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Abstract: Liquids lend themselves to high ionic conductivities because of their molecular-level 
positional and orientational disorder, which enables the free movement of ions. However, there is
an unavoidable steep drop in ionic conductivity upon phase transitions from a fluid state to the 
more ordered solid state. We describe organic salts that maintain the same ionic conductivity 
mechanism across transitions between three states of matter, from an initial isotropic liquid to 
liquid crystalline state and then to a crystalline solid. We achieve this property by minimizing the
ion-pairing interactions between mobile ions and highly diffuse counterions that assemble in a 
stepwise manner to preserve conformational flexibility across phase transitions. This state-
independent ionic conductivity opens up opportunities to exploit liquid-like ionic conductivity in 
organic solids.

One-Sentence Summary: Combining weak ionic interactions and structural flexibility preserves
liquid-like conduction in organic solids. 
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Main Text: 

In fluids, the energy barrier to ion diffusion is typically governed by the motion of the ions 
themselves as they hop between energetically favorable sites in the surrounding medium (1, 2). 
The diffusion of ions typically follows an Arrhenius relationship, where the logarithm of ionic 
conductivity (log(σ)) varies linearly with the inverse of temperature (1/T). Certain inorganic 
solids act as super-ionic conductors, displaying conductivities as high as inorganic melts by 
providing pathways for the concerted migration of multiple ions (3). However, conventional 
organic fluid-phase electrolytes (COEs) undergo a steep decrease (Fig. 1A, blue line) in their 
ionic conductivity at the phase transition from fluid to solid (4–7), which is usually accompanied 
by a loss of the Arrhenius behavior and a dramatic decrease in ion mobility, indicating a change 
in conduction mechanism. The ion diffusion enters a viscosity-controlled regime described by 
the Vogel–Tamman–Fulcher relationship (8, 9) and the COEs undergo progressively sharper 
declines in their ionic conductivity at lower temperatures (Fig. 1A). Thus it remains a challenge 
to translate electrolyte properties from the fluid phase to the solid state because the mechanism 
of ion diffusion is not conserved upon phase transition in conventional organic materials (8–10).

We envisaged that this challenge could be overcome when the following design criteria (Fig. 1B)
are met: (i) the cationic and anionic components of an electrolyte interact weakly with little or no
orientational and positional preference relative to one another, (ii) in the solid state, one 
component (either the cation or anion) assembles into a lattice that contains numerous 
energetically near-equivalent sites (11, 12) to accommodate its counterion, while still (iii) 
retaining structural degrees of freedom (13), thereby enabling the diffusion of the counterion 
through the solid network to follow the same mechanism as the isotropic liquid. As a practical 
design consideration, we postulated that conditions ii and iii are favored by salts that are 
predisposed to having an intermediate liquid crystal phase to allow order to be introduced in a 
stepwise manner as the electrolyte transitions from a fluid to a solid, thereby retaining some 
structural flexibility (7, 11, 14).

We report a series of organic salts (Fig. 1C) based on these design criteria that function as state-
independent electrolytes (SIEs). They exhibit continuous, isotropic Arrhenius behavior across 
phase boundaries (Fig. 1A, orange line), indicating that they experience the same energy barriers 
to ion diffusion, and thereby retain their ionic conductivities, across three different states—
isotropic liquid (Iso), liquid crystal (LC), and crystalline solid (C). 

Results

We synthesized a series (Fig. 1C) of tris(trialkoxylphenyl) cyclopropenium salts (SIEn·X), each 
bearing nine equivalent linear alkyl chains of n carbon atoms in length. The triskelion-like 
molecular design arranges these conformationally flexible alkyl chains around the periphery of a 
rigid aromatic core with a cyclopropenium ring at its center (15–18), giving the molecules the 
characteristic structural features of a discotic mesogen (19). As a stable aromatic carbocation 
(20, 21) with threefold rotational symmetry, the extension of the cyclopropenium π-system 
through the three coplanar trialkoxyphenyl groups allows a high degree of charge delocalization 
(22, 23). Therefore, anions would be expected to interact weakly around the periphery of the 
SIEn+ core.
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SIEn·X salts have extremely weak ion-pairing interactions

Density functional theory (DFT) modelling (Fig. 1D) of the electrostatic surface potential (ESP) 
of the SIE8+ cation confirms that the positive charge is shared evenly by its three 
trialkoxyphenyl rings. Notably, the charge density at the center of the rigid aromatic core is 
lower than that found around its periphery—the ESP is just 230 kJ·mol−1 at the cyclopropenium, 
relative to a value of 254 kJ·mol−1 for the patches spanning the aromatic CH and aliphatic CH2 
groups either side of the para-ether oxygens. For context, these potentials are approximately half
those of imidazolium and ammonium head groups commonly used in ionic liquids (both 
~500 kJ·mol−1). 

