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Abstract

The resolution of uncharged compounds in micellar electrokinetic capillary chromatography (MECC) is
influenced by both the elution window and the retention factors of the compounds. The influence of the
electroosmotic mobility and the effective mobility of the micelles on the elution window is treated theoretically and
the effect of different experimental conditions on the elution window and the retention factors is determined.
Although these variables cannot be controlled independently in many cases, the resolution in MECC can be
improved by adjusting the composition of the applied electrolyte system. This is demonstrated for several
electrolyte systems with different pH values, ionic strengths, surfactant concentrations and organic modifier
contents. Further, the influence of the applied field strength, capillary surface modifications and the alkyl chain

length of the surfactant are evaluated.

1. Introduction

Micellar electrokinetic capillary chromatog-
raphy (MECC), has proved to be a highly
efficient separation method for the determina-
tion of neutral compounds. Applying the same
instrumentation as in capillary zone electropho-
resis, in MECC uncharged compounds can be
separated based on differences in their partition-
ing between two phases, just as in chromato-
graphic techniques. Since the introduction of
MECC by Terabe et al. [1,2], several authors
have paid attention to the fundamental charac-
teristics of this separation method [3.4] and to
the effect of different separation parameters on
the migration behavior [5-11]. Also the theoret-
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ical [12,13] and practical [14,15] aspects of res-
olution optimization have been well described.

1.1. Elution window and migration modes

The separation mechanism of neutral com-
pounds in MECC is based on their partitioning
between two moving phases, viz. an electro-
osmotically pumped aqueous mobile phase and a
pseudostationary micellar phase. The distribu-
tion between these two phases is expressed by
the retention factor, k, which can be calculated
according to [1,2]:

k= Mme Is ~ lgoF )

- TIA() - t 1 _ tS _
EOF IMC

where 1y and 1, are the numbers of moles of
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the solute in the micellar and the aqueous phase,
and fg, teop and ty,. are the migration times of
the solute, the electroosmotic flow (EOF) and
the micelles, respectively. All neutral com-
pounds will migrate with an overall linear ve-
locity, vg, according to:

1+ [E()F k

t
Vs :—fﬁ—mm)r‘ 3 (2)
where my,r and E are the electroosmotic
mobility and the applied field strength, respec-
tively. They will be detected within the time
interval between t¢ . and 1, [2], which is called
the elution window. Under conditions of a con-
stant field strength, the elution window is de-
termined by the electroosmotic mobility, mg .
and the effective mobility of the micelles, m .,
according to:

Imc _ MEoF 3)
leor  MEgor + My

The elution window, i.e. fyc/top, can be
increased by increasing |my,.| or by decreasing
meoe. If the absolute value of the effective
mobility of the micelles exceeds the electro-
osmotic mobility, the elution window becomes
negative.

As described by Vindevogel and Sandra [4],
three different migration modes can be distin-
guished. If r, ./t o >0, all compounds will
migrate to the detector, which is called the
normal mode. If r,,. /1, <0, only compounds
for which holds k < — (ty,/trop) Will migrate to
the detector. This mode is called the restricted
elution mode. Compounds for which holds & >
— (tme/teor) Will migrate in the opposite direc-
tion. In order to detect these compounds a
reversed polarity will have to be applied, which
is called the reversed direction mode.

1.2. Resolution equation

The basic resolution equation for the resolu-
tion, R, between two closely eluting peaks
(assuming k=k, ~k,) in MECC is given by
[2.4]:

\/_ 1— lgor
Na—-1 k t
R = a MC (4)

s 4 o 1+k1+tEopk

MC

where N and o are the number of theoretical
plates and the separation factor k,/k;, respec-
tively. The last term in Eqn. (5) reflects the
specific resolution characteristics in MECC. The
influence of the retention factor on the resolu-
tion is described by the retention term f(k),
formed by the product of the last two terms in
Eqn. (4):

l tEOF
k  tye
f)= 1+k Tror )
1+—k
Ime

Graphs of f(k) versus k& in the normal mode
show that increasing the elution window with a
given retention factor leads to a higher value of
f(k) [2]. For each value of the elution window,
the optimum retention factor, k., can be calcu-
lated by differentiating Eqn. (5) with respect to
k [12,16):

knpl =V tMC’thOF (6)

In the restricted elution mode and in the
reversed direction mode the contribution of f(k)
to the resolution can reach much higher values
than in the normal mode. However, this will lead
to long analysis times, especially for compounds
with a retention factor close to —(tyc/tgor) [6]-

