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Abstract: A new resonance scattering method was proposed for the determination of chlorite, basing on the resonance scattering
effect of rhodamine dye. In HCl-sodium acetate buffer solution, chlorite oxidizes [ into 1> and the reaction of I and excess I results in
1. Tt is respectively combined with rhodamine dyes. including rhodamine B (RhB), butyl rhodamine B (b-RhB}, rhodamine G (Rh(x)
and thodamine $ (RhS), to form association complex particles, which exhibit stronger resonance scattering (RS) effect at 400 nm. The
chlorite concentration of CKOy in the range of 0.00726—0.218 pg/ml, 0.0102—0.292 pg/ml, 0.00726- 0.145 pwg/ml and 0.0290—
0.174 wg/ml is respectively linear to the RS intensity of association complex particle systems at 400 nm for the RhB, b-RhB, Rh( and
RIS, The detection limits of the four systems were respectively 0.00436, 0.00652, 0.00580 and 0.01450 pg/ml CIO;. In the four
systems, the RhB system posscsscs good stability and high sensitivity. It has been applied to the analysis of chlorite in wastewater with

satisfactory results.
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Introduction

It is reported that chlorite may cause hemolytic
anemia at a low level of exposure while higher levels
of the exposurc can result in an increase of
methemoblobin - (Drinking water and health, 1987).
World Health Organization has published the
guideline value of (.02 mg/L for chlorite in drinking
water (World Health Organization, 1996). Therefore,
a simple and sensitive analytical method for the
determination of chlorite in water is required. At
present, several methods have been reported for the
determination of c¢hlorite, including spectropho-
tometry, ampcrometric titration, flow injection
analysis, chromatography and eclectrochemical
techniques. A spectrometric method based on the
color change of indige carmine had been used for the
analysis of the chlorine specics in water, with linear
range of 0—0.51 mg/L and the detection limit of
0.036 mgL ClO, (Chriswell and Keller-Lehmann,
1993). The amperometric titration provided in the
Standard Methods for the Examination of Water and
Wastewater in America is a standard method for the
determination of ClQs, ClO;, Cl. and Cl0;  (Aieta et
al., 1984), the detection limit is 0.011 mg/L ClO, .
Themelis et «of.  (1989) determined the low
concentration ClO; and ClO; using flow injection
analysis, with the linear range of 0.1—10.1 mg/L
ClO; and 0.1—8.3 mg/L. CIOy. Chlorite can be also
measured by  on-line  coupling of capillary
isotachophoresis and capillary zone electrophoresis
{Prous, 2004), with a detection himit of 0.012—0.017
mg/L. Denis et al. (1989) continuously monitored

trace chlorite ion in waler, based on anodic oxidation
in pH 4.5 acetate buffer and the use of a gold
electrode. The linear range is 0—1 mg/L CHO, with a
detection limit of 0.05 mg/l. (Denis et al., 1989).
Nakareseison et af.  (1988) determined chlorite using
differential pulse polarography, with a linear range of
19 pug/L—19 mg/L and detection limit of 7 ng/L.
However, many of the above methods can be labor
intensive and suffer from limited sensitivity. The
commonly recommended analytical method for the
determination  of chlorite  in  water is ion
chromatography (IC) (Achminke and Scubert, 2000;
Pfaff er «f., 1989, 1990). The detection limit for
deioned water and drinking water was 700 ng/L and
3.5 ng/L, respectively (Achminke and Seubert, 2000).
However, owing to its expensive cost and complex
operation, it is difficult to be extensively spread and
applied.

