TI TLE Vapor Conpression Utilizing lonic Liquid as
Conpressor Lubricant This application clains the
whemeflizosof U. S. Provisional Application No. PCT/US2007/012866

60/
in

809, 622, filed May 31, 2006, which is incorporated
its entirety as a part hereof for all purposes.

Technical Field This invention relates to the
operation or execution of a vapor conpression cycle
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ng a conpressor, wherein at |east one ionic liquid
provided as a |ubricant for the conpressor.
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cycle using a compressor, wherein at least one ionic liquid is provided as a

lubricant for the compressor.

Background

Many refrigeration, heating and air-cooling and air-heating systems
operate using a vapor compression cyclé. This cycle consists of compressing
refrigerant gas from a low pressure to a high p}essme. The high-pressure gas
exits a device used for increasing the pressure of the refﬁgerant, typically a
compressor, and is condensed to a liquid, typically by a heat exchanger called a
condenser, where heat is removed from the refrigerant. The high-pressure liquid
refrigerant is lowered in pressure through an expansion device (valve or capillary
tube) and the refrigerant liquid expands to a gas through a second heat exchanger
called an evaporator where heat is absorbed by the refrigerant. This process of
removing and absorbing heat produces a heating and cooling affect, which can be

used for refrigeration, air-conditioning, and heating.

While all of these steps are important, the compression step is a crucial
part of the cycle (Fluorocarbon Refrigerants Handbook, R. C. Downing, Prentice-
Hall, Inc. 1988). When a compressor is used to mechanically increase the
pressure of a refrigerant, a lubricant (i.e. oil) is needed in the compressor to

lubricate the compressor bearings and other moving parts, and the properties of

-1-



used for refrigeration, air-conditioning, and heating.
Wiile all of these steps are inportant, the

W@ o9pnewsi on step is a crucial part of the cycP@r/Uus2007/012866
(Fl uorocarbon Refrigerants Handbook, R C. Downing,
Prentice- Hall, Inc. 1988). Wen a conpressor is used
to nechanically increase the pressure of a
refrigerant, a lubricant (i.e. oil) is needed in the
conpressor to lubricate the conpressor bearings and
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compressor to trap oil and return it to the compressor crankcase. The oil is pushed

along in the condenser by the liquid refrigerant and in the evaporator and suction
line back to the compressor by the velocity of the refrigerant gas. The refrigerant
20 pipes can also be designed to allow the oil to flow downhill back to the
compressor using gravity. When oil leaves the compressor, however, it may or
may not be soluble in the refrigerant, and the more soluble the refrigerant is in the
oil, the better oil return to thé-compressor will be. The refrigerant dissolves in the
oil, and reduces the viscosity of the oil that assists with the oil moving through the
25  piping back to the compressor. Although these measures can be helpful, they are
not 100% effective and may postpone the problem rather than solve it completely.
For example, when there is a drop in the cooling capacity of the system, high
temperatures in the compressor can lead to thermal breakdown and copper plating
on valve surfaces, thus interfering with the proper operation of the compressor.

30  Sludging and acid formation may limit the life of the system.

Several classes of commercial oils exist. Historically, the most common
lubricants were natural or mineral-based oils (MO). Initially, when most

refrigerants were based on chlorofluorocarbons (CFCs), the chlorine content in
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conpressor to trap oil and return it to the conpressor
crankcase. The oil is pushed along in the condenser by
wo b@7hixei d refrigerant and in the evaporat or BEMUS2007/012866

suction |ine back to the conpressor by the velocity of
the refrigerant gas. The refrigerant pipes can al so be
designed to allow the oil to flow downhill back to the
conpressor using gravity. Wen oil |eaves the
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new refrigerants [e. 1,1,1, 2-tetrafiuoroet hane
[WEAR (2004) 256:44-4 | and Ye et al [Chem. Comm. (2001) 21:2244-2245]
describe the tribological propertics and predicted lubricant functionality of
alkylimidazolium hexafluorophosphate and alkylimidazolium tetrafluoroborate,
20  respectively. WO 05/35702 discloses the heat resistance and friction

characteristics of lubricating oils containing ionic liquids as base oils.

A need nevertheless remains for lubricants that are well suited for use in

conjunction with the current and new refrigerants that are used in a vapor

25 compression system. A lubricant with high solubilty for HFCs and CO,, for
example, would be desirable to replace, or be mixed with, traditional synthetic

oils such as PAGs and POs to increase the operating lifetime of vapor
compression systems. As a result, ionic liquids are disclosed herein, for use with
various refrigerants in a vapor compression system, as type of compressor

30 lubricant having a balance of properties that is superior to that of the current

synthetic lubricants.



(HFC-134a)]. Therefore, new synthetic based |ubricants
such as pol yal kene gl ycol -based oil (PAG and

w@oiognkmwst er - based oil (PO were devel oped. Al pdiIDU§IV07/012866
the new synthetic oils had better solubility with the
HFC refrigerants, the solubility was still not as good
as that of CFCs and m neral -based oils. Furthernore
the PAG and PO oils are not as effective as
| ubricants, and additive packages nust be m xed with
the synthetic oils to inprove their lubricating
performance. Refrigerant gases other than HFCs, such
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hydr ocar bons have excel |l ent sol ubilit
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desirable to replace, or be mxed wth, traditional
15y ninfidgire of refrigerant in liquid and vapor form;

(d) an evaporator that receives the mixture of liquid and vapor refrigerant
that is passed out of the pressure reduction device, and evaporates the remaining
liquid in the mixture to form refrigerant vapor; and

(e) a conduit that returns to the compressor refrigerant vapor that is passed

20  out of the evaporator.

In another embodiment, this invention provides an apparatus for
temperature adjustrnent that includes
. (a) a compressor that increases the pressure of the vapor of at least one
25  refrigerant;
(b) a condenser that receives refrigerant vapor that is passed out of the
compressor, and condenses the vapor under pressure to a liquid;
(¢c) a pressure reduction device that receives liquid refrigerant that is
passed out of the condenser, and reduces the pressure of the liquid to form a
30  mixture of refrigerant in liquid and vapor form;
(d) an evaporator that receives the mixture of liquid and vapor refrigerant
that is passed out of the pressure reduction device, and evapofates the remaining

liquid in the mixture to form refrigerant vapor; and



oils such as PAGs and PGs to increase the operating
lifetime of vapor conpression systens. As a result,
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various refrigerants in a vapor conpression system as
type of conpressor |ubricant having a bal ance of
properties that is superior to that of the current
synthetic |ubricants. Sunmary The present invention
relates to the use of ionic liquids as lubricants in
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I ncreases the pressure of the vapor of at |east one
refrigerant, wherein the conpressor conprises noving
parts t hBithetrof thesb appaitedmhy adjust tempéramneby abdoebing heat from,
liquid (b). a,condenser. that receives refrigerant
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(a) providing a mechanical device having moving parts to increase the

pyéssure of the vapor of at least one refrigerant, and providing at least one ionic
15 liqu-id to lubricate the moving parts of the device;

‘ (b) condensing the refrigerant vapor under pressure to a liquid;

(c) reducing the pressure of the liquid refrigerant to form a mixture of
refrigerant in liquid and vapor form; _

(d) evaporating the liquid refrigerant to form refrigerant vapor; and

.20 (e) repeating step (a) t6 increase the pressure of the refrigerant vapor

formed 1in steps (c) and (d).

In yet another embodiment, this invention provides a process for adjusting
the temperature of an object, medium or a space by -
25 (a) increasing the pressure of the vapor of at least one refrigerant;
(b) condensing the refrigerant vapor under pressure to a liquid;
(c) reducing the pressure of the liquid refrigerant to form a mixture of
refrigerant in liquid and vapor form;
(d) evaporating the liquid refrigerant to form refrigerant vapor;
30 (e) separating from the refrigerant vapor any ionic liquid present therein;
and
(f) repeating step (a) to increase the pressure of the refrigerant vapor

formed in steps (¢} and (d).



(e) a conduit that returns to the conpressor
refrigerant vapor that is passed out of the
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provi des an apparatus for tenperature adjustnent that
includes (a) a conpressor that increases the pressure
of the vapor of at |east one refrigerant; (b) a
condenser that receives refrigerant vapor that is
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Brief Description of the Drawings

FIG. 1. is a schematic diagram of a simple vapor compression cycle.
15 FIG. 2. is a schematic diagram of a simple vapor compressor.

FIG. 3 shows measured isothermal solubility data (in mole fraction) of the
system HFC-32 + [bmilp][PFﬁ] as a function of pressure. Filled circles (»)
represent measured isotﬁexmal data at 10 °C, filled triangles (A) represent
measured isotherrnal data at 25 °C, filled squares (m) represent measured

20 isothermal data at 50 °C, and filled diamonds (4) represent measured isothermal
data at 75 °C. Solid lines represent data trends.

FIG. 4 shows measured isothermal solubility data (in mole fraction) of the
system HFC-125 + [bmim][PF¢] as a function of pressure. Filled circles (o)
represent measured isothermal data at 10 °C, filled triangles (A) represent

25 measured isothermal data at 25 °C, filled squares (m) represent measured
isothermal data at 50 °C, and filled diamonds (@) represent measured isothermal
data at 75 °C. Solid lines represent data trends.

FIG. 5 shows measured isothermal solubility data (in mole fraction) of the
system HFC-134a + [bmim][PF¢] as a function of pressure. Filled circles (s)

30 represent measured isothermal data at 10 °C, filled triangles (A) represent
measured isothermal data at 25 °C, filled squares (m) represent measured
isothermal data at 50 °C, and filled diamonds (@) represent measured isothermal

data at 75 °C. Solid lines represent data trends.
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medi um or space to be cooled. In a further enbodi nent,
this invention provides a process for adjusting the

wao eovpasamsur e of an object, nmedium or a space bRCT/E}2007/012866
provi di ng a nmechani cal devi ce having noving parts to
i ncrease the pressure of the vapor of at |east one
refrigerant, and providing at |east one ionic liquid
to lubricate the noving parts of the device; (b)
condensing the refrigerant vapor under pressure to a
liquid; fog. 6 sibusinésibeispthefinallselubility B&ta (inGudlel ﬁ'actlon) ofthe

refrigerant to forma ure of refrigerant i
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to increase the pressure _of t refrigerant vapor
f or EEFUFSY dtoisEmel falangt @) °Co) ﬁ“%tsqaﬂa {m} represent measured

embReiheRdl dafahit $0i°TY &t filldll JEAYhdEQ® Prepreddif ieafiRéd isothermal
adjustln t he teqperature of an gb ject, mediumor a
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fri nde pressure to a_liquid; ( )
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t f
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data at 75 °C. Solid lines represent data trends.
FIG. 8 shows measured isothermal solubility data (in mole fraction) of the
system HFC-32 + [bmim]{BF;] as a function of pressure. Filled circles (o)

15 represent measured isotherma\l data at 10 °C, filled triangles (A) represent
measured isothermal data at 25 °C, filled squares (w) represent measured
isothermal data at 50 °C, and filled diamonds (4) represent measured isothermal
data at 75 °C. Solid lines represent data trends.

FIG. 9 shows measured isothermal solubility data (in mole fraction) of the

20 system HFC-23 + [bmim][PFs] as a function of pressure. Filled circles (o)
represent measured isothermal data at 10 °C, filled triangles (A) represent
measured isothermal data at 25 °C, filled squares (m) represent measured
isothermal data at 50 °C, and filled diamonds (4) represent measured isothermal
data at 75 °C. Solid lines represent data trends.

25 FIG. 10 shows measured isothermal solubility data (in mdle fraction) of
the system HFC-23 + [emim][PFs) as a function of pressure. Filled squares (m)
represent measured isothermal data at 60 °C, and filled diamonds (4) represent
measured isothermal data at 75 °C. Solid lines represent data trends.

FIG. 11 shows measured isothermal solubility data (in mole fraction) of

30 the system HFC-32 + [dmpim][TMeM] as a function of pressure. Filled circles
() represent measured isothermal data at 10 °C, filled triangles (A) represent

measured isothermal data at /25 °C, filled squares (m) represent measured



and (f) repeating step (a) to increase the pressure of

the refrigerant vapor formed in steps (c¢) and (d).In
we@paohae306f such processes, tenperature may be BCj/US100T012866

by absorbing heat from or transferring heat to, an

obj ect, nediumor space. In such a process, the

refrigerant vapor nmay in step (b) be condensed to a

liquid in proximty to an object, mediumor space to

be heated; or the liquid refrigerant may in step (d)
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isothermal data at 50 °C, and filled diamonds (@) represent measured isothermal

data at 75 °C. Solid lines represent data trends.

15 FIG. 14 shows measured isothermal solubility data (in mole fraction) of
the system HFC-32 + [pmpy][BMel] as a function of pressure. Filled circles (o)
represent measured isothermal data at 10 °C, filled triangles (A) represent
measured isothermal data at 25 °C, filled squares (m) represent measured
isothermal data at 50 °C, and ﬁlled‘ diamonds (®) represent measured isothermal

20 dataat 75 °C. Solid lines represent data trends.

FIG. 15 shows measured isothermal solubility data (in mole fraction) of
the system HFC-32 + mepy][BMeI] as a function of pressure. Filled circles (o)
represent measured isothermal data at 10 °C, filled triangles (4A) represent
measured isothermal data at 25 °C, filled squares (m) represent measured

25  isothermal data at 50 °C, and filled diamonds (@) represent measured isothermal
data at 75 °C: Solid hines represent data trends.

FIG. 16 shows measured isothermal solubility data at 25 °C of the systems
HFC-32 + eight different ionic liquids as a function of pressure for comparison.
Open diamonds (<) represent measured isothermal data for HFC-32 + 1-ethyl-3-

30 methylimidazolium bis(pentafluoroethylsulfonyl)imide, open circles (O)
represent measured isothermal data for HFC-32 + 1-propyl-2,3-
dimethylimidazolium tris(trifluoromethylsulfonyl)methide at 25 °C, open squares
(O) represent measured isothermal data for HFC-32 + 1-propyl-2,3-
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FIG 4 shows neasured isothermal solubility data (in
nol e fraction) of the system HFC- 125 + [bm m [ PFe]
w@sg00a/1§0nct i on of pressure. Filled circles () PEPUERATI012866

nmeasured i sothermal data at 10 "C, filled triangles
(A) represent neasured isothermal data at 25 0C,

filled squares () represent neasured isothernal data
at 50 "C, and filled dianonds () represent neasured
i sothermal data at 75 OC. Solid Iines represent data

tr eaﬁe}et’hylﬁhﬁiazél1ﬁxhwmmamsa@1§u$@hmhﬁaé at$8l°aPiibiddMiiamonds

D) § FIPPTSeR, BERUFEL | BTy dlur B HTG-d g ¢ Aty

() ﬁx@?*lﬁy‘ﬁ(ﬂhluﬂ? aﬁgﬁﬂdorbﬁlemlpeun&kymﬁt@ 8benlRialfles {A) lepebsent
triangle represent neasured i sothermal data_at 25

0C, “*P?ﬁufeéid b"‘aﬁlj‘ﬁ?’é"é (et ofir e K -3 at urleRptylshmskwligydazolium

dat Rex@huBpRsphAE &t ©2b1ocedidh asRnd S(-i Yeph@RACH8RMNured isothermal
measur ed |sot ermal data at 75 "C. Solid lines

r epfats EtHEGESE 1 éhﬂk3ﬂ@y1@1§mmﬁem+°§&°r%%?eﬁr fralfilled

SOl Yfdladek t .ﬂaké;brésem rméaemfeaaqumﬁ,apf dithe f&ySHeM32 + 1,3-
HFC-143a + as a Gl on of éﬁessure
Fi |1heatylﬁnr49rz%'eme )loqleep?te%serﬁ Adlsd dgansies () FRRFesER reasured

at k6thErmal fihth@tCHFCBaﬂgi-e&y( Pmnetiefinddeoliumaedids &@5 °C. Solid
i soLhermal da a d25 OC, filled squares ( ) represent
e a8 EPTPEBE *data at 50 0C, and filled di anonds
() reprERRM7 mg ufeemhredaecbthermmkoldah@ data (AbmOIE. frf8abm)cht 10

[in rese gﬁ%d hp{\ﬁ%

i sot 8?%?1 sys Jbl ﬁé at ;5(2 h% F""‘?‘r actl oni;%é ?ﬁ:c 143a +

sys[banmﬂ-[lRBs]lﬁztarms @mm{emmshﬁdédmz theqgas séturation pressure
ressg(?rer"g F N eq) CI rcI gl%l’g)fl | er e?%mtong%sz (géjresent measured

i softh at a riang
15 episethemmial data for HFC 32 at 10 °C w1th Po = 11.069 bar, open cross hatch (X)

represents measured isothermal data for HFC-152a at 10 °C with Py = 3.7277 bar,

filled circles (») represent measured isothermal data for HFC-134a at 10 °C with
Py = 4.1461 bar, open squares (0) represent measured isothermal data for HFC-
125-at 10 °C with Py = 9.0875 bar, filled circles (») represent measured isothermal

20 data for HFC-143a at 10 °C with Po = 8.3628 bar. Solid lines represent data trend
and dashed line represents Raoult’s Law.

FIG. 18 shows a schematic diegra.m of the gravimetric microbalance used
for measuring gas absorption in the ionic liquids. In the diagram ji, j2, and j; refer
to the counter-weight, hook and chain, respectively; iy, i; and i3 refer to the sample

25  container, wire and chain, respectively, W, refers to the force due to gravity; and

B refers to the force due to buoyancy.



nmeasured isothermal data at 25 0C, filled squares ( )

represent neasured isothermal data at 50 C, and filled
waele@rosist () represent measured isothernmal dap@Er/as2085012866

OC. Solid lines represent data trends. FIG 8 shows

measured i sothermal solubility data (in nole fraction)

of the systemHFC-32 + [Dmdm [BF ] as a function of

pressure. Filled circles () represent neasured

isothermal data at 10 OC, filled triangles (A

represent neasured isothermal data at 25 0C, filled

squwent measured i sothermal data at 50

0C teR anonds () represent neasured

i sot her ngj th@@%ﬁ:ﬁ@hor? of BHis inSehtidh, knw@ﬁows@r&ﬁﬁnfbngmcmre is
trends, sured i sot hermal solubilit

hows ne y
dat BV idgd n{%\ e Wﬁ’ctt?raﬂ‘)‘ 6}%3' 13 eCTEDIOY ¢y 1yFyarioys Jocations in the

§ bnkpac{fiRE®dn:as a function of pressure. Filled circles
() represent neasured isothermal data at 10 OC, filled
triangles (A) represent neasured isothermal data at- 25

oC, fillgad wn@ﬁd()s dneREAHe Bl nﬁaﬁtﬂmaﬂ &RUN 0078 or below,
data at 50 0C, and filled dj anon %bl)’ resent
meadtioge PEGEHaIydesiked ‘%\tsc’fB“O@OO 0479 FEs A “fluorinated

r ep[cﬁxﬁﬁl’tﬁt}lﬂfais&ntlﬁxlﬁﬂ qiiamgﬁmangla@ 1Gboe TRASE bR ;31th?r the cation or
|sot ernal s 111t at a,, ( acti,pn) o

1y o, 5 HRpE ERIBT cac HoRGEE RORY o b PIEL, fresnion.
Fi | keafectigels) @tnprisinglat paganfluse@sur ed i sot her mal data

at 60 0C, and filled dianonds ( ) represent neasured
isothermal data at 75 OC. Solid lines represent data
trends. Rl‘BGalogdn”dhbremine aslime dhlosne dreftupminesol ubi ity

data (in nole fraction) of

15 A “heteroaryl” is an alkyl group having a heteroatom.

A “heteroatom” is an atom other than carbon in the structure of an alkanyt,

alkenyl, cyclic or aromatic compound.

20 A “hydrofluorocarbon” is a compound comprising fluorine, carbon, and at
least one hydrogen atom. A hydrofluorocarbon compound (HFC) includes a
hydrochlorofluorocarbon (HCFC), wherein HFC and HCFC are common terms
used to define refrigerants [see, for example, Ralph C. Downing, Fluorocarbon
Refrigerants Handbook, Prentice-Hall, Inc., Englewood Cliffs, NJ (1988)].

25  Hydrofluorocarbon compounds also include compounds selected from the group
consisting of hydrofluoroethers, hydrofluoroketones, hydrofluoroaromatics and
hydrofluoroolefins; representative examples of which include methyl
nonafluoroisobutyl ether, methyl nonafluorobutyl ether, ethyl nonaﬂudroisobutyl
ether, ethyl nonafluorobutyl ether, and 3-ethoxy-1,1,1,2,3,4,4,5,5,6,6,6-

30 dodecafluoro-2-trifluoromethylhexane. Hydrofluorocarbon compounds also
include compounds wherein one or more substituents is bromine, chlorine or

1odine.
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the system HFC-32 + [dnpi M [TMeM as a function of
pressure. Filled circles () represent neasured

w0 sowrheosnl data at 10 OC, filled triangles (ACT/US2007/012866
represent neasured isothernmal data at 25 0C, filled
squares () represent neasuredi sothermal data at 50 0C,
and filled dianonds ( ) represent neasured isothernmal
data at 75 C. Solid Iines represent data trends. FIG
12 shows neasured isothermal solubility data (in nole

fracti onogfonhitg sstained WiCaSiast oh€ HefbkBRIdctéSHrém the group
function of pressure. Filled circles () represent
ot

r .
meaSWEEHNG sYth &R refraTae 4P A atkang; jafkeacst pikary| Borpatioxy,
I ePp&@AESbaINBRR YT ebaliSD fReMiBRbala] #yPbr Rederoseyl fadldaB6r moiety,
squares () represent neasured isothermal data at 50,
0C, MEHH that|ang QT HioxsbyiERseps on p &fPaR ehain phthe fadigpl or moiety may
§ SobdRidB@IndeiRtyasuditinited KGth onelor Gndrk BE e ReMIREEDE a FR1téd group
trends, FIG 1}’; shows neasured jsotherpal solubility .
dat & {PRHHENE ForLamBlf aéT‘bsPﬁéeds;Fgl%‘éﬁ? Ifpabogmoiety may; without
[ emifiithidivie bt -GE,GF; f DM CHoOHWr -OFsSKU vberefthd bdip of sublsGtients
@) repres&ni n&g) red i sothernmal data at 10 0C, filled
tri SHGIER! AP S#esent nmeasured isothermal data at 25
0C, filled squares () represent neasured isothernal
data at 20.C..and . fi.lle .. anonds epr esgnt
lﬂeasure i SotHSr Rl &t glugitlc 75 %@Cgs%uldl; (fg I ?ne‘éorocarbon (FC),
r ephgbefiyoroarzon (EFC)s . chlsr@luotecagivonWeCR®a drdmdhlorofluorocarbon

is O{I—g%f(ﬁ?__é* g%{){):rpihlokfdg ]UFJ%&@P/ (ble rﬁséﬁjllsea &E&% iegtg' Y %ngﬁg'evdﬁcle.

Sys I pnpy ] as a function o
pr eAgefrigerant| wheg it PhapBesspiae frepr apddito yapas (Fveporates), removes
! Soﬁé}? rﬁt@ﬂ ﬂ&kagtﬁr(ﬁhdiﬁgs;ognd f“l/ﬂehqg cﬁiﬂg@@ gh&% f('cﬁgl_va or to liquid
represent neasured iSothermal data at 25 0C, fil F_ed

15 quécpadenses)r adds dsrte the sereuagdings. Although the term refrigerant may

typically carry the connotation of a substance used only for cooling, the term is

used herein in the generic sense of a thermal enérgy transfer vehicle or substance
that is applicable for use in a system or apparatus that may be used for heating or
cooling by the absorption or rejection of heat in a selected location. For the
20 present invention, the term “refrigerant” can be used to indicate one fluidic
substance as described above, or may indicate a blend or mixture of two or more

such fluidic substances.

A *vacuum” 1s a pressure less than 1 bar but greater than 10™ bar for

25  practical use in extractive distillation equipment.

The present invention relates to the use of ionic liquids as lubricants in the

operatio of a compressor in a vapor compression system that provides cooling or

30 heating. This invention thus also relates to an apparatus for adjusting temperature
that operates or executes a vapor compression cycle. The invention also provides

a process for temperature adjusﬁnent, either cooling or heating, utilizing a vapor

compression system in which an ionic liquid is used as a lubricant.
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i sothermal data at 50 0C, and filled dianonds ( )
represent neasured isothermal data at 75 0C. Solid

WO poweg430epr esent data trends. FIG 15 shows neRSU/USH07/012866
i sothermal solubility data (in nole fraction) of the
system HFC-32 + [bnpy] [BMel] as a function of
pressure. Filled circles () represent neasured
i sothermal data at 10 OC, filled triangles (A
represent neasured isothernmal data at 25 0C, filled

8 g uar ez ?h;fclrregmgﬁsemn gﬁﬂ&%ﬁ&dlﬁgbhﬁc{aﬁﬁé aftadn@watin BR art from
an | e I agnonads re esen

| s ofEGTchyat 4P O%S,d n bsorativs @3 Q??ﬁ‘gedﬁ‘f‘ﬁ‘ Using

t r eReverlel] BHeal fDGigaVEbTEAAL ( Llericant Svefetipbf Hohtilg] Riefrigeration

data at,.25. 0C of. the syste HF 2+e di e

onied (6 FicaeSuing FRRiSEEnEer bRl g Coabef Bl A

s:orrmeinaﬁmdiagiaenfod lagsiraple vapés) colnﬁmsemrspstmas slicach in Figure 1.
|so ng data f dHF - 32 + L&t ‘y ¢ .
? RiNEVaI PHS& S seh %’F? uo? taﬁ‘;’/ﬁa °r|“f“bﬁ>ﬁ‘5 gpansion
openaled: argd & gaploOrompyes®s. Figune2 provides iassohdneaticefor alaimple vapor
for HFC-32 + 1-propyl-2,3- dinmethylimdazolium
tr|§T??F?Puoronethylsulfonyl)nethlde at 25 0C, open
squares (D) represent measured isothernal data for

FC- 32 + | I j . .
]g s(tri f%"u ﬁe%%/efﬁ/?s §1 fon W‘%&g}e azoqu&g}eﬁé?ec%rgals increased
di amertiwicglly be theepenatiomefis coraptessont Hor qumiprebaerchat groving parts
HFGy3¢2 a.rlt. Iﬁbl%wayﬂ)y EHE&%PVH q’ll!‘ tHidhtion, one or more 1omc liquids

bi s(trifluoromethyl sulfonyl )i mde, open triangle z“
r epf%@eﬁthﬁblaemﬂédme@ﬁw% hayipg Hcrgsedressae lsmassed through

| - byltcyhaudr %84 Buﬁdem&amlre s e adrseP IO RRAA BAK.S Be Rfon of
OC, filled circles é represent mneasured isothernal

1Hat sondgpsing-the gofrigerant,ganerates heat, pxhichis deansferrgdrpr rejected to the
t et sidfduti@ingd) oriatie ndly BS alGbjdct,| Inedlum or space to be heated. The "

condensed refrigerant in liquid from is passed out of the condenser and is received
into a pressure reduction device such as an expansion valve, where some of the
liquid is converted to refrigerant vapor, creating a mixture of refrigerant in liquid
20 and vapor form. From there, the mixtﬁre flows out of the pressure reductien
device and is received by an evaporator where the liquid refrigerant is evaporated
to vapor form. As heat is absorbed by, and flows into, the evaporater by virtue of
the transformation of the refrigerant from liquid to vapor form, the surroundings
(such as an object, medium or space) lose heat and are cooled. The refrigerant,
25 now all or essentially all in vapor form, is returned to the compressor where the
same cycle commences again. Operation or execution of a vapor compression
cycle in this manner can thus be used for temperature adjustment as, by the
absorption or expulsion heat an object (for example a conduit or a container), a
medium (for example a fluid such as air or water) or a space can be heated or

30 cooled as desired.

In one embodiment, therefore, this invention provides an apparatus for
temperature adjustment, to operate or execute a vapor compression cycle as

described above, that includes (a) a compressor that increases the pressure of the
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squares () represent neasured isothermal data for
HFC-32 + 1, 3- dioctylimdazoliumiodide at 25 0C, and
wo pdozaeBost i angl es (A) represent neasured i sot hBCTEE2007/012866
data for HFC-32 + | -octyl-3-nmethylim dazolium i odide
at 25 C. Solid lines represent data trends. FIG 17
shows neasured isothermal solubility data (in nole
fraction) at 10 C of the systens HFC 32, HFC- 152a,
HFC- 134a, HFC- 125, and HFC-143a + [bmin[PF6] in terns

of aRSPbHhClest 8BS HBehnt] WRGeiH)hd EkﬁnF;S}é%oﬁ 8dripridel Bfdving parts
pressure at 10 C shown by ratio (P/ oip. Open di anpnds |
) thate preclubrigatedebs gt kst 5t 1qRe niguidiat tP)fpronderses shay receives

10 REigurad vEPorthdtlis YaSsel @it oPPRMTofpA&ESor) @hd Borddéhses the vapor
represents measured. jsathernal dat(ﬁ\]ef,or HEC- 152a at 10 .
0C Widen Prsgsuze 30 #Jigpidy 5, (€) # presgpye ceduetion devics Wgh esaixes liquid
{Te ageli @elarit R4t he pagkd dai af fHerconlférsdr34ad dédutls the pibdslire ST the
=4 open nt . measur.ed

= 41461 bar, squares. (D), repres .

s ol rial iRy & TGP ol g T OGR A1d (VoP BTe gk an
bar evabbiator dhat iréceives tHe) mix@ré o8 Hiiid Ra Fupddefrigeiaitthatis passed
dat a f HFC-143a at,.10 0C with PO = 8.3628 bar. .Soljd .,
78 Tt B BbRITT SV oaAlA PR e P apPEJERI T the
Raountlixtius th wm fefrigerab8vaplogwandy(er € baninititisat détaugps &nthe compressor

ravi.petric m crobal : r suring gas

18 e oD YR Bt G0 LR RES 1 00 I 1 2
and J3 refer to the counter-weight, hook and chain,

r eSpe.Ct i ]Y]elayli)thgl\ em| rﬂé}ﬁi, itt%sr ﬁIv@ﬁtiJno &r&ﬁdésa'm' & paratus for
container, wre and chaln, respectively, V\/_referg to
t-hetemperagurd gdiugtmegt tet ingludes(@) B cpmpressor that drseases e pressure

dueo e RHPIASICY 1438¢ Stie! BHidRRE" (UI1d QMdenser that receives refrigerant

15 vapor that is passed out of the compressor, and condenses the vapor under
pressure to a liquid; (c) a pressure reduction device that receives liquid refrigerant
that is passed out of the condenser, and reduces the pressure of the liquid to form
a mixture of refrigerant in liquid and vapor form; (d) an evaporator that receives
the mixture of liquid and vapor refrigerant that is passed out of the‘pressure

20 reduction device, and evaporates the remaining liquid in the mixture to form
refrigerant vapor; and (e) a conduit that returns to the compressor refrigerant
vapor that is passed out of the evaporator; wherein a refrigerant is admixed with
at least one ionic liquid. In a vapor compression system where an ionic liquid is
used as a lubricant for a mechanical compressor, the refrigerant as is circulated

25 through the vapor compression cycle may contain some amount of an ionic liquid
lubricant where the lubricant has leaked out of its ordinary location and into other

parts of the system where it is conceptually not intended to be.

Either of such apparatus may adjust temperature by absorbing heat from,

30 or transferring heat to, an object, medium or space. In such an apparatus, the
condenser may for example, be located in proximity to an object, medium or
space to be heated; or the evaporator may be located in proximity to an object,

medium or space to be cooled.
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In the description of this invention, the follow ng
definitional structure is provided for certain

W e0onilgBefogy as enpl oyed in various | ocations PCT/UR®07/012866
specification: An "ionic liquid" is an organic salt
that is fluid at about 1000C or bel ow, as nore
particularly described in Science (2003) 302:792-793.
A "fluorinated ionic liquid' is an ionic liquid having
at | east one fluorine on either the cation or the

ani on. AAﬁfabWEthﬁaf tﬁi}, iRPdnition | ma§be d dEpleped ﬁahﬁ*ﬂina& f@bricated or
is a cation or pect vel Corrprl Si

Y
| eaSRETYAL 34 AJF rat%( 'ath?fﬁén"“ 1€ BAJHRhAn F‘go‘i"i’f@f“mm an

chl RidugtEalooflihgl Ofsteht.a Hrateh ©F Béad pudtp. HaSh an thekk yistrgmemp may
hm%ngalthOMOm A "het er oat.ont aanfuomo b
t haP® HEEH 1n 2 FRSdspidle COPEREfiala §r P S R&n | ‘may be
ycinbsrpefatealr iatoad nmbnﬁa@ devide sdkh"d?.yﬂdia@fﬂnwk[ gmrthnn airpBne, or
a cg C risin uorln carb and at
oo HP B oL o AP PR B G AImaGHE Bifoa firge b pdjoment
I nchuttas anddicdl metakmaeraf | uor ocar bon (HCFC), wherein HFC
and HCFC are common terns used to define refrigerants
[see, for exanple, Ralph C. Downing, Fluorocarbon
Ref r i ger hindnsthidaadbadiinentPrhesiny eetiohigirdviddsracprocdss firedfustng the
1 e TR b A ST EL P B S P S LS oL device
of thywcehieube peshee of theydipof pligrledse pumedrigerant where the device

S AT A, PELE LG e e v
parts of the device; (b) condensing the refrigerant vapor under pressure to a
liquid; (c) reducing the pressure of the liquid refrigerant to form a mixture of

15 refrigerant in liquid and vapor form; (d) evaporating the liquid refrigerant to form
refrigerant vapor; (e) repeating step (a) to increase the pressure of the refrigerant

vapor formed in steps (c) and (d).

In another embodiment, this invention provides a process for adjusting the

20 temperature of an obje’ct, medium or a space by (a) passing the vapor of at least

one refrigerant through a compressor that has moving parts to increase the

pressure of the refrigerant vapor, and providing at least one ionic liquid to

lubricate the moving parts of the compressor; (b) passing the refrigerant vapor

out of the compressor and into a condenser to condense the refrigerant vapor

25  under pressure to a liquid; (c) passing the refrigerant in liquid form out of the

condenser to a pressure reduction device to reduce the pressure of the liquid

refrigerant to form a mixture of refrigerant in liquid and vapor form; (d) passing

the mixture to an evaporator to evaporate the liquid refrigerant to form refrigerant

vapor; (€) passing the refrigerant vapor throughout a conduit to the compressor

30 to repeat step (5a) to increase the pressure of the refrigerant vapor formed in steps
(c) and (d).

In yet another embodiment, this invention provides a process for adjusting

the temperature of an object, medium or a space by (a) increasing the pressure of
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nonaf | uor oi sobutyl ether, nethyl nonafl uorobutyl
et her, ethyl nonafl uoroi sobutyl ether, ethyl
wmoovafikwsr obut yl et her, and 3-ethoxy-I, PCT/US2007/012866
1,1,2,3,4,4,5,5,6, 6, 6-
dodecaf |l uoro-2-trifl uoronet hyl hexane.
Hydr of | uor ocar bon conpounds al so i ncl ude conpounds
wherein one or nore substituents is brom ne, chlorine
or iodine."Optionally substituted with at |east one

MenpRrvapsl §CAta6hst bRdTiEraitOYP) é&ﬁ&hsﬁg the réfrigehVapor under
referring to_an al kane,  al kene, "al kax f 1. uor oal kbxy

per PEESOFOL X BYd: f(?)daﬁl&faww Pressre |of SReoligwy Fefrigergnt ta form a
Eeg fieafey bf i@ﬂg&a;hbmr uqiﬁu edny, vdﬁaﬁﬁsmﬁ ;hagd) lcawp&amrgo iR liquid
y r ens on_a Cca on chain o the raqi ca

"5‘88“1’?{8 é‘b@ﬁ'&‘e‘ ﬁ{”\gﬁ@hﬁ?ﬂ t(ﬁg SR2AnR Tgmethe, Fef‘ﬂ%‘?’%‘“ J¥P°’ any

K heldfiﬁmikﬁ.fdi pﬂagen’i theR€ih{ adacz Of) Q¢Heamig QD) itd URAdaSe the@ressure of
exa a substituted.-C2H5 radj or noi et

e Rt SPPh gt n e d @ oPl P o ties pystem

V\heﬁvﬁeﬁefml phizuliquid is ubslt ad hlﬂﬁlirﬁ:aﬁt()ﬁﬁlzﬁfneﬁlﬁan&al boraﬁ(éssor the

efrlgpran i di i c substance

CH
F1 uisP e ah SRy B 08 B BRRGRPESy¥ iy Bondtn some
chl mnotﬁritu::frmmduohq@@ﬂ@ncahydsrmmhtlmrlubmmt dasddabed out of its

1§ 1 rdhacy et BRI M8 AINUr HEYysREn UREHL 25 Boncgprmally no

ener gy ans geran
it sitendgd o phas é‘\/lfencnﬁigeqm that ¢ thap@dm()erdapmh an agni¢ liquid is

re n}:@ﬁﬁ‘ﬁe$ﬁ)as 4 éﬁﬁegga? for4E! ?%F{Hzﬂ%s th éﬂﬁ %}n};etraturg will be at

ch anges p rom vapor QUI con enses
heat lavel atiwhichthe aefrigerariovillAtetin yapgy fome butanppnic liquid will be in

ref flh 18 ot Wt&%ﬁ'c@ﬂ&dﬂmﬁf‘&fﬁ bk Qi%m&x%ﬁﬂ@t;@%ﬁ’ ﬂleolt)ni% liquid,
substance used only for coo the'termis used

lher 2§ # linwid; teebeyienenated faqom the r@fnsarqﬂh by fpaingeligipgd,out through an
t r apsdnfilg MENine!18brRianSHs) A€ the refringerant vapor, as a vapor, passes

alone on into the compressor for re-pressurization.

In any of such processes, temperature may be adjusted by absorbing heat
20 from, or transferring heat to, an object, medium or space. In such a process, the
refrigerant vapor may in step (b) be condensed to a liquid in proximity to an
object, medium or space to be heated; or the liquid refrigerant may in step (d) be
evaporated to form refrigerant vapor in proximity to an object, medium or space
to be cooled.
25 .
In one embodiment of the invention, a refrigerant suitable for use in a
vapor compression system hereof may be selected from one or more members of
the group consisting of CHCIF, (R-22), CHF3 (R-23), CH;F, (R-32), CH3F (R-
41), CHF,CF; (R-125), CH,FCF; (R-134a), CHF,OCHF, (E-134), CH3CCIF; (R-
30 - 142b), CH;CF; (R-143a), CH;CHF; (R-152a), CH3CH.F (R-161), CH3;0CHj3;
(E170), CF3CF,CF3 (R-218), CF3CHFCF; (R-227ea), CF;CH,CF; (R-236fa),
CH,FCF,CHF, (R-245ca), CHFQCPHCF; (R-245fa), CH3;CH,CH; (R-290),
CH;CH,CH,CHs (R-600), CH(CH3);CH; (R-600a), CH3;CH,CH,CH,CH; (R-
601), (CH;3)2CHCH:CH3; (R-601a), CH3;CH,OCH,CH3 (R-610), NH3, CO,, and
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that is applicable for use in a system or apparatus

that nmay be used for heating or cooling by the
w@b®onproson or rejection of heat in a sel ect edPCT/US2007/012866

| ocation. For the present invention, the term

"refrigerant” can be used to indicate one fluidic

subst ance as descri bed above, or may indicate a bl end

or m xture of two or nore such fluidic substances. A

"vacuunt is a pressure less than 1 bar but greater

't ha@rﬁ@nédpar wﬁ@x’fclrpﬂ'lé%hﬁﬁin m isngleéﬂ mPpdréntBeses followmg the
invention relate

distjll atlon
to Ehanigddopn h1p %,nqnlrea ﬁwggdl i} QiF RO, fh i fgerant useful
opefdtthe 1rﬁ'fent&brC£HiipieE§ shd istle@ed/ ﬁﬁﬁf the GRRIPESHISISNing YSREIPS/R-

b oS RS U EOSH 0B TR B2 Bl oS ST B @
1} E gupmpr aReR/R1 gexecinﬁesumomapmo or)g(mmem) OR-nrYICJtleS/R-IMa
20 ATHERDIs TReRRYOK-HER BT Lo G s PRSP =
vapen/mmsm?ass@ @25.8/15.0600) (RWG7EY, RiB2/FOMRE (50.0050.0) (R-410A),
cooRr TRz a5 b3 08 SCOTPRECRWALS OO TG 0 4130
s uc R~ E25/B\) pH /R 400 (6. GLSI0DES )04 1A% R-p23/BAI 342/E170 (77.0/19.0/4.0)
e kMBS 1 SRR (LoD o BEABAL S I S LB B/ B, =

Al T 1ZHRER ¥ 6780042 N R ARbAR R-1 350R;1 34505, 0/ 1. DeRA2 1 BBAR- 125/
Chaps£lR Bbba (5. 5E15A% (%-4%@9 rﬁ%f/ﬁrlsﬁa@-gﬂdaetsy 6&@0/3 0) R-

conpressi on S stemi1s own | n &gure . temis

CoTBSER A2 St 00 (A B R oRAFIDs R 23R /R 600
eXp?@ﬁl/@ﬂSMa‘)V ?Rﬁ@dD? \I@ﬁ’ﬁlfa/}@ Qﬁ’ﬂ{aes(g@ 5/47 FS’)Q@R@B%) R-125/R-
pr OV%Ea?I%—G%Oa/R%%O/R#OIJ (50. 5/47 0r8)9/1 0/0. g) (R&%E{Rr) R—32/R-134a/R-
227ea (18.5/69.5/12.0) (R-425A), R-125/R-1342/R-600/R-601a (5.1/93.0/1.3/0.6)
(R-426A), R-32/R-125/R-143a/R-134a (15.0/25.0/10.0/50.0) (R-427A), R-32/R-
125/R-143a/R-134a (2.0/41.0/50.0/7.0), R-32/R-125/R-143a/R-134a

. (10.0/33.0/36.0/21.0), R-125/R-143a/R-290/R-600a (77.5/20.0/0.6/1.9) (R-428A),
20 and R-125/R-143a (50.0/50.0) (R-507A), wherein the weight percent of the
individual components relative to the other refrigerant components in the blend

and the common name are given in parentheses following each blend.

In another embodiment of the invention, the refrigerant can be selected

25  from one or more members of the group consisting of R-22, R-32, R-125, R-134a,

R-404A, R-410A, R-413A, R-422A, R-422D, R-423A,R-426A, R-427A and R-
507A.

In another embodiment of the invention, a hydrofluorocarbon for use as a

30 refrigerant herein is selected from one or more members of the group consisting

of trifluoromethane (HFC-23), difluoromethane (HFC-32), pentafluoroethane

(HFC-125), 1,1,2,2-tetrafluoroethane (HFC-134), 1,1,1,2-tetrafluoroethane (HFC-

134a), 1,1,1-trifluoroethane (HFC-143a), 1,1-difluoroethane (HFC-152a),
fluoroethane (HFC-161), R-404A, R-407C, and R-410A.
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In Fig. 1, the pressure of the vapor of one or nore
refrigerants is increased nmechanically by the

wo@p®rasioon of a conpressor. The conpressor hasPODUE2997/012866
parts that are lubricated by a lubricant. In this
i nvention, one or nore ionic |liquids serve as the
| ubricant. The refrigerant having increased pressure
is passed through a conduit to a condenser where it is
condensed to liquid form The action of condensing the
refrigerant generates heat, mhich is transferred or
rejected to the surroundings, [ may be an_obj ect,

medi um o %‘B'é‘&’ée’PB°dd%‘eﬂeéPé‘H°ﬂW8°¥W'é $elggfed from one or more

ref ig;'eﬂlﬁéxﬁnbf ittie Il dorﬁs‘isglﬂgl &f @&&Sﬂ?@r&uﬁmﬁf (HFe-125), 1,1,2,2-

conden recejiv Into ur

dovietatGuRnane G kR il drt e fufodimefulsnii . fgea. v

Alquwm;bﬁdkonwg[ted to refrigerant vapor, creating a

m xture of refrigerant in liquid and vapor form From

there, the mxture flows out of the pressure reduction

devMigums of fefrigeeats orctddedaly naay abvodeased. or where t he

liquid refrigerant is evaporated to vapor form As

heat is absorbed by, and flows into, the evaporater by

virtue o 4riother rearbofionemit the mefpigertahtecanebe iag &aastnonef flaerpolefin
I qQul r rroundi ngs (such as an

ulo by ééé'(l:%,tetdgreogx?ﬁl% o) &hsﬁc,@ﬁ ot

um=or “space oSe heat and are cool ed. The
refrigerant, @oWudidoledins 86 BRMbinRklh - ak IZ-RICHLIIIR?, idiefBin R!
is returned to Lﬁ%ﬁ %@p{nﬁgﬁe%de ebeté E p&?ﬁ@m%%i gxoups, and

commences again er at
conpr essi on cycP&eiel thpfa rPé‘ﬁWé’? °fc‘éFP°E‘ﬁ insthg somperpdrippt least
tenperature adj Gistment as, by the absorption or

1£xpul si on heggj) a cﬁ@]fﬁﬁ%ooﬁé‘f&% &mr&u& lBj[LCX—@Y(@ZW)n]
container), a ne ereln& % adnw 189%)eml'llen VA Palandnls

or water) or a space can’ Hie*ledr
an integer from 2 to 5; and

(iii) fluoroolefins selected from the group consisting of:
2,3,3-trifluoro-1-propene (CHF.CF=CH;); 1,1,2-trifluoro-1-
20 propene (CH3;CF=CF;); 1,2,3-trifluoro-1-propene (CHFCF=CF,);
1,1,3-trifluoro-1-propene (CH,FCH=CF,); 1,3,3-trifluoro-1-
propene (CHF,CH=CHF); 1,1,1,2,3,4,4,4-octafluoro-2-butene

(CF;CF=CFCF,); 1,1,2,3,3,4,4,4-octafluoro-1-butene
(CF; CF2CF=CF2); 1,1,1,2,4,4,4-heptafluoro-2-butene
25 (CF;CF=CHCF3), 1,2,3,3,4,4 4-heptafluoro-1-butene
(CHF=CFCF,CFs); 1,1,1,2,3,4,4-heptafluoro-2-butene
(CHF,CF=CFCFs); 1,3,3,3-tetrafluoro-2-(trifluoromethyl)-1-
propenc ((CF3),C=CHF); 1,1,3,3,4,4,4-heptafluoro-1-butene
(CF,=CHCF,CF3); 1,1,2,3,4,4,4-heptafluoro-1-butene
30 (CF,=CFCHFCF3); 1,1,2,3,3,4,4-heptafluoro-1-butene
(CF,=CFCF,CHEFE,); - 2,3,3,4,4,4-hexafluoro-1-butene
(CF3;CF,CF=CH3); 1,3,3,4,4,4-hexafluoro-1-butene
(CHF=CHCF,CF3); 1,2,3,4,4,4-hexafluoro-1-butene
(CHF=CFCHFCF3); 1,2,3,3,4,4-hexafluoro-1-butene
35 . (CHF=CFCF,CHF,); 1,1,2,3,4,4-hexafluoro-2-butene
(CHF,CF=CFCHF,); 1,1,1,2,3,4-hexafluoro-2-biitene
(CH;FCF=CFCF3), 1,1,1,2,4,4-hexafluoro-2-butene

-17 -



cool ed as desired. In one enbodi nent, therefore, this
i nvention provides an apparatus for tenperature
wa@eajoagseent, to operate or execute a vapor conpCEBES100TI012866

cycl e as descri bed above, that includes (a) a

conpressor that increases the pressure of thevapor of

at | east one refrigerant, wherein the conpressor
conprises noving parts that are lubricated by at | east
one ionic liquid; (b) a condenser that receives

refrigerant v passed out .qgf oy
conpr essor, c,zo%gg'f’]dl:s)the vapor lq _;:Q% hexaﬂuorothutcne

a |iquid; (c) (GEs6HEEE G E 2k educt i on dé»’l%%%‘*ﬁ%ﬁ‘aﬂmm 1-butene
receives |i quaGFﬁ@FCF;gmzﬁm that is passkddciekafbiord-Nebutene

? 8 P (rjne 25 reinr ar NEH,SEHEAF ng‘?)aﬁ ?I§ zﬁflillﬁ‘oqrg T2 (fMudrb A bth ¢ 1 Propene
torm (d) an @yg‘_&g}%’éﬂ) t hat receives '?H?W%’P%tgf?‘é“%fz'butme
liquid and va(ﬁ‘dizFEéIHQFg?@nhnt that is padseérenieflusioRmtene
pressure rleduairi;gn—@emmﬁ) and evap?rﬁgg&,a banaﬂuoro 1-butene
remai ning |i xture to formrefrige .
vapor; and (gﬁ 6ndﬁ5]t hat ret urns{{inc} A?% EHEAS -2 butene
conpr essor r HatHGEpor that is padsetiperipflupro-gihutene
1evapor at or . IGCI-BﬂIFFEFCFQl;T’OOdI nment, t h2,3,3i4u-paitafbuvro-1-butene
pro?/l ges ?n) aRRBREER,CRE,) I(re]rr{)eraturel @@Wﬁe&ﬁé‘t‘iusogﬂétbutene
i ncl udes (a at increa

of the vapor @}%&Fggﬁr{lﬁiﬁe refri gerirﬁ?’ ’{18 ‘P%ﬁ“"m'l%“tme
condenser t haffCH:&FLTESEDsef ri ger ant vhﬂ)ér3‘thattaﬂ‘§>f0-2 -butene
passed out of(CIHLB‘CF@(IBCHFs)or 18N8, 33opuheifiio s -2-fiethydd Qropene
jsinder pressur&;FtZoC@:lJ (@%ﬂ g&:ﬂéor%&% rﬂﬁ%&@ ro ene
device that r é&i ﬂ# fri gerapn ‘g Ez)

out of the condén AfdPeduces the e B?‘Ea Putene
liquid to f or (GER=RFCHECE D refr | ger aht, 4L4n4-b1=rq@ﬂu§mahdmtene
vapor form (@HRCTEORBEFERLOr that rergawpspentafluoro-1-butene

(CHF=CHCHFCF;); : 1,3,3,4,4-pentafluoro-1-butene
20 (CHF=CHCF,CHF;); 1,2,3,4,4-pentafluoro-1-butene
(CHF=CFCHFCHF,); 3,3,4,4-tetrafluoro-1-butene
(CH,=CHCF,CHF,); 1,1-difluoro-2-(difluoromethyl)-1-propene
(CF2=C(CHF2)(CH3));. 1,3,3,3-tetrafluoro-2-methyl-1-propene
(CHF=C(CF3)(CH3)); 3,3-difluoro-2-(difluoromethyl)-1-propene
25 (CH,=C(CHF3;),); 1,1,1,2-tetrafluoro-2-butene (CF;CF=CHCH3);

1,1,1,3-tetrafluoro-2-butene (CH;CF=CHCF3); 1,1,1,2,3,4,4,5,5,5-
decafluoro-2-pentene  (CF3CF=CFCFCF3); 1,1,2,3,3,4,4,5,5,5-
decafluoro-1-pentene (CF,=CFCF,CF>CFs); 1,1,1,4,4,4-

hexafluoro-2-(trifluoromethyl)-2-butene ((CF;5),C=CHCEF3);
30 1,1,1,2,4,4,5,5,5-nonafluoro-2-pentene (CF3CF=CHCF,CF5);
1,1,1,3,4,4,5,5,5-nonafluoro-2-pentene (CF3;CH=CFCF,CF3);

1,2,3,3,4,4,5,5,5-nonafluoro-1-pentene (CHF=CFCF,CF,CF,);
1,1,3,3,4,4,5,5,5-nonafluoro-1-pentene (CF,=CHCF,CF,CF3);
1,1,2,3,3,4,4,5,5-nonafluoro-1-pentene (CF=CFCF,CF,CHF);

35 1,1,2,3,4,4,5,5,5-nonafluoro-2-pentene (CHF,CF=CFCF,CFs);
1,1,1,2,3,4,4,5,5-nonafluoro-2-pentene (CF;CF=CFCF,CHF,);
1,1,1,2,3,4,5,5,5-nonafluoro-2-pentene (CF;CF=CFCHFCF;);
1 ,2,3,4,4,4-hexaﬂuoro—_3-(triﬂuoromethyl)- 1-butene
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the m xture of |liquid and vapor refrigerant that is

passed out of the pressure reduction device, and
we@aposAses the remaining liquid in the m xturBCT/USI00T/0m2866

refrigerant vapor; and (e) a conduit that returns to

the conpressor refrigerant vapor that is passed out of

the evaporator; wherein a refrigerant is adm xed wth

at least one ionic liquid. In a vapor conpression

system where an ionic quuid i s used as a |lubricant

for a nechani r era t

circul ated t h@*ﬁmé or! lc%?rﬁr 6 e§‘|a HoTgy 'ﬁtgﬁ‘r‘fﬁf/’methyl) 1-
cont ai n sone tatengnt dEFaT ﬁ(&ﬁﬂfs] i quisd | bk 1.6 &f-haxaBuaro-2-
the | ubri cant(uifasorbraeds@ig-2Bikenef | (SFRIHE-O@FY),);0Catl|10314,4,4-

and into othgf., XBALS- é:, Jl%ﬂﬁorﬁ%tﬁh?-glb%ﬁe Gee It §t:§ =CHCF(CF3),);

conceptual ly no

Bppar at us may?-2dihfst: Pé’r?&é]ﬂ"a’f"a’r‘ée‘}i?‘eabsor b(%ﬁ&f 2CF2CF3);
from or trank? er3r;4,4xg Shestflub®; 1-paentaly ect (CHESCHECFECF.CHF;);

space. In sucﬂﬂsaa@ fRloHS2- (MR fARMSIS RlhuitRY f or

exanpl e, be | n ob

or space to §?%1£ S]C%g] e‘% 8?’3‘?8?0 G '&‘B%uommetg]yl) 1-
located in prowsnei ty t 6CRrCHs M2hedi uml gsh4Haertafigpro-3-
1be cool ed. An (&Wﬂfrﬁhblﬁyl@-ﬁ-ﬁdtﬁnﬁ i n(/(eHF#OHCIF&yFM 1,1,4,4,4-

depl oyed 101 Jiagaubro £erihibohdAd - fiofl e @200, CHaCF):
refr!g_erator % reeg(f ?I} e f

condi ti oner, ah* Yorosp- EU@‘PVW@F -@meng heat er or
heat punp. Ea(éﬁFadz‘CFtGHfﬁiz)nst r umerd 34485, hbeptaflurae-depentene
in a residenticF,CFAORUBECHY); Or | ISl sib.-heshinidie-1-pehtene

may be Incorp(gﬁgLeﬁcw&FocﬁF bi 11249 He¥lsCen S A1 Burcne

car, truck

transport at i deFofH §¢}E)?§ B cor péf a]t%ﬂ"’r‘h’t‘??‘aé]“ﬁf‘é%é‘eg?yl -2-

equi pnment sudiwtas a nme(CEAF=COCF)WHM . 2,4,4,4-tetrafluoro-3-
(trifluoromethyl)-1-butene - (CHy=CFCH(CF3)y); 1,4,4,4-
tetrafluoro-3-(trifluoromethyl)-1-butene (CHF=CHCH(CF»)2);

20 1,1,1,4-tetrafluoro-2-(trifluoromethyl)-2-butene

(CHoFCH=C(CF»),); 1,1,1,3-tetrafluoro-2-(trifluoromethyl)-2-
butene (CH;CF=C(CFs);); 1,1,1-trifluoro-2-(trifluoromethyl)-2-
butene ((CF3j2C=CHCH3); '3,4,4,5,S,S-hexaﬂuoro-Z-pentene
(CF3CF,CF=CHCH,); 1,1,1,4.4,4-hexafluoro-2-methyl-2-butene

25 (CF5C(CH;3)=CHCF5); 3,3,4,5,5,5-hexafluoro-1-pentene
(CH,=CHCF,CHFCF,); 4,4,4-trifluoro-3-(trifluoromethyt)-1-
butene (CH,=C(CF3)CH,CF3); 1,1,2,3,3,4,4,5,5,6,6,6-
dodecafluoro-1-hexene (CF5(CF3);CF=CF>);
1,1,1,2,2,3,4,5,5,6,6,6-dodecafluoro-3-hexene

30 (CF;CF,CF=CFCF,CFs); 1,1,1,4,4 4-hexafluoro-2,3-

bis(trifluoromethyl)-2-butene ((CF3),C=C(CF;)2); 1,1 ,1,2,3,4,5,5,5-
nonafluoro-4-(trifluoromethyl)-2-pentene  ((CF3);CFCF=CFCF3),
1,1,1,4,4,5,5,5-octafluoro-2-(trifluoromethyl)-2-pentene
((CF3).C=CHC,Fs); 1,1,1,3,4,5,5,5-octafluoro-4-(trifluoromethyl)-
35 2-pentene ((CF3);CFCF=CHCFs); 3,3,4,4,5,5,6,6,6-nonafluoro-1-
hexene (CF;CF,CF>,CF,CH=CH,), 4.4 ,4-trifluoro-3,3-
bis(trifluoromethyl)-1-butene = (CH,=CHC(CF3;);); 1,1,1,4,4,4-
hexafluoro-2-(trifluoromethyl)-3-methyl-2-butene
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In anot her enbodi nent, this invention provides a
process for adjusting the tenperature of an object,
wore@7amosr a space by (a) providing a nechani CBCT/US200T€12866
to increase the pressure of the vapor of at |east one
refrigerant where the device has noving parts, and
providing at |least one ionic liquid to lubricate the
novi ng parts of the device; (b) condensing the
refrigerant vapor under pressure to a |liquid; (c)

forma i xt ardCEPRraReppuERR | ) ol RSk o atoro+
form (d) evaydfuaromehyid-reantard refri ger@ib=¢ CFSTH(CE:)2);
refrigerant vap,012,44e)5 S-ppaftong-siktyl-gpentee | NCr ease

t he pressure t vapor for |
%c) Bnd (d). ‘ﬁﬁéﬁsc 35@%’?Fajllnentp this 1,'?353'{5, g%]xg§§0,04_

an ot
rovi des a praRuaromehyl) %‘R%fq“ﬁg the t errp@rFéEHr FEHSHEGE)2);
obj ect, nedi ulté15.%6.6etaflmpr-2hepmssi ng GFEEFAFpGOF=CHCH3);
at least o Itne 3,8k 086 %EKctiﬂ'M)E&lgﬂbxén&omﬁ%@{CﬁzbﬁCﬂmz),
movi ng parts |n re f£ssur
fefrigerant vhpdrF %engasfﬁr%c’v?é% By P8fiens o o
liquid to | ubd¢E ﬁtce'ct‘ A3 - padispetatiugeo-2-(trifluoromethyl)-
igonpressor; ( D)Jerﬂétﬁ:SI (CH=m®CFOCH, Qs 3Nt 3,9,8[408,5,6 dieptafluoro-2-
t gfer fggf;ﬁtsssﬁaetﬂ AbBlteh gg&gﬁ'&fﬁéﬁzé(gz 5159 h'l% 5,6,6,6-
passi ng the rﬁﬁﬂg‘%’aﬂ’? el 3‘& :f%;a 3)’t hé455666
condenser to hkeppflugronl-bexenduct(Chia=dH¢He€F1aFDedudd.hhe.3,4-
pressure of thptidfiucis-Ithéxhe i(TESCHTCFECFEMJ) 508, tetiaffuoro-4-

f refrigera :
]%)he m xt gr e tn(t(gn g%rié@%ﬂg’ls%;%Egteﬁé@é—p(%?%éﬂhgggﬁ 1”1(932,5,5,5-

refrigerant t}t?Pfa@t“ﬂﬁor APtepepor ; ((Fe§FpaES éF%)?gh));
refri gerant vhpd3-tetraftuegdr3t(trifiuocancbyl)-2tpentene
conpr essor ((CF3),C=CFC,H5s); 1,1,1,2,3,4,4,5,5,6,6,7,7,7-tetradecafluoro-2-
heptene  (CF;CF=CFCF,CF,C,Fs); 1,1,1,2,2,3,4,5,5,6,6,7,7,7-
20 tetradecafluoro-3-heptene (CF;CF,CF=CFCF,C,F5s);
1,1,1,3,4,4,5 ,5,6,6,7,7,7-tridecaﬂuoro-2-heptene
(CFsCH=CFCF,CF,C;Fs); 1,1,1,2,4,4,5,5,6,6,7,7,7-tridecafluoro-
2-heptene  (CF3CF=CHCF,CF.CyFs); 1,1,1,2.2.455,6,6,7,7,7-
 tridecafluoro-3-heptene (CFsCF,CH=CFCF,C,Fs);
25 1,1,1,2,2,3,5,5,6,6,7,7,7-tridecafluoro-3-heptene
(CF3 CF,CF=CHCF,C.F 5); CF 2=CFOCF2CF3 (P EVE) and
CF,=CFOCF; (PMVE).

