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DICMIDE Cross-Reference to Related Applications The present appli i'o
claims priority to Provisional Application Serial No. 60/235,6516 fil ed

Sept enber 26, 2000, the disclosure of which is incorporated herein by
reference inits entirety. 5 Field of the Invention The present invention
generally relates to surfactants that exhibit solubility in carbon dioxide,
and systens utilizing the same. 10 Background of the Invention The use of
carbon di oxi de as a cl ean, abundant, and tunable solvent is potentially
environmental |y beneficial, and accordingly it is being investigated in a
nunber of applications including, for exanple, cleaning protocols,
coatings, and polymer production and processing. See e.g., Wlls, S L.
DeSi none, J. Angew. 15 Chem Int. Ed. 2001, 40, 518. Notw thstanding the
above potential benefits, carbon dioxide is often limted in that many
materials such as water exhibit limted solubility therein. In response to
t hese possible solubility limtations, fluorosurfactants have been

devel oped to potentially assist in-the dispersion of water in carbon

di oxi de. 20 See e.g., Harrison, K ; vaeas J.; Johnston, K P.; O Rear, E.
A. Langmuir 1994, 70, 3536, Johnston Harrison, K L Clarke, M
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2001, 105, 10 3540, and Liu, Z -T. Erkey, C. Langrruir2001, 17, 274.
Accordingly, water-in car bon di oxi de (WCQC mcroemul sions containing
appreci abl e water quantities havielderthedatemiced, allowing for their use in

a nunber of applications such as nanoparticle synthesis, organic reactions,
vol tametric #Wﬁéﬁ%ﬁﬂge"tﬁ?mg@ﬂﬁfﬁﬂﬁwfétmms tigeleexdilajt Solubilityes, J.
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121, 2631, Jacobson, G B.; Lee Jr., C T. Johnston, K. P. J. Og. Chem
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polymer pro ctlon an processmg ee e.g., Wells,S_ L.; DeSimone, J. Angew.

15 Chem. Int. Ed. 2001, 40, 518. Notwithstanding the above potential benefits,

carbon dioxide is often limited in that many matertals such as water exhibit

limited solubility therein.

In response to these possible solubility limitations, fluorosurfactants have
been developed to potentially assist in the dispersion of water in carbon dioxide.
20 Seee.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 25
need in the art for surfactants and systens enpl oying the sane th g.ql}g

for inmproved volatilization of various materials in carbon dioxi et ce003
as, for exanple, water. 30 2 Summary of the Invention In one aspect, the
i nvention provides a nethod of renoving water froma first conposition of

matter. Tfh@itzm.h@.g_muﬁﬁﬂrﬁ sescefid-act; iRghdblph, IS WCShRask oo of 1 a4 er
conprising water with a second cor‘rgoleon of matter conprisi ng (1) 5 at
i

Ie?st one-asipe abt BAvazibaprMartal Sat Steyllst, e biw@pﬁaRngLéa@marrdSB@Q) a
:8#:2: aﬁ@ﬁ?’zggﬁggﬁ@ gorq%eﬂé Ivewm‘esﬁﬂgﬁﬂ%g? Og}]ggeaﬁpg eASllg’f act ant

renoves alebgdst). dHpamdn, ol HOfL drignwat 807 f 1®redste iblirski, RNBOHIhiE08. | n
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conprising (1) |'east one surfacta conprisin st one p osphat e
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f th | bed det ai |
Descr pt 1EPE] w@e&@&ﬁﬁé‘gr&@%ﬁ e E e are R R SR es
[ 2- (F- hexnavpaidanl dcHidvar, @h@w@;ommhaé&rbgfn%ﬁaéﬂo@ ﬁéﬁjcldl“lfsts%h(d&()ttom

being solubilized in 25 carbofi di oxide. FIG | | us rat es cloud point
curves f dranpgartisiessyribepikapigassniesichiong voltammetrtc measurements, and

enzymatic conversions. See e.g., Holmes, J. D.; Bhargava, P. A.; Korgel, B. A,;
15  Johnston, K. P. Langmuir 1999, 15, 6613, Ji, M.; Chen, X_; Wai, C. M.; Fulton, J.
L. J. Am. Chem. Soc. 1999, 7121, 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.;
20 Rees, G. D.; Robinson, B. H. Languor 1998, 14, 6371, and Kane, M. A.; Baker,
G. A.; Pander, S.; Bright, F. V. Languor 2000, 76, 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
25 need in the art for surfactants and systems employing the same that allow for
improved volatilization of various materials in carbon dioxide, such as, for

example, water.
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surfactants. FIG 3 illustrates cloud point curves for various '-g§ Sfp 2p3
phosphat.e-contai ning surfactants. 30 FIG 4 illustrates cloud point curves
for various phosphate-containing anionic surfactants. 3 FIG 5

il lustrates cloud point curves for various phosphat e-containing anionic

surfactants. FIG 6 illustrates water ugtake for various

phosphat e- cont ai ni ng ani oni ¢ el Vf N7 illustrat esI }Nater upt ake
for various phqs - i.ni Ng. ani. oni ¢ .su t .G 8.illustrates
wat er - upt ake 10 paritsit DRIDEAMENES RS BhR dlns wlian i s
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surfactants. Detail ed Description of the Preferred Enbodi nents The

i nvent i orPfNAlteonaRERRY pedebwith @ sfaomdreaspresitiqruol matipr eereprising1x 1)
enbodine r 'Q?ﬁa %arg:?- | i hese do
not sgrvergt?%a#i@n\@t gt%gé&p?e of Jt@%t ler?éteéﬁ“?g’hgsgﬁ?@@é%é’%&ﬁ?? %g{%ﬁ\’a L the
scope of ddmeprigivg oarbom dibxidenwhassinelt Jeddha partiemof the sefastas is @ofuble
conpositi.o tion of matter conprises: (1) at |east

f matter. Th Si
one surfdet Oﬁog’gﬂbresft‘ghL@ﬁéﬁggiﬁqﬁ@@eﬂ%ﬂgﬁﬁﬁpﬁe@%lﬁﬂ%ﬁd’%’mn 8f sol vent
conpri si Qge%tgpﬂo,q,itﬁéifg&r%o Sositigh.actant may be illustrated in a nunmber of

enbodi nents. I n various enbodi nents, the surfactant conprises at |east one
f 1 uorocar bon dnampthéfF@spebt the imentisn grovites amethiodof,apphdéngn | east one

I oy R b ol SR, B S ol Ry s HRed brbiinh 4 ShmpaLRSn off o de.
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

15 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 detail

20  herein. '

Brief Description of the Drawings
FIG. 1 illustrates a *'P NMR spectra of [2-(F-hexyl)ethyl]
dimorpholinophosphate before (top) and after (bottom) being sclubilized in

25 carbon dioxide.
FIG. 2 illustrates cloud point curves for various phosphate-containing
surfactants.
FIG. 3 illustrates cloud point curves for various phosphate-containing
surfactants.
30 FIG. 4 illustrates cloud point curves for various phosphate-containing

anionic surfactants.



25 "CO2-philic". Preferably, the at |east one fluorocarbon group conprises
a ‘hydrogen spacer attached to an oxygen atomwhich is, in turn, attached to
t he phosphate group. In various preferred enbodi nents, the at | eat SoRe 2003

fluorocarbon group is of the formula: 30 CrF2m+l (CH2) nO 4

ranges from1l to 24 and n ranges from1l to 24. In other enbodi nents,

surfactant mayFIE)stihestraiespidwiepsintviaives isrhainoas phakphag-cortaipirat t ached to
t he phosphate group. In accordance with the invention, the

hydr ocar FSHORBFHERRIBRES group is, in certain enbodi ments, "CO2 5 phobic",
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f he A i Chem | Society, 2001; 123(5); 988-989. |
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O wherein mranges from1l to 24. In various enbodi nent, the
surfactant may be present as an anionic 15 surfactant. Non-limting
exanpl es of arfilGni8dllssirfies watesuptake idr waieous phosphatecaantaininganionix) as wel |
as otherssusr{et forth in detail hereinbelow O ROP-OM (VI Il) ROS5

actants.
FIG. 9 illustrates water uptake for various phosphate-containing anionic

surfactants.

Detailed Description of the Preferred Embodiments

The invention will be described below with respect to its preferred
embodiments, drawings, and examples. It 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. {n 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
"COy-philic". Preferably, the at least one fluorocarbon group comprises a
hydrogen spacer aftached 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 (C Hz)no




0 RO P- ~ (Ix) MO wherein Ris a branched or straight chained or

hydr ocarbon (e.g., CnH2n+1l wherein n ranges from1 to 24) or =8 SEP 2003
hydr ocar bon/ f | uorocarbon group and Mis a countercation such as, for

exanpl e, K+, Na+, or NH4+. 5 In certain enbodi nents, the surfactants may be
present in the form of hybrid surfactants. For the purposes of the

i nvention, thevRheliem mhiaRges f@fﬂﬂat@t%@ﬂd ngadges frem 440 24sur f act ant havi ng
at |east one f rb ng

ar oup. - xampl oo Sr8CALBERRRLRE Ba il AR R AR R "Ly
forth belwmttaining drpopisdtashed a@tr&nbﬁoai’Me gm.@p‘rp&%cmd@mecwhﬁ tagrfactant s
in various enbodi nrents. RFO-P- U (X) | RHO O RFO - XlI) RHO 15
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CnF2n+1 m erein_n_rapges t and mr e roml to .
e Gy e BBl r P ersing Glatae siractasts | Chy. Ses ARioe6r.

f1 uor ocard)olnghHaer the ,agnenéyrﬂmeﬁﬁ@ém&a SddBtpr 2661, b%f(gy’ o glgéga g., CnF2n+l

(CH2) m wherein n ranges from1 to 24 ranges froml to 24 ) wherei n M+
i's a count er cdnieopreferced amboﬂoneie{x#umhwdro&arbd)heontamlmg-ldh-amﬁ’s ef ther ed groups
for are, thout limtation, C6F13(CH2)2 and ClOF21(CH2)2 and preferred
grouiﬁ fJ @are, without Ilmtation, C4H9, C8H17, Cl12H25, and Cl6H33. X,
is a functional group 15 such as hydroxy (-OH), alkyl (such that a
phosphat e bond is formadg and a phosphoani de groups (such as, for exanple,
pi peridine, norpholine nt+@ 1ike). In one preferred errbodl ment, when Mk

is NH4+ ependently sel ected and preferably range
from QF?W%&&%QEI'SS%E?%F?&%%Z Anot her preferred anionic surfactant
accordi ng to tiheafdoesenibodiment, itled sifad@Bndinayitie pelsearhdaniaiorita: 25
16 surfactant. Non-limiting examples of anionic surfactants are of the formulas (VI)
and (IX) as well as others set forth in detail hereinbelow:

O
RO—VP—O-M+ (Vi)




7 8 SEP 2003 0 RFO-P(ONH4) (ONH4) 5 wherein RF ranges fromCF3 (CH2)n to
C24F49. (CH2)n wherein n ranges from1l to 24.. In other enbodinents, the
surfactant may be present in the formof a cationic surfactant. Exe]nlﬁl es of
cationic surfactants are) without limtation, those represented By % 2003
formulas (VI) and (VII1) (e.g., piperazinium phosphates): 10 O RO i -NVN~-
(M) N2 XCNO O RO Il -N-N~ (VIl) URO X wherein R may be a branched or

strai ght chai ned hydrocarbon @roup (e.g., CnH2n+1 wherein n ranges from
1 to 24) or a hydrocar boqéél_ r ogar bo Hgr oup i ncl udi ng, for exanple, )
CnF2n+1(CH2) n, wherein n ‘rdandges fkom }"to 24 and{ik)ranges from1l to 24, and

X is a counteranion which nmay! be a ogen (e.g., 8 - 13 S~ F 203
chloride, bromde), trifl atd;Oor "Bar F" (ani on of Kobayashi's reagent as
set forth below): F3C F3C _ FC ~ / CF3

wherein R is a branched or straight chained hydrocarbon (e.g., CpHan+1 wherein n
ranges from 1 to 24) or hydrocarbon/fluorocarbon group and M is a countercation
such as, for ex_afnple, K', Na*, or NH4".

