Journal of the Korean Chemical Sociely
1995, Vol 39, No. 3
Printed in the Republic of Korea

E% Wy MeYmFYol ofE# s+-E oj2k do HE

wom - & &

-

B REBR LB
' SRERED FRH
iP5 3 2

(1994. 8. 26 A)

Determination of Iron in Seawater by Adsorptive
Stripping Voltammetry

Myung-Zoon Czae*, Kyung Kim', and Young-Soon Kwon?
Department of Chemistry, Hanyang University, Seoul 133-791, Korea
Y Research Lab, Goldstar Cable Co., Anyang 430-080, Korea
¥Department of Chemistry, Catholic University, Puchon, Kyonggi-Do 422-743, Korea
(Received August 26, 1994)

2 % HuE
] o] A7EE &4
S 72 WS
HAHzAL
AE2¢A= 15nM Fe‘BiC]- Bale] kgl
Wals A 5 AdE

Fo vjep A deel A 3

o A ST F 7

oju} H2l A} glo] ufE A 4 3
2 w7 24 S Al S99 pHr| 809 B-4tE kAo H/7HE
5 BAAAE FAsEA Hazle] WA AFE SHJ)
25mM ¥4+, pH 80, 2mM 7}E1]a, £33 —0.25V, $3A17F 1~380]g]c}. o] 20|49
2 pH)9 AL 7|E
& EE vigide 71277} %‘LHM vtedd 37|17 o9 Fotornz AU FAe
Z1dE 4= Qck £FF H7PHo) o3 AAA g Hes B

& % st

&9 A AN AN FAHD 729

Az} Flejel g ¥asisch

ABSTRACT. A simple procedure, readily available at low cost with a sensitivity sufficient to determine
trace levels of iron in seawater is proposed, which utilizes adsorptive accumulation of the iron/catechol
complex on the mercury drop electrode in a borate medium of pH 8.0. Optimal conditions include a
solution concentration of 2 mM catechol, 25 mM borate and a pH of 8.0, an accumulation potential of
—0.25V is applied for 1~3 min, and the potential scan is in the differential pulse mode. The limit
of detection is 1.5nM Fe using a preconcentration time of 3 min. The interference from copper can
be eliminated and baseline slope is greatly improved, because its peak is well separated from that of

iron in the proposed medium.

INTRODUCTION

Adsorptive stripping voltammetry provides a hi-
ghly sensitive route to the measurement of nume-
" rous important analytes (particularly trace metals)
that are not accessible to conventional stripping
measurements due to the electrolytic nature (fara-
daic process) of the preconcentration step.' Trace
iron is one of the typical metals that cannot be

quantified by conventional stripping voltammetric
scheme due to its extreme redox potential, low
solubility in mercury, and formation of intermetal-
lic compounds with zinc and manganese.
C.M.G. van den Berg et al. have developed a
highly sensitive adsorptive stripping scheme for
iron using catechol? with the limit of detection
(LOD) of 0.6 nM, and using 1-nitroso-2-naphthol**

—186—



2 8 AddFdel 2% eF ol de) A 187

with LOD of 0.2 nM as the chelating agents. These
procedures have sufficient sensitivity for direct
measurement of trace levels of iron in seawater.
They, however, used novel and expensive buffers
such as PIPES (piperazine-N,N'-bis-2-ethane sul-
phonic acid) for pH 6.9 and HEPES (N-2-hydrox-
yethyl-piperazine-N'-2-ethane sulphonic acid) for
pH 7.0 in all their schemes. The scheme using ca-
techol, moreover, is subject to interferences (strip-
ping peaks overlapping) from other reducible com-
plexes since the iron/catechol complex is not for-
med selectively. For example, copper and lead, the
ubiquitous metals, interferences must be elimina-
ted by prior addition of EDTA (masking). Accordi-
ngly a procedure with improved selectivity and
easy availability at low cost is desirable for many
practical measurements.

As in most cases, utilizing a suitable supporting
electrolytes is the proper solution to the resolution
problem.’ In the course of the present work, it
was found that adsorptive stripping measurement
of iron-catechol complex in a borate medium of
pH 8.0, a very common buffer, eliminates the inte-
rferences and offers an improved baseline slope,
as suggested in the earlier work.’

