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The reaction of C1-, Br-, I-, and NCS- with (meso-tetrakis@-sulfonatophenyl)porphinato)diaquorhoate(III) (RhTPPS- 
(H,0)23-) has been studied at 15, 25, &nd 35 OC in 0.10 M H+ with p = 1.00 M (NaC104). The values of the acidity 
constants K,, and Ka2 at 25 OC are (9.7 f 0.1) X lo-* and (1.6 f 0.2) X M, respectively. The values.of the first 
stability constants are 0.74 f 0.1 1, 1.82 f 0.10,41.2 f 1.8, and (1.22 f 0.04) X lo4 M-' for C1-, Br-, I-, and NCS-, respectively. 
The value of the second stability constant for NSC- is 3.68 & 0.42 M, and the values for the remaining ions are <0.03. 
The kinetics of the addition of the first anion to RhTPPS(Hz0)2- are first order in anion concentration up to 0.90 M. 
The values of the second-order rate constants a t  25 OC are (2.64 f 0.1 1) X (2.01 f 0.03) X 

M-' s-', for C1-, Br-, I-, and NCS-, respectively. The values of AH* and AS* for the reaction 
with C1-, Br-, I-, and NCS- are respectively 13.4 f 0.6 kcal/mol and -25.4 f 1.9 cal/(deg mol), 13.8 f 0.3 kcal/mol and 
-22.6 f 1.1 cal/(deg mol), 12.8 & 0.8 kcal/mol and -23.4 f 2.5 cal(deg mol), and 16.5 i 0.2 kcal/mol and -10.3 & 0.6 
cal/(deg mol). There has been about a lo6 increase in the rate constant for substitution compared to that of Rh(H,O),'+ 
and a 500-fold increase compared to that of Rh(NH3)sH203+. The tentative conclusion is made that associative activation 
is occurring in these reactions. 

(5.71 f 0.14) X 
and (2.73 h 0.06) X 

introduction 
The axial ligand substitution reactions of cobalt(II1) and 

chromium(II1) porphyrins have been reported to be faster than 
normaL2-' The porphyrin ligand labilizes the axial positions. 
In order to see how general this labilization effect is, it was 
decided to prepare and to study the reactions of sodium 
(meso-tetrakis(p-sulfonatopheny1)porphinato)diaquorhodate- 
(111), RhTPPS(H20)23-. While this investigation was un- 
derway, a report on the reactions of RhTPPS(H20)2- with 
NSC- and CN- was published.12 However, there were sub- 
stantial differences between the results obtained in this labo- 
ratory and those reported. This paper reports the results of 
the investigation of the reactions of RhTPPS(H20)23- with 
NCS-, I-, C1-, and Br- in 0.10 M HC104. 

Experimental Section 
The materials and spectrophotometric techniques used have been 

described previously? The Na3RhTPPS(H20)z was synthesized by 
refluxing 100 mg of RhC13(H20)3 in 10 mL of dimethylformamide 
until the solution became yellow (about 20 min). This solution was 
added to 150 mL of C H 3 0 H  containing 60 mg of Na4TPPS4 
(Man-Win Coordination Chemicals, Washington, D.C.) and the 
solution was refluxed for 30 min. A 50-mL sample of HzO was added, 
and the solution was evaporated to 20 mL on a water bath. This 
solution was chromatographed on a water-washed alumina column 
using 0.02 M NaOH as the eluent. This removed the excess Rh(II1). 
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Table 1. Values of Kal and Ka, at p = 1.00 M (NaC10,) for 
RhTPPS(H,O), 3- 

T, "C K% PKa Ka2 PKa, 
15 (2.64 * 0.05) X lo-' 7.58 (9.15 +_ 0.04) X lo-' 8.04 
25 (9.67 f 0.12) x lo-' 7.01 (1.59 f 0.24) x 9.80 
35 (1.17 f 0.04) x lo-' 6.93 (2.52 f 0.26) x 9.60 

The RhTPPS(H20)23- than was passed through a Sephadex G-10 
column in order to remove extraneous ions. The Na3RhTPPS(H20)2 
was isolated by evaporating to dryness the solution from the Sephadex 
column. Anal. Calcd for Na3[Rh(C44H24N4S4012)(Hz0)2].22Hz0: 
Rh, 6.72; C, 34.5; H ,  3.00; N, 3.66; S, 8.36. Found: Rh, 6.71; C, 
35.3; H, 2.77; N,  4.15; S, 8.48. 
Results 