The triskelion arrangement of these alkyl chains favors self-assembly of the SIEn+ cations with 
their charge-bearing aromatic units embedded at the center of columnar stacks. Using DFT, we 
calculated (Fig. 1E) the optimum geometry of three self-assembled SIE8+ discs, (SIE8+)3, as a 
minimal structural model for extended columnar stacking. By plotting the accessible surface for 
a 1.81 Å-radius sphere (the ionic radius of chloride) around the self-assembled column it 
becomes apparent that the core of the SIE8+ disc in the middle of a column (Fig. 1E, orange) is 
sterically shielded from contacting chloride ions. Molecular dynamics (MD) simulations 
performed for SIE10·Cl in its crystal, liquid crystal and isotropic liquid phases (figs S82–83) 
reinforce this conclusion. The radial distribution functions for chloride (figs S84–88) indicate 
that the anions are mostly found (Fig. 1F) in a halo around the periphery of the aromatic core in 
all three phases. 

Experimental evidence in support of the weak interaction between a SIEn+ cation and its halide 
counterion was obtained using X-ray photoelectron spectroscopy (XPS) to analyze the surface of
a solid sample of SIE10·Cl (Fig. 2A). In the high-resolution chlorine 2p region, the most intense 
2p3/2 peak appears with an extraordinarily low binding energy of 196.0 eV. This binding energy 
is indicative (24) of a non-coordinated chloride ion, c.f. 198.6 eV for LiCl, consistent with the 
DFT and MD predictions. A second, less intense 2p3/2 peak at 199.7 eV suggests that, at the 
surface of the sample at least, there are also some chloride ions that experience stronger ion 
pairing, which we attribute to interactions with exposed discs at the ends of SIEn+ columns at the
surface of the sample. Single crystal X-ray diffraction of an analog lacking long alkyl chains, 
SIE1·Cl, also confirms (fig S76) that face-to-face interactions of the cyclopropeniums exclude 
the halide ions, which are disordered at sites outside the periphery of the aromatic core. Although
each of the discs are positively charged, there is precedent that the coulombic repulsion between 
cyclopropenium cations can be overcome by their attractive dispersion interactions (25). Overall,
the X-ray data and modelling show that columns of the SIEn+ cations interact extremely weakly 
with halide counterions, meeting the first of our design criteria.

Structural flexibility is retained in the solid state

Upon heating and cooling, the SIEn·X materials undergo various phase transitions. Differential 
scanning calorimetry (DSC) shows that the chloride (Fig. 2B) and bromide salts (Table 1) are all 
solids at room temperature. They each undergo a phase transition to an isotropic liquid phase 
above ~50–85 °C depending on the alkyl chain length and counterion. The isotropic liquid phase 
of SIE12·Cl has a viscosity (table S3) of 91 mPa·S−1, which is typical for an ionic liquid (26). 
Using polarized optical microscopy (POM), we identified the presence of an intermediate liquid 
crystal phase for each of the SIE10+ (fig S39), SIE12+ (Fig. 2C), and SIE14+ (fig S41) chloride 
salts. Maltese cross textures observed in the POM images are characteristic of hexagonal 
columnar (Colhex) mesophase structures, which is consistent with the self-assembly of SIEn+ 
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discs into columns by cofacial stacking (Fig. 1E). At lower temperatures, we induce phase 
transition to the solid state (Fig. 2B,C). Assignment of the fluid-to-solid phase transitions is 
aided by identifying the largest phase transition enthalpies (27) by DSC upon heating and 
cooling (Fig. 2B, figs S36–38, Supplementary Data S1). The salts exhibit crystal–crystal phase 
transitions between up to three polymorphs, C-I, C-II, and C-III. This variation in phase 
structures across the series of SIEn·X salts is summarized in Fig. 2D and Table 1.

