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Introduction

Cellulose, the most abundant polymer on Earth, displays some interesting properties such as biocompatibility, biodegradability, and thermal stability which makes it highly attractive as renewable resource for various applications, for example in the biomedical field or in energy storage [START_REF] Salama | Cellulose/calcium phosphate hybrids: New materials for biomedical and environmental applications[END_REF][START_REF] Wang | Ionic liquid processing of cellulose[END_REF]. However, one of the major limitations for applying cellulose in sustainable technologies is the lack of efficient strategies for its processing, as cellulose is insoluble in water and conventional organic solvents [START_REF] Salama | Ionic liquid-assisted formation of cellulose/calcium phosphate hybrid materials[END_REF]. New approaches for efficient cellulose processing and derivatization are therefore highly desirable [START_REF] Salama | Soy protein hydrolysate grafted cellulose nanofibrils with bioactive signals for bone repair and regeneration[END_REF], and particularly the generation of novel soluble cellulose derivatives is a field of intense research activity [START_REF] Elschner | Cellulose carbonates: A platform for promising biopolymer derivatives with multifunctional capabilities[END_REF][START_REF] Rong | Biginelli reaction on cellulose acetoacetate : a new approach for versatile cellulose derivatives[END_REF]. In particular, cellulose derivatization on the C6 position of the D-anhydroglucopyranose units via its functionalization with good leaving groups offers multiple possibilities for cellulose modification. In this respect, the formation of tosylcellulose and its subsequent nucleophilic substitution with butylamine and pyridine was reported (C. [START_REF] Liu | New 6-butylamino-6-deoxycellulose and 6-deoxy-6pyridiniumcellulose derivatives with highest regioselectivity and completeness of reaction[END_REF]. Another study showed that cellulose derivatives such as 6-deoxy-6-bromo-cellulose allow accessing amino-functionalized cellulose derivatives via regioselective substitution (S. [START_REF] Liu | An Efficient, Regioselective Pathway to Cationic and Zwitterionic N-Heterocyclic Cellulose Ionomers[END_REF].

The p-toluene sulfonic acid ester of cellulose, tosylcellulose, appears as a highly versatile intermediate for the synthesis of a large variety of new cellulose derivatives via nucleophilic substitution reactions [START_REF] Schmidt | Synthesis of soluble cellulose tosylates in an eco-friendly medium[END_REF]. The tosyl moiety is an excellent leaving group and can be substituted by various nucleophiles such as halides, pseudo-halides (azide, thiocyanate,…) or amines, to access novel 6deoxy-6-functionalized cellulose derivatives [START_REF] Gericke | Studies on the tosylation of cellulose in mixtures of ionic liquids and a cosolvent[END_REF]. For example, new water soluble cellulose derivatives can be obtained from tosylcellulose through nucleophilic substitution with aminoalkyl acid derivatives [START_REF] El-Sayed | Rational design of novel water-soluble ampholytic cellulose derivatives[END_REF]. Hence, nucleophilic substitution reactions with tosylcellulose open up new pathways for cellulose modification in view of the elaboration of functional materials from renewable ressources.

The tosylation performed in homogeneous media allows achieving a high degree of substitution (DS) and uniform distribution of the tosyl moieties along the cellulose chains [START_REF] Schmidt | Synthesis of soluble cellulose tosylates in an eco-friendly medium[END_REF]. Typically, the homogeneous tosylation of cellulose can be achieved in N,N-dimethylacetamide (DMAc)-LiCl with p-toluenesulfonyl chloride in the presence of triethylamine. This procedure produces tosylcellulose that is soluble in a variety of solvents [START_REF] Rahn | Homogeneous synthesis of cellulose p-toluenesulfonates in N,Ndimethylacetamide/LiCl solvent system[END_REF].

