
A SITJDY OF TEMPERATURE VARIATIONS OF SOME REACTION EN- 
THALPIES SUITABLE AS CALIBRATION STANDARDS IN D-I-A 

ABSTRACT 

The variation of the enthalpies of transition (AH,,) for Na2S04, K2S04, BaCO, 

and &CO3 and of the eznthalpy of decomposition of Mn203 to Mn304 with tempera- 
ture have been studied using tabulated data3 and the techniques of DTA, TG and 

DTG, 

The decomposition enthalpies of Mn,O, are estimated for two temperature 
ranges of reaction with the aid of kinetic conversion factors determinrd empirically 

from both TG curves and DTA peak areas, A quantitative evaluation of AH,, for 

BaCO, made by two methods suggests a difference of ca_ 10% between the exothermal 
and endothermal peak areas_ 

RiTRODUCllON 

In determining unknown reaction enthaIpies (Al%) by the technique of quantita- 
tive DTA’ these enthalpics arc generally correlatexi to the areas of the DTA peaks. 

The temperature dependence of the Peak areas requires calibrating of the DTA 
cells used. 

The compounds employed as calibration standards are frequently those under- 

going a reversibIe transition (L.(s) e H(s)) or decomposition (A(s) a B(s) f C(g))_ 
These reactions usually occur over a range of temperature. Since the enthalpies of 
formation for the products and the reactants in general vary differently with tempera- 
ture the calibration values of m obtained from the DTA peaks may be considerably 

at variance with the reversible AH values at the equilibrium temperature of transition 

(T,3 or those of decomposition at constant temperature and pressure_ 
Barshad’ proposed that an empirical value may be assigned to the enthalpies 

of decomposition reactions su& that the reaction enthaIpy at this temperature equals 
that determined from DTA_ 

The aim of the present study is to estimate in general the magnitude of these 
enthalpy variations using the recently tabuIated AH data3 and attempt to determine 

the enthalpies of some reactions using the DTA- or combined TG-DTG-DTA- 



technique. 3% reactions shdial are the transitions of NazS04, &SO,, BaCO, and 
SrCO, and the dazomposition reaction of Ma203 to Mn304. 

The enthalpy change for a reaction occurring over a temperature range at 
constant pressure may be written in an integraI form as 

where TX = temperature of the observable onset of reaction; T2 = temperature of the 
completion of reaction; AH,(T)#W,(T) = enthalpies of formation of the products 
and the reactants, resp, as functions of temperature; a(T) = kinetic conversion 
factor (varying between 0 and 1) for the reaction as a function of temperature- 

To evaIu.atc this integral cxactIy the enthalpics may for instance be expressed 
analyticalIy and n(T) obtained from the reaction mechanism if this is known. For 

P-tid Purposes, the integral may, without substantial loss of accuracy* bc=IJ- 
by the summation over a number of temperature intervals so that 
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where TX and T, are identical to TX and Tz in cqn_ (l), respectively tid 

vaIue of two adjacent temperatures_ 
Over a limited temperature range, the enthalpies may often be 
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given in the 
form AH(T) = oT -I- b, where a and b aret constats or, determined directIy from a plot 
such as shown in Fig. I for the system Mn20~-MnB04. 

For the transition reactions only the DTA curve is usually available, When 
the DTA peak can be correlated to the reaction kinetics the z(z) factors may be 
estimated approximateIy using the frequently employed relation’ between the heat 
reIeased during a reaction and the corresponding area of the DTA peak, One obtains 
then 

(3) 

where T& = differential temperature as a function of temperature. 
A certain error is introduuzd by the fact that the DTA peak is used simultane- 

ously to determine the z(Ti) factors and to evaluating the variation of the total 
enthaIpy change with temperature. This error may be minimized considerably when 
the DTA peak is subdivided into a sufficient number of temperature intervals (about 
10 in practice). 

