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A series of complexes of transition metals M(o-phen)3X.z, where M = Fe 2+, Co z+, 
Ni '~+, Cu 2+, Zn 2+, and X =  Cl- ,  Br , has been studied using TG, DTA and spectro- 
scopic methods, to obtain information concerning the decomposition mechanism, the 
influence of the central metal and halogens on the stability of these complexes and the 
stereochemical variations caused by heating. 

It has been observed from the DTA and TG curves that the complexes decompose, 
after their dehydration, generally after an endothermic reaction involving the partial 
substitution of the base in the co-ordination sphere of the metal by the halogen, as 
can be seen from reflectance spectra. The first base weight loss corresponds generally 
to one mole of phenanthroline giving the biscomplexes. 

In observing the beginning decomposition temperature values one can see that 
the stability, concerning the central metal as well as the halogen are in the following 
order: Ni > Fe ~-- Co ~-- Cu > Zn, and Br-  > Cl- .  

The purpose  of  this pape r  is to discuss the thermal  behav iour  o f  a series o f  com-  
plexes of  t rans i t ion  metals ,  M(o-phen ) zX2 ,  where M = Fe  2+, Co 2+, N i  2+, Cu 2+ 

a n d  Z n  2+ and  X = C l -  and  B r - ,  with a view to f inding possible  analogies  a m o n g  
these complexes,  appa ren t ly  having the same structure.  F r o m  the values o f  acti-  
va t ion  energies and  f i r s t -decomposi t ion  tempera tures ,  in fo rmat ion  can be ob ta ined  
as  to the stabil i t ies  o f  these complexes  and the s t rengths  of  the meta l - l igand  
bonds .  

Al l  of  the complexes  s tudied are o f  oc tahedra l  conf igurat ion,  except  tris- 

(o -phen)CuX2,  which exhibits  m a r k e d  t r igonal  or  t e t r agona l  d is tor t ions  [ 1 - 5 ] .  
The complexes wi th  M = N i  2+, Co 2§ and  Cu 2+ are high-spin  and  pa ramagne t -  

ic;  t ha t  with M = Fe ~+ is low-spin  and therefore  d iamagne t ic  [1, 5]. 
F o r  a bet ter  under s t and ing  o f  the thermal  decompos i t ion  products ,  some inter-  

media tes  were i sola ted  and  chemical ly  analyzed.  

Experimental 

The complexes  were p repa red  by  the methods  descr ibed  in the l i terature ,  with 
sui table  modif ica t ions  [l ]. 

T G  measurements  were made  with  a Mod .  TRO1 S tan ton  balance,  at  a heat ing 
ra te  o f  2~ 

6 ,1. Thermal Anal. 7, 1975 



82 ROSSIELLO et al.: D E C O M P O S I T I O N  OF T H E  TRIS-(O-PHEN) COMPLEXES 

DTA measurements were made with a Netzsch apparatus, platinum platinum- 
r hod ium thermocouple, platinum holders, D D K  measuring head, and preheated 
kaolin as inert material, at a heating rate of  5~ 

The weight of  each sample was approx. 100 mg. The activation energies for the 
first decomposition step were calculated according to the Co a t s -Red fe rn  and 
Newkirk methods [6, 7]. The reflectance spectra were measured on a Beckman 
Model DK2 spectrophotometer. 

R e s u l t s  

The thermal decompositions of  the complexes M(phen)zX2 "nH~O take place 
through different reactions, as can be seen from the T G  and DTA curves in Figs 
1 - 5 .  The decomposition can proceed in different ways, according to equations 
(,4) to (H); Table I gives the reactions occurring for each complex. 

(A) M(phen)3X2 �9 nH20 ~ M(phen)zXz + nH20 
(B) endothermic reaction with no weight variation 
(C) exothermic reaction with no weight variation 
(D) M(phen)aXz ~ M(phen)2X2 + phen 
(E) M(phen)aX2 ~ M(phen)X2 + phen 
(F) M(phen)zX z ~ M(phen)l.nTX 2 + 1.33 phen 
(G) M(phen)l.67X a ~ M(phen)X~ + 0.67 phen 
(H) M(phen)X2 ~ M oxides + (M ?) 

