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Summary 

 
Electrophoretic and electroosmotic phenomena occur 

in capillary electrophoresis. Both phenomena manifest in 
dependence on in-capillary conditions. The conditions are 
changed during method development to get the best 
separation but it is necessary to respect requirements of 
a detection technique used as well. Conductivity detection 
is non-specific detection technique thus signal of the 
detector can be easily affected by composition of 
background electrolyte. Electroosmotic flow – 
manifestation of electroosmotic phenomena – is often 
modified by an addition of various additives into 
background electrolyte. The subject of this contribution is 
a study of effects of additives reversing electroosmotic 
flow on signal of contactless conductivity detection. 

 
 

1. Introduction 
 
Capillary electrophoresis with capacitively coupled 

contactless conductivity detection (CE-C4D) combines 
separation efficiency of CE and non-specifity of C4D. 
CE-C4D has been applied for analysis of both inorganic 
and organic ions, which are not easily detectable by 
convectional detection techniques1. However, some 
applications demand reduction, suppression or even 
reversion of electro-osmotic flow (EOF) which can 
sometimes lead to reduction of signal-to-noise ratio by 
either presence of additional co-ion with closer 
electrophoretic mobility to the analyte, or increase of noise 
and baseline disruption. Subject of this study is to evaluate 
the effect of the most common additives affecting EOF on 
the noise of the C4D signal. 

 
 

2. Experimental 
 
Agilent G7100A Capillary Electrophoresis System 

with integrated A/D converter and controlled by Agilent 
ChemStation software was used. C4D was in-house-
assembled and in-cassette-built. Construction design 
follows the paper published by Gas et al.2 with oscillating 
signal generated by a crystal oscillator working at 

1.84 MHz. A capillary made of fused-silica with 50/375 m 
inner/outer diameters and 48.0 cm of a total length was 
used in all experiments. A new capillary was used for 
every additive tested to avoid any memory effects. 
Cassette was tempered to constant 25 °C and applied 
voltage was 24 kV. 

Buffer system based on MES (4-Morpholine-
ethanesulfonic acid) adjusted by LiOH to pH 6 was used in 
all experiments at 20 mM concentration and was prepared 
freshly every day. Among tested additives belong 
positively charged single- and double-chained surfactants 
(tetradecyltrimethylammonium bromide, TTAB; 
hexadecyltrimethylammonium bromide, CTAB; 
didodecyldimethylammonium bromide, DDAB), 
positively charged polymers (polyethylenimine, PEI; 
hexadimethrine bromide, Polybrene), spermine, 
spermidine and hexamethonium bromide. EOF was 
measured using UV detection set at 234 nm to detect 
approx. 2 mm injected plug of 1 mM thiourea dissolved in 
water. 

 
 

3. Results and discussion 
 
TTAB, CTAB, spermine, spermidine and 

hexamethonium bromide reduce and reverse EOF at 
concentrations affecting C4D signal. Moreover, TTAB and 
CTAB show significant memory effect which cannot be 
solved by intensive rinsing by 1M HCl, 1M NaOH, 
methanol and acetonitrile in various combinations. This 
fact hinders utilization of TTAB and CTAB to simple EOF 
reduction by a low TTAB/CTAB concentration when C4D 
signal is not significantly affected yet. Most promising are 
PEI and Polybrene which reverse EOF at ppm levels by 
a strong physical attachment. DDAB form vesicular or bi-
layer films on the inner capillary wall3 at M 
concentrations, but its low solubility in water-based-
solvents is a major hurdle. 

Preliminary experiments were done with successive 
multiple ionic polymer layers (SMIL)4–5 using Polybrene 
or PEI layer overlaid with dextran sulphate and then by 
Polybrene or PEI. SMIL formed by Polybrene layers are 
much more stable than SMIL formed by PEI. SMIL do not 
deteriorate C4D signal and have no effect on C4D noise. 
However, there is observed a slight increase (approx. 
10 mV) of baseline due to conductive polymers attached to 
the inner capillary wall. 

 
 

4. Conclusions 
 
Regulation of EOF by an addition of TTAB and 

CTAB is not recommended due to a strong memory effect. 
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They also affect noise of C4D signal at concentration 
reversing EOF. Spermine, spermidine and hexamethonium 
bromide affect noise of C4D signal at effective 
concentrations. The most promising are cationic polymers 
or SMILs which are responsible for stable and reverse 
EOF. They are also advantageous for possible coupling 
with mass spectrometry detection. 
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Summary 

 
In our work, we developed a new paper-based 

microfluidic chip for the determination of 
ecotoxicologically important heavy metals Pb(II), Cd(II), 
Hg(II), and Ni(II). A fast, cheap and portable alternative to 
common analysis test was developed to detect serious 
environmental accidents. Our chip needs only 1.0 L of 
a sample and allows detection of heavy metals in levels of 
units of g L–1 with using a mobile phone camera as 
a processing medium. 

 
 

1. Introduction 
 
Low-cost paper microfluidic platforms are known as 

an alternative to common instruments which have high 
prize and low portability. The concept was introduced by 
Whitesides group in 2007 (ref.1). So far, similar platforms 
were used for many purposes as basic health tests2 or for 
determination of Fe(II), Cu(II), Ni(II) (ref.3). Group of 
Whitesides4 and Lin5 pointed out some technical aspects of 
their preparation using mainly printing by Xerox printers. 
Our main purpose was to develop a fast, cheap, portable 
and easy operational alternative to common instruments. 
Our product is a new paper-based chip for semi-
quantitative ecotoxicological purposes. We focused mainly 
on heavy metals Pb(II), Cd(II), Hg(II) and Ni(II) because 
of their environmental toxicity, using concentrations of 
g L–1 while needing only 1.0 L of sample. 