Fourier transform infrared (FTIR) spectroscopy (Fig. 2E) and X-ray scattering measurements 
(Fig. 2F) give insights into the degree of order present in the different phases. A comparison of 
the ambient-temperature FTIR spectra of SIE10·Cl and SIE18·Cl shows higher wavenumber 
peaks arising from the C-I phase of SIE10·Cl relative to the C-II phase of SIE18·Cl (Fig. 2E). 
These CH2 stretching vibrations are sensitive to the extent of lateral interactions between chains, 
so they give an indication of their packing density, disorder and conformational flexibility (28, 
29). The higher wavenumber peaks of SIE10·Cl indicate slightly reduced crystallinity and 
greater alkyl-chain flexibility in its C-I phase compared to the C-II phase of SIE18·Cl. Similarly,
variable-temperature X-ray diffraction analysis (Fig. 2F) of SIE14·Cl is consistent with gradual 
increases in order (30) upon transitioning from its isotropic liquid phase to the liquid crystal, C-I,
and C-II phases. The isotropic liquid gives a broad diffraction peak corresponding to the 
approximate diameter of the SIE14+ disc (~31 Å) and another at ~4.5 Å that is typical of the 
distance between alkyl chains in a fluid. These peaks sharpen progressively through transitions to
the liquid crystal, C-I, then C-II phases, alongside the appearance of new peaks in the 5–20 Å 
range for C-I and C-II, as well as signs of additional long-range order (>40 Å) in the C-II phase. 
The short-distance peak approaches 4.2 Å in C-II, which is indicative of closely packed alkyl 
chains. However, a shoulder remains at ~4.5 Å in both the C-I and C-II phases that suggests 
some alkyl-chain flexibility remains. X-ray scattering measurements of the other SIEn·X salts 
reveal the same trends (fig S42–S49). Overall, these data show that the cationic components of 
these materials assemble into columnar structures that retain some structural flexibility in the 
solid state, meeting design criteria ii and iii. 

Isotropic Arrhenius conductivity persists across phase boundaries 

We measured the ionic conductivities (Fig. 3) of SIEn·X thin films by performing a series of 
dielectric measurements (figs S58–S65), applying alternating currents of varying frequencies as 
the materials were cooled from their isotropic liquid phase (above 85 °C) to ambient 
temperature. We used the conductance values from the plateau (1–10 kHz) in the frequency 
sweeps to determine the conductivity arising predominantly from ionic charge carriers rather 
than electronic oscillations, which appear at higher frequencies. (31) We used glass cells (Fig. 
3a) patterned with indium tin oxide (ITO) as a transparent electrode, which allowed us to 
determine the alignment of the materials by POM (fig S71). Samples of SIEn·X were loaded 
into cells as isotropic liquids using capillary action to fill the cell gap (~20 μm). Upon cooling, 
we observed that the SIEn+ mesogens align parallel to the ITO surface, forming columns that are
oriented perpendicular to the surface, as is commonly the case for discotic liquid crystals.

Using a sandwich cell architecture (Fig. 3A), we measured the ionic conductivity (Fig. 3B, figs 
S66–70) through the thin films, parallel to the alignment of these columns. At temperatures 
where the materials are in their isotropic liquid phase (Fig. 3B, black), we observe the expected 
Arrhenius relationship between σ and T. The Arrhenius behavior continues as the samples are 
cooled to their liquid crystal state (Fig. 3B, purple), indicating the partial orientational alignment 
of the SIEn+ cations does not change the activation energy barrier (Ea) to ion diffusion (Table 1).
Upon phase transition of the SIE16·Cl and SIE18·Cl salts from their isotropic liquid phase 
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directly to their more ordered C-II phase, we observe abrupt decreases in conductivity that are 
similar to those (4–7, 32) seen for COEs. However, the shorter chain compounds (n = 8–14) that 
form a C-I phase structure upon cooling to the solid state retain their Arrhenius behavior across 
this phase boundary (Fig. 3B, orange). The behavior is not limited to chloride ions, as we 
observe the same properties for the bromide salts of SIE10+ and SIE12+ (Fig. 3B, Table 1). By 
extending the measurements to sub-ambient temperatures, we observe that the uninterrupted 
Arrhenius behavior persists across additional phase transitions in some cases. There is no drop in
conductivity as SIE12·Cl is cooled to its C-II phase (fig S69) or, remarkably, as SIE8·Cl is 
cooled past its C-III phase transition temperature (fig S72). SIE14·Cl on the other hand, exhibits 
a drop in conductivity (fig S70) as it enters its C-II phase, similarly to that observed for 
SIE16·Cl and SIE18·Cl.