Temperature, ~ 
20O 4OO 600 

_ 

_ \�89 

. . . .  

Fig. 1. TG and DTA curves of Fe(phen)aXe �9 nH~O, - -  
- -  -- -- Fe(phen)3C12 �9 71-120 

Fe(phen)3Br~ " 5H~O, 
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In  order  to  o b t a i n  m o r e  i n f o r m a t i o n  a b o u t  the  s t e r e o c h e m i c a l  c hange s  i n d u c e d  

b y  heat  in  the  c o m p l e x e s ,  ref lectance spec tra  were  t a k e n  o n  p r o d u c t s  c a l c ine d  at  

di f ferent  t empera tures .  T h e  cho i ce  o f  these  t e m p e r a t u r e s  w a s  re lated to the  w e i g h t  

a n d  energy  c h a n g e s  d e d u c e d  f r o m  the  T G  a n d  D T A  curves .  

_o 

2C 

6O 

1 f 
&T 

8 

200 

Temperature, o C 

400 600 
I ' I 

~ \r ~ ~ ~ 

Fig. 2. TG and D T A  curves of Co(phen)aX z �9 nH20 , - -  
--  - - - -  Co(phen)aCIz �9 7H20 

Co(phen)3Br2 �9 6HzO, 

Temperature, eC 
n - -  200 400 600 

/ : I 1 1  l i  " -  i ~  . I  

T TG 
g 

Fig. 3. TG and DTA,  curves of Cu(phen)aX2 �9 nH20,  - -  
-- -- --  Ni(phen)3C12 �9 7H~O 

Ni(phen)3Br 2 �9 7H20 , 
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T h e  a c t i v a t i o n  energ ie s  c o r r e s p o n d i n g  to  the  e l i m i n a t i o n  o f  the  first m o l e  o f  

p h e n  are repor ted  in  T a b l e  2. 

0 

o 

4C 

6C 

&T 
I 
f 

Temperature, ~ 
200 400 600 

~! V " ~ ~  DDTA 

F i g .  4 .  T G  and D T A  curves of C u ( p h e n ) 3 X  2 �9 n H ~ O ,  - -  

- -  - -  - -  C u ( p h e n ) 3 C l 2  �9 7 H 2 0  

Cu(phen)3Br~ �9 2HzO, 

0 

u~ 
8 

4O 

o 60 

AT 

I 
T 

Temperature, ~ 
200 400 600 

,,,, . . . .  . . . . . % .  

Fig. 5. TG and D T A  curves of Zn(phen)3X2 �9 nH20, - -  
-- -- -- Zn(phen)3C12 �9 7H20 

Zn(phen)3Br2 �9 5H20, 
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The results for all complexes are reported in Table 3 and Figs 6 and 7. It can 
be seen that a sharp variation of the reflectance spectra is observed for Fe(phen)3Cl2 
at as low as 160 ~ , i.e. even before the reaction through which the first mole of  
phenanthroline is lost. The spectrum is similar to that of the initial complex, 

d ~ / \ 
t I 340 ~ 

I ,, / . . o - - - - - - .  ,,, 
, , ' ,;  \ 
\ ' , J . , - . \  , 

/ /  �9 

~ l ~ - " ~ -  - . / . .  . . . . . . . .  .. ',, 

~'J",,".,.~.. ~ % 
I ,, !--'-,_ " , , ~  \ \  

Ill i "  ~ i ',, \ " /IL"/~ ',,..i ;,---., ',,. \ 
/ I t ' /  I / ' ~ , , \  ' ,  \ 

i v i % %% 

I t . .  , /  \ '  . .=~ 
I~ ' . , '1 - ~ ". 25~ 

. . . . . . . . .  

