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· College of Chemistry · 
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,, phase boundaries • 
I For purposes of·calibration the following fixed ~/:~J;::r ,;~: 

points have been obtained: Bismuth, 
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. .. . , ,' .. ,. .. '·•· .. -·,, DTRO::TI~N'{,S~-~ >• .. ){(;;:::- :;:_:j•)}l(,~~:i!tl~[ft~~!~) 
, ·It ·is well known that when a phase. transformation .occurs under.,. 'l<:.'·~~:::r•:~; \, ·:·:·.: 

' .· . -~;· . . . ., ·. ~ '. ;~~·.t.-~:~~--~~~:~~i(·~~~~~;i:\}~>~1 ~-~.) ~ 

:"'. ··:: 

• ! 

,·':· · l pressure, the 'pressure at which the transition. is observed, ~der com~z;>~·~?.';r::~,~::·{;.::;:;:,<:t.--..· 

·;, .·::··· ·; ..... :·::::e:: :::h:: t:::~ t::o::::c:::::~:. ::a:h:e:::eb:odr~i1tl~\~t·~·~· 
·· ·, •'·~ .. ·::" · .. ·: ·. Bridgman; . who referred to the region between :t;he pressures. at which:.;:/>{~'.· .. f!},~·J:.b;.t:d?':·>~ '. 

the tr.ansfonnation occ:ed on compression and decompression as the :v;·i~:;\::~;.~::g~;; 
.• ·': ···· ,. region of indifference. .He chose as· the transition pressure a point·,·::::::f::-:>·;):;:f~}::::. 

,/ .,' . '·' (1). P• w. Brid~, "The Physi~~ o~ High~essure", IDndon, :;.· Beti'l·'~:if:ft~0J.·;--
: :· ; •, . . · Sons, 1958. \ .. . _ . . ; ~ . . . . ' i•iif(fj!',~~\' 

midway between the compression and decompression values.· More recently;.\··'::.\~~,;;·.'·:.· 

' .. ~ 

t •. 

'.• . ~ . -

,_ ..... ,_ ...... · •, ... . 

. ' Kennedy· and coworkers have obtained thermodynamic pressures by ,shearin~·.,;;~~qd;:.~~\··~~ ·.~:··,,, 
'.i ·, 

'•''·::._ 

:·.the sample, a technique which decreases the difference ·between 

experimental transition pressures to a ~egligibly small. quantity· and. 

' ' ' .. thereby obtains thermodynamic values of' the 
. '.' .. ·:·:,' -.,.. . . 

. '. . '.· ·i. ·-, ·' 

-~-.-:.:_-:·-~·::~~·~: ·.-~·-.: ..... 

~ '· 

(2) G. c. Kennedi and P. N •. ~· Mori.,' ·_"The hog7ess in Very High hessure .. ~~.:; .. ,'.;-:.' ,·.; 

Resemh", P• 304, John Wiley, N~;_Y~~k ( 1~1) , ' ', , ;,{t~~~~t~f~Cl; 
reluctance of one ·phase to transform :t;o. :the·· second is· apparently a tiine·: J~l~Ii~~'~l:;\:;· ~'{;/ · 

0 

° , ' , ' ~ • ·:~·: (' 
0

• ~:·· , • J • r < ' • < • ~:~~(~1.~~~ .~};}j'~~?fi~~-;:~ :• 
ef'fect.. A. sample c'an be ·compressed;_to a '·pressure greater than the kno~ '~h;~!~;~:·~N-~~~y.' j 

• • !~ ' -~ ~ ·-.-'.: ..• :, _- ~... - _:,._~::L~-:~~.z~:::~,~-·;.:~~~-~<~:~ .. -, 

'·I 
•'. 

... . . 
~.. .:-; . ' 

~ ·. : :_ ~ .~ ... 
. ~t·. 

~ ' .. 

'1. 

.• __ 

I 

I 
I 

.; '•! 

:thermodynamic trans i_t~o~ press~~'.. ·~~< .. ~e~~, ~he.ll· .. the·, pressure ~t which·: ,:U?:!i{~W~~;~i~~:-~~" -1 

the transition occurs on isa'thermal coinpression/ and no detectable change~-~ .. :~~i3'~:.:··;.W:)(' ;' 

,. 
•, 

... ·. 

\ . 

. . .... ~ 

is observed f'or hours.' '· 

'.,. ... , 1 v ... 
"r :, ... 

.... .... 
' i, 
I 

I 
I 
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r -.. · ... ··~ •. 

, 

. ,; ~., ,_ . 

