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Experimental Section
1. Materials synthesis

1.1 Preparation of Cathodes and Cell Assembly

All the chemicals are commercially available and were used without purification. For raw 

materials polyvinylidene fluoride (PVDF), NaVPO4 (NVP) and Super P (SP), they should be dried 

under vacuum at 60 °C for 24 h before using. The cathode electrode materials were prepared by 

mixing NVP (70%), SP (15%), and PVDF (15%) to be dissolved in anhydrous N-methyl-2-

pyrrolidinone (NMP). The prepared slurry was cast on aluminum current collector and dried at 80 

°C for 24 h in vacuum oven. The cathode foil was punched into small plates with 12 mm in 

diameter. Mass loading of NVP in the electrode was around 2 mg cm-2. All of the cells were 

assembled using CR2032-type coin cells in an argon (Ar)-filled glove box ([H2O] < 0.1 ppm, [O2] 

< 0.1 ppm).

1.2 Crystallographic Data

CCDC 2329960 contain the crystallographic data for this paper. These data can be obtained free of 

charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/structures. 

and can be received from the authors.

2. Characterization

The scanning electron microscope (SEM, FEI Apreo S) was used to examine the surface 

morphology of materials. Energy dispersive X-ray (EDS, EDAX) analysis was performed with 

EDX detector to study the element distribution. The cross-section was obtained by cutting off the 

electrolyte in the glovebox.

X-ray photoelectron spectroscopy (XPS, SHIMADZU Axis Supra) analysis was conducted on 

the valence states of the constituent elements on Na anode surface, with Al Kα radiation. The 

calibration peak is C 1s at 284.8 eV. Generally, due to the water and oxygen sensitivity of Na 
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metal, the Na anodes for the ex situ SEM and ex situ XPS measurement were transferred by sealed 

cans. The cell was disassembled manually in the glove box by a nipper plier to harvest the Na 

anode.

The thermogravimetric analysis (TGA) and the derivative thermogravimetric (DTG) analysis of 

the Na6[Re4As2S2(CN)12]·0.75CH3OH·6H2O was performed using a NETZSCH TG 209 F3 

carried out from 30 to 1000 °C under an N2 flow with a heating rate of 5 °C min−1.

The Fourier-transform infrared (FT-IR) analysis of the crystal water was performed using a 

BRUKER Alpha II carried out in the wavenumber range of 4000 to 500 cm-1 with 4 scans for each 

spectrum.

3. Density Functional Theory (DFT)

We carried out all the DFT calculations in the Vienna ab initio simulation (VASP 6.1.0) code.1 

The exchange-correlation was simulated with PBE functional, and the ion-electron interactions 

were described by the PAW method.2,3 The van der Waals interactions (vdWs) interaction was 

included by using empirical DFT-D3 method.4 The Na6[Re4As2S2(CN)12] both with and without 

the H2O and CH3OH were used to investigate the average formation energy of Na vacancy. All 

atoms in the structure were allowed to move freely during the geometry optimization. The 

Monkhorst-Pack-grid-mesh-based Brillouin zone k-points were set as 2×2×1 for all periodic 

structure with the cutoff energy of 450 eV. The convergence criteria were set as 0.02 eV A-1 and 

10-5 eV in force and energy, respectively. The Na vacancy formation energy calculation was based 

on following formula:

Where Etotal is the total DFT energy of the completed system, while the Evacancy and Eatom are the 

DFT energy of the system with Na vacancy and the DFT energy of the Na atom, respectively.
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Fig. S1 FT-IR curves of Na6[Re4As2S2(CN)12]·0.75CH3OH·6H2O before and after heat treatment.



Fig. S2 The Nyquist plots of the Na6[Re4As2S2(CN)12] pallet at various temperature.



Fig. S3 Schematic diagram of crystal structure without or with Na vacancy: (a) 

Na6[Re4As2S2(CN)12]·0.75CH3OH·6H2O, (b) Na6[Re4As2S2(CN)12].



Fig. S4 Average formation energy of Na vacancy.



Fig. S5 (a) The TGA curves of Na6[Re4As2S2(CN)12] and 

Na6[Re4As2S2(CN)12]·0.75CH3OH·6H2O. (b) The ionic conductivity curves of 

Na6[Re4As2S2(CN)12] and Na6[Re4As2S2(CN)12]·0.75CH3OH·6H2O.



