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Cobalt determination by adsorptive stripping voltammetry using dimethylglyoxi-
me as a chelating agent in various buffer solutions at the hanging mercury drop
(HMDE) and mercury film (MFE) electrodes are compared. Well-defined ana-
lytical peaks with very close peak potentials are obtained in the solutions of sub-
microgram per liter cobalt concentrations both at HMDE and MFE. However,
the residual currents using MFE are much higher that those for HMDE. The
dependencies of the analytical signals on the adsorption potential have different
shapes for HMDE and MFE, however, the optimal potential recommended is
about 0.9 V vs. Ag / AgCl for both cases. The effect of the adsorptive accu-
mulation time on the sensitivity of cobalt determination depends on the buffer
solution composition but does not depend on the type of mercury electrode.
The influence of nickel on cobalt analytical signals starts when the ratio Ni : Co
exceeds 25-30 and is caused by the merging of the analytical peaks. The deter-
mination limits were evaluated as 0.05-0.10 pg I' both for HMDE and MFE.
The results of the comparative study indicate that from the analytical point of
view the hanging the mercury drop and mercury film electrode types are equi-
valent.
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INTRODUCTION

Cobalt belongs to the elements which are essential
for man, animals and plants. Although usually co-
balt is found in natural waters and food in trace
concentrations, their variations occurring due to the
natural processes or anthropogenic activities can cau-
se deficiency or toxicity problems.

The principle of the adsorptive accumulation of
nickel and cobalt chelates with dimethylglyoxime
(DMG) at a hanging mercury drop electrode
(HMDE) has been employed in the eighties [1, 2].
Combining the adsorptive accumulation with reduc-
tive stripping voltammetry of sorbates, the unique
detection limits about 10 mol 1" (1-10 ng I") ha-
ve been achieved [1-6]. Although hanging mercury
drop electrodes are the most suitable electrodes for
adsorptive stripping techniques, they have also so-
me disadvantages, e.g., a relatively high price and a
problematic use in flow analysis systems. Very soon
mercury film electrodes (MFE) were applied for co-
balt determination by adsorptive stripping analysis

ISSN 0235-7216. Chemija (Vilnius). 2003. T. 14, Nr. 2

94

[7-10]. Generally, the detection limits for the flow
systems using MFE were of the same range as tho-
se for HMDE. In order to achieve lower detection
limits, new ligands and buffer solutions were tested,
however, the detection limits for cobalt have re-
mained between 10" and 10 mol ' [11-13].

It should be noted that almost all the studies
mentioned deal also with nickel determination, be-
cause the chelating reagents are the same and the
procedures are very close both for cobalt and nic-
kel. Moreover, the investigations are focussed main-
ly on nickel due to its toxicity and higher concen-
trations in the environment. Therefore, the abun-
dance of studies on cobalt determination by adsorp-
tive stripping voltammetry is only apparent and this
field is still of analytical interest.

In this work, cobalt determination by adsorptive
stripping voltammetry using dimethylglyoxime as a
chelating agent in various buffer solutions at the
hanging mercury drop and mercury film electrodes
are compared.
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EXPERIMENTAL

A PU-1 polarograph in a square wave voltammetry
mode (f = 25 Hz, V = 100 mV s, E_, = 90 mV)
was used for cobalt adsorptive accumulation and
stripping. The same polarograph was used also as a
potentiostat for depositing a mercury film. Static
mercury drop stand 303 SMDE controlled by a PAR
174 A polarograph (Princeton Applied Research)
was used for comparative measurements with
HMDE (“small” drop size). Voltammograms were
recorded on an N 307 xy-recorder or with home-
built computerized equipment.

Mercury films were deposited electrochemically
on a 8§ mm? area glassy carbon electrode (F 3500,
Radiometer) from stirred 50 mg I"' Hg?* ion solu-
tion in 0.05 mol I'! HCl. The deposition potential
and the time were —1.1 V and 5 min, respectively.
After 10-15 measurements the mercury film was
wiped off from the glassy carbon electrode with wet
filter paper, and after a short polishing with a slur-
ry of fine calcium carbonate powder a new film was
deposited. All potentials were measured against a
saturated Ag / AgCl reference electrode. The auxi-
liary electrode was platinum wire.

