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Optimization of the indirect fluorimetric detection
for the simultaneous analysis of inorganic anions and
polycharged organic anions by capillary electrophoresis

PL. Desbene’, C. Morin and A. Desbhéne

Laboratoire d’' Analyse des Systemes Organiques Complexes, |.R.C.O.F. et I.F.R. n° 23, Université de Rouen,
43 rue Saint-Germain, 27000 Evreux, France

Abstract. Until now, fluorescein sodium salt has been used to generate the background signal for indirect fluorimetric detection
of inorganic cations or mono-charged organic anions separated by Capillary Zone Electrophoresis (CZE). In this paper, we extend
the use of fluorescein sodium salt to the simultaneous CZE analysis of inorganic anions (Cl-, NO3, NO3, SOZ, F) and poly-
charged organic anions (oxaate and citrate). The electroosmotic flow was reversed by using tetradecyltrimethylammonium bro-
mide (TTAB) or hexadimethrine. The specific problems linked to the simultaneous utilization of fluorescein sodium salt and a
positively charged capillary were studied and resolved by reducing the fluorescein/TTAB interactions and by optimizing the fluo-
rophore concentration in the electrolyte. The study of reproducibility and the quantitative approach led to very good results. In
such conditions the quantification of Cl-, NO; and SOZ, in different minera and spring waters, has been successfully realized.
In addition, the detection thresholds reached the range of one hundred to a few hundred ppb.

Key words. Capillary zone electrophoresis — indirect fluorimetric detection — fluorescein sodium salt — inorganic anions —

polycharged organic anions.

Introduction

Liquid Phase Chromatography is still considered today as a
predilection technique for the inorganic anions anaysis in
several domains such as: environment, clinical diagnosis or
food industry. lons exchangers columns are used for the
separation of these species, the detection being performed
essentially by conductometry [1] and sometimes by indirect
photometric detection [2]. However these techniques,
although being still commonly used, compete more and
more with High Performance Capillary Electrophoresis
(HPCE), arelatively recent analytical technique that matches
up a small cost of utilization, a certain facility of imple-
mentation and very high performances.

In the case of bare fused silica capillary, the electropho-
retic mobility of inorganic anions is diametrically opposed
to the electroosmotic flow. As aresult, if a complex mixture
containing inorganic anions with a wide range of electro-
phoretic mobilities is analyzed, some of these anions will
never reach the detection window whatever the injection
(anodic or cathodic). To prevent this analytical problem three
strategies can be envisaged. The first one is based upon the
use of a strong electroosmotic flow [3,4] in order to obtain
a satisfactory separation rate. This strategy shows however
some limitations, anions presenting a very high electropho-
retic mobility not being able to be analyzed. The second one
consists in the reduction or the suppression of the elec-
troosmotic flow [5-15], detection and injection being res-
pectively performed near the anode and at the cathode.
Nevertheless for the inorganic anions and polycharged orga-
nic anions analysis, athird strategy is currently the most fre-
quently used, the use of cationic surfactants:
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» either to coat positively the capillary walls and so to
reverse the electroosmatic flow allowing the visualization
of al anions, whatever be their electrophoretic mobility
[16-38],

e or to constitute micelles and so to analyze these inorga-
nic ions by Micellar ElectroKinetic Chromatography [39].

Many cationic surfactants, generally quaternary ammo-
nium surfactants, can be used as an electroosmotic flow
reverser. For instance OFM Anion - BT [16-18,32,35], cetyl-
trimethylammonium (CTAB) [21-25,36,37], hexamethonium
[20,27,28,34] or trimethyltetradecylammonium (TTAB) [27,
29-31,33,36-38] can be noted.

