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Advances of Analysis Technique for Ionic liquids
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Abstract: In this review,the methods for separating and analyzing ionic liquids using high
performance liquid chromatography (HPLC) ,ion chromatography (1C),liquid chromatography —mass

spectrometry (LC—MS) and capillary electrophoresis (CE) are examined.
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Table 1 Methods of determination of ionic liquid cations and anions

1

BF, ,F-,Cl",Br METROSEP Anion Dual 1 column 50~80 pg/L
BF,,F-,Cl-,Br,NO;,S0* IC-CD Shim—pack IC-A3 0.02~0.58 mg/L [6]
F-,ClI,Br IC-CD Shim—pack 1C-A3 0.02~0.11 mg/L [7]
PF¢,F-,Cl7,Br IC D ionex lonPac AS22 column 0.5~5.0 pg/L [8]
PF¢ 1C-CD Shim-pack IC-A3 9.2 mg/LL [9]
PF¢ RP-IPC-CD Diamonsil C18 Column 0.25 mg/L [10]
CFsC00~,SCN-,BF,,CF:SO5 RP-IPC-CD Diamonsil C18 column 0.07~0.36 mg/L [11]
IC-CD Shim-pack IC-A3 1.22 mg/L [12]
CF,C00", BF;,F,Cl",Br- IC-CD Shim—packIC—A3 0.010~0.50 mg/L [13]
BF, IC-CD Chromolith Speed ROD RP-18 Column 1.4 mg/L [14]
F-,Cl",Br IC-CD and UV Dionex AS9-HC Column 0.02~1.0 mg/kg [15]
Cl- IC—suppressed CD  1C Sep AN2 Column <8 mg/kg [16]
Suppressed [C-CD,
Cl~,Br,BF,,PFs, THN, TsO™
7’ PR e TR IS Non—Suppressed Sphere Clone SAX ,MetrosepA Supp 5 1.0~1.6 mg/L. [17]
N(CN),
IC-CD
EPy*, BPy* IC-CD Cation—exchange column 1.93,4.68 mg /L [18]
AMIM*, BMIM*, EMIM*, PMIM* IC-CD Carboxyl acid cation exchange column 3.2~24.3 mg/L [19]
EMIM * ,PMIM * ,BMIM * ,AMIM *
’ ’ ’  1C-CD Cation—exchange column 1.1~45.6 mg/ L [20]
HMIM*
EPy*, BPy*, HPy* IC-CD Shim-pack 1C-C1 0.60~10.8 mg/L [21]
[MEPi]*,[MPPi]* ,[MBPi]* IC-CD 0.14~0.56 mg/L [22]
EEIM * ,PMIM * ,BEIM * ,OMIM * , .
HMIM*, MBPy*, EBzMIM, HMPy* IC Cation exchange column [23]
EEIM * ,PMIM * ,BMIM * ,BEIM * ,
MBPy*,AMIM *,BzMIM * ,EBzMIM *, 1C-CD CS15 cation—exchange column — [24]
HMPy*, HMIM*, OMIM*
DMIM * ,NMIM *, OMIM * ,HMIM * , Strong cation exchange column (Luna SCX),
AMIM*, BMIM*, TEN -, PFg IC Strong anion exchange column (Phenosphere 0.008~0.05 mmol/L.  [25]
BF, ,Br ,Cl" SAX)

IM12, IM14,IM16,IM18, [(CF:SO,)N]
“,[B(CN),]~, [C(CN)s]~, [H(CF)SO5]~, IC
[(CF5)sPF5], [N(CN),J

Metrosep C4 ion exchange column, 0.33~1.0 ymol/L [26]

Metrosep A supp ion exchange column

EEIM * ,BMIM * ,AMIM * ,HMIM * , IC, MetaSil SCX ion exchange columns,Kromasil

— 2
OMIM*, BZMIM*, MBPy* RP-HPLC-UV/VIS  100-5 RP 8 column 1271
EMIM * ,PMIM * ,BMIM * ,AMIM *
HMIM: ’ ’ ’ » IPC-UV ZORBAX Eclipse XDB C18 column 0.05~0.3 mg/L [28]
EMIM*, PMIM*, BMIM*, AMIM* [PC-CD Chromolith Speed ROD RP-18e column 2.1~55.9 mg/L [29]
EPy*,BPy*, BMPy*, HPy* IPC-UV ZORBAX Eclipse XDB-C18 column 0.3~0.7 mg/L [30]
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EPy*, BPy*, BMPy*, HPy* IPC-UV ZORBAX Eclipse XDB-C18 column 0.05~0.17 mg/L [31]
EMIM * ,PMIM * ,BMIM * ,AMIM *

