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ABSTRACT

The separation mechanism of semi-micro High-Performance Liquid Chro-
matography (Semi-micro HPLC) using ionic liquid-aqueous mobile phase
was investigated for the first time with the retention behavior of eight aro-
matic amines. The increase of the [EMIm] [BF,] concentration resulted in
the consecutive decrease of the retention factors of eight aromatic amines.
Thisattributes the competition between the imidazolium cations and proto-
nated aromatic amines in forming the hydrophobic interaction with the re-
sidual silanol and octadecyl groupsof octadecylsilicasurface. Theincrease
of theakyl chain length on theimidazolium cation of theionic liquid caused
the clear decrease of the retention factors of eight aromatic amines, because
this factor leads to the increase of electrostatic repulsion force. On the
contrary, the increase of the mobile phase pH caused the increase of the
retention factors of most aromatic amines, this is due to most aromatic
amines have a decreased dissociation ability. Moreover, the different anion
types of the ionic liquids exhibited a different occurrence of cation ex-
change and ion-pairing interactions, these two interactions affect the major
electrostatic repulsion and hydrophobicinteractions. The separation mecha-
nism involves electrostatic repulsion, hydrophobic, cation exchange and
ion-pairing interactions. © 2011 Trade Sciencelnc. - INDIA
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lonicliquids(ILs) aresdtsexhibitingamelting point
below 100°C and often bel ow room temperature so
that they areliquids at room temperaturé™2. loniclig-
uids (ILs) consist of large organic cations (e.g.,
tetraalkylammonium, 1,3-dialkylimidazolium, N-
akylpyridinium, etc.) withweekly coordinainginorganic
anions(e.g., BF,, PF_, ZnCl_, etc.) or organic anions

(e.g., [CFSO], [(CFSO,),NJ, [CF,CO,], etc.)*
¢, |Ls has no detectable vapor pressure and isrela-
tively therma stable. Thiswill avoid environmenta and
safety problemsin comparisonwith traditional organic
solvents. Therefore, they are proposed as novel sol-
vent systlemsto replacetraditiona solventsthat aregen-
erally toxic, flammable, and volatile. ILsareregarded
to havethe potential to be alternativereaction media
for “Green Chemistry”l”8, For thisreason, ILshave
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Figurel: Thechemical gructureof analytes. (a) aniline(An);
pK,=4.70, (b) N-methylaniling(N-M A); pK _ =4.85, (c) N,N-
dimethylaniling(N,N-DMA) ; pK _ =5.15, (d) benzylamine(BA);
pK,=9.33, (€) p-toluidine(p-To); pK , =5.10 (f) p-aminoben-
zoic acid(p-ABA) ; pK_, = 4.65; pK_, = 4.80, (9) p-
aminophenol(p-Aph); pK_ = 5.48; pK_, = 10.46, (h) m-
aminophenol(m-Aph); pK _ =4.37; pK _,=9.815
becomeincreasingly attractive asagreen solvent for
chemical applicationg®*3. Thepropertiesof ioniclig-
uidsaretunableby the choice of acation-anion combi-
nation so that they have been described as “designer
solvents™,

Recently, aqueous solutions of I1Lshavebeen used
asthemobilephasesin conventiond HPLC*+6, How-
ever, thepriceof ionicliquidsisdtill high. For thisreason,
semi-micro HPLC isaninteresting techni que because
theuseof miniatureanaytica columnsreducesthecost
and amount of ILssolutions, smultaneoudy thewaste
liquid pollutioninthe environment™ and better separa-
tion power and sengitivity than conventional HPLC.

Thisresearch purposewasinvestigation of there-
tention behavior of eight aromatic aminesin semi-micro
HPLC when using the aqueous solutions of ILs
([EMIm] [BF,], [BMIm] [BF,], [HMIm] [BF],
[OMIm] [BF,] and [EMIm] [CF_SQ,]) asthe mobile
phasesto explain the unclear separation mechanism.
TheselLsareableto solvate avariety of organic and
inorganic speciesand ableto dissolvewel l inwater!*#,
The eight aromatic amines (m-aminophenol,
benzylamine, N,N-dimethylaniline, p-aminobenzoicadid,
p-aminophenal, aniling, p-toluidineand N-methylaniline)
were sel ected because approximately 80% of drugs
include basicfunctiond groups. Variousfactorssuch as
ionicliquid concentration, mobilephasepH, dkyl chan

