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Foram estudados aspectos experimentais e tedricos sobre o comportamento do complexo de
chumbo com dietanol ditiocarbamato (DEDC), em solucdo. A reacdo ocorre através daformagdo de
um precipitado amarelo, 0 qual é solivel em excesso de ligante e aguns solventes polares. Os
resultados das andlises, elementar e gravimétrica, mostram uma relagdo estequiométrica de 1:2
(Pb:DEDC), comprovada nos estudos potenciométricos. A aplicacdo da equagdo de Lingane, nas
formas estendida e simplificada, foi avaliada na determinagdo da constante de estabilidade global e
do nimero méximo de coordenagao, por Polarografia convencional. Os resultados indicam que sdo
coordenados trés ligantes, com uma constante de estabilidade, bmLn, aproximadamente igual a4 x
10'®. Estes resultados mostram boa concordancia com outros prévios resultados, obtidos por
potenciometria, para 0 mesmo sistema. Estudos cinéticos-espectrofotométricos foram conduzidos
paraavaliar a estabilidade do ligante puro e complexado em meio &cido.

Experimental and theoretical aspects concerning the behaviour of |ead-dietanoldithiocarbamate
complexes in agueous solutions were studied. The reaction occurs through complexation and
formation of ayellow precipitate, which issolublein ligand excess and in some polar solvents. The
results from elementary and gravimetric analyses show a stoichiometric relationship of 1:2 (Pb(11):
DEDC). Some ambiguous interpretations have been clarified on the application in this system of
Lingane's equation. Polarographic measurements were used to determine the coordination number
(@3.0) and overal formation constant bmn (@4 x 1016), of the lead complexes with ammonium
diethanol dithiocarbamate, which show a good agreement with previous potentiometric results for
the same system. A kinetic-spectrophotometric study was carried out in order to establish the
decomposition of these complexesin acid medium.
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| ntroduction

Dithiocarbamate (dtc) is a class of compounds used
extensively for extraction and spectrophotometric analysis
of heavy metals’. Its high sensitivity and ability to form
stable complexes over a wide pH range has resulted in
numerous applications>>. The properties of this ligand
have been studied since the beginning of this century®.
However, there is almost no information in the literature
about the behaviour of the dithiocarbamates in agueous or

acid media. Thiscompound possessestwo sulfur atomsthat
dlow it to form strong complexes’.

The stability constant of a complex is an important basic
datum in anaytical chemistry, particularly, for predicting
interfering elements and for choosi ng optimum experimental
conditions®®, such as pH and concentration. Apart from
diethildithiocarbamate (DEDTC), diethanoldithiocarbamate
(ADEDC) is one of the most commonly used forms of the
ligand but very little isknown about its complexes mainly in
aqueous acid media. Asapart of the continuing studieson the
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dithiocarbamate  applications™® we report here the polaro-
graphic and spectrophotometric study of the reaction between
lead (II) and ADEDC. Among the studies developed in our
laboratory we describe results concerning asthe adsorptive
voltammetric behaviour'* of five dithiocarbamates (dtcs) at
a static mercury drop electrode. In this work linear and
cyclic wave forms were applied to perform measurements
inopen and closecircuits. Resultsrevealed that theradicals
bonded to the nitrogen atom have asignificant influenceon
the adsorptive properties of these ligands which decrease
inthefollowing series: phenyldtc > benzyldtc > ethylene-
bisdtc > diethanoldtc > diethyldtc. In an other study! a
voltammetric method, based on the adsorptive properties
of the nickel-phenyldithiocarbamate complex, was pro-
posed to determine traces of this metal in sea water. This
study showed that only cobalt and zinc interfere, but not
under the present conditions. After optimization of the
instrumental and experimental parameters, the possibility
of determining nickel (I1) in sea water was evaluated.
Optimal experimental conditions were found to be:
Cphenyldtc =3X 10_3 M, Epre = '085V, pH = 92, tpre =35
min. The limit of detection is 0.026ng/L after 15 min. and
theresultsof precision and recovery were 4.39% and 101%
+ 10%, respectively. Other studieshave been carried out on
spectrophotometric potentiaities®, and the crystal and mo-
lecular structure'® of copper and zinc complexes with
diethanoldithiocarbamate, have been determined. In our
recent study?2 the lead(11)-ADEDC system was eval uated
by potentiometric experiments using a lead electrode for
the determination of solubility and stepwise constants. In
the present work these same complexes have been exam-
ined in more detail and very good agreement has been
found between the values determined in this work with
the™® previous results. The overall stability constant of the
lead (1) complex of diethanoldithiocarbamate in agueous
medium was determined by polarographic measurements
using NaNOgz or NaClOg, as supporting electrolyte.

