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Abstract

Open-tubular capillaries have been joined together for use in on-column ion-exchange preconcentration of anions by capillary electrochro-
matography (CEC) with elution by a transient isotachophoretic gradient. This involved the coupling of a preconcentration capillary and a
separation capillary using a PTFE sleeve. Such coupling allowed precise lengths of differently coated capillaries to be joined in-line to form
a single multi-mode column. The different segments could be tailored to optimize a separation by either altering the length of each segment
to precisely manipulate the amount of stationary phase present or by changing the internal diameter of each segment to alter the phase ratic
in the chromatographic column without affecting the path length for UV detection. In this work, a segmented in-line capillary was used in
conjunction with a fluoride—octanesulfonate discontinuous electrolyte system to increase the number of anions that could be preconcentrated
and separated. Quaternary ammonium functionalised latex particles were used for creating the preconcentration segment and the separatiol
segment was coated with poly(diallyldimethylammonium chloride). This allowed the detection of trace anions in drinking water and in situ
sampling of river water for the analysis of trace inorganic anions. The repeatability of producing the quaternary ammonium functionalized
latex-coated segments was assessed and the effect of segmentation on peak efficiency was investigated.
© 2004 Elsevier B.V. All rights reserved.

Keywords. Electrochromatography; Capillary columns; Isotachophoretic gradients; Water analysis; Environmental analysis; Coupled columns; Inorganic
anions

