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ABSTRACT 
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zero order absorption, derivative and ratio amplitudes. The proposed methods were applied to solve different complex pharmaceutical mixtures 
and the obtained results were accepted when compared to other reported methods.  
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INTRODUCTION 

Analytical studies, related to the quality control and routine analysis 
of commercial products in the research or industry laboratories, use 
spectrophotometric methods such as derivative spectrophotometry, 
ratio spectra spectrophotometry. These spectrophotometric 
methods are found to be preferable instead of hyphenated analytical 
instrumentations or techniques such as LC-MS, GC-MS, LC-NMR, etc; 
which always require prior steps such as extraction and other 
tedious analytical process during analysis. On the other hand, the 
related techniques having complex components bring high cost and 
time consumption.  

Taking into account all above arguments, the quantitative 
spectrophotometric resolution of the mixtures of two or more 
compounds having overlapped spectra is an interesting issue for 
analytical chemists. Besides, the existing spectrophotometric 
methods were found to be very simple to apply, very rapid, sensitive 
and yet very cost-affordable for analysis of any mixture. For 
resolving complex mixtures, the analytical chemist needs new 
analytical methods or approaches to obtain accurate, precise and 
reliable results. Therefore, the analytical chemists have focused 
mainly on the use of a new mathematical technique or the combined 
use of the mentioned approaches together with traditional analytical 
techniques. 

The diversity of the spectrophotometric methods is considered the 
most important feature of spectrophotometric analysis, where it 
gives the analyst a chance to choose the most suitable method for 
analysis. 

Absorption spectroscopy is one of the most powerful and widely 
used tools for the quantitative analysis of any analyte. The relation 
between the concentration of the analyte and the amount of light 
absorbed is the basis of most analytical applications of molecular 
spectroscopy. This method of analysis is gaining importance due to 
simple, rapid, precise, highly accurate and less time consumption. 
Spectrophotometric multi-component analysis can be applied where 
the spectra of drugs overlaps. In such cases of overlapping spectra, 
the simultaneous equation can be framed to obtain the 
concentration of each individual component; otherwise, multi-
component analysis can be applied on any degree of spectral overlap 
provided that two or more spectra are not similar exactly.  

The basis of all the spectrophotometric techniques for multi-
component samples is the following properties which apply through 
all wavelengths:  

a) The absorbance of a solution is the sum of absorbance of its 
individual components; the absorption of light by the components of 
the sample solution is additive; that is, the total absorption of light at 
any given wavelength is equal to the sum of the absorbance which 
the two substances would show if measured individually under the 
same conditions. This was confirmed experimentally by 
demonstrating that the spectrum of the analyte mixture is the sum of 
the spectra of the two components measured separately because the 
absorbance are additive; and thus if the spectrum of one component 
is subtracted from total solution absorbance, the spectrum of the 
second component is obtained [1] . 

b) The measured absorbance is the difference between the total 
absorbance of the solution in the sample cell and that of the solution 
in the reference (blank) cell [2, 3] . 

c) The Beer-Lambert Law (A = abc) implies that when 
concentration is equal to zero (c = 0), absorbance must also be zero 
(A = 0) at path length =1. In other words, the calibration line must 
pass through the origin. You will find in your experiment that the 
calibration plot generally does not pass exactly through the origin, 
but it should be quite close. Thus, the value you see for the intercept 
(b) in the equation y = mx+b will be small. A major source of error in 
the spectrophotometric analysis is applying the Beer-Lambert Law 
at inappropriate concentrations. The Beer-Lambert Law is strictly 
applicable only for dilute solutions. It becomes less and less accurate 
as the concentration of the solution increases. Once you have the 
calibration curve set up, you can measure the absorbance of any 
unknown solution at the same wavelength and read off its 
concentration from the graph or calculate from the slope [4] . 

For single component analysis, spectrophotometric determination of 
colored complex products or adjuvants can be applied [5-7] . But 
these methods are not suitable for the analysis of multi-component 
mixtures. So, According to the extent of overlapping, the methods 
were classified to either solving partially or severely overlapped 
spectra. The various spectroscopic techniques used for multi-
component analysis are classified basing on manipulation steps on 
different spectra. 
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Methods applied on zero order absorption spectra 

Methods based on dual-wavelength 

Induced dual wavelength method (IDW) 

This novel method [8]  can be applied for a binary mixture of X and Y 
with severely overlapped zero order absorption spectra at two 
wavelengths λ1 and λ2, where the absorbance of the interfering 
substance at those two wavelengths aren’t equal (absorbance 
difference does not equal zero), so the conventional dual-
wavelength method [9, 10]  cannot be applied. To cancel the effect of 
Y at the two selected wavelengths, the equality factor of pure Y at 
these wavelengths (FY) is calculated and consequently the 
absorbance difference between two selected wavelengths of the 
mixture spectra is directly proportional to the concentration of 
component X. 

The concentration of X is calculated using the regression equation 
(obtained by plotting the absorbance difference values of the zero 
order spectra of X at the two chosen wavelengths (ΔA = A1–FY A2) 
against their corresponding concentrations X. The concentration of Y 
is calculated using the same procedure which can be done to 
calculate the concentration of Y using the equality factor of pure X at 
the two chosen wavelengths (FX). 

Dual wavelength resolution technique (DWRT) 

This novel resolution technique [8]  can be applied for a binary 
mixture of X and Y with complete overlapped zero order absorption 
spectra, where the absorbance difference ΔA (A1–FY A2) between two 
selected wavelengths (λmax of X and λ2) on the mixture spectra is 
directly proportional to the concentration of component X; while for 
component Y the absorbance difference inherently equals to zero. 
Dual wavelength resolution technique (DWRT) is a technique used 
for solving the overlapping spectra via dual wavelength 
spectrophotometric methods (conventional dual wavelength 
method [9, 10]  or induced dual wavelength [8] ), where those 
methods are used for the determination of the first component (X); 
meanwhile they are not applicable for the second component (Y). 
This could be done by measuring (X) using either the conventional 
dual-wavelength (where FY = 1) or using the equality factor as in 
induced dual wavelength (where FY ≠ 1).  

A calibration curve is constructed for pure X representing the 
relationship between the concentration of X and absorbance 
difference ΔA (Amax–FY A2), where the concentration of X (Cx) can be 
calculated using the corresponding regression equation. 

Zero order absorption spectrum of component X in the mixture is 
then obtained by multiplying the calculated concentration of X by 
the normalized spectrum of X, which is obtained by dividing the 
whole spectrum of X by its corresponding concentration to obtain a 
new spectrum represents the absorptivity of the analyte of interest 
(aX) versus all the measured wavelengths.  

Zero order absorption spectrum of a component of Y can be then 
obtained by spectrum subtraction by subtracting the obtained 
spectrum of X from the spectrum of the mixture (X+Y) as, therefore 
we can obtain the D ° spectrum of Y. The concentration of 
component Y in the mixture is calculated using the regression 
equation (obtained by plotting the absorbance values of the zero 
order curves of Y at its λmax against its corresponding concentration). 

Absorption correction method (ACM) 

This method [11, 12]  describes the analysis of a binary mixture 
where the two components X and Y have overlapped spectra. Y 
shows interference at λmax of X (λ1), while X shows no interference 
with Y at another wavelength (λ2). The average value of absorption 
factor of component Y (Abs at λ1/Abs at λ2) is calculated. Since the 
absorbance of the mixture (X+Y) at λ2 equal to that of pure Y due to 
lack of contribution of X at this wavelength, so the absorption of X at 
λ1 could be calculated using the following equation:  

Abs of X at λ1 = Abs λ1 (X+Y)- 2
1

abs
abs

 × Abs λ2 (X+Y) 

Where; 2
1

abs
abs

 is absorption factor of pure Y (Abs at λ1/Abs at λ2), Abs 
λ1 and Abs λ2 are the absorbance of the mixture of (X+Y) at λ1 and λ2, 
respectively. The concentrations of X and Y will be calculated from 
the corresponding regression equation obtained by plotting the 
absorption values of the zero order spectra, at λ1 and λ2, against 
their concentrations, respectively.  

Methods based on absorptivity points 

Absorbance subtraction (AS) 

This novel method [13, 14]  is based on isoabsorption point 
spectrophotometric method. The word derives from two Greek 
words: (isos): equal and (absorptive): absorptivity; means the same 
absorptivity. It was used for simultaneous determination of 
components in binary or ternary mixtures [15, 16] . 

At the isoabsorption point, the mixture of drugs acts as a single 
component as they exhibit equal absorptivity value. Thus, by 
measuring the absorbance value at the chosen isoabsorption point 
(λiso), the total concentration of both (X) and (Y) could be calculated 
using absorbance at (λiso), while the concentration of one of the 
components in the mixture could be determined using any 
complementary method. 

The AS method is based on the same principles as the absorbance 
correction method [12] . It could be applied for the analysis of a 
mixture of two drugs X and Y having overlapped spectra intersecting 
at isoabsorption point where Y is extended over X, and X doesn’t 
show any contribution at another wavelength (λ2).  

