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Lecture 05: 1-D Nanostructures Fabrication
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SSiication ofinanomaterials

Dimensional classification
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GIESSITiCation o nanomaterials

One-dimensional (1-D) structures

- Nanorods - - Nanowires - - Nanotubes -
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Pricate 1-D nanostructures

Spontaneous anisotropic Kinetic control by Seed-initiated growth
crystal structures organic surfactants
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Self-assembly Size reduction
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Fabrication methods and case study
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[RSIIONLANEOUS Ihisotropic crystal structures

Isotropic vs. Anisotropic

Isotropic Anisotropic

A
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Isotropic: the properties of a material are the same in all directions.
Anisotropic: the properties of a material vary with different crystallographic orientations.
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Unique crystal structure of chalcogens

Chalcogens (oxygen family) Hexagonal crystal structure
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Tellurium (Te) nanowire fabrication

High magnification Electron diffraction
Te solution Te seeds Te nanowires
Reducing agent Growth
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pRRGreticicontrol by organic surfactants

- To decrease the surface energy of cubotahedron nanoparticle, the growth of (111)
plane is mostly advantageous to form the octahedron nanoparticle.

. (100) growth

Truncated cube Cube

(100) growth

Cuboctahedron

(111) growth .
(111) growth

Truncated octahedron Octahedron
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Kinetic control of crystal orientation growth by adsorption of organic surfactants
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ZRRSTIetic.control by organic surfactants

Silver (Ag) nanowire growth with polyvinylpyrrolidone (PVP)
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Vapor-Liquid-Solid (VLS) growth of silicon (Si) nanowire with gold (Au) seed

Solid (Si)
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Vapor-Liquid-Solid (VLS) growth of germanium (Ge) nanowire with gold (Au) seed
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Vapor (C,H,)

Liquid (Ni-C)
solid (SiO,)
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SRSEECINItiated grow n: size control

Vapor-Liquid-Solid (VLS) growth of indium phosphide (InP) nanowire
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SRSEEGRIMtIatedigrowth: shape control

Vapor-Liquid-Solid (VLS) growth of “Ge nanotrees” (3 steps)
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A mould for bronze sword
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Nanowire growth with anodic aluminum oxide (AAO) template

AAO template Filling AAO removal
(electrodeposition) (etching)




Nanoparticle Technology

Two elements nanowire growth with anodic aluminum oxide (AAO) template

AAOQO template Filling Filling AAO removal
(Lt element) (2nd element) (etching)
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DNA/polymeric micelle self-assembly
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histone-like micelles beads-on-a-string compact structure nanofibers




Nanoparticle Technology

Electrospinning
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SUIMIMIRAGIF=D nanostructures fabrication

(A) tilted nanorods
(B) vertically aligned nanorods

(C) helical nanorods

(D) zigzag nanorods

(E) C-shape nanorods

(F) bead-like nanorods

(G) multilayer nanorods

(H) side-coated nanorods

(1) sandwiched nanorods

(J) core-shell nanorods

(K) checkerboard nanorods

(L) homogenous composite nanorods
(M) nanoparticle-decorated nanorods
(N) composition-graded nanorods
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