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a b s t r a c t

Flow-injection analysis system (FIA system), which was based on Fe(II)-catalyzed oxidation of chro-
motropic acid with hydrogen peroxide, was developed for the determination of hydrogen peroxide.
The chromotropic acid has a fluorescence measured at �em = 440 nm (emission wavelength) with
�ex = 235 nm (excitation wavelength), and the fluorescence intensity at �em = 440 nm quietly decreased
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in the presence of hydrogen peroxide and Fe(II), which was caused by Fe(II)-catalyzed oxidation of chro-
motropic acid with hydrogen peroxide. By measuring the difference of fluorescence intensity, hydrogen
peroxide (1.0 × 10−8–1.0 × 10−3 mol L−1) could be determined by the proposed FIA system, whose ana-
lytical throughput was 40 samples h−1. The relative standard deviation (RSD) was 1.03% (n = 10) for
4.0 × 10−8 mol L−1 hydrogen peroxide. The proposed FIA technique could be applied to the determination
of hydrogen peroxide in rain water samples.

© 2010 Elsevier B.V. All rights reserved.
. Introduction

In oxidation process, hydrogen peroxide at trace level plays
n important role. In the wide field of biochemistry [1], clinical
hemistry [2,3], food chemistry [4], and environmental chemistry
5–7], hydrogen peroxide must be simply and sensitively deter-

ined in order to elucidate the behavior of hydrogen peroxide, such
s oxidation processes and interaction mechanisms. Therefore, the
evelopment of the novel analytical method for hydrogen peroxide

s one of the aims in the analytical science.
Hydrogen peroxide is stoichiometrically produced on the oxi-

ation process in the presence of the oxidase enzyme in human
ody. In the field of food industry, hydrogen peroxide is added as an

ntibacterial agent to some foods. Hydrogen peroxide is correlated
ith redox reaction. Chemical interest in the field of environment

tudy is the elucidation of hydrogen peroxide reactivity on the oxi-
ation reaction in atmosphere. Nitrogen oxides (NOx) and sulfur

∗ Corresponding author.
E-mail address: motomizu@cc.okayama-u.ac.jp (S. Motomizu).

039-9140/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2010.06.039
oxides (SOx) are generated by hydrogen peroxide, and it also caused
acidic rain.

For the determination of hydrogen peroxide, various kinds of
analytical techniques have been reported, such as spectrophoto-
metric [8–18], fluorimetry [19–26], chemiluminescence [27–31]
and electrochemical [32–44]. Most of these techniques have some
disadvantages, such as time consuming, tedious procedures, expen-
sive reagents and low sensitivity. Considering their disadvantages,
we aimed to develop the new analytical method for determining
the hydrogen peroxide by simple and rapid technique using inex-
pensive chemicals and apparatuses.

Some detection techniques, such as spectrophotometric detec-
tion [45] and fluorescence quenching method [46], have been
applied to the determination of hydrogen peroxide in rain water.
Each technique can detect hydrogen peroxide at 7.0 × 10−7 mol L−1

and 5.0 × 10−7 mol L−1, respectively. However, more sensitive ana-

lytical method is required for elucidating the behavior of hydrogen
peroxide in rain water. In this study, the novel flow-injection anal-
ysis (FIA) system was developed for the determination of hydrogen
peroxide (1.0 × 10−8–1.0 × 10−3 mol L−1). The hydrogen peroxide
was detected on the florescence quenching of chromotropic acid,
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Table 1
Operating conditions for the determination of hydrogen peroxide by the proposed
FIA system.

