i nvenbbRUiKE $®{ﬂnﬂ#@ehﬂlsﬁé@@&@ﬁtaﬁﬁﬁg’bbp:@i&ﬂé\wa@éﬂ(%Iarﬁl%@rlptlon
of the Drawings FI G ilTustrates a 3' P NVR spectra of hexyl ) et hyl ]

di nor phol i myshbegmackieved allowin®for thad usetrie rusebeoManplicaersosumi 8% zed in

rbon di oxi
carbon di g andoepartlcle synthesis, organic reactions, voltammetric measurements, and

enzymatic conversions. See e.g., Holmes, J. D.; Bhargava, P. A.; Korgel, B. A;
Johnston, K. P. Langmuir 1999, 15, 6613, Ji, M.; Chen, X Wai, C. M.; Fuiton, J.
L. Jd. AI,TI. Chem. Soc. 1999, 121, 2631, Jacobson, G. B.; Lee Jr., C. T.; Johnston,
K. P. J. Org. Chem. 1999, 64, 1201, Ode, H.; Hunt, F.; Kithara, S.; Way, C. M.
Anal. Chem. 2000, 72, 4738, Lee, D.; Hutchison, J. C.; Demimonde, J. M.;
Murray, R. M. J. Am. Chem. Soc. 2001, 123, 8406, Holmes, J. D.; Settler, D. C;
Rees, G. D.; Robinson, B. H. Languor 1998, 74, 6371, and Kane, M. A_; Baker,
G. A.; Pander, S.; Bright, F. V. Languor 2000, 716, 4901. W/C systems have also
been the subject of computational treatments. See e.g., Satanically, S.; Cui, S.
T.; Cummings, P. T.; Cochran, H. D. Languor 1999, 15, 5188.

Nonetheless, inspite of any advantages of these systems, there remains a
need in the art for surfactants and system~s empfdying the same that allow for
improved volatilization of various materials in carbon dioxide, such as, for

example, water.
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FIG 2 illustrates cloud point curves for various phosphate-containing
surfactants. FIG 3 illustrates cloud point curves for various

phosphat ewoantesizni ng surfactants. F1G 4 illustrates cl oudqroisei/2esaeves for
vari ous phosphat e-contai ni ng ani onic surfactants. -, J WO 02/ 26921
PCT/USOL/ 29812 FIG 5 illustrates cloud point curves for various .
phosphat e- cont ai ni ng ani oni ¢ s@umebandtheAhGentiord | | ustrat es wat er upt ake
for various phosphate-containing anionic surfactants. FIG 7 illustrates
wat er uptake fof Qnf peReCtpihsdpyRittencyAYidesisngeiindal eruinaweierfom@ g 8

cur  act ant 1ot B P iler e e A EDRIAE: EOPLARL 3 AFLSHbGsiton

- phosphat e-gfonbémcargpasingwateswith acsswohs. cdiepasilied oDestter poimphisiol: t(He
Preferred Enbodi mnents The invention will be described below with respect to
its pref er?ldBaRABUPREARIENT CRIBRNITIE 2t l6Rgt eramhrsrnate areHp @nd (Bé asprasti at ed

that thes : i ﬁ_%%q _4ihe A Fole) ' ead
i1l ustrat ?#ﬁ%@@%%@%@ %j@)eddiemgﬁ]@r?? n gﬁéorﬁ@ﬁgiﬁ&ﬁ%&?ag@%ﬁo&d@%el at es
t o a conpasithé solveit,rmatchehat {Hleeat deag asiet swofactdintnatriores @b igarst agsortiod of at

| east .one surfactant conprijsing at. | east
tﬁe water ?rom ﬁ'ne |rsJ£ com osnhon.

In another aspect, the invention provides a method of applying a
surfactant to a substrate. The method comprises providing a composition of
matter comprising at least one surfactant comprising (1) at least one phosphate
group and (2) a solvent comprising carbon dioxide, wherein at least a portion of
the surfactant is soluble in the solvent; and applying the composition of matter
onto a substrate such that the carbon dioxide separates from the surfactant and
wherein the surfactant coats the substrate.

In another aspect, the invention provides compositions of matter
comprising (1) at least one surfactant comprising at least one phosphate group
and (2) a solvent comprising carbon dioxide.

These and other aspects of the invention are described in greater detaii

herein.

Brief Description of the Drawings
FIG. 1 illustrates a 3P NMR spectra of [2-(F-hexyl)ethyl]

dimorpholinophosphate before (top) and after (bottom) being solubilized in

carbon dioxide.

FIG. 2 illustrates cloud point curves for various phosphate-containing
surfactants.

FIG. 3 illustrates cloud point curves for various phosphate-cbntaining
surfactants.

F1G. 4 illustrates cloud point curves for various phosphate-containing

anionic surfactants.

(O8]



one phosphate group and (2) a solvent conprising carbon dioxide. The
surfactant may be illustrated in a nunber of enbodinents. In various
enbodi merwe 02/éve1 sur f act ant conpri ses at | east one fl uorocammoigesarp. For
the purposes of the invention, the at |east one fluorocarbon group is
considered to have an affinity for carbon dioxide, i.e., the at |east one
f1 uor ocar bon grioi & Busicaiessioud point pervEs faibygriousirhasphRasentaieng

fl uorocar bé)rﬂoﬂlc%gﬁfa%ﬁmé' ses a hydrogen spacer attached to an oxygen atom

which is, in hed to the phosphate group. In various preferred
enbodi nent s, t hEIGit6 |eaghtcaneathl USEREFHPPAYIE OO IR at-chbR@irfifyg BHlowic
C',F-mt~(CH-)"0O 4 WO 02/ 26921 PCT/ USO01/ 29812 wherein mranges from1l to
-24 and n r aMfom 1 to 24. In other enbodinents, the surfactant nmay

(L ner oS AP RS U RSB RS,

“is, in cerdafactamiodi nment s, "COzphobl c", does not have affinity for carbon
di oxi de. Nonethel ess, it sh ' appreciated that when present in
branched form 'f'l%- %VH?E@‘&I‘SHﬁ%%ﬁaéﬁﬁPh@r@WWaﬁ%C@%@fmmg agjonic

di spersi n%] d surfactants in COz. See Eastoe et' al. Journal of the
Aneri can em cal Soci ety; 2001; 723(5); 988-989. In a preferred

enmbodi nent, t heFliS.dr tinsirbies waiet aptake docvericus shasphbtecdomminganiciic | zm-~O
wherein mrapges froml to 24. In various enbodi nent, the surfactant may be
present assué%%g?ﬁ 8ni ¢ surfactant. Non-linmiting exanples of anionic
surfactants are of the formulas (MI1) and (I X) as well as others set forth
in detail hereinbelow OROP-OM- (VI I I ) 1 RO 5 WO 02/ 26921 RO P- ~
(I1'X)y MO~ PCT/ US01/ 29812

Detailed Description of the Preferred Embodiments

The invention will be described below with respect to its preferred
embodiments, drawings, and examples. |t should be appreciated that these do
not serve to limit the scope of the invention, but instead illustrate the scope of the
invention. _

In one aspect, the invention relates to a composition of matter. The
composition of matter comprises: (1) at least one surfactant comprising at least
one phosphate group and (2) a solvent comprising carbon dioxide.

The surfactant may be illustrated in a number of embodiments. In various
embodiments, the surfactant comprises at least one fluorocarbon group. For the
purposes of the invention, the at least one fluorocarbon group is considered to
have an affinity for carbon dioxide, i.e., the at least one fluorocarbon group is
"COz-philic". Preferably, the at least one fluorocarbon group comprises a
hydrogen spacer attached to an oxygen atom which is, in turn, attached to the
phosphate group.

In various preferred embodiments, the at least one fluorocarbon group is

of the formula:

CmF2m+1 (CHZ)nO



<

wherein Ris a branched or straight chai ned hydrocarbon (e.g., CnHZn+~
wherein n ranges from1 to 24) or hydrocarbonl fl uorocarbon group and Mis a
count ercavoom®ach as, for exanple, K+, Na+, or NH4+. |In CETHEON29812

enbodi nents, the surfactants nmay be present in the formof hybrid
surfactants. For the purposes of the invention, the term "hybrid
surfactant” is Weeiahed ENaesRMcioattt 2RAV rﬁggaﬁ fﬂoébéttoé’l‘}e f1 uor ocar bon

oroup and at | sl BPECRXATAERLDAK SAUANASY B cRIATR. 8, Aookisse are

sur f act ant&or&hmmgﬁ@mmh@ﬂltonh@ paus;ﬁla@tte@nb@pl rn uarmaaﬁc@whﬁdhérent s. O
RFO_P-. &%ﬂ i M (XI ) RHO 6 WD 02/26921 O RFO P
x, (XI') RAV wﬁmhz@@f@rm%mlm @agun)@ ImeRsRin @aMadmeeisece@e and i s

¢ o enchec o a4k S0 I CEREANL B0V B B e 1

* enbodi nent apgReciated tha taiam ;are%hunhdﬁan@mu @fr@umwhydmaa;bdrpcorﬂmm e,

C'Fz reln ranges froml to 24 mranges from1l to 24. RF

is i ndepean@H%)Irpa% fomd P%r%%?%féﬁééuﬁfﬁcﬁrﬂ%ﬂg@p%I%en%%ﬁ oe et

f1 uorocar bé’l”JSur‘P;'époﬁﬁvegé\meWQﬁ WRHOH SoMeh0986 PO YEPWRE gy 9. . CnF2—+-~
(CH2) m wherein n ranges from1 to 24 and mranges m 1 to 24 ) wherein Mt
i's a count er catlnanpeietiedsmifasimertipé dydideariden-comtmirittbehaiRriebetireed gr oups
for RH ar e, W fhout limtation, C6F~3(CH2)2 and C~oF2~(CH2)2 and preferred
groups for RAYE are, without (imtation, C4Hs , CBH-~, 02H25) and C-sH33 _
X, is a functlonal group such as hydroxy (-OH), alkyl (such that a
phosphate bond is farmed) and a phosphoanmi de groups (such as, for exanple,
pi peridine, norpholine, ahdHeheOl i ke). In one preferred enbodi ment, when Mt

is NH4+ endently sel ected and preferably range
from C~FSRVF@%§% Bﬂ%ﬁ %)%Fél—@)d%’o Anot her preferred anionic surfactant

accor di ng to t hie \eiresemmbaodierint,aReissirfabtdritendyobé prdseat beramdrionid WO

02/ 23®21 O RFO-P (O\IML (ONH4) PCT/U SU 1 /29812 wherein RF ran es from CF3

(CHZ) n t o ¥figsiant Blen-imitigseeskamplas Ohrgiesis sermadiants ara of the fasemdas (VIIN)
erbod! Tentang {7 o8 WdIRR! BfordByt ANAL SN ndBirfdifod.or ™ of & cat! onic

surfactant. es of cationrc surfactants are, without limtation) those

0
RO—P—OM" (Vi)

RO



<through (V) and (1 X) and (X)

~

represented by the formulas (VI) and (VII) (e.g., piperazinium phosphates):
OROP-NN-(VI) N2 XN\W OROP-NN+ (VI 1) RO X wherein R may be a
branched wo 0g6®ii ght chai ned hydrocarbon group (e.g.) C-HPrerAUSMR98aRN n
ranges from1l to 24) or a hydrocarbonl fluorocarbon group including, for
exanpl e, C-F2n+~ (CH2) mwherein n ranges from1 to 24 and mranges from1l
to 24, and X is a count erani on which may be a hal ogen (e.g., chloride,
brom de), triflate, or "BarF" ni o Kobayashi's reagent as set forth
below): 8 WO 02/2321 PRHUR1L/ 98123~ F3C _ F3C - ~B/ [/ CF3 / ~ CFs
F3C 1/ ~/ CF3 CF3 As an exanmpl e, ‘one or nore nor{bline units may be
attached to the phosphate grggg} Enbodi nents represented by fornulas (1)
Scri be such structures. Moreover, certain
enbodi nent s i | lustrate at | east one fluorocarbon-containing gr oup attached

to the pho opl f ched to
a hydrocar n s'gaFgEaS ?radcrﬂeal%ﬁtso%n@?hn d Méﬁ‘%ﬁggqgé)eaﬁ?nﬁhw ? Tturn
at t ached tmmm:gantoa@@mrmrcbctmomﬂaom CQ_@M@ SOM R bblistcagbed. O
CnF2mt~( CH2) n0- P—N O ( |9\|@+ WO 02/2(921 P Ol/ 2' 1812

CnF2m+1(CI—|Q§"ﬁ|'(7)aSj OIBXNT‘QG( ) @ﬁ:‘\iﬁﬁrl(c:l-lZ) n~ wherein mand n are each

| ndependent | y sl g g e;@ﬂaaa.mew%@guﬁgagpes@gy%% FPde ARG brom L Lo

24. In a preferre , W'th respe e 6, 8,
or 10, andhwybiid s@rfattants. rﬁ‘cm‘tberpe:dpmdmmfthenﬂvenmbhhtl'reeﬁemdhybﬂd torfaatbat" (111,

m may be 6.0 droocarbon anal ogs of forrmulas (1!]) through
(1V) yar e alss eﬁw@g%agga‘actanWawm at least one fl %rocarbon group an((j at Ie)ast one g

- hydrocarbon-containing group. Examples of these are of the formulas (X), (X!),

and (XI'): As set forth below, the hybrid surfactants also encompass anionic

surfactants in various embodiments.

