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Abstract

This feasibility study deals with the use of a wide bore (320mm I.D.) capillary tube for the detection and identification of
capillary zone electrophoresis (CZE) analytes by optical fiber-coupled diode array detection. A 250-mm mean effective
pathlength of the detection cell with an inherently enhanced photon flux through the cell were significant contributors in
reaching 0.2–1mmol / l concentration detectabilities of the CZE analytes by this combination. Experiments with model
analytes (p-sulfanilic, sorbic and naphthalene-2-sulfonic acids, tryptophan and asulam) revealed that spectral confirmations
of their identities were still possible when their concentrations in the loaded samples (200 nl) were 1–5mmol / l. Here,
chemometry procedures (target transformation factor analysis, fixed size moving window-target transformation factor
analysis, fixed size moving window-evolving factor analysis and orthogonal projection approach) employed in the data
processing effectively contributed to reliable confirmation of the identities of the analytes also in critical situations (e.g. peak
overlaps). The CZE separations were carried out in tandem-coupled columns of identical I.D. This made it possible to use, in
the first column of the tandem, carrier electrolyte solutions that provide the desired separative effects, while in the second
(detection) column the compositions of the carrier electrolyte solutions employed could reflect favorable conditions for
obtaining spectral data. Mixtures containing model constituents at significantly differing concentrations and Maillard’s
reaction products spiked with tryptophan enantiomers were employed in experiments aimed at assessing practical
applicabilities and limits of the present approach to the analysis of samples characterized by complex ionic matrices.
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1 . Introduction on-column coupled ultraviolet and visible spec-
trometry is a preferred optical spectral technique that

A need for unambiguous identification of trace is employed for identification purposes in CZE (see,
capillary zone electrophoresis (CZE) analytes by e.g., Refs. [2–12]). Other spectral identification
combining their spectral and migration data is appar- techniques are either applicable to a limited group of
ent, especially when samples characterized by com- analytes (e.g. fluorescence spectrometry [13]) or they
plex matrices are to be analyzed [1]. Currently, are sufficiently sensitive only in combination with

electrophoretic methods that concentrate the sample
constituents (e.g. Raman spectroscopy [14,15] and*Corresponding author. Tel.:1421-2-6029-6379; fax:1421-2-
nuclear magnetic resonance [16,17] combined with6542-5360.
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At present, CZE separations are carried out almost In our previous work we showed some detection
exclusively in capillary tubes of 50–75mm I.D. and identification possibilities of DAD (coupled by
Although favoring very high separation efficiencies, optical fibers to the CZE column of a 320mm I.D.)
the separations in capillaries of such dimensions are, in CZE with on-line ITP sample pretreatment [44].
in general, characterized by moderate concentration Using this CE combination we benefited, mainly,
limits of detection (cLODs) for the separated con- from the sample pretreatment capabilities of ITP and
stituents. For example, UV absorbance detectors, a high sample loadability of the ITP–CZE separation
typically, fail to detect the light-absorbing con- system. Due to this, we could identify the test
stituents when these are present in the loaded analyte (orotic acid) in diluted urine matrices by
samples at lowmmol / l concentrations [2]. Therefore, DAD at sub-mmol / l concentrations using only sim-
approaches that use extended absorbance pathlengths ple data processing means. This work was aimed at
in the detection cells (e.g. Z-cell [18], U-cell [19] enhancing the detection and identification capabili-
and bubble cell [4] designs, a multireflection cell ties of the fiber-coupled DAD via a design of the
[20] and axial-beam absorption [21]) or averaged CZE column and the use of chemometry procedures
electropherograms, acquired by an array of indepen- that more effectively process the acquired spectral
dently treated sensors placed along the capillary [22], data [45].
were developed to reach sub-mmol / l concentration
detectabilities in CZE. The acquisition of light
absorption spectra with the aid of diode array 2 . Experimental
detection (DAD) systems make use of the extended
pathlength in the detection cell as well (see, e.g., 2 .1. Instrumentation and the DAD data processing
Refs. [4,5,23]). In this context it is necessary to note
a contribution of the extended pathlength (slit width) An ITAChrom EA-101 capillary electrophoresis
to the band broadening [24] as this may be less analyzer (J&M, Aalen, Germany) was used in this
tolerable, for example, in the separations performed work. Its separation unit was equipped with a
in shorter capillary tubes. tandem-coupled CZE column (Fig. 1) constructed in

