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Table S1. Elemental analysis of Ca, Te, Mo and O in Caz(TeO3)2(MoQO4) by energy-

dispersive X-ray spectroscopy (EDS).

Element Weight% Atomic% Atomic ratio
oK 38.33 75.45 19.86
CakK 15.21 11.95 3.14
TeL 32.56 8.04 2.12
Mo L 13.90 4.56 1.20
Totals 100.00
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Table S2. Elemental analysis of Ca, Te, W and O in Cas(TeOs)2(WO.) by EDS.

Element Weight% Atomic% Atomic ratio
oK 39.73 80.34 26.78
CaK 11.25 9.08 3.03
TelL 25.15 6.38 2.12
WM 23.88 4.20 1.4
Totals 100.00
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Table S3. Atomic coordinates (<10%) and equivalent isotropic displacement parameters
(<10%) for Cas(TeOs)2(M00Q4). Ueq is defined as one third of the trace of the

orthogonalized Ujj tensor.

Atom X y z U(eq)
Ca(l) 71(1) 2784(3) 6321(1) 11(1)
Ca(2) 3152(1) 7563(3) 6983(1) 11(1)
Ca(3) 383(1) 7227(3) 8912(1) 11(1)
Te(1) 2843(1) 2436(1) 9332(1) 9(1)
Te(2) 2599(1) 2686(1) 4518(1) 9(1)
Mo(1) 6472(1) 2576(1) 7815(1) 9(1)
0(1) 1540(5) 5030(8) 5180(4) 11(1)
o) 5212(5) 4763(9) 6859(4) 20(1)
[o16) 1668(5) 245(7) 8122(4) 13(1)
0(4) 2169(6) 332(8) 5522(4) 17(0)
0(5) 2382(6) 4916(9) 8165(4) 16(1)
0(6) 1210(5) 3521(7) 9951(4) 15(1)
o(7) 894(5) 1615(8) 3151(4) 20(1)
0(8) 7879(5) 1506(8) 7102(4) 19(1)
0(9) 5230(5) 219(8) 8017(4) 22(1)
0(10) 7508(6) 3819(8) 9290(4) 21(1)
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Table S4. Selected bond lengths (A) and angles (degree) for Cas(TeOs)2(M00Q4).

Ca(1)-0(2) 2.385(5) Te(1)-0(6) 1.851(4)
Ca(1)-0(1) 2.418(4) Te(1)-0(5) 1.872(4)
Ca(1)-0(8) 2.419(4) Te(1)-0(3) 1.877(4)
Ca(1)-0(7) 2.449(5) Te(2)-0(4) 1.852(4)
Ca(1)-0(3) 2.504(4) Te(2)-0(7) 1.855(4)
Ca(1)-0(4) 2.638(5) Te(2)-0(1) 1.882(4)
Ca(1)-0(5) 2.659(5) Mo(1)-O(8) 1.751(4)
Ca(1)-0(4) 2.744(5) Mo(1)-O(9) 1.760(4)
Ca(2)-0(4) 2.229(5) Mo(1)-0(10) 1.761(4)
Ca(2)-0(5) 2.231(5) Mo(1)-0(2) 1.763(5)
Ca(2)-0(9) 2.335(5) 0(6)-Te(1)-0(5) 89.97(18)
Ca(2)-0(2) 2.402(5) 0(6)-Te(1)-0(3) 101.20(19)
Ca(2)-0(1) 2.508(5) 0(5)-Te(1)-0(3) 92.07(18)
Ca(2)-0(3) 2.561(4) 0(4)-Te(2)-0(7) 90.95(19)
Ca(3)-0(7) 2.258(4) 0(4)-Te(2)-0(1) 92.76(17)
Ca(3)-0(6) 2.264(4) 0(8)-Mo(1)-0(9) 109.3(2)
Ca(3)-0(3) 2.347(4) 0(8)-Mo(1)-O(10) 110.7(2)
Ca(3)-0(6) 2.388(4) 0(9)-Mo(1)-0(10) 108.9(2)
Ca(3)-0(10) 2.419(5) 0(8)-Mo(1)-0(2) 109.80(19)
Ca(3)-0(5) 2.497(4)
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Table S5. Atomic coordinates (<10%) and equivalent isotropic displacement parameters
(<10%) for Cas(TeOs)2(WOs). Ueq is defined as one third of the trace of the

orthogonalized Ujj tensor.

