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The rate constants of the ligand exchange pro- 
cesses and the paramagnetic relaxation involving the 
mixed ligand copper( bipyridyl-glycine complex 
have been determined by measuring the T2 relaxation 
time of the water protons. It was found that the 
kinetic activity of the C’ubipyG’ mixed complex 
against the ligand exchange process is not signifi- 
cantly different from that of the CM& parent 
complex. An extremely high rate constant was found 
for the 

Cubipyz?+ + G- 
k--6 

‘CubipyG’ + bipy 
k6 

reaction (k-, = 7.1 lOa M-’ set?), i.e. the kinetic 
background of the stabilization of the mixed com- 
plex is the kzbility of the &octahedral Cubipy: 
complex. The decrease of TZB of the mixed com- 
plex compared to that of CuG2 shows, that the 
stabilization is reflected not only in the Cu-0 
bond, but in the Cu-N bond as well. 

Introduction 

It is well known from the systematic work of 
Sigel et al. [l-6] that the mono-bipyridyl copper- 
(II) complex exhibits discriminating behaviour 
toward the second ligand. It forms relatively stable 
mixed complexes with ligands containing oxygen 
donor atom, but there is no significant stabilization 
in the mixed ligand complexes with ligands contain- 
ing nitrogen donor atoms [7]. The mixed complex 
formed with glycine is also significantly stabilized, 
this effect being attributed to the presence of the 
carboxylate group. 

Pasternack et al. [8] studied the kinetic back- 
ground of the stabilization, by measuring the forma- 
tion rate constants. They found that the second order 
rate constant of the Cubipy2+ + G- * CubipyG’ 
mixed complex formation is four times higher than 
that of the CuG* + G- * CuG2 reaction, while the 
kinetic stability of CubipyG’ against spontaneous 
dissociation is 2.5-times higher than that of CuG2. 

Thus the more favourable formation and the decreas- 
ed lability of the mixed complex are responsible 
for the thermodynamic stabilization. One of the aims 
of the present work was to see how the thermo- 
dynamic stabilization is reflected in the kinetic para- 
meters of the exchange reactions taking place in the 
copper(bipyridyl-glycine system. ’ 

In the previous parts of this series [9, lo] the 
NMR relaxation method was used to study the 
equilibrium dynamics in aqueous solution of some 
copper(I1) parent complexes. The secondary aim of 
this work was to see the applicability of the method 
for studying the ligand exchanges in mixed ligand 
systems. The copper(bipyridyl-glycine system 
is especially suitable for this because only the glycine 
has labile protons in its ligand form: only the glycine 
is responsible for the transfer of the paramagnetic 
relaxation to the water protons. The use of this 
method for the study of mixed complexes has been 
attempted only in one research group [ 1 l-131. 
The equilibrium data were not completely available 
at those experimental conditions which were used 
in the kinetic studies (1 M KCl, 25 “C); thus some pH- 
potentiometric titrations were also performed to 
obtain the necessary equilibrium constants. 

Experimental 

pH-potentiometric measurements were performed 
for the determination of the formation constant of 
the Hbipy+ species and the equilibrium constants for 
the Cubipy’+ t bipy * Cubipy?,+, Cubipyr + bipy * 
Cubipy%+ and Cubipy’+ + G- =S CubipyG+ reactions. 
The formation constant of Cubipy’+ species can not 
be determined pH-metrically, because the Cu2+ + 
Hbipy’ = Cubipy’ + t H’ reaction is practically 
stoichiometric even at pH l- 1.5. The other constants 
necessary to calculate the concentration distribution 
are known [14] . The pH resulting from the Cubipy2+ 
t Hbipy+ = Cubipyr + H’ reaction is also near to 
its stoichiometric value, thus a special titration 
method was chosen for the determination of the 
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TABLE I. The Concentrations of Solutions Used for Equilib- 
rium Studies in the Copper(Bipyridyl-Glycine System. 

PH 

I 
1.74 

No. Initial solution Titrant 

1. 
2. 
3. 

4. 
5. 
6. 

I. 
8. 
9. 

10. 

11. 
12. 
13. 

T&y TOH wq 

0.0200 0.0234 
0.0200 0.0281 0.1268 
0.0200 0.0328 
- 
Tzu e Tiipy z TOG G cKOH 
---- ~_ 

0.0020 0.00434 
0.0030 0.00651 0.09643 
0.0040 0.00868 
- 

TOcu T&y T”H CKOH 

0.0020 0.020 0.0239 
0.0020 0.015 0.0179 
0.0040 0.020 0.0239 0.3706 

0.0040 0.015 0.0179 

T%,, T& CKOH 
_____ 

0.0100 0.0120 
0.0150 0.0179 0.3706 
0.020 0.0239 

equilibrium constant. Initial solutions containing H’ 
and Hbipy’ were titrated by CuCl*, until the Tcu/ 
Tbipy ratio reached to 1.2: 1 .O. The initial concentra- 
tions are listed in Table I (upper part). 

