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The 1 H-NMR spectroscopy was employed to study solutions of the dithiocarbamates of Cr(llI), 
Fe(nI), Co(lII), Ni(lI), Cu(lI) and Zn([[) in carbon disulphide. It was confirmed that, in spite 
of the marked thermal stability of these complexes, ligand exchange occurs in solution, where 
the rate of exchange decreases in the order: Zn(lI) > Ni(II), Fe(lU) ~ CU(H) > Co(UI), CrOll). 
The exchange practically does not occur in Co(IIl) and CrOll) complexes. 

The complexes of metals with N,N-disubstituted dithiocarbamic acids are well known and for 
many their spectral, electrochemical, structural and biochemical properties have been descri­
bed l - 3. These anions form stable, generally intensely coloured complexes with transition metals, 
most frequently with MS4 or MS6 chromophores (M-metal, S-sulphur atom from the dithiocarba­
mate ligand). The complexes are marked by high stability and low solubility in polar solvents. 
Because of these properties they have found wide use in analytical chemistry2 and recently it was 
found that they can be separated and determined by gas chromatography4. 5 . 

In a study of the properties of dithiocarbamate complexes by the liquid chromato­
graphic method in our laboratory it was found that in nonaqueous solutions an 
exchange reaction occurs between various complexes of dithiocarbamic acids6

. 

In a more detailed study of the dithiocarbamate solutions in connection with the 
existence of ligand exchange in dithiocarbamate complexes, the J H-NMR technique 
was employed. 

In the past, NMR spectroscopy has been used primarily for studying the structure of various 
dithiocarbamates 7, intramolecular processes in transition metal complexes (optical inversion, 
cis-trans isomerization)8 and hyperfine interactions between unpaired electrons and protons in 
the dithiocarbamates of Fe(III), Cr(IlI) and Mn(III) (ref. 9). Que and Pignolet8 mentioned the 
formation of mixed complexes of Fe(II), FeOn), Fe(IY), V(III) and Ga(III) in a study of the 
intramolecular processes in octahedral complexes with dicarbamate ligands . 

EXPERIMENTAL 

The complex compounds Fe(III) , Ni(II) , Cu(lI) and Zn(ll) with the ligands (CH3hNCSi' , 
C2HslzNCSi', (C3H7hNCSi', (C4H9lzNCS i' , (iC3 H 7) (CH3)NCS 2- and (iC4HghNCSi' 
(for Fe(III) and with the ligands (iC3H7) (CH3)NCSi' and (iC4H9hNCSi' (with the other 
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metals) were prepared by the reaction of the appropriate cations with the sodium salts of the 
dithiocarbamic acids. The dithiocarbamates of Cr(lII) were prepared according to ref. I o. The 
compounds were recrystallized from a chloroform-ethanol solution and their purity was controlled 
by elemental analysis (Table 1) and on the basis of their NMR spectra. 

The samples were prepared by mixing carbon disulphide solutions of the appropriate dithio­
carbamates in molar ratios of 1 : 1 so that the resultant concentration of the original complexes 
was approximately 10- 2 M . The solution temperature was 30°C. 

The IH-NMR spectra were obtained using an 80 MHz NMR instrument BS 474 from Tesla 
and some systems were measured on a Varian XL-lOO instrument (100 MHz) . 

The chemical shifts of the Fe(I II) , Ni(II) , Zn(lI) and Co(Ill) dithiocarbamates are listed in 
Table II. 

RESULTS AND DISCUSSION 

It was found that the 1 H-NMR technique is suitable for foIIowing the exchange 
reactions of the dithiocarbamate ligands of metals and that the chemical shift~ of 
these substances are strongly dependent on the character of the central atom, as follows 
from the structure of dithiocarbamate complexes: 

The screening of the protons on the Rand R' radicals, i.e. their diamagnetic chemical 
shifts, depends on the participation of the lone electron pair on the nitrogen atom in 
the conjugation with the C=S bond l1

. In complexes with a paramagnetic centre, 
a paramagentic shift resulting from hyperfine interactions of an unpaired electron 
with a proton can also be observed. The necessary condition for observation of an 
NMR signal for these complexes is the validity of the relationship r; I ~ A, where TI 
is the spin-lattice relaxation time of the electron and A is the hyperfine interaction 
constant. This condition is very favourable for Fe(III) dithiocarbamates, because the 
rapid change of equilibrium spin states 6AI ~ 2T2 considerably shortens the spin­
lattice relaxation time l2 . The relaxation time for Cu(II) and Cr(III) complexes is 
not as favourable. -

In a study of ligand exchange, (iC3H 7) (CH3)NCS;- and (iC4H9)2NCS;- ligands 
were found to be most suitable, as the chemical shifts primarily of the a.-protons 
are strongly dependent on the nature of the central atom, the spectra are first order 
and the signals of the individual complexes do not overlap (Table II). With Fe(III) 
complexes, in addition to the ligands mentioned above, the exchange of (CH3)2NCS;-, 
(C2HshNCS;-, (C3H7)2NCS;- and (C4H9)2NCS;- ligands was also studied. 
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TABLE I 

