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Abstract

A novel solid-contact potentiometric sensor for ascorbic acid based on cobalt phthalocyanine nanoparticles (NanoCoPc) as ionophore we
fabricated without any need of auxiliary materials (such as membrane matrix, plasticizer, and other additives). The electrode was prepared k
simple drop-coating NanoCoPc colloid on the surface of a glassy carbon electrode. A smooth, bright and blue thin film was strongly attachec
on the surface of the glassy carbon electrode. The electrode showed high selectivity for ascorbic acid, as compared with many common anion
The influences of the amount of NanoCoPc at the electrode surface and pH on the response characteristics of the electrode were investigat
To overcome the instability of the formal potential of the coated wire electrode, a novel electrochemical pretreatment method was propose
for the potentiometric sensor based on redox mechanism. This resulting sensor demonstrates potentiometric response over a wide line
range of ascorbic acid concentration (%807 to 5.5x 10-2 M) with a fast response (<15s), lower detection limit (ca.>1.00~" M), and
a long-term stability. Furthermore, microsensors based on different conductors (carbon fiber and Cu wire) were also successfully fabricate
for the determination of practical samples.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Solid-contact; Potentiometry; Cobalt phthalocyanine nanopatrticle; Ascorbic acid; Redox mechanism

1. Introduction solution is a major origin of primary ions contaminating the
sample[5]. Although some remedies were adoptéq7],

As a classical field of electrochemical sensors, ion- the internal filling solution is still a major hindrance in the
selective electrodes (ISEs), or potentiometric sensors offerminiaturization of the devices. Thus, some new sensing sys-
many advantages and have been widely used in many fieldstems, such as solid-contact electrodes, have been proposed
including clinical diagnostics, industrial process control, [5,8,9]. Polymeric film containing electroactive species and
environmental monitoring, and physiolod¥,2]. Although other additives coated directly onto the surface of metallic
potentiometric sensors have been regarded as a mature fieldr graphite conductors is a common method to fabricate
where all important contributions had been made, recently, the solid-contact electrodes. This type of sensors eliminated
researches in this field are quite exciting, and a significant the internal filling solution provides new advantages, for
number of directions are emerged, because of the improvedinstance, good mechanical stability, simplicity and possibil-
mechanistic understanding (e.g., various non-classical re-ity of miniaturization. They have been used as detectors in
sponse mechanisms proposed), many new materials and corhydrodynamic separation systems (such as liquid chromatog-
cepts (e.g., molecular imprinting) employed, and s§34]. raphy, capillary electrophoresis apdTAS) [10] and flow

For traditional potentiometric sensors with the internal injection analyzergl1l]. However, a key disadvantage for
solution, previous studies have shown that the internal solid-contact electrodes is that the formal potential is often

unstablg12], which has been mainly attributed to the lack of
* Corresponding author. Tel.: +86 25 83594862; fax: +86 25 83594862. @ Well-defined redox couple at the membrane-metal interface
E-mail addresshychen@nju.edu.cn (H.-Y. Chen). [13]. To obtain a thermodynamically defined electrochemical
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interface between membrane and solid conductor, it has beerwith many common anions, and a wide linear concentration
suggested either to contact the conductor with the membranerange for the determination of ascorbic acid.

via an intermediate polymer layer that is redox-acfil/8],

or to use ISE membranes containing an appropriate redox-
active componenfl4]. Besides, another disadvantage of
these sensors is the polymeric membrane losing adhesion be- )
tween the coating and the conductor. Thus, some alternative?-1- Reagents and materials
materials, such as sol-gel membrane mdfir16], carbon
paste (CP) matrixl7,18], and electropolymerized conduct-

ing film [19], have been used as incorporating ionophores I ! )
matrix. ther purification. All other reagents are commercially avail-

Furthermore, for ISEs constructed by the conventional 2PI€ and ofanalytical grade. 0.1 M phosphate buffer solutions
polymeric membrane, many additives (e.g., membrane ma-(PBS) Wlth various pHs were prepared by mixing stock stan-
trix, plasticizer, and a small amount of other additives) are dard solutions of BHPOy and KHpPO, and adjusting the pH

added in the polymeric membrane, while not all components With 0-1 M HsPOy or K3POs. All solutions were prepared
are perfectly immobilized in the membraf@0]. Previous  With doubly distilled water.

