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ispersion behavior of 1-butyl-3-
methylimiazolium chloride confined in nanoscale
pores of carbon materials†

Shuxia Di, Yiqi Xu, Qunfeng Zhang, Xiaolong Xu, Yuanyuan Zhai, Bolin Wang,
Haihua He, Qingtao Wang, Hao Xu, Yishu Jiang, Jia Zhao and Xiaonian Li*

It is important to understand the behaviour of ionic liquids (ILs) in nanoscale pores, as application of

supported ionic liquid phase (SILP) materials has attracted much attention. The main intention of this

investigation is to study the dispersion performance of ionic liquid on activated carbons with different

surface oxygen groups. Several active carbons with diverse oxygenated surface groups were obtained by

oxidation and reduction methods. All samples were impregnated with [Bmim]Cl at different loadings. The

blocked porosity of ionic liquid on SILP materials mainly depends on the amount of ionic liquid and

surface oxygen content. In addition, stability of the supported IL in water was tested by analyzing the

leached amount of IL. We found that the supported IL is not easily leached from the interface of carbon

with low amount of surface oxygen. This may be due to the high free p-electron density of oxygen-free

supports, forming more CH–p bonds with H atoms at the C2 position of the acidic cation. In addition,

we propose that dispersion of ionic liquid in the pores depends on the density of surface free p-

electrons of carbon materials.
1 Introduction

Ionic liquids possess an array of unique physicochemical
properties, namely, negligible vapor pressure, relatively low
viscosity, effective non-volatility, thermal stability, and relatively
high ionic conductivity,1–3 and have strongly attracted scientic
attention. They are considered as promising green solvents to
replace conventional volatile organic compounds. A variety of
new valuable applications of ILs have continuously been
developed in some industries, such as gas separation,4–7 cata-
lysts,8–10 extractants,11,12 materials synthesis,13,14 explosives and
propellant fuels.15 In some cases, it is necessary to immobilize
ionic liquids on porous materials, which disperses the ionic
liquids on the inter-surfaces of the porous structure and at the
same time, allows the retention of high specic surface areas
and structural properties. In particular to the catalysis eld,
such as in acetylene hydrochlorination reaction,16,17 the intro-
duction of ionic liquids promotes both catalytic activity and
stability of the catalysts. Therefore, it is of great value to
investigate the dispersion behavior of ionic liquids as they play
a key role in the SILC system, particularly in gas–solid reactions.
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To our knowledge, ionic liquids can be easily supported on
porous materials, forming functionalized materials with a “thin
lm”, which has made SILP systems a topic of intensive scien-
tic research. For example, Li et al.16 proposed that the weak van
der Waals interaction between imidazolium-based ionic liquid
and single-walled carbon nanotubes (SWCNTs) dispersed the
SWCNTs into the IL. Rodriguez et al.17 found that the IL tends to
ll micropores rst, then mesopores and nally macropores in
SILP systems. Szesni et al.18 studied the distribution of IL
immobilized onto silica gel using solid-state NMR character-
ization, presenting optimum ionic liquid loading. Stark et al.19

studied the solid-ionic liquid interfaces between IL and ordered
or disordered mesoporous silica; they proposed that the
formation of layer or droplet depended on the physicochemical
properties of the ionic liquid. To the best of our knowledge, only
the stability (immobilization and thermal stability) of immo-
bilized ionic liquids has so far been reported,20 but almost no
group has analyzed the relationship between IL and carbon
materials in detail due to the complexity of surface chemicals
and random porosity of the carbon materials. The relation of
dispersion behavior of ionic liquid conned in nanoscale pores
of carbon materials to the surface chemical properties is still an
open question.

In the present study, a series of carbon materials with
different surface chemical functional groups were investigated.
Also, the dispersion behavior of ionic liquid supported on
carbon materials was analyzed via a variety of characterization
methods. We discovered that the surface free p-electron density
This journal is © The Royal Society of Chemistry 2018
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of porous carbon materials not only enhanced the distribution
of ionic liquid on the surface of porous carbons materials, but
also contributed to immobilizing the ionic liquid on the
support due to the formation of CH–p bond with H atom at the
C2 position of the acidic cation.
2 Experimental
2.1 Preparation of SILP materials

Columnar activated carbon NORIT ROX 0.8 with diameter of
0.8 mm and length of 5 mm was chosen as the support, which
contains almost no surface oxygen groups. In order to investi-
gate effects of surface oxygen groups on distribution behavior of
ionic liquid on the surface of activated carbon, the original
carbon material was treated with concentrated nitric acid, fol-
lowed by thermal treatment.