Concerning the detection of inorganic anions separated by
HPCE, we can observe, according to literature data, almost
no loss of sensitivity as compared to Liquid Phase
Chromatography. Several detection methods have been used,
including amperometric detection in non agueous media [14]
or suppressed conductivity detection [4]. Nevertheess the
direct or indirect photometric detection methods are mainly
employed. The direct UV detection applies unfortunately
only to a few number of inorganic anions such as Br-, I-,
NO; NO; and SCN- [19,24,25,33,36,39-44]. On the other
hand, the indirect UV detection appears more attractive due
to its universality. The chromophore commonly introduced
into the electrolyte to generate the background signal is the
chromate [12,16-18,21,27,29,31,37]. However the utilization
of dichromate [11,30,34], phtalate [7,14,20], pyromellitic
acid [20,26,27] or polysulfonated naphtalenes [8] can be
also noted. The introduction of these chromophores into the
electrolyte often being matched by the addition of a quater-
nary ammonium surfactant, used as electroosmotic flow
reverser, it is important to insure that incompatibility does
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not exist between these two components of the electropho-
retic system, as is the case for the vanadium salts, that pre-
cipitate in front of some quaternary ammonium salts [16].
Otherwise the indirect fluorimetric detection, although less
used, offers interesting potentialities concerning the sensiti-
vity, for example in the case of the analyses of eleven prio-
rity phenols [45], of isopropenylpyrophosphates [46], of
explosives [47] or of triorganotin compounds [48]. It has
already been used for the analysis of inorganic anions,
without reversion of the electroosmotic flow, by using detec-
tors specially conceived for these applications [3,6,9].

The aim of this study is to evaluate the potentiaities of
the first commercialy available fluorimetric detector for the
analysis of inorganic and polycharged organic anions,
without any modification of the equipment. These analyses
have been carried out with an eletroosmotic flow modifier
(TTAB or hexadimethrine), the fluorescein sodium salt being
used as fluorophore generating the background signal, aswe
have previously proposed for the analysis of inorganic
cations [49] and for the analysis of monocharged organic
anions [50]. In this original approach, the detection sensiti-
vity was studied and the technique was applied to the quan-
tification of anions (Cl-, NO; and SO%) in different mineral
and spring waters.

Experimental part

Reagents

All solutions were prepared by using 18 MW water produ-
ced by an Alpha Q purification system (Millipore, Bedford,
MA, USA). Trimethyltetradecylammonium bromide (TTAB)
and 1,5-dimethyl-1,5-diaza undecamethyl polymethobromide
(hexadimethrine), used as electroosmotic flow reverser, were
purchased from Janssen Chimica (Janssen Chimica, Noisy le
Grand, France). On the other hand, all reagents, used for the
preparation of buffer solutions and for the preparation of
inorganic and organic anions standard solutions presented
analytical purity and were provided by Aldrich (Aldrich
France, La Verpilliére, France). All these reagents were used
without purification.

Apparatus

All analyses were carried out by using a P/ACE 2100 sys
tem (Beckman, Fullerton, CA, USA) fitted with a fluorime-
tric detector using an Argon laser (excitation wavelength =
488 nm, emission wavelength = 520 nm). The acquisition
and the processing of data were performed with a PS/2 com-
puter (IBM, Greenwock, UK) and of a PPACE or GOLD
7.11 software (Beckman). Samples were injected in hydro-
dynamic mode (injection pressure: 0.5 psi, i.e. 3447 Pa). A
fused silica capillary (50 nmi.d., 57 cm total length, 50 cm
effective length) was used. Injections were operated at the
cathodic end of this capillary whose temperature was fixed
at 25 °C. The pH of the separational buffers was systemati-
cally controlled before use, at the operating temper ature, by
means of af model pHmeter (Beckman). The study of the
evolution of the fluorescence intensity as a function of the
TTAB concentration was performed out line by using a
LS5 spectrofluorimeter (Perkin-Elmer Ltd, Beaconsfield,
UK).
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Results and discussion

The first studies mentioned in this paper were carried out by
introducing into the buffer solutions the fluorophore (i.e. the
fluorescein sodium salt) at 10°°M. Indeed this concentration
appeared to be during our previous works, performed
without any electroosmotic flow modifier [49,50], the opti-
mal concentration in regard of the concentration limit of
detection (LOD). Similarly, the pH of the running buffer was
fixed to 8.5 during these first approaches since this pH is
perfectly suited to the utilization range of the fluorophore
[49].

