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A novel kinetic chemiluminescent method proposed for the simultaneous determination of oxalic acid

and citric acid in their mixtures.

300
Oxalic acid
:

0 20 40 60
Time, s

I~
=
S

CL Response, A.U.
s
=

Citric acid




o

=

o

Journal Name

Cite this: DOI: 10.1039/c0xx00000x

WWW.I'SC.Org/XXXXXX

RSC Advances

ARTICLE TYPE

Simultaneous Chemiluminescence Determination of Citric Acid and
Oxalic Acid using Multi-way Partial Least Squares Regression

Ali Mokhtari,** Mohsen Keyvanfard® and Iraj Emami®

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX

DOI: 10.1039/b000000x

A novel kinetic chemiluminescent method has been proposed for the simultaneous determination of
oxalic acid (OA) and citric acid (CA). The method is based on the catalytic effect of OA and CA in the
chemiluminescence (CL) reaction of tris(1,10-phen)ruthenium(II) with Ce(IV). In the batch mode, OA
gives a broad peak with the highest CL intensity at 0.7 second, whereas the maximum CL intensity of the
CA appears at about 4.7 seconds after injection of Ce(IV) solution. Based on the differential rate of the
CL reaction corresponding to CA and OA and different effect of Ce(IV) concentration on the CL intensity
of these substances, a three dimensional data and multi-way partial least squares (N-PLS) regression
method were developed for the simultaneous determination of CA and OA. After selecting the best
operating parameters, calibration graphs were obtained over the concentration ranges 4.0x107%-2x10 mol
L and 2.0x107-2.0x10™ mol L 'for OA and CA, respectively. The limits of detections were 2.0x10™® mol
L' for OA and 1.0x107 mol L™ for CA. Relative standard deviation (RSD) of the method for 11 times
simultaneous determination of 1.6x10° mol L' of OA and 3.2x10°° mol L! of CA were 7.5% and 2.9%,
respectively. The proposed method was successfully applied to the determination of the mixtures in

synthetic sample, stain remover and anti-varroa mite formulations.

Introduction

There is a great worldwide demand for citric acid (CA)
consumption due to its low toxicity, mainly being used as
acidulant in pharmaceutical and food industries Other
applications of CA can be found in detergents and cleaning
products %, cosmetics and toiletries . Oxalic acid (OA) is used in
industry as a bleaching agent, radiator cleaner and spot and rust
remover *. OA is registered for use as a disinfectant to control
bacteria and germs and also is used as an inert ingredient in
pesticide formulations °. OA and CA are present simultaneously
in some pesticides ®, pharmaceuticals 7 or cleaner formulations *
8

Some analytical techniques have been used for the
simultaneous determination of OA and CA along with other
organic acids, for example HPLC * 3, capillary electrophorese
1% and jon chromatography '**'. However, there is not any
report for the simultancous chemiluminescence (CL)
determination of these organic acids with or without using a
separation technique up to now.

Most common cited advantages of CL reactions are the
relatively simple instrumentation required, the low detection
limits and wide dynamic ranges *>**, having contributed to the
interest in CL detection in HPLC ** and in flow injection analysis
(FIA) *. CL is often described as a dark-field technique *;
because, it is usually measured in absence (or with low levels) of
background light. This leads to very low detection limits
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compared to other optical techniques. However, some
disadvantages are to be considered as well. The method suffers
from the lack of selectivity ’. A CL reagent may yield significant
emission not just for one unique analyte that leads to interference
effects in methods without a separation stage. Moreover, CL
emission intensities are sensitive to a variety of environmental
factors such as temperature, solvent, ionic strength, pH, and other
species present in the system %,

Several techniques have been suggested to increase the
specificity of CL analysis; such as using masking agents %,
chromatography 24, and wavelength discrimination *.