~. ~ 160 ~ 

I 1 L _ I - 
,400 600 800 1000 1200 

~,m,u  

F i g .  6. R e f l e c t a n c e  s p e c t r a  o f  N i ( p h e n ) a X ~  �9 n H 2 0  a t  d i f f e r e n t  t e m p e r a t u r e s .  

- - - - -  N i ( p h e n ) , ~  �9 CI2, - -  - -  - -  N i ( p h e n ) 3  �9 B r  2 

and therefore still indicates an octahedral configuration, but there is a shift of the 
maxima towards lower frequencies. Partial substitution of phenanthroline by 
chlorine in the co-ordination sphere is evident, in agreement with the sequence of 
such ligands in the spectrochemical series. 

Thus, the endothermal reaction between 130 ~ and 170 ~ is associated with this 
partial internal ligand substitution, and only after this rearrangement is the 
beginning of the loss of the first mole of base noticeable. 

J. Thermal Anal. 7, 1975 
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For Fe(phen)3Br2 only a slight change in the spectrum is observed at 170 ~ after 
the endothermal reaction, in contrast to what was observed in the case of the 
chloride compound, where the change is much more marked. It must be inferred 
that in this case the substitution of the phenanthroline by halogen is more hindered, 
possibly due to the larger dimensions of bromine. 

\ ',,,,,,._....._..~ 
2 6 0  ~ 

,, . . -  %~, 

150 ~ 

I 'w 
I �9 

I �9 

I # , 

�9 

I I , , I I i , , , , I 
500 1000 

.,~, m)a 

Fig. 7. Reflectance spectra o f  C u ( p h e n ) 3 X ~  �9 n H 2 0  at different temperatures .  
- -  C u ( p h e n )  8-  CI~,  - -  - -  - -  Cu(phen)aBr2 

For Co(phen)~Cl~ the reflectance spectrum changes noticeably at as low as 160 ~ 
before the loss of the first mole of phenanthroline, with a systematic shift of the 
maxima towards the red. The shape of the spectrum, however, appears similar 
to that of the initial complex. As in the case of the analogous complex with iron, 
it should be recognized that a partial substitution of halogen into the inner co-ordi- 
nation sphere precedes the decomposition of the complex, with the formation of 
Co(phen)2Cl2. The DTA curve, however, shows no evidence of any connected 
endothermal reaction. 

jr, Thermal Anal.  7, 1975 
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Table 3 

Reflectance spectra 

Reflectance spectra Complex Temp. (~ 2(m#) 

Fe(phen)3C12 �9 7H20 
Fe(phen) 3Clz 
Fe(phen)l. G7C12 
Fe(phen)zBr 2 �9 5H20 
Fe(phen) zBr2 
Fe(phen) aBr~ 
Fe(phen)2Br2 
Co(phen)zCl2 �9 7H20 
Co(phen) zC12 
Co(phen)2C12 
Co(phen)3Brz �9 6H20 
Co(phen) zBr2 
Co(phen)2Br2 
Ni(phen)zCl2 �9 7H20 
Ni(phen)zCl2 
Ni(phen) zCI2 
Ni(phen)2Cl2 
Ni(phen)Cl2 
Ni(phen)C12 
Ni(phen)3Br2 �9 7H20 
Ni(phen) zBr2 
Ni(phen)zBr2 
Ni(phen)2Br2 
Cu(phen)zClz �9 71-120 
Cu(phen) 3C12 
Cu(phen)2C12 
Cu(phen)zBr2 �9 2HzO 
Cu(phen)3Br2 
Cu(phen)2Brz 

25 
160 
270 
25 

140 
175 
26O 

25 
160 
260 
25 

160 
260 
25 

160 
220 
280 
350 
380 
25 

230 
300 
340 
25 

150 
260 

25 
175 
260 

460 (490)  (550) 815 
540 930 
540 (600) 930 
475 800 
470 (550) 815 
470 830 
500 (600) 900 

(460) 635 925 
510 1090 
515 (1060) 

