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Whereas the temperature dependence of reaction rates of reversible solid-state decomposition pro- 
cesses of the type A,,ri, & Bmrid + C,,,,, has been outlined in numerous theoretical as well as in 
experimental studies, its simultaneous dependence on the actual pressure of the gaseous product has 
not been taken into account sufficiently. Theoretical considerations elucidate, however, that specific 
and reproducible kinetic data, in particular umambiguous values for activation energies, can only be 
determined under vacuum conditions or in some cases by fulfilling the following precondition: pexp/~equ 
= f(T) = constant, where pexp is the actual pressure and pequ the equilibrium pressure of the gaseous 
product. 0 1985 Academic Press, Inc. 

For a reversible thermal solid-state de- where a! is defined as the fraction of decom- 
composition process of the type Asolid e position (0 5 (Y 5 l), t as time, T as abso- 
hid + Cgasmus a reaction rate v can be de- lute temperature, k as the specific tempera- 
termined by mathematical evalation of the ture- and pressure-dependent rate constant, 
equation and f (cx) as an algorithm for the description 

v = dolldt = k( T,p) * f(a), 
of the actual macroscopic reaction mecha- 
nism (I, 2). 

A conventional method for the quantita- 
* To whom correspondence should be addressed. tive determination of the respective kinetic 
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FIG. 1. Schematic representation of the nonlinear 
dependence of the equilibrium pressure pequ on the re- 
action temperature T. 

parameters, foremost of activation ener- 
gies, is based on the mathematical evalua- 
tion of log k versus l/T Arrhenius plots, 
which, in turn, are derived from a set of 
measurements of (Y = f(t) at different tem- 
peratures performed under isothermal con- 
ditions. For this procedure the actual pres- 
sure in the system is kept constant. The 
same situation is valid for quantitative mea- 
surements performed under nonisothermal 
conditions, i.e., (Y = f(T) with T/t = con- 

v.ftT).p.O Ih 

FIG. 2. Diagram representing the pressure and tem- 
perature dependence of the reaction rate u for a given 
reaction mechanismf(o). For curve 1 (u = f(T, p,)) as 
well as for curve 2 (u = f(T, pJ) the ratios pexP/pesu 
obey a nonlinear temperature dependence. 

stant. The validity off(a), i.e., the validity 
of one and the same macroscopic reaction 
mechanism within the temperature interval 
chosen for the quantitative measurements 
of (Y is verified by well-established proce- 
dures such as (Y versus tlto.s plots (3). 

As is schematically presented in Fig. 1 
the equilibrium pressure pequ of the gaseous 
product formed obeys a nonlinear tempera- 
ture dependence for any reversible solid- 
state decomposition process. Therefore, 
under isobaric experimental conditions the 
ratio pexp/pequ (where pexp > 0; const) obeys 
a nonlinear temperature dependence as 
well. 

Accordingly, it can be visualized by a 
schematical u/p/T diagram (Fig. 2) that any 
quantitative measurement of the tempera- 
ture dependence of the reaction rate u un- 
der isobaric conditions, e.g., forpexp = 
constant or pexp = p2 = constant (wherePd T 
p1 < p2 < pequ), is simultaneously depen- 
dent on the actual ratios pexp/pequ, which, as 
has been shown in Fig. 1, obey a nonlinear 
temperature dependence. 

Consequently, log u versus l/T Arrhenius 
plots only show the ideally linear course 
(Fig. 3, curve I), if the quantitative mea- 

l” 

FIG. 3. Diagram showing the pressure dependence 
of log u versus l/T Arrhenius plots. Curve 1, u = f(T, 
pexp = 0); curve 2, u = f(T, pexp = pz = constant); curve 
3, u = f(T, ~exp = p, = constant); pz > p, > 0. The 
mathematical determination of the corresponding acti- 
vation energies E, therefore yields: E&) > E,@,) > 
E,(p = 0). 
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surements of (Y or u, respectively, are per- 
formed under vacuum conditions or by 
maintaining the ratio ~~~~~~~~~ constant (see, 
e.g., (4, 5)). 

Any different experimental conditions, 
i.e., pexp > 0, constant (see Fig. 2, curves 
for p1 and p2, respectively), lead to nonlin- 
ear curves in the Arrhenius plots (Fig. 3, 
curves 2 and 3, respectively). 

Thus any mathematical evaluation of ki- 
netic parameters, foremost of reaction spe- 
cific activation energies, derived from ex- 
periments performed under isobaric 
conditions (Pexp > 0) yields approximate 
values. Whereas in many cases such kind of 
inadequacies are not significant, i.e., the 
temperature range, within which the re- 
spective reaction rates are determined, is 
relatively narrow and hence the deviations 
of the ideally linear course of the log u ver- 
sus l/T Arrhenius plots are negligible, ma- 
jor effects have been observed for the de- 
composition of calcite (6). 

Apart from these aforementioned effects 
the role of merely sample-specific parame- 
ters such as the actual structures of the ini- 

tial material, possible intermediates, and fi- 
nal products, which govern the (topotactic) 
structural reaction mechanism (7, 8) as 
well as the actual sample morphology (9), 
has to be taken into account for any reason- 
able determination of reaction specific and 
reproducible kinetic parameters. 
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