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Biodegradable copolymers of L-lactic acid and e-caprolactone [P(LLA-CL)s] were prepared in sulfonic

acid-functionalized Brensted acidic ionic liquids (SFBAILs) with very different anions and cations.

SFBAILs work as both solvents and catalysts. The copolymerization process was proved to be a

combination of polycondensation and simultaneous transesterification after a fast ring-opening

polymerization of e-caprolactone through kinetic study. Copolymers with different monomer ratios

were obtained. We found that the anions rather than the cations of SFBAILs have a great impact on the

polymerizations. In addition, SFBAILs can be simply recovered by phase separation and recycled

without decreasing efficiency.

Introduction

Both poly(lactic acid) and poly(e-caprolactone), biodegradable
and biocompatible polymers, have been widely investigated and
applied.!  Generally, their synthesis was through
polycondensation and/or ring-opening polymerization. It is
suitable to produce poly(e-caprolactone) by ring-opening
polymerization because e-caprolactone is more available and
stable than 6-hydroxyhexanoic acid. But it is more facile to
produce poly(lactic acid) by polycondensation of lactic acid
rather than ring-opening polymerization of lactide which is
derived from the former via several complicated processes.
Moreover, in ring-opening polymerization, rigorous conditions
(e.g., high purity of monomers, inert atmosphere) are necessary
in order to achieve high molecular weight polymers and it is
inevitable to use transition metal catalysts that are difficult to be
separated from polymers. Combination of polycondensation
and ring-opening polymerization of linear monomer, lactic acid
and ring monomer, e-caprolactone was little investigated,
especially in ILs, presumably because of its complexity.?

lonic liquids, employed as a novel and environmentally benign
solvents, instead of classical organic ones, have shown great
improvements in chemical process, for example, organic
synthesis and polymer preparation.® Due to their distinctive
physicochemical properties of low volatility, high ionic
conductivity, wide electrochemical window, thermal and
chemical stability, ability to dissolve organic/inorganic solutes
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and gases, and tunability of cations and anions, ionic liquids
have been attracting great attentions in many fields.
Polycondensation generally needs harsh conditions (e.g. high
temperature, high vacuum, etc.) in order to remove condensed
small molecules from viscous reaction system and to achieve
high conversions and high molecular weights. It seems to be
reasonable to take ionic liquids as reaction media in
polycondensation since ionic liquids as “green solvents” are of
negligible volatility, chemical stability, thermostability, etc.*
Polycondensation in ionic liquids has been well investigated in
the past decade.®* Medium and high molecular weight
polyimides, polyamides,® polyesters,” phenol-formaldehyde
resins,® polysulfones,® poly(aryl ether ketone)s'® and poly(ether
ether  ketone)s,'* have been synthesized through
polycondensation in conventional ILs by our and other research
groups.

In recent years, there has been a growing interest in Brensted
acidic ionic liquids (BAILs), a class of task-specific ionic
liquids. They are stable to water and air as compared with
Lewis acidic ionic liquids such as chloroaluminate ionic liquids.
Condensation reactions of small molecules in BAILs have been
extensively reported but there are only a few studies addressing
condensation polymerizations in BAILs.

BAILs supplied a very efficient way to synthesize ethyl acetate,
and the products can be isolated and recycled in a very simple
route at the end of reaction.'? Bazureau et al. compared several
imidazolium BAILs bearing different anions, and found that
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anions have a distinct effect on the rate of esterification.*® Wang
et al. reported esterification of benzoic acid with simple
alcohols in sulfonic acid-functionalized pyridinium ionic
liquids.* The most immiscible ionic liquids with the products
led to the greatest shift of the esterification reaction equilibrium
to the product side. Hammett acidity measurements revealed
different reaction rate resulted from different acidities of ionic
liquids.

