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Abstract

A capillary electrochromatography (CEC) monolithic column with mixed modes of reversed-phase and anion-exchange stationary phases
was prepared by in situ polymerization of 2-(methacryloxy)ethyltrimethylammonium methyl sulfate (MEAMS) and ethylene dimethacrylate
(EDMA) in a binary porogenic solvent consisting 1-propanol and 1,4-butanediol. The ammonium groups on the surface of the stationary
phase generate an electroosmotic flow (EOF) from cathode to anode, and serve as a strong anion-exchange stationary phase at the same tim
The EOF of the stationary phase can be determined by the amount of MEAMS monomer in reaction mixtures during the polymerization. The
monolithic stationary phases exhibited reversed-phase chromatographic behavior toward neutral solutes. For charged solutes, hydrophobic
as well as electrostatic interaction/repulsion with the monoliths was observed. Separations of aromatic compounds and basic compounds on
the prepared column were performed under the mode of CEC. Peak tailing of basic compounds was avoided and the efficient separation of
aromatic acids was achieved using neutral mobile phase due to the same direction of EOF and electrophorestic mobility of negatively charged
solutes.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction compounds. Unfortunately, compared with the negatively
charged monolithic columns, much less work has been done
Monolithic stationary phases have attracted increasing on the positively charged monolithic stationary phases for
attention in capillary electrochromatography (CEC) be- CEC. Generally, the positively charged monolithic CEC
cause of various advantages over the packed col{iing. columns are tailored by preparation of a monolithic matrix
Up to date, the vast majority of reports on CEC concern with active groups and then functionlization with posi-
separations in reversed-phase mode, in which stationarytively charged groups. Horvath and co-workdf2—14]
phases contain both hydrophobic groups and negativelyprepared positively charged monolithic columns from poly
charged groups that generate the cathodic electoosmotidglycidyl methacrylate—co-ethylene dimethacrylate) and
flow (EOF)[5-8]. Recently, mixed-mode of reversed-phase poly(chloromethylstyrene—co—divinylbenzene) monolith by
and cation-exchange stationary phase for CEC was reportedurther reacting with aliphatic amines. However, prepa-
by several group$9,10]. However, basic compounds will ration of column with multiple steps is time-consuming
be eluted with serious peak tailing even cannot be elutedand also difficult to control the amount of charged groups
on the stationary phases with negatively charged groupsincorporated in the polymer. In fact, the preparation and
because of electrostatic adsorptiphl]. Therefore, the  functionlization of the matrix can typically be combined
stationary phases with positively charged functionalities in a single step. The monolithic stationary phase is pre-
are one of alternative approaches to separation of basicpared by polymerization of the two functional monomers,
one for generation of the chromatographic interaction sites
- , and another for coupling of charged groups. Lammer-
* Corresponding author. Tel86 411 3693409; L
fax: +86 411 3693407, hofer et al.[15] prepared hydrophilic macroporous weak
E-mail address: zouhfa@mail.diptt.In.cn (H. Zou). and strong anion-exchange stationary phases by a single
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step polymerization of 2-dimethylaminoethyl methacrylate, 2.3. Calculations
2-hydroxyethyl methacrylate and ethylene dimethacrylate
for CEC in normal-phase separation. A hydrophilic chi- The retention factor in CEC can be expressed as follows
ral anion-exchange monolith with chiral quinidine-based [17]:
ligands, which possessed chiral recognition ability and gen- (tr — t0)
.. . . * r 0

erated anionic electroosmotic flow at the same time, wask™ = —— (1)
prepared in a single step by the same grfiLj. fo