30 In yet another embodiment, the ‘refrigerant can be a composition
comprising the fluoroolefin as defined above with a flammable refrigerant as
described in U.S. Provisional Application No. 60/732,581, which is incorporated
in its entirety as a part hereof for all -purposes. Flammable refrigerants comprise
any compound, which may be demonstrated to propagate a flame under specified

35 conditions of temperature, pressure and composition when mixed with air.
Flammable refrigerants may be identified by testing under conditions specified by

ASHRAE (American Society of Heating, Refrigerating and Air-Conditioning
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to repeat step (a) to increase the pressure of the

refrigerant vapor fornmed in steps (c) and (d). In yet
war@rheosenbodi ment, this invention provi des aPQr/US®8%012866

for adjusting the tenperature of an object, nedium or

a space by (a) increasing the pressure ofthe vapor of

at |l east one refrigerant; (b) condensing the

refrigerant vapor under pressure to a liquid; (c)

reducing the pressure of.the liquid refrigerant to

for t f a
o B Sl 4 B0 B LA S8, T

r ef pidy Materialy) aBegl Ok,eyl@e%@mvwwg@ﬁpﬂ h¥OUFeES r |Sgleb a‘Pﬂ‘S of

VapaimAadility AeCcdrddéted WAl 8RMefr ?a[n@'a'i‘ 102NEba( $1)4 .7 psia) and a
repeatl ng st ep a to Increase t pressure O he

r ef sriegidied tRmpengivre (fmmﬂm 100 G t(21%° F()c9r rapE teRperare, ghat being

yapRlout SR BASE Qt b EBN R G0 inla@h Grdek %Jaéﬂeﬁr&nekﬁ@ thwer
as a |ubricant a nechani cal conpressor,

ref ﬂ@lg@@'alhfy Jignit S(I@L} cda MBRETt ﬂiugglg ility, elqulép@}FL) of the test

CO”PJrﬁp‘o%hQﬂ < | €1aRRNabEO PirAbdRarit TR heEOkNHro MioréiartioRtli duch
I|qU| ubr?cant mher% t he Tubricant has ?eéﬁed out F

of
i t sdifueromeiang JEHRG-38) SMPTQIEHRS SPHE S pht £3-IFraliynze- 1-propene
SyS(}ﬁlt-\l\@ﬁff)@) | fludreth@E|C&ieh Ud| ¢ JF,00tHI, Hydrstamboh cbtms such as
When refrlggrant that is thus adm xed with_an i0

19 qm k}yé Ihﬁgxaci.r oRsy, su ﬁﬁr@gga&e Fx&moma and combmatlons
I e- eS8 Urded é@.m}ilh@»fantﬂﬁegﬁrarit ema@bahuﬁ ecomphlsmga ﬂhoraoleﬁn

IeveI at whi.ch t be in va . .
bt B  GHPRle 1T, i b ti g sorRRiop Spfipriine
c onghsiut 99 yvei g petsentde $bq)}m éd. OtWJexgiermrdemt QHEs(HFC-1225ye) and
liq I e :

r ef ?i?%‘é% g%}’e% / pg}éfg%gtoér%‘?g’égweﬁﬁ%gggﬁg a%sopem ng

15nto the Iubrlcant sunp while the refringerant vapor,

as a va pﬁgfngprgﬁé %§efﬂi R %e%énﬁ&x? altsg ﬁlcmgﬁﬁ%?{loxfs%mpnsmg

re-pressuri
pentafluoroethane (R 125), 1,1,1,2-tetrafluoroethane (R-134a), and at least two’

hydrocarbons each having eight or fewer carbon atoms, as described in U.S.

Provisional Application No. 60/876,406, which is incorporated in its entirety as a
20  part hereof for all purposes. In some embodiments, the hydrocarbon is C4 to Cg
hydrocarbon, such as butanes, pentanes, hexanes, heptanes, octanes, Cs to Cg
alkenes, C,4 to Cg cycloalkanes, or mixtures thereof. In certain embodiments, the
hydrocarbon components consist of n-butane (R-600) and n-pentane (R-601). In
some embodiments, the pentafluoroethane is used at from about 13% to about
25 20% by weight of the composition, and in some embodiments, the 1,1,1,2-
tetrafluoroethane is used at from about 70% to about 80% by weight of the
composition. In some embodiments, the hydrocarbon component is used at from

about 1% to about 6% by weight.
30 Refrigerants useful in this invention can be obtained commercially, or can

be synthesized by the methods described in U.S. Provisional Application No.
60/732,581.
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In any of such processes, tenperature may be adjusted
by absorbing heat from or transferring heat to, an
wo@bjoeas305nedi um or space. In such a process, tPEI/US2007/012866

refrigerant vapor may in step (b) be condensed to a
liquid in proximty to an object, nmediumor space to

be heated; or the liquid refrigerant may in step (d)

be evaporated to formrefrigerant vapor in proximty

to an object, mediumor space to be cooled. In one

enmbodi meﬂﬁ &rxc tllHﬁid' R¥RN LY QQubrﬁ;a.ﬁtelf)Jrélﬂ aA pﬁhﬁxﬁl@meemy ionic

for use in a vapor conpression system hereof

sel bgtidghat P?ﬁ?ftzfr?ereérrgeﬁ%lﬁ éu%ﬁeh@r@}wwbgwa& : Ideally, for
CONShiriuid oﬂfreﬁﬂgtd: Ehe( }ssoﬁ}ﬂgg idrfie %aﬁnd tﬁﬁ'&l':ﬂlbncant should
(R-32), CH3F (R 125)

( R-h2ygjeh seilnbzlmfw:z' ‘(’Ef"l%e&a}“t aé@m fpzﬁ?weawﬁﬁl)actens"cs
CH3CF3 (R-143a), CH3CHF2 (R 152a), CH3CH2F (R-161),
TH3OCH3 (E170), CF3CF2CF3 (R-218), CF3CHFCF3

( R- 227 e alonicARpRARAE Dréaricaffipund CHREGR Kedi® af RoRd afpErature

(R GO0 P e G R BT Ayom e e B CTeY (R Vo low

601&1;31&61@%)1&015}}2% 6 Be Gﬂlilﬁd) ove@%@c@@é‘ﬁiﬂ&hﬁr{ Rn@é,&)n,d have
o VIS TORRR O RSB e Ry EHE ERARRR S By o vapor
10 N pressuleg rané niieydé anegithen be hh.arall nacéhi¢ ioobvasit.heThe propemes of an
ref f

L BRSNS o L5 D B s
143an R.ngggqu;uq ety fggtl@/pre@a)'xt (xRemqppAean in principle be any cation or

R- 3%131 gt%ﬁ/ thit h%@an(ﬁ Qn@LfiBn %%ﬁxep}br&x&n &gm salt that is liquid at
- R 32/R- 125/ R-134a (10.0/70.0/

R- 397 treloyp ahant 180PE". (23 0/ 25. 0/ 52. 0) (R— 407C)
R 32/ R 125/ R-134a (15.0/15.0/70.0) (R-407D), R-

Many ionic liquids are formed by reacting a nitrogen-containing
heterocyclic ring, preferably a heteroaromatic ring, with an alkylating agent (for
example, an alkyl halide) to form a quaternary ammonium salt, and performing
ion exchange or other suitable reactions with various Lewis acids or their

20 conjugate bases to form the ionic liquid. Examples of suitable heteroaromatic
rings include substituted pyridines, imidazole, substituted imidazole, pyrrole and
substituted pyrroles. These rings can be alkylated with virtually any straight,
branched or cyclic C;0 alkyl group, but preferably, the alkyl groups are C;.i6
groups, since groups larger than this may produce low melting solids rather than

25 ionic liquids. Various triarylphosphines, thioethers and cyclic and non-cyclic
quaternary ammonium salts may also been used for this purpose. Counterions

that may be used include chloroaluminate, bromoaluminate, gallium chloride,

tetrafluoroborate, tetrachloroborate, hexafluorophosphate, nitrate,
trifluoromethane sulfonate, methylsulfonate, p-toluenesulfonate,
‘30  hexafluoroantimonate, hexafluoroarsenate, tetrachloroaluminate,

tetrabromoaluminate, perchlorate, hydroxide anion, copper dichloride anion, -iron
trichloride anion, zinc trichloride anion, as well as vanous lanthanum, potassium,

lithium, nickel, cobalt, manganese, and other metal-containing anions.
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32/ R-125/ R-134a (25. 0/ 15.0/60.0) (R-407E), R-32/R 125

(50.0/50.0) (R-410A), R-32/R-125 (45.0/55) (R-410B),
weR®18451134a/ R- 600a (9.0/88.0/3.0) (R 413A), PCT/US2007/012866

R- 125/ R- 134a/ R- 600 (46. 6/50. 0/ 3. 4) (417A),

R- 125/ R-134a/ E170 (77.0/19.0/4.0) (R-419A),

R-134a/ R-142b (88.0/12.0) (R-420A), R-134a/R-142b

(80.6/19.4), R 125/R-134a (58.0/42.0) (R 421A),

R 125/ R-134a (85.0/15.0) (R 421B), R 125/R

134a/ R-600a (85.1/11.5/3.4) (R 422A),

R- 125/ R- 134a/-R- 600a (55 0/ 42,0/ 3..Q) (E 422B

R- 125/ R-Ipsigdiquidsgpay plso bpsymhesized By Ia@&thsm by an acid-base

R- 1Rt Zatitn/ Rsa@@&ﬁ &165by1/ q'&lteﬁﬁﬁné) a( E’elé&&D) nitrogen-containing

R-134a/ R-227e @é [ 47. 5% (R423A R- 125/

134‘57“@%%9‘@ (Phipinegccogymercigily f@P&s‘UF@l gympanies such

§{ R 4e2¥iénck (Bm%%{ﬁt,%ﬁ& 02 BASF (McdhndOfi%e, M132. 0)

(R-425A), R-125/R-134a/R-600/R-601a (5.1/93.0/1.3/0.6)

(R-426A), R 32/R-125/R-143a/ R 134a

(15. 0/ 25RépPrddanAtied cgmpled 42 Yohjc liGuid2/uskful herein included among

125 R-143a/ R,134a (.2.0/41.0/.50.0/ 7.0 . .

e S e R sl P B B s ect Bipraggmot. 68:351-356

R— 1@997} 183an.Rmd9 (5’8&-49%3 A 996)5/ .2 (PHYs.OCrdensed Matter, 5: (supp

1§ R 448000 BI\h 59%)5/ PO a‘z?%‘{l &?&%N&E} %?aZ'AQO 1998, 32-37;

mhereln t’he we ercent
c ong Mesat. SCheg. a8 26237 236 (189t hCkem. Revi. A 2071 -2084 (1999); and

COMRRNBSYL ‘7& 8 r%ﬂ&s%qelﬁlaﬁfdéo e%md eﬁt glh\ﬁ%}y ie.

I n parent gses OwW ng eac I n anot

embd diombinatstal tltwéarb/n@én@m@rilqw%ewwq @éqpami cf%rn exganple, by
sel Gieh&fhg fJaﬁmsosﬁ 1Qfe {mfv% A Ui d

consi stl ng of " 12?)' R SW 34a, nR— 4041,0?n and varying

IR 4‘1’9A55°F%31ﬂ!3¥\1°nﬂ- erzmdm 25 the iorpe MQIAS panipeasljusfed by parying
andihBmo?4 €Quivalents and type and cornbinations of Lewis acids.
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I n anot her enbodi nent of the invention, a
hydr of | uor ocar bon f or

di f | uor onet hane (HFC 32),
, 2, 2-tetrafl uoroet hane (HFC 134),

use as a refrigerant herein is
w@edoeaswel from one or nore nmenbers of the gr oupCT/US2007/012866
consi sting of trifluoronethane (HFC 23),

1,1,1,2-tetrafl uoroet hane (HFC

(HFC- 152a),
and R-410A. 1
is sele

R e

pent af | uor oet hane ( HFC- 125),

134a),
1,1, 1-trifluoroethane (HFC- 143a),
fl uor oet hane (HFC 161),
nment

r‘ﬂ%‘f?BE?‘é

1, 1-di fl uor oet hane
R- 404A, R-407C,

h%g{c? 1{1]%1? ocar Bl% for use

CONksdraih imity Mabe pativhafdleopedofedh aiecfo(lbling Fbrbylae:1, 1 2 2-
tetrafl uoroet hane (HFC ,
1,1,1,2-tetrafl uoroet hane (HFC
407C, andrR-410A. M xtures of refrigerants pp bl ends

at | east B?

Ny,
wher ei n the t ot al

@

cycl o-[ CX=CY(CZW p-],
are H or
to BYridingnyiii) f1 uor ool efi ns sel ect eRyFdagmiume group

I ndependent |y,

consi sting of:

R3
R2 N/R4
R N/kR5

10

Rs/NY

FQZ
RA

F23

15 Imidazolium

BL\\Fv

134a),

R 404A, R-

nunber of carbons in the donpound S
(ii) cyclic fluorool efins of t h&'f or nul a

wherein X, Y, Z, and W

-24 -
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R3
|

BO

R1

R4
RS

Pyrazinium

©

Pyrazolium



2,3,3-trifluoro-I-propene (CHF2CF=CH2);
1,1,2-trifluoro-I| propene (CH3CF=CF2);

A 2@7/343061 f | uor o- | - propene (CH2FCF=CF2); PCT/US2007/012866
1,1,3-trifluoro-I-prope pe (CHZFCH=CF 2);
1,3,3-trifluoro-I| propene (CHF2CH=CHF);

l,1,1,2,3,4, 4, 4-oct af | uor o- 2- but ene ( CF3CF=CFCF3);
1,1,2,3,3,4,4,4-oct af | uoro-1 - but ene (CF3CF2CF=CF2) ;
1,1,1 ,2,4,4, 4-hept af | uor o- 2- but ene ( CF3CF=CHCF3) ;
1, 2, 3,§44, 4, 4- hept af | uor o- 1 - but ene F=CFCF,2CF3) ;
1,1,1 ', 3, 4, ept af | uor o- 2- but ene FZCF-%FCF 3);
l,3,3,3 Iuoro 2-(trifluoromethyl suopene
((CF3) 2 133444heptaf|u -butene
(CF2= 1, 2,3, 4,4, 4-hept gt b6 }b&
(CFBCFCH 3) 5123344h taflu-l- ene
(CF2=CFCF2CHF2); 2, 3,3, 4, 4, 4- hexaf | uoro-1-butene

( CFBbipzelitip) - 1, 3, 3, 4, 4, 4- hexalPFEPWIM- but ene

( CHF=CHCF 2CF3); 1, 2,3, 4, 4 4- hexaf | uoro-1-but ene

( CHF=CFCHFCF 3) 1,2,3,3, 4 4- hexaf | uoro-1 - but ene .

( CHF=CFCF 2CHFB l,1,2,3,4,4-hexafl uoro- 2- but ene
/2): 1,1,1 , 2,3, 4- hexaf i uor o- 2- but ene

oro 2 but ene( CHF2CH=CFCF 3); 1,1,1.3
RBut ene (CF3CH=CFCHF 2); 1,1,2,3
1- but ene

5  Triazolium

§ o
® | -
R lP- R® and R10 - N®-— R
|
R® ‘ R
Phosphonium Ammonium

wherein R!, R?, R?, R*, R’ and R6_are independently selected from the group
consisting of: |
10 ) H .
(i1) halogen
(i) -CHjs, -C2Hs, or Cs to Cys straight-chain, branched or cyclic
alkane or alkene, opﬁonélly substituted with at least one
member selected from the group consisting of Cl, Br, F, 1,
15 OH, NH; and SH;

' (iv)  -CHj, -C;Hs, or C; to Cys straight-chain, branched or cyclic
alkane or alkene comprising one to three heteroatoms
selected from the group consisting of O, N, Si and S, and
optionally substituted with at least one member selected

20 from the group consisting of Cl, Br, F, I, OH, NH; and SH;
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(CF2=CFCF2CH2F); 1,1 , 2, 3,4, 4-hexafluoro- 1-butene (CF
2=CFCHFCHF 2) ; 3,3,3-trifluoro-2-(trifluoronethyl)-
wazpropese ( CH2=C( CF3) 2) ; PCT/US2007/012866
[,1,1,2,4-pentaf hi oro-2-butene (CH2ZFCH=CFCF 3); 1,1,1
, 3, 4- pent af | uor o- 2- but ene ( CF3CH=CFCH 2F);
3,3,4,4, 4-pent af l uoro- 1-butene (CF3CF2CH=CH2) ; 1,1,1
4, 4- pent af | uor o- 2- but ene ( CHF2CH=CHCF3) ;
, 2, 3-pent af | uor o- 2- but ene (CH CF=CFCF 3);

R
2, 3, 3- pent af | uors!¥reaYh ReviRe ?éﬂ—lgbéﬁ?ﬁih?ﬁﬁr L°2‘"5 independently
33

]

, 4- pent af | weleoted filowt megrd@HZEQBﬁ@EEHFbEB; ard S; and

’Cg’z b( ng;] E 2 u;) res _d;r? ub\étltute:h a%r'log 83 to Cas substituted heteroaryl
- (di f1 uor onet hyl )ha8ing, Sne td fthreerietdroatprne ﬁﬁdt@endently selected

2RI TR

Fra:CLolE Ry siv i iore vt v
( CHF=CFCH 2CF3); Isafll subdtithtademiyhbl sobsbitutdd heteasyl has one to
(Gr-cror aorey): e BT RBpriRhd: et B e group
( CHF=CFCHFCHF 2) ;coBsi®inghf4-tetrafluoro-I -butene

1 _CIE?;S;EEZCHFZ) ; ]'(’ljl':(gli-lgf,l- %2 _02r_é3dlof SO %‘ l¥a|i1)1,— branched or

cyclic alkane or alkene, optionally substituted with at
least one member selected from the group consisting of
Cl, Br, F I, OH, NH; and SH,
(2) OH,
15 (3) NH;, and
(4) SH;
R’,R% R’ and R are independently selected from the group consisting of:
(vn) -CHj;, -C;Hs, or C5 to Cys straight-chain, branched or cyclic
' alkane or alkene, optionally substituted with at least one
20 member selected from the group consisting of Cl, Br, F, I,
OH, NH> and SH;

(vii1) -CHjs, -CaHs, or Cs to Cys straight-chain, branched or cyclic
alkane or alkene comprising one to three heteroatoms
selected from the group conmsisting of O, N, Si and S, and

25 . optionally substituted with at least one member selected

from the group consisting of Cl, Br, F, I, OH, NH; and SH;
" (ix) Ce to Cas unsubstituted aryl, or C; to C,s unsubstituted

heteroaryl having one to three heteroatoms independently

selected from the group consisting of O, N, Si and S; and

30 x) Ce to Cys5 substituted aryl, or C; to C,5 substituted heteroaryl

having one to three heteroatoms independently selected

from the grouﬁ consisting of O, N, Si and S; and wherein
said substituted aryl or substituted heteroaryl has one to
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(CF2:C(CHF2)(CH3)); 1, 3, 3, 3-tetrafl uoro-2- net hyl -
1- propene (CHF=C(CF 3)(CH3));

W@ 2®7daFosuor o- 2- (di fl uoronet hyl ) -1 -propene  PCT/US2007/012866
(CH2=C(CHF2)2); I|,Il,l,2-tetrafl oro-2-butene
(CR3CF=CHCH3) ; I,I,1,3-tetrafl uoro-2-butene
( CH3CF=CHCF3) ; 1 1 1,2,3,4,4,5,5,5-
decaf | uoro- 2- pent ene ( CF3CF=CFCF2CF3) ;
1,1,2,3,3,4,4,5,5,5- decafluoro- 1-pentene

(CFZ CFCFZCFZCF3) thiee lsubstitflerfly fhide endently selected from the group
hexaf | uoro-2-(trifl uoronet hyl)-2- Butene CF3

2C=CHCF3); |, I, |, xomsigting of: 5_ nonaf | uor o- 2 pent ene

(CF3CF= CHCFZCFB) (1) -CH3, -C;Hs, or C3 to Cjs straight-chain, branched or

[,1,1,3,4,4,5,5, 5- nonaffuoro 2- pent ene
(CF3CH:CFCF2CF3) cyclic alkane or alkene, optionally substituted with at

- 4,2,3,3,4,4,5,5, 5- nonab dhe mmirep S RaERréeHine GRfup 26ohd dng of
); 1,1,3,3,4,4,5,5, 5- nonaflu8ro I-pentene

(CF2 CHCF2CF2CF3) ;1< B, B, IgOKL WHg and SEb 4 | yor o-
1- pentene (CF2= CFQE;E@?QCHFZ)

[, 1, 234455582?\@'{ ro-2-pentene

(CHFZCF CFCF2CF3) %2 3, 4, 4,

5, 5-nonaf | uor o- 2- p(emSHnﬁnc( CFSCF CFCF2CHF2) ;

non R8NLL
J3’7) whférﬁmsdpiioﬂaliy exa ?ﬁorgkj’%ﬁ’ T#ugfr% Ofée%s’g:ﬁdﬂ:ﬁa can
1- boigethe IGHRaCy i @HiG)cHY alkanyl or alkenyl group.
1, irnA-hexaf l uoro™-Ori fluoronmethyl )- 1- butene
(CF2=CFCH(CF 3) 2); 1,1,1,4,4, 4-hexafl uoro-2-
(t ri f 1 uonoamethiey pmbadipenteionic(liguisusefplgor Gledpvention comprise

1ﬂ§o fh 4?1 angx;ess’a‘ﬁéréiﬂ aPlekt Che bhYSY RGIEN obi RLFPURERE, RS,

12 3R§R¢f R, R°5nd R} teontnrises - | - pent ene
( CH2=CFCF2CF2CF3) ;

In another embodiment, ionic liquids have anions selected from the group
consisting of [CH3CO,]", [HSO4J, [CH3080s], [C;HsOSO0:T, [AICL], [COs)%,
[HCO;], [NO.J, [NOs], [SO4J%, [POs}, [HPO4]*, [HoPO4], [HSO:T, [CuCl:T,

20 CI,Br, I, SCN’; and preferably any fluorinated anion. Fluorinated anions of the
invention include [BF4], [PFe¢], [SbFe}, [CF3S0;], [HCFCF>SOsT,
[CFsHFCCF2S0O;], [HCCIFCF2SOs3], [(CF3iSO2):NT, [(CFiCF2S0;).NT,
[(CF3S0,):CI, [CF;CO,], [CF3;O0CFHCF,SO;], [CF;CF,OCFHCF,SO,],
[CF;CFHOCF,;CF,S0;], [CF,HCF2OCF2CF2S0s]",  [CFICF,0CF,CF,SOs],

25  [CF;CF;0OCF:CF,:S0s], [(CF.HCF,S0,),NJ’, [(CF 3CFHCF>S0;);N]; and F. In
another embodiment, ionic liquids comprise a cation selected from the group
consisting of pyridinium, pyridazinium, pyrimidinium, pyrazinium, imidazolium,
pyrazolium, thiazolium, oxazolium, triazolium, phosphonium, and ammonium as
defined above; and an anion selected from the group consisting of [CH;CO.J,

30 [HSO.), [CH;080s], [C;H50S0s], [AICL], [COs)*, [HCOs], [NO,J, [NOsT,
[SO4)%, [PO4)*, [HPO4J*, [H2PO]", [HSO:T, [CuCL], CI, Br, I, SCN; and any
fluorinated anion. In yet another embodiment, ionic liquids comprise a cation
selected from the group consisting of pyridinium, pyridazinium, pyrimidinium,

pyrazinium, imidazolium, pyrazolium, thiazolium, oxazolium, triazolium,
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1,2,3,3,4,4,5,5-octafl uoro-1-pentene (CHF=CFCF 2CF2CHF
2); 3,3,4,4,4-pentafl uoro-2-(trifluoronethyl)-
wda2atensl (CH2=C( CF3) CF2CF3) ; PCT/US2007/012866
1,1,4,4,4-pentafluoro-3-(trifluoronethyl)- 1- butene
(CF2=CHCH(CF 3)2); 1,3,4,4, 4-pentafl uoro- 3-
(trifluoronethyl)-l -butene (CHF=CHCF(CF 3)2);
1,1,4,4,4- pentafluoro-2-(trifluoronethyl)-1 -butene
(CF2 C( CF3) CH2CF3) ;

églgosgté%%{::haﬁddé&ﬁﬁoﬁnbt 4sl &aﬁuad g Yangt zh‘abidﬁx&eﬁcted from the
E|(o eﬁ]fo)éxﬁ . ceﬁz%,gzdgzipgdm) pr> PSP {96! macrcrsosr,
2, 3[CFMPECE,SokEpt aﬂtam@zsos)ﬁnt G(CF S OLRNISFCR(CF;CF,S0,),NT,

@Q%)gémc@c&i TRERO LRSS PR G ocFHCE O],
| [CFZFHOCKOPS0AT | (OFaHGFIGTIyIF,S0:]b Ut [EFECF,0CF,CF,S0s],

(t r f&ﬁ%‘gﬁéiﬁ@ s [((%af‘gﬁés?@ @%ﬁ@%ﬁc%sgﬂzm and F.

1,4,4,4- tetrafl uoro-3-(trifluoronethyl)-l -butene

(CHF= (CF
4-tetra ol;h {)%ilh*erxé olcrmolc llf]HIdF )copr%set ae%aetlon selected from the

(Q—@Eﬁblzﬁ(»ﬂ?stiﬂkZ))f gyrididium, pyndazmmm, pyrimidinium, pyrazinium,
l(e Cl-lg%}(—lr ah uo%y?% ﬂlgnrl,l ﬁlka%gﬂgmnegyt]a&h}lmlzl tnk%lz‘lct)heurr]ne phosphonium, and
| minntomm aodafingd abgvicf Whoneorastlénst ynedmerpberenlected from R', R?,

E &%g%&@ﬂ_ﬁ) ]? ﬁ? 4md BO? éoxﬁﬁﬁfé:g lFuoraga%nQﬁf&h%@ﬁcted from the

| proup, epnaistis af [(GHsGOF- nFIRA - ICHRIAY, [CHsOSOsT, [AICLT,
( CFREOFHBIFEDTINO, B, (Nch] 5 (So5> NG, 490 7, REFOA GO,
1s [CuClL], CI, Br, T, SCN‘; and any fluorinated anion. In still another
embodiment, ionic liquids comprise a cation selected from the group consisting of
pyridinium, pyridazinium, pyrimidinium, pyrazinium, imidazolium, pyrazolium,
thiazolium, oxazolium, triazolium, phosphonium, and ammonium as defined
above; wherein at least one member selected from R', R%L, R, R* R, R*R’, RS,
20 R’ and R'® comprises F; and an anion selected from the group consisting of
[BFs], [PF¢], [SbFe], [CF3SOs], [HCFCF:SOs], [CFsHFCCF,SOs],
[HCCIFCF;S0s], [(CF3SO2)2N], [(CF3CF2S02):N], [(CF35802)3CT, [CF3CO:],
[CF3;OCFHCF,S0s}, [CF3CF2OCFHCF,S0s], [CF3CFHOCF>CF.SO0a],
[CFHCF,0CF:CF:S0s],  [CFICF,OCF.CFS0s],  [CFCF,0CF,CF.S0;],

25  [(CF2HCF2SO,2):N], [(CF3CFHCF2S0,2);N], and F".

In another embodiment, an ijonic liquid comprises 1-butyl-3-
methylimidazolium, 1,2-dimethyl-3-propylimidazolium, 1-octyl-3-
methylimidazolium, 1,3-dioctylimidazolium, 1-ethyl-3-methylimidazolium, 1-

30  dodecyl-3-methylimidazolium, 1-heptyl-3-methylimidazolium,  3-methyl-1-
propylpyridinium, 1-butyl-3-methylpyridinium, tetradecyl(trihexyl)phosphonium,
or tributyl(tetradecyl)phosphonium as tI;e cation and an anion seélected from the
group consisting of [CH3CO2], [HSO.], [CH;0S0;}, [C;HsOSOs], [AICL],
[COs)*, (HCOsT, [NO;T, [NOsJ, [SO4]*, [POI", [HPO4J*, [HPO.]", [HSO:],
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(CH 2=CHCF 2CHFCF 3) ;
4,4, 4-trifluoro-3-(trifluoronethyl)- 1- butene

w@ a2a0Q08F3) CH2CF3); 1,1, 2, 3, 3,4,4,5,5,6, 6, 6- PCT/US2007/012866
dodecaf |l uoro-1 -hexene (CF3(CF2)3CF=CF2) 1,1,
1,2,2,3,4 ,5,5,6, 6, 6-dodecaf | uoro- 3- hexene (CF
3CF2CF=CFCF 2CF3) ; I|,Il,1,4,4, 4-hexafl uoro-2, 3-
bi s(trifluoronethyl)-2-butene ((CF3)2C=C(CF 3)2);
1,1,1,2,3,4,5,5, 5-
nogg:fdd{%;tﬂ B 1S é@ﬁfi Q?F?hy[birgﬁ [RGB CNEF:S0,), [HCF.CF,S0;T,

4 LCIHECEFeR P45 | ub?%CE(‘(Ftﬁ‘Pﬂl,uo{(&Fé(H;)ﬂ)‘l»z BEFH:EReS02):NT,

((Cgéré@z?d@? F5¢GF3éo}} 1 E&OCFHCFZSO;, (CF,CF;OCFHCESSO,

ctafl uoro-4-(trifl uor onet

I
((d@;@@i@ﬂF@&S Oy, [CF; CF,0CK;CF;80s]7 )[CFZIC%ZOCFZCFZSOQ,

6, ¢F0EF s 651N i HOPISD, ), Rg X e[ (CEICFHCF,S0,),N
3CF62C|%2C%%CI—ZIE:CPE| 23] ; 4,4, 4{tr2|b21§ll?uoro[-( ﬁﬁ: 2SORNT-

bi s(trifluoronethyl)-I 7butene (CHz2= CHC(CF 3)3);

1,1,1, 4,6 én even more specific embodiment, the at least one ionic liquid is
I T L AR TG N N
( CHesxaRGdrdpld(sphate 2) ; 1bihidh][PRs]4, 4, 5 1-butyl-3-methylimidazolium
" 1%;3 ’ngeﬁﬁafll)qugt%ol é?&?%}lllﬁgélaaﬁf Bgrege}l&g: mcfﬁylc.‘a-propyllmldazohum
(t rt'rfs(tuﬁu@nntetlyls)ﬂfanypmmlﬁde ( CFB(Ethﬁjflﬁ]H(MEl\lﬂ) 2); 1-octyl-3-
é&%@?%%%ﬁu%&ﬁ&e? bﬁlﬁ [g’ 2325? é&gl oct a uﬁnoirogfdergexell[el] I-

( CHeth e HaR i ERdIZo i stXpentaﬂuggrogthy]sulfonyl)lmlde [emim][BEI], 1,2-

» 4, éih@ﬁm-gtplrb‘ﬁlﬂﬁiaiﬁ)ii%f | uor onet hyl| l)ié(%ifﬂﬁ)%rﬁ&ﬁylsulfonyl)imide
15  [dmpim][BMel], 3-methyl-1-propylpyridinium b'is(triﬂuoromethylsulfonyl)imide
[pmpy][BMEel], 1-ethyl-3-methylimidazolium hexaﬂuoroph‘osphate (emim][PFs],
1-ethyl-3-methylimidazolium bis(trifluoroethylsulfonyl)imide [_emim][BMeI], 1-
butyl-3-methylpyridimum bis(trifluoromethylsulfonyl)imide [bmpy][BMel], 1-
ethyl-3-methylimidazolium 1,1,2,2-tetrafluoroethanesulfonate [emim][TFES], 1-

20  butyl-3-methylimidazolium 1,1,2,2-tetrafluoroethanesulfonate [bmim][TFES], 1-
dodecyl-3-methylimidazolium 1,1,2,2-tetrafluoroethanesulfonate [dmim][TFES],
1-heptyl-3-methylimidazolium 1,1,2,2-tetrafluoroethanesulfonate [hmim][TFES],
l-butyl—3-mefhylimidazolium acetate [bmim][Ac], 1-butyl-3-methylimidazolium
2-(1,2,2,2-tetrafluoroethoxy)-1,1,2,2-tetrafluoroethanesulfonate  [bmim][FS], 1-

25 b1_1ty]-3-methylimidazolium 1, 1, 2, 3, 3, 3-hexafluoropropanesulfonate
[bmim]}[HFPS], 1-butyl-3-methylimidazolium methyl sulfonate [bmim][MeSQ4],
1-butyl-3-methylimidazolium thiocyanate [bmim][SCN], 1-butyl-3-
methylimidazolium 1, 1, 2-trifluoro-2-(perfluoroethoxy)ethanesulfonate
[bmim][TPES], = 1-butyl-3-methylimidazolium 1, 1, 2-trifluoro-2-

30 (trifluoromethoxy)ethanesulfonate [bmim][TTES], 1-butyl-3-methylimidazolium
1,1,2-trifluoro-2-(trifluoromethoxy)ethanesulfonate [bmim}[TTES], 1-butyl-3-
methylimidazolium 1,1,2-trifluoro-2-(perfluoroethoxy)ethanesulfonate
[bmim][TPES], 1-ethyl-3-methylimidazolium bis(pentafluoroethylsulfonyl)imide
[emim][BEI], 1-butyl-3-methylimidazolium 1,1,2,3,3-hexafluoropropanesulfonate
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((CF3) 2C=CHCF2CH3) ;
4,4,5,5 5-pentafluoro-2-(trifluoronethyl)- 1-pentene

W@ a2aQ08F 3) CH2C2F5); 3, 3,4,4,5,5,5 rhept af | un€DUR2007/012866
net hyl - 1- pent ene (CF3CF2CF2C(CH3)=CH2); 4,4,5,5, 6, 6, 6-
hept af | uor o- 2- hexene (CF 3CF2CF2CH=CHCH 3) ;
4,4,5,5,6,6,6- heptafl uoro-1-hexene
(CH2=CHCH2CF2C2F5); 1,1,1, 2, 2, 3, 4-
heptafluoro 3- hexene (CF3CF2CF=CFC2H5) ;

mtps(qf | UOferadecy((iritek1yor O gﬁ&sﬁb}ibﬂmﬂn pent,eParifluoro-2-
c‘FoéLuz 3)2); 1,1,
hepﬁpgf ypEeLh

t hyl - 2- pééﬁ%ﬁélf‘ef@ﬁe 3CF=CHCH( (6.9} +-BITPES],

3) ) tnbht)il(tétradecyl)phosphomum 1,1,2,3,3,3-hexafluoropropanesulfonate

Ckb% 3§ﬂﬁ§§ﬁﬁﬁ (trlfluoronethyl) 2 pent ene

,2,3,4,4,5,5,6,6,7,7, 7-tetradecaf | uoro-2- heptene
(CFBCF OMkurEbPoafl)quidsimdy disa?hedysdfidtadlubri€ants,. 7, 7, 7-
t et radecaf | uor o- 3- hept ene ( CF3CF2CF=CFCF2C2F5) ;
l,1,1,3,4,4,5,5,6,6,7,7,7-tridecafl uoro-2-heptene
( CF3 CH=ChrCinodtelr 2Bb&ijrient, vapor compression systems herein may utilize at

(Pl b R iepled o 18555 dd g of AT HE22), cu,
1011 Geaay,| OBiiy- G- BEpiGRF (CAILFORFAOIRCRRIZHSICH,ICE; (R-1340)
(P SHESREEE L3 Pl (L0885 LU BRR S dnon: &
CR2+83(0FH: CHRIMER- 1 6 1) Cle©Cli (EWED), ERBORHCH R;218)eCFsCHFCF;
ref (985 aN CH LB, TR DIBRYSELLRFF,CHF, (R-245¢a), CHF,CH,CF; (R-
245fa), CH3CH,CH3 (R-290), CH3CH,CH2CH3 (R-600), CH(CH3),CHj3 (R-600a),
15 CH3;CH,CH,CH,CH;3; (R-601), (CH3)2CHCH;CH; (R-601a), CH3CH,OCH,CH3
(R-610), NH3, CO,, and CH3CH=CHj3; and at least one ionic liquid comprising
pyridinium, pyridazinium, pyrimidinium, pyrazinium, imidazolium, pyrazolium,
tiliazolium, oxazolium, triazolium, phosphonium, or ammonium as the cation and
| an anion selected from the group consisting of [CH3CO,]’, [HSO4]", [CH;0S05],
20 [C,H;080s], [AICLT, [COs*, [HCOs], [NO:], [NOs], [SO4*, [PO.J,
[HPO.J*, [HoPO4], [HSO;], [CuClL], CI, Br, I, SCN, [BF4], [PFs], [SbFe],
[CF3S0s], [HCF:CF2S80s], [CF3HFCCF,S0s], [HCCIFCF2S0;], [(CF3S0,):N],
[(CFsCF:S0)2NT, [(CF3502):CT, [CF3CO.J, [CF30CFHCF,S0s],
[CF3CF,OCFHCF,S0:], [CF;CFHOCF,CF,S0s], [CF.HCF,OCF;CF,SO;],
25  [CF.ICF;0CFCF3S03], [CFiCF,OCF.CF;S0s:], [(CF:HCF.SO,),N], and
[(CF:CFHCF2SO;);N]".

Vapor compfession systems may also utilize at least one refrigerant blend

selected from the group conmsisting of R-404A; R-407A; R-407B; R-407C; R-

.:50 407D; R-407E; R-410A; R-410B; R-413A; 417A; R-419A; R-420A; 80.6 % R-
134a and 19.4% R-142b (by weight); R-421A; R-421B; R-422A; R-422B; R-
422C; R-422D; R423A; R-424A; R-425A; R-426A; R-427A; 2.0% R-32, 41.0%
R-125, 50.0% R-143a and 7.0% R-134a (by weight); 10.0% R-32, 33.0% R-125,
36.0% R-143a and 21.0% R-134a (by weight); R-428A; and R-507A; and at least
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conprising the fluoroolefin as defined above with a

flammabl e refrigerant as described in U S. Provisiona
wa\ppliteasi on No. 60/ 732,581, which is incorporetBUSI007/012866

its entirety as a part hereof for all purposes.

FIl anmabl e refrigerants conpri se any conpound, which

may be denonstrated to propagate a flanme under

specified conditions of tenperature, pressure and

conposition when mxed with air. Flammbl e

r ef phOghRNiqRid @ndRin ifnhﬁ adifivid, PYrimHRihm, .
condi ti ons sbem fl?ie%a o %)pﬁ,gmslrl ca%gréom ety 8 azinium,

He atrpiflgzolipgs mygepdmn th 1%6?&% Pxe@ﬂfm itB#OHYEn PhAPEpRIuM, or
| NCahmohiARfl a¢ Ghe3datdA0dnd hmdﬁionA%EMe(jAﬁ&m e pr R bétlsibting of

of Testing and Materi.als w th an_el ectronic

oGRS o FEOT SIS Gre @Sl Ay deon ™ THcosT,
‘songiojeiNoiTt, ISOE, IPe.IH, gaPert, mzpm]l [Hg@31 JuCLySCR)BY, T,

o0 s i dEraeTSbh 1o R RS Sl b Erpsonr.

F) BCEIORSO;]T (CRBOLRNI O (EFLOF805);NIT, (CFRS01)LC], [CF;CO.],

det f t
11 a(aBRFHI PR (TSP HER 0T comiGhia kR our,
Fl amraﬂlcmch)em}gsoaht S [CRACECHhyis 8Dl yor PCROFeOSF.CF2S0;:]T,
fdd AN | efins, h
R i S T
fluoroethers, such as C4F90OC2H5, hydrocarbon et hers,
h t .
2o 2, (G SR ?ﬁ%%%%éé??(“%&ﬁ%%ﬁ&%ﬁ P gerant
r ef $q1‘§féqdantfroebrr|§b€si tgime coonsisting ngefa  friflyorasedtednen (HFC-23),
ref GindGloMbnath t h b' RntaffisrbBREAN SﬁF@ 125). B2

-refrigerant conposi risi ng about
1ber@§”ﬁﬂuqr9€th§@ut(1§?§3 @)3%& (}Htl ~potatnerocthprs (HFC-134a), 1,1,1-

( HFfaﬂl,%?o%nﬁh @qﬂcamgﬂtt 1 ]lucﬂﬂﬁ\@rb&hﬁneoﬁ-ﬁ(\ﬁmhat) OfnRfP&dthane (HFC-
37. ?61), 404 erR(EE(%tC R—410A and CO,;; and at least one ionic liquid
comprising pyridinium, pyridazinium, pyrimidinium, pyrazinium, imidazolium,
pyrazolium, thiazolium, oxazolium, triazolium, phosphonium, or ammonium as
20 the cation and an anion selected from the group consisting of [CH3CO:]’, [HSO4],
[CH;0S0s], [C:Hs080s], [AICL], [COs)*, [HCOs], [NO:], [NOs], [SO4)%,
[PO])*, [HPO4*, [H2PO4]', [HSOs]', [CuCLy], CT, Br, T, SCN, [BF4]’, [PFe],
[SbFe¢], [CF3SO;), [HCF.CF;SO;], [CFsHFCCF,S0;], [HCCIFCF,SO;],
[(CF3S0,):N], [(CF5CF2S02)NT, [(CF3S0;):CT, [CF5CO;],
25 -[CF30CFHCF2803]‘, [CF5;CF,OCFHCF,S0s], [CF3:CFHOCF,CF,SOs],
[CFoHCF,OCF,CF2S0s3], [CF.ICF.OCF;CF;S0s3], [CF3;CF,OCF,CF,S0s],
[(CF.HCF2:S0;),;N7’, and [(CF3;CFHCF,SO;):N]".

Vapor compression systems may also utilize at least one fluoroolefin

30 refrigerant selected from the group consisting of:
(i) fluoroolefins of the formula E- or Z-R'CH=CHR?, wherein R’
and R? are, independently, C, to Cs perfluoroalkyl groups, and

wherein the total number of carbons in the compound is at least
55
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Refrigerants useful for the invention also include

conposi tions conprising pentafluoroethane (R 125),
wa2m;y143st et r af | uor oet hane (R-134a), and at | eBSI/US24007/012866

hydr ocar bons each having ei ght or fewer carbon atons,

as described in U S. Provisional Application No.

60/ 876, 406, which is incorporated in its entirety as a

part hereof for all purposes. In sone enbodi nents, the

hydrocarbon is C4 to C hydrocarbon, such as butanes,

?:i nt an(e:s hFX@llm ESyclibefﬂIo%tﬂéﬁnsQﬁttﬂE] eﬁmuwcmkr@:xk@&(@zwh-]
to CyCl Oa n S. t.her rtain
enbodi ment s, th@’%ﬁ HT&%F?O ‘gg‘ﬁpﬂﬂg‘?ﬂ"ge%b'nsafrggie » and n is
n- but ane (R— 600)1naneigeafrpmwma{1&- 601) In Sone

nbodi ts, L. t at.l
Shout 130 to GCOREERS ST et Sndurd o,

and in Smﬁﬁ-teﬂbadk InfﬁmbSne t h(CI}IEZCF%(%ZﬁHZ) 1,1,2- tnﬂuéfo#é};-propene
tet t SIS used at rom( % t .
oI 202 S AR, Bopliio ML ) P horo
th epﬁg&geo (ﬁ?&ﬂﬂf*‘@lﬂﬁﬁﬁﬂe nt 1,3, 3uﬁgﬁbraﬂ ;frbﬂéﬁeab 0 ECHE%H%HF)
vt A OGSy 1o S prgetativoro-1-
Sy nbinesd 1€H3¢&CFﬁ€FﬂEt hh2, 4k 4-hepthfbro-2-tutene (CF3CF=C_HCF 3);
(§7 0 983l fBARLEAL GO PRLEFErDEL A 1108 & Adifloro-

use We&Pei'n can I'n € be

i onﬂfbutenqw(GHﬂ@#%ﬁ@hD bs1 éﬁ:kferra@mra-ﬁt(trmpraghﬂ)- -propene
hyd I bon I . Xi
ruoesyeienion R Ehed fiibi.f ol myesléncricrs,

| ubtil &att- 4éﬁmta@u9ravlebvﬁergm (B ¢BIGHRGF s),oﬂ 1t2rﬁa3 a 4-heptaﬂuoro-
ref Ubg@h@r(lé%%@gc@g@fipbr batd @a/z;msﬂmﬁaﬁteﬁeI(@:i:;@xs,gp-cnz),

]|0nIC l'iqui re organic C(I)_gpounsthat are 1i

¥ ooh@@%gﬁg{(qﬂugro— -butene (CHF=CHCF;CF3;); 1,2,3,4,4,4-hexafluoro-1-
butene (CHF=CFCHFCF,); 1,2,3,3,4,4-hexafluoro-1-butene (CHF=CFCF,CHF>);
1,1,2,3,4,4-hexafluoro-2-butene (CHF,CF=CFCHF,); 1,1,1,2,3,4-hexafluoro-2-
butene (CHFCF=CFCF;); 1,1,1,2,4,4-hexafluoro-2-butene (CHF,CH=CFCF3);
1,1,1,3,4,4-hexaﬂuor6-2-butene . (CF;CH=CFCHF;); 1,1,2,3,3,4-hexafluoro-1-

20 butehe (CF>=CFCF,CH,F); 1,1,2,3,4,4-hexafluoro-1-butene (CF,=CFCHFCHF>,);
3,3,3-trifluoro-2-(trifluoromethyl)-1-propene (CH>=C(CF53)2); 1,1,1,2,4-
pentafluoro-2-butene (CH>FCH=CFCF3,); 1,1,1,3,4-pentafluoro-2-butene
(CF3CH=CFCHF); 3,3,4,4,4-pentafluoro-1-butene (CFi:CF.,CH=CHb); 1,1,1,4,4-
pentafluoro-2-butene (CHF,CH=CHCEF3;); 1,1,1,2,3-pentafluoro-2-butene

25  (CHsCF=CFCF,); 2,3,3,4,4-pentafluoro-1-butene (CH,=CFCF,CHF); 1,1,2,4,4-
pentafluoro-2-butene,  (CHF,CF=CHCHF,); 1,1,2,3,3-pentafluoro-1-butene
(CH;CF2CF=CF2);_ 1,1,2,3,4-pentafluoro-2-butene (CHz.FCF=CFCHF 2); 1,1,3,3,3-
pentéﬂuoro—Z-methyl—l-propene (CF,=C(CF3)(CH3)); 2-(difluoromethyl)-3,3,3-
triﬂuoro-l-pfopene (CH,=C(CHF,}(CF3)); 2,3 ,4,4,4-pentaﬂuoro-1-butene

30 (CH=CFCHFCF3); 1,2,4,4,4-pentafluoro-1-butene (CHF=CFCH,CF3); 1,3,4,4,4-
pentafluoro-1-butene (CHF=CHCHFCF3);  1,3,3,4,4-pentafluoro-1-butene
(CHF=CHCF,;CHF>); 1,2,3,4,4-pentafluoro-1-butene (CHF=CFCHFCHF>);
3,3,4,4-tetrafluoro-1-butene (CH,=CHCF,CHF,); 1,1-difluoro-2-(diflucromethyl)-
1-propene (CF,=C(CHF,)(CHa»)), 1,3,3,3-tetrafluoro-2-methyl-1-propene
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(approxi mately 25C). They differ fromnost salts in

that they have very low nelting points, they tend to
wheooitgpesd over a wi de tenperature range, and PEI/ESHOTON2866

shown to have high heat capacities. lonic |iquids have

essentially no vapor pressure, and they can either be

neutral, acidic or basic. The properties of an ionic

liquid can be tailored by varying the cation and

anion. A cation or anion of an ionic liquid useful for

t he(QHRSROF;(OMORL | on can i n pBidiflidb2-@HERRIMERH)-0ipropene
e R A O 2 ls SRR
1Q?@E«ﬂd\h@y-bmlc gd:Hﬁgertheet?g?F;gl :‘181, ngeg 40,5 )55addchM@pré-2-pentene
Elet @ggPoﬁgef’?Fg ng with aﬁ al k% égg‘fq‘b?’égeﬁiﬁ“‘?‘f%? -pentene

£Xa(QH,eCFaR,GH,EY)); hal i de), 1144 ﬁOfemtmoﬂp}a-t(&fﬂvIﬁfqmethyl) 2-butene

AMRREYESGhEr) 0, PELIE AL NG R0, CXCRAN0E 85 ARlcr.cr);

Wl’th VaEr | ous t hel
con},lgsL44, béﬁesoﬁaﬁuénorhpcd\\mm dﬁ]FeCHFQECEszE)carﬂpZ éSAdf,S 5,5-

t ab het e | d !
;;Irnogxahg%roel ?‘ﬁ dcaz ol & %i‘"(?lgzt% 1u mel dl;kl g?lé‘{ g Wie n%nrlﬂuoro-l-

andpedst i t u(@ﬂzﬂwleEsCFaTh ese lr,l A3s.e4hh, 5b®naﬂ1¢0}¢ -dtredtene

it t ht, b
k&fﬁ‘%&f«‘éﬁzd%gtﬁ@% 2 ‘ ;?'agl v o LQ”P%‘,EQ £ 5 %yx{%kllﬁuo%-z?p%mene

Cl (BlgEatECriMmse groups | argdsli Bérﬂ‘! ﬁﬁsﬂorm@uorO-Z-pentene

pr Oafﬁ@FL@FCFRI'ﬁF Rg solids rathqr {bary s 9@'&&1‘1&% ngentene
Various triar épghos phi nes, thioefhers and cyclic an

non(EEFTreFgHECEDhar y atmort htrhssafivergraytriflugrpmsgal)-1-butene
us eﬁ:ﬁﬂcﬁd‘?‘(@m?&‘ pose. ©auy £aineRsNdoRASE-(FEMoRMHAA1 -butene
{Lnclude e aroglim nat e, brompal uninat e, GalliUm ) avene
(CF3CH—C(CF3)2); 1,1 ,3,4,4,4-hexaﬂuoro-3-(tr1ﬂuoromethyl)-1 -butene
(CF,=CHCF(CF3)2); 2,3,3,4,4,5,5,5-octafluoro-1-pentene (CH,=CFCF,CF,CF3);
1,2,3,3,4,4,5,5-octafluoro-1-pentene (CHF=CFCF,CF;CHF,); 3,3,4,4,4- .
pentafluoro-2-(trifluoromethyl)-1-butene (CH>=C(CF;)CF:CFs); 1,1,4,4,4-
20  pentafluoro-3-(trifluoromethyl)-1-butene (CF,=CHCH(CF3)); 1,3,4,4,4-
pentafluoro-3-(trifluoromethyl)-1-butene (CHF=CHCEF(CFs);); 1,1,4,4,4-
pentafluoro-2-(trifluoromethyl)-1-butene (CF=C(CF3)CH,CF3); 3,4,4,4-
tetrafluoro-3-(trifluoromethyl)-1-butene =~ ((CF;),CFCH=CH,); 3,3,4,4,5.5,5-
heptafluoro-1-pentene (CF3CF,CF,CH=CH,); 2,3,3,4,4,5,5-heptafluoro-1-pentene

25  (CH,=CFCF,CF,CHF); 1,1,3,3,5,5,5-heptafluoro-1-butene
(CF,=CHCF,CH,CF3); 1,1,1,2,4,4,4-heptafluoro-3-methyl-2-butene
(CF3CF=C(CF;)(CHa)); 2,4,4,4-tetrafluoro-3-(trifluoromethyl)- 1-butene
(CH,=CFCH(CF3)2); 1,4,4,4-tetrafluoro-3-(trifluoromethyl)- 1-butene
(CHF=CHCH(CF3),); 1,1,1,4-tetrafluoro-2-(trifluoromethyl)-2-butene

30 (CH,FCH=C(CF3)3); 1,1,1,3-tetrafluoro-2-(trifluoromethyl)-2-butene
(CH;CF=C(CF»)2); 1,1,1-trifluoro-2-(trifluoromethyl)-2-butene

((CF;3),C=CHCH3); 3,4,4,5,5,5-hexafluoro-2-pentene - (CF3;CF.CF=CHCHj);
1,1,1,4,4 4-hexafluoro-2-methyl-2-butene  (CF;C(CH;)=CHCF3); 3,3,4,5,5,5-
hexafluoro-1-pentene (CH;=CHCF,CHFCFs); 4,4,4-trifluoro-3-(trifluoromethyl)-
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tetrafl uoroborate, tetrachl oroborate,

hexaf | uor ophosphate, nitrate, trifl uoronethane
wa@ioosase, net hyl sul fonate, p-tol uenesul f onat BCT/US2007/012866

hexaf | uor oanti nonat e, hexaf | uor oar senat e,

tetrachl oroal um nate, tetrabronoal um nate,

perchl orate, hydroxi de anion, copper dichloride anion,

-iron trichloride anion, zinc trichloride anion, as

wel | as various |anthanum potassium |ithium nicke

cobalplient® f@ﬁ?ﬁ @ﬁlﬂcﬁz)h € 1 fﬁ?j,?h 404 ; @'@ddlﬂcaﬂuoro 1 hexene
anions.lonic ui s may al so- synt hesi zed by

rret € hERT1CF5(Fah aci d- baselﬂe‘u:f f é44r52%1§46&nd9d€‘é¥}‘i°5h3'6‘f3"ene
WE@%M;@F%% eat L4, 4%&&&%%12 Q%l&(ﬁhﬂuofﬂ&nethyl) 2-butene

ound or be obt ai ned commer ¢i al
seU&F&b z%ﬁ%ﬁ%fn}z)ss s'u\éﬁ 25 RercronaBueriet ﬁ'aﬂ““@fﬂ%ﬂ%ﬁpemene
or &é@ﬁzéﬁ@w@@h? ve,1, NI 3.4, 58 loe@ A Ré Bl -8 1l 8o 3MBtheB- 2o$entene

i oni ¢ ui ds use herei n |ncluged a g thos% bh
ar-e(( @E@)@e THEGE% souldeeb3dwehigsta “°r€h4g&‘ Yygethyl)-2-pentene
(Bll 8(9 (EFDIOF CF=@8C 1-356 (1997); 6&he1a, 5k15k,6-n68afRidfb-Lhexene

d d Matter, 5. (.
34B(C %§52 ‘?figéﬁ egﬁgrﬁ‘@@@@{?ao%ﬁg#(%ﬁﬁfw@“mw -butene
Mar (CRG-CHE@8:):)32t,8,1,4 414-h&»betm6m-2:hamuoro&ea@1>)73 Hﬁﬁ'@l-2-butene

3R SR o B AR

enb@ﬁimHCFZGH[G:BQDza; Y, . 8,1,192.68c13, ﬁ@bmﬂ@ko—&dmthwf,z pentene
b ,
o ek}@é‘;b%-bk@ﬁ éé?;}(k q Pi 8RA. ﬁ&aﬂt,&ro-aegﬁg;g%tagfﬁgp.yz-pemene

aring vari “derivatives of
am’rﬂhﬁ"a@ﬂﬂﬂi@é@lﬁhhd varyi ng the a%44&.06.66-entaflyorp-2-hexene

The @ﬁt%'% c%tcﬁanom c liquids cam bss?s%,a%tﬁﬂuaxl hexene

varyi ng nmol ar _equi val ents and tVy
1z ot GHAS C5CH> ) ad »ldb4,ﬂrpeaﬁqﬂtl¢rer2 @ﬁﬂ%Pmﬁth)@fpentene

the (crYSELERRE,CR)i © | % 515 5%&;1{9&6 zf @ﬁﬂﬁb?@mgfﬁgrﬁllnpentene

may have cations Sel ected fromthe | ow ng For mil ae:

(CH,=C(CF3)CH,C,Fs); 3, 34455 S-heptaﬂuoro -2-methyl-1-pentene
(CF:CF2CF2C(CH;)=CHy); : 4,4.5,5,6,6,6-heptafluoro-2-hexene
(CF;CF;CF;CH=CHCH3); : 4,4.5,5,6,6,6-heptafluoro-1-hexene

20 (CH,=CHCH,CF,C,Fs); 1,1,1,2,2,3,4-heptafluoro-3-hexene
(CF,CF,CF=CFC,Hjs); 4,5,5,5-tetrafluoro-4-(trifluoromethyl)-1-pentene
(CH,=CHCH,CF(CF3)); 1,1,1,2,5,5,5-heptafluoro-4-methyl-2-pentene
(CF>;CF=CHCH(CF3)(CH»)); 1,1,1 ,3-tetraﬂuoro-2-(triﬂuoromethyl)-2-bentene
((CF3),C=CFC;H3); 1,1,1,2,3,4,4,5,5,6,6,7,7,7-tetradecafluoro-2-heptene

25  (CF;CF=CFCF;CF;C;Fs); 1,1,1,2,2,.3,4,5,5,6,6,7,7,7-tetradecafluoro-3-heptene
" (CF3:CF.CF=CFCF;C;F5s),; 1,1,1,3,4,4,5,5,6,6,7,7,7-tridecafluoro-2-heptene
(CF3CH=CFCF,CF,C,Fs); 1,1,1,2,4,4,5,5,6,6,7,7,7-tridecafluoro-2-heptene
(CF3;CF=CHCEF;CF,C5F5); 1,1,1,2,2.4,5.5,6,6,7,7,7-tridecafluoro-3-heptene
(CF;CF;CH=CFCF,C,Fs); 1,1,1,2,2,3,5,5,6,6,7,7,7-tridecafluoro-3-heptene

30 (CF;CF.CF=CHCF;CyFs); CF»=CFOCF;CF; (PEVE) and CF,=CFOCF;
(PMVE); and at least one ionic liquid comprising pyridinium, pyridazinium,
pyrimidinium, pyrazinium, imidazolium, pyrazolium, thiazolium, oxazolium,
triazolium, phosphonium, or ammonium as the cation and an anion selected from
the group consisting of [CH3CO,]", [HSO4]", [CH3O0SO0;], [C.HsOSOsT, [AICL]T,
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Pyri di ni um Pyridazi ni um Pyri m di ni um Pyrazi ni um

I m dazol i um Pyrazol i unifriazoliumR1IQ p _ R 8 and R
wagyo7/143881 R9 Phosphoni um Ammoni um wherei n R1L, R2I/URBN7/012866

R4, Rs and R6 are independently selected fromthe

group consisting of: (i) H(ii) halogen (iii) -CHS3,

-C2H5, or C3 to C25 straight-chain, branched or cyclic

al kane or al kene, optionally substituted with at | east

one msnber selected fromthe group consisting of O,

Br N Ctl'l%_] - - - 1 .
CZS[C:t al %@b%hzgo%n anlhégdd% r gﬁ%%niﬁ I%?i] tHsOT,
al KEWEldo i iBsi. g S, (BF (BB hdbbFbal GRS Oobl HCEBEFSOs],
frop ﬂﬁfc@“r‘%’cg lconﬁkééimz 3]0 NCF%OBH@'] S, [@élﬂicmsoz)zm
opt i ona Z%/ S

fituted w | east
sel BEFSODLdm t Kd3gPalip &Gﬁ@%ﬁﬂ%s&f] 0 [CBfCFZQCFHCFstJ]

94 [YLRrAntFEFS0;)C t[epmzwmés;scwt eC[cagmbzo@mc@soﬂ
to S unsubstituted heteroar avi 8 t hr
het ErfoGE et 2heRPd m &R 2303/21“1 and [( FBCFHCFzsoz)zN]

Vapor compression systems may also utilize at least one refrigerant

comprising pentafluoroethane (R-125), 1,1,1,2-tetrafluoroethane (R-134a), and at

10 least two hydrocarbons each having eight or fewer carbon atoms, wherein said at

least two hydrocarbons can be C4 to Cg hydrocarbons, and more specifically n-

butane and n-pentane; and at least one ionic liquid comprising pyridinium,

pyridazinium, pyrimidinium, pyrazinium, imidazolium, pyrazolium, thiazolium,

oxazolhium, triazolium, phosphonium, or a_mmonium as the cation and an anion

15 selected from the group comsisting of [CH3;CO:], [HSO4], [CH30SO0;],

[C:H;080T, [AICL], [COs]*, [HCOs], [NO.J, [NOs], [SO.J*, [PO.]*,

[HPO4J*, [H,PO4],, [HSOs], [CuCL], CI, Br, I', SCN, [BF.], [PFs], [SbFs],

[CF3S03], [HCF,CF,S0s], [CFsHFCCF,SO0s], [HCCIFCF,SOs]", [(CF3S0:);NT,

[(CF:CE2SOoNI,  [(CFsSO:Cl,  [CF:CO:,  [CF:OCFHCF:SOs],

20 [CF3CF,OCFHCF2S0s), [CFi:CFHOCF:CF2SO0s], [CF2HCF,OCF:CF,SO0s],

[CFICF,0CF,CF2S0:], [CFiCF,0OCF,CF:S0s]°, [(CF:HCF.S0,):N]’,- and
[(CF;CFHCF2S0,):N]".

