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Abstract

It has been shown that non-aqueous capillary electrophoresis (NACE) can provide improved separations in
comparison to those obtained using conventional CE under aqueous conditions [1] (ACE). Previous work carried out
in our laboratories involving initial investigations into the technique have been reported [2]. Based on the findings of
that work it was possible to separate a variety of basic pharmaceuticals from selected impurities and to obtain the
successful separation of some hydrophobic sulphonic acids. The successful coupling of NACE to mass spectrometry
(NACE-MS) has also been demonstrated. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

The use of organic solvents as the basis of the
electrophoretic media (‘run buffer’) in capillary
electrophoresis (CE) has been reported [3–5] as a
powerful technique for achieving highly selective
and fast separations. The speed and selectivity of
the non-aqueous capillary electrophoresis
(NACE) separation is thought to be primarily due

to exploitation of the physiochemical properties
of the run buffer, e.g. viscosity (h) and their
acid–base behaviour, provided by use of solvents
other than water.

The improved selectivity obtained in NACE is
derived, in part, from differences in the ionised–
unionised equilibrium of analyte molecules in
aqueous and non-aqueous solvents. The difference
in this equilibrium for two closely related struc-
tures is often larger in non-aqueous conditions
and thus contributes to the enhanced selectivity
observed in NACE. Reduced migration times for
analyte and buffer ions are obtained, in part, by a
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reduction in the viscosity of the run buffer. For
example the substitution of water (h=0.89 cP at
25°C [6]) by acetonitrile (h=0.34 cP at 25°C [6]).
As h is inversely proportional to the magnitude
of electroosmotic flow (EOF) (mEOF= (oz/h) the
rate of migration of solute ions should, all other
factors being equal, be reduced by approximately
one third. However, in practice observed run
times are often reduced by a factor of 4 or 5.
Thus other physiochemical properties of the run
buffer such as its dielectric constant are also
thought to be important. However, the interde-
pendancy of the majority of the experimental
variables within the NACE experiment, make it
difficult to design and perform studies for investi-
gation into the effect of these variables on ob-
served separations.

The vast majority of NACE separations re-
ported in the literature are for compounds of a
basic nature. The analysis of strong acids is ham-
pered by a relatively low EOF and a relatively
high electrophorectic migration. This problem
was overcome by increasing the EOF by employ-

ing the use of run buffers with a high apparent
pH (pH*) [7]. An alternative approach has been
proposed which assumes that at lower pH* some
acids have sufficient electrophoretic mobility to
overcome the EOF. In these cases analysis can be
achieved by reversal of the EOF or by injection
of the sample at the outlet end of the capillary.
This second approach utilises the electric field
strength generated by the full length of the capil-
lary (from 20 cm) but results in reduced migra-
tion times as the separation is performed in the
short end of the capillary (:7 cm).

Successful coupling of NACE to mass spec-
trometry instruments operating in electrospray
ionisation mode has been reported [8,9]. The use
of volatile non-aqueous solvents provides a con-
venient matrix for introduction of samples into a
mass spectrometer than provided by aqueous sol-
vents. NACE-mass spectrometry (MS) has been
shown to provide better detection sensitivity [8]
than aqueous capillary electrophoresis (ACE)-MS
and this is thought to be due to a more efficient
electrospray process.

Fig. 1. Separation of test mixture 1 using sodium acetate (50 mM, pH 4.5).
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Fig. 2. Separation of test mixture 1 components using ammonium acetate (25 mM) and acetic acid (1 M) in acetonitrile–methanol
(75:25 v/v).

2. Experimental

NACE experiments were carried out using a
Hewlett Packard HP3DCE system. Unless stated
otherwise separations were performed using an
untreated fused capillary (length to detector 57
cm, internal diameter 50 mM). All capillaries were
conditioned prior to use by rinsing with 1.0 M
NaOH for 15 min followed by 15 min with 0.1 M
NaOH and finally for 15 min using the run buffer.
The capillary was reconditioned on changing the
run buffer but was not reconditioned prior to
each injection. All separations were performed at
30 kV and the capillary was maintained at 25°C.
Samples were loaded into the capillary by pres-
sure injection (2 s at 50 mbar) and detection was
at by UV at 200 or 214 nm.

