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Materials

4-vinyl cyclohexene oxide, vCHO was purchased from ACROS and purified by drying over CaH2 and
fractional distillation. Poly(ethylene oxide) (PEO) was purchased from Sigma Aldrich and dried under
vacuum at 110 °C for 24 h immediately prior to use. Anhydrous diethyl carbonate (DEC) was purchased
from Sigma Aldrich, degassed by freeze-pump thaw (3 cycles), and stored over 3 A molecular sieves
under nitrogen. Lithium bis(trifluoromethanesulfonyl)imide (LiTFSI) was purchased from Sigma Aldrich
and dried under vacuum at 110 °C for 48 h before being stored in a glovebox. Lithium
bis(fluorosulfonyl)imide (LiFSI) was purchased from Solvionic and stored in a glovebox prior to use. CP
Grade (BOC, 99.995 %) CO2 was used for all polymerizations and dried through two VICI purifier
columns. Anhydrous THF for polymer electrolyte film formation was obtained from a Solvent Purification
System (SPS), degassed by freeze-pump thaw (3 cycles) and stored in a glovebox over 3 A molecular
sieves.

Methods

NMR: H, 7Li, 3P {*H} and 13C{1H} NMR were recorded on a Bruker Avance Ill HD 400 MHz
spectrometer. DOSY spectra were recorded on Bruker Avance Ill HD 500 MHz spectrometer.

Pulsed field gradient stimulated echo (PFGSTE) NMR: All pulsed field gradient (PFG) nuclear
magnetic resonance (NMR) measurements were completed at 9.45 T (uvo(*°F) = 376.58, and uo("Li) =
155.53 MHz) on Bruker Avance Il HD spectrometer using a 5 mm single-axis diffusion probe with
exchangeable °F and “Li ceramic heads. A stimulated echo pulse sequence was utilized with an
effective gradient pulse duration (&) of between 1-2 ms, and a diffusion time (4) of 20 ms, with the
gradient amplitude varying between 0.1 and 15 T/m. The experimental temperature was stabilized at

333.1 K, and a 5 second recycle delay was used throughout. All data is fitted to f(x) =
-9
Ip x e 795D where for 1F; 6= 1ms, A = 20 ms, and y = 25172 rad/sG, and for ’Li; 5 = 1 ms, A

= 20 ms, and y = 10397 rad/sG. A R? of 0.999, errors of <1% (<1x10-® m?s1) and normal distributions
of the residuals were observed for all experiments.

Size Elusion Chromatography (SEC): Polymer (2-10 mg) dissolved in HPLC grade CHCIsz (1 mL) was
syringe filtered through 2 um filters before being injected into an Agilent PL GPC-50 instrument, with
two PSS SDV 5 um linear M columns heated to 30 °C. HPLC grade CHCIz was used as the eluent at a
flow rate of 1.0 mL min? with Rl detection calibrated using a series of narrow molecular weight
polystyrene standards. Agilent SEC post-run program was used to analyze the data.

Differential Scanning Calorimetry (DSC): These were recorded for purified polymer samples and
solid polymer electrolyte films on a Mettler Toledo DSC3 Star calorimeter under a nitrogen flow (80 mL
min-). Samples were heated to 200 °C and held for 5 minutes to remove any thermal history before
heating and cooling from -80 to 200 °C at a rate of 10 °C min-1. Glass transition temperatures (Tg) were
determined from the midpoint of the transition in the second heating curve.

