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Electrical behavior of Te, Se, and S at very high pressures and low temperatures:
Superconduction transitions
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At sufficiently high pressures Te, Se, hand S transform to metallic or semimetallic forms. E ir-

lier work showed the metallic forms of Te and Se to be superconductors, ind very recent Soviet
reports indicate that high-pressure metallic S becomes superconducting. The work reported in

this article covers more refined measurements of the resistivities tnd temperature coefficients of
these elements in metallic form as related to pressure, and the resistance behavior from room

temperature down to 2,7 K. Metallic Te and Se prove to be good superconductors. In our ex-

periments semimetallic S shows i minimum resist ince in the 150—100-K zone, and a reproduci-

ble and consistent "jog" in the R (T) curve &t &bout 10 K. This resistance behavior of sulfur

over the range 12 to 300 K can be formulated is a series combination of i metal-like corn-

ponent and a serniconductinglike component, is might be expected in i partially converted

specimen. In such a case a possible explan ition of the downward jog in the 10-K region could

be a superconduction transition in the metallic component. However the magnitude of the ob-

served jog is actually far too small to be accounted for by such a model. It may be th it the

unusual resistance and temperature behavior is the result of complicated electronic properties of
a high-density, complex, linear sulfur structure which involves electron hopping from one linear

molecule to another. Some fits to i Mott T ' "-type model and an Anderson T ' type tre tried

but appear to be only p trtially successful.

I. INTRODUCTION

At high pressures the usual semiconducting forms
of Te and Se are known to transform to metallic
forms' ' which become superconducting at sufficient-
ly low temperatures. More recently, with ap-
paratus capable of higher pressures, S has been
shown to transform to a saturated semimetallic
form, Very recently there have been two
reports' " of observations of superconduction transi-
tions in this semimetallic S.

At our laboratory we have adapted our sintered
diamond-tipped opposed-piston apparatus" to
cryogenic-type experiments by equipping it with a

clamp press arrangement which can be lowered into a

large Dewar and cooled to liquid-He temperatures. "
This facility has been used to study the behavior of a

number of high-pressure metals down to low tem-
peratures while held at pressure. The purpose of this

paper is to report our new observations on Te, Se,
and S.

II. APPARATUS

For the cryogenic high-pressure work the stressed
binding rings of the diamond-tipped apparatus were
made of stainless steel which is not subject to brittle
fracture at very low temperatures. The clamp press
which held the apparatus under pressure was a

squirrel-cage structure with thick top and bottom pla-
tens of A-286 stainless steel connected by eight 17-
7PH stainless-steel tension rods capable of holding
the apparatus under sustained loading of up to 40
tons. The pressure apparatus and clamp press assem-
bly was brought up to the desired loading in a hy-

draulic press, the clamping nuts tightened, the hy-

draulic press load released, and the clamped and
loaded assembly transferred to a large Dewar where it

was cooled in steps in liquid N2 and then by liquid
He. By reducing the pressure above the liquid He,
the temperature of the assembly could be lowered
rather easily to 2.7 K. Temperatures were monitored
under nearly thermal equilibrium conditions during
very slow warm-up by calibrated copper and carbon
resistors. The resistances of the monitoring sensors
were measured by four-terminal systems with a weak
dc exciting current applied to one set of terminals
and the ir potential drop determined on the other set.
In our apparatus it was not practicable to extend the
four-terminal monitoring to the high-pressure speci-
men itself. Instead, the four-terminal net extended
to the bases of the pistons of the pressure apparatus.
The electrode resistance between those points and
the specimen itself within the high-pressure zone was

kept as 1ow as possible, and was evaluated in control
runs at various loadings and temperatures by replac-
ing the specimen with a zero resistance link.