Generally, simultaneous determination of compounds by CL
methods, without using a separation technique, could be
conducted by time resolved CL or chemometric-assisted methods.
Ruiz et al. > developed a stopped flow time-resolved CL method
for the simultaneous determination of the binary mixtures of
citrate and pyruvate . The method was based on the different rates
of the CL reaction of these organic acids in Ru(bpy);*" -Ce(IV)
CL system. The same reagents and method have also been used
for the determination of oxalate-tartrate *’ and pyruvate-tartrate
mixtures *%. Pulgarin et al. *° also described a stopped flow
technique for the simultaneous determination of morphine and
naloxone in synthetic samples. In all of above mentioned CL
methods, influence of sample matrix in selected times should be
investigated for each component to ensure that the slope of the
calibration curve of one analyte not affected by another *°.
Therefore, only some given concentration ratio of analytes could
be determined simultaneously in the mixture; because in some
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concentration ratios, peak of an analyte may be covered by
another one.

Chemometric methods (generally partial least squares (PLS)
algorithm) have also been used in CL methods for assisting in the
simultaneous determination of analytes in mixture. For example,
PLS has been used for the simultaneous determination of cobalt
and copper *, protocatechuic and caffeic acids *!, cobalt and
chromium *, cobalt and manganese 28 ascorbic acid and L-
cysteine ** and morphine along with naloxone *.

In recent years, multi-way PLS (N-PLS) ** and support vector
regressions  *¢* successfully used for simultaneous
determination of binary mixtures in CL methods for the first time.
N-PLS algorithm, which has been developed by R. Bro ¥,
maintains the three or higher dimensional structures of the data,
with the capability of extracting more information of a kinetic
system than the conventional two way PLS model *.

In quantitative analysis, a calibration set with data taken at
increasing concentrations of the analytes is necessary. Therefore,
concentration provides one dimension of the signal-concentration
data array. To construct a three-way array, the other two
dimensions can be provided by two-dimensional instrumentation
including excitation-emission fluorimetric scans *', or separation
techniques coupled to UV-visible™, infrared *, or mass
spectrometric detection ** *°. Another way of generating a two-
dimensional data array is to follow a chemical reaction with an
instrument providing uni-dimensional scans, e.g., a diode-array
UV visible spectrophotometer *°. The kinetic-spectrophotometric
information obtained, together with the multivariate calibration at
several concentrations, gives rise to a three-way data array (three
dimensional data) which can be useful to resolve mixtures of
compounds with very similar properties > *®.

One of the main limitations for employing N-PLS in CL
methods is attributed to the lack of the wavelength separation
techniques in the common CL instruments. Therefore, unlike to
spectrophotometric methods, wavelength couldn’t be applied in
most CL methods as a variable or discrimination factor.
Consequently, obtaining a three-way array of data is relatively
difficult for using in multi-way methods such as N-PLS.

In this work, we found that the impact of Ce(IV) concentration
on the CL intensity of CA and OA is different. Therefore, a
Ce(IV) concentration mode was added to the time and sample
modes to obtain the three way (three dimensional) data.
Analytical techniques coupled with a separation method, such as
HPLC, capillary electrophorese and ion chromatography, provide
multi-analyte information about related species, compounds and
metabolites present in the sample. However, each of these
methods often offers its own set of advantages and disadvantages.
There are some disadvantages, such as several time-consuming
manipulations, special training, or requirement of comparatively
expensive equipment and they are not readily amenable to be
cost-effective or to miniaturize instrumentation ** ®. multi-way
calibration methods play important roles in solving the problem
of closely overlapping peaks. These methods utilize a
mathematical separation procedure to substitute the traditional
chemical separation procedure °'.

The proposed method provides a simple analytical tool for the
simultaneous determination of OA and CA without using a
separation technique. This is attractive because it can reduce the
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use of more complex instrumental techniques and the cost of
needed analytical equipment.

In this method, a batch mode was used for the simultaneous CL
determination of OA and CA in an insecticide, a cleaning agent
and synthetic samples, using N-PLS regression. In addition
predictive ability of the N-PLS model has been compared with
conventional PLS model.

