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ABSTRACT

An appropriately end-functionalized amphiphilic four-armed star diblock copolymer comprising hydrophilic poly(ethylene glycol)
(PEG) external blocks (80 mol%) and hydrophobic poly(propylene glycol) (PPG) inner blocks (20 mol%), Tetronic T1107, of a molar
mass of 15 000 g mol~* was used to form a model amphiphilic polymer conetwork (APCN) containing an ionic liquid mixture with
lithium and imidazolate cations. The resulting ionogel was characterized in terms of its ionic conductivity, relevant to its potential
employment as a gel polymer electrolyte in lithium-ion batteries. To this end, a series of samples were formulated, differing in
the initial overall concentration of star diblock copolymers in the reaction mixture, the stoichiometry between the two reactive
star polymer end-groups, and the catalyst concentration. An optimal room temperature ionic conductivity of 0.4 mS cm™ was
exhibited by a particular formulation, attributed to a combination of a lower network crosslinking density and a higher (final)
volume fraction of the ionic liquid mixture. This maximum room temperature ionic conductivity value compares favorably with
the corresponding values measured for similar ionogels housed in APCNs based on Pluronics and four-armed PEG stars.

1 | Introduction studied, in which polymer matrices include poly(ethylene gly-

col) (PEG), poly(vinylidene fluoride) (PVDF) and poly(methyl

Ionogel electrolytes are generally recognized as promising elec-
trolytes for application in electrochemical devices, in which ionic
liquids are immobilized by a solid matrix [1]. Ionic liquids are
molten salts composed of cationic and anionic species with a
melting point below 100°C [2-4]. Ionogel electrolytes inherit the
favorable properties of ionic liquid including outstanding ionic
conductivity, negligible vapor pressure, nonflammability and
nonvolatility, favorable electrochemical and thermal properties
[5]. The solid matrices for ionogel electrolytes are required
to be chemically inert to avoid harmful reactions with ionic
liquids. A wide range of solid matrices have been explored,
consisting of polymeric, inorganic and hybrid materials [6].
Ionogel electrolytes based on polymer matrices are mostly

methacrylate) (PMMA), as well as poly(vinylidene difluoride-
co-hexafluoropropylene) (PVDF-HFP) [6, 7]. Ionogel electrolytes
cannot only overcome the fluidity of ionic liquids but also exhibit
the high mechanical strength of solid matrices, which enhances
the safety and elevates the high-temperature limit of battery
operation [8].

Tonic conductivity is a key metric of ionogel electrolytes, which
has a decisive effect on the rate capability of lithium-ion batteries.
Solid polymer electrolytes are required to withstand elevated tem-
peratures to attain adequate ionic conductivity for rechargeable
lithium-ion batteries. However, ionogel electrolytes have shown
favorable ionic conductivity at room temperature as quasi-solid-
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state electrolytes, which has led to desirable rate performance
at room temperature for lithium-ion batteries [1]. Lithium-ion
transfer number (t;;*) is an important parameter for evaluating
ionogel electrolytes, because it is vital to prevent anion over
migration. However, ionogel electrolytes are characterized by
a low t;;*, which leads to adverse side reactions and impedes
the cycling life of lithium-ion batteries [9]. The t;;* of iono-
gel electrolytes can be improved by increasing the lithium-ion
transport paths and strengthening the interactions between solid
matrices and ionic liquids [6]. The electrochemical stability of the
ionogel electrolyte is important to maximize voltage and energy
density of the lithium-ion battery. Traditional liquid electrolytes
are insufficiently stable for high voltage cathode materials, but
ionogel electrolytes have shown a wide electrochemical stability
window close to 5.0 V (vs. Li/Li*) that originated from the high
electrochemical stability of ionic liquids, which can match with
high-voltage cathode materials, achieving high-output voltage for
lithium-ion batteries [2, 6]. In comparison with ionic liquid elec-
trolytes, ionogel electrolytes show superior mechanical properties
and favorable interfacial stability with lithium metal.

