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Colloidal perovskite nanocrystals have recently emerged as the most competitive material in photovoltaics 

[1]. Perovskite nanocrystals exhibit several superior properties for efficient solar cells: strong optical 

adsorption, widely tunable band gap, unique resistance to defects, enhanced carrier mobility, and 

exceptional electron-hole diffusion length. In the field of all-inorganic perovskite nanocrystals, a family 

of CsPbX3 (X=Br, Cl, or I) nanocrystals is of a particular interest for solution processed photovoltaics. 

Protesescu et al. was among the first to successfully synthesize monodisperse colloidal CsPbX3 

perovskites nanocrystals by hot injection method with an average size of up to 10 nm [2]. The authors 

have demonstrated that the size of nanocrystals could be altered. This was accomplished by modifying the 

halogen component and/or by varying the temperature of injection [3]. However, both methods limit the 

average size of nanocrystals to 15 nm. Recently, few groups have showed that the size and the shape of 

as-synthesized nanocrystals could be altered by adding anti-solvent such as acetone or ethanol at room 

temperature [4].  The authors agree on the fact that perovskite nanocrystals have the unique ability to grow 

in size and self-organize themselves in structures with no defects. However, the studies contradict each 

other on the factors that lead to the physical growth of nanocrystals.  

In our study, we have developed a novel chemical route for inducing the growth of colloidal CsPbBr3 

nanocrystals from 8 to 30 nm (average size) at room temperature, preserving their highly desirable 

properties. We are determined that the growth of nanocrystals in size is the result of a chemical reaction 

taking place on the surface of nanocrystals. Surface reaction leads to the local removal of surfactants and 

subsequent collision of nanocrystals, thus resulting in bigger size.  

We have carefully analyzed the process of nanocrystals growth with the TEM over 48 hours. The results 

show that individual nanocrystals of up to 50 nm appear in the colloidal right after the surface reaction 

took place. Upon 24 hours after the reaction, these nanocrystals travel in distance and self-organize 

themselves into highly ordered superlattices. With time (48 hours following surface reaction), the amount 

of grown nanocrystals attached to the superlattice grow in number. No foreign material other than CsPbBr3 

nanocrystals is present in the colloid.  Surface reaction was confirmed by FTIR and EELS measurements.  

We have also studied the impact of changes in size of NCs on their band gap values. The adsorption results 

show that the increase in size of nanocrystals reduces their band gap value by minimum 0.04 eV. This 

allows us to assume that grown NCs will allow to obtain a higher power-conversion efficiency due to 

expansion of the adsorption spectrum of the solar cell.  Since the grown NCs are colloidally stable, it 

makes them a highly desirable material for solution-processed photovoltaics allowing production of low-

cost highly efficient thin films with a strong adsorption coefficient.  



In conclusion, we have discovered a chemical route, which allows to grow CsPbBr3 NCs in size at room 

temperature leading to a decrease in the band gap values. The technique performed by our group not only 

shows the way to increase the power-conversion efficiency by tuning the band gap of nanocrystals, but 

also lit a light on the mechanism behind chemically induced growth of NCs at room temperature.  
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Figure 1. TEM images exhibiting the growth and subsequent self-organization of CsPbBr3 NCs into 

superlattice: a) as-synthesized by hot-injection method (8 nm in average size); b) right after surface 

reaction (50 nm in size); c) 48 h after the reaction (30 nm in average size) 

 

Figure 2. UV-visible adsorption spectrum of CsPbBr3 NCs demonstrating red shift in adsorption 

corresponding to smaller band gap values of grown NCs.  
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