 
 

2. Experimental 
 
Paper-microfluidic devices were prepared as follows: 

a design was drawn using the Corel Draw X5 software; 
then printed by the Xerox ColorQube 8570 wax printer on 
filter paper Whatman, Grade 1; the structure (wax melting) 
was done by ironing using the Tefal Primagliss 2530 iron 
at highest temperature (205 °C) over a bake paper. Colored 

spots were processed through Sony Ericsson Xperia 
mobile phone and reconstructed in the Corel Photo-Paint 
X5 software. Microscopic observations were done by the 
optical microscope Motic 102M equipped with a CCD 
camera. Reagents used for determination of heavy metals 
were as follows: Pb(II) and Hg(II): potassium iodide, Cd
(II): 1,5-diphenylcarbazide, and Ni(II): dimethylglyoxime, 
all 0.1 mol L–1 solutions. Reagent spots on the paper were 
dried using a common hairdryer. 

 
 

3. Results and discussion 
 
We designed a ring-size device with 8 spots for 

analysis creating 8 independent tests on the single chip 
(Fig. 1). Then we studied the process of channel 
preparation using one side printing, one side printing with 
two repetition of printing, and both sides printing. Firstly, 
we used hot plate in the process of wax melting. Because 
of low precision and reproducibility of chips prepared, we 
chose ironing over a bake paper as better suited method. 
Secondly, we tested different temperatures of the iron from 
150 °C to 205 °C and ironing over a bake paper for 5 s to 
60 s (with the increase of 5 s) using a wax printed on one 
side of the paper. Here, we observed that the use of highest 
temperature (205 °C) applied for 30 s to 45 s formed 
reproducible channels. Higher times destroyed the paper. 
We found that the use of both side printing gives more 
reproducible preparation of channels with reducing time of 
ironing from 35 s to 10 s. 

To evaluate the performance of the chip, those simple 
analytical reactions for determination of the heavy metals 
were used: Pb(II) and Hg(II) were determined using 
potassium iodide, Cd(II) content was evaluated by 1,5-
diphenylcarbazide, and dimethylglyoxime was used for 
determination of Ni(II). The reagents were applied using 
single channel pipette to the spots for analysis and then 
dried using a hairdryer to avoid leakage to the central spot. 
An example of colored spots is displayed in Fig. 2. 
Different concentrations of Pb(II), Cd(II), Hg(II), and Ni
(II), concentrations of 5 g L–1 to 100 g L–1, were tested. 

LOW-COST PAPER-BASED DEVICE FOR SEMI-QUANTITATIVE  
ECOTOXICOLOGICAL ANALYSIS IN TERRAIN 

Fig. 1. Chip design 
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Calibrations were linear in the range of 5 g L–1 to 100 
g L–1 with correlation coefficients from 0.978 to 0.989. 

 
 

4. Conclusions 
 
We successfully developed a new low-cost paper-

based microfluidic chip for semi-quantitative analysis of 
ecotoxicologically important heavy metals Pb(II), Cd(II), 
Hg(II), and Ni(II) that can be used in a terrain to detect 
environmental accidents. The result is given in less than 
5 minutes including data transfer through the mobile 
phone, reconstruction in the Corel Photo-Paint X5 
software, and evaluation. 
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Summary 

 
A novel microfluidic cell capture device design is 

investigated by means of computational fluid dynamics 
(CFD) simulation. The device features an array of 
cylindrically shaped microposts. The physical object is 
simulated in 2D. The model is based on the laminar form 
of the Navier-Stokes equation assuming one phase flow 
with same physical characteristics as water at 293.15 K 
and constant dynamic viscosity. The velocity field 
distribution and the formed share stress are calculated by 
numerical methods. It is concluded that that the cell 
capture capability of this novel device can be significantly 
improved by altering the positions of the pillars. 

 
1. Introduction 

 
Microfabricated cell capture devices (MCCDs) are 

inspired by the electrical circuits of the semiconductor 
industry. MCCDs usually comprise channels, pillars, 
junctions and the combinations of those, with a goal of 
maximizing functionally useable area. They are used for 
sorting, processing and analyzing minute amount of 
biological fluids or other biological samples, such as rare 
cells1,2. Cell sorting has particular importance in cancer 
research since it reduces the complexity of the biological 
sample (blood) for liquid biopsy3. Dealing with such very 
small number of cells in the target makes MCCDs 
promising tools for detection, capture and enrichment 
since the geometrical dimensions of the target cells and the 
working channels are in the same size range. Due to their 
small dimensions, experimental analysis with such 
miniature and complex devices is not only difficult but 
time and cost intensive. Thus, computational modeling can 
be used to speed up the development. With regard to 
MCCDs, computational fluid dynamics (CFD) modeling is 
widely accepted and probably one of the most frequently 
used tools today. In this presentation, we focus on the 
investigation of the shear stress occurring in MCCDs. 
Furthermore, we demonstrate how CFD simulation can 
help to detect unexpected dead-volume problems inside 
the microchip. 

2. Numerical experiment 
 
The applied CFD model is based on the laminar form 

of the Navier-Stokes equation, since the Reynolds number 
is typically around unity4 in MBDs: 

where u is the linear velocity, ρ is the fluid density, η is the 
fluid viscosity, t is the time, and p is the pressure. Equtaion 
1 shoud be coupled to the so called continuity equation: 

It is assumed, that the flowing fluid fills up the 
domain of interest (no free surface is taken into account) 
and has same physical characteristics as water at 293.15 K 
with constant dynamic viscosity (Newtonian fluid). The 
sedimentation is neglected, i.e. no vertical flow is 
expected, and therefore the MBDs are simplified in 2D 
(see Fig. 1). Equation 1 and 2 were solved with finite 
element method based numerical solver COMSOL 
Multiphysics version 4.3.0.151. The meshing was carried 
out by unmapped Delaunay triangulation method, and the 
number of elements was 17494. We were interested in the 
velocity field in the case of fully developed flow; 
therefore, time independent solutions were used. A typical 
MBD contains a large number of pillars in order to 
increase the functionable surface inside the chip5. Since 
the layout of the pillars and their surrounding was isotropic 
(the geometry was independent from the orientation), just 
a representative part of the whole chip was modeled to 
save computational time. 

