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Abstract

This review aims at justifying the relationship between the room-temperature structures of transition-metal complexes and
their thermal stabilities. The different factors affecting the thermal stability were also clarified. The survey of a larger number
of transition-metal complexes showed various correlations of thermal stability with metal ion, ligand character or counterion.
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1. Introduction

The measurement of the thermal stability of solid
complex compounds is usually carried out by the
estimation of the heat of reaction from the metal salts
with the ligands. Experimental investigations of the
thermal stability of complex compounds, as well
known, go back to caloric measurements of Ephraim
and Biltz [1] at the beginning of the twentieth century.
The reaction enthalpy of hydrates from this measure-
ments allowed a good evaluation of thermal stability.
The thermochemistry of complex compounds has
been mainly created by Klemm [2], Spacu [3] and
Heiber [4]. These studies have been essentially com-
pleted by the investigations of Jatzimirski [5] with the
publication of a monograph in 1951 summarizing his
presentations of the thermal stability of complex
compounds.

Nowadays, the thermal analysis techniques (DTA,
TGA, DSC.,. ..) play an important role in studying the
structure and properties of metal complexes. Liptay
[6] reports about the frequency of thermo-analytical
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investigation during the period 1975-1987. The com-
pounds studied are most often inorganic and coordi-
nation compounds. between 15-20% of the
contributions in the Journal of Thermal Analysis in
the last decade referred to the thermal behaviour of
coordination compounds. Numerous transition-metal
complexes are of special interest in industry, medicine
and biology, e.g. the electrical and thermochromic
properties, antioxidation, vulcanization acceleration,
protecting paintings, catalyses and antibacterial prop-
erties. Up till now a number of solid-state reactions of
coordination compounds (such as thermal isomeriza-
tion, conformational changes, polymorphic transfor-
mations, thermal phase transitions, thermochromism)
were studied and increasingly enter into the scientific
basis of coordination chemistry [7-12]. The above
uses and reactions are related to room temperature
structures of the compounds as well as their thermal
stability. So, a clear picture should be given on
the nature of interrelation between structure and
thermal stability. The different factors affecting the
thermal stability of transition-metal complexes
(with homogenous as well as with heterogenous
coordination sphere) should also be discussed. These
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two points represent the major aim of the present
review.

2. Ammino-metal complexes

Wendlandt et al. studied the thermal decomposition
of a large number of transition-metal-ammine com-
plexes during the period (1960-1964). Numerous
results were extracted form that type of study on
complexes with homogenous or heterogenous coordi-
nation spheres. They studied complexes of the type
[Co(NH3)5Y]X5, where X and Y are CI, Br and I [13];
[PA(NH5)4]X5, where X is Cl, Br, I, NO5; [14] and
[Cu(NH3)6]X5, where X is CI, Br and I [15]. The
complexes of cobalt(Il and III), platinum(Il and IV)
and chromium (III) containing ammonia in the coor-
dination sphere and nitrate or chloride ions in the
ionization sphere were also investigated [16—19]. The
results indicate that the complexes of cobalt(IIl) and
copper(Il) decomposed in a single step to give a
residue of the type MX,. The investigation of the
thermal stabilities led to the following points

For cobalt(Ill) and copper(Il) complexes, the
thermal-stability order is:

(i) chloro- (150°C)>bromo- (100°C) iodo- (50°C)
(i1) The cobalt(IIl) complexes with two ionizable
chloride ions and one halide ion (CI, Br or I) in the
inner sphere follow the thermal stability order:
chloride (150°C)>bromide (110°C)>iodide (50°C).
(iii) The cobalt(IIl) complexes with two ionizable
halide ions (Cl, Br, I) and one chloride ion in the
inner sphere follow the order: chloride
(150°C)>bromide (138°C)>iodide (40°C). It is
seen that the complexes containing iodine, either
in coordination or ionic spheres, were certainly the
least stable. This was perhaps due to the ease of
oxidation of iodide ion into free iodine. For
palladium(II) and platinum(Il) complexes, the
decomposition reaction occurs in a two-step
(except for nitrate) deamination reaction as
indicated from DTA and TGA curves. The peak
maxima temperatures for the first deamination
reaction increased in the order: iodide
(110°C)<bromide (150°C)<chloride (180°C). The
nitrate complex decomposed in a single step,
giving only one exothermic DTA peak at ca.

