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Abstract

The example of the sequence of reactions

kl k2
A —a B e C

and the steady-state approximation are used to present a demonstration of the fact that the evolu-
tion of the reaction rales under non-isothermal conditions depends on the ratio of the activation
energies and on the heating rate. A1 the same time, it is shown that. under isothermal conditions.,
the ratio of the activation energies plays no role.
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Introduction

Following our previous researches dealing with the steady-state approximation
[1, 2], a numerical simulation of the reaction sequence
under non-isothermal conditions suggested thal the time evolution of the reaction rates

ki ks I

A=——B —C

v.. v and v, might depend on the ratic of the activation energies E1/E>. This resultis
somewhat surprising: for the demonstration of the steady-state approximation, the
condition is

K (N
k2<<1

The Arrhenius form of the reaction rate constants k) and &, leads to

kA E - E,
2l _Zt T 2
Lo a7 | << | (2)

and indicates that the activation encrgy difference, AE=E|—E,, plays an important
role.
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The present work has the aim of establishing theoretical support for the impor-

tance of the activation encrgy ratio under non-isothermal conditions.

(3)

Theory
Let us consider the system of differential cquations describing the reaction se-
quence (I)
da
v, = =—kia
a dt i
db kob
vy~ a kia — kb = k!a[l k_la-
de
Vo= = kob

According to the steady state approximation [3]
vy =0

It is obvious that, if the value of v, at the extremum is closc to zero

Vblextrcmum = ()

then condition (4) will be fulfilled.
The extremum value of vy, requires the calculation of its first derivative

dVb dk| da de db
E TR TR PR PL A

and the extremum is found for the known condition

dvb
—_0

dr
Isothermal case

Under isothermal conditions

and Eq. (6) becomes

dwy, . da dbh

ar - Nrgr TRy

(%)

(5)

(6)

]

(8)

(9)

By replacing de/dr and db/dr with their expressions from system (3), we obtain
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dv A
“&b" = ky(—ka) = ko, — kob) = =30 ~ Ky kot + k3D (10)

The condition for the extremum, Eq. (7), turns Eq. (10} into
k%b = k%a + kykya (11

or, after rearrangement of the terms

b kifk
2 :41~+ ] 12
alextrcmum ky| ks J (12)

With regard Lo the condition (Eq. (1)) thal B is a reactive intermediate, Eq. (12)
becomes

b K 13
E'exlrcmum = &y (13)

This result may be used 1o calculate the value of Vileyemun from its expression in
system (3)

kob

Vhte.xr =kla(] —".'('ialext]zo (14)

Equation (14) shows that, under isothermal conditions, the value of v, at the ex-
tremum point is equal to zero, provided that the approximation of the reactive inter-
mediate (Eq. (13)) is accepted. It may be noted that, under isothermal conditions, the
ratio of the activalion encrgies docs not play any role.

Non-isothermal case

Under non-isothermal circumstances, differentiation of either of the two kinetic
constants k gives

dk ﬁEk (15)
dt TR

where B=d77dt is the hecaling rate. Il Eq. (15) is taken into account, Eq. (7) leads to

dv, B E, E, ky
—;l?:F(ahF—bkz? +k3h — kikoa l+k_2 =0 (16)

Equation (1), the condition of the reactive intermediate, means thal

and Eq. (16) may be rearranged into
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BE,

w1 ke
kaby TR T (17)
klacxl.—ﬁE2 ;

TR

Equation (17) now allows the calculation of vil.,, from the expression given in
system (3). After rearrangement of the terms, we ohtain

X, £
1 T2R : E,
2
Vh]CX[‘ K dx =ka (18)
JO B2y,
3 2
TR

Lquation (18) clearly shows that the value of vy at the extremum depends on the
ratio of the activation energics, E\/F,, as was observed from the numerical simula-
tion. It may also be noted that the heating rate influences the value of vy,
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