O
RFO—g—NmO )

RpO

i
RFO—P—0O "M (X1)

RO



O CMH2mt1o- ~ - ~ (I11) N O O CH2m+10-P-N O (IV) Cm H2mtl ~ wherein mis

i ndependently sel ected and ranges from1l to 24. Preferably, mis 10. Hybrid
nor phol i N¥O0dBAR6RIINI ng surfactants can al so be enpl oyed and®P@resSiaR9%1Re
formula: 10 WD 02/2&21 PCT/US01/2' 1812 O CxH2x+10-F -N O (V) U

CF2mt1( CH2) n~ wherein x ranges from1l to 24, mranges from1l to 24, and n
ranges froml to 24. In a preferred enbodinent, x is 8 mis 6, and n is 2.
The surfactants are believed to be popentially capable of reverse mcelle
and/ or water-in carbon dioxide enulsijgn (i.e., mcroenulsion) formation. In
certain enbodi nents, such conpositiong containing water nmay be present as
honogeneous fl uids or phases. rdipglyy in anot(b(qe5 aspect the invention
“provides a reverse nmcelle that conprises t he conposition of matter as
defined herein and water. For the purgoses of the invention, the term
"reverse nmicelle" is defined as a nmicelRe in which a water conponent is on
‘the inner portion of the mcelle. Thus, the "hydrophilic" segnent of each
surfactant present in the reverse mcelle is on the inner portion of the
mcelle, while the "C02-philic" segnent of each surfactant is on the outer
portion of the mcelle. As a result, the surfactants are useful in a nunber
of appl i cawnihensin Fomagteniptependenthesatested mindgs laesramaljed er stipight-ehaihed

| at i nb f, ph tjcall ti t ei t
cel oct i on BHARERIT SokRdaR t 6rgner RFLl ARges BodT T P4l o ParTdts
enbodi ment g4+t Ner SWH,AC i ARNStHAerAbs@r St P XA itHinCd BANRERNh WBLET
renmoval in applications such as C02-based |ithography, wherein a Telatively

smal | ﬁnouﬁvcbfasm@ﬁ@_rxa@@&i Gnﬁzm@ﬂdﬁmremgn réb‘?_e@i fmlk/@cﬂﬁh:aldd e rEngesaway "
synt hes: 2} HETRAnGar e SRRkl f T ee B iR el i Bminedt i e

pol ynmers) andrddaeus@a@rio@pr(@tyzptaydrb@émnwmr@@r@bﬁ@r@n@ﬂ@rgchu@mcm)m
m croenul si on water pools as reactors/tenplates. The surfactants can al so
be used i n“EE®IRT EReaHIM ddPidhand & gndesdioan 1driddakwherain M dsaqueous

sol utions. cou%r%l&%%.ﬁq(g% BBLZ \Yaf gm@m&%@g %r‘rﬁgég'rﬁ?xr@% be

taken-up by the conpositions o ter and’
i nventi on. afarwithaurphmitatiom, Cg¢te ;€Y gli aren€ o Fit{€Ha)pamt preferved groupsyor Rpge

e e s
of Taki ng oacl 88 O e N d e B N R and B o PP e
pur poses ophodghearigatgromps tsuchoas, doosciaheplespipepitioe dhdrphalind, gnddher
like). In one preferred embodiment, when M* is NH,", Rr and Ry are each
independently selected and preferably range from CzF5 (CHaz)2 to CgF 7 (CH2)2.
Another preferred anionic surfactant according to the present invention is

of the following formula:



supercritical form The conposition of matter typically enploys carbon

di oxi de as a continuous phase, with the conposition of matter preferably
conpri si yofee@ea2about 50, 60, or 75 weight percent to aboWCTARO1IRI2or 99
wei ght percent of carbon dioxide. If liquid C02 is used, the tenperature
enpl oyed during the process is preferably below 31 C. In one preferred
enbodi nent, the CO02 is utilized in a "supercritical" phase. As used herein,
"supercritical" neans that a fluid neqbun1is at a tenperature that is
sufficiently high that it cannot be l|ijguefied by pressure. The

t her nodynam c properties of C02 'are rmported in Hyatt, J. Og. Chem ~49:
5097-5101 (1984); therein, it i s RRQre—Tné®NHae critical t enper at ure of
+C02 is about 31 C. In particular, the t hods of the present invention are
preferably carried out at a tenperaturk range from about 20C to about 60C.
The pressures enpl oyed preferably ranQ@thbn1about 1000 psia (6.9 MPa) to
*about 5500 psia (37.9 MPa). The conposition of nmatter may al so conpri se
conponents in addition to those descri bed above. Preferably, these
conponent syHgrdif R rBA§és Hohh Gﬁ}E(C?Héj [ RCAF, ﬂdﬁ?,{'ﬁhéfé{n fQERGEE b 1§ ude,
but are not limted to, polymer noditier, water) rheology nodifiers,

pl asticizi A§--agents, antibacterial agents, flame retardants, and viscosity

reduction nodifje Suan A tionally
enpl oyed. Thesehké eggﬁﬁﬁghﬁ§3£bgﬁhggﬁﬁﬁiH%ﬁggkgghﬁggﬁﬁgghé%ﬂﬁfﬂpghe
reactive fgadriosatfagtahly NExampleenaf catipnicsisictants siré haithatuinslidtienutreee

i nclude) but are no 1 to, alcohols (e.g., nethanol, ethanol, and

limted g..
i sopr opanolgpresenisd &’Héh%éprﬁ?wa%(\ﬁ'é ANdVol &9 8t diPegZinvnPhasphates):
chlorotrifluoronmethane, trichlorofl uoronethane, perfluoropropane,
chl orodi fl uor onet hane, and sul fur hexafluoride); amnes (e.g., 12 WO
02126921 PCT/ US01/ 29812 N-nethyl pyrrolidone); amdes (e.g., dinethyl
acetam de); aromatic solvents (e.g., benzene, toluene, and xylenes); esters
(e.g.) ethyl acetate, dilRasic,esters, and | actate esters); ethers (e.g.,

di et hyl et her, tetraEgﬂL f urg gl ycol et her I) al i phati c hydrocarbons
(e.g., nethane, ethan¥, [propa

ane, n-pentahe; and hexanes); oxides

(e.g.) nitrous oxide); ollefin é.g., ethylene and propyl ene); natural
hydr ocarbons (e.g., isq es, terpenes, and d-linonene); ketones (e.g.,
acetone and nethyl ethyl kefone); organosilicones; alkyl pyrrolidones
(e.g., Nmethyl pyrrolidgone)) paraf2i¥s (e.g., isoparaffin as well as other

al kanes and paraffin waxe®); petrol eum based sol vents and sol vent m xtures;
and any ot her conpati bl & solvent or mxture that is avail able and suitable.
M xtures of the above co-solvents may be used. Exenplary co-surfactants
that may possibly be used include, but are not limted to, |onger chain

al cohols {i.e., greater than or equal to C8) such as octanol, decanol,
dodecanol , cetyl alcoholﬁ | au al cohol, and the |ike; and species
containing two or nD¢§Da¢nnngreg?§yﬁé or ot her hggnogen bondi ng
functionalities; am des; |Jam nes; and ot her |ike conponents. Suitable other
types of materials thatggre useful as co-surfactants are well known by
those skilled in the art, and nay be enployed in the conposition of matter

of the present invention. M xt ur esXof the above may be used. The invention
al so provides a nethod of the separating the surfactant fromthe carbon

di oxi de and appl yin e syrfactant to a sybstrate. |n particular, the
met hod conprise@XﬁF%O&gVﬁ@ %gﬁﬂ&ﬁ?ﬁkﬁﬁ?ﬁ@h&ﬁW¥ﬁe%bHﬁ&F@ﬁH§1qupeast one
sur f act ant (&gt i WHekteih rﬁﬁadg%_@%rﬁmﬁtopm%?@%ﬁr_%a%nmﬂoré@am nsol vent

- g n#1 .
conpri sing carbon d]oxrde, wherein at least a p ion of the surfactant is
sol ubl e i ngtdup including, foramanaple) Ghing.{GEoxnpersin hoangés fratt drtodift anch
» substrate such that t rbo i oxi de_separates from¢t he surfactant and

wherei n t h8 BRI9°E f%BetB% é“@ﬁ@%ﬂﬁ?f’?’%’%‘?'%&@ﬂ?ﬁ qi¥sPe arhai%%ﬂ érg'n_g and
appl yi ng mahpfital Bronfida), $ifkaé f Gt BaRF e (AHONBf KBbhYesHistreagdhtdLsdtqsrpi bed,
~for exanple, in U'S. Patent No. 5,863,612 to DeSl none et al., the
di scl osur ebgloWihi ch is incorporated herein by reference inits entirety,

such as found on col. 5, line 47 through col. 6, line 71. Exanples of
nmet hods for separating the surfactant iwglude, without limtation, 13



WO 02/ 21 921 PCT/ USOL/ 29812 boiling off the carbon di oxi de and | eaving the
surfactant behind, and precipitation of the surfactant into a non-sol vent
ei t her bywpMRedlici ng a non-solvent to a vessel or reactorP@ousoaiediag t he
surfactant or the transfer of the vessel or reactor contents to another
vessel containing a non-solvent for the surfactant. !'n one enbodi nent, the
separation and application steps may be carried out together and include,
as an exanple, passing (e.g raying or spray-drying) a solution
cont ai ni ng the surfactf@ant througd3¢%cpr|f|ce tofiorm particles, powder
coatings, fibers, and|other coatlngs n the substirates. A wi de variety of
substrates may be enplloyed s Qs, W ut limtation, nmetals, organic
‘pol ynmers, inorganic poly nd conpoasites t her eof . Exenpl ary
substrates include, wijthout yntegrated~circuits, silicon
wafers, silicon waferg with vias i ng mater, |OMFdIe|ectrIC const ant
"surfaces used as interlayer dielectyics on integnated circuits, a MEM a
porous nmaterial, a nic C Qrgno-qporous material) a
non-woven materi al, surf ces surfaces to be treated with
passivation | ayers, surfaces be coated, surfages to be treated with a
sel f-assenbl ed nonol ayer (" SAM phot oresi st coated surfaces, optical
interfaces) optical relays, optCe€al fCbhers, netalllized surfaces, and
mcromrrors. These a?plication t echni ques are_gfnnnstrated for liquid and
supercritical solutions. The surfactant may forma | ow surface energy
coating on the substrate. Exanples of enbodi nents of substrates include,
without Iimtation, textiles, papers, fiber optics, as well as other
surfaces. The conpositions of matter) and in particular the surfactant, are

uscl o0 AsBHIBEImAE BRPKY R SRR, Bt B S bbuld B el SR 0.

particle sgmubeﬂmbodlmbr&gzgpsretsented&gdormmhs r@t@;jm(!b)lédcp(fnxpéncﬂ@i} er may
i ncl ude vari ou nts of surfactant. In a preferred enbodi nent,

conposi ti ofFHH '%f"“rasi% S E‘{’fﬁ"ﬂ'ﬁ?sé@orﬁ%ﬁﬁ &BHain ambpdinsents illuptrete ableast @18 8, 10,
15, or 20 V, egt ention
provi des aﬂnﬁn{erteﬁé}f?op’ C%ﬁgw n%&)vg;égﬂ; %gﬁé gh%:grr}g%gﬁl?gn&%? i ?Qéegﬁa#ﬁy

met hod conpfluskesacion gutimig adtathed to edydescdrbon spbcera(tetgar 1 ct@rmrl si ng wat er
with a secongbfqgg s%th n, of . tter co i, Sin at 02/26921
PCT/ USOL/ 298 1Y 16T LRI {08194 iy 'tséMUf@oﬁr%ﬁ"@idﬁg 3&1%@35‘@‘%%%6’95‘ BEe group
and {2) a sdspebroGPERIM asMAIskBfRPN di oxi de, wherein at |east a portion of
the surfactant is soluble in the solvent, such that the at |east one

surfactant renoves at |east a portion of the water fromthe first

conposi tion. Enbodi ments descrlblngckhe nd conposition of matter
conprising the surfactamg R@F@? cth\jher elynabove, as weldyas for the
sol vent conpri sing carBofi™ di‘oxi"de. referred enbodi nent’, the second

conposition of matter may be presenklas a honogeneous phase prlor to and
after contacting the first conpos of matter, although ot her

enbodi ments nay al so be contenpla[EdZZF ., the second conposition of
matter nay be heterogeneous. The conposition of matter conprising
wat er may be present in the form of O3 nunber of enbodi nents, such as, far
exanpl e, various articles of manufacture. Exanples of such enbodinents
include, without limtation, integrated circuits, silicon wafers, silicon
wafers with vias containing water, |owdielectric constant surfaces used as
interlayer dielectrics on integrated circuits, a MEM a porous material) a
m cro-porous material, a nano-porous material, a nonwoven material,
surfaces to be cleaned, surfaces to be treated with passivation |ayers,

« surfaces to be coated, surfaces to be treated with a self-assenbl ed

nonol ayer ("SAM'), photoresist coated surfaces, optical interfaces, optical
relays, optical fibers, netallized surfaces, and mcromrrors.



Met hods for carrying out water renoval may be conducted in systens,

vessel s, cells, and apparatuses known to one skilled in the art. Such
systens, W@e94931 cells, and apparatuses include, w thout PCirisvaedsen t hose
capabl e of withstanding high pressure. Such .equipnment may be optionally
contain agitation and heating neans, the selection of which is known. The
nmet hods of water renoval may be carried out by enploying batch, continuous,
and sem continuous systens. The furfa ts that are enployed in the

i nvention may be for by, i oudl es such as, fof,,exanple, as set
forth in Sadtler) V. 2W*ﬁ£%%%§§ﬁ%, . ft, M P.; Riwéi, J.; Riess, J.
G New Journal of Chem stry. 1998, 609 her synthesis routes nay al so be
- used. As an exanpl e, 1GmF2000(@H2)36921 PCT/ USOL/ 21 812 nmor phol i nosur f actant s
havi ng fl uorocarbon units attached thereto may be forned by first

phosphoryl ation of a fluorinated al cohol by phosphorus oxychloride in the
"presence of N(CHzCH3)3 and (CHsCH2)z0. In one enbodi nent, the formation of
di- and triesters and the chlorination of the al cohol can potentially be
avoi ded by using dry ether and an excess of triethylamne, which results in

the preci pivhatdirom afd hraretdachant@mindsnapiseldctl with m ranging from 1 to 24
(Perfluor oalé;yl ) al kyl di nor phol i nophosphat es are subsequently obtai ned

obt ai ned b§"ANFERAGNPIRTRITLR 4forprbPisheTed REROFITRBE iV4thoespect to formula
bi F- al k i i | ; t
plhz[sf)ho?yl g’tl}@n fd%@gg@lr ﬂ%&@f%ing%’ﬁéfﬁé%’qﬁ%ﬁ“ho%gd‘@}wﬁ aeg{ 5 wi th

mor phol i nefoasudedigrintrady e Sad8laed,n ¥.2.M, et al. Piperazine surfactants
may be made by followi.ng the teachin of Katritzk AR, Davis, T.L.,
Rewcastle G W ,Hmm&?fb% e ogs gt %"wgfasml H) t,ﬁr%quﬂﬁb Are|alsg epcompasses. | n

accordance with the teachings set forth in Katritzky, et al., the follow ng
synthesis path may be followed for form ng sul fonyl piperazinium conpounds:
n Et~o, rt C8F17-S-F + HN NCH3 ~ CBF~~-S-NON-CH3 O "--~ O 1 1.3 equiv.