245°C. This behaviour was similar to that of
cobalt(Il) [17,18], chromium(III) [19] and platinu-
m(Il) and (IV) [16]; and may be attributable to the
oxidation effect of nitrate as a result of its
decomposition.

3. Aliphatic diamine metal complexes

The thermal stability of mono-bis-and tris-(ethyl-
enedioamine (en)) bis-(1,2-propanediamine (pn)) and
bis-(1,3-propanediamine (tm)) of copper(Il)sulphate
was studied by TGA, DTA, GE and high-temperature
reflectance spectroscopy [20]. In general, the relation-
ship between the minimum weight-loss temperature
(thermal stability) and the coordinated amine ligand
for a number of complexes is given in Fig. 1. It can be
seen that the thermal stability of the complexes
decreased with change in ligand in the order:
en>pn>tm. This relationship appears to be a general
one for a number of complexes containing copper(Il),
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Fig. 1. Relationship between thermal stability and the coordinated
amine ligand of some metal complexes: 1, [Cu(amine),;]SOy; 2,
[Co(amine),CO5]Cl; 3, [Co(amine)3]Cls; 4, [Pt(amine);]Bry; and 5,
[Pt(amine)3]Cly.
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cobalt(Ill) and platinum(IV) as central metal ions.
This behaviour of thermal stability can be attributed
to the chelate ring size and the steric factor of
methyl group (in the case of pn-complexes). For
copper-en complexes, the stability follows the order:
[Cu(en)(H,0),]SO,4 (200°C)<[Cu(en),]SO4 (280°C)
<[Cu(en)3]SO,4 (>300°C). This order is attributable
to the number of chelate rings around the central metal
ion. The studies also showed that the counteranions
have a pronounced effect on the thermal stability
[21,22,16].

The thermal behaviour of octahedral [NiL,(NC-
Se),]-2H,0 [L=piperazine (pipz) or N-methyl piper-
azine (N-Me pipz)] complexes was studied [23]. The
order of stability with respect to the DTA peak tem-
perature is pipz>N-Me pipz. It is seen that, although
N-alkylation increases the basicity of the cyclic
ligand, the stability decreases due to the steric effect
of methyl group [24,25].

4. Aromatic amine-metal complexes

Bowman and Rogers [26] and House et al., [27,28]
have determined the correlation between the stability
and ligand basicity of various transition-metal com-
plexes with pyridine and substituted pyridines. The
steric factors were also considered. The results
showed that the thermal stability increases with the
ligand basicity and the steric effect influenced stability
in a predictable manner, i.e. when methyl groups
blocked the coordination position, the stability
decreased. To clarify this point, thermal decomposi-
tions of bis (dibenzoyl-methanato)oxovanadium(I'V)
complex with pyridine (PY), 3-methylpyridine
(3-MP), 4-methylpyridine (4-MP), 3,5-dimethylpyri-
dine (3,5-DMP), 3-amino-pyridine (3-AP) and 4-ami-
nopyridine (4-AP) were considered [29]. A linear
relationship existed between PKy (basicity constant
of ligand towards the proton) values of the bases and
the temperature for the decomposition, except for the
complexes obtained with (4-AP) and (4-MP). These
complexes are less stable than expected from the
basicity of the ligands. These observations were dis-
cussed in terms of the nature of the metal-ligand bond.
The greater the basicity the higher temperature to
produce the loss of the ligand. The order of decreasing
base strength is 4-AP>3-AP>3,5-DAP>3-MP>PY.

The pronounced effect of methyl and amino-groups
in the 4-position on the stability cannot be reflected by
the basicity of the ligand, and can be due to the
existence of resonating structures which lower the
tendency to form metal-ligand m-bonds.

Recently, the effect of bonding mode of water (in
inner or outer sphere) on the thermal stability of 2,2'-
dipyridyl and 4,4'-dipyridyl complexes with rare-earth
elements has been studied [30]. It is seen that the
dissociation process proceeds via dehydration fol-
lowed by deamination. In spite of the different struc-
tures of 2-dipy and 4-dipy complexes their
decomposition proceeds in a similar way, and the
thermal stability of different types of hydrated com-
plexes is similar.