DESIGN AND MODELING OF MICROFLUIDIC CELL CAPTURE DEVICES 

Fig. 1. The array of micropillars in the modeled domain 

(2)  0u  
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Thirty five pillars were definied, and every second 
coloumn was shifted with 25 m in position to the 
previous one. On the wall of the pillars as well as on 
Boundary 2 and 4 „no slip“ boundary  condition was 
definied, which meant that the velocity was forced to be 
zero (u = 0 m s–1). Boundary 1 and 3 were definied as 
inflow and outflow, respectively. 

 
 

3. Results and discussion 
 
The obtained velocity field is shown in Fig. 2 (the 

warmer the color, the higher the velocity). On Boundary 1 
(see Fig. 1) the full-length inflow velocity is 0.001 m s–1. 
As one can see, the wall effect is not significant, since the 
flow filed distribution between the pillars is homogenous. 
The three hot points, where the flow velocity is higher are 
negligible since we are interested in the bulk characteristic 
only. 

Based on the flow channel patterns (indicated with 
turquoise), which are formed between the pillars, it can be 
concluded that this micropost arrangement is not efficient 
enough. Cells, which are transported by laminar flow, can 
move through the chip without any interaction with the 
functional surfaces, i.e. the surface of the pillars. If one 
alters the pillar arrangement (shift the columns of pillars in 
vertical orientation), the pressure drop could be increased. 
The higher pressure drop could damage the cells; 
therefore, the share stress was calculated using the 

calculated velocity filed. The share stress is the linear 
function of the velocity filed and can be derived as ref.6: 

where  is the dynamic viscosity, Q is the flow velocity, w 
and h are characteristic geometry sizes of the object. The 
calculated share stress is around 0.2 Pa, which is much 
less than the threshold shear stress of 150 Pa, where 
extensive cell damage could occur7. Based on the flow 
pattern and the calculated share stress, as a first 
approximation we can consider that the investigated 
MCCD can be improved by appropriate alteration of the 
pillar positions. 
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Summary 

 
Various pharmaceutical additives, erythrosine, 

methylparaben and propylparaben, were separated by 
capillary zone electrophoresis (CZE) in pharmaceutical 
preparations. Separations were carried out on 
electrophoretic microchip with conductivity detection and 
on electrophoretic analyzer with UV detection at 254 nm 
wavelength. Optimal pH of the background electrolyte was 
9.75. Microchip with injected volume of a 900 nL has 
enabled the concentration limit of detection (cLOD) in the 
range 0.35–6.79 mol L–1 for studied analytes. Using 
conventional capillary electrophoretic instrument cLOD 
values were in the range 0.11–0.38 mol L–1. Both 
methods allow fast and reproducible determinations of 
erythrosine, methyl- and propylparabens in various 
pharmaceutical products (Gastrotuss, Paxeladine and 
Brufen). 

 
1. Introduction 

 
Different additives are added to the various food, 

cosmetic and pharmaceutical products. These substances 
prolong their shelf life and improve the sensory properties 
such as taste, odor or color. Erythrosine (ER) is synthetic 
dye with potential carcinogenic, hyperactivity and 
photosensitivity effect. Preservatives, methylparaben (MP) 
and propylparaben (PP) are slightly toxic causing allergic 
and hypersensitive reactions with wide spectrum of 
antibacterial activity. Due an ionogenic character of these 
compounds, capillary electrophoresis (CE) or microchip 
electrophoresis (MCE) are suitable analytical methods for 
their separation and determination. These work deals with 
development of electrophoretic separation system for 
determination of erythrosine, methylparaben and 
propylparaben in pharmaceuticals by MCE and CE. 

 
2. Experimental 

 
A poly(methylmethacrylate) (PMMA) microchip with 

on-column conductivity detectors and fused silica (FS) 

capillary with UV detector working at CZE separations 
were used. Stock solutions of erythrosine (Sigma-aldrich; 
Steinheim, Germany) and parabens (Fluka; Buchs, Swiess) 
were prepared at 200 mg L–1 concentrations. A high 
molecular water-soluble polymer, methylhydroxy-
ethylcellulose 30 000 (MHEC; Sigma-Aldrich), was used 
for elimination of electroosmotic flow (EOF) in both 
microchip and capillary formats. Pharmaceutical samples 
(Gastrotuss, Paxeladine and Brufen) were purchased in 
local pharmacy. Sample pretreatment included only 
10 min centrifugation and appropriate dilution. 

 
 

3. Results and discussion 
 
A high pH (9.75) of the background electrolyte 

(BGE) enabled separation of fully dissociated parabens 
and erythrosine according to their ionic mobility with the 
aid of 1 mmol L–1 β-cyclodextrin added to the BGE 
solution. 

Intra-day repeatability of quantitative and qualitative 
parameters were calculated from three repeated runs with 
model samples performed on miniaturized and 
conventional CE platforms with identical BGE during one 
day. RSD for peak areas were 0.4–3.5 % and 1.2–9.3 % 
for MCE and CE, respectively and RSD for migration 
times were 0.8–1.9 % and 0.4–1.7 % for MCE and CE, 
respectively. 

The concentration limits of detection (cLOD) were 
calculated using method based on 3.3 times of the standard 
deviation of response and slope of the calibration curve 
from the peak height of analytes. PMMA microchip 
working with 900 nL sample volume has allowed to 
achieve low cLOD values, 0.35 mol L–1, 0.98 mol L–1 
and 6.79 mol L–1 for erythrosine, methylparaben and 
propylparaben, respectively. The cLOD values obtained 
from CZE separations on conventional CE analyzer with 
UV detection were 0.11 mol L–1, 0.32 mol L–1 and 
0.38 mol L–1 for erythrosine, methylparaben and propyl-
paraben, respectively. 

The three pharmaceutical samples were analyzed for 
a content of erythrosine, methyl- and propylparabens by 
proposed method. Only centrifugation and dilution of the 
analyzed samples were used as sample pretreatment. 
Determined concentration of erythrosine, methylparaben 
and propylparaben in pharmaceutical products are 
summarized in Table I. 

