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Computational Details

The structure search approach is based on a global minimization of free energy

surfaces merging ab initio total-energy calculations as implemented in the CALYPSO

code!> 2. We have performed extensive structure searches on the Sr-B system with

various SrB, (x =1-8) chemical compositions at 0 K and selected pressures of 1 atm,
25, 50, 100, 150, and 200 GPa. Here, the cell size is up to four formula units for SrB,
(x = 1-4) stoichiometries, and two formula units for the other compositions. In the
first step, random symmetric structures are constructed in which atomic coordinates
are generated by the crystallographic symmetry operations. Local optimizations using
the VASP code? are performed with the conjugate gradient method, and are deemed to
be converged when the enthalpy changes become smaller than 1 x 10~ eV per cell.
The cut-off energy for the expansion of wavefunctions into plane waves is set to 370
eV and a Monkhorst-Pack k-mesh with a maximum spacing of 2 x 0.06 A-! was
used in all structure searches. After the first generation of structures is optimized 60%
of the lowest lying structures are selected to construct the next generation by PSO
(Particle Swarm Optimization). 40% of the structures in the new generation are
randomly generated. A structure fingerprinting technique using a bond
characterization matrix is applied to the generated structures, so that identical
structures are strictly forbidden. This procedure significantly enhances the diversity of
the structures, which is crucial for maintaining the efficiency of the global search. In
most cases, structure search simulations for each calculation are stopped after
generating 1000 ~ 1200 structures (e.g., about 20 ~ 30 generations).

In order to further test the reliability of the adopted pseudopotentials for Sr and B,
the validity of the projector augmented wave pseudopotentials from the VASP library
are checked by comparing the calculated Birch-Murnaghan equation of state with
those obtained using the full-potential linearized augmented plane-wave method
(LAPW, as implemented in WIEN2k), which employs local orbitals*. The Birch-
Murnaghan equation of states derived from PAW and LAPW methods are almost

identical. Thus, our adopted pseudopotentials are reliable in the range of 0 — 200 GPa.
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The electron-phonon coupling calculations are carried out with the density
functional perturbation (linear response) theory as implemented in the QUANTUM
ESPRESSO package’. We employ ultrasoft pseudopotentials with 4s24p®5s? and
2522p! as valence electrons for Sr, and B atoms, respectively. To reliably calculate the
electron-phonon coupling in metallic systems, we need to sample dense k-meshes for
the electronic Brillouin zone integration and enough g-points for evaluating the
average contributions from the phonon modes: we use a k-grid with a spacing of 2m x
0.03 A-l. We have calculated the superconducting 7, of Sr as estimated from the

McMillan-Allen-Dynes formula®8:

7o g 104042)
1.2 A— ' (1+0.622)

(1)
where u*, the Coulomb pseudopotential, was assumed to be 0.1. The electron-phonon
coupling constant, A, and the logarithmic average phonon frequency, wio,, are

calculated from the Eliashberg spectral function for the electron-phonon interaction:

1 2
o F(0) = E)Z\g 8(£,)8(¢,,)0(0-0,,) (2)
where ,1=2J da)azF(w); " :epr Id_w aPF( w)ln(w)] Herein, N(Ep) is the electronic
) log W

density of states at the Fermi level, @, , is the phonon frequency of mode v and wave
vector ¢, and [gj 4| 15 the electron-phonon matrix element between two electronic

states with momenta & and k + ¢ at the Fermi leve®.
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Supplemental Figures
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Fig. S0. Comparison of the fitted Birch-Murnaghan equation of states for SrB, with
Immm symmetry by using the results calculated using the PAW pseudopotentials and
the full-potential LAPW method.
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Fig. S1. Phase stabilities of the Sr-B compounds with respect to elemental Sr and B

solids at different pressures.
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Fig. S2. Phonon dispersion curves of the predicted Sr-B compound, which are all

dynamically stable in view of absence of imaginary frequency modes in the first
Brillouin zone.
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To understand the electronic properties of the Sr-B compound, we calculate the
electronic band structures and the projected density of states (PDOS) of the stable
phases. In R-3m SrBy, there appears to be a large overlap between the Sr-4d; Sr-5p; B-
2s; and B-2p states below the Fermi level (Fig. S4f), suggesting there occurs charge
transfer from Sr to B, in agreement with ELF (Fig. S5f). R-3m SrB, is an indirect
semiconductor with a bandgap of 1.18 eV. Interestingly, all stable compounds except
SrB, are metal, as shown in Figure S3. For the Imma SrB, PDOS analysis shows that
Sr-4d and B-2p orbitals have a major contribution to the Fermi level and have
significant hybridization between the Sr-4d; Sr-5p; and B-2p orbitals (Fig. S4a),
which is similar to the orbital hybridization in Cmmm and [4/mmm SrBs. The PDOS
of other Sr-B structures can reach the same conclusion (Fig. S4). The electron
localization function is shown in Fig S5. The Sr-B bond is ionic, and the B-B bond is
covalent.

Given the possible superconductivity of metallic compounds, we explore the
superconductivity of the metallic phase of the Sr-B system by using the Macmillan-
Allen-Deans formulation of x* =0.1. Table S1 lists some relevant features and 7t
under high pressure. Among them, Imma SrB (structure at 50 GPa, Table S2) shows
superconducting with 7.=8.1 K, whereas Immm SrBg (structure at 150 GPa, Table S2)
has the lowest (7. = 0.2 K). We also use the /mma-SrB structure to explore the
variation of 7, with pressure, as shown in Table S1. For /mma-StB, as the pressure
increases, m;,,(K) and N (£)) increase, but the A value decreases. The corresponding 7
was also reduced from 8.1 K (50 GPa) to 7.4 K (100 GPa).