However, the tosylation of cellulose is not a trivial process, and other strategies for more sustainable synthesis processes for tosylcellulose were investigated [START_REF] El-Sayed | Rational design of novel water-soluble ampholytic cellulose derivatives[END_REF]. In this context, cellulose derivatization in ionic liquid (IL) media appears as a promising strategy to access for cellulose modification. Ionic liquids were reported as efficient solvents for the solubilization of polysaccharides and more specifically for cellulose. Homogeneous solutions of cellulose dissolved in IL media allowed accessing a variety of chemical cellulose modifications and gave rise to new cellulose derivatives (Salama & Hesemann, 2020a). Homogeneous cellulose solutions in ionic liquids have been applied for the preparation novel cellulose derivatives, mainly of esters of organic and inorganic acids [START_REF] Wu | Homogeneous acetylation of cellulose in a new ionic liquid[END_REF]. The preparation of tosylcellulose in ionic liquids as an intermediate for further conversion into different cellulose derivatives has already been reported [START_REF] Gericke | Studies on the tosylation of cellulose in mixtures of ionic liquids and a cosolvent[END_REF].

In this work, we particularly focused on the derivatization of cellulose with ionic imidazolium groups. Polysaccharides bearing positive charges show remarkable physical and chemical properties and were suggested for promising applications such as adsorption [START_REF] Salama | Synthesis of N-Guanidinium-chitosan/silica hybrid composites: Efficient adsorbents for anionic pollutants[END_REF], 2018a) and biomaterials [START_REF] Salama | Synthesis and antimicrobial properties of new chitosan derivatives containing guanidinium groups[END_REF]Salama & Hesemann, 2020b). Moreover, these biopolymers can bind electrostatically with other anionic biomolecules such as nucleic acids and some proteins to form polyelectrolyte complexes for therapeutic applications. For example, chitosan, the most common cationic polysaccharide, has the ability to improve permeation of peptide drugs across mucosal epithelia [START_REF] Thanou | Chitosan and its derivatives as intestinal absorption enhancers[END_REF]. It can encapsulate anionic nucleic acids or certain proteins and protect them from degradative enzymes [START_REF] Lai | Nucleic acid delivery with chitosan and its derivatives[END_REF]. Moreover, chitosan bearing quaternized ammonium derivatives shows permanent positive charge, high solubility in a large range of pH values, and promising ability to enhance absorption of hydrophilic drugs [START_REF] Thanou | Chitosan and its derivatives as intestinal absorption enhancers[END_REF].

In this work, we focused on the formation of a cellulose derivative bearing covalently grafted cationic imidazolium groups starting from cellulose. For this purpose, we firstly investigated the synthesis of tosylcellulose in ionic liquid reaction medium. This method efficiently produced highly soluble tosylcellulose that was then reacted with methyl imidazole to produce a novel cellulose derivative, namely ionocellulose containing imidazolium tosylate grafts . Our synthetic strategy is highly sustainable as it involves the elaboration of new functional materials from cellulose, the most abundant natural resource, using green solvents, i.e. ionic liquids and under mild reaction conditions. We then focused on the investigation of the conduction properties of this bio-sourced polyelectrolyte. The dielectric response of the ionocellulose was investigated in the frequency range 0.1 Hz-10 7 Hz and the temperature range T = 203 K -363 K. The influence of the imidazolium tosylate on the dielectric response of the cellulose was compared to that of neat cellulose. The dc and ac electrical conductivity are discussed.

Materials and Methods

Materials

Microcrystalline cellulose powder, p-toluenesulfonyl chloride and 1-methylimidazole were supplied from Sigma Aldrich. 1-Butyl-3-methylimidazolium chloride [BMIM]Cl was purchased from IoLiTec. All other chemicals of analytical grade were used as received.

Syntheses

Tosylation of cellulose in a mixture of [BMIM]Cl and pyridine.

In a round bottom flask, 2.0 g of cellulose (12.34 mmol anhydroglucose units, AGU)

were stirred with 18 g [BMIM]Cl at 80°C for 16 h. After complete dissolution, the solution was cooled to 25°C and 10 ml pyridine were added under vigorous stirring.

Then, a solution of 7.06 g p-toluenesulfonyl chloride (3 mol per mol AGU) in 10 ml pyridine was added dropwise to the cellulose/[BMIM]Cl/pyridine mixture within 5 minutes at room temperature. After stirring at 25°C for 12 h, the reaction mixture was poured into 350 ml of ethanol, resulting in the formation of a precipitate. The obtained product was separated by filtration, washed with ethanol, water, and again three times with ethanol (100 ml each), and finally dried under vacuum at 60°C. Yield: 3.2 g.

