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A series of complexes of the type (C;F;)CoL,B with tetradentate ligands (L, =
acacen (N,N’-ethylene-bis acetylacetoneiminate dianion), mesalen (N,N’-ethylene-bis-7,
7’-dimethylsalicylideneiminate dianion); B = H,0, NH,,py,ba, pip, en and L, = dotH
(diacetylmonoximeiminodiacetyl-monoximateiminopropane-1,3 monoanion), B =
= Br, I, CN) has been studied, using TG and DTA methods to obtain information
concerning the decomposition mechanism and the influence of the ligands on the
thermal stabilities of cobalt-carbon and cobali-axial base bond.

The elimination of the axial base leads to the formation of pentacoordinate complexes
(CeF3)CoL, (when L, = acacen, mesalen) and their subsequent decomposition involves
cobalt-carbon bond rupture to form ColL,. In contrast, the latter reaction occurs first
when the tetradentate ligand is dotnH.

It has been observed that the stability of the cobalt-carbon bond is related to the
nature of the equatorial ligands, and decreases in the order: mesalen > acacen:> dotnH.

Many organometallic complexes of cobalt(III) with Schiff bases have been de-
scribed, and numerous data concerning their preparation, structure and chemical
behaviour are known [1, 2].

However, the thermal behaviour of this type of complex is almost unknown,
because systematic .thermal analysis has not been carried out and only qualitative
observations have been described.

As regards the several organic substituents used, the n-acceptor capacity or the
higher electronegativity of the group C¢F; leads to stabilization of the metal-car-
bon bond and the complexes containing this substituent can be more easily studied.

Following our work on organometallic complexes of the perfluoro organic
group C¢ls, we have recently described [3 — 5] complexes of the type (C¢F5)CoL,B,
L, being the tetradentate acacen and mesalen dianions or the dotnH monoanion,
and B a Lewis base. These complexes are all octahedral, with the tetradentate
ligand occupying the four equatorial positions and the base B and the C¢Fy group
situated in the two trans axial positions. They are particularly appropriate for the
study of simple processes such as the breaking of the cobalt-carbon and the cobalt-
axial base bonds, as the intermediate products are sufficiently stable to be observed.
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Experimental

The complexes were prepared by methods described earlier [3—5].

TG, DTG and DTA measurements were carried out in a Netzsch apparatus,
model 429, under the following experimental conditions: platinum/platinum-rho-
dium thermocouple, platinum holders, heating rate: 5 °/min, sample size: 50 mg
(120 mg for kinetic study), reference material: preheated alumina, atmosphere:
static air, oxygen (20 ml/min) or an inert atmosphere (N, 25 ml/min).

Intermediate decomposition products were isolated and identified by IR, melt-
ing point and analytical determinations.

Results
The thermal decomposition of the complexes (CF;)ColL,B takes place accord-
ing to the equations
a) (C¢F5)CoL,B — (C4F5)CoL, + B
b) (CgF5)CoL, » CoL, + 1/2 C,Fy,
¢) CoL,; — decomposition products not investigated.

Table 1 shows the reactions and characteristic temperatures for each complex.

Table 1

Reactions and corresponding temperature ranges observed in thermal decomposition
of (C,Fs)Colacacen) B. Inert atmosphere

a} b) c)
Base B — B — CoFs Decomposition of
endothermic endothermic Co(acacen)

— 160 170
H,O 108 120 160 1390
NH; 100 110 160 190

a,+ | b, 250 320

pyridine 160 180
piperidine 120 180
benzylamine 138 180
ethylenediamine 170 180

Complexes with acacen

When L, = acacen, the first step a) is only observed separately for complexes
with B = H,O and NH;. In both cases the loss of the axial base occurs between
100 and 120°, producing the pentacoordinate complex, which is stable until
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160°. Between 160 and 190° the breaking of the cobalt-carbon bonds takes place
with formation of Co (acacen) and loss of the organic radical as C,Fy,, as shown
in Fig. 1.