In this work, monolithic columns with in situ polymeriza- wheret, is the migration time of a solute, artg is the
tion of charged monomer of 2-(methacryloyloxy)ethyltri- migration time of a neutral and chromatographically unre-
methylammonium methyl sulfate (MEAMS) and ethylene tained compound. In this work thiourea was selected as the
dimethacrylate (EDMA) were prepared, which showed to marker.
the mixed-mode of reversed-phase (RP) and strong anion- logP is octanol-water partition coefficient as a measure
exchange (SAX) mechanisms. The positively charged of molecular hydrophobicity. All the |oB data of analytes
monolithic capillary columns were prepared by polymeriza- were calculated according[{8].
tion reaction in a single step and the strength of EOF could The K, values of anilines were predicted with the soft
be adjusted by the amount of MEAMS in reaction mixtures. PALLAS (CompuDrug Chemistry, Chemical Software Se-
Diverse series of neutral and ionic samples, such as aromatiaies, version 1.2, 1994, Hungary).
hydrocarbons, anilines, basic pharmaceuticals and aromatic
acids were well separated on the prepared CEC columns. 2.4. Preparation of monolithic columns

Prior to the polymerization, the capillary was pretreated

2. Experimental with the following procedurgl19]: First, the capillary col-
umn with a length of 40 cm was rinsed with 0.1 M NaOH
2.1. Materials for 1 h and then with water until the outflow reached pH 7.0.

After subsequent flushing with methanol for about 10 min,
MEAMS was purchased from Aldrich (Milwaukee, WI, it was dried by passage of nitrogen ggsMAPS solution

USA). EDMA and y-methacryloxypropyltrimethoxysilane by its dilution with methanol at a volume ratio of 1:1 was
(y-MAPS) were obtained from Sigma (St. Louis, MO, injected into the capillary with a syringe. Then, the capillary
USA). 1-Propanol, 1,4-butanediol and azobisisobutyroni- was sealed with rubber at both ends and then submerged in
trile (AIBN) were obtained from Shanghai Fourth Reagent water bath at 50C for overnight. Finally, the capillary was
Plant (Shanghai, China), HPLC-grade methanol and ace-rinsed with methanol and water to flush out the residual
tonitrile (ACN) were supplied by the Yuwang Chemical reagent. Thereby, Si-O-Si—C bonds were formed between
Plant (Zibo, Shandong Province, China). EDMA was ex- the capillary wall and the reactive methacryloyl groups,
tracted with 5% aqueous sodium hydroxide solution and which were available for subsequent attachment of monolith
dried over anhydrous magnesium sulfate. Thiourea and aro-to the wall during the polymerization reaction.
matic compounds purchased from Tianjin Chemical Plant The monolithic columns were prepared from polymer-
(Tianjin, China) were of analytical grade. Pharmaceuticals ization reaction of mixtures, consisting of the monomers
were obtained from Sigma. Double distilled water purified MEAMS, EDMA, the porogens of 1-propanol and
by Milli-Q (Millipore C., Milford, MA, USA) was utilized 1,4-butanediol using AIBN (0.3%, w/w, with respect to the
throughout the experiments. The sample solution of aromatic monomers) as an initiator. The polymerization mixtures
hydrocarbons was prepared by dissolving them in ACN were sonicated for 20 min to obtain homogeneous solution,
with volume ratio at 1:10, and then further diluted to the and then purged with nitrogen for 10 min. After the pre-
appropriate concentration ranged from 0.01 to Q.&.L treated capillaries was completely filled with the mixture,
with the mobile phase before injection. Anilines, pharma- they were sealed at both ends with rubber stoppers. The
ceuticals and aromatic acids were directly dissolved in the sealed capillaries were submerged into a water bath and

mobile phase in the concentration range O.Lg8.L. allowed to react for 2h at 50-7C€. The resultant mono-
Capillaries of 10Qum inner diameter and 346m outer lithic capillary columns were washed with methanol about
diameter were purchased from the Yongnian Optic Fiber 2h using an HPLC pump to remove unreacted monomers
Plant (Hebei, China). and porogens. At the end of this period, the detection win-
dow was made by burning off 1-2 mm of both the coated
2.2. Instruments polymer outside and the monoliths inside of the capillaries

