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Abstract

A vanadium oxide-modified glassy carbon electrode was simply and conveniently fabricated by casting vanadium tri(isoproxide) oxide
(VO(OGC;H5)3) and poly(propylene carbonate) (PPC) onto the glassy carbon electrode surface. The electrochemical properties of iodide a
the VO(OGH;7)s—PPC film-modified glassy carbon electrode were investigated by cyclic voltammetry, and an anodic peak was observed at
approximately +0.71V (vs. SCE). Based on this, a sensitive and convenient electrochemical method was proposed for the determination c
iodide. Flow injection amperometry (FIA) exhibited a good linear relationship with the concentration of iodide in the rangt0of 5nol L~
and 1x 10~3mol L%, and the detection limit was» 10~ mol L. Quantitative recovery of iodide in synthetic samples has been obtained
and the interferences from different cations and anions have been studied. The method has been successfully applied to the determinati
of iodide in dry edible seaweed. The concentrations of iodide measured by this method are in good agreement with those obtained b
spectrophotometric method.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction diffuse reflectance spectroscopy], inductively coupled
plasma—atomic emission spectromef6], flow-injection
lodine is an essential trace element playing an important analysis[4], gas chromatography—mass spectromg§ij.
role in mental development, growth and basic metabolisms But most of them were expensive and relatively complicated.
[1]. The lack of this thyroid hormone causes poor mental Some electrochemical procedures were proposed recently.
and physical development in children and enlargement of Besides the well-known cathodic stripping voltammetry us-
the thyroid (goitre) in adults. At the same time, an excess ing mercury electrodg4 3], were most often based on anodic
of iodine or iodide can produce goitre and hypothyroidism or adsorptive stripping voltammetry, applying either poten-
as well as hyperthyroidisrf2]. Therefore, the determina- tiostatic accumulatiofil4,15] or preconcentration at open-
tion of iodide and iodine species is important in a variety circuit through the formation of ion pairs at chemically mod-
of fields such as food3], clinical and biological sciences ified electrode$16—22].
[4,5], and also in environmental and industrial applications  Polymer film-modified electrodes can be different from

[6,7]. other modification methods such as adsorption and cova-
Several analytical methods have been applied for the deter-lent bonding because they commonly involve multilayer ad-

mination of iodate and iodide, such as titrimef8y, chemi- sorption, which can provide more ‘active sites’ resulting in

luminescencg9], ion chromatography10], ICP-MS[11], obvious analytical signals. Together with its ease of prepa-

ration, good stability and reproducibility, the polymer film-
* Corresponding author. Tel.: +86 431 8942853; fax: +86 431 8942853, Modified electrode is particularly advantageous for electro-
E-mail addresshdxu@email.jlu.edu.cn (H. Xu). analytical researcf23]. Many researches were put on the
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polymer matrix, such as poly(ethylene oxide) (PH®J], nitrogen for at least 15 min to remove oxygen prior to the
poly(vinyl chloride) (PVC)[25], poly(methyl methacrylate)  beginning of series of experiments.
(PMMA) [26] polyacrylonitrile (PAN)[27], poly(vinylidene
fluoride-hexafluoropropylene) (PVDF-HFRB8-30], and so 2.3. Preparation of the film
on. Poly(propylene carbonate) (PPC) is a kind of hydroxyl-
terminated aliphatic polycarbonate composed of carbondiox-  The method of immobilizing VO(OgH7)3 on the sur-
ide and propylene epoxid&1] that can be used as adhesives, face of glassy carbon electrode is described briefly as fol-
solid electrolytes, photoresists, barrier materials, flexibiliz- lows. A glassy carbon electrode was polished before each
ers and plasticizell82,33]. Because PPC and VO(g;)3 modification with 1, 0.3 and 0.0bm alumina powder, re-
are analogous, they can possess miscibility; VO{B)3 spectively, rinsed thoroughly with doubly distilled water be-
would be held well in PPC-modified film. In this paper, we tween each polishing steps, then washed successively with
developed a novel vanadium oxide-modified and polypropy- 1:1 nitric acid, acetone and doubly distilled water in ultra-
lene carbonate-coated glassy carbon electrode, and studiedonic bath and dried in air. First, organically modified PPC
the electrochemical behavior of iodide on it and its appli- gel was prepared by mixing PPC with LiC{Gn THF for
cation. Furthermore, this kind of electrode has been used24 h at room temperature. This solution was freshly prepared
to flow injection amperometric system for the determina- before use. Second, VO(@B5;)3 was dissolved in THF and
tion of iodide. This new procedure has following advan- saturated VO(OgH7)3 sol was obtained. Two microlitres of
tages such as sensitivity, rapidity and excellent reproducibi- VO(OC3H7)3 sol was dropped onto the surface of a GCE, fi-
lity. nally coated with PPC sol, and allowed to dry at room temper-
ature for 48 h. The VO(OgH7)3—PPC film-modified GCE
was obtained.
2. Experimental
2.4. Procedure
2.1. Reagents
The flow injection system used in this work was con-
Poly(propylene carbonate) (PPC) (A, ~ 50,000) and sisted of flow injection analyzer and electrochemical detec-
vanadium tri (isoproxide) oxide (VO(O4El;7)3) were ob- tion cell. The pump was started and pH 2.4 B—R buffer flowed
tained from Aldrich Chemical Company, Inc. Potassium io- through the system until a stable baseline was recorded. Then,
dide, LiCIO4 and tetrahydrofuran (THF) were obtained from different-concentration mixing solution of potassium iodide
Tianjin Chemical Reagent Plant and used without further and pH 2.4 B—R buffer was injected into the cell. The anodic
purification. Britton—Robinson (B—R) buffers were obtained peak current was measured with electrochemical analyzer at
by titrating a mixed acid solution (0.04 mott boric acid, +0.8 V versus SCE.
0.04 mol L1 phosphoric acid and 0.04 moti acetic acid)
with 0.2 mol =1 NaOH to the required pH. Pure water was 2.5. Sample preparation
used throughout, obtained by means of Millipore Q water
purification set. All other chemicals were of analytical grade A suitable amount of dry edible seaweed was weighed