The application of ionogel electrolytes in lithium-ion batteries has
been studied for about two decades. As a typical example, Chen
et al. synthesized an ionogel electrolyte with interpenetrating
polymer double-network (DN) structure by UV-crosslinking,
in which the second poly(methoxyPEG acrylate) network was
successfully introduced into the initial polymer network of
PVDF-HFP [10]. The optimal ionogel electrolyte exhibited an out-
standing room temperature ionic conductivity of1.2x 107 Scm™,
high decomposition voltage and excellent mechanical strength,
as well as a good interface compatibility with lithium metal. The
corresponding LiFePO,lionogellLi cell showed an outstanding
initial specific discharge capacity and excellent cycle stability. In
another study, Liang et al. developed a DN ionogel electrolyte
(DN-Ionogel) by a facile one-step crosslinking method, in which
1-ethyl-3-methylimidazolium bis(trifluoromethyl)imide (EMIM-
TFSI) was trapped into the DN made of a poly(ionic liquid) and
PVDF-HFP [11]. Benefiting from the DN architecture, the ionogel
electrolyte exhibited a remarkable ionic conductivity of 1.8 x
1073 S cm™ and wide electrochemical window (up to 5.0 V) at
room temperature as well as favorable mechanical properties.
The LiFePO,IDN-IonogellLi cell delivered high charge/discharge
capacity and superior rate performance as well as stable cyclic
performance. As another example, Zhao et al. synthesized a
novel chemically crosslinked ionogel electrolyte based on an
acrylated hyperbranched polymer and ionic liquid of BMIM-BF,
by photopolymerization [12]. The ionogel electrolyte exhibited
enhanced mechanical properties and high thermal stability as
well as satisfactory electrochemical performance. The LiFePO,|Li
batteries fabricated with this ionogel electrolyte showed stable
charge/discharge behavior and good cycle stability.

Thus, the ionogel polymer matrices are crosslinked, thereby pos-
sessing a polymer network architecture [13]. Most of those poly-
mer network matrices are randomly crosslinked, having a poorly-
defined structure. From the small number of studies in which
the polymer network matrix is well-defined, most of these are on
homopolymer materials, such as model networks [14, 15] based on
end-linked four-armed PEG (tetraPEG) stars, i.e., tetraPEG gels
[16-19]. With only one polymeric component, this must be the
polar one, compatible with the ionic liquid, and should facilitate

ion pair separation. Not having a second polymeric component,
this deprives the ionogel system from acquiring a second func-
tion, such as mechanical property enhancement, already done
in the DN systems mentioned above [10, 11] which, however,
do not possess a model network structure. To our knowledge,
there are only two studies [20, 21] in the literature, describing
ionogels with well-defined polymer matrices composed of two
components. These two-component polymer network matrices,
whether well-defined or not, are called amphiphilic polymer
conetworks (APCNs) [22-52], because these two components are
usually mutually incompatible. In the first of the two above-
mentioned studies, the ionogel is housed within a well-defined
APCN matrix obtained by the end-linking of two different types of
four-armed star homopolymers: PVDF (tetraPVDF star) and PEG
(tetraPEG star), with the former providing mechanical robustness
due to its semi-crystallinity (it is also moderately polar), and the
latter being capable to dissolve within the ionic liquid due to
its polarity [20]. In the second example, the well-defined APCN
matrix comprised an end-linked linear amphiphilic Pluronic ABA
triblock copolymer, with a central poly(propylene glycol) (PPG),
rather hydrophobic (and less polar) block, flanked by two polar
PEG blocks [21].

In the present ionogel study, we keep a well-defined APCN matrix
to house the ionic liquid but expanded on the design of the matrix
by exploring a different building block architecture. Thus, instead
of employing two different star homopolymer types or a linear
amphiphilic block copolymer, we adopt an amphiphilic star block
copolymer architecture. In particular, we make use of a four-
armed star diblock copolymer with inner poly(propylene glycol)
PPG blocks (20%), and peripheral PEG blocks (80%), an overall
molar mass of 15 kDa, and hydroxyl terminal groups. This is a
commercially available star polymer sample called Tetronic T1107
[53]. Being a star polymer, this material would not only serve as
the main building block, but also as the crosslinker. Although
other types of Tetronic samples have been used to prepare well-
defined APCNSs [54-57], none of those APCNs has been used to
host an ionic liquid, a task undertaken in this investigation.