 
 

 
 

 

SEPARATION OF SOME PHARMACEUTICAL ADDITIVES BY MICROCHIP 
AND CAPILLARY ELECTROPHORESIS 
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4. Conclusion 
 
CZE performed on the PMMA microchip with 

conductivity detection and conventional capillary analyzer 
with UV detection offered simple, sensitive and 
reproducible analytical procedure for the determination of 
erythrosine, methylparaben and propylparaben in the 
pharmaceuticals. 

This work was supported by grants from the Slovak 
Grant Agency for Science (VEGA 1/1149/12) and the 
Research & Development Operational Programme funded 
by the ERDF (Center for Industrial Research of Optimal 
Method for Synthesis of Highly Effective Drugs, 
SynAnPharm, ITMS 26240220061). 

Drug Analyte Separation plat-
form 

c ± SD 
[mg L–1] 

Df n 

GASTROTUSS ER capillary 80 ± 2 20 3 
MP capillary 334 ± 10 100 3 
PP capillary 274 ± 8 100 3 

PAXELADINE ER capillary 383 ± 67 100 3 
MP microchip 558 ± 15 100 3 

capillary 582 ± 38 100 3 
PP microchip 298 ± 16 10 3 

capillary 300 ± 14 100 3 
BRUFEN MP microchip 838 ± 14 20 3 

capillary 884 ± 12 100 3 
PP microchip 446 ± 15 20 3 

capillary 470 ± 16 100 3 
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Fig. 2. Electropherograms from CZE analyses of pharmaceu-
tical sample Paxeladine in the FS capillary with UV detection 
at 254 nm. Injected sample: (a) 100-times diluted sample PAX-
ELADINE in 10% BGE and 1 mmol L–1 sulfate, (b) the same as 
in (a) with addition of 10 mg L–1 erythrosine, 2.5 mg L–1 
methylparaben and 2.5 mg L–1 propylparaben. A = absorbance 

Fig. 1. Electropherograms from the CZE analyses of pharma-
ceutical sample Brufen on the PMMA microchip with con-
ductivity detection. Injected sample: (a) BGE (a blank run), (b) 
20-times diluted sample Brufen in 10% BGE and 1 mmol L–1 
sulfate. G = conductivity 

Table I 
Concentrations of the studied additives in pharmaceutical samples 

c – average concentration in the sample, SD – standard deviation, Df – dilution factor n – number of repeated CZE runs 
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Summary 

 
The aim of this work was to compare reagents used 

for derivatization of non-ionic surfactants based on fatty 
alcohol ethoxylates. In this work, three derivatization 
reagents were compared: ftalic anhydride, phenyl 
isocyanate and phenyl isothiocyanate. After selecting the 
best reagent, the derivatization process was optimized, 
including composition of the reaction mixture – ratio of 
the alcohol ethoxylate and the reagent and the 
derivatization with or without catalyst. Prepared 
derivatives were analyzed using liquid chromatography 
with UV-VIS detection. 

 
 

1. Introduction 
 
Fatty alcohol ethoxylates belong to the group of non-

ionic surfactants, which are the most common part of 
cleaning and laundry agents. Because of massive 
production and worldwide usage, the impact of fatty 
alcohol ethoxylates (FAEs) on the environment is 
monitored.  The general formula of FAEs is CH3(CH2)n

(OCH2CH2)yOH, where n used to be in between of 11 and 
15, 17 and y is usually 0–18. FAEs are prepared by the 
reaction of fatty alcohol with ethylen oxide. After the 
reaction, the mixture of different alkyl chain and ethoxy 
(EO) distribution is obtained and its characterization is 
important for the setting of the hydrophilic-lipophilic 
equilibration (HLB). The value of this equilibration 
determines the size of FAEs solubility, foaming etc.1,2. 

The most frequently used derivatization reagents for 
UV detection are anhydrides of ftalic and maleinic acids, 
benzoyl chloride and its analogues, phenyl isocyanate and 
naphtyl isocyanate. The less common reagent used for 
derivatization of alcohols is phenyl isothiocyanate, which 
is usually used for derivatization of amines and amino 
acids3–5. 

In some cases it is necessary to use catalyst, which 
accelerates or even enables the reaction. The catalysts 
suitable for nucleophile reactions are pyridine, 
triethylamine, diethylamine, dimethylsulfoxide and 
dimethylformamide6. 

2. Experimental  
2.1. Apparatus 

 
The separation of fatty alcohol ethoxylates was 

realized on the modular liquid chromatograph (Shimadzu, 
Kyoto, Japan) with UV detection. The liquid 
chromatograph consisted of degasser DGU 3014, two 
pumps LC-20AD XR involving binary gradient of mobile 
phase composition, mixer, six port injection valve with 
outer loop with the volume 20 l (Valco – Vici) or 5 l 
(Rheodyne, USA), column thermostat LC 120 (ECOM, 
Czech Republic) and UV detector SPD-20A. 

Two columns were selected for the experiments: 
Zorbax Eclipse XDB-C18 with the length 150 mm and 
inner diameter 4.6 mm, packed with fully porous 5 m 
particle size and Poroshell C18 (150 mm  3 mm i.d.), 
packed with porous shell particles of the size 2.7 m. 

 
2.2. Chemicals 

 
The mobile phase was prepared using acetonitrile 

(Sigma Aldrich, Steinhein, Germany) and redistilled water 
filtered by Demiwa 5-ROI (Watek, Ledeč nad Sázavou, 
Czech Republic) and SG UltraClear apparatus (SG, 
Hamburg, Germany). The acetic acid was used as an 
additive for the mobile phase (Penta, Chrudim, Czech 
Republic). 