NACE-MS experiments were carried out using
a Beckman P/ACE system MDQ equipped with a
capillary cassette adapted for MS. Unless stated
otherwise separations were performed using an
untreated fused capillary (length to detector 77
cm, internal diameter 50 mM). All capillaries were

conditioned prior to use by rinsing with 1.0 M
NaOH for 15 min followed by 15 min with 0.1 M
NaOH and finally for 15 min using the run buffer.
The capillary was reconditioned on changing the
run buffer but was not reconditioned prior to
each injection. All separations were performed at
25 kV and the capillary was maintained at a
temperature of 25°C. Samples were loaded into
the capillary by pressure injection (2 s at 50
mbar). MS was achieved using a Finnigan MAT
LCQ. The electrospray needle was held at +4.5
kV. The sheath gas was 20 U of N2 and the
sheath liquid was methanol–ammonium formate
(pH 2.5, 200 mM) (50:50 v/v)) set at 5 ml min−1.

Test mixture 1 contained dopamine (DA,
Fluka), adrenaline (A, Sigma) and noradrenaline
(NA, Sigma). Test mixture 2 contained BRL29060
and BRL57138A, test mixture 3 contained
SB202026A and BRL57259A and Test mixture 4
contained impramine and desipramine. Samples
of these compounds were obtained in house. Test
mixture 5 contained 2-napthalenesulphonic acid
(Aldrich), 1,5-napthalenesulphonic acid (Aldrich)
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and 1,3,6-napthalenesulphonic acid (Aldrich). All
test mixtures were prepared in methanol to a final
concentration of 0.2 mM of each component.

Materials used in preparation of NACE run
buffers were as follows; methanol 205 (Romil),
acetonitrile 190 far UV grade (Romil), acetic acid
glacial (Fisher), formic acid (Fluka), sodium ac-
etate (Fisher), sodium formate (Fluka).

Specific details of the composition of the run
buffer used for each experiment are given in the
relevant figures.

Apparent pH (pH*) values were measured us-
ing a pH meter calibrated with pH 4 and pH 10
aqueous buffer solutions.

3. Results and discussion

Test mixture 1 was chosen to include struc-
turally similar basic compounds. Test mixture 5
was chosen to include structurally similar acidic
compounds. All other test mixtures were chosen
so as to include the major compound of interest in
the presence of a structurally similar impurity.

3.1. Separation of basic test mixtures

An electropherogram illustrating the separation
of test mixture 1 using optimum ACE and NACE
separations are given in Figs. 1 and 2 respectively.
Good separation of DA, NA and A was obtained
using either an ACE or NACE method. The order
of migration for the test solutes was the same in
both methods and the resolution obtained in their
separation was similar. However, the migration
time for the latest migrating component (A) was
8.1 min with the ACE method compared to 3.2
min with the NACE method. This is thought to
be primarily due to an increase in the rate of
migration of the test solutes and an increase in the
rate of EOF. These increased rates of migration
can be attributed in part to a reduction in the
viscosity of the run buffer.

Optimum separation of the components in test
mixtures 2, 3 and 4 were obtained from NACE
experiments with the use run buffers composed of
either sodium acetate or sodium formate in ace-
tonitrile/methanol mixtures.

Fig. 3. Separation of test mixture 2 components using sodium acetate (75 mM) and acetic acid (0.5 M) in acetonitrile/methanol
(50:50 v/v).
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Fig. 4. Separation of test mixture 3 components using sodium acetate (75 mM) and acetic acid (0.5 M) in acetonitrile–methanol
(50:50 v/v).

An electropherogram illustrating the separation
of BRL29060 and BRL57138A is given in Fig. 3.
Good separation was obtained using NACE
within 6 min, compared to a run time of 25 min
required to obtain separation under optimum
ACE conditions.

An electropherogram from illustrating the sepa-
ration of SB202026A and BRL57259A is given in
Fig. 4. Baseline separation was obtained using
NACE within 5.5 min, compared to a run time of
20 min required under optimum ACE conditions.