;tudies_have ind_icated that exudatio_n of plasticizer and leach-5 5 Preparation of NanoCoPc colloid

ing of dissolved ionophores may ultimately affect the perfor-

mance of sensors, including the lifetirf#l] and the selec- NanoCoPc colloid was prepared as described previously
tivity [22]. In particular, it has been found that such compo- 31 yith 4 little modification. Briefly, 0.15 g CoPc was dis-
nent leaching induces a serious interfering response in Vivo g \ye in 5 mL 98% concentrated sulfuric acid, the solution
applicationg23]. Recent studies have also showed that the |15 then added drop by drop into a 300 mL aqueous solution

Iegching of plasticizer could induce a cro;s-contamination in containing 0.45 g hexadecyltrimethyl ammonium-bromide in
microarray systemi24]. Thus, many solutions have beenput 5 jtrasonic ice—water bath. The resulting transparent blue

forward to resolving these problems, and complicated pro- ¢qgidal solution was ultracentrifugally separated. The ob-

cedures for grafting of various membrane components have,ined sedimentation was washed repeatedly to neutral with

been used to avoid leachifzh, 26]. Plasticizer-free fromthe  \a1er and dispersed with 300 mL water under ultrasonic as
membrane has also been attempted with conventional p°|y'standby solution.

mers or photopolymers for ion-selective membrgd@&s-29],
which are very advantageous to the miniaturization of ISEs. 2.3. Preparation of the modified electrode

Thus, as mentioned above, preventing the exudation of
plasticizer and leakage of primary ion, and improving sensor  Prior to modification, a glassy carbon electrode (GCE, di-
rigidity are of interest to meet the requirement of miniatur- ameter 3 mm) was polished with sand paper followed by 1.0,
ization devices. In this work, we report a novel solid-contact 0.3, and 0.0wm aluminaslurry, respectively, then cleaned by
electrode based on cobalt phthalocyanine nanoparticles asuccessive ultrasonic treatment in baths with acetone (5 min)
ionophore for potentiometric determination of ascorbic acid and double distilled water (10 min) to remove any residue on
(Vc). Compared with previous reports, this proposed method the surface of the electrode, and finally air-dried for use. The
presents some advantages: (i) Simple component of mem-NanoCoPc colloid modified GCE (NanoCoPc/GCE) was pre-
brane and easy preparation procedure of modified electrodepared by drop-coating 30L of the NanoCoPc standby solu-
The membrane is only composed of nanosized CoPc withouttion on the GCE followed by air-drying for 3—4 h. A smooth,
any other auxiliary materials, which does not include polymer bright and blue thin film appeared on the GC surface.
matrix, plasticizer, and other additives. The modified elec-  Cu microdisk electrode and carbon fiber electrode were
trode could be prepared by simple drop-coating method. (ii) fabricated as follows: 7 cmlong glass capillaries (1.0 mmi.d.)
Low cost and excellent film-forming ability of material. The were pulled with a vertical pipet puller (Shanghai Institute
membrane material (nanosized CoPc colloid) is made from of Physiology, Shanghai, China) and the tips of these glass
non-derivative cobalt phthalocyanine using a conventional ul- micropipets were carefully cutto about 4@fi.d. A Cuwire
trasonic dispersion reprecipitation in the surfactants solution. with 3 cm long and 33p.m diameter was introduced into the
This nanosized CoPc colloid could form very firm, smooth tip of a glass capillary and epoxy was applied to fix the Cu
and uniform film on the surface of the electrode. Previous wire. The other end of the wire was connected to a Cu lead by
studies have also used cobalt phthalocyanine derivatives formeans of soldering tin and the capillary end was sealed with
potentiometric determination of ascorbic af36,31]. How- epoxy also; for carbon fiber electrode, a bundle of carbon
ever, these peripheral substitution derivatives require com-fibers (ca. §m diameter for single one) were introduced
plicated synthesis process and expensive material cost. (iii)into the capillary. Epoxy was applied at the tip to seal the
Solid-contact without the internal solution and easy miniatur- carbon fiber bundle with ca. 1 cm protruded from the tip.
ization. (iv) Good performances of sensors. This kind of sen- A copper wire was connected with the carbon fiber through
sor shows a high selectivity for the ascorbic acid, as comparedcarbon powder on the other end of capillary and then fastened

2. Experimental

L-Ascorbic acid and uric acid were purchased from Sigma
and CoPc from Aldrich, and used as received without fur-
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with epoxy. The exposed carbon fiber bundle at the tip was

cut. Prior to modification, the same pretreatment procedures A
as the mentioned above were made, and thep.3.6f the {
NanoCoPc standby solution was carefully drop-coated onto ; v (@)

the surface of the carbon fiber or copper microdisk electrode.
All the modified electrodes were stored in a dry state at
room temperature when not in use.