The decomposition reactions can be followed by the combined DTA-TG-DTG 
measurements_ This offers advantages over the transition reactions in that 

the a factors may be determined unequivocally from the TG curve, 
the amount of the,compound which gives rise to the observable heat effect 

during the reaction can be found (in the case of low enthalpy vahxes) and 
comparison of the form and maxima of the DTG and DTA peaks may reveal 

whether or not the DTA curve is representative of the kinetics of the reaction studied, 

ExF+ERrMENTAL 

A microthermobalance (MettIer) was employed and DTA or TG-DTG-DTA 
curves were recorded simultaneously as a function of time and temperature- In 
studying the decomposition of Mn,O, to Mn,O, the sampIes were heated continu- 
ousIy over the temperature range of the reaction as indicated in Fig. 2- Sample weights 
were CL ulo mg and crucibles of S-platinum and sintered alumina were employed. 
The transition reactions were investigated using both smaII and larger samples 30-60 
and 40&600 mg, respectively. The runs were made in S-platinum crucibles and both 
the exothermal aud endothermal transitions were recorded. 

The other chafacteristic parameters of tie runs were as follows: sensitivity of 

the measurements~ DTA, 50 pV; TG, 5 x IO-’ mg; DTG, IO mg rnin-‘; Pt-Rh 
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Fig_ Z The Uwmogmm obtained for the reauion of Mn& to MntoI in air in (a) sintcrcd alumina, 
(b)s-pkUixuunauc.iiIc% 

thermocoupks; temperature control: &lS”C; heating (cooling) rate: 10°C min-I; 
gas atmospheres employed: air, air -i- 5 vol.% CO= in the case of carbonates; gas 
fIow:ca6Ih- ‘_ For the reaction of Mn,O, to A&O, the cz(Ti) factors were detcr- 
mined using the DTA peaks as well as the TG curves corresponding to the temperature 

range of the DTA peaks. 

RESULTS AXD DISCUSSION 

The thermograms obtained for the decomposition of Mn,O, to Mn,O, are 
shown in Fig_ 2 for the samples run in platinum and ahunina crucibks. It may be 

noted that generally the departure from the DTA baseline is not observable until 
CL l-2% of Mn20, has reacted. Similarly, this baseline has been approached when 

about 98-99 % of MnzOB has been converted into MnsOj. The DTA peak area seems 
thus to be relatable to only 96-98x of this reaction at the DTA sensitivity selected. 

As indicated in Fig_ 2 the maximum of the DTA peak is shifted towar& higher 

temperature by about 3°C from the maximum of the DTG peak in the case of alumina 
crucibfcs, Since the hot junction of the thermacIement tQuchcs the surfact of the 
crucible, &is shift is probably mainly due to a temperature gradient (VT) through the 
crudble w&i. 

In order to determine the AH va.Iues for the reaction 3Mn,O, it 2Mn,O, + 
30, the a(z) faders were evaluated using both the TG curves and the DTA peaks 



<a) (b) 
Fig- 3. The kinetic conversion f%ctors (a(G)) as functions of tanpcraturc (7“;) obtained from TG 
and DT’A CUNCS for the reaction of MnzOa to MI&~ using (a) S-piatinum and (b) sinta-ai aIumina 
tzruciilcs_ 

in the manner previo~~sly mentioned_ Figure 3 shows these factors obtained for F’t 

and AI,OB crucibles as a function of temperature. It is seen that the factors obtained 

from DTA peaks are shifted relative to those from the TG curves towards iower 
values over almost the whole temperature range. The shift is as expected larger for 
the AlzO, than for the Pt crucibles_ The occurrence of the shift for the Pt crucibles 
seems to reveal the presence of a certain VT through the sample even when the 
maxima of the DTA and DTG curves appear to coincide_ 