Elemental analysis found for cellulose (%): C 42.9, H 6.4, N 0.0, S 0.0; for tosylcellulose (%): C 45.3, H 5.2, N 0.03, S 10.2.

Preparation of ionocellulose containing imidazolium tosylate grafts.

1 g tosylcellulose (3.56 mmol modified AGU, DStosyl = 1.02) was dissolved in 5 ml DMSO and 3.1 g methyl imidazole (3.8 mmol) were added. After 24 h stirring at 100°C, the reaction mixture was cooled to room temperature and poured into 50 ml ethyl acetate. The resulting precipitate was separated, washed five times with ethyl acetate (25 ml each), and finally dried under vacuum at 60°C. Yield (cellulose containing imidazolium tosylate): 1.3 g. Elemental analysis found (%): C 44.8, H 4.5, N 5.5, S 4.9.

Characterization methods.

Elemental analysis. EA was done with an Elemental Vario Micro Cube apparatus.

FT-IR Spectroscopy. The attenuated total reflectance Fourier transform infrared (ATR-FTIR) spectra of materials were obtained using a Thermo Nicolet FT-IR Avatar 320 with a diamond crystal Spectra were recorded from 500 to 4000 cm -1 .

Thermogravimetric Analysis. TGA measurements were carried out with a NETZSCH STA 409 PC instrument. All materials were burned under oxygen atmosphere between 25 and 900 °C at a heating rate of 5°C/min.

Liquid NMR spectroscopy. 13 C NMR spectra in solution were recorded on a Bruker

Avance 400 spectrometer at room temperature. Deuterated dimethyl sulfoxide (DMSO-d6) was used as solvent for liquid NMR experiments and chemical shifts are reported as  values in parts per million relative to tetramethylsilane.

Dielectric properties.

For the dielectric measurements, an Alpha-A machine from novocontrol was utilized in the frequency range 10 -1 to 10 7 Hz and at temperatures ranging from 220 K to 363 K. The temperature stability was better than ± 0.1 K as a Quatro controller system using pure nitrogen as a heating agent was employed.

Results and discussions

Cellulose dissolution in ionic liquids has already been described in the literature [START_REF] Wang | Ionic liquid processing of cellulose[END_REF]. It has been reported that tosylcellulose can be prepared from cellulose, in homogenous ionic liquid media, using tosyl chloride and in the presence of triethylamine. Substitution degrees up to 0.84 indicate a predominant tosylation of the primary hydroxyl group on the C6 position of the D-anhydroglucopyranose units (AGU) [START_REF] Gericke | Studies on the tosylation of cellulose in mixtures of ionic liquids and a cosolvent[END_REF]. In the current work, tosylation of cellulose in homogeneous [BMIM]Cl ionic liquid media and in the presence of pyridine proceeded smoothly without any precipitation or phase separation during the reaction. The formation of the imidazolium tosylate based ionocellulose was achieved in a second reaction step through direct nucleophilic substitution of tosyl groups with methyl imidazole as depicted in scheme 1.

Elemental analysis and DS

The tosylation reaction and the subsequent formation of imidazolium based ionocellulose were firstly monitored via elemental analysis (EA). EA allows for a quantitative determination of the tosylation reaction and the subsequent quaternization reaction with methyl imidazole via the determination of the sulphur and nitrogen content for the materials. The results of the EA measurements for cellulose, tosylcellulose and ionocellulose containing imidazolium tosylate are given in table 1. The results of elemental analysis measurements reflect the chemical modification of the Besides these macroscopic differences, we followed the modification of the thermal and spectroscopic properties in the course of the cellulose derivatization reaction via liquid 13 C NMR and FT-IR spectroscopy and thermogravimetric measurements.

Scheme 1: Synthesis scheme of cellulose imidazolium tosylate

IR spectroscopy

The formation of tosylcellulose and ionocellulose containing imidazolium tosylate was confirmed by FT-IR spectroscopy. The FT-IR spectra of neat cellulose (A), tosylcellulose (B) and ionocellulose containing imidazolium tosylate (C) are given in figure 1. 

