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The cations solely exchanged at the electrodes being either Li+ or Na+,  the counter-negative charge is 
the only variable in the design of new solutes for battery electrolytes. LiPF6 has emerged as the 
dominant salt for liquid electrolytes batteries but it is not suitable for ILs and polymer electrolytes due 
to a strong structuring effect (TM, ∂Tg/∂c) and for the latter, destruction of the ether linkage. Designing 
new anions must put as priorities i) the dissociation and ii) the voltage stability window. 
Delocalization is of utmost importance in the absence of electron pair acceptors (high AN) solvents, 
which like water, exert a leveling effect on dissociation. The tool box is based on the consideration 
that in almost all cases, an anion oxygens can be replaced, in the order of delocalization extension and/ 
or electron-withdrawing ability, by: =NCN, =C(CN)2 and =NSO2R. In addition, the negative charge 
stabilization on a five-membered ring give a series of its own, the best example of which is TDI (2-
trifluoromethyl-4,5-dicyano-imidazolide) with 10 π electrons, stable to +4.6 V. Possibly, this series 
could be completed by tetracyanopyrrole, a fully aromatic 14 π electrons system, if a simple synthesis 
were to be found. The “pseudo oxygen” strategy on the other hand is likely to give an even wider 
range of possible combinations. From triflate, CF3SO3

- the =NSO2CF3 substitution has led in the 80’s 
to TFSI (CF3SO2NSO2CF3)- which has become the workhorse of polymer electrolytes and ILs. Beyond 
the extension from 3 to 5 of the negative charges “relays”, this introduces the S–N–S “hinge” with low 
configuration change energy inducing the smallest ∂Tg/∂c for polymers and high fluidity for ILs. The 
lighter FSI (FSO2NSO2F)- pushes this even further, with the added advantage of usually forming a 
friendly SEI at the lithium interface. Yet, CF3SO2NCN- and CF3SO2C(CN)2

- have also proven to give 
good conductivities in PEO and low viscosity ILs, so would FSO2NCN- and FSO2C(CN)2

-. 
 
The latest development in terms of anion design indeed pushes the “pseudo oxygen” concept further 
than TFSI, by substituting from the latter another oxygen by =NSO2CF3, to extend delocalization to 5 
oxygens and 2 nitrogens  (Fig 1): 
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Figure 1. The structure of the “super TFSI” anion. 

 
 This anion can be considered as the first member of the “super TFSI” family (s1TFSI), where the 
replacement of oxygens by =NSO2CF3 can be iterated at will to further extend the charge dispersion. 
Interestingly when reaching 4 sulfur centers (s2TFSI), intrinsic charge chirality appears, something 
hitherto unknown and of great potential interest in cationic polymerization and asymmetric synthesis. 
Li[s1TFSI] has two S–N–S hinges, which lowers the TM to 118°C ≈ 100°C below that of LiTFSI and 
reaching one of the lowest recorded for a Li salt. Though a synthesis strategy has not been devised yet, 
the corresponding s1FSI [FSO2NS(O)(F)NSO2F]- anion should lead to even lower TM and possibly to 
bridge the gap between conventional organic ILs and alkali salts. Further, the very small =NCN group, 
adding a minimum volume increment, adds more delocalization and affixes a hinge. 
 
Following the strategy for reaching t+ = 1 in polymer electrolytes, which was to tether the 
-SO2N(-)SO2CF3 to a styrene moiety and polymerization + alloying or copolymerization to include 
PEO segments, the -SO2N(-)S(O)(CF3)NSO2CF3 was attached to polystyrene and blended with PEO 
resulting in 5× increase in conductivity despite the remaining rigidity of the polystyrene. 
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Today the environment is a major society concern and the polluting fossil energy 

consumption, more and more expensive, is a drag on our economy, thereby the development of 
alternative transportation such as electric or hybrid vehicles, has become a key need for a sustainable 
long term development1. The increase of energy density necessary to promote this future revolution 
imposes to develop “new” chemistries for both the active electrode materials and electrolyte2,3. 
However, for high scale applications a safety issue comes from the liquid electrolytes as they 
embedded organic solvents that can likely leak or generate flammable reactions. The use of a solid 
polymer electrolyte (SPE) could solve most of the safety issues encounter with liquid electrolyte. 
However, the development of SPE has been hampered by two hurdles i/ the inability to design a SPE 
that has both a high ionic conductivity and good mechanical properties3 and ii/ the motions of lithium 
ions carry only a small fraction of the overall ionic current which leads during battery operation to the 
formation of strong concentration gradient with highly noxious effects like favored dendritic growth4 
and limited energy density, especially when power increases. In this context, we are developing 
nanostructured multifunctional block copolymer electrolytes (BCE), B-A-B comprising a central A 
block based on poly(ethylene oxide) (PEO) that brings ionic conductivity and a B block that brings 
other functionalities like mechanical properties, electrochemical stability, increase of transport number 
etc. We will present our approach in improving the performances of BCEs starting from neutral BCEs 
like PS-POE-PS5,6 laden with a lithium salt to the single-ion BCEs (SIEL) comprising grafted lithium 
trifluoromethanesulfonylimide (TFSILi)7 on the B block. Especially, we analyse the impact of the 
BCEs architecture (composition (ie proportion of PEO), chemistries of the A (linear vs comb PEO) 
and B (nature of the anions and of the main chain) blocks) on the physical properties such as the 
morphology, the thermodynamic transitions, the mechanic stability and the ion transport. At last, for a 
complete analysis, the results obtained with several prototypes of batteries will be presented.  

1 J. Tollefson, Nature, 456, 2008, 436-440 
2 F. Cheng, J. Liang, Z. Tao, J. Chen, Advanced Materials, 23, 2011, 1695-1715 
3 M. Armand, J-M Tarascon, Nature, 451, 2008, 652-657 
4 J-N Chazalviel, Physical Review A, 42, 1990, 7355-7367 
5 E. Beaudoin,

 
T. N. T. Phan,

 
M. Robinet et al., Langmuir 2013, 29, 10874−10880 

6 R. Bouchet, T. N. T. Phan, E. Beaudoin et al., Macromolecules 2014, 47, PP2659-2665 
7 R. Bouchet, A. Aboulaich, S. Maria et al. Nature Materials, 12, 2013, 452–457.
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The ionic conductivity, or a measure of the conductance per cross-sectional area, is usually the default 
figure of merit used for comparing electrolytes and predicting battery performance at high cycling 
rates. Although these quantities are fine for predicting resistive losses during short current pulses, they 
do not describe longer term potential losses due to concentration polarization effects such as the 
depletion of reactive species near the electrode / electrolyte interface during fast and deep cycles. This 
talk will highlight this effect in lithium ion and other cells with high energy and power densities.  
 
