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Abstract

The 1-ethyl-3-methylimidazolium (EMIM) cation was found to have constant mobility oka® * cn™ V' * s * over
the pH range of 3 to 11. The electroosmotic flow of bare silica capillary was reversed by the covalently bonded
room-temperature ionic liquid (RTIL) coating. With run buffer of SMMEMIM (pH 8.5), NH, in human urine was
separated from the K matrix and was detected to be 6BF12%. K, Na , Li , CA&" , M§" , and BA were baseline
separated in RTIL-coated capillary with run buffer of 10MmMEMIMOH-acetic acid at pH 5, and the concentration of the
above ions in a red wine were detected to be 907, 27.9, 0, 71.0, 83.4 anq.@inl, respectively. The RTIL-coated
capillary showed stable electroosmotic flow for at least 80 h in the run buffer.
0 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction (3) non-flammability; (4) wide electrochemical win-
dow and, (5) high thermal stability. The properties of

Room-temperature ionic liquids (RTILs) are those the cation play an important role in determining the
compounds composed of organic cations and inor- melting point of the ionic liquid. 1,3-
ganic or organic anions which are liquids at room Dialkylimidazolium and 1-alkylpyridium are com-
temperature or whose melting points are slightly mon cations composing ionic liquids, while 1,3-
higher than ambient temperature. In recent decades, dialkylimidazolium-based salts were reported to be
their physical-chemical properties were studied in the most stable and conductive [2]. The anion can be
order to develop their applications in low cost a halide, AlCI ,,CF,SO ,BF o PF , etc., how-
electrolytes in rechargeable batteries, photoelectroch- ever, the perfluorinated series anions are usually
emical cells and electroplating, etc. [1,3—8]. General- chosen to lower the viscosity of the salt since the
ly, the ionic liquids have the following properties: strong delocalization of the negative charge weakens
(1) high ionic conductivity; (2) low vapor pressure; the hydrogen bonding between the cation and anion

[2]. Anions also have remarkable influence on the
*Corresponding author. Tel+65-6874-2681; fax+65-6779- properties of ionic liquids: EMIMAIC] is moisture
1691. sensitive while EMIMBE, is water and air stable
E-mail address: chmlifys@nus.edu.s¢S.F.Y. Li). (EMIM, 1-ethyl-3-methylimidazolium); also for the
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EMIM-based RTILs, the salt composed of BF is
soluble in water but EMIMPE is water immiscible.
The ionic liquids can be designed with different
cations or anions, and more attractively, the R groups
of cations can be changed and thus the properties of
the compound can be finely tuned for specific
purposes [9,13].

Since the late 1990s, EMIM-based ionic liquids

have been generating enormous interest in separation _

science [9-11]. Because they have low volatility, are
water and air stable, can be easily and economically

prepared, and also because there has been increasing =

concern about volatile organic compounds (VOCSs) in
the routine extraction procedures [9,12,13,18], the
RTILs are becoming attractive alternatives to organic
solvents in liquid—liquid extraction. They have been
employed as solvents for catalysts in chemical
synthesis because they can provide a highly polar but
noncoordinating environment for chemical reactions
[9,14-17]. In the work of Armstrong et al., they
were employed as stationary phase in gas chromatog-
raphy (GC) because they can dissolve a number of
complex organic molecules [18]. Recently, they were
employed as background-electrolyte in non-aqueous
capillary electrophoresis (CE) [32]. Their interac-
tions with polyphenols and the capillary wall as well
were investigated by Stalcup et al. [33].

CE is an effective way for separating metal ions.
Because most of the metal ions are not or weakly
UV active, cationic chromophores are usually added
into the running buffer for their detection. Most of
the currently used cationic chromophores are com-
pounds with atom(s) that can be protonated. Their
application as background electrolyte (BGE) is lim-
ited to low pH buffer because they will gradually
lose the coordinated proton with the increase of pH.
The pH of the buffer is one of the most important
factors affecting the performance of CE separation; it
influences effective mobilities of weak basic or
acidic analytes, solubility of some metallic ions as
well as electroosmotic flow (EOF). There will be
more options to optimize the separating conditions if
the BGE can work over a wide pH range.