Thus, assuming a constant efficiency and the
selectivity being determined by the nature of the
surfactant system, the resolution is mainly in-
fluenced by the elution window and the retention
factors of the sample compounds. Therefore a
good understanding of the effects of different
experimental conditions on both these variables
is important for the development of MECC
analyses and for resolution optimization strate-
gies. In this work, we studied the influence of the
applied field strength, buffer pH, ionic strength,
capillary surface modifications, alkyl chain length
of the surfactant, surfactant concentration and
organic modifier content on the elution window
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and the retention factors of uncharged com-
pounds in MECC.

2. Experimental
2.1. Instrumentation and separation conditions

All experiments were carried out on a
BioFocus 3000 Capillary Electrophoresis System
(BioRad, Hercules, CA, USA) at a constant
temperature of 25°C. The wavelength of the
detector was set at 200 nm. Pressure injection
was carried out with an injection constant of 2
psi.s. All experiments were carried out with a
constant voltage, with the anode placed at the
inlet side and the cathode at the outlet side of
the capillary, respectively. Two different fused-
silica capillaries of 50 um I.D. were applied; an
original BioRad standard capillary. total length
50.0 cm, distance between injection and detec-
tion 45.5 cm, and a capillary from Supelco
(Bellefonte, PA, USA), total length 70.0 cm,
distance between injection and detection 65.4
cm. For some of the experiments several differ-
ent coated fused-silica capillaries of 50 um L.D.
were applied; a C,, coated capillary from
Supelco (CElect-H250, Bellefonte, PA, USA), a
methyl silicone coated capillary and a poly-
ethylene glycol coated capillary, both from
Chrompack (Middelburg, The Netherlands), all
with total length 70.0 c¢cm, distance between
injection and detection 65.4 cm. All experiments
with the BioRad standard capillary were carried
out three times, except for the experiments with
the organic modifiers. which were carried out
two times. The reported values are the average
values.

2.2. Samples and solutions

All chemicals were of analytical-reagent grade.
In Table 1 the compositions of the background
electrolytes at different pH values are listed. To
these buffer solutions 50 mM sodium dodecyl
sulphate (SDS) was added. unless otherwise
noted. Eight aromatic compounds were selected
as sample compounds, covering a wide range of

Table 1
Composition of background electrolytes at different pHs

Cation” Buffering counter pH
(0.01 M) species®

TRIS Acetic acid 4.9
TRIS MES 6.2
TRIS o-Phosphoric acid 7.0
TEA MOPS 7.0
TEA HEPES 7.5
TRIS MOPS 7.9
TRIS MOPS 8.2
TRIS Acetic acid 8.2
TRIS Boric acid 8.5

* TRIS = tris(hydroxymethyl)aminomethane;, TEA = tri-
ethanolamine;  MES = 2-(N-morpholino)ethanesulphonic
acid; MOPS = morpholinopropanesulphonic acid;
HEPES = 4-(2-hydroxyethyl)-1-piperazineethanesulfonic a-
cid.

hydrophobicity. All sample compounds were
dissolved at a final concentration of about 0.0005
M in a 50 mM SDS solution. Formamide was
used as a neutral EOF marker and Sudan III as a
micelle marker to measure fgop and fyc, respec-
tively.

3. Results and discussion
3.1. Applied field strength

According to Eqn. (2) the velocity of the
sample compounds is linearly related to the
applied field strength. Although a linear relation-
ship was obtained at low field strengths, a
positive deviation was observed at field strengths
above ca. 200 V/cm. At a higher field strength
the generated electric power will increase. Due
to Joule heating, the mean temperature in the
capillary will increase, which in turn will result in
a decrease of the viscosity of the electrolyte
solution. Both the electroosmotic mobility and
the effective mobility of the micelles are inverse-
ly proportional to the viscosity.

The specific conductivity of the electrolyte
solution, «, can be calculated by Ohm’s law:

Ve )

T K
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where V is the applied voltage, / and r are the
length and the radius of the capillary, respective-
ly, and 7 is the measured electric current. Since
the specific conductivity is inversely proportional
to the viscosity, the electric current will pro-
portionally increase if the viscosity decreases at a
higher field strength. Therefore, a linear rela-
tionship was obtained for field strengths up to
400 V/cm between the velocity of the sample
compounds and the measured electric current
with regression correlation coefficients larger
than 0.999. In Table 2 the measured electric
current, the calculated specific conductivity, the
electroosmotic mobility, the effective mobility of
the micelles and the corresponding values for the
elution window are listed for the different ap-
plied voltages.

