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Calculated binary phase diagrams of all compounds
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Notes on the calculated convex hulls and voltage profiles

Nagy 44,MnO,. In experiment, there are at least six intermediate phases identified for
Nag ,4MnO, during charge/discharge processes. ' In our calculations, we predicted eight inter-
mediate stable phases within the composition range of Nay, 5,MnO, ~ Na,, ;,MnO,. Similarly,
Kim et al.? reported six calculated intermediate stable phases within the same composition
range. Our calculated voltage profile is consistent with the experimental results. (Figure
3(a))

Na,;V,(PO,);. NASICON-type Na;V,(PO,); was reported to exhibit reversible phase
transition from NaV,(PO,); to Na;V,(PO,), during charge/discharge processes with a single
voltage plateau at 3.39 V vs Na/Nat.3 According to our calculated convex hull, no stable
intermediate phase is found between NaV,(PO,); and Na,V,(PO,);, which is also in line
with the computational results by Lim et al.*.

Na,FeP,0,. Ex situ XRD characterization indicates that Na,FeP,0O, undergoes succes-
sive biphasic transitions via various intermediate phases.® Four voltage plateaus located at
2.52,2.99, 3.08 and 3.24 V vs Na/Na™ have been observed in experiments. Our calculations
showed that four intermediate stable phases with respect to Na,FeP,0; and NakFeP,0, and
the calculated voltage profile shows five plateaus at 2.405, 2.694, 2.793, 2.910 and 3.247V vs
Na/Na™, which are close to the experimental results. The only difference is that the exper-
imental capacity drops rapidly when the voltage is lower than 2.99 V vs Na/Na®. Previous
calculations by Kim et al.® also suggested four intermediate stable phases but with slightly
different compositions.

NaFePO,. In our calculation, there is a stable phase at Na, ;FePO,, which is in line
with the previous experimental® and calculation results.” The calculated voltage profiles
show two plateaus at 3.0 V and 2.73 V vs Na/Na™®, which is close to the voltages reported
experimentally.®

Na,FePO,F. Li et al. have shown that Na,FePO,F exhibits two two-phase reactions

and form Na, ;FePO,F intermediate phase at low C rate (0.1 C ~ 1 C). In our calculations, we



predicted there is only one stable phase at Na, -FePO,F, which is in line with experimental?
and the computational results.!® The calculated voltage profile shows two plateau at 2.87
and 2.91 V vs Na/Na™, which is close to the experimental results of 2.91 and 3.06 V vs
Na/Na*.?



Calculated voltage profile of Na,MnO, in basic elec-

trolyte
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Figure S2: Calculated voltage profile of Na,MnO, (z = 0.22 — 0.66). The electrochemical
stability windows at pH = 13.5 are shaded orange. The experimental voltage profile is from
ref 2.



Calculated voltage profiles, Pourbaix diagram and AG,

of Na;MnTi(PO,); cathode

B B T B ]
+ |
© 1
< 3.0 !
© 1
- i
¥ 2.5 :
b
©2.01 |
2 —— Calc. (PBE+U) this work —\—i
% 1,54 — Calc. (HSE) this work .
> Calc. (SCAN) this work L:
--- Exp 1
1.0 T T T T T T *
0 20 40 60 80 100
Capacity(mAh/qg)
(a)
1. Na® + Mn®* 4 TiO,, (s) + PHy (aq)
+ 2+ . -
2. Na’ + Mn“" + T|O2 (s) + H2PO3
—4 8. Na* + Mn?* + TiO, (s) + HPO,®™
4. Na©t+ M2t s TiO, (s) + HPo42‘

+ 2+ ] -
5. Na' +Mn“" + T|O2 (s) + H2PO4

. Nat+ Mn,Oy (s) + TiO, () + HyPO, ™~

|
(6)

7. Na¥ + MnyOg4 () +TiO, (8) + HPo42‘

8. Na¥ + NaMngO, (5) + TiO,, (s) + HPO, 2~

|
N
E (V vs Na/Na*)

E (V vs SHE)

