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and for nitrogen
P, =0.8427(T + 3. 88)1+8°%_ 1697 (bar),  (2c)
Ve, =132.1/(T +24.69)*3%* (cm®/mole),  (3c)
AV =85.4/(T - 26.55)%%! (cm®/mole). (4c)

These equations fit the experimental data of Tables
I and II to within the estimated accuracies of the
data except for the nitrogen-melting pressures at
87.03 and 102. 15 °K, where the calculated pres-
sures are, respectively, 8 bar higher and 12 bar
lower than the experimental values, and the meth-
ane fluid molar volume at 111.25 "K where the cal-
culated value is 0. 18 cm®/mole higher than the ex-
perimental value. Due to the high degree of cor-
relation between the parameters in these equations.
a number of different sets of parameters might
represent the data nearly as well as those given in
Egs. (2)-(4), so no special significance should be
attached to the exact values given here. [However,
in using Eqgs. (2)-(4) to represent the data, care
should be taken to include all the significant figures
given for the constants, or errors much greater
than the quoted uncertainties may result. ]
Equations (2b), (2¢), (4b) and (4c) have been
combined with the Clausius-Clapeyron equation (1)
to derive entropy changes AS on melting, and from
these the enthalpy changes AH =TAS and internal
_energy changes AU=TAS - PAV on melting have
also been calculated, These derived changes in
thermodynamic variables are also listed in Tables
I and II at the experimental temperatures. Values
of these or any other melting parameters at any
temperature (within the experimental ranges) can
be readily calculated using Eqs. (2)-(4). Experi-
ence with noble gases, #?*% indicates that these
equations should be valid for limited extrapolations
to higher temperatures as well.

DISCUSSION

Stryland ef a measured the P,-T, curve for
methane up to 3 kbar and Clusius and Weigand®®
reported results up to 0.05 kbar. The results of
Stryland et al, deviate from the present data sys-
tematically, with a maximum discrepancy of about
40 bar at 3 kbar. On an enlarged P,-T,, plot, one
can readily observe that their data do not extrapo-
late to the very reliable low-pressure data of
Clusius and Weigand whose work has a claimed ac-
curacy of better than 0.05%. Our results do ex-
trapolate well on such a plot. This fact, coupled
with the excellent agreement of our argon data®
with results of other workers, seems to indicate
that the present values are likely to be more reli-
able. There are no other high-pressure melting-
volume data for comparison with our methane data.

The status of the nitrogen P,-T, data is as
follows: Simon ef al,, " using the blocked-capillary
method, and Robinson, '° using the moving-pellet
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method, give results in agreement with each other.
Bridgman, ® using the volume-discontinutiy criterion,
and Mills and Grilly, ! using the blocked-capillary
technique, report results in substantial agreement
with the present work, but with pressures 8% lower
than the previous two. In view of the deviations of
Robinson’s argon data from the highly accurate re-
sults of Hardy ef al.?® and the general reliability

of the melting work of Mills and Grilly, it is rea-
sonable to assume that the present P, -T,, values,
along with those of Bridgman and Mills and Grilly
represent the best available P, -T,, data.

In the range over which the high pressure data
of Table II overlap with the data of Grilly and
Mills, © the two fluid molar-volume data sets agree
to within their combined uncertainties. However,
near the triple point the present data as represent-
ed by Eq. (3c) deviate from those of Grilly and
Mills by as much as 0.6%, with the present values
being lower. This is entirely due to the present
choice of triple-point V;,, and a different choice
of V,, might significantly change the agreement
over this range (approximately 65-70 °K). Taking
account of the fact that the two sets of data were
obtained at quite different times, at different labora-
tories, and with different techniques, the agree-
ment between their data and ours is quite gratifying.

Grilly and Mills method was essentially a com-
bination of a free-piston gauge for monitoring the
freezing process and subsequent expansion into a
metering system for determining absolute volumes.
This method is more reliable than the piston dis-
placement technique used by Bridgman.® Bridg-
man’s results appear to have some gross errors;
they deviate from the other results by as much as
10%. (Similar deviations from Bridgman’s data
were observed earlier for argon.?%) Some of his
errors may be accounted for by the fact that his
low-temperature fluid densities were obtained in-
directly by using high-pressure P-V-T relations
for gas at room temperature; and that he appar-
ently used, as temperature calibration baths, ligq-
uids N, and O, of unspecified purity. The agree-
ment between the present results and Benedict’s ex-
trapolated values is as good as can be expected; the
largest discrepancy is about 0.25%, about the same
as the accuracy he claimed.

The only direct measurements which can be com-
pared with our derived values of V; at the triple
point are those of Manzhelii and Tolkachev?” who
measured the molar volume of solid methane along
its vapor-pressure curve at 77.4 and at 85.9 °K.

A short linear extrapolation from these two points
yields a triple-point molar volume of 33.01 cm®/
mole which is 0. 14 cm®/mole higher than the value
given in Table I. This difference is again within
the uncertainty involved in their original data and
in the extrapolation to the triple point.
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In conclusion, the present results make available
for the first time rather complete and accurate
high-pressure melting data for methane, and ex-
tend the range of similar existing data for nitrogen.

3975

It is hoped that these data along with the earlier
melting data for argon may be helpful in clarifying
the effects which molecular rotational degrees of
freedom have on melting in such simple systems.
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