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Ihe thermal dissociation of the [Co(NH&CI]CIz and [Co(NH,),Br]Br, 
complexes was studied in racuo by the TG-EGA-MSA technique_ Dissociation of the 

[Co(NH&Cl]C12 complex takes place through the intermediate compounds, trots- 

[Co(NH,),CI,JCI, CoCI, and (N?i,),CoCI,. The [Co(NH,),Br]Br, dissociates in a 

simiIar manner but probably does not invoIve rrons-[Co(Mi,),Br,]Br. 

IXI-RODUCTIOS 

The most widely investigated series of cobaIt(TII) ammine compIexes, after the 
[Co(NH,),]X, series, are the [Co(NH,),X]X, type complexes’. The mass loss curves 
for the chloride complex (X = Cl) have been recorded by numerous investigators’-s, 
while the DTA curves have also been reported 3-6_ In general, the thermaI stability of 

the co;mpounds is anion dependent_ The chloride complex, [Co(NH,)&I~12. is the 

most stable, while the iodo-bromide, [Co(NHj)JJBrt, appears to be the IEast stable 

(in t-acrro) 1 * 4. The dissociation sequence for the [Co(NH,),X]X, (X = Cl, Br) com- 

plexes, in helium, was found to be the same as that reported for the [Co(hrH&]X3 
compounds’. 

We wish to report here new data on the thermal dissociation of the [Co- 
(NH3)5X]X, (X = CI, Br) complexes in z-a-o, usin, = the TG-EGA-MSA technique- 

MPERIMElrTAL PART 

compounds 

The [CO(NH,)~CI]CI~ and [Co(NH,),Br]Br, complexes urere the same as 
previously described’. 

lliernlal analysis apparatus 
The apparatus used and the experimental conditions employed were the same as 

previously described’. 

‘To whom correspondence shoufd be addressed. 
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RESULTS .4hD DISCL’SSION 

The thermo,oravimetric curves for the [Co(NH,),X]X, (X = CI, Br) compIexes 

in z-QCIIO, as presented in Fig- 1, appear to have the same _general shape as the cumes 

for the [Co(NH,),jX, (X = CI, Br) complexes previously reported’. Analysis of these 

curves, together with mass spectrometric data, indicates that the anionopentammine- 

cobaIt(IIl) complexes dissociate in a manner analogous to the hexamminecobalt(lIl) 

compIexes in z-acuo. 

temperature 

Fig. I. TG curves of [Co(NH&X]XI compIexes; A, [Co@H3)&I]C12; B. [Co(NH&Br]Brz; 
pressure of Z X IOm6 Tom. 

The [Co(NH,),CIJCI, complex begn decomposing at 110% to truns- 

[Co~H~),Ci~Cl with the loss of one mole of ammonia per moIe of complex. This 

intermediate compound produced the small plateau in the TG curve at about 8 
percent mass Ioss and was visualiy observed to have a green coIor_ Decomposition of 

the frans-[Co(KH&CI,]CI to a I:1 molar mixture of CoCI,:(NH,),CoCI, protiuced 

an infIection point in the TG curve at about 30 percent mass 10s~. No horizontal mass 

Ievel was observed since the (NH4),CoCI, decomposed to CoClt and hm,&I at a 
rate which was only siightly Iess than the rate of formation. The CoCI,, which 

appeared as a stable intermediate compound at about 53 percent mass loss, began to 

sublime at about 350°C with the sublimation continuin_g to a black residue, probabiy 

cobah metal, at 9s percent mass loss. 

The dissociation reactions of [Co(NH,),Br]Br2 appear to be similar to those for 

[Co(NI,),CIJCI, except for the first reaction step. The TG curve shows that 3 II-I~SS 
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Ioss corresponding to approximately four moles of ammonia per mole of complex 
occurs as the initial dissociation process. This can be interpreted as the direct disso- 
ciation of the complex to a 1 :I moiar mixture of CoSr,:(NH,),CoBr,_ However, the 

sample was visually observed to have a green color during the course of this process 
which mi_ght indicate the presence of rrans-[Co(NH3),Brz]Br or CoBrz. The 

(NH,),CoBr, decomposed to CoBrz which subhmed at about 3OO’C to ieave a 
residue at 96 percent mass loss. 