Fradet’s research group has done some work related to
polycondensation in BAILs. They synthesized high molar mass
polyesters of 12-hydroxydodecanoic acid in HSOy-anionic
BAILs at low temperature, in short reaction time, and without
any added catalyst under nitrogen flow.'® Later on, high molar
mass linear polyethers were synthesized by simple direct
polyetherification of diols with 7 to 12 methylene units in Tf,N-
anionic BAILs at relatively low temperatures.’® Most recently,
Linear polyesters of diols and diacids and hyperbranched
polyesters of 2,2-bis(hydroxymethyl)propanoic acid were
successfully obtained via polycondensation in 3-butyl-1-(butyl-
4'-sulfonic acid)imidazolium hydrogen sulfate
([BBSIM][HSO,]). These all demonstrate the advantages of
BAILs as solvents and catalysts.

In this report, we investigate a particular and complicated
copolymerization of a linear monomer L-lactic acid and a ring
monomer g-caprolactone, including polycondensation and ring-
opening polymerization mechanisms, especially in sulfonic
acid-functionalized Brensted acidic ionic liquids (SFBAILS).
Even more than that, the actual polymerization process was
proposed by tracing the structural changing of copolymers
using NMR spectroscopy. This is a facile route to realize
copolymerization of L-lactic acid and e-caprolactone since
ionic liquids applied here work as both solvents and catalysts
and the final products can be simply separated from ionic
liquids. In addition, the acidity and thermostability of SFBAILs
and miscellaneous copolymerization conditions as well as their
influence on copolymerizations were investigated and discussed
in detail.

Results and discussion

In this study, six sulfonic acid-functionalized Brensted acidic
ionic liquids (SFBAILs) were synthesized and employed as
solvents as well as catalysts to investigate the copolymerization
of L-lactic acid (LLA) and e-caprolactone (CL). These
SFBAILs bear different anions and cations as shown in Table 1.
As known to all, esterification can be efficiently catalyzed by
many Brensted acids, such as the best-known H,SO,, p-toluene
sulfonic acid, etc. But these well-known acids are of either
instability or volatility or even solidity, which are not
appropriate as solvents. SFBAILs open a new door to improve
chemical process as solvents and catalysts.
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Table 1 Structures and Hammett acidities (Ho) of sulfonic acid-
functionalized Brensted acidic ionic liquids

SFBAILs Cations Anions Ho?
[BSMIM][TFS] CF;S03 -4.1
BF; -3.
[BSMIM][BF4] \N/\N/(CHz)A_S()zH 4 B 3.7
[BSMIM][TS] () p-CH;(C¢H,)SO;  -3.5
[BSMIM][HSO,] HSO; 3.3
[BSMIM][MS] CH,SO5 3.3
N/(CH2)4_303H
[BSPyY][HSO.] @ HSO; -3.3°

#The Hammett acidities of SFBAILs were determined using the Hammett
method with UV-Vis spectroscopy at 50 <C, 25 mg/L of 2,4-dicholoro-6-
nitroaniline were used as indicator. ® From reference 32.

Acidity of protonic acids and corresponding SFBAILs

Herein, the acidity of SFBAILs was evaluated by Hammett
acidity functions (Hg), using UV-vis spectroscopy. The
Hammett method is effectively and widely applied to evaluate
the protonation extent of uncharged indicator bases in solution,
in terms of the measurable ratio [1]/[IH*]. The Hammett acidity
function is defined as:’

Ho = pK(1)aq + log([I/[1H’])

where pK(l),q is the pK, value of the indicator referred to an
aqueous solution, [IH*] and [I] are the molar concentrations of
protonated and unprotonated form of the indicator in SFBAILSs,
respectively. The pK(l),, of indicator 2,4-dichloro-6-
nitroaniline used here is -3.31. [1]/[IH*] ratio was determined by
UV-vis spectroscopy.'® The results were summarized in
Supporting Information (Figure S1, Figure S2 and Table S1).
Protonic acids which were used to synthesize SFBAILs are all
strong acids but possess significantly different acidities with
Hammett acidities H, in the range of -7 to -14.'® Moreover, H,
values of organic sulfonic acids range from -5.8 to -7.9,'° which
were considered to be in acidity range of SFBAILs. However,
as shown in Table 1, determined H, values of SFBAILs are in
the range of -3.3 to -4.1, which are similar to that of
pyridinium-type sulfonic acidic ionic liquids according to the
literature.** Decrease of acidity as compared with conventional
organic sulfonic acids is probably attributed to combination of
concentrated anions of SFBAILs with protons, which makes the
dissociation more difficult (Scheme 1). Among the SFBAILs,
anions seem not to exhibit great influence on acidity of
SFBAILs because of their same sulfonic acid group which
deserves the acid strength.
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Scheme 1 Dissociation equilibrium of sulfonic acid-functionalized Brgnsted acidic
ionic liquids.

