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ABSTRACT 

Combined evaluation of quantitative thermoanalytical, structur- 
al and morphological investigations revealed a 'contracting volume' 
behaviour for the thermal decomposition of various solid metal 
complexes and - under high vacuum conditions - of calcite single 
crystals. It is shown that the determination of specific and re- 
producible kinetic data is not feasible unless reaction rates are 
defined with respect to the crystal structure and/or morphology of 
the initial phase. Moreover, the actual reaction mechanism is 
strongly dependent on the experimental conditions. 

INTRODUCTION 

As it has been observed by morphological and structural investi- 

gations as well as quantitative thermoanalytical measurements the 

course of the thermal decomposition of systems such as hydrates 

(ref.l), metal complexes (ref.2) and - under selected experimental 

conditions - carbonates (ref.3) can be described by a 'contracting 

volume' behaviour. For the determination of kinetic data of such 

processes the mathematical evaluation of time- or temperature- 

dependent quantitative thermogravimetric measurements of the over- 

all weight loss cannot yield unambiguous results, since the influ- 

ence of the shape of the initial material (see e.g. ref.4), dif- 

ferent direction-dependent velocities of the initial material/ 

product phase boundary advancements into the bulk (see e.g. refs. 

2,5) as well as influences of diffusion phenomena have to be taken 

into account. 

Together with the knowledge of the structural and compositional 

reaction mechanism, the measurement of phase boundary movements 
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along given crystallographic directions determined by X-rays or - 

more generally - along selected coordinates as function of time, 

temperature or even further experimental parameters, however, lead: 

to specific and reproducible rate constants. 

THEORY 

For the case of phase boundary reaction controlled decomposi- 

tions exhibiting a 'contracting volume' behaviour the over-all 
w -w 

conversion rate a = 0 t 
(w : 

W 
0 -% O 

initial weight; wt: actual 

weight; y.,, : weight of the solid product at the end of the reac- 

tion) can be expressed in terms of the velocity of the phase- 

boundary advancement into the bulk as follows (see also refs.4,6). 

Fig. 1. Schematic representation of two stages during the thermal 
decomposition of a single-crystalline compound exhibiting a 'con- 
tracting volume' behaviour. 

From the model presented in Fig. 1 it can be derived: 

W - w 
0 t 

V. - Vt a: - a: 
(y.= = 

W - w 
0 00 

v. = 

2 ’ where 

vO 
resp. a0 : Volume resp. geometrical dimension of 

the initial material 

Vt resp. at: Volume resp. geometrical dimension of 
the actual non-decomposed material 

at 
in turn can be expressed in terms of the velocity va of the 

phase boundary advancement along direction a and of the actual re 
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action time t: 

at = ao - 2vat 

The conversion rate a accordingly is determined by: 

a: - (a0 - 2vatJ3 
a= 

a: 

According to these theoretical considerations for the evaluation of 

specific reaction rates, e.g. va, from quantitative thermogravi- 

metric measurements of the over-all weight-loss the following fac- 

tors must be rationalized: 

The total reaction time as well as the shape of the corresponding 

a/t or a/T plots are inherently dependent on the geometry of the 

sample. 

II 

Different velocities of the advancing phase boundaries along the 

directions of a given coordinate system influences the measured 

time-dependence of the over-all weight-loss. This fact is of par- 

ticular importance if the course of the macroscopic reaction mech- 

anism is controlled by a structural (topotactical) reaction mech- 

anism. 

III 

Adsorption phenomena or the back-reaction of the gaseous product 

with the solid product often hinder a constant advancement of the 

phase boundary into the bulk. Influences of such diffusion proc- 

esses are extremely difficult to detect by the sole evaluation of 

any e/t or a/T plots. 

In addition the course of a decomposition process is strongly 

dependent on the chosen experimental conditions such as atmosphere 

pressure, heating rates of non-isothermal experiments, etc. It is 

therefore absolutely necessary to reassure the initially observed 

macroscopic reaction mechanism, whenever any experimental para- 

meter is changed (ref.7). 
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EXPERIMENTAL 

a) Decomposition of a solid metal complex 

For the decomposition of many solid metal complexes consisting 

of molecular units of the stoichiometry [M(X)2(L)41 (M: transition 

metal; X: Cl-, SCN-; L: NR 3, C5H5N, CSH4RN) a 'contracting volume' 

behaviour has been observed. 

