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In a previous paper! we described the separation of nickel(I) bisdialkyl
dithiocarbamate (DTC) complexes. We investigated the dependence of the capacity
ratios on the polarity of the mobile phase and on the number of carbonr atoms in the
alkyl substitucnts. The formation of new complexes was observed whenever mixtures
of two complexes with different N-alkyl substituents were injected mto the column.
The new complexes were identified as mixed-ligand complexes?.

In this paper we consider the possibility of the separatlon and zd‘entxﬁmtlon of 7
DTC complexes of other metals.

EXPERIMENTAL

All experiments were carried out on a Packard Model 8200 high-performance
liquid chromatograph with a UV detector-at 254 and 280 nm.. A metal column
(25 x 0.46 cm) filled with LiChrosorb Si 60 (10 gm) was used. The dialkyl-DTC
complexes were synthesized according to the literature®. The solid products Were
recrystallized three times from chloroform, analysed by elemental analysxs and charac-
terized by ultraviolet and infrared spectroscopy and by their melting points. Solutions
(0.005 M) of DTC complexes in chloroform were used and injected with a 10-ul
Hamilton syringe. The mixture was prepared directly in the syringe before injection. -

Organic solvents (dichioromethane, chloroform, carbon ‘tetrachloride, cvclo-
hexane, tetrahydrofuran, n-pentane and n-hexane) were of analyncai-reagent grade !
{Lachema, Brno, Cz&:hosiovakxa) and were dned over magnesmm perchlorate and ‘
redistilled.

* This paper was presented at the 5tk Inferrational Syrma‘mmrri' v Proigresé and 'Agplzd.irtbzr af '

aromatagraplzy in the Chemical Industry, Bratisiava, Czechosltovakia, April 26-28, '1977. The majority »

{ Dapers presented at this symposium has been published . C‘nranatogr., Vol. 148, No. 1 (1978).
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RESULTS AND DISCUSSION

A number of combinations of organic solvents were investigated, and mixtures
of chloroform and dichloromethane with less polar organic solvents were found to be
the most suitable.

It should be noted that with other phase systems such as tetrahydrofuran-
cyclohexane, tetrahydrofuran—carbon tetrachloride and chloroform-rn-hexane mix-
tures, the peaks were considerably distorted and therefore the separation of diakyl-
DTC complexes was not studied with these solvents.

In order to demonstrate the influence of the alkyl chain on the capacity ratios,
the values of log &” for DTC complexes of cobalt, copper, zinc and lead were plotted
against the number of carbon atoms in the alkyl chain bound to the nitrogen atom.
In all instances the relationship was linear (Figs. 1-4). For all metals, the highest
values of the capacity ratios were obtained for the dimethyl derivatives.
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Fig. 1. Dependence of log &’ on the number of carbon atoms in the alkyl chain of Cu(II) bisdialkyl-
DTC complexes. Mobile phase composition: (1) 309 dichloromethane in n-pentane; (2) 30%; di-
chloromethane in carbon tetrachloride; (3) 40%; dichloromethane in carbon tetrachloride.

Figs. 5-7 demonstrate that the separation of DTC complex mixtures can be
achieved by high-performance liquid chromatography (HPLC). In the analysis of
mixtures of zinc (II) bisdialkyl-DTC complexes and mixtures of lead (IT) bisdialkyl-
DTC complexes, it can be seen that in addition to the peaks of the symmetrical
complexes used to prepare the sample mixture, peaks of mixed-ligand complexes
are also observed. These complexes are formed according to the equation

L~M-L, + LyM-L, = 2L -M-1, ¢
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Fig. 2. Dependence of log k” on the number of carbon atoms in the alkyl chain of Co(II) bisdialkyl-
DTC complexes. Mobile phase composition: (1) 709 dichloromethane in n-pentane; (2) 407 di-
chloromethane in carbon tetrachloride; (3) 609; dichloromethane in carbon tetrachloride;
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ig. 3. Dependence of log &’ on the number of carbon atoms in the alkyl chain of Zn(II) bisdialkyl-
*‘TC complexes. Mobile phase compasition: (1) 30% dichloromethane in carbon tetrachloride; (2)
1% dichloromethane in n-pentane; (3) 10% chloroform in cyclohexane; (4) 40 dichloromethane in
~rbon tetrachloride.