Acid Dissociation Constants. Figure 1 depicts the absor- 
bance change at 430 nm, p = 1.00 M (NaC104), and 35 OC 
as a function of pH. Because the absorbance change occurs 
over a pH range of 4, it is clear that this is not a single de- 
protonation but a multiple deprotonation. Taking into account 
the mass balance, Beer's law, and the definitions of Ka, and 
Ka, (Scheme I), we can derive eq 1. In eq 1, A is the ab- 

sorbance at a particular [H'] ([H+] = 10-pH), A, is the ab- 
sorbance of the solution at a pH < 5  (RhTPPS(H20)23-), Ab 
is the absorbance of a solution at a pH >12  (RhTPPS- 

and Aab is the absorbance of the solution containing 
only RhTPPS(OH)H20". The wavelength was 430 nm. The 
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Figure 1. The plot of A vs. pH at 35 O C ,  X = 430 nm, and h = 1.00 
M (NaC104) for ThTPPS(H20),3-. The solid line is the computer 
fit of the data of eq 1. 

Table 11. Values of KIL and KZL at 25 'C, p = 1.00 M (NaClO,), 
and [H+] = 0.100 M 

L KIL, M-' K Z L ,  hl-' 

NCS- (1.22 i 0.04) x l o 4  3.68 i 0.42 
I- (4.12 i 0.18) x 10' <0.03 
Br- 1.82 k 0.10 <0.03 
c1- 0.74 i 0.11 <0.03 

Table 111. Molar Absorptivities of the Compounds Studied in 
p = 1.00 M (NaCl0,) 

ernax, lo5 
compd hmax,a nm M-' cm-' 

RhTPPS(H,0),3- 417 2.15 
R~TPPS(OH)H 0 4 -  417.5 1.78' 
R~TPPS(OH),~- d 418 1.66 

RhTPPS(Br)H, 04' 418.5 1.79' 
RhTPPS(I)H,04- 420 1.52 
R~TPPS(NCS)H 04- b 420 1.74 
RhTPPS(NCS)," 422 1.68' 

RhTPPS(Cl)(H,O)"- 418 1.91' 

a Soret band. 
propriate equilibrium constant; see ref 9. 
1.00 M (NaC10,). 

0.10 M HCIO,. ' Calculated by using the ap- 
0.1 M NaOH and g = 

data were fit to eq 1 by using a nonlinear least-squares pro- 
gram.I3 The values of A ,  and Ab were fixed at the experi- 
mentally determined values and Aab, K,,, and Ka2 were de- 
termined. The derived values of K,, and Ka2 are reported in 
Table I.  The uncertainties, as well as all others in this paper, 
are 1 standard deviation of the parameter. 
Stability Quotient. The values of the stability constants KIL 

and K2L (Scheme I) were determined in 0.100 M HC104, at 
p = 1.00 M (NaC104) and at 25.0 OC. 

From Beer's law, the mass balance, and the definitions of 
KIL and K2L, eq 2 can be derived. In eq 2, A, is the absorbance 

A =  (2) 

of the solution of the reactant, A, is the absorbance of the 
solution of the product, KY is the respective stability constant, 
and A is the absorbance of the solution at the particular L 
concentration. The A vs. [L] data were fit to eq 2 by using 
the nonlinear least-squares program with A ,  held constant at 
the experimentally determined value. Figure 2 is a typical 
curve with the solid line being the computer-calculated line. 

A ,  + '4PKlL[LI 
1 + K?[L] 

(13) R. H. Moore, Report LA 2367, Los Alarnos Scientific Laboratory, 
March 4, 1960, and addend, January 14, 1963. Modified by N. Robers 
(East Texas State University) for an IBM 360/50. 

Figure 2. The plot of A vs. [NCS-] at  25 O C ,  X = 430 nm, [Ht] = 
0.10 M, and = 1 .OO M (NaC104) for RhTPPS(H20)2-. The solid 
line is the computer fit of the data to eq 2. 
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Figure 3. The plot of kowNCS vs. [NCS-] at the various temperatures, 
X = 430 nm, [H'] = 0.10 M, and fi  = 1.00 M (NaC104) for 
RhTPPS(H,O),'-. The solid line is the computer fit of the data to 
eq 4 with LlL fixed at zero. 

