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Abstract

Polymer blend electrolytes have become a promising avenue to enable solid electrolytes for use in
lithium metal batteries. Much of the current literature has explored the effect of glass transition
temperature (7,) on the ionic conductivity of various ion-containing polymer blends. The Vogel-
Tamman-Fulcher (VTF) equation is often used to describe the temperature-dependence of the ionic
conductivity of these systems, as it considers the segmental dynamics of the blend and accounts
for the T,,. The reduced conductivity can be calculated using the VTF parameters and describes the
ionic conductivity at a set value away from 7,. Therefore, the reduced conductivity can interpret
observed differences in ionic conductivity by removing the effects of segmental motion. In this
work, we fit previously reported ionic conductivity data for 15 unique systems based on polymer
blends to the VTF equation, allowing us to deconvolute the effects of 7, and ion solvation
environment on the ionic conductivity. We divide the blends into three distinct groups, (1)
poly(ethylene oxide) (PEO)-based blends with lithium perchlorate (LiClOy), (2) PEO-based blends
with lithium bis(trifluoromethanesulfonyl)imide (LiTFSI), and (3) PEO-based blends with single-
ion containing polymers. We find that the relative balance between ion solvation environment and
segmental dynamics is highly dependent on salt chemistry, where ion transport in blends doped
with LiClOy is highly dependent on segmental dynamics while ion solvation environment plays a
larger role in those doped with LiTFSI. For blends with ion-containing polymers, a complex
balance between the number of charge carriers and segmental motion exists. Overall, while
segmental dynamics strongly influence ion transport, our findings reveal that the incorporation of
multiple polymers into an electrolyte can enable engineering of the ion solvation environment to
improve ion transport.
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Introduction

As the world faces an ever-growing energy demand and a desire to shift away from fossil fuels to
move towards renewable energy technologies, the need for improved energy storage has also
increased. Rechargeable batteries are a critical part not only of consumer goods, including personal
devices and electric vehicles, but also for the grid-scale transition to renewable energy, which
requires innovative energy storage solutions.'> While lithium-ion batteries (LIBs) are the current
system of choice due to their moderate energy density and good cycleability,’ they are unable to
meet long-term energy demands.*’ Lithium metal batteries (LMBSs) are one promising technology
that can offer increased energy density by replacing the conventional graphitic anode with a lithium
metal anode.®®° However, there are many engineering challenges to overcome before widespread
adoption of LMBs. The electrolytes currently used in commercial LIBs consist of mixtures of
carbonate-based solvents and a lithium salt.!® While these liquid electrolytes exhibit high ionic
conductivities, up to 102 S/cm at room temperature, they are highly flammable with their flash
points at only ~30 °C and are not compatible with lithium metal anodes.!! Additionally, their weak
mechanical properties can lead to dendrite formation, resulting from nonplanar Li deposition and
stripping, which can hinder battery performance. If the dendrites extend the length of the
electrolyte, they can cause short-circuiting and additional safety hazards.!>"!> Therefore,
developing alternative electrolytes that address the shortcomings of conventional liquid
electrolytes is required for adoption of next-generation batteries.!12-14.16

Solid-state electrolytes (SSEs) would allow for the implementation of the more energy-dense
LMBs due to their increased safety including being nonflammable, enhanced stability and the
potential to inhibit dendrite formation.'>!7-! An ideal SSE requires high ionic conductivity at
ambient temperatures, sufficient electrochemical and chemical stability, high mechanical strength,
and low cost.?22 In general, polymer electrolytes meet many of these requirements, and they are
also stable against lithium metal.?*->* Despite these favorable characteristics, polymer electrolytes
have limited ionic conductivity at room temperature, which impedes their adoption.?>26 In 1973,
Wright et al. first reported poly(ethylene oxide)’s (PEO) ability to solvate and conduct potassium
and sodium salts,?” and in 1983, Armand et al. demonstrated PEQ’s ability to conduct solvated
lithium ions.?* Based on these initial studies, a wide variety of polymer structures have been
explored as SSEs including polycarbonates, polyethers, polyesters, perfluoropolyethers, and

polysiloxanes.?6-28-31
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Figure 1. Molecular structures of poly(ethylene oxide) (PEO) and lithium perchlorate (LiCIO,),
and lithium bis(trifluoromethanesulfonyl)imide (LiTFSI), two of the most commonly used salts in
the solid polymer electrolyte space.
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PEO doped with various lithium salts has been the primary system of study, with lithium
bis(trifluoromethanesulfonyl)imide (LiTFSI) and lithium perchlorate (LiClO4) being the most
commonly used salts (Figure 1).21:» PEO/LiTFSI is considered the benchmark system due to its
high ionic conductivity on the order of 10-* S/cm at 90 °C.3?-34 However, the ionic conductivity of
PEO/LIiTFSI at room temperature is significantly lower, typically around 10 to 10-® S/cm, due to
its semi-crystalline nature.?®3% To address this limitation and improve the performance of PEO-
based electrolytes, many studies have focused on modifying the polymer matrix through polymer
blends, copolymerization, or by incorporating additives such as plasticizers and inorganic
nanofillers.3%37 Polymer blend electrolytes (PBESs), where two polymers are blended together, have
emerged as promising electrolyte candidates due to the ease and simplicity of preparation and their
allowance of good control of physical properties through adjusting blend composition. While PBEs
typically consist of miscible blends of two polymers with an added salt, recent studies have focused
on blends of neutral and ion-containing polymers, termed single-ion conducting polymer blend
electrolytes (SICPBs).2%38 These studies have shown that PBEs are capable of improved ion
transport, allowing for enhanced ionic conductivity and enabling higher cation transference
numbers by immobilizing the anion through SICPBs.2%38 However, the ion transport mechanism
in a multicomponent polymer system as well as the thermodynamics governing miscibility in ion-
containing polymer blends require further investigation. 2526:31