Capillary coating

The electroosmotic flow reversion for the analysis of poly-
charged inorganic anions is commonly carried out [16-38]
to solve problems linked to their electrophoretic mobilities
which are in opposite direction in regard of the electroos
motic flow, when a bare fused silica capillary is used.

At first, the electroosmotic flow reversion was intended
by means of a quaternary ammonium salt, i.e. trimethylte-
tradecylammonium bromide (TTAB). When such an elec-
troosmotic flow modifier is used, it is generaly added into
the running electrolyte at the same concentration as that used
to coat the capillary walls so as to insure the maximal sta
bility of this coating. Such conditions are unsuitable for the
use of fluorescein as the component providing the fluores-
cence background signal. Indeed, in regard of the fluores-
cence, the TTAB/fluorescein interaction is similar to that of
the acidic media impact, i.e. a loss of the detection sensiti-
vity due to the neutralization of the negative charge of fluo-
resceinate anion [49]. This hypothesis has been verified by
comparing the fluorescence intensity generated by the fluo-
rescein with and without TTAB into the running buffer. So
to prevent problems due to the surfactant desorption from
the walls, caused by a too weak TTAB concentraion into
the carrier electrolyte, the coating time had to be optimized
in order to perform several consecutive and reproducible
analyses.

The coating time optimization was carried out by the fol-
lowing procedure:

i) First of al, the capillary was flushed by sodium
hydroxyde 0.1 M during 20 minutes, followed by a rinsing
with water for 10 minutes.

ii) The fused silica capillary activation step being com-
pleted, the second step of the capillary coating was based on
the equilibration of the silica surface with the running elec-
trolyte, i.e. H;BO;10'M / NaB,O;2 ~ 102M pH = 8.5,
by rinsing the capillary with this buffer for 20 minutes.

iii) Finally the effective coating was obtained by a flu-
shing, whose duration remains to be optimized, with the run-
ning electrolyte supplemented with trimethyltetradecylam-
monium bromide (5~ 10-* M) and fluorescein sodium salt
(10-3 M). The effective reversion of the electroosmotic flow
was controlled by injection of water. Such a behaviour
totally agreed with previously data of the literature [36,51].

Results obtained using a test mixture, containing 5 inor-
ganic anions (F, Cl-, NO3;, NO; and SO2) and 2 polychar-
ged organic anions (citrate and oxalate), are reported in
figure 1. In fact, citrate and oxalate anions can raise
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Fig. 1. Evolution of the detection of a test mixture containing inorganic anions and polycharged organic anions separated by CZE as a
function of the capillary coating time. Operating conditions: Fused silica capillary (50 nmi.d. = 57 cm length); temperature 25 °C; applied
voltage 20 kV; coating eectrolyte: H,BO, © 101 M/NaB,0, 2~ 102 M (pH = 85), [TTAB] =5" 104 M and [Fluorescein] = 10°°M;
running electrolyte: H,BO, 10 M/Na,B,O, 2 © 102 M (pH=8.5), [TTAB] = 10> M, [Fluorescein] = 105> M. Hydrodynamic injection:
4 s; Test mixture: (1) [ClT] = 1.8 mM, (2) [NO;] = 2.9 mM, (3) [NO3] = 1.8 mM, (4) [SOz] = 0.9 mM, (5) [oxalate] = 0.9 mM, (6)
[F] =12 mM and (7) [citrate] = 0.6 mM. A) Coating time: 50 minutes. a. Rinsing with the carrier electrolyte: 10 minutes, b. First ana
lysis of the test mixture (Electropherogram A,). c. Rinsing with the running electrolyte: 10 minutes, d. Second analysis of the test mix-
ture (Electropherogram A,). B) Coating time: 2 hours. @) Rinsing with the running electrolyte: 10 minutes, b. Analysis of the test mix-
ture (Electropherogram B).

