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Abstract

A method is proposed for the determination of chromatographic peak purity by means of principal component analysis (PCA) of
high-performance liquid chromatography with diode array detection (HPLC–DAD) data. The method is exemplified with analysis of bi-
nary mixtures of lidocaine and prilocaine with different levels of separation. Lidocaine and prilocaine have very similar spectra and the
chromatograms used had substantial peak overlap. The samples analysed contained a constant amount of lidocaine and a minor amount
of prilocaine (0.02–2 conc.%) and hence the focus was on determining the purity of the lidocaine peak in the presence of much smaller
levels of prilocaine. The peak purity determination was made by examination of relative observation residuals, scores and loadings from
the PCA decomposition of DAD data over a chromatographic peak. As a reference method, the functions for peak purity analysis in the
chromatographic data system used (Chromeleon) were applied. The PCA method showed good results at the same level as the detection limit
of baseline-separated prilocaine, outperforming the methods in Chromeleon by a factor of ten. There is a discussion of the interpretation of
the result, with some comparisons with evolving factor analysis (EFA). The main advantage of the PCA method for determination of peak
purity over methods like EFA lies in its simplicity, short time of calculation and ease of use.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

High-performance liquid chromatography with diode ar-
ray detection (HPLC–DAD) is an important and widely
used analytical technique of quantitative and qualitative
analysis. In the pharmaceutical industry it is common to
analyse the purity of drugs with HPLC, using DAD or mass
spectrometric detection. The aim of purity analysis is to
separate possible impurities from the main component and
then, if possible, to identify them. These impurities can
consist of degradation products, synthesis intermediates,
packaging-related impurities, etc. In the analysis of the
purity of a drug this often entails determining the purity
of the main peak, which as a rule is the active substance,
the reason being that if the main peak is not pure, it is
possible for unresolved impurities to escape detection in
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the analysis, giving rise to incorrect analysis results. DAD
with absorbance measured as a function of retention time
and wavelength provides greater scope for analysing peak
purity compared to single wavelength detection. Different
methods of peak purity determination utilising DAD data
have been developed, and modern chromatographic data
systems generally have some functions for the analysis of
peak purity in their software.

A number of chemometric methods for the analysis of
overlapping chromatographic peaks have also been sug-
gested. They include evolving factor analysis (EFA)[1,2]
window factor analysis (WFA)[3], fixed-size window
evolving factor analysis (FSW EFA)[4], heuristic evolving
latent projections (HELP)[5,6] and eigenstructure tracking
analysis (ETA)[7]. Many of these methods use principal
component analysis (PCA) for decomposition of the data
as a first step. One problem with applying PCA to matri-
ces with a chemical rank larger than one is that it does
not give directly interpretable profiles like chromatograms
or spectra. The pure spectra cannot be found in a spectral
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bilinear decomposition without external information. The
explanation for this is that the score and loading vectors
become linear combinations of the true analytical profiles
since the scores and loadings are orthogonal in PCA. This
issue is also called the problem of rotational freedom since
the scores and loadings in PCA can be rotated without
changing the fit of the model[8]. Hasegawa has previously
shown that PCA can detect minute bands in an infrared
reflection mixture spectrum[9]. PCA was shown to be ca-
pable of picking up small bands that were almost totally
overlaid by the strong intensity bands in the raw spectra
of a binary mixture in which one of the compounds was
one hundred times smaller than the other. PCA did, there-
fore, provide a significant detection level for a chemical
species with very low absorbance, even when the minute
compound hidden in other dominant compounds could not
be chemically separated[9].

The aim of the following study was to investigate
whether a single PCA analysis of a sample analysed with
HPLC–DAD could be used for determination of peak purity.
The investigation of relative observation residuals, scores
and loadings from a PCA decomposition of the LC-DAD
data of a chromatographic peak should give information on
the peak purity. In a pharmaceutical analysis of the purity
of a drug the pure active compound is most often available.
By comparing the results of a PCA decomposition of the
DAD data for the main peak in the chromatogram under
investigation with the corresponding PCA decomposition of
a chromatogram of the pure compound, conclusions about
peak purity can be drawn. This approach should also work
with impurities in much lower concentrations than the ac-
tive ingredient and with very low levels of chromatographic
separation.