Results of Elemental Analysis of Some Dilhiocarbamates" 

Complex C H N Metal 
-----_."- -- --_._----

Cr«iC3H 7) (CH 3)NCS 2)3 35-2 1 5-94 g- 17 10-10 
(36-26) (6-07) (8-46) (10-46) 

Co«iC3H 7) (CH 3)NCS1h 34-73 5-76 8-08 11-70 
(35-76) (6-00) (8 -34) (11-70) 

Cu«iC4H9h NCS2lz 45-00 7- J I 5-90 13-40 
(45-78) (7-6~) (5-98) ( 13-45) 

Ni«iC3H7) (CH 3)NCSzh nl2 5-60 7-50 16-43 
(33-81) (5-67) (7-89) (16-53) 

Zn«iC4H9hNCS2h 45-12 7-30 5-85 13-60 
(45- 60) (7-65) (5-91) ( 13-79) 

Fe«C2HshNCSzh 36-76 5-98 8-37 11 -10 
(35 -98) (6-04) (8-39) (I I-I S) 

Fe((iC3H 7) (CH3)NCS 2h 35-34 6-03 8- 31 11-20 
(35-98) (6-04) (8-39) (11-15) 

.. _-- ------_ .•. _--- -- -- - -_._ ._-_ ..•. _-- -
a Calculated values are given in brackets _ 

I~--~-----~ 

I 

2 

20 ppm o 

FIG. I 

The 80 MHz 1 H-NMR Spectra of Carbon Disulphide Solutions of Fe«CH 3hNCS2)3 (1), 

Fe«C3H7hNCS2h (2) and of the Systems Fe«CH3hNCS2lJ-Fe«C3H7hNCS2lJ after Estab­
lishment of Equilibrium (3) 

Solution temperature, 30°C. 
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TABLE 11 

The 1 H-NMR Chemical Shifts 0 and Interaction Constants of the Dithiocarbamates of Some 
MetalsD 

Complex °A °B oe °D 'AB 'Be 
Hz Hz 

Ni«iC4H9hNCS2h 3-33b 2-lOc 0-91h 7-6 6-5 
Ni((iC3 H7) (CH3)NCS2h 4-78d 1-20b 6-7 

2-91 °,J 

Zn«iC4H9hNCS2h 3-60b 2-35c 0-96b 7-5 6-4 
Zn«iC3 H7) (CH3)NCS2h 5-19d l-23b 6-7 

3-20e,J 

CO«iC4H9hNCS2h 3-41 b 2-14c 0-92b 7-5 6-2 
Co((iC3H7) (CH3)NCS2h 4-81 d 1-19b 6-5 

3-12'- [ 

Fe«CH3h NCS2h 58-5 
Fe«C2HshNCS2h 46-8 0-9 
Fe«C2HshNCS2hY 40-6 0-9 
Fe«C3H7hNCS2h 42-1 1-5 2-8 
Fe«C4 H9h NCS2h 43-4 2-9 1-3 1-3 
Fe((iC3H7) (CH3)NCS2h 50-7 3-0 
Fe«iC4 H9h NCS2h 29-8 3-9 2-2 

Q In CS2 at 30°C, chemical shifts 0 in ppm units relative to the signal of tetramethylsilane_ Indexes 
A, B, C and D indicate the protons on the hydrocarbon chain in the a, (3 , y and 1) positions 
relative to the nitrogen atom; b doublet; c nonet; d septet; , singlet; [ N-methyl ; 9 CDCI3 solvent. 

TABLE III 
Summary of the Course of Ligand Exchange Between Dithiocarbamate ComplexesQ 

Complex CrL3 FeL3 CoL3 NiL2 CuL2 ZnL2 

FeL3 n n 
NiLz n n 
ZnL2 n n 

Q Meaning of symbols: r rapid exchange, s slow exchange, n no exchange; L,L'-dithiocarbamate 
ligands _ 
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When mixing two diamagnetic complexes having identical central atoms (e.g. 
Ni((iC 3 H 7) (CH 3)NCS 2)z and Ni((iC4H9)2NCSz)z) , only the NMR signals of the 
original complexes were observed and no further signals appeared , even after a pro­

longed period of time. Assuming that the mixed complex Ni((iC 3 H 7) (NCS 2 ) . 

. ((iC4H9)2NCSz) is formed , as was confirmed by liquid chromatography6 , then this 
complex yields signals identical with those of the original complex. The large distance 

between the ligands in the mixed complex leads to an immeasurably small change 
in the chemical shifts. 

