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Table S1 Summary of the fractional coordinates and occupancy of the sodium sites for key literature models for monoclinic NASICON

Reference Sample type 
in reference 

Method of 
sample 
preparation 
in reference

Radiation 
type in 
reference 

Na site Wyckoff 
Symbol

x y z Occupancy

Na1 4d 1/4 1/4 1/2 0.58
Na2 4e 1/4 0.894(3) 1/4 1.00

Hong (1976)1 Powder Solid-state 
reaction 
method

X-Ray

Na3 8f 0.827(2) 0.113(4) 0.82(4) 0.83
Na1 4d 1/4 1/4 1/2 0.81
Na2 4e 1/2 0.891(1) 1/4 1.00

Baur et. al. 
(1986)2

Powder Solid-state 
reaction 
method  

Neutron

Na3 8f 0.836(2) 0.079(4) 0.842(5) 0.60
Na1 4d 1/4 1/4 1/2 0.22
Na2 4e 1/2 0.8950(18) 1/4 1.00

Rudolf et. al. 
(1986)3

Powder Sol-gel 
method

Neutron

Na3 8f 0.8107(47) 0.1547(41) 0.9179(64) 0.89
Na1 4d 1/4 1/4 1/2 0.22
Na2 4e 0 0.1081(10) 0.25 1.00
Na3 8f 0.3271(10) 0.0779(17) 0.3099(29) 0.56

Boilot et. al. 
(1987)*4

Single crystal Flux 
method5

X-Ray

Na4 8f 0.3179(14) 0.1408(23) 0.4382(26) 0.39
Na1 4d 1/4 1/4 1/2 0.22
Na2 4e 0 0.4000(1) 1/4 1.00
Na3 8f 0.3255(5) 0.4228(4) 0.3151(5) 0.50

Park et. al. 
(2016)6

Powder Solid-state 
reaction 
method

X-Ray

Na4 8f 0.1893(9) 0.1359(2) 0.5520(9) 0.39
Na1 4d 1/4 1/4 1/2 0.24
Na2 4e 0 0.405(2) 1/4 0.88
Na3 8f 0.3386(3) 0.42629(2) 0.38(2) 0.38
Na4 8f 0.193(2) 0.118(3) 0.574(4) 0.44

Zhang et. al. 
(2019)7

Powder Sol-gel 
method8

Neutron

Na5 8f 0.75286(1) 0.48129(3) 0.94726(2) 0.12



Table S2 Crystallographic details of monoclinic NASICON from Rietveld analysis of the 3 Na model (starting model taken from 
Baur et. al. (1986)) using neutron powder data measured at 3 K. All site occupation factors and sodium positions were kept 
fixed to the literature reported values.

Name Site x y z SOF ADP
Na1 4d 0.25 0.25 0.5 0.81 0.74(11)
Na2 4e 0.5 0.891 0.25 1.0 0.025(6)
Na3 8f 0.836 0.079 0.842 0.6 0.098(17)
Zr 8f 0.0996(6) 0.2459(13) 0.0569(8) 1.0 0.0047(10)
Si1* 4e 0.0 0.0473(16) 0.25 0.67 0.0019(30)
Si2+ 8f 0.3609(9) 0.1157(17) 0.2474(16) 0.33 0.0186(22)
P1* 4e 0.0 0.0473(16) 0.25 0.67 0.0019(30)
P2+ 8f 0.3609(9) 0.1157(17) 0.2474(16) 0.33 0.0186(22)
O1 8f 0.1482(6) 0.4364(11) 0.2235(9) 1.0 0.0012(19)
O2 8f 0.4309(6) 0.4371(12) 0.0791(11) 1.0 0.0049(17)
O3 8f 0.2517(9) 0.1853(11) 0.2040(13) 1.0 0.0141(21)
O4 8f 0.3853(8) 0.1432(11) 0.1299(11) 1.0 0.0132(20)
O5 8f 0.4488(7) 0.1810(11) 0.4371(11) 1.0 0.0069(16)
O6 8f 0.0786(7) 0.1432(10) 0.2376(11) 1.0 0.0018(17)

SOF = site occupation factors; ADP = atomic displacement parameter; *, + = constrained to be on the 
same site; ^ = initially refined then fixed; space group = C 1 2/c 1; 41 refinement parameters; χ2 = 1.72; 
Rp = 2.35%; wRp = 2.98%; a = 15.6450(15) Å, b = 9.0469(7) Å, c = 9.1796(9) Å, β = 123.681(5).