analytical difficulties similar to that mentioned in the case  this adsorption of fluorescein had only a little impact on the
of inorganic anions since their electrophoretic mobilities are  amplitude of the electroosmotic flow which is difficult to
equally high. estimate because of the very low concentration of fluores

o cein as compared to that of TTAB.
It appears on the electropherogram in figure 1A, that,

when the coating time reaches 50 minutes, analyzed anions Then, a second analysis of this test mixture was carried
are visualized as negative peaks, in agreement with thetheo-  out, without the coating step. The obtained electropherogram
retical development previously reported [49,50]. Moreover, s reported in figure 1A,. First we can note simultaneously
anegative drift of the baseline is observed for analysistimes  a positive drift of the baseline and the visualization of the
inferior to 8 minutes. This drift results from the fluorescein  analyzed solutes as positive peaks. Such a behavior may be
adsorption on the capillary walls, that are now postively  ascribed to fluorescein desorption from the capillary surface.
charged due to the TTAB hemimicelles. After 8 minutes of  Indeed the return of the fluorescein within the running buf-
analysis, the baseline drift becomes positive and tendsto sta-  fer, as TTAB/fluorescein ion pair, easily explains the posi-
bilize. Such a behavior may be attributed to the partial shiel-  tive drift of the baseline. Secondly, as a result of the pre-
ding of positively charged walls by fluorescein. However  sence of these TTAB/fluorescein ions pairs in solution, a
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competitive ion exchange between analyzed anions and fluo-
resceinate anions can take place. These ions exchanges are
probably favored by the negative charge, more localized in
the case of the studied anions than with fluoresceinate ions,
which were released into the solution in large amount in the
migration zone of the solutes. As previously shown [49], the
fluorescence intensity decreases when the delocalization of
the negative charge of the fluorescein is reduced. Therefore,
an exatation of the fluorescence has to accompany these
ions exchanges and the anions of the test mixture appear as
positive peaks.

To limit this lack of reproducibility between two analyses,
we considered the effect of the coating time on the stability
of the TTAB hemimicelles adsorbed on the capillary walls.
For coating times superior or equal to two hours, we can
observe a good reproducibility during 6 or 7 analyses, as
much for the migration times as for the peak heights. In such
conditions, it is interesting to note that the studied anions
are visualized systematically as negative peaks while the
negative drift of the baseline is clearly less pronounced than
previously (Fig. 1B). So in order to limit this drift, that can
ater the precision of quantitative analyses, we have attemp-
ted to limit its extensiveness by optimizing successively the
ionic strength and the fluorescein concentration.
Nevertheless, as previously mentioned, the concentration
limit of detection (LOD) depends equally on the TTAB
concentration in the running electrolyte. So we began the
optimization of our electrophoretic system by studying this
experimental parameter.

Optimization of the TTAB concentration

Systematically, in indirect UV detection, the concentration
of the electroosmotic flow modifier introduced in the buffer
during the analysis is the same as that used during the coa-
ting, such an experimental approach causing no damage for
the detection. On the other hand, when fluorescein is used
for indirect fluorimetric detection, it appears a decrease of
the signal/noise ratio due to the interaction of the fluores-
cein with the TTAB, as mentioned previously. Otherwise, the
lack of TTAB in the running buffer induces a rapid and pro-
gressive loss of the capillary coating. This causes a poor
reproducibility of the analyses but alows to estimate very
low concentrations. Consequently, with this electrophoretic
system, the retained TTAB concentration must inevitably
correspond to a compromise. So in order to optimize this
experimental parameter we have studied the evolution of the
signal/noise ratio as a function of the TTAB concentration
introduced into the carrier electyrolyte (Fig. 2).

