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Abstract

A new and very simple kinetic-spectrophotometric method was developed for the simultaneous determination of binary mixtures of iodate
and bromate in water samples, without prior separation steps. The method is based on the mean centering of ratio kinetic profiles, allows rapi
and accurate determination of bromate and iodate. The analytical characteristics of the method such as detection limit, accuracy, precisio
relative standard deviation (R.S.D.) and relative standard error (R.S.E.) for the simultaneous determination of binary mixtures of iodate
and bromate were calculated. The results show that the method was capable of simultaneous determination of Qy@bL1L%ach of
iodate and bromate. The results allow simultaneous determination with the ratio 30:1-1:30 for iodate—bromate. The proposed method wa
successfully applied to the simultaneous determination of iodate and bromate in several water samples.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction ration has been developed from several mathematical proce-
dures.
lodate and bromate have been reported to be toxic ions Derivative of the ratio spectra has been reported for si-
[1,2]. Theseions have been extensively used as ingredients fomultaneous determination of binary and ternary mixtures
indicators in catalytic-kinetic analysis involving redox pro- [12-20] We proposed a new spectrophotometric method for
cesses. The major route of environmental exposure to theseghe simultaneous determination of ternary mixtures, with-
oxihalides is drinking watef3]. Bromate is a by-product of  out prior separation step81]. The method that is called the
bromide containing water ozonization. lodide ions may be successive derivative ratio spectra is based on the successive
found in brackish water and to a lesser extent, in freshwa- derivatives of ratio spectra in two steps. Unfortunately the
ter, and may form iodate during ozonization. Therefore, their advantages of derivative spectra are at least partially offset
determinations are required for environmental protection. by degradation in signal-to-noise ratio that accompanies ob-
Several methods have been reported for the determina-taining derivatives.
tion of iodate and bromate in mixtures. These include the  We also proposed a novel and very simple method based
spectrophotometric determination of periodate-iodate mix- on the mean centering of ratio spectra for the simulta-
tures[4-9], chromatographi§10] and polarographic deter- neous determination of binary and ternary mixtures with-
mination of iodate—bromate and periodate—bromate mixturesout prior separation stepgR2]. This method eliminates
[11]. derivative steps and therefore, signal-to-noise ratio is en-
The simultaneous determination of two or more com- hanced. After modeling procedure, the method has been
pounds in the same sample without previous chemical sepa-successfully applied to the simultaneous analysis of binary
mixtures of mefnamic acid and paracetamol and ternary
* Corresponding author. Tel.: +98 811 8272404; fax: +98 811 8272404, Mixtures of acetylsalysilic acid, ascorbic acid and parace-
E-mail addressafkhami@basu.ac.ir (A. Afkhami). tamol.
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Recently we proposed a new method based on mean For a binary mixture of A and B if Eq(5) is divided
centering of ratio profiles for resolution of binary kinetic by Egy corresponding to the kinetic profile of a standard
profiles and therefore for the simultaneous determination of solution of B in binary mixture, the ratio profile is obtained
binary mixtureqg23] by kinetic methods. The mathematical in the form of Eq.(6) (for possibility of dividing operation,
explanation of the procedure was illustrated. After modeling the zero values dgg ) should not be used in the divisor):
procedure, the method has been successfully applied to the

simultaneous analysis of binary mixtures of cobalt and nickel p — A1) = EanCa +Cg (6)
based on their complexation reactions with 14¢2ridylazo)- Eg() Eg(r)
2-naphtol (PAN) in micellar media without any preliminary

whereEay is the kinetic profile of A andEgy is the kinetic
profile of B. If the Eq.(6) is mean centered (MC), since the
mean center of a constanty) is zero, Eq.(7) would be
obtained:

separation.

In this paper we propose a simple, rapid, precise and ac-
curate method for the simultaneous determination of iodate
and bromate based on the difference in the rate of their re-
action with iodide ion. In the proposed method we applied
mean centering of ratio kinetic profiles for resolution of bi-
nary mixtures of iodate and bromate ions.