Pump PFA-300 FIA Instrument
Carrier solution (CS) Ultrapure water
Reagent solution (RS) 5 × 10−5 mol L−1 chromotropic

acid + 3.5 × 10−3 mol L−1

FeSO4 + monochloroacetic acid buffer (pH 3.0)
Flow rate 0.8 mL min−1

Sample volume 200 (L
Reaction coil length 2 m
Detector Shimadzu, RF-10AX

Ni(II) and Fe(III), were examined for the effect on the oxidation effi-
ciency of chromotropic acid with hydrogen peroxide. Fig. 3 shows
the peak height by the proposed FIA system using 10−3 mol L−1

Fe(II), Fe(III), Cu(II), Mn(II), Zn(II) and Ni(II) as catalysts for the oxi-
226 Z.H. Li et al. / Talan

hich was based on the oxidation reaction of chromotropic acid
ith hydrogen peroxide using Fe(II) as a catalyst. We described the
evelopment of the proposed FIA system and the elucidation of its
nalytical performance in this paper.

. Experimental

.1. Reagent

All reagents were of analytical-reagent grade. The standard solu-
ion (5.0 × 10−2 mol L−1 hydrogen peroxide) was prepared daily
y diluting hydrogen peroxide solution (30%, 9.0 mol L−1). The
oncentrations were determined by titration technique with per-
anganate. The working solutions were accurately diluted with

ltrapure water. Reagent solution (RS) was prepared by dissolv-
ng chromotropic acid (0.0046 g) in 0.2 mol L−1 monochloroacetate
uffer (100 mL, pH 3), where 0.25 g of FeSO4·7H2O was added. And
he reagent solution (250 mL) was accurately prepared with vol-
metric flask. The final concentrations of chromotropic acid and
e(II) in the RS were 5.0 × 10−5 mol L−1 and 3.5 × 10−3 mol L−1,
espectively. Ultrapure water (18.3 M� cm−1), prepared by a
illi-Q System (Nihon Millipore, Tokyo, Japan), was used through-

ut.

.2. Apparatus

A schematic diagram of the flow-injection analysis (FIA) system
roposed is shown in Fig. 1. The system consisted of a spectrofluo-
ometer (Shimadzu, Rx-10, �ex = 235 nm, �em = 440 nm) equipped
ith a flow cell (8 �L volume, 10 mm path length), a double
lunger-type pump, and a recorder (TOA, FBR-252). PTFE tubing
0.5 mm i.d.) was used for all flow lines. The Corning Model 12
H/mV meter was also used for pH measurements.

.3. Procedure

Reagent solution (RS) containing chromotropic acid (5.0 ×
0−5 mol L−1) and FeSO4 (3.5 × 10−3 mol L−1) adjusted at pH 3.0
nd carrier solution (CS, ultrapurewater) were propelled at flow
ate of 0.8 mL min−1. A sample solution (200 �L) was injected into
he CS stream by a sample injector. The sample in the CS stream was

ixed with RS, and it was flowed into the detector (spectrofluorom-
ter) through the reaction coil (RC, 2 m). The chromotropic acid as
base line was detected at �em = 440 nm with �ex = 235 nm. The

ydrogen peroxide was determined using the difference of the flu-
rescence intensity between the non-oxidized chromotropic acid

nd the oxidized chromotropic acid. The fluorescence intensity of
hromotropic acid oxidized by hydrogen peroxide at �em = 440 nm
ecreased in the presence of Fe(II) as the catalyst. The optimized
onditions of the proposed FIA system were summarized in Table 1.

ig. 1. Schematic diagram of the flow-injection analysis system proposed. CS (car-
ier solution), ultrapure water; RS (reagent solution), 5 × 10−5 mol L−1 chromotropic
cid + 3.5 × 10−3 mol L−1 FeSO4 (pH 3.0); S (sample), 200 �L of sample volume; RC
reaction coil), 2 m; P (pump), 0.8 mL/min of flow rate; D (detector), �em = 440 nm
nd �ex = 235 nm; R, recorder; W, waste.
L

Wavelength �ex = 235 nm (excitation)
�em = 440 nm (emission)

Recorder TOA, FBR-252

3. Results and discussion

3.1. Optimization of chemical conditions

The proposed flow-injection analysis (FIA) system was based
on the oxidation reaction of chromotropic acid with hydrogen per-
oxide catalyzed with Fe(II). Some factors, such as the detected
fluorescence, catalyst, reaction pH and concentration of chro-
motropic acid, were significant for the determination of hydrogen
peroxide. Their chemical conditions were examined as follows.

