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Experimental Section  

In Situ High-Pressure IR reflectivity Experiments. Cesium lead iodine with 

purity of >99% was purchased from Xi’an Polymer Light Technology Corp. The 

symmetry-type diamond anvil cell (DAC) was employed to generate high pressure. 

IIa-type ultralow fluorescence diamonds with culet size of 200 μm were used for high 

pressure IR reflectivity experiments. One sheet of T301 stainless steel gasket was 

pre-indented to 45 μm in thickness with a hole of 80 μm in diameter was drilled in the 

center of the indentation by laser to serve as sample chamber. The ruby fluorescence 

method was used for the pressure calibration.
[1]

 

The IR reflectivity measurements were conducted at room temperature using a 

Bruker Vertex 80 V FT-IR spectrometer (BRUKER OPTIK GMBH, Germany) in the 

range of 600–8000 cm
-1

 equipped with a nitrogen-cooled mercury-cadmium-telluride 

(MCT) detector. The CsPbI3 was directly contacted to culet surface of the diamond 

anvil, and no medium was used. Pressure-induced reflection spectra were measured at 

the interface between the sample and diamond anvil. To normalize the sample spectra, 

the spectra reflected from the inner diamond−air interface of an empty cell served as 

the reference.
[2]

 The obtained reflectivity spectra Rs-d(ω)refer to the absolute 

reflectivity at the sample-diamond interface calculated by 

 R𝑠−d(ω) =
Is−d(𝜔)

Id(ω)
∙

Id(ω)

Ie(ω)
∙

Id(ω)

I0(ω)
 ,                 (2) 

Where Is-d is the intensity reflected from the sample-diamond interface, Id(ω) is the 

power reflected off of the air-diamond interface (the back plate of diamond), Ie(ω)is 

the power reflected from the empty cell (through the diamond culet), and I0 is the 



power reflected from a polished gold mirror (taken as a perfectly reflecting reference 

surface). The ratio Id/I0 is taken to be 0.18.
[3]

 

In Situ High-Pressure XRD Experiments. Ia-type diamonds with culet size of 

200 μm were used for high pressure XRD experiments. One sheet of T301 stainless 

steel gasket was pre-indented to 45 μm in thickness with a hole of 80 μm in diameter 

was drilled in the center of the indentation by laser to serve as sample chamber. The 

ruby fluorescence method was used for the pressure calibration
[1]

. In situ 

high-pressure XRD patterns were collected at the beamline 4W2 of Beijing 

Synchrotron Radiation Facility(BSRF) and 15U1 of Shanghai Synchrotron Radiation 

Facility (SSRF) using angle-dispersive XRD source (λ = 0.6199 Å). CeO2 was used 

as the standard sample to do the calibration. And the transition into standard 

one-dimensional powder patterns versus 2θ was carried out using the FIT2D 

software. Materials Studio Software was employed to index and refine the collected 

experimental XRD profiles. 

In situ conductivity measurements. The diamond anvil cell (DAC) made of 

BeCu alloy with culet of 300 μm in diameter was utilized. A T301 stainless steel was 

pre-indented into 45 μm in thickness, and then a hole of 140 μm in diameter was 

drilled at the center of indentation. Then, a mixture of cubic BN and epoxy was 

compressed into the indentation was used as the insulating layer. Subsequently, 

another hole of 120 μm was drilled to serve as a sample chamber. Solid CsPbI3 was 

loaded into the chamber onto which four platinum leads were overlaid. A constant 

current of 1 mA was passed between two adjacent leads while voltage was measured 



across the other two according to the van der Pauw method. Two resistance values 

are required to calculate sheet resistance Rs: a horizontal resistance Rh found by 

measuring voltage across the first and second leads, then a vertical resistance Rv 

from the voltage across the second and third leads, for example. Here, Rs (Ω) is given 

by the following equation: 

𝑒−𝜋𝑅ℎ/𝑅𝑠+𝑒−𝜋𝑅𝑣/𝑅𝑠=1                           (3) 

From Rs, one can then calculate resistivity, ρ (Ω·cm), by multiplying Rs by the 

thickness, t (cm).
[4], [5]

 For temperature-dependent four-probe resistivity measurement. 

The temperature was cooled by the Janis PTSHI-950 systems, and detected by the 

model 26 cryogenic temperature controller. A constant current of 1mA was passed 

between two adjacent leads while voltage was measured across the other two. 

Theoretical Section  

First-Principles Calculations. We have investigated the high pressure structures 

of CsPbI3 by combining density functional theory (DFT) and ab initio evolutionary 

algorithm USPEX.
[6]

 The pressures of structure search were set at 30, 40, and 60 GPa 

and the simulation cells containing up to eight units. All structural optimizations, 

electronic calculations, and phonon spectrum were performed using the CASTEP 

code.
[7]

 The local density approximation (LDA-CAPZ)
[8]

 approach of 

exchange-correlation functional was employed with the plane-wave energy cutoff 910 

eV and the k-point spacing 2π× 0.03 Å
-1

 in the Brillouin zone. 

 



 

Figure S1. Representative synchrotron X-ray diffraction (XRD) patterns of CsPbI3 

under high pressure. (a)The selected XRD patterns of CsPbI3 upon compression and 

decompression. (b) The d-spacings of the diffraction peaks as a function of pressure. 

 

Figure S2. The calculated phonon spectra of C2/m at 40 GPa. 



 

Figure S3. a) Lattice parameters evolution at various pressure, and the inset picture 

shows β at different pressure. b) Rietveld refinement of XRD patterns at 0.1 GPa. 

 

Figure S4. The crystal structures of CsPbI3. (a) Ambient pressure Pnma phase, (b) 

high-pressure C2/m phase. 



 

Figure S5. The calculated electronic band structure and projected density of states 

(DOS) of CsPbI3 at 50 GPa. 

 

 

Figure S6. The Raman spectra and vibration modes upon compression to 16.7 GPa. (a) 

The selected Raman spectra at different pressures. (b) The evolution of Raman 

vibration modes as a function of pressure. 



 

Figure S7. The schematic models of the Pb-I bond length and Pb-I-Pb bond angle. a) 

The enhanced orbital coupling between the Pb 6p and I 5p states. Model [b)] represent 

Pb-I4-Pb, the enlarged bond angle and shortened bond lengths enhanced the coupling 

of Pb 6p and I 5s orbitals. c) The enhanced orbital coupling between Pb 6p and I 5p 

with shortened bond lengths and decreased bond angle.  

  



 

Table S1. The refined lattice parameters and atomic positions of C2/m structure in 

CsPbI3 at 40 GPa 

 

Space group C2/m Volume (Å
3
) 437.99 

Cell parameter (Å) 

a b c β 

15.3402(3) 3.52911(2) 18.1236(5) 132.892(2) 

Atom  Cs Pb I1 I2 I3 

Position parameter 

x 0.7658(4) 1.8423(1) 1.9840(2) 3.7361(5) 3.3772(6) 

y 1.7645(3) 1.7645(3) 1.7645(3) 3.5291(4) 1.7645(5) 

z 8.2343(1) -2.2158(1) 0.5507(4) -1.701(2) -5.227(2) 
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