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Abstract

:

Changes in the physicochemical characteristics of a regenerated cellulose (RC) film due to a surface modification with room-temperature ionic liquids (ILs) are determined. Two ILs (1-butyl-3-metylimidazolium hexafluorophosphate and tricaprylmethylammonium chloride) were selected, and film surface modification was performed by a dip-coating process (1 h) in the corresponding IL. The surface characterization of the RC/IL films was carried out by XPS at various take-off angles (from 15° to 75°), while the modification of mechanical properties was established by tensile analysis, obtaining a significant increase for the Young modulus of both RC/IL films when compared with the RC-support. Optical characteristics of the RC/IL films were determined by transmittance and reflectance measurements for wavelengths covering visible and near-infrared regions, while impedance spectroscopy (IS) measurements allow us to estimate the electrical changes in the RC/IL films. These results show the high transmittance of both RC/IL films (>90%) with slight differences depending on the IL in both optical regions, while the IS data analysis indicated a conductivity reduction and dielectric constant increase in the dielectric constant for both eco-friendly RC/IL films.
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1. Introduction


Room-temperature ionic liquids (RTILs), or more simply, ionic liquids (ILs), have attracted a great deal of attention from the mid-1970s as environmentally friendly alternatives to volatile organic compounds. As it is well known, ILs are molten salts with a very low vapor pressure composed of an organic cation and an organic/inorganic anion, which remain in the liquid state for temperatures below 100 °C. Moreover, other significant properties of ILs such as their high solubility, thermal stability, water sensitivity and eco-friendly character, as well as their elevated ionic mobility and viscosity, are nowadays characteristics of great interest in diverse research and industrial areas [1]. In fact, the particular properties of ILs allow for their use in a large number of different applications, such as solvents for organic reactions and catalysis, electrodeposition, extraction, energy, membranes for separation processes, electrochemical devices (capacitors, fuel cells, batteries or solar cells) or optical sensors [2,3,4,5,6,7,8,9,10,11,12]. Imidazolium-based ILs (1-methyl-3-butylimidazolium tetrafluoroborate, 1-methyl-3-butylimidazolium bromide, 1-allyl-3-methylimidazolium chloride, 1-ethyl-3-methylimidazolium tetrafluoroborate, 1-methyl-3-butylimidazolium hexafluorophosphate,…) are commonly used in such applications, but trioctylmethylammonium chloride (or AliquatCl) and its derivatives (AliquatNO3 or AliquatSCN), n-dodecyltriethylammonium chloride (or DTACl) and many others ILs are also usually considered [13,14,15]. In fact, a significant aspect of ILs is the possibility of tailoring their physicochemical properties via the selection of the cation/anion, which enables researchers to obtain ILs with the most adequate characteristics for a specific application. Additionally, since the liquid state of ILs is not associated with solvent presence, they are considered green products, and different hybrid IL/biopolymer materials are being studied for biomedical applications [16].



In this context, the modification of polymeric membranes by different ILs for applications in many separation processes (fuel and microbial cells, CO2 separation,…) has already been reported [17,18,19,20,21]. In particular, the surface modification/incorporation of various ILs in Nafion membranes by immersion in solutions with different percentages of IL via the proton/cation exchange process has been performed to improve the thermal stability of membranes, which might favor their possible application as polymer electrolyte membranes at high temperatures or for methanol and gas crossover reduction in the case of direct methanol fuel cells [22,23,24,25]. Moreover, ILs are also used in the fabrication of polymer inclusion membranes (PIMs), with applications in the separation of different kinds of compounds (anions, metallic species or small organic molecules), as a way to improve their mechanical stability when cellulose triacetate or polyvinyl chloride is used as the polymeric matrix [26,27,28,29,30]. Another polymeric but biocompatible material widely used for membranes or thin films manufacturing is regenerated cellulose (RC), and different cellulose–ILs hybrid materials for drug delivery, biosensing or tissue engineering applications have already been reported [16,31]. On the other hand, the modification of regenerated cellulose (RC) films with lipids or ILs layers and/or the incorporation of different nano-structures (nanoparticles, dendrimers or different kinds of quantum dots) by simple dip coating in aqueous solutions of the modifying agents (without any chemical reaction) has also been reported, with the simplicity of this modification process being associated with the high hydrophilic character and swelling degree of the RC-support [32,33,34,35,36]. In this context, it should be indicated that the high transparency of cellulosic films is a characteristic of significant interest nowadays due to its importance for applications in optical devices [37,38], but their biocompatibility is another factor of great significance [16].



