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The electrode reaction of trans-[CoBr2(N),]+ ((N), = (en)2, (pn),, (tn),, and (NH3),; en = ethylenediamine, pn = 
propylenediamine, tn  = trimethylenediamine) has been examined in 0.1 M sodium acetate buffer solutions at mercury 
electrodes. All complexes exhibit the complicated electrode processes in which both the parallel ECE reaction and the 
Br- dissociation of cobalt(II1) complexes take place. The dissociation rates of Br- from the Co(II1) and Co(I1) complexes 
are determined. The Br--dissociation rate constant (s-I) at 25 "C, AH' (kcal mol-'), and AS* (cal K-' mol-') for 
trans-[C~I~~Br~(N)~]+ complexes are as follows: en, 1.51 X lo4, 27.2, +15; pn, 3.30 X lo4, 19.1, -10; NH3, 4.20 X 
26.8, +20; tn, 2.12 X 15.2, -15. Also, the Br--dissociation rate constant (s-') at 25 "C, AH' (kcal mol-'), and AS' 
(cal K-' mol-') for trans-[Co"Br,(N),] complexes are as follows: en, 0.508, 1.3, -55;  pn, 0.538, 2.9, -50; NH3, 0.610, 
1.3, -55;  tn, 0.571, 6.5, -38. 

Introduction 
In recent years studies of unstable cobalt(I1) complexes have 

progressed with the rapid growth of fast reaction techniques 
such as NMR techniques2" conductometric pulse radiolysis.& 

Previous work in this series has shown that the electrode 
reaction of a series of trans- [CoBr2(N),]+ type complexes 
proceeds in steps7,* (eq 1-3) where k,,e and k3,e are the het- 

t r a n s - [ C ~ I I ~ B r ~ ( N ) ~ ] +  + e- - trans-[Co"Br2(N),] (1) 

t rans-[C~IIBr~(N)~]  + 6 H 2 0  - 
kl,e 

kl 

[CO"(H~O),]~+ + 2Br- + (N), (2) 

k36 
2Br- + 2Hg - Hg2Br2 + 2e- 

(N)4 = ( 4 2 ,  (P42, w 2 ,  and ("d, 

(3) 

erogeneous rate constants for the electrode reactions 1 and 3, 
respectively, and k2 is the homogeneous rate constant of the 
ligand dissociation of trans- [ Co"Br,(N),]. The chemical 
reaction (eq 2) is interposed between the two electron transfers 
(eq 1 and 3). This mechanism is an important class of coupled 
chemical reactions and is referred to as the ECE (electro- 
chemical, chemical, electrochemical) mechani~m.~ 

The ECE currents due to the reaction sequence (1-3) de- 
pend on the dissociation rate (k2)  of reaction 2 and on the 
heterogeneous rates (kl,e and k3,& of reaction 1 and 3. If both 
electrode reactions proceed rapidly (diffusion controlled) at 
a given electrode potential, the ECE current is controlled by 
the dissociation rate of reaction 2. The reduction potential 
of t r a ~ - [ C o I ~ B r ~ ( N ) ~ ] +  is far more positive than the oxidation 
potential of the electrode reaction 3, and the polarographic 
current (at potentials corresponding to the reduction of 
trans- [Co"'Br,(N),]+) is influenced only by the simultaneous 
oxidation of a portion of the Br- produced by the dissociation 
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reaction 2. It is, therefore, possible to calculate the rate 
constant of the dissociation reaction from the polarographic 
ECE current. The theoretical relationships have been discussed 
previously.8 

Such an in situ generation technique (based on the analysis 
of the polarographic currents attributable to the ECE mech- 
anism) is useful for the study of unstable species and is suc- 
cessfully applied to the determination of the dissociation rate 
constant of dibromobis(ethylenediamine)cobalt(II) complex 
formed by the electrochemical reduction of the Co(II1) com- 
plex.* The present paper deals with extensive kinetic studies 
concerning the dissociation of Br- from labile trans- 
[Co"Br,(N),] complexes which are generated by the elec- 
trochemical reduction of fr~ns-[Co"'Br~(N)~]+ in aqueous 
solutions. Furthermore, the data for the dissociation (aquation) 
of trans-[Co"'Br2(N),]+ are present and compared with the 
literature values. The dissociation kinetics of both Co(I1) and 
Co(II1) complexes are discussed on the basis of the activation 
parameters. 
Experimental Section 