and were used without further purification. into a china crucible, and 2 ml of deionized water and 2 ml
of 2M KOH solution were added and stirred until a paste
2.2. Measurements was formed. It was transferred into an oven for 1-2h at

80-100°C, and then into a high-temperature oven for 4-6 h
Electrochemical experiments were performed with a CHI at 550—-600C. After carbonization, it was washed with hot
630A Electrochemical Analyzer (CH instruments, USA) deionized water, filtered into a 50 ml volumetric flask and ad-
in a conventional three-electrode cell. The working elec- justed to pH 7 with concentrated,HO4 solution, and then
trodes were modified or unmodified glassy carbon electrodesdiluted to the mark with deionized water. Thus, the sample is
(Model CHI 104). Platinum electrode was used as the counterobtained.
electrode and a saturated calomel electrode (SCE) as the ref-
erence electrode. All potentials were measured and reported
versus SCE. 3. Results and discussion
Flow injection analysis experiments were performed with
a FIA-3100 Flow Injection Analyzer (Beijing Titan Instru-  3.1. Spectral characteristics
ments Co., Ltd.) in the flow detection cell. Infrared spectrum
of the sample was recorded with Perkin-Elmer SPECTRUM  In Fig. 1, typical FT-IR spectral patterns are shown
ONE FT-IR spectrophotometer in the 400-4000¢nme- for VO(OC3H7)3—PPC, VO(OGHy7)3, PPC and YOs. The
gions using a sample on the KBr plate. characteristic bands of VO(Q€7)3 and PPC can be ob-
All experiments were carried out at room temperature. served inFig. 1b and c, respectively. The spectrum of
The buffer and sample solutions were purged with purified VO(OCsH7)3—PPC composite (Fig. 1a) is similar to that
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thodic peak at about0.7 V in the PPC film-modified glassy
carbon electrode (Fig. 2b). Two pair of redox peaks appeared
(@) in the VO(OGH?7)3—PPC film-modified glassy carbon elec-
trode (Fig. 2c). The mean peak potental, = (Epa+ Epc)/2

are +0.38V (1, ) and —0.40V (2, 2) with peak poten-

tial separations of 0.28V (1,’Land 0.20V (2, 2, re-
spectively. These peaks can be due to two non-equivalent
sites in the VO(O@H7)3—PPC film. At the higher potential

(d) (E12=+0.38V), H" is incorporated into the VO(OfEi7)3
and, at the same time,%V is reduced to ¥* by accept-
4000 3500 3000 2500 2000 1500 1000 500 ing an electron. In addition, the peak currents were linearly
cm!