Thermogravimetric Analysis (TGA): Measured on Mettler-Toledo Ltd TGA/DSC 1 system. Powder
polymer samples were heated from 30 to 500 °C at a rate of 5 °C min-1, under Nz flow (100 mL min-1).
Phosphorus end group tests: Following a literature procedure,! to polymer (40 mg) dissolved in CDClz
(0.4 mL) was added 40 pL of solution containing Cr(acac)s (5.5 mg) and internal standard, bisphenol A
(400 mgq) in pyridine (10 mL) followed by 40 uL of 2-chloro-4,4,5,5-tetramethyl dioxaphospholane.
Rheology: Shear storage (G’) and loss moduli (G”) were measured on a TA instruments Q800 with 25
mm stainless steel platens. Measurements were conducted in the linear viscoelastic region as
determined by an amplitude sweep conducted at 30 and 200 °C. The polymer electrolyte was heated
from 30 to 200 °C at 2 °C min1, 1 Hz frequency, 0.1% amplitude strain. Frequency sweeps were also
conducted between 30 and 100 °C at 10 °C intervals.

Dynamic Mechanical Thermal Analysis (DMTA): Storage (E’) and loss moduli (E”) were measured
on a TA instruments Q850 in tension mode at 0.1% strain, 1 Hz frequency from -60 to +180 °C at a
heating rate of 3 °C min-..

ATR-FTIR: IR spectra of thin films were recorded on a Perkin Elmer Spectrum 100 (FT-IR) with an AT-
IR crystal or a Varian FT-IR 3100 spectrophotometer (Golden Gate). All the IR measurements were
performed in the reflection mode at a resolution of 4 cm.
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Tensile Testing: Dumbbell specimens were cut from polymer electrolyte films according to ISO 527-2,
specimen type 5B with Zwick ZCP020 cutting press (length= 35 mm, gauge length = 10 mm, width = 2
mm). Monotonic uniaxial extension experiments were carried out on a Shimadzu EZ-LZ Universal
testing instrument at an extension rate of 10 mm min-1. An external camera was used to calculate the
Young’s Modulus, Ey within the 0.025-0.25% strain region. 10 Specimens were tested for each material.
Cyclic tensile tests were conducted to 20 or 200% strain at a rate of 10 mm min-l. 10 Cycles were
measured for each specimen, 3 specimens for each sample.

Compression Testing: Polymer electrolytes were pressed into pellets (10 mm diameter, 2 cm thick)
using a Carver Hotpress at 80 °C and a 10 mm diameter die set. Clear, colourless pellets were inspected
to ensure they were free from air bubbles prior to testing. Compression experiments were carried out
on a Shimadzu EZ-LZ Universal testing instrument fit with compression jigs at a rate of 1 mm min-L.
180° Peel Tests: Solid polymer electrolyte (0.4 g) in THF (4 ml) was cast using a doctor blade (80 um
wet film thickness) onto alumina sheets (20 x 80 mm), and the solvent was allowed to evaporate at RT.
The coated alumina sheets were then dried in a vacuum oven for 72 h before testing. 3M® scotch tape
was applied to the polymer electrolyte coated alumina. A corner of the coating was manually de-bonded
from the alumina substrate, and a Shimadzu EZ-LZ universal tensile tester was used to peel the coating
off at a 180° angle and rate of 305 mm/min. The force required to remove the coating was measured.
Peel strength (N mm) = Peel force/width.

SPE film on substrate

Doctor blade

T\

Alumina Substrate Manually de-bonded at edge

Electrochemical Impedance Spectroscopy (EIS): Discs of polymer electrolyte films were cut using a
cutting press (16 or 18 mm diameter). The SPE discs were then sandwiched between two gold blocking
electrodes (Au|SPE|Au) and placed inside a CESH cell. Impedance measurements were conducted
between 0.1 MHz and 1 Hz using a Biologic Impedance Analyzer over 30 to 80 °C with 0.5 h soak time
at each temperature. The resulting Nyquist curves were analyzed using EC-labs software to fit an
equivalence circuit and determine resistance, R. Conductivity (o) was then determined as: o = I/AR,
where A = the polymer electrolyte disc area and | = the electrolyte thickness (0.1-0.45 mm, Table S4).

