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Simultaneous kinetic-potentiometric determinatidrbimary mixture of permanganate (MgDand dichromate (G®;*) by
H-point standard addition method (HPSAM), parteddt squares (PLS) and principal component regre¢BICR) is described.
In this work, the difference between the rate & tixidation reaction of Fe(ll) to Fe(lll) in thegsence of Mn@ and CsO,*
formed the basis of the method. The rate of theswmed fluoride ion for making the complex was detegdy a fluoride ion
selective electrode (FISE). The results show thastmultaneous determination of Mp@nd CpO-* could be conducted in their
concentration ranges of 0.5-10.0 and 0.1-20.0 iy rekpectively. The total relative standard erRSBE) for applying the PLS
and PCR methods to 9 synthetic samples was 5.38.4@drespectively in the concentration range ofy, and 3.30 and 2.04,
respectively, in the concentration range ofGEf. In order for the selectivity of the method to &esessed, we evaluated the
effects of certain foreign ions upon the reactiater The proposed methods (HPSAM, PLS and PCR) axakeiated using a set
of synthetic sample mixtures and then applied ¢osimultaneous determination of Mfi@nd CsO;* in different water samples.
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INTRODUCTION biomedicine and many others [2,3]. Dichromate kswise a
common inorganic chemical reagent, most commondy s
Permanganate (Mn{) and dichromate (@D;%) are strong an oxidising agent in various laboratory and indabt
oxidants in chemistry that are used widely as @xidj agents applications [1]. It is also used to oxidise alcishaletermine
in diverse chemical reactions in the laboratory ianaitistry for ~ ethanol, and clean laboratory glassware of organic
the synthesis of many different kinds of chemiaahpounds contaminants [1,2]. In analytical chemistry, stanized
[1]. Permanganate is used as disinfectant, decelpriz aqueous solutions of MnO and CsO;% are sometimes used
aquaculture,  wastewater treatment, drdgen sulfide as oxidizing titrants for redox titrations. Thenefp
determination of these oxidants is very importabeveral
*Corresponding author. E-mail: m_karimi@pnu.ac.ir methods have been reported for their determoinasuch as
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spectrophotometry [4,5] and electroanalytical téghes [6].
Kinetic methods based on instrument&chniques in
analytical chemistry are a developing subject, beeaof the
growing need for analyzing the mixtures of tracecigs as
well as similarities in the structure and behavidrthese
species [7]. On the other hand, by using modernpcoers
and powerful software, kinetic methods in conjuotiwith
chemometrics make it possible to analyze multicomepd
mixtures without separation. Through this approaithis
possible to attain greater selectivity with highesg of
analysis and very low detection limit using cheapthods

differences observed in the production rate of Ghéions in
the reaction of these species witkchlorosuccinimide. The
reaction rate of the production of chloride ion vmasnitored
by a chloride ion-selective electrode. Recently, waiso
reported the applications of HPSAM, PLS and PCRtfar
simultaneous determination of binary and ternarytanes of
Fe(ll), Al(III) and Zr(1V) [26,27]. These methodsere based
on the complex forming reaction of these metallins with
fluoride ion that has a differential rate at certaieaction
conditions. Therefore, the rate of fluoride-ion aéan with
Fe(lll), Al(lIl) and Zr(IV) was monitored by a flu@e ion-

such as potentiometry. In the area of simultaneouggiactive electrode (FISE).

determination of Mn@ and CO,% mixture, in which both are
strong oxidants and have color, there is only ogmort in
literature based on the difference in the oxidatrate of
pyrogallol red (PGR) by spectrophotometry [8]. Tehes
another report on the mixture of vanadate and pegarsate
[9] which is based on the difference observed & ribaction
rate of oxidation of PGR with binary mixture of pgnganate
and vanadate. However, to the best of our knowletigee is
no report regarding the simultaneous determinatioRnO,

and CpO;* by electroanalytical techniques using HPSAM and

chemometric methods.

