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The development of mixed-cation-based metal-halide perovskite nanocrystal (PeNC) systems1 provides a promising 
avenue for enhancing device stability and charge transport properties, overcoming the limitations associated with 

the bulk polycrystalline nature of methylammonium (MA), formamidinium (FA), and Cesium (Cs) systems.2 Controlled 
modulation of hybrid MA+, FA+, and Cs+ cations, along with the desired stoichiometry, allows for precise adjustments to 
the structural and chemical properties of PeNCs, further elevating device performance. For example, introducing a known 
amount of Cs+ cations into unstable MAPbBr3 or FAPbBr3 NCs not only enhances their air stability but also induces strong 
entropic stabilization due to the smaller ionic radius of Cs (1.81 Å) compared to MA (2.70 Å) and FA (2.79 Å). However, 
the insertion of Cs+ into FA-perovskite causes lattice distortion, leading to reduced polaron formation and shortened 
photoluminescence (PL) lifetimes.3 To address this challenge, Hao et al. demonstrated that doping FA into CsPbI3 promotes 
orbital overlap, thereby facilitating easier polaron formation, enhancing tolerance factor stability, prolonging carrier lifetimes, 
minimizing trap-assisted recombination, and boosting PCE up to 16.6%.4 Given the similarities between CsPbI3 and CsPbBr3, 
FA-doping into CsPbBr3 was predicted to regulate Pb-Br-Pb bond length and angle, thus significantly impacting perovskite 
lattice stability to enhance light-emitting diode (LED) performance.

Chi-Ching Kuo (National Taipei University of Technology) and his collaborators presented novel post-synthesis Cs/
FA mixed-cation PeNCs possessing high structural and optoelectronic properties to achieve high exciton recombination 
efficiency in LEDs. First, they illustrated that the three-dimensional network of cubic Cs1−xFAxPbBr3 hybrid perovskite 
NCs (HPNC) featured a corner-sharing PbBr6

4− octahedral structure with Cs+/FA+ cations interspersed between the PbBr6 
octahedra, as shown in Fig. 1(a). Notably, the incorporation of FA+ cations into the CsPbBr3 structure results in a redshift 

Mixed-Cation Hybrid Perovskite Nanocrystals
High-purity Cs1−xFAxPbBr3 hybrid perovskite nanocrystals are achieved using a straightforward hot-injection method combined 
with cation compositional engineering, providing a practical pathway for versatile optoelectronic and photonics applications.

Fig. 1:	 (a) Crystal structure of Cs1-xFAxPbBr3 HPNCs. (b) XRD patterns of Cs1-xFAxPbBr3 HPNCs with various Cs/FA ratios. (c−f) Synchrotron 2D 
GIWAXS pattern of CsPbBr3, Cs0.7FA0.3PbBr3, Cs0.5FA0.5PbBr3, and Cs0.3FA0.7PbBr3, respectively. (g−i) 1D GIWAXS profile of Cs1-xFAxPbBr3 with 
(110) diffraction peaks of (h) in-plane line cuts. (i) Corresponding azimuthally integrated scattering intensity of the (100) plane as indicated in 
(c−f). [Reproduced from Ref. 5]
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of the band gap. This shift is linked to a reduction in octahedral tilting and an increase in Br−Pb−Br angles, contributing 
to an enhanced Pb−Br orbital overlap. Furthermore, the conduction band comprises antibonding combinations of Pb (6p) 
and Br (4p) orbitals, thus confining the exciton recombination luminescence within the PbBr6

4− octahedron. Secondly, 
grazing-incidence wide-angle X-ray scattering (GIWAXS) and grazing-incidence small-angle X-ray scattering (GISAXS) at 
TLS 23A1 were used to systematically analyze the crystal orientation of perovskite thin films. The 2D GIWAXS patterns of 
CsPbBr3, Cs0.7FA0.3PbBr3, Cs0.5FA0.5PbBr3, and Cs0.3FA0.7PbBr3 perovskite films are depicted in Figs. 1(d)–(f). As expected, the 
1D GIWAXS profiles (Fig. 1(g)) exhibit diffraction peaks corresponding to the (100), (110), and (200) planes at positions 
consistent with the XRD spectra (Fig. 1(b)). The azimuthally integrated scattering intensity along the ring at the q = 10.9 nm−1 
(100) plane was further investigated, as shown in Fig. 1(i). Remarkably, Cs0.3FA0.7PbBr3 and Cs0.5FA0.5PbBr3 exhibited strong 
peak intensity at 90° to the azimuth with uniform orientation and well-defined spots compared to CsPbBr3 and Cs0.7FA0.3PbBr3 
(Figs. 1(d)–(f)). Additionally, the mixed-cation Cs1−xFAxPbBr3 films in the range of 0−0.7 exhibit diffraction peaks at qxy = 15 
nm−1 corresponding to the (110) crystal planes, slightly shifted toward the low-q region from 15.16° to 14.98° (Fig. 1(h)). This 
confirms that suitable A-site cation exchange between CsPbBr3 and FAPbBr3 not only enhances the tolerance factor but also 
imparts high crystallinity and a well-ordered crystal structure to the perovskite films. Additionally, the corresponding  
Cs1−xFAxPbBr3 HPNCs were analyzed using GISAXS spectra (Figs. 2(a)–(e)). The 1D GISAXS profiles for CsPbBr3, 
Cs0.7FA0.3PbBr3, Cs0.5FA0.5PbBr3, and Cs0.3FA0.7PbBr3 exhibit scattering peaks at Qm = 0.06 Å−1 and 0.045 Å−1. The domain 
spacings of Cs1−xFAxPbBr3 with various compositions ranging from 0 to 0.7 were estimated to be approximately 11 and 14 nm 
using the formula d = 2π/Qm.

