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FIG. S1: The anodic voltage difference AV between Li and Na halides as a function of the anion
radius (pm).
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FIG. S2: Driving force for the decomposition of the solid-state NaSICON electrolytes NaZra(POy)s

(red), NaTiz(POy4)s (blue), NayZra(SiOy)s (green) with varying voltage vs. Na metal.

0.0 1

|
o
N

.

Decomposition energy (eV/atom)
S S
o IN

|
o
1e%)

.

NasZr>(SiO4)3 NaZr,(POy)s NaTi>(POy)3
.............................. o ° PY PS
Na,SiOs+ Zf0,+Na4P,07+Pe aTiPOs+Na,TiP,0g+P T—
2154219y aTisO10+TiP,+NayTiP,0g
NazSiO4+ P+Nas3PO4+ZrO,¢ ) )
Zr02+ZrSP a3P0O4+NaTisO19+TiP
NaszP11+NasPO4+ZrO.¢ aTi;04+TiP+Na3PO,4
ZrP2+Na3PO4+Zr02.
ZrP+Na3PO4+
Zr02. . :
iP+Na3PO4+NagTisO14
NasP+
ZrOy+ . .
N63PO4. iP+NasP0O4+Na,TiO3
a4TiO4+Na3PO4+TiP
a4TiO4+Na3PO4+Na3P
0 1 2 3 4 5

V vs. Na/Na ™




FIG. S3: Electrochemical stability windows calculated for selected Na and Li solid-state electrolyte
candidates.
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TABLE S1: Predicted reactions for the electrolytes of Figure 2 at their voltage stability limits (V wvs.
Na/Nat). Phase equilibria with Na metal and corresponding decomposition energies (AE, eV /atom)
are also reported. Columns SG and ICSD report the space group numbers of the calculated DFT
ground-state structures and collection codes of the originating ICSD records, respectively.

Reduction vs. Na metal

Cathodic reaction

Anodic reaction

5G| ICSD AE \% Products \% Products
NasPSes 217196132 | 1.77 NagP + NaoSe 1.57 NasPSes + NasSe 1.87 Se + NasPSes
Na4SiS4a 218 - 0.82 NaSi + NagS 1.02 NasS + Si 2.17 NagSizSs + S
NasPSy 114 | 72860 | 1.68 NagS + NagP 1.39 NagS + P 2.45 P2Ss + S
NamSnPgslgb 21 - 1.51 NazS + NazP + 1.37 | NagS + NagSnS4 + P | 2.23 SnSo + NagPS4 + S
NajsSny
NaszSbS,y 114 | 431205 | 1.92 NaszSb 4+ NaoS 1.83 NaSbSs + NaoS 1.90 NaSbSs + NaSg
NaPOs3 62 | 18139 | 0.64 NazPOy4 + NagP 2.02 NasP30109 + P 4.86 P205 + Og2
NaNb03 161 9645 0.30 NaNbOsy + NangO4 1.20 NaNbOs + NangO4 3.48 Nb205 + O9
Na2SO4 63 | 31687 | 1.35 Na2O + NasS 1.05 NagS209 + NasS 3.33 SO3 + O2
NasCOs 12 | 281362 | 0.34 C + Na20 0.35 Na20 + C 3.18 CO2 + O2
NaszSbO4 13 | 10320 | 0.77 NagO + NaszSb 0.77 | NasSbOs + NaszSbO3 | 2.91 NaSbOs + Os
NasNbO4 12 6116 - - - - 3.00 NaNbOg + Os
Na3zPOy 114 | 97205 - - - - 3.39 NaysP207 + O
Na3zBOs 14 1351 - - - - 2.68 NaysB205 + NaO2
NaySiOy 2 15500 - - - - 2.78 NazSiO3 + O2
NaTis (PO4)3 167 | 203039 | 0.86 | NasTiO4 + NagPOy4 + | 1.88 NaTiPOs + 4.85 | TiP207 + TiO2 + Og
NasgP NaysTiP2Og + P
NaZTQ(PO4)3 167 | 9546 | 0.54 NagZrOs + NagP + 1.58 | NagP2O7 + ZrOg 4+ P | 4.68 | ZraP20Og + ZrP2O7 +
Na3P04 02
Na3Zr2(SiO4)2PO4 15 473 0.35 NaySiO4 + ZrOg + 1.11 | NazPOy4 + NaszPi; + | 3.64 7rSiOy4 + SiOs +
NasP ZrOg + NagSiO3 NaZro (PO4)3 + O2
Na4Zr2(SiO4)3 167 | 15545 | 0.15 |NagSiO4 + ZrOg2 + ZrSi| 0.69 |Na2SiOs + ZrSi + ZrO2z| 3.38 | NagZrSigO11 + ZrSiOy4
+ O2
NaAl;1047 194 | 34905 | 0.06 Al + NaAlOg 0.14 NaAlO2 + Al 3.79 Al203 + O2
NaAlO2 33 | 79404 - - - - 3.11 Al203 + O2
Na7Al3Og 2 26405 - - - - 2.05 Na2O2 + NaAlOo
Nai7Al;016 8 |201541 - - - - 2.07 NasO2 + NaAlO2
Na5AIO4 61 | 26406 - - - - 1.75 | NagO2 + NajsAl4O;13
NaszOBr 62 | 78891 - - - - 1.79 Na2O2 + NaBr
Na4Ol; 139| 67112 - - - - 1.66 NalO3 + Nal
NaAlCly 19 | 8117 | 1.06 NaCl + Al 1.78 Al + NaCl 4.42 Cla + AICl3
NasAl3F14 128 | 26419 | 0.30 NaF + Al 0.97 Al + NagAlFg 6.20 Fo + AlF3
NaszAlFg 14 | 4029 | 0.20 NaF + Al 0.46 Al + NaF 6.19 Fa + NasAl3Fq4
NasBi2Hio 14 | 164649 - - - - 3.46 BoHi1 + B
NaBH4 137| 167235 | 0.03 Na(BH)s + NaH 0.08 Na(BH)s + NaH 1.92 Na(BH)g + H2

@ Unknown crystal structure, computed structure generated via data-mined substitution as in [Inorg. Chem. 50, 2011, 656].
b Structure from Ref. [Nature Commun. 7, 2016, 11009).

