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Review Article
ABSTRACT

Analytical chemistry is the science of modeling quantitative
measurements. Basically, it is the quantification of analytes in
combined dosage forms samples which exhibits as the crucial part
of the subject. Mainly, it is the radical apprehension of practical
aspects of analysis, and the ability to identify a problem which
cannot be solved by the existing analytical methods/techniques that
motivate an analyst to develop creative approaches or new
analytical methods. The answer to the all problems faced in analysis
is chemometrics. Chemometrics has been defined as elementary
tool for the implementation of mathematical and statistical methods
to chemical measurements. Chemometric methods are often
applied in situations when no sufficient theory is available for
describing or solving analysis problems. The aim of chemometrics is
to find out hidden relationships exist between the available data and

the desired information. The prominent problems in chemistry are:
recognition of the chemical structure from spectral data (spectral
elucidation), quantitative analysis of chemical substances in
complex mixtures (multivariate calibration), and determination of
the origin of samples (cluster analysis and classification), and
prediction of properties or activities of chemical compounds or
technological materials (quantitative structure-activity or structure-
property relationships). This literary work includes the basics of
chemometrics and its aid to put this novel analytical discipline into
application to face the present challenges of analytical chemistry.

INTRODUCTION

Chemometrics is the methodology which is very well known in the world of analysis from last few
years. This method was originated by S.Wold in 1972 who is physical organic chemist, jointly with B.R
Kowalski (American analytical chemist), S.Wold combine to create the international chemometrics
community or society 1. Thus, chemometrics can be explained as the science which gives the information
that how the chemical measurement can be done with the help of mathematical and statistical method.
The term chemometrics originated from chemistry and measurement. Thus this method helps to obtain the
hidden information from the chemical data as shown in Fig. 1 2. Now in this world of technology, the
chemometrics method is the expansion as computer software that contribute to getting final recognition
from the unsolved information that present in term of raw or crude data [34l. Some physicist or analyst
reviewed about the chemometrics method as a sub field for modern analytical chemistry. But the
chemometricans themselves consider chemometrics set the new directions for analysis 5.

Need For Chemometrics

There are several reason why chemometrics is heeded to solve the unsolved problems in the world
simultaneous analysis such as:
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Chemometrics helps in achieving the results of chemical signals (chromatograms, kinetic curves,
titration curves, or in other formats with the wavelength, or frequency) obtained from analytical
measurements in the form of the digital vector.

* Signal noiseratioin proper design have been found before the results were incorporated [6l.

* Fig. 2 shows the graph where one can see that there is overlapping in the spectra of various drugs.
Since, the conventional methods are not able to resolve the tedious overlapping of the drugs spectra.
Thus, chemometrics assisted multipurpose methods are used to resolve such heavy data.
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Figure 1: Chemometric Analytical Flow.

e Usually, analytical chemists try their best to adjust the experimental conditions to separate these
overlapping peaks in the complex mixture. Yet, it is time-consuming and not easy to achieve this,
especially for complicated systems such as herbal medicines, more than four drugs mixtures which

have many constituents.

Thus, different multivariate analysis techniques have been developed to accomplish the target.
The powerful computers currently available considerably help in this respect.
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Figure 2: Zero order ovérlay spectra of drugs.
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Extensity of Analytical Chemical Data

Extensity of analytical chemical data is limited in the chemometrics method. The chemometrics
method helps to resolve the very complex data or three-dimensional data into very simple or one-
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dimensional data.A sample detected in the UV-Visible spectrophotometer at definite wavelength having
some absorbance of the definite concentration. Therefore, there is only one variable and that is
absorbance. The resulting data is the one-dimensional. For example, the sample is scan in the range of
275-245 nm with the resolution of 1 nm gives the 30 resulting absorbencies ["1.This is implemented also
on HPLC-DAD in which the absorbance is a function of both wavelength and retention time. So, the
absorbance is the variable and provides1D-data. In the second case, when the sample is again determined
with the two variables in UV-Visible spectrophotometer i.e. absorbance and wavelength that means
different absorbencies were recorded at more than one wavelength with the constant concentration. The
resulting data is 2D-matrix. The absorbance of a sample is determined as a function of wavelength and
retention time in HPLC-DAD.In third case, followed by the same procedure of second case, there are three
variables i.e. absorbance, wavelength, and concentration. The resulting data so obtained knownas 3D-
matrix or dataset. The absorbance is determined as a function of wavelength, retention time and samples
in HPLC-DAD.