Mei, OIl- Dowex Cl-) OCI" CHCN, rt ~ ~ +CH3 MeOH, rt ~~/~ +.CH3 1 3 ~

CaFl 7-0 NV ~CH3 ~ CBF-O N~ ~CH3 2 3 It is believed that one can form
pi perazi ni um phosphate surfactgnts by substituting N nethyipiperazine for
nor pholine in the synthetic pathway/utiNized for m)rph(ohienophosphat e
surfactant synthesi s. Cflam ﬁ)ﬁ‘at d ni ¢ ogen can t hen(! guat er ni zed by
i odonet hane to provi de one vari]ant he desired conpounds. An exenpl ary
synthesis route is given bel OiLN 16 WO 02/ 2&021 PCT/ USOL/ 29812 2 eq.

)

O

0
i/ N\
CmHom+10—~P—N O (V)
./
CrmHom+10

wherein m is independently selected and ranges from 1 to 24. Preferably, m is
10.

Hybrid morpholine-containing surfactants can also be employed and are of
the formula:

10



OEt OO0 HNVNNCH3 ROP-NONCHg | UPC13 + ROH -- ~~-T ROPCIZ N Et20 ~ N CH3
CH O~ ~+CHCHCNROP-NN-3 N~/ CHs CNt~ 21HsC CHs An enbodi ment

i1l ustratwag22693ynt hesis route for hybrid surfactants is PCTUE0/298421
according to the follow ng schene: 1. RF(CH2)20H, N(CH2CH3)3, (CHsCH2)20 2.
RHOH, N(CH2CH3) 3, (CH3CH2)20 3. H20, CH3CN 4..NaOH, CH3CH20H O O RF(CHOzO ~
~ -0O_ Na* PC13 ORH Neutral or anionic surfactants may be fornmed according
to the above enmbodinment. It shoul d be appreciated that these surfactants
may be formed by other synthesis route. In the above synthesis route, RHis
CrH2mt+~ wherein mranges froml Ly 24 R~ may be C~Fz~+~ wherein n
ranges from1l to 24. Varim H%(F?@ SS_I g conditions (e.g. (\/;lme and
tenperature) may be enpl oyed in tQEe akRove /nmet hod. I n one enbodi nent, for

exanpl e, steps 1 and %cFan t ace af a tenperature ranging from about
OC to about 10C with ™ rr omtenperature for about 6 to about 12

“hours under an inert 17 WO 02/ 26921 PCT/ USQL/ 29812 at nosphere (e.g.,
nitrogen or argon). Steps 3 and 4 take place under anbient conditions. The
above synthesis enpl oys equi prent and techni ques known in the art such as

o none SRS QU bohol D hoBeAbalt 6 Mty BeoRg A7,
| ﬂl ug{nregt el%taan@?@zﬁgérﬂmgc];dﬁmwt onis 8, mis 6, and ?1 is 2. w
The surfactants are believed to be potentially capable of reverse micelle
and/or water-in carbon dioxide emulsion (i.e., microemulsion) formation. In
certain embodiments, such compositions containing water may be présent as
homogeneous fluids or phases. Accordingly, in another aspect the invention
provides a reverse micelie that comprises the composition of matter as defined
herein and water. For the purposes of the invention, the term "reverse micelle" is
- defined as a micelle in which a water component is on the inner portion of the
micelle. Thus, the "hydrophilic” segment of each surfactant present in the
reverse micelle is on the inner portion of the micelle, while the "CO,-philic”
segment of each surfactant is on the outer portion of the micelle. As a result, the
surfactants are useful in a number of apblications. For example, the reverse
micelles may be capable of encapsulating a number of pharmaceutically active
agents therein, the selection of which is known to one skilled in the art. In other
various embodiments, the sdrfactants can also be employed in cleaning or water
removal in applications such as CO,-based lithography, wherein a relatively small
amount of water used in development can be dissolved and "swept away" into
the phase containing predominantly carbon dioxide as well as synthesizing
nanoparticles within microemulsion water pools. Organic (i.e. polymers) and
inorganic nanoparticles can be also prepared using microemulsion water pools
as reactors/templates. The surfactants can also be used in extraction

applications, e.g., metal extractions from aqueous solutions.

11



and are not intended to limt the scope of the invention. In the exanples,
t he norphol i nophosphate surfactants were prepared as described in Sadtler)
V. M et wbo2dtwese conpounds were purified by silica gel eorasat/eegiaphy.
The ani oni ¢ phosphate surfactants were synthesized by adapti ng known

met hods for pre@ar.i ng phosphates with fluorinated chains (see Krafft,

M -P.; Roll and, Variogs amguats phyatep. maRrbedakerdup Gy tNewonpasitainsaff nGhitari st ry

(500’ Romst 20 metRds bR ABRASERNAT £8F ol Bl Tahé ceBbdiBant he Tha O
conpounds gxluht beRatdiengxRatdEfomh dboviHbornd 5310 P20, sReettbalhonakber ns

and al so possessed adequate purity as determ ned by el emental analysis
< (Atlantic F9c30I%LED, 1§8s or 2 percant baged iondHe aveigeinefrtae Isyrfacteht.n 0.3 %

ol ubi 11 11 0 PrERrPANE IR HelRnEs it BTN Rn, REX PGP o B G o

“were carrigdinguip 480 @reertld? iarwmlaletyht o tHEefopmesismatergener at or/ vi ew cel |
(maxi mum volunme_= 15 L) containing a 0.5 inch thick sapphire w ndow for

viewi ng and a nB8hEE RUIPPEeS Bhihe igverfianacarhanediosidetis @mploped it ligwiest ed
ith the aj - ' h Ll through
i gh- pr esctapetcrldy b TABREERRA P RRENOREA] ehihhibeaon daideds.

pressur e taaostingars pinase wilbbgacdriesdiisoopingttep prafe eSEEMPASIng Graper at ur e
i Measur ed anpunts of surfactant and water were added

readouts, res g{tl el %/

at room t eApHRUPLE: BF i 8ve'ghiperssil oAb §0wPP hoidD weigiimeseenidf e heat ed
(controlle i I 1 (= Yo roll ed
heat i ng taﬁ%@&%ﬁd%‘c ‘r@gag%ggdu%%&ttﬁ%%%%%éﬁ%ﬁ@ﬁg% dgﬁ ngﬂﬁ sual |y
ful | y opaguecess ig prefigramby kelowkE Conntdre preddired) ecpboidémbnyt, itk Clerisal | y
varying the.pressure through.,vol ume changes faciJitated hy the

hand- cont r%ﬁ”[%gg 'Biastsgﬁgrcfﬁga]céjl%lasﬁ@ésﬂ rgtn,asg%er.crlwl?omeg%ﬂaf a

PCT/ USOL/ 208d ne@umngral e ferhirdithtiie sbﬂi%ié?ﬁ?@ﬁgﬂﬂﬂéﬂi‘t &nrdbYe liquefied
phase-separated |iquids. The cell was cleaned thoroughly between

exper i mentBY pgsures $pedhermnammnenie guoparties of f§arpaeRbredimbyatt.ahtdy. 40

spect r onet ras i I.QNS. were p red..n a.2..5 nm stainless
SFeel cel 1 CerLASS e TR a8k MRSl e BEAERG UEahP sPicaitepetiyfie v

W ndows enCDgss afgoat 31°@N Fodarticolr kaé ndthbas bf tRPpreRht AlenAswpHe  of
surfactant and water were placed into the cell chanber, along with a '/4

in. magnet PETRIEPIY tRiFicd gut ahpttampsrtum rEnom foIm mdony ROdE imgboptel’Ca
trat- ' - . hi
concent”at ggstle s g I VR BE8 S15, RN 6 500908l sovo 1

tightly seabad 5H0OPLinE3COIMPaas pressurized and stirred until a clear,

one- phase sol ution was present . Exanples 1-7 CO2 Sol ubilijt, val uation The
C02 sol ubility ngpe PB@DQGF'PQ(Q dﬂ?@ef\/@g@fm?% BRR CoriPrgeatss) &Eﬁlt@é‘stost eel
view cel |l {hds8 dlscribéd 8bBde. Wéﬂé@aly,scﬁéﬁ%i@gmhoﬂ%ﬁ{%qof Rlachivith tRE essur e

studi es. CO2/surfactant solutions were wi thin two sapphire gl ass

wi ndows ( sedfagiant tixerapleanceomppngrlp ingllide, hwirase ot limited, tohedlymen pl ace by
t hr eaded : fi n At dto.th | | t eel
tubt nge. f oroelielaRater bRy MBRineRE S I BG0 R iAo ieogti,” °' ¢

t her nocoupfiamendtatdats daee vistosibpraduetioh M. (GIBeRahty shcdsl pressure,
respectively, C02 was transferred to the cell by way of an |SCO single punp

conpr essorSUN@Gtants fpay msgma Petionalympipved.udbase sostnonesty mey desused if
Thechanber RERGT - al ' id of variac-controlled
heat i ng eltgkgnts.&Eﬁgégr\??r@w%Fl%?&/@ﬁ%ﬂ“%ér%%lpﬁg?ghed amounts of the
surfactants i ntbxehplarpanizeivate tiatwolhl bhdased inclinds, butiaghhbylimigad ta)g t he
chanber, and iiﬁr;],'%eicti [}% % &o Eressur S betvveen_%‘ 000 and 1500 psig at room
. t enper at ur@®° §S UDPBRO iRl AR iPoRmRPanY); {luRpRAISCAESONREr eased at a
rate of appsieyénmbelniventd B UlBiord®IMIBF f m%%[f]éﬂ ution
appear ances w%re recor ded. @Tﬁ_e reosrul ts aﬁ%?ét&é@kﬁ?#é et e
- 1 uor osur frestlaacProRane, shiarbtdlupreraethdns sahd edifimhetadiapride ), anspes éng.,
solutions) at concentrations of 10 percent (wv) 19 WD 02/26921

PCT/ USOL/ 29812 over tenperatures up to 60 C) and exhibited no cl oud points.
Hydr ocar bon
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anal ogs al so proved to be soluble over simlar pressure and tenperature
ranges. 20 WO 02/ 26921 PCT/ USOL/ 29812 Table 1. Solubilities of

Mor phol i neploegphat e Surfactants in Dense COz (2.5 nL vol umelr/use1/29812

Vi ght of Pr essur eSanpl e Tenper at ur eRangeSur f act ant (g) Range

~C) (psi g) Sol ubi I'i ty10.30424-601070- 23600 ear

Sol ut i on20N2986hw! 58&0%@2@@% (eS| dm@hﬁlwc&ﬁsweﬁpé&ﬁﬁbtmr&g

Sol utiond4 ,0,25925-59 O 1760Cl ear So 50. 258" 25-591070-2100C] ear
Sol ut | on6o(@2%3§§”§@'1% BlUS86081 5v'e§8§h Eﬁ{?ge%sﬁ} Visapeials. Q%@é@ RPrS,
Sol ution F fResefast h&FE @ LafehiR) . NV
CF2me1 cét"""@rz) R R B et ﬁor% ahate%%&g#*ﬁ@g@%@?ﬁ]@%ﬂpﬁ{ﬂo,
- n=2 Mononoaljghnattic ryplihesshane (elg., mrthane 2ethanergiopana, blytimpammrﬁnadr@gs

(7?02318' ?CO oun%}})ﬂ%; %t@&q@@é}lglefms e.g., ethylen?e and gggi{é‘ﬁ%) O 6 =0
’ natural hydrocarbons (e.g., isoprenes, terpenes, and d-limonene); ketones (e.g.,
acetone and methyl ethyl ketone); organosilicones; alkyl pyrrolidones (e.g., N-

methyl pyrrolidone); paraffins (e.g., isoparaffin as well as other alkanes and
paraffin waxes); petroleum-based solvents and solvent mixtures; and any other
compatible solvent or mixture that is available and suitable. Mixtures of the
above co-solvents may be used.

Exemplary co-surfdctants that may possibly be used include, but are not
limited to, longer chain alcohols (i.e., greater than or equal to Cg) such as
octanol, decanol, dodecanal, cetyl alcohol, laurel alcohol, and the like; and
species containing two or more alcoho! groups or other hydrogen bonding
functionalities; amides; amines; and other like components. Suitable other types
of materials that are useful as co-surfactants are well known by those skilled in
the art, and may be employed in the composition of matter of the present
invention. Mixtures of the above may be used.

The invention also provides a method of the separating the surfactant from
the carbon dioxide and applying the surfactant to a substrate. |n particular, the
method comprises providing a composition of matter comprising at least one
surfactant comprising (1) at least one phosphate group and (2) a solvent
comprising carbon dioxide, wherein at least a portion of the surfactant is soluble
in the solvent; and applying the composition of matter onto a substrate such that
the carbon dioxide separates from the surfactant and wherein the surfactant
coats the substrate. Techniques for separating and applying materials to a
substrate are known in the art and are described, for example, in U.S. Patent No.
5,863,612 to DeSimone et al., the disclosure of which is incorporated herein by
reference in its entirety, such as found on col. 5, line 47 through col. 6, line 11.