Table S3 Crystallographic details of monoclinic NASICON from Rietveld analysis of the 4 Na model (starting model taken from 
Boilot et. al. (1987)) using neutron powder data measured at 3 K. For ease of comparison with the other literature models, 
the model used in this analysis was transformed from the originally reported space group B 1 1 2/b to the standard space 
group C 1 2/c 1. All site occupation factors and sodium positions were kept fixed to the literature reported values.

Name Site x y z SOF ADP
Na1 4d 0.25 0.25 0.5 0.2301 0.15(9)
Na2 4e 0 0.1081 0.25 1.0 0.026(7)
Na3 8f 0.3271 0.0779 0.3099 0.5455 0.71674^

Na4 8f 0.3179 0.1408 0.4382 0.4022 0.0057^

Zr 4e 0.1000(7) 0.2492(17) 0.0556(9) 1.0 0.0069(11)
Si1* 8f 0.3591(9) 0.3868(18) 0.2560(17) 0.67 0.0061(27)
Si2+ 4e 0 0.4560(24) 0.25 0.67 0.008(4)
P1* 8f 0.3591(9) 0.3868(18) 0.2560(17) 0.33 0.0061(27)
P2+ 4e 0 0.4560(24) 0.25 0.33 0.008(4)
O1 8f 0.1477(8) 0.0618(10) 0.2190(12) 1.0 0.001^

O2 8f 0.4321(7) 0.0539(14) 0.0767(14) 1.0 0.0053(19)
O3 8f 0.2521(9) 0.3139(12) 0.2054(14) 1.0 0.0087(21)
O4 8f 0.3867(8) 0.3597(12) 0.1241(14) 1.0 0.0076(23)
O5 8f 0.0522(8) 0.1889(12) 0.5591(13) 1.0 0.0083(20)
O6 8f 0.0806(8) 0.3558(12) 0.2416(12) 1.0 0.0030(20)

SOF = site occupation factors; ADP = atomic displacement parameter; *, + = constrained to be on the 
same site; ^ = initially refined then fixed; space group = C 1 2/c 1; 43 refinement parameters; χ2 = 1.96; 
Rp = 2.70%; wRp = 3.39%; a = 15.6314(20) Å, b = 9.0413(10) Å, c = 9.1739(11) Å, β = 123.662(6).



Table S4 Crystallographic details of monoclinic NASICON from Rietveld analysis of the 5 Na model (starting model taken from 
Zhang et. al. (2019)) using neutron powder data measured at 3 K. All site occupation factors and sodium positions were kept 
fixed to the literature reported values.

Name Site x y z SOF ADP
Na1 4d 0.25 0.25 0.5 0.24 0.58(30)
Na2 4e 0 0.405 0.25 0.88 0.079(12)
Na3 8f 0.3386 0.42649 0.34625 0.38 0.033(11)
Na4 8f 0.193 0.118 0.574 0.44 0.001^

