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ABSI-RACT 

The thermal decomposition of some dihalotetramminecobah(III) nitrates 
[tetrammir e = (NH&, (NH,)&en), (NH,)(dien), (en)2, (pn), , (trien), etc.] with 
different d~:grees of chelation was studied by various thermoanalytical techniques. 
A partial cuidation-reduction was observed for these complexes above 200°C which 

was indica _ed by a rapid TG mass-loss and a large exothermic DTA peak. A relative 
order ;r ‘aermal stability is reported. 

;:.TRODUCTION 

The reactions of the geometrical and optical isomers of the dihalotetrammine- 

cobalt(III) complexes have been extensively studied in aqueous solution. There has 

been little work reported, however, on their solid-state dissociation reactions. The 
thermal dissociation of the haIopentamminecobaIt(III) nitrates’, diaquobis(ethyIene- 

diaminejcobalt(III) nitrates’, aquohaIobis(ethylenediamine)cobalt(III) nitrates3, and 
aquohaiotetramminecobalt(II1) nitrates4 have been reported. There have also been 

reports5*6 of the therma dissociation reactions of some related cobaIt(II1) ammine 
nitrates. It is not surprising to note that a complex containing vigorous oxidizing 

(nitrate) and reducing groups (ammonia, ethylenediamine, etc.) should decompose 
rather violently on heating to elevated temperatures. 

The purpose of this investigation is to report the thermal dissociation reactions 
of compounds of the type, [CoA,XYjNO,, and its analogs- Of primary interest is 
the relative thermal stability of the complex, as related to the geometrical isomers, 

degree of chelation, and the halide ligands present. The techniques of thermogravi- 

metry (TG), differential thermal anaiysis (D-IA), and high temperature reflectance 
spectroscopy were employed to study the thermal dissociation reactions. Detection 

of any possible isomerization reactions that occurred before the total disruptirln of 

the compIex by the oxidation-reduction reaction was made possible by the last 
technique. 

EXPERIMENTAL PART 

Preparation of compounds 

Most of the dihalonitrate complexes were prepared by adding cold concen- 

*Present address: Dow Chemical Co., Freeport, Texas 77541. U.S.A. 
**To whom correspondence should be addressed. 
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trated nitric acid to the coId saturated solutions of corresponding halides. The 

complex-nitrates precipitated immediateIy. were filtered off and washed with ethanol 
and diethy ether, and dried in air. The initial complex-halides were prepared as 
described elsewhere: k-z-[Co(trien)CIz]CI - 1.51i,07 + cis-z-[Co(tricrz)CIz]NO~ - 
G.5H,O; trans-[Co(dien)(NH, jCI,]CI - H,O” -+ trots-[Co(dien) (NH,)CI,]N03 : tram- 

[Co(dien)(NH,)Brl]B rs + rronzs-[Co(dien) (NH,)Br,]N03 ; cis,rr~~zs-[Co(en)zC1,1C19 
+ cis,trans-[Co(en)zCI,]NO, ; rrairr-[Co(en),Br,]Br’O - frans-[Co(en)2Br,]iO~ ; 

rrans-[Co(en)(NH3)tBr,]Br” - rru~~~-[Coien)(.T\IH,)2BrZ]N0, : cis-[?rans-2NH,]- 

[Co(en)(NH,),CI,lClfl + cis-[Co(en)(NH3)zC12]N03 ; and 1rans-[Co(NH,),C1~3CI- 
H20” --, ~rans-[Co(NH~)~Ci~]N0~ _ The complex, rrans-[Co(pn),CI,]NO, -2H201 
was prepared by the same method mentioned above, except that the precipitation 
was compIeted in an ice bath (rrons-[Co(pn)zC12]CI I3 --+ Irons-[Co@ j2C1,]N03 - 

2H,O). The following complexes, cis-[Co(en)zCIBr]NO, x4Si5~ trtlns-[Co(en),CIBr] 
N031S, t~anr-[Co(en),F,]N0,‘6, and cis-[Co(NH,),Br,]N0, 17, were prepared as 
previously described_ The trans-[Co(NH,),BrJNO, was prepared by continuously 
stirring the solid bromide in coId dilute nitric acid (rrans-[Co(NH,)4Br,]Br’s + 

TABLE I 

ANALYTICAL DATA FOR COMPLEXES 

Complex 
Cobulr (%) Hz0 (%I 

i%eor_ Foxmd Theor_ Found 

17.41 
16.95 
14-13 
1 S-S9 
14-70 
21.11 
15.89 
i 8.69 
16.53 
16.53 
14.70 
14.70 
17.40 
16.13 
20.61 
20.6 I 
I C-72 
15.67 
21.19 
16.89 