In this method the isoabsorption point λiso could be used for 
separate quantitative estimation of each X and Y in their mixture 
(X+Y). The determination can be done using mathematically 
calculated the factor of one of these components. By simple 
manipulation step, we can obtain the absorbance value 
corresponding to X and Y, separately. So, the concentration of each 
component could be obtained via the isoabsorption point regression 
equation without any need for a complementary method. 

The concentration of each X and Y, separately, is calculated using the 
isoabsorption point unified regression equation (obtained by 
plotting the absorbance values of the zero order curves of either X or 
Y at λiso against their corresponding concentrations of X or Y 
respectively). 

Advanced absorbance subtraction  

This novel method [17]  can be applied for a binary mixture of X and 
Y, where their spectra is completely overlapped and show 
isoabsorption point (λiso) at the zero spectrum. Two wavelengths are 
selected (λiso of X and λ2) where component Y shows equal 
absorbance at these wavelengths. The absorbance difference ΔA 
(Aiso–A2) between two selected wavelengths on the mixture spectra 
is directly proportional to the concentration of component X; while 
for component Y the absorbance difference inherently equals to 
zero. A calibration curve is constructed for pure X representing the 
relationship between (Aiso–A2) and Aiso and the following regression 
equation is formulated:  

(Aiso–A2) = bΔA Aiso+IΔA 

Where (Aiso–A2) is the absorbance difference between two selected 
wavelengths for pure X spectra, Aiso absorbance at λiso of X, bΔA is 
slope and IΔA is intercept.  

Substituting the absorbance difference ΔA (Aiso–A2) between the two 
selected wavelengths of the mixture spectrum in the previous 
equation, the absorbance A postulated corresponding to the absorbance 
of X only at Aiso is obtained. 

By subtracting the postulated absorbance of X at Aiso from the 
practically recorded absorbance [ARecorded ] at Aiso to get that 
corresponding to Y 

ARecorded = AX+AY 
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Then the concentration of X (Cx) or Y (CY) can be calculated using the 
unified regression equation obtained by plotting its zero order 
absorbance values (Aiso) against the corresponding concentration of 
X or Y. 

Absorptivity factor spectrophotometric method (a-Factor 
method) 

This novel absorptivity factor spectrophotometric method [18]  for 
the analysis of binary mixtures. It depends on applying a simple 
mathematic equation to calculate the concentration of both 
components in a binary mixture where there is a large difference in 
the absorptivity between both components in a mixture so that no 
isoabsorption point occurs. In this case, simultaneous determination 
of each drug in the presence of the other can’t be carried out by 
applying any of the isoabsorption point techniques. This method 
depends on the calculation of the absorptivity factor which is the 
ratio between the two absorptivities (ax, aY) at the intersection point 
with the same absorbance value. This point called the absorptivity 
factor point (λF).  

So, the concentration of the mixture represent (FCx+CY) can be 
calculated by using a regression equation representing the linear 
relationship between the absorbance of Y and its corresponding 
concentration at the absorptivity factor point. Thus, if the 
concentration of Y can be determined separately by any other 
method such as direct spectrophotometry, derivative or derivative 
ratio, then the concentration of X can be determined after 
subtraction of concentration Y and multiplication by the inverse of F 
or vice versa. 

Methods based on area under the curve (AUC)  

Area under the curve correction method (AUC-CM) 

This novel approach [19]  of the area under the curve (AUC) method 
is a well-established spectrophotometric method [20, 21]  which 
provides a simple way to determine the concentration of the 
component of interest depending on the area of its absorption 
spectrum. 

For a binary mixture where the two components X and Y have 
partially overlapped spectra. At the region of (λ1-λ2), while X shows 
no interference with Y at another region (λ3-λ4); Y can be 
determined directly though the AUC in (λ3-λ4) due to lack of 
contribution of X at this region, while the AUC of X at (λ1-λ2) can be 
calculated using area under curve (AUC) factor as follow:  

AUC of X at (λ1-λ2) = AUC at (λ1-λ2) of X+Y- )43(

)21(

−

−

AUC
AUC

 × AUC at (λ3-λ4) of 
X+Y 

Where; )43(

)21(

−

−

AUC
AUC

 is AUC factor of pure Y [AUC at (λ1-λ2)/AUC at (λ3-

λ4)], AUC at (λ3-λ4) of X+Y = AUC at (λ3-λ4) of Y only. 

The main advantage of this method is solving mixture with severely 
overlapped spectra so by using the area under curve factor we could 
obtain the corrected area under the curve which represents the 
concentration of a component of interest. The values of AUC is 
relatively higher than absorbance value for the same component, 
even in lower concentrations, which increases sensitivity. This 
modification can determine the AUC of each of X and Y components, 
where Y is extended over X, with no need for Cramer’s rule. 

Compensated area under the curve method (CAUC) 

This method [22]  was recently introduced as a modification of the 
derivative compensation ratio technique [23, 24]  but instead of 
using the amplitude of derivative spectra, the area under the curve 
was used. It could be applied when the absorption spectra of two 
components (X) and (Y) overlap to a large extent or when analysis of 
a minor component (X) in the presence of a major component (Y) 
represents a problem. 

This method involves calculating the AUC ratios (range AUCa/range 
AUCb) are for pure major component (Y) against a blank solution. 
The mixture solution containing (X+Y) is placed in the sample cell 
and the area under the curve (AUC) was recorded for the difference 

absorption spectra of [mixture (m)–reference (r)] where (m = 
Ax+Ay) and (r = Ax) using different concentration of pure drug (x) 
above and below that expected in the mixture solution placed in the 
reference cell Cx. The AUC ratios of the difference spectra are 
calculated (AUC a/AUC b) and then compared to the previously 
obtained AUC ratio of pure (Y). The AUC ratios of the mixture will 
coincide with AUC of pure (Y) at the balance point, for which Cx in 
the mixture equal to Cx in the reference cell. 

By applying the geometrical approach, the above-mentioned AUC 
ratios of the mixture are plotted against the concentration of the 
minor component (Cx) in the reference cell where a line with very 
slight curvature is obtained. The concentration (Cx) is calculated 
from the graph as it is the concentration corresponding to the AUC 
ratio of the mixture which is equal to the AUC ratio of the pure 
component (Y) previously obtained from spectra of pure (Y) at 
different concentration. The regression equation representing the 
geometrical approach was computed. Then the concentration (Cx) 
could be determined after substitution in it using the average of AUC 
ratio of pure (Y). 

Spectrum subtraction 

This novel method [25]  depends on the property of absorption 
spectroscopy that the absorption of light by the components of the 
sample solution is additive; that is, the total absorption of light at any 
given wavelength is equal to the sum of the absorbance which the 
two substances would show if measured individually under the 
same conditions. 

This method can be used as complementary method where the zero 
order D0 spectrum of the first component (X) is obtained firstly by 
ratio subtraction or constant center methods; and then the second 
component (Y) could be obtained by using the novel method 
(spectrum subtraction) by subtracting the obtained spectrum of X 
from the spectrum of the mixture (X+Y), therefore we can obtain the 
D0 spectrum of Y again. The concentration of Y is calculated from the 
corresponding regression equation obtained by plotting the 
absorbance values of the zero order absorption spectra of Y at its 
λmax against the corresponding concentrations. 

The reported applications of the previous novel methods based on 
zero order absorption spectra are listed in table 1.  

Methods applied on derivative spectra  

Derivative spectrophotometry is a well-established technique 
capable of enhancing the resolution of overlapped spectra. It can be 
applied for the determination of a substance in the presence of the 
other, by selecting a wavelength where the contribution of one 
compound is zero, while the other to be determined has a 
reasonable value. Derivative spectrophotometry has been applied 
for the determination of several drugs and elements mixtures and 
has been applied for the determination of certain drugs in the 
presence of their degradation products [26-29] .  

Recently the direct measurements the drug of interest by 
conventional derivative technique on zero order absorption spectra 
(first, second, third and fourth order) or on the ratio spectra falls to 
get satisfactory results upon analysis of some drugs in their 
combination so there is a need to develop some methods based on 
the mathematic manipulation of the derivatized spectra in the 
lowest order of derivatization with minimum noise effect. 

Derivative spectrophotometry keeps all laws of classical 
spectrophotometry, e. g. dependence of derivative value on analyte 
concentration and additivity law. These methods summarized as 
follow:  

Amplitude subtraction (AS) 

This method [30]  is a modification applied on the two regression 
equation method to be in the simpler form with minimum 
manipulating steps. Record the peak amplitude of the mixture at λ2 
and calculate the postulated value at the same wavelength by 
substitution in the previous equation. The peak amplitude of drug 
(X) was obtained after subtraction the recorded peak amplitude of 
the mixture at λ1 from the postulated value at the same wavelength. 
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Modified amplitude subtraction (MAS) 

This novel method [30]  is applied for a mixture of two drugs (X) and 
(Y) where the specific peak of derivative spectra of drug (X) is 
overlapped with that of drug (Y) at the same wavelengths, so we 
chose one of these wavelengths (e. g λ1). The concentration of X was 
previously calculated by one conventional spectrophotometric 
method. This calculated concentration of X could be substituted in 
its computed regression equation to get the peak amplitude of X at 
λ1, which is then subtracted from the recorded peak amplitude of 
mixture at λ1 to get that corresponding to Y.  