It clearly appears that, in the concentration range studied,
the best signal/noise ratio is reached when the TTAB
concentration is about 10 °M but decreases to zero when the
concentration is superior or equa to 10* M. Consequently,
it seemed judicious to introduce into the running buffer a
TTAB concentration equal to 105 M, the latter being the
optimal concentration versus the LOD. Nevertheless, in
these conditions, werapidly noticed a shift of the migration
times of analyzed species, evidencing that this concentration
does not totally prevent the removing phenomena. Taking
into account this observation, and in order to obtain a per-
fect reproducibility, it is recommended to regenerate the
capillary coating every 5 or 6 analyses, by flushing this last
during 1 minute with the coating electrolyte.
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Fig. 2. Evolution of the signal/noise ratio as a function of the
TTAB concentration. Operating conditions. Fused silica capillary
(50 pm i.d. © 57 cm length) coated by means of TTAB; tempera-
ture 25 °C; applied voltage 20 kV; running electrolyte: H;BO,
10t M/Na,B,O; 2" 102 M (pH = 8.5), [Fluorescein] = 10-°M and
variable TTAB concentrations. Hydrodynamic injection: 4 s; Test
mixture: [ClI7] = 1.8 mM, [NOg3] = 1.8 mM, [SO%] = 0.9 mM, [oxa
late] = 0.9 mM and [citrate] = 0.6 mM.

Optimization of the ionic strength

In the case of a positively charged capillary, the adsorption
of mono charged anions and even more polycharged anions
appears to disturb the resolution of a complex mixture.
Indeed, by electrostatic attraction the injected anions can
undergo more or less strong interactions with the positively
charged surface induced by the adsorbed TTAB. A broade-
ning of the solute zones then appears and therefore gives a
poor efficiency. Consequently, the broadening of the solute
zones have to be minimized in order to improve the mixture
resolution. The evolution of the magnitude of the anions
adsorption as a function of ionic strength has been followed
by measuring the efficiency relating to two test anions,
considered as representative of the studied mixture, namely:
chloride and oxalate ions.

As evidenced in figure 3, whatever be the ion, efficiency
and ionic strength simultaneously decrease. As a result to
optimize the electrophoretic system efficiency, it is interes-
ting to use a high ionic strength in order to shield the posi-
tive charges of the capillary by means of anions present
within the electrolyte. However, this adsorption is still
important if we consider polycharged anions, i.e. in the pre-
sent case: sulphate, oxalate and citrate anions. In fact, as
shown in table I, if the monocharged anions, on one hand,
and the polycharged anions, on the other hand, migrated as
expected from their equivalent ionic mobility [52], the
migration velocity of polycharged anions appeared to be
deeply decreased as compared to that of monocharged
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Fig. 3. Evolution of the efficiency as a function of the electrolyte
ionic strength. Operating conditions: Fused silica capillary (50 nm
i.d. © 57 cm) coated by means of TTAB; temperature 25 °C;
applied voltage: 20 kV; electrolyte: dilution of stock buffer*,
[TTAB] = 10°M, [Fluorescein] = 10-5M. Hydrodynamic injection:
2 s, Test mixture: [Cl'] = 1.8 mM and [oxalate] = 0.9 mM. * Stock
buffer: H;BO;2 ~ 10* M /Na,B,0; 4~ 102 M (pH = 8.3).

anions. This effect is particularly important for sulphate
anion.

The efficiency being strongly influenced by the electro-
lyte ionic strength, the resolution of the test mixture has to
depend on this parameter. As a result, we have studied the
evolution of the resolution as a function of the ionic
strength.

Figure 4 shows that the resolution rises when the ionic
strength increases, due to a greater efficiency on one hand
and because of a change in selectivity on the other hand.
Indeed, when the ionic strength is low, the efficiency
decreases and the selectivity changes, so that the fluoride
and citrate anions elution order is reversed. However the

Original articles

7 o Fluoride / Citrate

Nitrate / Sulfate

® Chloride / Nitrite

g ] ’
3
2
o 3

2 - b " Nitrite / Nitrate

n
18
a / Inversion of the elution order
0 — T T T 1
0.2 0.3 0.4 0.5 0.6 0.7
Volumic fraction of the stock buffer*
in the separation electrolyte