The method proposed was tested on synthetic binary mix-
tures of the local anaesthetic drugs lidocaine and prilocaine
with different levels of separation. The focus was on de-
termining the purity of the lidocaine peak and the samples
analysed contained a constant amount of lidocaine and vary-
ing small amounts of prilocaine. The UV spectra of these
two compounds are very similar, showing absorption at the
same wavelengths, and the chromatograms used had sub-
stantial peak overlap. In the following text, the use of PCA
for peak purity determination is denoted the PCA method.
As a reference method, the method for peak purity analysis
in the chromatographic data system used (Chromeleon) was
applied.

2. Theory

The aim of chemometric methods for data decomposition
and reduction is to find a small number of latent variables
that can explain all the systematic information in the data
matrix studied. PCA is a well-known chemometric method
for the decomposition of two-way matrices[10]. The vari-
ance in the data matrixX, with m observations andn vari-

ables, is decomposed by successively estimating principal
components (PCs) that capture the variance in the data in
scores and loadings. Each calculated PC contains one score
vectort, related to the observations, and one loading vector
p′, related to the variables:

X = t1p
′
1 + t2p

′
2 + · · · + tRp′

R + E (1)

After each calculated PC the unexplained variance is left in
the residual matrixE. After the first PC has been calculated,
the next one is calculated on the residual matrixE1, which
contains the variance not explained by the first PC. The vari-
ance of a PC is described by the eigenvalue, which is pro-
portional to the variance explained. The eigenvalue can be
described as the squared length of the PC and be estimated
as the sum of the squares of the scores. From the residual
matrix (E) the pooled residual standard deviation (s0) for
all observations in the data set can be calculated (valid for
m > n):

s0 =
√ ∑m

k=1
∑n

i=1e
2
ik

(n − r)(m − r − 1)
(2)

wheree2
ik is the residual of observationk at variablei, m

the number of observations,n the number of variables and
r is the number of PCs. The absolute residual standard
deviation for a single observation is given by:

si =
√∑n

i=1e
2
ik

n − r
(3)

The ratiosi/s0 shows the relative observation contribution
and a well-explained observation will have a small value
of the ratio, while the opposite will hold true for an un-
explained observation. The ratiosi/s0 is called the relative
observation residuals in the rest of this paper.

The data from a sample analysed with HPLC–DAD can be
arranged in two ways if PCA is to be applied. The retention
time can be set as observations (rows) and the wavelengths
as variables (columns) or the opposite. In this study, the
retention time was set as observations and the wavelength as
variables since this is the approach chosen in EFA and related
methods. If PCA is performed on a matrix of HPLC–DAD
data arranged in this way, a plot ofsi/s0 against retention time
will reveal regions not as well explained as other regions by
the current PC. Correspondingly, a plot of the scores versus
retention time will show what part of the chromatogram the
current PC has described and a plot of the loadings will show
the spectral information explained. These three measures
relative observation residuals, scores and loadings can be
used to obtain information about peak purity.

In a mixture of two or more compounds at least two PCs
will be needed to describe the data. The first PC explains
to a greater extent the strongest absorbing compound, while
the second PC will be more related to the second compound.
Hence by calculating two PCs in a sample that is assumed
to be pure, the presence of any other substance will show
up in the second PC.
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In modern chromatographic data systems different meth-
ods of assessing peak purity using DAD data have been
employed. In this study, the functions for peak purity deter-
mination in the chromatographic data system Chromeleon
were utilised as a reference method with which to compare
the results of the PCA method. In Chromeleon the peak
purity analysis can be done with a peak purity index (PPI)
and peak purity match factor (PPM) [11]. The PPI is de-
fined as the wavelength where the areas of the spectrum to
the left and right are equal and thus represents the central
wavelength of a spectrum. ThePPI for a pure peak should
then be the same from the start to the end of the peak for
each spectrum recorded over it. By calculating the relative
standard deviation (R.S.D.) of thePPI over a peak, it is
possible to obtain a measure of the purity of the peak. The
PPM describes the similarity of two spectral curves. It is
calculated as the correlation between the spectrum at the
peak maximum and the flanks of the peak. The method
provides a measure of similarity ranging from identical
(=1000) to different (=0). In an ideal case with a pure peak
there would be no difference in the spectra at the start, the
maximum or the end of the peak, and a 100% match factor
would then correspond to aPPM of 1000[11]. In this paper
thePPM and R.S.D. of thePPI were used.