Specically, the surface oxygen groups on activated carbon
were introduced by dipping the activated carbon into concen-
trated nitric acid (65 wt%) at room temperature for 12 h. Then,
the activated carbon was ltered and rinsed with deionized
water until the pH value of the ltrate was about 7. Eventually,
the treated activated carbon was dried at 120 �C under vacuum
for 12 h and labelled as AC-n. Next, the as-prepared AC-n was
thermally treated at 500 �C or 900 �C for 4 h in N2 atmosphere,
with a heating rate of 10 �C min�1, and the obtained samples
were denoted as AC-n-N500 and AC-n-N900, respectively.

In this study, the SILP materials were prepared from the
treated activated carbon by loading different amounts of 1-
butyl-3-methylimiazolium chloride ([Bmim]Cl). The SILP
materials with different IL loadings of 10 wt%, 20 wt% and
40 wt% were treated in vacuum environment, so that the entire
impregnation solution could be adsorbed into the pores of the
supports. Then, the materials were dried at 120 �C under
vacuum for 12 h to remove water. The obtained SILP materials
were labeled as AC-n-10 wt%, AC-n-20 wt%, AC-n-40 wt%, AC-n-
N500-10 wt%, AC-n-N500-20 wt%, AC-n-N500-40 wt%, AC-n-
N900-10 wt%, AC-n-N900-20 wt%, and AC-n-N900-40 wt%,
according to preparation method.
Fig. 1 Nitrogen adsorption–desorption isotherms of different carbon
samples.
2.2 Characterization of SILP materials

The types and amounts of oxygenated surface groups on acti-
vated carbon were determined by CO- and CO2-temperature-
programmed desorption (TPD) using automated AMI-200
equipment (Altamira Instruments). The sample (100 mg) was
placed in a quartz tube and heated from 30 �C to 900 �C at
a heating rate of 5 �C min�1 under helium ow (30 mL min�1).
CO and CO2 signals were monitored by a quadrupole mass
spectrometer. TPD proles of CaC2O4 were used to calibrate the
quantication of CO and CO2 released from carbon materials.

N2 adsorption–desorption was employed to measure porous
structure parameters of the supports and SILP materials on
a Micromeritics ASAP 2020 instrument. Before measurements,
all samples were degassed at 150 �C for 3 h. The BET equation
was used to calculate specic surface areas (SBET); pore size
distributions and pore volumes were determined by BJH model.
This journal is © The Royal Society of Chemistry 2018
3 Results and discussion
3.1 Carbon materials characterization

In order to investigate the physical structures of activated
carbon, the Brunauer–Emmett–Teller (BET) method was
employed to clarify specic textural parameters of the as-
prepared materials. In addition, TPD experiments were
carried out to characterize the surface chemistry of activated
carbon materials.

3.1.1 Textural properties of AC. Fig. 1 shows nitrogen
adsorption–desorption isotherms of the treated activated
carbon materials (AC-n, AC-n-N500, AC-n-N900). The thermal
treatment produced noticeable improvement in the adsorption
capacity for both AC-n-N500 and AC-n-N900. Also, the adsorp-
tion capacity increased with the increase in the treatment
temperature.

The textural parameters of the three samples were calculated
from the nitrogen physisorption experiments and are summa-
rized in Table 1. Results suggested that no signicant differ-
ences in textural properties exist among the activated carbons
that were thermally treated in inert atmosphere and under
different temperatures. The specic surface area and pore
volume for all the materials increased, which might be caused
by the sharp decrease in oxygenated groups.

It has been reported inmany studies that thermal treatments
for activated carbon under inert atmosphere did not engender
drastic changes to its textural properties,21,22 which conforms
with the results summarized in Table 1.

3.1.2 Surface chemical properties. CO2 and CO desorption
proles (Fig. 2a and b, respectively) for the three activated
carbon materials were obtained by TPD characterization. It is
clear that the AC-n sample, treated with concentrated HNO3,
contained the highest amount of surface oxygen groups
compared to the other two samples with higher thermal treat-
ment. The amounts of released CO2 and CO were assessed from
the TPD proles and the related data are collected in Table 2
together with the corresponding total amount of atomic oxygen
(calculated from the amounts of CO2 and CO evolved). The
RSC Adv., 2018, 8, 24094–24100 | 24095
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Table 1 Textural properties of different activated carbons

Sample SBET (m2 g�1) Dpore (nm) Vpore (cm
3 g�1) VMicrop. (cm

3 g�1) VMecrop. (cm
3 g�1)

AC-n 1012.82 2.20 0.5576 0.3357 0.2219
AC-n-500 1126.22 2.21 0.6225 0.3440 0.2785
AC-n-900 1216.95 2.22 0.6743 0.3146 0.3597

Fig. 2 TPD evolution profiles for different carbon samples: (a) CO2

and (b) CO.
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different surface species leading to CO2 and CO evolution were
obtained and are listed in the ESI (Tables S1 and S2†).