(440) 610 900 
520 1025 
525 1050 
525 790 850 
520 780 850 

(520) 600 790 
610 (660) 810 1000 
500 600 800 980 

595 800 980 
515 775 855 
510 770 850 

600 870 
600 ( 8 2 5 )  (950) 
680 (750) 
725 
730 (750) 
820 
710 
700 (760) 

1110 

1200 
1120 
1110 
1110 
1200 
1115 

1135 

1230 
1250 
1115 
1140 
1110 
1140 
1150 
1120 
1120 
1120 
1130 
1125 

(1330) 
1100 1250 
1050 

(1025) 1420 
1090 (1270) 
1070 1315 

1200 
1250 
1500 

Changes regarding the posi t ion  of the maxima  in  the spectra have been observed 
for Co(phen)3Br2 at 160 ~ for Ni(phen)3Cl2 above 180 ~ and  for Ni(phen)3Br2 at 300 ~ 
as shown in  Fig. 6. Thus for the first two complexes the part ial  subst i tu t ion of the 
halogen by phenanthro l ine  takes place before the e l iminat ion  of the base. For  
Ni(phen)3Br2 the similarity of  the spectra for samples uncalcined or treated at 230 ~ 
shows that  even after the exothermic react ion at 225 ~ there are no changes in the 
metal  co-ord ina t ion  sphere. At  300 ~ , with the e l iminat ion  of the first mole of base, 
the maxima  appear  shifted towards lower frequencies, due to the inclusion of 
b romine  into the nickel co-ordina t ion  sphere. At  340 ~ after an  endothermal  reac- 
t ion  with no weight changes, the spectrum appears more sharply defined, unlike 
that  at 300 ~ , which includes other  bands  of intermediate  frequencies. Similarly to 
what  was observed for the i ron  complexes, the subst i tut ion of phenanthro l ine  by 
Br is much  more difficult than  that  by C1. 

3". Thermal Anal. 7, 1975 
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Fig. 7 shows the reflectance spectra for the hydrated and anhydrous copper 
complexes. The spectrum of  Cu(phen)3Cl 2 �9 7H20 is somewhat different from that 
of  Cu(phen)3Br2 �9 21120, as regards both the frequencies and intensities of  the 
maxima, unlike the analogous Fe, Co and Ni  complexes, which yield similar 
spectra with X = CI or Br. The spectrum of Cu(phen)3Clz �9 71120 exhibits two 
bands, at 14.6 and 6.7 kK, characteristic of  a trigonal configuration, as observed 
for other similar complexes by Faye [2] and Palmer [3]. Cu(phen)3Brz '2H20 
shows instead, a very strong band with maxima at 12.5 kK and a shoulder at ca. 
10 kK, characteristic of  a distorted octahedral configuration [2, 4]. When these 
compounds are heated to 150 and 175 ~ , respectively, i.e. after their total dehydra- 
tion and after the occurrence of  the endothermal reaction involving no base loss 
at 140-160  ~ and 150-170  ~ respectively, the reflectance spectra of  the two com- 
pounds are fairly similar, with two main bands at 13.8 - 9 . 2  k K  and 14.2 - 9 . 3  kK, 
respectively. According to Faye [2], these spectra are characteristic of  trigonal 
bipyramidal configurations, while according to Jorgensen [4] the configuration is 
a strongly tetragonally distorted octahedral one. Without going into considerations 
not within the scope of  our investigation, however, we can infer f rom the change 
in the spectra that for these complexes too substitution of a ligand molecule by 
halogen takes place even before the loss of  the first base molecule, which occurs 
at only 160 ~ and 175 ~ , respectively, for the chloride and bromide complexes. 

Discussion 

From a study of the TG, DTA and spectroscopic data obtained for complexes 
of the type M(phen)3X2 �9 nil20, where M = Fe, Co, Ni, Cu and Zn, and X = Cl 
and Br, some information can be inferred concerning the process of  thermal decom- 
position, of  the individual complexes and the influence of the central metal and 
halogens on their stability. 