This work first involved the end-functionalization of the Tetronic
four-armed star block copolymer, so as to produce two derivatives,
differing only in their terminal groups. These two types of
terminal groups were chosen to be reactive to each other, enabling
network formation upon the mixing of the two Tetronic deriva-
tives. The second step was indeed the mixing of solutions of these
mutually reactive Tetronic derivatives, but also in the presence of
the ionicliquid, which, due to its low volatility, remains entrapped
within the APCN ionogel even upon solvent vacuum evaporation.
Third, various APCN ionogel formulations, cast as films, were
characterized in terms of their ionic conductivity, and the formu-
lation with the highest conductivity was identified, attributing
this optimal behavior to certain formulation properties. Finally,
the best ion conductivity value measured for this APCN ionogel
system is compared to those of similar APCN ionogel systems.

2 | Experimental Section
2.1 | Materials

T1107  Tetronic
block-ethoxylate)

[ethylenediamine  tetrakis(propoxylate-
tetrol], methanesulfonyl chloride
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TABLE 1 | Exactquantities of the various components used for the different formulations.

Sample % W[V ac. ac.? (% T-Bz? T-Ac? ac. ac.b DMF IL
No. Name T-Bz : T-Ac polymer v/v) (uL) (uL) (uL) (uL) (uL)
1 1:1.55 111 5 5 125 125 50 630 70
2 1:1.10_5 111 10 5 250 250 50 380 70
3 1:1.5_5 11 5 5 62.5 62.5 25 315 35
4 1:1.5_5 111 10 5 125 125 25 190 35
5 2:3.10_5 1:1.5 10 5 100 150 25 190 35
6 3:2.10_5 1.5:1 10 5 150 100 25 190 35
7 1:2_10_5 1:2 10 5 83.5 166.5 25 190 35
8 2:1.10_5 111 10 5 166.5 83.5 25 190 35
9 1:1.15_5 111 15 5 185 185 25 70 35
10 1:1_15_10 111 15 10 185 185 50 45 35
11 1:22.11.5 1:2 11 5 92.5 185 25 162.5 35
12 21115 2:1 1 5 185 92.5 25 162.5 35

220% w/v DMF solutions.

bac. ac.: acetic acid.

(299.7%), 4-hydroxybenzaldehyde (98%), N’-benzylidene- terminal group, 8 H), 4.25 ppm (t, CH,CH,O-terminal group, 8 H),

4-hydroxybenzohydrazide (99%), hydrazine hydrate (80%),
triethylamine (TEA, >99.5%), anhydrous magnesium
sulfate (>99.5%), sodium hydrogen carbonate (NaHCO;,
>99.7%), aqueous sodium hydroxide (1 M), calcium hydride
(CaH,, 90%-95%), glacial acetic acid (>99.7%), N,N-
dimethylformamide (DMF, 99.8%), dichloromethane (>99.8%,
DCM), dimethylsulfoxide (>99.9%), 1,4-dioxane (>99%), diethyl
ether (>99.5%), and dialysis tubing composed of benzoylated
cellulose with molar mass cut-off of 3000 g mol™ (average flat
width 32 mm) were purchased from Sigma-Aldrich-Merck,
Germany. The ionic liquid mixture, comprising two organic salts,
lithium bis(trifluoromethanesulfonyl)-imide (LiTFSI) and 1-
ethyl-3-methylimidazolium bis(trifluoromethanesulfonyl)-imide
(EMIM-TFSI), combined at a 1: 9 LiTFSI: EMIM-TFSI molar
ratio, was purchased from Solvionic in Toulouse, France.

