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Abstract: Interest in ionic liquids for their potential infféirent chemical processes is
constantly increasing, as they are claimed to her@mmentally benign — excellent, non-
volatile solvents for a wide range of applicationthe wide applicability of these
compounds also demanddiable, relatively simple and reproducible anaBbi techniques.
These methods must be applicable not only to @iffetechnical or natural matrices but also
to the very low concentrations that are likely ®dresent in biological and environmental
systems. In this review, therefore, methods foassing and analysing imidazolium- and
pyridinium-type ionic liquids in aqueous matricesing high performance liquid
chromatography (HPLC) and capillary electrophorg¢6ig) are examined. The techniques
for identifying ionic liquids are meant primarilg track the concentrations of ionic liquids
as residues not only in products and wastes batilbiological or environmental samples.
The application of hyphenated techniques in tlaklfis intended to selectively separate the
guaternary entity from other cationic and non-iogpecies present in the matrix, and to
enable its fine-scale quantification. Nowadays, hnds developed for cation analysis are
based mostly on reversed-phase high-performanceiidligchromatography, ion
chromatography, ion-pair chromatography and capillelectrophoresis, where various
buffered mobile phases are used.
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1. Introduction

Room temperature ionic liquids (RTIL) are a novetpad class of semi-organic salts or salt
mixtures that are liquid below 18D. Apart from their negligible vapour pressure,idadd to be the
main ‘green’ feature of ionic liquids, one of themost attractive characteristics is the potenbtabé
‘designed to order’. Properties such as densityistme stability, viscosity or miscibility with oén
solvents can be tailored by the appropriate selectif cation and anion; a very rough estimate
indicates that such combinations can be numberetheénmillions. RTIL already in common use
typically involve nitrogen- or phosphorus-contamirorganic cations such as alkylimidazolium,
alkylpyridinium, alkylpyrrolidinium or alkylphosphoum, and anions like
bis(trifluoromethanesulphonyl)imide, hexafluoroppbate or tetrafluorophosphate [1-5]. Although
these particular cations and anions and theirouaricombinations have already been studied
extensively for their potential applications in nenous chemical and physical processes, every year
more and more cations and anions forming liquitssatlroom temperature are reported.

Table 1 present the generic structures of typaaikiliquids. Two general parameters determine the
properties of alkylimidazolium ionic liquids. Ong the choice of anion, which above all determines
water miscibility, and which in turn can have fugthldramatic effects on the liquid’s properties. The
other is the length of the alkyl chain in the catidengthening this from butyl to hexyl or octyl
increases the hydrophobicity and viscosity of ioldguids, but decreases their density and surface
tension [5]. Table 2 sets out selected physicapgnttes of two alkylimidazolium cations combined
with different anions.

Table 1. Common examples of ionic liquids

lonic liquid type Structure lonic liquid type Sature
F|<4
Alkylammonium R\3\\\‘/N+\ X Alkylpyridinium < @ N—R,
<, R, "
R —
Alkylphosphoni F|>: X" | Alkylimidazoli N@N
ylphosphonium R\3“F‘{2 g, ylimidazolium RT ?/ R,

X" BF,, PFg, A|C|4_, S)Fe_, CF3S057, (CFg%z)zN_etC. R,: from -CH; to-CgHyg

Current research indicates that replacing an ocgaoivent with an RTIL can bring about
remarkable improvements in well-known processesicldiquids have been applied not only as
alternative solvents in organic synthesis and gsital and as electrolytes in batteries and solés, ce
but also in liquid-liquid extraction, as componeotgas chromatography stationary phases, as rgnnin
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electrolytes in capillary electrophoresis, as nmedpihase additives in HPLC, and in embalming and
tissue preservation [6-11].