1. Introduction EOF [2]. A post-column multiple capillary devici8] was
then constructed containing several capillaries of differing
Coupled capillary systems have been used in capillary zeta potentials and this provided stepwise control of the EOF
electrophoresis (CE) since the early 1990s. Nashabeh and EHuring analysis and was also used for the fraction collection
Rassi were the first to use a polytetrafluoroethylene (PTFE) of proteins. Yang and El Rassi used coupled capillaries in
sleeve to couple capillaries in CH] where they used a capillary electrochromatography (CEC) where one segment
polyether-coated capillary joined to an uncoated fused sil- was packed with silica to be used as an EOF accelerator and
ica capillary in order to give a tunable electroosmotic flow this was attached to the separation segment by means of a
(EOF) dependent upon segment length. In this case the segfrit [4]. More recently, Tegeler and El Rag5i] have per-
ments were coupled after the point of detection to increaseformed on-column trace enrichment of insecticides using a
the separation velocity and separation efficiency of proteins. coupled capillary approach in CEC. Rathore and Horvath
Other research using this technique from the same authord6] have reviewed the use of partially packed columns in
has involved joining the separation capillary to different CEC and the axial nonuniformities relating to conductance,
post-column capillaries to obtain a stepwise increase of thejoule heating and the EOF.
The controllable range of the EOF in the studies per-
* Corresponding author. Tekt61-3-6226-2179: formed by Nashabeh and El _Ra$2] was narrow due to
fax: +61-3-6226-2858. the use of uncoated fused silica capillary. Control of the
E-mail address: paul.haddad@utas.edu.au (P.R. Haddad). EOF over the wider pH range of 2-13 using capillaries
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joined with PTFE was performed by Katayama et [&]. binding of analytes to the stationary phase. A BGE hav-
by creating successive coated multiple ionic-polymer lay- ing a high ion-exchange selectivity coefficient (termed the
ers (SMIL) and joining these together. Rapp and Bdggr strong electrolyte, SE) is then placed in the electrolyte vials
used a PTFE/fluorinated ethylene propylene (FEP) shrink prior to voltage being applied. This discontinuous elec-
tube connector to create a fritless capillary column by at- trolyte system forms a transient isotachophoretic gradient
taching a packed column which was tapered at the end towhich moves through the capillary, eluting the analytes
an unpacked capillary which had the UV detection window. from the stationary phase and compressing the analytes
This had the benefit that if the fragile UV window broke, into a sharp band. When the analytes are eluted fully from
this segment could be replaced. Waterval et al. set up anthe preconcentration segment they are then separated in the
on-line analyte preconcentration system for the preconcen-remainder of the capillary according to their electrophoretic
tration of peptides interfaced to a mass spectrometer usingmobilities.
PTFE[9-11]. In the present study, segmented capillary systems joined
Preconcentration is one way to improve the relatively with PTFE are investigated as a practical means of coupling
poor detection sensitivity of CA2]. There are several pre- capillaries coated with different substances for in-line pre-
concentration methods which have been used, including ve-concentration/separation systems. In our previous studies the
locity difference induced focussing (V-DIF13-16] field internal diameter (i.d.) of the capillary was the same in the
amplified sample stackin§l7—21] large volume sample preconcentration and separation zones. By joining capillar-
stacking, pH mediated focusin@2,23] isotachophoretic  ies with a PTFE sleeve, different diameter capillaries can be
stacking[24—27]and solid-phase extraction (SPRB—-33] coupled together allowing the path length of the separation
Sample stacking methods can be used only with samplesection to be optimized whilst retaining an optimal phase
volumes which are less than one capillary volume. In con- ratio in the preconcentration section. A novel transient iso-
trast, SPE preconcentration permits the use of multiple tachophoretic gradient has been formulated and used in a
capillary volumes of the sample, with the analytes being segmented column to increase the range of anions that can
retained and then subsequently eluted from the SPE sta-be preconcentrated and detected.
tionary phase. On-line ion-exchange SPE has been demon-
strated by Arce and co-workef84—-36]who used a flow
injection analysis (FIA) system containing an ion-exchange 2. Experimental
preconcentration column prior to CE analysis. Novic and
Gucek [37] used carbonate and hydroxide eluents to re- 2.1. Apparatus
move adsorbed anions from an off-line ion-exchange SPE
column, followed by protonation of weak acid anions to ~ The CE instrument used was a Hewlett-Pack#?@E
form acids using an ion chromatography suppressor. The(Hewlett-Packard, Waldbronn Germany). Separations were
protonated effluent was collected and injected into a CE carried out using Polymicro (Phoenix, AZ, USA) fused silica
machine. The disadvantages of both these approache<apillary of various lengths and internal diameters of 75, 50
are that they require instrumental modification and not and 25.m. UV detection at 195 nm was used.
all of the preconcentrated analyte was injected into the
capillary. 2.2. Reagents
On-column ion-exchange preconcentration of inorganic
anions in open-tubular CEC with elution by a transient  Dionex AS5A quaternary ammonium fully functionalised
isotachophoretic gradient is an alternative in-line SPE tech- latex particles with an approximate diameter of 75nm
nigue [38—40] It can be performed using a conventional were supplied as an 11% (w/v) suspension from Dionex
CE instrument without modification. This method utilizes (Sunnyvale, CA, USA). Analytical grade tris(hydroxy-
a single capillary in which a short section (approx. 10 cm) methyl)aminomethane (Tris) was obtained from Sigma—
has been wall-coated with nanometer-sized latex particlesAldrich (Milwaukee, WI, USA). Acetone and thiourea were
functionalized with quaternary ammonium groups, forming used as neutral markers to measure the EOF. Standards of
an open-tubular anion-exchange column. The remainder1l0 mM Br—, 1=, NOs—, CI—, CIO3~, BrOs—, 103~ and ben-
of the capillary can be coated with various dynamic or zenesufonate were prepared from sodium or potassium salts
permanent coatings to achieve a desirable EOF. Thereforeof analytical or reagent grade and were diluted as required.
in the one capillary, a preconcentration zone and a sepa-The perchlorate strong electrolyte was prepared by titration
ration zone are formed. The preconcentration zone acts af Tris with perchloric acid to a pH of 8.05. The octane-
an open-tubular ion-exchange SPE column, which is usedsulfonate strong electrolyte was prepared from the sodium
for the adsorption of analyte ions. The analyte is loaded salt of octane sulfonic acid. The fluoride weak electrolyte
after the stationary phase in the capillary has been con-solution was prepared from the sodium salt. Electrolyte
ditioned with a background electrolyte (BGE) having a solutions were degassed prior to use by vacuum sonica-
weak ion-exchange selectivity coefficient (termed the weak tion for 2min and filtered through a 0.48n membrane
electrolyte, WE) in order to achieve the greatest possible filter.
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2.3. Capillary coating procedure 100
~ 80 Br_

