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    Abstract

        
            It is conventionally assumed that the growth of monodisperse colloidal nanocrystals requires a temporally discrete nucleation followed by monomer attachment onto the existing nuclei. However, recent studies have reported violations of this classical growth model, and have suggested that inter-particle interactions are also involved during the growth. Mechanisms of nanocrystal growth still remain controversial. Using in situ transmission electron microscopy, we show that platinum nanocrystals can grow either by monomer attachment from solution onto the existing particles or by coalescence between the particles. Surprisingly, an initially broad size distribution of the nanocrystals can spontaneously narrow. We suggest that nanocrystals take different pathways of growth based on their size- and morphology-dependent internal energies. These observations are expected to be highly relevant for other nanocrystal systems.
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                    Growth of platinum nanocrystals

                    
                        Multimedia

                    Movie showing the growth of platinum nanocrystals in a liquid cell observed in situ using the JEOL 3010 TEM at the National Center for Electron Microscopy. This is the first ever-real time movie showing nucleation and growth by monomer attachment or by smaller nanocrystals coalescing to form larger nanocrystals. All the nanocrystals end up being roughly the same shape and size. http://newscenter.lbl.gov/feature-stories/2009/08/04/growth-spurts/
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                    Programmable Colloidal Approach to Hierarchical Structures of Methylammonium Lead Bromide Perovskite Nanocrystals with Bright Photoluminescent Properties

                    
                        Journal Article
                            Teunis, Meghan; Johnson, Merrell; Muhoberac, Barry; ...  - Chemistry of Materials
                            

                    Here, systematic tailoring of nanocrystal architecture could provide unprecedented control over their electronic, photophysical, and charge transport properties for a variety of applications. However, at present, manipulation of the shape of perovskite nanocrystals is done mostly by trial-and-error-based experimental approaches. Here, we report systematic colloidal synthetic strategies to prepare methylammonium lead bromide quantum platelets and quantum cubes. In order to control the nucleation and growth processes of these nano crystals, we appropriately manipulate the solvent system, surface ligand chemistry, and reaction temperature causing syntheses into anisotropic shapes. We demonstrate that both the presence of chlorinated solvent and a long chainmore » aliphatic amine in the reaction mixture are crucial for the formation of ultrathin quantum platelets (similar to 1.5 nm in thickness), which is driven by mesoscale-assisted growth of spherical seed nanocrystals (similar to 1.6 nm in diameter) through attachment of monomers onto selective crystal facets. A combined surface and structural characterization, along with small-angle X-ray scattering analysis, confirm that the long hydrocarbon of the aliphatic amine is responsible for the well ordered hierarchical stacking of the quantum platelets of 3.5 nm separation. In contrast, the formation of similar to 12 nm edge-length quantum cubes is a kinetically driven process in which a high flux of monomers is achieved by supplying thermal energy. The photoluminescence quantum yield of our quantum platelets (similar to 52%) is nearly 2-fold higher than quantum cubes. Moreover, the quantum platelets display a lower nonradiative rate constant than that found with quantum cubes, which suggests less surface trap states. Together, our research has the potential both to improve the design of synthetic methods for programmable control of shape and assembly and to provide insight into optoelectronic properties of these materials for solid-state device fabrication, e.g., light-emitting diodes, solar cells, and lasing materials.« less
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                    Mesoporous Colloidal Superparticles of Platinum-Group Nanocrystals with Surfactant-Free Surfaces and Enhanced Heterogeneous Catalysis

                    
                        Journal Article
                            Hu, Yongxing; Liu, Yuzi; Sun, Yugang - Advanced Functional Materials
                            

                    Synthesis of colloidal superparticles (CSPs) of nanocrystals, a class of assembled nanocrystals in the form of colloidal particles, has been emerging as a new frontier in the field of nanotechnology because of their potential novel properties originated from coupling of individual nanocrystals in CSPs. Here, a facile approach is reported for the controlled synthesis of mesoporous CSPs made of various platinum-group nanocrystals that exhibit high colloidal stability and ligand-free surfaces to significantly benefit their applications in solution-phase heterogeneous catalysis. The synthesis relies on self-limiting growth of composite particles through coprecipitation of both Pt-group nanocrystals (or their precursor compounds) and silvermore » halides on sacrificial substrates of colloidal silver particles. The intermediate silver halides in the composite particles play the critical role in limiting the continuous growth (and/or coalescence) of individual Pt-group nanocrystals and they can be selectively dissolved to create nanoscale pores in the resulting CSPs.« less
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                    Photoluminescent Colloidal CdS Nanocrystals with High Quality via Noninjection One-Pot Synthesis in 1-Octadecene

                    
                        Journal Article
                            Ouyang, Jianying; Kuijper, Jasmijn; Brot, Simon; ...  - Journal of Physical Chemistry C
                            

                    High-quality colloidal photoluminescent CdS quantum dots (QDs) were synthesized via a noninjection onepot approach in noncoordinating solvent 1-octadecene. This synthetic approach uses cadmium acetate dihydrate and elemental sulfur as Cd and S sources, respectively, together with one long-chain fatty acid (CH3-(CH2)n-COOH) as surface ligands and 2,2 -dithiobisbenzothiazole (MBTS) to increase sulfur activity. The CdS QDs were synthesized at elevated temperatures such as 240-300 C, and the kinetics of nucleation/ growth was monitored via the temporal evolution of the optical properties of the growing CdS QDs. Various synthetic parameters were investigated, such as the feed molar ratios of (0.5-8)Cd/1S and (2-64)S/1MBTS,more » reactant concentrations of 5-80 mmol/Kg, and growth temperature of 220-350 C. The feed molar ratios of (1-2)Cd/1S and (8-32)S/1MBTS are suggested to be the optimal synthetic window, together with the S feed concentration of 10-20 mmol/Kg and the growth temperature of 240-260 C. Moreover, ligand effects such as ligand length and concentration were thoroughly investigated. With an increase of the chain length of the fatty acid, the size of the resulting CdS QDs was systematically reduced. The acids of moderate carbonchain length (n ) 10-16) bestow CdS QDs in high quality regarding narrow size distribution ( 17-22 nm in full width at half-maximum), high nanocrystal yield, and high quantum yield (up to 30%). Meanwhile, the acids with longer carbon chain led to small-sized nanocrystals in low concentration, due to large steric hindrance retarding severely the nucleation and growth, as indicated by the late appearance of nanocrystal absorption and slow increase in size. The acids with shorter carbon chain resulted in large-sized nanocrystals in low concentration, due to small steric hindrance causing ready nucleation and growth, as indicated by the large and fast increase in size. Therefore, the steric hindrance of varied-length fatty acids affects the reactivity of Cd monomers with great impacts on the nanocrystal nucleation/growth and thus the nanocrystal size and surface passivation. Furthermore, with an increase in the acid concentration, the size and size distribution of the resulting CdS QDs increased, together with a decrease in nanocrystal yield, due to an enhanced solubility of the Cd monomer leading to decreased monomer reactivity and thus a hindered nucleation with a low nuclei concentration.« less
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                    High-Resolution Transmission Electron Microscopy Observation of Colloidal Nanocrystal Growth Mechanisms using Graphene Liquid Cells

                    
                        Journal Article
                            Yuk, Jong; Park, Jungwon; Ercius, Peter; ...  - Science
                            

                    We introduce a new type of liquid cell for in-situ electron microscopy based upon entrapment of a liquid film between layers of graphene. We employ this cell to achieve high-resolution imaging of colloidal platinum nanocrystal growth. The ability to directly image and resolve critical steps at atomic resolution provides new insights into nanocrystal coalescence and reshaping during growth.
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