2.4. Apparatus

Potential measurements were made with a Model PXSJ- )
216 lonalyzer (Shanghai Rex Instrument Factory, China).
Potential-time measurements and cyclic voltammetric ex- I'U ‘ 2'(, ‘ 3'(, ‘ 40
periments of the electrodes were performed with an Autolab 20 (degree)

PGSTAT30 (EcoChemie, Utrecht, the Netherlands). For pH

measurements, an Orion (ThermoOrion, USA) Model-868 Fig. 1. X-ray diffraction patterns of (a) bulk CoPc dispersion and (b) CoPc
with a conventional glass pH electrode was used. Scanninghanoparticles.

electron micrographs (SEM) were obtained with a Hitachi

X-650 scanning electron microscope (Hitachi Ltd., Tokyo, insufficient renewal of the electrode surface, because CoPc
Japan) at an acceleration voltage of 20 kV, and X-ray diffrac- hardly diffuses from the bulk of carbon paste towards the
tion (XRD) experiments were performed on an X-ray diffrac- electrode surface due to its infusibility in paraffin [3b6].

tometer (Rigaku D/max-RA, Japan). Over the recent years, nanosized organic materials have
) received much more attention because of their unique physi-
2.5. Potential measurements cal and chemical properti¢32,37,38]. In our previous work

_ - [39], nanosized CoPc colloid was successfully fabricated

Prior to measurement, the modified electrode was pre-from non-derivative CoPc using a conventional ultrasonic
treated by electrochemical method as follows: it was elec- gispersion reprecipitation in the surfactants solution. The X-
trooxidized in the bare solution at a constant potential of ray diffraction patterns of bulk CoPc and nanosized CoPc
0.6V until a steady-state current was obtained about 50, 51 shown iFig. 1, compared to the bulk CoPc that exhibits
and then soa_ked in Q.l M PBS with th_e same pH yalue as themany sharp peaks, the NanoCoPc powder shows only two
sample solution until a steady potential was obtained. broad peaks, indicating a near amorphous state, which may

Atwo-electrode system comprising the modified electrode pe the result of the nanometer size effect. Because the number
as the indicator electrode and a saturated calomel electrodeys copc molecules was very limited in every CoPc nanopar-
(SCE) as reference one was employed for all electrochemi—tide, they cannot stack up into a long-range ordered state,
cal experiments. All the potentials given here were relative ;¢ only into a short-range ordered state, resulting in broad
to SCE. All experiments were carried out in air-saturated peaks in the X-ray diffraction pattefa8].
and mild stirring 0.1 M PBS at 28 0.1°C, unless otherwise Fig. 2A shows the SEM image of the modified electrode
stated. prepared by conventional method coating with CoPc pyri-
dine solution[40]. The crystallites of CoPc are distributed
irregularly on the surface of the electrode, and it is easy to be
removed by rinsing with watelFig. 2B shows the SEM of the
NanoCoPc film, which is very smooth and uniform without
any cracking. The film strongly attached on the surface of the
electrode without any shelling by rinsing continuously with
water. It overcomes the disadvantage of easily desquamating
from the surface of the electrode for the bulk cobalt phthalo-
material cost, makes it as a strong candidate for the de_cyaninefilm,an_c_l provides a possibility to pr_epa_reastabl_e and
velopment of novel sensor devices, such as gludas Iong—.term mod|f|ed. eIectrode.lAnd also th!s kind of unique
ethanol [34], 2-mercaptobenzothiazole and 2-mercapto- physical and chem|cal properties pf nanosized CoPc collqld,
benzothiazimidazold35] etc. Unfortunately, only carbon namely excellent film-forming ability and strong adsorbabil-

paste embedding method has been used to fabricate thes: will widen its application in many fields.

sensors, because it is difficult to firmly fix CoPc on the

surface of the electrode without other auxiliary materials. 3.2. Response mechanism