Resonance scattering spectral (RSS), with simple
and sensitive characteristic  (Pasternack e¢ «ol., 1995;
Wang et al., 2004; Huang et «f., 1996; Jia et al.,
2004), has been used to determine biological
macromolecules, trace metal, nonmetal and organic
substances (Pasternack ei «f., 1993, 1995; Huang et
al., 1996; Liu et «f., 1999, 2000; Jiang et of., 2005).
However, up to now, it docs not seem to have been
used for determination of ClOy. Rhodaminc dyes is a
type of major analytical reagent with stability, which
has been used for the measurement of the trace Se,
NO, and chlorine dioxide wusing spectrofluorimetry,
and RSS method (Liu et «fl., 2000; Jiang et af., 2002,
2005). In this paper, our studies suggest that ClOy
reacts with excess I to engender Iy, which combines
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Rhodamine' with form association complex particles
with resonance scattering (RS) cffect. The chlorite
concentration, in a certain range, is respectively linear
to the RS intensitics of rhodamine B (RhB),
rhodamine S (RhS), rhodamine G (RhG) and butyl
rhodamine B (b-RhB) systems. In view of the above, a
novel, simple, rapid, sensitive RSS method has been
proposed for determination of chlorite in water using
RhB.

1 Experimental

1.1 Reagent and apparatus

A model of Shimadzu RF-540 spectrofluo-
rophotometer (Shimada, Japan) was used to record the
intensity of RS, and RS spcctrum that the excitation
wavelength A, is equal 10 the emission wavelength
Acu

NaClO, standard stock solution: a sodium
chlorite stock solution containing about 4 mg/ml C10;
was prepared by dissolving 0.4 g NaClO, (AR.) in
distilled water and diluting quantitatively to 100 ml
with distilled water. Chlorite concentration was
standardized by 0.05 mol/L Na,S,0; standard solution
and the solution was stored in iccbox at 4°C . The
working solution of 0.726 pg/ml ClO, was prepared
by appropriate diluting the standard solution before
use. NaAc-HCI buffer solutions and 0.02 mol/L KI
solution were prepared in distilled water. A 1.00 X 10*
mol/L. RhB, RhS, RhG and b-RhB solutions were
prepared. All of the rcagents were of analytical grade
and all of the water used throughout was distilled
doubly.
1.2 Procedure

In a 10-ml marked test tube, for RhB system,
place 0.50 ml of pH 1.42 NaAc-HC1 buffer solution
(or 0.50 mi pH 1.85 for RhS system, 0.50 ml pH 1.42
for RhG, 0.50 ml pH 1.85 for b-RhB), 1.0 ml of 0.02
mol/L KI solution (or 1.00 ml, respectively, for RhS,
RhG, b-RhB systems) and certain volume NaClO,
solution orderly. The mixture was diluted to about
3 ml with doubly distilled water and mixed. The
solution was lefi to stand for 5 min, then 1.5 ml 1.0 X
10" mol/L RhB  (or 1.0 mi RhS, 1.5 ml RhG, 1.5 ml
b-RhB) was added. The solution was diluted to 5 ml
with doubly distilled water and mixed thoroughly. The
RS spectra of the systems were obtained by
spectrofluorophotometer and the RS intensity (/xs) of
the RhB, RhS, RhG and b-RhB systems at 400 nm
were measured respectively.

2 Results and discussion

2.1 Resonance scattering spectrum

Fig.la indicates that RhB-kI possesses a
synchronous fluorescence peak at 580 nm. The
synchronous scattering  (SS; or Rayleigh scattering
(RS)) of the RhB, RhB-I" and CIO,-I" systems are very

weak. When ClO; was added into the RhB-I" system,
owing to the formation of (RhB-I3), particles, the
synchronous scattering signal is magnified. The
synchronous emission spectra  (Fig.1d) of the
association-particle system indicatc that there are four
Rayleigh scattering peaks at 320, 400, 530 and 610
nm. Because of the influence of S8 of the association
complex particle, the synchronous fluorescence peak
at 580 nm becomes stronger. It has been known that
threc factors causing SS peaks are light source of the
apparatus, absorption of frec molecule in the system
and RS effect of particles (Jiang et «l., 2005), The
strongest emission of the apparatus is at about 470 nm
(hang et «ol., 2002), while not at 320, 400, 530 and
610 nm. The absorption of the frec molecule in the
particle system causes S8 signal to decrease. However,
it ean be seen from the synchronous emission spectra
that the four S8 peaks all become stronger, and there
is no the four peaks without the particles. Thereforc,
the four S8 peaks arc RS peaks of (RhB-1y),
association complex particles. The synchronous
scattering spectrum can be called the resonance
scattering spectrum. If the RS peaks at 400 and 530
nm were not stroenger and did not cover the SS peak at
470 nm, a synchronous scattering peak at 470 nm
would been observed. The SS signals at lower than
250 nm are very weak. The reason may be the weak
incidence light intensity of the light source. Although
RS peak at 610 nm is stronger, it is greatly affected by
the synchronous fluorescence peak. So a wavelength
of 400 nm was chosen for use in this work. Results
show that the b-RhB association complex particle
system exhibits three RS peaks at 320, 400, 605 nm
and a strongest synchronous fluorescence peak at
about 580 nm. The RhS association complex particle
system has three RS peaks at 320, 460, 610 nm and a
strongest synchronous fluorescence peak at about 550
nm. For the RhG association complex particle system,
there are three RS peaks at 320, 400 and 600 nm and a
strongest synchronous fluorescence peak at about 550
nm.

