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Double Salt lonic Liquids (DSlLsyvere prepared by mixing 1-
ethyl3-methylimidazolium bis(trifluoromethylsulfonyl)imide
([Comim][NTf2]) and trinexyl(tetradecyl)phosphonium
bis(trifluoromethylsulfonyl)imidg[Pesss14[NTT]) in their miscible
range [Comim]x[Psss1dax[NTf2] (0 < x < 0.29). 'H NMR, *F
NMR, and FTIR spectroscopic studigadicatal that the [NT$]
anions preferentially interact with the J8im]* cations. Solubility
studies shoed that soluteswith long alkyl chains €g., heptane
methyl palmitate), which havgoodsolubility in [Pses14[NTT2] but
are not totally miscible, have tunable solubility in the DS&nd
the presence of eveminor amourg of [Comim]* significantly
decreases tlre solubility. However, the solubilities of benzene,
toluene, 1-octanol,and poly(ethylene glycol) (PE&GO00) in
[Comim]y[Psss14(1-[NTf2] were controlled by their miscibility
with [Pess14[NTf,], and cait be tuned by changing the ion
concentratios within the miscibility range

Introduction

Researchon ionic liquids (ILs generally defined as salts melting beld®0 °Q has
gained considerablattention in the last two decaddse to the various applications
including organic synthesid), catalysis(2), separations (3hiomass dissolution (4, 5),
analytical chemistry( 6 ), electrochemistryas electrolytesin alternative energy
generation/storage devicg€sg, 8),etc. kI has beenhe ability to tailor the physiachemical
properties olL s by choice of ionghathas accountefbr much of the widspread interest
in such diverse applications of ILs. Recently, however, the preparation of an even larger
and more diverse array of liquids with several different cations and anions, often by
simple mixing of salt9-11) or direct reactiong12, 13, has led to an even greater
ability to tune the specific physical and chemical properties of these useful systems.
Several recent papers have reported mmoitiliquid systems with the preponderance
of these devoted to mixing two liquid ionic liquids to study the unique resultant physical
properties (14, 15)These “ionic liquid mixtures” which appear to be unique ionic fluids,
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can be easily prepared, but perhaps not so easily understood. Quite similaomulti
liquids can be prepared by dissolving a solid salt in aflQ, 11)and this has led to
another terminology called, “salt in ionic liquidRecently, we proposed that all such
ionic compositions containing more than one cation or amibith are liquidbelow

100 °C, ould be viewed as “Double Salt lonic Liquids” (DSILs) rather than as simple
mixtures of ILs or a salt in an 1{16),and have focused our attention on the use of these
systems as tunable separations media.

One of ourrecent studieso understand DSILs illustratethat indeed thesolvent
propertes of these ionic fluidgan be finely tuned by changing the composition and
abundance of the ionshich results in unique ionic and hydrogen bonded interactions
between the iong 17). For instance, in the DSILs prepared by mixingethyl3-
methylimidazolium acetate [G.mim][OAc]) and lethyl3-methylimidazolium
bis(trifluoromethylsulfonyl)imidg[Comim][NTf;]), solubility of molecular solventeg.,
EtOAc) and pharmaceuticalge.., diphenhydramine), which are good hydrogen bond
acceptors, decreasesth increase of the acetate anion concentration; while solubility of
H,O and ibuprofenywhich are good hydrogen bond donarsthe DSILs increases with
increase of acetate concentrationheT different trends of solubilities of various
compoundswere attributed to the specific interactions between the ions in the DSILs
because of the quite different hydrogen bond basicities of the two ahidns (

Non-polar solventse.g., heganeandhexaneare widely used as solvents for paints,
adhesives, printing inks, degreasing, and insecticides, used for extractive electrospray
ionization of 1-hydroxypyrene (38 extraction of organophosphorus pesticides from
fresh vegetable sample§19), dispersion polymerization (20 manufacturing of
pharmaceuticalé21), etc. The ability to significantlychangethe properties of aolvent is
advantageous for chemical processes involving multiple st@xs, reactions,
extractionsgeparations, ef;.each of whichrequires different solvent characterist{@).
Heptane, hexane, and cyclohexane hbeen shown to be readily dissolved in ILs
containing long alkyl chains, such as trihexyl(tetradecyl)phosphonium chloride
([Psss14[Cl]), [Psss14[OAC], and 1-butyl-3methylimidazolium  stearate
([Camim][C18H3sCO0]) (23, 24),however, their solubilities in the commonly studied ILs,
such as 1-butyl-3aethylimidazolium hexafluorophosphatfCsmim][PFs]), 1-butyl-3-
methylimidazolium tetrafluoroborate ([Csmim][BF4]), [Comim][OACc], and
[Comim][NTTf,] are quite limited 25, 26).