In the case of lithium ion batteries, it is often forgotten that a substantial concentration of lithium salt 
in the electrolyte is essential for the redox reaction, and that the salt concentration can be depleted 
when lithium ions are transported across the cell and into the depths of a composite or porous 
electrode. Thus, concentration polarization can shut down the discharge of a lithium-ion cell when a 
reactant is completely depleted at the electrolyte / electrode interface. This effect is shown in 
numerous detailed simulations e.g. [1], and our previous communication [2], in which diffusion of the 
salt, rather than lithium ions or electrons, was found to be the ultimate limiting factor during fast 
discharge of a LiFePO4 composite or porous electrode as shown in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. A simplified model of rate limitation due to slow salt diffusion during discharge of a composite or 

porous LiFePO4 electrode, from [2] 
 

 

For lithium metal cells, the most important effect of concentration polarization is dendrite formation, 
which can be alleviated by designing polymer electrolytes with exclusively cationic conductivity, 
although the effect of added plasticizers or inert conductive salts may complicate the issue. Current 
interest includes lithium-sulfur and lithium-air cells, where the electrolyte may contain several reactive 
species for which concentrations and diffusion coefficients need to be known.  

   
References 
[1]  M. Doyle, T.Fuller,Newman, J., Journal of the Electrochemical Society, 140 (1994) 1526-1533. 
[2]  P. Johns,  M. Roberts, Y. Wakizaka, J. Sanders and J. Owen, Electrochemical Communications, 11 (2009) 
2089-2092. 
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Ionogels represent a route to biphasic materials, for the use of ionic liquids (ILs) for all-solid devices. 
The confinement of ILs within host networks gives solids with striking behaviours. Confining ILs 
within host networks enhances their averaged dynamics, resulting in improved charge transport. 
Fragility, short relaxation times, low viscosity, and good ionic conductivity, all them seem to be 
related to the IL / host network interface. The presence of ILs at interface neighborhood leads to the 
breakdown of aggregated, structured regions that are found systematically in bulk ILs. This 
“destructures” aggregated pairs or domains in the ILs. Ionogels demonstrate this effect, coupled with 
percolation of their bicontinuous, solid/liquid, interface. This makes these materials very competitive 
solid electrolytes, since they could provide a route to lower the density and viscosity of ILs, as well as 
easier path for diffusion of charged species. The host networks studied range from fully inorganic to 
hybrid, polymeric, organic-inorganic matrices. This general approach can be applied to several all-
solid devices, including lithium batteries (Fig 1, [1]) and supercapacitors (Fig. 2, [2]). Overall high 
performances were shown on these last two devices, along with the advantageous intrinsic, sometimes 
heightened, properties of the chosen ILs. Herein we will present a systematic study of the effect of 
pore size by using several mesoporous silicas prepared, for the sake of this study, beforehand [1(c)]. 
 
 

 
 

Figure 1. Lithium transport number shows an 
optimum for a given pore size. 

Figure 2. Solid SCap time response is as high as Scap 
with non confined ionic liquid. 

 
 
 

References 
[1] (a) J. Le Bideau, J. B. Ducros, P. Soudan, D. Guyomard, Adv. Funct. Mater. 21 (2011) 4073–4078. 
 (b) A. Guyomard-Lack, J. Abusleme, P. Soudan, B. Lestriez, D. Guyomard, J. Le Bideau, Adv. Energ. 
 Mater. 4 (2014) 1301570 1-5. 
 (c) A. Guyomard-Lack, B. Said, N. Dupré, A. Galarneau, J. Le Bideau, New J. Chem. 40 (2016) 4269- 
 4276. 
[2] M. Brachet, T. Brousse, J. Le Bideau, ECS Electrochem. Lett. 3 (2014) A112-A115. 
 M. Brachet, D. Gaboriau, P. Gentile, S. Fantini, G. Bidan, S. Sadki, T. Brousse, J. Le Bideau, J. Mater. 
 Chem. A (2016). 
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    Li metal as a battery anode material can enable a factor of 2 to 3 higher energy density compared to 
existing Li ion batteries.  However, dendrite growth and limited columbic efficiency have prevented 
practical application.  To potentially alleviate these problems, we present a new ion gel electrolyte[1] 
based on an interfacial ion exchange process between a rigid-rod sulfonated aramid (PBDT - 

 and an ionic liquid.  This ion gel provides an unprecedented 
combination of tunable properties: transport anisotropy up to 3.5X, ionic conductivity up to 8 mS cm-1, 

thermal stability up to 300°C.  This material breaks the usual 
tradeoff between ionic conductivity and modulus, demonstrating its potential to resolve current 
limitations in Li metal batteries.  Furthermore, we will describe the characterization of stable and 
dominant dimers of PBDT polyanions (potentially as a double helix) in solution and in gels, as well as 
progress to understand the electrostatic network that gives rise to stable gel formation.  In addition to 
battery applications, this new class of gels promises to facilitate optimization of properties for a range 
of technologies  electromechanical actuators, fuel cells, and other molecular 
separations applications.   

 
 
 
 
 
 
 
 
 
 
Reference: 
[1]  Highly Conductive and Thermally Stable Ion Gels with Tunable Anisotropy and Modulus  

Y. Wang, Y. Chen, J. Gao, H. G. Yoon, L. Jin, M. Forsyth, T. J. Dingemans, and L. A. Madsen.  
Advanced Materials 28 (2016) 2571-2578.  DOI: 10.1002/adma.201505183. 
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Sorption calorimetry: measuring the thermodynamics of interactions 
between charged polymers and water 
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For polyelectrolytes and ionomers, their interaction with water is of significant interest and there are 
many methods used to investigate how water influences the properties of such polymers. We here 
discuss how the sorption thermodynamics of such interactions can be assessed. The main 
thermodynamic parameters are Gibbs energy ( G), enthalpy ( H) and entropy ( S), and these 
parameters are functions of the moisture state of a material, expressed either as moisture content (u) or 
water activity (aw). The function u(aw) is commonly called the sorption isotherm. 
 