In this work, we analyze optical and electrical changes in a RC film modified by the incorporation of two ILs (BMIMPF6 or AliquatCl) with different structures and characteristics (aromatic ring/aliphatic chain length, molecular weight or viscosity) via the dip-coating process. Changes in the surfaces of both modified films (RC/BMIMPF6 and RC/AliquatCl films) were determined by XPS analysis, while the modification of elastic properties was established from the stress–strain curves. Optical changes associated with the presence of the ILs on the surfaces of the RC-support were obtained by light transmission and reflection measurements for visible (400–800 nm) and near-infrared (800–2000 nm) regions, while impedance spectroscopy measurements were performed to determine modifications in the electrical characteristic parameters (conductivity and dielectric constant) of the RC/Il films. These results showed that IL inclusion by a simple dip-coating process slightly changed the transmission/reflexion of the RC-support, affecting values of conductivity and dielectric constant in a certain percentage, but significantly increasing the elastic modulus of both RC/ILs films. Moreover, the green and/or biocompatible character of the attained RC/IL films can be a factor of interest.




2. Materials and Methods


Two ILs, tricaprylmethylammonium chloride (C25H55N+Cl− or AliquatCl) and 1-butyl-3-metylimidazolium hexafluorophosphate (C8H15N2+PF6− or BMIMPF6), both from Sigma-Aldrich (St. Louis, MO, USA), were selected for cellulosic film modification and were used without further purification. AliquatCl is a quaternary ammonium salt (a 2:1 mixture of methyl trioctyl- and methyl tridecylammonium chloride), while BMIMPF6 is an imidazole-based IL exhibiting an aromatic ring and shorted aliphatic chain, as can be seen in the Supplementary Information (Figure S1) where the structure of both ILs and cellulose is indicated. The molecular mass, density and viscosity of the ILs were: 284.2 g/mol, 1380 kg/m3 and 267 mPa.s for BMIMPF6, but 432 g/mol, 886 kg/m3 and 1500 mPa.s (at 25 °C) for AliquatCl [39].



A highly swelling and transparent film of regenerated cellulose (RC) from Cellophane Española S.A. (Burgos, Spain) was selected for ILs modification via the dip-coating process, and samples of the RC film were submerged for 1 h in an open glass flask containing the corresponding IL. These samples will hereafter be called the RC/AliquatCl and RC/BMIMPF6 films.



A chemical surface characterization of the films was performed by a Physical Electronics spectrometer (PHI 5700) with X-ray Mg Kα radiation (300 W, 15 kV, 1253.6 eV) as the excitation source. High-resolution spectra were recorded by a concentric hemispherical analyzer operating in the constant pass energy mode at 29.35 eV, using a 720 µm diameter analysis area. Although the optimum equipment take-off angle was 45°, angle resolved XPS measurements (ARXPS) were performed for an in-depth surface analysis (without sample damage) by using five different take-off angles: ϕ = 15°, 30°, 45°, 60° and 75°, taking into account the relation between the escape depth (d) and the photoelectron mean free path (λ) [40,41], d ≤ 3 λ sin ϕ, which enabled us to obtain chemical information from depths ranging between 2.5 nm (ϕ = 15°) and 9.3 nm (ϕ = 75°), assuming the mean free path (λ) in polymers for the C 1s excited photoelectrons was 3.2 nm [42]. Samples were kept overnight at a high vacuum (preparation chamber) and were then transferred to the analysis chamber for testing, and each spectral region was scanned several times until a good signal-to-noise ratio was observed. Binding energies were determined with respect to the position of the adventitious C 1s peak at 285.0 eV (accurate ±0.1 eV), and the residual pressure in the analysis chamber during the data acquisition was maintained below 5 × 10−7 Pa. The PHI ACCESS ESCA-V6.0 F software package was used for acquisition and data analysis. To accurately determine the binding energy (BE) of the different element core levels, recorded spectra were fitted using Gauss–Lorentz curves as was already described in detail [43]. Atomic concentration percentages (A.C. %) of the characteristic elements found on the surface of the analyzed samples were determined taking into account the corresponding area sensitivity factor for each measured spectral region [44].



