ABSTRACT

The synthesis and characterization of several Binuclear complexes
of cobalt(lll} containing the carbonate ligand both in the ter-

minal and in the bridge position are reported.

The possibility of“-carbonato complex formation by the direct
uptake of COg by the OH groups of |1 -hydroxo-dicobalt(IIl)
complexes has been investigated thorouglily.:. In weakly basic
solutions of carhonate the dimeric complex, Di{_“l;h}'droxo

tetrakis (ethylenediamine) dicobalt(Ill), undergoes complete bridge
cleavage giving two moles of the monomer, carbonato his-ethvlene
diamine cobalt (IIT). Detailed kinetic studies reveal that the bridge
cleavage proceedes via the D' mechanism.

A single hydroxo bridged intermediate is proposed in which the
presence of a HCC3™ group is found to have a profound iabi-
lising effect on the remaining OH bond cleavage. A consecutive
reaction treatment was used to resolve the k ;.4 (which is
‘influenced neither by pH nor by [CO3]y) into its components
kp and kg At 259C, T = 0.5M (LiClOy), k; = (0.46 = 0.05)
x 103 sec’l and kg = (017 £ 0.03) x 103 sec’]

L

, and its

, T _ o, + -1
temferature parameters are A Hy ~¢_4.1 — 2.1 keal mel™,
AHg = 217 T 13 keal molTA ST = 68 £ 6.7 cal deg!
mol'l and A S;: = =31 % 44 ca deg‘l mol'l over the range
35—45°C.

An extension of this work to other similar complexes like,
Di-p;hydroxo bis-{ tetraamminecobalt(III)] and Tris{di-p_-h}’droxo

tetraamminecobalt(II1})] cobalt(IlI). confirms the conclusion that
Bimiclear complexes with only two brideing OH groups will undergo
complete bridge cleavage in aqueous carbonate.

The reaction of a solution of the H-amido“-hydmxo bis-[tetra
amminecobalt(Ill)] chloride and sodium bicarbonate at 40°C

resulted in the isolation of black needle like crystals ofLL-amido



H—hydroxo tetraammine bis(carbonato) dicobalt (III) pentahvdrate.
This complex has been characterized unambiguously by means of

a three-dimensional X-ray diffraction study. The coordinating ligands
form nearly regular octahedra about the cobalt atoms with Co{l) —N
and Co(1)-O distances of about 1.92 and 193A. A mechanism

for the formation of}.l.-amido-p;hydroxo tetraammmine bis (carbonato)
dicobalt(Itf) has been proposed, on the basis of the coliective evi-
dence from kinetics and chemical reactions, in which formation of
three different ion pairs, X.OH, X.COg and X.HCO3 [X =(NHg)y
Co | -(NH5,0H)Co(NH3),**] plays an important role.

Rate constants k; and ko for the consecutive reaction leading to the
formation of the bis carbonato complex together with its activation
parameters are as follows:

At 25°C, pH = 9.03, 1 = 0.5M (LiClOg), k;= (0.63 © 0.10) x 103
sec’l and kg = (0.21 % 0.07) x 103 sec! and its activation
parameters are A H] = 261 * 3.5 keal moll, Aty = 239 £ 20
keal mol'L,A sf = 144 1 118 cal deg! mol'l and O s;= 5.0
6.7 cal degl mol'l over the range 30 — 45°.

The synthesis and kinetics of the acid catalysed decarboxylation
ofI_,L-carbonato bis (pentaamminecobalt(III)] ion are reported:In

acidic solution the dimer is found to dissociate into (1\1'113)5(10(303H2+
and (NH3)5(100H23+. Kinetic studies indicate that the rate deter-
mining step involves the decarboxylation of mononuclear bicarbonato

complex,
(NHg)s Co CO3 HZ* __ 5 (NHz); Co OH2"  + (O,

The rate of this reaction was followed by a stopped flow technique
over the range 1 ¢ pH< 8 at 25% 1 = 0.5M (phosphate/citrate).
The data.are satisfactorily explained by a mechanism similar to

the acid-catalysed aquation of earbonatopentaammine cobalt (II)



ion, such that
kobsd = Ky () / [ HYH + K ]
where kq is the ‘rate’ constant for the reaction given above and
Ky is the acid dissociation constant of Co(NHg)5COgH2*,
k;y = 109 secl at 25° and K; = 44 x 107 M.

An interesting |1 -carbonato  complex, [(NH3)3C0‘_L(OH)2}.(.CO3C0(NH3)3]804. 51-120,‘
has been prepared and its structure was determined by a three-dimensional

X-ray diffraction study. This is the first well charcterised |l -carbonato

complex of cobalt (III).

Several other novel}_].-carbonato complexes like,}_L hydroxo d)'IL];carhonato
bis {triamminecobalt(II)]perchlorate.dihvdrate; ILL -amidn“—carbonato bis
[tetraamminecobalt(I1T} | esrhonate.nitrate hexahvydrate; M -amido}i—carbonato
tetrakis [ethylenediamim.cohalt(!II)}ch]oride.tet.rahydrate; andu-amido,p-
carbonatm}_bhydroxo bis [triamminecobalt(Il1}] iodide have been prepared
and characterized by convensional methods. The rather unusual infrared
spectrum of all thesep, -carbonato complexes have been successfully inter-

preted.

Finally an electrochemical investigation into the redox properties of a
series of Binuclear complexes of cobalt(IIl) have been carried out.
Cyclic voltammetry has been used to demonstrate that these redox
couples are quasireversible to irreversible, The effect of changing the
ligands on the peak potential (EP) has been examined and a correlation
" has been obtained between the redox potential and the spectrochemical

properties of these complexes.