3.2. Buffer pH and ionic strength

In fused-silica capillaries, the EOF originates
from the dissociation of the surface silanol
groups of the capillary wall. Therefore the elec-
troosmotic mobility is dependent on the pH of
the background electrolyte and, according to the
double layer theory, also on the ionic strength.
In Fig. 1 the pH dependence of the EOF is
illustrated for phosphate buffers. As expected, a
sigmoidal curve was obtained for mgop versus
pH, also for the phosphate buffers containing 50
mM SDS. The lower m, obtained with the
buffers containing 50 mM SDS at high and
intermediate pHs is due to an increase in viscosi-
ty and ionic strength of the electrolyte systems.

Table 2
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Fig. |. Dependence of the electroosmotic mobility, m;qe, On
the pH for phosphate buffers, containing (A) 0 and (O) 50
mM SDS. The phosphate buffers were prepared by adding
o-phosphoric acid to a 10 mM KOH solution until the
desired pH was reached. Capillary from Chrompack. Applied
voltage. 20 kV.

The more slightly decrease observed at lower
pHs is due to adsorption of SDS on the inner
wall of the capillary. For a given surfactant, the
effective mobility of the micelles can be expected
to be almost independent of pH [6]. In order to
examine the influence of buffer pH and ionic

Applied voltage, V (kV). measured electric current. I (uA), specific conductivity. x (S/m). electroosmotic mobility, m e (10°?
cm®/Vs), effective mobility of the micelles, m,. (10 *em”/Vs), and values for the elution window, ¢, /t,..,., for different applied
field strengths. BioRad standard capillary. Background electrolyte, 10 mM TRIS-acetic acid at pH 8.2

4 1 K My o My tmc/teor
3 3.0 0.255 61.96 —40.71 2.92
6 6.0 0.255 62.20 —40.54 2.87
9 9.2 0.260 63.48 —41.21 2.85

12 12.7 0.270 65.69 —42.47 2.83

15 16.7 0.284 68.50 —44.21 2.82

18 21.3 0.301 71.25 —45.88 2.81

20 243 0.309 73.39 —-47.18 2.80
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strength on the elution window and the retention
factors in MECC, experiments were carried out
with the electrolyte systems given in Table 1,
containing 50 mM SDS. In addition, experiments
were carried out with electrolyte systems con-
taining 0.02 M of the cation and 100 mM SDS.
In Table 3 all calculated electroosmotic mobili-
ties, effective mobilities of the micelles, corre-
sponding values of the elution window and
retention factors of the eight sample compounds
are listed. As can be seen from these results the
electroosmotic mobility is dependent on pH and
ionic strength, whereas the effective mobility of
the micelles and the retention factors of the

Table 3
Electroosmotic mobility, m, (10

5

compounds are virtually constant for a given
surfactant concentration. Of course this only
applies for uncharged compounds in MECC. For
charged compounds, the degree of dissociation
and hence the retention factor may be strongly
influenced by the pH of the electrolyte system
[17]. The retention factors obtained with 100
mM SDS are less than twice those obtained with
50 mM SDS for all compounds, which is incon-
sistent with theory. Due to a higher electric
current with the 100 mM SDS electrolyte system,
the mean temperature in the capillary will in-
crease. This will cause a decrease of distribution
constants and retention factors of the sample

em’/Vs), effective mobility of the micelles, my,. (10 cm’/Vs), values for the elution

window, f,, /t,op. and retention factors, k, for (1) resorcinol, (2) phenol. (3) p-nitroaniline, (4) p-cresol, (5) 2,6-xylenol, (6)
toluene, (7) 1,2-xylol and (8) propylbenzene. in two background electrolytes at different pHs. BioRad standard capillary.

