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A 4i Kil.obars 'l'ransi tion 1n Ytterbium 

· .. ,_ ... Jrarol.c1 Stromberg and George Jura 

Departmen" ot Chemistl')" and Inorganic Materials Division 
ot Le.wrenca Radiation Laboratory 

:>._. : ';, thdversit7 of Calitomia, :Berkeley-, Ce.litornia . . : ·,:';J~~,.' . ' . . . ' 
In recent yean, investigation o~ the ~ressure scale above 30 kil.Obara 

· . ::· :-:~has ~come u tav>ortant field of research. · Kenna~ has redetermined a nuniber ·· 
·, . . ' . 'l .. ;, ... · 
··of tixed transS.Uou point$ to !62 ldloba.rs, the. highest being that of cesium; 

. • i • 

vbere the. Vrm&itio:c. has been placed at 41. _kil.obars. Due to its high reacti .. · 

. . . . 

h the cou:r-. of ·our stu~ on the effect of pressure on the eleetrlcal resis-
' ' . 

tance ot the X'aN earth metala1 we have determined a transition in ytterbium 

·1, .• ,·. 

' ·~ . ,.. . 

in the sama relion; ·an4 since this material. is much simpler to handle, 1-te_ believe 

ibat 1t coul4 be used as a substitute tor the mre reactive cesium. The transi

tion pressure that we ·find for ytterbium at room temperature is 4o + 2 kiloba.rs · ·: · 
. ' ·' . - ....... ',,<" 

:' ' 'or u + 2 k1l.obe.rs ba'aed 'on a b1am!J.th 6-8 transition at 88 and 9~ kilobars re-:- ' - ' 

. ·· ~ctiveq. Our ear~ .vork led~:to~tbe" former ,value of the bismuth transition 

. · but our recent work indicates that the higher value is probably more correct.· . 

1'i. earliest work on ytterbium wasq:aone by Bridgma.n.2 
.He investigated , 

·· ·. the pressure • volUI'lll'! pbell0111eua to 39 kilobe.rs1 and the electrical resistivity 
' ' ' ' . ~ ' ' --,!,··. ' . .-. 

. ~- · to IUl uneorrectecl 9S ldlobara, !1'he volume work was not carried to su:f'ficientl.Y·, >" "' ;.,; 
-~.' :.! .. ~ . . . . . . . .. ' . 

·· ·high pressure to determine the 4o ldlobar transition. He did, howev-er, find- :--

· 'the mx1tmxm in the presaure vs resistance curve; but due to a. 'bo$ina.tion of . . . . 

·._:the el.ugj shneaa of the transition and the fact tbat hia sa.m,le ws under a·. 

· nlative~ larift ~s$ure cra41ent1 be · d:14 not · concl.ud.e that a. trans1 tion. bad_· 

. ~,_~ ~ > . ' 
. ~-- . 

. ' ' . ~ .. . ., 
/' ·. ' •. 
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.· ocCUl'red. More :teeentJ,t, Semerchan. and Popova.3 id~ntified this change as a. 

. transition and placed the pressure at 50 kUo'ba.:rs. 'l.'h.iS is certainly high, 

. ,·<. 8na. is proba'bl.¥ based On. the 1Dc~ct: ~ o~ l2; ·kUo'bars for. the bismuth .. •· ,· 
·' 

6-8 trana1 tion.- · . · · · . · · · ··· ... · · · 
' . ~ 

... 'l'.be ttterbium. we used was C)9.CJ1, pure and.. ~a. obtained :r.rom Research_ . 

· . Chemicals ot Burbank, California. '.... . 
' '\ ....... ' .. ' ; 

~ metal was extruded ~to Vires 0.003 .1nches 1n 'diameter, annealed at 
.. : . ,· I.Joo°C .GAd bent ~tO a· CirCular are, the center .Coinciding. with the axis of 

.·_:· ::. the' anvils~ .... ' ~. wt. ~:n:)ced\Jre m1 n1m1 zea the pressure gradient :tn ~ ~yatem • 
. ·. ·~. rire vas. ~unted. between ~4ver chloride discs in l/2 in. Bridgma.n anvils • .. · " . 

. : .. ~'- .. ::'·.<·the .• 1.8 ~~-a know,tixed ~nt vas ~ssed through the .syat~m. 
. ··' ' .. ~ .. A t7D1ca1. ~ressun resistance ~ is s~'W%1· 1n ~g. 1.. Tne resiata.nc~: : ·_· ' · 

':_:'.· ~·'transformation is quite slow,' running well over an hour,' however, if' a.n over--··· 

.... ':. J.Oad' ot; to l.O ld.lobars is applied the. transition. occurs very rapidly. In 

.... ·:", ~-;>spite ot the slusgishnesa ot the transition, there is no difficulty in locating· 

·~·pressure ~t which the transition starts due. to the change· in sien of too · 

. · ., · pressure· eoettic~nt. · · 'l'here is a veri large hysteresis ~ the presoure-resistance ,, 

'behaVior on 4e~mpressitln• The ~ transition does not occw;o \mtil a. pressure , · 
' . . '.·. 

. . 
. · , ot about 10 ldlc>bars 1a reached, and indeed, it appears that it is not co~lete .. 
z ' I 

r.· .... ·~ -: •. ' '' . . . · . ' ' · , . , I .1 

·• : : untU the pressure baa been eoll;)letel)' removed. 
·~ ... ' :, ' . . . ' . . . :.,·· ' . ·' . . . 

... -~ , .. , '~ ~ tor tbft. tranSition, 4o or 41;!: 2 kilobars is the. result of 9, , 

.;~-':~~tiona. Dr•' 3. sl&uihter4 has'tound. 1n the tetrahedral a.ppa.ratus tbS.t 

'i. b ~iUon OCCurS 'a1f Jia ldJ.obars1 Which is well withttiltGUr error factor~·. 
': ·~·. . ~ . 
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This report was prepared as an account of Gover~ment 
sponsored work. Neither the United States, nor the Com
m1ss1on, 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 privat,ely 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. 