Of the three thermodynamic parameters, H is the one most easily measured, as it is the heat produced 
during the polymer-water interaction. Classically, wetting/solution-calorimetry has been used to 
measure the “integral H” when polymers are saturated in liquid water (heat per mass/amount of 
material). However, it is of more interest to measure “differential H” when water vapor interacts with 
the polymer at a certain moisture state (heat per mass/amount of water). We use special isothermal 
sorption calorimeters to directly measure H when water vapor is absorbed by polymers and other 
materials [1]. These instrument continuously measures u, aw and H as a sample absorbs water vapor 
from dry conditions up to typically aw=0.9. Figure 1 gives an example of results from such a 
measurement on a common polyelectrolyte. Note that even for this chemically simple homopolymer, 
the variation of the H with the moisture content features several quite distinct regions. 
More examples of sorption calorimetric results are found in references [1, 2]. 
 

 
Figure 1. Example of result from sorption calorimetric measurement on poly(acrylic acid) with 25 repeat units 
(protonated). Indices ‘w’ and ‘ig’ are ‘water’ and ‘ionizable group’, respectively.  
 
Results such as the ones in Fig. 1 makes it possible to monitor and understand the sorption process in 
detail: How much water that is absorbed at different water activities, how this relates to the number of 
ionic/ionizable groups, and what the driving forces are.  
 
References 
 
[1] N. Markova, E. Sparr, L. Wadsö, On application of an isothermal sorption microcalorimeter, Thermochim. 
Acta, 374 (2001) 93-104. 
[2] L. Wadsö, P. Jannasch, Water vapor sorption thermodynamics of the nafion ionomer membrane, J. Phys. 
Chem. B, 117 (2013) 8561-8570. 
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Alternative host materials derived from poly(trimethylene carbonate) (PTMC) and its co-polymers 
with ε-caprolactone (CL), i.e., P(TMC/CL) (Fig.1), have demonstrated promising functionality in all-
solid Li polymer batteries from ambient to elevated temperatures [1]. While polyether-based SPEs 
have been thoroughly investigated, but yet have displayed only limited progression in performance for 
battery applications, the more favorable lithium ion transport features in polycarbonate-based SPEs 
have not yet been properly understood. With the goal to explore the lithium ion transport behavior 
further, both computational and experimental approaches were here integrated.  
 

Notably high Li+ transference numbers for polycarbonate-based SPEs, as compared to conventional 
polyether-based SPEs, were determined from diffusion NMR data and by electrochemical polarization 
methods [1,2]. A more favorable dissociation of ion-pairs and/or aggregates into “free” ions, as 
detected by FTIR spectroscopy (Fig.1), might explain the enhanced ion diffusion upon incorporating 
flexible CL units in the P(TMC/CL) co-polymers. Locally oriented polymer domains of a few hundred 
nanometers in size were inferred from the NMR spin relaxation and diffusion data, which might lead 
to a potential hindrance of ion transport pathways in both SPEs. Coupled Li+–polymer motions were 
observed, with a preferential local coordination between Li+ and ester carbonyl oxygen atoms in 
P(TMC20CL80) SPEs being distinguished. The overall enhanced cationic transport in P(TMC/CL) 
SPEs is likely due to a delicate balance between the promotion of “free” charge carriers and the Li+–
polymer complexation. This very first fundamental insight on polycarbonate–ester SPEs provides 
great possibilities for SPE development beyond the polyether paradigm. 

 

 
Figure 1. Chemical structures of the PTMC polymer and the P(TMC/CL) co-polymer (left) and the FTIR spectra 
of P(TMC20CL80)4.6LiTFSI and PTMC8LiTFSI SPEs in the 752–730 cm−1 region (right). 

References 
[1] B. Sun, J. Mindemark, K. Edström and D. Brandell, Solid State Ionics, 262 (2014) 738–742; B. Sun, J. 

Mindemark, K. Edström and D. Brandell, Electrochem. Commun., 52 (2015) 71–74; J. Mindemark, B. Sun, 
E. Törmä and D. Brandell, J. Power Sources, 298 (2015) 166–170; J. Mindemark, E. Törmä, B. Sun and D. 
Brandell, Polymer, 63 (2015) 91–98;  

[2] B. Sun, J. Mindemark, E. V. Morozov, L. T. Costa, M. Bergman, P. Johansson, Y. Fang, I. Furó, D. Brandell, 
Phys. Chem. Chem. Phys. 18 (2016) 9504–9513. 
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The self-assembling strategy applied for polymers showed benefit for investigation of ion 

conducive materials and seems to be an alternative to the commonly used systems based on ionomeric 
structure. Percec and co-workers, as one of the first researchers, merged this approach with knowledge 
about liquid crystals to design and synthesise series of liquid crystalline macromolecules and polymers, 
which self-assembled into columnar structure mimicking the nature [1,2]. 

We report on a new generation of biomimetic materials arisen from a fusion between materials 
science, life science and nanotechnology. The process of self-organization was achieved, using disc-like 
dendritic group side linked to a polymeric chain; because of tapered shape and big dimensions, the 
dendrons will preferably form the outer part of a column as a result of exo-recognition. The combination 
of liquid crystalline dendronised polyamines (Figure 1a) resulted in self-assembled columnar structures, 
forming ionic paths able to transport cations [3]. 

The columns formation and their homeotropical-like orientation was proved by XRD (Figure 
1b). Moreover, the Scanning Electron-microscopic (SEM) studies of the membranes morphology 
revealed formation of columnar aggregates (Figure 1c and d). Electrochemical studies were employed 
to investigate the ionic transport across the membranes. The results proved the cationic transport through 
the membranes; moreover, the results disclosed cation-permselective behaviour for all tested materials. 

 
Figure 1. An example of LC polyamine structure (a) with XRD diffractograms (b) proving columns formation 

and SEM micrographs (c and d) presenting polymeric wires [3]. 
 