The results of the parametric evaluation for the
optimal analytical conditions of the procedure are
presented in this paper.

EXPERIMENTAL

Apparatus and reagents. Polarographic equip-
ment was from Princeton Applied Research: a PAR
174A Polarographic Analyzer connected to a PAR
303A hanging mercury drop electrode (HMDE).
Solutions were stirred using a teflon-coated stir-
ring bar propelled by a PAR 305 magnetic stirrer
set to “slow”. The drop size used was “medium”,
which gave a drop with a weight of 2.5 mg and
a surface area of 1.56 mm®. Timings (accumulation
periods, quiscence and stirring times) were cont-
rolled manually using a home-built control timer.

Stock solutions of Fe(Ill) were prepared by dilu-
tions of an atomic absorption spectrophotometric
standard solution (1000 ppm, Junsei Chem.). So-
dium borate and catechol were GR grade which
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contained Fe less than 0.0002%, obtained from Ko-
kusan Chemical Works and used without further
purifications. A stock ageous 0.1 M catechol solu-
tion was prepared freshly every 10 hours.

Atomic absorption spectrophotometry was perfo-
rmed by using a GBC Model 900 A A spectropho-
tometer.

Seawater (surface) samples were collected from
Seochon located in the west coast, immediately
acidified to pH 2, filtered through a 0.45 um mem-
brane filter and next stored frozen (—=20T) in
an acid-soaked polyethylene container.

All the glasswares and containers were cleaned
by soaking in 6 M nitric acid more than 24 hrs
prior to use.

Procedure. A 10-mL volume of the sample or
the supporting electrolyte solution was added to
the voltammetric cell, sodium borate solution (0.05
M) was added, and degassed with purified nitro-
gen for 4 minutes. The pH was adjusted to 8.0
after addition of catechol and the solution was pu-
rged for 8 min more. The accumulation potential
was applied at the electrode for a selected time.
The stirring was then stopped and after 15 seco-
nds the voltammogram was recorded by applying
a differential pulse scan in the negative direction.
A scan rate of 10 mV/s, a modulation amplitude
of 25mV, and a drop time of 0.5sec were used.
Stripping peak currents were measured in the
usual way.

RESULTS AND DISCUSSION

Effects of the accumulation potential and time,
Catechol is known to form highly stable complex
ions with several metal ions that adsorb onto
HMDE and give reduction peaks, but the sensiti-
vities are greatly variable.?

Fig. 1 shows typical differential pulse adsorptive
stripping voltammetric responses obtained in a
seawater sample containing 2.0 mM catechol and
2.5 mM borate buffer of pH 8.0 with different ac-
cumulation potentials (E,: a, —0.05V and b, —0.25
V). As was in PIPES of pH 6.92, only copper gives
a significant peak (at about —0.22 V) by which the
iron peak is preceded with E,= —0.05V (Fig. 1(a)).
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But now in borate of pH 8.0, the peak potential
(E;) of iron-catechol complex shifted to more (0.07
V) negative with compared to that in PIPES of
pH 6.9 (second column in Table 1). Fig. 2(a) shows
the effect of E, variation on the iron peak current
(,). The differences in effects in two buffer media
at their respective optimal conditions are summa-
rized in Table 1. The measurements in borate me-
dium of pH 8.0 by applying E, other than —0.05V
produced somewhat (12%) reduced but constant

CURRENT

] l | | |
-01 -02 -03 -04 -05 -06

POTENTIAL 7 V vs. Ag 7 AgCl

Fig. 1. Typical DPAdSV responses of the catechol
complexes of metals in seawater containing 6.6X10"*
M Fe(Ill), 2mM catechol, and 2.5 mM borate (pH
8.0). The accumulation time was 1 min at an accu-
mulation potential of —0.05V (a), and of —0.25V (b).

(over the range varied) I, (0.212 A), contrasting
with the decrease in a large amount in the PIPES
buffer. This independance of the I, on E, variation
up to —0.3YV, together with the shift of the iron-
catechol peak potential only (while that of copper
unchanged), enables the E, to be set at —0.25V
or more negative. With E,=—025V (Fig. (b)),
the preceding copper peak disappeared and the
baseline slope was significantly improved as a re-
sult of the elimination of the copper interference.
Thus the use of borate buffer of pH 8.0 in place
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Fig. 2. Effect of the accumulation potential (a) and
accumulation time (b) on the peak current. Experi-
mental conditions were the same as in Fig. 1.

