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Abstract

This research focuses on the use of a Prussian Blue (PB)-modified optically transparent electrode for sensing hydrogen p@sdxide (H
The PB thin films were deposited galvanostatically onto F-doped tin oxide (FTO) glass substrates. Then a reliable and reproducible detectio
was achieved by exerting a constant bias-6f2 V (versus Ag/AgCl/saturated KCI) at the PB-modified FTO electrode immersed in@n H
solution containing 0.1 M KCI, pH 2. The dynamic range of detection was found to lie betwaei 30d 50 mM, and the sensitivity was
ca. 58.1 mA/crAM. But it was also observed that the dissolved oxygen interfered i bensing. Better sensing results could be obtained
if the solution was pre-purged with,NTo sum up, this study possesses the potential to eliminate the use of costly platinum or glassy carbon
in a PB-based kD, sensor and may provide the basis for optical sensing.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction [5,6]. Yet, the trend has been employing chemically modified
electrodes to detect4®, since two decades ago.
Detection of hydrogen peroxide §B,) has been an im- Cox and Jaworski reported that a glassy carbon (GC) elec-

portant topic for sensor research for decades. The relevantrode modified by a thin film composed of palladium and
techniques have been applied to industrial, environmental,iridium could catalyze the reduction o8> [7]. In contrast
clinical, and food analysg4—3]. Among them, amperomet-  to the reduction of HO,, Taha and Wang modified a GC
ric detection is one of the promising approaches to achieve electrode by a thin film of oxymanganese species, which cat-
accurate, specific, economical, and rapigQJ monitoring. alyzed the oxidation of b0, [8]. Also, Khoo et al. monitored
To date, a multitude of commercial electrochemical biosen- a fermentation process by detecting the oxidation gbjHat
sors are based on oxidase-modified electrodes, which reaca GC electrode modified by an oxycobalt fi[8]. Besides
with bio-substrates and yieldJ®,, and thus sensing4®;- the above-mentioned modified layers, transition metal hexa-
induced currents in practice. An elaborate review about the cyanoferrates (MHCF) as well as Prussian Blue (PB) analogs
fundamentals and applications of peroxidase-modified elec-have been considered as another class of interesting materi-
trodes could be found in the paper by Ruzgas ef4dl.In als for HLO» electrocatalysis for year$able 1summarizes a
the earlier days, amperometric detection efd4 was usu- partial list of literature reporting the performances of amper-
ally performed at either platinum (Pt) or platinized surface ometric HO, detection based on PB and its analfigs-17]
As far as the electrochemistry of PB is concerned, it is
known that PB features multiple redox states. With a high
* Corresponding author. Tel.: +886 2 2366 0739; fax: +886 2 2362 3040. formal potential of ca. 0.87V versus SCE, PB can be ox-
E-mail addresskcho@ntu.edu.tw (K.-C. Ho). idized to yield Berlin green (BG) reversibly when using a
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Table 1

A partial list of literature reporting amperometrie@, detection based on Prussian Blue and its analogs

Electrode configuratich Operating potential Sensitivity (mA/chiv) Dynamic range (M) References
PBIFTQ —0.20V vs. Ag/AgCI 581 5x 1075t0 5% 1072 This work
PB/GC 0.18V vs. Ag/AgCI 1000 k10%t01x 1072 [10]
PB/GC —0.05V vs. Ag/AgCI 600 107 to1x 1074 [11]
CrHCF/GC 0.00V vs. Ag/AgCI 1152 3% 108t01.3x 103 [12]
PB/SPE 0.00V vs. Ag/AgClI 137 4107t01x 1074 [13]
PB/graphité 0.45V vs. SCE o NA [14]
PB/CPE —0.20V vs. Ag/AgCl 09 NA [15]
PB/GCH —0.05V vs. Ag/AgCI 300 NA [16]
Nano-PB/G¢E 0.05V vs. Ag/AgCI 60 1x108to1x 102 [17]

SPE: screen printing electrode; CPE: carbon paste electrode.
a Different detection systems were compared.
b Static electrochemical cell.
¢ Rotating disk electrode (RDE) system.
d Flow-injection system.
€ Continuously stirred electrochemical cell.