I i-6 7.9s 5.00 
16.9 2.60 2.86 
14-O 
IS-6 
15.1 
21.4 
15.8 
IS.2 
17.1 
16.9 
X4.1 
14.6 
17.6 
16-4 
20.1 
20.9 
15.5 
16.2 9.5s 9.40 
21.9 6.43 5.83 
15.9 

Zrans-[Co(NH,),Br,~O,. Attempts to prepare the following complex-nitrates from 
their corresponding haLides by precipitating from cold nitric acid were unsuccess- 
fuI; cti-(ck-2NH3)-[Co(en)(NH,),CI,]NO, Y cis-[Co(trien)CL]NO, , cir-[Co(pn),CI,] 

NO3 * cis-[Co(tn),ci,]No~ ) Irons-[Co(tn),CI,]NO, , and cis-[Co(NH,),Cl,]N03, 
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The complexes, [Co(en)z(N03)z]N03 and [Co(en),CI(N03)]N03, were prepared by 
the thermal deaquation of cis-[Co(en),(H,0),](N0,),2 and cis-[Co(en),HzOC1] 
(NOsjz 3_ 

The cobalt metal contents of the complexes were determined by EDNA titra- 
tion using murexide as end-point indicator I9 while the water contents of the complexes 
were calcuIated from TG mass-loss curves. The analytical data for the complexes are 
given in TabIe 1. 

ThennoanaIytical techniques 
The thermobaiance and DTA techniques have been previousiy reported20*21_ 

A heating rate of 5 ‘C min-’ was used in both techniques; the samples were pyrolyzed 
in a dynamic Nz atmosphere. The high temperature reflectance technique has pre- 

viousIy been described”. 

RESULTS AXD DISCLJS!SIOX 

The mass-loss curves of the complexes that were studied are given in Figs. I-5. 

The thermal dissociation data, including initial decomposition temperatures, inffec- 
tion point temperatures, percent mass-Ioss due to the oxidation-reduction reactions, 
and other therma stability caIcuIations are coIIectzd in Table 2. The initial dissocia- 
tion (7-J and inflection point (r,) temperatures are indicative of the order of thermal 
stabiIity of the complex. Strictly speaking, T. could be the oxidation-reduction 
reaction initial temperature in the more stable complexes or simpIy the initial tem- 

perature of deamination in the less stable complexes. This means, of course, that the 
complex is rhermaIIy stabIe if it possess high T, and Tb values. The stoichiometric 
mass-loss, (MFVj (%AFV), represents the extent of the oxidation-reduction reaction 
which is directly reIated to the order of thermal stability of the complex. With few 
exceptions, complexes with Iower stochiometric mass-loss vaIues, (iill+‘) (%AW), 

normaIIy showed higher initial dissociation (T=) and infiection point (Tb) tempera- 

tures. Therefore, stochiometric mass-Ioss values can be convenientIy used to define 

the order of thermal stability of the complexes- 
For convenience, this series of comples-nitrates are cIassified and divided into 

several groups according to their degrees of chelation and number of nitrate ions per 
molecule. 

[Co(NH,),XJivO, (X = Cl, Br) 
The mass-loss curves of tram-~Co(NH,),Ci,]N0, - Hz0 and trans-[Co(NH& 

Br,]NO, are shown in Fig_ I as curves C and A, respectively- The dehydration of the 

l-hydrate of trarrs-[Co(NH3)4C12]N03-H,0 took place between 75 and 105’C. The 
hi_eh temperature reflectance spectrum did not indicate any geometrical isomeriza- 
tion due to dehydration, although trans-[Co(NH,j,CI,]IO, -2Hz0 has been found to 
form cis-[Co(NH,),CI,]IO, during the dehydration reaction’“*‘3. The trans- 
[Co(NH,),CI,]NO, complex apparentiy was more stable thermally (excluding 

dehydration) than tratz_+[Co(NH,),Br,]N03, as indicated by their initial dissocia- 
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TABLE 2 