382 NOTES

flog &’
-
)
@
oL
L3
L]
gL
9, Catoms
] 2 2
1 3 5

Fig. 4. Dependence of log k” on the number of carbon atoms in the alkyl chain of Pb(II) bisdialkyl-
DTC complexes. Mobile phase composition: 109 chloroform in cyclohexane.
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Fig. 5. Separation of Zn(ll) bisdialkyl-DTC complexes. Solvent: 109 chloroform in cyclohexane.
Column: 25 X 0.46 cm, LiChrosorb SI 60, particle size 10 zm. Solvent velocity, 0.08 cm - sec™!;
pressure drop, 2.75 MPa. Peaks: I = inert peak; 2.= Zn(lII) bisdibutyl-DTC; 3 = mixed-ligand
complex, Zn(II) dipropyl-DTC dibutyl-DTC; 4 = Zn(Il) bisdipropyl-DTC; 5 = Zn(l1l) diethyl-
DTC dibutyl-DTC; 6 = Zn(II) diethyl-DTC dipropyl-DTC; 7 = Zn(II) bisdiethyl-DTC.

Fig. 6. Separation of Pb(Il) bisdialkyl-DTC complexes. Solvent: 109, chioroform in cyclohexare.
Column as in Fig. 5. Soivent velocity, 0.19 cm - sec™!; pressure drop, 5.39 MPa. Peaks: 1 = inert:
2 = Pb(I1) bisdibutyl-DTC; 3 = Pb(II) dipropyl-DTC dibutyl-DTC; 4 = Pb(II) bisdipropyl-DTC:
5 = Pb(Il) * diethyl-DTC dibutyl-DTC; 6 = Pb(lI) diethvl-DTC dipropyl-DTC; 7 = Pb('])
bisdiethyl-DTC.

Reaction 1 does not take place between bisdialkyl-DTC complexes of copper (}')

or cobalt (II).
Another interesting feature is the ligand exchange between the bisdialkyl-D’t -~
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Fig. 7. Separation of Co(II) bisdialkyl-DTC complexes. Solvent: 409 dichloromethane in carbon
tetrachloride; inlet pressure, $.81 MPa; solvent velocity, 0.26 cmm-sec™!; other conditions as in Fig. 5.
Peaks: 1 = inert; 2 = Co(Il) bisdibutyl-DTC; 3 = Co(11) bisdipropyl-DTC; 4 = Co(Il) bisdiethyl-
DTC; 5 = Co(Il) bisdimethyl-DTC.

Fig. 8. Apalysis of a mixture of Cu(Il) bisdiethyl-DTC. and Ni(II) bisdibutyl DTC complexes.
Solvent: 309, v/v dichloromethane in carbon tetrachloride. Inlet pressure, 4.22 MPa; solvent velocity,
0.21 cm-sec™!; other conditions as in Fig. 5. Peaks: 1 == inert; 2 = Cu(Il) bisdibutyl-DTC; 3 =
Ni(II) bisdibutyl-DTC; 4 = mixed-ligand complex Ni(II) diethyl-DTC dlbutyl-DTC 5 = Cu(dl)
bisdiethyl-DTC; 6 = Ni(ll) bisdiethyl-DTC.

complexes of different metals. The reaction does not lead to the unsymmetrical com-
plexes, as might be expected, but as illustrated by Fig. 8, total ligand exchange
occurs according to the reaction

L,—Ni-L; + L,~Cu-1, = L,~Ni-L, 4+ L,-Cu-L, . )
This reaction was also verified by nuclear magnetic resonance spectroscopy in pure
chloroform* and by square-wave polarography of the eluate of the spots separated
by thin-layer chromatography on a silica gel plate®. The newly formed complex
L,—Ni-L,, however, reacts with the ongmal L,—Ni-L, complex according to egn.l.
On the other hand, ligand exchange does not occur between copper(Il) bisdialkyl-
DTC complexes. ’

In conclusion, HPLC is a valuable method for the separation of mixtures of
metal bisdialkyl-DTC complexes. The search for selective phase systems for other
metal chelates containing different ligands will be continued. The analysis of these
complexes in the environment is hindered by the ease with which the ligand-exchange
reactions between many of them occur. '
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