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Due to their high potentiality for photovoltaic applications [1] or coherent light sources [2], a great 
interest in hybrid organic perovskites (HOP) has emerged since 2012. Some of these HOPs are arranged in 
two dimensions, presenting an electronic structure of semiconducting multi-quantum wells. In these 2D 
HOPs, a huge exciton binding energy of several 100 meV, that can be tailored through chemical 
engineering [3], is found. The engineering of excitonic effects in 2D-HOPs is of great importance in order 
to use these materials as amplification medium for coherent light sources. 

We report here ultrafast time-resolved measurements and pump-probe spectroscopy performed on 
(C6H5C2H4NH3)2PbI4 thin layers at room temperature [4]. The exciton dynamics is fitted with a bi-
exponential decay with a free exciton life-time of ∼100 ps. The presence of a long tail in the pump/probe 
signal is attributed to trapped excitons on dark states. An ultrafast intraband relaxation (τintra ≤ 150 fs) is 
reported. The transient modification of the excitonic line is analyzed through the moment analysis and 
described in terms of reduction of the oscillator strength and linewidth broadening. We find that 2D-HOPs 
share common behaviours with standard semiconductors quantum wells, despite their huge exciton 
binding energy that is closer to the one reported for organic semiconductors. Nevertheless, the quantitative 
differences in the amplitudes of the transient phenomena highlight the need to take into account screening 
effects in the description of excitonic nonlinearities of 2D-HOPs.  
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Due to their high potentiality for photovoltaic applications or coherent light sources, a renewed
interest in hybrid organic perovskites has emerged for few years. When they are arranged in two
dimensions, these materials can be considered as hybrid quantum wells. One consequence of the
unique structure of 2D hybrid organic perovskites is a huge exciton binding energy that can be
tailored through chemical engineering. We present experimental investigations of the exciton non-
linearities by means of femtosecond pump-probe spectroscopy. The exciton dynamics is fitted with
a bi-exponential decay with a free exciton life-time of ⇠100 ps. Moreover, an ultrafast intraband
relaxation (< 150 fs) is also reported. Finally, the transient modification of the excitonic line is
analyzed through the moment analysis and described in terms of reduction of the oscillator strength
and linewidth broadening. We show that excitonic non-linearities in 2D hybrid organic perovskites
share some behaviours of inorganic semiconductors despite their high exciton binding energy.

I. INTRODUCTION

Hybrid organic-inorganic materials have attracted
much attention for few years because of their high po-
tentialities for optoelectronic and photovoltaic applica-
tions. The idea is to combine the advantages of organic
materials such as the tunability of most of their physi-
cal properties, with the one of inorganic materials such
as band engineering or electrical injection. The under-
standing of the electronic properties of these materials
is a key issue to optimize their potential in view of ap-
plications. From a fundamental point of view, studying
hybrid materials leads to new physics where features of
organic and inorganic materials are observed at the same
time [1–3].

Hybrid organic perovskites (HOPs) have been known
for a long time, but a new craze for these materials
has emerged for about three years. This renewed in-
terest is due to the exceptional performance of photo-
voltaic cells with HOPs as active materials [4–9]. Bulk
(CH3NH3)PbI3 and its derivatives are the most widely
used HOPs for applications of solar energy conversion.
Very recently, the report of amplified spontaneous emis-
sion (ASE) highlights also the potential of these materi-
als for the building of on-chip coherent light sources [10].
One of their 2D counterparts is (C6H5C2H4NH3)2PbI4
(PEPI). Indeed, this structure has been shown to behave
as a quantum well [11]. The inorganic lead-iodine octa-
hedra layer (see figure 1) acts as a quantum well (QW)
where the electronic excitations are confined, and the or-
ganic part behaves as a potential barrier [11]. In addition
to the standard 2D confinement of a QW, carriers are ex-
posed to a big dielectric confinement due to the di↵erence
of dielectric constant between the organic and inorganic
parts [12]. The combination of both confinements leads

⇤ jean-sebastien.lauret@lac.u-psud.fr

2.0 2.5 3.0 3.5 4.0 4.5
0.0

0.5

1.0

 

 

O
pt

ic
al

 D
en

si
ty

Energy (eV)

FIG. 1. (top) Chemical structure of (C6H5C2H4NH3)2PbI4.
(bottom) Optical density of a 50 nm thin film of PEPI, and
spectra of pump pulses at 2.397 eV (green dash line) and at
2.818 eV (blue dash line).