Vapor compression systems may also utilize at least one refrigerant

25  selected from the group consisting of trifluoromethane (HFC-23),
difluoromethane (HFC-32), pentafluoroethane (HFC-125), 1,1,2,2-
tetrafluoroethane (HFC-134), 1,1,1,2-tetrafluoroethane (HFC-134a), 1,1,1-
trifluoroethane (HFC-143a), 1,1-difluoroethane (HFC-152a), fluoroethane (HFC-
161), R-404A, R-407C, HFC-410A, and CO,; and at least one ionic liquid

30 selected from the group consisting of 1-butyl-3-methylimidazolium

hexafluorophosphate [bmim]{PFs], 1-butyl-3-methylimidazolium
tetrafluoroborate [bmim][BF,], 1,2-dimethyl-3-propylimidazolium
tris(trifluoromethylsulfonyl)methide [dmpim][TMeM], 1-octyl-3-

methylimidazolium iodide [omim][I], 1,3-dioctylimidazolium iodide [doim][I], 1-
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selected fromthe group consisting of O N, Si and S

and (vi) Ce to C25 substituted aryl, or C3 to
w@2®30kmsi t ut ed heteroaryl having one to threePCT/US2007/012866

het er oat ons i ndependently selected fromthe group

consisting of O N, Si and S; and wherein said

substituted aryl or substituted heteroaryl has one to

three substituents independently selected fromthe

group consisting of: (1) -CH3, -C2H5, or C3 to C25

str &hgh?-n&hﬁlll 'igxide*zbmﬁﬁ dhﬁdﬂp_ @iﬁafﬁxﬁé&lcilﬁls?ﬁltbﬂﬁﬁn@dntio[&hﬁxﬁI[BEI], 1,2-

opti.on substi.t ut with at |east. one ne r ..

sel el I%f%ﬁq)ﬁﬁ'@aﬁp P consisting l?)'f&tﬁ‘fmgp?tgﬁs‘fl,fo"&m‘de

NH2 [ daiiimFBMIR ) 3-fdthy(-3)profiitpyratird uh4his@ifludiimetRBlsul Ryl)imide

and_R10 | ndependent | y. sel ected fromthe group .
conQ“%Ifyi]ﬁ%ﬁ%l#’: F’f@ﬂ]?’@ ’ mISQEE"‘d]b a%éor?% O@g@% Pemim][PF),
st r diegiyl-3 ahahylimidazhiohe Bis@riflayrotthglslfdoyl)imide [amike)iBMel], 1-
optionally substituted w.th at Jeast. o er
cel BRV B Rtk Ble RSl m R Toppymven, 1-
OH, ethiyi3-arethybhiidazolium) 1,1 ,CjA3etraflidkissthanesulldnite [€AEn][TFES], 1-
st rgllltgpg-_n{:ct ayllinrrlidak% ugn(‘:lhle,9,2,%r-teg'Xfﬁlolrgethanesulfonate [bmim][TFES], 1-
dodecyl-3-methylimidazolium 1,1,2,2-tetrafluoroethanesulfonate [dmim][TFES],

100 l-heptyl-3-methylimidazolium 1,1,2,2-tetrafluoroethanesulfonate [hmim]{TFES],

1-butyl-3-methylimidazélium acetate [bmim)] [Ac]; 1-butyl-3-methylimidazolium
2-(1,2,2,2-tetrafluoroethoxy)-1,1,2,2-tetrafluorocthanesulfonate  [bmim]{FS], 1-
butyl-3-methylimidazolium 1, 1, 2, 3, 3, 3-hexafluoropropanesulfonate
[bmim]{HFPS], 1-butyl-3-methylimidazolium methyl sulfonate [bmim][MeSQ,],
15 1-butyl-3-methylimidazolium thiocyanate [bmim][SCN], 1-butyl-3-
methylimidazolium .1, 1,  2-trifluoro-2-(perfluoroethoxy)ethanesulfonate
[bmim][TPES], 1-butyl—3-13\1ethy1imidazolimn 1, © 1,7 2-trifluoro-2-
(trifluoromethoxy)ethanesulfonate [bmim][TTES], 1-butyl-3-methylimidazolium
1,1,2-trifluoro-2-(trifluoromethoxy)ethanesulfonate [bmim][TTES], 1-butyl-3-
20 methylimidazolium 1,1,2-trifluoro-2-(perfluoroethoxy)ethanesulfonate
[bmim]}{TPES], 1-ethyl-3-methylimidazolium bis(pentafluoroethylsulfonyl)imide
[emim][BEI], 1-butyl-3-methylimidazolium 1,1,2,3,3-hexafluoropropanesulfonate
{bmim][HFPS], tetradecyl(tnhexyl) phosphonium 1,1,2-trifluoro-2-
(perfluoroethoxy) cthanesulfonate [6,6,6,14-P][TPES], and
25  tributyl(tetradecyl)phosphonium 1,1,2,3,3,3-hexafluoropropanesulfonate
[4,4,4,14-PJ[HFPS]. |

In another embodiment, combinations of refrigerant and lubricant useful

for vapor compression systems may include difluoromethane (HFC-32) and 1-

30  butyl-3-methylimidazolium hexafluorophosphate [bmim][PF¢], difluoromethane
(HFC-32) and 1-butyl-3—methylimidazolium tetrafluoroborate [bmim][BFs],
pentafluoroethane (HFC-125) and 1-butyl-3-methylimidazolium
hexafluorophosphate [bmim][PFs], 1,1,1,2-tetrafluoroethane (HFC-134a) and 1-
butyl-3-methylimidazolium hexafluorophosphate [bmim]}{PF¢], 1,1,1-
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al kane or al kene conprising one to three heteroatons

sel ected fromthe group consisting of O N, Si and S,
wa@ea7ogosonal |y substituted with at | east one PEMNI82007/012866

selected fromthe group consisting of C, Br, F, I,

OH, NH and SH, (ix) Cto C25 unsubstituted aryl, or C3

to C25 unsubstituted heteroaryl having one to three

het er oat ons i ndependently sel ected fromthe group

consisting of O. N, Si and S; and (x) Cto C25

subgiubtdetindr Y . @FCGUshp C2S a84ibst i tiuhag- faletyAgiddzolium

having one to three het er oat ons i ndep endentlg sél ect ed
f r ohgx@fuorgplnsphate Hunigl[Figl- d#! @ﬂuﬂroe@aﬂ%\ﬂ#"(‘sl Zg@nd 1-butyl-3-

wh eﬁx%ih@hﬁn?daﬁolﬁﬂ@ Helch M dpsprdspHateO [braitbPEH |, Ui@Moromethane (HFC-
heterog?f}/ ?oas one tothree substltuents I ndependent | y
fly

sel ¥t ﬁ;mqt}glaﬂgw Ry AZolpm, 5‘1 uerf}net}m]%llfon@methlde
£5, [depifel TMEME Xi Sl drameihbnd (RFO-32p2ad qheayloz nfé)l@'hhﬁdazohum

TN G T R
Br, [dt_);m]:[l], O’dlﬂNTBmthdneSH HFZ)320H, ax((ﬁ) NelByR eheltd)imfddzolium
ggdbl\%m Qor%Fﬁll%g?JJgﬁan:ﬁige%gﬁ[éfé‘ﬁ, R bmeiine THFCY2) and
1,2-dimethyl-3-propylimidazolium bis(trifluoromethylsulfonyl)imide

10  [dmpim][BMel], diflucromethane (HFC-32) and 3-methyl-1-propylpyridinium
bis(trifluoromethylsulfonyl)imide [pmpy][BMel], trifluoromethane (HFC-23) and
1-butyl-3-methylimidazolium hexafluorophosphate [bmim][PF¢),
trifluoromethane (HFC-23) and 1-ethyl-3-methylimidazolium
hexafluorophosphate [emim][PFg], difluoromethane (HFC-32) and 1-ethyl-3-

‘15 methylimidazolium bis(trifluoroethylsulfonyl)imide [emim][BMel],
difluoromethane (HFC-32) and 1-butyl-3-methylpyridinium
bis(triﬂuoromethylsulfdnyl)imide [bmpy][BMel], diflucromethane (HFC-32) and
1-ethyl-3-methylimidazolium 1,1,2,2-tetrafluoroethanesulfonate [emim][TFES],
difluoromethane _ (HFC-32) and 1-butyl-3-methylimidazolium -1,1,2,2-

20 tetrafluoroethanesulfonate [bmim][TFES], difluoromethane (HFC-32) and 1-
dodecyl-3-methylimidazolium 1,1,2,2-tetrafluoroethanesulfonate [dmim][TFES],
difluioromethane (HFC-32) and 1-heptyl-3-methylimidazolium 1,1,2,2-
tetrafluoroethanesulfonate [hmim][TFES], difluoromethane (HFC-32)  and 1-
.butyl-3-methylimidazolium acetate [bmim][Ac], (HFC-32) and 1-butyl-3-

25  methylimidazolium 2-(1,2,2,2-tetrafluoroethoxy)-1,1,2,2-
tetrat:luoroethanesulfonate [bmim][FS], difluoromethane (HFC-32) and 1-butyl-
3-methylimidaiolium 1, 1, 2, 3, 3, 3-hexafluoropropanesulfonate [bmim]{HFPS],
difluoromethane (HFC-32) and 1-butyl-3-methylimidazolium methyl sulfonate
[bmim][MeSQ;,], difluoromethane (HFC-32) and 1-butyl-3-methylimidazolium

30 thiocyanate [bmim][SCN], difluoromethane (HFC-32) and 1-butyl-3-
| methylimidazolium 1, 1, 2-trifluoro-2-(perfluoroethoxy)ethanesulfonate
[bmim][TPES], difluoromethane (HFC-32) and 1-butyl-3-methylimidazolium 1,

1, 2-trifluoro-2-(trifluoromethoxy)ethanesulfonate [bmim][TTES], 1.,1,1,2-
tetrafluoroethane (HFC-134a) and 1-butyl-3-methylimidazolium 1,1,2-trifluoro-2-
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together forma cyclic or bicyclic al kanyl or al kenyl
group. I n another enbodinment, ionic |liquids useful for
wo b@7itgpeent i on conprise fluorinated cati ons WhRCEUS2081/012866
| east one nmenber selected fromRl, R2, R3, R4, R5, RG,
R7, R8, RO and R10 conprises F . In another
enbodi nent, ionic |liquids have anions selected from
the group consisting of [CH3CO2]", [HSO4]' ,
[CH3OS™3] -, [C2HB0s@3]-, [AId-,]-, [COB]2\ [HCA] -,
[ N%ﬂuor[oh@‘]oxy)eﬁhﬁ@duﬁbnaté POMmim] [ THEXPA] 21,1, 1[2RaH)oroethane

L CEHGIM T e o, TR e o b hfuoro-2-

| nv grerfl@itodthadydeikane 8 tbhate [pREGTPESISH G, 2-tetx[aﬂE&8€=m1u'1'e (HFC-

%‘%ﬁsﬁ% 1 ehﬁg@é@&%ﬁ“ﬁ ?ggl%%gog thylsulfonyl)imide

[s CFBeami]meﬂ CF3OTAKCkRSM8rocthhreE 3QFRCABAOF 25@B] ,1-butyl-3-

CF,.2HCE 20CF
b c&e%‘iaé&lz:@&?ﬁ?%ﬁ?éfé@?&w@z%m it L2
anotdmﬂumbthaherre(mlFC i3%) cahd qmtrddaecgmu';hexﬂ)a phosplionbum  1,1,2-

el SEASHbIRMUSALAN0. SARRLSIANG: O |ARIIBE 1112

pyri VARl ni GM yraz
pyr mﬂumthmh: ﬁHECHGM) alxchmbutulmetradelcalipﬂosmlmum 1,1,2,3,3,3-

d
181 F BB lop RS AR WS ARTEROS RN o RRE By nd 1-
[ HSDA-3-mpeOMEEEARIclinm] BSOS posphita ujimIPFAOBRMon dioxide
[ ’an£1 '}%43 &%gd%@@%ﬂdég?ﬂlé{%&e ébéniflﬁ%ﬂr&

[ H2 04 ;7 and any
fI uor i nat ed anion. In yet another enbodi ment, ionic

i qui ds gPsREAaROe 8BmBEditehts of this invention, a refrigerant may be any one

"15  or more of all of the members of the total group of refrigerants disclosed herein.

In those embodiments, the refrigerant may also, however, be any one or more of
those members of a subgroup of the total group of refrigerants disclosed herein,

- where. the subgroup is formed by excluding any one or more other members from -

the total group. As a result, the refrigerant in those embodiments rhay not only be

20 . any one or more of the refrigerants in any subgroup of any size that may be
selected from the total group of refrigerants in all the various different
combinations of individual members of the total group, but the members in any
subgroup may thus be used in the absence of one or more of the members of the

total group that have been excluded to form the subgroup. The subgroup formed

25 by excluding various members from the total group of refrigerants may,
moreover, be an individual member of the total group such that that refrigerant is

used in the absence of all other members of the total group except the selected

individual member.

30 CorresPohdingly, in further alternative embodiments of this invention, an
ionic liquid may be any one or more of all of the members of the total group of
ionic liquids disclosed herein. In those embodiments, the liquid may also,
however, be any one or more of those members of a subgroup of the total group of

ionic liquids disclosed herein, where the subgroup is formed by excluding any one
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sel ected fromthe group consisting of pyridinium

pyridazinium pyrimdinium pyrazinium imdazolium
wW@aaedosum thi azolium oxazolium PCT/US2007/012866

triazolium phosphoni um and anmoni um as defined above,;

and an anion selected fromthe group consisting of

[BF4] , [PF6] , [SbF6] , [CF3S@B]", [HCF2CF2S(3]"

[ CF3HFCCF2S@3] , [ HCClI FCF2S@3] . [ (CF3S2) 2N \

[(CFBCFZSOZ) 2N -, [(CF3s2)3C" 5 [CR3C2] .

mm%beri frbmIfd R Zééqu]esult [t}gzxoglg'f in those

ZCFZSCB HCF 20CF 2CF2S :

2 CFembjiments m(:pszbexﬂzdwzsee]one qr(mm#mmlqmds in any

[ ( Chidehdipfor @¥ kidblhat it belzelecttd FRROME %tgﬁ%fbﬁ’ﬁj bm%mc liquids in

ionic liquids conprise_a cation selecte
gr Oﬁlb theoyigious Flﬁ‘&r?ﬂt cﬁwb}nap?ﬁsuqﬁ mﬁyrqua ey alﬁlof the total group,
PYI buithd MickhBers Y b7 substip ndyl tHaziy dxdémm ﬂﬁéraaidhbé bfdne or more

thiazolium ox [iu tri zollun1 nd
am‘rﬂé ﬁﬁ‘f“'é&bebse‘i' %&tg]t% of: |bﬁ° f’“‘1 ‘g‘ggtm e ﬁ%ﬁﬁ’b‘%ﬁm“p'
sel hé abgfoup fortied chcﬁaxng%o%mﬁﬁeﬁﬁpﬂﬁ&c td®%), gréuptbf ionic

R10 co ri ses an ect framthe u
c Ongﬁllgfl may, dFor[:%éciTn md)[v ?l group su%L %14? that
[ C21dnioSiRifd is JsAd @l the absdnCiB] Al pth[:ﬂ*ﬁi%})el;s df N@Zﬂotal group except

PAAL 3 [HPO4] 2 , [H2PO4] , [HSGO3]",

({ NC%L Sfleite(gln]d Vl%’ai SCN and any fluori nated
anion. In still another enbodlnent ionic |liquids
conprise é‘a ¢l QiH ﬁtgétﬁ&taﬁgmfaﬁ\oé@xﬁ&% JQ&RQ Br Q5 ealiba) %amngs
of pyri n|un1 azi ni um I nium pyrazini
i m ofoens|or gnpre pa}rtla\zl@i tefrigerants; aaé@hf: gnmore@aritularagnic liquids may
Ui 5 RirmdieroRl BZ QH;? Bhd15? mBRAAIN O i Thébo € bt theGotal group of

above, wherein east one nenber selected from Rl,
12, reﬁgger.mgg diggloseddchesqiyy, sejrgted as described above as a single member or

any subgroup of any size taken from the total group of refrigerants in all the

various different combinations of individual members of that total group, together
with (ii) any one or more of all of the members of the total group of ionic liquids
disclosed herein, selected as described above as a single member or any subgroup
20 of any size taken from the total group of ionic liquids in all the various different

combinations of individual members of that total group.
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R9, and R10 conprises F ; and an anion selected from
the group consisting of [BF4] , [PF6] , [SbF6] ,
wQ BR38851 , [ HCF2CF2SB] , [ CF3HFCCF2S3] -, PCT/US2007/012866
[ HCCl FCF2S3B] -, [(CF3S2)2N] , [(CF3CF2s2) 2N
[ (CF3SOz) 3C) -, [CR3CO2] , [CF3OCFHCF2SQ3]-, [CF
3CF20CFHCF 2SX3] -, [CF 3CFHOCF 2CF2S(3] , [ CF 2HCF
20CF 2CF2SC8] -, [CF 21 CF 20CF 2CF2S@3] -,
[ CF3CF20CF2CF2SM8] , [(CF 2HCF 2SQ2)2NG, and F . In
anot her enbodi nent, an ionic liquid conprises

l i guglylme%m Fﬁ%’ &%W osldzlgg @,rt?saxhtfsd te bllﬂswue ghe advantages of the
mEt bl)él;éﬂﬁhﬁl@imid and to hsstst Sho6f Mhinah&ikiloid iéRing and using the same.

d o diE%}le_egm% f e x?r.ﬁtggtzfg e;dﬁmany way otherwise to limit the scope of the
_§ - heptigsurd o hyﬂ)dnﬂbcdﬂii_iﬁsl UMRe operation of this invention is illustrated in
|3: ge[f}n?} Io_%tlh ?{%ﬁ (ge}f) l}%' gﬂ%arious refrigerants and various ionic liquids in
t et 662k yachtothddexyl ) phosphoni um or
tributyl (tetradecyl)phosphoni umas the cation and an
ani on sel ected fromthe group consisting of [CH3COZ] -
[ HSO4] , [ CH3OSOENERALMEIINOBE ANDAIATERIALS CO3] 2",
HCG8] , [NO2]", [NGB8] , [SO4]2", [POA]3 , [HPO4]2 ,
H2PO4] ", [HS®B]",[&ud ]-, A , Br , r , SCN, [BF4]
, [ PF6] 1-HugdBohethyigid@8dBim , [ hKrREFoO8phate ([bmim][PFs],

[(CF dggg%)? O?i‘.j"w[‘mi%%m g m[,(Cg:?lSQt}, 2Niethylimidazolium

Qz) 3C) -
[ CF@@@MM@@](mel S@Jﬁﬂ Zugeryular v{e@ht 3¢egord ), 1,2-

2CF g ZAGE 2CF2503 o y?sq%n me
2&%@%”13’{ éwzo&%%zsoe ] cﬁ%ﬁ%’%@ ylmefnide

13 (cfid fel, GratliabFeQests We}eéu%wghz 65'\3 g'mol ) 1,2-
enbeﬁue%reyﬂ;,ﬁb,amhﬂ&ﬁ one i oni ¢ bik@lchrbérheth Ph@ES S Himide

fromthe roup _consi sting o
rg]?ﬁxﬂé\{l‘ﬂ%mnﬁ; d&quﬁrﬁ60482, molecular weight 419 g mol™), 1-

1

ethyl 3-methylimidazolium bis(pentafluoroethylsulfonyl)imide
([émim][bPFESimide], C10H11N3F004S;, molecular weight 491.33 g mol™), 1-
20  propyl-3-methylpyridinium bis(trifluoromethylsulfonyl)imide

(fpmpy][bTFMSimide], Ci1H1aN,F604S2, molecular weight 416.36 g mol™), 1-
ethyl-3-methylimidazolium \hexaﬂuorophosphate ({emim]}[PFs]), CsHi11FsN,P,
molecular  weight 265.13 g mol'), 1-ethyl-3-methylimidazolium
bis(trifluoromethylsulfonyl)imide ([emim][BMel], CsH1F¢N304S2, molecular
25  weight 197.98 g mol™), 1-butyl-3-methylpyridinium
bis(trifluoromethylsulfonyl)imide ~ ([BMPy][bTFMSimide], Ci2Hi6FsN204S,,
molecular weight 430.39 g mol™') were each obtained from Fluka Chemika (may
be obtained from Sigma-Aldrich, St. Louis, Missouri) with a purity of >96 to 97%
each. Trifluoromethane (HFC-23), difluoromethane (HFC-32, 'CHze, molecular
30 weight 52.02 g mol™), pentafluoroethane (HFC-125, C,HFs, molecular weight
120.02 g mol"), i,l,l,2-tetraﬂuoroethane (HFC-134a, C;H,F,, molecular weight
102.03 g mol'l), 1,1,1-trifluoroethane (HFC-143a, C,H3F;, molecular weight
82.04 g mol"), and 1,1-difluoroethane (HFC-152a, C;H,F,;, molecular weight
66.05 g mol') were obtained from DuPont Fluorochemicals (Wilmington,
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hexaf | uor ophosphate [bm nm [ PF6],
1-butyl-3-nmethylimdazoliumtetrafl uoroborate

WO bowr3JoBF ], |, 2-di net hyl - 3-propyl i piidazol i Ber/US2007/012866
tris(trifluoromethylsul fonyl)nmethide [dnpim[TMeM,
| -octyl-3- nethylimdazoliumiodide [omn][I],
1,3-dioctylimdazoliumiodide [doinj[I], 1-
et hyl - 3-met hyl i mi dazol i um
bi s(pent af | uoroet hyl sul fonyl)imde [em m{[BEI], 1, 2-

di mBEawhre- WiR Y klilf@Z Quiitinbs 99. 99% A molecular sieve trap was
bls(trlfluoromethylsulfonyl i mde [dnopim

3- n;élftﬁw fo. S9N pxaw. AGPLE, A water from the gases[agc'\l/%lac]:h of the ionic
bi siiquids tested aBRIdayhssed Hritst Yo JaRing €olliBTHRY InkBNRInjents.

| - et hyl -3-met hyli m dazol i um hexaf | uor ophosphat e

[em M [-PF6], |-ethyl-3-nethylimdazolium

Pi s( t mht feliwaag hothenelduaa yihg abbrél@ationsare sedvel ], 1-

butyl - 3- met hyl pyri di ni um

bi s(trifluoronethylsulfonyl)imde [brpy][BMel], 1-

et hyl = 3onehifiytionirddsao?)i um
1,1,2,2-tetraf] uorget hanesul fonate [em nm [ TFES], 1-
but §b =2uexanry fPree @Y ol i um

1, 1C2’—c ec{lgx{taléf&:%? hanesul fonate [bm nj [TFES], 1-

dodeéyl azol i um

ml 1c2 %nttﬁieﬁcleﬁt%faﬁgmanﬁﬁ’yl fonate [dm nj[TFES] ,
heptyl - 3- net hyl i m dazol i Um

1 12 ~Zatuedtionfdotienastidia@asdhtonat e [ hmi ni [ TFES],
-1-butyl - 3-net hyl i m dazol i um acetat e [bm m [ Ac],
| - betGyb ~Sspaee-axarageil donashiration (molem™)

2- (I 2, tetraf poe hoxy) -1
1, 2, 2 tdg?u uo?%llg# ane ul fonate [bm n [FS], 1-

but gl Sranititionhl avcelamdbn (ABOBSS ines?), 3, 3,
3- hexaf | uor opr opanesul fonate [bm nj[HFPS],
14- bl ylnghf®hyl i ni dazol i um methyl  sul f onat e

[ bl MRss@bborbdd €kgf VI - 3- met hyl i m dazol i um t hi ocyanat e
[bmrr] [SCN], |-butyl-3- nethylimdazolium 1, 1
- t W, Hrogs of Eﬂ(qpecnés crosapgidde/ofdtabmoedqg) f onat e’
m; = mass of j-th species on counterweight side of balance (kg)
. = mass of ionic liquid sample (kg)

20 MW, = molecular weight of i-th species (kgomol")

N = n-th number component

P = pr(essure (MPa)
P, = initial pressure (MPa)

= time (s)
25 T, = critical temperature of i-th species (K)
T, = temperature of i-th species (K)
T, = temperature of j-th species (K)
T, = temperature of sample (K)
V. = volume of i-th species (m®)

30 ¥, =volume of ionic liquid (m®)

-4] -



[bom M [TPES], 1-butyl-3-nethylimdazolium1l, 1,
2-trifluoro-2- (trifluoronethoxy)ethanesul fonate

WO Rowir330pTTTES] , 1- butyl -3-methylim dazolium  PCT/US2007/012866

1,1, 2-trifluoro-2-(trifluoromethoxy)ethanesul fonate
[bm M [TTES], 1-butyl-3- nethylimdazolium
1,1,2-trifluoro-2-(perfluoroethoxy)ethanesul fonate
[bm M [TPES], |-ethyl-3-methylimdazolium

bi s(pent af | uoroet hyl sul fonyl)imde [emim] [BEl] ,

1- byt W i @idedakpid LaTimagaly um.
1,1, 2, STCgl-lhexafl uor op%op)lanesul fonat e[ bm m [ HFPS] ,

t et Padegylaf vélumesy ks (gfiaaptioni um |, 1, 2-trifl uoro- 2-
(perf1 uor oet hoxy) ethanesul fo pate [6, 6,6, 14-P] [ TPES],

t ri Pubyhdidrsionastesnilh BpreR@Pémold) 1,

1, 2, 3, 3, 3- hexaf | uor opr opanesul f onat e

[ 4, 4 Abrdr bR ionid K§uid @a’eafo1ioni ¢ |iquids may al so
be useful as lubricants. In another enbodi nent, vapor
conp| esmolanvalyst effmitteediiemaly) uti | i ze at | east one
refrigerant selected fromthe group consisting of

CHOVF =(imitiaPhplaCifiBme Rm28)ql 'CH2F2 (R-32), CH3F (R-41),
CHF2CF3 (R-125), CH2FCF3 (R-134a), CHF20CHF2 (E- 134),
CH3G® FXhaiieelin Ripjar vORBE@R® ¢Rol243a), CH3CHF2 (R-

152a) . CHBCHPF (R-1 61). CH3OCH3 (E 170), CF3CF2CF3
(R 318 ,°l%§§%5iﬁc(‘3§éﬁli?%‘ﬁsiea), CF3CH2CF3 (R- 236f a) ,
CH2EGFaégtirgm) R- 245ca), CHF2CH2CF3 (R- 245fa),
CH3CH2CH3 ( R-290), CH3CH2CH2CH3 (R-600), CH(CH3)2CH3
Ur gg%a")‘%‘“‘gﬁ%aﬁdaww (R-601), (CH3)2CHCH2CH3
(R 601c (R 610), NH3, CX2, and
%%Fé@ffs%%t _ea_s?t one ionic liquid conprising
PYT ittty P th @&ﬁ?éﬁeﬁmn RpIdEigk S BalncPWiAINT UM
i m dazol i um pyrazolium

p,; = density of j-th component on counter weight side of balance (kgem)

P., = density of air (kgem™)

15 p, =density of sample (kgem™)

Units
Pa = Pascal

20 MPa= Mega Pascal
mol = mole
m = meter
cm = centimeter
K =Kelvin

25 N =Newton
J =Joule
kJ = kilojoule
kg = kilogram

mg = milligram
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t hi azolium oxazolium triazolium phosphonium or

amoni um as the cation and an anion selected fromthe
w@e@op4vensi sting of [CH3CO2]", [HSO4] , [CH O8C/PsS2007/012866

[C2H50s3B] , [AIA 4] , [CXB]2 , [HCAB] , [NO2] , [N3®]

, [SHA]2-, [PA]3, [HPO4]2 , [H2PO4] , [HSG3] , [CuC

21 ,Ad , Br, r, SCN, [BF4] , [PF6] , [SbF6] |,

[ CF3S@3] , [HCF2CF2SM3] , [ CF3HFCCF2S(3]

[ HCCI FCF2S@3] , [(CF3S2) 2N]\ [ (CF3CF2SOQz) 2N -,

[( S [ CF3CQ2] -, [CF3OCFHCF2S(3] -, [CF

-SCE%C%@Q%CB] -, [CF 3CFHOCF 2CF2S(3] -, [CF 2HCF

200F=2@rp3@8te- , [ CF 2| CF 20CF 2CF2SX3]

[ CR gFg(SJ%IngCFZS(B] , [ (CF2HCF2SQ2) 2NJ\ and [ (CF 3CFHCF

2S "Iﬁﬁ . Vapor conpression systens may al so utilize

at measimiliearr efri gerant bl end selected fromthe group

consj sting of R 404A; R-407A; R 407B; R-407C, R 407D,

R- 40P MR 0A; R 410B; R-413A; 417A; R-419A; R-420A,

80. ¢ §pR= dbgréas @blighed% R-142b (by weight); R-421A;

R-421B, R-422A; R-422B; R- 422C, R-422D; RA23A

R 4T spdesreea Folenligi o6, R 427A; 2. 0% R-32, 41.0%

R 125, Q4% R-143a and 7.0% R-134a (by weight); 10.0%
R-32, 33.0% R-125, 36.0% R-143a and 21.0% R-134a (by
wei kNt kiloeatt?8A:  and R-507A; and at | eastone ionic

1(1 [ ql&éLﬁﬂ wge%dpyri di nium pyridazi ni um
pyrimdinium pyrazi nium imnmdazolium pyrazolium
t hi azoliutn, oxazolium triazolium phosphonium or

o oup. et fMEwER dQRART, O0-®) Rl %Yfﬁﬁf“?:*ﬁef%‘rs“foeﬁ*@i°f‘i"
[ C2lipdisCriat ard psefplaps lubricmpy Jor, theHowaition, pnbAE) ; vide
, [%@ﬂ'ﬂ&%:s’fox[ bt hiduids L Fubrickii? BPthe mvEA#RRB] -
[l e |

Preparation of Anions Not Generally Available C_ommerciall .

(A) Svnthesis of potassium 1,1,2 2-tetrafluoroethanesulfonate (TFES-K)
((HCF;CF,S0;]): |
A 1-gallon Hastelloy® C276 reaction vessel was charged with a solution
20 of potassium sulfite hydrate (176 g, 1.0 mol), potassiurn metabisulfite (610 g, 2.8
mol) and deionized water (2000 ml). The pH of this solution was 5.8. The vessel
was cooled to 18 degrees C, evacuated to 0.10 MPa, and purged with nitrogen.
The evacuate/purge cycle was repeated two more times. To the vessel was then
added tetrafluoroethylene (TFE, 66 g), and it was heated to 100 degrees C at
25  which time the inside pressure was 1.14 MPa. The reaction temperature was
increased to 125 degrees C and kept there for 3 h. As the TFE pressure decreased
due to the reaction, more TFE was added in small aliquots (20-30 g each) to
maintain operating pressure roughly between 1.14 and 1.48 MPa. Once 500 g
(5.0 rho]) of TFE had been fed after the initial 66 g precharge, the vessel was
30 vented and cooled to 25 degrees C. The pH of the clear light yellow reaction
solution was 10-11. This solution was buffered to pH 7 through the addition of
potassium metabisulfite (16 g).
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SCN, [BF4]-, [PF6] , [SbF5]-, [CF3SM3] , [HCF2CF2S0B]
, [ CF3HFCCF2S(3] -, [HCC FCF2S®™] -, [(CF3sS™2) N ,

W@ ¢OF34LB2S0Oz) 2N] -, [ (CF3S2) 3C]\ [ CF3C2] , PCT/US2007/012866
[ CF3OCFHCF2S(3] -, [ CF 3CF20CFHCF 2SM3] -, [ CF 3CFHOCF
2CF2S(3] , [CF 2HCF 20CF 2CF2S(3] -, [CF 21 CF 2CCF
2CF2SM3] , [CF3CF20CF2CF2S@3] , [(CF2HCF2Sg 2) 2N -
and [ (CF3CFHCF2SQ2) 2N] . vapor conpression systens nay
also utilize at |east one refrigerant selected from

t he grouph& Bkl $b Rgnddled ik i dd UnOIRI43 3 RGapobdtér 3 Produce a wet
di fl uoromet hane (HEC- 32), pentafl uoroet hane (HFC

125§0lidy  The solid t”éf e Rlgredeia fgeqe-iver (Vamys Freezemobile 35xl;

1, 1GAsdZner eNY;tfféruvzr metohaa&e(thFGTatelr%ar)em tb, abpfoximately 1.5 wt %
tr| fl uoroet hane ﬁi%i')‘l 1-di f | uor.oef hane FC-1

52a$1387 g Froemi cal magg)gitotah sg ang log The
SindnfabPbalaivd vads &e@@&tos@mldeanmed thleqiwldte@ QOId hsd Bliightly higher

ridinium ri dazi m di niu

Y masn e orage) Mhit hadi S0e| R AD Bl R Santage of
tri ﬁ:bﬂhd:xﬂgﬂal &b@ﬂghmgl white @bwaeﬂmnmm agatieft ﬁ?hl widudh Coven
an anl o sel ecte t he I ou C IStin (0]
[ 5 Rt ol tasrisiat VoS el Stk b WrRrpegg had to be
[ COalligped a{nﬂlﬁmﬂen ouf ofGRq flagkNCB] -, [SH4] 2 , [ PO4] 3-,

HPO4] 2-, [H2PO4]", [HS®B]-, [cuCli2] , d , Br , T,

CN , [BF4]-, [PF6] , [SbF6] , [CF3SC8]-,
[ HCF2 CF2E@8¢rude TEESH-COFRSOBher pyriffediarCixaBER] by, extraction with

| CrTaeg B st TR e, % Oorrir 2508) -
[CF 3CFHOCF 2CF2S(8] -, [CF 2HCF 20CF 2CF2s@3] -, [CF
21 Chpaitk #5675%h1.0 ;(Jt,CﬁHifo‘:ﬁ%F 264598 ~136.1 (dt, Jew = 53 Hz,
15 2F).
'H NMR (D,0) 8. 6.4 (it, Jpy = 53 Hz, Jpy = 6 Hz, 1H).
% Water by Karl-Fisher titration: 580 ppm.
Analytical calculation for C;HO3F4SK: C, 10.9: H, 0.5: N 0.0 Experimental
results: C,11.1: H,0.7: N, 0.2.
20 Mp (DSC): 242 degrees C. »
TGA (air): 10% wt. loss @ 367 degrees C, 50% wt. loss @ 375 degrees C.
TGA (N): 10% wt. loss @ 363 dpgees C, 50% wt. loss @ 375 degrees C.

1

25 (B) Synthesis of potassium-1.1_2-trifluoro-2-(perfluoroethoxy)ethanesulfonate
(TPES-K):

A 1-gallon Hastelloy® C276 reaction vessel was charged with a solution

of potassium sulfite hydrate (88 g, 0.56 mol), potassium metabisulfite (340 g, 1.53

30 mol) and deionized water (2000 ml). The vessel was cooled to 7 degrees C,
evacuated to 0.05 MPa, and purged with nitrogen. The evacuate/purge cycle was
repeated two more times. To the vessel was then added perfluoro(ethylvinyl
ether) (PEVE, 600 g, 2.78 mol), and it was heated to 125 degrees C at which time
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[ (CF2HCF2SQ2) ZN] -, and [ (CF 3CFHCF zZSQZ) 2N] -. Vapor
conpression systens may also utilize at | east one
wo bawoneobefin refrigerant selected fromthe grBCpUS2007/012866

consisting of: (i) fluoroolefins of the fornmula E- or

Z- RICH=CHR2, wherein Rl and R2 are, independently, C

to C6 perfluoroal kyl groups, and wherein the total

nunber of carbons in the conpound is at least 5;(ii)
cyclic fluorool efins of the formula cycl o-[ CX=CY(CzZW

n- ]the“iﬁk@é@bﬁs%m Was 2.318082.Wrhe '}Q&Esﬁ‘ drifured s Haitained at
, nNis an integer from2 to 5;

b%Soéﬁg@?qu% forel Qo e Ther prgtimtendroppeduip %%é%%t 3t jyghigly point the
3vé§sél r\»}afs lVeRte@ahd P6SRERE2Y @éFe%QE:Q'@ érude reaction product was a

,1,2-trifluoro-I-propene

, 2 g ?r!wftﬁﬁa? qucwgtf'@a@ﬂba é‘%}# Z*Sz‘fyer (pH =7) above it.
,1,3-trifluoro-I| propene (CH2FCH=CF 2);

3 -t rThd J6rMR- srectpen of (IBHFAGHsai-$howkdpute desired product,

e L e—

138

|, | 2| fhidrifatad 4Hﬂwpt)af | Ty deszmbutsemer (CASEFscMdEIn; water so it
1,2, 1 UkGo ks but ene ( CHF=CFCF 2CF3),

1,1 %,cgft%teélm% ept aH’goreoE’ 2- but ene (CHF2CF=CFCF 3);

19 3, ,3 tetrafluoro-2-(trifluoronethyl)- 1-propene
(
(
(
(
(

H&Hl—\r\b—"'n

(CF Gﬂ?ﬁ)adu& 'sﬂun?y- \3as431ét1§n ﬁﬁ&%@ftﬂr&%lp kritted 1589 %unnel, and

hept af | ' uor o- 1-but ene
Crthe GrCFRErE) dﬂfd in Qvemsm cweq( F GoP 81 MEg) ferdfchr. The
CF@E%E&%m 2s 3ftdvithedrddiepal lsuorRvieidut ene
15 'FNMR (D;0) & -86.5 (s, 3F); -89.2, -91.3 (subsplit ABq, Jrr = 147 Hz, 2F);

-119.3, -121.2 (subsplit ABq, Jer = 258 Hz, 2F); -144.3 (dm, Jgy =53 Hz, 1F).

"H NMR (D,0) § 6.7 (dm, J 3 = 53 Hz, 1H).

Mp (DSC) 263 degrees C.

Analytical calculation for CqHO,FsSK: C, 14.3: H, 0.3 Experimental results: C,
20 14.1: H,0.3.

TGA (air): 10% wt. loss @ 359 degrees C, 50% wt. loss @ 367 degrees C.

TGA (N2): 10% wt. loss @ 362 degrees C, 50% wt. loss @ 374 degrees C.

25 / -
(C) Synthesis of ‘potassium-1,1,2-trifluoro-2-

(trifluoromethox y)ethanesulfonate (TTES-K)

A 1-gallon Hastelloy® C276 reéction vessel was charged with a solution

30  of potassium sulfite hydrate (114 g, 0.72 mol), potassium metabisulfite (4;10 g
1.98 mol) and deionized water (2000 ml).} The/pH of this solution was 5.8. The
vessel was cooled to -35 degrees C, evacuated to 0.08 MPa, and purged with
nitrogen. The evacuate/purge cycle was repeated two more times. To the vessel

was then added perfluoro(methylvinyl ether) (PMVE, 600 g, 3.61 mol) and it was

35 heated to 125 degrees C at which time the inside pressure was 3.29 MPa. The

-45 -



4- hexaf |l uoro-1-but ene (CHF=CHCF 2CF3);

4- hexaf | uor o- I but ene ( CHF=CFCHFCF 3);

, 4- hexaf | uoro-1 -butene (CHF=CFCF 2BE¥7B$2007/012866
4- hexaf | uor o- 2- but ene ( CHF2CF=CFCHF2) ;

4- hexaf |l uor o- 2- butene (CH2FCF=CFCF 3);

4- hexaf | uor o- 2- but ene (CHF 2CH=CFCF3);

4- hexaf | uor o- 2- but ene ( CF3CH=CFCHF2) ;
4-
th

NTTFRPNMRWW

N_
RP——RrRPRBRDNMW
e |
- ﬁ.-
oowm_mpog_-b-b
WhADWAT DN

W

hexaf | uor o-1 but ene (CF2=CFCF2CH2F) ;

pb@wad Wi mihtainbda@N @5 (defreds=CHHBEGE Phe pressure

L) 598 %483 (L Ll o oLV ST PTOBENC. i cooted 1o 25

@:CFOﬁ)e, cdoldd, b,vwhif @9shihe pRicrtdreldfl the @esired product

w
_"(D

%

—+

ri

g
1B wBO
I e

%:

CH2F 3,.3, entaluor -1-b n
cpé ep&%mlfrIiSSfle&r 3R ol R aPoreat B By

CF
CHF2CH=CHCF3); I,1,1, 2, 3-pent af | uoro- 2- but ene
( CH3 CF=CF@F3F :NMR 3sp&strird- of ¢t whiteiselisk $howiedtpereedasired product,

B RN R -
( CHera®ORte@impuritly; | , 2, 3, 4- pent af | uoro- 2- but ene

( CHRFCF=CFCHF 2): 1,1, 3,3, 3- pentafluoro 2- et hyl - |

- propene_(CF2= C(CFS) CH3)2_} : di fl uor onmet hyl ) - 3, 3, 3-
16 r i f | uorthe splyiop prasesugt@mpttigreHbroyshaHEitpd ghasgfunnel for 6 hr to

, 4, AnfbvOalokedf (oW aret. TM@&%ké e itfeh GhE& T3 vacuum oven at 0.01
ent af |l ugro-1 -butene (CHF=CFCH 2CF3)

1,2,4,4, 4-
T 5Vp% 06 3B gRrecsrd Gl T EavRct YAABIs ket Bjvhits pgwder.
, 3 Fhedfinde Bi@ﬁ&thGsonlerﬁHﬂﬁﬁ&e (63 PFGRERH 2@k P dince the undesired
2,3, 4, 4@%“(% guoro -but ene ( CHF=CFCHFCHF 2);
359?‘9f rempingd {0 1B¢ Jates dpring aE‘ =CHCF2CHF2) ;
151 1-difluoro-2-(difluoronethyl)- 1- propene

| 558 NATRGDIONS 9l met s PDpr a9 nclRevsebertt ABa, /= 260
3) (ﬂ—l&):),,-l& 8(dh -y erss-Hz, G8).f | uoromet hyl ) -1 - propene
'H NMR (D;0) § 6.6 (dm, Jpy = 53 Hz, 1H).
% Water by Karl-Fisher titration: 71 ppm.
20  Analytical calculation for C;HFsSO4K: C, 12.6: H, 0.4: N, 0.0 Experimental
results: C, 12.6: H,0.0: N,0.1.
Mp (DSC) 257 degrees C.

1
1

a
1
1
|
|
1,
1
3
(
(
(
(
g

TGA (air): 10% wt. loss @ 343 degrees C, 50% wt. loss @ 358 degrees C.
25 TGA (N2): 10% wt. loss @ 341 degrees C, 50% wt. loss @ 357 degrees C.

(D) Svnthesis of sodium 1.1.2.3.3.3-hexafluoropropanesulfonate (HFPS-Na)

30 A 1-gallon Hastelloy® C reaétion vessel was charged with a solution of
a.nhydroﬁs sodium sulfite (25 g, 0.20 mol), sodium bisulfite 73 g, (0.70 mol) and
of deionized water (400 inl). The pH of this solution was 5.7. The vessel was
cooled to 4 degrees C, e\{acuated to 0.08 MPa, and then charged with
hexafluoropropene (HFP, 120 g, 0.8 mol, 0.43 MPa). The vessel was heated with
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(CH2=C(CHF2) 2); I|,Il,l,2-tetrafl uoro-2-butene
(CF3CF=CHCH3); 1,1,1,3- tetrafluoro-2-butene

W@ SH3TBISHCF 3) ; PCT/US2007/012866
l,1,1,2,3,4,4,5,5, 5-decaf | uor o- 2- pent ene
( CF3CF=CFCF2CF3) ;
1,1,2,3,3,4,4,5,5, 5-decaf | uoro-1 - pent ene
(CF2=CFCF2CF2CF3) ; 1,1,1
, 4,4, 4-hexaf l uoro-2-(trifluoronethyl)-2-butene

( ( q:ﬁt)agﬁ‘ %@E@d ebs & hnd lé%td’ ttérélr's_ICFtbr %ChIES)The pressure rose to a

uor o- 2 ent ene

mpxigiun af 5383 l\él?qwerﬁaﬁm grappod devin o 8-27 AtBermethirncR0 minutes.
ZCFA&) thelend; thedveltset \@s%éred%ﬁﬁle YohAnihg TN WADQented, and the
( CHF=CFCF 2CF2CF3); 1, 4,5, 5, 5-nonaf | uoro- 1-
penl[egﬁ@r YW‘@@FQ@B )']:‘he ﬁnal solution had a pH of 7.3.
4,1,2,3,3,4,4,5, 5- nonafluoro | - pent ene
( CF2=CFCF2CF2CHF2)
| The watgr yag r%msveﬁ RAPFARPDE BRI BRY TR RTOSueg et solid.

ZCFgﬂCerd&c:ﬂwds ,tBendpldced, ib aSabQima bl diO0M22MPE O R grees C, 48 hr) to

PrPd‘fesz 3 &° 5“’2%“?&%‘% yhish 8°‘§a‘f}8‘?1?%%’“(”éff‘>3br‘—“c’ﬁ&’ﬁﬁéFTh°
3) thedretical méisdofdotabsodiids was 1 Bg.(tri f | uor onet hyl ) -
1- butene (CHF=CFCF(CF 3)2); :
,1,2,4,4,4-hexaf l uoro-3-(trifluoromethyl)- 1-butene
(CPEhECEﬁid@@F&-M) ¢anlbd filrther purified and isolated by extraction with

Eg%ggr .§£<§n% Riealilah, Bhy QRRNBt hy!) - 2- but ene

(%
1,1,3,4,4,4-hexafl uoro-3-(trifluoronethyl)-1 -butene
(

1 pentene(@:é% aa)gélgz(@zyé 41412207 QBT Y9621z, 2F); -211.6

lﬂ ZGEHBFM 4,5, 5- octafluoro I-pentene ( CHF=CFCF 2CF2CHF
fl uor f4i fl uoronet hyl) -
bt b SRR SR g 0
pemMaﬂDﬁébdﬁ54kEM$$CuoronethyI)-I - but ene ( CF2=CHCH( CF
3) 0
pent SPERF d0% fftos @230 gy it Lo @ e o
3) 2TGAKN): 40%, wt. loss @ 322 degrees C, 50% wt. loss @ 449 degrees

20

1

Preparation of Ionic Liquids
E) Svynthesis of 1-butyl-2,3-dimethylimidazolium 1,1.2.2-

tetrafluoroethanesulfonate

25 1-Butyl-2,3-diniethylimidazolium chloride (22.8 g, 0.121 moles) was
mixed with reagent-grade acetone (250 ml) in a large round-bottomed flask and
stirred vigorously. Potassium 1,1,2,2-tetrafluoroethanesulfonate (TFES-K, 26.6 g,
0.121 moles), was added to reagent grade acetone (250 ml) in a separate round-
bottomed flask, and this solution was carefully added to the 1-butyl-2,3-

30  dimethylimidazolium chloride solution. The large flask was lowered into an oil
bath and heated at 60 degrees C under reflux for 10 hours. The reaction mixture
was then filtered using a large frit glass funnel to remove the white KCl
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pent af l uoro-2-(trifluoronethyl)- 1-butene
(CF2=C(CF3) CH2CF3) ; 3,4,4, 4-

wa edorasiosor o- 3- (trifluoronethyl)-I -butene PCT/US2007/012866
((CF3) 2CFCH=CH 2); 3,3,4,4,5,5,5- heptafl uoro-
1- pentene (CF3CF2CF2CH=CH2); 2,3
,3,4,4,5 5-heptafl uoro- 1-pentene (CH2=CFCF2CF2CHF2) ;
1,1,3,3,5,5,5-heptafl uoro-1I -butene (CF2=CHCF2CH2CF3) ;
1,1,1 ,2,4,4, 4- hept af | uor o- 3- net hyl - 2- but ene

( CFA&QF tgt:orgbeﬁ %ﬁ)ﬁw filtrate was placed on a rotary evaporator for 4 hours
4-tetrafl uoro- 3-(trifluoronethyl)- 1-butene

(CH?-‘GEFQ%‘K'@F aegfone,
1,4,4,4-tetrafluoro-3-(trifluoronmethyl)- 1-butene
(CHF CHCH(CF 3)2); 1,1,1
,4-tetraf|uoro-2-(trif|uoromethyl)-2-butene

§ CH2 FCH=[KeFEactibR s¢cheme is shown below:
[,1,1,3-tetrafluoro-2-(trifluoronethyl)-2-butene
(CH3CF=C(CF 3)2); 1,1,1

-trifluoro-2-(trifl uoromethyl) 2-but ene ((CF3)2C=CHCH

3) 3,/4—-4\5 5, 5- hexaf | uor o- 2- pent epe CH@G&‘;FzSO?
Mﬁsxaﬂ‘uoro_; g,,h%AK &tene VNN 4+ ka
csac? SCHCF3); 3,3. 4" d

hexaf | 46r - pent ene
2CHFCF 3) ;
4 4 4 trifluoro-3-(trifluoronethyl)-1-butene

(CH2=C( CF3) CH2CF3) ;
1,1,2,3,3,4,4,5,5, 6, 6, 6-dodecaf | uoro-1-hexene
(CF3(CFz) 3CF=CF2) ;
1,1,1,2,2,3,4,5,5, 6, 6, 6-dodecaf | uoro- 3- hexene (CF

16 CFRCF=CG@kheRi€e8 ) -butyl-nietliylimidazolium 1,1,2.2-tetrafluoroethanesulfonate

’( ? égfé@éﬁ@%ﬁ&%ﬁag&m‘f |chioHQE OBBloNY) ) arft RYIHE Mirity dry
L, 1cBicB %) %5 Atbivhf BUbm). weret qoinfbinedrio met sk -and pewmmed to

1 o Vel b ghg! b spld spmpleil fsalved, A goom

( ( CEgper@t@HOR F5 pepatiate] | 11 flask, potassium-1,1,2, 2-tctraﬂuoroethanesulfontc

15 Scé' 51(5750(;%%{;&#%&1\%&&%& H\Q’f@r&?} 5% c)ne%sgfﬂﬁ)e Nfhese two

-nonart | uor o-
1 h@g&léw@s m.m.gcg}me and allowed to stir magnetically for

4, 4 4 tunbdd b&hpfe%l@o@nsﬁk&lufé. UTherREAhg Was doPpddeRRi the KCI

precipitate was allowed to settle, then removed by suction filtration through a
fritted glass funnel with a celite pad. The acetone was removed in vacuo to give a
20  yellow oil. The oil was further purified by diluting with high purity acetone (100
ml) and stirring with decolorizing carbon (5 g). The mixture was again suction
filtered and the acetone removed in vacuo to give a colorless oil. This was further

dried at 4 Pa and 25 degrees C for 6 hr to provide 83.6 g of product.

25 'F NMR (DMSO-ds) & -124.7. (dt, J = 6 Hz, J = 8 Hz, 2F); -136.8 (dt, J = 53 Hz,
2F). :
'H NMR (DMSO-dg) & 0.9 (t, J = 7.4 Hz, 3H); 1.3 (m, 2H); 1.8 (m, 2H); 3.9 (s,
3H); 4.2 (t, J = 7 Hz, 2H); 6.3 (dt, J= 53 Hz, J = 6Hz, 1H); 7.4 (s, 1H); 7.5 (s,
1H); 8.7 (s, 1H).

30 % Water by Karl-Fisher titration: 0.14 %.
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(CH2=CHC(CF3) 3); 1,

1,1,4, 4, 4-hexafl uoro-2-(triluoronethyl)-3-nethyl - 2- but
wen®7(438F8) 2C=C( CH3) (CF3) ) ; PCT/US2007/012866

2,3,3,5, 5 5-hexafluoro-4-(trifluoronmethyl)-I-pentene

(CH2=CFCF2CH(CF3)2); 1,1,1

,2,4,4,5 5, 5-nonaf | uor o- 3- net hyl - 2- pent ene

( CF3CF=C( CH3) CF2CF3) ;

I, 1,1,5,5,5-hexafl uoro-4-(trifluoronmethyl)-2-pentene

(CFSCH:CHCH(CF 3) 2)

3 RS R B e s o F SR i
2CFREfuEHE, 2).6; HL Ak N, 8.7.

X é%@gﬁ@@%s@ 55§ hUOLQTELHY Ji BREH50 Soprees .

8, 4TEGAS(NG): 10k &f. lass (D 325 (égreds|Q) SRt sk (@ 422 dpndee (e
(CH2=C( CF3) CH2C2F5) ; S"MAS. S. S- hept af | uor o™- net hyl -
1- pentene (CF3CF2CF2C( CH3) =CH2) ;

4, 4 5,5, 6, 6, 6-hept af | uor o- 2- hexene (CF 3CF2CF2CH=CHCH
3) 6 2 =] -

( LD ptra fluoroethane
CFM CFCZ H5)

é‘ o 5&&@&3@@&@%@%&& ffawm'm SR Bacotium

. ohloride GinkiepChOBYos b0 £) st kepier2-grusistacetond (3P0 ml). The
SCFm%E'(\gg g%)ltﬁ)gdag’ﬁgd be d:Lgl]ces ﬁ) til almost all of the Emim-Cl

,3-tetrafluoro-2-(trifluorone - 2-pent ene
( ( C#§§@@Qﬂ"@21gyarate 500 ml flask was ad ed potassium 1,1,2,2-

téﬁaﬂu&oé{hélcgul%nﬁteQTF ES-K 90t d)atlpeafitii@ifnlsiePiRiRe

CE=CFCE2CF2C2F5) ;
fg (3507m1) “Ehig second 8“’6““F "VaS‘F“fré‘i’ magreticpily 3 2d-dsersept apl all
( CFSQEE CFESHCHR a1 V&) |
l,1,1,3,4,4,5,/5,/6,6,7,7,7-tridecafl uoro-2-heptene
( CF3CH=CFCF2CF2C2F5) ; A
I, 1,1, 2, #hebe Esoﬁmensﬁ werel cdmbinbdl &€ af 1 1UDEsR- ot Banilky white
( CF3CF=CHCF2

| Spepagngn g rQ ey was e g 2 PR G- fepf g The KCI

20  precipitate was then allowed to settle leaving a clear green solution above it.

The reaction mixture was filtered once through a celite/acetone pad and
again through a fritted glass funnel to remove the KCl. The acetone was removed
in vacuo first on a rotovap and then on a high vacuum line (4 Pa, 25 degrees C)

25 for 2 hr. The product was a viscous light yellow oil (76.0 g, 64% yield).

The reaction scheme is shown below:
30
[}

o o . HCF,CF,S07
N @\ +  HCF,CF,SO;K ——)—‘\» N OV N PN T ka
NN 2255 NS : '

19 NMR (DMSO-dg) & -124.7 (dt, Jry = 6 Hz, Jer = 6 Hz, 2F); -138.4 (dt, Jen =
53 Hz, 2F).
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( CF3CF2CH=CFCF2C2F5) ;
l,1,1,2,2,3,5,5/6,6,7,7,7-tridecafl uoro- 3-hept ene

W@ BR3TESF=CHCF2C2F5) ; CF2=CFOCF 2CF3 (PEVE) apdI/US2007/012866
CF2=CFOCF 3 (PMVE); and at |east one ionic liquid
conprising pyridinium pyridazinium pyrimdinium

pyrazi nium i mdazolium pyrazolium thiazolium
oxazolium triazolium phosphonium or anmonium as the
cati on and an ani on selected fromthe group consisting

{rﬁwglgwsd)-h@@l 3 t[ﬁ'é?@ﬁﬂ 3H) [92@5%?110 (q, J=7.3 He,

[Pc&l]lls [HPO4]2- [ H2PO4] [Hsoe] cuoz] cl

Bf 6. 1& g%H;Hi %@6%&5}3];% (s %3 és, l[lg':%@]m)

[(dﬁs\gejzsk N [(CFSSOZ) 3(:]\ [ CF3CO2]

5 [@Ea aH@ﬂ@ﬁﬁmrr for [(6H, -}Q&Q@F HER 28081, 4.1 [ﬁFg?@lﬁde C,
2CF [ CF 2HCF 20CF 2CF2SCB]-, [CF 2I CF

CF%?S@G 57[ &F3éF20cF2CF25m8] - [(CF2HCF28(2)2N]\ and

[(%Q%H@:é@%}%l\ﬂ\ Vapor conpr essi on systens may al so
utilize at lea ger ant

co
perit (@t dBmmion R FIB et 50K VRIS dB0JeemanE
( R-1GAN,): 20%, o 1ds€@p 378 dOgrbasil, G0es Wi s @) 041 8RiapieBgC.
ei ght or fewer carbon atons, wherein said at |east two
0nydrocarbons can be ¢4 to Cg hydrocarbons, and nore
speci fi caIIy nbutane and n-pentane; and at |east one

ks GOMPri & g Py Lhdh 81 UM, ML AGGL UM 1 123.3.3-
pyrazotruomny

t hi lexafluompropagsulfonatey tri azol i um phosphoni um or
anmoni u 4 t n n i I .
oroup. cotd sl ol YRR el llef 9L A6l Gl diEotium
19 C2¢iB@Rie{Eminf-G&I, (984, 50.f GORAML reapestaBpde ageatgme] (400[ midg] The
v [ R wad EQfySwarmed (50 degrees C) until almost all of the Emim-Cl
dissolved. To a separate 500 ml flask was added potassium 1,1,2,3,3,3-

hexafluoropropanesulfonate (HFPS-K, 92.2 g) along with reagent grade acetone
(300 ml). This second mixture was stirred magnetically at room temperature until
20  all of the HFPS-K dissolved.

These solutions were combined and stirred under positive N, pressure at
26 degrees C for 12 hr producing a milky white suspension. The KCl precipitate

was allowed to settle overnight leaving a clear yellow solution above it.

25
The reaction mixture was filtered once through a celite/acetone pad and
again through a fritted glass funnel. The acetone was removed in vacuo first on a
rotovap and then on a high vacuum line (4 Pa, 25 degrees C) for 2 hr. The
product was a viscious light yellow oil (103.8 g, 89% yield).
30 . -
35
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[ HPO4] 2-, [H2PA4] -, [HSG3]-, [Qud 2]-, O , Br , I\
SOr, [BF4] , [PF6]-, [SbF6] , [CF3SO3]-, [HCF2CF2S0O3]
WO 2q0CHFBIIFCCF2S03] -, [ HCAl FCF2SQ3] -, [ ( CF3SO2) 2Mk/US2007/012866
[ (CF3CF2SOz)2N] , [(CF3SO)3C ", [CF3C] -,
[ CF3OCFHCF2S(3] -, [ CF 3CF20CFHCF 2S(3] -, [ CF 3CFHOCF
2CF2S@3] ", [CF 2HCF 20CF 2CF2Ss@3]-, [CF 21 CF 20CF
2CF2S@3] -, [ CF3CF20CF2CF2S@3] -, [ (CF2HCF2SQ2) 2Nj\ and
[ (CF3CFHCF2SOz) 2N] -. Vapor conpression systens may
also utilize at |east one refrigerant selected from
t he gr ouphéaastdi sch@ndfs shéwih beiowomet hane ( HFC 23)
di fl uor onet hane (HFC-32), pentafl uoroethane (HFC
125), 1,1,2,2- tgtrafluoroethane (HFC 134), e
1,1, 1fé;tj{r af | €or oet hane (HFC-1 ) Wnso;
trifl ey fame. ( HRC-cr téid@)so,xl HFC- 1+ ka -
52ay; ™woOroet hane (HFC- 1%513 R— 404( RN07C,
HFC- 410A, and CO2; and at |east one ionic liquid
sel ected fromthe group consisting of
1- butyl -3-net hyl i m dazol i um hexaf | uor ophosphat e
b b i WIDMSG@M) Pl ~23.8%, IDFD;i 1l 4laz Al2il On¢ABg, J = 258 Hz, 2F); -
tet or n [ BF4],
Egé%zrglphyl’ % ‘m dazol i um
t ri S INVIR (mnmmﬁhﬁ_llscu[tf Sry1.3 e, BE0e3 pdepinn} 42Tk M= 7.3 He,
I-og%[r;sl-s- nmethylimdaz liumiodide [omn][I],
octylimdazoliumiodide [doinm[I],
1- ebI8y(im, Inpred hy Hz MAZDY (s, hH); 7.8 (s, 1H); 9.1 (s, 1H).
15! S(yfﬁi J@%&%‘P}!}Lé&* aPQ.TV'dii“/de [emm[BEI], 1,2-
i met hyl = azo
bi S(Aﬂlﬁlﬁitalﬁﬁbnbtlﬁyf%lﬂ9ﬂm&0)ﬁ‘6ﬁ1 @& 3] &npi. 3 3:BNe$.2, Experimental

ORY LRy r i um
Wﬁtrldfsll%?gge?yﬁgﬁgl}{lrsfoﬂl)lmde[p y] [ BMel

1 etlGA @B):OPhyt-iloss @267 ﬁ%ﬂ’f?qf?é;(éf)?/‘uﬁ‘r h@ﬁﬁa qgrees C.
[ emr@A ®E$110% wt. loss @ 341 degrees C, 50% wt. loss @ 374 degrees C.

15

) Synthesis of 1-hexyl-3-methylimidazolium 1.12.2-

tetrafluoroethanesulfonate

1-Hexyl-3-methylimidazolium chloride (10 g, 0.0493 moles) was mixed

20  with reagent-grade acetone (100 mb in a large round-bottomed flask and stirred
vigorously ‘under a- nitrogen blanket. Potassium 1,1,2,2-tetrafluoroethane
sulfonate (TFES-K, 10 g, 0.0455 moles) was added to reagent grade acetone (100

ml) in a separate round-bottomed flask, and this solution was carefully added to

the 1-hexyl-3-methylimidazolium chloride/acetone mixture. The mixture was left

25  to stir overnight. The reaction mixture was then filtered using a large frit glass
funnel to remove the white KCl precipitate formed, and the filtrate was placed on

a rotary evaporator for 4 hours to remove the acetone.

