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In the light of the data obtained concerning copper oxidation kinetics, the law of 
linear compensat ion:  E = E 0 q- 2.303/3 log Z has been examined critically. By the use 
of different calculation techniques, the existence of a "compensa t ion"  dependence has 
been observed for different pairs of values of the activation energy E and  the pre-expo- 
nential  constant  Z, obtained for the same set of experimental  data. 

The law of linear compensation, frequently occurring in studies of heterogeneous 
catalysis [1 J, is usually interpreted as a symptom of the similarity of different 
reactions 

E = E o + 2.303/~ log Z (1) 
where: 

E = activation energy, J/mole 
E o = constant 
-R = gas constant 
/~ = isokinetic temperature, K 
Z = pre-exponential constant, mg2min -1 

Its existence is in many cases [2] brought into question, and the results obtained 
are attributed to the particular influence of the experimental error on the result 
of  calculating the activation energy and the pre-exponential constant. 

It is assumed [3, 4] that if the value of coefficient/~ in Eq. (1) approximates the 
mean harmonic value of the given temperatures used in the calculations, then the 
obtained dependency (1) is an apparent one, and not the symptom of a real phenom- 
enon. However, Exner [2] maintains that there may occur cases for which/~ will 
be essentially different from the average temperature, and yet the dependency (1) 
will still be an apparent one. 

In principle there are no data available which could confirm this hypothesis. 
The experimental results obtained on repeating an experiment under slightly 

changed conditions (e.g. the initial component composition, the nature of the 
solution, etc. are changed) are the principles for the verification of the foregoing 
statement. 

Thus, it is difficult to distinguish the effect of the measurement error on the 
result of calculating the activation energy and the pre-exponential constant from 
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the real effect of the change made. During the analysis of data relating to copper 
oxidation kinetics, a set of different values of activation energy and pre-exponential 
constant, depending on the method of their calculation, have been obtained for the 
same set of experimental data. 

If  a given phenomenon, here copper oxidation, may be described by a linear 
equation: 

Y = A S  + B (2) 
where: 

A, B = constants 
Y, X = .dependent and independent variable, and the constants in Eq. (2) are 

the familiar functions of the activation energy and the pre-exponential constant: 
A = f l (E ,  Z )  and B = f2(E, Z), then for X and Y different from zero, other values 
A and B may be obtained by converting Eq. (2) to the form: 

X B 1 1 
- - -  - -  + - - -  ( 3 )  

Y A Y A 
o r  

Y 1 
- -  = B + A ( 4 )  
Jr 2 -  

and determining the constants from the above linear equations by means of the 
method of least squares, assuming the statistic weights of the relative variable [5], 
or not [6]. The differences of the values of the activation energy E and of the pre- 

Time 

F i g .  1 

exponential values Z are the results of a different effect of merely the experimental 
error on the calculations. 

Based on the diffusive oxidation model [7], and assuming Doyle's equation, 
the following linear equation has been suggested: 

z e  2.315 - (5) logL---  0.5 log qRc 2 R T T § B 

where 

L = increase of sample mass (TG), mm 
q = rate of heating (q = const.), deg/min 

d. Thermal Anal. 17, ]979 



7,
 

T
ab

le
 1

 

F
or

m
s 

of
 t

ra
n

sf
o

rm
in

g
 t

he
 l

in
ea

r 
E

q.
 (

2)
, 

as
 w

el
l 

as
 t

he
 k

in
et

ic
s 

p
ar

am
et

er
s:

 E
 a

n
d

 Z
 a

n
d

 t
he

ir
 s

ta
n

d
ar

d
 d

ev
ia

ti
on

s 
fo

r 
co

pp
er

 a
ir

 o
x

id
at

io
n

 
in

 t
he

 t
em

p
er

at
u

re
 r

an
g

e 
of

 2
9

3
- 

10
73

 K
 

V
ar

ia
nt

 
N

o.
 

F
o

rm
 

o
f 

va
ri

ab
le

s 
o

f 
eq

ua
ti

on
 

y 
= 

m
x

 
+

 
b 

lo
g 

L
 

1/
T 

1/
lo

g 
L

 

1/
T

 lo
g 

L
 

T
 l

og
 T

 

T
 

l/
r 

lo
g 

L
 

1/
T

 lo
g 

L
 

1/
lo

g 
L

 

T
 

T
 l

og
 L

 

llA
 

B
 1/
B 

--
W

A
 

--
 

A
/B

 

B
 

--
 
B

/A
 

A
 

--
A

/B
 

1/
A

 

lI
B

 

M
ea

su
re

m
en

t 
er

ro
r 

as
su

m
ed

 

s(
r)

 
S(

L)
 

I 1 0 1 0 # 1 

C
or

re
la

ti
on

 
co

ef
fi

ci
en

t 

0.
99

01
1 

0.
98

35
9 

0.
99

01
1 

0.
98

65
9 

0.
99

91
8 

0.
99

73
3 

0.
99

91
8 

0.
99

75
8 

0.
99

74
7 

0.
99

75
8 

0.
99

58
4 

0.
99

46
4 

0.
99

53
9 

0.
99

46
7 

0.
99

58
4 

0.
99

58
4 

E
, 

J/
m

ol
e 

77
.3

26
 

10
7.