Table I V .  The Kinetic Data for the Reaction 
RhTPPS(H,0),3- + L + RhTPPS(L)H,03- + H,O 

[ H+] = 0.100 M and p = 1.00 M (NaC10,) 

L [L] range, M T, "C 

C1- 0.2-0.9 15 
0.1-0.9 25 
0.2-0.9 35 

B i  0.2-0.9 15 
0.05-0.9 25 
0.10-0.9 35 

1- 0.02-0.9 15 
0.05-0.9 25 
0.05-0.9 35 

NCS- 0.1-0.9 15 
0.1-0.9 25 
0.1-0.9 35 

klL,  

1.10 t 0.05 
2.64 It 0.11 
5.38 f 0.25 
2.55 f 0.09 
5.71 f 0.14 

8.50 f 0.20 

M-1 s-l 

13.0 f 0.3 

20.1 f 0.3 
38.7 f 0.6 

27.3 i 0.6 
68.5 i 0.8 

9.83 f 0.36 

k-,L, loe3 

0.58 i 0.02 
2.33 k 0.05 
3.62 f 0.12 
1.28 f 0.04 
2.60 i 0.05 
4.48 i 0.10 
0.27 i 0.08 
0.72 i 0.05 
1.50 i 0.11 

M-1 s-l 

The results are presented in Table 11. In Table I11 are re- 
ported the wavelengths of the Soret band and the molar ab- 
sorptivities of the compounds of interest. 

Kinetics. The anation of RhTPPS(H20)23- by NCS-, I-, 
Br-, and C1- was studied at various temperatures in 0.100 M 
[H+] and y = 1.00 M (NaC104). The reactions are [H'] 
independent at [H'] The rate law is 

- - -d[RhTPPS(H,0)23-] 
dt 

(klLIL] + k-iL)[RhTPPS(H20)23-] (3) 



Reaction of RhTPPS(H20)2- with C1-, Br-, I-, and NCS- 

Table V. Activation Parameters for the Reactions 
RhTPPS(H,0)23- t L- -+ RhTPPS(L)H,04- + H,O 

L AH*, kcal/mol AS*, cal/(deg mol) 

cl- 13.4 * 0.6 -25.4 ?: 1.9 
Bi 13.8 * 0.3 -22.6 f 1.1 
1- 12.8 2 0.8 -23.4 f 2.5 
N C S  16.5 f 0.2 -10.3 * 0.6 

The kinetic studies were performed under pseudo-first-order 
conditions with 

where kobsdL is the pseudo-first-order rate constant. Figure 
3 is a representative plot of koM vs. [NCS-1. Table IV contains 
a summary of the kinetic data derived by a least-squares fit 
of the data of eq 4. Because of the extrapolation to obtain 
k-lL, not much reliance can be placed on those data, especially 
for the reactions with I-. The activation parameters were 
calculated by a nonlinear least-squares fit of the data to the 
Eyring-Polanyi equation and are reported in Table V. 
Discussion 

Acid Dissociation Constants. Krishnamurthy reported only 
one inflection in the pH vs. A plot between pH 6 and 9 at 415 
and 418 nm.I2 The derived pKa was 7.60 f 0.05. However 
as can be seen from Figure 1, there are clearly two inflection 
points between pH 6 and 10. The pKa of 7.0 is somewhat close 
to the value of 7.6 reported by Krishnamurthy.I2 Krishna- 
murthy might have not observed any change in absorbance 
at 415 and 418 nm that would have corresponded to the 
conversion of RhTPPS(OH)25-, since the spectral differences 
between RhTPPS(OH)H20" and RhTPPS(OH2)5- are very 
small a t  these wavelengths. The results reported here were 
derived from the titration at 430 nm. 