THERMAL STABILITY DATA OF COBALT(III) COMPLEXES 

Complexes T,(“c) T,(=c) % NO= % AW (M W)(% A W) % AW/“/o(.%Y&) 

cis-r-i<=o(trien)CIJh’03-0.5H20 200 224 
cis-[Co(trien)BrJi03 215 237 
rrons-[Co(dien) @JHS)CI&03 I75 223 
rranr_ICo(dien) wH3)BrJNOj 160 213 
rruns-Ko(en),F,lNO, 235 274 
cir-[Co(en)lCIJNO, 200 225 
zrans-[Co(en)~CIJNOli 195 227 
cis-[Co(en)KIBrlNO. 200 223 
rrans-[Co(en)lCIBrliO~ 200 224 
cis-[Co(e&Br2]K03 205 223 
rrans-[Co(en)=BrJNOj 200 2’5 
cis-[Co(en) (XHa)=CI=JX03 170 216 
rranr-[Co(en)(NH3rCI~NO~ I65 210 
rrunr-[Co(en)(NH3)rBr2]N01 145 200 
rrns-[CO(NHJ),CI~KO~- H-0 I50 217 
rrons-[CoCir;H~)rBrJXO, I20 I95 
rrans-[Co(pn),C12]N03- 2HzO 205 222 
[Co(en),CI(NO,)]NO. I92 222 
~C&=-O2W03M~03 195 214 

18.34 25.0 84.5 
14.49 19.1 81.5 
19.87 3? 5 _- 101.0 
I 5.46 24.6 115.0 
22.15 40-4 112.5 
19.87 31.6 95.6 
19.37 32.3 100.5 
17-39 23.9 85.2 
17.39 23.5 S-U 
15_ag 23.5 Y4.2 
15.46 23. I 96.7 
21-68 36-5 IO&4 
21.65 35.2 109.0 
16.54 30.6 115.0 
23s5 45.7 I IS.0 
17.77 54.3 I s9.0 
IS.25 35-s 121.5 
36.63 75.6 256. I 
50.40 91.1 330.8 

I.46 
1.32 
1.63 
I.59 
1.92 
I.59 
1.62 
1.35 
1.37 
1.5’ 
I .56 
1.65 
I.76 
1.85 
I-91 
3.06 
I.96 
2.06 
1.90 

T,. temperature of initiaf decomposition due to the oxidation-reduction reaction without considering 
dehydration. T,,, temperature at infiection point of oxidation-reduction reaction. %(X0& calculated 
from the molecuiar weight of anhydrous compIex. %(AJy), caicukued from mass-Ioss curveconsider- 
ing onIy anhydrous complex. 

Fig 1 (Ieft)_ Mw-Ioss curves of cobaIt(III) compIexes. A, rrons-[Co(XH3),BrJX0, ; B. rranr-[Co- 
(pr&CIJNO, -2H:O ; C. rmnr-[Co(NH~)~CI,]NO~ - H=O. 
Fig. 2 (right)_ Mass-Ioss curves of cobaIt(III) compIexes. A, Irrmr-[Co(en)(MH~j=Br2lNO~ ; B, cis- 
[CO(~~)(XW,)~C&]NO~ ; C. irons-[Co(en) WH&CI~]N03 _ 

tion, inflection point temperatures, and stoichiometric mass-loss data. The low T’. 
vaIues for these two complexes indicated that the initial mass-Ioss was not caused by 
the oxidation-reduction reaction but was probably due to the deamination reaction. 
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The thermal stability order found was: frans-[Co(NH,j,Cl,]N03 > true..-[Co(NH,),- 

Br2]NOJ * 

[Co(en)(N*3)2X2]N03 (X = Cl, Br) 
The mass-loss curves of this series of complexes are given in Fig. 2. The dichloro 

complexes showed a greater variation in thermal stability between geometrical 
isomers, e.g., cis-dichIoro-rrans-diammine(ethylenediamine)cobalt(II~ nitrate was 
more stable than ~rans-dichlorodiammine(ethylenediamine)cobalt(III) nitrate which 

can be observed from either the mass-loss curves or from the (i1iFV) (%A?Vj values in 
Table 2. Unfortunately, the other geometrical isomer of the complex, cls-dichloro- 

cis-diammine(ethylenediamine)cobalt(III) nitrate, could not be prepared. Al1 three 

complexes of this series showed a mass loss-plateau immediately before the oxida- 
tion-reduction reaction which was probably due to the incompleted deamination of 

the complex. The zrans-[Co(enj(NH&Br2]N0, (curve A) complex was the least 
stable among the three complexes. An order of thermal stability, as obtained from 
Fig. 2 and Table 2, is as follows: cjs-[Co(en)(NH,)ZCl,]NO, > trans-[Co(en) (NH,),- 

CIJNOJ > trans-[Co(en) (NH&Br2]NOS. 

