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INTRODUCTION
It is eleven years since the last review on metal dithiocarbamates
(and metal xanthates) appeared in "Reviews in Analytical Chemistry"
/1 /- In the past decade, the number of references in the literature
relating to the use of the ligands has continued to grow; so much
so that it is not possible in this review to include metal xanthates
and

related ligands along with the dithiocarbamates.

This review,

therefore, has been limited to the analytical chemistry of the metal
dithiocarbamates and covers the period from 1972 to the beginning
of 1983. In this period, no extensive reviews have been written on
the general analytical chemistry of the dithiocarbamate ligand. Donaldson /2/ has reviewed the solvent extraction of metal xanthates
and, recently, a review has been published on the role of dialkyldithiocarbamates as chelating agents in high performance liquid chromatography ( H P L C ) /3/. This review however, which lists 33 references,
is in the Chinese language and a translation is not available. The inorganic

chemistry

of

dithioacid

and

1,1-dithiolate complexes for

the period 1968-1977 has been reviewed /4/ and the authors of this
review have reviewed the thermochemistry of metal dithiocarbamate
complexes and related compounds up to 1980 /5/.
Although there is a growing tendency to use the IUP AC nomenclature, i.e. 1-carbodithioates for dithiocarbamates, nevertheless in
this review the more commonly used terminology has been adhered
to, as the IUP AC terminology is still not generally used in analytical
papers. In the earlier review /l/, a large proportion of the analytical
methods
solvent

reported
extraction,

using the dithiocarbamate ligand was based on
usually

followed

by

spectrophotometric

deter-

mination. The use of separatory techniques such as chromatography
was rare and electroanalytical techniques were reported for a limited
number of metals using, in the main, d.c. polarography, Potentiometrie
titrations and amperometric titrations. However, over the past decade,
the situation has changed markedly and, while the ligand still forms
the basis of many analytical methods using the more traditional techniques, its versatility may be seen in the wide application in the newer,
popular techniques. Further, in the literature, many references are
to be found which report the use of this ligand in separatory techniques such as liquid chromatography, thin layer chromatography, gas
chromatography, as well as the more traditional solvent extraction.
The range of application has also expanded widely and includes

6

many examples of the use of dithiocarbamate ligands for trace metal
determinations

in

food,

pharmaceutical

products,

environmental

samples and biological samples using the full range of analytical techniques.
As a result of trends in the analytical chemistry of metal dithiocarbamates over the last decade, this review is divided into eight major
sections entitled:
1. Electroanalytical Techniques
2. Separatory Techniques
3. Radiochemical Techniques
4. Thermoanalytical Techniques
5. Spectroscopic Techniques
6. Mass Spectrometric Techniques
7. Titrimetric Methods
8. Miscellaneous
The Miscellaneous

Section includes reference to short

reviews

or to a discussion of less common analytical techniques, which cannot
be accommodated in Sections 1—7. It is important to note that, in
compiling this review, data of only analytical significance for metal
dithiocarbamate complexes have been cited and discussed. Data which
have been applied primarily to characterise these complexes or are
of structural

significance, are excluded. Within each Section, the

data presented are critically analysed, the trends in these data are
highlighted and the direction and aims of future advances in the analytical chemistry of metal dithiocarbamate complexes are discussed.
Chemical Abstracts has been the principal source of material for
this review; a major proportion of the papers cited originate in the
more obscure and less accessible journals and in these cases, the Chemical Abstracts citation number is given together with the reference.
1. ELECTROANALYTICAL TECHNIQUES

Electroanalytical techniques using dithiocarbamate ligands have
been used in the determination of a wide range of metals and for
a wide range of purposes. The literature reports the application of
the following electroanalytical techniques: polarography, Potentiometrie titration, amperometric titration, coulometry, chronopotentiometry, ion selective electrodes, with many variations within each
group. The electrochemistry of dithiocarbamic acid and its metal
derivatives has also attracted the attention of many workers. Many
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of these fundamental publications are discussed in this electroanalytical
section, as they provide a better understanding of the electrochemical
behaviour of dithiocarbamic acid and its derivatives.

Polarographic

Methods

Monien et al. /6/ report the determination of molybdenum by
the reduction of the dithiocarbamate complex of the metal at a carbon
paste electrode in a base electrolyte at pH 4.6 containing 0.04% of
reagent and acetate buffer. After three minutes pre-electrolysis on
open circuit, the potential scan was started at +0.4V (vs Ag/AgCl
electrode). The height of the reduction peak at - 0 . 2 5 V was proportional to Mo concentration between 5-50 mg Mo/ml. The relative
standard deviation for 50 mg. Mo/ml was 3.5%. A 10 8 -fold excess
of W did not cause interference. The method was used to determine
1-100 ppm Mo in Na 2 W0 4 . Using the addition technique, the analysis
required 30 minutes.
For a polarographic study of the behaviour of cobalt and nickel
complexes of mono- and di-ethanol dithiocarbamates, carboxymethyl
dithiocarbamate and carboxyethyl dithiocarbamates at a dropping
Hg electrode (vs SCE) in aqueous and ethanolic solutions, Budnikov
et al. / 7 / observed, in all cases, a catalytic hydrogen wave. The most
distinct was that for the cobalt complexes at - 1 . 0 0 to - 1 . 2 V. For
the nickel complexes, 2 reduction waves were observed: the first
a catalytic wave, the second a diffusion wave. The catalytic hydrogen
waves were used for the determination of cobalt and for the indirect
determination of metal ions forming more stable complexes with
the dithiocarbamate ligands. 5 Χ 10~ 6 Μ cobalt could be determined
in this way. A 50-fold excess of nickel, 100-fold excess of cadmium
and a 1000-fold excess of Zn did not interfere.
The same authors /8/ examined the polarographic reduction of
Mn(III) complexes of dimethyl-, diethyl-, dibutyl-, pyrrolidyl-,
piperidyl-, morpholyl-dithiocarbamate and mixed ligand complexes
of the same dithiocarbamates with 2,2'-dipyrridyl and 1,10-phenanthroline in DMF, using the dropping Hg- electrode. All the Mn complexes reduced in two steps with the transfer of one and two electrons.
The possibility of determining Pb and Zn by polarography at the
DME was also investigated by these authors /9/, but preliminary extraction of Pb and Zn as the dithiocarbamate complexes with C 6 H 6
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and amyl acetate was necessary. Maximum extraction of Pb took
place at pH 7-9 in the presence of 0.05Μ dithiocarbamate and 0.4M
NaOAc. As little as 1 X 10~6 Μ Pb and 8 Χ ΙΟ" 6 Μ Zn could be
determined. Ni(II), Cr(II), Zn(II), Al(III), Mo(VI), W(VI), V(IV),
Ti(IV) did not interfere in the determination of Pb. Zn was extracted
by amyl acetate at pH 3.0. Using the method, Pb was determined
in a Ni-based heat resistant alloy and Zn in blood.
The polarographic behaviour of Pb, Cu, Cd dithiocarbamate complexes in ternary homogeneous systems such as 1:3:1 CHCl 3 :Et0H:H 2 0
has been recommended as the basis of an analytical method for these
metals /10/.
To select optimal conditions during extraction-polarographic
determinations, Bi(III), Cu(II), T1(I), Hg(II), Pb(II) and Cd(II) diethyldithiocarbamates were studied / l l / by classical and oscillographic
polarography in a ternary mixture of solvents of composition CHC13:
methylcellosolve:H 2 0. In 0.1 Μ KC10 4 , the complexes all gave one
cathodic wave with E % at 0.36, 0.75, 0.32, 0.81, 0.63 and 0.67V
(vs Hg pool), respectively. Problems arose due to the adsorption of
the depolarizer on the Hg-surface.
The polarographic behaviour of the diethyldithiocarbamates of
Cu(II), Pb(II), Zn(II), Cd(ll), Ni(II), and Bi(III) in C 6 H 6 :MeOH, with
LiC104 or LiCl as supporting electrolyte, was examined by Cordova
et al. /12/. A selective extraction programme based on C 6 H 6 allows
the polarographic determination of the above-mentioned metals
without mutual interference. Artificial mixtures and standard samples
gave an error of ±0.8%, except for Cu(II), where the error was ±5%.
Further work on the determination of metals as their dithiocarbamate complexes using catalytic hydrogen waves has been reported
/13/. Ni, Co, Fe were determined by measuring the voltammetric
catalytic hydrogen waves formed at a graphite electrode in the presence
of diethanol-dithiocarbamate at pH 4.88. The catalytic current increased in the order Ni < Co < Fe and with an increase in the metal
ion concentration, and was also a linear function of the metal ion
concentration in the range 5 X 10~6 - 5 X 10~ 4 Μ metal ion.
Apart from the determination of metals as their dithiocarbamate
complexes, polarography has been used for the determination of
the dithiocarbamate ligand or dithiocarbamate-based fungicides.
A study of the anodic waves of ethylene-l,2-bis(dithiocarbamate)
and its reactions with heave metals /14/ led to a method for the determination of the ligand and the analysis of the pesticides Zineb
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and Maneb. A 1M NaOH solution was found most suitable for the
determination of this ligand liberated from the zinc and manganese
derivatives.
The literature reports many examples of the use of polarography
for the determination of fungicides of the dithiocarbamate type.
Budnikov et al /15/ report a method for the determination of dithiocarbamate fungicides in several organic solvents with 0.2M LiC104
as supporting electrolyte using the DME. C 6 H 6 was the best solvent
and, by a.c. polarography, as little as 10~ 7 Μ of the Fe(lII)and Mn(II)
fungicides could be determined. Inorganic impurities showed no interference. For the analysis of tetramethylene thiuram disulphide
and ethylene bis (dithiocarbamate) (Zineb and Maneb), a new Polarographie method has been proposed /16/. This is based on the
adsorption of these compounds on the HMDE. The supporting electrolyte 0.4M NaOH — 0.2M di-sodium EDTA is also used as extraction
solvent. There was complete separation between the two compounds
and no previous purification was necessary for the determination of
the two compounds in plant material.
Catalytic hydrogen waves have also been used for the determination
of dithiocarbamate fungicides /17/. Fe(II)and Mn(ll) dithiocarbamates
were found to reduce at the DME in aq. alcohol and aq. DMF giving
catalytic hydrogen waves. The catalytic currents were used for the
determination of traces of fungicide (Ferbam). In acetate buffer,
pH 4.12, the catalytic current is proportional to the Ferbam concentration in the range 0.5 — 5 Χ 10 3 Mg/ml.
Voltammetric oscillographic polarography on a slowly dropping
Hg-electrode (t = 7-12 sec) is reported to be a highly sensitive method
for determining polarographically active organic compounds due to accumulation of these compounds by adsorption on the electrode or
the formation of insoluble Hg salts. Using the method, micro-amounts
of dithiocarbamate fungicides were determined /18/. The Polarographie
determination of residual amounts of Zineb, Polymarzine, Polycarbazine, Ferbam, Ziram, Ethylenethiuram disulphide in plant material
has been reported /19/. A different approach was used by Vekshtein
and Klisenko /20/ to determine dithiocarbamates in air and plant
products. CS 2 , liberated by acid hydrolysis with 2.5-3.5 Μ H 2 S 0 4 ,
was treated with (AcO) 2 Cu, followed by the colorimetric determination of the reaction product. The fungicide Polycarbazine was
determined by the iodine-azide reaction in 4:1 MeOH:DMF, while
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ethylenebiscarbamates were determined polarographically in a NaOH
supporting electrolyte.
The dithiocarbamates form the basis of many investigations, where
the aim is not the development of an analytical method, but rather
a study of the electrode reactions of this ligand and its derivatives.
Many will be of interest and value to the analytical chemist, however,
and it is felt that they merit inclusion in this review. Zurev and Vinogradova /21/ carried out an anodic Polarographie study of the system

RR Ν — C

/

S

\

C-NRR

where R = isopropyl, R' = PhCHMe; R = R = Et, and R = Bu, R' =
PhCHMe and Μ = Cu(II), Ni(II), Zn(II), on a rotating Pt electrode.
All showed two waves. The first was caused by the oxidation of the
starting materials and the second by oxidation of those products.
Ligand structure substantially affected the anodic wave potentials
of the Cu(II) derivatives. The relation between these potentials and
the nature of the metal was also examined and found to be affected
by the variation in the number of electrons transferred in the first
wave process.
A study of the oxidation/reduction processes of some 80 dithiocarbamates of Cr, Μη, Fe, Co, Ni revealed a marked dependence of
the redox potential on the metal 3d n -electron configuration and,
in all the complexes, the relative ordering of the redox potentials
with the dithiocarbamate substituents was remarkably consistent
122/.
Voltammetric studies in Me 2 CO of a series of tris(N,N-diorganodithiocarbamato)iron(III) complexes showed that they undergo a
reversible 1-electron reduction process at the rotating Pt electrode.
It is suggested that the reversible reduction may be involved in the
fungicidal action shown by some of the complexes /23/.
From a study of the application of differential pulse polarography
to anodic electrode processes involving Hg-compound formation,
Canterford and Buchanan /24/ came to the conclusion that DPP is
more sensitive than d.c. polarography for the determination of Cl~,
Br',
S 2 - and sodium diethyldithiocarbamate. Further, the anodic
behaviour of the latter compound /25/, at normal drop times, showed
unusual behaviour associated with the presence of reaction products
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of the electrode surface, which gave rise to adverse effects such as
maxima, erratic drop behaviour and non-linear calibration curves.
Rapid drop time eliminated the problems.
From a study of the isotropic proton hyperfine interaction constants of a series of metal dithiocarbamates and their redox behaviour,
it was found that there is a simple relationship between E,^ and the
NCH 2 -proton hyperfine interaction constant. It is thus inferred that
the redox process of the Fe(III) and Mn(III) complexes studied takes
place through the nitrogen atom /26/.
Cyclic voltammetry, d.c. polarography, a.c. polarography and
cathodic stripping voltammetry were evaluated by Brand and Fleet
/27/ for the determination of metal derivatives of ethylenebisdithiocarbamic acid. It is claimed that cathodic stripping voltammetry is
the most suitable for this class of compound. However, the use of
non-aqueous solvents may simplify the d.c. and a.c. polarography of
these compounds.
Fundamental studies in aprotic solvents have been reported for
Mn /28/, Cu /29/, Fe /30/ and Ru /31 /.
The mechanism of catalytic evolution of hydrogen in solutions
of a range of Co(II) and Co(III) dithiocarbamate complexes, using
both classical and oscillographic polarography, has been studied /32/.
The mechanism of electro-oxidation of dithiocarbamate complexes
of a number of transition metals at Pt and graphite electrodes in several
non-aqueous solvents has been reported /33, 34/. The same group
of workers also determined rate constants for the formation of Cr 3+ ,
Co 3+ , Ni 2+ mixed ligand complexes of dialkyldithiocarbamates with
2,2'-bipyridine, using conventional and oscillographic polarography
/35/. Much of the mechanistic study on metal dithiocarbamates has
been carried out on Pt or graphite electrodes, where the electrode
reactions appear to be simple and straightforward. However, in studies
carried out using the Hg electrode, the electrode reactions are more
complex. Studies of this type have been reported for Cu(II) /36, 37/,
Ni(II) /37, 38/, Ru(III) /39/, Au(III) /40/, Pd(II) /41/, Co(III) /42/.
The electrochemical behaviour of the dithiocarbamate ligand with
different dialkyl substituent groups at the Hg electrode has been
reported by Rändle et al. /43/, while the electro-oxidation of sodium
diethyldithiocarbamate on a Pt-electrode is reported by Usatenko
/44/.
Finally, the inhibition of electrode processes by adsorbed complexes has been examined in the case of reduction of Cu 2+ from sul12

phate solutions in the presence of potassium diethanoldithiocarbamate
/45/, and the influence of solvent interactions in the electrochemistry
of dithiocarbamato-iron(III) has been reported /46/.
Amperometric