5 In certain embodiments, the surfactants may be present in the form of
hybrid surfactants. For the purposes of the invention, the term "hybrid surfactant"
is defined as a surfactant having at least one fluorocarbon group and at least one
hydrocarbon-containing group. Examples of these are of the formulas (X), (XI),
and (XI): As set forth below, the hybrid surfactants also encompass anionic

10 surfactants in various embodiments.
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CF3 3 5 As an exanple, one or nore norpholine units may be attached to the
phosphat e group. Enbodi ments represented by formulas (1) through (V) and
(I'X) and (X) describe such structures. Mreover, certain enbodiments »
illustrate at | east one fluorocarbon-containing group attached to”thé 2003
phosphate group. In one exanple, 10 a fluorocarbon group is attached to a
hydr ocar bon spacer (e.g., 1 to 12 nethylene units long) which is in turn
attached to an oxygen atom and then {he phosphorous atomas illustrated. O
CrFzmtl(CHz)nO- i -N O (1) UN O 15 - i3 ,SF~ 20~~ O CnFzmt1( CHz) nO-i
-N O Cm F2mt1l (CHz) nO wherein n1and‘ are each independently selected with
mranging froml to 24 5 and % @u ron11 tog%é In a preferred
- enbodi nent, with respect to faofrul a (I) 'n1nay b or 10, and n is 2.
In a preferred enbodi nent, with respgect to formula (II) mnmay be 6 or 8
and n is 2. Hydrocarbon anal ogs of flgrpulas (1 11) through (1V) are al so
enconpassed. 10 O CmH2mt~p- i - p (I11) UCND O O CrHzmt10- ~ - O (I~
CrHzm+l O

9 wherein Ry may be independently selected and is a branched or straight-chained
hydrocarbon group (e.g., ChHzn+1 wherein n ranges from 1 to 24). Ry is preferably
CgH47 or CysH2e.  In another embodiment, Ry may contain a fluorocarbon group
such as, for example, CnF2n+1(CH2)m wherein n ranges from 1 fo 24 and m ranges
from 1 to 24. Rr is independently selected and is a branched or straight chained

10  fluorocarbon group (e.g., hydrocarbonffluorocarbon group) (e.g., CaFan+1 (CH2)m
wherein n ranges from 1 to 24 and m ranges from 1 to 24 ) wherein M" is a

countercation such as, for example, K*, Na*, or NH,". Preferred groups for R

are, without limitation, CeF13(CHz)2 and CqoF21(CH.); and preferred groups for Ry
are, without limitation, C4Hg , CsH17, C12Hzs, and CigHss . X; is a functional group
15 such as hydroxy (-OH), alkyl (such that a phosphate bond is formed) and a
phosphoamide groups (such as, for example, piperidine, morpholine, and the
like). In one preferred embodiment, when M* is NH,", Rr and Ry are each
independently selected and preferably range from CzFs (CHz)z to CgFy7 (CHo)o.
Another preferred anionic surfactant according to the present invention is

20  of the following formula: .

25




wherein mis independently selected and ranges from1l to 24. Preferably, m
is 15 10. Hybrid- nor pholine-containing surfactants can al so be enpl oyed and
are of the fornula: 10 a CEP 2DD3 O CxH2x+1W~ Cm Fzmtl (CH2) go%gw%ﬁpn
X ranges from1l to 24, mranges from1l to 24, and n ranges from 0 2475
In a preferred enbodinent, x is 8 mis 6, and nis 2. The surfactants are
believed to be potentially capable of reverse mcelle and/or water-in
carbon di oxi de enulsion (i.e., mcroenulsion) formation. In certain

enbodi ments, such conpositions containing water may be present as
honogeneous fl uids or phases. Accordpngly, in another aspect the invention
10 provides a reverse mcelle that cgnprises the conposition of matter as
defined herein and water. For the pufjposes of the invention, the term
"reverse mcelle" is defined asReOni effécﬁﬁﬂdmlch a water conponent is on
the inner portion of the mcelle. Thus, the "hydrophilic" segnent of each
surfactant present in the reverse mgaelle is on the inner portion of the
mcelle, while the "C-philic" 15 UMbt of each surfactant is on the
outer portion of the mcelle. As a result, the surfactants are useful in a
nunber of applications. For éxanple, the reverse mcelles my be capabl e of
encapsul HMBInAR A fRSm POES [BI9HH e c%}ﬁd(@ﬁ&)&, WhePERM farlgesfini 1 thhe

sel ection of which i's known to one skilled in the art. In other various
embodi nedds, the surfactants can al so be enployed in cleaning or water 20

mal 1 armount o O SR S SRR e P BB B O RN S Ao L&S'ﬂ
i nto thecptiesie supfatcRint &ammbﬁi cativniysefdahantsdire xwilto@sinmedtlonaghose
- synt hesi zi ng nanoparticles within mcroenul sion water pools. Organl c (i.

pol yner s)’e%rﬁaenmr%mecforfaﬁl@ﬁm)u HNEEV IR DeP RPEAF IHHRRISPNELS

m crggmjl sion water pools 25 as reactors/tenpl ates. The surfact ants can
al so be used in extraction applications, e.g., netal extractions from
aqueous solutions. 11 JET Z~li
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wherein R may be a branched or straight chained hydrocarbon group
15 (e.g., CuHan+1 wherein n ranges from 1 to 24) or a hydrocarbon/fluorocarbon
group including, for example, C,F2an+1{CH2)m wherein n ranges from 1 to 24 and

m ranges from 1 to 24, and X is a counteranion which may be a halogen (e.g.,




Various anounts of water may be taken-up by the conpositions of matter and
nmet hods of the present invention. For exanple, in one enbodi nent, ~hétP 2003
anount of water nmay range from above about 0, 5, 10, 20, 30, or 40 to about
60, 70, 80, 90, 95, 100, 150, or 200 percent based on the weight of the
surfactant. 5 Mure specifically, in accordance with the invention, the

sur f act arﬁhlo&d%atpam!@e)otnﬂaéﬂmm jBag-"1@0iqreoiciéohayeshi’ $seagﬁﬂtm|@”hfortm t he

f orm of vgg For the purposes of the invention, carbon dioxide is

enpl oyed i liquid or supercritical form The conposition of matter
typically enploys carbon di oxi de as a continuous phase, with the
conposition of matter preferably conprising from 10 about 50, 60, or 75

wei ght percent to ab 9 wei ght percent of carbon dioxide. If
liquid CO2 is used, 8-enpl oyed during the process is

he tenpera 8

preferably bel ow 31 I n one—g ed enbodi mept, the CO2 is utilized in a
"supercritical" phasg. a‘?s : : ' supercrjtical” nmeans that a fluid
mediumi.s at a tenpe {ft r i i

@ptly high that it cannot be
ure. 2 dyriam operties of CO2 are reported
m 49: 5097--101 (1984) therein, it is stated that
ure of 2 | n particular, the nethods

‘ ‘ carr?ed out at a tenperature range
from about 20C to abjput 60& , fres enpl pyed preferably range from
about 1000 psia (6.9 MPa) to 20 abouf 5500 psial (37.9 MPa). The conposition
of matter nmay al so clonprise ¢ ne in additjon to those descri bed
above. Preferably, these conponents do not react with the surfactant.
Exenpl ary conponents| i nclude, but are not |limtjed to, polynmer nodifier,
wat er, rheology nodifiers, plasticizing agents, antibacterial agents, 25
flame retardants, and viscosity reduction nodifiers. Co-solvents and co
surfastants may al so be optionally enployed. These conponents may be used
if they do not react with the reactive functional | ary

co- sol vertSsaR BEAMPEY IANeg meeimonhaline, urbtﬁtmav@e athegﬁ;éﬂe DBOS}athi§hol s
I
I(’]gJ ggengﬁéd sonent S %ﬂ{s r@?%%@%%???ﬁ?ﬁgég ttrﬁlg’ﬁljlgﬂa(wggﬁqor oe#rfbe{) )omet hane,

per f | uor aiesopae sucle stracides. | Moreoer hesréain @mbadihfents fiexpéleusriéss)oneam nes
(e.g.,

|l i quefied 15 by pres
~in Hyatt, J. Og. Ch
the critical tenpera
of the present inven

%Iuorocarbon-containing group attached to the phosphate group. In one example,
10  afluorocarbon group is attached to a hydrocarbon spacer (e.g., 1to 12
methylene units long) which is in turn attached to an oxygen atom and then the
phosphorous atom as illustrated.
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E]
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- 8 SCF 203 N-nethyl pyrrolidone); amdes (e.g., dinethyl acetam de);
aromatic solvents (e.g., benzene, toluene, and xylenes); esters (e.g.,

et hyl acetate, dibasic esters, and |lactate esters); ethers (e.g., diethyl
et her, tetrahydrofuran, and glycol ethers); aliphatic hydrocarbo SSE%.&WB
met hane, ethane, propane, butane, n-pentane, and 5 hexanes); oxides (e.g.,
nitrous oxide); olefins (e.g., ethylene and propyl ene); natural

hydr ocarbons (e.qg., isoprenes, tgr penes, and d-1inonene); ketones (e.g.
acetone and net hyl ethyl ketone)ji organosilicones; alkyl gyrrolidones
(e.g., N _ nethyl CpFpsol(CHeRE)Pparhffin® (e.g., isoparHifin as well as

ot her al kanes and paraffin maxesj; petrol/eum based sol vents and sol vent

m xtures; and any ot grF,1Q, abi bl e solvent or mxture that is available
and suitable. M xtures of the above co-solvents may be used. Exenpl ary
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 alcohol, laurel alcohol, and the like; and 15
species containing two or nore al cohol groups or other hydrogen bondi ng
functiong),ties: ' , l nes: at, i ke- [ | e ot her
types of el m & fZFe sAEh 1EeePeRotk s Elea e B RTERLTES ForT !t 3in "oy

t hose5skidrdenl ramyihg érodn 1l to 24d Ineypiieterespembedirhent, hdthaespeditbifermlh mat t er
of the present invention. Mxtures of the above ma used.. 20 The

[ be ]
i nvent i odDalMshaymsf.dbLral hrdndduiset e PeefpHedamiPrdiment Wit EasRSE 1S om t he
car bon d”ﬁﬁhﬁ%(ﬂ?q“ bhBhidgqngWikactant to a substrate. In particular

t he nmet hod conpri'ses providing a conposition of matter conprising at |east
one surf act antHyropaibenramaldgs) ofdormakest(llbrikrqluhs{iVipae ajso epcampaégd.a

sol vent conprising carbon dioxide, wherein at |east a portion of the
surfactant is soluble 25 in the solvent; and applying the conposition of
mattqp onto a substrate such that the carbon di oxide separates fromthe
surfactant and wherein the surfactant coats the substrate. Techni ques for
separating and applying materials to a substrate are known in the art and

are described, for exanple, ip U S Patent No. 5,863,612 to DeSi nbne et
al., the disclosure of which ijs incorporated herein by 30 reference in its

entirety, such as foORHRFEP—&N |in@ 47 through collll) 6, line 11
Exanpl es of nethods for separdting\the surfactant include, wi thout
limtation, 13 -~~~ ~"20 boiling off the carbon dioxide and | eaving
t he surfactant behind, and pfecipitation of the surfactant into a

non-sol vent either by introdfucing a non-solvent to a vessel or reactor
contai ning the surfactant or transfer of the vessel or reactor contents
to anot her vessel containing a non-solvent for the surfactant. In one 5
enbodi ment, the separation and application steps nay be carried out

toget her and include, as an exanple, passing (e.g., spraying or
spray-drying) a solution congaining the surfactant through an orifice to
formparticles, powder coatifgs, fibé&rs, and other coatings on the
substrates. A w de @aHhgiD-oP—sthhstraes may be enpl®Ykd such as, without
limtation, metals, organic pol yners/ inorganic 10 polymers, textiles, and
conposi tes thereof. Exgpm,ay® substrates include, without limtation
integrated circuits, silicon wafers, silicon wafers with vias contai ni ng
water, lowdielectric constant surfaces used as interlayer dielectrics on
integrated circuits, a MEM a porous material, a mcro-porous naterial, a

wherein m is independently selected and ranges from 1 to 24. Preferably, m is
15 10.
Hybrid morpholine-containing surfactants can also be employed and are of

the formula:

10



nano- porous material, a non-woven material, surfaces to be cleaned,
surfaces to 15 be treated with passivation |ayers, surfaces to beg & ﬂtg@
surfaces to be treated with a self assenbl ed nonol ayer ("SAM), Bhﬁ?or Bst
coated surfaces, optical interfaces, optical relays, optical fibers,
netal lized surfaces, and mcromrrors. These application techniques are
denonstrated for |liquid and supercritical solutions. The surfactant nmay
forma | ow surface energy coating on the 20 substrate. Exanpl es of
enbodi ments of substrates include, without limtation, textiles, papers,
fiber optics, as well as other rfa ~, The conpositions of matter, and in
particul ar the surfactapt, gkgm__gLN in(§ nunber of apg%%cations such as,
ﬁb fo

but not linited to, cleafi prolcesswol vent pool tion for

pol yneri zation pr oceg;?_.s, [ g?_[ icp icle synthesis, and 25 enzymatic
reactions. The conpo et (G 2iid t er may include various anounts of
surfactant. In a preferred enbodi nent, the conposition of nmatter conprises
fromabout 1, 2, 5, or 7 to about 5, 8, 10, 15, or 20 percent by wei ght of
surfactant. In another aspect, the invention provides a nmethod of renoving
parer 11 amhedinx SATRASHOIONPL4 T bRbes Fof b DAaRaFAEBES (RANY 3600 2
first conposition of matter conprising water with a secofd conposition of
mat t e® cdm® prsiferged embodimeny x is 8, m is, §;RindD3id 2ast one surfact ant

conprising at }east .one phosphate group and a _splvent conprijsing carbon
G ox de. "aner o1 Srifggaf R led B abferulally sapafle’ SersREITIsRIRY: he

sol vent, idrbr WhRir-ih Bartin dieRile QABISON (i.2C RIodRIRIE fdfmatRAsStina portion

of the water fromthe first conposition. 5 Embodi nents describing the

second cd®pE embedsnentst seeh compeBiiong contairing veateamaydrepresent 8s t h

her ei nab I S [1.SinN [ dioxide. In a

preferregyognn%gez}éﬁ@ﬁtqlﬁ@%épé%%&t’(}%d %%%ﬁ@&\gﬁﬁﬁagﬁfﬁﬁgé?gﬁﬁ? "E')\éerﬁ'logsent as a

honodenequevidba saeperse micelle thataddraprigasthacdonmgodifien bf sittef agReRh&d On Of
hough, ot her enbodi nents may al so be contenplated, 10 i.e., the

matter, alt y al ) > .

second c%l%%'_E'i ﬂq%wa'@f- X 9 PHERPSES qidheibgatiendie ter "revesse auelieSis i on of
matt er . Couphbaidith Watdie iWhibs aRkSRe B ntn.n?-s.f&ffne% @Hgamgﬁf e

enbodi nents, such as, feor exanpl e, vari ous arhc es oP nu acqt ur e.

Exanpl es roicebeic hhesitbdi"hpdriophilict segmentof bach slifadttat pesent inttegr at ed

ircuits, silicon waf j | i f i th vias containing water, |ow 15
di el ect 1 "EVISREVERES i o1 theCongE BArtied ¢hibe Tiggls. g B HIQ=PBIC nt egr at ed

Ci rCY5t S .segment of each surfactant is on the outer portion of the micelle. As a result, the

surfactants are useful in a number of applications. 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 surfactants can also be employed in cleaning or water
20 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
25  as reactors/templates. The surfactants can also be used in extraction

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

11




MEM a porous material, a mcro-porous material, a nano-porous material, a
nonwoven material, surfaces to be cleaned, surfaces to be treated with
passi vation | ayers, surfaces to be coated, surfaces to be treated a/\ncq:kp 3003
sel f -assenbl ed nonol ayer ("SAM'), photoresist coated surfaces, optical

i nterfaces, optical 20 relays, optical fibers, netallized surfaces, and

mcromrrors. . | r k YsiRBns e ed in
syst ens, vesse%ﬁ&%%?ﬁnfg%gﬁﬂ{\g%ﬂgg%a%%s ﬁo%g 0 l%n%ﬁ]i?klsl ﬁgd Pn the art.
Such systanbsmetlesdedStheqeesant iavehtagp df @taxsetple niol ardeembb tinoartt, thiem t at i on,

t hose capabl e of. wi t hstandi ng high pressur u gui.prent . may be

opt 1 onal 1§MERRL Gl Heteg Al FSHCAB AONE AP HE ra i 20 HE: SEreed FBAEROwhi ch
i s known.7ghs) met B8ASipRf 188t S oG pBNRht BBYed8n 386 WeRfht @ thdYureamhoy | ng
bat ch, continuous, and sem continuous systens. The surfactants that are

enpl oped Mare bpedificadiyt inokcanugamee Wih del inygntian i tbasurfactanit (ueapaile bf as, for
exanpl e, as. set th in . Sadtler, V. .30 _Jeanneaux, F.; Krafft, M P.;

rabay ). BRigdin 08 el sirruront kB dpaf A Weldos, oo o her

synt hesi s routpgr tABYpLpESNE thestveronabadsardibbde IPemployddahia ligidor5 10
15 nor phol i nosurfactants having fluorocarbon units attached thereto may be

forned bysurergitigahtaphol ye geimpestionofmmaisr tipicaly ampims cashopHissdtoass

oxychl ori | ene ) .

enbodi mnf?%ﬁﬁ#@r%q%%oﬁﬁgftﬂ%ic-g E%W%s@%ﬁ%‘%%ﬁ%&"ﬁ%%'% PBh of the
al colol cEWIGOEBD| of TY weight\yeirdeast toyaboat 80, 90, Yorddheeigat gemenestess of
triethylam ne, which results in the precipitation of triethylanmoni um

chl ori de.cqrber diqinedf iaHig £Qaisdsesr Biotemrasabse emrleyed dudidbdigyuent | y

bt ai ned . i t ) _ ; ;
gi s?l( E%I@F?ﬁ%&f ﬁfﬁ%@oﬁ%?’ﬁn@%ﬁﬁsp ;f? g?rgﬁ%mﬁg@"?gn@bﬁ?ze téﬁg’f di r ect
phosphor witiizedin af'sépedckijicall ptase.c AbalsedheréiRCIiperaiticaledednys tredat i on Wit h
oy be. i BRI B At Aeme i ot s sy Righal R cBfnith paudied ™ °
Rewcast | gy pdssufd!behe tiferfodyRBehidblidperfdsiof C%%@%ﬁor@e%eﬁl Hyat! 203> In

accordance with the teachings set forth in Katritzky, et al., the follow ng

synt hesi sChemh48a§0%&5161 ( ; fhereinoitis algteditradtiye criigsd temperalwiec®npounds:

o Etzo, r .0_CeES: E~+HN NN\- Fi ~.S- NV U 1 20 25 1.3 equiv.
Vel 0 COms A 3TCe RNt T mettiodS B ethBseot erfor s | 5 ar
S-N NCH preRirablyatidbuBal tempedtiZredahbe fonbabbevesr G fabauteocen form

pi perazi ni um phosphat e surfactants by substituting N nethyl pi perazi ne for
nor phol i nEhg prasseres emplayed piatarably range freeyapeyt ﬁétﬂop?ﬁw i(%r@Mg@tht e

surfagt a | hyl at ed nitrogen can then be quaternized by
i odo%@t h%"ﬁ%@%@ﬁ d 3@%%&7 ant of the desired conpounds. An exenpl ary

synt hesi s routEhe sompusitiohelf ovatter may also comprise components in addition to
those described above. Preferably, these components do not react with the
surfactant. Exemplary components include, but are not limited to, polymer
modifier, water, rheology modifiers, plasticizing agents, antibacterial agents,

25 flame retardants, and viscosity reduction modifiers. Co-solvents and co-
surfactants may also be optionally employed. These components may be used if
they do not react with the reactive functional polymer.

Exemplary co-solvents that could be used include, but are not limited to,
aicohols (e.g., methanol, ethanol, and isopropanol); fluorinated and other

30 halogenated solvents (e.g., chlorotriflucromethane, trichlorofluoromethane,

perfluoropropane, chlorodiflucromethane, and sulfur hexafluoride); amines (e.g.,

12




16 - (; SEI' 7.03 5 OEtpOPCl + ROH ~ RO-PCIZ 3 CH CH3CN 2 eq W
Et zO O RO P-NON- CH3 CND CH3 An enbodi nent illustrating a sy the5|§ Yout
for hybrid surfactants is 10 illustrated according to the foll owi ng schene:
1. RF(CHz)zOH, N(CHzZCH3) 3, (CHaCHz)zO 2. RHOH, N(CH2CH3)s, (CHsCHz)zO 3.
HzO, CH3CN 4. NaOH, CH3CH20H O O RF(CHz)zO -I1P-O Na+ PClI 3 ORH Neutral or
ani oni ¢ JumAetBYbpKrEclidepelamisesde. sacdiBeiny goetaride) aromaticsobvaieli ment . | t

houl d b f
synt hesi SerbUb SRS follOt AR PR irbL BEERE T o R oo e el 1
ranges fram factate 24teas)] eRfersdgy. gaeduélviﬁﬂembrvvg&eaycﬁmmr@angﬁa giya@lreﬂnem 24.

Various processing conditions ﬁ , time and tenperature) be enpl oyed
in the afipBalehH :a)cart?pr@n@ Q}nﬁt‘fﬂ aptetharg, Reaan éoutgp@ﬁg—pgn . 8ndan t ake

pl acegat I‘?extaﬁ o%odrgsae fg%gxsfc{ Bl%gh%ge?lgt %tﬁ@gHé ahdGr \gﬁ/l@ﬁ?r mng to

roomterrpera €r an i'n
natural hydrocarbons (e.g., isoprenes, terpenes, and d-limonene); ketones (e.g.,

n
0
(

acetone and methy! ethyl ketone); organosilicones; alkyl pyrrolidones (e.g., N- -
methyl pyrrolidone); paraffins (e.9., isoparaffin as well as other alkanes and
paraffin waxes); petroleum-based solvents and solvent mixiures; and any other

10  compatible solvent or mixture that is available and suitable. Mixtures of the
above co-solvents may be used.

Exemplary co-surfactants that mgy possibly be used include, but are not
limited to, longer chain alcohols (i.e., greater than or equal to Cg) such as
octanol, decanol, dodecanol, cetyl alcohol, laurel alcohol, and the like; and

16  species containing fwo or more alcohol 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.

20 The invention also provides a method of the separating the surfactant from
the carbon dioxide and applying the surfactant to a substrate. In 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

25 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

30 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 limitation,




-~ s~~ zo~3 atnosphere (e.g., nitrogen or argon). Steps 3 and 4 take pl ace
under ambi ent conditi ons. The above synthesis enpl oys equi pnent an% 5 .
t echni ques known in the art such as conventional glass round botto fﬁﬂas@%
and stir bars. O her types of equipnent can al so be enpl oyed. 5 The

foll owi ng exanples are intended to illustrate the present invention, and

are not ihﬂillmgieﬁlth@céﬂb@tdlbhéemdneaﬂhgttheshiﬂaeﬂah't bshintpand previgitaioas, t he
nor phol i nophosphate surfactants were e[')(ya,r ed as descri bed in Sadtler V.