Aiming to tune the solubility of nepolar solventswe investigatel DSILs containing
thetrihexyl(tetradecyl)phosphonium §&:4", Figure 1) cationwith long alkyl chains, as
ILs containing this cation have good miscibilityth non-polar solvent§23). The DSILs
were prepared by mixing pBim|[NTf;] and[Psss14[NTf2] in their miscible range as
these two ILsare not totally miscible with each oth€27). Spectroscopic data were
collected to understand the interactions between thealmhshe solvent properties of the
resulting [Comim]y[Psss1dax[NTf2] (0 < x < 0.29) systems were measured by
determining the solubility of heptanleenzene, toluene, 1-octanpbly(ethylene glycol)
(PEG300), and methyl palmitats a function of ion composition.
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Figure 1. Structures ofthe ions used to make DSILs of the compositions
[Comim]x[Psss1d1-[NTf2] (0 < x < 0.29) l-ethyt3-methylimidazolium ([Gmim]"),
trinexyl(tetradecyl)phosphonium  §Ri4"), and bis(trifluoromethylsulfonyl)imide
(INTf2]).

Experimental
Chemicals

The ILs [Comim][NTf;] and [Res14[NTf2] were purchased from lonic Liquids
Technologies Inc. (Tuscaloosa, AlLBefore use the ILs were individually dried to
reduce water content to a minimurMethyl palmitate, dimethyl carbonate, and
poly(ethykene glycol) (PEG300) were obtained from Sigm&ldrich (Milwaukee, WI)
and 1-octanol was purchasdbm Alfa Aesar Ward Hill, MA). HPLC-grade lenzene
with a purity > 99.9 wt% was obtained from Sigma-Aldrich (St. Louis, MDguterated
chloroform (CDC}) anddimethyl sulfoxidgDMSO-ds) werepurchased from Cambridge
Isotope Laboratories, Inc. (Andover, MADeionized (DI) water was obtained from a
commercial deionizer (Culligan, Northbrook, IL) with specific resistivity of 17VBQ
cm at 25 °C.All other solvents and reagentstilyl acetateacetonitrile heptane, and
toluene) were obtained from Sigma-Aldrich (St. Louis, MO) and used as received.

Mutual Solubility of the ILs

Solubility of [Comim][NTf,] in [Pses14[NTf2] at 25 °Cwas measured bwdding
[Comim][NTf,] dropwiseto 1.0 g[Pess14[ NTf2] until a turbid solution was obtained. The
saturated [GMim][NTf)/[Psss14[ NTf2] solution was dissolved in DMS@s and analyzed
by *H NMR, and thesolubility of [C,mim][NTf,] in [Psss:d[NTf2] was calculated by
integration of thémidazolium proton in [@mim]” and the €H, protons closest to ™
[Pses14” (28), andconfirmed fromthe masssof thetwo ILs added to the viaBolubility
of [Pess1d[NTf;] in [Comim][NTf,] was measured followinga similar procedure
however, the result reportedbhased on the mass of the two ILs added to the vial as the
small amount ofPggs14[ NTf,] which can saturate 1.0 g §@im][NTf;], is close to the
detection limit ofH NMR.

Preparation of the DSILs

Approximately 6 g samples of the DSI[G,mim]y[Pess14(1[NTf2] (Where x is the
[Comim]*/[NTf;]” molar ratig 0 <x < 0.29) were prepared in the miscible range of the
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two parent ILs, by mass addition of the corresponding amount of each IL with x = 0.09,
0.17, 0.23, and 0.29'he DSILs were stirred thoroughly for 1 h, then dried under high
vacuum at 60 °C for 8 h and stored in a vacuum desiccator

Miscibility and Slubility Determinations

Miscibilities of organic solvents with [£nim][NTf;] or [Psgs14[ NTf2] weretested by
adding the organic solvent dropwise into 0.5 g IL andexad.If the solution was still
clear when the molar ratio of the organic solvent to the IL reached 25:1, the IL and
organic solventvere considered to ketally miscible.If a tubid solution was obtained
after adding one more drop of the organic solvent, the IL was considered to be saturated
andthe solubility of the organic solvent in the IL was determined'tyNMR based on
integration of appropriate signals.

