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Abstract: Pseudomonas cepacia lipase supported in
the 1-n-butyl-3-methylimidazolium bis(trifluorome-
thylsulfonyl)imide ionic liquid is an alternative
“green” method for the production of biodiesel from
the alcoholysis of soybean oil. The transesterification
reaction catalyzed by this ionic liquid-supported
enzyme can be performed at room temperature, in
the presence of water and without the use of organic

solvents. It is also compatible with various alcohols
(including isoamyl alcohol). The biodiesel is separat-
ed by simple decantation and the recovered ionic
liquid/enzyme catalytic system can be re-used at
least four times without loss of catalytic activity and
selectivity.
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Introduction

Renewable energy sources are in the center of con-
cern of policy makers in view of economic and geo-
political factors such as high oil prices, environmental
problems,[1]and supply instability.[2] Biodiesel (mono-
alcohol fatty acid esters) produced by alcoholysis of
vegetable oils or animal fats, for example, becomes a
very attractive alternative for diesel engines due to its
similarity with petroleum-based fuel. The alcoholysis
(in particular methanolysis) of vegetable oils cata-
lyzed by metal hydroxides (or alkoxides) and sulfuric
acid is the mostly used method for the generation of
biodiesel. However, technological problems such as
corrosion and emulsification are usually associated
with these acid/base methodologies.[3–7] In this respect,
there are huge scientific and technological efforts to
minimize these problems by the development of het-
erogeneous catalysts,[8,9] organic bases, methanolysis
under supercritical conditions[10] and enzymes.[11,12] Al-
though several improvements have been introduced
in the transesterification reaction (Scheme 1) such as,

for example, the advent of new solid catalysts,[8] major
problems like the use of solvents, separation of glycer-
ol (main by-product), yield and regeneration of cata-
lysts are still unsolved.
It is evident that the equilibrium to the biodiesel

product can be increased by removal of the glycerol
by-product.[13] In this respect, enzymatic transesterifi-
cation using lipase has become very attractive for bio-
diesel fuel production.[14] The glycerol by-product can
easily be recovered and the purification of fatty
methyl esters is simple to accomplish. However, the
main hurdle to the commercialization of this system is
the cost of lipase production since the recovery of the
enzyme is complicated. It has been reported several
times that ionic liquids[15] are the support of choice
for various enzymes. The association of enzymes with
imidazolium ionic liquids usually generates more
stable and active catalysts.[16,17] The enzyme/ionic
liquid/stabilizer combination usually exhibits an excel-
lent synergistic effect that enhances the activity and
durability of the catalytic system. Moreover, in these
ionic liquid multiphase processes, primary products
can be extracted during the reaction to modulate the
product selectivity (playing with the solubility of dif-
ferent substrates and reaction products in the cata-
lyst-containing phase). This approach can promise a
suitable method to avoid consecutive reactions of pri-
mary products and it has been exploited to some
extent in ionic liquid biphasic catalytic processes.[18]Scheme 1. Transesterification reaction of vegetable oils.
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We disclose herein that the combination of 1-n-
butyl-3-methylimidazolium bis(trifluoromethylsulfonyl)-
imide ionic liquid (BMI·NTf2) with lipases is an out-
standing catalytic system for the generation of biodie-
sel. Indeed, the transesterification reaction catalyzed
by this ionic liquid-supported enzyme can be per-
formed at room temperature, in the presence of
water, without the use of organic solvents and can be
employed with various alcohols (including isoamyl al-
cohol). Furthermore, the biodiesel is separated by
simple decantation and the recovered ionic liquid/
enzyme catalytic system can be re-used at least four
times without loss of its catalytic activity and selectivi-
ty.

Results and Discussion

Initially we have examined the transesterification of
soybean oil by varying the reaction temperature (20–
60 8C), the amount of reagents, the ionic liquids
(BMI·BF4, BMI·PF6 and BMI·NTf2, Figure 1) and en-
zymes (Candida rugosa, Pseudomonas cepacia, Rhizo-
phus niveus, Pseudomonas fluorescens, Penicillium
camembertii, Aspergillus niger, Penicillium roqueforti,

Rhizophus niveus, Candida antarctica, lipase from
porcine pancreas, and Mucor miehei) with methanol
(Table 1).
Pseudomonas cepacia lipase was found to be the

most effective enzyme and the use of BMI·NTf2 in a
ratio of 5/1 ionic liquid/commercial methanol gave
the best vegetable oil conversions. The best reaction
conversion (74%) was obtained in 48 h and deter-
mined by thin layer chromatography[11] and by
HPLC[19] analysis in triplicate experiments (Table 1,
entry 5).
The reactions performed using the BMI·BF4 and

BMI·PF6 gave similar conversions to that obtained in
BMI·NTf2. However, BMI·NTf2 is the best choice
since BMI·BF4 is hydrophilic

[20] thus rending more dif-
ficult the glycerol separation and BMI·PF6 may hy-
drolyze and generate HF.[21]

Figure 1. Imidazolium ionic liquids employed as the enzyme
support.

