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ABSTRACT 

The decomposition of [Co(NHJ)sH20] [Cr(NCS),] has been studied using DSC and 
TG. The first step involves the loss of Hz0 and NH3 in a first-order process to produce 

I(NH3Wo(SCN)#Zr(NCS),]_ A second step involves the loss of HSCN. Activation 
energies are presented and the mechanisms of the reactions are discussed in comparison to 
analogous cyanide compleses. 

INTRODUCTION 

The first solid state dehydration reaction that resulted in the formation of 
a cyanide bridge was that reported by Haim and co-workers [l] _ In that case, 
[ Co( NH&H201 [ Co( CN)6] was heated and the product was [(NH3)&o- 
NC-CO(CN)~]. The structure of this compound has recently been deter- 
mined and no cyanide isomerization occurs [2]. However, the reaction was 
not quantitative and other volatile products were liberated [l]. A thermal 
study of this reaction showed that after the cyanide bridge is formed, loss of 
HCN rather than NH3 occurs and an amide bridge results. From DSC studies, 
the dehydration process was found to have an activation energy of 228 kJ 
mol-’ and a LVI value of 21.8 kJ mol-‘, in good agreement with earlier work 
[ 3,4]. Other compounds have been reported to form CN bridges upon dehy- 
dration [ 51. 

In view of these reactions leading to amide and cyanide bridges, we have 
become interested in the dehydration of thiocyanate complexes, and have 
investigated the dehydration of [CO(NH~)~H~O] [Cr(NCS)6] in an effort to 
determine the characteristics of the decomposition process. The results of 
this study are presented in this report. 

EXPERIMENTAL 

Preparation of compounds 

Aquopentamminecobalt(II1) perchlorate was prepared by the usual 
method [S] _ The Kj[Cr(NCS)6] was obtained from Pfaltz and Bauer 
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Chemical Co. and was used without further treatment. The [Co(NH3)&120] 
[Cr(NCS)6] was prepared by mixing equal volumes of 0.1 molar solutions of 

KdWNCSM and [ Co( NHJ)5HIO] ClO+ The slightly soluble reddish-purple 
product was removed by filtration, washed with water, absolute ethanol and 
ether, and was allowed to dry in air. The yield was 83%. Analysis: calcd. C, 
12.81%; H, 3.05%; N, 27.39%; found C, 12.34%; H, 3.33%; N, 26.33%. 

Thermal measurements 

Thermogravimetric analysis was carried out using a Perkin-Elmer thermo- 
gravimetric system, Model TGS-2. Differential scanning calorimetry studies 
were carried out using a Perkin-Elmer differential scanning calorimeter, 
Model DSC-1B. In both DSC and TG runs, the samples were maintained in 
a nitrogen atmosphere and a heating rate of 10°C mill-’ was used. Proce- 
dures used were similar to those previously published [ 71. 

Activation energies were obtained from the TG curves by the method of 
Coats and Redfem [S] . In each step of the reaction the equation for a first- 
order process gave the highest correlation coefficient for fitting the data to a 
linear relationship by a linear regression analysis. 

RESULTS AND DISCUSSION 

The TG, DSC, and DTG curves for the decomposition of [ Co(NH3)5HzO] 
[Cr(NCS)6] are shown in Fig. 1. TG runs were carried out to 750°C. The 
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Fig. 1. TG, DTG, and DSC curves for the decomposition of [CO(NHJ)SH~O] [Cr(NSC)e]. 
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IXC runs gave no useful information after the first step of the decomposi- 
tion was complete. For the first step, an endotherm of 85-7 f 2.0 kJ mol-’ 
is seen first and it is followed quickly by an esotherm of -26.4 f 1.6 kJ 
mol-I. The limits are 1 standard deviation. A net change of 62.4 + 1.8 kJ 
mol-’ is associated with the first decomposition reaction. 

The TG curves show that the decomposition of [CO(NH~)~HZO] 
[Cr(NCS),] takes place in three distinct steps. These reactions can be 
represented as follows. 