TABLE S2: Reaction energies (eV/atom) between electrolytes and fully discharged cathodes

NaCrOs NaMnOs NaFeO» NaCoOq NaNiOo NagVaP50gF3|NagVaP2Oq10F
NaszPSey -0.121 -0.229 -0.251 -0.353 -0.440 -0.089 -0.089
NaySiS, -0.087 -0.130 -0.230 -0.294 -0.372 -0.100 -0.100
NazPS4 -0.093 -0.140 -0.255 -0.342 -0.427 -0.055 -0.055
Naj1oSnP3S12 -0.072 -0.115 -0.199 -0.276 -0.359 -0.051 -0.051
NasSbSy -0.004 -0.050 -0.077 -0.151 -0.274 -0.054 -0.054
NaPOs -0.062 -0.077 -0.095 -0.081 -0.091 -0.000 -0.000
NaNbOs -0.000 -0.000 -0.007 -0.009 -0.008 -0.009 -0.009
NazSOy -0.000 -0.000 -0.000 -0.000 -0.000 -0.033 -0.033
NazCOs -0.000 -0.000 -0.000 -0.000 -0.000 -0.047 -0.047
Na3SbO4 -0.000 -0.000 -0.000 -0.000 -0.000 -0.089 -0.089
NasgNbOy4 0.000 -0.000 -0.000 -0.000 -0.000 -0.065 -0.065
NasPOy4 -0.000 -0.000 -0.000 -0.000 -0.000 -0.013 -0.013
NazBOs -0.000 -0.000 -0.000 -0.000 -0.000 -0.116 -0.116
NaysSiO4 -0.000 -0.000 -0.000 -0.000 -0.000 -0.092 -0.092
NaTiQ(PO4)3 -0.061 -0.075 -0.094 -0.082 -0.088 -0.000 -0.000




TABLE S2: Reaction energies (eV/atom) between electrolytes and fully discharged cathodes

NaCrOs NaMnOo NaFeOo NaCoO2 NaNiOo NagVaP50gF3|NagVaP2OoF
NaZrz(PO4)s -0.037 -0.056 -0.077 -0.065 -0.065 -0.000 -0.000
NagZrsSiaPO12 -0.006 -0.022 -0.033 -0.030 -0.029 -0.008 -0.008
NayZr2(SiO4)s -0.004 -0.014 -0.021 -0.020 -0.019 -0.019 -0.019
NaAl11017 -0.000 -0.009 -0.023 -0.021 -0.019 -0.016 -0.016
NaAlO» -0.000 -0.000 -0.000 -0.000 -0.000 -0.049 -0.049
Na7Al3Og -0.000 -0.000 -0.000 -0.013 -0.000 -0.156 -0.156
Nai7Al5016 -0.000 -0.000 -0.003 -0.022 -0.000 -0.200 -0.200
Naj14Al4O13 -0.000 -0.000 -0.003 -0.023 -0.000 -0.203 -0.203
NasAlO4 -0.000 -0.001 -0.014 -0.035 -0.007 -0.236 -0.236
Na3zOBr -0.000 -0.000 -0.024 -0.046 -0.010 -0.248 -0.248
Na4Ol; -0.000 -0.000 -0.012 -0.032 -0.001 -0.200 -0.200
NaAlCly -0.243 -0.283 -0.284 -0.283 -0.337 -0.114 -0.114
NasAlzF14 -0.044 -0.058 -0.078 -0.067 -0.069 -0.009 -0.009
NaszAlFg -0.020 -0.037 -0.053 -0.046 -0.047 -0.000 -0.000
NasB12Hio -0.101 -0.238 -0.365 -0.535 -0.674 -0.208 -0.208
NaBH4 -0.000 -0.129 -0.237 -0.389 -0.513 -0.118 -0.118

TABLE S3: Predicted reaction energies (eV/atom) between electrolytes and half charged cathodes

Nag.5CrOs9 Nag.5MnOg Nag.5FeO2 Nag.5CoO2 Nag.5NiOs [Naj 5VaP2OgFs|Naj 5VoP201oF
NasPSey -0.182 -0.286 -0.367 -0.424 -0.547 -0.111 -0.198
NaySiSy -0.138 -0.189 -0.307 -0.373 -0.525 -0.140 -0.181
NaszPSy -0.144 -0.203 -0.353 -0.433 -0.584 -0.084 -0.156
Nai1oSnP2S12 -0.120 -0.181 -0.272 -0.360 -0.519 -0.089 -0.153
NazSbSy -0.109 -0.137 -0.183 -0.252 -0.471 -0.102 -0.143
NaPOs3 -0.025 -0.038 -0.070 -0.009 -0.072 -0.018 -0.001
NaNbO3 -0.000 -0.000 -0.004 -0.000 -0.000 -0.058 -0.066
Na2SO0y4 -0.000 -0.000 -0.000 -0.000 -0.000 -0.087 -0.087
NazCOs -0.002 -0.000 -0.000 -0.000 -0.000 -0.114 -0.116
NazSbOy4 -0.031 -0.008 -0.004 -0.000 -0.002 -0.138 -0.138
NagNbO4 -0.022 -0.004 -0.000 -0.000 -0.001 -0.123 -0.126
NazPOy -0.000 -0.000 -0.000 -0.000 -0.000 -0.054 -0.054
NaszBOs -0.053 -0.024 -0.022 -0.001 -0.013 -0.179 -0.183
NaySiOy -0.043 -0.017 -0.015 -0.000 -0.007 -0.148 -0.151
NaTiz(PO4)3 -0.019 -0.029 -0.067 -0.004 -0.061 -0.000 -0.000
NaZrz(POu4)s -0.011 -0.018 -0.052 -0.000 -0.037 -0.005 -0.001
NagZraSioPO12 -0.002 -0.005 -0.025 -0.000 -0.007 -0.052 -0.060
NayZr2(SiO4)s -0.002 -0.004 -0.017 -0.000 -0.006 -0.074 -0.082
NaAl;1017 -0.003 -0.002 -0.016 -0.000 -0.004 -0.070 -0.077
NaAlOo -0.009 -0.000 -0.000 -0.000 -0.000 -0.120 -0.120
Na7Al5Og -0.087 -0.069 -0.065 -0.047 -0.051 -0.225 -0.231
Nai17Al5016 -0.104 -0.087 -0.083 -0.066 -0.065 -0.277 -0.284
Nai14Al14013 -0.105 -0.088 -0.084 -0.067 -0.066 -0.280 -0.287
NazAlO4 -0.119 -0.104 -0.100 -0.087 -0.080 -0.328 -0.334
Na3zOBr -0.126 -0.113 -0.109 -0.099 -0.099 -0.340 -0.346
Na, Ol -0.108 -0.093 -0.123 -0.075 -0.135 -0.267 -0.272
NaAlCly -0.179 -0.207 -0.224 -0.217 -0.308 -0.121 -0.119
NasAlsF14 -0.022 -0.026 -0.053 -0.010 -0.037 -0.000 -0.003
NagzAlFg -0.006 -0.010 -0.038 -0.000 -0.016 -0.001 -0.000
NazBi2Hq2 -0.217 -0.409 -0.570 -0.696 -0.885 -0.260 -0.334
NaBH4 -0.193 -0.317 -0.415 -0.525 -0.688 -0.185 -0.251




