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A Highly Elastic Polysiloxane-Based Polymer Electrolyte for All-Solid-
State Lithium Metal Batteries  
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Opris*b and Arndt Remhof a

Replacing the flammable liquid electrolyte currently used in most rechargeable lithium-ion batteries by a solid polymer electrolyte 
promises improved operational safety and increased energy density, e.g. by enabling lithium metal anodes. Polymer electrolytes 
typically suffer from low lithium-ion conductivity and limited electrochemical stability. We introduce a novel electrolyte based on a 
chemically cross-linked polysiloxane elastomer, modified with 3-mercaptopropiononitrile groups. The polysiloxane chains ensure 
high elasticity and low glass transition temperature, while the nitrile groups offer high dielectric permittivity and weak interaction 
with Li+. Combining these two properties into a solid polymer electrolyte results in excellent elasticity with no hysteresis after cyclic 
deformation, a low glass transition temperature (-51 °C), a high thermal stability up to at least 300 °C, an ionic conductivity of 4.8 × 
10-5 S cm-1 at 60 °C, and a high transference number of 0.53. In all-solid-state symmetric lithium cells, this electrolyte enables stable
lithium plating and stripping at 0.1 mA cm-2 for over 1600 h at 60 °C. An all-solid-state full cell with a lithium iron phosphate cathode
(areal capacity of 0.6 mAh cm-2) and lithium metal anode shows a high initial capacity of 134 mAh g-1 and 75% capacity retention
after 150 cycles at 0.1 mA cm-2 at 60 °C. Preliminary results show that a room-temperature ionic conductivity as high as 6.4 × 10-4 S
cm-1 and stable lithium plating and stripping at 0.2 mA cm-2 for over 120 h at 22 °C can be achieved when the electrolyte is soaked
in 1,2-dimethoxyethan. 

Introduction 

The demand for high-energy-density batteries is projected to increase by a factor of 10 over the next 10 years 
mainly driven by the transition to electric mobility.1 At present, lithium-ion batteries dominate the market due to 
their high energy and power density. Despite being highly flammable with a flash point as low as 24 °C,2 liquid 
carbonate-based electrolytes are used in commercial state-of-the-art batteries. These polar solvents have a high 
dielectric permittivity or dielectric constant (ε'), which favors the dissolution of lithium salts. Furthermore, they 
combine a sufficient electrochemical stability with high lithium-ion conductivity enabling high energy and power 
density.3,4 

In contrast, solid polymer electrolytes promise higher operational safety as they can be designed to be 
nonflammable and have higher thermal stability. They can also combine low interfacial resistance, high elasticity, and 
easy processability.5-10 Additionally, they can serve as a physical barrier for lithium dendrite penetration, which allows 
the use of a lithium metal anode. This anode offers more than ten times higher specific capacity (3860 mAh g-1) than 
graphite anodes (372 mAh g-1) and thereby largely improves the energy density of a battery.11-13 To compete with 
liquid carbonate electrolytes, however, solid polymer electrolytes need to achieve higher room-temperature lithium-
ion conductivity and higher oxidative stability to allow the use of high-voltage cathode materials. 

Polyethylene oxide (PEO) has been extensively investigated in combination with different lithium salts as a 
promising polymer electrolyte over the past few decades.14,15 The ether groups coordinate with Li+ and dissolve the 
lithium salts, which provides the required Li+ conductivity. PEO has a glass transition temperature (Tg) below 0 °C and 
a melting temperature (Tm) above 60 °C. Due to the low polymer chain mobility at room temperature, PEO-based 
batteries are operated above 60 °C to achieve practical ionic conductivity on the order of 10-5 S cm-1.15 PEO suffers 
from a low oxidative stability, a low transference number, and poor mechanical properties at elevated temperatures. 
To increase the ionic conductivity, PEO was either grafted as side groups to polysiloxanes or incorporated into 
polysiloxane backbones.16,17 This chemical modification reduces Tg and improves ionic conductivity through an 
increased mobility of the polymer chains. However, despite these improvements, the dielectric permittivity of these 
materials is still rather low compared to carbonates. Therefore, carbonate moieties were grafted as side groups to 
the polysiloxane chains and tested as electrolytes.18 For the functionalization, a hydrosilylation between the hydrosilyl 
groups of polysiloxanes and the double bonds of carbonates has been used. This reaction requires an expensive 
platinum catalyst, prolonged reaction times at elevated temperatures and is incomplete. The unreacted hydrosilyl 
groups are unfavorable as they can slowly hydrolyze and condense in time with the formation of insoluble materials. 