The mass-loss curve of this complex is given as curve B in Fig. 1. The two 

waters of hydration were evolved from 100 to 140°C and further dissociation due to an 
oxidation-reduction reaction took place above 205’C with an inflection point 

temperature of 222 “C. The complex diaquohydrcgen chloride, lrans-(Co(pn),CiJ- 
(H502)Cl,. has been previously reported to undergo a c&tram isomerization during 
the dehydration and dehydrochlorination reaction24V25, but it was not possible to 
detect a similar change durin g the dehydration of rrans-[Co(pn),Cl,]N03*2H20. 
The therma stability of this complex is approximately between that for [Co(en),Cl,] 
NO, and [Co(en)(NH,),Cl,]NO,, as determined by the T, and T’ values given in 

Table 2. However, this compIex showed a relatively higher stoichiometric mass-loss, 
(MlV) (%AlV), which probably came from the higher equivalent weight (EW) for 
the chelate l&and (pn = I, 2_diaminopropane, EW =37) compared with the other 

bidentate ligand (en, EW = 30). 

[Co(en)2X2]N03 (X= F, Cl, Br) 

The mass-loss curves of this series of complexes are given in Fig. 3. Except for 
the complex, trans-[Co(en),F,]NO, ) all of the cis- and rrons-dihalobis(ethylene- 
diamine)cobalt(III) nitrate complexes were very close in initial dissociation (r,) and 
inflection point (T,,) temperatures. Both the cis- and rrans-isomers showed about the 

same order of thermal stability, as determined by the 7’.. and Tb values. However, the 
stoichiometric mass-loss, (MV) (O/,A jVj, was used to differentiate the order of 
thermal stability among them. For unknown reasons. trans-[Co(en),F,]NO, (curve A) 
had exceptionally high initia1 dissociation (T,) and inflection point (Tb) temperatures 
of 238 and 274”C, respectively. However, ifan.s-[Co(en),F,]NO, also possessed the 



Fig- 3 (Ieft)_ Mass-loss curves ofcobalt(iI1) compiexes. A. rruns-[Co(en)2FJN0, ; B, cis-[Co(en)2CIBr] 
KO; ; C, fruns-(Co(en)2Cl!%]NO~ ; D, I-is-[Co(cn~=Br2)X03 ; E, truns-[Co(en),Br2]KOJ ; F, cis- 
[Co(et&CIz]NOJ ; G. rrans-[Co(en)ZCI-]N03. 

Fig_ 1 Cri_cht)_ Mass-loss cwves of cobzIt(III) comp!cses. _A. cis-[Co(trien)Br2]SOa ; B, cis-z-[Co(tricn) 
Ci2]NOj-0SH20: C. rrunr-[Co(dien)(~HS)BrI] NO5 ;D, rrons-[Co(~dien)(NH,)CI,]NOj : E, c&z- 
[Co@rien)CfJCI- i.-SH20. 

highest stoichiometric mass-loss. (MU’) (%A IV), among this series of complexes. 
This indicates that the rrws-[Co(enj,F,]N0, complex has the highest thermal 
stabiiiiy, as defined by the T, and Tb vaIues, but the lowest order of therma stability 
by (MiV) (%AW). Thus, the order of thermal stability, according to the (MW) 
(%AW)vaIues for this series complexes is: [Co(en)ZCIBr]NOj > [Co(en)2Br,]N0, > 
fCo(en),CIdNOS > [Co(en)zF2]N03. 

As far as the degree of cheIation is concerned, this series of complexes has the 
same as those of the [Co(en)zXz]N03 complexes. How:ever, their thermal stability 
was found to be about the same as those for the [Co(en)(NH,)tX,]NO, complexes. 
The dibromonitrate (curve C, FI,. *m 4) be,oan to Iose mass at 160°C with an inflection 
point temperature at 213 ‘C. The dichloronitrate (curve D, Fig. 4) showed a higher 
thermal st.abiIity with initial dissociarion and inflection point temperatures of 175 and 
223’C, respectisely- As was found with the previously discussed [Co(en)(NH&X,] 
NO3 complexes, there was a short mass-loss plateau just before the region in the 
curve wrhere the oxidation-reduction took place. The thermal stability order found 
was: zrans-[Co(dien)(NH3)CI,]NOj > trots-[Co(dien)(NH3)Br2]N03. 