It is recognized that in measurements of the kind
being reported here one must be on guard against su-
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perposed effects of contact resistance, electrochemical
effects, pressure gradient effects in the specimen,
thermal emf's, etc. Such factors were eliminated,
minimized, or evaluated by control experiments. Our
considerable experience with the apparatus indicated
that there was no significant pressure gradient within
the specimen region. However, as shown in Ref. 3
and 7, the phase-transformation behavior for the ele-
ments reported on here could be slow, and some-
times capricious at the higher temperatures, because
of nucleation conditions and competition of phases.
We were satisfied that such behavior was not due to
pressure gradients in the apparatus because other
simpler specimen elements showed quite sharp and
clean transitions under the same apparatus condi-
tions,
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III. RESULTS

Tellurium. Because of the relatively high electrical
conductivity of high-pressure metallic Te, the obtain-
ing of meaningful quantitative measurements in our
apparatus required the specimens to be of the order
of 1 p, m thick and the cell electrode resistance to be
quite small. The specimens consisted of a film of Te
which had been evaporated on to thin sheets of mica
under clean conditions. A small rectangular piece
was cut out and laid into the cell with the Te film in

contact with gold foil electrodes at each end. X-ray
diffraction showed the film to be hexagonal Te, At
room temperature the resistance of the gold foil (or
Pt foil) and tungsten wire electrode system in the cell
was measured to be about 0.15 ohm, while at liquid-
He temperature it was a little over 0.02 ohm. These
electrode resistances were subtracted from the mea-
sured total cell resistance to get the net specimen
resistance. The resistivities reported here in Fig. 1

are based on the initial dimensions of the Te film
between the electrodes, and they may be considered
accurate in the absolute sense to only about a factor
of 2 because of the lack of precise knowledge of the
actual dimensions of the specimen while under pres-
sure, However, the observed variations of resistance
with pressure and temperature may be considered re-
liable because the specimens were taken from the
same mica sheet with the Same Te film thickness,
and the pressure and temperature excursions were
made with a given specimen in the cell.

Our cryogenic test of Te at about 220 kbars over
the temperature range 300—2.7 K yielded the results
shown in Fig. 2 in which one curve shows the de-
tailed R (T) behavior in the 2.7—28-K interval, and
the other curve covers the span up to 300 K. Note
that there is a well-defined superconduction transition
in the temperature interval 5.5—6.8 K. This result is
to be compared to earlier Soviet results, shown here
in Fig. 3, which indicate a T, of about 2.8 K at 220
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FIG. 1. Resistivities of the high-pressure forms of Te and
Se as a function of pressure. The size of the symbol mark-
ing a datum point indicates the reliability of the point. The
larger the symbol the more reliable the datum point.
Although instrument performance was involved, there were
factors related to the stability and character of the specimen
which depended on the pressure, temperature, and time ap-
proach to the experimental point.

to the 10 to 300 K curve of Fig. 2 one gets a
Gruneisen characteristic temperature 0 of about 179
K for this metallic Te.

Selenium Our results wi.th thin-film (i.e., approxi-
mately 2 p, m) specimens of amorphous and hexago-
nal forms of Se at pressures below about 160 kbars
essentially agreed with those reported earlier by other

kbars (according to the pressure scale in use in
1972). When the pressure numbers shown in Fig. 3
are translated to the accepted modern (1975) pres-
sure scale" ' the highest-pressure data points corre-
spond to about 150 kbars. After the manuscript of
this article was first submitted for publication addi-
tional work at our laboratory has shown that between
150 and 200 kbars, Te undergoes another transfor-
mation, without resistance jump, and the T, of the
higher pressure form does indeed go up to the high
value shown in Fig. 2. '

Applying a graphical analysis based on a relation
proposed by Gruneisen' and Borelius, '

1

RT T= 1.17 ——0.1453
Rg 0
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FIG. 2. Resistance vs temperature of Te ~t about 220
kbars in our cryogenic high-pressure cell. Note the super-
conduction transition between 5.5 and 6.8 K.

observers. In going to higher pressures we obtained
the new result that the hexagonal form transforms to
a metallic state at about 250 kbars. ' This metallic
state appears to be the same, as judged by its electri-
cal characteristics, as the metallic form derived from
amorphous Se at about 130 kbars. The resistivity of
metallic Se as a function of pressure is shown in Fig.
1, in which the round data points apply to specimens
derived from amorphous Se and the triangular ones
to specimens derived from hexagonal Se. Compari-
son of these resistivity data for Se metal to those for
Te metal shows that the Se material is much more
pressure sensitive. Se at 400 kbars appears to be a
good metal with resistivity in the order of 40 p, O cm.
Also, the measured temperature coefficient of resis-
tivity at this pressure is about 0.004 K, which is
normal for good metals. As shown in Ref. 3 the
character and behavior of Se in the 130—250-kbars
pressure range depends upon the allotropic form of
the starting material and the pressure-temperature
time path to the state at the time of the measure-
ment.