.... 
.~ ... t. ~"-~ ' ~ f • 

• .. '' . '~ :: . .. 
. ~~',. . ;. . 

·-:· • .'. ;·· .•'J ' .. 

···: :: ;:,":.tfi: .. !;;:~:f,ir:~:._~-~:;~_,l'_,·;:}:;: ;:~---;~;} · · '" 
.. :.,.. 

rn'. dynamic·_ shock experiments; .:~ere' _',the :maximum pressure . is . avail~:''£-;~·::{'; -~-i;?~J.i" ~~::~.:}: . :. 
. '.'}:·. . . ·/. ; : . ·- ... ·, ~· .·:! ... ·,- .. · ,~· ': _· .· :·,;·,:-~'Ji.%~:1.~&~:;<;'~;\;{:~f, it 

.. :~- able for only a few inicroseconds, phase transitions are.-observed .to ·: ',;::•.•,)';\/$::::':{?~~;,;~,;.~~;-, :; 
c·_. 'L;.~: ~- ; >. · · ... - -·· ~- . - > .• -~ , _: -·, ·· -_ -.~- "- , ·:_:-·: . : · ->~ - -· · · · ./-.. ;~\}i:;Y.t\;}it~~~·:im~;s., :1 

O<}Cur. in_ a perio~. of· time .. less. than the duration of the ·shock. This .... ,_.t'''<"'·'·'"./' P-'i ;·;;:~ .,,_ ._ 

transformation between the phases.·: .-The. method that we 

·to. ~oments.rily increase the temperature of th~ ,sample so that a 
.: 

·transformation. will occur._.:. 

:::').n :a s:fiverchloride medium, . is an, ideal system fo:r raising the· 
X>•.·.:o·.;;.. ... ~~· "' . 

cribed, thermal shocking of the sample, has been applied to the high., .. ::;·.'.:::,:;.:;(~\-{:;;.;~ .. ·~-~.:;~, _ 

pressure .tl'ansi_tion of bis~th, ·.iron,' and :tin ... : ·It· ·.is 
. '· .• \ . ,•:. 

values obtainea_·in this_ manner be used as high pressure caliQration 
. . - . . . ; 

. ~ ' ~;: 
•.••':'". \",· ·. 

having thermodynamic value. ·· . :. . · · -J.::· .. 
-· ·. ~-· -·. 

:METHOD .-.. -,~ :.c.•, 
.: . .-, ·.':·. 

·· .. ·\' 
·,,·'\. . ..-· ... ' . ~ .. .... . 

·tr.' 

extent ·for several reasons. Fir~t,· the process ·may have a 
. ~ .. 

activation energyJ .if so,· an elevated· temperature will faci~itate the· 

transformation. Second, the f'ree energy difference . between the :two 
. . ·~ •'. . ' . . 

.. 
phases may be very small· over 

::.:. ·.~:;_ .. _·::-::-~,,; ~·:· erature to.a high value would facilitate .the transition~. In studying a,.,-~.· . .,.,_., .. , .. -..H·'''''' 
_-·,.;~:·:::)~>:;<·~::;~.~·:.:'~. . . · . . · · · ··- .-... ·· · ·: :~.> . - -· -.. - . .· <· :·.:.;.~~~~;r:tr-:~~~;::{R~t_:f!:2; 
:· j-:.§).~<<:::/.: ;: -. transformation, .the' ideal situ&;t~on would.,, be :o~e -in._which the two dit'':".:>!_::;;<·.~;:i~~~·;;~~:.;{)Y:.· ;· 

.. ~·,ll",t~)'".,:~~·•j·",~,' . • ' , ~,.. ·~: • • :·-::!,;~~~-·~~"".r.·'A:·•l~~r·~~t"·'::..,• 

';: -,:·~-<: ;;~.'::f:./!~·.\f'erent phases wo~d ~e .formed. iii direct ~ontact at th~ temperature of/: .. :<:~·~.;~:~~:<::-~:;,;::;/{;.:·.,-. 

};\;i:{~t0·~~!' interest. , 1hen,, ti one ~ase sr~ at +:~.~~ ~r !~ ~ther, tt · .· :~;~fff~:~0~rt~~\~' ' 1: 
.'. ;.;•-::-,:>~; ·~<:···' could be _said with reasonable certainty.'that ·this' wu':the thermodynamtca.nt:;~;::·:.~;i:.·\~:. :,! 

: · stab~e. p~uLse · at that . temperature. 
"' .• w '·:··,{ .• '• ... f 

This ; ii :t~e ,as is . ~f. the . work' that 
• I ' • ~ ' 

•.· ~ := .. . .. ' ~ 



'. '~ . 