Fiber optics offers some apparent advantages in this laboratory. The column was provided with 320
single- and multiwavelength photometric absorbance mm I.D. (410mm O.D.) fused-silica capillary tubes
detection in CZE [10,25–32]. Here, the above sen- (J&W, Folsom, Canada) coupled in a bifurcation
sitivity limits, even more crucial than in the on- block [46]. The length of the first capillary of the
column detector designs [31], need to be taken into tandem (from the injection valve to the bifurcation
account as well. Detection performance data as block) was 120 mm and the length of the second
obtained with the aid of the optical fiber-based capillary (from the bifurcation block to the detector)
detector in the tubes of 30–100mm I.D. [31] indicate was 70 mm. The sample was injected by a 200-nl
that the use of tubes of larger I.D. offers one way of internal sample loop of the CZE injection valve of
reaching improved concentration detectabilities. This the analyzer.
agrees with the results provided by current on-col- A TIDAS multiwavelength photometric absor-
umn photometric detectors in the capillary tubes of bance diode array detector (J&M) was connected to
larger I.D. (see, e.g., Refs. [33–42]). In this context an on-column detection cell, mounted on the second
it seems appropriate to note that an overall benefit CZE column of the tandem, via optical fibers (J&M).
linked with the use of wide bore capillaries with fiber The cell construction followed a previous design
optic sensing, is in a combination of an enhanced from this laboratory [47]. The detector operated
sample loadability [38] with an increased absorbance under the following settings: (1) scanned wavelength
pathlength in the detection cell (without increasing range, 200 to 350 nm; (2) integration time, 15 ms;
the slit width of the cell) and an enhanced light flux (3) scan interval, 1.25 s; (4) number of accumula-
through the sensing part that reduces the effect of tions, 80. The spectral data were acquired by a
shot noise [2,10,43]. Here, however, contrary to the Spectralys program (version 1.81, J&M). Data pro-
use of capillaries of 50–75mm I.D., more attention cessing procedures of the Spectralys program (back-
has to be paid to the thermal dispersive effects [24]. ground corrections, smoothing, calculations of the
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the laboratory using Mathematica for Windows
(version 4.0, Wolfram, Champaign, IL, USA).

2 .2. Electrolyte solutions and samples

Chemicals used for the preparation of the elec-
trolyte solutions and the solutions of model samples
were obtained from Sigma–Aldrich (Seelze, Ger-
many), Serva (Heidelberg, Germany), Reanal (Buda-
pest, Hungary), Lachema (Brno, Czech Republic)
and Merck (Darmstadt, Germany).

Methylhydroxyethylcellulose 30 000 (Serva),
purified on a mixed-bed ion-exchanger (Amberlite
MB-3, Merck), was used as a suppressor of electro-
osmotic flow (EOF). It was added to the carrier
electrolyte (Table 1).

Water demineralized by a Pro-PS water purifica-
tion system (Labconco, Kansas City, KS, USA), and
kept highly demineralized by a circulation in a
Simplicity deionization unit (Millipore, Molsheim,
France), was used for the preparation of the elec-
trolyte and sample solutions. The electrolyte solu-
tions were filtered by disposable syringe membrane
filters of 0.8-mm pore sizes (Sigma) before use.

A group of test analytes (p-sulfanilic, sorbic and
naphthalene-2-sulfonic acids, tryptophan and

Fig. 1. CZE separation unit with a hydrodynamically closed methyl(4-aminosulfonyl)carbamate (asulam)), ob-
separation compartment provided with the tandem-coupled col- tained from the above suppliers, their mixtures with
umns. E, electrode vessels with the driving electrodes dipped into

co-migrating constituents and their mixtures withthe corresponding carrier electrolyte solutions; V, injection valve
Maillard’s reaction products of glycine and xylosewith a 200-nl internal sample loop in a rotating disk (S); C1, C2,
[51] served as samples in our experiments.separation (C1) and detection (C2) columns, provided with 320

mm I.D. fused-silica capillary tubes, coupled in the bifurcation
block (BF); CE1, CE2, valves for filling the columns C1 and C2
with the carrier electrolyte solutions, respectively; DAD-in and 3 . Results and discussionDAD-out, illuminating and light collecting optical fibers (500mm
cores), respectively. For further details see the Experimental

Favorable CZE separating conditions can be insection.

some instances contradictory to those leading to
sensitive photometric absorbance detection of the
analytes. In such instances, it is advantageous to