Thermal investigation of different nickel(Il) com-
plexes with methylamine (MA), diethanolamine
(DEA), 2,2'-dipyridyl (dipy) and 1,10-phenanthroline
(phen) was carried out [31]. The decomposition pro-
cesses proceed via the successive loss of the ligands
due to the rupture of M-N bond. The thermal stability
follows the order: DEA>MA>dipy>phen. Also, the
bromide complexes display a lower stability a lower
stability than the corresponding chloride ones. This
stability behaviour is attributed to the steric factor
contribution in the coordination sphere.

Allan et al. [32-38] have produced a series of papers
describing the thermal stability, in air, of different
complexes of various metals. The metals include
cobalt, nickel, copper and manganese, while the
ligands include 7,8-benzoquinoline, anthranilamide,
4-aminobenzylhydrazide, 2,6-diaminopyridine, 4,7-
phenanthroline, 1,10-phenanthroline, 2,3-bis (2-pyri-
dyl) pyrazine, 2,2-bis(acrylamido) acetic acid, m-
toluidine, nonylamine, poly-(acrylic acid) and
2-butoxy pyridine. Two patterns of behaviour can
generally be discerned, one in which the chloro-com-
plex with the metal either exothermically decomposes
directly to the oxide or endothermically decomposes
to the metal chloride followed by an exothermic
conversion to the oxide. In an nitrogen atmosphere,
the decomposition reactions gave the powdered metal
as the final product. This provides an excellent method
of obtaining powdered metals of high reactivity. Allan
[39] also provided a review on that topic.

Donia et al. [40,41] reported the thermal behaviour
of divalent metal (cobalt, nickel and copper) com-
plexes with some aromatic diamines (2,3-, 1,8- and
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Scheme 1.

1,5-diaminonaphthalene). The thermal stabilities were
discussed in terms of chelate ring size, counter anions
and angle strain.

Donia and El-Boraey [42] also studied the thermal
behaviour and decomposition pathways of cobalt(Il),
nickel(I) and copper(Il) with 8-aminoquinoline. The
thermal stabilities were discussed in terms of
ionic radii, crystal-field splitting energy and steric
hindrance. The effective role of the counterions
(CI” and NOj3) on the decomposition temperatures
and the final products were also clarified. The results
indicate that:

(i) The nitrato complexes gave the metal oxide at a
lower temperature than the corresponding chloro
ones. This was attributed to the oxidation effect of
the nitrate ion.

(i1) The octahedral nitrato complexes have higher
thermal stabilities than the corresponding chloro
complexes. This may be explained by the distribu-
tion of the ligands around the metal (Scheme 1).
(iii) For the isostructural nitrato complexes, the
order of the thermal stabilities is: Ni>Cu>Co.

5. Oxalato—, succinato—, malonato— and
dithiooxalato-metal complexes

The relative thermal stability of CuC,04-1/3H,0
and Co C,042H,O with polymeric structure was
discussed by Donia and Dollimore [43]. The study
indicates that the rupture of C—O bond is the first step
in the decomposition reaction. The lower thermal
stability of copper (220°C) than that of the cobalt

complex (290°C) could be attributed to the higher
electronegativity of copper, which results in a strong
Cu-0 bond and a weak C-O bond.

The thermal investigation of transition-metal—oxa-
lato, transition-metal-malonato and transition-metal—
succinato complexes having ammonium ion (NH}) or
(Li") ion outside the coordination sphere has been
carried out. The complexes are of the type
(NHy)4[ML3]-nH,O [44] or Liy[ML3]-nH,0[45],
where M=Mn(II), Fe(II), Co(I), Ni(Il) and Cu(I)
[46], L=oxalate, malonate and succinate ligands and
n=1-7. The results inferred are that the thermal
stability decreased approximately with increase of
standard potential of the central metal ion. It is also
found that, for (NH3)4[FeL;]-nH,O, the decomposi-
tion peak temperatures with different ligands follow
the order: succinato>oxalato>malonato.

Donia [47] also studied the effect of atmosphere
(dynamic air/N,) on the thermal decomposition of the
coprecipitates AgoMC,0,4),-nH,0 (M=Co*", Ni*™,
Cu®" or Zn*"). He found that the atmosphere of
decomposition plays a significant role upon the nature
of decomposition as well as the type of thermopro-
ducts and their thermal stability.

