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Abstract−[BMIM]FeCl4 (1-butyl-3-methylimidazolium tetrachloroferrate) was successfully separated from a homo-
geneous mixture of [BMIM]FeCl4 and H2O via a simple two-step method of phase-division by adding inorganic salt
plus chemical extraction, or alternatively, ultracentrifugation, or ultrastrong magnetic field. NaCl showed excellent and
effective phase-dividing performance combined with chemical extraction method from the homogeneous mixture of
[BMIM]FeCl4 and H2O lower to 1 v%.
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INTRODUCTION

Room temperature ionic liquids (RTILs) have been extensively
used as a reaction medium in a variety of fields due to their attractive
and unique properties such as non-volatility, non-flammability, high
thermal stability, high ionic conductivity and wide electrochemical
potential window. In particular, as a designer solvents [1], ionic liquid
(ILs) can be functionalized by altering their anions or cations; there-
fore, new functional ILs can be synthesized to meet the increasing
demand on different properties of RTILs in various fields.

A new functional RTIL system was reported by substituting FeCl4−
for Cl− [2-7], and Fig. 1 shows the molecular structure of one typical
FeCl4

−-containing RTIL, [BMIM]FeCl4 [8-12]. The incorporation
of FeCl4− ion changed the physicochemical properties of the original
IL, e.g., hydrophilic 1-butyl-3-methylimidazolium chloride (BMIMCl)
[13] turned into hydrophobic [BMIM]FeCl4 [8,14]. Moreover, FeCl4−
brings both strong magnetic response [3,5,15] and high oxidation
ability, therefore, nano-sized conducting polymers (CPs) can be
prepared [9-11] without adding additional oxidant. In addition, FeCl4−-
containing ionic liquid was also found to be a very efficient catalyst
for some organic synthesis processes [7,8,12,16].

It is known that for the application of ILs as co-solvents, or addi-
tives in various reaction systems, the recovery of ILs for recycle is a
key process. Recently, Lee et al. studied the clean recovery of [BMIM]
FeCl4 rich phase from its mixture with water by using a magnetic

field [17]. However, this method failed to separate homogeneous
mixtures which accommodated up to ~20% (v/v) [BMIM]FeCl4.
Although the conventional evaporation method is available, it is
laborious to evaporate over 80 v% H2O. In review of these, there is
a need to develop a new methodology for recovery of [BMIM]FeCl4
from homogeneous mixtures.

Here, we report a simple chemical method that can successfully
separate [BMIM]FeCl4 from the homogenous solution even with a
low content of 1 v%. Extra evaporation method was used to remove
the trace of H2O in obtained [BMIM]FeCl4.

EXPERIMENTAL

BMIM[FeCl4] was synthesized referring to Hamaguchi et al. [3].
In brief, equimolar FeCl3·6H2O and [BMIM]Cl were mixed with
vigorous stirring. Several minutes later, dark brown [BMIM]FeCl4

was formed, and the mixture was still stirred for 24 h. When the
upper layer water was separated, the [BMIM]FeCl4 was treated in
vacuum oven at 60 oC for 48 h in order to remove trace H2O dis-
solved in [BMIM]FeCl4.

Mixtures of [BMIM]FeCl4 and water with three volume ratios,
10 : 90, 5 : 95, and 1 : 99, were prepared and divided into two groups,
Group-1 and Group-II, according to the preparation methods. In
Group-I, [BMIM]FeCl4 was carefully added into H2O without agi-
tation, while in Group-II, [BMIM]FeCl4 was added into H2O with
vigorous stirring in order to form a homogeneous mixture.