Pearson correlation coefficients and match factors), perform the CZE separations in sequences of the
chemometry procedures described in the literature carrier electrolyte solutions as provided, for example,
(target transformation factor analysis [45], TTFA; by a partial filling technique [52]. This technique,
fixed size moving window-evolving factor analysis effective in hydrodynamically opened separation
[45,48,49], FSW-EFA; orthogonal projection ap- systems, however, is not easily employed in CE
proach [45,48,50], OPA) and a TTFA procedure instruments designed for CZE separations with a
modified in this laboratory (fixed size moving win- hydrodynamically closed separation system
dow target transformation factor analysis, FSW- [33,34,38] as favored in the separations in wide bore
TTFA) were used in the spectral data processing. tubes. To overcome this drawback of the closed
The programs for these procedures were written in systems we favored in this work the use of tandem-
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Table 1
Electrolyte systems

Parameter Electrolyte system no.

1a 1b 1c 2

Solvent Water Water Water Water
Carrier anion MES MES MES b-Ala
Concentration (mM) 50 100 150 40
Counter-ion ´-ACA ´-ACA ´-ACA AMM
EOF suppressor MHEC MHEC MHEC MHEC
Concentration (%, w/v) 0.2 0.2 0.2 0.2
Chiral selector – – – a-CD
Concentration (mM) – – – 120
pH 5.2 5.2 5.2 9.7

MES, 2-[N-morpholino]ethanesulfonic acid;́-ACA, 6-amino-n-caproic acid; MHEC, methylhydroxyethylcellulose;b-Ala, b-alanine;
a-CD, a-cyclodextrin; AMM, 2-amino-2-methyl-1,3-propanediol.

coupled columns (Fig. 1). Here, a pair of 320mm background corrections and smoothing to match the
I.D. columns was coupled in the bifurcation block as reference spectra obtained under identical working
originally designed for the column-coupling ITP conditions for 100mmol / l concentrations of the
separations [46]. An independent filling of the col-
umns (see Fig. 1) made possible the CZE separations
either in identical carrier electrolytes or in sequences
of the carrier electrolytes of specific functions.

3 .1. Detectabilities and identification of the
analytes in a 320 mm I.D. tube

For reasons discussed in detail in the work by
Lindberg et al. [31] fiber-coupled photometric ab-
sorbance detectors provide less favorable detec-
tabilities of CZE analytes than their on-column
counterparts. From CZE experiments performed with
the present fiber-based detection system it is apparent
(see illustrative electropherograms in Fig. 2) that the
use of a wide bore (320mm I.D.) capillary tube led
to lower concentration detectabilities of the analytes
in comparison to those considered as current cLOD Fig. 2. Electropherograms from the CZE runs with the test
in on-column photometric absorbance detection in analytes present in the loaded samples at concentrations approach-

ing to their cLOD values attainable, at particular detectiontubes of 50–75mm I.D. [2]. However, this is
wavelengths, by the optical fiber-coupled DAD system. Theunderstandable as the detection cell employed in our
analytes were loaded into the separation system by a 200-nl

experiments was characterized by a 250-mm mean volume loop of the injection valve. (a) Asulam (256 nm), present
effective pathlength [2] and an inherently higher in the sample at a 0.5mmol/ l concentration; (b) naphthalene-2-
photon flux through the cell and, consequently, sulfonic acid (225 nm), present in the sample at a 0.3mmol / l

concentration; (c) sorbic acid (255 nm), present in the sample at areduced effects of the shot noise on the detection
0.5 mmol / l concentration; (d) sulfanilic acid (248 nm), present in[2,10,43].
the sample at a 0.5mmol / l concentration. The separation and

The DAD spectra acquired at the peak apexes of detection columns of the tandem were filled with an identical
the test analytes, when these were loaded at aboutcarrier electrolyte solution (the system no. 1b, in Table 1). The
10 mmol / l concentrations (see Fig. 3), required driving current was stabilized at 50mA.
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Concentration limits at which the TTFA method is
still effective in confirmation of identities of the
analytes under our DAD detection conditions were
estimated from the CZE runs performed with model
samples containing 0.1–1000mmol / l concentrations
of the test analytes and samples containing, besides
the analytes, also co-migrants at comparable con-
centrations. Transformed Pearson correlation coeffi-
cients [the transformation used the form,2 log (12