The thermochemistry of 1,2-dithiooxalato—S,S’-
complexes has recently been studied by Roman et
al. [48-51]. The data indicate that the surrounding
atmosphere significantly influences the course of the
decomposition as well as the final products. In an
oxidative atmosphere, a mixture of nickel(ILIII) oxide
and sulphide, palladium(II) oxide and metallic plati-
num were obtained, whereas in an inert atmosphere,
nickel(Il) and palladium(Il) sulphides and platinum
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(0) were identified as final products. The thermal
stability of the complexes depends on their structures
and the atmosphere used.

6. Schiff’s base-metal complexes

The thermal investigation of polymeric Schiff’s
base complexes of 1,4-bis (2'-hydroxyphenylazo-
methine) phenylene (Scheme 2) with metal ions
Ti(Ill), Cr(II), Fe(Ill), Mn(I), Ni(II) and Cu(Il)
was reported [52]. The thermograms indicate that
the polychelates decompose in two stages and the
rate of degradation in the first stage is rapid compared
to the second stage. Moreover, the thermal stabilities
of polycoordinates are in the order: Ni>Cu>Mn>Cr>
Ti>Fe, and the decomposition was completed at ca.
750°C in all chelates.

Mohapatra et al. [53]. studied the thermal decom-
position of cobalt(IIl), complexes with hexadentate
dioxime Schiff bases (shown below). The studied
complexes were of the type Co(HL)X, [where X=Br,
I, NOs] and H,L=H,L' or H,L2.

R=R" =Me

(H,LY
R=Me,R =Ph  (H,LH

The complexes were thermally quite stable up to
200°C, beyond which the ligand begins to decompose
slowly and lose ligands in discrete steps. The thermal
stability follows the relative order: iodide>bromide>
nitrate.

(n

X =0Ac,n=3;, 2. X=SCN,n=0;
3X=Cl, n=0,4X=Br, n=0
S X =1, n=20

1:
3

191

HO

OH

Scheme 2.

On the order hand, the complexes of ligand (H,L"
showed a higher thermal stability than those of (H,L?).
This behaviour can be explained by the steric effect of
the phenyl group and the oxidation effect of the nitrate
ion [14].

The degradation of Co(II), Ni(II) and Cu(Il) com-
plexes with Schiff base derivatives of 1H-indole-3-
ethylenesalicyladimine (sal TPA) (Scheme 3) was
reported [54].

The study established the relationships between
thermal stability, metal coordination and position of
the functional groups (3-methoxy, 5-methoxy or 5-
bromide). Considering the same metal ion, the order of
thermal stability is: 3-MeOsal TPA<sal TPA<5-MeO-
sal TPA<5-Bromosal TPA. The sequence found may
be explained by the larger steric hindrance of —-OCHj;
in position-3 because of the greater proximity of this
group to the chelate ring. For the same ligand, the
stability order is: Cu<Co~Ni. The higher thermal
stability of nickel and cobalt is attributed to the type
of ligand, which favours planar coordination around
the metal. Moreover, in both metals, the trans-planar
chromphore MO, Nj is less distorted than in the copper
complexes.

Donia et al. [55,56] studied the thermal decomposi-
tion of two series of square pyramidal manganese(III)
complexes with Schiff bases derived from o-phenyl-
enediamine (I) and ethylenediamine (II).

X
S0
P nH-0
N N 2
(11)
X=ClLn=25 2. X=Br, n=25;
X=1, n=4 4 x=SCN, n=2
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=3 or 5—OCH3 , 5-Br

Scheme 3.

The study revealed that, for series (I), the decom-
position reaction begins with the scission of axial
anions (M—X bond), and the thermal stability follows
the order: OAc<SCN<CI<Br<I. This order of stability
was correlated to the electronegativities () of the
axial donor atoms (Fig. 2).
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Fig. 2. A plot of the initial decomposition temperatures and
electronegativities () of the axial donor atoms.
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Fig. 3. Correlation between desolvation temperatures and hardness
of the axial anions.

This type of correlation was not found in series (II),
indicating that the rupture of the axial (M—X) bond is
not the first step of the decomposition reaction.
Instead, the rupture of the five-membered chelate ring
is the first step. Moreover, the complexes of series (II)
decompose during the desolvation process, and a
correlation was obtained between the initial tempera-
ture of desolvation and the hardness of the axial anions
(Fig. 3). This indicates that the water of crystallization
plays an effective role in the lattice forces through the
hydrogen bonding with the axial anions.