M et al.ofthesd eeﬁ%ﬁbmﬁfe@ %}"éo‘}ﬁ%'ﬁ?'ﬂ"@(ﬁ yngpqivtaag@éﬂorbﬁ%%tttagwﬁﬁ? The
ani oni ¢ RiGeRORL BoRtiAG A SAARER: SYINER sﬁ@ﬂoﬂh?%égéi'&9$5%\:ﬂ“ 10 met hods

for preparing phosp at uori nate ains (see Kraf
Rol | and, cbntéhts Wlaeothang',esﬁel cdﬁtaasm,g d noG:soNent Janthaslurfattathen emeey 1990,
ia neutralizafian,n (see

14, 849. t di t
romst 0q. qrmbegimist, (B8 <P apstion A, Saplicalion SIauBaEVER C4888 It B Tomoounds
exhi bi tedaﬁd‘iﬁc%@eﬁé%ﬁ éxa'ﬁnplégﬁass?ﬁ‘gj(@é %p%@@?@bfe@‘-dr@iﬁgt) erduiutigid al so

possessed adequat e 15£ur| deternined by enental "analysis (Atlantic
M cr ol abxormnmgdbe sudartant tlyougtl@h orfigeds fgﬁn@raaﬂld@s wiomden coaings.of t he

col ubi 11 e et el BSaias Ghu S aleten & AR B of TRHABI TRV 48 g
were car rerﬁslovéél sush a8, withbirt iaikatRi, metalsuaﬁgmf@pélyheergan@rgarm/ view 20
cell (maxi mum volunme = 15 nL) containin 5 inch thick sapphire w ndow

for Pewpplyraats, iemmdccommsﬂl@ﬁrthe@cggE@(&fruoiw&t@étrata%nclue@a was
inj ected \A\fm‘ﬁ]&ttl nﬁtaﬁbﬂ ﬂiee@@?teld%uﬁg cgéri{év rguﬁﬁ cﬁrf?f%?é;r& %ﬂt[h;\ﬂﬁé he cell

t hrough hrgh-pressure’ s er attached to a

Sensot ec wnwamwamaﬂedwerecambmtﬁmacbsmsedmsphmrlfaqer pietsdttice and
tenperature readouts, 25 r ectively. Measured anmounts of surfactant and
wat er werQan intparates cifquis @ rQtﬂﬂr%uspmaé?“‘iloaW'E%HPTOP&W%WT +h C2.

Sanpl es ;Ftﬁ%ge%ét%ﬂaf ’é%dr?@o%?o G%térlgi) sUff &&etocsé bidaRbauaiidds tgse of

vari ac- contr heati1 ng tape ol nt's judged as the reversi
onsetl5of ke trea:hedlwlw passlyatmnlqnerssemacempo bz coatedk enrfaces todbe trehiatly cycl e

by the. naHi cHisEaTbes SiosRlavsrs Sam. phSttre St Parsd sH30ds sl ' 1 o
y e d
downwar d |ﬁl‘é‘ﬂﬂa@e§ Oo;ﬁlc‘él ra@%mé&%&é | RBtaMizedBurRitRECa i€ PRERINGEold. qui ds.

The cell was cl eaned thorough y between experinents. W-Vis spectra were
acqui r ed hsisegprplivation tedhnigsies| aiaisigmarsteied fordissicand ppperiificaled sol uti ons

wer e prepay i | | | h two 1 in.
di anet er @%’Eg’ ﬁ%%ﬁ%%@hﬁ%ﬁf%@%r%ﬁé% 37%68‘5'4‘*?%«6;%? éHo ution path
| engRD. Auibstate. aEcamplRIgsf safﬁbddimbaté ahdulasichtedinetudss nithplitlrailation,o t he
cell chanber, along with a '/4 in. magnetic stir bar for agitation. Afilm

of net hylte&*ﬁﬁdﬁﬂﬁérfhﬁrtﬂﬁﬁﬁ%rﬂ%‘é{?|l@ﬁ obherssyrfagess V) was pre-cast and dried

?Reone of the {aPElhpbEsHbAS BYaltér, 3 ihl RiHiQhlaPt Qe htUhtPlstlifinSy T | Ne.

number of applications such as, but not limited to, cleaning processes, solvent
poo! formation for polymerization processes, inorganic particle synthesis, and
25 enzymatic reactions.
The composition of matter may include various amounts of surfactant. In
a preferred embodiment, the composition of matter comprises from about 1, 2, 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
30 acomposition of matter. The method comprises contacting a first composition of

matter comprising water with a second composition of matter comprising: (1) at

14




10 chamber was tightly sealed, and the cell was pressurized and stigrge, .
until a clear, one-phase solution was present . Exanples 1-7 CO2 So ubi’l iﬁl*@3
Eval uation 15 The CO2 solubility of the surfactants was carried out using a
stainless steel viewcell (2.5 nL internal volune) specially designed for

hi gh pressure studies. CO2/surfactant solutions were held within two

sapphi r e glhassesnavsodawan{ seabssingidthedstidrenpisphagsgroui ard (B resolivghtt urn,

hel d in place _b% threadgd steel caps fit to brass washers. Attached to the
cel | wer eCYUPBEFING PEroRIE dicside; MheEeinmy loastEpoding of dhe surastagt iselullat em as
wel | as antiRel<FREH it | ' r : e and
pressur eénrtggpsect i 3’5@.@5%{8\?\%}2% rannse# %@éégeﬁgﬁgeﬁﬁé%%%wlgé Bgn | SCO
si ngl e putine watepfressthe firdll¢dmpositionagneti ¢ bar was included to stir

solutions. The~chanber tenper.ature could be raised wth the aid of
vari ac-cont rol ?E@Oﬁ&?ﬁ'ﬁ%ﬁ%ﬁ@ﬁtfg? se£oRd COMAASHIon &W%ﬁt‘%re@rﬁféféﬁ'%t%i ghed

amount s ofyrfdtRastbrbaet P herlitaidR, e8I Cmgzr(?l'?@ sWivERt E&ﬁgﬁ%ié? Bon

tightly sealing the chanber, and injecting to pressure ween 1000
and 1500 ¢iskigeat!naquefereggthembodireentThe setand commpestien sf matted neaybée he

' f ' I C/.minute. . T ,
br ebsur oo ERRA & AT RO PLE PR B RS S E e U oS eHSE Lt & are.
listed i ncokapbstidn of h%t@k,@mghf&ﬁéﬁéhboﬂﬁsﬁ@tﬁ%?@él@o(ﬂe @ontéhw?ﬁ%é)(,egg' N

clear, transparent solutions) at concentrations of° 10 percent
a SAHO-t i3, &%eqoeﬁ‘mmqwt@ eipmatesnag, bahetessgensgiousd no cl oud points.

oporat e Tl BhtboRiRNE Bt oqbiting WSl mal Be psBhfRTHES 2N
Mor phol i fephasf phadrab&usf erabedinserits, $ditsas, @PexampleManolsigRicles of

Wei ght of Pressur eSaml eTenper at ur eRangeSur f act ant Range
(C)?psi g)ragnuisciyrey fixa ng%06@1@?@H@%@U@@t&rincludé?\%ﬂthou limitation,

ol ut | ond0PLesE ARHITISRORERE. Tyt balkat i i Btelling ol B8Y-
Sol utlbon6Gliel2sBitBdeiatGurfasetiusad aSdhtariagar Qicllict &9 IteHrad&b Oict 4R a

Sol uti on ﬁ m uor osur f act an} s O CnF2m+t ~CH% n~-P- V C- .
EM, a porous material, a micro-porous matérial, a nano-porous material, a non-

woven material, surfaces to be cleaned, surfaces to be treated with passivation
layers, surfaces to be coated, surfaces fo be treated with a self-assembled
monolayer ("SAM"), photoresist coated surfaces, optical interfaces, optical

20 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

25 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.;

30 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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Di nor phol i nophosphate 1. n¥6, n=2 2: n¥8, n=2 3: nmr10, n=2 0 CnF2mtt

~CH2) n~- i CnF2mt1~CH2) n~ Mononor phol i nophosphate 4: nm=6, n=2 5: mgv:g, n:&
Hydr ocar bon Anal ogs (control conpounds) O CmH2m+t ~-P-NV Co~ 6: Tkl EP 2003
Cm2mtt ~-i V CnH2mtt ~ 7: m=10 21 - 1 SAP 2Q0 Exanple 8 Synthesis of

CB,‘IsISé [ 2-C|(_|F hexyl )_et hyl ] phosphate, sodi um salt 5 0 C6F~-3(CHZ)2 O P-O Na~ Di F8
a( %%r&o&ﬁé&&’f&rggﬁt@mavﬁi%ﬁ%nﬁ@ﬁ%ﬁ?ﬁ;‘ﬁ%&ét{%h}e@:}ﬂé%ﬁ%y SO kB al t

was synt hesi'zed according to I ng exanpl e. Phosphor ous
oxychl or i mefirsh pR@sphorgktien miral fluonasteatialedhei ty slyrdphgeus oxgddonde arthgdr ous

Sof ut ) on BPeca B DKE e HeR PR EBeTaRs (maR A EReiahp tye rpitn s

triethyl agl BRd tddstéralandlthe FA®YiNatioh diQRe BicdHobEAN bottfiRily Wasaveidad by added,

| eading to the formation of white precipitate. The solution warnmed 15 to
r oom Henpesing dreethed and aredxaeae @f tiietbylaminerwhieh residts inthe pseripitajivgr ni ght .

The resul 4 g oRRln Shiohk e BYRBES I ASEhdindidsbndft dib! tered
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

10  morpholine as described in Sadtler, V. M., et al.
Piperazine surfactants may be made by following the teachings of
Katritzky, A.R., Davis, T.L., Rewcastle G.W., Rubel, G.O., 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 sulionyl

15  piperazinium compounds:

n /N Et,O, rt i
CgF477S—F +HN  N-CHz —<——® CgFy775—N N—CH,
113 3\ i (l) AN 7
1
1.3 equiv. Met, P Dowex CI, cr
) CHaCN. 1t 8/ \pCHa  MeOH. o ‘.é? L\t
_— e — e - —_—C
CeF17 ('S)' N ~cH, aF17 i N ScH,
2 3
20 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 iodomethane to provide one variant of the desired compounds.
An exemplary synthesis route is given below.