In recent years, the adoption of chemometric nuthia
electroanalytical chemistry, as in other areas wdlyical
chemistry, has received considerable attention lasset
methods are helpful in the extraction of adequaterimation
from the experimental data. Electroanalytical tégbhes are
well known as the excellent and cheap procedurestife
determination of trace chemical species. Applicaiof H-

This work reports the first application of HPSAKCR

and PLS as chemometric methods to the simultaneous

determination of Mn@ and CpO;* using potentiometric
technique. The methods are based on the differebserved
in the oxidation reaction rate of Fe(ll) and Fg(lih the
presence of Mn@ and Cy0O;* as oxidants and complexing
reaction between Fe(lll) and fluoride ion at certagaction
conditions. The very fast response of the FISE idsd
Nernstian behavior with respect to fluoride ions daidic
solutions indicated that this electrode might bepleyed
effectively in the kinetic studies of reactions dting
changes in the fluoride ion concentration [22]. rEfiere, the
rate of the complexing reaction of the fluoride iwith Fe(lll)
was monitored by an FISE.

EXPERIMENTAL

point standard addition method (HPSAM) and chemamet Apparatus and Software

techniques including artificial neural network (ANNpartial
least squares (PLS) and principal component reigre¢BCR)

A solid-state Fluoride-selective electrode (Metroklodel
6.0502.150) was used in conjunction with a douhblecjion

have been frequently reported for the calibratioh o0Ag/AgCl reference electrode (Metrohm Model 6.0728)

overlapping voltammetric signals [10-15]. In theeldi of
potentiometry, several methods have been repordeddoon
flow injection system and titration using PLS, ANahd
Kalman filter as the modeling methods [16-22]. Henve
report the first application of PLS and PCR multiate
calibration methods and HPSAM to the simultanedastic-
potentiometric determination of binary mixturestyidrazine
and its derivatives [23,24] and binary mixture @fddopa and
carbidopa drugs [25]. The methods based on the
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whose outer compartment was filled with a saturateil

solution. The Metrohm Model 780 potentiometer, @t to a
Pentium(lV) computer, was used for recording theeki
potentiometric data. All measurements were caraetlin a
thermostated (25.0 + 0.2 °C), double-walled reactell with
continuous magnetic stirring. The electrode wasestdn 1 x
10° M potassium fluoride solution when not in use. bt
measurements, a Metrohm Model 780 pH meter with
combination glass electrode was used. Chemomatraysis
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standard solutions with HPSAM was performed by ragag
the potential changeaE) at 200 and 300 s after initiation of
the reaction for each sample solution. Then plétsiBSAM

All chemicals were of analytical reagent grade dodbly ~ of (10'¥%1) vs the added concentration of ;OF* were
distilled water was used throughout. A stock solutof iron  constructed for the mixtures of L7 and MnQ. The
(1000 pg mif) was prepared by dissolving 0.524 g of iron(ll) simultaneous determination of £5° and MnQ" adopting
sulfate (FeSQ7H,0) in water and then diluting it to 100 ml. PLS and PCR methods was performed by recording the
Stock solutions Mn@ and CsO-> were prepared in 100-ml potential for each solution from 30 to 500 s.

was performed using MATLAB 7.0 program.

Materials and Reagents

flasks by dissolving 0.1329 g of potassium permaataand
0.1369 g of potassium dichromate in water and idigutvith
water to
determined by redox titration with potassium oxalat
Potassium permanganate and potassium dichromateadisd
of Fe(ll) and fluoride were purchased from Mercle(@@any).
Citrate buffer solution (0.1 M, pH 3.0) was prephngsing
solutions of 0.1 M citric acid, 0.1 M HNGnd 0.1 M NaOH
adjusting its pH with a pH meter.

Procedure

Twenty five milliliters of double-distilled wate.0 ml of
buffer solution, 1.0 ml of standard fluoride sotuti(0.1 M)
and 1.0 ml of 5 x I®M of iron(ll) solution were added to the
thermostated (25.0 + 0.2 °C) reaction cell. Fivdilitér of the
standard or sample solution of,Or*, MnOy, or a mixture of
them, were injected into the cell quickly, and efthe
stabilization of the potential (about 30 s), alltalavere
recorded. The potential changes versus time we@ded at
the time intervals of 1.0 s. Synthetic samples a&iirig
different concentration ratios of £»* and MnQ were
prepared and standard additions ofQGr* were made. The
simultaneous determination of £ and MnQ was
conducted by recording the potential changes foh salution
from 30 to 500 s. After each run the cell was eetptand
washed twice with doubly distilled water.