We carried out three cryogenic experiments with
metallic Se, two with specimens derived from amor-
phous Se (at about 170 and 190 kbars), and one from
hexagonal Se (at about 330 kbars). As pointed out
by Wittig, 4 in doing this type of experiment starting
with amorphous Se, the specimen has to be cooled
without delay after it drops into the metallic state at
130—140 kbars. Otherwise, if it stands in this condi-

FIG. 3. T, vs P d tta for Te reported by Berman it at.
(Ref. 6}. The pressure scale used here was in vogue in
1972. On the 1975 pressure scale (Ref, 12) the highest-
pressure part of the curve corresponds to ~bout 150 kbars.
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FIG. 4. R (T) of Se (from amorphous Se) at about 170
kbars in our cryogenic high-pressure cell.

tion at room temperature it reverts to a high-pressure
semiconducting form. ' The results for the "amor-
phous Se" at 170 kbars are presented in Fig. 4. The
0.2-ohm, 10-K curve sh'ows the details of the distinct
superconduction transition occurring between about
4, 2 and 5.6 K. The 0.02-ohm resistance below 4.2 K
is the electrode resistance of the cell. The 1.0-ohm,
300-K curve shows the R ( T) behavior of the "nor-
mal" Se metal up to room temperature. Graphical
analysis of this latter curve yields a Gruneisen charac-
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kbars in our appartus. (A) Low-temperature region showing

superconduction transition; (8) full temperature span show-

ing behavior as a normal metal.
r

teristic temperature, 0, of 234 K which is in the
range for usual good metals.

Figure 5 presents our results for Se metal at about
330 kbars, derived from hexagonal Se. The 0.14-
ohm, 12-K curve shows the details of the supercon-
duction transition occurring between about 4.7 and
6.2 K. The other curve gives the R (T) behavior on
up to room temperature, and this leads to a 0 of 358
K, a value higher than the one for 170 kbars, sug-

gesting a stiffer lattice.
Sulfur. The 1978 report by Yakovlev et al. ,

'0 which

suggests a superconduction transition in sulfur, was
based on experiments using a film of sulfur between
an indentor of "carbonado" diamond and a flat "car-
bonado" diamond anvil. During loading of the speci-
men at room temperature the resistance decreased by
several decades and leveled out in the saturated sem-
imetallic state. When held at this loading and cooled,
a drop of resistance from 2.02 to 2.00 ohms was ob-
served, reproducibly, just below 10 K. The back-
ground resistance of the anvil system at the low tem-
perature was stated to be about 2 ohms, and the drop
of resistance was interpreted as a superconduction
transition in the metallic sulfur.

The 1978 experiments of Yevdokimova and
Kuzemskaya" utilized opposed piston cemented
tungsten carbide apparatus. They reported a sharp

drop of resistance of several decades at about 200
kbars, beyond which it leveled out indicating a sat-
urated metallic state. When this system was cooled
at pressure, they observed a sharp drop of resistance
at about 5.5 K which had all the characteristics of a
superconduction transition. The R (T) curve they
published is almost identical to that shown here in

our Fig. 4 for 170-kbar Se. They could explain the
large difference between their T, and that of
Yakovlev et al. ' only by assuming a rather large
difference in pressure between the two types of ex-
periments, and a large pressure dependence of T, for
metallic sulfur.

We carried out five different cryogenic ultrahigh-
pressure experiments with pure sulfur specimens,
one with S99Se~, and one with S90Se~o. The details of
specimen and electrode materials, geometry, pres-
sure, duration, etc. , are presented in Table I. The
specimen geometry and arrangements were as shown
in Ref. 7. In 6 of the experiments the specimen was

in the form of a thin flake about 0.025 mm thick po-
sitioned in the center of the cell parallel to the pres-
sure faces of the pistons. The electrodes were in

contact with the ends so that the resistance measure-
ment was in a direction perpendicular to the axis of
compression (transverse geometry). In one pure sul-
fur experiment the specimen was cylindrical and
coaxial with the pistons, the specimen being initially
about 0.15 mm in diameter and 0.12 mm long. In
this case the resistance path was parallel to the axis of
compression (axial geometry).