C/
Hs
R=CH,CH, CH,, CH, ;X =BF,, CFSO,

6 13’ T8 17’

Figure2: Thechemical structureof ionicliquids. R=C_H,;
X =BF,=[EMIm][BF,],R=CH_; X' =CF_ SO, =[EMIm]
[CFSO,],R=CH_; X =BF,=[BMIm][BF ],R=CH ;X =
BF, =[HMIm][BF ],R= CH , X'=BF, =[OMIm] [BF ]

length of imidazolium cation and aniontypeof ioniclig-
uid were studied to understand the separation mecha-
nism. Semi-micro HPL C wasused toincreasethe sepa
ration efficiency and sengitivity, and inadditionto save
on themobile phase of theexpensiveionicliquid. This
research is the first report using 1-alkyl-3-methyl-
imidazolium-basedionic liquidsas mobile phase addi-
tivesinsemi-microHPLC.

EXPERIMENTAL

Apparatusand semi-microHPL C analysis

The semi-micro HPLC system was composed of a
LC-10ADVP Pump (Shimadzu, Japan), a7520 injec-
tor witha0.5 uLL sample loop (Rheodyne, USA), a L-
5025 column oven (Hitachi, Japan), and an 875-UV/
Visdetector with 1 uL cell volume (Jasco, Japan). A
Develosil ODS-A-3 column (no end capping; 3 um
slicaparticlesize; 100 mmx 2 mmi.d.; trifunctiona
(polymeric); 19% carbon content; 3.4 umol/m? Nomura
Chemicals, Japan) wasused. Thechromatogramswere
recorded on aD-2500 Chromato-Integrator (Hitachi,
Japan). All chromatogramswere obtai ned by isocratic
elutionat 0.2 mL min? flow rate. A sampleinjection
volumewas0.5 uL. The UV detection was operated at
254 nminthewhol e study. The column equilibration
timewasonehour before separation of aromaticamines.
Theretentionfactor (k) wascd culated us ngthisequetion.
K= (tho to) O
wheret_istheretentiontimeof theandyteandt, isthe
retentiontimeof the unretained compound (NH,CI).

Threereplicateinjectionsweremadeto determine
theretention timeand averageva ueswereused to ca-
culatetheretention factor. All experimentswere per-
formed at 25°C.
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Reagents

Thee ght studied aromaticamineswere: aniline(An),
N-methylaniline (N-MA), N,N-dimethylaniline (N,N-
DMA), benzylamine (BA), p-aminobenzoic acid (p-
ABA), maminophenol (m-Aph), p-toluidine (p-To)
and p-aminophenol (p-Aph). Thechemica structure
and pKava ueof these aromatic aminesareshownin
figure 1. They were purchased from Tokyo Kasel (Ja-
pan).

Thefivesudied 1-akyl-3-methylimidazolium-basad
ionic liquids were: 1-ethyl-3-methylimidazolium
tetrafluoroborate ([EMIm] [BF,]), 1-butyl-3-
methylimidazoliumtetrafl uoroborate ([BMIm] [BF]),
1-hexyl-3-methylimidazolium tetrafluoroborate (
[HMIm] [BF,]), 1-octyl-3-methylimidazolium tetra-
fluoroborate ([OMIm] [BF,]) and 1-ethyl-3-methyl-
imidazolium trifluoromethanesulfonate ([EMIm]
[CF,SQ,]). Thechemical structureof theseioniclig-
uidsisshowninfigure2. Theexamined ILsinthisstudy
has a maximum absorbance value at UV 216 nm.
[EMIm][BF,], [EMIm] [CF,SO,], [BMIm] [BF,] and
[OMImBF,] were purchased from Merck (Germany).
[HMIm][BF,] was purchased from Wako Pure Chemi-

ca (Japan).

Prepar ation of mobilephasesand sandard sample
solutions

(1) Mobilephasespreparation

Thestock solutionsof specifiedionicliquid concen-
trations(x mM) were prepared by dissolvingindividualy
theknown amountsof ionic liquidswith deionized (DI)
water obtained from Simpli Lab-UV (Millipore). The
stock solutionswerefiltered through 0.45 um omnipore
membranefilters(Millipore) and werestockedinare-
frigerator at 4°C. The stock solutions were prepared
weekly to protect the bacteria’s growth.

