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Square-wave voltammetry, one of the more advanced electroanalytical tehniques, was
used to investigate the electrochemical behaviour of selenium(IV) after deposition on the
surface of a hanging mercury drop electrode (HMDE). The effect of deposition time and
parameters of the excitation signal on the SW peak of selenium are discussed. It was found
that the best defined SW peak of selenium(IV) was obtained using the following square wave
signal parameters: frequency of 100 Hz, amplitude of 20 mV and scan increament of 2 mV.
Using these experimental conditions and a deposition time of 60 s, selenium(IV) can be
qua:imi[alivcly determined in solution in the concentration range 8.5 X 10~/ t0 5.6 X 10~ mol
dm”. :
The importance of selenium in soils, plants and biological systems has led to the
development of various analytical methods! 12 for its determination at low concentra-

tions.

Polarographic investigations have shown that selenium(IV) gives up to three
polarographic waves, depending on the pH of the solutions. Christian er al.13 studied
the polarographic behaviour of selenium(IV) in various supporting electrolytes and
reported two polarographic waves in 0.1 mol dm=3 hydrochloric acid medium, at —0.01
and -0.54 V vs. SCE, corresponding to the reactions:

Se(IV) + 4e” + Hg = HgSe
and
HgSe + 2H" + 2¢” = H,Se + Hg respectively.

Only the latter reaction is reversible.

The methods used for the determination of electroactive components at trace
level are cathodic or anodic stripping voltammetry.4 The process of stripping the
compound from the surface of the working electrode can be performed by different
voltammetry techniques. The methods mainly used for the determination of
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selenium(IV) at trace levels are cathodic or anodic differential pulse stripping voltam-
metry.149

The present work uses square-wave voltammetry (SWV) for the determination
of selenium(IV) after deposition of the surface of a HMDE. Literature data about
square-wave voltammetry of selenium(IV) does not exist.

Square-wave voltammetry is one of the more sensitive and most advanced
clectroanalytical techniques'>-17 and using it the electrolysis of the solutions takes only
a few seconds. So, the investigation of the selenium(IV) using this technique is of great
importance.

The aim of the present work was to investigate the electrochemical behaviour of
selenium(IV) during electrolysis by SW voltammetry after deposition on the hanging
mercury drop dectrode (HMDE) surface.

EXPERIMENTAL

Instrumentation

An EG&G Princeton Applied Research microprocesor-based polarographic analyzer (PAR Model
384B) equipped with PAR Model 303A static mercury drop electrode and a PAR Mode 305 stirrer was used
torecordall SWvoltammograms. The electrode compartment consisted of a hanging mercury drop (HMDE),
a silver-silver chloride (saturated KCl), and a platinum wire as the working, reference, and auxiliary
clectrodes, respectively. Deposition of the selenium(IV) onto the mercury electrode with a middle surface
arca was achieved by using a slow stirring rate. The solutions were degassed with highly purified nitrogen at
the start of each experiment and a flow of nitrogen was maintained over the solution during the experiment
Lo prevent oxygen interference. All experiments were performed at room temperature.

Reagents and other conditions

All the chemicals used were of analytical reagent grade. Redistilled water was used.

The nitrogen used for oxygen removal from the solutions was deoxygenated by passage through acidic
vanadium(II) chloride solutions. The purging time was 10 min.

Stock solutions of selenium(IV) were prepared from pure selenium,'® standardized by known
methods,!” and further diluted as required.

The interference of Cu, Cd, Pb, Zn, Co, and Ni ions were also investigated at a constant concentration
of selenium(IV). The concentration of these ions present in the selenium(IV) solutions was within the allowed
concentration of the same ions in drinking water, which are presented in Table 1.

The supporting electrolyte was 0.1 mol dm= HCIO,.

During the deposition step the solutions were stirred using a magnetic stirrer. A quiescend period of
15 s was allowed, and then the SW polarograms were recorded.

The solutions were polarographed in the potential range from 0.05 to —0.08 V. The deposition
botential was 0.05 V.