As expected, the data in Fig. 2 and Table 2 show that amount
of surface oxygen groups in the AC-n samples decreased upon
thermal treatment. However, thermal treatment at different
temperatures led to different surface chemistries of the carbon
materials. Treatment at 500 �C under nitrogen atmosphere
resulted in the decomposition of carboxylic acid groups.
Further, almost all of the surface oxygen groups decomposed at
900 �C. The results of the TPD proles were consistent with
those obtained in a previous study.23
Table 2 Quantification of TPD profiles of treated activated carbons

Samples CO2 (mmol g�1 s�1) CO (mmol g�1 s�1) O wt%

AC-n 301.3 593.3 1.9
AC-n-N500 103.2 686.5 1.4
AC-n-N900 0 155.2 0.2

24096 | RSC Adv., 2018, 8, 24094–24100
In summary, the modied activated carbon differs widely in
surface oxygen content and the nature of the surface oxygen
groups from the untreated activated carbon. Therefore, when
this series of samples were used as supports for SILP materials,
the effects of surface oxygen chemistry on IL distribution and
the interfacial effect of the SILP materials can be analyzed.
3.2 SILP materials properties

In SILPmaterials, it is likely that ionic liquids can be distributed
on both external and internal surfaces of the supports. There-
fore, it is relevant to investigate the effect of surface chemical
properties of activated carbon on dispersion behavior of ionic
liquid on SILP materials. In the present study, we analyzed the
physical properties of SILP materials with different IL loadings,
namely, surface area, pore volume, pore diameter distribution,
and blocked porosity. Furthermore, we studied the stability of
the SILP materials in water using weighing method.

3.2.1 Textural properties of SILP materials. In our study, we
employed BET characterization to explore the distribution
behavior of IL on the SILP materials. The textural parameters of
these samples were calculated based on the nitrogen phys-
isorption results, which are summarized in Table 3. As ex-
pected, impregnating activated carbon supports with increasing
amounts of ionic liquid led to loss of pore volume and surface
area, accompanied by an increase in mean pore diameter
because IL rst lled into the micropores, then the mesopores
and nally the macropores.17 For these three SILP samples,
there was a signicant difference for the increasing trends of
the mean pore diameter: AC-n increased from 2.20 to 5.97 nm,
AC-N-500 increased from 2.21 to 4.88 nm, and AC-N-900
increased from 2.22 to 3.18 nm. This should be due to the
different surface chemistries of ACs and will be discussed in
more depth in the later section. As shown in Fig. 3, when the IL
loading was 10 wt% and 40 wt%, the loss in BET surface area
was similar for these three supports. However, when the IL
loading was 20 wt%, there was a signicant difference in loss of
BET surface area among these three samples (Fig. 3). This is
accounted by the distribution behavior of IL on the surface of
the support, which will be discussed in the next section.

3.2.2 Porosity of IL supported on carbon with different
surface chemical properties. To obtain deeper insight into the
distribution behavior of IL on the surface of the support, the
related data were determined and collected in Table 4. Column
1 shows the total pore volume of the support and of the corre-
sponding IL/AC sample. Column 2 shows the “non-accessible
pore volume” calculated as the total pore volume of the
support minus total pore volume of the IL/AC sample. Column 3
shows the volume of the loaded IL. Column 4 shows the
This journal is © The Royal Society of Chemistry 2018
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Table 3 Different SILP materials' characterization

Sample SBET (m2 g�1) Dpore (nm) Vpore (cm
3 g�1) VMicrop. (cm

3 g�1) VMecrop. (cm
3 g�1)