Films elastic measurements were performed at laboratory atmospheric conditions with a force digital gauge (Mark-T, ES20 model) connected to a computer, with a maximum tension of 100 N, length accuracy of ±0.01 mm and a strength rate of 0.167 mm/s.



Light transmittance and reflection measurements were carried out with a Varian Cary 5000 spectrophotometer (Agilent Technologies, Santa Clara, CA, USA) provided with an integrating sphere of Spectralon for wavelengths ranging between 200 nm and 2000 nm, which allowed us to obtain information on visible and near-infrared (nir) regions.



Impedance spectroscopy (IS) is an alternating current (a.c.) technique commonly used for the electrical characterization of homogeneous materials or homogeneous layered samples. SE measurements for the RC/IL films were carried out at room atmospheric conditions using a cell formed by two Pt electrodes embedded in a Teflon support and closed with four screws (system: Pt-electrode//film//Pt-electrode), with the electrodes connected to a Frequency Response Analyzer (FRA, Solartron 1260, Farnborough, England). The impedance (Z) is a complex number, with real (Zreal) and imaginary (Zimg) parts, that is, Z = Zreal + i Zimg (where i denotes the imaginary unity), which are related to both the transport of charge across the membrane and charge storage by means of the electrical resistance (R) and capacitance (C). The IS characterization technique allows for the estimation of R and C by analyzing the Nyquist plot (−Zimg vs. Zreal), using equivalent circuits as models [45,46]. IS measurements were carried out for frequency (f) ranging from 1 Hz to 107 Hz (100 data points) at a maximum voltage of 0.01 V, and characteristic electrical parameters for the studied samples were determined using the data analysis program ZView 2 (Scribner, Southern Pines, NC, USA).




3. Results and Discussion


3.1. Chemical Surface Characterization of the RC/IL Films


Chemical surface characterization of the RC/IL films was performed via the XPS technique, which gives information of the elements present on the surface of a given sample by analyzing the high-resolution spectra. XPS survey spectra at a take-off angle of 45° for both RC/IL samples are given as Supplementary Information (Figure S2), where the photoemission lines corresponding to the characteristic ILs elements are indicated (C, N, F, P for the RC/BMIMPF6 film or C, N, Cl for the RC/Aliquat film), but the presence of two other non-characteristic elements, oxygen and silicon, associated with the cellulosic support (characteristic or impurities elements) are also indicated, and this point will be discussed later.



The atomic concentration percentage (A.C. %) of the ILs characteristic elements detected on the surface of the RC/IL films were obtained by the corresponding curve area, as shown in Figure 1 for the core level spectra of the different elements. As can be seen in Figure 1a, the C 1s signals obtained for the RC/BMIMPF6 film shows: (i) a clear peak at a binding energy (B.E.) of 285.0 eV (C1), which corresponds to aliphatic carbon, additives or pollution (-CH-, -C-C-, β-C) [47] and represents 55.9% of the total carbon contribution, (ii) a certain plateau (C2, from 286.1 eV to 286.6 eV) associated with the imidazolium group, C=N and C-N bonds (33.2% of the total area) [41] although it might also include C-O bonds from the support, (iii) a small shoulder (C3, at around 289.0 eV and 10.9% of area) associated with the O=C-O, CO3 bonds from the support [47], as can be observed in Figure 1b, where a comparison of the normalized C 1s spectra obtained for the BMIMPF6 IL, the RC/BMIMPF6 film and the RC-support is shown. The C 1s spectra corresponding to the RC/AliquatCl film also showed a significant peak at the B.E. of 285.0 eV (72.6% of the total area), higher than that exhibited by the RC/BMIMPF6 film in agreement with its higher aliphatic chain, plus two small shoulders, at 286.2 eV (21.7% of area) and at 287.8 eV (5.6% of carbon area), associated with C-O and O-C-O bonds, respectively, both from the RC-support.



The N 1s core level spectra obtained for both RC/IL films is shown in Figure 1c, where two peaks, N1 and N2, at around 402.2 eV and 399.4 eV can be observed; the comparison of the N 1s signal obtained for the RC/AliquatCl film and the AliquatCl IL presented in Figure 1d clearly shows the correspondence of the peak at 402.2 eV (N1) with that exhibited by the IL, while the N2 peak is associated with support impurities that could depend on the sample water content, as it was obtained for polymeric inclusion membranes fabricated with 60% of AliquatCl and 40% of cellulose triacetate [14], and it is provided as Supplementary Information (Figure S3a). In the case of the RC/BMIMPF6 film, the peaks are related to the C-N link and protonated nitrogen, respectively; a comparison of nitrogen normalized spectra for the RC/BMIMPF6 and the BMIMPF6 IL is also given as Supplementary Information (Figure S3b).