200.0 500.0 700.0

Fig.t  Synchronous emission seattering spectra of the RhB system
a. pH 142, 4.0 10 mol/L Kl to 3.0 X {07 mol/L RhB; h. (.05 45g/ml
ClO:; ¢ 0.0436 pg/mt. ClO,; d.0.0726 waml Cl10y (OR=5,5-2)
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2.2 Effect of pH

The effect of pH value on the Al (AT =1,
where, [y represents RS intensity, /; represents blank
value) shows that when pH is in the range of 0.65—
329, 0.65—4.76, 0.65--3.61 and 0.65—2.72, for
RhB, b-RhB, RhG and RhS systems, respectively, Af
value is bigger. This is because that the chlorite form
casily chlorine dioxide in acid solution, and the
oxidation ability of chlorite is stronger. Thercfore, pH
1.42, 1.85, 1.42 and 1.83 of the buffer solution were
chosen for the RhB, b-RhB, RhG and RhS systems.
The volume of the buffer solutions is all 0.50 ml.
2.3 Effect of KI volume

The Al value of the systems gradually increase
with [ concentration  (Fig.2), and when KI
concentration is about 2.0 X 107, 1.2 X104, 1.2 X 10?
and 3.2 X 10" mol/L for RhB, b-RhB, RhG and RhS
systems, respectively, the AJ value of the systems
reached their maximum, and kept relatively stable
when Kl concentration increased, This suggests that
reactions of I and ClO; tend towards completion after
Kl concentration reach about 2.0 X107, 1.2 X107,
1.2 X10% and 3.2 X 107 mol/L for RhB, b-RhB, RhG
and RhS systems, respectively. Hence, for RhB,
b-RhB, RhG and RhS systems, the KI concentration
all was chosen to be 4.0 107 mol/L.
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Fig.2 Elffect of KI concentration

a. pH=1.42, 0.0726 pg/mi ClO; , 2.0 X 10° mol/L RhB (OR=3, S=2)
b. pH=1 .85, 0.102 pg/mi C1O. , 2.0X 107 mol/L b-RhB (OR=4, §=2):
c. pH=1.42,0.102 pg/ml ClOy, 3.0X 10" mol/L RhG (OR=4, 8=2);

d. pH=1.42,0.102 pg/ml C10, , 2.0 10* mol/L RhS (OR=4, §=2)

2.4 Effect of Rh concentration

From Fig.3, it can be found that Af value
gradually  increases  with  thc  Rhodamine
concentration. It is owing to more particles forming.
When RhB, b-RhB, RhG and RhS concentration is
about 2.4 X107, 6.0 X10% 1.4 X10° and 1.6 X107
mol/L, respectively, Af value of the systems all
reached their maximum and were relatively stable.
This indicates that the reactions of Rh dyes and Iy
rcached completion at this moment. Therefore, a
concentration of 3.0 X 10° mol/L RhB, 2.0 X10°
mol/L b-RhB, 3.0 X10° mol/L. RhG and 2.0 X107
mol/L RhS was selected, respectively.
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Fig.3 Effect of Rh concentration

a. RhB, 4.0 X 10® mol/L KI, 0.102 pg/m! C10;, pH=1.42 (OR=5,
$=2); b. b-RhB, 4,0 X 10" mol/L. K, 0.145 pg/ml Cl0;, pH=1.85
(OR=4, 8=2); c. RhG, 4.0 X107 moll. KI, 0.102 pg/ml ClO,,
pH=1.42 (OR=4. $=2); d. RhS, 4.0 X 10" mol/L KI, 0.102 pg/ml
ClO,, pH=1.85 (OR=4, 5=2)