Fig. S6 Nyquist plots of the NVP | NRASCN | Na cell.



Fig. S7 SEM image of PEO-NaTFSI-NRASCN electrolyte and corresponding EDS mapping of C, 
O, Na and Re elements.



Fig. S8 Cross-sectional SEM image of PEO-NaTFSI-NRASCN electrolyte.



Fig. S9 Ionic conductivity of PEO-NaTFSI and PEO-NaTFSI-NRASCN electrolytes.



Fig. S10 Contact angle measurements of NRASCN and sodium metal.



Fig. S11 (a) EIS of Na | PEO-NaTFSI-NRASCN | Na cell for different storage time. (b) EIS of Na 

| PEO-NaTFSI | Na cell for different storage time.



Fig. S12 Galvanostatic cycling of Na | PEO-NaTFSI-NRASCN | Na and Na | PEO-NaTFSI | Na 

symmetric cells of 0.05 mA cm-2 at 60 °C.



Fig. S13 SEM images of Na anode surface after 200 cycles at 0.3 C and corresponding EDS 

mapping, spectrum of Na, S elements: (a) PEO-NaTFSI-NRASCN, (b) PEO-NaTFSI.



Table S1 Main crystallographic data and structure refinement details for 
Na6[Re4As2S2(CN)12]·0.75CH3OH·6H2O

Na6[Re4As2S2(CN)12]·0.75CH3OH·6H2O

Empirical formula C12.75H2.25As1.94N12Na6O6.75Re4S2.06

Formula weight 1525.64

Crystal size (mm) 0.04 × 0.02 × 0.01

Crystal system Triclinic

Space group P1

a (Å) 9.4363(3)

b (Å) 10.2986(2)

c (Å) 17.6142(4)

α () 93.922(1)

β () 98.585(1)

γ () 104.090(1)

V (Å3) 1631.84(7)

Z 2

ρcalc (g cm–3) 3.105

µ(Mo-Kα), mm–1 17.004

θ range () 2.95–27.43

Rint 0.0454

Reflections collected 19758

Independent reflections 7443

Observed reflections
[I> 2σ(I)]

6210

Parameters refined 423

R1[F2> 2σ(F2)] 0.0321

wR2(F2) 0.0574

Goodness-of-fit on F2 1.049

Δρmax, Δρmin (e Å–3) 2.224; –1.211



Table S2 Comparison of Na+ ion conductivity and activation energy for NRASCN with other 
solid-state electrolytes.

Composition

Sintering 
temperatur

e
T (°C)

Na+ ion conductivity
σ (S cm−1)

Activation 
energy
Ea (eV)

Report

NRASCN 550 1.05 × 10−5 at r. t. 0.32 This work

Na3.8Sc2Si0.8P2.2O12 1300 4 × 10−6 at r. t. 0.47 [5]

Na2Mg2TeO6 700 2.3 × 10–4 at r. t. 0.34 [6]

0.3 Ni-NZSP 900 1.13 × 10−4 at r. t. 0.37 [7]

Na3InCl6 800 2.3 × 10−8 at r. t. 0.81 [8]

NaAlCl4 900 3.9 × 10–6 at 30 °C 0.42 [9]

NRASCN 550 3.03 × 10−3 at 100 °C 0.32 This work

NaBH4@Na2B12H12 150 4× 10−4 at 115 °C 0.57 [10]

Na3OBr0.6I0.4 350 9.80 × 10−5 at 160 °C 0.62 [11]



Table S3 Comparison of the performance of Na-ASSBs by different PEO-based solid electrolytes 
and NVP cathode.

Composition
Rate and 

temperature

Initial
discharge 
capacity
(mAh g-1)

Cycle 
number

Capacity 
retention

Report

PEO-NaTFSI-NRASCN 0.3 C at 60 °C 109.4 1000 91.8 % This work

PEGDA-NaClO4 0.3 C at 60 °C 105 1100 91.4 % [12]

NGFOC-G 0.5 C at 60 °C 114 150 77.1 % [13]

NZP-PEO@IL 0.5 C at 60 °C 104.5 150 90.0 % [14]

(10PEO-85NZSP-
5PEG)-40NaClO4

0.5 C at 55 °C 68.2 100 97.6 % [15]

PEO-P-N 1 C at 60 °C 102 500 87.3 % [16]

CEt5 0.1 C at 60 °C 112 50 46.4 % [17]
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