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more than the published composition would indi-
cate, since Stepanov and Kornilov?! have shown
that the transformation point is maximal for the
composition MgCd, and falls away for alloys
whose cadmium contents are either greater or
less.

The present study serves to emphasize the great
care which niust be exercised to obtain equilibrium
heat capacities in systems which are undergoing
atomic rearrangements. It is clear that the con-
ventional continuous heating technique may in
these cases lead to results which are seriously in
error. Only if diffusion is exceptionally rapid,
such as in beta brass, will the results be meaning-
ful. For reasons which have been set forth earlier
spurious heat capacity maxima can appear. (This
to a lesser degree may also happen with the inter-
mittent heating procedure.) Furthermore the heat
capacity distribution under the A-point for the
continuously heated sample may be seriously
distorted from its equilibrium shape. Thus, some
aspects of the intense theoretical work of the 1930’s
dealing with order-disorder phenomena seems like
effort misplaced. Much theoretical work was done
in attempts to account for the exact temperature
dependence of experimental configurational heat
capacities, when due to the experimental method
employed, the results obtained are now open to
question.

Residual Entropy of MgCd;—As was shown
earlier, even after allowing for frozen-in disorder
associated with interchanged Mg and Cd atoms,
MgCd; has a residual entropy of 0.16 e.u./g.
atom of alloy. It is suggested that this entropy
originates with wvacant lattice sites (Schottky
defects) which persist in this system down to
the lowest temperatures studied. The density of
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MgCd; has been found?? to be 1.7%, less than that
computed? from the unit cell dimensions. This
density discrepancy has been attributed to the
fact that an average of 1.79} of the lattice sites are
unoccupied in MgCd;. The special factors which
lead to such an abundance of Schottky defects in
this substance and which account for the fact that
they are not removed on cooling are discussed else-
where.?+% If it is assumed that the observed
number of defects is randomly distributed over the
lattice sites, the computed entropy is 0.17 = 0.01
e.u./g. atom of alloy. Thisis, of course, in excellent
agreement with the observed value.

It is appropriate to inquire about the results of a
corresponding treatment for Mg,Cd. Its meas-
ured density agrees with that computed from the
unit cell dimensions within experimental error
(0.29). Therefore, one expects no residual en-
tropy in this compound.

The low temperature at which the configuration
freezes in and the small correction for frozen-in
disorder for MgCd; are both suggestive of extensive
vacancies in this substance at low temperatures.
Atomic interchanges most likely occur through a
mechanism involving a series of interchanges with
a vacancy. The persistenice of mobility to such
low temperatures and low amounts of disorder is
consistenit with the notion that extensive vacancies
exist in this system at low temperatures.
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The Heat Capacities of Magnesium and Cadmium between 20 and 270°!
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Heat capacities of magnesiuit and cadmium are reported for the temperature interval 20 to 270°,

made using an adiabatic calorimeter.

Measurements were

Results are compared with previous determinations in the same temperature range.

Deviations from the values accepted in the compilations by Kelley and Stull and Sinke are substantial for magnesium.

For cadmium they are smaller but still appreciable.
peratures by Craig, et al.

In making the thermodynamic calculations re-
ported in the preceding paper?® it was necessary to
know the heat capacities of magnesium and cad-
mium in the temperature interval 25 to 270°.
Values obtainable from the literature were not
sufficiently precise, particularly for the residual
entropy calculations, and so it became necessary
to redetermine these quantities. The results of
those redeterminations are reported in this paper.

(1) This work was supported by a grant from the Atomic Energy
Commission.

(2) W.V. Johnston, K. F. Sterrett, R. S. Craig and W. E. Wallace,
THIs Journalr, 79, 3633 (1957).

Results are in good agreement with the data obtained at lower tem-

Experimental Details

The apparatus employed and method of measurement
have been described elsewhere.?® The procedure employed
in the present work differed from that used in the study of
the magnesium—-cadmium compounds only in that for some
of the measurements on magnesium the individual deter-
minations covered somewhat larger temperature intervals
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(10°;.  This waus possible because thie lieat capacities were
almost linear with temperature. In contrast with the
beliavior observed when the compounds were being studied
the calorimeter came to thermal equilibriunt in the normal
length of time (abont 30 min.) throughont the temperature
range covered.

The samnples emploved were portions of samples used in
the study of the low temperature specific lieats of these
nletals published earlier.® The masses of the samples used
were: magnesiun, 127.613 g, or 5.2472 g atoms; cadmium,
(539451 g. or 5.6886 g. atoms.

Results

For magnesium thirty-seven deterininations were
utade covering the range 20 to 275°.  The data for
cadmium consisted of 39 1easuremerts extending
from 27 to 280°. The smoothed heat capacities
obtained are given in Table I. The average devia-
tion from a suooth curve drawn through all the
poiuts was 0.12 for magnesiun and 0.08 for cad-
wuny, indicating a precision of about 0.1¢ Of
the 76 results only O deviated from the smooth
curve by more than 0.29. Tle maxinu devia-
tions were 0.4%; and 0.357; for magnesium and
cadmiium, respectively.

