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The determination of the number of components in a mixture is an important tool for qualita-

tive and quantitative analysis in spectroscopy. The accuracy of selected indices for an estima-

tion of the number of components that contribute to a set of spectra was critically tested on ex-

perimental data sets of protonation equilibria of drugs using the INDICES algorithm in S-Plus. 

Methods are classified into precise methods and approximate methods. Methods are based on 

the first criterion concerning the procedure on finding the point where the slope of the indicator 

function PC(k) = f(k) changes so called scree plot. Besides the first criterion applied, indicator 

function PC(k) of precise methods are also based on a comparison of an actual index PC(k) of 

method used with the experimental error of the instrument used, sinst(A). The precise methods 

are Kankare’s residual standard deviation, sk(A), Residual standard deviation, RSD(k), Ave-

rage error criterion, AE(k), Bartlett χ2 criterion, χ2(k). Improved identification uses the second 

or third derivative function for some indices, namely when the number of component in the 

mixture is higher than three and when, due to large variations in the indicator values even at 

logarithmic scale, the indicator curve does not reach an obvious point where the slope changes. 

The derivative criteria SD(k) are based on the point where the slope changes and reaches a 

maximum. The third derivative TD(k) value crosses zero and reaches a negative minimum 

which can be used as a criterion. The change in slope can also be found by calculating the deri-

vatives ratio ROD(k). Ideally ROD(k) should have a maximum at the point where k = p. A mo-

re difficult problem is to deduce the numer of components without relying on an estimation of 

the instrumental error of absorbance, sinst(A); then the first criterion only remains. Empirical 

functions are Exner function ψ(k), Scree test, RPV(k), Imbedded error function, IE(k), Factor 

indicator function, IND(k), Ratio of eigenvalues calculated by smoothed PCA and those by or-

dinary PCA, RESO(k). 

 



 
Fig. 1 Protonation equilibria of silybin is presented on pH-absorption spectra at 25EC; The spectra of molar ab-
sorptivities vs. wavelengths for all variously protonated species; Distribution diagram of the relative concentra-
tions of all of the variously protonated species. The logarithm dependence of 6 indices methods as a function of 
the number of principal components k for the pH-absorbance matrix: 2nd row: Kankare’s residual standard devia-
tion sk(A), Residual standard deviation RSD, Average error criterion AE, 3rd row: Bartlett χ2 criterion, Exner ψ 
function, Scree test RPV. 
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