Reagents. trans-[C~Br~(en)~]NO~,'~ trans- [C~Br~(pn)~lClO~- 
0.5H20,'' and trans-[C~Br~(NH~)~]ClO~'~ were prepared according 
to the literature with partial modifications. trans-[C~Br~(tn)~]ClO~ 
was prepared by adding dilute hydrobromic acid into the solution of 
[C0CO~(tn)~lC10~, and the solution was concentrated. Corresponding 
divalent cobalt species were prepared in situ by a polarographic 
technique (ECE process) with a dropping mercury electrode. Other 
chemicals were analytical reagent grade and were used without further 
purification. 

Apparatus. Polarograms were obtained with a Fuso Model 3 12 
polarograph with use of a three-electrode system with a saturated 
calomel electrode (SCE) as the reference electrode and a platinum 
wire as the auxiliary electrode. Oxygen in solution was eliminated 
by purging the solutions with 02-free nitrogen. The electrochemical 
cell was kept at a constant temperature [ ( 5 ,  10, 15, 25) A 0.1 "C] 
by pumping water through jackets surrounding the cell compartment. 

Procedures. Bromide ions are released from both tervalent and 
divalent cobalt species, but the current extrapolated to time zero 
corresponds to the net current due to the ECE mechanism, which is 
controlled only by the rate of dissociation of divalent species. The 
electrochemical procedure in a series of determination of the disso- 
ciation rates of the cobalt complexes was as follows. After mea- 
surements were taken of the residual current of a 40-mL portion of 

(10) Werner, A.; Gerb, L.; Lorie, S.; Rapiport, J. Justus Liebigs Ann. Chem. 
1912, 386, 11 1. 

(1 1) Tsuchiya, R.; Natsume, Y.; Uehara, A,; Kyuno, E. Thermochim. Acra 
1975, 12, 147. 

(12) Werner, A.; Wolberg, A. Ber. Dtsch. Chem. Ges. 1905, 38, 993. 
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the supporting electrolyte solution, a solid sample of the cobalt(II1) 
complex being tested was added to the solutions. As soon as the 
complex had dissolved, the current attributable to the ECE mechanism 
and the bromide ions was measured at +0.25 V vs. SCE as a function 
of the time. 

With the use of the working curve obtained with KBr, the con- 
centration of Br- a t  various time was obtained and used in the cal- 
culation of the modified log plot analysis (see Treatment of Data). 
The dissociation rate of divalent cobalt species can be obtained from 
the intercept of this log plot and that of tervalent cobalt species from 
the slope of the log plot. 

The diffusion coefficients of the series of t r an r - [C~Br~(N)~] '  type 
complexes, which are required for the calculation of the modified log 
plots, were determined by the electrochemical method previously 
reported." The results are given in Table I, in which limiting currents 
were measured at  -0.7 V vs. SCE for the complexes and +0.25 V 
vs. S C E  for Br-. The calculations for eq 5 and 6 were carried out 
with a TACC 1200M (NOVA 01) computer.14 
Treatment of Data 

Previous electrochemical studies7~*JS of t r~nr-[CoBr~(N)~]+ 
type complexes showed that they undergo electrode reactions 
according to the ECE mechanism represented by eq 1-3. 
Under the experimental conditions, the current due to the ECE 
mechanism depends on the dissociation rate of reaction 2: the 
current is controlled by the rate of bromide dissociation of the 
t r~ns-[Co"Br~(N)~]  species. 

On the other hand, tervalent cobalt complexes also lose Br- 
ligands in the  solution^'^ 

t r u n ~ - [ C o ~ ~ ' B r ~ ( N ) ~ ] +  + 2H20  - kr 

[CO"~(H,O)~(N),]~' + 2Br- (4) 

where k4 is the rate constant for the ligand dissociation of 
truns-[C~II~Br~(N)~]+. The liberated Br- also give the anodic 
current according to eq 3.16 The rate of reaction 4 is slow, 
but the ligand dissociation of the divalent cobalt complex in 
eq 2 is very rapid. Therefore, the anodic current at positive 
potentials consists of the sum of the reaction current due to 
the ECE electrode process (eq 1-3) and the current due to the 
homogeneous reaction (eq 4). 

