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Table S1. Crystal data and structure refinements for BaAlB;OgF, and BaAl,(B3Og),F,.

Empirical formula BaAlB;0¢F, BaAly(B;0),F,
Formula weight 330.75 486.16
Temperature [K] 273(2) 273(2)

Crystal system monoclinic trigonal
Space group (number) P2,/c (14) R3¢ (167)
a[A] 7.1245(6) 7.0654(18)
b[A] 12.7080(10) 7.0654(18)
c [A] 7.6246(7) 37.529(13)
o [°] 90 90
B1°] 112.189(3) 90
y[°] 90 120
Volume [A3] 639.19(10) 1622.5(10)
Z 4 6
Peale [g cm3] 3.437 2.958
o [mm™'] 6.381 3.935
F (000) 600 1356
Radiation MoK, (A=0.71073 A) MoK, (A=0.71073 A)
20 range [°] 6.41 to 55.12 6.51 to 65.56
Index ranges 9<h<9 -10<ha <10
-16<k<15 -10<k<10
9<1<9 —55<1<54
Reflections collected 15684 17663
Independent reflections 1457 644
Rin = 0.0250 Rin = 0.0250
Rgigma = 0.0115 Rgigma = 0.0115
Completeness 98.9 % 100.0 %
Data / Restraints / 1457/0/118 644/0/36
Parameters
Goodness-of-fit on F? 1.141 1.082

Final R indexes [/>2c6(/)]* R;=0.0110, wR, =0.0277  R;=0.0346, wR, = 0.0759
Final R indexes [all data]® R, =0.0113, wR,=0.0278 R, =0.0612, wR,= 0.0850
Largest peak/hole [eA 3] 0.32/-0.45 1.00/-1.52
“R,=F,-F/F,and wR, = [w (F,> — F2)*wF,*]V* for F,? > 2(F,?).
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Table S2. Atomic coordinates and equivalent isotropic displacement parameters for
BaAIB;OgF,. U(eq) is defined as one-third of the trace of the orthogonalized Uj; tensor.

Atom X y z Uegq BVS
Bal -0.15914(2) 0.14249(2) 0.87733(2) 0.00965(4) 2.3
All -0.04628(8) 0.09632(4) 0.38295(7) 0.00789(10) 3.1
B1 0.2955(3) 0.23551(16) 0.5266(3) 0.0105(4) 3.0
B2 0.5292(3) 0.39297(15) 0.6556(3) 0.0094(4) 3.0
B3 0.6407(3) 0.56044(16) 0.8284(3) 0.0109(4) 3.0
(0] 0.11738(19) 0.21076(10) 0.39411(19) 0.0116(3) 2.1
02 0.3522(2) 0.34022(10) 0.5523(2) 0.0136(3) 1.9
03 0.7143(2) 0.35447(10) 0.69269(19) 0.0111(3) 2.0
04 0.49269(19) 0.49536(10) 0.7083(2) 0.0140(3) 2.1
05 0.83160(19) 0.52964(10) 0.91797(19) 0.0114(3) 2.2
06 0.5740(2) 0.66074(10) 0.8511(2) 0.0144(3) 2.1
F1 0.02187(17) 0.03584(9) 0.20052(15) 0.0142(2) 1.1
F2 0.13429(18) 0.16314(9) 0.54769(16) 0.0157(2) 1.0

Table S3. Atomic coordinates and equivalent isotropic displacement parameters for

BaAl,(B;0g),F,. U(eq) is defined as one-third of the trace of the orthogonalized Uj; tensor.

Atom X y z Ue BVS
Bal 0.666667 0.333333 0.583333 0.02168(17) 1.8
All 0.666667 0.333333 0.69801(4) 0.0146(3) 3.1
B1 0.4966(6) 0.6087(6) 0.71292(9) 0.0187(6) 3.0
F1 0.666667 0.333333 0.65367(10) 0.0286(8) 1.0
0] 0.5505(4) 0.8269(4) 0.71260(7) 0.0238(5) 1.9
02 0.6542(3) 0.5590(3) 0.71370(6) 0.0213(5) 2.0
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Table S4. Bond lengths [A] for BaAIB;O¢F,.