24r 1 10 ), to eliminate discontinuities for the values
of r51] obtained from these experiments and plotted
against the concentrations of the analytes in the
loaded samples are given in Fig. 4. The plots,
expressing the spectral matches provided by the
TTFA procedure, had characteristic courses. From
these courses it is apparent that the transformed
Pearson correlation coefficient for a particular ana-
lyte decreased only very slightly with a decreased
concentration of the analyte down to a certain critical
concentration (‘‘limit of identification’’). Below this
concentration a sharp decrease of the correlation
coefficient was typical and, in addition, its value did
not depend on the concentration of the analyte when
this was present in the loaded sample at a lower
concentration. The plots (a) and (b) in Fig. 4 show
that co-migrating interferents did not influence these
courses significantly.Fig. 3. Spectra acquired from the CZE runs with the test analytes

by the fiber-coupled DAD system. (a) Asulam [raw (1) and
background corrected and smoothed (2) spectra for a 5mmol / l
concentration of the analyte; a background corrected and 3 .2. Enhancing detectabilities of the analytes in
smoothed spectrum for a 10mmol/ l concentration of the analyte the tandem-coupled columns
(3)]; (b) naphthalene-2-sulfonic acid [raw (1) and background
corrected and smoothed (2) spectra for a 1mmol/ l concentration

The concentration of the carrier ion of the carrierof the acid; background corrected and smoothed spectrum for a
10 mmol/ l concentration of the acid (3)]; (c) tryptophan [raw (1) electrolyte solution determines, in accordance with
and background corrected and smoothed (2) spectra for a the Kohlrausch regulating function, the concentra-
5 mmol/ l concentration of tryptophan; background corrected and tions of the separated constituents in CZE [34]. As
smoothed spectrum for a 20mmol/ l concentration of tryptophan

the situation in each of the tandem-coupled columns(3)]. The spectra of asulam and naphthalene-2-sulfonic acid were
is governed by its own Kohlrausch regulating func-acquired from their peak apexes from the CZE runs performed in

the electrolyte system no. 1b (Table 1) while the ones of tion, a higher concentration of the carrier ion in the
tryptophan were acquired in the electrolyte system no. 2 (without detection column, concentrating the separated con-
a-CD). The driving current was stabilized at 50mA. stituents, provide conditions for higher qualities of

the spectral data acquired by DAD. The analytical
analytes (neither background corrections nor smooth- possibilities of such an approach were investigated in
ing was applied for the reference spectra). For lower a context with the detection and identification of
concentrations of the analytes, however, only pro- trace impurities present in the preparation of one of
cessing of the raw spectral data by TTFA led to the test analytes (asulam). Electropherograms ob-
match factors confirming the identities of the ana- tained from the acquired spectral data in the runs
lytes with high certainties (Table 2). with identical and different concentrations of the
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Table 2
Impact of the processing of the acquired spectral data on the Pearson correlation coefficients and match factors

Analyte Concentration Processing of the acquired spectral data
(mmol / l)

Background correction and smoothing TTFA

r Match factor r Match factor

Asulam 5 0.98108 962.51 0.99985 999.70
aNAPH 1 0.84699 717.39 0.99969 999.37

Tryptophan 4 0.81091 657.58 0.99971 999.42
2TTFA, target transformation factor analysis;r, Pearson’s correlation coefficient; match factor510003r .

a NAPH, naphthalene-2-sulfonic acid.

carrier ion in the coupled columns (Fig. 5) clearly tained from the CZE run with the model mixture of
demonstrate enhanced detectabilities of the trace this composition is given in Fig. 7. The output data,
constituents linked with the use of this approach. eigenvalues, obtained from the FSW-EFA processing
Improved spectra of the trace impurities were ac- of the corresponding spectral data are plotted in Fig.
quired in this way as well (Fig. 6). 8. The first plot of the eigenvalues (E1, in Fig. 8)

The electropherograms (Fig. 5), the spectra of represented an envelope of the electropherogram. A
impurities (Fig. 6) and data given in Table 3 indicate dominant peak in the E2 plot corresponded to the
that the concentrating effects attainable in the de- overlap of the peaks of 2,5-dichlorobenzenesulfonate
tection column of the tandem can be beneficial in andp-aminosalicylate. Small asymmetric peaks in
acquiring the spectral data for the trace analytes this plot, corresponding to rising and falling edges of
present in the loaded samples down to about 0.01% the peaks on the electropherogram, were ascribed to
concentrations (relative to the detected sample mac- contributions of the carrier electrolyte. Therefore,
roconstituent). On the other hand, it is necessary to their shapes were (likely) linked with concentration
stress that the concentrating effect in the detection changes of the carrier electrolyte along the zones of
column is not restricted to the separated constituents the separated constituents. A peak marked with an
and the carrier ions entering this column are concen- asterisk in the E3 plot was attributed to the trace
trated as well. Due to this, the resolutions of some analyte (this was confirmed by the CZE runs with
constituents attained in the separation column of the and without naphthalene-2-sulfonate in the sample)
tandem were reduced (imp1–imp3 in Fig. 5b) or while interpretations of the remaining two were not
almost totally lost (x in Fig. 5b). Undoubtedly, this clear. The E4 plot and the eigenvalue plots of higher
may limit a practical utility of this approach. indices corresponded to the detection noise. In this