Using the standard analyte solutions, we can cocish
calibration graph of (1%1) vs concentration (fixed-time

method)[28], whereAE is the potential variation in a selected

RESULTS AND DISCUSSION

the mark. Permanganate concentration was

We need to find a system that shows different kinet
behavior for the reaction with g€, and MnQ_. It is well-
known that the rate of oxidation of £avith MnO, is much
higher than that with GB;* [8,29]. Therefore, we could use
this different kinetic behavior for the simultansou
determination of GO, and MnQ. The concept of the
simultaneous analysis of £* and MnQ’ in this work is
based on the difference in their oxidizing poweelihinary
studies showed that iron(ll) ion as reagent inghesence of
fluoride ion using FISE was suitable for our pug.ddpon the
addition of the oxidant (Mng and/or CsO;%) into the
solution of F&"in the presence of Fthe oxidation reaction of
Fe* with MnO, and CpO,* takes place as follows:

MnO;, + 5F€* + 10F + 8H' — 5[FeR]" + Mn?"+ 4H,0
1)
CrO;* + 6F€" + 12F + 14H — 6[FeR]" + 2CP" + 7TH,0
2)
In order to initiate the simultaneous kinetic patemetric
determination of GO;> and MnQ by HPSAM, PCR and
PLS, a series of experiments was conducted to ledtathe
optimum system to achieve maximum sensitivity. Efene,
all experimental parameters affecting the reactaia of F&"
with MnO, and CpO;* (response time, concentration of F
and Fé", pH, etc) were carefully optimized.

time intervalAt and S is the slope of the fluoride electrode Study of the Electrode Characteristics

response, which is determined periodically by sssive
additions of micro-amounts of 100 pl of 1.0 x*1D0 x 10
M of NaF standard solutions in 25.0 ml of water etxwith
2.0 ml of buffer solution.

The simultaneous determination of ,@f and MnQ

The remarkably fast response of FISE and its Niams
behavior toward fluoride ions in acidic solutionslicates that
this electrode might be employed effectively in tkiaetic
studies of reactions involving changes in the fiderion
concentration [21]. The characteristics of the flde-selective
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electrode in the HN@ citric acid -NaOH buffer were studied. solution, could be fully explained in terms of thgecies k
In order to evaluate the operating characteristicke FISE at HF, HF, and (HF) if they are assumed to be ideal Nernstian
pH < 5, calibration graphs were constructed foriwmd responses of the electrode [30].
fluoride in the concentration range of 2.0 X°4N0 x 10 M The cell potential is given in Eq. (3) as follows:
at pHs 4.0, 3.0, 2.5 and 2.0. The slope was foonllet 56.8
mV decadé and remained almost constant at 0.2 mV over 7 E =E" + S log[f 3)
months of use in this system at pH 2.5.
whereE, E’, Sand F are the potential, formal potential, slope

Effect of Fluoride and Iron(ll) Concentrations of the fluoride electrode response and the freeritie

The effect of Fconcentration over the ranges of 1.0 £10 concentration, respectively. At a constant pH indiac
1.0 x 10° M fluoride ion on the linear range of calibration solution, the free and total fluoride (TF) concatitins are in
graph and reaction rate with Fe(ll) was investigat®’hen the a fixed ratio to one another in the concentratamge of 2.0 x
concentration of Fwas low, a gradual slope in the calibration 10°-1.0 x 10° M [31], so that
graph was realized while a high concentration ‘ajéherated

a high steep slope in the calibration graph. Thalte also E=E + Slog[TF] 4)
indicated that the concentration of lad a significant effect
on the linear range and on the change in the paterdlue. The reaction of Féwith F occurs in acidic solution (at pH

