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THE ELECTRICAL RESIS'I'P.NCE OF. 3ISJ.~l,'TE Be:.: 25 TO 90 KILOR'\RS 

·X· 
David. P:nillips and. '}eo.::ge 

Ino1·gam.c Jf;aterials Research :9ivision, Lmr.:.;;nce ~c,iio.tion Laboratory 
Department of Ci1e:·::.istry 

University of California.,. Ber1~eley, California 

October, 1966 

~~en Bridgman1 determined the volume-pressure relationships of bismuth 

to 100 kg cm-2, he .found .two small volu6e discontinuities at 45 and 64 kg 

-2 . 
em · Probably every investigator in high pressures has determined the 

electrical resi~tivity of bismuth in this pressure range. Until Zeitlin 

2 : 
and Brayman reported discontinuities -in the resistance of bismuth at these 

pressures, no one had found resistance discontinuities that corresponded to 

the volume discontinuities at 45 and 64 kbars. Because of this report, we 
' 

undertook a more careful determination of the resistance of bismuth as a 

. ... function of pressure. Our results indicate that there is no discontinuity 

in the resistance that is greater than 0. F/v. This is much smaller than the 

discontinuity reported by Zeitlin and Brayman. 

The J??;'idgmJn anvils, bismuth wire sample, and method o-::=: sample mounting 

used here have been described else,.;here. 3 The resistance of the sample, 

which was about 2 ohms, was measured vith a Leeds and Northrup Mueller 

bridge. The room was air cOnditioned) and the maximum variation in room 

temperature (about 3°C) .,.,as so small that it 1ms not necessary to consider 

the resistance change in the bridge leads. The anvils ~·~.;:.·.~ ~·~ept in an oil 

bath i-.rh:~ch was thermostated to 28.0 ± 0.1 °C. The press nas a lG.rge diameter. 
·: 

o* ?-.resently 1rrth Deps.rtrc.ent of Cherr.istry, Mien.i University, Ox:'ord, Ohio. 
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ram· and low pressure oil" system. .a. strain gauge in· conjunction '''i th a 

Bald\.rin-Lima-Ha!:lil.ton -SR-4 bridg~ ·~.fs.s 1.-:s~~l for the deter~ination of: the ~--· 

load. The sensitivity of the load r.:eas'Jrer.:ent 1·:"8.S 25 oars. The stability 

of the press is such tr.S.t in a period of ·12 hot:rs the load vould decrease 

by no more than 0.5%. During the day, the load vas monitored and kept 

1vithin 0.1)~ o:' the assigned value. 

The resistance of the sample through Phase I!- al".d in Phase "VIII 11 Here 

determined in the usual fashion, about hro minutes after each pressure 

increment. In the intermediate region, the region of interest) the sainple 

1-;as permitted to stand until a resistance rec;.:~::.!\3 m3.s obto.:ined that Has 

constant in the fou.rth decir:.~~.l, a part in ~0 ,000. This took several hours 

after a compression of '2 kbars~ The resis·a:nce came to'\,dtl:in 0.27~ in 
\ 
I 

about tvo minutes and then drifted dm-rmvard at· a very slow rate for t1w or 

three hours, afterl-lards. \~"'hen all :'actors are considered) the relative 

accuracy of the various resistances in a given experiment should be less 

than 0.1%. 

Three co;nplete experiments were, performed. In each case the behavior 

before and after the region of interest agreed clo2.e1~r vri th our previous 

work and that of· other investigators. l·ie found no indication of 8. res is-

tance discontinuity in the 40 or 60 kbar region. 1</e cc.n O!'ly c"onclude that 

Zeitlin and Brayman obtained spurious. results fer sc::J.e re:.::.son that 1-re .:J.rc 

not in a posi ~ion to determine. 

We found that the most satisfactory metl:od of sl1ouing our results HO.s 

to fit a lea::;t squares quadratic expressio:r. to o;;.r data) and then shou the 

'deviation from this fit. This is shOi·:r:-. i:1 Fig. l. T'nis rcp:i'esentation is 

· :purely empirical and is not meant to i::-;:.ply ths:'c tl:cis is ~n.e correct 

r 
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:represer:tation of the resistance of bis:nuth as e. function of pres·sure. The 

average deviation of a single.and al::.. three O.etermi::1at:.m:s is 0.06?~) a 

figure that is reasonable with our expected error. \·ihat is more i.'1lportant) 

there e.ppee.rs to be rio systematic deviation. 

The lack of discontinuity in the resistance cannot be taken as absolute 

proof that the phases reported by Bridgman do not exist. There e.re systems· 

which do not exhibit a discontinuity in the resistance accompanying a phase 

change. 4 Lanthanum is such a case. 

This vrork was performed under the auspices of the United States Atomic 

Energy Commission. 

. ' 
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Deviation o!· 
·. . ,. . >-. 

e..11 as sui:.eci 
~. . ' . . . 

·q_ue.a;ra tiC._·-· :polrits .from 

curve fitted t:rroc:.gi: t?1e e:x"})e:dmental points· bet'.-7een: 32 and 

90 kbars. The rest:i.lts of three independent .d.eterl'::tinations 

are shown. T:r.ree points in.Hhich tne deviation ~vas greater 

than 0. 2 5% c.:::-e not s!:ovrn. There is no indication of a~y 

transitions in the regions at 4 5 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 infring~ privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infoT

mation, appar~tus, 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 ~ontractor, 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. 
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