Ή trat ions

Amperometric titrations continue to be a popular technique. The
literature, in the main, reports many examples of the use of different
dithiocarbamates as titrant in the determination of metals such as
Hg, Pd, Bi, Ir, Ag, Cu, Se, Cd, Pb, Zn by amperometric titration.
The technique has also been applied to the determination of dithiocarbamate-based fungicides while, in other reports, the dithiocarbamate
ligand has been determined by amperometric titration using a metal
salt as titrant.
Gevorgyan et al. /47/, have successfully used amperometric titrations
for the determination of a range of different metals.
Hg 2+ and Bi3+ were titrated biamperometrically with 0.003Μ Pb
diethyldithiocarbamate in C 6 H 6 , using two rotating Pt electrodes
(potential difference 0.75 V), in 0.15 Μ LiC10 4 or 0.24 Μ Na Ο Ac
as supporting electrolyte and HOAc alone or containing CC14 25%,
C 6 H 6 35% or CHC13 40% as solvent. In the determination of 34-190
μg Hg and 43-216 μg Bi, standard deviations were 1.34 and 2.9%,
respectively. A 5-fold excess of Ag does not interfere in the determination of Hg and a 50-fold excess of Pb, Cd, Ni, Zn or a 10-fold
excess of In does not interfere in the determination of Bi /47/. The
same authors /48/ used a similar procedure for the biamperometric
titration of Ag in an anhydrous acetic acid medium with Pb diethyldithiocarbamate. Standard deviations were < 0.98 and < 1.77%,
respectively for the determination of 25.55 — 260.3 μg Ag. The
presence of a 10-20 fold excess of Pb, Cu, Cd, Ni and Bi could be
tolerated.
Pd 2+ may be determined by biamperometric titration with 0.004Μ
Pb diethyldithiocarbamate in MePh at 0.5 - 0 . 7 V using 0.2M KOAc
in HOAc as supporting electrolyte. The end-point corresponds to
a 1:2 metal:ligand ratio. The titration can also be carried out in 30-40
vol.% CHCI3, C 6 H 6 or CCI4. Standard deviations were 0 . 0 4 - 3 . 6 0
and 0 . 1 6 - 1 . 6 4 % for determination of 13.89 - 2 7 7 . 7
Pd /49/.
In an alternative procedure /50/, Pd 2+ was titrated amperometrically
with Na diethyldithiocarbamate in HOAc. Optimum conditions were
found to be 0.75V, 0.2M KOAc, 10 ml of sample solution, 5-60%
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of inert solvent. The lower limit of detection was 5 Mg/ml. Many
metals did not interfere in the titration, but oxalate did. Gevorgyan
et al. /51 / also report the determination of Pd 2+ and Bi3+ using 0.004M
Na diethyldithiocarbamate. The determination of some of the coinage
metals has also been reported. For example, Cu can be determined
by non-aqueous amperometric titration with alcoholic solutions
of Na diethyldithiocarbamate or Pb diethyldithiocarbamate /52/.
Best results were obtained with a potential difference of 0.5 —0.6V
between the Pt-electrodes using 0 . 1 5 - 0 . 2 M NH 4 0Ac or KOAc,
as supporting electrolyte in PrOH. The addition of H 2 0 < 20, C 6 H 6
< 50 and CHC13 < 50 vol.% did not interfere, but CC14 caused errors
of 2.3%. In a variation on the determination of Cu by biamperometric
titration /52/, Gevorgyan et al. /53/, used 2 Pt electrodes with a potential difference of 0.6 —1.0V or pre-coated Pt-electrodes with
Cu by electrolysis from a cyanide solution and a potential difference
of 0.01 — 0.1 V. Selectivity was higher with the Cu-coated electrodes,
but oxalate interferes. The differential biamperometric titration of
Ag and Cu and Ag and Bi in an acetic acid-chloroform medium with
a benzene solution of Pb diethyldithiocarbamate has also been reported
/54/.
For the determination of Cu, Cd, Ni /55/ and Cu and Pb /56/
in mixed solution Desmukh et al., used N-bis(/3-diaminoethyl)dithiocarbamic acid as titrant. For the former, titration was carried
out at - 0 . 2 or - 0 . 3 V vs SCE at the DM Ε at pH 9.0 or 8.0. The Cu
end-point was determined cathodically and the Cd or Ni anodically.
Cu (0.38 — 9.76 mg) was determined with < 0.22% relative error in
the presence of 0 . 6 7 4 - 1.135 mg Cd or 0.352 - 0.704 mg Ni. Cu
and Pb, on the other hand, were determined in 0.05 Μ ammonium
tartrate-0.5M K N 0 3 - N H 3 buffer (pH 9.0) at the DM Ε at - 0 . 2 V
vs SCE. During the titration, Cu precipitated first causing the cathodic
current to decrease. When Cu is completely precipitated, the current
remains constant during the titration of Pb. When Pb is completely
precipitated, further addition of titrant causes an increase in the anodic
current. For the determination of 0.38 - 1.1 mg Cu and 0.83 - 2 . 9
mg Pb, relative errors were < 0.52 and < 0.48%, respectively. The
amperometric titrations of Ag(I) and Zn(II) at rotating platinum
microelectrodes and Ni(II) and Co(II) at the DME using potassium
tri(hydroxymethyl)methyl dithiocarbamate have also been reported
/57/, while Chaudhuri et al. /58/, determined cadmium in the presence
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oi copper using [2-hydroxy-l ,l-bis(hydroxymethyl)ethyl] dithiocarbamate as titrant at - 0 . 2 V vs SCE.
Two of the less common elements, Se(IV) and Ir have also been
determined by amperometric titration. The former was determined
by amperometric titration in 0.10M, NH 4 OAc-HOAc (pH 4.6) with
N-bis(ß-aminoethyl)dithiocarbamic acid at 0.2 V vs SCE on a rotating
microelectrode /59/. The method permitted the determination of
4.22 X 10~ s - 2.5 X 10~ 3 Μ Se and was applied to the determination
of Se in pyrites. Ir was determined using diethyldithiocarbamate as
titrant /60/ at pH 3.5 - 4.0. Fe(III), Pd, Pt(IV), Rh(III), Hg and
Cu do not interfere. The method was applied to the determination
of Ir in an Ir-Pt alloy.
By means of Na diethyldithiocarbamate in acetate buffers, the
following pairs of ions were titrated differentially: Ag + -Cd 2 + ; Hg 2 + Pb 2+ ; Cu 2+ -Bi 3+ ; Cu 2+ -Pb 2+ . Titrations were carried out using two
Pt-electrodes at potentials of 0.7 - 1.0V and pH 3 . 0 - 6 . 0 /61/.
Usatenko et al. /62/ report the use of potassium N,N-bis(2-hydroxyethyl)-dithiocarbamate for the amperometric determination of Hg
and Pd. A 0.01 Μ concentration of reagent was used in a solution
acidified with 1.0 - 2.0N H N 0 3 or H 2 S 0 4 (pH < 6.0) in the presence
of 0.1 Μ CuS0 4 at +0.9V. Zn, Ni, Co, Cr, Μη, Bi, Cd, Fe, Pb, Sn,
Sb, Pt, Rh do not interfere, but Ag must be removed by precipitation
with CI". A relative error of 1.1% for Hg2+ and 0.9% for Pd 2 + is reported.
Ions of the H 2 S group and most of the ions of the (NH 4 ) 2 S group
may be determined by titration with Na diethyldithiocarbamate at
a P b 0 2 electrode /63/. Amperometric titration appears to be equally
valuable in the determination of dithiocarbamates using a metal salt
as titrant. This has led to the use of the techniques for the determination of dithiocarbamate-based fungicides. The following references
indicate both types of application.
Ikeda et al. /64, 65/ reported an amperometric method for the
rapid determination of water-soluble dithiocarbamates. The oxidation
current of dithiocarbamate during the titration with 0.1M AgN0 3
was measured with a rotating Pt wire electrode (1200 rpm) at +0.7 V
vs Hg/Hgl 2 electrode. The relative error and relative standard deviation
were ~ 0.4%.
Holzapfel and Stottmeister /66/ also determined dithiocarbamates,
but used a vibrating Pt-electrode. The dithiocarbamates were titrated
in a pH 7 - 9 (1:1) tartaric acid-NaOH medium, or in a 1:1 EtOH15

H 2 0 medium with 0.001 Μ HgCl 2 . The relative error was ±2% and
the standard deviation ±1.0%. Alternatively, 0.5 ml of 0.001 Μ HgCl2
and 1.0 ml of Μ NaOH may be added to the dithiocarbamate sample
solution to give a total volume of 4 ml and excess Hg 2+ titrated with
0.001 Μ S-methyl-isothiuram sulphate. In this case, the relative error
was < ±5%.
Selezneva et al. /67, 68, 69/ have reported the amperometric titration of Zineb [zinc ethylene bis (dithiocarbamate)] using AgN0 3
as titrant. In all three reports, the method is basically the same. The
sample is dissolved in 4.5 Μ KOH, neutralised with AcOH to a pH
around 6.8 and titrated with AgN0 3 using a Pt rotatory microelectrode
vs SCE. Any ethylenethiuram disulphide impurity in the sample should
be extracted with Me 2 CO or CHC13.
Potentiometrie

Titrations

Work reported in which dithiocarbamates are used in Potentiometrie titrations, is almost equally divided between those involving
this ligand for the determination of metals such as Ag, Cu, Cd, Ni,
Pb, Bi, Zn and In and those where methods have been developed
for the determination of dithiocarbamate ligand. Several authors
have reported the Potentiometrie determination of indium using
dithiocarbamate. A silver electrode vs SCE was used by Sazhneva
et al. /70/ for the Potentiometrie titration of In(III) with Na butyl
dithiocarbamate or Na pentyl dithiocarbamate. The reaction was
carried out at pH 1 — 10, but addition of tartrate (0.1 - 1M) was
necessary to prevent hydrolysis at pH > 2. The titration is suitable
for 0.0025 - 1.2 mg In/ml: the relative error was < 2% for the determination of 1 — 2 4 mg In with both ligands. Al, Ca, Mg do not
interfere. Te(IV) and In(III) can be titrated in the presence of each
other at pH 1—2. A similar procedure for the determination of In
has been reported by the same group in which Na piperidyldithiocarbamate, Na cyclohexyldithiocarbamate or ammonium phenyldithiocarbamate is used as titrant /71/. The nature of the substituent
on the N-atom of the ligand significantly affected its analytical properties. Na piperidyldithiocarbamate forms the most stable complexes,
as evidenced by a high potential jump at the equivalence point. The
determination of In in Mg alloys was carried out using Na cyclohexyldithiocarbamate or ammonium phenyldithiocarbamate as titrant.
Using a Hg-pool indicating electrode vs SCE, the Potentiometrie
16

titration of In was carried out in the presence of Ga in citrate or tartrate solutions /72/. The titrant was Na diethyldithiocarbamate, Na
dibutyldithiocarbamate or 8-mercaptoquinoline. A 100-fold excess
of Ga did not interfere in the titration in the presence of F".
Sultanova and Tataev /73/ report a study of the optimum conditions for the Potentiometrie titration of Ag, Cu, Cd and Ni in mixtures. The titrations in media containing organic solvents were carried
out by a compensation method using Na diethyldithiocarbamate
as titrant and Hg electrodes. Glycerin-H 2 0 (1:9), or M e 2 C 0 - H 2 0
(1:3) were the best media for Cd and i s o - B u 0 H - H 2 0 the best for
Cu. Ag could not be determined in either of these media. Ni titrations
could be carried out either in aq. EtOH or in aq. Me 2 CO, even in
the presence of Cr and Fe. Cu-Cd, Cd-Ni and Cd-Cu-Ni mixtures
were also titrated in aq. Me 2 CO. A new, simple Potentiometrie sensor
based on the precipitation of Ag diethyldithiocarbamate within a
graphite rod is described by Hassan and Habib /74/. The electrode
is sensitive to both diethyldithiocarbamate and Ag ions down to 10" 5 Μ
and can be used as an indicator electrode for the complexometric
titration of metal ions with Na diethyldithiocarbamate.
Loktyushkia et al. /75/ have reported a method for the Potentiometrie titration of Bi and Zn dialkyldithiocarbamate accelerators
using 0.01 Μ alcoholic p-diethylaminophenylmercuroacetate. Zn dimethyldithiocarbamate and Zn diethyldithiocarbamate were titrated
in DMF-Me 2 CO (1:6) and Bi dimethyldithiocarbamate in CHCl 3 -EtOH
(1:2) in amounts corresponding to 0.2 — 0.3 mequiv. of the metal
with AgCl and Ag(Hg) electrodes. ZnCl 2 , ZnO, NaCl, Bi(N0 3 ) 3 and
NaN0 3 did not interfere with the determination.
A number of new methods have been reported for the titration
of dithiocarbamates potentiometrically. In this connection, bromine
cyanide has been recommended for the determination of a wide range
of anions, metals, molecular species and Na methyl-, ethyl-, dimethyl-,
diethyl-, and isopropyl-dithiocarbamates in EtOH and MeCN media
/76/.
In the titration of dithiocarbamates in A c 2 0 with HC10 4 there
was only one equivalence point, corresponding to the monoprotonation of the dithiocarbamate /77/.
Dithiocarbamate salts can be determined by Potentiometrie titration
with 0.025 Ν I-Nal in the presence of Triton X-100 at 10-15° and
pH 7.5 (citric acid - phosphate buffer) using a Pt indicator electrode
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vs SCE. The relative standard deviation and coefficient of variation
were < 0.3% /78/.
Mono- and dialkyldithiocarbamates may also be determined by
Potentiometrie titration using glass and Ag/AgCl electrodes. The
sample dissolved in A c 2 0 is titrated with 0.1 Μ HC104 in HOAc.
The 1st and 2nd potential jumps correspond to the sum of monoand dialkyldithiocarbamates and to dialkyldithiocarbamates alone,
respectively /79/.
Bhatt and Soni /80/ have used Na diethyldithiocarbamate as a
titrant for the quantitative analysis of Ag-Cu, Ag-Pb mixtures containing < 70% Ag by Potentiometrie titration at a Ag electrode. For
the titration, 25 ml sample solutions were mixed with 50 ml H 2 0 ,
50 ml EtOH and 100 ml E t 2 0 and 5 g K N 0 3 were added to help
coagulate the precipitates. The method was applied to the analysis
of alloys.
Finally, the determination of dithiocarbamates and xanthates has
been reported using different solvents and different titrants at the
Pt electrode /81, 82, 83/.
Other Electroanalytical

Techniques

The coulometric titration of dithiocarbamates and some inorganic
sulphur compounds with electrogenerated hypobromite has been
reported /84/. Dialkyldithiocarbamates are quantitatively oxidised
to sulphate, bicarbonate and amine (16 electrons per mol) by electrogenerated hypobromite in a borate buffer solution. The method
permits the microdetermination of dithiocarbamate in the range 31.2 —
3125 η mol. Another example of the use of coulometric titration for
the determination of Na diethyldithiocarbamate is provided by Organesyan et al. /85/. Trace quantities of the dithiocarbamate were determined by coulometric titration with electrogenerated bromine or
iodine. The sensitivity was 1.5 Mg/ml.
Vytras et al. /86/ have reported the determination by Potentiometrie titration of organic substances containing chelating functional
groups using C d ( N 0 3 ) 2 as titrant and a Cd 2 + selective electrode vs
SCE. Among a group of organic substances for which data have been
obtained is Na diethyldithiocarbamate. The method may be used for
the direct determination or by back-titration of excess of reagent with
a Cd salt.
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A

chronopotentiometric

study was carried out b y

Ahmed

and

Magee /87/ on 23 nickel di-substituted dithiocarbamates in which
the substituent R-group was varied to include straight chain, branched
chain and ring substituents. In all cases, there was a single reduction
step, except for the diphenyldithiocarbamate, where a 2 step reduction
was obtained. It was found that the R-group has a marked effect on
the reduction behaviour o f the complex.
2. SEPARATORY TECHNIQUES
Since the last review /1 /, interest in dithiocarbamates as chelating
agents for metals for use in solvent extraction methods has continued
unabated. In addition, the literature reports many examples o f the
use of this ligand for the separation and determination o f metals using
high performance liquid chromatography ( H P L C ) , gas chromatography
( G C ) and thin layer chromatography ( T L C ) .