... .-... ' ' 

·.". 
;j 
r·· 

' ' i 1: 
, : .-·,, r' l~ · 

•: ',,·'n ,',4 ... '·~~ '••I .' ·~:',•.:', ;,~ ·,;, "' ·;I·,.· !t,.,·.·, 
••• :· j ~. - ~ ,,.·~ . :' 

·- ,-. , .<:·~:- . ; :·. ---- ·::,,r·<:._" .. t>·\- .,:~2f.\:·.':i::~.)::i-l/!::r:<·~· ·J:.; 
_ .· _ ,_·; · . ::l. ~- -.-/ -... ('_ ._.- . · >- < ....... -r:;_; ,:,~·:~·:_ii.:;t·~·,_ ; _ _; __ :;·'-:!·.·:.~ ;.·:-::·::_~;'~j.:r:::·'::>';-:_::·.:--~::-.:: ,.·<···.l 

::-follows; th~ method of· obtaining· the two ·coexisti~g phases is de~-·"::':·_-,,;.;'·:.:.;:::·~'.'·/.''';:·:>::<· ·· : 

· cribed. ·· · .. : ' : · ... · '. . :, . :. ; : : ·. ·. . . . . ' . ; ···~ ·,, .. : ·'. : . .;;··~1~q~\;)~};::;.,":c j; 
;·It _is evident that .. 'in order ·for this ·technique.'.to -be :applicable,:.:_~~;:·~;;:,_:.::,\::;:.';· .. ,:'·,_· :/ i· 

. '' . . .· . ~:,/.'· . . .. ,· . ·.\. . . .· . ' -~-- . / ', .. ' . .> :· . .-~>::::::~·:';-:·> .··:·~-:~/·~·-:- ·_ f' 
'dT/ dP · mus~ be negative.: Heating must transfo~ some of the~ mater.ial. to;::;_:~.:;_:.:~:·:~\;XtF·~--.·.- 1~ 
. _· -- · .- · .. -, . .. .. · ... __ ,_., .- .·--· · -. -: _ :- -~~r:::\;;:~.:.>::.i.:'~>:t:/t.:)i?·( __ ~ 
.the higher pressure phase •. ·If the slope 'of this phaSe boundary were:-:-;:~·_,_!:'{-/:>\:~:\i:~:'(;:~~:>:~,, 1j 

. positive 1 it . would be ~~·cessary .to ;~rfo~ :h•.~e expe~~ents: unde~ dt~!'~~~~~~;~~i;·') J 
... · · · . . . ~,',compression, an unreliable procedure a·t best .. · Alternatively, a m:thod .<:'·': ::.~;t·!:;,:':(/··:·:;,:u.'. 1 

: ~·,; ; .;.·_ l'. :.. ~· . 

· :·, :. ,..:would have to .be found that couid cool the sample alone in a 
· .. ·. 

seconds.; .·· The. latter does not appear· to· b~' feasible at -the pre.sent. 

.. ·' . time• ·•. . .· _:,•.. . . · 
.• •I ., ' '~~ • 

'·i 
·In a metal, . it is easy-..to heat '~;he sample 

.:··;·:::·~_,: . I'. ' 

,... ,:\. .r;'. 

... ; 

'time by sending through a high 'a.m,Perage pulse. The samples 
. ' . 4 ' . . . 

. of the order of 10- moles; consequently a high current 

., ... · ,·, .·· , . cient to raise. the temperature of the sample as much 
.~ '.. ·~ 

. " .. ·;: ... 
'·' .. • . temperature may be fixed' by the fact that it is possible to melt 

-.. -,. . 
... 

i 
'·i 
. ·! 

··~·.:;·:.: ··~.: .··(actually the. entire sample is not melted, but breakage. occurs at the·).:.;<J::_·:~:.:y)~:;<.~>'r··: 

·. •·· •.. ·. ' • '' ::::::, ~::tt:: ::a:::) :f ::n P:~:~t::::::.~:: ::::~:::i~t~~~l}~t~\~;!~~: 
· .. ,:·.: ;;··-<:':.-:( ·rbunding silver chloride ·is not appreciably heated, and the sample re.:.:;·~::;.<·//';8_ .. ;·:;:(:·,.;~;;;:.: 

"''·' i . ·. . .· . . . . •· ·: · .. ' ·. " . ·, : . . . · .. · ' . ' ' . . ·. . ,, : ... :·.{t:{:(i~:~:!ti5i}(~:;,;: ./;;~ 
.: :·turns to the ambient temperature in about ten milliseconds after the:•;:.f:·;~; •. );:'7,_','.i:~··,::'{::J:} .. '.: · 

i . . .. ~ 

·.cessation of electrical hea~ing.·:: If' the ~ilver· chlo:dd,e ·is 
·,,.. .··~· . ,·· .. 