Theworking mobile phaseswere prepared by di-
luting the stock sol ution to the required concentrations
with DI water, and then they were adjusted to there-
quired pH valueswith 10% (v/v) hydrochloric acid or
0.1 M sodium hydroxide. Theworking mobile phases
werefreshly prepared before use.

(2) Sandard samplesolutionspreparation

The stock standard sample solutions of 10 mM
ana yteswere prepared by dissolvingindividually the

—= Fyll Paper

known amountsof andyteswith 0.2-1 mL 1M hydro-
chloric acid, and then adjusting them to the required
volumewith pH 3.0 hydrochloric acid aqueous solu-
tions. They were stored in arefrigerator at 4°C and
were prepared monthly.

The 1 mM mixed working standard solutionswere
prepared by diluting the 10 mM stock standard solu-
tionswith pH 3.0 hydrochl oric acid agueous sol ution.
Because afew of the eight sampleswere coeluted at
theprdiminary experiment, theworking sandard sample
solutionsweredivided into two groupsto obtain the
exact retention times. Thefirst group consisted of m-
Aph, BA, N,N-DMA and p-ABA(1 mM mixed aro-
matic amine series 1 standard solution). The second
group consisted of p-Aph, An, p-Toand N-MA (1 mM
mixed arométic amine series 2 tandard solution). They
werefreshly prepared daily to avoid potential errors
from deterioration of thecompoundsprior to analysis
with semi-microHPLC.

RESULTSAND DISCUSSION

Effect of concentration on theretention factor (k)
of eight aromatic amineswith EMIm-BF, asmo-
bilephaseadditive

The preliminary study had shown that the concen-
tration of theionicliquid affectstheretention behavior
of thearomatic amines. A seriesof 0-10 mM [EMIm]
[BF,] agueous solutions at pH 3.0 was examined as
themobile phaseto separatethe ImM mixed aromatic
amineseries1,2 standard solutions.

Figure 3 showsthe chromatograms of eight aro-
matic amines obta ned with ano endcapping Develosi
ODS-A-3 column at agueous mobile phases(pH 3.0)
containing various[EMIm] [BF,] concentrations(al, a
2) 0, (b1, b2) 1.25, (c1, ¢ 2) 2.50, (d1, d2) 5.00 and
(el, €2) 10.00 mM, respectively. It should be noted
that retention behaviors obtai ned with the addition of
1.25 mM [EMIm] [BF,] to agueous mobile phase.
Firstly, the peak shape of al studied aromatic amines
was symmetrical dueto the decrease of activesilanol
groups because theimidazolium cationsinteract with
theresidual silanol groupson the octadecylsilicasur-
face by a hydrophobic interaction. Moreover, the
imidazol uim cations a so disablethe octadecyl groups
of the stationary phase, which leadsto thedecreasein
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Figure3: Chromatogramsof aromatic amineswith aqueous
mobilephasescontaining various[EMIm] [BF ] concentra-
tionsat pH 3.0. (al,a2) 0, (b1,b2) 1.25mM, (c1,c 2) 250 mM,
(d1,d2)5.00and (e1,e2) 10.00mM . Chromatogr aphic condi-
tions: column: ODS-A-3(noendcapping; 3um; 2.0 mm i.d. x
100 mm); flow rate: 0.2 mLmin; UV detection : 254 nm;
sampleinjection volume: 0.5 uL. Peaks: (1) m-Aph, (2) BA, (3)
p-ABA, (4)N,N-DMA, (5) p-Aph, (6) An, (7) p-Toand (8) N-M A

the possibility of hydrophobicinteraction betweenthe
aromatic aminesand octadecyl groupsof the stationary
phase. Secondly, the retention time of N,N-DMA was
shorter than of p-ABA and the peak shape of N,N-
DMA was better with using ILs asthe mobile phase
additive. Thisindicatesthat the octadecylsilicastation-
ary phase surface hasbeen changed to apartly positive
stationary phasesurface. Thirdly, theresol utionsof p-
ABA and N,N-DMA and that of p-Toand N-MA were

