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In previous paperslp4 we described the formation and the identification in non- 
-polar solvents of mixed ligand complexes some dithiocarbamate (DTC) complexes 
with different N-alkyl substituents according to the equation: 

L1-M-L1 + L2-M-L2 
kl 
c 2 L1-M-L2 

2 

A similar exchange reaction was studied by other authors and the mixed ligand com- 
plexes were observed by nuclear magnetic resonance (NMR), electron paramagnetic 
resonance (EPR) and a.c. voltammetry5 -g. Moriyasu and Hashimotol”,* l carried 
out kinetic and equilibrium high-performance liquid chromatographic (HPLC) stud- 
ies of mixed ligand complexes formed from some dialkyl-DTC chelates of Ni(I1) and 
Cu(I1). Experimentally determined K values were found to be 4.0, the rate constants 
being in the order of lOi-lo* mol- i set- l for nickel(I1) chelates. 

The aim of this study was to estimate the influence of polar and non-polar 
solvents on the equilibrium and rate constants of the ligand exchange reactions of 
some bis(dialkyldithiocarbomate) complexes of Ni(I1) and to consider the reaction 
mechanism. 

EXPERIMENTAL 

The experiments were carried out with a high-pressure liquid chromatograph 
consisting of a high pressure membrane pump equipped with a flow+through Bourdon 
tube manometer as damping device, a septumless injection port, a separation column 
(LiChrosorb Si 60, 10 pm) and UV detector. The absorbance of the column effluent 
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was measured at 254 nm. Standard solutions of the complexes (lop3 mol 1-l) in 
different organic solvents were mixed (1:l) and injected on the column. 

RESUIJS AND DISCUSSION 

HPLC can be applied to the study of equilibria and kinetics of chemical re- 
actions providing: (1) the half-life of the reaction is longer than 5 min; (2) good 
separability of complexes; and (3) reaction rate k2 < kl (see eqn. 1). 

The equilibrium constant of the reaction between nickel(I1) bis(diethyldithio- 
carbamate), Ni(Et,DTC), and nickel(I1) bis(dibutyldithiocarbamate), Ni(Bua 
DTC)2, is given 

[Ni(Bu,DTC) (EtzDTC)12 

K = [Ni(BuzDTC)J [Ni(Et JJTC) 21 (2) 

The concentrations of the original reactants were calculated according to the peak 
areas on the chromatograms (Fig. 1). The equilibrium constant values are presented 
in Table I. It is seen that the solvent has no substantial influence on the equilibrium 
constant value of reaction 1. 
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Fig. 1. Chromatograms of the reaction of Ni(Et,DTC), and Ni(Bu,DTC)2 in chloroform: A, after 60 
min; B, after 24 h (at equilibrium). Conditions: column 245 x 0.4 cm I.D., packed with lo-pm LiChrosorb 
Si 60; mobile phase, 10% chloroform in cyclohexane, flow-rate 0.21 cm see-‘. Peaks: 1 = vacancy peak; 2 
= Ni(Bu,DTC)*; 3 = Ni(Bu2DTC) &DTC); 4 = Ni(Et,DTC),. 



TABLE I 

EQUILIBRIUM CONSTANTS OF REACTION 1 IN DIFFERENT ORGANIC SOLVENTS 

Solvent K 

Carbon disulphide 2.91 f 0.05 
Tetrachloromethane 3.84 f 0.05 
Chloroform 2.86 f 0.14 
Methylene chloride 2.81 f 0.07 
Dioxan 3.11 f 0.09 
Pyridine 2.98 f 0.10 
Dimethylformamide 2.79 f 0.12 

The rate constants were calculated by means of a computer according to the 
second order equation 

kl = xr * log -_.?-- - log 
coxr tx* - co) - x 

co(2co - x*)t Xr - X C&r@* - co) 

where co is the initial concentration of original complex, X, is the equilibrium con- 
centration and x is the concentration at time t. The time t was measured from the 
mixing of the original complexes to the injection on the column. The results obtained 
are presented in Table II. It is obvious that the reaction rate is dependent on the 

TABLE II 

RATE CONSTANTS OF REACTION 1 IN DIFFERENT ORGANIC SOLVENTS 

Solvent k, (1 mol- I min-‘) 

Carbon disulphide 325.9 f 18.6 
Tetrachloromethane 85.2 f 2.3 
Chloroform 4.3 f 0.1 
Methylene chloride 3.7 f 0.1 
Dioxan 80.8 f 4.0 
Pyridine 15.1 f 0.3 
Dimethylformamide 16.2 f 0.8 

solvent and its polarity, but it is difficult to explain why for instance the ligand- 
exchange reaction proceeds at a higher rate in carbon disulphide than in the more 
polar pyridine. It is necessary, therefore, to take into account the interactions between 
the molecules of the solvent and the complex. 

