
< _. 
SEP 12 1966 

-- ...... -----
_..1,,:,,\-..1....,)":' U ... ·~ 

by 
./:, __ ~. 2Jc;._Y:t,;-2.l 

htc~ics Intarnnt~onDl 

A :;).l v::".:;ion of l\orth _'-i.IDvl"'icar: Aviz. tion, I::J.c. 
C~no~D P~rk, California 

::1':~'_·~8DUCTIO~ -

DARN AJ65 0137 

,--, 

ScvcntccL of the twenty alkali h~lides have the NaC: (fcc) 
ty~c Ltructurc wtile three of thee ~aYf ,the CsCl (bccl type s~ruc
tur~ ~t ~~(os~Lc~ic pressure. Sla~cr ) first discovered th;;.t 
~::bJ3r DUG. _~bI exhibit a ph~se trD.!1si'l:iol. at pressure of ~bGut 5 
!:~::'c.b<.,rG . J~co'.J.s(2) show-.;d '.:ly hi;;:l :.)rezsure ~(-_;;.y diffr~.c~:'o. 
_~~~ic~ tn~t this P~&S~ tr~nsition i::1 RbI, w~ich norma::'!y h~s the 
.~~: tyne struc~l r ~. w~s to the GsC: ~J'-~e s~r~c~u~e. O~:~r re-

- C" /..; '- ~ '7' • 
L~~:chcrG ~, "~'O, ; h;;.vc ~::"scovered phose tra~si~io.s i~ a::': but 
.0 __ o~ tLD KaCl typ~ &l~cli h~lidoE. !n ~11 ccses examined by 
L:..~h l.:.:'ec.:,;ure Y..-YJY L1.i::t'fr.:::ctior. t:he ~'liC;~'1 :;'Jret:;f"~r6 8):Lyi.:lOrl~l:. cas 
b~~L s~own to h~ve the CsCl type of Ht~uc~ure(- ' I • 

It i~ of PQ=~~cular in~ereEt t:hat all the rubidiu~ hclic8s 
Lni~rgo ~~iG ~aC(l to_CsCl ty?e s~ructure ct~nce at & ~rez~urc of 

,. I Lj. L/) , .. _" . , 5 to 0 _=:..lobars -, ,~ wt0~eos ~~o pota5s~uC n~~lCeS,~nQ~~So ~~lB 

pL~~e t=~~sition at ~res5~r0s ~ron 12 ~o 20 kilob&=sl~,o). :~oc 
t:'.L:;, it \Vo't"lc. n:)p0c:..r tI-.a t ttc c<:l-cion :jlay~ a ~~yec.,JL~::"r:;;.n t :::-olc 
CV\. l' t!'~(: c._:":"c...n l11 dE:tr..:::-'r:lirl:"r.s -cr,;.,.:.! :p~"CDsu:re c:t \.v:':icl".01 t!li;3 p:~&.s(; 

..... :·:~.r .. .s: ... c.rJ..~ ...... til..'ll o..;cu:,,s. r~:4:'::;::"8 of ~ir-,~cic.l i::--..... c.:.~:.:"eGt sirlcc: tl1c :J.~ V 
\oJO:::'.~ c~r:,·i,~c2. o't. t (h~r ~ns tr.G J~r<.,nsi tion c.:m be rc:L;;. tE;G. to diffi..:r-

. C(; -. ·-t1.C~ c...,·"· ... ··i·.:. r • 0 ..... .J··,",c -'1-- ~ry,..·t·-"-'l":"·1·:-' f-r"' c ... ~ calc' \,.. . -_. -~" '" .. <.: ... ~, ,,~ - "--, (r'(u ~ ..:> .... ..L..L. '" v', oJ ""~ - .... -
:L~t<=d ~'ro,n t.:C:c Born-~'.,:,.ycr r{Joce:" ')) 0 

