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Table S1. Crystal structure information of 14 different metal cation ternary arsenates.

Compounds Space orou o Crystallographic data ICSD / Materials
P pace group a, b, c(A) a, B, v(°) Project number
. ] a=6.28560, b=5.39020, e i
LizAsOy Pmn2, o=4.96160 a=p=y=90 75927-1CSD
a=7.00636, b=6.03650, P
Naz;AsOy Pmn2, ©=5.50106 a=p=y=90 mp-756044
2] a=10.6011, b=11.3521, e i
K3AsO, Ceem c=16.9401 a=p=y=90 412391-ICSD
2] a=11.9959, b=8.66185, e Atomic
Rb;AsO, Prma c=6.37123 0=p=r=90 substitution
2] a=12.5427, b=9.02900, e i
Cs3As0y Pnma =6.58500 a=p=y=90 412392-ICSD
=b=6.80820,
Mg3(AsO,),! [Error! sl a=p=y=90 mp-758196
4] a=b=10.9293, a=p=90, i
Ca3(AsOy), R3 £=38.3498 =120 mp-530449
5] a=b=5.66440, a=p=90, i
Sr3(AsQy), RError!m ¢=20.1919 =120 mp-755082
5] a=b=5.85300, a=p=90, i
Ba3(AsOy), RError'm c=214717 =120 mp-9783
(6] a=b=6.71020, e i
ScAsOy 14\/amd 0=6.11320 a=B=y=90 155920-1CSD
7] a=b=6.90400, e i
YAsO, 14,/amd 0=6.28200 a=p=y=90 24513-1CSD
i8] a=6.30610, »b=8.65200, a=y=90, i
Zn3(AsO4)2 P21/C c=11.3210 B=9225 404199-1CSD
9] a=9.28500, b=11.9360, a=y=90, i
[10] a=10.0049, b=11.7555, a=y=90, i
Hg3(AsOy), P2/c 0=6.53740 B=99.6870 72527-1CSD
Table S2. Mulliken population analysis of 14 different metal cation ternary arsenates.
Compounds Species s p d Total Charge(e) Bond Population L(ennngl;h
Li -0.05 - - -0.05 1.05
Li;AsOy As 1.62 195 - 3.57 1.43 g__ﬁls 83(1) ig;;
O 1.89 527 - 7.16 -1.16 ' '
Na 226 6.09 - 8.35 0.65 O.A 0.74 1 681
Na;AsOy As 1.07 209 - 3.6 1.84 O:NZ 004 5372
O 1.87 5.08 - 6.95 -0.95 ' '
K 220 630 - 8.50 0.50
KAsO,  As 114 214 - 328 172 QAs o8t Jood
0 187 507 - 694 -0.94 ) ' '
Rb 221 598 - 8.19 0.81 O-As 0.77 1.680
RBASOs As 123 212 - 335 165 ORb 019 2732



O 188 508 - 696  -0.96
Cs 222 602 - 824 076
Cs:AO,  As 110 2.8 a9 s oAy o LoM
O 189 509 - 697  -097 : :
Mg 237 651 - 888  LI2
Mg(AsO,), As 086 198 - 284 216 8_’1\’}5 8‘8‘71 ;gfé
0 186 511 - 697  -0.97 £ ' '
Ca 222 600 047 869 131
Cas(AsO),  As 1Ol 192 - 293 207 g0 2% o
O 188 513 - 701  -1.01 : :
St 222 600 055 877 123
SryAsO)), As 099 196 - 294 206 (())—_/;rs 8‘?3 ;ggg
O 18 510 - 696  -0.96 : :
Ba 222 600 057 878 122
BasAsO),  As 098 195 - 293 207 om0 5
O 18 509 - 697  -097 : :
Sc 030 023 114 166 134
SeAsO,  As 082 199 - 281 219 s 03 1000
O 18 502 - 68  -0.88 : :
Y 027 011 125 163 137
YAsO, As 083 199 - 28 218 A 0 V!
O 185 503 - 68  -0.89 : :
Zn 039 064 999 1102 098
ZnyAsO),  As 093 192 - 286 214 o0 0% ool
O 186 504 - 690  -0.90 : :
cd 035 053 999 1088 112
Cdy(AsO);  As 095 196 - 291 200  oo% 0% 0%
O 188 506 - 694  -094 : :
Hg 078 046 985 1110  0.90
Hgy(AsO,  As 087 193 - 281 219 0% 072 o
O 188 500 - 68  -0.88 g : :
Table S3. Optical principal axes of ternary arsenates calculated through Efield.
Compounds e Optical spindle ____ ______________
X M V/
LisAsO, 0,0.19,0) (0.16, 0, 0) 0, 0,0.20)
NasAsO, (0.0.16, 0) (0.14. 0, 0) (0.0, 0.18)
K;AsO, (0. 0, 0.06) (0.09. 0, 0) (0. 0.08, 0)
RbAsO, (0.0, 0.16) (0,0.16, 0) (0.08, 0, 0)
Cs3AsO, (0.0, 0.15) (0.0.11, 0) (0.08. 0, 0)
Mgy (AsO,), (0. 0, 0.05) (0.0.15, 0) (0.15. 0, 0)
Cas(AsO,), (0.03, 0.03, 0.03) (-0.10, 0.08, 0.02) (-0.03,-0.07, 0.10)
Sry(AsO.), (0.21, 0.10, 0) (0,0.18, 0) (0. 0, 0.05)
Bay(AsO.), (0.20. 0.10, 0) (0.0.17, 0) (0. 0, 0.05)
ScAsO, (0.15, 0, 0) (0.0.15, 0) 0, 0, 016)
YAsO, (0, 0.11, 0) (0.01, 0, -0.09) (0.15, 0, 0.01)
Zn3(AsO,), (0.-0.11. 0) (0.01. 0, -0.09) (0.15. 0, 0.01)



