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Figure S1. Diameter and thickness of obtained NZSP SSEs pellets
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Figure S2. XRD Rietveld refinement of (a) Na3Zr2Si2PO12; (b) Na3.4Zr1.6Sc0.4Si2PO12; (c) Na3.5Zr1.55Sc0.4Mg0.05Si2PO12; (d) Na3.6Zr1.5Sc0.4Mg0.10Si2PO12; (e) Na3.8Zr1.4Sc0.4Mg0.20Si2PO12 samples.



[bookmark: _Hlk203412336]Table S1. Unit cell lattice parameters for the all samples obtained from XRD refinement analysis.
	Solid state electrolytes
	a (Å)
	b (Å)
	c (Å)
	β (°)
	V (Å3)
	wR

	NZSP
	15.634
	8.988
	9.278
	124.765
	1071.084
	9.86%

	NSZSP
	15.636
	9.048
	9.142
	124.517
	1065.648
	8.17%

	NSZSP-0.05Mg
	15.668
	9.108
	9.099
	124.858
	1065.460
	9.52%

	NSZSP-0.10Mg
	15.707
	9.100
	9.125
	124.995
	1068.475
	8.27%

	NSZSP-0.15Mg
	15.741
	9.120
	9.120
	125.233
	1069.317
	9.44%

	NSZSP-0.20Mg
	15.726
	9.115
	9.115
	125.153
	1068.503
	9.42%
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[bookmark: _Hlk203412404]Figure S3. Variations in undoped and doped NZSP unit cell lattice parameters.
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Figure S4. Top-view surface SEM images of (a) Na3Zr2Si2PO12; (b) Na3.4Zr1.6Sc0.4Si2PO12; (c) Na3.5Zr1.55Sc0.4Mg0.05Si2PO12; (d) Na3.6Zr1.5Sc0.4Mg0.10Si2PO12; (e) Na3.8Zr1.4Sc0.4Mg0.20Si2PO12 samples.
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Figure S5. Cross-section view SEM images of (a) Na3Zr2Si2PO12; (b) Na3.4Zr1.6Sc0.4Si2PO12; (c) Na3.5Zr1.55Sc0.4Mg0.05Si2PO12; (d) Na3.6Zr1.5Sc0.4Mg0.10Si2PO12; (e) Na3.7Zr1.45Sc0.4Mg0.15Si2PO12 ;(f) Na3.8Zr1.4Sc0.4Mg0.20Si2PO12 samples.
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Figure S6. (a) TEM and (b) HRTEM of NSZSP-0.15Mg SSE. (c) SAED pattern. (d) The interplanar distances of (3 3 -1) planes.
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Figure S7. EIS measurements of the (a) NSZSP-xMg pellets and (b) NZSP pellet using Au film as blocking electrode for the determination of the conductivity. (c) and (d) Equivalent circuits for the battery cells.



Table S2. The resistances (Rb, Rgb, Rt) and conductivities (σb, σgb, σt) of the NSZSP-xMg and bare NZSP samples at 25℃.
	Solid state electrolyte
	NZSP
	NSZSP
	NSZSP-0.05Mg
	NSZSP-0.10Mg
	NSZSP-0.15Mg
	NSZSP-0.20Mg

	Bulk grain resistance (Rb)
	61.2
	12.6
	11.6
	11.1
	7.5
	9.8

	Grain boundary resistance (Rgb)
	1064.6
	142.5
	128.7
	119.5
	82
	107.7

	Total resistance (Rt)
	1125.8
	155.1
	140.3
	130.6
	89.5
	117.5

	Bulk conductivity (σb)
	1.9×10-3
	9.1×10-3
	9.9×10-3
	1.0×10-2
	1.5×10-2
	1.2×10-2

	Grain boundary conductivity (σgb)
	1.1×10-4
	8.0×10-4
	8.9×10-4
	9.6×10-4
	1.4×10-3
	1.1×10-3

	Total conductivity (σt)
	1.0×10-4
	7.4×10-4
	8.2×10-4
	8.8×10-4
	1.3×10-3
	9.8×10-4
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Figure S8. EIS measurements of the (a) NSZSP-Mg and (b) NZSP Na//NZSP//Na symmetric batteries at room temperature.