Amplitude Factor (P-Factor)  

This novel method [30]  based on absorption factor method [12] . 
This method depends on that if you have a mixture of two drugs X 
and Y having overlapped derivative spectra. Y has some interference 
at an amplitude of derivative peak (P) of X (λ1), while X doesn’t show 
any contribution at another wavelength (λ2). Quantitative estimation 
of X in the mixture (X+Y) was carried out by subtracting the 
amplitude due to Y at the peak amplitude of X using experimentally 
calculated amplitude factor.  

Amplitude summation method (A-Sum) 

This novel method [14]  is applied for a mixture of X and Y, where X 
and Y spectra show isoabsorption point at the zero spectrum; while 
first derivative spectra (D) Y shows no contribution of X at a certain 
wavelength. By calculating the first derivative spectra (D) of equal 
concentration of X and Y, at equal path length. It was found that the 
D spectra intersect at an isosbestic point at a wavelength which 
shows shift from the isoabsorption point in zero order spectra. 

Since X and Y interfere at λiso and X doesn’t show any contribution at 
another wavelength λ2, so the postulated amplitude of Y in the 
mixture at λiso can be calculated using response factor between the 
two proposed wavelengths. The amplitude corresponding to X could 
be calculated by the difference between recorded amplitude 
corresponding to total (X+Y) and the postulated amplitude 
corresponding to Y.  

Simultaneous derivative ratio spectrophotometry (S1DD) 

This method [31]  was modulated to be simultaneous by coupling 
with amplitude modulation theory. Before the derivatization step 
took place, the total concentration was firstly determined at the 
isoabsorption point of the ratio spectrum using the normalized 
spectrum as a divisor. Then derivative of these ratio spectra was 
obtained to remove the constant generated in the division spectrum. 
Moreover, optimization of the proposed method was simpler than 
the traditional 1DD method, in which the influence of the divisor 
concentration was eliminated. 

Derivative compensation ratio via regression equation 

This is a new modification [24]  of derivative compensation ratio 
[23, 32] , the regression equation represent the graphical method 
was computed, the concentration of (X) could be determined after 
substitution in it using the average of standard amplitude ratio.  

In derivative compensation, ratio method is used when the absorption 
curves of the 2 components (X) and (Y) overlap to a large extent or when 
analysis of a minor component in the presence of a major component 
represents a problem, the balance point or the graphical method can be 
adopted. Under these conditions, the absorption spectrum of a mixture 
of two drugs (X) and (Y) assumed to possess gross curve which has no 
characteristics of either of the pure compounds. 

The graphical method enhances the drawback of balance points such 
as tedious procedure and several uses of a standard solution of the 
pure sample but still has an error in measuring the concentration of 
the drug of interest from the graph which was eliminated by this 
new modification via computation of a regression equation. 

The method consists of plotting the above-mentioned D1amplitude 
ratios of the mixture against the concentration of the drug (x) in the 
reference cell where a line with very slight curvature is obtained. 
The concentration of the drug (x) is calculated from the graph as it is 
the concentration corresponding to the amplitude ratio of the 

mixture which is equal to the standard amplitude ratio of the pure 
component (y) previously determined as the mean amplitude ratio 
(Da/Db) obtained from derivative spectra of pure (y) at different 
concentration. 

Differential dual wavelength (D1DWL) 

This novel method [33]  was applied for the analysis of binary 
mixture Y and Z or ternary mixture X, Y and Z using their derivative 
spectra at zero contribution of X while the interference of the third 
one was eliminated by the difference between two points shows 
equal amplitudes on the mixture spectra.  

This novel method was applied when the principle of the 
conventional dual-wavelength isn’t fulfilled on the zero order 
absorption spectrum since no two points showing the equal 
absorbance of the interfering substance so it could be applied on the 
derivative spectrum with equal amplitudes of interfering substance. 

The advantage of this novel method over conventional dual 
wavelength method that it applied on derivative spectrum of the 
mixture thus enhance resolution between peaks where the influence 
of one component in the mixtures either binary or ternary can be 
eliminated by applying derivative technique while the interference 
of the third one was eliminated by difference between two points 
shows equal amplitudes of the interfering substance on the mixture 
spectra. 

Differential derivative ratio (D1DR) 

A novel method [33]  was applied for the analysis of ternary mixture 
after resolution using the derivative technique to resolve the 
severely overlapped spectra followed by differential derivative ratio 
method using derivative spectra instead of the zero order spectra in 
the conventional derivative ratio. This novel method was applied for 
the analysis of ternary mixtures where the zero order absorption 
spectra of cited components were severely overlapped, while the 
first derivative spectrum of two of them was overlapped at zero 
contribution of the third one. In the new approach, derivative ratio 
was applied using the first derivative spectra.  

Differential derivative ratio method for the resolution of ternary 
mixtures had an advantage over derivative ratio method that it was 
more reliable with respect to utility and sensitivity without 
searching for the critical point either zero crossing point or 
coincident point for the separated peaks, the maximum amplitude of 
the separated peaks could be measured. In addition, D1DR overcame 
the main disadvantages of successive derivative ratio 
spectrophotometry for the analysis of ternary mixture that it 
required the use of multiple manipulating steps and multiple 
divisors. 

Successive derivative subtraction coupled with constant 
multiplication (SDS-CM) 

Lotfy et al. [34]  introduced this method which could be applied for a 
ternary mixture of X, Y and Z, the zero order absorption spectra of 
cited components were severely overlapped while, their derivative 
spectra were partially overlapped where, derivative spectrum of Z 
was more extended than Y which was in turn more extended than X. 
so we could eliminate them one by one using the derivative spectra 
of Z, Y respectively. The less extended component was determined 
through constant subtraction followed by constant multiplication, 
and so on. The concentration of each component was calculated 
using the regression equation representing the correlation between 
the peak to peak amplitudes of derivative spectra (Pmax-min) versus 
the corresponding concentration of X, Y and Z. This method could be 
coupled with a step of the constant center method [23] namely, 
constant multiplication [18] and was applied for ternary [24] and 
binary mixtures [25]. 

Derivative transformation (DT) 

This novel method [35]  is applied in order to transform the 
derivative spectrum to its original zero order absorption spectrum. 
Dividing the obtained first derivative spectrum of X by the derivative 
of normalized spectrum of pure X and multiplying the obtained 
spectrum or its amplitude (which is a constant represents its 
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concentration) by the normalized spectrum of pure X (ax); the zero 
order absorption spectrum of X [aXCX] is obtained that could be used 
either for resolution or determination of X. This can be formulated in 
the following equations:  

 (d/dλ)[axCx]/(d/dλ)[ax] 

[Cx]/* [ax] 

[axCx] 

These steps could be summarized by using a decoding spectrum 
[ax]/(d/dλ) [ax] which is a new spectrum obtained by dividing the 
normalized spectrum by its derivative. After multiplying the 
derivative spectrum of X by the decoding spectrum; the original zero 
order absorption spectrum of X is obtained. 

  [axCx] = (d/dλ)[aXCX]/([ax]/(d/dλ)[ax]) 

This decoding spectrum is the same for all the concentrations of 
pure X. 

The reported applications of the previous novel methods based on 
derivative spectrophotometry are listed in table 2. 

Method applied on the ratio spectra 

Recently several manipulating ratio spectra methods were 
developed for solving binary and ternary mixtures. The ratio spectra 
involve dividing the spectrum of the mixture by the standardized 
spectra of one analyte as a divisor. Several manipulating techniques 
were applied to ratio spectra as follows:  

Methods based on subtraction of the amplitudes of ratio spectra 

Ratio subtraction method (RSM) 

This recently developed smart ratio subtraction method (RSM) [36]  
could be applied for the determination of several drugs in their 
binary mixtures without prior separation and has been applied for 
the determination of certain drugs in the presence of their 
degradation product. It based on the extension of zero order 
absorption spectrum of one of the components where the constants 
was measured at the extended part. The original spectrum of the 
less extended drug could be obtained after subtraction constant then 
multiplying the obtained spectrum by the divisor.  

Successive ratio subtraction (SRS) 

This method was recently adopted for the analysis of ternary 
mixture as successive ratio subtraction (SRS) [34] . If we have 
ternary mixture of X, Y and Z, where one of them is more extended 
than second, and consequently the third shows the more extended 
spectrum than both, so we can eliminate one of them by ratio 
subtraction, then the less extended drugs were determined as a 
binary mixture or eliminate them one by one using successive ratio 
subtractions and the less extended drug was determined at its 
maxima. 

Extended ratio subtraction method (EXRSM) 

Lotfy and Hegazy [37]  introduced the extended ratio subtraction 
method (EXRSM) and it is successfully applied for the analysis of 
binary mixtures. It starts with the ratio subtraction method (RSM). 
To determine the second component (Y), an extension of the already 
developed method has been established as a new approach in which 
Y could be determined by dividing the obtained D0 spectrum of X by a 
known concentration of X as a divisor (X') to get the value that 
represents X/X' = constant. Dividing the spectrum of the mixture (X+Y) 
by the same divisor (X'), the division will give a new curve that 
represents X/X'+Y/X' where X/X' is the previously obtained constant. 
If we subtract this constant, then multiply the obtained curve after 
subtraction by X' (the divisor), therefore we can obtain the zero order 
absorption spectrum (D0) of Y (original spectrum of Y). 