Three reagents were selected for derivatization 
process: ftalic anhydride (Sigma Aldrich, Steinhein, 
Germany), phenyl isocyanate (Merck, Praha, Czech 
Republic) and phenyl isothiocyanate (Sigma Aldrich, 
Steinhein, Germany). For preparing esters of ftalic acid, 
1,4-dioxane (Lachema, Brno, Czech Republic), urea (Lach-
Ner, Neratovice, Czech Republic), 25 % (m/m) water 
solution of NaOH (Lach-Ner, Neratovice, Czech Republic) 
and methanol (Sigma Aldrich, Steinhein, Germany) were 
used. Two catalysts of the reaction between fatty alcohol 
ethoxylates and phenyl isothiocyanate (PITC) were 
selected, including pyridine (Lachema, Brno, Czech 
Republic) and triethylamine (Lach-ner, Neratovice, Czech 
Republic). For the experiments, five technical samples of 
fatty alcohol ethoxylates were obtained from Slovasol 
(Sasol Slovakia, Nováky, Slovakia). 

 
2.3. Conditions of separation 

 
Mobile phase consisted of acetonitrile and redistilled 

water with the addition of acetic acid at the concentration 
0.1 % (v/v). The samples were separated using gradient 
elution mode. The mobile phase composition programme 
was 0 min 70 % ACN/water – 30 min 100 % ACN. The 
mobile phase flow rate used with the column Zorbax 

DERIVATIZATION OF FATTY ALCOHOL ETHOXYLATES FOR LIQUID 
CHROMATOGRAPHY SEPARATION WITH UV-VIS DETECTION 



Chem. Listy 107, s462–s464 (2013)                               CECE Junior 2013                                                                              Posters  

s463 

Eclipse XDB-C18 was 1 mL min–1 and with the column 
Poroshell C18 0.4 mL min–1. Column was termostated on 
the temperature 35 °C. Ftalic acid esters and urethanes 
were detected at 230 nm, thiourethanes were detected at 
280 nm. 

 
 

3. Results and discussion 
 
The comparison of the separation of FAEs after 

derivatization with phenyl isocyanate and phenyl 
isothiocyanate on both C18 columns packed with fully 
porous particles and packed with porous shell particles is 
shown on the Fig. 1 and 2. The separation according to the 

length of alkyl chain and the number of ethoxy units is 
obtained with both derivative reagents, but the resolution 
of the oligomers with the different number of ethoxy unit 
is higher for thiourethane derivatives. The application of 
porous shell particle stationary phases yielded higher 
efficiency of the separation of both types of derivatives in 
comparison to the fully porous particles. 

The reaction between phenyl isothiocyanate and 
alcohol ethoxylate can be catalyzed by pyridine or 
triethylamine. After the comparison of reaction yileds for 
derivatization process employing pyridine and 
triethylamine (Fig. 3), triethylamine was selected as more 
effective catalyst providing higher reaction yield of the 
thiourethanes in shorter reaction time. 

 

Fig. 1. Separation of urethanes on the columns Poroshell C18 and Zorbax Eclipse XDB-C18 

Fig. 2. Separation of thiourethanes on the columns Poroshell C18 and Zorbax Eclipse XDB-C18 
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4. Conclusions 
 
Derivatized fatty alcohol ethoxylates were separated 

according to the length of alkyl chain and the number of 
ethoxy units in their molecules. The best results were 
achieved using derivatization reaction with phenyl 
isothiocyanate. The optimal mass ratio between alcohol 
ethoxylate and phenyl isothiocyanate is 2:1. The reaction 
between phenyl isothiocyanate and alcohol ethoxylates is 
much faster using catalyst (pyridine, triethylamine). The 
peak area and thus the reaction yield increases three times 
with the reaction time 60 min using pyridine or 
triethylamine in comparison to the derivatization without 
catalyst. Triethylamine is more efficient as the catalyst of 
the reaction between alcohol ethoxylates and PITC than 
pyridine due to the higher reaction yields in shorter time. 
The optimal ratio between alcohol ethoxylate, phenyl 
isothiocyanate and triethylamine is 2:1:0.75 (m/m/m). The 
separation on the C18 column packed with porous shell 
particles is more efficient than on the column packed with 
fully porous particles under approximately the same 
retention times. 

 

Fig. 3. Comparison of two catalysts (pyridine and triethylamine) and reaction time 
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Summary 

 
Micellar electrokinetic chromatography was used in 

this work for separation of selected antioxidants. The 
critical micellar concentration of homologous series of 
sodium alkyl sulfates and migration time of their micelles 
were determined. The effects of pH of background 
electrolyte, concentration of surfactants and organic 
modifier on the separation selectivity of flavonoids and 
phenolic acids were studied. 

 
 

1. Introduction 
 
Micellar electrokinetic capillary chromatography 

(MEKC) is a mode of capillary electrophoresis, which 
combines principles of liquid chromatography and 
capillary zone electrophoresis. Neutral molecules as well 
as charged ions can be separated by this technique, 
including pharmaceuticals, environmental pollutants, cell 
cultures, biological fluids and substances in food1–3. 

For the process of MEKC, the presence of surfactant 
micelles in background electrolyte is essential. The 
micelles are formed if the concentration of surfactant in 
solution is higher than the critical micelle concentration4. 
The critical micelle concentrations (cmc) of the sodium 
alkyl sulfate surfactants were determined in water, borate 
buffer (25 mmol L–1, pH 9.30) and buffer with addition of 
acetonitrile (5–20 %; v/v). Besides of the effect of length 
of alkyl chain and of the surfactant concentration in 
background electrolyte on the separation selectivity of 
natural antioxidants, the effect of organic modifier 
acetonitrile was investigated, too. In this work, sodium 
decyl sulfate and sodium dodecyl sulfate were used for the 
separation of selected flavonoids and phenolic acids. The 
MEKC separation of antioxidants was compared to the 
CZE separation in the same buffer without surfactants. 

 
 

2. Experimental 
 
Sodium decyl sulfate and sodium dodecyl sulfate, 

selected antioxidants ((–)-epicatechin, (+)-catechin, 
4-hydroxyphenylacetic acid, 7-hydroxyflavone, caffeic 
acid, flavone, gallic acid, hesperetin, hesperidin, 
chlorogenic acid, naringenin, p-hydroxybenzoic acid, 
quercetin, rutin, salicylic acid) and alkylbenzenes 
(methylbenzene, ethylbenzene, propylbenzene, 
butylbenzene, pentylbenzene) were obtained from Sigma-
Aldrich (Steinheim, Germany). Sodium tetraborate and 
boric acid were purchased from Fluka (Buchs, 
Switzerland), thiourea from LachNer (Brno, Czech 
Republic) and methanol from J. T. BAKER (Deventer, 
Netherlands). 