Background
Ion Transport Mechanism in Polymer Electrolytes

Li" ion transport in PEO-based electrolytes occurs through Li* ion solvation by the ethylene oxide
(EO) groups along the polymer chains. The EO groups are polar groups as a result of the
electronegativity difference between the carbons and oxygens, and typically, solvation of a single
Li" ion requires coordination with five to six EOs.343%42 Ag a result of segmental motion of the
polymer, Li" ions migrate from one solvation site to another in the presence of an electric field.*3
Therefore, ion transport occurs primarily in the amorphous phase, above the melting temperature
(7). In the semicrystalline state, the restricted movement of the polymer segments significantly
hinders ion transport, and therefore, at temperatures below 7}, the ionic conductivity drops several
orders of magnitude due to the reduced amorphous polymer available for ion transport.36:44-46
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Above the glass transition temperature, 7, where the polymer subunits undergo segmental motion,
ion transport occurs via two mechanisms, vehicular and continuous motion. Vehicular motion is
commonly observed in liquid electrolytes and occurs when the coordinating molecules move with
the solvated ions. Therefore, in polymer electrolytes, vehicular motion is primarily enabled in low-
molecular-weight polymers (i.e., below the entanglement molecular weight, M.) where single-
chain diffusion is possible. At higher molecular weights above M., ion transport through
continuous motion, either interchain or intrachain, is dominant.?® Intrachain motion is where an
ion moves between solvation sites along the same chain, whereas interchain motion is where an
ion moves between solvation sites on different chains. In homopolymer electrolytes with 7, below
room temperature, the primary Li* ion transport mechanism is continuous motion initiated via the
segmental motion of the polymer matrix.3>4347 Fast segmental dynamics are enabled above T,
and T}, while at temperatures below T, the motion of the polymer chain is minimal, leading to


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6lp00078a

Open Access Article. Published on 28 May 2026. Downloaded on 5/30/2026 9:54:27 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

RSC Applied Polymers

View Article Online
DOI: 10.1039/D6LP0O0078A

greatly reduced ion transport. In this scheme, the temperature dependence of the ionic
conductivity, o, follows the Vogel-Tamman-Fulcher (VTF) equation, an altered Arrhenius
equation using 7}, as a reference, according to26:4344;

o= ar ey ()
where A4 is a pre-exponential factor, £, is the pseudo activation energy tied to the segmental motion,
R is the universal gas constant, and Ty is the Vogel temperature, defined as 50 °C below the 7, of
an electrolyte, i.e., To = T4 —50. The observed non-linear relationship of logarithmic ionic
conductivity with inverse temperature reflects the coupling of ion motion with the polymer
segmental motion (see Figure 2, left side).3448 In glassy polymer electrolytes, which exist at
temperatures below Ty, there is very limited chain segmental mobility. In these systems, the
relationship between ionic conductivity and temperature is often described by the Arrhenius
equation?3:48.49;

o= Aexp (;ET“) (2)

Here, E, refers to an activation energy of ion motion that is not tied to the polymer segmental
dynamics, and the other variables (4, R, 7), have consistent definitions with Eq 1. The linear
relationship between the logarithm of ionic conductivity and the inverse of temperature suggests
the ion transport is decoupled from the segmental dynamics (see Figure 2, right side).34:50-52
There is increased interest in developing polymer electrolytes that exhibit decoupled ion transport
across a wide temperature window especially above the electrolyte’s 7, where coupled ion
transport is typically observed. This would unlock new material engineering strategies to increase
the rates of ion transport that do not involve tuning the segmental motion, which is the current
strategy for increasing the 1onic conductivity of polymer electrolytes. Walden plot analysis can be
used to help quantify the degree of decoupling where high-performing materials would exhibit

superionic behavior.*3-33-60
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Figure 2. lon transport mechanisms in systems where ion motion is coupled with segmental motion and
those where it is decoupled from the segmental motion.

Several parameters influence the ionic conductivity of polymer electrolytes beyond segmental
motion, including ion solvation environment and salt dissociation. The effects of segmental motion
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on ionic conductivity can be directly determined by calculating a reduced conductivity, a;, using
parameters from VTF fits (Eq 1) and is given by:

-1/ —E,
o, = A(Tg + x) ! 2exp(R(xfso)) 3)

where x is a given temperature above the 7,. For this study, we consider the ionic conductivity at
100 °C above Ty, i.e., x = 100, as this allows us to directly compare the ion transport of various
electrolyte systems. However, the choice of x is arbitrary; o, may be evaluated at any temperature
at which VTF fitting can describe the temperature-dependence of a. Comparing o, values can give
insights into the molecular underpinnings for observed differences in the ionic conductivity
between polymer electrolytes. For example, we can consider the hypothetical case presented in
Figure 3 comprised of three samples, System A, shown in purple diamonds, System B, shown in
red squares, and System C, shown in blue circles. Figure 3a shows the 7, of the three systems,
while Figure 3b shows the temperature-dependent ionic conductivity values and fits to VTF
behavior, Eq 1, in solid lines. Figure 3¢ shows the calculated o,, Eq 3, of the systems based on the
data in Figures 3a and 3b. System A and System B have the same 7, but a higher T, than System
C. Therefore, System C has faster segmental dynamics than Systems A and B. In Figure 3b, it is
shown that System A has the highest ionic conductivity at all temperatures, followed by System
C, with System B having the lowest ionic conductivity. However, since o, considers the ionic
conductivity at a set value above the 7, new trends emerge in Figure 3c. Therefore, while Systems
B and C have different 7,’s and ionic conductivities, they have the same reduced conductivity,
given by o, indicating that the differences in segmental motion cause the differences in ionic
conductivity. Conversely, System A has the same 7, as System B but has a different ionic
conductivity and therefore a different o,., indicating that other properties, such as variations in the
ion solvation environment, are the primary reason for disparities in ionic conductivity. This
exercise can be broadly applied to understand the differences in ion transport properties between
any electrolytes that display VTF behavior. If little difference is observed in o, between two
electrolytes, that suggests that segmental motion is the primary factor behind the difference in their
ion transport behavior. However, if a significant discrepancy in o, is observed, differences in ionic
conductivity result from variation in ion solvation environment or salt dissociation rather than
segmental motion.51-63 Deviations in ionic conductivity may also stem from the solvent polarity
and favorable interactions between the lithium ions with the polymer solvent and the anion which
facilitate a faster transport mechanism and lead to enhanced ion conduction.®
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Figure 3. Example of analysis of ion transport mechanism for three polymer electrolytes, Sample A (purple
diamond), Sample B (red square), and Sample C (blue circle), where a) shows the 7,, b) shows the
temperature dependent conductivity and c¢) shows the reduced conductivity of the three systems. The x-axis
on a) and ¢) is left blank to indicate comparison with respect to any electrolyte property.