3. Experimental

3.1. Instrumentation

A Dionex Summit HPLC system with the chromato-
graphic data system Chromeleon version 6.11 was used.
The diode array detector used was a Dionex PDA 100
with a resolution of 1 nm and a data collection rate of
10 Hz. A Dionex ASI 100T autosampler and a Dionex P580
HPG high-pressure gradient pump were used. The column
was �Bondapak C18 and the mobile phase was phosphate
buffer with a varying amount of acetonitrile. The flow was
1.0 ml min−1. Samples were prepared by weighing into
stock solutions with a calibrated balance, Sartorius MC5.
The stock solutions were then further diluted with a Hamil-
ton Microlab 1000, an automatic diluter for the different
concentrations used in the study. PCA was performed with
Simca-P version 9 (Umetrics, Sweden) and in this chemo-
metric software the PCA decomposition is made with the
NIPALS algorithm[12]. EFA calculations were made with
Matlab version 6.0 (MathWorks, USA) with PLS toolbox
2.1 (Eigenvector Research, USA).

3.2. Reagents

Spectroscopic quality chemicals were used in this study.
Mixing 1.3 ml of 1 M sodium dihydrogenphosphate with
32.5 ml of 0.5 M disodium hydrogenphosphate with water
gave the phosphate buffer used. Acetonitrile was of ana-
lytical reagent grade. Lidocaine hydrochloride and prilo-
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Fig. 1. Structure and UV spectra of lidocaine and prilocaine: (a) lidocaine
and (b) prilocaine.

caine hydrochloride were supplied by AstraZeneca Bulk
Production, Södertälje, Sweden. A Millipore Milli-Q filtra-
tion/purification system was used for production of the wa-
ter used in the study. The UV spectra and structures of lido-
caine and prilocaine are shown in Fig. 1.

3.3. Analytical procedure

In this study three different levels of separation and reso-
lution (Rs) were used: partly separated peaks Case 1 (Rs =
0.7) and Case 2 (Rs = 1.0) and baseline-separated peaks
Case 3 (Rs > 2). Varying the amount of acetonitrile in the
mobile phase (phosphate buffer) gave the different resolu-
tions between the peaks. The retention time of the main li-
docaine peak did hence vary a little in the three cases of
separation.

For all three levels of separation, a test set of 10 sam-
ples containing binary mixtures of lidocaine and prilocaine
as well as one pure lidocaine sample (0.667 mM) was anal-
ysed with the HPLC–DAD system. All ten binary mix-
tures contained 0.667 mM lidocaine and a minor amount of
prilocaine from 0.02 to 2.0 conc.% (Table 1). Sample 1 did
hence contain 0.667 mM lidocaine and 0.0133 mM prilo-
caine, 100(0.0133/0.667) = 2%. The results of these chro-
matographic analyses were then used for peak purity anal-
ysis, where the focus was on determining the purity of the
large lidocaine peak in the presence of small amounts of
prilocaine. For the peak purity analysis, the PCA method and
the methods in Chromeleon were used. In all analyses the
wavelength region used was 245–290 nm, with a resolution
of 1 nm. This wavelength region was chosen since it is where
lidocaine and prilocaine show absorption in the UV range
(Fig. 1); it has also been used in previous studies [13–15].
The data collection rate used in the study was 10 Hz.
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Table 1
Content of the samples in the test set

Sample no. Amount prilocaine (conc.%)

Binary mixture of 0.667 mM lidocaine and varying
amounts of prilocaine

1 2.0
2 1.0
3 0.8
4 0.6
5 0.4
6 0.2
7 0.1
8 0.06
9 0.04

10 0.02

For the analysis of the partly separated peaks, the DAD
data in the time windows 2.5–5 (Case 1, Rs = 0.7) and
3–5.5 (Case 2, Rs = 1.0) min were used giving data ma-
trices with 1500 objects (rows) and 46 variables (columns).
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Fig. 2. Chromatograms and time window used in the data analysis for
Cases 1–3 for sample 4 containing 0.6 conc.% prilocaine. Detection took
place at 245 nm: (a) Case 1, Rs = 0.7; (b) Case 2, Rs = 1.0 and (c) Case
3, Rs > 2.

These time windows were chosen since this was where the
peaks eluted. For the PCA method, one separate PCA model
with two PCs was calculated on the mean-centred data of
each sample, after which the relative observation residu-
als, scores and loadings were plotted and investigated. For
the application of the peak purity methods in Chromeleon,
all chromatograms were analysed in the same way. This
meant integrating the peak in the time window mentioned
above. The PPM and R.S.D. of PPI values so obtained for
samples 1–10 with the two levels of separation were then
examined.