()

EnnC
MC(D):MC[ Al A]

Ep(

Eq. (7) is the mathematical foundation of multi-component
analysis that permits the determination of concentration of
each of the active compounds in the solution (A in this equa-
tion) without interfering from the other compound of the bi-
nary system (B in these equations). As Ef.shows there
is a linear relation between the amount of NDJ(@and the
concentration of A in the solution.

A calibration curve could be constructed by plotting

2. Theoretical background

Consider two analytes A and B that react with a common
reagent to give the absorbing species,@d R, according
to the following scheme:

A+ R2A P 1) MC(D) against concentration of Ainthe standard solutions of
A orin the standard binary mixtures. For more sensitivity the
B+ Rﬂ Pg (2) amount of MCD) corresponding to maximum or minimum
d[P] time could be measured.
— = = kaCa + kgCa (3) Calibration graphs for B could also be constructed as de-
dr scribed for A.

where ka, kg andCp, Cg are the rate constants and concen-
tration amounts for A and B, respectively.

The product formed?, can be monitored by recordingits 3. Experimental
absorption spectrum as a function of time or by measuring
the absorbance at a fixed wavelength with time. 3.1. Apparatus

It has been assumed that the reactions involved both
processes to follow a first or pseudo-first order kinetic with A Perkin EImer Lambda 45 UV/Vis spectrometer was used
respect to the analyte concentrations. If the absorbance is asfor recording and storage of UV—vis absorbance spectra and
sumed to be proportional to the amount of product formed, kinetic curves using quartz cells and slit width of 0.5cm. A
then, in the absence of interactions between the kinetics of Metrohnm model 713 pH-meter with a combined glass elec-
both analytes, it will be given by trode was used for pH measurements. All calculations in the
At = Ap, + Ap @) computing process were done in Matlab6.5 a_md Micros_,oft

A B Excell for windows. A simple program was written for this
whereA p, andA p, are the absorbencies for the reaction prod- purpose in Matlab6.5.
uct of analyte A and B, respectively. Hg.) can be rewritten
as: 3.2. Reagents
0

At = Z EGoCi ©®) Triply distilled water and analytical-reagent grade chem-
’ icals were used. Standard solutions of iodate and bromate
where Clis the initial concentration of the specte be quan- were prepared by dissolving appropriate amounts of sodium
tified, for first-order reactions ary; ) = ¢,[1 — exp (—kz)]. iodate and potassium bromate (all from Merck) in water.

By analogy betweeik ) and molar absorptivity in the A 0.1mol L-1 iodide solution was prepared by dissolving
Beer—Lambertlaw in spectrophotometric determinations, the 3.75 g sodium iodide (Merck) in water and diluting to the
variation of the absorbance as a function of time at a given mark in a 250 mL volumetric flask. A 0.5 moli! sulfuric
wavelength can be used to construct a ‘kinetic profibe], acid solution was prepared with diluting concentrated sulfu-
Ao, ..., A attimesty, to, .. ., th. ric acid (Merck).
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3.3. Procedure 03

Appropriate volumes of iodate—bromate standard solu-
tions and 1 mL of 0.5 mol £ sulfuric acid were added into
a 10 mL volumetric flask. The solution was diluted to ca.
9mL with water and 1 mL of 0.1 molt! iodide solution
was added to initiate the reaction. A stopwatch was started
just after the addition of the iodide solution. The solution was ,.r"'f
diluted to the mark and a portion of it was transferred into a 0 : : : :
1-cm glass cell to measure the absorbance change with time 0 2 4 6 8 10
at 352 nm. Time / min