The chromotropic acid has a fluorescence, which can be mea-
sured at �em = 440 nm (emission wavelength) with �ex = 235 nm
(excitation wavelength), whereas the fluorescence intensity of
chromotropic acid itself at �em = 440 nm is quenched by its oxida-
tion with hydrogen peroxide. Fig. 2 shows the emission spectra of
(a) chromotropic acid (blank solution) and (b) chromotropic acid in
the presence of 5 × 10−6 mol L−1 hydrogen peroxide (sample solu-
tion), which were measured at �em = 440 nm with �ex = 235 nm. The
fluorescence intensity at �em = 440 nm of (b) chromotropic acid in
the presence of 5 × 10−6 mol L−1 hydrogen peroxide (sample solu-
tion) was lower than that of (a) chromotropic acid (blank solution).
The fluorescence intensity of chromotropic acid itself decreased by
the presence of hydrogen peroxide. It was caused by the oxidation
of chromotropic acid by the hydrogen peroxide. The difference of
the fluorescence intensity between (a) chromotropic acid (blank
solution) as a base line and (b) chromotropic acid in the presence
of 5 × 10−6 mol L−1 hydrogen peroxide (sample solution) as a sig-
nals provided the negative peaks, which was used as its peak height
for the detection of hydrogen peroxide by the proposed FIA system.

Some metal ions as a catalyst, such as Fe(II), Cu(II), Mn(II), Zn(II),
Fig. 2. Effect of hydrogen peroxide on the fluorescence intensity of chromotropic
acid at �em = 440 nm. (a) Chromotropic acid (blank solution) and (b) chromotropic
acid in the presence of 5 × 10−6 mol L−1 hydrogen peroxide (sample solution).
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Fig. 3. Effect of various catalysts on the peak height for the determination
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of it, and it decreased over 5.0 × 10−5 mol L−1. At higher concen-
tration ranges of chromotropic acid in RS, the mixing efficiency
f hydrogen peroxide with chromotropic acid by the proposed FIA system.
S: 1 × 10−4 mol L−1 chromotropic acid + 1 × 10−3 mol L−1 catalyst (pH 3.0); S:
× 10−5 mol L−1 hydrogen peroxide. The other experimental conditions were the

ame as in Fig. 1.

ation of chromotropic acid with hydrogen peroxide. Each metal
on was added into the RS (reagent solution). Each peak height
f chromotropic acid with hydrogen peroxide in the presence of
e(III), Cu(II), Mn(II), Zn(II) and Ni(II) as a catalyst was almost the
ame with each other, whereas the peak height in the presence
f Fe(II) was quite higher than that of the other metal ions. The
atalytic activity of Fe(II) for accelerating the oxidation of chro-
otropic acid with hydrogen peroxide was considered to be higher

han that of the other metal ions, such as Fe(III), Cu(II), Mn(II), Zn(II)
nd Ni(II). Then, Fe(II) was selected as a catalyst for the following
xperiments. The catalyst, Fe(II), could accelerate the oxidation of
hromotropic acid with hydrogen peroxide, and the concentration
f Fe(II) might effect on the oxidation efficiency. The concentration
f Fe(II) was examined by varying it in the RS (reagent solution).

he results were shown in Fig. 4. The peak height of chromotropic
cid increased up to 3.0 × 10−3 mol L−1 Fe(II), whereas it decreased
ver 5.0 × 10−3 mol L−1 Fe(II). Higher concentration of Fe(II) might
orm some complexes with hydroxide or chromotropic acid. Con-

ig. 4. Effect of FeSO4 concentrations on the peak height by the proposed FIA sys-
em. RS: 1 × 10−4 mol L−1 chromotropic acid + FeSO4 (pH 3.0); S: 5 × 10−5 mol L−1

ydrogen peroxide. The other experimental conditions were the same as in Fig. 1.
Fig. 5. Effect of pH of reagent solution (RS) on the peak height by the proposed
FIA system. RS: 1 × 10−4 mol L−1 chromotropic acid + 3.5 × 10−3 mol L−1 FeSO4; S:
5 × 10−5 mol L−1 hydrogen peroxide. The other experimental conditions were the
same as in Fig. 1.

sidering the sensitivity, the concentration of Fe(II) was determined
to be 3.5 × 10−3 mol L−1.

