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Table S1 The calculated geometry parameters of XB4 monolayers including the lattice
constants (a = b), the distance of X—B (d,), the B—B bond lengths of B squares (d;) and
the shared B—B edges between adjacent X©Bg wheels (d5).

LiB4 BeB4 BB4 CB4 NB4 0B4 FB4 NeB4

a(A) 413 397 384 402 402 409 419 434
di (A) 225 214 207 217 217 221 226 237
d, (A) 1.8 166 1.62 1.69 168 171 171 1.73
d; (A) .76 162 154 1.63 1.65 1.67 172 1.90

NaB4 MgB4 A1B4 SiB4 PB4 SB4 C1B4 KFB4

a(A) 435 418 404 405 411 413 431 470
di(A) 239 227 218 218 222 224 234 260
dh(A) 169 171 170 171 172 171 177 176
d; (&) 196 1.76 164 163 1.69 172 182 221

KB4 C3B4 G3B4 GeB4 ASB4 SeB4 BI'B4 ArB4

a(A) 472 451 411 421 425 424 429 451
di (A) 263 248 222 227 230 230 234 245




d, (A) e 172 1.72 176 1775 1.73 1.73 1.82
dy (A) 234 207 168 171 178 180 1.85 194
RbB, SrB, 1InB, SnBsy SbB; TeB, IB; XeBy
a(A) 546 475 431 430 442 437 413 NeBy
dy (A) 3.17 265 234 233 241 239 224 424
d, (A) .59 169 176 177 177 1775 171 2.30
d; (A) 321 235 183 1.79 191 190 172 1.73
CsB, BaB, TIB, PbBs; BiB; PoB; AtB; RnB,
a(A) 480 5.18 444 451 454 451 448 640
di (A) 271 296 242 246 249 248 245 384
d, (A) 1.3 163 1.78 180 176 173 1.75 1.53
d; (A) 250 287 192 196 204 206 201 425
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FB, CIB, BrB, IB, AtB,
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Fig. S1 Phonon dispersion of the 40 planar XB, monolayer (X = As, Ga, Ge, N, P, S,
Se, Si). " (0, 0, 0), X (0.0 0.5 0.0), and M (0.5 0.5 0.0) refer to special k-points in the

first Brillouin zone in the reciprocal space.
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Fig. S2 Two views and phonon dispersions of the AlB, sheets obtained by PSO search:
AlB4-1 (a), AIB4-11 (b) and AIB4-III (c). Al and B atoms are denoted by blue and green
spheres, respectively. The unit cell is marked by a black parallelogram. The tinny U-
shape of negative frequencies near I" point in the phonons of AlB4-I and AIB,-II does
not indicate the dynamical instability of the two sheets, it is a common phenomenon in
the calculated phonon spectra of 2D structures [V. Zolyomi, N. D. Drummond and V.
I. Fal’ko, Phys. Rev. B, 2014, 89, 205416; H. Yin, G. Zheng, Y. Wang and B. Yao,
Phys. Chem. Chem. Phys., 2018, 20, 19177.].
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Fig. S3 The 3D (a) and 2D (b) differential charge density map of the AIB; monolayer.