Previous study has also showed the stability of the sensors

based on carbon paste embedding method is rather poor, it As a kind of non-classical response mechanisms, namely,
may be caused by the decomposition of CoPc molecules andhe potential response of membranes via redox reactions be-

3. Results and discussion
3.1. Physical characterization
Cobalt phthalocyanine is one of the best-known syn-

thetic porphyrin analogues. Much more highly catalytic
property and biocompatibility combined with low raw
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Fig. 2. SEM of the glassy carbon electrodes coated with (A) CoPc pyridine solution and (B) CoPc colloid (insk8f)5

tween the ionophore and the targetion, cobalt phthalocyaninecould be similarly expressed as follofis3,31,35]:
derivativeq30,31], iron phthalocyaninfl8] and other tran-

sition metal complexeft1] have been used as mediators for CO(IDP¢ + Ve — Co(l)Pc+ Ve 1)
poter)tiometr_ic d_etermination_of asporbic acid. As we know, Co()Pc + Op+2H,0 — Co(ll)Pc + 2H,0; )

the direct oxidation of ascorbic acid by oxygen has been the

object of many kinetic investigations due to its basic bio- Potentiometric detection method based on a redox medi-
chemical and potential significance, which is relatively slow ator represents a convenient way to measure the equilibrium
without any catalyst present, especially at low [ii8,31]. potential of such a slow and irreversible reactjé8]. Here,

The anodic peak potential of ascorbic acid at the [Co(I))/[Co(l)] provides a reversible redox couple for mea-
NanoCoPc/GCE is at about +0.45V (Fig. 3). Compared to suring the equilibrium potential of the ascorbic acid-oxygen
the response of ascorbic acid at the bare GC electrodes, thaystem. As can be seen from E¢E) and (2), the potential
NanoCoPc/GCE exhibits obviously higher current response of the electrode is determined by the concentration ratio of
towards ascorbic acid oxidation, and additionally a marked [Co(ll)]/[Co(l)], which is a function of the ascorbic acid con-
decrease (about 190 mV) in the oxidation peak potential of centration under keeping the concentration of oxygen and
ascorbic acid, which implies that NanoCoPc modified elec- other parameters at constants valleg. 4illustrates a typ-
trode can electrochemically catalyze the oxidation of ascor- ical potential-time curve for the response of the modified
bic acid. Thus, the potentiometric response mechanism forelectrode with sequential additions of ascorbic acid in air-
ascorbic acid of the modified electrode based on NanoCoPcsaturated 0.1 M PBS (pH 7.0). Stable potential signals are

obtained with a response time of less than 15s at ascorbic

60 |- b

1(nA)
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0.0 03 0.6 0.9
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Fig. 4. Potential-time curve for the response of the NanoCoPc modified
Fig. 3. Typical cyclic voltammograms for the oxidation of 0.1 mM ascorbic electrode to successive addition of ascorbic aci¢éa0.1 mM increment
acid at (a) the bare, and (b) NanoCoPc modified glassy carbon electrodes akach time and f—g 1 mM, respectively) to 10 mL 0.1 M stirred phosphate
pH 7.0in 0.1 M phosphate buffer solution at scan rate of 200 MV s buffer solution, pH 7.0, at 24 0.1°C.
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acid concentrations more than x@0*M, showing afast ~ the modified electrode coated with 22 CoPc colloidal was
response of the modified electrode to ascorbic acid. Espe-used for further experiments.

cially at low concentrations, e.g., 1:010~° M, the electrode

reaches an equilibrium reading within 50's, the response is3.4. Precondition and stability and reproducibility

much faster than that the all-solid-state potentiometric sen-

sor based on R$nCI (10 min for a concentration of T6M In order to obtain a stable potentiometric response over
ascorbic acid)41], and the CoTTBPc electrode with the in- a wide range of analyte concentrations, the preconditioning
ternal solution (4 min for 10°M ascorbic acid)30], and of the electrode is often required to conventional ISEs by
similar with the carbon paste electrode based on embeddingsoaking the electrode in a high concentration of the analyte
iron phthalocyanine (20's for 4010~°M ascorbic acid) ion for a reasonable time before measurements. However,