: : : * IPC- 77 i - 31~0.
HMIV®, EPy*, BPy*, BMPy*, HPy* PC-UV ORBAX Eclipse XDB-C18 column 0.31~0.54 mg/L [32]
EMIM * ,PMIM * ,BMIM * ,AMIM *

’ ’ ’ > IPC-UV Chromolith Performance RP-18e column 0.11~0.62 mg/L, [33]

HMIM*, EPy*, BPy*, BMPy*, HPy*

EEIM * ,PMIM * ,PEIM * ,BMIM * ,
B:MIM * ,AMIM * ,EBzMIM * , RP-HPLC-ESI/MS RP-C8 column = [34]
pMBzMIM*, HMIM*, HEIM*, HpMIM*

EMIM * ,EEIM * ,PMIM * ,BMIM *
’ ’ ’ ’ Synergi Polar—-RP Column,

AMIM * HMIM * ,OMIM * \NMIM *, RP-HPLC-UVNVIS  © = 5 1~5 pmol/L [35]
BzMIM*, EBzMIM*, MBPy* S o
PMIM * ,BMIM * ,AMIM * ,HMIM * SG -C18,SG —C8 ,SG —C4 , Fudion , SG —MIX ,G —

P-HPLC-DAD = 6
EEIM*, BEIM*, pMBzMIM*, MBPy* i = CHOL,SG-AP,SG-Ph ,SG-Ar 136]
EMIM*, BMIM*, HMIM*, OMIM* RP-HPLC-UV Kromasil C18 column — [37]
EMIM*, BMIM*, HMIM*, OMIM* RP-HPLC-UV Kromasil C8,Zorbax Extend C18,Zorbax Sh-Aq  1.6~5 nmol/L [38]
PMIM * ,BMIM * ,AMIM * ,HMIM * , SG -C18,SG —C8 ,SG —C4 , Fudion , SG —MIX , G —
BEIM*, MBPy*, pMBzMIM* RP=HPLC-DAD CHOL,SG-AP,SG—Ph,SG-Ar 1391
EMIM * ,BMIM * ,BMMIM * ,HMIM * , HILIC-DAD C8 Metasil Basic,Uptisphere OH,YMC —Pack . [40]

OMIM* OH , Nucleosil OH

Primesep 100, Primesep 200, TSKGelAmide,
Supelcosil LC -CN, (1) —Uptisphere NH2, (2) —
HILIC-UV YMCPack NH2,1-Uptisphere OH,2 -YMCPack — [41]
OH,ZIC-HILIC, ObeliscR ,Obelisc N, Uptisphere
MM1, Uptisphere MM3

EMIM * ,BMIM * ,BMMIM * ,HMIM * ,
OMIM*

RP-UPLC-PDA
DMIM * ,EMIM * ,PMIM * ,BMIM * ’
HMIM* 1\’/[OIM* ’ ’ " IP-UPLC-PDA, BEH Phenyl ,BEH C18,BEH C8,BEH HILIC = [42]
’ HILIC-UPLC-PDA

BMIPF,, MeBu;NNTY,, BuMePyrNTf,  ESI-MS — — [44]

[BMIM] [Ala], [BMIM] [Arg] [BMIM]
[Asp], [BMIM] [Asn], [BMIM] [Cys],
[BMIM] [Gln], [BMIM] [Glu], [BMIM]
[Gly] [BMIM] [His], [BMIM] [Ile],
[BMIM] [Leu], [BMIM] [Lys] [BMIM]
[Met], [BMIM] [Phe], [BMIM] [Pro],
[BMIM] [Ser], [BMIM] [Thr], [BMIM]
[Trp],[BMIM][Val]

LC-MS Ultimate ODS column 1~15 ng/mL [45]