Thermostability of SFBAILs

Thermostability of SFBAILs as solvents in polycondensation is
very important because polycondensation usually needs

This journal is © The Royal Society of Chemistry 2012
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relatively high reaction temperature. Most of ionic liquids
possess excellent thermostability, whereas introducing sulfonic
groups to ionic liquids presents different results. Figure 1 shows
the thermogravimetric analysis (TGA) of different SFBAILSs.
The onset decomposition temperatures of these SFBAILs are
357.1 <C for [BSMIM][TFS], 323.1 <C for [BSMIM][HSO,],
320.5 <C for [BSMIM][TS], 328.9 <C for [BSMIM][MS] and
107.7, 319.4 <T for [BSMIM][BF,] corresponding to two
decomposition stages. Consequently, [BSMIM][TFS] is the
most stable as compared to others. For [BSMIM][BF,], the
weight loss before the second decomposition stage is about
23.5%, which could be ascribed to the loss of BF3; (22.2 wt%)
originating from conversion of [BSMIM][BF,] to [BSMIM][F].
This can be used to explain why only low molecular weight
copolymers were obtained in [BSMIM][BF,] (Table 2).

100
[MSBIM][TFS]
80 |
- [MSBIM][BF ;] [MSBIM][MS]
2
% eof
o
.E" [MSBIM][TS]
s 40k
= [MSBIM][HSO,]
20 |
1 . 1 . L . N -
100 200 300 400 500 600

Temperature (°C)

Fig. 1 Thermogravimetric curves of different sulfonic acid-functionalized
Brgnsted acidic ionic liquids.

Copolymerization of L-lactic acid and g-caprolactone

SFBAILs used here have different cations and anions. All of
cations contain n-butylene sulfonic acid group which is
expected to catalyze the polyesterification. These SFBAILSs as
solvents have good liquidity at reaction temperature although
they are viscous liquids or low-melting-point solids (e.g.,
[BSMIM][TFS]) at room temperature. At the beginning of
reactions, L-lactic acid and e-caprolactone could dissolve in
SFBAILs to give a homogenous phase. But the reaction
system became heterogenous as polymerization progressed,
which is believed to be one of the main reasons that limits
increasing of molecular weight.

Miscellaneous polymerization conditions in SFBAILs were
investigated in this work (Table 2). It is apparent from Table 2
that, types of SFBAILs, particularly anions, have a great
impact on the polymerizations. The weight-average molecular
weights of copolymers prepared in [BSMIM][HSO,] and
[BSPY][HSO,4] (same anion but different cations) can achieve
35.6 and 35.9 kDa, respectively, with only a little difference.
While the molecular weights varied a lot in imidazolium-type
SFBAILs with different anions, especially in [BSMIM][BF,],
due to its instability determined from thermogravimetric