Figure 2a,b show the fluorine and phosphorous core level signals for the RC/BMIMPF6 film, while the chlorine spectra for the RC/AliquatCl film is shown in Figure 2c, where that obtained for the AliquatCl IL is also indicated; the oxygen core level signal for both RC/IL films and the RC-support is drawn in Figure 2d, showing the three samples a symmetrical peak at the same B.E., which confirms the adscription to the RC-support of the oxygen content determined for both RC/IL films.



Table 1 shows the A.C. % of the different elements founded on the surfaces of the studied RC/IL films and, for comparison reasons, the A.C. % of the chemical elements determined for the AliquatCl IL and the BMIMPF6 ILs as well as for the RC-support are given as Supplementary Information in Table S1. On the other hand, as was indicated above, two non-characteristic ILs elements such as oxygen and silicon, associated with the RC-support, were also detected on the surface of the RC/IL samples, which is an indication of support surface partial coverage. It should be pointed out that organic compounds with silicon are sometimes purposefully added to polymeric films to improve its plasticity (or an impurity from the monomers purifying columns) [40].



The analysis of the ARXPS spectra allows us to obtain in-deep chemical information of both RC/IL films, and Figure 3 shows the variation with the take-off angle of the atomic concentration % of the elements detected on each RC/IL film; for comparison reasons, the A.C. % of oxygen and silicon obtained for the RC support are also included in Figure 3d,e. These results seem to indicate more homogeneous coverage for the RC/AliquatCl film, taking into account the constancy of the carbon percentage (84 ± 1%) for depths ranging between 2.3 nm and 9.5 nm (see Figure 4a), as well as the lower percentages for oxygen and silicon (support elements) exhibited by this film.




3.2. Physicochemical Characterization of the RC/IL Films


Changes in the elastic characteristics of the RC support film as a result of the IL modification was expected, taking into account the results previously obtained using other modifying agents (lipid layer coverage, dendrimer inclusion/coating, silver or lipid nanoparticles inclusion,…[34,35]); Figure 4 shows the normal tensile stress (F/S) versus strain (ΔL/Lo) curves obtained for both RC/IL films and the RC support, where significant differences in the elastic characteristics of the films can be observed. Although the three samples exhibited a rather similar value for the elastic limit (e.l.~0.03), the curves were clearly different: the strain–stress curve shown by the RC support was similar to that reported by regenerated fibers (viscose or cellulose acetate) and different RC membranes [48,49], with a first part associated with an elastic behavior plus a second and long plastic region, while the RC/IL films showed a higher slope and shorted elongation at break. Since the plastic behavior of RC films can be an impediment for some applications (compaction under pressure), the mechanical properties of cellulose fibers and polymer films can be improved by using silane compounds or other materials [50,51]. In this context, it might be of interest to indicate the significant effect of water content on the elastic behavior of the RC-support, associated with its high hydrophilic character [52], as can be observed in the stress–strain curves obtained for the dry and wet samples of the RC film presented in the Supplementary Information (Figure S3); since elastic measurements were performed at atmospheric conditions, the presence of the ILs might cause a reduction in the water content of the RC/IL films. The elastic (or Young) modulus was determined from the slope of the initial linear dependent part, and the following values were determined: Y(RC/BMIMPF6) = 3.34 GPa and Y(RC/AliquatCl) = 1.52 GPa, which are in the order of values determined for RC films containing ILs [53]; these results indicate an increase of around 372% and 95%, respectively, with respect to the value determined for the RC-support film.



Light transmission and reflexion are non-destructive measurements which provide information of interest on optical characteristics of thin films or layers deposited on a solid matrix [54,55,56]. Figure 5 shows the transmittance spectra for the two RC/IL films studied, showing high transmittance values (>91%), but slight differences depending on the IL can also be observed in both the visible (400–800 nm, between the two vertical dashed black lines) and the near-infrared (nir) regions, with the light transmittance % being slightly lower for the RC/BMIMBF6 film than for the RC/AliquatCl one, as can be observed in Figure 5a,b. The surface coverage of the RC-support by both ILs seemed to reduce the oscillation in the wavelength interval 1600–2000 nm, moving the RC peak at 1927 nm to 1937 nm and shielding the peak at 1975 nm.