EMIM*, BMIM*,iBMIM*, Imidazole ,
1 —methylimidazole ,2 —ethylimidazole, CE-UVIS Silica capillaries 0.42~1.36 mg/kg  [46]
1,2-dimethylimidazole

MMIM * ,EMIM * ,EEIM * ,PMIM * |

.01 L
BMIM*, BzMIM*, HMIM*,pMBzMIM*, CE-UV Bare fused-silica capillary 8(1) he/ T ’ [47]
OMIM*,NMIM*, DMIM+, 1 pefm
Br,Cl~ CE-DAD Bare silica capillary = [48]
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2.1
(Ion Chromatography,I1C)

o IC ILs
ILs BF,~ PFs

[5-17] [5] [6-7,14]
(o] b

- (IC-CD),
BF, F- .Cl".Br

B Dionex IonPac AS22
ILs (PF¢)
(F-,CI",Br ) .4 0.5~200 pg/L
(r7=0.999), 94.5% ~
100.5%, 0.63%~1.03%, S/
N=3) 0.5~5.0 pg/l, Bl IC-CD
ILs PF¢, 9.2 mg/L.,
98%~100% 1ol -

,PFs (F-.ClI" \Br \NO5 SO,
BF,) 15 min , S/
N=3) 0.25 mg/L, 99%~104% .,

ILs
N UIJD
IC BF,~ PFs , 121
ILs 1C-CD
o Stepnowski [
7 s
pH
1.0~1.6 mg/L,
3.0% o ILs

ILs
1820 yy [0
5 ILs
BMIM*, AMIM*,HMIM") ,
<3.0% ,
101.9%., 2011 @21

(EMIM*, PMIM?,

1.1~45.6 mg/ L,

92.5% ~

5 - - ) IC_
CD EPy* BPy" .HPy* 3 ILs

[22]

ILs ,
ILs ,MEPi* MPPi* MBPi* 3
7 min (S/N=3)
0.56 mg/L, (n=5) 1.2%
97.6%~105.1%, Molikova #!
JIC-CD

0.14~

pH

pH

EEIM*
OMIM*
Dionex IonPac CS15

PMIM,
HMPy* HMIM* ., 2011
Studzinska™

(QSRR) , 11
1Ls

ILs CS15

ILs
Markowska 1 -
ILs
,Stolte ™

,2008
. 2011
ILs
’ ILs
, 4 ILs (El\\/[IM*\BMIM*\

HMIM* OMIM*) 6 ([ (CF5S0,),N]
[B(CN)4]".[C(CN )]~ [H(CF4)SO5]™ [ [(CoFs)sPF5]~ |

[N(CN),| 0.33~1.0 pmol/L,
0.58%~8.33% , 76% ~
98% , 89%~107%
ILs
4
1Ls
[27]
2.2
ILs
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,2010
, (2] ZORBAX Eclipse XDB C18
- (IPC-UV) 5 ILs
ILs ,
- , 4 ILs =1,
2012 )
- , 4
ILs , ,
ILs
l30—31|0 , [32]
ILs , ZORBAX Eclipse XDB
C18 , 1.0 mmol/L
(pH 4.0)+ ,
4 5 15 min
o Chromolith
Performance RP-18e )
ILs ,9 8 min
) “ )
2.3
ILs
,2003  Stepnowski
11
ILs, 2006 &)
Gemini C6 polar —-RP Synergi
Polar-RP
, ILs ,
ILs =T
, Kowalska ILs
( = ) 0
4
eng ILs ,
Ruiz—Angel " Kromasil C18 .
, 11 1- -3- ILs
s ILs |

) 5 ILS
, 1Ls
. 2008 B8] 3

(NaCl,NaH,PO,,NaBF,,NaClO,  NaPF,) 4
ILs s Kromacil C8
NaPFy 4
(1.6~5.0 nmol/L) ,

