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The industrial application of supported liquid membranes (SLMs) is still limited due to
concerns about their stability. In a previous work, the selective separation of the sub-
strates and products of a transesterification reaction was successfully carried out using
Nylon membranes impregnated with ionic liquids (ILs). This article analyses the effect of
both the IL composition and the nature of the surrounding phase on the stability of these
SLMs to design highly stable supported ionic liquid systems. For this purpose, the stabil-
ity of SLMs based on several ILs after immersion for a week in different feed/receiving
phases was characterized using scanning electron microscopy combined with energy dis-
persive X-ray (SEM-EDX). The differential migration of the ILs observed from the mem-
brane toward the surrounding phases was found to be correlated with the solubility of
the ILs in the contacting phases. It was observed that SLM stability increased as the po-
larity of the solvent used as receiving phase decreased and as the hydrophilic character
of the ILs used as liquid phase increased. Furthermore, the polymeric support was found
to have a strongly stabilizing effect because losses of IL after immersion in a given sur-
rounding phase were much lower than that derived from the solubility of the IL in this
phase. VVC 2011 American Institute of Chemical Engineers AIChE J, 58: 583–590, 2012

Keywords: supported liquid membranes, ionic liquids, SEM-EDX spectroscopy,
operational stability

Introduction

Supported liquid membranes (SLMs) usually consist of an
organic liquid embedded in the pores of a polymer support
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retained by capillary forces. The use of such membranes for
the selective separation of different chemical species is a
promising technique as an attractive alternative to others con-
ventional solvent extraction techniques. The most widely stud-
ied processes for selective separation are metal ions1–3 and
acids4–7 but neutral molecules, such as different drugs,8,9 phe-
nols,10,11 and sugars12–14 have also been studied. This SLM
system offers substantial advantages including low cost, high
efficiency, and minimum product contamination. Furthermore,
less extractant is required, there is no phase separation prob-
lem, no need for demulsification and scaling up for commer-
cial applications is easy. However, despite all these advan-
tages, the SLM technique is not fully utilized commercially at
high scale, primarily due to its progressive performance decay
with time. The instability of the organic liquid in the pores of
the inert membrane as support reduces the period of utilization
which has prevented its widespread use.15–24

Various mechanisms have been proposed to explain the
SLM instability: the loss of organic phase from the membrane
through dissolution into the surrounding liquids, liquid migra-
tion due to pressure differences or osmotic pressure gra-
dients,20,25 and emulsion formation26 or attrition of the organic
film21,26 due to lateral shear forces. Consequently, the SLM
stability may also be affected by the chemical nature and tex-
tural properties of polymeric support, the type of organic sol-
vent used in the studied process, the preparation method,27,28

etc., while the time periods for observed instability varies from
a few hours to several months depending on the system.20,25

Many research groups have achieved SLMs with improved sta-
bility by a variety of means, including polymerization of the
top layers,29 gelation of a liquid membrane,22,30 and interposi-
tion of a highly permeable material.31 In addition to these stud-
ies, much attention has been paid to use of ionic liquids as liq-
uid phase in SLMs.32–35

Ionic liquids (ILs), made of organic salts and liquids at
room temperature, present numerous advantages over organic
solvents conventionally used in separation processes as liq-
uid phase in supported liquid membranes due to their negli-
gible vapor pressure, the greater viscosity and the fact that
their solubility in the surrounding phases can be controlled
by adequate selection of the cation and anion.36

The aim of this work was the get a better understanding
of the influence of the ionic liquid composition and the na-
ture of the surrounding phase on the stability of supported
ionic liquid membranes to minimize the instability problems
in SLMs previously used for the selective separation of
transesterification reaction mixtures.37 More specifically,
SLMs based on [bmimþ][NTf2

-], [bmimþ][PF6
-]