30
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1-ethyl -3-nmet hyl i m dazol i um
bi s(trifluoroethylsulfonyl)imde [emn][BMeIl], 1-
whedyh4®snet hyl pyri di ni um PCT/US2007/012866

bi s(trifluoronethylsulfonyl)imde [brmpy][BMel], 1-

et hyl - 3-met hyl i m dazol i um

1,1,2,2-tetrafl uoroet hanesul fonate [em m [ TFES], 1-

but yl - 3-mmet hyl i m dazol i um

1,1,2,2-tetrafl uoroet hanesul fonate [bm m [ TFES], 1-

dodecyl 3-met hyl i m dazol i um
2,2-tetrafl uoroet hanesul fonate [dm nmj [ TFES],

| i h‘ébf JRactzon-ssherye isiHhiemm Belpwm

1,1,2,2-tetrafl uoroet hanesul fonate [ hm m [ TFES],

I -butyl 3-nethylimdaz |iumacetate [bm m [ Ac],

1- butyl - 3- et kgl i mi dazol i um /'k HCF,CF,S05

2- (;/%:;&//,Lg;;;ﬁi{gyng;hoxyagcam%x = T\ +
{{Netra uoruvét hahesul fonate [bm B@ I

butyl nmet hyl i m dazolium 1, 1, 2, 3,

3- hexaf | uor opr opanesul f onat e [bn1n][HFP$

3-butyl - 3 met hyl i m dazol i um net hyl sulfonate

1 but ¥I m tpl ocyana{ ?22_

dnfahuarbeth ﬁr teuor oet hoxy) et hanesul fonat e
[ b miT but net.h

T T b Rse s TR TSR adBl o alig motes) was
[ brrbar}i@ﬂ'il’ EShqlved inutBygenGgmﬂt Iayétoma @89 ohl) gmoa large round-bottomed

f’ .ﬂ%lé {“?fhé% 911;%50(1% gk&% ﬁé’&){%}ffd&?%%ﬁl%ésﬁﬁ%a‘?e (TFES-
| K2-26r24f ol H2 z:qlvénﬁdsu@idsétthongg)eet Brade sgetbon 449 ml) in a

b' S ‘gjg% g}béet&hb(? oaﬁﬁlt ngo tﬂflz‘%srﬁﬁf’gggl added to the 1-

1-b gpgqcy@-mhyym@ﬁzgm |ch]l9mie solution. The reaction mixture was heated
tle tl zralggé; C%IQE% )@fuhéé‘? rEMLORAR Y chn‘?d?élgl q dMsnj hw:Peglnon mixture

tri hexyl) phosp on| um | 2:trifluoro-2-

1§ pemp l}b%é‘thﬁ@;éyys"m alpss i glese f[n@es 18, rEAOPY [trpEdjite KCI

andprempltate formed, and the filtrate was placed on a rotary evaporator for 4 hours

to remove the acetone.

The reaction scheme is shown below:

20
o : o )
. c HCF,CF,S0
e + Horcrsox - [@\ T+ ke
SN /\M/\/\/\ SN /\/\/\/\/\/\
K)_ ' Synthesis of 1-hexadecyl-3-methylimidazolium 1.1,2.2-
tetrafluoroethanesulfonate '
25 1-Hexadecyl-3-methylimidazolium chloride (17.0 g, 0.0496 moles) was

partially dissolved in reagent-grade acetone (100 ml) in a large round-bottomed

flask and stirred vigorously. Potassium 1,1,2 2-tetrafluoroethanesulfonate (TFES-
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tributyl (tetradecyl)phosphoni um
1,1, 2,3, 3, 3- hexaf | uor opr opanesul f onat e

WO 2004/143034- P] [ HFPS] . | n anot her enbodi nent, PCT/US2007/012866
conbi nations of refrigerant and |ubricant useful for
vapor conpression systens may include difl uoronethane
(HFC-32) and 1- butyl-3-nethylimdazolium
hexaf | uor ophosphate [bm n] [ PFe], difluoronethane
(HFC-32) and 1-butyl-3-nethylim dazolium .
t et K@flb@o%ob.@n@s endifyiwis| Bied 1o REJPeA! braaE QBLBANE1 dOHRS in a
125) and 1-butyl-3-nethylim dazolium
he xSfPRiGtT Eﬂﬁlﬁe@ﬁﬁ"a‘f‘%‘i [ﬂﬁ‘fﬁ’ nzflfl plpis @Pl,utxon was carefully added to the 1-
1, 1pékadedyebimdthylphiagidnane chiblife toiadn.anthel reaction mixture was

but yl - 3- met hyl i m dazol i um hexaf | uor ophosphat e .
[ bris?fqdpR ‘%0, X"'E,’T? Fa {pger T ‘r"bg’t‘hagﬁ’é”‘( E‘,‘J’llzﬁsg‘?“r&nghe reaction
5[ ;3 bmwhreag?ahhyhitzﬁe?i laziﬁg bumﬁh ﬁxtaglwgmmngsfﬂi\aivg the white KCI
m m[PE6], 1, 1-dj r get han FC- 152a) an

| DRy PSS paiey i g GRS RBEES P8 BB SyRARer for 4 hours
[ bmortempRE-@E acdlodd. uor onet hane (HFC- 32) and

|, 2-di met hyl - 3- propyl i m dazol i um

tris(trifluoromethylsul fonyl)nmethide [dnpim[TMeM,

di f Thoreacrizinisalend islishava? helawd

| -octyl-3-nethylimdazoliumiodide [omn][I],

di f| uoromet hane (HFC-32) and 1, 3;di octylinidazolium 5
/_i@o\di de [afi n{[1], difluoromethapk (H/EQ-\BZ) and  HCF,CF;S0,

@ .

N | - 3-net hyl i mi dazBtRErPk — /@) : +
“ M s(pent a et hyl sul fonyl )i m de”Tenf ni [ BET]N
di fl uor onmet hane 2) and .
1, 2-di et hyl - 3-propylim | ium

1(pis(trifluoi Oret hyl sul fonyl )i m de [dnpi m [ BMel ]
di fl uor onet hane (HFC-32) and

3-met hyl - I - propyl pyri di ni um

bi s(trifluoronethylsulfonyl)imde [pnpy][BMel],
trifluoronethane (HFC 23) and

[ bmcﬁlafll?&g;thaneulfonate

15 1-Octadecyl-3-methylimidazolium chloride (17.0 g, 0.0458 moles) was

partially dissolved in reagent-grade acetone (200 .ml) in a large round-bottomed
flask and stirred vi gorouély. Potassium 1,1,2,2-tetrafluoroethanesulfonate (TFES-
K, 10.1 g, 0.0459 moles), was added to reagent grade acetone (200 ml) in a »
sephrate round-bottomed flask, and this solution was carefully added to the 1-

"20  octadecyl-3-methylimidazolium - chloride solution. The reaction mixture was
heated at 60 degrees C under reflux for approximately 16 hours. The reaction
mixture was then filtered using a large frit glass funnel to remove the white KCl
precipitate formed, and the filtrate was placed on a rotary evaporator for 4 hours
to remove the acetone.

25
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trifluoronethane (HFC 23) and
| -ethyl-3-nmethylimdazol i um hexaf | uor ophosphat e

wQ ewr3JoPF6] , di fl uor onet hane (HFC-32) and | - ep¢yUSBO7/012866
met hyl i m dazol i um bi s(trifluoroethyl sul fonyl)im de
[em m [BMel], difluoronethane (HFC-32) and
1- butyl - 3-net hyl pyri di ni um
bi s(trifluoronethylsul fbnyl)irnide [bnpy][BMel],
di f1 uoronmet hane (HFC 32) and
1-ethyl -3-net hyl i m dazol i um
1,1, 2, 2-tetrafl uoroet ha esulfonate [emrr][TFES]
di f FRorarAnTSRwn] et R pelany
| - butyl -3-nethylimdazolium1,1, 2, 2-
tetrafl uoroet hanesul fgeate [bm n] [ TFES], P
di f |1 uor onet hdas\ (HFC- 32) and 1- + wcrcrsox ——e
slodecyl - 3- n’ét‘h»jrl m dazet
1,1,2,2-tetrafl uoroet hanesu
di £ uororret hane (HFC 32) and
1- heptyl -3-net hylimdazolium1, 1, 2, 2-
tetrafl uoroet han | fonate | hmm{s#ES]
di fl uor onet hane 2 55 nd 1- butyl-3 o
-met hyl i m dazol i um acetate | Ac], (HFC 355 and
) -butyl -3- nethylimdazolium

-(1,2,2,2-tetrafl uoroet hoxy)-I,1I, 2, 2-

tetrafl uoroet hanesul fonate [bm m [FS], difl uoromnethane
(HFG-32) and | -butyl- 3-nethylimdazoliumil, 1, 2, 3,

3, 3-hexafl uoropropanesul fonate [Db ng HFPS]
di f Mor M(‘_ h—g_’gpah&-(l 1.22-TFES)  imidazolium  1,1.2.2-

| - b;&rghugfog{g Avlikdiadazol i um met hyl sul fonate
[bm ] I\/Ebg , _ditTuoronet hane éHFC— 32) and

1¥ - but y| - Boi (E%3 gu2riadded fn ot yeasshydrofumn (RO mésy A slass
di f LiaREQNEE RRaffn(Vder 323 fiR&Qwith et F-Ssntaining imidazole solution.

met hKI i mdazolium 1,

2-t The yesenlaes cpled 1 L?oFoéwa%V; ot H&hMPa spprged with nitrogen.
[ brirpd [eq;g)cﬁlgﬂe/pug%d‘ k2 GRt FepBfted HvE- Béde AMEs. Tetrafluoroethylene

I-bu;{ met hyl i m dazol jum 1,
5 g) was then added to the vessel, and it was heated to 100 degrees C, at

20  which time the inside pressure was about 0.72 MPa. As the TFE pressure

e [dmini[ TFES],

decreased due to the reaction, more TFE was added in small aliquots (5 g each) to
maintain operating pressure roughly between 0.34 MPa and 0.86 MPa. Once 40
g of TFE had been fed, the vessel was vented and cooled to 25 degrees C. The
THF was then removed under vacuum and the product was vacuum distilled at 40

25 degrees C to yield pure product as shown by 'H and '°F NMR (yield 44 g).
Iodopropane (16.99 g) was mixed with 1-(1,1,2,2-tetrafluoroethyl)imidazole
(16.8 g) in dry acetonitrile (100 ml), and the mixture was refluxed for 3 days. The
solvent was removed in vacuo, yielding a yellow waxy solid (yield 29 g). The
product, 1-propyl-3-(1,1,2,2-tetrafluoroethyl)imidazolium iodide was ‘confirmed

30 by 1H NMR (in CDsCN) [ 0.96 (t, 3H); 1.99 (m, 2H); 4.27 (t, 2H); 6.75 (t, 1H);
7.72 (d, 2H); 9.95 (s, 1H)].

TIodide (24 g) was then added to 60 ml of dry acetone, followed by 154 g

of potassium 1,1,2,2-tetrafluoroethanesulfonate in 75 ml of dry acetone. The
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1, 2-trifluoro-2-(trifluoronethoxy)ethanesul fonate

[bom M [TTES], 1,1,1,2- tetrafluoroethane (HFG 134a)
w@ea7ii4doet yl - 3- met hyl i m dazol i um PCT/US2007/012866

1,1, 2-trifluoro-2-(trifluoromethoxy)ethanesul fonate

[bmM M [TTES], 1,1,1,2-tetrafl uoroethane (HFC 134a)

and | -butyl -3-nethylimdazoliuml, K |,2-trifluoro-2-

(perfl uoroet hoxy) et hanesul fonate [bm m [ TPES], 1,1,

1, 2-tetrafl uoroethane (HFC- 134a) and

| - e fbhre Ivd3Bicieh iafs0l@g E:éslkmovemlght and a dense white precipitate was
bIS pentafluoroethIsufon%l)lmde n

1formed {pQtasgiap, peEe was, OI%A{W“SHU?‘VF Yy solvent
mst ﬂaﬁlltﬁa finan wwmeiholze&uﬁng?a txdf dvipsraier. Opane SiHied pathsium
[ bm nm [ HFPS] tetraf]) uorqet hane FC- 1 ﬂ)
andome r%éﬁtpmdrwﬂs&?ﬁﬁfﬂﬁh oﬁb Fa?h“ias her purifed by adding

iriso gi QF Acetor(ep € el bflharrohll m)gyaf @tlmﬁsug fopBidike gel. The mixture

[6,6,6,14-P quoro

| (Hptaﬁ%t %lng w?sbﬁ&}ér fif he g Sy SSYh foRfl gielded 15 g of a
1, Liighi®, sBown b DIMR ltdibe (hpklmd@mdui:onat e »

[4,4,4,14-P][HFPS], carbon di oxide (CQ2) and 1-

butyl - 3-met hyl i m dazol i um hexaf | uor ophosphat e

[bm M [PF"], carbon dioxide (CQ2) and

4 w 11 m gazol |y b ehr ALLYRKAROUALE  1.123.3.3-
F4a] fmatter ﬂa[ I ve eITDO(]I ment tnrs
g Sl e i I any one or nore of all

of the ”PEE §-rﬁ&h%1ﬁﬁ,d L0k, &1{1 @] 599 &% high puriy

di scl osed rein hose enbodi nent
r ef diycpeetang Croy5 %l 309 mB avges, eqmbiped md, lloﬂ@k @Pd sFaedto reflux

t hORfn TRIPREES si@king uhP WOt aﬁﬁ‘ol;&f alat $68HRefperature in a
refrigerants disclosed herein, where the subgroup is .
(HFRS Bivas

15 or sparaisyl] dlash. patassiumnk 1. 24 8. Lhexafneropronanespionse

t hegqitfiveld G Biph- phity emkdne {80 mf r iMgREAMNO | sfcbldtib% Gvere
enbodi nents may hot on be any one or nore Qf th

r ef ?qr@t@v%@n%tsw?w 'amergﬁlﬁg ?‘&J%‘I%‘fedatﬂf‘% imagnetically .f?%rylzoar under

positive nitrogen pressure. The stirring was stopped, and the KCl precipitate was
allowed to settle. This solid was removed by suction filtration through a fritted
20 glass funnel with a celite pad. The acetone was removed in vacuo to give a
yellow oil. The oil was further purified by diluting with high purity acetone
(100 ml) and stirring with def:olorizing carbon (5 g). The mixture was suction
filtered and the acetone removed in vacuo to give a colorless oil. This was further
dried at 4 Pa and 25 degrees C for 2 hrto provide 68.6 g of product.
25 -
'F NMR (DMSO-dg) 8 -73.8 (s, 3F); -114.5, -121.0 (ABq, J = 258 Hz, 2F); -
210.6 (m, J=42 Hz, 1F).
"H NMR (DMSO-dg) 8 0.9 (t, J = 7.4 Hz, 3H); 1.3 (m, 2H); 1.8 (m, 2H); 3.9 (s,
3H); 4.2 (t, J= 7 Hz, 2H); 5.8 (dm, J= 42 Hz, 1H); 7.7 (s, 1H); 7.8 (s, 1H); 9.1 (s,
30 1H).
% Water by Karl-Fisher titration: 0.12 %.
Analytical calculation for CoH,2F¢N203S: C, 35.7: H, 4.4: N, 7.6. Experimental
Results: C,34.7: H,3.8: N,7.2. '
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selected fromthe total group of refrigerants in al

the various different conbinations of individua
woreowhas®5of the total group, but the menbers iPCHI$2007/012866

subgroup may thus be used in the absence of one or

nore of the nenbers of the total group that have been

excluded to formthe subgroup. The subgroup forned by

excl udi ng various nenbers fromthe total group of

refrigerants may, noreover, be an individual nmenber of

t hettat @lr):9094Wt. 3846 (R BHRBERIC, 5090 WO RIsa@ 36 BddppRd 0. N

t he _absence gf al | %ihgglnpnbers of tPe toggl grou%
excoFt* Tht 1961 B8 @ ek 97eaersiCo Rl Ky loss @ 361 degrees C.
Cor Esqdbik diidride byloh Ukitoh@afogadphgr pappme enbodi nent s of
this invention, an ionic liquid nmay be any one or nore

of all of the nenbers of the total group of ionic
$iquids disclosed herein. In those enbodinents, the

). o aynth . Y LS Jmethyhmig 1 --nlglﬁleloro—Z—
|'i qatifleordmstoggethaiasifornate \(Bmie-TIERS)subgr oup i.s for med

by excl udi ny oneor. nore of her nenber mthe .. .
Cotal or GEMAHe BB epStig Shi0Ghe TBRRGGTy 16 B 7d getonized
enbediengrit mnayrenombinedyat heomtenipa@aarein ared@miiflaskhie At room
o1 et onn ¢ o Tt CRRnnEr AR Sofabiiist FRgforo 2
t he(tifinoromsthok y)etharesul formtd ( TERS-Bnd 6 41 2)i wah disghlreid in deionized

e ”Qﬁ{eaﬁ Fg% rr{ls1 e ’Ithggef;l'wcg Eglggonsb\wﬁret &gnﬂﬂeembﬁr ﬁ)ol’nn te rature and
subgroup may’ thus be used in the absence of one or -
mor alleyyed: th stivpmagneatisalbf for B@ miptuaderpasitiye MERgen aTassyie tngive a

exchitfiest hixdh@ Mdh iR 3UROH R 1R 2 URY bOkdN TREEE ITRY 1ayers

excl udi ng various nenbers fromthe total _group of .
11 onvere| seaupigd: #ndhythe agireonsy Bhase yeas gxtragierl With2ax Shapliportions of
of trlaghylent hiosideU PrisWombihtat orfghtaé layers were dried over magnesium

sulfate and concentrated in vacuo. The colorless oil product was dried at for 4 hr

at 5 Pa and 25 degrees C to afford 15.0 g of product.

20 'F NMR (DMSO-d¢) 5 -56.8 (d, Jeu = 4 Hz, 3F); -119.5, -119.9 (subsplit ABq, J
=260 Hz, 2F); -142.2 (dm, Jm = 53 Hz, 1F).
'H NMR (DMSO-ds) & 0.9 (t, J = 7.4 Hz, 3H); 1.3 (m, 2H); 1.8 (m, 2H); 3.9 (s,
3H); 4.2 (t, J = 7.0 Hz, 2H); 6.5 (dt, J= 53 Hz, J =7 Hz, 1H); 7.7 (s, 1H); 7.8 (s,
1H); 9.1 (s, LH).

25 % Water by Karl-Fisher titration: 613 ppm.
Analytical calculation for C11H16F6N204S: C, 34.2: H, 42: N, 7.3.
Experimental Results: C, 34.0: H,4.0: N, 7.1.
TGA (air): 10% wt. loss @ 328 degrees C, 50% wt. loss @ 354 degrees C.
TGA (N2): 10% wt. loss @ 324 degrees C, 50% wt. loss @ 351 degrees C.

30  Extractable chloride by ion chromatography: < 2 ppm.
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ionic liquid is used in the absence of all other
nmenbers of the total group except the selected

w0 pab7ardeml nmenber. As a result, in yet other PCT/US2007/012866
alternative enbodi nents of this invention, pairings of
one or nore particular refrigerants and one or nore
particular ionic liquids my be fornmed from (i) any
one or nore of all of the nmenbers of the total group
of refrigerants disclosed herein, selected as
descri bed above as a single member or any subgroup of

msnhﬁff&m@éentdxasema@taahfogﬁteumlmcgmmer W t h (| |) any

or o Bl Rl Rbidsedi T anarie iy hs &) 2l &P acetone

- .sles@rsobgl) abrveonisinéd at Heine t&ﬁpéasmreoin anjo0s i flskp Af room
any size taken fromthe t i oni c I i.d
Y IeRE 3 BB Rer A Dt Pt | i3 uoro-2-
[ nd(perﬂimadeﬂm&jaﬂrmenﬂfohhtat(nm-xl 1§100g)pw ashdissbbletl (M\/Hl‘ygacctone
exa ar, resented to illus h adv ges of
hetRDaRuA el BAPRYRG o Qo LHBLEE) Snd o 048 BB Bcanty
ski fdr 12rhr nmaitérnepsanve nifsigey prdssure dite. KG!hpsapEa@amals els:naaibwed

t, ] e | L.
lg? ﬁ'q%&t& g\ﬁo%g c%ﬂ%lc ohmolﬂea{bm g C'll%gi Hrersggn'i)l}tﬁxgﬁmf‘& QBE filtered

ure or
opepagei hrough 2 h¢19efa¢ntem pfcmands agdin yhiopgh edfrittad tglesagfunyfel to

t he SndvEmiie REL S%y Qééta,&eyw&fmeﬁewooy.smrc% Hs@ %f. %%tﬁw%lgnd then

various 1onitc |1 qul In or wt each

I\/ETPIU@S“&KNDHWEW%K@SPP» Bﬁtdygrcg» e fory? |hrn d%f:zréwldﬁﬂ was still
hexgfeLipRaaRTRS Bbﬁ{eesoﬁl[tm m m[:t'ﬁ ehe chiBklN 08 was added to the

nmol ecul ar \NEI ght g@ 1
15 _ bgﬂlgq: prodyety mhpthﬁve% pl\mﬂled with deionized water (2 x 50 ml). The

solution was dried over magnesium sulfate, and the solvent was removed in vacuo

to give the product as a viscous light yellow oil (12.0 g, 62% yield).

F NMR (CD;CN) & -85.8 (s, 3F); -87.9, -90.1 (subsplit ABq, Jir = 147 Hz, 2F);
20 -120.6, -122.4 (subsplit ABq, Jrr = 258 Hz, 2F); -142.2 (dm, Jrs = 53 Hz, 1F).
'H NMR (CD;CN) & 1.0 (t, J = 7.4 Hz, 3H); 1.4 (m, 2H); 1.8 (m: 2H); 3.9 (s,
3H);
4.2 (t,J=7.0 Hz, 2H); 6.5 (dm, J= 53 Hz, 1H); 7.4 (s, 1H); 7.5 (s, 1H);
8.6 (s, 1H).
25 % Water by Karl-Fisher titration: 0.461.
Analytical calculation for C12H16F8N204S: C, 33.0: H, 3.7. Experimental
Results: C, 32.0: H, 3.6.
TGA (air): 10% wt. loss @ 334 degrees C, 50% wt. loss @ 353 degrees C.
TGA (N3): 10% wt. loss @ 330 degrees C, 50% wt. loss @ 365 degrees C.
30
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tetrafl uoroborate ([bm m [BF4], C8H 5N2F4B, nvol ecul ar
wei ght 226 g nol 1), 1,2- dinethyl-
WO proopydosm dazol i um PCT/US2007/012866
tris(trifluoromethyl sul fonyl)nethide
([dnpi m [t TFMSet hi de] , G 2H1I5N2F906S3, nol ecul ar
wei ght 550 g nol " 1), 1, 2-
di met hyl - 3- propyl i m dazol i um
bi s(trifluoronethylsulfonyl)im de
([dn’pl n [ bTEMSI m de], G OH 3N3F60 S2, nol ecul ar wei ght
rml 1,,1- ethyl 3 msthyllmdazollum
bi S ) : Hinsbutyl)phosph

([ end z 4 bt slednat I4 111 ﬁi?@l §2 {nﬁl ecul a(rJI
t - ridiniu
“E( i s o B oo L

£ | bk ghpHosshoRdim BMbAGS{CYphvED ghtl 6% 134530 agd Halomzéa watlr (1000
et hyl -3 -nmet hyl i m dazol.i um hexaf | uor ophosphat e

[ PFEP; Tag H“FF“FC Yesmagnstically siged watlghwaoens phese, Iﬁmsmate

| - e2ihfhsk3d paisdlidhi m1Qas;pBJhufaﬂuoropropanesulfonate (HFPS K, 214.2 g)
bis(trifl ororrethylsgl f onyl

CeHHES B Hin deignize |W§fer\xléf(6)htp 1 Sggo@l H%Bwirf combined and

| - bittryeld- a8 bbsili vy N GirédkwiBlat 26 degrees C for 1 hr producing a milky

bi fl t | f [)imd B bTENMSI mi .
15 Mo ShEST et iR b sy iy S o fltaon
e achadxhéradm@dveﬁnm nhlEfolfdwm Bbe w1k an(mmahﬂngﬁqhmuse@ef (pH*= 2)

o0 Vb ST dee Ynr iyt ARRCb b JpfbrBibin Ky were
di ftqndnmmmlrrhnasl(eldl:@tmap dgu2és, sodiine cafbanateesbhghion $30 0@) to
9 nR:LnolrL’ 9 Ecﬁé l; Jixggx‘?lgtzh‘fi\ﬂ% (‘)El%ctheﬁzcﬁ'ledcgvd'r:ﬁna@esmm sulfate,

nol ecul ar wel
15], 1suption tﬁéteredf i) rr@;blcﬁhwe VeE4RChiIss 4a, a ot andritheacen arhigh

wel :
HF%&%&%g%e& Pq]:m dé%eeeé ub) :lﬁr”l{/\ftelﬁll {é ﬁ@lﬁ%é Hﬁ'%ﬁ%roduct as a white
solid (380 g, 76% yleld)

MY

'F NMR (DMSO-dgy 8 -73.7 (s, 3F); -114.6, -120.9 (ABq, J = 258 Hz, 2F); -
20 210.5 (m, Jyr=41.5 Hz, 1F).

'"H NMR (DMSO-ds) & 0.8 (t, J = 7.0 Hz, 3H); 0.9 (t, J = 7.0 Hz, 9H); 1.3 (br s,

20H); 1.4 (m, 16H); 2.2 (m, 8H); 5.9 (m, Jur = 42 Hz, 1H).

% Water by Karl-Fisher titration: 895 ppm.

Analytical calculation for C29H57F603PS: C, 55.2: H, 9.1: N, 0.0.
25  Experimental Results: C, 55.1: H, 8.8: N, 0.0.

TGA (air): 10% wt. loss @ 373 degrees C, 50% wt. loss @ 421 degrees C.

TGA (N2): 10% wt. loss @ 383 degrees C, 50% wt. loss @ 436 degrees C.

30 R) Svynthesis  of  tetradecyl(tri-n-hexyl)phosphonium 1,1,2-trifluoro-2-
{(perfluoroethoxy)ethanesulfonate ([6.6.6.141P-TPES)

To a 500 ml round bottomed flask was added acetone (Spectroscopic

grade, 50 ml) and ionic liquid tetradecyl(tri-n-hexyl)phosphonium chloride
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82.04 g mol 1), and 1, 1-difl uoroethane (HFC- 152a,

C2H4F2, nol ecul ar wei ght 66.05 g nol 1) were obtained

wo cwmi1PePont Fl uor ochem cal s (W I m ngt on, Del aneCBY$2007/012866

with a mninmmpurity of 99.99% A nol ecul ar sieve

trap was installed to renove trace anounts of water

fromthe gases and each of the ionic liquids tested

wer e degassed prior to nmaking solubility neasurenents.

The foll owi ng nonencl ature and abbrevi ati ons are used:

6}?“8&;{)] [ Q?i 053, '[ EP | Tﬂp"iﬁlx}urgg'as %@X&ﬁgﬂy £tg¥&iem£1'l\|)t vgs one
ection factor = initiral concentration

(mobhase3) C Esatar aﬁmt%onblentﬂaék,l omocmlumﬂ 3),1,2-tdflyoro-2-

= S&Q ?y&{ﬁgﬁ%a‘flgﬁﬁﬁﬁhé ‘%[‘PEQ K r@i 'E 3)W2Q d‘iséd)'l\fetlui%' &tone

const ant &E = gravi tati ona accel eration

(9. 656m). @sezs)ohﬂlqné ngrencoenhmqﬁlwnéﬁagsd vinlen peratdve Mapressure at

N -26 df:@@c% Ofor lbrhr?)?&ﬂc £ OPniAsrRligitat dexel. R ﬁ%&sltate was —

(kg) nt] = mass of/-th species on counterweight sid

of moaﬁé By e\kvgl)onrﬁltEatwnrrﬁgisﬂleﬁcthw|vtaS|rFraan9 iy aﬁﬁ@ww}ovap
o prelEeUhacritei f#hducPhs b-cidhd§ RAC48S)( KehisRford) (100 1) was

H- t h nunber -conponent
' added, and the solution was washed once with deionized water (50 ml). It was

then dried over magnesium sulfate and reduced in vacuo first on a rotovap and
10  then on a high vacuum line (8 Pa, 24 degrees C) for 8 hr to yield the final product
as a slightly yellow oil (28 g, 56% yield).

'F NMR (DMSO-ds) 8 -86.1 (s, 3F); -88.4, -90.3 (subsplit ABq, Jrr = 147 Hz,

2F); -121.4, -122.4 (subsplit ABq, Jrr = 258 Hz, 2F); -143.0 (dm, Jgy = 53 Hz,
15 1F).

'H NMR (DMSO-dg) 6 0.9 (m, 12H); 1.2 (m, 16H); 1.3 (m, 16H); 1.4 (m, 8H);

1.5 (m, SH); 2.2 (m, 8H); 6.3 (dm, Jry = 54 Hz, 1H).

% Water by Karl-Fisher titration: 0.11.

Analytical calculation for C36H69F804PS: C, 554: H, 89: N, 00.
20 Experimental Results: C, 55.2: H, 8.2: N, 0.1. |

TGA (air): 10% wt. loss @ 311 degrees C, 50% wt. loss @ 339 degrees C.

TGA (N2): 10% wt. loss @ 315 degrees C, 50% wt. loss @ 343 degrees C.

25 8) Synthesis of tetradecyl(tri-n-hexyl)phosphonium __1.1.2-trifluoro-2-
gtrifluoromethoxy)ethanesulfona_te ([6.6.6.14]P-TTES) 7

To a 100 ml round bottomed flask was added acetone (Spectroscopic
grade, 50 ml) and ionic liquid tetradecyl(tri-n-hexyl)phosphonium chloride
(Cyphos® IL 101, 20.2 g). The mixture was magnetically stirred until it was one

30 phase. In a separate 100 ml flask, potassium 1,1,2-trifluoro-2-
(trifluoromethoxy)ethanesulfonate (TTES-K, 11.2 g) was dissolved in acetone
(100 ml). These solutions were combined and stirred under positive N» pressure at

26 degrees C for 12 hr producing a white precipitate of KCI.
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P -pressure (MPa) PO = initial pressure (MPa) t =tine
(s) T =critical tenperature of /-th species (K T1 =

wao esoprssure of i-th species (K) TJ = tenper atPCEUS2007/012866
of /-th species (K) Ts = tenperature of sanple (K) V1 =
vol une of i-th species (nB) VIL = volunme of ionic
liquid (mMB)Vn = liquid sanple volune (nB8) Vg = nol ar
vol une of gas (nB"nmor') V1 = nolar volune of i-th
species (m8"nor') V]L = nolar volune of ionic liquid
(mnmol 1) W:merwﬂmEM mmme(Mmﬂl)WJ:
initial nolar volunme (m nol %e in nola

vol une (P& RESFPYa] “‘?f’o‘leg“‘f”F%c',’?' |56‘ﬁ“‘2ﬂ‘ ﬁ}t"al“

s cPegegions was

depiejfho(vea il Pucaof Qﬁ&t@béiﬁto(p’i‘bddce@l@b crudepoiiot a9h cPagdy oil. The

(kg
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30

iy Cgias( ggﬁtﬁé h Uiyt deber” QBRI i then? WREr e a it with

deionized water (50 ml), twice with an aqueous sodium carbonate solution (50 ml)
to remove any acidic impurity, and twice more with deionized water (50 ml). The
ether solution was then dried over magnesium sulfate and reducéd in vacuo first
on a rotovap and then on a high vacuum line (4 Pa, 24 degrees C) for 8 hr to yield
the final product as an o0il (19.0 g, 69% yield).

F NMR (CD,Clp) 3 -60.2 (d, Ju = 4 Hz, 3F); -120.8, -125.1 (subsplit ABq, J =

260 Hz, 2F); -143.7 (dm, Jry = 53 Hz, 1F).

'H NMR (CD;CI;) 8 0.9 (m, 12H); 1.2 (m, 16H); 1.3 (m, 16H); 1.4 (m, 8H); 1.5
(m, 8H); 2.2 (m, 8H); 6.3 (dm, Jyy = 54 Hz, 1H).

% Water by Karl-Fisher titration: 412 ppm.

Analyticél calculation for C35H69F604PS: C, 57.5: H, 9.5: N, 0.0.
Expenmental results: C, 57.8: H, 9.3: N, 0.0.

TGA (air): 10% wt. loss @ 331 degrees C, 50% wt. loss @ 359 degrees C.

TGA (N2): 10% wt. loss @ 328 degrees C, 50% wt. loss @ 360-degrees C.

Svnthesis __-of 1-ethyl-3-methylimidazolium 1,1.2.2-tetrafluoro-2-
(pentafluoroethoxy)sulfonate (Emim-TPENTAS)

To a 500 ml round bottomed flask was added 1-ethyl-3- -

methylimidazolium chloride (Emim-Cl, 98%, 18.0 g) and reagent grade acetone
(150 ml). The mixture was gently warmed (50 degrees C) until all of the Emim-
Cl dissolved. In a separate 500 ml flask, potassium 1,1,2,2-tetrafluoro-2-
(pentafluoroethoxy)sulfonate (TPENTAS-K; 43.7 g) was dissolved in reagent
grade acetone (450 ml).

These solutions were combined in a 11 flask producing a white precipitate
(KCI). The mixture was stirred at 24 degrees C for 8 hr. The KCl precipitate was

then allowed to settle leaving a clear yellow solution above it. The KCl was
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pj =density of / -th conponent on counter weight side

of balance (kg"m-3) palr =density of air (kg"m3) p
woe-d®ngutoyl of sanple (kg"m3) Units Pa Pascal RPEHUS2007/012866

Mega Pascal nol nole m nmeter cm = centinmeter K =

Kelvin N Newton J = Joule kJ Kkilojoule kg kilogram

mg mlligrammy mcrogram T tenperature P pressure

nmbar mllibar mMn mnute OC or C degrees Centi grade

removed by filtration through a celite/acetone pad. The acetone was removed in
vacuo to give a yellow oil, which was then diluted with chloroform (100 ml). The
chloroform was washed three times with deioni_zéd water (50 ml), dried over
magnesium sulf:ate, filtered, and reduced in vacuo first on a rotovap and thenon a

5 high vacuum line (4 Pa, 25 degrees C) for 8 hr. The product was a light yellow oil
@25g). -

'F NMR (DMSO-dg) 8 -82.9 (m, 2F); -87.3 (s, 3F); -89.0 (m, 2F); -118.9 (s, 2F).
- 'H NMR (DMSO-de) 6 1.5 (t, J = 7.3 Hz, 3H); 3.9 (s, 3H); 4.2 (q, J = 7.3 Hz,

‘10 2H);

7.7 (s, 1H); 7.8 (s, 1H); 9.1 (s, 1H).

% Water by Karl-Fisher titration: 0.17 %.

Analytical calculation for C10H1IN204F9S: C, 28.2: H, 26: N, 6.6

Experimental results: C, 28.1: H,2.9: N, 6.6.
15 TGA (air): 10% wt. loss @ 351 degrees C, 50% wt. loss @ 401 degrees C.

TGA (N2): 10% wt. loss @ 349 degrees C, 50% wt. loss @ 406 degrees C.

) Synthesis of - tetrabutylphosphonium 1.1,2-trifluoro-2-
20 (perfluoroethoxy)ethanesulfonate (TBP-TPES) '
To a 200 ml round bottomed flask was added deionized water (100 ml)

and tetra-n-butylphosphonium bromide (Cytec Canada Inc., 20.2 g). The mixture
was magnetically stirred until the solid all dissolved. In a separate 300 ml flask,
potassium 1,1,2-trifluoro-2-(perfluorcethoxy)ethanesulfonate (TPES-K, 20.0 g)

25  was dissolved in deionized water (400 m1) heated to 70 degrees C. These solutions
were combined and stirred under positive N, pressure at 26 degrees C for 2 hr
producing a lower oily layer. The product oil layer was separated and diluted
with chloroform (30 ml), then washed once with an aqueous sodium carbonate
solution (4 ml) to remove any acidic impurity, and three times with deionized

30  water (20 ml). It was then dried over magnesium sulfate and reduced in vacuo
firston a rotovép and then on a high vacuum line (8 Pa, 24 degrees C) for 2 hr to
yield the final product as a colorless o1l (28.1 g, 85% yield).
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F degrees Fahrenheit sec second kWkilowatt kg/s

kil ograml second hi the follow ng description, (A)-(D)
wEe@vite®ssynt heses for anions of ionic |iqui dsPETIES20aT/€12866

useful as lubricants for the invention, and (E) -(W

provi de syntheses for ionic liquids useful as

| ubricants for the invention. Preparation of Anions

Not Generally Available Conmercially . (A) Synthesis

of potassium 1,1, 2, 2-tetrafl uoroethanesul fonate

(TFES— K) 1[ HCF2CFz SO Q A 1-gallon Hast eI l. oy(r) C276

Lg? kR EBreRA e %@/3 ol %S%t O%is |§Bq,§gt =147, Hipn 2F);
et 28591155 BRI ABg, - 5] Hzam# Rd 1 0T¥GAR O stz 1),

(ZOOOM Theg hi s sal ution

was F dPaCh 5d1e%eés e Hévlééuét%@n,tlé% 21%)(%%#)’ ér%ddm
pur ged s igh 18t rogen. The evacuate/ purge cycle was
repeated two nore tines. To the vessel was then added
tetrafl uoroethylene (TFE, 66 g), and it was heated to

100%dwg{eeg§K§rlaiish\ghﬁ@ﬁmtnl gt he i nside pressure was
1.14 MPa. The reaction tengerature was i ncreased to

1 25ABRI s esulafan 5t CEPRP THQAPSS 1 AS % nellyrE”: | N, 0.

Pr EBgpbthel e Fedse dC,du®: (10, dfteNnyeact i on, nore TFE was

added in Il .aliquots '20- 30 to mai ntain
1 P i R g ek B4 and L 46 NPa.
Once 500 g

W) Preparation of 1,3-dioctylimidazolium iodide [doim][I]

15 1,3-Dioctylimidazolium iodide [0oim][I] was prepared as described by L
Xu, et al., Journal of Organometallic Chemistry, 2000, 598, 409-416:

Imidazole (2.72 g; 0.04 mmol) and octyl bromide (3.1 g; 0.016 mmol)

were dissolved in 55 ml of ethyl acetate. The mixture was refluxed under a.
20 ﬁj&'ogen blanket. Initially, the solution was clear and colorless, however upon
refluxing approximately 1 hour the mixture became cloudy with a tannish color.
>The mixture was allowed to reflux overnight. The mixture was then cooled to
room temperature (RT) upon which a wﬁite precipitate formed. The mixture was
! extracted with water (2x: 30ml). After drying the solvent with magnesium sulfate,

25  the solvent was removed using a vacuum, yielding a tannish oil.

To the oily residue was added 60 ml of toluene followed by 1-iodoctane (4.8
g; 0.02). The mixture was refluxed overnight under a nitrogen blanket, resulting
in a dark yellow mixture. The yellow oil was collected via a separation funnel

30 rinsed with toluene (2x: 20 ml) and dried under vacuum.
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(5.0 nol) of TFE had been fed after the initial 66 g

precharge, the vessel was vented and cooled to 25
waelegrae®sC. The pH of the clear light yell ow rPeUSIN7/012866

solution was 10-11. This solution was buffered to pH 7

through the addition of potassiumnetabisulfite (16

g). The water was renpved in vacuo on a rotary

evaporator to produce a wet solid. The solid was then

placed in a freeze dryer (Virtis Freezenobile 35x1;

Gar diyner preph¥htidnts 1eil- 3.ectn,ﬁ§1monhnﬁ laeﬁieqammm]e nt to
approximately 1.5 wt % ( gldcrude material)

t heor et | bMet%s"sO%YlmE‘S%ﬂ‘mg‘dP 3 [mgnli%masg)repﬁfe %&ggcnbed

bal BNLEXWas o eloral 66@rgafforhéiNBL CRBRistlyE20000598, ado-a0d): d
had slightly higher mass due to noisture. This added

{reeze dryjd g%rStn?szope aﬂg \Nﬁeram age, qf, %d?g?% 2931 g; 0.022

ree-flown eagov at ne
vacmuloven disssiuéd i 0iml of teluepy Bl reattion kes réfhixedvaghereupon

Ver o Qb hhneifiel BB 30 bR BBy YLADE 4 Whixture was
furtengxeqoumrfugéd duringi whicht dvellywisht oilic presipitate flormed.  The
a%;fﬂgrl&ro?ﬂgasa&ﬂ%@@andc dAehrughﬁ;U&cmﬁHd drying. 19F N'VR

FF = 6 Hz, 2F);
101361(dt FH = 53 Hz, 2F). 1H NMVR (D20 d. 6.4 (tt,

—Gﬁﬁlrﬁ&mmmbﬁaﬁ-& IH) .. % Water by Karl-Fisher

titratron: O ppm_ Anal ytical calculation for
C2HOBF4 SKee Gas polubility) and _ djffugivity) raeasygsmentyetyerg| made using a

I eSpthtigretrfo miclebhlantk (@idén Isdchdtha?itd, IGA 003, Warrington, UK). The

IGA design integrates precise computer-control and measurement of weight

15  change, pressure and temperature to enable fully automatic and reproducible
determination of gas adsorption-desorption isotherms and isobars.  The
microbalance consists of an electrobalance with sample and counterweight
components inside a stainless steel pressure-vessel as shown in Figure 18 and
described in Example 38, Table 31. The balance has a weigh range of 0-100 mg

20 with a resolution of 0.1 ug. An enhanced pressure stainless steel (SS316LN)
reactor capable of operation to 20.0 bar and 100 °C was installed. Approximately
60 mg of ionic liquid sample was added to the sample container and the reactor
was scaled. The sample was dried and degassed by first pulling a course vacuum
on the sample with a diaphragm pump (Pfeiffer, model MVPO055-3, Asslar,

25  Germany) and then fully evacuating the reactor to 10 bar with a turbopump
(Pfeiffer, model TSH-071). While under deep vacuum, the sample was heated to
75 °C for 10 hr with an external water jacket connected to a remote-controlled
constant-temperature bath (Huber Ministat, model cc-S3, Offenburg, Germany).
A 30 percent ethylene glycol and 70 percent water mixture by volume was used as

30 the recirculating fluid with a temperature range of 5 to 90 °C. The sample mass
slowly decreased as residual water and gases were removed. Once the mass had
stabilized for at least 60 min, the sample dry mass was recorded. The percent

weight loss for the various ionic liquids tested was in the range of 1 to 3%.
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Mp (DSC): 242 degrees C. TGA (air): 10% wt. |oss @367
degrees C, 50% wWm. |oss @375 degrees C. TGA (N2) :

WA My Ma3051 oss @ 363 degrees C, 50% wt. | oss @BFBUS2007/012866
degrees C. (B) Synthesis of potassium
l,1,2-trifluoro-2-(perfluoroethoxy)ethanesul fonate
(TPES-KV A 1-gallon Hastelloy(r) C276 reaction vesse
was charged with a solution of potassiumsulfite
hydrate (88 g, 0.56 nol), potassium netabisulfite (340

g, 1.53 1R XGADOB dan @pera&dmvxa&ﬁrdyﬁ&%omm );tanJ iﬁ&)d\éesmhmc

was cqQoled to 7 degrees C, evacuated i
pur Brede fPErRGR rrers'&e-‘ha CqIInuRYS, %‘apéﬂaﬁ TR 39% F’é‘ mg )Past the
I epeaipe aﬁ]womawmamst n(&ilive Eontidie twesaqiolmapreﬁdnﬁm asiskad mode

erfluoro(ethyl vin E, 600 2.78
D oA oot B, o e o THE it o g il and

i Nsbéla fhe eﬁﬁzﬁftﬁxc%dze)a{huNPaalvéEh Eorlt®RAQhé GBt-PSHAP Predduié.€ All
was mai nt ai ned at 125 degre C for. 10 hn Th prgﬁsu
e sample

dr ofFEPIPB FeIR TR %t W @ﬁ pEs B n¥aestefe

venteaq;eaﬁﬁesmhﬁebsmd%tmagw@x fhernibRuple Usiith bR AGEUrESY of +
product was a white crystalline precipitate with a

col BPessThey theanecqualirevag pagated7insigp dhe reactor mest 1o theygample

S pegddtatiRrOfTHe ReateMpadiet B SintathANRVERL pBiAE RntHR ke Qutomatlcally to
‘groduct whil e the spectrum of the aqueous | aye

howithing bipigal regplation pecuracy| of tafd it urasqﬂpeﬂaﬁ |(ﬁa1t0e85 50,

| MR 7Y *C ReredRSdstRE bESIARRE With | ©56. TSHck! meedésﬂed'\%ﬁierature
so it precipitated in isonmen cally pure form The

pr o¥at tchigvgd ayd fiaklesthe pimgiitapeg and exhash vliighrusormaticathy gpened
gl agfi £1640A8b adjaftdhd PRsRS toCBK BrdtB&-fbinte Brdsburds HaaUoto 107

ov elgar(vgecl)'e g‘l%gsrugeedsus%g aoca%%ayaﬁgg m];l(ljormgftesr (rlli‘elff;hgodel PKR251), and
15  pressures from 10” to 20.0 bar were measured using a piezo-resistive strain gauge
(Druck, model PDCR4010, New Fairfield, CT). Regulation maintained the
reactor pressure set-point to within + 4 to 8 mbar. The pressure ramp rate was set

~at 200 mbar min’ and the temperature ramp rate was set at 1 °C min™'. The upper
pressure limit of the stainless steel reactor was 20.0 bar, and several isobars up to

20 10 bar (i.e., 0.1, 0.5, 1, 4, 7, 10 bar) were measured. To ensure sufficient time for
gas-liquid equilibrium, the ionic liquid samples were maintained at set-point for a

minimum of 3 hr with a maximum time-out of 8 hr. _

The IGA method exploits the relaxation behavior following pressure and

25 temperature changes to simultanecously evaluate the time-dependent absorption
and asymptotic uptake. The real-time processor was used to determine the end-
point for each isotherm. . The percent relaxation used as an end point for the real-

time analysis was 99 percent. The minimum weight change for real-time analysis

was set at 1 pg, the acceptable average deviation of the model from the acquired

30 data was set at 7 ug, and the target interval for weight acquisition was set at a
typical value of 1 pg. The temperature variation during an isotherm was

maintained less than 0.1 °C min™'.
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product was obtained as off-white crystals (904 g, 97%
yield). 19F NWR (D20) d -86.5 Xs, 3F); -89.2, -91.3

w@ swbagdost ABg, JFF = 147 Hz, 2F); - 119.3, - 12QT1/BS2007/012866
(subsplit ABgq, JFF = 258 Hz, 2F); -144.3 (dm JFii =
53 Hz, IF). 1H NWR (D20) d 6.7 (dm = 53 Hz, IH. M
(DSC) 263 degrees C. Anal ytical calculation for
04HUMF8SK: C, 14.3: H, 0.3 Experinmental results: C
14.1: H, 0.3. TGA (air): 10% w. [oss @359 degrees C,
50% wt . $&5§ (@R of @y RRS003. mm&ed Npyessuk® Yol .valveshid @Ver-
362 degrees C, 50% wt. | oss %’{_K fg 8Lees
Sy nteAw: fagur‘afcoast)b;%r e Tepotpro_ (Tpe ipgh
( tr tefplaldét[ @itk aMPoheiliadie wélfedralve (Cifdl Eseiﬁ) seﬁpamg @hkmae 245

cor bt BRESR BordSept HanrPel o fapsofiahY flerdbasghed system

s1ol Jrompoteapsdssure,Medditioril rélief eva(ved Ovege ifstiidnod thengktom gas
del oazf.lﬁqg V\Igt oy ea(chOO 5&111)1d§r-r81es geha{ vglt}esswsoe sue I O%g%n gfthe

e vesse egrees (, evacu
t o ﬁ:e%rd\/@&ped}:ﬂ(ﬂsmm' gdiie wedctor mvtmtegleacatlﬂ’h éterlock controller that

eva a |
CLSEYRLCARMIEE G Al ISELS U T L B 038 i
et henjpe(aRWExceGﬂ)@I 0 . GDueTml t}le &wotithat somas oﬁ&atged:sttﬂted were

APSRRRE; S Bkl ERCLIT LIPUEES| 8 BLCRSHAR Y3P mounes

2 e€reaction Aure vas
125indidgragmstod stanlegs $iecl cilbieetmmamluvmh ditogpre that wolldAdinimize

{\/gagng$o¥!fﬂiﬁf}'ofmiaﬂk.the vessel was vented and cool ed

=11 taﬁ:ed rehe? valve was

Therrhogravimetric measurements were cormrected for a number of
15  gravitational balance forces introduced at high pressure as described by Pinkerton,
E. P., et al (High-pressure gravimetric measurement of hydrogen capacity in
vapor-grown carbon nanofibers and related materials. Proceedings of the 11"
Canadian Hydrogen Conference, Victoria, BC (2001) pages 633-642). These
included:
20 (1) Changes in the buoyant forces due to changes in pressure and temperature.
) Aecrodynamic drag forces created by the flow of gases.
3) Changes in the balance sensitivity due to changes in temperature and
pressure. .
4 Volumetric changes in the samples due to expzinsivity.
25
The gravitational balance forces previoﬁsly described are often of the same
order of magnitude (0.1 to 5 mg) as the overall weight change in the sample and
can lead to maccurate results if not accounted for precisely. Distinguishing mass
changes with an accuracy of 0.01 wt.% on small and sometimes limited sample
30 quantities requires knowledge of the sample weight to within about 5 to 10 pg.
" The buoyancy correction follows from Archimedes’ principal: there is \an

upward force exerted on an object equivalent to the mass of fluid displaced. The

¢ -65 -



degrees C. Once cooled, a white crystalline
precipitate of the desired product forned | eaving a
wW@i0onk3wss cl ear aqueous sol uti on above it (pHEI/0$2007/012866

The 19F NWMR spectrum of the white solid showed pure
desired product, while the spectrum of the aqueous

| ayer showed a small but detectable anbunt of a
fluorinated inpurity. The solution was suction

filtered through a fritted glass funnel for 6 hr to

r engyeardBsite QF, i td‘@ﬁc%&mcy Ti8@abkikted AkiBe WG WHREI HE Ha@gofthe

in a vacuumoven at O MPa and 50 degrees C for

h. gidisphed iSariglenB8Ythyivehue of tha suthéreedpahyete (7, )'ﬁhﬁes the
final product was isonerically pure (by 19F and 1H
NVRJensithca, k Hfehe grseas o giseeni (Edepd thergmpyitagiona at:wéermne(rg) If
durlng f||trfat|on 19F NWR EDZO) d -59.9.id, FH

Hz, Sryy ume qgf;tge ebjectlrfgxagls(cg ﬁglﬁ* Vi CWB'EF cgjculat%@y}k&nowmg the

£l >%§°‘%§*lf>f<fé*>§f’f\%%tbgcf by Ker | Fisher

tltratlon pm Anal ytical galculation for

C3HF6 SO4K: —@uox@cﬁ 8—},’.P98/4P)Ng‘0—93@(ﬁérl ment al (1)
results: C, 12.6: H 0.0: N, 0.%° M (DSC) 257 degrees

C. Ih&lad af ﬁs)mg ﬂae%ay\ﬂensit&s Pré@ideli3ndRGHRRE [Sach&UYAGA. software,

e £ JensiEp i Gpch s 20 pylsbateg ugPR s StpuleR PR GFPROP
of \sm)jdemlobed,b& fhe Natidnhlekafituto o O Sranpane aod fTenmictogy (NIST)
10( HF&%ﬁl'r\l?()n EW, et al. [NIST reference fluid thermodynamic and transport
properties — REFPROP, version 7.0 user’s guide, U.S. Department of Commerce,
Technology Administration, National Institute of Standards and Technology,
Standard Reference Data Program, Gaithersburg, Maryland, 2002]).

15 The buoyancy correction using the IGAQOO3 system involves many
additional obiccts for weighing the sam_plc. Table 31 provides a list of each
critical component along with the objects weight, material, density, and
temperature. The component arrangement in Figure 18 leads to a mass balance as
shown by eq 2. This expression accounts for the summation of all components as

20  well as the contribution of the absorbed gas mass (m,) and a correction factor
(C,) which accounts for the balance sensitivity to 7, P. The density of air (p,; )
at ambient temperature and pressure was subtracted from p; and p; because the
components were initially weighed in air.

Sm-3m, —Z%pg .. P) +z%pg(r,.,P)+mu +m,
e =

i=1 i Jj=l J (2)

my, m, ,
P (I;’P) P ( P)_C (I':’P)=readlng
p,(T,)" " p(T)"* d .

25  The largest contributions in eq 2 are typically those of the sample container,

sample, and counter weight; the other referenced objects in Table 31 contribute
less because of their larger densities (denominators in eq 2). Physical densities of

ionic liquids were measured using a Micromeritics Accupyc 1330 helium
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A 1-gallon Hastelloy(r) C reaction vessel was charged
wWith a solution of anhydrous sodiumsulfite (25 g,
wWO2@0/1905) , sodium bisulfite 73 g, (0.70 nol) eemMUsf007/012866
dei oni zed water (400 m ). The pH of this solution was

5.7. The vessel was cooled to 4 degrees C, evacuated

to 0.08 MPa, and then charged w th hexafl uoropropene
(HFP, 120 g, 0.8 nol, 0.43 MPa). The vessel was heated
mﬁthagitation to 120 degrees C and kept there for 3

ﬁ@mg{e? witha5 dcfirhc d‘ 9f £0/6BX g'&{{“ G\fhcflox@e'i‘xti}!g> @nsﬁ‘ﬂ%ent Corp.,

then dr opped down to O. MPa Wi thin 30 m nutes.
t heNerethsst Gb).vimstgadly, thasyotumﬂ CERE dathsempl;amasmamglaltﬁFfrom its

t ed, d. t t tro e
e KPR P B AP e bt 8 Vohimetri
ot T RTPS Bl B Bt ipRR bk %dﬁncoﬂfg pot as

was en pace 'n a

£0. @e%cﬁﬁa,bewtodﬁ&e%e&nﬁely%emnet& wogdw‘yeeﬂ%é@ of
white solid, which contained approxi mately 1 wt %

wat er. The theoretl cal mass of total solids was 217 g.

The cr udpnd-ER&mNavas BpeReeds il SRRy mpdé iHat *eseanslly sihmbRs any
"by extraction vvlthrga en rade acetone, filtration,

andaea?%ynﬁ@lc q_rgg RGeS mg lga§s( rﬁ,le%q%'ba angep-Arg ! sensitive to
- 12@mpefafiBe and presaifed fletuat?&))s orr thé btarfh dn@inandl ijernal Blebiibhics.

O o S e S AL
| OSkeater4dl @ telnpprarate 6. 45T60.1(962) In ad]iﬁ%ny\ﬂxe doRfpB@ns Letnperatures

degree 50% wt_. | oss 449 degrees
gprovxdeg m T at?le 31 are mea@ured for t%e sample (7,) and all others are

estimated. Therefore, a correction factor (C ,) was determined as a function of 7,

P by measuring the buoyancy effect without a sample and calculating a least-
15 squares fit to tare the balance. The correction factor was on the order of 0.1 to 0.3
mg and increased as expected with decreasing temperature .and increasing

pressure. -

Initially the ionic liquid sample volume was considered to be constant and
20 the mole fraction solubility calculated without taking into account buoyancy
effects due to sample expansivity. In order to make a proper buoyancy correction

due to the liquid volume change, a simple mole fraction average for the molar
volume, 17,,, , was used.
V,(T,Py=V,(Q-x)+V x,
25 3)

where V, = MW, /p; and x represents the molar fraction of gas in the

solution.
_ m, mg
vV, (T,P)=V,_(T, P){[ MW, j+ ( MW, H C))
m m
- T.,P Py=V (T,P T,P 5
ps(];)pg(, )+ (T)pg( ) (T,P)p (T, P) &)
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Preparation of lonic Liquids E) Synthesis of.
1-butyl -2, 3-di net hyl i m dazolium 1, 1, 2. 2-
wa edorasiosor oet hanesul f onat e PCT/US2007/012866
| -Butyl -2, 3-di nethylimdazoHum chloride (22.8 g, 0.121
nol es) was m xed with reagent-grade acetone (250 m)
in a large round-bottoned flask and stirred
vi gorously. Potassium
1,1,2,2-tetrafl uoroet hanesul fonate (TFES-K, 26.6 g,

0. 133 anmlses;)pmmﬁua;d dre 3 Aid 83gR0 sl RUStIAREAS mee;héagﬁaom the
m) in a separate roundbottoned flask, and th

soI ligyié rsama aalrl@ﬁummy a fhe qneasuresi el | quwwtmzs .3-Eq 5 can be
th{er&] dgt% .’5_ m&:g{uﬁrf‘o{j Ewso(?.llgy%‘l g an%%v élg;%gecft t(?§zli(mple

omere ntig- an" ol gr ees
C uwdenmvﬁﬁlux for 10 hours. The reaction m xture was
hen filtered using a large frit glass funnel to
renmove the white KC precipitate fornmed, and the
f i | t r at eBewides phaceulionum sobibiity, tewendepeatient abserptiom dataswere
T t

bel i Bifored BBl TheHRion B e o B T setpoint
1, 1Imorderta updgrstagpst @gﬁm@pm%ﬁ@ghgvmr of gas d1ssolvmg in liquid, we

| - Baip¥ied 3r Aatlatisd! dtﬂé&ﬂl ' Bﬁgé(f: i3hof %ﬁ’@ph@'@@ rQaQ)dlﬁﬁgoﬁ"pg&ess

purity dry acetone (>99.5%. Aldrich, m )
1¢ ondsmaedns ¢ flatzbottony sagple gontaingn tiisd Wih | P@f"l lwvlwtmcertam liquid

MagReél Height (L') | MHe WBight 1stdéﬁzrr§ﬂﬂeﬂ By kAoWInRtRE h‘ylmdncal geometry
dlssglve roomte &ture in_a separate

{1 aSiihe SEBle SpriARen dry Bumale dtereht AOG aRAR & Pefiie and the
( THobicKliqui8. dengl}y w&dipﬁﬁ)e} V@ﬁbeta[tuﬂ&l gl fiet tevhonatisny, the gas is

acetong goo SL%P Thgse two sol uthﬁs wer e conbi ne t
7 oDSHEE P JP P SRPBTERSL T 4GB BAPYF Fof Eiven
15 temperature. A small amount of gas will start dissolving into the ionic liquid, and
after a sufficient time it will reach a thermodynamic equilibrium, that is the
solubility limit of the gas in the ionic liquid at the given T and P. This transient
behavior with time is modeled as described by Shiflett, M. B. and Yokozeki, A
(Und. Eng. Chem, Research, 2005, 44, 4453-4464) and Yokozeki, A. (Int. J.

. 20  Refrigeration, 2002, 22, 695-704).

Processes of gas dissolving in liquid may be highly complex phenomena
because of a possible evolution of heat of mixing, the subsequent liquid
convection due to the local temperature difference, as well as the free convection

25 due to the density difference, and the possible change in thermophysical
properties of the liquid. The following assumptions were made for the dissolving
gas (Shiflett, M. B., and Yokozeki, A. (supra); and Yokozeki, A (Time-dependent
behavior of gas absorption in lubricant oil [Int. J. Refrigeration (2002), 22, 695-
704]): '

30 (1) Gas dissolves through a one-dimensional (vertical) diffusion process, in

which there is no convective flow in the liquid.
(2) A thin boundary layer between the gas and ]iquid phases exists, where the

thermodynamic equilibrium 1s instantly established with the saturation
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2 hr under positive nitrogen pressure. The stirring
was stopped and the KO precipitate was allowed to

W@ edorh€305t hen renoved by suction filtration theongk2oa7/012866
fritted glass funnel with a celite pad. The acetone
was renoved in vacuo to give a yellow oil. The oil was
further purified by diluting with high purity acetone
(100 M) and stirring with decol orizing carbon (5 ).
The m xture was again suction filtered and the acetone
I emoVegorcentYAfoHQ . §, Mld\eheps 1eBRdeREStidH is coddthnt aARe time at a
further dried at 4 Pa and 25 degrees Cfor 6 hr to
provi dglv%teﬁlpgrmrepnd)dmiure 19F NWR (DI\/BOd 6) d.

53 1 T R e Bmagty, 3°0 7 40 7

3 |-|) (4) 1T13e (m-dg;q)lved]_ 1gu1(ims D H)ghl)g dgut(e Ss‘:)hgqq}la and %0 (ttle rglevant

SI: H) ; Hzthegh%p?hyﬁicg’l ];r%;ertxel o‘ft]é?soﬁklon&o noﬁéﬂéx)} JK!;? i |7:| gh((ef

ti tFlag propess mayshen mwéﬁsymbeédqy medempwqr@h fagy diffusion due to the
<9 Hogﬁqm§atl& dlﬁ‘Zreﬁce H"he%ozcmmg d%f&ent@f e dtﬁﬁé“&r@

Resul ts: C, (air 10% wt
| oss @3@9 @s C 50% . loss @420 degrees C. (@ﬁ
(N2) : 1QPp W . gkdss @375 degrees C, 50% wt. loss @
422 degrees C. G Synt hesis of
| - et hyl -BitimbChpdition:daz olCi=u@y When 2=RandOr<af « Lor oet han@)
sul fonate To a 500 m gumrjéj bottom f |l ask was added

Ao

19 et hy! - BoHARD GIRdiiens; Rheefa@apta=f o, 98% &2
1.0 g) and reagent gradg-acetone (500 nm). The

—=0atz=1L 9
e z 9)

where C 'is the concentration of a dissolving substance in ionic liquid as a
function of time, ¢ and vertical location, z, where L is the depth of ionic liquid
in the container, and z=0 correspoﬁds to the vapor-liquid boundary. C, is an
.15 initial homogenous concentration of the dissolving gas, and is zero (inifially) ora

small finite amount at 7 > O D is the diffusion coefficient that is assumed to be

constant.

