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A B S T R A CT  

The quantitative prediction ability of partial least squares method applied to conventional and derivative 

UV-VIS absorption spectra is tested. This method is based on the complexation reaction between 

Ca(II) and Mg(II) with bromopyrogallol red (BPR) ligand in a micellar medium (Tween 80) adjusted 

by buffer solution, containing sodium hydroxyd (NaOH 0.1M)/ sodium tetraborate (Na2B7O4, 10H2O 

0.05M), to pH10. In the  numerical method, a training set was prepared by using 14 samples containing 

these metals simultaneously in the calibration range. The proposed methods were validated by using 

synthetic binary mixtures and applied to the simultaneous determination of  Ca(II) and Mg(II) in 

multivitamins, physiological serum and commercial drinking water samples. The results were compared 

each other, the derivative mode gave better results in all cases. We concluded that the application of 

differentiation techniques prior to PLS algorithms could be advantageous in the cases of high spectral 

overlapping. 
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1 Introduction  

Calcium (Ca) and magnesium (Mg) are essential nutrients necessary for numerous biological functions 

within the body. They are mentioned together because they mostly function as a group. Both elements are 

crucial for the optimal health and functioning of the bones, muscles and heart [1-3]. To function optimally 

in the body, magnesium must be balanced with phosphorus, calcium, potassium and sodium. Together with 

calcium, magnesium is involved in muscle contraction and blood clotting. Calcium promotes the processes 

while magnesium inhibits them. It is this interaction that helps to regulate blood pressure and the 

functioning of the lungs. [4-6]. Partial least squares (PLS) is among the most widely used chemometric 

technique to solve data analysis problems. This method has frequently been used in quantitative spectral 

analysis to obtain selective information from unselective data. The combination of derivative techniques 

with multivariate calibration methods has been employed [7-13]. 

2 Experimental  

2.1 Apparatus  

Ordinary and derivative spectra were recorded with a Schimadzu 2101 UVPC spectrophotometer equipped 

with PC computer. The absorption spectra of the reference and analyte solutions were carried out in 1cm 

quartz cells over the range of 400-800nm. Differentiation was performed according to the simplified least 

squares procedure of Savitzsky and Golay, a value of ∆ = 4 nm was found optimal for smoothing. PLS 

algorithm was modelled using MATLAB 7.0. 

2.2 Procedures 

Multivariate calibration methods such as PLS require a suitable experimental design of the standard 

belonging to the calibration set in order to provide good prediction. Two sets of standard solutions were 

prepared. The calibration set contains 14 standard solutions. The composition of the calibration mixtures  

has been varied in the linear range of the analytical signal of each component ; 0.8-4.8 µg/ml for   Ca (II) 

and  0.5– 3 µg/ml for Mg (II). For prediction set, it was used 6 test mixtures .The conventional absorption 
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spectra were recorded and the first-derivative spectra ( = 4nm) were calculated. The spectral region 

between 510 and    720 nm (420 experimental points per spectrum) was selected for analysis. 

3 Results and discussions  

Selection of the optimum number of factors is very important step before constructing the models. The 

prediction residual error sum of squares (PRESS) was calculated using a maximum number of initial factors 

of 8 (half the standards + 1). The Haaland and Thomas criteria was used, so, the selection of the optimal 

number of factors involves the comparison of PRESS selected for the models with the minimum PRESS. 

The optimum number of factors used for building PLS-2  models  by conventional and derivative modes 

were found to be   6  for Ca(II),  6 and 5  for Mg(II), respectively. It is  necessary to indicate that PRESS 

values for the derivative mode are smaller than those of the conventional mode. The validation set 

consisting of the synthetic binary mixtures of these metallic ions was employed to check the calibration of 

PLS-2. Mean recoveries and relative standard deviations for conventional PLS-2  were found as 95.55% 

and 1.62% for Ca (II), 96.73% and 1.79%;  for Mg(II). The PLS-2 derivative mode shows mean recoveries 

and relative standard deviations of  99.21% and 1.50% for Ca (II), 98.70% and 1.65% for Mg(II).  

The proposed methods, were applied for simultaneous determination of calcium and magnesium in real 

matrix samples. For this purpose, three real samples were analyzed commercial multivitamin (Additiva, 

manufactured by Dr. Scheffler, Germany), physiological serum (Saidal Pharm. Ind., Algeria) and drinking 

water (from commercial drinking water manufactured by IFRI, Algeria). The results of the prediction 

obtained by the present methods are summarized in  Table 1 and compared with those obtained by atomic 

absorption spectrometry (reference method). These results show that derivative PLS-2 model is able to 

predict calcium and magnesium in these samples with better precision than conventional PLS-2 model. 

Table 1. Assay results for pharmaceutical preparations and drinking water. 

 

Reported (SAA) 

Ca(II)      Mg(II) 

Found (PLS-2) Found (PLS-2) 

Original data First-derivative data 

Ca(II)     Mg(II) Ca(II)     Mg(II) 

Multivitamins     3.99          0.75 

Human serum     1.115      3.065 

Drinking water    2.62         0.63 

4.12        0.83 

1.15        3.12 

2.51        0.56 

4.02       0.74 

1.09        3.07 

2.64        0.65 

4 Conclusion 

Multivariate calibration approach PLS-2  is applied on conventional and first derivative absorption spectra. 

The results obtained on data set of calcium and magnesium mixture demonstrate that the application of 

PLS-2  method, for simultaneous determination of Ca2+ and Mg2+, has proven that it provides adequate 

prediction for quantitative determination of these ions based on their reaction with bromopyrogallol red 

chromogenic reagent in Tween 80 micellar media. Another relevant point is that the application of 

differentiation techniques prior to the application of PLS algorithm  is recommendable in this case. 
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