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Ferroelectricity in Ammonium Sulfate
B. T. MATTHIAS AND J. P. REMEIKA
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(Received May 10, 1956)

'HE dielectric anomalies of (NH4)sSO4 have been
known and thoroughly investigated over a long

period of time."Our discovery of ferroelectricity in
(NH, )sAl(SO4) s 6HSO and its isomorphs' and the
subsequent discovery by Pepinsky et al.4 of the ferro-
electricity in some alums suggested a new approach
to the problem. It seems that the N —H —0 bond
may perhaps be more important for the occurrence
of ferroelectricity than had previously been anticipated.

(NH4)sSO4 has no water of crystallization and was
therefore an ultimate test to this hypothesis. We have
found that (NH4)sSO4 becomes ferroelectric parallel
to the a-axis below its transition point at —49.5'C.
The spontaneous polarization at —58'C is 2.54&(10 ~

coulomb/cm'. The coercive field at this temperature
is about 2000 v(cm and decreases with increasing
temperature. The hysteresis loops are very rectangular
and show no bias.

' R. Guillien, Compt. rend. 208, 980 (1939).
'L. Couture et al. , Compt. rend. 243, 1804 (1956).
'Holden, Matthias, Merz, and Remeika, Phys. Rev. 98, 546

(1955).
'Pepinsky, Iona, and Shirane (to be published). We wish to

thank Professor Pepinsky for the personal communication of his
results.
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of the two phases, a sample container having three
vertically arranged sections, connected by small holes,
was constructed. When this container is placed in a
magnetic field having a gradient from top to bottom,
the solutions in each of the three sections come to
resonance at a constant frequency for different values
of the steady magnetic field. Thus, the resonance line
as observed on an oscilloscope is split into three separate
peaks, each corresponding to the resonance of the He'
nuclei in a known section of the container. Changes
in the relative amplitudes of these three peaks as a
function of temperature give a measure of the concentra-
tion of He' atoms in each section of the sample con-
tainer, hence a measure of the He' concentrations of
the two phases.

Using this method on 40% and 60% solutions of
He' in He', we have arrived at an approximate phase
diagram, shown in Fig. 1, for He' —He4 solutions. In
calculating this diagram from the experimental data,
it was necessary to approximate the liquid mixture
densities by assuming the law for perfect solutions
using the known values of the molar volumes at 1.2'K
of pure He4 and pure He'. It was necessary also to make
an assumption regarding the susceptibility per atom of
He' in solutions of varying He' concentration. For
both the 40% and 60% samples at temperatures above
the phase separation temperature, very little deviation
was observed from the Curie inverse temperature law
for the susceptibility. Thus it was assumed that the
susceptibility per He' atom at any temperature lies
for all He' concentrations between that value predicted
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~SING nuclear magnetic resonance techniques, ' ' ~ 2 /

we have detected a separation of He' —He4 solu- /

tions into two distinct liquid phases at temperatures /

below 0.8 K. A separation had been predicted on0 0
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