For the present heterogeneous and homogeneous reactions, 
the ligand dissociation 4 has been reported to be first order.14 
The modified kinetic equation for the series of reactions 1-4 
is8 

0 0 4  = (en123 (P42, (tn)2, and ("d4 

with 

( :)'I2 exp(-k2r) 4( *)I) - D B  ( 6 )  

and 

+(x) = 2x exp(-x2) J x  exp(u2) du (7) 

where co is the initial concentration of the cobalt(II1) complex, 
c is the concentration of Br- at time t ,  r is the drop time, and 
DA, Dg, and De are the diffusion coefficients of trans- 

0 

(13) Yamada, A.; Kato, Y.; Yoshikuni, T.; Tanaka, Y.; Tanaka, N. Anal. 
Chim. Acta 1979, 112, 55. 

(14) Yamada, A.; Sakata, M.; Kato, Y.; Tanaka, N. Sci. Rep. Tohoku Uniu., 
Ser. I 1975, 58, 94. 

(15) Yamada, A.; Yoshikuni, T.; Kato, Y.; Tanaka, N. Bull. Chem. Soc. Jpn. 
1980, 53, 942. 

(16) Kolthoff, I. M.; Lingane, J. J. "Polarography", 2nd ed.; Interscience: 
New York, 1964; Vol. 2, pp 557-581. 
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Table 1. Diffusion Coefficient of Co(II1) Complexes and Br' 
Obtained in 0.1 M Acetate Buffer (pH 5.0) and 0.005% Gelatin 

diffusion coefficient 
106D, cmz s-' 

complexes 15°C 10°C 5°C 

trans-[ CoBr,(en), I +  6.55 5.60 4.62 
frons- [CoBr, (pn), I++ 5.11 4.13 3.71 
trans- [ CoBr , (tn) , ] 5.35 4.78 4.07 
trans-[CoBr,(NH,),]+ 1.59 6.19 5.75 
Br- 19.5 16.4 13.7 

- 1  

0 
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C 

t 2  
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a3 0.2 0.l 0 
potential, V vs. SCE 

Figure 1. Current-potential curves of 0.5 mM t r ~ n s - [ C o B r ~ ( t n ) ~ ] +  
obtained in 0.1 M sodium acetate buffer solutions (pH 5.0) containing 
0.005% gelatin at 5 OC. Currents are measured (a) immediately after 
dissolving complex, (b) after 5 min, and (c) after 20 min. Curve d 
is the current-potential curve of 1 m M  KBr. 

I 
0 10 20 30 

t i m e ,  rnin. 

Figure 2. Relations of In [2c0/(2c0 - c)] against time for (a) 
trans- [ C ~ B r ~ ( e n ) ~ ] + ,  (b) trans- [ C o B ~ ~ ( p n ) ~ ] + ,  (c) trans- [CoBr2- 
(NH3)r]+, and (d) trans-[C~Br,(tn)~]+ obtained at 10 O C  and ionic 
strength of 0.1. 

[COII*B~~(N)~]+, t r a n s - [ C ~ ~ I B r ~ ( N ) ~ ] ,  and Br-, respectively. 
If the diffusion coefficient of each complex is known, both 

the rate constants (k, and k4) of the reactions 2 and 4 can be 
calculated from the slope and the intercept of the plot 
In [2c0/(2c0 - c)] vs. t .  So that the rate constant k2, could be 
evaluated, the value of z was calculated against k2r  for the 
given diffusion coefficients, and the working curve for calcu- 
lation of rate constant was constructed. 
Results and Discussion 

Figure 1 shows an example of the polarogram of trans- 
[CoBr,(tn),]+ obtained in 0.1 M sodium acetic acid buffers 
at 5 OC. The polarogram appeared partly above and partly 
below the zero current line. The anodic current increased with 
the time, corresponding to the occurrence of reaction 4. The 
anodic current at time zero corresponds to that of reactions 
1-3 (ECE process). Other cobalt(II1) complexes ((N)4 = 
(en),, ( ~ n ) ~  and (NH,),) also gave similar polarographic 
waves. 