Examples of methods for separating the surfactant include, without Iimitation,'



Exanpl e 8 Synthesis of Bis-[2-(F hexyl)ethyl]phosphate, sodiumsalt O
C6F~3(CHzZ)2 0-F-O Na~' Di FB C6F13(CH2)2-O | Viw = 812. 15 gl nol

Bi s- [ 2- ( WO lk2692) et hyl | phosphat e, sodi um salt was synt hesiPggdisave®wizli ng to
the foll owi ng exanpl e. Phosphorous oxychloride (5.27 g, 34.3 nmol) was
added via syringe to 200 nL anhydrous diethyl ether, under nitrogen. The
m xt ur e waXiltopb&dhe catbap, diaridearsbleavingrthefsurfbctz@tHb2hindHape piécipitatast anol

25 68. 7 | d.tr.iethyl j 17. , 172 | i 100 nL di et hyl
ther was JiBRRHHZGHRN b SOV E Tt HETS R PERCBR AMar-SoBPRLIC Vasse The
sol uti on W Retdreon@ARnE AR L AREIRY 6F‘91é"ﬁ‘i§nﬁb¢8f"ﬁ@ \Fﬁ%ﬁéltérrrefaﬁfotrher under

nitrogen overnight. The resulting white soli triethylam ne hydrochl ori de
-salt) was ddnterisdd anuthevasisedl santaini@oa monesodtant forethkesurfatiant s oh veat and

triethylam d yi - Ot tion,. i.di
orange of | SRR i SO P pBelica luBEt P e ool tipo el Two
‘layers of éﬁﬂﬂrﬁ:ﬁid@,%S'érﬂé‘ké}ﬁplb?égézéigg(e.@?,dsptrﬁ)gnb@)‘ﬁ%brdy@d nd}@SsdiafbRt ed and
.59 0

dried under rotary evaporation. of crudeas a Visco orange oil was
provi ded. cdaiging thessurtacsantupraughiaroorifide ot feemalartidegayvdsr ddadRgé50 wt . %

in water, 28 . i di ssal ved in 20 et hangl ,was sl ow
added. Theﬁbseéguﬁ%ht@(?g% Bﬁ@%@éﬁ?ﬁ'{'%&&fﬁaa %W‘Fiec rﬁ%ogﬁﬂﬁi@&% gy be Y
over ni ght .epApifystigushiak witheli bnftatich, Meters ofrd;éﬁié‘bég/n"r’é]g, ﬂbﬁq"a%ﬁ@ed, ~and the
filtrate was concentrated via rotary evaporation and precipitated with

di et hyl etRRlYMethdexidasl ancheprappsitesiherenti dxeatdanrubstratesmingiyden 100 ni,
and 1 g d iZdhingi~Ga : d.k: |y LS. € ting

ol it on TN PEE o R Rl S0 MBS, ML wal s I TEh  en
evapor at edcoritdinthgwats, w-dielddiic dersstaedsyrfandgaisedfdseintarmyendigkotiiog was

rovi ded . > 22 . 26921 PCT/USO1 /29812 'H NVR. (300 MHz: 8,
pCD3\(S:Z)) 4. (1‘%? t’“ﬁ?gr@fqﬁdc g‘ﬁ“-“{'ﬁr \é\&g ,POrpps meatgrigl, a @Q%P,Ofoz{saﬁatqr%," aH  JNN:
6.6 Hz, JwJAo- : R ek . 83, CF3),
P05, 1 (o) aer iR hiterigh uees b bR he B et e
:2 3( 4112 1 I\H/l_iibe gea'@ﬁ%tﬂl) pa@si@éticpﬁkanygrsalsurf@adasgb be c@la%ﬁ, ﬁﬁﬁ?tbs ﬁ;l Bﬁireﬁﬁamd: C

. 46; .00, e nt hesi s - ecyl ) et hyi.] oc osphate;
sodi um salwl%aé%@@?gﬁwiﬂer@A%)’ %’,ho%é{@g'ég ?O%ﬁfl’fft@%@&@pt%?g. 3
g/ ol 2- (Fingefadesebpiidd @&byé,r&%@ahqﬁegs, %%8' l%ﬁ@osﬁ%ﬁad@,saﬁ% gﬁig%?hiFr% as

fol l ows. Phosphorous oxychloride (1.3 g, 8.6 nmol) was added via syringe to
25 nlL anhythesgsappliseton teghndgyesmgcterapaeiratediier liduid and suasrariiokled to 0' C,

and a sol uti f | (4 : 8,2 mmol} and
et et hyt antiS: (1ip s gbhETaD 058 W CRERRST N b O oF 87 ) acted. A
whi t e predybstrate ERamplar sesmbddienentx bisebstages iiduds] Wioul limitatio®, C, and
a solution of 1-octano{ .2 mol) and triethylamne (2.1 g, 20.8

(1.1 g, 8
m) in 25 RKUIBFRPRGS etlPRIrORLISS, a%IWeH qsdjt%‘ﬁés%‘@%si- on, resulting in the
formati on of i L ecipi : Ut to
Foom t enper at ur o ang hos oS PP k' SaEbiE e Sl Bl bt |
(tri et hyl animeehyidrptichbonsisuctads }butest finitedrtedelaacing eotedsesatelveats

condensed vi a_.rotar vappration and dissolved in a 20 nL nj xture of
acetonitr iﬁ%?é?{a“%lﬂv“o%p@fym?f ?Qﬂ?”)p.mcle%ﬁso\“%ré? pﬁé?'es?ﬂ'\%?s'ﬁdﬂ% and the
sol ution v@gypidticredchy®s ni ght, providing a white solid, which was washed

wth acetonitrile and filtered. The solid was triturated in chloroform the
i nsol ubl e nat er kg coMppPsitien Amatteranry inskideyaiasamPveissy sdriac@ntotar y

evapor at i i ; ral osph nt) - The
cor r espond Rgeq%@%?\éﬁwm%tgéfé%f%ﬁﬁh & mgllf'er (Pon%r?se(szlfﬁjr% a%%b?‘? 5 5,
or 7 to about 5, 8, 10, 15, or 20 percent by weight of surfactant.
- In another aspect, the invention provides a method of removing water from
a composition of matter. The method comprises contacting a first composition of

matter comprising water with a second compaosition of matter comprising: (1) at
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PCT/ USOL/ 29812 salt was prepared in quantitative yield via neutralization
with 1 equival ent of sodi um hydroxide in ethanol {np > 225 C). ~H NMR (300
MHz: 8, ®@B30I}6921 14 (q, 2H, RF chain CH20), 3.84 (g, 2H, RNTASaI/208CH20),
2.55 (m 2H, CF2CH2)) 1.6 (m 2H CH2CN2CH20), 1.2-1.4 (m 10H), 0.88 (t,
3H, JHH: 7.1 Hz) ~9F NWVR (282 MHz: 8, CD30D) -81.4 (CF2CF3), -113.3
(CH~CF2), leagtoneysurfagtanicompnsing at {eask ogephosphat grog 2) apavavR {121

H .2.7
D 6. Exanal iR SAMRL kB o oF fedina abrtion Bbing, S ttais 308 ¢ or o
chai ned analtl@@sslw@ﬁamnttﬁawreeatﬂéﬁﬂ%ea&ﬁw&érﬂgeh%vbg%t fé%is'c Qvﬁd?ﬂoﬁ)éf‘t hesi s
route: 1. 2 eq. CBF~3{CH2)20H, N(CHzCH3)2, (CH3CH2)20 2.

. NaCH, CH3dReoYater tom thegirsbeappgsitiom O * Na+ PCL3 CBF~ 3(CHZ) 20 ')4 V\o

02/ 221 PCT/ U Poi nt .. Eval uat

sol ubilities O%@éﬁ?%ﬁnt&ﬁ@@hﬁg &8? (?'ﬁcgCPWQEF'Q”G%%?#%«&C@WIS&W s e
"eval uat ed sumfa«;&arhme(ile@f@rdeher@ldaonan§m(e@'d§@d %Igﬁgg%%%w%h%igmpdor?ngm
,an

Curves T ord g 1S arkiariaet emapdingant, s sa0an Jrepositig ahipelen mag id Poi nt
Eval uati Ofpresent as a homogeneous phase prior to and after contacting the first

composition of matter, although other embodiments may also be contemplated,

i.e., the second composition of matter may be heterogeneous.

The first composition of matter comprising water may be present in the
form of a number of embodiments, such as, for example, various articles of
manufacture. Examples of such embodiments include, without limitation,
integrated circuits, silicon wafers, silicon wafers with vias containing water, low-
dielectric constant surfaces used as interlayer dielectrics on integrated circuits, a
MEM, a porous material, a micro-porous material, a nano-porous material, a non-
woven material, surfaces to be cleaned, surfaces to be treated with passivation
layers, surfaces to be coated, surfaces to be treated with a self-assembled
monolayer ("SAM"), photoresist coated surfaces, optical interfaces, optical
relays, optical fibers, metallized surfaces, and micromirrors.

Methods for carrying out water removal may be conducted in systems,
vessels, cells, and apparatuses known to one skilled in the art. Such systems,
vessels, cells, and apparatuses include, without limitation, those capable of
withstanding high pressure. Such.equipment may be optionally contain agitation
and heating means, the selection of which is known. The methods of water
removal may be carried out by employing batch, continuous, and semi-
continuous systems. .

The surfactants that are employed in the invention may be formed by
various techniques such as, for example, as set forth in Sadtler, V. M.:
Jeanneaux, F.; Krafft, M. P.; Rabai, J.; Riess, J. G. New Journal of Chemistry.

1998, 609. Other synthesis routes may also be used. As an example,
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The solubilities of various surfactants of the fornul a descri bed bel ow were
eval uated in carbon dioxide: O 010F21-(0H2)2-O-P OH RH wherein RHis CaH9
("12-4") weBtRe92(" 12-8"), and C-zH2s {"12-12"). C oud poi ®RCTAipovess1t or

t hese surfactants are set forth in FIG 3. 25 WO 02/ 26921 PCT/ USO1 /29812

. Exanpl e 13 O oud Point Eval uation (Anionic Surfactant) The solubility of
an ani oni ¢ RYPhginasiiagtantshaviniineioseden WHE tachrdiaerete Mayde Prmed

Coud poi nevaie, Ehere bR e Bt b IR B Sfphiide frdel, *

Cl oud Poi ntpré&yeaessili MCHADHYR iaad SCH;8¢1,30.S)h dhe efWodirhent, Yheformatianiopni ¢
surfactant of the fornula described bel ow was eval uated in carbon di oxi de:

+ O C-oF2~- (g7 tigstess agkiherghlopnationof e picobehoan peterdially ha@vetsied-by

bl e 15 RISt 2ot SesBor PRVt iy R hghshbipion® =
' of triethylammonium chloride. (Perfluoroalkyl)alkyldimorpholinophosphates are
subsequently obtained obtained by a reaction with morpholine. The synthesis of
bis[(F-alkyl)alkyllmonomorpholinophosphates also may involve the direct
phosphorylation of F-alkylated alcohols by OPCls, followed by reaction with
morpholine as described in Sadtler, V. M., et al.

Piperazine surfactants may be made by following the téachings of
Katritzky, A.R., Davis, T.L., Rewcastle G.W., Rubel, G.0O., and Pike, M.T.,
Langmuir 1988 4, 732-735. In accordance with the teachings set forth in
Katritzky, et al., the following synthesis path may be followed for forming sulfonyl

piperazinium compounds:

" / \ I / \
CgF17—S—F +HN  N-CHj B0ty CgF17-S—N_ N—CHjy
o ./ S
1
1.3 equiv. Mel, r Dowex CI, ' cr
, CHCN, o8 T\poHs MeOH R N oH
817 6 \ ,\CH3 ———— Y gk 17 6 \CHB
2 3

It is believed that one can form piperazinium phosphate surfactants by
substituting N-methylpiperazine for morpholine in the synthetic pathway utilized
for morpholinophosphate surfactant synthesis. The methylated nitrogen can then
be quaternized by iddomethane to provide one variant of the desired compounds.

An exemplary synthesis route is given below.

16



W O 02/ 26921 PCT/US01/ 29812 The water uptake capability of an anionic
surfactant was eval uated wherein the surfactant is of the formula: O
CloF21- (G¥8)p226021----P O Na* ORH wherein RH is CAH9 (" 12P€T)USOirevsi2
concentration of surfactant in carbon dioxide was 2.5 wei ght percent. The
results are set forth in FIG 6. Exanple 16 Water Uptake Eval uation
(Anionic Surfactants) The water uptake capability of an anionic surfactant
was eval uated wherein the surfactant %:&sq of the formula: O
010F21-(CH2)2 O -P O Nat+ ORH wherein ‘is CaH~7 ("12-8") The concentration
of surfactant in carbon di oxide was 2.5\ wei ght percent.—The results are set
forth in FRG 7. 27 E% 02/ 20021 PEY/ YSot 29812 rExami e NEcMat er Upt ake

- Eval uat i on'F',élAni OIRDE! trMrE), The-water ugt ake capat}i—l-/l ty of an anionic
surfactant was eval uated wherein the Syt Fact ant i{oD the formula: O
C~0Fz~-~CHz) z-O--P O~ Na 2 \

CHs
—J—»CZH;N RO_E_N/_\N+,CH3
3 L eny
() 21
H3CI>]\CH3

An embodiment illustrating a synthesis route for hybrid surfactants is

illustrated according to the following scheme:

1. Re(CH2)20H, N(CH,CHa)s, (CH3CH,),0
2. RyOH, N(CH,CHa)a, (CH5CH,),0

3. H,0, CH,CN
4. NaOH, CH;CH,0OH 'e)
O
| > R(CHy),0 —P—0 Na*
PCl, '
ORy

Neutral or anionic surfactants may be formed according to the above
embodiment. It should be appreciated that these surfactants may be formed by
other synthesis route. In the above synthesis route, Ry is CimHam+1 wherein m
ranges from 1 to 24 and Rr may be C,F2n+1 Wherein n ranges from 1 to 24.