As observed by several authors [I, 3, 5, 8] all the complexes studied have octa- 
hedral configurations except Cu(phen)3X 2 which exhibits marked trigonal or tetra- 
gonal distortions [ 2 - 4 ] .  The complexes lose their crystallization water in one or 
two stages, usually in the range 4 0 - 1 4 0  ~ 

The anhydrous complexes begin to decompose, producing the bis derivatives 
by the reaction: M(phen)3X2 ---, M(phen)2X2 at temperatures ranging between 145 
and 200 ~ for the complexes with X = C1, and between 160 and 230 ~ for the com- 
plexes with X = Br. This reaction, however, does not occur in the case of  
Fe(phen)3Cl2, which exhibits as a first stage the elimination of 1.3 moles of phen- 
anthroline. 

The temperature at which the tris complexes begin decomposing varies with the 
central metal: for M = Fe, Co, Ni, Cu and Zn the values are 160, 160, 200, 160 
and 145 ~ respectively, when X = Cl, and 170, 195, 230, 190 and 160 ~ when 
X = Br. It  is evident that the nickel and cobalt complexes have higher thermal 
stabilities than the complexes with the other metals, and the bromide complexes 
than the chloride ones. 
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With many complexes, the occurrence of an endothermal reaction was observed 
at temperatures 20 - 30  ~ below the beginning of the decomposition of the tris 
complexes to bis complexes, but not connected with any weight loss. After such 
a reaction, however, a marked change was generally observed in the reflectance 
spectra, which differ both from those of the initial hydrated complexes, which are 
similar to each other. 

It is evident, therefore, that dehydration reactions do not involve changes in 
the co-ordination sphere of the tris complexes, as proved by the reflectance spectra. 
The endothermal reactions observed prior to the beginning of the decomposition 
of the tris complexes to bis complexes rather seem to be connected with substitu- 
tion of the ligand by halogen around the central metal. 

The shift of the band maxima takes place, in most cases, towards lower frequen- 
cies; considering the respective positions of these ligands in the spectrochemical 
series, the partial substitution of phenanthroline by halogen in the metal co-ordi- 
nation sphere can account for the observed band shifts. 

There are no changes in the reflectance spectrum prior to the beginning of 
decomposition to bis complexes in the case of Ni(phen)3Br2, for which the endo- 
thermal reaction shortly prior to the decomposition is not even evident. With 
Fe(phen)3Br2too the spectral change is minimal at 170~ it should be mentioned 
only that for these two complexes fairly high values of the activation energy relating 
to the first base loss were found. 

No endothermal reactions are observed with Co(phen)3C12 after dehydration 
and prior to the loss of phenanthroline, but the reflectance spectrum of the 
complex at 160 ~ differs from that at room temperature. This observation, which 
agrees with the low value of the activation energy relating to the decomposition 
of the tris complex, and the fact that generally the transformations for the chlorine 
compounds always take place at lower temperatures than for the bromine com- 
pounds, suggest that the lack of evidence for the endothermal reactions relating 
to the substitution of the ligand by halogen may be due to the low temperature 
at which it takes place: the dehydration reaction could mask this reaction. 

Only with Ni(phen)3X2 is a clear exothermal reaction noted at around 210 -225 ~ 
irreversible by cooling, and involving no change in the reflectance spectrum: this 
must be attributed to a recrystallization of the complexes that are stable at these 
temperatures. 

