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An attempt has been made to apply concepts of complex chemistry in solution to
heterogeneous reaction kinetics. A series of solid Ni(II) complexes containing the same
anionic ligand and volatile ligands of the same type were investigated under isothermal
conditions on the basis of TG curves, and the kinetics of their decompositions were
studied. Since the reactions are controlled by the appropriate chemical process, the
differences found between the activation energies and the measured values of the stan-
dard enthalpies might be explained by substitution processes in the primary coordina-
tion sphere. According to the experimental results, the formation of intermediates has
to be presumed in all the reactions investigated. A mechanism could be proposed for
their formation. No dependence could be detected between the geometrical configura-
tion of the coordination sphere and the stoichiometry of the decomposition process.

The problems of the stoichiometry, kinetics and mechanisms of heterogeneous
reactions of solid complexes of the type A, — B, + C, are discussed relatively
rarely in the literature. The reasons lie in the complexity of the mechanism, due
primarily to transport phenomena in the solid state, so that most often only the
stoichiometry of these reactions is studied [I].

The kinetics and mechanisms of thermal decomposition of solid complexes can
in general be investigated from the point of view of either the primary coordina-
tion sphere or the whole lattice. Before studying the problems in the primary coor-
dination sphere, therefore it appears necessary to gain information on the control-
ling process in the whole sample and in the single particles of the reacting solid,
i.e. on the “rough mechanism”. The different types of substitution mechanisms
(dissociative and associative [2, 3]) occurring in thermal decomposition (i.e.the
substitution of volatile ligands by anions) fall into the region of ““fine mechanism”.

The aim of the present work was to study the mechanisms of thermal decompo-
sition of two configurational isomers of Ni(NCS),y(quinoline), with pseudoocta-
hedral and square-planar structure, respectively, [4—6] and also to investigate
the relationship between their structure and the thermal decomposition. For com-
parative purposes, an analogous study was made of complexes of the same type
and similar structure, Ni(NCS),L,, where L = heterocyclic nitrogen base, (a) with
square-planar configuration (L = a-picoline; 2,6-lutidine), and (b) with pseudo -
octahedral configuration (L = pyridine; B-picoline) [8].
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Table 1
Geometrical Stoichi Isothermal method AH® d
oichiom- |____ ° decomp.
Compound configuration etry n ’ E, (kcal - (keal + mole -p1)
» mole-1)
Ni(NCS),py. J pseudoocté- (A) 2/3 ) 29.4 < 31.6
I hedral
Ni(NCS)y(f-pic), ’ (B) 2/3 ’ 27.6 29.3
Ni(NCS),Q,(II) 1 (A) 2/3 {, 24.3 27.8
Ni(NCS),(x-pic), square- (A) 2/3 J 22.8 24.4
Ni(NCS),(2,6-1ut), planar (A) 2/3 | 27.9 30.1
Ni(NCS),Q,(D) r (B) [ 2/3 ‘ 30.7 28.5

(A) Ni(NCS),L; g = Ni(NCS), ¢ + 2L
(B) Ni(NCS),Lye — Ni(NCS),L¢ + L — Ni(NCS), i, + 2L

The TG measurements were made with a Derivatograph under isothermal
conditions. The plate-crucible and furnace used were of our own construction
[9, 10], and ensured good isothermal conditions and a one-particle layer of the
samples. The results are given in Table 1.

The volatile ligands can be released in one-step |L = py; QUI); a-pic; 2,6-
lutidine] (A) or two-step [L = p-pic; Q(I)] (B) processes, corresponding to one-
step or two-step decomposition stoichiometry. All these complexes contain the
same anionic ligand (NCS) and volatile ligands of the same type. The physical
conditions able to affect the stoichiometry of decomposition (sample weight,
layer thickness, crystal size and atmosphere) [11, 12] were also the same in our
experiments [9]. Should the geometrical configuration influence the stepwise
character of the thermal decomposition, different decomposition stoichiometries
might be expected for initial complexes of the same type, but with different geo-
metrical configurations in yielding the same final products. Different decomposi-
tion stoichiometries were found for the isomers of Ni(NCS),(quinoline),. The de-
composition of the pseudooctahedral isomer takes place in one step, and that of
Ni(NCS), {8-pic), with the same configuration in two steps. A similar phenomenon
is also to be seen for square-planar complexes. This excludes any direct causality
between the geometrical configurations of the initial complexes and the stoi-
chiometries of their thermal decompositions.

In the study of the kinetics and mechanism of decomposition the values of the
conversion degree («) of the starting solid were calculated from the thermogravi-
metric curves. The values obtained were correlated by the kinetic equation

da

T k(1 —w)
where k is the rate constant, and n.the order of reaction. The best exferimental
agreement was found for n = 2/3. The dependences of the rate constants on the
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temperature correspond with the Arrhenius equation. The apparent activation
energy values E, in Table 1 were determined from this equation,

The most suitable # = 2/3 for the isothermal decomposition of these complexes
indicates that the decomposition begins on the surface of the crystals and proceeds
uniformly towards their centers. This has also been confirmed by microscopic
investigation. Thus, it can be suggested that the total decomposition rate is de-
termined by the appropriate chemical process. It is necessary to remember, how-
ever, that a certain order or type of kinetic equation may also be obtained by
superposition of several processes. Unambiguous conclusions based only on the
form of the kinetic equation are in general not justified therefore. With regard to
the fact that the overall decomposition rates of all the studied complexes are de-
fined by the same controlling process (rough mechanism), the reasons for the
differences in their decomposition rates (and also in their E, values) have to be
sought in their fine mechanisms.