[Co(trien)X$VO, (X= Cl, Bf) 
This series of compIexes had the highest degree of chelation and also the 

highest thermal stability of the complexes investigated. The mass-loss curves for 
cis-z-dich!orotriethylene-tetraminecobaIt(III) chIorid2 and nitrate are given as curves 
E and B in Fig_ 4, respectiveIy_ The cis-r-[Co(trien)CIJCI - I .5H20 complex evolved 
1.5 moles of water per mole of complex beIow IOO’C with further dissociation of the 
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complex taking place above 220°C. For the dichloronitrate, cis-x-[Co(trien)CIJ 
NO,-0.5Hz0, the 0.5 mole of water was evolved from 50 to 8OC with additional 
mass-loss at ZOO’C and an inflection point at about 224’C. Comparing the mass- 
loss curves of these two complexes (curves B and E_ Fig. 4)), it can be seen that the 
curve for the nitrate (curve B) after the rapid oxidation-reduction reaction is similar 
to that of the chloride (curve E). Such results reveal that only a partial oxidation- 
reduction reaction occurred for the complex-nitrate because one mole of nitrate ion per 

mole of complex is not sufficient for the total osidation-reduction reaction_ Similar 
results were aIso observed for the other complex halides and nitrates curves. The 
dibromonitrate, cis-[Co(trienjBr,NO, (curve A, Fig. 4), exhibited even higher initial 
dissociation and inflection point temperatures than the dichloronitrate; it also had 
the lowest (MWj (%A Wj and (“/oAtt’),X%NOJ values (81.5 and 1.32) among the 
compIexes studied and thus had the highest thermal stability. The thermal stability 
order of these complexes was: cis-[Co(trien)Br,]NOs > cis[Co(trien)Clt]NO, . 

[Co(erz),Cl(_i~‘O,~]~VO~ mid [Co(enj2(iV0,)]N0, 
For comparison purposes, the mass-loss curves of cr:r-[Co(en)zClzfN03, 

together with [Co(enj~CI(NO,j]NO, and [Co(enj.JNO,)JNO,, are given in Fig. 5. 
For complexes with two or three moles of nitrate per mole of complex. [Co(en)?- 
CI,(NOJ)]N03 and [Co(enj,(NO,)JNO,, the final black residue after the vigorous 
oxidation-reduction reaction was CosOs. For the complex, [Co(en),Cl(N03)]N03, 
the calculated and experimental weight percent of CosOs from the mass-loss curve 
(curve A, Fig_ ~5) were quite close to each other. However, the experimental percent 
Co,Oz found was far less than the calculated for [Co(en),(NO,),]NOJ (8.10% 
versus 21_98%)_ This was caused by ejection of the sample during the vigorous oxida- 
tion-reduction reaction of the complex. Similar behavior was observed for the 
decomposition of [Co(NHJj5X](N0J2’ and [Co(NH,),](N0,)s6; no appreciable 
mass-loss was detected after the osidation-reduction reaction. The calculated and 

TABLE 3 

EXPERIMENTAL AND CALCULATED MASS-LOSS DATA 

[Co(en),(X03)2]X03 21.9s 8.1 
[Co(cn)2CI(~0,)]X03 23.75 24.3 
[Co(en)zCIz]NOs 25.72 68.4 

experimental percent of Co30, values after the oxidation-reduction reaction for this 
series of complexes are listed in Table 3_ The incomplete oxidation-reduction reaction 
of c&[Co(enj,Cl,]NO, can be easily observed from its 68.4% of mass-loss after the 
oxidation-reduction reaction compared with a caIcuIated value of 25.75% if the 

final residue is CosOs. The thermal stability order, from the initial dissociation and 
inhection point temperature is [Co(en)zCl,]X03 > [Co(en),Cl(N03j]NO~ > [Co(en),- 

(NW,lNO, - 
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General 

As far as the degree of cheIation is concerned, the compiexes with chelating 
groups present were of higher thermaI stabihty than those with unidentate groups. 
Using the dichloronitrate complexes as exampIes, the order of thermal stability can 
be obtained by comparin g their initial decomposition temperatures (T’j and stoi- 
chiometric mass-loss due to the oxidation-reduction reaction, (MW)(%A W), 

cis(trien)CIZ cis-(en)ZC1, tfazzs-(en),CI, zrazzs-(dien) (NH3)CI, 

(2oo=c; 54.5) ’ (195’C; 95.6) 3 (195°C; 100.0) ’ (175°C; 101.0) ’ 