2.2 | TI1107 Tetronic End-Functionalizations

The starting T1107 Tetronic (T-OH) was derivatized to its two
mutually reactive forms, T-Bz and T-Ac, following our previously
published procedures developed for the derivatization of Tetronic
T904 [57], tetraPEG star [20, 58] and Pluronic F108 [21], albeit with
small changes depending on solubilities in the various solvents.
Confirmation of the structure of the two final products, T-Bz and
T-Ac, was obtained using 'H NMR spectroscopy, whereas details
of the synthesis will be provided in a following publication.

2.2.1 | 'H NMR Spectrum of T-Bz in CDCl, (6)
115 ppm (broad, CH,CH(CH;)O, 240 H), 3.4 ppm (broad,

CH,CH(CH,)O, 80 H), 3.6 ppm (broad, CH,CH(CH,)O, 160 H),
3.7 ppm (broad, CH,CH,0O, 944 H), 3.9 ppm (t, CH,CH,O-

7.0 ppm (d, aromatic, 8 H), 7.9 ppm (d, aromatic, 8 H), 9.9 ppm (s,
O—CH, 4 H).

2.2.2 | 'H NMR Spectrum of T-Ac in DMSO-d; ()

1.0 ppm (broad, CH,CH(CH;)O, 240 H), 3.3 ppm (broad,
CH,CH(CH,)0, 80 H), 3.4 ppm (broad, CH,CH(CHS,)0, 160 H),
3.5ppm (broad, CH,CH,0, 944 H), 3.7 ppm (t, CH,CH, O-terminal
group, 8 H), 4.1 ppm (t, CH,CH,O-terminal group, 8 H), 4.3 ppm
(s, NHNH,, 8 H), 7.0 ppm (d, aromatic, 8 H), 7.8 ppm (d, aromatic,
8 H), 9.6 ppm (s, NHNH,, 4 H).

2.3 | Ionogel Preparation

Separate 20% w/v solutions of the T-Bz and T-Ac star polymer
building blocks were prepared in DMF. The appropriate volume
of the ionic liquid mixture (IL) was added, dissolved in extra DMF,
to the T-Bz DMF solution, whereas the appropriate volume of the
glacial acetic acid catalyst was added to the T-Ac DMF solution.
The specific amounts (volume) of each component are given in
Table 1 below.

2.4 | Ion Conductivity Measurements

The conductivity measurements were conducted using the fol-
lowing parameters: frequency range from 50 mHz to 1 MHz, Nd:
8 points per decade, and Va = 10.0 mV. The temperature program
followed the sequence 20°C - 60°C - 50°C - 40°C - 30°C -
20°C - 80°C - 20°C, with a 2 h of resting at each temperature to
ensure homogeneity in the sample’s temperature. Each ionogel
membrane had a thickness of approximately 200 um.
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FIGURE 1 | Chemicalstructures of the starting T1107 Tetronic four-armed star diblock copolymer, T-OH, and the two types of its end-functionalized

derivatives, T-Bz and T-Ac, which are mutually reactive.

3 | Results and Discussion
3.1 | End-functionalized Polymer Building Blocks

Figure 1 illustrates the chemical structures of the starting T1107
Tetronic four-armed star block copolymer with four hydroxyl
terminal groups, T-OH, and its two derivatives, T-Bz and T-
Ac, which constitute the main building blocks for the presently
prepared and characterized APCN-based ionogel. These two
derivatives differ only with respect to their four end-groups which
were chosen to be reactive to each other in order to enable
network formation. The one type of end-group is benzaldehyde
(Bz), whereas the other is benzaacylhydrazide (Ac) which, under
acidic conditions, may quantitatively react with the benzaldehyde
end-group to yield a bis-aryl substituted acylhydrazone group [59-
61]. This is not only a type of a “click” reaction, but it is also an
exchange reaction whose exchange rate may be regulated through
pH. The details for the end-functionalization can be found in our
previously published work [57]. Briefly, the hydroxyl end-groups
of the starting T1107 Tetronic were first activated by mesylation. In
the case of the Bz-derivatized sample (T-Bz), the installed mesyl
groups were displaced using excess of 4-hydroxybenzaldehyde.
In the case of the Ac-derivatized sample (T-Ac), the mesyl
groups were displaced using excess of benzaldehyde-protected
4-hydroxybenzhydrazide. After its purification, the latter (inter-
mediate) product was subjected to hydrazinolysis, using a large
excess of hydrazine, at room temperature, to yield T-Ac which was
first purified by dialysis against water and then lyophilized.