In the study of the rate of substitution reactions of a number of analogous
complexes in solution, those phenomena have been found to be elucidated most
easily which show some relation to space effects. Pearson et al. [15] showed that
increasing steric density around the central atom increases the activation energy
E, in the formation of bonds (associative activation); it can also decrease E,, how-
ever, in the rupture of bonds (dissociative activation) due to easier distortion in
the intermediate state. As Table 1 shows, the values of E, decrease in the follow-
ing order: (a) for pseudooctahedral complexes: Ni(NCS),py, > Ni(NCS),
(p-pic), > NiI(NCS),Q,(II); and (b) for square-planar complexes: Ni(NCS),Qq(I) >
> Ni(NCS)y(2,6-1ut)y > Ni(NCS),(a-pic),. The reaction rate increases in the same
order. The observed increase in reaction rate for pseudooctahedral complexes
with more voluminous ligands permits the suggestion that the course of the reac-
tion corresponds to the dissociative activation. For square-planar complexes the
contrary was found, indicating associative activation.

The standard enthalpies of the studied reactions were also investigated by dif-
terential scanning calorimetry. The values found are shown in Table 1. With the
exception of Ni(NCS),Q(II),, the decomposition enthalpy is higher than the acti-
vation energy in all cases and it has to be assurned that intermediates were formed
in all reactions, even in those where only a one-step stoichiometry was found.
In accordance with the proposed mechanisms these intermediates might be com-
plexes with coordination number 5. They are formed in the case of pseudoocta-
hedral compounds by release of one of the organic ligands, while in the case of

the square-planar complexes new bonds may be formed before the release of the
organic ligand.
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RESUME — On a étudié la cinétique de la décomposition d’une série de composés solides du
Ni(II) avec le méme ligand anionique et avec des ligands volatils du méme type en utilisant
les résultats de Ia thermograviméirie isotherme. Comme les réactions sont controlées par leur
processus chimique propre, les différences qui ont été observées entre I’énergie d’activation
et les valeurs mesurées. des enthalpies standard peuvent s’expliquer par des processus de sub-
stitution dans la sphére de coordination primaire. Les résultats expérimentaux laissent pré-
sumer l'existence d’étapes intermédiaires pour toutes les réactions étudiées. Le mécanisme
de leur formation a pu étre proposé. On n’a pas pu déceler de rapport entre la configuration
géométrique de la sphére de coordination et la stoechiométrie du processus de décomposition.

ZUSAMMENFASSUNG — Es wurde ein Versuch gemacht, komplexchemische Vorstellungen in
Losungen auf die Kinetik heterogener Reaktionen zu iibertragen. Eine Reihe fester Ni(ID)-
Komplexe mit demselben anionischen Liganden und mit fliichtigen Liganden desselben Typs
wurde aufgrund der TG-Kurve unter isothermen Bedingungen untersucht und die Kinetik
ihrer Zersetzung studiert. Da die Reaktionen durch den entsprechenden chemischen Vorgang
gesteuert werden, konnen die zwischen den Aktivierungsenergien und den gemessenen Wer-
ten der Standardenthalpien gefundenen Unterschiede durch Substitutionsvorginge in der
primidren Koordinationssphiire erkldrt werden. Den Versuchsergebnissen gemidfi mufl bei
simtlichen untersuchten Reaktionen -die Bildung von Zwischenprodukten angenommen wer-
den. Eine Erklirung ihres Bildungsmechanismus wird vorgeschlagen. Es wurde kein Zu-
sammenhang zwischen der geometrischen Konfiguration der Koordinationssphéiren und der
Stochiometrie des Zersetzungsvorganges gefunden.

Pestome — Clienana HOHBITKA MPYIIOKUTE TOHATHA XUMHH KOMIUIEKCOB B POCTBOPOX K KUHETHKE
reTeporeHHsIX peakuuii, MicceaoBsan B M30TOPMAHECKHX YCIOBHSAX HA OCHOBAaHMH KpuBbIX TT" psin
TBepapix xoMnnekcos Ni(IT), comepkaliux OaMHAKOBbIH AHWOHHBIA JIUTAH], B JICTYYHe JIUTAHIbI
OHHOTO THIIA, M M3YYeHA KMHETHMKA WX pacrana. B CBs3H C TeM, YTO PEAKIHA KOHTPOIUPYIOTCHA
COOTBETCTBYIOIMM XHMBUSCKHM [IPOIECCOM, 0OHAPYXeHHAs PA3HAIIA MEXIY SHEPrHAMM aAKTHBA-
[AM ¥ A3MEPEHHBIMHA BeJHYMHAME CTAHAAPTHEIX YHTANBIME MOXeT ObiTh OOBACHEHA MIpOIIEcca-
MH 3aMCICHHS B IEPBHYHOM KoopauHauMoHHOH chepe. CoriacHo pe3ynbTaTaM YKCHEPMMEHTA
BO BCEX MCCIEOBAHHBIX PeakllugX Mpeno/iaractcs o6pasoBaHue IPOMENYTOTHBIX IPOAYKTOB.
Tpensoxes MexaHusM HX o6pa3oBanus. 3aBACHMOCTL MEX/TY T€OMETPHHYECKOH koHburypanuei
KOOpAMHAMOHHOM chephl 1 CTeXHOMETPHEH! mpouecca pacnajia yCTaHOBUTL HE YIaJI0Ck.
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