A recovery experiment was carried out in two steps: (1) Inor-
ganic salts were added in the homogeneous mixture of [BMIM]FeCl4
and H2O, and then the mixture was vigorously agitated for 5 minutes.
Subsequently, droplets of [BMIM]FeCl4 appeared and were absorbed
on the vessel walls. Unsaturated, saturated and overmuch saturated
inorganic salts were added, respectively, in order to investigate the
effect of concentration of inorganic salts on the recovery properties.
(2) Immiscible mixture of [BMIM]FeCl4 and H2O was centrifuged
at high-speed, or irradiated in an intensive magnetic field (max. 12 T);
alternatively, organic solvents of CCl4 or CHCl3 were added in the
immiscible mixture of [BMIM]FeCl4 and H2O, in order to aggre-

Fig. 1. Molecular structure of 1-butyl-3-methylimidazolium tetra-
chloroferrate, [BMIM]FeCl4.
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gate the droplets of [BMIM]FeCl4 to form a continuous phase layer
under H2O layer. CCl4 or CHCl3 not less than half of the mixture
volume was added so as to entirely remove droplets of [BMIM]
FeCl4.

RESULTS AND DISCUSSION

In our primary experiment, magnetic response and recovery be-
havior of sample mixture solutions in Group-I and Group-II were
tested in an ultrastrong magnetic field. For all Group-II samples in
ultrastrong magnetic field (10 T) up to 10 v% for 15 minutes, no
[BMIM]FeCl4 was separated, while for Group-I samples, a dis-
tinctly magnetic response was observed even for those with lower
content of [BMIM]FeCl4 up to 5%. These indicate that the recov-
ery of [BMIM]FeCl4 depends on not only the volume ratio, but also
the homogeneity of the mixture. Therefore, the first step of recov-
ering [BMIM]FeCl4 from aqueous solution is to divide the homog-
enous solution of [BMIM]FeCl4 and H2O into two-phase.

Due to the hydrophobic property of [BMIM]FeCl4 [8,14], the
homogeneous mixture of [BMIM]FeCl4 and H2O may be an emul-
sion rather than a true solution. Therefore, a demulsification method
can be used to separate [BMIM]FeCl4 from H2O. However, there
is no distinct change that was observed by using ultracentrifugation
at a high-speed of 60,000 rpm over 0.5 h or cryothermal treatment
at a lower temperature (−18 oC) for 24 h.

Alternatively, the demicelle method by adding inorganic salts has
a distinct effect on the separation of [BMIM]FeCl4 from its aque-
ous mixture. Fig. 2 shows the photos of the homogeneous mixture
of [BMIM]FeCl4 (5 v%) and H2O (95 v%) with and without the
addition of saturated NaCl and/or CCl4. It is clearly observed that
the original mixture exists in the form of a transparent homogeneous
orange liquid (Fig. 2(a)). For the mixture containing saturated NaCl,
brown droplets appear and absorb on the vessel wall and bottom
(Fig. 2(b)). Because the density of [BMIM]FeCl4 (1.38 g/cm3) [6]
is larger than that of H2O (1.0 g/cm3), most of [BMIM]FeCl4 gradu-
ally slid from vessel wall and launched on the bottom. With the fur-
ther addition of organic solvents CHCl3 (or CCl4) a three-layer mix-
ture forms (Fig. 2(c)), which is in the form of H2O/[BMIM]FeCl4/
CCl4 from up to down, consistent with the order of their densities:
(H2O: 1 g/cm3, [BMIM]FeCl4: 1.38 g/cm3 [6], CHCl3: 1.45 g/cm3).
It is worth mentioning that the CHCl3 or CCl4 in the three-layer mix-
ture can be reused without further treatment.

When the sample mixtures in Fig. 2(b) were further treated by
ultracentrifugation method at a speed over 10,000 rpm or ultrastrong
magnetic field, [BMIM]FeCl4 was also successfully separated and
formed a continuous phase layer, i.e., a two-layer mixture, H2O/
[BMIM]FeCl4.

