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Abstract—Bivariate calibration algorithm is compared 

with the results obtained by the usage of high-dimensional 

calibration methods such as partial least squares (PLS) 

and multi-way partial least-squares (N-PLS) by using UV-

Vis spectrophotometric data of first and second-order. The 

algorithms were applied to the determination of a mixture 

of an analgesic and a stimulant compound and their actual 

concentrations of them were calculated by using 

spectroscopic data. The direct reading of absorbance 

values at 227 nm and 271 nm were employed for 

quantification of the compounds in the case of the 

bivariate method. The approaches of first-order and multi-

way methods were applied with a previous optimization of 

the calibration matrix by constructing sets of calibration 

and validation with 20 and 10 samples (mixtures) 

respectively according to a central composite design and 

their UV absorption spectra were recorded at 200-350 nm. 

All algorithms were satisfactorily applied to the 

simultaneous determination of these compounds in 

pharmaceutical formulations with mean percentage 

recovery of 100.5 ± 3.67, 98.7 ± 3.42, and 100.5 ± 3.74 for 

bivariate, PLS-1, and N-PLS, respectively. The statistical 

evaluation of the bivariate method showed that this 

procedure is comparable with those algorithms that 

employ high-dimensional structured information. 

The aim of the work is to compare the methods under 

study and it can be seen that there are no significant 

differences, so a simple spectrophotometer can be used up 

to a very specialized one. However, the advantage of 

 
 

bivariate calibration is its simplicity, due to the minimal 

experimental manipulation. 

 

Keywords— UV–Vis spectroscopy, Bivariate and 

Multivariate analysis, PLS-1, N-PLS. 

 

I. INTRODUCTION 

The general tendency in the development of analytical 

methods is the reduction of analysis stages, which reduces also 

costs and increases the analysis frequency per sample. Taking 

into account these facts, the development of methodologies 

that make usage of spectroscopic techniques has been 

increased. The great majority of these alternative methods are 

based on spectroscopic techniques such as Raman, Infrared 

(IR), fluorimetry, and UV-Vis absorption. In particular, for the 

analysis of pharmaceutical preparations, have been reported a 

lot of spectroscopic methods to identify compounds as diverse 

as sedatives, analgesics, muscle relaxants, neurotransmitters, 

antineoplastics, Anti-infective, etc. [1-17]. 

The main advantages of the direct spectroscopic methods 

are the simplicity, rapidity, economy, elimination of pre-

treatment and manipulation of the sample, and shorter analysis 

time. The application of chemometric methods in analytical 

chemistry has improved the analytical power of various 

spectrophotometric techniques [18-25]. The accurate 

quantification of several analytes simultaneously with partially 

overlapped absorption bands or determination of a single 

analyte in complex samples is no longer a problem due to the 

availability of software for multicomponent analysis. These 
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tools are especially useful for quantitative analysis using 

spectroscopic techniques and represent an alternative method 

to the well-known separation methods in chemistry. This is so 

because the chemometric techniques allow quantifying 

analytes from non-selective measurements (in presence of 

interferences) and, therefore, it is possible to detect discrepant 

samples in prediction.  Thus, the combination of spectroscopic 

and chemometric methods can be of great help to develop 

alternative methods to determine if a given pharmaceutical 

sample has been adulterated or at the factory to have better 

control over the quality of the product on the line production.  

In the case of the bivariate method, widely used by several 

authors because of its simple mathematic algorithm which 

provides simplicity and rapidity for methodology without 

diminishing reliability, it has been employed recently for the 

analysis of several studies such as quality analysis, kinetic and 

photo-stability study of drugs and the simultaneous 

determination of the principal active drug and its degradation 

products [26-30]. By orher side, least squares (PLS) method 

has a lot of advantages over any other regression methods. It is 

robustly handle by more descriptor variables than some 

compounds, by example in those nonorthogonal descriptors 

and multiple biological results. It has a predictive accuracy and 

low risk of change correlation [31, 32]. 

In recent years, multi-way chemometric techniques have 

been introduced for the analysis of complex samples. The 

advantage of using data involving high-dimensional structured 

information like the N-PLS method is the higher stability 

towards interferents and matrix effects compared with first-

order methodologies (PLS-1).  