There are not a great number of Rh(II1) complexes with 
which to compare the pK,'s of RhTPPS(H20)2-. Perhaps the 
most interesting ones are in the series RhCl,(H20),,3-" (n = 
0-3). The pKa's of Rh(H20)63+, RhC1(H20)sZf, cis-RhC12- 
(H20)4+, t r a n ~ - R h C l ~ ( H ~ O ) ~ + ,  f a ~ - R h c l ~ ( H ~ O ) ~ ,  and mer- 
RhC13(H20)3 are 3.4, 4.9, 5.7, 6.0, 7.3, and 7.0, re~pectively.'~ 
The increase in pKa for each additional C1- added is about 1.1, 
Since the pKa of RhTPPS(H20)23- is 7.0, it appears that the 
TPPS6- exerts an effect that is about equivalent to three C1- 
ligands on the Rh(II1) with respect to a loss of an aquo ligand 
proton. The pK, of the tran~-Rh(NH~C2H4NH~)2(H20)2~+ 
is 4.4.15 Clearly, the four nitrogens of the TPPS" ligand are 
placing more electron density on Rh(II1) than the primary 
amino groups of NH2C2H4NH2. The second pKa of trans- 
Rh(NH2C2H4NH2)2(H20)23f is 7.6, whereas the second pKa 
of RhTPPS(H20)23- is 9.8. Apparently the OH- ligand is 
affecting each Rh(II1) compound in about the same way in 
terms of the acidity of the remaining aquo ligand since the 
change in pKa is about 3 in each case. 

Stability Constants. The trend in the values of the stability 
constants clearly indicates that Rh(II1) is behaving as a soft 
acid toward NCS-, I-, Br-, and C1-. The behavior of all of 
the chromium(II1) and cobalt(II1) porphyrin complexes 
studied so far indicates that they are soft This is 
not surprising in view of the delocalized electron density in 
the prophyrin ligand that is apparently available to the metal 
ion. The mode of bonding of the NCS- is unknown. One 
would anticipate that the ligand would be sulfur bonded, be- 
cause of the apparent softness of the Rh(II1). 

The large difference between KINCS and K1' has been ob- 
served also for CoTPPS(H20)2- and C O T M ~ P ( H ~ O ) ~ ~ + , ~ J ~  
Also the values of KIPY are much larger than KINCS for 

kobdL = klLIL] -k k-lL (4) 

(14) D. A. Palmer and G. M. Harris, Inorg. Chem., 14, 1316 (1975), and 
references therein. 

(15) M. J. Pavelich, Inorg. Chem., 14, 982 (1975). 
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C O T M ~ ~ P ( H ~ O ) , ~ +  and COTCPP(H~O)~~- . ' , ~  These obser- 
vations imply that P bonding is important in the metal-ligand 
bonding. 

Kinetics. Since the reaction of NCS-, I-, Br-, and C1- with 
RhTPPS(H20)23- shows no deviation from second-order ki- 
netics up to 0.90 M, there is no kinetic evidence for an in- 
termediate. Also, there is no other evidence for an intermediate 
in the reactions. Hence, the occurrence of an A or D type 
mechanism for the reactions can be dismissed. This leaves, 
by default, that the reactions are occurring by an I stoichio- 
metric mechanism.16 The mode of activation for the reactions 
is not so certain. 

The activation parameters do not imply dissociative acti- 
vation. In the anation reactions of cobalt(II1) porphyrins, the 
values of AS* range from +7 to +20 cal/(deg mol) and the 
values of AH* range from 18 to 21 cal/(deg m ~ l ) . ~ J ~  Other 
anation reactions of Co(II1) complexes that have been con- 
cluded to occur by dissociative activation show positive values 
for AS*.9 

In the series of complexes RhC1,(H20)6-:-n (n = 0-5) the 
anation by C1- has been in~estigated.'~ Dissociative activation 
is concluded to be occurring in all cases. In general the AS* 
values are positive, and the AH* values are in the range of 
20-30 kcal/mol. Similar observations and conclusions were 
made for the reactions of Br- with Rh(H20)2+ and of Cl- with 
Rh(H2NC2H4NH2)2(H20)2+.15J*Jg With these values to 
compare to the values of the activation parameters for the 
anation reactions of IUITPPS(H,O)~~ (Table V), the tentative 
conclusion is made that associative activation is occurring in 
these reactions. 