Another factor concerned with CE is resolution;
metal ions are usually separated under capillary zone
electrophoresis (CZE) mode and they migrate in the
same direction as EOF in the bare silica capillary. By
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combining the theories of Giddings [22] and Jorgen-

son [37], the resolution of two zones in CZE, with

detecting window in between the ends of the capil-
lary, can be expressed as:

Ap
Z( + lueof)
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whiere the resolution of the neighboring peaks;
is the theoretical plate numbethe migration
time; is the difference between electrophoretic
mobilities of the analyi¢ds the separating volt-
agethe diffusion coefficient of the analytes in
the byifes; the average electrophoretic mobility
of the analytes; is the EOF,| and L are the
effective and total lengths, respectively.

Eqg. (1) suggests that EOF affects the separation of
analytes: when EOF migrates in the same direction
with targets, the resolution will decrease. When they
migrate at opposite directions, there is a chance that

the resolution between analytes can be improved.
The enhancement of the resolution depends upon the
difference between EOF and the -electrophoretic
mobility of the analyte; the highest resolution could
be reached wher —u, however the analysis
time will be infinite. The EOF of the silica capillary
can be reversed by dynamic or static coatings [34—
36], in which cationic ions adsorb or covalently bond
to the internal capillary surface.

We report in this study the characters of EMIM-
based RTILs as background electrolytes and the
properties of the RTIL-coated capillary. Our experi-
ments demonstrated that the working pH range of
running buffer could be enlarged with good per-
formance using the RTIL as running buffer; the
separation of metal ions in the CZE mode improved

with an RTIL-coated capillary and a mixture of six
metal ions were baseline separated without addition
of modifiers usually used in the literature [19,31].
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2. Experimental
2.1. Chemicals
Imidazole, 1-ethyl-3-methylimidazolium tetra-

fluoroborate (EMIMBE, ), 1-ethyl-3-
methylimidazolium hexafluorophosphate
(EMIMPF), 1-ethyl-3-methylimidazolium trifluoro-
methanesulfonate (EMIMTFO) and 3-chloropropyl-
trichlorosilane (CPTCS) were purchased from Fluka
(Buchs, Switzerland). 1,2-Dimethylimidazole, 1-
ethyl-3-methylimidazolium chloride (EMIMCI) and
1-bromobutane were products of Aldrich (Mil-
waukee, WI, USA). Dimethyl sulfoxide (DMSO) was
obtained from Merck (Darmstadt, Germany). The

deionized water in the experiments was prepared by

a Milli-Q system (Millipore, Bedford, MA, USA).
Purolite A510 (Bala Cynwyd, PA, USA) anion ion-
exchange resin was used for preparing EMIM hy-
droxide (EMIMOH) from EMIMCI. All chemicals
were used as obtained unless otherwise stated.

2.2. Apparatus

A laboratory-built system equipped with a Prince
CE System (Lauerlabs, Emmen, The Netherlands)
and a Linear Instrument (Reno, NV, USA) UVIS 200
detector was employed to perform CE. Elec-
tropherograms were recorded with a HP 3394A
integrator (Hewlett-Packard, Avondale, PA, USA) or
with software (DataApex, Prague, Czech Republic).
Electrophoresis was conducted in polyimide-coated
fused-silica capillaries of 5um I.D. and 360um
O.D. (Polymicro Technologies, Phoenix, AZ, USA).
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A Shimadzu (Kyoto, Japan) UV 240 spec-
trophotometer was used to scan and measure the
absorbance of imidazole and EMIM-based ionic
liquids. All solutions were filtered with 0.22.m
Millipore filters. Samples were hydrodynamically
introduced to the capillary from its anodic side.