So, the fluoride concentration must have been skees < 2) whose reaction rate depends on the concemirafidhe
However, by increasing the fluoride concentratiahe free F and the concentration of the freedépends on pH,
potential change was decreased and the sensitvaisylower.  therefore, the rate of the formation of Ees pH dependent
If the fluoride concentration had been too low, ffigential  [31].
not have been steady. Since maximum differencedrkinetic When the pH was altered from 2.0 to 5.0, a moderat
behavior of Fe(lll) (resulting from oxidation rest of Fé*  decrease in the average rate was recorded (tHepwtential
to F€* by MnO, and CsO;%) was observed in a concentration change was about 5 mV less), apparently owing ® th
of 1.0 x 10° M fluoride, and since both species had largetydrolyzed species of Ee (FeOH®, Fe(OH)"), providing
values of potential chang@) in this concentration, it was additional paths with a rate proportional to][F
selected as the optimum concentration for furthediss. The results show that the maximum difference mekc
The effect of F& concentration over the ranges of 1.0 xbehavior of F& was observed at pH 3.0. In addition®Head
10°%-1.0 x 10" M F€" ion on the reaction rate of Fewith  larger values of potential changeH) at this pH. Above pH
MnO, and CpO;* as well as the linear range of calibration 3.0, the potential change decreased evidently d@uehé
graph were investigated. The results show thatrttirease of occurrence of the hydrolysis reaction competinghwihe
Fe* concentration, up to 5.0 x $0M, causes an increase in complexity of the reaction between the fluoride apel”.
the reaction rate of Bewith both MnQ and CsO,* and the  Under pH 3.0, the potential change decreased,piahably
potential change, but causes a decrease at highewing to the formation of hydrogen fluoride, to whithe
concentrations. Therefore, a concentration of 510%M F&*  fluoride electrode is insensitive. Thus, pH 3.0 wakected as
ion was selected as the optimum concentration fiothér the optimum pH for further studies.
studies.
Composition Effect of Ground Buffer Solution
Effect of pH The change of potential valug\E) for the reaction of Fé&
Acidity of the solution influences the potentiasponse of with MnO, and CpO;* in the presence of certain amount of
FISE, the oxidation reaction rate of >Fewith MnO, and the fluoride ion in different acidic solutions isawvn in Table
Cr,0;% and the complexity of the reaction rate ofvith Fe*. 1. In the solution of HN@ citric acid -NaOH (pH 3.0),
Direct measurement of the free fluoride concerdrain acidic ~ AEg.* had larger values. According to the obtainedults,
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Table 1The Values ofA\E for Reaction of 10 ug mlof F&* with MnO, and CsO-* in the Presence of 1.0 x
1OM F lon in Different Acid Solutions (pH = 3.0)

. . HNOs- HNOs-Tartaric ~ HNO;-Citric acid-
Acid solution KCI-HCI
H3PQ;-NaOH acid-NaOH NaOH
AEST (mV) 2.3 7.5 8.5 13

the 0.1 M citric acid-0.1 M nitric acid-0.1 M sodiu
hydroxide mixed solution (pH 3.0) containing 1x010° M 5mvV (o
fluoride was chosen as the ground buffer solution.

E (mV)

Temperature Effect

The temperature of the solution evidently affette
reaction rate of the kinetic reaction. But highemperatures
do not have any positive effect on the differeneeneen the L L L L L
rate of the oxidation of Fe(ll) to Fe(lll) in thegsence of 0 100 200 300 400 500 600
MnO, and CpO,* and the complexing reaction of ¥ewith Times (s)
fluoride. Therefore, the temperature of the soluti@as kept at
25 £ 0.2 °C by a thermostatic water bath in all thé
measurements.

Fig. 1.Potential-time curves for the reaction 6fRd Fé&
with 1Qug ml™ of CrO/, (@), 5pg miof MnO,
(b) and mixture of them (c). Other cdiwtis were
constant as follows: 1.0 x°Bl F;5.0 x 10°M
Fé"; 0.1 M citric acid-0.1 M BNOs-0.1 M NaOH
mixed solution (pH 3.0); T = 25 20C.

Potential-Time Behavior

The potential-time behavior of the reactions of'Reith
MnO, and CpO;* in the presence of Ender the optimized
conditions is shown in Fig. 1. Figure 2 shows tgpieaction
curves for the reaction of Fewith MnO, and CpO,> at
different concentrations. As can be seen in Figand 2, the
reaction of Mn@ was faster than @D, and was almost
completed in 100 s after the initial reaction the teaction of
Cr,0;* was completed in almost 300 s. This differencéhin
reaction rates allowed us to design the HPSAM, RGRPLS
methods for the simultaneous determination of Mredd
Cr,O/”.

Characteristics of calibration graphs for the dateation
of MnO, and CsO,%, under the optimum conditions, are given
in Table 2.

t, andt, and the product of the reaction of,Of had the
same amount d® (or 10'¥%1) over the interval between these
two times. Moreover, there was an appropriate diffee
between the slopes of the calibration lines in iisrval.
Considering a binary mixture of MnGand Cs0;%, for
example, assume that the amount of t£al) of the oxidation
in the reaction of F& with Cr,0;* and then complexation in
the reaction of F& with F at time variables, andt, wereP,
and Q, respectively, while those for the MpdFe-F
reaction under the same conditions wer@ndQ, respectively
(Fig. 3). They were equal in this case. The follogvequations

Requirements for Applying HPSAM show the relation between them:

The concept of using HPSAM to treat the kinetitadupon
the completion of the reaction of one componentievbf the
reaction of the other component is not yet complete
described below. The variables to be fixed werestirariables