Miscibility and Ion Transport in Polymer Blends

Polymers are large macromolecules making mixing entropically unfavorable.?®> The
thermodynamics of binary polymer blends can be described by the Flory-Huggins equation
according to:

AGmix = ks T{22 () + 5 In(py) + X9} )

where AG iy 1s the Gibbs free energy of mixing, kg is the Boltzmann constant, 7 is the temperature,
¢; is the volume fraction of component 7 N; characterizes the chain length of component i, and
y is the Flory-Huggins interaction parameter, which quantifies the enthalpic interactions between
the distinct monomer subunits, A and B.66 Therefore, two sufficiently long polymers with large
N; and a negative value of y will generate a miscible blend, i.e., a single phase system.®” One
method of experimentally probing blend miscibility is through the determination of the glass
transition temperature of the polymer blend, 7 iend, via differential scanning calorimetry (DSC)
or similar methods. It is generally accepted that a singular 7, enq indicates a miscible blend,
whereas the presence of two T piend’s corresponding to each homopolymer component indicates
immiscibility, i.e., formation of a two-phase system.®®-’0 However, 7T, is a bulk property that
describes the macroscopic system and the singular value extracted from DSC does not necessarily
apply to all of the segments present within the system. For example, in miscible blends of PEO/
poly(methyl methacrylate) (PMMA) that exhibit a single T g piena, it has been shown that the
segmental motion of PEO subunits is 12 orders of magnitude faster than that of the PMMA
subunits.”? This behavior can be described by the Lodge-McLeish model, which describes the
distinct nanoscale dynamics of two polymer components in a miscible blend. According to this
model, each polymer experiences an effective 7, that is determined by the local nanoscale
concentration of each polymer component.”? Therefore, nanoscale heterogeneity can lead to a
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broadening of the observed T, transition in DSC thermograms indicating dynamic nanoscale
heterogeneity within miscible polymer blends.”?

PBEs are ternary systems comprised of two polymers and a salt. In order to maximize ion transport,
PBEs must be miscible, as phase separation can result in lower ionic conductivity due to
disruptions in ion solvation site connectivity.”® The introduction of salt impacts the interactions in
the system, and typically is accounted for through an effective interaction parameter, X.rr, which
describes the enthalpic interactions between the polymer components in the presence of salt.”%.74.75
Previous work has shown that the miscibility window of two polymers in the presence of salt is
typically different from that of the salt-free blends.”%7677 The observed changes in blend
thermodynamics upon salt addition are highly dependent on the preference for the salt to be
solvated by one or more of the polymer components. In the simplest case, only one polymer
component is capable of ion solvation, such as PEO/PMMA/LiTFSI where all the ions are solvated
by PEO. In these cases, the ion transport mechanism mimics that of PEO homopolymer
electrolytes and the presence of PMMA only alters the solvation site connectivity and segmental
dynamics of the PEO subunits as described by the Lodge-McLeish model.”®79 However, both
polymers can also participate in ion solvation as is the case with PEO/ poly(1,3,6-trioxocane)
(P(2EO-MO))/LiTFSI studied by Gao et al. and PEO/poly(oligo ethylene oxide methacrylate)
(POEM)/LiTFSI studied by Gallmeyer et al.”%8 The ion transport mechanism in these systems is
more complicated as there are two distinct rates of ion motion tied to the unique segmental motions
of each polymer species.

Single-ion conducting polymer blend electrolytes

In dual ion conductors, where both the cation and the anion are capable of moving, a major fraction
of the overall ionic current can be carried by the anions, resulting in a low electrolyte efficiency
quantified by the Li* transference number (t;;+).3881 In the presence of an electric field, the anions
move in the opposite direction of the Li* ions. Since there are no reversible electrochemical
reactions for the anions at the electrode, the anions accumulate on the electrode-electrolyte
interface leading to the formation of concentration gradients, which can cause dendrite growth,
reduce the electrochemical stability, and lower the limiting current density.82-85 Limiting the
movement of the anion to generate a single-ion conductor where only the cation can move is one
way to increase electrolyte performance. A promising class of SSEs is single-ion conducting
polymer electrolytes (SICPEs), introduced by Bannister et al. in 1984, where the anion is
covalently bonded to the polymer resulting in high t;;+ values (close to unity). 18687 Compared
to PEO-based electrolytes, SICPEs have high 7,’s which results in reduced segmental motion
negatively affecting Li* ion transport. Furthermore, the strong electrostatic interactions between
the free cation and bound anion reduce the concentration of free charge carriers, resulting in lower
ionic conductivity. 38.58,88,89

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

Open Access Article. Published on 28 May 2026. Downloaded on 5/30/2026 9:54:27 AM.

(cc)

To overcome the inherent trade-off between t;;+ and ionic conductivity, researchers have studied
blends of ion-containing polymers (polyanions) and ion-conducting polymers (typically PEO-
based), to generate single-ion conducting polymer blends (SICPBs).%° They demonstrate improved
electrochemical performance over single-ion conducting polymer electrolytes, such as superionic
transport, as well as increased miscibility.?%5860.90 ]t is worth noting that the blend
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thermodynamics in these systems are more complicated than that of the PBEs previously described
as only one ion, i.e., the cation, is mobile. The presence of a tethered anion can lead to asymmetric
phase diagrams, and modified theories have been developed to define an Yesr that captures the
additional interactions present within SICPB systems such as the polymer backbone miscibility,
electrostatic interactions, and counterion solvation.®>°! However, the addition of a rigid, high T,
component, such as a polyanion, reduces the segmental motion and ion transport capabilities of
the lower T, ion-conducting polymer.”278 In SICPB systems, the temperature-dependent ionic
conductivity often exhibits VTF- or Arrhenius-like behavior. VTF-like behavior is typically
observed above the T, of the system, where the ion motion relies on the free volume generated by
segmental relaxations.*351 In this case, the mobility of the Li* ions is governed by the mobility of
the PEO chains. Arrhenius-like behavior is typically observed below the 7, of the system, when
the blend is in the glassy state.%? The mobility of the Li* ions is independent of the mobility of the
PEO chains.55%0

In this perspective, our goal is to determine the effect of segmental motion on the ionic
conductivity of various PEO-based PBEs. We have extracted data from 15 distinct PBEs and
analyzed their segmental dynamics and ion transport properties. The PBEs are classified into three
groups: (1) PEO-based blends with LiClOy, (2) PEO-based blends with LiTFSI, and (3) PEO-
based SICPBs. In each section, we evaluate the interactions between the polymer components by
fitting available T, data to known models and calculate o, for the PBEs to enable direct comparison
of ion transport properties between distinct polymer chemistries. Overall, we find that although
polymer segmental motion is a factor across all three groups, the relative balance between ion
solvation environment and segmental dynamics is highly dependent on salt chemistry and unique
behaviors emerge between the three groups studied. While segmental dynamics strongly influence
ion transport in both PBEs and SICPBs, our findings reveal that tunability of polymer blends
introduces a pathway to engineer a more-connected ion solvation environment through polymer
architecture, anion selection, salt concentration, and blend composition to improve ion transport
without the need for increasing segmental dynamics.

