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Experimental Section

Reagents NaBF, (Tianjin Guangfu Chemical Reagent Co., Ltd., 99.0%), BaF, (Tianjin Dengke
Chemical Reagent Co., Ltd., 98.0%), B,O3 (Aladdin Industrial Co., Ltd., 98.0%), H3BO3 (Tianjin Baishi
Chemical Reagent Co., Ltd., 99.5%), BaCO; (Tianjin Baishi Chemical Reagent Co., Ltd., 99.0%), and
HBF, solution (Tianjin Damao Chemical Reagent Co., Ltd., > 40.0wt%), NH4BF, (Aladdin Industrial
Co., Ltd., 99.5%) were used as received.

The preparation of Ba(BF,4), : BaCO3 was placed into a 23ml Teflon, afterwards excess HBF, were
dropwise added to ensure the complete reaction of BaCOs. Then, the Teflon was heated to 180°C
to evaporate H,0 and HBF, gas. The X-ray diffraction pattern of the white residual powder was in
good agreement with the calculated one of Ba(BF.),.

Crystal growth The single crystals of BaBOF; were obtained by the high-temperature process in a
vacuum system. A mixture of B,O3 (0.114g, 69.62 mmol), NaBF, (0.314g, 2.859 mmol), and BaF,
(0.072g, 0.411 mmol) was sealed into a tidy quartz tube, and the tube was flame-sealed under 10-3
Pa to create a vacuum environment. Then, the tube was placed into a programmable temperature
muffle furnace. The tube was gradually heated to 700°C in 12 h, and then held for 10 h. Finally, the
tube was cooled slowly to the room temperature. Millimeter-level rod-like crystals were separated
mechanically from the tube for structure determination.

Solid-state synthesis The polycrystalline sample of BaBOF; was obtained in a closed Teflon
autoclave using boric as a flux. Two types of starting reagents were used with the same program,
i.e., (i) Ba(BF,), and H3BO3 with the stoichiometric ratio of 1 : 1, (ii) NH4BF4, BaF,, and H3;BO;3 with
the stoichiometric ratio of 2 : 2 : 1. Then the starting reagents were sufficiently ground before
sealing into the 23ml Teflon autoclave. The autoclave was heated to 220°C and kept for 3 days and
cooled to the room temperature at the rate of 2.4°C/h.

Structure determination A single crystal of the title compound with the dimensions of 0.162 mm x
0.108 mm x 0.039 mm was chosen for the crystal structure determination. The structure data were
performed by the single-crystal X-ray diffraction on a Bruker SMART APEX Il CCD diffractometer at
296(2) K using monochromatic Mo-Ka radiation with A = 0.71073 A. The numerical absorption
correction was carried out by the SCALE program for area detectors and integrated with the SAINT
program.® All the calculations were performed with programs from the SHELXTL crystallographic
software package.? All the atoms were refined using full matrix least-squares techniques, and final
least-squares refinement was on F,2 with data having F,2 > 20(F,2). The structure of the title
compound was checked for missing symmetry elements with the program Platon.3 Crystal data and
structure refinement information of BaBOF; are presented in Table S2. Relevant atomic
coordinates, equivalent isotropic displacement parameters, and selected interatomic distances,
angles are listed in Tables S3 and S4.

Powder X-ray diffraction The X-ray diffraction pattern was performed at room temperature on a
Bruker D2 PHASER diffractometer equipped with an incident beam monochromator with Cu-Ka
radiation with A = 1.5418 A. The pattern was taken in the 28 range from 10° to 70°, with a scan step
width of 0.02°, and a fixed counting time of 1 s/step.

The UV-VIS diffuse reflectance spectrum The diffuse reflectance spectrum of powder sample was
obtained at room temperature with a Shimadzu SolidSpec-3700DUV spectrophotometer. Data was
collected in the wavelength range of 200—800nm.

The Energy dispersive X-ray spectroscope Elemental analysis was carried on clean single crystal
surfaces with the aid of a field emission scanning electron microscope (SEM, SUPRA 55VP)
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equipped with an energy dispersive X-ray spectroscope (BRUKER x-flash-sdd-5010).

Calculation details The electronic structures of BaBOF; were calculated by the first-principles
method. We implemented density functional calculations (DFT) by the CASTEP package? within
the Gradient Generalized Approximation (GGA) with the Perdew-Burke-Ernzerhof (PBE)>”7 on the
experimentally refined structure. The valence electrons of the elements in BaBOF; were
calculated as follows: Ba 5s25pf6s2, B 2s22pl, O 2s22p* and F 2s22p° respectively. The
Monkhorst-Pack® k-points within the Brillouin zone were chosen as 3 x 1 x 3. The plane-wave
cut-off energy is 940 eV. Our test shows that these parameters make good convergence in the
present studies.
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Table S1. The investigation of anionic groups of the reported fluoroxoborates.

compounds

[BOF] groups

FBU

anionic groups

LiBgOoF®
Li,BOsF,10
Li,B30,4F3!

Na,BgOqgF,12
Na3B;05Fg!3
K3B305F14
NH;4B406F
RbB,OgF1®
CsB,O¢FY”
CsKBgO1,F,16
CsRbBgO1,F,®

Li;Nag 9Ko.1BsOgF,18

BaB4OGF219
BaBOF;20
BiB,04F%!