AC-n 1012.82 2.20 0.5576 0.3357 0.2219
AC-n-10% IL 863.60 2.29 0.4530 0.2184 0.2346
AC-n-20% IL 297.70 2.42 0.1794 0.0260 0.1534
AC-n-40% IL 17.07 5.97 0.0255 0.0017 0.0238
AC-n-500 1126.22 2.21 0.6225 0.3440 0.2785
AC-n-500-10% IL 975.95 2.24 0.5184 0.2577 0.2607
AC-n-500-20% IL 521.88 2.41 0.3145 0.1015 0.2130
AC-n-500-40% IL 25.32 4.88 0.0308 0.0025 0.0283
AC-n-900 1216.95 2.22 0.6743 0.3146 0.3597
AC-n-900-10% IL 1094.67 2.22 0.5697 0.2849 0.2848
AC-n-900-20% IL 724.59 2.24 0.4058 0.1351 0.2707
AC-n-900-40% IL 89.77 3.18 0.0715 0.0052 0.0663

Fig. 3 Decrease in BET surface area of SILP materials with different
supports on increasing the loading of IL, as obtained from adsorption–
desorption isotherms of N2; S ¼ (S0 � Si)/S0; S0: BET surface area of
original supports; Si: BET surface area of SILP samples.
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“blocked porosity” calculated as follows: the “non-accessible
pore volume” (column 2) minus the volume of loaded IL in
each IL/AC sample (column 3). The blocked porosity is
Table 4 Analysis of the blocked porosity degree for SILP materials with

Sample

1 2

Total pore
volume (cm3 g�1)

Not accessi
pore volum

AC-n 0.5576 —
AC-n-10% IL 0.4530 0.1046
AC-n-20% IL 0.1794 0.3782
AC-n-40% IL 0.0255 0.5321
AC-n-N500 0.6225 —
AC-n-N500-10% IL 0.5184 0.1041
AC-n-N500-20% IL 0.3145 0.3080
AC-n-N500-40% IL 0.0308 0.5917
AC-n-N900 0.6743 —
AC-n-N900-10% IL 0.5697 0.1046
AC-n-N900-20% IL 0.4058 0.2655
AC-n-N900-40% IL 0.0715 0.5998

a 1 – Total pore volume, determined by amount adsorbed at P/P0 ¼ 0.99 in
determined as total pore volume of support AC minus total pore volume
calculated with r ¼ 1.08 g cm�3). 4 – Calculated by difference of colum
marked as XV, that is (blocked porosity (cm3 g�1)/support total pore volum

This journal is © The Royal Society of Chemistry 2018
expressed as an absolute value in cm3 g�1 and as % of the total
pore volume of the support (in parentheses). It has been
assumed that the IL volume does not change under the condi-
tions of N2 adsorption (�196 �C) for this calculation.

Table 4 shows that the pores of all samples were blocked to
a certain extent, which has been previously reported.20 This is
because the ionic liquid did not exist as a uniform or consec-
utive lm. For the three samples, with the increase in IL
loading, the blocked porosity of AC-n rst rose and then drop-
ped, while that of both AC-n-N500 and AC-n-N500 increased
monotonically. When IL loading is 10 wt%, the blocked porosity
for all samples was relatively low and almost the same as
interface interaction between IL and active carbon played
a predominant role, leading to well distributed IL on different
active carbon materials. However, when IL loading reached
20 wt%, the blocked porosity of the three samples exhibited
signicant differences. The blocked porosity of AC-n was
34.61%, while that of AC-n-500 was only 11.91%. These results
suggested that larger interaction exists between IL and the
surface of active carbon calcinated at high temperature,
different surface oxygen contenta

3 4

ble
e (cm3 g�1)

Loaded IL
volume (cm3 g�1)

Blocked porosity
(cm3 g�1)

— —
0.0926 0.0120 (2.15%)
0.1852 0.1930 (34.61%)
0.3704 0.1617 (29.00%)
— —
0.0926 0.0155 (1.85%)
0.1852 0.1228 (19.73%)
0.3704 0.2213 (35.55%)
— —
0.0926 0.0120 (1.78%)
0.1852 0.0803 (11.91%)
0.3704 0.2294 (34.02%)

N2 adsorption isotherm at �196 �C. 2 – Pore volume not accessible to N2
of SILP samples. 3 – Amount of IL in SILP samples (loaded IL volume
ns 2 and 3. In parentheses: percentage of support total pore volume
e (cm3 g�1)) � 100.

RSC Adv., 2018, 8, 24094–24100 | 24097
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promoting the dispersion of IL over the active carbon and thus
decreasing the blocked porosity. Therefore, the variation in
blocked porosity is mainly related to the loading amounts of IL
and surface chemistry of the supports.

