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EVALUATION OF HEATS AND ENTROPIES OF F&ION 
BY QUANTlTATIVE DIFFERENTIAL THERMAL ANALYSlS METHOD 

L GARBATO and Fe LEDDA 

ABslRAcl- 

The technique of dynamic differential calorimetry is discus& as a method 
for the quantitative de termination of several thermodynamic properks of crys- 
tals. Some resuhs on heats and entropies of iision of binary tetrahedral semi- 
conductors are nsported. 

lNlRODUCIlON 

The method of dynamic differential caiorimetry’~2 has frequently been 
applied for the quantitative measurement of thermal effects in a great variety of 
both organic and inorganic materMs. If a difkrential thermal analysis (DTA) ap- 

paratus is employed under standard conditions and accurately calibrated*‘, sever- 
al thermodynamic properties, namely heats of formation, allotropic and order-dis- 
order transition energies, specific heats and heats and entropies of fusion, can be 
quantitatively evaluated. In several cases the accuracy of resuIts can be compared 
with direct and indirect caiorimetric measurements- 

A detailed discusion of the more impoztant fxtors affecting the quantita- 
tive DTA (i.e., particle size, heating rate, sample state, holder dimensions, etc.) 
was made by David8 and some theme&&l implications of the method were 
eiucidated by Faktor and Hanks’- These authors suggested that heat changes can 
be de&xmined with an experimental error of H-7%. 

In this paper, as an introduction to the experimental problem of the con- 
nections between thermodynamic and bonding parameters’“, the method of 
dynamicdiffskrentialcalorimetryisdesxiiandpreliminaryresultszuerep&ed 
on heats and entropies cif fusion of some bii tetrahedraliy coordinated com- 

Pounds- 

-ilXHNICAL PRCEEDURES AND CALlBRATlON 

The DTA appmtus consisted of a My automatic standard thermoanalyser 
with operating range 2Sl5SO~C. Sampfe and zefefence material (AI&) were con- 
tiIWdiUtwOaucibEes suppOrted by a Pt-PtRh 10% difkential thermocouple, 
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which al-ely measured both difkential e-m-f_ an&sample temperature- 
?heeatireassemMywasendosedinanaluminacupino~toobtaiaauniform 
then.nalf~Measurements were plHomled under standard 43Jnditions, i.e., lin- 
ear heating rate of Y’Cmin-‘, chart speed of 0_4cmmin-’ and recordex sensi- 
tivity of 4 /iv an-‘, which allowed the dcttechn of thermal @Ects involving tem- 
peratux difsixences of about 0.3”c. 

Two difkent calWaGons were obtained by using alumina cruciibks @ii la) 
under reduced helium presume (about 3OOTozr) and vacuum sealed quartz am- 
poules @ii lb), containing ekments and substances with known heat of fusion, 
meIting in the temlxsature rangie HO-llOOvC_ 

PtRh IO%-Pt 
t-pie 

I Al- 
beaker r: --m 

Pelium 
b) 

If AH is the heat absorbed (evolved) during fusion (solidification) by p molts 
ofagiven sandard substance, then”: 

I 
AH=K 

I 
ATdt 

0 

where&ATdt=Aisthepeakarea 
tIZS&ifercoeffidentOfthesystem- 

oaru&ginthetime(O,z)andKtheheat 

-YK inaases with increasing tempera&m and a-dependence-law 
Koc p has been sugga~I~=~_ Howevex, the tuastahties of litem data and 
~talresultsinthecaliincurveandtheparkukr~of 
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&e apparatus do not allow, in our opinion, the establishment of a rigorous 
analytical expression for the K coefficients The K(T) function is, therefore, an 
empirical curve which must be experimentally determined for each single appar- 
atus_ 

We found that within experimental errors our results can be fitted very well 
by the folIowing linear relation 

K = a-i- bT cal,km* (T in =C) 

The constants a and b, refried by the least-squares method, were found to be 
a = 1.69 and b = 0.13 - lf? for the calibration with alumina crucibles (Table 1) 
and a = 0.72 and b = 1.77 - lof for the one with quartz amp&es (Fig_ 2). 