The decomposition of tris complexes to bis complexes + phen generally takes 
place in several stages, as indicated by the series of endothermal reactions observed 
in the temperature range in which the TG curves show the loss of 1 base mole. 
The reactions are fairly slow, and therefore the heights of the peaks and their 
differentiation are not very marked, chiefly in the Zn, Cu and Co complexes, which 
begin decomposing at low temperatures with fairly wide thermal intervals. More 
evident are those for the Ni and Fe complexes, for which the decomposition range 
is narrower. That the loss of the first mole does not always take place through 
a single process is also confirmed by the values of E, obtained from the TG curves, 
which in several cases do not remain constant during this loss. 
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From a study of  the reflectance spectra of  the various hydrated or partly cal- 
cined compounds it was observed that the octahedral configurations of the tris 
complexes, partially distorted in some, are retained by the bis complexes. The 
M(phen)2X2 complexes, with M = Fe 2+, Co 2+ and Ni ~+, have an octahedral con- 
figuration, characteristic also of the tris complexes. This conclusion was reached 
by consideration of our reflectance spectra taken after the loss of  the first base 
molecule (or immediately before, when the halogen had already replaced the base, 
and from the corresponding spectra taken by other authors. 

As regards the iron compounds, the spectra obtained are entirely similar to 
those described by Madeja and K6nig [9] which for Fe(phen)2Cl show bands with 
maxima at 535, (600), 950 and 1,180 m#; for Fe(phen)2Br2, the maxima are slightly 
shifted towards higher frequencies compared to those of the chloride complex 
except for the last one which remains unchanged: 530, (590), 930 and 1,180 m#. 
The spectra obtained after calcining at 160 ~ and 270 ~ in the case of  the Fe complex 
with chlorine show a pattern quite similar to those described by Madeja in both 
number of bands and wavelengths of  the maxima: at as low as 160 ~ , i.e. prior to 
the first base loss, the spectrum shows (because of its resemblance to that of  
Fe(phen)2Cl2) that halogen has already partially replaced the base. In the case of 
this complex, however, unlike what happens with all other complexes studied by us, 
the first base loss corresponds to 1.3 moles of phenanthroline, with the formation 
of  a complex, Fe(phen)rTCl 2 in which the octahedral configuration is retained, 
however, as shown by the reflectance spectra. This configuration may occur with 
the Fe/phen ratio observed only if we assume the formation of  partially polymeric 
compounds, with some halogen atoms bridging two metal atoms. 

Further, for the complex of Fe with Br the spectra obtained after calcining at 
175 ~ and 270 ~ show that the complex still displays an octahedral configuration. 
At 175 ~ the spectrum more closely resembles that of the uncalcined complex, but 
a certain variation of the maxima is undeniable. At 270 ~ the spectrum bands are 
similar to those reported by Madeja et al., i.e. 530, (590), 930 and 1,180 m#. It can 
therefore be stated that with this complex too the partial substitution of phenan- 
throline by bromine may start at as low as 170 ~ prior to the elimination of the 
base, but this substitution takes place with greater difficulty compared to the cor- 
responding complex with chlorine. 

As regards the Ni complexes, it was observed that the initial spectrum of the 
typical octahedral tris complexes does not change with the loss of the first mole 
of base, but only shows systematic shifts towards lower frequencies. Our spectrum 
of Ni(phen)2Cl2 exhibits a band with maximum at 600 -610  m# and a broad band 
with maximum at about 1,000 mp. 

Harris and McKenzie [10], and Leet et al. [11] studied a similar complex, 
Ni(bipy)2Cl2, which has a very similar absorption spectrum: a band with maximum 
at 605 -622  m# and a broad band with maximum at 1,050 m/z, and on the basis 
of magnetic measurements attributed a cis octahedral configuration to such 
complexes. 

The Ni(phen)2Br2 spectrum is very similar, but is obtained, unlike the chlorine 
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product, only after the loss of the first mole of base and after the subsequent 
endothermal reaction unconnected with weight losses at between 300 and 340 ~ 

For Co(phen)2Cl2 we have a reflectance spectrum showing a pattern similar to 
that of the corresponding Ni bis complex: a band with maximum at 510 mp and 
a broad band with maximum at approx. 1,100 m# very similar to the spectrum 
reported by [8]. 