N-PLS

The theoretical aspects of N-PLS method have been described in
several books and reviews' °* © In summary, multi-way
regression method, N-PLS extends the traditional PLS algorithm
to higher orders, using the multi-dimensional structure of the data
for model building and prediction *. In the case of three-way
data, the model is given by the following equation:

o
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Where x;; is the CL intensity measured for sample i at Ce(IV) j
and time k, F is the number of factors, f, is an element of the
score matrix T, wjjf and kaf are elements of two W loading
matrices and e is a residue not fitted by the model. The model
finds the scores yielding maximum covariance with analyte
concentrations as the dependent variable, in a three dimensional
sense. One of the advantages of using N-PLS over bi-dimensional
regression is a stabilization of the decomposition involved in Eq.
(1), which potentially gives increased interpretability and better
predictions.

Experimental
Apparatus

CL analysis was applied using a 0.50-cm light path length quartz
cell. The CL signal was measured with a CL analyzer with PMT
(Hamamatsu, model R;;,) using a low pass filter whose output
was connected to a data processing system with a PC. A
schematic block diagram of the used instruments is shown in Fig.
1.

Needle

/v Dark Room

—,_{Amp]iﬁer l_‘Filtel' |
| Power Supply I

Fig. 1 Schematic block diagram of the CL instrument

Reaction Cell

Reagents

All the solutions were prepared using reagent grade chemicals
and doubly distilled water. OA and CA standard solutions
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(1.0x10? mol L") were daily prepared by dissolving 0.1270 g of
OA dihydrate (Sigma-Aldrich) and 0.2120 g of CA monohydrate
(Sigma-Aldrich) in 100.0 mL volumetric flasks. Ru(II) solution
(1.0x10% mol L") was prepared by dissolving 0.3640 g of
dichlorotris (1, 10-phen) ruthenium(Il) hydrate (Sigma-Aldrich)
in 50.0 mL water. Ce(IV) solutions were prepared by dissolving
calculated amount of ceric ammonium nitrate (Riedel-de Haén) in
8.0 mL H,S0, 1.0 mol L' and diluting to the mark with distilled
water in 100.0 mL volumetric flasks. In this way, Ce(IV)
concentrations between 1.0x10° and 9.0x10 mol L' were
prepared.

Sample preparation

10 mL of anti-varroa mite solution was filtered through a 0.45-
pm filter membrane before analysis. Then 1.0 mL of the filtrate
was serially diluted with deionized water, by a factor of 5x10* .
10 mL of cleaning agent (stain remover) was filtered through a
0.45-um filter membrane before analysis. Then 1.0 mL of the
filtrate was serially diluted with deionized water, by a factor of
1x10*

For preparation of synthetic sample, 100.0 mL solution
containing 10.0 mL ethanol, 0.5 g NaNOs, 0.5 g KCl and 0.5 g
sucrose was prepared. Each time 1.0 mL of the synthetic sample
along with the proper volume of OA and CA standard solutions
were transferred into a 50 mL volumetric flask and the mixture
was diluted to mark with water.

Calibration set

Based on our primary experiments, the CL intensity versus
concentration was linear in the ranges 4.0x10° to 2.0x10 and
2.0x107 to 2.0x10* mol L™ for OA and CA, respectively. In the
linear range of each organic acid (OA and CA), four
concentrations were selected and standard solutions including
binary combination of substrates were prepared based on full
factorial design (A design with all possible high/low
combinations of all the input factors). By this choice of design,
possible interactions and non-linearities can be accounted for ®.
The N-PLS and PLS models were obtained using a total of 16
standard solutions, which were obtained by adding adequate
volumes of OA and CA stock solutions into a 100.0 mL
volumetric flask and dilution to the mark with water. Table 1
show the concentration matrix used in the calibration step.

Table 1 Composition of standard solutions used for the N-PLS and PLS
regressions.

