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Abstract. Why not consider liquid salt forms of active pharmaceutical ingredients (APIs) as an
alternative versatile tool in the pharmaceutical industry? Recent developments have shown that known
APIs can be readily converted into ionic liquids and that these novel phases often possess different
properties (e.g., improved solubilities and dissolution rates), which may have a direct impact on the
pharmacokinetics and pharmacodynamics of the drug. They may also offer the potential of novel and
more efficient delivery modes, as well as patent protection for each of the new forms of the drug. Since
these pharmaceutically active ionic liquids represent a thermodynamically stable phase, they avoid the
troublesome issues surrounding polymorphism and “polymorphic transformation.” In some cases, an
active cation and an active anion can be combined to produce a liquid possessing dual functionality. Here
we examine and challenge the current industry reliance on crystalline APIs by discussing the breadth and
potential impact of liquid salts as a possible approach to phase control.
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INTRODUCTION

More than 50% of drugs on the market today are sold as
organic salts (1). Salification (i.e., salt formation) of a drug
substance, a crucial step in drug development, can have a
huge impact on its properties, including solubility, dissolution
rate, hygroscopicity, stability, impurity profile and particle
characteristics. The cation that is most commonly used in the
salification process in FDA-approved pharmaceutical salts is
the sodium ion, while the most encountered anion is chloride
(2). The pharmaceutical industry relies predominantly on
solid, primarily crystalline forms for the delivery of APIs,
mainly for reasons of purity, thermal stability, manufactur-
ability, and ease of handling. In contrast, liquid drug
formulations are only rarely found and are usually based on
eutectic mixtures (3). However, problems associated with the
solid form of many drugs exist, including polymorphic
conversion, low solubility, and low bioavailability for crystalline
solids, and the tendency of amorphous forms to spontaneously
crystallize (4). For these reasons, but also for considerable
financial interests caused by legal ramifications, a constant
screening for new drug forms, including salts, solvates, and co-
crystals, is ongoing (5).

Most screening protocols for salt, solvate, co-crystal, or
indeed even neutral APIs, discard any results for which an
‘oil’ is obtained. That is, if the result of the test conditions is
not a solid, the material and the result are discarded and
typically unreported in the open literature. The protocols are
typically designed to produce crystalline forms, despite the
fact that if the counterion is carefully chosen, an API can be
designed to possess a low, or even non-existent, melting point
and hence be present as a liquid at room temperature or
below (6–9). These liquid salts represent a new phase of any
given pharmaceutical active ingredient (API) and therefore
offer a potentially new suite of properties for that active, not
to mention intellectual property. Equally, these liquid salts
offer a versatile solution to phase change issues with known
APIs.

The reliance of pharma on the solid state remains,
despite the fact that many drugs exhibit multiple crystalline
forms (polymorphs, solvates, etc.), which can have a profound
effect on the solubility, physical and chemical stability,
dissolution rate and, in some cases, bioavailability of the
compound (10–12). An interconversion between crystal forms
occasionally occurs, which can create differences in the
bioavailability of the drug, leading to inconsistencies in its
efficacy. The pharmaceutical industry’s concern with this
phenomenon has intensified as a result of “polymorphic
transformations,” where one crystal form transforms into
another during storage or manufacturing processes, and the
legal ramifications of this effect. A number of court cases
regarding the polymorphism of salts have proven to be
extremely significant and remarkably costly (e.g., GlaxoSmith-
Kline vs. Apotex–Paxil) (13), leading to the establishment of a
legal precedent concerning polymorphism. Thus, different
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phases of a given drug can, in principle, be separately
patented (1). It is also now accepted by regulatory bodies in
the US that different solid forms of a drug are effectively
different drugs, i.e., have different pharmacokinetics and
pharmacodynamics; however, European regulators currently
view them to be the same.

