Thermochimica Acta, 85 (1985) 75—78 75
Elsevier Science Publishers B.V., Amsterdam — Printed in The Netherlands

ON THE RELATIONSHIP BETWEEN THE STRUCTURES OF SOLID Cu(II)
COMPLEXES AND THE COURSE OF THETR THERMAL DECOMPOSITION

H. LANGFELDEROVA
Department of Inorganic Chemistry, Slovak Technical University,
812 37 Bratislava (Czechoslovakia)

ABSTRACT

The relationship between the structures of coordination poly-
hedra of Cu(II) complexes and the kinetics of their thermal de-
composition was studied for two series of isostructural compounds.
It is shown that the activation energies decrease with increas-
ing values of anisotropic temperature factors of released ligands’
donor atoms, corrected for the thermal motion of central atom in
the split bond direction.

INTRODUCTION

The study of the relationship between the structures of coor=-
dination compounds and the course of their thermal decompoaition
is frequently reduced to a comparison of the static structure
data of the relevant compounds with the parameters of their ther-
mal decomposition. However, the thermally induced bond splitting
should be connected with the vibrational prbperties of the split
bond. From all structure data, these properties are best reflec-
ted by the atomic anisotropic thermal factors, Uy (pmz). It was
already shown that the values of activation energies (E*) of decom-
position reactions of some Cu(II) complexes increase with decreas-
ing values of anisotropic thermal factors of split ligand donor
atom (ref,l). When comparing the E® values with those of "thermal
movement" (ref.2) of the whole split bond Cu - ligend, even a bet-
ter coincidence was found (ref.l). The thermal movement of a bond
is defined by the equation

avd, = (U, (L) - ugcan?
where L is the donor atom of the split-off ligand (ref.2).

In this paper the results concerning the kinetics of thermal
decomposition of complexes M%MII[Cu(NOZ)é] are presented. The
crystal structures of these complexes have been solved very pre-
cisely for cases ul = K, ull = Ca, Sr and Ba (type 1), and for
ull = pb, M = x, Rb, Cs and T1 (type 2) (ref. in Table 1 and 2.)
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Due to the plasticity of the Cu(II) coordination sphere (ref.3),
the coordination polyhedra [bu(N02)6]4' are differently distorted
in the presence of different counter ions. The deformation is
static for the complexes of type 1 and dynamie for those of type

2 (ref.4). Complexes, containing Pbil (type 2) are called
*"fluxional" (ref.5) and when heated they change their structures
(ref.6). It was of interest to find out, whether the mentioned
relationship between the E* values and those of AU%i will also
hold at these complexes,

EXPERIMENTAL PART

The thermo- analytical results were obtained on the series of
isostructural complexes M%MII[Cu(NOZ)G] with known crystal struc-
tures. All studied complexes were prepared according to described
procedures and their composition was checked analytically. The
thermogravimetric curves were gained with a Perkin-Elmer thermo-
balance TGS-1, on the samples previously finely powdered and
sieved to a mesh size of 0.05. Activation energy values were ob-
tained according to the Coats - Redfern method (ref.?7), using the
least squares procedure.

RESULTS AND DISCUSSION

The stoichiometry of thermal decomposition for the complexes
M%MII[Cu(NOZJS] is complicated and all six Cu - NO, bonds are
split in the first step of their decomposition (ref.8). The activ-
ation energies, found for this step were therefore compared with
the bond lengths Cu - N as well as with the Augi values in the
bond directions. For the complexes of type 1 (Table 1) the lowest
activation energy was found for the decomposition of
K2Ca[Cu(N02)6]. In this compound the interatomic distances Cu - N
are the longest, and the AUi values are the highest (ref.9). The
highest E* value was found for decomposition of Kzsr[Cu(Noz)G]
having the shortest Cu - N bonds and the lowest AU jj Values in
Cu - N bond directions (ref.l0). The relatively small differences
between the Cu ~ N bond lengths and [kU% values of the compounds
with M1 = Sr and Ba (ref.11) are reflected also in small diffe-
rences between the E* values of their thermal decomposition.

Complexes of type 2, when heated, undergo phase transitions
from orthorhombic /3- to cubic X-forms at different temperatures
(ref.6)., However, at the decomposition temperature, they are all
present in cubic form with regular octahedral structure of anion -
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TABLE 1
Some structure data for KZMII[Cu(NOZ)al complexes and the E¥
values of the first step of their thermal decomposition

uII Caa) sp?) Bac)

r(Cu - Np)* 205.0 204.1 203.8

r(Cu = Ny) 231.3 231.0 251.1

r(Cu - Ng) 205.2 202.9 204.8

AUd; (cu - Ny 4.1 4.0 2.5

Aud (cu - Ng) 5.8 5.8 4.3

avd,ccu - N)) 6.6 3.0 5.9

E* , kJ mo1”}l 1002%s 130 ¥ 3 124 ¥ 3
R

all data in pm; structure data from a) ref.9, b) ref,l10,
c) ref.ll

[Cu(N02)6]4'. It is therefore comprehensible that the previously
discussed interdependence between the E® and AU?i values was for
these complexes valid only when the high temperature OlL-form
structure data were compared (Table 2). A8 in other, former in-
vestigated cases (ref.l), no dependence between the bond lengths
Cu - N and E* values was found for type 2 complexes. This result

TABLE 2
Some structure data for the C&-M%Pb[pu(NOz)GJ and the E¥ values
of the first step of their thermal decomposition

ul r(Cu - N), pm [&Ufi, pm E®, kJ mo1~t
k&) 211.8 14.4 100 ¥ 3
Rb - - 117 ¥ 2
ceP) 217.4 5.6 118 £ 3
71¢) 211.8 12.6 109.% 1

Structure data from a) ref.12, b) ref.13, c¢) ref.l4
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can be considered as further evidence for the conception of near
connection between the thermal decomposition of coordination
compounds and the dynamic properties of their crystal structures.

However, the relationship presented holds only when differences
in the composition and structure of studied complexes are not too
expressive, This is quite understendable, when taking into account
the number of factors, influencing the numerical values of activ-
ation energies, Moreover, the atomic anisotropic thermal factors
are the most unprecisely determined structure data and they can
be seriously considered only when the structure was solved with
very high precision.

Nevertheless, it can be stated that in the series of isostruc-
tural complexes with analoguous composition the values of activ-
ation energies increase with decreasing thermal movement of the
eplit bond.
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