improved using ILs asthe mobile phase additivein-
stead of using only water asthe mobile phase.
Figure4A and 4B show theeffect of [EMIm] [BF ]
concentration on the retention factor(k) of eight aro-
matic amines. Wefound that theincrease of the[EMIm]
[BF,] concentration affected the consecutive decrease
of theretention factors of eight aromatic amines. The
noti ceabl e decreasein theretention factorsof aromatic
amineswhenusing 1.25mM [EMIm] [BF,] asmobile
phase was observed. However the retention factors
dightly decreased with above 2.5 mM concentration.
We can explainthat an addition of 1.25mM [EMIm]
[BF,] to an agueous mobile phase, which causesthe
competition between the ethyl groups of imidazolium
cationsand protonated aromatic aminesinforming the
hydrophobicinteraction withtheresdua silanol groups
on octadecylsilicasurface, resultsin adrastic decrease
intheretention factors (k) of more hydrophobic aro-
matic amines. Afterwards, when the concentration of
[EMIm] [BF,] wasincreased upto 5.0 mM, thealkyl
groupsof imidazolium cationsinteract with theoctadecyl
groupsof octadecylsilicasurface by hydrophobicin-
teraction, theretention factors of all studied aromatic
amineswere constant because of theformation of the
adsorbed imidazolium cationslayer (pseudo-positive
stationary phase) isaccomplished. Moreover, whenthe
concentration of [EMIm] [BF,] wasfurther increased to
10mM, itresultedinthedlight decreaseof theretention
fectorsof dl aromaticamines Thisisduetothecompleted
formation of theadsorbedimidazolium cationslayer.
Figure 5 showstherdationship betweenthelog k
and thepK  value of four aromatic amineswith using
the5mM [EMIm] [BF,] agueoussolutionat pH 3.0as
the mobile phase. Asdescribed above, the stationary
phase surfaceisthe absorbed imidazolium cation layer
(Pseudo-positive stationary phase). Theretention be-
havior mechanismismainly dominated by theelectro-
static repulsion because studied aromatic amineswere
protonated at pH3 mobilephase. If consideringthepK
vaueorder of aromatic amine, thee ution order of aro-
matic amineshould beasfollows N,N-DMA>p-To>N-
MA>An.AsshowninFigure5, theobtained retention
factor order was An<p-To, N-MA<N,N-DMA. The
elution order of aromatic amineswasreverse against
theorder of pKa. The obtained retention factor of the
aromatic amine was not in accordance with the pK
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Figure4: Effect of [EMIm] [BF,] concentration in agueous
mobilephaseat pH 3.0ontheretention factor (k) of eight aro-
matic amines. Chromatogr aphic condition wasasinfigure3

value order. We can expect that alkyl groups of the
imidazolium cationswhichinteracted with the octadecyl
andresidua slanol groupsonthestationary phase sur-
facewill dsointeract with aromatic samplessuch asN-
akyl aniline by hydrophobicinteraction. However the
retention factorsof N-MA, N,N-DMA and p-Tomore
decreased with increasing of [EMIm] [BF,] concen-
trationinagueoussolution at pH 3.0 asthemobilephase
thanthat of BA.

Effect of mobilephasepH on theretention factor
(k) of eight aromatic amineswith EMIm-BF, as
mobilephaseadditive

Theretention of ionizablecompoundsonthereversed
phase column has been effected by the pH of theagque-
ousportioninthemobilephase. For thisreason, theague-
ous mobile phases containing5 mM [EMIm] [BF,] at
variouspH values (3.0, 3.5 and 4.5) wereexamined to
obtain theretention behavior of aromaticamines. Figure
6A and 6B show the effect of themobile phase pH on
theretentionfactor of eight aromatic amines.

When the mobile phase pH was increased from
3.0to 3.5, the retention factor of An, N-MA, N,N-
DMA, mAph, p-Toand p-ABA increased, except BA
and p-Aph. Thisbehavior can beexplained asfollows.
These seven aromatic amines areweak base, withthe
exception of BA (pK_ =9.33). Inacidic agueous mo-
bile phase (pH 3.0), these aromatic aminesexist inthe
protanated forms. When the pH of the aqueous mobile
phase was increased to pH 3.5, they can dissociate
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Figure5: Thereationship between thelog k and thepKa
valueof four ar omatic amines; chromatogr aphic condition:
ODS-A-3 column (no end capping; 3um; 2.0 mm i.d. x 100
mm); mobilephase: 5mM [EMIm] [BF,] aqueoussolution at
pH 3.0; flowrate: 0.2mL min?; UV detection : 254nm