The thermal stability of di-pu-oxo-bridged binu-
clear(1) and tetranuclear (2,3) manganese(IV)-
Schiff’s base complexes was also investigated by us
[57].

. 2DMF
(CHp),  (CH3), (CHZ) (CHz)
\ //\

n= 3, complex (2)
n=4, complex(3)
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The results indicated that the exothermic scission of
di-p-oxo four-membered ring is the first step in the
decomposition reaction. The dimeric complex (1)
displays a lower thermal stability (176°C) compared
to the tetrameric complexes (2) and (3) (200°C). This
difference in the thermal stability could be explained
in terms of structural and conformational factors.
Thus, the [(di-p-0x0)Mn,] core, being a four-mem-
bered ring, is subjected to torsional strain; this strain is
partially relieved by folding the ring in (2) and (3), but
in the case of complex (1) the greater number of six-
membered chelate rings around the same core ham-
pers this folding and, therefore, gives a lower stability.
The results of thermal stability also throw some light
on the ESR inactivity of complex (1).

The thermal behaviour of copper(Il), iron(Il) and
iron(Il1) with 1-(2’-hydroxybenzyl)-(2’-hydroxyphe-
nyl)-benzimidazole(HBHPB) was reported [58]. The
order of thermal stability for copper is: chloride>ni-
trate>sulphate>acetate, whereas in the case of iron the
order is: acetate>nitrate>chloride>sulphate.

The thermal stability of some rare-earth-salicylal-
dehydre-f-alanine Schiff bases was reported [59]. The
complexes are thermally stable up to 128-173°C. The
decomposition proceeds via the rupture of C-N single
bond to give oxy-or dioxy-metal carbonate
[LuO(CO3), or LnO,CO;5], except with CelL; and
GdL; complexes, which gave CeO, and Gd,Os;,
respectively.

7. Mixed ligand-metal complexes

The thermal stability of [Co(DH),Am;]X, where
DH=dimethylglyoxime, Am=o -, m- or p-halogen-
ato-aniline and X=CI", Br, I” or SCN™ was studied
by thermogravimetric analysis (TGA) [60]. The first
stage of the thermal decomposition reaction was a
substitution reaction with the formation of a none-
lectrolytic intermediate [Co(DH),AmX]. The data
revealed that the order of the stability was:
Cl">Br >I">SCN" for the same coordinated amine.
The observed decrease in the decomposition tempera-
ture was explained in terms of nucleophilic power of
the attacking agent (electron-donor constants:
Cl =1.24, Br =1.51, SCN"=1.83 and I =2.00).
The only apparent exception is the SCN™, but as it
is capable of giving m-bonding with cobalt, which
stabilizes the activated intermediate.

The study of thermal stability of mixed ligand
lanthanide (Ln3+:Dy, Sm, Ho, Yb) complexes invol-
ving cyclopentadienyl (CP) and two different classical
chelate ligands (trifluoroacetato and either 8-quinoli-
nolato or o-amino-phenolato), with general formula
CPLnLL' was reported [61]. The result of decomposi-
tion temperatures and MS data gave the following
order of stability: CP Yb LL'>CP Ho LL'>CP DY
LL'>CP Sm LL'. This order may be attributable to the
lanthanide contraction, which results in strong ligand
(anionic)-metal (cationic) interaction. Moreover,
according to the concept of correlation of stability
with steric saturation [62,63], the above order also
may be a consequence of greater saturation around the
smaller metal centre. In addition, the 8-quinolinolato
complexes have relatively higher decomposition and
disproportionation temperatures than the correspond-
ing o-aminophenolato complexes. This can be
explained by the strong complexing ability of the 8-
quinolinolato ligand and its larger steric volume com-
pared with those of o-aminophenolate ligand.