~:-!'_··\~':_:. ·;::. :. then a time as long as a minute is required for ·the retti.rn. to 
. -~ . : ; ·. •',. . . ., . ' 

: '•: 1, • : .:' f•:~ \ ~· '""~, ~ . • 'f ~ • ··"f· .: ' . :'" • , . • . '·. - _' '. ~ . ·, .·, ' ' : • • ,· 1 • ·, • ; ,·· I , '." ~ •., ·.I • •' w -o. • • 

'····j(; '' <~;.: .. ·.temperature. :: ~ither of i·t~e above time~ 'is· short compared to the 
,-;, . I . .•".' ,' ·:: 

.tion 'of the ·s~ciy- or' the effect of the energy pulse •. ·. The above 
. ' 

.-.:.,• 

nicely illustrated with a matej_.ial. such a:s·. silver which ·has no ·known· ··:,~;~:l;::'~:·;·;_:x;rM:};;y~,; _! · 
~. '. ' .. _- • . ' ' . ' .• '. _:· 1 ~ . < .-· _.' •• 0 .. • • ••• 1,, • -.:_:;·~--~-:<":~-~.\---.~~--~!i.~.t?·_;;:;~-.:.~~- -:- }·-.:--··; 

phase transition or with a material 'such as tin· as long as the pressur~:::.<i'/i.~);~-);':·:':\.;/ . 

··; ; •• :~::••· .• ; o, ~ .•. is• .f: ~t; :t? ' .. ~~-i tio~. p~e~surei-:~.I~,;~·~~[f,~~~\j" 003. ·i:nehe};i~,1~~~,~~i~il~~~!~j 
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. . . ; ~ . ~ . 
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·i .. 

-5- .· '· 

. . 

... •. 

'' ... r 

'r,-. ....... -
'•'' 

diemeter"arid about one inch long·is pu1sed,wit~_6 volts for about 
,.:..-::, 

milliseconds, the resistance returns to. its initial.value in less 

0.1 minute. The recorder is of' no value in show;ing the change of' re­

sistance With time·and it is necessary to use an oscilloscope to follow 

the resistance of the sample. ~. ' 

·•.' 

The geometry of' the system is too complex to compute the sami:>le · 

temperature behavior as the energy is electrically generated in the wire •.. 
; .• ) 

~ {•! I '/·,I~· .'. ,·..._ 

" ;, ' .~ :~:~:m
0

:h: ::~: =~:::::c::::~i::::::.::~~he~::t .. }::?1'.·~~,'iJ~!·', ' 

' ' \ .· ~· '.. ' ·-

; . 
'_ .. 

• -~ I' ' . 

,·. 

. ·,. . .~. 

· this is so can be shown by the fact that a 0.010 second, 1 volt pulse·; ... ,.,,::.~~.< '. :. ·,· 

through a silver sample sho~d melt the entire sample if there were no:,i¥'·\~}!:~'; / ' 
· heat leak. EXJ:Iel"~mentally it is f'olind that a pulse of' about 10 volts · ·~. \:~:;::.: ~'.?/:::::.:~)':-: 

.! ' • ., • . - : : ~-~-. \. ;'};~: .' .): ~~~:\,~ " .. ·~~~i··~\' ·: .. i 

·. ·; is necess8ry t0 melt a part of' the sample. What ·has been repeatedly .. ~<:.;r.'~:~:::;r~:'(:~t .. : < 
. _. / ~i-~ ~ ·: ;_·.:~.~.).~X:\1 · .~; · ~- .. ;~ 

observed is that for a pulse of duration up to 0.060 second, the temp- ':.::·:~(,,,;;·::·}·i.;''::· .. ' 
~. . · . , ~-(·-... t~t/~ .. -1;:,~:~;.~-~;r:.-~~><-. ·. 

erature of' the system, . as· determined by the resistance of' . the sample.r · . }:.-:, ;<~,;:::,:·: .. ~ .::;,;· .. 1~ 
... f:·; 

returns to the ambien~ temperature in less than 1 minute, 

pressure is far :f'rom a transition pressure. · The to·tal heat generated 

small compared to the heat capacity of the surrounding~ and the heat 

leak is large; consequently the short pulse· of' energy used .in these , 
i 

experiments does not appear to have a long~ter.m effect on the 

ture of' the system. :. · .. 