In summary, the implementation of GIWAXS and GISAXS has significantly enhanced our understanding of the crystal 
orientation at the intra-grain scale of Cs1−xFAxPbBr3 HPNCs. Synchrotron-radiation-based GIWAXS and GISAXS were 
employed to investigate the microstructure and crystal orientation of perovskite polycrystalline films through A-site cation 
exchange between CsPbBr3 and FAPbBr3. Notably, the stacking pattern of crystal planes in the hybrid perovskite thin film 
transforms with varying amounts of FA+ cation doping into the CsPbBr3 structure, which indicates complete replacement 
of initial Cs+ cations in the PeNCs by FA+ ions. The larger ionic radius of FA+ (2.79 Å) compared to Cs+ (1.81 Å) plays a 
pivotal role in modifying the Pb−Br bond lengths and angles within the PbX6

4− octahedron. The ability to probe the crystal 
orientation of mixed-cation-based PeNC systems underscores the importance of synchrotron-based soft X-ray microscopy 
and spectroscopy, offering valuable insights into the relationship between multiple ordered crystal orientations and 
optoelectronic properties. (Reported by Fang-Cheng Liang, National Taipei University of Technology)

This report features the work of Chi-Ching Kuo and his collaborators published in Adv. Mater. 35, 2207617 (2023).

Fig. 2:	 (a) 1D GISAXS profile of Cs1-xFAxPbBr3 HPNCs. (b−e) Synchrotron 2D GISAXS pattern of CsPbBr3 (b), Cs0.7FA0.3PbBr3 (c), Cs0.5FA0.5PbBr3 (d), 
and Cs0.3FA0.7PbBr3 (e), respectively. [Reproduced from Ref. 5]
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Photonic integrated circuits (PICs) that integrate 
multiple photonic components have emerged 

as promising candidates for applications in big data 
databases with high speed, large integration capacity, and 
low thermal effects. There is a pressing need to explore 
corresponding photonic components such as lasers, 
optical waveguides, optical modulators, photodiodes, and 
nonvolatile flash photomemories. Among these, nonvolatile 
flash photomemories exhibit photosensitive function and 
recording characteristics, which could further simplify the 
design of PICs.

Organic–inorganic hybrid perovskites (OIHPs) materials 
have been applied to various optoelectronic devices 
owing to their outstanding semiconducting properties, 
solution-processable characteristics, long exciton 
lifetime, and small binding energy. They have emerged as 
promising candidates for next-generation nonvolatile flash 
photomemory devices. A research team led by Jung-Yao 
Chen (National Cheng Kung University) demonstrated 
that the high interfacial area between the perovskite 
floating gate and charge-transporting material is the key 
factor in realizing ultrafast responsive photomemory, 
with a recorded lowest photo-programming time of 1 
ms.1−2 Recently, room-temperature phosphorescence 2D 
OIHP received considerable attention owing to its long-
lived triplet excitons for potential applications, elevating 
the performance of optoelectronics.3−4 However, thus far, 
systematic engineering of the exciton lifetime of 2D OIHP 

Exploring Novel Directions for Improving Optoelectronic 
Devices 
Triplet–triplet dexter energy transfer between the inorganic layer and organic cation in 2D organic and inorganic hybrid 
perovskites (OIHPs) enhances the performance of the derived photomemory.

for enhanced photomemory performance is still limited.

To leverage the effect of exciton lifetime on the 
performance of photomemory, two 2D OIHPs, 
2-phenylethylammonium lead bromide ((PEA)2PbBr4) 
and 4-biphenylmethylammonium lead bromide 
((BPMA)2PbBr4), are spatially confined in polystyrene-
block-poly(ethylene oxide) (PS-b-PEO), serving as 
photoactive floating gates with p-type semiconductor 
poly(3-hexylthiophene-2,5-diyl) (P3HT) as the charge-
transporting material in nonvolatile floating-gate 
photomemory. Grazing-incidence small-angle scattering 
(GISAXS) at TLS 23A1 was employed to confirm self-
assembling microphase separation in PS-b-PEO/2D OHIP 
composite films, as shown in Figs. 1(c) and 1(d). 2D 
diffraction patterns (Figs. 1(e) and 1(f)) from grazing-
incidence wide-angle scattering (GIWAXS) at TPS 25A 
confirm the formation of 2D OIHPs in composite films. 
By triggering the energy transfer between inorganic parts 
and organic cations and extending the conjugated length 
of organic cations, an extremely low photo-programming 
time of 0.7 ms, multilevel behavior of a minimum of 7 bits 
(128 levels), remarkable photosensitivity of 19.10 AW-1, 
and significant low power consumption of 6.79 × 10-8 J 
per bit can be achieved. The present study provides a new 
perspective on the function of triplet excitons in nonvolatile 
photomemory. (Reported by Jung-Yao Chen, National 
Cheng Kung University)