The nitrile group can engage in complexes with different ions and has a higher oxidative stability than ether 
groups.19 Therefore, nitrile containing compounds and polymers such as acetonitrile,20,21 succinonitrile (SN),22,23 
polyacrylonitrile (PAN),24,25 and poly(vinyl alcohol-β-cyanide ethyl ether) (PVA-β-CN) have been investigated as 
electrolytes.26,27 They show high ionic conductivity, high oxidation stability,24 and high transference number.27 
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However, the high Tg and lack of elasticity render these materials not well suited as electrolytes. For instance, 
polyacrylonitrile-based electrolyte was reported to have a high ionic conductivity of 3.04 × 10−4 S cm−1 at room 
temperature.25 Unfortunately, our attempts to reproduce these results failed. We found a room-temperature 
conductivity for this polymer of only 8.09 × 10−8 S cm−1 (Fig. S1). Additionally, the electrolyte turns brittle when the 
solvent is removed (Video S1).  

 Recent research on elastic electrolytes shows that their room temperature conductivity is rather low, typically 
below 1.5 × 10−6 S cm−1, which however can be significantly improved when plasticizers and fillers are used.28-30 For 
instance, the ionic conductivity of an elastic poly(propylene glycol)-poly(ethylene glycol)-poly(propylene glycol) 
containing 20 wt.% LITFSI (SLIC-3) was increased from 1.0 × 10 −5 S cm−1 at 70 °C to 1.2 × 10 −4 S cm−1 at room 
temperature when 20 wt.% diethylene glycol dimethyl ether plasticizer were added.31 A poly(propylene oxide) (PPO) 
solid electrolyte with a conductivity significantly below 5 × 10−6 S cm−1 at room temperature showed an increased 
ionic conductivity of 2.5 × 10−4 S cm−1 upon addition of 2 wt.% SiO2 nanoparticles and 30 wt.% propylene carbonate.32 
Furthermore, the conductivity of a neat poly(tetrahydrofuran) electrolyte (xPTHF10) was increased from 1.5 × 10−6 S 
cm−1  at 30 °C to 1.2 × 10−4 S cm−1 and 7.8 × 10-5 S cm−1  when 18 wt.% dimethylformamide or propyl carbonate were 
added, respectively.33 These works, clearly show the challenge of achieving a high room temperature conductivity for 
a filler and plasticizer free polymer electrolyte. 

We have recently synthesized a novel silicone elastomer modified with nitrile groups that combines a dielectric 
permittivity of 18 with a Tg of -50 °C.34-37 Although, this material was originally developed as dielectric for 
electromechanical transducers, its attractive characteristics and increased polarity qualify it as electrolyte component 
as well. We found that it can dissolve a large amount of lithium bis(trifluoromethanesulfonyl)imide (LiTFSI) salt and 
has a higher oxidative stability, higher ionic conductivity, higher transference number, and better mechanical 
properties than conventional PEO electrolytes. Especially, our polymer electrolyte shows remarkable elasticity, which 
helps to accommodate the large volume change of lithium metal anode during plating and stripping and the volume 
change of the cathode materials during intercalation.38,39 As a result, stable lithium plating and stripping was achieved 
at 0.1 mA cm-2 for over 1600 h at 60 °C. A full cell using a 0.6 mAh cm-2 LiFePO4 cathode shows a high initial capacity 
of 135 mAh g-2 and 75% capacity retention after 150 cycles at 0.1 mA cm-2 at 60 °C. When soaked in 1,2-
dimethoxyethane (DME), our electrolyte offers a high room-temperature ionic conductivity of 6.4 × 10-4 S cm-1 and 
stable lithium plating and stripping at 0.2 mA cm-2 for over 120 h at 22 °C. 

