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Table S1. Crystallographic data of CaZnGe,O¢

Formula

CaZnGe206
Crystal system Monoclinic
Space group Cl2/c1
Lattice parameters
a(A) 10.16020
b(A) 9.00979
c(A) 5.43341
a°=y° 90
Be 105
Cell volume (A3) 480.483
T/K 296
Diffractometer Rigaku D/Max-2400
Radiation/A Cu-Ka (A= 1.5405)
Absorption correction multi-scan
26 range®/ 5-140
Z 4
Calculated Density 4.7986g/cm3
R-factors
Rwp 11.48%
e 1.88
RExp 6.11%

Table S2. Three cation sites Ion radius and electronegativity of Ca?*, Zn?**, and Ge** ions in CaZnGe,Og.

Vector Ton radius (A) Electronegativity
Ca (8) 1.12 1.160
Zn (6) 0.74 1.336

Ge (4) 0.39 1.854
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Table S3. lon radius and electronegativity of Ca?*, Zn?>", Pb>" and Ge*" ions in CaZnGe,O¢ based on the Hume-Rothery rules.

Vector Ton radius (A) Ar (A) Error (%) Electronegativity Error (%)
Ca (8) 1.120 0.170 13.2 1.160 5.3
Ge (4) 0. 390 0.900 69.8 1.854 51.3
Zn (6) 0.740 0.550 42.6 1.336 9.1

Pb (8) 1290 - - 1225 -
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Figure S1.  Absorption spectrum of CaZnGe,Og and the fitting result of band gap.
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Figure S2. PL of the CZGO: x%Pb?*" materials (x=0.2%,0.6%,1.0%,1.4%,1.8% )
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Figure S3. Fabrication process of the luminescent anti-counterfeiting image.
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Figure S4. The 3D roughness of compounds measured by MFP-3D.