A liquid phase of the given active is therefore considered
to be a usefully different form of the active compound as it
certainly avoids the issues arising from polymorphism. Other
developments have been approaching similar territory where
liquid drug formulations were prepared as eutectic mixtures
(14); however, this tends to introduce a substantial quantity of
inactive ballast in the formulation, diluting the API. In
addition, pure liquid phases of APIs would lend themselves
to many alternative delivery or treatment options.

Ionic liquids (ILs) are commonly accepted as being salts
or mixtures of salts that have melting points below 100°C (15),
an extremely broad classification. In the present context of
pharmaceutical applications, the liquid phase is preferably
present below room temperature. These low melting points
are largely induced by packing frustration of the usually
asymmetric cations. In addition, a more diffuse charge on one
or both of the ions typically yields a lowering of the melting
point. For example, 3-ethyl-1-methylimidazolium chloride is a
simple organic salt with a melting point of 77–79°C; replacment
of the chloride with a dicyanamide anion lowers the melting
point below room temperature, and, thus, the salt at room
temperature appears as a stable, fluid liquid with a glass
transition of −104°C and a melting point of −21°C (16).

The huge interest in ILs has led to an extensive and
diverse range of ions known to support IL formation. An
equally diverse range of applications has emerged, from
electrochemical devices (17–19) to chemical solvents (17,20),
biopolymer solvents (21), and protein formulations (22–25) to
name a few. While the popularity of ILs in biosciences might
have been delayed by the (sometimes heated) debate on the
toxicity of some ILs, this very property can be desirable and
lead to a variety of pharmaceutical applications (26). For
instance, the antimicrobial activity of ILs is subject to an
increasing number of publications and can be beneficial for
the development of new bioactive materials, for example as
antiseptics or as antifouling reagents, or even as potential
anticancer therapeutic agents (9,27–32). Carson et al. have
investigated the antibiofilm activity of 1-alkyl-3-methylimida-
zolium chloride ILs and reported potent, broad spectrum
activity against a variety of clinically significant microbial
pathogens, including MRSA (33).

There is certainly no doubt that many pharmaceuticals
and other bioactive moieties can be made into an ionic liquid
phase. A number of examples have been published recently
where APIs have been combined with counterions capable of
lowering their melting point below room temperature. One
approach taken is to pair an active ion with a counterion
which is a known excipient. For example, the IL propanthe-
line acesulfamate contains the active cation from the API
propantheline bromide (an antimuscurinic used to treat a
number of conditions such as excessive sweating, cramps,
spasms of the stomach, etc.) with acesulfamate, a known
artificial sweetener and a pharmaceutical additive (6). The IL
formed from these two ions has no observable melting point
and passes into a glassy state at −20°C; bulk samples of this

material have been stable in the liquid state for more than
one year.

One of the most appealing features of ILs for pharma-
ceutical application is that they are customisable materials that
can be specially made with pre-selected characteristics by
varying the cations and anions of which they are comprised.
Combinations of different cations and anions result in various
ILs which can provide wide ranges of hydrophobicity/
hydrophilicity, acidity/basicity, viscosities, etc. (34). Perhaps
most importantly in the context discussed here, combining
cations and anions with little opportunity for strong attractive
intermolecular (or interionic) hydrogen bonded interactions
in an “anti-crystal engineering” approach decreases the
likelihood of crystallization and provides an elegant access
to pharmaceutically active ILs (6). This approach will
inherently lead to different salts (ion combinations) that
would otherwise not be explored where crystallization is the
prime objective. Indeed, the frequently used term “designer
solvents” for ILs might as easily be adapted for IL “designer
drugs,” since physical, chemical and biological properties of a
drug can be tuned by choice of the counterion rather than by
covalent modification (Fig. 1).

What new treatment options are we missing when drug
discovery or development approaches are exclusively focused
on the crystalline state? Let us explore some aspects of ILs
that we should start to consider when looking to refill our
product portfolio.