TABLE S4: Predicted interface reaction products between electrolytes and fully discharged cathodes

NaCrO» NaMnO» NaFeO2 NaCoOq NaNiOg Na3VaP20gF3 |NazVaP2Oq1oF
NazPSeq NazPOy4 + NazPOy + NazPOy + NazPOy + NazPOy + NasPSes + NasP3010 +
NaCrSes MnSes + FeSes + NagSe |CozSes + NigSeq + NasP3010 + VSes +
NagMnaSez + |+ FeSe NagSe + NaSe |[NagSe + NaSe |NaF + VSes + |[NagP207 +
NagMnSes NaygP2O7 + NaF +
VaSeg NazV2oP2OgF3
+ VaSeg
Na4SiS4 NaCrSs + MnsSiOy4 + NagSiOg =+ NagSiOg =+ NagSiOg + NagP(SO)Q =+ NagPSOg +
NaoSiO3 + NaoS + NasFeS4 + NaoS + CogSsg |NasS + NigSo |[NaF + SiOs + |NagVSy +
NasS NagMnS4 —+ Na3(FeSQ)2 + + NaoSOy4 + + NaoSOy4 + NagPSOg =+ SiOs + NaF +
SO2 + MnO FeSo NaySiO4 NaySiOy4 V3Ss + VsS4 +
NagVSy + Na2SioO5 +
NayP207 NaV(SiO3z)2
NasPS4 NagPSOs3 + NagMnS, + NagPOy4 + NagPOy4 + NagPOy4 + NagPS4 + NagVa(POy4)s
NaCrSs + NaMnPOg4 + Na3(FeSQ)2 -+ CoS2 + NasS NigSo + NagVaoPoOgF3 |+ NasP2O7 +
NagPO4 MnO + SOs + |FeSo + CogSs NaoSO4 + NaF + VS +
NaSso NagS + NigSg VS4 + NaszVSy
NaloSnP2Sm NaCrSs + NagMnS, + NazPOy4 + NazPOy + NazPOy + NazPS30 + NasVsy (PO4)3
NagPOy4 + NaMnPOg4 + Nag(FeS2)2 + [CogSs + NizSo + NaygSn3zSg + + NagP2O7 +
NaysSnS4 + NaygSnS4 + NaygSnS4 + NaygSnS4 + NasSO4 + NaF + V3S4 + |NagVSy + NaF
Na3zPSOs MnO + SOz + |FeSg + NagSO4 + NagS + NagSnSy + + SnS2 + VSy
NaoS NasPSOs3 NaoS + Na2SnO3 + NasVSy + + VS
Na2SnO3 NagSnSy Nay4P207
NaszSbS4 NaSbSs + NaoS + MnO NaSbSs + NagSbOy4 + NaoSO4 + NaSbSs + NaSbSs +
NaoS + + NaSbSs + Na5FeS4 —+ COQSg + NaoS + Nissbg NagVS4 —+ NagVS4 +
NaCrSs + SO2 |NagSOy NasSO4 + NaSO4 + + Ni + NizSq NayP20O7 + NazPOy +
+ NaCrOy Na3(FeSQ)2 + [NasS + NaF + SOz + |NaygP2O7 +
FeSo NaSbSa S + NagPSO3 |[SOs + NaF +
NaszV2(POu4)s
NaPOg Na4P207 -+ Na3PO4 -+ Na3P04 <4 Na3P04 -+ NaNiPO4 + NaPO3 + NaPO3 +
Cro03 + NaMnPOy + FeoO3 + Co304 + NazPOy4 + O2 |NagVaP20OgF3 |NagVaP2O1gF
NagPOy4 NaMn3Og NagFe(PO4)2 Na(CoO2)2 + |+ NiO
NayP20O7
NaNbO3 NaNbOgs + NaNbOg3 + NagNbO4 + NagNbO4 + Nas (Ni02)9 + Nang(PO4)3 NagVs (P04)3
NaCrO» NaMnO» Feo O3 + Naz(CoOz2)3 + |NagNbO4 + + Nb2Os + + NaVOs3 +
NaNbOsg Co304 + NiO + NaNbOj|NaF + V203 +|NboOs5 +
NaNbOg NaNbOg NaysP2O7 +
NaF +
NaNbsPOg
NasSO4 NaCrOs + NaMnO», + NaFeO, + NasSO4 + NasSO4 + NasP>O7 + NasP>O7 +
NagSO4 NaSO4 Na2SO4 NaCoOqg NaNiOg NaVO3 + NaF |NaVOj3 + SOs
+ SOz + SO3 |+ SO2 + NaF
+ NazPOy + NazPOgy
NaxCOs3 NaCrOs + NaMnOs + NaoCOg3 + NaoCO3 + NaoCO3 + NaszPOy4 + NagPOy4 +
NasCOs3 NasCOsg NaFeOo NaCoOs NaNiOg COs + NazVO4 +
NaszVOy4 + CO2 + NaF +
NaF + C + Nas V307 + C
NagV3Or
NazSbOq4 Na3SbO4 + NaMnO»2 + NaFeO2 + NaCoO2 + Na3SbO4 + NaSbO3z + NaSbO3z +
NaCrO2 NaszSbO4 NaszSbO4 NaszSbO4 NaNiOg NasVO4 + NasPOy4 +
Na3PO4 + NaF|NazVO4 +
+ NagSbsO7 + [NaF + Sb20O3
NazSbOy4 + NagSbyO7
NasNbO4 NagNbO4 + NagNbO4 + NaCoOg + NagNbO4 + NaNbOs3 + NaNbO3 +
NaMnOs NaFeOo NagNbOy NaNiOg NagPOy + NazPOy +
NaVOsz + NaF |NagVO4 +
NaVOs + NaF
NazPOy4 NazPOy4 + NaMnOs + NazPOy + NaCoOs + NazPOy + NazV2(POy4)s |NasP2O7 +
NaCrOs NazPOgy NaFeOo NazPOgy NaNiOg + NaF + NagVa (PO4)3
Na3P04 —+ NaVOg =+
NaF
Na3BOs3 NaCrOs + NaMnOs + NaFeOs + NaCoOs + Na3BOg3 + NagPOy4 + NagPOy4 +
Na3zBOs3 Na3zBOs3 Na3zBOs3 Na3zBOs3 NaNiOg NaBOs2 + NaBO2 +
NaVOsz + NaF |NagVO4 +
+ NayB2Os5 NaVOs + NaF

