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Abstract

(2-Hydroxyethyl)ammonium lactates have been prepared by reactions of the corresponding (2-hydroxyethyl)
amines with lactic acid and characterized by their '"H NMR, IR, and mass spectra. They have been quantita-
tively analyzed by HPLC, and their water contents have been determined by the Karl-Fischer method. The
title salts are low-melting solids or viscous liquids, and they belong to the class of polar, hydrophilic ionic
liquids. The toxicity and chemical and biological degradation of the synthesized ionic liquids have been
evaluated by methods described in European Standards. The measurements showed these ionic liquids to be
highly biodegradable and only slightly toxic substances. Condensation reactions of benzaldehyde with ethyl
cyanoacetate and with acetophenone have been performed in these materials as solvents. The possibility of
simultaneously applying these ionic liquids as both solvents and catalysts for the mentioned reactions has
been demonstrated, as well as repeated use of the same ionic liquid for a number of condensation reactions

without any purification.
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1. Introduction

Ionic liquids (ILs) have been widely and successfully
exploited as solvents for organic synthesis during the last
20 years [1]. After their utilization, ILs tend to be dis-
posed of to the environment and so pollute it. The most
extensively used ILs, imidazolium and pyridinium salts,
are toxic substances with a low biodegradation level.
Although a great deal of research work has been directed
towards elaborating ILs of low toxicity and high biode-
gradability during the last 5 - 10 years, the results have
as yet been modest. The obtained improvements in the
quality of ILs have not been sufficient to permit their
recommendation for safe exploitation in industrial pro-
cesses without harming the environment. ILs of improved
quality are needed both as solvents for organic transfor-
mations and as materials for other applications. There-
fore, remarkably better materials than the hitherto used
ILs, namely (2-hydroxyethyl)ammonium lactates, are
proposed for the attention of specialists in this commu-
nication.

2. Results and Discussion

The cations of (2-hydroxyethyl)ammonium lactates (2, 4,
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6, 8) closely resemble that of choline [(2-hydroxyethyl)
trimethylammonium hydroxide], which participates in
human biological processes, while the anion, lactate, is a
participant in the human metabolism process. It was
expected that a combination of both ions might give a
highly biodegradable and marginally toxic substances.
Our preliminary experiments indicated that these expe-
ctations were valid. It looks that microorganisms decom-
pose these new ILs in a substantially shorter time upon
their release to the environment in comparison with other
ammonium salts. Therefore (2-hydroxyethyl)ammonium
lactates might serve as especially environmentally friendly
ionic liquids.

(2-Hydroxyethyl)ammonium lactates are easily formed
by the reaction of (2-hydroxyethyl)amines with lactic
acid (Scheme 1). An 80% aqueous solution of L-(+)- lac-
tic acid was used in our experiments, and the water libe-
rated in the reaction as well as absorbed moisture was se-
parated from the reaction mixture after the salt forma-
tion by distillation in vacuum followed by drying under
high vacuum (2 Torr, 80°C). ILs (2, 4, 6, 8) with diffe-
rent numbers of hydroxyl groups, and hence different
polarities and hydrophilicities, were synthesized in this
way.
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Scheme 1. Synthesis of (2-hydroxyethyl)ammonium lactates.

The ILs were qualitatively analyzed by '"H NMR and
IR spectroscopies. The characteristic resonance signals in
the '"H NMR spectra are collected in Table 1. For the
lactate anion, the signals of the methyl group protons
(CHs;) can be found in the range 5 (1.1 - 1.2 ppm), while
that of the proton adjacent to the carboxylic group
(-CH(OH)-COO) appears in the range 6 (3.7 - 3.9 ppm).
The signals of the protons of the ammonium cation
neighboring the oxygen atom can be found in the range &
(3.4 - 3.6 ppm), while those of the protons adjacent to the
nitrogen atom can be found in the range J (2.6 - 2.8
ppm).