For CpO;/”: Q= Pi+mt (b< < t; i=0,1,...,n) (5)
For MnQ: Q=P+ mt (m=0) (6)
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Fig. 2. Typical potential-time curves for the reactionFofind
F& with MnQ, (a) and GO/~ (b) at different
concentrations pd ml™). Other conditions were
constant as in Fig. 1.

where the subscriptsandj denote different solutions far
additions of CsO;> concentration prepared to apply to
HPSAM and the time comprising thet, range, respectively.
Thus, the overall amounts of (f-1) (or R) of the MnQ-
Cr,0,% mixture are:

At 4 Ry=P+P, (1)
At 1 R,=Q+Q (8)
The simultaneous kinetic determination of the

concentration of Mn@ and CsO;> by HPSAM requires the
selection of two timeg; andt,. To select the appropriate
times, the following principles were observed. Ae ttwo
selected times andt,, the amount oR of the CsO,% must be
linear with the concentrations, and the amounRdbr Fe'*
must remain constant even if the Mp@oncentrations are
changed. The amount d® for the mixture of Mn@ and
Cr,0;% should be equal to the sum of the individRalof the
two compounds. In addition, the slope differencehaf two
straight lines obtained at both andt, must be as large as
possible to achieve good accuracy. Then known atsooih
Cr,0;* have to be successively added to the mixture head t
resulting potential changes to be measured attbdimes as
expressed below.

Ra = (10°51)y = Po+ P + MuCy C)

Ro = (10"¥®@/51), = Qo + Q + MuG; (10)

whereAE(t;) andAE(t,) are the potential changes measured at

Table 2Characteristics of Calibration Graphs for the Deiieation of MnQ and CpO;*

Species Linear range Slope Intercept Correlation coeiffint LOD & LOQ
(Mg Y (ml ug) (ug it

MnO, 0.5-10.0 0.3008 0.2635 0.9992 (n=7) 0.028 & 0.070

Cr,0* 0.1-20.0 0.1118 0.3095 0.9995 (n =11) 0.086 & 0.226

Eimit of detection (LOD) and limit of quantitatiah OQ) are the mean blank value plus three anditesstthe

standard deviation of the blank, extiyely.
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35 | L
@T‘ o5 | P+P Q+Qi
%
= 15} ___F,)'._.—-——g'—"""'_

0.5 | P Q

-0.5

0 100 200 300 400 500 600
Times (s)

Fig. 3. Plot of potential changes (¥&>1) for the reaction of
F and F& with 5ug m* Cr,O;* (a), 10 ug mr*
MnQ’ (b) and mixture of them (c). Other conditions
were constant as in Fig. 1.

t; and t,, respectively andS is the slope of the fluoride
electrode responsB, andQ, are the amounts & for Cr,O,*
at a sample &t andt,, respectivelyP andQ are the amounts
of R for MnO, att; andt,, respectively (Fig. 4)My; and My,
are the slopes of the standard addition calibraliioes att,
andt,, respectivelyC, is the added GB,* concentration. The
two obtained straight lines intersect at the stedaH-point
(-Ch, R4) (Fig. 4). SinceRu = R, H(-Cx, R4) = ( -Coichromate
Rpermanganat from Egs. (5) and (6) we have:

Po+ P + Mu(-Cy) = Qo + Q + Mi(-Cyy) (11)

-Ci =[(Q - P) + (Qo Po)l/(Mu-My) (12)
as species MnQis assumed not to evolve over the considere
range of time,

Q=P

Ch = (Qo - Po)/(My - M) (13)
which is equivalent to the existin@pichromate (FPo/My =
Qd/My). Combining this with Eqg. (9) yield®; = P. The
overall equation for the potential at the H-poist simply
represented as:

o Q+Q
w
< M
—
é [ Potp
1 1 RL‘ 1 1 1
-Cy
-8 -4 0 4 8 12 16

Caddea OF Cr07” (ug mi™)

Fig. 4. Plot of HPSAM for simultaneous determination of a
mixture of GO;* (5.0ug mi*) and MnQ" (3.0pg
mi%). Other conditions were constant as in Fig. 1.

Q=P=Ry=Ree (14)
The intersection of the straight lines in Egs. &) (10)
directly yields the unknown @d,* concentration Cpichromatd
and theR for MnNO,” species Roermanganag COrresponding td,
andt, in the original samples, as the two times weresehdn
such a way that the later species had the $aateboth times.
This analytical signal allows the calculation of eth
concentration of Mn@ from a calibration curve.