2.3. Capillary coating

Imidazolium-based ionic liquid was covalently
coated onto the inner surface of fused-silica capillary
by the following procedures (see Fig. 1): the fresh
capillary was flushed wit! $odium hydroxide for

2 h followed by deionized water and 1 hMof 1
hydrochloric acid. The capillary was then rinsed
again with deionized water and methanol for 10 min,
respectively. It was flushed with nitrogen gas and
heated to’C28vernight. In a nitrogen-filled glove
box, CTPCS was filtered and introduced into the
capillary by positive pressure. The capillary was
sealed on both ends and kept at°@0for 15 h. After
that it was flushed with nitrogen to drive out the
unreacted CTPCS, then with toluene. At room
temperature, excess imidazole was dissolved in
toluene; the upper solution was filtered and intro-
duced into the capillary. The capillary was sealed
and kept &C9for desired durations (1, 2, 4, 6, 8,
10 h), then it was rinsed with toluene and dichloro-
methane progressively and consequently dried with
nitrogen atC7@r 1 h. It was rinsed with 1-
bromobutane for 10 min then sealed and heated at
80°C for 10 h. The pretreated capillary was rinsed
successively with 10 min of toluene, 10 min of
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Fig. 1. Scheme representing the IL coating procedure.
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methanol and 30 min of deionized water at room
temperature before use.

2.4. Preparation of EMIMOH

A column filled with Purolite A510 ion-exchange

resin was used during the preparation. The resin was

activated by 4M sodium hydroxide solution and
rinsed with deionized water till the pH of the eluent
was around 7. The EMIMCI solution was loaded and
passed through the column at a flow-rate of ca.
1 ml/min. The eluent was collected at pH.3. The
concentration of EMIM in the eluent was determined
by CE with external standard method.

2.5. Adjustment of pH and calculation of ionic
strength

NaH, PO, solutions of known concentrations ad-
justed to different pH values by B NaOH or by 6
M H,PO, were employed as buffer electrolytes.
Because of the high concentration of NaOH and
H,PO,, the volume change caused by the pH

adjustment was very small and thus could be neg-

lected. The ions in the buffer are,H RO , HPO
PO, , H, OH and N& . At any given pH and
temperature, the fractions of,H BO , HPO , PO
and OH can be calculated from the fraction equa-
tions of phosphoric acid and ionization product of
water (the K,,, pK,, and K ,; of the phosphoric
acid used in the calculation were 2.16, 7.2, 12.35,
respectively). The concentration of sodium is gov-
erned by:

[Na“]=[H,PO, ]+ 2[HPO; 1+ 3[PO; ]

+[OH ] —[H"] (2)

The formula in square brackets represents the

equilibrium concentration of that species in the
buffer. The ionic strength can be calculated loy
0.5 =Z°C,, where,l, Z and C, are ionic strength,

charge and concentration of the ion concerned,

respectively.
2.6. Preparation of samples and stock solutions

A 100-ml urine specimen was collected from a
healthy person. The specimen was diluted with
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deionized water to 1:5 (v/v) and filtered with a

Millipore filter then stored &C5

The red wines were bought from the local super-
market, and stored at &. It was diluted with
deionized water to 1:15 (v/v), and subsequently
sonicated and filtered before experiments.

Standard solutions of K , Na , Li , G4 , Mg |,
Ba’® and NH of ca. 100 ppm were prepared
precisely with deionized water and filtered and then
stored at 5C. Before analysis, the analytes were
further diluted to desired ratios.

3. Results and discussion
3.1. EMIM as background electrolyte

3.1.1. UV absorbance of EMIM in water

At 25°C, aqueous EMIMCI and imidazole solu-
tions ranging from X 10 ° mol/l to 310> mol/I
were prepared and scanned with a spectrometer.
EMIM and imidazole show similar absorbance
character with absorptivities of 587®2 dni’ mol *
cm ' (1=4) at 209 nm and 507141 dm’ mol*
cm ' (h=4) at 207 nm, respectively.

3.1.2. Mohility
The mobility of species is affected by buffer
concentration (ionic strength) and buffer viscosity. In
order to eliminate these influences, phosphate buffers
of different pH were prepared at equal ionic strength
according to the method stated above. The viscosity
of the buffers of different pH were measured and all
the mobilities were adjusted against viscosity to pH 3
buffer by u;, = usn; /15, wherew,, u,, n; andn, are
mobility of the metal ion, mobility of this ion in pH
3 buffer, viscosity of the test buffer and viscosity of
the pH 3 buffer, respectively. Mobilities of EMIM-

based RTILs composed of different anions, namely,

BF, ., ClI', PR, and TFO, were measured to evaluate
the influence of the binding anions.