':J(;; :: ~ V\1 cC-.J."l""i(:u uU t Ijl""03SU:" 0-VG:t..r::..:: r."1casu:. ... er.'ler. ts on. t~~;;"l~Y 
, ~ '.1 ,. "'"1' ,,(10) -"" ~ ,t~· -, _,co ""'" ~'k"'"' '.-,"~. ,'.':,- , ~('_1u. ,,:,o_u,,, or_"" u_ cel ",1 •• v.l. "L<..: .;.,_ ",~1 n ..... .L_ueu \/n_c.l excrtl-

:pli:.'y cu tior, su b::;ti 'C·I..d,io:::l, for e:·:arLp::"'e i:1 the l~CI -RbCl .syst0!Yl, 
& £ ... ( .. c!..ivn s~t...;t~tiltion i:1 -che 1((,:'-;\.::..:-' systcrc., irl o::,c.el'" to l(:~rn 

;;:(,.'(,; of t:'0 roll:: of t:b.0 c,:.tiJ:l c:.r..d of t~le auio:::l on tt.ese :?re.3SUrE; 
i~~~c<..:~ ~truct~r8 ct~n~a~. 

Sol~C solu~icns were pr~?~rod ~rom analytic~l reazen~ cr~de 
',' 1 ",c:-°C ". r-''''C' .,.." ~'--.':' t'" ..... .,.1- Y 'M,1"-.:;~l. "..:; c.rl8c.. :. t c..~ • _:1-..: ....... _,,~ we ... '" ... 1..-.<.:\0. .. orouc.ru.y ",_.e •. L'C~ ,,-

cd i:.nt.l i'l.o.'c·c:.er ;ni:\.cc. in tt& l!lolten s\:c.te. S3.r:.~J:E::5 of c,p:,::;=oxi-
T"~-'y i/-' ~""C~ r<~~r"'~' ~ by 1 'j? ';"'C' 1-,.., '~'1" "'ere c-C'J· ~,,,r- "he-n .l..l~~ .... t.:__ _, ~ ...L.~" L _ __ ...:..., ........ \",..: I..,t.;;;... __ ..... .J...J. .. .l..l. -~ ... -v "" .... '1 C-....., t.,.. c.. ............ I,,; 

eLc~pHul~ted in 10ad foil for the high pressure studies. The 
hi~h pressure &ppara~us i~.~ piston-cylinder device similar to 
one acscrib~d by ~arnel~(-.L~. The pr~ss~~e-vo~ume r easur~~ent6. 
\--/01.'e cc..rr~c;d. out <.t 100 C Sll"lCe ~he klnet1cs 01 these COl1C.- col::...d 
2:.<-::'<2: tr.::.r.~fO rrJLl tion.s is ~i:uc:-. more rapid c:,nd the transition pres
~~=es coro re?l'oduciblc t~an &t roo~ te~p0r~ture. The pressut"~) 
Vd'SUC chonGe~ .. volu.:w of 'th e: syste:J, :::-e:"'ative to 3ri.dgman's ~ 
l. t~ f0= iron, wac me~sureQ to 40 ~ilob~rs. The proGsu:::-e at which 
t: . .;; :?hd':;,; d1Qn';t) occ~rs was cc:~lcul~ted ::::-om an &vera6€: of the prcs
~ure of the tr~~s~tion taken ~ith i~cr(:~~i~c ~res.sure Dnd wi~h do 
cr~asi~~ ,:ec3ure. 

Th~ pLase ~y~ns:or~.:::tioLoJ i~ the solid solution3 of XC1-~bCl 
0ccur ~t about t~~ SCLe :::-ates =~d wit~ ~he sane hystJresis (uif
:,",'encL':: .i.. .. prc.s",'.l _'c o:C phc'3t': t:::-.snzfor::u'.Ition wi:''!;, i:::crec;;sinz pres-
!:~ ... "~ :.. nc. '.:_ -. l ... eCrE:c.s~21S :):"E::.;.:5 ·1.l: .... e CJ.:""-cer subtract':"!1£.· o:"f 
:'r:.c tior.) as for t le :mre salts c?mpl'isir.g the .syst<o: I . 