Fig. 4. Evolution of the resolution as a function of the electrolyte
ionic strength. Operating conditions. asreported in figure 3, excep-
ted the composition of the test mixture: [Cl7] = 1.8 mM, [NOg] =
1.8 mM, [NO3] = 29 mM, [SO3] = 09 mM, [F] =
1.2 mM and [citrate] = 0.6 mM.

resolution becomes poor. Thus the use of a high ionic
strength is required to enhance the differences of electro-
phoretic behaviors of the analyzed anions and to improve the
system efficiency. Nevertheless this choice brings up two
problems, i.e. the difficulties to dissipate the Joule heating
and the decrease of the detection sensitivity.

Indeed, figure 5 evidences that for low ionic strength, the
signal/noiseratio is high in spite of a poor efficiency of the
electrophoretic system. The origin of such a paradoxical
behavior has to be searched for in the interactions between
fluorescein and ions within the electrophoretic buffer. By
increasing the electrolyte concentration, interactions between
fluorescein and test anions are reduced [49,50], inducing
therefore an increase of the concentration limit of detection.
In such conditions, a compromise between resolution and
detection thresholds has to be found. In order to solve

Table |. Comparison of the elution order predicted from the equivalent ionic conductivities (L) for the analyzed anions [52] with the

experimental migration order obtained at high ionic strength.

Elution order

fromL Sulphate Chloride Oxalate Nitrite Nitrate Citrate Fluoride
Elution order at

high ionic strength® Chloride Nitrite Nitrate Sulphate Oxalate Fluoride Citrate

@ Jonic strength corresponding to the stock buffer: H,BO; 2

* 10* M/ NaB,0,4” 102 M (pH = 8.3).
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Fig. 5. Evolution of the signal/noise ratio as a function of the elec-
trolyte ionic strength. Operating conditions: as reported in figure 3.

suitably the nitrite/nitrate pair, whose resolution is the most
difficult to achieve, and to obtain furthermore a satisfactory
LOD, we have retained an electrolyte based upon boric acid
0.1 M, sodium tetraborate 0.02 M, trimethyltetradecylam-
monium bromide 10-5M and fluorescein sodium salt 10-5 M.
Moreover, its use led to a notable reduction of the baseline
drift previously reported.

Optimization of the fluorescein concentration

To optimize the concentration limit of detection, the evolu-
tion of the signal/noise ratio has been studied as a function
of the fluorescein concentration within the running buffer.
This evolution is shown in figure 6.

The reported curves show that the optimal fluorescein
concentration is about of 8~ 10 M, aconcentr ation which
is 8 times higher than that which we used in our previous
works performed using bare fused silica capillaries [49,50].
This remarkable increase of the optimal fluorescein concen-
tration probably results from the relatively strong interac-
tions between fluorescein and the TTAB bilayer adsorbed on
the capillary surface. So, owing to this fluorophore immo-
bilization on the capillary walls, the concentration of free
fluorescein is dramatically decreased as compared to that
initially added within the buffer. As a result, when the
concentration is inferior or equal to 8~ 105 M, the fluoro-
phore/solute interactions become infrequent so that a low
concentration limit of detection cannot be reached. By ano-
ther way, the use of buffer with a high ionic strength, in
order to reduce the adsorption of analyzed anions, also
contributes to such a situation. On the contrary above this
optimal concentration, a saturation of the detector appears,
a phenomenon that we have previously reported [49] and
that equally induces an increase of LOD.
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Fig. 6. Evolution of the signal/noise ratio as a function of the
concentration of the fluorescein sodium salt within the electrolyte.
Operating conditions; Fused silica capillary (50 nm i.d. © 57 cm
length) coated by means of TTAB; temperature 25 °C; applied vol-
tage: 20 kV; running electrolyte: H,BO; 10 M/Na,B,O, 2~ 10?2
M (pH = 85), [TTAB] = 10°M and variable fluorescein concen-
trations. Hydrodynamic injection: 4 s; Test mixture: [NOg] = 1.8
mM, [NO3] = 2.9 mM, [SO%] = 0.9 mM, [oxalate] = 0.9 mM, [F]
= 1.2 mM and [citrate] = 0.6 mM.

