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Critical Temperatures of Metals and teir
Estimates by Gates and Thodos

» -
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In recent papers'=* it was shown that the tem-
perature range of liguid melals, 1.c., the range from
the melting to the critical point, is far greater thau
for any other type of substance. It extends, in
view of their clementary and atomic nature, far
beyond the thermal limits of existence of any
other solid or liquid; even thestablest of the latter
dissociate into atoms at about 5000-6000°K. In
contrast, the refractory metals such as Re, T,
and W will be liquids up to a critical temperature
of about 20,000, 22,000, and 23,000°K., respec-
tively.

It also was shown!=? that one can construct a
liquid temperature range diagram of mictals deni-
onstrating the relationship between liquid (anid
saturated vapor) density os. temperature over t¢
whole liquid temperature range, from the mciting
poiut to the critical point, by using the theoren
of corresponding states of van der Waals, the Taw
of rectilincar diameter of Cailletet and Muthius,
and experimental data on heats and entropice of
vaporization, vapor pressure, and particulaily
experimental liquid density data over as wide «
temperature range as possible.

Subsequently it has come to our attenlion thit
Gates and Thodos* estimated the criticil ivin-
peratures of metals, but arrived at valucs (hat
differed substantially {from ours, as the comparison
in Table I shows.

TaBLe 1
CoMPARISON OF THE CRITICAL TEMPERATURE OF METALS
ESTIMATED BY THE METHop oF GATES AND THODOS! vs.
THE INSTITUTE'S

Normal Critical temp., °K.

b.p.,* Gates and

oK. Thodos R.I,T. U.
W 5800 11500 23000
Mo 5100 9380 17000
Sn 2060 5809 8700
Pb 2024 3584 5100
Na 1163 2124 2800
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Elements,” American Chemical Society, Advances in Chemisiry
Series No. 18, 1956.

As one can sce our critical temperatures are
greater than the normal boiling points of the
metals by a factor of 4 (W) to 2.5 (Na).

Gates and Thodos plotted all the known critical
temperatures (77) of the elements vs. their normal
boiling points (7%,) and arrived at the simple rela-
tionslhip

T = 1.4732 T,1%% (T in °K.)

This is a similar relationship to an earlier one of
Meissner and Redding,® supposedly applicable to
all elements, namely

To = 1.70 Ty — 2.0 (T in °K.)

Botlt of these empirical relationships, however,
arc based on the experimental critical tempera-
tures of the noble gases and non-metals only.

From the 7% so obtaitied and the vapor pressure
cquation, Gates and Thodos extrapolated the
critical pressure, P, Using both these critical
constants, the coustants ¢ and b of the van der
Waals cquation of state were obtained. The
critical volume V, = 3b.

The relationship of Gates and Thodos and the
previouns one of Meissner and Redding, however,
do nol apply to melals.

i “.cts have to be considered. The
WieLesl L & wuractive forees in a liquid between
atonis of the noble gases or the diatomic mole-
cuies of such elements as II, O, N, and all the
Iwtlogens, which were used to estimate the empiri-
cal relationships, on the one hand, and the metals,
on the othier, are quite different. In the first case
we have weak van der Waals forces and in the
sccond much stronger metallic bonds. This is
forcefully demonstrated by comparing the encrgy
necessary to scparate a gram atom of the liquid
into separated atoms or molecules in the gas phase,
z.¢., the heat of vaporization, AH,,,, for example
at the normal boiling point, as shown in Table II.

The decisive picce of evidence, however, is the
following one. Gates and Thodos, in their ex-
tensive literature survey on the subject, unfortu-
nately missed the experimental determination of
the critical coustants of mercury, the only metal
for which such constants are known.

Beuder,” during World War I, mecasured the
density of both liquid and saturated vapor of Hg
up to 1380°, or 1650°K. Later, Bernhardt® de-

(5) IL. P. Meissner and E. M. Redding, Ind. Eng, Chem., 84, 521
(1942).

(7Y ]. Bender, Physik. Zeit., 16, 246 (1015).

(8) J. Bender, ibid., 19, 410 (1918).

(9) T. Bernhardt, sbid., 36, 265 (1025).
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HEATS OF VAPORIZATION, Affvqp, AT THE NORMAL IJOILING
PoINT OF NON-METALS AND METALS, IN CAL./G.-ATOM

Non-
metals Metals
Hz 107.9 Hg 14,137
N, 667.5 Na 21,280
O 815 Zn 27,560
Fa 781 Pb 42,880
Cly 2430 Ag 60,600
Bry 3585 Sn 69,400
1z 4985 Fe 83,000
S 2300 Zr 139,000
Mo 142,000
w 191,000

termined the vapor pressure up to 1700°K. and
finally, thirty years ago, Birch,' at Bridgman's
laboratory at Harvard, succeeded in determining
the critical temperature and pressure. By cor-
relating all the experimental data,'=* which slunv
a great (although not perfect) degree of interd
consistency, the following values for the critic:]
coustants arc obtained. They are com»
those obtained ifrom Gates and Thodo:

ship.}!

Cates
and Mhodos”
Experimental relat.onsiup
Ti, °K. 1733 (250) 1155
P, atm. 1587 (==50) 1
D,, g./cm,? 4.70 (4£0.20) 0.499
Ve, cm.?/g.-atom 42,7 (£2.0) 202 .4

Thus, we sce that the experimental values for
Hg are off by large factors from Gates and Thodos’
estimates, particularly for D, V,, and P..

Furthermore, all the experimental evidence ob-

(10) F. Birch, Phys. Rev., 41, Gi1 (1032).
(11) Meissner and Redding’s cstimates are similar,
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tained recently at the Institute on the liquid den-
sities of various mietals, such as Pb,'* Ag,!? Cu,!®
Su, ™ I, *? Bi,Mand Mg, up to their respective
normal boiling poiuts, climinates still Turther the
possibility that the estimates of Gates and Thodos
can be correct. One example will suffice. Our
experimental® and extrapolated values for the
deunsity of liquid and saturated vapor of lead are

Diiqa Diq. gas,
L o8 g./cm.® g./cm.?
Cxperimental { 1600 9.361 e
values 2024 (N.B.P.) 8.803 0.0012
Extrapolated lr i 5107 i
valties 3000 7.49 0.029
3500 6.79 0.072

I Gates and Thodos’ value of 3584°K. for T of
Ph is correct, there should be a sudden change in
the whole density vs. temperature relationship for
the hiquid and saturated vapor beyond the normal
botliug point, in contrast to all known liquids.

The knowledge of true ceritical temperatures
periits us to establish a very simple deusity vs.
teriperature relationship'—* for most of the liquid
¢ ol any metal and also the change in surface
fension or energy os. temperature for any metal. !¢

LU goes without saying that it would be highly
desivable to determine the eritical temperature of
other metals besides mereury; some of them are
certainly within reach of modern high temperature
experimentation.

(12 J, Inorg. & Nuclear Chem., in press.

(13) J. Phys. Chem., in press.

(14) A. D. Kirshenbaum, Final Report, “Iligh Temperature
Inorganic Chemistry,” National Science IFoundation, Rescarch
Crant 15540, Research Institute of Temple University, October 31,
m(;;:'n) A. D. Kirshenbaum, J. A. Cabill, and A, V. Grosse, J.

Inorp. & Nuclear Chem., 22, 33 (10061).
(16) A. V. Grosse, J. Inorg. & Nuclear Chem., in press.
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