proportional to the square root of scan rates in the range of
10-500 mV s, which indicated the electron transfer process
in this film is controlled by diffusion. At the lower potential
(E12=—-0.4V), the wide and asymmetric pattern of the redox
of VO(OC3H7)3(Fig. 1b). It was also observed from the peaks can be related to the overlapping of the cathodic peak
spectra that there was a slight change in the band posi-Of YO(OCsH7)s and PPC. Its peak currents were not propor-
tions of Fig. 1b, suggesting a weak interaction between the tional to scan ratles or_the squz.ire_root of scan rates inthe range
VO(OCsH7)3 and PPC. Besides, it is possible to note that of 10—5(_)0 mVS_ , which also indicated this peak suggested
the bands for VO(OgH7)3—PPC are narrower than those for aweak mtergctlon bet'ween the VO(eXfy)s and PPC. The

the VO(OGH7)3. This effect can be attributed to coulom- electrochemical reaction process can be represented as fol-
bic interactions between the two organic polymeric chains, OWS*

although we are not able to discern the contribution of each VO(OCzH7)3 + HT + e = VOH(OC3H7)3

one and more works are underway to further investigation of

this point.Fig. 1d shows the spectra obW®s. FromFig. 1b ) .

and d, the difference of main bands between VO{B93 3.3. Electrochemlcgl responses of iodide at the

and \LOs can be seen. It illuminated that VO(@&7)s in VO(OGHy7)3-PPC film-modified glassy carbon

the film is not hydrolyzed. electrode

Fig. 1. FT-IR spectra of (a) VO(O$El7)s—PPC, (b) VO(OGH-)s, (c) PPC
and (d) \,LOs.

The voltammetric behavior of iodide on bare glassy car-
bon electrode and VO(QgEl;)s—PPC-modified glassy car-
bon electrode was investigated using cyclic voltammetry be-
tween 1.1 and-1.0V. The cyclic voltammograms were ob-
tained in the presence of210~* molL~1 |~ at bare glassy
carbon electrode (Fig. 3A). The catalytic oxidation of io-
dide on the VO(O@H7)3—PPC film-modified electrode can

3.2. Electrochemical behavior of the VO(gi;)3—PPC
film-modified glassy carbon electrode

Fig. 2 shows the cyclic voltammograms at a bare glassy
carbon electrode, a PPC film-modified glassy carbon elec-
trode and a VO(OgH7)3—PPC film-modified glassy carbon

electrode, respectively. It can be seen that in the _potentlal be seen clearly ifiig. 38, On adding iodide to the cell, it was
range from +1.1 to-1.0V, no redox peak was obtained at found that the anodic peak current at the VOEBIG)s—PPC
the bare glassy carbon electrode (Fig. 2a). There is a ca-.. i 3
film-modified electrode was larger than at the bare glassy
carbon electrode. The anodic peak potentigl; s about
714 mV (vs. SCE), which is 64 mV lower than that at bare
glassy carbon electrode. As we know, the increment of cat-
alytic current and decrease in overpotential are two impor-
tant factors to evaluate the catalytic effect. These results show
thatthe VO(OGH7)3—PPC film-modified glassy carbon elec-
trode can catalyze oxidation of iodide and this film can be
used as a sensor for determination of iodide. The oxidation of
iodide can be ascribed to the VO(@K;)3/VOH(OCzH7)3.
The electrochemical reaction process can be represented as

3 — —_— follows:
1.5 1.0 0.5 0.0 -0.5 -1.0
E/V (vs.SCE) VO(OC3H7)3 +H" + e = VOH(OC3H7)3

1/10%A

Fig. 2. Cyclic volammograms of a bare glassy carbon electrode (a), PPC VO(OCzH7)3+ 1~ + HT = VOH(OC3H7)3 +1/2l»
film-modified glassy carbon electrode (b) and VO@Eb#Z);—PPC film- .
modified glassy carbon electrode (c) in pH 2.4 B-R buffer. Scan rate: Where VO(OGH7)3 and VOH(OGH?7)3 represent the oxi-
50mvVs dized and reduced forms of the vanadium redox couple. |
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1/107%A

15 10 05 00 -05 1.0
(A) E/V (vs.SCE)

15 10 05 00 05 -1.0
(B) E/V(vs.SCE)

Fig. 3. (A) Cyclic voltammograms of 2 10~* mol L1 iodide in the pH 2.4
B-R buffer at bare glassy carbon (a) and a VO§B1&)z—PPC film-modified
glassy carbon electrode (b). (B) Cyclic voltammograms of the different con-
centrations of iodide in the pH 2.4 B-R buffer at a VO(§b{z3)3—PPC film-
modified glassy carbon electrode: (1) 0mofl, (2) 5x 102> mol L1, (3)
1x104molL™L, (4) 1.5x 104 molL™1, (5) 2.0x 104 molL~L. Scan
rate: 50mvV st

of 10-500mVs?t. Thus, the oxidation of iodide at the
VO(OC3H7)3—PPC film-modified glassy carbon electrode in
pH 2.4 B-R buffer is controlled by diffusion.