Na5 8f 0.75826 0.48129 0.94726 0.12 0.001^

Zr 8f 0.0961(5) 0.2525(13) 0.0518(8) 1.00 0.0109(10)
Si1* 4e 0 0.0446(18) 0.25 0.67 0.016(4)
Si2+ 8f 0.3582(8) 0.1151(13) 0.2643(14) 0.33 0.0114(22)
P1* 4e 0 0.0446(18) 0.25 0.67 0.016(4)
P2+ 8f 0.3582(8) 0.1151(13) 0.2643(14) 0.33 0.0114(22)
O1 8f 0.1489(7) 0.4334(10) 0.2201(10) 1.00 0.0118(20)
O2 8f 0.4346(6) 0.4428(10) 0.0793(11) 1.00 0.0102(17)
O3 8f 0.2539(7) 0.1850(9) 0.2069(11) 1.00 0.0079(15)
O4 8f 0.3828(6) 0.1382(10) 0.1165(11) 1.00 0.0152(18)
O5 8f 0.5526(7) 0.1859(11) 0.0624(11) 1.00 0.0178(19)
O6 8f 0.0828(9) 0.1463(14) 0.2500(15) 1.00 0.0417(30)

SOF = site occupation factors; ADP = atomic displacement parameter; *, + = constrained to be on the 
same site; ^ = initially refined then fixed; space group = C 1 2/c 1; 41 refinement parameters; χ2 = 1.71; 
Rp = 2.31%; wRp = 2.96%; a = 15.6405(14) Å, b = 9.0485(7) Å, c = 9.1781(8) Å, β = 123.665(5).

Table S5. Refinement of the Na SOF while keeping all other parameters fixed based on the results in Table S2 using the 3 Na 
model (starting model Baur et. al. (1986)).

Na Site Multiplicity SOF (literature) SOF (refined) ADP (fixed)
Na1 4 0.81 0.98(7) 0.74
Na2 4 1.0 0.89(5) 0.025
Na3 8 0.6 0.54(5) 0.098
Sum total 
Na/unit cell

12.04 9.13  0.88±

Table S6. Refinement of the Na SOF while keeping all other parameters fixed based on the results in Table S2 using the 4 Na 
model (starting model Boilot et. al. 1987).

Na Site Multiplicity SOF (literature) SOF (refined) ADP (fixed)
Na1 4 0.2301 0.38(6) 0.15
Na2 4 1.0 1.01(4) 0.026
Na3 8 0.5455 0.14(10) 0.71674
Na4 8 0.4022 0.44(3) 0.0057
Sum total Na/unit 
cell

12.502 10.2  1.44±



Table S7. Refinement of the Na SOF while keeping all other parameters fixed based on the results in Table S2 using the 5 Na 
model (starting model Zhang et. al. 2019).

Na Site Multiplicity SOF (literature) SOF (refined) ADP (fixed)
Na1 4 0.24 0.22(7) 0.58
Na2 4 0.88 0.86(1) 0.079
Na3 8 0.38 0.38(3) 0.033
Na4 8 0.44 0.46(2) 0.001
Na5 8 0.12 0.10(2) 0.001
Sum total Na/unit 
cell 

12 11.84  0.88±

Table S8. Summary of the fit statistics following the refinement of the Na SOF from Tables S5-S7.

Model χ2 Rp wRp

3 Na model 2.850 0.0233 0.0297
4 Na model 6.595 0.0355 0.0452
5 Na model 2.839 0.0231 0.0296



Table S9. Crystallographic details of monoclinic NASICON from Rietveld analysis of the 3 Na model at 3 K by fixing the Na1 
ADP to the Na3 ADP value found in Table S2 followed by refining Na SOFs and ADPs sequentially. 

1. Fix Na1 ADP to 0.098. Keep all Na positions, SOF and ADPs fixed.
Name Site x y z SOF ADP
Na1 4d 0.25 0.25 0.5 0.81 0.098
Na2 4e 0.5 0.891 0.25 1.0 0.025
Na3 8f 0.836 0.079 0.842 0.6 0.098
Zr 8f 0.0997(5) 0.2441(13) 0.0583(8) 1.0 0.0035(10)
Si1* 4e 0.0 0.0475(19) 0.25 0.67 0.0064(34)
Si2+ 8f 0.3614(9) 0.1116(18) 0.2455(16) 0.33 0.0175(23)
P1* 4e 0.0 0.0475(19) 0.25 0.67 0.0064(34)
P2+ 8f 0.3614(9) 0.1116(18) 0.2455(16) 0.33 0.0175(23)
O1 8f 0.1480(7) 0.4357(11) 0.2224(9) 1.0 0.001
O2 8f 0.4317(6) 0.4386(12) 0.0813(11) 1.0 0.0071(17)
O3 8f 0.2524(8) 0.1878(11) 0.2072(12) 1.0 0.0130(21)
O4 8f 0.3873(7) 0.1404(11) 0.1308(12) 1.0 0.0140(21)
O5 8f 0.4496(7) 0.1806(11) 0.4369(11) 1.0 0.0069(16)
O6 8f 0.0778(7) 0.1453(10) 0.2359(11) 1.0 0.0023(17)