Simultaneous ratio subtraction method (SRSM) 

The novel method [38]  depends on that, if you have a mixture of 
two drugs X and Y having overlapped spectra, you can determine X 
by dividing the spectrum of the mixture by a known concentration of 

Y as a divisor (Y'). The division will give a new curve that represents
tcons

Y
X tan

'
+

. If we measure this constant 'Y
Y

at the extended part, 

then new curve 'Y
X

obtained after subtraction the constant. The 
concentration of X or Y is calculated using the regression equation 
representing the correlation between the amplitudes of ratio spectra 

'Y
X

or 'X
X

and the corresponding concentration of X or Y in µg/ml. 

In addition, for obtaining the second component (Y), another 
extension of the already developed method has been established as a 
new approach in which Y could be determined by multiplication of 
Y' divisor by the previously obtained constant. Therefore we can 
obtain the D ° curve of Y again.  

The concentration of Y is calculated from the corresponding 
regression equation (obtained by plotting the absorbance values of 
the zero order curves of Y at its λmax against the corresponding 
concentrations). 

By selecting two wavelengths (λ1 and λ2) on the obtained ratio 
spectrum and subtracting the amplitudes at these two points the 
constant Y/Y' will be cancelled along with any other instrumental 
error or any interference from the sample matrix. 

The reported applications of the previous novel methods based on 
ratio subtraction are listed in table 3.  

Methods based on amplitude difference of the ratio spectra 

Ratio difference spectrophotometric method (RDSM) 

Lotfy and Hegazy [37]  introduced the ratio difference 
spectrophotometric method (RDSM) and it is successfully applied 
for the analysis of binary and ternary mixtures after resolution, in 
which the amplitude difference between two points on the ratio 
spectra of a mixture is directly proportional to the concentration of 
the component of interest, where the independence of the 
interfering component is the basic principle of the ratio difference 
method. 

Constant center spectrophotometric method (CCSM) 

The constant center method [39]  consisted of two steps 
complementary to each other namely constant calculation via 
amplitude difference method followed by constant multiplication. 
The first step constant calculation via amplitude difference method 
depends on that, if you had a mixture of two drugs X and Y having 
overlapped spectra, you could determine the two components X or Y 
separately by dividing the spectrum of the mixture by a known 
concentration of X or Y as a divisor. The zero order absorption 
spectrum of X (D °) or Y (D °) (original spectrum of X or Y) could be 
obtained via the second step which called the constant 
multiplication step by multiplying the obtained constant value by 
the proper divisor. The concentration of X or Y could be calculated 
using its corresponding regression equation representing the linear 
relationship between the absorbance values of the zero order curves 
of cited drug at its λmax. 

Constant center coupled with spectrum subtraction (CC-SS) 

This novel approach [25]  could be applied for binary mixture using 
one divisor for determination of Y by the previously described 
constant center method then the other component could be obtained 
by using spectrum subtraction method, by subtracting the obtained 
spectrum of Y from the spectrum of the mixture (X+Y) as, therefore 
we can obtain the D ° spectrum of X again. The concentration of X is 
calculated from the corresponding regression equation obtained by 
plotting the absorbance values of the zero order absorption spectra 
of X at its λmax against the corresponding concentrations. 

Constant value via amplitude difference (CV-AD) 

This method which was a step in the constant center method [39]  
and center amplitude method [40] . It was applied successively as a 
novel method for the analysis of mixtures showing no spectrum 
extension to get the zero order absorption spectra of the cited drugs 
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and it was recently applied to analyze the spectra of overlapped 
spectra progressively on the same ratio spectra. If we had a mixture 
of X, Y and Z, where Y and Z were severely overlapping and more 
extended than X so we could determine Z using mathematical 
techniques utilizing the constants. The concentration of Z was 
calculated using the regression equation representing the 
correlation between the amplitudes of ratio spectra Z/Z' and the 
corresponding concentration of Z. 

Constant value (CV) 

The constant value method was one of the two complementary steps 
of constant center method [39]  and it was recently used for the 
analysis of mixtures either binary or ternary mixtures based on the 
analysis of Z in the ternary mixture of X, Y and Z where Z was more 
extended than Y and X, on dividing with a divisor curve Z' a constant 
was obtained from the plateau region parallel to the x-axis (Z/Z'). 
The concentration of Z was calculated using the regression equation 
representing the correlation between the amplitudes of ratio spectra 
Z/Z' at extended region and the corresponding concentration of Z at 
zero contribution of X and Y. 

Amplitude center method (ACM) 

The center amplitude method [40]  depends on the progressive 
determination of three components in their ternary mixture through 
the same ratio spectrum via their corresponding amplitudes using 
single divisor. It consists of three stages complementary to each 
other namely; amplitude calculation, amplitude factor calculation 
and finally amplitude subtraction. Each of the mentioned methods 
was separately presented in previously reported 
spectrophotometric methods [30, 38, 39]  which were applied for 
the analysis of binary mixtures only. Those three methods were 
combined together for the analysis of ternary mixtures for the first 
time under the name of center amplitude method. This novel 
method can be applied for a ternary mixture of X, Y and Z with 
partially or severely overlapped spectra. i.e. at λ1 and λ2, Y and Z 
spectra shows certain overlapping with no contribution of X, while 
all spectra are overlapped spectra at λ3. 

The reported applications of the previous novel methods based on 
ratio amplitude difference are listed in table 4.  

Method based on modulation of the amplitudes of ratio spectra 

Amplitude modulation method (AM) 

The method is a novel manipulating ratio spectrum method [13, 14]  
using a normalized spectrum of the divisor obtained by dividing the 
certain spectrum of the component by its concentration. For a binary 
mixture, where one of its components is more extended than other one 
and the two components shows isoabsorption point at the zero 
spectrum and consequently retained as an isosbestic point at the ratio 
spectrum. Dividing the spectrum by the absorptivity curve of the 
extended component, the amplitude will be modulated to concentration. 

Advanced amplitude modulation method (AAM) 

This new extension (AAM) [8]  can be applied for the analysis of 
severely overlapping spectra of binary mixtures and the two 
components shows isoabsorption point at the zero spectrum and 
consequently retained as an isosbestic point at the ratio spectrum. 
Two approaches can be adopted to calculate the concentrations of 
two components. The first approach can be obtained via 
mathematical calculation of the difference between isosbestic point 
(isoabsorption point in the ratio spectrum) and another point on the 
ratio spectrum then the iso-point regression equation could be used 
for the determination of both component. 

The second approach adopted to calculate the concentrations of 
binary mixtures is done by coupling the amplitude modulation 
method together with the constant center method [25, 39, 41] . This 
approach starts with calculating the difference of ratio amplitudes of 
different concentrations of one component at two selected 
wavelengths; one of them is λiso while the other is λ2; where both 
spectra show overlap; using a normalized concentration of one as a 
divisor then the iso-point regression equation could be used for the 
determination of both component. 

Induced amplitude modulation method (IAM) 

Another approach concerning the same principle of the previously 
discussed amplitude modulation method is induced amplitude 
modulation [8] . This novel approach is introduced to calculate the 
concentrations of X and Y in their mixtures with severely or partially 
overlapping spectra, where X and Y either exhibit an isoabsorption 
point with low absorptivity or due to lack of isoabsorption point, 
which either causes error in the determination of concentrations 
using this point or hinder the application of amplitude modulation 
method (AM) or advanced amplitude modulation method (AAM). 

This novel method starts with the constant center method [25, 39, 
41]  through computing a regression equation representing the 
linear relationship between the difference of ratio amplitudes of 
different concentrations of pure Y at two selected wavelengths; one 
of them is that with the highest amplitude value in the ratio 
spectrum Pmax while the other is λ2; where both spectra X and Y 
show overlap; using a normalized concentration of X' as a divisor, 
versus the corresponding ratio amplitude of Y at λmax. 

The applications of the previous novel methods based on amplitude 
modulation are listed in table 5.  

Methods based on computed geometrical representation of 
amplitudes of ratio spectra 

Geometrical amplitude modulation method (GAM) 

Lotfy et al. [22]  introduced a new approach which is applied to 
determine the concentration of the minor component X in the 
presence of the major component Y. It is based on the geometric 
representation of the effect of the standard addition of X on the 
response of the binary mixture of (X and Y), and the interpretation 
of this result as a regression equation. The method is a novel radio 
spectrum manipulating method using a normalized spectrum of the 
divisor obtained by dividing the certain spectrum of Y` component 
by its concentration.  

a) In case of component, Y is more extended than component X 

By using the normalized spectrum of Y′ as a divisor, two points were 
selected in the overlapped region of the ratio spectra of X and Y (P1 
and P2) were recorded. By calculating the difference ΔP (P1 − P2), 
the following equation was obtained:  

∆𝑃𝑃 = [ 𝛥𝛥𝛥𝛥𝛥𝛥 𝛥𝛥𝑎𝑎� . 𝐶𝐶𝛥𝛥(𝛥𝛥𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎) ] + [ 𝛥𝛥𝛥𝛥𝛥𝛥 𝛥𝛥𝑎𝑎� . 𝐶𝐶𝛥𝛥(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) ] 

Where ΔaX is equivalent to the difference of absorptivities of X 
component (aX1− aX2). 

