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Measurements of the electrical conductivity of KH,AsO, and its deuterated isomorph have been
performed from room temperatures to the temperature of their respective ferroelectric transitions.
Activation energies of 0.66 and 0.64 eV have been found to characterize the temperature dependence of
the conductivity for KH,AsO, and KD,AsO,, respectively. Further evidence that these materials display
anomalously long polarization relaxation times near the temperature of their ferroelectric transition is
presented and discussed. The nature of this behavior remains unexplained.

I. INTRODUCTION

Potassium dihydrogen arsenate (KDA) and its
deuterated isomorph (KD*A) belong to a family of
hydrogen-bonded, order-disorder ferroelectrics
frequently identified by the name of the primal
member, potassium dihydrogen phosphate (KDP).

In a recent study! of the thermodynamic properties
of KDA and KD*A our efforts to measure polariza-
tion by electrocaloric techniques were thwarted by
long-term charge drifts which were due either to
polarization relaxation with anomalously long time
constants or to anomalously high electrical con-
ductivity (0). These measurements were undertaken
in an effort to resolve this question, and demon-
strated that the conductivity does not behave anoma-
lously. Additional evidence of anomalously long
dielectric relaxation is also presented.

Previously there have been a number of studies
of the conductivity of KDP? and KD*P** covering a
broad range of temperatures. There exists a set
of measurements, limited to the vicinity of room
temperature, of the conductivity of KDA and KD*A,®
and also measurements of the conductivity of KDA
from 270 to 460 K® which include a study of impurity
doping effects.

The electrical conductivity of this class of materi-
als has been demonstrated by Coulometric measure-
ments on KDP"® to be protonic (or deuteronic) and
is dependent on the ability of the proton to jump be-
tween hydrogen bonds. This conduction mechanism
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has been substantiated by NMR measurements of the
activation energy for interbond jump times for
deuterons in KD*P.? Since the conduction mecha-
nism in the KDP family is dominated by the behavior
of the special hydrogen bond configuration, >3 at the
outset it was considered possible that there could

be an anomalous enhancement of the conductivity in
the vicinity of the ferroelectric transition which

was associated with the establishment of order with-
in the hydrogen bond system. No such behavior was
observed.

II. EXPERIMENTAL TECHNIQUES

The experiments were performed using a vacuum
calorimeter previously described by Reese and May®
and used for the thermodynamic measurements.
The temperature control and measurement process
were identical to those described previously. *®

The conductivity was determined by applying a
known voltage and measuring the current. The volt-
age was generated by a Keithely model-241 power
supply and the current was determined using a
Keithly model-640 vibrating capacitor electrometer.
The electrometer was connected in such a manner
that it acted as a unity-voltage-gain operation am-
plifier and drove a digital voltmeter for display of
the current. A simultaneous recording of the cur-
rent was made using a strip chart recorder. Volt-
ages up to 500 V were used. The minimum de-
tectable current was 10" A. The measurements
were made with current flow parallel to the ¢ axis
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on rectangular single crystals. The KDA sample
(0.5X%0.5%0. 25 cm) was obtained from Gould
Laboratories!® and the KD*A sample (1.0x1.4
X1.0 cm) was obtained from Quantum Technology
Ltd. ' Gold electrodes applied by vacuum evapora-
tion were utilized.

Following the application of voltage to the sam-
ple, the current was observed to decrease for
periods too long to be associated with the RC time
constant of the measuring system (which is too
short to be seen in Fig. 1 except at 220 K). This
effect can be ascribed to either of two independent
processes: (a) development of a blocking voltage
by charges trapped on the surface of the crystal
and (b) decay of residual current associated with
slow polarization response in the crystal. The
conductivity is determined from the initial value
of the current-voltage ratio in the case of the lat-
ter mechanism. Thus, meaningful values for o
can only be obtained if the relative importance of
these two effects is evaluated.

A series of current measurements at various
voltages and temperatures were undertaken to
distinguish between the charge trapping and polari-
zation relaxation mechanism. In Fig. 1 the cur-
rent-voltage ratio for several voltages and tem-
peratures is displayed. At 296 K, the ratio de-
termined with low applied voltages shows consid-
erable time dependence, but little time dependence
is shown when 100 V is applied. This latter de-
termination is considered a reliable measurement
of 0. Since the charge trapping mechanism results
in a blocking voltage, this mechanism will be most
significant at low applied voltages. Consequently
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FIG. 1. Ratio of current to applied voltage for KDA
as a function of elapsed time. Each curve is labeled by
the applied voltage (in V) and the bracket indicates the
temperature (K) of the measurement. The dashed line
T =220 K represents the RC-time-constant exponential
decay.
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FIG. 2. Conductuvity ver-
sus inverse temperature
for KDA (circles) and KD*A
(triangles).
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it can be concluded that charge trapping is signifi-
cant at 296 K but is negligible at 220 K, where the
current-voltage ratio is substantially independent
of applied voltage. In this latter case the time
dependence of the current-voltage ratio must be
ascribed to relaxation effects which are expected
to be independent of applied voltage.