context, it is to be noted that the courses of the
3 .3. Identification of trace analyte overlapped by eigenvalues became more complex with an increas-
matrix constituents ing number of constituents and their assignments

were not unambiguous.
An indirect identification potential of the present The outputs for the same spectral data processed

DAD method with the data processing by FSW-EFA by the OPA procedure are given in Fig. 9. Here,
and OPA was assessed for situations relevant to P1–P6 are dissimilarity plots (changes in the dissimi-
overlaps of the peak of the trace analyte by the larity courses in dependence on the references em-
matrix constituents. Here, a model mixture contained ployed). An average spectrum calculated for the
naphthalene-2-sulfonic acid at a 0.5mmol / l con- investigated time interval on the electropherogram
centration, while other acids (2,5-dichloroben- served as a reference in the calculation of the P1
zenesulfonic, p-aminosalicylic and 2,4-dinitroben- plot. An arrow in this plot indicates a position of the
zoic acids), representing the matrix constituents, reference taken for the calculations of a subsequent
were present in the mixture at 200-times higher (P2) plot. This interactive procedure continued till
concentrations. An illustrative electropherogram ob- the noise level was reached. The total number of
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Fig. 5. Electropherograms (256 nm) from the CZE separations of
asulam in the tandem-coupled columns with different carrier
electrolyte solutions in the detection column. (a) The separation
and detection performed in the electrolyte system no. 1a (Table
1); (b) the separation performed in the electrolyte system no. 1a
was followed by the detection in the electrolyte system no. 1c
(Table 1). In both instances the concentration of asulam in the
loaded sample was 5 mM. The driving current was stabilized at 50
mA. imp1–imp3, and x are impurities originating from the asulam
preparation.

Fig. 4. Dependences of logarithmically transformed values of the
Pearson correlation coefficients of the test analytes on their

mixtures) was assumed to provide maximum in-concentrations in the loaded samples with the TTFA data process-
formation on one of the separated constituents anding applied. (a) Asulam (o-aminobenzoic acid andN-

acetyltryptophan served as comigrants); (b) naphthalene-2-sulfonic the presence of naphthalene-2-sulfonate (marked
acid (2,5-dichlorobenzenesulfonic andp-aminosalicylic acids were with an asterisk in Fig. 9) was detected in the P5
used as comigrants); (c) tryptophan.s, data points obtained from plot.
the runs with the samples containing only the analytes (the points
are interconnected by full lines);♦ , data points from the runs in

3 .4. Identification of enantiomers present in awhich the samples contained beside the analytes also the above
comigrants (present in the loaded samples at concentrations complex ionic matrix
comparable with those of the analytes). The runs with asulam and
naphthalene-2-sulfonic acid were carried out in the electrolyte CZE runs with tryptophan enantiomers, added to a
system no. 1b (Table 1) while the ones with tryptophan were

mixture of products formed by Maillard’s reaction ofcarried out in the electrolyte system no. 2 (withouta-CD). The
glycine and xylose [51], were performed to assessdriving current was stabilized at 50mA.
some of the potentialities of the present fiber-coupled
DAD in a combination with a relevant data process-

plots was equal to the number of analytes plus one ing procedure in identifying enantiomers present in
(corresponding to the carrier electrolyte; in our complex ionic matrices. Here, our attention was
instance it was taken from a position marked by an focused on a situation in which one of the enantio-
asterisk in P4). Each of the references (spectra of mers (present on a trace concentration level in the
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Fig. 7. An electropherogram (225 nm) from the CZE separation
of naphthalene-2-sulfonic acid (0.5mmol / l) from 2,5-dichloro-
benzenesulfonic acid (DCBS),p-aminosalicylic acid (PAS) and
2,4-dinitrobenzoic acid (2,4-DNB), each at a 100mmol / l con-
centration. The separation was carried out in the electrolyte system
no. 1b (Table 1) with a 50mA driving current.