For evaluation of the lowest detectable prilocaine amount,
baseline-separated peaks of the samples were also analysed
(Case 3, Rs > 2). This was done with the same chromato-
graphic column but with a modified mobile phase. For these
samples, no peak purities were determined, only the low-
est detectable prilocaine peak in terms of peak height (three
times the signal noise). The chromatograms and time win-
dow used in the data analysis for Cases 1–3 for sample 4
containing 0.667 mM lidocaine and 0.6 conc.% prilocaine
are shown in Fig. 2.

4. Results and discussion

When PCA decomposition takes place of the DAD data
of a chromatographic peak, the first PC will describe the
strongest absorbing compound and the scores and loadings
will show the chromatographic and spectral profiles of this
compound. In the case of a pure lidocaine peak or when the
content of lidocaine is much higher than other compounds,
t1 will thus resemble the chromatogram and p1 the average
UV spectrum of the peak (not shown here). The scores and
loadings of the second PC (t2 and p2) will capture any other
absorbing compounds in the peak. The scores of the first PC
will capture the shape of the average chromatogram and the
corresponding loadings the average spectrum. The scores
and loadings of subsequent PCs will however show a more
abstract shape since they are related to the variance left in the
residual matrix of each PC. The results of the PCA method
are shown in Figs. 3–5, where si/s0 for the first PC as well as
t2 and p2 are shown for samples 3, 5 and 7, partly separated
peaks, Case 1 (Rs = 0.7). In these figures a comparison
is made with the corresponding plots of si/s0, t2 and p2
for a pure lidocaine peak. It should be elucidated that the
variance explained in the second PC only is a fraction of that
explained by the first PC. The first PC explained >99% of the
variation in the data while the second PC explained <0.2%.
This is the explanation for the small score values and si/s0 in
Figs. 3–5.

In Fig. 3, si/s0 for the first PC and scores and loadings
for the second PC (t2 and p2) are shown for sample 3 (solid
lines), partly separated peaks, Case 1 (Rs = 0.7), and a
comparison is made with the corresponding plots of the PCA
decomposition of a pure lidocaine sample (dotted lines).
Sample 3 contained 0.8 conc.% prilocaine and, as can be
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Fig. 3. Comparison of the result of PCA decomposition of sample 3
(0.8 conc.% prilocaine), partly separated peaks, Case 1 (Rs = 0.7), with
the PCA decomposition of a pure lidocaine sample. The solid line refers
to sample 3 and the dotted line the pure lidocaine sample: (a) si/s0 after
one calculated PC; (b) scores t2 and (c) loadings p2.

seen in Fig. 3a, si/s0 has clearly captured a prilocaine peak
at a retention time of about 3.1 min.

Looking at si/s0 from the pure lidocaine sample, this peak
is not present, although a small residual of lidocaine can be

Fig. 4. Comparison of the result of PCA decomposition of sample 5
(0.4 conc.% prilocaine), partly separated peaks, Case 1 (Rs = 0.7), with
the PCA decomposition of a pure lidocaine sample. The solid line refers
to sample 5 and the dotted line the pure lidocaine sample: (a) si/s0 after
one calculated PC; (b) scores t2 and (c) loadings p2.

seen at about 3.4 min. In this pure lidocaine sample con-
taining only one absorbing compound, the results in si/s0
would have been expected to come only from noise since
the first PC should have been enough to describe the vari-
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Fig. 5. Comparison of the result of PCA decomposition of sample 7
(0.1 conc.% prilocaine), partly separated peaks, Case 1 (Rs = 0.7), with
the PCA decomposition of a pure lidocaine sample. The solid line refers
to sample 7 and the dotted line the pure lidocaine sample: (a) si/s0 after
one calculated PC; (b) scores t2 and (c) loadings p2.

ance caused by lidocaine. However, as can be seen, this is
not the case. Possible explanations for this might be a small
level of non-linearity in the detector used or variations in
the injection or chromatographic process. The magnitude of
the residual lidocaine peak in si/s0 was, however, exactly
the same for pure lidocaine samples with different concen-
trations (not shown here).

In Fig. 3b, t2 for the second PC is shown for sample 3
and the pure lidocaine sample. As can be seen, the results
correspond with the si/s0 in Fig. 3a, showing a prilocaine
peak at about 3.1 min. In Fig. 3c the loadings (p2) of sample
3 and a pure lidocaine sample are compared. As can be
seen, the two lines differ and in fact look somewhat like
mirror reflections of each other. The loadings p2 of sample
3 resemble a lidocaine spectrum from which a prilocaine
spectrum has been subtracted since p2 captures the average
spectrum left in the residual matrix E1 after the first PC
has been calculated. The shape of p2 for the pure lidocaine
sample is, however, a result of noise and residual lidocaine.