+ NaygB2Os




TABLE S4: Predicted interface reaction products between electrolytes and fully discharged cathodes

NaCrO» NaMnO» NaFeO2 NaCoOq NaNiOg Na3VaP20gF3 |NazVaP2Oq1oF
NaySiOy4 NaCrOs + NaMnOs + NaFeOs + NaygSiOy4 + NaygSiOy4 + NasSiO3z + NasSiO3z +
NaygSiOy4 NaygSiOy4 NaygSiOy4 NaCoOs NaNiOsg Na3P04 + Na3P04 +
NaVOs + NaF |NazVOy4 +
+ V203 NaVOsz + NaF
+ V203
NaTis (PO4)3 NaysTiP2Og + |NagTiP2Og + |NaygTiP2Og + |NaygTiP2Og + |NaNiPOy + NaTi2(PO4)3 NaTig(PO4)3
Cra03 + TiO2 |MnsOg4 + Fea O3 + Co304 + NayTiP2Og + |+ +
+ Na2TigO13 NaMn3zOg + NaygTisOq12 + Na(CoO2)2 + TiNiOg + Og Na3gVaP20gF3 [NagVaoP2O1oF
TiOy + NaQTiﬁolg NaQTiﬁols + + Ti4(Ni5Og)3
NasTigO13 NaysTi5O12
NaZrs (PO4)3 NazPO4 + NazPOy + NazPOy + NazPOy + NazPOy4 + NiO|NazVaP2OgF3 |NagVaP2O1gF
Cr203 + ZrO2 |Mn3O4 + FeoO3 + ZrO2 |Coz04 + + ZrOs + O9 =+ +
NaMn3zOg + Na(COOQ)Q + NaZFQ(PO4)3 NaZI'Q(PO4)3
7ZrOs + 7ZrOs +
NaMnPOy Naz(CoO2)3
NagZr2SiaPO12 [NagSiOsz + NasSiO3 + NasSiO3 + NazSiO3 + NazSiO3 + Na3zVa(POy4)s |[ZrSiO4 +
Cro03 + Mn3O4 + FeoO3 + NaQ(COOQ)g -+ Na(Ni02)3 + + ZrSiOy4 + NaysP20O7 +
NagPOy4 + NagPOy4 + NagPOy4 + NagPOy4 + NagPOy4 + NaF + NagPOg4|NagVa(POy)s
7109 + ZrSiO4 |ZrOs + 7ZrOs + 00304 + ZrOs |ZrO5 + NiO + NaVOg =+
NaoMn3O7 + |NaFeOgq + Na(CoO2)2 NaF +
NaMnsOy NaZr2(PO4)3
+ SiO2
Na4Zr2(SiO4)3 NaoSiO3 + NaoSiO3 + NaoSiO3 + NaoSiO3 + NasSiO3 + NagV2(POy4)s |NagVa(POy)s
ZrOs + Cra03 |ZrOs + Mn3Oy4 |ZrOs + FeoO3 |ZrOs + Nag (NiOQ)g + |+ ZrSiO4 + + ZrSiOy4 +
+ NaCrO2 + NaMn2Oy4 + |+ NaFeOqo NaQ(COOQ)g + |ZrOs + NiO + |NaF + NaysP2O7 +
NasMn3O7 Co304 + Na(NiOz)g NaV(SiOg)Q + [NaVOgs +
Na(CoO2)2 V203 NaV(SiO3z)2 +
NaF 4 NazPOg4
NaA111017 NaCrOo + NaAlOo + NaAlOo + NaAlOo + NaAlOs + Al,O3 + Al,O3 +
Al2O3 + Mn3O4 + FeoO3 + NaQ(COOQ)g + Na5(N102)9 + Na5A1P2(O4F)2 Nang(PO4)3
NaAlOg NaMnsOy + NaFeOo Co304 + NiO + AlxNiOy4 |+ V203 + + NaVOs +
NasMn3O7 Al(CoO2)2 NagAlFg + NasAlP2(O4F)2
NagV2(PO4)s |+ NazAlFg +
NagV14035
NaAlO- NaCrO2 + NaMnOg + NaFeOqo + NaCoOs + NaNiOg + Na5A1P2(O4F)2 Al2O3 +
NaAlO2 NaAlO2 NaAlO2 NaAlO2 NaAlO2 + AlO3 + NasAlP2(O4F)2
V203 + NaF + Na3VOy4 +
NasPO4 +
V203
Na7A1308 NarzAl3Og + NaMnOg + Na7Al3Og + NazCoOs + Na7Al3Og + NaAlOg + NaAlO2 +
NaCrOs Na7Al3Og NaFeOo NaAlOy + NaNiOg NazPOy + NazPO4 +
NaCoOs NaVOs + NaF |NagVO4 +
+ AlxO3 NaVOsz + NaF
+ AlxO3
Na17A15016 NaCrO2 + NaMnOg + Na7Al3Og + Na3zCoOs + NajgAl4O13 + [NagPO4 + NazPO4 +
Naij4Al4O013 + |NajgAl4O13 + |NagFeOs + NaAlOy + Na7Al30g + NaAlOsy + NaAlOs +
Na7Al3Osg Na7Al3O0sg NasFeOy NaCoOs NaNiO2 NaVOz + NaF |NasVO4 +
+ AlxO3 NaVOsz + NaF
+ AlxO3
Na14Al4013 NaCrO2 + NaMnOg + Na7Al3Og + NazCoOs + NaNiOg + NazPOy + NazPO4 +
Naj4Al4O013 Naj4Al4O013 NasFeO4 + NaAlOg + Naj4Al4O13 NaAlOg + NaAlO2 +
NaszFeOgs Na7Al30g NaVOz + NaF |NasVOg4 +
+ V3P + NaVOsz + NaF
NaszVOqy + V3P
Na5AlO4 NaCrO2 + NasMno2Os + NasFeO4 + NazCoOs + Naj4Al4O13 + [NagPOy4 + NazPO4 +
NasAlO4 Naj4Al4O13 + |NaryAl3Og + NaAlOo + NasNiOy + NaAlOg + NazVOy +
NaMnO2 Naj4Al4O013 Na7Al30g NasAlOy4 NaVOsz + NaF |NaAlO2 +
+ NagVOg4 + NaVOs + NaF
VsP + V3P
Na3zOBr NaCrO2 + NazBrO + NasFeO4 + Na3zCoOs + NasNiOy4 + NazPOy + NazPO4 +
NazBrO NaMnOs NaBr + NaBr + NaBr + NaBr + NaVOz |NagVOy4 +
NaszFeOgs NaCoOs NaNiO2 + NaF + NaBr + NaVOs
NazVOy4 + + NaF + V3P