o 2006
,Buszewski
11 ILs ,
SG-C4 ,
, 8 ILs
, 4
ILs ) ’
Rouzo ™ (HILIC)
ILs ,
, ILs s
(50~70 min), . 2011  ,Lamouroux M
5 ILs R
ILs
o , HILIC ,
ILs )
R [42] ,
ILs ,
; (RP) (IP)
(HILIC)
ILs,
,3 (2~4 min)
6 ILs )
HILIC-UPLC o
24 -
ILs
, 1Ls ILs
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HPLC-UV/DAD , ILs 7 8 min
0.42~1.36 mg/L,
22004  Markuszewski ™7
ILs
,2001 3] .pH ,
ILs , (r=0.996 6),
o 2003  ,Alfassi (RSD)  0.05%~0.1%,
ILs (RSD)  1.30%~2.55% ,EMIM*
s \ s (500 s 5s)
(MRM) , , 3 0.01 pg/ml. 0.1 pg/mL,
ILs (MeBu;NNTf, . BuMePyrNTf, . BMIPF) ,Berthier ¥ ILs
(0.70£0.08) gL, (6.0+0.5) g/L. (Cl~\Br")
(18.6+0.7) /1.,2008  ,Tang I - (mg/L) o
LC-MS 20 ILs,
Ul ODSCS 200 sk 6 s 1) WGBNANRRICTURTRRRIIE
0.5 mmol/L + (pH ILs
3)
(ESIY) (MRM) ,
[EMIM]|CI] o 20 ILs , Nichthauser
ILs  0.1~500 pg/L (> + ( 1/9,pH 3)
0.993), [AA+H]* ILs, BMIM* HMIM*
0.9%~2.7% ,|[BMIM|*  1.1%~2.4%, ILs ,BMIM* (98%)
8~15 ng/mL,BMIM* 1 ng/mL, HMIM* 40%
20 91.3%~109.7%,
ILs , Stepnowski™
+ ( 1/1,pH 3)
ILs 6 ILs,
(90.6%~100% ) , ILs
25 ’ 51521
2002 Qin M “, N N 1Ls
ILs o-
1- -3-
A
|
ILs Tonic liquids
PEIM* I - 3
BMIM* 1-butyl-3-methylimidazolium cation 1- -3-
iBMIM* 1-isobutyl-3-methylimidazolium cation 1- -3-
BMMIM* ) Ryl et Bseoy vzl o - 23—
HMIM® e e e bzl et - 3
EMIM* T ., - 3
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A
-7 ]
PMIM* 1—propyl —3-methylimidazolium cation 1- -3-
AMIM* 1-amyl-3-methylimidazolium cation 1- -3-
OMIM* 1-octyl-3-methylimidazolium cation 1- -3-
NMIM* 1-nonyl-3-methylimidazolium cation 1- -3-
BEIM* 1-Butyl-3—ethylimidazolium cation 1- -3-
EEIM* 1-ethyl-3—ethylimidazolium cation 1- —3-
DMIM* 1-decyl-3-methylimidazolium cation 1- -3-
HEIM* 1-Hexyl-4-ethylimidazolium cation 1- —4-
HpMIM* 1-heptyl-3-methylimidazolium cation 1- -3-
MBPy* 1-Butyl-4-methylpyridinium cation Il= -4
HMPy* 1-Hexyl-4-methylpyridinium cation 1- —4-
MEPi* N-methyl—ethylpipefidinium cation N- -
MPPi* N-methyl—propylpiperidinium cation N- -
MBPi* N-methyl-butylpiperidinium cation N- -
EPy* N—ethylpyridinium cation N-
BPy* N-butylpyridinium cation N-
HPy* N-hexyl pyridinium cation N-
BzMIM* 1-Benzyl-3-methylimidazolium cation 1- -3-
EBzMIM* 1-(p—Ethylbenzyl)-3-methylimidazolium cation 1-( ) -3-
pMBZMIM* 1—(p—methylbenzyl)-3-methylimidazolium cation 1-( ) -3-
BMIPF 1-butyl-3-methylimidazolium hexafluorophosphate 1- -3-
MeBu3NNTf, methyltributylammonium bis(trifluoromethylsulfonyl)imide ( )
BuMePyrNTf, Butylmethylpyrrolidinium bis(trifluoromethylsulfonyl)imide 1- -1- ( )
HPLC high—performance liquid chromatography
HILIC Hydrophilic interaction liquid chromatography
UPLC Ultra performance liquid chromatography
LC-MS Liquid chromatography—mass spectrometry -
IC Ion Chromatography
IPC lon—Pair Chromatography
CDh Conductance Detector
(A% Ultra Violet
PDA / DAD Photo—Diode Array /Diode Array Detector
CE Capillary electrophoretic
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