72
0 

78
.8

77
 

88
.2

29
 

67
.0

48
 

11
7.

02
7 

67
.3

58
 

11
8.

04
5 

88
.2

08
 

12
2.

22
6 

81
.4

70
 

10
1.

77
5 

80
.8

29
 

10
7.

72
1 

82
.5

89
 

82
.5

89
 

V
al

ue
s 

of
 

ki
ne

ti
cs

 
p

ar
am

et
er

s 

S
(E

),
~

m
o

le
' 

Z
, 

m
gZ

/m
in

 

1.
24

0 
18

3.
17

3 
2.

23
3 

8.
56

6.
32

5 

1.
26

1 
22

7.
92

7 
1.

65
1 

79
6.

96
9 

99
3 

38
.1

18
 

2.
28

3 
25

.0
61

.7
60

 

99
7 

40
.0

13
 

2.
23

7 
27

.7
18

.3
10

 
1.

65
1 

79
6.

96
9 

2.
31

3 
45

.3
95

.1
80

 

1.
40

3 
32

8.
00

8 
2.

09
9 

4.
10

7.
85

2 
1.

37
8 

30
0.

41
8 

2.
23

3 
8.

56
6.

32
5 

1.
41

6 
38

3.
42

6 
1.

41
6 

38
3.

42
6 

S
(Z

),
 m

g
~

/m
in

 

12
.8

57
 

86
4.

02
6 

16
.4

71
 

66
.0

83
 

2.
74

8 
2.

58
3.

25
0 

2.
90

8 
2.

84
0.

20
0 

66
.0

83
 

4.
75

2.
26

0 

24
.2

96
 

39
9.

95
6 

22
.1

2~
 

86
4.

O
26

 

28
.8

44
 

28
.8

44
 

S
(E

)-
 

st
an

d
ar

d
 d

ev
ia

ti
on

 

o o rn
 

o r~
 

Z
 

O
 

m
 



552 NORWISZ, PLEWA: THE LAW OF LINEAR COMPENSATION 

E = activation energy, J/mole 
Z = pre-exponential constant, mg2min -~ 
R = gas constant 
c = experimental constant. 

This permits calculation of the activation energy and the pre-exponential con- 
stant on the basis of the data relating to copper oxidation in the air under the 
conditions of a linear temperature increase. Eighty measuring points have been 
taken into account in the calculations. 

The calculated values of the correlation coefficient of an adequate equation of 
the activation energy and the pre-exponential constant and their standard devia- 
tions are presented in Table 1 [9, 10]. Those values fall according to Eq. (1) 
(Fig. 1) on 

E = - 18, 207.618 + 2.303 �9 950.38 log Z, r = 0.998590 (6) 

in which fi = 950.38 K, C = (910, 990 K) and r = the correlation coefficient. 
The value fi is different from the mean harmonic value Th = 806 K and the arith- 
metic mean T~ = 836 K of the experimental temperatures. The data presented 
show once again how carefully the experimental data should be interpreted on the 
basis of the law of linear compensation. The pair of E and Z values obtained are 
each time determined with apparently high accuracy. This is evidenced by the 
hight correlation coefficient (r > 0.98) and by the small values of the respective 
standard deviations (about 10% of the values determined). However, the effect 
of the experimental error on the calculation result is explicit. The experimental 
error has influenced the values E and Z in different ways, depending on the calcu- 
lation method, "compensating" the changes of the activation energy values through 
the changes of the pre-exponential values. 

It is not true either that the dependence [6] is a real one [3, 4], since the mean 
temperature values (Th and Ta) also differ explicitly from the coefficient value ft. 
In this case the only change made is the change of the calculation method, and 
not an actual change of the investigated reaction parameter. 

On the basis of the preliminary elaboration of the experimental data, it has been 
established that the law of compensation should always be interpreted very care- 
fully. The results obtained should be estimated accurately to determine the real 
accuracy of the estimated E and Z values, to exclude the possibility of making an 
error, attributing the dependencies obtained to the actual effect of the change 
made, whereas it was caused merely by a particular effect of the measurement error 
on the calculation result. 
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