We performed dielectric measurements (Fig. 3C) perpendicular to the columnar alignment of the 
thin films using an interdigitated electrode configuration (Fig. 3A). Comparing the parallel and 
perpendicular ionic conductivities of SIE18·Cl reveals the ionic conductivity becomes 
anisotropic as the material cools to its C-II phase, coinciding with the sharp decrease in ionic 
conductivity. By contrast, the parallel and perpendicular SIE10·Cl conductivity measurements 
give matching Arrhenius behavior across the phase transitions from the isotropic liquid to the C-I
solid-state structure. Ion diffusion through SIE10·Cl remains isotropic (Fig. 3C) even as the 
packing structure of the SIE10+ cation becomes anisotropic (Fig. 2D).

The observations of uninterrupted Arrhenius behavior upon cooling from an isotropic liquid to a 
solid precludes the possibility of the solid-state ionic conduction being limited to just the grain 
boundaries (33). The isotropic conductivity of SIE10·Cl in the solid state also rules out 
significant contributions from electrons hoping between π-systems, which come into close 
contact with one another along the axis of the columnar stacks (potentially contributing to σ‖) but
are insulated from one another by alkyl chains in the perpendicular directions (σ⊥). Instead, the 
continuous variation of log(σ) we observe across phase transitions is characteristic of state-
independent ionic conductivity. The same ion transport mechanism must govern the conductivity
in the isotropic liquid, liquid crystal and C-I solid states. POM images confirm (fig S71) that the 
materials have undergone phase transitions to the solid state at the same temperatures determined
by DSC.

The state-independent ionic conductivity persists on macroscopic length scales. Using a 0.7 cm-
wide cell with two Pt electrodes (Fig. 3A), we performed electrochemical impedance 
spectroscopy and observed that SIE12·Cl retains continuous Arrhenius behavior as it cools from 
an isotropic liquid to its C-I solid phase (Fig. 3D). During this bulk measurement, the increased 
opacity of the sample as it undergoes phase transition to the solid is visible to the naked eye (Fig.
3D, inset). At 30 °C, the bulk conductivity of 2×10−7 S·cm−1 is comparable to glassy inorganic 
lithium phosphorus oxynitride (34), which is also an attractive low-cost, ambient stable 
electrolyte. If desired, the relatively low conductivities of the neat SIEn·X materials could be 
increased by adding dopants (4, 5, 35) or optimizing the molecular design of the SIE, e.g., the 
number and lengths of alkyl chains or the size and symmetry of the aromatic core. Anion-
conductive materials find uses in organic photovoltaics (36) and anion shuttle batteries (37). 

Mechanistic insights

The state-independent continuous isotropic Arrhenius conduction of the SIEs sets them apart 
from other electrolytes, which have traditionally been siloed into two classes: either those that 
function as fluids (i.e., salty solutions (38) or neat ionic liquids (39, 40)), or those that function in
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the solid state (i.e., inorganics (14, 31, 41), polymers (8), and composites (42)). Individually, 
either of these two classes have benefits and drawbacks. Unlike solids, fluid-phase electrolytes 
typically form good interfacial contacts with electrodes and benefit from being flexible and 
lightweight, while solid-state electrolytes are considered safer than liquids because they are not 
prone to leakage and tend to be more robust towards thermal cycling. Consequently, research has
been directed toward developing advanced electrolytes, such as quasi-solid polymer electrolytes 
(43, 44), high-concentration electrolytes (45), organic ionic plastic crystals (46), other 
composites (47), and non-crystalline solids (15, 48) that combine these favorable properties in a 
single material. A mechanistic understanding of SIEs could aid in designing electrolytes that can 
be cycled between fluid and solid states, taking advantage of the benefits of each without a large 
trade-off in performance.

Some mechanistic conclusions can be inferred from the observed conductivity trends of the 
SIEn·X salts. Firstly, the ionic conductivity in the solid state must be dominated by diffusion of 
the halides (49) since any dielectric response arising from motion of the cation would be 
expected to be anisotropic on account of its columnar ordering. This mechanism is supported by 
MD simulations of solid SIE10·Cl run with a simulated electric field applied parallel (E‖) or 
perpendicular (E⊥) to the column axis (movie S1). While the SIE10+ cations remain at the same 
sites during the simulation, the chloride ions hop between sites giving equivalent mean square 
displacement (MSD) under the E‖ or E⊥ field (Fig. 3E).

