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Figure S1. Atom displacements for the out-of-plane (Algl’a) and in-plane (EgH) Raman vibrational modes
of CaSi,.
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Figure S2. Unpolarized Raman spectra of 6R-layered Zintl phases, (a) CaSi,, (b) CaGe,, showing both the in-
plane and out-of-plane Raman modes.
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Figure S3. Powder XRD Rietveld refinement results for CaSi, using TOPAS. The green cross marks
correspond to the Bragg reflections of CaSi,.

Table S1. Crystal Data and Refinement Results for CaSi,

CaSi, Cu Kyq
radiation
R-3m (No. 166) A=1.5406 A
a/b = 3.855(8) 28=10-90
c = 30.65(6) T=298K
a/p =90°
y=120°
V =394.6(2)

Ro/Rup = 3.87/5.99(%)




Table S2. Fractional atomic coordinates and isotropic displacement parameters based on the refined CaSi, structure.

Atom  Wyckoff X y z Beq (A%)
Position
Ca 6¢C 0 0 0.080(11) 0.75(2)
Si 6¢C 0 0 0.346(14) 0.99(2)
Si 6¢C 0 0 0.181(15) 0.99(2)
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Figure S4. Powder XRD Rietveld refinement results for -CaGe, using TOPAS. The phase fraction of Ge was
refined to be 24 %. The green and orange cross marks correspond to the Bragg reflections of CaGe, and
Ge, respectively.

Table S3. Crystal Data and Refinement Results for CaGe,

CaGe, Cu Kyq
radiation
R-3m (No. 166) A=1.5406 A
a/b =3.985(2) 28=10-70
c=30.63(2) T=298K
a/p =90°
y=120°
V=421.2(5)

Ro/Rup = 2.64/4.13 (%)

Table S4. Fractional atomic coordinates and isotropic displacement parameters based on the refined CaGe, structure.

Atom  Wyckoff X y z Beq (A7)
Position

Ca 6c 0 0 0.083(1) 0.72(8)

Ge 6c 0 0 0.1827(0) 0.38(7)

Ge 6c 0 0 0.3496(6) 0.38(7)
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Figure S5. Logarithmic plot of the co- and cross-polarized NaSnP Raman spectra highlighting the weak
Raman modes in the spectra (arrows).
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Figure S6. Unpolarized Raman spectra of 2H-layered Zintl phases, (a) NaSnP, (b) KSnAs and (c) KSnSb,
showing both the in-plane and out-of-plane Raman modes.
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Figure S7. Powder XRD Rietveld refinement results for NaSnP using TOPAS. The phase fraction of Sn was
refined to be 15.9 %. The green and orange cross marks correspond to the Bragg reflections of NaSnP and
Sn, respectively.

Table S5. Crystal Data and Refinement Results for NaSnP.

NaSnP Cu Kyq
radiation
P6;mc (No. 186) A=1.5406 A
a/b = 3.882(12) 28=10- 90
c=11.68(3) T=298K
a/p =90°
y=120°
V=152.4(11)

Ro/Rup = 3.54/4.74(%)

Table S6. Fractional atomic coordinates and isotropic displacement parameters based on the refined NaSnP structure.

Atom  Wyckoff X y z Beq (A7)
Position

Na 2 1/3 2/3  0.281(11) 1.3(3)

p 2a 1/3 23 0.614(11) 0.92(3)

Sn 2b 0 0 0 0.080(4)
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Figure S8. Powder XRD Le Bail fitting results for KSnAs using TOPAS. The green cross marks correspond to
the Bragg reflections of KSnAs.

Table S7. Crystal Data and Le Bail Fitting results for KSnAs.

KSnAs Cu Kyq
radiation
P6;mc (No. 186) A=1.5406 A
a/b = 4.100(3) 28=10-60
c=12.824(1) T=298K
a/p =90°
y=120°
V=186.74(1)

Rp/Rup = 5.01/6.57(%)
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Figure S9. Powder XRD Le Bail fitting results for KSnSb using TOPAS. The green cross marks correspond to
the Bragg reflections of KSnSb.

Table S8. Crystal Data and Le Bail Fitting results for KSnSb.

KSnSh Cu Kyp
radiation
P6;mc (No. 186) A=1.5406 A
a/b = 4.352(6) 28=10-70
c=13.14(2) T=298K
a/p =90°
y=120°
V=215.7(6)

Ro/Rup = 7.14/9.54(%)
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Figure S10. Unpolarized Raman spectra of 1T-layered Zintl phases, (a) EuGe; and (b) BaSn,, showing both
the in-plane and out-of-plane Raman modes.
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Figure S11. Powder XRD Rietveld refinement results for EuGe, using TOPAS. The phase fraction of Ge was
refined to be 10.6 %. The green and orange cross marks correspond to the Bragg reflections of EuGe; and
Ge, respectively.

Table S9. Crystal Data and Refinement Results for EuGe,.

EUGEZ Cu Kal
radiation
P-3m1 (No. 164) A=1.5406 A
a/b = 4.102(3) 28=10- 90
c=4.999(4) T=298K
a/p =90°
y=120°
V= 72.84(1)

Ro/Rup = 3.86/5.51(%)

Table S10. Fractional atomic coordinates and isotropic displacement parameters based on the refined EuGe,

structure.
2
Atom Wyckoff X y z Beq (A”)
Position
Eu 1a 0 0 0 0.040(3)

Ge 2d 1/3 2/3 0.398(7) 0.39(3)
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Figure S12. Powder XRD Rietveld refinement results for BaSn, using TOPAS. The green cross marks
correspond to the Bragg reflections of BaSn,.

Table S11. Crystal Data and Refinement Results for BaSn,.

BaSn, Cu Kyq
radiation
P-3m1 (No. 164) A=1.5406 A
a/b = 4.660(2) 28=15-70
€=5.539(3) T=298K
a/p =90°
y=120°
V=104.2(1)

Ro/Rup = 4.60/6.34(%)

Table S12. Fractional atomic coordinates and isotropic displacement parameters based on the refined BaSn,

structure.
2
Atom Wyckoff X y z Beg(A?)
Position
Ba 1a 0 0 0 0.072(3)

Sn 2d 1/3 2/3 0.398(5) 0.083(3)
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Figure S13. Kubelka-Munk diffuse reflectance spectra of metallic Zintl phases showing the broadband
absorption across the visible and near-infrared range. The absorbance spectrum of KSnSb was included
for reference.
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Figure S14. Diffuse reflectance absorbance spectra of semiconducting Zintl phases fitted using the Tauc-
Davis-Mott models of 3D densities of states of (a) 3D indirect allowed, (b) 3D direct allowed transitions.
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Table S13. Summary of optical transitions obtained from the Tauc-Davis-Mott models for semiconducting
layered Zintl phases under study.

Phase 3D Direct Allowed 3D Indirect
(eV) Allowed (eV)
(hw-E,)’ (hw-E;’ +E,)"?
NasSnP 1.28 0.95+0.033
KSnAs 0.97 0.65+£0.023
KSnSb 0.80 0.54 £ 0.020
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