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Computational details

The total energies and forces were calculated by solving the Schrodinger equation based on projector
augmented plane-wave implementation of density functional theory within the Vienna Ab initio Simulation
Package (VASP) |Kresse and Furthmiiller(1996),[Kresse and Furthmiiller(1996)]. Exchange-correlation

effects were treated in the generalized gradient approximation (GGA) with the Perdew—Wang scheme
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[Perdew and Wang(1992)]. Ultrasoft pseudopotentials with s' (Ba), s?p! (B), and s?p* (O) electronic
configurations have been used.

We performed finite temperature ab initio molecular dynamics (MD) simulations to investigate the
evolution of the BagB,04 structure with temperature increase at ambient pressure. All MD simulations
were performed in the isothermal-isobaric NPT ensemble (N — the number of particles, P — pressure,
and T — temperature) using a Langevin thermostat. The integration of the classical Newton’s equations
of motion uses the Verlet algorithm, and the ground-state search is evaluated within an efficient iterative
matrix diagonalization scheme and a Pulay mixer for each step. The time step for the integration was
set to 1 fs. Simulations were performed in the temperature range of 300-1700 K for 20-30 ps. The
integration of the Brillouin zone was performed using the I'-point only. The plane-wave cutoff energy was
set to 400 eV. The temperature of the simulation and crystallographic properties were derived from time
averages taken over at least 15 ps excluding the first 2 ps of the simulation. The structure of BazB,Oy
was approximated by the supercell containing 352 atoms, which are 1 x 2 x 1 supercell of the unit cell

considered below.



(@) AC-1 (b) AC-2

90— pwngrsy N Al it ; 90 - v - A3
O S W W 0| i
-90-M V -90 oo A AN lnusttondianl | ot
90 90 7S
0 equilibrium y = -90° 0 equilibrium y = -90% ] 2
o Jg WESTAEIEIZTATN e bt e AHIA L o Aot S8 Nt e, 2O ()Mt one LA AN st s Dt Mg St ~
< 90 Joryromsmmesmsi A TR
0 equilibrium y = 90° 0 equilibrium y = 90% -~~~ v
-90 -90 ~
90 MWWWMMMWWWWW‘W 90 WAV g n ay AR AN PN ot A Vel \ gl | 5‘
0 ’WMM;&W ffffffff equilibrium y = 90° 0 quilibrium y = 90" -~ &
-90 -90 ~
90 equilibrium y = 25 90 prsew=sry AR nete Ty ~
S S e O T R equilibrium = 90" 2
N mmad Rl dCi
-90 -90 7
90 PUUS _ o 90 I L v AV N N
0 MWwwwWN»muwwwwmr:w% 0 Wﬁ nquilibrium V= 900 77777777777777777777777 B
-90 -90 7~
§ 90 cquilibrium = -1 7" 90 equilibrium V= 17“ 7777777777777777777777777 L:
%D 0 R e e R A A e e e i i T WA ] 0 N
= 90 -90 ~
i 4000 8000 12000 16000 20000 4000 8000 12000 16000 20000
=)
g (b) C-2
g 90
i O Mo Rl et PR R
S
—

AvIE ALTS ML A THOT M 6ECT A TSST A 8YLI

() Hredomish st R = ANl bt () pessmpaifed bt Al
-90 -90
90 90
0 IPPETTRRY » e Lol i SRRV NIITY 0 I A P I M p A At esrr s W )
-90 -90
4000 8000 12000 16000 20000 4000 8000 12000 16000 20000
Time (fs)

Figure S1: The dependence of libration angle ¢ on time for (a) AC-1, (b) AC-2, (c) C-1, and (d) C-2 at
314, 527, 728, 1041, 1339, 1551, and 1748 K.
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Figure S2: The dependence of rotational angle 6 on time for (a) AC-1, (b) AC-2, (c) C-1, and (d) C-2 at
314, 527, 728, 1041, 1339, 1551, and 1748 K.
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Figure S3: The dependence of (a) libration ¢ and (b) rotational angle 6 on time for BO, triangle located

out of ab-plane at 314, 1551, and 1748 K.
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Figure S4: The dependence of (a) libration ¢ and (b) rotational angle 6 on time for BO; triangle located

parallel to ab-plane at 314 and 1748 K.
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Figure S6: Observed BO;~BO, dynamical conversion
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Figure S7: Comparison of static disordering of BO5 groups in Bas(BO;), and Ba;Sr;B,04,.
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