Sample OA CA Sample OA CA
No. (mol L")  (mol L") No. (molL™")  (mol L")
1 4.0x107  3.2x10° 9 4.0x107  4.8x10°
2 1.6x10°  3.2x10° 10 1.6x10°  4.8x10°
3 4.0x10°  32x10° 11 4.0x10°  4.8x10°
4 1.6x10°  3.2x10° 12 1.6x10°  4.8x10°
5 4.0x107  1.6x10° 13 4.0x107  1.6x10™
6 1.6x10°  1.6x10° 14 1.6x10°  1.6x10*
7 4.0x10°  1.6x10° 15 4.0x10°  1.6x10™
8 1.6x10°  1.6x10° 16 1.6x10°  1.6x10™

Experimental procedure

An aliquot (400 pL) of standard solution consisting of both
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organic acids along with 400 puL of 4.0x10% mol L' of
Ru(phen);*" were transferred into the 0.50-cm path light length
quartz cell. Then, the cell was placed at its location in front of
PMT and the program was started. After a few seconds, 200 uL
acidic Ce(IV) was injected into the cell by a microsyringe and the
peak-like CL emission was recorded by a computer for about 70 s
(with interval times of 100 ms). Those data information were
collected into Excel software.

For constructing the three way data to use in N-PLS model,
600 points of time (equivalent to 60 s) from each peak (10 points
before rising the peak and 590 points after rising the peak) were
selected and reminder points were deleted. CL intensities of
sixteen bi-component mixture solutions were recorded at 4
different concentrations of Ce(IV) including 0.001, 0.003, 0.005
and 0.007 mol L™'. In this way, a three-way data with dimensions
of [16x4x600] was obtained.

Software

All computations were performed using Matlab (The Math.
Works Inc., Natick, MA, USA) and the N-PLS analysis was
carried out by using the N-way Toolbox for Matlab, freely
accessible via Internet *.

Results and discussion

Kinetic profile of CL reaction of Ru(phen)32+- acidic Ce(IV)-
oxalic acid and/or citric acid

The methodology of the method is based on the fact that the
reduction rates of OA and CA in the CL reaction of Ru(phen),*"
and acidic solution of Ce(IV), are different. The time required to
reach maximum intensity is different for OA and CA. The former
is 0.7 s whereas the latter is 4.7 s. The CL signal of OA is a sharp
and intense peak whereas the CL signal of CA is a broad peak.
Kinetic profiles of the acids are shown in Fig. 2.

300 -

[

>

=
1

CL Intensity, mV

100 -

0 T T ]
0 20 40 60
Time, s

Fig. 2 Kinetic profiles of a) OA, b)CA, c¢) mixture of OA and CA.
Conditions: OA: 4.0x10° mol L', CA: 1.1x10™* mol L', Ce(IV):0.005
mol L', Ru(phen);*: 4.0x10~ mol L

Influence of chemical variables

Concentration of Ce(IV) made a different effect on the CL
intensity of OA or CA. At low concentrations of Ce(IV) (~ 0.001
mol L), CL intensity of OA was more intense than that of CA.

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], 00-00 | 3

Page 4 of 9



Page 5 0of 9

o

I
S

40

RSC Advances

As Ce(IV) concentration was increased, the CL intensities of both
compounds increased, but with different rates. As can be seen in
Fig. 3, CL intensity of OA increased rapidly to 0.003 mol L' and
then decreased to 0.009 mol L' Ce(IV). CL intensity of CA
increased slowly to 0.003 mol L Ce(IV) and it was increased to
0.007 mol L™ with higher rates, then the CL intensity increased
slowly with increasing Ce(IV) concentration to 0.009 mol L™
Ce(IV). Ce(IV) concentration was used for constructing the three-
way data as mentioned in experimental section.

250
200 -
>
E
£ 150
&
g
=100 A
|
Q
50 -
0 . . . . .

0 2 4 6 8
Ce(IV), X103 mol L!