Linear Sweep Voltammetry (LSV): These were recorded for solid polymer electrolyte discs (as
described in EIS measurements above). Initial measurements were recorded at RT vs lithium foil in a
PEEK cell with stainless steel (SS) counter-electrode (Li|SPE|SS). The open-circuit voltage (OCV) was
first recorded for 12 hours to ensure stability before conducting experiments at 1 mV s! from the OCV
to 5 V. For lead polymers P1-P3, LSV was also measured vs lithium metal counter electrode with a
polymer-carbon nanofibre composite working electrode at 60 °C and 0.05 mV s from the OCV to 6 V
using Ni current collectors.?

Small Angle X-ray Scattering (SAXS): Polymer films were submitted to Harwell Diamond Light Source
in a solid sample grid for SAXS analysis (DL-SAXS, P38 instrument). Scans (3 x 5 min) were conducted
at camera lengths of 4.5 and 1 m, beam energy = 9.2 keV (using the Ga MetalJet). SAXS curves
reported are an average of the 3 scans measured from data collected at 1 m. Experiments were
conducted at RT on samples prepared to mimic processing conditions.

Experimental Procedures

General Polymerization Procedure: PEO with My = 35 kg mol? (9.3 g, 0.27 mmol, 20 equiv.) was
dried under vacuum at 110 °C for 24 h to remove any adventitious water acting as a chain-transfer
agent. At room temperature in an inert atmosphere, vCHO (10 ml, 80 mmol, 6000 equiv.) and
LMgCo(OAc)2 (10 mg, 0.013 mmol, 1 equiv.) were added. DEC (20 ml) was then added to the reaction
mixture, and any remaining catalyst residue was rinsed into the solution. The nitrogen headspace was
then replaced with CO2 by 3 vacuum- CO: cycles before placing the solution in an oil bath preheated
to 100 °C. Aliquots were taken from the reaction mixture at various time points under a stream of COz
gas and analyzed by 'H NMR spectroscopy to monitor the conversion of vCHO monomer (3.1-3.2 ppm
) to polycarbonate (4.76 ppm). For frc ~ 0.26, after 6 h, the reaction was cooled to RT and quenched

S2



by adding benzoic acid (~16 mg, 0.13 mmol, 10 equiv.) dissolved in the minimum amount of
dichloromethane. The polymer was isolated by precipitation on pouring the solution into a large excess
of diethyl ether or methanol (~ 400 ml) and vacuum filtration. The polymer was further purified by rinsing
the filtrate with ether/methanol and toluene. These precipitations and washings were repeated x3 to
obtain a pure white powder (12.5 g, 90% yield). Without these purification steps, a theoretical maximum
of ~8.7 ppm metal residue (Mg plus Co) would be expected to remain in the polymer based on 10 mg
of catalyst producing 12.5 g of polymer. NB. for fec > 0.5, methanol should be used as the antisolvent
and the product not rinsed with toluene; for Mnreo < 8 kg mol, hexane should be used to precipitate
the polymer.

General Procedure for Thiol-ene Reaction: To triblock polymer (Mn,reo = 35 kg mol?, fec =0.26) (1 g,
1.6 mmol C=C, 1 equiv. C=C) dissolved in degassed THF (10 ml), MEPA (66 mg, 0.46 mmol, 0.3 equiv.)
followed by DMPA (12 mg, 0.046 mmol, 0.03 equiv.) was added. NB. for polymers with fec < 0.3, gentle
heating is required to disrupt PEO crystallinity and dissolve the block polymer in THF. The stirring
solution was then exposed to UV light for 0.5 h before precipitating into diethyl ether. The polymer was
isolated as a white powder and washed x2 with diethyl ether (~ 1 g).

Solvent Casting of Standalone Polymer Electrolyte films: In a glovebox, to a solution of polymer
(0.4 g) dissolved in anhydrous THF (4 ml), the required amount of LiTFSI was added. After 12 h stirring,
the solution was poured into a Teflon mould and the solvent allowed to evaporate (24 h). The resulting
standalone film was then dried under vacuum at 70 °C for at least 72 h or until TGA and NMR analysis
indicated no residual solvent.

