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1. XRD pattern of the samples
1.1 XRD peaks shift of CCFTS powder
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Figure S1 Amplified characteristic peaks of the CCFTS powder
1.2 Peak analyses for FT-4
[image: ]
Figure S2 Lorentz fitting for the peaks located at 25.5~29.5° of FT-4
The peak is composed of two peaks, corresponding to orthogonal CTS (the peak at 27.90°) and tetragonal CFTS (JCPDS No. 97-009-0827) (the peak at 28.18°), respectively, indicating CFTS phase was generated during the annealing.

2. Morphology and composition
2.1 Morphology
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Figure S3 HRTEM images of F-3 under different magnifications

[image: ]
Figure S4 Profile image of FT-3

2.2 Composition
Table S1 EDS results of the CCFTS precursor powder
	Samples
	Cu At%
	Sn At%
	S At%
	Fe At%
	Chemical formula

	F-0
	31.47
	13.36
	55.17
	-
	Cu2.52Sn1.07S4.41

	F-1
	33.24
	13.82
	51.39
	1.55
	Cu2.66Fe0.12Sn1.11S4.11

	F-2
	31.78
	13.92
	52.45
	1.85
	Cu2.54Fe0.15Sn1.11S4.20

	F-3
	31.31
	13.36
	53.07
	2.26
	Cu2.50Fe0.18Sn1.07S4.25

	F-4
	30.25
	13.96
	53.46
	2.33
	Cu2.42Fe0.19Sn1.11S4.28




Table S2 EDS results of the CCFTS CEs
	CE
	Cu At%
	Sn At%
	S At%
	Fe At%
	Chemical formula

	FT-0
	36.92
	14.37
	48.71
	-
	Cu2.95Sn1.15S3.90

	FT-1
	35.04
	15.38
	48.73
	0.85
	Cu2.80Fe0.07Sn1.23S3.90

	FT-2
	32.12
	17.08
	48.81
	1.99
	Cu2.57Fe0.16Sn1.37S3.90

	FT-3
	30.43
	15.27
	52.65
	1.65
	Cu2.44Fe0.13Sn1.22S4.21

	FT-4
	33.48
	16.41
	47.27
	2.84
	Cu2.68Fe0.23Sn1.31S3.78




3. Optical bandgaps
[image: ]
Figure S5 Bandgaps of the CCFTS precursor powder (a) and CEs (b)
[bookmark: _Hlk99911047]

4. The top of the valence band
[image: ]
[bookmark: _Hlk99911309]Figure S6 The top of the valence band (EVB,XPS) of FT-0, FT-3 and FT-4
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