3.2 | Combination of Polymer Building Blocks for
APCN Ionogel Formation

Figure 2 schematically depicts the APCN formation through the
combination of its two polymeric building blocks, T-Bz and T-Ac,
whose prior preparation, via appropriate end-functionalization of
the starting T-OH, is also sketched in the figure.

Because the two end-functionalized derivatives of T-OH, T-Bz
and T-Ac, are water-soluble, APCN formation may be per-
formed in water and obtain APCN hydrogels. However, for

b 4 Y
- n
e wl e o
< .
— $ $
- Y
'.“.- + e i i
" -
~2_ + +
7 e i S S
w TAc ™y { APCN

FIGURE 2 | Schematic representation of the end-functionalization
of the starting T1107 Tetronic four-armed star diblock copolymer to
yield the two main polymeric building blocks, T-Bz and T-Ac, and their
subsequent combination to mutually react and produce the APCN.

the purposes of the present study, ionogel formation must
be performed in the absence of water. Thus, APCN ionogel
formation was performed in a polar organic solvent, in the
presence of the ionic liquid (an ionic liquid mixture, to be
precise) and a small amount of acid to catalyze the acylhydrazone
bond formation reaction, to lead to crosslinking and obtain the
network. N,N-dimethylformamide (DMF) was the polar organic
solvent used, whereas glacial acetic acid was the chosen acid
catalyst. The ionic liquid mixture comprised two liquid organic
salts, lithium bis(trifluoromethanesulfonyl)imide (LiTFSI) and 1-
ethyl-3-methylimidazolium bis(trifluoromethanesulfonyl)imide
(EMIM-TFSI), combined at a 1:9 molar ratio. For ionogel for-
mation, separate 20% w/v solutions of T-Bz and T-Ac in DMF
were prepared and mixed. The T-Bz DMF solution also contained
the ionic liquid mixture, whereas the T-Ac DMF solution also
contained the acetic acid crosslinking catalyst.

3.3 | APCN Ionogel Formulations and Films

Several APCN ionogel formulations were prepared, differing
in terms of three important parameters. These samples were
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FIGURE 3 | Sample cast on a PTFE plate from which a disk was
cut (red arrow). After peeling the disk off the PTFE plate, the obtained
membrane shrank and was stuck onto itself, leading to an unusable
sample (blue arrow).

subsequently evaluated for their electrochemical properties,
and correlations were made between these properties and the
values of the above-employed parameters. In particular, twelve
formulations were prepared, in which the ratio (end-group
stoichiometry) of the two polymer derivatives, the overall
polymer concentration, and the acetic acid concentration were
systematically varied. The main characteristics of these formu-
lations have already been listed in Table 1 in the Experimental
Section.

Table 1 shows that, within our experimental design, the T-Bz -
T-Ac molar ratio was varied at five values, between 1:2 and 2:1,
with 1:1 being the central value. On the other hand, the overall
star polymer concentration was explored at four values, covering
the range between 5 and 15% w/v, with 10% w/v being the central
value, while the acetic acid catalyst concentration was studied at
two values, most of them at 5% v/v. Each of the above solution
mixtures (before their gelation) was cast on a stainless-steel disk
(1.55 cm diameter, 0.5 mm thickness) and evaporated in a glove
box for 24 h. Subsequently, each of the polymer membranes
formed on top of the disk was transferred into a vacuum oven
operated at 70°C where they were kept for 48 h for further drying
and were finally transferred into the glove box to cool down to
room temperature.