The thermal investigation of copper oxalate and its
mixed ligand complexes with different amines was
also reported [64]. The complexes of composition
CUC204'O.5H20, CUC204(NH3)2, CUC204(py),
CuC504(An),, CuC,04(en),, CuC,04(EtNH,), and
CuC,04(MeNH,),. The results indicate that the amine
molecules are lost at lower temperatures than in case
of oxalate decomposition, indicating that the Cu-N
bond is weaker than the Cu—O bond. This behaviour
led to the inference that the decomposition tempera-
ture is influenced by the axial base, i.e. amines. The
pyridine (py) complex showed different thermal beha-
viour from the other amine complexes. The amines
form complexes through the donation of a nitrogen
lone pair of electrons to the metal, whereas in the case
of pyridine the nitrogen atom is incorporated into a
conjugated ring system, and therefore, acts as a
m-acceptor (through a delocalized orbital) as well as
a donor ligand, indicating a higher interaction of
pyridine moiety, and, thereby, decomposing in
different way from the other amine members.

Ludwing et al. [65] studied the thermal behaviour of
the mixed ligand complexes of the type CoD,l,, where
D=acetylacetone or benzoylacetone; I=imidazole or
pyrazole. In the case of acetylacetone, the first step is
the split of acetylacetone moiety, whereas for benzoyl-
acetone the decomposition starts with the partial
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elimination of heterocyclic ligands. This indicates the
strong interacting nature of benzoylacetone compared
to acetylacetone. The data showed that the split of
acetylacetone proceeds via proton transfer from the
heterocyclic compound to the diketone to give the
polymeric bis-imidazolato or bis-pyrazolato Co(Il)
complex as a stable intermediates, which decompose
completely at higher temperatures. The coordination
polymer bis-imidazolato-cobalt(I) shows signifi-
cantly higher thermal stability than the corresponding
bis-pyrazolato compound.

The thermal stability of transition-metal complexes
[ML/(B)]CI, where M=pd(II) or Ni(Il), B=pyridine,
NH,Et or NHEt,, L’'=methyl-2-(3-amino-ethyl-
amino)-cyclopenta-1-enedithiocarboxylate), was in-
vestigated by DTA and TGA [66]. The heats of
dissociation (AH) for the reaction

[PAL'(B)]C1 — [PAL'CI] + B

have been compared with the analogous
nickel(II) complexes. The results indicate that, in
all cases, the nickel complexes are more stable. This
would mean relatively greater bond strength of
Ni-B.

8. Transition-metal-containing polymers

Nowdays, great attention is being paid to the
chemical modification of polymers and their bulk
properties (thermal stability, electrical conductivity,
dielectricity, catalytic action, etc.) by metal-ion load-
ing [67-72]. The collected data indicated that, in
general, the bulk properties depend on the nature of
3d-metal centre, and, in all cases, the metal-loaded
polymers exhibit appreciable improvement in thermal
stability.

9. Miscellaneous transition-metal
complexes

9.1. Oxime— and pyridine—transition-metal
complexes

Lipaty et al.[73] investigated the relationship
between the thermal and equilibrium stabilities of
some transition-metal complexes. To examine this

relationship, they studied two types of Mn(II), Co(ID),
Ni(II), and Cu(Il) complexes.

(i) The mixed pyridine—thiocyanate complexes to
study the cleavage of coordinative bond.

(ii) Bidentale oxime complexes to study the
cleavage of the chelate ring.

Mn(II), Co(II) and Ni(II) form distorted octahedral
mixed-ligand complexes with pyridine and thiocya-
nate [MPy4(SCN),], whilst copper(Il) forms a com-
plex with composition [CuPy,(SCN),], presumably of
tetrahedral symmetry. Manganese(II) and nickel(II)
complexes liberate on heating the four pyridine
ligands in two steps, while the decomposition of
cobalt(Il) complex presents three distinctly separated
processes. Copper(II) complex liberates the two pyr-
idine ligands in a single step. The thermal decomposi-
tion of the oxime chelates suddenly starts at a certain
temperature. The octahedral complexes liberate their
first two pyridine ligands in the order of increasing
thermal stabilities of the complexes. According to the
stability series given by Irving and Williams [74], the
stability of these complexes of increase in the order:
Ni>Co>>Mn. The copper complex does not fit into this
order, presumably due to its different way of decom-
position. The results also showed that the thermal
stability of those complexes increases with increasing
equilibrium constants. This behaviour is due to the fact
that the bond between the central metal ion and the
nitrogen donor atom of pyridine is the first to be
ruptured upon the action of heating. Thus, the increase
in strength of this bond (which corresponds to an
increase in the stability constant of the complex) will
obviously bring an increase in the thermal stability.
For the chelate complexes, it can be seen that the
initial temperature of decomposition decreases with
an increase of the equilibrium stability constant
(Table 1) in the systems of complexes formed by
the same ligand with various metals.