The cakiiration curves were drawn by means of the analysis of boah heating 
and cooling thermogmm (with an exception for antimony and tellurium which 
show supercooling), each point being the mean result of at least three different 
thermal cycles. Before each singie run, the charges (OS-l.5 g) were melted with 
a heating rate of 20°C min-*, in order to obtain massive ingots in crucibles. 

Asregardsthem easurements, we note that the uncertainty of the heats 
of fusion A& of standard substances and the systematic errors AA = +0-l cm* 
and AK = 3~0.08 cal an-* in computing the peak areas and the K constants, re- 
spedvely, allows us to cakdate the A& values with an expek-nental error of 56%. 
However, the mean variation in the results of Table K is only 2%. The large 

TABLE 1 

MELTING POINTS. EXPERIMENTAL AND CALCULATED VALIXS OF 
HEATS OF FUSON OF STANDARD SUBSTANCES 

Subsrance Mel&g point, Heat imns/er Heal of-in. AX 
T&w - co@cieenr. 

K (cal~m-~) 
AHH, &ruImoP1j 

E-VI- Cak 

In 156.6 l.Rf0.08 0.78 +0_02Lb 0.79 20-06 1-13 
sn 231.9 _ 1.7lf0.06 1.71 t0_oP 1.72+0.12 iO_6 
& 271-4 321.0 1_73+0_08 1:70+0.10 26Oro_oFb 1.48FO.O~ 260+0_19 1.51 f0.11 0 

+20 
Pb 327-4 1_75f0_06 1_14i0_01’ 1_13iom -0-g 

E 
419.5 1_79+0_07 1.74io.03b 1.65+0_12 -5-O 
449.6 I.7420.10 4.18+0 13qb 42oF030 +OS 

sb 630.5 1_74f0_05 4.74ILO.01’ 4.82+034 i-I.7 
Al 660.1 1.75+0_05 256+0_01= 260+0.18 +I_6 

El z 
lsOf0.08 6.1 fO_lb 6.15fOe43 i 0.7 

l-81 +0_10 6.7 f0_2t’ 6.61 &O/l6 -13 
As 9608 1_86*0_10 278+om 272*0_19 -22 
AU 1063 L8l+_O_ll 3.05iomJ 3.08 Fa21 il.0 
cu 1083 1.83f0.11 3.1 fO_P 3.IOiO.21 0- 

8~ IS_ bR& 16. 
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discrepancy(5%)ofdnc,observedinboth~~~,minhtbeduetothetoo 
higbValueSSWK!d for its heat of fusion. In fa, variation falls to 3% if Ice& 
leps* value A& = 1595 W nmr’ is adopted- 
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taIs showed the zincblende structure, with an exception for AgI, which changed 
form wtmzite to zincbknde StmctuE at lso”c- 

Calorimfstric m easurements were perfkmed by both previously described 
me&&s with three d&rent thermal cyck for each compound. Typical ther- 
mograms are reported in Fs 3. The results of various runs were in excellent 
agreement and considerably withii experimental errors. 

Z HEATING 1 

5 20 - 

10 - --- - 

0 
x- 

For AEb. InAs, InP, CdTe, Hg!k and HgTe the se&d tubgt technique onfy 
was employed. In fact, under normal helium pnzssure, large deviations of DTA 
curvesfiomthebaselinewereindicativeofalossofweightinthesamples 
beg&ing below the melting point. In any case, in computing the peak areas, 
only the heating thv weze axksidered- 

TheDIK4tingpoiutsofallcompoundsweredeterminedbymeaus ofacare- 
fkl cal&atW of the apparatus with stadafd elements. They agreed with the 
_ Mzaturedatawithameanaam3cy of *SIC - 

The melting points, heats and entropies of fusion are in Table 2, and corn- 
pared~~tfmedataoMainedorestimatedbydher~~o~.The~agreement 
shows~vafidityofthe~odandits~~tothestudyofthesetber- 
lluxiw properties in more compkx semiconducting commds. - 
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