Fig. 3 Influence of Ce(IV) concentration on the a) CA and b) OA CL
intensities. OA: 4.0x10° mol L', CA: 1.1x10* mol L, Ru(phen);*":
4.0x10” mol L. CL intensity: maximum value in the kinetic profile

10

The influence of concentration of H,SO, on the CL intensity
was studied in the range 0.04 to 0.16 mol L' of H,SO,. The CL
response increased with increasing the concentration of H,SO, to
0.08 mol L' and then decreased for both organic acids.
Therefore, concentration 0.08 mol L' H,SO, was selected for
further studies.

The influence of concentration of Ru(phen);>* on the
sensitivity was also studied in the range 1.0x107-7.0x10"* mol L™
by injecting concentration of 5.0x10~ mol L' of Ce(IV) prepared
in 0.08 mol L' of H,SO,. The CL signal increased with
increasing Ru(phen);** concentrations until 4.0x10~ mol L™ and
then decreased for both OA and CA. Therefore, concentration of
4.0x10~ mol L' was selected as the optimum concentration for
the complex of Ru(phen);*".

N-PLS regression

Since, the CL kinetic profiles of OA and CA are overlapped with
each other a first or second order calibration is required to predict
the concentration of each compound in the mixture. As it
mentioned above, effect of Ce(IV) concentration in a definite
range (0.001-0.009 mol L") had different influences on the CL
intensity of the compounds. Therefore, it was thought that
concentration of Ce(IV) has potential to be selected as a new
variable for constructing a three-way data instead of working
with two-way data. In this regard, a three-way data structure,
[sample, Ce(IV) concentration, time], was constructed. The next
step was selecting number of factors for each analyte using N-
PLS regression. Number of factors and the performance of N-PLS
model was evaluated by calculating the root mean squared errors
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of cross validation (RMSECV) for each analyte, which is defined
as follows ®:

RMSECV = 2)

In that, y; is the reference concentration for the ith sample and
¥; represents the predicted concentration. In RMSECV method,
one sample was eliminated at a time and then N-PLS model
constructed with remaining standard samples. By using this
calibration, the concentration of the sample, left out, was
predicted. This value was calculated for different number of the
factors in the model. The results are listed in Table 2. The
optimum number of the factors was selected based on the
minimum value for the RMSECV. It can be noticed that the
RMSECYV values are minimum for three and two factors for OA
and CA, respectively. The number of the factors for OA is larger
than the number of the analytes. This could be related to the non-
linearity in the data, which could be compensated by enhancing
the number of the factors in the model. Beyond the respective
number of factors for OA and CA, the model was overfitted.

Table 2 RMSECYV for different number of factors obtained by the N-PLS
model.

Number of Factors

1 2 3 4 5
1.4 1.9 0.7 1.6 5.8

12.1 11.7

RMSECV (OA, x10°)

RMSECV (CA, x10%) 7.6 145 147

Analytical features

Under the optimum condition of each organic acid, a long series
of standard solutions of OA and CA were separately subjected to
the CL method for the purpose of calibration. CL response was
found to be linear in the concentration ranges of 4.0x10%-2x107
mol L' and 2.0x107-2.0x10* mol L' for OA and CA,
respectively. Figure 4 shows the calibration curves and respective
linear equations for OA and CA.

400 -
y =25.181x + 8.6345
300 A R?=0.9947
>
E OA
= y = 1.6162x+ 1.1881
200 1 R?=0.9993
w»
g
=
= .
2 100 CA
[ ]
L ]
p R PS
0 r r .
0 40 80 120

Concentration, x10° mol L-!