V3P




TABLE S4: Predicted interface reaction products between electrolytes and fully discharged cathodes

NaCrO» NaMnO» NaFeO2 NaCoOq NaNiOg Na3VaP20gF3 |NazVaP2Oq1oF
NayOls NaCrOs + NaMnO> + NasFeO4 + Nal|NazCoO3z + NasNiOy4 + Nal + Na3POy4 |NagPOg4 + Nal
NayIoO NayIsO + NagFeOs Nal + NaCoOs |Nal + NaNiOs |+ NaVOs + + NagVOy4 +
NaF + NazgVOy4|NaVOg + NaF
+ V3P + V3P
NaAlCly NaCl 4+ Cr203 |NagMnClg + NaCl + FeaO3 |NagCoCly + NaCl + NiClz |NaCl + AIPO4 |AIPO4 + NaCl
+ AlsO3 + Al2O3 + + AlsO3 + Al2O3 + ClO2 |+ AlO3 + + VCl3 + AlF3 |+ VCI20 +
CrCl10 MngClzO19 + |NaFeCly + NaCl + ClO2 + AlF3 + VCl130
MnO2 + NaCl Co304 Al2NiOy + AlO3 +
VCls
Na5A13F14 NasgAlFg + NaF + Mn3O4 |NaF + FesOg3 NaF + NaF + NiO + |NagV2aP2OgF3 [NaVPOs +
Cr203 + + NaMn3Og + |+ AlsO3 + Na(CoOz2)2 + |AlaNiOg4 + Oz |+ NasAlzFi4 NaszAlFg +
Al303 + NaF Al2O3 + NagzAlFg Co304 + + NagAlFg NasAl3F 14
NazAlFg Al2O3 +
NaszAlFg
NagAlFa NaF + Cr203 NaF + Mn3O4 |NaF + FesOg3 NaF + NaF + NagAlFg + NasgAlFg +
+ AlsO3 + + AlsO3 + + AlsO3 + Na(CoO2)2 + |Na(NiO2)s + Na3zVaP20gF3 |NazgVaP2O1gF
NaCrOo NaMn3Og + NaAlOqg Co304 + AlbNiO4 + NiO
NasMn3O7 Al2O3
NagsBi2Hio NaBHy4 + NaBOs + NaBOs + NaBOs + NaBOs + NagBgO13 + NazB7012 +
NaBOs + CrsB|NaBH4 + Mn NaH3O2 + Fe |NaH3O2 + Co [NaH302 + Ni |NaF + Ho + NagH1609 +
+ Na3B7012 + [+ MnO + + NayB20Os + |+ NayB2Os + |+ NayB2Os + |VP + NaHFo VP + NaBHy4
CrsB3 Mng(BOg)Q NaBHy4 CoO NiO + H3OF + NaF +
NaBOa
NaBH4 NaCrOs + NaHO + MnO |NaH3O02 + NaH302 + NaH3O02 + NagH1609 + NasPH50¢ +
NaBHy4 + Na3BOs3 + NayB2Os + Fe |NayB2Os + Co [NagB2Os + Ni |NaF + Na3B7012 +
Mn + NaHO + NaHO + NaHO Na3B7012 + NaVOs + NaF
VP + NaBOs2 |+ VP + VBOs
+ NazH1609
TABLE S5: Predicted interface reaction products between electrolytes and half charged cathodes
Nag.5CrO2 Nag.5MnO2 Nag.5FeO2 Nag.5CoO2 Nag.5NiO2 Naj.5VaP20gF3Naj.5VoP2O1oF
NagPSe4 NaCrSes + NaszPOy4 + NaszPOy4 + NaszPOy + NaszPOy + NaVP20O7 + NasgVs (PO4)3
NaysP20O7 + MnSes + FeSes 4+ NagSe |CosSes + NaSe |NigSeq + NaSe |NaF + VSes + |+ NaVP2O7 +
NasPOy4 + Se |NagMnaSes + |+ FeSe + FeO |+ NaSeo + + NaSes + NaPFg + VaSeg + NaF
+ Cr203 NagMnSey + NaoSeO3 NaoSeO3 VaSeg + PSe + Se + VF3
MnO
NaygSiSy NaCrSs + MnO + NagzS NagSiO3 + NagSiO3 + NaSO4 + NazPS30 + NazVa (PO4)3
NasSiO3 + + NaoSiO3 + NasFeSy + CogSs + NaygSiOy4 + NayP2O7 + + NasVSy +
NasS + SO2 + [SOs FeSo + NasSO4 + NigSo + NaF + VS + |NaygP2O7 +
NaCrOs Nag(FeS2)2 + |[NaoS + NaoSiO3 + Ni  |SiOo + SiOo + VSy4 +
NasSOy4 NaygSiOy4 Na3zVa (PO4)3 NaF + SOs
+ V354
NazPSy NazPOy4 + MnO + NagS NazPOy + NazPOy + NazPOy + NaVP20O7 + NaszV2(POu4)s
NaCrSs + + NaMnPOg4 + |FeSoy + COgSg + NasSO4 + NaF 4+ VSy + + NaVPQO7 +
Cra203 4+ SO2  [SO2 + NagPOy4 |Nag(FeSz2)2 + |NaxSO4 + NizSo + SOs + |[NaPFg + VS4 | VS4 + NaF +
+ NagP20O7 NasSO4 + NasS + CoSsy NiO + NagPSy SOs + VSo
FezO4
Nai10SnP2S12 NaCrOs + MnO + NazPOy + CogSs + NaoSO4 + NaVP2O7 + NaszV2(POu4)s
Cr203 + SO2 NasSO4 + NaygSnSy4 + NazPOy + NigSo + NaF 4+ VSy + |+ NaF + VSy
+ NagPO4 + NagPOy4 + FeSo + NaoSO4 + NagPOy4 + NaPFg + VS4 |+ SO2 + SnSo
NaygSnSy4 + NaygSnS4 + Na3(FeSQ)2 -+ Naz2SnO3 + Na2SnO3 + Ni |+ SnSso + + NaoSnFg +
NaCrSa NagS + SOq NagSnO3 + NagS + + NiO NagSnFg VSo
Na2SOy4 NagSnSy
Na38b84 NaCrOo + MnO + NaFeOso + NazSbOy4 + Na2SO4 + NiO Nang(PO4)3 NasgVs (PO4)3
Cro03 + SO2  |NagSO4 + Fe3O4 + CogSsg + + Ni + NisSbs |+ NaSbSs + + SO2 + NaF
+ NaSbSs + NaMnOs + NasSO4 + NasSO4 + —+ NangO4 NaF + VS4 + + Sngg —+
NaSbOs3 Na3zSbOy4 + NaSbOs + NaaS + Co NaVP207 + V203 + VS2 +
NaoS NaSbSs SOs + NaSbSs