All chemicals were of analytical gra-
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Fig. 1. Analytical adsorptive stripping voltammograms in
various buffer solutions at mercury film (a) and hanging
mercury drop (b) electrodes. 1 — TEA/NH,Cl (0.04/0.4
mol I"); 2 — NH/NH,CI (0.1 mol I'); 3 - NH,/H,BO,
(0.1 mol 1I"). Conditions: adsorption potential —0.8 V; ad-
sorption time 60 s; 0.6 mmol I! DMG; 1 pg I! Co**

de. Stock solution of dimethylglyoxime
0.1 mol I'! in ethanol was used. Distilled

Table 1. Parameters of cobalt analytical peaks presented in Fig. 1

or double-distilled water was used Siesiraite | . Buffer solution
. . ectrode | Parameter

throughout the study. Purging by nitro- TEA/NH,Cl | NH/NH,Cl | NH/H,BO,
gen was used to remove dissolved oxy- N
gen from the solutions, S 0.70 / 0.88 050 / 0.63 0.58 / 0.73

The composition of the buffer solu- v -1.12 -1.14 -1.16
tions used was following: 1) ammonia T ¥, pA 3.0/99 33 /104 31/ 128

E, V -1.12 -1.16 -1.20

buffer (pH 9.4) — 0.1 mol 1" of NH,CI

and NH,, 2) boric buffer (pH 9.4) -
0.01 mol I'" of H,BO, and NH,, 3) trie-

* Peak heights I values measured from baseline / from zero line

thanolamine buffer (pH 8.0) - 0.4 mol 1!
NH,CI and 0.04 mol I"' triethanolamine
(TEA).

RESULTS AND DISCUSSION

Adsorptive stripping voltammograms obtained in
three most frequently used buffering media with a
1 pg I'! cobalt concentration in the identical accu-
mulation and stripping conditions for mercury film
and hanging mercury drop electrodes are presented
in Fig. 1. The small peaks about 0.1 V more posi-
tive than the well-defined cobalt peaks belong to
the traces of nickel in distilled water. The parame-
ters of cobalt analytical peaks shown in voltammo-
grams are given in Table 1.

One can see from the voltammograms that at
least for the cobalt concentration range 1 pg I the
shapes of the baselines allow a simple graphical eva-
luation of the peak heights in all cases. On the

other hand, the residual currents using the mercury
film electrode are much higher than those for the
hanging mercury drop electrode — the ratios of the
peak heights measured from the zero line and from
the base line are about 3-4 for MFE and only 1.3
for HMDE (Table 1). Thus, from this point of view
the MFE has a disadvantage against HMDE, be-
cause the possibility to increase the geometric peak
heights significantly by choosing a higher sensitivity
of the recorder is limited.

A slight shift of cobalt peak potentials to the
negative side in the range of triethanolamine, am-
monia and boric buffer solutions can be seen from
Table 1 for both electrodes, but the peak potential
differences between the electrodes are not signifi-
cant. Naturally, due to the different surface areas
of HMDE and MFE, the peak heights expressed in
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current units are also different, however, the analy-
tical signals of cobalt in various buffer solutions do
not differ significantly.

It has been found that the analytical signals of
cobalt increase with the mercury film thickness up
to 0.1 pm, what corresponds approximately to 5 min
of mercury plating in the conditions used. Therefo-
re, this plating time has been chosen for all expe-
riments with MFE.

In order to find the optimal concentration of
buffer solutions, the dependencies of analytical sig-
nals on buffer concentration in the range 0.02-
0.2 mol I'" have been investigated. The types of the
dependencies were very close both for HMDE and
MFE - the analytical signals increased up to buffer
concentrations 0.05-0.1 mol 17" and then became
stable (boric and triethanolamine buffers) or sligh-
tly decreased (ammonia buffer). Therefore, the op-
timal buffer solution concentration of 0.1 mol 1
has been chosen. It should be noted that the effect
of the concentration of dimethylglyoxime on cobalt
analytical signals is very similar, ie. the signals do
not increase much after the DMG concentration re-
aches 0.5-0.6 mmol I\

An important parameter of the adsorptive accu-
mulation influencing the sensitivity of cobalt deter-
mination is the adsorption potential. The effects of
adsorption potential on cobalt analytical signals us-
ing MFE and HMDE are compared in Figs. 2 and
3. One can see that for the case of MFE there is
the well-defined maximum about —0.9 V for all buf-
fer solutions, whereas for HMDE the analytical sig-
nals do not change much in the potential range of
—(0.5-0.9) V. Interestingly, from this point of view
the adsorptive behaviour of cobalt and nickel che-
lates with DMG is different — there is no decrease
of nickel analytical signals when the adsorption po-
tential is changed from —(0.7-0.8) V to the positive
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Fig. 2. Dependence of cobalt analytical signals on the
adsorptive accumulation potential in various buffer solu-
tions for MFE. Buffer solutions: A — TEA/NH,CI (0.04/
/0.4 mol I'), O — NH/NH,CI (0.1 mol I'), O - NH/
/H,BO, (0.1 mol I"'). Conditions: adsorption time — 30 s;
0.25 mmol I’ DMG; 100 pg ! Co?*
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Fig. 3. Dependence of cobalt analytical signals on the
adsorptive accumulation potential in various buffer solu-
tions for HMDE. Buffer solutions: A — TEA/NH,CI (0.04/
/0.4 mol I''), O — NH/NH,CI (0.1 mol I''), O - NH,/
/H,BO, (0.1 mol I""). Conditions: adsorption time — 30 s;
0.25 mmol I' DMG; 10 pg ! Co**