2. Allow the Na SOF to refine 
Name Site x y z SOF ADP
Na1 4d 0.25 0.25 0.5 0.47(5) 0.098
Na2 4e 0.5 0.891 0.25 0.76(6) 0.025
Na3 8f 0.836 0.079 0.842 0.59(5) 0.098
Zr 8f 0.0992(5) 0.2453(13) 0.0569(8) 1.0 0.0039(9)
Si1* 4e 0.0 0.0474(18) 0.25 0.67 0.0051(32)
Si2+ 8f 0.3608(9) 0.1143(17) 0.2472(16) 0.33 0.0178(22)
P1* 4e 0.0 0.0474(18) 0.25 0.67 0.0051(32)
P2+ 8f 0.3608(9) 0.1143(17) 0.2472(16) 0.33 0.0178(22)
O1 8f 0.1491(6) 0.4362(11) 0.2235(9) 1.0 0.0004(19)
O2 8f 0.4308(6) 0.4378(11) 0.0794(11) 1.0 0.0062(18)
O3 8f 0.2521(8) 0.1870(11) 0.2066(13) 1.0 0.0116(20)
O4 8f 0.3852(8) 0.1415(11) 0.1286(11) 1.0 0.0130(19)
O5 8f 0.4485(7) 0.1813(11) 0.4371(11) 1.0 0.0070(16)
O6 8f 0.0785(7) 0.1446(10) 0.2370(11) 1.0 0.0037(18)

3. Fix Na SOFs and refine Na ADPs
Name Site x y z SOF ADP
Na1 4d 0.25 0.25 0.5 0.47 0.197(50)
Na2 4e 0.5 0.891 0.25 0.76 0.0084(58)
Na3 8f 0.836 0.079 0.842 0.59 0.079(14)
Zr 8f 0.0997(5) 0.2461(13) 0.0573(8) 1.0 0.0045(9)
Si1* 4e 0.0 0.0473(17) 0.25 0.67 0.0030(31)
Si2+ 8f 0.3608(9) 0.1147(17) 0.2472(16) 0.33 0.0196(23)
P1* 4e 0.0 0.0473(17) 0.25 0.67 0.0030(31)
P2+ 8f 0.3608(9) 0.1147(17) 0.2472(16) 0.33 0.0196(23)
O1 8f 0.1488(6) 0.4362(11) 0.2234(9) 1.0 0.0007(19)
O2 8f 0.4306(6) 0.4380(12) 0.0795(11) 1.0 0.0051(17)
O3 8f 0.2519(8) 0.1861(11) 0.2055(13) 1.0 0.0119(20)
O4 8f 0.3850(8) 0.1421(11) 0.1287(11) 1.0 0.0130(19)
O5 8f 0.4487(7) 0.1813(11) 0.4374(11) 1.0 0.0073(16)
O6 8f 0.0788(7) 0.1440(10) 0.2379(11) 1.0 0.0035(18)



Table S10. Summary of the fit statistics following the refinements shown in Table S9.

