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ABsrRAcr 

The effect of the water vapor pressure on the solid-state polymerization reaction 
of cyanotetramnu ‘necobaIt(III)-~-cyanoaquotetramminecobaIt(III) perchlorate was 
investigated. The reaction temperature increased with increasing water vapor pressure. 
At a constant water vapor pressure, the reaction temperature increased as the heating 
rate increased. A reaction mechanism for these phenomena is postulated. 

R*iTRODUCl-lON 

The kinetic and thermodynamic parameters associated with the solid-state 
polymerization of the compound, [Co(NH,),(H,O)-CN-Co(NH,),(Cl4~](CIO,),, 
have recently been determined’_ The reaction’, which is similar to others previously 
describeda-‘, involves the evolution of coordinated water aud the formation of 
cyanide bridges between the cobalt(II1) ions, according to the equation: 

n[Co(NH3)4(HZO)-CN-Co(NH3)4(CN)](C10s)s + [-Co(NH,),-CN-Co- 

(NH,),-CN-I,(C10& (0 

A change in crystal structure apparently accompanies the polymerization reaction’. 
Tke reaction temperatures were found to be dependent not only on the heating rate 
but also on the presence or absence of water vapor in the furnace temperature_ This 
fact suggested that a more quantitative study of the effects of the water vapor pressure 

on the reaction temperature may shed some light on the nature of the reaction mcch- 
anism. In this investigation, the reaction tern_peratures for various water partial 

pressure values in the furnace chamber were determined for different heating rates. 

ExPERmENrAL 

Compound 

The compound, [Co(NH,),(H,O)-CN-Co(NH,),(CN)](ClO,&, was obtained 
from the Sandia Corporation, Albuquerque, New Mexico. 
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TG studies 
The reaction temperatures were determined by the use of a DuPont Model 950 

thermo,mvimetric analyzer. The water vapor partial pressure in the furnace chamber 

was controlled by bubbling nitrogen gas through various aqueous solutions with 

known vapor pressures and then through the furnace chamber. The solutions used, 

along with their water vapor pressures, are listed6 in Table I. SampIe sizes from 2 to 

5 mg were studied at heating rates of 5, 10, and lS’C/min. 

TABLE I 

VAWR PRESSURES OF VARIOUS AQUEOL? SOLI_?IOSS6 AT 25 -c 

Solution Reiatice humidily 

Distilled water 1.00 
Saturated (NH&SO, 0.81 
Saturated Ca(NO& 0.51 
Saturated Cat% 0.31 

Vapor pressure (mm Hg) 

24 
19 
12 
7 

FESULTS AXD DISCUSSIOS 

The TG curves for reaction (1) are given in Fig. 1. As can be seen, the temper- 

ature at which reaction occurs increases with increasing water vapor pressure, if the 

heating rate is constant. Similar effects have been noted under seIf-generated atmos- 

spheres7_ With constant water vapor pressure, the temperature at which reaction 

occurs increases with increasing heating rate. 

I 
(A) 

I ’ I I I I I 
153 ‘40 180 -c 

Fig. l_ TG curves for rcxtion (1 j_ Heating rate: A, 5 ‘Clmin; B, IO’Cjmin; C, lS’C!min. Vapor 
pressure in mm Hgz i, 24; ii. 19; iii, 12; iv, 7; s-, 0. 
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The reaction temperatures were determined as illustrated on the idealized TG 
curve in Fig. 2. The temperature, T,, at the intersection of the extrapolated lines was 
taken as the reaction temperature_ Values of Tr obtained in this manner are listed 
in Table IT. 

Fig. 2_ idealized TG curve. T,, reaction temperature; T,, temperature below which equilibrium (3) 
predominates; Te, temperature above which reaction (4) predominates; d, TB- T,, temperature 
interval in which reactions (3) and (4) compete. 