[bmimþ][BF4
-], and [bmimþ][Cl-] were prepared and charac-

terized using scanning electron microscopy combined with
energy dispersive X-ray (SEM-EDX). The assayed ILs have
quite different hydrophilic characters and therefore allowed
us to analyze the influence of this parameter on SLM stabil-
ity. The SEM-EDX technique allowed us the characterization
of the membrane surface morphologically, to examine the
overall chemical composition of the membranes and ILs and
their distribution. Fresh and after-operation SLMs in a cell 1
week’s immersed in surrounding phases of different polarity
including n-hexane/n-hexane, n-hexane/tert-butyl methyl
ether (TBME), n-hexane/acetone, n-hexane/ dimethyl sulfox-
ide (DMSO), and n-hexane/water. n-Hexane was used as

feeding phase in all cases, since it is the most commonly
used organic solvent in transesterification reactions. These
characterization studies allowed us not only to assess the
presence of the ionic liquid in the membrane after prepara-
tion but also to identify whether there were any chemical
modifications on the SILMs’ surface after contact with the
surrounding phases, thus providing valuable information
about their integrity and stability.

Experimental

Reagents and membranes

A polymeric membrane of 25 mm diameter from Milli-
pore S.A. (Madrid, Spain) was used as support with the fol-
lowing specifications: NylonVR HNWP -hydrophilic polyam-
ide membrane- with a pore size of 0.45 lm and thickness of
170 lm.

The ionic liquids 1-butyl-3-methylimidazolium chloride,
[bmimþ][Cl-] (purity[99%), 1-butyl-3-methylimidazolium
tetrafluoroborate, [bmimþ][BF4

-] (purity[99%) and 1-butyl-
3-methylimidazolium hexafluorophosphate, [bmimþ][PF6

-]
(purity[99%) were purchased from Solvent Innovation
GmbH (Cologne, Germany). 1-Butyl-3-methylimidazolium
bis{(trifluoromethyl)sulfonyl}imide, [bmimþ][NTf2

-] (purity
[99%) was from Sigma-Aldrich-Fluka Chemical Co. (Ma-
drid, Spain). Substrates, solvents and other chemicals were
purchased from Sigma-Aldrich-Fluka Chemical Co. (Madrid,
Spain), and were of the highest purity available.

Preparation of Supported Liquid Membranes. The prepa-
ration of supported liquid membranes was described in detail
previously.38 In brief, immobilization involved placing the
membrane in a 10 mL AmiconTH ultrafiltration unit, to
which 3 mL of ionic liquid was added before applying a
nitrogen pressure of 2 bar. Pressure was released once a thin
layer of ionic liquid was apparent on the upper surface of
the membrane, indicating that all the pores were presumably
full. Then, the membrane was left overnight in vertical posi-
tion to remove by gravity all the excess ionic liquid located
from the membrane surface.

Solubility of Ionic Liquids in Water and Organic Sol-
vents. The solubility of the different ILs in water and or-
ganic solvents (n-hexane, TBME, acetone, and DMSO) was
determined by using the ‘‘cloud point’’ method. For that,
small aliquots of 5 lL of ionic liquid were successively
added to the corresponding solvent and the mixture was vig-
orously stirred at 303.2 K for 5 min. The solubility of the
ionic liquid in these solvents was determined by the appear-
ance of turbidity in the sample.

Membrane Stability Studies. The stability studies were
performed at 30�C using a glass diffusion cell with two in-
dependent compartments of 30 mL each one, separated by
the respective SLM. n-hexane/n-hexane, n-hexane/TBME, n-
hexane/acetone, n-hexane/DMSO, and n-hexane/water were
used as feeding and receiving solutions, respectively. Both
compartments were mechanically stirred continuously. The
fresh and after-operation SLMs for 7 days in the diffusion
cell were characterized by SEM-EDX immediately.

SEM-EDX Characterization. A scanning electron micro-
scope (SEM) ISI DS-130 coupled to a Kevex Si/Li detector
with an ultrathin window for the detection of chemical
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elements with Z[4 (Be) and a Sun SparcStation 5 for
energy dispersive X-ray (EDX) analysis was used to study
the morphological appearance, the overall chemical composi-
tion, and the distribution of the chemical elements of interest
in the supported liquid membranes.

Results and Discussion

Characterization of the supported liquid membranes

SEM micrographs of the Nylon membrane without IL (not
shown) showed a highly porous material consisting of mac-
ropores of about 1 lm average size. The EDX spectrum of
this Nylon membrane (not shown) showed the characteristic
peaks assigned to the C Ka, O Ka, and N Ka lines, the last
two appearing as a single peak unresolved due to their prox-
imity and small concentration. The presence of these chemi-
cal elements corresponds to the chemical formulation of
polyamide. Hydrogen and other light elements that can be
present in other samples can not be detected by EDX.