The IR spectra were less informative. Absorption bands
at v = (3500 - 3100), ~1750, and ~1600 cm™" confirm
only the presence of OH and NH groups, carboxylate
anion, and ammonium cation in these materials. Hence,
'H NMR and IR spectral data together certify the
structures of the obtained ILs.

The ILs were quantitatively analyzed by HPLC/MS,
using an instrument equipped with an MS as a detector.
Only one signal was observed in each of the chroma-
tograms, and mass spectrometry additionally confirmed
the structures of the obtained ILs. In each case, the
analyzed samples contained 298% of the IL according to
HPLC/MS analysis.

The yields of the synthesized ILs were high (=95% of
isolated products), and the ILs were obtained as low-
melting solids or viscous liquids. Drying them in vacuum
ensured a low water content (<2.0%) (Table 2). Fortu-
nately, the presence of a minor amount of water in the
ILs had practically no effect on our subsequently investi-
gated condensation reactions.

The investigated ILs with the lactate anion and
(2-hydroxyethyl)ammonium cations (2, 4, 6, 8) were
found to be less resistant to heating than other ILs. Their
decomposition starts at 150°C, and further degradation of
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the ILs follows immediately after the expulsion of the
first water molecule at ~150°C (Table 2). It means that
the exploitation of described ionic liquids in syntheses is
possible in a temperature range from room temperature
to ~120°C. Fortunately, this temperature interval covers
the greatest part of organic transformations. Organic
syntheses in ILs are performed most frequently at room
temperature and seldom above 100°C. The mentioned
above temperature limitation is justified by the fact that
(2-hydroxyethyl)ammonium lactates are 2 - 3 times
cheaper materials than other ILs.

The toxicity of the investigated ILs was also evaluated
according to a standard method [10,11] using Brachionus
calyciflorus, the lethal concentrations being appraised
according to the described toxicity scale [17]. The
measured lethal concentrations (LCsy) were 0.01 - 0.35
mol/L (Table 3). The results indicate that ILs 2, 4, 6, and
8 are practically non-toxic substances, their toxicity
being ~10 times lower than that of ILs with imidazolium
cations [17].

In order to evaluate the impact of the described ILs on
the environment, their degradation was investigated by
determining their chemical and biological oxygen de-
mands. The chemical oxygen demand (chemical degra-
dation) was measured according to the method described
in the European Standard [13], and the obtained results
are collected in Table 4. All investigated ILs have de-
composed almost fully under these standard conditions,
including very stable imidazolium and pyridinium salts.
The biodegradation of our investigated ILs was also
measured according to the relevant European Standard
[14]. Compounds that attain a biodegradation level
higher than 60% are considered to be easily biodegra-
dable [2,3]. The extents of biodegradation of ILs 2, 4, 6,
and 8 (Table 4) were found to be approximately 10 - 100
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Table 1. "H NMR spectra of the investigated ionic liquids.
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'H NMR, ppm
Entry IL

CH;—CH- -CH-COO H-O-, H-N'- O-CH»- N-CH,-
1 2 1.12 (d) 3.65 (m) 5.40 (m) 3.57 (t) 2.82 (t)
2 4 1.14 (d) 3.75 (m) 5.05 (m) 3.60 (1) 2.87 (1)
3 6 1.20 (d) 3.96 (m) 4.30 (m) 3.44 (1) 2.63 (1)
4 8 1.13 (d) 3.70 (m) 5.21 (m) 3.44 (s) -

Table 2. Characteristics of the investigated ionic liquids.

Entry 1L Yield, %° Content of IL, %" m.p., ’C Water content, %° E d Thermal stability, °C°
1 2 94 >98 liquid 1.8£0.4 0.89 142
2 4 97 298 liquid 2.0+0.3 0.93 157
3 6 96 >98 45-46 0.43 +£0.04 1.00 152
4 8 84 >98 105-110 0.79+£0.15 150

*Yield of the isolated product. *Analyzed by HPLC/MS. Determined by the Karl-Fischer method. *Measured according to the described [20] procedure.°The

initial stage of the decomposition determined by thermogravimetry.