The AH values calculated (eqn 2) for this reaction when observed in the range 
89CL985”C are, in the case of A&O, crucibles, equal to 17-69 kcai and 17-63 kcal 
per 3 mole Mn,O, when using the IL(Ti) factors from TG and DTA cu~yes. respec- 
tively_ For Pt crucibles (9 I&990°C) these values are 17-40 kcal and 17-35 kcal per 
3 mole Mn,O,_ 

The enthaIpies evaluated from the DTA peaks appear to be only slightIy lower 
compared to those obtained using the TG curves even in the case of AltO3 crucibles. 
This suaests that DTA peak areas may be used as well to obtain these reaction 
enthalpies with satisfactory accuracy_ The differences between the AH values for the 
above different temperature ranges illustrate the marked dependence of these enthal- 
pies on temperature_ 

The plots of the enthaIpies of formation3 (AH(T)) against temperature for the 
salts studied have been extrapolated in the range of CL & 100 K beyond the equilib- 
rium temperatures of transition and cxpresscd in terms of relation AH(T) = aT t b. 
Table I shows the values of the constants a and 6 obtained for this temperature range- 
In Tabfe 2 the observed temperatures of departme from the DTA baseline (TX) 
and the observed maximal temperatures of approach to the DTA baseIine (Z&) are 



NazSO4 KG04 Bacoa SrcOl 

L H L R L H L u 

a X Iot 
y deg’) 3.72 4-39 4.69 4.59 3.15 3.71 3.01 3-40 

o=r) 343.17 344.m 360.07 3s~07 30292 304-42 306.17 uld.10 

TABLE 2 

THE TEMPERATUIFS OF OBSERVABLE DEPARTURE (fi) FROM AND OF APPROACH (74 TO THE MA BASELNE 

FORTHEVARXWS SALnusED 

WC 
7-l f-c. fi f”Cl Tl /‘c-J 73 /-a 

N&504 z 315 230 190 
K&O4 645 580 530 
BaCch 810 

E 
790 720 

SrCCh 930 930 880 

TABLE 3 

-lTiBVALVESOFbWLAR~- (kcal mol-1) FROM THE LrrEbumRE~ AT T!! am TsuxE 
-lEOUSNGTHECONXANlSNTABlZ1FORTHE TEWPERATURE v~Lw Tz m TABLE 2 

given approximately for the larger samples- The maximal temperatures are chosen 
toilIustratethemagnitudeoftrmpcrannerangc obtainabIeforthesetransitions. 

A comparison of the DTA peaks for the smaller and larger samples shows a 
shift to higher temperatures by 2-5°C of the peak maxima for the larger ones. This 
indicates the presence of a certain VT within the larger samples- In the above de- 
composition reaction a shift of this magnitude is generated when using Al,OS 
crucibles, It is shown that this introduces only a minor error in evaluating the reaction 
enthaIpy. 

The litmature valuez? of molar transition enthaIpics (AHJ at T’ and those 
calcukted at temperatures T2 in Table 2 are shown inTable 3 for the respective salts. 

They give a measure of the type and extent of the variation of thcsc enthalpics with 
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temperature- Theeffict of temperature seems to be strong particularly for AH,,(BaCO,) 
since the H-farm of BaC03 is subject to a considerable “supercooling”. 

The quantitative evaluation of mU for BaCOs has been made (eqns 2 and 3) 
assuming that the obtained DTA peaks may be taken as approximately representative 
of the conversion kinetics of this transition. For the endothermal and exothermti 
transitions of the larger samples (Table 2) the V&ES calculated are 4-75 and 4.25 
kcal moi-‘, respectively. Provided that the reference value3 is correct numerically 
the exothermal peak area then ought to be about 90% of the endothermal one_ This 
compares reasonabIy well with the vaIue of 92% determined for the DTA peaks 
obtained experimentally. The error in the area determination has been about 3%_ 

Considering the transition enthaIpies in Table 3, it may be anticipated that 
simply taking the arithmetrical mean of the appropriate values ought also to provide 
quite satisfactory values of ti(T,,) or the exothermal and endothermal transition 
enthalpies for calibration_ 
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