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S1: Crystal structure of AsI3 at ambient conditions. 

Fig. S1. (a) Crystal structure of R  phase AsI3 at ambient conditions. (b) Rietveld 3̅

refinements result of R  phase AsI3 at ambient conditions. 3̅
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S2: Evolution in synchrotron XRD patterns of AsI3 under high pressure. 

Fig. S2. Synchrotron X-ray diffraction (XRD) patterns of AsI3 powders at selected 

pressures. 
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S3: Compressibility of AsI3.

Fig. S3. (a) Evolution of the normalized cell parameters a/a0 and c/c0 of AsI3 as a 

function of pressure. (b) Evolution of the ratio of c/a of AsI3 as a function of pressure.
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S4: Rietveld refinement results of AsI3 at various pressures.

Fig. S4. Rietveld refinements results of AsI3 under various pressures. (a) 0.5 GPa. (b) 

3.2 GPa. (c) 7.5 GPa. (d) 12.0 GPa.
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S5: Lattice dynamics of AsI3 at ambient conditions.

Fig. S5. Calculated vibrational patterns for the most prominent Raman modes of AsI3 

at ambient conditions. The vibration frequencies are shown at the bottom of each 

pattern. Raman vibration modes were calculated using density functional perturbation 

theory (DFPT)1, 2 as implemented in the Phonopy package3, 4 and visualized using the 

VESTA package.5 Furthermore, the Eg mode at 58.3 cm⁻¹ is difficult to observe at 

ambient temperatures and can be detected at low temperatures.6 We also failed to 

recognize this mode, so vibrational patterns of Eg at 58.3cm⁻¹ can be used as a reference 

here.
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S6: The crystal orbital Hamilton population (COHP) analysis.

Fig. S6. (a) The calculated I-As-I angle of AsI3 as a function of pressure. (b-c) The 

negative crystal orbital Hamilton population (-COHP) and the negative integrated 

COHP (-ICOHP) of As-I1 and As-I2 bonds in AsI3 at selected pressures. (d) The -COHP 

and -ICOHP of As-I1 and As-I2 bonds at 6 GPa. The crystal orbital Hamilton population 

(COHP) was calculated by using the plane wave methods as implemented in the 

LOBSTER package.7, 8 
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S7. Photocurrent response at selected external bias.

Fig. S7. The photocurrent curves of AsI3 under 520 nm laser illumination at

external bias from 1 to 9 V. 
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S8. Photocurrent with 520 nm laser illumination under high pressure.

Fig. S8. Changes in the photocurrent of the AsI3 device when illuminated with a 520 

nm laser at various pressures.
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S9. 2D band structure of AsI3 at selected pressures.

Fig. S9. 2D projections of the valence bands (VB) and conduction bands (CB) of AsI3 

in the first Brillouin zone at selected pressures. The black circle indicates the VBM or 

the CBM.
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S10. Partial density of states for various layered iodides.

Fig. S10. Partial density of states for various layered iodides at ambient pressure. (a) 

AsI3, (b) SbI3, (c)BiI3, (d) Zoomed-in partial density of states for the conduction bands 

of AsI3, SbI3, and BiI3. (e) PbI2, and (f) RhI3.
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S11. Partial density of states for various non-layered metal iodides.

Fig. S11. Partial density of states for various non-layered metal iodides at ambient 

pressure, (a) CsI3, (b) SnI4.



13

S12. Partial charge density and photocurrent in non-layered metal iodides.

Fig. S12. Charge distribution of the VBM and CBM of non-layered metal iodides at 

ambient pressure, (a) CsI3,9 (b) SnI4.10 (c) Schematic diagram illustrating variations in 

the photocurrent response of CsI3 and SnI4 under high pressure.
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S13. Phonon dispersion curve of AsI3 at ambient pressure.

Fig. S13. (a) Phonon dispersion curve of AsI3 at ambient pressure. The phonon spectra 

were obtained by employing the CASTEP package11, 12, which demonstrates the 

rationality and reliability of the structural optimization.
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