Table 1 shows that the effective mobilities of

imidazole and 1,2-dimethylimidazole decrease re-
markably with the increasing pH and drop to zero at
pH 9 and pH 10, respectively, while the mobility of
EMIM remain relatively stable over the pH range
studied. Imidazole and 1,2-dimethylimidazole are

weak bases that can be protonated in acidic or



W Qin et al. / J. Chromatogr. A 985 (2003) 447-454 451

Table 1

Adjusted mobility of EMIM in buffer of different pH

pH Adjusted mobility (10* crh V' s )

Imidazole 1,2-Dimethylimidazole Anion binding to EMIM
Cl™ BF, PF, TFO

3 4.76 4.50 4.56 4.67 45 4.62

4 4.77 4.50 4.49 4.56 4.61 4.53

5 4.60 4.46 4.52 4.42 451 4.43

6 3.95 4.39 4.58 4.42 4.56 4.41

7 2.24 3.78 4.4 4.7 4.39 4.41

8 0.74 2.65 4.72 4.72 4.6 4.69

9 0.08 0.95 4.66 4.65 4.43 4.57

10 0.00 0.22 45 4.53 45 4.23

11 0.00 0.00 4.34 4.33 4.48 4.77
AveragetSD 4.53-0.12 4.56:0.14 4.510.07 4.52:£0.17

weakly basic solutions. Their dissociation in water
can be expressed by [21]:

ol H

LN N -R2 K N
O (e
SR \ \

R1

(b)

R1
(a)

R1

(c)

R1=R2=H: imidazole; R1=R2=CH,: 1,2-dimethylimidazole
(3)

(@) and (b) in Eq. (3) are two of the resonance forms
of imidazole and 1,2-dimethylimidazole, anq is
the equilibrium constant. The effective mobilities of
imidazole and 1,2-dimethylimidazole can be calcu-
lated by:

o = o[H T/(H ] + k) (4)

Eqg. (4) suggests that change of pH will sig-
nificantly affect the effective mobility of the above
weak acids and the compound with larder will
suffer more diminution at higher pH.

Both of the imidazole and 1,2-dimethylimidazole
rings contain two nitrogen atoms having a lone
electron pair. One nitrogen atom contributes its
electron pair to the aromatie system. Another one
has its electron pair in an orbital directed away from
the ring [21]. This nitrogen atom can be protonated

and thus the imidazoles can act as bases. Moreover,

in 1,2-dimethylimidazole, the super conjugation ef-
fect of the methyl on C(2) makes both of the

protonated forms stable. In its resonance form (a),
the induction effect of the methyl on N(1) tends to
reduce the positive charge, which also contributes to
the stability of its protonated form. So 1,2-di-
methylimidazole is more basic than imidazole and
thus has lowerk, and higher protonation ratio
accounting for its higher mobility in basic buffer in
spite of its lower charge-to-size ratio. Two factors
may account for the stable mobility of EMIM.
Firstly, there is no lone electron pair in any carbon or
nitrogen atoms in the EMIM cation to be shared by a
proton thus it cannot be protonated. Secondly, all
hydrogen atoms combine with carbon atoms via
covalent bonds; the dissociation constant of the most
active hydrogen atoms, those combined to thé sp
hybridized carbon atoms on the ring, is so small that
change of pH cannot produce neutral 1,3-
dialkylimidazole of detectable level to affect the
mobility.
For EMIM with different anions, the chi square
x 1 distribution of the four sets of data ig°=
0.535, which suggests no difference among the
mobilities according to jtfedistribution table [20].
It may imply that these EMIM-based RTILs, al-
though with different anions, are dissociated com-
pletely in water.

3.1.3. Influence of buffer concentration
We investigated the interactions between metal
ions and RTIL by measuring their effective mo-
bilities. Fig. 2 shows that electrophoretic mobilities
of the alkali metal ions are relatively stable with the



452

7.0
- N— I
6.5 ° . A\A\A
"o 6.0 —_— e,
> - \.
Ng 5.5 4 \l
3
- 5.04 O\O—ws_o\o
x
- b 7
-.‘E 4.5 1 + x ‘Q\
3 —~
§ 4.0
0\»——-——0—0\’\.
3.5 T T T T T T T

o

Concentration of EMIM (mM)