The latex particles were cleaned as reported previously 2 o 'Noy
[41]. The preconcentration capillary was prepared by pump- % 40 (@)
ing several capillary volumes of a dilute suspension of latex 2 5,
particles at 50 mbar for 15min through a 32cm long sec- & 0 (b)
tion (this was the minimum length required to fit into the § 20 {UL
HP 3PCE cassette and was later cut to size). The latex sus-< e
pension was then flushed out of the capillary with water at 60 d
low pressure. This process was repeated three times. A sep- 1 12 14 16 18 2 22 24 26
arate length of capillary was flushed with a 0.1% solution Time (min)

of poly(diallyldimethylammonium chloride) (PDDAC) for _ . .
15min to ensure that the EOF was in the same direction Fig. 2. Comparison of se_paratlons performed on: (a) an unsegmented
h h h il Th PDDAC open-tubular capillary, (b) the same capillary after cutting at
t rou_g _OUt t e two capillary segment_s. e Segments Werelo cm from the inlet and coupling the two segments, (c) @B0capil-
then joined using a PTFE sleeve, which had an internal di- jary coupled with a 7%m capillary, (d) a 25:m capillary coupled with a
ameter matching the outside diameter of the capillary (ap- 75pm capillary. Conditions: capillaries: (a) and (b) 57 cm total length of
prox. 370.m). Prior to joining, the capillary ends were cut  75»m capillary with window 8.5 cm from end; (c) 10 cm50xm capil-
with a HP diamond-edge capillary cutter to obtain a square ' coupled with 47cmx« 75.m capillary; (d) 10 cmx 25.m capillary

d and b d her inside the 1 PTEE sl coupled with 47 cmx 75um capillary. All capillaries were wall-coated
end and were butte .tgget erinside the . cm sleeve tQNith PDDAC to reverse the EOF; BGE: 10 mM Tris—ClI; injection: 0.2 mM
ensure there was minimal dead volume in the PTFE sleeve.sample injected for 10s 10 mbar.q3< 10-12mol); run voltage:—30KV:

temperature: 25C.

3. Results and discussion preconcentration capillary coupled with aZ& separation
capillary. The characteristics of the two capillaries can be
3.1. Advantages of coupled capillaries manipulated precisely according to literature coating proce-

dures[42,43] and this approach avoids breakage problems

In previous studies, coating a capillary with two different at the point where the polyimide coating is removed when
materials to create preconcentration and separation zones single capillary houses both coatings.
required the removal of the polyimide coating at the end
of the desired preconcentration section to form a detection 3.2. Effect of segmentation on peak shape
window which could be used to observe the passage of the
latex coating solution and hence to control the length of  The effect of the joint on the performance of the coupled
the preconcentration section of the capillary. The secondarycapillaries was evaluated. No leakage of electrolyte occurred
coating with PDDAC was performed by simply flushing at applied pressures up to 12bar (the maximum pressure
the entire capillary, including the latex-coated section. This accessible on the Agilent CE used) and when voltage was
method introduced some uncertainty into the precise final applied the current was stable throughout the separation.
length of the latex-coated section. This practical difficulty = To determine whether there was a loss of separation
was a strong motivation for the use of segmented capillaries, efficiency due to the joint, a 7om length of capillary
wherein the preconcentration section could be pre-formedwas coated with PDDAC and a separation-&80 kV was
using a capillary of suitable diameter and a precise length performed between bromide, iodide and nitrate. The cap-
and then coupled to the PDDAC-coated separation capil- illary was then cut 10 cm from the inlet and rejoined with
lary. Fig. 1 shows a schematic representation of gu&b a PTFE sleeveFig. 2 and Table 1show that there was a

