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Introduction

Studies in this series dealing with the formation
and decarboxylation of monodentate carbonate
species include the pentamine complexes of Co(IlI)
[5, 6], Rh(IIl) [7] and Ir(IIl) [7], and the tetra-
ethylenepentamine complex of Co(IIl) [8]. Carbon
dioxide uptake and acid-catalyzed decarboxylation in
these systems only involve the formation and break-
age of secondary oxygen—carbon bonds, respectively,
rather than of the metal-oxygen bonds. Conversely,
other studies in this series, involving diaquoamine
complexes of Co(IIl), show that ring closing and
opening of the metal-oxygen bond depends on the
nature of the ‘non-participating’ amine group [9, 10].

The present study was undertaken to investigate
the effect of substituents trans to the hydroxo or
carbonato ligands in cobalt(III} amine complexes on
the rate parameters for carbon dioxide uptake and
decarboxylation reactions. Since it is well known that
cyanide is a good trans-labilizing ligand [11] in sub-
stitution processes, its influence on the rate of C-O
bond cleavage and the basicity of the hydroxo ligand
was studied for the complexes #-Co(NHj)4(CN)-
(0CO,) and t-Co(NH;)4(CNYOH)" respectively.

Experimental

Materials

All chemicals used were of reagent grade.
Deionized and degassed water was used in preparing
all solutions. #-[Co(NH;3)4(CN)(OH,)]Cl, was pre-
pared from #-[Co(NH;)4(CN)SO3)] -2H,0 according
to standard procedures [12, 13]. All efforts to
prepare f-[Co(NH3),(CN)Y(OH,;)] (ClO4); were unsuc-
cessful and the chloride salt was used in this investiga-
tion. Its purity was checked by microanalysis [14].

Various procedures [15] were followed to isolate
t-.[Co(NH;3)4(CNXOCO,)] . In all cases the product
was contaminated with the less soluble #-[Co(NH3),-
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(CNXOH)] CI species. The highest purity (~85%) was
obtained by adding NaHCO, and Na,CO; slowly to a
saturated solution of ¢-[Co(NH;3)4(CNXOH,)]Cl,
until a pH of ~8.5 was reached. Cooling or addition
of alcohol resulted in the precipitation of the
carbonato complex along with some of the cyano
hydroxo impurity.

Spectra

Absorption spectra in the UV—visible range were
measured using a Cary 118 spectrophotometer. The
spectra of the various species [16] involved are
shown in Fig. 1. t-Co(NH3)4(CNXOH)" was prepared
in solution by dissolving t-Co(NH3)4(CNXOH,)*" in
basic medium, whereas #-Co(NH;);(CNX0OCO,) was
prepared in solution as described above. The
spectrum of r-Co(NH3)4(CNYOH_)?" is in good agree-
ment with data published elsewhere [17]. Acidifica-
tion of the carbonato complex solution gave a spec-
trum identical to that of t-Co(NH;)4(CNYOH,)*".

Determination of the Acid Dissociation Constant

The pK value for the acid dissociation of ¢-
Co(NH,3)4(CNYOH,)*" was determined at 25 °C and
an ionic strength of 0.5 M (NaClO,) by titrating a
2 X 107* M complex solution with 0.1 M NaOH. All
pH measurements were made with a Beckman
Research Model pH meter and a reference electrode
filled with a saturated NaCl solution. The pK for ¢-
Co(NH;)4(CN)OH,)?*" was found to be 7.55 + 0.05
[21].

Rate Measurements

The kinetics of the acid-catalyzed aquation of the
carbonato complex were studied at an ionic strength
of 0.5 M (NaCl0,), between 9 and 30 C and over an
acidity range of 0.3 < pH < 7.6. The rate of carbon
dioxide uptake by t-Co(NH;3),(CNYOH)" was
measured within the temperature range 5 to 30 C, at
acidities of 8 < pH < 9.5, and at an ionic strength of
0.5 M (NaClO,), by the ‘acidification method’
described earlier [6]. Both reactions were monitored
at a wavelength of 330 nm where the difference in
absorption between reactant and product is at a
maximum (see Fig. 1). The rate measurements were
made on a Durrum Model 110 stopped-flow
assembly. For pH > 2 the following buffers were
used: Mcllvaine phosphate—citric acid [22]; phos-
phate—NaOH [23]; and boric acid—NaOH [23]. pH
measurements were made on the above mentioned pH
meter using a water-jacketed sample holder thermo-
stated at the reaction temperature. The observed
pseudo-first-order rate constants were calculated in
the usual way using a least-squares program and are
reported in the Results as the mean of at least six
kinetic runs. For the decarboxylation experiments at
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Fig. 1. Absorbance spectra of various complex ions: A, t-Co(NH3)4(CNXOCO,); B, t-Co(NH3)4(CN)(OH)*; C, t-Co(NH3)4(CN)-

(OHp)?*,

TABLE L. pH Dependence of kgphg for the Aquation of
1-Co(NH3)4(CNYOCO,) 2. [Co(1ID)] = 2.3 X 1073 M, Temp.
= 25 °C, wavelength = 330 nm, lonic strength = 0.5 M.

pH Kobs, sec” !

