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Abstract:

A concept of phase segregation has been proposed in this dissertation. The strategy
has been used to assist sculpting of nanostructures, including carbon and silicon, grown by
vapor-solid reactions. The inorganic salts MX (M = Na, Mg, Ca; X = F, Cl, Br, I) can act as
self templates reagents to support-the formation of nanostructures.

First, porous carbon materials with.pore sizes from 3 - 200 nm were synthesized by
reacting hexafluorobenzene with Na.liquid at 623 K. NaF crystals, a byproduct formed in
the reaction, acted as nanotemplates to assist the pore formation. By employing
hexafluorobenzene to react with Na incorporated within the channels (diameter 200 nm) of
anodized aluminum oxide (AAO) membranes at 323 - 623 K, the carbon material can be
fabricated into aligned porous nanotube arrays (ca. 250 nm in diameter, ca. 20 nm in wall
thickness, ca. 0.06 mm in length, and ca. 3 — 90 nm in pore diameter).

The phase segregation concept was further investigated in the following chapter, CsFs
vapor is employed to react with CaC, and MgsN, to grow CaF,/a-C and Mg,F,/a-C
core/shell nanowires (tens of micrometers in length, tens to hundreds of nanometers in wire
diameter, and tens of nanometers in core diameter), respectively, in high yields. The growth
mechanism is proposed to proceed via a reaction at the interface of the vapor and solid

reactant.



Two examples were used to support this idea: graphite and silicon. Porous, fibrous
and planar graphite materials were synthesized by reacting CaC, with vapors of C,Cly
(CxCly: CCly4, CoCls, C4Clg and CsClg). The morphology can be adjusted by varying the
reaction temperatures. Porous carbon was obtained at low reaction temperatures, 973 - 1023
K. Fibrous carbon and planar carbon were synthesized at medium reaction temperatures,
1073 - 1123 K and at high reaction temperatures, 1123 - 1223 K respectively. Phase
segregation of the products CaCl, and carbon formed at the vapor-sold reaction interface
affects the morphology greatly. Besides, single crystalline silicon showing fertile
morphologies is prepared via vapor-solid reaction growth (VSRG) employing SiCl, to react
with alkaline earth metal silicides M,Siy (MySiy: Mg,Si and CaSi) at 1023 — 1223 K. The
other ionic salt product MCI; crystallizes into a segregated phase and shapes the silicon into
various structures depending on the reaction temperature and the Si/MCIl, molar volume
ratio. The morphology includes such as clustered-particle (1023 K, Si/MgCl, = 0.29),
porous (1023 K, Si/CaCl, = 0.58), wire-like (1073 K, Si/MCI, = 0.29 or 0.58), coral-like
(1123 K, Si/MCI; = 0.29 or 0.58), lamellar or flake-like (1173 K, Si/MCl, = 0.29 or 0.58).

Finally, further evidences are supported the phase segregation idea and the
self-templates of different salts effect. These reactions were carried out by using identical
experiment apparatus. First, Mg metal was reacted with vapor of C4Cls at elevated
temperatures 1123 — 1223 K. The product exhibits coral-like structure at 1123 K, and
uniform core-shell particles were synthesized at 1173 K. The chief tubes structure were
prepared at 1223 K. Second, CgFs Was reacted with Na at 423 K in Pyrex tube sealed under
vacuum. The tubes structure with diameter 80 - 150 nm was synthesized. Third, the
products were prepared from CaC, and Br,. The nanoparticles were observed at 1023 K.
and the lamellar plates were formed at 1223 K. Final, the similar result was performed from
CaC; and l,. The nanoparticles were obtained at 1023 K, and the thin lamellar plates were

prepared at 1223 K.
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