p::".::; ·cui'" .. 
1'1'1.:::r(; was 



!'"~ () l...i:: C (: .!.:"::'1~.:.::'..I... ~ d. ~f f c ::"E::--~ c c ir: t.n;;,; ?- \T c t..rv 2 OC t-..': een :'';U C c (; {.;...):. V \) COI~

P1"'(;.:d:::~I'_,,'-J of t:'lC jG-50 .: .. i:·:·~~re!:·.. l.: .. Uyt:....0:':-J0.:::·C, th0 :,"e2.Cl.-:. i\rt:; :":1-
t\..!r~ . .;itit.:;':: of t.h~ X-~f--,.J cli:"l":~:"3.ctio:L1 2.il:~S a~e esse.L:ti~:ly -t~J.c 3'-.1_e 

~n ~hc ~G-50 mixtur0~ be~or0 2nd a~ter CGm~reES~on, t~us iL~icat
::':r:~ •• 0 tc?:~de:1.cy i..:'"l E:cg::-et:~t:'-:,n 0:' 0: orde::-ing c.ue to the cOI:::;:>res
L: 0.1. !.S-~j::..ren tly tnese so.l ts are cor"pletely iliisci ble in "Ct.e ni4h 

·llr0:....::u:.:.:: CsCl structurE: as -:::hey are in tn€: normal NaCl structurcl,.L0i 
F~!urec 1 and 2 show the variat~on in transition pressure at 1000C 
for tne KCI-RbCl and XCI-KBr systems, respectively. In t~e KC1-
NbC: syct0m the transition press~re behaves almost linearly with a 
sli~ht negative deviation from additivity, while in the KEr- KCl 
sys~0m there is a slight positive deviation. The pressure- co~po
Git::'o~ curv~ for thi~ colic-solid trano:.tlon is vcry similar in 
~h~pe ~o the ~~l~in; curv~ "r this syate~. ~hc subct~tutiG~ of 
a :''.J-'-icn ::or a K~-ion cL.:..".~ ~f'.e avcr:= . .:;} 1a1: "lC '~ paro.ffictcr (l~), 
me~t~ng point(~O), ~~d "Cr~n.:..i~ion pressure in tte KCl - 3bCl system. 
Howev0r eh~ng:'ng the o.nion as in the KCI- K3r system resalts in 
c.:.;.s0nti::...lly no cr.anze 2...:-; the trCcnsi tiOD pressure of this sol:"d
Gol~d 'v:::-( nsforc.'::' tior. jut does effect the :.:elting terr;per£!tuTE: .:.nd 
the latt~eo par.:..ccter(12). 

J ~ SlE;"Cer, 2roc. !.me!'. Lead. l."rts a:.1d Sci., 61, 1<+4 (1936) • 
............. ;;.. :{.b. Jacobs, ?b.ys. Rev.? 5~~, 463 (933). -

~. P.',:. Brid.;m::':1, w.!.'!!E; Physics of £iG~ Pressure," G. OE:~l 5..1d 
Sons~ ~jc:\.j Yvrk, 1958. 

I -r. 
c J. 

7. 

9. 
~ 10. 

P.1:i. E~:i,c.:::;::r:<ln, Proc. lfk:::- • . ~CC"d. •• ·:~rts Sci., 74, 21 (1<)L.,2) . 
V.V. ~vaokictov~ end L.F. VcreGhchagin~ Fiz . Tverd. Tela, 
L -nt::- C·9C.:;' ...:.~ ..1..:/ ..... ) ..1. v~). 

c.~. ~ier and G.J. Picr~ari~i, J. ~es. Nat'l . Eur . Std . , 
68;., 105 (1963). 
Ct:,r~ ':.f.·,/.T. lJistor-ius, J. ?l:ys. Ch.::!: .• Solicis, 25, l-+77 (1<)64). 
J.e. Js.~:'eson, J. Geol., 65, 334 (1957). 
G.J. Pi(;:::cmarir..i and C.E. 1:1i8r, J. Ch8l'..'l. Phys., 37, 13870..962). 
E.!";. Lcv~r;, C.~{. Hob';:;ins and :1:.:;;'. 1·:cMurc2.ic, "Phase Diazro.IDs 
...or Ce:::-&!'i:ists," ':'he J;..m(;:rican CE:ro'l';lic Society, Inc ., Colu,ntus, 
Ohio. 