High Performance Liquid Chromatography (HPLC)
HPLC was used, after preliminary solvent extraction, for the separation of metal chelates with diethyldithiocarbamate /88/. The chromatograms gave reproducible retention times. The method was used to
determine 0.4% Cu in BCS N o . 326.
Haering and

Ballschmiter

/89/ report the determination o f Co,

Cu and N i in river water b y spectrophotometry, after preconcentration
of their diethyldithiocarbamates on a reverse-phase pre-column, followed by H P L C on the same material with M e 0 H / H 2 0 ( 3 : 1 ) as eluent,
and separations o f Pb, Zn, Cd, Hg(II), Cu(II), N i and C o ( I I I ) chelates
were achieved at nanogram levels on silica gel /90/.
Heavy metals including H g ( I I ) , Cd, Pb, C r ( V I ) , Bi, C u ( I I ) in μ%
to ng amounts were determined using a deactivated silica gel column
and 98:2 cyclohexane-EtOAc or 98:2 hexane-EtOAc as eluent. Separation is rapid and selective determination is possible by choosing
the detection wavelength o f the U V detector /91/.
O'Laughlin

and O'Brien examined the behaviour o f Ni, C o ( I I I ) ,

Cu(II), Zn, Cd, H g ( I I ) and Pb diethyldithiocarbamates on silica gel
columns with toluene as the mobile phase /92/. The best separations
were obtained on a 0.25 inch χ 35 cm stainless steel column packed
with 10 μμ Porasil.
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The effect of the N-substituents on the chromatographic-behaviour
of Cu(II) dithiocarbamate was studied by Liska et al /93/ in order
to choose an appropriate ligand for the separation of Zn, Cu(II),
Mn(II), Ni, Pb, Cr(III), Co(II), Cd and Fe(II) by HPLC.N,N-diethyldithiocarbamate was selected with a mobile phase of cyclohexane10%CHC1 3 .
By means of reversed-phase HPLC, the diethyldithiocarbamate
complexes of Pb, Ni, Co, Cu and Hg can be separated using LiChrosorb
RP-18 as column packing and MeCN-H 2 0 as mobile phase. For separation of the tetramethylenedithiocarbamates of Cd, Pb, Ni, Co, Zn,
Cu, Hg, the column packing v/as LiChrosorb RP-8 and the mobile
phase 70:30 M e 0 H - H 2 0 /94/.
The Cu, Ni, Mn, Co diethyldithiocarbamates were separated by
Gaetani et al. /95/ on a cyanopropylsilylated silica gel stationary
phase using 85:15 C 6 HI 4 -CH 2 C1 2 as mobile phase. The pairs Cd-Zn
and Ni-Pd were separated using PhMe and 80:20 PhMe-CH 2 Cl 2 ,
respectively, on the same type of column, while Bi-As and Bi-Sb
were separated with 90:8:2 C 6 HI 4 · CH2C12 • MeCN. Separation of
As-Sb was not complete.
The simultaneous determination of Cr(lll) and Cr(VI) in water
by reversed phase HPLC, after chelating with sodium diethyldithiocarbamate has been reported /96/.
Yamazaki et al. /97/ have described a method for the separation
and determination of Pb, Zn, Cu. The metals are extracted into chloroform at pH 8.5 and separated by micro high-pressure chromatography
on a column packed with porous octadecylsilyl silica gel (Jasco SC-01)
of particle size 5 /im. The eluent was a mixture of M e 0 H - H 2 0 - E t 0 A c 0.05M Na diethyldithiocarbamate (66:24:5:5). The working curve is
linear over the metal concentration range 0.5 — 10 ng.
In a similar procedure, Pb and Cd were separated and determined
by HPLC on a column 30 cm χ 3 mm of C 8 - R P (10 /im) with MeOHH 2 0-CHC1 3 (2:1:1) as mobile phase /98/. The limit of detection for
both Cd and Pb was 2 to 5 ng.
A number of methods have been reported for the determination
of the dithiocarbamate ligand with application to dithiocarbamate
fungicides. Gustafsson et al. /99/ have presented a specific method
for the determination of thiram, and salts of alkylenebis(dithiocarbamic acids). Fe, Zn, Mn salts are transformed into Na salts with an
alkaline EDTA solution. The extract is subjected to ion-pair methyla-
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tion at pH 6.5 — 8.5 in CHC1 3 -C 6 Hi 4 . The organic phase is then concentrated and analysed by HPLC with UV detection at 272 nm.
The determination of disulfuram, diethyldithiocarbamate and the
methyl ester has been reported /100, 101/ and the method applied to
analysis of plasma and urine.
Oprchalova /102/ used HPLC for the separation and determination
of a series of N-substituted lead dithiocarbamates and Smith et al.
/103, 104/ give examples of the use of transition metal salts [NiS0 4
and C O ( N 0 3 ) 2 ] as ion-pair reagents to form salts with dithiocarbamates, which are then separated by HPLC.
Studies on the separation of nickel(II) bisdialkyldithiocarbamates
have been carried out by Liska et al. /105, 106/. Capacity factors
of a series of dimethyl- and diethyl-dithiocarbamates were measured
and the relation between logk' and the number of C-atoms in alkylsubstituents was investigated /106/. The same group of workers also
studied the factors involved in the separation of Cu(II), Co(II), Zn
and Pb on a LiChrosorb Si 60 column with UV detection, using CHC13
and dichloromethane as eluents /107/.
Gas Chromatography

(GC)

In recent years, the use of gas chromatographic methods for the
separation and determination of metals as their dithiocarbamate chelates has burgeoned. Gas liquid chromatography (GLC) is popular
and capillary gas chromatography attracts increasing attention. In
some cases the Ν,Ν-disubstituted dithiocarbamates are used while,
in others, the more volatile fluoro-derivatives have been used.
Tavlaridis and Neeb /108/ analysed aqueous solutions for trace
metals by gas chromatography of the organic extracts of their diethyl
dithiocarbamates and bis(2,2,2-trifluoroethyl)dithiocarbamates. Zn,
Cd, Cu, Ni and Pb (0.06 - 0.6 p p m ) were separated at 240°C on a
Chromosorb W column coated with 3% OV 25 or Chromosorb Q
coated with 5% GESE. Determination was with a flame ionization
detector.
Separation of Ni and Zn diethyldithiocarbamates was achieved
on a 3% SE-30/Chromosorb W-HP column with hydrogen carrier
gas /109/.
A column packed with a 1:1 mixture of 5% OV-lOl and 5% QF-1
on Gas-Chrom Q was found suitable for the GLC assay of Zn, Cu,
Ni as the diethyldithiocarbamates in marine sediments /110/, and
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small amounts of Ni, Cu and Zn were determined by GC after extraction of their dipropyldithiocarbamates into CHC13 /111/. The
columns were packed with GESE30 on Gas-Chrom Q and Dexil 300
on Chromosorb HP-W. A flame ionization detector and N2 carrier
gas were used. The simultaneous determination of 0.01 — 1 ppm Ni,
Cu and Zn was possible.
Drasch et al. / I I 2 / determined heavy metals such as Cd, Ή in
blood and urine by GLC A 5 ml sample at pH 4.5 was extracted twice
with 5 ml CHC13 and the aq. phase mixed with 5 ml CHC13 and 1 ml
of 1% Na diethyldithiocarbamate. The organic phase, after evaporation,
was re-dissolved in 5 μΐ di-isopropylketone and analysed on a column
packed with 5% OV-lOl on Chromosorb WHP.
The use of glass capillary columns for the separation of inter alia
metal chelates of diethyldithiocarbamate, and di-(trifluoroethyl)dithiocarbamate was investigated and the increased sensitivity offered
by selective detectors explored /113/.
As indicated earlier, a number of methods have been reported for
the determination of heavy metals, based on the use of the more
volatile fluoro derivatives of dithiocarbamates.
Hartmetz et al /114/ describe a capillary GC method for the determination of heavy metals in water (ppb concentrations) using
di(trifluoroethyl)dithiocarbamate.
A study was carried out by Tavlaridis et al. /115/ of derivatives
of dithiocarbamate suitable for GC analysis. This study includes a
number of useful parameters, e.g., vapour pressure, heat of sublimation,
entropy of sublimation, of eleven di-(trifluoroethyl) dithiocarbamate
metal chelates. From the same group, the partition of Cu(II), Ni,
Co(III), Fe(III), Bi, Pb and Sb(III) bis(trifluoroethyl)dithiocarbamates
between aq. solutions and CHCI3 is reported / I I 6 / . An extraction-GC
method is proposed for the determination of 0.2 — 3 ppm of Pb and
Bi. A GC method for Cr(III) and Cr(VI) in aq. solutions, based on
the oxidation of Cr(III) to Cr(VI), followed by its extraction at pH
3.0 with bis(2,2,2-trifluoroethyl)dithiocarbamate in CHC13 is proposed / I I 7 / . The Cr chelate is then determined in the organic phase
on a column packed with 3% OV-25 on Chromosorb HPW. C 2 8 H 5 8 was
added as internal standard. The detection limit was 0.005 ppm and
Co, Ni, Zn, Cd and Fe(III) did not interfere.
Haering et al. / I I 8 / also made use of bis(trifluoroethyl)dithiocarbamate in the capillary GC of Cu(II), Ni and Zn chelates. Ni was
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determined in the 1 0 - 3 0 pg range on a silylated glass capillary coated
with OV73, using electron capture detection. Hartmetz et al. /119/
have recently made a study of the effects of column material and
length, injection technique and choice of internal standard on the
GC of 12 heavy metal chelates of bis(trifluoroethyl)dithiocarbamate.
The GC separation of Se, Zn, Cd, Pb and Pd(II); and As(III), Co(lII)
and R h ( I I I ) as their diethyldithiocarbamates is reported /120/. Retention times for Ni and Cu diethyl-, di-isobutyl-, di-isopropyl-,
di-propyl- and dibutyl dithiocarbamates have been determined on
a column packed with 3% OV-25 on Chromosorb W-HP. On the
same type of column Pb, Ni, Cu, Cd, Zn were separated as the diisobutyldithiocarbamates /121 /.
The glass capillary GC separation of Ni and Zn as their diethyl-,
dipropyl- and dibutyldithiocarbamates is reported by Riekkola /122/.
Onuska /123/ has described a method for the determination of
Ν,Ν-dialkyldithiocarbamates in industrial waste by GC at the nanogram level. The method is claimed to be sensitive, specific and free
from interference of metals.
The influence of various GC supports coated with SE-30 as stationary phase, on the qualitative and quantitative determination of
Ni and Zn dithiocarbamates has been examined /124/. The separation
of a number of heavy metals as the diethyldithiocarbamates on an
acid-washed, silanized Chromosorb W column at 220-245°C is reported
and the thermal stability of the eluted complexes confirmed by TG,
D T A and mass spectrometry /125/.
Onuska and Boos /126/ report a study of the combined GC-MS
of

S-alkyl esters of Ν,Ν-dialkyldithiocarbamic

acids using a 10%

Apiezon L/Varaport 80 column and He carrier gas. Compounds represented by RS(S)CNR^

where R = Me and Et, R ' = Me, Et and

Bu, were separated from each other and compounds with R = Pr,
R' = Me, Et, Pr and Bu were also separated from each other.
A method is described for the determination of CS 2 , free diethyldithiocarbamate and disulphides derived from disulfuram in 1 ml of
blood by GC /127/.
Martens and Heyndrickx /128/ found that, in the detection of
Na diethyldithiocarbamate