Table S1. Superconducting properties of the metallic Sr-B phases.

phases Pressure T.(K) N(E)y) A W4, (K)
(GPa) H*=0.1 (states/Ry)
Imma-SrB 50 8.1 9.52 0.70 230.79
Imma-SrB 100 7.4 7.99 0.62 286.91
P63/mmc- 150 3.8 17.95 0.45 463.11
SrB

Immm-SrB, 50 3.8 8.80 0.46 450.78
C2/m-SrB, 100 0.5 7.02 0.32 592.88
Pnma-SrB, 200 0.2 9.68 0.28 653.40
Immm-SrBg 150 0.2 4.30 0.28 783.37
0-Bisg 0 14.2 8.29 0.62 577.11
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Fig. S3. The electronic band structures of the predicted Sr-B compounds. (a) Imma
StB at 50 GPa. (b) P6;/mmc SrB at 150 GPa. (¢) Immm SrB, at 50 GPa. (d) C2/m
SrB, at 100 GPa. (e) Pnma SrB, at 200 GPa. (f) R-3m SrB4 at 100 GPa. (g) Immm
SrBg at 150 GPa.
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Fig. S4. The projected density of states (PDOS) of the predicted Sr-B compounds. (a)
Imma SrB at 50 GPa. (b) P6s/mmc SrB at 150 GPa. (¢) Immm SrB, at 50 GPa. (d)
C2/m SrB, at 100 GPa. (e) Pnma SrB, at 200 GPa. (f) R-3m SrB, at 100 GPa. (g)
Immm SrBg at 150 GPa.
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(a) Imma SrB 50 GPa (b) P63/mmc SrB 150 GPa (c) Immm SrBz 50 GPa
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Fig. S6. Electron localization function (ELF) of the predicted stable Sr-B compounds.
The ELF analysis can be used to distinguish different types of chemical bonds.
Generally, the covalent bonds, lone electron pairs, and core electrons are
characterized by large values (> 0.6).
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Table S2. Structural information for the predicted stable Sr-B phases.

Phases Pressur Lattice Wyckoff Positions
e Parameters (fractional)
(GPa) A, Atoms x y z

Imma SrB 50 a=2.9761 Sr(4e) 0.00000 0.75000 0.08993
b=4.5341 B(4e) 0.50000 1.25000 0.21283
c=7.3510
o =90.0000
S =90.0000
y=90.0000

P63;/mmc SrB 150 a=2.7595 Sr (4f) 0.66667 0.33333  0.90895
b=2.7595 B(2b) 0.00000 0.00000 0.25000
c=11.0988 B(2d) 0.33333 0.66667 0.75000
a =90.0000
S =90.0000
y=120.0000

Immm SrB, 50 a="7.8485 Sr (4e) -0.19037  0.00000  0.00000
b=13.9441 B(4j) 0.00000 -0.50000 0.19648
c=4.0766 B(4h) 0.00000 -0.21125 0.50000
a =90.0000
£ =90.0000
y=90.0000

C2/m SrB, 100 a="7.7259 Sr(4i) 0.92040 0.50000 0.13560
b=2.8307 B(4i) 0.87401 0.00000 0.44329
c=15.7547 B(4i) 0.23955 0.00000 0.38560
a =90.0000
p=124.8714
y=90.0000

Pnma SrB, 200 a=10.9493 Sr(4c) -0.31999 0.75000 0.77495
b=2.7396 B(4c) 0.07317 0.25000 0.19668
c=2.8039 B(4c) 0.00163 0.25000 0.69452
a =90.0000
£ =90.0000
y=90.0000

R-3m SrB, 100 a=4.2085 Sr(6¢c)  0.00000 0.00000 0.79171
b=4.2085 B(6¢c) 0.00000 0.00000 0.56189
c=14.2745 B(18h) -0.39296 -0.19648 0.62204
a =90.0000
S =90.0000
y=120.0000

Immm SrBg 150 a=2.6147 Sr(2d)  0.00000 0.50000 0.00000
b=13.90370 B(4i) 0.00000 0.00000 0.16735
c=10.0127 B(81) 0.00000 0.20288 0.30739

S19



o= 90.0000 B(4j) 0.50000 0.00000 0.92209
£ =90.0000
y =90.0000
0-Bys 0 a=2.8026 B(4i) 0.00000 0.00000 0.17331
b=4.3365 B(8l) 0.00000 0.19774 0.31764
c=10.71920 B(4j) 0.50000 0.00000 0.92191
o = 90.000
£ =90.000
y=90.000
Table S3. Elastic stiffness constants Cj.
Cn Cxn Css Cas Css Ces Ci Cis Cy
0-Big 460.07 536.28 483.15 12422 109.85 61.35 16.80 25.82 97.58

The criteria for mechanical stability are given by:

C11>0, C>0, C35>0, C4s>0, Cs5>0, Ce6>0,
[C11+CaptCa3+2(CiatCi3+Co3) >0,
(C111C-2C12)>0,

(C111+C33-2C13)>0,

(CtC33-2Cy3)>0.
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Table S4. Bader atomic charge of the predicted stable Sr-B phases.

Phases Pressur

e Atoms Charge (e)

(GPa)
Immm SrByg 150 Srl 1.03
B1 -0.22
B2 -0.08
B3 -0.09

Table S5. Total energy of 0-By¢, a-B, y-Bog, and a-Ga-type boron.

Phases Pressur  Energy
¢ (eV/atom)
(GPa)
7-Bas 0 GPa -6.6526
a-By, 0 GPa -6.6798
a-Ga-type 0 GPa -6.4070
0-B16 0 GPa -64332
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