In this work, the bivariate calibration method which depends 

on a simple mathematic algorithm provides simplicity and 

rapidity for the analytical methodology has been compared 

with different multivariate calibration methods (N-PLS and 

PLS-1) for the resolution of the mixture of Acetylsalicylic 

Acid-Caffeine (ASA-CAF) en pharmaceutical samples. Since 

the bivariate method for the selection of wavelengths for 

optimum precision in simultaneous spectrophotometric 

determinations is needed [34], the Kaiser approximation [32] 

was applied. This method was developed in our laboratory 

[36] and uses four calibration curves, two for each component 

at two wavelengths (227 and 271 nm) [35, 36] 

II. MATERIAL AND METHODS 

A. Theory 

 

At a certain wavelength, the absorbance of a mixture of two 

components A and B can be expressed as follows: 

                               (1) 

 

Where  is the absorbance of the mixture at the chosen 

wavelength,  and , are molar absorption coefficients of the 

components A and B at this wavelength; ,  are the molar 

concentration of both components and b is the optical path 

length. However, in “real conditions”, when the individual 

responses  and  are affected by the analytical and 

measurement errors, the calibration curve formulas for each 

component at one selected wavelength  can be written  

           (2) 

          (3) 

 

Where,  and  are the corresponding slopes values of 

linear regressions; ,  are the concentrations of both 

components (for practical purposes the concentration units mg 

L-1 were used in this work) and  and  are the intercept 

values, which consider the differences between the model and 

the real system. 

If the determination of the binary of the binary mixture is 

performed at two selected wavelengths 1 and 2 and according 

to the Beer-Lambert rule, we have two equations: 

 

         (4) 

                (5) 

 

And if we consider    and  

 where  and , are the sum of the 

intercepts of the linear calibration curves at two wavelengths, 

we can rewrite equations (4) and (5) as:  

 

         (6) 

                (7) 

 

The simultaneous solution of equation (6) and (7) allows the 

evaluation of  and  values  

 

 

 

In this fashion, using a simple mathematical algorithm and 

the parameters of the linear regression functions evaluated 

individually for each component at these wavelengths, we can 

obtain simply, the substrate concentration in the mixture, with 

minimum error using the conventional resolution that 

considers the molar absorptivities in a two equation-two 

unknown system. As we pointed out before, one of the 

problems in the spectrophotometric multicomponent analysis 

is the proper selection of the set of wavelengths to measure the 

absorbance values, the optimal wavelengths were determined 

using the Kaiser method in which the sensibility matrix "K" is 

defined as: 
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Where "m" are the slopes of the calibration curve of the 

components A and B at the corresponding wavelengths 1 and 

2. The pair of wavelengths with more sensibility was selected 

through the slope determinant in which the absolute value was 

higher. 

 

B. Experimental 

 

1. Reagents and apparatus.  

All experiments were performed with analytical reagent grade 

chemicals. ASA and CAF were from Sigma-Aldrich (USA), 

monochloroacetic acid, ethanol, and potassium hydroxide 

Merck (México), deionized water HPLC grade was used, and a 

chloroacetic acid-potassium hydroxide 0.1 M buffer solution 

of pH 2.2. Ethanol solution was used as a solvent.  

UV-spectra of samples were measured in the 200-350 nm 

wavelength range in steps of 1nm and performed using a 

Lambda 900, Perkin-Elmer spectrophotometer, and a Milton 

Roy 3000 spectrophotometer. For each measurement, a 1-cm-

thick quartz cell was used.   

2. Procedure. 

For UV analysis, ASA and CAF were prepared by 

dissolving 100 mg of each in 100 mL of ultrapure water. A 

stock solution of each analyte was prepared by dilution of 10 

mL of the first solution in 100 mL of ultrapure water. 

Subsequently, appropriate solutions of different concentrations 

of ASA and CAF mixtures were prepared from the stock 

solution 

 

3. Bivariate calibration. 

From the stock solutions, in a 25 mL volumetric flask, a 

series of dilutions for both components were prepared to give 

solutions having concentrations between 2.0 and 22.0 µg mL-1 

with 5 mL of monochloroacetic acid-potassium hydroxide 

0.1M buffer solution of pH 2.2 and variable amounts of 

ethanol were added to assure a 20 percent of ethanol in the 

mixture, distilled and deionized water to the desired volume. 

The absorbance was measured for each solution at the 

maximum wavelength for each analyte; 227.33 nm for ASA 

and 271.55 nm for CAF (in this case the set of wavelengths 

determined by the Kaiser matrix corresponded to the 

maximum wavelength for each analyte). 

 

4. First-order data calibration method. 

Appropriate solutions of different concentrations of ASA 

and CAF mixtures were prepared from the stock solution. A 

20-samples set was built to perform the calibration process 

with the PLS-1 method. The calibration corresponds to a 

central composite design composed of three components at 

three levels. Similarly, to validate the chemometric proposed 

method, a prediction set of 10-samples was prepared. The 

analyte concentrations were comprised in the calibration set 

range (Table I). All UV absorption spectra were recorded at 

200-350 nm. 