loaded sample) should be identified in a matrix
representing a source of spectral disturbances. Two
alternative concentration ratios of the tryptophan
enantiomers were evaluated as documented by illus-
trative electropherograms in Fig. 10a and b. The
acquired spectral data were processed by FSW-
TTFA. The corresponding plots of logarithmically
transformed Pearson correlation coefficients (Fig.
10c and d) clearly identified the migration positions

Fig. 6. Spectra of impurities present in the asulam preparation as of the enantiomers. Here, only one of the matrix
obtained by DAD in the CZE runs with different carrier elec- constituents (x in Fig. 10) provided a false spectral
trolytes in the detection column of the tandem (see Fig. 5a and b).

match. This false was eliminated in a subsequent(a) The spectra (background corrected and smoothed) acquired in
data processing step with the aid of the TTFAthe electrolyte system no. 1a (Table 1). (b) The spectra (back-

ground corrected and smoothed) acquired in the electrolyte system procedure.
no. 1c (Table 1). In both instances the electrolyte system no. 1a
was used in the separation column of the tandem. For further
details describing the working conditions see Fig. 5.

Table 3
Relative contents of anionic impurities as determined with the aid of different carrier electrolyte solutions in the detection column of the
tandem

a a aPeak Electrolyte system 1a/1a Electrolyte system 1a/1c
b bPeak area Relative area Peak area Relative area

(mAU s) (%) (mAU s) (%)

Asulam 7655.0 – 29,131.0 –
Imp1 4.2 0.06 21.2 0.07
Imp2 6.6 0.08 26.9 0.09
Imp3 36.9 0.48 138.5 0.48
x 6.7 0.09 – –

a See the electropherograms in Fig. 5; the carrier electrolyte in the separation column/carrier electrolyte in the detection column; for the
compositions of the carrier electrolytes see Table 1.

b The peak area related to the peak area of asulam.
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Fig. 8. An analysis of the 3D data as obtained by DAD in the
CZE run shown in Fig. 7. The spectral data were processed by
FSW-EFA. E1–E4, time plots of the eigenvalues. See the relevant
text for further details.

4 . Conclusions

Fig. 9. An analysis of the 3D data as obtained by DAD in theDiode array detection, coupled to a 320mm I.D.
CZE run shown in Fig. 7. The spectral data were processed byfused-silica capillary tube by optical fibers, provided
OPA. P1–P6, dissimilarity time plots. For further details see the0.2–1 mmol / l concentration detectabilities for the
text.

CZE analytes loaded into the separation system in
200-nl volumes. Although these values are 3–5 times
higher than those we could reach under similar
working conditions by fixed-wavelength, on-column appropriate data processing procedures was very
CE photometric absorbance detectors [35–39,41,42], beneficial at such concentrations as documented, for
they are well below those considered in the literature example, by the data summarized in Table 2.
[2] as current concentration limits for on-column The tandem-coupled columns offer practical
photometric absorbance detectors in 50–75mm I.D. means for performing CZE runs in which the
fused-silica capillary tubes. This fact can be, un- separating and detection conditions are selected,
doubtedly, ascribed to a 250-mm mean effective within certain limits, independently. We showed
pathlength in the detection cell on the 320mm I.D. benefits of the tandem in improving the conditions
tube [2] and, in addition, to an inherently higher for the data acquisition by concentrating the analytes
photon flux through such a cell (leading to reduced before their entrance into the cell of the fiber-coupled
effects of shot noise on the detection [2,10,43]). DAD detector. For obvious reasons, a desired de-

Confirmations of the identities of the test analytes tection and/or identification effect could be reached
based on the data acquired by the present DAD only when adequate resolutions in the separation
system were possible when their concentrations in column of the tandem were provided (Fig. 5).
the loaded samples were 1–5mmol / l. The use of The results of experiments performed with
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Fig. 10. Spectral identifications of tryptophan enantiomers added to a mixture of products of Maillard’s reaction. (a) An electropherogram
(220 nm) from the CZE run with the sample containingL-tryptophan (6mmol/ l) and D-tryptophan (7.5 mM) in a concentration ratio of
1:1250; (b) the run as in (a) onlyL-tryptophan (0.85 mM) and D-tryptophan (6mmol / l) were loaded in a 141:1 concentration ratio. (c, d)
Time courses of the logarithmically transformed values of the Pearson correlation coefficients as provided by the FSW-TTFA processing of
the spectra acquired in the runs (a) and (b), respectively. The CZE separations were carried out in the electrolyte system no. 2 (Table 1) with
the driving current stabilized at 50mA.

tryptophan enantiomers (Fig. 10) indicate that by R eferences
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