in serum and urine, GC was preferred

for drug monitoring studies and A A S for detecting disulfuram overdosage by urinolysis. GC was the most sensitive and reliable method
for the quantitative determination of free Na diethyldithiocarbamate
in serum.
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For the direct determination of alkylene-bis(dithiocarbamate)
fungicide residues containing the original dithiocarbamate moiety,
Pflugmacher and Ebing /129/ used gel permeation chromatography
and UV-absorption at 285 nm and Hackett and Seggia /130/ report
the synthesis of a poly (dithiocarbamate) chelating ion-exchange
resin for the selective complexation and determination of traces of
heavy metals.
Thin Layer Chromatography (TLC)
Thin layer chromatography has in the past decade taken its place
along with the other separatory techniques in the analysis of the
dithiocarbamate ligand, metal dithiocarbamates and dithiocarbamatebased fungicides and pesticides. Dithio- and thiol-carbamate insecticides were hydrolysed and the released alkylamines were coupled
with NBD-Cl-(4-chloro-7-nitrobenzo-2,l,3-oxidazole) and separated
on silica gel thin layer plates. For the dithiocarbamates, 2% tetrahydrofuran in CHC13 was used as solvent /131/.
The TLC and uv-spectra of some dimethyldithiocarbamates and
ethylene bis (dithiocarbamates) have been studied /132/. The compounds were characterized by very distinct absorption bands in the
range 230-260 and 275-290 nm.TLC was carried out on A1 2 0 3 : compounds were detected on the chromatographic plates with IN 3 as
white patches on a blue background. Best solvent for the dimethyldithiocarbamate derivatives was n-C 6 H 4 -C 6 H 8 -Me 2 Co (10:1:2:5)
and for ethylene bis(dithiocarbamates) C 6 H 6 :DMF (1:1). The eluent
was 0.2Μ NaOH. 2-30 μg of compounds in water and air could be
determined. Galik /133/ has derived equations which describe solute
behaviour with TLC such as development by a single solvent and by
a mixture of two solvents of different polarity. The theory is applied,
inter alia to a TLC study of diethyldithiocarbamate on Silujol.
For Zineb and other ethylenebis (dithiocarbamate) fungicides,
a TLC method has been developed /134/. The aq. fungicide solutions
(pH 7) were treated with CoCl2 and the complexes extracted twice
for 15 mins with C 6 H 6 or CHC13. The extracted complexes were
chromatographed on A1203 with C 6 H 6 -DMF (9:1) and developed
with NaN 3 -iodine mixture. Organic sulphur-containing compounds,
including dithiocarbamates, were detected byTLCon silica gel layers
containing a mixed fluorescent material. Amounts in the range 10" 11 —
10~8 mole were detected as coloured spots /135/.
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Orlov et dl. /136/ report the determination of impurities in dithiocarbamic acid derivatives by TLC.
A TLC method was developed by Klisenko and Vekshtein /137/
for the determination of dimethyldithiocarbamate fungicides and
their degradation products in water via CHC13 extraction. The extract
was chromatographed on A1 2 0 3 with benzene-hexane-acetone (1:10:
2.5).
A number of carbamate pesticides were extracted from autopsy
tissues'and applied to thin-layer plates of silica gel G in Me 2 CO-C 6 H 6 MeEtCO (19:1) was used as solvent system. The detection threshold
was 0.5 ßg /138/.
Tobacco plant tissue containing Zineb was digested with acid which
yielded CS 2 . This was treated with MeOH and KOH to give MeOCS 2 K,
which was separated byTLCon alumina-silica gel (1:1) with acetoneMeOH (20:1)/139, 140/.
Ballschmiter /141/ has reported the separation of twenty metal
ions byTLCof their Ν,Ν-diethyldithiocarbamates. Rp-values are reported for A1 2 0 3 and silica gel as thin-layer materials and 55:45
C 6 H 6 -cyclohexane, C 6 H 6 and 9:1 C 6 H 6 -MeCoBu-iso as solvents.
The effect of substituents in the dithiocarbamates RRTVC^SH,
where R and/or R' = Me, Et, allyl, cyclohexyl, furfuryl, tetrahydrofurfuryl, EtOCH 2 CH 2 , Ph, morpholino and PhCH 2 on the separation
of transition metal chelates by TLC on A1 2 0 3 and silica gel was studied
using C 6 H 6 and cyclohexane-C 6 H 6 solvents /142/.
New polychlorinated ammonium dithiocarbamates were synthesized
and formed chelates with metals, which could be separated byTLCon
silica gel with several solvent mixtures as eluents /143/.
Rp values were determined for the diethyldithiocarbamate complexes of 17 common metals on silica gel plates with BuOH, MePh and
C 6 H 6 as the mobile phases /144-/.
Solvent

Extraction

Of the separating techniques, solvent extraction is, by far, still
the most popular, as evidenced by the large number of publications
in which the dithiocarbamate ligand is used.
Usatenko et al. /145/ determined the distribution coefficients
of the diethyl- and dibutyl-dithiocarbamates of Cu, Pb, Zn, Cd, Ni,
Co, Mn and Bi between an aq. and org. phase (CHC13, CC14, C 6 H 6 ,
BuOAc) and the extraction constants and 2-phase stability constants
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of Te 2 + -3-phenylpyrazoline-l-dithiocarbamate and its 5-phenyland 3,5-diphenyl analogues were determined by Busev et al. /146/
in CHCI3 by exchange with Pb 2+ in aq. solution at pH 1.0 - 3.2.
Acid dissociation constants (K c ) and extraction parameters (pHy2
for 50% extraction) are reported for Ν,Ν-disubstituted dithiocarbamic
acids at 22°C using a spectrophotometric method. Substituents included Me, Et, Pr, iso-Pr, Bu and pyrrol /147/.
The extraction constant of gold dichloride diethyldithiocarbamate
was determined (logK = 68.2 ± 0.2) by Chermette et al. /148/.
Bajo /149/ developed a mathematical treatment of liquid-liquid
extraction with diethyldithiocarbamic acid, which can be applied directly to practical work.
The kinetics of extraction of Indium (III) as the diethyldithiocarbamate complex from aq. solutions containing CI" into CHC13
are reported /150/.
Yeh et al. /151 / developed a new method for the simultaneous
determination of extraction constants of simple metal diethyldithiocarbamates and chloride-mixed metal diethyldithiocarbamates by
sub-stoichiometric extraction incorporated with radiometry and
the same authors report the application of the method to the determination of the extraction constants of the diethyldithiocarbamates
and the pyrrolidinedithiocarbamates of Pb, Zn, T1(I) and Mn(II)
/152/.
In AUC13 solutions, the CI" is replaced stepwise by R R N C S 2 ,
where R = R' = Et or R and R' = (CH 2 ) 6 to yield Au(S 2 CNRR') 3 .
At pH 6.5, maximum extraction of the gold complex is obtained with
BuOAc /153/.
The extraction-photometric determination of molybdenum in
alloys using pyrazolinedithiocarbamate has been reported by Busev
et al. /154/, and the extraction of the Cu(II) complexes of a series
of pyrazoline-dithiocarbamate derivatives into CHC13 was studied
and acid dissociation constants of the aryl-derivatives of the ligand
calculated /155/.
Calculations of the extraction constants of Bi, Cd, Co, Cu, Ni,
Pb diethyldithiocarbamates in CHC13 are presented by Grekova /156/.
The sub-stoichiometric extraction of Hg 2+ using diethyldithiocarbamate and 203 Hg tracer in 0.5M H 2 S 0 4 or 1M HC104 has been studied. Systems containing C P allowed extraction of Hg2+ for all dithiocarbamate/Hg ratios /157/.

26

An extraction-photometric method was developed by Uskova
and Podchainova /158/ for the determination of copper in blood
using the diethyldithiocarbamate complex and extracting with heptane.
For the extraction of the cobalt complex, a 1:1 heptane — EtOAc
solvent mixture was used.
The solvent extraction of zinc as the diethyldithiocarbamate by
benzene in the presence and absence of Bu 3 P0 4 has been examined
and synergic effects studied /159/.
In the analysis of high-purity aluminium, Cu, Pb, Ni, Cd, Zn,
Mn can be extracted as diethyldithiocarbamate complexes with isoBuCOMe at pH 3 and determined by AAS /160/ and Cu and Bi have
been determined in high purity lead by extraction from a 0.3 — 0.6 Μ
H N 0 3 solution with Zn diethyldithiocarbamate in PhMe. The metals
were determined photometrically in the organic phase /161 /.
Na diethyldithiocarbamate formed a basis for the photometric
determination of amino acids by the formation of coloured complexes with Cu(II) and the reagent, which can be extracted into chloroform/162/.
Sb, after quantitative extraction into iso-BuCOMe as the pyrrolidine- and diethyl-dithiocarbamate complexes, was determined by
AAS /163/ and a 1:1 mixture of ammonium pyrrolidine- and sodium
diethyldithiocarbamate was found to be the best for the extraction
of Pb into iso-BuCOMe for determination by AAS /164/.
After extraction with ammonium pyrrolidinedithiocarbamate into
Me-iso-Bu ketone (MIBK), trace amounts of Zn and Cu in natural
waters were determined by AAS /165/.
Inui et al. /166/, have described a method for the extraction and
AAS determination of Bi with Zn dibenzyldithiocarbamate. Bi is
extracted from relatively strong acidic solution into iso-BuCOMe as
the Bi dibenzyldithiocarbamate complex. The method was used to
determine Bi in Al alloys and solders.
In the determination of Al in non-ferrous metals and their alloys
spectrophotometrically, Na diethyldithiocarbamate was used in a
preliminary step to separate some 24 interfering metal ions /167/.
Ni reacts with diammonium ethylenebis(dithiocarbamate) to form
a H 2 0-insoluble complex that can be extracted into iso-BuCOMe
containing 1% Bu 3 P0 4 at pH 6.5. The method may be used for the
determination of Ni /168/.
Tanaka et al. /169/, describe a spectrophotometric method for
As(III) as molybdenum heteropoly blue by extraction of As(III)
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into C 6 H 6 with ammonium pyrrolidinedithiocarbamate and backextraction with dilute Br-water and determination at 840 nm. The
extraction of 2.4% HN0 3 containing 210 Pb, 210Bi and 210 Po with
a 0.15 mM solution of Bi diethyldithiocarbamate in CHC13 results
in 99% removal of 210Bi and 210 Po in 30 seconds /170/. Cu, Cd, Pb,
and Bi were determined in phosphoric acid solutions by AAS after
extraction with diethylammonium diethyldithiocarbamate /171 /.
Bry'ko et al. /172/ examined the extraction of transition metals of
Groups 1 and IV-VIII with ethylesters of diethyl-, hexamethyleneand 3,5-diphenylpyrazolinedithiocarbamic acids from halide and
pseudo-halide solutions. The best extraction agent was the ethyl ester
of hexamethylenedithiocarbamic acid.
For the determination of Cr, the metal was complexed using ammonium pyrrolidine dithiocarbamate and extracted into Me iso-Bu
ketone. The organic phase was then analysed for Cr by flame atomic
absorption spectrometry /173/.
The extraction of Cu with a CCI4 solution of Zn dibenzyldithiocarbamate from a solution of strong acid was found to be a very rapid
and selective method and was used for the determination of Cu in
soil /174/. Satake and Takagi /175/ describe a method in which metals
are treated with various complexing agents to form water-insoluble
coloured complexes, which are extracted quantitatively into molten
naphthalene at >81°C. The solidified mixture of metal complexes
and naphthalene are separated from aq. solution, dried on filter paper
and dissolved in DMF. Trace amounts are then determined spectrophotometrically. Cu, Bi and Ni were determined using diethyldithiocarbamate and Cu, Bi and Co with pyrrolidinedithiocarbamate.
The flotation extraction of the diethyldithiocarbamates of Fe,
Cu, Ni, Cr and Mn using sulphonated kerosine is described by Rublev
et al. Ill6/.
AS3+ was extracted from aq. ZnCl 2 solutions by CHC13 solutions
of diethylammoniumdiethyldithiocarbamate /177/.
Highly pure ZnO can be prepared in 60-70% yield by cation exchange extraction from ZnCl2 solutions using Na diethyldithiocarbamate as chelating agent and CHC13 as solvent /178/.
Free dithiocarbamic acids interfere in the spectrophotometric
determination of metals using Na or Κ dithiocarbamates. They may
be extracted from an aq. solution of the Na or Κ salts by CHC13. The
extraction is pH dependent. Optimum pH values are listed for 11 acids
/179/. Molochnikova et al. /180/ separated Am 5+ from Am 3+ and
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Am 6+ by co-precipitation of the 1:1 AmO^ pyrrolidine dithiocarbamate complex and extraction of the A m " complex into 3.5:1 isopentanol-EtOH from pH 4.5 - 5.0 acetate buffers.
The behaviour of trace amounts of divalent Cd, Co, Cu, Fe, Hg,
Pb and Zn in back extraction was studied by Honjo and Imura /181 /
in order to establish conditions for the separation of these metals as
their diethyldithiocarbamates.
3. RADIOCHEMICAL TECHNIQUES

The use of dithiocarbamates continues to grow in what might be
termed radiochemical applications. An interesting application is the
use of the ligand to pre-concentrate trace amounts of metals prior to
their determination by activation analysis.
Lo et al. /182/ used Pb diethyldithiocarbamate as a reagent for
enriching Hg, Au and Cu in seawater prior to irradiation in neutron
activation analysis. The metals were highly and selectively concentrated
from a large volume of water to a small volume of CHC13 solution.
The 7-spectrum after irradiation shows only radiations from Hg, Au
and Cu. The same authors /183/ used Pb diethyldithiocarbamate as a
pre-concentration agent for Hg in urine prior to its determination by
neutron activation analysis.
In a study of trace elements adsorption on different adsorbents,
it was found that activated charcoal in the presence of Na diethyldithiocarbamate adsorbed Mo quantitatively for determination by
neutron activation analysis /184/.
Ravnik et aL /185/ describe a separation system based on the extraction of dithiocarbamates and applicable to the determination
of Cu, Mn, Zn and In in a wide selection of materials by activation
analysis.
In the production of 201 Tl, natural Ή is irradiated by protons
and the induced 201 Pb can be separated from the target by liquid-liquid
extraction with diethyldithiocarbamic acid in chloroform /186/.
Dithiocarbamates were also used by Stary et al. /187/ to preconcentrate As for its determination radiochemically in natural waters.
The applicability of the dithiocarbamate extraction method for
the simultaneous radiochemical separation and determination of
traces of Cd, Co, Cu and Zn in a wide range of materials following
neutron activation analysis was investigated by Dermelj et al. /188/.
Dithiocarbamates, among others, were used by Kudo and Kobayashi
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/189/ in the substoichiometric isotope dilution analysis of trace elements.
The radiometric determination of the conditional extraction constants of Zn, Pb, In, Cu(II), Bi, Hg(II) diethyldithiocarbamate complexes has been reported /190/.
A method for the separation and quantitation of radioactive and
non-radioactive disulfuram, diethyldithiocarbamate and diethyldithiocarbamate Me-ester from plasma and tissue is described by Faiman
etal. /191, 192/.
4. THERMOANALYTICAL TECHNIQUES

Since the thermochemistry of metal dithiocarbamate complexes
has been reviewed in depth up to 1980 /5/, this Section is consequently
brief. For convenience and simplicity, the additional seventeen papers
reviewed are divided into two sub-sections headed Volatility and
Thermal Decomposition.
Volatility
Hanjo et aL /193/ have reported the sublimation behaviour of
a wide variety of metal chelates including metal dithiocarbamates.
It is concluded that a variety of metals may be separated and purified
via dithiocarbamate complexation. Larionov et al. /194/ have studied
the thermolysis of Ni, Zn, Cd, In, Tl, Cu, Sb, As and Bi dithiocarbamates by thermogravimetry (TG), differential thermal analysis
(DTA) and differential scanning calorimetry (DSC) in air and in an
inert atmosphere. The associated kinetic parameters were also determined. Kosareva and Larionov /195/ have studied the sublimation
characteristics of M(S 2 CNEt 2 ) 2 , (M = Zn, Cd, Cu, Pb and Ni) and
M(S 2 CNEt 2 ) 3 , (M = Co, Cr and Fe) complexes and have concluded
that a binary mixture of Fe(S 2 CNEt 2 ) 3 and Cu(S 2 CNEt 2 ) 2 can be
separated by sublimation. Riekkola and Mäkitie /196/ have used
TG/DTG and DSC to study the thermal behaviour (in an inert atmosphere) of eleven metal diisobutyldithiocarbamate complexes:
M[S 2 CN(iC 4 H 9 ) 2 ] 2 , (M = Ni, Cu, Zn, Cd, Hg and Pb); M[S 2 CN(iC 4 H 9 ) 2 ]3, (M = Cr, Fe, Co, In and As). An attempt is made to correlate the thermal stability of these complexes with their gas chromatographic behaviour. The DSC data are used to derive the melting
point and the heat of fusion of these complexes. The DTG data indicate
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the peak vaporisation temperature for each complex, and the onset
temperature of vaporisation, as determined f r o m the TG data, indicates
the thermal stability range for each complex.