Practically, equation (4) can be mathematically obtained from the 
regression equation representing the linear geometric relationship 
between the differences of ratio amplitudes (ΔP) versus the added 
(X) concentration (CX added): 

∆𝑃𝑃 = M1. 𝐶𝐶𝛥𝛥(𝛥𝛥𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎) ]+A 

Where (M1) is the slope which is equal to (𝛥𝛥𝛥𝛥𝛥𝛥 𝛥𝛥𝑎𝑎� ) and (A) is the 
intercept which is equal to [ 𝛥𝛥𝛥𝛥𝛥𝛥 𝛥𝛥𝑎𝑎� . 𝐶𝐶𝛥𝛥(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) ]. 

So by the extrapolation of the linear geometric representation of ΔP 
versus Cx added, the concentration of CX minor in mixture can be 
directly determined, through the following equation:  

𝐴𝐴
𝑀𝑀1�  = 𝐶𝐶𝛥𝛥(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) 

For the determination of major component Y [Cy major], amplitude 
modulation method is done through the direct recording of the 
constant value (Pconst) using radio spectrum which is a straight line that 
is parallel to the wavelength axis in the region where Y is extended. 

b) In case of X and Y are showing severely overlapping spectra 
with an isosbestic point  

By using the normalized spectrum of Y′ as a divisor, two points are 
selected in the overlapped region of the ratio spectra of X and Y 
including the isosbestic point (Piso and P2) and the difference was 
calculated as follows:  
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∆𝑃𝑃 = [ 𝛥𝛥𝛥𝛥𝛥𝛥 𝛥𝛥𝑎𝑎� . 𝐶𝐶𝛥𝛥(𝛥𝛥𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎) ] + [ 𝛥𝛥𝛥𝛥𝛥𝛥 𝛥𝛥𝑎𝑎� . 𝐶𝐶𝛥𝛥(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) ] 

Where ΔaX is equivalent to the difference of absorptivities of X 
component (aXiso− aX2). 

By using the extrapolation of linear geometric representation of ΔP 
versus added Cx, CX(minor) in the mixture can be directly determined as 
shown before in the previous equations. 

The extrapolation of linear geometric representation of Piso versus 
added Cx will directly represent the sum of (𝐶𝐶𝛥𝛥(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) + 𝐶𝐶𝑎𝑎), So 𝐶𝐶𝑎𝑎 
could be determined by difference between two extrapolations of 
linear geometric representation of Piso and ∆P(Piso– P1) as 
summarized in the following equations:  

[𝐶𝐶𝑎𝑎 ] = 𝐵𝐵 𝑀𝑀2�  − 𝐴𝐴 𝑀𝑀1�  

Where (M2) is the slope which is equal to (𝛥𝛥𝛥𝛥 𝛥𝛥𝑎𝑎� ) and (B) is the 
intercept which is equal to [ 𝛥𝛥𝛥𝛥 𝛥𝛥𝑎𝑎� . (𝐶𝐶𝛥𝛥(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) + 𝐶𝐶𝑎𝑎 ].  

Geometrical induced amplitude modulation method (GIAM) 

The method [22]  is an extension of the novel (GAM) using a 
normalized spectrum of the major component Y` as a divisor in 
order to determine minor component X. This method could be 
applied for a mixture of X and Y with severely overlapping spectra, 
where X and Y shows a large difference in their absorptivities, and 
hence no isoabsorption point exists at the zero spectrum. So the 
absorptivity factor is calculated for X and Y (aX/aY = F) [18, 42] . So 
instead, two wavelengths of the radio spectrum were selected 
(𝑃𝑃𝑃𝑃 𝛥𝛥𝑚𝑚𝑎𝑎 𝑃𝑃2) where 𝑃𝑃𝑃𝑃 is the absorptivity factor point. By calculating 
the difference ∆𝑃𝑃 = 𝑃𝑃𝑃𝑃 ─ 𝑃𝑃2 

∆𝑃𝑃 = [ 𝛥𝛥𝛥𝛥𝛥𝛥 𝛥𝛥𝑎𝑎� . 𝐶𝐶𝛥𝛥(𝛥𝛥𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎) ] + [ 𝛥𝛥𝛥𝛥𝛥𝛥 𝛥𝛥𝑎𝑎� . 𝐶𝐶𝛥𝛥(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) ] 

Where ΔaX is equivalent to the difference of absorptivities of X 
component (aX1− aX2). 

By calculating the extrapolation of linear geometric representation 
of ΔP versus added Cx, CX(minor) in the mixture can be directly 
determined as in GAM. 

By calculating the difference between two extrapolations of (Pf-∆P) 
which is the difference between equations:  

𝐵𝐵
𝑀𝑀2�  − 𝐴𝐴 𝑀𝑀1�  = 1

F
 [Cy] 

and then by multiply the obtain concentration by the absorptivity 
factor (F), the concentration of the major component Y can be 
obtained as shown in the following equation:  

[𝐶𝐶𝑎𝑎] = 𝐵𝐵 𝑀𝑀2�  − 𝐴𝐴 𝑀𝑀1�  * 𝐹𝐹 

Where and (M2) is the slope which is equal to (𝛥𝛥𝛥𝛥 𝛥𝛥𝑎𝑎� ) and (B) is the 
intercept which is equal to [𝛥𝛥𝛥𝛥 𝛥𝛥𝑎𝑎� . (𝐶𝐶𝛥𝛥(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) + 𝐶𝐶𝑎𝑎 ]. Since the 
measurements are done at at λf (aX/aY = F), so (M2) will be 
equivalent to the absorptivity factor (F), while (B) will be equivalent 
to[(𝐹𝐹.𝐶𝐶𝛥𝛥(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) + 𝐶𝐶𝑎𝑎(𝑚𝑚𝛥𝛥𝑚𝑚𝑚𝑚𝑚𝑚)]. 

Ratio H-point standard addition method (RHSAM)  

This method has the same theoretical background of the 
conventional H-point standard addition method which is done by 
plotting the absorbance at the two selected wavelengths versus the 
added analyte concentration (X), where the interfering substance 
(Y) exhibits the same absorbance, two straight lines are obtained 
that have a common point with coordinates H (−CH, AH), where CH is 
the unknown analyte concentration, and AH is the analytical signal 
due to the interferant (Y). The method has been applied to binary 
mixtures of drugs with overlapped absorption spectra [43-45] .  

By introducing a new modification which is using the normalized 
spectrum of (Y) as the divisor [31, 46] , the determination of both 
components (X) and (Y) is done using the peak amplitudes of the 
ratio spectra at any two wavelengths along the ratio spectra to be 
plotted versus the added concentrations of component (X), and the 
two straight lines obtained will intercept at the so-called RH point 
having (–CRH; PRH), where CRH is the unknown analyte concentration 

(𝐶𝐶𝛥𝛥) and PRH is equivalent to the concentration of interfering 
component (𝐶𝐶𝑎𝑎). The concentrations of X and Y can be calculated 
mathematically through the following equations:  

𝐶𝐶𝛥𝛥 =  (𝐵𝐵 − 𝐴𝐴)
(𝑀𝑀1 −𝑀𝑀2)�  

𝐶𝐶𝑎𝑎 =  (𝑀𝑀1 𝐵𝐵 −𝑀𝑀2 𝐴𝐴)
(𝑀𝑀1 −𝑀𝑀2)�  

Where M1 and M2 are the slopes of the standard addition calibration 
lines obtained on applying the RHPSAM at λ1 and λ2, respectively; A 
and B are the intercepts of the two regressions, such that A = 
(X/Y′)1+(Y/Y′) and B = (X/Y′)2+(Y/Y′). 

The applications of the previous novel methods based on computed 
geometrical representations are listed in table 6.  

Methods based on mean centering of amplitudes of ratio 
spectra 

Mean centering of ratio spectra method [47-49]  in which both 
binary and ternary mixtures could be determined without previous 
separation. In this method the ratio spectra are obtained after which 
the constant is removed by mean centering of the ratio spectra, 
while for the ternary mixture an extra step was performed where 
the mean centered ratio spectra is further divided by the mean 
centered vector of the other two components, then the second ratio 
spectra was mean centered. 

Mean centering using the geometric mean 

A new approach was applied [50]  where data transformation in 
mean centering of ratio spectra method was done using the 
geometric mean rather than the arithmetic mean which is a better 
measure of central tendency, and this was done by taking the 
logarithm of each data point. 

Pure component contribution algorithm (PCCA) 

Another novel approach namely, pure component contribution 
algorithm (PCCA) was described for extracting components’ 
contribution from severely overlapped signals [51] . It is based on 
the development of a code function which eliminates the signal of 
interfering components using mean centering as a processing tool; 
finally, the pure contribution of each component is extracted. The 
algorithm allows the determination of each component as a single 
one. 

Continuous wavelet transform (CWT) 

Another different aspect of ratio manipulation is wavelet transform. 
It is a very powerful recent tool in signal processing. It is similar to 
fourier transform with the advantage of having many basic functions 
called wavelets while the basic functions in fourier transform are the 
trigonometric functions (sine and cosine). Continuous wavelet 
transform (CWT) has been used over the past decade in many areas 
like de-noising, smoothing, data compression and quantitative 
analysis of multicomponent systems [52-54] . Due to the presence of 
a large number of basic wavelets, wavelet transform provides a 
solution for almost all chemistry problems with one or more of its 
wavelets by choosing the suitable scaling parameter.  