The supported ionic liquids studied: [bmimþ][NTf2
-],

[bmimþ][PF6
-] [bmimþ][BF4

-] and [bmimþ][Cl-], respec-
tively, were analyzed immediately after their immobilization
in the membrane to assure the complete filling of the mem-
brane pores verifying their homogeneous distribution. Fig-
ures 1a–d shows the SEM micrographs of the Nylon mem-
brane impregnated with the four ILs.

The morphological study showed that, in general, after
impregnation, the smaller pores of the membranes became
occluded with ionic liquid and only the biggest ones remained

partially filled. These pictures also show that excess ionic
liquid appeared on the external surface of the membranes:
extensively in the case of [bmimþ][Cl-] (Figure 1d) and
[bmimþ][PF6

-] (Figure 1c), moderately in the case of
[bmimþ][BF4

-] (Figure 1b) and imperceptibly for
[bmimþ][NTf2

-] (Figure 1a). As the preparation conditions
were identical for all the ILs tested, these differential features
seemed to be correlated with the viscosity of the respective
ionic liquids, following the sequence: [bmimþ][Cl-][
[bmimþ][PF6

-][ [bmimþ][BF4
-][ [bmimþ][NTf2

-].39 Conse-
quently, the accumulation of ionic liquid on the membrane sur-
face seems to be a kinetic effect of liquid fluidity: the greater
the IL viscosity, the higher the amount of IL remaining on the
external surface of the membrane.

The EDX study of supported liquid membranes was car-
ried out by selecting characteristic elements of interest in
each ionic liquid: F and S for [bmimþ][NTf2

-], F and P for
[bmimþ][PF6

-], F (B is not detected by EDX) for
[bmimþ][BF4

-] and Cl for [bmimþ][Cl-], as shown in Figure
2. The relative peak heights of identical elements in the dif-
ferent membranes are approximately related with their re-
spective concentrations assuming ZAF corrections are rela-
tively negligible.

The presence of these characteristic peaks of the ionic
liquids in the respective EDX spectrum of the fresh SLMs
evidences that an amount of ionic liquid remains adsorbed in
their respective Nylon membrane.

Membrane Stability Studies. Stability experiments were
carried out to investigate the possible loss of ionic liquid
from the Nylon membrane pores during operation when

Figure 1. Scanning electron micrographs of the Nylon membrane impregnated with (a) [bmim1][NTf2
-] (30403)

(scale bar 5 5 lm), (b) [bmim1][BF4
-] (10103) (scale bar 5 10 lm) (c) [bmim1][PF6

-] (10103) (scale bar 5
10 lm), and (d) [bmim1][Cl-] (10103) (scale bar 5 20 lm).
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surrounding phases of different Snyder polarity index were
used. This polarity scale is an overall measure of solvent
strength and is a composite of three types of solvent-solute
interactions: dipole-type, hydrogen-bond base, and hydrogen
bond acid.40 n-Hexane/n-hexane (Polarity indexn-hexane ¼
0.1), n-hexane/TBME (Polarity indexTBME ¼ 2.4), n-hexane/
acetone (Polarity indexacetone ¼ 5.1), n-hexane/DMSO
(Polarity indexDMSO ¼ 7.2), and n-hexane/water (Polarity
indexwater ¼ 10.2) were used as feed and receiving solutions,
respectively. n-Hexane was used as feed phase in all cases
since our future interest is to use these SLMs in reaction/
separation processes for the kinetic resolution of racemic
alcohols by enzymatic transesterification reactions and n-
hexane is one of the most commonly used organic solvent in
these processes. Solvents used as receiving phases were cho-
sen with the aim of covering the full range of polarity index
(0 to 10.2). These experiments were performed by keeping
the membranes with a supported IL ([bmimþ][NTf2

-],
[bmimþ][PF6

-] [bmimþ][BF4
-], or [bmimþ][Cl-]) immersed

for a week in a diffusion cell with two independent compart-
ments. The membranes were then characterized by SEM-
EDX analysis to examine the overall chemical composition
of the membranes, characterize the membrane surface mor-
phologically and examine the distribution of the ILs within
them.