This extensity of chemical data can be anticipated by the chemometrics method now. But as it
describe above the chemometrics method cannot be applied on one-dimensional data because this
method is useful in foresee of multivariate data. But one can resolve three-dimensional data into one-
dimensional data. There are most common or simple chemometrics methods that can be classified into
Least Square Regression (CLS), Inverse Least Square Regression (ILS), Net Analytical Signal (NAS).But for
very complex calculations the most useful methods that come into consideration are: PrincipalComponent
Analysis(PCA), Partial Least Squares Regression (PLS), and Parallel Factor Analysis (PARAFAC) etc?. Three
way data unwind into two way data. This three way data cut the segments of 3D-data into 2D-data. Then by
simplification of 2D-data, it forms the large 2D-data or matrix [8l. The 3D-data unwind into three different
directions along the row space, along the column space and along the third direction.

——)

Figure 3: Unfolding of data.

METHOD VALIDATION

Method validation is the process that gives the conformation that the method adopted for any test
whether it is working properly or not. Positive results obtained after validation confirms the uniformity or
trueness of the analytical method. Thus, the validation is the procedure which provides high degree of
assurance that a specific process will consistently produce a product meeting its predetermined
specifications and quality characteristics [©l.

Prediction set (10!

The prediction set is prepared for validation purpose. It is also known as cross validation. Various
parameters are applied on prediction set. In chemometrics, validation parameters are termed as figure of
merits (FOM). These validation parameters are:

Sensitivity

Selectivity

Signal to noise ratio
Analytical sensitivity
Limit of detection
Limit of discrimination

Sensitivity

A method is referring to be sensitive when it predicts the small variation in the concentration of
interested analytes. The sensitivity of method is depending upon the concentration of the analytes. The
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sensitivity can be anticipated by using the formula that is division of alteration in the instrumental respond
to the alteration in the concentration of interested analyte [11-12], This parameter can be applied on both the
quantitative and qualitative analysis.

Selectivity

Selectivity refers to the method by which the particular analyte can be determined even in the
apparition of another material or components. The selectivity generally gives the data about single analyte
in a complex mixture (131,

Signal to noise ratio

It is defined as the rate of signal power to the noise power. For example, if the ratio between them
exceeding more than 1:1 that means signal strength is more than noise. During the measurement of signal
to noise ratio, the special care should be taken that the system must be at the same identical/parallel or
alternate or equivalent points.

Analytical sensitivity

It is more effective than the simple sensitivity, as it gives the determination between sensitivity of
analytes and instrumental noise [14. 151, |t generally requires the less concentration range. The unit of
analytical sensitivity is concentration-2.

Limit of detection(LOD)

It is the detection limit that detects the limited amount of interested analyte. Practically, it can be
determined on blank by taking mean of blank and the standard deviation of the blank. There are different
detection limit that can be used such as method detection limit (MDL) and practical quantification limit
(PQL) etc 116-19],

Limit of discrimination

It is related to the analytical sensitivity or the limit of detection. It gives intervene in the
concentration of prediction sample it is indicative different from the original analyte concentration in term
of analytical signal [20],

Multivariate Analytical Methods for the Analysis

Hyphenation of spectroscopy with multivariate analysis combined to give the qualitative and
guantitative information about the analytes. Involvement of chemometrics method with spectroscopic
techniques gives the rapid, simple and efficient analytical method that is independent of the variables.The
spectroscopic analysis involves the spectroscopic method in combination with the chemometrics data
evaluation which in turn result the elevated automation. By using this method, a new analytical method is
high capacity analysis (HCA) comes into consideration [21- 24, The main chemometrics method implement
on:

Experimental design,

Classical least square (CLS)

Inverse least square (ILS)

Principal component analysis (PCA),

Net analyte signal- standard addition method (NAS-SAM)

Partial least squares regression (PLS) and parallel factor analysis (PARAFAC).

