COMPRESSIBILITY OF BISMUTH AND ITS UPPER TRANSITION PRESSURE

of an extrapolation from 65 kbar, KLEMENT et
al.® have suggested that the transition probably
occurs more nearly around 80 kbar. It was earlier
suggested® that the manganin gauge with inte-
gral calibrants can be used to obtain a fairly
accurate value for this transition. An experiment
was designed to do this. The gauge consisted of
0-012 mm dia. manganin wire wound on a
threaded 0-035 cm thick silver chloride sleeve
enclosing a Bi~Tl-Ba core. The core consisted of
concentric cylindrical sleeves of Bi and T1 with
a Ba inner core. The over-all gauge dimensions
were 0-41 cm dia. x 0-71 cm long. A multiple
event resistance cell was also used in the experi-
ment. Both sensors were monitored simulta-
neously.
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Fi1G. 4. Response of manganin gauge used in re-examin-
ing the pressure value of the upper Bi transition.

The response of the manganin gauge is shown in
Fig. 4.* Figure 5 shows the derived calibration
curve. Up to the Ba transition, the slopes of the
various straight line segments of the curve are
about equal. It is reasonable to expect that the
same will hold true between the Ba and upper Bi
points. The value of the resistance at the upper Bi
transition is 24420 Q. Extrapolating the calibra-
tion in Fig. 5 linearly as shown by the dashed line
gives for this value of the resistance a transition
pressure of 81-82 kbar. For the transition to be
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at 88 kbar, the slope of the curve will have to
change drastically (dotted line), and, on the basis
of accumulated experimental experience, this is
unlikely.

This value for the transition pressure is con-
firmed in another way. We have previously
shown( that for our apparatus, using standard
size (7-30 cm on edge) prophyllite sample con-
tainers with preformed gaskets, the points for the
Bir_11, T1, and Ba transitions fall on a straight
line on a plot of true pressure vs. applied ram
pressure. Figure 6 shows results from the present
experiment. The open triangles represent the
points from the manganin gauge. The linearity of
the calibration up to 60 kbar is clearly exhibited.
Extrapolating this response beyond 60 kbar yields
a value of 81 kbar for the upper Bi transition
which occurred at an applied ram pressure of
16,400 psi. For the transition to be at a higher
pressure than this would indicate an improvement
in pressure generating efficiency, whereas generally
the contrary is true. The “88-kbar” value is
indicated in Fig. 6 by the closed triangle.

Figure 6 also shows the results from the resis-
tance cell (open circles). The transitions in the
calibrants were observed at different applied
pressures than in the manganin gauge,} but this
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Fi1G. 5. Resistance vs. pressure curve obtained from the
data in Fig. 4 and showing the upper Bi transition at
81-82 kbar.

* There was some evidence of the silver chloride
transition at ~ 14,500 psi ram pressure (71-72 kbar true
pressure), but the response was not sharp enough
because of the small amount of silver chloride used.

T Reference 7 discusses the pressure homogeneity in
the cubic apparatus used. The different applied pressures
are in agreement with the mapped pressure profiles
within the prophyllite container.
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F1G. 6. True pressure vs. applied ram pressure calibration curves
showing the upper Bi transition at 82 kbar. The long accepted
88-kbar value is indicated by the dark symbols.

is of no consequence. The upper Bi was observed
at a ram pressure of 18,600 psi. Again extrapolating
the calibration curve linearly beyond 60 kbar
yields a value of 82 kbar for this transition. The
“88-kbar”” value is indicated by the closed circle
;n the figure.

kS We believe these results show that the long
accepted 88-kbar value for the upper Bi transition
is too high. The obtained value of 81-82 kbar is
probably an upper limit. The final value will have
to await further determinations, preferably by
other techniques.*

It was shown earlier® that the manganin gauge
can be used to obtain quantitative estimates of
unknown volume changes associated with phase
transitions. The method assumes that the decrease
in the resistance of the gauge at the transition is
proportional to the decrease in the vol. of the core.
Thus, from the gauge response shown in Fig. 4
and from the known volume changes associated
with the Bi I-II-III transitions, namely 10-39,,f
the sudden vol. change for the upper Bi transition
can be obtained. From Fig. 4 the ratios of the

* After the completion of this work, it was brought to
our attention that W. Stark and G. Jura (ASME
pubication 64—WAIPT-28, December 1964) re-examined
this transition using the Bridgman-anvil apparatus.
Their value is 81 +4 kbar.

T The vol. at the start of the Bir-11 transmon is taken
as the reference vol. in this case.

resistance drops are Bi I-II-III/upper Bi = 7/1.
This corresponds to a vol. change of 1479, at the
upper transition. BRIDGMAN() reported a value of
(1:5+0-4)%.
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