Synthesis of 2-Mercaptoethyl Phosphonic Acid (MEPA): 2-Mercaptoethyl phosphonic acid was
synthesized according to the literature procedure.® Under a stream of nitrogen gas,
triphenylmethanethiol (4.28 g, 15.4 mmol, 1 equiv.) was added to NaH (0.4 g, 15 mmol, 1 equiv.) in
anhydrous THF (130 ml), yielding a yellow solution. (2-bromoethyl)phosphonic acid diethyl ester (2.5
ml, 15 mmol, 1 equiv.) was then added, and the solution was stirred for 1 h before adding water (~13
ml) to quench any excess NaH. The resulting mixture was concentrated on the rotary evaporated before
adding water (50 ml) and extracting with 3 x 80 ml dichloromethane. The organic layer was concentrated
and dried under vacuum. Trituration with 20 ml diethyl ether afforded a white powder, diethyl(2-
tritylsulfanylethyl)phosphonate (5.0 g, 82 % vyield). To remove the trityl protection group, the white
powder was dissolved in trifluoroacetic acid (TFA), and triethylsilane was added dropwise to the rapidly
stirring solution until the yellow colour disappeared and a white precipitate formed. The precipitate was
removed by vacuum filtration, and the supernatant concentrated to yield a brown oil. The oil in a flask
equipped with a Dean-Stark trap and condenser was hydrolyzed in refluxing 5 M HCI (75 ml) for 72 h.
The aqueous layer was then washed with chloroform (2 x 100 ml) and concentrated in vacuo to afford
MEPA as an off-white solid (1.1 g, 70 % vyield).

Synthesis of LMgCo(OAc), Catalyst. The macrocycle ligand, HL2 was synthesized as per our
previous literature reports.* The Mg(ll)Co(ll) heterodinuclear complex was synthesized as previously
reported by our group.®

H, M H, H
><:N OH N:>< 1. Mg(HMDS),, THF, RT, 0.5 h ><:N °@N:><
N OH N; 2. Co(OAc),, THF, 100 °C, 24 h -N ; ?o N:

H H H H

X=0Ac

HL2 LMgCo(OAc),
Composite Cathode Fabrication and Cell Assembly. Polycrystalline NMC811 with 1 wt% LiNbOs
coating, LPSCI (MSE Supplies), polymer electrolyte (10-50 mg) and carbon nanofiber (CNF, Merck)
were mixed in a 70:23:5:2 wt% ratio by hand-grinding. The resulting powder was then cold-pressed
together at 400 MPa with a layer of pure LPSCI and a composite of LisTisO12 (LTO), LPSCI, and CNF
in a glovebox filled with Argon. The cells were assembled in a custom designed module with a PEEK
mould and two stainless steel plungers. For control experiments without polymer a 70:27:2 wt% ratio
was used.
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Fig. S1 Ring-Opening Copolymerization (ROCOP) mechanism. NB. Sequential ring-openings of
epoxide monomer during propagation leading to polyether linkages (6n 3.45ppm) as opposed to
polycarbonate (& 4.76 ppm) is not observed with this catalyst as CO: insertion into the metal alkoxide
is faster than epoxide ring-opening. For simplicity, initiation and propagation are only illustrated from

one end of the PEO macro-initiator.
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Table S1. Details of PEO macroinitiators used in this work.

PEO (kg mol?) 2 n® Mn sec (kg mol?) [B] © Tm (°C) ¢ AH; (Jghd
1 23 1.2 [1.12] 35.6 88.04

34 76 4.2 [1.08] 60.6 186.11

8 182 11.0[1.10] 61.7 194.04

35 795 28.7 [1.13] 65.1 156.04

100 2272 n.d. 68.3 179.93

a As quoted by supplier.’number of EO repeat units based on polymer M, and Meo. °“Mn recorded by SEC of samples
in chloroform eluent, RI detector vs PS standards. B = Dispersity (Mi/Mw). ¢ Melting point and enthalpy recorded
by DSC.