Thermal Decomposition
Afanasova et al. /197/ have studied the thermal stability of a wide
variety of metal dialkyldithiocarbamates and have reported the following general order of thermal stability: Ni > Co > Zn > Cd > Pb >
Sb > Bi. The initial thermal decomposition temperature of the chelates
studied is within t h e range 150 - 255°C. From TG data, it is shown
that the thermal

stability of metal dithiocarbamate complexes is

directly related to the activation energy of thermal decomposition.
It is also reported that metal dithiocarbamates are more thermally
stable than the corresponding metal dithiophosphates. Udupa and
Aravamudan

/198/

have studied the thermal decomposition path-

way of a short series of copper(I) dithiocarbamate complexes: Cu( R , R 2 N C S 2 ) , [RJ = H, Et, P h C H 2 ; R 2 = ( C H 2 ) 2 0 ( C H 2 ) 2 ] . The final
product of thermal decomposition in air is stated to be cupric oxide
in all cases. Gelling /199/ has studied the thermal decomposition
(in vacuo,

in toluene) of a zinc bis(dimethyldithiocarbamate)-butyl-

amine vulcanisation accelerator. Amine exchange occurs at
yielding BuNHCSNMe 2 , M e 2 N C S 2 N M e 2 ,
as a

minor

product.

Z n S and

Zinc-bis(butyldithiocarbamate)

100°C

BuNHCSNHBu
is

produced

as an intermediate, which decomposes at 110°C in toluene to yield
BuNHCSNHBu, CS 2 and ZnS. The thermal decomposition behaviour
of related systems such as zinc bis(dimethyldithiocarbamate)-cyclohexylamine and zinc bis(dimethyldithiocarbamate)dibutylamine complexes was also studied. This study is of prime importance in rubber
technology. Kitovskaya /200/ has reported a simple analytical procedure for determination of the active constituent of the fungicide
'Zineb', based

on thermal decomposition of t h e constituent

zinc

dithiocarbamate complex:

HN

NH
S

s

between 130 and 170°C.
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Dobrowolski et al. /201/ have studied the thermal decomposition
of a series of gold(I) dithiocarbamates by TG. Many of these complexes
decompose spontaneously at ambient temperature. Smith et al. /202/
have studied the thermal decomposition of a series of metal dithiocarbamates by thermoparticulate analysis, a technique which detects
the initiation of thermal decomposition via measurement of the temperature corresponding to particulate emission. Mortag et al. /203/ have
reported thermal decomposition data for three aluminium thiocarbamate complexes: ALX3 (X = PrNHCSO, C 6 H u NHCSO and PrNHCS 2 ).
These complexes readily hydrolyse. Johri and Venugopalan /204/
have studied the thermal decomposition in air of a range of metal
N,N'-bis(dithiocarboxy)-o-phenylenediamine complexes:

Η
Μ = Cu, Zn, Cd, Co,
Μ (II)

Ni, Sn, (VO) or ( U 0 2 )

Η

From TG data for these complexes, it is concluded that all are
thermally unstable, most decomposing around 50°C. A one-step
decomposition process is observed and the final residue in each case
is the metal(II) oxide. Kumar and Kaushik /205/ have studied the
thermal decomposition in nitrogen and oxygen atmosphere of Zn,
Cd and Hg(II) bis(N-ethyl)- and bis(m-tolyl) dithiocarbamates. A
two-step decomposition is apparent in all cases with the Hg(II) complexes being the least thermally stable of the series. For the Zn and
Cd complexes decomposing in a nitrogen atmosphere, TG data verify
the intermediate as the corresponding metal thiocyanate, whereas
for the Hg(II) complexes, the intermediate is mercuric sulphide. The
final residues were the metal sulphides in the case of the Zn and Cd
complexes, but no residue in the case of the Hg(II) complexes due
to complete volatility of the mercuric sulphide intermediate. For
the same Zn and Cd complexes decomposing in an oxygen atmosphere,
TG data reveal the intermediate and final residue as the metal (II)
sulphide and metal(II) oxide, respectively in each case. For the Hg(II)
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complexes, the intermediate in both cases is mercury(II) sulphide
and there is no final residue. Hence, the thermal decomposition pathway for these complexes has been defined. Udupa and Nagaraja /206/
have studied the thermal decomposition in air of three molybdenum
dithiocarbamate complexes: [Mo(NO) 2 (Et 2 NCS) 2 ], [MoO(NCS)(Et 2 NCS 2 )] and [MoS 2 Et 2 NCS 2 ] 2 . TG data for these complexes reveal
that the disulphido complex has the greatest thermal stability. The
thermal decomposition pathways for these complexes are complex.
Essentially a two-step simplified thermal decomposition pathway
is proposed for each complex involving MoS 3 , MoS 2 and Mo 2 S 8
as intermediates, respectively. The final residue in each case is M o 0 3 .
Kaushik, Chhatwal and Sharma /207, 208/ have studied the thermal
decomposition in air of a series of metal N(p-ethoxyphenyl)dithiocarbamate complexes: Μ = Cu(II), Zn, Cd, Sn(II), Sn(IV), Ni, Pd(II),
Au(III), As(III), Fe(III), Co(III) and Mo(V). The thermal decomposition pathway for each of these complexes was determined from
TG data. Essentially, a two-step, simplified thermal decomposition
pathway is proposed for each of these complexes involving the metal
sulphide as intermediate and the metal oxide or the metal as the final
residue. However, a detailed analysis of the TG data for the nickel
complex indicates a four-step decomposition involving the intermediates metal thiocyanate, metal sulphide and metal sulphate. Similarly,
the Fe(III) complex exhibits a three-step decomposition involving
the intermediates metal sulphide and metal sulphate. Also, for the
Cu(II), Zn and Sn(II) complexes, kinetic data are evaluated by TG
and it is concluded that for the initial decomposition reaction of
these complexes, first order kinetics applies. Enthalpies of decomposition for these complexes are derived from DTA data. A comprehensive discussion of the thermal stability of these complexes
is given. Finally, Srivastava and Agarwal /209/ have studied the thermal
decomposition in nitrogen of the thiuramdisulphide complex of thorium(IV) nitrate. From TG data, it is deduced that the complex is
thermally stable to 130°C and at 570°C has completely decomposed
to thorium(IV) sulphide. The following thermal decomposition pathway is proposed:
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It is apparent that the majority of thermoanalytical data for metal
dithiocarbamates refer to complexes containing first row transition
metals. Although a diversity of dithiocarbamate ligands is exhibited
by these complexes, there are relatively few thermal data for cor
responding complexes of other transition metals and 'p-block' metals
and hence the advantageous situation of being able to discuss such
overall data in terms of the traditional periodic and group trends is
not possible.
Sublimation appears to be a useful method for separating some
binary metal dithiocarbamate systems and TG data for metal dithiocarbamates continue to be of prime importance in the context of
categorising such complexes for gas chromatography studies based
on the degree of volatility. Much controversy exists as to the degree
of volatility of metal dithiocarbamates, and quantitative DTA and
particularly DSC data in this area are sparse.
Thermal decomposition

pathways continue to be reported for

a wide variety of metal dithiocarbamate complexes based essentially
on TG/DTA data. Unfortunately, many of these pathways are suspect,
since the volatile decomposition products, stable intermediates and
final residue are often not identified. The relatively new combination
techniques, TG/MS and TG/GC-MS allow much scope for these shortcomings to be overcome in f u t u r e studies of the thermal decomposition
of these complexes. Also, decomposition pathways continue to be
reported with reference to air as t h e decomposition environment.
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Such an oxidising medium complicates the decomposition pathway
of the complex by introducing secondary oxidation reactions and
often produces a non-stoichiometric mixed metal oxide residue.
There is much scope for further derivation of kinetic data for
metal dithiocarbamates based on TG data and for study of these
complexes by other thermoanalytical techniques — in particular,
thermomechanical analysis (TMA).
5. SPECTROSCOPIC TECHNIQUES

In this Section, the literature is reviewed with respect to spectroscopic data for metal dithiocarbamate complexes which are of direct
analytical significance. Thus, papers, which contain spectroscopic
data for metal dithiocarbamate complexes and are of structural and
characterisational significance, are omitted — which essentially means
that the vast literature on the application of such spectroscopic techniques as infrared, Raman, n.m.r., e.s.r., Mössbauer and ESCA is not
included in this review. The relatively few papers which fall within the
defined boundaries of this review are grouped into four sub-sections
according to the spectroscopic technique involved.
UV- Visible

Spectrophotometry

Klewska and Strycharska /210/ have described an analytical procedure for the determination of trace Cu in biological material. Autopsy specimens were neutralised with concentrated H 2 S 0 4 / H N 0 3
and extracted with a carbon tetrachloride solution of zinc dibenzyldithiocarbamate. The absorbance of the organic phase was determined
at 440 nm. Grand and Tamres /211/ have described a spectrophotometric method for the determination of four metal diethyldithiocarbamates: M(S 2 CNEt 2 ) 2 , M(II) = Hg, Pb, Cd and Zn. The method
involves titration of the metal complex directly with iodine in chloroform as solvent. The titration is followed spectrophotometrically
by monitoring the disappearance of the iodine absorption at 510
nm. On passing the end-point, excess iodine forms a charge transfer
complex with the tetraethylthiuram disulphide product, which can
be detected at 356 nm. Darakhvelidze /212/ has reported a colorimetric
method, for the determination of Cu in wine. Wine samples are passed
down a cation exchange resin ( H + form), Seignette salt is added to
the eluent and the pH adjusted to 9 . 0 - 9 . 2 with N H 4 0 H . A 0.1%
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solution of sodium diethyldithiocarbamate is added, the coloured
copper diethyldithiocarbamate is extracted with CC14 and the Cu
determined spectrophotometrically. Busev et al. /213/have investigated
spectrophotometrically some heavy metal pyrazolinedithiocarbamate
complexes. Pyrazoline dithiocarbamic acids react with Ni in a 1:2
ratio at pH 7 - 10.5 and with Co in a 1:3 ratio at pH 6.5 - 9.5. Beer's
law is obeyed over the concentration range 0.2 — 3 Mg/ml. The twophase stability constants were calculated for Co, Ni, Pb, Cd and Zn
pyrazolinedithiocarbamates by the distribution method and by using
the exchange equilibruim of the complexes in a heterogeneous aqueous/
organic system, or the metal dithizonate/pyrazolinedithiocarbamic
acid in a homogeneous chloroform system. Alcarde et al. /214/ have
reported a colorimetric method for the determination of Cu in fertilisers. The sodium diethyldithiocarbamate colorimetric method
of Sandell was adopted. A phosphate interference study is also reported. Grushevskaya /215/ has investigated the dithiocarbamate
content of milk. Clark's method, based on the acid hydrolysis of
dithiocarbamates to CS 2 and subsequent colorimetric determination
of copper diethyldithiocarbamate resulting from the reaction of CS2
with Et 2 NH and copper acetate, was used to determine dithiocarbamates in milk at 5 — 10 Mg/100 ml. Busev et al. /216/ have described
an extraction/spectrophotometric method for the determination
of molybdenum in alloys. Mo(V) and Mo(VI) can be determined
in W alloys by reaction (1:4 ratio) with 3,5-diphenylpyrazolinedithiocarbamate. Beer's law is valid over the mass range of 0 — 35 μg
Mo. The overall experimental error is 5.5%. Cu(II), Sn(II), Fe(III)
and V(V) interfere at 1:1 levels and Re(VII), Nb(V) and V(IV) interfere
at 1:10 levels. Mukoyama and Hasebe /217/ have described a rapid
spectrophotometric method for the determination of Cu using zinc
dibenzyldithiocarbamate. The sample containing 0 — 40 jug Cu is
dissolved in acid and extracted with chloroform containing 0.03%
zinc dibenzyldithiocarbamate. The absorbance of the organic phase
is determined at 438 nm. Bi3+ (30 ßg) and Fe 3+ , Ni 2+ and Co 3+ (500
jig) do not interfere. Rangaswamy et al. /218/ have selected a colorimetric method for the determination of the fungicide 'Zineb'.
'Zineb' reacts with cupric acetate in acid solutions to form a copper
dithiocarbamate complex, which is detected colorimetrically at 370
nm. The method is applicable to the determination of 'Zineb' on
grains and peanut pods. Krylova /219/ has described a sensitive test
for 'Zineb' in air. The test depends upon the ability of the dithio36

carbamate moiety of 'Zineb' to reduce Mo(VI) in silicomolybdic
acid to molybdenum blue which is detected spectrophotometrically
at 670-690 nm. The test is rapid and the sensitivity limit is 2.5 μg
'Zineb'/5.5 ml air. Schmid et al. /220/ have assessed a method for
the determination of dithiocarbamate residues in tobacco. The tobacco
leaves are dried at 25-30°C and ground. The dithiocarbamate residues
are distilled from the ground samples dissolved in 5% sodium ascorbate/70% formic acid solution. The distillate is passed through washing
flasks containing 5% Cd(OAc) 2 in 5% HOAc or 1 Μ methanolic KOH.
The resultant sodium diethyldithiocarbamate solution is assayed
spectrophotometrically at 275 nm and the data used to give the 'Maneb'/'Zineb' concentrations in tobacco. However, Lyalikov and Kitovskaya /221/ have criticised spectrophotometric methods for the
determination of 'Zineb' in tobacco on the basis that such methods
involve acid digestion of the tobacco and the chosen analytical procedure does not discriminate between 'Zineb' and the decomposition
products thereof. Koshimura /222/ has described a spectrophotometric method for the determination of copper by extractive separation with pivaloylacetylmethane and ligand replacement with sodium
diethyldithiocarbamate. The copper diethyldithiocarbamate in benzene
is assayed at 436 nm. Beer's law is obeyed over the concentration
range 2—55 ßg Cu/10 ml C 6 H 6 . An interference study revealed interference by Fe(III), Pd(II), EDTA and citrate. Podchainova and
Ushkova /223/ have assessed the sensitivity of the spectrophotometric
determination of Mn, Cu, Ni and Co with sodium diethyldithiocarbamate. At 268 nm, the absorption of the Ni complex does not interfere with that of the Co complex. Lambrev and Angelova /224/
have reported a spectrophotometric method for the determination
of ethylenebis(diethyldithiocarbamato)zinc(II). The complex is dissolved in NaOH, treated with ammonium molybdate in H 2 S 0 4 and
determined spectrophotometrically at 576 nm to an error of 1.1%.
Sugawara et al. /225/ have reported a spectrophotometric method
for the determination of Cu 2+ involving the complexing agent bis(2aminoethyl)dithiocarbamic acid. Cu 2+ reacts with bis(2-aminoethyl)dithiocarbamic acid in aqueous solution to form yellow complexes
for which the Cu/Ligand ratio is 1:1 in the presence of excess Cu 2+
and 1:2 in the presence of excess ligand. The absorbance maxima
of these complexes are at 385 and 437 nm, respectively. Cu 2+ was
best determined at pH 4 - 5 in the presence of tetradecyldimethylbenzylammonium chloride and excess bis(2-aminoethyl)dithiocar-
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bamic acid by measuring the absorbance at 437 nm. Beer's law is
obeyed over the concentration range 1 2 . 5 — 9 3 . 8 Mg/50 ml. Al 3 + ,
Ag + , Co 2 + and Ni 2+ interfere. Zyszczynska-Florian / 2 2 6 / has determined,

by

uv-spectrophotometry,

some vulcanisation

accelerators

which are known to migrate f r o m rubber placed in contact with food.
The compounds of interest, zinc dimethyldithiocarbamate, zinc diethyldithiocarbamate

and zinc ethylphenyldithiocarbamate, are ex-

tracted f r o m rubber samples with water and are determined from
their uv-absorption spectra over the range 2 1 0 - 3 4 0 nm. Zheltobryukh
and