side and Ni-DMG chelate is absorbed even without
the external potential [14]. The possible explanation
can be the well known ability of Co** to be oxi-
dized to Co®* by dissolved oxygen in the presence
of strong ligands. In this case, of course, the ad-
sorption of a charged chelate can be different. To
test the effect of Co** oxidation on the analytical
signals, two measurement series have been per-
formed: a) Co** ions were added to non-deareated
buffer solution containing DMG, b) Co** ions were
added to a solution of the same composition after
oxygen removal. It has been found that if other
conditions are identical the difference between ana-
Iytical signals of both series is not significant. The-
refore, the conclusion can be made that this analy-
tical technique is not sensitive to the Co?* and Co**
species ratio. It should be noted that in all analyti-
cal works dealing with cobalt determination by
adsorptive stripping voltammetry only Co** ions are
considered, and this indirectly indicates that the ef-
fect of Co** is at least negligible.

The dependence of the analytical signals on ac-
cumulation time is one of the most important para-
meters influencing determination sensitivity in all
techniques of stripping analysis. In the case of ad-
sorptive accumulation these dependencies are not
linear due to the electrode surface saturation by
sorbate. The effect of adsorptive accumulation time
on cobalt analytical signals using three buffering me-
dia at MFE and HMDE is shown in Fig. 4. For
comparison of all dependencies, the analytical sig-
nals were normalized dividing them by their values
in the same conditions at a 5 min accumulation
time. One can see that the shapes of the dependen-
cies are the same both for HMDE and MFE, how-
ever, they depend on the composition of the buffer
solution. The deviations from the linearity increase
in the range of boric, ammonia and triethanolamine
buffers.
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Fig. 4. Dependence of the analytical signals of cobalt on
adsorptive accumulation time at mercury film and hang-
ing mercury drop electrodes (empty and filled symbols
for MFE and HMDE, respectively). The analytical sig-
nals are normalized dividing by those obtained under the
same conditions at a 5 min accumulation time. 1 (A,
A)- TEA/NHC]; 2 (O, ®) — NH/NHCL;, 3 (O, W)-
NH,/H,BO,. Conditions: adsorption potential -0.8 V;
0.25 mmol I'" DMG; 0.5 pg It Co?*

Dependencies of the analytical signals on the co-
balt concentration also deviate from the linearity
and the reasons are the same as for the “accumu-
lation time — analytical signals” dependencies. Na-
turally, in this case the deviations can be minimized
by a proper choice of accumulation time — the hig-
her cobalt concentration the lower adsorptive accu-
mulation time should be applied. Figure 5 illustra-
tes the dependence of analytical signals on cobalt
concentration in the range 0.05-1.80 pg I''. To com-
pare the shapes of various dependencies, the analy-
tical signals were normalized dividing them by their
values at 1.6 pg 1. One can see that such depen-
dencies are the same both for MFE and HMDE,
however, their shape depends on buffering solution —
the linear range for the triethanolamine buffer is
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Fig. 5. Dependence of analytical signals on cobalt con-
centration at a mercury film and hanging mercury drop
electrodes in various buffers. The analytical signals are
normalized dividing by those obtained under the same
conditions at 1.4 pg I"! Co**. 1 - triethanolamine buffer,
2 — ammonia and boric buffers (meanings of the sym-
bols— as in Fig. 4). Conditions: adsorption potential —
0.8 V; adsorption time 5 min; 0.25 mmol ' DMG

considerably narrower. A similar situation is ob-
served also in the case of the higher concentrations
of cobalt. It should be noted that the linearity of
the dependencies is sufficient for determination of
cobalt by the method of standard additions.

Since cobalt and nickel can be determined si-
multaneously by the same technique of adsorptive
stripping voltammetry using dimethylglyoxime, their
close stripping peak potentials can complicate the
quantification of the analysis results. Therefore, the
influence of nickel concentration on cobalt analyti-
cal signals has been investigated. It has been found
that the effect of nickel on cobalt signals starts when
the ratio Ni : Co exceeds 25-30. A comparison of
experimental voltammograms and those obtained by
summation of model Gaussian peaks has shown that
the interference is caused by a geometric merging
of peaks. Moreover, this effect is enhanced by the
shift of the analytical nickel peak potentials to the
negative side with increasing nickel concentration.

