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Abstract

Inclusion compounds are very interesting materials lor thermoanalytical investigations. Sta-
ble guest molecules arc packed in the cages, channels or layers in the host matrix, thermal disso-
ciation reactions are reversible and have the clear-cut stoichiometry. The clathrates with a matrix
of coordination compounds (of the type [MA,X,] nA) were synthesized (M=transition mctals; A=
Py, 4-MePy; X=NOQ,, NC§, NCO; n=0.67 or 1 or 2). Four Py or MePy molecules are tightly bound
in the coordination sphere by M~N bonds and others are confined in the matrix cavities by van der
Waals forces.

Processes of thermal dissociation of the clathrates were studied, Q-thermogravimetry (for
checking the stable intermediate phases) and the home-made gas-flow reactor (as EGA-device for
kinetic studies) were uscd. The compensation dependence (lgA,=aE+#) was observed for the
most of clathrates series, it was explained by the identity of the reaction mechanism.

Keywords: coordination compounds, inclusion compounds, kinetic lability, Q-thermo-
gravimetry, solid-state

Introduction

Such inclusion compounds as clathrates [ 1] are the important representative of
supramelecular systems. A big group of them are Werner clathrates on the base of
the matrix of coordination compounds [MA4X;]-nA [2] (usually A=molecules of
pyridine and its derivatives, M*=transition metal cations, X' =anion ligands). Four
pyridine (Py) or 4-methylpyridine (MePy} molecules are tightly bound in the coor-
dination sphere by M—N bonds and others are conlined in the matrix cavities by van
der Waals forces.

The thermal decomposition of these inclusion compounds are studied in lesser
degree than thermal transformation of the well-known matrix substances. As an ex-
ample there are some thoroughly performed works on the study of the thermal dis-
sociation of complexes [MPy,Xa] and [M(MePy),X,] [3-6].
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Experimental

In this work we summarize our data on studying thermal behaviour in four series,
cach series consists of isostructural clathrates with different metal in host complex
(references presented below are related Lo the clathrates preparation):

I [M(MePy)4(NCS);]-McPy (M=Fc, Co, Ni, Zn; MePy=4-methylpyridine) [7-10]
2 [M(McPy)4NCS}]-2/3MePy (M=Mn, Fe, Cu, Zn, Cd) |7, 10-13, 14]

3 [MPy{NCO),]-2Py (M=Mn, Fe, Co, Ni, Cu, Cd; Py=pyridine) [15]

4 [MPy(NO3),]-2Py (M=Co, Ni, Zn, Cd} [16-18].

Derivatograph Q-1500-D and Derivatograph-C (MOM, Hungary) were used for
the study of the step-wise character of thermal dissociation reactions [19]. Special
set of sample holders allows to run the experiment in quasi-isobaric cenditions; the
maintenance of the small and constant decomposition rate (0.3 mg min~!) creates
the temperature stabilization. For the reactions with easy reversibility it means the
quasi-cquitibrium conditions of the reaction, therefore the intermediatc compounds
are the thermodynamically stable phases. Sample mass was 150 mg, atmosphere:
static air.

Home-made gas-flowing reactor (with conductometric detector) was used as
EGA-device for the non-isothermal kinetic cxpcrimcnts 120] (sample mass was in
limits of several mg, the fraction of grains with size dmnbuu(m nad dmin<5, the rate
of helium flow through the sample was 60-120 cm® min™', the heating rate
5°C min™").

The recarded gas evolution curves (dovdt vs. T) were used lor kinetic analysis.
The experimental data were processed with computer programs TA 1B (by Sestak
and Skvara [21]). The selection of the kinetic equation was carried out by lincarity
of the function lgg{a) vs. /T (integral method); the scarch was made amongst
13 equaitons (describing nucleation, nuclei growth, diffusion and rcactions on the
interface of different dimension).

In all cases the rate controlling process was Lthe chemical rcaction on the inter-
race, d(l/‘dt:k(l—(x)m, in the beginning ol thenmal dissociation (0.0520=0.535, ap-
proximately) and the process of evolved gas diffusion through the preduct layer
formed on the grain surface (0.5520<0.95, approximately). The values of £ and A
were calculated from 5-6 cxperiments; the experimental errors were found with a
confidence level of 95% and as usual did not exceed 5~7%.