Various processing conditions (e.g., time and temperature) may be
employed in the above method. In one embodiment, for example, steps 1 and 2
can take place at a temperature ranging from about 0°C to about 10°C with

warming to room temperature for about 6 to about 12 hours under an inert
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RH wherein RHis C 2H25 ("12-12"). The concentration of surfactant in
carbon di oxide was 2.5 weight percent. The results are set forth in FIG 8.
Exanpl e MoWater1 Upt ake Eval uation (Anionic Surfactants) TPaa/usal/essizpt ake
capability of an anionic surfactant was eval uated wherein the surfactant is
of the fornula: O C613-~CHz)z-~ P O Nat C6F13~CH2) 2~ The concentrati on of
sur f act ant aiMPPRERS he-Gi .Jiire@emas atmon ) wsitepf 3 gaddelake piaee vedgnabignt set

i awi ngs, - Siensey The PAAE ST EN *@%ﬁ?@% rt Job AR TR A

enbodi nent Eheoért sheh e@\o@memmm@)asalmbﬁu%ﬁsﬁeﬂaéwscadcesﬂmam e Ol tQﬁQ:ﬂ
they are used in a ?enerlc and descriptive sense only and not for t

- pur poses off eGUHPISNT AN 299D BPUCKFT- t he i nvention being set forth in the

A'methotof 1 em Ao 89%%@%%@5%59}9?!té‘,?'do%%%ﬂ%@%s HveRhe

conpri si ngand arg act llnngwdedftbrlsmlt dwmetcbfdhem‘ivdmhher IncthaTExasipigs, Wﬁéer W th
a second conp05|t|0280f matter conprising at | east one surfactant

conpr i si ngTMRAPIARSPNERRNPRFIRAIAY WGP péﬁﬂiar?@)aseﬁ%ﬁf'%%!n o8’ ¥i My &ar bon
di oxi de, Wit cator3HdWBRS bbby Ll SUT EGHARbaiaprgol bl e in the

sol vent, such that the at |east one su act renove | east a portion
of the wat &he fBnimic hbosphrate suoeptasits were synthesvzed by adapting known
methods for preparing phosphates with fluorinated chains (see Krafft, M.-P;
Rolland, J.-P.; Vierling, P.; Riess, J. G. New Journal of Chemistry 1990, 14, 869.)
and forming the sodium salt via neutralization in ethanol (see Romsted, L. S ;
Zanette, D. J. Phys. Chem. 1988, 92, 4690.). The compounds exhibited the
expected 1H, 19F, and 31P NMR spectral patterns and also possessed adequate
purify as determined by elemental analysis (Atlantic Microlabs, Norcross, GA),
i.e., defined as generaily within 0.3 % of the expected calculated analytical
elemental percentages.)

Cloud point solubilities of surfactants and surfactants and water in carbon
dioxide were carried out using a HIP variable volume pressure generator/view
cell (maximum volume = 15 mL) containing a 0.5 inch thick sapphire window for
viewing and a magnetic slir bar to agitate the solution. CO; was injected with the
aid of an ISCO compression pump connected to the cell through high-pressure
steel tubing. The cell was further attached to a Sensotec pressure transducer
and an Omega thermocouple for pressure and temperature readouts,
respectively. Measured amounts of surfactant and water were added at room
temperature prior to pressurization with CO,. Samples were heated (controlled
to £ 0.1°C) in the cell through the use of variac-controlled heating tape. Cloud
points (judged as the reversible onset of a visually fully opaque solution) were
taken on the cooling cycle by isothermally varying the pressure through volume

changes facilitated by the hand-controlled piston. The cell was tipped at a



2. The method according to Claim1, wherein the first conposition of matter
is present in an enbodi nent selected fromthe group consisting of

i ntegratedoozeeaits, silicon wafers, silicon wafers w th PCIQSoUeIsaz ni ng
wat er, |lowdielectric constant surfaces used as interlayer dielectrics on
integrated circuits, a MEM a porous material, a mcro-porous material', a
nano- por ousowmverd ahgledo rmichwotherobsehestionl of sy fleeessémarbedclieddedhesur f aces

to be treated with passjvation |ayers, surfaces to be coated, surfaces to
be treat eoc‘?ili V@S &Pe_@é'lefj-th%%\gg"l'yelae%@ﬁﬁledSP@r“”(@’@ﬁM'_), phot or esi st coat ed
surfaces, opti cev-\vi@_tsgfefc%%re%gggﬁggtuﬁgiﬁ%r%?mﬁ?ér LahRisdS4q et al 11 zed

surfaces, and mcromrrors. 3. ccording to aim1, wherein the
-at | east ospedwnietet.aRtessurped sebitians veastprepared inar dSanhetriglessigtest. The

nmet hod accor,ding.to Claim3, wherein the at | east one fluorocarbqn .grou
conpri ses CElnsARRPRATR Baddr. diamsteret Sbina gk 8BRNIER WIRINTATRS HEe

' t i . i t
AP a™ it G 3ok bth forldlf, PURFRIEHE B qUR of surfbrPEht Notepkerd] 70 1O

CnF2m+1( CHpo€d Wtietlaé gelinchamipes, dlomgwithtao2i4. aredyneticatigbar for agitatierm 24. 30
WO 02/.2@&02 [ USQ1/ 29812

P 6. The t hod or,di to Caim erein said
Sur P act antTFLYL BT SRUIIGUST 3 G BERDo orLa W hesgrBugeerdBRes to the
phosphat e & 8HB of The $ASpHTRS WAHAELHY B digloh &f & stbok SeluiBe VR Syrirde. The
hydr ocar bon-contai ning chain is of the formula: GrH2m+10 wherein m ranges

from 1 to ¢hemgernas kighipgealedorad tip ¢! wrainreasurizegrasichstiras! yiil ffe@leant i s
r epr esent e&@-éhé?%sg%i%iv@észggsgﬁ P Xi {XI'") ORH wherein RHis, C'H"+~
es 0 or

wherein n tan rom ~F2~+~(CH?) ~, wherein n ranges from1l to
24 and mranges from1 to 24 or GPH2P*, wherein p rages from1l to 24, RFis
C-F2"+, (CH2)mwherein n ranges from1l to 24_and mranges from1l to 24, and
Xi is a functional group selected f oup consi sting of hydroxy,

al kyl , and phosphoam de groups .according to daiml,
wherein the surfactant is an aﬁp&nﬁgﬁugﬂﬁy%%ﬁgy@gl

- The COz solubility of the surfactants was carried out using a stainless
steel view cell (2.5 mL internal volume) specially designed for high pressure
studies. COj/surfactant solutions were held within two sapphire glass windows
(sealed with Teflon® o-rings) which were, in turn, held in place by threaded steel
caps fit to brass washers. Attached to the cell were steel tubings for injecting
COz and for venting the system, as well as a thermocouple and transducer to
monitor internal temperature and pressure, respectively. CO, was transferred to
the cell by way of an ISCO single pump compressor. A Y inch magnetic bar was
included to stir solutions. The:chamber temperature could be raised with the aid
of variac-controlled heating elements.

Experiments involved adding weighed amounts of the surfactants into the
chamber along with the stir bar, tightly sealing the chamber, and injecting CO; to
pressdres between 1000 and 1500 psig at room temperature. The solutions
were stirred and the temperatures increased at a rate of approximately
1°C/minute. Temperatures, pressures, and solution appearances were recorded.
The results are listed in Table 1. The fluorosurfactants were soluble (i.e,

dissolved in clear, transparent solutions) at concentrations of 10 percent (w/v)
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WO 02/2@21 10. The nethod according to Caim9, wherein the anionic
surfactant is represented by the formula: Oil _ RFO-P-~ M(Xl) RHO

PCT/ I | S( MO 29821 wherein RH is, C'H2n+, wherein n ranges PCamsa18124 or
C~-F2~+~{CH2)m wherein n ranges from1 to 24 and mranges from1 to 24, RF
is CG-F2~+~ (CH2) mwherein n ranges from1l to 24 and mranges from1l to 24,
and Mis I@verftlampeoatuNtM&ptdﬁiO ‘Thendekhibited eeotidud goints Cl kydroarboRer ei n RF
is selected from%s e (ﬁ) Bonsi‘@)ﬁﬁ] }9 of C6F~3(CHz) ~ and C~oF2~(CH2)2 ,
R., is sellpgya QP8 SVt $IRYabPressHes anddpmperaiiEnNgaad
06H33, and Mis Na+t. 12 The met hod according to Claim1, wherein the
surfactant is a cationic surfactant. 13. The net hod accordi ng to Caim1l2,
wherein the cationic surfactant is selected fromthe group consisting of:
32 WD 02/26921 O RO-P-N-N~ (VM) N2 XN+ and O ROP-NON + (M | ) /\ ROX
PCT/ US01/ 29812 wherein Ris selected fromthe group consisting of C~-H-~+~
"wherein n ranges froml to 24 and C'F?~+~(CH?) m wherein n ranges from1l to
24 and mranges from1l to 24, and wherein X is a counteranion selected from
the group consisting of halogen, triflate, and _ FsC FsC _ F3C/ CF3 \ /



BCF3 F3C 1 ~\ / CF3 CF3 14 The nethod according to Caim1l1, wherein the
33 WO 02/ 2021 PCT/ US01/ 29812 surfactant conprises one or nore one or
nor e nor piob/a@2units attached to the phosphate group. 15PCTH&S0H28Dd
according to Claim14, wherein the surfactant is selected fromthe group
consi sting of O CnF2m+~(CH2)nO-P-N O (1) N O O CnF2m+1~CH2) nO0-P-N O 1 11)
CrF2mt~ (Cl-12)n O CH2m+~O-P-N O (1'11) N O 34 WD 02/2321 PCT/ USO1

R

ume)
Weight
of Pressure
Sample Temperature Range
Surfactant (g) Range (°C) (psig) Solubility
1 0.304 24-60 1070-2360 Clear Solution

0.298 24-53 1050-1820 Clear Solution
0.253 23-60 1100-2500 Clear Solution
0.259 25-59 1010-1760 Clear Solution
0.258 25-59 1070-2100 Clear Solution
0.253 23-59 1270-2960 Clear Solution
0.139 24-59 1250-2860 Clear Solution

~ O O B WN

Fluorosurfactants

O
0 % VAR
CrmFam+1(CH2)n 0= ‘:'> N CmF2m+1(CH2)nO—T—N Q
[ j CrnFam+1{CH2)n0
o .
Dimorpholinophosphate Monomorpholinophosphate
1. m=6, n=2 4: m=6, n=2
2: m=8, n=2 5: m=8, n=2
3: m=10, n=2 .

Hydrocarbon Analogs (control compounds)

O
/N 0 :
1/ \
CmHam+10— P N 0 CmH2m+1O—T—N 0

[ j CrHam+10

6: m=10 7:m=10.



RFO- P- U (X) RHO PCT/ USO1 /29812 wherein mand n are independently sel ected
wth mranging from1l to 24 and n ranging from1l to 24, x ranges from1l to
24, Mis webdedetd fromthe group consisting of K+, Na+, aR@TNIOW2ISR | s
CpH2p+1 wherein p rages from1l to 24 RF is C-F2~+~ wherein n ranges from1
to 24) and RHis either: (1) C-H2~+~ wherein n ranges from1l to 24 or (2)
C'F2n+1(Cl -12) mwherein n ranges from1 to 24 and mranges from1l to 24.

16. The method according to Claim1, wherein the carbon dioxide is
supercritical carbon dioxide. 17. The nmethod according to Claim1l, wherein
the carbon dioxide is liquid carbon Bxapplee8 18. The net hod accordi ng to

Claim1, wherein i f ant (es I i %brggﬁ't' of matter
“in an anount rang?ggﬂ?%%og(t?dggﬁl(ﬁﬂa}ggegﬁ&gbﬂBéﬁhgtn@g as‘gll(‘j‘| éoairzllpt he wei ght
of the surfactant. 19. The nethod according to Caim1, further conprising
at |east one additional conponent sepected fromthe group consisting of
“pol yner nodifier, theol ogy aedichiensi-phastdied zi ng agents, antibacteri al
agents, flane retardants, vi sgQgthy—-0educti¥h=8FdPPmers, co-solvents, and
co-surfactants. 20. The nethod according to Claim1l, wherein the water and
the surfactant in the second conposition of matter forma reverse mcelle.

T Tom e SRS k5L, LIE LSS el o
anount r anperiglidwiomexdzovse abRhdsghorausabouthi@i: (21T gnB4 Basethionas he wei ght
g;i ghﬁms ﬁ%ﬁcﬁ%ﬁ@%@gﬁﬁge% 7% hncw)l(_j a?\Lygr%Blsai&ﬂy(a et?xléF,fu‘fjtlw%te?rrlwtl’crc)tg%n‘?1 ﬁ'\uebSt rate,
mixture was cooled to 0 °C, and a solution of 1H, 1H,2H, 2H-perfluorooctanol (25
g, 68.7 mmol) and triethylamine (17.4 g, 172 mmol) in 100 mL diethyl ether was
slowly added, leading to the formation of white precipitate. The solution warmed
to room temperature and was allowed to stir further under nitrogen overnight.
The resulting white solid (triethylamine hydrochloride salt) was filtered and
washed with 100 mL diethyl ether. The solvent and excess triethylamine was
removed via rotary evaporation, providing an orange oil which was dissolved in
100 mL acetonitrile and 5 mL water. Two'layers of immiscible liquids resulted,
and the lower layer was isolated and dried under rotary evaporation. 22.5 g of
crude as a viscous orange oil was provided. The oil was taken up in 100 mL
ethanol. 2.28 g of NaOH (50 wt.% in water, 28.5 mmol NaOH) solution dissolved
in 20 mL ethanol was slowly added. The solution precipitated into a gel, which
was allowed to stir overnight. A white sticky solid (~ 3 g) was filtered and
discarded, and the filtrate was concentrated via rotary evaporation and
precipitated with diethyl ether. The resulting solid was dried and then taken up in
100 mL, and 1 g decolorizing carbon was added to the solution. This resulting
solution was briefly stirred. The carbon was filtered off and solvent evaporated.
14.9 g (53 %) of the desired product after vacuum drying was provided (mp > 220

°C).