Table 3. Toxicity of (2-hydroxyethyl)ammonium lactates.

By Lo mol.
1 2 0.0101 £+ 0.0006
2 4 0.073 £ 0.005
3 6 0.33+0.04
4 8 0.351 +0.020

Table 4. Degradation of (2-hydroxyethyl)ammonium lac-
tates.

1 2 95 98
2 4 62 93
3 6 60 92
4 8 65 97
5 [Ci,mim] Br* 6 97
6 [Copy] Br® 10 95
7 [Hmim] lactate [5] 5

8 Reference material® 99

“Determined according to [14], expressed as the ratio of biological and
chemical oxygen demands, with the concentration of IL 2 mg/L. "Deter-
mined according to the Standard [13], expressed as the ratio of experimental
and theoretical chemical oxygen demands, with the concentration of IL 2
mg/L in experiments. “Abbreviations: [Cj;mim]: 1-dodecyl-3-methylimi-
dazolium; [Cypy]: 1-dodecylpyridinium; [Hmim]: 1-methylimidazolium;
reference material: a mixture of glucose and glutamic acid.

times higher than those of common ILs [22], including
N-methyl imidazolium lactate [5]. The highest biodegra-
dation level (95%) was found for (2-hydroxyethyl)
ammonium lactate (2). The other ILs have biodegra-
dation levels > 60%, indicating that they also decompose
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relatively easily. It should be emphasized that a mixture
of glucose and glutamic acid was used as a reference
material in our measurements; its biodegradation was
99% complete when measurements were made in exactly
the same way in which our ILs were tested, with an
incubation period of 5 days. Therefore, the synthesized
(2-hydroxyethyl)ammonium lactates may be considered
as environmentally friendly solvents and exceptionally
harmless materials.

The investigated ILs (2, 4, 6, and 8) contain several
O-H and N-H bonds and are therefore both highly hy-
drophilic materials and considerably polar solvents.
Their polarity was estimated according to Reichardt’s
polarity index ( £, ), measured as proposed by Reichardt
himself [20]. The determined polarities of our ILs are
quite close to that of water ( £, = 1.00); the index values
lie in an interval between 0.89 and 1.00 (Table 2).

The effectiveness of the proposed ILs as reaction me-
dia was tested by carrying out two Knoevenagel conden-
sation reactions: reaction of benzaldehyde (9) with ethyl
cyanoacetate (10) and that of benzaldehyde (9) with ace-
tophenone (12) (Scheme 2). The results were compared
with those obtained in ethanol solution (Table 5).

The condensation of benzaldehyde with ethyl cyano-
acetate proceeded easily, and yields of the product (11)
were high. The addition of glycine as an extra catalyst
led to only an insignificant increase in the yield (Table
5). The results were unsurprising because our ILs them-
selves are ammonium salts, substances that are similar to
ammonium acetate, the most frequently exploited cata-
lyst in these Knoevenagel condensation reactions.

The hydrophilicity of ILs and the size of their cations
increase with increasing number of 2-hydroxyethyl
groups that they bear. Cations are moved further away
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Scheme 2. Condensation reactions in ionic liquids—(2-hydroxyethyl)ammonium lactates.

Table 5. Yields of condensation reaction products in ionic liquids and ethanol.

Yield, %"
Entry L 11 13
1 h/90°C 1 h/90°C® 6 h/100°C 12 h/100°C 24 h/100°C
1 2 83 72 65 90 95
2 4 94 89 43 73 93
3 6 88 90 0 0 0
4 8 84 90 3 10 10
5 EtOH 34 89¢ 749 75 85

*Yield of the isolated condensation reaction product containing > 99.0% of the base stock (by GC-MS) using the molar ratio benzaldehyde: ethyl cyanoacetate
(acetophenone): ionic liquid = 1:1:2. ®Yield of the product using glycine as a catalyst and the molar ratio benzaldehyde: ethyl cyanoacetate: ionic liquid: glycine
=1:1:2:1. °Yield in ethanol in the presence of glycine as a catalyst according to a described [15] procedure. d¥ield in a 1:1 water/ethanol mixture in the presence

of NaOH as a catalyst according to a described [16] procedure.

from their lactate anion in ILs with a larger number of
2-hydroxyethyl groups. The best yields of the product 11
were achieved in ILs 4 and 6 (Table 5), and the observed
results validate the frequently expressed idea about the
necessity and possibility of designing an IL of optimal
structure for every particular reaction [1].