Table S3. The resistances (Rb, Rgb, Rint, Rt) of the Na//NZSP-xMg//Na and Na//NZSP//Na symmetric batteries at 25℃.
	Solid state electrolyte
	NZSP
	NSZSP
	NSZSP-0.05Mg
	NSZSP-0.10Mg
	NSZSP-0.15Mg
	NSZSP-0.20Mg

	Bulk grain resistance (Rb)
	11.6
	32.6
	29.8
	27.7
	19.4
	24.8

	Grain boundary resistance (Rgb)
	1406.0
	358.1
	323.1
	298.1
	226.7
	284.8

	Interface resistance (Rint)
	292.9
	161.2
	145.4
	134.2
	102.0
	128.2

	Total resistance (σt)
	1710.5
	551.9
	498.3
	460.0
	348.1
	437.8





Table S4. The Time-resolved resistances (Rb, Rgb, Rint, Rt) of the NSZSP-0.15Mg and bare NZSP samples at 25℃.
	Solid state electrolyte
	NSZSP-0.15Mg Fresh
	NSZSP-0.15Mg 2nd day
	NSZSP-0.15Mg 4th day
	NSZSP-0.15Mg 6th day
	NSZSP-0.15Mg 8th day
	NSZSP-0.15Mg 20th day
	NZSP Fresh
	NZSP
20th day

	Bulk grain resistance (Rb)
	19
	21
	23
	23
	23
	29
	5
	23

	Grain boundary resistance (Rgb)
	246
	270
	295
	300
	302
	369
	567
	2835

	Interface resistance (Rint)
	102
	112
	122
	124
	126
	153
	117
	586

	Total resistance (σt)
	367
	403
	440
	447
	451
	551
	689
	3444
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Figure S9. Critical current density test profile for the (a) NSZSP, (b) NSZSP-0.05Mg, (c) NSZSP-0.10Mg, (d) NSZSP-0.20Mg SSEs.
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Figure S10. Galvanostatic cycling of Na//NZSP//Na symmetric battery with (a) NSZSP-0.05Mg, (b) NSZSP-0.10Mg and (c) NSZSP-0.20Mg SSEs at a current density of 0.5 mA cm-2.
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Figure S11. (a) P K-edge XANES spectra for NSZSP-Mg and (b) a magnified view of the selected energy region in P K-edge spectra. (c) Si K-edge XANES spectra for NSZSP-Mg and (d) a magnified view of the selected energy region in Si K-edge spectra.
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Figure S12. Cross-section elemental mapping images of the disassembled (a) Na//NZSP//Na cell and (b) Na//NSZSP-0.15Mg//Na cell after charge/discharge cycling.



[image: ]
Figure S13. (a) In-depth ToF-SIMS profile of NSZSP-0.15Mg surface before Na plating/stripping cycles and (b) the corresponding 3D model images of Na, Zr, Si, Sc, Mg, P species.
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Figure S14. Integrated images of NSZSP-0.15Mg surface (a) before and (b) after Na plating/stripping cycles.
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Figure S15. XPS survey spectra of (a) Before cycling and (b) After cycling.
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Figure S16. XPS spectra of NSZSP-0.15Mg before and after Na stripping/plating cycling: (a) O 1s; (b) Na 1s; (c) Si 2p; (d) P 2p.
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Figure S17. (a) Rate performance in the range of 0.1-5 C measured at 25℃. (b) Cycling performance comparison between NSZSP, NSZSP-0.05Mg, NSZSP-0.10Mg and NSZSP-0.20Mg SSEs.
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Figure S18. Galvanostatic charge/discharge cycling profile for the selected cycles of (a) NSZSP, (b) NSZSP-0.05Mg, (c) NSZSP-0.10Mg and (d) NSZSP-0.20Mg solid electrolytes at the rate of 0.1 C.




Table S5 The resistances (RSE, Rct, Rcathode, Rt) of the NSZSp-0.15Mg and bare NZSP samples at 25℃ before and after rating.
	Solid state electrolyte
	NSZSP-0.15Mg
Before rating
	NZSP
Before rating
	NSZSP-0.15Mg
After Rating
	NZSP
After Rating

	Bulk grain resistance (Rb)
	10
	64
	12
	99

	Grain boundary resistance (Rgb)
	209
	533
	756
	1052

	Interface resistance (Rint)
	896
	2292
	1500
	2641

	Total resistance (σt)
	1115
	2889
	2268
	3792





Table S6 Performance of SSMBs using Na3Zr2Si2PO12-based solid-state electrolytes.
	Cell configuration
	Doping element
	Synthesis method
	Cycling performance
	Rate performance
	Ref.