Results and Discussion 
The synthetic path to the polysiloxane modified with 3-mercaptopropionitrile (PSi-S-CN) electrolyte is shown in 

Scheme 1. It starts from polymethylvinylsiloxane (Mn = 91 761 Da, Mw = 209 720 Da, and a PDI = 2.28, Fig. S2 and S3), 
which is reacted with 3-mercaptopropionitrile (0.95 eq. thiol to vinyl) via the efficient and fast UV- or thermally-
induced thiol-ene reaction. The stoichiometric miss-balance between the vinyl and thiol groups used assured the 
presence of unreacted vinyl groups on the polymer, which are subsequently used for cross-linking of the electrolyte 
in thin films. The as synthesized polymer was characterized by nuclear magnetic resonance (NMR) spectroscopy and 
gel permeation chromatography (Fig. S4 and S5).37 The polymer was stored as a 40 wt% in tetrahydrofuran. LiTFSI salt 
was added to this solution resulting in stoichiometric CN:Li+ ratios of 5:1, 10:1, 15:1, and 20:1. These samples are 
labeled as PSi-S-CN-5, PSi-S-CN-10, PSi-S-CN-15, PSi-S-CN-20, respectively. After dissolving the lithium salt, 2,2-
dimethoxy-2-phenylacetophenone as photoinitiator and 2,2’-(ethylenedioxy)diethanethiol, a difunctional thiol acting 
as cross-linker, were added. Thin films of about 250 μm were prepared by blade coating the electrolytes on a teflon 
substrate and were subsequently cross-linked by exposing the films to UV light for five minutes.  

Fig. 1a shows that the resulting films are transparent and stretchable. The glass transition temperature drops with 
increasing LiTFSI concentration from Tg = -45 °C (w/o salt) to Tg = -52 °C for PSi-S-CN-5, as determined by differential 
scanning calorimetry (DSC) (Fig. 1b and S6). All PSi-S-CN electrolytes possess a lower Tg than a typical PEO-based 
electrolyte (PEO/LiTFSI) with EO:Li+ ratio of 10:1, which indicates higher polymer chain mobility. The 
thermogravimetric analysis shows that the electrolytes are rather stable up to 300 °C, where the first indications of 

Scheme 1 Synthetic path to PSi-S-CN electrolyte. 



decomposition are observed (Fig. S7). This decomposition temperature is significantly above the current operating 
temperature of lithium-ion batteries. The second weight loss is likely due to the decomposition of LiTFSI.40 

The ability of the polymer to dissolve the lithium salt was investigated by measuring the frequency-dependent 
dielectric permittivity of the PSi-S-CN electrolytes. As shown in Fig. 1c, the dielectric permittivity decreases 
significantly with increasing frequency for all analyzed samples due to ionic relaxation.41,42 The ions in the material 
tend to accumulate at the electrode surface and form a space-charge region at low frequencies, where an apparent 
increase in the dielectric permittivity can be seen. At 1 Hz, the highest dielectric permittivity of 6.5 × 104 is observed 
for PSi-S-CN-10, which suggests that this electrolyte offers the highest ionic conductivity among all PSi-S-CN 
electrolytes. With an increase in frequency, the ions do not have sufficient time to move, and therefore the dielectric 
permittivity decreases. Thus, at high frequency, the contribution of ions to the permittivity vanishes, while the polar 
groups are still able to follow the electric field. In the high-frequency limit at 107 Hz, the dielectric permittivity 
decreases with increasing lithium salt content to 16.5, 12.8, 12.3 and 9.5 for PSi-S-CN-20, PSi-S-CN-15, PSi-S-CN-10, 
and PSi-S-CN-5, respectively. This decrease in the dielectric permittivity results from the reduction of the density of 
polar dipoles with increasing salt in the electrolytes. The dielectric permittivity of PSi-S-CN electrolytes is higher in the 
whole frequency range as compared to PEO/LiTFSI. A higher dielectric permittivity indicates a higher degree of lithium 
salt dissociation and provides more free ions in the electrolyte.  