25
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washed with 100 nL diethyl ether. The solvent and excess triethyl.ammne
‘renmoved via rotary evaporation, providing an orange oil which wa§’d%$sgﬁ@€d
in 100 nL acetonitrile and 5 nL water. Two | ayers of immrscible |Iiquids
resulted, 20 and the lower |ayer was isolated and dried under rotary
evaporation. 22.5 g of crude as a viscous orange oil was provided. The oi
was taken up in 100 nL ethanol. 2.28 g of NaCH (50 wt. % in water, 28.5 mol
NaCOH) solution dissolved in 20 nL et? g was sl owy added. The sol ution
precipitated into a gel, which was allowed to stir overnight. A white
sticky solid (- 3 g) was filtered d j scarded® and-the filtrate was
concentrated via rotaty evapat ati on pr &ci pi t oM t IN-diFet hyl et her.
The resul btpg* s®AHd—was»erRePGnd -then—takemup |anod‘nﬁ and 1 g

decol orizing carbon was added to thegggl ution. Thi esul ting solution was
briefly stirred. The carbon was filtered oft and Q ent evaporated. 14.9 g
(53 %9 of the desired product after vacuum drying s provided (np > 220 30
0. 22 - ~ SFP ZQ-3 "H NVR (300 MHz: b, CD30D) 4.13 (q, 4H JHH: 6 6 Hz,
JHP: 6.8 Hz; CH20), ~2¢chp (tt, 4H, JHH 6.6 FB, JHF: 19.2 Hz; CFzCH2) '9F
NVR: (282 MHz: 8, D (Ccmgg N ACHCH2 CFZ) S 123. 2, -124.2, 5
-125.0, (3 x CF2), -@CW ( CFZCF3) PrN 7( 1 Mz b, CD30D) -0.65 ppm
Anal . Calcd. : C 23.66, H 0.99; Fou C 23.4 H 1.00. 10 Exanple 9

Synt hesis of [2-(F decyl)ethyl]octyl ho phat e, 2§odi um salt o G Fyi (CHz) Z
OP-O Nay 12-8, Na'salt p MV= 778.3 M/ nol 15 2-(F

decyl ) et hyl ] oct yl phosphat e, sodi um $h¥tCHaas synt hesi zed as foll ows.
Phosphorous oxychloride (1.3 g, 8.6 mml) was added via syringe to 25 nL 20
anhydrous diethyl ether, under argon. The m xture was cooled to 0 C, and a
soluthon of 1H, 1H, 2H, 2H- per f | uor ododecanol (4.65 g, 8.2 mol) and
triethylamne (2.1 g, 20.8 nL) in 25 nL diethyl ether was slowy added. A
white precipit i t 0 C, and
A Sol U1 on of 3 ombdRiinbt MEShathitfs Syhidss 106 ki siifestrb & ) 20, 5
m) in 2alluﬁ_raie@anwrdmgq@rth%fsnmmgmemeo the solution, resulting in the
formation of nore white precipitate. The sol uti on was allomed to cone to
roomtenperature and was stirred under argon overnight. The white solid

(triethylam ne myldg(m]-llg)gdem(saich CHi t gi and the filtrate was
condensed via retg I-P :g?n é_. Ived ina 20 nL m xture of
acetonitrile ang égl A f of wat er was sl owy added and the
30 solution was 3 rnight, providing a white solid, which was
washed with ace‘ﬂdﬂa@ﬁ CHA&LG@H tered. The solid was triturated in

chl orof ordn the insoluble material filtered away, and th¢ chloroform

Ezg?zege\rl!lépt ) The correspondi ng sodi um > [QF(&'_P]C éhe P % %}Qsphat ©
ORy
10
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 CrHomss wherein m
ranges from 1 to 24 and Rg may be C,Fan+1 Wherein n ranges from 1 to 24.

15 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

17




23 s sFp zoas salt was prepared in quantitative yield via neutrali zgtion
Wi th 1 equival ent of sodium hydroxide in ethanol (np > 225 C). 'H NRSEL 38183
MHz: 8, CD30D) 4.14 (g, 2H, RF chain CHzO), 3.84 (g, 2H, RH 5 chain CH20),
2.55 (m 2H, CFzCH2), 1.6 (m 2H CHzZCHzCH20), 1.2-1.4 (m 10H), 0.88 (t,
3H, JHy: 7.1 Hz) '9F NWVR (282 MHz: b, CD30D) -81.4 (CFzCF3), -113.3

(CHzCF2) , atmdkpheris (el%?-nﬂrogékz& drgohy. StegsZé and H20k8 plddezéiddr akthidht 3' P NWR:
(121 MHz: b, CD30D) 1.53 Anal. Calcd.: C 30.86, H 2.72; Found: C 30.73,
H 2.62. ®uhins. 10he@bsyatyadiesioemploys|emimenbametechngues koomaiat ant

oyt hooi B S5ch 80 B0R8 LR 6LARISUFLBOM TRRs RUFLAR | Syldidyidy O
CHBON 3. MMasgipiGeRGHRORSO HEoEHBId7EA) 20 - | P-O Na POl 3 25 CsF~s(CHz)z0 24

_. ~ ~Fp 20fl 3_Exanple 11 O oud Point Eval uation The solubilities of

vari ots surfacT%?@OB’f’”Q gxamplanars inlegded e diustpisthparresevtdnvent®d. i n car bon

di oxi de: ghdhieShstSatertelzo it i 8pe of the invention. I the examples, the

morpholinophosphate surfactants were prepared as described in Sadtler, V. M. et
al. These compounds were purified by silica gel chromatography.
The anionic phosphate surfactants were synthesized by adapting known

10  methods for preparing phosphates with flucrinated 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 neutraliZafion in ethano! (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

15  purity as determined by elemental analysis (Atlantic Microlabs, Norcross, GA),
i.e., defined as generally 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

20  cell (maximum volume = 15 mL) containing a 0.5 inch thick sapphire window for
viewing and a magnetic stir 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,

25 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

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

18



10 wherein RHis C4H9 ("8-4."), C8BHL7 ("8-8"), Cl2H25 ("8-12"), and Cl6H33
("8-.16").. oud point curves for these surfactants are set forth-gng FPGZI%S
Exanpl e 12 doud Point Evaluation 15 The solubilities of various
surfactants of the fornula described bel ow were eval uated i n carbon

di oxi de: O CtoFz~-(CH2)2-~~ OH IbRH 20 wherein RHis C4H9 ("12-4"), C8HL17
("12-8"), dawowate pagle(told irpthe oiBevatigobhany phassséparatdw bguidsirFract ant s
are set forﬁh in, F nn3 Exatgpl e 13 C oud Point Eval uation

P28 AT R b P PP b Kot

(Anionic St nic surfactant of the formula
descri bed bel owigs a¥alAES ok FRAINGLPUR EREC §H2~2' ~—~ O Na+
ORH wherein RHis C4H9 ("8-4") cl oud poi nt curve for t |s surfactant S

set 10 f oppectiamele, P@ss&&a&ﬁls@xﬁ@n@tw@ mepatecﬁmaa Rt inbrstgiAltise sitee!
oot ect i) Bl WA U B! BB A T RSP hn Sl AL B
a 1 cm solution path length. Appropriate amount of surfactant and water were
placed into the cell chamber, along with a ¥ in. magnetic stir bar for agitation. A
film of methyl orange (for a concentration of 5 x 10°° M) was pre-cast and dried
on one of the sapphire windows by addition of a stock solution via syringe. The
10 chamber was tightly sealed, and the cell was pressurized and stirred until a clear,

one-phase solution was present .

Examples 1-7
CO; Solubility Evaluation

15 The CO; solubility of the surfactants was carried out using a stainless

steel view cell (2.5 mL internal volume) specially designed for high pressure
studies. COyfsurfactant 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

20  CO; 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 singie pump compressor. A % inch magnetic bar was
included to stir solutions. The chamber temperature could be raised with the aid
of variac-controlled heating elements.

25 Experiments involved adding weighed amounts of the surfactants into the
chamber along with the stir bar, tightly sealing the chamber, and injecting CO5 to
pressures 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.

30  The resuits are listed in Table 1. The fluorosurfactants were soluble (i.e,

dissolved in clear, fransparent solutions) at concentrations of 10 percent (w/v)
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O CG-0F2~-(CH2) z-O- PO Na+ ORH 20 wherein RHis C4H9 ("12-4") and C8H17
("12-8") . A cloud point curve for this surfactant is set forth,j@ @&0@@3
Exanpl e 15 Water Upt ake Eval uation (Anionic Surfactant) 26 - BEYJE2

The water uptake capability of an anionic surfactant was eval uated wherein
the surfactant is of the formula: O CtoF2~-(CHz)z-O -PO Na+ ORH wherein RH
is AH9 (Ad2-+4n rat | ; f I ar Loxi.de was 2.5
wei ght pe?%%nttérr)p%ﬁaemfeesggﬁffagrg’ Egt@e fa}b?tﬁﬂlrﬁ)c%:llﬁ@ p‘é’?“%o @@Jﬁg?@&fe Wat er

Upt ake Evahalag$ also(pioveniie b8wofunde anessintlae pretsere apt dkmpeegiats fanggsof an
anioni c surfactant was eval uated 15 wherein the surfactant is of the
formula: O G oF2~-(CHz)2-O-'--P-O Na+ ORH 20 wherein RHis C4H17 ("12-8").
The concentration of surfactant in carbon dioxide was 2.5 wei ght percent.
The results are set forth in FIG 7. 27

20



- 8 SEP u08 Exanple 17 Water Uptake Eval uation (Anionic Surfactant s% Jhe
wat er uptake capability of an anionic surfactant was eval uated wher i 803
surfactant is of the formula: 5 O CoFz1l-(CHz)z-OP-O Na+ ORH wherein RH
is Cl2H25 ("12-12"). 10 The concentration of surfactant in carbon dioxide
was 2.5 weight percent. The results are set forth in FIG 8. Exanple 18

Wat er Upt ake Eval uation (Anionic Surfactants) 15 The water uptake
capability of a i_oi £ t i surfactant is
of the fornula: eFf'Bgf) :|ﬁ§§%% 4 &W%‘?ﬁ%ﬁ@gﬁcemration of
surfactant in carbon dioxid %935. WS BMESOIUBRY . The results are set
forth in FIG 9. 28 -~ SE~ z~03 In the specification, draw ngs, and
exanpl es there have be¥¥pightc| osed typi cal preferred enbodi nents of the

i nvention and, al though 8pecific terns Bressunel oyed, they are used in a
generic and descri pti vBanyhedeompgradue nBanger t he purposes of limtation,

t he scope of Shefactwmeint i(gh beRaggedtC) or {psig) t he $oldbdlifyng 5 cl ai ns. 29

1 0.304 24-60  1070-2360 Clear Solution
2 0.298 24-53 1050-1820 Clear Solution
3 0.253 23-60 1100-2500 Clear Solution
4 0.259 25-59 1010-1760 Clear Solution
5 0.258 25-59 1070-2100 Clear Solution
6 0.253 23-59 1270-2960 Clear Solution
7 0.139 24-59 1250-2860 . Clear Solution
5 .
Fluorosurfactants
n /7 \ i /N
CenFom+1 (CHz)n0—P—N o) CmF2m+1(CH2)sC—P—N O
CmF2m+1(CH2)nO

ol

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)

n /7 '\ o
D il / N\
CmbzmsO—R—N 0O CpHzntO—P—N  ©
N AN
[ ] CrHam+1O
o
6: m=10 7: m=10

21




- a s~~ 2003 THAT WHICH I S CLAIMED: 1. A nethod of renoving water froma
conposition of matter, said nmethod conprising: contacting a first
conposition of matter conprising water with a second 5 conposirfﬁnsg? 2003
matter conprising: (1 ) at |east one surfactant conprising at |east one
phosphate group and (2) a solvent conprising carbon di oxide, 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 conposition 10 2. The nethod according to daim1l, wherein the first
conposition of matter is present inExameih8di ment sel ected fromthe group

consi sting of inteqgtated GiL.cult sillicon fers, . siligon ers with vias
cont ai ni ng wat er,%yfl lg|ojcl.{%lgfjl]@-@zéhg)ggbﬁtﬂgu\ﬁlﬁgggga&es&cﬁgrq %"’l'/a]irl ayer
dielegrics on integrated circuits, a MEM a porous nmaterial, a

m cro-porous material, a nano-poroug material, a non 15 woven material,
surfaces to be cl eaned, sumsi:g@agz_bgiémmgﬁ egteed Wi th passivation | ayers,
surfaces to be coated, surfage§cng—t5e t r ea&d svd.6l/mal sel f - assenbl ed .