3.4 | Usable APCN Ionogel Films with a Drop
Casting Method

For the conductivity measurements, the stainless steel disks with
the polymer membranes were transferred into a CR2025 coin cell
with two other stainless-steel disk spacers and one spring. The

102

Conductivity (S/cm)
S

10 T T T T T

20 30 40 50 60
Temperature (°c)

FIGURE 4 | Conductivities of sample no. 10, 1-1_15_10, at differ-
ent temperatures. The blue arrows show the direction of temperature
change during the measurements. The error bars for the conductivity
measurements were very small, of the size of the symbols in the figure.

assembly was sealed under pressure. Sample no. 1, 1:1_5_5, is the
one with the lowest polymer concentration, 5% w/v, and gave
a film only after a very long time (>48 h) of drying, indicating
a rather low crosslinking density in the membrane. Thus, we
initially focused our study on samples with higher polymer
concentrations, from 10% to 15% w/v. However, even the films
obtained using these higher polymer concentrations, after their
complete drying, they were not so strong and could be easily
broken. Moreover, even if the drying procedure was done on a
PTFE cup, it was impossible to remove the film with a good shape
because it was too sticky to the PTFE and to itself, as shown in
Figure 3. That is why we finally switched to a drop casting method
on a stainless-steel disk, so as to analyze directly the conductivity
of the film without the need for a self-standing film.

Only four samples gave satisfactory results, i.e., mechanically
strong enough to be analyzed and allow for a normal impedance
spectroscopy measurement, i.e., no short circuit. These samples
are listed in Table 2 below.

3.5 | Ionic Conductivity
The conductivities obtained at room temperature were between

0.2 and 0.5 mS cm™, as compared to the conductivity of the IL in
its pure form of around 6 mS cm™. In Figure 4, the conductivity

TABLE 2 | Compositions of formulations that gave films with satisfactory mechanical strength allowing their electrochemical characterization.

Sample

T-Bz - T-Ac Total polymer Acetic acid concentration (%
No. Name molar ratio concentration (% w/v) v/v)
1 1:11.55 111 5 5
5 2:3_10_5 1:1.5 10 5
10 1:1.15_10 1:1 15 10
11 1:22_11.5 1:2 11 5

Macromolecular Chemistry and Physics, 2026
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TABLE 3 | Room temperature conductivities measured for the four ionogel samples, as well as their ionic liquid volume fraction, and the reaction

stoichiometry between the two star block building units.

Sample Ionic conductivity T-Bz:T-Ac Ionic liquid content
No. Name (mScm™) (mol/mol) (% v/v)

1 1:1.5.5 0.27 111 58.1

5 2:3_10_5 0.43 2:3 41.2

10 1:1.15_10 0.24 1:1 321

1 1:2_11.5 0.13 1:2 38.7

120000
—=— Original data
100000 { —*— Z-Fit

80000

60000 A

-Im(Z)/Ohm

40000

20000 A

(2)

01

T T T T T T
0 5000 10000 15000 20000 25000

Re(Z)/Ohm

Q2

//
e —
R1 1 \ \/V
R2  Wd2

(b)

FIGURE 5 | (a)Impedance spectrum for sample no. 5, 2:3_10_5, between 50 mHz and 0.1 MHz. The Z-fit (in red) shows the simulation to calculate
the resistance which is 10.51 Q. (b) Equivalent circuit used for the fitting. R1: solution resistance, representing the bulk (Ohmic) resistance of the
electrolyte, characterizing the impedance to ion migration within the bulk material; R2: charge transfer resistance, quantifying the kinetic barrier to
Faradaic reactions at the electrode-electrolyte interface; Q2: constant phase element, modeling the non-ideal capacitive behavior of the electrical double

layer, typically resulting from surface roughness or heterogeneity; Wd2: Warburg impedance, characterizing the semi-infinite linear diffusion of ions in

the electrolyte bulk, which becomes significant at lower frequencies due to concentration gradients established at the electrode surface.

of sample no. 10, 1:1_15_10, is shown at different temperatures,
from 20°C to 60°C. Upon sample cooling from 60°C down to room
temperature again, the measured conductivity was improved due
to a better surface contact with the electrode.

The room temperature ionic conductivities of all four ionogel
GPE samples without the heating cycle are listed in Table 3.

