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Abstract 

In recent decades, organic-inorganic hybrid perovskite materials have drawn much 

more attention for their excellent optoelectronic properties and successful applications 

in photovoltaics, photodetector, light-emitting diodes (LED) and photocatalysis. The 

traditional perovskite possesses a three-dimensional (3D) structure and is defined as 

ABX3 in which the cation A is located at the voids of BX6 octahedral structure to 

develop in all three directions. And the A represents the organic or inorganic cations 

such as methylammonium (MA+) or Cs+, the B are the metal cations such as Pb2+ or 

Sn2+, and the X is related to the halide anions such as I−, Br− and Cl−. This kind of 

traditional 3D perovskite materials have been widely applied in the photovoltaic 

applications. The traditional small cation at A position can be replaced by some large 

organic cations. Since the large organic cations are too big to be located into the voids, 

this kind of perovskite has the orientation preference to grow into two-dimensional (2D) 

perovskite. The big organic cations show an essential property of moisture resistance 

which is beneficial for improving the stability of perovskite. 

On the other hand, the thin films made from those 3D and 2D materials contain 

huge amount of tiny crystals with large grain boundaries as well as defects which are 

harmful for the charge transportation and device performance. Therefore, the research 

of the single crystal perovskite, which contains no grain boundary inside, have been 

investigated for solar cells, photodetectors, LEDs, etc. 



In this thesis my research not only focus on the perovskite material itself, but also 

its further application such as photocatalysis, photovoltaic and optoelectronic 

applications. In general, nano-scale particles and cm-scale single crystals have been 

synthesised and the related characterizations have confirmed that they are in quite high 

quality. What should also be mentioned is that the single crystals I have synthesised 

have achieved the largest size compared with current report. Later the photocatalysis 

experiments based on the nano-scale particles has been confirmed that the perovskite 

with mixed-dimensional has excellent photocatalysis ability. Later attempts have been 

done to modify the electron transport layer to improve the perovskite solar cell 

performance. Sn doping and KCl modification have been confirmed to have clear 

enhancement for the solar cell device. Finally, the large size single crystals have been 

applied for the optoelectronic applications such as LED and photodetectors. With 

current research progress the LED shows good conduction and the detector shows good 

response ability. In one word, not only the materials synthesis methods have been 

improved but also the related applications in photocatalysis, photovoltaic and 

optoelectronic areas have been tried and shown good results. The details are mentioned 

below.  

Chapter 1 summarizes the development history of perovskite materials for 

photovoltaics and photocatalysis applications.        

In Chapter 2, 2D, 3D perovskite nanoparticles and (MA) and mixed-dimensional 

perovskite (MDP) nanoparticles with different ratio of octadecylamine 

(OA)/methylamine (MA) were prepared and their morphology, optoelectronic 



performance, electrochemical performance as well as photocatalytic performance were 

investigated. Impressively, the MDP materials show high charge mobility than those 

pure 2D and 3D perovskite nanomaterials. In addition, the MDP materials combine the 

advantages of 2D and 3D perovskite materials characteristic of efficient electron-hole 

separation and a broad UV-visible light absorption. In the photocatalytic hydrogen 

evolution reactions, the 3D perovskite shows a rate of 323 μmol g−1 h−1 and 2D shows 

192.1 μmol g−1 h−1 within 5 hours under the same conditions. And the MDP perovskites 

with the OA content of 5%, 10%, 15% and 25% show the hydrogen generation rate of 

219.3, 430.2, 960.2 and 274.5 μmol g−1 h−1, respectively. It should be noted that that 

the photocatalytic H2 evolution reaction maintains a constant PHE rate within 24-hours. 

Also, the photocurrent response and EIS studies further support that the MDP of 

OA0.15MA0.85PbI3 shows the best performance among all those perovskite samples. 

Chapter 3 described a low-temperature solution processing method to prepare Sn-

doped TiO2 nanocrystals functioned as an electron transport layer (ETL) in PSCs. 

Pristine and Sn doped anatase TiO2 nanocrystals are synthesized successfully with the 

size of around 4-10 nm. Using the optimal 1.5 atom% (at. %) Sn-doped TiO2 

nanocrystals as ETL in PSC, a power conversion efficiency (PCE) of 17.7% has been 

achieved, which is higher than the pristine TiO2 with an PCE of 13.1%. Moreover, the 

PSC based on the 1.5 at. % Sn-doped TiO2 shows a best long-time stability and the 

smallest hysteresis among all samples after 20 days storage. It is believed that the low 

temperature processed solution processing strategy for the ETL is very powerful for 

PSC applications.    



In Chapter 4, a new and simple method for processing ETL has been developed 

for optimizing PSCs performance. The addition of inorganic KCl salt into TiCl3 solution 

can work simply with quick response for the preparation TiO2 nanoparticles as ETL. 

The PSC with 0.5 M KCl addition show a higher PCE of 19.38% than that the control 

one with PCE of 17.68%, which is ascribed to the enhanced open circuit voltage (Voc) 

from 1.10 V for the former to 1.04 V for the latter. Also, the characterizations such as 

UV/Visible absorption, SCLC, UPS have confirmed that the ETL upon 0.5 M KCl 

addition shows the highest charge mobility and the least defect which are all beneficial 

to for PSC performance. Additionally, no other extra treatment except for annealing is 

necessary for the ETL prepared through this method. Conclusively, an efficient and 

simple strategy for ETL preparation was developed for the performance improvement 

of PSCs. 

Chapter 5 extended to the study of perovskite single crystals for PSCs application. 

Typically, a modified method for single crystal growth was developed to prepare the 

perovskite single crystals effectively, including PEA series ((PEA)2PbCl4, (PEA)2PbBr4 

and (PEA)2PbI4) and BA series ((BA)2(MA)2Pb3I10, (BA)2MAPb2I7 and (BA)2PbI4)). 

Subsequently, the LED devices were fabricated based on those PEA series perovskite 

single crystals with strong photoluminescence. And those BA series with good 

optoelectronic property and high stability were applied for the photodetectors. It was 

found that the LED based on the six-layer structure worked very well with good 

conductivity performance. On the other hand, the photodetector based on the (BA)2PbI4 

shows a response times of 270 ms for rise time and 334 ms for fall time under the 405 



nm irradiation, which are much shorter than that of 580 ms for rise and 670 ms for fall 

in the device based on the (BA)2MAPb2I7. This work shed light of the commercial 

applications of the perovskite single crystals in LED and photodetector devices.  

In the end, a summary and highlights of the research work involved in this thesis 

are provided in Chapter 6.   