Atom X y z U(eq)
ca(l) 8152(3) 3625(6) 6983(2) 11(2)
ca(2) 5382(3) 3953(5) 89097(18) 10(1)
ca(3) 5064(3) 8393(6) 63199(19) 10(1)
Te(l) 7831(8) 8746(2) 9328(6) 8(2)
Te(2) 7598(8) 8508(29) 4522(6) 902)
W(1) 14699(5) 86117(8) 78143(3) 10(1)
0(1) 6220(12) 7626(13) 9968(8) 17(2)
0(2) 2864(13) 9674(16) 7100(9) 20(1)
[o16) 6524(11) 6182(13) 5180(8) 11(2)
0(4) 7146(13) 10895(15) 0.5512(8) 16(2)
0(5) 7388(12) 0.6254(15) 8169(8) 15(2)
0(6) 6668(12) 10918(14) 8121(8) 11(2)
o(7) 211(12) 6393(14) 6868(8) 20(2)
0(8) 5938(12) 5938(12) 3155(7) 19(2)
0(9) 202(11) 10981(15) 8023(8) 21(2)
0(10) 2518(12) 7371(15) 9291(8) 20(2)
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Table S6. Selected bond lengths (A) and angles (degree) for Cas(TeOs)2(WO,).

Ca(1)-0(4)

Ca(1)-0(5)

Ca(1)-0(9)

Ca(1)-0(7)

Ca(1)-0(3)

Ca(1)-0(6)

Ca(2)-0(8)

Ca(2)-0(1)

Ca(2)-0(6)

Ca(2)-0(1)

Ca(2)-0(10)

Ca(2)-0(5)

Ca(3)-0(3)

Ca(3)-0(3)

Ca(3)-0(2)

Ca(3)-0(8)

Ca(3)-0(6)

Ca(3)-0(4)

Ca(3)-0(5)

Ca(3)-0(4)

2.225(9)

2.228(9)

2.322(9)

2.392(10)

2.521(9)

2.573(9)

2.268(8)

2.267(9)

2.357(9)

2.385(9)

2.416(9)

2.499(9)

2.394(9)

2.404(9)

2.429(10)

2.455(9)

2.503(9)

2.652(10)

2.673(10)

2.714(10)

Te(1)-0(1)

Te(1)-0(6)

Te(1)-0(5)

Te(2)-0(8)

Te(2)-0(4)

Te(2)-0(3)

W(1)-0(2)

W(1)-O(10)

W(1)-0(7)

W(1)-0(9)

O(1)-Te(1)-0(6)

0(1)-Te(1)-0(5)

0(6)-Te(1)-O(5)

0O(8)-Te(2)-O(4)

0(8)-Te(2)-0(3)

0(2)-W(1)-0(10)

0(2)-W(1)-0(7)

0(10)-W(1)-0(7)

0(2)-W(1)-0(9)

1.859(9)

1.867(8)

1.872(8)

1.838(9)

1.864(9)

1.884(8)

1.745(9)

1.764(8)

1.772(9)

1.785(8)

102.2(4)

90.1(4)

92.4(4)

102.3(4)

92.8(3)

110.5(5)

110.1(4)

108.5(4)

109.8(4)
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Table S7. Structural information and transmission ranges of representative tellurate

NLO crystals.
Compound Space group Transmission range (um)
a-BaTeMo0,0q* Pca2; 0.38~5.53
B-BaTeMo0,04? P2, 0.5~5.0
BaTeW,0q® P2, 0.4~4.5
Cs;TeMo3012* P63 0.43~5.38
Cs,TeW3012° P63 0.43~5.0
MgTeMoOg® P2:2:2 0.36~5.2
CdTeMoOsg’ P42;m 0.35~5.4
MnTeMoOg® P2,2,2 0.41~5.4
ZnTeMoOg® P212:2 0.35~5.4
Zn,TeMoO-* P2; 0.3~5.75
Na;TeW,0q'? la 0.36~5.0
Na;TesMo3016? 12 0.42~5.4
Cas(TeOs3)2(Mo0Oy) (this work) P2, 0.28~5.78
Cas(TeOz3)2(WO,) (this work) P2, 0.29~5.62
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Table S8. Performance comparison of representative MIR NLO crystals.