[Co(NH3),H20] [Cr(NCS),] - [(NH1)$o(SCN)&r(9CS)31 
+ H,O + 2 NH3 (1) 

[ (NHJ)&o( SCN)&r( NCS)3] - [ Co( NH,),( SCN)&r] + 3 HSCN (2) 

[Co(NH,),(SCN),Cr] - [Co(NH),Cr] + 3 HSCN (3) 

Table 1 shows the thermal parameters associated with the decomposition 
reactions. In every case, the linear regression analysis of the data to fit the 
first-order Coats and Redfern equation gave correlation coefficients of 0.995 
or above. 

It is interesting to compare the behavior of solid [CO(NH~)~H~O] 
[Cr(NCS)(,] with that of [CO(NH~)~H,O] [Co(ClN),]. Tn the latter com- 
pound, loss of H,O occurs first, resulting in a CN bridge. Subsequently, HCN 
is lost, presumably because the resulting amide bridge is bent and does not 
result in as much strain as would be present if two CN bridges were formed. 
Contmued heating of [(NH,),Co-XC-Co(CN),] results in the loss of addi- 
tional HCN which necessitates more NH, bridges being formed. In contrast, 
[ CO(KH~)~H~O] [ Cr(NCS)6] 1 oses the Hz0 molecule and forms a bridge to 
thiocyanate. By analogy, it was expected that HSCN would be liberated after 
the loss of H,O. However, the process does not stop after the loss of Hz0 
and two NH3 molecules are lost simultaneously in the first step of the 
decomposition. Thus, the loss of a Hz0 molecule and two NH3 molecules 
occurs in a single step, probably producing three SCN bridges. This differ- 
ence between the thiocyanate and cyanide complexes is not due to the metal 

TABLE 1 

Thermal data for the decomposition of [CO(NH~)~H~O][CI(NCS)~] 

Process Temperature % Mass loss 
$J mol-’ ) * 

AH 
(kJ mol-’ ) * 

Imtiation Final Calcd. Found 

(1) 120 165 9.25 9.20 138.7 f 7.2 62.8 f 1.8 ** 
(2) 210 39-I 31.5 31.3 54.0 * 5.6 
(3) 510 736 31.5 27.3 91.6 + 1.1 
Total 25 736 72.2 67.8 

l Shown as mean value * 1 standard deviation from the mean. 
**Made up of an endotherm (85.7 * 2.0 kJ mol-‘) and an exotherm (-26.1 f 1.6 kJ 

mol-’ ). 
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present in the anion. We have verified that [CO(NH~)~H~O] [Cr(CN),J 
behaves like [Co(NH,),H,O] [Co(CN),] in that no NH3 is lost early in the 
decomposition [ 91. It is plausible that the loss of Hz0 and NH3 in the 
present case is due to the fact that SCN can easily form a second bond where 
Hz0 or NH3 leaves a coordination site because such SCN bridges are not 
linear [lo]. This possibility does not present itself in the case of the cyanide 
compleses where CN bridges must be essentially linear [Z] _ Thus, in accord 
with these observations, a structure such as 

S s 

is reasonable for an intermediate in the case of the thiocyanate compound 
but not for the cyanide compounds of this type. 

Continued heating of the material produced in the first reaction leads to 
the loss of more volatile products. The observed and theoretical mass-loss 
values agree almost esactly for the product being three HSCN molecules. 
The product can then be written as [CO(NH,)~(SCN)&~]. This material can 
be formulated as a polymer having the structure 
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This structure is consistent with the fact that both thiocyanate and amide 
bridges are bent. Again, this type of product would not be feasible for a 
cyanide complex in accord with experience [3,9]. The third step in the 
decomposition shown in eqn. (3) gives ill-defined products. 

Although the structures of intermediate products are not known with cer- 
tainty, it is evident that interesting differences exist between the decomposi- 
tion of double complex thiocyanate and cyanide salts. These differences are 
brought about by the larger size of the thiocyanate ion and the fact that it 
forms bent bridges. U7e are currently examining other such reactions. 
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