Finally, at 260° the decomposition of Co(acacen) takes place with progressive
loss of weight being observed in an inert atmosphere; no compound of definite
composition is formed, whereas Co;0, is the final compound in the presence of air
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Fig. 1. Thermoanalytical curves of: CgF;Co(acacen)py (full line) and C;F,Co(acacen)H,O
(broken line) in nitrogen.

The complexes with B == amine initially show a loss of weight corresponding to
the elimination of the amine and the organic radical, demonstrating that processes
a) and b) take place simultaneously. The two processes cannot be separated in the
TG curve, but it is possible to conclude that elimination of the base occurs first,
because intermediate products have different compositions, but do not contain the
amine, as proved by analytical determinations. DTG and DTA curves show two
peaks for most complexes. The pentacoordinate complex which was separately
isolated exhibits a loss of weight corresponding to process 5} only between 160 and
170°,

Complexes with mesalen

The thermal behaviour of the complexes with mesalen, viz. (CgF5)Co(mesalen)
B(B = NHg, py, pip) and (C4F5)Co(mesalen), shows a similar pattern. The results
are reported in Table 2. In this case processes a) and b) can be observed separa-
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tely because elimination of the organic radical takes place at higher temperatures
(between 240 and 260°). As can be observed in Table2, elimination of the amine
(process a) takes place between 110 and 190°, i.e. at temperatures higher than those
observed in the corresponding complexes with acacen. This elimination leads to
the formation of the pentacoordinate complex (CgF5)Co(mesalen), which is stable
‘until 240°, the cobalt-carbon bond then being broken to give the complex Co
(mesalen). This complex decomposes progressively in an inert atmosphere without
yielding a product of definite composition even at 700°. However, it is quickly
decomposed at 400° in an oxygen atmosphere, giving Co,0, as the final product.

Table 2

Reactions and corresponding temperature ranges observed in thermal decomposition
of (C4F;)Co(mesalen) B

Nature of
Base B Medium a) b) transformation
— Base —CF, W | w
— N, 250 260 — endo

— O, 250 — €xo
NH, 0, 125 160 240 endo €xo0
pyridine 0O, 140 190 245 endo €x0
piperidine 0, 110 120 242 endo exo

Endo =a— B —s-Exo

Weight lossy %

| | 1 |
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Tempetature ,°C

Fig. 2. TG and DTA curves of CgF;Co(mesalen)py; Full line: in oxygen; Broken line: in
nitrogen.
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The temperatures at which processes a) and b) take place are essentially the same
tn an inert atmosphere as in an oxygen atmosphere, which prevents overflow of
ihe decomposition products out of the Pt sample holders.

All processes are endothermic in an inert atmosphere, while process b) is
exothermic and process a) is highly exothermic in an oxygen atmosphere, corre-
sponding to the combustion of the ligand to give CozO, (Fig. 2).

Complexes with dotnH

The TG curves of the complexes (CgF5)Co(dotnH) X(X = Br, I, CN) show an
initial loss of weight corresponding to the breaking of the cobalt-carbon bond, the
C¢F5 group being eliminated as decafluoro biphenyl C;,F;,. The cobalt(II) complex

Table 3

Temperature ranges observed in thermal decomposition of (C¢F;)Co(dotnH) X

) Nature of
X Medium —GCoFs ]} transformation
Br N, 136 167 €xo
I N, 104 130 €X0
I air 104 130 exo
CN N, 118 139 €X0
i

so formed rapidly decomposes, but the decomposition products were not investi-
gated. It was observed that elimination of the organic radical does not take place
homogeneously. Two differentiated stages are observed for half of the TG curves,
this pattern being particularly clear in the iodo and cyano derivatives.

Kinetic study

Activation energy values for elimination of the organic radical from several
complexes and for elimination of the amine in the particular case of the complex
with mesalen and pyridine were calculated by the Freeman and Carroll method [7].