One of the titration curves - between T,,/ 
T bipy 0.5-I .O - is seen in Fig. 1. The dotted line 

n 

16 

L 

‘30 x 
x 

* 

x 
x 

-- ------ L 1 c.* 

E 

1.72- 

I 
20 25 3n 35 v [cm31 

Fig. 1. Titration curve No. 1 in Table I, for the determination 
of K~~~~, equilibrium constant. The dotted line shows 
the theoretically calculated pH, assuming that the Cubipy2+ + 
Hbipy+ = Cubipyp + H’ reaction is completely stoichio- 
metric. 

represents the calculated pH limit, which would be 
measured in completely stoichiometric proton- 
release. The deviation of the experimental points 
from this curve is very small, but at this experi- 
mental arrangement it is measurable. 

The calculation of the 1 < ii < 2 part of the 
formation curve is based on such titrations. This part 
of the formation curve is seen in Fig. 2, indicating 
that the K2 equilibrium constant could be safely 
determined. 

The equilibrium constants for the other processes 
were determined by using the usual pH-titration 
method. The total concentrations of the components 
in the initial solutions are given in Table I. 

No. of titration in Table I. 1 2 3 
Sign xoo 

ul 
I 

1 ! . 

55 w5 6.0 6.25 6.5 PB 

Fig. 2. The 1.2 < fi < 1.8 part of the formation curve in the copper(U)-bipyridyl system. 
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TABLE II. Equilibrium Constants Used for Calculation of 
the Concentration Distribution (I = 1 M KCl, 25 “C). 

L = bipy 

4.63a 

- 

8.00b 

5.90* 

3.25’ 
- 

L = glycine 

9.61’ 

2.42’ 

1.9ac 

6.62’ 

0.23d 

lg K%%;ci 7.40a 

aThis work. bRef. 16, I = 0.1 M NaQ04,25 “C, (see text). 
‘Ref. 14. dRef. 22. 

A Radiometer PHM-52 type pH-meter, with GK- 
2301B combined electrode calibrated for -lg[H+] 
according to Irving et al. [15], was used for the 
titrations. The formation constant for Cubipy’+ is 
not available at 1 M KCl, 25 “C. However, because 
of the stoichiometric formation, its value does not 
affect the concentration distribution of the 
complexes formed in ligand excess, as long as the 
other equilibrium constants are correct. Thus log Kr 
= 8.00 [16] valid for 0.1 M NaC104, 25 “c was used 
to calculate the concentration distribution. The 
equilibrium constants used for the calculations are 
given in Table II. 

The Ta measurements have also been carried out 
as titrations, in a similar manner as was described 
in Part 2. The concentrations of the initial solutions 
are given in Table III. 

6 

137 

0.02 OOL 0.06 [G-l 

Fig. 3. The Tz relaxation time and the concentration 
distribution of the paramagnetic complexes as a function of 
free glycinate concentration (Titration No. 9 in Table III). 
The CuGz is only a minor species in this concentration 
range, and therefore its concentration is not shown. 

Titration No. 1 has been performed to determine 
the ri values for Cubipyp and Cubipyy. The plot of 
(G* - T$)/ [Cubipyz,‘] as a function of [Cubipyy] / 
[Cubipyy] in the 2 < ii < 3 range gave a straight 
line with zero intercept, indicating that no water 
molecule remains in the first coordination sphere of 
Cubipy?, and that the second sphere relaxation 
could be neglected. ri for the Cubipyp complex 
was found to be 800 Jl4-l se?. 

TABLE III. Concentration of the Initial Solutions Used for Tz Relaxation Time Measurements.* 

No. Initial solution Titrant 

-- 

TEu T&y T”H ‘KOH 

1. 0.002 0.02 0.0239 0.3706 

T&l T&y glycine 

2. 0.002 0.005 
3. 0.002 0.010 
4. 0.002 0.015 
5. 0.002 0.020 0.5 M G- 
6. 0.002 0.025 +0.2 M HG’ 
7. 0.001 0.005 
8. 0.001 0.010 
9. 0.001 0.015 

10. 0.001 0.020 
11. 0.001 0.025 
- 

‘Before titration of No. 2-11, the titratable proton concentration had been neutralized, i.e. T& = 0. 

No. of 
exp. points 

25 

25 
25 
21 
24 
17 
21 
19 
21 
22 
20 
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The [G-l / [HG’] ratio during an NMR titration 
did not change very much; the pH range of the study 
of the exchange processes remained between 9.6 
and 10.0, including all of the experimental points. As 
an example, the result of titration No. 9 is illustrated 
in Fig. 3, together with the concentration distribu- 
tion of the species. The concentration distribution 
was calculated by a subroutine based on the SCOGS 
[ 171 principle. 

Q= 
2 [CubipyG’] 

T(:g’) 

Beside these, the exchange processes and para- 
magnetic relaxations denoted by A, B, C, D, X and 
Y in part 1 [9] have to be considered to describe 
the measured data. Thus, the scheme below 
represents the system studied. 