Applied voltage, 15 kV

pH Mo My Lo oo k
1 2 3 4 5 6 7 8
Cation concentration 10 mM. conwining 50 mM SDS
6.2 58.07 —44.31 4.22 0.22 0.52 1.14 1.47 2.87 3.33 8.24 24.79
7.0° 56.43 —43.97 4.53 0.25 .56 1.22 1.55 2.82 3.22 7.94 24.27
7.5 61.26 —44.34 362 0.25 0.56 1.23 1.56 2.82 3.20 7.84 23.67
7.9 64.59 —44.68 3.24 0.27 0.56 1.19 1.51 2.60 3.10 7.66 23.32
8.2" 66.46 - 44.95 3.09 0.28 0.56 1.19 1.51 2.74 3.12 7.62 23.06
8.2¢ 65.94 —44.00 3.00 0.24 0.51 1.11 1.42 2.63 3.02 7.46 22.48
8.5 66.75 —44.18 2.96 0.27 0.53 1.14 1.45 2.68 3.23 7.49 22.92
Average —44.35 0.25 0.54 1.17 1.50 2.74 3.17 7.75 23.50
Standard deviation (.23 0.02 0.02 0.04 0.05 0.10 0.09 0.26 0.75

Cation concentration 20 mM. containing 100 mM SDS

7.5 52.88 —-44.29 6.02 0.36 0.95 1.90 2.61 4.70 5.92 14.29 43.40
7.9 56.42 —44.45 4.72 0.35 0.91 1.81 2.49 4.54 5.76 13.95 42.40
8.2" 57.98 —44.32 1.24 0.37 (.93 1.87 2.56 4.64 5.83 14.02 42.83
8.2° 59.90 —45.09 4.05 (.38 0.93 1.86 2.55 4.66 5.84 14.20 43.02
8.5 60.14 — 4490 395 0.41 0.97 1.94 2.65 4.83 6.01 14.48 43.99
Average —44.61 0.37 0.94 1.88 2.57 4.67 5.87 14.20 43.13
Standard deviation 0.32 0.02 0.02 0.04 0.05 0.09 0.09 0.18 0.54

®0.01 M TEA-MOPS.
"0.01 M TRIS-MOPS.
©0.01 M TRIS-acetic acid.
90.02 M TRIS-MOPS.
©0.02 M TRIS-acetic acid.
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compounds [18,19]. In Fig. 2 the relationship
between ty/tgor and mg o for the experiments,
listed in Table 3, is illustrated.

From the foregoing it can be concluded that
for a given separation of neutral species with a
specific surfactant, the pH of the electrolyte
system can be used to optimize the elution
window in MECC. This is demonstrated in Fig.
3, where the electrokinetic chromatograms are
shown for the separation of the sample mixture
in an electrolyte system of 0.01 M TRIS-boric
acid at pH 8.5 and 0.01 M TRIS-acetic acid at
pH 4.9, respectively. In order to determine the
effective mobility of the micelles and to be able
to calculate retention factors with the low mg g
at pH 4.9, Sudan IIl was injected at the outlet
side of the capillary by electrokinetic injection
with 10 kV for 10 s, after the hydrodynamic

5
s o
w
¥ | o
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4 F
3 b
2 2 e i
50 &80 70
Meoe (1078 cm?/Vs)

Fig. 2. Relationship between elution window and electro-
osmotic mobility for the electrolyte systems at different pHs
with (O} a cation concentration of 0.01 M, containing 50 mM
SDS and (A) a cation concentration of 0.02 M, containing
100 mM SDS. The drawn line represents the theoretical
curve for an my,. of —44.46-10 " ¢cm’/Vs. BioRad standard
capillary. Applied voltage, 15 kV.
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Fig. 3. Electrokinetic chromatograms of the separation of (1)
resorcinol, (2) phenol, (3) p-nitroaniline, (4) p-cresol, (5)
2,6-xylenol, (6) toluene, (7) 1,2-xylol, (8) propylbenzene and
(9) Sudan III in a background electrolyte of (A) 10 mM
TRIS-boric acid at pH 8.5 and (B) 10 mM TRIS-acetic acid
at pH 4.9. Capillary from Supelco. Applied voltage, 20 kV.
For further explanation, see text.

injection of the sample mixture at the inlet side
of the capillary. In Table 4 all measured migra-
tion times and calculated retention factors are
listed. From these results it can be calculated
that a change in ty./tzop 1S Obtained from 3.43
to —2.08 if the pH of the electrolyte system is
lowered from 8.5 to 4.9. Consequently a higher
resolution is obtained, however, at the cost of a
longer analysis time. Notice that in Fig. 3A all
compounds are migrating in the normal mode. In
Fig. 3B resorcinol and phenol are migrating in
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Table 4

Migration times. 7 (min). and retention factors. k. with standard deviations (in parentheses), and theoretical plate numbers, N, in
two background electrolytes. Capillary from Supelco. Applied voltage, 20 kV. (n = 5)

