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The solid-state kinetics for the elation reactions of [CO(NH,)~(OH)(H,O)]X~ 
(where X -= Cl-, Br-, or fSO:-) were determined by several different methods using 
dynamic and isothermal thermogravimetric data. For the reduced-time plot method, 

E values were 20,43, and 25 kcal mol - * for the chloride, bromide, and sulfate com- 
plexes, respectively. For the Jacobs and Kureishy method, E values of 21, 37, and 
17 kcal mol- ‘. were obtained for the abave three complexes. respectively. A possible 
reaction pathway is sus_gested for the olation reaction. 

I?r7RODUCnON 

The solid-state elation reaction exhibited by hydroxoaquotetramminecobalt 
(III) complexes’ is a combination of two chemical processes: (1) the elimination of a 
water molecule: and (2) the formation of two hydroxo bridges between two molecules. 
The former process is endothermic while the latter is exothermic. It is evident from 
the DTA curves of hydroxoaquotctramminecobalt(lli) complexes’ that the energy 
for the bridge formation is less than that for the dcaquation reaction_ EnerSywise, 
the exothermic etTect of the bridgz formation is less than that of the deaquation 
reaction since both processes take place almost simultaneously. It seems. therefore. 
that the results of previous DTA studies on the kinetics of the elation reaction do 
not represent any of the two processes mentioned but only the net reaction. This 
reaction is, in a way. analogous to the deaquation and anation of [Co(NH ,)s 
(H,O))X, complexes* except for bridge formation instead of anation. Since the 
activation energy for this process has been attributed* to the first step, i.e., deaquation. 
and since it is reasonable to presume that dcaquation would be the rate-determining 
step in olation also, it was thought worthwhile to study the kinetics of olation 
reactions by the thermal analysis technique of thermogravimetry. Also, this study 
could serve as a cheek on the activation energy values of thcsc compounds since 

l To whom commwkations shouid k add-. 



similar compounds with amino acid ligands in the &cc of nmmonia have been 

rep&ted3 to under_eo olation with the relatively high values of 70.7-97.2 kcal mol-’ 

for the acti!-tion energies. 

EXF’ERIMEZG7AL PART 

Prepration of compounds 

The compounds, [CO(?~H,),(OH)(OH,)]CI,, _ 
and [Co~NH,).,(OH)(OH,)]SO, were prepared and characterized according to 
methods described in the literature Jw ’ Water contents of the complexes were dcter- _ 

mined by mass-loss on the thermobalancc. 

Appizratus 

Dynamic thermo_eravimetry data were obtained using a DuPont Model 950 
Thermogravimerric Analyzer at a heating rate of 8°C min’ ‘. Isothermal data were 
obtained on a Cahn RG Electrebalance converted to a thermobalance. A dynamic 
nitrogen atmosphere was used in all of the studies. 

RESULTS AXD DISCUSSION 

The isothermal thermogravimetry data were analyzed using reduced time plots. 
This method, which is due to Sharp et aL6, aids in the rapid sclcction of appropriate 
rate equations d,escribin& the kinetics. In the case of each of the compounds studied, 

the master plot for the theoretical expressions was superimposed over the reduced 
time plots obtained experimentally. These experimental plots are shown in Fig I. 
For [Co(NH,),.(OH)(OHI)~Cl, and [Co(NH3),(OH)(OH,)]Brl, it was observed 
that the first order decay law fits the experimental data most c!osely. The law, in 
general, should ‘be valid to the very end of the reaction but in these cases the fit is 
only up to Q = 0.5. This law, which is derived on the basis of nucleation of particles by 
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an exponential law followed by rapid two-dimensional growth’, suggests that random 
nucleation occurs in the olation reaction of these compounds. In the case of 
[Co(NH,),(OH)(OH,)]SO,, both the first order decay law and the contracting 
sphere model fit the experimental data but the former gives a better fit. 

Based on these observations the rate constants were determined using the first 
order decay equation. The Arrhenius plots for the olation reaction of the three 
compounds are shown in R,. .a 2 while the kinetic results arc summarized in Table I. 

