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Figure S1. XRD pattern of Zr‑doped sample NTZP‑12 (NaTi1.88Zr0.12(PO4)3) compared 

with NTP.

Figure S2. Rietveld refinement results and unit cell parameters of NTP and samples 
with various Zr content.



Figure S3. SEM images of NTP and NTZP with various Zr-doping levels.

Figure S4. Particle size distribution histogram of NTP and NTZP-x materials. (a) NTP, 
(b) NTZP-1, (c) NTZP-3, (d) NTZP-5, (e) NTZP-8, (f) NTZP-10.



Figure S5. XPS C 1s (a) and survey (b) spectra of NTZP-5.

Figure S6. (a) XPS survey, (b) Ti 2p and (c) C 1s spectra of NTP.

Figure S7. Thermogravimetric analysis of NTP and NTZP-5 under N2.



Figure S8. Characterization of NTZP‑5 without carbon coating. (a) SEM image. (b) XRD 

pattern compared with that of NTP.

Figure S9. (a) Linear I-V curves and (b) corresponding comparison of ionic conductivity of 

the synthesized samples.

Figure S10. Raman spectra and ID/IG results of NTP and NTZP-5.



Figure S11. PDOS patterns (O and Ti) of NTP.

Figure S12. CV curves of half-cells (vs. Na⁺/Na) assembled with samples of different 
Zr-doping levels. (a) NTZP-1, (b) NTZP-3, (c) NTZP-8 and (d) NTZP-10.



Figure S13. Rate capability of half-cells (vs. Na⁺/Na) assembled with samples of 
different Zr-doping levels. (a) NTZP-1, (b) NTZP-3, (c) NTZP-8 and (d) NTZP-10.

Figure S14. Cycling stability at 0.05 A g‒1 of samples with different Zr-doping levels. 
(a) NTZP-1, (b) NTZP-3, (c) NTZP-8 and (d) NTZP-10.



Figure S15. Cycling stability of the NTZP-5 at current density of 5 A g‒1.

Figure S16. EIS results for NTZP-5 at different cycle numbers.

Figure S17. (a) Relationship between low-frequency Z″ and ω‒1/2 for NTP and Zr-
containing samples under OCV. (b) The fitted EIS data with calculated DNa

+ values.



Figure S18. EIS results and corresponding fitting data for NTZP-5 monitored at 
different states during the first charge-discharge cycle.

Figure S19. The b-values for NTZP-5 were determined by fitting the oxidation-
reduction peaks in the CV curves measured at various scan rates.



Figure S20. (a) CV curves of NTP at different scan rates. (b-c) b-value and DNₐ+ 

derived from scan rate dependency. (d) GITT profiles and the calculated logarithm of 

DNa+ of NTP over a full charge-discharge cycle.

Figure S21. In situ XRD monitoring of the first galvanostatic charge/discharge cycle 
for the NTZP-5.



Figure S22. Charge/discharge curves of NTZP-5 and the ex-situ XRD patterns of the 
electrodes at various states.

Figure S23. XRD Rietveld refinement results of NTZP-5 and corresponding structure 
diagram after complete discharge.

Figure S24. XRD patterns of the NTZP-5 electrode after 200 cycles compared with primary 

electrode and material.



Figure S25. EDS images of NTZP-5 and Na content variations at different states of 
charge/discharge.

Figure S26. XRD pattern and structure diagram of NVP.



Figure S27. SEM images of NVP.

Figure S28. Cycling performance (a) and initial charge-discharge curves (b) of 
NVP//Na half-cells at 0.05 A g‒1.

Figure S29. Stability test of NTZP-5||NVP full cell at 0.2 A g‒1.



Table S1. FWHM of dominant diffraction peaks and corresponding primary crystal 
size analysis from XRD

Samples 2-Theta (deg) d (nm) (h k l) I%(Area) FWHM
XS 

(nm)

NTP 24.41 0.36435 (1 1 3) 100 0.300 28

NTP 29.4 0.30355 (0 2 4) 27.8 0.308 28

NTP 32.51 0.27518 (1 1 6) 73.2 0.382 22

NTZP-1 24.4 0.3645 (1 1 3) 100 0.268 32

NTZP-1 29.43 0.30325 (0 2 4) 28.1 0.287 30

NTZP-1 32.54 0.27494 (1 1 6) 78.1 0.328 26

NTZP-3 24.22 0.36717 (1 1 3) 100 0.281 31

NTZP-3 29.24 0.30518 (0 2 4) 28.4 0.312 27

NTZP-3 32.33 0.27668 (1 1 6) 75.9 0.363 23

NTZP-5 24.28 0.36628 (1 1 3) 100 0.311 27

NTZP-5 29.29 0.30466 (0 2 4) 28.7 0.336 25

NTZP-5 32.4 0.27609 (1 1 6) 74.8 0.383 22

NTZP-8 24.32 0.36568 (1 1 3) 100 0.276 31

NTZP-8 29.32 0.30436 (0 2 4) 29.4 0.303 28

NTZP-8 32.41 0.27601 (1 1 6) 73.9 0.342 25

NTZP-10 24.46 0.36362 (1 1 3) 100 0.325 26

NTZP-10 29.47 0.30284 (0 2 4) 28.1 0.338 25

NTZP-10 32.58 0.27461 (1 1 6) 68.6 0.393 21



Table S2. Comparison of rate performance (specific capacity retention after different 
rates test) and voltage polarization

Materials
Current density 

(mA g‒1)
Voltage 

polarization (mV)

Current density (A g‒1)/ 
Cycle number/ Capacity 

retention (%)
Refs.

NTZP-5 50 18 2/ 35/ 78.2 This work

NTP 50 118 2/ 35/ 63.8 This work

NNbTP-C 26 71.3 6.5/ 45/ 47.4 [1]

p-NTP@C 13.3 37 2.66/ 70/ 61.3 [2]

NGdTP-C 133 47 26.6/ 100/ 68.4 [3]

NTP@C 26.6 60 6.65/ 80/ 64.0 [4]

NMgTP 13.1 96.7 1.31/ 36/ 68.6 [5]

NTP-1 26.6 90.4 6.65/ 45/ 68.6 [6]

C-NTP-C 150 91.6 3/ 63/ 70.1 [7]

NSiTP 100 60 3/ 35/ 61.0 [8]

NTP/C 66.5 60 6.65/ 70/ 68.6 [9]

NTP@NC 26.6 98 0.665/ 60/ 58.0 [10]

NSnTP/C 133 185.3 2.66/ 100/ 66.1 [11]

Table S3. Calculations result with different cutoff energies and atomic force 
convergence threshold

EDIFFG (eV/Å) ENCUT (eV) DFT energy (eV) DFT Energy Difference (eV)

-0.02 400 -826.608989 0

-0.001 400 -826.610477 -0.001488

-0.02 450 -826.699596 -0.090607
NTP

-0.02 500 -826.603283 0.005706

-0.02 400 -829.083295 0

-0.001 400 -829.096949 -0.013654

-0.02 450 -829.178791 -0.095496
NTZP

-0.02 500 -829.096211 -0.012916
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