The condensation of benzaldehyde with acetophenone
(acetylbenzene) proceeded considerably less readily than
that with ethyl cyanoacetate, and more severe reaction
conditions were necessary to obtain acceptable yields of
the product (13), 24 h at 100°C in the best ILs (Figure
1).

Condensation reactions are affected by the acidity of

the medium, and optimal pH is needed for every reaction.

pH values have no meaning in water-free ILs; however,
it is possible to measure or estimate pH values of aque-
ous solutions of the investigated ILs. The fact that the
polarities of the ILs (£} =0.89-1.00, Table 2) are
close to that of water ( E,; =1.00) justifies such an ap-
proximation.

Our experiments have shown that increased hydro-
philicity (and polarity) of the ILs decreases the yield of
the condensation reaction product (13), such that the
yields decrease in the sequence 2 > 4 > 8 > 6. A pro-
longed reaction time of up to 24 h resulted in high yields
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only in ILs 2 and 4; yields in IL 8 slowly increased with
time, but the reaction did not proceed at all in IL 6 (Fig-
ure 1, Table 5).

The rates and yields of condensation reactions in com-
mon solvents (molecular liquids) usually depend on the
acidity level of the reaction medium. To evaluate the
possible impact on the same reactions in ILs, the con-
densation reaction between benzaldehyde and acetophe-
none was tested in various ILs that differ in their pH
values in aqueous solution. As ILs are highly polar sol-
vents, one might assume that the acidities of substances
in IL media might show similar trends to those in water,
even though measuring such pseudo-pH values is not
meaningful. To check this idea, yields of 1,3-diphenyl-
propen-1-one (13) (after 24 h at 100°C) in ILs with dif-
ferent pH values in aqueous solution were compared.
The results confirmed that high product yields could only
be achieved in a very narrow range of pseudo-pH values,
6.4 - 6.7 (Figure 2).

The polarities of common solvents (molecular liquids)
also have an impact on the results of condensation reac-
tions. The polarities of the investigated (and other) ILs
have been characterized by different criteria, most fre-
quently by their Reichardt’s constants, E; values.
Again, the yields of 1,3-diphenylpropen-1-one (13) un-
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Figure 1. Impact of the reaction time and acidity of the me-
dium on the yield of 1,3-diphenylpropen-1-one (13) in dif-
ferent (2-hydroxyethyl)ammonium lactates (2, 4, 6, 8) (pH
of 0.10 mol/L ILs in aqueous solutions).
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Figure 2. Impact of the acidity of aqueous solutions of ionic
liquids on the yield of 1,3-diphenylpropen-1-one (13) (after
24 h at 100°C, where 2, 4, 6, and 8 are the abovementioned
(2-hydroxyethyl)ammonium lactates; 7: bis(2-hydroxyethyl)
ammonium acetate; 7a: (2-hydroxyethyl)ammonium for-
mate; 7b: tris(2-hydroxyethyl)ammonium acetate; 7c: bu-
tylmethylimidazolium bromide; 7d: methylimidazolium lac-
tate; 7e: methylimidazolium formate.

der similar reaction conditions (after 24 h at 100°C) in
ILs of various Reichardt’s constants were compared. The
highest yields of the product (13) were again obtained
only in a rather narrow polarity region ( £} =0.89-0.93)
(Figure 3). Consequently, the polarity of the ILs sub-
stantially affects the outcomes of condensation reactions
performed in them.