nonol ayer ("SAM'), photoresist coated surfaces, optical interfaces, optical
rel ays, optical fibers, netallized surfaces, and mcrom.rrors. 20 3. The

met hod accordi i erein the .at | east ane.surfactant . .conprises
2t least one. { PRAPIED BYMelnalesthdte, SSulin ca0ba SV A 68 dRaire 1B
wher ef(n tfhe fallowingBxafiisle 2P hbsHoP6aE BRYCHIGIRD (SRR BaSSmendly@agcar bon
spacer attached to an ox%aen atom wherein the oxygen atomis_attached to

the phosphded yasypngs to 7RO mkenbydmesstisthitether.dndemndrogfer Bis t he at
least oneqhliharQSEEB0RAIb YT ahdPh shitfioh ¥ T, #1539 ST S RlicidGdeanaP (2%

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
15 - 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,
20 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
25 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 (63 %) of the desired product after vacuum drying was provided (mp > 220
30 °C).
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- a s~P Zc~3 wherein mranges from1l to 24 and n ranges from1l to 24. 6.
The met hod according to Claimb5, wherein said surfactant further -crififi 9683
a hydrocar bon-contai ning group attached to the 5 phosphate group. 7. The
met hod according to Claim®6, wherein the hydrocarbon-containing chain is of
t he forrrula 10 CH2m+10 wherein mranges from1l to 24. 8 The net hod
accor di ng ' NMRai(300 MHsh & Bt 4816 att pkty: |6\;s\6}]HeprJ@£®n$Hi W#g?)eZB?r mul 5214
15 O RFO X H wher RH H2n+1 erein n ranges from1l to

or O1F2n+@f<d—|"g ‘l“r‘ﬁv\ﬁilgjé? gggr%g(jé%@gnﬁm 1 to 24 and mranges from1l to 24
or CpH2P+1 wherein p rages froml to 24, RF is CnF2n+l1 (CH2) m wherein n
ranges froml to 24 and mranges from1l to 24, and X, is a functional group
sel ected f Foh*NRle@EM&ﬁzoﬁ)ﬁﬁsé)gJ)n@SO@ (%Eﬁmﬁxy 11\%}ka26§% p‘rm%hqamzfle

rou t ho r to aim 1, erein the surfactant is an
gni oP\i ?%a% rﬁgE@l'Fz?-a-h%E?éB?%ZDG 10. The method according to Claim9,
wher ei n the anionic surfactant is represented by the fornul a:

¥P NMR : (121 MHz: 8, CD;0D) —0.65 ppm

Anal. Caled. ;: C:23.66, H: 0.99; Found: C: 23.46; H 1.00.

10
Example 9
Synthesis of [2-(F-decyl)ethyl]octylphosphate, sodium salt
9 -
C10F21(CHz)2~0~P~0" Na® 12-8, Na* salt
C8H17'—O MW =7783 glmol
15

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

20  anhydrous diethyl ether, under argon. The mixture was cooled to 0 °C, and a
solution of 1H, 1H,2H, 2H-perfluorododecanol (4.65 g, 8.2 mmol) and triethylamine
(2.1 g, 20.8 mL) in 25 mL diethyl ether was slowly added. A white precipitate
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

25  added to the solution, resulting in the formation of more white precipitate. 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

30  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 evaporation to

provide 3.0 g of the neutral phosphate (48.4 percent) The corresponding sodium
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501 I RRO I -O_ M (XI) RHO wherein RHis, CnH2n+l1l, wherein n ranges
from1l to 24 or CnF2n+l, (CH2) m wherein n ranges from1l to 24 and mranges
from1l to 24, RF 1S CnF2n+l1 (CH2) m wherein n 10 ranges from 1 to @AM
ranges from1l1l to 24, and Mis K+, Na+, or NH4+. 11. The nethod according to
Caim9, wherein RF is selected fromthe group consisting of C6F13(CH2)2

and Cl10F t 449 , C8BH17,
10105, an B e o el ot Craim 1

wher ei n témligurtfydcoxdde in ethanoh(mprai 25U actant. 20 13. The net hod
according to Claim12, wherein the cationic surfactant is selected fromthe
group consisting of: 25 32 -~ C7 SEP 2C03 0 ROII -N~N~ (VI) cN~ 2 X N+

and O ROt Nfikk: ﬁMMH)z MﬁséD%eT@(d“Z'ﬂ IR %’ﬁ O)f b 2%&%’%42) m

consi sting of CnH2n+1 wherein n'ranges from1l to 2 and Cn
wher eibn refraim Gé& ) r BM5IM, RHRACRa(eHh f anges2Hir@iiy@/:GHZQ), bad 4hmrein X is a

count eran fro group consisting of hal ogen, triflate, and
10 14. Th @%& g@o ?g‘} F%)CI aim1, wherein the 33

*F NMR: (282 MHz: 3, CD30D) ~81.4 (CF2CF3), -113.3 (CHCF ), —121.4;=
122.4, -123.4, (7 x CF2), -126.0 (CF:CF3)

10
*IPp NMR: (121 MHz: §, CDs0OD) 1.53

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

15
Example 10
20 Synthesis of Di-Fluoro-Chained Analog Surfactant

Di-fluoro chained analog surfactants were formed according to the

following synthesis route:

1. 2 eq. CgF43(CH2)oOH, N(CH,CHg)o, (CH3CH,),0
2. H,0, CHsCN
3. NaOH, CH;CH,OH

0
0
| > GgF13(CHz),0 —P—0 Na*
PCl, '

25 CsF13(CH2)0
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F3C ~_r ~ ~ aE~ zaa~ surfactant éorrpri sSes one or nore one or nore _
mor pholine units attached to the phosphate group. 15. The nethod_ cordi

to Gaim 14, wherein the surfactant is 5 selected fromthe group gf)n)s'lpcsjlzﬁ%g
of O _ CnF2m+1(CH2)nO- i - ~ (1) CN JIO0O 0 CF2m+~(CH2)nO- i -N O (11)
CrFzmt~(CFi z)n0 10 O CrH2m+10-P-N O (I'11) CND 0 34 ~ 5EP 2003 O
CH2m+10-P-N O Cm | i 2m+~ O O CxFi Bxamgei! - n1~ M cnF2mr1(CHz) n0 5 10 RO-

i - ~ (IX) MO 15 and 35 Cloud Point Evaluation
The solubilities of various surfactants of the formula described below were

evaluated in carbon dioxide:

5
O
CgF43-(CH5),-0O P—OH
Ry
10 wherein RH is C4Hg ("8-4"), C3H17 ("8-8"), CioHzs ("8-12"), and C15H33 ("8-
16"). Cloud point curves for these surfactants are set forth in FIG 2.
Example 12
Cloud Point Evaluation
15 The solubilities of various surfactants of the formula described below were
evaluated in carbon dioxide:
O
C1oF21-(CHy)p-O——P——0H
Ry
20

wherein Ry is C4Hg ("12-4"), CgH47 ("12-8"), and Cq2Has ("12-12"). Cloud
point curves for these surfactants are set forth in FIG 3.

25




- S ~~~ ~aa~ 0 RFO-P- V (X) RHO wherein mand n are independently sel ected
wth mranging from1l to 24 and n ranging from1l to 24, x ranges from1l to
24, 'Mis selected fromthe group consisting of K+, Na+, and NH4+

CPH2P+1 wherein p rages from1l to 24 RF is 5 CnF2n+l, wherein n 3 %esﬂmom
1to 24, and RHis either: (1 ) CnH2n+l wherein n ranges from1 to 24 or

(2) CnF2n+1(CI—|2)mWnere| n n ranges Bxaeipld 180 24 and mranges from1l to 24.

16. The method acco d| n a| m e[el nth arbon dioxide is
supercritical carb Vﬁ“af}ﬂ@ fBieRig gd’b'%%?t&i" to Claimi1, wherein
the carbon di %@@olhﬁnd mmaﬁ@hmrﬁe\&éﬁ@&thé?or%éaﬁaecmém&owgé ding to
Claiml, wherein said factant 1s present 1n said conposition of matter

in an anmmﬁuatadgn ngrbionatimxateut 1 to about 10 percent by weight. 19. The
met hog according to Claim1l, further conprising 20 at | east one additional
conporent selected fromthe group consisting of polyner nodifier, rheol ogy
nodi fiers, plasticizing agents, antibacterial agents, flane retardants,
viscosity reduction nodifiers, co-solvents, and co-surfactants. 20. The

met hod according to Caiml, whereln t he vvate@ and the 25 surfactant in the
second conposition of matter forma reverse celle. 21. The nethod
according to Caiml, wherein the water is 36 - ~_SEN Zao3 present in the
second conposition of matter CeF an(Grp® g ©r &la above

ORy

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

Example 14
Cloud Point Evaluation (Anionic Surfactants)

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

15 evaluated in carbon dioxide:

o)
C10F24-(CH,),-G—P——0O Na”

ORy

20 wherein Ry is C4Hg ("12-4") and CsH47 ("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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about O to about 200 percent based on the weight of the surfactant. 22. A
nmet hod of applying a surfactant to a substrate, said nethod 5 conp« ig;s'ggg:zﬂaa
provi ding a conposition of matter conprising at |east one surfactant
conprising (1 ) at |east one phosphate group and (2) a solvent conprising
carbon di oxi de, wherein at least a portion of the surfactant is soluble in

the sol vent; afteappeyuptkchepabiiposf 4h anidiic SBFAGBNONES eRafibsd rat e such
that the c%r@bo,nstéo di ox| de. sefgtar ates fromthe surfactant and wherein the

sur f act an?V"E&RINdNe sErfagiset ise’dhe sarmudtiie net hod according to O ai m 22,
wherein the substrate is selected fromthe group consisting of netals,
organi ¢ polyners, inorganic 15 polyners, textiles, and conposites thereof
24. The nmethod according to Caim 23, wherein the substrate is selected
fromthe group consisting of integrated circuits, silicon wafers, silicon
wafers with vias containing water, |owdielectfic constant surfaces used as
20 interlayer dielectrics on integrated circuilts, a MEM a porous material,

a mcro porous material, a nanp- or&gg ma(ﬁeri a non-ywoven naterial,
surfaces to be cleaned, surfact8 216 2ereate W T d§§sivati on | ayers,
surfaces to be coated, surfaces to be treated wth a self-assenbl ed

nonol ayer, photoresi st coated surfaces, optic i nterfaces, optical relays,
opticdl fibers, netallized surfaces, and 25 m Renirrors. 25. The nethod
according to Claim 22, wherein the at | east one surfactant conprises at

| east one fluorocarbon group. 30 26. The method according to C ai m 25,

wher ei n the atwBeérein R 8is &P, J&IB4t)east one fl uorocarbon group conprises a

hydr ocar bon spiﬁer attached to an oxygen atom_ wherein_the oxygen atomis
attached to t h&NPKEBEERATRIQY ¢f syrfagtantn sarkandigxidecursiRmoweghtraraants,

wher ei n tige AbsdiRask Mforth in FIG. 6.
10

Example 16
Water Uptake Evaluation (Anionic Surfactants)

The water uptake capability of an anionic surfactant was evaluated

15  wherein the surfactant is of the formula:

ﬁ

C1gF21-(CHy),-C——P——0 Na"*
ORy
20 wherein Ry is C4Hq7 ("12-8").