The complexes of Fe(lll) behave differently , as the paramagnetic centre leads to 

large paramagnetic shifts primarily of the proton s in the ex-position relative to the 

r------ -,--- .. ----....,---

o 

~----·1~OO~----m~in~---~300 

FIG. 2 
Methylene Signal Region for the System Fe«CzH sh NCS2h- Fe«(iC4H9)zNCSz)3 after Establish­
ment of Equilibrium A a and Dependence of the Relative intensity of the Signals (1) and (2) 

on Time for This System (b) 
80 MHz spectra measured in CS2 at 30°C. 
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nitrogen atom (Table II). These shifts are strongly dependent on the character of the 
ligand and thus it was assumed that every change in the coordination sphere of the 
complex should appear as a change in the chemical shift. 

It was found that, new signals corresponding to the mixed complexes appeared on 
the spectra in addition to the signals of the original complexes when mixing two com­
plexes of Fe(III). The most marked changes were observed in the region of the signals 
of the ct-protons, while in the regions of other signals the new signals more or less 
overlap with the original ones (Fig. 1). 

The following equilibrium is formed in solution: 

(A) 

where Land L' are dithiocarbamate ligands. After mixing two complexes, three 
different signals for the ligands L in the FeL3, FeL2L' and FeLL; complexes and, 
analogously, three signals for the L' ligand in the FeL;, FeLL; and FeL2L' complexes 
were observed. 

The intensity of the signals of the mixed complexes increase in time in contrast to 
the intensity of the original signals, which decreases. Equilibrium is formed after 
approximately two hours. The time course of the signal intensity of the methylene 
protons in the Fe((C2HshNCS2)3-Fe((iC4H9)2NCS2)3 system is depicted in Fig. 2. 
Here only four signals were observed in the region of signals of the ct-protons, which 
can be explained by overlapping of signals of mixed complexes. Four poorly resolved 
signals were also observed for the Fe((C2Hs)2NCS2)3-Fe((C3H7hNCS2)3 system. 
T e Fe(iC3H7) (CH3)NCS2)3-Fe((iC4H9hNCS2)3 and Fe(iC3H7) (CH3)NCS2)3-
-Fe((C4H9hNCS2)3 systems yield similar spectra to those of the Fe((CH3)2NCS2)3-
-Fe((C3H7)2NCS2)3 system (Fig. 1). 

FIG. 3 

Part of the 80 MHz lH-NMR Spectra of 
the Zn«(iC4H9hNCSh-Ni((iC3H7) (CH3 ) . 

. NCS2h System 
Solvent CS2 • temperature 30°C. 
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Ligand exchange between divalent metals is much faster than for Fe(III), 
Co(II1) and Cr(III). This apparently depends on planar coordination of divalent 
metals where - analogously to the solid state of aggregation - the ligands can in­
teract in the axial direction and thus the SN2 mechanism of ligand exchange is possible. 

Ligand exchange between Ni(II) and Zn(II) dithiocarbamates is very rapid and 
equlibrium is established practically immediately after solution mixing. Fig. 3 depicts 
the spectrum of the region of the signals of the ex-protons of the Ni((iC3H 7) (CH3). 
· NCS2h-Zn((iC4H9hNCS2h system, from which it follows that the (iC3H 7)CH 3 . 
· NCS2" and (iC4H9hNCS; ligands are bound to both nickel and zinc atoms, i.e. 
that ligand exchange occurred. Identical spectra were obtained for the Ni((iC4H9h . 

· NCS2h-Zn((iC3H7) (CH 3)NCS2)2 system. 
Under the conditions for measuring the NM R spectra of diamagnetic dithio­

carbamates, copper(II) dithiocarbamate yielded weak, very broad signals, where the 
signals of the ex-protons could not be recorded. 

In mixtures of the dithiocarbamates of Ni(II) and Zn(I1) or Cu(II), only the signals 
of the ex-protons of diamagnetic dithiocarbamates were observed in the chemical 
shift region 2·5 - 3·5 ppm. It was found that ligand exchange between Cu(II) and 
Ni(II) complexes is slower (equilibrium is formed after about 1 hour) than exchange 
between Cu(II) and Zn(Il) complexes, where equilibrium is formed immediately after 

complex mixing. 
It was further found that ligand exchange between Fe(IlI) and Ni(II) complexes 

is much slower than exchange between Fe(])) and Zn(lI I) complexes. In the former 
case, equilibrium was formed after about one hour, in the latter immediately after 
mixing. Signals corresponding to mixed Fe(IJI) complexes also appear in the spectra. 

Ligand exchange between dithiocarbamates of Co(lII) or Ni(Il) and Zn(Il) is 
very slow; the ligand exchange does not appear on the NM R spectra after two months 
after mixing the complexes. These observations are in agreement with the general 
inertness of the Co(IlI) and Cr(Ill) complexes towards changes in their coordination 
sphere, as the optical inversion through trigonal shift proceeds very slowly8. 

The relative rates of ligand exchange between dithiocarbamate complexes are 
listed in Table III. It can be stated on the basis of the results obtained that the rate 
of ligand exchange for the studied metals decreases in the following order: 

Zn(II) ~ Ni(II), Fe(II1) ~ cu(n) ~ Co(III), Cr(I1I). 

The authors wish to thank Drs Z. Ksandr and L. Malik for assistance in experimental measure­

ments in this work . 
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