This journal is © The Royal Society of Chemistry 2012

analysis as mentioned above (Figure 1). Besides, the molecular
weights are not proportional to the acidity of SFBAILs.
Copolymerizations of LLA and CL in [BSMIM][TFS],
[BSMIM][TS], [BSMIM][MS] at 130 °C only gained medium
molecular weight copolymers. Higher temperature was benefit
to [BSMIM][TS] and [BSMIM][MS] systems, nevertheless, the
molecular weights of copolymers were lowered than 10 kDa
when the polymerization temperature decreased to 110 °C.
Furthermore, the highest molecular weight copolymer was
obtained in [BSMIM][TFS] at 110 °C and the molecular weight
could achieved 19.2 kDa even at 90 °C. This is attributed to a
trace of trifluoromethanesulfonic acid produced from the
dissociation equilibrium (Scheme 1), which can generate more
side reactions at elevated temperature. In terms of
[BSMIM][HSO,4], the molecular weights could achieved over
30 kDa at both 110 °C and 130 °C due to double catalytic
protons included in both cation and anion. Moreover, vacuum,
blowing nitrogen and blowing dry air are three ways to remove
water produced during the polycondensation reaction. The
efficiency of above three ways is in the order of vacuum >
blowing nitrogen > blowing dry air. It is worth noting that
polymerization can go on successfully even under air, and
yielded copolymers have almost the same structure as
determined by H NMR (Figure S3) compared with that
prepared under vacuum or blowing nitrogen.

Table 2 Copolymerization of LLA and CL in sulfonic acid-functionalized
Brensted acidic ionic liquids®

0 0
[M][X] o
HOJWTOH * G 20130 H'[‘O/Ll\'hm‘l' \/V\)Ll;o"
o o

vacuum, N; flow

or air flow
Ay~ (CHaSOGH - (CH2)SO:M
. ©
X: CF380; BF; p-CH;(CgH)SO; HSO; CH;S80;

Temp. Water My ¢ Yield
Run SFBAILS €O removal  (kow POF oy
1T [BSMIM][TFS] 130 50 Pa 249 194 8L6
2 [BSMIM][BF.] 130 50 Pa 26 234 559
3 [BSMIM][TS] 130 50 Pa 263 180 86.7
4 [BSMIM][HSO] 130 50 Pa 356 168 855
5 [BSMIM][MS] 130 50 Pa 226 190 708
6 [BSPy][HSO.] 130 50 Pa 359 196 840
7 [BSMIM][TFS] 110 50 Pa 389 184 873
8  [BSMIM][TFS] 90 50 Pa 192 184 902
9 [BSMIM][TFS] 110 Noflow 315 180 854
10 [BSMIM][TFS] 110 d;m\',r' 284 175 815

#Polymerization conditions: equimolar of LLA and CL, 50 wt% SFBAIL,
polymerization at given temperature for 6 h. ° In the vacuum system, the
reaction pressure gradually decreased from 2 kPa to 50 Pa in 1 h; In the air
and nitrogen flow systems, flow rate of 200 mL/min applied over the
reaction. ¢ Determined by GPC calibrated with polystyrene standard. “ The
yields were calculated without precipitation of polymers.

The molecular weights of P(LLA-CL) copolymers are plotted
in Figure 2 as function of weight percentage of [BSMIM][TFS].
As indicated in Figure 2, molecular weights of copolymers
were significantly influenced by the concentration of SFBAILs.
The polymerization efficiency was drastically lowered in both
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concentrated and dilute polymer solutions in SFBAILs, but
medium concentrations, e.g., 30 % and 50 %, are benefit to
polymerization. That’s because it is difficult to remove water in
concentrated solution and reaction probability of functional
groups was reduced in dilute solution.

M,, (kg/mol)

Weight percentage of IL (%)

Fig. 2 The relationship between M, of P(LLA-CL) and weight percentage of
[BSMIM][TFS] (110 °C, 50 Pa, 6h).

The molecular weights of copolymers with different reaction
time were measured and the results were shown in Figure 3.
Figure 3 indicates the molecular weights of copolymers
increase with the reaction time in 9 h. But after polymerization
for 3 h, growth rate of polymers slows down and no obvious
increase of molecular weights is observed. This is because
viscous polymer solution limits the movement of polymer
chains, and continues to decrease the probability of reaction.
Such phenomenon exists in plenty of polymerizations. In
addition, a weight-average molecular weight of about 47 kDa
can be achieved in [BSMIM][TFS] after 20 h.

9h 6h 3h 2h 1h

r — 1 = T = T E T E T
13 14 15 16 17 18

Elution time (min)

Fig. 3 Variation of SEC chromatograms of P(LLA-CL)s with reaction time (in
[BSMIM][TFS], 110 °C).