The applications of the previous novel methods based on mean 
centering and wavelet transformation are listed in table 7. 

The application of each of the previous methods requires certain 
conditions. The methods can be applicable or not according to the 
nature of the components’ spectral profiles. The advantages and 
limitations of each method were listed in Tables 8-10. 

CONCLUSION 

The last decade (2006-2016) witnessed the most remarkable 
development in the field of ultraviolet (UV) spectroscopy. The 
incorporation of the mathematical calculations leads to discovering 
new pathways for the application of UV spectroscopy in the field of 
analysis. At the beginning of this decade, mainly derivative 
spectrophotometry was commonly used; but through this 10 y, 
different manipulating spectrophotometric techniques were 
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established and the recent UV spectrophotometric techniques were 
found. The proposed methods are timesaving, economical and 
environmentally friendly since no chemical reagents or harmful 
organic solvents were used. Compared to the conventional 
reported spectrophotometric methods for this mixture, the 
proposed method is advantageous regarding simplicity of 
operation and sensitivity of measurement. The developed methods 
do not require elaborate treatment, sophisticated experimental 
steps or consumption of organic solvents usually associated with 

HPLC and HPTLC methods of analysis; however, the developed 
methods have the specific advantage of separation methods and 
obviously can be applied in complex mixtures with partially and 
severely overlapped spectra. The applicability of the developed 
methods was evaluated through the determination of this drug 
combination in pharmaceutical formulations with good accuracy 
and precision; therefore, it can be excellent alternatives to other 
hyphenated analytical techniques. 

 
Table 1: Examples for applications of methods based zero order absorption spectra 

Method Applications Ref 
Induced dual wavelength (IDW) Hydrocortisone acetate and Fusidic acid. [8]  
Dual wavelength resolution technique (DWRT) Hydrocortisone acetate and Fusidic acid. [8]  
Absorption factor method (AFM) Ramipril and Olmesartan medoxomil. [12]  

Simvastatin and Ezetimibe. [38]  
Sodium cromoglicate and fluorometholone. [42]  
Celecoxib and Diacerein. [55]  

Absorbance subtraction (AS) Chloramphenicol, dexamethasone sodium phosphate and tetryzoline HCl [14]  
Timolol maleate and dorzolamide [13]  
Amlodipine, Hydrochlorothiazide and Valsartan [56]  
Paracetamol and dantrolene sodium [57]  
Esomeprazole magnesium trihydrate and Naproxen [58]  
Mebeverine HCl and chlordiazepoxide [35]  
Moexipril hydrochloride and hydrochlorothiazide [59]  
Flucloxacillin and amoxicillin [60]  

Advanced absorbance subtraction (AAS) Chloramphenicol and prednisolone acetate [17]  
Absorptivity factor method  
(a-factor) 

Salmeterol xinafoate and Fluticasone propionate [18]  
Sodium cromoglicate and fluorometholone. [42]  
Amlodipine, Valsartan and Hydrochlorothiazide [56]  
Perindopril arginine and amlodipine besylate [61]  

Area under the curve correction method (AUC-CM) Ofloxacin, prednisolone acetate and tetryzoline HCl. [19]  
Compensated area under the curve method (CAUC) Prednisolone acetate and tetryzoline HCl. [22]  

Sodium cromoglicate and tetryzoline HCl. [22]  
Spectrum subtraction (SS) Beclomethasone dipropionate and salbutamol  [25]  

lidocaine HCl, flucortolone pivalate and chlorquinaldol  [33]  
Betamethasone valerate and fusidic acid [62]  
Chloramphenicol and prednisolone acetate [17]  
Omeprazole, Tinidazole and Doxycycline [63]  
Mebeverine HCl and chlordiazepoxide [35]  

 
Table 2: Examples for applications of methods based on derivative spectra 

Method Applications Ref 
Amplitude subtraction (AS) Sitagliptin phosphate and metformin HCl [64]  

Lidocaine HCl, Calcium Dobesilate, and Dexamethasone Acetate [30]  
Modified amplitude subtraction (MAS) Sitagliptin phosphate and metformin HCl [64]  

Lidocaine HCl, Calcium Dobesilate, and Dexamethasone Acetate [30]  
Amplitude factor (P-factor)  Lidocaine HCl, Calcium Dobesilate, and Dexamethasone Acetate [30]  

Chloramphenicol, dexamethasone sodium phosphate and 
tetryzoline HCl 

[14]  

Sitagliptin phosphate and metformin HCl [64]  
Omeprazole, Tinidazole and Doxycycline [63]  

Amplitude summation method (A-Sum) Chloramphenicol, dexamethasone sodium phosphate and 
tetryzoline HCl 

[14]  

Ascorbic acid and rutin. [65]  
Simultaneous derivative ratio spectrophotometry (S1DD) Orphenadrine and Paracetamol [31]  

Dimenhydrinate and Cinnarizine [66]  
Modified Graphical method via Regression Equation Sodium cromoglicate andxylometazoline HCl [24]  
Differential dual wavelength (D1DWL) lidocaine HCl, fluocortolone pivalate and chlorquinaldol. [33]  
Differential derivative ratio (D1DR) lidocaine HCl, flucortolone pivalate and chlorquinaldol. [33]  
Successive derivative subtraction coupled with constant multiplication 
(SDS-CM) 

lidocaine HCl, calcium dobesilate and dexamethasone acetate [34]  
Chloramphenicol, dexamethasone sodium phosphate and 
tetryzoline HCl 

[40]  

lidocaine HCl, flucortolone pivalate and chlorquinaldol. [33]  
chloramphenicol and dexamethasone sodium phosphate  [67]  

Derivative transformation (DT) Mebeverine hydrochloride andchlordiazepoxide [35]  

 



Saleh et al. 

Int J Pharm Pharm Sci, Vol 8, Issue 10, 40-56 
 

48 

Table 3: Examples for applications of methods based on subtraction of the amplitudes of ratio spectra 

Method Applications Ref 
Ratio subtraction method (RSM) Vincamine in the presence of its acid degradation product. [36]  

Cinnarizine and nicergoline. [36]  
Almitrine dismesylate and raubasine.  [68]  
Metronidazole and diloxanide furoate. [15]  
Moexipril hydrochloride and hydrochlorothiazide. [69]  
Fosinopril and hydrochlorothiazide. [69]  
Irbesartan and hydrochlorothiazide [70]  
Fluconazole in the presence of its oxidative degradation product [71]  
Ofloxacin and Dexamethasone [72]  
Cefepime hydrochloride in the presence of its acid and alkaline degradation products [73]  
Ezetimibe and Atorvastatin Calcium [74]  
Metoclopramide hydrochloride and paracetamol. [75]  
Olmesartan, Amlodipine and Hydrochlorothiazide. [76]  
Perindopril and Indapamide. [77]  
Timolol maleate and dorzolamide hydrochloride. [13]  
Hydrochlorothiazide and Amiloride hydrochloride [78]  
Tiemonium methyl sulphate in the presence of its acid degradate [79]  
Naproxen Sodium and Domperidone Maleate [80]  
Ciprofloxacin hydrochloride and dexamethasone sodium phosphate [81]  
Ambroxol hydrochloride and doxycycline [82]  
Domperidone and Ranitidine  [83]  
Cefixime Trihydrate in the Presence of its Acid and Alkali Degradation products [84]  
Ascorbic Acid and Rutin [65]  

Successive ratio subtraction (SRS) Lidocaine HCl, calcium dobesilate and dexamethasone acetate [34]  
Hydroquinone, tretinoin, hydroquinone degradation, 1,4 benzoquinone and 
methylparaben. 