To investigate the inuence of the surface chemistry of
activated carbon on blocked porosity, the relationship between
surface oxygen content of carbon materials and decrease in
their pore volume and surface area was obtained. As shown in
Fig. 4a and b, the BET surface area and the blocked porosity of
pore volume within SILP materials were drastically decreased
due to the reduction of surface oxygen content. Hence, we
considered that the distribution performance of IL was related
to the surface oxygen content of carbon materials.

3.2.3 Stability of IL supported on carbon with different
surface chemical properties in water. In a previous study,
Linares-Solano et al.20 investigated the stability of IL/AC samples
in water. They proposed that the hydrophilic ionic liquid sup-
ported on AC could be leached by deionized water.24,25 In this
study, we adopted the same approach to wash the physisorbed
ionic liquid from the activated carbon supports. Therefore, the
quantication of covalently anchored ionic liquid could be
achieved. The specic method is as follows: the as-prepared
sample with 10 wt% IL loading was rst dispersed in water
for 30 minutes, and then centrifuged and ltered. This step was
repeated until the ltrate contained no chloride ions, which was
conrmed by titration with AgNO3 solution. Then, the washed
samples were weighed aer drying at 120 �C under vacuum for
12 h.
Fig. 4 (a) Decrease in BET surface area and (b) blocked porosity of
pore volume in SILP materials related to surface oxygen content of
carbon materials.

24098 | RSC Adv., 2018, 8, 24094–24100
Fig. 5 shows the colour change of the ltrate in AgNO3

solution with the increase in washing. As the washing cycles
increased, the colour of ltrate in AgNO3 solution changed from
ivory-white to watery-white, suggesting that less ionic liquid was
being washed off. Furthermore, we employed the Mohr method
(GB11896-89) to analyze the amount of chloridion in the ltrate.
Table 5 showed that concentration of chloridion in the ltrate
decreased with the washing cycle. When the washing cycle
increased to four times, for these three samples, concentration
of chloridion in the ltrate was only 100 ppb. There are two
reasons accounting for this nding: the rst is that most of the
ionic liquid was washed away by the water; the second is that
part of the ionic liquid was difficult to wash off because of
strong interactions between ionic liquid and active carbon.

Table 6 suggests that the ionic liquid loaded on the carbon
materials was not washed completely. Furthermore, the
residual quantity of the ionic liquid on active carbon varied
among different treatment methods.

Aer four washing cycles, the actual immobilization values
of AC-n, AC-n-500 and AC-n-900 with 10 wt% IL loading were
1.6%, 2.4% and 3.6%, respectively. A number of studies have
reported that surface polarity of AC supports was enhanced by
the increase in surface oxygen content, making them adsorb
polar molecules more easily. However, this theory does not
explain the results obtained in this experiment as the actual
immobilization amount increased with the reduced surface
oxygen content of the AC support (Tables 2 and 6).

Therefore, three aspects must be considered to explain these
results. (i) The rst aspect is the phase state of immobilized ionic
liquid. For example, Hu et al.26 proposed that the coexistence of
liquid and solid phases for ionic liquid was intuitively observed
on the surface of mica using atomic force microscopy (AFM).
Also, the drop-on-the-layer phenomenon, proposed by this group,
was believed to be a special microscopic property of liquids when
contacted with a solid surface. Furthermore, the drop layer had
the natural property of the bulk phase. In addition, Hardacre
et al.27 proposed multilayer stacking of ILs on the surface of Si
(111) wafers using X-ray diffraction. Therefore, in our study,
liquid and solid phases of the ionic liquid may coexist on the
carbon materials, from which the liquid phase is easily leached,
but the solid phase is hardly leached. (ii) The H atom in the C2
position of imidazolium cation of the ionic liquid possesses high
acidity to easily form CH–p hydrogen bond with free p-electrons.
For example, Sheng Su et al.28 proposed a strong interaction
between IL and CNT from thermogravimetric characterization
and further veried the formation of CH–p hydrogen bond29–31

between IL and CNT using X-ray diffraction and FTIR spectra.
The properties of hydrogen bonds have been studied by
a number of researchers.32–34 In nanoscience, the p–H hydrogen
bonds are currently characterized by their weak interaction
strength, where the contribution of dispersion energy dominates
upon the formation and stabilization of the analysed system.35

(iii) Carbon materials having C]C bonds, particularly oxygen-
free carbon materials can release some amount of free p-
electrons.36–38

As shown in Fig. S1,† it reported that the content of C]C
bond increased through thermal treatment and hence, C]C
This journal is © The Royal Society of Chemistry 2018
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Fig. 5 Color change of filtrate in AgNO3 solution with four washes.