using flameg20]. The ashes of the organic monolith in-
A Hewlett-PackedPCE system (Hewlett-Packard, Wald-  side the capillaries were flushed out by methanol for about
bronn, Germany) was used for all CEC experiments. A Wa- 30 min with the HPLC pump under the applied pressure at
ters 510 HPLC pump (Waters, Milford, MA, USA) was uti- about 80 bar. Capillaries, without visible compression of the
lized to flush the columns. monolith, were cut at both ends to a total length of 32cm
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and effective length of 8.5cm. Finally, the columns were mixtures containing more than 67% 1-propanol. Thus, a
equilibrated at 10 kV for 30 min before running. mixture with 1-propanol/1,4-butanediol at volumetric ratio
Macroscopic materials prepared in larger amounts of cor- of 5/5 was chosen as the binary porogenic solvent.
responding mixtures in empty HPLC columns were washed Reaction temperature is a convenient variable to control
with methanol by using an HPLC pump for about 6 h. After the process of polymerization. The polymerization reaction
that, the polymers were flushed out from the columns, cut did not occur with mixture containing 2Q0. MEAMS,
into small pieces, and dried under vacuum atGdor 24 h. 200pL EDMA, 300 L 1-propanol, 30Q.L 1,4-butanediol
Mercury intrusion porosimetry was used to characterize the and 0.15 mg AIBN even for 12 h when reaction temperature
pore size and surface area of monolith. was set at 50C. Whereas the polymerization could be fin-
ished in 2h at 60C and the monoliths with homogeneous
bed were obtained. However, the permeability of monolithic

3. Results and discussion columns prepared at 7€ for 2 h is not good enough to al-
low the mobile phase to flow though. Thus, the reaction tem-
3.1. Monolith synthesis perature of 60C and the reaction time of 2 h were selected.

Table 1lists the porous properties of monoliths prepared

Two functional monovinyl monomers, namely, MEAMS  Wwith different periods of reaction time. As can be seen
and EDMA were used for this purpose. MEAMS af- that the pore diameters of the poly(MAEMS—co-EDMA)
fords positively charged functionalities to generate an- are mainly in the range of 0.5-1.0n. With the increas-
ionic EOF and provide the anion-exchange interaction ing reaction time, both the surface area and pore volumes
sites simultaneously. The preparation process of theincreased due to more micropores produced with longer
mixed-modes monolithic columns for CEC is quite sim- reaction time. The scanning-electron micrographs of the
ple. However, a number of factors have to be taken end of the poly(MEAMS—co-EDMA) capillary column are
into account. Among these factors, the selection of the shown inFig. 1 It can be seen that the monolithic bed with
porogenic solvents is crucial for the preparation of the macropores linked to the pretreated capillary wall.
monolithic CEC columns. Several porogenic solvents,
i.e. cyclohexanol/dodecanol, toluene/dimethyl sulfoxide, 3.2. Evaluation of column performance
toluene/dodecanol, 1-propanol/1,4-butanediol, which have
frequently been used in the preparation of monolithic CEC A column prepared with the reaction mixture and reaction
columns, were tested for their compatibility. It was ob- time listed in column B inTable 1was evaluated for CEC
served that a binary porogen of 1-propanol/1,4-butanediol Separation performance. Thiourea as a void time marker
is well suited for the preparation of the positively charged could elute after 2.19 min under the applied inlet pressure
porous poly(MEAMS—co—-EDMA) monoliths. As reported at 2bar, which means that the monolithic bed in capillary
by Peters et al[8,21], the pore structure of monolith can shows good permeability and low flow resistance. Rela-
be adjusted by changing the composition of porogenic tive standard derivations (R.S.D.s) of the retention times of
solvents. Effect of porogenic solvent composition on the thiourea and toluene in five consecutive injections using the
porosity of the poly(MEAMS—co—EDMA) monolithic col-  mobile phase containing 40% acetonitrile in 10 mM phos-
umn was investigated by changing the ratio of 1-propanol phate buffer (pH 2.0) was below 0.18 and 0.77%, respec-
to 1,4-butanediol (keeping monomers/porogens ratio at 4/6, tively. Which demonstrated the high reproducibility of reten-
v/v). Dark monoliths with low permeability were observed tion times for the analytes on the poly(MEAMS—co-EDMA)
under microscope by using porogenic mixtures containing monolithic column.
less than 33% 1-propanol. As the content of 1-propanol The relationships between the theoretical plate height
increased, the permeability of the columns became better(HEPT) and the velocities of the mobile phase for thiourea
and the drops of mobile phase can be seen at the end ofind benzyl alcohol were studied and the obtained results
the capillary columns. However, translucid gel-like beds are shown irFig. 2 As can be seen that even when the ve-
with poor permeability were obtained using the porogenic locity is higher than 1.0 mm/s, no apparent loss of column