The experimental procedure: is as .follows: , 0.003 inch diameter wires\.-\\/: .. ··<~:·.',·':' . 
. ' . ; ';~ :;;.:~:::;~.:·.;:.<. { ( 

, are bent into circular ·arcs:- and mounted. in Bridgman anvils.· The method · .. <?·;.t;:}:.>:::v .. : .. ::.,: 
I '•. ' , : ' . .: I· ):\~;:~~~}--~::·~-~.:~·~-,:~/·.<::~-- ' 

of' resistance determination has been previously described. 3. The· prese~t ·0::\':.~.;;;;;!!··::/;.:J'~, ; 

----~------·-- . ... . .. . . . . . . . . .•... · .. · Jii,g.J,i~.,:;\ ' 
._·,; 

~ ~ ~- ... , 3, :.::~~::;:::. ~r=::g:. G~r:i:;;: G:~ J:~~~~::. <:??) :r ..•• . . . ! 
. . . ..• . .. .. ·Butt~~~":j· wash1~on,ni~jr·i:12 ;i'~l)i!i.i}J;~~;~>:;: :,,;.·~ ........ • .:,·}; , .•• . . .·, .. )j:;:i . . 

·-.r 
·~ '. 
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- '' •· • • • ' ' .. '~·· '· · 0 · ; '> . .:· ~ ~ '~;c:rt;;TI.~f:~.;!~~,\~; 
>addition and the circuit as used. is illustrated • in· Figure 1., .. Twelve.,~ .. ·.•·<·:;. ··>:;:.-;.y:.:'-:Y.~:~· \ • 

Volt a11to storage batterieS, co~ected i~ Par~1ei, a: •• ~·,·:ani.{;;~i~~~~fJl!,ii 
. that b~r setting a selector switch current may be· draw~~om one _;to. s~x,:;{.;~'\~:··;;·~;}:{:';'t~·.(:i .. ;_i.< 

cells; the available voltage varies from 2 to 12.vo1ts in 2 volt 

· ments. The leads from the battery and from the constant current_ 

' . 

go throueh a switching and gating unito Pressing a' switch in the 

box shunts current from the constant current. supply through a dummy 

load of 1 ohm, and at the same tiine the power from the battery is sent<:>·!,~: )i) ·~ <· ·: .. ;,. ·; .. 
through the sample. The length of time which the batte17 heats the', :~'lill~~f~;1±:;,:~;;: 
sample is continuously variable from about 3 to 60 millisecondso .A:fter;:.:~:·~:;i~~i::.·.r:~·::~:;:.:,. 

the preset<.time of the pow~; ~se, the switching is reversed;.·.· the j~{:{;'~~·ri~:iiiL: , 
battery power is turned off, and the constant current is again sent.:.,·<'.-"::~::;:,~:·::·,,-·'':·.,~.:-.· 

through the sample. Several preliminary experiments are needed to · · ;·~;,:~;~:!·;:'';;;, 
determine the optinrum conditions to be used. Obviously 1 the vo:t tag e .. .; .::. ":.:; ,,,,. ~-- ;,, ,~·' 

. . '·. ,' ? .:~ ~-~-1~i :_ ~~:~: /~ : ~ .. ; -.. 
-and duration of the heating pulse must have .values such that the sample >;J)~' ~;:{,' , 

is heated to a su~ficiently high temperature, but not so high as to 

melt the sample. A su~ficiently pigh temperature is one 

two phases coexist. In determining the transition pressure1 the 

' 
sistance-pressure relation is found in' the usual ~ashion. For. 

if bisii11lth is the metal.under consideration,_an iSotherm is made.to 

about 60 kbarso::· ·At this pressure.· a 2 volt pulse o:f 8 millisecond dura_- :1)--j~:~:!,<\:·;~~:l:.~~::_ 

:::~:1::::· val:: . :;s~::::t 0;h:: . :~:e :::: ·:;~:::s:e::::·;:~:::~"1t~~~f:;;\' 
The resistance is :followed on the recorder. as a function o:f tinie. If ·•H~;/t(~~;:;';.·,{,~/ ~. 

' . . ( ·. '·< 7,:·;1./ ...... ~ __ ;:1 -: . . . . :•.,_:; ~<.': ->1.~ t ·. 