Tulyupa

/ 2 2 7 / have described

a spectrophotometric

method

for the determination of Cr(III). Cr(III) reacts with potassium diethanoldithiocarbamate in aqueous solution to form a 1:3 complex.
A solution containing 0.02 — 0.4 mg Cr was heated to 80 — 90°C
at pH 5.6 (NH 4 OAc buffer) in the presence of 0.1 Μ potassium diethanoldithiocarbamate. The excess ligand was decomposed by addition of 2.5 Μ H 2 S 0 4 . The absorbance of the system was determined
at 4 9 0 and 640 nm. A 365 nm spectral filter was employed. The
relative error is reported as < 1.3%. Heavy metals and high concentrations of sulphate interfere. Winell /228/ has reported a spectrophotometric method for the determination of dithiocarbamate residues
in fruit and vegetables. The dithiocarbamate residues are hydrolysed
by refluxing with dilute HCl and the CS 2 released is carried in a nitrogen stream through a trap which removes H 2 S and other interfering
volatiles. It then passes to a second trap containing Cu(OAc) 2 and
diethanolamine. The resulting yellow complex, bis[(2-hydroxyethyl)dithiocarbamato] copper(II) is determined spectrophotometrically at
435 nm. International official tolerance levels for dithiocarbamates
in fruit and vegetables are discussed. Knapek and Chmiel /229/ have
also described a spectrophotometric method for the determination
of dithiocarbamate fungicide residues. After conversion of the residue
to H 2 S, methylene blue was quantitatively formed by reaction of
the liberated H 2 S with p-aminodimethylaniline in the presence of
Fe 3 + and Zn 2 + . The methylene blue was extracted with CHC13 and
the absorbance determined at 650 nm. The sensitivity was ~ 2 μg.
Sasaki / 2 3 0 / has described a novel spectrophotometric method for
the determination of Cu based on ion exchange extraction with aluminium cupferronate and ligand exchange with sodium diethyldithiocarbamate. Cu 2 + is extracted f r o m aqueous solution (pH 4—5)
into aluminium cupferronate in chloroform by ion exchange. The
copper cupferronate complex formed in the organic phase is converted
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to copper diethyldithiocarbamate by mixing the organic phase with
an aqueous solution of sodium diethyldithiocarbamate at pH 9.5
and the absorbance determined at 436 nm. Beer's law applies over
the concentration range 0.2 - 4 μg Cu/ml. Interference by Fe(III)
and V(V) can be eliminated by the addition of NaF and H2O2, respectively. Fukasawa and Yamane /231/ have reported a similar method
for the determination of Cu in Ta and Nb metals. Cu was extracted
from the host metal in acid solution by 0.03% zinc dibenzyldithiocarbamate in CC14. The absorbance of the organic phase was measured
at 438 nm. Beer's law applies for Cu < 25 Mg. Interfering Bi3+ is removed by washing the organic extract with 7 Μ HCl. Ise /232/ has
described a further spectrophotometric method for the determination
of Cu. Copper reacts with m-(mercaptoacetoamido)phenol to form
an insoluble complex at pH 1 — 3. The complex is extracted into
iso-BuCOMe and the organic phase is shaken with 0.1% sodium diethyldithiocarbamate solution. Ligand exchange occurs to give copper
diethyldithiocarbamate, which is determined via the absorbance at
430 nm. Beer's law is obeyed over the concentration range 0 — 30
μg Cu/10 ml. Fe 3+ does not interfere. Ushkova and Podchainova
/233/ have described a spectrophotometric method for the simultaneous determination of Co and Ni. These metals are conveniently
determined as the respective diethyldithiocarbamate complexes at
268 nm and 320 nm. Interference by Fe and Mn is eliminated by
adding K 2 P 2 0 7 . Tkacheva et al. /234/ have described a spectrophotometric method for the determination of Hg via the dicarboxymethyldithiocarbamate complex or the diethanoldithiocarbamate complex.
Scott et al. /235/ have initiated a photochemical study of transition
metal dibutyldithiocarbamate complexes in order to understand the
photostabilising role of these complexes in a polyolefin matrix. Photodecomposition products of bis(N,N-dibutyldithiocarbamato)nickel(II)
and tris(N,N-dibutyldithiocarbamato)iron(III) tetramethylthiuram disulphide and tetramethylthiuram monosulphide, which were determined via the absorbance maxima at 600 nm, 400 nm, and 600 nm,
400 nm and 350 nm, respectively. The kinetics of the photochemical
decay of these complexes are also reported. Hylin et al. /236/ have
described a spectrophotometric method for the determination of the
fungicide, Maneb' —
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The 'Maneb' is converted into 'Nabam' using Na 4 EDTA — the interfering products are selectively removed by extraction with EtOAc,
CHCI3 and CS 2 and the absorbance of the resulting solution is determined at 284 nm. The method is also suitable for the determination
of 'Zineb'. Donaldson / 2 3 7 / has reported a spectrophotometric method
for the determination of Bi in metal concentrates and non-ferrous
alloys. The complicated method involves a double extraction of Bi
as the dithiocarbamate and xanthate complex, respectively, followed
by formation of bismuth iodide. The latter is determined at 337 or
460 nm. Lead interference is eliminated by washing the final extract
with dilute aqueous HCl. Zakharieva and Karadakov /238/ have also
described

an extractive spectrophotometric method for the deter-

mination of Bi in the presence of Cu and Fe. Bi and Cu are extracted
into

chloroform

with sodium diethyldithiocarbamate.

EDTA and

ammonium citrate are used as masking agents for Fe. Bi is subsequently separated from Cu by back extraction with HCl and determined as the corresponding chloride complex at 328 nm. Kirillova
et al. / 2 3 9 / have reported a colorimetric method for the determination
of Mn in rare earth metal compounds. The rare earth metal sample
is dissolved in acid and evaporated — the residue concentrate is adjusted to pH 5 — 6.5 and heated at 80 - 90°C with sodium diethyldithiocarbamate and Polyacrylamide t o f o r m a brown gel. Precipitation of Mn is completed by adding sodium 8-thiooxinate at 70°C.
The precipitate was subsequently dried and annealed at 80°C. The
residue was dissolved in acid and boiled with H3PO4/KIO4 with cobalt
nitrate as catalyst. Mn was subsequently determined colorimetrically
as MnO". King /240/ has described a high-speed liquid chromatography/spectrophotometric

method

for

the

determination

of

Cu

in the presence of Mo. A chelating ion-exchange resin incorporating
an o-hydroxypropiophenoxime functional group on the matrix was
synthesised and used for the separation and determination of Cu
and Mo by high-speed liquid chromatography. Bis(2-hydroxyethyl)-
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dithiocarbamate and thiolactic acid were employed as colour forming
reagents for the continuous

spectrophotometry

determination

of

Cu and Mo, respectively. Fe, U, citrate and fluoride interfere in the
determination of Cu. Chmiel / 2 4 1 / has assessed a s p e c t r o p h o t o m e t r y
method for the determination of trace dithiocarbamates in fruit and
vegetables. Dithiocarbamate based fungicides such as 'Ziram', 'Maneb'
and 'Zineb' were extracted f r o m the fruit or vegetable sample with
chloroform and heated with concentrated HCl/SnCl 2 . The evolved
CS 2

was trapped in MeOH/KOH solution. The resulting

xanthate

was pyrolysed to ZnS by heating with Z n ( O A c ) 2 . H 2 S was released
from the ZnS by addition of acid and methylene blue was formed
by reaction of the H 2 S with p-aminodimethylaniline in the presence
of Fe 3 + . The absorbance of the dye was determined at 6 6 2 nm. The
method was applied to the determination of dithiocarbamate residues
in apples, currants, tomatoes, cucumbers and beans. Satake and Tanaka
1242/ have described a further spectrophotometric method for the
determination

of Cu. The method involves the coprecipitation

of

copper diethyldithiocarbamate and naphthalene in acetone. The precipitate was filtered off, dried and dissolved in DMF. The absorbance
of the DMF solution was determined at 437 nm. Beer's law is obeyed
for the concentration range 3 — 52 jug Cu/10 ml DMF. The molar
absorptivity is 2.5 Χ 10 4 . Pilipenko and Safronova / 2 4 3 / have reported
a spectrophotometric

method

for the simultaneous

determination

of Co(II) and Ce(IIl). Co(ll) and Ce(III) form 1:1:1 and 1:1:2 m i x e d ligand complexes respectively with diethyldithiocarbamate and methylthymol blue. These complexes exhibit independent absorption maxima
in the range 6 0 5 - 6 2 0 nm. Fe(III), Al, Th, Zn, C u ( I I ) a n d Cd interfere.
The Ce(III) complex can also be used to determine diethyldithiocarbamate by extraction of the mixed-ligand complex into CHC13
and subsequent absorbance determination at 597 nm. Volkova and
Dronova / 2 4 4 / have described a photocolorimetric Tnethod for the
determination

of

sodium

ethylphenyldithiocarbamate

mediate in the industrial synthesis of

— an

inter-

N,N'-diethyl-N,N'-diphenyl-

thiuram disulphide — a vulcanisation accelerator. Sodium ethylphenyldithiocarbamate

is converted

to

bis(N-ethyl-N-phenyldithiocarba-

mato)nickel(II) by addition of N i S 0 4 . The complex is extracted into
chloroform and determined spectrophotometrically. Impurities such as
CS 2 and sodium thiocarbamates give no significant interference.
Thus, it is apparent that various dithiocarbamate ligands, in particular diethyl-, dibenzyl-, diethanol- and pyrazolinedithiocarbamate
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are well-established chelating agents for the determination of a wide
variety of metals, notably first-row transition metals, by uv-visible
spectrophotometry. Diethyldithiocarbamate is the most widely used
chelating ligand for Cu. Many of these trace metal determinations
are augmented by interference studies and the limitations of the overall
method are defined. There is much scope for the extension of the
dithiocarbamate complexation principle to the determination of
second and third row transition metals and 'p-block' metals, especially those of environmental significance such as Ag, Cd, Hg, As, Sn
and Pb.
Several uv-visible spectrophotometric methods have been reported
for the direct or indirect determination of dithiocarbamate-based
fungicides and pesticides and for the determination of dithiocarbamate-based vulcanisation accelerators. Since dithiocarbamate-based
fungicides and pesticides are widely used in agriculture, dithiocarbamate residues need to be determined in a wider variety of foods and
'tolerance levels' need to be reviewed and reassessed. The role that
dithiocarbamate-based vulcanization accelerators play in rubber technology is complex. There is much scope for extended analytical studies
of the degree to which these compounds are 'retained' by rubber in
contact with a variety of consumable products.
Atomic Absorption Spectrometry

(AAS)

Yanagisawa et al. /245/ have reported an AAS method for the
determination of trace chromium. Cr(III) and Cr(VI) are readily extracted at pH 6 or 4, respectively, into isobutylmethylketone following complexation with sodium diethyldithiocarbamate for Cr(VI)
or with 8-hydroxyquinoline for Cr(III). Cr is subsequently determined
by AAS at 357.9 nm. Jackworth et al. /246/ have described an AAS
method for the determination of trace metals in powdered tungsten.
Trace metals such as Ag, Cd, Co, Cu, In, Ni, Pb, T1 and Zn are dissolved from the W sample by H 2 0 2 and complexes with sodium diethyldithiocarbamate. The metal content of these complexed is subsequently determined by AAS. Arnac and Verboom /247/ have determined the solubility products of some metal pyrrolidinedithiocarbamate complexes by AAS. For Cu, Pb, Ni, Zn and Cd pyrrolidinedithiocarbamates, the solubility products are 16.4, 18.6, 18.3,
15.9 and 18.9, respectively. The stoichiometry of the precipitation
reaction was determined by polarography. Hildebrand and Pickett
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12481 have determined the volatility of Cr(IlI), Co(III), Cu(II), Mn(II),
Ni(II) and Zn(II) dialkyldithiocarbamate complexes by AAS. Radioactive
tracers were used to determine the degree of volatilisation of these
complexes and temperature profiles were constructed by plotting
absorbance versus temperature of the injection port. This is a novel
method for the determination of metal chelate volatility. Mizoguchi
and Ishii /249/ have reported a solvent extraction/carbon furnace
AAS method for the determination of Co and Ni. Extraction of Co
and Ni into CHC13 was effected by complexation with sodium diethyldithiocarbamate or ammonium pyrrolidinedithiocarbamate at
pH 2.6 — 6.3 (Co) and pH 3.5 - 6.3 (Ni). The method is not selective,
since a wide range of metals interfere including Fe(III), Mn(II) and
Mo(VI). The method is applicable to the determination of Co and
Ni in steel and ores. Jackson et al. /250/ have applied AAS to determine Cu as selectively removed from ceruloplasmin by chelating
agents such as diethyldithiocarbamate. The ability of sequestering
agents such as diethyldithiocarbamate to mobilise Cu from blood
plasma, serum and ceruloplasmin into a low molecular weight form
was determined by separating the low molecular weight species by
ultrafiltration and determination of the Cu present by AAS or uvvisible spectrophotometry. Diethyldithiocarbamate was found to
be a more efficient chelating agent for Cu than D-penicillamine. Ichinose and Invi /251/ have also reported a solvent extraction/AAS
method for the determination of trace Cu. The Cu is extracted as
copper dibenzyldithiocarbamate into methylpropionate and determined by AAS. Bone and Hibbert /252/ have reported a solvent extraction/AAS method for the determination of ten trace metals in
effluents and natural waters. V, Cr, Fe, Co, Ni, Cu, Zn, Mo, Cd and
Pb may be extracted as the corresponding pyrrolidinedithiocarbamate
complexes into 2,6-dimethyl-4-heptanone and determined by AAS.
An interference study involving high concentrations of Fe is also
reported. Dumancas /253/ has discussed several digestion procedures
and extraction-selective chelation processes as applied to an AAS
determination of total Cu and Hg in water, soil and marine biota.
The use of bis(2-hydroxyethyl)-dithiocarbamate and diethyldithiocarbamate as selective complexing agents for Cu and Hg are assessed.
Karwowska et al. /254/ have investigated possible sources of error
associated with the determination, by flameless AAS, of Cu, Ni and
Pb, following extraction of these metals as the dithiocarbamate complexes into organic solvents. Atomisation mechanisms for these com43

plexes are also postulated. Ito et al. /255/ have reported a solventextraction/AAS method for the determination of Cu and Pb. Cu
and Pb are extracted as the diethyldithiocarbamate complexes at
pH 10—11 into di-iso-butylketone in the presence of sodium citrate
and triethanolamine, and the metal content of these complexes is
determined by AAS. Limiting concentration ranges are 0—5 ßg Cu/5
ml and 0 - 1 0 ßg Pb/5 ml. The method is suitable for the determination
of Cu and Pb in natural waters. Komarek et al. /256/ have investigated
the effect of selective chelating agents on the sensitivity of Co determination by AAS. A marked increase in Co absorbance was noted
for the chelating agents sodium diethyldithiocarbamate and ammonium
pyrrolidinedithiocarbamate using the tantalum boat sample nebulisation procedure. Slovak and Docekalova /257/ have described a
method for the determination of Hg by electrothermal AAS. Hg may
be determined in aqueous solution by electrothermal AAS following
addition of sodium diethyldithiocarbamate as complexing agent.
The effective concentration range for such determinations is 2—20
ppb Hg. The method is suitable for the determination of trace Hg
in natural waters. Merodio and Rapanelli de Trauman /258/ have
determined Fe, Co and Ni in non-aqueous systems by AAS. Optimum
analytical sensitivity was achieved using sodium diethyldithiocarbamate
or ammonium pyrrolidinedithiocarbamate as complexing agent and
ethyl acetate as the extracting solvent.
Thus solvent extraction, coupled with dithiocarbamate complexation, is an established preliminary procedure for the determination
of a wide variety of metals by atomic absorption spectrometry. Diethyl- and pyrrolidinedithiocarbamate appear to be the preferred
chelating agents. Recently, this analytical procedure has found widespread application in the determination of trace metals in the environment and future determinations of trace metals will be associated
with increased sensitivity following the advent of flameless atomic
absorption spectrometry and the carbon rod atomizer.
X-Ray Fluorescence Spectrometry