Fig. 1 (a) Photograph of the PSi-S-CN electrolyte used in coin cells and the electrolyte 
under tension; (b) DSC measurements for the electrolytes with different salt content; (c) 
dielectric permittivity of the electrolytes with different salt content; (d) cyclic uniaxial 
tensile tests at 50 % strain for 5 cycles at 60 °C. 
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Tensile measurements were conducted on PSi-S-CN-10 using three different samples (Fig. S8), revealing a high 
average strain of 113% at break. The elastic modulus at 10 % strain Y = 83 kPa was determined from the slope of the 
stress-strain curves using a linear fit to the data points within ±5% strain. The elasticity of the PSi-S-CN-10 and 
PEO/LiTFSI was measured by cyclic uniaxial tensile tests at 50 % strain for 5 cycles at room temperature (Fig. S9) and 
60 °C (the typical operating temperature of PEO/LiTFSI) (Fig. 1d). At this temperature, the PSi-S-CN-10 recovered 
immediately the initial shape and showed no hysteresis after the stress was released. These results support the 
excellent elastic recovery of PSi-S-CN-10 at working temperature. In contrast, PEO/LiTFSI shows a large hysteresis 
loop, likely because this electrolyte is physically and not chemically cross-linked and therefore loses its shape when 
heated above its Tm where the physical cross-links melt up. Also at room temperature, PSi-S-CN-10 shows excellent 
elastic recovery, while PEO/LiTFSI shows a rather large hysteresis. The remarkable elasticity of PSi-S-CN-10 is 
contributed by the excellent flexibility of the polysiloxane backbone and the chemically crosslinked structure. The Si-
O bond in polysiloxane has a much lower rotational energy of 3.3 kJ/mol comparing to that of C-C (13.8 kJ/mol) and 
C-O (16.7 kJ/mol) bond in PEO.43 The low rotational energy offers high flexibily of the polysilloxine backbone. In 
addition, the chemical crosslinking prevents the irreversible polymer chain slippage, which further improves the 
elasticity of PSi-S-CN-10. The remarkable elasticity of the PSi-S-CN-10 electrolyte can help to accommodate the large 
volume change of the lithium metal anode during plating and stripping and the volume change of cathode materials 
during intercalation, which prevents contact loss to the active electrode materials.38,39 These features make 
chemically cross-linked polysiloxane elastomers a promising candidate for solid electrolytes in lithium metal batteries.  

In the following we assess the electrochemical properties of the PSi-S-CN electrolytes. First, the ionic conductivity 
of the samples were deduced from electrochemical impedance spectroscopy (EIS). 

