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SUPPLEMENTARY FIGURES

FIG. S1. OPTICAL RESPONSE OF PEA-BASED 2D PEROVSKITES

Transmission (dotted line) and PL (shaded curves) for a (PEA)2SnI4 b (PEA)2PbI4 and c

(PEA)2PbBr4. The vertical lines indicate energy positions of equidistant absorption (emission)

peaks labeled 0, 1, 2. The dominant emission in (b) is due to the localized excitons[1, 2].

FIG. S2. RAMAN SCATTERING DATA TREATMENT

In order to determine the mode intensity from the Raman scattering data the following procedure

is used: (i) the background is modeled on the basis of the 280 K spectrum. This spectrum has

a vanishing and strongly broadened polaron progression and the low energy modes are of low

intensity there. The simulated background is presented as a dashed line in Fig. S2. (ii) The

generated background is subtracted from all the data yielding a spectra presented in Figs. 2, 4, 5

.
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FIG. S3. RAMAN SCATTERING OF (PEA)2SnI4

a Non-resonant (red) and resonant (green) Raman scattering. Clearly the resonant response shows

a shift of spectral weight towards higher frequencies > 200 cm−1. To better visualize the intensity

modulation in resonant scattering in b we show the background subtracted spectrum. c The FFT

spectrum of the background subtracted signal in panel b. The red curve is a Lorentz fit yielding

the period of 27.5 ± 0.2 cm−1. d The intensity of the consecutive signals in the polaron vibronic

progression. Solid line stands for Poisson distribution (parameters in Tab. I in main text). e The

frequency of signals in the progression vs. its ordinal number. Solid line is a linear fit yielding

ω1 =27.7±0.3 cm−1.
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FIG. S4. RAMAN SCATTERING OF (BA)2PbI4

a Stokes and anti-stokes Raman scattering for different excitation energies. b High-frequency

scattering response indicated by dashed rectangle in panel a. Similar to (PEA)2PbI4 (discussed in

the main text) this response consist of equidistant signals (green peaks) understood as the polaron

vibronic progression. The gray-shaded contribution at ∼ 220 cm−1 is the overtone of the ∼ 110

cm−1 signal. c The intensity and d frequency of the signals building up the polaron vibronic

progression. The solid line in c stands for a fit with a Poisson distribution and the fitting results

are summarized in Tab. I in the main text. In d the linear fit yields the ω1 = 25.2±0.2 cm−1.
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FIG. S5. FFT OF RESONANT RAMAN SCATTERING OF (PEA)2PbI4

a The periodic component of the resonant Raman scattering spectrum for (PEA)2PbI4 measured

with 2.6 eV excitation (Fig. 3 in main text) obtained by subtracting slowly varying background.

The background is generated by a Savitzky-Golay filter with a 60 point smoothing windows (for

example see Fig. S7). b The FFT spectrum of the oscillatory pattern in panel a. The solid red line

is a Gaussian fit yielding a period of 31.6 ± 0.1 cm−1.

FIG. S6. FFT OF RESONANT AND ABOVE BAND GAP RAMAN SCATTERING

OF (PEA)2PbI4

a The periodic component of the Raman scattering data for (PEA)2PbI4 measured with 2.6 eV

and 3 eV excitations (Fig. 3 in main text) obtained by subtracting slowly varying background.

The background is generated by a Savitzky-Golay filter with a 60 point smoothing windows (for

example see Fig. S7) b The FFT spectrum of the oscillatory pattern in panel a. The solid lines are

a Gaussian fits yielding a period of 31.6± 0.1 cm−1 and 29.2± 0.1 cm−1 for 2.6 and 3 eV excitation

conditions, respectively.
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FIG. S7. HOT PHOTOLUMINESCENCE FOR 2.54 eV EXCITATION FOR

(PEA)2PbI4

a The evolution of Raman scattering response in function of temperature for 2.54 eV (488 nm)

excitation. Arrow indicates the temperature-induced shift of the hot PL. b The subtraction of the

hot PL signal (blue curve) reveals the characteristic polaron vibronic progression. The red curve

(background) was generated by a Savitzky-Golay filter with a 60 point smoothing window.

FIG. S8. ENERGY OF STOKES AND ANTI-STOKES SIGNALS IN VIBRONIC

PROGRESSION OF (PEA)2PbI4

Extension of the Fig. 4e of the main text, including the signals of the anti-Stokes portion of the

spectrum measured with 2.54 and 2.6 eV excitations (see Fig. 3a of the main text). The dashed

line is a global linear fit yielding ω1 = 32.1 ± 0.2 cm−1.
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FIG. S9. FITTING OF ABSORBANCE DATA

The 1s exciton in both panels is shifted to 0 cm−1. a The (PEA)2PbI4 absorbance data fitted

with four main contributions and a broad background (dashed line). b The absorbance data

for (BA)2PbI4 calculated on the basis of reflectivity spectrum by means of the Kramers-Kronig

transformation[3]. Four main absorbance contributions are present. The negative frequency con-

tribution (red curve) corresponds to the photoluminescence response entering the reflectivity data.

For reference the photoluminescence response is presented by dashed line.
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FIG. S10. COMPARISON OF ABSORBANCE AND RESONANT RAMAN SCAT-

TERING DATA

a The absorbance (solid black) for (PEA)2PbI4. The 1s exciton energy is centered at 0 cm−1. Black

arrow indicate an approximate energy of optical transitions. A shaded curve is a representative

resonant Raman spectrum. The dashed red curve serves as an envelope of high-frequency Raman

response. The orange arrows interconnect the respective features in both absorption and Raman

scattering curves. A respective data for (BA)2PbI4 is presented in panel b. Note the energy of

respective absorption signals is correlated with signals observed in Raman scattering.
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FIG. S11. INTERMEDIATE ENERGY OVERTONES

Comparison of resonant Raman spectra for (BA)2PbI4 and (PEA)2PbI4. We distinguish two

regions of interest (i) intermediate frequency range 50< ω < 150 cm−1 and (ii) high-frequency

region > 200 cm−1. For both samples a response is observed in both regions, however, the BA-

based variant shows much stronger relative response in the range (i) whereas the PEA-based sample

shows much stronger response in (ii). For both samples the signal in (i) (∼ 100 cm−1) is replicated

(overtone) at around ∼200 cm−1, which is indicated by arrows.
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FIG. S12. POLARIZATION-RESOLVED RAMAN SCATTERING AT DIFFERENT

TEMPERATURES

The evolution of the resonant Raman scattering data with increasing sample temperature for both

XX and XY polarizations. The contrast between both polarizations is present in the whole range

of measurement temperatures.

S10



SUPPLEMENTARY TABLE

TABLE S1. FITTING PARAMETERS. The parameters used to model the polaronic progres-

sion with eq. 1 (see main text). From left: temperature, bandgap, excitation energy, broadening

parameter.

T (K) Eg (eV) ℏωL (eV) γ (meV)

(PEA)2PbI4 80 2.604 [2] 2.603 12

(PEA)2SnI4 80 2.084 [2] 2.329 12

(BA)2PbI4 80 2.824 [4] 3.002 10
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