[85]  

Lidocaine hydrochloride, flucortolone pivalate and chlorquinaldol. [33]  
Lidocaine HCl, calcium dobesilate and dexamethasone acetate [30]  

Extended ratio subtraction method (EXRSM) Omeprazole, Tinidazole and clarithromycin [37]  
Sodium cromoglicate and Fluorometholone [41]  
Chlorphenoxamine HCl and caffeine [86]  
Timolol maleate and dorzolamide HCl [13]  
Ciprofloxacin HCl and Hydrocortisone [16]  
mebeverine HCl and chlordiazepoxide [35]  
Methocarbamol and Paracetamol [87]  
Lidocaine hydrochloride, flucortolone pivalate and chlorquinaldol. [33]  
Moexipril and Hydrochlorothiazide [88]  
Simvastatin and ezetimibe [38]  
Allopurinol (ALP) and BenzbromaroneAllopurinol (ALP) and Benzbromarone 
Allopurinol and Benzbromarone 

[89]  

SimvasStatin (SM) andS 
Simvastatin and Sitagliptin 

[89]  

Simultaneous ratio subtraction method (SRSM) Simvastatin and ezetimibe [38]  
Timolol maleate and dorzolamide HCl [13]  
Domperidone and Ranitidine [83]  

 

Table 4: Examples for applications of methods based amplitude difference of ratio spectra 

Method Applications Ref 
Ratio difference spectrophotometric method (RDSM) Omeprazole, Tinidazole and clarithromycin [37]  

Retinoic acid and hydroquinone [90]  
Brimonidine tartarate and timolol maleate [91]  
Sodium cromoglicate and Fluorometholone [92]  
Ciprofloxacin HCl and Hydrocortisone [16]  
Ofloxacin and Dexamethasone [72]  
Chlorphenoxamine HCl and caffeine [86]  
Timolol and dorzolamide [13]  
Fluconazole in the presence of its oxidative degradation product [71]  
Hydrochlorothiazide and amiloride HCl [78]  
Naproxen Sodium and Domperidone Maleate [80]  
Ciprofloxacin hydrochloride and dexamethasone sodium phosphate [81]  
Ascorbic Acid and Rutin [65]  
Simvastatin and ezetimibe [38]  
Rabeprazole sodium and Domperidone [93]  
Itopride HCl and Rabeprazole sodium [94]  
Chlorpheniramine maleate, Pseudoephedrine HCl and Ibuprofen [95]  
Cefprozil and its alkaline-induced degradation product [96]  
Cinnarizine and dimenhydrinate [97]  
Flumethasone pivalate and clioquinol [98]  
Irbesartan and Hydrochlorothiazide [99]  
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Buflomedil in Presence of its Acid Induced Degradation Products [100]  
Chloramphenicol and dexamethasone sodium phosphate [67]  
Ibuprofen and famotidine [101]  
Paracetamol and dantrolene sodium [57]  
Gemifloxacin in presence of its acid degradation products. [102]  
Chloramphenicol and prednisolone acetate [17]  
Nicardipine in the presence of its alkaline degradation products [103]  
Esomeprazole magnesium trihydrate and Naproxen [58]  
Cefquinome sulfate in the presence of its degradation products [104]  
Diatrizoate sodium in the presence of its acidic degradation product [105]  
Itraconazole in the presence of Its Oxidative Degradation [106]  
Trimethoprim, Sulphamethoxazole and Oxytetracycline [107]  
Antazoline HCl and Tetryzoline HCl [108]  
Sodium cromoglicate and oxymetazoline HCl [109]  

Constant center spectro-photometric method (CCSM) Simvastatin and ezatimibe [39]  
Sodium cromoglicate and Fluorometholone  [41]  
Rabeprazole sodium and Domperidone [93]  
Irbesartan and Hydrochlorothiazide [99]  
Itopride HCl and Rabeprazole sodium  [94]  
Cinnarizine and dimenhydrinate  [97]  
Chloramphenicol and prednisolone acetate [17]  
Betamethasone valerate and fusidic acid [62]  
Amlodipine besylate and atenolol  [110]  
Diflucortolone valerate and isoconazole nitrate [111]  
Omeprazole, Tinidazole and Doxycycline [63]  

Constant center coupled with spectrum subtraction (CC-SS) Beclomethasone dipropionate and salbutamol  [25]  
lidocaine hydrochloride, flucortolone pivalate in presence of chlorquinaldol [33]  

Constant value via amplitude difference (CV-AD) lidocaine hydrochloride, flucortolone pivalate in presence of chlorquinaldol [33]  
Constant value (CV) mebeverine HCl and chlordiazepoxide [35]  
Amplitude center method (ACM) Chloramphenicol, dexamethasone sodium phosphate and tetryzoline HCl. [40]  

Amlodipine, Valsartan and Hydrochlorothiazide [56]  

 

Table 5: Examples for applications of methods based on modulation of the amplitudes of ratio spectra 

Method Applications Ref 
Amplitude modulation (AM) Simvastatin and ezetimibe [112]  

Timolol and dorzolamide [13]  
Chloramphenicol, dexamethasone sodium phosphate and tetryzoline HCl. [14]  
Flucloxacillin and amoxicillin [60]  
Mebeverine HCl and chlordiazepoxide [35]  
Paracetamol and dantrolene sodium [57]  
Orphenadrine and Paracetamol [31]  

Advanced amplitude modulation (AAM) Hydrocortisone acetate and Fusidic acid  [8]  
Chloramphenicol and prednisolone [17]  

Induced amplitude modulation (IAM) Hydrocortisone acetate and Fusidic acid  [8]  
Sitagliptin phosphate and metformin HCl [64]  

 

Table 6: Examples for applications of methods based on computed geometrical representation 

Method Applications Ref 
Geometrical amplitude modulation (GAM) Prednisolone acetate and tetryzoline HCl. [22]  

Sodium cromoglicate and tetryzoline HCl. [22]  
Geometrical induced amplitude modulation (GIAM) Sodium cromoglicate and tetryzoline HCl. [22]  
Ratio H-point standard addition method (RHSAM)  Itopride hydrochloride and pantoprazole sodium [46]  

Orphenadrine and Paracetamol [31]  
Dimenhydrinate and Cinnarizine [66]  
Prednisolone acetate and tetryzoline HCl. [22]  
Sodium cromoglicate and tetryzoline HCl. [22]  

 

Table 7: Examples for applications of methods based on mean centering and wavelet transformation 

Method Applications Ref 
Mean centering using geometric mean Aspirin, atorvastatin and clopidogrel [50]  
Pure component contribution algorithm (PCCA) Amiloride HCl, Atenolol and Hydrochlorothiazide [51]  
Continuous wavelet transform (CWT) Phospho-and silico-molybdenum blue complexes [52]  

levodopa–benserazide tablets [54]  
Cefoperazone and sulbactam [113]  
Cefprozil in the presence of its alkaline-induced degradation product [96]  
Amlodipine, Aliskiren and Hydrochlorothiazide [114]  
Paracetamol and caffeine [115]  
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Table 8: Advantages and limitations of methods based zero order absorption spectra 

Method Advantages Limitations 
Induced dual 
wavelength (IDW) 

• Can be applied when the conventional dual-wavelength 
method fails. 
• Minimum manipulation using the zero order absorption (no 
divisor) 
• By choosing λmax in the manipulation steps the absorbance 
difference values will be enhanced, which increases the sensitivity 
of the method. 

• Calculation of the equality factor (F). 
• The selection of optimum 2 wavelengths. 

Dual wavelength 
resolution technique 
(DWRT) 

• Recovering the original spectra of the cited drugs which act as 
the spectral profile of them. 
• Enhances the sensitivity of the results using measurements at 
peak maxima.  

• Must be used in complementary to another 
spectrophotometric method such as conventional 
dual wavelength, induced dual wavelength… 

Absorption correction 
method (ACM) 

• The concentrations of X and Y components can calculate 
through a simple equation at λmax. 

• Only applied to mixture of X+Y, where Y shows 
interference at λmax of X (λ1), while X shows no 
interference with Y at (λ2). 
• Calculating absorption factor of pure Y. 

Absorbance 
subtraction (AS) 

• No need for a complementary spectrophotometric method to 
measure the concentration of one of the components.  
• Both components can be determined using unified regression 
equation at λiso. 

• The existence of isoabsorptive point of both 
components and the extension of the spectra of one 
component are a must. 
• Increased risk of error in calculating the 
absorption factor in the case of low concentrations. 

Advanced absorbance 
subtraction (AAS) 

• Can be applied for severely overlap spectra 
• No need for a complementary method to measure the 
concentration of one of the components.  
• Both components can be determined using unified regression 
equation at λiso. 

• The existence of isoabsorption point of both 
components is a must. 
• Increased risk of error in calculating the 
absorption factor in the case of low concentrations. 

Absorptivity factor 
method  
(a-factor) 

• Can be applied where there is a large difference in the 
absorptivity between both components in a mixture so that no 
isoabsorption point occurs. 
• The spectral measurements are done at zero order to obtain 
maximum accuracy and reproducibility. 

• It can be only applied for mixtures where one of 
its components can be measured singly without any 
interference. 

Area under the curve 
correction method 
(AUC-CM) 

• Enhances the sensitivity, compared to absorption correction 
method, as the values of AUC is relatively higher than absorbance 
value for the same component, even in lower concentrations. 
• Simpler than conventional AUC method as there is no need for 
Cramer’s rule. 

• Requires the spectral extension of one 
component over the other one.  

Compensated area 
under the curve 
method (CAUC) 

• Determination of minor component in the presence of major 
one. 
• Providing better sensitivity and prevailing over the 
instrumental noise.  

• Multiple steps as it require several runs for each 
prepared mixture using different concentrations of 
the minor component in the reference cell. 

Spectrum subtraction 
(SS) 

• The zero order D0 spectrum of the second component (Y) is 
obtained through one step. 

• Applied only as a complementary method where 
the zero order D ° spectrum of the first component 
(X) is obtained. 

 

Table 9: Advantages and limitations of methods based on derivative spectra 

Method Advantages Limitations 
Amplitude subtraction (AS) • Simple (one step). • Critical measurements of the amplitudes at the 

selected wavelength. 
• Greatly affected by wavelength increment. 
• The high noise which affects the signal to noise 
ratio. 
• Only applied for partially overlapped spectra of 
X and Y. 

Modified amplitude subtraction 
(MAS) 

• Can be applied for severely overlapped spectra of X 
and Y. 

