UCRL-11639

University of California

Ernest O. Lawrence
Radiation Laboratory

THE ELECTRICAL RESISTANCE OF‘ BISMUTH FROM 25 TO 80 KILOBARS

~

~
TWO-WEEK LOAN COPY
This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545
- | J

Berkeley, California



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



PR
i

PR )

e e

i ‘Rept. submitted for pub. ds a
; Note in J. of Physical Chemistry.

1
i

rwmmjd.

VS SRS [ e

. UcRL911639

UNIVERSITY OF CALIFORNIA

LAWRENCE RADIATION LABORATORY
BERKELEY, CALIFORNIA

AEC Contract No. W-ThO5-eng-48

THE ELECTRICAL RESISTANCE OF BISMUTH FROM 25 TO 80 KILOBARS

. David Phillips and George Jura

August 1964



" The Electrical Resistance“of Bismuth from 25 to 80 Kilobars

i * C €

David Phillips and George Jural

‘- . . . JR—

Inorganlc Materials Research DlVlSlon
: Lawrence Radiation Laboratory

and Department of Chemistry, University of Callfornla
' : Berkeley, California

‘i'

Abstract

N

' Tne electrlcal resistance of blsmuth has been carefully. 1nvest1—
' [ : .

gated in the pressure reglon beuween 30 and 90 Kbars. No discontinu~

ities were foundvln the.electrlcal re31stance in this regien. This
dces not necessarily mean'that the phase changes.found by Bridgman.

at 45 and 6LKg en™? do not exist.




' within 0.1% of the assigned value.

When Bridgmari2 determined the volume-pressure relationships of
bismuth to 100 kg cﬁ—2,fhe found two small volume discontinuities at .

45 and 64 kg — .Probablybevery investigator in high pressures nas

' determined the electrical resistivity of bismuth in this pressure'range.

Until Zeitlin and‘Brayman3 reperted discentinufties;Iﬁ“the“resistance

of bismuth at these pressures, ne one had found resistance discontinuities“
that corresponded to the volume dlscontlnultles at MS and 64 kbars

Because of this report weAundertook a more careful determlnatron of the

resistance of blsmuth as a functlon of pressure. Our results 1ndlcate

'that there is no dlscontlnulty in the re51stance that is greater than

0.1%. This is much smaller than the discontinuity reported by Zeitlin
and Brayman.

The Bridgman anvils, hismuth wire sample, and method'of samnle mounting

L
used here have been descrlbed elsewhere. The res1stance of the samuWe

which was about 2 ‘ohms, was measured with a Leeds and Northrun Mueller
bridger The room was air chditiened, and the maximumhvariatlon.ln room
temperature {(about 3°C) wasFSO'Small that it was not,neceSSarj\tolconsiderH
the resistance change in the bridge leausf. The anvils were kept in an

oil bath which'was thermostated to £ 0.1°C. The.éress has.a large diameter
ram and low pressure 011 system. A straln gauge in conJunctlon w1th a
Baldw1n—L1ma-Hamllton SR—M brlage was used for the determination of the .
load. The sensitivity_of the load measurement was 25_bars.‘ The stability -

t

of the press is such that in a period of 12 hourS’the'load Wouldvdecrease

i

by no more than 0.5%. During the.day,,the load was monitored andvkept .

3




- constant in the fourth decimal, a part in 20,000. This took several- hours

..3_

The resistance of.the'sample through~phase IT and in phase "yIII"
were.determineeAin_the usual fashion,:abeﬁﬁ two minutes after each pressure
increment. In'the_intermediete region, the region of interest, the sample
was permitted to stand until a resistance reading was obtained that was
after'a compression of 2 kbars. The resistance.came to 6.2% in “about ,
two minutes and then drifted downward at a very slow rate for two or
three hours after&ards; When'all factors are considered, the reletivev
accuracy of the various resistances in a gi&en exferiment shoﬁld be less
than 0.1%.

. Three complete ‘experiments were performed. .In each case the behavior

§

+

\
N

before and after the reéioh'of interest agreed closely with our previeus
work and that of other investigators. . Ve found no indication of a |
resistance diseontinuit& in the 40 or 60 Kbar region. We can only'conclude '
that Zeitlin and Brayman obtained spurious reéults for some reason that a
we are ﬁot in a position to determine.

We found that the mosﬁ satisfactofyhmethod of showingiopr'resuits'wes
to fit a least Squaressquadratie‘eXpressien'to our data, and~ﬁhen'showi. |
the deviation from this fit. Thls is shown in figure 1. This represehta;
tion is purely emplrlcal and is not meant to 1mply that thls 15 tne correct
revresentatlon of the re51stance of bismuth as a functlon of pressure. The f
average devmatlon of a single and all three determlnatlons is O. Oém, a |
figure that is reasondble w1th,our expected error. What,ls nore important,

'

there appeais to be no%sysfematic deViation.

« i _
The lack of dlscontlnulty 1n the re51stance cannot be taken as absolute

i ’

‘ proof that the phases reported by Brldgman do not ex1st There ‘are systems

which do not exhibit a dlscontlnuity in the re51stance accomnanylng a phese

change. Lanthanum is such a case.5
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- Figure Caption

Figure 1. Deviation of experimehtél‘pqinﬁs_frbm'an'assumedw‘;;[ _ /
quadrétic curve fitted'fhrough the experimental
points between 32 and 90 kbars. The results of
~ three independent determinations are éhown. Three
‘points in which the deviation was greater than E
0.25% are not shown. There is no indication of
_any transitions in the regions at 45 and 60 kbars. ,
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission"” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