References 
[1] V. Percec, D. Schlueter, G. Ungar, S.Z.D. Cheng, A. Zhang, Macromolecules, 31 (1998) 1745-1762  
[2] V. Percec, M. Glodde, T. Bera, K.Y. Miura, I. Shiyanovskaya, K.D. Singer, V.S.K. Balagurusamy, P.A. 
Heiney, I. Schnell, A. Rapp, H.-W. Spiess, S.D. Hudson, H. Duan, Nature, 417 (2002) 384-387 
[3] K.A. Bogdanowicz, G.A. Rapsilber, J.A. Reina, M. Giamberini, Polymer 92 (2016) 50-57 
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Replacing the common graphite anode with a metallic Li foil in rechargeable lithium batteries would 
significantly improve their energy density. One of the main challenges for the Li metal anode is the 
growth of dendrites during the charge/discharge cycles, which typically occurs with usage of 
conventional liquid electrolytes. Solid polymer electrolytes (SPE), formed by doping a polymer with a 
lithium salt, do not display this disadvantage if their modulus is high enough. Moreover, they also 
display several other advantages, such as improved safety, low toxicity, less decomposition at the 
interfaces of the electrodes and no need for separators. The major disadvantage of SPEs is, however, 
their low inherent ion conductivity, but can be overcome by a higher operational temperature where 
also SPEs conduct reasonably well.  
Molecular Dynamics (MD) simulation studies of SPEs can provide information about ionic motion 
and the influence of the polymer structure on the transport processes in these materials, and has 
frequently been used in studies of bulk polymer electrolytes [1, 2]. Comparatively less scientific work 
has been performed with MD on surfaces and interfaces involving SPEs. In this work, we therefore 
perform MD simulations on polyethylene oxide (PEO) based polymers doped with LiTFSI salt at the 
lithium metal anode surface (shown in Figure 1), to study how polymer structure and dynamics 
influence ionic transport and display fundamental differences in their properties as compared to the 
bulk of the SPE material. 
 

 
 

Figure 1. PEO and LiTFSI at the electrolyte/Li metal interface. 
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Poly(vinyl alcohol) (PVA) as an alternative to poly(ethylene oxide) (PEO) based polymer electrolytes 
has previously been studied for uses in electrochemical applications in the 1990s, and was found to be 
highly ionically conducting at temperature below the glass transition temperature of the polymer in 
presence of dimethyl sulfoxide residues[1-3]. The ionic conductivity dropped significantly when 
fabricated by solvent free hotpressing instead. In fact, as a proof of concept, a PVA:LiClO4 electrolyte 
has been applied in an earlier study as electrolyte medium for supercapacitors [4]. In this study 
emphasis is placed on the compatibility of PVA-based polymer and gel polymer electrolytes, 
respectively, in lithium-ion batteries 
 
Various lithium salts and solvents have been used to produce solid polymer electrolyte films, and the 
effect of residual solvent and plasticizing effects on the glass transition temperature has been studied 
along with the nature of hydrogen bonding . For the first time, 
PVA:LiTFSI polymer electrolytes have been evaluated at different salt concentrations. The materials 
show superior ionic conductivity compared to previous lithium salts investigated and yet remain very 
mechanically stable even at elevated temperature, which qualifies these electrolytes for use in Li-
battery applications. Lastly, galvanostatic cycling data of lithium metal | PVA-LiTFSI (DMSO) | LFP 
batteries at elevated temperatures and different cycling rates is presented (figure 1). 
 

 
Figure 1: Discharge profile of lithium metal | PVA-LiTFSI (DMSO) | LFP cell conducted at a rate of C/25 

at 6  C 
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Studies on biopolymer electrolytes (BPEs) have been improving actively due to their potential 
application in solid state electrochemical cells, high energy density batteries, fuel cells and 
electrochromic devices [1]. Methyl cellulose (MC) is the naturally occurring polysaccharide and the 
most abundant organic substance on earth [1, 2]. Due to abundance, low cost and easier processability, 
cellulose based electrolytes are expected to bring better future green nations than non biodegradable, 
toxic and harmful materials used in the commercial electrochemical devices [2, 3]. In the present 
work, biopolymer electrolyte films based on MC doped with ammonium bromide (NH4Br) salt and 
plasticized with glycerol were prepared by solution casting method. Fourier transform infrared (FTIR) 
spectroscopy analysis confirms the interaction between MC and NH4Br. X-ray diffraction (XRD) 
explains that the enhancement of conductivity is affected by the degree of crystallinity. This result is 
verified by field emission scanning electron microscopy (FESEM) and differential scanning 
calorimetry (DSC). For plasticizer free system, sample containing 25 wt.% NH4Br possesses the 
highest ionic conductivity of 1.89 × 10-4 S cm-1. The addition of 30 wt.% glycerol increases the 
conductivity value up to 1.67 × 10-3 S cm-1. The conductivity at different temperatures for both 
systems obey Arrhenius rule. Dielectric studies show that the electrolytes obey non-Debye behavior. 
From transference number of ion (tion) measurement, proton ion is found as the dominant conducting 
species. The linear sweep voltammetry (LSV) result confirms the suitability of the highest conducting 
electrolyte to be employed in the fabrication of an electrochemical device.                                                                         
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Figure 1. Room temperature conductivity for plasticized electrolyte 
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Introduction   
Rechargeable magnesium (Mg) battery has been expected as a promising candidate for next-

generation system because of the high volumetric energy density, low reduction potential of Mg and 
the abundant Mg resources [1]. The Mg deposition/dissolution was gained by Grignard ethereal 
solutions and Mg(TFSI)2 in glyme solutions have been recently reported [2-3]. However, liquid 
electrolytes in battery systems are often associated with safety problems due to their leakage. A use of 
GPE can be provided to the ideal batteries to conduct Mg ions effectively without any safety problems. 
In this paper, we prepared novel GPEs based on crosslinked poly(tetrahydrofuran) (PTHF) with 
triethylene glycol dimethyl ether (G3)/Mg(TFSI)2 and investigated their electrochemical properties. 
Experimental 
A crosslinked PTHF membrane was prepared by casting from THF solution of imidazole-terminated 

trifunctional PTHF with -dichloro-p-xylene as crosslinking agent at 90 °C for 22 h. The PTHF 
membrane was soaked in G3/Mg(TFSI)2 solution until its weight became constant. Ionic conductivity 
of the membrane was measured by electrochemical impedance spectroscopy for symmetric cells with 
two stainless steel electrodes. Cyclic voltammetry was carried out for the same cells with two AZ31 
magnesium alloy electrodes at 80 °C and a scan rate of 0.01 V s 1. 
Results and Discussion 
 Crosslinked PTHF including G3/Mg(TFSI)2 solution provided a 
flexible and mechanical strength GPE. A GPE membrane 
containing G3/Mg(TFSI)2 showed that the swelling ratio was 
more than 150 %, and the solution in the membrane was difficult 
to squeeze out. The values of conductivity were scarcely different 
among GPEs with different Mg(TFSI)2 concentrations. The GPE 
including 0.3 M G3/Mg(TFSI)2 showed the highest values 
ranging from 0.7 ×10 4 S cm 1 at 30 °C to 1.4 × 10 4 S cm 1 at 
80 °C. Those values are much smaller than those of the 
corresponding liquid electrolyte ( > 1.0 × 10 3 S cm 1). The cyclic 
voltammograms  showed the reduction and 
oxidation with peak top values at -2.5 V and +2.5 V, respectively 
(Figure 1). The values of current density of peaks increased in 
each cycle, indicating that Mg ions are mobile in the GPE 
membrane. Although those values are small, the Mg may be 
capable to deposit from and dissolve into PTHF membrane.  
Conclusion 
We prepared novel GPEs based on PTHF with G3/Mg(TFSI)2 solution and investigated their 

