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ABSTRACT

The sensitivity of parameter scales in the Arrhenius equation was analysed. It was
observed that such analysis should make allowances for additional dependences of the
compensation effect type between quantities expressed in the equation. It was shown that
these additional dependences could significantly change dependences between the investi-
gated parameters of the Arrhenius equation.

INTRODUCTION

In our earlier paper [1] we presented a new interpretation of the Arrhenius
equation; in that paper we tried to explain the compensation effect theoreti-
cally. The applied method of approach to the problem required the introduc-
tion of the notion of a physical quantity scale, a parameter which is usually
the real diffeomorphic function. Such a function is mutually univocal
(equivalent) and can be differentiated bilaterally, which means that it has its
derivative, and its reciprocal function has its own derivative as well.

It is noted from research [2-4] on kinetics of reactions of the type
A(solid) = B(solid) + C(gas) that the observed sensitivity of the Arrhenius
equation to temperature changes would be incomprehensible if there were
no compensation between the values of A and E. If there is any linear
correlation between In A and E, when the pressure is a deviation factor of
the correlation there will be a pencil correlation between In k and 1/T.
Thus, at fixed pressure, In & and 1/7 are correlated linearly, and small
changes of T cause great changes of k, since for the real constants a and b
in the equation In k =a + b/T the value of b (= E/R) is the gradient of a
straight line in relation to the axis 1/7, so even small changes of T can
result in very great changes of In k.
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The aim of this paper is to analyse the sensitivity of scale values of the
Arrhenius equation. Such action, taking into account the limitations pre-
sented above, makes it possible to evaluate linear relationships between
values referring to this equation.

The Arrhenius equation shows the relation between four values k, A, E,
and 7, and among these there are correlation relationships [1]. One such
relationship is the compensation equation forming the relationship between
A and E. In refs. 4 and 5 one can find the false view that the compensation
relationship is connected with properties of scale values included in the
Arrhenius equation—first of all with properties of the exponential function.

Now we know [1] that the compensation effect is correlated by the
existence of the isokinetic pair (k,, Ty) = B, occurrence of which results in
the specified deviation factor of this correlation, which influences the course
of the process. In the case we studied [1], the deviation factor which
determined the physical value of the correlation was the pressure of the gas
product of the reaction. In other cases, when different deviation factors
influence the course of the thermal dissociation process, the compensation
process need not occur since then other correlations will take place.

The problem discussed in this paper is a more general one, because, if we
assume that among some parameters x, y, z there is a general relationship

F(x, y,z...)=0 (1)
and that under some conditions, there is the following relationship between
x and y

f(x, y)=0 (2)
then we can prove that under other conditions
g(x, »)=0 (3)

although the general model F has not been changed.

Thus, the existence of additional relationships f(x, y) or g(x, y) does not
indicate any possibility of relationships among other parameters of the
model F. For instance, if the Arrhenius equation is the general model, then
the linear relationship of one pair of values (in proper scales) results in the
pencil correlation (in other scales), but it does not mean that additional
correlations should be determined only by the Arrhenius equation.

A more precise description of the problems presented above requires the
introduction of the following definition

Definition 1 Let us assume that f is a real function, a diffeomorphic one,
defined at least in some open section. Let us also assume that x; and x, are
some points belonging to the domain of the function f.

The sensitivity of the function f in points x; and x, shall be expressed
with the following differential quotient

Ay _"h _ f(x,) — f(xy) (4)
Ax  x,—x X, — X
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The knowledge of the sensitivity of various scales allows us to establish if
linearity occurs between the parameters studied. Applying the method used
in ref. 1, let us consider a few ways of calculating the sensitivity of scales.
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where Ax = x, — x;.
Proof Because Ay =y, —y, = e** — e = e*1(e"** — 1), then

Ay (e —1)
Ax k Ax )

which was to be proved.

From Example 1, the sensitivity e* is great for x > 0, since, even if Ax
equals almost zero, then e** = 1 + Ax and (e** — 1)/Ax =1,and Ay/Ax =
e™. So, if x; is great, the sensitivity is great as well, and if x; equals almost
zero, the sensitivity equals almost zero, too.

Example 2 Let us assume that f(x) =1/x, then
Ay 1 -1

Ax X1Xy  xP4x-Ax

Proof Since

Ay— oy — _i_l_xl—xz__Ax
y=rRTHh Xz X X1X2 X1X3

then

Ay __ 1

Ax XX,

which was to be proved.

Thus the sensitivity of this scale is very little for great values of x;, x, and
very great for little values of x;, x,.

In the Arrhenius equation the temperature 7 occurs in the hyperbolic
scale, and during the thermal dissociation of solids the value of T usually
exceeds 200 K. This means that values of 1/7T are practically stable
(£0.005), so if the analysis of the Arrhenius equation is limited to Example
2, one can accept that the temperature does not influence the value of k.

Example 3 Let us assume that f(x) =In x, then

Ay Ax 1
A_x_n(1+ xl) Ax
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Proof Since

+A
Ay=y,—y;=Iln x, —In xl———ln(ﬂ)=1n(u)=ln(l+ﬂ)

X X1 X1
then
N ln(l + %ﬁ) A .
8y _ My axy L
Ax Ax ln(l * X, ) Ax

which was to be proved.

Therefore, as Ax — 0, we have Ay /Ax — In x; = 1/x,, and the sensitivity
of the logarithmic scale is similar to the sensitivity of the hyperbolic scale.
But if Ax — o0, then the convergence of the quotient

ln(l + éﬁ)
Ay

Ax Ax

is analysed by means of the de I'Hospital rule (since we have to do with the
quotient o0 /c0); when we differentiate the numerator and the denominator
of the quotient, then we obtain

1 1 1 1

Thus, the sensitivity of the logarithmic scale as Ax — oo is close to the value
1/x,, and decreases, since for Ax — oo we have also 1/x, — 0.

The examples of relationships which are suitable for numerical analysis in
computer languages which include elementary functions as standard (e.g. the
language BASIC) allow us to draw the conclusion that for some values of x;,
and for large values of Ax, values of y would be practically stable ( +0.005).
What is not met in practice is that the Arrhenius equation is sensitive to
changes of 7, even at high temperatures. So the analysis of a mathematical
model (e.g., the Arrhenius equation) describing empirical relationships must
take into account the existence of additional relationships (e.g., the com-
pensation effect) which, though they do not result from the initial model,
can significantly change the relationships of the parameters studied in the
model. We can also conclude that cautious interpretation of the mathemati-
cal models allows us to avoid false hypotheses [6]; in such a case some
relationships found empirically (e.g., the compensation effect) are treated as
the result of mathematical mistakes and applied computational techniques.
False interpretation of experimental correlation results from the fact that the
scales in which the studied values occur are sometimes insensitive; but it
cannot exclude completely different causes (as we showed in our previous
paper [1]), and such correlations do exist.
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