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1. Comparison with Lorentzian model fitting
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Figure S1. a) Relative transmittance of a 266 nm thick CH3NH3Pblz (top), 287 nm thick
CH3NH3PbBr3 (middle) and 226 nm CH3NH3PbCls (bottom) thin film on a silicon substrate under
normal incidence (solid) an under 70° angle of incidence (dashed) with unpolarized light. Gervais
model fit for both angle of incidences for every MAPbX3 thin films is shown in red dashed lines,
Lorentzian model fitting is shown in green dashed lines. b) Relative reflectance spectra of MAPbI;
(top), MAPDbBr; (middle) and MAPbCI; (bottom) single crystals at room temperature with
unpolarized light under 80° angle of incidence (gold mirror as reference). (Spectra with star were
scaled in intensity). Shown are also the calculated reflectance spectra from the corresponding thin
film model for the Gervais model (red dashed lines) and Lorentzian model fit (green dashed lines).



For the fitting of a Lorentzian model, the dielectric function
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with the resonance frequency of the TO mode wtq, its damping y and amplitude A were
used. The dielectric functions sums up over all vibrational modes and also accounts for the
dielectric background taken from mid infrared data'. Both angles of incidence were

simultaneously fitted for one material resulting in the green dashed lines in Fig. S1

2. Fit with additional central peak
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Figure S2. Relative transmittance of a 266 nm thick CH3;NH3Pblz thin film on a silicon substrate
under normal incidence (solid) an under 70° angle of incidence (dashed) with unpolarized light.
Gervais model fit for both angle of incidences for MAPbI3 is shown in red dashed lines, fitting
with an additional central peak is shown in green. The parameters of this fit can found in table S1.



Table S1. Summary of the obtained TO and LO phonon frequencies and dampings with an
additional oscillator in the model.

o, [em™] yr10 [cm] o, [em™] yio [em]

15 130.6 34 131.5
MAPbI; 32 7.9 40 8.0
63 18.0 133 31.8

3. AFM measurements
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Figure S3. AFM measurements of MAPbX3 thin films on a silicon substrate. a) MAPbI3, b)
MAPDBr3; ¢) MAPDCIl;. All three thin films were fabricated using a vapor assisted evaporation
process.

4. Calculated complex conductivity

We calculated the complex conductivity o = gy + io, = wey(e; +1(1 — &1)) with the
determined dielectric function of the thin films. The peak positions are quite comparable to the
data published? by La-o-vorakiat et al. for MAPbI3 but deviate in the g; amplitude (and thereby
in the oscillator strength) by a factor of approx. 2.
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Figure S4. Calculated complex conductivity ¢ = o + io, for the three halide perovskites. a) Real
part of the conductivity ; = weye, and b) imaginary part of the conductivity o, = wey(1 — &).

5. Images of the used MAPbX3 single crystals

Figure S5. Pictures of the used MAPbX3 single crystals. a) MAPbCls. b) MAPbBr3. ¢) MAPbI;
from the top and d) from the bottom.



6. Determination of the single phonon frequency

To calculate a single phonon frequency from our modeled data, we followed the ansatz of
Hellwarth and Biaggio (Ref. (3)). The oscillator strength W; of the LO phonon modes is
calculated with help of the LO-TO-splitting via
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with subsequent quadratic mean (W2 = Y, Wiz) over the two single oscillator strength to obtain
the oscillator strength of the single phonon branch W. The frequency wy,g (in wavenumbers) of

this branch is then found by solving
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7. Minimization of the free polaron energy

For given values of the coupling constant a and temperature T (8 = hwy,o/kgT ) we

minimized the free energy of the polaron F by the following equations given in Ref. (3)
F=—-(A+B+0(C)

with the contributions

a=ln(®) - In2rp) | Sioh (%)
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to obtain the temperature dependent variational parameters v and w.

. Calculation of mobility

Beside the already defined parameters in the main part, the equation for the mobility

3Vme  sinh(8/2) w? 1
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contains the function K which is calculated (see Ref. (4) for further details) be the following

equations which only depend on B = hwy/kgT and the variational parameters v and w:

r cos(u)

K(a,b) =f du

(u?+a? —bcos(v-u))3?" "




9. Temperature dependence of the mobility
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Figure S6. Calculated temperature dependence of the mobility of MAPbBr; using the equations
described in the main part between 250 K and 350 K. With a linear fit we obtained a slope of

-0.62 + 0.01 and thus p o« T~962,
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