3.4. Effect of supporting electrolyte

To optimize the determination conditions of iodide, the
effects of pH value and buffer systems such as, pH 2.0-7.0
B-R buffer, pH 3.5-6.0 acetic acid—acetate buffer and pH
2.0-4.0 BSO,—NaSOy, were examined. The result showed
that highest peak current of iodide was obtained in pH 2.4
B-R buffer, otherwise the background current is very low
and the oxidation peak is well defined. Thus, pH 2.4 B-R
buffer was used as the supporting electrolyte for determining
iodide.

3.5. Stability studies of VO(QEl7)3—PPC film modified
electrode

In general, the modified electrode has a disadvantage
of leakage of the modifier. So, the stability study of the
polymer-modified electrode is necessary. The stability of the
VO(OC3H7)3—PPC film electrode was investigated. In the
potential range +1.1 te-1.0V versus SCE, in pH 2.4 B-R
buffer and at 50 mV's! scan rate, after 100 cycles the current
response was almost unchanged. When the modified elec-
trode was stored in the air for more than 1 month, the current
response decreased by 5%. The current response of the modi-
fied electrode towards iodide has also good repeatability. The
relative standard deviation (R.S.D) is 3.5% for eight determi-
nations of 2.0« 10~* mol L~ iodide in pH 2.4 B-R buffer.
These experiments indicate that the VO@EPIZ)3—PPC film
modified electrodes have good stability and reproducibility.

obtainedinthe anodic processis reduced again in the cathodi3.6. Detection of iodide by flow injection analyzer

process.
Fig. 4 shows that the peak currents were linearly pro-

In this paper, amperometriet curve was used in the dif-

portional to the square root of scan rates in the range ferent potentials covering the range 0.3—1.0V in the pH 2.4

Fig. 4. Influence of the scan rate on the anodic peak current at
VO(OC3H7)3—PPC film modified glassy carbon electrode in the presence
of 5x 10-°mol L~ iodide. Scan rates: 10mV$, 20mVst, 50mvVs?,
100mVs?, 200mvs?, 500mvs?t

B-R buffer containing 5 10-°molL~1 I~. The response
time required to reach 95% of the steady-state current was
less than 10 s after the addition of iodide. These results show
that the current response of the modified electrode is rapid.
So, FIA can be used to detect the concentration of iodide.

In the FIA detection process, the injection time or sam-
pling time, the washing time, the flowing rate of buffer so-
lution and applied potential are important factors. The peak
current increased with the injection time increasing in the
range of 2 and 6 s, but the ratio of the signal and background
decreased. So, 2s is selected as an optimum injection time.
The current went back the baseline in about 20s, so 30s is
optimum washing time. The less the flowing rate is, the wider
the peak width is. The optimum flowing rate was selected as
4 mL/min. In FIA detection of the different potentials cov-
ering the range 0.3-1.0V in the pH 2.4 B-R buffer in the
presence of 5 10~* mol L~1, the peak current is largest at
0.8V (Fig. 5).
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(-

06 07 08 08 10 1.1
E/V (vs. SCE)

Fig. 5. Relationship between the current and applied potential at
VO(OC3H7)3—PPC film-modified glassy carbon electrode in the presence
of 5x 10~*mol L~ iodide.

As stated above, the optimum conditions were as follows:
the injection time, 2 s; the washing time, 30s; the flowing
rate, 60 r/min and applied potential, 0.8 V.

Under the selected conditions, FiAt graphs obtained
for a series of iodide solutions with various concentrations
are shown inFig. 6A. Fig. 6B shows that in the range of
5x 10~ "molL~1 and 1x 10-3mol L1, the response cur-
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rents exhibited a good linear relationship with the concentra-
tions of iodide and the detection limit wasd10~" mol L.