Copolymers with different monomer compositions are also
synthesized in SFBAILs, and Figure 4 illustrates that
compositions of copolymers agree well with initial monomer
ratios. It supplies an effective way to tune the structures and

4| J. Name., 2012, 00, 1-3
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properties of copolymers. Homopolymerizations of LLA and
CL were also investigated and only low molecular weight
polymers were obtained in both cases. In respect of LLA, its
polymer, poly(L-lactic acid), has high melting point about
170 <C and its poor solubility in SFBAILs causes it to
precipitate out from SFBAILs at the beginning of
polymerization.  Similarly, poly(e-caprolactone) is also
immiscible with SFBAILs and forms two layers after stopping
stirring.

N R
N
e b
N

Chemical shift (ppm)

Fig. 4 'H NMR spectra of P(LLA-CL) prepared in [BSMIM][TFS] with different
initial molar ratio of LLA to CL.

Copolymerization mechanism and kinetic study

The copolymerization process was monitored at intervals of 20
and 40 minutes by *H NMR in CDCl;. SFBAILs’ signals could
not be detected due to immiscibility of SFBAILs in CDCls.
Figure 5 shows *H NMR spectrum of copolymer of LLA and
CL in [SBMIM][TFS]. Almost all of CL monomers converted
into polymers (2.2-2.5 ppm and 4.0-4.2 ppm) from ring
structure (2.6 ppm and 4.2 ppm) in just 20 minutes and the
main bonding way was caprolactate to caprolactate (CC, 2.3
ppm and 4.05 ppm) rather than lactate to caprolactate (LC, 2.4
ppm and 4.15 ppm). Hydroxyl end group of caprolactate and
lactate were located at 3.66 ppm and 4.36 ppm, respectively.
Resonance at 4.27 ppm was assigned to methine of LLA.
Accordingly, at this reaction stage, ring-opening of CL was the
primary polymerization mode, followed by condensation
polymerization accompanied with transesterification (Scheme
2). Increasing randomness of copolymer, as shown in Figure 6,
and propagation of polymer chain confirmed this hypothesis.
Degree of randomness was calculated by the following formula:

N(LC) + N(CL) _ N(LC)

Degree of randomness =
N(LL) + N(CC) N(CC)

Where N(LC), N(CL), N(LL) and N(CC) stand for the number
of different bonding ways between lactate and caprolactate in

This journal is © The Royal Society of Chemistry 2012
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4.0 3.5 1.5
ppm
Fig. 5 'H NMR spectrum of P(LLA-CL) copolymers synthesized in [SBMIM][TFS] at

20th minute (CDCls, 400 MHz).

3.0 25 2.0

CH, 0
| fast I
HO-CH-ﬁ-OH + o —>HO-CH-ﬁ-O-(CHZ)s-C-ON(CH2)5C-0H N
o o
i
HO-CH-ﬁ-OH — OLLA
o
i
HO-CH-ﬁ-OH

Scheme 2 Copolymerization process of LLA and CL in SFBAILs.

copolymer chains. N(LC) must be equal to N(CL) due to the
mutual authentication between lactate and caprolactate. And
N(LL) is also equal to N(CC) by deducting the same amount of
lactate units and caprolactate units in L-C bonds. As
polymerization progressed, the degree of randomness
approached to 1 based on the H NMR spectrum of final
copolymers (Figure S4). The constant degree of randomness of
copolymers demonstrates that caprolactate and lactate have
nearly the same transesterification reactivity upon the
polycondensation stage.