Fig. 5 shows the examination of the pH dependence on the
oxidation reaction of chromotropic acid with hydrogen peroxide
using Fe(II) as a catalyst. The peak height was almost constant
at pH regions from 2.5 to 3.5. At higher and lower pH regions,
the fluorescence intensity was quenched as shown in Fig. 5. The
hydroxyl groups in the chromotropic acid are protonated at lower
pH and deprotonated at higher pH. Especially, the chromotropic
acid deprotonated is known to be chemically unstable. Further,
Fe(II) is easy to form the precipitate at higher pH regions. Therefore,
the fluorescence intensity might be wrong at higher and lower pH
regions. Considering the sensitivity, pH 3.0 was selected.

The base line for the flow signals derives from the fluorescence
of the chromotropic acid itself. Its concentration was examined by
varying it in reagent solution (RS), whose results were shown in
Fig. 6. The peak height increased up to around 5.0 × 10−5 mol L−1
might be decreased between chromotropic acid and hydrogen per-
oxide. Therefore, the concentration of the chromotropic acid in RS

Fig. 6. Effect of concentrations of chromotropic acid on the peak height by the
proposed FIA system. RS: chromotropic acid + 3.5 × 10−3 mol L−1 FeSO4 (pH 3.0); S:
5 × 10−6 mol L−1 hydrogen peroxide. The other experimental conditions were the
same as in Fig. 1.
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ig. 7. Effect of flow rate on the peak height by the proposed FIA system. The flow
ates of CS and RS were varied from 0.2 ml min−1 to 1.0 ml min−1 as follows: A,
.2 ml min−1; B, 0.4 ml min−1; C, 0.6 ml min−1; D, 0.8 ml min−1; E, 1.0 ml min−1. The
ther experimental conditions were the same as in Fig. 1.

as decided to be 5.0 × 10−5 mol L−1 for the sensitive and rapid
easurement.

.2. Optimization of flow conditions

The proposed FIA system consisted of a spectrofluorometer, a
ouble plunger-type pump and a recorder. PTFE tubing (0.5 mm i.d.)
as used for all flow lines. The flow conditions, such as sample vol-
me, flow rate and reaction coil length, were examined as follows.

The effect of the sample volume on peak profiles was examined
y varying it from 100 �L to 400 �L. With an increase in the sample
olume, the peak height also increased up to 200 �L, and then the
eak height with sample volume more than 200 �L was almost
he same with that with 200 �L of sample volume. Therefore, the
ample volume was decided to be 200 �L.

The flow rate of carrier solution (CS) and reagent solution (RS)

n the peak profiles was examined by varying it from 0.2 mL min−1

o 1.0 mL min−1, whose results are shown in Fig. 7. The peak height
as almost the same with an increase in the flow rate of CS and RS.
onsidering the analytical throughput, each flow rate was fixed at
.8 mL min−1.

able 2
ffect of coexisting ions on the detection of hydrogen peroxide by the propose FIA system

Ion Concentration (mol L−1)
(relative peak height)

None 10−6 (1.00) –
Na (I) 10−2 (0.98) 10−1 (0.89)
B (III) 10−3 (1.03) 10−2 (1.11)
Mg (II) 10−3 (0.97) 10−2 (0.89)
K (I) 10−3 (0.97) 10−2 (0.27)
Ca (II) 10−3 (0.98) 10−2 (0.78)
Ni (II) 10−3 (0.98) 10−2 (0.84)
Zn (II) 10−3 (0.98) 10−2 (0.73)
Cr (III) 10−4 (0.96) 10−3 (0.33)
Co (II) 10−4 (1.02) 10−3 (1.16)
Cu (II) 10−4 (1.02) 10−3 (1.40)
Fig. 8. Flow signals for hydrogen peroxide by the proposed FIA technique. (a)
0 − 10 × 10−7 mol L−1 hydrogen peroxide and (b) 0 − 10 × 10−8 mol L−1 hydrogen
peroxide were used as standard samples. The other experimental conditions were
the same as in Fig. 1.