· the resistance should return to its initial value, as it would in bismuth/:·::.c>~~-;~.~-,.~--~.• .. 

the pressure is increased by 5 kbars, the resistance noted, and the samp~e,;:~~D':§!:;() 
is pulsed .again. If the res·istance returns to its· initial value a ·;eur"ther. ·r;.,···<' .. 1,.; ..• 

I . ·.: , ';. j : ' , :,, , •:" . ... ' ' , :··.·.h ' ·.: .; ., };' , ?: /'{,;~~.t' .. ·.··.·,P 
1

', • j : 'I I : ~ •• , '· .~ ; ::, i ' • •," ' ~ O _. j '., - - ..,_ 
.. · ...... ~ ~·~·./~ •'! ·.. ..-·~ .. (}1, '1/··y·· 

'' ·" ' 1 , ~· ,' , ; t•'•, : , •:('~, ,' I 1• ~ , • • ·, .. ' : : . 
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:pressure increment is. made •. -This :procedure is r~peated until the re-!~- · 
"_f· .• 

....... 
. . ,.,_ . ' ' . 

. ··· . si~tance decreases to its value in the high pressure phase. In the ~ :;~:l/f{,:,>.:~' 
··> case of bismuth, the ·resistance-:pressu~e relation is followed during ·< :::·,:::,•<~::·\~. 1 

• 

; .. "' ' . . ' .·. ~;:_},;;.:ii:i=~~i:··: .. 'i;' ' 
decompression; if the transition :pressure is. the same on compression ··. ·. ···;, ~,y·:.:·:-·. ·· 

Y '• 1' ' \)-!J t:•' r;.. ;.._, r· :j .I 

. :; : :·and:. decompression, the run. is discarded as this would indicate that··-; ... / :{.;_ -.~-.~:.·.~?\':,\. · . . . . ·· ... : ./.-.,~);/:rA~~~ ... _:·:·. 
: ·.·too. large an energy :pulse was applied, driving the entire sample irrever,.~::.:·~~: ~)i~. ~. 

' -. ~ .. : ~~ ~~~~-~:·{~<-·}.<. .. ::: . 
'"· · sibly into the high :pressure phase. In general,. if the pulse strength: ;-tl;D.~~:·::;;~~::;:;··~,:.::: .. , 

··/_is such that the entire sample is not transformed to the high :pressure ·.·; ,: ~:::_' · . ''<':; ·;· 
... , . - :·· /:!:'·· ' 

.. f?rm, this difficulty is .not encountered. " 

I 
Tin exhibited the sharpest transitions; iron is not as simple as 

.... bismuth, but there can be little doubt that a reasonably reproducible ' ... 
\ c ..... !;•_·.-;_ :._ 

value is obtained. The particular problems encountered with each mate- 3\':'.~{:!::._. . .: . 

rials will be discussed in the paragraph devoted to that metal. ;~;i;~t~Et::;\ ?: 
The precision of a transformation found in this manner is ,not 

.great as when the sample is isothermally compressed in ·the usual fashion~·' 
. . . ··~; 

. In the usual experiment, if the transformation starts while the sample ·:·}·:· 
. . .:.' .•.·.- .. ·: 

: is being compressed, the compression can be immediately stopped and the· 

:pressure noted. In our technique all. that is known is that at some 

pr_!:!ssur.e P the material is in one phase,. and that after an increment 
. . l 

:pressure is added, the material is 'in another phase. We have assumed. 
-' .. 

. . ' . . . 

that the transition :pressure is given by the arithmeti~ mean between 

these twopressures •. The :pressure scale we have used as a reference 

,., that given in an earlier :paper.3 · .. ~ . '' ' ' 

... --.·. .... · ... 
. ~ . :. ; 

.• j ~ '' • 

! .... 

"' I~; ' • 

Bismuth: The bismuth used in these experiments .had . a supposed. purity 

99· 999% and was. supplied by the American SmeltiD.g and Refining CompanY'; 
- .- ~· .··· ·; 

South Plainfield, New Jersey. It .was drawn to'wire 0~003 inches. in. 

.· .:.-
!: ... ·. 

•I I. 
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dJ:tameter. The samples ·were bent into circular. arcs of 0.2 ,inch 'd~ameter/~'(t<";.-.r:;:~;'\·\' 

~ - ~ ," 
:. ·• :. r-/. ~ ... ~ .>-

·. •\' 

, ... 
-~ ·-" -~- .. 

. · .. 
. · ... ~ . •' . '.' .; . . ~­
. - ... ·, 

... _. ' -~ 

< • ~ I 

,;,-;w ,' 

., . . ·' ~~ 

' ' • ' I~ • 

1" .• 

., . 

i - , - . . . .. -: - . . ; . . ·,: •. ;:_:;~:~:~~A!~~">,iA ,. 
Three different geometries were~ ,'f• ··:::·~:'.: ::;:.;:.::~.-. : 

• • > • \ ' ~~ •• ~ '.~ ~· ~ • ~ ~. • .' .. ;--: ~. 

used. It was found that the trans.ition pressure was 81 ± 4- kbars. · ,:-;\;·;.·~:~Y:·i~':-:::~::::':.·.;. · 
and had resistances of about 2 ohms. 