Atom-Atom lengths Atom-Atom lengths
Bal-F2 2.5987(12) Al1-01 1.8458(14)
Bal-F1#! 2.6234(11) Al1-03% 1.8806(14)
Bal-F1# 2.6780(11) Al1-05% 1.8883(14)
Bal-O1% 2.6805(13) All-0O5% 1.8995(14)
Bal-F2# 2.7652(12) All-Al1# 2.9538(10)
Bal-O6* 2.8166(13) B1-0O1 1.327(2)
Bal-03% 2.8697(14) B1-02 1.383(2)
Bal-04# 2.8979(13) B1-06% 1.408(2)
Bal-03% 3.0155(13) B2-03 1.333(2)
Bal-B3* 3.355(2) B2-02 1.382(2)
Bal-B1% 3.377(2) B2-04 1.415(2)
Bal-All# 3.4117(6) B3-05 1.329(2)
All-F1 1.8088(12) B3-04 1.381(2)
All-F2 1.8130(13) B3-06 1.394(2)

Symmetry transformations used to generate equivalent atoms:

#1:-X, -Y, 1-Z; #2: +X, +Y, 1+Z; #3: +X, 0.5-Y, 0.5+Z; #4: -X, -0.5+Y, 1.5-Z; #5: -1+X, 0.5-
Y, 0.5+Z; #6: -1+X, +Y, +Z; #7: -1+X, 0.5-Y, -0.5+Z; #8: 1-X, -0.5+Y, 1.5-Z; #9: +X, 0.5-Y,
-0.5+Z; #10: +X, +Y, -1+Z; #11: -X, 0.5+Y, 1.5-Z; #12: 1+X, 0.5-Y, 0.5+Z; #13: 1+X, 0.5-Y,
-0.5+Z; #14: 1+X, +Y, +Z; #15: 1-X, 0.5+Y, 1.5-Z;
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Table S5. Bond angles [deg] for BaAIB;O¢F,.

Atom—Atom—Atom Angle [°] Atom—Atom—Atom Angle [°]
F2-Bal-F1 72.61(3) F1-Bal-B3 91.64(4)
F2-Bal-F1 139.11(3) F1-Bal-B3 108.97(4)
F1-Bal-F1 71.33(4) 0O1-Bal-B3 147.35(4)
F2-Bal-O1 70.04(4) F2-Bal-B3 111.72(4)
F1-Bal-O1 106.36(4) 06-Bal-B3 24.14(4)
F1-Bal-O1 102.61(4) 03-Bal-B3 78.84(4)
F2-Bal-F2 110.39(2) 04-Bal-B3 24.12(4)
F1-Bal-F2 156.16(4) 03-Bal-B3 89.23(4)
F1-Bal-F2 95.55(3) F2-Bal-Bl1 82.68(5)
Ol1-Bal-F2 55.98(4) F1-Bal-Bl1 94.63(4)
F2-Bal-06 80.36(4) F1-Bal-Bl1 81.66(4)
F1-Bal-06 108.96(4) 0O1-Bal-B1 21.64(4)
F1-Bal-06 129.70(4) F2-Bal-Bl1 63.16(4)
O1-Bal-06 123.56(4) 06-Bal-Bl1 145.02(4)
F2-Bal-06 94.76(4) 03-Bal-Bl1 106.05(4)
F2-Bal-03 165.20(4) 04-Bal-Bl1 166.56(4)
F1-Bal-0O3 117.59(3) 03-Bal-Bl1 80.03(4)
F1-Bal-0O3 55.27(3) B3-Bal-Bl1 168.99(5)
O1-Bal-03 114.11(4) F2-Bal-All 79.17(3)
F2-Bal-0O3 65.10(3) F1-Bal-All 137.48(3)
06-Bal-03 85.90(4) F1-Bal-All 116.84(3)
F2-Bal-04 101.35(4) Ol-Bal-All 32.55(3)
F1-Bal-0O4 74.68(4) F2-Bal-All 32.01(3)
F1-Bal-O4 87.12(4) 06-Bal-All 96.60(3)
O1-Bal-04 170.08(4) 03-Bal-All 97.09(3)
F2-Bal-O4 125.72(4) 04-Bal-All 143.12(3)
06-Bal-04 48.25(4) 03-Bal-All 33.31(3)
03-Bal-04 72.96(4) B3-Bal-All 120.19(4)
F2-Bal-03 64.90(4) B1-Bal-All 50.03(4)
F1-Bal-O3 137.51(4) F1-Al1-F2 174.49(6)
F1-Bal-0O3 146.81(4) F1-Al1-01 91.25(6)
O1-Bal-03 59.04(4) F2-Al1-01 88.67(6)
F2-Bal-0O3 51.40(4) F1-Al1-03 88.68(6)
06-Bal-03 65.09(4) F2-Al1-03 85.89(6)
03-Bal-03 104.23(3) O1-Al1-03 98.44(6)
04-Bal-03 113.33(4) F1-Al1-05 91.17(6)
F2-Bal-B3 90.59(5) F2-Al1-05 90.04(6)