Furthermore, for those homogeneous mixtures with 5 v% [BMIM]
FeCl4 or more, when they were added with NaCl and vigorously
agitated, bigger droplets of [BMIM]FeCl4 appeared. Therefore, when
the vessel (flat bottom) was tilted at some angle and rapped slightly,
these big droplets of [BMIM]FeCl4 moved and formed a continu-
ous [BMIM]FeCl4 phase. This fact suggests a much easier separa-
tion process without extra strong external force. However, with the
help of ultracentrifugation and/or ultrastrong magnetic field, or chemi-
cal reagents, small [BMIM]FeCl4 droplets as well as those adsorb-
ing on the vessel wall and bottom could be entirely collected in a
shorter time. In other words, the separation efficiency was improved
by the presence of a strong external force.

Several other inorganic salts including KCl, CuCl2, NaNO3, Na2SO4

were used to separate [BMIM]FeCl4 for comparison with NaCl,
and the results are summarized in Table 1. It is concluded that the
applied inorganic salts can be divided into three groups according to
their separation performance: Na2SO4 and NaNO3 show little effect,
while KCl, CuCl2 favor separation for those samples with higher
volume ratio of [BMIM]FeCl4 to H2O, e.g., more than 5%. Only
NaCl offers an excellent separation effect which can separate [BMIM]
FeCl4 from the homogeneous mixture even with only 1 v% [BMIM]
FeCl4. Recently, Rebelo et al. reported the biphasic effect of K3PO4

on [BMIM]Cl [18], which is not valid for [BMIM]FeCl4. Since the
inorganic salts dissolved poorly in [BMIM]FeCl4 but well in H2O,
the inorganic salts can be easily regained from H2O, e.g., via evapo-
ration under sunshine.

It is also found that the separation of [BMIM]FeCl4 strongly de-
pends on the concentration of inorganic salts in mixture of [BMIM]
FeCl4 and H2O. Unsaturated NaCl caused little [BMIM]FeCl4 drop-
let formation, while saturated NaCl promoted a much faster and
more efficient separation process. However, when overmuch satu-
rated NaCl was added, the separation process was hindered due to
the adsorption of some [BMIM]FeCl4 onto the undissolved NaCl
particles.

As we know, dissolution of solutes in solvents depends on not
only the temperature and its dissolution ability, but also the exist-
ence of other solutes: the dissolution increases or decreases when
other solutes are added. Here, both inorganic salts are solutes, hence
the dissolution of [BMIM]FeCl4 was influenced by different inor-
ganic salts and concentrations. When the dissolution of [BMIM]
FeCl4 decreased, it separated and recovered from the mixture. As
shown in Table 1, this effect is selectively sensitive to anions: Only

Fig. 2. Photos of homogeneous mixture of [BMIM]FeCl4 (10 v%)
and H2O (90 v%) before (a), and after adding saturated NaCl
(b), and further adding CCl4 (c).

Table 1. Phase-dividing performance of various inorganic salts to
homogeneous mixture of [BMIM]FeCl4 and H2O

Volume ratio 10% 5% 1%
NaCl good good mid
KCl good mid /
CuCl2 good mid /
NaNO3 mid mid /
Na2SO4 / / /
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when those salts including anion Cl− were added could a recovery
process occur, while the other three anions, NO3

−, SO4
2−, PO4

3− did
not work. In other words, the addition of Cl− anion favors the back-
ward direction of the equilibrium in Eq. (1). On the other hand, the
dissolution (recovery) also depends to some extent on cations, for
different recovery performance was also found for NaCl, KCl and
CuCl2. The relevant mechanism needs further investigation.

[BMIM]FeCl4⇔BMIM++FeCl4−⇔BMIM++Fe3++4Cl− (1)

The mutual solubility includes the solubility of the water in the
IL-rich phase and the solubility of the IL in the water-rich phase [19].
Results of a primary experiment on the solution of [BMIM]FeCl4

in H2O and H2O in [BMIM]FeCl4 show that up to 20 v% [BMIM]
FeCl4 could be dissolved in 80 v% H2O, while it is hard even for a
spot of H2O to be dissolved in pure [BMIM]FeCl4 of much higher
volume, e.g., 50µL H2O to 800µL [BMIM]FeCl4. Hence, the hy-
drophobic property of [BMIM]FeCl4 refers to the solubility of H2O
in [BMIM]FeCl4 rather than otherwise. This also indicates a trace
of H2O existing in the [BMIM]FeCl4, which can be easily removed
by evaporation method.

