Characterizing the Structure of Self-Assembled Lead (II) Sulfide Nanoparticle Superlattices

Based on Variable Ligand Surface Coverage
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Abstract Results

Inorganic nanoparticles (NPs) coated with interfacial organic molecules known as ligands are able to self-assemble into complex three-

their potential to be used as a semiconductor material. Interparticle spacing and structural ordering are the determining factors of the S e v e O e YT o
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dimensional structures. Periodic crystal lattices of NPs known as superlattices possess useful chemical, electrical, and magnetic
properties. An important objective within the field of nanotechnology is to understand how parameters of the self-assembly process can
be tuned to reach a desired outcome, such as a superlattice. The surface coverage of ligands and the type of solvent used during self-
assembly are known to determine the organization of NPs and shape of the nanostructure. Studying the effects of these properties will

contribute to a general understanding of how nanostructures form. Lead (II) sulfide (PbS) nanostructures are of particular interest for

charge transport properties of superlattices. We investigated the relationship between these factors and ligand surface coverage in Sample I: Solvent = (Chloroform + iso-Propanol) Sample A: Solvent = (Chloroform + iso-Propanol) + ligands = (Hexadecyl Amine) ~ SEM images of Sample C taken at the CNM
The diffraction patterns obtained from SAXS and the
images obtained through SEM confirm that oleic acid

coated PbS nanoparticles self-assemble into a superlattice
structure depending on the solvent mixture used during
synthesis. Every sample, excluding those prepared with a
solvent mixture of chloroform and methanol, formed a

crystal structure.
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binary PbS superlattices formed with various solvent mixtures. Tests were performed using small angle x-ray scattering (SAXS) at the °
Advanced Photon Source (APS) and scanning electron microscopy (SEM) at the Center for Nanoscale Materials (CNM).
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Small angle x-ray scattering (SAXS) is an x-ray diffraction technique Experimental Geometry

that is useful for determining characteristic distances of nanoscale
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Sample 2: Solvent = (Chloroform + Methanol) Sample B: Solvent = (Chloroform + Methanol) + ligands = (Hexadecyl Amine)

The scattering curves for samples with additional hexadecyl

structures. PbS nanoparticles are known to form superlattice
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.. . . amine ligands feature peaks at lower g-values than the
structures, but the conditions leading to this result are not fully
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, , samples with only oleic acid ligands. Therefore, an effect of
understood. During the formation of the sample structures four
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adding hexadecyl amine ligands is an increase in

_ interparticle spacing.
The diffraction patterns can be used to identify which

structures are monocrystalline and which are

unique solvent mixtures were used to prepare two samples, one coated
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with oleic acid ligands and another with both oleic acid and hexadecyl
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amine ligands. SAXS was performed with all eight of these samples in

addition to a solution of PbS nanoparticles. Scanning electron
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e e polycrystalline. A diffraction pattern of spots generally

Sample 3: Solvent = (Toluene + iso-Propanol) Sample C: Solvent = (Toluene + iso-Propanol) + ligands = (Hexadecyl Amine)

microscopy (SEM) was used to visualize the crystalline structures.
SEM data is used to help interpret SAXS peak data.

indicates a single crystal structure, while a ring shape
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indicates a polycrystalline structure. The addition of
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_ ligands altered this property in the samples that formed
superlattices.
L The formation process of each crystal can be understood by

viewing surface details provided by the SEM images. The
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SEM images confirm that Sample C has a polycrystalline
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Sample 4: Solvent = (Toluene + Methanol) Sample D: Solvent = (Toluene + Methanol) + ligands = (Hexadecyl Amine) structure due to the VlSlble graln&
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