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1. Experimental section 

1.1 Instrumentation. 

The X-ray diffraction (XRD) patterns were recorded on an Ultima IV (Rigaku, 

Japan) diffractometer and Cu Kαradiation (λ = 0.154 nm) from 10° to 60°. The 

photoluminescence excitation (PLE) and photoluminescence (PL) spectra were 

acquired utilizing an F-4600 fluorescence spectrophotometer (Hitachi, Japan). The 

time-resolved PL spectra (TRPL) and photoluminescence quantum yields (PLQYs) of 

samples were determined by using an FLS-980 spectrometer (Edinburgh, U.K.). The 

ultraviolet-visible absorption spectra were examined employing a UV-2600i UV-vis 

spectrophotometer (Shimadzu, Japan). The transmission electron microscopy (TEM) 

images and elemental mapping spectrum were obtained using a JEOL JEM-2100 F 

system (Rigaku, Japan). Chemical states were measured using a K-Alpha+ X-ray 

photoelectron spectroscopy (Thermo Fisher Scientific, U.S.A.). An ultrasound-assisted 

crusher (KMH1-720U) with a nominal frequency of 40 kHz and a net output power of 

800 W was used for the synthesis of Cs3Cu2X5 halide solutions. 

 

1.2 DFT calculations section. 

The Cs3Cu2X5, CsX, and CuX unit cell was used for periodic DFT investigations 

using the VASP code[1-3]. They were treated as valence electrons, and their interactions 

were described by the projected augmented wave (PAW) approach[4]. The binding 

energies (Eb) of different solvents with precursors surface were calculated as 

Eprecursors/solvents − Eprecursors − Esolvents, where Eprecursors/solvents, Eprecursors, and Esolvents are 

the total energies of the adsorption system, the precursors system and solvents crystals, 

respectively. The generalized gradient approximation (GGA) Perdew-Burke-Ernzerhof 

(PBE) exchange-correlation functional was applied[5]. The K points considered about 

the symmetry of the crystal structures were used to sample the Brillouin zone, and the 

cutoff energy of the plane-wave basis was set to 500 eV. 