Table 1
Effect of reaction time on the pore structure of the prepared monoliths

Column Reaction time (h) Pore volume (&) Specific surface area fiy) Pore diameter distribution (%)

<0.15um  0.15-0.5pm  05-1.0um  >1.0pm

A 1 1.15 26.5 8 8 70 14
B 2 1.29 35.1 11 9 58 22
C 6 1.37 40.1 13 12 51 24

Polymerization conditions: MEAMS 20% (v/v), EDMA 20% (v/v), porogenic solvent (1-propandl4-butanediol) 60% (v/v) and AIBN 0.3% (wt.)
with respect to the monomers; reaction temperature 4C60
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Fig. 1. Scanning-electron micrograph of the end of the poly(MEAMS-co—EDMA) monolithic stationary phase in a fused-silica capillary column with
100um i.d. (A) 2500«, (B) 5000x.

efficiency was observed. Similar result was also obtained ammonium groups on the surface of the monolithic bed gen-
by Jiang et al[22] in the case of macrylate monolithic CEC erated anionic EOF over the whole pH range. Effect of the
columns with negatively charged groups. It suggests that onphosphate concentration in the mobile phase on the EOF
such columns rapid separation can be obtained with minorwas also investigated. The EOF almost stays constant value
loss in resolution. around 18 x 10~8m?/(vs) with increasing the concentra-
EOF is the driving force to transport the mobile phase tion of phosphate from 5 to 40 mM in the mobile phase. The
through the capillary columns. An anionic EOF was ob- effect of acetonitrile concentration on the EOF was investi-
served in CEC, due to the positively charged groups on the gated by keeping the phosphate concentration at 10 mM and
surface of monolith and the EOF were varied from 2.12 to the pH at 2.0. It is observed that the EOF slightly increased
0.94 x 108 m?/(vs) in the pH range between 2.0 and 8.0. from 1.83 to 211 x 10-8m?/(vs) with increasing acetoni-
The decrease of the EOF with increasing pH of the mo- trile concentration from 10 to 80% (v/v). This effect can be
bile phase may be caused by the suppression of ionizationexplained by a decrease of the viscosity of the mobile phase
of ammonium groups on the surface, as well as the ioniza- with increasing the acetonitrile content, thereby leading to
tion of the residual silanol groups on the bare capillary wall, an increase of the EOF.
which generate cationic EOF. Although CEC columns with
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Fig. 2. Plot of theoretic plate height (HEPT) vs. the linear velocity
of thiourea and benzyl alcohol. Experimental conditions: columns pre-
pared with polymerization mixtures containing 200 MEAMS, 200p.L
EDMA, 300pL 1-propanol, 30QuL 1,4-butanediol and 0.15mg AIBN at
60°C for 2 h with effective length of 8.5 cm (total length 32 £m100wm

Fig. 3. Relationship between the electroosmotic mobility on the mono-
lithic columns and the content of ionic monomer in polymerization mix-
ture. Experimental conditions: columns prepared with the polymerization
mixtures containing 40QL (MEAMS + EDMA) with various content of
MEAMS, 300uL 1-propanol, 30G.L 1,4-butanediol and 0.15mg AIBN

i.d. x 375um 0.d.; mobile phase, 10 mM phosphate buffer containing 40%
(v/v) acetonitrile, pH 2.0; applied voltages, from 5 to 25kV; injection,
5kV x 5s.

