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Abstract 

The stability constants of the binuclear species of iron(@ with some pentaammine(substituted salicyl- 
ato)cobalt(111) complexes have been measured spectrophotometrically. At 28'C and p = 0 . 6 ~  the 
values of the stability constants of the species (NH3),Co{C02C6H3(X)O)Fe4+ are found to be 
4.22(?0.38) x 1010 1. mol-' (X = 5-SO3-), 5.29(20.79) x loi0 1. mol-' (X = 5-Br) and 4.39 
( 2 ~ 0 . 5 4 ) ~  lo9 1. mol-I (X = 5-W2) .  Both pKoH of the cobalt(1n) substrates and the stability 
constants of the binuclear species are found to decrease in the order 5-Br > 5-SO3- , 5-NO,. 

The equilibria involving pentaamminesalicylatocobalt(~~~) and metal ions such as 
iron(111), a1uminium(111) and gallium(111) have been studied earlier1 in this Laboratory. 
This paper describes the study of the equilibria involving iron(111) and some penta- 
ammine(substituted salicylato)cobalt(~~~) complexes in aqueous media. The purpose 
was to find how substitution in the salicylato moiety affects the stabilities of the 
binuclear complexes, (NH,),CO{CO,C,H,(X)O)F~~~. 

Experimental 
[(NH3),Co{CO2C6H3(X)0H}] (C104)2, the pentaammine(substituted salicylato)cobalt(~n) per- 

chlorates, were prepared by the method of Gould and Taube2 and purified by repeated crystallization 
from aqueous perchloric acid solutions. The samples were dried over fused calcium chloride at room 
temperature. The purity of the samples was checked by estimating Co content of each complex. The 
spectral and analytical data for the complexes have been collected in Table 1. 

Table 1. Analytical and spectral data 

Complex 
- -  - 

Cobalt (%) Am, , &ma?. 

Calc. Found (nm) (1. mol-' cm-') 

Ferric perchlorate was prepared from FeC13,6H20 (A.R.) and perchloric acid (A.R.). The free 
acid and iron(111) contents of the stock solution of Fe(CI04), were estimated by standard pr~cedures.~ 

Dash, A. C., and Nanda, R. K., Inorg. Chem., 1973,12,2024. 
Gould, E. S., and Taube, H., J. Amer. Chem. Soc., 1964, 86, 1318. 
Vogel, A. I., 'AText Book of Quantitative Inorganic Analysis' 3rd Edn (Longmans: London 1961). 
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B.D.H. reagent grade sodium perchlorate and perchloric acid (A.R.) were used to adjust ionic strength 
and acidity of the reaction medium. All solutions were prepared in distilled water. Optical density 
measurements were made with a Beckman DU2 spectrophotometer using 1-cm matched silica cells. 
Distilled water was taken to be the 100% transmission standard. 

Equilibrium Constant Measurements 

Requisite amounts of sodium perchlorate, perchloric acid and ferric perchlorate solutions were 
mixed in 10 ml volumetric flasks. A known volume of a freshly prepared solution of the complex was 
then transferred into the reaction flask. The optical densities of the reaction mixture were measured 
immediately after mixing. Absorbances of the reaction mixtures did not change with time during the 
course of measurement. This indicated that the equilibrium between the complex and ferric ion is 
rapidly established and that the former does not undergo metal-ion catalysed hydrolysis during the 
time of measurement. 

The dissociation constants of the phenolic group of the three complexes at room temperature 
(28°C) were determined from the measured optical densities of the complex solutions in a series of 
carbonate-bicarbonate buffers at suitable wavelengths and at p = 0 . 6 ~ .  