The solubilites of heptaneand PEG300 in the DSILs vas determined by adding
each solutalrop by drop to 0.5 of each DSIL until the solution just became turbid, at
which point the DSIL was saturated. The saturated hejli&hie solutions were analyzed
by *H NMR, and the solute/DSIL molar ratios were calculated through direct integration
of appropriate signals.afubility of PEG300 in the DSIL was quite limited and reported
based on the mass of PEG-300 and DSILs added to the vial.

The solubilites of 1-octanol, benzenandtoluenein the DSILs veredetermined by
addingeach solutedropwiseto 0.5g of each DSIL until the molar ratio of the organic
solvent to DSIL reached 25:1.0Nurbid solutions were obtained for anytbése three
solvents and they were deten@d to be totally miscible

The solubility of methylpalmitatein the DSILs was tested by loading 0.05 g of the
solid methyl palmitateinto a vial loaded with 0.5 ®SIL and stirring.If all the added
methyl palmitatewas dissolved, an additional amount was added until no more could
dissolve and the DSllwas saturatedThe solution was then separated from the
undissolved patrticlessing a PTFE filter with pore size of 0.45 um, and shturated
solutionsweredissolved in DMSQds andanalyzed byH NMR. The solute/DSIL molar
ratios were calculated through direct integration of appropriate signals.

Spectroscopic Technigues

'H NMR spectra were taken utilizing a Bruker Avance 500 MHz NMR spectrometer
(Karlsruhe Germany). The DSILs, saturated tolueneff@m][NTf,], saturated
benzene/[@nim][NTf], saturated dctanol/[Gmim][NTf,], and saturated heptaddsSIL
solutions vere loaded solventlessn a flamesealed capillary, and the spectra were
collected at 25 °C using CDf£Llas the external lockAs the saturated methyl
palmitate/DSIL solutions were viscous, these solutions were dissolved in [yl &Gt
spectra were collected at 25.°The **F NMR specta of the DSILs werebtained on a
Bruker Avance 360 MHz NMR spectrometer (Karlsruhe, Germany), usflugproacetic
acidCDCl; solution as the external lock.

Infrared spectroscopic measurements of the DSILs were taken on neat samples by
utilizing a Bruker Alpha Attenuated Total Reflectarfeedrier Transform Infrared (ATR
FTIR) spectrometer (Billerica, MA), allowing for direct observation of the liquids.
Spectra were obtained in the range of vinax = 400—4000 cr.

Water @ntent Measuremenst
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Water contentsof [Comim][NTf,], [Pesss14[NTf2], and the DSILs were measured
usinga Karl Fischer titrator (MettleToledo C20 coulometric KF) using AQUASTAR
CombiGoulomat fritless methanol solution, supplied by Merck & Co. IN¢hiehouse
Station, NJ as titrant.

Results and Discussion

We first measured theutual solubilityof [Comim][NTf;] and [Pess1[NTf2] at 25 °C.
The results showd that 1 mole[Psgs14[NTf2] can dissolve 0.43 molfC,mim][NTf],
which is in accordance with the literature (2HApwever,the solubility of [Pses14[NTf 2]
in [Comim][NTf,] is quite limitedat ca. 0.03 mol/mol [Gmim][NTf,]. We thus, studied
the DSILs comprisg of theselLs in the[C,mim]*/[NTf;]” molar ratio(x) range of 0 to
0.29(x = 0.29 corresponds to mixing JAIM][NTf,] and[Pess14[NTf-] in a 0.4:1 molar
ratio near saturation

The ILs were driedo water conterst of 802.1 ppm[Comim][NTf;]) and 302.1ppm
([Pess14[NTT2]) as measured by Karl Fischetration, and mixed by mass addition to
prepareca. 6 g samples of the DSILEC,mim]y[Psss14(1-[NTf2] with molar ratie of
[Comim]*/[NTf5] (x) of 0.09,0.17, 0.23, and 0.29. The DSILs were stirred for 1 h, then
dried under high vacuum at 60 °C for 8 IheTfinal water conterdf each DSIL indicated
all systems to have less th&hO ppm water in all cases (Table 1).