Part 1: PEO/P2/LiC104

First, we will evaluate PEO-based blends with LiClO,4, and Table 1 contains a comprehensive list
of the systems analyzed and corresponding blend properties including PEO weight fraction, wpg,
and the molar salt ratio, r, which quantifies salt concentration in these systems. Here we use
polymer 2, P2, to denote the second polymer in the blend that has a distinct chemical structure
from PEO. We will begin by discussing the segmental dynamics of the blends, as T g piena can
provide insights into the enthalpic interactions between the polymer components and salt. All
blends exhibit one T, and are therefore macroscopically miscible. In order to accurately describe
the trends of the 7,’s for the PBEs considered in this study, we apply the Kwei equation given by®3

—grIT 022 4 gy, w, (5)

where Ty is the T, of component i and w;is the weight fraction of component i. This equation also
contains two fitted parameters, & and ¢, which describe the expansion volume differences and

8
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interactions between the two polymers, respectively.94% If k = 1 and g = 0 for a blend, then the
expansion volumes are essentially the same between the two polymers and the interactions are
neutral. Mathematically, this would reduce the Kwei equation to the Fox equation, which describes
ideal mixing. If £ # 1 and ¢ = 0, then the steric behaviors of the polymers are different, but the
interactions between them are neutral, as described by the Gordon-Taylor equation.93:94.96.97 Qur
analysis found that neither the Fox equation nor the Gordon-Taylor equation were able to
accurately predict 7T piena. This indicates that the interactions in these ternary systems are nonideal
and include attractive or repulsive forces that require the quadratic term in the Kwei equation to
fully capture their effects.%3

The Kwei fit was applied to the polymers such that 7,; was that of PEO at the given salt
concentration and 7,, was dependent on the system under consideration. In blends where the
second polymer is believed to participate in ion solvation and is included in the » value of the
blends, T, is the T, of the second polymer at the given salt concentration. This can be described

by

_ [Li*]

"= [EOpro+EOp;] (6)
with one exception. In the PEO/ polyethylenimine (PEI)/LiCIO,4 blends studied by Tanaka et al.,
the ethylenimine unit is believed to solvate Li very similarly to an EO unit and so the total EO
units is a [EOpgo + Elpg].°® In blends where the second polymer is not believed to be participating
in ion solvation, 7, » in Eq 5 is the 7}, of that polymer without salt. The full Kwei fits for the blends
are provided in the Supporting Information. In the blends containing PEO and LiClO,4, we have
found that all of the values of ¢ are negative (see Table 1), indicating that the excess stabilization
energy of the backbones is negative and exhibits some degree of packing frustration and
unfavorable interactions.?+9° It is worth noting that the blends with the least negative values, such
as PEO/poly(oligo[oxyethylene]oxysebacoyl) (PES), have similar repeat unit structures, while
those with more negative values, such as PEO/poly(2-vinylpyridine) (P2VP) and PEO/poly(4-
vinylpyridine) (P4VP) contain two polymers with very different repeat unit structures. This further
supports the notion that the more negative g values indicate an increased nanoscale phase
separation due to structural differences and less favorable mixing energetics and may explain
differences in resulting blend properties.®®
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Table 1. The polymer structures and blend properties including salt concentration (), glass transition
temperature (75,)*, and Kwei fitting parameters, for PEO/P2/LiClO, polymer blend electrolytes.

Polymer 2 Mn,PEO Mn,P2 WPEO r T g,blend k ref
(P2) (kDa) (kDa) (°C) 1
0 319
0.2 -30.8
0.4 . -303
bES 06 0.1 g 100 -2.83
0 0.8 26.1
0,€\,0 5x10° 1 1 -24.9 Kim et al.100
o ?| 04 001> -48.7
04 002>  -47
04 005> -414 i i
0.4 02> 239
PMMA
H?O’k 100 120 05 0.1 41 0.122 -126.6  Ghelichi et al.10"
o)
\
PEI 0.1> 375 1780  -128.36
H 70 & 0.07>  -30.1 - -
98
/[/\/Nln 103 ¢ 87 08 o140 -407 i i Tanaka et al.
025>  -41.7 - -
P4vVP 0.1 23 4767  -5583
0.125  -17 - -

n i 102
~ 600 50 0.75 0.167 9 i i Li & Khan
|

N 0.25 23 - -
P2VP 0.1 27 6.478 -555.7
0.04 41 - -
_ ': 600 200 0.85  0.05 -39 - - Li & Khan'02
s 0.07 -39 - -
0.2 4 - -

941l T, values were reported from DSC measurements.

b Indicates that both polymers participate in ion solvation and are included in the r calculations
¢ Jonic conductivity was reported for both molecular weights, but only one set of thermal analysis was provided and
so it is assumed that T, is independent of molecular weight and applied to both VTF fits
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A comprehensive study of the PEO/PES/LiClO4 was done by Kim and coworkers and can serve
as a case study on the effect of blend properties on the ion transport mechanism.'% The repeating
structure of PES contains a series of EOs separated by esters, as seen in Table 1. Therefore, both
PEO and PES contribute to the ion solvation, and r is the ratio of Li to total EO’s in both polymers.
Figure 4a shows the temperature-dependent ionic conductivity of PEO/PES/LiClO, blends with
consistent » = 0.1 and varying blend compositions, and VTF fits are shown in solid lines. It is clear
that at higher temperatures and at higher PES fractions the VTF equation better represents the ion
transport behavior. This is due to the semicrystalline behavior of PEO/LiC104.1%° At r = 0.1,
PEO/LiCIO, exhibits a precipitous drop in ionic conductivity corresponding to its 73, at 52.1 °C.
In this system, the ionic conductivity increases with increasing PES content, with the blend with
the highest PES content having the highest ionic conductivity. However, this also corresponds to
the blend with fastest segmental dynamics, i.e., the lowest T, pieng. Therefore, we calculated o
according to Eq 3 in order to determine if this increase in ion transport is solely due to the
difference in segmental motion. Figure 4b shows the reduced conductivity, o,, of the
PEO/PES/LiClO4 blends at » = 0.1 as a function of EO mole fraction. As previously described, if
the segmental motion was the only determining factor that results in differences in ionic
conductivity, we would expect this line to be horizontal at a constant value of a,.. Instead, we find
that the two blends with the lowest EO mole fractions are quantitatively similar, but once we
exceed an EO mole fraction of 0.95, there is a steep decrease in g,.. Therefore, at EO mole fractions
below 0.95, the differences in blend segmental dynamics lead to differences in ionic conductivity,
while at EO mole fractions above 0.95, the differences in ionic conductivity are due to changes in
the ion solvation structure. This indicates that the inclusion of the ester and carbon linkage in PES
helps in creating a more favorable ion solvation environment for ion hopping that is unique from
that of pure PEO, which increases the rate of ion transport.
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Figure 4. The a) temperature-dependent ionic conductivity where solid lines represent VTF fits and b)
reduced conductivity as a function of EO mole fraction of PEO/PES Blends at » = 0.1 as studied by Kim et
al.’% g,. was evaluated at 7 = T, + 100 for all blends.