Fig. 3 thus clearly shows that the large lidocaine peak in
sample 3 is not pure. In Fig. 4, si/s0, t2 and p2 are shown for
sample 5 (solid lines), partly separated peaks, Case 1 (Rs =
0.7), compared with the corresponding plots of the PCA de-
composition of a pure lidocaine sample (dotted lines). Sam-
ple 5 contained 0.4 conc.% prilocaine. In Fig. 4a, si/s0 for
the first PC shows a small prilocaine peak at about 3.1 min.
As can be seen in Fig. 4b, t2 also shows some influence of
a prilocaine peak at a retention time of about 3.1 min. How-
ever, the scores of the prilocaine peak at 3.1 min are now
positive, in contrast to Fig. 3b. The explanation for this is
that the second PC has rotated as a consequence of the very
low prilocaine contribution in the scores t2 (2.8–3.2 min).
This rotation of the PC also causes the loadings p2 to ro-
tate (Fig. 4c), making them look like mirror reflections of
the loadings for sample 3 (Fig. 3c). The influence of prilo-
caine is very small in sample 5 and noise and a residual of
lidocaine cause the resulting shape of p2.

The conclusion drawn from Fig. 4 is that the lidocaine
peak is not pure (based on two replicate runs), although the
influence of the small prilocaine amount is limited. The re-
sult of the PCA decomposition of sample 7, partly sepa-
rated peaks, Case 1 (Rs = 0.7), containing 0.1 conc.% of
prilocaine is shown in Fig. 5. Scores t2, loadings p2 and
si/s0 are shown by solid lines for sample 7 and by dotted
lines for the pure lidocaine sample. The analysis of the ten
samples with baseline separation showed that sample 6 con-
taining 0.2 conc.% prilocaine was the sample containing the
lowest amount of prilocaine that could be detected by the
HPLC–DAD system used. As can be seen in Fig. 5a–c, there
are no differences between si/s0, t2 or p2 of sample 7 and the
pure lidocaine sample. Hence it is concluded that the peak
in sample 7 is pure according to the PCA method. The con-
clusion drawn from Figs. 3–5 is that for Case 1, Rs = 0.7,
samples 3 and 5 were impure, but for sample 7, the peak was
pure. The results obtained correspond well with the lowest
detectable prilocaine peak obtained with baseline separation.
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Table 2
Summation of the peak purity determination of the lidocaine peak

Method for peak
purity determination

Level of separation

Case 1, Rs = 0.7
(conc.%)

Case 2, Rs = 1.0
(conc.%)

Chromeleon 2.0 2.0
PCA method 0.4 0.2

Results are given as the lowest conc.% of prilocaine in the binary samples
analysed where the lidocaine peak could be determined as impure.

Table 2 shows a summation of the peak purity determina-
tions of the lidocaine peak with the two different methods
used at two different levels of chromatographic separation.
With the methods in Chromeleon it was possible to deter-
mine the peak as impure containing 2.0 conc.% prilocaine
in both Cases 1 and 2. With samples containing less prilo-
caine, the R.S.D. of PPI became <0.1 and the PPM 1000,
indicating that the peak was pure according to the meth-
ods in Chromeleon. With the PCA method it was possible
to correctly determine the purity of the lidocaine peak with
0.4 conc.% (Case 1) and 0.2 conc.% (Case 2) prilocaine.
With the higher resolution the results were thus slightly bet-
ter, as would have been expected. The results obtained for the

Fig. 6. EFA plot (log eigenvalue against retention time) for partly separated peaks, Case 1 (Rs = 0.7). Solid line: forward analysis and dotted line:
backward analysis: (a) sample 3; (b) sample 5; (c) sample 7 and (d) pure lidocaine sample.

PCA method thus outperformed the methods in Chromeleon
and were at the same level as the detection limit of prilo-
caine with baseline separated peaks (sample 6, containing
0.2 conc.%).