All experiments were carried out using capillary 
electrophoresis Agilent 3DCE (Palo Alto, CA, USA) in 
fused-silica capillary (non-coated, 48 cm total length, 
40 cm effective length, 50 m i.d.) and voltage 20 kV was 
applied. Detection wavelength was set at 254 nm. 
Separation capillary was preconditioned by flushing with 
electrolyte for 2 min before the analysis. The samples were 
injected by applying 50 mBar pressure on the inlet sample 
vial for 5 s. 

The stock solutions of antioxidants were prepared in 
methanol (0.5 g L–1) and for separation the samples were 
diluted by water to the final concentration of 10 mg L–1. 

The critical micelle concentration was determined by 
the method based on the measurement of the background 
electrolyte current5 and by the computational method using 
the retention model6, where the migration time of the 
micelles was obtained using iterative process of migration 
times of homological series of alkylbenzenes7. 

CZE AND MEKC SEPARATION OF PHENOLIC COMPOUNDS 

Fig. 1. The values of critical micelle concentration of sodium 
decyl-, dodecyl- and tetradecyl sulfate in electrolyte with con-
centration of acetonitrile 5–20 % (v/v) 
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Fig. 2. Separation of the mixture of antioxidants in 25 mmol L–1 borate background electrolyte pH 7.19; 8.10 and 9.30 

Fig. 3. Separation of mixture of antioxidants in 25 mmol L–1 borate background electrolyte pH 9.30. Non-coated 48 (40) cm fused 
silica capillary, 50 m i.d., applied voltage 20 kV, temperature 25 °C. 1: (–)-epicatechin, 2: (+)-catechin, 3: rutin, 4: hesperetin, 5: 
naringenin, 6: 4 hydroxyphenylacetic acid, 7: chlorogenic acid, 8: 7-hydroxyflavone, 9: salicylic acid, 10: quercetin, 11: 
p-hydroxybenzoic acid, 12: caffeic acid, 13: gallic acid, 14: flavone, 15: salicylic acid 
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Separations of the mixture of phenolic acids and 
flavonoids were carried out in BGE with pH in the range 
6.89–9.30 and with different type and concentration of 
sodium alkyl sulfates and concentration of acetonitrile. 
Separation time, retention factors of analytes and width of 
the migration window can be manipulated by using sodium 
alkyl sulfates with different length of the alkyl chains in 
their molecules and by varying of the concentration of 
acetonitrile. 
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3. Results and discussion 
 
The values of critical micelle concentrations of 

sodium alkyl sulfate surfactants were determined by the 
two methods. The measured values are presented in the 
Fig. 1.  The critical micelle concentration decreases with 
increasing length of the alkyl chain in the surfactant 
molecules and increases with increasing concentration of 
acetonitrile in the background electrolyte. 

First, the separation of selected antioxidants was 
carried out in background electrolyte without the 
surfactants. The pH of electrolyte was changed in the 
range of 6.89–9.30. 

Separation of the selected antioxidants using different 
pH of BGE is presented in the Fig. 2. As can be seen from 
this figure, the increasing value of pH improves the 
separation selectivity and at pH 9.30, the best separation of 
flavonoids and phenolic acids was obtained. 

The MEKC separation of the mixture of antioxidants 
in background electrolyte with addition of 0–20 % (v/v) 
acetonitrile is presented in Fig. 3. The separation time 
increases both with increasing concentration of sodium 
alkyl sulfate and with increased concentration of 
acetonitrile in background electrolyte. 

 
 

4. Conclusions 
 
Influence of working conditions on the separation of 

selected antioxidants was studied. The critical micelle 
concentrations of homologous series of sodium alkyl 
sulfates were determined by the methods (i) based on the 
measurement of BGE current and (ii) based on the 
retention model. The critical micelle concentration 
decreases with increasing number of carbons in the alkyl 
chain and increases with increasing concentration of 
acetonitrile in BGE. 
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1. Introduction 

 
In this work we dealt with the study of possibilities of 

thin layer chromatography analysis of aqueous soil 
extracts as a screening tool for selection of appropriate 
chromatographic systems that can be transferred or 
modified further for high performance liquid 
chromatography analysis of certain soil constituents. 

Many approaches are well known in soil analysis. 
Numerous authors studied extraction of specific analytes, 
but our aim is to separate as many substances as possible 
from organic soil matrix. An efficient extraction technique 
should be like that it can produce good results within a 
short time with minimum operator involvement. It should 
also be cheap, and safe for both the analyst and the 
environment. 

These methods are commonly used in this field of 
interest: traditional extraction methods including Soxhlet, 
ultrasonication, mechanical shaking and reflux with 
methanolic KOH, modern techniques including soxtec 
(automated soxhlet) supercritical fluid extraction (SFE), 
microwave-assisted extraction (MAE), pressurised hot 
water extraction (PHWE), pressurised liquid extraction 
(PLE) or accelerated solvent extraction (ASE). Authors 
applied these techniques at polycyclic aromatic 
hydrocarbons, carbohydrate content, pesticides and 
herbicides analysis1,2. In recent years became popular hot- 
water extraction because it is green extraction method for 
different classes of compounds present numerous kinds of 
matrices such as environmental, food and botanical 
samples3. 

