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 Compared with a great number of 
studies on the reaction of complex salts 
in the aqueous solution, the investigations 
on the thermal decomposition of complexes 
in the solid state are few. These include 
studies on ammines of cobalt1,2), nickel3), 
platinum4) and indium5) and on nitroam-
mines of platinum6) and cobalt7,8). Among 
these studies the data on dissociation 
pressure were reported only for cobalt-
and nickelammine complexes1,3) and ther-
modynamic discussion of them has never 
been made. For this reason we started 
the present study and determined the 
dissociation pressure of hexamminecobalt-
(III) chloride and chloropentamminecobalt-
(III) chloride. The free energy change 
of dissociation of the former complex 
was calculated and the standard free 
energy of formation of the latter complex 
was obtained. 

Experimental 

 Hexamminecobalt(III) chloride was prepared by 
Bjerrum's method9) and chloropentamminecobalt-
(III) chloride, by the method of Jorgensen10). 
The apparatus used for the determination of the 
dissociation pressure is shown in Fig. 1. 
 After the sample was put into the reaction 
vessel, made of heat resistant borosilicate glass, 
A, the whole apparatus was evacuated. The

cocks B and C were closed and the temperature 
of the electric furnace F was held at the desired 
constant temperature by an automatic regulator. 
The dissociation pressure was determined by the 

manometer M.

Fig. 1. Apparatus.

Results and Discussion

Dissociation Pressure of Hexammine-

cobalt(III)Chloride.-The dissociation

pressure of hexamminecobalt(III)chloride

was measured at several temperatures in

the range of 83～173℃. As we found that

the decomposition products consist of

chloropentamminecobalt(III) chloride and

ammonia, but not of cobaltous chloride,

the decomposition reaction can be expres-

sed by the following equation,

The values of dissociation pressure

determined for hexamminecobalt(III)chlo-

ride are listed in Table I.

Biltz1)reported that the decomposition

of hexamminecobalt(III)chloride began at

175～180℃ and chloropentamminecobalt-

(III)chloride was formed at 216～220℃.

Clark et al2). reported that the decom-

position began at 173℃ and ammonium

chloride appeared at 181℃. However, we

detected the evolution of ammonia at

160℃ by passing the decomposition gas

into water containing phenolphthalein,

and could determine the dissociation pres-

sure at a temperature lower than that

pointed out by Biltz1) and Clark2).

* Read at the Symposium on Co-ordination Com-

pounds sponsored by the Chemical Society of Japan, held 
in Nov., 1957. 
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TABLE I. DISSOClATION PRESSURE OF 
 HEXAMMINECOBALT(III) CHLORIDE

 Biltz1) observed 14mmHg as the dissocia-

tion pressure of hexamminecobalt(III) 

chloride at 174•Ž, which is relatively 

close to our value, but he did not measure 

it at a temperature lower than 174•Ž. 

On the other hand, it was found by us 

that ammonium chloride began to form 

at about 170•Ž and the decomposition 

pressure rapidly increased at higher 
temperatures. 

 The logarithm of the dissociation pres-

sure was plotted against the reciprocal of 

the absolute temperature (Curve a in Fig. 

2). The obtained curve is approximately 

linear except the two points at 173 and 

176•Ž. The equation of the straight line 

is calculated by the least square method 

as follows:

(1)

From this equation the heat of dissocia-

tion is obtained as ΔH=9612 cal.

Fig. 2. The relationship between the dis-
 sociation pressure and the temperature 
 for 
 a: hexamminecobalt(III) chloride 
 b: chloropentamminecobalt(III) chloride.

Biltz1)obtained the value of about 18

kca1. as the heat of dissociation from his

data determined at 174～216℃ by means

of the Nernst formula, but we recalculated

the value of 28 kcal. from his data.

If the value of ΔH=9612 cal. determined

above at the temperature in the range of

83～173℃ is assulned to be approximately

equal to that at 25℃, it agrees fairly well

with the value of 8.56 kcal. calculated from

the heats of formation of [Co(NH3)6] Cl3(s),

(-274.1 kcal.11)),[Co(NH3)6Cl] Cl2(s),(-254.5

kcal.12))and NH3(g)(-11.04 kcal.13)).

 The standard free energy change of de-

composition calculated by the formula l

is:

(2)
The values of ΔG298=5672 cal. and ΔS298=

13.22e. u. are obtained.

 The standard free energy of formation of

complex salts in the solid state has never

been known except that of[Co(NH3)6] Cl3(s),

which was calculated by the present

authors from the solubility data in the

preceding paper14). By using this value

and the equation 2 the standard free

energy of formation of[Co(NH3)5Cl] Cl2(s)

in the solid state is calculated to be:

and the value of ΔG298=-144.90 kcal. is

obtained.