Table 2. Selected properties of 1-butyl- and 1-hexyl-3-ngithidazolium chlorides,
tetrafluoroborates and hexafluorophosphates

MP Density  Viscosity Water  Temp. limit

lonic liquid °C] g mrY (cP] Solubility °C] Reference
[BMIM][C]] 41 1.08 716 S 254 5]
[BMIM][BF 4] -81 1.12 219 S 360 5], [33]
[BMIM][PF¢] 10 1.37 371 NS 349 [5], [33], [34]
[HMIM][Cl]  -70 1.03 - S 253 [5], [36]
[HMIM][BF ]  -82 1.21 314 PS - 5]
[HMIM][PE¢  -61 1.30 582 NS 376 5], [35], [36]

S- soluble, PS — partly soluble, NS — non soluble

The wide applicability of ionic liquids as well aslvances in the variety of applications will soon
result in their production and use on an indusstgale. Since it has already been found that eveti s
amounts of impurities significantly affect the pmarhance of ionic liquids, analytical methods
determining their purity will be very much in dendgarin addition, research of considerable practical
importance, such as investigations of the toxic#gotoxicity and persistency of RTIL in the
environment, will also require reliable, relativelynple and reproducible analytical techniques.s€he
methods must not only be applicable to differentured matrices but also to the very low
concentrations likely to be present in biologicatl @nvironmental systems. Finally, ionic liquide ar
nowadays one of the leading examples of Green Ghigmthe 11 principle of which states that for
every newly designed and produced chemical ‘arta@lythethodologies need to be developed to allow
for real-time, in-process monitoring and contrabpto the formation of hazardous substances’ [12].

Nowadays, there are two general approaches torthkysis of ionic liquids: one identifies ionic
liquids as analytes in natural or artificial mats¢ the other assesses their purity. Reported itpedsn
for identifying ionic liquids have above all beeastgned to track their concentrations, not only as
residues in products and wastes but also in bicédgir environmental samples. So far this has been
done mainly via cation analysis, since it has beemd, especially in biological and environmental
experiments, that varying the anion affects thé&ribistion and activity of imidazolium and pyridimu
ionic liquids to only a slight extent. Hyphenategthniques in this field are intended to selectively
separate the quaternary entity from other catiamd non-ionic species present in the matrix and to
enable its fine-scale quantification. Present-dasthmds of cation analysis are based primarily on
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reversed-phase high-performance liquid chromatdgrap ion chromatography, ion-pair
chromatography, and capillary electrophoresis, hirctv various buffered mobile phases are used.

The purity assessment of ionic liquids is a subgéahajor technological importance. Many studies
have shown that even small amounts of impuritiessignificantly affect the performance of an ionic
liquid [5, 13]. The principal research effort inighfield is currently being directed towards the
quantification of anionic impurities in ionic liqds. This is largely the upshot of the limited cyial
performance of ionic liquids contaminated with naahounts of residual chlorides, originating from
the starting substrates in ionic liquid synthedes15]. Residual halides may also affect other ays
chemical properties of ionic liquids, such as vt density or spectral purity. In this area of
development, it is methods based on ion chromapbgracapillary electrophoresis and ion-coupled
plasma mass spectrometry that are mainly repontéuki literature [16-19].

The primary aim of this review is to outline curredevelopments in chromatographic and
electrophoretic methods for separating and anajysite cations commonly used in ionic liquids.
Although the presence of anions and their influeaneseparation processes is also discussed, the
analysis of anionic impurities is not reviewed here

2. Molecular interaction potential of ionic liquids

The analysis of the molecular interaction poterdfabnic liquids is a very useful tool for acquig
a fuller understanding of their behaviour in vas@eparation systems. The present section addresses
this question using the most common alkylimidazualientity as an example. On entering an aqueous
matrix, cations and anions dissociate, and depgmalinthe presence of other ions, they will either a
as free species or associate into new ion pairthdrcase of most currently used ionic liquid asjon
the main interaction mechanism is electrostaticweier, where alkylimidazolium cations are
concerned, far more complex interactions with tlodbibe- and stationary phases may take place during
separation. The high electron acceptor potentiadeibcalised aromatic systems in the cationic
compartments of ionic liquids is responsible faeoilostatic attractions not only with ionised weak
(e.g. carboxylic) or strong (e.g. sulphonate) cagachangers, but also with polar moieties on glarti
surfaces, such as free silanols. It is also clegré¢longating the alkyl chain of ionic liquidseées the
molecule’s hydrophobicity. It is therefore also gibte that ionic liquid cations with longer alkyl
moieties are retained in reversed phase systenmydrpphobic interactions. This can occur between
the ionic liquid’s alkyl chain and the alkyl moiety the stationary phase, as well as other alkgireh
of ionic liquid cations previously bound to the tgimary surface. This mechanism, moreover, is
strongly dependent on the anions present in thersyswith which selected cations form ion-pairs,
thereby enabling the molecule to be partitionedally, the aromatic system within an imidazolium
ring offerstt..Tt interaction potential with any aromatic moietiesrielectron-rich stationary phases
(e.g. polar RP) and solvents (e.g. acetonitrile).
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3. Chromatographic methods
3.1. Reversed phase chromatography