at 60°C for 2h; mobile phase, 10 mM phosphate buffer (pH 2.0) con-
taining 40% (v/v) acetonitrile; applied voltage, 10kV. Other conditions
as inFig. 2
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Fig. 4. Effect of acetonitrile concentration on the retention of alkylben-
zenes. Experimental conditions: mobile phase, 10 mM phosphate buffer
(pH 2.0) containing various content of acetonitrile; applied voltage, 10 kV.
Solutes: (1) thiourea; (2) benzene; (3) toluene; (4) ethylbenzene; (5)
propylbenzene; (6) butylbenzene. Other conditions aBign 2

Monolithic columns with different amount of charged
groups were prepared by changing amount of MEAMS
monomer during polymerization reaction and the rela-
tionship between the EOF of the prepared monolithic
columns and the content of ionic monomer is shown
in Fig. 3 The EOF of monolithic stationary phases in-
creased almost linearly with the increasing content of
MEAMS in the polymerization mixture. So, the EOF of
the poly(MEAMS—co-EDMA) monoliths is mainly deter-
mined by the amount of ionic monomer in mixtures during
polymerization.

3.3. Separation of different types of solutes on monalithic
columns

The prepared monolithic columns were applied for
the separation of neutral compounds using acidic mobile
phases. Alkylbenzenes were eluted in the order of thiourea
< benzene< toluene < ethylbenzene< propylbenzene
< butylbenzene according to their hydrophobicity on the

Table 2
Retention factors of alkylbenzenes on poly(MEAMS—-co—-EDMA) mono-
lithic columns with different amount of MEAMS in reaction mixtdre

MEAMS (%)b k;enzene kt*oluene k;thylbenzene k;ropylbenzene k;utylbenzene
20 2.948 3.737 4.617 6.600 8.485
40 1.234 1524 1.897 2.608 3.319
50 1.184 1.384 1.646 2.177 2.631

Experimental conditions: mobile phase, 10 mM phosphate buffer contain-
ing 60% (v/v) acetonitrile, pH 2.0; applied voltage, 20 kV.

@ Polymerization conditions: reaction mixtures containing (MEAMS
+ EDMA) 400pL, 1-propanol 30QuL, 1,4-butanediol 30Q.L, AIBN
0.15mg; reaction temperature 8D; polymerization reaction time 2h.

b \Volume percentage of MEAMS in the monomer mixture.
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Fig. 5. Fast separation of alkylbenzenes on poly(MEAMS—co-EDMA)
column. Experimental conditions: mobile phase, 10 mM phosphate buffer
(pH 2.0) containing 70% (v/v) acetonitrile; applied voltage, 30kV. Other
conditions as irFig. 4.

poly(MEAMS—co—EDMA) monolithic columns. The ef-
fect of acetonitrile concentration in the mobile phase on the
retention factors of alkyl benzenes is shownFig. 4 It

