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In the room temperature phase of KDP
(KH2PO4), a proton occupies two sites dis-
orderly. Below Tc = 123 K, the proton
is localized near one of the oxygen atoms,
and a spontaneous polarization appears
along the c-axis; perpendicular to the pro-
ton ordering. If protons are replaced by
deuterons, the transition temperature ele-
vates about 90 K, which is a well known
isotope effect of this crystal. In order to
understand the relation between the pro-
ton ordering and ferroelectricity, we have
refined the crystal structure by the use of
neutron diffraction intensity from the sin-
gle crystal mounted on FONDER (T2-2).
Figure (a) displays the atomic displacement
through the phase transition. Correlated
with the proton ordering below Tc, P and
K ions shift along the c-axis, while O atoms
remain almost the same positions. This
means that the O-P bond length and the
O-P-O bond angle of a PO4 tetrahedron
change about 0.03 Å and 5 ◦, respectively,
below Tc, with accompanying the transla-
tion of K. Such displacements of P and K
induce the spontaneous polarization along
the c-axis.
Although the atomic displacements are
rather large at Tc, the thermal vibration am-
plitudes change continuously through Tc
as shown in Fig.(b). Here the split atom
method is applied for H atoms above Tc.
The broken lines are refereed to Nelmes et
al [J. Phys. C: 15 (1982) 59].
We note that the atomic displacements
of K and P are smaller than the ther-
mal parameters,

√
U33, which suggests that

all the heavy atoms vibrate within sin-
gle minimum potentials except for protons
(deuterons). On the other hand, hydrogen
atoms are successfully represented by the
double peaked distribution (split atoms) in
accordance with the disordered picture of
hydrogen.

It is well known that the crystal is piezo-
electric and the elastic constant softens
completely, while the dielectric constant
becomes large but remain finite at Tc. Con-
sidering all the above facts together, we
consider that proton ordering distorts the
PO4 tetrahedron, i.e. stabilizes a H2PO4
molecular; which induces the elastic defor-
mation of the unit cell, as well as the ap-
pearance of the spontaneous polarization.
This picture of structural transitions is nei-
ther a pure order-disorder nor a displacive
type, but so to say a chemical instability
type.

Activity Report on Neutron Scattering Research: Experimental Reports 17 (2010)
Report Number: 1029