Symmetry transformations used to generate equivalent atoms:
#1:-X, =Y, 1-Z; #2: +X, +Y, 1+Z; #3: +X, 0.5-Y, 0.5+Z; #4: -X, -0.5+Y, 1.5-Z; #5: -1+X, 0.5-
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Y, 0.5+Z; #6: -1+X, +Y, +Z; #7: -1+X, 0.5-Y, -0.5+Z; #8: 1-X, -0.5+Y, 1.5-Z; #9: +X, 0.5-Y,
-0.5+Z; #10: +X, +Y, -1+Z; #11: -X, 0.5+Y, 1.5-Z; #12: 1+X, 0.5-Y, 0.5+Z; #13: 1+X, 0.5-Y,
-0.5+7Z; #14: 1+X, +Y, +Z; #15: 1-X, 0.5+Y, 1.5-Z;
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Table S6. Bond lengths [A] for BaAl,(B;04),F,.

Atom-Atom lengths Atom-Atom lengths
Bal-F1#1 2.640(4) Bal-02#3 3.150(2)
Bal-Fl1 2.640(4) Bal-02#6 3.150(2)
Bal-O1#2 3.109(2) All-F1 1.664(4)
Bal-O1#3 3.109(3) Al1-O2#8 1.743(2)
Bal-O1#4 3.109(3) All-02 1.743(2)
Bal-O1#5 3.109(3) Al1-02#9 1.743(2)
Bal-O1#6 3.109(3) B1-02 1.325(4)
Bal-O1#7 3.109(2) B1-0O1 1.390(4)
Bal-02#2 3.150(2) B1-O1#10 1.392(4)
Bal-O2#4 3.150(2)

Symmetry transformations used to generate equivalent atoms:

#1:-3.66667+X-Y, 1.66667-Y, 1.16667-Z; #2: 0.66667-X+Y, -0.66667+Y, -0.16667+Z; #3: -
0.33333+X, 0.33333+X-Y, -0.16667+Z; #4: 1.66667-Y, 1.33333-X, -0.16667+Z; #5:
1.66667-X, 1.33333-Y, 1.33333-Z; #6: 0.66667+X-Y, -0.66667+X, 1.33333-Z; #7: -
0.33333+Y, 0.33333-X+Y, 1.33333-Z; #8: 1-X+Y, 1-X, +Z; #9: 1-Y, +X-Y, +Z; #10: -X+Y,
1-X,+Z;  #11:1-Y, 1+X-Y, +Z;
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Table S7. Bond angles [deg] for BaAl,(B;04),F,.

Atom—Atom—Atom Angle [°] Atom—Atom—Atom Angle [°]
F1-Bal-F1 180.0 0O1-Bal-02 58.03(6)
F1-Bal-O1 63.16(5) O1-Bal-02 149.32(6)
F1-Bal-O1 116.83(5) 0O1-Bal-02 104.79(6)
F1-Bal-O1 63.17(5) 02-Bal-02 102.67(5)
F1-Bal-O1 116.83(5) F1-Bal-02 64.37(4)
0O1-Bal-0Ol1 101.21(6) F1-Bal-02 115.63(4)
F1-Bal-O1 63.17(5) 0O1-Bal-02 126.55(6)
F1-Bal-O1 116.83(5) O1-Bal-02 44.03(6)
0O1-Bal-0l1 101.21(6) O1-Bal-02 62.47(6)
O1-Bal-Ol1 101.21(6) O1-Bal-02 149.32(6)
F1-Bal-O1 116.84(5) 0O1-Bal-02 104.79(6)
F1-Bal-O1 63.16(5) O1-Bal-02 58.03(6)
0O1-Bal-0Ol1 68.88(9) 02-Bal-02 102.67(5)
0O1-Bal-Ol 166.53(9) 02-Bal-02 102.67(5)
0O1-Bal-0Ol1 89.95(9) F1-Bal-02 115.63(4)
F1-Bal-O1 116.84(5) F1-Bal-02 64.37(4)
F1-Bal-O1 63.16(5) 0O1-Bal-02 58.03(6)
0O1-Bal-Ol1 89.95(9) O1-Bal-02 104.79(6)
0O1-Bal-0Ol1 68.88(9) 0O1-Bal-02 149.32(6)
0O1-Bal-Ol 166.53(9) O1-Bal-02 62.46(6)
0O1-Bal-0Ol1 101.20(6) O1-Bal-02 44.03(6)
F1-Bal-O1 116.84(5) O1-Bal-02 126.54(6)
F1-Bal-O1 63.16(5) 02-Bal-02 56.12(8)
0O1-Bal-Ol1 166.53(9) 02-Bal-02 106.07(8)
0O1-Bal-0Ol1 89.95(9) 02-Bal-02 147.34(8)
0O1-Bal-Ol 68.88(9) F1-Al1-02 109.75(9)
O1-Bal-0Ol1 101.20(6) F1-Al1-02 109.75(9)
O1-Bal-Ol1 101.20(6) 02-Al1-02 109.19(9)
F1-Bal-02 64.37(4) F1-Al11-02 109.75(9)
F1-Bal-02 115.63(4) 02-Al11-02 109.19(9)
O1-Bal-02 44.03(6) 02-Al1-02 109.19(9)
O1-Bal-02 62.47(6) 02-B1-01 119.5(3)
O1-Bal-02 126.55(6) 02-B1-01 122.3(3)
O1-Bal-02 104.79(6) 0O1-B1-01 118.2(3)
O1-Bal-02 58.03(6) All-F1-Bal 180.0
O1-Bal-02 149.32(6) B1-O1-B1 121.8(3)
F1-Bal-02 64.37(4) B1-O1-Bal 95.29(19)
F1-Bal-02 115.63(4) B1-O1-Bal 134.4(2)
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O1-Bal-02 62.47(6) B1-02-All 132.0(2)
01-Bal-02 126.55(6) B1-02-Bal 95.02)
01-Bal-02 44.03(6) All-02-Bal 133.00(10)

