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SUPPLEMENTARY INFORMATION:

Cyclic voltammetry
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Figure S1. Cyclic voltammogram of Sb half-cell for the first two cycles at a scan rate of
0.1 mV/s between 0.05 and 2.0 V
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Figure S2. Cyclic voltammogram of Bi half-cell for the first two cycles at a scan rate of

0.1 mV/s between 0.05 and 2.0 V
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Phase diagram
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Figure S3. K-Sb phase diagram adapted from [1]
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Figure S4. K-Bi phase diagram adapted from [2]
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Evaluation of capacity from C65 carbon additive

It is well known that the theoretical capacity of carbon based electrode depends on the nature

of carbon material [3]. In our case, the theoretical capacity of graphite (278 mAh/g) cannot be

used for the C65 carbon black, since this material is mainly a disordered form of carbon. In

order to estimate the effective capacity of such a carbon matrix, galvanostatic measurements

were performed at C/26 rate on a C65/CMC (wt. % 70/30) electrode which showed a practical

capacity of 260 mAh/g for the first discharge, and a reversible capacity of 156 mAh/g. The

C65 electrode shows a sustainable capacity of 130 mAh/g for 50 cycles with a coulombic

efficiency higher than 99 %. Considering that Sb or Bi electrodes contain 18 wt. % of C65,

the contribution of carbon to the reversible capacity of the composite can be evaluated to 23.5

mAh/g.
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Figure SS. Galvanostatic discharge/charge curve of C65/CMC electrode at C/26 rate between

0.0Vand2.0V

300

250

N
o
o

Capacity (mAh.g”)
> o
o o

(3
o

10 20 30
Cycle number

100

90

80

70
50

Coulombic efficiency (%)

Figure S6. Capacity and coulombic efficiency of C65 electrode at C/26 rate plotted versus

cycle number
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Figure S7. XRD operando pattern recorded for Sb electrode at the end of the first discharge
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Figure S8. XRD operando pattern recorded for Sb electrode at the end of the first discharge
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Synthesis of reference K;Sb

For K3Sb, both polymorphs are obtained at ambient conditions: the hexagonal polymorph is

obtained by conventional high temperature synthesis, whereas cubic K;Sb is formed in thin

films by reducing oxidized Sb film.[4] A synthesis of K;Sb by ball milling a stoichiometric

mixture of Sb and K in argon shows a time dependence of the nature of the obtained

polymorph (Fig. S9): the two polymorphs are obtained together after 200 min, while the

relative amount of the cubic phase increase with milling time, and the cubic form is obtained

after milling for 600 min. Such observation does not really clarify which of the two forms is

the sable one at room temperature.
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Figure S9. Evolution of XRD pattern of K3Sb as a function of ball milling time
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Sb Bi Ref

1% Discharge vs Li ©Sb = ©Li,Sb > ©Li;Sb <Bi - °LiBi > °Li;Bi
[5-6]
1% Charge vs Li °Li,Sb > S °Li,Bi = °LiBi = °Bi
1 Pischarge vs ©Sb - @ Nas,,Sb + ¢ Na;Sh = Na,Sh <Bi -> °NaBi => ©Na,Bi
[7-8]
1 ChargevsNa “NasSb —> ?Naj ;Sb > *NaSb > °Sb+°Nasb  “NaBi -> “NaBi > ©Bi
1st Discharge vs K ¢Sb - 2K,Sb - °K;Sb ¢Bi - °K;Bi
This work
1 Charge vs K KsSb > *K,Sb > =Sb “K3Bi -> °K;Bi, -> °KBi, -> * Bi

Table S10. Summary of the electrochemical alkalinisation of Sb and Bi electrodes
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Figure S11. XRD operando pattern recorded for Bi electrode at the end of the first discharge

S11



Intensity (a. u.)

I I I nmi I ru Ioumun [ ] .Y mmn
I 1 LI | [N Il I

15 20 25 30 35 40 45
20 (°)

Figure S12. XRD operando pattern recorded for Bi electrode at 0.55 V during the first charge
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Figure S13. XRD operando pattern recorded for Bi electrode at 0.7 V during the first charge
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Figure S14. XRD operando pattern recorded for Bi electrode at 1.5 V, end of the first charge
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In situ XRD phases Spacegroup a(A)  b(A) c(A) a B y References
8.496(1) 8.496(1) 8.496(1) 90 90 90 This work
K3Sb(cubic) Fm-3m
8.493 8.493 8.493 90 90 90 00-019-0935
6.167(1) 6.167(1) 10943(1) 90 90 120 This work
KsBi(hexagonal) P63/mmc
6.178 6.178 10.933 90 90 120 01-074-1165
9.403(1) 9.817(1) 9.298(1) 90  105.04(1) 90 This work
KsBi2 C2/c
9.381 9.794 9.284 90 104.99 90 [9]
9.512(1) 9.512(1) 9.512(1) 90 90 90 This work
KBi> Fd-3m
9.52 9.52 9.52 90 90 90 00-003-0698
4.547 4.547 11.861 90 90 120 This work
Bi (EOC) R-3m
4.546 4.546 11.862 90 90 120 01-085-1329

Table S15. Crystal structure parameters for the phases observed during the discharge/charge

of Sb and Bi electrodes
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Cycle1

Cycle 5

Cycle 10

Cycle 25

Discharge Charge Irreversible

Discharge Charge

Discharge Charge

Discharge Charge

capacity capacity capacity CE (%) | capacity capacity CE (%) |capacity capacity CE (%) |capacity capacity CE (%)
(mAh/g) (mAh/g) (mAh/g) (mAh/g) (mAh/g) (mAh/g) (mAh/g) (mAh/g) (mAh/g)
c65 Caf:;;?;ff 2327 1566 761 673 | 1323 1296 980 | 1300 1286 990 | 1317 1310  99.0
sb 7469 6267 1202 839 | 6133 6041 985 | 6047 5922 979 | 3089 2543 823
Capacity
spjc Celculatedonthe oo o0 1817 681 | 3085 3912 982 | 3993 3948 989 | 3799 3711 977
mass of active
material + carbon
Bi 4264 3453 811 809 | 3237 259.8 803 | 2465 232.6 943 | 2273 2206 970
sb 9389 7878 1511 839 | 7710 7594 985 | 7602 7445 979 | 3884 3197 823
Capacity
spic Clulatedonthe .00 oo 3635 681 | 7969 7824 982 | 7986 7897 989 | 7509 7421 977
mass of active
material only
Bi 531 4341 1020 809 | 4069 3266 803 | 3099 2924 943 | 2858 2773 970

Table S16. Summary of gravimetric capacities for each electrode taking into account the
mass of carbon or not
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