The effect of the reaction coil (RC) length was tested by varying it
from 1 m to 5 m. The peak height increased along with an increase in
the RC length which is due to reaction efficiency, whereas the peak
height gradually decreased in the RC length over 2 m. The 2 m RC
satisfied the analytical performance, which was used throughout
this experiment.

3.3. Calibration graphs and analytical performance

The optimized conditions for the determination of hydrogen
peroxide by the proposed FIA system were summarized in Table 1.
The calibration graph showed good linearity over a range from
1.0 × 10−8 to 1.0 × 10−3 mol L−1 of hydrogen peroxide. Typical flow
signals at the concentration range of 10−7 mol L−1 and 10−8 mol L−1

levels are shown in Fig. 8. The relative standard deviation (RSD)
of 10 measurements of 4.0 × 10−8 mol L−1 hydrogen peroxide was
1.0%, and the limit of detection (LOD) was 5.0 × 10−9 mol L−1. The
analytical throughput was 40 samples h−1. Some detection tech-
niques, such as spectrophotometric detection [45] and fluorescence
quenching method [46], for hydrogen peroxide determination in
rain water have been reported, whose LODs are 7.0 × 10−7 mol L−1

and 5.0 × 10−7 mol L−1, respectively. The LOD of the proposed FIA

techniques in this study is 5.0 × 10−9 mol L−1, which is better than
the previous research.

When the proposed FIA system is applied to the determination
of hydrogen peroxide in real samples, some species coexisting in
the samples might be interfered to it. Table 2 shows the effect of

.

Ion Concentration (mol L−1)
(relative peak height)

– – –
Sr (II) 10−4 (0.97) 10−3 (0.44)
Cd (III) 10−4 (0.97) 10−3 (0.56)
Ba (II) 10−4 (0.97) 10−3 (0.64)
Mn (II) 10−5 (0.98) 10−4 (0.80)
Ag (I) 10−5 (0.98) 10−4 (0.62)
Fe (II) 10−6 (0.95) 10−5 (0.89)
Fe (III) 10−6 (1.05) 10−5 (1.84)
W (VI) 10−6 (0.99) 10−5 (0.73)
V (V) 10−7 (1.03) 10−6 (1.11)
Mo (VI) 10−7 (0.93) 10−6 (0.67)
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Table 3
Analytical results and recovery values of hydrogen peroxide in rain water calculated
from standard addition method.

H2O2 added
(10−7 mol L−1)

Peak height
(mm)

H2O2

(10−7 mol L−1)
Recovery
(%)

Measured Found

0.00 (rain watera) 9.1 ± 0.5 1.79 ± 0.11 1.79 —
0.40 10.0 ± 0.3 2.10 ± 0.07 1.70 95.0
0.80 12.4 ± 0.2 2.51 ± 0.04 1.71 95.5
1.00 13.5 ± 0.2 2.75 ± 0.04 1.75 97.8
2.00 18.2 ± 0.3 3.78 ± 0.07 1.78 99.4

a Rain water was sampled at 29th December, 2003.

Table 4
Determination of hydrogen peroxide in rain water by the proposed FIA.

Sample No.a Concentration of H2O2 (10−7 mol L−1)

This method Batchwise methodb

1 9.0 ± 0.1 8.4 ± 0.1
2 0.15 ± 0.01 NDc

3 5.9 ± 0.1 6.2 ± 0.1
4 1.8 ± 0.1 NDc
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Sanchez Batanero, Quim. Anal. 17 (1998) 147.
a Samples 1–4 were sampled at 22nd October, 21st November, 28th December,
9th December 2003, respectively.
b Batchwise method with V(V)–H2O2–(5-Br-PADAP) reported in [47].
c Not detected.