The specimen of the first experiment was of
99,999%-pure orthorhombic sulfur in contact with
Pt-foil electrodes. It was compressed at room tem-
perature to about 440-kbars pressure where it gradu-
ally settled into a fairly stable semimetallic state with
a resistance of about 17 0 (over 100 times the elec-
trode resistance). Its resistance behavior as it
warmed up from liquid-He temperature is shown in

Fig. 6. The same resistance pattern was followed
quite accurately in the second warm-up, showing the
behavior to be stable and repeatable. The noteworthy
features were the minimum in the 150-K region
(quite unexpected), and the jog in the 10-K region
(where we had anticipated a first-order resistance
drop due to superconduction, somewhat like those
for Se and Te). The subsequent experiments with
other sulfur specimens verified that this is indeed the
pattern of resistance behavior for sulfur in this pres-
sure regime.

To investigate the possibility that the 200-kbar
metallization of sulfur reported by Yevdokimova and
Kuzemskaya" might result from starting with a dif-
ferent allotropic form of sulfur we tried two experi-
ments using specimens pressed from pure "precipi-
tated sulfur, " and one experiment starting with
monoclinic sulfur. Both of the "precipitated sulfur"
experiments used transverse geometry and gold foil
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TABLE I. Parameters of cryogenic ultrahigh-pressure sulfur runs carried out.

Run
No.

Specimen
Material Geometry

Electrode
material

P
(kbar)

Days
under P

No. of
warm-ups

99,999%
orthorhombic
(OR) sulfur
Precip. powder

pure OR
sulfur
Precip. powder

pure OR
sulfur
Pure

monoclinic
sulfur
99.999%

OR
sulfur

S99Se )

S90Se 1 0

Tr ~nsverse

Transverse

Transverse
(short gap)

Tr ~nsverse

Axial

Transverse

Transverse

Pt foil

Au foil

Au foil

Au foil

Pt foil

Pt foil

Au foil

440

440

440

540

490

450

440

16

13

10

28

11

8

electrodes. In the second experiment the gap
between the electrodes spanned by the specimen was
made only about one-tenth the diameter of the pres-
sure faces of the pistons in order to practically elim-
inate any possibility of pressure gradient within the
specimen. X-ray diffraction analysis of the "precipi-
tated sulfur" showed it actually to be the usual
orthorhombic type. These two runs were carried out
at about 440 kbars. Except for the magnitudes of the
resistances associated with the different lengths of
the specimens these two experiments showed the
same behavior which was very similar to that of the
pure orthorhombic sulfur.

The fourth experiment used monoclinic sulfur
formed by annealing a specimen of ultrapure
orthorhombic sulfur in situ before closing the pres-
sure cell. This specimen, like the others, required
standing for hours at pressure over 400 kbars and at
temperature 10—20'C above room temperature to
cause it to settle into a saturated semimetallic state.
This experiment was run at a pressure of about 540
kbars, the highest in this series. The resistance-
temperature behavior was about the same as the oth-
ers.

A room-temperature compression experiment was
done with a specimen of amorphous sulfur made by
quenching sulfur from its hot "ropy" phase. This
specimen required the same high pressure to force it
into the semimetallic state as did the others, and
therefore time was not taken to subject it to a cryo-
genic test.

To test the possibility that the direction of the elec-
trical path in the specimen relative to the axis of

compression might have an effect in a complex ma-
terial like sulfur, the fifth experiment used pure
orthorhombic sulfur in a small coaxial cylindrical
space in the cell between the piston faces. This ex-
periment was run at about 480 kbars, and involved
six temperature scans over a total time period of 28
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FIG. 6. Our R (T) results for pure orthorhombic sulfur at
about 440 kbars. Experimental values and the two-term
analytical fit curve are compared.



3162 F. P. BUNDY AND K. J. DUNN

40

5.5

s.o-i
R

()

2.5-

2.0-

1.5-

I.O-

0.50 50 100 150

T(K)
200 250 300

FIG. 7. Our R (T) results for the sixth warm-up of an ax-
ial specimen of pure orthorhombic sulfur.