We observe that the highest conductivity is displayed by sample
no. 5, 2:3_10_5. This may be attributed to a combination of two
formulation properties, also listed in Table 3 above. The one
property is the reaction stoichiometry between the two polymer
derivatives, and the other is the content of the ionic liquid in
the final ionogel (after DMF evaporation). Regarding the former
property, it appears that deviation from perfect, 1:1, stoichiometry,
may facilitate ion transport through a less compact ionogel.
Regarding the latter property, it seems that a higher content of
charge transporters (ions), through a higher volume fraction of
ionic liquid, may also enhance the ion conductivity of the ionogel
sample. It is noteworthy that sample no. 5 comes second in both
of these two properties, off-stoichiometry ratio and highest ionic
liquid volume fraction, but their combination, apparently, leads
to optimal ion conductivity.

The above-mentioned room temperature highest ion conductivity
of 0.43 mS cm™ for the present ionogel must be compared to

that of the neat ionic liquid mixture of 6 mS cm™. The lower,

by an order of magnitude, value of the ion conductivity of
the best-performing ionogel compared to the free ionic liquid
may be explained by considering the obstacles imposed to ion
diffusion by the polymer matrix, which, nonetheless, converts
the liquid electrolyte to a quasi-solid composite electrolyte. The
room temperature ion conductivity of 0.43 mS cm™ for the
present ionogel system is also lower than the corresponding
value measured in our previous work (same ionic liquid mixture)
on a (linear) Pluronic-based APCN ionogel of 2 mS cm™ [21],
where the F108 Pluronic main building block possessed the
same molar mass of 15 000 g mol™ and same PPG content
of 20 mol% as the T1107 Tetronic in the present system. In
this case, the higher ion conductivity value of the Pluronic-
based ionogel may be attributed to the linear architecture of
the Pluronic, possibly facilitating ion diffusion, which must be
contrasted to the star-branched architecture of the presently
used Tetronic, and also the higher ionic liquid volume frac-
tion of 67% in the Pluronic system, as opposed to an ionic
liquid volume fraction of 41% in the present system. Finally,
the best room temperature ionic conductivity of the present
ionogel system is comparable to the corresponding value from
another previous study of ours (again same ionic liquid mix-
ture used) on an ionogel based on end-linked tetraPEG and
tetraPVDF of 0.6 mS cm™! at an ionic liquid volume fraction of
42.1% v/v [20].
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We envision that our T1107-based GPE is microphase-separated,
with the PPG minority (20 mol% PG units) component self-
assembling into spheres which are devoid of IL, with the IL
preferentially partitioning into the continuous and more polar
PEG majority (80 mol% EG units) component. This distribution
has been determined in a non-crosslinked Pluronic system, also
swollen in an IL [62].

The impedance spectrum of sample no. 5 was subsequently
recorded and is shown in Figure 5, together with the equivalent
circuit used to analyze the data:

We saw that all Nyquist plots of the impedance data were linear,
displaying no sign of high-frequency semicircles that would have
been associated with a lack of homogeneity or a crystalline phase
separation.

4 | Conclusions

A well-defined amphiphilic polymer conetwork (APCN)
matrix was employed to house an ionic liquid mixture and
obtain an APCN ionogel with potential application as a gel
polymer electrolyte in lithium-ion batteries. The APCN matrix
was based on end-linked T1107 Tetronic four-armed star
diblock copolymer with shell blocks comprising poly(ethylene
glycol) (PEG, 80 mol% EG units) and core blocks consisting
of poly(propylene glycol) (PPG, 20 mol% PG units). The
ionic liquid mixture was made of two organic salts, lithium
bis(trifluoromethanesulfonyl)imide (LiTFSI) and 1-ethyl-
3-methylimidazolium bis(trifluoromethanesulfonyl)imide
(EMIM-TFSI), combined at a 1:9 molar ratio. Twelve different
formulations of the APCN ionogel were prepared, and their
films were, subsequently, characterized in terms of their ion
conductivity. The measured room temperature ion conductivities
ranged between 0.13 and 0.43 mS cm™, and were found to be
comparable to those of similar APCN ionogels based on Pluronics
or tetraPEG stars.
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