oexisting ions on the determination of 1.0 × 10−6 mol L−1 hydro-
en peroxide. Alkali metals and alkali earth metals even at high
oncentration did not show the significant interference, whereas
ome transition metal ions affected the determination of hydro-
en peroxide. These metal ions might interfere the oxidation of
hromotropic acid with hydrogen peroxide catalyzed with Fe(II),
hereas it could be applied to the determination of hydrogen per-

xide in rain water samples.
Then, the proposed FIA technique was applied to the deter-

ination of hydrogen peroxide in rain water samples. After
ampling the rain water, it was filtered on the membrane filter
ith 0.45 �m of pore size. Table 3 shows the analytical results,

H2O2]/10−7 mol L−1 = 1.79 ± 0.11. Also, a trace amount of hydro-
en peroxide at a similar concentration to the hydrogen peroxide
resent in rain water sample was added to it before the mea-
urement, based on the standard addition method. The recovery
alues are also shown in Table 3, which are a sufficient recovery
95.0–99.4%). Table 4 also shows the analytical results of hydrogen
eroxide in the rain water sample, which sampled on the different
ays. And the analytical values by the proposed FIA technique were
ompared with those by the batchwise technique by spectropho-

ometry using V(V)–H2O2–(5-Br-PADAP). These values are good
greement with each other. The propose FIA technique, which was
he fluorescence detection based on the oxidation of chromotropic
cid with hydrogen peroxide catalyzed with Fe(II), could be applied
o the rain water samples.

[
[

[
[

(2010) 1225–1229 1229

Acknowledgement

The present study was partially supported by the Grant-in-Aid
for Scientific Research (B) (No. 19350038) from Japan Society for
Promotion of Science (JSPS).

References

[1] G.P. Bolwell, P. Wojtaszek, Physiol. Mol. Plant Pathol. 51 (1997) 347.
[2] S.T. Test, S.J. Weiss, J. Biol. Chem. 259 (1984) 399.
[3] C. Rabaud, H. Tronel, S. Fremont, T. May, P. Canton, J.P. Nicolas, Ann. Biol. Clin.

55 (1997) 565.
[4] B.J. Juven, M.D. Pierson, J. Food Prot. 59 (1966) 1233.
[5] P.A. Tanner, A.Y.S. Wong, Anal. Chim. Acta 370 (1998) 279.
[6] J.M. Lin, H. Arakawa, M. Yamada, Anal. Chim. Acta 371 (1998) 171.
[7] D. Price, R.F.C. Mantoura, P.J. Worsfold, Anal. Chim. Acta 371 (1998) 205.
[8] N. Maeuchihara, S. Nakano, T. Kawashima, Anal. Sci. 17 (2001) 255.
[9] Y. Huang, R. Cai, L. Mao, Z. Liu, H. Huang, Anal. Sci. 15 (1999) 889.
10] K. Zhang, L. Mao, R. Cai, Talanta 51 (2000) 179.
11] J. Odo, N. Kawahara, Y. Inomata, A. Inoue, H. Takeya, S. Miyanari, H. Kumagai,

Anal. Sci. 16 (2000) 963.
12] J. Odo, Y. Inomata, H. Takeya, S. Miyanari, H. Kumagai, Anal. Sci. 17 (2001)

1425.
13] A.C. Pappas, C.D. Stalikas, Anal. Chim. Acta 455 (2002) 305.
14] Z. Guo, L. Li, H. Shen, Anal. Chim. Acta 379 (1999) 63.
15] F. Wang, Y.Z. Wu, S.S. Shang, Y.X. Ci, Fresenius J. Anal. Chem. 344 (1992) 556.
16] H. Afsar, B. Demirata, Fresenius J. Anal. Chem. 347 (1993) 460.
17] B.R. Horrocks, M.V. Mirkin, D.T. Pierce, A.J. Bard, G. Nagy, K. Toth, Anal. Chem.

