
Revealing the excitonic nature of 2D perovskites 
 

Organic-inorganic halide perovskites are intensively studied materials for opto-
electronic applications such as solar cells, light emitting diodes and lasers. Recently, 
layered 2D perovskites have gained significant attention because of their improved 
moisture stability and intriguing optical properties. An interesting feature of 2D hybrid 
perovskites is the high tunability of their chemical and physical properties. 
Specifically, the nature of the organic cation affects the confinement and distortion 
on the inorganic [PbI6]-1 sheets. This ultimately affects the charge and excited state 
dynamics. The aim of this project is to study the charge and excited state dynamics 
in order to reveal the nature of excited states in 2D perovskites. This knowledge will 
give us a unique insight into the properties of 2D perovskites in order to 
optimize/design these materials for specific applications.  
 
In this project you would learn characterization techniques such as XRD, SEM, XPS, 
DSC and advanced techniques to study charge transport such as photoconductivity 
TRMC, Absorption and photo-luminescent spectroscopy and femtosecond transient 
absorption (TA). 
 

 

                     
Literature 

- Cao, D. H, et al. J. Am. Chem. Soc. 2015, 137, 7843-7850. 
- Mao, L, et al. Chem. Mater. 2016, 28, 7781-7792. 

- Gélvez-Rueda, M.C, et al. J. Phys. Chem. C, 2017, 121 (47), 26566–26574. 

(BZA)2P
bI  

8
.
1
Å 

(HA)Pb
I  

3
.
6
Å 

Eg = 2.05 
eV 

Eg = 2.18 
eV 

Abstract
We report on the chemistry, physical properties and photovoltaic behaviors of the two-dimensional (2D) (CH3(CH2)3NH3)2(CH3NH3)n-1PbnI3n+1 (n = 1, 2, 3, 4) perovskites.
Within this series, the band gaps decrease with increasing n values, starting from 2.40 eV (n = 1) down to 1.50 eV (n = ∞). Strong light absorption in the visible region is
observed, accompanied with strong photoluminescence at room temperature. Thin films of 2D perovskites display an ultra-high surface coverage as a result of the unusual
film self-assembly that orients the [PbnI3n+1]- layers perpendicular to the substrate which ultimately favours charge transport. Presumably due to the hydrophobic nature of
the bulky butylammonium chain and the oriented film growth, 2D perovskite thin films are remarkably resistant to moisture compared to their 3D analogue. We have
successfully implemented this 2D perovskites family in solid-state solar cells, and obtained an initial power conversion efficiency of 4.02%, featuring an open-circuit voltage
(Voc) of 929 mV and short-circuit current density (Jsc) of 9.42 mA/cm2 from the n = 3 compound.
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PbI2 + CH3NH3I                    (CH3(CH2)3NH3)2(CH3NH3)n-1PbnI3n+1

n = 1 n = 2 n = 3 n = 4 n = ∞

Top: SEM images, bottom: photos of (BA)2(MA)n-1PbnI3n+1 crystals (scale bars = 200 µm)

Compound Bandgap
Eg (eV)

Excitonic absorption 
Eexc (eV)

Photoluminescence 
PL (eV)

(Eg – PL)
(meV)

BA2PbI4 (n = 1) 2.40 2.35 2.35 50
BA2MAPb2I7 (n = 2) 2.15 2.10 2.12 30

BA2MA2Pb3I10 (n = 3) 2.02 2.00 2.01 10
BA2MA3Pb4I13 (n = 4) 1.90 1.88 1.90 0

MAPbI3 (n = ∞) 1.49 1.59 1.60 -110

Optical properties

Crystal structures

2D perovskite film stability

Device performances

HI/H3PO2 (aq)

CH3(CH2)3NH2 (l)

• Use of C4H9NH2 as reaction limiting reagent is essential in 
obtaining pure compounds

• Eg increases with decreasing n, PL is intense at room temp
• Multiple quantum well structure and Coloumbic charge 

screening effect lead to the formation of stable excitons

Bandgaps (dot) and RT photoluminescence (line) of (BA)2(MA)n-1PbnI3n+1 perovskites

(a) XRDs of fresh and 2-month-old (BA)2(MA)2Pb3I10 film, (b) Images of 3D and 2D 
perovskite films before and after exposure to humidity.

• 2D perovskite films are 
more moisture resistant 
compared to MAPbI3

• Possible causes:
- Hydrophobic C4H9NH3

+

- 2D self-assembly growth

• Thin films were deposited on mesoporous TiO2 from perovskite solutions in dimethylformamide by one-step spin coating

Cross-sectional SEM images of TiO2−perovskite films prepared from 1.8 M Pb2+ precursors, showing preferentially oriented film growth of 2D perovskite compounds.

XRDs of thin films vs bulk materials of (BA)2(MA)n-1PbnI3n+1 perovskites with the illustration of their respective diffraction planes

• Ultra high surface coverage and dense films
• For n = 2, 3, 4: film self-assembly orients [PbnI3n+1]-(1+n) perpendicular and [C4H9NH3]+ parallel to substrates, favoring 

charge-transport. Note that planar-2D perovskite films do not display similar film growth behaviors.

Comparative band energy diagram of 
the (BA)2(MA)n−1PbnI3n+1 perovskite compounds

Device Jsc (mA/cm2) Voc (mV) FF (%) Efficiency (%)
MAPbI3 6.15 684 57 2.41

(BA)2(MA)3Pb4I13 9.09 872 30 2.39
(BA)2(MA)2Pb3I10 9.42 929 46 4.02
(BA)2(MA)Pb2I7 1.50 800 33 0.39

(BA)2PbI4 0.06 580 29 0.01

• Device structure: FTO/350 nm 
TiO2/perovskite/Spiro-OMeTAD/Au

Cross sectional SEM image of a functional 
(BA)2(MA)2Pb3I10 device

For planar device structure, part of [PbnI3n+1]-(1+n)

octahedra grow parallel to the substrate

J−V curves of planar (BA)2(MA)2Pb3I10-based devices J-V curves of sensitized (BA)2(MA)2Pb3I10-based devices hinting towards exploring new HTM candidates and 
demonstrating slight hysteresis in 2D perovskite devices

Concluding remarks
• We have introduced a large-scale synthesis and detailed characterization of the

two-dimensional (C4H9NH3)2(CH3NH3)n-1PbnI3n+1 (n = 4, 3, 2, 1) perovskite family.
• 2D perovskite films display oriented growth that favors charge transport.

Moreover, they are more moisture resistive than CH3NH3PbI3.
• High band gaps and intense PL promising other applications beyond solar cells.
• Flexibility of 2D structures makes functionalization of the organic spacers possible.
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