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Abstract: The synthesis of the metal coordination was prepared by dissolving 
Na3[Co(CO3)3]* 3H2O in aqueous sodium bicarbonate. The reaction of these green solutions 
with excess pyridine was found to produce only cis-Co(C03)zpyz-(aq), which was isolated 
as a pale blue, moisture-sensitive hydrate K[Co(CO3)z(py)z].0.5H20 and as the purple 
crystalline salt K[Co(C03)2(py)2].2HzO. The behavior of these product salts in water, 
ethanol, and aqueous acid was investigated. The kinetics of the title reaction was 
monitored by conventional spectrophotometry at 525 and 635 nm over the following 
concentration ranges: [CoIII] = (5.7-1 1.4) X 10-4 M, [H+] = (0.15-9.52) X 10-9 M, [HCO3-] 
= 0.14-0.865 M, and [py] = (1.2-29.8) X 10-2 M at 25 “C and ionic strength 1.0 M (NaHCO3, 
NaC104). The rate law was found to pseudo first order as the green solution turns to a 
purple solution after adding certain molar concentration of pyridine. Spectral scanning 
during the course of the reaction showed that the rate-determining steps involve the 
formation of the first cobalt(III) pyridine bond, followed by rapid addition of pyridine to 
form the bis(carbonato)bis(pyridine)cobaltate(III) product. Another aspect that was 
studied throughout this experiment was the decomposition of the cobalt complex in nitric 
acid. Another result that was observed was that the decomposition of the carbonate ligands 
forms CO2. The rate of decomposition of the carbonate ligands was also found to be pseudo 
first order.  

 

Introduction: Synthesizing various carbonato complexes of transition metal ions several 

oxidation states and their kinetic studies used to be a daunting task in the 70’s and 80’s, but 

now because of modern day technology has advanced, it makes it a lot easier to synthesize 

and study these complexes and their kinetics. Studies of the K[Co(py)2(CO3)2]* 2H20 have 

been well established. The objectives of this study was to synthesis Bis(Carbonato) 

Bis(pyridine)cobaltate(III) Complex. The cobalt complex was used to study the 

characterization of the complex using UV Spectroscopy to see to see if the synthesis was 

successful. This cobalt complex was placed in an acidic medium, HNO3, and the 

decomposition kinetics were observed and recorded. The kinetics of decomposition were 

continued by first maintain the temperature and changing pH and then Bu maintain pH and 

varying the temperature.  

Experimental Section:  

 Instrumentation: Ultraviolet-Visible Scanning Spectrophotometer and 

Ultraviolet-Visible fixed wavelength Spectrophotometer. 

Preparation:  Hydrated potassium cis-bis(carbonat0) bis(pyridine)cobaltate(III) 

salts K[Co(CO3)z(py)z].xHzO (x = 0.5 or 2), were synthesized as follows. An ice-cold 

solution of Co(N03)~6H20(7 .3 g) in 10 ml of water was mixed with ice-cold 

hydrogen peroxide (30% w/v, 5 ml) and the mixture was then added at a rate of 0.5 

ml min-1 to a constantly stirred, ice-cold slurry of KHC03 (50g) in 50 ml of water. 

After addition of all of the cobalt-(1L)-peroxide mixture, the resulting green solution 

was allowed to warm to 25 “C and the supernatant were decanted from excess solid 

KHC03 into a stoppered Erlenmeyer flask. Pyridine (20 ml) was then added and 

reaction was allowed to proceed for 100 h at 25 “C, at which time no further spectral 

changes were evident. The dark purple product mixture was poured into 2 L Of ice-



cold acetone and stirred for 30 min; excess solvent was then removed from the solid 

by decantation. The wet, purple solid was then washed by decantation with three 

200-ml portions of anhydrous acetone and extracted with a minimum volume of ice-

cold ethanol (30 ml) and the solution was quickly poured into 1 L of ice-cold, 

anhydrous acetone. The pale blue, highly deliquescent 1L precipitate was then 

washed by decantation with two 200-ml portions of anhydrous acetone and dried 

under vacuum. Final product obtained after recrystallization of the crude product 

from ethanol and acetone. The yield of product was determined to be 0.1731g.  

 

 

 

 

 



 

Kinetics of Formation:  The baseline solution was prepared by adding 1M 

NaHCO3, 2M NaNO3, H2O, 1M HNO3. After that, the 1M solution of cobalt nitrate hexa-

hydrate was added directly into the cuvette and the spectrum was determined. Then 

10M of pyridine was again directly added into the same cuvette in order to perform 

the kinetics of formation. The plot of natural log (ln [CR]) of the concentration of 

reactant versus time (t) gave kobsd. 

CR = ( Atotal, 640 – ƐP, 640 * CR, 0)/ (ƐR, 640 – ƐP, 640) 

 

 



 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



Kinetics of Decomposition: The baseline solution of this reaction was just 

simple De-ionized water. The parent spectrum was determined by the solution of 

solid purple compound and water.  Later the kinetics of decomposition was done by 

adding certain amount of 2M of nitric acid in the purple solution at 250C.   

 

 

 

 

 

 

 

 



 

 

 



 

 

 



 

 

 

 



Determination of rate constants (kX and kY): kx is the acid independence of the 

rate constant for decomposition process and ky is the acid dependence of the rate constant 

for decomposition process. ky was determined by plotting the [H3O+] versus the kobsd . The 

value of ky was substituted in the equation below in order to calculate the value of kx 

kobsd = kx + ky[H3O+] 

The value of kY is 2.1426 M-1 s-1and the average value for kX is 4.79 s-1 

 

Determination of the Arrhenius parameters:  The baseline solution of this 

reaction was just simple De-ionized water. The parent spectrum was determined by the 

solution of solid purple compound and water.  Later the kinetics was done at different by 

adding 2M of nitric acid in the purple solution by maintain the pH 3.17.  Arrhenius 

parameters were determined by plotting natural log of k and 1/temperature. 

 

 

 

 

 



 

 

Determination of ∆H:  ∆H is change in enthalpy. The graph of ln Keq vs. 1/T gives the 

value of ∆H. The equation below was used in order to determine the change in enthalpy.  

 

 

 

 

 



 

Results and Discussion: The synthesis of this coordination compound was successful.  
From the Kinetics of formation, the Observed rate constant (kobs) increased with the 

concentration of pyridine. Rate of formation of the product follows pseudo first order rate 

with respect to the starting materials. From the kinetics of decomposition, at constant 

temperature (25o C), the rate constant (kobs.) increases as the pH goes down indicating this 

behavior is adequately described by a simple first-order hydrogen ion concentration. 
Observed rate constant (kobs) increased with the rise in temperature as expected.  ΔH 

calculated from my experiment matches with the literature value.  
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