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not rule out the possibility that the present sys-
tem may yet undergo a spin-glass-like transition
at temperatures below those studied here.
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Spontaneous or self-polarization current peaks were observed in NH4C1 and NH4Br,
when the samples were thermally cycled through their order-disorder phase transition.
In NH4C1, but not NH4Br, these peaks can be modulated by an externally applied electric
field. It is expected that this difference is due to the ferromagneticlike order in NH4C1

and the antiferromagneticlike order in NH4Br.

In this paper we report our observations on the
spontaneous or self-polarization current peaks in
NH4Cl and NH4Br, when the samples are thermal-
ly cycled through their low-temperature phase
transition. The words "spontaneous" and "self"
are used here to mean that the currents are the
result of the rearrangement of charges in the
sample that occurs during the phase transition
and not due to an externally applied electric field.
An earlier observation of this effect in NH4Cl has
been reported by Kessler. ' Our results confirm
his, but we have studied additional features of
this self-polarization and have observed a signifi-

cant difference in the behavior of NH4Cl as com-
pared to NH4Br.

NH4Cl and NH4Br show low-temperature phase
transitions at 243 and 235 K, respectively. In
the low-temperature phase, the NH4 tetrahedra
order ferromagnetically for NH4Cl and antiferro-
magnetically for NH4Br. In the ordered state,
NH4Cl is piezoelectric while NH, Br is not. Since
the transition is associated with the preferred
orientation of the NH4 ions and our results show
a self-polarization peak at the transition tempera-
ture, it is expected that this peak is related to
the orientation or disorientation of the NH4 ions
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as the sample is taken through the transition.
The apparatus used for the results reported

here is one designed to make ionic thermocurrent
measurements. The electrometer is capable of
measuring about 10 "A, and the insulation of the
wire from the top of the sample is by sapphire
bushings so as to preserve this capability. The
heating and cooling rates are constant in the
range of 0.5 to 5 K/min. Mechanical stress to
the crystal was minimized by using a very thin
wire silver painted at one point to the silver-
paint top electrode of the sample.

The measurements were made by bringing the
sample to a steady temperature a few degrees
above or below the transition and allowing the
temperature controller to drive the temperature
through the transition temperature. In some
cases, the sample was polarized before making
measurements. This was done by applying a po-
larizing voltage across the sample (electrometer
removed) just above the transition temperature,
and allowing the sample to cool to a temperature
below the transition temperature. The externally
applied voltage was then removed, the electrom-
eter was reconnected, and the measurement pro-
ceeded as before.

A typical self-polarization peak for NH, Cl is
shown in Fig. 1. The delay in the onset of the
polarization after going through the transition
temperature is believed to be due to the fact that
there exists a temperature gradient in the sam-
ple, such that the actual temperature of the sam-
ple is higher than the thermocouple on cooling
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FIG. 2. Self-polarization data for NH48r {Ivs T).
Heating rate is approximately 1.5 K/min and cooling
rate is approximately 2 K/min.

and lower than the thermocouple on heating. As
can be seen in Fig. 2 similar curves were ob-
tained for NH, Br, but the peak height was typical-
ly smaller by a factor of 3-10 than that of a sim-
ilarly sized sample of NH4cl.

To test whether the signal was associated with
the temperature gradient, measurements of the
gradient were made by inserting a thermocouple
into a hole drilled about midway between the top
and bottom nf a 7-mm-thick sample. Figure 3
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FIG. l. Self-polarization data for NB4cl (I vs T).
Heating and cooling rate is approximately 1.5 K/min.

FIG. 3. Temperature gradient (AT) and I vs time
for 7-mm-thick NH4cl sample. {a) AT vs time; onset
of transition is at A and C. (h) I and AT vs time. The
dip of AT is concurrent with the onset of' the self-po-
larization current.
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shows the difference in temperature (&&) between
the center of the sample and the bottom electrode
along with the self-polarization current as a func-
tion of time. The decrease of &T and its subse-
quent increase as the temperature decreases
through the transition is probably due to a latent
heat during the transition. In an attempt to modi-
fy the existing temperature gradient, one sample
was mounted in a small aluminum planchet and
measurements were performed with the planchet
empty and filled with silicone pump oil. It was
hope that this would alter the gradient and show
the gradient's effect on the signal. However,
there was no perceptible difference in the two
cases.

The effect of applying a polarizing field to NH4Cl
is shown in Fig. 4, curves' and B. The ampli-
tude of the signal could be increased, decreased,
or even reversed by the application of an appro-
priate external electric field. In NH, Br the effect
of an external electric field is either nonexistent
or very small as shown in Fig. 4, curves C and
D. The maximum electric field applied was about
2000 V/cm.

One further observation is interesting. The
structure in the self-polarization data is more
pronounced for lower heating and cooling rates.
This structure was observed repeatedly and was
found to be reproducible if the temperature of the
sample did not vary appreciably from the transi-
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Flg. 4. Field effect fox' NH4Cl and NH48r: Curve A. ,
field of approximately + 2000 V/cm applied to NH4CI.
Curve B, field of approximately —2000 V/cm applied to
NH4CI. Curve C, fieM of approximately + 2000 V/cm
applied to NH48r. Curve D, field of approximately
—2000 V/cm applied to NH4Br.

tion temperature. The structure was not always
reproducible if the sample was allowed to stand
at room temperature for some time between runs.