N
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provi ding a conposition of matter conprising at |east one surfactant
conprising (1 ) at |east one phosphate group and (2) a solvent conprising
carbon. avoxR@e2iwherein at | east a portion of the surfactP&MUSOE2%d?2 uble in
t he solvent; and applying the conposition of matter onto a substrate such
that the carbon di oxi de separates fromthe surfactant and wherein the

sur f act ant'HCNAR: (300 NMblasr @DeOD2 3. 13T (e 4irk tUngob Sddnrbliend. 8t idz; G @), 2255

wherein the substrate is selec fro e group consisting of netals,
organic detygr‘é‘ﬁ gtfH-'ia%gr*%faﬁi’-'&' %é%@z%gu | es, and conposites thereof 24.
The nethod according to Caim23, wherein the substrate is selected from
the group consisting of integrated circuits, silicon wafers, silicon wafers
“wi th vias "CBNMRnI(28L WH2rs, CDe@DY -8B EX(CH LRpNIt ant (Gl ERged 205k d124.2,
interlayer dielectrics on integrate’d circuits, a MEM a porous nmaterial, a

ni cr opor oud 2Rdt é8 X F2)a-Tenb{B62id nmaterial, a non-woven material,
"surfaces to be cleaned, surfaces to be treated with passivation |ayers,

surfaces tg® oa L naSUr S reated with a sel f-assenbl ed

nonol ayer, Bm&‘e@ieﬁgt“ﬂgga%ggségbgéggﬁsﬁf p%‘ﬁti cal interfaces, optical relays,
optical fibers, nmetallized surfaces, and mcromrraors. 25. The nethod
accor di ng AvalciGaled 220 3346 il D PReFaunfegs g3 &% H10Pact ant  conpri ses at

| east one fluorocarbon group. 26. The nethod according to C aim25, wherein
the at 37 WO 02/ 26921 PCT/ USOL/ 29812 | east one fl uorocarbon group

conprises a hydrocarbon spacer attacged tg gn oxygen atom wherein the
oxygen atomis attached to the phos up. 27. The nmethod according to

G aim 26, wherei nsyhiesis bf palF-aeeyNetITI Ay IpHbspHAS, sSdivin EAR for mul a:
Ct, Fzn, +1 (CHz)~gwherei n Fni'&gangegbftr'%"m 1'{,0 24 and n ranges from1l to 24.
28. The met hod according to daim26, wherein said surfactant further

conpri ses a hydrocar bon- con?@“lzrﬁ?*hq;%‘r'fﬁﬁbf\'ﬁt Sﬁhﬁ'ﬁ o the phosphate group.
29. The nethod according to O ai MP?8° where t 'W@ﬂrocar bon- cont ai ni ng
chain is of the formula: CrHzm+~ O wherein mranges from1 to 24. 30. The
met hod according to Caim22, wherein the
2-(F-decyl)ethyl]octylphosphate, sodium salt was synthesized as follows.
Phosphorous oxychloride (1.3 g, 8.6 mmol) was added via syringe to 25 mL
ahhydrous diethy! ether, under argon. The mixture was cooled to 0-°C, and a
solufion of 1H, 1H,2H, 2H-perfluorododecanal (4.65 g, 8.2 mmol} and triethy_{lamine
(2.1 g, 20.8 mL) in 25 mL diethyl ether was slowly added. A white precipit;{e
then formed. The mixture was stirred for 1 h at 0 °C, and a solution of 1-octanol |
(1.1 g, 8.2 mmol) and triethylamine (2.1 g, 20.8 mL) in 25 mL diethyl ether was
added to the solution, resulting in the formation of more white precipitéte. The
solution was allowed to come to room temperature and was stirred under argon
overnight. The white solid (triethylamine hydrochloride salt) was filtered and the
filtrate was condensed via rotary evaporation and dissolved in a 20 mL mixture of
acetonitrile and chloroform (19/1). 1 mL of water was slowly added and the
solution was stirred overnight, providing a white solid, which was washed with
acetonitrile and filtered. The solid was triturated in chloroform, the insoluble
material filtered away, and the chloroform removed via rotary evapaoration to
provide 3.0.g of the neutral phosphate (48.4 percent) The corresponding sodium



surfactant is represented by the formula: O RFO P X~ (XI') ORH wherein RH
is, C-Hz"+~ wherein n ranges from1l to 24 or C'Fz~+~ (CHz) mwherein n
ranges f moonod249e1 24 and mranges from1l to 24 or CpHzp+l WEFUESON29812 ages
from1l 38 WO 02/2@21 PCT/USO1 /29812 to 24, RF is C~F?n*, (CH2) m wherein
n ranges from1l to 24 and mranges from1l to 24, and X, is a functional

group sel aatterhd prapdrée igyoantitsesyisid vig refutraligdtioaywital keduivasst of
phosphoam de, %%ups. 31, The nmethod according to daim22, wherein the
sur f act antSOO&TB hyErexige & elhepaimme.2292°C)the net hod according to O ai m 30,

wherein the anionic surfactant is represented by the formula: O RFOP-0 -
M (XI) RHO wherein RHis, C'H2"+1 wherein n ranges from1l to 24 or

* C~Fz" +~( CHig) RMsheBe0MRAzs §roBsO bl am4l(d, - 4R adHhimoraages.sur@mpd: Ry 24 RF s
C~-F2~+~ (CH~) m wherein n ra2r11_ges froml to 24 and mranges from1l to 24, and

Mis K+, &ain gfAhe?.5538), 2Fh&feéitfmd! -8doorat; (g GHET @), 322-1vhemei n RF i s

"sel ected f; royp,' c i,sting of C6F~3(CH2}2 and O oFz~(CH2)2 , RH s
sel ected f1rogm p%@ gr%pﬁ%ﬁg‘f@ﬁ ng of C4H9 , CBH~~, C~ZH25, and 06H33, and

Mis Na+. 34. The nethod according to Caim22, wherein the surfactant is a

cati oni c s RagRanta2 f sVOr0BA09aLs RSP SB01198 fodfor Jhe 1 gpyhod

according to Claim 34, wherein the cationic Surfact Selectéd fromthe
group condi2@t4,nd23f4, (7 x CF»), -126.0 (CF,CF3)

P NMR: (121 MHz: §, CDsOD) 1.53

Anal. Calcd.: C: 30.86, H: 2.72; Found: C: 30.73, H: 2.62.

Example 10
Synthesis of Di-Fluoro-Chained Analog Surfactant

Di-fluoro chained analog surfactants were formed according to the

following synthesis route:

1.2 eq. CBF13(CH2)ZOH, N(CH20H3)2, (CH3CH2)2O
2. HyO, CH,CN
3. NaOH, CH,CH,OH
O

> CgF13(CH,),0 ——P—0" Na*

CgF43(CH3)20



OROP-N-N~ (VI ) UN"'" 2 XNt and O RO-P-NON + (VI I ) RO X wherein Ris
sel ected fromthe group consisting of C'H2"+~ wherein n ranges from1l to 24
and CnF2-woe0e®prm wherein mranges from1l to 24, and wher ®CA/US01/29832
counterani on selected fromthe group consisting of halogen, triflate and 40
WO 02/26921 _ FsC FsCF3C - \ /| CFS B F3C~~CF3 1/ \ /| CF3 CF3 36. The
nmet hod.according to Caim22; wherei MeHCT/ US01/ 29812 surfact ant

conpri ses one or nore one or hal i its attached to the
phosphate group. 37. The net hoaég)é’rczgégm'f ‘faﬁ @FSPm 36, wherein the
surfactant is Sﬁ?h@%b%llftlé@@ﬂ/ﬁﬁo@%@a@cgﬂf%')o?tthé‘%r%ula 4O S BediowWgn0- P U

N O O CnF2mt~ ~CH2) nO- P- N~O 2me~ ~
. evaluated in carbon dioxide:

@)
CsF13-(CH2)2-O ‘_'—P_OH
Ry

wherein RH is C4H9 ("8-4"), CB_HW ("8—8"), C12H25 ("8-12"), and C15H33 ("8-
16"). Cloud point curves for these surfactants are set forth in FIG 2.

Example 12
Cloud Point Evaluation

The solubilities of various surfactants of the formula described below were

evaluated in carbon dioxide:

C10F21-(CH2)2—O_‘—P"""OH

Ry

wherein RH is C4Hg ("12-4"), C8H17 ("12-8"), and C12H25 ("12-12"). Cloud

point curves for these surfactants are set forth in FIG 3.
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WO 02/ 26121 PCT/ USU1l/ 29812 O CmH2m+~O-P.-~1~0 (I11) NOO 1 | CrH2mt~O P-N
O(lV) Cr-12mt~ O O C, ~Hzx+~O-P-N O (U OCnF2m+1(CH2)n0 42 WD 02/ 26921 O
RO P= ~ (Wwo(p2/kw@ and O RFO | .- ~ (X) RHO PCT/ USOL/ 29812 WRG&FUSON2981and n
are independently selected with mranging from1 to 24 and n ranging from1l
to 24, x ranges from1l to 24, Mis selected fromthe group consisting of
K+, Na+, and NH4+, R is CPHzp+~ MerEedamg}emgges fromlto 24 RFis CnF2~+~
wherein n ranges from1l to 24, and RHi1s either: (1) C'H"+~ wherein n

ranges from 1 to 24 eloydPomibvaluation ) Migriccswrfactanthes from 1 to 24 and
f h
e 1o ke e T P SR AAO e SRR LA

“Claim 22, awiged it hgrtﬂﬁf@@ﬂm@[ oxide is liquid carbon dioxide. 40. The
met hod according to Caim22, wherein said surfactant is present in said.
conposition of matter in an anmount ranging from. about 1 to about 10

“percent based on the weight of the surfactant. 41. The nethod according to
Claim 22, further conprising 43

O

CsF13 (CH2)2-O —pP—0 Na

ORy

wherein Ry is CaHg ("8-4"). A cloud point curve for this surfactant is set
forth in FIG. 4.

Example 14
Cloud Point Evaluation (Anionic Surfactants)

The solubility of an anionic surfactant of the formula described below was

evaluated in carbon dioxide:

C1oF24-(CHp),-O——P—— 0" Na”

ORy,

wherein Ry is C4Hg ("12-4") and CgH47 ("12-8") . A cloud point curve for
this surfactant is set forth in FIG. 5.

Example 15
Water Uptake Evaluation (Anionic Surfactant)
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WO 02/ 26921 PCT/ USO1 /29812 at | east one additional conponent selected from
the group consisting of polyner nodifier, rheology nodifiers, plasticizing
agents, amoodaererial agents, flame retardants, viscosityPCEdisot/2zesm

nodi fiers, co-solvents, and co-surfactants. 42. The method according to
Claim 22, wherein the conposition of matter conprises water. 43. A
conposition of ﬁmmmemmtpkda sapapility bf pnanideiasurnanamiazevaisaled act ant

conprisin st o 'SP and (2) a solvent conprising
carbon di g%ﬁ%lré’ &We?l@'?"ﬁctg't‘t 'P@g&e@g refl on of the surfactant is soluble in
t he solvent. wherein the anionic surfact ant is represented by the fornula:
Ol I RFOP-O- M (XI ) RHO wherein RHis, C'H2~+, wherein n ranges from1
“to 24 or C-F2~~.~(CH2) mwherein n ranges from1l to 24 and mranges from1l
to 24, RF is C-F2~+~ (CHz) mwherein n ranges from1l to 24 and mranges from
1to 24, and Mis K+ or Na*. 44. The conpositign of matter according to
"Claim43, wherein RF is selected fromthe grou consi sting of C6F~3(CH2) 2

and C-oF21(CHz)z , R ~ is select r the grup c sting of CAHO ,
C$H-~, 02H25, and 06H33, and @9 (Qm)zr. n{g’i\’ %ion of matter
according to Claim43, wherein the 44 WD 02/ 6921 PCT/ USOL/ 29812 car bon
di oxide is supercritical carbon dioxide. 46. T %corrposi tion of matter
according to Caim43, wherein the carbon di ox is liquid carbon dioxide.

wherein Ry is C4Hg ("12-4").
The concentration of surfactant in carbon dioxide was 2.5 weight percent.
The results are set forth in FIG. 6.

. Example 16 .
Water Uptake Evaluation (Anionic Surfactants)

The water uptake capability of an anionic surfactant was evaluated

wherein the surfactant is of the formula:

O
CyoF21-(CH3)p-O——P——0 Na”

ORy

wherein Ry is C4H,7 ("12-8").
The concentration of surfactant in carbon dioxide was 2.5 weight percent.
The results are set forth in FIG. 7.



47. The conposition of matter according to Claim43, wherein said
surfactant is present in said conposition of matter in an anount ranging
from abowoO 82/2@28bout 10 percent based on the wei ght of tRETAM0I/2812nt. 48.
The conposition of matter according to Claim43, further conprising at

| east one additional conponent selected fromthe group consisting of

pol ymer nodifier, rheology nodifiergxapi@stiiyci zi ng agents, antibacteri al
agents, flanme retardants, viscosity reduction npdifiers, co-solvents, and
co-surfactants. 49. THdateiripekake;yraluatigalAsioniccivdaniants) d ai m 43,

e o T e i

‘reverse mygigdeh Becauthagniio oftiad fordla:wherein the water is present in an
anount rangi ng from above about 0 to about 200 percent based on the wei ght

of the surfactant. 52. A conposition of matter conprising: (1 ) at |east
"one cationic surfactant conprising at |east one phosphate group; and (2) a
sol vent conprising carbon dioxide, wherein at |east a portion of the
surfactant is soluble in the solvent. 45 WD 02/26921 PCT/US01/29812 53.

' The conposition of matter according to Claim ﬁz, wherein the cationic
surfactant is selected fromthe group consisting of: OROP-N N+ RO X O
RO-P-N-N~ N 2 XN+ and (VI1)  CygFo4~(CHp)p-O——P——0O" Na*

Ry

wherein Ry is CiaHas ("12-12").
The concentration of surfactant in carbon dioxide was 2.5 weight percent.
The results are set forth in FIG. 8.

, Example 18
Water Uptake Evaluation (Anionic Surfactants)

The water uptake capability of an anionic surfactant was evaluated

wherein the surfactant is of the formula:

)

CeF 13-(CH5)o-O—P——0" Na*

CeF13(CH,),0

The concentration of surfactant in carbon dioxide was 2.5 weight percent.
The results are set forth in FIG. 9.