Eq 6 can be solved analytically for the initial and boundary conditions eqs
20 7 - 9 by a standard method such as separation variables or Laplace transform and

yields:

C % exp(—l’Dt)sinﬂ z|
C=C,l1-2[1-= - —1, 10
fi-oi- 3 emt e @)

S/ =0

where 4 = [n +l)£.
2L

An experimentally observed quantity at a specified time is the total concentration
25  (or mass) of dissolved gas in ionic liquid, and not the concentration profile in z.
This space-averaged concentration at a given time, < C >, can be calculated from

eq1l.
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m xture was gently warned (50 degrees C) until al nost

al |

of the EmMmmd dissolved. To a separate 500 m

wo b@gh43ves added potassiuml, 1, 2, 2- PCT/US2007/012866
tetrafl uoroet hanesul fonate (TFES-K, 90.2 g) along with
reagent grade acetone (350 m). This second m xture
was stirred magnetically at 24 degrees C until all of
t he TFES-K di ssol ved. These sol utions were conbined in
a 11 flask producing a m|ky white suspension. The
m xture was stirred at 24 degrees C for 24 hrs. The

Kd

cl ear green, 3 n above it. The reaction m xture
was filtéred oncé

preC|p|tate mas then allowed to settle | eaving a

hrough a celitel/ acetone pad and an

agai n t hrough ‘a frltted gl ass funnel to renove the

KA .

rotovap arfd>tKs
degrees C) for

T ooindofR B et b lritbice Ky ROE RN HE R Brmms,

yel
Hz,

The acetonE x__yagg] first.on a

1o0R §£3 e (4 Pa, 25 (12)
hr} Thé/produCt™ was Ja vi scous | i ght

exeept-foBinial sipgl] timepRBods, argtsuflicignt BBmetlcaQﬁ)phg;wqqml this

( DI\@%( Gt)'le dSlln’;ﬂ'la’il()('lt Wag terﬂzn]gteh-lzaﬁé '_pen K%HZS (\§her13 tﬁe’ nﬁmgrlcal
| |-|) eonmlgm@g to |th9 sun;mguqrs in |44 > lgecgm@ S]essnhg.n I%ZV\aBg ranplyzing

10

15

20

25

30

Fg:la é %I BétE r\@ﬁﬁ %s eguéﬁnw%ewlﬂéd ﬁﬁgsaﬁﬁ&tﬁﬁl &ricOftration

33.

.6 Found: C,
(¢ O )H’nd gxﬁuanq cogstgnt ( D) at glven T and P when C, was known.

Properties of lubricants and lubricant/refrigerant mixtures
. For vapor compression refrigeration and air-conditioning applications, the
viscosity, density, and molecular weight of the lubricating oil are important

properties. The viscosity of the oil and the solubility of the refrigerant in the oii

; are the two key factors in good oil return to the compressor. The viscosity of the

oil cannot be so high that the oil becomes viscous at lower temperatures or so low
that it does not lubricate the compressor properly at high temperatures. A
viscosity of about 150 Saybolt universal seconds (SUS) or about 30--35 centipoise
(cP) at 37.8°C (100°F) is generally used for low and medium temperature
refrigeration applications. A viscosity of about 300 SUS or about 50-60 cP at
37.8°C (100°F) is generally used for higher temperature air-conditioning
applications. The division, however, iS not exact and both viscosities can be used
for low temperature applications. Even higher viscosity oils such as 500 SUS are
used in mobile air-conditioning applications. Examples of mineral oils that were
commonly used with chlorofluorocarbon (CFC) refrigefants are Suniso 3GS, 4GS,
and 5GS (Sun Oil Company) with viscosities of 150, 300, and 500 SUS,

respectively.

The densities of the three Suniso oils are about 0.91 to 0.92 g cm? at
21.1°C (70°F). The molecular weight can vary from about 300 to 330 g gmol ™.

The properties of these products can vary since they are natural or mineral-based
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Mp 45-46 degrees C. TGA (air): 10%w. loss @379
degrees C, 50% wm. |oss @420 degrees C. TGA (N2) :

WA My Ma3051 oss @ 378 degrees C, 50% wt. | oss @BECI/BS2007/012866
degrees C. H) Synthesis of 1-ethyl-3-nethylim dazolium
1.1.2.3.3.3- hexafl uoropropanesul fonate To a 11 round
bottom fl ask was added |-ethyl-3-nethylim dazolium
chloride (EmMmmd, 98% 50.5 g) and reagent grade
acetone (400 m ). The m xture was gently warmed (50

degsineavd) dehtdd ﬁ@hﬂﬁﬁ&er@bhn@fne&&]@hxﬁ%mcg whichS &k 42 omplex

To a_ separate 500 flask was added potassi um
1m2‘tlsreyf3°heﬂ%saéfcpalapw Jeneaposition  may pispyyagy Wit drilling

g) RCANG v iitnd @RI, B @d8u@EEIrEINER A0 aiits HandBVok, Prentice-
sec 1?&? >Seure was. stirred magnetically at room

n%é 8%k until all of the HFPS-K dissol ved. These
§ol utions were conbined and stirred under positive N i
pressur eMahy 3éniclagjueishdvel e prdpdir vipdosiyiCadigitd #id kislecular

white, spensi,on rec tat
o PR BEe Pytised B TRt R anPvh 3t Etiraisi LT TaE L gy Eepor
i t.cobifedsRaChdating ror Xdoolifg ggﬂerfmh |t}1iee lL&Jdlcﬁl’]ftCmuithfjeost?hbla in the
celite/ acetone d,and, agaj rou ritte S
C onirErest ORT 4B o kR b P30 4B sbbpegfor G SBecomes
10 ot ﬁuamedn&hﬂt N redifigerartti iy hretared uto thi vempdesklar, Bb addition, the
d dygt
. y:lg{mxgure ;{eitbeg %gg/ergr{ galng(i V‘V%ﬁt r%ugltl an 1%&‘5 8(":&0rm as a

OwW Ol reacti o
shomhn@exltm/ﬁleg@ﬁpmr(DNSOde) d 73.8 (s, SF) -1
14.5, -121.0 (ABg, J = 258 Hz, 2F); -

The viscosity of oil with dissolved refrigerant is the key factor in oil return

15  since the oil is moved by the force of the flowing refrigerant and thin oil moves
better than thick or viscous oil. Temperature is also an important factor, but
ultimately the mixture viscosity properties of the oil and refrigerant dominate the

ability of the oil to return to the compressor.

20 Several measurements of the viscosity of oil-refrigerant solutions have
been reported (Downing, R.C. Fluorocarbon Refrigerants Handbook, Prentice-
Hall, 1988). In order to have the proper lubrication in the compressor, the mixture
viscosity should be similar to the mixture viscosity of the traditional refrigerant-
oil working fluid. For illustration, the viscosity of the mixtures of the refrigerant

25  chlorodifluoromethane (HCFC-22) with several SUNISO lubricants were
compared to that of refrigerant-ionic liquid working fluids useful for the

invention. (see Example 2, Table 2).

-71-



210.6 (m

(t,

C

9.1 (s, IH.

50% wt

| F, JHF =

J =7.3 Hz, 3H);

WQROy/14B58 (m JHF 41.5 Hz,
I H);

0.12 % Anal yti cal

| - hex

% Wat er

meth

cal cul ation for
31.5: H 3.5: N, 8. 2. Experinental
H 3.3: N 7.8 TGA (air): .
. loss @373 degrees C. TGA (N2)
| osgxghphtl degrees C, 50%
Synt hesi.s of . q
t et MVAePHiRy desityed Mo %fﬁ%ﬁr

10% wt

Ioss @ 374 degrees C.

41.5 Hz). 1H NMR (DVBQd 6) d 1.4
3.9 (s, 3H; 4.2 (q, J = 7.3 Hz,
IH); 7.7 (s, |H);P@r/BsS1087/012866

by Karl-Fisher titration:
COH12N2ABF6S: C,

Results: C, 30.09:
| oss @ 342 degrees
10% wt

1)

imdazolium1, 1, 2, 2-

ghf gormypanisonaf pici ligeils Y6 um

chl guNESO BES, 3GS CarldbLH ﬁm‘ie%))llé{\&‘é showae th Tabld1 (Downing, R. C.,
r eagent - gr ade acetone (100 m)

in a large

r oufi’®ot t omed flask and stirred vigorously under a -
§i trogen bl anket. Potassium 1,1, 2,2-tetrafl uoroethane
sul Oﬁﬁtle (TFES-K, 10 g, 0.0455 noles) was added to
reag@ grade acetone (100 M) in a separate
rofind1&fit LaqiEd fl|aViscosifitatlddPe FODehsifat\WASCCYrMbleéchiir Weight
ads -  dazoli ||m -
chlori de/ acet one |m %PEPémP?ﬁ)e m xt ur @ ®Y 1 eft| to EmPI)
over ngogNiso 3t rdgactionam xturefwas tphen filtdgred 300-330
usiag__a__l_ary_%g_f_[_L ss funnellto repmpve the lvwhite
Kdl pﬂ%’ﬁ@ GBe flor med, 5émd thejfi Itrgtgé was pl aceao‘eﬁl"i30
a ol gOWISY3per atjor 1 or g4 nours|.to remepve tne 300-330
ac . j +s—shown bel ow
[bmim][PFs] 147 1.37 284.2
[bmim][BF,] 59 1.21 226.0
[dmpim][TMeM] 239 1.60 551.5
[emim][BEI] 44 1.59 491.3
[emim][BMel] 20 1.52 391.3
[dmpim][BMelI] - - 419.4
[pmpy]}[BMel] 31 1.45 '416.4
[bmpy][BMeI] - 1.42 4304
[emim][TFES] - 1.50* 2923
[bmim][TFES] - 1.32* 320.3
[dmim][TFES] - 1.14* 4325
(hmim][TFES] - 1.27* 362.4
[bmim]{Ac]. - 1.05** 198.3
[bmim][MeSO4] - 1.21%* 250.3
[bmim][SCN] - 1.07** 1973
[bmim][FS] - 1.45 4363
[bmim][HFPS] 108 1.41 370.3
[bmim][TPES] 119 1.43 436.3
[bmim][TTES] 93 1.40 386.3
[6,6,6,14-P][TPES] 191 1.07 780.0
[4,4,4,14-P][HFPS] 289 1.07 629.4
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i - Svnthesis of 1-dodecyl-3-nethylimdazolium
1.1.2.2- tetrafluoroethanesul fonate

w0 200de30y1 - 3- met hyl i mi dazol i um chl ori de (34. 16PQT/US2007/012866
19 noles) was partially dissolved in reagent-grade
acetone (400 m) in a large round-bottonmed flask and
stirred vigorously. Potassium
1,1,2,2-tetrafl uoroet hanesul fonate (TFESK, 26.24 g,
0. 119 nol es) was added to reagent grade acetone (400
M )+t 1 78 Peparate L pgsad- bottoned flask, and this
solution was carefully added to the 1- .
dodecyl - 3-net hyl i mi dazol i um chl ori de sol ution. The
r eagkiAMPDEXt ure was heated at 60 degrees C under
reflux for approximtely 16 hours. The reaction .
mi xture s SPIREAtan of dbe gefnggraat fmthe i (liqyd dar oil) and
§ Enﬂi]?cj_cﬂsitja of ﬂmﬁigtefxﬁt Mé& toﬂi&qqfauid)(cﬁ(ﬂil)irﬁiﬂﬁﬁesﬂ%rﬂ?ﬁlculaﬁd and
the filtrate wa ed on.aro apor.ator for
houramrerd anigy el Boerattang G HH Gas e s SunIsO
ShouBrib@k@GSKIGS, ay$GS)sisée Dbwning, R. C., (supra)). The temperature
3' eth g)a(afl dqeﬁ,g laéa?;#gﬁé gﬁqll :t}{?r}g]?rg:%lnl)rlxj Q}fél'dti]\?ér%e'ssz was evaluated as excellent,
| - Heooad 8verd ge3orBddp Yhiéedi dhatm £1048 168 vEbst§ of e MixBure compared

0. 0496 | e S tially dissolved in nt-.grade
G crin el ga2 ang b SN lbriatings BE b e el 2ok dintures
St i weed rated 08O UsdxyelleRDt aHFCHIB4a and [bmim][PFs], HFC-152a and
1,1,,2..2-tetr et esu T K . 9
0. oUEEFIEF ek e c RS AR TBESE Flcl Lindna {Bintafl gy, and
m ) HFG-134s epdi{4#.4, IARIHFRE]t t Oweedrefrigesdnt-iameliquid snixtures were
sol u.i s caref ul | d lurc. :
xRl Bt SLEpH Wb RUR plifiriodfiect 1PC 143 mnd lopimitPF)
1¥ eaHFCal34ai sndy femiwgdfHFPS], and HFC-134a and [6,6,6,14-P][TPES]. In
addition, four refrigerant-ionic liquid mixtures were evaluated to have “average”
lubrication performance: HFC-134a and [emim][BEI], HFC-32 and [bmim][BF.],
HFC-125 and [bmim][PFg], and HFC-32 and [bmim]PFs]. Finally, several

mixtures were found to have “poor” lubrication performance because the viscosity

20  of the mixture was too low compared with HCFC-22 and the SUNISO lubricants.
Those mixtures included HFC-32 with [dmpim][TMeM], [emim][BEI],
[pmpyl{BMeI], [emim][BMel}, [bmim][HFPS], [bmim][TPES], and
[bmim][TTES]. Although HFC-32 has a high solubility in the ionic liquid which
reduces the viscosity of the mixture, it also most not decrease the viscosity so

25 much that the mixture viscosity is too low for providing adequate lubrication in
the compressor. Therefore, ionic liquids with higher molecular weights may work

better with the HFC-32 refrigerant for Iubricating the compressor.
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heated at 60 degrees C under

16

w@2doanggesfrit glass funnel
preci pitate fornmed,

hours.

reflux for approximately

The reaction mxture was then filtered using

to renove the whit eP®IZUS2007/012866
and the filtrate was placed on a

rotary evaporator for 4 hours to renove the acetone.
The reaction schene is shown bel ow. Synthesis of

1-

oct adecyl

tetrafl uoroet haneul f onat e

-3 -methylimdazolium1.1. 2. 2-

| - Geiadeocy! - 3-met hyl i m dazolium chloride (17.0 g,

0. Q458 nanQ\ was nnrtlnllv discnlvp Ln (pngpnt.grade i

acegéﬁ’ée’(a%() m )Lubgcant| ar geRefFEAANYSt |t ondExtreask | adbrication

stjrred vigorously. Potass| UDubricant Viscosity Effectiveness

1,1, 2 2-tetyafl uorocethanespulfonate (TEESK 101 g,

0.p459 nole$), was added tp r(@aife'ﬁi dr ade @et oné (200

M i EF@ 25 Par SURISQEHS DO Tomegh T aSK, angp tNIST  Excellent

solution was carefully added tao the 1-

oct dHeGi2231 meBEHNIBR4GRz 0l j um M ori de sol Ui on. | ThExcellent

repGiERR. A XT URENIRE sakat e atl ) degrees 33z undel  Excellent

reflux faor qpprnx[nntply 16 hours. ThHe reaction

m xt BFE-3as | t hdhmim][PBded usi n?% | arlge fri*t gl ags Average

fu rﬁf:c_tlgsr(_rrovgmgrgﬁpp\@ Te| KOy eci pgi Tat egg or neql, HWirage

thefiltraté was arotary eavaporator for 4

houHFG-8344e ov dbmial [(BEdt onie Thel5 eact|i on s¥hene {s Excellent

ShOWFCIRITM MbSRAIBEGTS DT T -39 0ByT 3~ (1311 2, 2 TFEQiood

i mdazoliiu 2. 2- tétrafl uoroethadesul fonate

| m dEf ol 2y L9. ib@)mﬂﬁ&]add d td3f tdtrahyt of uran Egepllent

M S) HRG- %S  [bmim][BF,] 20 4 Average
HFC-32 [dmpim][TMeM] 20 1 Poor
HFC-32 [emim][BEI] 20 1 Poor
HFC-32 [pmpy][(BMel] 20 1 Poor
HFC-32 [emim][BMelI] 20 1 Poor
HFC-32 [bmim][HFPS] 20 2 Poor
HFC-32 [bmim][TPES] 20 2 Poor
HFC-32 [bmim][TTES] 20 2 Poor
HFC-134a [emim][BEI] 15 6 Average
HFC-134a [bmim][HFPS] 15 15 Good
HFC-134a [bmim][TPES] 15 12 Excellent
HFC-134a [bmim][TTES] 15 13 Excellent
HFC-134a | [6,6,6,14-P][TPES] 15 6 Good
HFC-134a | [4,4,4,14-P][HFPS] 15 10 Excellent
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shaker tube reaction vessel was filled with the

THF- cont ai ni ng i m dazol e solution. The vessel was
w@eomeedosp 18C, evacuated to 0.08 MPa, and purPedusioniio12866

nitrogen. The evacuate/ purge cycle was repeated two

nore tinmes. Tetrafluoroethylene (TFE, 5 g) was then

added to the vessel, and it was heated to 100 degrees

C, at which tine the inside pressure was about 0.72

MPa. As the TFE pressure decreased due to the

reacti ONExAMSIEs BERS %&l@@@ﬂlbilﬁy sdmal bifflsiviryOtesultsd f& several
each) to maintain operating pressure roug et wee

0. 3BYHPRA AR RPrEE SN SN L2 621 5% “sFﬁé%%Ri“th ‘F‘EH‘bm‘m‘
t heinBasplleswagndvent ed and cool ed to 25 degrees C The

THF was fhen re d der vac and r t.was
vacuum dFEmRies éfawggﬁﬁﬁ?éésgég% P@ﬁ y%ﬂ?QﬁﬁFBﬁﬁdF“ﬂm
faS &h‘t&%rﬂyhﬂdrbtamﬂoéb%nNk/ﬁFCﬁze|HFG1-42g)HF¢Od¢Eprwmﬂ%a, and

16,
| LOHER-ha) T3, Pog ot bty TorHIEEsh cot 18, 85450 ing, 35 °C
ac eC@ﬁhbbéihd)r& \{v&@oprﬁixired anel chhdsted ¥F HRC-B2 Snd thﬁm EFG] from

. e sol vent was ved in vacuo,

=y BRI ST A PE e 26 TS 8GR Hre range fn 10

l - PIOYAC 8o pressura ﬁorﬁ%bét&fd mar masahy bbtﬂasbgiaaﬁ& \ivéi'mprepared that
odi de_ was confirnmed by

I%H) conflsgg o(f lIﬁFCZHS ar&l [217111'(11[PF52 lQ)om %boylso (ltt aqu_;,bt 65 -} nyée percent

( d, o%hi:Fﬂc ﬁfs%gef 8§ xerﬁp:&AMelr]g.eglelckﬁ)xﬁ 36 tsﬁi\gaiattai‘;ﬁfhsaécmﬂn about
(0] r acet gne (0] owe .4, (0]

pot dstould ban 502'1&0@?*?3? M§ET BePss) éﬁ%ﬂ ‘f‘iﬁ’ﬁ’éi%é of HEG-134a and

of gj’n)imﬁmp gem Illmmm%tr aborid S720e aobel p&belﬁoof?HBCﬂgﬂa Gver a
overn t and a ense & reci pitate. was or

b oleReEAE Faae By G ib 75 SR RS Jratn 2oyt § Lytg 5.5 bar.
lﬁndcbﬂlﬁoﬁﬁéﬁéaﬁérefﬂi@ﬁddhﬁatf donkiktad &f WEEC- ﬂﬂmMﬂCthﬁmHBFa from
rot abo¥1t8 Lout%G S moﬁeltclérrlttot}%é) ?53? Sg\le%'J Ijantemperature range from

10 to 75 °C at a pressure from about 0.1 to 7.5 bar. Compositions were prepared
that consisted of HFC-152a and [bmim][PF¢] from about 0.5 to about 79.7 mole

percent of HFC-152a over a temperature range from 10 to 75 °C at a pressure
20 from about 0.1 to 4.5 bar.
Examples 8 — 14 and 17 — 29 and Figures 8, 11 - 16 show solubility and
diffusivity results for HFC-32 in several additional ionic liquids. Examples 15
and 16 and Figures 9 and 10 show solubility and diffusivity results for HFC-23 in
the ionic liquids [brmim][PF¢] and [emim][PF¢]. '
25 Examples 30-35 show solubility and diffusivity results for HFC-134a in

several 1onic liquids.

Compositions were prepared that consisted of HFC-32 and [bmim][BF4]

from about 0.1 to about 76.5 mole percent of HFC-32 over a temperature range

30 from 10 to 75 °C at a pressure from about 0.1 to 10 bar. Compositions were
prepared that consisted of HFC-32 and [dmpim][TMeM] from about 0.9 to about

66 mole percent of HFC-32 at a temperature of 25 °C and a pressure from about

0.1 to 10 bar. Compositions were prepared that consisted of HFC-32 and
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i odi de was renoved under filtration. The product was

further purified by adding 50 g of acetone, 1 g of
webaraemsy 1 g of celite and 1 g of silica gel PCT82007/012866

m xture was stirred for 2 hours, filtered and the

sol vent renoved. This yielded 15 g of a liquid, shown

by NVR to be the desired product. N Synthesis of.

1- butyl -3-nmet hylimdazolium 1.1.2. 3. 3. 3-

hexaf | uor opr opanesul f onat e (Bm m HFPS)

| - Bignyihmi @} Foinhapbitd. 4l &z shoutia Glihsle p&eex(tﬁ’anHBcQBz abdtethp@ature

and h purlty dr cetone (>99.5% 0O m) were

n‘a{] ;,%OC i2Ad & PIeSi“H% fgf’s’i{ abow Gua gt {?, %‘PPW‘W {fre prepared
magﬂﬁi ddnsisiel of HFC-34dd [dbRQ[1$ @thﬁab%u o dlt&%hveds e percent
roomtenperature in a separate 1

pot 86EFGrAA atja temperptuge wé%éfﬂ%m%ﬁrpwaﬁésfrﬂm abrug 0.1 to 10 bar.
£ HFE§n MBS Wi SRtpaedl iHat RbSHst R bF HFCISY 3¢ §4RASBER Grom

ese two solutions were conbi ned at room

t errf#@ﬂlaﬂ Qrte ahowt 04 BRISPersnsef HFReldras e tempergturel 2%°Gand a

undﬁr"esdﬁi@fr&h‘ﬁ%o&' d f KO b Q?tﬁﬂﬁ(ﬁltloxbﬁle% ﬂréﬁdr&ﬂthmnswted of
sto ed and &re(ﬂ |tate was al

set HFE- 321'«Wid§d'§ewlaTMﬁ 1 forbrhoyt B ta glqut éﬁanrqlf P%FF?TtSﬁf HFC-
throygh A dhpdher gk%s ofunRels Phkduré M'Jb@uﬁo@d{ td hﬁ‘) bar.

acetone was renoved in vacuo to gl ve a | ow oi |

19 | Copmpositignstugre mmaferietbatkgpnaﬁqe@tqf ﬂﬁ%ﬁ [and, |[1gnp:ﬂ[ﬁM@9 “From
?g e&gmﬁ 1040Qp8t)63aN8Go Rt debdehOF m—é h_azda&% %leﬂf;ér&t‘uﬁgotfﬁ QOnd a

. The m xture was 'suction ltered and
ac epsprare famabaut b1 o dag &owméltlanwmmrwseddmt compjstgd of

vasEdtINgd E)[E’xhinﬁ]?laﬁfe [%rd7a abifl 0%50%&&61@% fholk %rcammf}m: 32
provi de 68. roduct. 19F NVR (DVSCd 6)

j [ soves ﬁ)temperamresvangelfzqn do(tm@a Crpta P%E}WF-I?OHQ@PW 0 1 to 10 bar.
15  Compositions were prepared that consisted of HFC-32 and [bmpy][BMel] from

about 1.0 to about 64.8 mole percent of HFC-32 at a temperature of 25 °C and a
pressure from about 0.1 to 10 bar. Compositions were prepared that consisted of
HFC-32 and [emim][TFES] from about 1.0 to about 47.1 mole peércent of HFC-32
at a'temperature of 25 °C and a pressure from about 0.1 to 10 bar. Compositions
20  were prepared that consisted of HFC-32 and [bmim][TFES] from about 1.0 to
about 55.0 mole percent of HFC-32 at a temperature of 25 °C and a pressure from
about 0.1 to 10 bar. Compositions were prepared that consisted of HFC-32 and
[0dmim][TFES] from about 1.0 to about 56.2 mole percent of HFC-32 at a
temperature of 25 °C and a pressure from about 0.1 to 10 bar. Compositions were
25  prepared that consisted of HFC-32 and [hmim][TFES] from about 1.0 to about
58.6 mole percent of HFC-32 at a temperature of 25 °C and a pressure from about
0.1 to 10 bar. Compositions were prepared that consisted of HFC-23 and
[bmim][PFs] from about 0.1 to about 52.8 mole percent of HFC-23 over a
temperature range from 10 to 75 °C at a pressure from about 0.1 to 20 bar.
30 Compositions were prepared that consisted of HFC-23 and [emim][PFs] from
about 0.1 to about 15.1 mole percent of HFC-23 over a temperature range from 60

to 75 °C at a pressure from about 0.1 to 20 bar.
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210.6 (m = 42 Hz, IF). 1H NWR (DMsQd 6) d 0.9 (X, J =
I AHz, 3H; 1.3 (m 2H); 1.8 (m 2H); 3.9 (s, 3H);
wWa2®704305 7 Hz, 2H); 5.8 (dm J = 42 Hz, |H);Pqr/¥S1087/012866

IH; 7.8 (s, IH; 9.1 (s, IH. %Water by Karl-Fisher
titration: 0.12 % Analytical calculation for

COHI 2F6N2CB8S: C, 35.7: H, 4.4: N, 7.6. Experinental
Results: C, 34.7: H 3.8 N, 7.2.TGA (air): 10% wt.

| oss @340 degrees C, 50% W . |oss @367 degrees C.

TGA ( N2)Figurb0% shbws nRasur@ R3MeRRa's8RBilley dR thole!fR88on) at
@361 degrees C. Extractable chloride b1¥ ion
chr Yt ﬁhﬁﬁW‘?m?H_FED}%’ }J.BF—%{ HEG;13434HFC-125, and HFC-143a +
%' bﬂb?r}lhj[ﬁmﬁhﬁyﬁﬂ%fdaﬁwhﬂeﬁ%slml,dZViHéd by u&rggs Zaturation pressure
trifluoronethoxVitetha opate (Bm m TTE
| - EFo) At 1 frethopm by @49 S o The ey lgﬁ%sme)ejf?f HBC G 25 FC-
AN 25¢ I HAG-134h, MR 43a] andrHFOMIR s0tbidiad P =r10@8D bar, Py =
t enpe rein m fla At roamt ture in.
S oRTE b Bog BaRT xek Poso oadhy g B ERRFY Piroripsttively
(t rNédatioe aigriationsy ot Raadns longt.e {uitdtireKbeldo . the @lhshadSline)
di ssqQl ved in dejoni.zed water, (90..mM). These two .. . .-
o o] BRI SR S IeTF R L6 RER 1 AT BTRB, S PG A auid, which
al | mdiedtes chigh isplubliyneln gatticylaf HFGB2nhas. negadee deviation from
ositive nitraogen pressure tg give a biphasic.m 1
"5\& tiﬁacf"h\{tes (!laev%iarses O?A%nlmc%f%u crfuilg' as”® 851818 S?nt Jiayse. e and
| ayfmeam}@Fel fsapabaitt &d, to@3dnalé percerd 9€ HIFE-Phatdl® *@Weagd P/Po from
ext 5AGE 84 W Lo 3650 SorROpddiaS ahiatlBRl WS NCaoylt's law Gic.
chl ori de. %e ?:ongi ned o(?n%a (ISC I ayer% wer e ngri eotlzl1 osveaFN (e
ITHg‘ﬁE'S#tBFI‘h above the dashed line) are more typical and indicate refrigerant and
ionic liquids are less soluble and eventually may form a liquid-liquid phase
15  separation. Compositions comprise HFC-152a and [bmim]{PF] from about 0.1 to
about 80 mole percent of HFC-152a at 10 °C and P/Py from 0.1 to about 0.86.
Compositions comprise HFC-134a and [bmim][PFs] from about 0.1 to about 72
mole percent of HFC-134a at 10 °C and P/Py from about 0.1 to aboﬁt 0.84.
Compositions comprise HFC-125 and [bmim]{PFs] from about 0.1 mole to about
20 65 mole percent of HFC-125 at 10 °C and P/Py from about 0.1 to about 0.88.
Compositions comprise HFC-143a and [bmim][PFs] from about 0.1 to about 25.

mole percent at 10 °C and P/Pp from about 0.1 to about 0.90.

Example 36 provides details about the components of the microbalance.
25 Examples 37-38 show solubility and diffusivity results for CO; in two

different ionic liquids.

EXAMPLE 3
Solubility of difluoromethane (HFC-32) in 1-butyl-3-methylimidazolium
30  hexafluorophosphate [bmim][PFg]

A solubility and diffusivity study was made at temperatures of 10, 25, 50, and
75 °C over a pressure range from 0O to 10 bar where the solubilities (Xmeas ) were

measured using a gravimetric microbalance and the diffusivities (D) were
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sul fate and concentrated in vacuo.
product was dried at for 4 hr
wo eooafisesd 15.0 g of product.
(d, FH = 4 Hz, 3F); -
260 Hz,
(Dvsd 6) d

(
(

m 2H);
dt, J

2F);

3.9 (s,
53 Hz,

0.9 (t, J
J

3H);
7 Hz,

119.5, -
-142.2 (dm JFH = 53 Hz,
7.4 Hz, 3H);
4.2 (t,

J

I H);

The col orl ess oil

I F).
1.3 (m 2H);
7.0 Hz, 2H);

7.7 (s, IH;

J

1.8

6.5

7.8 (s,

at 5 Pa and 25 degrees C
19F NVR ( DMSO- OohCTUSHHO7/812866
119.9 (subsplit ABq,
1H NWR

| H) cal8uldted Smsulé")a ofe \&ﬂﬁ&fmc‘ﬂ}ﬂ leathlsidnl el tanhiyaik] OnI'he initial
613 zg%glp

H,

C 50%

0SS

o G

i cal
@l
) &¥e aléo i;rovT(@& (al r:

A ‘{fgsﬂ%e%

10% wt

cal cul ation for CllH16F6N204
ak satggﬂcéq copesptation (C,), rand celcu!ggfedoso'lublhty

| oss @ 328 degrees

3 e fije Jotaran by

EXt fenglepdthres 61!’1102125 & 4 750C, fél@ﬁ&ﬁﬁélg)gr aphy:

Synt hesi s of 1-butyl
1.1.2-trifluoro-2-
( Bnirabie D)
Bmimd,

(

| - But yl

-3-net hyl i m dazol i um
(perfl uoroet hoxy) et hanesul f onat e
-3-net hyl i m dazol i um chl ori de
7.8 g) and dry acetone 5 (150 m) were

% wt

sl X

< 2 ppmP)

conbi ned at roomtenperature in a 500 ni fI ask. At ‘

ff oonTt errperature I n@ separacge 2700 mn fl pxu,@sm um Xineas.

b | 500 kbt LB UM L s | con et

oo Sl e enseo sy 'md o oo

i)r e%%ﬁr; vq"ﬂgﬁKC p(?é%l pi tatzég\T\/‘éls Fﬁ%%léu romed)l 0.106
10.0 2.4967 3.32 7.56 1.71E-11 0.309 0.270
10.0 3.9964 8.18 12.38 3.65E-11 0.436 0.426
10.0 5.4975 14.44 18.71 6.34E-11 0.557 0.555
10.0 | 6.9965 22.12 27.85 7.42E-11 0.678 0.676
'10.0 8.4954 - - -- - " 0.812

10 Table 4b

T P C,  OF D Xeale. Xmeas.

°C) (bar) (mass%) | (mass%) (mzfsec) (mol. fraction) | (mol. fraction)
24;9 0.0965 0.16 0.21 1.84E-10 0.012 0.018
25.0 0.9952 0.49 1.69 2.45E-11 0.086 0.076
25.0 2.4965 222 4.53 | 2.44E-11 0.206 0.189
25.0 3.9979 5.05 737 3.51E-11 0.303 0.295
24.9 5.4969 8.23 10.47 5.41E-11 0.390 0.387
249 6.9950 11.82 14.09 6.75E-11 0.473 0.471
25.0 8.5012 15.75 18.26 8.33E-11 0.550 0.548
249 9.9994 20.38 23.31 8.84E-11 0.624 0.622
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10 to settle leaving a colorless solution above it.
The reaction mxture was filtered once through a
w@elortigdoacet one pad and again through a frittePCTUSXE7/012866

f unnel

to renove the KO .

The acetone was renoved in

vacuo first on a rotovap and then on a hi gh vacuum

line (4
still

Pa,

25 degrees C) for
precipitating out of the solution,

2 hr.

Resi dual

KA was
so net hyl ene

chloride (50 m) was added to the 15 crude product,

whi ch was then washed with dei oni zed wat er
The sol ution was dried over

m).

(2 x 50

magnesi um sul f at e,
and the solvent was renoved in vacuo to give the

pr otable 4.5 a viscous light yellowoil (12.0 g, 62%
yield). 19F NWVR (CD3CN) d -85.8 (s, 3F); -87.9, -90.1
(subsplit ABgq, J? = 147 Hz, 2F); 20 -120.6, -122.4
subeplijt ARy, JFF €,258] Hz,C2F);| -1#2. 2 [(dm XIFH = 33 Xmeas.
Hz, ,LF) .1 1H N ( 0 1.0.(¢, = 1.4 . 1.4 .
m( éh) . qgarm &Eégs;(s:% D (l(l §s°3H : ‘]lﬂlfc?t ’vejnzdl7ﬁ'ggtm} (mol. fracﬁlf)n)
H)490.6. (01@992J =53.6fe, 1H0.17. 4[(476E- Irli 7.50087 TH); 0.006
—6—(s; 5-{%-Vater—py-Karl - lhsher tHtration
. 4810 ﬂnaq ?ISH cdl Gitul hti 8821 of TS BHSN2REI8 ¢ 0.047
3.49.9 H1 32 4963Eperisentpl hResul {ss.295-184. 00 bl118. 6. 0.113
FGA_(alrly: 10%wt | oss @334 degrees C_150% wt |l osd
@ 399 delgrad¥9c | TESAN2) :3Tdo% WO99EL (@338 1dhgreds 0173
L. 49050 WU .5 4953S |@ 3, depr e§>.§2 C. [ AIE-pynt hespa3pl 0.229
Lot radechv] (tri-"t-butvlYohosphoniymi1. 1.213 .3 3.
499 | 6.9965 5817 6.72 7.69E-11 0.282 0.282
50.0 8.4959 - 7.37 8.32 8.54E-11 0.331 0.331
50.0 9.9959 9.78 10.05 4.04E-11 0.379 0.377
5 ~
Table 4d
T P Co Cs D xcalc. Xmeas.
O (bar) (mass%) | (mass%) | (m*sec) | (mol. fraction) | (mol. fraction)
75.0 0.0988 0.00 0.06 7.12E-11 0.003 0.003
75.0 0.9968 0.30 0.56 8.19E-11 0.030 0.029
75.0 2.4950 0.96 1.38 8.14E-11 0.071 0.069
75.0 3.9944 1.74 2.19 9.82E-11 0.109 ©0.108
74.9 5.4983 2.60 3.03 9.70E-11 0.146 0.145
74.9 6.9966 342 3.89 9.58E-11 0.181 0.180
75.0 8.4958 4.28 4.77 9.56E-11 0.215 0.212
75.0 9.9989 5.12 5.62 1.18E-10 0.245 0.244
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hexaf | uor opr opanesul fonate ([4.4.4. 141P-HFPS) To a 4
1 round bottoned flask was added the ionic liquid

wWao edoraedesyl (tri-"- butyl)phosphoni um chl ori de PCT/US2007/012866
(Cyphos(r) IL 167, 345 g) and dei oni zed water (1000
m ). The m xture was magnetically stirred until it was

one phase. In a separate 2 1 flask, potassium

1,1, 2,3, 3, 3-hexaf |l uoropropanesul fonate (HFPS-K, 214.2
g) was dissolved in deionized water ( 1100 m ). These
sol gixiavipL®es € conbi ned and stirred under positive N

pes at .26.. degre a,.mlky.
e ot peitafiyafdips C1BE: 25y fr fbRRAS G ifiggRbtinm

renhvﬂdlubyo;ﬂmphma[ﬁmim]r[m?d]on and then di ssol ved in

chl orof orm (300 m) The remai ni ng aqueous |ayer (pH =

) was, ext th chl oro
_ %hl orcﬁ‘S%iH#;? yers {/}%sm wasdmanqat%"(‘%eracfures oﬁlg% 50, and
aquepus cveda prassnd hmgatﬁemso koIt ® oar Whéde i) solubi kBT KReeas ) Were
any_aci di rity.. The t hen d d
g ST, SRt EUmeTes o ppaEg s 1 (ifiigey (D) were
V&Cd‘ﬂcﬁl&tb&tuﬂiﬂg a roné-dumqmsfmdl tdifesionn neodel ginalysis.uurifhe initial
line for 16 hr
1 ngrriniiion e 4 fifaldn FPlpeputn O, 48 ichlifed spypitiy
INVR(XENB@e disd propBled. Xs, 3F); -114.6, -120.9 (ABg, =

Evoar i 3 4 gl et Elo MGyt

1 Ste(rmeraSI}rCSZGJﬂ—l)O 2154)a®d175161-De§p62nQelfm 8H); 5.9 (m J
HF = 42 Hz, IH). % Water by Karl-Fisher titration: 895

ppm
Table 5a
15
T P C, C, (mass%) D ' Xealc. Ximess.
cO) (bar) (mass (m’/sec) | (mol. fraction) | (mol. fraction)
%) )
9.9 0.0992 0.0 |. 0.12 2.52E-12 0.003 0.013
10.0 | 0.9964 0.73 1.50 1.83E-11 0.035 0.034
10.1 1.9959 1.72 3.96 6.36E-12 0.089 - 0.074
10.0 2.9960 3.55 6.25 9.31E-12 0.136 0.125
10.1 3.9964 6.03 8.88 1.56E-11 0.187 0.182
9.9 4.9965 9.10 12.52 2.44E-11 0.253 0.250
10.0 59965 | 13.18 17.56 4.05E-11 0.335 0.336
9.9 6.9962 19.19 26.04 6.12E-11 0.455 0.454
10.0 7.9979 -- - - - 0.651
20
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Anal yti

cal

WQO@2@®7/133@4 (air):
| oss @421 degrees C. TGA (N2)

degrees C, 50% wt .

cal cul ation for
9.1: N, 0.0. Experinental

10% wt .

Resul t s:

C2O9H57F6BPS: C, 55.2: H,
C 55.1: H 8.8 N,

| oss @ 373 degrees C, PGOUSA07/012866

10% wt .

of tetradecylftri-H hexyDphosphoni um

[ ,1,2-trifl uoro-2-

([6.6.6. 141P-TPES) To a 500 ni

| oss @ 383

(perfl uoroet hoxy) et hanesul f onat e
round bottoned fl ask

| o0ss @436 dégrees C. R Synthesis

wasTawldegh acet one (Spectroscopic grade, 50 n) and

ionic liquid tetradecyl (tri-"-hexyl)phosphoni um

chl oride(Cyphos(r) IL 101, 33.7 g). The m xture was

magnetifjg@l Iy stlie¢yed unfcl i1t $ one pHasg. In a X meas.

separatle 1 1 fllask, potassium. fI,2-tcifll uoraq-2-. .

PERr 11 dPBBL oy PE AR LRSS e b O Tten 1t (mol Tedcgipny, | gmol. fraction)

aIzsPl Ve®.og9y7aget opg (400 ¢bg .  [esgr-$pljul | opgoxer e 0.003

conbindd _and stlirred under posifive N prlessure at 24

degrees @9%8 12 M2%r ofuc?RY a|whSitEelbrleci pP PR e of 0.023

Kds5.0 The 166%31 Ai Tatgs Wab T £mpVed DYORYLET ON 0.049 | 0.050

fl Ltratli nn’ and the acetone was!lremovedlin vacuo onla

revap t29%oduce-the rudtél pr gdR4bIE-85 |a cl B0dY oi | 0.079

(%5 @) .| QIogga0Tior | 4oLUUI M 4 7Y\as [ a0ghitl 1 gnd THeos 0.109

sol utj was wgshed once with deionizediwater (50 md})

| t25fhs |t He994riled BRer faghd8i umZME-Al d andd-1&Huced 0.140

IMySYRCUO 549530 [ON gug OT pVapoRnd [THESE-9D [a hi@leyaculm 0176

Line ( Pa,_ 24 ideqrees [O) for 8ihr to vyileld the fin3al

product| #&9%5sili gitd8 vl 118W0i || 4841 [569% 9244 d) . 0.254

INVH (dB475 4 ) 182086 T 1856 SI)7.82E881 4, - 9344 0.352

(Qllbcrl'ﬂll ABg, 1J F = 147 Hz 2Fy. -121 —=122 4

(subsplit ABgq, F = 258 Hz, 2F); -143.0 (dm JFH = 53

Hz, Table 5¢

T P C, C, D Xealc. Xmeas.

O (bar) (mass%) | (mass%) (mzlsec) (mol. fraction) | (mol. fraction)
49.9 0.1003 0.0 0.02 1.96E-10 0.000 0.000
499 0.9963 0.18 0.55 4.29E-11 0.013 0.013
499 1.9983 0.73 1.17 4.59E-11 0.027 0.027
50.0 2.9996 1.34 1.78 5.19E-11 0.041 0.041
499 3.9969 1.96 244 4.75E-11 0.056 0.056
50.0 4.9993 2.60 3.10 5.38E-11 0.070 0.070
49.9 5.9961 3.29 3.80 5.14E-11 0.086 0.085
499 7.9970 4.38 5.25 5.55E-11 0.116 0.116
49.9 9.9958 5.85 6.82 5.87E-11 0.148 0.148

10
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IF). 1H NWVR (DMSO-de) d 0.9 (m 12H); 1.2 (m 16H);
1.3 (m 16H); 1.4 (m 8H; 1.5 (m 8H); 2.2 (m 8H);
WG@2®7(ehos1 FH = 54 Hz, IH). % Water by Karl - Fi sP&F/US2007/012866

titration:

0.11. Analytical

cal cul ati on for

C36HE9F8OAPS: C, 55.4: H, 8.9: N, 0.0. Experinental

Re

| oss @311 degrees C, 50% wt .
TGA (N2):

sul ts:

10% wt .

343 degrees C. S) Synthesis of
tetradecvKtri - n- hexyDphosphonium 1. 1. 2-trifl uoro- 2-
(t rTable¥bnet hoxy) et hanesul fonate ([6.6.6. 141P- TTES)

C 55.2: H 8.2 N, 0.1. TGA (air):
| oss @339 degrees C.
| oss @315 degrees C, 50% wt .

10% wt

| os

s @

To a 100 M round bottoned fl ask was added acetone
Spectroscopic grade 50 m) and ionic liquid

l et Tadgcyl Ptri{"-hexyl )lpho$phorji umRhl of i de X&@yphos|(r) Xmess.
L¥°_%913 2@af) 9] - (iR xﬁn&'ﬁs@"/&ﬁfs (FPRagt Slﬂl)i Yragtibh) [6Ghnol. fraction)
ptil ilt was ohe phase n a sSeparate 1 m_flask

po?%gsﬂ uﬁ}llo’ZF: 2-trQ$| U?Jreo_@:'t 6.85E-10 0.001 0.001
L5351 YOloals NPRY hlpallesSly 3onal § 408 hkS1 K dloog Y) > 0.007
issolved in acetone (100 m ). |These solutions were

corbPned 1961 st i r PS8 unﬁer"_-ﬁ%si t PHEEND pres&fHé at p6 0016
€95 €E 29087 {< Ql70PT OUUG IXJ q WahES] 1PY €CT gt € O 0.025

The precipltate was| remnved by suction filtratijon

andS-fhe 30 7bne wadd4r enpvd? n [vi86B-1dn] a r ®WBPap tlo  0.033
PFHCY Ygngs T Yde | BEOTUCT 1G5y a [CHQEEN10] 1 . §Mg37PT OQUCT g 042
s dilluted with ethyl lether (100 mi) ahd then wasHhed

pné&Owi|t B- &P oni zed watler 1450 i J-12Edilce wi OW4An 0.052
Q959US SYobHIMY canignatlie SgsUt TOR 1kpHol ) 0.061 0.068
75.0 9.9959 3.00 3.33 8.89E-11 0.075 0.085

5
EXAMPLE 5

10

Solubility of 1,1,1,2-tetrafluoroethane (HFC-134a) in 1-butyl-3-

methylimidazolium heXaﬂuorophosphéte [bmim]{PFg]

A solubility and diffusivity study was made at temperatures of 10, 25, 50, and

15

75 °C over a pressure range from 0 to 3.5 bar where the solubilities (Xmcas) Were
measured using a gravimetric microbalance and the diffusivities (D) were
calculated using a one-dimensional diffusion model analysis. The initial
concentration (C,), final saturation concentration (C;), and calculated solubility

(Xcaic) are also provided.
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to renove any acidic inpurity, and twice nore with

dei oni zed water (50 m). The ether solution was then
waleiogd43d5er magnesi um sul fate and reduced i n VBCTIUS2007/012866

first on a rotovap and then on a high vacuumline (4

Pa, 24 degrees C) for 8 hr to yield the final product

as an oil (19.0 g, 69%yvyield). 19F NWR (CD2C 2) d

-60.2 d, = 4 Hz, 3F); -120.8, -125.1 (subsplit ABq, J

= 260 Hz, 2F); -143.7 (dm JFH = 53 Hz, IF). 1H NWR

(cb2cA2) d 0.9 (m 12H); 1.2 (m 16H); 1.3 (m 16H) ;

1 4 ( m J =54

. | PDISS s Py ) brpih o 7 G G D g ] X o

Anabmbe&aﬁ::&ﬂmuiﬁtsoaﬁdfzmcG@@&WPS C, 57.5: H,
9.5 N, 0.0. Experinental results: C, 57.8 H 9.3: N,

OTalql@Q‘a( air): 10%wt. |loss @331 degrees C, 50% wt
§oss @ 359 degrees C. TGA (N2) : 10% w. loss @328
degrees C—50%wt l oss— @360 Hanr ees- C. T\ Svnt hesis
of ¥ - et hy! P3- ngt hyppm dazolqsum 1D2ff2 tletr a?q,cﬂfor 0- 3- Xmeas.
(Rees af|l ugspt HopassW)f PrAb&%EN GZTRENT A@)olTﬁaam'iQC (mol. fraction)
M round bottoned fl askl was_addéd 1-et hyl
mef Byl i jmi%R8I ilum BRI or| de02Em MAFLE-8BY, 18(.) 00%) ana  0.003
FeRaEnt QG akg geeigiye (Lol hy) . 'dl%ETl%t ure ggso gentyly 0,050
warnmed (50 degrlees C) uptil all Emm d
di 8901 Ved-9986 d s atf 5983 ni f51 585&12 dot as@iin 0.126
» D94, 'T1949"851T| Uuorgee- [ PEO &l I HOr@ER-NPRYy) Supbpyal € 0.212
(TDFI\ITAQ- Z a)_wasl dissolvéd in red gent
9.9 2. 0024 - 950 | 13.64 1.48E-11 0.306 0.303
99 24907 14.39 19.36 2.67E-11 0.401 0.402
9.9 2.9974 20.96 27.51 5.33E-11 0.514 ) 0.516
9.9 3.4900 - - - - 0.721
Table 6b
T P Co Cs Deﬁ‘. L xcalc. xmeas.
(°C) | (bar) | (mass%) | (mass%) | (m%/sec) | (mol. fraction) | (mol. fraction)
25.0 0.1002 0.17 0.29 4.36E-12 0.008 0.011
24.9 0.4981 0.57 1.52 1.89E-11 0.041 0.042
25.0 0.9972 1.82 3.26 1.71E-11 0.086 0.085
25.0 1.4987 3.60 5.09 2.00E-11 0.130 0.130
25.0 1.9930 5.43 7.09 2.27E-11 0.175 0.175
249 2.4996 7.53 9.31 2.59E-11 0.222 0.222
25.0 2.9952 9.78 11.82 2.82E-11 0.272 0.273
249 3.5000 12.51 14.62 3.99E-11 0.323 0.323
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grade acetone (450 m).

was renoved in vacuo to give a yellow oil,
then diluted with chloroform (100 m).
was washed three tinmes with deionized water

These sol uti ons were conbi ned
inal11lTflask producing a white precipitate (KO).
wab@7mdsure was stirred at 24 degrees C for 8P¢rF/USZNB012866
KCQ precipitate was then allowed to settle |eaving a
cl ear yell ow sol ution above it.
filtration through a celite/acetone pad. The acetone

The KO wasrenoved by

whi ch was

The chl or of orm

(50 m),

dri .ﬂla b%v¢ magnesi um sul fate, filtered, and reduced in
vacud %t on a rot ovap and then on a 5 high vacuum
I [ ne (4 Pa 25 degrees C) for 8 hr. The product was a
H " L~ | LD [l h L DI\ Q9
LILI It I 1 : Vv UI I \ J VIO U = 04,
XmHTZF) - -87.3 (s, tgF) - 89¢’O (m ZHJ -1118. ét‘“("s, 2H) . Xrmeas
1I—(°N}/R ( DB®) d |) (mlass%d). b ((ass®@) Vm selet (iiﬂ)l frﬁclﬁ)l()s (mol. fraction)
2 ([~ 1 4= 7 2 LI- 10 _2LN0N - .
= g | 1 Tz - LILY A T \ o,
I 999 L Q0927 0%t br By Kadl -'ﬁ‘f%‘ﬁ’ér tltpgpl on: 0.004
O 5b70% A0ad84t | caIO 3l c J| apizen fo439iE-¢[l—|I IN2QEDS: (, 0.021
2 A- [N e [/ H rocul + Ao C 20 1.-
2.‘99?9 N | 7115 dAOQ_gu 1%3% 1L e 35003 g1 eds  0-043
C,496@% wtl 49&933 @14’291 d=gress C G- iNg) am’dwt 0.065
oocco ree ce MANAN0A Aonr opc 1N
LI/ \J"I‘ L) 70U \Y UUU U}
&/%‘?%es IJ%’%@%t at rgzbﬁ yl Jhoégﬁo uﬁﬁgif A-tri Ppggr 0- 2- 0.086
205q.per [ | u4900et[hoxdy)et hanes2Bf onat.23E>TBR- TPE®) 10 0.108
50.0 2.9897 4.43 5.10 490E-11 0.130 0.130
50.0 3.4933 5.39 6.06 5.00E-11 0.152 0.152
5 Table 6d
T P Co Cs D | .chlc. Xmeas.
CO) (bar) (mass%) | (mass%) | (m%/sec) (mol. fraction) | (mol. fraction)
75.0 0.0970 0.00 0.03 6.45E-11 0.001 0.001
74.9 0.4984 0.09 0.32 7.49E-11 0.009 0.009
74.9 0.9934 051 0.79 7.93E-11 0.022 0.022
74.9 1.5010 0.98 1.27 7.78E-11 0.035 0.035
75.0 1.9983 1.44 1.73 8.37E-11 0.047 0.046
75.0 2.5014 1.89 2.21 8.37E-11 0.059 0.059
75.0 3.0022 2.39 2.71 8.26E-11 0.072 0.072
75.0 3.4897 2.95 3.21 5.53E-11 0.085 0.084
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To a 200 M round bottoned flask was added dei oni zed
water (100 m) and tetra-n-butyl phosphoni um brom de
w@ ayraesofanada I nc., 20.2 g). The m xture was PCT/US2007/012866
magnetically stirred until the solid all dissolved. In
a separate 300 ml flask, potassium
[,1,2-trifluoro-2-(perfluoroethoxy)ethanesul fonate
(TPES-K, 20.0 g) 25 was dissolved in deionized water
(400 M) heated to 70 degrees C. These sol utions were
conBkAasPBR@G Stirred under positive N pressure at. 26
degrees C for 2 hr producing a lower oily layer. The
product oil layer was separated and diluted with

c hl sa1ebiteof B0,1 FrifuotdeeimnoqHIFed 14320 én Wblukyla2 aqueous

sodi u arbonate solytion (4 m) tqr e any acidic

R gt R o GaneR e BI S0 wat or (20

s ). |a sonaslitiylaad diffisbdtyeuely wagneleiat tangiekdtat oy 25, 50, and
reduced in vacuo first _on a rofovap and then.on a,high
Utk Préte et rande g 00ed b R the soitgies rmsavere
fi naktaspfeddusihg a6 gRavi@bmic! RSGoildnct 24hdl tig, d¥hlivities (D) were
kI L CMCR L MR T O
( S UWdampéritiatiSBqC, ), fhal=satibdtidrizcon2éntiatiod 4C;)/ afdl Galcilkdted sblability
Hz, J F).. 1H NMR a2 d1.0(t, J=7.3 Hz, 12H);

10 5"{*71&) Ao P’Q."%’g%n 8H): 6.3 (dm JFH = 54 Hz, IH).

% WAt Glabley 7Kaf7b,- F¢ shér7dt provaiei daa f@. CQ. CAMA HKtaicL atd Xmeas at

N e T

Expéerrnen res 9: N, 0.1.

Extract abl e broni de by ion chromatography: 2 1 ppm

E?JI%T%IF% ation of 1.3-dioctylimdazoliumiodide
15
T P C, C, D Xeale. Xineas.
(°0) (bar) (mass%) (mass%) | (m*sec) | (mol. fraction) | (mol. fraction)
117 0.0956 0.03 0.10 . 8.10E-12 0.003 0.003
12.0 0.9970 0.22 0.92 8.51E-12 0.031 0.029
11.9 1.9830 099 | 193 8.11E-12 0.064 0.060
12.0 2.9740 1.95 2.39 321E-12 0.078 0.093
12.3 3.9808 3.06 4.03 1.04E-11 0.127 - 0.124
12.0 4.9975 4.16 523 1.10E-11 0.161 0.156
12.0 5.9821 5.30 6.42 1.44E-11 0.192 0.188
12.2 6.9975 6.54 7.63 1.94E-11 0.223 0.219
122 7.4832 7.80 8.31 2.03E-11 0.239 0.235
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1,3-Dioctylimdazoliumiodide [ooim[Il] was prepared
as described by L. Xu, et al, Journal of

w@e@angoeet al | i ¢ Chem stry,
I m dazole (2.72 g; 0.04 mmol) and octyl bromde (3.1
g; 0.016 nmol) were dissolved in 55 m of ethyl
acetate. The m xture was refl uxed under a nitrogen
bl anket. Initially, the solution was clear and
col orl ess, however upon refluxing approxi mtely 1 hour
t herghist s € becanme cloudy with a tannish color. The
m xture was allowed to reflux overnight. The m xture
was then cooled to roomtenperature (RT) upon which a

2000, 598, 409-416:PCT/US2007/012866

whiTerprecipraje f@rnefd. e M Xtype was exgractred Xonens

with water (2x:|30n"), Af ter drlyi ng thelsolvent with -

magn€€durn $RAM af Emavsie) sONYEH) (Wdm Sestoy farelifrastjor) | (mol. fraction)

Varugeh YT EhSE Y S0 b ST @ .| T33ENE 911y g66i dUS  0.004

wag_added 60 m |of tolupene folllowed by 1-iodoctane

(4] 8249 (.9©9970 Thel-A4 xt ur 0-Gas |r 80PExdd overHiZght 0.023

UnHeh, g T3 HEEIETT 0% GRTKED, T BSUNTHREEN] @ Ualgioaset TOW 4 643

m xkture., |The yellow oil{ was coIIectec} vila a separat} on _

f upnes9ri|ns88P5n t hl1-$0| upne-I®x:| 263K and &Q68d unlder 0.068

varugs (W 4 BT & bt Df Stegretiy iz B gTl T T HggaZ Ot I umT g gog

ioige[rr‘l}ml ] -f/bt yl -3-odtylinidazoliumTi odi

[ o 2$-PI ]| 488&86prepaPed hs Webcr|i BAAEDY |L. X©@11ét a 0.112

( Jpunpigt—of o§ITanToRTR] at | TG A3TENT 5 HRE.112000; Osﬁ%ﬁ’

40P-416) -} T- Net 1yIU"T"rr;t dagol e (1.165 g; 0. ¢2 i ) _and 0134

1-| 0@b8t ane0QK. 31 4470. p22-Fhol|) 2#EEd 1dj| ssolkdd in 30 0.155

M ["Ob4 HONTEER [T [Fact T iy B EYTel, Wefggupon 0.165

the_ mxture i mediatelyl becane lyellow in color _and

cl oudy. The m xture was refluxed overnight, during

whi ¢hpR #e! | owi sh oily precipitate formed. The

5
T P C. G D X cale. Xineas:

| (°C) (bar) (mass%) | (mass%) (mZ/sec) (mol. fraction) | (mol. fraction)

49.9 0.1050 0.00 0.03 1.51E-10 0.000 0.001
499 1.0023 0.16 0.40 4.47E-11 0.014 0.013
50.1 2.0045 0.61 0.84 3.41E-11 0.028 0.027
50.0 3.0002 1.03 1.26 2.90E-11 0.042 0.040
50.0 4.0021 1.39 1.65 5.08E-11 0.055 0.054
50.0 5.0046 . 1.81 2.08 4.10E-11 0.069 0.067
50.0 6.0039 2.29 2.50 3.75E-11 0.082 0.079
50.0 7.0029 2.63 2.90 5.57E-11 0.094 0.092
50.0 10.0030 3.56 4.16 5.51E-11 0.131 0.127
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yell owi sh oil was collected and dried under vacuum
Gravinetric M crobal ance The gas solubility and
walpdo7agiosi ty nmeasurenents were nade using a grBVI/DE1007/€12866
m cr obal ance (Hi den |Isochema Ltd, |GA 003, Warrington,
UK). The | GA design integrates precise
conputer-control and neasurenent of wei ght change,
pressure and tenperature to enable fully automatic and
reproduci bl e determ nati on of gas
adspaleimn- desor ption i sotherns and i sobars. The
m cr obal ance consi sts of an clcctrobal ance with sanple
and count erwei ght conponents inside a stainl ess steel

presgqure- vessel asc,sho i@ Fi qure[l8 apd deggLi bed Xmeas.

PR e

PrESSW ¢ 9{09bsI £550.64 eell (656316Lj\&.863agt br camabl e gf - 0.001

tionto 20i0 b Lal |l ed.

> was_install
Apmﬂ et @995 6p yldf |i onP€01i qui-d®Eddp| e wlP%8ddeq 0009

tT gl g $anmoso CpNt@REer| angisi Ne |T EAREQD Jvas peaked. 0.018

| e was ssad by first n|||||nr1 a
cour’dé® Vaé @ op the’ sglnpl %gw t &OAEASBh} agnO9Bfp 0.027

( Preulo 8T 4. ogpsiel N&D55 3, 1.66ST 4 1 30ENGANY) @d7T ner 0.036

f uldy p\nmmtin1 the relactor to0l110 8 barlwith a

t uf B85unp S@REi {1 ek-18 nojdel 13&H Q74POEWRi [ e uRP4F dedp 0044

vacusm |t Bgosanpl er. yps heaigsl tqQ rYaoRQof pr 10.038 W ih  0.053

anfextednal _watbr acket connectied to-a
renﬂt”é’-coﬁtoroaﬂ bd ic% antl-?‘érrper%{z?'@gbath PIQl%er 0.061
M pizateat], 10adal | cc2.68, [OFfembur g, 1.6eEmany) . A.030 0.083
percentlet-hyl-ent—glycolland 70-percent—water mxturd
by vol une was used as

EXAMPLE 7

5 Solubility of 1,1-difluoroethane (HFC-152a) in 1-butyl-3-methylimidazolium
he'xaﬂuoi’*obhbsph ate [bmim][PFg] '

A ;olubility and diffusivity study was made at temperatures of 10, 25, 50, and
75 °C over a pressure range from 0 to 4.5 bar where the solubilities (Xeas ) Were
10 measured using a gravimetric microbalance and the diffusivities (D) were
calculated using a one-dimensional diffusion model analysis. The initial
concentration (C,), final saturation concentration (C;), and calculated solubility
(Xcarc.) are also provided.
Tables 8a, 8b, 8¢ and 8d provide data for C,, C;, D, Xcaic, and Xmess at
15  temperatures of 10, 25, 50 and 75 °C, respectively.

20
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the recirculating fluid with a tenperature range of 5

to 90 OC. The sanple mass slow y decreased as residual
worden4mnd gases were renoved. Once the nass heI/US2007/012866
the sanple dry nass

stabilized for at

| east 60 nin,

was recorded. The percent weight

| oss for the various
ionic liquids tested was in the range of 1 to 3% The

| GAOO3 can operate in both dynam c and static node.