K*-containing electrolyt§18,19] On the other hand, PB  ing, and oxygen interference will also be discussed thor-
can be reversibly reduced to Prussian white (PW or Everitt's oughly.

salt, ES). The formal potential of PB/PW redox system is

ca. 0.20V versus SCHES8,19] Among the redox states of

PB, it is the PW state to reduce,8, and to act as an 2. Experimental

electron-transfer mediator between the electrode ar@@hH

which can be initially present in solution or be produced 2.1. Materials and apparatus

from an enzyme-catalyzed reaction. In the middle of 1980s,

Itaya et al. first discovered that an electrodeposited PB thin  The main chemicals used in this work were FgCl
film is an excellent catalyst for bothsGand HO, electro- KsFe(CN), KCI, HCI, and high-purity N gas (99.9%). All
chemical reductionf20]. Recently, Karyakin et al. further  of them were ACS reagent grade and not further purified.
demonstrated that the catalytic ability of PB is even better Deionized water (DIW) was used throughout. F-doped 5nO
than that of bare platinuifi0]. Also, a lot of HO> sensors (FTO) coated glass substratd®y=20/sq. and 2mm in
based on a PB-modified GC electrod®,11,16,17,20,21] thickness) were obtained from a local supplier (Sinonar Cor-
or a PB-modified Pt electrod@2,23] have been success- poration, Hsinchu, Taiwan). Before using, FTO glass sub-
fully investigated. In addition, other metal hexacyanofer- strates were washed ultrasonically with 0.1 M HCI for 5 min
rates have been investigated as electrocatalysts $@,H and with DIW for another 5min. After an extra DIW rinse,
For example, Lin et al. modified a glassy carbon electrode by the substrates were dried in air. When preparing an FTO elec-
cobalt(ll) hexacyanoferrate and chromium(lll) hexacyano- trode, a piece of copper tape (3M Company), serving as the
ferrate, and fabricated amperometrig®} sensors, accord-  bus bar, was applied to the FTO-coated surface of a glass

ingly [12]. substrate, and then a insulating tape was applied to the same
The fact mentioned in the above paragraph convinces ussurface to define an electrode area of 3.0cfin0 cm.
that a PB-based D, sensor may be commercially viable. All of the electrochemical experiments were performed

Nonetheless, the cost of a Pt or GC electrode is on the hardin a three-electrode cel(=50 mL) without or with a mag-
side. Therefore, the aim of this work is to develop a low- netic stirring. A home-made Ag/AgCl/saturated KCI refer-
cost, easy-operating, and high-sensitivgOi sensing pro-  ence electrode and a Pt planar auxiliary electrode were used.
cess based on a PB-modified optically transparent electrodeElectrode potentials or currents were controlled using a po-
(OTE), in which the F-doped tin oxide (FTO) glass serves tentiostat/galvanostat (Autolab, model PGSTAT30), which
as the OTE. Although, there are many researchers report-also collected electrochemical responses. All of the experi-
ing H,O» sensing based on PB-modified electrodes, there is ments were done at room temperature.

no reported literature, to our best knowledge, using a PB-

modified OTE to detect pD,. Moreover, FTO glasses are 2.2. Electrodeposition of the PB thin films on the FTO
superior to ordinary glassy carbon or platinum electrode from glass substrates

the cost consideration. Besides, FTO glasses can allow op-

tical sensindg24]. In this paper, a reproducible and reliable Prussian Blue thin films were electrodeposited galvano-
H20, sensing process at the PB-modified FTO electrode (de-statically onto the FTO glass substrates: a cathodic bias
noted as PB/FTO) using the amperometric method will be with a constant current density of g@/cm? was exerted
presented. PB/FTO electrode stability,®} catalytic mech- to the FTO substrate immersed in the aqueous solution of
anisms, detection limits and reproducibility ob®, sens- 10 mM K3Fe(CN), 10 mM FeC4, and 10 mM HCl for 300 s.
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An insoluble form of PB was thus electrodeposited by the
chosen methol9,20] The as-prepared PB-modified FTO

(PB/FTO) electrodes films were washed with DIW and then
were dried in air for at least 24 h prior to use. For quality
controls, the charge capacities of PB thin films were mea-

sured based on chronoamperometry, in which a potential step,

switched from +0.70 te-0.20 V (versus Ag/AgCl/saturated
KCI), was applied to a PB/FTO electrode in 0.1 M KCl aque-
ous solution (pH 2, adjusted with HCI) for 30s. Also, the
PB/FTO electrode was characterized using cyclic voltam-
metry (CV) in the same electrolyte at a scan rate of
5mV/s.