ELIMINATION OF POLYMORPHISM

If polymorphism is an issue, one can design an IL form of
the API without changing or compromising the molecular
integrity or solubility of the API. Ranitidine hydrochloride
(ZantacTM), an anti-ulcer drug that gained dubious fame for
extensive litigations over polymorphic forms and purity (35)
was easily reacted with sodium docusate, a common emollient
(36), to form the room temperature ionic liquid ranitidine
docusate with a glass transition temperature of −12°C.
Similarly, propantheline bromide is an API that can be
present in different polymorphs (37); the propantheline

Fig. 1. Designer drugs: tunable properties by design and choice of ions.
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acesulfamate, and the other propantheline ILs described in
reference 6, are new compounds of this API that avoid the
polymorphism problem (Fig. 2).

CONTROLLED SOLUBILITY

While the elimination of polymorphism in an IL for-
mulation of drug is a logical consequence, it is by far not the
only potential advantage arising from use of the liquid state.
Many Phase II trials of new active compounds end in failure
due to their poor efficacy, often related to limited solubility
(38). The design of the IL via the choice of the counterion can
dramatically improve or decrease the solubility of the API
(39,40). While most current salt approaches aim to increase
solubility, ILs also offer the possibility of rendering an active
less soluble, giving rise to hydrophobic liquid salts and new
concentrated liquid delivery modes.

Strongly hydrophilic ionic actives often possess insufficient
ability to penetrate biological membranes (1). Combining such
an active ion with another of a more lipophilic character may
offer a solution to this problem. For example, lidocaine docusate,
an IL form of the local surface anaesthetic lidocaine, combines
the relatively hydrophobic lidocaine cation with a hydrophobic
anion, docusate (an emollient), to produce a hydrophobic IL
salt, which exhibits reduced or controlledwater solubility (Fig. 3)
and thus should exhibit extended residence time on the skin (41).

A number of delivery modes can be employed to deliver
such hydrophobic liquid salts to the site of action more
efficiently than dissolved crystalline APIs in a more concen-

trated and effective manner, including iontophoresis, passive
patches, aerosols, etc. Hydrophobic IL phases of an active
make it possible to deliver a concentrated drug in a more
localised manner, potentially avoiding the toxic impact of the
drug and its metabolites on the rest of the body. While such
hydrophobic properties can be achieved in crystalline APIs
which are then used in a concentrated solution form, one of
the advantages of the IL phase in this respect is that the ion
combination used to prepare the salt is not required to
produce a high melting point to be a useful drug; much wider
combinations of ions are applicable.

ION-PAIR BASED TRANSPORT

Whether the IL ions will stay together in aqueous
solution as ion pairs or clusters rather than independent
solvated ions remains to be investigated. ILs are designed to
be chaotropic, and, thus, the aqueous and solution chemistries
are only sparingly explored (42). Recent molecular dynamics
simulation studies (43–45), as well as spectroscopic inves-
tigation via NMR techniques (46,47), suggest that ILs do not
dissolve as independent ions but keep a nanostructured
organization in aqueous media. After all, the inherent
properties of ILs are not like traditional crystalline salts,
and the very properties that make ILs low melting also make
them behave differently both in the melt and in solution.

Some pharmaceutically active ILs are highly ion-associated
systems displaying high viscosities and low conductivities.
This phenomenon has already been encountered and
described in the IL field where tetradecyltrihexyl- and
tetrabutyl-phosphonium cations are paired with chloride
and sulfonylamide anions to yield highly viscous and low
conducting compounds (48,49). These liquids are thought of
as being an intermediate state between true ionic and true
molecular liquids.

In the pharmaceutical world, drugs that are highly ionic
have difficulty crossing the membrane in order to reach their
site of action. Ion-pair formation enhances the transport of
various ionic drugs through the skin and across the absorbing
membrane (1). Therefore, highly ion-associated pharmaceuti-

Fig. 3. Improved hydrophobicity and decreased solubility of lidocaine
docusate.