Experimental

Equipment and reagents

D.C. polarographic measurements were obtained with
a PAR apparatus (model 174A), equipped with a conven-
tional three electrode jacketed glass cell and an X-Y re-
corder (PAR model 0089). The pH was measured with a
pH glass eectrode (Metronm, model AG9100) and a pH
meter (Corning model 130). The spectra were recorded in
the UV-visible region (Diode-Array HP, model 8451 UV-
Vis spectrophotometer) from 190 nm to 800 nm using 1cm
quartz cuvette. All analytical measurements were carried
out at constant temperature (25+ 0,1 °C). Theionic strength
in al solutions was supported with 0.1M NaClOs or
NaNOs. The experiments were performed with analytical
reagent grade chemicals, pure solvents and deionized
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water. The synthesis of the ADEDC was described else-
where'®,

Pb(NOz3)2 solutions were standardized gravimetri-
cally!’ (0.1 M and 0.5 M) and complexometrically® (0.01
M) while ADEDC 0.1 M was standardized potentiometri-
cally using lead (1) astitrant solution and lead as working
electrode™.

Polarographic procedure

A solution containing ADEDC, supporting electrolyte,
poliacrylamid, Triton-X-100 (maximum suppresser mix-
ture) and water was deaerated with N2 for 20 min. Then, a
pre-deaerated aliquot of lead (I1) solution was added. The
polarograms were recorded in the following order: pure
supporting electrolyte, after lead (1) addition, and after
addition of each aliquot of ADEDC.

Soectrophotometric procedure

Spectrophotometric experiments were carried out con-
sidering theinverse order used in the polarographic experi-
ments, i.e., addition of the aliquot of lead after the ADEDC
ligand. In order to avoid different times of decomposition,
the procedure used to prepare all complex solutions was
carried out in such away that the absorbances were meas-
ured two minutes after the addition of the dithiocarbamate.

Resultsand Discussion

Soectrophotometric behaviour and preliminary
experiments

When theligand was added to the metal solution, it was
not possible to observe the reactivity of the Pb-ADEDC
system. Both, ligand and complex, absorb in the same
spectral region, which showsonly anincrease of theligand
peak, despite the formation of the complex. In contrast, by
adding metal to the ligand solution it was possible to seea
clear change in the spectrum. If the ADEDC concentration
ismaintained constant and lead concentration isincreased,
from 1 x 10° to 5 x 10° M, two isosbestic points can be
seen between 200 and 400 nm. Outside this spectral range
there is no change. The absorption spectra of the
diethanoldithiocarbamate exhibit two peaks with maxi-
mum at 260 nm and 290 nm*®?, as shown in Fig. 1. The
addition of leadionsonly affectsthefirst of thesetwo peaks
which corresponds to the sulfur absorption®®. This could
mean that the lead ion can support at least three dithiocar-
bamate ligands in order to justify its coordination number.
In the present work the complexation reaction wasinvesti-
gated by polarography and spectrophotometry.

The complex is quickly formed but it is decomposed
gradually with time as a result of oxidation or of the pH
effect®. Therefore, despite being possible to observe aclear
changein the two peaks of the spectraas afunction of lead
concentration, the shape of the new spectra does not show
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Figure 1. Absorption spectra of the lead (a) and ammonium
diethanol dithi ocarbamate with maximum absorption peaks at 260 nm and
290 nm (b): lead = 1 x 10°M; ADEDC = 1 x 10*M; 0.1 M NaClOx;
T=250+0.1°C.

