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ABSTRACT
The heats of sublimation of the elements at 298°K. to the various

-elemental gaseous species are tabulated.
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HEATS OF SUBLIMATION OF THE ELEMENTS
' Leo Brever
Radiation Laboratory and Department of Chemistry and Chemical Engineering
University of California, Berkeley, California

November 1985

In Paper 3 of Vol. 19B of the National Nuclear Energy Series,
"The Chemistry and Metallurgy of Miscéllaneous Materials; Thermodynamics"
by L. L. Quill, McGraw-Hill, 1950, were tabulated various thermodynamic
functions of the elements. Since the time that these values were com-
piled in 1945 Qith a minor revision in 1948, a considerable body of
vapor pressure data has accumulated. The resulting changes in the
values tabulated in Paper 3 have been quite minor except for some of
the heats of sublimation, AHV(298)g tabulated in the last column of
Teble 3.6 on pages 26-27. In order to bring Paper 3 up to date, the
recent vapor pressure data have been evaluated and the revised values
are presented in this report.

It might be pointed out that not all of the availeble date have
been evaluated with the tﬁoroughness that they deserve. Eventuslly,
it 1s hoped that all of the daﬁa will be adequately evaluated and
revisions of this report will be issued from time to time as improved
values are obtained. Undoubtedly some of the readers of this report
haeve evaluated the available data for one element for some épecial
purpose or they may have unpublished data. It would be a great
help if they could forward any such information to be incorporated in

future revisions of this report.
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The values presented here have been treated in the same manner as
those given in Table 3.6 of Paper 3. Whenevér information has been
available on the composition of the vapdr, the vapor pressure data have
been treated to yield data for the partial pressures of each individual
species and the heats of sublimation given here are the AH values for
the change in state from the solid form to the gaseous molecule indicated.
Thus the AHV given for Na represents the AH for the sublimation of one |
gram atom of Na solid to é mole of monatomic Na gas. The AH value given
for Na2 represents the AH for the sublimation of two gram atoms of Na
solid to a hole of diatomic Nae gas. All heats given are heats of sub-
limation except for mercury thch is liquid at 2980K.

One important addition to the method of presentation in Table 3.6
of Paper 3 is the indication of the uncertainty of the valuesvtabulated.
This is important because the uncertaintieé indicate the possible range
of thermodynemic quantities that might be derived from these AH values.

The standard states for the condensed phéses are the same as in Table
3.6 of Paper 3 with one éxéeption. In the present tabulation, red |
phosphorous, the stable modification of phosphorus, has been taken aé
the. standard state rather than whiTe phosphorus. ‘Thus in the present
tebulation, the stable solid modification is taken as the standard
state for all elegents.

In the process off deriving the values of AHV(298), it was some-
times necessary to use the heat of sublimation of 0%K. and values for
AHV(O K.) have been calculated for all the elements. However, this
value is not tabulated here since it does not seem to be of sufficient

value compared to AHV(298) values. Whenever one has (F-HO)/T
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functions for which one would want AH values at OOK., one also has
sufficient date to either readily convert the (F-Ho)/T values to (F-Hegs) /T
values or to convert AH298 values to AHO values. However) when low ?empera-
ture heat capacity data are lacking as is true in many iﬁstances, then only
(F-H298)/T values are availasble and only AH298 valﬁes are of interest.
Since the very qseful tabulations of K. K. Kelley (U.S. Bureau of Mines
Bulletins 476 and L77) are set ﬁp for the direct calculation of (F-H298)/T
values, AH298 values would seem to be the most appropriate. Thus from his
bulletins, one obtains (F-H298)/T = (HT-H298)/T - (ST‘5298) - Sp98° The
three quantities needed are tabulated in His bulletins.

No references are given in the present report, but a later revision
of this report will contain references to be'added to those in Paper 3
of.VQl. 19B bf the N.N.E.S. Most a(F-H298)/T values have been improved
g0 little that it 1s not worth tabulating them at this time and the AH
values glven here may be used directl& with the free energy functions
tabulated in Paper 3. It might be pointed out here that the headings
of ‘Table 3.6 on Page 27 are displaced one column as 1s obvious by
ingpection. Sufficiently improved free energy functions are available
for three molecules to warrant listing them here for temperatures 2980,
500%, 1000°, 1500°, and 2000°K. respectively. They are as follows:
Ti: &3.07, 43.71, 43.83, 47.44, and 48.49 and Zr: U43.33, ----, 46.60,
48.55, and 50.05. For the first three temperatures for Sg we have
102.8, 107.1, and 123.2. For Sg» Hpgg-Hy = T542.. Professor John Margrave,
Department of Chémistry, University of Wisconsin, Madison, Wisconsin, has.
calculated free energy functions at close témperature intervals for all

atomic species for which complete spectroscopic data are available. Thus
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quite complete and accurate free energy functions will be available and the
main uncertainty in thermodynamic calculations will be due to the uncertainty
in the AH values. All AH values refer to changes between standard states and

are.AHg values although the superscript is omitted as it is obvieus that all

98
the thermodynamic quantities under discussion are standard values. The
temperature designated as 298?K is an abbreviation for 298»159K-

The values given for Ti, Cu, Ag, Zn, Cd, Sn, are those compiled in
"Selected Values for the Thermodynamic Properties of Metals and Alloys,"
Minerals Research Laboratory, Institute of Engineering Research, University of
‘California, Berkeley, California, 1955. Complete references are given in this
compilation. The.AH298,Value given for Fe in the above compilation has been

replaced by 99,000 + 1000 calories on the basis of new unpublished work by

Law McCabe, Carnegie Institute of Technology-
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Table 1

Heats of Sublimation of Elemental Species at 298K
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Table 1 -
(Page 2)
Heats of Sublimation of Elemental Species at 2989K

LH

"298 A8
in keals./mole in kecals./mole
Geg W0+ 20 sb 65. + 1T
Sn 72. + 0.8 Sb,, 56. .+ L
Sn, | 87 + 5 sb), 4. o+ 1
Sny 97 o+ 7 Bi 50.0 + 1
Sn), 98  + 10 Bi, 53.5 + 1
sn 105+ 15 s 57.5 + 1
Pb L6.48 + S, 30.8 + 0.k
P, 76. + S), 28. + 1
P 80. + 10 Sg 28. .+ 1
P, 43, o+ 1 Sg 24.39 + 0.01
P, 30.0 + 0.9 Se 49. + 0.5
Ph red solid 0 SeQ 533 x 0.5
As, 5.5 + 1 Seg 356 & 1
Te L. + 3
Te, 59.5 + 1
Po : 31.5 + 1
Table 2
Heats of Formation of Gaseous Halogen Species from Standard States at-298oK
Aogg | Moos
in kcals./mole ‘in kecals./mole
F, 0.00 Br, 7.34 + 0.05
F | 21.15 + 0.25 Br - 26.73 + 0.0k
Cl, 0.00 I, 14.88 + 0.005

c1 . 28.94 + 0.03 T o 25.49 + 0.005