25 pm . 75 YUm separation
4= preconcentration — > % capillary -

capillary
[

il
[ M ]
T

|

Teflon sleeve detector

Fig. 1. Schematic representation of a 2% preconcentration segment coupled to auib separation segment via the use of a PTFE sleeve which
matches the outside diameter of the capillary segments.
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Table 1 Table 2

Peak efficiency and mobility of the EOF for the separation&im 2 Total capacity of various preconcentration capillaries coated with AS5A
latex using 0.01 mM solutions of weak (By, medium (") and strong
(SCN") ion-exchange anions, loaded at a velocity of 5.4 cm/s

75pm 75/75um 50/75um 25/75pm

Number of plates 75pm  75pum  75um  50pm  25pm

Bromide 408 800 279000 248700 122200
lodide 184000 152500 129100 112300 Anion used Br (i SCN~  Br- Br-
Nitrate 548100 253200 200500 110600 Capacity «10-*?eq./cm) 6.8 5.5 5.8 125 3.7
Mobility of the EOF (x1® m®Vv—1s1) Theoretical capacity 2.1 2.1 2.1 1.4 0.7
EOF —41.18 —39.85 —34.72 —15.48 (x102eq./cm)
The theoretical capacity has been calculated using data supplied from
Dionex.

significant loss of efficiency in the segmented capillary but

the peak broadening was not such that the analyt_es couldrne EOF of a coupled capillary formed by joining each of
not be separatediable 1also shows that the EOF in the  hese short segments separately to the same 25.3 cm length
segmented capillary was slightly less than that in the in- 4t pppaAC-coated 7%m capillary (the latex-coated seg-

tact capillary. Coupling of capillaries of differing internal  ents were too short for direct measurement of EOF). The
diameters was also studied affdble 1shows that both  goF values in all three cases were very similar (approx.

the decrease in efficiency and the reduction in EOF were _3q, 10-9m2v—1 s1), which indicated that the coating
greatest when the 36m capillary was coupled to a ‘f&m procedure produced an even coating of latex over the entire
capillary. _ _ capillary.

“When two or more capillary columns for which the mag-  The binding capacities of the three latex-coated seg-
nitude of the zeta potentials are different are coupled in se- janis produced above were determined by performing a
ries, a constant EOF should be established according to theoreakthrough study using 0.1 mM Bssolution as the load-
weighted average of the EOF of the two segmétitsHow- ing solution. The UV absorbance of the effluent leaving
ever, while the linear velocity of the EOF can be expected to o capillary was monitored at 210 nm in order to detect
be similar in the two segments, the volumetric flow through any Br-. The results for the three segments, expressed as
the smaller diameter will be lower and will therefore re- {he number of capillary volumes of solution before break-
duce the overall EOF mobility. Consequently, the deteriora- through were 2.01, 2.05 and 1.65 for segments 1, 2 and 3
tion in plate numbers is a result of the slowing EOF in the egpactively. These results suggest that the third segment
differing diameter systems. It has also been shown that in- 54 4 slightly lower coverage of latex than the other two
creased band broadening in wall-coated systems will resu“segments. However. this trend was not evident in the EOF
when the analyte has a strong ion-exchange interaction will ;g its suggesting that there may other factors involved.
the wall[44]. Breadmore et a[40] have demonstrated that Further breakthrough studies were performed to deter-
the BGE used for the separation must therefore contain suf-mjne total effective ion-exchange capacity of AS5A precon-
f|C|ent |(_)n-exchange competing ions to suppress these wall .aniration segments of equal length but of 75, 50 angr@5
Interactions. _ _ _internal diameter. Values are providedTable 2 together