Cd3(AsOy), (0, 0.08, 0) (-0.09, 0,-0.11) (-0.06,0,0.11)
He3(AsO,), (-0.10, 0, -0.05) (0, 0.09, 0) (-0.01, 0, 0.15)

Table S4. Optical static dielectric constants of 14 arsenates in different directions.

Compounds —-—-—-—-—=—-—-—=—-— Optical Permittivity  __ __ __ ____________
€ € €3 Ag

LizAsOy 2.921 2912 2.930 0.018
NazAsOy 2.606 2.603 2.591 0.015
K;As0y 2.797 2.793 2.808 0.015
Rb;AsOy 2.882 2.867 2.867 0.015
Cs3As04 3.080 3.071 3.079 0.009
Mg3(AsOy), 3.145 3.268 3.268 0.123
Ca3(AsQy), 3.214 3.223 3.223 0.009
Sr3(AsOy), 3.447 3.447 3.489 0.042
Ba3(AsOy), 3.620 3.620 3.662 0.042
ScAsOy 3.819 3.819 4.479 0.660
YAsQO, 3.370 3.852 3.370 0.482
Zn3(AsOy), 3.747 3.674 3.732 0.073
Cd3(AsOy), 3.571 3.596 3.680 0.109
Hg3(AsO,), 4.203 4.349 4.463 0.260

Table S5. The calculated band gaps, birefringence, and Ag of 14 arsenates.

Compounds ==~z (—;fﬂ‘-’-g@—@‘—q ST An (@ 1064 nm) Ae
Li;AsO, 4.702 4.749 0.005 0.018
Na;AsO, 3.348 3.404 0.005 0.015
K3AsO, 3417 3417 0.005 0.015
Rb,AsO, 3.324 3.548 0.004 0.015
Cs3As0, 3413 3.644 0.003 0.009

Mg;(AsO,), 3.575 3.814 0.035 0.123

Cay(AsOy), 4.256 4369 0.003 0.009

Sr3(AsOy), 4.476 4.775 0.011 0.042

Bay(AsO,), 4366 4729 0.011 0.042

ScAsO, 4229 4.443 0.170 0.660
YAsO, 4532 4611 0.130 0.482

Zny(AsO,); 2,287 2.135 0.017 0.073

Cdy(AsO,), 2.260 2.082 0.030 0.109

Hg,(AsO,), 1.591 1.500 0.066 0.260

Table S6. Using REDA calculations to determine the contributions of [AsO4] and metal cations X



(X=Zn, Cd, Hg) to the birefringence in Zn3(AsOy,),, Cd3(AsOy),, and Hg;(AsOy),.

Compounds E-AsOy &X AsQOy4- contribute X- contribute
Zn3(As0y), 0.0068 0.0144 32.14% 67.86%
Cd3(AsOy), 0.0039 0.0042 48.09% 51.91%
Hg3(AsOy), 0.0087 0.0252 25.75% 74.25%
Table S7. Calculated SHG for LiAsO,4, NaAsO,4, Mgs;(AsQOy),, and Caz(AsOy),.
d;j (pm/V)
Compounds  —--— = s osmmrmn e = e
P dy di4 dys dy dy4 ds3 et XKDP
Li;AsOy -- -- 0.414 -- 0.581 0.911 0.721 1.849
Naz;AsOy -- -- 0.602 -- 0.707 1.622 0.985 2.526
Mg3(AsQy), -- 0.424 0.267 -- -- -- 0.398 1.021
Ca3(AsOy), 0.007 -- 0.224 0.144 -- 1.053 0.518 1.328

Frequency (THz)

Figure S1 Phonon dispersion curves of Na;AsO,(a) and Rb;AsQOy, (b).
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Figure S2 Ternary arsenate crystal structures A;AsO4(A= Li, Na, K, Rb, Cs)(a-¢); B3(AsO4),(B=Be,

Mg, Ca, Sr, Ba)(f-j); D°AsO4(D%=Sc, Y)(k-1); D'% (AsO4)»(D'°=Zn, Cd, Hg)(m-o).
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HOMO-LUMO gaps

Figure S5 The HOMO-LUMO gaps of the [AsO4] group.
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