9. Nat + NaMngO,4 (s) + TiO, (s) + HyPO,~

1 10.Na" + NaMn; 504, (s) + TiO, (s) + H,PO, ™

+ ) 2—
1. Na' + MnO2 (s) + T|O2 (s) + HPO4
o

12. Nat + MnO,~ + TiO,, (s) + HPO,,




1.75
1.504 ® Na* + TiOa(s) + Mn?* + H,PO;
c ]
o 1.25 @ Na* + TiOs(s) + NaMngOs(s) + H,PO;
©
0 1.00+
S
o 0.75+ @ Na* + TiOy(s) + MnO; + H,PO;
5&0.50
0.254
(2)
0.004 @ @ @

2.00 2.25 250 2.75 3.00 3.25 350 3.75
Potential E (V vs Na/Na*)

()

Figure S3: (a) Voltage profile of Na,MnTiP;0,,. Electrochemical window (pH = 7) is
shaded with blue color. (b) Calculated Pourbaix diagram of Na;MnTiP,0,,. Regions con-
taining solid phases are shaded with green color. (¢) AGp, of Na,MnTiP;0,, as a function
of potential in neutral aqueous solution (pH = 7).



Pourbaix diagram of Na,FeP,0, and Na,Fe;P,0,; cath-

ode
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Calculated AG,;, as a function of pH of selected cathodes

at their average voltage
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Figure S5: Calculated AGp, vs pH of selected cathodes in (a) basic electrolytes (pH =
7 ~ 14) (b) acidic electrolytes (pH = 0 ~ 7). Triangle markers indicate the solid phases
in decomposition products with H,O, while square markers indicate non-solid phases in

decomposition products.
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Aqueous stability analysis of Na,MnPO,F
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Figure S6: Voltage profile of Na,MnPO,F. Electrochemical window at (a) pH =7 and (b)
pH = 0 is shaded with blue and pink color, respectively. The experimental voltage profile
is from ref 11 (b) Calculated Pourbaix diagram of Na,MnPO,F. Regions containing solid
phases are shaded with green color; (¢) AGp, of Na,MnPO,F as a function of potential in

acidic aqueous solution (pH = 0).
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Detailed calculations of the selected promising candi-

dates as cathodes in ASIBs
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Figure S7: (a) Voltage profile of Na,Fe,(PO,),. Electrochemical window (pH = 7) is shaded
with blue color. The experimental voltage profile is from ref 12 (b) Calculated Pourbaix
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(a) Migration path
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Figure S8: (a) Investigated Na vacancy diffusion paths in NajFe,(PO,);. Symmetrically
distinct Nal and Na2 are represented by green and yellow spheres, respectively. Purple tetra-
hedra and brown octahedra indicate PO, and FeOg. (b)(c) Calculated CI-NEB migration
barriers for selected percolating path.
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tetrahedra and brown octahedra indicate PO, and FeO,F,. (b)(c)(d) Calculated CI-NEB
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Figure S15: Voltage profile of Na,MnCO4;PO,. Electrochemical window at (a) pH =7 and
(b) pH = 0 is shaded with blue and pink color, respectively. The experimental voltage profile
is from ref 16. (b) Calculated Pourbaix diagram of Na;MnCO4PO,. Regions containing solid
phases are shaded with green color. AG, of Na,MnCO5;PO, as a function of potential (c)
in acidic aqueous solution (pH = 1)and (d)in basic aqueous solution (pH = 12).

24



400
2 300+
£
%200+
—
Q
c
w
100
O_
T T T
B
(a) Migration path (b A=B—C
500
800
__ 400+ _
> 2, 600+
£ 300+ S
P 2400
@ 200 @
& T
200
100-
0 07
T T T T
B D D
() B=D (d) D—E

Figure S16: (a) Investigated Na vacancy diffusion paths in Na;MnCO4PO,. Symmetrically
distinct Nal and Na2 are represented by green and yellow spheres, respectively. Purple
tetrahedra and violet octahedra indicate PO, and MnOg. (b)(c)(d) Calculated CI-NEB
migration barriers for selected percolating path.
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