Thermogravimetric analysis

The TGA thermograms for cellulose, tosylcellulose and ionocellulose containing imidazolium tosylate grafts are displayed in figure 3. In all materials, the weight losses can be separated into three main temperature regions, designed as regions I, II and III.

From room temperature to 120°C (region I), the weight loss ranging from 3.1 to 5.2 %, may be attributed to the elimination of physically adsorbed water. The amount of physically adsorbed water is significantly higher in cellulose containing imidazolium tosylate compared to cellulose and tosylcellulose. This difference may be due to the higher hygroscopicity of this polymer. In region II (120 -350°C), a sharp weight loss indicates the thermal degradation of the hydrocarbon backbone of cellulose and its derivatives. The cellulose derivatives, tosylcellulose and ionocellulose, start the degradation process at significantly lower temperatures (~175°C) compared to neat cellulose where the degradation takes place starting from 270°C. At the end of the region II (350 o C), the weight loss reached 72.5, 55.7 and 51% for cellulose, tosylcellulose and ionocellulose containing imidazolium tosylate, respectively. Above temperatures of 350°C (region III), we observed a complete decomposition and total mass loss of the materials, thus suggesting the absence of inorganic impurities in all materials. Complete mass loss was observed at 500°C for neat cellulose and at 600°C

for the two cellulose derivatives, indicating that the incorporation of functional groups containing heteroelements (N, S) may increase the thermal stability of the formed materials. Our results are therefore in line with former works, reporting that introducing cationic moieties may improve the thermal stability and water solubility of cellulose derivatives (S. [START_REF] Liu | An Efficient, Regioselective Pathway to Cationic and Zwitterionic N-Heterocyclic Cellulose Ionomers[END_REF]. 

Dielectric spectroscopy

Dielectric spectroscopy is a valuable tool for monitoring the polarity of dense network with strong polar interactions or to display the charge transportation mechanism in polymers containing electric charges (polymer electrolytes) [START_REF] Wieland | Structure and dynamics of short-chain polymerized ionic liquids[END_REF]. It is often considered as a complementary method to viscosimetry [START_REF] Mohamed | Scaling analysis of the viscoelastic response of linear polymers[END_REF], neutron scattering [START_REF] Nusser | Microscopic origin of the terminal relaxation time in polymer nanocomposites: an experimental precedent[END_REF] and nuclear magnetic resonance (NMR) spectroscopy [START_REF] Hofmann | Glassy, Rouse, and Entanglement Dynamics As Revealed by Field Cycling 1 H NMR Relaxometry[END_REF].

Figure 4a shows the dielectric loss spectra of neat cellulose. Two relaxation processes can be distinguished: the slower one, labeled as  -process, can be observed at temperatures below -30°C (243 K). The process is completely covered by the conductivity contribution at higher temperature, which is defined by the solid line.

Upon cooling, the -relaxation leaves the acquisition window and the other faster relaxation labelled -relaxation becomes prevailing. The presence of these two processes in polysaccharides were previously reported [START_REF] Einfeldt | Polymerdynamics of cellulose and other polysaccharides in solid state-secondary dielectric relaxation processes[END_REF][START_REF] Jafarpour | Study of dielectric relaxations in cellulose by combined DDS and TSC[END_REF], 2008). As described, the -relaxation reflects the local motions within the monomeric AGU units building the polysaccharide within the chains of polysaccharides and has an intermolecular character [START_REF] Kaminski | Identifying the Origins of Two Secondary Relaxations in Polysaccharides[END_REF], whereas the -process is associated to localized cooperative molecular mobility of the cellulose main chain, and is concluded to have thermal history sensitivity of intermolecular nature and has properties mimicking the structural -process [START_REF] Kaminski | Identification of the Molecular Motions Responsible for the Slower Secondary (β) Relaxation in Sucrose[END_REF][START_REF] Kaminski | Identifying the Origins of Two Secondary Relaxations in Polysaccharides[END_REF]. solid lines refers to a "()  -1 dependency. Open symbols: the reproduced "der along eq. 2.