It is also important to consider how salt concentration impacts ion transport. Figure 5a shows the
temperature-dependent conductivity of PEO/PES/LiClO, at various r values at a constant blend
composition of wpgo = 0.4. At the highest temperature tested, the ionic conductivity increases
with increasing salt content. However, as the temperature decreases, different trends emerge. The
blend with the highest salt concentration, » = 0.2, undergoes a sharp decrease in ionic conductivity
at ~40 °C, while a decrease in ionic conductivity of similar magnitude is observed at ~20 °C for
the » = 0.1 blend. This decrease in ionic conductivity with decreasing temperature is not observed
for the blends with the lowest salt concentrations, » = 0.01 and 0.02. Over the salt concentration
window studied, the Tgpienq spans 25 °C, indicating that the blends have very different rates of
segmental motion. To deconvolute the effects of segmental dynamics and salt concentration, we
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calculated g, from the VTF fitting parameters and plot o, as a function of » in Figure 5b. All
temperatures considered for o, fall in the range where the ionic conductivity data can be described
by the VTF equation. Here, we see a monotonic increase in g, with increasing r, indicating that
the difference in ion solvation structure between the blends is the main contributor to the
differences in ionic conductivity. As salt concentration increases, the segmental motion of the
polymer components decreases due to interactions between the polymer backbone and solvated
ions. However, in the PEO/PES/LiCIO, system, the blends with higher salt concentrations are
transporting ions faster than what would be indicated by their decreased Tpiend values. These
results show that by blending distinct polymers together, one can improve the connectivity of the
ion solvation environment at various salt concentrations and enable faster ion transport than what
could be achieved by homopolymers alone.
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Figure 5. The a) temperature dependent conductivity where solid lines represent VTF fits and b)
reduced conductivity as a function of » of PEO/PES Blends at wppo = 0.4 as studied by Kim et
al.'% 5. was evaluated at T = T, . T 100 for all blends.

A similar analysis was performed on all the blends described in Table 1. Figure 6a shows the
temperature dependence of the ionic conductivity for all the blends in Table 1 with VTF fits shown
in solid lines. For the current and following analysis, the VTF equation was only fitted to the data
in the amorphous state of the blends (i.e., at temperatures above reported 7, or crystallization
temperature (7.)); these fits are then extrapolated across the entire temperature range for
visualization. The VTF fit applies to all the blends above the melting temperature of PEO,
indicating that the blends rely on the segmental motion of the polymers and undergo coupled ion
transport. Most of the blends perform poorly at room temperature with ionic conductivities of 10-
> S/cm or less as the PEO is semicrystalline under these conditions. As the temperature is increased,
the blends show improved ion transport, with the best performers reaching ionic conductivities on
the order of 10 S/cm. The PEO/PEI/LiClO, blend with an M,,pro of 70 kDa studied by Tanaka et
al. yielded the highest ion conductivities at all temperatures provided. However, it also had a low
Ty piend value of -37.5 °C. The PEO/P2VP/LiClO, blend studied by Li & Kahn, which displayed
similar ionic conductivities at high temperatures, had a relatively high T pend value of -27 °C.
Conversely, the PEO/P4VP/LiClO, blend in the same study produced some of the lowest ionic
conductivities observed in this dataset but had a similar T pjeng 0f -23 °C. The other blends shown
generally fall between or near the PEO/PEI/LiC104 and PEO/P4VP/LiClO,4 blends in both ionic
conductivity and T piend-

Figure 6b shows g, as a function of EO mole fraction for the PEO/P2/LiClO, blends at » = 0.1.
The reduced conductivity was calculated at T > T, for all blends. Overall, the PBEs provided in
Table 1 follow the same general trend as the PEO/PES/LiClO, system. There is a plateau starting
at approximately 0.8 EO mole fraction and a sharp decrease at 0.95 EO mole fraction, again
indicating that the presence of some non-EO units improves the ion solvation site environment.
Additionally, we see that the molecular weight of PEI plays a large role in the ion transport
mechanism where the lower molecular weight system, shown in purple triangle, has a lower value
of g, despite having a higher ionic conductivity than the higher molecular weight system, shown
in yellow diamonds. This indicates that changing PEI molecular weight alters the solvation site
structure within the PBEs and a higher PEI molecular weight can improve the connectivity
between solvation sites. Additionally, the PEO/P4VP/LiCIO, system has the lowest value of o,
indicating that the P4VP negatively impacts the ion solvation structure within the blend, reducing
its efficacy as an electrolyte. In general, it is evident that below 0.95 EO mole fraction, the
differences in ionic conductivity are primarily due to differences in segmental motion and not
variances in the ion solvation environment, meaning that altering the T} pjenq is the most effective
way to improve the ion transport within a PBE system doped with LiClO,4 at a given salt
concentration.
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Figure 6. The a) temperature-dependent conductivity where solid lines represent VTF fits and b) reduced
conductivity as a function of EO mole fraction for PEO/P2/LiClO, blends where » = 0.1. g,- was evaluated
at T = T, + 100 for all blends.