A, callbratpn graph f(,)r iodate is obtained bY recordmg_ afnd Fig. 1. Absorption kinetic profiles for the reaction of 0;5gmL ! iodate
storing the kinetic profiles of standard solutions containing (1) 0.50.gmL~" bromate (2) and their mixture (0.5@ mL—* each of
different concentrations of iodate and bromate. The storedthem) (3) with 0.01 mol £ iodide in 0.05 mol 2 sulfuric acid solution
kinetic profiles of the solutions of iodate are divided by stan- and 25°C at 352 nm.
dard kinetic profile of bromate according to H). Then
mean centering (MC) of these vectors with respect to time
are obtained according to H). The minimum or maximum
of the mean centering of ratio profiles with respect to time
is used for the construction of calibration graph for iodate.
For the prediction of concentration of iodate in synthetic bi-
nary mixtures and real samples the same procedure was used
except that the kinetic profiles of the mixtures were used in- 4.2. Proposed method
stead of the kinetic profiles of standard solution of iodate.
The construction of calibration curves for bromate and also ~ The absorption kinetic profiles of the standard solutions of
its prediction step was performed as described for iodate. iodate with different concentrations were recorded at 352 nm

Simultaneous determination could be performed with in the time range 0-10 min with 10's intervalSd. 2a) and
the ratio 30:1-1:30 for iodate—bromate. lodate and bro- divided by the normalized kinetic profile of the bromate and

mate can be determined simultaneously in the rangethe ratio profiles were obtainedfig. 20). Mean centering

0.05-1.5QugmL1. (MC) of the ratio profiles were obtained in the time range of
1.5-10 min Fig. 2c). The concentration of iodate was deter-
mined by measuring the amplitude at 1.5 min corresponding

4. Results and discussion to a maximum time shown ifig. 2c. For the prediction of
concentration of iodate in synthetic binary mixtures and real

lodate and bromate react with iodide in acidic media to Samples the same procedure was used except that the kinetic
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[9]. Therefore, optimum conditions for simultaneous deter-
mination of iodate and bromate were chosen as follows: the
sulfuric acid concentration is 0.05 mott, iodide concen-
tration is 0.01 mol ! and temperature is 2.

produce triiodide according to the fo”owing reactions: prOﬁleS of the mixture were used instead of the kinetic pro-
files of standard solution of iodate.

103~ + 81~ +6H" = 3I3~ +3H,0 (8) The absorption kinetic profiles of the standard solu-

BrOs~ + 91~ + 6H* = 315~ + Br + 3H,0 ©) tions of bromate with different concentrations were recorded

at 352nm in the time range 0—10 min with 10s intervals
The reactions could be monitored spectrophotometrically (Fig. 3a) and divided by the normalized kinetic profile of the
by measuring the absorbance of the solutions at 352 nm withiodate and the ratio profiles were obtainédg( 30). Mean
time, which is proportional to the producesgi| concentra- centering (MC) of the ratio profiles were obtained in the time
tion. range of 1.5-10 minKig. 3c). The concentration of bromate
It was observed that the reaction of iodate with iodide in was determined by measuring the amplitude at 1.5 min cor-
acidic mediawas completed immediately after mixing; while, responding to a minimum time shown Fig. 3. For the
the reaction of bromate with iodide in the same conditions prediction of concentration of bromate in synthetic binary
was relatively slow ig. 1). Therefore, mean centering of ~mixtures and real samples the same procedure was used ex-
ratio profiles can be used for binary kinetic profiles resolution ceptthatthe kinetic profiles of the mixtures were used instead
of iodate and bromate. of the kinetic profiles of standard solution of bromate.

4.1. Preliminary study of system 4.3. Analytical characteristics

We have previously reported the optimum conditions such  In the proposed method, Beer's law was obeyed in the
as sulfuric acid concentration, iodide concentration and tem- concentration range 0.05-1.5§ mL~1 for both iodate and
perature for the reactions of iodate and bromate with iodide bromate Table 1shows the linear regression parameters for
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Fig. 3. The absorption kinetic profiles of the standard solutions of the
bromate with different concentrations (0.1, 0.2, 0.5, 1 and Ld@L 1)
at 352nm (a), the ratio profiles obtained by dividing the normalized ki-
(c) Time / min netic profile of the iodate (b) and the mean centering of ratio profiles (c).
Conditions: iodide, 0.01 molt?; sulfuric acid, 0.05 mol L; temperature,
Fig. 2. The absorption kinetic profiles for the standard solutions of the iodate 25°C.
with different concentrations (0.1, 0.2, 0.5, 1 and Ju§0nL~1) at 352 nm

