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Abstract
The ecotoxicities of the ionogels with a matrix of 1-butyl-3-methylimidazolium chloride (BMIMCl) and cellulose, reinforced with chitosan with 54, 60, 69, 78 and 84% degrees of deacetylation (DD), were determined for marine aquatic media at 5, 15 and 30 minutes of exposure to the Vibrio fischeri. The interval of EC50 for 5 minutes of exposure was between 940.2 and 1121.3 mg/L. At this time, there was a small influence of the DD of the chitosan, being the ionogel with a chitosan with 84% of DD the least ecotoxic material. At 15 minutes, the EC50 were from 516.9 to 578.9 mg/L; and for test at 30 minutes, the EC50 values from 471.7 to 540.6 mg/L. The addition of cellulose and chitosan increased the EC50 (almost 34%); therefore, the ecotoxicity of the ionogels was lower than of the BMIMCl (values of 747.9, 383.9, and 354.9 mg/L, at 5, 15 and 30 minutes, respectively). The results demostrated that after 5 minutes of the exposure to the bacteria, time had not influence, since the EC50 of each material hardly changed.
1.
Introduction
Ionic liquids, salts whose melting temperature is lower than 100 ºC, present a great attractiveness due to the possibility to tune their properties by the choice of the anion-cation combination [1]. In addition, these salts have properties as thermal stability, low vapour pressure, and non-flammability [2]. These facts have caused that ionic liquids have become an important research topic in different multidisciplinary areas such as chemistry, physics, biology and engineering [3]. In this sense, there are a wide range of applications of ionic liquids, of which, nowadays, material science is acquiring greater relevance [4]. Ionogels are hybrid materials, whose dispersed liquid phase is an ionic liquid and the continuous phase can be an organic (biopolymers, low molecular weight gelators, metallogels) inorganic (ceramics, metals, nanotubes, etc.), or a hybrid organic-inorganic compound (e.g. silica fillers and polymer) [5, 6]. These materials offer a broad range of uses in different sectors, such as chemical catalysis or biocatalysis [7], energy production (as electrochemical industry) [8, 9], sensors [10], pharmaceuticals [11] or production of other materials (e.g. as intermediate to fabrication membranes for water contaminant elimination) [12, 13]. 
Cellulose and chitosan are the most abundant biopolymers in the biosphere [14]. Cellulose is usually used for the production of bio-based materials, and its capacity of dissolution with conventional ionic liquids is well-known [13]. This biopolymer is found in plants, animals, algae, fungi and minerals, being the plant fiber the major source of cellulose [15]. Chitosan presents a chemical structure similar to cellulose, it is composed of N-acetyl-ᴅ‑glucosamine (GlcNAc) units and ᴅ‑glucosamine (Glc) units (Fig. 1). The degree of deacetylation (DD) of chitosan is the molar fraction of the ᴅ‑glucosamine units in the polymeric chain. In this way, when the DD is below of 50%, the biopolymer is called chitin, and when it is higher than this value, the polymer is chitosan [16]. This copolymer is obtained by deacetylation of chitin (which is found in the structural components of the exoskeleton of arthropods or cell walls of fungi and yeast [17]). Chitin is an accessible and cheap raw material due to it is a waste produced in great amounts by the food processing industries.
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Figure 1. Structure of chitosan as function of the degree of deacetylation (DD).

The good properties of chitosan (such as biodegradability, biocompatibility, antimicrobial, antioxidant, etc.) have caused that this compound being of great interest in many industries, such as cosmetics, pharmaceuticals, food, paper and water treatment . Note that the properties of chitosan depend on the DD and its molecular weight [18]. Because of the interaction of the cellulose with ionic liquids and the mencioned properties of chitosan, these polysacharides are suitable candidates for the formulation of reinforced ionogels. 
The aim of this work is to formulate ionogels with a matrix of 1-butyl-3-methylimizadolium chloride (BMIMCl) and cellulose, reinforced with chitosans with different DDs, and to evaluate the ecotoxicity of them for the marine media. These study is necessary to estimate the impact of the ionogels on the aquatic media if waste management has not been carried out correctly after its use as catalyst or membrane.
2. Materials and methods

2.1. Materials

The ionic liquid 1-butyl-3methylimidazolium chloride, BMIMCl (purity ≥ 99%), was acquired from Iolitec GmbH. Microcrystalline cellulose Avicel® (Ph. Eur. grade) was supplied by Sigma-Aldrich. Chitosans with DD of 54, 60, 69, 78 and 84% were previously obtained by chitin deacetylation (chitin from crab shells). The particle size of chitosans was less than 180 μm. Previously, all materials were dried in a vacuum oven for 12 h at 40 ºC.
2.2. Formulation of (BMIMCl/Cellulose)/Chitosan ionogel composite
The process carried out to obtain ionogels (BMIMCl/Cellulose)/Chitosan is shown in Fig. 2. First, the matrix of the ionogels was obtained by dissolving the microcrystalline cellulose in BMIMCl (6 wt.%) under magnetic stirring (600 rpm) and N2 atmosphere for 6 h at 100 ºC. Previously, the BMIMCl was melted at 100 ºC for 10 minutes. The microcrystalline cellulose was added in three dosages of 2 wt.% to reach 6 wt.%. 
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Figure 2. Scheme of the formulation of ionogel (BMIMCl/Cellulose)/Chitosan.