Most of the methods for separating and determimamgc liquid cations reported so far involve
high-performance liquid chromatography (HPLC) watkariety of column packings and mobile phases.
Table 3 summarises published protocols developedre liquid cation separation and analysis.

The separation and analysis of eleven imidazoliamici liquids congeners was first studied
systematically using reversed-phase HPLC with edepray ionisation mass detection [20]. With the
use of a buffered mobile phase (20mM ammonium #&@etzetic acid), it was found that different
anions in these ionic liquids did not affect theathatographic behaviour of the same cation. This wa
confirmed by comparing the retention values of atissted pairs: [BMIM][Br] with [BMIM][BF,],
[AMIM][CI] with [AMIM][PF ¢], and [HpMIM][CI] with [HpMIM][PFg]. It was also found that
analysis of ionic liquid cations on a conventioratersed phase column with a low surface coverage
of ligands led to very poor separations and a lepraducibility of retention values. This was due
mainly to the continued presence of free silanolshie stationary phase, observed as marked peak
tailing of all these analytes. Further developmahthis method therefore involved the evaluation of
alternative reversed phase packinga; much-improved performance was achieved using Rf8 R
column with a higher carbon load. Using such amwoiuthe authors were able to efficiently separate
and quantify a mixture of alkyl- and aryl-substdtimidazolium entities, even though the resolution
was still unsatisfactory in the range of early ielgitcompounds (short chain ionic liquids). Gradient
separation of the test mixture was further develdpeoptimise elution times for late eluting eesti With
a mobile phase consisting of acetonitrile : wal8t @cetic acid/20M ammonium acetate), in which the
organic modifier concentration was raised from d®®% in 25 min., the most hydrophobic ionic liquid
cation used in this study (1-heptyl-3-methylimidaro chloride) eluted after 23 min. Further, in @erdo
validate the method’s applicability, a sample df-gewing medium used in cytotoxicity studies of a
known micromolar concentration of the ionic liquAMIM][PF ¢] was tested. The compound was well
isolated, identified and quantified with very gaothlytical performance parameters.

The chromatographic behaviour of 1-alkyl-3-methytlazolium ionic liquid cations in the reversed
phase system with buffered mobile phases was fughalied in detail [21]. All the ionic liquids
analysed in this particular paper exhibited rewidsigase behaviour on being separated. When the
methanol concentration in the mobile phase wasas®d, the retention time of all the compounds
decreased, although there were differences in ¢bention profiles depending on the type Nl
functional group on the imidazolium ring. All 1-rhgt-3-alkylated species displayed quite similar
behaviour within the range of organic modifier ysexhibiting comparable slopé&sof the classical
Soczewihski-Snyder modell¢g k = log ks, - S@ of —0.032. The retention factors, and henceSthialue
of the less hydrophobic 1-ethyl-3-ethylimidazoliunvere modified only at the lowest methanol
concentrations; above 20% (v/v) it was eluted witthe dead time of the system. The decreasing
polarity of the mobile phase up to 30% (v/v) metilamerely modified the intensity of interaction
between solutes and the stationary phase. It wadirmed that selective separation of highly
hydrophilic solutes such as [BMIMJor [EEIM]" cations in one isocratic run with more hydrophobic
ionic liquids is therefore practically impossibMariation of either the pH or the salt concentnatio
the mobile phase did not significantly affect tleéention factors of the ionic liquids. A detaileddy
of the reversed phase liquid chromatography oflatkjdazolium ionic liquids was recently reported
[22]. The authors found that while using bufferefrenobile phase systems, anions influenced the
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retention of the same ionic liquid cation. An aqueonobile phase (with no buffer added) allows for
additional interactions of anions with the RP stadiry phase, but since they cannot move alone, they
influence cation retention by forming ion pairs.