It has been observed that when porphines are complexed 
to Co(II1) and Cr(III), the metal becomes more labile to axial 
substitution. The extent of labilization is dependent upon the 
other metal complex to which it is being compared. This is 
especially true for Rh(II1). In RhC1,(H20),_,3-; (n = 0-5) 
there is a wide range in the rate constants for anation by Cl-.14 
However this wide range is due to a very large trans effect 
exerted by the C1- ligand. In those cases in which no trans 
labilization is possible, the rate constant at 25 "C is on the 
order of M-' s-l. For example, for tran~-RhCl,(H,O)~- 
the rate constant at 25 OC is 2.8 X M-' s-l.I3 Hence there 
is about a lo6 increase in labilization for C1- ion and a lo7 
increase for NSC-. The rate constant for the addition of C1- 
to tram-Rh(NH2C2H4NH2)2(H20)2+ is 3 X lo-* at 25 "C.I4 
This is about a lo5 increase in labilization for C1-. At 35 "C 
the C1- anation rate constant for Rh(NH3)5H203+ is about 
9.5 X M-' s-I.l8 On the assumption of a halving of the 
rate constant for 25 OC, this would give an increase in labi- 
lization of only 500 for the RhTPPS(H20)23-. Clearly, there 
is a great dependence of the reactivity of Rh(II1) upon the 
nonreactivity ligands. However, TPPS has labilized Rh(II1). 
The labilization due to porphine for Co(II1) is about lo9 and 
for Cr(II1) it is about lo2 to lo3." This dependency of re- 
activity upon inert ligands is very prevalent in Cr(II1) reactions, 
also. 

It has been suggested that the labilizing ability of the 
porphyrin results from the mixing of the d orbitals of the metal 
and the P-ligand orbitals! This results in the loss of the formal 
d3 or d6 character of the Cr(II1) and Co(II1). Krishnamurthy 
has suggested that Rh(II1) is not labilized as much as Co(II1) 
because of the higher energy of the d orbitals which prevent 
effective mixing with the ligand orbitals.12 However, in view 
of the observation that Cr(II1) is not labilized as much as 

(16) C. Langford and H. Gray, "Ligand Substituion Processes", W. A. 
Benjamin, New York, 1965. 

(17) C. H. Langford, Inorg. Chem., 4, 265 (1965). A. Haim, ibid., 9, 426 
(1970). 

(18) R. J. Buchacek and G. M Harris, Inorg. Chem., IS, 926 (1976). 
(19) H. L. Bott, A. J. Poe, and K. Shaw, J .  Chem. SOC. A ,  1745 (1970). 



1616 

Co(III), both of which have d orbitals of similar energy, the 
situation appears to be more complex than simple d orbital 
energy differences. 
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Kinetics and Mechanism of the Reductions of (4,4‘-Bipyridine)pentacyanoferrate(III) 
and (Pyridine)pentacyanoferrate(III) by (Ethylenediarninetetraacetato)cobaltate(II)l 
JAMES PHILLIPS and ALBERT HAIM* 

Received November 13, 1979 

The title reactions proceed in two stages. The first stage corresponds to an inner-sphere oxidation reduction reaction that 
yields binuclear complexes containing Co(II1) and Fe(I1) linked by cyanide bridges. The binuclear complexes 
(EDTA)CONCF~(CN)~L’ (L = pyridine or 4,4’-bipyridine) exhibit the characteristic iron(I1) to N-heterocycle charge-transfer 
bands at slightly shorter wavelengths (362 and 432 nm) than the parent mononuclear complexes (365 and 437 nm). Rate 
constants for the formation and dissociation to reactants of (EDTA)CoNCFe(CN),L4- (L = 4,4’-bipyridine) have been 
measured at 25 OC, pH 8.0, and ionic strength 0.10 M. The values are 2.3 X lo4 M-’ sd and 16 s-], respectively. The 
binuclear complexes are metastable intermediates and disappear via a rate law of the form a[CoEDTA2-]/(1 + b[CoEDTA2-]) 
to produce quantitatively CoEDTA- and Fe(CN),L3-. For pyridine at 25 ‘C, pH -8, and ionic strength 0.10 M, a = 
4.0 M-l s-l and b = 4.5 X lo2 M-I. For 4,4’-bipyridine under the same conditions, a = 6.9 M-I s-’ and b = 1.4 X lo’ 
M-I. It is suggested that the binuclear complexes represent a “dead-end” toward the formation of mononuclear products 
and that these are formed via an alternate outer-sphere pathway for reaction between CoEDTA2- and Fe(CN)5L2-. 

