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Table S1. Rietveld refinement of the structure of the P3-type Na,3sMg;,3Mn,;30, using S.G. R3m
(L=0.412748 A)

S.G. R3m a=2.8980(1) A, c = 16.7883(5) A

Site Wyck x vy z Occ. B, (A?)
Mn 3a 0 0 0 0.974(3) 0.08(1)
Mg 3a 0 0 0 0.026(3)  0.08(1)
Na 3a 0 0 0.17122) 0.529(4) 1.52(9)
o1 32 0 0 0.3922(5) 1 0.8
04 3a 0 0 0.6022(5) 1 0.8

Table S2. Refined Mg/Mn ordered local structure (S.G. Cm) of P3-type Na,sMg;3Mn, 30, using
neutron PDF data (1-8 A)

SG.Cm  a=5.0750(46) A, b=8.6476(60) A, c = 5.8215(36) A, B = 106.47(38)°
Site  Wyck. X y z Occ. Biso (A?)

Mnl  4b 0.5124(9)  0.1633(5) 0 0.99(1)  0.19Q2)
Mgl 4b 0.5124(9)  0.1633(5) 0 0.00(1)  0.22(2)
Mn2  2a 0 0 0 0.01(2)  0.19Q2)
Mg2  2a 0 0 0 0.99(2)  0.22(2)
Nal 22 0.1969(66) 0 0.5 0.63(2)  2.72(26)
Na2  4b  0.6822(66)  0.1534(28) 0.5 0.63(2)  2.72(26)
01 2a 0.4230(12) 0 0.1580(11) | 0.53(3)
02 2a 0.6056(11) 0 0.8141(11) | 0.53(3)
03 4b  0.3867(8)  0.3245(5)  0.1790(11) 1 0.51(2)
04 4b  0.6211(10)  0.3184(4)  0.7972(8) 1 0.51(2)

Table S3. Refined O3 phase for the half charged sample using synchrotron XRD (A = 0.412748
A)

S.G. R-3m a=2.8673(3) A, ¢ =15.0250(63) A

Site  Wyck x vy V4 Occ. Bis, (A?)
Mn 3b 0 0 0.5 0.761(6) 0.3
Mg 6 0 0 0.623525) 0.1105) 03
Na 3a 0 0 0 0.350(11 2
)
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O 6c 0 0 0.2306(4) 1 0.8

Table S4. Refined O3 phase for the 4.4 V charged sample using synchrotron XRD (A = 0.412748
A)

S.G. R-3m a=2.8649(5) A, c = 14.6612(34) A

Site Wyck x vy z Occ.  Bi, (A?)
Mo 3 0 0 05  05473) 023
Mgea 6¢ 0 0 0.62009) 0.1582) 03
Na 3 00 0 00013 2
O 6¢ 0 0 0.2383(2) 1 0.8

Table S5. Refined O3 phase for the 2.75 V discharged sample using synchrotron XRD (A =
0.412748 A)

S.G.R3m  a=28713(2) A, ¢ = 15.5330(25) A

Site  Wyck x y z Occ. B (A2
Mn 3 0 0 05 06515 03

Mgicira 6¢ 0 0 0.6201(9) 0.119(2) 0.3
Na 3 00 0 03115 2
0O 6¢ 0 0 0.2333(2) 1 0.8

Table S6. Refined O3 phase for the 2.1 V discharged sample using synchrotron XRD (A =
0.412748 A)

S.G. R-3m a=2.9082(2) A, c = 16.3244(23) A

Site Wyck x vy z Occ.  Bi, (A?)
Mn 3b 0 0 0.5 0.818(7) 03
Mgea  6¢ 0 0 0.6379(4) 0.0322) 0.3
Na 3 00 0 0626 2
O 6¢C 0 0 0.2345(2) 1 0.8

Table S7. Refined O3 phase for the 1.6 V discharged sample using synchrotron XRD (A =
0.412748 A)
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S.G. R-3m a=2.9428(8) A, c = 16.1836(58) A
Site Wyck x vy z Occ.  Bi, (A?)
Mn 3b 0 0 0.5 0.823(6) 0.3
Mgew 6¢ 0 0 0.610(11) 0.007(4) 03
Na 3a 00 0  078(7) 2
O 6 0 0 023262 1 0.8

Table S8. FT-EXAFS fitted value of the pristine sample.

coordination number | bond length (A) Debye-Waller factor
(A2)
Mn-O 6 1.9277(14) 0.0018(20)
Mn-Mn 3 2.8557(28) 0.0022(4)
Mn-Mg 3 2.9085(28) 0.0022(4)
Mn-Na 4 2.9728(13) 0.0033(9)
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Figure S1. Stacking sequences of the P2- and P3-type sodium transition metal layered oxides.
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Figure S2. Le Bail fit of the synchrotron XRD data (A = 0.412748 A) of the P3-type
Nay3sMg3Mny 30, using S.G. R3m. The highlighted region shows the diffuse scattering peak
caused by the in ab-plane Mg/Mn honeycomb ordering.
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Figure S3. Least square refinements of the Mg/Mn random distribution model (S.G. R3m, a) and
the in ab-plane honeycomb ordered model (S.G. Cm, b) using short range X-ray PDF data (1-6

A).
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Figure S4. Least square refinements of the Mg/Mn random distribution model (S.G. R3m, a) and
the in ab-plane honeycomb ordered model (S.G. Cm, b) using short range neutron PDF data (1-8

A).
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Figure S5. The initial Galvanostatic charge and discharge of the P3-type Nay;Mgi;3Mn,;0,
between 1.6 V and 4.65 V with a rate of C/20.
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Figure S6. FT-EXAFS fitting of the first peak by using two paths (two Mn-O bond lengths) for
the first Mn-O shell of P3-type Nay;3Mg;3Mn;,;;0,. It is much better fitted than using just one
path (one Mn-O bond lengths), indicating dramatic local distortion of MnOg octahedra.
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Figure S7. Ex situ high resolution XRD (L = 0412748 A) patterns of the P3-type
Nay3Mg3Mn,;30, at different charge and discharge states. The first three major reflections, i.e.
003, 101 and 104, of the O3 phase are labeled.
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Figure S8. Rietveld refinement of P3-type Na,;3Mg;3Mn, 30, at different charge and discharge
states (half charged, 4.4 V charged, 2.75 V discharged, 2.1 V discharged and 1.6 V discharged)
using high resolution synchrotron XRD (A = 0.412748 A). The experimental data are shown in
black dots, calculated data in red and difference curves in blue. The Bragg reflections of the P3
and O3 phases are marked with green and pink markers separately.
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Figure S9. Refined lattice parameters a (a) and c¢ (b) of the O3 phase at different charge and
discharge states. The refined site occupancies for sodium and tetrahedral site magnesium of the
O3 phase at different charge and discharge states.
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