TABLE 1. Water content ancbtubility data for [Gmim][NTf,], [Pess1d[NTf 2], and
[Comim]y[Pess1d1-[NTf2] (0<x <0.29)

Water Solubility (mol solute/mol DSIL)

L orbsit c(c;r;tr?]r;t Zlé; Heptane pg/llritir:g![e Octlz;nol Benzene Toluene
[Psss1d[N T, 302.1 0.36 8.25 1.15 Miscible Miscible Miscible
[Comim]o.odPsss1d0.0INTf]  495.8 0.34 5.32 0.91 Miscible Miscible Miscible
[Comim]o.14Psss1d0edNTF]  464.7 0.36 4.30 0.82 Miscible Miscible Miscible
[Comim]ooqdPsss1d07ANTf]  695.0 0.29 3.45 0.74 Miscible Miscible Miscible
[Comim]o odPess1do7[NTf,]  605.5 0.31 0.63 0.65 Miscible Miscible Miscible

[Comim][NTf,] 802.1 Miscible  0.02 0.0 0.09 3.25 1.87

*The unit of solubility of PEG300 s mol repeating unit/mol DSIL

Spectroscoig Studes

NMR spectroscopy was used to understand the interactions between the ions in
[Comim]y[Psss1d (1-9[NTf2] (0<x<0.29) as NMR chemical shifts in ILs reflect interionic
interactions(29). *H NMR data for [Gmim]x[Psss14 1[N Tf2] were collected by loading
the neat samples in capillaries using CP&d external lock and were compared to those
of [Comim][NTf,] and [Res14d[NTf,] (Figure 2). The upfield chemical shifts of the
imidazolium ring protons ahe[C,mim]* cation(H-2, H-4, and H5) as a function of the
increasingC.mim]*/[NTf,]” molar ratio Figure 33 indicate thathe [Gmim]* catiors in
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the DSILs have more/strongehydrogen bonding and Coulombic interactions than in the
parent IL.The number and strength of these interactions decreases as x increases since
statistically there are more f@im]" cations to compete for each [NI anion with
increasing X.
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Figure 2. *H NMR spectra of [@nim]y[Psss1d(1-x[NTf2] at 25 °Cusing CDCt as
external lock. (Zer@x) corresponds to Hs14[NTf 2] and x =1.0 to [GmIim][NTf].)
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Figure 3. a) *H NMR chemical shifts of the imidazolium ring protons (eH-2; A—H-4;
m—H-5) and b) *F NMR chemical shift in [C;mim],[Psss1d1.9[NTf2]. (Zero on the x
axiscorresponds to Ps14[NTf,] and1.0 to [Gmim][NTf,].)

The[C.,mim]* cation hasshortalkyl groups,a more delocalizedut more accessible
positive charge, and islaydrogen bondlonor, compared to the more lipophilic, charge
shielded [Pgss24” cation (30). One would thereforeexpect that the catioranion
interactions in [@Mim][NTf,] would be stronger than in [Rs14[NTf;], and that as
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[Comim][NTf] is added to [Bse14[NTT ], the[NTf,]  anions would preferentialipteract

with the [C.mim]" cationsvia Coulombic and weak hydrogen bonding interactioks

the concentration of [fnim]" increases from x = 0.09 to 0.29, eachni@n]" cationwill

interact with fewer[NTf,]" anions, resulting in the upfield shiftsf the imidazolium
protons (17, 31jndicating fewer hydrogen bonds and weaker Coulombic interactions as
X increasesNotably, the upfield shift of the H-2 proton is davice that of H4 or H-5,

which can be attributetb the fact that although all three hydrogen atoms are affected
relatively equally by hydrogen bonding interactions, the major Coulombic interactions
(above and below the imidazolium ring) are concentrated near C-2 and thus H-2 is more
affected by these interactiofi7).

Conversely, lte 'H NMR spectran Figure 2 show no obviougshemical shifts of the
protons in the phosphonium cations (peakslda3, 1.41, 1.59, 1.68, and 2.27 ppiih)is
reflects the nature of the interactsdretween the [Rs14" cations, with long alkyl chains,
and the charge diffuse [NJf anions (32) which are very weak even in neat
[Pess14[NTT 2] (30).

9 NMR spectra of Comim]y[Pess1d (1[N Tf2] (Figure 4) were collected by loading
the neat samples in capillaries usitrifluoroacetic acid (TFAXDCI; solution as
external lock TFA was used as theeference standard and thbkemical shifts of the
DSILs were compared to those of #8im][NTf,] and [Res:4[NTf2]. The *°F chemical
shifts as a function of the p@im]*/[NTf,]” molar ratio(Figure 3b) indicate upfield shifts
suggesting that with increasirf@.mim]* concentrationeach anion can interact with
more of this cationresulting in more hydrogen bonding and stronger Coulombic
interactions (33). Taken together, the NMR data suggests preferential interactions
between the [NTl™ anions and [@nim]” cations ifComim]«[Psss1d 1-[NTf2].

