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Highly crystalline Al(OH)3 particles were successfully
prepared by the sol­gel process of aluminum isopropoxide
(Al(OPri)3) in a hydrophilic ionic liquid (IL), 1-butyl-3-
methylimidazolium tetrafluoroborate ([Bmim][BF4]) at 30 °C
using NH4OH as catalyst. Moreover, crystalline alumina
particles were prepared from the Al(OH)3 particles by heat
treatment at 300 °C. When 2-propanol was used as medium for
comparison, obtained particles were low crystalline AlO(OH).
This difference seemed to arise from the difference in the local
structure of Al(OPri)3 in IL.

Ionic liquids (ILs) are a class of solvents which consist of
entirely organic cation and organic or inorganic anion and are
liquid at ambient temperature. ILs are used as environmentally
friendly solvents because of their nonvolatility, nonflammabil-
ity, and thermal stability.1 Many researchers have focused on
these properties and have devoted much attention to use of these
as media for chemical reactions.2 Ogoshi et al. reported that
green polymerization of phenol with sulfuric acid as catalyst in
ILs and without catalyst using an IL with a Brønsted acid site.3

Landfester et al. prepared polyimide nanoparticles in IL taking
advantage of the nonvolatility and thermal stability of IL.4

Recently, we succeeded in preparing polystyrene (PS)
particles by dispersion polymerization in an IL, N,N-diethyl-
N-methyl-N-(2-methoxyethyl)ammonium bis(trifluoromethane-
sulfonyl)amide ([DEME][TFSA]).5 We also prepared PS par-
ticles by thermal polymerization in [DEME][TFSA] at 130 °C
without radical initiator. Moreover, Nylon-6 particles6 and
poly(acrylic acid) (PAA) particles7 were successfully prepared
in ILs. Moreover, the preparation of composite polymer
particles, which consist of PS (hydrophobic) core and PAA
(water-soluble) shell by seeded dispersion polymerization in
[DEME][TFSA] using PS particles as seed, was demonstrated.8

Furthermore, the chemical and physical properties of ILs
can be easily tuned by changing the counter anions. ILs exhibit
unusual solvent power for organic compounds and inorganic
compounds. The syntheses of inorganic materials such as silica,
metal, and metal oxide nanoparticles in ILs are also studied by
many researchers.9,10 Antonietti and co-workers reported direct
syntheses of highly crystalline titania particles and nanorods
by sol­gel process in IL at 80 °C without high-temperature
(²1000 °C) calcination.10,11 This would suggest the possibility
of preparation of polymer/highly crystalline metal oxide
composite materials. Generally, highly crystalline metal oxide
requires high-temperature calcination, and organic polymers
such as PS particles are easily decomposed at high temperature.
However, only a few papers report the preparation of alumina
(Al2O3) in ILs. Endres and co-workers reported the synthesis of
alumina by the sol­gel process in hydrophobic ILs, in which IL
was immiscible with water for hydrolysis reaction.12,13 In their
work, crystalline alumina particles were obtained after calcina-

tion of the sol­gel products at 500 to 1000 °C, which is above
the decomposition temperature of PS (ca. 400 °C).

In this study, we report preparation of crystalline aluminum
hydroxide and alumina particles by the sol­gel process of
aluminum isopropoxide (Al(OPri)3) using hydrophilic IL,
1-butyl-3-methylimidazolium tetrafluoroborate ([Bmim][BF4]),
as medium without high-temperature calcination prior to
preparation of PS/crystalline alumina composite particles.

The sol­gel reaction of Al(OPri)3 in [Bmim][BF4] was
conducted in a 10-mL glass vessel. Al(OPri)3 (0.13 g) was
dissolved in [Bmim][BF4] (2.1 g) at 120 °C and then cooled at
room temperature. The reactions were started by adding 0.1M
NH4OH (1.0 g) as catalyst at 30 °C and were carried out for
24 h. The sol­gel reactions in 2-propanol were carried out, for
comparison, under the same conditions except that the IL was
replaced with 2-propanol (1.4 g).