Calculations and Results 

Equilibrium Constant 

The equilibrium in solutions containing iron(111) perchlorate and pentaammine(sub- 
stituted salicylato)cobalt(~~~) ions may be represented as 

If dl and d2 are optical densities of solutions of the complex alone and mixed respec- 
tively, and 8 ,  and e2 are extinction coefficients of (NH3),Co{C02C6H,(X)OH)2+ and 
(NH3),Co{C02C6H3(X)O)Fe4+ respectively, then it is possible to derive the relation- 
ship : 

Cll(d2 -4 = l I (~2  -&dl+ {1/(&2 -~1)1K)[H+l/C2 (2) 
where 

CI = [ ( N H ~ ) ~ C ~ C C ~ Z C ~ H ~ ( X ) O H ) ~ ~ I  C2 = [Fe3+Ifree = [Fe3+Itotal 

(decrease of iron(111) concentration due to the formation of the binuclear species is 
neglected); 1, cell path length; K defined by equation (1). 

A least-squares computer program for equation (2) was adopted to calculate the 
best values of the slope and intercept of plots of C,/(d2 -dl) against [Ht]/C2. The 
values of K were computed from the least-squares best values of the slopes and inter- 
cept of such plots. Relevant data have been summarized in Tables 2 and 3. 

pK,, Values 

The acid dissociation equilibrium of the complexes may be represented as 

(NH3)5Co{C0,C6H3(X)OH)2+ 2 (NH3)5Co{C02C,H3(X)O)+ + H +  

For such a system, it can be shown that 

a/ (D - Do) = -el)l+ [1/(e2 -E~)~K~]K~(HCO~-)[HCO~-]/[CO~~-] 

where c1 and e2 are the extinction coefficients of protonated and deprotonated species 
respectively; D and Do are the optical density of the complex of a given concentration 
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a in bicarbonate-carbonate buffer and in 0. IM HClO, medium respectively and 
Kd(HC03-) is the dissociation constant of bicarbonate ion. K1 was calculated from 
the least squares intercept and plots of a/(D - Do) against [HC03-]/[C032-]. The 
value of Kd(HCO3-) was taken to be 4.8 x lo-'', y = 0 . 0 ~ ~  at 25°C.4 The values of 
pK,, of the complexes at 28 "C and y = 0 . 6 ~  were found to be 9.69 t 0.04 (X = 
5-SO3-), 9.83k0.06 (X = 5-Br) and 8.81 IfiO.04 (X = 5-NO,). 

Table 2. Equilibrium data for reaction (1) at 28°C 
lo4 x [complex] : 5.27 moll-' (X = 5-SO3-) ; 5.02 moll-' 

(X = 5-Br, 5-NO2) 

lo3 x [Fe3+] [Ht] Optical density at 540 rim 
( 1  1 ( 1  1 5-SO3- 5-Br 5-NO2 

Table 3. K values for reaction (1) at 28OC 
p, 0 . 6 ~ ;  I ,  l cm 

Discussion 

From the known values of K and the acid dissociation constant (K,) of the substi- 
tuted salicylato complexes, the stability constants of the binuclear complexes of iron(111) 
(K,,,, = KIK,) have been calculated to be 7.44(+ 0.29) x 101°,1 4.22(+ 0.38) x 10l0, 
5.29( f 0.79) x 10, and 4.39( + 0.54) x lo9 1. mol-l for the complexes (NH3),- 
Co{C0,C6H3(X)O}Fe4+ where X = H, 5-SO3-, 5-Br and 5-NO, respectively. 

The stability constant data reveal that iron(111) complexes of the salicylate di- 
anions5p6 are thermodynamically about lo5 times more stable than their pentaammine 
cobalt(111) analogues. This result indicates that the effect of coordination on the 
complexing ability of salicylates is considerable. Furthermore the pK,, values of the 
pentaammine salicylates and the stability constants of their iron(111) complexes decrease 
in the order: 5-Br > 5-SO,- > 5-NO,. Thus it is evident that the proton affinity 
of (NH,),Co{C0,C6H3(X)O}+ species parallels their complexing ability towards 
iron(111). 
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