The morphological aspect of the Nylon membrane impreg-
nated with [bmimþ][NTf2

-] after cell operation in hexane/
hexane (not shown) was identical to that of the fresh sup-
ported liquid membrane based on [bmimþ][NTf2

-] shown in
Figure 1a. Furthermore, the SEM-EDX spectra taken from
this membrane before and after immersion in the n-hexane/
n-hexane (Figure 3) were very similar, indicating that the
amount of ionic liquid retained in the after-operation mem-
brane is similar. Consequently, the membrane is stable
against the possible solvent action of n-hexane. The SEM-
EDX spectrum of the SLM after immersion in the hexane/
TBME (see Figure 3) indicated that part of the ionic liquid
retained in the membrane pores had disappeared during cell
operation. The SLM membrane is only partially stable under

TBME. When n-hexane/acetone, n-hexane/DMSO, and n-
hexane/water were used as feeding/receiving phases, the re-
spective SEM-EDX spectra of the after-test membranes
showed the almost complete absence of the F and S peaks
characteristic of this IL indicating that the IL is dissolved in
the surrounding liquid and that the SLM is not stable in
these solvents (see Figure 3).

Similarly, the morphology of the Nylon membrane
impregnated with IL [bmimþ][PF6

- ] after-operation in the
diffusion cell (surrounding phase: n-hexane/n-hexane) deter-
mined by SEM (not shown), showed that most of the ionic
liquid located on the external membrane surface was swept
off during cell operation. Comparison of the SEM-EDX
spectra taken from membranes before and after immersion in
the hexane/hexane solution (Figure 4) was very similar.
Since the EDX spectra are taken from a sample depth of up
to a few micrometers and, consequently, show the contribu-
tion of ionic liquid occluded within the membrane pores, it
can be concluded that the amount of ionic liquid retained in
the membrane pores is apparently kept constant after opera-
tion and the SLM membrane is stable under n-hexane. As
can be also seen from Figure 4, this SLM showed a similar
behavior in hexane/TBME. Finally, a complete absence of
IL in the SLM after immersion in hexane/acetone, n-hexane/
DMSO, and n-hexane/water was observed by SEM micro-
graphs (not shown), which was also confirmed by their
respective SEM-EDX spectra, since the F and P peaks char-
acteristic of this IL were not detected (see Figure 4). The
studied SLM is not stable under acetone, DMSO, and water.

The SEM micrographs of the Nylon membrane impreg-
nated with [bmimþ][BF4

-] after cell operation in n-hexane/n-
hexane and n-hexane/TBME (not shown) showed that the IL
were still retained within the membrane pores. Furthermore,
we observed that some brilliant spots, due to ionic liquid
drops located on the external surface of the membrane, are
still remaining after operation indicating is high stability.

Figure 2. EDX spectra of the Nylon membrane impreg-
nated with [bmim1][NTf2

-], [bmim1][PF6
-],

[bmim1][BF4
-], and [bmim1][Cl-].

[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

Figure 3. EDX spectra of the Nylon membrane impreg-
nated with [bmim1][NTf2

-] before and after
immersion in n-hexane/n-hexane, n-hexane/
TBME, n-hexane/acetone, n-hexane/DMSO,
and n-hexane/water.

[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
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Additionally, the SEM-EDX spectra taken from the mem-
brane before and after immersion in the n-hexane/n-hexane
and n-hexane/TBME solutions (see Figure 5) were very sim-
ilar, and the similar intensity of the characteristic peaks indi-
cates that the amount of ionic liquid retained in the mem-
brane is constant. Consequently, the membrane is stable in
the presence of n-hexane and TBME. However, when ace-
tone, DMSO or water were used as receiving phases the
morphological appearance of the after-operation SLMs were
identical to that of the fresh Nylon membranes, indicating
the complete absence of ionic liquid (data not shown). The
SEM-EDX spectra of the after-operation membranes con-
firmed this feature since they pointed to the complete ab-
sence of the F peak characteristic of this IL (Figure 5).