The effect of the internal diameter of the preconcentration it theoretical capacities calculated from the diameter and
segment was examined for capillaries haylng diameters Ofion-exchange capacity of the latex particles and assuming
75,50 and 2fum, coupled to a 7hm separation segment. In 5 monolayer coverag@able 2shows that the experimental
all cases, equimolar amounts of bromide, iodide and nitrate capacities were not dependent on the ion-exchange selec-
were preconceptrated and the electrolyte system was _1O.thivity coefficient of the analyte Kscn > Kgr [39]), sug-
NaF-10 mM Tris—perchlorate. It was observed that a similar gegting that quantitative binding had occurred in each case.
slowing of the EOF caused the analytes to be eluted later inThe calculated capacities were considerably lower than the
the 50/75.m system and even later in the 25/7% system.  gyperimental values, indicating that the latex coating was
This resulted in some deterioration of peak efficiencies, but probably more than a monolayer. Finally, it can be noted that
the efficiencies were.better in thg 25[IBn sy_stem thanthe  ihe 50um capillary showed the highest capacity, perhaps
50/75um system. This may possibly be attributed to a more pecayse this diameter offered a good compromise between
efficient elution from the smaller diameter preconcentration 55 of coating and favorable mass-transfer characteristics

zone. for sample binding.
The effect of the velocity of flow during sample loading
3.3. Characteristics of ASbA-coated segments on the sample loading capacity was evaluated by using load-

ing velocities of 0.14, 0.28 and 5.4 cm/s for an AS5A-coated
The uniformity of the AS5A latex coating produced within  75um capillary, with bromide as the analyte. The loading
a single length of capillary was evaluated by coating the capacities were 6.0, 6.1 and& 10~ 12 eq./cm, respectively,
minimum length that will fit in the HP3PCE cartridge demonstrating that over the range studied, the loading ve-
(approx. 30cm) and then cutting this into 10 cm lengths. locity exerted only a marginal effect on loading capacity.
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3.4. Optimization of the transient isotachophoretic ]
gradient ropis

Previous studies on transient isotachophoretic (tITP) gra-
dients have utilized perchlorate and 1,5-naphthalenedisulfo-
nate [38—40] as the strong electrolytes. These electrolytes £
were found to be unsuitable for the desired analysis. Per-4
chlorate has a high electrophoretic mobility which allows < : - Py
only a small range of anions to be preconcentrated and to -1
travel in front of the gradient for detection. On the other
hand, naphthalenedisulfonate has a suitable electrophoretic
mobility but possesses a high ion-exchange selectivity co- Fig. 3. River water sample taken from Hobart Rivulet and loaded directly
efficient, making it difficult to regenerate the preconcen- onto a preconcentration segment. Conditions: capillaries: 18 @&um
tration capillary into the weak electrolyte form. The ideal *d- ASSA-coated preconcentration segment attached to a 42 2&m

. .. PDDAC-coated separation capillary; weak electrolyte:10 mM NaF; strong

_strong eIectronte should h.ave a low eleamphoret'c mobil- electrolyte: 10 mM octanesulfonate; injection: Q.%of river water loaded
ity so a large range of anions can be preconcentrated anthnto preconcentration segment only; voltag@0 kV; temperature: 25C.
travel in front of the isotachophoretic gradient and should

also possess an ion-exchange selectivity coefficient which . . .
P 9 y The loaded preconcentration capillary was then rinsed

is large enough to elute most anions. Octanesulfonate sat- . o . . .
isfies these two criteriau( = —13.82 x 10-°m2V—1s-1 with deionized water to remove matrix material, prior to

and has an ion-exchange selectivity coefficient relative to coupling the preconcentration and separation capillaries.

fluoride of 118[39]). Moreover, the combination of fluo- The analyte ions were then eluted and separated using

ride/octanesulfonate as weak and strong electrolytes, respect-he fluoride—octanesulfonate tTP gradieRig. 3 shows

tively, produces a stepwise tITP gradient front and allows tg;‘t r:ltimr?, r::;[ira:\(te ard '?}d'\?e ;Vefﬁ dErlteCtr?ft;nttTﬁ samvpv)le;.
efficient elution of analytes as sharp preconcentrated bands”. €rlons might aiso have been prese ut these were
from the preconcentration capillary either eliminated by the water flushing step or they were