aregular behaviour and that two i sosbestic points could not
be seen between 200 and 400 nm. It can be seen that the
absorbance increases at 260 nm while it decreases at 290
nm. The most important parameters affecting the spectro-
photometric behaviour are the reaction time and the order
of reagent addition. However, this behaviour can be ade-
quately adjusted to optimize the method. The order of
reagent addition should be considered and thetime between
the dithiocarbamate addition (after lead) and the absor-
bance measurements should be the same for all solutions
with different lead concentrations. Resolution is thus im-
proved in such a way that two isosbestic points are ob-
tained, as shown in Fig. 2. The extent to which the spectra
change (Fig. 2), strongly depends on the narrowing ratio
between lead and the diethanol dithiocarbamate ligand. For
clear observation of the spectrophotometric reaction shown
inFig. 2, afivefold excess of ligand to metal concentration
was used. The complexation reaction has been idedly
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Figure 2. Spectra of the Pb-DEDCA system obtained in a solution
containing a constant ligand concentration and increasing metal concen-
trations, obeying the time between the dithiocarbamate addition and the
order (after lead), for al solutions with different lead concentrations: m=
0,1 (NaClO4); T =25+ 0,1 °C; CapEDC= 1 X 10 M; Ceagqi)= 1% 10°°
M (2),2x 10°M (3), 3x 10°M (4), 4x 10°M (5) 5x 10°M.
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observed by spectrophotometry by measuring the absor-
bance of a1 x 10*M ADEDC solution. Thus, lead is added
in the ideal concentration range between 1 x10° M and 5
x10° M.

The formation of a yellow precipitate was observed
when lead and ADEDC were mixed ina 1:2 (Pb:ADEDC)
ratio. Theprecipitateissolubleinligand excessandin some
polar solvents such as ethanol and acetone. The solubiliza-
tion of the precipitate indicates the formation of a new
species, that means, an other complex. The determination
of lead by gravimetric and elementary analyses of the
compound showed a good agreement with the previous
proposed stoichiometry™®, as shown in Table 1.

Polarographic behaviour

The polarographic behaviour of dithiocarbamates is
very well known and the anodic waves of mercury com-
plexes have been the object of many studies”®. These
anodic waves have limited the analytical application of
many metal -dithi ocarbamate complexes due to the narrow
potential range. Lead (1) is one of the ions that can be
studied by polarography in the presence of dithiocar-
bamate. A 1 x 102 M lead (I1) solution in 0.1 M NaNOs,
shows a DC polarographic wave at 400 mV (vs. SCE). The
complexation reaction has been investigated by measuring
the potential shift (DEy) after adding the dithiocarbamate
ligand to the lead (1) solution. To be able to characterize
the equilibrium and to compare the present results with the
ones obtained previously®®, the polarographic measure-
ments were carried out under identical experimental con-
ditions as in the potentiometric method.

Toavoid any precipitation, the polarographi c behaviour
of Pb-ADEDC system could only be studied in a solution
containing atenfold excess of ligand. Using this condition
it was not possible to determine the successive stepwise
constants by polarography. The lead concentration was
maintained constant at 10° M. This value was chosen
considering the polarographic sensitivity of the solution. A
ligand concentration range of 10 to 101 M was used due
to the low solubility of the complex, especialy in the 1:2
(Pb:ADEDC) ratio.

Figure 3 shows the D.C. polarograms for the pure
supporting electrolyte (a), after adding 10° M Pb(NOs)2
(b), and after adding 1 x102 M ADEDC ligand (c). The
complexation reaction has been investigated by measuring

Table 1. Gravimetric and microanalysis results for the Pb(DEDC)2 salt.

Results Elementary analysis Gravimetric
results
C N H Pb
Theoretica (%) 21.00 4.90 3.50 36.50
Experimenal (%) 2054 486 341 36.55
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thepotential evolution of thepolarographicwaveof 1x 10
M lead solution at increasing concentrationsof ligand, from
1x 102 M to 1 x 10 M. The lead reduction potentia is
nearly 400mV less negative than that of the ADEDC li-
gand. The large negative potential shift of the lead wave
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Figure 3. Typical D.C. polarograms of (a) pure supporting €electrolyte,
0.1 M NaNO3; (b) 1 x 103 M lead(l1) in 0.1 M NaNO3; (c) 1 x 10°M
lead(11) + 1 x 10° M ADEDC in 0.1 M NaNOz.
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indicates the formation of complex between this ion and
ADEDC and its high stability, as shownin Tables2 and 3.

