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ABSTRACT 

The tem::z~roturc !eyondencc of the rpecific heat at constant pressure 
(r0 vs T) is analyzed in solid Ar and Kr applyin!: a method developed by 
:h8 nuthar. The val:;es and tern!-rature hehaviours deduced for the anhar- 
Tonic contribution6 to C 
:!IC activation encrcy (I$) 

vs T, the Dabye temperature (TD vs T) and for 
and formation entropy (Sf) requlr,:d to create 

I vac-incy .will bc compared with previous analyses, obtaining adcjitional 
wnport to the uncd method of analysis. 

The aix of ttia work is to analyze the reported C 
P 

vs T in solid Ar 

nnd Kr (1,2) by recourse to n mathod developed to include the anharmonic 

crrocts (51, in order to cvclluate: a) tho dificrexe between C 
P 

and C, 

(swcifi’c heat at const;rnt volu::te V) as a function of temperature; b) TD 

v,r T; a::,? c> % f and Sf. All those quantities are detorained and coapared 

:vitti tt1c results obtained in Ref. 2, and the asreezont is found to be very 

rearonablc ,‘ tht?reforc bringin,, ad~:itional support to the formalism devel- 

oped in Fief. 3. It mr?y be -.,:ntioned that in ?ef. 2 CV is obtained from Cp 

by ‘30RnS Of Lh+? stlndard exlrecsion C 
P 

- Cv = cX2 T/QTT (41, where+a( 

is the volu-t.ztric thernal expansion coef!.icieut, S the density nnd FT ‘is 

ti!c inothnrmal conprecfiihility. 

Ar nr,i: 6r arc isonor:?hous, cryctall izing in a face-centrod cubic la& 

tict?, with one aton r::r ?rizitive cell, thctrcforo the only vibrational 

mo :cs are tlir: acoustic once. Thus, the appropinte expression to evaluate 

C ,, vs T ic (5) 
X 

:Yi.c!rc K=TD/T; Tp-T,D( 1 - CT). The last tor!n is :iuc to 1atliCe VacsnCy for 

-.ntion. Thr? pnr.~~nrt~~rc obt-inod, by fitting with B non-linaar least- 

r.;:,r.rcs r.roc<!dirrc (fif, RP’? : 

& : T3 = 31,.75(1 I - 3.i:5t, 1:: -5 Tf K --” E/k = (5Sl J- 40) K 

P <?W(S ._ ‘f /‘?kf = (173 + 1. ,.‘! J mol 
-1 

K-l _ 

;<r: TEl 
= ;1;.57(1 - 2.277 1;!-5 T) ii --- Zf/k = (761 lr 43) K 

I? exr(Sf,‘k) = (‘72.5 + 24) J mol -1 K-l 

Pis. 1 show a cwipnrison of :hr: actual data (1,2! and thz values cpo- 
I’rwcwlinqs of ICTA 85. Hr~lt.isl,~v.t 
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FiE. 1: The left and ri -ht fi,<ures correspond to Ar n:id ?r rcspcctively. 

Full circles indicate actual data, and the full linen ar; the fits ob- 

tained in this work. As may be seen tho sgreemc,?t is, in both cases, cx- 

cellent. The dashrd lines arc obtained fro% tho full lines by substructint 

the contribution due to vacancy fomation. The dotted lines arc obtained 

from the dashed lines by substracting the anhnmonic contributions. 
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FiE. 2: Conpari-on 0:‘ (Cp - C,) vs T as evaluated in Ref. ? (circler,) and 

in this rork (full circles), for Ar an.! Kr, respectively left and rit;ht 

figures. 
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Fig. 2: The upper 

and lower pair of 

curves correspond 

Ar and Kr Debye's 

to 

temperature6 respec- 

tively. Open circle6 

represent TD(V(T=O), 

T) V6 T, while full 

circle6 indicate 

TD(V(T),T) V6 T. 

duced by the above given parameters substituted into Eq. 1. As may be seen 

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- 

turea do not agree so well with those previously determined (t), but that 

is due to the particular temperature dependence we have assumed for TD v6 

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 

- C,) vs T which is shown in Fig. 2 along with the values determined in 
P 

Ref. (2). It may be mentioned that in Ref. 2 what is actually determined 

is CV(V(T),T), and this may be the rea6on for the discrepancies shown in 

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

that TD does not change too much between two adjacent temperaturee; in 

this form Eq. 1 produce6 a system of two equations, one at each T, with 

two unknowns: T,D 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 TD at higher.temperatures 

also reveals the presence of growing anharmonicities, in agreement with 

the conclusions in Ref. 2. 

This work shows how easily activation energies, volume and anharmonic 

effects may be obtained by using the procedure described in Ref. 3, not r2 

quiring, when optical modes are absent, of any additional information to 

fully analyze Cp vs T (6). 
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