to exciton binding energy as high as 220 meV, leading
to stable excitons at room temperature [13]. One conse-
quence is an excitonic absorption around 2.397 eV which
is overhung by an absorption continuum at higher energy.
The 2D nature of these hybrid QWs has been used, for in-
stance, to reach strong coupling regime at room temper-

2

ature in cavities and with plasmons [2, 14–17]. Finally,
one interesting property of 2D-HOPs is the possibility
of chemical engineering that leads to a control and an
improvement of their electronic properties [18–23].
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FIG. 2. Relative variation of transmission as a function of the
pump/probe time delay in a degenerate configuration (pump
and probe at 2.397 eV) at exciton density n⇠ 2.2⇥1013cm�2.

The knowledge of the carrier dynamics is of high in-
terest for the use of any materials in optoelectronic de-
vices. A lot of studies have been devoted to the optical
properties of 2D-HOPs, some about the exciton struc-
ture [13, 24–29], or about the influence of the dielectric
confinement [12, 30, 31]. These studies often compare
2D-HOPs with GaAs QWs and show that excitons share
common behaviours. For instance, 2D-HOPs show 2D-
Wannier exciton series [31, 32]. Nevertheless, there is
a lack of information on their excitonic non linearities.
One question is to know whether or not they can be de-
scribed with models developed for GaAs QWs. Only few
works have been devoted to these aspects. Some stud-
ies, performed at low temperature, have reported on the
exciton relaxation or on the existence of the excitonic
molecule [12, 26, 33–35]. Finally, a very recent study has
reported excitonic many-body interaction in 2D-HOPs
showing the influence of the well thickness on exciton-
exciton interaction [36].

In this paper, we report on the exciton non-linearities
in PEPI, arising when carriers are injected in the well, by
means of femtosecond pump/probe spectroscopy. In this
study we focus on the so-called linear regime where all the
probed quantities depend linearly on the excitonic pop-
ulation. The exciton relaxation is well described by a bi-
exponential decay involving free excitons (⌧F ⇠ 100 ps)
and exciton trapped on dark states (⌧D > 5 ns). In-
traband relaxation is also investigated and turned to be
ultrafast (⌧intra  150 fs). Finally, moment analysis
of transient absorption spectra allows to disentangle the
modification of the exciton linewidth, oscillator strength

and energy in presence of carriers.
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FIG. 3. Time resolved photoluminescence of PEPI excited
at 3.1 eV and detected at 2.384 eV (black circles). Impulse
Response Function (grey circles). Inset: comparison with the
pump/probe measurement.

II. EXPERIMENTS

The sample consists in a 50 nm film of PEPI per-
ovskite deposited on a quartz substrate, that corre-
sponds to approximately 31 QWs. The 50 nm thin
film is obtained by spin coating a 10 % wt solution of
C6H5C2H4NH3I and PbI2 dissolved in stoichiometric
amounts in N,N-dimethylformamide. The exciton dy-
namics is studied thanks to femtosecond pump/probe
non-linear spectroscopy. The pump pulse corresponds
to the fourth harmonic of an optical parametric ampli-
fier (OPA) at a 1kHz repetition rate. Its wavelength can
be tuned from 2.818 eV to 2.397 eV. The pump spec-
tra are plotted as blue (2.818 eV) and green (2.397 eV)
dash lines (figure 1). The probe consists in a spectrally
broad pulse obtained by self-phase modulation in the sap-
phire crystal of the OPA. This white probe pulse allows
to perform transient absorption spectroscopy. The chirp
of the probe pulse was measured separately and compen-
sated in the measurements of transient spectra. The cross
correlation of the pump and probe pulses was measured
by stimulated Raman di↵usion in water, which gives a
⇠ 150 fs time resolution of the experiment. The pump
fluence is kept in the range of 5-10 µJ.cm�2. In order to
control that no sample degradation occurs during the ex-
periment, several acquisitions are performed successively
at the same point of the sample and the superimposition
of all of them is checked. Finally, time correlated single
photon counting was used to perform the luminescence
life-time measurements (TR-PL).

FIG 1: Molecular structure of 
(C6H5C2H4NH3)2PbI4 (left). Relative 
variation of transmission as a function 
of the pump/probe time delay in a 
degenerate configuration (pump and 
probe on the fundamental exciton) at 
exciton density n ∼ 2.2x1013cm−2 

(right).  