2.3. Linear sweep voltammetry for the PB/FTO
electrode in the presence o8,

To search for an ideal electrocatalytic condition fei(dd,
linear sweep voltammetry (LSV) was performed to PB/FTO
electrodes in contact with the following aqueous solutions:
(1) 10mM HOo, pH 5; (2) 10mM HO,, pH 2; and (3)
10mM HO2+0.1M KCI, pH 2. The solution pH val-
ues were adjusted with HCI. For each run, the electrode
potential was scanned linearly from 0.75 +®.50V (vs.
Ag/AgCl/saturated KCI) at a scan rate of 30 mV/s.

2.4. Sampled-current voltammetry fop®h catalytic
reduction

By the potential step method, sampled-current voltam-

mograms (steady-state currents versus electrode potentials

for H,O, reduction at the PB/FTO electrode were deter-
mined. Electrolytic solution composed of 10 mM®, and
0.1 M KCI (pH 2) was either stationary or stirred during the

measurements. Before stepping to each desired potential fo
steady-state current measurement (sampling time=100s)

the PB/FTO electrode was pre-equilibrated at 0.70V (ver-
sus Ag/AgCl/saturated KCI) for 30 s. By judging from the
sampled-current voltammogram obtained in the stationary
electrolyte, the HO, sensing potential was determined to be
—0.20V (versus Ag/AgCl/saturated KCI).

2.5. Amperometric detection obB, at the PB/FTO
electrode

The amperometric detection was carried out by apply-
ing —0.20V (versus Ag/AgCl/saturated KCI) at a PB/FTO
electrode in contact with non-stirred solutions of different
H>O, concentrations. All of the pD» solutions contained
0.1 M KCI and a trace amount of HCI (to adjust pH to 2).
The electrode was pre-equilibrated at 0.70 V for 30 s before

each run of the detection, and the steady current readings

at —0.20 V were acquired after 100 s. To investigate the ef-
fect of dissolved oxygen on the detection, the amperomet-
ric experiments without (as described above) and with 5 min
high-purity N> (99.9%) purging were compared.

[
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3. Results and discussions

3.1. Electrochemical characteristics of the PB-modified
FTO electrode

Fig. 1shows the cyclic voltammogram of a PB/FTO elec-
trode cycled in an electrolyte of 0.1 M KCI (pH 2) and reveals
the existence of two redox systems—PB/PW and BG/PB. It
can be found that their redox potentials are in the vicinity
of 0.20 and 0.90V (versus Ag/AgCl/saturated KCI), respec-
tively. This is consistent with the CV of a PB-modified GC
electrode reported by Itaya et §20]. In the present study,
we focused on the PB/PW redox system because of the high
reducing ability of PW. IrFig. 1, a reduction current of ca.
—70unAis present when the PB electrode is biased to the PW
state, and this current is presumably produced by the reduc-
tion of dissolved oxygen catalyzed by P{&0]. To be sure,

it is the PW to have the capability for reducing® and to

act as an electron-transfer mediator. The PB/PW redox pro-
cess in the presence of"Kons can be expressed as follows
[20]:

Fey'' [Fe (CN)g |, + 4K + 46 < KaFey" |FE'(CN)g|
1)

where Fg[Fe(CN)]3 and KsFe4[Fe(CN)X]3 are PB and PW,
respectively. Since PB has been known as a zeolite ana-
log with channel diameters of ca. 32 hydrated K ions
are small enough to reversibly insert into and extract from
he PB lattice and to result in very high PB/PW redox re-
ersibility [25]. Therefore, we chose™ions for maintaining
the electrode stability during the B, detection. In addi-
tion to the electrochemical reversibility, high reproducibil-
ity of PB electrodeposition was confirmed. All of the elec-
trodeposited PB films were tested by potential step experi-
ments in the presence of 0.1 M KCI, pH 2 prior to use for
quality control (see SectioR.2). We found that the passed
charges of PB films (electrode area=3.0xrh.0 cm) were
within 29.0 and 32.9 mC, and the coefficient of variation was

1.2

0.1M KCI, pH=2

081

-04r

5 mVisec
=
PW

Current (mA)

0.8 0.4 0
E (V) vs. Ag/AgCl

12
1.2

Fig. 1. Cyclic voltammogram of a PB/FTO electrode in 0.1 M KCI, pH 2.
Scan ra¢=5mV/s.
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ca. 3.96% N =230). This means the electrode-to-electrode K ,Frg," U:ell((;,\nﬁj3 + 2H,Op + 4H'
variation could be neglected when performing theObl | | .
sensing. — Fey''|[Fe'(CN)g 5 + 4H20 + 4K 2)

It can be seen in the above formula that protons act as a
reactant and participate in the PW-drivea®3 reduction.
In addition, Eq.(1) elucidates that the existence of kons
canfacilitate the PB-to-PW conversion. Since both the acidity
and K" ions play significant roles, $#0, solutions were added
with 0.1 M KCl and a trace amount of HCI (for adjusting pH
to 2) prior to analyses.