RESULTS AND DISCUSSION

Square-wave voltammetry of solutions of selenium(IV) after deposition on the
surface of HMDE gives up to two SW peaks. The peak potential of the first one is about
—0.01 V and of the second about —0.59 V. The second peak is larger and more
convenient for analytical tracing. These peaks are most probably the result of the
following electrode reactions, postulated by Adeloju et al.,2024 for the cathodic strip-
ping process of selenium(IV):
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HySeO3 + 4H' + Hg + 4¢™ = HgSe + 3H,0
for the first, and
HgSe + mH" + 26 = H,Se(z.,) - + Hg

for the second peak.

The peak current (Ip) and peak potential (Ep) of the second SW peak of
selenium(IV) depend mainly on the concentration of selenium in the solution, the
deposition time and the concentration of the supporting electrolyte. Experiments were
performed at perchloric acid with concentrations of 0.10 and 1.00 mol dm~3. The peak
shape is well defined in both cases, but the peak current is almost two times higher in
0.10 mol dm~3 perchloric acid. Considering the background current 0.10 mol dm=3
perchloric acid is also more convenient for investigation purposes. Hence, for the
following experiments 0.10 mol dm~3 perchloric acid was choosen as the supporting
electrolyte.
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Fig. 1. Effect of the deposition time on the peak of selenium(IV). Concentration of selenium(IV) 6 X 10°
mol dm™; frequency 100 Hz; amplitude 20 mV and scan increment 2 mV.

The effect of deposition time on the peak current was investigated of constant
selenium(IV) concentration in the solutions. From Fig. 1 it can be seen that the peak
current initially increases with increasing deposition time. However, after 60 s, the
deposition time on longer effects the peak current. It is obvious that a deposition time
of 60 s is sufficient for saturation of the HMDE surface.

For a reversible electrode reaction, in which both the reactant and product of
the reaction are adsorbed on the HMDE surface, the frequency od the applied SW
singal influences only the peak current.!31¢ In the case of selenium(IV), the peak
current increases linearly with inereasing frequency (Fig. 2). It has to be mentioned
that frequency is one of the factors which determine the reversibility of an electrode
process. At very high frequencies, a reversible process can be transformed into an
irreversible one. This results in disturbed peak shapes. For this reason, a frequency of
100 Hz was choosen for further investigations, because at this value the SW peak of
selenium(IV) has the best defined peak shape. The frequency does not influence the
peak potential which is in accordance with theoretical predictions.
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Fig. 2. Dependence of the selenium peak current on the frequency of the applied SW singal. All other
parameters as in Fig. 1.

The square-wave amplitude has a great influence on the peak current and peak
potential. Variation of the amplitude from 20 to 80 mV causes an increase in the peak
current followed by a shifting of the peak to more positive potentials and an increase
in the half-width of the peak. This phenomena is also predicted by the theory of
square-wave voltammetry of adsorbed reactants.!3

Varying the value of the potential increment of the SW signal have a minor
influence of the peak current and potential.

The performed investigations have shown that the best experimental conditions
for a well-defined SW peak of Se(IV) are: deposition time 60 s, frequency 100 Hz, SW
amplitude 20 mV and potential increment 2 mV.

The results of the interference studies are shown in Table . AE} is the differences
between the peak potential of the pure selenium(IV) solution and the peak potential
of selenium(IV) in the presence of the metal ions. Al}, is the percentage reduction of
the peak current in the presence of metal ions.

The diverse cations mostly influence the shape of the peak and the peak current.
The interference by metal ions may occur through the formation of intermetallic
compounds with selenium.1%11

The interference by copper.ions can be described by the reaction:
H,SeO; + 4H™ + Cu** + Hg + 6¢™ = Cu(Hg)Se + 3H,0

The formation of such compound is in accordance with the splitting of the peak
in addition of the appearance of a new peak at positive potentials (Fig. 3). The presence
of zinc ions has a similar influence on the SW peak of selenium(IV).
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/\) k 5 Fig. 3. Effect of the addition of Cu** cations
on the SW peak of selenium(IV). a) SW peak
t of pure selenium(IV) bQ selenium(IV) and
6.9%10°8 mol dm Cu** ¢) Selenium(IV)
and 6.9x107 mol dm> Cu’* d)

selenium(IV) and 6.9 % 10% mol dm™ Cu**.
All other parameters as in Fig. 1.
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The electrochemical behaviour of selenium(IV) during electrolysis by SW vol-
tammetry in the presence of some ions, is in accordance with the results obtained by
DP polarography.11 We did not obtain the expected effects of Pb, however, significant
7n-effects were observed. The differences in the effects of the metall ions between this
and previous investigations, are most probably the result of the different deposition
potential.