Transmission

Compound Space group  Eg4 (eV) S LIDT (MW/cm?)
AgGaS;* 142d 2.75 0.47-13.0 30 (1064nm, 12ns)
AgGaSe,*' 142d 1.65 0.71-19.0 11 (1064nm, 35ns)
ZnGePy 142d 2.0 0.74-12 74 (1064nm, 10ns)
LilnS,t 142d 3.56 0.34-13.2 100 (1064nm, 10ns)
BaGasS7%° Pmn2; 3.54 0.35-13.7 80 (1064nm, 15ns)
BaGasSe*® Pc 2.64 0.47-18.0 557 (1064nm, 5ns)
Pb170gCl13 Fmm2 3.44 0.34-13.9 408 (1064nm, 10ns)
KTPY Pna2; 35 0.35-4.5 500 (1064nm, 10ns)
KTA® Pna2; 3.6 0.35-5.3 1200 (1064nm, 8ns)
RTP®® Pna2; 3.47 0.35-4.5 1800 (1064nm, 10ns)
LasSnGas014%° P321 4.59 0.27-11 846 (1064nm, 14ns)
LioZrTeOgt R3 4.06 0.29-7.4 1300 (1064nm, 10ns)
Cs,TeWs012° P63 2.89 0.41-54 78.1 (1064nm, 10ns)
BaTeMo0,0¢? P2; 2.95 0.5-5.0 544 (1064nm, 15ns)
Casz(TeO3)2(Mo0Os) P2: 4.44 0.28-5.78 1630 (1064nm, 5ns)
Cas(Te03)(WOs) P2 4.27 0.29-5.62 1500 (1064nm, 5ns)
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Table S9. The directions and magnitudes of the dipole moment of the a-BaTeMo0,0Og,

p-BaTeMo020g, Cs,TeMo03O12, and Caz(TeOz)2(MO4) (M = Mo, W) crystals.

Dipole moment

. Magnitude
Compound Species
x(a) y(b) 2(c) Debye <10
esu cm A3
-0.6953 6.7558 2.5942 7.2701 390.55
MoOs -2.0139 6.6993 -3.3143 7.7409 415.84
1.0903 6.2860 -2.7052 6.9297 372.26
o-BaTeMo0,0g 1.9837 7.1244 3.4081 8.1429 437.44
TeOs 2.9017 11.0592 -4.6579 12.3460 663.22
TeOs -2.2219 -9.1377 4.8141 10.5646 567.53
Unit Cell 0 0 0.556 - 3.73
MoOs -2.0442 -0.7697 -5.2901 5.6937 312.39
5.5516 2.5841 -2.3568 6.5925 361.71
- BaTeMo0,09
TeOq4 -9.2109 5.6026 1.3911 10.8889 597.44
Unit Cell 0 14.834 0 - 406.95
MoOs -0.81557 5.102264 -1.64016 5.7922
Cs2TeMo3O012 TeOs 0 0 -7.11467 7.1147
Unit Cell 0 0 -17.5097 - 302.14
MoO4 0.3132 0.1244 0.0095 0.3371 131.0
Cas(TeOgo(MoOs) -10.0651 2.9412 -7.4458 13.11 509.0
(this work) -12.5532 -3.0156 1.0308 13.04 507.0
Unit Cell 0 6.8064 0 - 269.38
WO, -0.51397 -0.11901 0.344856 0.63028 242.7
Cas(TeOs)2(WOy) TeOs -13.2705 2997029  0.763125 13.63 525.0
(this work) -10.6288  -4.30216  -9.36533 14.81 570.0
Unit Cell 0 -4.31152 0 - 166.02
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Figure S1. Thermal analysis curves of (a) Caz(TeO3)2(Mo00a) and (b) Caz(TeOz)2(WOsa).
X-ray diffraction patterns of (c) Cas(TeOs)2(MoO,) and (d) Cas(TeOs)2(WOs) before

and after melting.
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Figure S2. As-grown Cas(TeOz)2(M00Og) single crystals.
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Figure S3. As-grown Caz(TeO3)2(WO4) single crystal.
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Figure S4. Theoretical morphology of Cas(TeOz)2(M00a) established by the Bravais-

Friedel and Donnay-Harker method.
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Figure S5. Theoretical morphology of Cas(TeOs)2(WOa) established by the Bravais-

Friedel and Donnay-Harker method.
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Spectrum 1

Figure S6. Elemental analysis and mapping images of Ca. Te, Mo, and O elements.
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Spectrum 1

'Spectrum 1

Figure S7. Elemental analysis and mapping images of Ca. Te, W, and O elements.
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Figure S8. Calculated refractive indices of (a) Cas(TeOs3)2(MoO.) and (b)

Caz(Te03)2(WOa).
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Figure S9. Electronic band structure of Caz(TeO3)2(M00s).
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Figure S10. Electronic band structure of Caz(TeO3)2(WOs).
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Figure S13. Dipole moment directions of each MoOs tetrahedron and TeOs trigonal
pyramid in Cas(TeOs)2(M00Os). The brown arrow indicates the direction of the net

dipole moment for the unit cell.
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Figure S14. Dipole moment directions of each MoOs tetrahedron and TeOs trigonal
pyramid in Caz(TeO3)2(WOs). The purple arrow indicates the direction of the net dipole

moment for the unit cell of Caz(TeOs)2(WO4).
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