Fig. 4. Dual biological function: Didecyldimethylammonium
saccharinate.

Fig. 2. Ranitidinedocusate (left), Propantheline toluenesulfonate (middle), andPropantheline acesulfamate (right).
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cally active ILs would be highly beneficial forms of the
original pharmaceutical active salts, as they could cross the
membrane more rapidly (50). In fact, measurements show
that one of the propantheline salts, propantheline p-toluene-
sulfonate (Fig. 2) is one of these highly paired ionic liquids.

EXPLOITING THE FULL POTENTIAL
OF SALTS—DUAL FUNCTIONALITY

With (solid) salts frequently used to provide the desired
physico-chemical properties of a neutral drug, the chosen
counterions are usually of inactive nature. There have been a
few examples of ‘combination salts’ utilizing two actives in a
single compound (1) but the overall promise of such an
approach seems to be moderated by a) the need to have a
crystalline material, and b) the fixed stoichiometry of actives
found in such a crystalline salt. So called ‘dual functionality’
has been a highly explored aspect of the IL field in general,
for example in dual acidic or double chiral ILs (51). In the
context of APIs it adds new avenues for exploration in
pharmaceutical action.

Only recently have examples in the IL literature
appeared which report the designed incorporation of two
biologically active ions where both the cation and anion were
chosen based on the desired physical, chemical, and biological
properties (9). Sweet and antimicrobial salts can be prepared
from antibacterial quaternary ammonium cations and non-
nutritive sweetener anions such as acesulfamate or saccha-
rinate. Didecyldimethylammonium saccharinate (Fig. 4) and
didecyldimethylammonium acesulfamate not only retain their
initial antimicrobial properties, but exhibited decreased water
solubility, high thermal stability, and good deterrent activity
against insects. While these quaternary ammonium cations

are frequently found as antimicrobials and disinfectants (52),
the introduction of sweetness as a second functionality in one
formulation can certainly be an additional factor for oral
applications, e.g. mouthwashes.

In the context of APIs, a variety of approaches can be
contemplated where the two actives can be chosen (Fig. 5),
for example on the basis of:

& one counteracting the side effects of the other active
ingredient;

& both ions being pharmacologically independent, but
either aiding the therapeutic properties of the other or
providing treatment for a different symptom; or

& the ions acting in a synergistic manner supplementing
the desired effects (1).

It is important to also note that a co-formation of two
separate solid actives in a solid dosage form does significantly
differ from a dual functional IL formulation (Fig. 6). The ions
in an IL will dissolve in the body fluids in exactly the same
way—since one ion cannot dissolve without the other; this is
not true of separate solid forms administered at the same time
since each may dissolve at quite different rates.

PROTIC IONIC LIQUIDS FROM API ACIDS
AND BASES: A QUESTION OF IONIZATION
AND CONFUSION

A subclass of ILs, protic ILs (PILs), is based on an acid/
base exchangeable proton system. As a result of the
exchangeable proton, these ILs have been used as solvents
in various acid catalysed reactions (53,54) and are suitable as
proton conductors (55). Pharmaceutically active acids and
bases can be utilised to produce pharmaceutically active
protic ILs, and, in fact, an overwhelming majority of all
pharmaceutically active salts in use are protonated species. It
is thought that ∆pKaaq > 10 is needed for full ionisation to
occur (56); ∆pKaaq < 10 implies low degree of ionisation,
hence a dynamic mixture of ions and parent acid and base.
There may be a significant advantage of drugs with low degree
of ionisation over the fully ionised ones due to their ability to

Fig. 6. Schematic illustration demonstrating a potentially different dissolution of dual
functional liquid (left) vs. solid co-formulation of 2 active salts (right).

Fig. 7. Partially ionised 1-methylhexylammonium salicylate.

