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Heat capacities of tantalum have been measured between 12 and 550°K. with a precision of 0.15%, or better.
Law Entropy at 25° is found to be 9.92 = 0.01 e.u./g. atom, in good agreement with earlier work.

Several studies of intermediate metallic phases
containing tantalum are under way in this Labora-
tory. In the course of this work it has become
necessary to have precise heat capacity data for
elemental tantalum in the range 10 to 550°K.
Examination of the literature showed that pub-
lished data, particularly for temperatures above
300°K., did not have the required precision and so
the measurements reported in this paper were be-
gun.

Experimental Details

The apparatus employved and method of measurement
have been described previously.®* The tantalum was pur-
chased from the Fansteel Metallurgical Corp. and was
stated to be 99.94 9, pure. It was in the form of annealed,
mill quality 0.006 in. thick foil. The foil was wound into
a compact roll and tied with 0.003 in. strips. The strips
were tantalum in the series of measurements above 320°K.
but in the low temperature series molybdenum strips were
inadvertently used. The mass of molybdenum used was
1.871 g. or 0.01950 g. atoms. The mass of tantalum in the
low temperature series was 659.919 g. or 3.6484 g. atoms and
in the high temperature series was 662.616 g. (including the
tantalum strips) or 3.6633 g. atoms.

The high temperature series consisted of 37 determina~
tions extending from 295 to 552°K. Temperature intervals
ranged from 5 to 12 degrees. The low temperature series
was composed of 70 determinations covering the range from
11 to 323°K. Temperature increments used were 2 degrees
from 11 to 25°K., 5 degrees from 25 to 200°K. and 6 degrees
from 200 to 320°K. In both series measurements were
made in such a way that there was no gap between succes-
sive determinations; that is, the final temperature of one
experiment was the initial temperature of the next experi~
ment.

Correction for the molybdenum present was made using
the data of Simon and Zeidler.?

Results

The smoothed heat capacities obtained are given
in Table I. For the low temperature series the
average deviation of the individual determinations
from a smooth curve was 0.059, or less down to

TABLE I
SMOOTHED HEAT CAPACITIES OF TANTALUM

Temp., Cp,% Temp., Cp, @
°K. cal./deg. g.atom °K. cal./deg. g. atom
12 0.074 20 .338
14 115 22 .443
15 .143 24 .564
16 175 25 .631
18 .250 26 .703

(1) From a thesis submitted by K. F. Sterrett in partial fulfillment of
the requirements for the Ph.D. degree at the University of Pittsburgh,
June, 1957.

(2) This work was assisted by the U, S. Atomic Energy Commission.

(3) W. V. Johnston, K. F. Sterrett, R. 8. Craig and W. E. Wallace,
THis JoUurNaL, 79, 3633 (1957).

(4) C. A. Krier, R. S. Craig and W. E, Wallace, J. Phys. Chem., 681,
522 (1957).

(5) F. Simon and W. Zeidler, Z. physik. Chem., 123, 383 (19286).
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The Third
Differences ranging up to
3%, were observed between present heat capacity results and those previously published for temperatures above 325°K.
Agreement between low temperature heat capacities reported here and elsewhere is somewhat better.
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% The cal. is the defined calorie, which equals 4.1840 ab-~

solute joules.
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50°K., below which it rose gradually to 1.8% at
12°K. Between 295 and 545°K. the deviations
averaged 0.149,. The raw data showed smooth
joining of the data obtained in the low and high
temperature sets of measurements. Since the two
series of determinations involved two completely
independent calorimeters, it appears that system-
atic errors are not significantly larger than the
scatter of the individual points.

Third Law entropies and enthalpies relative to
0°K. are given in Table II. Extrapolations below
12°K. were made using the usual T-cubed law plus
a linear term to allow for the electronic contribu-
tion. Uncertainties have been estimated from the
scatter in the heat capacity data. The entropy at
298.16°K. is in excellent agreement with values re-
ported by Clusius and Losa,® 9.90 = 0.02 e.u./g.
atom, and Kelley?, 9.9 £ 0.1 e.u./g. atom.

TaBLE II

THIRD LAwW ENTROPIES AND ENTHALPIES RELATIVE TO
0°K. FOR TANTALUM

Temp.,
°K. Entropy (e.u./g. atom) Hy — H¢°k. (cal,/g. atom)
12 0.03 &= 0.00 0.22 =0.02
(extrapolation) (extrapolation)
273.16 9.39 =+ .01 1207 +=1
298.16 9.92 & .01 1358 +=1
543.16 13.64 &= .01 2885 =+ 3

Deviations between the present heat capacity
measurements and those obtained in earlier studies
range up to 3%. Detailed comparison between
the low temperature series results and those ob-
tained by Clusius and Losa and by Kelley is shown
in Fig. 1. Their measurements were made using
the conventional intermittent heating technique,
differing from that used in the present work only
in that the isothermal instead of the adiabatic
procedure was employed. The high temperature
heat capacities of tantalum have been measured
by Magnus and Holtzman,? Jaeger and Veenstra®
and Spedding and Miller,® all using the drop
method. Results obtained in these three studies
differ among themselves by as much as 39, and de-
viate from the present work to roughly the same
extent.

(6) K. Clusius and C. G. Losa, Z. Naturforsch., 10A, 939 (1955).

(7) K. K. Kelley, J. Chem. Phys., 8, 318 (1940).

(8) A. Magnus and H. Holtzman, Ann. Physik., 5, 585 (1929),

(8) F. M. Jaeger and W. A. Veenstra, Rec. tray. chim., 58, 677 (1934).

(10) F. H. Spedding and C. F. Miller, U. S. Atomic Energy Com-
mission Report ISC-167 (1951).
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Fig. 1.—Deviations of the heat capacities of tantalum
measured by Kelley (x) and Clusius and Losa (@) from
those reported in this study. The dotted lines indicate
deviations of 1.

The data in Table I have been used to evaluate the
apparent Debye temperature at several tempera-
tures. In making these calculations the constant-
pressuire heat capacities were first corrected to con-
stant-volume conditions and then for the electronic
contribution, both using data by Clusius and
Losa.®! Calculations were not extended beyond
100°K. because of difficulties in allowing for the
electronic contribution. Published values for «,
the electronic specific-heat parameter, for tantalum
differ®112 by a factor of two. Above 100°K. the
apparent Debye temperature becomes so sensitive
to errors in v that the computed results are without
significance.

The results of the present study lead to an ap-
parent Debye temperature which averages 230°K.
over the interval from 12 to 100°K. The curve of
8 versus T exhibits a shallow minimum at 30°K,
with ¢ equalling 225°K. at that point and rising to
238 and 234°K. at the upper and the lower and up-
per limits, respectively. The data of Clusius and
Losa reveal a similar trend with the minimum com-
ing at about 45°K. Their 6 values average 229°K.
and rise to 228 and 238°K. at 20 and 100°K., re-
spectively. From measurements in the liquid he-
lium range Worley, et al., obtained valuesfor § of 213
and 225°K. for two specimens of tantalum.

PITTSBURGH 13, PENNSYLVANIA
(11) R. D. Worley, M. W. Zemansky and H. A. Boorse, Phys. Rev.,

91, 1567 (1953).
(12) W. H. Keesom and M. Desirant, Physica, 8, 273 (1941).