4.1. Comparison with EFA

In EFA, PCA is applied to DAD data and the resulting
eigenvalues are used for the analysis of unresolved chro-
matographic peaks [1,2]. EFA starts with PCA of the first two
spectra and thereafter further PCA modelling takes place by
adding one spectrum after another until eventually the whole
matrix has been analysed (forward analysis). The procedure
is then reversed, starting with PCA of the last two spectra and
so on (backward analysis). As long as each spectrum added
comes from the same compound, the data can be described
with one PC, although if a second compound is detected, two
PCs are needed to describe the mixture. The eigenvalues are
plotted as a function of the retention time and the graphical
results can in this way be used to determine the number of
compounds in the mixture. In Fig. 6 EFA plots, log eigen-
values against retention time, are presented for samples 1, 3
and 5 (Case 1, Rs = 0.7) and the pure lidocaine sample. The
EFA plots in Fig. 6 are presented with two PCs calculated in
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the same way as for the PCA method. The solid line repre-
sents the results of the forward analysis and the dotted line
the backward analysis. New compounds appearing in the
chromatogram are shown in this plot as eigenvalues rising
from the background noise level. In Fig. 6a (sample 3) and
b (sample 5) the elution of lidocaine and prilocaine is shown
as where the solid lines rises from the background. The dot-
ted lines show the end of the lidocaine peak dominating in
these samples. For sample 7 (Fig. 6c), the prilocaine peak is
no longer visible in the EFA plot. Comparing the EFA plots
of samples 5 and 7 with the pure lidocaine sample, it can
be seen that it becomes somewhat more difficult to distin-
guish a pure sample peak from the peak of a binary mixture
where the concentration of one of the compounds is much
lower than that of the other. The overall result of the EFA
analysis does, however, correspond with the results obtained
with the PCA method. The main advantages, however, of
the PCA method proposed over methods like EFA for de-
termination of peak purity lie in its simplicity, short time
of calculation and ease of use. It is far easier and faster to
perform only one single PCA on each sample under inves-
tigation than the multiple calculations entailed by methods
like EFA. The PCA calculation on the data (1500 × 46) of
a sample in this study with a standard personal computer
(Pentium III, 700 MHz, 128MB internal memory) took <3 s
while the EFA calculation on the same sample took >20 min.
Performing the PCA method on a sample in this study was
hence about 400 times faster than performing EFA and the
peak purity information obtained with a single PCA was the
same as with EFA. It would hence be possible to implement
the PCA method as a method for real time monitoring of
the purity of chromatographic peaks. By continuously cal-
culating PCA on the DAD data of the eluting peaks in a
chromatogram and plotting si/s0 the peak purity could be
determined.

From these results it can be concluded that by using the
plots of relative observation residuals, scores and loadings
from PCA performed on DAD data over a chromatographic
peak, information regarding peak purity can be extracted.
If a corresponding analysis of a sample containing only the
main component can be made, this also enables a comparison
with the results obtained for the unknown samples.

Possible factors influencing the proposed PCA method
are the degree of spectral similarity of the partly separated
compounds, the degree of chromatographic separation and
instrumental parameters like signal to noise ratio of the diode
array detector, etc.

For the PCA method, further PCs were calculated for all
samples, although the conclusions drawn regarding the pu-
rity of the peaks remained the same as with two PCs. Cal-
culating more than three PCs resulted in the modelling of
noise. The PCA method was also tested without mean cen-
tring, although the results obtained were worse since the
baseline noise then had a larger effect. One complication
in this study was the fact that the UV spectrum of prilo-

caine is rather non-specific, showing no absorbance peak
(Fig. 1b). The prilocaine spectrum has a leaning baseline
kind of shape, not very different from the shape of noise.
This caused the rotated loadings to have the same shape as
the unrotated loadings even though the contribution from
prilocaine was absent. However, the rotation of the PC could
serve as an indication of the concentration level at which
the second compound could no longer be detected. It is pos-
sible, moreover, that the scores (t2) or relative observation
residuals (si/s0) could be used to estimate the concentration
of the small prilocaine peak, although this was not tested in
the present study. An alternative to the plot of si/s0 is to plot
the summed variable residuals (

∑
e2

ik) over time since this
would result in the same shape as si/s0. The PCA method was
also tested on binary mixtures of lidocaine and 2,6-xylidine,
with similar results.

5. Conclusion

The results of this study show that the PCA method,
i.e. performing PCA of DAD data for a chromatographic
peak with an investigation of relative observation residuals,
scores and loadings, can be used to determine peak purity.
The method proposed outperformed the reference method
in Chromeleon. Furthermore, the proposed approach is far
simpler and much faster to use than EFA, although the infor-
mation obtained about whether or not a peak is pure is the
same as in EFA and related methods. It should be stressed
that the aim with the PCA method is not to determine the
number of co-eluting compounds like EFA, rather the pro-
posed method should be used to determine whether or not a
chromatographic peak is pure.
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