Results and discussion
Thermal dissociation under the quasi-equilibrium conditions

The [M(MePy),(NCS),1-McPy clathrates

Structurally, these clathrates refer to the class known as tetragonal B-phases
[22-23]. There are zigzag intersccting channcls in this structural type where gucst
species are located. The size and geometry of the channels make casy movement of
guest molecules possible through the structure. The Ni-clathrate is well studied; the
host matrix in this casc is kinctically quitc stable making the partial or complete
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guest removing possible. The empty matrix may be repeatedly refilled with a great
number of guest types of suitable size. Duc to these properties B-[Ni(MePy)a(NCS),]
matrix was referred (o as ‘organic zeolite’ [24].
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Fig. 1 Thermal decomposition of clathrates [

M(4-MePy)4(NCS)2]-n(4-Mch)_ Quasi-isother-
mal heating program (=0.3 mg min™"). Sample holders: 1 — plate-likc, 2 - open cruci-
ble, 3 — crucible with lid, 4 — conical type, 5 — labyrinth holder

The thermoanalytical data for the studied B-clathrates are shown in Fig. 1. For
the Ni-clathrate the {irst deccomposition step may be attributed to the guest escape
from the B-matrix without destruction of the matrix:

S Therm. Anal. Cal., 56, 1999



488 LOGVINENKO, SOLDATOV: DISSOCIATION OF CLATHRATES

B-[Ni(McPy)a(NCS),] MePy = B-[Ni(MePy),(NCS),]-xMcPy + (1-x)McPy T

while the second one occurs with formation of a non clathrate o form of the host
complex:

B-INi(MePy)(NCS)al *MePy = a-INi(MePy)(NCS)al + xMePyT

In spite of structural similarity, the Zn-clathrate reveals essentially different dis-
sociation mechanism decomposing (o bis(McPy)-complex in one slep:

B-[Zn{MePy)4(NCS),]-McPy = [Zn(MePy),(NCS),| + 3MePyT

This may be cxplained by the instability of the }Zn(MePy)},{NCS);] matrix by it
self, so as the respective complex does not exist as individual compound [10] (the
complex may exist only inside clathrate, due to ‘contact stabilization phenomenon’
[25--26]). Dissociation of the Co-compound represents an intermediate c¢ase, and
dissociation of Mg- and Fe-clathrates is more complicated. Thus, structural similar-
ity of the clathrates does not result in their similar dissociation behaviour.

The [M(MePy),(NCS),]-2/3McPy clathrates

These clathrates are also 1somorphous representing another, trigonal structural
type. This host matrix has isolated straight channels stretching along the ¢ crystal-
lographic axis. The channels are of special geometry, large parts containing two
guest molecules are connected with narrow isthmuses. If available, water {ills these
isthmuses to give structurally limited stoichiometry [M(MePy),(NCS),]-2/3McPy-
1/3H,0. This water is not critical for the clathrates stability or their other propertics
[7] and will be not lurther discussed. For this structural type, one hardly might ex-
pect guest moving through the channel without serious phase distortions. The ther-
mal curves arc similar qualitatively (Fig. 1). It is worth to say, that the stabilized
temperatures of the thermal dissociation under quasi-equilibrium (in labyrinth sam-
ple holder) are practically equal for the existed matrix complex and clathrate (for in-
stance, 163 and 165°C for Co-compounds, 140 and 140°C for Cd-compounds). So
the stability of these clathrates in the decomposition reaction depends mainly upon
the stability of the host complex matrix.