Fig. 3 compares the sampled-current voltammograms
) (steady-state currents versus electrode potentials) of the
ous solutions: (1) 10mM pDz, pH 5; (2) 10mM ROy, PB/FTO electrodes immersed in the stationary and stirred

pH 2; (3) 10mM HO,, 0.1 M KCI, pH 2. (For solutions H-0O .
. . 202 solutions (10 MM HO2, 0.1 M KCI, pH 2). It can be
(2) and (3), the pH values were adjusted using HC.) It can seen that stirring results in several-fold higher current re-

be seen that solution (3) gives a higher reductive responseSponse by increasing convective mass transfer@iHrom

than solution (2) does, whereas solution (1) has no signif- bulk solution to electrode surface. On the other hand, stir-

|cantb5|gnalt.)llt 1S r;]otéc_ed thit_only solution (33] resglts I;Wring does not yield a limiting current, which is crucial for a
an observaple _cat 10CIC peax In response to the PB-0-PWyq|iape amperometric $0, sensing, and may involve more
conversion, which is necessary for the®} electrocatal-

X . . ) dissolved oxygen to interfered®, sensing (see Secti@®b).
ysis. When the electrode potential was biased neg""t'VEIyHowever, forthe stationary case, a limiting current is achieved

beyond—0.2V, the PW-driven HO; reduction took place when the PB/FTO electrode is biased to ed.20V ver-

:;1 S(.)IUt_'()nh(:s)’ g'vgg a net (_:l?talﬁ'c current ofz8; rS;N _ sus Ag/AgCl/saturated KCI. The limiting current observed
uction; whereas was still under conversion to Nin the stationary condition implies that it was the PB thin

sogu;on d(2)0 f\c/cor:dmgloy, "? the potelnt!al region betweben film, not the HO,, that plays the role of the limiting reagent
T 3” ~ I ,’t e Ftb 2 ehectrocatgl yt'(.: current was o ('j in the present system. The Nernstian current—potential be-
served in solution (3), but the PB reduction current was de- havior can thus reflect the PB/PW redox characteristics. Ac-

;[egted gn solution (”2) -Lh's iXplf"“nS Iwhy thg gurrﬁnt 'Q SO cording to the above considerations, we decided to use a sta-
ution (3) was smaller than that in solution (2) in the above- tionary environment to sense;8, by compromising sen-

mentioned potential region. Moreover, the addition of 0.1 M sitivity in exchange for reliability. And the sensing poten-

ggl effg_ctiwcaily Iowe:js the 0\_/rehrpotent|ial requbired fcl)r.thz tial was thus set te-0.20 V versus Ag/AgCl/saturated KCI.
-mediated KO, reduction. The results can be explaine The sensing results will be given and discussed in Section

by Eg. (1) and the following formula reported in literature 34

3.2. Determination of the 0, sensing conditions at
the PB/FTO electrode

To achieve reliable HO, detection at the PB/FTO elec-
trode, the effects of supporting electrolytes and stirring on
the electrocatalytic reaction were investigatEdy. 2 com-
pares cathodic linear sweep voltammograms (LSVs) of the
PB/FTO electrodes immersed in the following three aque-

[20]:
16 . . . . . . 25 T T T T T
—— (1) 10 mM hydrogen peroxide, pH 5 10mp quz +ELM .KCL DELE
. —&—— stirred solution
— — (2) 10 mM hydrogen peroxide, pH 2 20 F atlonary solith
_____ (3) 10 mM hydrogen peroxide + ST souon
-12 0.1 MKCI, pH 2 t sampling time = 100 sec
< b
= g 15 L
« 3) =
é 8 I PN 7 5
= Ve “ E
2 / \ @ aer 1
\ —
= ’ -
© s F /. )\\ 4
s P - Te-a 5F limiting current
30 mVisee ¢ _
4
7 e 50
o b= — J 0 1 1 1 1
0.6 04 0.2 0 -0.2 -0.4 -0.6
a 1 i 1 M 1 E (V) VS. Ag/AgCl
0.8 0.4 0 -0.4
E (V) vs. Ag/AgCl Fig. 3. Sampled-current voltammograms (steady-state currents vs. electrode