can be seen that Idg almost linearly decreased with the
increasing concentration of acetonitrile in the mobile phase
(r > 0.9864), and it can be deduced that the separation of
alkylbenenes on the poly(MEAMS-co—EDMA) is mainly
based on the reversed-phase mechanism. The retention fac-
tors of alkylbenzenes on the monolithic columns prepared
with different amount of MEAMS monomers are listed in
Table 2 The alkylbenzenes are less retarded on the mono-
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Fig. 6. Separation of polycyclic aromatic hydrocarbons on the monolithic
column. Experimental conditions: mobile phase, 10 mM phosphate buffer
(pH 2.0) containing 60% (v/v) acetonitrile; applied voltage, 20kV. So-
lutes: (1) thiourea; (2) benzene; (3) naphthalene; (4) acenaphthene; (5)
anthracene. Other conditions ashig. 4.
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lithic columns prepared with higher amount of positively Separation of basic compounds somewhat is still a trou-
charged monomers due to weak hydrophobicity of mono- blesome task in HPLC and CEC due to the undesirable in-
lithic rod. The effect of applied voltage on the retention teraction between basic analytes and residual silanols on the
factors of alkylbenzenes was investigated and it was ob- surface of silica-based stationary phase. Monolithic poly-
served that retention factors of alkylbenzenes kept almostmer stationary phase is an alternative choice for the separa-
constant with the applied voltages varied from 5 to 30kV, tion of basic compounds. Lammerhofer et[db] reported
therefore the separation can be performed with high appliedthe separation of basic compounds in hormal phase CEC by
voltage without loss of separation efficienéyg. 5 shows using a strong anionic exchange monolithic column in the
the fast separation of five alkylbenzenes within 100s by non-aqueous organic mobile phase. In this work, anilines
applying voltage at 30kV. Typical separation of a mixture were separated on the poly(MEAMS-co—-EDMA) monolith
of polycyclic aromatic hydrocarbons (PAHS) on the column by using the ‘counterdirectional mode’, an approach sug-
is shown inFig. 6. It clearly indicated that the elution order gested by Hjertén and co-workg8]. In this CEC system,

of PAHSs is according to their hydrophobicity. basic compounds migrated electrophoretically in a direction
opposite to that of the EOF and the electrostatic adsorp-
tion between the basic solutes and the stationary phase was

20 - . . .
2 avoided.Fig. 7 shows the typical electrochromatograms of
anilines on the monolithic column with mobile phases at
15 - s pH 4.0 and 6.0. No obvious peak tailing of the basic ani-
lines was observed owing to avoidance of the electrostatic
5 10 4 1 18-
<
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5 5 16_.
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Fig. 7. Electrochromatograms of anilines on the | 14\.\%
poly(MEAMS—-co—-EDMA) monolithic column. Experimental condi- 44 \\.\A
tions: mobile phases, (a) 10mM phoshate buffer (pH 4.0) containing 2_‘ \4\:
40% acetonitrile; (b) 10mM phosphate buffer (pH 6.0) containing . . . . . . . . .
60% (v/v) acetonitrile; applied voltage, 20kV. Solutes in (a): (1) 30 40 50 60 70
1,2-phenylenediamine Kp 9.12); (2) 1,3-phenylenediamineKp 9.12); (b) Acetonitrile content (%)
(3) 2,5-dimethylpyridine (Kp 7.63); (4) 2-nitroaniline (K, 9.42); (5)
2,6-dinitroaniline (fKp 9.42). Solutes in (b): (1) 2,4-diaminotoluene{p Fig. 8. Effect of acetonitrile concentration on the retention times of
9.02); (2) 4-aminobiphenyl &, 9.39); (3) 3,3-dimethoxybenzidine (K, anilines. Experimental conditions: mobile phase, 10 mM phosphate buffer
8.41); (4) 3,5-dinitroaniline (K 9.42); (5) 2,6-dinitroaniline (¥y 9.12); (pH 4.0) containing various concentration of acetonitrile; applied voltage,

(6) 1,2-diphenylhydrazine. Other experimental conditions aBign 2. 20kV. Other conditions as ifrig. 7.
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] 5 mobile phase increased, the retention times of anilines in-
124 / creased because anilines deprotonated gradually with the in-
1 creasing pH values and therefore hydrophobic interaction
and suppression of electrophoretic mobility will make a
positive contribution to the retention of the anilines. How-
ever, the retention times of both 1,2-phenylenediamine and
v——V4 1,3-phenylenediamine anilines decreased when the pH value

of mobile phase increased from 2.0 to 4.0 and then in-
creased with the increasing of pH values. This is because

—  A——A3 both 1,2-phenylenediamine and 1,3-phenylenediamine have
//121 more positive charges and tend to migrate against the EOF,
= and thereby the migration times at pH 2.0 are relatively long.

