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A New Factor in the Arrhenius Equation
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Summary. It could be shown that there is a factor in the Arrhenius equation taking into account the
history of a chemical reaction, i.e. its development from 0 K to the actual temperature.
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Ein neuer Faktor in der Arrhenius-Gleichung

Zusammenfassung, Es konnte gezeigt werden, daf3 die Arrhenius-Gleichung einen Faktor enthilt,
der die Vergangenheit einer chemischen Reaktion beriicksichtigt, d.h. ihre Entwicklung von 0 K bis
zur aktuellen Temperatur.

Introduction

In the Arrhenius equation (Eq. (1))

k=A exp(—Ey/RT) (1)
where k is the reaction rate constant, Ey is a constant. According to Refs. [1, 2],
k =Z exp(—Ey + BT)/RT) (2)

where Z is the number of molecular collisions per unit time, £y + BT is the actual
energy of activation, and B is a constant. In the present article it is demonstrated
that there is an additional factor in the Arrhenius equation:

k = ZL exp (—(Eo + BT)/RT) 3)

L takes into account ‘the history’ of chemical reaction, i.e. its development from
0K up to the actual temperature.

Methods

According to Refs. [3-5], K=ky=const for O0<T <Tp,k=f(T) for Ty <T <T,k=
Ay exp(—E1/RT) for Ty <T<Thk=Aexp(~E/RT) for T, <T<Ts,...,k=Amexp
(—Ey/RT) for T, < T where f(T) is a function of the temperature, whereas A; and E; are constants.
Arrhenius obtained his equation in the form 8/8T Ink = Eo/RT? [8].

According to Eq. (2), kg=const for 0<T <To, ki =f(T) for Ty<T <Ty,kp=
Z exp(—(Ey +BT)/RT) for T1<T<Thks=Zexp(—(Ey+B:T)/RT) for T, <T<
T3,...,koy1 = Z exp (—(Ep+ BT)/RT) for T,, < T.
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It may be assumed that

f(T1) # Zexp (—(Ey + B, T1)/RT) (4)
and
Zexp (—(E1 + BiT2)/RT, # Zexp (—(E; + B, T2) /RT3)
If
Zexp (—(Eis1 + Biyi Tix1) /RTii1) Zexp (= (Ei + BiTi1) RTi) = A # 1 (5)
and
T
L 8/0TInkdT =Ink — Ink,
then

Tt T

0 T
Ink = lnko + J 8/0T InkodT + J 8/0T InkydT + --- + J 8/8T Ink, AT
O TO Tn

= 1nkn+1/(A1A2...A,,). (6)

Results and Discussion

From the above equations, one obtains
k=Z/(A1A,y...Ay)exp(—(Ey+ BT)/RT) = ZLexp (—(Eo + BT)/RT).
(7)

The factor L = 1/(A1A; ... A,) is the result of integration from 0K up to the
current temperature and is related to ‘the history’ of the chemical reaction as
defined in the introduction.

For the forward and reverse reaction, Eq. (8) holds with i = 1 and 2.

ki = ZL;exp (—(Eo; + B;T)/RT) (8)
Usually, Z; ~ Z, [1]. For the equilibrium constant of chemical reaction,
InK =Inky/k = —Q/RT +InL;/L, = (—~Q+RTInL;/L,)/RT 9)
where Q is the heat of reaction.
8/0T(—Q +RTInL,/L,) = B, — By + RInL; /L, = const (10)

On the other hand, InK = —AG°/RT. In numerous cases where AG® has been
measured electrochemically, for example in Refs. [9-15], it has been shown with
high accuracy that

AG’ = a+bT (11)
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where a and b are constants. For example, according to Ref. [9]

AtG®(CaCr,04) = —1356.6 + 0.31641T =+ 0.63k] /mole (788 < T < 1070K)

(12)

A¢GO(SICrO,) = —1359.1 + 0.329987 + 0.30kJ /mole (851 < T < 1116K)
(13)
A¢G®(BaCrO,) = —1323.7 4 0.311597 + 0.34kT/mole (850 < T < 1168K)
(14)

The error is less than 0.06% (Eq. (12)) or 0.03% (Eqgs. (13), (14)), respectively.
For (Egs. (12-14)), 8AG® /0T = b = const which is in accordance with the present
result (Eq. (10)).

The following conclusion may be drawn: If the number of molecular collisions
Z and the energy of activation are known, it is not sufficient to write the equation
for the reaction rate constant in the form of Eq. (2), but it is necessary to take into
account the term L.

References

[1] Stepanov IA (1993) Therm Anal 39: 1375

[2] Stepanov IA (1994) Fire and Explosion Safety 1: 3

[3] Prodan E (1986) Inorganic Topochemistry. Nauka i Tehnika, Minsk

[4] Sergeev G, Batjuk V (1978) Cryochemistry. Himija, Moscow

[5] Kistiakovsky G, Lumry R (1949) J Am Chem Soc 71: 2006

[6] Goldanski V, Frank-Kamenetski M, Barkalov I (1973) Science 182: 1344

[7] Dollimore D, Taylor T (1980) Therm Acta 40: 297

[8] Dobrotin R, Solovjov J (1977) Van’t-Hoff. Nauka, Moscow

[9] Azad AM, Sudha R, Sreedharan OM (1992) Therm Acta 194: 129
[10] Chou H, Chen HS, Fang WC, Trevor PL (1992) J Electrochem Soc 139: 3545
[11] Malika C, Sreedharan OM (1993) J Alloys and Compounds 191: 219
[12] Xiao L-C (1993) J Rare Earths/Chem Soc Rare Earths 11: 28
[13] Jamshchikov LF, Shubin AB, Raspopin SP, Smirnov AG (1992) Metally 3: 204
{14] Dobrohotova ZV, Zaitsev Al, Zemchenko MA, Litvina AD, Mogutnov BM, Jaschenko SN

(1992) J Therm Anal 38: 1113

[15] Kale GM, Fray DI (1992) LUMA Journal 101

Received March 14, 1997. Accepted April 7, 1997