Fig. 5. A number of different combinations possible for dual
functional liquids.
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cross membranes more efficiently. An example of a partially
ionized pharmaceutically active IL is 1-methylhexylammonium
salicylate (Fig. 7) (57). Salicylic acid, an analgesic with a pKa
value of 2.98, was reacted with 1-methylhexylamine, a nasal
decongestant with a pKa value of 10.5, to produce a liquid at
room temperature with a Tg at −40°C and a ∆pKaaq of 7.52.
Walden plot (48) analysis of this compound shows a low degree
of ionisation implying incomplete proton transfer from salicylic
acid to 1-methylhexylamine. In fact, it is most probable that this
compound is a mixture of the parent acid and base and salicylate
and 1-methylhexylammonium ions.

Most current research on ILs, and indeed virtually all
modeling efforts, deals with salts of definite chemical
composition. However, in light of growing understanding of
IL behavior, we have begun to question whether modification
to the stoichiometry, especially non-integral stoichiometry, is
not, in fact, an unrecognized tool to improve IL physical
properties. Angell and others studied “proton transfer RTIL
systems” using reactions between neat Brønsted acids and
bases and found that when one of the components is used in
excess, the resulting proton transfer is incomplete, and cations
and anions exist in equilibrium with molecular species,
resulting in formation of either associated ions or weak
proton transfer systems (58–60). With proper knowledge of
the chemistry, the properties of the ILs can be modified by
addition of excess solid or liquid acid or base in order to form
oligomeric anions or cations (Scheme 1) (61).

CONCLUSIONS AND FUTURE DIRECTIONS

We propose here that IL phases offer much promise,
incredible flexibility, and an ability to finely tune physical,
chemical, and biological properties without covalent manip-
ulation of the active. Certainly there are issues which must be
addressed, including manufacturing, scale-up, purification,
stability, and delivery, to name a few. Nonetheless, the
headlong rush to find new pharmacophores via molecular
manipulation and discovery may have obscured the fact that
many known actives can be manipulated into more effective
treatments by simple salt chemistry—albeit a salt chemistry
unlike any other yet attempted by the industry.

While better strategies for prediction and proper design
for pharmaceutically active ILs are needed and many
unknown aspects of synergies, antagonists, ion pairing, and
aggregation are involved, the risk in conducting such research
would seem to be outweighed by the potential for dramati-
cally increasing our product portfolios. We therefore suggest
that the liquid state per se should not be ignored—or worse,
discarded—but more considered as an alternative to common
solid-state techniques. A plethora of new possibilities, chal-
lenges, and thrilling opportunities might be the reward.

ACKNOWLEDGEMENTS

DRM is grateful to the Australian Research Council for
his Federation Fellowship.

REFERENCES

1. Heinrich Stahl P, Wermuth CG, editors. Handbook of Pharmaceut-
ical Salts; Properties, Selection, and Use, VHCA and Wiley-VCH,
2008.

2. Paulekuhn GS, Dressman JB, Saal C. Trends in active pharma-
ceutical ingredient salt selection based on analysis of the orange
book database. J Med Chem. 2007;50:6665–72.

3. Brodin A, Nyqvist-Mayer A, Wadsten T, Forslund B, Broberg F.
Phase diagram and aqueous solubility of the lidocaine-prilocaine
binary system. J Pharm Sci. 1984;73:481–4.

4. Byrn SR, Pfeiffer RR, Stephenson G. Solid-State Chemistry of
Dugs, Inc. West Lafayette: SSCI; 1999.

5. Peterson ML, Hickey MB, Zaworotko MJ, Almarsson O.
Expanding the scope of crystal form evaluation in pharmaceutical
science. J Pharm Pharm Sci. 2006;9:317–26.

6. Dean PM, Turanjanin J, Yoshizawa-Fujita M, MacFarlane DR,
Scott JL. Exploring an anti-crystal engineering approach to the
preparation of pharmaceutically active ionic liquids. Cryst
Growth Des. 2009;9:1137–45.