Table S2. Synthesis of PC-b-PEO-b-PC (CEC) triblock polymers.

PC  [Cat]:[PEQ] [Cat] oy vCHO Triblock My (kg mol?)e
CEC(n. fecl®  (ytog :[vCHO] (mM)  (mologye oV T ()
)" - 4 (%) Theory NMR
CEC(795,0.07) 7 1:20:600 0.44 0.2 45 05 37 37.6
CEC(795,0.16) 16 1:20:6000  0.44  0.02 11 2 41 41.7
CEC(795,0.33) 33 1:20:6000  0.44  0.02 41 7 56 515
CEC(795,0.37) 36 1:20:6000  0.44  0.02 50 8 60 55.0

54 1:20:6000 0.44 0.02 96 12 83 76.5

CEC(795,0.55)

CEC(182,0.51) 50 1:20:2400 3.2 0.04 50 5 18 16.0
CEC(182,0.70) 70  1:20:2400 3.2 0.04 74 7 23 27.0
CEC(76,0.11) 9 1:20:1000 8 0.1 6 0.2 4.0 4.0
CEC(76,0.43) 41  1:20:1000 8 0.1 23 0.5 5.3 6.0
CEC(76,0.70) 70  1:20:1000 8 0.1 62 1 85 11
CEC(23,0.4) 39  1:20:600 13.3 0.17 21 0.25 2.0 1.7
CEC(23,0.78) 77  1:20:600 13.3 0.17 78 1.0 4.6 4.4
CEC(2272,0.27) 27  1:20:12000 0.16 0.01 49 48 150 138

a2 Nomenclature CEC(n, frc) where n = number of EO repeat units in PEO macroinitiator and fec = volume fraction
of PC. fec = 1- feeo and fpgp = M% where Meo and Mc are the molar masses of EO (44.05 g mol) and

cMPEO

vCHO/CO2(168.23 g mol* ), respectively. Mpeo and Mpc are the number-averaged molecular weights of the PEO
and PC blocks in kg mol. Molar volumes vpeo, vec were calculated by v = M/p using densities (g cm-®) of PC and
PEO of 1.10 g cm2and 1.12 g cm3.% ® Determined from purified polymer by relative *H NMR integration of PEO
(3.64 ppm) vs PC (5.75 or 2.42 ppm) using PC repeat unit of 168.23 g mol. ¢ Catalyst loading (catalyst/epoxide).
d yCHO conversion to PC determined from *H NMR analysis of crude reaction mixture. € Overall theoretical molar
mass, Mn calculated based on initial monomer/initiator ratio, Mnpeo and conversion of vCHO to PC. Mn by NMR is
determined by relative integration of the PEO and PC environments and taking into account Mnpeo of the
macroinitiator (see Table S1).
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Fig. S2 Size Exclusion Chromatography (SEC). (a) Pure PEO macroinitiator (top) and below triblock
polymers (CEC) with increasing polycarbonate outer block lengths. (b) Pure PEO macroinitator (182
EO units) and CEC(182,0.37)/P3. (c) Pure PEO macroinitator (23 EO units) and CEC(23,0.78). All SEC
traces were measured in CHCIs eluent, RI detector vs narrow PS standards. NB. different x-axis scale
for (a) cf (b) and (c).

0 HO’ '! .l “OH o, o o o
HO-Polymer-OH + C|—P\ - ’p_po|ymer_p\ + ||3 F"
o o o) 0" Yo o° ~o

Pyridine, Cr(acac);

Polymer end-group BPA Internal standard
Standard
PEO
PC,-b-PEO-b-PC,
X A

' 147 145 143 141 139 137
Chemical Shift (ppm)

