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Figure S1. Suspension of (a) CCoTS, (b) CNiTS precursors, (¢) CMTS autoclaved suspension, (d)
purified CMTS powder, deposited films of (e) CCoTS and (f) CNiTS on the perovskite layer.

Figure S2a, shows XRD patterns of the synthesized CMTS. As can be seen, three diffraction
peaks are located at around 20~28, 33, 47, and 56, which correspond to the polycrystalline tetragonal
stannite (space group [42m) for CNiTS (JCPDS card No. 26-0513), and tetragonal stannite (space
group [42m) for CCoTS (JCPDS card No. 26-0513). These observations are in good agreement with
the previous reports on CNiTS and CCoTS [1-4]. The presence of secondary phases such as NiS in
CNiTS and CoS in CCoTS are the challenges of the multi-phase nature of these materials. In
addition, Raman spectra is an appropriate analysis to explore the additional phases of the material.
Figure S1b shows the Raman spectrum of the samples. As can be seen, the main peaks placed at 330
(CNiTS) and 320 (CCoTS) cm™ are related to the A1 symmetry mode of pure sulfur anion vibrations,
and the blue shift of Raman peak arises from force constants fms (M = Ni and Co) [1-5]. As can be
seen in Figure S2b, no secondary phases are depicted in the Raman spectra, which is a good evidence
of the high purity of CMTS samples.
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Figure S2. (a) X-ray diffraction pattern, and (b) Raman spectrum of CNiTS and CCoTS films.
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Figure S3. (a), (b) J-V curves of the CM(M = Ni, Co)TS-based PSCs with 25, 50, 75, 100 and 125 mg
mL" concentrations, measured under illumination of an AM 1.5 G solar simulator (100 mW cm™2).

Table S1. Photovoltaic parameters of CM(M = Ni, Co)TS-based devices with different concentrations
of CMTS as hole transport material (HTM), by Au back contact.

HIM Concentration  ppny () Ju(mAcm? FE(%) PCE(%)
(mg mL-1)

” CNTS 078 7.13 55 3.8
CCTS  0.67 54 33 118

5 CNTS  0.85 10.40 50 446
CCTS 07 6.88 2 204

s CNTS 08 11.85 52 494
CCTS 038 11.85 50 494

100 CNTS  0.92 17.75 54 885
CCTS  0.87 16.87 50 731

15 CNTS  0.89 14.95 54 725

CCTS 0.82 13.59 54 6.10




Energies 2020, 13, x FOR PEER REVIEW 30f3

(@) (b)

0.94 4 418.0

e o

v w

e N

1 M
H‘

-

=i

o

&

— 0.88 1 . £
= T 17.0 :-"t)
30861 . =S " E
% o

0.84 4 . R _F

-
@
o

416.0

© ; ; (@)

56 -r 49.0
. 485
54 4 +— Sy
. | T .
= + * 8.0
o w
i 52 4 o

i L

4
50
ry 7.0
*

T T T T
CNiTS CCoTS CNiTS CCoTs

Figure S4. Statistical photovoltaic parameters including: (a) Vo, (b) Js, (¢) FF, and (d) power
conversion efficiency (PCE), for CM(M = Ni, Co)TS (100 mg ml™) based devices.

1. Shadrokh, Z.; Yazdani, A.; Eshghi, H. Solvothermal synthesis of Cu2Zn1-xFexSnS4nanoparticles and the
influence of annealing conditions on drop-casted thin films. Semicond. Sci. Technol. 2016, 31, 045004,
doi:10.1088/0268-1242/31/4/045004.

2. Ozel, F.; Aslan, E.; Istanbullu, B.; Akay, O.; Hatay Patir, I. Photocatalytic hydrogen evolution based on
Cu2ZnSnS4, Cu2NiSnS4 and Cu2CoSnS4 nanocrystals. Appl. Catal. B Environ. 2016, 198, 67-73,
doi:10.1016/j.apcatb.2016.05.053.

3. Krishnaiah, M.; Bhargava, P.; Mallick, S. Low-temperature synthesis of Cu2CoSnS4 nanoparticles by
thermal decomposition of metal precursors and the study of its structural, optical and electrical
properties for photovoltaic applications. RSC Adv. 2015, 5, 96928-96933, d0i:10.1039/C5RA18679].

4. Chihi, A.; Boujmil, M.F.; Bessais, B. Synthesis and characterization of photoactive material Cu2NiSnS4
thin films. J. Mater. Sci. Mater. Electron. 2019, 30, 3338-3348, doi:10.1007/s10854-018-00607-z.

5. Huang, C; Chan, Y,; Liu, F,; Tang, D.; Yang, J.; Lai, Y.; Li, J.; Liu, Y. Synthesis and characterization of
multicomponent Cu2(FexZn1-x)SnS4 nanocrystals with tunable band gap and structure. J. Mater. Chem. A
2013, 1, 5402-5407, doi:10.1039/C3TA00191A.



