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Table S1. A series of NaS,, connection mode in Na-based quaternary sulfides

No. Compounds Space group NaS, Connection mode
1 (Cuyg 644Ny 356)(InsSg) F43m isolate

2 (Nag sCug sIn)IngSg 2.0, isolate

3 NaAl(P,Se) Fdd? isolate

4 NaScP»S¢ Fdd2 isolate

5 NaNdGa,Sg Fddd 1solate

6 Nay sNdj sGa,S, Fddd isolate

7 CeGayNaSg Fddd isolate

8 Nay sLagsGa,S,y Fddd isolate

9 Nag ssEus 36AS454S10 P2,/c 1solate

10 Na, ) KMo01,S14 P37 isolate

11 NaAsEuS, Ama? sharing corners
12 Nay(CdSnS,) C2 sharing corners
13 NaBa,Cu;S; C2/m sharing corners
14 Ga,Na,SnSq Cc sharing corners
15 Na,Ge,CdSg Cc sharing corners
16 In,Na,SiSe Cc sharing corners
17 Geln,NaySe Cc sharing corners
18 Na,In,SiSg Cc sharing corners
19 Na,In,GeSq Cc sharing corners
20 Na,ZnGe,Sq Cc sharing corners
21 Na,CdGe,Se Cc sharing corners
22 Naj 26Gaj 26Sng 74S4 Fdd2? sharing corners
23 Na,Sn,ZnS¢ Fdd2 sharing corners

24 NagPbs(PSy4)4 R3mH sharing corners
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Na(Nb,PS,)
NagPby(Ge;S¢),
NagSny(GesSe),
Nag(CdSnySy,)

Ge,sNa,ZnSg

Ga,GeNa,S¢

Ga,Na,SnSq

NaPd(PS,)
NaYb(P,Ss)
NaErP,Sq
NaLuP,Sg
NaTbP,S¢
NaYP,S¢
NaSb(P,S,)
Na(NagsAgos)TeS;
NaSb(P,S,)
NasAs:Eu,Sqg
Na(CuFe); 0535,
LiNaZnS,
LiNaCdsS,
Na(LiMn)S,
NaTiy(PSy);
NaGaSnS,
Nay 6(Tip4Vo0.6)S2
Nag7Cro7Tiy3S,
Nayg 9sZ1;N2 S 836

Nay oCro9Tig 1S,

C2/c
C2/m
C2/m
C2/m
Cc
Fdd2
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sharing edges
sharing edges
sharing edges
sharing edges
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sharing edges
sharing edges
sharing edges
sharing edges
sharing edges
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Nay 5(Yo.5Z10.5)S2
Na2Cu(SbS3)
NagEu,(Si,Se),
NagEu,(Ge;Se),
Nas(CoS,y,Br
(NalnSnSy)o 5
Lag(GaNa)Ga,Sy4
NaY;S;(SiSy)
NaSm;S;(SiSy)
NaYb;GeS,
NaSm;GeS,
NaNd;GeS,
NaGd;GeS;
NaCe;GeS,
Nay 54Cs1.14M0oS
Na(Cu,NbS,)
NaCdSbS;
(Lig.s0Nag.40)AsS,
NaSm(P,S)
Na3(Cr2P3S1,)
NaPrP,Sg
Nay 16Bi1.28(P2Se)
NaBaV§4
NaCdAsS;
NagCuyNb,S;;
(NaLi)As;Sy

Na4In882$elz

R3m LI
P21/n
C2/m
C2/m
I4mm
P6/m
Po;
Po6;
Po6;
P6;
Po6;
Po6;
Po6;
P6;
P63/m
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C2/c
Cc
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P2,/c
P2,/c
P2;/n
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P2/n
P2,2,2
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sharing faces
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sharing corners and edges
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Figure S1. Powder X-ray diffraction patterns of (a) Na;ZnGaSe,, (b) Na;ZnInS,,

(c) NazZnInSe,,
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Figure S2. IR and diffuse-reflectance spectra of Naz;ZnGaSe,;, Na;ZnInS,,
NazZnInSe,.
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Figure S3. Raman spectra of Na;ZnGaSe,, Na;ZnInS,, Na;ZnInSe,
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Figure S4. Band structures, PDOS and TDOS plots of (a) Na;ZnGaSe,, (b)
Na3ZnInS,, (c) Na3ZnlnSe,.
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Figure S5. Overall structure of Na;ZnGaS, and KZn,GasS,,.

Pie chart of Na-S connection mode
7%

e,
. 1%
2 ,

1% 3%
7 isolate sharing corners
~ sharing faces msharing corners ,edges and faces
# sharing corners and edges # sharing edges and faces
7 sharing edges sharing corners and faces

Figure S6. Pie chart of NaSn connection mode..
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