Polycondensation following fast ring-opening polymerization
can be considered as an acid-catalyzed second-order reaction. A
simplified reaction equation was given as follows:

o . o
NWW)LOH ’ OH/VWW - MM"")J\O/NWW

So second-order rate equation can be defined as:

1

— = kt + Con.
[OH]

= kt + Con. OR ———
[COOH]

Concentration of reactive functional group -OH (or -COOH)
can be figured out from *H NMR spectra according to different
chemical shifts between polymer chain and end group. In

This journal is © The Royal Society of Chemistry 2012

cc
0.90 | LC
120 min
2] | ]
® o085t
c
£ 80 min
S osof
c
e Jg“
[ 60 min
O 075}
[
2
g’ 0.70 | 40 min
a
0.65 ) ) A ) A )
20 40 60 80 100 120 20 min
Time (min) Taa a1 s

F‘P"l

Fig. 6 Degree of randomness of copolymers as function of reaction time based
on 'H NMR (L and C representing lactate and caprolactate in copolymer chain,
respectively).

o
Il

polycondensation
» H

transesterification

,(o

random Poly(LLA-CL)

Figure 7, the concentration of -OH (or -COOH) was defined as
mole numbers per kilogram polymers. In addition, we can
know from Figure 7 that the polymerization rate constant in
[BSMIM][TFS] and [BSMIM][HSO,] were 14.6x10° kg mol™
min! and 6.70x10° kg mol™? min?, respectively, as compared
with the rate constant (13x10° kg mol? min? at 109 <C) of

1.5

m [BSMIM][TFS]

® [BSMIM][HSO,]

-
o

1/[OH] - 1/[OH], (kg/mol)
o
(4]

0.0
1 i L i 1 i 1 i L i L
0 20 40 60 80 100
l-tu (min)
Fig. 7 Variation of (1/[OH] — 1/[OH]o) versus reaction time (t - to) of

copolymerization of LLA and CL in [BSMIM][TFS] and [BSMIM][HSO,] at 110 °C.
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p-toluenesulfonic acid-catalyzed polyesterification of diacid
and diol.?° The former is about twice as fast as the latter, which
is consistent with the already determined Hammett acidities.
The polymerization rate is proportional to acid strength.

Recycle of SFBAILs

lonic liquids were referred as “green” solvents not only because
of its non-volatility and stability but also the recyclability.
SFBAILs can be recycled in a very simple way by phase
separation, ionic liquids in bottom phase and polymers in upper
phase (Figure S5). From Figure 8, one can see that
[SBMIM][TFS] have almost the same good performance after
four recycles, since no big difference of molecular weights was
observed under the identical polymerization conditions. In
addition, *H NMR spectrum of recycled [SBMIM][TFS] have a
close match with freshly prepared one (Figure S6). It can be
concluded that SFBAILs have excellent recyclability in this
copolymerization system.

1 2 3 4

Recycle times

40

20F

M, (kg/mol)

Fig. 8 Copolymerization of L-lactic acid and e-caprolactone in recycled
[SBMIM][TFS].

Conclusions

In this work, copolymerizations of L-lactic acid and e-
caprolactone in sulfonic acid-functionalized Brensted acidic
ionic liquids (SFBAILS) were investigated comprehensively.
Determined Hammett acidities show that the acidity of
SFBAILs is weaker than conventional organic sulfonic acids, as
a result of concentrated anions of ionic liquids. The
polymerization process was influenced by temperature,
concentration, acidity and thermostability of SFBAILS, method
to remove water, etc. Cations of SFBAILs have no obvious
effect on the copolymerization, oppositely, anions play an
important role in it. Copolymers with different compositions
were also achieved by controlling initial monomer ratios. Thus,
it supplied a facile way to tune the properties of copolymers.
Kinetic study indicates that copolymerization process was
combined by polycondensation and simultaneous
transesterification after a fast ring-opening polymerization of e-
caprolactone. Moreover, SFBAILs that were conveniently

6 | J. Name., 2012, 00, 1-3
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recovered by way of phase separation still possess excellent
performance after four recycles.

Experimental

Materials

N-methylimidazole (Linhai Kaile Chemical Factory, China)
was dried with calcium hydride under stirring and then distilled
under reduced pressure before use. 1,4-butyl sultone (99%),
tetrafluoroboric acid (50% aqueous solution), L-lactic acid
(99%), e-caprolactone (99%) were purchased from Aladdin
(Shanghai, China). Methanesulfonic acid was purchased from
Alfa Aesar (Tianjin, China). 2,4-dichloro-6-nitroaniline (98 %)
was purchased from Combi-Blocks Inc. Pyridine (99.5%),
Sulfuric acid (98%), p-toluene sulfonic acid monohydrate (98%)
and all the solvents were purchased from Beijing Chemical
Works (Beijing, China). These chemicals were used as received.