Since C50,* was selected as the analyte, it was possible to
select several pairs of time ranges which presahtedamdr
for MnO,". Some of the selected time pairs were 100-200; 100
250, 100-300, 200-300 and 200-400 s. Greater time

éncrements caused higher sensitivity and steejpgesl| of the

two time axes, as shown previously by Campins-Falcal.

[32]. Also, the accuracy of the determinations atfected by
the slope increments of H-point plots. However, tihee pair
that gave the greatest slope increment, lower emod the
shortest analysis time was selected. For this reabe time
pair of 100-300 s as the most suitable times wad@&yad.

A summary of the results obtained for various yieal
concentrations is given in Tables 3 and 4. The eotration
was calculated directly by solving a system of ¢igns of
two straight lines. Mn@ concentrations were calculated in
each test solution by the calibration method witlsimgle
standard and ordinate valuerf
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Table 3Results of Several Experiments for Analysis of Mrédd CsO;> Mixtures in Different Concentration
Ratios Using HPSAM (T = 25)

R-C equation r Spiked ig mr?) Found g mi™)

MnO, C50,~ MnQy GO~
Rego = 0.412@, + 1.3806 0.9998 50 5.0 485+(0.11 515+ (0.10)
Rigo = 0.242(T; + 1.3347 0.9999
Rs00=0.214@,; + 2.1178 0.9995 8.0 6.0 8.24 + (0.18) 6.10 + (0.14)
R100=0.139@; + 2.0528 0.9980
Rs00=0.326LCi + 1.9715 0.9903 5.0 4.0 5.16 +(0.113) 4.19 +(0.08)
Rig0= 0.255€i + 1.6767 0.9962
Rago = 0.372&i + 1.9080 0.9968 1.0 12.0 120+ (0.10)  12.23+(0.2H
Rioo= 0.064(Ti + 0.3433 0.9908
R300= 0.359Ci + 0.7793 0.9997 5.0 1.0 4.80 + (0.08) 1.02 + (0.05)
Ri00= 0.289Ci + 0.7002 0.9990
Ragp= 0.201&i + 1.6302 0.9972 10.0 3.0 9.95 +(0.16) 3.08 £ (0.04)
Rig0= 0.154€i + 1.4855 0.9981
Rago = 0.276%i + 3.2547 0.9984 8.0 7.0 8.20+(0.23)  7.24+(0.12)
Rioo = 0.181Fi + 2.4886 0.9907
R300=0.232€i + 1.0079 0.9966 2.0 0.5 2.02 +(0.03) 0.52 +(0.10)
Ri00=0.074%i + 0.5181 0.9969

Standard deviatiors) is in parenthesis and the results are averagised replicates.

Table 4Results of Five Replicate Experiments for Anadysi CrO,> and MnQ Mixture Using
HPSAM (T = 25 °C)

R-Cequation r Spiked fig m) Found g mr?)
Cr,0>  MnQy Cr,0/* MnQ,

Rs00= 0.346@@; + 1.4986 0.9999 5.0 3.0 4.82 3.10

Ri00= 0.191@; + 1.4246 0.9986

Rsp0= 0.533@; + 1.4411 0.9995 5.0 3.0 5.20 3.03

Ri00= 0.335@@; + 1.3428 0.9995

Rs00= 0.261@; + 1.2098 0.9986 5.0 3.0 4.90 2.90

Ri00=0.086@; + 1.1246 0.9999

Rsp0= 0.202@; + 1.1845 0.9994 5.0 3.0 5.20 2.80

Ri00=0.042@; + 1.1012 0.9950

Rs00= 0.190@; + 1.1809 0.9993 5.0 3.0 4.80 2.90

Rig0=0.067@; + 1.1147 0.9960

Mean 4.92 2.95

RSD (%) 2.03 3.39
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Multivariate Calibration

algorithm, as a cross-validation method, leaving one

The applications of chemometric methods such aR PCsample method was employed [40]. The predictionresas

and PLS, to the analysis of multi-component mixéureave
been discussed by several workers [33-37]. PCR RIng
modelings are powerful multivariate statisticallgavhich are
successfully applied to

first step in the simultaneous determination of $pecies by
PCR and PLS methodologies involves the construabiba
calibration matrix for the binary mixture of Mp@nd CsO->.
For constructing the calibration set, factorial igeswas
applied to five levels in order to extract detaipghntitative
information, using only a few experimental trials. this
research, a synthetic set of 37 solutions, inclgdiifferent
concentrations of Mng and CpO;*, was prepared. A
collection of 28 solutions was selected as thebcation set
(Table 5) and the other 9 solutions were usedagptédiction
set (Table 6). Their composition was randomly desttto
obtain more information from the calibration prooesl
Changes in the solution potential were recordedéhdua time
period of 300 s.