Secondly, a related mechanistic corollary is that the ionic conductivity of SIEn·X materials must
not only be dominated by chloride diffusion in the liquid crystal or solid phases, but also when 
they are isotropic liquids. Melting the materials to cause disassembly of the SIEn+ cations does 
not lead to a discernable change in the slope of 1/T versus log(σ), implying that the large cations 
do not contribute appreciably to the conductivity even when they have no orientational or 
positional order. Pulsed-field gradient 1H NMR spectroscopy measurements (figs S31–34) show 
that, unlike typical columnar materials (50), the diffusion constants of SIE10·Cl and SIE16·Cl 
(table S1) do not increase substantially upon melting to the liquid phase. MD simulation of the 
liquid state of SIE10·Cl at 400 K shows (fig S92) that while there is a ~80% probability of the 
cations fully disassembling, there is some residual local structure with a ~20% probability of the 
cations being found as dimers.

Finally, the mechanism of halide diffusion is conserved between the isotropic liquid, liquid 
crystal, and C-I phases and must be minimally affected by the disassembly or assembly of the 
cationic component as the material is heated or cooled. The slopes of the Arrhenius plots 
(Fig. 3B) and, therefore, the Ea for ion diffusion (Table 1) remains constant over the temperature 
window investigated. Accordingly, we infer that the chloride ions responsible for the 
conductivity are those identified by XPS (Fig. 2A) as being particularly weakly coordinated 
(design criterion i). Their nonselective interactions with the cation at multiple sites around the 
self-assembled columns (criterion ii), as revealed by the ESP maps (Fig. 1D) and accessible 
surface area plots (Fig. 1E), mean that they are not constrained within the rigid, ordered region of
the packing structure at the cores of the cyclopropenium discs. Instead, they can hop through the 
mildly electropositive alkyl chains around the periphery of the SIEn+ cations, which retain 
sufficient conformational flexibility (criterion iii) in the C-I phase (and even the C-II and C-III 
phases in some cases) such that there is no observable drop in conductivity. 
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Conclusions

In summary, we demonstrate a class of electrolytes that maintain the same mechanism of ionic 
conductivity across three distinct states of matter. By analyzing the characteristic molecular 
features of these organic salts and by contrasting the properties of their different packing 
structures, we have linked our design criteria to the mechanisms underpinning their state-
independent ionic conductivity. In the present system, the anionic components are responsible 
for the conduction, which occurs isotropically, irrespective of whether the cationic components 
are disordered in the liquid state or ordered anisotropically as a solid. The design principles 
described here could also be employed to develop cation-conductive analogs.  State-independent 
ionic conductivity of this kind offers an approach to devising and understanding electrolytes that 
bring together the beneficial aspects of fluids and solids.
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Fig. 1. Design elements for state-independent ionic conductivity. (A) The typical trend for 

change in σ with T of a COE is contrasted with that of a SIE. The conductivity of the COE drops 

abruptly upon phase transition from a fluid to the solid state as it undergoes a change in ionic 

conductivity mechanism, whereas ion diffusion within the SIE continues by the same mechanism

across phase boundaries, leading to continuous Arrhenius behavior. (B) Schematic illustration of 

the SIE solid-state superstructure and properties. The mobile ions diffuse isotropically through 

an anisotropic columnar network of noncoordinating organic counterions, i.e., with equal energy 

barriers in all dimensions. The positional and orientational order of the organic counterion 

component is introduced in a stepwise manner as the isotropic liquid cools to a solid, retaining 

conformational flexibility in its alkyl chains. (C) The structural formula of the SIEn·X series of 

SIEs. (D) Comparison of the calculated (B3LYP/6-31G(d,p)) ESPs of SIE8+ and common 

cationic imidazolium and ammonium motifs used in ionic liquids and ionic liquid crystals shows 

the significant charge delocalization and three-fold rotational symmetry of the SIEn+ non-

coordinating cations. The ESPs are plotted at an electron density isovalue of 0.001. (E) The 

surface accessible to a 1.81 Å-radius sphere (chloride radius) around a (SIE8+)3 trimer (B3LYP/
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D3(BJ)/3-21G). The SIE8+ discs at the top and bottom are grey and the middle disc is orange. 