electrochemical properties. Flexible GPEs exhibited the desirable mechanical properties and allowed 
Mg dissolution and deposition. These results indicate that the PTHF-based GPE might have a potential 
as electrolyte membrane for rechargeable Mg batteries. 
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Electrochemical energy storage is one of the major societal challenges of this century. 
Performances of classical lithium ion technology have made great strides in the past two 
decades [1]. However, one major issue towards large-scale application (electric vehicles or stationary 
applications) concerns their safety, due to the use of large amount of liquid, volatile, flammable, 
electrolytes. The use of a solid polymer electrolyte (SPE) which is commonly a lithium salt associated 
with polyethylene oxide (PEO), could solve most of the safety issues encountered with liquid 
electrolytes. However, these SPE have some cons. In effect, PEO is a semi crystalline polymer, in order 
to have good conductivities it has to be used above its Tm, but at these temperatures the mechanical 
properties are not good enough to prevent dendritic growth [2]. 
 
In order to combine, in a same material, the two antagonistic properties (mechanical and conductivity), 
block copolymer electrolytes (BCE) have recently been proposed as SPE [3-7]. Interesting properties of 
these functional materials is a consequence of their self-assembly properties, which give rise to ordered 
structures and permits an addition of properties instead of average ones. 
 
In this work we have designed a new polymer electrolyte with both good conductivity and good 
mechanical properties. To reach that goal, we synthesized a block copolymer with a central block 
composed of a linear modified PEO (which presents a lower Tm) and two lateral blocks of polystyrene. 
 

  
 

The impact of the ratio between the PS and the modified POE on the mechanical strength, conductivity, 
and performances in lithium metal battery are largely discussed in this work.  
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Solid Polymer Electrolytes (SPEs) have attracted much attention as electrolyte materials for next 
generation lithium-ion batteries, because they show promising advantages such as flexibility, shape 
diversity, light-weight, safety and so on. Furthermore, these properties will be the trend of the next 
generation batteries development. However, ionic conductivities of SPEs are lower than most of liquid 
electrolytes, that have not been widely used in commercial lithium-ion batteries. To overcome those 
problems, there are tremendous works have been done about polyether-based electrolytes in the recent 
years. Previously, we are focusing on a carbonate structures in the polymer. The poly(ethylene 
carbonate) (PEC)-based electrolytes shows different ion-conductive behaviors from typical polyether-
based electrolytes. In this electrolyte, the ionic conductivity can increase with increasing in Li salt 
concentration [1]. In addition, we have been reported that the addition of non-calcined silica 
nanofibers (SNFs) to poly ethylene-based electrolyte was able to improve more ionic conductivity and 
mechanical properties [2], because they have high aspect ratios and many functional groups on the 
surface. Here, we prepared PEC-based SPEs filled with SNFs to improving electrochemical properties 
and mechanical strength. Meanwhile, we filled with SNFs with different sizes of diameter (300, 700, 
and 1000 nm) in SPEs and tried to explore the diameter effects on the ionic conductivity properties. 

From the result of scanning electron Microscopy 
(SEM), we confirmed that SNFs have well dispersibility 
in the PEC/LiTFSI electrolytes. The temperature 
dependence of ionic conductivity for the PEC/LiTFSI 
100 mol% electrolyte and filled with SNFs composite 
electrolytes are shown in Figure 1. The ionic 
conductivity of PEC/LiTFSI 100 mol% original 
electrolyte shows the order 10-6 S cm-1 and the Li 
transference number (tLi

+) was 0.71 at 60oC. Compared 
to the original electrolyte without SNFs, an appreciable 
enhancement of conductivity could be detected only 
filled with 5 wt% of SNFs. Furthermore, the ionic 
conductivity increase with filled with thinner SNFs. The 
composite electrolyte containing 300 nm SNFs displays 
the highest conductivity of the order of 10-4 S cm-1 and 
the tLi

+ as high as 0.77 at 60oC. Meanwhile, the 
mechanical strength is quite improved throughout all 
fiber diameter sizes. Which filled the thinner SNF, 
shows the stronger mechanical strength, and up to 7 
times more strength than that of fiber free electrolyte.  
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Figure 1. Temperature dependence of ionic 
conductivity for PEC/LiTFSI 100 mol% 
electrolyte and filled with different SNF 
diameter (ncl-SNF size and contents: 300, 
700, and 1000 nm, and 5 wt% each). 
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There are three main types of interactions inside organic salts  electrostatic interaction, hydrogen 
bonding and van der Waals force [1 4]. While van der Waals force is relatively weak, it is hydrogen 
bonding and particularly electrostatic interaction that determine the lattice energies of ionic systems 
and other physicochemical properties like melting points [5]. The hydrogen bond is an attractive 
interaction between a hydrogen atom from a molecule or a 
more electronegative than H, and an atom or a group of atoms in the same or a different molecule, in 
which there is evidence of bond formation [6]. Hydrogen bonds in the solid state fall into the 
classification of strong, moderate, and weak hydrogen bonds [7]. In molecular systems like H2O (vs. 
H2S) or NH3 (vs. PH3), strong hydrogen bonds lead to higher melting points. However, in organic salts, 
the situation may be different [8,9]. 
 