CONCLUSION

We present an easy recovery method for [BMIM]FeCl4 from the
homogeneous mixture even with a low content to 1%. Meanwhile,
the inorganic salts and organic solvents used in the separating pro-
cess can be recycled; thus, it is an efficient and low-cost method.
Together with the way for immiscible [BMIM]FeCl4-rich mixture, an
overall means is available that can recover [BMIM]FeCl4 from a
mixture of [BMIM]FeCl4 and H2O with any volume ratio of [BMIM]
FeCl4 (1%≤C0<100%).

ACKNOWLEDGEMENT

We are grateful for the support of the National Natural Science
Foundation of China (No. 20504026, 20604015), International Sci-
entific and Technological Cooperation Program of Shanghai (No.
08230705600), and Shanghai Nanotechnology Promotion Center
(No. 0852nm02300), Shanghai Leading Academic Discipline Project

(B502) and Shanghai Key Laboratory Project (08DZ2230500).

REFERENCES

1. K. R. Seddon, J. Chem. Tech. Biotechnol., 68, 351 (1997).
2. M. S. Sitze, E. R. Schreiter, E. V. Patterson and R. G. Freeman, Inorg.

Chem., 40, 2298 (2001).
3. S. Hayashi and H. Hamaguchi, Chem. Lett., 33, 1590 (2004).
4. Q. Zhang, J. Yang, X. Lu, J. Gui and M. Huang, Fluid Phase Equilib.,

226, 207 (2004).
5. R. E. Del Sesto, T. Mark McClesker, A. K. Burrell, G. A. Baker, J. D.

Thompson, B. L. Scott, J. S. Wilkes and P. Williams, Chem. Com-
mun., 447 (2008).

6. Y. Yoshida and G. Saito, J. Mater. Chem., 16, 1254 (2006).
7. M. H. Valkenberg, C. DeCastro and W. F. Hölderich, Appl. Catal.

A, 215, 185 (2001).
8. K. Bica and P. Gaertner, Org. Lett., 8, 733 (2006).
9. J. Y. Kim, J. T. Kim, E. A. Song, Y. K. Min and H. O. Hamaguchi,

Macromol., 41, 2886 (2008).
10. L. Li, Y. Huang, G. Yan, F. Liu, Z. Huang and Z. Ma, Mater. Lett.,

63, 8 (2009).
11. S. Shang, L. Li, X. Yang and L. Zheng, J. Colloid. Interf. Sci., 333,

415 (2009).
12. X. Chen and Y. Peng, Catal. Lett., 122, 310 (2007).
13. S. Zhu, Y. Wu, Q. Chen, Z. Yu, C. Wang, S. Jin, Y. Ding and G. Wu,

Green Chem., 8, 325 (2006).
14. S. H. Lee, S. H. Ha, S. S. Ha, H. B. Jin, C. Y. You and Y. M. Koo, J.

Appl. Phys., 101, 102 (2007).
15. S. Hayashi, S. Saha and H. Hamaguchi, IEEE Trans. Magn., 42, 12

(2006).
16. M. V. Alexander, A. C. Khandekar and S. D. Samant, J. Mol. Catal.

A, 223, 75 (2004).
17. S. H. Lee, S. H. Ha, C. Y. You and Y. M. Koo, Korean J. Chem. Eng.,

24, 436 (2007).
18. V. Najdanovic-Visak, J. N. Canongia Lopes, Z. P. Visak, J. Trindade

and L. P. N. Rebelo, Int. J. Mol. Sci., 8, 736 (2007).
19. J. L. Anthony, E. J. Maginn and J. F. Brennecke, J. Phys. Chem. B,

105, 10942 (2001).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