Compound t k

N-107°

10 mM TRIS-boric acid at pH 8.5

EOF 7.01 (0.04) 0
Resorcinol 8.26 (0.05) 0.272 (0.001)
Phenol 9.35 (0.03) 0.547 (0.005)
p-Nitroaniline 11.64 (0.03) 1.283 (0.024)
p-Cresol 12.27 (0.02) 1.538 (0.029)
2,6-Xylenol 14.78 (0.02) 2.889 (0.053)
Toluene 15.03 (0.02) 3.061 (0.059)
1.2-Xylol 18.77 (0.03) 7.702 (0.142)
Propylbenzene 21.82 (0.07) 23.172 (0.449)
Sudan 1II 24.01 (0.11) x*
10 mM TRIS-acetic acid at pH 4.9
EOF 15.11 (0.07) 0
Resorcinol 19.98 (0.13) 0.197 (0.001)
Phenol 29.77 (0.31) 0.499 (0.007)
Sudan III* 2.21 (0.04) x

1.35
1.52
1.69
1.87
2.24
2.32
2.24
1.75
1.73

1.64
1.31

“ Note that the length from injection to detection is only 4.6 cm for Sudan III. For further explanation, see text.

the restricted elution mode, whereas Sudan 111 is
migrating in the reversed direction mode.

3.3. Capillary surface modifications

Besides the composition of the electrolyte
system, the electroosmotic mobility can be con-
trolled by modification of the capillary surface
[20-22]. To investigate the influence of several
surface modifications in MECC, the sample
mixture was analysed with one uncoated and
three different coated fused-silica capillaries in a
0.01 M TRIS-phosphoric acid electrolyte system
at pH 7.0. In Fig. 4 all electrokinetic chromato-
grams are shown. The C,, and the polyethylene
glycol coated capillaries showed a decrease in
Mgop, Tesulting in a larger elution window.
However, also a decrease in efficiency was ob-
served, probably due to solute—wall interactions.
The methyl silicone coated capillary showed an
increase in Mmggg, resulting in a smaller elution
window. Toluene, 1,2-xylol, propylbenzene and
Sudan IIl could not be detected, owing to
adsorption of these compounds on the polymer

coating. These results suggest that only for a
limited number of compounds the application of
coated capillaries in MECC may be advantage-
ous.

3.4. Alkyl chain length of the surfactant

For micelles, the effective mobility will be
strongly dependent on the nature of the surfac-
tant. A shorter alkyl chain will lead to a reduced
aggregation number and consequently to a re-
duced effective charge, but also to a reduced
micelle size [23]. Both these factors influence the
Myc N an opposite way. Moreover, the mgqg is
also influenced by the nature of the surfactant.
At equal surfactant concentrations, the phase
ratio will decrease if a surfactant with a shorter
alkyl chain is applied, due to an increase in the
critical micelle concentration and a decrease in
the partial molar volume of the micelles (see
Eqn. 9), resulting in a decrease of the retention
factors. Therefore the elution window and the
retention factors cannot independently being
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absorbance

o] 10 20 30

time (min)

absorbance

time {min)

Fig. 4. Electrokinetic chromatograms of the sample mixture obtained with capillaries with different surface modifications: (a)

untreated fused-silica capillary from Supelco, (b) C,,

coated capillary from Supelco, (¢) methyl silicone coated capillary from

Chrompack and (d) polyethylene glycol coated capillary from Chrompack. Background electrolyte, 10 mM TRIS-phosphoric
acid at pH 7.0. Applied voltage. 20 kV. See the legend of Fig. 3 for the names of the compounds.

optimized by changing the alkyl chain length of
the surfactant.

3.5. Surfactant concentration

The retention factor is related to the distribu-
tion constant, K_, and the phase ratio, 83, accord-
ing to:

K.=kpB (8)
The phase ratio can be calculated according to:

Vio 1= 7 (Cgp ~ CMC)
Vac 7 (Csr - CMO) @

where V,, and V,,. are the volume of the
aqueous phase and the micellar phase, respec-
tively, v is the partial molar volume of the
micelles, Cy; is the surfactant concentration and
CMC is the critical micelle concentration. Under
normal MECC conditions the numerator of Eqn.
(9) is approximately equal to 1, leading to:

k=K v (Cyg— CMCQC) (10)

Thus the retention factor is linearly related to
the surfactant concentration [2].