The thermo?gavimetric data were also analyzed using the general method 
introduced by Jacobs and Kureishy*. The log (I~,, I) - I,) vs. I/?‘ plots obtained 
for the compounds studied in this investigation are shown in Fig. 3. The values of 
the activation energy obtained by this method are close to those obtained using the 
first order decay equation and are given in Table 2. 
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Fig. 2. Arhcnius plols for mmpkxcs (A) : [CO(NH$~(OH)HZO~I; (B) -: ICO(NHJ)~(OH)_ 
Ef&)Clr; (Cl - ICdNH&oH)H_~JBr?. 

TABLE I 

YISEI-IC DATA tOI’ OIATIOS RlXCrION 

CompIex [Ci~(Nffl)loff)(Off~)]Cr,I~ [CdWfa)i(WfX0Hz)]Be [cxNnr)4on~orfr)lso, T~m~_.~~_.k x.i~__ - _ ,.____.... . . . . . .-._- .._,. .._. . . . -. _. __.... - 
Temp. (“C) k x 18 Temp. ( ‘C) k x 18 

_.__---.--..-. . . ..- -_. -- - .- - .-_. _.. - __. . . -.. _ . . __ _ _ . _ 
ii 21.4 32.7 68 73 45.7 19.5 100.5 CM 17.6 6.9 

83 45.5 78 1 to.4 105 25.5 
86 56.2 83 177.2 107.7 38.8 

E(ku1 mot’) 20 43 25 
A(min-I) 8.8 x IO” 4.6 x IO’= 4.4 x lo’= 
---..- -- _.-____.._ ----- ..----- ___._ -..-.---_-_-_.-_-- 
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Fig. 3. kg <rcr-I, - I.) plcls for complexes (A) - [C~@JHJ)@FI)HZO~ZI:; (B) -i [Co<NHa)r 
(OH)Ii_d3]Brz; (C) :-- ~CufNHa):(OH)tirO~a. 

-A-AISLE Z 

KISE’TIC RLSULTS RY JACOBS ASD KtiREISHYm ~ETWBD 

_... --. _.._ ..-. . . -. -.__ -. _-.-.-. -. .--__ __... _._ .____ .-._.___ 

Compound E a 
(kcal moi- 1) 

.---, .,- .-.. _ I.. . ----..-.--.... . . . . - --.-. . .-.. --.. .._... __. ..-... _. ..-- - ._._. .__ . . ._.. 
~COWHa)dOHMHzO)jCl: 21 a I-o.5 

;CO(NHaldOH~HrO)~Hrz 37 0.14.5 

[CaNtf3,rcoffMfw3)P;or 17 0.1-0.5 
24 0.5-0.85 

-.. - ..-...-.. _-. ___._-_ -.-_ -.-.. . . . . . . _......... - .._..._. --. _-_.. _. _ 

A comparison of the activation energy values obtained in this investigation 
with thou obtained previously from a DTA study’ shows that the former values are 
somcwkxt hi_gher. A possible explanation for this difference lies perhaps in the 

techniques employed for the kinetic studies. Also, the mechanism of the olation 

traction in the solid state decides, to a large extent, the magnitude of the activation 
energy. The rate-cletermining step could bc either the bond breaking associated with 

the dczxquation or the bond fcrmation rraction. The activation cncrgy incruues in 

the order: chloride c sulfate -z bromide; this indicates that the rate-determining 
step is Wn_e influenced by the anion. One possibility for the reaction mechanism is as 
f0tr0ws: 
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This would nemitate the formation of a hydroxoanion compound as an 
intermediate which may not be stable at the temperature studied. The aclivatiou 
cnerm for the bromide may be higher because of the larpx size of the Br- ion and 
also because it is not so strong a liwnd, and does not replace the water l&and as 
readily as Cl’. This type of mechanism accounts for the high & values rcpoited for 
compounds with bulky ligands but fails to explain why the bromide should have a 
higher value of E than the sulfate. 

A second possible mechanism is for hydrogen-bond formation to play a role 
in the deaquation process. This may be depicted by the reaction: 

This raction seems to explain the obscrvcd changes of E. Precise knowledge 
of the nature of the mechanism of olalion must, however, await further expcrimcntal 
evidence. 

This work was supported by the Robert A. Welch Foundrrtiorr of Houston, 
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