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Supplementary Information

� Chemicals and Reagents: Phenethylammonium iodide (≥ 99%) was purchased

from Greatcell Solar. Lead(II) iodide (PbI2) (≥ 99%), hydriodic acid (HI) (≥ 57

wt%), dichloromethane, gammabutyrolactone were purchased from Sigma Aldrich.

All chemicals were used as received without any further puri�cation.

� Synthesis of 2D perovskite: 498 mg phenethylammonium iodide and 461 mg PbI2

were dissolved in 1 mL gammabutyrolactone and stirred at 70°C for 1 hour. 2D

perovskite single crystals were prepared by Anti-solvent Vapor assisted Crystallization

method [26] and subsequent mechanical exfoliation as follows: 200 µm thick glass was

cleaned with acetone and water in ultrasonic bath for 10 min each. Then it was soaked

into a washing solution (H2O2/NH3/H2O 5:1:1, v/v) and heated at 80°C for 10 min

to remove organic contamination and �nally rinsed 10 times in water. 5 µL of the

perovskite solution is deposited on one of the substrate and immediately after capped

by the second glass substrate. Then, 2 mL of DCM in a small Te�on beaker is placed

at the top of the substrates. Substrates and beaker are placed in a bigger screw-capped

Te�on container and left undisturbed overnight. Millimetre-sized crystals formed in

between the two substrates were exfoliated with SPV 224PR-M Nitto Tape in order

to obtain the desired thickness.

A 170 µm cover slip (Carlo Erba) has been used as a substrate. The glass surface was

cleaned with acetone, iso-propyl alcohol and deionized water (DI) in an ultrasonic bath, then

dried with high-purity N2 gas. To fabricate highly re�ective DBRs, seven pairs of TiO2/SiO2

(61 nm/100 nm) multilayers were deposited by radio-frequency (RF) sputtering process in

an Argon atmosphere under a total pressure of 6·10−3 mbar and an RF power of 250 W.

During the deposition the substrates were warmed at 250 °C. Perovskite crystals are grown

overnight after the deposition of the �rst DBR. Subsequently, seven other pairs of SiO2/TiO2
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(103 nm/63 nm) were deposited under the same conditions to close the microcavity, except

for the substrate's temperature that is kept at 50 °C to avoid damaging of the crystals.

Optical constants (n and k) of DBR's materials were separately measured via ellipsometric

measurements (J.A. Wollam-EC-400) for both temperatures of deposition.

� Microcavity measurements: In Fig.S2 is reported a sketch of the experimental con�g-

uration used to measure the microcavity sample (Fig.4). A 50 fs pulsed laser (Coherent,

TOPAS-Prime 10 kHz, FWHM=22 meV) resonantly excites polaritons at k=0 through

a 10X objective (Rolyn-Rau, N.A.=0.3) in a transmission con�guration. A 20X ob-

jective (Zeiss, N.A.=0.8) is used to detect the signal and a lenses system allow us to

simultaneously detect the real space and the back focal plane. A 300 mm spectrometer

(Princeton Instruments, Acton Spectra Pro SP-2300) coupled to a charge coupled de-

vice (Princeton Instruments, Pixies 400) is used to analyze the signal. The polarization

of the excitation laser is controlled by using a quarter-wave plate (AQWP05M-600)

along the excitation line. For photoluminescence measurements (Fig.1b) a CW laser
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Fig. S1. Absorption (blue) and photoluminescence (green) spectra measured on top of a 
PEAI single crystal with a 488-nm continuous-wave laser. 



488 nm is used to excite the perovskite crystal and a 500 nm cut-o� �lter (Thorlabs-

FEL0500) is used to �lter the laser.

� Slab measurements: For measurements reported in Fig.3 and Fig.4 a 60X oil im-

mersion microscope objective (Olympus, N.A.=1.49) is used to excite the system in a

re�ection con�guration [32]. Blueshift measurements are performed by using the same

pulsed laser mentioned above while for re�ectivity maps a Xenon light source (Korea

Spectral Products-ASB-XE-175) is used.