In the case of the decomposition of [Ni(SCN)2(C5H5N)41 (refs. 

8,9) to [Ni(SCN)2(C5H5N)2] (refs.2,lO) structural (Fig. 2), morpho- 

logical (Fig. 3) and thermoanalytical investigations gave evidence 

for this macroscopic reaction mechanism. 
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Scheme of the structural reaction mechanism of the thermal 
iizom&sition of [Ni(SCN)2(C5H5N)4] to [Ni(SCN)2(C5HSN)21_ 

Quantitative thermogravimetric measurements under isothermal 

conditions using isolated [Ni(SCN)2(C5H5N)4] single crystals of 

similar weights but exhibiting different shapes, e.g. plates, 

needles and cubes, definitely proved the correlation between time- 

dependent reaction course and geometry of the initial sample 

(Fig. 4). 
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Fig. 3. Scanning electron micrograph of a section 
ally decomposed [Ni(SCN)2(C5H5N)41 single crystal. 

through a parti- 
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Fig. 4. Quantitative TG-measurements proving the influence of the 
crystal shape of the starting material onto the time dependence 
of the decomposition. 
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b) Decomposition of single crystalline calcite 

If calcite single crystals are partially decomposed under high 

vacuum conditions (p = 2.10 
-5 

mbar, T I 670°C) an extremely reac- 

tive calcium oxide product layer is formed on the entire surface of 

the initial crystal. For the morphological investigations (see 

Fig. 5 a-d) the partially decomposed samples have been exposed to 

CO2 (T = 400°C) in order to form stable microcrystalline calcite 

again. Light - and scanning electron micrographs of sections 

through crystals treated by the experimental procedure mentioned 

above exhibit again the 'contracting volume' behaviour. 

Fig. 5 a-d. Scanning electron micrographs of sections through a 
partially transformed calcite single crystal. 
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Even slight changes of the experimental conditions, e.g. from high 

vacuum to low partial pressures of N 
2 

or CO2 during the decomposi- 

tion process rigorously change the macroscopic reaction mechanism 

as shown in Fig. 6 (ref.11). 

Fig. 6. Scanning electron micrograph of a calcite crystallite 
decomposed under N2. 

CONCLUSIONS 

Decomposition reactions of solids represent a complex sum of 

simultaneously occurring (interdependent) processes. Whereas the 

evaluation of over-all measurements by means of theoretical models 

leads to mostly artificial, theory-dependent i.e. not reaction- 

specific kinetic data and, as a matter of fact, to rather ambiguous 

mechanistic models, the careful elucidation of the microscopic 

processes by independent quantitative as well as qualitative meth- 

ods of investigation yield the framework for the understanding of 

the kinetics and mechanistics, i.e. the thermal behaviour or reac- 

tivity of solids in general. 

In contrast to reactions in gases or solutions centres of reac- 

tion can be located within a decomposing solid and, therefore, the 

decomposition process itself has to be described with respect to 

the structure and morphology of the sample being investigated. In 

the case of a 'contracting volume' behaviour of a thermally decom- 
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posing solid the determination of the velocities of the initial 

material/product phase boundary advancement as function of care- 

fully controlled experimental conditions and well defined direc- 

tions yield preliminary specific kinetic data. This procedure 

allows, in addition, to discern between diffusion controlled and 

phase boundary reaction controlled processes, since diffusion 

phenomena caused by e.g. back-reactions of the gaseous product 

with the solid product manifest in a decrease of the velocity of 

the phase boundary movement with the increase of the product layer 

formed. 

The knowledge of the occurring reaction steps such as bond 

breaks, formation of new bonds finally leads to a meaningful 

interpretation of the preliminary kinetic data and thus to reac- 

tion-specific, reproducible kinetic constants (ref.12). 
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