The wavelength dependence of the light reflexion percentage for both RC/IL films and the RC-support is shown in Figure 6, where slight differences in reflexion % in the nir region (14% reduction for the RC/BMIMPF6 film and 6% for the RC/AliquatCl film with respect to the RC-support at 1400 nm) can be observed, but practically similar reflexion percentage values were obtained in the visible region. Consequently, the inclusion of the ILs does not seem to cause changes in the transmission/reflection/absorption characteristics of the RC-support.



Impedance spectroscopy (IS) is another non-destructive technique commonly used for the electrical characterization of materials. IS gives quantitative and qualitative information on systems associated with both bulk and surface (more exactly, the electrode/sample interface) by means of the impedance plots and using equivalent circuits as models [57,58]. Electrical parameters (resistance, R, and capacitance, C) can be determined by analyzing the Nyquist plot (Zreal versus − Zimg), with Zreal and Zimg being related to the electrical resistance and capacitance by the following expressions [45]:


Zreal = (R/[1 + (ωRC)2])



(1)






Zimg = −(ωR2C/[1 + (ωRC)2])



(2)




where ω represents the angular frequency (ω = 2πf). For homogeneous systems, the Nyquist plot consists of a semi-circle (a unique relaxation time), which corresponds to a parallel association of resistance and a capacitance (RC circuit) with intercepts on the Zreal axis at R∞ (ω → ∞) and R0 (ω → 0), with R = 0.5(R0 − R∞) being the electrical resistance of the system, while the maximum of the semi-circle occurs at a frequency such that ωRC = 1 [45,46]. However, for non-homogeneous systems (two or more relaxation times [40]), depressed semi-circles such as those shown in Figure 7a are commonly obtained, and the equivalent circuit consists of a parallel association of resistance and a non-ideal capacitor (or a constant phase element (CPE)), with the impedance of this latter being expressed by [45]: Q(ω) = Yo(jω)−n, where Yo represents the admittance (inverse of impedance) while n is an experimental parameter (0 ≤ n ≤1), and the equivalent capacitance (Ceq) is determined by: Ceq = ([R.Yo]1/n)/R [45].



As can be observed in Figure 7a, the Nyquist plots obtained for the RC/IL films showed slight differences depending on the IL, but they differed significantly from the plot corresponding to the RC support also presented in Figure 7a for comparison reasons. On the other hand, the Zreal vs. frequency plot (Bode plot) drawn in Figure 7b shows clear differences among the samples in the interfacial region (electrode/film contribution, f < 100 Hz), which is an indication of film surface modification as it was already reported for nanoporous alumina modified structures [58]; moreover, a slight shift to lower frequency values for the maximum of the −Zimg vs. frequency curves shown in Figure 7c for both RC/IL films with respect to that obtained for the RC-support can also be observed, which used to be attributed to a more compact film structure [46]. In this context, the Bode plot obtained for the IL AliquatCl was also included as an insert in Figure 7c, with the frequency value for the maximum of the IL curve of 500,000 Hz, much higher than that determined for the RC/AliquatCl film (~2800 Hz). In fact, modification in the electrical response of a dry polymeric (cellulose triacetate or CTA) membrane (or thin film) with the content of AliquatCl was already reported [57w], and the effect of the increase in the AliquatCl percentage on both the electrode/film interface and the bulk phase are presented as Supplementary Information (Figure S4).



The fit of the IS data points represented in Figure 7a to a parallel association of resistance (Rf) and a non-ideal capacitor (Qf) for both RC/IL films (RfQf equivalent circuit) allowed us to determine the electrical resistance and equivalent capacitance (Ceq) values [44], and from these results, the conductivity (σf) and dielectric constant (εf) of each RC/IL film were obtained, taking into account the following well-known expressions (valid for homogeneous conductors and plane–plate capacitors) [45]:


σf = Δxf/Sf.Rr



(3)






εf = Cf.Δxf/Sf.εο



(4)




where εο is the vacuum permittivity, while Δxf and Sf represent the thickness and area of the films, respectively, and the values obtained for both parameters are: σf (RC/BMIMPF6) = 4.4 × 10−6 (Ω.m)−1 and εf = 23.8, while σf (RC/AliquatCl) = 4.8 × 10−6 (Ω.m)−1 and εf = 28.1, causing a reduction of around 40–45% in the conductivity of the RC-support, but an increase of 10% for the RC/BMIMPF6 film and 20% for the RC/AliquatCl one in the case of the dielectric constant, in agreement with that already reported [59]; consequently, the modification of the cellulosic support with both ILs increases its insulating character.