To investigate the influence of the phase ratio
on the retention factors and the elution window,
experiments were carried out with an electrolyte
system of 0.01 M TRIS-MOPS at pH 8.2,
containing different concentrations SDS, ranging
from 30 mM to 100 mM. For the retention
factors versus concentration SDS linear graphs
were obtained with regression correlation co-
efficients larger than 0.997. As can be seen from
the results, listed in Table 5, both mg,: and
|m | decrease with increasing surfactant con-
centration, due to changes in viscosity and ionic
strength. The increase in viscosity will be partly
compensated by Joule heating with a higher
electric current (see also section 3.1., Applied
field strength). Here it should be noted that in
capillary electrophoretic techniques a distinction
can be made between bulk viscosity (important
for m,,-) and wall-surface viscosity (important
tor myop) [24]. We assume that bulk viscosity
will be more influenced by Joule heating than
wall surface viscosity. As a result, a small in-
crease of the elution window is observed at
higher surfactant concentrations as also reported
by others [4,25]. Terabe et al. {20], however,
reported a small decrease of the elution window,
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Table 5
Electroosmotic mobility, m_., (10

* cm’/Vs), effective mobility of the micelles,m. (10 cm’/Vs), values for the elution

window, f,,./teqr, and measured electric current, I (uA), at different SDS concentrations, Cg,,¢ (mM). BioRad standard
capillary. Background electrolyte, 10 mM TRIS-MOPS at pH 8.2, Applied voltage, 15 kV

Csps My o VTS fac lteor 1

30 60.62 —43.18 3.47 11.1
40 59.48 —43.93 3.60 13.7
50 58.38 —42.53 3.69 16.7
60 58.29 —42.50 3.69 19.7
70 57.93 —42.34 3.72 22.7
80 57.49 ~42.49 3.83 25.8
90 57.49 —42.76 3.91 29.6

100 57.15 —42.47 3.89 33.4

which may be due to differences in ther-
moregulating the capillary.

In Fig. 5 the effect of the surfactant con-
centration on the function f(k) is demonstrated.
For weakly hydrophobic compounds with k <
k., like resorcinol and phenol, an increase in
f(k) is observed with increasing surfactant con-

0.35

0.30

0.25

0.20

f(k)

005

0.00 —_— .
40 60 80 100

concentration SDS (mM)

Fig. 5. Relationship between f(k) and concentration SDS for
(a) resorcinol, (b) phenol, (c) p-cresol and (d) 1.2-xylol.
BioRad standard capillary. Background electrolyte, 10 mM
TRIS-MOPS at pH 8.2. Applied voltage, 15 kV.

centration, whereas for strongly hydrophobic
compounds with k >k like 1,2-xylol a de-
crease in f(k) is observed. For moderately hydro-
phobic compounds like p-cresol only a small
influence of the surfactant concentration on f(k)
is observed.

3.6. Organic modifiers

Generally in MECC hydrophobic compounds
show retention factors much larger than k.
The separation of these compounds can be
improved by the addition of an organic modifier
to the background electrolyte in order to de-
crease their retention factors to more favourable
values. Moreover, the elution window will be
extended by the addition of organic modifiers
[10,11]. To study the influence of different or-
ganic modifiers in MECC, experiments were
carried out with an electrolyte system of 0.01 M
TRIS-boric acid at pH 8.5, containing different
amounts of methanol, acetonitrile or urea. The
migration times of the micelles for these experi-
ments were calculated by an iteration procedure,
applying the migration data of a homologous
series of alkylbenzenes [19,26]. In Table 6 all
calculated values for the electroosmotic mobility,
the effective mobility of the micelles and the
corresponding elution windows are summarized.
At a methanol concentration above 20% (v/v)
the restricted elution mode was obtained and ¢y,
could no longer be determined. A decrease in
Meop and |my,| is observed at increasing modi-
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Table 6

Electroosmotic mobility, . (10 * cm®/Vs), effective mobility of the micelles,m . (10”5 cm®/Vs), and values for the elution
window, ty/feq, at different concentrations of methanol (%(v/v)), acetonitrile (%(v/v)) and urea (M ). Background electrolyte,
10 mM TRIS-boric acid at pH 8.5. BioRad standard capillary. Applied voltage, 15 kV

