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1. Introduction

Ionic liquids (ILs) are substances in a liquid state
around room temperature even though it is only the
salts consisting of cations and anions. Recently, ILs
have been used for bioscience, as the solvent for
extracts and preserves proteins. [1, 2] Moreover,
ILs and sucrose aqueous solution have the good
stabilization for proteins [3], and such solutions are
easily vitrified. Thus, these ternary solutions are
expected to be cryoprotectants. In this paper,
acoustic properties of ternary mixture ILs and sugar
aqueous solutions were studied in order to examine
the application of cryoprotective agents in
cryobiology. Trehalose, known as good stabilization
for protein was used as the sugar ,and
1-ethyl-3-methylimidazolium Chloride ([emim]Cl)
which is most popular ILs was used as ILs.

Brillouin scattering spectroscopy has been used
to study the elastic properties of various liquids and
glass transition processes in a high-frequency
giga-hertz range and in an extremely wide
temperature range. Brillouin scattering is a
powerful tool to study dynamical properties of glass
transitions [4-6]. We can determine the sound
velocity and attenuation accurately by Brillouin
scattering.

2. Experimental

[emim]Cl was purchased from Tokyo Chemical
Industry. D-(+)-Trehalose of 98% purity was
purchased from Fluka and no further purification
was done. The refractive index was measured by
the prism coupling method (Metricon, 2010/M) at
532 nm. The sound velocity was measured by
Brillouin scattering [4]. The light source was a
green YAG laser (532 nm, 100 mW). The Brillouin
scattering spectra were measured using the
Sandercock-type 3 + 3 pass tandem Fabry Perot
interferometer (JRS, TFP-1) with finess 100 at the
backward scattering geometry. The sample
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temperature in a heating/cooling stage (LINKAM,
HTMS600) was controlled from -190 to 100 °C .

3. Results and Discussion

3.1 Refractive index

The refractive index of [emim]Cl and trehalose
aqueous solutions were measured at 532 nm as
shown in Fig. 1 to determine sound velocity from
Brillouin frequency shift. As the [emim]Cl
concentration increases, the refractive index of
ternary solution increases. While on heating, the
refractive index decreases.
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Fig. 1 Temperature dependence of refractive index
at 532 nm of [emim]Cl and trehalose aqueous
solutions.

3.2 Brillouin scattering

The temperature dependence of Brillouin
scattering spectra of [emim]Cl 40 trehalose 40 wt %
aqueous solution is shown in Fig. 2. Only
longitudinal acoustic (LA) mode was observed. On
heating from a glassy state at -180°C, the Brillouin
shift shows marked decrease, while the FWHM
shows a maximum above a few tens degrees above
the room temperature.
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Fig. 2 Temperature dependence of Brillouin
scattering spectra of [emim]Cl 40 trehalose 40 wt%
aqueous solution.

6

4000 = [emim]Cl 70 treha 10 wt% 9x10

® [emim]CI 60 treha 20 wt% | g+ 1()°
"‘\n\ 3500 :;.'i“ X [emim]Cl 50 treha 30 wt% X B >
£ 3000} [emim]Cl 40 treha 40 wi% { 7x10° 2%
= @
22500} 16x10 g
‘S 15x10° &
S 2000+ o =
o) 14x10" @
> 1500} ¢ 2
s 13x100
g 1000 - 12x10° g
& 500t Jix100 ™~

0 — 0

200 -150 -100 -0 0 50 100
Temperature«(°C)

Fig. 3 Temperature dependence of sound velocity
and attenuation of the LA mode in trehalose
aqueous solutions.

Figure 4 shows the temperature dependences of
sound velocity and attenuation of the LA mode,
which were determined using the observed values
of refractive index described in Sec. 3.1. On heating,
sound velocity decreases and the slope of sound
velocity increases above the glass transition
temperature 7,. While, attenuation factor shows a
peak above 7, and then decreases for further
heating. Such behaviors indicate a typical structural
relaxation as a precursor dynamic process of a
liquid-glass transition of structural glass.

Fig. 3 shows the comparison of sound velocity
and attenuation with the solution including
lysozyme. By adding lysozyme only 100 mg/ml to
[emim]Cl 50 trehalose 30 wt% solution, the
attenuation of acoustic wave increases.
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Fig. 4 Temperature dependence of sound velocity
and attenuation of the LA mode in [emim]Cl and
trehalose aqueous solutions and solution added
lysozyme.

4. Conclusion

The bioprotective effect of [emim]Cl and
trehalose aqueous solutions has been studied by
micro-Brillouin scattering excited at 532 nm.
Temperature and composition dependences of
refractive index of ternary aqueous solutions have
been determined at 532 nm accurately to determine
the sound velocity and attenuation. The acoustic
anomaly of ternary aqueous solutions shows the
typical structural relaxation in the supercooled
liquid state, and undergoes a liquid-glass transition
at low temperatures. Our results verify that the
glass transition behavior of ternary aqueous
solutions is similar to typical cryoprotectants such
as aminopropanol. [7]
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