NasP3010
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TABLE S5: Predicted interface reaction products between electrolytes and half charged cathodes

Nag.5CrO2 Nag.5 MnO2 Nag.5FeO2 Nag.5Co0O2 Nag.5NiOg Naj.5VaP2OgF3 Naj.5VaP2O1oF
NaPOs3 NaysP20O7 + NaysP207 + NagFe(PO4)2 Na(CoO2)3 + |[NaNiPO4 + NaVPOs5 + VPOs5 +
CrOs2 + Cr203 |[MnO2 + + FeaO3 + O2 [NasP3O0i19 + NaysP207 + Oz |[NaVP2O7 + NasVPOg +
+ NaCrP2O7 NaMnPOy + + NaCoPO4 + + NagPOy4 NaPFg + NaVPOs5 +
NaMn3Og Na3F62(PO4)3 NaysP207 NaPOg NaPFg +
NaPOs
NaNbO3 NaNbOgs + NaNbOgs + FeoO3 + NaNbOs + Nas(NiO2)g + |NazV2(POs)s |NbPOs +
Cr203 + NaMnsOy NazNbOy4 + O2 Na(COOQ)Q Na(Ni02)3 + + NaNb(OF)Q NaVOs3 +
NazCrO4 + + NaNbOs3 NaNbO3 + NaVPOs + |NaVPOs5 +
NaCrOsy Nb205 —+ NaF +
NaVO3 + NaNboPOg
NagV14035
NaQSO4 Cro03 + NaMns Oy + NaFeOo + NaSO4 + Nag (NiOQ)g + Nang(PO4)3 NasP2O7 +
NaoCrOy4 + NaoSOy4 Fe3O3 4+ O2 + |Na(CoO2)2 Na(NiO2)3 + + SO3 + NaF |SO3 + NaVOg
NaCrO2 + Na2SOy4 Na2SOy4 + NaVOs + +
NaoSOy4 NaygP2O7 + NagVs (PO4)3
Naa VPOg + NaF + SOs
Na2C03 NaCrOs + NasCOg3 + NaxCOg3 + Na(COOQ)Q -+ NaxCO3 + Nang(PO4)3 NaysP2O7 +
NaoCrOy4 + NaMnsOyg NaFeOo + NaoCOg3 Nas (Ni02)9 + |+ CO2 + NaF |NaVOj3 + COq
CO2 + Cr203 FEQO3 + O9 Na(NiOg)g =+ NaVOg —+ +
NaygP2O7 + NasgVs (PO4)3
Naa VPOg + NaF +
NazPOg4
NazSbOy4 NaCrO2 + NasMn3O7 + |NaFeOqo + Na(CoO2)2 + |Nas(NiO2)g + [NagP207 + NaysP20O7 +
NaSbO3 —+ NaMnOs + Nasb03 + Oo NangO4 NaSbO3 + Oy NaVOg =+ NaSbOg —+
NasCrOy4 + NaSbOs + + Fea O3 + Na3zSbOy NaSbOgs + NaF |NaVO3 + NaF
Cr20s3 NazMnyOg + Sb203 + + Sb2O3
NaSb3(PO5)2
NasNbO4 NaCrOs + NagMnysOg + NagNbOg4 + NagNbO4 + Nas(NiOg)g + NagVQ(PO4)3 NayP2O7 +
NaNbOg =+ NaQMn307 + NaFeOs + Na(COOQ)Q NaNbOg + O35 |+ NaF + NaVOg +
NasCrOy4 + NaNbOs + FeoO3 + Og + NasNbOg4 NboOs5 + Nb2Os +
Cr20s3 NasMn3Og NaVO3 + NagVs (PO4)3
NayP20O7 + + NaF +
NaNbOs3 NaNbsPOg
Na3P04 NazPOy4 + NazPOy + NazPOy + NazPOy + NazPOy + NaVPOs5 + NasVPOg +
Cro03 + NaMnsOy NaFeOqo + Na(COOQ)Q Nas (NiOQ)g + |NaF + NaPOs +
NaoCrOy4 + FeoO3 + Oo Na(NiO2)3 NaVP20O7 + NaVPOs5 +
NaCrO2 NaPOs3 + NaF +
NasP3010 NasP3010
Na3BOs3 NaCrOs + NasMnO3 + NaFeOs + Nag(CoOz2)3 + |NaNiOs + NazPOy4 + Na3POy +
NaBO2o + NaBO2o + NaBO2o + NayB2Os5 + NaygB2Os 4+ O2 |[NazB7012 + NazB7012 +
NagCrO4 NaMnO» NagFeOy4 NaOz + NaF + VBO3 [NazVO4 + NaF
NaszBOsgs + NazVOy4 + + NagV307 +
Nax V307 NaVOs3
Na4SiOy4 NaCrOs + NaMnO», + NaFeO, + Na(CoO3)2 + |NaNiOz + NaV(SiOs)2 + [NasP207 +
NasSiO3 + NasMn3O7 + NagSiO3 + O2 |NagSiOg4 Na2SiO3 + O2 |NaygP20O7 + NaVO3 + SiO2
NaoCrOy4 + NasSiO3 + NagFeOy4 + Nas(NiO2)g [NaF + + NaV(SiO3)2
Cra03 NazVa(POy4)s |+ NaF +
+ NaVOs + NazPOg4
NaszPOy
NaTis (PO4)3 NaysTiP2Og + |MnO2 + FeoO3 + Na(COOz)g + NaNiPOy4 + NaVP207 + NaTiQ(PO4)3
CrOsz + Cr203 |[NaMnPOy + NaysTiP2Og + |NaysTiP2Og + |TiNiO3z + O VeO13 + + VPOs5 +
+ NaTiPOs + |Na4gTiP20g + [Og + TiO2 + NaTiPOs + + NagTiP2Og |NaPFg + NasVPOg +
NaoCrOgy4 TiOsy + NagFes(POy4)3 |Co3z04 + + TiO9 NaoTiFg + NaVPOs5 +
NaMn3Og NaCoPOy NaVPOs + NaPFg +
VFE3 NaVOs
NaZrs (PO4)3 Cr203 + NaMn3Og + FeoO3 + Na(CoO2)2 + |NaNiPOy4 + NaVP20O7 + VPOs5 +
NaoCrO4 + NaMnPO4 + NasPOy4 + NaZI‘Q(PO4)3 ZrO2 + O2 + VPOs5 + NaVPOs5 +
NaysP207 + NaysP207 + ZrOg + Og + NiO + NagPOy4 |NagZrFg + NasVPOg +
7ZrOo + 7ZrOo + NagFe(PO4)2 VPO4 + NaPFg +
NaZr2(POy4)s NazPOy NaZra(PO4)s NagZrFg +