Model χ2 Rp wRp

1. Fix Na1 ADP to 0.098 Å2

All Na positions, SOF and ADPs fixed.
3.360 0.0253 0.0318

2. Allow the Na SOFs to refine 3.006 0.0235 0.0300
3. Fix Na SOFs and refine Na ADPs 2.974 0.0234 0.0299

Table S11. Structural tables from testing the inclusion of Mg in the model. Data used in this analysis: x = 0.128, 300 K, NPD 
1.6215 and 2.3495 Å. Constrained Mg2+ and Zr4+ to be on the same site. Model: Mg SOF fixed to synthetic target 
composition (x = 0.128).

Name Site x y z SOF ADP
Na1 4d 0.25 0.25 0.5 0.81 0.51(5)
Na2 4e 0.5 0.891 0.25 1.0 0.020(5)
Na3 8f 0.836 0.079 0.842 0.6 0.045(8)
Zr 8f 0.0995(5) 0.249(1) 0.0577(6) 0.936 0.0028(9)
Mg 8f 0.0995(5) 0.249(1) 0.0577(6) 0.064 0.0028(9)
Si1* 4e 0.0 0.051(2) 0.25 0.67 0.0047(33)
Si2+ 8f 0.3594(9) 0.1088(19) 0.2582(17) 0.33 0.0343(30)
P1* 4e 0.0 0.051(2) 0.25 0.67 0.0047(33)
P2+ 8f 0.3594(9) 0.1088(19) 0.2582(17) 0.33 0.0343(30)
O1 8f 0.1476(6) 0.4321(11) 0.2260(9) 1.0 0.0047(20)
O2 8f 0.4329(6) 0.4424(12) 0.0790(11) 1.0 0.0175(22)
O3 8f 0.2558(7) 0.1867(10) 0.2129(10) 1.0 0.0139(22)
O4 8f 0.3800(5) 0.1381(9) 0.1187(10) 1.0 0.0079(19)
O5 8f 0.4491(7) 0.1790(9) 0.4425(10) 1.0 0.0169(20)
O6 8f 0.0765(6) 0.1424(11) 0.2312(9) 1.0 0.0062(21)

Table S12. Structural tables from testing the inclusion of Mg in the model. Data used in this analysis: x = 0.128, 300 K, NPD 
1.6215 and 2.3495 Å. Constrained Mg2+ and Zr4+ to be on the same site. Model: Substitute 5% Mg on Zr Site.

Name Site x y z SOF ADP
Na1 4d 0.25 0.25 0.5 0.81 0.51(5)
Na2 4e 0.5 0.891 0.25 1.0 0.020(5)
Na3 8f 0.836 0.079 0.842 0.6 0.045(8)
Zr 8f 0.0995(5) 0.249(1) 0.0577(6) 0.95 0.0031(9)
Mg 8f 0.0995(5) 0.249(1) 0.0577(6) 0.05 0.0031(9)
Si1* 4e 0.0 0.051(2) 0.25 0.67 0.0047(33)
Si2+ 8f 0.3594(9) 0.1088(19) 0.2582(17) 0.33 0.0342(30)
P1* 4e 0.0 0.051(2) 0.25 0.67 0.0047(33)
P2+ 8f 0.3594(9) 0.1088(19) 0.2582(17) 0.33 0.0342(30)
O1 8f 0.1476(6) 0.4321(11) 0.2260(9) 1.0 0.0047(20)
O2 8f 0.4329(6) 0.4424(12) 0.0790(11) 1.0 0.0175(22)
O3 8f 0.2558(7) 0.1867(10) 0.2129(10) 1.0 0.0138(22)
O4 8f 0.3800(5) 0.1381(9) 0.1187(10) 1.0 0.0078(19)
O5 8f 0.4491(7) 0.1790(9) 0.4425(10) 1.0 0.0169(20)
O6 8f 0.0765(6) 0.1424(11) 0.2313(9) 1.0 0.0062(21)



Table S13. Structural tables from testing the inclusion of Mg in the model. Data used in this analysis: x = 0.128, 300 K, NPD 
1.6215 and 2.3495 Å. Constrained Mg2+ and Zr4+ to be on the same site. Model: Substitute 10% Mg on Zr Site.