Fig. 2. Influence of EMIM concentration on the electrophoretic
mobilities of the metal ions. Buffer, desired concentration of
EMIMOH adjusted to pH 4.5 by M acetic acid. Fused-silica
capillary, 48.0 cm (39.5 cm effective lengthp0 pm 1.D.X 360
wm O.D. Voltage, 10 kVA, K*; ¥, Na"; e, Li*; O, C&"; A,
Mg®"; B, Ba®".

increasing concentration of the EMIM, while the
alkaline earth metal ions show more decrease in
mobilities from EMIM concentration of 10 M
onward. The migration sequence of Na and“Ng
reversed from 8 Ml EMIM. Also, the effective
mobility difference of CA" and Mg decreases
with EMIM concentration. The larger decreases in
mobilities suffered by the divalent alkali earth ions
than those of the monovalent alkali ions with in-
creasing EMIM concentration may be caused by the
ion-pairing effect with acetate whose concentration
also increased with that of EMIM. The anodic EOF
rate showed slight increase with concentration of
EMIM despite the increasing buffer ionic strength
and viscosity. We think this might be mainly caused
by further adsorption of the imidazolium cation onto
the silica wall with more EMIM present in the
buffer.

3.2. RTIL-coated capillary

3.2.1. EOF

The EOF of RTIL-coated capillary was reversed
because of the cationic surface-bonded imidazolium,
while its magnitude decreased with increasing pH
value due to further deprotonation of the unshielded
surface silanols. The coating procedure parameters
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also affect EOF; our experiments on reaction time of
imidazole with the coated CPTCS indicated that the
reversed EOF enlarged with reaction time and

reached a maximum with the 8-h reaction, which

suggests the maximal coverage of the cation on the
capillary surface.

3.2.2. Electrophoresis of metal ions
Both the resolutions of the metal ions and the
analysis time are expected to increase in the RTIL-
coated capillary because the EOF is reversed. We
found that when electrophoresed in the RTIL-coated
capillary with a 2-h imidazole—CPTCS reaction and
in buffer of 10 nM EMIMOH adjusted to pH 5 by
acetic acid, the metal ions could be baseline sepa-
rated within 13 min. The repeatability of retention
time ¢,), peak area A,) and limit of detection
(LOD) are listed in Table 2. The reproducibility of
the retention times and peak areas were also evalu-
ated in a 3-day assay. Each day the analyses of
fivefold LOD were run in the freshly prepared
buffer, the highest relative standard deviation (RSD)
of retention time and peak area were 1.3% and 5.3%,
respectively. The stability of the RTIL coating was
assessed in a 10-day assay (8 h per day) by
measuring EOF in the run buffer; the RSD of the
EOF was 1.94%10).

3.3. Demonstration

3.3.1. Detection of ammonium in human urine
The stable mobility of EMIM may render it some
special applications in CE, one of which is indirect
UV detection of metal ions in high pH buffer since
its mobility is stable in a wide pH range, and is

Table 2
LODs of the analytes and reproducibility of their migration times
and peak areas

Metal ion t,,=SD RSD% ofA, LOD
(min, n=5) (h=5) (ng/ml)

K* 4.75+0.04 2.3 1.2

a* 8.19-0.05 4.6 0.4
Li* 12.54+0.07 3.6 0.08
ca’ 7.52:0.02 2.3 0.9
Mg®* 8.67+0.07 4.1 0.5
Ba*" 5.60+0.05 2.5 1.9

® Concentrations at fivefold LODs each.
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closer to those of metal ions compared to the cationic
chromophores reported [24,27]. As we know, well-

matched mobilities between chromophore and ana-
lytes favor high transfer ratios and consequently high
sensitivities [25,26].

