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 Sample used for studies

 

Figure S1: Diffraction data ( = 1.7902 Å), of optimization of the synthesis procedure for P2 

Na₂/₃MnO₂, the reference pattern is from 29 ICSD no. 01-087-4156, a = 2.869 and c = 11.248 Å 
adopting P63/mmc space group symmetry. The sample used for this work is shown on the top 
panel, that is synthesized at 650°C cooled to 530°C and quenched. 



 

 

           

 

 

Figure S2: SEM images a) and b) of the synthesized P2 Na2/3MnO2 at x1000 magnification, 
EDS mapping of c) Na and d) Mn elements. 

 

 

Table S1: Ratios determined from EDS analysis. 

Test    Na Mn Na/Mn 

1   3.7(5) 6.2(9) 0.60(11) 

2   15(1) 19(1) 0.76(17) 

3   9.2(8) 14(1) 0.68(9) 

Avg.   0.68(5) 

 

 

 



 

Figure S3: (a) Rietveld-refined fit ( = 1.7902 Å) of the P2 NaxMnO2 powder at room 

temperature and (b) shows a zoom between 34 < 2 < 95, the region indicated by the box in 
(a).  

 

Table S2: Crystallographic parameters for Na2/3MnO2 at RT refined against X-ray powder 

diffraction data. For this refinement, the lattice parameters, background, scale, zero offset, 

preferred orientation (spherical harmonics), profile and size/microstrain terms were refined 

initially. These were fixed and only the lattice parameters and atomic parameters were refined in 

the final stages. This approach was used as significant preferred orientation was observed and 

changes in peak shape were noted as a function of 2. 

Space group: P63/mmc, a = 2.864(1) Å, c = 11.1390(3) Å, V = 79.16(3) Å3
. 

Atom Site x y z Uiso  100 Occupancy 

Na1 2b 0.0000 0.0000 0.2500 1.0(7) 0.35 

Na2 2c 0.3333 0.6667 0.7500 3.2(9) 0.35 

Mn 2a 0.0000 0.0000 1.0000 3.5(2) 1.0 

O 4f 0.3333 0.6667 0.0877(6) 0.1(3) 1.0 

With no changes to the atomic parameters from ref. 29 2 =3.1, Rwp=1.65%            

With 8 variables after the approach described above 2 =2.4, Rwp=1.45%            
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Figure S4: a) The voltage vs. specific charge/discharge capacity of P2 Na2/3MnO2 at 
selected cycles. b) Specific discharge capacity as a function of cycle number.  



 

Figure S5. (a) Lattice parameter evolution of monoclinic phase during the thermal treatment of 

P2 Na2/3MnO2 under N2 environment. (b) Rietveld-refined fit of structural models to the room 

temperature (post heat-treatment) sample.   



 

 

Table S3: Lattice parameters of reported NaxMnO2 phases where 0.5<x<0.8. 

 

 

 

 

 

 

 

 

 

 

 

Crystal 

system 

Sodium 

content 

(x) 

a (Å) b (Å) c (Å) 

Vol. (Å3) 
Space 

group 
Ref. 

Hexagonal 0.272 2.8763(3) 2.8763(3) 11.2404(17)   80.53 P63/mmc 14 

Orthorhombic 0.39 9.1025(8) 26.340(2) 2.8300(2) 678.52 Pbam 45 

Orthorhombic 0.319 9.0966(8) 26.357(2) 2.8242(2) 677.13 Pbam 14 

Hexagonal 0.437 2.8749(2) 2.8749(2) 11.1400(5)   79.74 P63/mmc 14 

Hexagonal 0.7 

2.8911(4) 2.8911(4) 11.109(1)   80.41 

P63/mmc 14 
2.8882(3) 2.8882(3) 11.1987(17)    80.9 

2.88067(18) 2.88067(18) 11.1312(4)   80.00 

2.8727(5) 2.8727(5) 11.2499(8)   80.40 

Orthorhombic 0.7 
2.7937(2) 5.5896(3) 11.4116(1) 178.20 

Cmca 23 
2.7980(1) 5.4400(3) 11.4079(2) 173.64 

Hexagonal 0.67 2.86204 2.86204 11.20364   79.47 P63/mmc 46 

Hexagonal 0.66 2.869 2.869 11.248   80.18 P63/mmc 29 

Orthorhombic 0.66 2.873 5.08 11.265 164.41 Cmcm 29 

Orthorhombic 0.491 9.092 26.4754 2.8259 680.23 Pbam 47 

Hexagonal 0.478 2.8869(4) 2.8869(4) 11.1886(8)   80.76 P63/mmc 14 

Orthorhombic 1 2.859 6.338 4.785   86.71 Pmnm 48 

Monoclinic 

(β=113.1o) 
1 5.662 2.86 5.799   86.38 C2/m 49 

Orthorhombic 1 
2.8477(2) 5.5760(2) 4.4397(2)   70.50 

Pmnm 23 
2.8544(2) 5.7020(2) 4.3420(2)   70.67 

Monoclinic  

(β=112.9o) 
1 5.63(1) 2.860(4) 5.77(1)   85.58 C2/m 36 

Orthorhombic 1 4.77(1) 2.852(3) 6.31(2)   85.84 Pmmn 36 



 

Table S4: Lattice parameter of the observed phases at room temperature. 