[BOsF]*, [BOs]*

[BOsF]*, [BOs]*
[BO,F,]*
[BO,F,]*

[BOs]*, [BOsF]*

[BOs]*, [BOsF]*

[BOs]*, [BOsF]*

[BOs]*, [BOsF]*

[BOs]*, [BOsF]*

[BOs]*, [BO5F]*
[BOF5]*
[BOsF]*, [BO4]>

[BO,F,]*, [BOs]*, [BO4]>
[BO,F,]*, [BOsF]*, [BOsJ*

[BOsF]*, [BOs]*, [BO4I>

[BeO1:F]>
[B¢O11F,]&

[B3OsF3]*

[BeO11F,]&

[B3O3Fe]*
[B3O3Fe]*
[B4OsF]>
[B4OsF]>
[B4OgFI>
[B4OgFI>
[B4OsF]>

[BsO1oF,]"

[B4OsF,]®
[BOF3]*
[B,OgF]™

[BGOQF]_ |ayer

[BgOgF,]%~ network
[B304F5]% chain

[Bsonglz_ Iayer

[B3;03F¢]3 cluster
[B3;03F¢]3 cluster

[B4OgF]" layer
[B4O¢F] layer
[B4O¢F] layer
[B4O¢F] layer
[B4OgF]" layer
[BsOgF,]3" layer
[B4O6F,]% layer
[BOF;5]% cluster
[B504F]3~ chain
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Table S2. Crystal data and structure refinement for BaBOFs;.

Empirical formula BaBOF;
Formula weight 221.15
Temperature 296(2) K
Crystal system Monoclinic

Space group, Z

Unit cell dimensions

Volume
Absorption coefficient
F(000)

Crystal size
The range for data collection
R(int)
Completeness
Data / restraints / parameters
GOF on F?

Final R indices [F,2 > 20(F,?)]°

R indices (all data)?

Largest diff peak and hole

P2./c (No.14), 4
a=4.6196(19) A
b=15.186(6) A
c=4.4257(18) A
6 =92.045(4) °
310.3(2) A3
12.690 mm™1
384
0.162 mm x 0.108 mm x 0.039 mm
2.68-27.55°
0.0313
98.3%
701/0/55
0.997
R; =0.0264
WR, = 0.0608
R;=0.0352
WR, = 0.0657
1.670 and -1.034 e-A3

SRy =5 |Fo| - |Fel I/5]Fo] and wR; = [SW(F,2 - F2)2/SWF,]V2 for F.2 > 20 (F.?).
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Table S3. Atomic coordinates (x 10%) and equivalent isotropic displacement
parameters (A2 x 103) for BaBOFs. U,, is defined as one third of the trace of the

orthogonalized Uj; tensor.

Atoms x/a y/b z/c Ueq
Bal 2641(1) 9071(1) 2425(1) 10(1)
B1 7793(15) 7088(5) 1884(15) 13(2)
01 7042(9) 7819(3) 3720(9) 14(1)
F1 901(8) 8060(3) -2727(8) 20(1)
F2 6550(9) 6289(3) 2837(8) 21(1)
F3 2359(7) 10037(3) -2585(6) 14(1)

S6



Table S4. Bond lengths (A) and angles (deg.) for BaBOFs.

Bal-F3 2.658(3) B1-F2 1.413(8)
Bal-F3# 2.659(3) B1-01 1.426(8)
Bal-F3#2 2.676(4) B1-01# 1.438(8)
Bal-F3#3 2.681(4) B1-F1#8 1.457(7)
Bal-F1# 2.780(4) F2-B1-01 112.9(5)
Bal-F2# 2.818(4) F2-B1-01# 106.8(5)

Bal-O1 2.827(4) 01-B1-01# 115.0(5)

Bal-F1 2.841(4) F2-B1-F1%8 104.0(5)
Bal-F2# 2.998(4) 01-B1-F1#8 108.1(5)
Bal-01# 3.277(5) 01#-B1-F1#8 109.4(5)

Symmetry transformations used to generate equivalent atoms:
#1x,y, z+1 H2 -x+1, -y+2, -z #3 -x, -y+2, -z

#HA x, -y+3/2,2-1/2 #5 x, -y+3/2, z+1/2 #6x-1,y, z
H7 -x+1, -y+2, -z+1 #8 x+1, -y+3/2, z+1/2 #9x+1,y,z

#10 x-1, -y+3/2, z-1/2

#11x,y,2z-1
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Figure S1. The coordination environments of the Ba%* cation in BaBOF;.
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Figure S2. Powder X-ray diffraction patterns of two BaBOF; phases.
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Figure S3. (a) The SEM image and (b) the Energy dispersive X-ray spectrum (EDX) for
BaBOF;. The EDX spectrum was performed to verify the absence or presence of the F
and O atoms.
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Figure S4. Experimental and calculated powder X-ray diffraction patterns of the title
compound. The peaks of BaF, were marked by red triangles.
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Figure S5. The UV-VIS diffuse reflectance spectrum of BaBOFs;.
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Figure S6. (a) Calculated band structures of BaBOFs;, (b) the total and partial density
of states of BaBOF;.
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