The polarograms obtained by polarographic reduction
of the lead (I1) in 0.1 M NaNOs or 0.1 M NaClOs, are
reversible and controlled by diffusion; the coefficient of
chargetransfer isvery closetotheunit (inHCI 0.1 M HNO3
and app = 0.921)%. The logarithmic analysis of Lead(I1)
polarograms shows alinear dependence of log (id - i/i) vs.
Eqc (Fig. 4), the dope correspondsto areversible reduction.
Addition of theligandtolead (I1) solutionin 0.1 M NaNOsz
or 0.1 M NaClO4 provoke the shift of half-wave potentials
leading to the reduction of this cation at more cathodic
values (Fig. 3 and Tables 2 and 3). In the Pb-ADEDC
system the reduction waves of the complexed ionisrevers-
ible and diffusion-controlled; the logarithmic analysis of
the polarograms shows a linear dependence of log (id - i/i)
vs. Eqc, (Fig. 5). Figure 6 showsthat the half wave potential
represented by DE1» hasalinear correlation with theligand
concentration, this provesthat thereisonly one complexin
the solution, the slopes of linear plots area in agreeement

Table 2. Variation of the potential (vs. Ag/AgCI/NaCl), DE/2, diffusion current, and pH of a 1 x 103 M lead solution as a function of the ligand

concentration in the presence of 0.1 M NaNOs.

CapEDC  DErp(mV) ig(mA) pH -logCL [L]1 -log[L]1 [L]2 -doglL]2  aX10®  -loga.
0.0208 319.55 5.82 7.94 1.6819 0.0181 1.7418 0.0183 1.7376 1576 1.8022
0.0256 327.25 5.62 8.04 1.5917 0.0229 1.6398 0.0231 1.6364 1.940 1.7121
0.0304 332.25 5.82 8.10 15171 0.0277 1.5572 0.0279 1.5545 2.304 1.6374
0.0352 334.60 6.08 8.15 1.4534 0.0325 1.4878 0.0327 1.4855 2.668 1.5740
0.0400 342.40 5.70 7.90 1.3979 0.0373 1.4280 0.0375 1.4260 3.032 1.5183
0.0512 352.30 5.67 7.91 1.2907 0.0485 1.3141 0.0487 1.3125 3.881 14111
0.0608 356.80 6.00 7.91 1.2161 0.0581 1.2357 0.0583 1.2344 4.608 1.3364
0.0704 359.95 5.65 7.98 1.1524 0.0677 1.1693 0.0679 1.1682 5.335 1.2727
0.0800 365.50 5.60 7.99 1.0969 0.0773 1.1117 0.0775 1.1107 6.064 1.2172
0.0896 370.10 5.86 7.99 1.0477 0.0869 1.0608 0.0871 1.0600 6.791 1.1680

Table 3. Variation of the potential (vs. Ag/AgCI/NaCl), DEy, diffusion current,

concentration in the presence of 0.1 M NaClO4.

and pH of a1 x 10"3M lead solution as a function of the ligand

a X10?

CapEDC  DE12(mV)  id (MA) pH -log CL [L]1 -log[L]1 [L]2 -log[L]2 -loga
0.0208 316.9 5.800 7.88 1.6819 0.0179 1,7461 0.0181 1.7410 1576 1.802
0.0256 321.9 5.826 7.85 1.5917 0.0227 1.6431 0.0229 1.6391 1.940 1.7121
0.0304 329.3 5.652 7.89 15171 0.0275 1.5599 0.0227 1.5566 2.304 1.637
0.0352 334.3 5572 7.87 1.4534 0.0323 1.4902 0.0325 1.4874 2.668 1.5740
0.0400 340.4 5.760 7.88 1.3979 0.0371 1.4301 0.0373 1.4276 3.032 1518
0.0512 348.9 5.760 7.88 1.2997 0.0483 1.3156 0.0485 1.3137 3.881 14111
0.0608 351.9 5.800 7.87 1.2161 0.0579 1.2370 0.0581 1.2354 4.608 1.3364
0.0704 361.6 5.740 7.92 1.1524 0.0675 1.1704 0.0677 1.1691 5.336 1.2727
0.0800 365.8 5.592 7.89 1099 00771 11127 00773 11115 6.064 1.2172
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(DEw2) xlog Ci; (2): (DE12) x log [L]1; (3): (DEL2) x log [L]2. Datafrom
0.70 F Tables2 and 3. Other conditions asdescribed in the Experimental section.
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Figure 5. Linear dependence of log (id - i/i) vs. Edc for the complex in
0.1 M NaNOz. Other conditions as described in Experimental section.

with a 1:1 type complex. The half wave potentials of the
Lead(Il), free and complexed, were determined from the
intercepts of the straight lines of Figs. 4 and 5.

