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Critical TClll pera turcs (r: \fctals ant! .. ~:r 
Estimates by Ga tes ano ' ; ,1000S 

S ir: " 
In rl'cent )~lp l' n; I-3 it was showll tll; c tlll' le:ll­

pcrati.,r-: rall g'e 0: liqll i d 11/ ('/([1.1' , i .!' ., the range fr(J,n 
the mel ling- to the cri Li cal poin t , is far greater l d Ii 

ror allY olher type of substance . It extends, ill 
view 0: their (':clllentary and atomic Jl a t.ure, Llr 
Deyond the thermal limits of existel,ce of ~llly 

othcr solid or li (:uid; even thc..stablcst oi t.he btter 
dissociate into .. cOl11S a.t about 5000- G00001( . 1n 
cOIlLr.1st, the rdractory metals such as 1':"e, T,l , 
and \II will be liquids up to a critical tClllpe r:ltIlre 
of about 20,000, 22,000, and 23,0000K., rc:;pcc­
tively. 

It ab o was shownl - 3 tha t onc can constrnct a 
liquid tempera ture range diag-ram of met:ils (ielll­
OllstraLng the relationship between liqu id (;;1.(1 
saturated v..ipor) density vs. temperature (lvel t: e 
whole liquid temperature range, from the lIl(:;tll :~ 

pO:ll_ to the critical point, by using the t il"" 11 Il 
of cor:'cspondiIlg statcs of van der \Vaals, the id.~ 
of rec , ::incar diameter of Caillclet and l\LLl 11::,.; 
and experimental data on heat.s and ent.ropil·! "I 

v:.lj ,oriza tion, vapor pressu rc, and particui. II) 
expcrimental liquid density data over as wide :, 
t emperature ran~e as possible. 

Subseclllently it has come to ou r a ttell Li"li d:.ct 

Gat.cs and Thodos' estimat.e( the cril ic 1 ., 
peratures of metals, but arrived at vaiw:s tl,.\t 
diiTered subs tantially from ours, as the COIl1 ,I, lli'(' 1l 
in Table I shows. 

TADLU I 

C OMPAI{ISON 01' Tim CRITICAL TEMl'l.mATUlH! 01' Mm'ALS 

ESTIMATED DY Tim METHOD OI' GATES AI>D THO DOS' :IS. 

Tim I NSTITUTE'S 

N(Jrlllal Critknl temp. , 0 K. 
u.p.,' Glltes nnu 
OK. Thod\)s R. I. T. U . 

\V .5800 11500 ~:;LlOO 

.. \.L O 5100 OS80 1,OOu 
Sn 2060 580n S,'i(J 

i' b 2024 3584 ;,·1(,0 
!'{a 1163 2124· 2800 

(1) A. V. Gro:"Jc , "The Liquid U.mgc of Metals a tle l S OIiIC of 
T heir... 'sical i'rupcrtics ut IIigh Tcmperatures ," Re port of tile 
.It ..: ~.c.l.rc1 . Institute of Temple University, September, Hh'O; <; CI! 

nls" N ue/eur S d. A bslr. , 1~ , 1018, 311 07 (1!J01). 
(2) A. V. Crosse, American Rockel Society. Sl,acc Fli ~ ;,l 1{'·I', .rl 

to the Nation, New York Coli sC'um, Oct. g-15, 19tH, Pnp, r "~ tI. 

21511-01. 
(3) A. V. Crosse. J. 11Iorg. &- Nuclear Ch./II .• 22. 23 ( .!H , I. 
(.1) D. S. Gales and C. Thodos, A .I.CII.E. Jo"rnal. 6, . il I.I!'LI I. 
(:i) All data. on lI orrual builing poiuls Gud t..I1vap a.rc I \.;1'11 ,( .il1 

D . R . Stull no d C. C. Sicke, "Thermodynamic Proper{ irs l.j ~ i11! 

E lements," Am erican Cbemical Society. Advances in Cll c.:r.~i:.l ry 

Senes No. 18. 1900. 

;\s .)ilC can sec our critical tl:l l1 peratures are 
gTl·:tl\,' t;,:1ll the normal boilinri j.oints of the 
Illl.;tals by a Llct(,r of ':I: (\\') t.o 2.5 (X a). 