The concentration of surfactant in carbon dioxide was 2.5 weight percent.
The resuits are set forth in FIG. 7.
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5 fluorocarbon group is of the fornula: CnF2mt~ (CHZ)~O wherein mranges
from1l-to 24 and n ranges from1 to 24. 28. The nethod accordi ng _:[8 gfl
26, wherein said 10 surfactant further conprises a hydrocarbon-con arh n@ﬁf}.
group attached to the phosphate group. 29. The nethod according to Claim
28, wherein the hydrocarbon-containing chain is of the fornula: 15 Cm Hzmt~

O wherein mranges from1l to 24. 3G, JhgeMet hod according to O aim 22,
wherein the 20 surfactant is repremﬁe@"ﬁythe formula: ORFO -Xi (Xi~)

ORH 25 wherei n RH i s,Wakhdpthketievauationr(@&mjesicf 8orfadtamdspP4 or

CnF2n+1( CH2) mwherein n ranges from1 to .24 and ranges fro to 24 or
CPIEP+1 wher ef W WRlEdLPtRKS HaRabii Of anginigpic SUaCtarg Was evgiialed onpana 1

( CH2) m WhgR&idh the aneesakt i ihd ®rdiiand mranges from1 to 24, and X is a
functional group selected fromthe group consisting of hydroxy, alkyl, and

phosploani de groups. 5 31. The nethod according to C aim 22, wherein the
surfactant is an anionic surfactant. 32. The nethod according to C ai m 30,
wherein the 10 anionic surfactant is represented by the fornula: O1 |

- 0
C10F2¢-(CHp),-O—P——0" Na*
Ry

wherein Ry is Cq2Hzs ("12-12"). ’
10 The concentration of surfactant in carbon dioxide was 2.5 weight percent.

The resulis are set forth in FIG. 8.

Example 18
Water Uptake Evaluation (Anionic Surfactants)

15 The water uptake capability of an anionic surfactant was evaluated

wherein the surfactant is of the formula:

0
CgF13-(CHp),-O——P——0O Na’

CeF13(CH,),0
20
The concentration of surfactant in carbon dioxide was 2.5 weight percent.
The results are set forth in FIG. 9.
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RFO- | -O _ M+ (XI) RHO 15 wherein RHis, CnH2n+l wherein n ranges_ rg&l
to 24 or CnF2n+1(CH2) m wherein n ranges from1l to 24 and mranges'f#o 23
24 RF is CnF2n+1 (CH2) m wherein n ranges from1l to 24 and mranges from1

to 24, and Mis K+, Na+, or NH4+. 33. The nethod according to C aim 32,
wherein RF is 20 selected fromthe group consisting of C6F13(CH2)2 and
C10F21(CH2) 2, RHhiesspeifeatiod, drawimgd)eargr oxympiesshsais mgredbediiti@clos&8HL7,
C12H25, aﬂ,d.c 6H33, and Mi.s Na+. %éd The net hod according to Caim 22,
wherei n t NI PrefetrgAemRodments gt thernyerlinn ard.ainougl specifig tepps are 1-3 35,

The et ho gﬁ%d' i i : i td.oni.c i

sel ected fgl;n?m t hé'tg o%r% @(ﬁslﬁsﬁgéﬁa&&gf?ﬁg@fé@@t&%#&g@rﬁ?%??@?ﬁr t@% 2
XN+ and CpRPoses -of hiditafivn | heROops of thé énveintioR bieingssiteottidh fireofdlibiggr oup
consi i?ﬁ of CnH2n+1, wherein n ranges from20 1 to 24 and

CnF2n+1( EW‘Wnerein mranges from1l to 24, and wherein X is a

count erani on selected fromthe group consisting of halogen, triflate, and
40 8 SE? ~a ~f i~l,i 36. The nethod according to Caim 22, wherein the

29



surfactant conprises one or nore one or nore norpholine units attache

t he 5 phosphate group. 37. The nethod according to C ai m 36, \/\/nere'é‘k[;D

surfactant is selected fromthe group consisting of O OTF2m+1(CHE) -

(i) CND O 10 O CnFzm+~(CHz)nO- i -NV (Il1) CrF2m+1(CHz)nO 41 F3C c_r

SEP 2D0 Cntzm+~O-P-N O (111) UCND OO0 CrHzm+1O- i -N O (I~ U CntHzmt1

CxH2x+t O THATONHIBH 14 SriainEDdO 42 - asip ~00~ 0 ROP- ~ (I Xy MO
X) RHO

RFO_ |

10

15

20

25

30

U (

1. A method of removing water from a composition of matter, said
method comprising:

contacting a first composition of matter comprising water with a second
composition of matter comprising: (1) at least 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, such that the at least

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

2. The method according 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 interlayer dielecfrics 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 1o 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:

30

dto
t he
4003 N~
8
ONO)
and




5 wherein mand n are independently selected with mranging from1l éo 203
and n ranging from1l to 24, x ranges from1l to 24, Mis sel ected b dntdke
group consisting of K+, Na+, and NH4+, R is CPH2P+1 wherein p rages froml
to 24 RF is CnF2n+1l wherein n ranges from1 to 24, and RHis either: (1)
CnH2n+1 wherein n 10 ranges from1 to 24 or (2) CnF2n+1(CH2) m wherein n
ranges from 1 WBewAn ghpngesdryes orahand ngapges om tHe 24et hod according to
Claim 22, wherein the carbon dioxide is supercritical carbon dioxide. 15 39
The met hod according to Caim 22, wherein the carbon dioxide is liquid

car bon di oxi des. 40. THdenathtddadcardiray tb B@inmd, Gtarein2id wherei n sai d 20

surfactant s present in said conpositjion of matter in an anpunt rangi ng
from abomﬁur%q%]tglﬂ%ﬁ?r QWB%?%%ﬂ%ygfg@(ﬁb%‘opﬁ’@'%g grRURatathediathgct ant . 41.
The net h%wg;@?nﬂl 0o Caim?22, further conprising 43 - 8 ScP 2.D03 5
at | east one additTional conponent selected fromthe group consisting of
pol ymer nodifier, rheology nodifiers, plasticizing agents, antibacteri al
agents, flanme retargants,, viscosity reduction nodifjers, co-solvents, and
co- sur f act ant sf.' 42.%@‘%‘?%88%@5@@ﬂ%"{‘@'éﬂhﬁrﬁpib?_ wherein the
conposi t i \rétarBBhicntARMEIdHE@Sis\GX1RE fodBulaA CONpOsi tion of matter
conprising: 10 (1) at |east one anionic surfactant conprising at |east one
phosphat e group; and ,

10 CmH2m+0

wherein m ranges from 1 to 24.

8 The method according to Claim 1, wherein the
surfactant is represented by the formula:
15
O

ReO—P—X, (X1

ORy

wherein Ry is, C,Han+1 wherein n ranges from 1 to 24 or C,F2n+1(CH2)m wherein n
20 ranges from 1 to 24 and m ranges from 1 to 24 or C,Hz,+1 wherein p rages from 1

to 24, Rr is CnF2q+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.

25
9. The method according to Claim 1, wherein the

surfactant is an anionic surfactant.
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(2) a solvent conprising carbon di oxide, wherein at |east a portion of the
surfactant is soluble in the solvent. wherein the anionic surfactant is -
represented by the formula: 15 20 Ol | RFO- | -O _ M+ RHO (XI) whér&LR 2083
is CnH2n+1 wherein n ranges from1l to 24, RF is CnF2n+l (CH2) m wherein n
ranges from1l to 24 and mranges from1l to 24, and Mis K+ or Na+. 44. The
conposition of matter according to Claim43, wherein RF is 25 selected from

the group consistin f X ClOF21(CH2) 2, RH is selected from
the group consilig'ti nghgfm%%%fcg@ﬁgi?&gﬂwg,Wé‘ﬂﬁ"&’gmB, and Mis Na+. 45.
The corrpoahibhmmfadmittiﬁe;ﬁ@g@m@ﬁﬂ%'llh@f@rﬁhl@: 43, wherein the carbon dioxide
is supercritical carbon dioxide. 4 - 8 ~F~' 2~~3 5 46. The conposition
of matter according to Claim43, wherein the carbon dioxide is |liquid

car bor; di oxi de. 47. The conposition of matter according to Caim 43,
wherein said surfactant is present in said conposition of matter in an
anount ranging fromabout 1 to about 10 percent based on the weight of the

surfactant. 48. The cor’rBositi on of matter according to Caim43, further 10
conprising at |east onejjadditional canmponent selected fromthe group

consi sting ReQO—~P—O " M* (X1
R1O

wherein Ry is, CyHzn+1 wherein n ranges from 1 to 24 or CF2n.1(CH2)m wherein n
ranges from 1 to 24 and m ranges from 1 to 24, Rg is CyF2n+1 (CH2)m wherein n
10  ranges from 1 to 24 and m ranges from 1 to 24, and M is K*, Na*, or NH,*.

11.  The method according to Claim 9, wherein R is
selected from the group consisting of CsF13(CHz)> and CyoF21(CHa), Ry is
selected from the group consisting of C4Hg, CgH47, C12Hss, and CygHas, and M is
15 Na'.

12.  The method according to Claim 1, wherein the surfactant is a
cationic surfactant.
20
13.  The method according to Claim 12, wherein the cationic surfactant
is selected from the group consisting of:

25
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of polymer nodifier, rheology nodifiers, plasticizing agents, antibacteri al
agents, flame retardants, viscosity reduction nodifiers, co-solvent§, SBhd2003
co-surfactants. 49. The conposition of matter according to C aim43,
wherein the 15 conposition of nmatter conprises water. 50. A reverse mcelle
conprising the conposition of matter as defined 20 by daim49. 51. The
reverse mcelle according to Caim50, 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. ® co ition of matter conprising: 25 (1) at |east
one cationic surfacg t“COngI’I S|‘Rg/at | east ong osphate group and at

~2) a solvent conpri sing carbon di oxi de,

| east one pi perazi n| um gProu
wherein at |east a port n the surfactant is soluble in the sol vent.

53. The conposition ter according to Caimb52, wherein the cationic
surfactant is sel ecte fro t he gzroup consisting of: 45 - 6 SrP 2n~~ 5 10
O' ROP-N-N+ (VI1) X
and e
O
I /N
RO—P—N  N% (V1)
[ VAR
RO
X

wherein R is selected from the group consisting of C,Hzn+1 Wherein n ranges from
1 to 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

10

F3C Fsc

FaC

14.  The method according to Claim 1, wherein the
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ORO i -N-N~ (M) CN~ 2 X_ N+ and 20 wherein Ris selected fromthe group
consi sting of CnH2n+1l wherein n ranges from1 to 24 and CnF2n+1 ,(Q—BEE 2_303
wherein n ranges from1l to 24 and mranges from1l to 46 - 8 S—>

24, and wherein X is a counteranion selected fromthe group consisting of
hal ogen, triflate, and Gr 5 54. The conposition of matter according to

C ai m 52, sufestentcdrerisess dos odinoxe deei o raoieamorpidlinaluritardiierhed exitde.  55.
The conposjtion of matter according to Claimb52, wherein the 10 carbon

di oxi de i B"PSAHY9C:4bon di oxi de. 56. The conposition of matter according
to Caimb52, wherein said surfactant is present in said conposition of
matter in an anount ranging fromabout 1 to about 10 percent based on the
wei ght of t he é@rfafhamethqz@aﬁaordmgatcxﬁlaﬁosm ivdrerein thatsteiacant & di ng to
Claim risin | east one additional conponent sel ected
fromt %@I% 3 ﬂi?ﬂﬁ&%? rffd?%? nodi fi er, rheol ogy nodifiers,

pl asti CI zing agents, antibacterial agents, flane retardants, viscosity
reduction nodifiers, co-solvents, and co- surfactants. 20 58 The
conposition of matter according te) Cl aim 52, wherein the conposition of

mat t er COITDI’I ses water. 47 ” /_\
CmF2m+1(CH2)nO O (I)
\_/
O
H / \
/S
Cmr'-2m+1(c-\'|"2)nO
10
O
| / \
CmHam+10—P—N 0 (1)
|/
O
0
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8 SLP 230~ 59. A reverse mcelle conprising the conposition of matter as
defined by daim58. 5 60. The reverse mcelle according to O aim 59,
wherein the water is present in an anount ranging from above abeug T @303
about 200 percent based on the weight of the surfactant. 61. A conposition
of matter conprising: 10 (1) at |east one surfactant conprising at |east
one phosphate group; and (2) a solvent conprising carbon dioxide, wherein
at least a portion of the sur@act is soluble in the solvent; wherein the
at |east one surfactany c rflgl§mg§\l one'Qr nore one or [Rr)i))re 15 nor phol i ne
units attached to t W& H6Sphat e group,”62. The corrpogi ion of matter
according to C aim®6l, V\/gere\ig% t he rfactant is selected fromthe group
consi sting of OCn"FZrmr@(n JnO- i - ~ (1) CND O 20 a_ CrFzm+1(CHz) nO- | - ~