The increase of the strength of the coordinative
metal-donor atom bond thus results in a decrease of
the thermal stability of the complex. This phenomenon
may be explained by the fact that thermal decomposi-
tion in the system investigated does not begin the
coordinative bond, but by the cleavage of another bond
in the chelate ring. An increase in the strength of the
coordinative bond (a stronger coordination of the free
electron pair of the donor atom to the central metal
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Table 1

The initial temperatures of thermal decomposition of a few transition-metal-oxime chelates, and their overall stability constants

Complex Initial decomposition log3, Medium of equilibrium
temperature/°C measurements/(% dioxane)

Copper(II) salicylaldoxime 170 21.5 75

Iron(II) salicylaldoxime 190 16.7 75

Nickel(IT) salicylaldoxime 240 14.3 75

Nickel(IT) nitrosalicylaldoxime 185 13.8 75

Iron(II) nitrosalicylaldoxime 260 12.5 75

Copper(II) dimethylglyoxime 160 23.5 50

Nickel(IT) dimethylglyoxime 290 21.7 50

Copper(II) nioxime 130 25.7 50

Nickel(IT) nioxime 240 22.46 50

Copper(Il) furyldioxime 190 18.6 75

Nickel(IT) furlydioxime 210 14.1 75

atom) results in a weakening of that of the chelate ring,
which is first ruptured upon heating. These observa-
tions indicate the role of the nature and structure of the
ligand and, consequently, the structure of the complex
is considerably greater in the determination of the
thermal stability of the chelate complexes than the
effect of the strength of the coordinative bond.

9.2. Oxine-metal complexes

The thermal stability of metal chelates of oxine was
investigated by different authors [75-79,73]. The
thermal decomposition of 8-hydroxyquinoline metal
[Co(II), Ni(II) and Mn(II)] complexes, for example,
proceeds in two stages: the first step is dehydration,
whereas the second step is the loss of 8-hydroxyquino-
line. The initial decomposition temperatures of the
complexes as obtained from DTA and TGA analyses
indicated the following order of stability: Co>Ni>Mn.
The temperatures of the oxide formation increases
periodically with increasing the atomic number.

9.3. Mono- and dimethylthiourea—metal complexes

The thermal decomposition of methyl and
dimethylthiourea of serval transition metals was stu-
died by thermogravimetric analysis in air and vacuum,
and the stability relations established [80]. In vacuum,

the Mn, Fe and Co complexes of dimethylthiourea
(DMTU) exhibit an order of stability in agreement
with the Irving—Williams series. The unusually low
decomposition temperature of nickel is associated
with a different stoichiometry. Chromium involves a
different oxidation state and exhibits a very long
decomposition range. The decomposition in air pro-
ceeds in two steps rather than the one step observed in
vacuum. The decomposition in air also begins at a
higher temperature.

9.4. Embelin—metal complexes

Embelin [2,5-dihydroxy-3-undecyl-2,5-cyclohexa-
diene-1,4-dione) is an orange pigment isolated from
the berries of the Indian Shrub Embelia ribes, and has
a great medicinal importance.

0

OH
HO CHQIOCH3

Embelin (0

The thermal behaviour of some of its transition-metal
complexes was studied [81]. The complexes follow
the stability sequence Ni>Mn>Cu.
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Table 2
Binding energy (BE), energy gap (AE), charge density on the metal atom and DTA decomposition temperature for complexes
Compound BE/(eV) AE of dy_y — mg_y/eV Charge density on DTA

calc. (found) * the metal ion Tgecomp!"C
CoL, 4.619 0.631 (0.625) +0.967 250
NiL, 4.148 0.217 (0.15) +0.982 240
CuL, 2.176 1.907 (very low conductivity) +0.909 210

9.5. Copper(Il)-3,5-diisopropylsalicylate hydrate
[Cu(DIPS),]-XH,O

The thermal decomposition of [Cu(DIPS),]-XH,O
[X=3 or 4] was followed up by TGA, DTA and IR-gas
phase analyzer [82]. The results showed that the
complex melts at 115°C, followed by release of iso-
propyl alcohol (C;H;OH) to yield copper salicylate
through two endothermic processes at 130° and
210°C. Subsequently, the copper salicylate released
phenol, CO and CO, to give CuO as a final product at
250°C. The decomposition reaction is not initiated by
the scission of the coordinate bond (M—-L), but by
cleavage of another bond in the chelate ring, which has
been weakened on M-L bond formation. This beha-
viour is in conformity with the decomposition beha-
viour of salicylate metal complexes and related
compounds [83,84].