In another, related study it was found that anwege adsorbed on to RP phases in accordance with
their lyotropic character [23]. In the chromatodrapprocess, the affinity of ionic liquid ions ftre C-
18 stationary phase was as follows: [@id [Br] (no affinity) [EMIM]* < [BF4] < [BMIM] * < [PRg]’
< [HMIM] ¥ < [OMIM]*. The authors also found that on raising ionicitigconcentrations from 1 to
11 mM, peak shapes changed to the fronting types i$ually corresponds to the concave isotherm
shape, also observed in separations of other ioleissompounds in the RP system. This type of
retention is explained by the different affinitielsthe cation and anion compartments for the statip
phase. For example, the weakly lyotropic anion ¢[PEBnd the hydrophobic cation [HMIM]in
[HMIM][PF ¢] ionic liquid must move together, even though [flREs]” anion alone would elute faster
[22].

3.2. lon chromatography

Paper [24] is the first report on the use of ionroomatography to analyse 1-methyl-3-
ethylimidazolium and sodium cations in the buffetechethyl-3-ethylimidazolium chloride-aluminium
chloride ionic liquid system. The analytical perfance parameters were found to be very good; the
calibration curve for the ionic liquid cation wasdar over three orders of magnitude and the acgura
of the method was +2.8% relative error.

In a more recent study, the behaviour of eightddmuids — seven homologues of 1l-alkyl-3-
methylimidazolium and 4-methyl-N-butylpyridiniumwas investigated with a strong cation exchange
adsorbent [21]. In particular, the dependencedhefretention properties of these solutes on mobile
phase composition, pH and buffer concentration weraluated with the aim of optimising and
improving the selectivity and retention of solugparation. With the SCX stationary phase, several
interactions occurred with varying strength depegdon the mobile phase composition. Reversed
phase chromatography occurred at low concentrabbasetonitrile in the mobile phase, electrostatic
and adsorption interactions at higher organic medioncentrations. Elevated buffer concentrations
reduced retention factors without affecting theeselity of the alkylimidazolium cations. Approptéa
modifications of the mobile phase enabled evenntwst hydrophilic cations to be separated and
analysed; this is a challenge in RP separationh W0t60% acetonitrile in the mobile phase, sepamati
of the hydrophobically similar 1-ethyl-3-ethylimialium and 1-butyl-3-methylimidazolium entities
was successfully achieved. The analytical perfocaaparameters were assessed under optimised
chromatographic conditions with an acetonitrile 3m31 K,;HPQO, (40:60) mobile phase. 1-butyl-3-
methylimidazolium was chromatographed in the cotre¢ion range 1 — 10@M. The correlation
coefficient for the resultant calibration plots wa898. The reproducibility of the peak area w&6%
(RSD), and the reproducibility for peak retentioasi.23% (RSD). The detection limit established for
the 1-butyl-3-methylimidazolium cation was @g. The method is directly applicable to the analysi
lonic liquid cations in aqueous environmental austrial samples.
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Table 3. Chromatographic and capillary electrophoretic rmdthused for separation and analysis of ionic

503

liquids
lonic liquids analyzed* Stationary phase Mobile gdha LOD** Ref.
[EMIM]AICI 4] lonPac CS3 (Dionex) 25mM HC| +0.35mM 10 ppm [24]
2,3-diaminopropionic
acid