The [MPy(NCO),]-2Py clathrates

The compounds belong to the third, orthorhombic structural type [27]. Guest
pyridine species are located inside cages connected to each other to form straight
rectangular-prismatic channels streiching along the o crystallographic axis. Host
molecules have too little contacts to cach other. The series may be divided into two
qualitatively different groups (Fig. 2). In the Mn-, Fe-, Co- and Ni-systems host
complex forms as the first product of the clathrate dissocation; thermodynamic sta-
hility of both clathrate and host phases increase in this row. In the Cu- and Cd-sys-
tems only the guest molecules prevent the whole structure of collapsing. This results
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{MPy,(NCO)) 2Py or [NIPyy(NCO}] 2Py
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Fig. 2 Thermal decomposition of clathrates [MPy (NCQ},}-2Py. The processes with liquid

phasc formation arc marked with dashcs, The destinations arc in Fig. 1

in significant decreasing in the thermodynamic stability of the clathrates as com-
pared to the members of the first group.

The [MPy (NO;),]-2Py clathrates

The compounds also belong o the orthorhombic structural type. This serics rep-
resents an extreme case of host instability: for all four clathrates the respective host
complexes do not form as individual phases. This problem was carefully investigated
before by full determination of the Py—[M(Py}:(NOs);] phase diagrams (M=Zn
[17,26]; Cd [18, 26]) and/or by strain method (M=Co, Ni [16]; Zn [28]; Cd [18]). In
accordance to this, as Fig. 3 shows, the dissociation goes directly to high stable
tripyridine complexes with removing one of bonded pyridine along with guest ones,

Kinetic stability studies

The clathrates [M(4-McPy)y(NCS);}- 2/3(4-MePy) (M=Mn, Co, Cd, Cu) decomposc
instantancously to the complex [M(4-McPy),(NCS),] (or [Co(4-MePy)y(NCS)-], al-
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Fig. 3 Thermal decomposition of clathrates [MPy (NO,),] 2Py. The destinations are in Fig. 1

though the stable matrix complex exists for Mn-, Co- and Cd-systems
(M(NCS)a(scliar (4-MePy)iiguia). Such a matrix complex does not exist at all only for
Cu-system.

The kinetic paramclters in the series correlate with the Iength of the metal-li-
gand bonds in the coordination spheres within the clathrates (Le, n=2.51 A,
Legn=2.49 A, Lnvo-n=2.34 A). Therefore we can conclude that the kinetic stability of
these clathrates in the decomposition reaction depends mainly upon the stability of
the host complex matrix (enly partially modified by clathrates [ramework for Co,
Mn, Cd-compounds and created {or Cu-compound). The including guest molecules
are removed becavse of the matrix destruetion. The change in the length of the mel-
al-ligand bonds explains why [Mn(4-McPy),(NCS),] exists as a stable phase and
{Cu(4-McPy)4(NCS),] docs not. The analogy in reaction mechanism for all four
clathrates is supported by the existed compensation dependence (Fig. 4).
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Fig. 4 Kinctics of thermal dissociation of clathrates {M(4-MePy),(NCS),1-2/3(4-MePy)
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The clathrates [MPy(NCO,|- 2Py have different decomposition reactions:
[MPy(NCO)|-2Py — [MPy,(NCO),| + 2PyT (M=Co, Fe, Ni)
[MPy(NCO);|-2Py — [MPy4(NCO);] + 4Py T (M=Cu, Cd)

The analogy in reaction mechanism for Fe, Co and Ni compounds is supported
oo by the compensation dependence, and it is clear that Cu compound is not in-
cluded in the series (Fig. 5).
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Fig. 5 Kinetics of thermal dissociation of clathrates [MPy (NCQO),|-2Py

The replacement NCS-anion by NCO-anion incrcascs the kinctic stability both of
the clathrates, and matrix compounds, changes the composition and the stability of
the intermediate phases, although this does not result in the stabilization of Cu- and
Cd-complex matrix. The stability of the Fe-, Co- and Ni-clathrales is not connected
with the matrix stability by itself, the clathrates can decompose Lo the stable matrix.

The thermoanalytical study of inclusion compounds gives the possibility to in-
vestigate the step-wisc processcs of thermal dissocation, to recognize real interme-
diate phascs, to analyze quantitatively the kinetic stability of the clathrates (includ-
ing matrix compound stability), to discuss the possible mechanism of decomposi-
tion,
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