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Amino acid ionic liquids, composed of tetrabutylphospho-
nium ([P4444]) cation and both asparagic acid ([Asp]) and
lysine ([Lys]) anions, are polar and of low viscosity because of
perturbation of the ordered Asp anion alignment.

Room-temperature ionic liquids (RTILs) are attracting
much attention because of their potential possibility to show
remarkable properties, including negligible vapor pressure, high
thermal stability, and high ionic conductivity.1 In particular,
RTILs have potential to dissolve several materials as well as
‘‘designer solvents.’’ Properties such as viscosity, melting point,
density, refractive index, and miscibility can be tuned by using
suitable anions and cations.2–4

We have previously reported that amino acids were used
as anions to prepare RTILs by coupling them with suitable
imidazolium cations.5 Those amino acid derived RTILs (AAILs)
are halogen-free designer liquids. Since amino acid residues may
extensively and easily be modified, AAILs are expected to be
platform for novel functional materials. For the use of RTILs
as solvents, polarity is one of very important parameters. Since
it is not possible to measure the dielectric constant of conductive
materials, the polarity of many ILs has been evaluated via
the Kamlet–Taft parameters determined by solvatochromism
of three different dye molecules.6,7 We have already shown,5

for example, that the polarity of AAILs is higher than that of
ILs containing anions such as Cl� and Br�. Mixing of two dis-
tinct (and miscible) RTILs is one of simple methods to prepare
ionic liquids having moderate properties in between two constit-
uents. We unexpectedly found the increase in the polarity by
mixing two different AAILs. There are a few papers on the
increase in the ionic conductivity or polarity of some IL mix-
tures.8–10 Although interaction among component ions is an
important factor to influence the properties of ionic liquids, no
detailed discussion on this has been reported so far. In the
present study, we have analyzed the influence of the composition
of AAIL mixtures on the Kamlet–Taft parameters in relation to
the preparation of polar and less viscous AAILs.

Figure 1 shows the Kamlet–Taft parameters as a function
of mixing composition for each binary mixture. For
[emim][Ala] + [emim][Val], all polarity parameters (�, �,
and �� values) vary linearly with the mixing ratio. In contrast,
in the [emim][Asp] + [emim][Lys] and the [emim][Glu] +
[emim][Lys] systems, the � and �� values changed nonlinearly
(convex upwards) with mixing composition (see Figure 1)
showing the maximum �� value. The �� value of both of pure
[emim][Asp] and [emim][Lys] is about 1.1, but the mixture
([emim][Asp] + [emim][Lys] (1:3 by mol)) shows much higher
value, 1.36. This strongly suggests that the mixtures are highly
polar liquids. The �� value of known polar IL (mainly chloride

salts) to date is approximately 1.0.7 Two mixed systems
([emim][Asp] + [emim][Lys] and [emim][Glu] + [emim][Lys]),
which exhibited unexpectedly large �� values, contained amino
acids having carboxylic acid and amino residues, respectively.
This finding suggests us to consider that it should be
important to examine the effect of hydrogen bonding between
side groups of amino acid anions on the polarity of the mixture.
However, the mixture of [emim][Asp] and [emim][Lys] has a
serious drawback, high viscosity. To solve this problem we have
examined other AAILs having relatively low viscosity.

The viscosity of AAILs is strongly affected by the cation
structure.5 We have already reported that [P4444][amino acid]
is less viscous than [emim][amino acid].5c Accordingly, we
prepared new AAIL mixtures with [P4444] cation instead of
[emim].5c As expected, [P4444] cation was better to prepare ILs
with amino acid. Thus prepared [P4444][Asp] was then mixed
with [P4444][Lys] to prepare polar and less viscous ionic liquids.
The polarity of this mixture was also evaluated with solvatochro-
mic dyes. As expected, the �� value of the mixture changed non-
linearly (convex, upwards) versus composition. Furthermore,
there was little increase in the viscosity of [P4444][Asp] upon
adding [P4444][Lys] as shown in Figure 2. Very high �� value
(1.17) and relatively low viscosity (0.5P) were successfully
observed by mixing [P4444][Asp] with [P4444][Lys] (by 1:4).
Regardless of cation structure, the mixture of AAILs having
Asp and Lys anions had very high �� value. It is necessary
to consider packing of Asp and Lys anions in the mixtures to
understand the increase of �� value after mixing.

We believe that the crystal structure of [P4444][Asp]
should be obtained through the packing study of the crystal,
but unfortunately the [P4444][Asp] could not be crystallized.

Figure 1. Kamlet–Taft parameters for the AAIL mixtures
(A + B). [emim][Ala] + [emim][Val] ( ), [emim][Asp] +
[emim][Lys] ( ), [emim][Glu] + [emim][Lys] ( ).
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Instead, we could analyze the crystal structure of [P4444][Glu]
by single-crystal X-ray diffraction measurement. The melting
point of [P4444][Glu] was 101.7

�C, and accordingly this is not
a room-temperature ionic liquid, but [P4444][Glu] is useful to
analyze crystals at ambient temperature. The understanding of
the crystal structure of [P4444][Glu] should be useful to estimate
the ion packing of [P4444][Asp] considering the similarity in
structure between these two salts. [P4444][Glu] crystal was ana-
lyzed with R-AXIS RAPID.11 Successive Glu anion layers were
found in the crystal stabilized by hydrogen bonds among anions
as shown in Figure 3. There are two types of hydrogen bonds,
intermolecular hydrogen bonds and intramolecular ones. These
hydrogen bonds contribute to lower the mobility of ions. On
the other hand, [P4444][Asp] is liquid but its viscosity is still high
(7400 cP at 50 �C). From the viewpoint of crystal structure of
[P4444][Glu], crystallization of [P4444][Asp] was suppressed be-
cause of weaker interaction among Asp anions. The [P4444][Asp]
is expected to have high electron density, because Asp was
strongly suggested to exist as triple ion containing two dissoci-
ated carboxylic acid residues and one protonated amino group.12

Although this high electron density would make [P4444][Asp]
polar, the �� value was unchanged.

