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Abstract: Polyether-based solid-state electrolytes suffer from an intrinsically narrow electrochemical
oxidation window that limits their compatibility with high-voltage cathode materials, while sodium met-
al anodes face the challenges of uncontrollable dendrite growth and continuous rupture-reconstruction
of the solid electrolyte interphase (SEI) during cycling. These two issues jointly hinder the practical ap-
plication of solid-state sodium metal batteries. In this work, an "ion-bridging" design strategy is pro-
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posed, in which tin(Il) trifluoromethanesulfonate (Sn(OTf),) serves as a Lewis acid initiator to trigger
the in situ ring-opening polymerization of 1,3-dioxolane (DOL) combined with cellulose triacetate
(CTA), constructing a SnPDOL-CTA dual-network solid-state electrolyte. Using a metal-ion-free
tris(pentafluorophenyl)borane (B(C(F;);)-initiated system as the control, we systematically analyzed the
polymer structure, thermal properties, ionic transport, and electrochemical stability of the electrolyte, to-
gether with the deposition morphology and SEI chemical composition at the sodium metal anode. This
comparison reveals the synergistic modulation mechanism of the Sn”' ion-bridging structure in electro-
lyte performance and anode interfacial stability. Sn’" coordinates simultaneously with the ether oxygen
functional groups in both the PDOL chains and the CTA backbone, forming a dual-network crosslinked
structure that lowers the highest occupied molecular orbital (HOMO) energy level of the system from
=7.96 eV to —13.01 eV, expanding the electrochemical stability window beyond 4.5 V. The SnPDOL-
CTA electrolyte exhibits a room-temperature ionic conductivity of 3.35x10 * S-cm ' and a Na+ transfer-
ence number of 0.64. Na|[Na symmetric cells achieve stable cycling for over 1100 h with a critical cur-
rent density of 1.1 mA-cm . Sn’" is in-situ reduced on the sodium metal anode surface, forming an or-
ganic-inorganic composite SEI layer rich in NaF and Na-Sn alloys, which effectively guides dense sodi-
um deposition and suppresses dendrite growth. The half cells assembled with Na,V,(PO,); and
Na,;V,(PO,),F; cathodes both deliver good cycling stability and rate capability.
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Fig. 1 Design and preparation of the in-situ polymerized solid-state electrolytes
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Fig.2 DOL polymerization mechanism and thermal properties of the electrolytes

& 2(c) AT PDOL & Hi f# i Y TGA 1k . FHEL 170 °C, FH CTA B4 3N T =i

A5 A CTA 1 BPDOL #1 SnPDOL 7£%4 110~150 °C TR . ME 2(f) i DSC HiZk T LIE H, 51
B R 2 IS 5, 15 A CTA Jo SV it a1 5 2 A CTA Ji HLf T BB AL AR TR (T,) 1o 25 R AIR



- 70 - N

2026 45 47 &

BPDOL #1 SnPDOL ¥ T, 435l i —47 C Fi1-56 C,
1A CTA J5 435I ZE~73 «C F1-77 °C, %W CTA
Wi T PDOL B MU HED, fE i T 3E Al AR S5 1
I, A FT Na'f&%i. SnPDOL-CTA (1 T, 5 fIk
(=77 °C), HEM Sn* 5 T4 4y N 45 v 48U F 1 T 47
AT THEBLZ S A L

& 3(a) M 4% FE B9 FTIR 3% 8 . 4 DOL 1E
910~920 cm ' Ah [ FLICES “MEIK” R SNETER K5
WEWES TR, 291000 cm ' Ab P B T4
% PDOL %% Bt-CH,- AR R 2l 18T, RS T AR

HARERM . & CTA BIREMLE 1700~1 800 cm ' [X
W B C=0 fh4a ¥R shi%, {1 SnPDOL-CTA H izl
5% & % BPDOL-CTA i 55, £ W Sn*"5 CTA H 42
IRFLE L TR, 3(b) Bhr 2 ikt —4
7N, BTG Y 946 e ' b DOL FRAR 455 b Al 457 A1 1
2%, [FBTFE 740 cm ' FfFUT %7 FSIHY vy(SNS) 4
shig, SnPDOL-CTA A% BPDOL-CTA %4 T
AR, W] Sn™' 5 FSI 2 [A] fE7E 40 5m Y
PR . LaRgE RILRIENUE T Sn” 1 “BSFHR”
¥ PDOL 5 CTA XML& — R G5 Fa AR

(a) (b)
——SnPDOL-CTA | :
//S%IL\M 28 - v, (§NS) 5%
|/ BPDOL-C v\/ /” ;
~_/  BPDOL ..Mj
3 —DpoL ~ PCH: 3 8 v, CF,
§ v, CO-C § ~S N 5 vC=0 2z ey
= g | g -] a g
A Z 21 £ oyl |
g g |«(CHy)- g - -
= = =
——SnPDOL-CT f S
LT I\ v SnPDOL foy
v, C-0-C  Ring breathing . :BODOL'CF{ng 4 M»”j AN
1000 900 800 1000 900 1800 1750 1700 1400 1200 1000 800 600 800 750 700
Wavenumber/cm™ Wavenumber/cm™! Wavenumber/cm™! Raman shift/cm™ Raman shift/cm™

(a)FTIR Jti%; (b) HLE:6HE; () BPDOL-CTA K SEM EI§ X ITE 53+1ii; (d)BPDOL-CTA #HE Y SEM & K2 JCZ 53 4ii; (€)SnPDOL-CTA %
Hi[¥) SEM [EI& K ITER 53+4ii; ()SnPDOL-CTA #{IHi ) SEM [F1 K ITZR 31
B3 BRERMNEHSTRERIE

Fig.3 Structural and morphological characterization of the electrolytes
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Fig. 4 Ionic transport and electrochemical stability of the electrolytes
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Fig. 6 Sodium symmetric cell tests and post-cycling anode characterization
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