cis-(en) (NH,)IC12 trazz_r-(en)(NH3)2CiI trans-(NH&G, 

(l?O”C: 140.4) ’ (165’C; 109.0) ’ (ISO’C; 118.0) _ 

Considering the coordinated halides present reveals some interesting results; for 
(trien) compIeses: Br2 > CIZ ; for en, compIexes: CIBr> BrZ > CI1 ; for dien(NH,), 
en(NH&, and (NH& complexes Ci,>BrZ _ 

f 
g.- 

L 

Fig_ 5 (left). Mass-loss curws ofcobaIt(II1) complexes. A. [Co(en)2Ci(NO~)]NO~ ; B, cis-[Co(en)SIJ 
X0, ; C. [Co(en)2(X03)r]N03 - 

Fig_ 6 (right). DitTerentiaI thermal analysis curves of some Co(III) complexes-A, Irons-[ Co~NH~)KI~l 
NOa-H20; B. frunr-[Co(en)2C~2]S03 ; C, rranr-[Co(a) (NH3)IC12]N03 ; D, rrunr-[Co(dien) (NH3) 
CIJ SO3 ; E, h-z-[Co(trien)C12]N03- 0.5Hz0. 

The dichloro compIexes were found to be more stabIe thermahy than the 
dibromo complexes with lower chelation amine ligands, (NH&, en(NH,),, and 
dien(NH& but the order of stability was reversed with higher chelation amine ligands, 
trien. For the complexes, [Co(NH,),X,]NO, (X = CI, Br), two bromide ions in the 
compiex exhibits a greater cteric stra!n than does two chloride ions. However, such a 
sterir se-rain efkct is decreased as the degree of chelation is increased. The relation 
between the thermal stability and the geometrical isomer present is not clear enough 
here to be definitive although the c&isomers were found to be siightly more stable 
thermally than the irans-isomers. 
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Differential thernzal analysis studies 

The DTA curves of some selected complexes with different degrees of chela- 
tion are shown in Fig. 6. All of the curves were characterized by an exothermic peak 
in the 265-275°C temperature range. In all cases, however, the exothermic peak was 
preceded by a broad endothermic peak (two endothermic peaks for trans-fCo(en) 
(NH,),ClJNO,j. This behavior was prcbably due to the fact that the complex first 
dissociated and was then foliowed by a vigorous exothermic oxidation-reduction 
reaction. The peak area of thost- complex nitrates with two or three moles of nitrate 
per mole of complex (such as [Co(enjzCI(N03)]N03 or [Co(en),(NO,),]NO,) was 
relatively greater than the dihalo-nitrates; quantitative data were not obtained 
however. The temperatures of the exothermic peak maxima were approximately 
40-50°C higher than the inflection point temperatures obtained from the mass-loss 
study. The causes for such a difference probably come from the different types of 
gaseous furnace atmospheres that were employed. A static air atmosphere in an en- 
cIosed system was used in the DTA study, while a flowing nitrogen atmosphere was 
used in the TG technique. 

COScJxSIOSS 

No geometrical isomerization reactions were observed in this study such as 

cis- to trans- or trans- to cis, although such changes for the dihalote tramminecobalt 
(III) complexes have been previously reported”*23.24*26~“. 

Although the thermal stability of various compounds has been frequently 
mentioned in thermal analysis studies, its definition is still ambiguous. In some 
reversible gas-solid systems, the thermal stability is defined as the temperature at 
which a certain vapor pressure of the system is attained2’ which actually is a detini- 

tion of thermodynamic stability. However, irreversible systems are found in most 
thermal analysis studies so that vapor-solid equilibrium can not be attained. The 
initial decomposition temperature, T’, is frequently used to def?ne the relative thermal 
stability of compounds with similar structures. However, the degree of decomposi- 
tion is negiected when the initial decomposition temperature is used to define the 
stability parameter. A compound with 5% mass-loss between 5040°C is considered 
less stable than another with a 20% mass-loss between 6&7O”C. In this study, the 
initial decomposition temperature of the complex is due to simple deamination or 
by an oxidation-reduction reaction. The thermal stability temperature ascertained 
from Tb was due to the oxidation-reaction reaction for the complex. As expected, 
complexes with a larger inflection point temperature, Tb, have a decreased oxidation- 

reduction reaction, (Mw)(%A W). Except for very few cases, the relative thermal 

stability defined by either, T’, or T,, or (MW)(%A W), were in good agreement with 
each other_ 
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