 

Table I. Composition of calibration (Cal1-Cal20) and 

validation (Val1-Val10) sets. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Second-order data calibration method. 

A similar procedure used in section 3.2.1 was followed by 

building a set of calibration and validation for four different 

pH values (2, 3, 4, and 5). For this purpose, 20% (v/v) of 

phosphate buffer solutions 0.1 M were used. The UV 

absorption spectra recorded at 200-350 nm resulted in the 

construction of matrices (j x k x l) which consisted of 

absorbance intensity (j), the wavelength at 200 - 350 nm (k), 

and pH-value (l). 

 

6. Analysis of pharmaceutical samples. 

Two popular consumer products were analyzed. Ten tablets 

of each pharmaceutical formulation were weighed individually 

to obtain an average weight. Tablets were finely powdered and 

mixed. In the case of UV analysis, a mass corresponding to 

Sample Theoretical concentration (µg mL-1) 

ASA  CAF 

Cal1 8.0  0.5 

Cal2  8.0  1.0 

Cal3 8-0  2.0 

Cal4 8.0  4.0 

Cal5 12.0  0.5 

Cal6 12.0  1.0 

Cal7 12.0  2.0 

Cal8 12.0  4.0 

Cal9 16.0  0.5 

Cal10 16.0  1.0 

Cal11 16.0  2.0 

Cal12 16.0  4.0 

Cal13 20.0  0.5 

Cal14 20.0  1.0 

Cal15 20.0  2.0 

Cal16 20.0  4.0 

Cal17 8.0  0.0 

Cal18 12.0  0.0 

Cal19 16.0  0.0 

Cal20 20.0  0.0 

Val1 19.0  0.8 

Val2 14.0  2.6 

Val3 9.0  4.4 

Val4 19.6  4.4 

Val5 20.0  3.6 

Val6 14.6  4.5 

Val7 17.6  0.60 

Val8 4.3  0.0 

Val9 18.50  1.90 

Val10 6.00  0.8 
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one tablet for each formulation was weighed and placed in a 

500-mL volumetric flask. 50 mL of ethanol were added and 

the solution was sonicated for 10 minutes. Then, the solution 

was diluted to volume with ultrapure water to the mark. A 

small aliquot of each resulting solution was taken and worked 

under conditions identical to the standards. 

III. RESULTS 

A.  Spectral characteristics of ASA and CAF. 

 

The individual absorption spectra of ASA and CAF are 

presented in Fig. 1 as can be observed; the ASA and CAF 

spectra are completely overlapped, and, therefore, the 

determination of the two compounds is not possible by direct 

absorbance measurements. Bivariate or multivariate 

calibration can be used to solve this problem. To investigate 

the behavior of absorption spectra, several preliminary studies 

about the influence of physicochemical variables were 

realized. 

 

 
Figure 1. Individual absorption spectra of ASA and CAF  

 

The influence of the pH on the absorption of ASA and CAF 

has been studied. For that, two solutions were prepared to 

contain 10 µg mL−1 of ASA and CAF and KCl 0.5 M each, to 

maintain constant, ionic strength. The pH was modified with 

slight additions of HCl or NaOH. The solution was to keep 

stirring all the time. The Absorption spectra obtained at 

different pH values for ASA and CAF are shown in Fig. 2A 

and 2A for acidic pH values and Fig. 2B and 2B for basic pH 

values respectively. It is worth noting that for ASA when the 

pH decreases at pH values lower than 3, the maximum located 

at 227 nm is displaced to 237 nm. The absorption intensity 

decreases with the increment of the pH value until it reaches a 

minimum between pH values 4 and 11.0. While for CAF, 

significant changes in absorption intensity are not observed 

over a wide pH range (3-10). Absorption spectra of ASA and 

CAF in different solvents were recorded. It could be observed 

that ethanol increased slightly the signal in the case of ASA 

while for CAF, no effect is observed. 

 

Under the optimum physicochemical conditions, the 

Absorption intensity was measured at λmax = 227 nm and 

λmax = 271 nm for ASA and CAF respectively. The 

calibration curve was obtained for different standard samples 

containing between 2.9 and 22.0 µg mL−1 for ASA and 2.0 and 

22.0 for CAF. The calibration graphs, A versus [ASA] and 

[CAF] were linear for all concentrations tested. Statistical 

parameters and analytical characteristics for the individual 

determination of ASA and CAF are summarized in Table II. 