Ii. A.J. Do.rncll ~nd W.F. Lihby, 2hys. Bev., 135, 1453 (1964). 
12. ~: .. ~'. Kislen&:. I:.:.ve.st. '.:·om~k 201i tekli 2:nst-. -, - 9:>, 134 (1958) . 
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'Sov~ntcen of the twenty alkal i halides have the NaCl (fcc) 
typo ~tructurc,wt~le three of t~9m.teYf )th ~ CsC~. (bc~ ty~c.~~r~c 
"Lure ut L.·t; .jO s::?~ior~c pl'escure. ':>.J..a";;cr f~rst Q~scovereQ 'c: . .::.:; 
l~l)Er' [lllei HbI exh:i.bj.t u ph~sc tr~:1sition at pressure of .:::bG'.1t .5 
k:,lc,burG . J .:.co'o.s(2) shoy,cu by ~l.i.gh ~)~e.s::;u~e ;::'-ray d.if.:f:..~~.c:;::"o:, 
=t~~ic~ thot this p~~~~ tr~nsition i~ 2hI, which norQa:~y ~~~ t~~ 
1"'C;" tV1' " "'true "-')I." " .,,'7 "'0 "' '' '. '''' ,- C', ""'- •. · .. J .. ,..·'c .... u,· ... · O'··· ·~ " " -, ... ~ .... u_/ I.,;.(,~ . ( "' , ~t ,,-,,,,"-,, \, l.o ... \,.; Vi;.) ...... vJ;..J ..... l:>-.J .. u, .... _1"..:.. 'va"\,;._\,; 

, . ' J.,",, 'I..'r' ), .- ,;;, 0,7) \· .. V ' . l" "CO'I ' ,,,,, 0 "J',,- "'e J' r ','1 ,, '; ·t;·; ·.., -r., ~ " . . , ' - '., .. ~\"..: _ _ {i.,,-" ~ J..I.l..o. t.:,; ___ l....1.'-' ...... J..~~~-.J lot ........ 0..1.,. ,.J,.,.\,.,.I •• ,;;,) ,.J,.,. . .. ;,..... __ 0-1"""", 

.... \) ... _ 0 '" '': ~ ·~.0 r·:D.Cl t:.r:? \.' .: l:~_: .. :"i :lc.:::'dc:~ .. :n ~ll c.:c. oS os c:·:~:. :~:: ~c.. '~"y 

t~j,Gt it would nJp0~r that t~o c~ tio~ ?l~y~ a ~redom~~cnt rol~ 
CV~j' th0 ~~iGn in d~tcr~ini~ S ~t~ prcc~urc at which ~~i~ ph~s~ 
1., .. :·; .1'.!J1· c:,:~~.:~ .~ti(,'11. OCCU1""S. rr':'I: .. ~~ is of ~il-.I\~;ci..:...l· ir~~t::-e.st sir~cc: ·:I .. \'.: ~~.~\ V 
\oIo::'l'~ c,:;.:"-:,':;, ,.:u out dUl' ... nr; 'Ch\~ '~:C.::.Tlsiti~)n ca:1 be rclG.toG. tu c.i:~: ~' ,"r -

'(C " , ir 'I , .. tic) "ncl"'" >C · o f' J,'~v "'r cry r. .. ~<.lll in " f~r~l '" :::.,s. cnlc".-\~ .. l,; ...... J u .. \,,; \,..: ..:.J... \ .~_t .... ~ ... ( ~ I) U vI.., o.A.. ~ V J.o...J 

l~~ v d : r0ffi t~c Born -X~yc:r ruo~cl ) • 
\\'e: 11~V\:! c~~~l"it':<.i 0Ut Fl"'~.~j.su:,:,"'~ -volur::0 f:lG&SU ..... <-:r:1E.:r:ts or.:. ~:.:.~ .... .:...~·~r 