Fig. 4 Calibration curves for OA and CA. CL intensity: maximum value
in the kinetic profile

The limit of detection (LOD) was calculated as 36/m where o is
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the standard deviation existing in 11 times determination of the
blank response and m is slope of the calibration curve. LODs
were 2.0x10°® mol L for OA and 1.0x107 mol L™ for CA. The
reproducibility was investigated and the percent of relative
standard deviation (%RSD) for 3.2x10° mol L' of CA (n=11)
was 1.3%. RSD of the method also evaluated using N-PLS
model. In this study, the CL responses obtained for 11
replications of the sample including 1.6x10° mol L' of OA and
3.2x10 mol L' of CA. for each replication, concentration of OA
and CA predicted by the optimized N-PLS model. RSDs for OA
and CA obtained 7.5% and 2.9%, respectively. The minimum
sampling rate calculated about 20 samples per hour.

Influence of foreign compounds

To evaluate the selectivity of the proposed method, the influences
of some common ingredients may be included in the cleaning
agents and anti-mite (or pesticide) formulations and some other
organic and inorganic substances on the determination of OA and
CA were separately investigated. The tolerance of each substance
was taken as the largest amount yielding an error of less than 3¢
in the analytical signal of OA or CA (o is the standard deviation
in the response obtained from 11 times determination of 4.0x10°
mol L' OA or 4.8x10° mol L' CA). In this study appeared that a
100-fold excess of sucrose, glucose, saccharine, lactose, fructose,
ethanol, 2- ethylhexanol, K*, CI', Na, NOy", CN", Br, Zn>*, SO/~
, Fe**, PO,*, urea, isopropanol, phenol, diethylene glycol and
NH,*, a 10-fold excess of I', Ca®", benzoic acid, borate, boric
acid, CO;*, acetic acid and EDTA have no effect on the
determination of OA (4.0x10°° mol L") and CA (4.8x10™ mol L~
1. For tartaric acid the concentration must be below 0.1-fold to
avoid interference with CA. In addition, to evaluate the
selectivity of the proposed method, binary mixtures of both
analytes along with some excipients such as lactose, sucrose,
ethanol, 2- ethylhexanol, zinc sulphate, potassium nitrate, urea
and sodium chloride were studied using N-PLS model. The
procedure consisted of preparing different solutions with each
one of these excipients with concentration of 1.0x10~ mol L' and
containing OA and CA at 4.0x10° mol L' and 4.8x10™ mol L™,
respectively. The results are listed in Table 3.

Table 3 Recoveries for predicted concentration of OA and CA in
presence of each excipient using N-PLS regression.

Excipient * Recovery (%)

OA® CA*

Lactose 107.2 101.1
Sucrose 101.0 103.6
Ethanol 106.5 96.7

2- Ethylhexanol 95.8 98.1
Zinc sulphate 103.6 102.0
Potassium nitrate 109.4 104.8
Urea 100.9 105.7
Sodium chloride 92.1 103.2

“1.0x10°mol L.
©4.0x10°mol L.
©4.8x10°mol L.
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Application

In order to investigate the accuracy of the method, three samples
including anti-varroa mite solution, stain remover solution and
synthetic sample were analyzed to determine OA and CA
contents. In this regard, samples were prepared as described in
the experimental section and the predicted concentrations were
obtained by the N-PLS model. The results are given in Table 4.
The recoveries are in the range of 87 to 114%.

Table 4 Prediction results for the real samples.

Page 6 of 9

Added Found Recovery
(x10° mol L) (x10°mol L") (%)

CA OA CA OA CA OA

Anti-varroa  0.00 0.000 0.22 0.671 - -
mite 1.00 0.500 1.21 1.206 99.0 107.0
5.00 0.500 5.04 1.143 96.4 94.4
5.00 0.100 5.75 0.766 110.6  95.0
5.00 0.800 4.81 1.532 91.8  107.6
10.00 0.500 10.43 1.108 102.1 874

Stain 0.00 0.000 0.46 0.127 - -
remover”  1.00 0.500 1.34 0.642 93.6  103.0
5.00 0.500 5.69 0.696 1046 1138
5.00 0.100 5.16 0.228 94.0 101.0
5.00 1.000 5.25 1.042 95.8 91.5
10.00 0.500 10.59 0.652 101.3  105.0