lessto a protanated form; however, most of the aro-
matic aminesarestill in protonated form. It causesa
decrease of €l ectrostatic repul sion force between the
protonated aromati c aminesand the positive stationary
phase surface. Afterwards, when themobile phase pH
wasfurther increased to 4.5, theretention factor of An,
N-MA, N,N-DMA, mAph and p-To increased, ex-
cept that of p-ABA. Aromatic amineswill bethemo-
lecular form, which causes adecrease of eectrostatic
repulsonforcewithlarger pH vaue. Theretention fac-
tor of p-ABA decreased becauseit isazwitterion. It
was observed that the mobile phase pH did not affect
the retention factor of BA and p-Aph because both
aromatic aminesare aways aprotonated speciesun-
der theexamined pH vaue.

Effect of alkyl chain length on the imidazolium
cation of ionicliquid on theretention factor (k) of
eight aromaticamines

Though the[OMIm] [BF,] haslow solubility in
water, but it could completely dissolveinwater at a
below concentrationsof 20 mM. Inthis experiment,
the aqueous mobile phaseswere carried out containing
5mM various[RMIm] [BF,] at pH 3.0. Figure 7A and
7B show the effect of akyl chain length on the
imidazolium cation of ionicliquid ontheretentionfactor
(k) of eight aromatic amines. Itisapparent that with the
increase of thealkyl chain length on theimidazolium
caionof ionicliquidfromethyl, butyl, hexyl tooctyl, dl
retention factors (k) of e ght aromatic aminesdecreased
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Figure6: Effect of mobilephase pH on theretention factor (k)
of eight ar omatic amines. Chr omatogr aphic condition wasas
infigure3

greatly. Thelonger alkyl chain can interact with the
octadecyl morethan the shorter alkyl chain; it makes
the stati onary phase surfacebecomethe positive charge
more. Itisthe causethat therepulsveforceof thesame
positive charge between the stationary phase surface
and the protonated aromatic amines increase. N,N-
DMA (pK,=5.15) isastronger basethan N-MA (pK
=4.85). If aseparation mechanism of aromaticamines
iscontrolled by e ectrogtatic repulsion, N,N-DMA will
be eluted before N-MA. However, N,N-DMA wasa
larger retention factor than N-MA, this separation
mechanism hasan hydrophobic effect. Accordingly these
indicated that theincrease of theakyl chainlengthon
theimidazoliumcationof ionicliquid affectstheincrease
of electrostatic repulsion morethan that of hydropho-
bicinteraction.

Effect of anion type of [EMIm] cation on there-
tention factor (k) of eight aromatic amines

The experiment was performed to separatethe 1
mM mixed aromatic amines seriesl,2 standard solu-
tions by using both 5 mM of the[EMIm] [BF,] and
[EMIm] [CF,SO,] aqueoussolutionsat pH 3.0 asthe
mobilephases. Theresultisshowninthe TABLE 1. It
was found that using 5 mM [EMIm] [BF,] aqueous
solution at pH 3.0 asthe mobile phase gave ashorter
retention factor of all aromatic amines than that of
[EMIm] [CF,SO,]. Therearetwo possiblereasonsas
follows: (1) the strong hydrogen bonding between the
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Figure7: Effect of alkyl chain length of imidazolium cation
of ionicliquid on theretention factor (k) of eight aromatic
amines. Chromatographic condition wasasinfigure3

hydrogen atom on C-2 carbon of theimidazolium cat-
ion and the counterion. (2) the anion adsorption onthe
stationary phase. Thefirst reasonisconfirmed by fol-
lowing researchers. Jiang shengxiang™ reported that
thereisstrong hydrogen bonding between the hydro-
genatom on C-2 carbon of theimidazolium cationand
the counterion. Wilkesand Zaworotko!*® reported that
because of the cation—anion coulombic attraction with
minima hydrogen bonding, theinter ionicinteraction
in[EMIm][BF4] predominates. Suarez et d . reported
that [BMIm] [BF,] exhibitshydrogenbonding effect in
theliquid phase. Cabovskaet a.”! proved the hydro-
gen bonding and hydrophobic stackinginteractionsbe-
tween ha ophenol sand imidazolium basedionicliquids
by proton and fluorine one-dimensional NMR. In
counter anion for imidazolium cation, both BF, and
CF,SO, canform hydrogen bond with hydrogen atom
on C-2 carbon of theimidazolium cation. On the other
hand, because the CF,SO, isstronger basethan BF,
, itattractswithimidazolium cation morestrongly than
BF,. Moreover, CF,SO, hasalarger structure, these
lead to adecrease of electrostatic repulsion forceon
the positive stationary phasefor the protonated aro-
matic amines. (Figure8A and 8B).