One of the effects which could have a significant influence on the course of the 
reaction is the steric effect. In the presence of some base the formation of a new 
adduct occurs due to the reaction 

Ni(II)L4 + 2 B + trans-Ni(II)L 8 2 



and the original Planar complex of Ni(I1) is transformed to an octahedral fomlz. 
This may account for the lower reaCtiOn rate in pyridine. The formation of octahedral 
complexes in Pyridine was confirmed by ‘H NMR spectrometryl3,‘4. Dimethylform- 
amide could also form an octahedral complex with nickel(H) dithiocarbamates be_ 
cause both solvents can be coordinated by the free nitrogen electron pair to the 
central metal atom. Since the difference in polarity between these solvents is not very 
high, the ligand exchange reaction should proceed in both media at approximately 
equal rates. This assumption is confirmed by the results presented in Table 11. 

Steric effects due to hydrogen bonding could have a significant role in the cases 
of chloroform and dichloromethane. lH NMR spectra of some DTC complexes show 
that a strong solvent-complex interaction exists in these solvents’s and the formation 
of solvates in the solid state was observed 16. The formation of relatively strong hy- 
drogen bonds between the proton from chloroform and the sulphur atoms from DTC 
ligands can be presumed according to X-ray analysis l’. It follows from Table II that 
the course of reaction 1 in chloroform and dichloromethane is very slow. 

The value of the rate constant in dioxan is substantially higher than in the 
above solvents. The nucleophility of dioxan is lower than that of pyridine and di- 
methylformamide18, suggesting a lower probability for the formation of an octahe- 
dral compound in dioxan. Instead, the high rate of ligand exchange indicates bond 
weakening between the central metal atom and the sulphur of the DTC ligand due 
to the higher polarity of dioxan. This is confirmed by the fact that in polar solvents 
the SE mechanism of ligand exchange was evident while in low polarity solvents these 
reactions exhibit the SF mechanism19. 

Interesting results were obtained in carbon disulphide and tetrachloromethane. 
The rate of ligand exchange in these solvents was surprisingly high (Table II). In the 
case of carbon disulphide this fact cannot be explained only on the basis of dispersion 
forces. It can be assumed that in carbon disulphide another effect based on the chem- 
ical similarity between the DTC ligand and the molecule of carbon disulphide occurs. 
According to the SF substitution mechanism, the initial interaction occurs between 
the central metal atom of the DTC complex and the sulphur atom of the other DTC 
ligand. Splitting of the metal-sulphur bond in the complex and the rearrangement of 
ligands follows. Considering the similarity of the DTC ligand and carbon disulphide, 
there is a possibility that the molecules of solvent interact with the DTC complex in 
a way similar to the interaction between two molecules of DTC complexes. Conse- 
quently, the metal-sulphur bond is weakened, explaining the high rate of ligand 
exchange. In the case of tetrachloromethane it is difficult to explain the high rate of 
ligand exchange. Due to the fact that the stability of the metal-sulphur bond is the 
decisive factor on the ligand-exchange rate, it is probable that tetrachloromethane 
will affect this bond. However, on the basis of the available information it was not 
possible to determine the actual type of interaction involved. 

In conclusion, the equilibrium constant of the ligand exchange reaction was 
not significantly dependent on the solvents used. The values of K presented in Table 
I are in a very good agreement with published datall. On the contrary, the rate 
constant is strongly dependent on the nature of solvent, which indicates different 

reaction mechanisms. 
The results demonstrate that HPLC can be used for solving equilibrium and 

kinetic problems. The values of the equilibrium and the rate constants for ligand 
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exchange between molecules of DTC metal complexes estimated by means of HPLC 
confirm some previously published assumptions. 
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