 

 

The resolution of the mixture was performed and the 

recovery experiments were carried out in ten synthetic 

mixtures of known concentrations of ASA and CAF (Table 

VI) and the recovery percentage was evaluated for each 

component in the mixture, in Table VII the results are shown 

where each sample recovery value is the average of triplicate 

measurements. As can be observed, satisfactory results were 

obtained with recovery values close to 100% and with low 

relative standard deviations (RSD). 
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Figure 2. pH absorption spectra for ASA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. pH absorption spectra for CAF 

 

 

 

B. Bivariate analysis. 

For the binary mixture, the concentration range for each 

compound was taken according to the linear range evaluated in 

a single-component calibration. From the absorption spectra 

for ASA and CAF, ten wavelengths were chosen and the slope 

values of the linear calibration regression were estimated for 

each compound at these wavelengths (Table III), and the 

Kaiser method was applied to select the two wavelengths set 

for the proposed bivariate procedure, see Table IV. With the 

obtained data, a sensitivity matrix was created and the 

respective determinants were calculated. From the Kaiser 

sensitivity chart, the optimum absorption wavelengths for the 

mixture of ASA and CAF were the same as the maximum  

 

 

absorption wavelength for the individual compounds. With 

this information a calibration curve for ASA and CAF was run 

at 227.33 and 271.55 nm respectively, results are presented in 

Table V. 

 

Table III. Application of the Kaiser method for the 

determination of the optimum wavelengths 

λ (nm) mASA mCAF 

   222.17 0.0416 0.0338 

227.33 0.0459 0.0274 

232.49 0.0410 0.0230 

235.44 0.0344 0.0194 

243.54 0.0127 0.0131 

Table II. Analytical characteristics for ASA and CAF. 

Analyte λmax (mn)  Analytical 

Rangea 

LDb LQc RSD (%)d %Ee 

      
ASA 227.33 2.9 - 22.0 0.10 0.33 0.11 0.25 

CAF  271.55 2.0 - 22.0 0.05 0.17 0.19 0.43 
a µg  mL-1 
b Detection Limit (µg  mL-1) 
c Quantification Limit (µg  mL-1) 
d Relative Standard Deviation 
e Relative error over the medium value 
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257.55 0.0039 0.0293 

266.76 0.0051 0.0444 

271.55 0.0060 0.0478 

275.23 0.0063 0.0460 

276.70 0.0062 0.0442 

 

 

Table IV. Kaiser sensibility matrix for ASA and CAF 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table V. Linear regression calibration functions for bivariate 

calibration method 

 

Table VI. Determination of ASA and CAF in synthetic 

mixtures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C. PLS-1 analysis. 

In parallel, this same binary system was resolved by using a 

first-multivariate calibration method. To perform the analysis 

of the binary mixture of ASA and CAF, a chemometric 

approach, based on partial least squares was evaluated. The 

independent calibration curves for each component were used 

to establish the analytical range of concentration. According to 

the results shown in the analysis of the influence of pH, the pH 

value chosen for the study was 3 which provides a better 

definition of the ASA spectrum (see Figure 2A). For 

calibration and prediction purposes, the whole wavelength 

range was used. To determine the correct number of loading 

vectors to be used for the modeling of the data, a cross-

validation calculation for all samples in the calibration set was 

performed to calculate the PRESS (prediction residual error 

sum of squares) [36]. An optimum number of loading vectors 

of two was found. 

 

The PLS model was applied to the data set of problem samples 

(prediction set of Table I). The samples analyzed were 

composed of binary mixtures of variable amounts of the 

components randomly selected. The statistical parameters and 

the results obtained in the analysis of this test set of synthetic 

samples (10 samples) are summarized in Table VII. The 

recoveries obtained are indicating a satisfactory resolution of 

the binary mixtures investigated. The mean recovery is around 

100%. 

 

 

D. N-PLS analysis. 

The three-way data used were obtained by recording 

absorption spectra of the mixtures with concentration for ASA 

 λ/λ 
   

K (10-4) 
 

 
   

(nm) 222 227 232 235 243 257 266 
 

271 275 276 

                       

222 0.00 -4.12 -4.29 -356.00 1.16 10.87 16.75 
 

17.86 17.01 16.29 

227 
 

0.00 -0.68 -0.52 2.53 12.38 18.98 
 

20.30 19.39 18.59 

232 
  

0.00 0.04 2.45 11.12 17.03 
 

18.22 17.41 16.70 

235 
   

0.00 2.04 9.32 14.28 
 

15.28 14.60 14.00 

243 
    

0.00 3.21 4.97 
 

5.28 5.02 4.80 

257 
     

0.00 0.24 
 

0.11 -0.05 -0.09 

266 
      

0.00 
 

-0.23 -0.45 -0.50 

271 
       

 
0.00 -0.25 -0.31 

275 
       

 
 

0.00 -0.07 

276 
       

 
  

0.00 

Active 

Ingrediente  
λ227.33 (nm) λ271.55 (nm) 

ASA A = (0.0459) CASA - 0.0092 A = (0.0459) CASA - 0.0010 

CAF A = (0.0274) CCAF - 0.0006 A = (0.0459) CCAF - 0.0012 

Sample ASA (µg mL-1) CAF (µg mL-1) 

   
1 2.9 22.0 

2 5.0 19.8 

3 7.2 17.4 

4 9.4 15.1 

5 11.5 12.7 

6 13.7 10.4 

7 15.8 8.1 

8 18.0 5.7 

9 20.2 3.4 

10 21.8 2.1 
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and CAF reported in Table I at 4 pH-values 2, 3, 4, and 5 (Fig. 