Name Site x y z SOF ADP
Na1 4d 0.25 0.25 0.5 0.81 0.51(5)
Na2 4e 0.5 0.891 0.25 1.0 0.020(5)
Na3 8f 0.836 0.079 0.842 0.6 0.045(8)
Zr 8f 0.0995(5) 0.249(1) 0.0577(6) 0.9 0.0020(9)
Mg 8f 0.0995(5) 0.249(1) 0.0577(6) 0.1 0.0020(9)
Si1* 4e 0.0 0.0514(17) 0.25 0.67 0.0049(33)
Si2+ 8f 0.3595(9) 0.1090(19) 0.2584(17) 0.33 0.0345(30)
P1* 4e 0.0 0.0514(17) 0.25 0.67 0.0049(33)
P2+ 8f 0.3595(9) 0.1090(19) 0.2584(17) 0.33 0.0345(30)
O1 8f 0.1475(6) 0.4321(11) 0.2258(9) 1.0 0.0049(20)
O2 8f 0.4328(7) 0.4424(12) 0.0787(11) 1.0 0.0181(22)
O3 8f 0.2558(7) 0.1868(10) 0.2129(10) 1.0 0.0142(22)
O4 8f 0.3798(5) 0.1381(9) 0.1184(10) 1.0 0.0083(19)
O5 8f 0.4491(7) 0.1792(9) 0.4426(10) 1.0 0.0171(20)
O6 8f 0.0765(6) 0.1424(11) 0.2310(9) 1.0 0.0064(21)

Table S14. Structural tables from testing the inclusion of Mg in the model. Data used in this analysis: x = 0.128, 300 K, NPD 
1.6215 and 2.3495 Å. Constrained Mg2+ and Zr4+ to be on the same site. Model: Free refinement of the Zr/Mg SOF.

Name Site x y z SOF ADP
Na1 4d 0.25 0.25 0.5 0.81 0.51(5)
Na2 4e 0.5 0.891 0.25 1.0 0.020(5)
Na3 8f 0.836 0.079 0.842 0.6 0.044(8)
Zr 8f 0.0995(5) 0.2492(13) 0.0577(6) 0.97(5) 0.0035(13)
Mg 8f 0.0995(5) 0.2492(13) 0.0577(6) 0.03(5) 0.0035(13)
Si1* 4e 0.0 0.051(2) 0.25 0.67 0.0046(33)
Si2+ 8f 0.3594(9) 0.1088(19) 0.2581(18) 0.33 0.0341(30)
P1* 4e 0.0 0.051(2) 0.25 0.67 0.0046(33)
P2+ 8f 0.3594(9) 0.1088(19) 0.2581(18) 0.33 0.0341(30)
O1 8f 0.1476(6) 0.4321(11) 0.2260(9) 1.0 0.0046(20)
O2 8f 0.4330(7) 0.4425(12) 0.0791(11) 1.0 0.0173(22)
O3 8f 0.2558(7) 0.1867(10) 0.2129(10) 1.0 0.0136(22)
O4 8f 0.3800(5) 0.1381(9) 0.1188(10) 1.0 0.0076(19)
O5 8f 0.4491(7) 0.1790(9) 0.4425(10) 1.0 0.0168(20)
O6 8f 0.0765(6) 0.1424(11) 0.2313(9) 1.0 0.0061(21)

Table S15. Summary of fit statistics from trialling Mg on Zr site from Table S11-14. Dataset: x = 0.128, 300 K. 

1.6215 Å 2.4395 ÅModel
SOF Zr SOF Mg χ2 Rp wRp Rp wRp

No Mg 1.0 0.0 5.943 0.0240 0.0302 0.0335 0.0423
Synthetic target 0.936 0.064 5.953 0.0240 0.0303 0.0336 0.0424
5% Mg 0.95 0.05 5.952 0.0240 0.0302 0.0336 0.0424
10% Mg 0.90 0.10 5.959 0.0241 0.0303 0.0336 0.0424
Free refinement 0.97(5) 0.03(5) 5.955 0.0240 0.0302 0.0336 0.0424



Table S16. Bond Valence Sum of the Zr Site for the models from Table S11-14. 