0.30 0.363 + 0.019
0.30 0.367 + 0.016
0.60 0,383+ 0.016
1.30 0.367 + 0.023
1.60 0.375 + 0.024
1.60 0.387 + 0.025
2.00 0.364 + 0.017
2.54 0.388 + 0.030
3.10 0.399 + 0.034
3.38 0.390+ 0.018
4.36 0.407 + 0.024
4.37 0.388 + 0.023
542 0.320 + 0.027
6.04 0.269 + 0.009
6.44 0.270 + 0.010
6.77 0.201 + 0.013
6.94 0.168 + 0,006
7.01 0.136 + 0.009
7.59 0.062 + 0,002

8Prepared in solution as described in the Experimental,

pH > 6.5, the first-order plots showed deviation from
linearity at longer reaction times, an effect which
became more pronounced with increasing pH. Such
deviations have been observed before [7] and were
attributed to interference by the slower rate of hydra-
tion of the released CO,, resulting in significant CO,-
uptake under such conditions. Addition of micro-
molar quantities of carbonic anhydrase [7], which
catalyzes CO, hydration, to the reaction solution
resulted in normal linear first-order plots.

Results and Discussion

Preliminary experiments indicated that under the
experimental conditions used in this investigation
isomerization did not interfere with any of the reac-
tions involving #-Co(NH3)4(CN)(OH,)?", t-Co(NH,),-
(CN)(OH)", or #-Co(NH;)4(CNXO0CO,).

Rate data for the acid-catalyzed decarboxylation
of t-Co(NH;3)4(CN)(0OCO,) as a function of acidity
and temperature are summarized in Tables I and II,
respectively. A plot of kg versus pH for the data in
Table I exhibits the same sigmoid pH dependence as
was observed in earlier studies of monodentate
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TABLE II. Temperature Dependence of kopg for the Aqua- - )
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operative in this system involving the following g S
equations: 'g N g%
«~ =R
£-Co(NH3)a(CN)(OCO,) + H =—— g Z 2 3 %
t-Co(NH3)4(CNYOCO,H)*  1/K; (1) © . H %8, ., 3=
K, 2 WET AW §
~~ < o
t-Co(NH3)4(CNYOCO,H)* —= o T EZ 5T é” o 5
K a " ZEssLeZ | 5=
? < = BIQYES| &3
* = codIZE| o 8§
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t-Co(NH3)4(CNYOH)* + H —=
t-Co(NH3)4(CNXOH)?*  1/K; (3)
Reactions (1) and (3) are rapid acid—base equi-
libria, whereas reaction (2) is the rate-determining
step for both the decarboxylation (k;) and CO,
uptake (k,) processes. The overall rate law for this
mechanism is [6]:
ks [H']

_ . k.K; [CO,]
[H'] +K,

[H'] +K,

@

obs

In the absence of any added CO,, equation (4)
simplifies to

Kops = k; [H']/{[H'] +K,} ()

" The decarboxylation data in Table I can be plotted
according to eqn. (5) in the double reciprocal
linear form of kg versus [H']™!, and yield k, =
036 * 0.04 sec”! and pK, = 6.89 + 0.04. This value
of k, is in good agreement with the average limiting
value for kg at pH < 4.5 of 0.38 £ 0,01 sec”! (at
high [H'] eqn. (5) reduces to kgpg =k, ). The tempera-
ture dependence of ko, at [H'] = 0.5 M enables the
calculation of the activation parameters for k; and
these values are included in Table II.

At pH > 8, where CO, uptake by #-Co(NH;),-
(CNXOH)" was studied (see Table III), the contribu-
tion from the decarboxylation process towards kgpe
becomes so small that eqn. (4) simplifies to

_ kJK;[CO,]

T [H] +K, ©

obs

Since pK, is known (see Experimental), k, could be
calculated from eqn. (6) for the CO, uptake data over
the pH and temperature ranges shown in Table III.
The average value of k, and its activation parameters
are also included.

A comparison of the decarboxylation and CO, up-
take rate parameters for a series of metal amine com-
plexes is given in Table IV, pK, for #-Co(NH;),(CN)-
(OH,)?* is significantly higher than for any of the
other systems quoted and illustrates the frans-effect
of the cyano ligand. The strengthening of the O-H
bond cannot be ascribed to the difference in net
charge on the complex since this is not observed for
t-Co(NH;),(CI)(OH,)?* [24]. The trans-effect also
shows up to a lesser extent in the pK, values, which
are all very similar although somewhat higher for
t-Co(NH;3)4(CNY(OCO,H)". This is within expectation
since the strengthening of a secondary O—H bond is
involved in the latter case. Furthermore, similar
reasons account for the higher activation parameters
reported for the cleavage of the -0—C— bond (decar-
boxylation step) in ¢-Co(NH;3)s(CNXOCO,H)".
Although k, for this complex is not the lowest in the
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series, it certainly has the highest activation para-
meters.

Although k, for #-Co(NH;)4(CNXOH)" is higher
than for the other Co(III) complexes quoted, the dif-
ference is not very significant since the activation
parameters are almost equal, within experimental
error., The increase in k, down the series to the
Rh(III) and Ir(IIl) amine complexes was previously
ascribed to a decreasing basicity of the coordinated
oxygen of the M—O—H group in conjunction with
the increasing M—O bond strength in the series Co <
Rh <Ir [7]. The large errors involved in the measure-
ments of k, do not allow any reasonable comparison
to be made between these quantities. The value of k,
for +-Co(NH;),(CNXOH)" fits the linear relationship
between logk, and the pK of the corresponding aquo
complex (pK, in this study) as discussed before in
detail [25].

Thus the #rans effect appears to play only a minor
role in affecting the reactivity of bonds which are not
directly at the metal centre, at least for cobalt(IIl)
complexes.
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