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Fig. S1 Overview of the in situ SRD instruments at MSPD, ALBA.



Fig. S2 Overview of the in situ XAS beamline at P65, PETRA III, DESY.



Fig. S3. (a) Raman spectra (λ = 632 nm) of the ZnS and ZnS-C/G composite, and (b) the curve fitting 
of the ZnS-C/G composite. 



Fig. S4. (a) Waterfall plot of the total SRD patterns for a clear overview, and (b) contour map of the 
selected area in the SRD patterns to clearly display the change of intensity.



Fig. S5. Details of the structural evolution based on in situ SRD patterns: (a, b) step I, (c, d) step II+III  
and (e~g) step IV. Note: the reflections of copper current collector and lithium counter electrode are 
also shown. 



Fig. S6 Absolute intensity of the diffraction peaks of the scan121 and reference in the in situ XRD test.



Table S1. The potential and corresponding Zn contained phase composition obtained by linear 
combination fitting at varying scan points during the 1st lithiation. 

scan number potential (V) Zn (wt.%) ZnS (wt.%)

pristine 1.854 0 100
scan1 0.447 3.7 96.3
scan2 0.401 8.6 91.4
scan3 0.355 12.3 87.7
scan4 0.316 12.3 87.7
scan5 0.280 15.5 84.5
scan6 0.249 18.8 81.2
scan7 0.218 24.8 75.2
scan8 0.188 32.7 67.3
scan9 0.152 44.1 55.9
scan10 0.117 54.9 45.1
scan11 0.074 67.2 32.8
scan12 0.049 68.4 31.6



Fig. S7 Linear combination fitting of the XANES spectra at scan1, scan5, scan9 and scan12.



Fig. S8 (a) The schematic illustration and digital image of the three electrode EL-CELL® cell; (b) 
illustration of equivalent circuit for fitting the Nyquist plots.



Fig. S9 The plots of the real part of impedance (Z’) as a function of the inverse square root of angular 
frequency (ω-0.5) at lithiated (a) and delithiated (b) states for the ZnS-C/G electrode in the Warburg region.



Fig. S10 Long-term cycling capacity at current density of 0.1 A g-1 with a potential window of 0.01~3.0 
V.



Fig. S11 Long-term cycling capacity at current density of 1.0 A g-1 with a potential window of 0.25~3.0 
V. 



Fig. S12 Nyquist plots recorded at the delithiated state of the pristine electrodes and the electrodes after ten 
cycles for the ZnS and the ZnS-C/G.