The dielectric loss spectrum of ionocellulose containing imidazolium tosylate grafts is displayed in figure 4b. The two  and relaxations can again be observed, but they are shifted to higher frequency (cf. figure 5b). This result is in accordance with a plasticizer effect [START_REF] Bao | Miscibility and dynamical properties of cellulose acetate/plasticizer systems[END_REF][START_REF] Petridis | Hydration Control of the Mechanical and Dynamical Properties of Cellulose[END_REF][START_REF] Pötzschner | Non-polymeric asymmetric binary glass-formers. I. Main relaxations studied by dielectric, 2 H NMR, and 31 P NMR spectroscopy[END_REF]. A decrease of the viscosity of cellulose was found in the presence of ionic liquids, in particular, 1-ethyl-3-methylimidazolium diethyl phosphate [START_REF] Minnick | Viscosity and Rheology of Ionic Liquid Mixtures Containing Cellulose and Cosolvents for Advanced Processing[END_REF]. At low frequency, a slight bending from the line reflecting the conductivity contributions can be observed. This may refer to the electrode polarization (EP). This phenomenon describes the fluctuations of accumulated charges at the surface of the electrode [START_REF] Sawada | Theory of space-charge polarization for determining ionic constants of electrolytic solutions[END_REF]. One should note here that the strength of the process is slightly higher compared to that in case of neat cellulose. This may give an indication that the amorphous character is enhanced in the ionocellulose. Previous studies showed that ionic liquid disrupts the crystalline structure of cellulose but keeps its amorphous part [START_REF] Kadokawa | A facile preparation of gel materials from a solution of cellulose in ionic liquid[END_REF]. As already stated, the -process is completely masked with the contribution of the conductivity at higher temperature. To separate the processes, we reproduced the imaginary part ("der) from the permittivity (') [START_REF] Gabriel | Depolarized Dynamic Light Scattering and Dielectric Spectroscopy: Two Perspectives on Molecular Reorientation in Supercooled Liquids[END_REF][START_REF] Wübbenhorst | Analysis of complex dielectric spectra. I. One-dimensional derivative techniques and three-dimensional modelling[END_REF]: 
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Doing so, the process is separated in good approximation (see for example the data at T = 323K in Figure 4). In Figure 5 , the separated "der as well as the measured " data are fitted using two Havrriliak-Negami (HN) functions together with the conductivity contribution along [START_REF] Bottcher | Theory of Electric Polarization[END_REF]:
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is the complex dielectric function, denotes the conductivity, and  is the angular frequency. Also, a and ab are the power-law exponents of the low and high frequency flank of the relaxation process, respectively. The  and  processes are again observed in the modulus spectra in figure 6, which uses M*() = 1/*(). The relaxation times 𝜏 𝛾 (T) and 𝜏 𝛽 (T) are obtained using the following equation [START_REF] Turky | Secondary relaxations and electrical conductivity in hyperbranched polyester amides[END_REF]:

𝜏 𝑚𝑎𝑥 = 𝜏 0 sin (𝜋 𝑎 2+2b ) -1/𝑎 sin (𝜋 𝑎𝑏 2+2b ) 1/𝑎 (4)
The results, 𝜏 𝛾 (T) and 𝜏 𝛽 (T) are displayed in figure 8a. The frequency dependence of the real part of the conductivity ' (ν) for cellulose is displayed in Figure 7a. Three different power-law regimes can be distinguished, similarly to power-law of Jonscher [START_REF] Jonscher | A new understanding of the dielectric relaxation of solids[END_REF]:

σ ac (ω) = σ dc + 𝐴 1 𝜔 n1 + 𝐴 2 ω n2 (5) 
where σ dc defines the dc conductivity, A1 and A2 are the pre-exponential factor that depend on temperature and material, and n1 and n2 are the Jonscher's law exponents.

The latter nominates the degree of interaction between mobile ions with the lattices [START_REF] Gainaru | Mechanism of Conductivity Relaxation in Liquid and Polymeric Electrolytes: Direct Link between Conductivity and Diffusivity[END_REF]. Regime I is almost frequency independent and dominates the measurements at low frequencies. It represents the dc conductivity (σdc) which corresponds to the direct current conductivity. In contrast, the conductivity increases with the frequency in regimes II and III. Here, the dielectric processes observed in the ε″ representation can again be inferred, as shown for other polymeric samples (Hameed, Mohamed, Abdelghany, & Turky, 2020). Upon cooling, σdc decreases, and all regimes shift to lower frequency. M"

Freq.