To select the number of factors in the P@Rd PLS

the quantitative analysi$ o
spectrochemical and electrochemidata [23-27,33-39]. The

calculated for each species of the prediction®st error was
expressed as the prediction residual error sumqofres
(PRESS):

PRESSTEm: gi _C- 561
i=1 1

where m is the total number of calibration sampig,
represents the estimated concentration while the reference
concentration for theth sample left out of the calibration
during the cross validation. Figure 5 shows a pfoPRESS
against the number of factors for a mixture of comgnts. To
find out the minimum factors, we also used thedfistics to
carry out the significant determination [41]. Thetimal
number of factors, for the two components, wasiobthas 2
for both PCR and PLS.

For evaluating the predictive ability of a multiiate
calibration model, the root mean square error @djmtion
(RMSEP), relative standard error of predictid®SEP) and

Table 5Calibration Set for Constructing PCR and PLS Mdthim Determination of MnQand

@D,> (ug mr)

Sample MnO, CrO,* Sample MnQ, CrO*
number number

1 0.5 0.5 15 5.0 5.0
2 0.5 1.0 16 5.0 10.0
3 0.5 5.0 17 5.0 12.0
4 0.5 7.0 18 5.0 15.0
5 0.5 19.0 19 7.0 19.0
6 2.0 4.0 20 7.0 12.0
7 2.0 10.0 21 7.0 15.0
8 2.0 16.0 22 7.0 17.0
9 2.0 18.0 23 7.0 2.0
10 2.0 20.0 24 10.0 4.0
11 4.0 6.0 25 10.0 8.0
12 4.0 10.0 26 10.0 10.0
13 4.0 14.0 27 10.0 12.0
14 4.0 16.0 28 10.0 16.0
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Table 6.Prediction Set for Constructing PLS and PERdels in Determination of @0, and MnQ and Statistical

Parameters Calculated for thdedels

Solution Synthetic (ug M Predicted (ug i)?
PLS PCR
MnO  CpO/~ MnQ GO~ MnO, GO~

; 0.5 13.0 0.53(106.0) 12.20(93.8) 0.51(102.0) 12.5(96.1)
3 3.0 13.0 3.20(106.6) 13.38(102.9) 3.24(108.0) 13.20(101.5)
4 4.0 8.0 3.79(94.7) 7.56(94.5) 4.1(102.5) 8.20(102.5)
: 4.0 12.0 4.22(105.5) 11.94(99.5) 3.80(95.0) 12.40(103.3)
s 5.0 11.0 4.80(96.0) 11.60(105.4) 5.30(106.6) 11.20(101.8)
; 5.0 14.0 5.25(105.0) 13.73(98.1) 5.20(104.0) 14.10(100.7)
g 5.0 17.0 4.76(95.2) 16.45(96.7) 4.95(99.0) 16.70(98.2)
° 7.0 14.0 7.29(104.1) 14.7(100.5) 6.90(98.5) 14.1(100.7)

10.0 14.0 9.78(97.8) 14.58(104.1) 10.13(101.3) 13.99(99.9)
Mean

101.7 101.1 102.0 100.5
Recovery
RMSEP 4.80 3.30 3.17 2.04
(%)
RSEP
(%) 5.30 3.30 3.17 2.04
RZ
0.9980 0.9998 0.9995 0.9990

Recovery percent is in parenthesis. Predicted sane recovery percents are averages of threeaegsi

squares of correlation coefficientyRwhich are indicatives of

980 the quality fit of all the data to a straight lingere used as
follows [38,40]:
o 680 y
) N /D 2 2
a RMSEP= (c.—c,] /n (16)
380 (.21: ]
80 — ——o—0—0—0—o ¥
NEo Y 2 (17)
0 5 10 15 20 RSERY) = Z[Ci-C.] 13(c)| =100
i=1 i=1
Number of factor
Fig. 5. Plot of PRESS against the numbers of factors BLS ( N /o 2 N , 18
and PCRaj. Conditions as in Fig. 1. R’ =Z(C,—C') (¢ -c) (18)
i=1 j=1
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whereC; represents the estimated concentratigrar@ n are  fold amount of MA*, Ni?*, C&*, pt?*, Cr*, C&*; a 10-fold
the actual analyte concentration and the numbesaafples, amount of S&, PQ*, Hgf* and a 1-fold amount of Al,
respectively. Fe*, zr**, Ti**, Mo, I.