(F) Snapshot of a MD simulation of the crystal phase of SIE10·Cl at 298 K. Cyclopropenium 

carbon atoms in orange, other carbon atoms in gray, oxygen atoms in red, chloride ions in green.
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Fig. 2. Spectroscopic, thermal, and X-ray data show chloride dissociation and the differing 

levels of structural flexibility for the fluid and solid phases. (A) Cl2p region of the XPS 

spectrum of SIE10·Cl (23 °C) showing two chloride environments. Fitted gaussian peaks are 

shown in orange and grey, which combine to give the purple trace. (B) DSC curves for the 

SIEn·Cl materials upon cooling. Phases are labelled as isotropic liquid (Iso), liquid crystal (LC) 

and crystal (C-I, C-II, and C-III). Intensities are normalized. (C) POM images of SIE12·Cl as a 

crystal (C-I) at 40 °C and showing a characteristic Colhex liquid crystal texture at 61 °C. (D) 

Phase diagram for SIEn·Cl materials upon heating. (E) Ambient (23 °C) FTIR spectra of 

SIE10·Cl (C-I) and SIE18·Cl (C-II) in the CH2 stretching region. (F) Variable-temperature X-

ray scattering patterns of SIE14·Cl showing differences in long- and short-range order for its Iso,

LC, C-I, and C-II phases. The intensity between d ~6–15 Å is scaled up to make low-intensity 

peaks visible. Dotted lines are overlaid to aid comparison between spectra.
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Fig. 3. Dielectric spectroscopy and molecular dynamics simulations reveal the ionic 

conductivities of the SIEn+ salts. (A) Schematic diagrams of the cell architectures used to 

measure permittivities between ITO or Pt electrodes separated by SIEn·X. (B) Arrhenius plot of 

direct current (DC) ionic conductivity parallel to the alignment of the columnar liquid crystal 

phase, determined from the 1 kHz plateau in conductance upon applying an alternating current 

(AC). The SIEn·X materials that transition from the Iso to LC or C-I phases (n = 8, 10, 12, and 

14) exhibit continuous Arrhenius behavior across phase boundaries, whereas the longer-chain 

materials that transition directly from Iso to the C-II phase (n = 16 and 18) show a significant 

drop in conductivity. (C) Comparison of conductivities measured parallel and perpendicular to 

the alignment of the columnar phases showing the isotropic conductivity of SIE10·Cl in the LC 

and C-I phases, which contrasts to the anisotropic conductivity of SIE18·Cl in the C-II phase. 

(D) DC conductivity measured using ~0.5 g SIE12·Cl in a bulk electrochemical cell with inset 

photographs showing the visible changes in opacity of the sample following phase transitions. 

Lines connecting data points are included to guide the eye. All measurements were conducted 

upon cooling from the Iso state. (E) Mean squared displacement (MSD) of Cl− anions from a 

MD simulation of the crystal phase of SIE10·Cl subjected to external electric fields parallel (E‖) 

or perpendicular (E⊥) to the column axes.

Table 1. Properties of the SIEn·X salts.a
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TC-II (°C) TC-I (°C) TLC (°C) TIso (°C) Ea
d (eV)

Heating Cooling Heating Cooling Heating Cooling Heating Cooling

SIE8·Cl 20 14 26 36 -b -b 79 75 0.54

SIE10·Cl -b -b 11 11 44 40 95 81 0.52

SIE12·Cl -b -b 0 −2 46 44 86 85 0.49

SIE14·Cl -b -b 21 21 71 57 85 83 0.37

SIE16·Cl -b -b 35 -c -b -b 50 36 0.48

SIE18·Cl −45 −62 54 -c -b -b 62 55 0.46

SIE10·Br -b -b 6 -c 43 40 60 57 0.54

SIE12·Br -b -b −1 −1 47 46 63 58 0.51
aPhase transition temperatures (Ty), where y refers to the phase formed upon heating. Transitions 

are measured as the onset of signals by DSC. bPhase not observed. cThe cooling TIso and TC-I 

phase transitions are mixed so that the beginning of the TC-I transition could not be clearly 

identified. dActivation energy barrier to ion diffusion measured from the change in conductivity 

with temperature observed in thin films using the Arrhenius equation. The value is obtained by 

fitting data in the linear regime collectively, i.e., for the Iso, LC and C-I phases of SIE8·X to 

SIE14·X and for the LC and C-I phases of SIE16·Cl and SIE18·Cl. 
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