Figure 1 shows the SEM photographs of the samples
prepared in 2-propanol and [Bmim][BF4] at 30 °C. All the
samples were nonregular shaped particles having rough surface,
and sizes of the particles in 2-propanol and [Bmim][BF4] were
micrometer- and submicrometer-sizes, respectively. This differ-
ence might be based on the difference of viscosities between
2-propanol (1.77mPa s) and [Bmim][BF4] (118mPa s). High
viscosity media tend to depress the coagulation of nuclei.

Figure 2 shows the FT-IR spectra of the samples prepared in
2-propanol (a) and [Bmim][BF4] (b) at 30 °C. The FT-IR spectra
show that neither sample had the characteristic broad peaks of
alumina at 585 and 763 cm¹1 (Figures 2a and 2b). The XRD
pattern of the sample prepared in 2-propanol showed less
crystalline profile and some broad peaks (Figure 3a), which was
identified as boehmite, [AlO(OH)] (JCPDS File Card No. 21-
1307). On the other hand, the XRD pattern of [Bmim][BF4]
systems was observed (Figure 3b) as two types of peak, in
which broad and weak peaks ( ) and sharp and strong peaks ( )
can be assigned to AlO(OH) and bayerite, [Al(OH)3] (JCPDS
File Card No. 20-0011), respectively.

Figure 1. SEM photographs of particles prepared by the sol­
gel process of Al(OPri)3 in 2-propanol (a) and [Bmim][BF4] (b)
at 30 °C using NH4OH as catalyst.
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In the case of [Bmim][BF4], highly crystalline aluminum
hydroxide obtained though alumina could not be prepared.
These results were actually similar to Antonietti’s work, in
which alkylimidazolium-based ILs worked as a template,
resulting the formation of highly crystalline products. They
suggested that hydrogen bonding formed between the anion of
IL and the hydroxy group of the sol­gel product along the local
structure of IL by using imidazolum-based IL.14 Hamaguchi and
co-workers reported that alkylimidazolium cations form liquid
crystal-like local structures based on ³­³ stacking interaction
between imidazolium rings and hydrophobic interaction be-
tween alkyl chains.15,16 In order to confirm this phenomenon,
alkylammonium-based hydrophilic IL, N,N-diethyl-N-methyl-N-

(2-methoxyethyl)ammonium tetrafluoroborate ([DEME][BF4])
was used as medium, in which regularity of the local structure
would be lower than [Bmim][BF4]. XRD analysis of the sample
prepared in [DEME][BF4] is shown in Figure 3c. XRD spectra
exhibit that the sample obtained in [DEME][BF4] had the same
peaks as that prepared in [Bmim][BF4]; thus, these samples
are the same components (AlO(OH) and Al(OH)3). However,
values of diffraction intensity of Al(OH)3 of [Bmim][BF4]
system were twice larger than that of [DEME][BF4] system,
indicating that yielding sample was highly crystalline Al(OH)3
in [Bmim][BF4] compared to the case of [DEME][BF4]. These
results suggest that local structure of [Bmim][BF4] resulting
from the interaction of alkylimidazolium cation worked as
template.

It is well known that aluminum hydroxides transform to
alumina by heat treatment. There are several crystal structures of
alumina dependent on treatment temperature such as ©-, »-, £-,
¤-, ª-, and ¡-alumina.17 It has been reported that AlO(OH) and
Al(OH)3 transform to £-alumina and ©-alumina at calcination
temperatures of 450 and 230 °C, respectively,17 which indicated
that Al(OH)3 can be transform to alumina at comparatively low
temperature.

From the differential thermal analysis (DTA) data of
AlO(OH) and Al(OH)3 prepared by the sol­gel process at
30 °C in 2-propanol and [Bmim][BF4] (Figure 4), the curves
show that the sample obtained in 2-propanol (AlO(OH)) has no
peaks in the measuring range, while the sample obtained in
[Bmim][BF4] (mainly Al(OH)3) has a strong endothermic peak
at 250 °C. This indicates that Al(OH)3 should transform into ©-
alumina.

Figure 5 shows the SEM photographs of samples after
heat treatment at 300 °C, which prepared in 2-propanol and
[Bmim][BF4], respectively. Both samples were nonregular
shaped particles having rough surface. The size of these
particles becomes larger than that of samples before heat

Figure 2. FT-IR spectra of samples before (a, b) and after (a¤,
b¤) heat treatment at 300 °C for 24 h in N2 atmosphere prepared
by the sol­gel process of Al(OPri)3 at 30 °C in 2-propanol (a, a¤)
and [Bmim][BF4] (b, b¤) using NH4OH as catalyst.