The analogous complex, Co(bipy)~Cl2, has been studied by several authors 
[5, 11]; it exhibits a spectrum with maxima at 510 m# and approx. 1,150 m# 
according to [11], or at 610 m# and 1,280 m/~ according to [5]. In the case of 
Co complexes too, both the chloride and the bromide derivatives, the absorption 
spectra are typical of an octahedral configuration. 

Concerning the configuration of the copper tris complexes, it has already been 
pointed out that in the respective reflectance spectra the compounds with X = Cl- 
ot Br- display rather different situations, with octahedral symmetries, distorted 
perhaps less strongly in the case of the bromide complex, but with strong trigonal 
distortion in the chloride complex. At between 140 and 160 ~ concurrently with 
the endothermal relation involving no weight change, the two complexes show 
a sharp change in their initial spectrum and at such temperatures give rise to 
similar configurations, regardless of the halogen replacing the base. The configu- 
ration of the complexes under such conditions is still controversial, as some authors 
mention a strongly tetragonally distorted configuration [4], while others [2, 3] 
consider the spectra to correspond to trigonal bipyramidal configurations. 

As regards the thermal stabilities of these complexes, some indication may be 
obtained by considering the temperatures at which the thermal decompositions 
of the anhydrous tris complexes to bis complexes begin; the values of the activa- 
tion energies for this process are not very informative, however, possibly because 
the mechanisms through which the first base fraction is eliminated differ widely 
from complex to complex. 

Considering the temperatures at which decomposition begins, it may be said 
that the greatest stability is displayed by the Ni complexes (220 -230 ~ for X = CI- 
or Br-) and the lowest by the Zn complexes (145 - 160~ The values for Fe, Co 
and Cu are roughly similar (160-190~ 

A certain similarity exists with the stabilities observed by Banks and Bystoff [12] 
for such complexes in solution; Ni(phen)~ + has a logfl3 value of 23.9 and 
Zn(phen) ++ of 17; the other ions (Fe, Co, Cu)(phen) ++ exhibit values that are 
not much different: 21.5, 20.1 and 20.4 respectively. 

An explanation for the observed pattern of thermal stabilities can also be 
acquired by considering at the same time the effect of the CFSE (greatest for Fe 
and decreasing to Zn) and the electrostatic attraction, which increases as the ionic 
radius decreases from Fe(II) to Cu(II). We can therefore account for the maximum 
stability in the Ni complexes by considering that the rigidity of the ligand molecule 
contributes for its part to the lower stability of the Cu complexes because of the 
lack of the tetragonal distortion required by the Jahn -Teller stabilization of the 
d 9 system. 
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A further investigation with other types of less rigid ligands is now in progress, 
with a view to obtaining a better understanding of  the effect of  the nature of  the 
ligand on the thermal stabilities of  the complexes containing metals of the first 
transition series. 
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R~SUMf~. On a 6tudi6, par  TG,  ATD et par  spectroscopie, une s6rie de complexes des 
m6taux de transit ion de formule [M(o-ph6n)3]X2, off M---- Fe z+, Co 2+, Ni z+, Cu z+, Zn 2+ 
et X = CI- ,  B r - ,  dans le but  de connaitre  le m6canisme de la d6composition thermique, 
['influence du m6tal M e t  des halog~nes sur la stabilit6 de ces complexes et les modifications 
st6r6ochimiques provoqu6es par  le chauffage. 

Par ATD et par  TG, on a observe que les complexes, apr6s d6shydratation, se d6com- 
posent g6n6ralement apr6s une r6action endothermique clui met en jeu la substitution partielle 
de la base dans la sph6re de coordinat ion du m6tal avec l 'halog6ne, cornme l ' indiquent  les 
spectres de r6flexion. La premi6re perte de poids correspond g6n6ralement au d6part d 'une 
mole de ph6nanthrol ine et conduit  aux complexes bis. 

En comparant  les temp6ratures initiales de d6composition, il apparai t  que la stabilit6 
depend de la nature du m6tal central  et de l 'halog~ne, suivant l 'ordre:  Ni > Fe = Co = Cu > 
< Zn et B r - <  C1-. 