[18]. it is another origin of primary ions contaminating the sam-
ple, which typically contains them in 1-10 mM concentra-
3.3. Optimization of dip-coating procedure tions in sensed laygd4]. Indeed, such preconditioning for

the modified electrode has a significant negative influence

The preliminary studies indicated that the potentiomet- on the potentiometric response characteristics, the modified
ric response of the modified electrode was affected by the electrode loses almost all of its ascorbic acid response af-
amount of NanoCoPc on electrode surface and smoothnesder continuous soaking in 1.0 mM ascorbic acid solution for
of the membrane. The pretreatment of the bare GCE helpedabout 30 min (Fig. 6), which is consistent with the proposed
to prepare smooth and firm film of the NanoCoPc. Uncleaned redox response mechanism of the modified electrode based
surface of the electrode makes NanoCoPc conglomeraticon NanoCoPc.
easily and leads to unsmooth and non-uniform NanoCoPc Moreover, the formal potential of solid-contact electrodes
film, which will affect the stability and lifetime of the mod-  isoftenunstable, and varys among electrodes of the same type
ified electrode. So the pretreatment procedures of the barg/12]. Therefore, the success of such electrodes often requires
GCE and microdisk electrode are necessary as stated irfrequentcalibration. Pretsch etf5] attributed this apparent
Section2. instability to the changes in the electrolyte composition of a

In order to evaluate the effect of the amount of NanoCoPc water layer between the metal and the membrane. The poten-
on electrode surface on the response, a series of the moditials became stable if a hydrophobic layer was deposited onto
fied glassy carbon electrodes were prepared by drop-coatingghe metal, which suppressed the water film. However, Lever
CoPc colloid solution on the surface of the bare glassy carbonet al.[31,46] still observed a remarkable unstable potential
electrodes. The responses of the different modified electroderesponse in solid-contact electrodes mediated by substitution
were shown inFig. 5. The results showed that the poten- cobalt phthalocyanine derivatives with a hydrophobic layer,
tial response to ascorbic acid increases with the increased othey thoughtitwas attributed to the thickness ofion-exchange
the amount of NanoCoPc on the electrode surface. The saménembrane difficult to being controlled from one electrode to
response phenomena were observed for electrodes formuanother{46]. Yu et al. [31]observed the same phenomenon
lated with Hg(DIDTC} in the polymer membrang3] and even for the traditional potentiometric sensor with the internal
coated with an electrodeposited cobalt tetramethylpyridopor- solution based on substitution cobalt phthalocyanine deriva-
phyrazing31]. Once the coated CoPc colloid was more than tive. But when cobalt phthalocyanine derivative was doped
20pL, the amount of coated NanoCoPc had no significant with oxidant, they obtained a stable potentiometric response
effect on the potential response of the modified electrode. So
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Fig. 6. Effect of electrode conditioning on the potentiometric respons of
Fig. 5. Effect of the amount of NanoCoPc on the sensors’ responp(( ascorbic acid sensor: (a) soaked in 1.0 mM ascorbic acid solution for 30 min,
(@) 15, (W) 20, and (a) 2L CoPc colloidal standby solution coated on (@) freshly prepared, (M) oxidation of constant potential at 0.6 V for 50's,
GC surface. and (v) the same as (M) after 1 month.
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Table 1

Potentiometric response ranges in 0.1 M PBS with various pH values

pH Slope (S.D.) (mV/decade) Linear range ) Detection limit (M) Initial potential (mV)
3.0 51.9 (+1.3) 5.5x 107 to 1.5x 102 3x1077 268

4.0 53.2 (+1.4) 5.5% 1077 t0 5.5x 103 2x10°7 247

5.0 55.8 (+1.4) 55x 1077 t0 5.5x 103 2x 1077 223

6.0 61.7 (£1.4) 5.5% 1077 to 1.5x 102 1x 1077 198

7.0 60.8 (+1.6) 5.5x 1077 to 1.5x 102 1x1077 179

8.0 44.5 (+0.9) 55x106t01.5x 103 8x 1077 138

of the modified electrode to ascorbic acid. Taking the redox wire) were fabricated. The relative standard deviation for a
mechanism of the potential response into account, the surfacestandard solution of 0.1 mM ascorbic acid was found to be
concentration ratio of the oxidized and reduced form of the 1.2% (n=5) for the same modified electrode, and the fab-
mediator is an important factor for making the potential sta- rication reproducibility of five sensors, independently con-
bility. So a novel electrochemical precondition procedure was structed based on the same bare electrode, showed a repro-
firstly proposed as described in Sectirifter this pretreat-  ducibility with a relative standard deviation of 4.4% for the
ment, the stable potentiometric response of the NanoCoPcsteady potential obtained at 0.1 mM ascorbic acid. The lin-
modified electrode to ascorbic acid was obtained (Fig. 6). ear response range of the microsensors was from 8@ ©
When not in use, the modified electrodes were stored dry atto 5.5x 10-2 with the slope of 61.2 mV/decade of ascorbic
room temperature for more than 1 month without remarkable acid concentration in air-saturated 0.1 M PBS (pH 7.0) at
loss of their original activity. 20+ 0.1°C.