Sample Crystal system 
Space 

group 
a (Å) b (Å) c (Å) Vol. (Å3) 

 NC Hexagonal  P63/mmc 2.8656(3) 2.8656(3) 11.1529(16) 79.312(16) 

 PC Hexagonal  P63/mmc 2.8895(2) 2.8895(2) 11.1017(10) 80.273(12) 

 FC Hexagonal  P63/mmc 2.8580(2) 2.8580(2) 11.1701(13) 79.015(15) 

 PD Hexagonal  P63/mmc 2.8934(4) 2.8934(4) 11.1198(19) 80.622(23) 

 FD_R Hexagonal  P63/mmc 2.9358(28) 2.9358(28) 10.9472(48) 81.71(10) 

 FD Orthorhombic Cmcm 2.8951(5) 5.4967(9) 10.7843(30) 171.61(8) 

 FD_R Orthorhombic Cmcm 2.9014(6) 5.4808(12) 10.8020(43) 171.78(10) 

 FD 
Monoclinic 

(β=111.74(4)o) 
C2/m 5.794(15) 2.8593(11) 5.745(13) 

88.409(49) 

 FD_R 
Monoclinic 

(β=111.83(6) o) 
C2/m 5.8205(27) 2.8657(20) 5.774(25) 

89.410(79) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Table S5: Statistical analysis determined 

from Rietveld-refinements. These are 

used for phase identification of the FD_R 

sample. 

Combination Rwp 

(%) 

OOH 10.599 

OHM 5.553 

HOO 6.609 

OHH 6.653 

OOM 7.055 

OMM 6.69 

HHM 8.355 

HMM 8.155 

OOO 8.474 

MMM 7.685 

HHH 10.309 
O-Orthorhombic, H-Hexagonal, M-Monoclinic 

 

 

Table S6: Statistical analysis 

determined from Rietveld-refinements. 

These are used for phase identification 

of the FD sample. 

Combination Rwp 

(%) 

HH 7.946 

OO 7.398 

OH 6.995 

OM 5.111 
O-Orthorhombic, H-Hexagonal, M-Monoclinic 



 

Figure S6. Evolution during electrochemical cycling, (a) charge-discharge curve showing points 

of extraction on the 2nd cycle (b) weight fraction as a function of the state of charge (c) – (h) 

Rietveld-refined fits of structural models to the XRD data ( = 0.68729(1) Å) at the points of 

extraction shown in (a).  

 



 

 

 

Figure S7. (a) – (f) Zoomed Rietveld refined fits of structural models to XRD data as a function 

of state of charge.  

 

 



       

Figure S8: Electrochemical evolution of lattice parameters in the hexagonal P63/mmc phase at 

room temperature. 

         

Figure S9: Electrochemical evolution of lattice parameters in the orthorhombic Cmcm phase at 
room temperature. 
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Figure S10: Electrochemical evolution of lattice parameters in the monoclinic C2/m phase at 
room temperature. 
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Table S7: Literature summary of in situ electrochemical studies on NaxMnyBzO2, where B is 
another transition metal and y+z = 1. 

Initial Composition Discharged/Charged X value/voltage Phases Ref. 

Orthorhombic NaxMnO2 

Charging 

0.2<x< 0.64 P’2-I 

6 

 

x< 0.3 OP4 

Discharging 

x< 0.3 OP4 

0.2<x< 0.6 P’2-I 

x> 0.64 P’2-II 

Hexagonal NaxMnO2 

Charging Throughout the progress P2 

Discharging 

Throughout the progress P2 

x>0.67 P’2-III 

Hexagonal NaxMnO2 

Charging 

x>0.55 P2+monoclinic (C2/c)1 

29 

0.46<x<0.55 P2+monoclinic (C2/c)2 

0.29<x<0.46 P2+monoclinic (C2/c)3 

0.23<x<0.29 P2 

Discharging 

0.23<0.60 P2 

0.60<x<0.74 P2+P’2 

0.74<x<0.96 P’2 

Hexagonal 

Na0.67Al0.1Mn0.9O2 

Charging x>0.32 P2 

Discharging 

0.32<x<0.78 P2 

0.78<x<0.98 P2+P’2 

Hexagonal Na0.67MnO2 

Charging 0.1C up to 4 V P2 

24 
Discharging 

0.1C 2.1-1.8 V P2’ 

0.1C 1.5 V P2+P2’ 

Na0.67MnO2 

1st charge 

0.6-0.36 Hydrated, P2 and C2/c 

39 

x<0.36 Hydrated, P2 

1st discharge x=0.99 P’2 

2nd charge 

x>0.67 P2, trace P’2 

0.42>x>0.32 P2, and C2/c 

2nd discharge 

0.42<x<0.93 P2 

x<0.93 P2, P’2 

NaxMnO2 

Discharging 

3 V, 15 mA.g−1 P2 (1-4, 4 phases) 

14 

2.5 V, 15 mA.g−1 P2 (1-4, 4 phases) 

Charging 

2.9 V, 15 mA.g−1 P1-P4 

3.3 V, 15 mA.g−1 P1-P5 

3.6 V, 15 mA.g−1 P1-P5 

 



 

Figure S 11. Thermal evolution of the monoclinic phases in sample FD from room temperature 

to 550°C. 

 

 

Figure S12. Lattice parameter and volume evolution of the NaF phase found between 200-

750°C. 
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Table S8: Statistical analysis determined 

from Rietveld-refinements. These are used 

for phase identification. The first phase 

transition either to hexagonal or 

orthorhombic NaxMnO2 in each sample 

during the thermal evolution. 

Sample 
Rwp (%) 

H to H H to O/O to O 

NC (300oC) 4.524 5.34 

FD (150oC) 4.913 4.076 

PC (350oC) 5.811 8.353 

FC (300oC) 5.287 5.465 

PD (300oC) 5.02 5.363 
O-Orthorhombic, H-Hexagonal 

 

 



 

Figure S13: Selected Rietveld-refined fits for the thermal evolution of Samples NC to PD. 
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