Fig. 2a compares the overall ionic conductivity of the PSi-S-CN electrolytes with that of PEO/LiTFSI reference 
electrolyte at temperatures ranging from 25 to 80 °C. At all temperatures, the PSi-S-CN electrolytes show superior 
conductivity. We attribute this to the lower Tg and higher permittivity PSi-S-CN electrolytes as compared to PEO/LiTFSI 
reference electrolyte. Among all PSi-S-CN electrolytes, PSi-S-CN-10 shows the highest ionic conductivity, which agrees 
with the trend of the dielectric permittivity at low frequencies. Therefore, further investigations were conducted only 
with this electrolyte. The room temperature conductivity of PSi-S-CN-10 of 4.5 × 10-6 S cm-1 exceeds the one of 
PEO/LiTFSI by a factor of four. This overall ionic conductivity consists of the Li+ cation and TFSI- anion conductivity. 
However, the anion does not participate in the electrochemical reactions with the battery electrodes, therefore the 
Li+ conductivity needs to be distinguished from the overall ionic conductivity. The Li+ transference number is defined 
as the fraction of the conductance contributed by the Li+ only. It was measured for PSi-S-CN-10 in a symmetric lithium 
cell. The cell was first conditioned by charge and discharge cycles at 0.001 mA cm–2 in order to stabilize the interface 
between the electrolyte and the two lithium metal electrodes. The sequence performed involved a 4 hour charge, 30 

Fig. 2 (a) Ionic conductivity (hollow dots) and Li+ conductivity (solid dots) of the PSi-S-CN 
elec-trolyte with different salt content; (b) 10 mV polarization of a symmetric lithium cell 
with the PSi-S-CN-10 and (c) Nyquist plots before and after the polarization for 
transference number measurement; (d) the LSV curves of PSi-S-CN-10 and PEO/LiTFSI 
with a scan rate of 0.1 mV s-1 at 60 °C and the anodic scans at 0.02 mV s-1 and 60 °C 
(inset). 



minutes rest, a 4 hour discharge, 30 minutes rest, repeated for a total of 6 cycles. The cell was then polarized to 10 
mV for 4 h, after which a steady-state current density is reached as shown in Fig. 2b. Fig. 2c shows Nyquist plots 
before the polarization and at the steady state. The curves show two semicircles: the first semicircle represents the 

electrolyte resistance and the second semicircle is related to the electrode–electrolyte interfacial resistance. The 
Bruce-Vincent method was used to calculate the transference number of the material:44,45 
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where Tss is the steady-state transference number, ΔV is the applied voltage, I0 and Iss are the initial current and 
steady-state current from Fig. 2b, R0 and Rss are the initial and the steady-state interfacial resistance from Fig. 2c. The 
initial current is calculated by Ohm’s law: I0 = ΔV/Rtot, in which Rtot is the total impedance derived from the Nyquist 
plot. The PSi-S-CN-10 electrolyte exhibits a transference number of Tss = 0.53, which is more than two times higher 
than the transference number of a conventional PEO/LiTFSI electrolyte, which is ~0.2.46 Two aspects contribute mainly 
to the high Li+ transference number of PSi-S-CN. First, the nitrile group provides weaker interaction with Li+ comparing 
to ether group, which facilitates the Li+ transport in the polymer electrolyte.47 Second, the low Tg of the electrolyte 
offers high mobility of the polymer chains, which also promotes the transport of Li+ that coordinate with nitrile 
groups.48 The high transference number will result in more uniform lithium deposition according to Sand’s time 
model.49 As the Li+ conductivity is the product of the transference number and the ionic conductivity, the PSi-S-CN 
electrolyte exhibits a superior Li+ conductivity than PEO/LiTFSI at all measured temperatures as shown in Fig. 2a  

Fig. 2d shows the linear sweep voltammetry (LSV) curves of PSi-S-CN-10 and PEO/LiTFSI with a lithium counter 
electrode, a stainless steel working electrode, and a scan rate of 0.1 mV s-1 at 60 °C. Both cells demonstrate reversible 
lithium plating and stripping, but the PSi-S-CN-10 electrolyte shows higher oxidative stability. This method is 
commonly used to determine the oxidative stability of polymer electrolytes in literature. However, due to the 
relatively high scan rate and the low electronic conductivity, this method is prone to overestimate the oxidative 
stability of polymer electrolytes. In order to accurately determine the oxidative stability, anodic scans were performed 