Gates and Thodos ploUed all t.lte known critical 
t elllperatu res (Tc) oj the elements vs. their normal 
bniitI' .... points (Tu) and arrived at the simple rela­
t ionship 

To = 1.'1 732 T.'· D8 '8 (T in OK. ) 

This is a silllibr rClationship to an earlier one of 
i.\fei:;sllcr and I\.edclillg,G supposedly applicable to 
all clements, na lliely 

To = 1.70 Tb - 2.0 ( T ill oK. ) 

BuLil of t hese ellli/i rical relationships, however, 
are based on the experimcntal critical tempera­
lureS (d' lite lIoble gases a/ld /lOIL-lIleta/s olLly. 

Fl'1lll1 die 1~ so obtaincd ~l11d thc vapor pressu re 
I.;(LIl.tt iLl I1, Gates and T hodos ext rapolated the 
cnl ied pressure, Pc. Using- both these eri t.ieal 
C(Jil~lalllS , the cOllstants a and b of the van der 
\Va;LIs eqll.ltion of statc wcrc obtained. The 
C'ril;cal \-oilu l1c Vc = 3b. 

Til,' relat ionship of Gates and TllOdos and the 
pi t'\ i',)!ls ol1e of l\1eissner and RedJir.g, howcver, 
rfo IIII! II/'/J/V 10 JIIdl/ ls. 

',5 havc to be considered. T he 
Il. , clive forces ill a liquid between 
ai,,, .1-; 01 l./l "uble gases or the diatomic mole­
CHic,; of sll('h clcnl cnts as II , 0, N , and all the 
iI ;tiO:-"'IlS, wlucll were used to estimate the elllpiri­
e:11 rdatiollslli ps, on the olle hallu, ~1I1c1 the metals, 
0 11 tIle o tiJ er, are <Illitc dilTerClit. In tlte first case 
we 11:1.\'c weak van dcr Waals forces and in t he 
second much stronger metallic bonds. This is 
forcefully dcmonstrat.ed by cOlllparing tlte ener~ 
necessary to separate a. gralll at.om of the liquid 
til to separated atoms or molecules in the gas phase, 
i.e., t he heat of vaporization, t:..JfvnrH fo r example 
at the 1l0rll1al boiling point, as shown in Table II. 

T he decisive piecc of evidence, however, is he 
jollu\\'ing one. Gates ancI Thodos, in t heir ex­
t.ensivc literatu re survey on the subject, unfortu­
nately missed the experimental determination of 
thc critical constants of mercury, the only metal 
for which sllch constants arc k nown . 

BClJ(kr,7.s du ring World Wa.r I, measured the 
cil:l1sityof both liquid and saturated vapor of Hg 
up to 138U o, or 1650°1(. Later, Bernhardt9 de-

(.i) U . P. M ci" ncr and E . M . Reddi ng, I nd. En,. Chern., S4 , 521 
( l!II~ l. 

(71 ] . Render. Physik. Zeit .• 16, 240 (1015). 
(8) ; . Dender. ibid., 1!1, 410 (1918). 
(9) F. Bernhardt. ibid •• :16, 2G5 (1 925). 
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TAnLE II 

IlI.>ATS OF VAPCJIUZATlO:-.'. ::'flvn". AT TilE XOR~IA I_ :OILI:-'G 

P OI;>;T 010' l\'o:-.'-~mTALS A:-.'D :YII:TALS . DI CAL./(..-ATO~1 

~vn-

metnls ~,Ictll19 

If, 107.9 Il!; 1-1 , 137 
K, 007.5 Ka 21 ,2.'10 
0, 815 Zn 27.500 
F. 781 Pb 42 ,0S0 
Ch 2430 Ag oO,evo 
~-,r~ 3585 Sn 00,·\00 
I, 4085 F~ 83,000 
S 2300 Zr 13!J,OOO 

Mo ;·12,000 
W Ull,OOO 

termined the vapor pressure up t o 1700°1(. ami 
finally, thirty years ago, Birch,lo at Bridgm,LI1':; 
laboratory at Harvard, succeeded in dctermillill .:; 
the critical temperature and pressure. By Cf)' 

relating all the experimental cbta,l-3 which SII·l\ J 

a great (although not perIeet) degree of illl,·lll. i 
consistency, the following values for Olt' ('··i: i,' 1 
constants arc obtained. They arc co;' ,' 
those obtained from Gates and Thodo' ' 
ship,lI 

1"01 0 I{'. 