TABLE II 

REACTION TEJ.4PuuTL!REs 

Heating raIe 

(’ C/nzin) 

Wafer capor pressure Reaction temperature 

(mm Hg) (“0 

5 
5 
5 
5 
5 

10 
IO 
10 
10 
IO 
15 
15 
15 
I5 
15 

24 151 

19 149 
12 144 
7 140 
0 137 

24 159 

19 156 
I2 151 
7 149 
0 145 

24 161 
19 I60 
12 I58 
7 I52 
0 I48 

Plots of the water vapor pressure L-S. T, for each heating rate employed are 
illustrated in Fig. 3. A straight line was obtained, the slopes of which were, within 
experimental error, independent of the heating rate, aIthough the intercepts decreased 
with increasing heating rates. The values of the slopes and intercepts of the curves 
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Fis_ 3_ plots of water vapor pressure cs. reaction temperature. 0, SoChin; e. 10 ‘C/min; 0. 
lS°Cjmh 

are listed in Table IIf. The water vapor pressure dependence of the reaction tempera- 
ture of reaction (1) described by the equation: 

P&O = ST, + Z(B) (2) 
wherePH20 is the water vapor pressure, S the shape, and Z(B) the intercept, which is a 
function of the heating rate, #I. 

TABLE III 

VALUES OF THE SLOPES AND I2iCEPTS OF THE PLOTS OF WATER VAPOR PRESSURE cS- REACI’IOH TEMPER- 

ATURE 

5 1.65 - 136.3 
10 I.74 - 144.5 
I5 1.73 - 147.4 
AVCTZij$ 1.71 50.05’ 

Citandard deviation. 

Since the reaction depends upon the water vapor pressure, an equilibrium 
must exist in the reaction mechanism. However, the reaction is irreversible, even if 
stopped after only a small amount of water has evoked. Thus, there must be an 
irrevetibIe step in the reaction which is apparently not connected with the crystalline 
rearrangement_ These facts suggest the following reaction mechanism: 

k 
M * i-W* + r-r20 (3) 

k -1 
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where M is the reactant, M* the intermediate perhaps involving a koordinated 

cobah(lI1) ion and P the polymer product. Reaction (3) is the equilibrium step 

responsible for the dependence on the water vapor pressure while reaction (4) is the 

irreversible step. 

For an isothermal reaction, the rate equation could easily be obtained frown 

the above mechanism. In the case of a nonisothermal reaction, however, the steady- 

state approximation may not be valid; hence the rate equation is not easily obtained_ 

However, the qualitative behavior of the reaction may be ascertained from Fig 2. 

Assuming ‘Lhe mechanism given in Eqns. (3) and (4), it is apparent that at temperatures 

below T,, the equilibrium Eqn. (3)] predominates; littIe or no weight is Iost and 

k-lp IIlo> k2 _ At temperatures above T’, however, the irreversible reaction [Eqn. (4)] 

predominates since weight is rapidly lost; therefore k2 > k- i pHIO. It follows that at 

some temperature not greatly different from T, in the rather small interval d, the 

following relationship must exist: 

k, PH=O = k, 

Eqn. (5) predicts the dependence of the reaction temperature on the water vapor 

pressure, the temperature being included in the rate constant in the usual Arrhenius 

manner. Therefore, the mechanism given by Eqns. (3) and (4) explains both the water 

vapor dependence of the reaction temperature and the fact that the reaction is 

irreversible. 
It should be pointed out that although the postulated mechanism does explain 

the fact that the reaction is dependent on the water vapor pressure, it does not 

explain the hear relationship between T, and pHIO_ The several complicated factors 

which are involved are: First, because of the equilibrium step [Eqn. (3)] the sample 

generates a water vapor pressure in its immediate vicinity above that in the nitrogen 

gas in the reaction chamber. Since the equilibrium is temperature dependent, the 

water vapor pressure in the immediate vicinity of the sample is temperature dependent. 

Secondly, the water moIecules in the immediate vicinity of the sample, which are the 

result of the equilibrium, may diffuse away from the sample due to the vapor pressure 

gradient. The rate of diffusion is also temperature dependent. Because of these com- 

plicated factors the simple linear relationship between T, and PHI0 is surprising and 
cannot at present be explained. 

Finally it is apparent that the dependence of the reaction temperature on the 

heating rate is readily explained when the diffusion of water away from the immediate 

vicinity of the sampIe is considered_ For a low heating rate, the water vapor pressure 

in the immediate vicinity of the sample is less than at a high heating rate because 

there is more time available for the diffusion of water away from the sample. Because 
of the smal!er water vapor pressure, the reaction temperature is lower for a lower 

heating rate than for a higher one. 
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