Later, the reinforcement was incorporated to the dissolution at the same conditions (100 ºC, 600 rpm). The chitosan with a DD was added in three equal share at interval of 30 minutes until to reach 3% (w/w of matrix). Subsequently, the mixture was pour into an 11x7.8x0.2 cm mould lined with PET plastic (GoodFellow Milinex® 0.075 mm). This mould was introduced into a climatic chamber (model Vötsch VCL 4006) at 25 ºC and a relative humidity of 40% for 5 days to ensure complete gelation. The ionogels composites formulated were called Gel54, Gel60, Gel69, Gel78 and Gel84 as function of the DD of the reinforcement, 54, 60, 69, 78 and 84%, respectively.
2.3. Ecotoxicity test

The ecotoxicities of the ionogels composites were determined using a Microtox® M500 Analyzer (Modern Water). To assess the ecotoxicity of ionogels, prior preparation was necessary in order to the particles that could remain in suspension would not interfere with the measurement. In this respect, 20.8 mg of ionogel and 10 mL of dilution from Modern Water (dilution with a 2% NaCl) were mixed in a vial under magnetic stirring at 600 rpm for 15 minutes. Then, the mixture was left to stand for 30 minutes. 
The bacterium used for the ecotoxicity test was Vibrio fischeri, a marine luminescent bacterium. The toxicity basic test, in which 4 dilutions were prepared with a dilution factor of 2, was the method applied to determine the 50% of reduction in luminescence of the bacterium (EC50). The ecotoxicity was evaluated at 5, 15 and 30 minutes of exposure to V. fischeri. The toxicity of BMIMCl was measurement with the purpose of comparing the results with the majority compound of the matrix. The data obtained was treated with MicrotoxOmni software (Modern Water).
3. Results and discussion
The results of the ecotoxicity test for the BMIMCl, the ionogel matrix (BMIMCl and cellulose), and the ionogels reinforced with chitosans with different DDs are showed in the Fig. 3, for exposures times at 5, 15 and 30 minutes to the bacterium. 
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Figure 3. Ecotoxicity results of ionogels formulated at 5 (a), 15 (b) and 30 (c) minutes of exposure to V. fischeri.
The exposure for 5 minutes to the marine bacterium indicate that both the matrix and the formulated ionogels are less ecotoxic than BMIMCl. The EC50 values have a tendency to increase when the DD of the reinforcement is raised from 54 to 84%. The range of the EC50 was between 940.2 and 1121.3 mg/L for the Gel54 to Gel84 samples. However, for the matrix of ionogel the EC50 was 880.7 mg/L, lower than of the reinforced ionogels. The EC50 for the Gel84 (the lower ecotoxic ionogel at this time) was almost 33.3% superior than that of BMIMCl, and 21.5% higher than the EC50 of the matrix. These results suggest that as the DD of the reinforcement is increased, the interactions between the matrix and the chitosan are stronger, and therefore, less BMIMCl free is present in the diluent used in the test.
The behavior of the ionogel reinforced with the different chitosans and the matrix does not reveal significant differences at 15 and 30 minutes of exposure to the V. fischeri, although the EC50 of the Gel84 is slightly higher than that of the ionogels studied. Nevertheless, the values of EC50 of ionogels obtained were greater than that of the BMIMCl (34% higher than the Gel84 EC50 values), thus the ecotoxicity of the ionogels at 15 and 30 minutes of exposure is also lower than the ecotoxicity of the BMIMCl.
The EC50 obtained for the BMIMCl at 15 minutes to exposure, 383.9 mg/L, are in line with the determined by other authors, between 287.0 and 897.5 mg/L [19, 20]. Despite of the BMIMCl presented the greater ecotoxicity, this compound is considered moderately toxic for the marine media [21], being the EC50 similar to others ionic liquids as cholinium-based ionic liquids as cholinium chloride [21, 22].
Generally, as the time of exposure at the bacterium was increased, the ecotoxicities of the all samples decreased. However, this fact is not significant for times at 15 and 30 minutes for each material, so the time from 5 minutes of exposure has not an influence on the measurement (between 516.9 and 578.9 mg/L at 15 minutes; and 471.7-540.6 at 30 minutes). 
4. Conclusions

The ecotoxicities of the ionogels formulated reinforced with different chitosans were evaluated for marine aquatic media. At low exposure time, there is small influence of the DD of chitosan on the ecotoxicity of ionogels, being the Gel84 the least ecotoxic ionogel. The both ionogels and their matrix are less ecotoxic than the BMIMCl (almost 34% in comparison to Gel84). Therefore, the environmental properties of the ionogel in relation to the compounds of the matrix were improved. 
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