Table 5 Concentration of chloridion in filtrate after each wash

Sample First wash (CCl�: mol L�1) Second wash (CCl�: mol L�1) Third wash (CCl�: mol L�1) Fourth wash (CCl�: mol L�1)

AC-n 5.19 � 10�3 6.97 � 10�4 5.81 � 10�5 6.12 � 10�7

AC-n-N500 3.52 � 10�3 2.10 � 10�4 2.07 � 10�5 6.08 � 10�7

AC-n-N900 2.13 � 10�3 1.09 � 10�4 2.08 � 10�5 6.01 � 10�7

Table 6 Analysis results of different SILP materials after washing

Sample
Theoretical
value/g

Actual
value/g

Actual
immobilization/%

AC-n 5.5 5.08 1.6
AC-n-500 5.5 5.12 2.4
AC-n-900 5.5 5.18 3.6
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bonds can release more free p-electrons.39,40 Therefore, we
suggest a reasonable explanation for the immobilization
behaviour of ionic liquid. The interaction between IL and the
surface of active carbon, viz., the CH–p hydrogen bond, has
a crucial effect on the stability of IL supported on carbon
materials. As shown in Fig. 6, there are two phases of IL on the
activated carbon. One is called the “solid-phase ionic liquid”,
where IL is well-distributed on the support through the
formation of CH–p hydrogen bonds between IL and the surface
of AC. The other phase of ionic liquid, apart from the disordered
molecular arrangement on the surface of active carbon, is called
the “liquid-phase ionic liquid” and its physicochemical
Fig. 6 Schematic of interaction between ionic liquid and carbon surface
(orange: liquid-phase ionic liquid; blue: solid-phase ionic liquid).

This journal is © The Royal Society of Chemistry 2018
property is similar to that of the ionic liquid in bulk phase,
which is easily washed off by water. In this experiment, a large
number of oxygen functional groups were introduced by treat-
ing the activated carbon with concentrated nitric acid and thus,
the density of free p-electrons decreased and consequently, the
intensity of CH–p hydrogen bonds between IL and the surface
of AC was weakened. As a result, the ionic liquid became
unstable and could easily be washed from the support.
However, when active carbons were calcined under inert gas,
the surface oxygen decomposed and desorbed in the form of
carbon monoxide and carbon dioxide, thus increasing the
density of free p-electrons. In this case, the interaction intensity
between IL and surface of active carbon enhanced and hence,
the IL was more difficult to wash off.

Moreover, the disparity of IL supported on activated carbon
depended on the density of the surface free p-electrons due to
the formation of CH–p bonds between the surface of AC and IL.
The blocked porosity could not be easily formed because of the
surface chemical effects with low IL loading. Comparing the
data for the three SILP samples with 20 wt% IL loading, we
found that supporting IL on AC-n resulted in the highest
blocked porosity because of the lower density of free p-electrons
on the support, causing disorder of IL at the interface. On the
contrary, the distribution of IL was more ordered on the
supports with high temperature treatment for the formation of
CH–p bonds between the surface of AC and IL.
4 Conclusion

The distribution behavior of ionic liquid supported on porous
carbon materials was investigated using a series of carbon
supports with a variety of textural, chemical and morphological
properties. We found that the blocked porosity of the ionic
liquid on SILP materials was not only related to the amount of
ionic liquid, but also to the surface oxygen content. The blocked
porosity decreased for carbon materials with low surface oxygen
RSC Adv., 2018, 8, 24094–24100 | 24099
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content. Furthermore, the stability of the supported IL was
tested in water until the IL was not leached. We discovered that
the supported IL was not easily washed from the activated
carbon with low concentration of surface oxygen groups
because the oxygen-free supports have a high density of free p-
electrons and the H atom on the C2 position of the acidic cation
in the IL structure forms a CH–p bond with the surface p-
electrons on carbon materials. In addition, we proposed that
the distribution of ionic liquid supported on thermally treated
activated carbon could be enhanced by increasing the density of
surface free p-electrons of carbon materials. While investi-
gating IL loading, the supported IL led to some blocked porosity
for three different carbons. However, the distribution of IL on
the surface of activated carbon supports with high temperature
treatment is much more ordered than that on the merely
oxidized activated carbon support. These results showed that
the formation of CH–p hydrogen bonds between the ionic
liquids with imidazole ring and carbon materials with high free
p-electrons can enhance the dispersion of ionic liquid on the
surface of the support.
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