Dynam ¢ node operation provides a continuous flow of

gas (max. 500 cnB mn" 1) past the sanple and the

exhau val ve controls the set-point pressure. Static

nmodda 3tion introduces gas into the top of the

bal ance away fromthe sanple and both the adm ttance

and-—exhayst—valyes contrpl—the set-poi-ntpressure—AH

ab;orﬁti gn aslrenknts er sperif or MRd i |l1 st afise node.  Xmess.

The gayplie (b PEr@idss%) WAemaReHUr €msed)h | gmbl Feackion) | (mol. fraction)

thermocouypl e with an-accuracy of 0.1 0Cl The

t her ABOoUpP897%as | Ok ed| i isTde |t Rd3Ed@c{or M3l to 0.021

t he seopl{eogond & naraz The weder || aakeinimp ntanad the — o.103

set=pointl tenpedatuyre aul j it hi

typi 680 rle®dP% il on 3aBcur heyo bt [0156BA1 fFour 4¥St herjrs 0210

(af I00 4514585 [and.of> OC) 9%y € [MB@sE1ad | begigByang 0.301

wi th-10 0C__Once the deslred tenperaturel i

ang stbl|e2-09He | adh?#? anpe 14R8 dxA&HEt lval ved412 0.407

autongg 1 dap hys0penesisand| Cheaed [T 8.4a8/1UST t e §256SSUFe 0521

torthe filrst sef-point ressurds from10"9 to 10 1

baf we?e [mdd# ¢d using B capaci|t ance nmanonet er 0.797

(Prerffer, nodel PKRZ5I), and pressures trom 10" I toO

go. ?aB rgy\ere measur ed using a piezo-resistive strain

gauge %E? uck, nodel PDCR4010, New Fairfield, CT).

Regul ati on mai ntai ned the reactor pressure set-point

torw Jrlll I 4&, LU ‘O Ilégll . Illed;)l egSul q)l alfTp 1 dlﬁa'\éffds Sl Xmeas.
(°C) (bar) | (mass%) | (mass%)| (m%/sec) | (mol. fraction) | (mol. fraction)
25.0 0.1002 0.16 0.66 2.00E-11 0.028 0.030
25.0 0.5006 " 1.02 1.92 2.01E-11 0.078 0.077
249 0.9982 ’ 2.34 3.55 2.64E-11 0.137 0.136
25.0 1.4924 4.20 535 2.89E-11 0.196 0.194
25.0 2.4969 6.74 9.52 496E-11 0.312 0.311
25.0 3.4818 11.59 15.05 7.73E-11 0.433 0.432
250 4.5051 18.83 23.81 1.04E-10 0.573 0.574
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at 200 nbar mn 1 and the tenperature ranp rate was
set at 1 OC mn' 1. The upper pressure limt of the
wWGe@nkwsSs steel reactor was 20.0 bar, and sevBCHIUS2007/012866
i sobars up to 10 bar (i.e., 0.1, 0.5, 1, 4, 7, 10 bar)
were neasured. To ensure sufficient tine for
gas-liquid equilibrium the ionic liquid sanples were
mai ntai ned at set-point for a mnimumof 3 hr with a
maxi mumtime-out of 8 hr. . The I GA nethod exploits
the rel axati on behavior follow ng pressure and
ggqaa re changes to sinultaneously eval uate the
8ﬁy Fhdent absorption and asynptotic uptake. The
real-tlne processor was used to determ ne the endpoint

f oF—egeh-sef-herm—Fhe—percent+retgyatt [... ﬁe),d as—an X

end pointf for the réal [ *angl ysi's was$ o8t cent|. meas.
The Oy uidargi §lmhasken emfss%)reamz/seuye (mal mnﬁon/)as(mol. fraction)
Set ait' ___L“ arrantlahl e—av ano Adaov -;\in

‘rmdeﬁo'frcﬁ???é ica‘z VPL dg’t]aéu\;v; géé’@”iéh ;‘n?ban Ee 0.007

t af g&d.o1 Nt eovE fom.ssvel ght1.acqyi sisbEan as 9dis0at 4 0.060

typical value ot 1 ng. The tenperature Yariation
dufi 70an 1-3%her nl Gas pmiZAzai fed fELd {han 9989 ocC |ni n 0-089

1 [Sshety Jasdouresz ol the s§A0036148el1uded aopagssurie  0.145

reH g turnde control for the
repct®f. |T‘h§0571 Ct o?'§1-i nEt dri%ed |r &BREM lval ve %iad 0.254

reprasr®gv th a DuPont guideline relief valve

(Crcle-Seal.—set-point pressure 24 5 bar—BbuPont-

W m'ﬁgtcn B avvarce) To Cor t Her ﬂ?ote:t t HEsate Xmeas.

m Erelegl anggaryy $ (massPE 0 nassYs) 11 ¢aénséd, | aslel. friactied) | (mol. fraction)
re |pf vdlves were jnstialled o the custom nac

v

mahi 7P d [ahd0%n| e Pt gak A1l ndel-38EH@se reliWf vallves 0-005

Vel e748T [T@s@1eh 10.16 hel proegsure; exeqeded Zo.a8r. lhe 0.018

repctor qQver-tepperatur interllock contdoller that
749 . 1.0023 0.57 0.84 1.21E-10 0.035 0.035
74.9 1.5014 0.99 1.27 1.25E-10 0.052 0.052
75.0 2.4964 1.63 2.12 1.42E-10 0.085 0.085
75.0 3.4970 2.57 2.98 1.48E-10 0.117 0.117
74.8 45003 3.51 3.89 1.21E-10 0.148 0.149
5
EXAMPLE 8

Solubility of difluoromethane (HFC-32) in 1-butyl-3-methylimidazolium
tetrafluoroborate [bmim][BF,]

10 A solubility and diffusivity study was made at temperatures of 10, 25, 50, and
75 °C over a pressure range from 0 to 10 bar where the solubilities (Xmeas.) Were
measured using a gravimetric microbalance and the diffusivities (D) were
calculated using a one-dimensional diffusion model analysis. The initial
concentration (C,), final saturation concentration (Cg), and calculated solubility

15 (Xcarc) are also provided.

Tables 9a, 9b, 9¢ and 9d provide data for C,, Cs, D, Xcae, and Xmeas at
temperatures of 10, 25, 50 and 75 °C, respectively.
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cones standard on the | GAOO3 was set to turn off the

wat er

bath if the tenperature exceeded 100 OC. Due to

wo b@7figgos1 t hat some of the gases tested were fPERTsiNB012866

(i

. €.

HFC- 32, HFC- 143a, and HFC-1 52a),
nmounted i nside a custom st ai nl ess steel

t he 1 GAOO3 was
cabi net purged

Wth nitrogen that would mnim ze the possibility of a
flame. Thernogravi metric nmeasurenents were corrected

for a nunber of gravitational

bal ance forces

intggg@gﬁp at high pressure as described by Pinkerton,

E. P., et al (H gh-pressure gravinetric neasurenent of
hydrogen capacity in vapor-grown carbon nanofibers and
relatd&d ratePial $. Moocepdi fgs qf tH® 11fh Ca¥aei an Xmeas.
Hy dir gﬁ;@” COT"}%;“W eNeRass%hFl Ghisdv)HC (h2REY) | RAGEFraction) | (mol. fraction)
638- ). ese includedf ( 1) anges
f or ces9 dye 0tl®02hang®85 i n| predsurle L JkB-lilenper &W8e. ([2) 0.009
Ae Ué.'d" JeRSUITqIRS [T §5 &Y [UY 7588 1 TOW §1ggases] 0.108
(3 handes in the bal ance sensiftivity dle to changes
i n{téfPer|at2A98s and 1pri@sspr @8.9¢4)| Y@PBnidt fi ¢ A&¥bges [in 0254
t Ne—3FEPTIeS géeF O 5 oRaNET 3568 | THS3BI [V ¢ at (o773 0.396
ballance florces pjfevi ousl escrilbed are often of the
safre B8 dgr 5a09%2mgni28ude (033.17tq 8.48H)llas t hd-4¥%er al |l 0.519
wel giggui AR Tt g 75anPl G @Fd [CRIHgEE@I [T 0 TgERCUr At e 636
results ilf not atccounted{for prgcisely. Distinguishilng
mass ThangésktMbt h 3.¢dccpur 4291 of| 0.00E-MX | % of-Hal | 0.765
and—sonetinmes tinrted sanpte

Table 9b
5

T P Co Cs D Xalc. xmeas.
(°C) (bar) (mass%) | (mass%) (m?/sec) | (mol. fraction) | (mol. fraction)
25.0 0.0969 0.01 0.15 3.37E-11 0.007 0.006
25.0 0.9968 0.59 1.81 3.36E-11 0.074 0.070
25.0 2.4955 275 4.79 3.70E-11 '0.180 0.174
25.0 3.9989 5.87 7.95 4.62E-11 0.273 0.270
25.0 5.4977 9.23 11.36 5.98E-11 0.358 0.356
250 6.9955 12.90 15.12 7.44E-11 0.436 0.434
25.0 8.4945 17.08 19.33 9.10E-11 0.510 0.510
25.0 9.9985 21.83 24.46 9.94E-11 0.585 0.583
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quantities requires know edge of the sanple weight to
Wi thin about 5 to 10 ng. The buoyancy correction

wo edozo¥#sf r om Ar chi medes'
force exerted on an object equivalent to the mass of
fluid displaced. Theupward force ( ) due to buoyancy
is calculated using eq 1 where the mass of the gas
di spl aced is equivalent to the volune of the submersed
object ( V1) times the density (.p g ) of the gas at a

given (T,P) and the gravitationa

t he of the object

THla 45

princi pal :

renmai ns

const ant,

accel eration (Q).
V can be

| f

t here i s BeI/UR2AAT/12866

cal by knowi ng the mass ( Tn 1) and density ( p

, ) of the object. Cb —Buoyancy =g V'Pg (T P) g-p

(T P) (1) tHasteqad—at a1 he gas gensirtie pluviutu

in thg Hilden Isocheﬁg | GA 8% re, the gas def§ity Xomeas.
fof eanh |gatanps | (mhssth)} @oass¥i)rg (e’ sen)pli(mpl. firagtjomnh (mol. fraction)
( REFRROP v —develgped—by—+he “°*‘"““' st ute—of

St anagpﬂds é’n@#ec:hngpggy (IQ'(gill') (Egﬁrgr;lﬂ EW | . 0.003
[ NI S9.pefleroepyee 11 uo37ther roogly ngni7s6EAd {1 an oot 0.039
pr gperti ds - REEP vefrsion—740-yser' aul deo U-S.
Deparfflent 20‘1‘96820nme} éé Te@h‘ﬁol dg 4R§rﬂ11n| str?t 93n 0.099
Naf i eoal [ ngddehut e ®hie St pndigids aedzﬁathM o@yL.54 0.153
St Andarr‘l an erence Pata Fogr-am Cai-t-har hllrm

Nh'yﬁ%ﬁd fﬁﬁ?f) Tﬁ%sbuoy copﬁggﬂﬂo$ u5| 3t he 0.204
| GAO@Q9syst6€9953n /ol .88 rranw.zrddl t b@sEN110] ectos2sBor 0.253
we-g4 t-hesampte—Jable 31 T“'Nﬂ° h

cr tI%§| ﬁﬁ%ﬁer %P%ng vw%?ftl‘ QSFg@ts meiéw , 0.298
mat es0.8l , den&st), ansl t enpesat Jr @.11EN® ¢onparsant 0.341
ar Fargeprert—Hr—Hlgure 18 eads—tle—a—masstbalance—as

shown by eq 2. This expression accounts for the

summation of all conponents as
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wel |l as the contribution of the absorbed gas mass (ma
) and a correction factor ( Cf ) which accounts for
wao b®7hedoance sensitivity to T, P. The density BET/EB2007/012866
p alr ) at anbient tenperature and pressure was
subtracted fromp t and p j because the conponents
were initially weighed in air. The | argest
contributions in eq 2 are typically those of the
sanpl e container, sanple, and counter weight; the
ot hegaplexdger enced objects in Table 3 1 contribute |ess
because of their larger densities (denom nators in eq
2). Physical densities of ionic |liquids were neasured

usingra N crpnefiticgs A,cumgc 1330 mel 1 ynpycxgpet er Xmeas.
wi th an dccuracy

f 3 (M t
| ngt £&ent G p. (l%m‘%)} Dggas%é&)] m%lsgq a|)|rr§n;){ lql;?é%e,& | ffmol. fraction)

Q

(V{T35% qfo.8amn |Samm € Was.¢Al quliabed of 1 om 1¢.601 0.001

pycnonetrli c density (ps) and ddy nass sanple weight

(p>) 74But| ¢8P3t r P20 exparfsibn [VAVEE-Gué to AKS gas 0.023

aPSOEPT I[O7494% || 21.08 [ pKenag N[0 136E0WN] as gissCr | bEd  0.058

be ow to lmore accur.atel / determine the bhuovancy

ef { @80 Tha983%{en RAs bpet#t ed 172Et& i[c moHP2 hat 0.091

essEREbal[l ¥ 4837 T NALES. ANY3 AET qYNSHEI® Jrag g @aces due o123

tolflowi na agases. Electrobalandes are sensitive to

t efp@d-At Ur@933 | pr3ééurp 4%t Jadid8Es!Oon t hd-Bdam afm 0154

anf G ETNglodd ECTEGRI CE. 2164 M NIES LM S @).7gaCl, [Ne 0.183

balance dl ectronics arel heatedlexternallly with a band

U

heht @9t 4 299%per &6fre| o585 [0189Bd0 [n- adR 2 on, 0.212

the conponent tTenperatures provided tn lable 3 1 are

nmeasured for the sanple (T ) and all others are
EXAMPLE 9

5 Solubility of difluoromethane (HFC-32) in 1,2-dimethyl-3-propylimidazolium
tris(trifluoromethylsulfonyl)methide [dmpim][TMeM]

A solubility and diffusivity study was made at temperafux_’e_s of 10, 25, 50, a.nd
75 °C over a pressure range from 0 to 10 bar where the solubilities (X..s.) Were
10 measured using a gravimetric microbalance and the diffusivities (D) were
calculated using a one-dimensional diffusion model analysis. The initial
concentration (C,), final saturation concentration (C;), and calculated solubility
(Xcarc) are also provided.
Tables 10a, 10b, 10c and 10d provide data for C,, C;, D, X, and Xpeas at
15 temperatures of 10, 25, 50 and 75 °C, respectively.

20
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esti mated. Therefore, a correction factor (Cf ) was
determ ned as a function of T, P by neasuring the
whewyasmoyl ef fect wit hout a sanpl e and cal cul at P@IyUS2007/012866
| eastsquares fit to tare the bal ance. The correction
factor was on the order of 0.1 to 0.3 ng and i ncreased

as expected wth decreasing tenperature and increasing
pressure. Initially the ionic liquid sanple volunme was
consi dered to be constant and the nole fraction

solubility calculated wi thout taking into account

buo cy, effects due to sanple expansivity. In order

to & 1a?aproper buoyancy correction due to the liquid

vol ume change, a sinple nole fraction average for the

nmo| arTvollum@e V|n ,Cyas [used, Vrr(T B =VL| (| - MeaVOX , Xmeas.

(3) wher kllz d, resent nmpl ar Eracti d .

¥ ggg)i | 'i%‘wﬂ(ms%{?}( rfﬂ?ﬁﬁs‘é;? ? )g_ec) ?IT r,a’_z,Slon) n(mol. fraction)

VIT, 19.09( To.kv10( p) A.03 T1r Sto.jappr ox.nmaimo N, e@o13 and 4 0.012

wegp-e-used to est L gui-d—sanpHe

vol uh®0 \1§99644 t R¢3nmeasurted T, P3&Brdi ¢ i onQ:”ﬁq 5 0.136

can pgoSYbshyjoui €d 21391 0 [eq 443t 0 [agegenl {or a3 0.311

bu yancy chanagelwith r espect tols (_p_ancl \Li ty
10.0 3.9969 5.57 7.39 5.04E-11 0.458 0.457
10.0 | 5.4947 9.70 11.67 8.93E-11 0.583 0.583
10.0 | 6.9966 15.43 17.70 1.37E-10 0.695 0.696
10.0 8.4959 2433 28.09 1.56E-10 0.805 0.802

5 Table 10b
T P Co Cs D xc-alc. Xmeas.
°O) (bar) (mass%) | (mass%) | (m*/sec) | (mol. fractiow) | (mol. fraction)
249 0.0998 0.01 0.09 2.71E-11 0.010 0.010
249 0.9997 042 1.01 2.52E-11 0.098 0.096
249 2.4956 - - - - 0.225
249 3.9958 3.61 4.55 5.46E-11 0.336 0.335
24.9 5.4927 5.76 . 6.69 7.98E-11 0.432 0.431
249 6.9955 8.15 9.13 1.10E-10 0.516 0.515
24.9 8.4948 11.02 12.07 1.34E-10 0.593 0.593
249 10.0000 14.52 15.59 1.83E-10 0.662 0.662.
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Besi des the equilibriumsolubility,

tinme-

dependent

absorption data were al so gat hered using the H den
wWQ@er@vitgsr i ¢ m crobal ance for each T, P set - poP@t/US10n7/012866
order to understand the time-dependent behavi or of gas

dissolving in liquid, we applied a mathematica
based on a sinplified mass diffusion process.

node
| magin

a flat-bottom sanple container filled with ionic
liquid at a certain liquid |evel

hei ght (Z,).

The

I
e

hei ght Is determ ned by know ng the cylindrical

geo y of the sanple container, dry sanple wei ght

af t I8 ¥%ati on and heati ng, and the ionic Ii qui d

denS| ty at the proper tenperature. After evacuation,

th_‘ gnejlc- |n+rn(-l||r\grl inGi-hIC IylreAL F/ ‘arrpln ‘

coptainerf wwth a cmg’[ ant preéssyre a @i verfree Xmeas.

t epet Ur ebady S Mnhssasp U(iiiase'f/o)c agmivséd) B(mbl fraction) | (mol. fraction)

di ssol i A9 into-the | oni auid—and—af :

suf f P&Pert G99RE ¢ el reapcq a tﬁ@f‘ﬁﬂaymm 9004 0.004

eqprke.prifumoobbat 129 he|l s@ sl lfi sysEIIM { of o{g38 gas 0.057

infthe ignic liglid at the gived T and P This

t r ansP-Bnt Géﬁ’éél or With i nles% S nﬁ&@ﬁe‘d as d@d'éti bed 0.141

by[Sko.5T 6T B.ooy B. 2ng YokazstKi | AseElind| Eng.218hem 0.213

Research l 2005 14 4453 AAGA,L and - Yokozeki A II [td.

J. REY-Pi ce|56ﬁ9§6n 2%)&)% p2 3-F95 76’4)51.3'19r )cesé)e?gsof das 0.278

di 55691 10 61996R1 (JUI 4I24mY| D&y 3y 9“ Y.3QEIID| EX ploeyzgnena 0.338

betause rf apossible evplutioniof heat of mxing—the

su asé‘?,qgert sﬁ%ﬁi d cORlect | <§n73dué ﬂBIFﬂQ ocaIO 3927 0.392

tenpes.at yr e odishT ¢reqee, s 6d T |as.ckRaof [ ee @omgeciijon 0.442

due—to -the density difference, and the possible change

i n thernophysical properties of the liquid. The

§ ol TamlemAsSsunpti ons were made for the dissol ving
) T P Co Cs D xcalc. Xmeas..
°C) (bar) (mass%) | (mass%) (m%/sec) | (mol. fragtion) (mol. fraction)
75.0 0.0940 0.0 0.0 5.75E-11 0.000 0.000
74.9 1.0018 0.06 0.31 6.06E-11 0.032 0.031
75.0 2.5040 0.71 0.89 1.23E-10 0.087 0.087
74.9 3.9958 1.32 1.49 1.26E-10 0.138 0.138
74.9 5.4938 1.92 2.09 1.59E-10 0.184 0.184
74.9 7.0051 2.58 2.72 1.35E-10 0.229 0.229
749 | 8.4954 3.24 3.37 1.19E-10 0.270 0.268
74.9 10.0046 3.89 4.05 2.10E-10 0.309 0.308
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gas (Shiflett, M B., and Yokozeki, A {supra); and
Yokozeki, A (Tinme-dependent behavior of gas absorption
w0 poo7doscant oil [Int. J . Refrigeration (20000T/UDP7/012866
695- 704]): (1) Gas dissolves through a
one-di nensional (vertical) diffusion process, in which
there is no convective flowin the liquid. (2) Athin
boundary | ayer between the gas and |iquid phases
exi sts, where the thernodynam c equilibriumis
instﬁgkkngqbablished W th the saturationconcentration
and where the concentration is constant all the
t i n%ﬂa'rlhsy of dignorompthane GIRC-32)jn Jrortyle-methylimidazolium
Ten;gaf@t[yﬁ,ﬁngnd pressure are kept constant. (4) The
gas-di ssol ve quid. is dilute solution, and

so thé %W@Uﬁ@d@h%?%wg-}yc‘&?s Iﬂ?FQﬁg@rat tempergturg a£25 °C over a

550l gitdsaR r!.ﬁgél Glont DABAD bakNPhRE WL S ubtBMest (IENL Havere measured
descri bed by one-di nmensional nmass diffusion 1 due to he

| ocsinechETAEMmeTR PisFotance pudibe diffystyites () rrerrgcalculated using a

di fdRLEMEARINaEALALsIANSodd Qmallyﬁkt iBle igA1A0 bbﬂc@ﬂtrat@n—@) final
when t - 0 and 0 <z <L (7) .Boundary Conditions:

wheRturation cqpeeniration (Ca), and caleﬂ%rfd goluhilifydXeay) arméﬁoer)re'lri%d
the caasientrpbvioes dita fordlS €Y ) XQ.,SahdSX ARG al tmp&atuce of 25
I|q%hﬂ as a function of tine, t and vertical |ocation,
ere L is the depth of ionic liquid in the
container, and z =0 corresponds to the vapor-liquid

boup33£¥l Q0 is an

T P C. Cs D Xeale. Xomeas.
(°O) (bar) (mass%) | (nass%) | (m*/sec) | (mol. fraction) | (mol. fraction)
25.0 | 0.1007 0.01 0.06 1.75E-11 0.004 0.004
252 | 1.0021 0.23 0.80 1.77E-11 0.048 0.048
25.0 2.4971 1.20 2.13 1.86E-11 0.119 0.118
25.0 | -3.9999 2.58 3.55 2.27E-11 0.186 0.185
25.0 5.5008 4.07 5.04 3.13E-1 1 0.247 0.246
25.0 6.9964 5.64 6.64 3.81E-11 0.306 0.306
25.0 8.5027 7.52 8.33 2.86E-11 0.360 0.362
25.0 10.0022 9.27 10.35 6.37E-11 0.417 0.416

15 EXAMPLE 11
Solubility of difluoromethane (HFC-32) in 1,3-dioctylimidazolium iodide
[doim][I]
A solubility and diffusivity study was made at a temperature of 25 °C over a
pressure range from 0 to 10 bar where the solubilities (Xycas) Were measured
20 using a gravimetric microbalance and the diffusivities (D) were calculated using a
one-dimensional diffusion model analysis. The initial concentration (C,), final

saturation concentration (C;), and calculated solubility (Xca ) are also provided.
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in
ga

wW@R001@051 D is the diffusion coefficient that

as
an
€q
va
n
sp
di
co

itial
S,

honbgenous concentration of the dissol ving

and is zero (initially) or a small finite anpount
PGT/US2007/012866
sunmed to be constant. Eq 6 can be sol ved

alytically for the initial and boundary conditions

s 7 - 9 by a standard nethod such as separation

riabl es or Laplace transformand yields: where | =\
+-1-. An experinentally observed quantity at a
eci fTabld 12 pdvidss tire f6roCaIC.cDNEent aat Kans 4tar tempsmjurobf 25

lved gas in ionic liquid, and not the
ntration profile in z Thi s space-averaged

nie

concentration at a given tine, < C >, can be
cal o Hﬂ fromeq | | .Athough eq 12 contains an
i nf i AP 'Sunmat i on, only the first few terns, except
for initial small ti rre periods, are sufficient in
pr get-ecal—appleat+e oFS A—thts wor'b, the—stprration X
wag t rm'natg’d affterCaren|te en“the|n PiEal meas.
coht (ddyut|i o(akrp t Iqmawma(lhm%)n ﬁnﬁ‘sek) b« amitfracdas) | (mol. fraction)
th 2 ‘_a|\17|n_a expberimental ata—with thik
quaIZ?Bn, e 998t ai ng83th églclura “)ﬁé &Encentér%gl on [ C 0.007
) @ands@ifjfusacao ¢onebant | (Psat [g.vemiT [and ddeewhen| CO 0.064
was—know Propenti-es—oftl ubricdnts—and
IUJr?éQnt/rl’e?OPsgerahizg <t frEs Fo?r'3§ﬁéﬂ)br cor?plrsgssi on 0.150
refregerdt I4cm)2and 3252000(3“1510”' @9@!)1! catiooaey, the  0.225
Vi $cOosi 1'\ wlecul ar weightt of the
| ubr ?éQtl ngf ﬂzf‘ ar e4p?rport &3 pro%%ﬁ ?b $. TS 0.293
vi §cospty afodibe|oi 5.sand| t leassoljub23B-ty [of toBs7 0.355
retrigergnt in-the oii
249 1 '8.4988 7.12 8.07 | 5.00E-11 0.415 0.413
25.0 10.0024 8.83 9.85 .5.77E-11 0.469 0.468
EXAMPLE 12

10

15

Solubility of diﬂuo;‘oﬁethane (HFC-32) in 1-ethyl-3-methylimidazolium
bis(pentafluoroethylsulfonyl)imide [emim][BEI]

A solubility and diffusivity study was made at a temperature of 10, 25, 50, and
75 °C over a pressure range from 0 to 10 bar where the solubilities (Xyess.) Were
measured using a gravimetric microbalance and the diffusivities (D) were
calculated using a one-dimensional diffusion model analysis. The initial
concentration (C,), final saturation concentration (C;), and calculated solubility
(Xcaic) are also provided.

Tables 13a, 13b, 13c and 13d provide data for C,, Cs, D, Xcaic, and Xpmess at a

temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.
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are the two key factors in good oil
The viscosity of the oil
beconmes vi scous at
it does not

conpressor.

WO bat/143081

so | ow t hat
properly at high tenperatures.
150 Saybolt universal

oi |

seconds (SUS) or

centi poise (cP) at 37.8C (1000F)
| ow and nmedi um tenperature refrigeration applications.
A viscosity of about 300 SUS or about 50-60 cP at

37, 8C. ( LOOOF)

is generally used for
ai 2blsda; i oni ng applications. The division, however,

return to the
cannot be so high

| ower t enper aPIr/BS2007/012866
| ubricate the conpressor

A viscosity of about
about 30-35

is generally used for

hi gher tenperature

is_not exact and both viscosities can be used for |ow
t eppeTat yre RBppli cdld ons. BUen Hi ghd? vi $cosiXyie.0i | S Xmeas.
sugch 500, SUS Used | ?il aj -C)gl?' £.0Ni: .
appl fog‘jt [ ,og‘é?'ya<g‘%§fse’§’e of(_h'lrlﬁsgr?é 4l ?'(l)ll }Isgsc)t In b%&ghm (mol. fraction)
comooby [usadiwlt ho.oél of of busr odaslyoB-11CFC) 0.014 0.014
refriger gntipoer ¢ Suaé so| 3GR784GS, 4F8H-13GE ( Sl 46 | 0.144
Cofmpamy) [wi2id9sviiscmsgtips 98315(, 7308;11and 50B23US, 0.323
respegdi JeBywosThe deasifies.sof tlhe 1gBnee| Suniosssoil s 0.467
arg abouf] 6,496 1010.732 p criy.B at] 251£-10C| ( /0QE00 The) 10.590
no| ecolbar] waioght aqarveval y fosm dboibE3A00 |t 0 $H9g gnpl  0.699
1. | Theopriopesoki ¢s 26fost hesesgodUct s7Eam Vary o8o3ce | 0.799
t heyaplea3spat ural or m neral -basedoils (M) derived
from underground petroleum sources which are a conpl ex
m xt ule df dhemcalCoconpoun@s; tihe ddnpositi CRarmy Xmeas.
al 5o yary 'ljgd'#'u, I on a, £ hm [ .
R C.( or o\(gg% on “ﬁg sr}f’]ger(gl%?sts%&a ngﬂlo/cs)%,) E#‘é‘ﬁ?ﬂééﬁgn) (mol. fracmn)
Hal | 25.0988).098any 0.0%i c| | i Quilds (hav¥E-1he| pr o910 0.010
Vi 5Cc2%Dt , oboMsi|t y0.7and| noll.@gul dr 7.9E-11 0.104 0.104
25.0 2.496 2.49 3.19 1.1E-10 0.237 0.237
25.0 3.996 4.61 5.33 1.3E-10 0.347 0.347
25.0 5.493 7.03 7.75 1.6E-10 0.443 0.442
25.0 6.993 9.70 10.49 1.8E-10 0.525 0.525
25.0 8.503 12.87 13.71 2.1E-10 0.600 0.598
25.0 10.005 16.49 17.56 1.7E-10 0.668 0.666
Table 13¢
10
T P Co Cs D xcalc. xmeas.
cO) (bar) | (inass%) | (mass%) (m%/sec) | (mol. fraction) | (mol. fraction)
50.0 0.100 0.00 0.04 1.66E-10 0.004 0.004
50.0 0.997 0.49 0.65 1.34E-10 0.058 0.059
50.0 2.497 1.46 1.73 1.79E-10 0.142 0.145
50.0 3.996 2.61 2.83 1.92E-10 0.216 0.219
50.0 5.495 3.82 3.98 2.19E-10 0.281 0.285
50.0 '} 6.995 4.92 '5.19 2.28E-10 0.341 0.345
50.0 8.504 6.20 6.46 2.73E-10 0.395 0.399
50.0 9.993 7.54 7.81 1.62E-10 0.444 0.449
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we

I ght

range to be used as |ubricants as shown in

Exanple 1, Table 1. For vapor conpression heating or

w@eomigyssyst ens the | ubricant nmust be sol ubl ePCTUSIvE7/@E 2866

refrigerant such that the lubricant that escapes the

conpressor and becones entrained with the refrigerant

is returned to the conpressor.

In addition,

t he

m xture properties of the refrigerant and | ubricant

nmust adequately performas a | ubricant
The viscosity of ail
is the key factor

COMPHRISON -
refrigerant

oi
an
Te
ul
an
re
Vi
re
Ha
pr
Vi
of
il

in oil

in the

with dissol ved

return since the

Ls ved by the force of the flowng refrigerant

d tRin|oil Pnoves Ketter t&an thi c®or Vi scafseoil . Xmeas.
e tLre(tb'aﬁ) al 8RBy NEAsSANY (ASAQY . | BHL fraction) _(Imol. fraction)
imatelly the mfxture 'viscosity propertjes of the Qi
0 76%rilged-Hht dorfd-Pfat e t 901abi|l 3PYEDP {he &i90lt o 0.001
t uVH%t 0 the0conpr®sdor| Setler gl 208BI0r enenON38f thHe  0.038
scobPty o5l §red-99 ger adtlOsol|uBB3RdOhave B9A 0.095
o74.2d | (Do# ng, R/Z. |FI UciSocar BOAERES [ i geddl s 0.146 -
NdDoBk,| Préde i ce-2.3% 1|, P988). BA3Brl@er to0H&%e thHe 0.194
PP@4.91 Ubr6.2¥t i on 3.08t he SRPpr as34iE-10he ni Rt23Pe 0.239
SCo6Pty hiid d| be3.87 mi | ar3.260 t|h248EADufe viO280si ty 0.280
t 9t nadl.2940nal 4.85 ri gerdaitk oill 1. 8REKONg f | Gi3d8 For 0.317
ustration, the viscosity of the m xtures of the

§ ef EkaeipiE 18h! or odi f | uor omet hane (HCFC-22) with

sever al

SUNI SO | ubricants were co

ared to that of

r ef $elybilighef difnpromsthane (i 32Hg hi-dimethyl3sprepyligyidagolium
| NVEiR{HNRokonRah XAy Dikide [aipimfiBMRIAl € 1
A solubility and diffusivity study was made at a temperature of 10, 25, 50, and

10

calculated using a one-dimensional diffusion model analysis.

15

75 °C over a pressure range from 0 to 10 bar where the solubilities (Xmeas.) Were

measured using a gravimetric microbalance and the diffusivities (D) were

The

1nitial

concentration (C,), final saturation concentration (Cs), and calculated solubility

(Xcar) are also provided.
Table 14 provides data for C,, Cs, D, Xcale, and Xpeas at a temperature of 25

°C.
Table 14

T P Co Cs D Xcalc. Xmeas.
((®)) (bar) (mass%) | (mass%) (m*/sec) | (mol. fraction) | (mol. fraction)
249 0.0989 0.02 0.11 6.31E-11 0.008 0.008
25.0 0.9951 0.65 1.22 6.60E-11 0.091 0.090
25.0 2.4949 2.44 3.25 8.94E-11 0.213 0.212
25.0 3.9762 4.62 5.46 1.21E-10 0.317 0.317
25.0 5.5013 7.08 8.00 1.46E-10 0.412 0412
25.0 7.0174 10.02 10.92 1.75E-10 0.497 0.496
25.0 8.5131 13.56 14.29 2.23E-10 0.573 0.573
25.0 10.0108 17.55 18.41 2.33E-10 0.645 0.645

20
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Vi scosity, density, and nol ecul ar wei ght conparison of
ionic liquids with SUNI SO 3GS, 4GS, and 5GS m ner al
wW®@R003/183081 shown in Table 1 (Downing, R C, SUpCEHVS2007/012866
Table 1.*T = 28.3C, **T 25-26C EXAMPLE 2 The
concentration of the refrigerant in the ionic liquid

(or oil) and viscosity of the refrigerant and ionic
liquid (or oil) m xtures were cal cul ated and conpared

wi th chl orodi fl uoronet hane (HCFC-22) and the three

SUNE RINIPPE qants (SGS 4GS, and 5GS) (see Downi ng, R

C, (sup ra)z tenperature in all cases was 400C
andSelbilityp ql@aprwteﬂrfe@WQréak@s’-mglyé\}&rreaw@a"gsm“m

eXChis{trifluordR&s 1samfmameqbn@9mm§ed on how cl ose
the viscosit e. mxture conﬁared w th HCF

and
e, SeRRe s Rt Sl g o P STty pE 10, 35, 0. and

4N X§31p@ VS FrefAbELAnSS froXE & | ®Phar 'wWhdrE e ls3filaznRg (Xmeas) were
[bm m [ PF6], HFC-152a and [bmi nj[PF6], HFC-134a and

[ brRSuTEE aFing HE @ravimstrisn igrpbalanee| arpEde diffusivifies. (BY gvere
andcdichidtedt vktigPhl bhESmendiBhae difflsiondtHoadlt whAPie | THE Bitial

m xtures were evaluated with a "good" |ubrication
per fcaRiFAtian (GRctipalsaturation pepcRpatien)(Coqeed galgulated golubility
[ brgpad.d )hEEa]sop@nmeMFc- 134a and [6, 6, 6, 14- P| [TPES] In

addi ti ur, e -10 qu
'Cyal udoblee 055 Hahel See it CLPrordn Aredih G e Bl gt 2t
HF Gempéaanae df { ), 23 PEHEOPC, HdG53C, megtcfivny.m [ BF4] ,
HFC- 125 and [bm m [ PF6], and HFC-32 and [bm nj PF6] .
Finally, several
Table 15a
T P .Co Cs D xcalc. xmeas.
cC) | (bar) (mass%) | (mass%) | (m%/sec): | (mol. fraction) | (mol. fraction)
- 10.0 0.1021 0.08 0.02 5.76E-11- 0.002 0.015
10.0 1.0001 1.03 2.01 5.72E-11. 0.141 0.140
10.0 2.4942 3.95 5.31 1.05E-10 0.310 0.311
10.0 3.9963 7.78 9.35 1.28E-10 0.452 0.452
10.0 5.4935 12.68 14.05 2.89E-10 0.567 0.570
10.0 6.9960 18.73 20.79 2.01E-10 0.678 0.679
10.0 8.4951 27.80 30.88 2.71E-10 0.781 0.778
15
Table 15b
T P Co Cs ) D xcalc. Xmeas.
(°0O) (bar) (mass%) | (mass%) | (m%sec) | (mol. fraction) | (mol. fraction)
24.9 | " 0.0951 0.02 0.12 9.96E-11 0.010 0.010
24.9 1.0020 0.74 1.32 1.00E-10 0.097 0.096
249 | 2.5034 2.67 3.44 1.20E-10 0.222 0.221
24.9 3.9959 4.93 5.73 1.52E-10 0.327 0.328
24.9 5.4973 7.52 8.30 1.92E-10 0.420 0.419
24.9 6.9923 10.35 11.16 2.20E-10 0.501 0.502
24.9 8.4965 13.61 14.48 2.41E-10 0.575 0.575
249 10.0044 17.35 18.06 6.21E-10 0.638 0.639
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m xtures were found to have "poor"

| ubrication

per f ormance because the viscosity of the m xture was
wao om7hessconpared with HCFC-22 and t he SUNI SO PCT/US2007/012866

| ubri cants.

[ drpi n [ TVEM
[ bm m [ HFPS] ,

[ prpy] [ BMeQ,
and [bom M [ TTES] .

Those m xtures included HFCG-32 with
[em M [ BEI],
[bm m [ TPES],

[ emi i [ BMer

Al t hough

HFC-32 has a high solubility in the ionic liquid which

reduces the viscosity of the m xture,

dectgmeqst he viscosity so nmuch that the m xture

viscosity is too | ow for

provi di ng adequate

it. also nbst not
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| ubrication in the conpressor. Therefore, ionic
|'i guigs W th hi gherc ol ecul@y WEI ghtp may work hetter X, neas.
with the|HFEC 32]refrigef ant f Iubgictin the . ‘ .
coppt&sdr (Bam) ¢( ?aE)(g}rpl (massy ySF‘dﬁ?‘Se s(g'P‘ﬂ'bqu?tt"S?) (mol. fraction)
and—§a.b7 LS(D.YMSY regoats TOl’).OSGVEr al10BV@r ¢ T U0§ oG AT bon 0.007
r ef TH@6T AN} o311 NESEseat f apgeUSqd1186E-190] UDI T 9 Hyz W T N 0.058
| UbTEG@NY 3 RoBXNPI 85 1| angiod. EXATREAY § - 7 618k 0.137
Fi OUEEE 3 4.0001N0W 28 UDI T 18Y1ang SIsOETD YT TY §85311 TS 0.206
fo 5.9 €134 405Ul OT 4 gOT OLal K]HS (”5‘3'71240 FC 18568 0.270
HFC 306 §66351 1555 3 54024 350EA0E | O §353 OUT A 0326
[ b5 5 Pfog 507t | 106.78°: | 906.9510 |73 g9F:10CPTTPUSH BH DTS 0.378
we es(b’ 3§ B854 1At g GHTTS] STEY40T [HEGoE4 020 [ O3 0.427
[ PF6 TOomTapout—0.-3—t0 about— 81 2 mnote percent of
;—IFGrggl r a tenperature range from10 to 75 0C at a
pressure romabout 0.1 to 10 bar. Conpositions were
prepared that consisted of HFC 125 and [bm n] [ PF ]
f r prTgbogt Opl TP ag@ut —&,oi[e pgg cenyof  REC-125 Xomons,
over a tenperature rangel from1Q to,75 OC at a .
pres€@e |f rGaabp(Mas?) | Gnase”Ydr (mé‘é?ﬁb i (Modrfsactiony | (mol. fraction)
Pr EPFEU [T igdl0260TST§HFT P ¢82C 1 §9aed00 0.003 0.003
74.9 1.0023 0.04 0.46 3.89E-10 0.036 0.037
74.9 2.5020 - 1.06 1.19 3.96E-10 0.088 0.089
74.9 4.0021 1.77 1.91 4.00E-10 ©0.135 0.138
74.9 5.4931 2.53 2.65 3.62E-10 0.179 0.183
74.9 7.0026 3.27 3.39 4.62E-10 0.219 0.223
74.9 8.4935 4.04 4.15 4.76E-10 0.257 0.262
74.9 10.0019 4.76 4.91 5.48E-10 0.293 0.300
EXAMPLE 15 ,
10  Solubility of trifluoromethane (HFC-23) in 1-butyl-3-methylimidazolium
hexafluorophosphate [bmim][PFg]
A solubility and diffusivity study was made at a temperature of 10, 25, 50, and
75 °C over a pressure range from 0 to 20 bar where the solubilities (Xmeas) were
measured using a gravimetric microbalance and the diffusivities (D) were
15 calculated using a one-dimensional diffusion model analysis. The initial
concentration (C,), final saturation concentration (C;), and calculated solubility
(Xcarc) are also provided.
Tables 16a, 16b, 16c, and 16d provide data for C,, C;, D, Xaie, and Xineas at a
temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.
20



[bm M [PF6] from about 0.1 to about 72.1 nol e percent

of

HFC-

134a over

14

3a and

a tenperature range from10 to 75 0C
wa@eood/1gmoessure fromabout 0.1 to 3.5 bar.
were prepared that consisted of HFC

ConppST/UBI0% 012866

[bm M [PFe] from about 0.1 to about 26.5 nol e percent

of HFC-143a over

were prepared that consisted of HFC 152a and
[ bnTapleR6®] from about 0.5 to about 79.7 nol e percent

of

HFC-

152a over

Exanpl es 8

a tenperature range from10 to 75 0C

at a pressure fromabout 0.1 to 7.5 bar. Conpositions

a tenperature range from10 to 75 C
at a pressure fromabout 0.1 to 4.5 bar.

-14 and 17 - 29 and Figures 8, 11 - 16 show solubility
anfl di ffusi pi ty reml ts| foC,HFQ- 32D n sever aXeare. Xineas.
adfi t i omal Ex I 3215 an 2 116 an .
Fi b gr%)s o %A 10('%%\,&’) oﬂ“&‘ﬁ??‘f TR | 'erg-mcgm (mol. fraction)
resud kS|t oroobl-Ci 23 Ln the 1-oni G I fquidsf[bmnd [PF 0.000
anfi~ ¢ gmM nH shph6] . Eya@npl €. 20- 351 shewispl ubidaioy and 0.010
di [Teigi Vi gypofesili ts_Tor| HFG I34a 1 n. Several ionic 0.028
Li T gST GouuPS| 11 phe VET & ¢ EHal 84ETimaf comsii3ted of 0113
HFC- g2 ane obbeT 11 [BI4] [T ON@PAUE1PERIL 0 abQiiing/6. 5 0.198
o[ PETCORD3PT [ AR $7 OV gid T[eFBSEquUy € Tge Trom  0.281
10[T9s 7% oAb @ A08SSU €12 6PM [apQpE-19- [I T 0 gBg1bar. 0.361
CopesT {1 DNSHeWET € 18148Paf €44 BNAtl| §@R8I13L Fd 0l 41T 32 0.414
anf 1@ P 20.dohVE fromjaboul O.|9 Q. abopt 66 0Dl € 0.528
PEr§&hie 16h HFC- 32 at a tenperature of 25 OC and a
pressure fromabout 0.1 to 10 bar. Conpositions were
Pprepared that consisted of HFC-32 and[ominm[I] from
about 0.4 to about 41.6 nole percent. of HEC 32 at a
te ﬁ'pé? at{ur eP A C. C, D Xeale. Xmeas.
O (bar) (mass%) | (mass%) | (m*/sec) | (mol. fraction) | (mol. fraction)
24.9 | 0.0991 - -- - - 0.000
24.9 0.4972 0.03 0.19 2.56E-11 0.008 0.008
24.9 0.9994 0.24 0.44 3.22E-11 0.018 0.018
24.9 3.9934 1.17 2.08 2.37E-11 0.080 0.079
24.9 6.9953 2.86 3.79 3.01E-11 0.138 0.137
24.9 10.0041 4.68 5.59 3.95E-11 0.194 0.193
24.9 13.0056 6.66 7.52 3.89E-11 0.248 0.247
25.0 15.0000 8.09 8.80 5.73E-11 0.281 0.281
24.9 19.9990 11.36 12.49 7.12E-11 0.367 0.367
Table 16¢
10 :

T | 4 Co Cs D xcalc. Xmeas.
¢O) (bar) (mass%) | (mass%) (mzlsec) (mol. fraction) | (mol. fraction)
50.0 0.0981 0.00 0.01 6.34E-11 0.000 0.000
50.0 0.4984 0.03 0.11 6.26E-11 0.005 0.005
50.0 0.9961 0.17 0.27 7.35E-11 0.011 0.011
50.0 3.9965 0.89 1.27 5.88E-11 0.049 0.049
50.0 7.0036 1.90 2.25 6.74E-11 0.085 0.085
50.0 | 10.0041 2.92 3.27 8.02E-11 0.121 0.120
50.0 | 12.9931 -3.95 4.29 7.47E-11 0.154 0.154
50.0 | 15.0015 4.69 5.01 1.16E-10 0.176 0.176
50.0 19.9932 6.41 6.78 1.08E-10 0.228 0.227
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of 25 0C and a pressure fromabout 0.1 to 10 bar.

Conpositions were prepared that consisted of HFC 32
w@ea7fieosn] [I] from about 0.7 to about 46.8 nOPET/US2007/012866

percent of HFC-32 at a tenperature of 25 0C and a

pressure fromabout 0.1 to 10 bar.

Conpositions were

prepared that consisted of HFC-32 and [em n] [ BEIl]
fromabout 1.0 to about 66.6 nole percent of HFC 32 at
a tenperature of 25 0OC and a pressure fromabout 0.1

to

TR 3bd

Conpositions were prepared that consisted

of HFC-32 and [dnpin][ TMeM from about 0.8 to about
64.5 nol e percent of HFC

32 at a tenperature of 25 0C

anf—arpr gssupe ffoma@pbouf Ocl tq 10 par. L,onpgsnl ons Xmeas
vveE/: prepared that consisted of |HFG,32 and [p y] "
[ BMVeCCO1 | orPaPouf (mass%)| Gmasste)d3 (B isewe *ng ctigp) | (mol. fraction)
HFC320al @.dogFPEr ature pf 25 0¢ and_a pressure from 0.001 .
abpty4 51 o003y Pare,03-0NMPOYdd OTfSgWEES 1P] EPaT §go3 Nal 0.003
CONSHEHE 9799'7'5' Y 54.¢10 | elg I [ BVELpEITpOIN aboglpog’- L 1O 0.008
abpuhy ¢8. 1530k PETERIT Of g#aC 321 @YET108 | L ETPEHIE UT e 0.033
raImogy STUME A5 0] 75 ¥§ Al g 4 CYSUREE/ROIT ablglhsd- T 106057
10 U 0 ki)lg 3&[ UIIPQQ\BI [,Qldy.)dl e‘f‘.pkgﬁp Ullblebw UI 0.080
HRC3£ o ety fisEy | [ PETT T 073 aogh 3.1y 10 atgys, o4 0.103
o e74r’§'wl 99&' "}2 af %t?e"Fe'l‘(SbE'l‘ﬁ v 25 Y @ @ o.118
Pres 3 ggoput IO ] MO Tt T oA ETT

pre 2 ?‘ lbii'y(z:u f 43?(} :ngh‘gLEPcm n{TFEST 0.146

0t

from anu% o about 47.1 nole percent of HFC 32 at

a t SoYRBiiRy bf @iffforémeiand (@FE-23) ﬁﬁﬂéﬂ?l—fshﬂmh?hﬂwazglulm
to 10 bar. Conpositiaqons were prepared that consisted

of hepefluorophesphate [emimtYel £ r om about 1.0 to about
55. 0 nDiutiBiG@AldiflsivityGniid vids Bade@ifR@émpdratareddt 600aliCr5 °C

and a pressure from
over a pressure range from O to 20 bar where the solubilities (Xmess) Were

10 measured using a gravimetric microbalance and the diffusivities (D) were
§§lculated using a one-dimensional diffusion model analysis. The initial
A concentration (C,), final saturation concentration (Cs), and calculated solubility
(Xcax.) are also provided.
Tables 17a, and 17b provide data for C,, C;, D, X, and Xpeas at a

15  temperature of 60°C, and 75°C, respectively.

Table 17a

T P Co Cs D xcalc. xmeas.
(& ®)) (bar) (mass%) | (mass%) | (m?*/sec) | (mol. fraction) | (mol. fraction)
59.9 0.0992 -- -- - - 0.000
59.9 0.4997 0.03 0.09 1.23E-10 0.003 0.003
59.9 0.9973 0.13 0.20 1.28E-10 0.007 0.007
59.9 4.0026 0.76 0.86 1.21E-10 0.031 0.030
59.9 6.9974 1.30 1.50 1.58E-10 0.053 0.053
59.9 | 10.0001 2.02 2.18 1.12E-10 0.075 0.076
60.0 | 12.9920 2.71 2.86 2.55E-10 0.097 0.098
59.9 | 15.0002 3.20 3.35 -1.68E-10 0.113 0.113
59.9 | 19.9990 4.39 4.54 3.12E-10 0.148 0.151

20
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about 0.1 to 10 bar. Conpositions were prepared that
consisted of HFC-32 and [odm m] [TFES] from about 1.0
W 200ab@osl 56. 2 nol e percent of HFC- 32 at a tenper/Es290E012866
of 25 0C and a pressure fromabout 0.1 to 10 bar.
Conpositions were prepared that consisted of HFC 32
and [hmnm [TFES] from about 1.0 to about 58.6 nole
percent of HFC-32 at a tenperature of 25 0C and a
pressure fromabout 0.1 to 10 bar. Conpositions were
prepapred7bhat consi sted of HFC 23 and [bm n] [ PF 6]
fromabout 0.1 to about 52.8 nole percent of HFC 23
over a tenperature range from10 to 75 0C at a
pressure fromabout 0.1 to 20 bar. Conpositions were

prepared thet cpnsicst ed of GEIFC|23 and [ em nIXBE | flr om Xpneas.
ab

t 0.1 bput 15,1 | f|HFG 23 . i
teg%‘é?)at ur gf)gnggm?sr‘?{?ﬁ 6 “tsg%sgrg%ﬂltgﬁcga B}léisgrgfgg e)£ oﬁ?‘“" fraction)

abpuis (P.[Tolpa6x 0| bay.oF T gur ®.¢2/ Jhowseneasur e@.001 0.001

i spthaegab4egpUbi 1Ly data_[1ninole_fragtron)__at 10 OC 0.002

of [T® JV9leop .87, e ieo2q, 18hEn83fa, Thdgs 125, 0.006
1

ang i TI43@35 [ 0ra 88 [ FF lo.é5" [[€EHBEADL fPSOlUR8 0.024
Pr ESHY Iog§IE€0 Dy od NEl JasS;45atluf ayEQDR Presyysg (FU) 0.040
at "HI PC RGO PY 1.96 ' O] (H/ 430) | 2ASESAL UT al lpQ3s 0.057

12.6960T L2060 M. 1 9,| To2E-5104 Higlg754 54, 0.074

PrESEY

S ,
anf 7T I60AT | TR PEare 2i4p = [T320P9oPAr . B85 3. 1277 0.083

baf 750 T=1dl99540L Dar, =_9.0975, and PO = 38,3628 0.116

yar,Tespectivery. Negarive deviations from Raoutt-3S
law (i.e. curvature bel ow the dashed |line) indicate
strong interaction between the refrigerant and the
ionic liquid, which indicates high solubility. In
particul ar HFGC-32 has negative deviation fromRaoult's
| aw as shown in Figure 17. Conpositions conprise

HFC- 32 and
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[bm M [PF6] from about 0.1 to 63 nole percent of

HFC-32 at 10 OC and P/ Po fromabout 0.1 to about O0.63.
w@Reengpoposi ti ve deviations from Raoult's | aw PCT/ES2007/012866

curvature above the dashed |line) are nore typical and

i ndicate refrigerant and ionic liquids are |ess

sol ubl e and eventually may forma liquid-1liquid phase

separation. Conpositions conprise HFC-1 52a and

[bom mfPF ] fromabout 0.1 to about 80 npol e percent of

HFCexaaapRk 170 OC and P/Po from 0.1 to about O. 86.

Conpositions conprise HFC-134a and [bm m [ PF6] from

abogénBility bPdiaerémetBan{(HEF Q32 RNL-cthiyl-Birhethpimidikoliiin

0C and P/ Po fromlggogt "0.1to ?@Oe& 0.84. Conpositions

conpis{teifluppesthylspiionyl {'B'HFi‘]T\!’I‘—J ?’lu kom about 0.1 nole

? 0 abQuiol@ilifying dﬂﬁ{)sﬁ&ﬂtsnﬂy wis@malid at atendfRrddize 21 d0,P5PS0, and

rom ahout 0.1 to about 0. 88. osi tions comprise :
HFC/A 48 &8VeEnd PFB%WHT’E‘F%‘}W‘? &ﬂﬂoﬁgﬁwh%‘? e bl Sges) were
goggle@@feae mltingg % J@aﬁﬁegmd ng’érBBe_llﬁr[c@ thxﬂ;b Qhid hcﬂffﬂsiﬁﬁesabpytwere
. 90. ampl e provj des. det ajls. about e camponents, .

of  CHETHPL 58 dnDRSHENgNEs QB SiRds) SOPSBF | chpe. iva

andceélickhttifion i (CY), sl bdnerafiet céddentrationa g, faheé rcaletilated rndotubility

i qui, ds. D?AI\/PLE Sol ubility of difluoronethane

1P HF%S‘SQ))NFHS?PB’J{%F‘- 3-met hyl i m dazol i um

hexaf |Tables fBaBhat 8, jditvi 8d profdt ditadot URids) DyXaRoand Xmeas at a

di ff usi vi ~ - . f 10, 25,
s, Clfgrerst oE P 26 TRE R TSR PN 10 10 bar

where the solubilities (Xmeas ) were

15 Table 18a

T P Co Cs D Xcalc. Xmeas.
O (bar) (mass%) | (mass%) (m%/sec) | (mol. fraction) | (mol. fraction)
10.0 0.1015 - 0.11 0.19 6.94E-11 0.014 .0.014
10.0 1.0012 1.12 2.06 8.72E-11 0.137 0.136
10.0 2.5030. 4.25 5.55 1.18E-10 0.306 0.305

- 10.0 3.9929 8.20 9.58 1.50E-10 0.444 0.446
10.0 5.4925 13.38 14.83 1.78E-10 0.567 0.567
10.0 7.0043 19.75 21.63 | 2.36E-10 0.675 0.668
10.0 8.4935 27.92 31.92 1.24E-10 0.779 0.785

Table 18b
T P Co Cs D Xeale. Xmeas.

(8] (bar) (mass%) | (mass%) (mzlsec) (mol. fraction) | (mol. fraction)
25.0 0.0959 0.09 0.13 8.36E-11 0.010 0.010
25.0 0.9981 0.86 1.38 1.22E-10 0.095 0.095
25.0 2.5024 2.88 3.56 1.61E-10 0.217 0.217
25.0 3.9937 5.27 5.97 1.56E-10 0.323 0.323
25.0 5.4940 7.90 8.60 2.00E-10 0414 0.414
25.0 6.9946 10.77 11.53 2.33E-10 0.495 0.495
25.0 8.4952 14.06 14.80 3.24E-10 0.566 0.565
25.0 9.9967 17.74 18.58 3.20E-10 0.632 0.637

20
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measured using a gravinetric m crobal ance and the
diffusivities (D) werecal cul ated using a
W@ dizeensi onal

concentration (C0),
and cal cul ated solubility (Xcaic.) are also

di ffusi on nodel
saturation concentration

final

anal ysi s

provi ded. Tabl es 4a, 4b, 4c and 4d provide data for
and Xneas at tenperatures of 10, 25,

(Cs),
C0, Cs, D, Xcak,
50 and 75 0C,

TabirabkdBXAMPLE 4 Sol ubility of pentafl uoroet hane

TherP¢TU81081/012866

respectively. Table 4a Table 4bTable 4c

(HEG-1 25) in |-butyl-3-nethylimdazolium
hekaff uqr opRosphat eCpbm fj [RFe]l 5 M sol pbi | iXye.and Ximeas.
di ffusj Vit udy, 1 N ) re ]f8§5 .
50 (aéii 75%6@ 0 e(rnwg%"?g séﬂi?sé /°|) 3 E‘g' /?érc nj gm? i:') b tl%nr (mol. fraction)
whers®.a-He osl@Rabil | i 1010ds ( Xnmeed7 ) [(WBPBEtBasur e®.Q0Si ng A 0.005
gr pvaonet|r ilooepcl obalsnce| ard7x hg 2lit8EUSi Vi t | @D56D) 0.055
wel esooml [c 2laazed | usilig a pne-9l ngnziepab di f f wsli3an . 0.132
mofedo.@ralaymis. | The.9sni t] al3. ziondemBeriiboh (C0)199f i na 0.199
saf oaj 1[o13.49aacént g on| (s30  gdnel4gBligu] at e®.261 0.262
so[ Wu.d 1]t y.0b83 ( Xcalises2) af e 8660 [p3.ovEded, Tablxms oa, 0.316
5b| sp00 An@.spdapfovieds daf a £z (02.968-100, XCai3pg an 0.364
Xneasp) @i teopsy at uge of | 1&.5125,] @38nd [/5 00,411 0.412
respectively. Table 5a I
Table 18d
5
T P Co Cs D Xcalc. chas.
(°O) (bar) (mass%) | (mass%) (m?*/sec) | (mol. fraction) | (mol. fraction)
74.9 0.1028 0.01 0.03 6.36E-10 0.002 0.002
74.9 0.9981 0.36 0.46 3.41E-10 0.034 0.034
74.9 2.4971 1.09 1.21 4.21E-10 0.084 0.084
74.9 3.9948 1.82 1.96 5.11E-10 0.130 0.130
74.9 | 5.5026 2.60 2.71 5.24E-10 0.173 0.173
- 749 |--6.9919 3.37 - 3.49 3.22E-10 0.213 0.213
74.9 8.5039 4.16 428 4.63E-10 0.252 0.251
74.9 10.0045 5.10 5.10 4.75E-09 0.288 0.284
EXAMPLE 18

10

15

20

25

Solubility of difluoromethane (HFC-32) in 1-butyl-3-methylpyridinium

bis(trifluoromethylsulfonyl)imide [bmpy][BMel]

A solubility and diffusivity study was made at a temperature of 25°C over a

pressure range from 0 to 10 bar where the solubilities (Xmeas) Were measured

using a gravimetric microbalance and the diffusivities (D) were calculated using a

one-dimensional diffusion model analysis. The initial concentration (C,), final

saturation concentration (C;), and calculated solubility (Xcac) are also provided in

Table 19.
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20Tabl e 5bTabl e 5d EXAMPLE S Sol ubility of
1,1,1,2-tetrafl uoroet hane (HFC |
woredonygiioni dazol i um hexaf | uor ophosphat e [ bmi nj [ IRET/GS207/012866
solubility and diffiisivity study was nade at
tenperatures of 10, 25, 50, and 75 OC over a pressure
range fromO to 3.5 bar where the solubilities
(XnCas.) were neasured using a gravinmetric
m crobal ance and the diffusivities (D) were cal cul ated

34a) in

1-buryl- 3-

usi pgh@qgne- di mensi onal diffusion nodel analysis. The

initl aI concentrati on (CO), final saturation

copcepirdiiop (C§), @@nd cal eyl atjed gwl uby ' t)p(g,g(cal Cl )  Xieas
arg al so |provi ded. Tabl es| 6a, 6h,1 6c,and 6d provi de )
daf aCQr |cotbars | | Brasede) (misst) yrmdsen) | fractignds| (mol. fraction)
of 185 025, ca9e@Nd /®0WT, | T &SReCl|i §8IN-11 IpDl €oAao Tablle 0.010
6brabt § §C 0l58igh € | 6UG-E6WVPLE 1632501 |UPBEEAY PT  0.097 0.100
1, 35 T[T upaoel nagieg (FFC333a)] | p1E-10Uf YT - 9219 0.223
e yk hm{dazgiag U Ne¥gt T HoTs050gPgbe- 100 M bRRiT A 0.329
SO[UBE b Y sz A T THEE VITY STPdY V83E]TBUE al 0.414 0.424
t s gt urg5085 10, mﬁ QC OVET @ PIESSUTE (505
r amggs hrqmglsoly [ 33037 MTgE g7 UICT I9EHRT | T 1T §%75 0.580
( XITEgE o) |6 Bod2E 1= U7 %6 Ub 1828 JTSSIEHDTIC 0642 |  0.648
m crobatance and the rffosTvi [I €S (D) Wwer e Cdal CTul at ed

usi pRAMPIDE-1®I Nensi onal

snitial

di f fusi on nodel

anal ysi s.

The

Solubility of difluoromethane (HFC-32) in 1-ethyl-3-methylimidazolium
1,1,2,2-tetrafluoroethanesulfonate [emim][TFES]

A solubility and diffusivity study was made at a temperature of 25 °C over a

pressure range from O to 10 bar where the solubilities (Xme.s) were measured

10

one-dimensional diffusion model analysis.

using a gravimetric microbalance and the diffusivities (D) were calculated using a

The initial concentration (C,), final

saturation concentration (C;), and calculated solubility (X ) are also provided in

Table 20.