65 (1993) 1213.
18] D. Harms, B. Than, B. Krebs, U. Karst, Fresenius J. Anal. Chem. 364 (1999) 184.
19] C. Xu, Z. Zhang, Anal. Sci. 17 (2001) 1449.
20] L. Zhu, C. Chen, Y. Li, Y. Ci, Anal. Chim. Acta 369 (1998)

205.
21] Q. Chen, D. Li, Q. Zhu, H. Zheng, J. Xu, Anal. Chim. Acta 381 (1999) 175.
22] C. Zhu, D. Li, H. Zheng, Q. Zhu, Q. Chen, J. Xu, Anal. Sci. 16 (2000) 253.
23] J.W. Miller, D. Kester, Anal. Chem. 60 (1988) 2711.
24] Y. Li, A. Townshend, Anal. Chim. Acta 359 (1998) 149.
25] N. Jie, J. Yang, X. Huang, R. Zhang, Z. Song, Talanta 42 (1995) 1575.
26] I. Vieira, O. Fatibello-Fihlo, Analyst 123 (1998) 1809.
27] Q. Ma, H. Ma, Z. Wang, M. Su, H. Xiao, S. Liang, Talanta 53 (2001) 983.
28] S. Hanaoka, J.M. Lin, M. Yamada, Anal. Chim. Acta 426 (2001) 57.
29] A.N. Diaz, F.G. Sanchez, J.A. Garsir, Anal. Chim. Acta 327 (1996) 161.
30] D. Price, R. Fauzi, C. Mantoura, P.J. Worsfold, Anal. Chim. Acta 371 (1998) 205.
31] D. Price, R. Fauzi, C. Mantoura, P.J. Worsfold, Anal. Chim. Acta 377 (1998) 145.
32] S. Akgol, E. Dinckaya, Talanta 48 (1999) 363.
33] K. Schachl, H. Alemu, K. Kalcher, J. Jezkova, I. Svancara, K. Vytras, Analyst 122

(1997) 985.
34] J. Li, S. Tan, H. Ge, Anal. Chem. Acta 335 (1996) 137.
35] S.L. Chut, J. Li, S.N. Tan, Analyst 122 (1997) 1431.
36] K. Yamamoto, T. Ohgaru, M. Torimura, H. Kinoshita, K. Kano, T. Ikeda, Anal.

Chim. Acta 406 (2000) 201.
37] B. Wang, J. Zhang, G. Cheng, S. Dong, Anal. Chim. Acta 407 (2000) 111.
38] R.C. Matos, J.J. Pedrotti, L. Angnes, Anal. Chim. Acta 441 (2001) 73.
39] L. Gorton, E. Csoregi, E. Dominguez, J. Emneus, G.J. Pettesson, G.M. Varga, B.

Persson, Anal. Chim. Acta 250 (1991) 203.
40] W.Y. Xu, J.N. Demas, B.A. Degraff, Anal. Chem. 72 (2000) 3468.
41] X.J. Zhang, W.M. Zhang, X.Y. Zhou, B. Ogorevc, Anal. Chem. 68 (1996) 3338.
42] X.J. Zhang, B. Ogorevc, G. Tavcar, I. Grabec Svegl, Analyst 121 (1996) 1817.
43] M.D. Campo Santamaria, M.D. Vazquez Barbado, M.L. Tascon Garciam, P.
44] D. Antonio, A. Javier, Anal. Chim. Acta 452 (2002) 11.
45] R.T. Matos, E.O. Coelho, C.F. de Souza, F.A. Guedes, M.A.C. Matos, Talanta 69

(2006) 1208.
46] H. Chen, H. Yu, Y. Zhou, L. Wang, Spectrochim. Acta A 67 (2007) 683.
47] S. Oszwadowski, R. Lipka, M. Jarosz, Anal. Chim. Acta 421 (2000) 35.


	Flow-injection determination of hydrogen peroxide based on fluorescence quenching of chromotropic acid catalyzed with Fe(II)
	Introduction
	Experimental
	Reagent
	Apparatus
	Procedure

	Results and discussion
	Optimization of chemical conditions
	Optimization of flow conditions
	Calibration graphs and analytical performance

	Acknowledgement
	References