Model BVS Zr Site
No Mg 3.98(6)
Synthetic target 4.00(6)
5% Mg 3.99(6)
10% Mg 4.00(6)
Free refinement 3.99(6)

Table S17. BVS calculations using bond lengths from analysis of 300 K data (co-refinement of model fit to NPD data 
collected at 1.6215 and 2.4395 Å) for the four different sample compositions of Na3+2xZr2-xMgxSi2PO12. These are from the 
Rietveld refined models with no Mg included in the structural model.

SiteMg2+-doping 
concentration Zr P1/Si1 P2/Si2 Na1 Na2 Na3
x = 0 4.00(4) 4.44(7) 4.53(7) 0.549(3) 1.004(6) 0.930(7)
x = 0.032 3.97(5) 4.52(7) 4.56(8) 0.539(5) 0.985(7) 0.935(9)
x = 0.064 3.99(5) 4.59(7) 4.43(8) 0.542(5) 0.974(7) 0.932(9)
x = 0.128 3.98(5) 4.49(8) 4.49(9) 0.554(5) 0.993(8) 0.937(10)

Table S18. Representative weight fractions of the 3 phases included in the refined model. 

Sample NASICON -Na3PO4 ZrO2

x = 0 0.915(3) 0.013(2) 0.072(3)
x = 0.032 0.919(5) 0.026(2) 0.055(4)
x = 0.064 0.861(1) 0.079(4) 0.060(2)
x = 0.128 0.786(1) 0.162(6) 0.052(2)



Figure S1 Visualisation of the proposed structure for monoclinic NASICON for a (a) 3 Na model, (b) 4 Na model and (c) 5 Na 
model used in the Rietveld analysis in this study. Na, Zr, Si/P and O are depicted in yellow, green, blue and red respectively. 
The sodium site numbering is as reported in the respective literature models.
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Figure S2 Rietveld refined fit to the NPD patterns of Na3+2xZr2-xMgxSi2PO12 for x = 0 at 300 K using wavelengths (a) λ = 
1.6215(5) Å and (b) λ = 2.4395(5) Å.



Figure S3 Rietveld refined fit to the NPD patterns of Na3+2xZr2-xMgxSi2PO12 for x = 0.032 at 300 K using wavelengths (a) λ = 
1.6215(5) Å and (b) λ = 2.4395(5) Å.

Figure S4 Rietveld refined fit to the NPD patterns of Na3+2xZr2-xMgxSi2PO12 for x = 0.064 at 300 K using wavelengths (a) λ = 
1.6215(5) Å and (b) λ = 2.4395(5) Å.

Figure S5 Rietveld refined fit to the NPD patterns of Na3+2xZr2-xMgxSi2PO12 for x = 0.128 at 300 K using wavelengths (a) λ = 
1.6215(5) Å and (b) λ = 2.4395(5) Å.



Figure S6 (a) NASICON structure from the literature model reported by Baur et. al. (1986) showing the location of the 
sodium sites. Fourier difference maps from Rietveld refined fits of the model with all sodium occupancies set to zero to the 
data measured at 300 K for (a) the undoped NASICON sample (x = 0) and (b) the Mg2+ doped sample with doping 
concentration x = 0.128.

Figure S7 (a) Cu K XRD patterns of Na3+2xZr2-xMgxSi2PO12 for x = 0, 0.032, 0.064 and 0.128 at 300 K. (b) Close up of the (111) 
reflections of the NASICON and -Na3PO4 phases for the same patterns. The reflections for the phases are labelled in black 
and red respectively.
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Figure S8 Overlay of the NPD pattern of Na3Zr2Si2PO12 (black) at 300 K with the  values of the EMU detectors indicated by 𝑄
the vertical red lines.
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