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parallel domain structure during polarization re-
versal under the conditions given above, there
are many important experiments which are pos-
sible and which will undoubtedly lead to a better
understanding of ferroelectric BaTiO;. Among
those which the authors are currently investi -
gating are the following: the phenomena which
give rise the visibility of the antiparallel do-
mains, the quantitative aspects of sidewise wall
motion in metal-electroded crystals, the nuclea-
tion sites for reversed domains, the origin and
characteristics of ferroelectric Barkhausen
puises, and the effects of various electrodes and
impurity dopings on the characteristics of polar-
ization reversal.
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Solid mercury ordinarily crystallizes in a rhom-
bohedral structure which is stable to absolute
zero under normal pressures. Recent experi-
ments have shown, however, that a new type of
solid mercury can be produced which is actually
the more stable form at temperatures below
79°K.! The first indications that this new modi-
fication existed were found in the course of a
series of experiments in which the effect of pres-
sure on the superconducting transition tempera-
ture of normal (a) mercury was studied.? The
results of these experiments implied (although
not conclusively) that the new (3) phase was also
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superconducting. The theory of superconductiv-
ity, as given by Bardeen, Cooper, and Schrieffer,?
is relatively insensitive to the band structure,
and, hence, for a given element, the supercon-
ducting transition temperature in zero field should
be dependent to a first approximation only on the
density.* Lanthanum, which is far from an ideal
superconductor,® represents what has been the
only known example of an element that exists in
two superconducting crystallographic modifica-
tions. The two forms of mercury seemed to offer
a more ideal opportunity for checking the depend-
ence of the superconducting transition tempera-
ture on crystal structure, and in order to inves-
tigate this point we have recently investigated

the initial part of the critical field curve for 8
mercury. The zero-field transition temperature
which was found for 3 mercury can be explained
quantitatively in terms of the known difference

in molar volume® (about 1.5%) between the two
forms of solid mercury, and the pressure-effect
data for @ mercury.?

~ Although 8 mercury is stable at zero pressure
below 79°K, and metastable for temperatures
below 90°K, it can be formed only at relatively
high pressures (4000 atmos). Above 90°K the low-
temperature 3 phase anneals rapidly into the a
phase in an irreversible manner, so care must
be taken in handling samples once they have been
obtained. In our case, a fine wire of the 8 phase,
0.4-mm diam, was formed by extruding solid
mercury under liquid nitrogen from a 0.250-in.
diam cylinder through a 0.016-in. diam hold.

A pressure of 8000 atmos was necessary to
initiate extrusion, so 8§ mercury was formed in
the cylinder before the extrusion began. The ex-
trusion rate was kept small (about one inch of
wire per hour) in order to prevent local heating
and annealing. A convenient, though destructive,
test for the existence of the g phase was made by
measuring the resistance of a piece of wire in
liquid nitrogen before and after heating in air to
100°K. The existence of the 8 phase was indicated
by an irreversible resistance increase of a factor
of two due to the g—a transition.

The critical field curve to 200 gauss was de-
termined by placing the wire in the center of a
small solenoid which was later placed in a liquid
helium Dewar, all manipulations taking place
under liquid nitrogen. The transitions were ob-
served by using an ac mutual inductance method
at 33 cps, with a measuring field of 0.02 gauss
rms superimposed on the dc field. The results
of three runs on both o and 8 mercury are given



VoLUME 2, NUMBER 7 PHYSICAL

REVIEW LETTERS

AprIL 1, 1959

T T
a, B MERCURY SUPERCONDUCTING CRITICAL FIELD
200l CURVES B

a
)

MAGNETIC FIELD, GAUSS
]
o

')
o

any).
Te
» \
( ﬁ):no cAUsS/deg A

a7

\ 4
e, \
J Y 1 \.k 1 i

" 1 1 " 1 1
2.8 3.0 3.2 3.4 36. 38 4.0 4.2
TEMPERATURE, °K

FIG. 1. The critical-field curves for the o and 8
forms of mercury.

in Fig. 1. In the first run, the sample (0.4-mm
diam) was inadvertently allowed to warm above
90°K, and only the o transitions were noted. An
identical piece of wire was used in the second
run, and only the 3 transitions were found. Fi-
nally, a third run was made with a slightly lar-
ger wire (about 0.55-mm diam) which, for some
unexplained reason, seemed to contain a mixture
of both phases, and two sets of transitions were
found, neither being of the same quality as in the
first two runs. The consistency within a given
run was about +0.1 gauss, with an agreement be~
tween different runs of about one gauss. The
wire used in the first two runs may have been
fairly strain-free, since it had been kept under
liquid nitrogen for two weeks before the runs
were made. The second lot of wire was run al-
most immediately after extrusion, and may have
been quite strained, since changes in hardness of
the wire with time have been observed in the
course of this work. Thus, we tend to rely on the
first two runs as being the more dependable, and
on the third run as furnishing a qualitative con-
firmation of the first two.

The changes in both the zero-field transition
temperature (from 4.1536°K for o mercury to
3.94°K for g8 mercury) and the shape of the criti-
cal-field curve are quite marked. Our data for
o mercury agree with Maxwell and Lutes® in that,
within our accuracy and the limited range of our
magnetic fields, the critical-field curve is strict-
ly parabolic, with an H, of 426 gauss, compared
with their 410 gauss. The critical-field curve for
B mercury appears to deviate appreciably from
parabolic shape in the same sense as tin and in-
dium, although no attempt was made to fit the

data to an analytic curve to determine a value for
H,. The measured initial slopes of the critical-
field curves are -204 gauss/deg for a mercury
and -170 gauss/deg for 8 mercury.

The change in the zero-field transition temper-
ature (-0.21°) can be explained almost completely
by the change in volume due to the crystallographic
transformation. The pressure-effect experiments?
give (dT,/dV)=0.91 deg/(cm®/mole), and the com-
pression measurements give AV =V, - Vg =0.206
cm®/mole at 4°K.! Thus, on the basis of these
data, a change in T of -0.19° would be predicted,
well within the experimental uncertainties. On
the basis of this same assumption, the observed
difference in the slopes of the critical-field curves
can be explained only if (8H c/ 8V)r were to in-
crease with decreasing temperature. This does
not correspond with what is known of any other
superconductor,” and we hope to investigate this
point at a later date.

An x-ray powder camera for use at either liquid
nitrogen or liquid helium temperatures was con-
structed in order to determine the structure of
8 mercury. The results of this work are only
tentative, but the pictures which have been ob-
tained show conclusively that the structure of 3
mercury is quite different from that of a mer-
cury. The powder diffraction patterns from 3
mercury can be explained by a body-centered
tetragonal structure, although a definite state-
ment cannot be made until further data are ob-
tained.

The authors are indebted to Dr. M. Atoji for his
collaboration in the design of the x-ray cryostat,
and for his determination of the structure from
the pictures which were taken. More complete
accounts of the x-ray and superconductivity ex-
periments will be published as separate papers
at a later date.

‘Contribution No. 728. Work was performed in the
Ames Laboratory of the U. S. Atomic Energy Com-
mission.
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