days. This number of scans was made because at the
end of a warm-up when the temperature approached
room value the resistance would drift down slowly
with elapsed time suggesting more complete conver-
sion to the semimetallic form after a cold period, or
possibly slow plastic deformation of the specimen it-

self toward shorter length and broader diameter.
Such drift was never observed at temperatures below
about 250 K. In this experiment, even after the sixth
warm-up there was still a very slow settling of the
resistance with time after the temperature exceeded
about 285 K. This may be seen at the high-

temperature end of the curve in Fig. 7 which shows
the resistance-. temperature behavior of this "axial"
specimen on the sixth warm-up when it certainly was

quite settled into the semimetallic state. This speci-
men shows the same general resistance-temperature
behavior as the "transverse geometry" ones, except
that the ratio of the resistance at lower temperatures
to the minimum resistance ran much higher than in

the other cases, and the R/R;„ratio for tempera-
tures above the minimum ran lower than in the other
cases. The room-temperature resistivity of this speci-
men after the sixth warm-up was about the same as
for the other specimens. The fact that in all the
warm-up cycles of the axial specimen the low-

temperature R /R;„ratios were practically the same,
and also several times larger than the corresponding
ratios for the transverse specimens, leads us to be-
lieve that there may be a real difference in the low-

temperature conduction mechanism in the axial as

contrasted to the transverse direction. Such an effect
could be due to preferred orientation of crystal or
molecular axes in the new phase.

To test the possibility that relatively small amounts
of Se as an impurity in sulfur might have a pro-
nounced effect on the low-temperature behavior of
the high-pressure phase, two such experiments were
carried out, one using S99SeI, and the other using
S9oSeIO. Although these two elements are miscible
there was some practical difficulty in the preparation
because of the gummy phase of sulfur in the 200'C
range where Se melts, and because of loss by vapori-
zation at higher temperatures. The specimens were
prepared by heating together ~eighed amounts of the
components in a small test tube without good control
over vapor escape. The specimen material prepared
in this manner may not have been homogeneous on
a molecular scale, or of exactly the intial weight ra-
tios.

Conversion of the S99SeI specimen to a nearly sat-
urated semimetallic form in our apparatus required
the same high pressures as did the pure sulfur. The
resistance-temperature behavior of the pressurized
S99SeI specimen at about 450 kbars was like that of
pure sulfur except that below about 15 K the resis-
tance dropped away in a much more pronounced
manner. This behavior was repeated accurately on
the second warm-up, which indicates that it was re-
versible and reproducible. The behavior of the
S90Se~o came out to be essentially like that for pure
sulfur. Again, the same pattern was obtained in both
warm-ups. More experiments using very carefully
prepared mixture specimens would be required to es-
tablish the effect of small amounts of Se molecularly
dispersed in sulfur. It may be that trace amounts can
have pronounced effects.

The consistency and reproducibility of our experi-
mental data for sulfur lead us to believe that they
were reliable, and that they justified some effort to
understand them in terms of some of the possible
physical models. The resistance versus time behavior
at room temperature during the initial compression to
very high pressure indicated that the new semimetal-
lic phase forms slowly, and that there could be some
residual semiconducting phase. Our experience with
Se also indicated two-phase behavior when under
"intermediate-pressure" conditions. It was logical
therefore to consider that the high-pressure sulfur
specimens might consist of two phases, one semicon-
ducting and one semimetallic. Also in view of the
Soviet reports, ' " together with the known super-
conducting behavior of the metallic forms of Te and
Se, it was reasonable to expect superconductive
behavior from semimetallic sulfur at sufficiently low

temperature.
It was found that aii 7 of th'e experimental R (T)

curves for S and S-Se mixtures could be fitted quite
accurately in the 15—300-K temperature range using
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a two-term expression of the form:

R ( T) =A exp[8/( T + C) ] + D exp[E ( T —300) ]

T(K)
300200 IOO 60 4030 20 I5 IO e 6

I I II I I I I

0.4 3 2.5
I I I

where the first term represents a semiconductorlike
component, and the second term a metal-like com-
ponent, The E is the temperature coefficient of resis-
tance of the hypothetical metallic component and D
its resistance at 300 K. The 8 and C are ficticious
temperatures relating to the hypothetical semicon-
ducting component. Each experimental case required
a different set of constants. The closeness of fit to
an experimental R (T) curve is shown by the triangu-
lar points in Fig. 6.

If in such a hypothetical model the conducting path
consists of a complex chain grid of metallic and semi-
conducting links, then upon the metallic links
becoming supercondueting the total resistance would
decrease abruptly by the amount of the resistance of
the metallic component. In all the experimental cases
the resistance change in the 12-K jog region was not
large enough to be accounted for in this manner, and
therefore the model cannot be completely correct.