A pulsed laser (50 fs, 10kHz,

FWHM=22meV) resonantly excites polaritons with zero momentum into the system with a con-

trolled polarization. Along the detection line a lenses system allow the simultaneous detection of

back focal plane and real space

� Slab: With reference to the data shown in Fig.4, we calculate the incident pulse energy

Etot = P
R
, where P is the incidend power and R = 10 kHz is the repetition rate, with

an excitation spot area of S=20 µm2. In order to calculate the absorbed energy, and

than the polariton density npol, we make a conservative approximation considering

that the total injected energy is completely absorbed. From re�ectance pro�les we can

Section S5. Interaction constant 

Fig. S2. Optical setup used to measure the microcavity sample. 



assume that 60% of the incident energy is re�ected and 40% is injected into the system,

neglecting the transmission thanks to TIR con�guration (see the spectral modulation

of excitation laser envelope caused by polariton modes, Fig.4c). Doing so, we consider

that the absorbed energy is 40% of Etot. With this assumptions we estimated npol and

exciton density nexc, as follow

npol = 0.4 · Etot

ep · S
(1)

nexc = npol ·X (2)

where ep is the polariton energy, X is the excitonic component (X=|χLP |2, χLP is the

excitonic Hop�eld Coe�cient). Assuming the electromagnetic �eld is spread over the

whole crystal thickness (Thickness = 5 µm, LayerNumber = 3000) we calculated the

exciton density per layer (where layer thickness represents the sum of inorganic and

organic part) dividing the total exciton density for the number of layer. Considering

the following relation

∆Eexc =
∆Epol

X
= gexc · nexc/layer (3)

where ∆Eexc is the exciton blueshift, ∆Epol is the polariton blueshift and gexc the

exciton-exciton interaction constant for circular polarization, we are able to link our

experimental data, taken at di�erent detunings, to the exciton properties. Figure

S3 shows that by plotting
∆Epol

X
as a function of nexc/layer the experimental data are

�ttable with the same slope for both detunings, represented by red and blue points.

The data are obtained by using a linear polarized excitation and from a linear �t of

the data we found a value of gexc,L' 1±0.2 µeVµm2 and than we deduced gexc' 2±0.2

µeVµm2. [34].



+

Blue and red dots are relative to two di�erent detunings, shown in Fig.4. gexc,L'
1±0.2 µeVµm2 is the slope of a linear �t of the data (Black Dashed).

� Microcavity: Concerning the microcavity sample, crystals with thicknesses ranging

from 150 nm to 300 nm have been measured. Qualitatively, the optical nonlinear

response is the same for each thickness but in order to have a better estimation of the

polariton density we considered a 170 nm thick crystal that has been measured via

pro�lometer before the growth of second Bragg mirror. In Fig. S4a the pro�lometer

scan, taken along the blue dashed line reported in the inset, is shown. The considered

crystal also shows a good thickness uniformity and a big spatial extension. To further

clarify, the data shown in Fig.2 of the main text are taken on a di�erent crystal but

both belong to the same microcavity sample. The estimation of exciton interaction

constant has been done considering a linearly polarized pulsed laser exciting at k=0 the

microcavity sample. Following the procedure described above we calculated the exciton

blueshift as a function of the exciton density per layer. For this measurement we are

considering that the total injected power is half of total incidente power, neglecting

scattering losses and considering that total injected power is completely absorbed by

the system. The corresponding data for excitonic blueshift and the extracted intensity

pro�les around k=0 are shown in Fig. S4b and c, respectively. In order to estimate

the interaction constant we are taking into account the range where the blueshift is

linear [6] as a function of exciton density per layer. By using a linear �t of the data we

Fig. S3. Exciton blueshift as a function of exciton density per QW obtained with a linearly 
polarized laser. 



obtain a value of gexc,L' 1.5±0.5 µeVµm2. Considering the spin dependent interaction

(Fig. 2 of the main text), we can estimate the value of exciton interaction constant in

circular polarization gexc' 3±0.5 µeVµm2.

a) Pro�lometer scan of the measured crystal

before the growth of the second mirror. In the inset is reported the real space image of the

crystal where the blue dashed line indicates the scanned region. b) Exciton blueshift as a function

of exciton density per QW, considering a linearly polarized pulses laser excitation.

gexc,L' 1.5±0.5 µeVµm2 is the slope of a linear �t of the data (Black Dashed). c) Lower

Polariton branch blueshift at di�erent excitation power. The pro�les are extracted at k=0.

 
Fig. S4. Microcavity-embedded single crystal. 
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