Characterization

NMR spectra were recorded at room temperature on a Bruker
Avance 400 MHz spectrometer using CDCIl; or DMSO-dg
solutions containing 0.03% of tetramethylsilane (TMS) as an
internal standard. Thermogravimetric analysis (TGA) was
performed with a METTLER STRAE SW 9.30
thermogravimetric analyzer under nitrogen flow at a heating
rate of 10 <C/min. The decomposition temperatures were
measured at the onset point of the thermogravimetric curve.
The molecular weight analysis was performed using a Polymer
Laboratories gel permeation chromatograph (PL-GPC 50)
equipped with PL gel mixed-B columns and RI detector.
Chloroform was used as eluent at a flow rate of 1.0 mL/min at
40 <C. Polystyrene standards were used to calibrate the system.
The UV spectra were recorded on a PGeneral TU-1901 UV-vis
spectrophotometer at 50 <C using 2,4-dichloro-6-nitroaniline as
an indicator with 25 mg/L concentration in SFBAILs. The
calibration curve was made using chloroform solutions of the
indicator in the unprotonated form with the concentrations from
5 to 25 mg/L. The correlation coefficient is higher than 0.999.

Synthesis of lonic Liquid

Zwitterion 1-(4’-butane sulfonate)-3-methylimidazolium and
ionic liquids 1-(butyl-4’-sulfonic acid)-3-methylimidazolium
trifluoromethanesulfonate [BSMIM][TFS], 1-(butyl-4’-sulfonic
acid)-3-methylimidazolium hydrosulfate [BSMIM][HSO,4], 1-
(butyl-4’-sulfonic acid)-3-methylimidazolium p-
toluenesulfonate [BSMIM][TS], 1-(butyl-4’-sulfonic acid)-3-
methylimidazolium methanesulfonate [BSMIM][MS], 1-(butyl-
4’-sulfonic acid)-3-methylimidazolium fluoborate
[BSMIM][BF,], and 1-(butyl-4’-sulfonic acid)pyridinium
hydrosulfate [BSPy][HSO,] were synthesized as previously
described.'> 2 IL identity and indeed purity were confirmed by
'H NMR, ®C NMR and elemental analysis (Supporting
Information).

Copolymerization of L-lactic acid and g-caprolactone in
SFBAILs

This journal is © The Royal Society of Chemistry 2012
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The general procedure is given as below: 1-(butyl-4’-sulfonic
acid)-3-methylimidazolium trifluoromethanesulfonate (2.04 g,
5.54 mmol) and equimolar mixture of L-lactic acid (0.90 g, 10
mmol) and e-caprolactone (1.14 g, 10 mmol) were charged into
a 10 mL reaction tube connected with vacuum line. The air in
the reactor was exchanged with a nitrogen flow. Then the
reaction tube was placed in an oil bath at 110 <C under
mechanical stirring. The pressure was gradually decreased to 50
Pa in 1 h, then keep these conditions for 6 h. After cooling to
room temperature, 5 mL fresh chloroform was added into the
tube to extract the polymers and repeated this step twice. Light
yellow ionic liquid and clear polymer solution of chloroform
were obtained. lonic liquid can be reused after vacuum drying.
The polymer solution was washed with deionized water for
thrice and then evaporated to remove chloroform with a rotary
evaporator. The product was further dried under vacuum to give
a paste-like polymer. (A procedure for recycle of ionic liquids:
after phase separation, the bottom ionic liquid phase was
dissolved in 5 mL freshly distilled water. The aqueous solution
of ionic liquid was centrifuged to remove trace amount of
immiscible copolymer, and then the water was distilled under
high vacuum to achieve pure ionic liquid. Upper polymer phase
was washed with water and then dried under vacuum to give a
paste-like polymer.)
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