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more than the published composition would indi
cate, since Stepanov and Kornilov2 1 have shown 
tha t the transformation point is maximal for the 
composition MgCd 3 and falls away for alloys 
whose cadmium contents are either greater or 
less. 

The present s tudy serves to emphasize the great 
care which must be exercised to obtain equilibrium 
heat capacities in systems which are undergoing 
atomic rearrangements. I t is clear t ha t 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
mi t ten t heating procedure.) Furthermore the heat 
capacity distribution under the X-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 a t tempts 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 MgCd3.—As was shown 
earlier, even after allowing for frozen-in disorder 
associated with interchanged M g and Cd atoms, 
MgCd 3 has a residual entropy of 0.16 e.u./g. 
a tom of alloy. I t is suggested tha t this entropy 
originates with vacant lattice sites (Schottky 
defects) which persist in this system down to 
the lowest temperatures studied. The density of 
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In making the thermodynamic calculations re
ported in the preceding paper2 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. 
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MgCd 3 has been found22 to be 1.7% less than t ha t 
computed2 3 from the uni t cell dimensions. This 
density discrepancy has been at t r ibuted to the 
fact tha t an average of 1.7% of the lattice sites are 
unoccupied in MgCd3 . The special factors which 
lead to such an abundance of Schottky defects in 
this substance and which account for the fact t ha t 
they are not removed on cooling are discussed else
where.24 '25 If it is assumed tha t the observed 
number of defects is randomly distributed over the 
lattice sites, the computed entropy is 0.17 ± 0.01 
e.u./g. a tom of alloy. This is, of course, in excellent 
agreement with the observed value. 

I t is appropriate to inquire about the results of a 
corresponding t reatment for Mg3Cd. I ts meas
ured density agrees with tha t computed from the 
unit cell dimensions within experimental error 
(0.2%). Therefore, one expects no residual en
tropy in this compound. 

The low temperature a t which the configuration 
freezes in and the small correction for frozen-in 
disorder for MgCd3 are both suggestive of extensive 
vacancies in this substance a t low temperatures. 
Atomic interchanges most likely occur through a 
mechanism involving a series of interchanges with 
a vacancy. The persistence of mobility to such 
low temperatures and low amounts of disorder is 
consistent with the notion tha t extensive vacancies 
exist in this system at low temperatures. 
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Experimental Details 
The apparatus employed and method of measurement 

have been described elsewhere.3-6 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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Heat capacities of magnesium and cadmium are reported for the temperature interval 20 to 270°. Measurements were 
made using an adiabatic calorimeter. 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. Results are in good agreement with the data obtained at lower tem
peratures by Craig, et al. 
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(U) 0 J . Th i s was possible because the h e a t capac i t i es were 
a lmos t l inear w i th t e m p e r a t u r e . In c o n t r a s t w i th t h e 
behav io r obse rved w h e n t h e c o m p o u n d s were be ing s tud ied 
the ca lo r imete r c a m e to t h e r m a l equ i l ib r ium in t h e n o r m a l 
l eng th of t i m e ( a b o u t 30 n i iu . ) t h r o u g h o u t t h e t e m p e r a t u r e 
r ange cove red . 

T h e samples employed were po r t i ons of s ample s used in 
the s t u d y of the low t e m p e r a t u r e specific h e a t s of these 
me ta l s publ i shed earl ier ." T h e masses of t h e s ample s used 
were : m a g n e s i u m , 127.613 g. or 5.2472 g. a t o m s ; c a d m i u m , 
639.451 g. or 5.6886 g. a t o m s . 

Results 
For magnesium thirty-seven determinations were 

made covering the range 20 to 275°. The data for 
cadmium consisted of 30 measurements extending 
from 27 to 2(SO0. The smoothed heat capacities 
obtained are given in Table I. The average devia
tion from a smooth curve drawn through all the 
points was 0.12 for magnesium and 0.0S for cad
mium, indicating a precision of about 0 . 1 % . Of 
the 70 results only 0 deviated from the smooth 
curve by more than 0.2%. The maximum devia
tions were 0.4% and 0.35% for magnesium and 
cadmium, respectively. 

T A B L E I 

H E A T C A P A C I T I E S O P M A G N E S I U M AND C A D M I U M 
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It is of interest to compare the present data with 
results obtained in earlier studies. Kelley7 and 
Stull and Sinke8 have reviewed existing heat 
capacity data for these two elements and have 
accepted certain values as the best representation 
of their heat capacities for the above room tempera
ture range. Their accepted values coincide for 
cadmium but differ appreciably for magnesium. 
Both accepted values for magnesium deviate on 
the average from the present results by about a per 
cent.; Kelley's equation leads to a result which is 
very much too low at the low temperature limit 
(4% at 300 0K.). Agreement with the present 
data is somewhat better for cadmium. Between 
300 and 5000K. the deviations average 0.22%,, but 
above 5000K. the differences rapidly increase until 
at 5400K. the accepted results computed from 
Kelley's equation are low by 2.4%. Examination 
of the original literature, and limiting consideration 
to the last 25 years, reveals tha t cadmium has been 
studied by Bronson and Wilson9 ( — SO to 120°) 

fii) R. ,S. Cra ig , el al., T H I S J O C R N A L , 76, 1238 (19.5-0. 
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vS. CRAIG AND W. E. W A U . A C I : Vol. 70 

and magnesium has been studied bv Jaeger and 
Poppema1 0 (0 to 550°) and Seekamp >r ( fs to 500°). 
As was the case in the earlier s tudy of cadmium at 
lower temperatures the results of Bronson 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 maximum 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 
present results; the deviations average about 
0.8% and rise to a maximum of 1.1%. Jaeger 
and Poppema's results are consistently lower than 
those reported in this paper by about 0.7%, bu t 
the difference in no case exceeds 0.9%. 

Low temperature heat capacities of magnesium 
and cadmium were determined8 in this Laboratory 
several years ago covering the range 12 to 320°K. 
In the 20 degrees of overlap it is found tha t the 
present results are consistently about 0.2%; lower 
than the previous results. Since the two sets of 
data were obtained using entirely different instru
ments, this difference is perhaps indicative of the 
combined systematic error present in the measure
ments. Considering the deviations normally ob
served between independently determined heat 
capacities, this close agreement between the two 
sets of da ta is gratifying. 

The rather rapid rise of the heat capacities of 
cadmium above the equation of Kelley for tempera
tures in excess of 5000K. has been mentioned 
above. This appears to be the beginning of a 
heat capacity anomaly associated with premelting, 
or heterophase fluctuations,12 such as have, been 
observed for the alkali metals. ; : ! Khomyakov, 
et al.,u have studied pure cadmium in the immedi
ate vicinity of the melting point. They find a 
sharp rise in the heat capacity curve and claim 
tha t more than one third of the normally reported 
latent heat of fusion is associated with this pre
melting heat capacity anomaly. The rapidly in
creasing slope in the curve obtained in this study 
for cadmium above 5000K. represents perhaps the 
faint beginnings of the more pronounced effects 
observed by Khomyakov, et al., above 570°K. 
In contrast, the curve for magnesium near the 
upper limit of the present study appears to be 
leveling off, which is not surprising since this sub
stance is still so far removed from its melting point 
tha t any influence of heterophase fluctuations on its 
heat capacity is expected to be slight. 
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