In this presentation, we will present our important discovery on the influence of hydrogen bonding on 
the melting points of sulfonate-based protic organic salts [9]. We found five pairs, among which we 
will discuss in detail results of two highly similar protic organic salts  1,2,4-triazolium 
methanesulfonate and imidazolium methanesulfonate. Both of them are solid-state proton conductors. 
The electrostatic interaction energy was calculated based on the single crystal X-ray and neutron 
diffraction data, showing that 1,2,4-triazolium methanesulfonate has higher electrostatic interaction 
energy at various temperatures. Moreover, variable-temperature infrared spectra, deuterium isotope 
effects, and singe crystal data indicate much stronger hydrogen bonding inside 1,2,4-triazolium 
methanesulfonate. Therefore, 1,2,4-triazolium methanesulfonate is expected to have a higher melting 
point than imidazolium methanesulfonate. However, surprisingly, 1,2,4-triazolium methanesulfonate 
exhibits a much lower melting point (134 °C) than imidazolium methanesulfonate (188 °C). Therefore, 
it is concluded that stronger hydrogen bonding inside 1,2,4-triazolium methanesulfonate results in a 
much lower melting point than imidazolium methanesulfonate. 
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Solid polymer electrolytes (SPE) have been intensively studied for nearly 40 years The most widely 
used polymer host is poly(ethylene oxide) (PEO) and is advantageous for safety, processing, 
simplicity and cost. Recently, solid polymer electrolytes (SPEs) were successfully implemented in the 

 EV battery  [1]. This already shows the great potential of 
polymers in Li° based batteries. This work describes a synthesis route towards a new type of polymer 
material based on Jeffamine® compounds grafted to Poly(ethylene-alt-maleic anhydride) backbone by 
imide ring formation, as followed by NMR. Jeffamine compounds are composed of propylene 
oxide/ethylene oxide units (PO/EO) providing excellent elastomeric properties to the polymer host and 
ended by a NH2 group allowing attachment. Amorphous polymer electrolytes with Tg temperature ~ -
40ºC exhibit high ionic conductivity (10-3 Scm-1 at 70°C with 1:20 LiTFSI:EO) and sufficient 
electrochemical stability to apply those materials in Li based batteries. Salt-matrix interaction was 
followed by infrared spectroscopy. Different modifications have been investigated to improve 
mechanical strength of polymer membranes. As first use, considering their elastomeric properties, 
such polymer electrolyte has been successfully implemented as a polymer binder in a cathode 
composite imparting superior electrochemical performance of the cells. Cathodes based on LFP and 
elemental sulphur were tested with Liº as an anode (figure 1). 
 

  

  
Figure 1. Voltage profiles and capacity of the cells with LFP active material (upper graph) and elemental 

sulphur (bottom graph).   
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To meet future energy needs and to minimize CO2-emissions, a higher share of produced 
electricity must come from renewable resources [1]. Unfortunately, the output of renewable 
energy sources varies and does not always correlate with the temporal demand for electricity. 
For this reason, high capacity electrical energy storage (EES) is needed to fully utilize 
renewable energy sources [2]. Today’s battery technologies primarily rely on metals extracted at 
large economic and environmental costs [3], and the benefits of converting to carbon based 
materials are several, e.g. lower weight, flexible materials, and better recycling possibilities. In 
addition, the total energy consumption in the production chain may be reduced if the high 
temperatures required for extracting and processing metals can be avoided. Conducting redox 
polymers (CRPs), i.e. conducting polymers with redox active side groups, are currently 
investigated as possible organic electrode materials [4]. In this work we focus on finding stable 
side groups with high charge storage capacity. Quinones, which occur in natural energy 
conversion systems, i.e. during photosynthesis and respiration, are an attractive side group for 
CRPs due to their high gravimetric capacity. Importantly, for a functioning battery application 
the redox group and the polymer backbone must be active in the same potential window and this 
can be tuned effectively over a wide potential range by substitution on the quinone ring; hence 
various quinone derivatives could match different polymer backbones. A high potential- and 
high charge capacity quinone derivative has been synthesized and electrochemically 
characterized with the aim of producing a novel CRP to function as an organic high charge 
capacity material, targeting renewable organic batteries for a future of sustainable EES. 
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Solid polymer electrolytes (SPEs) have attracted the attention of researchers due to its high potential to 
be used as an electrolyte in energy device systems [1]. Starch is a natural polymer consists of repeating 
1,4-d-glucopyranosyl units: amylose and amylopectin [2]. Several negative aspects possessed by 
starch based films such as retrodegradation, gel syneresis and breakdown in high shear can be 
eliminated by blending starch with methyl cellulose (MC) [3]. MC is one type of cellulose derivative 
which is obtained from methylation of alkali cellulose. MC is able to form transparent film, soluble in 
water and has good electrical and mechanical properties [4]. The ionic transference number and 
mobility can be enhanced by blending starch and methyl cellulose, indirectly increase the ionic 
conductivity [5]. In this work, salted and plasticized systems of starch-methyl cellulose blend-based 
electrolytes doped with ammonium nitrate (NH4NO3) are prepared via solution cast method. The 
interaction between the components of the electrolyte is confirmed by Fourier transform infrared 
(FTIR) analysis.  The doping of 30 wt% NH4NO3 has optimized the room temperature conductivity of 
the electrolyte up to ~ 10-5 S cm-1. The addition of glycerol further enhanced the ionic conductivity. 
The enhancement of conductivity can be attributed to the decrease in degree of crystallinity as proven 
by X-ray diffraction (XRD) analysis. Arrhenius behavior is obtained for temperature dependence 
conductivity of all electrolytes. Higher conducting electrolyte is found to possess lower activation 
energy (Ea). From transference number measurement, the highest conducting electrolyte obtains the 
highest value of ionic transference number (tion). Linear sweep voltammetry shows that the highest 
conducting electrolyte is suitable to be used in energy device application. 
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[3] P. Donatell, B. Barbara, L. Romano, R.  Cristian, S. Alessandro, J. Food Eng., 59 (2003) 25 32. 
[4] D. R. Biswal, R. P. Singh, Carbohydr. Polym., 57 (2004) 379 387. 
[5] M. F. H. Abd El-Kader, H. S. Ragab, Ionics, 19 (2013) 361 369. 