~Gli~ so~utionG(lO) of c8rtai~ of the ~lkali h~lide~ which 2x~m
pli::y cL.tior, substitution, i'or o:·:&fl.plc i~'1 the :!{Cl- r:bCl .sys~:c; :.l.; 

an~ a~ion substitution i~ ~~e KC~~K~r system? in orter to l0~r~ 
nero of ~\o role of t,,~ cati~~ ~~d of the a~io~ on t~cse 1rc~~~r0 
induced G~ruct'.1r8 c~~n~a~. 

:i;:-(=--<:~:: .. I?-r.sN'r .!: .. L 
3o=-:...(~ solut::'0!!S Vlcre' l)rL: .. ) ':-~::''''cd. f:L ... vrn anE:lytic~ ::" TC:~Z(;::"'C 2'~~.:.~d..,:; 

.. - .1" t" -' .• ' , ', . •. l;)"'oC " '" , ,,-' : ,- ""-'r ' ~., ..; --'c.' ,\. ~ ro" , .. 'r: J y :. 'i- ' . ' ." ,", .:....,u !-;) u. .1. _.t..::C1. .. ... L. ...... J • ...1 . ..... ft,..J ........ _~ V >oJ '.f. \.;,;. l:: /o. ,,~ .. ' .. \...: l..l ... v "-(., 1. 1.,.. ..... \...,:.1..1. .1. •• ' ... _ v-

cd Dntl i~rt~0r ~i~cd in t t a ~oi~ ~~ st ~ t0. S~~?~0S of HP~~OX~
Ll~-:cly 1,/2 ir!c~ Ui(~ lil0t.0.C' 'L~/ 1 __ /'2 i:'1C:l lc-r1.-:.t} ... \ 'JC:"C c.:..s.J~ e11.('" "':::1.(:;:: ... 

0!lc""-pGul':ltcd i n 10:.ld foil 1'01' ';":::0 l::iL;:-l 1)TCGSUr0 stua.ic.:; . 'I'n(; 
hiLh p rCC3uro CppilratUG iG_~ ?i3ton-cylinder device ci~il~r to 
one dcscr~b~d by Dar~al~(l~). Th? pr~scu~e-vo~ume m~as~~?~ont~. 
\-IC1'O C,j,:::l'~CQ out "t .LOO C Clncc 't[l<.:; Y:lnetlcs ot thvse GO~:Lo.-.:;o.l::"Q 

1)}4~ ; ~c trl:.n.:.;':orJ!.u.l tiOIlS is Yi:UC:.1 rcorc r~?id c~nd -c:LC trdnsi t.:i.o~ p: .. o....; 
~urcs corc reproducible t~an ~t rooe te~?urature. ~~c prcsc~~"j\ 

v~rSUG ch~nGe i~ vol~~a of thu Gyste~, ~01a~iv8 to 2rit~~~n's(~' 
Jnt~ fOT iron, wal~ measured to 40 kilobnrs. The pressure a~ w~~c~ 
t:'1C ?h;':::;'J chnn~(: occurs 't-IIJ.S c .::~10ulat ed ::rorn an &.veriJJ;E: of 'C' . l; ~,):'~':;'J 

sure of the tr~~cition tck0D wi~h incro~sinB pressure ana. w~~~ ~~ 
cr eaci~ ~ ?reC3ure . 