. * A
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I
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T T T T T T T T T T T
-75.0 -75.5 -76.0 -76.5 -77.0 7.5 -78.5 -79.0 -79.5 -80.0 -80.5

’ TS
Figure 4. **F NMR spectra of [@mim]y[Pses14 15 [NTf2] at 25 °Cusing trifluoroacetic
acid/CDC} as external lock. (Zero (x¢orresponds to Hgs14[NTf,] and x =1.0 to

[Comim][NTf,].)
To confirm the trends noted in the NMR datae DSILs were further analyzed by

ATR-FTIR (Figure 5).The anion’sS=0 symmetric vibrationch. 1131 cm' (34)) should
be sensitiveto the electrostatieenvironmentand indeed Wwh increasng [Comim]*
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concentrationa small redshift of the characteristic S=0O vibratimdicating less double
bond characteof S=Owas observed from 1134 €nfior x = 0 to 1131 cm for x = 1.0.
As the [Comim]* concentration(x) increasesthere aremore [Gmim]* cations foreach
[NTf,] to interact with, resulting in weaker S=0O bonds.the [NT§] is charge diffuse
(32) the interactions between f@im]* and [NT%]  are still quiteweakand the redshifis
quite small énly 3 cm?) although quite clearly observed. & T-IR data thus, also
suggesthat the [NT$]” anions preferentially interact with j@im]" cationsrather than

[Pecs1d ™

100 + ‘ 100
] a ]
—~ 801 —~ 801
S I S '
8 3 3 I
§ 60 1 § 60 1
: = E
2 1|— x=0.09 c ]
@ 401 =017 @ 40 1
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I |—— x=0.29 |
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Figure 5. FT-IR spectraof [Comim]y[Psss141-x[NTf2]: @) full spectra; b) S=Gribration
(from top to bottom: x = 0.0, 0.09, 0.17, 0.23, 0.29, 1.0, respectizelp (x)
corresponds to Bas14[NTf2] and1.0 to [Gmim][NTf,].)

If conversely,one considers adding §R:4[NTf,] to [Comim][NTf,], the [Resid"
cation would have to weaken the,f@im]*/[NTf,] interactions to form a solution. Since
the [Res14” cation exhibits even weaker interactions with the N Enion,the solubility
of [Pess14[NTf2] in [Comim][NTf,] is quite limited. Howeversince the [@mim]” cation
has stronger interactions with treion, more [@mim][NTf,] can be dissolved in
[Pesc1d[NTT 2].

Miscibility/ Solubility of Organic Solvents

The mscibilities of ethyl acetate (EtOAc), acetonitrile (§EN), dimethyl carbonate
(DMC), PEG300, heptane, tbetano] benzengand toluenewith [Comim][NTf,] and
[Psss14[ NTf2] wereexamined prior to testing with any DSILSIdure §. The small polar,
aprotic solvents, EtOAc, GJEN, and DMC are totally miscible with both ILs. PEBG0
is totally miscible with[Comim][NTf,], in accordance with our previous report which
showed that [@nim][ClI] is totally miscible with PEGwith low molecular weiglt, e.g.,
PEG1000 (35).Theimidazolium ring hydrogen aton{particularly theC-2 proton) can
interact with the ether oxygens andatdesser extent with the terminal OH groups of the
PEGs(36), resulting in the totamiscibility of PEG300 and [Gmim][NTf,]. However,
PEG300 has limited solubility in [Bs614[NTf2] as this IL is neithea good hydrogen
bond donor nor a good hydrogen bond acceptor
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Figure 6. Solubilite of the organic solvents ifComim][NTf,] and [Pessi4[ NTf2].
Numbersunder the structures are the solubility of the correspornsiihge in the IL in
mol/mol IL; for PEG300, the solubility unit is mol repeating ethylene oxide unit/mol IL

Conversely, lte lubility of heptane in [@nim][NTf;] is quite limited (0.02 mol/mol
IL), howeverl mole [Res14[NTf;] can dissolve 8.25 mole heptaneOttanol is totally
miscible with [Res14[ NTf;] and its solubility ifComim][NTf;] is only 0.09 mol/mol IL.
The desirable solubilities of heptaard Xoctanol in [Res14[NTf,] are attributed to the
interactions between the non-polar regions of the IL and that of the organic solvent (37).