These above analytical methods can be performed by scanning ultraviolet-visible spectroscopy,
HPLC with diode array detector (HPLC-DAD) and fluorescence spectroscopy [251,

Classical Least Squares (CLS) [30. 31]
Classical Least Square technique is also considered as K matrix and employed for qualitative and

quantitative determinations. It works on the basis of Beer-Lambert law. It is one of the advantageous
method used in complex mixtures. Simple least regression method is helpful in the calculation of the
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absorptivity coefficients. It includes variables such as absorbances (A), Molar absorptivity (¢), path length of
the sample (b) and concentration of the compound (C).

Pathlength of the sample and Molar absorptivity kept constant during the quantitative
experiments.

Where K is the constant of molar absorptivity and path length.Concentration of unknown sample is
determined by this equation with the help of absorbancies having known concentration. The equation for
classical least square is given below.

K=(C™x C)L, CT x A............. (2)
Inverse Least Squares [32-34]

This method is also known as P- matrix and multiple linear regressions employed for quantitative
determinations. By rearrange the Beer Lambert law the equation can be written as:

It includes variables such as:absorbance (A), molar absorptivity (€), path length of sample (b), and
concentration of the compound in solution (C).For the calibration the inverse least squares solution to
above equation:-

P = (AT X A)"LAT X Coovorrerrrrenn. (4)

The advantage of the method is that the equations or unsolved matrix can be easily calculated. On
the basis of recognition of constituents of interest, this model helps to predict the very complex mixture.
Thus, those complex mixtures that cannot be resolved by CLS method can easily predict by ILS method.

Principle Component Regression [35. 36]

It is the combination of inverse least square and principal component analysis. It is divided into
following steps.

By considering data matrix which is performed by PCA for different variables, components were
obtained. On the suitable basis selection of subset was done and PCA considered for further use.

e By the application of linear regression on co-variable estimated regression coefficient get vector
and the observed vector is the outcome of principal components.

e With the help of PCA loading, principal components the vector now transformed into actual co
various to get final PCR estimation which give characterization of original model.

The highest values of Eigen values give the optimal numbers of principal components. The
concentration of unknown sample can be easily determined by the application of linear regression
equation:

C=a+b XA e, (5)

We calculate the coefficients a and b coefficient

Where, TT is the transpose of the score matrix T, D is a diagonal matrix having on the diagonal components
the inverses of the selected Eigenvalues.
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Knowing b, we found a using formula:
a = Cmean —ATmean X D.eevrernenne (8)

Where, Cmean represents the mean concentration of the calibration set and ATmean is the transpose of the
matrix having the entries of mean absorbance values.

Net Analyte Signal 37!

The net analyte signal is unique signal which is termed as NAS and defined as the part of the
signal that is orthogonal to the signal of the interferences (other analytes) present in the sample.NAS
vector for any component in a mixture after each standard addition, can be found by the following
equation.

NASarug = (I = P*P) Aluerreeerreeeesseeeeesneee (9)

This NAS can be directly relates to the unknown concentrations of components in the sample
mixture and to the other Figures of Merits (FOM).

CONCLUSION

As we discussed above the chemometrics method is used for the multivariate data analysis.
Chemometrics is the mathematical application on the chemical data to obtain the related information.
Currently, the chemometrics can be applicable on various fields. The data with one or two variable can
predict by the classical methods such as simultaneous equation method and Vierodt’'s method etc. But
when the data contain more than two variables or the complex data the methods such as CLS, ILS, NAS,
and PCAetc. Comes into consideration. The advantage of chemometrics is that not only it can predict all
the variables simultaneously but also it doesnot require expensive solvents like HPLC grade unless if we
perform the experiment through the HPLC technique. Moreover UV based chemometrics is widely used
because ease of solvents like AR grade. Therefore, from above description, the basis of chemometrics can
be explained as the data or matrix can easily simplify by the chemometrics to get the important relevant
information. In modern era, it gives the more accurate results and the validation is performed at each and
every step and more importantly the results were found in graphical manner that can be easily understood.
Chemometrics is useful not only in analytical chemistry but also in food analysis and drug design and
herbal drug standardization. Finally, we conclude that chemometrics a way for some unresolved questions
in drug/chemical analysis.
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