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Table S1. Atomic coordinates (× 104) and equivalent isotropic displacement parameters (Å2 × 103) and the bond 

valence sum of PbZnGeO4 in asymmetric unit.

Atom x y z U(eq) BVS
Pb(01) 3507(1) 5570(1) 1048(2) 13(1) 1.66
Pb(02) 4600(1) 7667(1) 10737(2) 15(1) 1.735
Ge(03) 2974(2) 6764(1) 5477(5) 9(1) 4.008
Ge(04) 7673(2) 5736(1) 377(5) 8(1) 3.958
Zn(5) 10035(3) 4436(1) 457(5) 10(1) 2.03
Zn(6) 6800(3) 6565(1) 5421(6) 10(1) 1.986
O(1) 6013(17) 5218(8) -400(30) 11(3) 1.586
O(007) 4707(19) 6452(9) 3860(30) 15(4) 1.955
O(008) 7922(19) 5784(8) 3740(30) 12(4) 2.46
O(009) 3270(20) 6800(9) 8810(30) 19(4) 1.62
O(00A) 9395(18) 5345(8) -930(30) 12(4) 2.43
O(2) 7500(18) 6560(8) -930(30) 13(3) 2.03
O(3) 2790(20) 7594(9) 4060(30) 18(4) 2.06
O(4) 1438(19) 6261(9) 4430(30) 19(4) 2.12
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Table S2. Selected bond lengths (Å) and angles (deg.) for PbZnGeO4.

Pb(01)-O(1) 2.331(14) Ge(04)-O(2) 1.738(16)

Pb(01)-O(1)#1 2.419(15) Ge(04)-O(008) 1.747(16)

Pb(01)-O(007) 2.454(17) Ge(04)-O(1) 1.760(15)

Pb(01)-O(009)#2 2.652(18) Ge(04)-O(00A) 1.763(15)

Pb(01)-Ge(03) 3.280(3) Zn(5)-O(4)#5 1.904(17)

Pb(02)-O(009) 2.246(18) Zn(5)-O(00A)#6 1.972(16)

Pb(02)-O(3)#3 2.293(17) Zn(5)-O(00A) 1.972(16)

Pb(02)-O(2)#4 2.465(16) Zn(5)-O(008)#7 1.976(16)

Pb(02)-Ge(03)#3 3.299(3) Zn(6)-O(007) 1.944(16)

Ge(03)-O(4) 1.702(17) Zn(6)-O(3)#8 1.957(16)

Ge(03)-O(009) 1.740(17) Zn(6)-O(2)#3 1.971(16)

Ge(03)-O(3) 1.770(17) Zn(6)-O(008) 1.981(16)

Ge(03)-O(007) 1.782(16) O(2)-Ge(04)-O(1) 111.6(7)

O(1)-Pb(01)-O(1)#1 84.7(3) O(008)-Ge(04)-O(1) 110.4(7)

O(1)-Pb(01)-O(007) 91.3(5) O(2)-Ge(04)-O(00A) 108.3(7)

O(1)#1-Pb(01)-O(007) 85.5(5) O(008)-Ge(04)-O(00A) 107.6(7)

O(1)-Pb(01)-O(009)#2 101.1(5) O(1)-Ge(04)-O(00A) 108.5(7)

O(1)#1-Pb(01)-O(009)#2 155.2(5) O(4)#5-Zn(5)-O(00A)#6 124.9(7)

O(007)-Pb(01)-O(009)#2 70.3(5) O(4)#5-Zn(5)-O(00A) 110.8(7)

O(009)-Pb(02)-O(3)#3 87.5(6) O(00A)#6-Zn(5)-O(00A) 102.6(5)

O(009)-Pb(02)-O(2)#4 86.7(6) O(4)#5-Zn(5)-O(008)#7 106.5(7)

O(3)#3-Pb(02)-O(2)#4 80.0(6) O(00A)#6-Zn(5)-O(008)#7 105.2(6)

O(4)-Ge(03)-O(009) 116.3(9) O(00A)-Zn(5)-O(008)#7 105.4(7)

O(4)-Ge(03)-O(3) 108.9(8) O(007)-Zn(6)-O(3)#8 109.2(7)

O(009)-Ge(03)-O(3) 112.5(8) O(007)-Zn(6)-O(2)#3 131.7(6)

O(4)-Ge(03)-O(007) 105.9(8) O(3)#8-Zn(6)-O(2)#3 102.6(7)

O(009)-Ge(03)-O(007) 111.3(8) O(007)-Zn(6)-O(008) 99.2(7)

O(3)-Ge(03)-O(007) 100.6(8) O(3)#8-Zn(6)-O(008) 105.9(7)

O(2)-Ge(04)-O(008) 110.2(7) O(2)#3-Zn(6)-O(008) 105.9(7)

Symmetry transformations used to generate equivalent atoms: 
#1 -x+1,y,-z+2           #2 -x+3/2,y-1/2,-z+2    
#3 x-1/2,y-1/2,z         #4 -x+1,y+1,-z+2    
#5 x,y+1,z              #6 x-1/2,y+1/2,z      
#7 -x+3/2,y+1/2,-z+2     #8 -x+3/2,y-1/2,-z+1    
#9 x+1/2,y+1/2,z        #10 x-1,y,z    
#11 x,y-1,z             #12 x+1/2,y-1/2,z      
#13 -x+2,y,-z+1         #14 -x+2,y-1,-z+1    
#15 -x+3/2,y+1/2,-z+1    #16 -x+2,y+1,-z+1
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Table S3. The calculated dipole moments for the ZnO4, GeO4, and PbO3, and PbO4 structural units for PbZnGeO4.

structure units dipole moments (Debye)

ZnO4(5) 1.9892

ZnO4(6) 2.9125

GeO4(3) 2.8052

GeO4(4) 0.8281

PbO3 14.2245

PbO4 10.9407

Table S4. The key physical properties of PZGO and some advanced NIR and mid-IR NLO crystals.
material bandgap (eV) birefrigence SHG response IR cutoff (μm) Ref.

KTiOPO4 ~ 3.52 0.092@1064 nm ~ 15 × KDP ~ 4.3 1,2,3

KTiOAsO4 ~ 3.50 0.086@1064 nm ~ 12 × KDP ~ 5.3 2,3

ZnGeP2 ~ 2.25 0.04@2 μm ~ 160 × KDP ~ 12 4,5

AgGaS2 ~ 2.58 0.04@2 μm ~ 35 × KDP ~ 12 6

PZGO ~ 3.70 0.044@1064 nm ~ 2.5 × KDP ~ 5.9 This work
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Figure S1. The EDS spectra of PZGO

Figure S2. The melted and calculated PXRD patterns of PZGO, respectively
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