Table 4

Kinetic parameters for different types of thermal decomposition reactions

Complex n E, (Kcal/mole) Reaction
(C¢Fy)Co(acacen) 0.1 43.47 b,
(C:F;)Co(mesalen) 0.1—-0.2 40.15 b,
(C:F5)Co(mesalen)py 0.1 23.40 a,
(C¢F;)Co(dotnH)Br 09-10 69.0 (C:F5)Co(dotnH)Br—

CioFyp + Co(dotnH)Br
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These kinetic parameters cannot be calculated for similar hexacoordinate com-
plexes with acacen, because processes a) and b) take place simultaneously in these
compounds.

The results obtained are presented in Table 4.

Discussion

From a study of the TG and DTA data obtained for complexes of the type
(C¢F5)CoL,B, where L, = acacen, mesalen and dotnH, and B is a Lewis base,
information can be inferred concerning the stabilities of the cobalt-carbon and
cobalt-axial base bonds and the influence of the nature of the equatorial ligands
on the process of thermal decomposition.

The hexacoordinate complexes derived from acacen and mesalen have octahedral
configurations and, as observed in several studies [6], exhibit a marked tend-
ency to pentacoordination. Considering the relatively low temperatures at which
the hexacoordinate complexes derived from the acacen and mesalen ligands begin
to lose the axial base, it may be said that in effect these complexes are easily con-
verted into pentacoordinate ones which show an appreciable stability

Moreover, by observing the temperatures at which decompositions begin, one
can see that the stability of the cobalt-axial base bond for both types of complexes
decreases in the following order:

en > py > ba > pip > NH; > H,O

As regards the influence of the equatorial ligands, it was observed that the hexa-
coordinate complexes of acacen exhibit a greater tendency to pentacoordination
than those with mesalen, in contrast with other reports [6]. However, the temper-
ature difference is fairly small and no clear differentiation can be established.

In connection with the cobalt-carbon bond stability, it was observed that the
greatest stability is displayed by the complexes of mesalen (240—250°), and that
the stability order related to the nature of the ligand is

mesalen > acacen > dotnH

The values of the activation energies are not in general very informative, be-
cause these data are average values reflecting the overall effect of the thermal reac-
tion; hence, in complex processes with overlapping thermal effects the scattering
of the calculated values of E, is high.

The E, values for the carbon-cobalt bond-breaking reaction decrease in the order
(Table 4)

dotnH > acacen > mesalen

An explanation for this pattern taking into account the stability of the cobalt-
carbon bond can be found by considering the following:
1) The rupture of the cobalt-carbon bond occurs in a hexacoordinate species for
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complexes with dotnH, whilst it occurs in a pentacoordinate species for complexes
with acacen and mesalen because they have previously eliminated the axial base.

2) As the formation of the pentacoordinate species is unfavorable for complexes
with dotnH, the coordination position vacant after the elimination of C¢F5 must
presumably be occupied by the anion in the trans position of a different molecule,
forming a bridge between two cobalt atoms, both of which retain their maximum
coordination number. ‘

Thus, the second CgFyradical is eliminated from a different substrate and at a
different rate. This interpretation is confirmed by the observation of two different
parts in the decomposition curves of complexes with I and CN, which have higher
capacities to form bridge bonds than Br.

Finally, E, values for process b) are higher than those for process a), following
he order observed for the thermal stability.
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A\ LN =

REsumE — Afin d’obtenir des données sur le mécanisme de décomposition et I'influence des
ligands sur la stabilité thermique des liaisons & base axiale cobalt et carbone-cobalt, on a étu-
di¢ par TG et ATD une série de complexes du type (CFs;)CoL,B, avec des ligands tétradentés
(L, = acaséne, mésaléne; B = H,0, NHg, py, ba, pip, en et L;= dotnH, B = Br, I, CN).