The conductivity values were obtained after the
sample was judged fully polarized, as signaled by
the time-independent behavior of the current-volt-
age ratio. This requires a longer time as the tem-
perature of the ferroelectric transition is ap-
proached. Under conditions where the temperature
is close to the transition temperature and long
waiting times are required, great care must be
taken to minimize temperature drifts. Because
of the temperature dependence of the dielectric
constant, temperature drifts are reflected by a
polarization current proportional to (T - 6)2 T,
where 0 is the Weiss temperature and T is the tem-
perature drift rate. As an example of the severity
of this problem, in KDA at 97 K a temperature
drift of 1 mK/h will generate a polarization current
approximately equal to the real current (about 107!*
A at 500 V).

III. DISCUSSION

The conductivity of KDA and KD*A is shown in
Fig. 2. Above 160 K, ¢ can be represented by

o=0,¢e—-¢€/kT.

The activation energy found by these experiments
is associated with proton (deuteron) interbond
jumps, since studies of the variation of ¢ with dop-
ing® indicate that contributions to ¢ from defect
formation are small. The appropriate parameters
are given in Table I and a comparison with similar
parameters for KDP and KD*P is also given. Only
measurements taken above the temperatures of the
ferroelectric transition are shown, as measure-
ments taken below T, were difficult to interpret
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TABLE 1. Experimental parameters and a comparison
with similar parameters for KDP and KD*P.

€ (V) g @' cem™) T, (K)
KDP (Ref. 4) 0.54 0.13 122
KD*P (Refs. 3 and4)  0.58,0.53 0.79,0.06 220
KDA (Ref. 6) 0.66 3.2 96.2
KDA (this work) 0.66 24 96.2
KD*A (this work) 0.64 1200 161

owing to complicated relaxation behavior associ-
ated with spontaneous polarization and domains.

At room temperature we find oxp, =1.3x101°
Q'ecm™ and og*p,=1.8x10° Qlecm™. Adhav
reports conductivity for KDA approximately 25
times larger and conductivity for KD*A approxi-
mately 6.3 times smaller at the same temperature.
Perrino et al.® report a room-temperature con-
ductivity for KDA of 1.0x10°! @"'cm™. These
large discrepancies indicate the extreme sensitiv-
ity of the conductivity to impurities; for example,
a factor of 100 increase in oxp, was found® for
0.1% doping with KHSO,.

The measurements show a temperature-inde-
pendent conductivity for KDA below 160 K. It is
our opinion that this is an experimental artifact,
since other interpretations would do violence to
our understanding of the conduction processes in
these materials. Further, the conditions of the
experiment were such as to make this likely. Al-
though the resolution of the equipment would per-
mit a conductivity about a factor of 50 smaller than
the minimum value in Fig. 2 to be determined,
problems with temperature drifts previously dis-
cussed made reliable determinations of ¢ nearly
impossible below 160 K. Further, since the sam-
ple resistance is on the order of 10'® @ at this
temperature the possibility of leakage currents
should not be dismissed.

In addition to providing conductivity data, the
measurements indicate that the anomalous cur-
rent-time behavior observed previously''? cannot
be ascribed to anomalies in the electrical conduc-
tivity. The observations made in this study are
entirely consistent with the previous observations.
Thus, it seems appropriate to review this behav-
jor since some of it was only alluded to in the pre-
vious report. When an electrocaloric measure-
ment was attempted a two-stage behavior was ob-

served. Charge flow corresponding to approxi-
mately 90% of the equilibrium polarization occurred
with a short time constant (instrumental). Follow-
ing this there was a secondary charge flow of small
magnitude and very long duration (sometimes thou-
sands of seconds). Similar behavior occurred both
above and below 7.. The most noticeable temper -
ature effects were that the time required for the
secondary process was much greater near T, than
otherwise and the fraction of the polarization in-
volved increased somewhat near T,.

The anomalous behavior is considered to be po-
larization relaxation rather than a conduction ef-
fect for the following reasons: (i) Previous elec-
trocaloric determinations of the polarization in
KDA!2 could only be brought into harmony with cal-
orimetric data when allowance was made for the
anomalous polarization behavior; (ii) some electro-
caloric measurements indicated reversible temper-
ature behavior associated with the relaxation be-
havior; (iii) detailed examination of the dependence
of the polarization on electric field near T, is most
easily interpretable by assuming that the relaxa-
tion behavior is characteristic of the bulk polar-
ization.

Schmidt® has reported long-time constant (1-min)
relaxation behavior observed in the measurement
of the conductivity of KD*P and speculated that it
may be due to electrode blockage effects. Our
measurements demonstrate that electrode blockage
effects are significant above 200 K, a temperature
region which encompasses Schmidt’ s measure-
ments. The effect discussed here, which occurs
below 200 K, has a strong temperature dependence
near T,, unlike the effect reported by Schmidt.

In assessing this peculiar polarization behavior
It should be emphasized that the fast process,
which was associated with the largest fraction of
the polarization, did not appear anomalous. High-
frequency determinations of polarization relaxation,
such as by ultrasonic'® ! methods, would only
characterize the fast process. Thus, we believe
that we have observed a different manifestation of
polarization relaxation than previously reported.
Although one is tempted to speculate by associating
it with a hindered reorientation of chains of or-
dered hydrogen bond configurations near the end
of the polarization process, it seems best, at pres-
ent, to leave this effect in the category of an in-
triguing mystery.
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