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REZtIARKS ON THE EVALUATION OF NON-ISOTHERll_4L KINETIC 

RESULTS 

ERII;\RD KOCH and BERTHOLD STILKT<RIE<; 

For nearly two c~ecaclcs, t.he fundament.al kinetic equation 

ClC 

c1t 
- .-I tsp(-E/RTj f(C) 

(C = concentration or fractional conversion) has ken used for interpreting 
and evaluating non-isothermal kinetic curves. \Yhile the vnlic!it.y of eqn. (1 j 
\vas demonstrated by some authors [ 3---31, it was critic~isfxl by ot.hers [I ] \vho 
prol_‘osed to treat it as a constitutivt equation by using the total differential 

However, Norwisz [ 61 has recently revivecl the con trovcrq by deriving 
from P~IIS. (1) and (2) t.hc espression 

dC/dC = .-I csp(--E,‘RT) f(C) F(‘r, T,,. ~5) (3) 

We now find from DTA esperiments that t.he kinetic eqn. (1) - when it 
involves a linear increase of tenipc~raturc [ 71 - satisfactorily describes ele- 
nie1itaI-y reactions in solution. We have demonstrated the applicability of 
eqn. ( 1) for DTX reaction analysis by evaluat.ing non-isothermal result5 
originating from mow than 600 individual e_speriment.s, involving 90 reac- 
tions r,f different orders and types in a variety of solvents (C: 1O-3--‘i h.1) 
[7,Sj. 

In order to furt.her study the applicability of eqn. (1) compared to that. 
of eqn. (3), we have est.endecl our computer simulat.ion programs [S-lo] -- 
which allow a rapid calculat,ion of theoretical non-isot.hermal signals of any 
reaction assumed__? by introducing the function F(T. To_ E) (eqn- 3). 

We here report on kinetic data of some uni- and 12irnolecular react.ions 
(Table 1). The kinetic c1at.a have been derived by the: following procedure: 

i 
; 
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TABLE 1 

Kinetic data for some uni- and bimolecular reactions studied by DTA compared to 
reported isothermally obtained values 

Reaction a 

A 
B 
C 
D 
E 

Isothermal Computational Theoretical 
values evaluation (cf. simulation of 

Borchardt and experimental 
Daniels [ 11 ] ) curves (eqn. 1) 

Eb log.4’ E log ;I E log -4 

114 15.6 106 14.1 1 l-1 15.3 
110 15.6 120 16.6 116 15.8 

69 14.0 S-1 12.5 SS 13.2 
54 5.9 54 5.8 5 5 5.8 

11s 13.9 10s 12.4 10s 12.4 

Theoretical 
simulation of 
esperimental 
cures (eqn. 3) 

E log .-I 

S-1 10.0 
77 9.1 
34 3..5 
31 1.3 
67 6.1 

;L A and B. decomposition of benzenediazonium sulfate and 2-mr-th~l-h~nzeneciia~o~~i~~n~ 
sulfate, respectively [ 13 ] ; C. decomposing of p-ethosy-phenyl-pentazole [ 1-i ] ; D. reaction 
hetween henzo>Tlchloride and methanol [ 15 1; E. decomposition of 5-phenyl-1,3.:3.-1-thia- 
triazole [ 16 ] _ 
” Activation energies in kJ mole-’ _ 
’ Arrhenius factors in set -’ ; X1-I set-’ (reaction D). 

(I) comput.at.ional evaluat.ion of the esperimental DT_A curves according 
to Rorchardt and Daniels [ 111: 

(2) theoretical simulat.ion (optimum fitting 113’ variat.ioii in act.ivation data 
and.reaction enthalpy) [ 8?10] of the experimental DTtI curves. using eqn. (1): 

(3) as (2): but using eqn. (3). 
The above results clearly demonst.rate the excellent agreement. generally 

found het.ween reported isot.hermally derived results stemming from evalua- 
tion due to eqn. (l), in contrast to evaluation based on eqn. (3). Particularly 
in view of the fact that, no esperiment.al verifications have been reported, the 
assumed applicability of eqn. (3) seems to he ut.terly unfounded. It should in 
this connection be not.ed that this discrepancy was predict.able, as even rela- 
tively small iemperatux intervals (-10-80 K) would cause a drastic increase 
of the F-factor. 

On the available basis it. is obvious that. the term ((3C/LIT), in eqn. (2) is 
vanishingly small rf:, if not zero [ 121. Consequent.ly, the use of eqn. (2) is 
restricted t.o isothermal condit.ions, but is incorrect for non-isot.hermal con- 
dit.ions_ There is no evidence against the validity of equations derived 
directly from eqn. (l), such as the Borchardt-Daniels equation [ 111, which 
may be readily applied for evaluating DT_-‘I curves of quasi-elenient~7 reac- 
tions in homogeneous solutions. 

* The temperature L;rFendence of the volume has to be considered in unfavourable cases, 
but the deviations in general correspond to a reduction of the activation energy obtained 
by less than 1 kJ mole-’ only. 
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