7. Hough WL, Rogers RD. Ionic liquids then and now: from
solvents to materials to active pharmaceutical ingredients. Bull
Chem Soc Jpn. 2007;80:2262–9.

8. Hough WL, Smiglak M, Rodriguez H, Swatloski RP, Spear SK,
Daly DT, et al. The third evolution of ionic liquids: active
pharmaceutical ingredients. New J Chem. 2007;31:1429–36.

9. Hough-Troutman WL, Smiglak M, Griffin S, Reichert WM,
Mirska I, Jodynis-Liebert J, et al. Ionic liquids with dual
biological function: sweet and anti-microbial, hydrophobic qua-
ternary ammonium-based salts. New J Chem. 2009;33:26–33.

10. Karpinski PH. Polymorphism of active pharmaceutical ingre-
dients. Chem Eng Technol. 2006;29:233–8.

11. Rodriguez-Spong B, Price CP, Jayasankar A, Matzger AJ,
Rodriguez-Hornedo N. General principles of pharmaceutical
solid polymorphism. A supramolecular perspective. Adv Drug
Delivery Rev. 2004;56:241–74.

12. Singhal D, Curatolo W. Drug polymorphism and dosage form
design: a practical perspective. AdvDrugDelivery Rev. 2004;56:335–
47.

13. Apotex wins latest round in generic Paxil litigation. http://www.
nature.com/nrd/journal/v3/n6/full/nrd1423.html, (accessed 27/08/
2009) 2004.

14. Draper P. Eutectic liquid drug formulation, (Can.). US:Application;
2007. p. 5.

15. Reichert WM, Holbrey JD, Vigour KB, Morgan TD, Broker
GA, Rogers RD. Approaches to crystallization from ionic
liquids: complex solvents-complex results, or, a strategy for
controlled formation of new supramolecular architectures?
Chem Commun. 2006;46:4767–79.

16. MacFarlane DR, Forsyth SA, Golding J, Deacon GB. Ionic
liquids based on imidazolium, ammonium and pyrrolidinium salts
of the dicyanamide anion. Green Chem. 2002;4:444–8.

17. Endres F, MacFarlane D, Abbott A, Editors. Electrodeposition
from Ionic Liquids. Wiley-VCH, 2008.

18. Howlett PC, MacFarlane DR, Hollenkamp AF. High lithium
metal cycling efficiency in a room-temperature ionic liquid.
Electrochem Solid-State Lett. 2004;7:A97–A101.

19. Armand M, Endres F, MacFarlane DR, Ohno H, Scrosati B.
Ionic-liquid materials for the electrochemical challenges of the
future. Nat Mater. 2009;8:621–9.

20. Welton T. Room-temperature ionic liquids. Solvents for synthesis
and catalysis. Chem Rev. 1999;99:2071–83.

21. Biswas A, Shogren RL, Stevenson DG, Willett JL, Bhowmik PK.
Ionic liquids as solvents for biopolymers: acylation of starch and
zein protein. Carbohydr Polym. 2006;66:546–50.

22. Fujita K, MacFarlane DR, Forsyth M. Protein solubilising and
stabilising ionic liquids. Chem Commun. 2005;4804–6.

23. Von Hagen J, Michelsen U. Use of ionic liquids for protein
extraction, (Merck Patent G.m.b.H., Germany). DE: Application;
2006. p. 12.

24. Fujita K, Forsyth M, MacFarlane DR, Reid RW, Elliott GD.
Unexpected improvement in stability and utility of cytochrome c
by solution in biocompatible ionic liquids. Biotechnol Bioeng.
2006;94:1209–13.

Scheme 1. Altering stoichiometry to produce oligomeric anions or
cations.

525Crystalline vs. Ionic Liquid Salt Forms of Active Pharmaceutical Ingredients



25. Fujita K, MacFarlane DR, Forsyth M, Yoshizawa-Fujita M,
Murata K, Nakamura N, et al. Solubility and stability of
cytochrome c in hydrated ionic liquids: effect of Oxo acid
residues and kosmotropicity. Biomacromolecules. 2007;8:2080–6.

