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Figure S1. The THz spectra transmitting through the sample B and its reference in (a) time-, (b) 

frequency-domain, and (c) the transmission spectrum of each sample. (d) The THz-wave 

absorption property of the protection layer, PTAA polymer. Its transmission from 0.5 to 3.0 THz 

shows almost 98 % and there is no significant THz-wave absorption. 

 

 
 
 

 
 

 

 

 

 



Figure S2. The C, N, and O 1s core-level spectra for the A, B, and C samples. The binding energies 

of C and O 1s show the typical physi-absorbed states that are due to the sample transfer from the 

N2 glovebox to the vacuum chamber. There is no significant chemical state bonded to the CsPbI3 

thin films. 

 

 
 

 

Figure S3. After the self-degradation, we confirmed all samples become d-CsPbI3 with PbI2. 
 

 
  



Figure S4. (a) THz-wave absorption properties of the A, B, and C samples with 𝛿-CsPbI3. (b-d) 

Conductivities and peak-fitting curves for the resonant phonon mode of A, B, and C samples. 

 

 
 

  



Figure S5. (a) Phonon band structure and (b) calculated THz absorption spectrum of bulk δ-CsPbI3. 

(Black solid line) The THz absorption spectrum of γ-CsPbI3 was also represented as a gray solid 

line for the comparison. (a) and (b) were calculated based on the theoretical equilibrium structure 

of δ-CsPbI3 with equilibrium lattice constants of a = 4.753 Å, b = 10.415 Å and c = 17.676 Å. Blue 

arrows highlight strong absorption peaks of δ-CsPbI3 that were described in Fig. S4.  

 

 

  



Figure S6. (a-f) Real-space visualization of phonon vibration modes of δ-CsPbI3 at 0.96, 1.82, 2.27, 2.31, 

2.55, and 3.02 THz, respectively. Grey, purple, and cyan balls indicate Pb, I, and Cs atoms and the red, 

blue, and brown arrows show their corresponding real-space displacement vectors, respectively. 

 

  



Table S1. Lorentzian parameters to describe THz conductivity of the A, B, and C samples with 𝛾-

CsPbI3. 

 

Sample 𝛚𝟎𝐣/𝟐𝛑 

[THz] 

𝛀𝐣/𝟐𝛑 

[THz] 

𝛄𝐣/𝟐𝛑 

[THz] 

A 0.9 

1.5 

1.9 

2.1 

2.6 

2.5 

4.8 

5.3 

1.2 

3.2 

0.2 

0.7 

0.6 

0.2 

0.8 

B 0.9 

1.5 

1.8 

2.0 

2.6 

3.0 

4.0 

5.0 

1.3 

1.0 

0.3 

0.5 

0.5 

0.2 

0.3 

C 0.9 

1.5 

1.8 

2.1 

2.6 

2.9 

4.2 

5.0 

1.3 

1.5 

0.3 

0.5 

0.5 

0.2 

0.4 

 

  



Table S2. Lorentzian parameters to describe THz conductivity of the A, B, and C samples with 𝛿-

CsPbI3. 

 
Sample ω0j/2π 

[THz] 

Ωj/2π 

[THz] 

γj/2π 

[THz] 

A 0.9 

1.4 

1.8 

2.1 

2.5 

2.7 

1.4 

3.9 

2.1 

3.0 

0.9 

5.6 

0.2 

0.3 

0.2 

0.4 

0.2 

0.7 

B 0.9 

1.4 

1.8 

2.1 

2.5 

2.8 

1.3 

3.8 

1.9 

1.7 

0.9 

4.2 

0.2 

0.2 

0.1 

0.3 

0.2 

0.5 

C 0.9 

1.4 

1.8 

2.1 

2.5 

2.8 

1.5 

3.8 

1.8 

2.0 

0.8 

4.9 

0.2 

0.3 

0.1 

0.3 

0.2 

0.6 

 