Table 1. Products and conversions (by HPLC[19]) obtained from the transesterification reaction of soybean oil by lipases with
methanol in BMI·NTf2 at room temperature.

Entry t [h] Lipase Acids [%][a] Mono [%][a] Di [%][a] Tri [%][a] Biodiesel [%][b]

1 24 Pseudomonas fluorescens 0 4.1 14.1 64.0 17.8
2 48 Pseudomonas fluorescens 0 7.1 16.5 49.4 27.0
3 24 Pseudomonas cepacia[c] 2.0 16.3 14.0 43.0 24.7
4 48 Pseudomonas cepacia[c] 4.0 38.7 8.5 0 48.8
5 24 Pseudomonas cepacia[d] 0.1 13.4 7.6 5.0 73.9
6 48 Pseudomonas cepacia[d] 0 11.4 8.0 6.0 74.6
7 24 Pseudomonas cepacia 0.6 3.6 6.9 67.9 21.2
8 48 Pseudomonas cepacia[e] 0.5 5.8 6.2 48.4 39.1
9 24 Candida rugosa[f] 0 0.7 3.2 96.1 0
10 24 Penicillium camembertii[g] 0.4 0 6.3 92.6 0.7
11 24 Aspergillus niger[h] 0 0 7.9 92.1 0
12 24 Penicillium roqueforti[i] 0 0.6 7.7 91.7 0
13 24 Rhizophus niveus 0 0 3.2 97.8 0
14 24 Candida antarctica[j] 0.6 0.6 4.1 56.1 38.6
15 24 Porcine pancreas[k] 4.7 0 8.3 84.7 2.3
16 24 Mucor miehei[l] 0.2 0 7.0 90.2 2.6

[a] Fatty acids, mono-, di- and tri-glycerides.
[b] % of conversion of biodiesel (v%) as previously described in ref.[19]
[c] PS-D Amano I.
[d] PS-C Amano I.
[e] PS-Amano.
[f] Amano AY.
[g] Amano G 50.
[h] Amano A.
[i] R Amano K.
[j] Novozyme 435.
[k] Lipase from Porcine pancreas (type II, Aldrich).
[l] Lipozyme IM.
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Additional studies verified that the reaction rate is
strongly influenced by the water content in the alco-
hols. The reactions performed in the absence of water
furnish lower reaction rates than those performed
with hydrated alcohols (Table 2 and Figure 2).
The addition of water up to 5 v% is necessary to

improve the reaction rate. 30 v% water addition gave
the best results for methanol (96% conversion, 48 h)
and 15 v% water addition for ethanol (96% conver-
sion, 30 h) see Table 2 and Figure 2.
Interestingly, the presence of water improves the

oil hydrolysis rate yielding the fatty acid that is con-

verted into the respective ester faster than the trans-
esterification pathway (Scheme 2).
The best reaction conditions for biodiesel produc-

tion were obtained by the use of Pseudomonas cepa-
cia lipase (0.6 g) in BMI·NTf2 (8.2 mmol) as a sup-
port, methanol/water (70:30) (41.2 mmol) and soy-
bean oil (3.4 mmol) at room temperature (30 8C). The
reaction time (48 h) for the complete conversion of
the starting oil material was first determined by thin
layer chromatography.[11] This result was corroborated
afterwards by triplicate experiments in which the re-
action conversion was determined as 96% by
HPLC[19] (see Figure S1 in the Supporting Informa-
tion). These catalytic activities are superior to those
reported earlier for enzymatic processes in water or
other supports.[11,22,23] This result is probably related to
the extraction of the glycerol – formed during the
transesterification – by the ionic liquid/alcohol mix-

Table 2. Products and conversions (by HPLC[19]) obtained from the transesterification reaction of soybean oil by Pseudomo-
nas cepacia lipase (PS-Amano) with alcohols in BMI·NTf2 at room temperature.

Entry Alcohol t (h) Acids [%][e] Mono [%][f] Di [%][f] Tri [%][f] Biodiesel [%][g]

1 MeOH[a] 6 6.8 42.7 9.0 0 41.4
2 MeOH[a] 24 6.0 7.7 0 0 86.2
3 MeOH[a] 48 3.7 0 0 0 96.3
4 MeOH[b] 6 0 2.8 7.5 67.2 22.4
5 MeOH[b] 24 2.9 8.8 4.1 0 84.1
6 MeOH[b] 30 0.5 3.4 4.0 0 92.1
7 MeOH[c] 6 0 0 4.3 92.8 2.8
8 MeOH[c] 24 0.6 3.5 6.9 67.8 21.1
9 MeOH[c] 72 0.4 8.7 6.1 34.2 50.5
10 EtOH[d] 6 1.6 27.2 8.9 0 62.2
11 EtOH[d] 24 10.6 1.4 4.2 0 83.7
12 EtOH[d] 30 3.7 0 0 0 96.3
13 EtOH[c] 6 0 1.5 7.8 81.8 8.7
14 EtOH[c] 24 0.8 10.4 14.2 46.5 28.0

[a] MeOH 70%.
[b] MeOH 90%.
[c] MeOH or EtOH 100%.
[d] EtOH 85%.
[e] Fatty acids.
[f] Mono-, di- and tri-glycerides.
[g] % of conversion of biodiesel (v%) as previously described in ref.[19]

Figure 2. Conversion of soybean oil to biodiesel using meth-
anol with different water contents by Pseudomonas cepacia
lipase (PS-Amano).