Table 1. Comparison of peak potential (E;) and effect of accumulation potential (E,) on peak current (/,) of

FedIl) in different buffers’

Peak value E, Effect of E, (decrease in 1,/%) )
. Choice of E,
Buffer medium Cu(ID) Fe(ID) EJV
—-005 —-015 -—-020 —025 —0.30
- Alp/%
PIPES® (pH 6.9) —0.22 ~0.40 - - 6 20 50 -0.10
Borate® (pH 8.0) —-0.22 —047 - 12 12 12 12 -0.25

“At the optimal conditions, “Based on reference 2, Present method.
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Fig. 3. The peak current as a function of the catechol

concentration at an accumulation potential —0.25V.
Other conditions, same as in Fig. 1.

of PIPES of pH 6.9 has the distinct advantage that
minimizing copper interference and improving the
baseline slope without sacrificing the sensitivity
of iron.

The dependence of the current on the accumu-
lation time (f,) was examined at 6.6X10°8M Fe
(III) in seawater. The peak current with this iron
concentration was found to increase gradually with
increasing £, to a maximum of ca. 370 nA at 3 min
after which it decreased (Fig. 2b). This maximum
sensitivity (5.6 nA/nM) in a borate buffer is much
(X4.5) greater than in a PIPES buffer® (50 nA for
4X10° %M gives 1.25nA/nM). The decrease in
peak current which occurs with longer ¢, is proba-
bly caused by the adsorption of other complex ions
of competing metals in combination with dissocia-
tion or desorption of Fe-catechol complex.?

Effects of catechol concentration and pH.
Measurements were made on seawater containing
6.6X10 *M Fe(lIl), buffered to pH 8.0 with 2.5
mM borate, in the presence of catechol concentra-
tions over 0.5 to 5 mM. Preconcentration was car-
ried out for 1 min at —0.25V. The peak current
attains maximum at 2 mM catechol and remains
nearly constant at higher concentrations (Fig. 3).
The peak potential dependence behaves similarly
(not shown by figure), constant within 0.005V,
over 2mM catechol contrary to the case in the
PIPES buffer.

The dependences of the current and peak pote-
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Fig. 4. Effect of the pH on the peak current (a) and
peak potential (b). The accumulation time was 1 min
at —0.25 V. Other conditions were same as specified
in Fig. 1.
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Fig. 5. Determination of the iron level in a seawater
sample by standard addition method.
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ntial upon the pH were examined by measureme-
nts at a fixed concentration of 2 mM catechol. Peak
height and potential were strongly affected by the
pH as shown in Fig. 4. The greatest peak height
was obtained at pH 7.9. The peak potential shifted
0.14V per pH in a more negative direction as the
pH increased as a consequence of the greater sta-
bility of the Fe-catechol complex ions at higher
pH values, for the catechol is a weak diprotic acid.
All these results including Table 1 illustrate the
superiority of borate buffer of pH 8.0 over PIPES
of pH 6.9 as a proper buffer medium for the iron-
catechol scheme.

Determination of iron in real samples. The dis-
solved iron concentrations in the seawater samples
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Table 2. Determination of iron in seawater samples

Iron found (ppb)

Sample

Present method® AAS
4C-3H 22.2 229
4C-5L 328 337
4C-6L 30.6 314
4C-9L 24.6 25.6
4C-10L 37.3 3838

“With a relative standard deviation less than 5% over
four measurements (n=4). *With a relative deviation
less than 10% from the mean over two measurements.

were determined by standard additions as illustra-
ted in Fig. 5. The sample contained 2 mM catechol
and 2.5 mM borate buffer (pH 8.0). The accumula-
tion time was 1 min at a potential of —0.25V. The
peak height increased linearly with Fe concentra-
tion until 8 ppb (1.5X 11077 M). The limit of detec-
tion (30) in these conditions was 0.3 ppb (1.5X10*
M) determinable without any difficulty in baseline
interpretation, which could be brought lower value
by extending the accumulation periods up to 3

min. The results agreed well with the atomic ab-
sorption spectrophotometric method® (Table 2).
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