Part I1: PEO/P2/LiTFSI

Recent work on polymer electrolytes has focused on systems containing LiTFSI, as it has been
shown to yield the highest ionic conductivities due to its ability to easily dissociate within PEQ.103-
105 Table 2 provides the full catalogue of PEO/P2/LiTFSI blends considered in this study. We
applied the same framework as that in Part I, beginning with an analysis of the changes in T pieng.
Similar to the blends in Part I, we were unable to predict the 7T peng Of the blends with the Fox
equation or the Gordon-Taylor equation but found that the Kwei equation provided an accurate
representation. The full Kwei fits for the blends are provided in the Supporting Information. The
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q values for the PEO/P2/LiTFSI blends were negative but much smaller in magnitude than those
in Part . While this may be due to the variation in molecular structure of the blends, the comparison
of the g for PEO/PMMA/LiClO4 and PEO/PMMA/LiTFSI blends makes it clear that the molecular
structure and electrostatics of the salt affect the enthalpic interactions of the ternary system. Given
that ¢ = 0 describes a system with ideal interactions, the less negative values in the LiTFSI-
containing blends indicate weaker interactions than the LiClO4-containing blends, likely from the
weaker bond and easier dissociation of the Li* ion.94.105

Table 2. Information relating to Polymer blends consisting of PEO and some second polymer with
LiTFSI including author, polymer structure, wpgo of the relevant blends, salt concentration, r, 7,%, and
Kwei fitting parameters, k and g.

Polymer 2 Mypro  Mup2  Weeo r Ty k 9 ref
(P2) (kDa) (kDa) (°C)
PMMA
10 11 05 005  -40 0.095 27542  Sharon et al.
PFPE 0.4 1 02 0.026® -840 0601 -0.0203
Fy
C.s 0.0 0.4 1 02 0015 849 0724  -169  wonoeral®
Fa |[F2
L 0.4 1 0.2 0 859 0350  0.0277
POEMX POEM9 30 58 044 0.1° -39.8 00767 -8.671

e}

>

\Lﬂé POEMS5 30 7.3 0.40 0.1° -354 0.406  -20.168 Gallmeyer et

2\ al.80

POEM2 30 8.2 0.31 0.1  -26.51 0.2849 -1.7

PDTOA
H H

TI'\/N\[],NTrT 5 6.5 0.5 0.06 21 0.4926  -0.004 Joetal
S

S §n

“All Tq values were reported from DSC measurements.
b Indicates that both polymers participate in ion solvation and are included in the r calculations

The ionic conductivities for the various PEO/P2/LiTFSI blends were extracted and fit to the VTF
equation. Figure 7a shows the ionic conductivity as a function of inverse temperature for the PEO/
P2/LiTFSI systems, with the VTF fits shown in solid lines. As in the previous section, the ability
of all blends to be described by the VTF fit indicates that the Li* ion motion is coupled to the
polymer segmental motion. This is expected as all of the blends contain PEO and have T piend
values at or below ambient conditions. Using the parameters from the VTF fits, we were able to
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calculate o, shown in Figure 7b as a function of EO mole fraction. Interestingly, while the PEO/
perfluoropolyether (PFPE)/LiTFSI, PEO/poly(dithiooxamide) (PDTOA)/LiTFSI,
PEO/POEMS/LIiTFSI and PEO/POEMY/LIiTFSI blends all have quantitatively similar ionic
conductivities, their resulting values of g, span over one order of magnitude indicating that the
differences in ion solvation environment between the blends lead to the observed differences in
ionic conductivity.

Given the varying salt concentrations in the PEO/P2/LiTFSI blends, it is more difficult to draw
direct conclusions than in Part I. First, let us address the PEO/PFPE/LiTFSI system shown in blue
circles. While this system has a similar ionic conductivity to many of the other LiTFSI containing
electrolytes, its salt concentration and polymer molecular weight are low and, therefore, its 7§ piend
is over 40 °C lower than any of the other systems. It is not surprising that its g, value is lower than
most of the other blends shown in Figure 7b as much of its high ionic conductivity is due to the
increased segmental motion. The PEO/PMMA/LIiTFSI blend, shown in yellow diamonds, has the
lowest value of g, and ionic conductivity as PMMA does not participate in ion transport and will
negatively impact the solvation environment.”® This is further supported by the three POEM
variants, where the PEO/POEM2/LiTFSI system, shown in purple triangles, has a lower ionic
conductivity compared to the POEM variants with longer side chains, i.e., POEMS5 and POEMO.
POEM2 is very similar in structure to PMMA, but with two additional EO units on the side chain.
Previous work has shown POEM2 minimally participates in ion solvation and transport in blends
with PEO/POEM2/LiTFSI blends.89 The quality of the solvation environment is complex and
cannot be solely correlated with increasing EO fraction or salt concentration. This is made clear
by the high value of g, of the PEO/PDTOA/LiTFSI system, which has a lower salt concentration
than the PEO/POEMX/LiTFSI blends, but has a noticeably higher o, at similar EO mole fractions.
So, while reducing T is a consistent way to improve the ionic conductivity, the variance in o,
calculated for the PEO/P2/LiTFSI systems demonstrates that there may be additional ways to
improve the solvation environment to increase ion transport that are independent of 7,. However,
due to the limited body of work in this area, more research is necessary to understand the extent to
which this is possible.
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Figure 7. The a) temperature-dependent conductivity where solid lines represent VTF fits and b) reduced
conductivity as a function of EO mole fraction for PEO/P2/LIiTFSI blends. o, was evaluated at 7 = T, +
100 for all blends.

Part I1I: Single-ion conducting polymer blend electrolytes

The third class of PBEs analyzed in this study are binary systems consisting of a PEO-based ion-
conducting polymer and an ion-containing polymer. The characteristics of the SICPBs considered
here can be found in Table 3. It’s important to emphasize that 7 is intrinsically linked to blend
composition in SICPBs where an increase in  corresponds to an increase in charged polymer
concentration. Similarly to the dual ion containing blends, we were able to describe the changes in
the Ty piena through the Kwei Equation. The majority of the blends have a & value below 1 with the
exception of the PEO/lithium poly[(4-styrenesulfonyl)(trifluoromethyl(S-
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trifluoromethylsulfonylimino)sulfonyl)imide] (LiPSsTFSI) blend, which was 1.20. Unlike the
dual-ion systems, the g values of the SICPBs span both positive and negative values. This does
not agree with Kwei’s assertion that a positive g value would lead to a T, that is higher than the
weighted average of the two polymers. Nearly all of the blends display 7,’s that are lower than the
weighted average, thus indicating that while the Kwei equation can empirically describe equation,
the interactions due to the ionic polymers are too complex to be consistently described by the two
fitting parameters within the Kwei equation. This likely reflects the physical differences in the
interactions between a free and bound salt molecule. It is interesting that the PEO/LiPSsTFSI blend
showed ¢ = 0 and therefore behaves as though there are not any significant interactions and could
just as easily be described by the Gordon-Taylor equation. In contrast, the PEO/phenylsulfonyl
(trifluoromethylsulfonyl)imide-lithium (PSPhTFSI-Li) blend exhibits the most negative g value,
indicating strong nonideal interactions within the system similar to discussed in PEO/P2/LiClO4
systems. While both LiPSsTSFI and PSPhTFSI-Li are based on styrenic monomers, these large
differences in ¢ indicate that small changes in polymer backbone or anion chemistry largely
influence the non-ideal interactions introduced upon mixing.