Fig. S3 Polymer end-group analysis by phosphorous test. Stacked 3'P{*H} NMR spectra (CDCls)
of PEO homopolymer (end-group 148 ppm) and CEC (795,0.70)/P2 (146.4-146.7 ppm) after reaction
of the —OH end groups with phosphorous reagent as shown. The latter is characteristic of PC end-
groups, indicating no PEO end-groups remaining in the PC-PEO-PC triblock. The standard at 138.6
ppm is Bisphenol-A. End-group tests were conducted for all triblock polymers to check that only PC
end-blocks were present.
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Fig. S5 Representative NMR spectra of purified PC-b-PEO-b-PC. (a) *H NMR Spectrum (CDCls) for
CEC(795,0.55). The wt% PC was determined by relative integration of the vinyl proton (5.75 ppm) or

methine (2.42 ppm) vs PEO (3.64 ppm). (b) 3C{*H} NMR (CDClIz) for CEC(795,0.55).
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Fig. S8 *H NMR spectra (CDClsz) confirming partial MEPA functionalization of PC. Top: unmodified
CEC(795,0.55) and bottom: 6 wt% grafted MEPA (15% PC functionalization). Partial functionalization
was confirmed by relative integration using the integrals for the vinyl protons (5.75 ppm), the PEO
backbone (3.64 ppm) and new thio-ether signals (~2.72 ppm).

PEO (n = 795)
—— CEC(795,0.55)
- - --CEC(795,0.55)-MEPA

-
-
e — e Tt e cna.

1 10 100 1000
M, (kg mol™")
Fig. S9 SEC (CHCIs eluent) of CEC(795,0.55)-g-MEPA (3 wt%) confirming no cross-linking
behaviour. The polymer molar mass remained similar, as expected for a partly functionalized
backbone.
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Fig. S10 Additional characterization of partially MEPA decorated polymers. (a) 31P{*H} NMR of
purified partially post-functionalized triblock polymer. (b) FTIR for CEC(795,0.55).

Fig. S11 Picture of standalone SPE film
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Fig. S12 Additional SAXS data. (a) CEC(795,0.26)/P1 at different salt ratios. (b) CEC(795,0.70)/P2
with and without LiTFSI. (¢) CEC(795, 0.55) at r = 13. (d) CEC(795, 0.70)/r = 3 measured before and
after EIS measurement (30 to 80 °C).

S11



10°

Ty, pEO

102 4

107 o

10° rubbery plateau

E', E" (MPa)

1071 4

«+——operating window —»
102 4

10° T T T T T
-50 0 50 100 150
Temperature (°C)

Fig. S13 Dynamic Mechanically Thermal Analysis (DMTA) conducted for P1/r = 13. Experiments
were conducted under tension at 0.1% strain, 1 Hz frequency from -60 to +180 °C at 3 °C min-.
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Fig. S14 Additional DSC data for polymers and polymer electrolytes. (a) Influence of frc on PEO
crystallinity (xc) for Mn,peo = 35 kg mol? (n = 795) with no added lithium salt. The decrease in Tm (61 to
57 °C) and crystallinity (from 57 to 19 %) with increasing hard domain content is attributed to a
confinement effect of the PEO mid-segment.” PEO crystallinity was calculated using AHs = 214.6 J g**
for 100% crystalline PEO. (b) Influence of grafted MEPA wt% on thermal properties for CEC(795,0.55).
(c) Ty, peo as a function of lithium salt content for CEC triblock polymers with n= 795 and fec as labelled.
(d) DSC traces for lead polymers, P2 and P3 at optimized salt ratios for ionic conductivity of r =2 and
13, respecively (P1/r = 13 is shown in Figure 1c).
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Fig. S15 TGA curves. (a) CEC(795, frc). (b) Polymer electrolytes P1, P2 and P3.
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Fig. S16 Li NMR(CDCIs) of polymer electrolytes. (a) Spectra of PEO (n= 795) and PC homopolymers
(top) and CEC triblock polymers (bottom) with increasing PC block lengths. All samples contain salt
ratio, r = 13. (b) Plot of 7Li NMR shift for different polymers/r = 13 . (c) Spectra for P1-P3: P1 =
CEC(795,0.26)/ r = 13, P2 = CEC(182,0.37)/r =13, P3 = CEC(795, 0.79)/ r = 2.