15 Table 20
T P Co Cs D Xeate. Xomeas.

(°C) (bar) (mass%) | (mass%) (mzlsec) {(mol. fraction) | (mol. fraction)

25.0 0.0987 0.01 0.10 4.12E-11 0.006 0.006
249 0.9910 0.40 1.03 3.25E-11 0.055 0.054
24.9 2.4841 2.48 2.65 2.94E-11 0.133 0.132
249 3.9945 3.66 4.45 4.93E-11 0.207 0.207
249 5.4957 5.78 6.37 5.92E-11 0.276 ) 0277
24.9 7.0221 -- -- -- - 0.344
249 8.4832 9.79 10.90 1.04E-10 0.407 0.407
249 10.0160 12.55 13.66 1.21E-10 0.470 0.471
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concentration (C0),

final

saturation concentration

(Cs), and calculated solubility (Xcaic.) are al so

wEe@vitgdslt Tabl es 7a,

7b, 7c and 7d provi de darer/i/82007/012866

CO, Cs, D, Xcaio n Xneas t tenperatures of 10, 25, 50

and 75 0C,

respectively. Table 7aTable 7b Tabl e

7cTable 7d EXAMPLE 7 Solubility of 1,1-difluoroethane

( HFC- 152a)

inl-b utyl

-3-net hyli m dazol i um

hexaf | uor ophosphate [bm n] [PF6] A solubility and
diffusivity study was nade at tenperatures of 10, 25,

50, and 75 0C over

a pressure range from0O to 4.5 bar

wheggAMBLEQoUbI | ities (Xmeas ) were neasured u3| ng a
gravinetric mcrobal ance and the djffiisivities

vve r Soluhility| oft diflynrpmgthang HECHE) sing Ha‘?“tdl‘?ﬂf’él‘ﬂﬁmdamh“m

nmodgh , 2a0ekatudroetikéh eskifdr adé [mﬁaqpmmsat ion ( CO)

sat ur at i on concentration (

%ol ubiA salybilitycand diffusiyigy sthdy,wag Be/akR mpsrabEe 9525 §G over a
?ﬂ%%u&dra‘ﬂ EO AL 00at fo bR while the solDomaaé EX ) Avef B sured

enperatures of 10, 25, 50 and 75
r esb%& # gavinetmpmicrebalanss prd s Aafhsavi

and cal cul at ed

final

ggs @mglgﬂated using a

Sol gi-dikdeMsiotal Qi frbsid ﬁﬁﬂ&lhﬁﬁ@ isHFfhe3miltidl Roncentration (C,), final

| -butyl -3-nmethylimdazoli
san¥ratlon concertration ?8 ), and calculated solubility (Xcaic ) are also provided in
10  Table 21.
Table 21
T P Co Cs D Xcalc. xmeas.
(°O) (bar) | (mass%) | (mass%) (m*/sec) (mol. fraction) | (mol. fraction)
25.0 | 0.0967 0.02 0.12 2.37E-11 0.007 0.007
25.0 | 0.9986 0.99 1.29 1.47E-11. 0.075 0.072.
25.0 | 2.4997 2.19 3.31 2.67E-11 0.174 0.171
25.0 | 3.9716 4.33 5.40 3.95E-11 0.260 0.261
25.0 | 5.4838 6.84 7.78 4.76E-11 . 0.342 0.342
25.0 | 6.9946 8.98 10.39 7.75E-11 0.416 0.416
25.0 8.4811 11.98 13.27 8.73E-11 0.485 0.485
25.0 | 9.9886 15.07 16.62 1.35E-10 0.551 0.550
EXAMPLE 21

15  Solubility of difluoromethane (HFC-32) in 1-dodecyl-3-methylimidazolinum
1,1,2,2-tetrafluoroethanesulfonate [dmim][TFES]

A solubility and diffusivity study was made at a temperature of 25 °C over a

pressure range from O to 10 bar where the solubilities (Xmeas) Were measured

using a gravimetric microbalance and the diffusivities (D) were calculated using a

20  one-dimensional diffusion model analysis.

The initial concentration (C,), final

saturation concentration (C;), and calculated solubility (X)) are also provided in

Table 22.

-107 -



tetrafl uoroborate IbH Im{[BF4] A solubility and

di fusivity study was nmade at tenperatures of 10, 25,
wG07amd575 0C over a pressure range from O tordDURENT/012866

where the solubilities (Xmeas.) were neasured using a

gravinetric m crobal ance and the difusivities (D) were

cal cul at ed usi ng a one-di nensi ona

anal ysi s.

saturation concentration (Cs),

The i ni

tial

concentration (CO),
and cal cul at ed

di f fusi on npdel

fi nal

solubility (Xcaic.) are also provided. Tables 9a, 9b,

9c and 9d provide data for

co, C,

at Tamgeeatures of 10, 25, 50 and 75 0C
respectively. Tabl e 9a Tabl e 9bTabl e 9cTabl e 9d EXAMPLE

D, Xcai c,

and Xneas

9 SolwbllltyPof dlfkuprONEthane (HE®32) |in X Ximess.
I, {? - P zoljum , 2 . .
tr gﬁm |l uoP tﬁ@?‘? aﬁ"ﬁs)s ﬁét hi @5t mpi Wl FREHG A (mol. fraction)
so| ubs.bi t|y ca0983di|f 0.00si Vi toyosst Jdg.onEsl 1nude ab.005 0.006
t eppes.at yr @»9sd 10,035, p0,0.9d |[7/3.70E-1aver a pgpgssure 0.074
rapnges.brdmaGkioo 10 bas wherxesd hd seehill Ift1 eso(rseas. 0.178
we( e25mgagquie@7us|ing4.asgr pVI4rmg I C3ImEL1Iqbdl ance28sd the 0.271
di [TosoviltisegofD] Webe Chl @it gd4yagng & 0.346 0.353
one- ds gerjsizapdy ¢ 17981 op rpgel japadhgsiis|{ heoup t al 0.429
conpcesbr 4t 1sypos V) ,10190na]  sakyr gt gARecAng¢ent r ggoen (G 0.497
). [ apslocal colbAgIEY S1910801 | T §¥ 3§ Xqah @sE-1@ ¢ al S6555 0.562
provi ded. lables 1U0a, 10D, 10c and 10Qd provide data
for CO Cs, D, Xca c, and X at
PLE 22'
5 Solubility of diftuoromethane (HFC-32) in 1-heptyl-3-methylimidazelium
1,1,2,2-tetrafluoroethanesulfonate [hmim][TFES]
A solubility and diffusivity study was made at a temperature of 25 °C over a
pressure range from O to 10 bar where the solubilities (Xme;s.) were measured
using a gravimetric microbalance and the diffusivities (D) were calculated using a
10  one-dimensional diffusion model analysis. The initial concenfration (C,), final

saturation concentration (C;), and calculated solubility (X..ic) are also provided in

Table 23.

‘Table 23
T P Co Cs D xcalc. xmeas.

°cO) (bar) (mass%) | (mass%) | (m%/sec) | (mol. fraction) | (mol. fraction)

25.0 0.0988 0.01 0.11 3.86E-11 0.008 0.008
25.0 1.0023 0.47 1.25 3.87E-11 0.081 0.081
25.0 2.5100 2.18 3.30 4.35E-11 0.192 0.190
25.0 3.9884 4.39 5.44 5.84E-11 0.286 0.286
25.0 5.4973 7.25 7.82 6.41E-11 0.371 0.371
25.0 | 6.9871 9.99 10.43 9.01E-11 0.448 0.448
25.0 8.4785 12.28 13.40 1.30E-10 0.518 0.518
25.0 9.9795 15.45 16.83 1.56E-10 0.585 0.586
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tenperatures of 10, 25, 50 and 75 0C,

respectively. Tabl e 10a Tabl e 10bTabl e 10c Tabl e
WARWEXAVPLE 10 Sol ubility of difluoronethane (PEZUSDYP7/012866

in l-octyl-3-netbylimdazoliumiodide [omn][I] A

solubility and diffusivity study was nmade at a

tenperature of 25 0OC over a pressure range fromO to

10 bar where the solubilities (Xmeas) were measured

using a gravinmetric mcrobal ance and the diffusivities

(D) exanepcel2gul at ed usi ng a one-di nensi onal diffusion

nmodel anal ysis, The initial ncentration (C0), final

sat 3ability " ofo fUlATPIREtASRe 6%?8-3&?1&“0 &rwlaé'ebgthyhm'dm"“m

sol adekdtt (BmipigAatc. ) are al so provi ded. Table 11

provides data for (0, C, D Xcaic¢, and Xmeas t ,

t enpe%f?]&‘%“@f@?‘%‘v‘ﬁyaﬁ}‘ Y3s Laterpersire gf ?? {§ overa

of dﬁlﬂgﬁdukAbOf&JE@tgb?D ? t()l'r(gbg_zgvhére_tﬂe_ ?oldbi?ﬁ&sy (X9 aest inh’eiﬁhured

i odi de A so] ubili an [ sivity.study was e .

a t WiPRe? EHANImetES °‘€fém’6€zé¥“1 §lep5‘.' ke Pangee ?*’:{%ﬁ‘?‘ﬁ? pgne a

10 brdifefdienal Iaefﬁ;?sﬁximhiohéltb a'lnlalslsi(sxﬂﬂﬁﬁin)tiha\l\/&gf_ﬁcfe?ﬁﬁ_iidm_r @), final

using a.gravinetr. c cr nc ng. t Iffusivities .

(D et ediation R cacgned an REWSY Sres) i At eroptied i

nodeiblapal ysis. The initial concentration (CO), fina

1(gaturation concentration (Cs), and cal cul at ed

ol ubility (Xcaic.) are also provided. Table 12

pr o¥ableg4data for GO, Cs , D, Xcaic, and Xneas at a
‘tenperature o f 25

T P Co Cs D xcalc. xmcas.
cO) (bar) (mass%) | (mass%) (m*/sec) | (mol. fraction) (mol. fraction)
25.1 0.0985 0.09 0.25 2.19E-11 0.010 0.010
25.0 | 0.9968 0.72 2.17 2.64E-11 0.078 0.077
25.0 | 2.4979 3.25 5.30 4.05E-11 0.176 0.174
25.0 | 4.0040 6.59 8.59 5.64E-11 0.264 0.258
25.0 | 5.4984 9.83 11.70 1.02E-10 0.335 0.333
250 | 6.9974 13.24 15.00 1.46E-10 0.402 0.397
249 | 8.5016 16.74 18.36 1.83E-10 0.462 0.456
25.0 | 10.0044 20.30 21.89 2.10E-10 0.516 0.511

EXAMPLE 24

15

Solubility of difluoromethane (HFC-32) in 1-butyl-3-methylimidazolium 2-
(1,2,2,2-tetrafluoroethoxy)-1,1,2,2-tetrafluoroethanesulfonate [bmim]{FS]

A solubility and diffusivity study was made at a temperature of 25 °C over a

pressure range from O to 10 bar where the solubilities (Xcs) Were measured

20  using a gravimetric microbalance and the diffusivities (D) were calculated using a

one-dimensional diffusion model analysis.

The initial concentration (C,), final

saturation concentration (C;), and calculated solubility (Xcac) are also provided in

Table 25.

25
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0OC . Table 12 EXAMPLE 12 Sol ubility of difl uoronethane
(HFC-32) in |-ethyl-3-nethylimdazolium

whe@ipensaf i uor oet hyl sul fonyl )i mde [em nm [ BEPGT/BS2007/012866
solubility and diffusivity study was made at a
tenperature of 10, 25, 50, and 75 OC over a pressure
range fromO to 10 bar where the solubilities (Xneas.)
were measured using a gravinmetric mcrobal ance and the
diffusivities (D) were cal culated using a

onergheessi onal diffusion nodel analysis. The initial
concentration (C0), final saturation concentration
(Cs), and calculated solubility (Xcaic ) are also’

prpvipdefl. Tpblep 133, 13b, &3c and Ipd pfovidg,data X neas.
foE C0,1Cs, D Kcaic, amnd X at a tenperature of .
10p€Cr5 dbaggoc(massyey, edm/gen)y | (mok Fragtion) | (mol. fraction)
Taphe oIBCdebdE [[3do. . ¥BOEIY| 0T 0.009 0.009
di Fhyer ppobede| (Fh8232) 1120 | 4.29E-11 0.092 0.092
|, P2gloMET Bgbog3- PT Opy¥d T M| dazqi7i UM 5 44E-11 0.215 0.213
bi SGETol | THRbATEL NYL 351 T0 DYl M [de 1h BRI [T [BNEE] A 0317
sol gRIg Ty 49581 0T TE ST VITY 79sUdy| WRgelRdE at o@11 0.411
t eMBSTAl U908 110,949, 30, 1686 o19oEI6E[ @ B493SUTE 0493
rangs of Y OFluba4 O] LU0 WIET£4 T8 $86EN0 [ [T C9.561TAS. ) 0.565
Wer'g s IBETSIH s UPT T13. 74 T1 avi g0 T TIC2HBETQORT alTg&3dTd 1ITe ¢ 635

di fFosrvitres (D—were

EXAMPLE 25
5  Solubility of difluoromethane (HFC-32) in 1-butyl-3-methylimidazolium 1, 1,
2,3,3, 3—hexaﬂuoropropanesul_fonate [bmim][HFPS]
A solubility and diffusivity study was made at a temperature of 25 °C over a
pressure range from 0 to 10 bar where the solubilities (Xess) Were measured
. using a gravimetric microbalance and the diffusivities (D) were calculated using a
"10  one-dimensional diffusion model analysis. The initial concentration (C,), final

saturation concentration (Cs), and calculated solﬁbi]ity (Xcaic,) are also provided in

Table 26.
Table 26
15
T P Co Cs D xcalc. xmeas.
c0) (bar) (mass%) | (mass%) (mzlsec) (mol. fraction) | (mol. fraction)
25.0 0.0945 0.02 0.11 3.33E-11 0.010 0.010
25.0 0.9999 0.56 1.25 3.17E-11 0.106 0.104
25.0 2.4976 2.29 3.29 3.90E-11 0.242 0.241
25.0 3.9945 4.34 5.40 6.98E-11 0.349 0.347
25.0 5.4949 6.56 7.79 .6.98E-11 0.443 0.443
25.0 6.9975 9.29 10.45 1.11E-10 0.523 0.523
25.0 8.4943 12.16 13.60 1.04E-10 0.597 . 0.599
25.0 | 10.0042 15.98 17.43 1.67E-10 0.665 0.664
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cal cul at ed usi ng a one-di nensi onal
concentration (C0),
and cal cul at edPCT/US2007/012866

anal ysi s.

The initial
W@ 2a00an#0son concentrati on (Cs),

di f fusi on nodel

final

solubility (Xcalc ) are also provided. Table 14

provi des data for C0, Cs, D, Xcalc,

and Xneas at a

tenperature of 25 0C. Table 14EXAMPLE 14 Sol ubility of

di fl uor onet hane (HFC- 32)

in

3-net hyl -1 - propyl pyridi ni um
bi sExaMPLuBRenet hyl sul fonyl )i m de [pnpy] [BMelI] A

Cerpapbyly Stofi

wer e
diffu

i ffus

Pro2s

GG B R

kg ety

-
TR pr ssura
r anmethiyl suifdhateo[bbiinl]EVeS®dr e t he soI ubilities (Xmeas)

? me?h limidazolium

m.cr obal ance

rrEtrI de ata tempera reo?ggj &overa
%Péﬁvaﬁea usi ng

Dneprdésirnginge dond Of Ul bar wheteltha m{hmnss Xhe. ) |ware ingdasured

concentratlon

( C5515mga$ grayine

it Tsoptr anf

ey

entra

Srere c cu aQed using a

pr osneclishensionall @sfhisban, mbd, anifysi,s driet ibich pbmcndamha@), final

LooEisT et (GF

Qagg %(%gl?lated sglu 1?1

respec

\Ep%ﬁ:t )Elja!r%?]ocft provided in

15aTatkd 27.1 Sc EXAMPLE 15 Sol ubility of trifluoronethane

HFC-23) in | -butyl-3-nethylimdazolium

exaf | uor ophosphate [bm n] [ PFe]
Table 27

T P Co Cs D V 'xealc. Xmeas.

°C) (bar) (mass%) | (mass%) | (m%sec) | (mol. fraction) [ (mol. fraction)
250 | 0.0993 0.12 0.24 ' 2.08E-11 0.012 0.012
25.0 1.0010 0.53 1.48 2.67E-11 0.068 0.068
25.0 | 2.4982 2.15 3.65 3.04E-11 0.154 0.155
25.0 3.9954 4.41 5.87 4.15E-11 0.231 0.232
25.1 5.5009 6.87 8.16 5.23E-11 0.299 . 0.302
25.0 6.9953 9.24 10.77 6.24E-11 0.367 0.369
25.0 8.5005 11.97 13.33 9.89E-11 0.425 0.427
25.0 | 10.0059 14.75 16.32 1.20E-10 0.484 0.482
EXAMPLE 27

15  Solubility of difluoromethane (HFC-32) in 1-butyl-3-methylimidazolium
thiocyanate [bmim][SCN]

A solubility and diffusivity study was made at a temperature of 25 °C over a

pressure range from O to 10 bar where the solubilities (Xmeas) were measured

using a gravimetric microbalance and the diffusivities (D) were calculated using a -

20 one-dimensional diffusion model analysis.

The initial concentration (C,), final

saturation concentration (Cs), and calculated solubility (X)) are also provided in
Table 28.

25
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A solubility and diffusivity study was nade at a

tenperature of 10, 25, 50,

and 75 0OC over

a pressure

WO 200ga430sbm O to 20 bar where the sol ubiliti esPCMOEA87/)12866
were nmeasured using a gravinetric mcrobal ance and the
diffusivities (D) were cal culated using a
one- di mensi onal

concentration (CO),

di f fusi on npdel
fi nal

anal ysi s.
saturation concentration

The initial

(Cs), and calculated solubility (Xcaic.) r also

pr opasiedg Tabl es 16a, 16b, 16c, and 16d provi de data

for G, C, D, Xcaic, and Xneas at a tenperature of

100C, 25 0C, 5Q0C, and 75C, respectively. Table

16pTabl ¢ 1o6g ANPkE 16[Sol @i Ty ab trifTugtguethane  x,...
(HFC-23} in |-ethyl- 3. nvthyllnidazollun1 ' ) )
hek &1 Puor dbﬁﬂspné{"éss[" ehil imaseg] | Ams/seQdp| (el fragtion) | (mol. fraction)
di [T9% VI 5%9&F UPY Was NHOE oo 4 [ eBeelial Pr € 0io0RU, and  0.004
75/ Q% 00YER 083 PT ESSHHS T 4N0q fir o § s78-140] bar owagr € TNe€ 0,041
SO[BRIg TTE3H33 X[F apop W' € IRAsSUN §@3ESIND @ 0.100 0.099
gr AGSTIEY T 5 Gobd C| ObglsgNnCy anckgl Nel iU Vi T1 §35¢D) 0.156
mer95gﬁ|cyu§§@0 USI g ajone: drmensional g ffousion 0.212
noiels ATEERS6E- | 115621 'a'sﬁonce'ﬂh‘&ﬂll'oo (OBhee! 1114 0.267
sa %EH' OH 49971CETL 951 O kHSé)l al€e.319 0.320
SO BRIy 1Ty ob1§a[ T-1h € Al $3)5 ' £9.371, 0.373
170 provrde Uddld for U, S, D )\(,dl(, and—Xmeas—at —a

te

erature of 600C, and 75C,

17 aEXHNPLERPBXAVPLE 17
Solubility of difluoromethane (HFC-32) in 1-butyl-3-methylimidazolium 1, 1,

2-trifluoro-2-(perfluoroethoxy)ethanesulfonate [bmim][TPES]

5

10

15

respectively. Table

A solubility and diffusivity study was made at a temperature of 25 °C over a

pressure range from 0 to 10 bar where the solubilities (Xmeas) Were measured

using a gravimetric microbalance and the diffusivities (D) were calculated using a

one-dimensional diffusion model analysis.

The initial concentration (C,), final

saturation concentration (Cs), and calculated solubility (X..c) are also provided in

Table 29.
Table 29
T P Co Cs D xcalc. xmens.
(°C) | (bar) | (mass%) | (mass%) | (m%/sec) | (mol. fraction) | (mol. fraction)
25.0 0.0951 0.02 0.12 4.46E-1 1 0.010 0.010
25.0 1.0007 0.58 1.35 5.27E-11 0.103 0.102
25.0 2.4964 2.43 3.56 6.70E-11 0.236 0.236
25.0 3.9947 4.81 5.94 9.64E-11 0.346 0.346
25.0 5.4938 7.52 8.62 1.20E-10 0.442 0.442
25.0 6.9941 10.49 11.65 1.49E-10 0.525 0.525
25.0 8.4946 13.93 15.15 1.78E-10 0.600 0.599
25.0 9.9937 18.00 19.36 2.06E-10 0.668 0.668
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Solubility of difluoronethane (HFC 32) in
| -ethyl-3-nethylimdazolium

whe@®ts3ofl uor oet hyl sul fonyl )i m de [em n] [ BMel RPCHUS2007/012866
solubility and diffusivity study was made at a
tenperature of 10, 25, 50, and 75 OC over a pressure
range fromO to 10 bar where the solubilities (Xneas.)
were measured using a gravinmetric mcrobal ance and the
diffusivities (D) were cal culated using a
onegftiamepek@dal di f f usi on nodel analysis. The initial

concentration (C0), fina tyuration ncent r.ation_.

( QoSotnsiiy pEshuoriraethats (FEA) iy I bR S mathylig)idgpotium 1, 1,
pr OYJtﬂﬁdoroTﬁUrﬂﬁloi&ﬁethlﬁf)ethﬁﬁé‘sulﬁﬁdtelﬁdmﬂ][(l‘m'ﬂg} dat a '
for cai.c, .and Xnmeas at a t%?}Peratur

100C, Az?‘@é‘ltys%’éé'ff%ﬂtw@@y Vs pads plalerperplse 8?25 °Covera
%E&fé@%ﬂg& 1Rg ?E%SﬁtMBLtE ﬂ(ﬁb?gw&blthé Yol@bilitled (XIQL0 Rk dRsured
- in |-hu nmet hy i ni.um
bi sY¥?E # BARYIRAIRE HW%‘EH 6 9114 ﬁ]ﬁwdbfg“sf‘ﬂ?ﬁﬂ})) (st faloulated using a
sol bﬁB—dhhieﬁs@mfli dgﬁéiicﬁdiﬁtn%délyanatyﬁxdy TS inieRal Q?ﬂden&%tlon (co) final
erature o r ress romO0 to
bar BN SREeruBREn g cpsiaes Sob P G oncals s Provided in
usi nghl@3@ravi netri c mcrobal ance and the diffusivities
D) wer e cal cul ated using a one-di nensi onal diffusion
del analysis. The initial concentration (C0), final

sat Tale306n concentration (C ), and cal cul ated
solubility (Xcaic.) are also provided in Table

19, Table 19
T P Co Cs D xcalc. xmens.
°0O) (bar) (mass%) | (mass%) | (m%sec) | (mol. fraction) | (mol. fraction)
25.0 0.0947 0.02 0.13 4.26E-11 0.010 0.010
25.0 1.0031 0.57 1.42 4.51E-11 0.097 0.096
250 2.5033 2.40 3.71 5.83E-11 0.222 0.222
25.0 3.9958 4.92 6.28 7.11E-11 0.332 ’ 0.332
25.0 5.4999 7.79 ~9.04 9.96E-11 0.425 0.424
25.0 6.9966 10.71 . 1212 1.23E-10 0.506 0.506
25.0 8.4947 14.21 15.63 1.59E-10 0.579 0.578
25.0 9.9919 18.20 19.62 2.51E-10 0.644 0.644
EXAMPLE 30

15
Solubility of 1,1,1,2-tetrafluoroethane (HFC-134a) in 1-butyl-3-

methylimidazolium 1,1,2-trifluoro-2-(trifluoromethoxy)ethanesulfonate
[bmim][TTES]
A solubility and diffusivity study was made at a temperature of 10, 25, 50,
20 and 75 °C over a pressure range from 0 to 10 bar where the solubilities (Xmeas.)
were measured using a gravimetric microbalance and the diffusivities (D) were
calculated using a one-dimensional diffusion model analysis. The initial
concentration (C,), final saturation concentration (Cs), and calculated solubility

(Xcaic) are also provided.
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EXAMPLE 19 Sol ubility of difluoronethane (HFC- 32)

| - et hyl

-3-nmethylimdazoliuml,|

in

wQ2@7ne306mf | uor oet hanesul fonate [em n] [ TFES] BCT/US2007/012866
solubility and diffusivity study was made at a
tenperature of 25 0OC over a pressure range fromO to
10 bar where the solubilities (Xnmeas ) were neasured
using a gravinetric mcrobal ance and the diffusivities

(D) were cal cul ated using a one-dinensi onal
anphfed fBa, T9RE 18d)hhd @éd

saturation concentration

nodel

0&1@'&5&? J@Nc

cal cul a

sol tpmpyra(uxeaﬂ 0°F, 2% %C, é|0§fé @dd\ﬁr@,erdsnemvmm e 20.
EXAMPLE 20 Sol ubility of difluoronethane

(e

In |-butyl-

3-nmethylimdazoliu in

di f fusi on

Bl

2, 2 tetrafl uor oet hanesul fonate [bm p| ][ TFES] A

so ugi Tty lsnu T fEsT vty a{uuy W, ] madEat . X, o
tehperafure of 25 0C over apressur ange fromo to -
10| ¥E) whebark he (3@psia) ||i tmass™) X as/.syc)w(@h&ra@umd (mol. fraction)
US| g & gb_ci\()jzsle aogl CTObg ggTce ‘fﬂ)‘iEtliie o f |01{] |5vi tTES 5026
( (100 ¥ ,bS'obi“ pt ljEi9‘7'b' 19 }.28'°" '1'2‘3E°11U rat ,&)ﬁlh‘]b' o 0117
m).u:lb A Yooh7- |||EO1§HFL at nc |116|2§L1|1u ] \u¢)223| a 0.225
Sat YL O sHPRCFM HRET O \‘rf'él 4T3, 1‘6% 11U < F10.326, 0.326
_SI_O Co0T TH Y 009>t 1233 & a5 2T OF RERE 11| AP lgat 0.424
APe.0°f 23048 -F “17.58 22.11 5.31E-11 0.518 0.514
10.0 2.9946 23.87 30.15 5.28E-11 0.620 0.628
10.0 3.5047 36.32 44.43 7.71E-11 0.752 0.745
5
Table 31b
T P Co Cs Deﬂ'. Xcale. xmens.
cO) (bar) (mass%) | (mass%) (m?*/sec) | (mol. fraction) (mol. fraction)
24.9 0.1018 1.51 0.35 1.19E-11 0.013 . 0.017
249 0.5032 0.77 2.07 2.17E-11 0.074 0.075
25.1 1.0024 2.52 4.22 2.60E-11 0.143 0.143
24.8 1.5015 4.77 6.52 3.00E-11 0.209 0.208
25.0 2.0032 7.17 9.00 3.27E-11 0.272 0.271
25.0 | 2.5035 9.59 11.56 4.43E-11 0.331 0.331
249 3.0013 12.31 14.44 5.05E-11 0.390 0.389
24.8 3.5010 15.87 17.69 4.50E-11 0.449 0.450
Table 31c
10
T P Co Cs Deﬂ'. Xcalc. Xmeas.
(°C) (bar) (mass%) | (mass%) | (m?*/sec) | (mol. fraction) (mol. fraction)
50.0 0.1048 0.17 0.25 5.76E-11 0.009 0.009
50.0 0.5031 0.47 " 1.06 5.35E-11 0.039 0.039
50.0 1.0023 1.37 2.11 5.79E-11 0.076 0.076
50.0 1.5021 2.43 3.19 6.35E-11 0.111 0.111
50.0 2.0026 3.50 4.28 6.64E-11 0.145 0.145
50.0 2.5033 - 4,67 5.41 6.97E-11 0.178 0.179
50.0 3.0035 5.81 6.58 7.24E-11 0.211 0.211
50.0 3.5016 7.22 7.78 6.89E-11 0.242 0.243
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Sol ubility of difluoronethane (HFC 32)

| - dodecyl - 3-net hyl i m dazol i um

in

wa ;724351 et r af | uor oet hanesul fonate [dm n] [ TRES/U$2007/012866
solubility and diffusivity study was made at a
tenperature of 25 0OC over a pressure range fromO to
10 bar where the solubilities (Xnmeas.) were neasured
using a gravinetric mcrobal ance and the diffusivities

(D) were cal cul ated using a one-dinensi onal

di f fusi on

nodelpi@Bgaysis. The initial concentration (C0), final
saturation concent r ation (Cs) , and calcul ated
SG|J|]r\i Lot (Vpr~a Aara Al o neravt-dad o T o
o T y 7\CT( AT C U.I O 'JI VAL u I LILI rauvl X
22, Tabl g 2 EXAI\/PLEC“ZZ $ol ubf | itly of*™dif| uor di&fhane meas.
( I—F@@Z i(bar)- he Bin@ss?B) | ' (mol. fraction) | (mol. fraction)
1,1 tetrafluorgethan [TEESA-
SO nﬁ10| tOrl d £ S\ -005 0.005
{opadal L0303 by 82T be 1040 (o 0023
10 Ha2 thQ4Q he Qprlslslhl i Le_n;&g%a_r_ed 0.045
us AA-93 nl éng're ri b4% o dif 9467 ¢ | es 0.067
(D 74A9r ZQQ‘HII t e@t1fsi r\g 2 48ne-ldt #2Bd0chal &% usio 0.087
no 3I4-93H329Q4?Q The7ini fi aB-%oncehLPEillq ((ﬂ)lpﬁ ina 0.108
sapf&t | 0B 0B8hcent 2481 on (B2 and-38B1101| at e@-128 0.128
soldRi1 1t 3-503&al c $18re |3 4{5{6nr vi 88B-10n| Tah10d433 0.147
Tabl e 23EXAMPLE 23 Sol ubi | i ty of difluoromethane
( HAExARZkPLE 3h- but yl - 3-net hyl i m dazol i um acetate [bm m
{ Ac]
Solubility of 1,1,1,2-tetrafluoroethane (HFC-134a) in 1-butyl-3-
methylimidazolium 1,1,2-trifluoro-2-(perfluoroethoxy)ethanesulfonate
[bmim][TPES]
A solubility and diffusivity study was made at a temperature of 10, 25, 50,
10  and 75 °C over a pressure range from 0 to 10 bar where the solubilities (Xmeas.)
were mqasixred using a gravimetric microbalance and the diffusivities (D) were
calculated using a one-dimensional diffusion model'analysis. The initial
concentration (C,), final saturation concentration (C;), and calculated solubility
(Xcate) are also provided.
15 Tables 32a, 32b, 32c¢, and 32d provide data for C,, C, D, Xcaie, and Xineas
at a temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.
Table 32a
T P Co Cs Deﬂ‘. chle. Xmeas.
(°C) (bar) (mass%) | (mass%) | (m%sec) | (mol. fraction) | (mol. fraction)
10.0 0.1024 0.06 0.66 9.33E-12 0.028 0.028
10.0 0.5038 1.01 3.39 1.15E-11 0.131 0.132
10.0 1.0043 4.05 7.26 1.71E-11 0.251 0.253
9.9 1.5033 8.17 11.65 2.53E-11 0.361 0.362
10.0 2.0022 12.78 16.90 3.67E-11 0.465 0.464
10.0 2.5024 18.33 23.30 5.37E-11 0.565 0.566
10.0 3.0041 25.90 32.36 7.06E-11 0.672 0.670
9.9 3.5039 38.42 47.48 6.49E-11 0.794 0.796

20
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A solubility and dif
tenperature of 25 0OC over

usivity study was made at a
a pressure range fromO to

wdagoopas3ophere the solubilities (Xnmeas.) were nMBEFUSMA7/012866
using a gravinmetric mcrobal ance and the diffusivities

(D) were cal cul ated using a one-di nensi onal
concentration (C0),
and cal cul at ed

nmodel

an

al ysi s.

The initial
saturation concentration (Cs),

solubility (Xcaic.) are also provided in Table 24.
TabrgpbR426XAMPLE 24 Sol ubility of difluoromnethane

di f fusi on
final

(HFC-32) in |-butyl-3-nethylimdazolium 2- -

(| &2 tepraftuoroethoxy) 1+ 2tetratHuaroethanes

ul forat & [ofin [ [FS° A dol ubFiith aRer diffusi¥mey Xmeas.

st ugscyvas (bagje atmass’%e) ) efnadssVed) Of(m?/ied)C Gmek fraction) | (mol. fraction)
SCllr a ron O td 10 haor Ahar

?;( 249 | QJpZ6 i ) "g;‘$0 B 01 0.018

m pe8al afed3ha 0.084

usl g9 0 0.162

i N | cdnlbnt 0.235

co ,gér?f 1250 0.303

ar 9 0.366

Sol 249 i+ 3.0834 4 i h i 0.428

| - m214\9[ ‘2 158121\/ B, 0.491 0.490

3- hexaf | uoropropapesul f onat e [bm n1 [HFPS] A

solubility and diffusivity study was made at a

$ enffebet3@ce of 25 O0C over a

T P Co Cs Deﬂ'. xcnlc. xmeas.
O (bar) (mass%) | (mass%) | (m*/sec) | (mol. fraction) | (mol. fraction)
50.0 0.1036 0.20 0.26 8.37E-11 0.011 0.011
50.0 0.5032 0.47 1.10 5.99E-11 0.045 0.045
50.0 1.0023 1.52 2.20 5.66E-11 0.088 0.087
50.0 1.5021 . 2.55 3.32 6.59E-11 0.128 0.128
50.0 2.0025 3.69 4.47 6.87E-11 0:.167 0.167
50.0 2.5035 4.90 5.66 7.37E-11 0.204 -.0.204
50.0 3.0042 6.08 6.87 8.56E-11 0.240 0.240
50.0 3.5035 7.49 8.10 8.02E-11 0.274 0.274
Table 32d
T P Co Cs Deﬂ'. Xcalc. xmeas.

O (bar) (mass%) | (mass%) (mz/sec) (mol. fraction) | (mol. fraction)
74.9 { 0.1051 0.11 0.15 1.09E-10 0.006 0.006
74.9 0.5052 0.34 0.65 1.19E-10 0.027 0.027
74.9 1.0054 0.92 1.29 1.22E-10 0.053 0.053
75.0 1.5046 '1.90 1.93 1.93E-09 0.078 0.078
74.7 2.0056 2.25 2.59 1.05E-10 0.102 0.102
74.9 2.5053 2.88 3.22 1.50E-10 0.124 0.125
74.9 3.0041 3.56 3.90 1.30E-10 0.148 0.148
74.9 3.5051 4.34 4.56 1.42E-10 0.170 0.170

10
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pressure range fromO to 10 bar where the solubilities
(Xmeas.) were neasured using a gravinetric

wore@ropmsance and the diffusivities (D) were ceCTUBBDEC2866
usi ng a one-di nensi onal diffusion nodel analysis. The
initial concentration (C0), final saturation
concentration (Cs), and calculated solubility (Xcaic.)
r also provided in Table 26. Table 26EXAMPLE 26
Sol ubility of difluoronethane (HFC 32) in

- el hyl i m dazol i utn net hyl sul fonate
ﬁ#%%bﬂéggg A solubility and diffusivity study was
d§ol§$m@y6 rz% ﬁu@xfoeﬁé: g{{ﬁtﬁe 349)1%r 1‘3?& i- S range

10’ ¥ ere t ubi Tit1es wer e
rrea@gtrhe'unu%mgual tgs(awtﬁﬂwmthﬁlwfabwlanée fawallf ]

i ffusi VAEbl@ﬁlh(PAﬂd"@ff@Slﬁﬁj ﬁ% %'a'ﬂgté?nperature of 10, 25, 50,
one-di nensi onal fusion no ana e initi al '

conanditsrst evena p@@s)ure fang@from} terlﬂthabw};érle %@eﬂ@!qbalttne@ X meas.)
Cs

br oV S e Sl BOVRRAP I SRR Bl STRENARATD) e

of @ﬂaxﬂngﬂ'mmgwedl(qep@@}hfﬁxgmn model analy51s The initial

| - béb%énh%ﬁﬁi‘?{ d)} | 6.3} %ZrQJldeéHnEéHnQﬁ&@(@S %nfi batithel SSbi1ify

sol ubi | diffusivity study was nmade at a
1q en%a-atam@sq)vmz@e@c over a pressure range fromO to

10 bar wWhgfi& 38063803 3¢0hdd 33050k dEBAS for OVECS DYRAS UARIIK eas

at a temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.

Table 33a

15
T P Co Cs Deﬂ'. chlc. Xmeas.
(°C) (bar) (mass%) | (mass%) (mzlsec) (mol. fraction) | (mol. fraction)
10.0 0.1031 0.09 0.61 1.92E-11 0.029 0.024
10.0 0.5039 1.21 2.51 4.25E-07 0.110 0.120
10.0 1.0027 4.05 6.65 2.95E-11 0.255 0.239
10.0 1.5024 7.74 10.72 3.68E-11 0.366 0.354
10.0 2.0011 12.01 15.61 4.88E-11 0.471 0.464
10.0 2.5009 17.79 21.74 6.58E-11 0.572 0.569
10.0 3.0043 24.67 30.25 8.67E-11 0.676 0.668
10.0 3.5049 37.47 44.30 6.14E-11 0.793 0.793
Table 33b
T P Co Cs Deﬂ‘. Xcalc. Xmeas.
(°O) (bar) (mass%) | (mass%) | (m’/sec) | (mol. fraction) { (mol. fraction)
249 | 0.1054 0.21 0.42 2.60E-11 0.020 0.019
249 | 0.5052 0.82 1.92 3.76E-11 0.086 0.086
249 | 1.0046 2.55 3.90 4.22E-11 0.163 - 0.163
249 | 1.5040 4.69 6.02 4.77E-11 0.236 0.235 -
249 | 2.0037 6.73 8.29 5.70E-11 0.303 0.304
249 | 2.5031 9.15 10.79 6.65E-11 0.368 0.368
249 | 3.0043 11.73 13.53 7.90E-11 0.430 0.429
249 | 3.5054 15.15 16.56 7.29E-11 0.489 0.488
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using a gravinmetric mcrobal ance and the diffusivities

(D) were cal culated using a one-di nensi onal

wore@eli43nnl ysi s.

saturation concentration (C),
solubility (Xcaic.)

The init

i al

| -Table 28 EXAMPLE 28 Sol ubility of difl uoronethane

( HFC- 32)

in |-butyl

-3-nethylimdazolium1l, 1,

di f fusi on

2-trifluoro-2-(perfluoroethoxy)etbanesul fonate [ bm nj
[TPES] A solubility and diffusivity study was nmade at

a tenperature of 25 0C over
10 WableBAere the solubilities (Xmeas

concentration (COpCT/DH20a1/012866
and cal cul ated
r al so provided in Table 28.

a pressure range fromO to
.) were neasured

using a gravinmetric mcrobal ance and the diffusivities

(Dwere calculated using a one-dinensiopal diffusion
mofe ahal yBis. | TheCd ni {i al CeonclentPat i oh ( O¥eicf i na Xneas.
saf i { OMgANCRekAbPI) ©Rlv ineaksU) el trac L fracti
SO Sb‘%l t\r/t %?(ca ¢ arg S0 orovnqded c|§n %bl eraféon) (mol. fraction)
Tapl56.029 EXANMY E 90$®I ubi | %633 of | 8i8#EUdr brret 904 0.011
( HFG032) PAOSC but yP-58- net hy 140 dapdPEtlh I, 1.0.046 0.046
2- 15010 Lok 8043 (| rit-Hor onetlit¥xy) leBAaRdd Ll f 0fi88 0.089
[ bpiSA10 | TTE6R6 Al soPdBi | ity 3Md di 7H6dEiNi[y st0ldP was 0.130
made04x | a2068%hel at k6 off 23.WC ov844E-1dr essu0d68ange 0.168
frp@0® {02503bal whéte tlhe 5@ ubj BiB2Edd | Xne&205 wer b 0.205
mepsS0led 8903 B gf-aVi ngt ri6el9ni cfr 83&8Eddce and®-24e 0.241
di [ 50 vi Bise40 (D) 688e cal did2at eld824Erld A 0.275 0.276
5 Table 33d
T P Co Cs Deﬂ'. xcalc. xm_eas.
cO) (bar) (mass%) | (mass%) | (m%sec) | (mol. fraction) | (mol. fraction)
.74.9 0.1044 0.10 0.13 1.30E-10 0.006 0.006
74.9 0.5057 0.37 0.58 1.36E-10 0.027 0.027
749 1.0042 0.87 1.16 1.35E-10 ..0.053 - 0.05%
-74.9 | 1.5043 1.48 1.73 1.32E-10 0.078 0:078
74.9 2.0041 2.01 2.30 1.49E-10 0.102 0.10Z
74.9 2.4957 2.60 2.88 1.42E-10 0.125 - 0.125
74.9 3.0049 3.22 3.47 1.69E-10 0.148 0.147
74.9 3.5027 3.89 4.06 1.17E-10 0.169 0.169
EXAMPLE 33
10  Solubility of 1,1,1,2-tetrafluoroethane (HFC-134a) in 1-butyl-3-

15

methylimidazolium 1,1,2,3,3-hexafluoropropanesulfonate [bmim][HFPS]

A solubility and diffusivity study was made at a temperature of 10, 25, 50,

and 75 °C over a pressure range from 0 to 10 bar where the solubilities (Xmcas.)

were measured using a gravimetric microbalance and the diffusivities (D) were

calculated using a one-dimensional diffusion model analysis. The initial

concentration (C,), final saturation concentration (C;), and calculated solubility

(Xcarc) are also provided.
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one-di nensi onal

concentration (C0),

di f fusi on nodel

final

anal ysi s.
saturation concentration

The initial

w@ gwy/143ed cal cul ated solubility (Xcaic.) are BCBHUS2007/012866

provided in Table 30. Table 30 EXAMPLE 30 Sol ubility

of 1,1,1,2-tetrafl uoroethane (HFC-1 34a)
nmet hyl i m dazol i um
I,1,2-trifluoro-2-(trifluoromnethoxy)ethanesulfonate

[bm M [TTES] A solubility and diffusivity study was

made at A ferperaguss ofd 34

pressure range f

rom0O'to

10 pﬁé‘?d&g%r’g t 2

in |-butyl-3-

sol

( Xnsagemperetues oflf8Ur 250° Qi SPHg and b HYuireapeetively.
m crobal ance and the diffusivities (D) were cal cul ated
usi ng a one-di nensi ona
initial
ton&ablesdd®i on (Cs), and cal cul ated solubility (Xcaic )
are al so provided. Tabl es 18a, 18b, 18c, and 18d

pr
te
re
So
| -
I,

10

concentration (C0),

diffusio

final

n nodel

anal ysi s.
saturation

S
et

The

meas

S.

ovigerdatgFot—CoOr—Cs D¢ ate,—agnd—Xp—at
mératur efof 100 25 |0C S500d,  AHF 75F, Xeae Ximeas.
SI08C) | vebyr) Talfness3an | Tass3 1ic Tadiser) 3 [L (malXfaPtién)3{1(mol. fraction)
uhi ity Af 111 1 2 + At vy ~f iarlaat hana e 1244\ 1 b
L 10,0 1500803 .1, 000 .1, 041 [TO9ETT1 } " To015™/ | 0.015
9. 10,5012 15 D62 eI, 243 , | 891E12 | ., 0,083 0.082
10.0 | 1.0001 |~ 2%8 "[77s36 I 1AZEIT T 0170 T 0.172
10.0 1.4989 5.94 8.89 1.38E-11 0.261 0.264
9.9 1.9997 9.63 12.82 2.42E-11 0.348 0.350
10.0 2.4950 13.70 18.23 2.42E-11 0.447 0.447
10.0 3.0010 19.60 24.78 4.81E-11 0.545 0.550
10.1 3.4937 27.72 36.37 7.13E-11 0.675 0.677
Table 34b
T . P Co Cs Deﬂ'. Xcalc. xmeas.
cO) |- {bar) (mass%) | (mass%) | (mzlsec) (mol. fraction) | (mol. fraction)
249 0.1007 -0.02 0.26 1.61E-11 0.009 0.011
249 0.5000 0.50 1.75 - 2.46E-11 0.061 0.055
249 | 1.0002 1.80 3.22 1.51E-10 0.108 0.109
24.9 1.4995 3.60 5.07 1.50E-11 0.162 0.163
24.9 1.9931 5.36 7.12 1.78E-11 0.218 0.220
25.0 2.5041 7.52 9.10 2.66E-11 0.267 0.269
249 3.0042 9.65 11.44 2.46E-11 0.319 0.322
249 3.5020 12.23 13.92 3.10E-11 0.370 0.374
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[bm M [TPES] A solubility and diffusivity study was

made at a tenperature of 10, 25, 50,

and

75 0C over a

w@e@3aeoel range fromO to 10 bar where the sol BOI/UE100B612866

( Xmea_

.) were nmeasured using a gravinetric

m crobal ance and the diffusivities (D) were cal cul ated
usi ng a one-di nensi ona

i ni

concentration (C),

tial

concentration (CO),
and cal cul ated solubility (Xcaic.)

di f fusi on nodel

final

anal ysi s.

The

saturation

re fL@F 3£OVIded Tabl es 32a, 32b, 32c, and 32d

provi ata for @, C, D5 Xcaic, and X at a

tenperature of 100C, 25 0C, 500C, and 750C

regpgci{vely. Thbl ec32aTabl €, 320 Taple 3 cEXAMELE 32 X meas.

Soj upi I {ty of 1|1, 1,2-tétraflyor 4

| - ezﬂl% y(bﬂ:at hyl(T"ﬁfsa/a)tzit % 9 9 Oet ti]/a (mol I?;ncg?)n) (mol. fraction)

bi RPN aphB@F OFT hybgUT [onyjg M d§.9l4§m1rr [ Bigldos” 0.006

sof &Ry 1Ty sag PITHus! VITY oiUdy ¥B3IEMRAE al (@29 0.029

t e[TREIET U Gos) |10, 1.4p. 30, 1390 7P2Q4E0YE] @ WdBSSUTE[  0.059

r afTgg of | OY¥F O 107 G YWELssl e 5abEH T [ 1T €9 s8eaS[ ) 0.088

el o REAS YA UST Y g QN aviest TT[CoABEgbR anegg gnd tTe o 1s

di Fisgs Y5565 (P)_¥95€ (al QUubat et GeENg 0.144__ 0.145

ONE=SPIGTENEbEAT | U4 BEIST O BOGEt [ERgbEsis) T 7 (18l 0.172

CoITGEIt | @5 15Ab (2075 64T M4 Fa0T Al hGHEGYEET ToAlgON (£ 0.198

), ana catculfated sotubitTty (X ar .) are also

provi ded. Tables 33a, 33b, 33c, and 33d provi de data

;orTgakBSﬁ, D, X, and Xnmeas

T P Co Cs Deﬂ‘. Xeale. Xmeas.

°cO) (bar) (mass%) | (mass%) | (m%sec) | (mol. fraction) | (mol. fraction)
74.9 0.0989 0.04 0.10 5.08E-11 0.003 0.004
74.9 | 0.5015 .- 0.21 0.46 2.62E-10 0.016 0.018
74.9 1.0009 . 0.69 1.01 6.65E-11 0.036 0.036
74.9 1.5002 - 1.17 1.51 7.55E-11 0.053 0.053
74.9 2.0006 -1.67 2.03 6.73E-11 0.070 0.070
749 | 2.4996 2.18 2.53 _ 8.11E-11 0.086 . 0.087
74.9 3.0020 2.70 3.06 8.14E-11 0.103 0.104
EXAMPLE 34

10  Solubility of 1,1,1,2-tetrafluoroethane (HFC-134a) in tetradecyl(trihexyl)
phosphonium l,l,2-trifluoro-2-(perfluoroethoxy) ethanesulfpnate [6,6,6,14-
P][TPES]

A solubility and diffusivity study was made at a temperature of 10, 25, 50,
15 and 75 °C over a pressure range from O to 10 bar where the solubilities (Xeas)

were measured using a gravimetric microbalance and the diffusivities (D) were

calculated using a one-dimensional diffusion model analysis. The initial

concentration (C,), final saturation concentration (Cs), and calculated solubility

(X.a1.) are also provided.
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at a tenperature of 100C, 25 0C, 500C, and 75C,
respectively. Table 33aTabl e 33c EXAMPLE 33 Solubility
w®@h001/143031 2-t et r af | uor oet ha pe (HFC-134a)
met hyl i m dazolium 1, 1' 2, 3, 3- hexaf | uor opr opanesul f onat e
[bm M [HFPS] A solubility and diffusivity study was

made at a tenperature of 10, 25, 50,

and

i n | POTIUY1008012866

75 0C over

a

pressure range fromO to 10 bar where the solubilities
(Xmeas.) were nmeasured using a gravinmetric

i cr obal e BAc s

usi ng a one-

concentration (C),
r al so provided. Tabl es 34a, 34b, 34c,

ﬁen5|ona

d 354 pbNili& ath @r dx?é

di f f'usi on nodel
i Ni atlaatmwmt@@mfrléf@dﬁ TW6Y°C.fand 35 °S aespretiviebn

anal ysi's

alc’ L"@h

and cal cul ated solubility (Xcaic )
and 34d provi de

dat Habled5€0, Cs, D, Xca C, and Xneas at a tenperature

of 100C, 25 0C, 500C, and 75C,

respectively. Table

B4aTable 34¢c Tapl e 34d-EXAMRL 4-Sol ubiH-tyof
1,1, T 2l tetFaf I hor det hate (FFC- 13489+ n Xeste. Kumeas.
t et yaderylbarni hexxhssPN OS@IREPYM (mP/sec) | (mol. fraction) | (mol. Fraction)
2-triflluorao-2- ( erfl uoroget hnyy) et hanesul f onate :
[ 6], 6,0@ 149.0883 T ED1Q sl uMioRi ty ARAEiLf F usi V1938 st u y 0.038
wak $Eak 6081 t brm@8Ar ule 9910 | 28B4 | and 04800C 0.190
over2-2 prb890f el r ahde f i anb@6t q [187BErllnher e 38 _ 0.338
sol b8l {1 14988 ~2.01 9.95 3.28E-11 0.458 0.452
10.1 | 1.9940 10.46 13.72 5.63E-11 0.549 0.551
9.8 2.4956 14.69 18.30 1.01E-10 0.631 0.634
9.7 2.9998 19.78 24.52 1.23E-10 0.713 0.718
9.6 3.4947 26.93 34.29 2.24E-10 0.800 0.799
Table 35b
T P Co Cs Deﬂ‘. Xcalc. xmeas.
°C) (bar) (mass%) (mass%) (mzlsec)_ (mol. fraction) | (mol. Fraction)
24.9 0.1000 -0.01 0.26 2.82E-11 0.019 0.018
24.9 0.5002 0.50 1.75 4.18E-11 0.120 0.121
25.0 | 0.9998 2.14 3.73 4.58E-11 0.229 0.228
24.9 1.4991 4.13 5.79 5.46E-11 0.320 0.320
24.9 2.0001 6.22 7.90 - 6.55E-11 0.396 0.397
24.9 2.5034 8.35 10.05 8.92E-11 0.461 0.462
24.9 3.0041 10.54 12.31 9.57E-11 0.518 0.520
249 3.5040 12.92 14.84 1.11E-10 0.571 0.574
10  Table 35¢
T P Co Cs Deﬂ'. xcalc. Xmeas.
(°C) (bar) (mass%) | (mass%) | (m*/sec) | (mol. fraction) | (mol. fraction)
50.0 0.1013 0.21 0.09 1.08E-11 0.007 0.011
50.0 0.5011 0.34 0.94 9.52E-11 0.068 0.068
50.0 1.0012 1.24 1.97 9.91E-11 0.133 0.134
50.0 1.4996 2.29 3.01 1.07E-10 0.192 0.193
50.0 2.0006 3.37 4.07 9.79E-11 0.245 0.246
50.0 2.5005 4.37 5.10 1.22E-10 0.291 0.294
50.0 2.9997 5.44 6.19 1.19E-10 0.335 0.339
50.1 3.4970 6.68 7.33 1.14E-10 0.377 0.381
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were nmeasured using a gravinmetric mcrobal ance and the
diftusivities (D) were cal cul ated using a
W@ dizeensi onal

concentration (C0),

(Cs),
provi ded. Tabl es 35a,
for CO, C, D X,

25 0C, 500C, and 750C

di ffusi on nodel

final

35b, 35c,

respectively.

anal ysi s.
saturation concentration
and cal cul ated solubility (Xcaic.) are also
and 35d provide data
and Xneas at a tenperature of 100C
1 Tabl e 35a Tabl e

35cTabl e 35d EXAMPLE 35 Solubility of

TherP¢TU81081/012866

1, 1vdnk3kgt r af | uor oet hane (HFC-134a) in

tributyl (tetradecyl) pbosphoni um

1,1, 2, 3, 3, 3- hexaf | uor opr opanesul f onat e

[4] 41, 14- PP[ HFPS] @&, sollubi IGty jandDgh f f usi viXye st udy Xomess.
wasg de t enper at urle, of .| 252, 5Q, | and, ¢5 0C .
ov al‘(gﬁ) pr gg’gﬁr e Rgﬁﬁse}"rr o) mzb‘s%’g 13"‘0/5?8vmg'rné’l't; T}aecgon) (mol. fraction)
sol ulaid it bas1{ Xpeae.0dp Wdr e oxsasuf ed4Bslionf a 0.002 0.003
ar avianelr oo cf obakancg amdsat he| dighEusi Vi t1 as039D) 0.039
wer er4call culoabed| uspng a [ona-@ e $199BaAlI0 OI TT WEASAN 0.083
nmodels anah yess. | The 4qni 11 ali zoncenjogaipoh (C@1217 1 na 0.122
safuiai fon.ppenCcENt paBl o (Go and.29pliou] at ed.158 0.160
soluRd 1T y.sh3cal C. ».68r € [al 003pr ovAgH-10Tabl €9, 333, 0.194
36D,7436¢, 3@084 3pd pnovi de dadsa Tlon.06B,10CE, D,0.2%3al C, 0.227
ang 7ANEAS 305 | enpekat Ur e 40d7 100¢€,138500C, 5Wf54 and 0.256
75C respectively. Tabl e 36a

s EXAMPLE 35

Solubility of 1,1,1,2-tetrafluoroethane (HFC-134a) in
tributyl(tetradecyl)phosphonium 1,1,2,3,3,3-hexafluoropropanesulfonate
[4,4,4,14-P] [HFPS] |
10
A solubility and diffusivity study was made at a temperature of 10, 25, 50,
and 75 °C over a pressure range from 0 to 10 bar where the solubilities (Xmeas)
were measured using a gravimetric microbalance and the diffusivities (D) were
calculated using a one-dimensional diffusion model analysis. The initial
concentration (C,), final saturation concentration (C;), and calculated solubility
(Xcalc.) are also provided.
Tables 36a, 36b, 36¢, and 36d provide data for C,, C;, D, Xcaie, and Xpmeas
at a temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.

15
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Tabl e 36cTabl e 36d EXAMPLE 36 The description of the

m cr obal ance conponents,
w@e@vileesl bel ow. Tabl e 37. M crobal ance Conponkeit/BS2007/012866
Contributing to Buoyancy Cal cul ati onEXAMPLE 37

Sol ubility of carbon dioxide (CO 2)

shown in Figure 18,

in

are

| - butyl -3-nmet hylim dazol i um hexaf | uor ophosphate [bm n
[PFe] A solubility and diffusivity study was nmade at a
tenperature of 10, 25, 50, and 75 C over a pressure
range fromO to 20 bar where the solubilities (Xmeas.)
were neasured using a gravinetric mcrobal ance and the

di fTarde864i es (D) were cal cul ated using a

one- di mensi onal diffusion nodel analysis. The initial
copcentration ((0) final saturgtion concentration
() T apd cBl cu| at &b sollubi Fity {( XJRérc. )| ar e Xabso Xmeas.
prp @e b Cé-brﬁgl ep (Ra®% P 3R ma3d%) [a0a*/ PRV, H8cEH)d (mol. Fraction
forY . rgd Xo afl a t enp rgl?'urg%qo (100C, 25 ( )_
50p¢0.2and0.P8Y), | esHEBtj yel P:49Tall 223BdTabl e 9989Tablle 0.032
38c_rab| e0-30AEXAVPO.Z238 L SoR¥Wi | it §-30E-1dar bon0dp8xi d 0.152
(qO2p.2i h 09898 v| - 3348t hyl i Bi3@azd| 1 UAEtldt | af | @@Pdborate  0.289
[ bpil@i0 | BFE4999 6.59 9.78 2.67E-11 0.401 0.403
10.0 1.9996 10.48 13.80 4.77E-11 0.497 0.494
10.0 2.5034 14.41 18.75 541E-11 0.587 0.587
10.0 | 3.0020 19.66 24.79 1.49E-10 0.670 0.672
10.1 | 3.4928 27.70 34.01 2.02E-10 0.761 0.763
5  Table36b
T P Co Cs Deﬂ'. ) xcnlc. Xmeas.
(°C) (bar) (mass%) | (mass%) | (m%sec) | (mol. fraction) | (mol. Fraction)
25.0 | 0.0998 | 0.0 0.34 1.70E-11 0.021 0.019
249 0.5001 0.50 1.83 2.56E-11 -0.103 0.104
24.9 0.9994 2.11 3.76 3.19E-11 0.194 0.194
25.0 1.4988 4.06 5.79 3.71E-11 0.275 0.273
24.9 2.0017 6.03 8.06 3.60E-11 0.351 0.350
25.0 2.5003 8.43 10.48 4.88E-11 0.419 0418
25.0 | 2.9990 10.82 12.84 7.38E-11 0.476 0.478
25.0 | 3.5021 13.55 15.47 1.01E-10 0.530 0.530
Table 36¢
T P Co Cs Deﬂ. xcalc. xmeas.
(°O) (bar) (mass%) | (mass%) | (m*sec) | (mol. fraction) | (mol. fraction)
50.0 | 0.1009 0.00 0.17 6.85E-11 0.010 0.010
50.0 | 0.5001 0.32 0.96 6.65E-11 0.056 0.056
50.0 0.9994 1.20 1.99 6.73E-11 0.111 0.110
50.0 1.4992 2.24 3.04 6.51E-11 0.162 0.161
50.0 | 2.0003 3.31 4.09 7.46E-11 0.208 0.209
50.0 | 2.4945 4.29 5.16 8.18E-11 0.251 0.254
50.0 | 2.9994 5.46 6.22 1.11E-10 0.290 0.293
50.0 | 3.4964 7.54 8.32 7.36E-11 0.359 0.333
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A solubility and diffusivity study was nade at a

tenperature of 10, 25, 50,

and 75 0OC over

a pressure

WO 200ga430sbm O to 20 bar where the sol ubiliti esPCMOEA87/)12866
were nmeasured using a gravinetric mcrobal ance and the
diffusivities (D) were cal culated using a

one- di nensi onal
concentration (CO),

di f fusi on npdel
fi nal

anal ysi s.
saturation concentration

The initial

(Cs), and calculated solubility (Xcaic.) are also

pr oM Tabl es 39a, 39b, 39c, and 39d provide data
fm¥§ﬁ%§,D,Xmﬂa and Xneas at a tenperature of

100C, 25 0C, 500C, and 75C, respectively. Table

39hTabl ¢ 39p Ta)Ie¢§Qc abl e,39dWhepg, the¢ 1 ndgfj.nite X meas.
arficle|"a" fan" 1 s ysed withlrespecgt|to . .
st at&knt Q?P')de s APYasHed 8\‘“% pr(gé}éﬁée 6F‘°§ fractiop) ¢ (mol. fraction)
co PN 09006 €P bloga qONMRPH U1 PH,368PAT al U QY9 0.009
pr PCASS [00.504] S[TB30! 1 AN, ¢.83 T S| 1&9Be ouhder .61, 0.037
unlegs 1§ GBI AT FITERR30T |0ESCEY PUT qi7XR 1 T T1g/072 0.072
Pr PViUEY G GobsTE| CONYFATY, U T|1§ 8RS 0] SUQNos, 0.105
I n 167|4Igll "?06'1 TTI 62(6965 HUI.247 i lld:)‘E 1[b|' ‘bell(dilﬁT th g 0.136
feipﬁﬂqf SURRPTEN 7 @F SHEp 3k th 1GRBPS 1T 0Th 164 0.165 -
ap P IS 3 @3 PT PCES Y5t U [0S 4T TOHBEE. gNTETE ¢y 0.194
ap de4<y. Ub3L5b3§)I JL63§4UI llllﬁg v lfleEllld b Sl ?:U'.m of 0221
deStribed—=as conprrsing, T nctodi g, contdar g,

havi ng, being conposed of or being constituted by

certain features,

ynder st ood,
explicitlx provides to the contrary, that one or nore
EXAMPLE 36

10

conmponents or
unl ess the statenent or

st eps,

It
description

is to be

The description of the microbalance components, shown in Figure 18, are

provided below.