. .. ,~ -. . . . .. ~ .. ~~:~~~l~ .. ~;~>.~~~<~-? . .--;~r~-~; ~ > 
This is to be compared to the 88 kbars obtained with experiments per .. ,::···:;r{~;";·:;:£;~:-~.i~:; -: . 

. : formed in the ·usual fashion. Either of these values could.be .used 

a calibration for pressure in this regione 

·;Tin: The tin metal was obtained from A. D •. MacKay; New York,' 

'and was 99·9% puree ·.The metal was extruded to wire 0.003 inches . 

·. diamete· r and the measurements were made as- for bismutho · The present ;, .. -·;; >':,iL·~·\, :.,·' > •. ... • \ .. r.. , ,, .. \ r " 

value for the transition is 99 ± 4 kbars. _ ,. 
:·. 

Iron:--. Iron wire, 0~003 in~hes in diameter and 99·9% pure was 
\ . 

from United Mineral and Chemical Company, New York, New York •.. The 
.;·. 

on iron is not as simple· or as clearly cut as with the other metal dis.;. ;;;_;.t;:,:.~:~;:·'. · 

·. . . . :::: i:::i:~:P:: b~~·d:::~at: ::::~. :::::::c~:t:~:::o~ :'~~JI~l'f}~i''::• 
the past has· been that· the transition to th~. hexagonal phase . would star.t.,·;f~·>.·i (·}:.;::: '}< . 

. ~ ." ... 

. : ~ . 

..;. ·. '. 

;. 

. ; .. 
" .· ~ .... 

. I 
'A,· ,. r 

. . .· ·; .. \t"':~;~~r-~·1 ·:··> ·-~i:.,- .... ~. :t· .. 

at any pressure above 160 kbars and that it might take as much as 8o · .' ;:}7:<::::.: \,;~:'f: i:.:· -
. .. . . _, .:nk>·~>~~\/.:::·: 

.kbars for the transition to run.. · This extreme sluggishness . could be · .. ,:; 1::· .:.,'(·;.· ,-:·; · .. ·-;, . 

caused by a small difference in the free, energy. of the two phases .ove~ :.·;;:tJ;<t:·~~·_ .. ·. ::-/h~:~r 
.a wide region of pressure. This. argumen~ is· supported by the fact that~;[:~;~.:·::;(::;> . 

. . . . ~~': ·. ·):!.:::~:., 
. the energy difference between a.-iron and 13-iron is small. One would not'.~:.'-'· .... . ·. . . . .· < -~~: :/ :-:~ ;~ !1 ::\ 

.·: :::·~- •• '1. , expect a large 'difference between the 13 and r phases; _therefore, it seems.!/ ~.':;~-r<. · .: 
.. - ··. . ' . -~ ,\, '·J'):·~~:-:;::,;,~· ~ ;:;_'!) 

' · ·• .. : · reasonable that the· difference between a.~:tron and r-iron would be small:·::._..'i-~\:·J/::':~·''~ .. 

. . ', ~; ,· ~ ., .. Since our semp1es are under almost hydrostatic conditions, there is . ··.:~·:~;f;{zi;;f 
.·• :. ::. . . :::n:i:.:e ·::e::~:e::~: ::: :::d~o ~:e :~:e:::e::on . .ji'~~;·~::/· ·.' , 

.., r• ~ , ~ • · • ... ~· 4 • • • , .' , ' • -••• • , 

-~ alWa.ys a certain amount of sample that transformed· to th.e hexagonal pha'ie:·{·:·,~:;.:·;:,. :. 

.. . :. . . .. .; . . < >·.< ·: . . . .. ::::: .;,:;:fAI:~:tt~·:. 
.. :::. :·., ·{f·~(·)' .. ·. ···:.:~.;*.! .::-;~··.\'';'.:;:·.·, '\"· •! .: 'r·> 

.. ~ : .... ·:_:i'<'"'; ~ .-.... ·: •.· ~~ .. •·•. . · .. >~: ... :. ~--· ·~ ~.· : :. . ~ ; 
. -, ~. -~ .. 

'• ·.- ... 