Both benzene and toluene are totally miscible withsdFJ[NTf;] as a resulbf the
weak interactions between thBees14” catiors and NTf,]” anions (38) while their
solubilities in [Comim][NTf,] are only 3.25 mol/mol IL and 1.87 mol/mol IL,
respectively indicating the formation of liquid clathrate88( 39). Liquid clathrate
formationand ultimate aromatic solubilitgre controlled by the strength of cati@mion
interactions 88), where stronger ionic interact®lead to dweraromatic solubility

Results (Table 1) on lubility measuremest of PEG300, heptane, Jdoctarol,
benzeneand toluene ifiComim]y[Pesss14 1-[NTf2] (0 < x < 0.29)showed thafl-octanol,
benzeneand toluenare totally miscible with the DSILs p@him]«[Psss14 (1-[NTf2] (0 <
x < 0.29) and their solubilities canbe tuned by changing the i@oncentration in the
DSILs. The same was observed for REW, where ne drop ofPEG300 can saturate
0.5 g [GMim]y[Psss14 (1[N Tf2], and the solubility of PEG-300 cannot be tuned.

The ®lubility of heptane in the DSH. is shown in Figire 7a With increase of the
[Comim]*/[NTf;]” molar ratiq the solubility of heptan@lecreasesip to its solubility limit
in [Comim][NTf,] (0.02 mol/mol IL) The presence of evesmall amounts of [@nim]*
significantly reducethe solubility of heptane ifComim]x[Pees141-[NTf2] as discussed
below.
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Figure 7. Solubility of heptane (aand methyl palmitated] in [Comim]y[Psss14 (1-x[NTf]
as a function of [@nim]* concentration. (2ro on the x axis corresponds t@sg2[NTf 2]
and1.0 to [Gmim][NTf;].)

Methyl palmitate, widely applieth leather and dailuse chemical industriesvas
chosen as aodel compounand itssolubility in the DSILs is shown in Table land
Figure 7b. As expected, methyl palmitate, with a long alkyl chain, can be readily
dissolved in[Pess14[NTF2], but not in[Comim][NTf,]. With increase of thgComim]*
concentration in the DSILs, the solubility of methyl palmitate decreases.

The ®lubility results indicte thatcompounds with long alkyl chaine.g., heptane
methyl palmitate, that have desirable solubilityout not totally miscible with
[Pess1d[NTT2] can be tuned in the DSILs f@im].[Pess1d(1[NTf2] (0 < x < 0.29) by
changing the ionamposition. h other cases, the solvent properties offin]«[Pses14 (1-
»INTf;] (0 <x < 0.29)are determined by the properties of offyss14[NTf>]. Because
of the limited amount of [@nim]™ in [Comim]«[Psss1d 1-9[NTf2] (x canonly reach ~0.29)
and its smaller volume compared to the bulkydH " cation, the [Gmim]* cationsdo
not interact agnuch with the compounds that are totally miscible with or virtulalye
no solubility in [Res14d[NTf2]. In this case, the presencetloé [Riss14” cation will control
the solvatiombility of the DSILs

Conclusions

DSILs, [Comim]y[Psss1d(1-x[NTf2] (0 < x < 0.29), were prepared by mixing
[Comim][NTf;] and [Pess1d[NTf2] in their miscible range. Spectroscopic anedys
revealedpreferential interactionsncluding both Coulombic interactions and hydrogen
bonding,betweerthe [NTf]” anions and thfC,mim]" cations.The interactions between
the [Comim]™ cationsand [NTf,]” anionsvs. those between Hgs14* cationsand [NTf,]"
anions account for the limitedsolubilities of [GMIM][NTf,] and [Psss14[NTF2].
Solubility studies show that compounds with long alkyl chaeg.,(heptane, methyl
palmitate), which havgoodsolubility in [Pses14[NTf2] but arenot totally miscible with
this IL, have tunable solubility in the prepd DSILs, and the presenceminor amourd
of [Comim]" significantly decreasethe solubility of heptan®r methyl palmitate. fie
solubilities of PEG300, 1-octanolpenzene, andoluene in[Comim]y[Psseu] a-x[NTf2]
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were controlledby their miscibility with [Res14[NTf2], and canot be tuned by changing
the ion concentration. hese kindsof DSILs provide systemwith tunable solvent
properties for non-polafipophilic solvents with long alkyl chains.
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