4). These pH values were chosen because in acidic media there 

is more variability in the spectra of the mixture components 

than in the basic medium which provides better differentiation 

between ASA and CAF (see Figures 2 and 3). A calibration set 

of 20 samples was constructed by using a central composite 

design and three blanks were also included (Table I). Spectra 

were recorded in the range of 200–350 nm. 

 

For calibration and prediction purposes, the whole wavelength 

range was used. The set of calibration samples was 

investigated with N-PLS. As expected from the sample 

composition, the number of factors found was two calculated 

according to the Haaland and Thomas criterion [36,347] The 

statistical parameters and the results obtained in the analysis of 

the test set of synthetic samples (10 samples, Table I), are 

summarized in Table VII. 

 

 

 

 

 

 

Table VII. Recovery for synthetic mixtures of ASA and CAF

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Absorption spectra of mixtures with concentration 

for ASA and CAF 

 

 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table VIII. Consumer Products Assay 

 

 

 

 

 

 

 

 

E . Comparison of the chemometric methods in the analysis of 

synthetic samples. 

 

As seen, Table VII shows that the recovery average values 

 

   Bivariate 

 

 PLS-1 

 

 N-PLS 

 

 

    ASA CAF ASA CAF ASA CAF 

       Factors  2 2 2 2 2 2 

REP (%) 1.32 0.98 3.92 4.73 1.54 1.8 

Root mean square 

of prediction 

(RMS)  

0.39 0.29 1.02 1.47 0.25 0.07 

Correlation 

Coefficient (R)  
0.9998 0.9998 0.9910 0.9942 0.9998 0.9999 

LODa  0.10 0.05 1.16 0.37 0.17 0.12 

Mean recovery 

(%)  
97.50 98.62 102.33 101.38 100.96 100.15 

SD b  0.72 1.24 2.25 3.13 0.59 1.34 
 a (µg/mL)       

      b Standard Deviation of 10 samples  

   

Samples API 

Mass per 

Tablet 

(mg) 

Label 

amounts  

  

Bivariate  

Mean recovery (%) 

            (RSD) 

  

PLS-1  N-PLS  

            

Sample 1 ASA 500 99 (±4.46) 101 (±2.83) 102±3.95 

 
CAF 50 97 (±3.40) 95 (±2.99) 98 ±3.31 

Sample 2 ASA 600 101 (±4.40) 98 (±5.34) 99 ±4.44 

 
CAF 65 105(±2.44) 101 (±2.51) 103 ±3.2 
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for CAF and ASA were very similar in all chemometric 

methods employed nevertheless for bivariate calibration these  

were slightly lower than those for PLS-1 and N-PLS. Similar 

standard deviation (SD) values were observed for both 

bivariate and N-PLS methods for the two analytes, while SD 

values were thrice and twice higher for ASA and CAF 

respectively when PLS-1 was applied. This suggests a better 

reproducibility for bivariate and N-PLS methods. On the other 

hand, SD values for CAF are higher than those for ASA with  

all algorithms employed. Values of relative error of prediction 

(REP %) are slightly higher for CAF than those for ASA in the 

cases of PLS-1 and N-PLS, the worst results of REP% were 

obtained when applying PLS-1. The above mentioned may be 

owing to the low concentration of CAF compared to the other 

one (1:10) and because its UV spectrum is overlapped 

completely by the ASA spectrum [37-39].  

 

Overall, the results obtained for the two analytes are 

satisfactory for all the chemometric methods employed. The 

mean recovery values for each analyte are plotted in Fig. 5, 

using a box–whisker plot. Recoveries of around 100% are 

found for both analytes with the three multivariate methods 

used, and the results obtained using the bivariate algorithm 

were in fairly good agreement with those obtained by the N-

PLS method applied to the UV-spectra. 

 

The relationship between the real and found concentrations 

of ASA and CAF in the mixtures is represented by R2 and it 

seems that slightly better results were obtained using the 

bivariate and N-PLS procedures than using the common PLS-1 

procedure. 