The electropherogram corresponding to the analysis of all
the studied anions, performed in these optimized operating
conditions, is shown in figure 7.

In these optimized operating conditions, we no longer
observe any drift of the baseline, the progressive decrease of
the background fluorescence, induced by the fluorescein/
TTAB interactions, becoming negligible in regard to the
strong background signal.

The detection thresholds, obtained by performing hydro-
dynamic injections whose duration varies from 60 to 90
seconds, are very good: 80 ppb for Cl-, 270 ppb for NO;,
340 ppb for NO;, 110 ppb for SO3, 110 ppb for F,
140 ppb for the oxalate ion and 280 ppb for the citrate ion,
the samples being prepared by using ultra pure water. In
fact, in such conditions, a notable sample stacking can take
place.

Nevertheless, the use of this new electrophoretic system
is relatively difficult because of the procedure required to
obtain reproducible analyses. So we intended to substitute
hexadimethrine for TTAB and as a result we tested the
potentialities of this polycationic surfactant. Indeed, the use
of this cationic surfactant as an electroosmotic flow reverser
has been previously reported in the literature [51,53,54], the
magnitude of the electroosmotic flow obtained being very
important. The capillary coating is performed by flushing
the capillary for 20 minutes with an agueous solution of
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Fig. 7. Anaysis of the test mixture in optimized conditions.
Operating conditions; Fused silica capillary (50 nm i.d. © 57 cm
length) coated by means of TTAB; temperature 25 °C; applied vol -
tage: 20 kV; running electrolyte: H,BO; 10t M//Na,B,0, 2~ 102
M (pH = 85), [TTAB] = 10°M, [Fluorescein] = 8 = 10°° M.
Hydrodynamic injection: 2 s; Test mixture: (1) [ClI] = 1.8 mM, (2)
[NO7] = 1.8 mM, (3) [NO3] = 2.9 mM, (4) [SOF] = 0.9 mM, (5)
[oxaate] = 0.9 mM, (6) [F] = 1.2 mM and (7) [citrate] = 0.6 mM.

hexadimethrine 0.2%. These conditions offer the advantage
of insuring a sufficient stabilility to carry out several conse-
cutive analyses without being obliged to introduce the sur-
factant within the buffer, namely H;BO; 10! M/Na,B,0;
27 102M pH = 85, fluorescein 8 © 10 °M. The €electro-
pherogram obtained in these new operating conditions is
shown in figure 8.

The seven previously studied anions are separated in less
than 4 minutes, ei.a time of analysis reduced by two as
compared to that obtained with TTAB. Nevertheless in these
new operating conditions, the resolution of the nitrite/nitrate
pair is problematic and the concentration limit of detection
is high. Indeed the detection thresholds of the studied anions
are 3 to 5 times higher than those previously established. So
the use of hexadimethrine as electroosmotic flow reverser is
only interesting to reduce the analysis time and to improve
the coating stability. On the contrary, its use is not suitable
for traces analysis. Taking into account the detection thre-
sholds as a criterion, we carried out the quantitative study
by using TTAB as electroosmotic flow reverser.

Quantitative analysis

The reproducibility of migration times and relative migra-
tion times have been studied with sulphate ion as a reference
because its migration velocity is intermediate with that of
studied anions. The corresponding results reported in table
Il are satisfactory.