NaZr2(PO4)3
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TABLE S5: Predicted interface reaction products between electrolytes and half charged cathodes

Nag.5CrO2 Nag.5MnOs Nag.5FeO2 Nag.5Co0q Nag.5NiOo Nai.5VoP20OgF3g Naj.5VoP2O1oF
NazZr2SioPOq2 Cr203 + NaMn3Og + FeoO3 + ZrSiOy + Na(Ni02)3 + NaVPOs5 + NaZrQ(PO4)3
NaoCrOy4 + NagSiOg + NagSiOg =+ NagPO4 + NagSiOg + NagZrFg + + NaVOg +
NasSiO3 + NazPOy4 + NazPOy4 + Na(CoO2)2 NazPOy + NaZra(PO4)s NaVPOs5 +
NazPOy4 + Mn7SiO12 + 7ZrOs + Oo + 7ZrOs + NiO + |+ SiOs + NasVPOg +
ZrOg + ZrSiO4 |ZrO2 + MnzOy | ZrSiOy ZrSiOy Nang(PO4)3 SiO2 +
+ V305 + NasSiFg + NaF
ZrSiOg4
Na4Zr2(SiO4)3 Cry03 + NaMn3zOg + NaoSiO3 + Na(CoO2)2 + |Na(NiOz2)s + NagV2(POy4)s |NaZra(POy4)s
NagSiOg + NaQSiO3 + F6203 + ZrOo NagSiOg —+ NagSiOg -+ + NagoZrFg + + NaV03 —+
NaoCrOy4 + ZrO9 + MngOy4 |+ O2 7ZrSiOy4 + ZrOs |ZrOg + NiO + [NaVO3 + SiO2 [SiOo +
7ZrO9 + 7rSiOy4 + ZrSiOy4 + NasVs (PO4)3
NaCrO2 NaZr2(PO4)s |+ NaF +
+ NaF NayP20O7 +
ZrSiOy
NaA111017 AlxO3 + NagMn3O7 + FeoO3 + Al2O3 + AlaNiO4 + AIPO4 + AIPO4 +
NaCrO2 + MnAl2O4 + NaAlO2 + Og |NaAlO2 + NaAlOgz + Oz |[NasAlzFi14 + NaVO3 + AlF3
NasCrOy4 + NaAlO2 + + NaFeOo Na(COOQ)Q + Na(Ni02)3 V305 + + NaVPOs5 +
Cr203 Mn304 NagV14035 + |NagV14035 +
NaVPOs5 + VOq
NagAlFg
NaAlO» NaCrOsy + NaMnyOy4 + NaFeOs + NaAlOy + NaAlOsy + Nang(PO4)3 Na5A1P2(O4F)2
Al2O3 + NaAlO2 FeoO3 + Na(COOQ)Q Nas (NiOQ)Q + |+ Al,O3 + + NaVOs +
NaoCrOy4 + NaAlOs + Og Na(Ni02)3 NagAlFg + Al2O3 +
Cr20s3 NaVOs3 + AlIPOy4 +
NasAlP2(O4F)2| NagVa(POy4)3
+ NaAlIPO4F + NaAlPO4F
Na7A1303 NaCrOs2 + NaAlO2 + NagFeO3 + NaAlOs + NaNiOg + Na5A1P2(O4F)2 NazVOy +
NaAlOs + NasMnO3 + NaAlOs + NagCoOy4 + NaAlOsy + + AlxO3 + Na5A1P2(O4F)Q
NasCrOy4 + NaMnOs + NaFeOo + NaCoOs NazO2 + NaOs |NagVOy4 + + Al2O3 +
AlsOg NaoMn3zO~r NagFeOy NaVOs + NaF |NazPO4 +
+ NagPOy4 V203 +
NasV3Or
Nai17Al5016 NaCrOs + NasMnO3 + NagsFeO3 + NagCoOy4 + NaNiOg + NazPO4 + NazPO4 +
NasCrO4 + NaMnOs + NaFeOo + NaAlOo + NaAlOg + AloO3 + NaF NazVOy4 +
NaAlOs + NaAlOs + NaAlOs + NaCoOs + NaoO2 + NaOs |+ NagVOy + Al>O3 + NaF
NaysCrOy4 NasMn3O7 NaygFeOy4 NaQ(COOQ)g NaVOsy + + NaVOs +
NaAlOs9 NaAlO2
Nai4Al4O13 NaCrO2 + NagMnO3 + NagFeOs + NayCoO4 + NaNiOg + Na3zPO4 + Na3zPO4 +
NaoCrO4 + NaMnO2 + NaFeO2 + NaAlO2 + NaAlOs + Al2O3 + NaF Na3VOg4 +
NaAlO2 + NaAlO2 + NaAlO2 + NaCoO2 + NagOg + + NazgVO4 + |Al2O3 + NaF
Al2O3 Na7Al30sg NaygFeOy NazCoOj3 Na7Al3Og NaVOs2 + + NaVOga +
NaAlOo NaAlO2
NasAlO4 NaCrO2 + NagMnO3 + NagFeOs + NayCoO4 + NaNiOg + Na3zPO4 + Na3zPO4 +
NaoCrO4 + NaMnOs2 + NaFeO2 + NaAlO2 + NagO9 + NaAlOg + Na3VOy4 +
NaAlOs + NaAlO2 + NaAlOg + NaCoOg + NaAlOg + NasVO4 + NaAlO2 + NaF
NayCrOy Na7Al30sg NaygFeOy NazCoOs3 Na7Al3Og NaF + NaVOs |+ NaVOga +
+ Al2O3 Al2O3
Nas;OBr NaCrOs + NasMnO3 + NaFeOs + NagCoOy4 + NaNiOg + NazPO4 + NasPO4 +
NaoCrO4 + NaMnO2 + NaBrOs + NaBr + NaBrOs + NaBr + NaF + |NagVOg4 +
NaBr + NaBr + NaBr + NaCoOs + NaBr + NiO NazVOy4 + NaBr + NaF +
NasCrOy4 NazBrO NasFeOgs Na3zCoOs NaVOs + V203 +
V303 NaVOs
NayOls NaCrOs + Nal [NasMnO3 + NaFeOs + Nal |[NasCoO4 + NaNiOs + Nal + NazPOy [Nal + NagPOgy
+ NagCrOg4 Nal + NaMnOgs |+ NalOg + Nal 4+ NaCoOsz |NalO3 + NiO |+ NaF + + NazVOy4 +
FesOg + NalOg + Nal Na3zVO4 + NaF + NaVO»
NaVOs
NaAlCly NaszCrClg + NagMnClg + Fea O3 + NaCl |NagCoCly + NiCle + NaCl |AIPO4 + NaCl |AlIPO4 + NaCl
Al;O3 + CrCl3 |AloO3 + + AlbO3 + Al>O3 + ClO2 |+ AloO3 + + VCl3 + AlF3 |+ VCI30 +
+ ClOg + MnCls + ClOs [ClOs + + CoCly + ClOs + + VCI30 + VCI120 + AlF3
CrCIO + MngCl3019 |NaFeCly Co304 Al2NiOy VPClg + + VCl3 +
A1203 AIQOS
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TABLE S5: Predicted interface reaction products between electrolytes and half charged cathodes