Fig. 3 (a) Galvanostatic cycling of the all-solid-state symmetric lithium cells with PSi-S-CN-10 at 0.1 mA cm-2 for 1 
h of each plating and stripping process at 60 °C; (b) galvanostatic cycling the symmetric cells at 0.1 mA cm-2 for 
10 h of each plating and stripping process at 60 °C; (c) Nyquist plots at different cycles for the symmetric lithium 
cell with the PSi-S-CN-10 in (b); cross-sectional SEM images of the symmetric lithium cells with (d) PSi-S-CN-10 
and (e) PEO/LiTFSI after 60 h of lithium plating and stripping at 0.1 mA cm-2. 



from the open circuit voltage at a low scan rate of 0.02 mV s-1 and 60 °C as shown in the inset of Fig. 2d. The slow 
scan rate enables more accurate determination of the oxidative stability. The onset potential of oxidation was 
determined from the intersection of two linear regression lines of the non-faradaic background current and the 
faradaic oxidative current.50 The PSi-S-CN-10 electrolyte shows an onset potential of 3.95 V, while PEO starts to 
decompose at 3.11 V. The higher oxidative stability of PSi-S-CN-10 makes it a promising candidate for a LiFePO4 
cathode.  

Table 1 compares the fundamental properties of PSi-S-CN-10 with the ones of different recently published 
polymer electrolytes with no gel content and no inorganic fillers. PSi-S-CN-10 shows not only remarkably high Li+ 
transference number and low Tg but also excellent elasticity that is essential to adapt to the volume changes of lithium 
metal batteries and thus to maintain contact during cycling. Due to these properties, combined with a compatible 
ionic conductivitymakes, PSi-S-CN-10  a very promising candidate for solid electrolytes in lithium metal batteries due 
to the synergistic effects. 
 
Table 1 Comparison of key properties of PSi-S-CN-10 with different polymer electrolytes. 

Polymer 
electrolyte 

Tg 
(°C) 

σ at 60 °C 
(S/cm) 

Li+  
Tss 

Elasticity 

PSi-S-CN-10 -51 4.8 × 10-5 
(9.8 × 10-4)a 0.53 CL, elastic (83 kPa)e 

LiTFSI-PEGDA-
PEO-DVB51 -36 9 × 10-5 0.21 CL, flexible 

LiFSI-PEO52 -45 9 × 10-4 0.14 not CL 
LiTFSI-BDM-
DPG53 -58 5.5 × 10-4 0.45 CL, flexibleb  

P(STFSILi)-PEO- 
P(STFSILi)54 -25 10-5 0.85 not CL, rigid 

LiTFSI-PDEC55 -24 2.5 × 10-4 0.39 not CL, flexible 
LiDFOB-PEO-
cPTFBC56 -38 5 × 10-5 0.33 not CL, rigid 

LiTFSI-TGIC-
NPEG57 -44 1.15 × 10-4 0.32 CL, flexibleb  

LiTFSI-PPMALi-g-
PEG/PVDF-HFP58 -49 3.1 × 10-4 0.6 not CL, rigid 

LiTFSI-PEGA-
SSH59 -26 6.3 × 10-5 0.32 CL, elasticb  

LiTFSI-
PMA/LiTFSI-PEO60 - 10-4 0.37 not CL, flexible 

LiTFSI-PEO61 -45 1.4 × 10-4 ~0.2 not CL, flexible 
LiTFSI-VC-PMHS-
PVDF62 - 6.3 × 10-4 0.45 not CL, flexible  

SLIC-331 -30 1.0 × 10-5 c - CL, elastic (5.2 MPa)e 

LiTFSI-PPO32 48 < 10-6 - CL, elastic (0.4 MPa)e 

xPTHF1033 -58 2.9 × 10−6 d  0.53 CL, elastic (3.5 MPa)e 



aPSi-S-CN-10 swelled in 1 M LiTFSI in dimethoxyethane solution for 30 s; bchemically crosslinked; cconductivity at 70 
°C; dconductivity at 30 °C; eelastic modulus at low strain. Chemically cross-linked (CL); 