TaBLE 1
HeAT CAPACITIES OF MAGNESIUM AND CaDMIUM

(u. cal./deg. g. atom C'o. cal./dey. g. atom
i, \lag- Cad- 7, Mag- Cad-
oK. nesium mium K. nesium mitm
298 16 5. 941 6. 212 434 65314 6. 556
300 5,948 6.218 440 6.339 6. 586
310 5. 482 6230 450 65.363 65.616
R 6.013 6.250 460 6. 3806 3.652
330 6,042 6,283 470 6. 414 6.692
B0 6.072 6,507 48R0 6. 440 6.728

350 6. 104 6.334
3670 6,134 6361 460 6,467 6.769
350 65.163 6.390 H00 6,403 6. 814
380 6,180 6.416 H1H 6.517 6. %69
300 6.216 6. 443 H20 6.541 6.027
400 6. 241 6. 470 531 6.561 6. 08R%
410 6266 6. 400 340 6. 083 T.054
420) (3. 289 6527 54316 . H91 T.076

It is of interest to compare the present data with
results obtained in earlier studies. Kelley? and
Stull and Sinke® have reviewed existing heat
apacity data for these two elemeuts and have
accepted certain values as the best representation
of their lieat capacities for the above room tempera-
ture range. Their accepted values coincide for
cadmium but differ appreciably for magnesiuim.
Both accepted values for magnesium deviate on
the average from the present results by about a per
cent.; Kellev's equation leads to a result which is
very wmuch too low at the low temperature limit

(47¢ at 300°K.). Agreemient with the preseut
data is somewhat better for cadiniu. Betvsecu
300 and 500°K. the deviations average 0.22¢7, but

above 500°K. the differences rapidly increase until
at H40°K. the accepted results computed fromn
Kellev's equation are low by 2.4%;. Examination
of the original literature, and limiting conusideration
to the last 25 vears, reveals that cadmium has been
studied by Bronson and Wilson® (—S0 to 1207

Gy R.S. Craig, of nl., T8 Jorr~Nav, 76, 238 (195471,

(7)) K. K. Kelley, U S. Buw. Mines Buli., 476 (19491,

‘&) D). R. Stull and G. C. Sinke, "The Thermodynamic Properties
»f the lilements in Their Standard States.”” Dow Chemical Cn.. Nul-
land NMich, 183350 p. 39 and p. 5%
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and magnesium has been studied by Jaeger and
Poppema (0 to 350°) and Seekamp!! (18 to 5007
As was the case i1 the earlier study of cadmiunt at
lower temperatures the results of Brouson and
Wilson are in good agreement with those obtained
in this Laboratory. Over the 90° interval of
temperature common to both series of determina-
tions the maximuun deviation is 0.22¢ and the
average deviation is 0.15%, Bronson and Wilson's
results being consistently higher by this amount.
Seekamp’s data for magnesium scatter about the
preseut results; the deviations average about
0.80¢ and rise to a maxitmum of 1.10,.  Jaeger
and Poppeina’s results are consistently 10war th<111
those reported in this paper by about (.7¢, but
the difference in no case exceeds 0.9‘/,

Low temperature heat capacities of magnesiui
and cadinium were deteriined® in this Laboratory
several vears ago covering the range 12 to 320°K.
T the 20 degrees of overlap it is found that the
present results are cousistently about 0.20; lower
than the previous results. Since the two scts of
data were obtained using entirely different instru-
metts, this difference is perhaps indicative of the
combined systematic error present in the measure-
ments. Considering the deviations normally ob-
served between independently determined licat
capacities, this close agreettent betweectr the two
sets of data is gratifving.

The rather rapid rise of the heat capacities of
cadiiui above the equation of Kelley for tetupera-
tures i1 excess of 200°K. has heen imentioned
above.  This appears to be the beginning of a
heat capacity anomaly associated with premelting,
or heterophase fluctuations,!* sucli as have been
observed for the alkali metals.’” Khomvakoy,
ef al.,"* have studied pure cadmiwm in the inmnedi-
ate vicinity of the melting point. They find a
sharp rise i1t the heat capacity curve and claim
that miore than otte third of tlie normally reported
latent heat of fusion is associated with this pre-
melting heat capacity anomaly. The rapidly in-
creasinig slope i the curve obtained i this study
for cadmium above 300°K. represents perhaps the
faint beginnings of the iore pronounced effects
observed by Khomyvakov, ¢t /., above 570°K.
In contrast, the curve for maguesiuin ncar the
upper limit of the present studv appears to be
leveling off, which is 110t surprising sice this sub-
stance is still so far removed from its melting point
that any influence of heterophase fluctuations ort its
heat capacity is expected to be slight.
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