ISPE-XV Uppsala, Sweden - 14-19.08.2016 P30

166



ISPE-XV Uppsala, Sweden - 14-19.08.2016 P32

167



ISPE-XV Uppsala, Sweden - 14-19.08.2016 P34

168



ISPE-XV Uppsala, Sweden - 14-19.08.2016 P36

169



ISPE-XV Uppsala, Sweden - 14-19.08.2016 P38

170



Computational and Experimental Approach to PVDF-HFP/Ether-modified 
Polysiloxane semi-IPNs as Solid Polymer Electrolyte Membranes 

 
Steffen Jeschke1,2, Eva Cznotka2, Patrik Johansson1, Hans-Dieter Wiemhöfer2 

 
1 Department of Physics, Chalmers University of Technology, SE-412 96 Göteborg, Sweden 

2 Institute of Inorganic and Analytical Chemistry, University Münster, Corrensstr. 28/30, 48149 
Münster, Germany   

 
steffen.jeschke@chalmers.se 

 
For all-solid-state batteries the development of solid polymer electrolytes (SPE) with sufficient 
mechanical and electrochemical properties is crucial. In this context, the preparation of semi-
interpenetrating networks (IPNs) is an attractive approach since a chemical or even electrostatic 
crosslinked polymeric host, such as poly(vinylidene fluoride-co-hexafluoropropylene) (PVDF-HFP) 
forms a matrix which is interpenetrated by a viscous and ion-conducting macromolecule. Especially, 
liquid ether-modified polysiloxanes are suitable candidates as conducting component due to their ionic 
conductivity, thermal stability, and broad variability of physicochemical properties.[1] 
For semi-IPN SPE membranes consisting of PVDF-HFP, polysiloxane-comb-propyl(triethylene oxide) 
(PSx) and lithium bis(trifluoromethane)sulfonimide (LiTFSI) prepared by solution casting technique, 
an ionic conductivity of 7.7×10-5 S cm-1 at room temperature was reached with 15 wt.% LiTFSI. The 
electrochemical stability window ranges from 0.5 V to 4.6 V vs. Li/Li+ reference electrode.[2] 
However, the comb-structured PSx with its non-polar methyl- and dipolar ether-functionalities 
attached to the Si O-backbone is amphiphilic and fluorophobic, wherefore the miscibility with the 
fluorous PVDF-HFP is inhibited, causing a  in resulting semi-IPN SPE membranes as 
well as a rough surface areas which limit contact with electrode materials.[3] Computational methods, 
such as the conductor-like screening model - for real solvents (COSMO-RS)[4], a quantum chemical-
based thermodynamic prediction model, were used to investigate the molecular interactions and to 
support experimentally observed miscibility effects. 
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Employing lithium metal anodes would increase the energy density of lithium batteries significantly, 
but so far severe safety issues mainly related to the uneven stripping/plating, dendrite creation, upon 
charge/discharge has been limiting. Polymer electrolytes are one obvious option to mechanically 
hinder the growth of the dendrites. Our knowledge of the initial stages of dendrite formation is 
however quite limited. Here we attack this by using a tool-box of modern microscopy techniques; first 
a threshold for the dendrite formation as a function of battery cycling parameters and choice of 
electrolyte was located by using scanning electron microscopy (SEM) (Figure 1). Second, an in situ 
lift-out method within a focused ion beam (FIB) – SEM workstation was used to extract volumes with 
dendrites and position these on supporting holders. Finally, atom by atom analysis and reconstructions 
of dendrites and their surroundings were made using three-dimensional atom probe tomography. 
 
 

 
 

Figure 1. A scanning electron microscope image of the early steps of lithium dendrite formation. 
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High temperature polymer electrolyte membrane fuel cells (PEMFCs) operating between 100 °C and 
200 °C are desirable because they offer significant benefits, such as improved electrode kinetics, 
simpler water and heat management, and better tolerance to fuel impurities, leading to higher overall 
system efficiencies [1]. However, state-of-the-art high temperature PEMFCs suffer from leakage 
problems associated with liquid electrolytes, such as H3PO4 and protic ionic liquids. 
 
Recently, organic ionic plastic crystals (OIPCs) [2 6], which are unique electrolyte materials due to 
their superior properties such as intrinsic ionic conductivity, non-flammability, negligible vapor 
pressure, plasticity (mechanical flexibility), high thermal stability, and wide electrochemical window, 
are promising ionic conductors for electrochemical devices. While the OIPCs used as electrolytes for 
PEMFCs should be proton-conducting, they are often doped plastic crystals, which employ acids, 
protic ionic liquids or bases as the dopants for doping the matrix of certain neat plastic crystals. 
 
In order to obviate the use of dopants that may be incompatible with the host matrix of plastic crystals, 
we have developed some highly proton-conductive pure plastic crystals which are protic OIPCs 
(abbreviated as POIPCs , Figure 1) [3 6] and in essence are solid protic organic salts formed by 
proton transfer from a Brønsted acid to a Brønsted base. In this talk, we will present our recent work 
on some pure POIPCs with wide plastic crystalline phases as novel, fast solid-state proton conductors 
for the realization of all-solid-state high temperature PEMFCs [3 6]. The physicochemical properties 
of POIPCs, including thermal, mechanical, structural, morphological, thermodynamic, 
crystallographical, spectral and ion-conducting properties, as well as proton conducting mechanisms, 
isotope effects and fuel cell performances, are studied comprehensively in both fundamental and 
device-oriented aspects. 
 

 
Figure 1. Schematic of POIPC-based fuel cells. 
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This project focuses on the study of new electrolytes for microbatteries that can be used through a wet 
deposition process. Our strategy consists in confining a mixture of an ionic liquid (IL) and a lithium salt 
in an organic membrane in-situ polymerized by UV-initiated reaction. This method is suitable for 
microbatteries manufacturing process and offers many advantages compared to classical vacuum 
deposition methods (PVD, CVD). The process indeed allows high deposition rate, low cost, and a highly 
conformal film consistent with 3D textured or high roughness substrates.  

The lithium salt LiTFSI was first dissolved in the ionic liquid N-Propyl-N-methylpyrrolidinium 
bis(trifluoromethanesulfonyl)imide (Pyr13TFSI). The effect of lithium salt concentration was 
investigated by measuring the bulk conductivity and the lithium transference number by diffusional 
NMR. lithium ions in the electrolyte (investigated by Raman 
spectroscopy) and the cycling performance of the battery was demonstrated. 

Transparent and flexible -  then obtained by confining the optimal 
electrolytic solution in an organic matrix by photo-induced radical polymerization of a PEO-based 
methacrylate precursor. The initial solution contained 30%wt of the monomer and 70%wt of the IL 
solution. Self-standing films with good mechanical strength and a thermal stability up to 
300°C were obtained. 

  
Figure 1. Images of the gelled electrolyte as a free-standing membrane (a) and integrated in a microbattery stack 

top view (b) and cross section SEM image view (c). 

The final membrane displayed an excellent ionic conductivity of 8.10-4 S.cm-1 at 25°C, comparable to 
some liquid electrolytes and significantly better than the standard solid electrolyte used in microbatteries 
(LiPON), whose conductivity is about 2.10-6 S.cm-1. 