It is well known that the effects of ions present can be eliminated by adding
EDTA in the solutions.!1:25 It must be taken into consideration that the presence of
EDTA in higher concentration can lead to ne gative effects. Namely, the free molecules
of EDTA, as well as the complex formed with the metal ions can be accumulated on
the HMDE surface and inhibit the main electrode process.
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Fig. 4. Calibration curve for selenium(IV) in the concentration range from 8.5 %107 10 5.6x10° mol dm .
Deposition time 60 s; frequency 100 Hz; amplitude 20 mV; scan increment 2 mV.

As already mentioned, the height of the SW peak of selenium(IV) is dependent
on the concentration of selenium(IV). Linear dependence between peak current and
the Se(IV) concentration occurs within the range from 8.5 X 10~7 to 5.6 x 10° mol
dm~3 (Fig. 4). The calibration curve was constructed in the presence of all the ives-
tigated metal ions with their middle concentration shown in Table I and equimolar
quantities of EDTA.

TABLE L. Effect of the metal cations on the SW peak of Se(IV). All other parameters as in Fig. 1.

Metal ¢/mol dm™ AE,/mV ALy%
cu?t 6.9%10° 0 16.8
6.9%107" 8 46.8
6.9%10°° 14 65.8
cd®* 4.7%107° 0 12.0
4.7x10°% 0 47.1
4.7%107 4 69.8
Pb2t 73%x107° 0 /
73x107" 0 /
73%107° 0 9.8
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TABLE I. Cont.

Metal ¢/mol dm™> AE,/mV Al %

Zn** 4.7x10°° 0 12.3
4.7%10° 4 47.1
47x10™ 42 69.8

Co** 47107 0 /
47x107% 0 1.1
47x107 0 78

Ni2* 6.4x107 2 /
6.4x107" 2 0.5
6.4%10°° 2 15

¥
allowed concentration in drinking water / no reduction in the peak current

All these results enabled us to develop a complete analytical method for the
determination of selenium(IV) in solutions as well as in natural materials.

H3BOJ

EJIEKTPOXEMMJICKO ITOHAIIAIGE CEJIEHA(IV) ITPH EJIEKTPOJIM3H SW BOJI-
TAMETPUJOM, ITOCJIE JIEIIO3UITMIE HA BUCEROJ JKMBUHOJ KAITH

BAJIEHTUH MUPYECKH, CUMKA ITETPOBCKA-JOBAHOBHUH, KOPHEJIMJA CTOJAHOBA 1 BJIAIOJA JOPZIAHOCKH

HUHCTHTYT 3a xemujy, TIpupoHo-MaTemMaTHuku paxynTer Yuusepsuter " Cs. Kupun u Metonuj”, Apxumenosa S, 91000 Cxorje,
MaxkegoHHja

KBajipaTHO-TasiacHa BojitameTpuja (SWV) Kao jeiHa o]l MOJEPHH]HUX €JIeKTPOaHAIUTHYKHUX
MeTo/1a HcKopHIlTheHa je 3a IIpoyyaBarhbe eJIEKTPOXEMHCKOT TToHalama cesiena(IV) mocie Tanoxerbha
Ha OBPILMHM BUcehe sxuBUHe kanmu (HMDE). JluckyToBanu cy edekTy napamerapa SW curasa, Kao
5| y'muaj. BpeMeHa TaJIoKeka Ha 1oJiokaj ¥ BUcHHy SW nimka cesieHa(IV) jobGujen npu cieaehum
napameTpuma SW curnaina: ¢ppekseHiuju ox 100 Hz, amnautyam ox 20 mV ¢ MOTEHLHjaJITHOM HH-
KpUMeHTY 0712 mV. IIpy OBUM eKCIIEpPUMEHTATIHUM YCIIOBUMA U BpEMEHY TaJI0XeHha 0/1 60 s, ceneH(IV)
MOKe J1a Oy/1e KBaHTUTaTHBHO O/IpehHBaH y pacTBOpHUMa KOHIIEHTpaluje 0J18,5 X 107 10 5.6 X 107 mol
dm™.

(Tlpumibeno 22. HoBembpa 1993, pemrupano 29. mapTa 1994)
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