The condensation reaction product is usually isolated
from the reaction mixture in one of two ways: 1) by
dissolving the IL in water and separating the product; 2)
by extracting the product from the reaction mixture with
some organic solvent (diethyl ether, benzene, etc.) and
then evaporating the solvent. The second method allows
repeated exploitation of the same IL several times. Our
experiments have shown that high yields (= 95%) of the
product (11) may be repeatedly obtained from the
condensation of benzaldehyde with ethyl cyanoacetate in
the same IL, up to twenty times without any purification
of the IL (Table 6).
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Figure 3. Impact of the polarity of ionic liquids on the yield
of 1,3-diphenylpropen-1-one (13) (after 24 h at 100°C),
where 2, 4, and 8 are the abovementioned (2-hydroxyethyl)
ammonium lactates; 7: bis(2-hydroxyethyl)ammonium ace-
tate; 7b: tris(2-hydroxyethyl)ammonium acetate; 7c: butyl-
methylimidazolium bromide; 7d: methylimidazolium lac-
tate; 7e: methylimidazolium formate; 7f: ethylmethylimi-
dazolium methanesulfonate; 7g: heptylpyridinium bromide.

The repeated utilization of ILs is only advantageous
for reactions from which the product is separated by
extraction with an organic solvent. The latter is partly
distilled off after the extraction, which allows solid
products to be crystallized simultaneously (from the
solvent of the extraction). Therefore, (2-hydroxyethyl)
ammonium lactates may be considered as very promising
solvents for condensation reactions that require a highly
hydrophilic medium and the presence of catalysts with
acidic and basic properties.

3. Conclusions

(2-Hydroxyethyl)ammonium lactates are highly biode-
gradable and practically non-toxic ionic liquids. Conden-
sation reactions proceed rapidly in these media, giving
high yields of products without any other catalyst, and it
is possible to reuse the same ionic liquid repeatedly for at
least twenty times. The polarity and pseudo-pH of ionic
liquids substantially affect the rates and yields of con-
densation reactions of aromatic aldehydes with activated
methyl- or methylene compounds performed therein.

4. Experimental

4.1. Materials

L-(+)-Lactic acid (80%), 2-aminoethanol, 2-N-(2-hydro-
xyethyl)aminoethanol, and 2-N,N-bis(2-hydroxyethyl)
aminoethanol (Aldrich) were distilled in vacuum before
use. All other chemicals were analytical grade commer-
cial products (Aldrich).

4.2. Syntheses of Ionic Liquids

(2-Hydroxyethyl)ammonium lactate (2): An aqueous
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Table 6. Yields of the product in repeated condensation reactions of benzaldehyde with ethyl cyanoacetate in the same IL,

bis(2-hydroxyethyl)ammeonium lactate.

S.PAVLOVICA ET AL.

Entry Run Yield®, % Entry Run Yield®, % Entry Run Yield”, %
1 Ist 94 8 8th 99 15 15th 99
2 2nd 95 9 9th 98 16 16th 96
3 3rd 99 10 10th 96 17 17th 99
4 4th 93 11 11th 98 18 18th 95
5 5th 96 12 12th 98 19 19th 96
6 6th 96 13 13th 97 20 20th 95
7 7th 95 14 14th 97 21 21st 94

*Yield of the isolated condensation reaction product (11) (base stock > 99.0% by GC-MS) after 1 h at 90°C in IL 4; molar ratio benzaldehyde: ethyl

cyanoacetate:ionic liquid = 1:1:2.