Table S3. Surface energy measurements.

Polymer/r =13 wt% g-MEPA Surface Free Energy (mJ m)
CEC(795,0.70) 6 40.5
CEC(182,0.37) 6 33.9
CEC(795,0.26) 0 48
CEC(795,0.26) 3 44
CEC(795,0.26) 6 39

NMC? n.a 760 to 2270

Wetting of polymer on surface of cathode material: Ypolymer < Y active material. CONntact Angle Approach using
Owens/Wendt Theory with water, glycol and diiodomethane.

o5, = 05+ o, — 2(0L o) *—2(cf af)M/?

05 = 0, + 0,c0s0
Where ov/as = overall surface tension of the wetting liquid/overall surface energy of the solid, ous P =
dispersive component of the surface tension of the wetting liquid/surface energy of the solid; ous P =
polar component of the surface tension of the wetting liquid/surface energy of the solid; os. = the
interfacial tension between the solid and the liquid, and 6 = the contact angle between the liquid and
the solid.®
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Fig. S17 Additional 180° peel tests on alumina. (a) Force vs displacement for triblocks CEC(795,
0.26) differing in grafted MEPA content (Figure 2b in article). Peel Strengths as a function of: (b) PC
volume fraction at fixed n = 795 and r = 13. (c) LiTFSI ratio for CEC(795,0.70). 7, 24 and 38 mol%
correspond to r = 13, 3 and 2, respectively. (d) PEO Segment length at r = 13 and frc = 0.37. * = tacky
film unable to test.

Fig. S18 SEM image of polymer-NMC composite. Polymer electrolyte (3 wt%) mixed with NMC811
cathode particles (10 uym).
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Fig. S19 180° Peel tests of composite cathode on Al current collector. Left: Schematic of the testing
procedure following Choi et al.1-11 Peel rate 305 mm min-1. Right: Peel Strength measured adhesion of
polymers as binders. A slurry of cathode material, SPE and C black (7:2:1 wt%) was prepared in
anhydrous THF and applied via a doctor blade to a sheet of Aluminium foil current collector (wet film
thickness = 80 ym). After drying in a vacuum oven at 60 °C for 72 hours, 180° Peel tests were
performed. Under these conditions, the cohesive failure of the coating was examined not the adhesion
to the aluminium current collector. The higher adhesion of PVDF compared to PEO is attributed to
differences in molecular weight and thus adhesion by chain entanglement.

Table S4. SPE film thickness measurements

Film Thickness
CEC(795,0.37)/  Digital Microscope (um)

salt ratio, r =
18 79.9+15
16 91.6+1.2
13 92.2+1.3
11 83.6+1.2
9 130.8+1.0

A Keyence VHX 7000 Digital Microscope (14 measurements over 2 cross-sections) was used to
determine accurate film thicknesses for films < 150 ym.
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Fig. S20 Optimisation of LiTFSI content for CEC(795,0.37). (a) Li-ion conductivity as a function of
temperature and salt ratio with gold blocking electrodes: Au|SPE|Au. The ‘bend’ in the data
coincidences with a PEO melting transition observed by DSC. For PEO homopolymer, typically r = 10-
12 is optimum. (b) Representative Nyquist curves (inset: equivlence circuit).
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Fig. S24 Diffusion PFG Decays.