[Hz] temperatures. Interestingly, the conductivity is three decades higher than in the case of pure cellulose. The spectral features are similar to those of imidazolium-based ionic liquids [START_REF] Thomann | Tuning the dynamics of imidazolium-based ionic liquids via hydrogen bonding. I. The viscous regime[END_REF] or to those of polymer electrolytes in general [START_REF] Gainaru | Mechanism of Conductivity Relaxation in Liquid and Polymeric Electrolytes: Direct Link between Conductivity and Diffusivity[END_REF].

10 -1 10 0 10 1 10 2 10 3 10 4 10 5 10 6 10 7 In figure 8a, the relaxation time 𝜏 𝛾 (T) and (T) for both neat cellulose and those containing imidazolium tosylate grafts are shown. For both cases, the (T) exhibits similar temperature dependence which is well described with Vogel-Fulcher-Tammann (VFT) approach. Yet, the (T) are shorter in the case of cellulose containing imidazolium tosylate grafts, which confirms the plasticization effect [START_REF] Bao | Miscibility and dynamical properties of cellulose acetate/plasticizer systems[END_REF][START_REF] Petridis | Hydration Control of the Mechanical and Dynamical Properties of Cellulose[END_REF][START_REF] Pötzschner | Non-polymeric asymmetric binary glass-formers. I. Main relaxations studied by dielectric, 2 H NMR, and 31 P NMR spectroscopy[END_REF]. In other words, the attachment of the imidazolium group confers higher flexibility and mobility to the cellulose segments.

This may give an indication that the attached imidazolium groups generate a disentanglement effect on cellulose chains on the molecular level. Regarding the relaxation time (T), an Arrhenius temperature dependence is found for both cases with activation energies of Ea = 82 kJ/mol. This is the characteristic behavior of processes observed in type B glass formers as well as some polymeric systems [START_REF] Körber | The Nature of Secondary Relaxations: The Case of Poly(ethylene-altpropylene) Studied by Dielectric and Deuteron NMR Spectroscopy[END_REF]Mohamed, Hameed, Abdelghany, & Turky, 2020).

Figure 8b displays the temperature dependence of the dc conductivity dc(T) for both cases obtained from figure 7. It appears that the dc conductivity at higher temperatures is three orders higher in the case of ionocellulose than in neat cellulose. The ionic conductivity mainly depends on the diffusion of ions and the number of the active ions.

Indeed, the electrical conductivity in ionocellulose containing imidazolium tosylate is related to the anionic tosylate group that is highly mobile at high temperatures. Thus, the significant increase of the conductivity for the ionocellulose containing imidazolium tosylate is possibly correlated to the increase of the number of mobile ionic species within this material.

Finally, the dielectric properties of the ionocellulose mimic those of cellulose nanofibers and cellulose based composite materials (Abdel-karim, [START_REF] Hesemann | Electrical conductivity and dielectric properties of nanofibrillated cellulose thin films from bagasse[END_REF][START_REF] Tao | Flexible high dielectric thin films based on cellulose nanofibrils and acid oxidized multi-walled carbon nanotubes[END_REF]. Thus, the ionocellulose is promising material to replace the traditional dielectric polymer matrices.

Conclusion

We report the synthesis of a novel ionocellulose derivative and its characterization using dielectric spectroscopy. Ionic liquids appear as efficient medium for preparing tosylcellulose with high degree of substitution. The obtained tosylcellulose was further reacted with methyl imidazole for producing ionocellulose containing imidazolium tosylate. The imidazolium group is a heterocycle that can be found in numerous biologically relevant compounds such as the essential amino acid histidine, but also in innumerable imidazolium based ionic liquids. The ease of imidazolium derivatization and the huge number of easily accessible imidazolium derivatives pave the way towards a new category of functional ionocellulose materials. The dielectric spectroscopy revealed a presence of two secondary relaxation processes, one is associated to a local motion and the other to localized cooperative molecular mobility in the chain.

