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Figure SI1.Fit of the absorption of (Fluo),Pbl, at room temperature with 5 gaussians (left).
Tauc plot of (Fluo),Pbl, at 80K(right).
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Figure SI2. Normalized absorption vs. temperature of (BUA),Pbl, (left).PL vs temperature of
(BUA),Pbly (right).

Both in the absorption and PL spectra we can clearly see some discontinuities between two
temperatures. This is the signature of phase transitions.
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Figure SI3. In plane and out of plane X-ray Diffraxtion of the thin film of Fluo,Pbl, perovskite.
XRD of (Fluo),Pbl, thin film showing two shape peaks at 2 ® = 4 and 8.5. These two peaks
are characteristic of 2D layered perovskites. Moreover, the intensity of the out of plane
peaks compared to the in plane ones suggests that the inorganic planes have a strong

preferred orientation parallel to the substrate surface.

1.1.  EA contribution to the signal
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Figure SI4. EA in reflection and transmission mode at 10V.

From perturbation theory, one can define the EA signal as (perturbative expansion in the
field):
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(1)

where A denotes the absorbance, E describes the applied electric field and mgx and pok
respectively correspond to the permanent dipole moment and polarizability changes upon
the transition of interest. Note that the first term (linear in the field) is expected to cancel
out for isotropic samples.

EAS Measurements in Reflectance vs. Transmittance:

EAS measurement have been done in both transmission and reflection modes (see Figure
Sl4). The spectral difference comes from the gold electrode. In this case the reflection
spectra can be considered as a double reflection. The transmission spectra amplitude
around 515nm is attenuated, because the probe beam has to go through the gold which
strongly absorbs close to this wavelength.

1.2.  Global Analysis
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Figure SI5. Superposition of the TA spectra at 1ns delay with the amplitude of the
exponential fit from the global analysis, both normalized.

f(x)=al xe’" +¢

(eq 2)

To further analyze the spectral behavior and retrieve the associated time-constant, we fitted
the whole spectral evolution using a Global Analysis (GA) procedure.

Representation of the data by the GA The spectral evolution over the whole frequency
range can be fitted considering an exponential function with amplitudes represented in
Figure SI5 and time constant t=932ns and a constant that acts as a very long time constant
much longer that our time window (Eq. 2). These observations indicate that the three



features have the same dynamics, suggesting that one process is responsible for whole
spectral evolution. Remarkably, it is the first time that such a long-lived signal has been
reported for 2D HP.



1.3.  Partial Density of States of Fluo2Pbl4 and BUA2PDbI4 perovskites
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Fig. Sl 6. Partial Density of States (pDOS) from DFT calculations performed on reference 2DP
(BUA),Pbl,; and (Fluo),Pbls materials. The calculations are carried out on the models from
XRD experimental measurement. The zero energy corresponds to the valence band edge.
The present pDOS distinguishes between contributions from the inorganic lattice (red) and
organic cation (black). The present calculations include Spin-Orbit Coupling (SOC).



1.4.  Dipole computed for the BUA and Fluo molecules

Table SI1. Molecular dipole associated to the buthylammonium (BUA) and Fluorinated
(Fluo) organic spacers. The NH;" group has been substituted with H, CHs and NH, (see Figure
3b of the main text) to preserve the neutrality of the molecule (the dipole is ill-defined for
non-neutral systems). For the sake of completeness, also the molecular dipole for molecules
containing the group NH3" is reported. Dipoles are computed using Gaussian16, adopting
two exchange correlations functionals (PBE and B3LYP) along with 6-311G(d,p) triple zeta
split basis set quality.

H CH3 NH, NH,"
PBE
BUA 0.00 0.00 0.15 8.42
Fluo 2.35 2.25 2.78 20.26
B3LYP
BUA 0.00 0.00 0.26 8.87
Fluo 2.53 2.45 2.94 20.02



1.5.  Pullout experiment with larger displacement for both Fluo2Pbl4 and
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Figure SI7. Results of progressive pull-out of one apical iodine, along with one organic cation
from the equilibrium position, for (BUA),Pbls 2D perovskite. Upper panel: total Density of
States of (black line) and DOS associated with the apical lodine (red line); bottom panel:
crystalline orbital iso-density associated with the apical iodine involved in the pullout.
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Figure SI8. Results of progressive pull-out of one apical iodine, along with one organic
cation, from the equilibrium position, for (Fluo),Pbl; 2D perovskite. Upper panel: total
Density of States of (black line) and DOS associated to the apical lodine (red line); bottom
panel: crystalline orbital iso-density associated with the apical iodine involved in the pullout.
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Figure SI9. Results of progressive pull-out of one apical iodine, along with one organic
cation, from the equilibrium position, for (Fluo-H),Pbl; 2D perovskite. The Fluo-H cation has
the same structure as the Fluo but with fluorine atoms substituted by hydrogens. Upper
panel: total Density of States of (black line) and DOS associated to the apical lodine (red
line); bottom panel: crystalline orbital iso-density associated with the apical iodine involved
in the pullout.
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