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Figure S1  Representative current−time profiles obtained from the DC polarization 

measurement of the electron-blocking cell containing Na5FeS4. The applied voltages were held 

for 1 h at ca. 25 ºC. 
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Figure S2 Refined XRD patterns of (a) Na5FeS4, (b) Na5Fe0.9Al0.1S4, (c) Na5Fe0.7Al0.3S4, 

(d) Na5Fe0.3Al0.7S4, (e) Na5Fe0.1Al0.9S4, and (f) Na5AlS4. 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table S1  Crystallographic data for the prepared Na5FeS4. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table S2  Crystallographic data for the prepared Na5Fe0.95Al0.05S4. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table S3  Crystallographic data for the prepared Na5Fe0.9Al0.1S4. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table S4  Crystallographic data for the prepared Na5Fe0.7Al0.3S4. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table S5  Crystallographic data for the prepared Na5Fe0.5Al0.5S4. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table S6  Crystallographic data for the prepared Na5Fe0.3Al0.7S4. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table S7  Crystallographic data for the prepared Na5Fe0.1Al0.9S4. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Table S8  Crystallographic data for the prepared Na5AlS4. 

 



Table S9 Mass fractions of the primary and secondary phases determined by multiphase 

Rietveld refinement of the synthesized Na5Fe1−xAlxS4 samples. 

 

 

Mass fraction / wt%

Main phase Secondary phase

Na5Fe1-xAlxS4 Na7Fe2S6 Na2S

Na5FeS4 81.40 18.60

Na5Fe0.95Al0.05S4 80.80 19.20

Na5Fe0.9Al0.1S4 79.80 20.20

Na5Fe0.7Al0.3S4 98.35 1.65

Na5Fe0.5Al0.5S4 98.00 2.00

Na5Fe0.3Al0.7S4 95.63 4.37

Na5Fe0.1Al0.9S4 96.27 3.73

Na5AlS4 97.17 2.83



 

Figure S3  XPS S 2p spectra of Na5Fe1−xAlxS4. 
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Figure S4 SEM images and EDX elemental mappings for Na, S, Al, and Fe of 

Na5Fe1−xAlxS4 for x = (a) 0, (b) 0.1, (c) 0.3, (d) 0.7, (e) 0.9, and (f) 1. 
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Figure S5  Representative current−time profiles obtained from the DC polarization 

measurement of the ion-blocking cells using Na5FeS4 (x=0), Na5Fe0.5Al0.5S4 (x=0.5), and Na5AlS4 

(x=1). 
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Figure S6 Charge–discharge curves for 3 cycles of all-solid-state cells with Na–Sn / Na3PS4 / 

Na3PS4-AB-(a) Na5Fe0.9Al0.1S4, (b) Na5Fe0.7Al0.3S4, (c) Na5Fe0.3Al0.7S4, and (d) Na5Fe0.1Al0.9S4. 

  



 

Figure S7 Schematic illustration of the determination of ∆𝐸𝜏 and ∆𝐸𝑠 from the intermittent 

charge-relaxation profile. 𝐸𝜏 is the voltage at the end of the galvanostatic pulse of duration 𝜏, and 

𝐸𝑠 is the stabilized voltage during the subsequent relaxation period. The voltage was regarded as 

stabilized when the absolute voltage-change rate became less than 1.0 mV h−1.  

 