Introducing the imidazolium tosylate to cellulose enhances the motion which reminds the plasticization effect. Additionally, the conductivity boosted by three order of magnitude. These findings bear great potential for future developments of cellulose in energy storage.

  cellulose derivatives during the two polymer analogous reactions. Whereas neat cellulose is constituted only of the three elements C, H and O, the tosylcellulose and ionocellulose contain significant quantities of S (tosylcellulose) and both S/N (ionocellulose), indicating the successful incorporation of tosyl groups and the subsequent quaternization reaction. The degree of tosyl substitution (DSTos) was determined by sulfur analysis and calculated according to equation (1)[START_REF] Heinze | Starch derivatives of high degree of functionalization. 1. Effective, homogeneous synthesis of p-toluenesulfonyl (tosyl) starch with a new functionalization pattern[END_REF]:DSTos = MAGU .Ws(%)/ Ms.100 (% )-MTS .Ws(%) (1)where MAGU is the molar mass of the anhydroglucose unit (AGU) = 162.05 g/mol, MS is the molar mass of sulfur = 32.065 g/mol, MTS is the molar mass of the tosyl group = 155.02 g/mol, and Ws is the weight % of sulfur = 0.8788. The obtained tosylcellulose has degree of tosyl substitution DS = 1.02, indicating the complete tosylation of the C6 carbon centers of the anhydroglucose units as depicted in scheme 1.Cellulose containing imidazolium tosylate showed high percentage of nitrogen and sulphur (5.49 and 4.89%, respectively). These results give a first indication for the successful formation of imidazolium moieties supported on cellulose with tosylate as counter anion. The slight excess of nitrogen with respect to the sulphur content in the ionocellulose after nucleophilic substitution reaction with methyl imidazole may indicate a partial loss of tosylate anions during work-up.It has to be pointed out that the dissolution properties of the cellulose derivatives are strongly modified in the course of the tosylation/quaternization reactions. Neat cellulose is only soluble in IL media, but not in organic solvents. Tosylcellulose is soluble in organic solvents such as DMSO, DMF and DMA, and the ionocellulose containing imidazolium tosylate is water-soluble.
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 1 Figure 1: FT-IR spectra of neat cellulose (A), tosylcellulose (B) and imidazolium tosylate containing ionocellulose (C).

Figure 2a :

 2a Figure 2a: 13 C NMR spectrum of tosylcellulose (solvent: DMSO-d6).

Figure 2

 2 Figure 2/b: 13 C NMR spectrum ionocellulose containing imidazolium tosylate (solvent: D2O)

Figure 3 :

 3 Figure 3: TGA plots of cellulose, tosylcellulose and cellulose containing imidazolium tosylate (air flux, heating ramp 5°C/min)

Figure 4 :

 4 Figure 4: Dielectric imaginary part (loss) as a function of frequency of (a) cellulose and (b) ionocellulose containing imidazolium tosylate at temperatures as indicated;

Figure 5 :

 5 Figure 5: Dielectric imaginary part (loss) obtained from the dielectric real part (open symbols) and as measured (filled symbols) for (a) cellulose and (b) ionocellulose containing imidazolium tosylate at temperatures as indicated. Solid lines ae fits along

Figure 6 :

 6 Figure 6: Dielectric modulus imaginary part as a function of frequency of (a) cellulose and (b) ionocellulose containing imidazolium tosylate at temperatures as indicated

Figure 7 :

 7 Figure 7: The real part of the conductivity as a function of frequency at temperature as indicated for (a) cellulose and (b) ionocellulose containing imidazolium tosylate. Solid and dashed lines are power-law dependence

Figure 8 :

 8 Figure 8: Temperature dependence of (a) the relaxation time (b) the dc conductivity for cellulose and ionocellulose containing imidazolium tosylate.

Table 1

 1 Results of EA experiments with cellulose, tosylcellulose and ionocellulose

		C	H	S	N
	Cellulose	42.9	6.4	n.d.	n.d.
	Tosylcellulose	45.3	5.2	10.2	0.03
	Ionocellulose	44.8	4.5	4.9	5.5
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