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Organic lithium ion electrolyte is one of
the indispensable components of lithium
ion battery. Among various properties of
the organic electrolyte solutions, shear vis-
cosity and ionic conductivity are important
quantities that govern the performance of
the battery through the transport of ions.
The increase in the concentration of lithium
salt enhances the ionic conductivity of di-
lute solutions through the increase in the
carrier density, whereas further addition
of the salts into the concentrated solutions
prevents the ionic transport and enhances
the shear viscosity. However, the mi-
croscopic mechanisms that determine the
ionic transport and the shear viscosity of
the concentrated solutions have not been
clarified yet. In this work, therefore, we
tried to relate the microscopic dynamics of
the electrolyte with the macroscopic trans-
port properties by comparing the structural
relaxation determined from the intermedi-
ate scattering function with the frequency-
dependent transport coefficients.

The experiments were performed on the
solution of lithium hexafluorophosphate
(LiPF6) in propylene carbonate (PC), which
has been used as a representative model
of the organic electrolytes for lithium ion
battery. The concentration of the salt was
varied from 0 mol/kg (neat solvent) to 3
mol/kg. The measurement of the inter-
mediate scattering function was performed
on deuterated samples at NGA-NSE, NIST
Center of Neutron Research (NCNR), Na-
tional Institute of Standards and Technol-
ogy (NIST), USA (#19362, ”Structure relax-
ation of Li-ion propylene carbonate solu-
tion”) under the collaboration with Dr. M.
Nagao and Dr. A. Faraone (NCNR).
In the coherent parts of the diffraction pat-

tern of neat solvent, a single strong peak,
hereafter called ”main peak”, is found at
q = 14 nm-1, which corresponds to the re-

ciprocal intermolecular distance. The main
peak shifts to higher q with increasing con-
centration, reflecting the decrease in the
mean intermolecular distance due to the
dissolution of ions smaller than the solvent.
In addition, a small peak, hereafter called
”prepeak”, appears at q = 10 nm-1 in the
diffraction patterns of the LiPF6 / PC so-
lutions. The intensity of the prepeak in-
creases with concentration, while its peak
position does not change. The prepeak
suggests the presence of the intermediate-
range structure in the LiPF6 / PC solution.
Although the prepeak has been reported
on various liquids including ionic liquids,
higher alcohols and molten silicates, this
is the first report on the intermediate-
range structure of concentrated organic
electrolyte to the best of our knowledge.

The dynamics of the main peak and the
prepeak, q = 14 nm-1 and 10 nm-1, respec-
tively, are measured with the neutron spin
echo (NSE) spectroscopy. The relaxation of
the intermediate scattering function at both
wavevector is shown in Fig. 1. The relax-
ation at the main peak is slower than that at
q = 10 nm-1 in the neat solvent, which can
be understood as the de Gennes narrowing.
In contrast, the dynamics at the prepeak is
slower than that at the main peak in elec-
trolyte solutions where the intermediate-
range structure is present.

The relaxation spectra calculated from
the intermediate scattering functions at
both wavevectors are compared with the
frequency-dependent shear viscosity and
the alternating-current (AC) electric con-
ductivity at the highest concentration, 3
mol/kg. The frequency dependence of the
complex shear viscosity,η (ν), agrees with
that of the relaxation function at the main
peak, which indicates that the liquid struc-
ture described as the main peak is respon-
sible to the shear viscosity. On the other
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hand, the AC electric conductivity resem-
bles the relaxation of the prepeak, suggest-
ing that the dynamics of the intermediate-
range structure is coupled to the ionic con-
duction.

In summary, we succeeded in reveal-
ing the microscopic dynamics that under-
lie the macroscopic transport properties as
shear viscosity and ionic conductivity by
means of the combination of the NSE, shear
impedance and dielectric spectroscopy.

Fig. 1. Intermediate scattering functions at 298
K. The filled and open symbols show the relax-
ation functions at q = 10 and 14 nm-1, respectively.
0 mol/kg (red), 1 mol/kg (blue), 2 mol/kg (green)
and 3 mol/kg (black).