Table 2 illustrates the repeatability of cobalt ana-
lytical signals at MFE and HMDE in various buffer
solutions. The statistical Cochran test shows that the-
re are no significant differences (a = 0.05) among
the variances calculated for various buffer solutions
and electrodes if the cobalt concentration is the sa-
me. Therefore, the pooled relative standard devia-
tion can be calculated as 0.04, 0.03 and 0.02 for
cobalt concentrations 0.1, 5 and 20 pgl”, respecti-

Fig. 6. Determination of cobalt in the mineral water “Ti-
ché” by the method of standard additions at a hanging
mercury drop (a) and mercury film (b) electrodes. 1 —
sample of mineral water, 2'-4' — successive additions of
0.1, 0.05 and 0.05 pg I Co**, respectively; 2-5 — succes-
sive additions of 0.1 pg I'! Co**. Conditions: 1 ml of
1 mol I' boric buffer added to 9 ml of mineral water;
adsorption potential -0.8 V; adsorption time 5 min;
0.6 mmol 1" DMG
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Table 2. Repeatability of the analytical signals (relative
standard deviations obtained from 10 measurements) for
various concentrations of cobalt in three buffer solutions
at HMDE and MFE. Conditions: buffer concentration
0.1 mol I'; 0.6 mmol DMG; E, = —0.8 V; accumulation
times for 0.1 pg I' — 30 s, for 5 and 20 pg 1! — 5 min.

Cobalt concentration, pg I™!

Buffer solution | Electrode
o1 | 5 | 20
HMDE - 0.036  0.024
TEANHCl  \pg - - 0.012
HMDE 0043 0036  0.026
NH/NHCl — \pg 0.038 - 0.019
HMDE 0048 0016  0.016
NH/H,BO,  yvpp 0032 0012 0008

vely. It should be noted that the repeatability achie-
ved is quite high, because the typical standard de-
viation for most stripping techniques is about 0.10
at the metal concentrations about 0.1 pg I%

The evaluation of the detection limit as three
standard deviations in the concentration range 0.1-
0.2 pg It gives the values of about 10-20 ng 1! of
cobalt both for HMDE and MFE at 5 min of ac-
cumulation time. However, the practical determina-
tion limit at which quantitative measurement of co-
balt analytical signal can be performed is about five
times higher (0.05-0.10 pg I'). Figure 6 demonst-
rates the analytical peaks obtained during determi-
nation of cobalt in the mineral water “Tiché” by
the method of standard additions at hanging mer-
cury drop and mercury film electrodes. The calcu-
lated results were (0.15 = 0.04) pg 1! and (0.15 =
+0.05) pg I'' of cobalt for HMDE and MFE (at
P = 0.95). Consequently, the practical analytical pos-
sibilities in the determination of trace cobalt con-
centrations using the hanging mercury drop and mer-
cury film electrodes are equivalent.

CONCLUSIONS

A comparative study of cobalt determination by ad-
sorptive stripping voltammetry using dimethylglyoxi-
me as a chelating agent at the hanging mercury
drop and mercury film electrodes has been per-
formed. The main experimental dependencies de-
termining the analytical characteristics are very close
for both types of mercury electrodes. The detection
limits obtained and the results of the determination
of cobalt trace concentrations in real samples indi-
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cate that from the analytical point of view the hang-
ing mercury drop and mercury film electrodes are
equivalent.
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KOBALTO NUSTATYMO ADSORBCINES
VOLTAMPEROMETRIJOS METODU NAUDOJANT
KABANCIO GYVSIDABRIO LASO IR GYVSIDABRIO
PLEVELINI ELEKTRODA PALYGINAMIEJI TYRIMAI

Santrauka

Atlikti palyginamieji tyrimai nustatant kobalta adsorbci-
nés inversinés voltamperometrijos metodu su dimetilgliok-
simu, naudojant dviejy tipy gyvsidabrio elektrodus — kaban-
¢io laso ir plevelinj. Tyrimai atlikti trijose buferinése ter-
pése — NH,/NH,Cl, NH,/H,BO, ir TEA/NH,Cl. Paly-
ginti analiziniy smailiy parametrai, analiziniy signaly
priklausomybés nuo pagrindiniy nustatymo parametry (ad-
sorbcinio kaupimo potencialo, kaupimo laiko, kobalto kon-
centracijos) bei analizinés charakteristikos. Kobalto nu-
statymo ribos jvertintos kaip 0,05-0,10 pg I'. ISmatuotos
pédsakinés kobalto koncentracijos mineraliniame vande-
nyje. Daroma i§vada, kad abiejy elektrody analizinés ga-
limybés yra ekvivalentiskos.