Table 6 shows the values of RSEP, RMSEP ahdoR
each component using PLS and PCR. It is shown ttiat
obtained values, for the statistical parameters,afmost the
same for both PLS and PCR methods.

Application

To evaluate the analytical applicability of theoposed
methods (PCR, PLS and HPSAM), we spiked known atsoun
Interference Study of both MnQ and CpO,* into some water samples. The

The study of interference ions was carried out ay proposed methods were applied to determine theytesal
standard mixture solution containing 10 pug'raf both MnQ- simultaneously and satisfactory results were okthiTable
and CpO;> and a certain amount of foreign ions. The7)- The results show that the proposed models caddrately
following excesses of ions did not interferiee( caused a determine the concentration of the oxidants under
relative error of less than 5%): more than a 1Gfl6-{largest  investigation in real water samples, and therevisignificant
amount tested) amount of NaK*, zr?*, CU**, Cdf*, Mg?*,  difference between the results of applying HPSANRPand
Be™, Bi**, As™, CI, NOy, BO;*, C,O,%, CH,COO; a 100-  PLS to their simultaneous determination.

Table 7.Simultaneous Determination of MgOand CsO;* in Different Water SamplédUsing HPSAM, PCR and PLS

Methods
Sample Spiked (pg nit Recovery(%)°
HPSAM PLS PCR
Cr,0 MnQ/ CrLO/” MNnQ’ Cr,0/~ MnQ Cr,0/~ MNnQ

1 8 0.5 98.7+3.6 98.0%x4.0 103.7+4.506D +5.4 102.2+3.4 104.0+3.5
2 2 2 104535 102.0+3.0 107.5+4.2 .0063.8 102.5+3.3 98.6 £3.4
3 12 5 102.5+3.6 104.0+3.5 102.4+3.0 0.80t2.4 99.2+3.0 102.2+4.4
4 18 8 101.4+3.2 103.0+2.5 976 £35035+2.4 100.0+25 1045+5.0
5 10 1 104.0x4.5 107.2+5.5 103.0+3.0 6.40t4.4 102.8+3.5 106.0+4.0
6 5 4 99.6+3.3 104.0x4.6 102.0+3.5945+52 104.4+£40 1054+44
7 0.2 8 945+3.6 103.0x34 98.4+3.A01.5+£2.7 100.2+£3.6 1035%45
8 15 0.4 105.0+4.2 100.5+4.0 104.0+3.897.8+3.0 1045%4.3 98.0+3.9
9 0.3 5 100.8+3.2 1045+4.0 96.7+£3.503B+34 95.2+4.0 103554
10 18 0.2 101.4+36 986+29 97.6+£3.A01.5+£3.4 104.0+£45 103.8%£4.0

*Each sample was analyzed four times. Samplés 3land 4 were drinking water sample, 5, &nd 8 were river water
samples and 9 and 10 were well water samplesicimg MnQ, and C;O;% mixture. "Mean of recovery percent + S.D.
(four replicates).

mixture of MnQ and CsO-*, shows the ability and excellent
CONCLUSIONS performance of ISEs as detectors not only for irtlisl
determination of produced or consumed ions, bui aisthe
This work, as the first application of PCR, PLSdan simultaneous kinetic-potentiometric analysis. ThHs an
HPSAM to the simultaneous determinationtioé binary impressive result in that a simple bi-variatethod such as
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HPSAM is shown to be comparable with the powerful

multivariate PLS and PCR methods. Although PLS fela  [11]
data method, the results clearly show that the H#S#s a bi-
variate method, ensures almost the same accurawyevér, [12]
HPSAM as a standard addition method is more time
consuming for analyzing a large number of unknoampgles  [13]

in comparison with PLS and PCR methods. The most

important characteristics of this work are as febo (I) The [14]
proposed method is quite suitable for the simubase
determination of Mn@ and CsO,% in complex samples. (1) [15]
The proposed method is cheaper than spectrometrither
electrochemical methods. (lll) No extraction stegswequired [16]
and hence the use of toxic organic solvents isd&ebiln other
words, this method is congruent with the principtéggreen  [17]
chemistry.
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