ZUSAMMENFASSUNG- Eine Reihe von Obergangsmetallkomplexen mit [Me(o-phen)3]X2, 
M =  Fe "~+, Co ~+, Ni  2+, Cu e* , Zn  2+ und X =  CI- ,  B r - ,  wurden durch TG, DTA und 
spektroskopische Methoden untersucht um Informat ionen tiber den thermischen Zerset- 
zungsmechanismus, den Einschul3 des zentralen Metalls, sowie der Halogene auf die Stabilit~it 
dieser Komplexe und die erhitzungsbedingten stereochemischen Anderungen zu erhalten. 

An Hand der DTA und TG wurde beobachtet ,  dab die Zersetzung der Komplexe nach 
ihrer Dehydrierung gew6hnlich nach einer endothermen Reaktion erfolgt, in welcher die 
teilweise Substituierung der Base in der Koordinationssph/ire des Metalls dutch das Halogen 
mit inbegriffen ist, wie dies aus den Reflexionsspektra ersichtlich ist. Der erste Basengewichts- 
verlust entspricht im allgemeinen einem Mol Phenantrolin,  welches die Bis-Komplexe ergibt. 

Durch Beobachtung der Anfangstemperaturen der Zersetzungsprozesse ist ersichtlich, dab 
die Stahilit/it hinsichtlich des zentralen Metalls in folgender Reihenfolge abnimmt:  Ni  > 
Fe ~-- Co ~-- Cu > Z n  und hinsichtlich des Halogens in folgender Ordnung:  B r -  > CI- .  
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Pe3ioMe - -  MeTOj/aMH T F ,  ) I T A  r~ cneKTpOCKOImH H3yqeH p ~  KOMIIJIeKCOB nepexo~n~,lx Me- 
Tan~IOa [ M  (o-qbeH.) 3] X2, r ~ e  M = F e  2§ , C o  2+ , N i  z§ , Z n  z§ ri X = C I - ,  B r - ,  c uenr,  IO IiOSly,ie- 

nrln rln~opMaI~HH O Mexai-itt3Me TepMopac l i a~a ,  a~lnnHI~I IIeHTpa~BHOFO MeTaJIJIa I4 FaYlOFettOB Ha 

CTa61A$IbHOCTB 3THX KOMHYleKCOB I,I O cTepeoxI, IMH~IeCK~IX I, I3MeHeHH~I, BBI3BaHHBIX I-iarpeBarirleM. 

H a  )xanm, lx ~ T A  rl T F  ycTaHOBJIeno, qTO KOMnJIeKCSI p a c n a ~ a ~ o x c a  nocsle lax ~eri, i~paTalLrtri, 

O6bltlHO IlOCYle 3H~OTepMHqeCKO~ peaI~ttnri, a K n ~ q a ~ o m e i t  ~acTrlqrloe 3aMemenr le  OCHOBaHIISt B 

roop~m-Iar~nornaoi~ c ~ e p e  MeTaJ~Jia ra~lorenoM,  r a K  3TO BH,/IHO H3 cneKTpa oTpa~KeHrtn, l - I epaaa  

OCHOBHa~I n o T e p n  Beca COOTBeTCTByeT OJ~HOMy MOBIO qbeaaHTpOnrlrla, ~a~olJ~ero 6HCKOMII~IeKChI. 
H a  OCHOBaHtIK Ha,~azlsrroii TeMNepaTypbI p a c n a ~ a  MOamO c)~eJIaTb BBIBO,/~, qTO r 

B 3aB/,ICHMOCTtt OT tKeHTpaJIbHOrO MeTaJina I~3MenaeTca B c ~ e ~ y l o m e M  n o p ~ K e :  N i  > F e  _~ 

C o  ="~ C u  > l n ,  a s 3aartCrtMOCTri OT r a J i o r e a a  ~ c~xejiyv01I~eM: B r -  > C I - .  
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