Synthetic ~ 0.00 0.000 0.01 0.021 - -
sample 1.00 0.500 0.94 0.552 93 106.2
5.00 0.500 4.94 0.504 98.6 96.6
5.00 0.100 5.25 0.113 1048  92.0
5.00 1.000 4.87 1.123 972  110.2
10.00 0.500 9.28 0.524 92.7  100.6

“ Each 500 mL contains: CA 10 g, OA 15.5 g, ethanol 10 g. (Dany's
BienenWohl, Austria)

» contains: CA 1% and OA 0.1%; (Cleaning agent, Carbona Stain Devil
No. 9, Delta pronatura-Germany).

In addition, prediction ability of the proposed method
compared with a HPLC method for simultaneous determination
of OA and CA in anti-varroa mite sample. In this study, the
prediction results using N-PLS model were compared with results
obtained by a HPLC method improved by Khaskhali et al. '*. The
results are shown in table 5. It must be noticed that no replication
and averaging has been performed in N-PLS method.

Table 5 Comparison between N-PLS and litterature methods for the
determination of OA and CA in anti-varroa mite sample

Found (g L)
Sample Nominal Proposed Litterature
value (g L) Method Method "
OA CA OA CA OA CA
Anti-varroa 20 302 211 298 197
mite

OA and CA are naturally-occurring substances. High oxalate in
the urine and plasma was first found in people who were
susceptible to kidney stones *. CA is an important intermediate
in metabolism. In humans, citrate is excreted by the kidney and it
plays an important role as an inhibitor in preventing
supersaturation with respect to the formation of calcium oxalate
which is the most common constituent of kidney stones . The
mechanism of inhibitory action of CA is probably through the

This journal is © The Royal Society of Chemistry [year]
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chelating of Ca®" ions in urine and thus, preventing the latter from
combining with stone forming anions like oxalate %.The low
urinary citrate and significantly higher urinary oxalate levels may
be a serious risk factor in calcium oxalate stone formation in
kidney stone patients '*; Therefore, citrate and oxalate
determination has become an important tool in the assessment of
urine supersaturation with respect to calcium oxalate. One future
trend might be improving of the proposed CL method for
simultaneous determination of citrate and oxalate in urine as a
kidney stone diagnosis.

Comparison between PLS and NV-PLS models

Among the chemometric methods, PLS algorithm, more than of
other algorithms has been used in CL methods for assisting in the
simultaneous determination of analytes in the mixtures 2% 3> 404,
In order to compare results obtained by N-PLS with results from
conventional two-way PLS, each time, one dimension of the
calibration data was eliminated, in this way one slice of previous
three-way data (applied for constructing N-PLS model)
corresponding to one level of Ce(IV) concentration was selected.
Therefore, the data including 16 samples x 600 times was
employed for constructing PLS model. Next, number of factors
was optimized for selected level of Ce(IV) concentration using
RMSECV method for OA and CA as described in N-PLS
regression section. Lowest amount of RMSECV was obtained for
fourth level of Ce(IV) concentration (0.007 mol L") with five
factors for both OA and CA. The predictive results of the PLS
model at optimum number of factors and selected concentration
of Ce(IV) was determined for anti-varroa mite sample (Table 6).
In this manner previous 3D-data obtained for anti-varroa mite
sample was converted to two dimensions matrix (one slice of data
corresponding to 0.007 mol L of Ce(IV) was selected and PLS
model applied for simultaneous determination of OA and CA. As
can be seen in Table 4 and 6, no satisfactory recoveries could be
obtained for OA and CA using conventional two-way PLS in
compare to N-PLS model.