 

Finally, the evaluation of method bias was carried out using 

statistical t-tests, with a confidence level of 95%, and 

statistically significant differences were detected for recoveries 

and precisions of CAF and ASA in the synthetic samples when 

bivariate and PLS-1 procedures were compared while there are 

no differences between bivariate and N-PLS procedures. 

 

F. Analysis of pharmaceutical samples. 

The evaluated bivariate calibration model was applied to the 

determination of ASA and CAF in two popular OTC consumer 

products with excellent results reported in Table VII. This 

table presents also the recoveries obtained by PLS-1 and N-

PLS algorithms. Adequate and similar recoveries for ASA and 

CAF with the three algorithms were obtained and are c. 

 

 
 

Figure 5. Mean recovery values for each analyte 

 

As can be seen in the table, the results obtained for the case of 

caffeine with the bivariate method show better recoveries than 

with the PSL 1 method. and slightly lower than with the p-PSL 

method. If we refer to the recoveries of acetylsalicylic acid, in 

the case of the bvariant method, better results are observed 

than even with the other two methods under study. And 

observing the deviations in the recovery for both caein and 

acetylsalicylic acid are similar for all methods.Regardless of 

the mathematical model used in the mixture analysis, there are 

no statistically significant differences in the results, however, 

with two simple simultaneous equations, such as the bivariate 

calibration method, produce satisfactory results. 

 

IV. CONCLUS1IONS 

In this work, three chemometric methods were compared for 

the rapid, economic and easy simultaneous determination of 

ASA and CAF through the UV-spectroscopic technique. The 

previous treatment of the sample was reduced and 

subsequently, the time analysis was shorter. The proposed 

methods were applied to determine ASA and CAF mixtures in 

pharmaceutical formulation samples no matter the UV spectra 

of the components of the mixture overlap greatly. Bivariate, 

First-order and second-order multivariate methods, such as 

PLS-1 and N-PLS allowed the resolution of the mixture, and 

satisfactory results were obtained.  

 

Statistical comparison among bivariate, PLS-1, and N-PLS 

algorithms was applied to the simultaneous determination of 

ASA and CAF in synthetic samples by UV spectrophotometric 

technique. The first showed a good analytical performance 

obtained for the single component determination of ASA and 

CAF. The resolution of binary mixtures carried out for 

pharmaceutical samples was consistent with those reported by 

the manufacturer with all algorithms used. In this case, the 

bivariate procedure gave similar results that those for PLS-1 

and N-PLS. The results suggest that bivariate calibration is a 

good alternative to PLS-1 and N-PLS with the clear advantage 

that the sample pretreatment is minimum and complicated 

mathematical treatment of higher dimensional spectral data is 

not required.  
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In short, the combination of spectroscopic and chemometric 

methods can be of great help to develop alternative methods to 

determine if a given pharmaceutical sample is fake or has been 

adulterated or at the factory to have better control over the 

quality of the product on the line production. 

 

 

As can be seen in the table, the results obtained for the case of 

caffeine with the bivariate method show better recoveries than 

with the PLS-1 method. and slightly lower than with the N-

PLS method. If we refer to the recoveries of acetylsalicylic 

acid, in the case of the bivariat method, better results are 

observed an even with the other two methods under study. and 

observing the deviations in the recovery for both CAF and 

ASA  are similar for all methods. 

 

 

References: 

[1]  Y. Roggo, K. Degardin, P. Margot.  Identification of 

pharmaceutical tablets by Raman spectroscopy and 

chemometrics. Talanta 81 (2010) 988-995. 

[2] RM Maggio, PM Castellano, SE Vignaduzzo, TS 

Kaufman. Alternative and improved method for the 

simultaneous determination of fexofenadine and 

pseudoephedrine in their combined tablet formulation  J 

Pharmaceut Biomed 45 (2007) 804-810. 

[3] M. Sena, R. Poppi. N-way PLS applied to simultaneous 

spectrophotometric determination of acetylsalicylic acid, 

paracetamol and caffeine. J Pharmaceut Biomed 34 

(2004) 27-34. 

[4] SA Khaskheli, A Shah, M Bhanger, A Niaz, S Mahesa. 

Simpler Spectrophotometric Assay of Paracetamol in 

Tablets and Urine Samples. Spectrochim Acta A 68 

(2007) 747-751. 

[5] S Mazurek, R Szostak. Quantitative determination of 

diclofenac sodium in solid dosage forms by FT-Raman 

spectroscopy.J Pharmaceut Biomed 48 (2008) 814-821.  

[6] JA Murillo, A Alañón, I Sanchez Ferrer. Simultaneous 

determination of two anti-inflammatory drugs in serum 

using isopotential fluorimetry. Anal Chim Acta 625 

(2008) 47-54. 