2.5 System stabilities

The effects of reaction times on Al value were
examined. The results show that A/ value of the
systems quickly reach the maxim value. Al value is
stable at least 90 min for RhB, whereas for b-RhB,
RhG and RhS systems, about 20, 15 and 25 min,
respectively.
2.6 Calibration graph

Under optimum conditions of the procedure, the
analytical features of the four systems were
investigated (Table 1). The results indicate that the
detection limit of RhB system is lower and the
stability is better than that of the other systems. Hence
RhB system is chosen for the measurement of chlorite
content in water samples.

Table 1  Analytical feature of Rhodamine RS methods for Cl10;
. Regresslon Lincar range, Correlation Detec,t on
System cquation w/ml cocfficient imit,
i ugml) w ~ pg/ml
RhB Af=178.2C+0.92 0.00726—0.218  0.9955 0.00436
b-RhB A [f=53.74C-0.50 ©.0102—0.292 0.9905 0.00652
RhG  AF=25.18C+H0.15 000726—0.145 0.9955 0.00580
RhS Af =24 89¢-0.13  0.0290—0.174 0.9584 0.01450

Note; * Concentration of ClO,

2.7 Effects of coexistence substances

According to the procedure, the effects of foreign
substances on the determination of 0.102 pg/ml Cl10y
were examined. The telerance limit is defined as the
content of substance that gives a relative error not
more than +5%. The results are summarized in Table
2. There is no interference for most ions. Only C10,
interfered the determination.
2.8 Sample analysis

The proposed method was applied to determine
chlorite in waste water. The results of the proposed
method and the indigo carmine (IC) spectropho-
tometric method are presented in Table 3. Student's
test shows that the results of the proposed method and
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the spectrophotometry are within  95%

confidence level.

equal

Table 2 Effects of coexistence substances

Coexistent Tolerance, Relative Coexistent Tolcrance, Relative

snbstance  pg/ml error,%  substance peml  error, %
K ) 7000 +4.0- 7 -S()f' 2500 —SAi B
NH,' 5000 -5.1 NOy 1000 +4.5
Ca¥ 7000 -2.0 F 250 -5.5
Mg 1500 +4.6 COF 2000 +1.5
Ba? 9000 -5.1 Urea 2000 5.2
Co® 150 -5.0  Tartaric acid 150 -3.2
N 180 3.1 Mathanol 16600 +5.0
Al 13000 -2.1 Cr07 45 +5.0
Zn” 100 -4.4 BrOy 15 +5.1
Fe 13 +2.9 Cl0y 600 13.5
Mn* 100 +4.3 Cl, 80" +4.8
Pb* 130 3.2 Clo, 0l 17.5

Note: " 0.02 mel/L dimethylsuifoxide masking

Table 3  Amalytical results of CI0Q; in wastewater

Single IC

Sample determination value Average  RSD, spectrophot
1 : spec ome-
P value, pg/ml % pecirop ¢

pg/m) _try, pg/mi (n=5)
" g_gfég?g,s{;:?ég?g?éﬂs 0}?33? 1.7 0.0463+0.0006
0.06(11.(5),63%(??;3,6(5)?,{)’620 obt?ggg;: 3.4 0.0649:£0.0010

& 0.104,0.110, 0116, 0.107+0005 4.7  0.110+0.007

0.098, 0.109

3 Conclusions

Under the acidic conditions, based on the
oxidation of I' by chlorite in presence of Rh, the
resonance scattering spectrum of four rhodamine dyes
association complex particle systems were studied. A
new RhB RSS method was developed for the
determination of chlorite in the range of 0.00726—
0.218 pg/ml CIO;, with a detection limit of 0.00436
pmg/ml ClOy. The method has been applied to the
determination of ClO, in water samples, with
satisfactory results.
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