Thermochimica Acta, 92 (1985) 633-636
I Isevier Science Publishers B.V., Amsterdam

ATALYSIS OF ™% SPACIFIC HEAT 1IN SCLID AR AND KR"

+ o . .
Carlos A. Mart{nA, Facultad de Matematica, Astronom{a y Flsica, Universi-

iad Nacional de S8rdrba, laprida 854, 5000 Cdrdoba, Argentina.

ABSTRACT

The temrnirature lerendence of the rpecifie heat at constant pressure
{C_vs T) is analyzed in solid Ar and Kr applyin; a2 method developed by
thg author. The values and temrorature behaviours deduced for the anhar-
monic contributions to ¢ vs T, the Debye temperature (T_ vs T) and for
the activation encrgy (EY) and formation entropy (S,) requir:d to create
2 vacancy will bte comparéd with previous analyses, obtaining additional
sunport to the used method of analysis.

The aim of this work is to analyze the reported Cp vs T in solid Ar
and Kr (1,2) by recourse to a method developed to include the anharmonic
effocts (3), in order to evaluate: a) the difrerence betwecn Cp and CV
(srvecific heat at constant volume V) as a function of temperature; b) TD
ve T; and ¢} Er and Sf. All these quantities are detormined and compared
with the recults obtained in Ref. 2, an? the agreement is found to be very
rearonabley therefere bringing ad-iitional support to ths formalism devel-
oped in Ref. 3. It may be =untioned that in Ref., 2 C is obtained from C
by weans of the standard exrression Cp -C, = «x21/8 ;XT (4), where &
is the voluaztric thermal expansion coefricient, § the density and 7(T is
the isbthermal compressibility.

Ar and Kr are isomorphous, crystallizing in a face-centred cubic lat
tice. with one atom pur primitive cell, therefore the only vibrational
mo ies are thc acoustic ones. Thus, the appropiate expression to evaluate

c, vs T is (%)

X
~ QRX‘5 n&e“du R (s./%) (E /\T)E o ~E . /xT) (1)
!,?? = m m + exp I r KT exXpl- f K

2

where X:TD/T; TD”ToD(] - CT)., The last teram is due to latlice vacancy for
wation. The parameters obtained, by fitting with a non-linecar least-
ssusren crocedure (), are:
Ar: T, = 36,2301 - 3.036 1074 K-I~--?r/k = (581 & 40) K
R exp(sr/k) = (123 + h3)7J mol K
Kr: Ty = 06.37(1 - 2.277 1077 1) K ~-= Bo/k = (761 % 43) K

R exp(Sp/i) = (92,5 & 24) J mox ™t k7

>

Fin. 1 shows o cosparison of the actual data (1,2) and the values rro-
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Fig. 1: The left and ri~ht fifures correspond to Ar aad #r respectively.

Full circles indicate actual data,

tained in this work. As may be seen the agreemont is,

and the full lines

are the fits ob-

in both cases, ex-

cellent. The dashed lines arc obtained from the full lines by substructing

the contribution due to vacancy formation., The dotted lines are obtained

from thz dashed lines by substracting the anharmonic contributions.
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Fig. 2: Compariron
in this work (full

figures.

of (Cp - Cv) vs T as evaluated in Ref. 2 (circles) and

circles),

for Ar an.d Kr, respectively left and right
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° Fig. 3: The upper

o and lower pair of
. o O o curves correspond to
—~ 86} ° 0 Ar and Kr Debye's
< Ve g o o e temperatures respec-
tively. Open circles
= 74+ °°°o represent TD(V(Tso) ,
~%o o © T) vs T, while full
62 8o ® ¢ | . A * [ o ¢ircles indicate

10 20 30 40 TH{V(T),T) vs T.
T(K)

duced by the above given parameters substituted into Eq. 1. Ae may be séen

o
0

both fits are excellent. The values for Ef and Sf agree well, within exper
imental uncertainties, with those determine in Ref. 2. The Debye tempera-
tures do not agree so well with those previously determined (2), but that
is due to the particular temperature dependence we have assumed for TD vs
T. If TD is taken as ToD for all T, we may evaluate CV(V(T=O),T), where.cv
is the specific heat at constant volume, and in this form we determine (C
- Cv) ve T which is shown in Fig. 2 along with the values determined in
Ref. (2). It may be mentioned that in Ref. 2 what is actually determined
is CV(V(T),T), and this may be the reason for the discrepancies shown in

Fig. 2. In order to improve the determination of T, vs T we may assume -

. D
that T, does not change too much between two adjacent temperatures; in

this fgrm Eq. 1 produces a system of two equations, one at each T, with
two unknowns: ToD and C. The results obtained using the smoothed data giv-
en in Refs. 1 and 2 are shown in Fig. 3. It may be mentioned that at low
T (T € 10 K) large values for C are determined, indicating the existence

of important ‘anharmonicities. The increase in T .at higher temperatures

also reveals the presence of growing anharmonicfties, in agreement with
the conclusions in Ref. 2.

This work shows how easily activation energies, volume and anharmonic
effacts may be obtained by using the procedure described in Ref. 3, not re
quiring, when optical modes are absent, of ahy additicnal information to

fully analyze cp ve T (6).
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