solution of L-(+)-lactic acid (19.26 g, 171.0 mmol) was
added dropwise to (2-hydroxyethyl)amine (10.45 g,
171.0 mmol) at 0°C over a period of ~1 h with vigorous
stirring, keeping the temperature at 0°C - 5°C. Following
the addition, stirring was continued for 30 h at room
temperature. Water was distilled off from the reaction
mixture in vacuum (10 - 15 Torr). The obtained viscous
mass was dried in vacuum (2 - 3 Torr, 60°C - 80°C) for
12 h to afford 24.31 g (94%) of the product (2) in the
form of a viscous liquid. "H NMR spectrum (DMSO-dg,
8, ppm): 1.12 (d, 3H, CHs-CH); 2.82 (t, 2H, CH,-N);
3.57 (t, 2H, CH,-0); 3.65 (m, 1H, -CH-COO"); 5.40 (m,
4H, NH; + OH). IR spectrum (Nujol, v, cm_l): 3700 -
3000 (N-H + O-H); 1750 - 1600 (C=0O + N-H).

Other ionic liquids were prepared in a similar way.

Bis(2-hydroxyethyl)ammonium lactate (4): A viscous
liquid, yield 97%; '"H NMR spectrum (DMSO-dg, 96,
ppm): 1.14 (d, 3H, CH5-CH); 2.87 (t, 4H, CH,-N); 3.60
(t, 4H, CH»-0); 3.75 (m, 1H, CH-COO"); 5.05 (m, 4H,
NH; + OH). IR spectrum (Nujol, v, cm‘l): 3700 - 3000
(N-H + O-H); 1750 - 1600 (C=0 + N-H).

Tris(2-hydroxyethyl)ammonium lactate (6): A white
solid, m.p. 45°C - 46°C, yield 96%. 'H NMR spectrum
(DMSO-ds, 8, ppm): 1.20 (d, 3H, CH5-CH-); 2.63 (t, 2H,
CH,-N); 3.44 (t, 2H, CH,-0O); 3.96 (m, 1H, CH-COO");
4.30 (m, 4H, NH; + OH).

Tris(2-hydroxymethyl)methylammonium lactate (8):

A white solid, m.p. 105°C - 110°C, yield 84%. '"H NMR
spectrum (DMSO-dg, 6, ppm): 1.13 (d, 3H, CH;-CH);
3.44 (s, 6H, CH,-0); 3.70 (m, 1H, CH-COO"); 5.21 (m,
6H, NH; + OH). IR spectrum (Nujol, v, cm_l): 3700 -
3000 (N-H + O-H); 1750 - 1600 (C=0 + N-H).

4.3. Condensation Reactions in Ionic Liquid
Media

Ethyl 2-cyano-3-phenylpropenoate (11): Benzaldehyde

(0.53 g, 5.0 mmol), ethyl cyanoacetate (0.57 g, 5.0 mmol),
and bis(2-hydroxyethyl)ammonium lactate (4, 1.95 g,
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10.0 mmol) were stirred at 90°C for 1 h. The reaction
mixture was then cooled to room temperature and
extracted with diethyl ether (5 x 4 mL). The combined
ethereal extracts were washed with water (2 x 2 mL),
dried over sodium sulfate for 16 h, and concentrated to
dryness. The residue was crystallized from ethanol.
Colorless product (11) was obtained (0.94 g, 94%) with
m.p. 52°C - 53°C (lit. [15] m.p. 51°C - 53°C). '"H NMR
spectrum (DMSO-dg, J, ppm): 8.13 (s, 1H, H-C=); 7.79 -
7.33 (m, SH, H-Cy,); 4.23 (t, 2H, CH,-O); 1.42 (q, 3H,
CH,-CH,).

Condensation reactions in the other ILs 2, 6, and 8
were performed in a similar way. The repeated syntheses
in the same IL were also performed in a similar way,
without any purification of the IL between the runs. The
results are presented in Tables S and 6.