Similarly, the morphological aspect of the Nylon mem-
brane impregnated with [bmimþ][Cl-] after cell operation in
hexane/hexane (Figure 6a), hexane/TBME (Figure 6b) and
hexane/acetone (Figure 6c) is similar to that of the fresh sup-
ported liquid membrane depicted in Figure 1d. Even the IL
located on the external surface of the membrane was not
swept off after operation. The SEM-EDX spectra taken from
the membrane before and after immersion in these solvents
(Figure 7) were very similar, confirming that the SLM based

Figure 4. EDX spectra of the Nylon membrane impreg-
nated with [bmim1][PF6

-] before and after
immersion in n-hexane/n-hexane, n-hexane/
TBME, n-hexane/acetone, n-hexane/DMSO,
and n-hexane/water.

[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

Figure 5. EDX spectra of the Nylon membrane impreg-
nated with [bmim1][BF4

-] before and after
immersion in n-hexane/n-hexane, n-hexane/
TBME, n-hexane/acetone, n-hexane/DMSO,
and n-hexane/water.

[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

Figure 6. Scanning electron micrographs of the Nylon
membrane impregnated with [bmim1][Cl-]
after immersion in (a) n-hexane/n-hexane
(10103) (scale bar 5 40 lm), (b) n-hexane/
TBME (10103) (scale bar 5 20 lm), (c) n-hex-
ane/acetone (10103) (scale bar 5 20 lm).
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on [bmimþ][Cl-] was stable with n-hexane, TBME, and ace-
tone. The absence of IL in the SLM after immersion n-hex-
ane/DMSO and n-hexane/water was evident from the SEM
micrographs (not shown), which was also confirmed by their
respective SEM-EDX spectra, the Cl peak characteristic of
this IL not being detected (see Figure 7). This SLM is not
stable in the presence of DMSO or water.

The quantitative results obtained by weight differences of
the SLMs before and after 7 days operation in the diffusion
cell corroborate the results obtained by SEM-EDX, as shown
in Table 1.

The observed differential migration of the ionic liquids
from the Nylon membrane to the surrounding phases might
be explained by taking into account the different degrees of
solubility of the ionic liquids in the contacting phases. Table
2 shows the solubility of the assayed ionic liquids in the sol-
vents used as receiving phase. As can be observed in this ta-
ble, the stability of the SLM based on [bmimþ][BF4

-] is cor-
related with the solubility of this IL in the organic solvents
used as surrounding phases. In addition, the limited solubil-
ity of the ionic liquid [bmimþ][Cl-] in acetone could explain
the stability of the SLM based on [bmimþ][Cl-] in this sol-
vent. It should be mentioned that in this case, the losses of
IL were lower than might be expected from the solubility
study (immobilized IL: 89 mg, losses of IL: 40 mg, maxi-
mum IL solubilized in acetone: 157 mg), which underlines
the stabilizing effect of the polymeric support in the SLM.
This fact could be explain by its higher viscosity,39,41 which
could reduce the displacement of this ionic liquid from the
micron pores of the SLM. Furthermore, the increase in the
hydrophilic character of the ILs ([bmimþ][NTf2

-] \
[bmimþ][PF6

-] \ [bmimþ][Cl-]\ [bmimþ][BF4
-])42 also

resulted in a reduction of its solubility in the surrounding
phases (with the exception of water), therefore, increasing
the stability of the resulting SLM. When a highly polar liq-
uid is used as the receiving phase (water) the sequence of

solubility is the contrary. These observations highlight the
important role plays by the hydrophilic/hydrophobic charac-
ter of the ionic liquid on the design of SILMs.

The stability can also be correlated with the polarity of
the surrounding phases (see Table 1). IL losses decreased
with decreasing polarity of the solvent used as receiving
phase (water [ DMSO [ acetone [ TBME [ n-hexane).
Having in mind the polarity index sequence of the solvent
used as receiving phase, it can be conclude that ionic liquid
losses were not significant when the polarity index of the
solvent used as receiving phase was lower than 2.5. These
results allow us to choose the most suitable organic solvents
for use as surrounding phases.

The homogeneity of the samples was studied by SEM-
EDX line profiles of the characteristic elements of the four
supported liquid membranes. Figure 8 shows the respective

Figure 7. EDX spectra of the Nylon membrane impreg-
nated with [bmim1][Cl-] before and after
immersion in n-hexane/n-hexane, n-hexane/
TBME, n-hexane/acetone, n-hexane/DMSO,
and n-hexane/water.