	Na3V2(PO4)3//Na2.9Zr1.95Mo0.05Si2PO12//Na
	Mo
	Solid-state reaction
	92.6 mAh g-1 at 100 mA g-1 after 1600 cycles
	~40 mAh g-1 at 500 mA g-1
	[1]

	Na3V2(PO4)3//Na2.7Ca0.15Zr2Si2PO12//Na
	Ca
	Solid-state reaction
	96.8 mAh g-1 at 0.2C after 250 cycles
	88.95 mAh g-1 at 2C
	[2]

	Na0.99Zn0.22Fe0.3Mn0.48O2//Na3.1Zr1.9Sb0.1Si2PO12//Na
	Sb
	Sol-gel method
	95.96 mAh g-1 at 0.1C after 50 cycles
	72.3 mAh g-1 at 0.3C
	[3]

	Na3V2(PO4)3//Na3.4Zr1.8Mn0.2Si2PO12//Na
	Mn
	Solid-state reaction
	84.2 mAh g-1 at 0.1C after 260 cycles
	67.2 mAh g-1 at 1C
	[4]

	Na3V2(PO4)3//Na3.65Zr1.675Zn0.2Mg0.125Si2PO12//Na
	Zn, Mg
	Solid-state reaction
	76.56 mAh g-1 at 0.2C after 300 cycles
	32 mAh g-1 at 2C
	[5]

	Na3V2(PO4)3//Na3.4Zr1.8Ca0.2Si2PO12-G//Na
	Ca
	Solid-state reaction
	79.64 mAh g-1 at 1C after 500 cycles
	76.39 mAh g-1 at 1C
	[6]

	Na0.67Mn0.47Ni0.33Ti0.2O2//Na3.12Zr1.94Cu0.06Si2PO12//Na
	Cu
	Solid-state reaction
	75.8 mAh g-1 at 0.5C after 275 cycles
	52.7 mAh g-1 at 4C
	[7]

	Na3V2(PO4)3//Na3.4Zr1.6Sc0.4Si2PO12//Na
	Sc
	Solid-state reaction
	98.7 mAh g-1 at 1C after 300 cycles
	89.6 mAh g-1 at 1C
	[8]

	NaCrO2-PCE//Na3.4Zr1.8Cu0.2Si2PO12//Na
	Cu
	Solid-state reaction
	72.1 mAh g-1 at 1C after 660 cycles
	74.5 mAh g-1 at 10C
	[9]

	Na3V1.5Al0.5(PO4)3//Na3.3Zr1.85Ca0.15Si2PO12-G//Na
	Ca
	Solid-state reaction
	102.6 mAh g-1 at 0.5C after 275 cycles
	102 mAh g-1 at 0.5C
	[10]

	NaCrO2//Na3.4Zr1.8Mg0.2Si2PO12//Na
	Mg
	Solid-state reaction
	97.6 mAh g-1 at 1C after 1755 cycles
	102.6 mAh g-1 at 5C
	[11]

	Na3V2(PO4)3//Na3.2Zr1.9Ca0.1Si2PO12//Na
	Ca
	Sol-gel method
	94.9 mAh g-1 at 1C after 450 cycles
	80.5 mAh g-1 at 4C
	[12]

	Na3V2(PO4)3//Na3Zr1.92Ru0.08Si2PO12//Na
	Ru
	Solid-state reaction
	75.69 mAh g-1 at 0.3C after 100 cycles
	71 mAh g-1 at 0.5C
	[13]

	Na3V2(PO4)3//Na3Zr1.9Te0.1Si2PO12//Na
	Te
	Solid-state reaction
	105.49 mAh g-1 at 1C after 200 cycles
	104 mAh g-1 at 2C
	[14]

	Na3V2(PO4)3//Na3.3Zr1.85Zn0.15Si2PO12//Na
	Zn
	Solid-state reaction
	98.93 mAh g-1 at 0.5C after 200 cycles
	98.7 mAh g-1 at 2C
	[15]

	Na3V2(PO4)3//Na3.1Zr2La0.1Si2PO12//Na
	La
	Solid-state reaction
	101.3 mAh g-1 at 100 mA g-1 after 750 cycles
	117.3 mAh g-1 at 200 mA g-1
	[16]

	Na0.9Zn0.22Fe0.3Mn0.48O2//Na3.2Zr1.9Sn0.1Si2.2P0.8O12//Na
	Sn
	Sol-gel method
	76.7 mAh g-1 at 0.1C after 300 cycles
	24.16 mAh g-1 at 1C
	[17]

	Na3V2(PO4)3//Na3.7Zr1.45Sc0.4Mg0.15Si2PO12//Na
	Sc, Mg
	Solid-state reaction
	75 mAh g-1 at 2C after 3000 cycles
	92.6 mAh g-1 at 5C
	This work
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