4. Conclusions


The incorporation of room-temperature ionic liquids (ILs) with different characteristics (BMIMPF6 or AliquatCl) into a biocompatible regenerated cellulose (RC) film, by only 1 h immersion in the corresponding IL, permits the modification of the mechanical and electrical characteristics of the RC support, which were determined by tensile and impedance spectroscopy measurements. XPS resolved-angle measurements carried out for the RC/BMIMPF6 and RC/AliquatCl films showed the presence of the ILs in the ~10 nm film top layer, indicating a higher coverage of the RC-support by the AliquatCl IL. The coverage with the ILs practically did not modify the transmission/reflexion of the RC-support, but increased its insulating behavior (conductivity reduction and dielectric constant increase); moreover, ILs incorporation favored the mechanical stability of the RC-support, increasing the Young modulus of both RC/ILs films (with differences depending on the IL) significantly. In this context, since ILs can be easily modified, it should be possible to obtain eco-friendly or biocompatible RC/IL composite materials with characteristics of interest for specific applications (biomedical and pharmaceutical applications) by a simple process (without chemical reactions). The effect of immersion time on the parameters studied is a point for further consideration.
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Figure 1. Core level spectra signals for: (a) C 1s for RC/AliquatCl film (blue solid line) and RC/BMIMPF6 film (red solid line); (b) comparison of normalized C 1s signal for the RC/BMIMPF6 film (red solid line), RC-support (black dashed line) and BMIMPF6 IL (red dashed–dot line); (c) N 1s (blue solid line) for RC/AliquatCl film and red solid line for RC/BMIMPF6 film; (d) comparison of N 1s signal for the IL AliquatCl (blue dashed–dot line) and the RC/Aliquat (blue solid line). 
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Figure 2. (a) Fluorine and (b) phosphorous core level signals for the RC/BMIMPF6 film. (c) Comparison of chlorine signals for the RC/AliquatCl film (blue solid line) and the AliquatCl IL (blue dashed–dot line. (d) Oxygen core level signals for the RC/BMIMPF6 film (red solid line), the RC/AliquatCl film (blue solid line) and the RC-support (black dashed line). 
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Figure 3. Variation with the take-off angle of A.C. % for: (a) carbon; (b) nitrogen; (c) fluorine or chlorine; (d) oxygen; and (e) silicon. RC/AliquatCl (blue solid points), RC/BMIMPF6 film (red solid points). Black open points in (d,e) correspond to the RC support. 
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Figure 4. Normal tensile stress versus strain for the RC/BMIMPF6 film (●), the RC/AliquatCl film (▼) and the RC-support film (□). 
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Figure 5. Light transmission as a function of wavelength: (a) for the whole range studied; (b) for the near-infrared region, for the RC/BMIMPF6 film (red solid line), the RC/AliquatCl film (blue solid line) and the RC-support (black dashed line). 
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Figure 6. Light reflection as a function of wavelength for the RC/BMIMPF6 film (red solid line), the RC/AliquatCl film (blue solid line) and the RC-support (black dashed line). Visible region: between the two vertical dashed black lines. 
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Figure 7. Impedance diagrams for the RC/BMIMPF6 film (●), the RC/AliquatCl film (▼) and the RC support (□). (a) Nyquist plot (−Zimg vs. Zreal); (b) and (c) Bode plots (Zreal vs. frequency) and (−Zimg vs. frequency), respectively. Insert in (b) and (c): Bode plots for the AlqCl IL (∇). 
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Table 1. Concentration atomic percentages determined at 45° take-off angle for the different elements observed on the surfaces of the RC/AliquatCl and the RC/BMIMPF6 films.
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	RC/IL Film
	C (%)
	N (%)
	F (%)
	P (%)
	Cl (%)
	O (%)
	Si (%)





	RC/AliquatCl
	83.2
	2.7
	---
	---
	0.6
	12.6
	0.3



	RC/BMIMPF6
	68.4
	1.4
	5.1
	1.0
	---
	21. 21.5
	1.4
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