Po, aLm. 

Do. !:,./CIll. i 

Vo• cm. '/g.-atom 

Experimental 

1733 (±50) 
1587 (±50) 

4.70 (±0.:l0) 
·12.7 (±2.0) 

Hlld tl! li"< 
r ei "I 011.111" 

11: ., 
1: • 

0 .. ,~j 

21i2 . -[ 

Thus, we sec that the experimcntal values for 
Hg are off by large factors fr0111 Gates and Thodos' 
estimates, particularly for Dc, Vc, and Pc. 

Furthem10re, all t.he experimental evidence ob-

(10) F. Dircu. Phys. R .... U. 6-ll (1032). 
(11) Meissner and Reddiug's estimates nrc similar. 
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tail.": ;,cn:lltly allhe Illstitute Oil the liquid den­
sities (,i \'arious met.tls, such as Pb,l~ Ag,I2 CU,I3 
SlI,' I Ill, J2 13i,l~ ;am! ~Ig, 1 3 up to their respective 
normal boilin,::: points, elilllinatcs still iurther the 
p()s~ibilily t 1.ll the estimat.es of Gates and Thodos 
can OC correct. One exalllple will sulllcc. Our 
expcrimen taP" and extrapolated values for the 
dew,iLy of liquid and saturated vapor of leae! arc 

Dliql. Did. gas, 
T . OK. g-./cm.' g./cm.:i 

E"i "'riln,' lIlal { ltiOO \).:;01 
v .. dnes l 202·1 (N.B.P.) 8.003 0.0012 

( 2.iOO 8.107 0.008 
Extra pola Lt" I ~ :lOOO 7.49 0.020 values 

l3,jUO 0.79 0.072 

If Catl':' alHI Tlwdos' value of 33S4°K. for Teof 
Pb is ('orrcct, lline shmlld bc a suddcn change in 
tIll \\'h<)le dellsiLy VS . lCIl1!K'I'atnre reLlliollship fo r 
llil IllJuid :JJI(I saturated vapor beyond the normal 
hOliillg' point, ill contrast to all kllOWlI liquids. 

'I'll\.: kll()l\'kclgl' 1)[ true critical tcmpcratures 
jlvllnits w; to establish a very Silliple dellsity vs. 
i ," ;,,'r. tllre relatiollship! ~ fo r 1I1Ost of the liquid 

" ,,[ :lJ1Y 111 c!:t1 ant! also t.he challgc in surface 
:,', . ..,1,,11 ur l'llcrgy '<IS . t.c1l1perature for allY lllctal. lG 

., ::"I'S without. saying that it would be highly 
I ie,.1" .Ilk to deterJll ine the critical telliperalure of 
'11I."1 111<.:t.ds besides lllCrcury; SOllie of thcll1 arc 
cerl;lilJ!y \\' i l hill reac h or modern high temperature 
('xl"'ri Illell LI (i()1 I. 

(l:.!j J.iUI)Tg. &r N1Ulc(l r GIl,m. , ill press. 
(I;~) J. 1';'Y5. Clum .. in press. 
(l·j) A. D. Kir:-.hcllbaulI1, Fillul Report, "lIih'h Temperature 

I1H'I;:aI1IC ChC"1I 1i slry," l\:alinnni Science Fouudation, Rcscarcu. 
Cr.wl 15;'·10 , Research luslitutc of Temple Univc.r~itYI October 31 . 
Jt)uL 

(1;') A. n. Kirshenbaum. J. A. Clluill, auu A. V. Grosse, J . 
' '''''': &' Nuc/<a r Clwl1 .. 22, 33 (lOBI). 

(Hi) A. V . Gro$sc, J. ln org. & Nuclear Chcm .. ill prc!-'s. 
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