An electropherogram from illustrating the sepa-
ration of impramine and desipramine is given in
Fig. 5. Good separation was obtained using
NACE within 12.5 min. The separation of these
two compounds was not possible using ACE in
this particular study.

3.2. MS data of components in test mixtures 2, 3
and 4

When performing the NACE-MS experiments
the NACE run buffer used was ammonium ac-

etate in an acetonitrile/methanol mixture. MS
spectra obtained from analysis of test mixtures 2,
3, 4 are given in Figs. 6–8, respectively. These
data are compatible with detection of test mixture
components. There was insufficient separation in
the NACE-MS experiment for test mixture 2 to
clearly distinguish the two resolved geometric
isomers.

3.3. The separation of acidic compounds

Having demonstrated that NACE is an appro-
priate technique for the separation of some simple
bases attention turned to the analysis of acidic
compounds.

Although it is possible to separate acidic com-
pounds with the use of NACE run buffers with
pH*\9.0 in order to have an EOF which permits
migration of the anions within an acceptable run
time [7], it is also possible to separate acids using
NACE buffers with pH*B7.0. This alternative
approach involves injection of the sample at the
outlet end of the capillary. The conditions for
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Fig. 5. Separation of test mixture 4 components using sodium formate (75 mM)–formic acid (0.5 M) in acetonitrile–methanol (50:50
v/v).

Fig. 6. Mass spectra of test mixture 2 components. The top spectrum is for BRL57138A and the bottom spectrum is for BRL29060.
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Fig. 7. Mass spectra of test mixture 3 components. The spectrum illustrated is for a peak representing poorly resolved SB202026A
from its geometric isomer BRL57269A.

Fig. 8. Mass spectra of test mixture 4 components. The top spectrum is for imipramine and the bottom spectrum is for desipramine.
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Fig. 9.
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these experiments are as listed in Section 2 with
the exception that the length of capillary used for
separation is 7 cm. An electropherogram from the
analysis of test mixture 5 is given in Fig. 9. All
three components of the test mixture were base-
line separated. The three smaller peaks were
found to be impurities present in 1,5-napthal-
endisulfonic acid. This approach relies on the
migration of negatively charged species against
the EOF and is aided by the relatively low EOF
obtained using a NACE buffer at pH* 4.0.

4. Conclusions

It has been shown that the separation of a
mixture of A, DA and NA can be achieved under
aqueous and non aqueous conditions, however
the run time required in NACE mode is approxi-
mately 2.5 times less than that required in ACE
mode. This can be explained, in part, by differ-
ences in the physical properties of the run buffers
used in both methods. In particular the differ-
ences in viscosity and di-electric constant for ACE
and NACE buffers are thought to be important.
It has been demonstrated that NACE can provide
good separation of the structurally similar basic
compounds; BRL29060/BRL57138A and im-
pramine/desipramine and the geometric isomers
SB202026A and BRL57259. In the case of
BRL29060/BRL57138A and SB202026A and
BRL57259 NACE provides separations in a quar-
ter of the run time required for separation under
ACE conditions.

It has also been shown that NACE can provide
a convenient approach to the analysis of acidic
compounds. This was demonstrated by the sepa-
ration of closely related naphthalene sulphonic
acids, achieved by injection at the outlet end of

the capillary and therefore by migration against
the EOF.

It has also been demonstrated that NACE can
be conveniently hyphenated to MS. NACE-MS
data has been used qualitatively for confirmation
of peak identity and could be used for ‘peak
tracking’ in method optimisation. The NACE-MS
data obtained cannot be used conclusively to eval-
uate the technique as a quantitative tool as the
MS parameters were not fully optimised, further
work would be required to achieve this objective.

Further work is required in order to gain a
deeper understanding of the mechanisms which
affect separation in NACE. Based on the data
available in literature and from work in the labo-
ratories, it is believed that this further work could
lead to the widespread adoption of NACE as a
useful separation tool which is capable of provid-
ing rapid separations and different selectivity than
that given by ACE and HPLC.
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Fig. 9. Separation of test mixture 5 using ammonium acetate (50 mM)–acetic acid (pH* 4.0) in acetonitrile–methanol (75:25 v/v)..