Then LiCoO2/ion-gel/Li coin cells were assembled and batteries were successfully cycled at different C 
rates (C/10, C/5, C/2) between 3 and 4.3V at 25°C. At C/10, its total capacity was equal to 80% of the 
reference capacity obtained with a standard liquid electrolyte (EC:PC:DMC 1:1:3 + 1M LiPF6). 
However, at higher C rates, the capacity decreased significantly due to an important ohmic drop. Indeed, 
the mobility of the lithium ions scanned by diffusional NMR, drastically decreases after UV curing, 

pointing out their immobilization by the PEO polymer network. 
This technique, coupled with impedance spectroscopy, X-ray diffraction and differential scanning 
calorimetry, suggests that part of the lithium salt dissolved in the ionic liquid is chelated by the solid 
matrix and lithium ions are thus restrained from migrating during the cell polarization. Interesting 
improvements of the battery performance were found by decreasing the cross-linking agent 
concentration and using a dissociating co-solvent. The nature of the interactions between Li+ and the 
polymeric network and their influence on the electrochemical performance will be discussed. 

 
 

 
 

 

a) b) c) 
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Among all solid electrolytes considered for use in lithium ion batteries, systems based on 

poly(ethylene oxide) PEO allow to obtain relatively high values of ionic conductivity as well as good 
mechanical and chemical stability. However, efficient operation of the rechargeable cell depends not 
only on value of conductivity, but also on lithium transference numbers (t+). The t+ values reported for 
PEO-based electrolytes indicate that anions have significant share in overall charge transport. 
Moreover, different experimental methods used for calculation of lithium transference numbers often 
give inconsistent results. 

In our work, lithium transference numbers of electrolytes comprising linear PEO and 
LiN(CF3SO2)2 salt have been measured using two electrochemical methods. Initial measurements 
performed by Bruce and Vincent [1] method have shown that, in order to obtain reliable and 
repeatable results, significant modifications of measurement procedure need to be introduced. The new 
method combines potentiostatic [1,2] and galvanostatic [3] polarization methods which allows for 
compensation of various experimental artifacts observed in measurement of cells with lithium 
electrodes. Analysis of the results can be performed using either approaches of Evans et al. [1], 
Watanabe et al. [2] or Ma et al. [3].  

Measurements of PEO:LiN(CF3SO2)2 electrolytes with different amount of lithium salt performed 
by new procedure have shown 
that, in contradiction to some 
earlier predictions, the values of 
t+ do not exhibit a continuous 
decrease upon increase on 
concentration of salt (Fig. 1.). 
The lithium transference 
numbers reach a minimum for 
electrolytes with composition 
close to that of the  
PEO6:LiN(CF3SO2)2 stoichio-
metric complex, but increase 
significantly upon further 
increase of concentration of 
lithium salt. This indicates 
possibility to obtain efficient 
lithium ion transport even in 
electrolytes with high 
concentration of salt. 
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Figure 1.  Concentration dependence of transference numbers measured 

at 90 C. 
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Obtaining of modified electrodes with Pt nanoparticles dispersed onto nano-wires of poly (3,4-
ethylenedioxythiophene) (PEDOT), to be tested in formic acid electrocatalysis, to be compared with 
previous works is reported. The nanowires are synthesized by cyclic voltammetry from 0.01 mol L-1 
monomer and 0.1 mol L-1 tetrabutylammonium hexafluorophosphate in acetonitrile, on 
Pt|PEDOT|mesoporous silica electrodes previously modified by electrochemical methods [1-3]. The 
silica film is prepared at fixed potential, to then act as a template, directing the growth of PEDOT 
nanowires (PEDOT-nw) inside the pores. Subsequent removal of the template without damaging the 
polymer nano-structure deposited on the electrode is the main contribution of this work, which has 
significantly exceed the previous results. Thus, when analyzing the electrode modified with PEDOT-
nw (Pt|PEDOT|PEDOT-nw) by scanning electron spectroscopy, images of a surface are observed as a 
"brush" with nw diameter between 20 and 25 nm. Its voltammetric response realizes an increase of p-
doping load 500 times with respect to solid films, without change reversibility [1]. The subsequent 
insertion of Pt nanoparticles (np-Pt), based on the p-doping process to prepare Pt|PEDOT|PEDOT-
nw/np-Pt electrode, show that the catalytic activity of these nanostructured electrodes remarkably 
improved against electro-oxidation of HCOOH: the oxidation requires with much higher current 
density than that obtained in all these previous studies. Furthermore, the amount of Pt required is much 
lower [2, 3], so that the simplicity of the electrochemical techniques used, and a significant decrease in 
the cost of obtaining these devices, ensures that now has an electrode properties insurmountable for 
the catalytic oxidation of HCOOH, which has great relevance in fuel cells. 
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Figure 1. (A) PEDOT-nw SEM micrographs. (B) Cyclic voltagram during formic acid oxidation on modified 
electrodes: ( -nw; -nw/np-Pt and. Working solution: 0.100 

mol L  KPF6, 0.100  mol L  HCOOH in H2O. Scan rate, 0.010 V s . 
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The science of energy storage is an important branch of technology nowadays, as portable electronic 
devices such as laptops, mobile phones, digital cameras and tablets are becoming increasingly 
multifunctional which demands high power energy resources. The studies on electrochemical devices 
include the performance of the devices, electrode materials and electrolytes. Ion conducting polymer 
electrolytes have become an interesting area in solid state ionics due to their prospective application in 
solid state electrochemical devices [1]. Research on polymer electrolytes are mainly focused on the 
improvement in ionic conductivity and mechanical strength, as well as chemical, thermal and 
electrochemical stabilities of the electrolytes to fullfill their potential application in electrochemical 
devices [2, 3]. Previously, conductivity studies of chitosan-ammonium bromide (NH4Br) based 
electrolytes have been carried out [4]. In this work, further characterizations are reported and the 
highest conducting electrolyte is used in the fabrication of a supercapacitor. These electrolytes are 
prepared via solution cast technique. The impedance measurements of the electrolytes are conducted 
using HIOKI 3532-50 LCR HiTESTER from room temperature to 358 K in the frequency range of 50 
Hz to 5 MHz. From the impedance measurement, the dielectric and electrical properties of the 
electrolytes are determined. From transference number of ion (tion) measurement, ion is found as the 
dominant conducting species. Linear sweep voltammetry (LSV) results from different scan rates 
confirm the suitability of the highest conducting electrolyte to be used in the fabrication of a 
supercapacitor. The supercapacitor is characterized using galvanostatic charge-discharge and cyclic 
voltammetry (CV) measurements. 
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