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Abstract: Polymer electrolytes are inherent safe and mechanically flexible, making them
promising candidates for high-safety sodium-ion batteries. However, conventional poly
(vinylidene fluoride) (PVDF)-based polymer electrolytes typically exhibit low room-temperature
ionic conductivity and insufficient electrochemical stability at interfaces with layered oxide
cathodes, limiting their application in long-life sodium-ion batteries. To address these issues, 2,
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2, 2-trifluoro-N, N-dimethylacetamide (FDMA) was introduced as a functional additive into a
PVDF-NaTFSI electrolyte, yielding a composite polymer electrolyte with enhanced ionic
conductivity and interfacial stability. The carbonyl oxygen in FDMA coordinates with Na*,
thereby weakening the interaction between Na* and TFSI and promoting NaTFSI dissociation.
Consequently, the composite electrolyte achieves a room-temperature ionic conductivity of
2.62 mS/cm. Density functional theory calculations reveal that FDMA has a low highest
occupied molecular orbital energy level, which contributes to the improved oxidative stability
of the composite electrolyte. When coupled with O3-type sodium-ion cathode materials in full
cells, the PVDF-NaTFSI-FDMA electrolyte enables FDMA-mediated regulation of cathode/
electrolyte interfacial chemistry, promoting the formation of a NaF-rich CEI layer. This robust
interphase effectively suppresses continuous parasitic reactions between the cathode and
electrolyte, thereby mitigating structural degradation of the cathode during cycling. The
NaCu, ,,Fe,,,Mn,,;Ni,;;O,|/|[Na cell using the FDMA-modified electrolyte retains 85.5% of its
capacity after 600 cycles at 1 C within a voltage range of 2.0—4.0 V. These results
demonstrate that FDMA can simultaneously improve ion transport in PVDF-based polymer
electrolytes and stabilize the cathode-electrolyte interface, providing an experimental basis for
developing safe and long-life sodium-ion batteries based on solid polymer electrolytes.

Keywords: sodium-ion batteries; polymer electrolyte; cathode - electrolyte interlayer; cycling stability
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Fig. 1 Interaction between FDMA and NaTFSI and ion

transport properties of the polymer electrolytes (a) FTIR

spectra in the C=0 stretching vibration region, (b) FTIR spectra in the TFSI characteristic vibration region,
(c) Arrhenius plots of ionic conductivity versus temperature, (d) Nyquist plots of the NF3 electrolyte at 0—80 °C,
(e) XRD pattern of NF3 and NP electrolytes, (f) Na' transference number of the NF3 electrolyte

22 HEBERBRAFIREM

73t FDMAXS LR i B AR e PR R, K
P BEZ s e (DFT) 50 A [ B 5t 2 0 (4
BT 267 THUE RE L FF L o A idb 4T 17 BB,
K 2(a)fr, SEGRIERFIME, FDMA B HE
R 4 7 7 HUE (HOMO) BEZR, KU
TREMIA LSS, Mg b EA RS iR E
Yo ZRHEEE 5 FDMA 0 T rh =5 H 3 (—CF))
1IN LT RN A %, HLRES BEAR TR R LT
L, MR R T AR E R . FDMAY
HrHL S (ESP) At — b Sk 1 HL 2 i A O
fibo S 3 B A TR S ML, R WIZAL A
HABGRR TR, "T85 Nat kBB

VE F R 32 R PR 229, % W 1 S5 MR 5 AT R
FTIRSE JAH—35, 1EsL T FDMA fEf% 2 5 Na'fs 8
[(RDAZS AL AE

LSV MR 45 SRt — L KAE T FDMA X B AR 47t
AR sEER . WE20)FiR, FIA
FDMA J&, &g i i) A b 3 i =
45V (vs.Na/Na'bl ), RIFHEE BN TR
HE P AL RE S . %45 R 5 FDMA B A 1)
HOMO BEZAHWI &, UhHH =5 H =X 7 T LT 45
FA R 4545 B T30 55 PVDF-NaTFS| s fif 5 1 s Ak,

IeAh, B E ARSI 0 FDMA 5 & @481
WP EAT TV B 2(c)fin, &8



10 1

PME LS

S ICEEIE FDMA St &

Vb B S THAN A T IE AR S AR EME 3865

YR AE FDMA iR 14 K5, RIS R FRECY] R
< O, RO 82 3 B 2 TR ph el oK B ] L |

(a)

ol
016 s -0.16 0.07
-4
3
>
> 6.96 ~6.96
o _ LR - 821
< 8 o e
w
-12 ‘.‘o ) V\? ‘,.'o‘ q o " 5,
W )

B FDMA  NN-—H2ZBi%(DMA) DMC

Initial Na 14 days later Initial Na 14 days later

s
m
LG

FO/ma

-

FOmn

 a

—

Y. ZILRRY]FDMA 5 & Jm B2 18] AR R A2 W] 1
RN, B RIS R

(b) o8

06 e e ND

Faid i NF3

5

z 04}

£

2

6 02 »;

0 '

*02 1 1 1 1 1

Potential(vs. Na*/Na)/V

&r Er
DM P

J "
_—

l 2 FDMAERESYVREMBERNENREMERSNERLROFEML

(a) FDMA 515455518 HOMO 8B 3Tt R BB B 5 R & ;

(b) REMBMRALM MR RHLZ; (c) WEEH7EFDMA

B DMC #2114 RATEMRELFRA
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discharge curves at various rates, (c) long-term cycling performance and coulombic efficiency at 1C rate
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Fig. 4 Morphological and structural characterization of NCFMN cathodes after cycling (a), (b) SEM images of
cathode cycled with DMC-based electrolyte, (c), (d) SEM images of cathode cycled with NF3 electrolyte,
(e) XRD patterns comparison of NCFMN cathodes cycled with ND and NF3 electrolytes
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Fig. 6 (a) TEM images of NCFMN cathode after cycling in the NF3 system, (b) TEM images of NCFMN cathode
after cycling in the ND system, (c) and (d) FTIR spectra of NF3 electrolyte after cycling, (e) Schematic of the role
of FDMA in PVDF-based electrolytes
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