The reaction between hexacyanoferrate(II1) and (ethylen- 
ediaminetetraacetate)cobaltate(II) results, initially, in the 
formation of a cyano-bridged binuclear c o m p l e ~ ~ - ~  and, finally, 
in the production of Fe(CN)64- and CoEDTA2-. The first 
mechanism2 proposed to explain the observations involved the 
classic6 three-step inner-sphere sequence, namely, formation 
of precursor complex, intramolecular electron transfer, and 
dissociation of successor complex. However, in recent ~ o r k ~ , ~  
it has been suggested that the binuclear complex formed in 
the inner-sphere reaction between Fe(CN)63- and CoEDTA2- 
represents a dead-end and that Fe(CN)$- and CoEDTA- are 
formed via a parallel outer-sphere pathway. In order to obtain 
additional information related to this reaction, we have carried 
out a kinetic study of the reduction of (4,4’-bipyridine)- 
pentacyanoferrate(II1) (hereafter abbreviated as Fe- 
(CN)5bpy2-) by CoEDTA2-. The propensity of CoEDTA2- 
to undergo inner-sphere react ion~~-~%’ and the ability of 
4,4’-bipyridine to act as a bridging led us to anticipate 
the possible formation of a Fe”4o”’ binuclear complex with 
the metal ions bridged by 4,4’-bipyridine. Unfortunately, this 
expectation was not borne out and only a cyano-bridged bi- 
nuclear complex is formed. In comparison, and recognizing 
that only a cyano-bridged binuclear complex can be formed, 
we also carried out a kinetic study of the reaction between 
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Wilkins, R. G.; Yelin, R. E. J .  Am. Chem. Soc. 1970, 92, 1191. 
Gaswick, D.; Hairn, A. J.  Am. Chem. Soc. 1974, 96, 7845. 
Fischer, H.;Torn, G. M.; Taube, H. J .  Am. Chem. Soc. 1976,98, 5512. 

(pyridine)pentacyanoferrate(III), Fe(CN)5py2-, and CoED- 
TA~-.  
Experimental Section 

Preparation of Complexes. For 4,4’-bipyridinium (4,4’-bi- 
pyridine)pentacyanoferrate(III) trihydrate, bpyH2[Fe(CN),bpy]- 
3H20, 0.35 g of Na3[Fe(CN),NH3].3H20 was added to a solution 
of 4,4’-bipyridine in 55 mL of water. After 40 min in the dark, the 
resulting solution was filtered, and the filtrate was treated with 0.5-0.6 
mL of concentrated hydrobomic acid, whereby the solution turned 
from brown to dark purple. Bromine vapor was allowed to dissolve 
in the solution until a sharp color change from purple to yellow 
occurred, at which time a yellow-green precipitate formed. The 
resulting mixture was allowed to cool to 0 OC, and then the precipitate 
was collected and washed with ethanol and ether. The product was 
recrystallized from hot water (0.32 g in 70 mL at 60 “C). The solid 
obtained was washed with ethanol and ether and then dried under 
vacuum. Anal. Calcd for FeC25H24N903: Fe, 10.07; C, 54.17; N, 
22.74; H, 4.36. Found: Fe, 10.09, 10.20, 10.27; C, 54.65, 54.86; N, 
22.76, 22.99; H, 4.36,4.29. An acid-base titration of the compound 
with a standard sodium hydroxide solution to a phenol red end point 
showed the presence of 2.09 protons/mol of compound. 

Lithium (pyridine)pentacyanoferrate(III) was prepared in solution 
by an ion-exchange method. A 0.16-g sample of Na3[Fe(CN)5N- 
H3].3H20 was added to a solution of 2 mL of pyridine in 20 mL of 
water at 0 OC. After 40 min in the dark, 15 mL of 0.100 M Ce(N- 
H4)2(N03)6 in 2.06 N H2S04 was added dropwise, and then water 
was added to bring the total volume to 100 mL. The resulting solution 
was added to a column of Bic-Rex 9 in the sulfate form. The column 
was rinsed thoroughly with water, and then the complex Fe(CN),py2- 
was eluted off with 25 mL of 1.42 M LiC104 followed by 75 mL of 
water, The resulting stock solution was stored in low actinic glassware 
at  -2 OC. 

Potassium (ethylenediaminetetraacetato)cobaltate(III) was the 
sample used in previous work.4 Sodium (ethylenediaminetetra- 
acetato)cobaltate(II) was prepared in solution by the addition of a 
10% excess of Na2H2EDTA to the appropriate amount of Co(C104)2. 
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