Table 3. Information relating to Polymer blends consisting of a single-ion polymer blended with a PEO-
based conducting polymer including author, polymer structure, wpgo of the relevant blends, salt
concentration, 7, T,*, and Kwei fitting parameters, k and g.
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Mn,l Mn,2 Tg
Polymer 2 EO Polymer Wpi r k q ref
(kDa)  (kDa) (°C)
044 02 7.23
0.62 0.1 -18.5
25 0.73 -3.13
0.76  0.05 -38.7
PLiMTFSI 0.83 003 -472
% 044 02 19.83
0 n
o 0.62 0.1 -10.9
Y
% POEM 5.9 52 0.55 15.81 E;;Sggo &
050 076 0.05 -32.6
N Lt
0=é=0 0.83 0.03 -42.77
B
F 044 02 -23.0
0.62 0.1 -39.7
7 0.37 5.0
076 005 -52.3
0.83 003 -533
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0.30 0.298 -6.5
0.50 0.128 -30.1
5 0.70 0.055 -413 0.19 -1.3
0.85 0.022 -45.6
0.95 0.006 -50.8
PLiMTFSI
0.30 0.298 8.0
0.50 0.128 -15.5
Olmedo
PEO 100 50 0.70 0.055 -33.0 028 18.6 Martinez et
al .88
0.85 0.022 -43.1
0.95 0.006 -48.9
0.30 0298 20.9
0.50 0.128 -7.9
>2000 0.70 0.055 -25.1 035 319
0.85 0.022 -393
0.95 0.006 -46.7
P5PhTFSI-Li 0.3 029 548
0.5 0.13 2.0
PEO 20 32 0.58 0.087 -17.8 046 -105.0 Z%lggfen et
0=5=0 '
L N 0.7 0.051 -35.8
0=8=0
L 09 0013 -42.9
LiPSsTFSI
PEO - 20 0.66 005 -151 120 0.0 Maetal
0=$=0
r o s
0=8=N-S—{F
F"I:F F

“All Tq values were reported from DSC measurements.
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The temperature-dependent ionic conductivity was extracted for all SICPB systems and fit to the
VTF equation as well as the Arrhenius equation depending on the nature of the temperature
dependence. Figure 8a shows the ionic conductivity as a function of inverse temperature at a fixed
salt concentration of » = 0.05, where the VTF fits are indicated by solid lines and Arrhenius fits
are indicated by dashed lines. As before, the VTF equation is employed only in the amorphous
state (7 > T,,) but were not extrapolated to the entire temperature range. The onset of Arrhenius
behavior in the POEM/poly[lithium sulfonyl (trifluoromethane sulfonyl)imidemethacrylate]
(PLiIMTEFSI) blends aligns with an increase in molecular weight and concentration of PLIMTFSI,
while the other systems exhibit VTF behavior. Notably, the POEM/PLiMTFSI-52 blend, which
exhibits Arrhenius behavior above T, shows the highest ionic conductivity at elevated
temperatures, highlighting the potential performance improvements when ion transport is
decoupled from segmental motion across a wide temperature range. Overall, the ionic
conductivities of the SICPBs are quantitatively similar and only span one order of magnitude at
constant temperature. In these systems, the PEO-based polymer is the main contributor to ion
solvation and transport, indicating that the chemical structure of the polyanion does not strongly
affect ionic conductivity. Therefore, it is likely that blend composition will have a stronger effect
on ionic conductivity. Figure 8b plots the ionic conductivity at 90 °C as a function of blend
composition, 7, which is directly correlated to polyanion concentration in SICPBs. For most
systems, the maximum ionic conductivity is reached at an intermediate concentration of polyanion,
after which the ionic conductivity decreases. While an increase in r correlates to an increase in
charge carriers, it also leads to a decrease in blend segmental dynamics as the concentration of
high T, polymer increases. Therefore, this non-monotonic behavior indicates that there is a careful
balance between the number of charge carriers, ion solvation structure, and segmental motion that
leads to fast ion transport in SICPBs. Interestingly, the only blend with decoupled ion transport at
all salt concentrations, POEM/PLIMTFSI-52, exhibits a less significant decrease in ionic
conductivity when r increases compared to the blends with coupled ion transport. This indicates
that the ion transport properties are less sensitive to blend composition in systems that exhibit
decoupled transport.
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Figure 8. a) Ionic conductivity as a function of inverse temperature at a fixed salt concentration around
=0.5. VTF fits are shown by solid lines, and Arrhenius fits are shown by dashed lines. b) lonic conductivity
as a function of 7 taken at 90°C for the SICBs. VTF fits are shown by solid symbols, and Arrhenius fits are
shown by white filled symbols. Dashed lines are used to connect the data points to guide the eye.