With the use of the working curve obtained with KBr, the 
concentration of Br- at various time was obtained and used 
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Table 11. Rate Data for the Br- Dissociation of  t r ~ n s - [ C o ~ ~ ~ B r , ( N ) , ] +  and rruns-[ColIBr,(N),] Obtained at Various Temperatures 
and at an Ionic Strength of 0.1 

Yamada, Yoshikuni, and Tanaka 

Co(1II) complex k,, s-' Co(I1) complex 
(N), T, 'C (this study) k,, s-' this study other study 

(en), 5.0 0.405 f 0.004 
10.0 0.430 i 0.004 
15.0 0.455 i 0.004 
20.0 
25.0 0.508 f 0.012" 

(en), 5.0 0.354 f 0.004 
10.0 0.396 i 0.004 
15.0 0.440 i 0.004 
20.0 
25.0 0.538 i 0.O1la 

(NH3), 5.0 0.489 i 0.004 
10.0 0.519 i 0.004 
15.0 
20.0 
25.0 0.610 i 0.015b 

(tn), 5.0 0.242 f 0.006 
10.0 0.303 f 0.007 
15.0 0.378 i 0.006 
25.0 0.571 i 0.018a 

Extrapolated from 5-15 "C values. Extrapolated from 5-10 "C values. 

in the calculation of eq 5. log plots of eq 5 for the series of 
trans-[CoBr2(N),]+ complexes are shown in Figure 2. The 
Br- dissociation rates of trans- [Co"'Br,(N),]+ and trans- 
[Co"Br,(N),] complexes obtained in 0.1 M acetate buffer 
solutions are given in Table 11. In the above calculation, the 
diffusion coefficients of trans- [Co"Br,(N),] and trans- 
[Co1"Br2(N),]+ are assumed to be equal. The Br- dissociation 
rate of trans-[Co"'Br2(N),]+ reported in the literature is also 
given in Table 11. 

Electrochemical investigations in our 1ab0ra to ry~~~J~  of 
electroreduction in a series of dihalogenocobalt(II1) complexes 
have shown that t r ans - [C~Br~(N)~]+  type complexes follow 
the electrode reaction as represented by eq 1-3 at mercury 
electrodes. This type of reaction belongs to the so-called ECE 
mechanism9 (a chemical reaction interposed between two 
electron-transfer reactions). The current characteristic for an 
ECE mechanism depends on the rate of chemical reaction 2. 

According to Ruzic et al.,z2 an ECE mechanism is classified 
into two cases, Le., consecutive ECE pathway and parallel ECE 
pathway. In the present case, the electroreduction of 
trans- [CoBr2(N),]+ is followed by subsequent oxidation of 
mercury so that the electrode reaction belongs to the parallel 
ECE pathway. Other better understood examples of parallel 
ECE pathway, the reduction of tr~ns-[CoCl~(en)~]+ in excess 
e th~lenediamine~~ and the reduction of [Cr(H20)(edta)]- in 
ethylenediaminetetraacetic have been reported. The 
behavior is seen only in the presence of excess ligand, i.e., 
intermolecular type. On the other, in the case of the reduction 
of trans- [CoBr2(N),]+ complexes, the ECE pathway is pro- 
duced by the dissociation of cobalt(I1) complex itself, Le., 
intramolecular type. An analogous example is seen for the 

Pearson, R. G.; Meeker, R. M.; Basolo, F. J.  Am. Chem. Soc. 1956,78, 
70. 
Basolo, F.; Matoush, W. R.; Pearson, R. G. J .  Am. Chem. Soc. 1956, 
78, 4883. 
Chan, S. C.; Tobe., M. L. J.  Chem. Soc. 1963, 5700. 
Eade, L. E.; Rodley, G. A.; House, D. A. J.  Inorg. Nucl. Chem. 1975, 
37, 1049. 
Jonasson, I. R.; Murray, R. S.; Stranks, D. R.; Yandell, Y .  K. Proc. Inr. 
ConJ Cwrd. Chem. 12th 1969, 32. 
Ruzic, I.; Sobel, H. R.; Smith, D. E. J .  Electround. Chem. 1975, 65, 
21. 
Fisherova, E.; Dracka, 0.; Meloun, M. Collect. Czech. Chem. Commun. 
1968, 33, 473. 
Tanaka, N.; Ebata, K. J.  Electroanal. Chem. 1964, 8, 120. 
Tanaka, N.; Yamada, A. Rev. Polarog. 1967, 14, 234. 