potentials) of the PB/FTO electrodes immersed in the stationary and stirred
Fig. 2. Linear sweep voltammograms of PB/FTO electrodes in: (1) 10mM H,O; solutions (10 mM HO,, 0.1 M KCI, pH 2). Sampling time =100s.
H20,, pH 5; (2) 10mM HO,, pH 2; and (3) 10 mM HO,, 0.1 M KCI, pH Before each run, the PB/FTO electrode was re-equilibrated at 0.70V (vs.
2. Scan rate =30 mV/s. Ag/AgCl/saturated KClI) for 30s.
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3.3. Electrode kinetics of the PB-catalyzegdd
reduction

By combining Eqs(1) and(2), we obtain the following
formula:

H202 + 2HT 4+ 2 — 2H,0 (3)

This means that the overall reaction at the PB/FTO elec-
trode is simply HO> reduction in the acidic environment.
To further understand the electrode kinetics, the sampled-
current voltammogram for the stationarg®h reduction at

the PB/FTO electrode (s&€g. 3) is re-plotted irFig. 4. Fig. 4
presents the sampled-current voltammograms in the form of
E versus log[(L — 1)/1], whereE is the electrode potential,

| the sampling current, arlg the limiting currentFig. 4is
known as a wave-slope plot and can be fitted by the following
equation in the case of totally irreversible kinetics:

2.303RT { }
log

ankF
whereE;; is the half-wave potentiah the number of elec-
trons transferred during the-JB®, reduction,« the transfer
coefficient,F the Faraday constant, aRd remains its phys-
ical meaning. By fitting, we obtain

E12 = 1224 mV

L —1
1

E=E1ip+ 4)

2.303RT
an

= 1545mV

The half-wave potential estimated here is more negative by
ca. 77mV when compared to the redox potential of the
PB/PW redox system in the absence ¢iQ (seeFig. 1).

This verifies that the PB-to-PW reduction takes place ahead
of the H,O, reduction and is in accordance with EQ).
Meanwhile, the second fitting parameter describes that the

L L) L) L]
o6 L 10 mM H,0, + 0.1 M KCl, pH 2
. experimental data
fit line
Y=154.5X+122.4
T 04t . -
0
<
) .
<
£ o0z2f -
=
=
0 .
-0.2 A i 1

-2 0

Log|(I,-1)/1]

Fig. 4. The wave-slope plot presenting the stationary sampled-current
voltammogram ofFig. 3 in the form of E vs. log[(_ — I)/1], whereE is
the electrode potentialthe sampling current, ard the limiting current.
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transfer coefficienty, for the overall electrode process is
equal to ca. 0.19 if two-electron-transfer react{@p takes
place in one step at 2. (The value oF/RTis 38.92 V1 at
25°C.) But, the overall electrode process involves reactions
(1) and (2) Therefore, the transfer coefficient estimated here
might be less reliable.

3.4. Amperometric detection obB»

Fig. 5demonstrates the successfyl®} detection at the
PB/FTO electrode. The calibration curve, plotting steady-
state currents versus,B, concentrations, is highly linear
(ca.R2=0.9997) and features a detection sensitivity of ca.
58.1 mA/cnt M. The highly linear correlation could be at-
tributed to first-order chemical kinetics or linear diffusion.
Experiments were performed with the same electrode and
the numbers irFig. 5represent the detection sequence (we
operated from 10QM to 20 mM and then reversed the de-
tection sequence). Obviously, detection sequence does not
alter the calibration curve. Yet, the PB film was slightly de-
graded after 16-round detection by judging from the decrease
of currentresponse. To more precisely evaluate the run-to-run
deviation of HO2 response, a PB/FTO electrode was used to
continuously detect 10 mM #D- (in the presence of 0.1 M
KCI, pH 2) 40 times, and the results are presentefign 6.
(Before each run, the PB/FTO electrode was re-equilibrated
at 0.70V versus Ag/AgCl/saturated KCI for 30s.) It reveals
that the sensing current suffered from an early decay but then
became steady after 10 runs of detection. When compared to
the fresh PB film, 17% of charge capacity was lost after 40
runs of HO, sensing. On average, charge capacity loss was

10 g

detection from low
to high concentrations
Y=01744 X

R-square = 0.9996

E 4, 12
T 01f 3 13
2 3 2
= A
-] 14
o 1 +
15
+
0.01 % 3
] 16 + detection from high
to low concentrations
. Y=0a762X
) R-square = 0.9997
0.001 *
0.01 0.1 1 10 100