~~..::::;G:""~'",;",:·D Di::iC 'USS leN 
Th~ phasc tT~nsfor~~tion~ ~n the .solid solutions of XC1-~~C~ 

oc~ur ~~t .:1 bout tl1~ GCJ. e :'8tec ::~'J.d. 'Afi-t.l1 "l:!'J.€,: Zf.J. :::e hyst,):CGs:.!..z (c.:.=--...:" 
:Ceren e ..:: ::".-1 In'cs .suJ:e 0::: ph::'.3'.:: tr;:,:"lsfor:7li·.tion \'/i tn ir:crec::sir, z I';:";'::::; 

nUl'C an~ ~ j. ~ ~ ~ecre~5ins ?rC~~u:cl af~eT 5ubtr~ c tinz o~f ~~:::;~0~ 

f rictio"_) cos for tho l)urc Gal ts c?mp:cicing tne sys-(;e,;.. 'l'{i(.;:"-('; ,,/[;,.::, 



, 

_ . __ .. .. -. 

nu Ji::<;\.::'n :·.~ :" ..; c::":::'~'-: ' ('; ::-.cc ::..;-. . ~: \.: ?-v C~l'V2 oC';;\-: eel", :-;1:CCC::·;..,:"V,~ CO::.-
p <<:, ;:'. ::'\, .. oJ 0 f 1..:1-..: ~J- :)0 .:;.i:,:'~ t..:c ",~, • :i.o'~T -Cl·10:Ci'.10l' 0, t h0 :" '-: :" .J, '~i v (; ::.. ::: -
t c{LJi ti L:': 0 f t ni...! ;{-rL..:J d :!..~"J."l"~ c tio~! lil'l C:s D.~e eSS0~: -:'ic:l:r ~ : .. c ..,:) .... .i __ (: 

:t~ tte ~O- 50 mixtur~~ b(; f0~C ~nd after com)ression, t~u~ i~~::"c ~~ 

ir<:: ;10 t~!',do~1.cy in s':;G:::'et:~tion or 0:;: orde::-ing clue to the co;:,:; _' ,",::; 
Ul0n . ~G ~~rc:ntly these SQlts are co mpletely miscible in th-:.: ~i/~ 

... 00- f'/ ""' \ 
,Pl'(;:JSU.l'O esCl :structure us -ch(:y ,,, re in·t:o.e normal NaCl structu:.~ c:\,Lul 
F~ gurou 1 and 2 show the variation ,in transition p::-eSGUr0 c t 100°C 
for tho KCl -RbCl and KCl- KBr systems, respectively. In ttc KC1-
RbCl systGln tho transition prcE3ure bohaves almost linearly with a 
::.li[~ht nc.;cat ive dcvi<.ltion from additivity, while in the K3::- - ;,':Cl 
system t her e is a slight po sit~ve deviation. The Frcssura-co~~o
~ition CU ~ V0 for thib coli~-solid ~ranHition is v ery si8i:"~:. in 
:;~}l.:!J)C to the: L-!(:ltinC cu:tV (: . ' .j:'~ ·c:J.is $yS"t0i'.1 . ':'hc sub.sti.t..ut~-'j:-... cf 

·" ,..ir"on " , ,,~-, ,'. , ~ ". ~~"_ ~ J .... . , . ., .. ,.- • • ,(2.2 \ a ;.\0 .......... or c. l\. ~Ol1 c.:. J.u.L, ,-, .... .... 2 _v ...... ~~ ... .:....L! ..:..alJvl.C ';; F .. ..lIU 6!l~ v LJ. I ~ 

I, ('.1..' " ' .L'llle ,_. ';n " (10) - 'ld t-,.. · ,.., .' ;,.;-)[. ·""o"'·-ure ~n "'~'e -,:C' - ""'~'C"l ·"r· ~ '," u. .. I,., ..:' lJU..L. v , '-. _...;. ... _ ...... ~-'- , .. 1 .1 .... o.J~ -'- V"'4 J. ... ~ ... \. ...... ~ .., _ ..... \.,.:.Uot 

H0w~vor cn~ns:"ng th~ anion a~ i~ ~he KCI-K~r syst~~ ~e s~lt s i~ 

eG ~:;~n ti;~::'lJ !Iv c:-..... nsC: ~ ... t!10 t~':"~8i,tio:c. p:ccssure 0:: thil3 :3o:"id
col:':'d ~. :..-.- u;form::. tior. :1t4 t .10(;;: cif0C";; thi:: :..;,el tin~ t0r:"p c:cc.:. t'..r.:; :.::d 
thu lattice p&racctc:c(12). 
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