Such an tITP gradient is suitat;le for preconcentration not detected as a result of the use of direct UV detection at

and separation of anions ranging in electrophoretic mobil- t19tS nm. It c;an bﬁ.sﬁen f{ﬁﬁqgt.hmh_at the ehff|cr:ency fot; 'nt;-t d
ity from —33.12 x 109m2V-1s1 (benzenesulfonate) to ¢ Was notas nigh as the other lons, which was attribute

—77.42x 102 m2 VL5 (bromide) and ion-exchange se- to its weaker retention on the stationary phase resulting

lectivity coefficients relative to fluoride of 2.6 (iodate) to in _Iess efficient peak_ compression by the gradient _front.
711 (iodide). This gradient was used in the sample analyseerJ]S'ng an (I—:-xternal callbrgtmn ;nethbodbtgg coozgentragl]?n of
discussed in the following section. these analytes were estimated to be 0.60, 0. M

nitrite, iodide and nitrate, respectively. The separation was
not optimized since the objective was only to show that the
preconcentration capillary could be decoupled for in situ

sampling in the field.
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3.5. Applications of preconcentration using coupled
capillaries

One of the potential advantages of the use of coupled
capillaries is that the sample loading step can be performed i
in a different location and at a different time than the sep-
aration step. One application is the analysis of river wa-
ter, where sampling and preconcentration are performed in
situ, followed by laboratory analysis of the loaded sample
after coupling to a separation capillary. Sample loading in-
volves drawing a known volume of the water sample through
the preconcentration capillary using a microlitre syringe at-
tached to the capillary using a PTFE sleeve. Direct binding <
of the sample anions to the stationary phase eliminates the
possibility of contamination due to transport of the sample.
Further, sample clean-up steps can also be performed on the
loaded preconcentration capillary if required before itis cou- Fig. 4. Preconcentration and separation of anions in: (a) tap water spiked
pled to the separation capillary. Contamination of the sepa- With 2uM Br~, 17, NO3™, 1037, 4uM CIO3™, BrOs™, 0.5 mM benzene-
ration capillary by the sample matrix ions is also avoided. sulfonate and (b) tap water. Conditions: capillaries:l();cﬁou.m ASSA.

To illustrate this process, a river water sample was in- segment coupled o a 50 cin75,.m PDDAC se.gmem; njection: 1.0 i
. ) ) . at 950 mbar (approx. 20 capillary volumes); weak electrolyte: 10 mM
jected through the preconcentration segment in situ from nar; strong electrolyte: 10mM octanesulfonate; run voltag80 kV:
the Hobart Rivulet in South Hobart, Tasmania, Australia. temperature: 25C.
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A tapwater sample spiked wifM levels of some anions [8] E. Rapp, E. Bayer, J. Chromatogr. A 887 (2000) 367.
was also analyzed, as shownFig. 4. In this case, a 5am [9] J.C.M. Waterval, P. Bestelbreurtje, H. Lingeman, C. Versiuis, A.J.

. . S - Heck, A. Bult, W.J.M. Underberg, Electrophoresis 22 (2001) 2701.
preconcentration capillary was used to aid in the retention of (10] J.C.M. Waterval, G. Hommels, P. Bestelbreurtie, C. Versitis, A.J.

weaker analytes on the stationary phase, while ﬂl’ﬂﬁl- Heck, A. Bult, H. Lingeman, W.J.M. Underberg, Electrophoresis 22
ameter PDDAC-coated capillary was used as the separation  (2001) 2709.
capillary. Use of a longer section of the separation capillary [11] J.C.M. Waterval, G. Hommels, J. Teeusen, A. Bult, H. Lingeman,
would allow for better separation of chloride, bromide and W.J.M. Underberg, Electrophoresis 21 (2000) 2851.
iodide [12] P.R. Haddad, J. Chromatogr. A 770 (1997) 281.
’ [13] P. Britz-McKibbin, G.M. Bebault, D.D.Y. Chen, Anal. Chem. 72
(2000) 1729.

[14] G. Bondoux, P. Jandik, W.R.J. Jones, J. Chromatogr. 602 (1992) 79.
4. Conclusions [15] J.P. Quirino, S. Terabe, J. Chromatogr. 580 (1999) 339.