Therefore, it is possible to apply this new electrophoretic
system to the quantification of Cl-, NO;, and SO contai-
ned in various mineral and spring waters. The samples were
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Fig.8. Analysis of inorganic anions using hexadimethrine as
electroosmotic flow reverser. Coating procedure: rinsing (20
minutes) by means of an agueous solution of hexadimethrine 0.2%
(weight percentage). Operating conditions: Fused silica capillary
(50 mm i.d. © 57 cm length) coated by means of hexadimethrine;
temperature 25 °C; applied voltage 20 kV; running electrolyte:
H,BO;10* M /NaB,O; 2~ 102 M (pH = 8.5), [Fluorescein] =
8~ 10° M. Before analysis: rinsing with water (1 minute), then
with the running electrolyte (5 minutes). Hydrodynamic injection:
2's; Test mixture: (1) [ClI7] =1.2 mM, (2) [NO3] = 1.9 mM, (3)
[NG3] = 1.2 mM, (4) [SO%] = 0.6 mM, (5) [oxaate] = 0.9 mM,
(6) [F] = 1.2 mM, (7) [citrate] = 1.2 mM.

injected by hydrodynamic mode (injection time 20 seconds),
without pretreatment. Different electropherogram shapes
have been obtained as shown in figure 9. It is interesting to
note that the detector polarity was reversed in order to obtain
positive peaks and so to realize the integration.

The quantification was performed by using an external
standard, the concentration range varying from 1 to 21 mg
L™ for ClI-, from 4 to 73 mg L™ for NOzand from 2 to
42 mg L7 for SOZ-.

Correlation coefficients were excellent for the three consi-
dered anions (r = 0.9992 for CI- and NO3 and r = 0.9998
for SO?7°). As expected, the reproducibility for corrected
areas was worse for the concentrations near the detection
thresholds than for the highest concentrations. Upon concen-
tration range studied, it varied from 4 to 8% for Cl-, from
5 to 9% for NO; and from 4 to 10% for SOZ~. Finaly, as
shown in table Il1, very good correlation was established
between concentrations calculated by means of this new
technique and those given by the commercial companies.

Conclusion

The indirect fluorimetric detection based on fluorescein
sodium salt, as a visualizing agent, has been adapted for the
analysis of inorganic anions and of polycharged organic
anions. Such an analysis requires the use of a cationic sur-
factant as electroosmotic flow reverser such as, for example,
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Table I1. Reproducibility of migration times t,, and of relative

migration times t.,, @ of the studied anions. Operating conditions:

Fused silica capillary coated with TTAB (50 nm i.d. ~ 57 cm

length) temperature 25 °C; applied voltage 20 kV; electrolyte:
H,BO,10 *M/Na,B,0,2 = 102 M (pH = 85), [TTAB] = 10°° M,
[Fluorescein] = 8 © 10°M. Rinse procedure: every 4 anayses,
1 min with the following electrolyte: H;BO; 10 M/Na,B,O; 2~
102 M (pH = 85), [TTAB] =5 " 10* M, [Fluorescein] = 8 *
105 M. Before each analysis: 1 min with the running electrolyte.

Anions tn (Min.) RSD.® t D RSD.®@
(%) (%)
Cl- 4.7 0.4 0.8 0.2
NGO; 5.0 0.5 0.9 0.2
NO; 5.2 0.5 0.9 0.1
SOz 55 0.5 1.0 -
Oxalate 6.0 0.5 11 0.2
F 7.6 1.0 14 0.8
Citrate 8.0 15 15 14

@t = t, (considered anion)/t,, (SO%).
@ Relative standard deviation.

trimethyltetradecylammonium bromide (TTAB). TTAB/fluo-
rescein interactions have been observed, inducing detection
anomalies. To reach the maximal sensitivity, the TTAB
concentration within the running electrolyte had to be redu-
ced dramatically, in contrast to the procedures classically
developed for indirect UV detection. On the other hand, the
fluorescein concentration within the electrophoretic buffer
had to be increased as compared to our previous works
concerning the analysis of inorganic and monocharged orga-
nic anions. This change is due to fluorescein adsorption on
the positively charged capillary walls. This adsorption can
be reduced, although not completely suppressed, by using an
electrolyte whose ionic strength has been optimized. It was
demonstrated that this new electrophoretic system was very
satisfactory for quantitative analysis in regard of its repro-
ducibility, sensitivity and precision as shown by quantifying
Cl-, NOgs, and SOz anions in various mineral waters and
spring waters.
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