(a), the ratio profiles obtained by dividing the normalized kinetic profile of o . .
the bromate (b) and the mean centering of ratio profiles (c). Conditions: 10 check the reproducibility of the method five replicate

iodide, 0.01 mol [-1; sulfuric acid, 0.05 mol £1; temperature, 25C. resolving of iodate and bromate mixtures were performed.
The relative standard deviation (R.S.D.) for five replicate de-
calibration data for simultaneous determination of iodate and terminations of 0.fug mL~1 each of iodate and bromate was
bromate in their binary mixtures. Limit of detection of the 3.90 and 1.75%, respectively. The mean recoveries for si-
method for determination of iodate and bromate (defined as multaneous determination of these species in binary mixtures
the concentration equivalent to three times the standard de-were 100 and 102% for iodate and bromate, respectively.
viation of five replicate measurements of the blank) are also  The effect of divisor concentration on the analytical

shown inTable 1 parameters such as detection limit, slope, intercept and
Table 1

Analytical characteristics for analysis of iodate and bromate in binary mixtures by the proposed method

Analyte Time (min) Calibration equatién R2b Linear range g mL~1) LOD (ugmL™1)¢
lodate 1.5 y=2.820%— 0.0156 0.9997 0.05-1.50 0.02

Bromate 15 y=-1.261%— 0.0067 0.9971 0.05-1.50 0.01

a Cis the concentration of metal ion jog mL~.
b squared correlation coefficient.
¢ Limit of detection.
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Table 2

Results for several experiments for analysis of iodate and bromate in binary mixtures in different concentration ratios by proposed method
Taken fug mL~1) Found figmL™1) Recovery (%)

lodate Bromate lodate Bromate lodate Bromate
0.5 0.2 0.52 0.20 104 100
0.2 1.0 0.22 0.96 110 96
1.0 0.1 0.98 0.10 98 100
1.0 0.5 0.99 0.49 99 98
0.8 0.8 0.80 0.77 100 96
0.05 15 0.06 1.54 120 103
15 0.3 1.45 0.27 97 90
0.2 0.5 0.21 0.50 105 100
0.1 15 0.11 1.47 110 98
0.4 1.0 0.42 0.96 105 96
0.6 1.0 0.60 0.95 100 95
1.5 0.05 1.45 0.05 97 100
Mean recovery 104 98
R.S.E. (%) singl® 2.96 340
R.S.E; (%) totaP 319

@ Calculated from Eq(8).
b Calculated from Eq(9).

correlation coefficient of the calibration graphs was also as follows:

tested. It was observed that changing the concentration of R )
divisors in their linear calibration range had no significant E{leflzl(cij - Cy)
effect on the analytical parameters. Therefore, a normalizedR-S-Er (%) = M 5N (C)?
kinetic profile of each of the iodate and bromate was used as i=17=1

divisor profile in the proposed method. whereCj is the concentration of the component in fitie

Inorderto obtain the accuracy and precision of the method, sgmples an@ij is its estimationTable 2also shows the rea-
several synthetic mixtures with different concentration ra- sonaple single and total relative errors for such system.
tios of iodate and bromate were analyzed using the proposed

method. The results are giveniable 2 The prediction error
of a single component in the mixtures was calculated as the
relative standard error (R.S.E.) of the prediction concentra-

1/2
x 100 (9)

4.4. Interference study

To study the selectivity of the proposed method, the ef-

tion [23]: fect of various ions on the determination of a mixture of
12 0.5ugmL~1 of iodate and 0.gmL~1 of bromate was
=N (Cj - Cj)z tested under the optimum conditions. The tolerance limit
RSE®)=| ‘—"—_"— x 100 (8) was defined as the concentration of added ion causing less

