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THE TEMPERATURE RANGE OF LIQUID LEAD
AND SILVER AND AN ESTIMATE OF THEIR
CRITICAL CONSTANTS*
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Abstract—The temperature range diagrams of liquid Pb and Ag are constructed from experimental
density data, from their melting points to their normal boiling points, the law of rectilinear diameter
and the theorem of corresponding states. From these diagrams or the equations on which they are
based, the critical constants are estimated as follows:

For Pb For Ag
T, (°K) 5400 7500
D, (g/cm?®) 2:2 1-85
V, (cm?/g atom) 94 583
P, (atm) 850 (5000)

Liquid densities below the critical range can be calculated with much greater reliability and are as
follows:

T (°K) ; Pb Ag
2024 8:801 -
2500 8167 8197
3000 7-488 7-741
3500 6786 7-276
4000 6061 6795
4500 5313 6295
5000 o 5771
5500 - 5223
6000 = 4652
6500 = 4060

IT was shown recently™® that the critical constants of metals could be estimated
consistently by two independent semi-empirical methods.

Of all the known eighty metals, mercury is the only one whose critical constants
have been determined experimentally

(T, = 1733°K; P, = 1587 + 50 atm, D, = 4-70 -+ 0-20 g/cm?).

It was demonstrated that mercury, like all other thermally stableliquids, follows the
law of Cailletet and Mathias or the law of rectilinear diameter.»? The average
density of liquid mercury and its saturated vapour, i.e. (D, 4 D,), is a straight line
function of temperature. This is the basis of the first method. A liquid range diagram
of the metal obtained by plotting or calculating the experimental liquid density and
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the ideal vapour density vs. temperature. The maximum possible critical temperature
(and the minimum critical density) is the point where the ideal vapour density crosses
the rectilinear diameter. Actually, the real vapour density is always greater than the
ideal, so that the real critical temperature is lower than the one obtained in the above
manner. The lower limit of the critical temperature (and conversely the maximum
critical density) is set by the fact that the real saturated vapour density has to approach
the liquid density near T..

The second method is based on the theorem of corresponding states. The theorem
requires that at corresponding or reduced temperatures, i.e. T4 = T/7T,, liquid
metals have the same entropy of vaporization,

ASy,, = AH,,,|T

So far the entropy vs. 7 function has been established experimentally only for one
metal—mercury.®? Since the heats of vaporization of nearly all metals are known
at their normal boiling points, or can be reliably extrapolated,”® one can estimate
from the mercury curve and the AS value at the temperature T"thereduced temperature,
and thus the critical temperature, of any metal. Critical temperatures of about 15
metals, together with their AS,, , and other data were given before;1-? the critical
temperatures range from 1733°K for mercury to about 23,000°K for tungsten.

In two recent experimental investigations the liquid densities of lead® and silver®
were determined over a much wider temperature range than heretofore, namely,
from their melting points (600-6° and 1234-0°K, respectively) up to their normal
boiling points (2024° and 2450°K, respectively). The densities are straight line
functions of temperature and are as follows:

for Pb:

D, = 10:678-13-174 x 10~%(7-600-6°),
and for Ag: ’

Dy = 9:346-9-067 x 10~%(7-1234-0°),
where 7 is in °K and D in g/cm?.

Values of the density of liquid lead and silver at their melting and normal boiling
points as well as at some set temperatures are given in Table 1.

TABLE 1.—EXPERIMENTAL DENSITIES OF LIQUID LEAD'*) AND SILVER'® IN G/cMm?®

Pb Ag
M.P. (°K) 6006 12340
D at M.P. (g/cm?®) 10678 9-346 -+ 0-009
Normal b.p. (°K) 2024 2450
D at normal b.p. (g/cm®) 8:803 - 0009 8:244 -+ 0-009
D at 1000°K 10152 (solid)
1500°K 9-493 9105
2000°K 8-834 8652
2500°K - (see Table 2) 8198
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