IN
1

Retention time (min)
[«2) [ee] '5
1 1 1 1 1 1 1
“\\
4\

»
2 - T T T With the increasing of pH value of mobile phase, the two
@) 2 3 4 oH ° 6 ! analytes gradually deprotonated and the influence of elec-
trophoretic mechanism lost importance and the hydropho-
16 bic interaction gradually played an important role on their
1 6 retention. Separation of basic pharmaceutical also carried
14+ — out on the poly(MEAMS—co—EDMA) monolithic column
] and the obtained electrochromatogram is showhRign 10
= 12'_ //’ 5 Linear relationshipi{ = 0.9926) was observed between the
£ 10 logP and logk*, which indicated that the main interaction
g | 4 between the pharmaceuticals and the stationary phase was
5 8 /’ 3 hydrophob_lc |ntera<_:t|_0n. _ _
g - ° Separation of acidic compounds was often carried out in
o 6 / //' 2 ion-suppressed mode of CEC on the silica-based stationary
: // phases. However, it will take long time to accomplish the
44 / separation because of low EOF generated by silanols under

///‘—_—‘ 1
acidic conditiong23,24] Separation of acidic profens was
5 5 s & 7 achieved on a polar anionic exchange monolithic column
(b) pH by using non-aqueous mobile phase with long separation
time [15]. Fig. 11 shows the typical electrochromatograms

Fig. 9 Effect of pl-_| on the retention times of anilines. Exp_er_imental of acidic analytes on poly(MEAMS—co—EDMA) monolithic
conditions: (a) mobile phase, 10mM phosphate buffer containing 40%

(v/v) acetonitrile with various pH; (b) mobile phase, 10 mM phosphate
buffer containing 60% acetonitrile with various pH. Other conditions as 300
in Fig. 7.

<
T

N

250 - 1

adsorption between the basic analytes and charged groups

on the surface of the stationary phase. The effect of the ace- 2004
tonitrile concentration in the mobile phase on the retention

times of anilines is shown ifrig. 8 The retention times 150
of aniline decreased with the increasing acetonitrile con- 2 ] 3
centration in the mobile phase and it can be deduced that
the hydrophobic interaction was responsible for the reten-
tion of anilines on the poly(MEAMS-co—EDMA) column ] 4
even anilines were positively charged under acidic condi- 501
tions. Fig. 9illustrates the dependence of retention times of ;
anilines on the pH values of the mobile phase. As can be o__.______._JU
seen that the retention of the anilines is remarkably depen- . . . . . . .
dent on the pH values of the mobile phase. Most of ani- 0 2 4 6 8 10 12 14

lines had weak retention on the poly(MEAMS—-co—-EDMA) Time (min)

column at low pH value because the anilines were posi-

.tively charged at low pI—I|'vaIue and theref(.)re’ hydrophobic oly(MEAMS—co—EDMA) monolithic CEC column. Experimental con-
interaction between anilines and the stationary phase Wasgitions: mobile phase, 50 mM phosphate buffer (pH 2.0) containing 20%

not strong though electrophoresis accelerates the positively(yi) acetonitrile; applied voltage, 20kV. Solutes: (1) caffeine; (2) barbi-
charged anilines towards the cathode. As the pH value oftal; (3) phenobarbital; (4) amobarbital. Other conditions agig 2

100

Fig. 10. Electrochromatogram of basic pharmaceuticals on the
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0.014 N pounds, such as alkylbenzenes and PAHSs, retained on the
0012 2 stationary phases based on the reversed-phase mechanism.
] 3 Basic compounds such as aniline and basic pharmaceuti-
0.010 cal were well separated on the poly(MEAMS—-co—-EDMA)
0,006 ] . monolithic columns in the ‘counterdirectional mode’ to
] avoid the electrostatic adsorption between basic analytes and
2 0.006 the charged groups on the surface of the stationary phases.
s 0004 Efficient separations of aromatic acids were achieved with
] t neutral mobile phase on the column because of the same
0.002 1 \\/ A direction of the electrophoretic mobility of acids and the
0000 anionic EOF.
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