Figure 3. XRD spectra of samples before (a, b, c) and after (a¤,
b¤) heat treatment at 300 °C in N2 atmosphere prepared by the
sol­gel process of Al(OPri)3 in 2-propanol (a, a¤), [Bmim][BF4]
(b, b¤), and [DEME][BF4] (c) at 30 °C using NH4OH as catalyst.

Figure 4. DTA curves of samples prepared by sol­gel process
of Al(OPri)3 in 2-propanol (®) and [Bmim][BF4] (----) at 30 °C
for using NH4OH as catalyst measured at a heating rate of
10 °Cmin¹1 in N2 atmosphere.
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treatment. This might be derived from sintering and aggregation
of the AlO(OH) and Al(OH)3 particles during heat treatment.

FT-IR and XRD analyses of samples after heat treatment at
300 °C are shown in Figures 2a¤, 2b¤, 3a¤, and 3b¤. After heat
treatment, the FT-IR spectrum of sample obtained in 2-propanol
did not display peak shift, on the other hand, the sample
obtained in [Bmim][BF4] showed small peak shift from 540 to
620 cm¹1 (Figure 2). XRD spectra show that there was no
change for the sample obtained in 2-propanol. In the case of
[Bmim][BF4], the highly crystalline peaks of Al(OH)3 ( )
disappeared and new small peaks ( ) appeared indicating ©-
alumina. These results indicate that although the crystallinity
was low, crystalline alumina was successfully synthesized under
mild conditions.

From the above results, it was concluded that highly
crystalline Al(OH)3 particles were prepared by the sol­gel
process of Al(OPri)3 using [Bmim][BF4] with NH4OH as a
catalyst, which transform to ©-Al2O3 at the consecutive heat
treatment at calcination temperature of 300 °C. The results
illustrated that preparation of polymer/crystalline metal oxide
composite materials using [Bmim][BF4] as medium can be
anticipated. The preparation of composite particles will be
reported in a near future publication.
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Figure 5. SEM photographs of samples after heat treatment
at 300 °C for 24 h prepared by sol­gel process of Al(OPri)3 in
2-propanol (a) and [Bmim][BF4] (b) at 30 °C using NH4OH as
catalyst.

743

© 2010 The Chemical Society of JapanChem. Lett. 2010, 39, 741­743 www.csj.jp/journals/chem-lett/

http://dx.doi.org/10.1021/cr980032t
http://dx.doi.org/10.1002/1521-3773(20001103)39:21<3772::AID-ANIE3772>3.0.CO;2-5
http://dx.doi.org/10.1002/1521-3773(20001103)39:21<3772::AID-ANIE3772>3.0.CO;2-5
http://dx.doi.org/10.1021/ma801921e
http://dx.doi.org/10.1021/ma901392h
http://dx.doi.org/10.1021/ma901392h
http://dx.doi.org/10.1002/marc.200700810
http://dx.doi.org/10.1002/marc.200700810
http://dx.doi.org/10.1002/masy.201050207
http://dx.doi.org/10.1002/masy.201050207
http://dx.doi.org/10.1021/la904115s
http://dx.doi.org/10.1021/la904115s
http://dx.doi.org/10.1002/masy.200950707
http://dx.doi.org/10.1002/masy.200950707
http://dx.doi.org/10.1039/b714761a
http://dx.doi.org/10.1002/smll.200700138
http://dx.doi.org/10.1021/ja0380998
http://dx.doi.org/10.1039/b711704c
http://dx.doi.org/10.1007/s10853-008-3107-y
http://dx.doi.org/10.1007/s10853-008-3107-y
http://dx.doi.org/10.1021/nl025861f
http://dx.doi.org/10.1021/nl025861f
http://dx.doi.org/10.1246/cl.2003.498
http://dx.doi.org/10.1246/cl.2003.498
http://dx.doi.org/10.1002/0471739464.ch3
http://dx.doi.org/10.1021/jp014182a
http://www.csj.jp/journals/chem-lett/