At this stage we do not know the origin of this
phenomenon of self-polarization in NH4C1 and
NH, Br. It is obvious that it is associated with
the phase transition temperature. Two candidates
immediately suggest themselves: permanent di-
poles and the piezoelectric effect.

It is known that NH4C1 is piezoelectric in its
ordered phase. Therefore, if the sample becomes
strained as it goes through the transition, one
would expect to see a signal due to this effect.
The sample could become strained as a result of
existing temperature gradients (Fig. 3). A self-
polarization signal is seen betweenA and B and
between C and D. However, a gradient which
changes from positive to negative exists between
8 and C where the crystal is in the ordered phase
and no signal was seen. One would expect this
to be the region where the strain is greatest.

The difference between NH4Cl and NH4Br when
subjected to an external electric field is note-
worthy. However, at the moment we simply do
not have an explana, tion for this, except to postu-
late that it is associated with the fact that NH4Cl
exhibits ferromagnetic order and is piezoelectric
while NH4Br orders antiferromagnetic3lly and is
not piezoelectric in the ordered state. Another
study has shown there exist piezoelectric domains
in NH4C1, and further that the domain structure
can be modified by the ayplication of suitable ex-
ternal fields. ' This is just the type of behavior
observed in NH, C1. Since NH4Br is not piezoelec-
tric in the ordered phase, one rvould not expect
a, Beld effect to occur, as is the ease.

The NHI4 ions do not have a, dipole moment, but
dipoles may be present in the crystal as a result
of any of the following: (I) molecular defects such
such as NH, or HCl due to the possibility of a pro-
ton transfer in ammonium salts'; (2) dipole mo-
ments of anions due to octopoolax' interaction of
NH, tetrahedra'; and (3) impurity-vacancy di-
poles. Given that dipoles do exist in the crystal
it is easy to see how the self-polarization signal
comes about. Our research suggests that the di-
poles become aligned as the crystal changes from
the disordered state to the ordered state, there-
by producing a current in the external circuit. A
reverse signal is produced as the crystal is
brought from the ordered state to the disordered
state, thus redunng the net polarization to zero.

The normal ionic thermocurrent analysis can-
not be applied to the self-polarization signals,
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since it is obvious (Figs. 1 and 2) that this is not
an ordinary thermally activated process. It
seems possible that the signal is due to dipoles
snapping into or out of alignment as the tempera-
tures in different parts of the crystal pass through
the transition temperature. Thus, the structure
in the data may be attributed to the fact that di-
poles may line up differently in different domains.

We can determine if impurities play a role by
doing the experiment on crystals doped with im-
purities. We are now in the process of growing
the crystals to do this.

In this paper we have reported experiments on
self-polarization in NH, Cl and NH4Br. The effect
is very interesting but we do not have enough ex-

perimental evidence to give an explanation ex-
cept in very tentative terms.

We wish to express our appreciation to Dr. H.
Hobgood and Mr. W. Mealing, who were respon-
sible for the design and construction of the ap-
paratus.
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Isotope-effect measurements on the binary Chevrel superconductor MoeSe8 are report-
ed with either Mo or Se replaced by their isotopes. Within our uncertainty the isotope-
effect exponent of T, ~ M 8 is equal in both cases (P ~,= 0.27 + 0.04, P s, = 0.27 + 0.05).
We concluded that only modes to which the six Mo and the eight Se atoms contribute
about equally are determining T~: These are acoustic translational modes of the Mo6Se8
cluster and its internal optical modes, whereas torsional modes of the cluster must be
of minor importance.

The discovery of superconductivity' in Chevrel-
phase' molybdenum chalcogenides has stimulated
research on these compounds. The extraordin-
arily large upper critical fields, ' and the occur-
rence of short-range' and long-range' magnetic
order are among the prominent features of these
superconductors. To understand their supercon-
ducting behavior, and to see which of the various
phonon modes of these compounds are important
for superconductivity, measurements of the Eli-
ashberg electron-phonon coupling n'E(&) by tun-
neling spectroscopy should be performed. These
experiments are very difficult because of the high
pressure sensitivity of the compounds (using a
point-contact method'), ' and problems in making
coherent and reliable barriers (for sandwich in-
vestigations). We have applied another method
to answer~t least partially questions concern-
ing o."E(~), and the influence of the various modes
by using the superconducting isotope effect.

The quasirigid Mo, Se, clusters are building
blocks for the ternary Chevrel-phase m'olybdenum

selenides and are believed to be essential for
their properties. "This binary system whose
crystal structure is hexagonal-rhombohedral,
space group RS, with one Mo, Se, per unit cell, '
is well suited for measurements of the isotope
effect because both atoms have a substantial num-
ber of stable isotopes. It is possible to vary the
mass of Mo and Se independently by about 8%.
The resulting variation of the transition tempera-
ture, T„ to the superconducting state gives in-
formation which modes of the atoms contribute
most to superconductivity in this system.

The main experimental problem in this inves-
tigation has been the synthesis of compounds with
a reproducible and sharp transition temperature.
Usually the transition width of Chevrel-phase
superconductors and the T, scattering of nomin-
ally identical samples are at least a few tenths
of a degree. '~'

The optimal preparation conditions to obtain
single-phase samples with reproducible and

sharp transitions have been found empirically
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