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Comparison of PLE and R spectra with literature absorption data
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Figure S1: Comparison of measured at 5K PLE and R spectra with 80K absorption spec-

trum taken after ref.! The clear discrepancy between absorption and PLE spectrum can be
observed.

Estimation of indirect bandgap position
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Figure S2: Tauc plot of photoacoustic signal (PAS). The PAS signal is proportional to

absorption. In order to take in to account some residual signal below 2.1eV related to

background level of our setup and possible tail density of states absorption we use bimodal

linear regression. As a bandgap value we take cross of two straight lines (red) which gives
value of 2.12eV in good agreement with literature reports. =™
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Simulations of phonon and Raman Spectra

The simulated phonon dispersion plots of cubic and tetragonal Css AgBiBrg are shown in
Fig.
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Figure S3: Phonon dispersion curves simulated for cubic (left) and tetragonal (right) forms

of CsyAgBiBrg. Due to very heavy elements, the normal modes are very soft, below 200
-1

cm™ .

We have simulated the Raman spectra of optimized cubic and tetragonal Csy;AgBiBrg
system (blue and red in Fig. . The A;, mode is not affected by the crystal phase, however,
the E, and Ty, modes have small shifts towards smaller wavenumbers in the tetragonal form.
Also, the intensities of these two modes change when changing phase, especially strong for
Ey, while A, intensity stays the same. Moreover, we have calculated the Raman shift for a
cubic form with lattice vectors taken from experiment (black in Fig.[S4).® The experimental
value of the lattice vector is by about 2.4% smaller than our optimized value, showing the
effect of the tensile strain or compression on the Raman shifts. Upon strain, the Raman
peaks shift toward lower wavenumbers and the strongest effect is observed for the E, (from
191 to 167 em™') and Ay, (from 154 to 130 cm™") modes. The T,, mode shifts down by
about 12 cm™! (from 88 to 76 cm™!).

The simulated Raman modes suggest that the investigated experimental structure is not

perfectly cubic and some parts might be Ag or Bi dominant. Raman modes are schematically

shown in Fig. [S5]
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Figure S4: Simulated Raman spectra of Css AgBiBrg in cubic (blue and black) and tetragonal
forms (red). For the cubic phase, two lattice vectors are used: experimental (black)® and
fully relaxed at the PBE level (blue). The symmetries of modes are shown. Corresponding
normal modes are sketched in Fig.
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Figure S5: Schematic representation of normal modes observed in the cubic CsyAgBiBrg
phase. Ty, mode consists of collective motion of Cs atoms and scissoring of Br atoms, which
are around Bi; E; and A;, modes are the asymmetric and symmetric stretching of Br atoms
in the octahedra formed with Bi atoms in the middle, respectively.
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