[7] ME Bosch, AJR Sánchez, FS Rojas, CB Ojeda. 

Determination of paracetamol: historical evolution. J 

Pharmaceut Biomed 42 (2006) 291-321. 

[8] J Ghasemi, A Niaz. Two- and three-way chemometrics 

methods applied for spectrophotometric determination 

of lorazepam in pharmaceutical formulations and 

biological fluidsAnal Chim Acta 533 (2005) 169-177. 

[9]  M Ito, T Suzuki, S Yada, A Kusai, H Nakagami, E 

Yonemochi, K Terada. Development of a method for the 

determination of caffeine anhydrate in various designed 

intact tablets [correction of tables] by near-infrared 

spectroscopy: a comparison between reflectance and 

transmittance technique. J Pharmaceut Biomed 47 

(2008) 819-827. 

[10] BB Koleva, TM Kolev, DL Tsalev, M Spiteller. 

Determination of phenacetin and salophen analgetics in 

solid binary mixtures with caffeine by infrared linear 

dichroic and Raman spectroscopy. J Pharmaceut 

Biomed 46 (2008) 267-273. 

[11] MJ West, MJ Went. The spectroscopic detection of 

drugs of abuse in fingerprints after development with 

powders and recovery with adhesive lifters. Spectrochim 

Acta A 71 (2009) 1984-1988. 

[12] C Gendrin, Y Roggo, C Collet. Pharmaceutical 

applications of vibrational chemical imaging and 

chemometrics: a review.. J Pharmaceut Biomed 48 

(2008) 533-553. 

[13] J Luypaert, DL Massart, YV Heyden. Near-infrared 

spectroscopy applications in pharmaceutical analysis.. 

Talanta 72 (2007) 865-883. 

[14] M. Rodríguez, I. Durán, N. Ornelas, P. López, L. López. 

Spectrofluorimetric determination of irinotecan in the 

presence of oxidant agents and metal ions. Talanta 74 

(2008) 1484-1491. 

[15] M. Rodríguez, I. Durán, N. Ornelas, P. López, L. López. 

Determination of anticarcinogenic and rescue therapy 

drugs in urine by photoinduced spectrofluorimetry using 

multivariate calibration: Comparison of several second-

order methods. Anal Bioanal Chem 391 (2008) 1119-

1127. 

[16] FEB Silva, MF Ferrrao, G. Parisotto, EI Müller, EMM 

Flores. Simultaneous determination of 

sulphamethoxazole and trimethoprim in powder 

mixtures by attenuated total reflection-Fourier transform 

infrared and multivariate calibration. J Pharm Biomed 

Anal 49 (2009) 800-805. 

[17] Y Nian, W Qiang. Pafuranones A and B, two dimeric 

polyketides from a rare marine algae-derived fungus 

Paraconiothyrium sp. Chenese Chemical Letters 19 

(2008) 981-984.  

[18] Y Roggo, P Chalus, L Maurer, C Lema-Martinez, A 

Edmond, N. Jent. A review of near infrared 

spectroscopy and chemometrics in pharmaceutical 

technologies. J Pharm and Biomed Anal 44 (2007) 683-

700. 

[19] S Liu, S Kokot, G Will. Photochemistry and 

chemometrics—An overview. J Photochem Photobio C 

10 (2009) 159-172. 

[20] L Xie, Y. Ying, T Ying. Combination and comparison 

of chemometrics methods for identification of transgenic 

tomatoes using visible and near-infrared diffuse 

transmittance technique, J Food Engineering 82 (2007) 

395-401. 

[21] R Karoui, JD Baerdemaeker. A review of the analytical 

methods coupled with chemometric tools for the 

determination of the quality and identity of dairy 

products. Food Chem 102 (2007) 621-640. 

[22] PK Hopke. The evolution of chemometrics Anal Chim 

Acta 500 (2003) 365-377 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOMEDICAL ENGINEERING 
DOI: 10.46300/91011.2022.16.38 Volume 16, 2022

Ε-ISSN: 1998-4510 319



 

 

[23] Zaazaa, SS Abbas, M Abdelkawy, MM Abdelrahman. 

Spectrophotometric and spectrodensitometric 

determination of Clopidogrel Bisulfate with kinetic 

study of its alkaline degradation. Talanta 78 (2009) 874-

884. 