[EEIM][Br], [PMIM][Br], [PEIM][BT], MetaSil Basic @ acetonitrile : water (1% 1.6 ppm [20]
[BMIM][CI], [BzMIM][BF 4], [AMIM][CI], (Varian) acetic acid / 20mM
[EBzMIM][CI], [pMBzMIM][CI], ammonium acetate)
[HMIM][CI], [HEIM][CI], [HpMIM][CI]
[EMIM][Br], [EMIM][BF 4], [EMIM][PF], Kromasil C-18 (Eka acetonitrile : water - [22]
[BMIMICI], [BMIM][BF 4], [BMIM][PF ¢, Azko Nobel) (unbuffered)
[HMIM]CI], [HMIM][BF 4], [HMIM][PF ],
[OMIMICI], [OMIM][BF 4], [OMIM][PF ]
[EEIM][Br], [BMIM][BF ], [BMIM][pTS], MetaSil SCX (Varian) acetonitrile : water 1.4 ppm [21]
[AMIM][BF 4], [HMIM][BF 4], (30mM KHPQO,)
[OMIM][BF 4], [BzMIM][BF 4],
[MBPY][BF,]
[EMIM][CI], [EEIM][CI], [PMIM][CI], Synergi Polar-RP methanol or acetonitrile 0.1 ppm [25]
[BMIM][CI], [HMIM][CI], [OMIM][CI], (Phenomenex) : water (5 mM KHPQO,/
[NMIM][CI], [BzMIM][CI], [EBzMIM][CI], HiPO,)
[MBPy][CI]
[PMIM][BF 4, BMIM][BF 4], [AMIM][BF 4], Immobilized artificial methanol : water - [27]
[HMIM][BF 4] membrane (Regis) (20mM KHPOy)
[PMIM][BF 4], [BMIM][BF 4], [AMIM][BF 4, RP-18e Purosph&tStar  methanol : water (40 - [26]
[HMIM][BF 4, [BEIM][BF 4], and Innovation mM KH,PQy)
[PMBzMIM][BF 4, [MBPY][BF ] Chromolitd™ (Merck),

Macrosphere 300 C8 and

C4 (Alitech)

SG-alkylamide, SG-

choleste-rolic, SG-mixed,

SG-phenyl and SG-aryl

(Home-made columns)
Imidazole, 1-methylimidazole, 1,2- Bare fused silica triethylammonium acetate 0.4 ppm [31]
dimethylimidazole, [EMIM][CI], [BMIM][CI],  capillary (Polymicro (5mM, pH 4.5, 2.0 m\i-
[IBMIM][[Br] Technologies) CD)
[MMIM][Br], [EMIM][BT], [EEIM][B], Bare fused silica citric buffer (200mM 0.1 ppm [32]
[PMIM][CI], [BMIM][BF 4], [HMIM][BF 4, capillary (Polymicro pH 4.0)

[OMIM][BF 4], INMIM][BF ], [DMIM][CI],
[BzMIM][BF 4], [pPMBzMIM][CI]

Technologies)

*EEIM] 1-ethyl-, [PEIM] 1-propyl- [HEIM] 1-hexyl-3-ethylimidazolium
[PMIM] 1-propyl-, [BMIM] 1-butyl-, [AMIM] 1-amyl-, [HMIM] 1-hexyl-, [HpMIM] 1-heptyl-, [OMIM] 1-octyl-, [NMIM]

1-nonyl-3-methylimidazolium,

[BzMIM] 1-benzyl-, [EBzMIM] 1-(2-phenylethyl)-[pMBzMIM] 1-p-methylbenzyl-3-methylimidazolium,
[MBPy] N-butylmethylpyridinium, [CI] chloride, [[BE] tetrafluroborate, [pTs] tosylate, [Brlbromide

**LOD — Limit of detection



Int. J. Mol. Sci. 2006, 7 504

3.3. Polar-reversed phase chromatography

The aromatic system in the imidazolium ring of amic liquid cation offers potentiat..Tt
interaction with any aromatic moieties available the phase. The possible usefulnessrofit
interactions in the selective separation of imidiamo and pyridinium ionic liquid cations is repadte
in [25]. In this study special attention was paidshort-chain hydrophilic entities, known to be pgo
separated on conventional RP columns. The resutsate the overall usefulnessmf.mtinteractions,
which can be utilised to reinforce the retentiorth@se highly polar compounds. Very good resolution
of 1-propyl-3-methylimidazolium and 1-ethyl-3-etigidazolium salts (identical in lipophilicity) was
obtained. It was also observed, however, that ladepular ionic liquid cations yielded very
misshapen peaks. Early peak tailing can be atagtub energetic surface heterogeneity with
overloading of highly energetic adsorption sitesoag other things. It is likely that low-molecular
ionic liquids are retained at these sites as dtresthe predominant ion-exchange type of intamad.
This can further lead to slower sorption — desorpkinetics of solutes from strong sites than from
weak ones, which consequently exacerbates bamptadih more hydrophobic ionic liquids, this effect
was not so evident, showing that the predominaetastion mechanism is due to partition andr
interaction. Furthermore, to differentiate betwégdrophobic and aromatic interactions, methanol and
acetonitrile were compared as organic modifierthefmobile phases. Unlike methanol, acetonitrile is
an electron-rich modifier and can suppress 1that interaction. As expected, when the acetonitrile
concentration was increased, ionic liquid—statignphase interactions weakened much faster in
comparison to the changes due to the methanol-reddiihobile phase. Moreover, the applied
chromatographic conditions were optimised for atedy performance parameters. Excellent
calibration curve linearity was obtained for thenpmunds analysed. The linear correlation coeffisien
ranged from 0.9992 to 0.9995 over a wide conceatratnge (10 to 100QM). The retention time
RSDs ranged from 0.11 to 0.25%, and the peak a&2sRlso lay in good ranges, from 0.35 to 2.27%.
The lowest detection limit of IM was obtained for the 1-benzyl-3-methylimidazoliuration.
Additionally, the separation of 1-butyl-3-methylidaizolium chloride and its degradation products
obtained in the Fenton degradation system demdedtthat the method is readily applicable to the
various experiments tracking the cationic constits®f ionic liquids in aqueous solutions.