[16] J.P. Quirino, S. Terabe, Anal. Chem. 71 (1999) 1638.

T [17] X. Huang, M.J. Gordon, R.N. Zare, Anal. Chem. 60 (1998) 375.
Coupled capillaries have been used for detachment 0f[18] D.S. Burgi, R.L. Chen, Anal. Chem. 64 (1992) 1046.

the preconcentration capillary from the separation capil- (1] c.x. zhang, W. Thormann, Anal. Chem. 68 (1996) 2523.

lary for in-line capillary ion-exchange preconcentration [20] R.L. Chien, D.S. Burgi, Anal. Chem. 64 (1992) 489A.

in open-tubular CEC with elution by a transient isota- [21] D.S. Burgi, Anal. Chem. 65 (1993) 3726.

chophoretic gradient. This allowed optimization of the [22]S. Hierten, J.L. Liao, R. Zhang, J. Chromatogr. A 676 (1994) 409.

. . T [23] J.L. Liao, R. Zhang, S. Hjerten, J. Chromatogr. A 676 (1994) 421.
coating procedure of each capillary and flexibility in the [24] F. Foret, E. Szoko, B.L. Karger, J. Chromatogr. 608 (1992) 3.

design of the preconcentration and separation systems Withy>s) £ Foret, V. Sustacek, P.J. Vocek, J. Microcol. Sep. 2 (1990) 229.
respect to preconcentration efficiency and detection sensi-[26] N.J. Reinhoud, U.R. Tjaden, J. van der Greef, J. Chromatogr. 641
tivity. The fluoride/octanesulfonate electrolyte system used (1993) 155.

was suitable for the preconcentration and separation of al27] L. Krivankova, P. Gebauer, P. Bocek, J. Chromatogr. A 716 (1995)

: ; : . - 35,
range of anions having higher electrophoretic mobilities 28] N.A. Guzman, M.A. Trebilock, J.P. Advis, J. Lig. Chromatogr. 14

than octanesulfonate and useful for off-line analysis of (1991) 997.

water systems reducing decomposition and contamination.[29] A.J. Tomlinson, L.M. Benson, N.A. Guzman, S. Naylor, J. Chro-
The coupled capillary approach also permitted the sample matogr. A 744 (1996) 3.

loading and preconcentration step to be performed remote|y[30] M.A. Strausbauch, S.J. Xu, JE Ferguson, M.E. Nunez, D. Machacek,
from the Iaboratory. G.M. Lawson, P.J. Wettstein, J.P. Landers, J. Chromatogr. A 717

10Ty _ (1995) 279.
Coupled capillaries can be applied not only to open tubular [31) m.A. Strausbauch, B.J. Madden, P.J. Werrstein, J.P. Landers, Elec-

preconcentration but also to preconcentration using packed  trophoresis 16 (1995) 541.
capillaries and monolithic preconcentration capillaries. The [32] J. Cai, Z. El Rassi, J. Lig. Chromatogr. 15 (1992) 1179.
method could also be extended to the detection of a wider [33] J- Cai, Z. El Rassi, J. Liq. Chromatogr. 16 (1993) 2007.

range of analytes if a more universal detection method (e.g.>" ;'Cgr%eéop'(lggg?ns’,;" Rios, M. Valcarcel, B. Karlberg, Anal. Chim.

using indirect spectrophotometric detection) was used. [35] L. Arce, A. Rios, M. Valcarcel, J. Chromatogr. A 791 (1997) 279.

[36] M. Valcarcel, A. Rios, L. Arce, Crit. Rev. Anal. Chem. 28 (1998) 63.

[37] M. Novic, M. Gucek, J. Chromatogr. A 868 (2000) 135.

[38] M. Breadmore, M. Boyce, M. Macka, N. Avdalovic, P. Haddad,
Analyst 125 (2000) 799.

[39] M. Breadmore, M. Macka, N. Avdalovic, P. Haddad, Anal. Chem.
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