Methanol Acetonitrile Urea
R(viv)  my, My Ly Mtior Go(viv)  myyy My Tve teor M mgo Myc tvc/teor
0 67.14 —44 .21 2.93 0 63.75 —44.11 3.25 0 58.40 —-43.12 3.82
5 56.68 —-39.18 3.24 5 58.86 —42.58 3.62 1 56.19 —41.99 3.96
10 48.90 —35.62 3.68 10 56.74 —42.41 3.96 2 54.97 —40.49 3.80
15 41.72 -31.96 4.28 15 52.78 —40.96 4.46 3 53.73 —-41.03 4.23
20 36.64 -29.41 5.06 20 50.72 - 42.08 5.87 4 52.88 —40.26 4.19
25 32.84 - - 25 49.04 —41.47 6.48 5 51.43 —40.11 4.55
30 29.76 - - 30 47.21 —41.45 8.22 6  50.71 —39.26 4.43
7 49.04 —38.65 4.73

fier concentrations, due to changes in the viscosi-
ty and the dielectric constant of the electrolyte
systems. Moreover, the micelle structure and
hence m, will be influenced by the addition of
an organic modifier. As a result, an increase in
the elution window is observed with increasing
concentrations of methanol, acetonitrile or urea.

In reversed-phase high-performance liquid
chromatography it has been shown that the
variation of the retention factor, k, with the
volume fraction of organic solvent in the aque-
ous—organic mobile phase. ¢, is reasonably well
described by [27]:

Ink=A+B¢ +Co- (11)

where A, B and C are constants for a specific
solute and eluent combination. For a small range
of solvent compositions Eqn. (11) can be ap-
proximated by

Ink=A+ B¢ (12)

Although in MECC small changes in the phase
ratio may occur, due to the influence of organic
modifiers on micelle structures, for methanol and
urea a linear relationship was obtained between
the logarithm of the retention factor and the
concentration modifier in the background elec-
trolyte, as shown in Fig. 6. For acetonitrile a 2nd
order relationship was obtained. From Fig. 6 and
Table 6 it can be concluded that with an increase

in modifier concentration a decrease in retention
tactors as well as an increase in elution window is
obtained, resulting in a better resolution for
hydrophobic compounds. As an example in Fig.
7 parts of the electrokinetic chromatograms are
shown of the separation of alkylbenzenes with
different amounts of methanol. As can be clearly
seen a better resolution is obtained for strongly
hydrophobic compounds migrating near f,,. at
higher concentrations methanol, due to both a
decrease in retention factor and an increase in
elution window.

4. Conclusions

The overall linear velocity of neutral sample
compounds was shown to be linearly related to
the measured electric current. According to the
resolution equation both the elution window and
the retention factor influence the resolution in
micellar electrokinetic capillary chromatography.
These variables are often simultaneously affected
by the experimental conditions and hence they
cannot be controlled independently in many
cases. The results demonstrate that the resolu-
tion of uncharged compounds can be improved
by adjusting different separation parameters.
The elution window can be increased by decreas-
ing the pH of the electrolyte system, whereas the
retention factors of the compounds remain fairly
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Fig. 6. Logarithm of retention factor versus concentration modifier for (A) methanol (%, v/v), (B) acetonitrile (%, v/v) and (C)
urea (M) . BioRad standard capillary. Background electrolyte, 10 mM TRIS-boric acid at pH 8.5, containing different amounts

of organic modifier. Applied voltage, 15 kV.
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Fig. 7. Electrokinetic chromatograms of the separation of the
alkylbenzenes (1) benzene, (2) toluene. (3) ethylbenzene,
(4) propylbenzene and (5) butylbenzene in a background
electrolyte of 10 mM TRIS-boric acid at pH 8.5. containing
(@ 0%, (b) 5% and (¢) 10% (v/v) methanol. BioRad
standard capillary. Applied voltage, 15 kV.

constant. With a low electroosmotic flow at low
pH values, the restricted elution mode can be
obtained, resulting in a better resolution for
weakly hydrophobic compounds. The use of
coated capillaries was shown to be of limited
value in MECC. The retention factor can be
optimized in order to increase the function f(k)
by changing the surfactant concentration. An
increase in elution window as well as a decrease
in retention factors can be obtained by the
addition of an organic modifier to the back-
ground electrolyte, resulting in a better resolu-
tion for strongly hydrophobic compounds. For
methanol and urea a linear relationship is ob-
tained between the logarithm of the retention
factor and the modifier concentration whereas
for acetonitrile a 2nd order relationship is ob-
tained.
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