Nag.5CrO2 Nag.5 MnO2 Nag.5FeO2 Nag.5Co0O2 Nag.5NiOg Naj.5VaP2OgF3 Naj.5VaP2O1oF
NasAlzF14 NazAlFg + NazAlFg + FexO3 + NaF |Na(CoO2)3 + NasgAlFg + NaVPOs5 + VPOs5 +
CrO2 + Cr203 |[NaMn3Og + + Al2O3 + O2 |NaszAlFg + NiO + O2 + NaPFg + VFs |NagAlFg +
+ AlsO3 + Mn2O3 + + NasgAlFg Co304 + AloNiOy4 + + AlF3 + NaVPOs3
NaoCrOgy4 Al>O3 Al,O3 + NaF NaVP207 +
Na(COOQ)Q Na5A13F14
NazAlFg Cr203 + NaMn3Og + FeoO3 + NaF |NasgAlFg + NaF + NiO + |NaVPOj; + VPOs5 +
NasCrO4 + NaF + MngzO4 |+ Al2O3 + O2 Na(COOQ)Q O2 + AlxNiOy4 |NaPFg + NagzAlFg +
NaF + Al2O3 + AlsO3 + + NaAlO2 + Na(Ni02)3 NasAlsF14 + NaVPOs5 +
+ NagAlFg NazAlFg VFE3 + NasVPOg +
NaVP207 + NaPFg +
AlF'3 NaVOs
NasBi2Hio CrHOs + MnO + NaBOs |NazgB7012 + NasB7012 + NasB7012 + NagBgO13 + NasBgO13 +
NaBOs + + NaH302 + NagH1609 + NagH1609 + NagH1609 + H30F + VP + B(HO)3 +
NaCrOg + Cr |NayBoOs5 + NaBOz + Fe + |[NaBO2 + Co +|NaBOs + Ni + |NaHFs + NaF |NaHoOs5 + VP
+ NaBHy4 NaBHy Fe3BOs Co(HO)2 Ni(HO)2 + Hso + NaF +
NazPH1108 +
VBO3
NaBHy4 NaCrO2 + MnO + NaH3O2 + NaH3O2 + NaH302 + B(HO)3 + NaF |NagPH50¢ +
CrHOy + NaHgOQ —+ NaBOs + Fe + [NaBOs + Co +|NaBOy + Ni + |+ VP + VB03 =+
Cr203 + NayB2Os5 + NapHi609 + |NagHi6O09 + |NagHi6O9 + |NagPH;10g + |NaP(HO)s +
NaBO3 + Cr NaHO + NaBHy NaBHy NiH NayPoH20017 |NaF + VP +
NaMnOo + VBO3 + NaoBgO13 +
NaHgOs5 NaszV2(POu4)s