To separate the effects of salt concentration and segmental dynamics, o, was calculated as a
function of » and is shown in Figure 9. It should be noted that the blends that exhibit Arrhenius
behavior are not included in this analysis as their ionic conductivity cannot be described by the
VTF equation, which is required to calculate o,. When o, is considered, it becomes clear that
segmental motion is not the only contributor to ionic conductivity as the quantitative values of o,
span several orders of magnitude. In general, the trends with respect to » are similar to those
observed in Figure 8 and a maximum value of o, is present at an intermediate value of » that is
blend dependent. For example, the PEO/PSPhTFSI-Li yields the highest g, at » = 0.13 while the
peak value for POEM/PLIMTEFSI-7 is at » = 0.05. The highest value of the PEO/PLIMTFSI-5
blends is at » = 0.3, however due to the lack of data it is unclear if the o, reaches a maximum there
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or continues to increase with increasing PLIMTFSI content. The presence of these maxima
indicates that the distribution and solvation of the ions is more important than the number of charge
carriers present in the system suggesting that an optimal balance between the number of charge
carriers, ion solvation structure, and other factors is met at a specific concentration of charged
polymer for each species. This is further supported if we consider just the POEM/PLiIMTFSI-7
and the PEO/PLiMTFSI-5 blends where these systems exhibit maximums in o, at similar values
of 7, due to the chemical similarities. However, the PEO-based system has a significantly higher
value of o, compared to the POEM-based system at all compositions. This is likely due to the
differences in the ion solvation structure of the EO-containing polymers, as it is known that the
EO’s closest to the backbone in POEM do not readily participate in ion transport.'%” Therefore,
the lower value of o, for the POEM-based systems indicates that the differences in ionic
conductivity observed are due to a less-coordinated ion solvation environment within POEM
versus PEO. Similar to the PEO/P2/LiX blends, the solvation site quality can be tuned, but the
addition of the charge carriers decreases the segmental motion. Unlike the ternary systems, the
blend composition of the SICPBs is directly tied to the quantity of lithium ions, making the
optimization of these systems, i.e., the balance between segmental motion and ion solvation
structure, challenging.

Increasing EO mole fraction
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1
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Figure 9. Reduced conductivity, o,, as a function of salt concentration, r, for the single-ion conducting
polymer blends. g, was evaluated at 7 = 7, + 100 for all blends.

Conclusions and Outlook

In this work, we deconvolute the primary factors affecting observed differences in ionic
conductivity in PEO-based PBEs to guide the design of electrolytes with improved performance.
Our analysis utilizes reduced conductivity as a metric to isolate the effect of polymer segmental
motion on ion transport from other contributing factors, such as the ion solvation environment. We
found that for PEO blends doped with LiClO,4, segmental motion is the primary driver behind the
difference in ionic conductivity, particularly below a 0.95 EO mole fraction. This indicates that
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tuning Typiend 1S the main lever to enhance ion transport in these systems at specific salt
concentrations. In contrast, blends prepared with LiTFSI show a broader range of o, values,
indicating that the ion solvation environment plays a bigger role in the ionic conductivity than in
LiClO4 systems. While T, remains important, these findings imply that 7,-independent factors can
be leveraged to engineer the ion solvation environment to improve ion transport in LiTFSI-based
PBEs. SICPB systems are more complex, as the blend composition is intrinsically linked to the
Li* ion concentration. We observe that maximum ionic conductivity occurs at intermediate salt
concentrations, reflecting a complex balance between the number of charge carriers and segmental
motion. Notably, some SICPB systems exhibited decoupled ion transport, where ion transport
properties were less affected by changes in blend composition. Ultimately, our analysis shows that
ion solvation and distribution have a larger impact on performance than the number of charge
carriers alone in SICPBs. To summarize our findings, while polymer segmental motion appears to
be a universal factor, the relative importance of other factors, such as the ion solvation
environment, changes between LiClO4, LiTFSI, and SICPB systems. Deconvoluting these
complex interconnected factors is essential to gaining a deeper understanding of the behavior in
these systems and for guiding the rational design of next-generation polymer electrolytes.

Based on these findings, we recommend that other researchers studying PBEs consider including
a range of temperature dependent ionic conductivity data as well as all thermal transitions of each
sample when reporting their findings. Though ion transport and segmental motion are often
correlated, the true relationship cannot be fully understood without both datasets, as we have
demonstrated here. Additionally, providing this data would enable direct comparisons within the
literature in order to provide a deeper understanding into how ion transport can be tuned by
segmental dynamics and ion solvation environment. However, metrics such as reduced
conductivity have limits in their usefulness as it cannot individually describe the individual effect
of electrolyte properties, such as polymer structure, ion dissociation, and solvation site
connecteness, on ion transport. Gaining a deeper understanding into the impact of each individual
property is critical to designing an electrolyte with high ionic conductivity and desirable
mechanical properties for applications in next-generation LMBs. While PBEs tend to achieve
higher ionic conductivities, the tie to segmental motion often results in liquid-like behavior, which
can limit their maximum rate of ion transport. While SICPBs often display more robust mechanical
properties and electrochemical performance, the ionic conductivity is often limited due to reduced
segmental motion. Therefore, the primary route of improvement is the decoupling of ion transport
from segmental motion such that the mechanical properties and ion motion can be tuned
independently to generate electrolytes with optimized performance.

Nomenclature:
A Pre-exponential factor
DSC Differential scanning calorimetry
E, Pseudo activation energy (kJ/mol)
EO Ethylene oxide
k Kwei fitting parameter 1
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Boltzmann constant (J/K)

Lithium-ion battery

Lithium perchlorate
Poly[(4-styrenesulfonyl)(trifluoromethyl(S-
trifluoromethylsulfonylimino)sulfonyl)imide]
Lithium bis(trifluoromethanesulfonyl)imide
Lithium metal batteries

Entanglement molecular weight (kDa)
Molecular weight of polymer 2 (kDa)
Molecular weight of PEO (kDa)
Characterizes chain length of polymer 1
poly(1,3,6-trioxocane)
Poly(2-vinylpyridine)
Poly(4-vinylpyridine)

Phenylsulfonyl (trifluoromethylsulfonyl)imide-lithium
Polymer blend electrolyte
Poly(dithiooxamide)

Polyethylenimine

Poly(ethylene oxide)
Poly(oligo[oxyethylene]oxysebacoyl)
Perfluoropolyether

Poly[lithium sulfonyl (trifluoromethane sulfonyl)imidemethacrylate]
Poly(methyl methacrylate)

poly(oligo ethylene oxide methacrylate)
Kwet fitting parameter 2

[Li"]/[EO]

Universal gas constant (J/mol K)

Single-ion conducting polymer blend
Single-ion conducting polymer electrolyte
Solid state electrolyte

Temperature (K)

Vogel temperature (K)

Glass transition temperature (°C)

Glass transition temperature of the polymer blend
Li* transference number

Melting temperature (°C)
Vogel-Fulcher-Tamman

Weight fraction of component 1

PEO weight fraction

Gibbs free energy of mixing (J)

Ionic conductivity (S/cm)

Reduced conductivity (S/cm)

Volume fraction of component i
Flory-Huggins interaction parameter
Effective interaction parameter
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