(V') 46 WD 02/26921 PCT/US01/ 29812 wherein R is selected fromthe group
consisting of C'H2~+~ wherein n ranges from1l to 24 and C'F2~+~(CH2) m
wh, ei - ei waoz/a69es from1l to 24 and mranges from1l to 24 PCAASOWRWIZIn X i s
a counteranion selected fromthe group consisting of hal ogen, triflate, and
_FsCFsC _F3C/ CF3\B/ FsC~ ~CFs 1, \. | CF3 CF3 54. The conposition
of matter accordithe épéc(ﬂcéii@h,@avﬂk’%%’, @ht dxaensies Bdre ha9simden @sclosed

e

supercritical carbon dioxide. 55. .conposition of matter according to
d ai m 52, WREebprEfered emprsimentxeidaeiirvantigni ands aftbenglisexeitie tergw arghe

conpositio t I i i i IS
present i n&gﬁ!oﬁgoﬁngé&?@ﬁ%%@&ﬂ gaﬂ%?qeglca%xﬁr;ﬂ gﬁg%{ﬁ@ﬁéﬁeﬂsﬁgﬁnﬂg&ﬁ hﬁf@ggﬁﬁ lto
“about 10 peurpests balisttation tthe ssepef i inBatiG beiRgt s fort!d h thEBli@eRBOSi ti on
of matter according to Caimb52, further conprising at |east one additional
conponent daleTted fromthe group consi sting of polyner nodifier, rheol ogy
‘nodi fiers, plasticizing agents, antibacterial agents, flane retardants,
viscosity reduction nodifiers) co-solvents, and co-surfactants. 47 WO

02/ 2C921 PCT/ USO1 /29812 58. The conposition of matter according to Claim
52, wherein the conposition of matter conprises water.
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59. A reverse mcelle conprising the conposition of matter as defined by
Claim58. 60. The reverse mcelle according to Caimb59, wherein the water
i s presemwoOpm@nl anount rangi ng from above about 0 to aboRrCTAB0I/pSIZent
based on the weight of the surfactant. 61. A conposition of matter
conprising: (1 ) at |least one surfactant conprising at |east one phosphate
group; andTHAT WHICH/E\WCLamMBD:si ng car bon di oxi de, wherein at |east a
portion of -the urfactant is soluble in the solvent; wherein the at | east
one surfactant ConprieBedeiéemPvingruatshEoRt 2 serwasiiqshe Mateufdids at t ached
to the phogp ? 62. The conposition of matter according to Caim
61, whereint sur actg Is selected fromthe group consisting of O

- CnF2m+~( CH2) n0- eéntabtmg( & ¥irdd ddn@abRion m@ﬂé@ﬁﬂﬁﬁgﬁﬁ@/gﬁ@ﬁwgﬁ(%ﬁe%o@a N OO
CrF2m+1( CH2) n0-P-N O Cm F2m+1l (CH2)n0 O CmH2m+~O- P- (.

OrrHz i~ (opﬁ%u”@% %jof:éﬁﬁlgfﬁﬂﬁtﬁf@ﬂg |(1t5a¥—lﬁ@$t@n@smrf@0taoy cgmprising at least

one phosphate group and (2) a solvent comprising carbon dioxide, wherein at
least a portion of the surfactant is soluble in the solvent, such that the at least

one surfactant removes at least a portion of the water from the first composition

2. The method accordiﬁg to Claim 1, wherein the first composition of
matter is present in an embodiment selected from the group consisting of
integrated circuits, silicon wafers, silicon wafers with vias containing water, low-
dielectric constant surfaces used as interléyer dielectrics on integrated circuits, a
MEM, a porous material, a micro-porous material, a nano-porous material, a non-
woven material, surfaces to be cieaned, surfaces to be treated with passivation
layers, surfaces to be coated, surfaces to be treated with a self-assembled
monolayer ("SAM"), photoresist coated surfaces, optical interfaces, optical

relays, optical fibers, metallized surfaces, and micromirrors.

3. The method according to Claim 1, wherein the at least one

surfactant comprises at least one fluorocarbon group.

4. The method according to Claim 3, wherein the at least one
fluorocarbon group comprises a hydrocarbon spacer attached to an oxygen

atom, wherein the oxygen atom is attached to the phosphate group.

5. The method according to Claim 3, wherein the at least one
fluorocarbon group is of the formula:
CmFam+1(CH2)nO

wherein m ranges from 1 to 24 and n ranges from 1 to 24.
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Cm F2mtl (CH2)nO 49 WD 02/26921 RO-' - ~ (IX) MO and O RFo- | - ~/ (X
RHO PCT/ US01/ 29812 wherein mand n are independently selected with m

rangi ng WORY269%2b 24 and n ranging from1 to 24, x rangesPCTamIN29842 24, M
is selected fromthe group consisting of K+, Na+, and NH4+, R is CpH2P+~
wherein p rages from1l to 24 RF is C-F2~+~ wherein n ranges from1l to 24,
and RHis either: (1) C-H2"+, wherein n ranges from1l to 24 or (2)
C~Fz~+~(CH2) m wherein n ranges from1 to 24 and mranges from1l to 24. 63.
The conpositionBof nhbe arcthed@carisina tp Cladnr. sheraies®@d n t he carbon di oxi de

Graimor, snerar BRBCLatbBRL G 5 PAroBr T AREHiAL BRp SR Al B8 TR ™

“conposi ti ophedpHaé yesuaccording to Caim 61, wherein said surfactant is
present in said conposition of matter in an anmount ranging fromabout 1 to
about 10 percent based on the weight of the surfactant. 50 WO 02/ 2021

"PCT/ US01/ 29812 66. T- it : N1 i to daimé6l, further
conprising at | 2ast Eﬁeeﬁgé(m?@iarghg}la]ﬁ%%ﬁerﬁtﬁ'sel e%&etﬁgf romthe group

consi st i nghpdropatbpnesort@idirlg eain idebthedgrmuidi fi ers, pl astici zi ng agents,
anti bacterial agents, flane retardants, viscosity reduction nodifiers,

co-sol vents, and co-surfactants. 67. The conposition of matter according to
Claim 61, wherein the con@%ﬁz%bgﬁ of matter conprises water.

wherein m ranges from 1 to 24.

8 The method according to Claim 1, wherein the

surfactant is represented by the formula:

O

REO—P—X, (X1

ORy

wherein Ry is, ChHan+1 wherein n ranges from 1 to 24 or CyF2n+1(CH2)m wherein n
ranges from 1 to 24 and m ranges from 1 to 24 or CyHzp+1 Wherein p rages from 1
to 24, Rg is ChF2ns+1 (CH2)m wherein n ranges from 1 to 24 and m ranges from 1 to
24, and X; is a functional group selected from the group consisting of hydroxy,

alkyl, and phosphoamide groups.

9. The method according to Claim 1, wherein the

surfactant is an anionic surfactant.

31



68. A reverse mcelle conprising the conposition of matter as defined by
Claim67. 69. The reverse mcelle according to Caim68, wherein the water

i S presemwoioerzémit anount rangi ng from above about 0 to aboRCTAGO1/PSAZent
based on the weight of the surfactant. 51 .A9!3 . A {& AU& A{& A h9. A

U&. AU. AU&. Ah9. A& AU9. AA9. AU&. AU&. A. A9. A9. ALN. AU&. A9. A&. A&{ & AU. AYWO. A
9. AY&. A9. A& A& AB. A3TBe.mAéihadaccA’lingto Blah&ld AvhdeimEe Al & . A;
& Ar.A3& . A A9. . A& .A%r.. A As& A 9. A _
* D o~:T9%?EPWr§ﬂC6% _'ilﬁf%r&]séaiﬂdc%)}%ﬁ]feé{]“lﬂ@} ca] caV] ca] ca] ca] caV] cal] caV]c
a] ca] ca] c”a] ca] ca] c”a] ca] ca] ca] ca] c$a] c”al] ca]ca]c:a]cRaU ca C'g$ 0 < |
4FG R
"CK| vgkf [ U e_ZUWV] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca
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wherein R is selected from the group consisting of CyHan+1 Wherein n ranges from
110 24 and C,F2n+1(CH2)m wherein n ranges from 1 to 24 and m ranges from 1 to
24, and wherein X is a counteranion selected from the group consisting of
halogen, triflate, and |

|
griee

14 The method according to Claim 1, wherein the
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15.  The method according to Claim 14, wherein the surfactant is

selected from the group consisting of
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RHO

wherein m and n are independently selected with m ranging from 1 to 24

and n ranging from 1 to 24, x ranges from 1 to 24, M is selected from the group
consisting of K*, Na”, and NH,", R is CyHap+1 Wherein p rages from 1to 24 Re is
CnF2n+1 wherein n ranges from 1 to 24, and Ry is either: (1) C,Han+1 Wherein n
ranges from 1 10 24 or (2) CnF2n+1(CH2)m wherein n ranges from 1 to 24 and m

ranges from 1 to 24.

16.  The method according to Claim 1, wherein the

carbon dioxide is supercritical carbon dioxide.

17.  The method according to Claim 1, wherein the

carbon dioxide is liquid carbon dioxide.

18.  The method according to Claim 1, wherein said
surfactant is"present in said composition of matter in an amount ranging from

about 1 to about 10 percent based on the weight of the surfactant.

19.  The method according to Claim 1, further comprising
at least one additional component selected from the group consisting of polymer
modifier, rheology modifiers, plasticizing agents, antibacterial agents, flame

retardants, viscosity reduction modifiers, co-solvents, and co-surfactants.

20.  The method according to Claim 1, wherein the water and the

surfactant in the second composition of matter form a reverse micelle.

21, The method according to Claim 1, wherein the water is
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22. A method of applying a surfactant to a substrate, said method
comprising:

providing a composition of matter comprising at least one surfactant
comprising (1) at least one phosphate group and (2) a solvent comprising carbon
dioxide, wherein at least a portion of the surfactant is soluble in the solvent; and

applying the composition of matter onto a substrate such that the carbon
dioxide separates from the surfactant and wherein the surfactant coats the

substrate.

23.  The method according to Claim 22, wherein the substrate is
selected from the group consisting of metals, organic polymers, inorganic

polymers, textiles, and composites thereof

24.  The method according to Claim 23, wherein the substrate is
selected from the group consisting of integrated circuits, silicon wafers, silicon
wafers with vias containing water, low-dielectric constant surfaces used as
interlayer dielectrics on integrated circuité, a MEM, a porous material, a micro-
porous material, a nano-porous material, a non-woven material, surfaces to be
cleaned, surfaces to be treated with passivation layers, surfaces to be coated,
surfaces to be treated with a self-assembled monolayer, photoresist coated
surfaces, optical interfaces, optical relays, optical fibers, metallized surfaces, and

micromirrors.

25.  The method according to Claim 22, wherein the at

least one surfactant comprises at least one fluorocarbon group.

26.  The method according to Claim 25, wherein the at
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oxygen atom, wherein the oxygen atom Is attached to the phosphate group.

27.  The method according to Claim 26, wherein the at least one
fluorocarbon group is of the formula:
CmF2m+1(CH2)nO

wherein m ranges from 1 to 24 and n ranges from 1 to 24.

28.  The method according to Claim 26, wherein said

surfactant further comprises a hydrocarbon-containing group attached to the

~phosphate group.

29.  The method according to Claim 28, wherein the

hydrocarbon-containing chain is of the formula:

CmH2m+1O
wherein m ranges from 1 to 24.

30.  The method according to Claim 22, wherein the

surfactant is represented by the formula:

wherein RH.is, CnHans1 Wherein n ranges from 1 to 24 or CaFan+1(CHa)m wherein n

ranges from 1 to 24 and m ranges from 1 to 24 or CpHzp+1 wherein p rages from 1
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WAKx YZaBYMCaha X is a functional group selected from the group consisting of hydroxy,
alkyl, and phosphoamide groups.

31.  The method according to Claim 22, wherein the

surfactant is an anionic surfactant.

32.  The method adcording to Claim 30, wherein the
anionic surfactant is represented by the formula:

?l.
RFO—P—O "M (X1)

RHO

wherein Ry is, CnHan+1 Wherein n ranges from 1 to 24 or CpFzns1(CHa)m Wherein n
ranges from 1 to 24 and m ranges from 1 to 24 Rg is CyF2n+1 (CH2)m Wherein n

ranges from 1 to 24 and m ranges from 1 to 24, and M is K, Na*, or NH,".

33.  The method according to Claim 32, wherein Rr is
selected from the group ‘consisting of CgF13(CHz2)> and CyoF21(CHa),, Ry is

selected from the group consisting of C4Hg , CgH17, Ci2H2s, and CieHasz, and M is
Na®.

34.  The method according to Claim 22, wherein the surfactant is a
cationic surfactant.
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wherein R is s‘elected from the group consisting of CnyHan.q wherein n ranges from
1 to 24 and CyF2n+1(CHa2)m wherein m ranges from 1 to 24, and wherein X is a

counteranion selected from the group consisting of halogen, triflate, and
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36. The method according to Claim 22; wherein the

surfactant comprises one or more one or more morpholine units attached to the

phosphate group.

37. The method according to Claim 36, wherein the surfactant is

selected from the group consisting of

D R
CmFam+1(CH2)sO—P—N 0 ()
| N
O
0
T
CmF2m+1(CHz)aO—P—N o) (1
| N
CmF2m+1(CHZ)nO



10z 10zY:10%& ()-Y6@

10%& ()-Y1L10%& ()-3Y1!'10%3& ()-31 010% & () - xxxx8y; y<y=y>ydYNCIF ! 10z
10z 10z: YO@B2¢9P1 Ys! 10% & () - Y10%& () - PCT/US01/29812
"910% & ()-910%& ()->yYyyyyyyynT:C F 10%& ()- 10%& ()- 10%& () -
10%9& () - 10%& ()-S10%g& ()-& '10%& () -yyyyyyydJ: CF 10% 10%& () -
10%9&' ()- 10%& ()- 10%& ()- 10% & ()-) ?eyyyyyyydJd: C F 10% 10%g& () -
10%9& ()- 10%& ()- 10%& ()- 10%& ()-) ?eyyyyzzzyZ;:CF 10%& () -

O
o/ N\

CmH2m+1O—P—N 0 (1)
AN
N

(]

O
1 / \
CmHom+10—P—N 0 (1V)
___/
CmH2m+1O

O
I /\
CXHQX+1O—T~—~N o) (V)

CmF2m+1(CH2)nO

42



10%& ()- 10%& ()- 10%& ()-( 10%& ()-)?ezzzz#z-z<z~_@CF 10%& () -
109%g9& ()- 10%g& ()- 10%@& ()- 10%& ()-)?e<z=z?zEzKzUzdz~ @C' F 10%& ()-
10%9& () WQa02@®2() - 10%& ()- 10%& ()-) ?edzezgznesz}zz~ EBETUS/2ABWYL () -
10%& ()- 10%& ()- 10%& ()- 10%& ()-)?ezzzzzzz~ @C F 10%& ()-

10%& ()- 10%& ()- 10%& ()- 10%& ()-)?ezzzzzzz~ @QC F

0
1 / \
RO—P—N 0 X
\ / (1X)
MO
and
0
I N/ \O
A (X)
RuO

wherein m and n are independently selected with m ranging from 1 to 24
and n ranging from 1 to 24, x ranges from 1 to 24, M is selected from the group
consisting of K*, Na*, and NHy", R is C,Hzp41 Wherein p rages from 1 to 24 Rr is
CnF2an+1 Wherein n ranges from 1 to 24, and Ry is either: (1) CpHan+ Wherein n
ranges from 1 to 24 or (2) C,Fan+1(CHz)m wherein n ranges from 1 to 24 and m

ranges from 1 to 24.