Mass spectroscopy 
Gas evoIution cum-es were plotted for both [Co(NH,),CI]CI, and [Co(NH& 

Br]Br, by measuring the peak intensities of the mass spectra as a function of tempera- 
ture. The curves obtained for the [Co(NH,),CIJC12 complex are presented in Fig. 2. 

femperofrrre. “C 

Fig_ 1. Mass spectrometric measurement of: (a) torzl gas evolution; (b) zrnmonia g3S evofxtion; 

(c) hydrogen chloride gas evolution. 

The tota gas evohrtion curve for the [CO(NH~)~CI]CI, complex consists of two 
sharp peaks between 100 and 200°C folIowed by a constant rate of gas evoIution for 
the remainder of the curve. The first peak in this curve consists prima&y of ammonia 
reieased by the dissociation of [Co(NH,),CI]C12 and tralrs-[Co(NH,),CIJCI. The 
first peak in the ammonia ev-oIution curve will exactly superimpose on the first gas 

peak which demonstrates that ammonia ev-olution constitutes ir significant portion of 
the gas evolved in this temperature interval. Also, mass spectra obtained during the 
inter4 of the first decomposition contain only ammonia, hydrogen and nitrogen 
*peaks with no peaks above m/e = 28. 

The second peak in the gas evoIution curve consists of both ammonia and HCI 
which result from the disscciation of trans-[Co(NH,)4CIJCI and (NH&CoCI,_ The 
HCI evolution curve, Fig_ 2, shows that essentially all of the HCI is evolved in this 

reaction step_ Since only traes of HCI are evolved above 2OO’C, sublimation rather 

than dissociation seems to be responsible for the loss of CoCI, from the sample 
container_ 

The gas evoIution curves for [Co(NH&Br]Brz. as presented in Fig. 3, appear 

tu be similar to those of the corresponding chloride complex. This was expected since 



306 

IO( 

ZC--  ~. c 

i 
too 

"::. . . . . . . .  - . . . . . . .  

500 500 
[~'n.p ~,Q~(:re, °C 

Fig- 3_ Mass spectrometr ic  measurement  of: (a) total  gas evo lu t ion ;  (b) a m m o n i a  
(c) hydrogen b romide  gas evolut ion.  

gas evo lu t ion ;  

the  T G  curves indicated that ,  ,~ith the  possible except ion  o f  the  first decompos i t i on  
step, the  m o d e  o f  dissociat iun was the  same for  bo th  complexes.  However ,  the  HBr  
evolu t ion  curve  con ta ins  a small  peak  occurr ing  s imul taneous ly  wi th  the  ini t ia t ion o f  
the  decompos i t i on  process which is con t rad ic to ry  to  the  p roposed  dissociat ion 
react ion.  Tl~e t he rmo~mvime t r i c  da t a  suggests  tha t  the  first dissociat ion process 
involves . the decompos i t i on  o f  [Co(NH3)sBr]Br  2 to  a 1:1 m o l a r  mix ture  o f  
CoBr2:tNrI-I4)2CoBr4 t h r o u g h  the  loss o f  a m m o n i a  and  ni t rogen.  Since this process  
does  no t  involve the  release o f  b romine ,  the  appearance  o f  the  initial small  H B r  peak  
indicates .either that  decompos i t i on  occurs  througah a process which  is different f rom 
tha t  which  has  been suggested or  tha t  the  sampIe  con ta ined  traces o f  impur i t ies  which 
were re~.?ponsible for  the  Ix~ak. The  small  size o f  the  peak,  when  evaluated in c o m -  
par ison to  the  o the r  da ta ,  which show s t rong  similarities with  da ta  ob ta ined  for  the  
[Co(NH3)sCI]CI 2 and  [Co(NH3)6]Xa (X = e l ,  Br) complexes ,  suggests tha t  t race 
impuri t ies  are the  m o s t  p robab le  explanat ion.  The  H B r  evolu t ion  curve also indicates  
t ha t  the  CoBr2 subl imes ra ther  then  dissociates at  t empera tu res  above  300°C. 
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