
Supporting Information for

Li⁺ /Na⁺ Hybrid Ion Conduction Mechanism
in the Superionic Conductor Li3-xNaxZr2Si2PO12

Yihong Wua, Xia Xieb,c, Lei Zhud, Muran Yue, Guotai Zhange, Junchao Chene,*, Shuying
Suna,*,Youwei Wangb,c,*,Weiping Tange,*

Dedication

a School of Resources and Environmental Engineering, East China University of Science and
Technology, Shanghai, 200237, China. shysun@ecust.edu.cn (S. S.)

b State Key Laboratory of High Performance Ceramics and Superfine Microstructure, Shanghai
Institute of Ceramics, Chinese Academy of Sciences, Shanghai, 200050, China.
ywwang@mail.sic.ac.cn (Y. W.)

c Center of Materials Science and Optoelectronics Engineering, College of Materials Science and

Optoelectronic Technology, University of Chinese Academy of Sciences, Beijing, 100049, China.

ywwang@mail.sic.ac.cn (Y. W.)

d State Key Laboratory of Space Power-Sources Technology, Shanghai Institute of Space
Power-Sources, Shanghai, 200245, China.

e School of Chemistry and Chemical Engineering, Shanghai Jiao Tong University, Shanghai,
200240, China. junchaochen@sjtu.edu.cn (J. C.); tangweiping@sjtu.edu.cn (W. T.)



Figure S1. Crystal structure evolution from LNZSP-67 to LNZSP-67-12h, with the inset showing
the facet corresponding to the diffraction peak at 19.6°.



Figure S2. XRD pattern of LNZSP-67-re after subsequent thermal treatment.



Figure S3. Deconvolution of 23Na ssNMR spectra of LNZSP-67 and LNZSP-67-12h. (a)
Deconvoluted spectra. (b) Quantified peak intensities for the resonances at -24 and -41 ppm,
respectively.



Fig. S4. Enlarged-scale Nyquist plots of LNZSP-67, LNZSP-67-12h, and LNZSP-67-re.



Fig. S5. Enumerated residual-Na configurations and their relative thermodynamic stability in

LNZSP-67. (a) Schematic diagrams of NaI, NaII, and NaIII sites. (b) Atomic structures of

Na12Zr8Si8P4O48 configurations (~67%) with different allocations of the four residual Na atoms

among the three crystallographic Na sites (NaI/NaII/NaIII). (c) Corresponding

framework–polyhedra views highlighting the NASICON skeleton (ZrO6, SiO4, and PO4) and the

spatial distributions of Li and residual Na for selected configurations (e.g., 4NaII, 3NaII–1NaI, and

3NaII–1NaIII).



Fig. S6. Relative free energies after full DFT relaxation for the enumerated configurations,

showing a thermodynamic preference for residual Na to concentrate at the high-coordination NaII

(NaO8) sites (lowest-energy 4NaII state).



Fig. S7. Mean square displacements (MSDs) of Li⁺ (left) and Na⁺ (right) for the 3NaII–1NaI

configuration at different temperatures.



Fig. S8. Mean square displacements (MSDs) of Li⁺ (left) and Na⁺ (right) for the 4NaII

configuration at 60 ps.



Table S1. σbulk and relative density values of LNZSP-67, LNZSP-67-12h, and LNZSP-67-re.

LNZSP-67 LNZSP-67-12h LNZSP-67-re

Relative Density / % 83.75 85.64 84.82

σbulk/ mS cm-1 1.78 0.50 1.63
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