26. Ranke J, Stolte S, Stormann R, Arning J, Jastorff B. Design of
sustainable chemical products-the example of ionic liquids. Chem
Rev. 2007;107:2183–206.

27. DemberelnyambaD,KimK-S, Choi S, Park S-Y, LeeH,KimC-J, et
al. Synthesis and antimicrobial properties of imidazolium and
pyrrolidinonium salts. Bioorg Med Chem. 2004;12:853–7.

28. Kumar V, Malhotra SV. Study on the potential anti-cancer
activity of phosphonium and ammonium-based ionic liquids.
Bioorg Med Chem Lett. 2009;19:4643–6.

29. Pernak J, Feder-Kubis J. Synthesis and properties of chiral
ammonium-based ionic liquids. Chem-Eur J. 2005;11:4441–9.

30. Pernak J, Goc I, Mirska I. Antimicrobial activities of protic ionic
liquids with lactate anion. Green Chem. 2004;6:323–9.

31. Pernak J, Sobaszkiewicz K, Foksowicz-Flaczyk J. Ionic liquids
with symmetrical dialkoxymethyl-substituted imidazolium cati-
ons. Chem-Eur J. 2004;10:3479–85.

32. Pernak J, Sobaszkiewicz K, Mirska I. Anti-microbial activities of
ionic liquids. Green Chem. 2003;5:52–6.

33. Carson L, Chau PKW, Earle MJ, Gilea MA, Gilmore BF, Gorman
SP, et al. Antibiofilm activities of 1-alkyl-3-methylimidazolium
chloride ionic liquids. Green Chem. 2009;11:492–7.

34. Rogers RD, Seddon KR. Ionic liquids: industrial applications to
green chemistry. American Chemical Society. 2003.

35. Goho A. The crystal form of a drug can be the secret to its
success, 2004. www.sciencenews.org/articles/20040821/bob9.asp
(accessed 27/08/2009).

36. Legen I, Salobir M, Kerc J. Comparison of different intestinal
epithelia as models for absorption enhancement studies. Int J
Pharm. 2005;291:183–8.

37. Borka L, Haleblian JK. Crystal polymorphism of pharmaceuticals.
Acta Pharm Jugosl. 1990;40:71–94.

38. Schuster D, Laggner C, Langer T. Why drugs fail - a study on side
effects in new chemical entities. Curr Pharm Des. 2005;11:3545–59.

39. Serajuddin ATM. Salt formation to improve drug solubility. Adv
Drug Delivery Rev. 2007;59:603–16.

40. Yu L. Amorphous pharmaceutical solids: preparation, character-
ization and stabilization. Adv Drug Delivery Rev. 2001;48:27–42.

41. O'Neil MJ, Smith A, Heckelman PE. The Merck Index. White-
house Station, NJ: Merck & Co. Inc.; 2001.

42. Zhao H. Are ionic liquids kosmotropic or chaotropic? An
evaluation of available thermodynamic parameters for quantifying
the ion kosmotropicity of ionic liquids. J ChemTechnol Biotechnol.
2006;81:877–91.

43. Bhargava BL, Klein ML. Initial stages of aggregation in aqueous
solutions of ionic liquids: molecular dynamics studies. J Phys
Chem B. 2009;113:9499–505.

44. Canongia Lopes Jose N, Costa Gomes Margarida F, Padua
Agilio AH. Nonpolar, polar, and associating solutes in ionic
liquids. J Phys Chem B. 2006;110:16816–8.

45. Jiang W, Wang Y, Voth GA. Molecular dynamics simulation of
nanostructural organization in ionic liquid/water mixtures. J Phys
Chem B. 2007;111:4812–8.