The methods used to derive the measured Ts as 
a function of the rates denoted on the scheme are 
given elsewhere [9, 181. The same method could be 
used for this model, but the result is much more 
complicated than in the case of the copper(H)-gly 
tine system. The exact mathematical analysis of the 
function to determine the inter-dependence of the 
parameters would be extremely difficult. Thus the 
evaluation was carried out in the following way: 

Results and Discussion 

The kinetic parameters of the exchange processes 
taking place in the copper(IIFglycine system are 
known from previous work [9]. Thus, for the evalua- 
tion of the relaxation time measurements only those 
processes which involve the mixed complex CubipyG’ 
had to be taken into account. The possible second 
order ligand exchange processes responsible for the 
transfer of G- between the mixed complex and the 
bulk ligands are as follows: 

kr 
Cubipy? + G- & CubipyG’ t & 

L = 2kr [CubipyG’] [G-l (1) 

k7 
CubipyG’ + G- & CuGs + bipy 

k-1 

N = 2 k7 [CubipyG’] [G-l 

k6 
CubipyG’ + bipy .A Cubipy? + G- 

k-6 

(2) 

M = 2k6 [CubipyG’] [bipy] (3) 

The relaxation rate in the CubipyG’ complex is 
denoted by Q: 

The rate constants determined for the processes 
C, D and X have been accepted: 

C = 3.3 1 O6 [G-l + 1.3 lo* [G-l [HG’] 

D = 7.6 10 [G-l [HG’] + 6.6 lo6 [G-J 

X = 4 [CuGa] /9.2 lo-’ 

As was seen in part 1, the parameters of the processes 
denoted by A, B and Y are inter-related. Thus a com- 
bination of them, which fulfills the value determined 
for 3kz t 2k-s and kyl + T$%, was used: 

A=0 

B = 2.3 lo* [CuG?] [G-] 

Y = 6[CuG~/l.l lo* 

Accepting the above values, only four parameters, 
kr, k6 and k7 as well as T&j had to be calculated. 
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A direct search method has been used to find the 
minimum of 
P 

x (lgT;Tp - lgTgc)2 
i= 1 

function (p = number of experimental points). 
A systematic direct search for the best fit showed 

that the kr and k, rate constants could not be calcu- 
lated individually; only their sum could be given. 
Although the exact mathematical proof has not been 
attempted, this is the expected result because the 
concentration dependence of the processes 
represented by kr and k, are the same. The T&l) and 
the k6 parameters were found to be independent. 

Stopped-flow experiments were also carried out 
to determine the k_, and k-e rate constants. It was 
found that processes 

k-7 
CuG2 + bipy .L CubipyG+ + G- 

and 
k7 

k6 
Cubipyp + G- 4 CubipyG’ + bipy 

k6 

are both too fast for stopped-flow measurements; 
only the precalculated equilibrium transmittancy 
was observed. From this finding a lower limit could 
only be given: 

k_6, k_7 > 10’ K’ set-’ 

The parameters calculated are collected in Table IV. 
From the results given in Table IV and from the 

comparison of the data of the copper(glycine 
system, the following conclusions could be drawn: 

Although the kr and k7 rate constants cannot 
be determined independently, their sum shows that 
the kinetic activity of the mixed complex is not very 
much different from that of the parent complex 
CuG2. 

The k-6 rate constant is extremely high, much 
higher than any of the ligand substitution processes 
studied so far. This high value can probably be 
explained by taking into account the structure of 
Cubipyp complex. According to a number of authors 
[19, 20, 211, the Cubipyp is a cis octahedral com- 
plex, so that two relatively strong coordination sites 
are available for the incoming glycine ligand. The 
coordination of the incoming glycine is probably 
followed by a structural rearrangement; the mixed 
complex is tetragonally distorted like most of the 
copper(H) complexes. It may be concluded therefore 
that the kinetic background of the thermodynamic 
stabilization is the extremely high kinetic lability 
of the Cubipyp complex against the 

Cubipy? t G- =+ CubipyG’ + bipy 

reaction. 

TABLE IV. Ligand Exchange Rate Constants and Para- 
magnetic Relaxation Time in Copper(II)-Bipyridyl-Gly- 
tine System. 

kl +k7 
k6 

k-6 
T&) 

4.0 lo7 K1 see-’ 

2.5 lo7 K’ set-’ 

7.8 lO* ikf-r set-’ 

7.1 10v7 set 

The T&l) datum for the mixed complex is lower 
than for the CuG2 parent complex, suggesting an 
increased covalency of the Cu-N bond and/or a 
shorter bond distance, depending on the mechanism 
of the paramagnetic relaxation. It follows that 
although the equilibrium studies indicate the domi- 
nance of the oxygen donor in the stabilization of 
the mixed complex, the increased covalency and/or 
shorter CU-N bond also play a role in the stabiliza- 
tion. 
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