Ammonium in urine comes chiefly from the
decomposition of urea; monitoring ammonium helps
to understand the role of the kidney in metabolism
and hence is helpful in diagnosing some diseases
[28,29]. NH, is a weak acid (0,=9.24). At low
pH, it will comigrate with K since they have almost
the same mobility [23]. Methods determining NH
in water include the laborious Kjeldahl titration
method, an electrochemical method in which K is
still an interfering ion to the electrode [30], a
spectrophotometric method which requires expensive
instruments and CE with modifiers (such as 18-
crown-6) which also have influences on the sensitivi-
ty of the analytes. The buffer of this experiment only
consists of EMIMOH and phosphoric acid thus the
conditions are easy to control. Additionally, fairly
high sensitivity can also be expected because no
modifier is added. The separation conditions were
optimized before analyzing the real sample. The
buffer was composed of 5h EMIMOH adjusted to
pH 8.8 by phosphoric acid; the applied voltage was
set to 10 kV. The detecting wavelength was 207 nm.
Under the above conditions, NH is baseline re-
solved from K~ and consequently the concentration
of K" can also be quantitatively determined (Fig. 3).
The detection limit (LOD) for NH is 2ug/ml
(S/N = 3), the linear range is 5-50@g/ml. Based

N

3

I

1 mAU

4

4

2

L

Time (min)

Fig. 3. Determination of NEI in human urine. Buffer conditions
are described in text. The stock solution of urine was further
diluted with running buffer until the concentration of urine was
1% (v/v). Peaks: 1, K ;2,NH ;3,Na and €a ;4, EOF. Other
conditions as in Fig. 2.
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Fig. 4. Electropherogram of red wine samples in RTIL-coated
capillary. Buffer, 10 "M EMIMOH-acetic acid at pH 5. Capil-
lary: 50 cm (40 cm effective lengtl)50 um 1.D. Applied
voltage, 15 kV. Peaks: 1, K ;2,B4 ;3,€a ;4,Na ;5 WMg

on the external standard method, the concentration of
NH in urine was determined to beM®E2%
n=§) from its peak area. It was detected to be
0:81014% (=5) by Kjeldahl titration for com-
parison.

3.3.2. Separation and detection of metal ions in
red wine

Metal ions can be a fingerprint of wine because
they are stable, and they link to factors such as saill,
climate, culture and wine-making procedure [31].
The metal ions in a red wine sample were baseline
separated (Fig. 4) and their concentrations and the
standard deviation (both ipg/ml), calculated from
three consecutive runs by peak area with external
standard method, were detected as: K , 907.3;
Na“, 27.9:0.7; C&", 71.61.1; Mg°", 83.4:2.0
and B&" , 31.%+1.6.

EMIM-based RTILs with different anions disso-
ciated completely in water. The mobility of EMIM is
independent of buffer pH, and hence EMIM can be
used as background chromophore in alkaline buffer
with good performance. The resolution of metal ions
electrophoresed in EMIM-containing buffer in the
RTIL-coated capillary are enhanced due to the
reversed EOF.

Acknowledgements

Financial support from the National University of
Singapore is greatly acknowledged. The authors



454
would like to thank Dr. Tianlin Wang and Dr.
Yuansheng Wu for fruitful discussions.

References

[1] A.K. Abdul-Sada, A.M. Greenway, P.B. Hitchcock, T.J.

Mohammed, K.R. Seddon, J.A. Zora, J. Chem. Soc. Chem.

Commun (1986) 1753.

[2] P. Bonhote, A.P. Dias, N. Papageorgiou, K. Kalyanasun-
daram, M. Gratzel, Inorg. Chem. 35 (1996) 1168.

[3] J. Fuller, R.T. Carlin, R.A. Osteryoung, J. Electrochem. Soc.
144 (1997) 3881.

[4] G.P. Smith, A.S. Dworkin, R.M. Pagni, S.P. Zing, J. Am.
Chem. Soc. 111 (1989) 525.

[5] A.K. Abdul-Sada, A.M. Greenway, K.R. Seddon, T. Welton,
Org. Mass Spectrom. 28 (1993) 759.

[6] J. Fuller, R.T. Carlin, H.C.D. Long, D. Haworth, J. Chem.
Soc. Chem. Commun. (1994) 299.

[7] K.M. Dieter, C.J. Dymek, N.E. Heimer, JW. Roving, J.S.
Wilks, J. Am. Chem. Soc. 110 (1988) 2722.

[8] S. Dai, Y.S. Shin, L.M. Toth, C.E. Barns, Inorg. Chem. 36
(1997) 4900.

[9] M. Freemantle, Chem. Eng. News (1998) 32.

[10] L.A. Blanchard, D. Hancu, E.J. Beckman, J.F. Brennecke,
Nature 399 (1999) 28.

