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Supplementary Note 1. Implication of enhancement of T¢ in Bai1xKxSbO3 (BKSO) as

compared with Bai;-xKxBiO3z (BKBO) at x = 0.65 within the Macmillan equation for T..

In the modified McMillan equationt?, Te is given as
(w10g/1.20)exp[—1.04(1 + ) /{2 — u*(1 + 0.622)}] , where w,, is the characteristic
logarithmic-averaged phonon frequency, A is the electron-phonon coupling constant, and y* is the
Coulomb pseudopotential parameter. As shown in Fig. S6, the Debye temperature @, of BKSO is
about 535 K, which is less than 50% larger than that of BKBO (@, of BKBO is reported to be 330
K at x = 0.4%, which is very likely larger at x = 0.65 because of the increased concentration of
lighter potassium ions). The frequency of the breathing optical phonon mode is increased by 19 %
in BSO compared with BBO. The associated increase of the prefactor w,, in the Macmillan
equation is not large enough to explain the observed enhancement of Tc by more than a factor of
two. Assuming u* does not change appreciably from BKBO to BKSO, A must increase as well. 1
is given as N(Er){I2)/M{w?), where N(Ey) is the DOS at the Fermi energy, (I?) is the Fermi
surface average of squared electron-phonon coupling interaction, M is the atomic mass, and (w?)
is the average of squared phonon frequency. N(Er) of BKSO and BKBO, estimated via the hybrid-
DFT calculations, is nearly identical (see Extended Data Fig. 1). M should be dominated by the
mass of oxygen in both compounds. With the increase of phonon frequency (w?), the increase of
A in BKSO therefore implies an increased average electron-phonon interaction (/) as compared

with BKBO.



Compound Es (eV) | Eptog (V) | Eptg (eV) Epr = (Epteg+Ep 119)/2 | Act = Es — Epr
(eV) (eV)

Bao.35Ko0.65B103 | —5.37 -1.73 —4.11 -2.92 —2.45

Bao35Ko.6sSbO3 | —4.00 | —3.29 —6.22 —4.76 0.757

Table S1 | Orbital energies of BKBO and BKSO at x = 0.65 directly estimated from the band

calculations. Es, Eptg, Eptig, Epr are the energies of M s, O 2p tzg, O 2p tig, and O 2p, orbitals,

respectively. Es of each compound is estimated from the non-bonding M s band at I" in Extended

Data Figs. 2a and 2d. Ep, of each compound is estimated by averaging Ep tzg and Ep t1g, the energies

of the two triply degenerate O 2p, bands in Extended Data Figs. 2b and 2e. We note that the on-

site energy of O 2ps is unknown in this analysis, as there is no point in k-space at which

hybridization between O 2ps and other orbitals can be neglected.




Figure S1 | Wannierization of BKSO and BKBO without and with potassium doping. For
Wannierization, density functional theory calculations of the band structures of a, BaShOs, b,
BaBiOs, ¢, Bao.3sKo.65Sb0s3, d, Bao.ssKo.esBiO3 were performed with the WIEN2k code using the
PBE GGA (generalized gradient approximation) to exchange correlation potential (black open
circles). The other conditions are the same as those described in Methods. Wannierization using
7x7x7 k mesh and 10 Wannier projections (1 x metal s + 3 x oxygen 2px, 2py, 2pz) was performed

to fit the DFT results (red curves).



Compound Es (V) | Eps (V) | Epr (V) | tsps (V) | AcT = Es— (Eps + 2Epn)/3 (V)
BaSbO:s —4.03 —5.67 —3.85 1.96 0.427

BaBiOs3 —5.30 —4.61 —2.80 2.00 -1.90

Bao.35K0.6sSbO3 | —2.59 —6.05 —3.58 2.13 1.81

Bao.35Ko0.65B103 | —3.63 —4.21 —2.02 2.15 —0.890

Table S2 | Obtained parameters of BKSO and BKBO from Wannierization. Es, Eps, Epx are
the on-site energies of M s (M = Sb or Bi), O 2ps, and O 2p, orbitals, respectively. tsps is the
hopping parameter between M s and O 2ps, and Act is charge transfer energy defined as energy
difference between the M s orbital and the average of O 2p,; and O 2p,. BSO and BKSO show
positive Act, whereas BBO and BKBO show negative Act. The overall shift of Act to the positive
side in the doped compounds, as compared to that of the undoped compound, may reflect the effect

of increased sp hybridization, which is demonstrated as the increase of tsps.



Intensity (arb. unit) W

T=300K

Fm-3m (No. 225), Z = 8
a=8.5075 (4) A
Ryp=111%

L

LLL LI U S A | ] | [ | 1 ] ]
LU LR R T I T [N | mi | | [ |
[’ 1 1 1 1
1 2 3 4
d(A)
b
1 T
?g T=300K
14/mem (No. 140), Z=4
= Bag 64K 36SP0; I a = 5.8966 (8) A
g ¢ =8.3258 (16) A
s Ryp= 142 %
z .
c
g "‘Iulllflﬂ\lllulml\\ll\,llll| I\I\IIIII\I\ \I\ (| I\ 1 I| | ! |I 1 ! | 1 ! 1 ! ] !
=
1 1 1 1
1 2 3 4
d(A)
C
1 1 1 T
.Sé‘ T=300K
- 14/mem (No. 140), Z=4
= Bag 5Kq.5Sb0O3 I a=58133 (12) A
2 c=82153 (32) A
8 Rup=115%
> L
'E A..L .
[1}] LI T T T A T A | I ] [ 1 | 1 1
-— T T T O R T O O B | 1 | 1 | I
=
C 1 1 1 1
1 2 J (A) 4
d
T T
= S =00 T=300K .
5 a Pm-3m (No. 221), Z = 1
a 0.35K0.65 30 a-ao666(2) A
& Rup=129%
>
3 A
S_‘.’ |“.|II=|‘|‘||=|\I| I\llll\‘Hl‘\ ||‘| ‘l \I\ 1 ||| I I‘ (N |I 11 : 1 I ‘ 1 ‘ I 1 I ! I I !
£ f
1 1 1 1
1 2 4
d(A)

