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SUPPORTING INFORMATION



Experimental

Materials

The reagents and solvent j.e. Potassium ethyl xanthogenate, AgNOj, BiCls, CoCl,, CrCls,
Cu(NO3),.3H,0, Fe(NO3)3.9H,0, GaCls, InCl;, NiCl,.6H,0, SbCl;, SnCl, and methanol were

procured from Sigma Aldrich and were used as received.

Synthesis of metal xanthate complexes

The xanthate complexes of all the metals used in this study are well known and are reported in
literature. The complexes were synthesized by standard metathetical methods, and the
detailed synthesis is reported elsewhere."13 The synthesized complexes were characterized by
the elemental analysis, and the results were comparable with the reported literature.
Ag(S,COEt). Anal. Calcd for C3Hs0S,Ag: C, 15.71; H, 2.20; S, 27.93; Ag, 47.1%. Found: C, 15.82;
H, 2.5; S, 28.2; Ag, 47.3%.

Bi(S,COEt)s. Elemental analysis (%) found for CgH15S¢03Bi: C, 19.1; H, 2.65; S, 33.46; Bi, 36.47.
Calcd: C, 18.9; H, 2.64; S, 33.53; Bi, 36.49.

Co(S,COEt)s. Elemental analysis for CgH15S605Co, found (calc.) C: 25.5 (25.6); H: 3.6 (3.58); S:
45.44 (45.31).

Cr(S,COEt)s. Elemental analysis for CoH155¢05Cr, found (calc.) C: 25.31 (25.98); H: 3.51 (3.63); S:
45.89 (46.2).

Cu(S,COEt),. Elemental analysis for CgH,90,S,Cu: Found: C, 22.9; H, 3.2; S, 40.9; Cu, 20.5; Calc.
C, 23.5;H, 3.3; S, 41.8; Cu, 20.8.

Ga(S,COEt)s. Elemental analysis found for CoH,5S¢03Ga: C, 25.1; H, 3.40; S, 44.7; Calc. C, 24.92;
H, 3.48; S, 44.31;

Fe(S,COEt);. Elemental analysis found for CoH5S¢OsFe: C, 25.6; H, 3.4; S, 45.5; Fe, 13.80. Calc. C,
25.8; H, 3.6; S, 45.8; Fe, 13.3.

In(S,COEt)s. Anal. Calc. % (obtained) for CoH5S605In: C, 22.60 (22.95); H, 3.16 (2.98); S, 40.13
(39.94); In, 24.00 (23.77).

Ni(S,COEt),. Elemental analysis for C¢H100,S4Ni: Found: C, 23.81; H, 3.2; S, 42.17; Ni, 20.1%;
Calc. C, 23.91; H, 3.35; S, 42.51; Ni, 19.49.



Sb(S,COEt)s. Elemental analysis (%) found for CoH,5S¢03Sb: C, 22.51; H, 3.07; S, 39.71; Sb, 24.88.
Calcd: C, 22.25; H, 3.11; S, 39.55; Sb, 25.1.
Sn(S,COEt),. Calc. for CgH100,5,5n (%): C 20.0, H 2.79, S 35.5, Sn 32.9; found: C 19.7, H 2.74, S

35.5,5n 32.2.
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Scheme 1. Pyrolysis of xanthate by Chugaev elimination mechanism.
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Figure S1 Thermogravimetric analysis of different metal xanthate precursors (where EtX is

ethyl xanthate).



Table S1. Onset temperatures of different ethyl xanthate complexes obtained by DSC.

Serial Complex Onset temperature

No.
1 Ag(EtX) 164 °C
2 [Bi(EtX)s] 102°C
3 [Co(EtX)s] 118 °C
4 [Cr(EtX)s] 124 °C
5 [Cu(EtX),] 177 °C
6 [Fe(EtX)s] 107 °C
7 [Ga(EtX);] 95°C
8 [In(EtX)s] 126 °C
9 [Ni(EtX),] 133 °C
10 [Sb(EtX)s] 84 °C
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Figure S2 p-XRD pattern of tetrahedrite (Cu1,Sb,S:3) and mohite (Cu,SnS3) synthesized by

melts at 250 °C.
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Figure S3 High angle annular dark field (HAADF) image of AgBiS, and elemental mapping of

same image, showing a uniform distribution of silver, bismuth and sulfur.
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Figure S4 High angle annular dark field (HAADF) image of AgInS, and elemental mapping of

same image, showing a uniform distribution of silver, indium and sulfur.
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Figure S5 EDX imaging of CuGa$, showing a uniform distribution of copper (blue), gallium

(green) and sulfur (red) by SEM.
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Figure S6 EDX imaging of CulnS, showing a uniform distribution of copper (red), indium

(green) and sulfur (blue) by SEM.
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Figure S7 EDX imaging of CuFeS, showing a uniform distribution of copper (green), iron

(red) and sulfur (blue) by SEM.
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Figure S8 EDX imaging of CuSbS, showing a uniform distribution of copper (red), antimony

(green) and sulfur (blue) by SEM.
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Figure S9 High angle annular dark field (HAADF) image of NiCo,S,; (thiospinel) and

elemental mapping of same image, showing a uniform distribution of nickel, cobalt and sulfur.



06+65K 1231
MAG: 8000x  HV:20.0kV WD: 10.1 mm

~
.

SV "y
r

;
¥

.
s
Y.

06+65K 1231 50 nm 06+65K 1231
MAG: 8000 x _HV: 20.0 kV_ WD: 10.1 mm ————' MAG:8000x " HV:20.0kV_ WD: 10.1mm

Figure S10 EDX imaging of CuCo,S, showing a uniform distribution of copper (green), cobalt

(red) and sulfur (yellow) by SEM.
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Figure S11 EDX imaging of CoCr,S, showing a uniform distribution of cobalt (red), chromium

(green) and sulfur (yellow) by SEM.
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Figure S12 EDX imaging of Cu,SnS3; showing a uniform distribution of copper (red), tin

(green) and sulfur (blue) by SEM.
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Figure S13 EDX imaging of Cuy,Sb;S;3 showing a uniform distribution of copper (red),

antimony (green) and sulfur (blue) by SEM.
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