9.6. Rare-earth complexes with acidic
ligands

The thermal behaviour of rare earths (Y, La-Lu)
with different acidic ligands as heptanedioic acid [85],
0-, m- or p-chlorobenzoic acids [86-88], 2,4-dichlor-
obenzoic acid [89] and 2,5-dichlorobenzoic acid [90]
was recently investigated. For the heptanedioic acid
complexes, with the composition Lu(C;H;9O4)3-
nH,O (n=8, 12 or 16) the thermal stability was
discussed in terms of the nature of interaction of water
of crystallization. Chiefly, the heavy lanthanide indi-
cates a very wide range thermal stability. Whilst light
lanthanide indicate A narrower range of stability. The
chlorobenzoate complexes decomposed to give the
oxides through intermediate formation of LnOCI,
except Ce(II) which directly decomposed to CeO,.
Comparing the temperature of oxide formation (7y), it
is possible to see that they change regularly with the
atomic number (Z) with the exception of CeO,.

9.7. Metformin-metal complexes

The thermal stabilities of Co(II), Ni(II) and Cu(II)
metformin complexes were investigated by means of
DTA. A correlation has been found between the
experimental data and the calculated values (Fig. 4
and Table 2) of bond energy and bond order [obtained
form atomic superposition and electron delocalization
molecular orbital (ASED-MO)]. The optimization of
the structures shows that the order of stability is
Co>Ni>Cu, which coincides with that obtained form
DTA results (Table 2) [91].

9.8. Alginate—metal complexes

The thermal behaviour of mono-, di-, tetra- and
hexavalent metal-alginate complexes was studied by
means of TGA, DTA, solid electrical conductivity
(EC) and FT-IR [92,93]. The study indicates that
the complexes are thermally stable and their thermo-
lysis proceeds via the formation of metal oxalates as
intermediates. The temperature range corresponding
to the main decomposition stage reveals that the
stabilities depend on the ionic size of metal ions.

10. Conclusion

1. The thermal decomposition of metal-ammine
complexes is a one- or two-step deamination
reaction (according to the type of metal ion). For
the same metal, the thermal stability of the
complexes depends mainly on the counter ions
in both inner and outer spheres. In general, the
iodo-containing complexes showed a lower ther-
mal stability due to the ease of oxidation of iodide
ion to free iodine.

2. On account of the simplicity of the structure
of the aliphatic diamine complexes, they can be
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Fig. 4. Structures for complexes with calculated bond orders.

considered as a model for studing the relation
between thermal stability and chelate ring size,
number of chelate rings and steric hindrance for
the same metal: en>Pn>tm; and for the same ligand
[Cu(en)(H,0),]S04<[Cu(en),]SO4<[Cu(en)3]SO,.
. The decomposition reaction of aromatic amine—
metal complexes begins with the scission of the
M-N bond. A correlation was found between the
thermal stability and the basicity of the ligand. The
steric effect of the substituent on the aromatic
amine moiety was also considered.

. The decomposition of oxalate complexes starts
with the rupture of the C—O bond, which affect

by the strength of the M—O bond. Thus, the thermal
stability depends on the nature of the M—O bond.

. For Schiff’s base complexes, the thermal stability

shows no steady behaviour, but it depends, to a
great extent, on the room-temperature structures.
However, some correlations were found between
the thermal stability and the counterions or the
substituents for the isostructural complexes.

. The thermal stability of mixed ligand complexes

depends mainly on the nature of weakly bonded
ligand as well as the decomposition reaction. For
the same mixed ligands, the stability is influenced
by the nature of metal ions; for example, the
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stability of a series of lanthanide complexes was
correlated with the lanthanide contraction.

7. The thermal stability of transition-metal-contain-
ing polymer depends on the type of the 3d metal
ion.

8. A correlation was found between the thermal sta-
bility and the equilibrium stability of some pyr-
idine-metal complexes.

9. The nature of interaction of the water of crystal-
lization plays a significant role on the thermal
stability of metal complexes.
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