(1) CmF2m+l (CH2)n~ 48 - 8 SE 2~~3 10 ON O (I11)
O
I / \
CxH2x+1 O — P —N O (V)
/S
CmF2m+1(CH2)nO
5
10
O —
RO ile’ N O
T |
B / (IX)
M*O
and
15




OCMH2mtl O i -N O Cm"~2m+l O O CxH2~c+10-P-N O CnF2m+1~CH2) nO 49 -9
SE 2603 ROP- ~ (I X) MtOand RFO- | - ~/ (X) RHO5 wherein mand n are

i ndependently selected with mranging from1 to 24 and n rangi ng_fg %?Plim
24, x ranges from1l to 24, Mis selected fromthe group consisting of K+,
Na+, and NH4+, R is CPH2P+1 wherein p rages from1l to 24 RF is CnF2n+1
wherein n ranges from1 to 24, and RHis either: (1) CnhnH2n+1l wherein n 10
ranges from1l to 24 or (2) CnF2n+1(CH2) m wherein n ranges from1l to 24 and
mranges from1l to 24. %3 T, onposition of matter according to Caim®61,
wherein the carbongdipxpde Ns supercritical carbon dioxide. 15 64. The
conposition of matter agcordingto Claim 61?( wherein the carbon dioxide is
l'iquid carbon dioxideg 65. The conposition of matter according to O aim 61,
wherein said 20 surfactant is present in said conposition of matter in an
anount ranging fromabout 1 to about 10 percent based on the weight of the

sur f act afynoRln nf B ARGty Ridtod MRt aRGingGrdh ' @& Turther

conpri si ng
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 CpHzp+1 wherein p rages from 1to 24 Re is
5  CjF2n+1 wherein n ranges from 1 to 24, and Ry is either: (1) C,Han+1 wherein n
ranges from 1 to 24 or (2) CyF2n+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

10 carbon dioxide is supercritical carbon dioxide.

17.  The method according to Claim 1, wherein the

carbon dioxide is liquid carbon dioxide.

15 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 by weight.
19.  The method according to Claim 1, further comprising
20 atleast 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

25 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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"~ si vin C-IL' ~a'~! at |east one additional conponent selected fromthe
group consisting of polyner nodifier, rheology nodifiers, plasti ci_rz?f RGp 2003
agents, antibacterial agents, flame retardants, viscosity reductio
nodi fiers, co-solvents, and co-surfactants. 5 67. The conposition of matter

according to Claim61, wherein the conposition of natter corrprl ses water.
68. A rev@r@@nmnctem%cea%ﬁpm%glan@‘ ragligioBian ynoent rr@é)lgir@r fram akdviened by

d ai m 67. E}&tht?tp Jﬁtﬁ:trz%f‘%e?&?m ﬁlféédeor?frfegﬁnggﬁg& el wherein the

water is present in an a rangi n m above abou to about 200
percent based on the weight of the surfact ant. 51 ;~ ~ CEP 2. QC3
PHOSPHATE FL U ACTAI\FI’S FOR USE | N CARBON DI OXI DE Abstract of the
Di scl osure A Srethar&f ARG Yirg @rsuffﬁ‘ﬁ?ﬂnét%éﬁ’b’ sirgieo saisk MeHiadker

conprigses; &ﬁgﬁgﬁ lng a first conposition of natter conprising water with a
second conpositidon of matter conprising: (1 ) at |east one surfactant
conprising at mmshn@ammnﬂmtmhaﬁma’gemmnanﬁngzﬂ leass oheeurfactanpr i si ng

car bon di oxi de n ortion of .the surfactant. .is saluble in
Che o, Sesambsing 1Y St Caghong RS ko GlhRd K sSMEESuBPIIng s2dom

portion Otflloktﬁ@ %b%lnfa't Q!le %g)cfrhéﬁbt “FHRAAFCtARNs 28|ubje in the solvent: and

ALY, ASB. A<. AY] . A AK. AFB. A\ | . AFC% AV. A). | . A)Y_. AcB. AN A) . Ah@ .

AY% A AF_ A) #] 39‘9'31'&3 e APWPAE@nAQf%IaﬁerAmom ubsiRIeBYeh fjat sheaparbom) Ty Aky.
A) y ©p9y 8§§é§f§%f§%% h%s@i—'? \gtahbi) #(y d Whérdih tk’lAéC suf?actg\ﬂf1 goacfs Qhé) o

ppp8880pmm@?@”p8ppqssw | | X0 <>x?x<>><<<x@>~~0@ >" <<8 pcpa8p "x80 p H °
p p 0 8 " ppp088x80p0~p<p8 pppp>p80>p08~98v8897pap8t pcpOcppgpp| || ?X8pxp?< 0
p@8pppx<" " p08800pp0p088p\: G 7. -45

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

15  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

20 interiayer 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, photoresist coated
surfaces, optical interfaces, optical relays, optical fibers, metallized surfaces, and

25  micromirrors.

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

least one surfactant comprises at least one fluorocarbon group.

30 26. The method according to Claim 25, wherein the at
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ranges from 1 to 24 and m ranges from 1 to 24 Rr is CpFan+1 (CH2)m Wherein n

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

33. The method according to Claim 32, wherein Re is
20 selected from the group consisting of CsF13(CHz)2 and C1oF21(CHa)2, Ry is
selected from the group consisting of C4Hg, CgH47, C12H2s5, and CisHaa, and M is
Na’.

34. The method according to Claim 22, wherein the surfactant is a
25  cationic surfactant.
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wherein R is selected from the group consisting of CyHzn+1 wherein n ranges from
20 1to 24 and C,Fanq (CHz2)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
5 phosphate group.

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

selected from the group consisting of
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5
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 NH4", R is C,Hz,+1 wherein p rages from 1 to 24 Rg is
CqF2n+1 Wherein n ranges from 1 to 24, and Ry is either: (1) CHzn+1 wherein n
10 ranges from 1 to 24 or (2) CnF2n+1(CH2)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.
15
39  The method according to Claim 22, wherein the

carbon dioxide is liquid carbon dioxide.
40. The method according to Claim 22, wherein said
20  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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composition of matter comprises water.

43. A composition of matter comprising:
(1) atleast one anionic surfactant comprising at least one phosphate
10  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:

15

RFO—P—O-M* (XI).
RHO

wherein Ry is ChH2p+1 wherein n ranges from 1 to 24, R is ChF2pn+1 (CH2)m

wherein n ranges from 1 to 24 and m ranges from 1 to 24, and M is KT or Na*.
20
44.  The composition of matter according to Claim 43, wherein Rr is
selected from the group consisting of CgF13(CHy), and CygF21(CH2)2, Ry is
selected from the group consisting of C4Hg, CgH17, C12Hzs, and CigHas, and Mis
Na”.
25
45.  The composition of matter according to Claim 43, wherein the

carbon dioxide is supercritical carbon dioxide.
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46.  The composition of matter according to Ciaim 43, wherein the

carbon dioxide is liquid carbon dioxide.

5 47.  The composition of matter according to Claim 43, 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.

48.  The composition of matter according to Claim 43, further
10 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.

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

15  composition of matter comprises water. -

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

20 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.

92. A composition of matter comprising:
25 (1) atleast one cationic surfactant comprising at least one phosphate
group and at least one piperazinium group; and
(2) a solvent comprising carbon dioxide, wherein at least a portion of

the surfactant is soluble in the solvent.

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

cationic surfactant is selected from the group consisting of:

45



e

$1096G:8& ()- $109%:& ()- $109%6& ()-)?If! _y ybyhynyxyy~ @> $10 $10%&' () -
$10%38" () - $10%R ()- $10%G& ()- $109G& ()-) 2 Flyyyyyyy~ @> $10 $10%% ()
$109G8 () - $10%C& ()- $10%CE ()- $10%G& ()-) 2l flyyyyyyy~_@> $10 $1QUE&R(
$10G ()- $109%G& ()- $10%6& ()- $109%G& ()-) 2l flyyyyyyy~—_@> $10 $10%K (
$10968 () - $10938 ()- $109G& () - $109%3& ()-)?lflyzzzzz' z~ @> $10
5
10
O
[l / \
RO—P—N  N% (vin
| /N
RO _
%
15
O
1 / \
RO—P—N N< (V1)
N/
N
j 2X
N
/
and

20 wherein R is selected from the group consisting of C,Hzn+1 wherein n ranges from

1 to 24 and CF2n+1(CH2)m wherein n ranges from 1 to 24 and m ranges from 1 fo

46

o3




$10%GE ()- $10%E ()- $10%3& ()- $109%E& () - § £p "?83
$10%G& ()-) 21 f1' 2(2)z+2=25zV2{Z9/ > $1 109B& ()-f( 10%t& ()-f 310% & {3
10%' & ()- $109%38' ()-)?If!Vzl zzzzzz|[:/> $1 i,)10%" & ()- F& 10%' & ()- C
1096#5&' ()- C 10%t& ()- ,)10%' & ()- S&L0%' & ()-z {{"{*{@H{|[:/> $1
7C10%' & ()- 0110%0'.& ()- 7' 10%' & ()- YV)110%& ()- V) 110%t& () -

. pl0% ' & 24- &l{d({vb{awm{){ e ($underaBadi) ¥slesied from theYwosEconsistfysf s& () -
<%40%" s I%) %g' 100" c:10%' & ()-{{{$|n|JYU|[:vW4 110%" 's& ()-

1 10%$s& &’Z‘%‘ 95%’10/@’? 5’”%)- s1 109X X& ()- lc 10%' v& ()- Ic

10%sg#s& ()-U}E~~. | [:vU4A FI9$$10%8&s& () - 10%' s& ()- ¢ 109D s& ()-

M 10%/ %6&' ()- ¢ #109%6°&s& ()- M 10%' s& ()-TL|[:vU4 F2V$10%' s& ()-

)1 10968&s& ()- y/!10%&s& () - F'éO%; s& ()- 10%s{ $s& () -

% 10%' s& () - LOPQR_L{ VU4 OWL0% & Rl #10% & ()- ! 10% & ()-

&#10% & () - 10s' s10s' *:105 s 6' s& \) -t 1] [1vUA| 5 | Z10% #& ()- |1 Z10%&: ()-

T

610% & ()- | 109% & [:vU4  +)+s$10% && () -}
+) +5$10% & () -} )s$1 ' 1) $$10%! ' 4&' () -

c10% & ()- 9% )*+6gvUa| 1 ' A-8! @ano & ()- vo&10% & ()-10' 10' 10'
- 10% & ()-<G[:vl4e L10% & ()- |i10% & ()-=

F10% & ()- c10% & ()}
1) ($109€ C& ()- ) ($1
1098(& ()- | = 1098(&
1098( & ()- 1098(& ()}

& ()- ) ($10% & ()-
10 C1098( & ()- 109B(& () -
t | [:NA410 s = 109B(& () -

o4.  The composition of matter according to Claim 52, wherein the

carbon dioxide is supercritical carbon dioxide.

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

10  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.

15
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.
20

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

composition of matter comprises water.
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carbon dioxide is hqu1d carbon dioxide.
65. The composition of matter according to Claim 61, wherein said
20  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.

66. The composition of matter according to Claim 61, further comprising
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5 67. The composition of matter according to Claim 61, wherein the

composition of matter comprises water.

88. A reverse micelle comprising the composition of matter as defined
by Claim 67.
10 '
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.
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