Table 37. Microbalance Components Contributing to Buoyancy Calculation

Subscript Item Weight (g) Material Densnt}' Temperature
N (g.cm (OC)
s Dry sample mg [bmim][PFe] Ps Sample Temp.
[bmim][BF4] (Ty)
a Interacted gas m, CO; Pa (T;)
iy Sample container 0.5986 Pyrex 2.23 (Ts)
iz Wire 0.051 Tungsten 21.0 (Ty)
i3 Chain 0.3205 Gold 19.3 30
J1 Counter-weight 0.8054 Stainless Steel 7.9 25
J2 Hook 0.00582 Tungsten 21.0 25
J3 Chain 0.2407 Gold 19.3 30

15
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features, conponents or steps in addition to those
explicitly stated or described nay be present in the
w@ppanaoss or process hi an alternative enbodi PERUS2007/012866

however, the apparatus or process of this invention

may be stated or described as consisting essentially

of certain features, conponents or steps, in which

enbodi ment features, conponents or steps that woul d
materially alter the principle of operation or the

di sgkRebERizAY characteristics of the conposition
apparatus or process are not present therein. In a

{ Ur&dibufdy bALBbH URDXRILRCD,TRNT-buiI3-AARGAIS oRim

process of S invention may be’ stated or descri bed
as koaSngraphgspifate mpimlPebat ures, conponents or
steps, in which enbodi nent features conponents or
steps other than as _nanmed are not present

t her ei n. AR PR difiusidiaivlygvasgnade at agemparalirgohd 01 2y 50,

t eNBRIBL ¢ SverdipHsbuie Rings GBRIJ B1200hat Vherd ROSHMBRHER (X reas )
that increases the pressure_of the vqgor of at | east

oneWFISMRIagEPAHEINE dER ENGire micrekalince aad thediffystitedD) were

nDVéa'Ianld?&f &§n§ Déde-@hRndiok] HERLRA Ndefhinal RS ITheMEtiAIONI C
l'i quid; condenser that receiv refri era t
lwapwwfmwr e a@?iaatwar%ronfﬂgraeg 2ag caldilpgad solubility

comggﬂgqsgmaepﬁﬁn@ﬂ under pressure to a I|qU|d (c) a
pressure_reduction vice that re es

refrigerdi® L%"%ﬁ’tmibs%i%’a %deﬁ?‘”g? Ttﬁ ordon eﬁ)s%f’“’ %ﬁﬁldx'““‘
I edatGaempéiapy &SIDEC £207C, 50T, lah G5, respbaivelya mi xt ure

of refrigerant in liquid and vapor form

15 Table 38a

T P Co Cs Deﬂ‘. xcalc. | xmeas.
(°O) (bar) (mass%) | (mass%) (mzlsec) (mol. fraction) | (mol. Fraction)
9.9 0.097 0.00 0.07 1.5E-11 0.006 . 0.004
9.9 0.501 0.10 0.24 2.0E-11 0.017 0.016
9.9 1.002 0.29 0.46 2.2E-11 0.030 0.029
10.4 3.996 0.85 1.72 2.6E-11 0.101 0.102
10.6 | 6.996 2.15 2.97 3.0E-11 0.165 0.165
10.5 10.000 3.43 422 3.6E-11 0.221 0.220
8.9 13.003 4.95 5.69 - 0.280 0.278
9.9 14.998 5.84 6.35 7.4E-11 0.306 0.302
9.9 19.998 7.51 8.35 5.2E-11 0.375 0.367
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(d) an evaporator that
refrigerant that
wW@e@3a40e1 r educti on devi ce

and vapor

receives the m xture of
i s passed out of the
and evapor at es t hePCT/US2007/012866

remaining liquid in the mxture to formrefrigerant

vapor;
conpr essor
evapor at or .
wherei n the condenser

and (e) a conduit that
refrigerant vapor that
2. An apparatus according to Claim1l

is located in . proximty to an

returns to the
i s passed out of the

liquid

obj gile 385di um or space to be heated. 3. An apparatus
according to Claim1 wherein the evaporator is |ocated

| NrPROX{ Tty toran gpieqr,  gedi Op SPafe Tox0e X
copled. {4. An apparatus |according to Calm1l wherein|a .
r ef KIQer arfban)s sémass’el |f(massYode §mOses) c phmpk fagHory | (mol. Fraction)
SO A1 O S A S A AL AL 0 0 SR
2t o se | Colgsohy Co el s EEPF2 don 13417 o000
D ~ =20, O oL o) AP O T2 s ozay,
mazgﬁf ¢ %—fb‘g%l‘; C%%M (%)Egm) o _raz o3 %’%%’18) : oo
CrRBEH-EF 322 fea - cF3ch 3 R-Z5ot 1€ 2CHFR :
CHb AR &84 Rleod Gl cdbSagly SELbaly, - 0.16777 0.164
CHREAcko BN ol 3300\ "3RG WG ol o 0208, 0.203
CH:;E@ L 539 (R AT ”thﬂ A7 ELC - Sﬁaf 0.227
co.ufﬁh Hoh5 Lh:rcgg?’or o ﬁfégef“%qib endﬁgé.ectej 0.282
fromthe group consisting R-404A; R-407A; R-407B;
R- 40ZRle 3B 407D; R-407E, R-410A; R-410B; R-413A; 417A;
R-419A; R-420A; 80.6 % R-134a and 19.4% R-142b (by
feight): R-421A. R-421B; R-422A; R-422B. R-422C;
R 423D |RA2BA: R Co Cs Der. Xeale. Xmeas.
(°O) (bar) (mass%) | (mass%) (m%/sec) | (mol. fraction) | (mol. fraction)
50.1 0.102 0.01 0.03 11.3E-11 0.002 0.002
50.0. 0.503 .0.04 0.09 10.8E-11 -0.006 0.006
50.0 1.002 0.12 0.19 9.7E-11 0.012 0.012
- 50.1 3.996 0.50 0.76 10.1E-11 0.047 0.047
50.0 7.000 1.07 1.29 10.1E-11 0.078 0.078
50.0 0.998 1.59 1.81 12.6E-11 0.107 0.107
50.0 | 13.002 2.13 2.34 12.7E-11 0.134 0.133
50.1 | 15.003 2.53 2.70 13.5E-11 0.152 0.151
50.0 19.998 3.27 3.56 14.8E-11 0.192 0.191
Table 38d
T P Co Cs Deﬂ’. Xcalc. xmcns.
O (bar) (mass%) | (mass%) | (m’/sec) | (mol. fraction) | (mol. fraction)
75.0 0.102 0.01 0.02 9.5E-11 0.001 0.001
74.9 0.501 0.02 0.04 23.5E-11 0.002 0.002
74.9 1.000 0.07 0.11 21.3E-11 0.007 0.007
74.9 3.997 0.40 0.51 27.5E-11 0.032 0.032
74.9 7.000 0.78 0.89 23.7E-11 0.055 0.055
74.8 10.002 - 1.18 1.28 13.2E-11 0.077 0.077
75.0 13.003 1.50 1.64 69.5E-11 0.097 0.096
74.9 14,999 1.75 1.88 58.5E-11 0.110 0.110
75.1 | 19.995 2.36 2.45 28.4E-11 0.140 0.144

10
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424A; R-425A; R-426A; R-427A; 2. 0% R-32, 41.0% R- 125
50.0% R-143a and 7.0% R-134a (by weight);

10. 0% R- 32,

WR000XR/S1L25, 36. 0% R-143a and 21. 0% R- 134a ( bRCT/US2007/012866
R-428A; and R-507A. 5. An apparatus according
is selected fromthe

wei ght) ;
to Cdaim2, wherein a refrigerant
group consisting of R-22, R-32, R 125, R-134a,
R-410A, R-

di f

e

larb$

ane

6. An appar at us

Hf-gzlﬁgﬁnﬁ

uor oet

Caim1 wherein a refrigerant conprises
hydr of | uor ocarbon sel ected fromthe group

o pjodfs 3B A ok limidagpliym

125betraflndrdbopate dbmirh] [B&sloet hane (HFC- 134),
},1,1,2-tetraf|uoroethane (HFC- 134a),

1,1,1-trifluoroethane (HFC 143a),

1, 1-di f | uor oet hane

R- 404A,
413A, R-422A, R-422D, R-423A, R-426A, R-427A
R-507A, and conbi nati ons thereof.

2t FRBNpPLds

COTSargbiy
uor o

(HFC- 1 5&aplubilityandgbffsiyity gaiCyasgmyde qRasquaprratmresd 16 25, 50,

R 4105 /0Gf

according to

QPR R

8 &biid %0

ereln are

b

pf wh

rses

A2 RPRATREES (Ximeas)

erant conp

at wemsteasyred hsing aEtayimest artixpbalarice andthefdiffisivities (B wepe

A

O

tetr

&t

uor oet

&m"ﬁmeﬁgﬁéﬁ?ﬁg%@fsq T

19 et earkcenittion (Garfna] sgatigyegncenraon (4). md
and g gird
Adaim1 wh

(hider 3123?3)55-5 Jhe initial
sopdatersalubility
gggﬁmﬁkﬁaereof. 8. An apparatus according to
erein a refrigerant conprises_ at

| east one

f I uor ool Eatiles 39230k 2> ARG MEViGE B st s O Agricptnd Xmeas

at a temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.

15 Table 39a
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T B P Co Cs Deﬂ‘. X xcalc. xmeas.
(°C) (bar) (mass%) | (mass%) | (m?sec) | (mol. fraction) | (mol. Fraction)
9.6 0.102 0.00 0.04 4.0E-11 0.002 0.002
9.8 0.502 0.07 0.24 3.4E-11 0.013 10.013
9.9 1.001 0.26 0.46 4.8E-11 0.023 0.023
9.9 4.001 0.97 1.88 3.8E-11 0.090 0.090
10.1 6.996 2.40 3.25 4.5E-11 0.147 0.147
9.9 9.997 3.69 4.64 5.5E-11 0.202 0.202
9.9 13.002 5.12 5.93 6.9E-11 0.249 0.259
10.0 15.001 6.28 6.79 6.7E-11 0.278 0.288
9.9 20.002 7.89 8.97 8.0E-11 0.346 0.353



(i) fluoroolefins of the fornula E-
wherein R1 and R2 are,
w@enhiwosoal kyl
carbons in the conmpound is at

g

roups,

or

Z-
i ndependently, C

and wherein the total
| east 5;(ii) cyclic

to C

fluorool efins of the fornula cyclo-[ CX=CY(CZW n-]
wherein X, Y, Z and W

nis an integer from2 to 5;

i ndepend

ently,

sel ected fromthe group consisting of:

are H or
and (iii) fluoroolefins

R 1CH=CHR 2,

PO 81000612866

F, and

2, 3T§b bf,| uoro-1-propene (CHF2CF=CH2);
triftluoro- I-propene ( CH3CF=CF2);
1, T gorof - pFopene (EHZFgF=Gh2) Xoate X rems
1, 1,§tt i f I uorof Iproe/ene ( CH2FCH=CF2Y | L fract L pracs
1, B(%x 1i f(bapr of |(magﬁ eberf@“(sE%FZ - | {mgl. fraction) | (mol. Fraction)
, 2 %,443 G Li)'dﬁf af tuoro=-—29butene ([CF3CF=CFLF37; 0.002
1 B8 03 3l 4T OCh Bk TIYT O b Dirteegie | SPSCRREETCTAT T 0,010
y S M A A=1TEP U O= 2 0utet o= 502/
R i e
al - 2 hibnt S : P L Wi SN S Pyl Tl n Wan ol 2\ -
1 e Bt T o [ ois
, Jg ',\8 "t— . I I :UI1 K8, A 4 340, L LYE-11 |, [ 0108 0.156
§o v\ TEOREE WA PRLR AR 1 W N S B
4aX E VTR ATL T L5009, R Dl 7 0.216
( CF228-Erappnl | oodny {7 yope  THOTET 620" o268
(CF3CF2CF=CH2); 1, 3,3,4,4,4- hexafluoro | -butene
( CHF=13ei@9c 2CF3) ; 1, 2, 3, 4, 4, 4- hexaf | uor o-1 but ene
( CHF=CFCHFCF 3); 1,2,3,3,4 4- hexaf | uoro-1I - but ene
fCHE=CECE 2CHF2) . 1 1 2 3 4 4-hexafluoro-2-hbutene
( CHFACFECFAF2) V1,<io, 1 2, 3C4- heaf Puoi of 2-  Xeake. Xmeas.
o) (bar) (mass%) | (mass%) | (m*/sec) | (mol. fraction) | (mol. fraction)
50.1 0.102 0.02 0.06 20.7E-11 0.003 0.003
50.0 0.501 0.08 0.13 24.8E-11 0.006 0.006
50.0 1.001 . 0.18 0.23 12.2E-11 0.012 0.012
50.0 3.997 0.62 0.88 15.5E-11 0.043 0.043
50.0 6.996 - .1.23 1.49 17.4E-11 0.072 0.072
50.0 10.002 " 1:88 2.09 14.2E-11 0.099 0.099
50.0 12.997 2.48 2.69 12.9E-11 0.124 0.124
50.0 15.001 2.94 3.07 17 4E-11 0.140 0.140
S0.0 20.000 3.82 4.02 14.5E-11 0.177 0.176
Table 39d
T P ‘ Co Cs Deﬂ'. xcalc. xmeas.
°O) (bar) (mass%) | (mass%) | (m*/sec) | (mol. fraction) | (mol. fraction)
75.0 0.102 0.02 0.04 32.8E-11 0.002 0.002
75.0 0.501 0.04 0.07 34.2E-11 0.003 0.003
74.9 1.002 0.10 0.15 32.9E-11 0.008 0.007
74.9 4.002 0.48 0.60 29.7E-11 0.030 0.030
75.0 6.996 0.91 1.01 24.0E-11 0.050 0.050
74.8 10.003 1.30 1.43 32.5E-11 0.069 0.070
75.0 13.000 1.72 1.83 23.6E-11 0.087 0.087
75.0 15.002 2.01 2.11 29.2E-11 0.100 0.101
74.9 19.999 2.68 2.77 46.2E-11 0.127 0.129
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but ene ( CH2FCF=CFCF 3);
[,1,1,2,4,4-hexafl uoro-2-but ene (CHF2CH=CFCF 3);

wQa 2714854, 4- hexaf | uor o- 2- but ene ( CF3CH=CFCHF2RCT/US2007/012866
1,1, 2,3, 3,4-hexafl uoro- 1- butene (CF2=CFCF2CH2F);
1,1, 2,3,4, 4-hexafl uoro-1-butene (CF 2=CFCHFCHF 2) ;
3,3,3-trifluoro-2-(trifluoronethyl)-I-propene
(CH2=C(CF3)2); 1,1,1, 2,4- pentafluoro-2-butene
(CH2FCH=CFCF 3); 1,1,1, 3, 4-pentafl uoro-2-butene
(CF3CH=CFCH 2F); 3,3,4,4,4-pentafluoro-I-butene
(CF3CF2CH=CH2) ; 1,1,1,4,4- pentafluoro-2-butene
(CHF2CH=CHCF3); I,1,1, 2, 3- pent af | uor o- 2- but ene
( CH3CF= , peY @ I
( CH2= CF%% maef’igm af‘hc’z}e ' pen%llc’l;l:"llg Exgerdow15 %E}?egﬁté) a statement
( CI—FZ@FGF@H@JHFf Ql)e prq.sellccz)f 3 featyre omirionent or step B eqreposition,

| ) Un! t
g 8:%%%_ S ogﬁ' ess of’ thlgu{*'s/eéh&le tl@foll}é chgtopﬂJ unllSs the statement

p enrfesytion zxmthypmyxdgf t@ﬁ%@r@r@m thet theaypg ef syl indefinite

2- ( glhible WBEOHR i the Bredende of fheféd#ae QolnpoRéR BE BEp in the
(CH2=C(CHF 2)(CF3)); 2,3,4,4,4-pentafluoro-I-butene

( CHRREOSItieBFAPRRLatug. 0P pEeCass 10 B’é‘h‘t“d’f“ﬂ!i’&f o- | - but ene

(CHF=CFCH 2CF3); 1,3,4,4,4- pentafluoro-1 -butene
CHF=CHCHFCF 3) 13344 nt afl uoro-1| - bytene .

1§ G CHOP ey appraiis ot Broess SL O B PR GS 1188 i direrived as

( CHeofgrishipCirkluding, Contaiding; Ha@tri‘gaf)ém@éd)nﬁosémbﬁﬁe)emg constituted

( Ct_g%gg’%g‘ %ﬁf).ﬁdoaqug%t% Ps, ; #iddd lbe ungersqgc% W¥leds the

3$t&p£&emteir dedckiptoro e)ﬁ)lmlyh)ycbvxﬂes-tp tepenedrgHhatCnEler more
3, 3-difl .2-
%'_E%Offllﬁs qu %:fg:;ros 15 é&j 1on Bgs[geeg(gl)({){l&r l'étﬁtgg bPR&8bed

uoro
lf( CF&QFhCH(éktrﬁ jn thg afipatat@s oxtmweas | Troarpal@nigtive pobodiment,

2, B Shegbhacals b prosess of i venton g g g dprlyd o
1 1ccgls@tlg epsentlglls ofcefarpfertytas ccompeaentepresteps, in which
embodiment features, components or steps that would materially alter the
principle of operation or the distinguishing characteristics of the composition,
20  apparatus or process are not present therein. In a further alternative embodiment,
the apparatus or process of this invention may be stated or described as consisting
of éenain features, components or steps, in which embodiment features,

components or steps other than as named are not present therein.
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(CF2=CFCF2CF2CF3);
[,1,1,4,4,4-hexafl uoro-2-(trifluoronethyl)-2-butene
W@ ¢@7Fa)P=CHCF 3) ; PCT/US2007/012866
l,1,1,2,4,4,5,5, 5-nonaf | uor o- 2- pent ene ( CF3CF=CHCF
2CF3) ; 1, 1,1,3,4,4,5,5, 5-nonaf | uor o- 2- pent ene
(CF3CH=CFCF2CF3); 1,2,3,3,4,4,5,5,5- nonafluoro-1
- pentene (CHF=CFCF 2CF2CF3);
1,1,3,3,4,4,5,5,5-nonaf l uoro-1 - pentene
( CF2=CHCF2CF2CF3) ;
1,1,2,3, 3,4, 4,5, 5-nonaf | uor@L.AIMSENt ene
( CF2=CFCF2CF2CHF2) ;
l,1,2,3,4,4,5,5,5-nonaf | uor o- 2- pent ene (CHFZCF CFCF
CFW)hatlscmnmed@ 3,4, 4,5, 5-nonaf | uor o- 2- pent ene
(CF3CF=CFCF 2CHF2); 1,1,1,2,3
,4,5,5,5-nonaf | uoro-2-pent ene (CF 3CF=CFCHFCF 3) ;
3,2, 3, 4,4, An pppeadthsfor tenefature aflipetmenbedmmrising - put ene

( CHF=CF EFOI?I‘)X?%% or that increases -the ressure of the vapor of at least one
1124q: ﬁw uor03 trlluo onet hy 1pbutene

( CF@ﬁ@E@pKt,(yheg?m 2})0 COMPIessor COmprises movmg parts that are lubricated by
, atlleagt gne%};gg);@l{,{duor 0-2-(trifluoronethyl)-2 -butene

1 1 3, 4C&-) &-mmsmtrhabre&ﬂ("ﬁ FefiigeirgnyapRy that is)passrdepi of the

n{ CF sbiandBdnderseS thd, vapdh inder pre@GieabUiguia; | - pent ene
CF2CF2CF3)

1 2 33 &4 BrCSS“Ex%f%ﬂ‘“F%‘} device, dhat seely st cpfrigerasttiat is
2) pasdadSout, é]f the doBddnaér] Ufd Pedlicéd thef praguenat th¢l )quid to form a
1.1, 4,4, 4-

1egigj‘éff‘vﬁﬁ8&c%8‘(c§?%ﬁ‘ﬁ‘8$&ﬂ‘ﬂ’mf off, hut ene ( CF2=CHCH( CF

3) 2) 1, @) 4n éydborqnﬁfﬂmﬂtfdecmes-tﬁe friixtirfel afdiqoivednidytaper refrigerant
t ene

li) en HSLP sgd fu{'ﬁ% lpreg?tlre )r%chxc 15)1‘1 éiw% and evaporates the remaining
( CFRquGd GHBy GHiGFe3p for&; x’bfnﬂgeﬂant vapor; and
tetraflugro-3-(tr or n u :
Lo g T ok Eaptopor s e s
- peout@m&ne(@ﬁmﬂFZCH:CHZ)
2,3,3,4,4,5,5-heptafl uoro-1-pent ene

20 2. An apparatus according to Claim 1 wherein the condenser is located in

proximity to an object, medium or space to be heated.

3. An apparatus according to Claim 1 wherein the evaporator is located in
proximity to an object, medium or space to be cooled.
25
4. An apparatus according to Claim 1 wherein a refrigerant is selected
from the group consisting of CHCIF; (R-22); CHF; (R-23); CH,F, (R-32); CH3F
(R-41); CHF,CF; (R-125); CH,FCF; (R-134a); CHF,OCHF; (E-134); CH3CCIF;
(R-142b); CH;3CF; (R-143a); CH3CHF; (R-152a); CH;CH,F (R-161); CH30CH;
30 (E170); CF3CF,CF; (R-218); CF;CHFCF; (R-227ea); CF;CH,CF; (R-236fa);
CH,FCF,CHF,; (R-245ca); CHF,CH,CF3; (R-245fa); CH;CH,CH; (R-290);
CH,CH,CH,CH3 (R-600); CH(CH;);CH3 (R-600a); CH3CH;CH,CH,CHi3 (R-
601); (CH3)2CHCH,CHs (R-601a); CH3aCH,OCH,CH3 (R-610); NH3; CO3; and
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(CH2=CFCF2CF2CHF2) ; 1,1, 3,3,5,5, 5-heptafl uoro-|
- butene (CF2=CHCF2CH2CF3); 1,1,1

WQ 2004/14308t hept af | uor o- 3- et hyl - 2- but ene (CF  PCT/US2007/012866
CF=C(CF3)(CH3)); 2,4,4,4-tetrafluoro-3-(trifluoro
tnethyl)- 1-butene (CH2=CFCH(CF 3)2);
1,4,4,4-tetrafluoro-3-(trifluoronethyl)- 1-butene
(CHF=CHCH(CF 3)2); 1,1,1
,4-tetrafluoro-2-(trifluoronethyl)-2-butene

(Q@Fx(éﬁ—ﬁ':%h@ binat f blend selected from th
L1 TSt et fat i uororse ‘f’?sr?hﬂeﬁdr°6r?erteﬁ1ﬁeﬁa“§ jend sclected from the
( CHBCRRGiraisBpg R-404AL Rr407A; R-407B; R-407C; R-407D; R.407E; R-410A:;

-t fkfzhgﬁf 1 2r3(At rﬂBAU?{ R[5, hf¥'4bo,?: Y PR ﬁé&?ﬂ@%@ﬂ)ﬂ 142b

exaf | uor 0- 2- pent ene

1 |(b|y wtelahm lhé%é\m Bo‘}?dBQRn'é%%lkﬁ%fén H22C; R-422D; R423A; R-
{ %crmzm.ﬁm R 7 2.0 -3 {30k QT 55, 56:098RLAIAS and

47 Q%t erf3|4%; Q?Bbwslsbz)r 19968221176 )R-1 2 16376 R-1432 and 21.0%
( 0‘&1@(4??3})4 s 5 -428A and R-507A.

1,1,2,3 6 dodecaf | uor o-I - hexene
(CF3(CFz)3CF CF2); 111 ,2,2,3 ,4,5

5 6 slo d’ﬁpﬂfﬂatﬂﬁlsoaﬁoﬁﬂigelﬁe(:léﬂf 23 Whefelr £ réthgerait3is selected

1&4 ffmﬂe‘kﬁfgr‘tj’@r%?“&“‘é%f’%&%ﬂ torléth§ilyds BidPlaeR-4104, R-

( (CFRARGxGeTA, R}2D, R-223A R2426A, R-427A R-507A, and combinations
5 E%nonafluoro-4-(trif|uoronethyl)-Z-pentene
"SbFCF=CFCF 3)

I I 4 4,5,5,5-octafluoro-2-(trifluoromethyl)-2-pente

L e A ——
1§ ( Ceast2 GreFgd@i®yocaiho8, 4selecwds fr@m6, tee nerefpl ucensisting  of
1 h -

%B%n?eigl:ang %%@&%ﬁf &?et%)me (HF 3%)) pentg uoroethane (HFC

tri uoro- 3, 3-bi s | uor onet

( CHQ 2R-yraffuorpethane (HFE-134hebehil chFSF%ﬂ‘E’I‘(qﬂﬁnﬁ I(HBf:olr34a)
gt hyll )l t%'ﬂﬁgltogﬂ‘llcm@ (ﬁFtﬁ'aga)éé(qu@lh%&o%% @{ﬁ@ﬁ%bl) fluoroethane

5, 5- hexaf ['uor o- 4- uor onet hyl 2-I-Pen ene
( CFM@QCB‘K@A@)“OF/f R-410Apand ¢pmpimations

2 5- nonaf | uor o- 3- net hyl - 2- pent ene

hereo

7. An apparatus according to Claim 4 wherein a refrigerant comprises at
least one hydrofluorocarbon selected from the group consisting of
pentafluoroethane (HFC-125), 1,1,2,2-tetrafluoroethane (HFC-134), 1,1,1,2-
tetrafluoroethane (HFC-134a), R-404aA, R-407C, R-410A, and combinations

25  thereof.

8. An apparatus according to Claim 1 wherein a refrigerant comprises at
least one fluoroolefin selected from the group consisting of:
(i) fluoroolefins of the formula E- or Z-R' CH=CHR?, wherein R!
30 and R? are, independently, C, to Cs perfluoroalkyl groups, and

wherein the total number of carbons in the compound is at least
5; '
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(CF3CF=C(CH 3)CF2CF3); 1,1,1
, 5,5, 5-hexafl uoro-4-(trifluoronethyl)-2-pentene

W@ BBITHOCHCH( CFa) 2); 3,4,4,5 PCT/US2007/012866
, 5, 6, 6, 6-oct af | uor o- 2- hexene (CF 3CF2CF2CF=CHCH 3) ;
3,3,4,4,5,5, 6, 6-octafl uorol - hexene (CH 2=CHCF
2CF2CF2CHF 2) ; 1,1,1
, 4, 4- pent af | uor o- 2-(trifluoronethyl)-2-pentene ((CFB)
2C=CHCF 2CH3)

44,55, 5 penl gt Lot 0n 2 (LIRS LYOL.OELI s RORLENE Zw,

( CH2=C( CF3) ¥

, 5, 5- hept af | uor thrcmeXhYl zZ, @dp\é’ntled@endently, are Hor F, and n is
( CF3CF2CF2C( CH3 )i fakdgks frdm4, 0 5; nd, 6, 6- hept af | uor o- 2
- hexene ( CF %Zm%ﬁﬂﬂ@élcaaed frofh the %roup consisting of:

5,6, 6, 6-heptaflugro- 1- &Ci—% Q%T%?}Eﬁ&
1,1, 1 22 %33“2“%8 drlHPP?PGr o- (§11Fé Hplers dd Lgpyopene
? Cgﬁéggﬁegmf |1L®B-g(1ﬂuc({61]1-L}§1:b}b&60nmbP =CFPENtIgN8-trifluoro-1-
BB, hofCHCHT A il F o0yl diepepey  (CHF:CH=CHE);
3CFECHBHK 4B, 42 ct4Porn)-2-butknd (QF;CF=UFCF3)t h U(¥,3)3,2;4(4-bétafluoro-1-

e 0 [ GG Sl e

1(( CFREB 304 8- hEﬁEﬂﬁB‘Eﬁ)-buténel (QHF=CFCF,CF5); 1,1,1,2,3,4,4-heptafluoro-

té%@%ﬁ%:i@%@%= FZ),g_elgigégetcgatjluo?or-Q (élfp pomereﬁyl) 1-propene

, 3, UCBYECHCHE), 7, 71,.¥.313c4.4lddwptafluero-12bthept ene (CF2=CHCF:CF);

( CH )gi , = R _
?Eg'éq:zgﬁ é%@@&g@?l ltngticrgfegc F;=CFCHECE,): pl :12,3,3.4,4-heptafluoro
( ngb]ne@{meﬁf g@;@)m;) 3,38,44, 4—hexaﬂuoro l-butenc (CF3CF,CF=CH3);

15’( 2, %%éﬁ%‘—é h@xa@lvqu 1 %utteﬁé d?@ﬁi’—éﬁ(ﬁ’gél“ﬁe Py ©I'f4 4. 4-hexafluoro-1-

, 2, lzl@eE(C%IFE%‘CﬁFﬁ )tlrii &ééaﬁ-h%ﬂbors'lh'@ﬁ?@r{@HF—CFCFzCHFz)
( CF}’ng%q:d»'%%))uteg ZM&MPEYEZI f@d hexafluoro-2-

O e R ACEC

utene (CH,FCF=CFCF,); 1,1,1,2,4,4-hexafluoro-2-butene (CHFZCH—CFCFg),
1,1,1,3,4,4-hexafluoro-2-butene  (CF:CH=CFCHF>); 1,1,2,3,_3,4-hexaﬂuoro-1-

20  butene (CF,=CFCF,CH,F); 1,1,2,3,4,4-hexafluoro-1-butene (CF£=CFCHFC}IF2);
3,3,3-trifluoro-2-(trifluoromethyl)-1-propene (CH,=C(CF3).); 1,1,1,2,4-
pentafluoro-2-butene {CH,FCH=CFCF3); 1,1,1,3,4-pentafluoro-2-butene
(CFsCH=CFCH;,F); 3,3,4,4,4-pentafluoro-1-butene (CF;CF,CH=CH3); 1,1,1,4,4-
pentafluoro-2-butene (CHF,CH=CHCEF?3); 1,1,1,2,3-pentafluoro-2-butene

25  (CHsCF=CFCF,); 2,3,3,4,4-pentafluoro-1-butene (CH,=CFCF,CHF;); 1,1,2,4,4-
pentaﬂuoro-2—bﬁtene (CHF,CF=CHCHEF>); 1,1,2,3,3-pentafluoro-1-butene
(CH1CF,CF=CF>); 1,1,2,3,4-pentafluoro-2-butene (CHFCF=CFCHF>); 1,1,3,3,3-
pentafluoro-2-methyl-1-propene (CF,=C(CF3)(CH3)); 2-(difluoromethyl)-3,3,3-
trifluoro-1-propene (CH,=C(CHF,)(CF>)); 2,3,4,4,4-pentafluoro-1-butene

30 (CH;=CFCHFCF,), 1,2,4,4,4-pentafluoro-1-butene (CHF=CFCH,CF3); 1,3,4,4,4-
pentafluoro-1-butene (CHF=CHCHFCF3), 1,3,3,4,4-pentafluoro-1-butene
(CHF=CHCF,CHF?3); 1,2,3,4 4-pentafluoro-1-butene (CHF=CFCHFCHEF>),
3,3,4,4-tetrafluoro-1-butene (CH,=CHCF,CHF>); 1,1-difluoro-2-(difluoromethyl)-
1-propene (CF,=C(CHF?)(CH3)); 1,3,3,3-tetrafluoro-2-methyl-1-propene
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9. An apparatus according to Claim1l wherein a

refrigerant conprises(a) pentafluoroethane (R-125),
wa2m;y143st et r af | uor oet hane (R-134a), and at | eBSI/US24007/012866

hydr ocar bons each having ei ght or fewer carbon atons,

or (b) pentafl uoroethane (R-125),

1,1,1,2-tetrafl uoroet hane (R 134a), nbutane (R-600)

and n-pentane (R-601). 10. An apparatus according to

Caim1l wherein an ionic |iquid conprises a cation

ol cla CUEFOREIS, 21 G G ey P b AR R propene

Py r @ArO0GHF Hi)d az bl il 2nePylleoroi2ihmdRsi afCFiGFRCHGHEADI! i Lihat,3-

B R S e T A s
sel €3:€8=EFCMmGMmb group consi stlihy3384.4.8.5)5-d¢cafluoro-1-pentene
s (CF>=CFCF,CF;CF,); 1,1,1,4,4 4-hexafluoro-2-(triflucromethyl)-2-butene
((CF»3),C=CHCF;); 1,1,1,2,4,4,5,5,5-nonafluoro-2-pentene (CF;CF=CHCF,CF3);
1,1,1,3,4,4,5,5,5-nonafluoro-2-pentene  (CF;CH=CFCF,CF3); 1,2,3,3,4,4,5,5,5-
nonafluoro-1-pentene (CHF=CFCF.CF:.CF;); 1,1,3,3,4,4,5,5,5-nonafluoro-1-

pentene (CF,=CHCF,CF,CF3); 1,1,2,3,3,4,4,5,5-nonafluoro-1-pentene
10 (CF>=CFCF,CF,CHF,); 1,1,2,3,4,4,5,5,5-nonafluoro-2-pentene
(CHF,CF=CFCF;CF3); 1,1,1,2,3,4,4,5,5-nonafluoro-2-pentene
(CFsCF=CFCF,CHF>); 1,1,1,2,3,4,5,5,5-nonafluoro-2-pentene
(CFsCF=CFCHFCF3); 1,2,3,4,4,4-hexafluoro-3-(trifluoromethyl)-1-butene
(CHF=CFCF(CF3)2); 1,1,2,4,4,4-hexafluoro-3-(irifluoromethyl)-1-butene
15 (CF>=CFCH(CF5) 2); 1,1,1,4,4,4-hexafluoro-2-(trifluoromethyl)-2-butene
(CF;CH=C(CF3),); 1,1,3,4,4,4-hexafluoro-3-(trifluoromethyl)-1-butene

(CF,=CHCF(CF5);); 2,3,3,4,4,5,5,5-octafluoro-1-pentene (CH,=CFCF,CF,CF3); '
1,2,3,3,4,4,5,5-octafluoro-1-pentene (CHF=CFCF,CF,CHF3); 3,3,4,4,4-
pentafluoro-2-(trifluoromethyl)-1-butene (CH2=C(CF3)CF2CF3); 1,1,4,4,4-
20 pentafluoro-3-(trifluoromethyl)-1-butene (CF;=CHCH(CF3)2); 1,3,4,4,4-
pentafluoro-3-(trifluoromethyl)-1-butene (CHF=CHCF(CF3)2); 1,1,4,4,4-
pentafluoro-2-(trifluoromethyl)-1-butene (CFy=C(CF5)CH,CF3);  3,4,4,4-
tetrafluoro-3-(trifluoromethyl)-1-butene ((CF;3);CFCH=CH3); 3,3,44,5,5,5-
heptafluoro-1-pentene (CF3;CF,;CF,CH=CH,); 2,3,3,4,4,5,5-heptafluoro-1-pentene

25  (CH,=CFCF,CF,CHF,); 1,1,3,3,5,5,5-heptafluoro-1-butene
(CF»=CHCF>CH,CF»); 1,1,1,2,4,4.4-heptafluoro-3-methyl-2-butene
(CFiCF=C(CF>)}(CHa»)); 2,4,4,4-tetrafluoro-3-(trifluoromethyl)-1-butene
(CH,=CFCH(CF3),); 1,4,4,4-tetrafluoro-3-(trifluoromethyl)-1-butene
(CHF=CHCH(CF3)3); 1,1,1,4-tetrafluoro-2-(trifluoromethyl)-2-butene

30 (CH,FCH=C(CF3;)y); 1,1,1,3-tetrafluoro-2-(trifluoromethyl)-2-butene
(CH3CF=C(CF3)2); 1,1,1-trifluoro-2-(trifluoromethyl)-2-butene

((CF3),C=CHCH;); 3,4,4,5,5,5-hexafluoro-2-pentene  (CF;CF,CF=CHCHs);
1,1,1,4,4,4-hexafluoro-2-methyl-2-butene ~ (CF3;C(CH;)=CHCF;); 3,3,4,5,5,5-
hexafluoro-1-pentene (CH,=CHCF,CHFCF,); 4,4,4-trifluoro-3-(trifluoromethyl)-
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(ii) halogen (iii) -CH3, -C2H5, or C3 to C25

strai ght-chain, branched or cyclic al kane or al kene,
wo@pio7osasl y substituted with at | east one nenbBCT/US2007/012866

selected fromthe group consisting of d, Br, F, |

OH, NH2 and SH, (iv) -CH3, -C2H5, or C3 to C25

strai ght-chain, branched or cyclic al kane or al kene

conprising one to three heteroatons selected fromthe

group consisting of O N, Si and S, and optionally

su b? Bht%hg e(bﬂt‘" Cﬁ*)Cg@ft on ? 2r§E§Tp %rérf’@,k %qoggcahhglz@-ﬁ-n&ene

group consistin
C6 (GF>ER):GRsGED: i t uted aryh] 1 1&2 54,5150, Ggsiodecafluoro-3-hexene

u nsetﬁ%ér}@ﬁ-%drdr@tﬁ;wﬁﬁ MI 4 b&t\hhfhglu‘aﬂﬁz @%lé(mfﬁ%mmemyn-z.bmene
het er 6at ons 1 ndependent sel ected fromthe gro

conéCENRGREEE)D; N 1.1 2&#&35 &5-nonaflyage-p- (@ﬂl@r@z@lﬂ) -2-pentene
§ub GEF] %ﬂ%ﬁfﬁd&) or 1@31 i@ 592§oam§arbizt{&ﬁmob&haﬁg§tmaemene

aV|n? one to three heferoatonms i ndependent | ected
f r o ﬁﬁﬁ%@}f%onm dilihyA a6 @Ctﬂﬂ“‘&?"‘éﬁbﬂ@“’r&ﬁﬂyl) 2-pentene

Vme((@F{)g@%lﬂ@i@ﬁt) ] t Ut ed aryl or33ubss 5 blél6fonafluoro-1-hexene
het er oaryl has ee substituents |ndependently

sel &:ﬁs@ﬁﬁﬁz%ﬁfﬁ&féﬁoup céﬁsﬂ wtjugep-$p -bigtfluorgmpethyl)-1-butene
- C2tdH,=eHA@F])9; Q201,314 A h&daHu6da-(rifllsrameth§ - PinetyLh bétene

al kane or

BT Enr R Eradt - oS i l'loéﬁhi‘?%f%“}oa@n%#wl J pencene

(CH,=CFCF,CH(CF3)3); . 1,1,1,2,4,4,5,5,5-nonafluoro-3-methyl-2-pentene
(CF;CF=C(CH;)CF,CF3); '1,1,1,5,5,5-hexafluoro-4-(trifluoromethyl)-2-pentene
(CF3;CH=CHCH(CF»)>); - 3,4,4,5,5,6,6,6—octaﬂuoro-2-hexene
(CF5;CF,CF,CF=CHCHs>); ) 3,3,4,4,5,5,6,6-octafluorol-hexene
15 (CH,=CHCF,CF,CF;CHF;); 1,1,1,4,4-pentafluoro-2-(trifltuoromethyl)-2-pentene
((CF3);C=CHCF,CH3); 4,4,5,5,5-pentafluoro-2-(tr1 ﬂuoromethy])- 1-pentene
. (C'H2=C(CF3)CH2C2F5); 3,3,4,4,5,5,5-ﬁeptaﬂuoro-2-methyl-Irpentene. :
(CF3CF,CF,C(CH3)=CH>); 4,4.5,5,6,6,6-heptafluoro-2-hexene - . ..
(CF;CF,CF,CH=CHCH3); 4.4.5,5,6,6,6-heptafluoro-1-hexene
20 (CHy=CHCH,CF,C,F5s); 1,1,1,2,2,3 4-heptafluoro-3-hexene
(CF;CF,CF=CFC,Hs); 4.5,5,5-tetrafluoro-4-(trifluoromethyl)- 1-pentene
(CH,=CHCH,CF(CF»)2); . 1,1,1,2,5,5,5-heptafluoro-4-methyl-2-pentene
(CF;CF=CHCH(CF;)(CHs)); 1,1,1,3-tetrafluoro-2-(trifluoromethyl)-2-pentene
((CF3),C=CFC;H5); 1,1,1,2,3,4,4,5,5,6,6,7,7,7-tetradecafluoro-2-heptene
25  (CF3CF=CFCF,CF>C,Fs); 1,1,1,2,2,3.4,5,5,6,6,7,7,7-tetradecafluoro-3-heptene
(CF3;CF,CF=CFCF,C,Fs); 1,1,1,3,4,4,5,5,6,6,7,7,7-tridecafluoro-2-heptene
(CF3;CH=CFCF,CF,C,Fs); 1,1,1,2,4,4,5,5,6,6,7,7,7-tridecafluoro-2-heptene
(CF3CF=CHCF,CF,C,F5s); 1,1,1,2,2,4,5,5,6,6,7,7,7-tridecafluoro-3-heptene
(CF3CF;CH=CFCF,C;F5); 1,1,1,2,2,3,5,5,6,6,7,7,7-tridecafluoro-3-heptene
30 (CFiCF.CF=CHCF.CyFs); CF,=CFOCF:CF; (PEVE) and CF,=CFOCF;
(PMVE).

9. An apparatus according to Claim 1 wherein a refrigerant comprises
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Br, FI1, OH NH2 and SH, (2) OH, (3) NH2, and (4) SH,
R7, R8, RO, and R10 are independently selected from

W0 b@7g4306p consi sting of:

C25 straight-chain,

(vii) -CH3, -C2H5, 0PCTIBS1007/012866
branched or cyclic al kane or

al kene, optionally substituted wwth at | east one
menber selected fromthe group consisting of C, Br,

F, I, OH NH and SH, (viii)

-CH3, -C2H5, or C3 to C25

strai ght-chain, branched or cyclic al kane or al kene
conpri si ones t r h r n fhC
group co(lf%g P%rfq?%ugo Q%G?lbaa,g%m ﬁg? gﬁg ,tr%ﬁltf g‘g“’tél?“.gc"i rggﬁl:‘%}w find at
sublsast twis bylirodartrona eadhdmsingenght nefeer cabéregome drr om t he
group C I . f r_ 1 I! - ’ - . -
Cto ng(ﬂz néebt)azltq f’%ﬁ%hégée a(rﬁyfz,s'io rl’lcg%u@ém%ﬁlqnés% {3‘?&3’ "
unshtantei (ReG09Y arbn-persane(R-6(HYi ng one to three

et eroatons i ndependently sel ected fromthe group

consisting of O N, Si

and S; and (x) Cto C25

subst it utled aMy|appyrtug3accerdamssbisiaim Ut evhardin etbapyif liquid
h aVddthri3BE at@tidd Eégc_ta? &i%fnoﬁ‘ltfeo%'éuﬂl\lemﬂg Sithy gﬁlgivﬁﬁé @ftven

fromthe group consisting o
whefaiPPs:sai d substi t ut ed

10

Pyridinium
R3
R2 _R4

15 R N R®
Pyrimidinium
R? RS
R2

20
Imidazolium

Si and S;

Pyrazolium
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aryl or substituted heteroaryl has one to three
substituents i ndependently selected fromthe group
w@omvgitglosng of : (1) -CH3, -C H5, or C3 to C25 PCT/US2007/012866
strai ght-chain, branched or cyclic al kane r-al kene,
optionally substituted with at | east one nenber
sel ected fromthe group consisting of C, Br, F, |
OH, NH2 and SH, (2) OH, (3) NH2,and (4) SH, and
wherein optionally at least two of Rl, R2, R3, R4, R5,
R6' R7, R8, R9, and R10 can together forma cyclic or
bi cyclic al kanyl or al kenyl group. 11. An apparatus
accordRfig to ORI m 10 wherein at |ler$t one qR,Rl, R,
R3, R4, R5, R6-R7, R8, R9, and R10 conmnrises F . 12. An
‘ [ [ [ onic liquid
onsi sti ng

RRLEBT R

[ -, o) . [so4] 2

[F’Oﬁh.%zm.dnl;lPO‘l] 2", [HePOA]" , [HeBlajurh@ud 2]’ . O |
, and any fluorinated anion. 13. An

apparatus accordlng to daim1l1 wherein an ionic |iquid

conprises an anipn selected fromthe group consisting

of [BF ] , [PES} , [SbFe] , [CF3S3]-, [HCF2CF2SQ3] -

[ CFSHFCCRNSOB) -, [ HCCl FCF2SCB] -, [ (CF3SQ2) 2NJ\

e

I

5 R3

Triazolium
R’ R7
|

® o8 |
R' p— R and R1— N@__ RS

l - |
R® R

Phosphonium Ammonium

wherein R!, R%, R3, R® R® and R® are independently selected from the group
consisting of’
10 @) H
(i1) halogen
(i)  -CHs, -C2Hs, or C; to Cys straight-chain, branched or cyclic
alkane or alkene, optionally substituted with at least one member
selected from the group consisting of Cl, Br, F, I, OH, NH; and
15 SH; '
(iv)  -CHs, -C;Hs, or C; to C;s straight-chain, branched or cyclic
alkane or alkene comprising one to three heteroatoms selected
from the group conmsisting of O, N, Si and S, and optionally
substituted with at least one member selected from the group
20 consisting of Cl, Br, F, I, OH, NH; and SH;
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[ (CF3CF2SQ2) 2NJ\ [ (CF3SQ2) 3C] -, [CFR3C2] -,

[ CF3OCFHCF2SM3] -, [ CF 3CF20CFHCF 2s®] , [ CF 3CFHOCF
WQam2%085t , [ CF 2HCF 20CF 2CF2SQ3] -, [CF 21 CF »XIBS2007/012866

2CF2S@3] -, [ CF3CF20CF2CF2S@3] -, [(CF 2HCF 2SO ) 2N -

[ (CF3CFHCF2SQ2) 2N} -, and F . 14. An apparatus

according to Caiml wherein an ionic liquid conprises

a cation selected fromthe group consisting of

pyridinium pyridazinium pyrimdinium pyrazinium

i m dazol i um wyr azql ﬂouﬁ% hﬁuﬁgt%tb&”&yl%ﬁ@| ioU@LS unsubstltuted
triazolium phosphonl um or ammoni um | ons;

ani on sel ect d§tereasvh hammensip t@seg?tgﬁoaﬁgwdﬂdm]selemed

[HSO4] [CH%QBL JpQ%laﬁ Iro, I‘f[@xQﬂﬂS an[dCOB]2 ,
[ HCOB] -, [ NC2]
[ H2PO4] " [m%e] s t? tlt“ rG\3 “r Fzsgehfmmffbh%fmaryl

s [PF6] , [ SbFG]Ll ,o&%gﬁ%]heteﬁdﬁrggrﬂ%Benﬂy selected from the
[ CF3HFCCF2S(3] - [ HCCI FCFZS(BI\} Sl[ae&CFBS@

[ (CF3CF2SR mfoup TT’@F@W; @C] m? wher m said substituted
[ CF3CI:F]HCF2[S@}I or [sﬁEst&G:Eamﬁ SEX] one [ foF tieE HdbEtituents
2CF2S33] -, [CF, 2 SA3 2] CF 2

2CF2SCB] -, | %‘%%m t%f‘(%&é&tﬁf'f‘é@%? . and

[( CFSCFHCFZSOZ) 2NKY1) 15-CHAg -ﬂQngc&t(EbStoaCﬁCHudig’lgcﬁm branched
CIa|m18 wher ei n an |oln|c [ iquid

a
%el ected fromthe gr gubc ca:‘lc])(ﬁ%‘? &t #n alkc OPIno?)a{y fu‘i’ﬁmu?eﬁ with at

met hyl i m dazol i umleast @redn«embdr)sbleaeqb fmpny thergrchpzmnsllsmg of Cl,

| -octyl-3- nethyli [ ~di octylim dazolium
| -ethyl -3-methyli r}rjlp a?’é(?ﬂfl’ulﬁnmi@ugﬁ’

dodecyl - 3- net hyl i €2Xdaz&X,um | - heptyl -
-met hyl i m dazol i iRy 3- RRENYg | Propyl pyridini um
15 ) SH;
R’,R% R’ and R!® are independently selected from the group consisting of:

(vii) -CH;, -C,Hs, or C; to Cy5 straight-chain, branched or cyclic
alkane or alkene, optionally substituted with at least one member
selected from the group con.sisting of Cl, Br, F, I, OH, NH; and

20 SH;
(viii) -CHs, -C,Hs, or Cs to Css straight-chain, branched or cyclic
alkane or alkene comprising one to three heteroatoms selected
from the group consisting of O, N, Si and S, and optionally’
substituted with at least one member selected from the group

25 consisting of Cl, Br, F, I, OH, NH, and SH;,
(ix) Cg to Cps unsubstituted aryl, or C; to Czs unsubstituted
heteroaryl having one to three heteroatoms independently selected
from the group consisting of O, N, Si and S; and
(x) Co to Cys substituted aryl, or C; to C,5 substituted heteroaryl

30 having one to three heteroatoms independently selected from the
group consisting of O, N, Si and S; and wherein said substituted
aryl or substituted heteroaryl has one to three substituents

independently selected from the group consisting of:
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1- butyl - 3- et hyl pyri di ni um
tetradecyl (tri hexyl) phosphoni um or

WO eoobas3ps( t et r adecyl ) phosphoni um i ons; and an BEi/082007/012866
sel ected fromthe group consisting of [CH3CQ?] -,
[HSO4] , [CH30sCB] -, [C2H50s3B] , [AIA4]-, [CXB] 2 ,
[HO®B] -, [NO ] , [N®B] , [SO4]2-, [POA]3-, [HPOA]2 ,
[H2PO4] , [HS®8] , [cuCi2] , ", Br, r , SCN, [BF
41" , [PF6] , [SbF6]-, [CF3SC3]-, [HCF2CF2SO3] -,

CF3HFCCF2S(03] -, FER2S - 3802). 21 .

% (CF3CF250 ) 2]N] \ %‘?%gss'g’h%g%*ﬁ %Lé%z?” dekiin-chain, branched
[ CF3OCFHCF2SC08B] -, dr GycRCRIMATF [CRIKESERIPLionfIDF s@EHEIEGFwith at
2CF2S08] , [CF 2 - i
2CF2S8] - | wscﬁ%%’?é%i-?%&&dﬁ%ﬂ%%ﬁ%@ Y
[ ( CF3CFHCF2SO2) 2N]Br, F.lg OHAN. iS4t us according to
Qaim1 wherein a@mpfriggrant is selected fromthe

group consisting of  CHO F2 (R-22), CHF3 (R-23), CH2F2
(R-32), CH3F (R-41§) CAfigrd (R-125), CH2FCF3

(R-134a), CHFZCI:HF((Z)R( Egﬁ@,d CFI?:EQGFFZ (ie- %42b), CH3CF3
R-143a), CH3CHF2 - a - , OCH3_,

E El wha;e?n atmerborderRiva s} R‘%%@ﬁp&“pgg( = iéq%%g and R'* can

CF3 bi , CHF2CH2CF3
(R ST o) e R B A BoBLrs (R 600)

1€H( CH3) 2CH3 (R-600a), CH3CH2CH2CH2CH3 (R- 601),
é&l;ls) 2CHH2 CHgn éﬁag&d@mpﬂﬁ@&@hﬁmhﬁﬁn&l fidBast dHedf R', R?,
3 H2, and ¢ pnations_t hereof; and an ionic

| i q&%%%e%g ’caé'?i n°PHEE Ed from the group

consi sting of pyridinium pyridazinium pyrindinium

pyrazini yg ',K'}ld%%%'aku‘é”lwc@ﬁix?gz bl Elkmt P PEQLRUT onic liquid

oxazol i um " triazolrum

15 comprises an anion selected from the group consisting of [CH3CO-], [HSO4],
[CH30S0s], [CoHsOSOs], [AICL], [COs*, [HCO;], [NO,], [NOsJ, [SOs)%,
[PO.J*, [HPO4)*, [H2POs4), [HSOs], [CuCly], CI, Br, I, SCN, and any

fluorinated anion.

20 13. An apparatus according to Claim 1 wherein an ionic liquid
comprises an anion selected from the group consisting of [BF4]’, [PF¢], [SbF¢],
[CF3S0s], [HCF,CF2SO0s]’, [CFsHFCCF,SO;], [HCCIFCF2SOs], {(CF3S0,):NT],
[(CF3CF2.S0,),NT, [(CF3S0,):CT, [CF3CO.], [CF;0CFHCF,S0s], .
[CF:CF,OCFHCF;S0;], [CFi:CFHOCF;CF.SO;], [CF:HCF,OCF;CF,SO0s],

25  [CFICF,OCF,CF;S0s], [CF5;CF,0CF,CF;S0s], [(CF,HCF:S80,),NJ,
[(CF3CFHCF;SO2);NJ, and F".

14. An apparatus according to Claim 1 wherein an ionic liquid

comprises a cation selected from the group consisting of pyridinium,

30 pyridazinium, pyrimidinium, pyrazinmium, imidazolium, pyrazolium, thiazolium,
oxazolium, triazolium, phosphonium, or ammonium ions; and an anion selected

from the group consisting of [CH;COQO,], [HSO4), [CH30S0s), [C:Hs0SOs5],
[AICL], [COsT*, [HCO:], [NO,T, [NOs], [SO4%, [PO4)*, [HPO,)*, [HoPOLT,
[(HSOs], [CuCl], CI, Br, I, SCN, (BF4], [PFs], [SbF¢], [CF3SOai],
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phosphoni um or ammoni umions; and an anion sel ected
fromthe group consisting of [CH3CO2]-, [HSO4]",

wQ aH30808] -, [ C2H50SC3] -, [AICU" , [COB8] 2 , [ HBCBPS2007/012866
[N2]-, [N®B]-, [SH4]2-, [PA]3-, [HPO4] 2-, [H2POM4]
[HS®8] , [Cud 2] , CV, Bf, | , SCN, [BF4]-, [PF6]",

[ SbF6] , [CF SCB] -, [HCF2CF2S33] -, [ CF3HFCCF2Sa3]

[ HCC- FCF2S3B] -, [(CF3SO2) 2N]\ [ (CF3CF2SQ2) 2N]\

[ (CF3SOz) 3C , [CF3C02] , [ CF3OCFHCF2S(3]

CAREESAT G s s
[CF[:@CFiQmSQﬁEISBOB] L(CFJ(S@BQG:FZS@@&QPEJ and[CF30CFHCF2303]
[(C[:i?pcglf'%ﬁ 151&@%2%@3)) ECFﬁfFH'tB’@@ IO, I]aC C[@F?H@Q;é@FzCFzSO;]

Is fa ated as er at or

fr emm@m@@smm HeF;CapOGF,CRo 8@, g Kﬁ@:ﬂé&sm)m} and

§ ndystidmicES system heater or heat punp. 18. An
appfadlr a{ us cf; ] szﬁgerature adj ust nent conprising (a) a

conpr essor that i ncreases the pressure of the vapor of

at | eastyne ggfapbfahdiccolily & C9AHLNSCHnLRA! an lOl'llC liquid
receives refrigerant vapor that Is passed out

of
ConATMNISET | 2 4o ntflssieds 1A hep o O dEPNSHTIBR s § F e ! th‘yl -3-
a | ingiblyBinida€dlivin,Pr €SSUr, 3drneaﬂmi3|-;ﬁapyiﬁmuﬁﬁ>lmhat -octy] 3-

G NS ETERE T T O
for macynymumghmidaaerﬂm,ger HhéptylFB-i'ﬂemyllduduzdhma,por 3-methyl-1—
| BB PR et R ERad Ao e g,
pr e&smtbetyu(wmdeqym)phmhomm iany] endpo ramoesseteh@d from the group
r e Qisi% of [CH;CO,], [HSO4T, [CH;080s], [CHs0SOs], [AICL], [COsI%,

15 [HCOs], [NO;I, [NOsT, [SO4J, [PO4J*, [HPO4]*, [HzPOs4]", [HSOs], [CuClL],

ClI, Br, I, SCN, |[BFs, [PFs], [SbFel, [CF3SOi], [HCF,CF,SO;],
[CFsHFCCF2S0;], [HCCIFCF,SOs3], [(CF3iSO:):N], [(CF3;CF:S02).N],
[(CFsSO2);C], [CF;CO:, [CFsOCFHCF;SOs], - [CF3CF,OCFHCF,SO;],
[CF;CFHOCF>;CF2S03], [CFHCF2OCF>CF2S03], [CFICF,0CFCF,S0s5],

20 [CF;3;CF,OCF;CF.S0s]", [(CFoHCF2S0,),NT, and [(CF3CFHCF,S0;);N]".

16. An apparatus according to Claim 1 wherein a refrigerant is selected
from the group consisting of CHCIF, (R-22), CHF; (R-23), CH,F; (R-32), CH5F
(R-41), CHF,CF; (R-125), CH,FCF; (R-134a), CHF;OCHF; (E-134), CH3CCIF;

25,  (R-142b), CHiCF; (R-143a), CH3CHF; (R-152a), CH3CH,F (R-161), CH;OCH3;
(E170), CF3CF,CF; (R-218), CF;CHFCF; (R-227ea), CF;CH,CF; (R-236fa),
CH,FCF,CHF, (R-245ca), CHF,CH,CF; (R-245fa), CH;CH,CH; (R-290),
CH;CH,CH,CH; (R-600), CH(CH3)CH; (R-600a), CH;CH,CH,CH,CH; (R-
601), (CHs3)2CHCHCH; (R-601a),  CH;CH,OCH,CH; (R-610), NH;, CO,,

30 CH;CH=CH;, and combinations thereof; and an ionic liquid comprises a cation
selected from the group consisting of pyridinium, pyridazinium, pyrimidinium,
pyrazinium, imidazolium, pyrazolium, thiazolium, oxazolium, triazolium,
phosphonium, or ammonium ions; and an anion selected from the group
consisting of [CH3CO,]", [HSO4], [CH;0S0;]", [C:Hs0S0s], [AICLY, [COs],
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liquid in the mxture to formrefrigerant vapor; and
(e) a conduit that returns to the conpressor

WO edoriiggesant vapor that is passed out of the PCT/US2007/012866
evaporator; wherein a refrigerant is adm xed with at
| east one iont liquid. 19. A process for adjusting the
tenperature of an object, nediumor a space conprising
(a) providing a nechanical device having noving parts
to increase the pressure of the vapor of at |east one

¢ e LU _
TSR PN BINRgp Bl ol T L N, R
condla,nsan,g E,heS@NT r [@Bﬂ an(PRAhpoi‘Sbﬁsider[C‘p'f%{ur HEB,GF2S0;],
I [ i
e (GHFCERYGRC CEIRmEs]e ! Bctpsodivt, TUIChCrsOupNT.
an d[(@ﬁg&ﬁz)ﬁds m [@f)sc@whpor[ﬁfzq@ﬂ(ﬁ%zsﬁsbw dCF&Frzpﬁ—'@ SO17,
40 {éﬁﬁkﬁefd}ﬂzéﬂs@ﬁﬁ vqeﬁgﬂc@@tﬁzé% SEPE A CRACRGEFICH;S O],

ncr ease ressure of erant v
o HRICF OCEAReS ) [ERCRSODST. mqomgsggi%sozm
adj usting the tenperature of an object, nediumor a
space co¥£r|3|ng (a) increasing the pressure of the

vapor t Ap @praratyh accorhing todblam 1 thays fabrepters asyyrofmgerator,

ref § iggeJeRNtn X8 RRAELHEGR aiPERARISNEr, bR iRiublidlbbling GYstem, heater
reduci ng the pressure of the I|qU|d refrigerant to

19 or P ReahRPYURRIr e of refri gerant in liquid and vapor
form

18. An apparatus for temperature adjustment comprising
(a) a compressor that increases the pressure of the vapor of at least one
refrigerant;

15 (b) a condenser that receives refrigerant vapor that is passed out of the
compressor, and condenses the vapor under pressure to a liquid;

(c) a.pressure reduction device that receives liquid refrigerant that is
passed out of the condenser, and reduces the pressure of the liquid to form a
mixture of refrigerant in liquid and vapor form;

20 (d) an evaporator that receives the mixture of liquid and vapor refrigerant
that is passed out of the pressure reduction device, and evaporates the remaining
liquid in the mixture to form refrigerant vapor; and

(e) a conduit that returns to the compressor refrigerant vapor that is passed'
out of the evaporator;

25 wherein a refrigerant is admixed with at least one ionic liquid.

19. A process for adjusting the temperature of an object, medium or a
space comprising
(a) providing a mechanical device having moving parts to increase the
30 pressure of the vapor of at least one refrigerant, and providing at least one ionic
liquid to lubricate the nioving parts of tﬁe device;
(b) condensing the refrigerant vapor under pressure to a liquid;
(c) reducing the pressure of the liquid refrigerant to form a mixture of

refrigerant in liquid and vapor form;
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(d) evaporating the liquid refrigerant to form
refrigerant vapor; (e) separating fromthe refrigerant
waapondsany ionic liquid present therein; and (PQT/US2007/012866
repeating step (a) to increase the pressure of the

refrigerant vapor formed in steps (c) and (d).

10

15

(d) evaporating the liquid refrigerant to form refrigerant vapor; and
(e) repeating step (a) to increase the pressure of the refrigerant vapor

formed in steps (c) and (d).

20. A process for adjusting the temperature of an object, medium or a
space comprising

(a) increasing the pressure of the vapor of at least one refrigerant;

(b) condensing the refrigerant vapor under pressure to a liquid;

(c) reducing the pressure of the liquid refrigerant to form a mixture of
refrigerant in liquid and vapor form;

(d) evaporating the liquid refrigerant to form refrigerant vapor;

(e) separating from the refrigerant vapor any ionic liquid present therein;
and

(f) repeating step (a) to increase the pressure of the refrigerant vapor

formed in stéps (c) and (d).
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