 Dissociation Pressure of Chloropentam-

minecobalt(III)Chloride.-The dissocia-

tion pressure of chloropentamminecobalt-

(III chloride was measured by the same

apparatus as that shown in Fig.1. The

results are given in Table II.

TABLE II. DISSOClATION PRESSURE OF 
CHLOROPENTAMMINECOBALT (III) 

 CHLORIDE
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Biltz1) found that chloropentammine-

cobalt(III)chloride decomposed at 180～

220℃, but our results show that the de-

composition takes place at a lower

temperature. In contrast to hexammine-

cobalt(III) chloride, the increase of the

dissociation pressure of chloropentammine-

cobalt(III)chloride with the rise of tem-

perature is quite large. In other words,

although thedissociationpressure of

chloropentamminecobalt(III) chloride is

less than that of hexamminecobalt(III)

chloride at a temperature lower than

90℃, the thermal dissociation of the

former exceeds that of the latter at a

temperature higher than 92℃, and the

dissociation pressure of the former at

103℃ is nearly the same as thatof the

latter at 173℃. It is concluded from

these facts that chloropentamminecobalt-

(III) chloride is stable at a temperature

below 90℃ and becomes suddenly unstable

at a temperature above 192℃.

 The plots of the logarithm of the dis-

sociation pressure against the reciprocal

of the absolute temperature give a straight

line as shown by the line b in Fig.2.

The equation of the straight line is calcu-

lated as follows

 From this equation as the heat of dis-

sociation the value of ΔH=60.78 kcal. is

obtained. It is in good agreement with

the value,60.84 kcal., which is calculated

from the heats of formation of components

of the following dissociation reaction,

and

 The Rate of Thermal Dissociation of Hex-
amminecobalt(III) Chloride.-The rate of 
the thermal dissociation of this complex was 
determined by tracing the pressure change 
of ammonia produced in the decomposition 
by the apparatus shown in Fig. 1. The 
results are shown in Table III and Fig. 3. 
 The velocity constant k at the time 
when the dissociation begins to take place 
is given by the tangent of the velocity 
curve at zero point in Fig. 3. The plots 
of logarithm of the velocity constant

against the reciprocal of the absolute 
temperature give a straight line as shown 
in Fig. 4, from which the value of 17.98 

TABLE III. RATE OF DISSOClATION OF 
HEXAMMINECOBALT (III) CHLORIDE

Fig. 3. Rate of dissociation of hexam-
 minecobalt(III) chloride.

Fig. 4. The relationship between the 
 velocity constant and the temperature 
 for hexamminecobalt(III) chloride.

15) K. Sano, J. Chem. Soc. Japan, Pure Chem. Sec. 
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kcal. is obtained as the activation energy 
of the thermal dissociation of hexammine-
cobalt(III) chloride. 
 The Rate of Thermal Dissociation of 

Chloropentamminecobalt(III) Chloride.-
The determination was made by the same 
method as that used in the above experi-
ment for hexamminecobalt(III) chloride. 
The results are shown in Table IV and 
Fig. 5. 
 The plots of the logarithm of the ve-
locity constant k at the time when the 
dissociation begins to take place against 
the reciprocal of the absolute temperature 
give a straight line as shown in Fig. 6, 
from which the value of 54.06 kcal. is ob-
tained as the activation energy of the 

TABLE IV. RATE OF DISSOClATION OF 
 CHLOROPENTAMMINECOBALT (III) 

CHLORIDE

Fig. 5. Rate of dissociation of chloro-

 pentamminecobalt (III) chloride.

Fig. 6. The relationship between the ve-
 locity constant and the temperature for 
 chloropentamminecobalt(III) chloride.

thermal dissociation of chloropentammine-
cobalt(III) chloride. 
 As shown above, the heat of dissociation 

and the activation energy of chloropen-
tamminecobalt(III) chloride are very high 
compared with those of hexamminecobalt-
(III) chloride. These data give an ex-
planation for the fact that chloropentam-
minecobalt(III) chloride produced in the 
thermal dissociation of hexamminecobalt-
(III) chloride does not suffer from further 
decomposition so far as the latter is pre-
sent, even if the dissociation pressure of 
the former is very high. 

 Summary 

 1. The thermal dissociation of hexam-
minecobalt(III) and chloropentammine-
cobalt(III) chlorides was studied. The 
heats of dissociation calculated from the 
the data of dissociation pressure deter-
mined are in good agreement with the 
values calculated from other sources. 

2. The free energy change of dissocia-
tion of hexamminecobalt(III) chloride was 
calculated and by combining this value 
with the standard free energy of forma-
tion of that complex previously obtained, 
the standard free energy of formation of 
chloropentamminecobalt(III) chloride in 
the solid state was determined. 

3. The rate of the thermal dissociation 
of hexamminecobalt(III) and chloropen-
tamminecobalt(III) chlorides was deter-
mined and the activation energies of the 
dissociation were calculated. 
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