2y=1(cf)2 than a+5% relative error. The results show that the ions
CO3%2~, ClO4—, ClO3™—, SQy2™, citrate, tartarate, N§, ac-
whereN is the number of sample§; the concentration ofthe  etate, NH*, CI~ and Br- did notinterfere, even when present
component in thgth mixture andCj the estimated concen-  in 2000-fold excess over iodate and bromate. Sulfide and sul-

tration. The total prediction error & samples is calculated fite ions interfered by competing with lin the reduction of

Table 3
Determination of iodate and bromate mixtures in water samples by the proposed method
Sample Spikedyg mL™1) Found fLgmL—1)2 Recovery (%)
103~ BrO3~ 103~ BrO3~ 103~ BrO3~
River water 0.50 0.50 0.5080.025 0.510.012 100 102
0.70 0.70 0.68:0.0173 0.69:0.010 97 98
Spring water 0.50 0.50 0.520.015 0.50+ 0.015 104 100
0.70 0.70 0.71#0.0278 0.72:0.0208 101 103
Well water 0.50 0.50 0.5£0.021 0.49+0.010 102 98
0.70 0.70 0.76:0.0306 0.68t0.0252 100 97

2 Mean+S.D. 0=3).
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iodate and bromate, and therefore caused negative interferf11] v.M. Temerk, M.E. Ahmed, M.M. Kamal, Differential pulse polarog-
ences. Mo@z—, WQ42— and NG~ caused negative interfer- raphy determination of iodate, bromate and periodate, Fresenius Z.

ence because of their reaction with iodide ion. Anal. Chem. 301 (1980) 414-416. .
[12] F. Salinas, J.J. Berzas Nevado, S. Maspoch, J. Riba, A new spec-

L trophotometric method for quantitative multicomponent analysis res-
4.5. Application olution of mixtures of salicylic and salicyluric acids, Talanta 37
(1990) 347-351.
The proposed method was successfully applied to the de-[13] J.J. Berzas Nevado, C. Guiberteau Cabanillas, F. Salinas, Spec-

termination of mixtures of iodate—bromate after addition to trophotometric resolution of ternary mixtures of salicylaldehyde,
. . . 3-hydroxybenzaldehyde and 4-hydroxybenzaldehyde by the deriva-
water samples. The result; are glveﬁ—able 3 Asitcan be tive ratio spectrum-zero crossing method, Talanta 39 (1992) 547-
seen the results are all satisfactory. 553.
[14] J.J. Berzas Nevado, C. Guiberteau Cabanillas, A.M. Contento Sal-
cedo, Simultaneous spectrophotometric determination of three food
5. Conclusion dyes by using the first derivative of ratio spectra, Talanta 42 (1995)

2043-2051.

i . i [15] F. Onur, C. Yucesoy, S. Dermis, M. Katral, G. Kukdil, Simultane-
The proposed method for the resolving of binary mixtures ous determination of pseudoephedrine sulfate, dexbrompheniramine

of iodate—bromate is simple, rapid, accurate, very sensitive maleate and loratadine in pharmaceutical preparations using deriva-
and easy to understand and apply. The proposed method was  tive spectrophotometry and ratio spectra derivative spectrophotome-
compared with the existing methods reported for the simul- t/:y’;a(';"_mda 5; (ZE?OZO) 269;27:- o MM, Shabana. Soectioohot
taneous determination of iodate and bronj@{24—26] The [16] A. e = eany, - Avad, AL, Shabana, Specropnoto

- . metric determination of trifluoperazine HCI and isopropamide io-
results show that the proposed method is simftd;25] dide in binary mixture using second derivative and second deriva-

more accuratg9,26] and more rapid9,24—26]than the ex- tive of the ratio spectra methods, J. Pharm. Biomed. Anal. 26 (2001)

isting methods and provided a wider dynamic range. 203-210.

[17] E. Dinc, .M. Palabyik, O. Nstundag, F. Yustsever, F. Onur, Simul-
taneous spectrophotometric determination of chlorphenoxamine hy-
drochloride and caffeine in a pharmaceutical preparation using first
derivative of the ratio spectra and chemometric methods, J. Pharm.
Biomed. Anal. 28 (2002) 591-600.
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