3.4. Chromatography of specific surface structural properties

One recent study investigated different types dbioms with specific structural properties [26].
Packings containing cholesterol ligands chemidadigded to silica (SG-CHOL), and mixed stationary
phases (SG-MIX) containing cyanopropyl, aminopromhenyl and octadecyl ligands were tested.
There were significant differences in the resydtsckings containing functional groups bonded to the
silica surface and capable of undergoing protolmsatrned out to be unsuitable for separatingaoni
liquids under the given analytical conditions (nzetbl : 40 mM potassium phosphate buffer, pH = 4).
In this comparison, the butyl and octadecyl stattgnphases yielded the best results (RP-18e
Innovation Chromolith™ performance and Macrospl#fi@ C4 packings respectively). This was most
probably due to the lowest heterogeneity of thegts in comparison to the other phases tested. It
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seems that stationary phases with specific stractomoperties, for example, with cholesterol and
mixed ligands, are unsuitable for separating i¢igieid cation mixtures.

In another paper, the use of column packing withnamobilised artificial membrane IAM moiety
is reported [27]. In this study, ionic liquids weseparated in order to determine their lipophiicit
since the IAM phase resembles the phospholipid/@ila=our alkylimidazolium ionic liquids (fromsC
to Gs) were analysed under isocratic conditions usingphaile phase consisting of phosphate buffer at
pH 6.5 and methanol in varying proportions from50%. The capacity factors obtained for different
quantities of methanol were extrapolated to 0% wameth and described as the relative lipophilicity
(log ky) using a linear procedure. The retention-derivpdphilicities determined on an immobilised
artificial membrane were substantially higher thlamse obtained with reversed phase chromatography
or those obtained from equilibration experimentshie 1-octanol/water system [28-29]. Estimated log
ky values ranged from 0.92 to 1.7, and the correspgri& of the capacity factor extrapolations were
satisfactory. The retention times, and hence theaaty factors, were the net result of several
interactions occurring during partitioning to thobase. Not only did hydrophobic partitioning occur
here; interactions of positively charged nitrogathwhe carbonyl and phosphate groups presenten th
IAM stationary phase closely mimicking the surfadea biological membrane also occurred. This is a
very important result, which suggests that ionjuilds, hitherto regarded as highly polar entites)
also interact with biological membranes.