(XRF)

Ohnishi and Sekida /259/ have reported an XRF method for the
rapid determination of Zn, Pb, Cu and Cd. The analyte is precipitated
from aqueous solution, buffered at pH 6 - 8 with ammonium tartrate,
using sodium diethyldithiocarbamate and 50 — 200 μg Fe as coprecipitants.
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The effective metal concentration range for the XRF determination is 0—1 ppm. Schreiber /260/ has described a detailed XRF method
for the determination of trace metals in pharmaceutical raw materials,
intermediates and end-products. The heavy metals were analysed
as the corresponding diethyldithiocarbamate or dibenzyldithiocarbamate complexes. For 1 g pharmaceutical samples, the heavy metal
detection limit is 0.05 — 1.00 ßg. Various enrichment procedures
for the heavy metal dithiocarbamate complexes are discussed. Under
et al. /261/ have similarly reported an XRF method for the determination of trace metals in pharmaceuticals. Samples are decomposed
with H 2 S 0 4 and H 2 0 2 . A suitable buffer solution is added and the
trace metals present are coprecipitated with the dibenzylamine salt
of dibenzyldithiocarbamic acid. The heavy metals are determined
simultaneously by XRF. The method is suitable for the determination
of trace Mn, Fe, Co, Ni, Cu, Zn, As, Se, Cd, Sb, Hg and Pb in a wide
range of pharmaceutical preparations. Hellman /262/ has employed
diethyldithiocarbamic and pyrrolidinedithiocarbamic acids as selective
precipitation agents for heavy metals prior to their determination
by XRF. Sulfο salicylic acid and EDTA can be used as masking agents
for Fe and Zn. The method is particularly suitable for the determination of Hg in aqueous sediments and in airborne dust and of Pb
in airborne and roadside dust. Leyden et al. /263, 264/ have reported
the results of a definitive study of preconcentration methods for
the determination of trace metals in water by XRF. For environmentally important metals such as Cr, Μη, Fe, Co, Ni, Cu, Zn, As,
Se, Ag, Cd, Sb, Hg, T1 and Pb, optimum preconcentration is achieved
via precipitation of these metals as the corresponding diethyldithiocarbamate, pyrrolidinedithiocarbamate or dibenzyldithiocarbamate
complex. Also, a comparative study was made of the sensitivity of
determination of these metals by energy-dispersive and wavelengthdispersive XRF. A subsequent exhaustive interference study /265/
was reported. Thus, dithiocarbamate precipitation is an established
preconcentration procedure for the determination of a wide variety
of metals by X-ray fluorescence spectrometry. This spectrometric
technique is associated with greater sensitivity than AAS but, to date,
the application range has been limited. There is much scope for a
wider application of XRF to the determination of trace metals in the
environment and in living systems.
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Other Spectroscopic

Techniques

Sztark et al. /266/ have reported a direct qualitative and quantitative analysis of zinc dialkyldithiocarbamate complexes by infrared
spectroscopy without preceding separation. Binary and ternary mixtures of these complexes can be analysed in the 19 — 80 ßg mass
range. The method is suitable to the determination of zinc dialkyldithiocarbamate complexes in mixtures of the dithiocarbamate-based
fungicides such as 'Thiuram', 'Ziram' and 'Zineb' /267/. Bondoli
et al. 1268/ have tabulated analytical data for 36 pesticides including
dithiocarbamate-based pesticides, derived from infrared spectroscopic
data.
The application of infrared spectroscopy to the direct analytical
determination of metal dithiocarbamates has considerable potential
provided that an assessment is made of the sensitivity of this method
compared to other spectroscopic methods.
Boznyakova and Sidorova /269/ have reported the determination
of trace metal impurities in lithium carbonate by emission spectrography. Traces of V, Co, Mn, Ni and Cr in I i 2 C 0 3 are preconcentrated
by coprecipitation onto powdered graphite. A L i 2 C 0 3 sample (2 g)
is dissolved in HCl and the pH adjusted to 6. Sodium diethyldithiocarbamate is added, the pH is readjusted to 8 and 8-quinolinol and
powdered graphite are added and the resulting suspension is treated
with 1% CdS0 4 solution. The precipitate is analysed in the presence
of 3 mg NaCl by excitation in a d.c. arc for 60 sec. The detection limit
for these trace metals is 5 Χ 10" 6 %.
Aaron et al. /270/ have made a comparative study of low and
ambient temperature phosphorescence characteristics of several pesticides including dithiocarbamate-based pesticides. Kiliyanchuk and
Semina /271/ have reported that dithiocarbamate-based pesticides
such as 'Zineb' can be determined to 5 X 10~ 4 % by luminescence
spectroscopy.
Antholine et al. /272/ have described the determination of Cu
in biological tissue by electron spin-resonance spectroscopy. Sodium
diethyldithiocarbamate is added to the tissue sample and the copper
diethyldithiocarbamate complex so formed is analysed by ESR. The
detection limit is < 0.1 ppm and hence the method is an order of
magnitude more sensitive than AAS.
Thus, apart from uv-visible and atomic absorption spectroscopy,
other spectroscopic techniques have received sparse application to
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metal dithiocarbamate analytical chemistry. The luminescence, phosphorescence and ESR spectroscopic techniques are associated with
attractive detection limits and future applications of these techniques
involving metal dithiocarbamate complexes are inevitable.
6. MASS SPECTROMETRIC TECHNIQUES

Mass spectrometry, as applied to a study of metal dithiocarbamates,
may be categorised as a characterisation technique, or as an analytical
technique. For the purpose of this review, it is necessary to differentiate between these two categories. Papers which discuss mass spectrometry data for metal dithiocarbamates in terms of molecular ions,
thereby using such data for characterisation purposes, are not cited
in this review, whereas papers which discuss such data in terms of
fragmentation pathways, metal exchange reactions in the ion source,
analysis of multicomponent systems or the determination of trace
quantities of metals as the corresponding dithiocarbamate complexes,
are cited.
Gerbelev and Indrichan /273/ have published a short review on
the application of mass spectrometry to study coordination compounds including metal dithiocarbamates. For metal bis(alkyl)dithiocarbamates, a general fragmentation pathway is discussed. Onuska
and Comba /274/ have reported electron impact mass spectra together with fragmentation pathways for eight sodium alkyl- and
dialkyldithiocarbamate salts, two zinc dithiocarbamate complexes
and Me 2 NCS 2 NMe 2 . Hatfield et al. /275/ have reported a detailed
mass spectrometric study of bis(N,N-diethyldithiocarbamato)zinc(II),
which confirms the dimeric structure of this complex in the gas phase,
the fragmentation pathway is characterised by the formation of four
principal cluster ions formed by the loss of Et 2 NCS, Et 2 NCS 2 , (Et 2 NCS
+ C 8 H n ) and (Et 2 NCS 2 + C 8 H 1 7 ), respectively from the dimer molecular ion. The intensity of these fragment ion peaks is such that mass
spectrometry may be used to determine zinc diethyldithiocarbamate
in fungicide residues. Terlouw and DeRidder /276/ have interpreted
the mass spectra of several transition metal dithiocarbamate complexes in terms of metal exchange reactions in the mass spectrometer
ion source. This study highlights the limitations of mass spectrometry
as an analytical technique for metal dithiocarbamate complexes.Manoussakis et al. /277/ have studied several dithiocarbamate complexes
of 'p-block' metals by mass spectrometry: (RCS 2 ) 3 M: R = Et 2 N,
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(PhCH 2 ) 2 Ν, ( M e 2 C H C H 2 ) 2 N , 1-pyrrolidinyl, piperidino; Μ = As(III),
Sb(III), Bi(III). The related fragmentation pathways are rationalised
in terms of pyrolytic (thermal) decomposition of the complexes.
Bradley et al. /278/ have reported mass spectrometry data for
titanium, vanadium and zirconium diethyldithiocarbamate complexes:
M ( S 2 C N E t 2 ) 4 , Μ = Ti, V, Zr; V ( S 2 C N E t 2 ) 3 , V O ( S 2 C N E t 2 ) 3 and
V O ( S 2 C N E t 2 ) 2 . The major fragment ions in the mass spectra of
these complexes are identified. Hauser and Schreiner /279/ have
reported the mass spectra of tris(dimethyldithiocarbamato)chromium(III) and -indium(III) and have identified the associated major fragment
ions. Given et al. /280/ have published very detailed mass spectra
for a series of tris(N,N-dialkyldithiocarbamato) metal complexes:
M(III) = Cr, Fe, Co, Ru, Rh, Ή. The fragmentation pathways of these
and related compounds are discussed. The major decomposition pathways involve loss of the dithiocarbamate ligand radical and loss of
SCNR 2 groups from tris- and bis(dithiocarbamato) metal complex
ions. The parent molecular ions are present in the mass spectra of
most of these complexes, but with relative abundances which vary
greatly. In complexes of the type LFe(S 2 CNR 2 ), where L = CI or
S 2 C 2 (CF 3 ) 2 , neutral dithiolene and chlorine atom elimination are
The major decomposition reactions under electron impact. The parent
molecular ions are virtually absent for these substituted complexes
and dithiocarbamate ligand radical loss from the parent molecular
ion is not observed. This may be described as the most extensive
analysis of the mass spectra of transition metal dithiocarbamate complexes available. Krupcik et al. /281/ have reported the mass spectra
of a series of nickel and zinc bis(N,N-dialkyldithiocarbamato) complexes: (R 2 NCS 2 )Ni, R = methyl, ethyl, propyl, pentyl, butyl, hexyl,
heptyl, octyl, isopropyl, isobutyl: (R 2 NCS 2 )Zn, R = methyl, ethyl,
propyl, butyl, pentyl, isopropyl and isobutyl. General fragmentation
pathways for these complexes are derived. All these complexes produced parent molecular ions under electron impact conditions, the
intensity of which decreased with increasing size of the alkyl substituent. Dias et al. /282/ have reported the mass spectra and fragmentation pathways for three bis(tetramethylenedithiocarbamato)metal(II) complexes:

"

\

Μ

NCS 2
2
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M(II) = Cu, P b , Z n .

Udupa and Nagaraja /206/ have reported the mass spectra of three
molybdenum c o m p l e x e s , M o ( N O ) 2 ( E t 2 N C S 2 ) 2 , M o O ( N C S ) ( E t 2 N C S 2 ) 2
and [ M o S 2 ( E t 2 N C S 2 ) 2 ] 2 . For molybdenum dinitrosyldiethyldithiocarbamate, fragmentation occurs via stepwise removal of NO. There
is no indication of the intermediate formation of dinuclear molybdenum species. For

oxoisothiocyanatobis(dithiocarbamato)molybde-

num, the fragmentation pathway involves formation of the dinuclear
species M o 2 0 ( E t 2 N C S 2 ) 2 S 2 . The mass spectrum of [ M o S 2 ( E t 2 N C S 2 ) 2 ] 2
is simple, involving only the fragment ion M o 2 S 3 ( E t 2 N C S 2 ) 2 . Bratspies et al. / 2 8 3 / have applied the technique Thermal Degradation
Mass Spectrometry (TDMS) to investigate the thermal decomposition
in vacuum of a series of tetrakis(N,N-dialkyldithiocarbamato)tin(IV)
complexes. This technique essentially uses the heated probe of the
mass spectrometer to thermally decompose compounds in vacuum
and the thermal decomposition products are subsequently characterised by mass spectrometry. The thermal decomposition mechanism
of these complexes involves the intermediate formation of
sulphidobis[bis(N,N-dialkyldithiocarbamato)tin(IV)]

di-μ-

complexes. Lat-

timer and Welsh / 2 8 4 / have applied Field Desorption Mass Spectrometry to determine metal dithiocarbamates used as accelerators in
the formation of rubbers. In view of the very low ionisation energy
involved in this technique, the mass spectra are simple, in that fragment ion peaks are in the minority and parent molecular ion peaks
predominate. Hence, the method is applicable to compounds which
are structurally or thermally unstable. The concentration of the metal
dithiocarbamate in the rubber sample was taken to be proportional
t o the intensity of the corresponding parent ion peak.
It is apparent

that

relatively few metal dithiocarbamates have

been studied by mass spectrometry and there is much controversy
associated with many of the proposed fragmentation pathways. Considerable scope exists for study of these complexes especially multicomponent

systems, by chemical ionisation and field

desorption

mass spectrometry.
7. TITRIMETRIC METHODS

Abraham et al. /285/ have described a titrimetric method for the
determination of zinc dialkyldithiocarbamates based on the oxidation
of an ethanolic solution of the complex with excess chloramine-T.
The excess *chloramine-T was determined iodometrically. The mole
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ratio, chloramine-T consumed/complex was 16:1; thus the sensitivity
of the method is excellent. Babko and Tselinskii /286/ have determined
the analytical conditions for the titration of Bi(III) with diethyldithiocarbamate in aqueous/organic solvents. With dithizone as indicator,
Bi(III) reacts with diethyldithiocarbamate in a 1:2 mole ratio at pH 1-3
and 15-35°C. An interference study showed that Zr, Ti, Th and Nb
do not interfere, but Fe(III), V(V), Cr(III) and Ni(II) interfere markedly.
Bhatt and Soni /287/ have investigated the use of sodium diethyldithiocarbamate as a titrimetric reagent for the analysis of aqueous
mixtures of C u S 0 4 / C d S 0 4 and C u S 0 4 / N i S 0 4 . The method is suitable
only for the former over a wide concentration range. Wronski /288/
has shown that dithiocarbamates ( > 1CT 10 mole) in organic solvents
can be determined by fluorimetric titration with tetramercurated
fluorescein