(5.19 i 0.08) x 
(1.18 f 0.06) X 
(2.98 i 0.06) X 
(5.83 i 0.08) X 
(1.51 f 0.06) X 
(3.04 i 0.08) x 
(6.19 f 0.09) x 
(1.04 i 0.05) x 
(1.86 i 0.06) x 

(1.53 i 0.08) x 
(3.50 i 0.08) x 
(7.13 i 0.09) X lop4 
(2.07 f 0.09) x 

(3.14 f 0.06) X 
(5.10 i 0.06) X lo-' 
(8.43 f 0.08) X 
(2.12 f 0.14) x 

1.4 x 10-4 17-19 

(3.30 i 0.06) X 3.13 x 10-410 

(4.19 i 0.08) x a. 7 x 10-3 20 

9.49 x lo-, I'  

reduction of p-nitrosopheno126 in acidic media though this 
reaction belongs to the consecutive ECE pathway. 

For the series of t r~ns-[CoBr~(N)~]+ complexes, all the rate 
data followed the first-order rate relation given by eq 5 with 
a satisfactory linearity (Figure 2). A good agreement between 
the data of trans-[CoBrZ(N),]+ obtained in the present study 
and those in the 1iteraturel7-,O at 25 OC was obtained, except 
for t r~n r - [CoBr~(NH~)~]+  and tr~ns-[CoBr~(tn)~]+ (Table 11). 
The literature value20 for trans-[CoBr2(NH3),]+ was estimated 
to be 3.5 times the rate constant for the dichloro analogue, 
and the accuracy is not satisfactory. The literature valuez1 
for t r~ns- [CoBr~( tn)~]+  also seems to be fast. 

At all temperatures, the bromide dissociation rates of 
tr~ns-[Co~~'Br,(N),]+ increase in the order (tn)z > (NH,), 
> ( ~ n ) ~  > (en)? (Table 11). This order is essentially the same 
as the increasing order of chloride dissociation rates of 
trans-[C~~~~Cl~(en)~]+.~~ In the case of trans- [ C ~ I ~ C l ~ ( e n ) ~ l  
complexes, the rate constants in the rather narrow range of 
0.2-0.6 s-l were obtained depending upon the nature of the 
ligands. No rate constants are available for the bromide 
dissociation of t r~ns-[Co*IBr~(N)~] .  However, several inter- 
mediate reactions with analogous order of rate constants have 
been reported from the analysis of ECE mechanism. For 
example, a value of k = 0.6-1.3 s-' has been measured for the 
dehydration of p-(hydroxy1amino)phtnol to p-benzoquinone 
imine in ethanol-water solutions.26 Cukman and PravdiEZ7 
reported k = 0.03-0.34 s-l for the cyanide dissociation Nil- 
(CN)a- - Ni'(CN)?- + CN-. Feldberg and Jeftic28 studied 
the electrochemical reduction of hexacyanochromate(II1) and 
reported k = 11 s-l for Cr11(CN)6e - Cr11(CN)53- + CN-. 

Lilie et al.5 reported from the pulse radiolysis method that, 
for the dissociation of trans- [C~~~Cl,(en),]  which is reduced 
by the hydrated electron, the two C1- ligands detach rapidly 
(k2 = 3 X lo5 s-l). According to their values, the currents 
due to the ECE mechanism (eq 1-3) should be diffusion 
controlled at all temperatures. The results of careful exper- 
iments on the t rans-[C~Br~(N)~]+ type complexes showed that 
the experimental intercepts of first-order plots (eq 5) at all 
temperatures studied were different from the calculated one 
for the diffusion-controlled case and beyond experimental 
error. The discrepancy between the rate constant obtained 

(26) Alberts, G. S.; Shain, I. Anal. Chem. 1963, 35, 1859. 
(27) &anan,  D.; PravdiE, V. J.  Electroanal. Chem. 1979, 99, 29. 
(28) Feldberg, S. W.; Jeftic, L. J .  Phys. Chem. 1972, 76, 2439. 



