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A series of complexes of the type (C6Fs)CoL4B with tetradentate ligands (L4 = 
acacen (N,N'-ethylene-bis acetylacetoneiminate dianion), mesalen (N,N'-ethylene-bis-7, 
7'-dimethylsalicylideneiminate dianion); B -= H~O, NHs,py,ba, pip, en and L 4 = dotH 
(diacetylmonoximeiminodiacetyl-monoximateiminopropane-l,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 cobalt-axial base bond. 

The elimination of the axial base leads to the formation of pentacoordinate complexes 
(C6Fs)CoL 4 (when L 4 = acacen, mesalen) and their subsequent decomposition involves 
cobalt-carbon bond rupture to form COL4. 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 > acaceni> 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 7r-acceptor capacity or the 
higher electronegativity of  the group C6F5 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 C6F5, we have recently described [3 - 5] complexes of  the type (C6F~)CoL4B, 
La 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~F 5 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 ~ sample size: 50 mg 
(120 mg for kinetic study), reference material: preheated alumina, atmosphere: 
static air, oxygen (20 ml/min) or an inert atmosphere (N2 25 mt/min). 

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

Results 

The thermal decompositior~ of  the complexes (C6F~)CoL4B takes place accord- 
ing to the equations 

a) (C6Fs)CoL4B --+ (C6Fs)CoL ~ + B 

b) (C6F~)CoL4 ~ CoLa + 1/2 ClzF10 

c) CoL4 ~ 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)Co(acacen) B. Inert atmosphere 

Base B 

H~O 
NHz 

pyridine 
piperidine 
benzylamine 
ethylenediamine 

a) 
-- B 

endothermic 

108 120 
100 110 

a , +  
160 

120 
138 
170 

b) c) 

- -  C s F ~  

cndothermic 

160 170 
160 190 
160 190 

b, 
180 
180 
180 
180 

Decomposi t ion of  
Co(acacen) 

250 320 

Complexes with acacen 

When L4 = acacen, the first step a) is only observed separately for complexes 
with B = H20 and NH a. In both cases the loss of the axial base occurs between 
100 and t20 ~ producing the pentacoordirmte 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~2Fao, 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 CoaO 4 is the final compound in the presence of air 

ua (~TA ....... \..'"'"~i.: .................................. 

I 

dm 
fir- 

20 

~176176176 

0 I00 200 300 L,00 500 

Ternpera iure ~ ~ 

~0 

w 
_~ 60 

so 

Fig. 1. Tbermoanalytical curves of: C6FsCo(acacen)py (full line) and C6FsCo(acacen)HzO 
(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 b) only between t 60 and 
170 ~ . 

Complexes with mesalen 

The thermal behaviour of the complexes with mesalen, viz. (CoFs)Co(mesalen) 
B(B = NH3,py, pip) and (C6Fs)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 (C6Fs)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 atmospherecgiving Co304 as the final product. 

Table 2 

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

Base B 

NH3 
pyridine 
piperidine 

Medium 

N 2  

02 
02 
Oz 
02 

- -  Base 

125 160 
140 190 
110 120 

b) 

- -C,F~ 

Na tu re  o f  
t ransformat ion  

a) 

250 260 
250 
240 
245 
242 

m 

endo 
endo 
endo 

b) 

endo 
e x o  

e x o  

e x o  

e x o  
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Fig. 2. T G  and D T A  curves of C6FsCo(mesalen)py; Full line: in oxygen;  Broken lino: 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 CoaO ~ (Fig. 2). 

Complexes with dotnH 

The TG curves of the complexes (C~F~)Co(dotnH) X(X = Br, I, CN) show an 
initial loss of  weight corresponding to the breaking of  the cobalt-carbon bond, the 
C6F5 group being eliminated as decafluoro biphenyl C12F10. The cobalt(II) complex 

Table 3 

Temperature ranges observed in thermal decomposition of (C6F~)Co(dotnH) X 

Nature of 
X Medium -- C 6 1 ~  transformation 

Br  

I 
I 
CN 

N2 
Nz 
air 
N~ 

136 167 exo 
104 130 exo 
104 130 exo 
118 139 exo 

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 a (Kcal/mole) Reaction 

(C6Fa) Co(acacen) 
(C6F~)Co(mesalen) 
(C6Fs) Co(mesalen)py 
(C6F~)Co(dotnH)Br 

0,1 

0.1--0.2 
0.I 

0.9--1.0 

43.47 
40.15 
23.40 
69.0 

b~ 

b, 
a,  

(C~Fs) Co(dotnH)Br ~ 
C1~F10 + 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 
(C6Fs)CoL4B, where La = 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 > N H  3 > H 2 0  

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 Ea is high. 

The Ea 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 d o t n H ,  whilst it occurs in a pentacoordina te  species for complexes 
with acacen and  mesalen because they have previously el iminated the axial base. 

2) As the format ion  of the pentacoord ina te  species is unfavorable  for complexes 
with do tnH,  the coordina t ion  posi t ion vacant  after the e l iminat ion of  C6F 5 must  
presumably be occupied by the an ion  in the t rans posi t ion of  a different molecule,  
forming a bridge between two cobalt  atoms,  bo th  of  which retain their max imum 
coord ina t ion  number .  

Thus,  the second CGFs radical is el iminated f rom a different substrate and  at a 
different rate. This in terpreta t ion is confirmed by the observat ion of  two different 
parts in the decomposi t ion curves of complexes with I and  CN, which have higher 
capacities to form bridge bonds  than  Br. 