 
Electrodeposition of lithium was investigated in all-solid-state symmetric lithium cells with PSi-S-CN-10. Fig. 3a shows 
the voltage profile for a symmetric lithium cells cycled at 0.1 mA cm-2 for 1 h plating and stripping at 60 °C. The cell 
supports stable lithium plating and stripping for over 1600 h at almost constant potential of about 90 mV without any 
sign of a soft short. Fig. 3b displays the lithium plating and stripping behavior over an extended plating and stripping 
duration of 10 h at 0.1 mA cm-2 and at 60 °C, compared to a PEO/LiTFSI electrolyte subject to the same conditions. 
While the PSi-S-CN-10 cell allows stable cycling for more than 1000 h at a stable overpotential, the PEO/LiTFSI cell is 
shorted after ~230 h due to dendrite formation. In order to further investigate the stability of the lithium plating and 
stripping, the EIS of the cell in Fig. 3b at different cycles was measured and is shown in Fig. 3c. Both electrolyte and 
interfacial resistance stabilize after 100 h and remain unchanged from 100 to 1000 h, which suggests very stable 
lithium electrodeposition with no evidence for dendrite formation and continuous electrolyte decompositions at this 
current density. Figs. 3d and 3e show the cross-sectional SEM images of the symmetric lithium cells with PSi-S-CN-10 
and PEO/LiTFSI after 60 h of lithium plating and stripping at 0.1 mA cm-2. Due to the higher Li+ conductivity and higher 
transference number of PSi-S-CN-10, uniform lithium deposition on both lithium electrodes is observed. PSi-S-CN-10 
shows perfect contact with the lithium metal surface, which is attributed to its high elasticity. In sharp contrast, the 
cell with PEO/LiTFSI shows void formation at the lithium surface and poor contact at the electrolyte/lithium interface. 
The interface between Li metal and electrolyte is known to be crucial for batteries performance.63,64 

PSi-S-CN-10 was also employed in all-solid-state full cells with a 0.6 mAh cm-2 LiFePO4 cathode. LiFePO4 was 
selected as the cathode material because it is the most common cathode active material in combination with PEO-
based electrolytes. Initially cells were made using the UV cross-linked electrolyte film, which was sandwiched between 
the lithium metal anode and the LiFePO4 cathode. However, these cells did not function properly. The slurry of 
cathode material was deposited on an Al current collector and after drying, it was infiltrated with a 40 wt% PSi-S-CN-
10 solution in tetrahydrofuran (THF). This ensemble was cross-linked at elevated temperature. Only when this 
processing was used, the batteries were functioning. Since there is practically no difference in the ionic conductivity 
between the UV- and thermally-cross-linked electrolytes (Fig. S10, Table S2), these results indicate the importance of 
a good contact between the electrolyte and the cathode. 

Fig. 4a shows the galvanostatic cycling of the full cells with PSi-S-CN-10 and PEO/LiTFSI electrolyte at 0.1 mA cm-

2 and 60 °C within the same voltage window. The cell with PSi-S-CN-10 shows an initial capacity of 134 mAh g-1 and 
exhibits excellent cycle stability. The cell has a Coulombic efficiency close to 100% throughout the cycles and 
maintains 75% of its initial capacity at the 150th cycle. Three identically build cells were measured, and consistant 
cycle stability is observed (Fig. S11). In contrast, the full cell with the PEO/LiTFSI electrolyte, cycled under the same 

Fig. 4 (a) Galvanostatic cycling of the all-solid-state full cells with 0.6 mAh cm-2 LiFePO4 cathode and lithium 
metal anode at 0.1 mA cm-2 at 60 °C; charge-discharge curves of the full cell with the (b) PSi-S-CN-10 and (c) 
PEO/LiTFSI. 