3.5. Sample pre-treatment

Sample pre-treatment is commonly required in qteinte assays for trace amounts of analytes in
environmental or biological samples. Pre-conceioinahot only increases the method’s sensitivity; it
also eliminates interfering compounds. Recentlgekective method was tested for cleaning up and
pre-concentrating ionic liquid cations from envinoental water samples using cation-exchange solid
phase extraction followed by selective elution [30he best recoveries (over 95%) for all the
compounds examined with this method were obtaineth \& methanol solution in saturated
ammonium chloride adjusted with3PIO, to pH 3. Also, three sample matrices were chosen t
demonstrate the method’s applicability: tap wadegwater and freshwater. In the case of tap walter,
the compounds except the AMIM cation are recovevégd an excellent yield above 90%. The best
recoveries are found for ionic liquids containihg fargest functionalities in position N-1, namtig
1-hexyl- and 1-p-methylbenzyl-3-methylimidazoliumties. As with the tap water, extraction of the
freshwater samples spiked with ionic liquids gaags$actory results as well. All the compounds were
recovered at a comparable level (mean recovery98.6%), regardless of structural differences. The
lowest recovery rates were recorded for ionic liguiextracted from the seawater samples, but
enrichment of the imidazolium compounds is stilaaatisfactory level (>90%). The lower recoveries
are obviously due to the higher ionic strengthhef seawater, which may interfere with the numerous
other cations probably sorbed in the cartridge-dérecentration of environmental samples showed that
the suggested method could be applied to the asabysl-alkyl- and 1-aryl-3-methylimidazolium
cations in environmental waters with very good ety yields.
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4. Electrophor etic methods

The first study employing capillary zone electropsis in the analysis of ionic liquids was
employed for separating and detecting 1-alkyl-3hylghidazolium entities, including isomers and
related imidazole derivatives [31]. The running fbufconsisted of 5.0 mM triethylamine in acidic
conditions, because the mobility of the triethylaomiim co-ion formed resembles that of the analytes
under study, thus governing the good symmetry efghaks obtained. Additionally, 2.0 mM of
cyclodextrin was added to the running buffer inesrtb achieve separation of two isomers — [iBMIM]
and [BMIM]". Under these conditions all compounds (ionic agatral) were baseline-separated inside
8 min, with detection limits ranging from 0.4 to4lppm. With this method, impurities could be
detected in commercial ionic liquids and a proasalysis during the synthesis of [BMIM][CI] ionic
liquid could be carried out.

Capillary electrophoresis was also employed inceme study for resolving selected imidazolium
ionic liquid cations in standard mixtures [32]. Tresults showed that both the method’s sensitivity
and its resolution reached a maximum when sodidrateibuffer was used as background electrolyte.
The separation of a standard mixture is in linearoedance with the molecular weight, hence the
theoretical prediction of compounds not yet analyse possible; however, cations with identical
molecular masses are inseparable with this methagpite of this, the method’s quantitative analfi
performance was excellent. RSD migration times edrfgom 0.05 to 0.1%. The detection limit of the
1-ethyl-3-methylimidazolium cation obtained wit5@0 s injection time was 0.Qig mI™*. In order to
validate the method’s applicability, samples ol#dinuring a photodegradation experiment of 1-butyl-
3-methylimidazolium tetrafluoroborate were testdthe target solute was well separated from its
degradation product and was readily quantifiable.

5. Conclusions

Most of the methods for separating and determirong: liquid cations reported on so far concern
high performance liquid chromatography with a Mgrief columns and mobile phases. Two
electrophoretic methods are also described, thatsesf which appear to be very promising, espécial
in the sensitivity area. In general, when buffareabile systems are used, different anions do rietiaf
the chromatographic behaviour of the same catian. vihen buffer-free mobile phase systems are
used, anions do influence the retention of the same& liquid cation owing to their additional
interactions with the stationary phase. All theidoliquids analysed exhibit reversed-phase behaviou
while being separated. In RP systems selectiveratpa of highly hydrophilic solutes is still a
challenge, but using strong cation exchange chrognaphy permits this separation by appropriate
modifications of the mobile phase. Moreover, thenaatic system in the imidazolium or pyridinium
ring can be utilised to reinforce the retentiorttegse highly polar compounds by the applicatiom of
polar RP phase containingreelectron moiety. It is also possible to selecivete-concentrate ionic
liquid cations from highly dilute solutions by gbliphase extraction, which in many cases is a
prerequisite to the direct analysis of the compsund

In the capillary electrophoretic methods reportedfar, separations of co-eluting isomers were
achieved by the addition ofcyclodextrin to the running buffer. In another @iethod, in which citric
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buffer is used as the running electrolyte, the s#jma of a standard mixture is in linear accora@anc
with the molecular weight, so the theoretical pcadn of compounds as yet not analysed is possible.
Most of the methods reviewed here report on thdigaiplity of analytical protocols to real life
samples, such as cell growing media, Fenton pradegsadation products or process analysis during
the synthesis of ionic liquids.
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