46. Nama D, Kumar PGA, Pregosin PS, Geldbach TJ, Dyson PJ. 1H,
19F-HOESYand PGSE diffusion studies on ionic liquids: the effect
of co-solvent on structure. Inorg Chim Acta. 2006;359:1907–11.

47. Zhao Y, Gao S, Wang J, Tang J. Aggregation of ionic liquids [C
(n)mim]Br (n=4, 6, 8, 10, 12) in D2O: a NMR study. J Phys
Chem B. 2008;112:2031–9.

48. Fraser KJ, Izgorodina EI, Forsyth M, Scott JL, MacFarlane DR.
Liquids intermediate between “molecular” and “ionic” liquids:
Liquid Ion Pairs? Chem Commun. 2007;3817–9.

49. MacFarlane DR, Forsyth M, Izgorodina EI, Abbott AP, Annat
G, Fraser K. On the concept of ionicity in ionic liquids. PCCP.
2009;11:4962–7.

50. Hamamoto H, Miwa Y. Tape preparation comprising etodolac in
ionic liquid form, (Medrx Co., Ltd., Japan). WO: Application;
2009. p. 35

51. Fei Z, Geldbach TJ, Zhao D, Dyson PJ. From dysfunction to bis-
function: on the design and applications of functionalized ionic
liquids. Chem-Eur J. 2006;12:2122–30.

52. Wan LS. Interaction of salicylic acid with quaternary ammonium
compounds. J Pharm Sci. 1968;57:1903–6.

53. Duan Z, Gu Y, Zhang J, Zhu L, Deng Y. Protic pyridinium ionic
liquids: synthesis, acidity determination and their performances
for acid catalysis. J Mol Catal A: Chem. 2006;250:163–8.

54. Janus E, Goc-Maciejewska I, Lozynski M, Pernak J. Diels-Alder
reaction in protic ionic liquids. Tetrahedron Lett. 2006;47:4079–83.

55. Ogihara W, Kosukegawa H, Ohno H. Proton-conducting ionic
liquids based upon multivalent anions and alkylimidazolium
cations. Chem Commun. 2006;3637–9.

56. Yoshizawa M, Xu W, Angell CA. Ionic liquids by proton
transfer: vapor pressure, conductivity, and the relevance of delta
pKa from aqueous Solutions. J Am Chem Soc. 2003;125:15411–9.

57. Stoimenovski J, MacFarlane DR. Pharmaceutically active protic
ionic liquids, congress on ionic liquids 3. Australia: Cairns; 2009.

58. Johansson KM, Izgorodina EI, Forsyth M, MacFarlane DR,
Seddon KR. Protic ionic liquids based on the dimeric and
oligomeric anions: [(AcO)xH(x-1)]. PCCP. 2008;10:2972–8.

59. Belieres J-P, Angell CA. Protic ionic liquids: preparation,
characterization, and proton free energy level representation. J
Phys Chem B. 2007;111:4926–37.

60. Kennedy DF, Drummond CJ. Large aggregated ions found in
some protic ionic liquids. J Phys Chem B. 2009;113:5690–3.

61. Bica K, Rogers RD. Confused ions in ionic liquids—pharma-
ceutically active ionic liquids composed of oligomers, Congress
on Ionic Liquids 3, Cairns, Australia; 2009

526 Stoimenovski, MacFarlane, Bica, Rogers


	Crystalline vs. Ionic Liquid Salt Forms of Active Pharmaceutical Ingredients: A Position Paper
	Abstract
	INTRODUCTION
	ELIMINATION OF POLYMORPHISM
	CONTROLLED SOLUBILITY
	ION-PAIR BASED TRANSPORT
	EXPLOITING THE FULL POTENTIAL OF SALTS—DUAL FUNCTIONALITY
	PROTIC IONIC LIQUIDS FROM API ACIDS AND BASES: A QUESTION OF IONIZATION AND CONFUSION
	CONCLUSIONS AND FUTURE DIRECTIONS
	REFERENCES