Scheme 2. Hydrolysis, transesterification and esterification
reaction catalyzed by enzymes supported in ionic liquids.
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ture[24] thus shifting the equilibrium to the biodiesel
product (Scheme 3).
Note that the solubility of glycerol in pure ionic

liquid is very low (>1 w%); however it can reach
15 w% in the mixture of the ionic liquid with metha-
nol (ratio 1/9 mol%). The relatively lower reaction
rates may be attributed to the lower solubility of the
triglyceride in the BMI·NTf2 ionic liquid as already
observed in the lipase-catalyzed glycerolysis[25] of trio-
lein.[26] Therefore, it can envisaged that more efficient
catalytic systems[27] may be obtained by the use of
task-specific ionic liquids such as those containing hy-
drophobic substituents in the cation that are known
to contribute to the increase of triglyceride solubility
and consequently can cause an enhancement of the
initial reaction rate.[26]

The catalytic systems can be used in scales of 30–
50 grams and the biodiesel was obtained in a 92%
isolated yield (97% purity) after 35 h for ethanol and
with 90% yield (91% purity) for methanol after 24 h.
The methyl and ethyl esters are easily purified by a
simple decantation of the biphasic system and the
ionic liquid/enzyme phase could be reused at least 4
times without any significant lost of catalytic activity
and selectivity. After this period it is necessary to
remove the enzyme from the ionic liquid by filtration
and wash it with water to recover the catalyst that
may be reincorporated into new reaction media. The
ionic liquid that still contains the glycerol should be
washed with water to separate the glycerol that is iso-
lated with high purity (>98%). Note that the glycerol
isolated from classical acid or basic catalysis needs
various purification steps to achieve desirable purity.
The recovered ionic liquid can be reused after drying
under reduced pressure. In addition, the transesterifi-
cation of soybean oil using the Pseudomonas cepacia
lipase supported in the BMI·NTf2 catalytic system can
also be performed with isoamyl alcohol to afford bio-
diesel in 90% yield after 36 h at room temperature.
This result indicates that the biodiesel may be pro-
duced with fusel oil that is a by-product of the distilla-
tion of ethyl alcohol from the fermentation of molass-
es and contains mainly C3–C5 alcohols.

[28]

Conclusions

In summary, we have demonstrated that Pseudomo-
nas cepacia lipase supported in BMI·NTf2 is an alter-
native “green” method for the production of biodiesel
from the alcoholysis of soybean oil. The ionic liquid
provides the ideal medium for the stabilization of the
enzyme and also for the removal of glycerol by-prod-
uct and for increasing the biodiesel yield. This
method may also be very useful for other transesteri-
fication (esterification) reactions.

Experimental Section

General Remarks

Alcohols, enzymes and all other chemicals were purchased
from commercial sources (Amano, Acros or Aldrich) and
used without further purification. The ionic liquids were pre-
pared as previously described.[29] The HPLC experiments
were performed on a Shimadzu LC-20A Prominence liquid
chromatograph equipped with an SPD-M20A diode-array
detector and a four-solvent delivery system.
The solvents were filtered through a 0.45 mm Millipore

filter prior use and degassed by continuous stripping with ni-
trogen. Injection volumes of 10 mL and a flow rate of
1 mLmin�1 were used in all experiments. All samples were
dissolved in 2-propanol-hexane (5:4, v/v). All solvents were
of HPLC grade and were used as obtained, without further
purification. A column, Shim-pack VP-ODS (particle size
4.60 mm, 250P4.6 mm I.D.), was obtained from Shimadzu.
HPLC method: reservoir A contained water, reservoir B
contained acetonitrile and reservoir C contained 2-propa-
nol-hexane (5:4, v/v). A 50 min ternary gradient with two
linear gradient steps was employed: 30% A+70% B in
0 min, 100% B in 15 min, 50% B+50% C in 30 min, fol-
lowed by isocratic elution with 50% B+50% C for the last
20 min.[19] The HPLC data of the enzymatic reactions are
available in the Supporting Information.

General Procedure for Biodiesel Production

In a 250-mL round-bottom flask, lipase (Pseudomonas cepa-
cia) (6 g) was supported in BMI·NTf2 (24 mL, 81.9 mmol).
To the supported catalyst was added soybean oil (30 g,
34.3 mmol) and methanol (16.5 mL, 411.8 mmol) and a bi-
phasic system was observed. The reaction media was stirred
for 24 h (monitored by HPLC). After decantation, the phase
containing the biodiesel was removed and filtered to
remove some enzyme particles. The biodiesel was obtained
in 95% yield (96% of conversion by HPLC). The catalyst
could be reused at least four times.
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Scheme 3. Transesterification of vegetable oil catalyzed by
enzymes supported in ionic liquids with concomitant capture
of the glycerol by-product.
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