38.  The method according to Claim 22, wherein the

carbon dioxide is supercritical carbon dioxide.

39 The method according to Claim 22, wherein the

carbon dioxide is liquid carbon dioxide.
40. The method according to Claim.22, wherein said
surfactant is present in said composition of matter in an amount ranging from

about 1 to about 10 percent based on the weight of the surfactant.

41.  The method according to Claim 22, further comprising
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110%AK (r)nodifl%r, r@é%lo(g?y mogln‘lers, plasticizing agents, antibacterial agents, flame

retardants, viscosity reduction modifiers, co-solvents, and co-surfactants.

42.  The method according to Claim 22, wherein the

composition of matter comprises water.

43. A composition of matter comprising:

(1) atleast one anionic surfactant comprising at least one phosphate
group; and

(2) a solvent comprising carbon dioxide, wherein at least a portion of
the surfactant is soluble in the solvent.

wherein the anionic surfactant is represented by the formula:

I
ReFO—P—0O "m* (X1

RrO

wherein Ry is, CaHan+t wherein n ranges from 1 to 24 or C,Fon+1(CH2)m wherein n
ranges from 1 to 24 and m ranges from 1 to 24, Rg is CnFan+1 (CH2)m wherein n

ranges from 1 to 24 and m ranges from 1 to 24, and M is K or Na*.

44.  The composition of matter according to Claim 43, wherein R is
selected from the group consisting of CgF13(CHz) and CioF21(CH2)2, Ry is
selected from the group consisting of C4Hg, CgH17, C12H2s, and CqeHasz, and M is
Na®.

45.  The composition of matter according to Claim 43, wherein the
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flame retardants, viscosity reduction modifiers, co-solvents, and co-surfactants.

49. The composition of matter according to Claim 43, wherein the

composition of matter comprises water.

50. Areverse micelle comprising the composition of matter as defined
by Claim 49.

51.  The reverse micelle according to Claim 50, wherein the water is
present in an amount ranging from above about 0 to about 200 percent based on

the weight of the surfactant.

'52. A composition of matter comprising:

(1) atleast one cationic surfactant comprising at least one phosphate
group; and ‘

(2) a solvent comprising carbon dioxide, wherein at least a portion of

the surfactani is soluble in the solvent.
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&109% X&F & ()- fYL109% X&F & () - y109% X& & ()- @B10% X& & ()-) NQR| [ : - 410f X&f
- 1096 X&F & ()-] 410% X& & ()- 33 109 X& & ()- 3. 1096 X& & ()- ' ! 109 X& & () -
" 109 X&f & () - RST dC410f X& , 10% {& ()-i, 10%& ()- 10% & ()- |

0O
RO—P—N  'N% (Vi)
NEAN
RO
y
@]
Ro—P—N N (Vi)
N/
N
()
N%
/ N\

and
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10% & ()- &10% & () - 10f X&f 10f X& >V| [ : C410f X& 110% & ()-g s10% & ()- | 10%

& ()- 10%& ()- IM10%& ()- "&L0% & ()- Fpstuv|[NA41010 10 10 |:10%

& ()- , moonE2qot | Y+ML0% & ()- (10% & ()- | &10% & () - PCI/USe2B1D OF

S10% & ()- ;F SL0%& ()- f10% & ()- S F f10%*f& ()- ;F f10%& ()- L10%

& ()-|[:NA41010 L' 109\ ()- '10%\f& ()- '10% & ()- !10% & ()- "910% & ()-

| " F S109%& in nLQY

610% & ()-W%%%?Sc%%%‘é“@%é%é"ﬁ%@ gUP g o S e s )

MLO% & () -1 td 24 00 &hFHopr ( C}jiﬂ%m&ie(rémd}ranm fYcQﬁCl%o&ZZK 3nrd m ranges from 1 to

&10% & 0! . - 1(1

| (109 &( %) %&ﬁ&’é?fﬁ'ﬁ $ R CO%%QQ‘C%'} Se'Pthé(f%Q{” the IrpR BRASE e Gh

"@o%n & () haqg bAOMASt Jan§4{ | | [ : NA41010 @10% & ()- | 10% & ()-G | f10% & () -
"10% & ()- P10 ()- &10% & ()-1b|[: NAA1010 Y fHGIO% & ()- |, 109 & ()-

109% & () - ILIO%& ()- Y 109 & ()- @0% & ()-Noug|[:NA41010 . 10% & () -

1098 & ()- |Y+:110% & ()- Y )10%& ()- | & 10% & ()-

| $10% & () - q14567E| 0bp#10 910%F&3Q),_— 010! 10! =40% & ()- Y 6mL0% & () -

| 3109 & ()- Y 1109 &| () - ET&wW [ /bUAZ0 F -

FiC

54.  The composition of matter according to Claim 52, wherein the

carbon dioxide is supercritical carbon dioxide.

55. The composition of matter according to Claim 52, wherein the

carbon dioxide is liquid carbon dioxide.

56.  The composition of matter according to Claim 52, wherein said
surfactant is present in said composition of matter in an amount ranging from

about 1 to about 10 percent based on the weight of the surfactant.

57. The composition of matter according to Claim 52, further comprising
at least one additional component selected from the group consisting of polymer
modifier, rheology modifiers, plasticizing agents, antibacterial agents, flame

retardants, viscosity reduction modifiers, co-solvents, and co-surfactants.
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108 & ()- 1108 & ()- F SFI0OB & ()- 110 & ()- |- 10%& ()-
"&10W & ()-wgF| [: bU410 YS 10%B & ()- F 108 & ()- YI0OW & ()-f F 1109 & () -
Y109 & WO 022d920% & () - Fg#c| [: bU410 3 4109 & () - Y1- 1098P€T(US01/29812
/108 & ()- Y'T10%8 & ()- 3 S 10%W& ()- 11098 & ()-MU410 3 @0% & & ()- YL
10% & & ()- "&10% & & ()- &10% & & ()-10!10!10! :10% & ()-1}|[:vU4l0
YZ10% & & () - BH% & CompasitidA Yl fnatiel JacclrdliiybctCRiin) 52, hhel&tote & () -
| 109%&&' ()- Ku|[[:vU410 1/10% & & ()- )sl0%-& ()-- Y %0% & & ()- F
#mL0% & & QORPOsiitnR Rf atter COTPHSERWEIGN - +. / 01=M/U410 " 110% & () -
"&10W & ()- &10W & ()-10-& 10-& 10-& :10% & & ()- Y4110% & & ()-@|[:vu4lo
"s&10%& ()- 108 & ()- 110% & ()- 3 @AON& ()- 108 & ()- 3
"10% & () -|[-vUed) BiOW8ree (MicelELOSMSising thé 8bdsiioh)of matté}! ab0Idine)-
#s110%M & ()- . 1098 & ()-[vUu410 I mO%R & () - L"10% & ()- "&10N & () -
1910% & () -oCEIMIT y: 1098 & ()-|[:vU410 Ys3110% & ()- ?°3 &@0% & ()- ;3
&@OW & ()- YPI0W & ()- 3 10%WGSy& ()- ;3 10 & ()- vWil0o y, 10% ()- 910%
& ()-10!'10!'10! 1098 & ()- YB10M & ()- 15109 & ()- #2|[:vU410 10% & ()-
"&10% & ()- 3 18 & (he reddpe miteBac)ording, to Qadh &S Wwhergin thel @Er is

! - |
& O-11 gvp%%gnt'iﬁ an amount ranging from above about 0 to about 200 percent based on

the weight of the surfactant.

61. A composition of matter comprising:
(1) atleast one surfactant comprising at least one phosphate
group; and |
(2) a solvent comprising carbon dioxide, wherein at least a portion of
the surfactant is soluble in the solvent;
| wherein the at least one surféctant comprises one or more one or more

morpholine units attached to the phosphate group.

62. The composition of matter according to Claim 61, wherein the

surfactant is selected from the group consisting of

O

l / \
CmFoms1(CH)nO—P—N O (1
' | N/
ENj
0
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#109%&' ()- ]F #109& ()- F #10% & ()- L10% & ()- F “10% & ()- 9F10%

& ()-,>ABCDQ vU410 "10% & ()-' &10% & ()-10 10 10 1:10% & ()- .F109%& ()-
. F109%& (WO 0¥2o2vU410  $10% & ()- & 109B& ()- F f 109 &PCTAUSH/EBORE () -
10%t& ()- | 109 & ()-vU410 @L0% X&f & ()- s10% X&f & ()- 6F10% X& & ()-m
&109% X& & ()-10! 10! 10! :10% & ()-]N[:vU410 Y , &10% X& & () -
"@L0% X& & ()- L!- 109 X&f & ()- 109 X& & ()-3 F 109% X&f & () -
"&109% X& & ()-C 2k|[:vU410 F 963%0% X& & ()- 31 1&10% X&f & ()- F

] 109% X& & ()- , 10% X&f & ()- F *10% X&fA& (\ ' 10% X& & () - knopq}, xvU410
L' 10% & ()- YM 109%6&Fep+1(Choda®-Pr—N09% &) - 10f X&f 10f X&'10f X&f

£ 1096 X&f & ()-x@| [:vU410 3 F10% & ()-\_YZ0% & ()- 3 yl0%W & ()- 3
‘y10% & ()- Y, GL0% & (GmF23nk00KRL0)-h| [ vU410 Y) 10% & ()- F (s!10% & ()-
109% & ()- QLO% & () - 10% & ()- F109% & ()-<!"#$| [ NA41010! 10! 10!
1:10% & ()- 6Y10% & ()- F1:110% & ()-g F&010% & () - . 10% & () -
$70i | [ NA41010 Y 10% & ()- y1l0% & ()- Y@10%& ()- 3

0
o/ \
CmHams1O—P—N 0 (1)
AN

N

.

O

O
li / \
CmHom+1O—P—N O (V)
N/

0
I /N
CyHoxr 10 —P—N 0 V)
I \__/
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Y104 & ()- YLI0% & ()- 9M 10% & ()-i9 |[:NA41010 10% & ()- F 10% & ()-
FOM 109 & ()- F 1109 & ()- SI10% & ()- Y 10% & ()- G J|[: NA41010

F) 1098 & (WO 0BMPR10% & ()- & 109 & ()- Y# 10% & ()- 3 | 10UWAIS))29812
FZ109% & ()-Js7:; <=X| obU410 &MV 1098 & ()-10! 10! 10! :10% & ()- F2 10% & ()-f
F.z 10%& ()- & 10% & ()-X|/[:bU410 @F f)MO%!t& ()- 1F f)MLO% & () -
5°10% & ()- ,10% & ()- FMLO% & ()- L10% & ()- !|obU4l0

91094 & ()- 10! 10! 10! :109% & ()- *10% & ()- 10% & ()-

| @109 & ()-!03CWYj | [: bU410 ROy10%& ()- y10% & ()- y10% yfé& ()-
y109% & ()- FL! 109 & ()- "&10% & ()-j E|[:bU410 Y+10% & ()- F )10% & ()- Y&
10% & ()- F 9%810% & ()- Y110% & ()- F @310% & ()- KN [:-410! :10% & ()-
15109 & ()- Y3 10%& ()- YIMI0% & ()N F LO: 109% & () - |
Y-5100% & ()-OPQ nbA410! " RUERN- 3F0% & ()- BPBE ()- "10% & ()-
&10% & ()-10!10! (12| [:A410!  10B &)/ 1108 & ()-' F 10% & () -

"Fy 110% & () - 1098 & ()- FMIQU8 & ()-?J3t|[: A410!  @F10% & ()- Y
109 & ()- sf109% & ()- F10% & ()- 910% & ()- F10% & ()-t{ZM&@1010! 10! 10!
|:109% & ()-!3 (109 ()- S3 (109 ()- 3 (109 ()- Y$109% & ()-046|[: M@B1010
y1098&' () -

and

0O
) / \
RFO—P—N 0 (X)
RyO

wherein m and n are independently selected with m ranging from 1 to 24

and n ranging from 1 to 24, x ranges from 1 to 24, M is selected from the group
consisting of K*, Na*, and NH,*, R is CpHap+1 wherein p rages from 110 24 Rr is
CqF2n+1 wherein n ranges from 1to 24, and Ry is either: (1) CyHan+1 wherein n

ranges from 1 to 24 or (2) CFan+1(CHz)m wherein n ranges from 1 to 24 and m
ranges from 1 to 24.

63.  The composition of matter according to Claim 61, wherein the

carbon dioxide is supercritical carbon dioxide.

64.  The composition of matter according to Claim 61, wherein the

carbon dioxide is liquid carbon dioxide.
65. The compositidn of matter according to Claim 61, wherein said

surfactant is present in said composition of matter in an amount ranging from

about 1 to about 10 percent based on the weight of the surfactant.
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y10%&' ()- N yl0%&&&' ()- FZ10%&! &&' ()- ! &LO%&! &&' () -
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"910% & ()- S10% & ()-m|sl0% & ()- PY 10%! $& ()-m 910% & () - VK| [: NA41010
“Y109% & ()= Y*10& ()- . )YIOWE& ()- | %@OME ()- Y $S 1094 & ()-
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68. A reverse micelle comprising the composition of matter as defined
by Claim 67.

69. The reverse micelle according to Claim 68, wherein the water is
present in an amount ranging from above about 0 to about 200 percent based on

the weight of the surfactant.

51