Ligand Dissociation of Br2Coi1 and Br2C0111 Complexes 

Table 111. Activation Parameters for Br- Dissociation of 
rr~ns-[Co~~*Br,(N),] '  and fruns-[Co*lBr,(N),] Obtained a t  an 
Ionic Strength of 0.1 
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Table W .  Polarographic Half-Wave Potentials of Second Wave of 
Some Co(II1) Complexes Obtained in 0.1 M Acetate Buffer 
(pH 5.0) and 0.005% Gelatin at  25 "C 

aG'(25 "C), AH*, AS*, cal 
complex kcal moT' kcal mol-' K" mol-' 

Co(II1) Complex 
trans-[CoBr,(en),]+ 22.7 i 0.1 27.22 0.6 t 1 5  i 2 
trans-[CoBr,(pn),]' 22.2 t 0.1 19.1 i 0.7 - 1 O i  2 

r r~ns-[CoBr,( tn) ,~]~ 19.8 t 0.1 15.2 i 1.4 -15 i 3 
Co(I1) Complex 

rrans-[CoBr,(en),] 17.9 t 0.1 1.33 2 0.05 -55 i 3 
frans-[CoBr,(pn),] 17.8 i 0.1 2 . 9 0 i  0.05 -50 i 3 
trans-[CoBr,(NH,),] 17.8 t 0.1 1.25 i 0.05 -55 i 3 
runs-[CoBr,(tn),] 17.8 i 0.1 6.53 i 0.08 -38 i 2 

trans-[CoBr,(NH ) 1' 20.7 t 0.1 26.8 i 1.1 t 2 0  i 2 

by pulse radiolysis and that by the electrochemical method 
may be attributed to the environment around the coordination 
sphere. 

In the pulse radiolysis experiemnts, the products will be 
formed in highly excited states, often in excited electronic 
states,29 by means of the very high doses per pulse under 
experimental conditions. The unstable tran~-[Co"Cl,(en)~] 
complex thus produced by the hydrated electron may decom- 
pose rather rapidly. On the other hand, the dissociation re- 
action 2 in the ECE mechanism occurs near the electrode and 
will be affected by the double-layer structure.30 The con- 
centration of charged species in the electrode field is different 
from that in the bulk of the solution, and the apparent rate 
may be influenced by the double-layer potential.31 Sometimes, 
the activity of water molecules near the electrode may become 
smaller than that of the bulk solutions.32 Thus, the apparent 
dissociation rate of eq 2 may be smaller than that obtained 
by pulse radiolysis. Such electrostatic effects from the dou- 
ble-layer structure acting upon the rate constant observed for 
the dissociation of [ C ~ ( e n ) , ] ~ " ~  and [Cd(CN)4]2-.34 

The activation data for the dissociation reaction of both 
t r ans - [C~I I~Br~(N)~]+  and trans-[CoIIBr,(N),] are given in 
Table 111, which are calculated from the data in Table 11. 

The free energy of activation for the series of trans- 
[Co"*Br,(N),]+ complexes decreases with changes of (N), in 
the order (en), > (pn), > (NH3), > (tn),, while the enthalpy 
of activation decreases in the order (en), > (NH3j4 > (pn), 
> (tn),. This suggests that accelerations in Br- dissociation 
rate are likely to occur in complexes with bulky ligands. 

On the other hand, in the case of the divalent state of cobalt 
the free energy of activation for trans-[Co"Br2(N),] does not 
differ significantly; the value was calculated to be ca 18 
kcal/mol for all the complexes. The enthalpy of activation 
varied slightly in the order (tn), > (pn), > (en), > (NH,),, 
while the entropy of activation was found to be almost equal 
and small except for the complex. The entropy of ac- 
tivation for the (tn), complex is approximately 30% larger than 
that of the other three complexes. This may be caused by the 
structural change in the dissociation of Br-. It is of interest 
to note that, for these four examples, the entropy of activation 
seems to play a important role in the ligand dissociation of 
divalent cobalt complexes, whereas the enthalpy of activation 
makes a large contribution to the ligand dissociation of ter- 
valent cobalt complexes. 