Another possibility is that the sulfur specimen at
very high pressure is a single phase of linear conduct-
ing molecules in a polycrystalline state in which the
electrical conduction process consists of linear metal-
lic conduction along the molecules with hopping of
electrons from molecule to molecule, as in a Mott
model. " In this model at low temperatures the resis-
tance would follow the T ' relationship characteris-
tic of "variable range hopping. " In Fig. 8 we plot the
experimental data from 4 of the pure sulfur experi-
ments as lnR vs T ' . It is seen that there are two
temperature ranges in which approximate linearity oc-
curs, the main one extending from about 150 down
to 15 K, and a second one with distinctly smaller
slope belo~ about 12 K. According to the theory of
variable range hopping" the slope,

d (lnR ) 1.5
d(T ' ) ka N(E)

where k is the Boltzmann constant, o. is the rate of
falloff of the envelope of the wave functions for the
weakly localized states, and N (E) is the density of
states at the Fermi level. To account for the two dif-
ferent slopes there would have to be two different re-

' gimes of a' N (E), and these in turn would have to be
caused by different crystal or electronic arrangements
of the specimen. At temperatures as low as 10 K,
crystal-structure rearrangement would be improbable,
and therefore the change of regimes in the 12-K re-
gion would more likely be electronic in nature. This
would be a matter for theorists to consider.

In consideration of the possibility of the sulfur
behavior being of the type referrea to as Anderson
"Fermi glass, " the data from the same four experi-
ments are plotted in I'ig. 9 as lnR vs I/T In these.
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plots the only segment that can be considered very
linear is that below about 12 K where the slopes are
so small that they would correspond more to a condi-
tion of extended states rather than to localized states,
according to Mott.

It is evident from the experimental results and the
physical analysis presented here that high-pressure
sulfur is not a good classical metal, and that it is not
subject to superconduction at temperatures down to
2.7 K, However it certainly undergoes a definite
change in the mode of electrical conduction in the
12-K region of temperature. Some postpressurization
crystallographic evidence' suggests that the high-
pressure sulfur may consist of crystallites of linear
spiral molecules which might be linear metallic con-
ductors while under pressure. Such a model could
account for the semimetallic resistance behavior at
higher temperatures, a resistance minimum, and a
kind of semiconducting behavior at the lower tem-
peratures where some kind of hopping mechariism
between the linear molecules or crystallites would be-
come dominant. This idea is supported by the exper-
imental observation that there is a large difference in
the dR/dT in the IS—120-K temperature range for

FIG. 8. Plots of R {T) behavior of various sulfur speci-
mens on a lnR vs T ' basis. (1) Orthorhombic, transverse
geometry, 440 kbars; (2) precipitated powder orthorhombic,
transverse geometry, 440 kbars; (4) monoclinic, transverse
geometry, 540 kbars; (5) orthorhornbic, axial geometry, 490
k bars.
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300—12-K temperature range an additional explana-
tion is still needed for the change in mode of conduc-
tion from 12 K on down.

In respect to the experimental results for sulfur re-
ported recently by the Soviets, our results and those
of Yakovlev et al. ' are in rough agreement, but we
have never observed the behavior reported by
Yevdokimova and Kuzemskaya. "

IV. GENERAL COMMENT
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FIG. 9. Plots of R (T) behavior of various sulfur speci-
mens on a ln R vs T ' basis. Curve identification same as
in Fig. 8.

Of the three group VIa elements studied in this ex-
perimental investigation Te is d'efinitely the most me-
tallic, and S the least so. Above about 300 kbars Se
is also quite metallic, but in the range of about 120 to
250 kbars the metallic phase has competition with a
high-pressure semiconducting phase. Consequently
in experimenting with Se in the midpressure region
the initial allotropic form and the pressure-
temperature time path to the final state is important.
As our present quantitative results on sulfur show,
sulfur is not very metallic at 500 kbars. One can only
speculate by analogy, or by theory, about how much
pressure would be required to compress sulfur to a
true metallic state. On the basis of this trend in the
family of elements one might expect the lightest
member, oxygen, to require several megabars of
pressure to render it metallic.

sulfur specimens measured parallel to the compres-
sion axis as compared to those measured perpendicu-
lar to it, This effect could be associated with the pre-
ferred orientation of needle (or platelike) crystallites
in any uniaxial pressure apparatus. Even if the
electron-hopping model is the correct one in the
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