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Fig. S1. a) B atoms project phonon structure of Be2BO3F (red lines), which contains only triangular [BO3]3- units. b) The IR-active phonons of Be2BO3F between 600 and 1400 cm-1.
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Fig. S2. The calculated IR-active phonons of SiO2, BaSO4, Si3N4, Al2O3, and HfO2 between 600 and 1400 cm-1. The shaded region represents the atmospheric window. 
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Fig. S3 a) Crystal structure of BaAlBO4. Triangular [BO3]3- and tetrahedral [BO4]5- units are illustrated by green triangles and blue tetrahedrons. b) and c) B atoms (in triangular [BO3]3- units and tetrahedral [BO4]5- units, respectively) projected phonon structure of BaAlBO4; d) The IR-active phonons of BaAlBO4 between 600 and 1400 cm-1. The red and blue lines are the IR-active phonons due to triangular [BO3]3- and tetrahedral [BO4]5- units, respectively.
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Fig. S4 XRD results of K3B6O10Cl (a) and BaAlBO4 (b).
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Fig. S5 The band structures of K3B6O10Cl (a) and BaAlBO4 (b) by PBE functional.
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Fig. S6 a) B atoms projected phonon structure of LiB2O3F. The red and blue lines are due to B atoms in triangular [BO3]3- and tetrahedral [BO3F]4- units, respectively. b) The IR-active phonons of LiB2O3F between 600 and 1400 cm-1. The red and blue lines are the IR-active phonons due to triangular [BO3]3- and tetrahedral [BO4]5- units, respectively.
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[bookmark: _GoBack]Fig. S7 a) and b) B atoms projected phonon structure of CaB5O7F3. The red and blue lines are due to B atoms in triangular [BO3]3- and tetrahedral [BO3F]4- units, respectively. c) The IR-active phonons of CaB5O7F3 between 600 and 1400 cm-1. The red and blue lines are the IR-active phonons due to triangular [BO3]3- and tetrahedral [BO4]5- units, respectively.
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Fig. S8 a) and b) B atoms projected phonon structure of CsKB8O12F2. The red and blue lines are due to B atoms in triangular [BO3]3- and tetrahedral [BO3F]4- units, respectively. c) The IR-active phonons of CsKB8O12F2 between 600 and 1400 cm-1. The red and blue lines are the IR-active phonons due to triangular [BO3]3- and tetrahedral [BO4]5- units, respectively.
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Fig. S9 a) and b) B atoms projected phonon structure of RbB4O6F. The red and blue lines are due to B atoms in triangular [BO3]3- and tetrahedral [BO3F]4- units, respectively. c) The IR-active phonons of RbB4O6F between 600 and 1400 cm-1. The red and blue lines are the IR-active phonons due to triangular [BO3]3- and tetrahedral [BO4]5- units, respectively.
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