Table 6 Added and found results of OA and CA in Anti varroa mite
sample using conventional two-way PLS

Added Found Recovery
(x10° mol L) (x10° mol L) (%)
CA OA CA OA CA OA
0.00 0.000 0.230 1.240 - -
1.00 0.500 1.293 1.378 106.3 27.6
5.00 0.500 5.536 1.743 106.1 100.6
5.00 0.100 3.946 1.350 743 110.0
5.00 0.800 15.425 1.727 303.9 60.9
No. of Factors 5 5
Mechanism

Solution of Ru(phen);*" is orange and its color changes to green
immediate after mixing with oxidizing agent, Ce(IV) solution,
and production of Ru(phen);*" *°. During about 3 minutes after
mixing Ru(phen),*" with Ce(IV), the color of the mixture changes
slowly from green to orange. the resulting Ru(phen);>" produced
in the reaction of Ru(phen);*" with acidic Ce(IV), is a powerful

45 oxidant and oxidizes water into O, and protons . Therefore, it

returns slowly to its reduced state. If there was a reducing agent
in the reaction media, it can reduce Ru(phen);®" very fast. The

5

3

5

b

6

S

65

7

S

7.

P

80

85

electrons from reducing agent transfer to the m*-orbital of
phenanthroline ligand and the Ru(phen);*" 7* metal-to-ligand
charge transfer (MLCT) excited state can be produced . The
excited electron then undergoes intersystem crossing to the
lowest triplet state of Ru(phen);**, from where emission occurs '

Ce(IV) is a one-electron oxidant and reacts with organic acids
to form a reactive intermediate radical > 7. The mechanism
involves the rapid formation of an activated Ce(IV) complex
followed by its slow decomposition (reactions 1-4).

These radical ions produce the excited state, [Ru(phen);*"]*,
by an electron transfer reaction with trivalent ruthenium species
(reaction 6). An emission having a maximum at 580 nm was
produced when the excited state molecule of Ru(phen);*" returns
to the ground state *°.

The kinetics of the oxidation of 16 organic acids including OA
and CA by Ce(IV) have been investigated in the presence of
Ru(phen);*" 7. It was found that all of the mentioned acids can
form activated Ce(IV) complexes and produce radical anion
which they can reduce the Ru(phen);>" and enhance the CL
emission. Therefore decomposition rate of reaction (4) is one of
the factors which can determine the kinetic of the CL reaction.
The time required to reach maximum CL intensity in the presence
of Ce(IV) and Ru(phen);*" is much shorter for OA than for CA.
This suggests that the formation of the intermediate radical and
its decomposition rate takes place at slower rates for CA. In
addition, the reduction rate of Ru(phen);’" to excited form,
[Ru(phen);>']*, by the intermediate radical is different for each
acid *°. Based on the above mentions, a coupled CL mechanism
of complexation and redox reactions is suggested *’. A detailed
mechanism for the overall process is expressed as scheme 1
(taking OA as an example).

COOH COOH |

[ +CeIv) | )Ce(1V) (D

COOH COOH

COOH CO0

I ey 2 1 Scev) + HY @)

coon’ ) # coon 7Y

COO COO

| \c vy 2 | \Ce(IV) + H* 3)

coor” ™) = coo”

AN slow

CcO0 S

[ N\ CeIv) = CO;+ +C—O"+Ce(Ill) )
0~ [

(@)
Ru(phen);?* + Ce(IV) — Ce(IIl) + Ru(phen)s**

Ru(phen)s*" + «C—0O- — CO, + [Ru(phen):>** 6)

|
O
[Ru(phen);**T* — Ru(phen):** + hv (580 nm) (7)
Scheme 1 Detailed mechanism for the CL reaction of OA and CA

Conclusion

A CL method was introduced for the simultaneous determination
of OA and CA using N-PLS regression. This paper demonstrates
the usefulness of mathematical deconvolution of CL data by the
N-PLS model from sample matrices as well as for peak purity
evaluation in chromatography. The concentration of Ce(IV) was
selected as one of the variables in the three-way data, because its
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influence on the CL intensity of OA and CA was different. The
accuracy of the method was examined by analysis of the synthetic
sample, stain remover and anti-varroa mite formulations. The
results reveal the ability of the proposed method.
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