The relative standard deviation for a standard solution of
0.1 mM ascorbic acid was found to be 1.0%=(5) for the 3.6. Selectivity
same modified electrode, and the fabrication reproducibility
of five sensors, independently constructed based on the same The selectivity is clearly one of the mostimportant charac-
bare electrode, shows an acceptable reproducibility with a teristics of a potentiometric sensor, which represents the pref-
relative standard deviation of 2.4% for the steady potential erence of a sensor for the response to primary ion over other

obtained at 0.1 mM ascorbic acid. ions (interfering ions) present in the solution. On the basis of
the separate solution methft8], the results of potentiomet-
3.5. pH response and linear range ric selectivity coefficients for the modified electrode are given

in Table 2. These results reveal that the modified electrode ex-

In general, the ISEs based on organometallic complexeshibits fairly high selectivity to ascorbic acid over most of the
are sensitive to pH, for these metals can form oxides and common anions, only some redox species, such as iodine and
hydroxides at high pH. On the other hand, the distribu- oxalic give small interference. This behavior further supports
tion of predominant species (including AsgH\scH™, and the assumption that the electrode response is associated with
Asc®~) of ascorbic acid is related to the pH value (K4.04 a redox mechanism. Furthermore, the interfering effects of
and pk=11.4) [41]. So it is important to study the ef- the physiological level of the tested compounds, such as uric
fect of the solution pH on the properties of the ascorbic acid (0.5mM), acetaminophen (0.1 mM), glucose (5.6 mM),
acid-sensitive electrodes based on NanoCoPc. Potentiometand cysteine (0.05 mM), were studied, respectively, in terms
ric response characteristics of the modified electrodes wereof the error of electrode potential readings for a 0.1 mM solu-
obtained by using 0.1 M PBS in the pH range of 3.0-8.0 tion of ascorbic acid caused by the presence of corresponding
(Table 1). The potentiometric response of the modified elec- interferents. Except for cysteine that shows an obvious error
trode was sensitive to pH change. With the increasing solution of the potential reading (16 mV), other tested compounds
pH, the initial response potentials of the modified electrode have no obvious influence on the potential reading (within
were shifted toward more negative values, which was evi-
dent that low pH values favored the oxidation of CoPc in the
membrane phase to the charged f¢47. In a solution with Table 2
a pH higher than 9.0, the potential response of the modified Potentiometric selectivity coefficients for the common interferents in 0.1 M
electrode was deteriorated, this behavior might be explalnedF>BS (pH 7.0)

P01 pot

by an increased level of interference from OHt was in- Interferent,J log K Interferent,) log K;
teresting to note that at low pH, the predominant species asr- —4.76 C0%~ -3.23
protonated form existed in the solution, the modified elec- CI~ —4.71 HCO; —4.66
trode showed a linear response toward the ascorbic acid in aBr —3.84 NG, —4.01
-3.01 CeHs03~ -4.16

relatively wide concentration range. N o a67 sen 338

As further application, the NanoCoPc modified microdisk ~ ? ' '

SO~ —4.80 CH3COO™ 451

electrodes based different conductors (carbon fiber and cd®
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Table 3

Determination of ascorbic acid in various real sampiesg)

Sample Proposed method (mg/100 mL) Reference method (mg/100 mL) Relative error (%)
Electrodé Electrod& Electrodé Electrod&

Pharmaceutical tablet 19.8 19.4 19.0 +4.2 +2.1

V¢ injection 193 191 197 -2.0 -3.0

Orange drink 9.83 9.90 9.51 +3.4 +4.1

Note: Electrod® and Electrod® denote the NanoCoPc/GCE and Cu NanoCoPc modified microdisk electrode, respectively.

1-4mV). This is a common phenomenon in all of the sen- Acknowledgements
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