1,3-Diphenylprop-2-en-1-one (benzalacetophenone, 13):
Benzaldehyde (0.53 g, 5.0 mmol), acetophenone (0.60 g,
5.0 mmol), and (2-hydroxyethyl)ammonium lactate (2,
1.51 g, 10.0 mmol) were stirred at 100°C for 24 h. The
reaction mixture was cooled to 75°C and extracted with
boiling benzene (5 x 10 mL). The combined benzene
extracts were washed with water (2 x 2 mL), dried over
sodium sulfate for 16 h, and concentrated to dryness. The
residue was crystallized from ethanol. Yellow product
(13) was obtained (0.98 g, 95%) with m.p. 56°C - 57°C
(lit. [21] m.p. 56°C - 57°C). 'H NMR spectrum
(DMSO-dg, 6, ppm): 6.06 (d, 1H, H-C=); 5.83 (d, 1H,
H-C=);5.75 - 5.54 (m, 10 H, H-Ar).

Condensation reactions in the other ILs 4, 6, and 8
were performed in a similar way. The results are collected
in Table 5 and shown in Figures 1-3.

4.4. Measurements
'H NMR spectra were recorded on a Varian 400 MR
spectrometer, using DMSO-dg as a solvent and TMS as

an internal standard. FTIR spectra were recorded on an
Avatar 330 FTIR Thermo Nicolet spectrometer from
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samples in Nujol mulls. HPLC/MS analyses were per-
formed on a Waters Alliance 2690 chromatograph. The
stationary phase was Atlantis® HILIC silica (2.1 x 150
mm, particle size of the sorbent 3 pm). The mobile phase
was water/methanol (3:7; v/v) at a flow rate of 0.2
mL/min at 30°C. The detector was a Micromass® Quattro
Micro™ API mass spectrometer with electrospray ioni-
zation. The water (moisture) content of the ILs was
measured by the Karl-Fischer method using a Metrohm
836 Titrant Karl-Fischer titrator, cylinder volume 20 mL.
The reagent Hydranal-Composite 5 and the data-pro-
cessing program Tiamo (version 1.2.1) were used in
these analyses. The Karl-Fischer titrator was calibrated
with distilled water before each measurement series. The
polarity of ILs was evaluated (and E, calculated)
according to a described [20] method using Reichardt’s
dye and a Perkin-Elmer Lambda 25 UV/Vis spectro-
photometer. Data were processed with the program
Lambda 25 UV Win Lab. Thermo-gravimetric analysis
(TGA) was performed on an SII Extar6000 TG/DTA-
6300 instrument at a heating rate of 10°C/min. The
curves showed a sharp decline at around 150°C. Com-
plete mass loss was observed at temperatures > 300°C.

Toxicity tests on the IL solutions were performed as
described in the Instructions for Users [13]. Rotifers
Brachionus calyciflorus, which are part of the consumers
trophic level of the aquatic food chain, were used as test
organisms [14]. Each sample was analyzed in triplicate
using a Toxicity Screening Test Rotoxkit F™. Mortality
after 24 h was used as the end-point for determination of
acute toxicity. The dilution series to be tested in the
definitive test spanned the range from the lowest concen-
tration producing 100% mortality to the highest concen-
tration producing 0% mortality in the range of test sen-
sitivity. LCso values were determined by a graphical
interpolation procedure and are expressed in mg/L.

Chemical oxygen demand was measured according to
the European Standard method [13]. Solutions of the ILs
in water were oxidized in an acidic (H,SO4) medium
with K,Cr,O; at 145°C in the presence of Ag,SO,4 and
HgSO,, with subsequent spectrophotometric determi-
nation of the Cr’" concentration by means of a spectro-
photometer.

Biological oxygen demand was measured according to
the European Standard method [14]. A solution of an IL
was diluted with the requisite amount of water to obtain
an IL concentration of 2 mg/L. Sludge as inoculum was
added to the solution. The sample was kept at 20 + 1°C
in darkness in a completely filled and tightly closed
vessel in a thermostat for an incubation period of 5 days.
The content of dissolved oxygen was measured at the
start and at the end of the incubation period by using a
WTN 3401/SET oximeter and is expressed in mg O,/L.

Copyright © 2011 SciRes.

Biodegradation of the ILs was calculated as the ratio of
biologically and chemically consumed oxygen. Glucose/
glutamic acid mixture was used as a reference material.
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