[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

Table 2. Solubility of the Assayed Ionic Liquids in the
Solvents used as Receiving Phase

Ionic Liquid Solvent Solubility (% v/v)

[bmimþ][NTf2
�] n-hexane \ 0.005

TBME \ 0.217
Acetone Miscible
DMSO Miscible
Water \ 0.280

[bmimþ][PF6
�] n-hexane \ 0.005

TBME \ 0.005
Acetone Miscible
DMSO Miscible
Water \ 0.501

[bmimþ][BF4
�] n-hexane \ 0.005

TBME \ 0.005
Acetone Miscible
DMSO Miscible
Water Miscible

[bmimþ][Cl�] n-hexane \ 0.005
TBME \ 0.005
Acetone \ 0.483
DMSO Miscible
Water Miscible

Table 1. Ionic Liquid Losses in the SLMs after 7 days’
Operation in Different Surrounding Phases Determined by

Mass Balance Method

SLM Feed/Receiving Phases IL Losses (%)

Hexane/Hexane Nylon with [bmimþ][Cl�] 0.4
Nylon with [bmimþ][BF4

�] 0.5
Nylon with [bmimþ][PF6

�] 0.7
Nylon with [bmimþ][NTf2

�] 0.1
Hexane/TBME Nylon with [bmimþ][Cl�] 12.4

Nylon with [bmimþ][BF4
�] 12.6

Nylon with [bmimþ][PF6
�] 15.7

Nylon with [bmimþ][NTf2
�] 49.8

Hexane/Acetone Nylon with [bmimþ][Cl�] 45.0
Nylon with [bmimþ][BF4

�] 64.7
Nylon with [bmimþ][PF6

�] 99.3
Nylon with [bmimþ][NTf2

�] 99.8
Hexane/DMSO Nylon with [bmimþ][Cl�] 99.3

Nylon with [bmimþ][BF4
�] 99.7

Nylon with [bmimþ][PF6
�] 99.4

Nylon with [bmimþ][NTf2
�] 99.8

Hexane/Water Nylon with [bmimþ][Cl�] 100.0
Nylon with [bmimþ][BF4

�] 99.6
Nylon with [bmimþ][PF6

�] 99.2
Nylon with [bmimþ][NTf2

�] 98.5
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line profiles of the four SLMs after operation in hexane/
TBME. The profiles indicate that the distribution of the IL
was quite homogeneous with small inhomogeneities due to
the macroporous nature of the Nylon membrane.

The evolution of the progressive loss ionic liquid in SLM
can be understood by comparing the respective EDX line
profiles of an ionic liquid in the different surrounding phases
of different polarity. As an example, the line profiles of af-
ter-operation SLMs based on [bmimþ][Cl-] are shown in Fig-
ure 9. As commented above, the losses of ionic liquid
increased in the order: n-hexane \ TMBE \ acetone and
the line profiles reveal that the homogeneity increases in this
same order. The SLM homogeneity is mostly given by the
filling of membrane pores by the ionic liquid. EDX line pro-
files indicate that the sample homogeneity increases as the
ionic losses increase from n-hexane to acetone. This homo-
geneity evolution suggests that the ionic liquid loss starts in
that retained in the macropores, then extending to that con-
tained in the mesopores.

Conclusions

Scanning electron-microscopy (SEM) combined with
Energy Dispersive X-ray (EDX) analysis was used to micro-
scopically characterize the stability of supported membranes
based on ionic liquids after immersion in different surround-
ing phases. The differential migration of the ionic liquids
from the polymeric membrane toward the surrounding
phases can be attributed to the different degrees of solubility
of the ionic liquids in the contacting phases. In this context,
a proper design of an IL including cation and anion compo-
sition could reduce its solubility in the surrounding phases,
therefore, increasing the stability of the SLM.

Two parameters were found to constitute a useful tool for
designing highly stable supported ionic liquid membranes
with no need for prior experimentation: the hydrophilicity of
the ionic liquid used as liquid phase in the SLM and the po-
larity of the surrounding phases. Furthermore, an important
stabilizing effect of the polymeric membrane was observed
since the losses of IL determined by weight difference were
lower than that attributed to the solubility of the ILs in the
surrounding phases.
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