The relative standard deviation of the peak currgatd 10
repeated injections of 5 1074 mol L1 iodide was 3.2%.
The linear response range and mainly the detection limit were
much better than those for amperometric sensors for iodide
described recently in the literatuf&3—-22].

3.7. Interferences

Interference effects were investigated by testing the re-
sponses of the modified electrode to~CIBr—, CIOs™,
BrOs—, 103~, SQ42~, Na', Mg?*, C&*, B&* and AS™ be-
cause these species often exist in the sample wittnl or-
der to study the influence of various species on the determi-
nation of iodide, a fixed amount of iodide was taken with
different amounts of foreign species and the recommended
procedure was followed. A relative error of 5% was consid-
ered tolerable. Keeping the concentration of iodide at a level
of 5.0x 10-°mol L1, no significant interference was ob-
served from the following species: C{50), Br~ (50), CIO;~
(250), and Br@— (150), where the values in parentheses are
the concentration ratios. The other species did not interfere
in the experiments. So the VO(Q@B7)3—PPC film-modified
electrode has good selectivity for iodide.

3.8. Analytical application

To examine the possible use of the modified electrode in
a practical application, artificial water samples were deter-
mined. The composition of the artificial water samples was
as follows: 1.0x 10-*molL~1 CI—, Br—, BrO3~, ClO3,
SO4?~, and 0.1-1.06< 103 mol L~ I~ Typical results ob-
tained for the water samples are summarizethaible 1. The
results for the determination of iodide are in agreement with
the known contents.

In addition, the modified electrode was applied to the anal-
ysis of iodide in dry edible seaweed. In order to evaluate the
validity of the modified electrode for the determination of
iodide, the recovery of detecting samples were carried out
by iodide standard increment. An appropriate volume of the
sample was added to the cell and tested according to the above
procedure. The results obtained are showihahle 2. These
results were compared with that from a spectrophotometric
method and were shown to be in agreement. Thus, the pro-
posed method can be successfully applied to real samples.

Table 1
Results of the determination of iodide ion in artificial water samples

lodide added (mmoll) lodide found (mmol L=1)

Sample number

Fig. 6. (A) Variation of the response currents with iodide concentrations
in the pH 2.4 B-R buffer at a VO(Og7)3—PPC film-modified GCE.
Applied potential: 0.8V. (B) FIAi—t graphs of the different concentra-
tions of iodide in the pH 2.4 buffer at a VO(Q87)3—-PPC film-modified
GCE: (1) 1x 10-3mol L1, (2) 5x 10-°molL~%, (3) 1x 104 mol L%,
(4)5x 10*mol L1, (5) 1x 103 mol L1, (6) 5x 103 mol L~1.

1 0.10 0.13
2 0.30 0.27
3 0.50 0.48
4 0.80 0.84
5 100 0.98

a Average of six determinations.
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Table 2
Results of iodide in different samples

135

Sample number FouRd!, mg/kg) Added (I, mg/kg) Tot&l(l, mg/kg) Recovery (%) Spectrophotometry (I, mg/kg)
1 24.2 10.0 b1 103.7 3.6
2 318 2.0 50.6 9%.2 31
3 40.1 20.0 61.8 104.2 B4

2 Average of six determinations.
4. Conclusions

In this paper, VO(OgH7)3—PPC film can be simply and

conveniently modified on the surface of a glassy carbon elec-

trode. With this work it was proved that VO(QH7)s is a
good modifier, which can catalyze oxidation of iodide. In ad-

[12] H.S. Shin, Y.S. Ohshin, J.H. Kim, J.K. Ryu, J. Chromatogr. A 732
(1996) 327.

[13] R.C. Propst, Anal. Chem 49 (1977) 1199.

[14] I. Svancara, J. Konvalina, K. Schachl, K. Kalcher, K. Vytras, Elec-
troanalysis 10 (1998) 435.

[15] J. Konvalina, I. Svancara, K. Vytras, K. Kalcher, Sci. Pap. Univ.
Pardubice, Ser. A 3 (1997) 153.

dition, the modified electrode was successfully applied to the [16] L. Guanghan, Y. Min, Z. Qifang, W. Ailan, J. Zexiang, Electroanal-

analysis of iodide in dry edible seaweed.

When compared to the previous reports for this determina-
tion, the advantages are: (1) without pre-treatment, (2) with-

out preconcentration and (3) lower detection limit. So, this
methodology could be used for rapid detection of iodide.
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