Figure S2 | Rietveld refinement profiles of diffraction patterns of BKSO samples based on
powder neutron diffraction. Neutron diffraction patterns of a, BaSbOs-, b, Bao.64Ko.36Sb0Os3, c,
BaosKo5SbhOs, d, Bao.ssKoesSbO3 were collected at the WISH diffractometer, 1SIS facility. The
black dots are experimental data, the red lines are the simulated intensity, and the blue, green, and

yellow ticks are the Bragg reflections of BaSbOs-5, impurity phases (BaSbhO2s in BaShOs-s, and



KSbOs in the other three samples) and a vanadium sample can, respectively. The grey lines are the

difference between the experimental data and the simulation.
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Figure S3 | Rietveld refinement profiles of diffraction patterns of BKSO samples based on
powder X-ray diffraction. X-ray diffraction patterns of a, BaSbOs-5 b, Bao.ssKo.36SbOs, c,
Bao5Ko5Sbh0s, d, Bao.ssKo.ssShO3 were collected in the Debye-Scherrer geometry with a Mo Ko

radiation at room temperature. Same notations as in Fig. S4 were used for plotting data.



Compound BaShOs-s Bag.64K0.36ShO03 Bao50Ko.50Sb03 Bao.35K0.65S003
Diffraction data XRD ND XRD ND XRD ND XRD ND
Cell Symmetry Fm3m Fm3m 14/mem 14/mecm 14/mcm 14/mcm Pm3m Pm3m
alA 8.5046(1) 8.5075(4) 5.8860(10) | 5.8966(8) 5.8168(2) 5.8133(12) | 4.0634(1) 4.0666(2)
c/A - - 8.3180(25) | 8.3258(16) | 8.2196(4) 8.2153(32) | - -
Baor K X 0.25 0.25 0 0 0 0 0.5 0.5
y 0.25 0.25 0.5 0.5 0.5 0.5 0.5 0.5
z 0.25 0.25 0.75 0.75 0.75 0.75 0.5 0.5
Occupancy 1 1 1 1 1 1 1 1
Ba ratio, n 1 1 0.639(5) 0.64" 0.504(2) 0.50" 0.349(1) 0.35"
Kratio, 1-n | 0 0 0.361(5) 0.36" 0.496(2) 0.50" 0.651(1) 0.65"
Shl X=y=1 0 0 0 0 0 0 0 0
Occupancy 1 1 1 1 1 1 1 1
Sh2 X=y=1 0.5 0.5 - - - - - -
Occupancy 1 1 - - - - -
o1 X 0.2627" 0.2627(3) 0 0 0 0 0 0
y 0 0 0 0 0 0 0 0
z 0 0 0.25 0.25 0.25 0.25 0.5 0.5
Occupancy 0.971™ 0.971(1) 1™ 1 1 1 1 1
02 X - - 0.243™ 0.243 0.247" 0.247 - -
y - - 0.743™ 0.743 0.747" 0.747 - -
z - - 0 0 0 0 - -
Occupancy - - 1™ 1 1" 1 - -
Baor K, Biso / A2 1.60(6) 1.05(7) 0.47(5) 0.66(7) 0.572(11) 0.89(7) 0.450(10) 1.35(6)
Sbi, Biso/ AZ 2.05(10) 1.52(19) 0.99(5) 1.18(6) 0.407(8) 1.96(7) 0.320(6) 1.52(5)
Sh2, Biso/ A? 0.87(6) 0.64(17) - - - - - -
01, Biso/ A? 5.3(2) 3.18(6) 137(13) | 2.19(99) 1.0(9)™ 1.62(99) 0.69(3) 1.70(3)
02, Biso/ A? - - 1.37(13)™ | 2.33(68) 1.0(4)™ 1.48(73) - -
Rwp / % 9.05 11.1 9.07 14.2 6.26 11.5 5.69 12.9
7 9.73 3.19 9.23 7.49 2.32 5.46 1.29 37.4

Table S3 | Refined structural parameters of BKSO at 300 K from the powder X-ray diffraction (XRD) and neutron diffraction
(ND) patterns. “Ba and K ratios in the neutron refinement are fixed with the values from the XRD refinement. ~Atomic position and
occupancy of oxygen in the XRD refinement are fixed to the values obtained from the neutron diffraction. ™~ Thermal parameter of O1

and O2 in the XRD refinement is fixed to be identical.
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Figure S4 | Normal-state specific heat of the optimally doped BKSO. Normal-state specific
heat Cn of Bao.35Ko.6sSbO3 was measured at a magnetic field of 14 T, which is far larger than the
upper critical field (~1 T) of the compound. A fit to the data with Cn (T) = 5T + ST° yields y =
0.924 mJ-mol K2 and £ = 0.0636 mJ-mol K. From the value of S, the Debye temperature of

535 K was estimated.
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Figure S5 | Increased frequency of the breathing-mode phonon in the undoped antimonate
as compared to the bismuthate. The frequency of breathing-mode phonon for BaShOs-s (the red
arrow) measured via Raman scattering shows a 19 % increase as compared to that of BaBiOs* (the

grey arrow), which we argue to reflect the enhanced metal-oxygen covalency of the antimonates.
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