• Critical measurements of the amplitudes at the 
selected wavelength. 
• Greatly affected by wavelength increment. 
• The high noise which affects the signal to noise 
ratio. 

Amplitude factor (P-factor)  • Simple (one step). • Critical measurements of the amplitudes at the 
selected wavelength. 
• Greatly affected by wavelength increment. 
• The high noise which affects the signal to noise 
ratio. 
• Only applied for partially overlapped spectra of 
X and Y. 

Amplitude summation method (A-
Sum) 

• The shift that occurs for the isosbestic point in 
derivative spectra may lead to correction of the 
interference that may originate from excipients. 

• Critical measurements of the amplitudes at the 
selected wavelength. 
• Greatly affected by wavelength increment. 
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• The high noise which affects the signal to noise 
ratio. 

Simultaneous derivative ratio 
spectrophotometry (S1DD) 

• The normalized spectrum of the divisor is used and 
hence no need for the tedious step of choosing the 
optimum concentration of divisor. 

• Greatly affected by wavelength increment. 
• The high noise which affects the signal to noise 
ratio. 

Derivative compensation ratio via 
regression equation 

• Simpler than graphical method and lower risk of 
error. 

• Multiple steps and time consuming. 
• Requires the spectral extension of one 
component over the other one. 

Differential dual wavelength 
(D1DWL) 

• Applied when the principle of the conventional dual-
wavelength isn’t fulfilled on the zero order absorption 
spectrum. 

• Critical measurements of the amplitudes at the 
selected wavelength. 
• Greatly affected by wavelength increment. 

Differential derivative ratio 
(D1DR) 

• Used for the analysis of the ternary mixture using 
single divisor without searching the critical point at the 
separated peaks. 

• Affected by wavelength increment. 

Successive derivative subtraction 
coupled with constant 
multiplication (SDS-CM) 

• The D1 spectrum of each component in the mixture 
was obtained as that of pure one without any 
interference from other components in the mixture. 
• Higher amplitudes values and subsequently larger 
slope and maximum sensitivity in contrary to those 
obtained by applying derivative technique 

• Limited for ternary mixtures of X, Y and Z, 
where the D spectrum of Z is more extended than Y 
which was in turn more extended than X. 
• The need of a different divisor for each 
component and utilizing different ratio spectra. 

Derivative transformation (DT) • Transform first order spectrum into zero order 
absorption spectra by their corresponding decoding 
spectra. 
• High accuracy, reproducibility, sensitivity and 
ensures the spectrum typical to that of a pure form in its 
spectral profile. 

• Used complementary to derivative 
spectrophotometric methods. 

 

Table 10: Advantages and limitations of methods based on ratio spectra 

Method Advantages Limitations 
Ratio subtraction 
method (RSM) 

• It is able to determine the component of interest at its λmax 
(the spectral measurements are done at zero order to obtain 
maximum accuracy and reproducibility). 
• Obtain spectra typical to that of pure components which 
confirm the spectral profile of each component of interest. 
• No need for special software. 

• Applied only for binary mixtures. 
• Determination of the non-extended component only. 
• Upon analysis of mixtures containing low 
concentrations of the extended component, where the 
calculation of the constant value through plateau region 
was inaccurate due to low signal to noise ratio, which 
resulted in inaccurate recovery percentages for both 
components in the mixtures. 

Successive ratio 
subtraction (SRS) 

• Applied for mixtures of more than 2 components. 
• Same advantages of RS method. 
 

• Upon analysis of mixtures containing low 
concentrations of the extended component, where the 
calculation of the constant value through plateau region 
was inaccurate due to low signal to noise ratio, which 
resulted in inaccurate recovery percentages for both 
components in the mixtures. 

Extended ratio 
subtraction 
method (EXRSM) 

• It is able to determine both extended and non-extended 
components. 
• It is able to determine both components at its λmax (at zero 
order to obtain maximum accuracy and reproducibility). 
• Obtain spectra typical to that of pure components which 
confirm the spectral profile of each component of interest. 
• No need for special software. 

• Upon analysis of mixtures containing low 
concentrations of the extended component, where the 
calculation of the constant value through plateau region 
was inaccurate due to low signal to noise ratio, which 
resulted in inaccurate recovery percentages for both 
components in the mixtures. 

Simultaneous ratio 
subtraction 
method (SRSM) 

• It is able to determine both extended and non-extended 
components. 
• Direct determination through amplitude calculation (No 
multiplication by the divisor step) 
• No need for special software. 

• Upon analysis of mixtures containing low 
concentrations of the extended component, where the 
calculation of the constant value through plateau region 
was inaccurate due to low signal to noise ratio, which 
resulted in inaccurate recovery percentages for both 
components in the mixtures. 

Ratio difference 
spectrophotometric 
method (RDSM) 

• Simple, no need for special software. 
• Complete elimination of the interfering component in the 
form of constant (difference at any two points will be equal to 
zero), no need for critical measurements which leads to 
reproducible and robust results. 
• Reduced manipulating steps (eliminates the step of 
derivative calculation, so signal to noise ratio is enhanced). 

• Results are expressed in amplitude ratio spectra (not 
zero order absorption). 
• Standard solutions of the interfering substance should 
be present to act as a divisor. 
• The choice of the divisor is critical to maximizing 
sensitivity and minimize noise. 

Constant center 
spectrophotometric 
method (CCSM) 

• The spectral measurements are done at zero order to obtain 
maximum accuracy and reproducibility. 
• Obtain spectra typical to that of pure components which 
confirm the spectral profile of each component of interest. 
• Maximum simplicity, as there is no need for special 
software. 
• It’s not limited to analysis of mixtures with extended 

• Additional step then (RSM and RS-EXRSM) which is 
the construction of one linear regression for [P recorded-P 
postulated] for each drug. 
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component (as in RSM); and it’s not affected by background 
noise in lower concentration of divisor’s component (as in RS-
EXRSM), as the constant could be calculated at its maximum 
contribution via subtraction of [P recorded-P postulated], not through 
plateau, where P postulated is obtained from a regression equation. 
• No need for special software. 

Constant center 
coupled with 
spectrum 
subtraction (CC-SS) 

• Same advantages as in CCSM but with less manipulating 
steps 

• Affected by background noise. 

Constant value 
(CV) 

• Direct determination of component by modulating 
amplitude into concentration. 

• Determines the extended component only via its 
normalized divisor. 

Amplitude center 
method (ACM) 

• It requires one divisor only and utilizes the same ratio 
spectrum for the progressive resolution and determination of 
the three components, so it saves time and avoids several 
manipulations.  

• Only applied for ternary mixtures of where two 
components are completely overlapped, but they are 
more extended than the third one. 

Amplitude 
modulation (AM) 

• Reduced manipulation steps and only one divisor is needed  
• By using the normalized divisor, the results are not affected 
by the choice of the divisor.  
• Measures the concentration of both components with no 
need for another conventional method to measure one of the 
components in the mixture.  
• The obtained amplitude at the ratio spectrum is directly 
modulated to represent the concentration of each component. 

• Requires the existence of isoabsorption point of both 
components at zero order spectrum and consequently in 
the ratio spectra, and the extension of the spectra of one 
component. 

Advanced 
amplitude 
modulation (AAM) 

• Same advantages of AM method. 
• Eliminates one of the limitations of the AM method, where 
this method be applied for mixtures with severely overlapping 
spectra.  

• Requires the existence of isoabsorption point of both 
components at zero order spectrum and consequently in 
the ratio spectra. 

Induced amplitude 
modulation (IAM) 

• Same advantages of AM and AAM methods. 
• Does not require the existence of isoabsorption point of both 
components at zero order. 
• Can be applied for mixtures with severely overlapping 
spectra. 

• Additional manipulating step of calculating ratio 
absorptivity constant (ar) 

Geometrical 
amplitude 
modulation (GAM) 

• Minimum manipulation steps to determine minor and major 
components using only one divisor  
• The simplicity of the geometric computation using the 
simple equations. 

• Requires the existence of isoabsorption point of both 
components or the extension of the spectrum of the major 
one. 
• Several experiments. 

Geometrical 
induced amplitude 
modulation (GIAM) 

• Same advantages as GAM. 
• Can be applied for complex mixtures where a large 
difference in their absorptivities occurs, and no isoabsorption 
point exists. 

• Several experiments. 

Ratio H-point 
standard addition 
method (RHSAM)  

• The absence of any constraints in choosing the two specific 
wavelengths, as the constant values generated in the ratio 
curves are extended along the ratio spectra. 

• Several graphical representations and experiments. 

Mean centering 
using geometric 
mean 

• Obtain more accurate estimates of the standard deviation 
and confidential interval from skewed data 

• Calculation using the geometric mean. 

Pure component 
contribution 
algorithm (PCCA) 

• High accuracy and sensitivity as it extracts the contribution 
of each compound in the mixture which in turn was determined 
at its λmax. 

• Algorithm coding (special sequence in Matlab ®) 

Continuous wavelet 
transform (CWT) 

• applied for the determination of the three components in a 
ternary mixture with no limitations,  
• The transformed signals are measured at the maximum 
points, for maximum sensitivity 
• De-noising and enhancing the signal-to-noise ratio, so higher 
sensitivity was obtained  

• The need for special software (Matlab) to transform 
the signals 
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