conditions, shows an initial capacity ~90 mAh g-1, and the capacity fades very fast after 80 cycles. The low initial 
capacity from PEO/LiTFSI electrolyte agrees with previously reported work and is due to the low Li+ conductivity of 
the electrolyte.65 The "noise" of the data may be due to the decomposition of the PEO/LiTFSI electrolyte on the 
LiFePO4 surface at high voltage, which results in the Coulombic efficiency and capacity drop. Fig. 4b and 4c show the 
galvanostatic charge-discharge curves of the full cells with the PSi-S-CN-10 and PEO/LiTFSI, respectively. From cycle 1 
to cycle 150, the full cell with PSi-S-CN-10 shows only a slight increase in overpotential, while a rapid increase of the 
overpotential is observed with PEO/LiTFSI, which suggests a rapid increase of the cell resistance caused by the 
electrochemical decomposition of PEO/LiTFSI. 

Our electrolyte has a ionic conductivity of 4.5 × 10-6 S cm-1 at 30 °C and 4.8 × 10-5 S cm−1 at 60 °C, which is higher 
as the state of the art filler and plasticizer free elastic electrolytes, but inferior to the liquid electrolytes whose 
conductivity can reach 10-3 S cm-1. To further increase the ionic conductivity of PSi-S-CN-10, the electrolyte films were 
soaked separately in 1 M LiTFSI in DME and 1 M LiTFSI in propylene carbonate (PC) for 30 s. This swelling increased 
the volumes of PSi-S-CN-10-DME and PSi-S-CN-10-PC by 37.7% and 18.2%, respectively. The conductivities of PSi-S-
CN-10-DME and PSi-S-CN-10-PC are 6.4 × 10-4 S cm-1 at 25 °C and 2.0 × 10-4 S cm-1 at 25 °C, respectively (Figs. 5a and 
S12). Due to its higher ionic conductivity, the former was used as gel electrolyte in symmetric lithium cells, which 
were cycled at 0.1 and 0.2 mA cm-2 for 1 h of each plating and stripping process at 22 °C as shown in Fig. 5b and 5c. 
The cells show stable lithium plating and stripping for over 350 h at 0.1 mA cm-2 and over 120 h at 0.2 mA cm-2. 

 
Fig. 5 (a) Ionic conductivity of the PSi-S-CN-10-DME electrolyte at different temperatures; galvanostatic cycling the symmetric cells with PSi-S-CN-10-
DME electrolyte at (b) 0.1 mA cm-2 and (c) 0.2 mA cm-2 for 1 h of each plating and stripping process at 22 °C. 

 
Conclusions 
In conclusion, we have developed a thioproprionitrile modified polysiloxane based solid-state electrolyte, 
which combines high elasticity and thermal stability (up to 300 °C), oxidative stability (up to 3.95 V), ionic 
conductivity (4.8 × 10-5 S cm-1 at 60 °C and 6.4 × 10-4 S cm-1 after swelling in DME at 25 °C), and transference 
number (0.53). Additionally, the electrolyte can be easily processed into thin films, which are cross-linked on 
demand within minutes under environmental conditions. Furthermore, the chemistry used allows for up-
scaling  not only of the synthesis of the electrolyte but also of the films. The electrolyte films used for the 
construction of the batteries have a thickness of about 200 µm, however, a further reduction of film thickness 
is possible and will allow access to batteries with higher energy density. The polymer electrolyte 
demonstrated excellent cycle performance in both all-solid-state symmetric lithium metal cells and all-solid-
state full cells with a lithium metal anode and a lithium iron phosphate cathode. Our chemistry allows simple 



synthesis of polysiloxane modified with different side chains and functional groups. Therefore, further 
research will be directed to develop polymer electrolytes with higher ionic conductivity and electrochemical 
stability at room temperature in order to enable the use of the high-voltage lithium nickel manganese cobalt 
oxide cathodes. 
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