·.'II 
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. The criterion that was used her• was that if the resistance deci.ey•d ·with··::·:;'':t~\~H" :· · 
time, then the pressure was below the true transition pressure. It .was . ;•· .. , 

. ·. ~-.;--·_; ·,-~--~;:3··:.·.: \·---~~- . .. :l 

not f'ensible to wait for the resistance of the sample to stabilize be.;.'":~>,.·,~:'_·:.:;.· 
-'. . . . .·:_,'. .. ·.-:~.-t.- > ·. 

fore going to the-next pressure increment as the resistance would de-

crease for periods longer than one hour. ·The transition pressure was 

taken ·to be that at which no decay occurred in a period of minutes. · A 

total of 21 determinations were ma.de with the voltage of the heating . -. 

pulse varying from 6 to 12 volts. No dependence on the voltage of the · 
. ~ {· -· 

· · :~ pulse 'lias found. The resistance of· th~ samples was about 0.2 ohms •. · Th~~· . _ ... 

··value ;found for the iron transition is 118 ±. 6 kbarso This is lower-· 
_:_ " .. 

than ~he 130 kbars reported by Drickamer7 and the,l31 kbars 

. . !: ... ' ~-.. - . .._ '-.;' <.' ... ;._ 

.' '. >' ;,~.I .,. ' ·, ~ • 
.. - ' i ~ ... -. 

• 'i,' .', ... 

~ ·-

·;.,..-

~- :_ 

~ .. -

dynB.mic shock experiments.$_. __ 
'· . ~..... -· ... 

._ ..... 
1 •• -: 

< · ,(7) H. G. Drickamer and· A. s. Balchan, in "Modern Very High Pressure · 

Techniques It, p. 25, Butterworths, -London, 1962. ,_.: ·:, ~. 

(8) D. Bancroft, E. L. Peterson,. Ei.nd S~ Minshall; J. Appl. Phys. ,· -Kf_1 

291 (1956). 
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CONCLUSION··· 

~--·. 

, . 

t:~ ..--,: . ·, 

. . . . _..\: ; _·· . : . . . .. '. ' .. ·' 

In the three metals studied,. there was no .indication that the high·· 
' .. ~-.-. .. 

. ' pressure· phase waS quenched into :the system' at -a low pressUre when tin·: 
:. . / ··. .. . .· . '. . ·. . < . ;' . .> . . ·, 

:-: · and bismuth were. s~udied. · In .the case of iron,. a certain . amount of the ·, 

higher pressure phase was present at all pressures. 

_. time to determine whether or not . the sample ·would decay completely back . 
. . . . 

to the « phase. The rate at which the r phase dec~ed was so slow that. 

it was not practic~ to wait the estimated-days-fro~ the initial rates: 

for the sample to return to the_ a. _form. _.The fa.Ct that part of the 
' ' ' . . . . ~ . . ' . . ' : ., . , . " . . ... 

~ ·.··.'. ' 'c ,' .. , '' ..... ,·. 

~ ' • ~ i . ~ ' ..... . ·'·· 
'· 'I : ·, 

i• .,''·,,,',' 

··:.·:· :):.-· .:_.,·:! . 
- -~ . . 

• ', ·, ~· ' :I ~ • 0' ~' ' : ,• 
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was, in two different phases did not seem to int'erfere .'with the. deter;,;.~:<~~:;;-~~,/(':~:.; .: 

. /4. .: . ~ .. : .~. ~ · .. _ ··- ~ -~~·< _,<~- -. ~ , :~ ; ... ·~ ~.__ ~i .. __ .... .-:.. :_~1t~~-~,\§.;:._~~-:J):::~~rc::j~~: ... ~ .. ~ 
minatiori of the pre~ sure at. which the entire sample went and remained /.~t?:'·.);; ;_::~;.-:<;. 

•. ' • • • ~· ;' • j~ • • • •· • • - • .... . • 

·, y. ·, ~- •' . .. . \ . f • -~ . Jt ~ ' 

The ~re~sure '~cale used 'ii· det,:rini~ing ~~ese ·points 

'· 
the ~::~c~:le. determin~d by us ·at an.earlie~ time. 3 If this .scale should 

be in error, enough information is available so _that the presently 

proposed values cru1 be easily corrected. La~tly1 if the pressure ob-

served. is not the thermodynamic tran~ition pressure:, it can be definitely·.· .'•;..;_:;: ..... ,. 
. ' .. ·>·~ :·:>~-_ff~';": ... :._:. '\ 

stated· that the quoted pressure is ·too low.· The t~chriique is· such that·:~::.:.';~\.:::•/: .. 
' . . ~ .,:: .. ~:~ ~·: ~·. :' 

···if an error is made, it is to make the transition pressure too low. ·· ~~:' ·;:~-:;:,,_ 

we believe that these pressures are cor;e~~:···/:~: .. ~:·.~:~ ... However, at the present time, 
. i 
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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. 