Symmetry transformations used to generate equivalent atoms:

#1:-3.66667+X-Y, 1.66667-Y, 1.16667-Z; #2: 0.66667-X+Y, -0.66667+Y, -0.16667+Z; #3: -
0.33333+X, 0.33333+X-Y, -0.16667+Z; #4: 1.66667-Y, 1.33333-X, -0.16667+Z; #5:
1.66667-X, 1.33333-Y, 1.33333-Z; #6: 0.66667+X-Y, -0.66667+X, 1.33333-Z; #7: -
0.33333+Y, 0.33333-X+Y, 1.33333-Z; #8: 1-X+Y, 1-X, +Z; #9: 1-Y, +X-Y, +Z; #10: -X+Y,
1-X,+Z;  #11:1-Y, 1+X-Y, +Z;
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Table S8. Comparison of bandgap and birefringence for the known F-containing
aluminoborates and the arrangement of the [Al-O/F] groups.

Band Cut-off  birefringen

Compound gap/eV edge/nm ce [AL-OF]
K;Ba;Li,AlBsOyF!  >6.2 <190 0.063 [AIO,]
Aluminoborate ¢ i A1 B O >62 190 0.062 [AIO,]
fluorides
Rb;Ba;Li,AlBsO,F>  >6.2 198 0.061 [AIO,]
BaAIBO;F,* >6.2 165 0.0418 [AIO;F,]
Rb;Al;B;0,F? 6.58% <200 / [AIO;F]
CsAIB;O4F° 7.49% <190 0.091 [AIOsF]
RbAIB;O4F’ 7.15% <190 0.0946 [AIO5F]
CsysRbysAIB;OF7  >6.2 <200 / [AlO;F]
LigsNagsAlB,0F,%  7.55% <200 0.108 [AIO;F;]
SrAIB;O4F,° 7.65% <200 0.075 [AIO4F;]
Fluoroaluming  SZAl1sBss2OnFa!0 728 <200 0.058 [AIO,F,]
borates SnAl(BO;),F,!! 4.08 240 0.024 [AIO,F,]
Aly(BO;)4(B,05)Fg!2  7.32% <200 / [AIO,F,]
Pb,Al,B;04F;13 5.26 213 0.0458 [AIO,F,]
PbsAIB,O,F, ' 3.63 <300 / [AIF]
AlgB;sO,sF5!5 / / / [AIOsF]
BaAlIB;OF, (this 7.53% <200 0.087 [AIO,F,]
work)
BaAL(B;O),F, (thi  7.87* <200 0.105 [AIO;F]
s work)

* DFT calculated results
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Figure S1. Different arrangement of [Al-O/F] groups in (a) BaAIBOsF,, (b)
BaA1B306F2, and (C) BaAlz(B306)2F2.
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Figure S2. The experimental and calculated sample XRD patterns of (a) BaAIB;O¢F,
and (b) BaAlz(B306)2F2.
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Figure S3. TG/DSC curves of (a) BaAIB3OgF; and (b) BaAl,(B;0g),F>.
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Figure S4. IR Spectra of (a) BaAlB;O¢F, and (b) BaAl;(B3Og),F,.
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Figure S5. The measurement of thickness of (a) BaAIB3;Og4F, and (b) BaAl,(B30g),F,.
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Figure S6. The calculated band gaps (HSE06) of (a) BaAlB3;O¢F, and (b)
BaAlz(B3O6)2F2.
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