Soil consists of four main-basic components minerals, 
organic matter, air and water. Most introductory soil 
textbooks describe the ideal soil (ideal for the growth of 
most plants) as being composed of 45 % minerals, 25 % 
water, 25 % air, and 5 % organic matter4. Soil organic 
matter (SOM) is a complex mixture of substances that can 
be highly variable in its chemical content. It ranges from 
freshly deposited plant and animal parts to the residual 
humus —stable organic compounds that are relatively 
resistant to further rapid decomposition. Main elements in 
SOM are carbon, oxygen, hydrogen, nitrogen, phosphorus, 
and sulfur. Soil is divided into humic substances and non-
humic substances. Humic substances are humic acids 
(HA), fulvic acids (FA) and humins. And non-humic ones 
are compounds belonging into known classes of 

biochemistry, such as: carbohydrates, lipids, amino acids5. 
Planar chromatography celebrated its 70th 

anniversary in 2008, so today it will be 75th (ref.6). It 
comprises all chromatographic techniques that use a planar 
open stationary phase present as or on a plane (layer), i.e. 
thin-layer chromatography (TLC), high-performance thin-
layer chromatography (HPTLC), ultrathin-layer 
chromatography (UTLC), and preparative layer 
chromatography. Today, paper chromatography is hardly 
used. TLC is a complementary technique to HPLC using 
an orthogonal selectivity. Mostly, normal phase systems 
were employed for HPTLC versus reversed phase systems 
for HPLC. 

Humic acids and non-humic compounds are very 
complex molecules and could cause many problems before 
HPLC analysis and so it is reasonable to choose thin layer 
chromatography method with scan possibilities in Origin, 
which could help us process data. 

 
2. Experimental 

 
2.1. Soil 

 
We used four soil samples: Skalka, Stupava, 

Šajdíkové Humence, Gbely. The samples of soils were 
provided with detailed specifications from geology. Soils 
were diluted in 6 mL of NH4OH. 

 
2.2. Reagents 

 
Ethanol (Lachema, n.p. Brno), ultrapure water, 

Simplicity UV, (Millipore S.A.S., France), ammonia 
solution 28–30 %, (Merck, Darmstadt, Germany), NaCl 
(Lachema, n.p. Brno). 

 
2.3. Instruments 

 
TLC plates: Fixion 50x8 Na+, (20 x 20 cm), (Reanal, 

Budapest, Hungary), Fixion 2  8 Anion, (Reanal, 
Budapest, Hungary), Lucefol (20  20 cm)/ (15  15 cm), 
(Kavalier, Czechoslovakia), Silufol (20  20 cm) / (15  
15 cm), (Kavalier, Czechoslovakia), OriginPro 8 Software, 
OriginLab corporation (USA), Centrifuge Eppendorf AG 
22331 (Hamburg, Germany), Containers for developing 
thin films. 

 
3. Results and discussion 

 
TLC plates were developed in closed chambers, as 

mobile phase, we used a variety of aqueous solutions 
(H2O, NaCl, ethanol). TLC plates were Silufol, Lucefol, 
Fixion 50 and Fixion 2. To obtain quantitative data from 

THIN LAYER CHROMATOGRAPHY AS A SCREENING METHOD FOR HPLC 
CONDITIONS FOR THE ANALYSIS OF AQUEOUS SOIL EXTRACTS 
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TLC plates, we used a computer, which was equipped with 
a conventional scanner. From the obtained images we then 
received chromatograms (representing graphical 
dependence of retardation factor and signal strength). 
These chromatograms were obtained using the program 
Microcal ORIGIN ® ® Pro 8. The principle of evaluation 
results using the program Microcal ORIGIN ® ® Pro 8 
(Fig. 1). 

Samples were plated on four plates: Fixion 50, Fixion 
2, Lucefol and Silufol. We studied properties and influence 
content of mobile phase NaCl, ethanol,water. Figure 2–4 
showed influence of NaCl on Fixion 2 plate. Concentration 

of NaCl was 0.5 M, 0.1 M and 0.01 M. On the figures are 
shown chromatograms, which we can use as a help before 
HPLC analysis to consider that method and analytes are 
suitable for HPLC analysis. 

 
 

4. Conclusions 
 
This work dealt with the selection of appropriate 

conditions for analysis soil organic matter by thin layer 
chromatography as a preparation method before complex 
HPLC analysis. Program Origin has proved to be helpful 
in evaluating data. 

 

Fig. 2. 0.01 M NaCl 

Fig. 1. Results from Microcal ORIGIN ® ® Pro 8 
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Fig. 3. 0.1 M NaCl 

Fig. 4. 0.5 M NaCl 
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Summary 

 
We suggest the possibility of practical utilization of 

a new electrolyte system for fast preparative focusing in 
wide pH range based on bidirectional isotachophoresis. 
The focusing occurs on nonwoven fabric strip positioned 
in an open horizontal V-shaped trough. It is based on 
bidirectional ITP with multiple counter ions and spacers 
created from commercially available simple buffers. Milk 
spiked with ampicillin was used as a sample and high 
performance liquid chromatography was as a second 
dimension for analysis of fast preparative focusing 
fractions. Speed, easy fraction handling, and possibility of 
pre-concentration of analytes from a raw sample are the 
benefits of this technique. 

 
 

1. Introduction 
 
Biological samples are in most cases very complex. 

Therefore, their treatment is necessary before each 
analysis. Pretreatment of sample is crucial step which 
affect whole experiment. Removal of salts and undesirable 
substances as well as pre-concentration of sample is 
required. The micropreparative solution phase isoelectric 
focusing (sIEF) developed by our group is suitable for this 
purpose and provides knowledge about a protein pI, which 
helps with protein identification1. However, the 
disadvantage of this technique is time-consuming. 
Therefore, the fast micropreparative focusing was 
proposed. This technique combines advantages of 
bidirectional isotachophoresis (BITP), described in 
previous works2–4, with suggested wide pH range 
electrolyte system. 

The performance of the fast focusing based on 
bidirectional isotachophoresis using our electrolytic 
system is demonstrated by focusing of ampicillin from 
milk. The focusing occurs in nonwoven fabric strip 
separation bed positioned in an open horizontal V-shaped 
trough and fractions obtained from strip are further 
analyzed using high performance liquid chromatography 
(HPLC).  

 

2. Experimental 
 
2.1. Treatment of milk 

 
Milk was spiked with 50 L mL–1 ampicillin. 