Table S5. Diffusion PFG-NMR
Polymer ’Li Diff (x 102 m2s?) Error x 102 °F Diff (x 102 m?s?) Error x 1012

P1 3.344 0.1071 6.655 0.03909
P2 62.48 0.5418 38.81 0.5397
P3 2.824 0.3006 4,535 0.2369
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- 84 s P3
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Fig. S25 Plot of 1/FWHM from SAXS (g*) vs ionic conductivity for P1, P2, P3.
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Fig. S26. Toughening of P2 with salt ratio. (a) Representative tensile stress-strain curves (10 mm
min strain rate. 19, 49 and 66 wt% LiTFSI correspond to r = 13, 3 and 2, respectively (7, 24 and 34
mol%). (b) Plots of tensile toughness (area under stress-strain curve), elongation at break, tensile
strength and Young’s Modulus as a function of salt content.
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Fig. S27 Additional stress-strain curves for P1. (a)-(b) Varying salt ratios. 20 wt% LIiTFSI (r = 18)
contains semi-crystalline PEO whereas all others are amorphous by DSC. (c) Tensile strength and
elongation at break as a function of LiTFSI, r = 13 corrosponds to 28 wt % LiTFSI. (d) Young’s Modulus
as a function of LiTFSI.
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Fig. S28 Mechanical properties as a function of PC content. Representative tensile stress-stain
curves for CEC(795, fpc), r = 13.
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Fig. S29 Additional elastic recovery data. (a) Elastic recovery and residual strain as a function of
cycle number for P1. (b) Elastic recovery for P1 as a function of lithium salt content. (c) Elastic recovery
for P3: 80.7 £ 0.4 %. All Measurements were conducted to 200 % strain under tension at a strain rate
of 10 mm min-.
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Fig. S30 Time-Temperature Superposition (Williams—Landel-Ferry, WLF theory) master
curves for Storage and loss moduli (G’, G”) at a reference temperature (Trer) of 60 °C. WLF

equation = In(a(T)) = =201 (4) P1. WLF parameters (R? = 0.99): c1 = 0.27, c2 = 61.8 K. (b) P2.

C2 +(T-Tref)’
WLF parameters (R2 > 0.99): c1 =5.76, c2 = 102.2 K. (c) P3. WLF parameters (R2 = 0.99): c1 = 4.24,
c2 = 88.2 K. All measurements were in the linear viscoelastic region (as determined by amplitude
sweeps). Master curves were generated from frequency sweeps at T = 30 to 80 °C, 10 °C intervals.
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Fig. S31 Creep experiments. Compressive strain as a function of time conducted on polymer
electrolyte discs at 60 °C under an applied 1 MPa load. For comparison, the strain for each of P1- P3
has been normalized to the instantaneous elastic strain at 1 MPa load. Creep rates were determined
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°C for defined time periods (Figure 5b in article).
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Table S6. lonic conductivity and mechanical parameters of P1-P3 with LiFSI.2

Polymer o (x10°Scm?t)P

Electrolyte 30°C 60 °C =y (lPe)
P1 0.13 0.35 26+0.1
P2 0.25 2.9 183+2.3
P3 0.74 104 1.7£0.1

a8 The same salt loadings of LiFSI were used as for LiTFSI i.e P1/r=13, P2/r =2 and P3/r = 13. Polymer electrolyte
films were prepared exactly as for LiTFSI/polymer films by solvent casting from THF and drying at RT followed by
in a vacuum oven at 70 °C until TGA and NMR indicated no residual solvent. lonic conductivity was measured by
EIS as described previously: Au|SPE|Au. ¢ Young’s Modulus from uniaxial tensile testing (10 mm min-! strain rate),

RT measurements. Error bars represent standard deviation, N = 3.
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Fig. S34 Additional cell performance data. (a) Discharge capacity vs cycle number for
LTO|LPSCIINMC-SPE composite at 60 °C, 0.5C (Figure 5c). (b) Charge-discharge voltage profiles at
100t cycle. (c) Coulombic Efficiency vs cycle number. (d) Rate capability. Cell cycled at different C-

rates.
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Fig. S35 Cell performance compared to traditional binders. (a)-(b) Capacity retention and discharge
capacity vs cycle number using NBR binder in composite cathode compared to P1-P3 polymer
electrolytes. (c)-(d) Use of PVDF binder. All cells were cycled at 60 °C, 0.5C-rate. Composite cathodes
with NBR or PDVF were prepared exactly as for P1-P3 (described above and in text).
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