Determination of coordination number and overall
stability constants

The following equation (Lingane's simplified equa
tion?"28) was used to calculate the coordination number
and the overall stability constants of the complexesformed
in the system studied.

DE 1= 0.0591 log buin + N 0.0591

log C. (@D}

The results obtained using this equation (log bmin =
15.4inNaNOz and log bmin = 15.6 in NaClOa) areanot in
agreement with previous results™ obtained for the same
system. Thus, a reevaluation was carried out in order to

DE s, = o.or?91

fu £
0g [ [ (buiaCll - @)

The Eq. (2), was first obtained by Heyrovsky and 11k-
ovic® and later by Van Stackel berg and Freyhol d® aswell
as Lingane™. This equation can be applied only when one
complex is present and its stability is relatively high.

The Lingane treatment for the formation of smple
complexes allows the calculations of overall stability con-
stant and the maximum coordination number, where Ci is
the analytical ligand concentration, DEy» is the difference
in the half-wave potential when C. = 0 and when C. * 0,
Im and ImLn are the corresponding diffusion current con-
stantsand bmin values are the stoichiometric overall stabil-
ity constants at constant ionic strength.

Validity of the aproximations

Equation (2), named the extended Lingane's equation,
can besimplifiedto Eq. (1), considering CL =[L]; Im =ImLn
and (fm.an / fMLn) = 1,0.

To verify the validity of the approximation C. = [L],
the correct correlation between DEyj» X log [L] was evalu-
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ated by successive approximations between Eqg. (1) and the
known equation [L] = CL - N’ Cu*2. The slope of the Eq.
(1) (DEy2 x log Cr) was determined considering, firstly, C.
and later [L], in this equation. The iterative cycle of ap-
proximations was repeated until the convergence of the
results (constant values) for N and log bmin (Tables 2 and
3 and Fig. 6). Errors of 6% for N were considered good
resultsand 0.98%for log bmin, insignificant. Therefore, the
approximations were considered valid.

In the second approximation the diffusion current was
evaluated by substituting the values of Iuin and Im
(5.782 mA and 7 mA, respectively) in Eq. (2). In this case,
CL was used instead of activity. The error obtained was
0.54% for log bmiLn and no error was found for N.

To eliminate (fw.fL" / fmLn) in the Eq. (2), the ionic
strength and the concentrations of the species should be
considered. The experiments were carried out in an ionic
strength of 0.1 M and the activity coefficient of the ligand
(fL) wasfound to be 0.758. Considering that theideal value
for (fm.fL" / fmLn) ratio should be 1.0, this approximation
was not recommended. In order to support this conclusion,
Lingane's equation was applied considering the activity
instead of the ligand concentration. The following results
were obtained: N = 2.68 (NaNOs) and 2.86 (NaClOa); log
bmin = 15.80 (NaNOs) and 15.92 (NaClO4). The compari-
son between these values and the one obtained using Cy,
reveals that there was no difference for the coordination
number. However, the error was 3% for log bmin, and we
concluded that Lingane's equation should be used in the
extended form, and that approximations are not valid.
Therefore, the correct valuesfor N and bmn were obtained
from aplot of DEy2 vs. ligand activity, as shown in Fig. 7.

Finally, to check the results obtained in the present
work, the constant (log bwmn) and the coordination number
(N) of the same system were also determined using a lead
electrode developed in our laboratory®®. The results are
presented in Table 4. Table 5 gives a general comparison
between the polarographic and potentiometric methods.

J. Braz. Chem. Soc.

Kinetic evaluation on the stability of
diethanol dithiocarbamates

The ideal concentration range for lead (1 x 10° to 5 x
10" M) to observe spectrophotometrically its reaction with
ADEDC, corresponds to a molar ratio between 10 and 2,
for aconstant ligand concentration of 1x 10*M. Thisrange
is very short to permit a comparison among the spectro-
photometric, polarographic and potentiometric results per-
formed in the present work. The corresponding spectral
variation for this concentration range shows high depend-
ence of kinetic factors, since the two isosbestic points are
a function of the time control. Linear dependence of the
absorbance on metal concentration also depends on time
control of the reaction.