In the [P4444][Asp] + [P4444][Lys] mixed system, the frac-
tion of Asp anions interacted with Lys anions increased com-
pared to pure [P4444][Asp]. There should be another hydrogen
bond between the amine group(s) of Lys and the carboxylic
group of Asp, but as explained above it is possible that these
bonds do not form anion layers. Even in the molten state, there
could remain an aggregation via hydrogen bonds. The electron

density around the N,N-diethyl-4-nitroaniline dye would then
increase upon adding [P4444][Lys]. The mixture is accordingly
considered to show higher �� value and lower viscosity than
those for [P4444][Asp].

In conclusion, we succeeded in improving polarity of amino
acid ionic liquids by adding another amino acid ionic liquid
having hydrogen-bonding ability. Especially, well-regulated
network of Asp anions would effectively be disturbed, and
viscosity decreased without lowering polarity even in the
molten state.

J. K. acknowledges the financial support of the Japan
Society for the Promotion of Science (Research Fellowship
for Young Scientists). This study was supported by KAKENHI,
a Grant-in-Aid for Scientific Research from the Ministry of
Education, Culture, Sports, Science and Technology (Nos.
17205020 and 17073005).

References and Notes
1 P. Wassercheild, T. Welton, Ionic Liquid in Synthesis,

Wiley-VCH, Weinheim, 2002.
2 K. Fukumoto, Y. Kohno, H. Ohno, Chem. Lett. 2006,

35, 1252.
3 J. Zhang, S. Zhang, K. Dong, Y. Zhang, Y. Shen, X. Lv,

Chem.—Eur. J. 2006, 12, 4021.
4 K. Fukumoto, H. Ohno, Angew. Chem., Int. Ed. 2007, 46,

1852.
5 a) H. Ohno, K. Fukumoto, Acc. Chem. Res. 2007, 40, 1122.

b) K. Fukumoto, M. Yoshizawa, H. Ohno, J. Am. Chem. Soc.
2005, 127, 2398. c) J. Kagimoto, K. Fukumoto, H. Ohno,
Chem. Commun. 2006, 2254. d) K. Fukumoto, H. Ohno,
Chem. Commun. 2006, 3081.

6 a) R. W. Taft, J.-L. M. Abboud, M. J. Kamlet, M. H.
Abraham, J. Solution Chem. 1985, 14, 153. b) A. de Juan,
G. Fonrodona, E. Casassas, TrAC, Trends Anal. Chem.
1997, 16, 52. c) M. J. Kamlet, J. L. M. Abboud, M. H.
Abraham, R. W. Taft, J. Org. Chem. 1983, 48, 2877.

7 a) L. Crowhurst, P. R. Mawdsley, J. M. Perez-Arlandis, P. A.
Salter, T. Welton, Phys. Chem. Chem. Phys. 2003, 5, 2790.
b) S. Park, R. J. Kazlauskas, J. Org. Chem. 2001, 66,
8395. c) S. V. Dzyuba, R. A. Bartsch, Tetrahedron Lett.
2002, 43, 4657. d) M. J. Muldoon, C. M. Gordon, I. R.
Dunkin, J. Chem. Soc., Perkin Trans. 2 2001, 433. e) S. J.
Abraham, W. J. Criddle, J. Anal. Appl. Pyrolysis 1985, 9, 65.

8 a) J. N. C. Lopes, T. C. Cordeiro, J. M. S. S. Esperanca,
H. J. R. Guedes, S. Huq, L. P. N. Rebelo, K. R. Seddon,
J. Phys. Chem. B 2005, 109, 3519. b) K. Hayamizu, Y.
Aihara, H. Nakagawa, T. Nukuda, W. S. Price, J. Phys.
Chem. B 2004, 108, 19527. c) A. Jarosik, S. R. Krajewski,
A. Lewandowski, P. Radzimski, J. Mol. Liq. 2006, 123, 43.

9 H. Every, A. G. Bishop, M. Forsyth, D. R. MacFarlane,
Electrochim. Acta 2000, 45, 1279.

10 K. A. Fletcher, S. N. Baker, G. A. Baker, S. Pandey, New J.
Chem. 2003, 27, 1706.

11 CCDC deposite number: 678005.
12 Supporting Information is available electronically on the

CSJ-Journal Web site, http://www.csj.jp/journals/chem-lett/
index.html.

Figure 3. Glu layer in crystalline [P4444][Glu].

Figure 2. Effect of [P4444][Lys] fraction on the �� value ( )
and viscosity ( ) at 50 �C for the mixtures ([P4444][Asp] +
[P4444][Lys]).

Chemistry Letters Vol.37, No.10 (2008) 1027

Published on the web (Advance View) August 30, 2008; doi:10.1246/cl.2008.1026


