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Abstract  In this paper, two-dimensional organic-inorganic hybrid structures with the general formulas of
(BA),Pbl, and (PEA),Pbl; as the luminescent materials are experimentally investigated. The luminosity
properties of the these organic-inorganic hybrid structures are also examined in the absence and presence of
coating with thin layers of gold and platinum of 20 nm in thickness at different temperatures ranging from the
room temperature to about 106 K under excitation by a light source with the wavelength of approximately 400
nm. According to the observations, illumination in the case of the (BA),Pbl, structure at 120 K can be enhanced
by 12.9 times the illumination at room temperature. In addition, illumination in the case of the (PEA),Pbl,
structure coated with a 20 nm thick platinum layer at 173 K can be enhanced 12.2 times the illumination at room
temperature. These results suggest that two-dimensional organic-inorganic hybrid structures (especially
(BA),Pbls and (PEA),Pbl, structures) can be useful for the design of novel electronics and optoelectronics

devices.
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1. INTRODUCTION

Organolead-halide-perovskites ~ are  the  most
promising next-generation solar cell materials owing to
their superior properties such as broad spectral
absorption range, high absorption coefficient, high
carrier mobility, long diffusion length, and relatively
longcarrier lifetime, to name a few [1]. However, up to
now, the instability of the Organolead-halide-
perovskites against moisture, heat, and ultraviolet
exposure have remained the major obstacles in the
commercialization of this technology [2]. To date,
remarkable efforts have been made to improve the weak
stability of devices made of perovskite materials [3].
One of the effective strategies for the stability
enhancement with regard to the ambient environment is
that of lowering the dimensionality of the perovskites
from the 3D to 2D [4]. For this purpose, replacing the
widely used methylammonium cation with long-chain
organic cations in the perovskite crystal is an effective
method to enhance the intrinsic stability of the
perovskite materials. The general formula for the 2D
layered perovskite materials is (RNH3)2An 1MnXsn:1,
where RNH; is a primary aliphatic or aromatic
alkylammonium cation, A a monovalent organic cation,
M a divalent metal, and X a halide anion. It should be
noted that Phenethylamine (PEA) was first used as a
large-chain organic cation to improve the device
stability. Layered perovskites possess a system of

multiple quantum wells in which the organic cations and
inorganic layers act as the barriers and wells,
respectively. Typically, in contrast to the metal halide,
the organic cation has a low dielectric constant. More
importantly, confining the halide perovskites in a 2D
geometry provides opportunities to further tune the band
gap, transport properties, charge carrier dynamics,
chemical stability, etc. [5]. The current study introduced
anovel 2D Layered Organic-Inorganic hybrids as a very
promising emitter with good efficiency and excellent
photostability to be used as luminophore. First,
(C4sHyoNH3),Pbls and (CsHs(CH2)oNH3),Pbly, as the 2D
layered hybrids, were synthesized through a facile
solvothermal method (abbreviated as (BA).Pbls and
(PEA),Pbly). Then, the plasmonic effect of gold and
platinum nanoparticles on the luminosity enhancement
of 2D layered hybrids was evaluated, and the
relationship between the enhancement factor and
temereture reduction was studied.

2. MATERIALS AND METHODS

2D layered organic-inorganic hybrids precursor with
different organic cations ((C4HoNH;3),Pbly and
(C6¢Hs(CH2)2NH3),Pbls) were prepared using solution
chemistry method. Generally, the synthesis process has
two steps: synthesis of the ammonium salts and
preparation of the organic-inorganic hybrid solution. To
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be specific, C4HoNH;l was first prepared by the reaction
of Butylamine (C4sHoNH,, 99.5 %, Sigma Aldrich) with
a stoichiometric amount of hydroiodic (HI, 57 %,
Merck) - aqueous solution in a chilled glass bottle at
0 °C to remove the reaction heat. In this step, the
C4HoNH;I ammonium salt is mixed with lead halide
Pbl, in the stoichiometric amount 6:1. All materials
were used without any further purification. Each product
was kept for 24 h at room temperature on a watch glass.
Once the reactions ware complete, the products were
dried in a vacuum box at 70 °C for 4 h. Other 2D layered
organic-inorganic hybrids, (CsHs(CH,),NH3),Pbls were
synthesized using a similar process as that for
(C4H9NH3),Pbly, except  for  Phenethylamine
(CsHs(CH»)2NH2, 99 %, Sigma Aldrich) was used as the
organic cation instead of Butylamine.

In the next step, a thin luminescent film was fabricated
by dispersing the 2D layered organic-inorganic hybrids
as the fluorophore in a Dimethyl sulfoxide (DMSO,
Merck,). Followed by the evaporation of the solvent, a
thin layer was deposited on a 35 x 15 mm glass substrate
using the doctor blade technique. Next, layers of gold
and platinum with the thickness of 20 nm were created
by sputtering on the thin layers of 2D organic-inorganic
hybrid materials studied in this research. Moreover,
temperature-dependent photoluminescence spectra are
obtained using a 400 nm laser diode, and a fiber
spectrometer model Aurora 4000 is used for spectra

detection. To cool down the hybrid and control its
temperature, liqud nitrogen is used.

3. RESULTS AND DISCUSSION

Figure 1 compares the typical X-Ray Diffraction
(XRD) patterns of (C4HgNH3),Pbl4 and
(C6¢Hs(CH2):NH3),Pbls  hybrids  (abbreviated as
(BA),Pbly and (PEA),Pbls). The plate-like ‘layered’
organic-inorganic hybrids were confirmed, by the XRD
pattern, to be a 2D layered hybrid that was formed due
to the incorporation of the BA or PEA cations into the
precursor solutions. The crystal structure of the obtained
2D hybrids was also investigated, and the peaks were
attributed to the scattering from (002), (004), (006),
(008), (0010), and (0012) crystal planes of the 2D
layered Organic-Inorganic hybrids [6].

The SEM micrographs of the (BA),Pbls 2D layered
organic-inorganic hybrids are illustrated in Figure 2,
showing a relatively uniform shape and size distribution
of the nanoparticles. The nanoparticles exhibit both
small mean size of 15.

Figure 3 shows the temperature-dependent PL spectra
from 173 K to 298 K of the (PEA),Pbls organic-
inorganic hybrids coated with a thin layer of platinum
with the thickness of 20 nm.

Followed by reducing the temperature from the room
temperature to 173 K, the amount of photoluminescence
increase reached the significant amount of 12.2 times.
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Figure 1. X-Ray diffraction pattern of (A): (BA)2Pbl4, and (B): (PEA)2Pbl4
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Figure 2. SEM image of (BA)2Pbls nanoparticles
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Figure 3. Temperature-dependent PL spectra of the (PEA)2Pbls coated with 20 nm platinum

4. CONCLUSION

This research investigates the photoluminescence of
the two-dimensional organic-inorganic hybrid materials
(BA),Pbl4 and (PEA),Pbl,s with and without coating by
thin layers of gold and platinum with the thickness of 20
nm in the temperature range of room temperature to
lower temperatures. According to the observations, the
highest level of photoluminescence enhancement in
both structures was achieved at low temperature by
coating with a thin layer of platinum with the thickness
of 20 nm.
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