The kinetic decomposition rate was investigated in a
solution containing 10“M ADEDC with ionic strength 0.1
M (NaClOy) at pH 4.0 (acetate buffer). Figure 8 showsthe
fast decomposition of the ADEDC in acid media, as re-
ported in the literature?®. The apparent rate constant (K obs)
was determined as being 0.37 mint with aty2 of approxi-
mately 2 min, as shownin Fig. 9.
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Figure 7. Linear dependence of half wave potential (DE1/2) on the ligand
activity (ADEDC), in 0.1 M NaNO3 (a) and 0.1 M NaClO4 (b). Other
conditions as described in the Experimental section.

Table 4. Potentiometric data referent the determination of N e bn (0.1M NaNO3) using extended Lingane's equation and ligand activity.

Capepcx10*(M) DE(mV) -logCapepc anpEpcX 10 -logaapepc
5.0 194.5 3.3010 3.79 3421
55 200.5 3.2596 417 3.380
6.0 202.9 3.2218 455 3.342
8.0 214.8 3.0969 6.06 3.217
12.0 230.7 3.9208 9.10 3.041
175 246.0 3.7569 13.26 2.877
25.0 254.7 3.6020 18.95 2.722
50.0 277.0 3.3010 37.90 2421
80.0 290.5 3.0969 60.64 2.217
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Table5. General results of the determination of N e bn for the Pb-ADEDC system.

Polarography Potentiometry
Data Lingane' s Method Lingane' s Method Leden's Method
(NaNOg) (NaClOa4) (NaClOg) (NaClO4)
N 27 29 2.7 29
logbn 15.80* 15.92* 15.91* 16.62
16.11** 16.28** 16.27**

* simple Lingane's Equation.
** complete Lingane' s Equation.
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Figure8. Spectrareferent the ADEDC decompositionin acid media: pH
= 5.0 (acetate buffer); T=25+0.1°C.
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Figure 9. Linear dependence of In (Aw - At) as a function of the time,
according to the determination of kobs and t1/2 for the decomposition
reaction of ADEDC at pH 5.0.

The same study was carried out a pH 8.0 and the
ADEDC compound presented, under these conditions, a
half life time of 2.26 h, and only after eleven hours, the
decomposition reached 90%. The kinetic behaviour was

Table 6. Spectrophotometric data on the stability (decomposition) of the
lead complexes of diethanoldithiocarbamates. m= 0.1 (NaClOy);
T=25+0.1°C.

Abs (262 nm) t (min.) Decompositon (%)
1.3150 124 -
1.2920 3.00 153
1.2733 5.00 3.05
1.2481 10.00 473
1.2346 15.00 6.10
1.2241 20.00 6.87
1.2155 25.00 7.63
1.2083 30.00 7.78
1.2021 35.00 8.24
1.1966 40.00 9.16
1.1899 45.00 9.23
1.1849 50.00 9.92
11791 55.00 10.00
1.1737 60.00 10.68

also evaluated for the lead complex and the results can be
seen in Table 6. According to the high stability of the
complex, its decomposition was considered slow (10%, at
pH 8.0 during approximately one hour of reaction) when
compared to the ligand under the same conditions (50% of
decomposition after 2.26 h of reaction). Theseresults show
avery good agreement with the high stability constant of
the system, studied in the present work.

Conclusion

Thiswork presentsapolarographic study of the Pb-AD-
EDC systemin agueous media. Theresultsindicatethat the
complex can only be polarographically studied after addi-
tion of a mixture of maximum suppreser solution contain-
ing Triton-X-100 and polyacrylamide. Under these
conditions, N (3.0) and log bmin (16.0) were determined,
after evaluation of all possible Lingane' sequation approxi-
mations. According to the results and evaluations carried
outinthiswork it was observed that the Lingane’ sequation
may be used in the extended form, without considering any
approximations. A complete graphical and numerical cal-
culation of the extended Lingane's equation shows its



538 Marques & Chierice

importance in the determination of the coordination num-
ber and overall stability constant of this complex. The
present evaluation of the Lingane' s equation shows that it
isnot always possibleto usethe simplified formin order to
avoid the inherent statistical erros.
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