[11] C.L. Hussey, Pure Appl. Chem. 60 (1988) 1763.

[12] S. Dai, Y.H. Ju, C.E. Barnes, J. Chem. Soc. Dalton Trans.

(1999) 1201.

[13] J.G. Huddleston, H.D. Willauer, R.P. Swatloski, A.E. Visser,
R.D. Rogers, Chem. Commun. (1998) 1765.

[14] C.J. Adams, M.J. Earle, K.R. Seddon, Chem. Commun.
(1999) 1043.

[15] C.J. Adams, M.J. Earle, G. Robberts, K.R. Seddon, Chem.

Commun. (1998) 2097.
[16] A. Stark, B.L. Maclean, R.D. Singer, J. Chem. Soc. Dalton
Trans. (1999) 63.

W, Qin et al. / J. Chromatogr. A 985 (2003) 447454

[17] P.J. Dyson, M.C. Crossel, N. Srinivasan, T.Vine, T. Welton,
D.J. Williams, A.J.P. White, T. Zigras, J. Chem. Soc. Dalton
Trans. (1997) 3465.

[18] DW. Armstrong, L. He, Y. Liu, Anal. Chem. 71 (1999) 3873.

[19] E. De Paz, B. Rabanal, A. Negro, J. Lig. Chromatogr. Relat.
Technol. 21 (1998) 2589.

[20] J. Murdoch, J.A. Barnes, in: Statistical Tables, Macmillan,
Hong Kong, 1989, p. 17.

[21] T.M. Sorrel, in: Organic Chemistry, University Science
Books, California, 1998, p. 1235.

[22] J.C. Giddings, Sep. Sci. 4 (1969) 181.

[23] J.A. Dean, in: Lange’'s Handbook of Chemistry, McGraw-
Hill, New York, 1985, p. 5.

[24] R.L. Williams, G. Vigh, J. Chromatogr. A 763 (1997) 253.

[25] J.L. Becker, J. Chromatogr. A 679 (1994) 153.

[26] R.L. Williams, G. Vigh, J. Chromatogr. A 744 (1996) 75.

[27] B. Lu, D. Westerlund, Electrophoresis 19 (1998) 1683.

[28] KW. Joo, S.H. Chang, J.G. Lee, K.Y. Na, Y.S. Kim, C. Ahn,
J.S. Han, S. Kim, J.S. Lee, J. Nephrol. 13 (2000) 120.

[29] B. Kirschbaum, D. Sica, F.P. Anderson, J. Lab. Clin. Med.
133 (1999) 597.

[30] A. Merkoci, V. Cocoli, B. Baraj, S. Buzo, Acta Chim. Hung.
130 (1993) 9.

[31] M. Nunez, R.M. Pena, C. Herrero, S. Garcia-Matin, Analusis
28 (2000) 432.

[32] M. Vaher et al., Electrophoresis 23 (2002) 426.

[33] E.G. Yanes, S.R. Gratz, M.J. Baldwin, S.E. Robison, A.M.
Stalcup, Anal. Chem. 73 (2001) 3838.

[34] CY. Liu, YW. Ho, Y.F. Pai, J. Chromatogr. A. 897 (2000)
383.

[35] J.E. Melanson, N.E. Baryla, C.A. Lucy, Trends Anal. Chem.
20 (2001) 365.

[36] Q.C. Liu, F.M. Lin, R.A. Hartwick, J. Chromatogr. Sci. 35
(1997) 126.

[37] JW. Jorgenson, K.D. Lukacs, Anal. Chem. 53 (1981) 1298.



	1,3-Dialkylimidazolium-based room-temperature ionic liquids as background electrolyte and co
	Introduction
	Experimental
	Chemicals
	Apparatus
	Capillary coating
	Preparation of EMIMOH
	Adjustment of pH and calculation of ionic strength
	Preparation of samples and stock solutions

	Results and discussion
	EMIM as background electrolyte
	UV absorbance of EMIM in water
	Mobility
	Influence of buffer concentration

	RTIL-coated capillary
	EOF
	Electrophoresis of metal ions

	Demonstration
	Detection of ammonium in human urine
	Separation and detection of metal ions in red wine

	Acknowledgements
	References