Accordingly, the obtained retention factor of all
studied aomaticaminesfromusingSmM [EMIm] [BF]
as the mobile phase was shorter than using 5 mM
[EMIm] [CF,SO,](TABLE1).

For the second reason, Li Pan et al 1?2 and Fabrice
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Gritti et a.[?¥ demonstrated that anions could adsorb
on the hydrophobic stationary phase in amounts de-
pending onthe Hofmeister anion series:

, =BF,;>NO; >I">Br>Cl >

PF, > SCN->CIO

F>H,PO, >80, > citrate (3-)
Chaotrope anionskosmotrope anions
Furthermore, Alain Berthod et al.[> also reported
the anion adsorption on the hydrophobic stationary
phase and theinteraction possibility of IL anionsinthe
case of basic compounds separation asfollows: (1) an
interactionin amobile phase; thelL anionformsion-

Figure9: Theaspect of variousanionsadsor ption (A

adsorption.
TABLE 1

) CF,SO, (B) BF,

pairing with positive charge sol utes, which decreases
thed ectrogtati cinteraction but increasesthe hydropho-
bicinteraction.
theanion adsorption increasesthe cation-exchangein-
teractionwith positive charge solutes. However, there
are no current reports yet about a CF, SO, adsorp-
tion. Moreover!®, reported that the major part of the
40pmol adsorbed [EMIm] [PF ] isdueto PF, anion

(2) Aninteractioninastationary phase;

has demonstrated that the CF, SO, is

more adsorbed on the octadecyl stationary phasethan
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Figure 10 : The separation mechanism with 1-alkyl-3-
methylimidazolium-based ionic liquidsas mobile phase addi-
tivesin semi-micr o high-per formanceliquid chromatogr a-
phy for separation of aromatic amines

the BF,, andtheincrease of thecation-exchangeinter-
action betweenthe partly negative sationary phase sur-
face and the protanated aromatic amines. Theanion
adsorption on the stationary phase surface makesthe
partly negative stationary phase surface; consequently,
the stationary phase surface consi sts of the hydropho-
bic, positive and negative charge parts. Besides, the
CF,SO, inthe mobile phase also hastheion-pairing
with the protanated aromatic amines, which occursthe
neutral species, thisleadsto the decrease of the elec-
trogtaticinteraction but theincrease of the hydrophobic
interaction at the stationary phase surface. Thesetwo
interactionsmadethelonger retention factorsof al sud-
ied aromatic amines were obtained for using 5 mMv
[EMIm] [CF_SO,] at pH 3.0 asthemobile phase. And
the obtained elution order of the aromatic aminewas
not in accordancewiththe pK_ valueorder. Theratio
of retention factor using 5 mM [EMIm] [CF,SO,] at
pH 3.0 asthe mobile phase, when compared to 5 mM
[EMIm] [BF,], was 465% for BA,402% for p-To,
391% for An, 357% for N-MA and 267% for N,N-
DMA.AsBA isthehighest pK_ valueinal studied
aromatic amines, it mogt strongly atractswiththenega
tive stationary phase surface (see Figure 9A and 9B).
Thisisduetothefact that [CF,SO,| speciesmore ad-
sorb onthe stationary phase surfaceand dsoit can pair
with the protonated aromatic amines, theselead to the

TABLE 1: Effect of anion typeof [EM Im] cation on thereten-
tion factor (k) of eight aromaticamines

Retention factor (k)

Anion

type  An BA N-MA N,N-DMA p-Aph m-Aph p-To p-ABA
CF:SO; 219 470 7.43 14.19 024 086 836 10.66
BF, 0.56 1.01 2.08 531 009 019 208 797

