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Hybrid Organic-Inorganic Perovskites (HOIPs) represent a promising platform for emerging optoelectronics devices due to their exceptional physical properties. Unexpectedly, HOIPs show only a moderate carrier mobility that looks conflicting with their carrier effective mass and lifetimes. The presence of large polarons has been proposed as a possible explanation for the limited carrier mobility in this class of materials.
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Figure 1 Transient optical conductivity at 3 and at 200 together with the Drude-Lorentz fit; b) real part of the Lorentzian curves at 3 and 200 ps. Red arrows indicate the redshift of each component.
By combining Ultrafast THz spectroscopy with DFT calculations, we demonstrate the presence of large polarons in the dielectric response of thin films of CsPbBr3. Figure 1a) shows the pump induced optical conductivity at 3 and 200 ps after the photoexcitation. At 3 ps, three main peaks emerge in the 0.4-1.9 THz region that bare almost the whole intensity.  Theory predicts that the formation of a large polaron is expected after the carrier’s photo-injection due to the coupling with lattice IR modes. The largest intensity is predicted for four Pb-Br-Pb bending modes at 0.75, 0.84, 1.35 and 1.88 THz that matches the experimental features (0.81, 1.26 and 1.74 THz). Figure 1b) shows the real part of the Lorentzian fitting curves. A redshift affects the curves at 200 ps that can be explained in terms of photo induced lattice deformation. Once the photoexcitation creates a hole in the top of the valence band, the Pb-Br bonds shorten, and the lattice shrinks with the resulting phonons blueshift; as the injected charge starts to relax, the lattice can relax with the consequent phonons softening.  We hence observe a distinctive coupling between the photo-generated charges and bending modes of the lattice. The deviation from a free-carriers dispersion and the influence of the photoinjected charge on the lattice modes relaxation reveal the polaronic nature of the carriers.