(29) Basolo, F.; Pearson, R. G. "Mechanisms of Inorganic Reactions"; Wiley: 
New York, 1967. 

(30) Vlcek, A. A. Prog. Inorg. Chem. 1963, 5, 211-384. 
(31) Matsuda, H. J .  Phys. Clrem. 1960, 64, 336. 
(32) Bockris, J. OM.; Reddy, A. K. N. "Modern Electrochemistry"; Plenum 

Press: New York, 1970; Vol. 1. 
(33) Konrad, D.; Vlcek, A. A. Collect. Czech. Chem. Commun. 1963, 28, 

808. 
(34) Koryta, J. 2. Elektrochem. 1957, 61, 423. 

half-wave 
potential, 
V vs. SCE complex 

trans-[CoBr, (en), 1' -1.183 
trans-[CoBr,(pn),]' -1.176 
~ ~ Q ~ ~ - [ C O B I , ( N H , ) , ] '  -1.219 

[Co(pn),l'+ -1.180 
[ C ~ ( N H  13+ -1.225 
[ c o (  tn),'] $+ -1.179 
[Co(H,O),(en),l'+ -1.186 
[Co(H,0),(NH,),13+ -1.223 
[Co(H,O), 1 2 +  -1.252 

[Co(en),13+ -1.190 

Scheme I 

Although the electrode reaction of the divalent cobalt 
complexes is irreversible in nature, the structural information 
concerning the divalent cobalt complex immediately after 
dissociation of Br- may be obtained3' from the polarographic 
half-wave potentials corresponding to the reduction of Co(I1) 
-+ Co(0). The half-wave potentials of the second wave (Co(I1) - Co(0)) for several complexes are given in Table IV. The 
half-wave potentials of trans- [CoBr,(N),]+ type complexes 
were found to be less negative than that of [CO(H,O)~]~' and 
shifted to negative potential in the order (pn), > (en), > 
(NH,),. The half-wave potentials of [CO"(H,O),(N),]~+ type 
complexes were found to be nearly equal to those of corre- 
sponding trans- [CoBr,(N),] type complexes. Furthermore, 
[Co(N),13+ complexes gave more negative half-wave potentials 
than the corresponding bis-type complexes (Table IV). From 
these facts, two conclusions may be drawn. The rate of Br- 
loss from the cobalt(I1) complexes (see Scheme I) depends 
upon the nature of the diamine ligands. The extent of dis- 
sociation of the diamine nitrogens from the coordination sphere 
of cobalt(I1) is also determined by the identity of the diamine 
ligand itself. At least one diamine nitrogen remains bound 
to cobalt until the cobalt is reduced to 
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Registry No. t r an .~ - [Co~~ 'Br~(en )~]+ ,  15379-04- 1 ; trans- 
[Co"'Br,(p),]+, 18660-74-7; trans- [ C O " ' B ~ ~ ( N H ~ ) ~ ] + ,  36273-40-2; 
trans- [Co 11Br2(tn)2]+, 56322-9 1-9; trans- [Co"Br2(en),], 73946- 19-7; 
tram-[ConBr,(pn),], 7721 0-80-1; tram- [Co"Br2(NH3),], 772 10-8 1-2; 
t ran~-[Co*~Br~(tn) , ] ,  77210-82-3; [Co(en)J3+, 14878-41-2; [Co- 
(pn)J3+, 16786-50-8; [ C O ( N H ~ ) ~ ] ~ + ,  14695-95-5; [Co(tn)J3+, 
16786-53-1; [ C O ( H ~ O ) ~ ( ~ ~ ) ~ ] ~ + ,  19314-32-0; [CO(H,O),(NH~)~]~+,  
19394-99-1; [Co(H20),I2+, 15276-47-8. 

(35) In the case of an irreversible electrode reaction, rigorous thermodynamic 
arguments are difficult for the stability of complexes. It may be, how- 
ever, of value to compare half-wave potentials for reaction involving a 
series of related compounds at some convenient reference electrode.M 

(36) Maki, N.; Tanaka, N. "Encyclopedia of Electrochemistry of the 
Elements"; Bard, A. J., Ed.; Marcel Dekker: New York, 1975; Vol. 3, 
pp 43-210. 