H O, concentration (mM)

Fig. 5. Calibration curves demonstrating thg®4 detection at the PB/FTO
electrode in the presence of 0.1M KCI, pH 2. Numbers in the fig-
ure represent the sensing sequence. The sensing potential-@vae vV

vs. Ag/AgCl/saturated KCI. Sampling time=100s. Before each run, the
PB/FTO electrode was re-equilibrated at 0.70V for 30s.
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4 : : Y T problem. Thus, the practical sensing issue is to lower the de-
tection limit. In the present case, the limitation on the low
Continuous detection of 10 mM H,0, detection limit might be attributed to the interference of dis-
3 in the presence of 0.1 M KCI, pH 2 i solved oxygen, which oxidized PW to PB and then led to a

background signal. Besides, this could be anintrinsic issue for

g the static, macro-electrode systéerable 1clearly shows that

= 2| ] not only higher sensitivity but wider dynamic range could be
b obtained in convective, stirred systems, as compared to those
5 W“““MWMM of static detections. Especially, it was reported recently that a

nano-structured PB-modified electrode coupled with the flow
injection system could effectively boost the dynamic range of
H,0, detection to six orders (1@ to 10-2 M) [17]. Hence,
proper convective source, electrode miniaturization, and an-
0 ” o o alyte enrichment can be useful strategies for improving the
Number of test present system'’s detection limits.

1k <

Fig. 6. Forty-round continuous detection of 10 mM®j in the presence of

0.1 M KCI, pH 2. Detection method is the same as that describEtjirb. 3.5. Effects of the dissolved oxygen

It was reported that the dissolved oxygen in the bulk so-
lution would be reduced to water when the potential of a

was reported that the stability of the PB-modified electrode FB:modified electrode was lower than 0.2V (versus SCE)

could be improved by drying the PB films at 10D for 1 h [20]. This implies that the dissolved oxygen and®j are
before usind21] competing for the reductive electrons transferred from the

PW. Therefore, the pD, detection interferes with the dis-
solved oxygen if the analyte concentration is relatively low.
To illustrate how the dissolved oxygen affects th&ld sens-
ing, Fig. 8compares the low-concentration calibration curves
(0-0.25 mM) obtained before and after 5 mip plrging to
tively. That is, when the concentration is out of the limits, the investigate how the (_Jl|ssol\{ed oxygen from the_ ambient af-
current response will be no longer proportional to the bulk fects_ the Fj_Oz detect|or!. Itis obylous that sensing currents
obtained without M purging are slightly higher than those ob-

concentration of RO, and becomes unreliable. Accordingly, . . " .
the dynamic range (linear detection range) is almost acrossta'ned with N purging. The data support that the dissolved

three orders. The high detection limit is presumably caused oxygen from the ambient atmosphere contributes additive
by the depletion of PW when catalyzing highly concentrated

smaller than 0.5% per run. The degradation could be due to
the decomposition of PW to Feand Fe(CNy*~ ions, and it

To evaluate the detection limits, a wide-ranggQdd de-
tection (concentrations ranged fromuld to 60 mM) was
performed, and the results are plottedrig. 7. On the basis
of the calibration curve irFig. 7, the high and low detec-
tion limits are estimated to be 50 mM and BB, respec-

H,0z; nonetheless, sample dilution can resolve this kind of e O, S ——
" Before nitrogen purging )
Y =0.0915 X, R-square = (,9959 e
10 [T T ° After nitrogen purging Ve
Wide-range H,0, detection 0.02 Y = 0.0727 X, R-square = 0.9995
[ Y=01757X
1 F R-square = 0.9997 E
< 0015
=) E
0.1 1 =
=
£ i 1 S
S 0.01F E
3 oof 3
0.001 1 4 0.005
0.0001 ut = o 0
o001 001 0:1 1 10 100 0 0.05 0.1 0.15 0.2 0.25
Hzoz concentration (mM) HZO2 concentration (mM)
Fig. 7. A wide-range KO, detection (concentrations ranged from to Fig. 8. Theinterference of dissolved oxygen. The calibration curves@$H

60 mM) for estimation of detection limits. Detection method is the same as detection before and after 5 minldurging are compared. Detection method
that described iffrig. 5. is the same as that describedrig. 5.



744 K.-S. Tseng et al. / Sensors and Actuators B 108 (2005) 738—745
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