Final ly,  Ea values for process b)  are higher than those for process a ) ,  following 
he  order  observed for the thermal  stability. 
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R~SUM~ -- Afin d'obtenir des donn6es sur le m6canisme de d6composition et l'influence des 
ligands sur la stabilit6 thermique des liaisons ~t base axiale cobalt et carbone-cobalt, on a 6tu- 
di6 par TG et ATD une s6rie de complexes du type (C6Fs)CoL4B, avec des Iigands t6tradent6s 
(L 4 = acas6ne, m6sal6ne; B = H20, NH3, py,  ba, pip, en et L~---- dotnH, B = Br, I, CN). 

L'61imination de la base axiale conduit h la formation de complexes pentacoordin6s 
(C~Fz)CoL 4 (off L~ = acac6ne, m6sal6ne) et leur d6composition subs6quente fait intervenir 
la rupture de la liaison cobalt-carbone pour former COL4. Cette derni6re r6action intervient 
au contraire en premier lieu si le ligand t6tradent6 est dotnH. 

On a observ6 que la stabilit6 de la liaison cobalt-carbone est en rapport avec la nature des 
ligands 6quatoriaux et diminue dans l'ordre suivant: m6sal6ne > acac6ne > dotnH. 

ZUSAMMENI~ASSUNG - -  Eine Reihe yon Komplexen des Type (C6Fz)CoL4B mit Tetradentat- 
Liganden (La ---- Acacen(N-N'.~thylen-bis-Acetylacetoniminat-Dianion), Mesaien (N-N'_~thy- 
len-bis-7-7'-Dimethylsalycilideniminat-Dianion); B = H20, NHz, py,  ba, pip, en und L 4 = 
= dotnH (Diacetylmonoxym-imino-diacetylmonoxymat-iminopropan 1,3 Monoanion) B = 
= Br, I, CN) wurde mittels TG und DTA Methoden untersucht, um Informationen beziJglich 
des Zersetzungsmechanismus und des Einflusses der Liganden auf die thermische Stabilit/it 
yon Cobalt-Kohlenstoff- und Cobalt Axialbasenbindungen zu erhatten. 

Die Eliminierung der axialen Base ffihrt zur Bildung yon Pentakoordinat-Komplexen 
(C~Fs)CoL~ (wobei L 4 = Acacen, Mesalen) und ihre darauffolgende Zersetzung ist mit der 
Spaltung der Cobalt-Kohlenstoffbindung verbunden unter Bildung yon CoL a. Im Gegensatz 
hierzu verl/iuft die letztere Reaktion zuerst, falls der Tetradentat-Ligand dotnH ist. 
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E s  w u r d e  b e o b a c h t e t ,  d a b  d i e  S t a b i l i t g t  v o n  K o b a l t - K o h l e n s t o f f b i n d u n g e n  v o n d e r  A r t  
d e r  f i q u a t o r i a l e n  L i g a n d e n  a b h f i n g i g  is t  u n d  in  d e r  R e i h e n f o l g e  

M e s a l e n  > A c a c e n  > d o t n H  
a b n i m m t .  

Pe3K~Me - -  P s ~  I<OMH~e~COB THffa (C6Fa )CoLaB c TeTpaKoop~I~Hr~pyeMbIMH ~nraH;aaM~t 

(L a = a u a ~ e n  - -  a H a H H 0 n  N,N-uTrIaeH6nc-at~eTrIaatteToHnMI~HaTa, M e c a ~ e n  - -  ~ a a m ~ o H  N,N- 
3 T n ~ e n 6 n c - 7 , 7 - ~ m ~ e T ~ c a ~ n n r ~ e H n M r I r m T a ) ;  B = H 2 0 ,  N H z ,  py ,  ba, pip, en n L a = d o t n H -  

aHHor~ ~na~eTnnMOaOOKCrtM n M n r I o - ~ n a t t e r n s ~ M o n o o K c n M a r - m v ~ n r i o - n p o n a r ~ a - l , 3 ;  B = B r ,  I ,  

C N )  6b in  n3y'~eH, i, iclIor MeTO~bI T F  r~ ~ T A ,  c u e m ,  m ~ o ~ y ~ e n H ~  ~rtqbopMauHrI OTnOCn- 

TeJIBHO MeXaHH3Ma p a 3 3 x o ~ e g ~  !4 B3IH,qH~I~t 3"II, IFaFI~OB Ha TepM~IqecKyI~ CTaSI,UIbHOCTB CBIl3eI~ 

K o 6 a 3 ~ T y r y t e p o ~  H Ko6a~t ,T-aKcaa3~bHoe OCHOBaHHe. Y~a~teHrIe aKcIaa3 /bgoro  OCHOBaHH~ n p ~ -  

B O ~ T  K 0 6 p a 3 0 B a H ~ r O  n ~ r ~ K o o p , ~ r ~ n a t l a o H n ~ x  ~OMr~37e~coB (C6Fn)CoLa,  g o r A a  L 4 = a t~anen ,  
Meca33eH, a n x  n o c ~ e ~ y ~ o m e e  pa33xO~KeHHe BK3~oqaeY pa3pb~B CBa3~ I~06a3H,T-yr3]epo~ c 0 6 p a 3 0 -  

BaH~eM C o L  a. O~IHaKo, 3Ta peaKI~I, In ~Tpo~cxofllaT cHa'~as~a, K o r e a  3~r~rai~oM aB3~eTC~ d o t n H .  
Y c y a n o B ~ e r m ,  ~-ITO CTa61,/3IM'IOCTb CBYI3/4 x o 6 a m ,  T - y r a e p o ~  CB~3ana c npr~po~o~t  9KBaTOp!~aJl'bHblX 
7 ~ n r a ~ o B  n yMer~r~maeTc9 B pff~y MecaY~eH > a t l a~eH > d o t n H .  
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