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Abstract

This report summarizes the research
activities discoveries of the third year of the
project supported by the NSC. Magor
discoveries include new methods to prepare
TiC, Mo, W and Cu nanoparticles, C thin
film and nanorods materials, new precursors
and surface reaction studies of CVD.
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Introduction

Chemical reactions to nanosized
inorganic materials are under intensive
investigations for their special chemical and
physical properties. In this study, we will
demonstrate several new synthetic strategies
to prepare these materials. We have also
performed fundamental surface reaction
studies of severa chemical vapor deposition
(CVD) precursors using Synchrotron

Radiation Based X-ray Photoelectron
Spectroscopy. Our discoveries will be
discussed below briefly.

Summary

Preparation of New Precursorsand
Routesto Inorganic Thin Films|[1].
Complexes MesCE=Ta(CH,CMe3)3, (E = CH,
N), have been prepared and employed as
CVD precursorsto grow thin films of TaC
and TCN. Some representative AFM images
(Figures 1 and 2) are shown below.

Figure 1. AFM surface morphology of the film
deposited at 623 K from Me;CCH=Ta(CH,CMe&3)3 in
Ho.

Figure 2. AFM surface morphology of the film
deposited at 773 K from MesCN=Ta(CH,CMe3); in
H,.

Surface Reaction Studies CVD Precursors
on Surface[2-3]. We used SR-XPS and



TPR to study the surface reactions of several
precursors on different surfaces and found
that different surfaces affect the film
composition significantly (Figures 3 and 4).
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Figure 3. SR-XPS spectrafor (a) 3L BTBTT dosed
and annealed to high temperatures on Si(100), and (b)
1L BTBTT dosed and annealed to 700 K on Cu(111).
The X-ray energy is 600 eV. For clarity, only the W(0)
component from the peak fit is shown in W 4f signal.
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Figure 4. W 4f and Si 2p SR-XPS spectra obtained

after adosing of 5L of BTBTT on Si(100) at 100K (a

& c) and after asimulated CVD run (see text for
details) at 900 K (b & d). The X-ray energy is 200 eV.

Preparation of Nanosized Transition
Metal Materials by New Routes[4 —5].
Severa new synthetic methods have been
explored. We have discovered that transition
metal nanoparticles can be synthesized at low
temperatures from metal complexes and
organopolysilane oligomers (Figure 5).
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Figure 5. TEM and ED images of (a) Mo nanoparticles
prepared at 473 K and (b) annealed at 1273 K. (c) W
nanoparticles prepared at 573 K and (d) annealed at
873 K. (e) Cu nanoparticles prepared at 343 K and (f)

annealed at 523 K.

Also, we found that titanium metal can be
nanosized into titanium carbide by reacting
with 1-chlorobutane (Figure 6).

(a)

titanium carbide

Figure 6. TEM studies of a TiC crystal obtained at
1273 K, (a) TEM image, (b) HRTEM image of the
selected area shown in (a), and (c) ED pattern.



New Synthetic Strategy for Carbon
Materialg6 - §].

Carbon materials are important for many
technology uses. We explored using small
molecules as the building blocks for
interesting carbon materials, including
nanographites, onions, nanorods, and thin
films. We explored a new strategy called
“Polygon Building Block Route to sp2
Carbon Based Materials’. Theresults are
shown in Figures 7 and 8.

Figure 7. (8) HRTEM of spherical and elliptical
carbon onions. (b) HRTEM of arod-shaped carbon

onion.
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Figure 8. (&) HRTEM image f the graphite powder.
(b) Enlarged HRTEM image of the rectangular region
shownin (a).

Also, coupling C6CI6 using Li asthe
reductant can form carbon rods (Figure 9).

Figure 9. SEM images of carbon rods: (a) low and (b)
high magnification.

We also discovered that SiCl3CCl3 can be
employed as a novel precursor to deposit
amorphous carbon films (Figure 10).

@

(b)

Figure 10. SEM images of carbon films prepared at (a)
773 K and (b) 1173 K.
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