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A dipolar-glassy state, which was proposed initially by Courtens in the solid-solution system of
Rbi-x(NHs)xH2PO4 (RADP), has attracted considerable attention as the phenomenon produced by
the frustration effect between the ferroelectricity of RbH2PO4 (RDP) and the antiferroelectricity of
NHsH2PO4 (ADP), and many efforts have been performed to understand the phenomena of the
dipolar glass and the dipolar-glass transition. However, the recognition of the dipolar-glassy state
seems to be rather confusing. In some cases, the dipolar-glassy state is considered to be produced as
a thermodynamically equilibrium state through some cooperative phenomenon such as phase
transition concerning dipolar orientations. While in some cases, the dipolar-glassy state is
recognized as a non-equilibrium frozen-in state of the configuration of dipoles due to slowing down
of their reorientational motion at low temperatures.

So far, the studies of dipolar glasses have been rather restricted to the RADP system. To obtain
more general and conclusive information about dipolar glasses, it is valuable to find a new
solid-solution system forming the dipolar-glassy state. Pyridinium tetrafluoroborate (CsNHsBF4;
PyHBF4) has been reported to show a ferroelectric-to-paraelectric phase transition at a higher
temperature than RDP, and Pyridinium hexafluorophosphate (PyHPFs), which has the same crystal
structure belonging to the space group of R3m at room temperature as PyHBFs shows
antiferroelectric property in the low-temperature ordered phase. Since these two compounds have
the same crystalline structure at room temperature and are composed of the common cation of PyH*
and anions of BF4 and PFe with nearly the same ionic sizes, there is a high possibility of their
forming solid solutions, and the dipolar-glass transition in PyH(BF4):-x(PFs)x solid-solution system
is expected to occur at a higher temperature than in the case of RADP system, which allows precise
investigations by dielectimetry and calorimetry for the characterization of dipolar glasses. Therefore,
I examined the possibility of the formation of solid solutions in the PyHBFs+—PyHPFs mixed system,
and performed dielectric measurements and adiabatic calorimetry for the obtained
PyH(BF4)1-x(PFe)x solid solutions.



(1) Formation of PyH(BF4):-x(PFe)x solid solutions and appearance of dipolar-glassy state

The ferroelectric crystal of PyHBF4 and the antiferroelectric crystal of PyHPFs were found to
form solid solutions in the whole composition range. The solid solutions PyH(BFa)i—x(PFs)x
exhibited dielectric properties which were strikingly similar to those observed in the typical
dipolar-glass system of RADP, and the dipolar-glassy state was concluded to be realized at low
temperatures in this newly found solid-solution system in the intermediate composition range owing
to the frustration effect of ferroelectricity and antiferroelectricity.

(2) Thermal and dielectric characterization of dipolar-glassy state in PyH(BFa);-x(PFs)x solid
solutions

In order to clarify the dipolar-glassy state thermodynamically, | applied the adiabatic
calorimetry to the solid-solution system of PyH(BFa4)1-x(PFs)x. In the calorimetry, PyH(BF4)1-x(PFe)x
solid solutions with the compositions x = 0.18, 0.51, and 0.89 exhibited the glass transitions. In each
sample, the relaxation time T estimated from the calorimetry, i.e., T = 103 s at the glass transition
temperature 7y, was well reproduced by the temperature dependence of the dielectric relaxation
times in the solid solutions obtained by the dielectimetry, and the calorimetrically observed glass
transition was confirmed to be a dipolar-glass transition.

This is the first case of the calorimetric observation of the dipolar-glass transition. The fact that
the transition showed the same thermal property as an ordinary glass transition characterizes the
transition as the freezing-in phenomenon of the thermally activated reorientational process of the
electric dipoles. Thus the dipolar-glassy state was concluded to be a thermodynamically
non-equilibrium frozen-in state.

(3) Re-examination of the typical dipolar-glass system of RADP by calorimetry and dielectimetry

The results for the dipolar-glassy state in PyH(BF4)1-x(PFg)x solid-solution system revealed that
the dipolar-glassy state is, in essence, a non-equilibrium state where the rearrangement of the
electric dipoles is frozen in due to the slowdown of the thermally activated reorientational motion of
the dipoles caused by the lowering of temperatures. Thus, | re-examined the typical dipolar-glass
system of RADP by the adiabatic calorimetry and the dielectimetry. The dielectric measurements at
frequencies lower than 1 Hz revealed that the dielectric anomaly from around 120 K to lower
temperatures is based on the paraelectric-to-ferroelectric phase transition. The dielectric relaxation
phenomena observed below ~30 K was then clarified to have a different origin from the anomaly,
and the dipolar-glassy state was concluded to be the thermally non-equilibrium frozen-in state also
in the RADP solid-solution system.