L’élimination de la base axiale conduit 4 la formation de complexes pentacoordinés
(CeF5)CoL, (o0 L, = acacéne, mésaléne) et leur décomposition subséquente fait intervenir
la rupture de la liaison cobalt-carbone pour former CoL,. Cette derniére réaction intervient
au contraire en premier lieu si le ligand tétradenté est dotnH.

On a observé que la stabilité de la liaison cobalt-carbone est en rapport avec la nature des
ligands équatoriaux et diminue dans Pordre suivant: mésaléne > acacéne > dotnH.

ZUsAMMENFASSUNG — Eine Reihe von Komplexen des Type (C F5;)ColL,B mit Tetradentat-
Liganden (L, = Acacen(N-N’Athylen-bis-Acetylacetoniminat-Dianion), Mesalen (N-N’Athy-
len-bis-7-7’-Dimethylsalycilideniminat-Dianion); B = H,0, NH,, py, ba, pip, en und L, =
= dotnH (Diacetylmonoxym-imino-diacetylmonoxymat-iminopropan 1,3 Monoanion) B =
= Bz, I, CN) wurde mittels TG und DTA Methoden untersucht, um Informationen beziiglich
des Zersetzungsmechanismus und des Einflusses der Liganden auf die thermische Stabilitit
von Cobalt-Kohlenstoff- und Cobalt Axialbasenbindungen zu erhalten.

Die Eliminierung der axialen Base fiihrt zur Bildung von Pentakoordinat-Komplexen
(C¢Fs)CoL, (wobei L, = Acacen, Mesalen) und ihre darauffolgende Zersetzung ist mit der
Spaliung der Cobalt-Kohlenstoffbindung verbunden unter Bildung von CoL,. Im Gegensatz
hierzu verlduft die letztere Reaktion zuerst, falls der Tetradentat-Ligand dotnH ist.
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Es wurde beobachtet, dal die Stabilitdt von Kobalt-Kohlenstoffbindungen von der Art
der dquatorialen Liganden abhingig ist und in der Reihenfolge
Mesalen > Acacen > dotnH
abnimmt.

Pesrome — Psim xommekcoB THma (C.F;)CoL,B ¢ TeTpaxoOpOMHMPYEMBIMA JTHTAHIAME
(L, = ananed — fAuaHuoH N,N-3THIIeHOKC-aueTHIAUETOHUMUHATA, MECaleH — OUAHHOH N, N-
stunenbuc-7,7-qmuMeTwicananmimnenamusara); B = H,O, NH;, py, ba, pip, en n L, = dotnH-
QHWOH NWANCTUIMOHOOKCHM HMAHO-THAlCTHIMOHOOKCHMAaT-IMuHO-iponata-1,3; B = Br, I,
CN) 6b11 H3yueH, Heroab3ysa meronsl TT u ATA, ¢ uenpio monydeuns HHGOPMALHE OTHOCH-
TETBHO MEXaHW3MAa PA3JIOXEHNs] W BIWSHUS JIMTAHAOB Ha TEPMMIYECCKYIO CTAOMIIBHOCTL CBA3EH
KOOAJMBTYINEPOX ¥ KOOAIBT-aKCHATIBHOES OCHOBAaHUE, Y HAlleHHe aKCHAJIBbHOTO OCHOBAHHUS IPH-
BOINMT K 00pa3oBaHUIO MATHKOOpAuHaumonHBX KommaexcoB (C.F;)CoL,, xorma L, = ananes,
MecalleH, a UX IOCIeayIoiee Pa3iioKeH|e BKITIOYACT pa3phlB CBA3M KOGaNbT-yriaepon ¢ obpaso-
BagueM Col,. Onmaxo, 5Ta peakrmsi NPOVCXOAMT CHAYAJA, KOrAa muraHaoM seisercs dotnH.
YcranoBaeno, ¥To CTAOMIBHOCTE CBI3M KODANBT-YIIepol CBA3aHA C IIPHPOAOHN 3KBATOPHAILHEIX
JINradz0B ¥ YMEHBIIAETCS B PAOy MecaleH > apaned > dotnH.
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