M obile phases: 5 MM [EMIm] [X] aqueous solutions at pH 3.0
(X = CF,S0,, BF)
decrease of el ectrostatic repulsion and theincrease of
the hydrophobic and cation exchangeinteractions.
The separation mechanism with 1-alkyl-3-
methylimidazolium-basedionicliquidsasmobilephase
additivesin semi-micro high-performanceliquid chro-
matography for separation of aromatic amines.
According tothe previoudy obtained resultsof re-
tention behavior, we supposethat the separation mecha
nismwith someionicliquidsasmobile phaseadditives
for studied eight aromati c amines dependson complex
interactions. Theakyl chain of imidazolium cation of
ILswill interact with theresidua silanol and octadecyl
groups of the octadecylsilicastationary phase by hy-
drophobicinteractions. Theextent of the positivelayer
in stationary phase surface affected by theILsasthe
mobile phase additives and theirs concentration, mo-
bile phasepH and akyl chainlength of imidazolium cat-
ion of ionic liquid. The protonated aromatic amine
samplesareprimarily repul sed by ionicinteraction (€ec-
trostatic repulsion). Moreover, because of another part
of imidazolium cation molecule, the protonated An, p-
To, BA, N-MA and N,N-DMA are also retained by
hydrophobic interaction. Furthermore, the anions of
ionic liquids form the hydrogen bond with C-2 of
imidazolium cations and al so attract with N* atom of
imidazolium cation. The anions adsorb onthe octadecyl
stationary phase, the stationary phase surface becomes
the partly negativecharge. BA isthestrongest basein
group of p-Aph, mAph and An. If the separation
mechani sm of aromati c aminesiscontrolled by €l ectro-
static repulsion only, BAwill be eluted before them.
However, BA had alonger retentionfactor than those;
this separation mechani sm has been affected by cation
exchange mechanism. Besdes, theanionsinthemobile
phase al so pair with the protonated aromatic amine,
N,N-DMA was eluted mored owly than p-ABA. Con-
sequently, the separation mechanisminvolvese ectro-
datic repulsion, hydrophobic, cation exchangeand ion-
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pairing interactions. The separation mechanismwith
someionicliquidsas mobile phase additivesfor eight
aromatic aminesisshowninfigure10.

CONCLUSION

All obtained resultsinthisstudy have demondtrated
that theionicliquidshaveapotentia to solvetheprob-
lem of aromatic aminesseparation such asbandtailing
and band broadening. Itisduetothat ionicliquidscan
play amultiplicity of roles, such asblocking theresdua
silanal groups, modifying the sationary phase, acting
asion-pairing agentsand cation exchanger. Thereten-
tion behavior of aromatic aminesisgresatly affected by
theionicliquid concentration, dkyl chainlength onthe
imidazolium cation and anion typeof ionicliquid, and
mobilephase pH. Theincrease of theionicliquid con-
centration resulted in the drastic decrease of thereten-
tion factorsof all eight aromatic aminesstudied. This
attributesthe competition betweenimidazolium cations
and protonated aromatic amines in the adsorbed
imidazolium cationslayer (pseudo-positive stationary
phase) with the octadecyl and residual silanol groups
onoctadecylslicasurface Theincreaseof theakyl chain
length on theimidazolium cation of theionicliquids
caused the drasti c decrease of theretention factors of
all studied eight aromatic amines, becausethisfactor
leadsto theincrease of electrostatic repulsion. Onthe
contrary, theincrease of the mobile phase pH caused
theincrease of the retention factorsof most aromatic
amines, thisisdueto most aromatic amineshaveade-
creased dissoci ation ability, which causesadecrease
of electrostatic repulsion force between the adsorbed
imidazolium cationslayer (pseudo-positive stationary
phase) and the protonated aromatic amines. Moreover,
theaniontypes ([EMIm] [BF,] and [EMIm] [CF,SO,]
) of theionicliquidsexhibited thedifferent retention fac-
tors, and larger retention factors were obtained with
[EMIm] [CF,SO,] thanwith[EMIm] [BF,]. Thein-
creased ratio of retention factor is clear for the BA,
which is the strongest base in all studied aromatic
amines. Thesgparationmechanisminvolvesdectrogatic
repulsion, hydrophobic, cation exchange andion-pair-
ing interactions. Theseresultsareextremely useful to
apply thissystem for analysis of other compoundsin
thefuture.

—— Fyll Peper
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