[24] A. Biancolillo and F. Marini. Chemometric Methods for 

Spectroscopy-Based Pharmaceutical Analysis. Front. in 

Chem. Vol. 6, (2018), 1-14  

[25] MC. Sarraguca, AV Cruz, HR Amaral, PC Costa, JA 

Loopez. Anal Bioanal Chem (2011) 399:2137–2147 

[26] I Singh, P. Juneja, B. Kaur, P. Kumar. Analytical 

Chemistry. Vol (2013), 1-13 

[27] J Karpinska, A Sokól, M Skoczylas. An application of 

UV-derivative spectrophotometry and bivariate 

calibration algorithm for study of photostability of 

levomepromazine hydrochloride Spectrochim Acta A 71 

(2008) 1562-1564. 

[28] FH Metwally, Simultaneous determination of 

Nifuroxazide and Drotaverine hydrochloride in 

pharmaceutical preparations by bivariate and 

multivariate spectral analysisSpectrochim Acta A 69 

(2008) 343-349. 

[29] NY Hassan, EM Abdel-Moety, NA Elragehy, MR Rezk. 

Selective determination of ertapenem in the presence of 

its degradation productSpectrochim Acta A 72 (2009) 

915-921. 

[30] Cramer, R.D. Partial Least Squares (PLS): Its strengths 

and limitations. Perspectives in Drug Discovery and 

Design 1, 269–278 (1993). 

[31] Kumar, K. Partial Least Square (PLS) 

Analysis. Reson 26, 429–442 (2021). 

[32] Khalid A. M. Attia, Mohammed W. I. Nassar, Ahmed El-

Olemy*, Sherif Ramzy, “Simultaneous Spectrophotometric 

Determination of Sacubitril and Valsartan in their Recently 

Approved Pharmaceutical Preparation”, J. Advanced 

Pharmacy Research, , 2018, 2 (2), 133-141. 

[33] Esraa M. Meselhy, Afaf A. Aboul Kheir, Magda M. El 

Henawee, Manal S. Elmasry, “Simultaneous determination of 

Nebivolol hydrochloride and Valsartan in their binary mixture 

using different validated spectrophotometric methods”, 

Spectrochimica Acta Part A: Molecular and Biomolecular 

Spectroscopy, 230, 2020, 

[34] CK Markopoulou, JE Koundourelllis. Two derivative 

spectrophotometric methods for the simultaneous 

determination of lovastatin combined with three 

antioxidants. J Pharm Biomed Anal 33 (2003) 1163-

1173. 

[35] L López-Martínez, PL López-de-Alba, LM León-

Rodríguez, ML Yepez-Murrieta. Simultaneous 

determination of binary mixtures of trimethoprim and 

sulfamethoxazole or sulphamethoxypyridazine by the 

bivariate calibration spectrophotometric method. J 

Pharm Biomed Anal 30 (2002) 77-85. 

[34] PL Lopez-de-Alba, K Wróbel, L López-Martínez, K 

Wróbel, ML Yepez-Murrieta, J Amador-Hernández. 

Application of The Bivariate Spectrophotometric 

Method for The Determination of Metronidazole, 

Furazolidone and Di-Iodohydroxyquinoline in 

Pharmaceutical Formulations J Pharm Biomed Anal 16 

(1997) 349-355. 

[35] PL López-de-Alba, LI Michelini-Rodriguez, K Wróbel, J 

Amador-Hernández. Extraction of sunset yellow and 

tartrazine by ion-pair formation with adogen-464 and 

their simultaneous determination by bivariate calibration 

and derivative spectrophotometry. Analyst 122 (1997) 

1575-1580. 

[36] PL Lopez-de-Alba, L López-Martínez, Katarzyna 

Wróbel-Kaczmarczyk, Kazimierz Wróbel-Zasada, J 

Amador-Hernández, The resolution of dye binary 

mixtures by bivariate calibration using 

spectrophotometric data. Anal Lett., 39(3), (1996) 487-

503 

[36] DM Haaland, EV Thomas, Partial least-squares methods 

for spectral analyses. 2. Application to simulated and 

glass spectral data. Anal. Chem., 60 (1988) 1202-1208. 

[37] EV Thomas, DM Haaland, Comparison of multivariate 

calibration methods for quantitative spectral analysis. 

Anal Chem 62 (1990) 1091–1099. 

[38] RG Brereton. Introduction to multivariate calibration in 

analytical chemistryElectronic. Analyst 125 (2000). 

 

 

 

Creative Commons Attribution License 4.0 (Attribution 

4.0 International, CC BY 4.0) 

This article is published under the terms of the Creative 

Commons Attribution License 4.0 

https://creativecommons.org/licenses/by/4.0/deed.en_US 

 

 

 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOMEDICAL ENGINEERING 
DOI: 10.46300/91011.2022.16.38 Volume 16, 2022

Ε-ISSN: 1998-4510 320

https://creativecommons.org/licenses/by/4.0/deed.en_US