Solution was centrifuged at 14100  g for 35 min. Milk 
supernatant was then loaded into a non-woven fabric strip 
for BITP. 

 
2.2. Fast IEF 

 
The device with a narrow nonwoven strip separation 

bed placed in a V-shaped trough was described 
previously1. Briefly, a strip with dimensions of 175 mm in 
length, 2 mm in width and 0.5 mm thick was placed in 
V-shaped trough made from white polyvinyl chloride 
sheet. Electrodes were clipped on both ends of trough and 
connected to the separation bed. 

Three different solutions were loaded into 
a separation bed before each analysis. 50 L of mixture of 
substance forming anolyte and catholyte were injected to 
the anodic end and to the cathodic end of separation bed, 
respectively and 175 L of working solution was loaded 
into the center of the strip. Working solution consisted of 
50 L of pI markers solution, 25 L of spacer’s mixture, 
and 100 L of sample. Finally, the electrophoretic power 
supply was switched on and focusing was proceeded for 
2 hours. 

 
2.3. HPLC 

 
Agilent 1200 Series (Agilent Technologies, Santa 

Clara, CA, USA) with 2.7 m POROSHELL SB120-C18 
2.1  50 mm reversed phase column (Agilent 
Technologies, Santa Clara, CA, USA) were used 
for analysis. 1 L of fractions obtained from fast focusing 
and diluted 1:10 with water was injected into the system. 
10 mM potassium dihydrogen phosphate pH 3.51 (A) and 
10 mM potassium dihydrogen phosphate pH 3.51 with 
acetonitrile 1:1 (v/v) (B) were chosen as mobile phases. 
Elution was performed by gradient of B from 5 % (v/v) to 
55 % (v/v) over 10 min. Then the mobile phase B was 
returned to 5 % (v/v) for 5 min, and at the end the column 
was regenerated by 5 % (v/v) of B for 5 min. The flow of 
the mobile phase was set to 20 L min–1. The column was 
termostated at 40 °C and DAD detector was set to acquire 
signal at 200 nm. 

 

UTILIZATION OF MICROPREPARATIVE FAST FOCUSING BY A NEW WIDE  
pH RANGE ELECTROLYTE SYSTEM BASED ON BIDIRECTIONAL  
ISOTACHOFORESIS 
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3. Results and discussion 
 
First, milk spiked with ampicillin was analyzed by 

fast IEF. We have used this technique for two reasons. We 
were able to desalt and pre-concentrate samples in one step 
and directly analyze a raw milk sample. After focusing, we 
cut out the pI zone 3.9–5.3 which was defined by colored 
pI markers. Ampicillin was expected here due to its 
isoelectric point 4.9. Resulting solution obtained by 
centrifugation of cut out part of the nonwoven fabric strip 
was analyzed by HPLC. 

In obtained chromatogram, the peak of ampicillin was 
present in 20th minute. Other unidentified peaks which 
were in chromatograms might come from milk or solutions 
used in fast focusing. Ampicillin peak in focusing fraction 
was verified by comparison of tree chromatograms. The 
first one was obtained by analysis of milk with pI markers 
and without ampicillin, the second one by analysis of pI 
markers only (blank), and the third one by analysis of 
ampicillin with pI markers and without milk (solution of 
ampicillin). 

 
 

4. Conclusions 
 
In this paper, the fast focusing in wide pH range 

based on bidirectional isotachophoresis was described. 
Fast focusing was allowed by the new electrolyte system. 
Ampicillin spiked in milk was used from demonstration of 
this technique. Ampicillin was focused in pI zone 3.9–5.3 
which was verified by HPLC analysis of the fraction. 
Advantages of this technique are fast focusing, desalting 
and pre-concentration of analytes. Moreover, this method 
is rapid, easy, and cheap and it can separate analytes 
directly from raw complex mixtures. 
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Summary 
 

The phthalimidone derivatives EM12 and 
Lenalidomide, which are both structurally related to 
thalidomide, are highly interesting drugs and very recently 
Lenalidomide attracted great attention as anti-tumor and 
immune-modulating drug in the therapy for multiple 
myeloma. EM12 and Lenalidomide are chiral and the 
stereogenic carbon C-3 in the piperidine-2,6-dione moiety 
of these phthalimidone derivatives is prone to 
interconversion due to keto-enol tautomerization. The 
knowledge of the enantiomerization barrier is mandatory 
for pharmacokinetic studies and to develop a tailored 
therapy using the enantiopure or racemic drug. Here we 
used dynamic electrokinetic chromatography (DEKC) in 
combination with direct calculation methods to determine 
the enantiomerization barriers of EM12 and Lenalidomide. 
The separation of enantiomers of EM12 and Lenalidomide 
has been performed in an aqueous 50 mM disodium 
hydrogen phosphat buffer at pH 8 using 20 mg mL–1 
HDAS--cyclodextrin as chiral additive and aqueous 
50 mM sodium tetreborate buffer at pH 9.3 using 
20 mg mL–1 HDAS--cyclodextrin as chiral additive, 
respectively. Enantiomerization of the compounds during 
the electrokinetic chromatographic separation resulted in 
pronounced plateau formation between the well separated 
enantiomers. Peak form analysis yielded the 
enantiomerization rate constant k1 as well as the kinetic 
activation parameters Gǂ, Hǂ, and Sǂ of 
enantiomerization by temperature dependent measure-
ments. The enantiomerization barrier Gǂ was determined 
to be 98.3 ± 1.0 kJ mol–1, the activation parameters 
Hǂ = 46.1 ± 2.4 kJ mol–1 and Sǂ = –170 ± 61 J K–1 mol–1 
for EM12 and Gǂ = 91.5 ± 1.0 kJ mol–1, Hǂ = 
62.41 ± 5.38 kJ mol–1 and Sǂ = –97.7 ± 6.7 J K–1 mol–1 for 
Lenalidomide. 

INVESTIGATION OF THE INTERCONVERSION BARRIERS OF THE 
PHTHALIMIDONE DERIVATIVE EM12 AND LENALIDOMIDE BY DEKC 
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