(TMF)

Et3N

either

and

in an iso-PrOH/EtOH/H 2 C) solvent
oxine or prominal

containing

(3-ethyl-l-methyl-5-phenyl-

barbituric acid). This novel analytical method is based on changes
in fluorescence upon displacement, by the dithiocarbamate, of oxine
or prominal from complexes with TMF. Paul etal. /289/ have reported
that dithiocarbamates

may be determined by iodometric titration

with ICN or BrCN in aqueous solution at pH 2.1 — 2.5 and pH 6.2 —
6.7, respectively, using starch as indicator. Petroleum ether, CC14
or CHC13 were used to extract the thiuram disulphide formed and
the oxidant was added directly to the aqueous layer. Nomura et al.
1290/ have investigated a metal exchange/dithiocarbamate

reaction

as the basis of an analytical method for Hg 2 + . The proposed reaction
is
CU(DDC) 2 (CHC1 3 ) + HgJ a + q) -> Hg(DDC) 2 (CHCl 3 ) + C u £ q )
(DDC = diethyldithiocarbamate)
The liberated C u 2 + is determined by complexometric titration with
EDTA. 0.06 — 14.85 mg Hg can be determined by this method.
Verma and Bose /291/ have reported that dithiocarbamates can
be determined by titration with mercuric chloride using diphenylcarbazone as indicator; the sensitivity is 0.3%. Rao and Singh /292/
have shown that sodium diethyldithiocarbamate

(2-9

mg) may

be determined by adding excess cupric chloride, extracting the copper
dithiocarbamate complex formed with CHC13 and titrating the excess
C u 2 + remaining in the aqueous phase with EDTA in the presence
of pyrocatechol
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violet

(buffered with pyridine) as indicator. The

sensitivity is 0.75%. Paul et al. /293/ have used BrCN for the Potentiometrie determination of sodium methyl-, ethyl-, dimethyl-, diethyl- and isopropyldithiocarbamates in ethanol or MeCN as solvent.
Verma and Kumar /294/ have determined dithiocarbamates in acetonitrile as solvent by oxidimetric titration with N-bromosuccinimide
in the presence of potassium iodide. The end-point is determined
visually by the first appearance of iodine, or potentiometrically. The
standard deviation for these titrations is ±0.029 and ±0.025, respectively. Nair and Kumari /295/ have suggested BrCl as an oxidimetric
titrant for the analytical determination of a variety of metal dithiocarbamates: (Et 2 NCS 2 ) n M, Μ = Mg, Al, Μη, Fe, Co, Ni, Cu and Zn.
Verma et al. /296/ have suggested a nonaqueous titrimetric method
for dithiocarbamates involving oxidation with IC1, IC13 and PhICl 2
in acetonitrile/methanol mixed solvent. The reported sensitivity is
0.2%. Wtorkowska-Zaremba /297/ has investigated titrimetric, colorimetric and conductimetric methods for the determination of
sodium dimethyldithiocarbamate and mixtures of ammonium ethylphenyldithio- and ethylphenylthiocarbamates.
Α pH method was also proposed for the determination of NaOH
in the presence of sodium dimethyldithiocarbamate and of NH 3 in
ethylphenyldithiocarbamate. The very low solubility of copper dithiocarbamate in CC14 is suggested as the basis of an analytical method
for the determination of ammonium dithiocarbamate and for the
indirect complexometric determination of ammonium ethylphenylthiocarbamate. Sasaki /298/ has assessed an analytical method for
silver involving the back titration of Ag + with sodium diethyldithiocarbamate. A solution containing 2 - 2 0 mg Ag was treated with
excess sodium diethyldithiocarbamate in ( N H 4 ) 2 S 0 4 / N H 3 buffer.
The excess sodium diethyldithiocarbamate was titrated with a standard
Cd 2+ solution using Eriochrome Black-T as indicator. To eliminate
interference by Cu, Zn and Cd, Ag is separated as AgCl which is subsequently dissolved in the (NH 4 ) 2 S0 4 /NH 3 buffer prior to titration.
The same method essentially is used to eliminate interference by
Hg which is oxidised to Hg 2+ with H 2 0 2 prior to AgCl precipitation.
The method was used to determine Ag in silver coins or in silver brazing
filler metals. Zeleneva et al. /299/ have described a simple method
for the simultaneous determination of diethylhydroxylamine and
sodium dimethyldithiocarbamate in aqueous solution. The sample
solution is heated with 1% HCl solution and after addition of a known
amount of NaOH, the excess free acid is titrated with standard NaOH
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solution to a Phenolphthalein end point. Hence, diethylhydroxyiamine is determined. The sodium dimethyldithiocarbamate in the
original mixture is subsequently determined by addition of an acetate
buffer and 0.2Μ ZnS0 4 in excess. The insoluble zinc dimethyldithiocarbamate was filtered off and the excess Zn 2+ was determined
by titration with Trilon B. The respective analytical precisions are
1.5% and 3.5%. Tabo etal. /300/have reported a wet oxidation method
for the determination of sulphur in metal dithiocarbamates. A chloroform solution of the complex is oxidised with bromine, followed
by evaporation with HN0 3 /HC1. The moist residue is dissolved in
water, passed through a cation exchange column (H + form) and ethanol
2added to the eluent. The S 0 4 oxidation product is subsequently
titrated with standard barium chloride solution using dimethylsulfonazo III as indicator. The Ta Chang Mining Bureau /301 / has reported
a method for the determination of mercury in cinnabar using the
reagent sodium diethyldithiocarbamate in alkaline medium and Cu
as indicator. The sample is dissolved in aqua regia prior to titration
with alkaline sodium diethyldithiocarbamate. The end-point is indicated by the formation of yellow copper diethyldithiocarbamate.
Fe 3+ in the cinnabar sample is masked by tartaric acid. Verma /302/
has described a direct titrimetric method for the determination of
metal dithiocarbamates. The complex is titrated with standard AgN0 3
solution in the presence of the adsorption indicator, dichlorofluorescein. Srivastava /303/ has similarly described a direct titrimetric
method for the determination of dithiocarbamates involving N-iodosuccinimide as indicator. The reported accuracy of the method is
0.1%.

Musovik 1304/ has used diethanoldithiocarbamate as a masking
agent for magnesium in the EDTA complexometric determination
of trace Pb, Zn, Cu, Cr, Ni, Co, V, Zr, In and Ga in silicate rock samples. The indicator used was Eriochrome Black T. Pilipenko et al.
1305/ have used sodium diethyldithiocarbamate for the determination
of metal ions in water/acetone solution using bis(p-sulfophenyl)thiocarbazone as indicator. Rao et al. /306/ have described a method
for the determination of palladium in aqueous solution based on
an exchange reaction with lead diethyldithiocarbamate in 1:10 CHC13/
CC14 solution at pH 2 — 4. The exchanged Pb 2+ in the aqueous phase
is titrated at pH 5 — 6 with standard EDTA solution using xylenol
orange as indicator. The reported accuracy of the method is ±1%.
Pillai and Indrasenan /307/ have described a redox back-titration
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method for the determination of dithiocarbamates in aqueous solution,
involving iodoamine-T as the oxidimetric titrant. Similarly, Radhamma
and Indrasenan /308/ have reported a back-titration method for the
determination of Cu(II) and Zn(II) dithiocarbamates, involving ICI 3 as
the oxidimetric titrant.
Much interest has focused on the application of titrimetric methods
for the determination of 'active' dithiocarbamate in fungicides. Rusiecki and Wiadrowski /309/ have described an analytical method
for the determination of 'Zineb' in biological materials such as urine,
blood, liver and kidney samples. The fungicide is extracted from
the biological sample with pyridine-ethanolamine and burned on
a filter-paper. The residual sulphur was converted to sulphide and
determined complexometrically. Barbero /310/ has described a titrimetric method for the determination of zinc dimethyldithiocarbamate in the fungicide 'Ziram'. The active complex is hydrolysed with
HCl and the liberated dimethylamine is quantitatively distilled into
excess 0.05M H 2 S 0 4 . The excess acid is titrated with 0.1 Μ NaOH
using Congo-red as indicator. Shishkov era/. /311/ have described
a simple and rapid method for the determination of zinc diethyldithiocarbamate in 'Zineb'. The 'active' complex is extract'ed with pyridine, precipitated with water and decomposed by heating to 700 —
800°C. The liberated zinc is determined complexometrically. Sztark
and Kwapniewski /312/ have reported an analytical procedure for
the simultaneous determination of 'Maneb', sulphur and thiuram
in fungicide formulations. These three components were initially
separated by their selective solubility in CC14 and thence determined
individually. 'Maneb' was decomposed by heating with 4M H 2 S 0 4 ,
the liberated carbon disulphide absorbed by a methanolic KOH solution and the resulting potassium methylxanthogenate titrated with a
standard 0.1 Μ iodine solution.
Finally, Wronski and Goworek /313/ have reported a thiomercurimetric method for the determination of metal dithiocarbamates
which are used as vulcanisation accelerators. Na, Pb, Zn and Cd dithiocarbamates were determined in slightly acidic ethanolic solution
by direct titration with a 0.01 Μ p-dimethylanilinemercury acetate
solution in the presence of Michler's thioketone as indicator. The
reported relative standard deviation for this analytical procedure
was 0.52 - 2.8% for a sample mass range of 0.229 - 6.16 mg.
Thus, a very wide diversity of complexometric titrations exist
involving complexation of metals by dithiocarbamate ligands. This
S3

is still an active research area and visual end-point determination
is being replaced by spectrophotometric monitoring of the titration.
A disadvantage of the complexometric titration method for the determination of a metal dithiocarbamate is that the overall procedure
involves many steps and often, obscure indicators. A need exists for
a review of detection limits obtainable with this technique compared
to those associated with the instrumental analytical techniques in the
analysis of metal dithiocarbamate complexes.
8. MISCELLANEOUS

Verma and Kumar /314/ have published a review on the quantitative
determination of a wide variety of dithiocarbamates. Henriet et al.
/315/ have reviewed the standard methods available for the determination of dithiocarbamate-based fungicides in fruit and vegetables.
Kremer et al. /316/ have reviewed and tabulated dissociation constants and rate constants for a series of mono- and di-substituted
sodium dithiocarbamates RHNCS 2 Na and RiR 2 NCS 2 Na, where R,
Ri and R 2 = Me, Et, Pr and Bu.
Pevtsov et al. /317/ have reviewed the published solubility products
for Ag, Cd and Zn diethyldithiocarbamates and have reported new
values for Ni, Co, Ga and In diethyldithiocarbamates as 19.26, 20.06,
24.5 and 27.06, respectively.
Ivanova et al. /318/ have presented a theoretical method for assessing the residual amounts of dithiocarbamate-based pesticides in
fruit and vegetables to an accuracy of 20 - 30%.
Shcherbov /319/ has presented a theoretical method for predicting
the analytical properties of some hundred cations from a plot of
the outer electronic structure of a cation versus log of the corresponding ionic potential. The reactivity of these cations towards organic
ligands containing O, N, S, As and Ρ donor atoms, including dithiocarbamate, is discussed.
Genchev and Postadzhyan /320/ have proposed a colour spot test
for molybdenum, involving the reaction of sodium diethyldithiocarbamate with permanganate ion in acid solution. An interference
study involving the ions Fe 3+ , Cu 2+ , Al 3+ , Zn 2+ , As 3+ , CI", SO4", HPO4"
and ( S i W ^ O ^ ) 4 " is also reported. The spot test reaction was applied
to determine molybdenum in fertilisers. Stevenson /321/ has proposed
a colour spot test for the determination of the metal content of some
dithiocarbamate-based fungicides such as 'Zineb'. The test involves
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the reaction of the fungicide with acid dithizone and sodium hydroxide. Postadzhyan et al. /322/ have proposed a gravimetric method
and a colour spot test for the determination of the active component,
zinc ethylene-l,2-bis(dithiocarbamate), in fungicides. The gravimetric
method is based on the quantitative precipitation of the zinc dithiocarbamate complex by (NH 4 ) 6 Mo 7 0 2 4 in acid solution. The colour
spot test is based upon the reaction of the zinc dithiocarbamate complex with ammonium molybdate in acid solution. The sensitivity limit
is 1:10 s .
Szczepaniak et al. /323/ have prepared and evaluated a new leadselective membrane electrode containing lead diethyldithiocarbamate.
The electrode is responsive to a Pb 2+ concentration range of 10~ 6 —
10~ 2 Μ at pH 4.5 — 6.0. The electrode was employed to determine
the analytical end-point in titrations of PO4" WO4" C j O ^ a n d CrO^"
with Pb 2+ in water and water-dioxane solutions.
Gorenc and Kosta /324/ have investigated the extraction of bismuth
into organic media using ammonium tetramethylenedithiocarbamate
as the extracting reagent. The method is applicable to trace levels of
Bi, 10~ 6 - ΙΟ" 8 M.
Newsome /325/ has proposed a method for the determination
of ethylene-bis (dithiocarbamate) in food crops. The fungicide, such
as 'Maneb', is hydrolysed to ethylenediamine by stannous chloride
in acid solution. The ethylenediamine content is determined by gasliquid chromatography of the bis(trifluoroacetate) derivative. Mezonnet et al. /326/ have determined the dithiocarbamate content
of a hundred lettuce samples using the Keppel method. The relativity
of the data to the legal limit for such vegetable samples is discussed.
Gershkovich /327/ has assessed an analytical method for the determination of sodium diethyldithiocarbamate in atmospheric samples.
The method depends on the catalytic effect of sodium diethyldithiocarbamate on the reaction between I 2 and N3. The detection limit
is 6 μg.
Sandhu /328/ has reported a detailed interference study associated with the determination of arsenic by the silver dithiocarbamate
method. Co, Cr, Mo, NOJ, Ni and PO4 interfere at concentrations
> 7 m g - d m " 3 . Sb interferes at concentrations > 0.03 m g d m ~ 3
and Hg interferes at concentrations > 1.5 mg · dm~ 3 . Ion exchange
chromatography is proposed as a method for the removal of interfering ions in this analytical procedure.
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The most significant advance in this Section is the incorporation
of metal dithiocarbamates into ion-selective electrodes which is a
recent innovation and this analytical aspect of these complexes will
burgeon once a wider range of selective dithiocarbamate ligands is
available.
The analytical chemistry of metal dithiocarbamates has been systematically and concisely reviewed over at least the decade 1972 —
1982, and it is apparent that this aspect continues to attract paramount interest. The future of this well-established research area will
involve more diverse analytical applications of these complexes, designed to increase knowledge of the role of metals in the total environment.
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