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Summary of Major Research Accomplishments for: 
Chemical Precursor Routes to Ceramic Nanocylinders 

AFOSR GRANT F49620.01.1-0443 

Larry G. Sneddon 

Department of Chemistry 
University of Pennsylvania 

The objective of our recently completed AFOSR sponsored project was to design and 
synthesize new, processable chemical precursors to nonoxide ceramics that allow the formation 
of these materials in nanocylinderical (nanotubular) forms. Our studies that resulted in the 
formation of nanotubular boron carbide, boron nitride and silicon carbide ceramics are described 
in the following sections. 

Boron Carbide and Boron Nitride Nanocylinders 

We have previously shown that polyhexenyldecaborane and 6,6'-(CH2)6-(BioHi3)2 (Figure 
1) are both excellent precursors to boron carbide that yield carbon-rich (~B4C) and boron-rich 
(-BgC) boron carbide compositions, respectively,'"^ 
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Figure 1, Polymeric and molecular precursors to boron carbide 

We also demonstrated that boron carbide nanofibers can be produced via melt infiltration 
of 6,6'-(CH2)6-(B,(^i3)2 into porous alumina templates followed by pyrolysis and dissolution of 
the membranes.^ Our AFOSR studies have found^-"-' that ceramic nanotubules can be generated 
by a procedure (Figure 2) similar to that reported by Martin* for the production of polymer 
nanotubes. Thus, by using precursor solutions, instead of neat liquid precursors, only the 
channel walls of the template were coated when these solutions were vacuum filtered through the 
membranes. Following pyrolysis and subsequent dissolution of the membranes, freestanding 
nanotubular boron carbide structures were produced. 
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Figure 2, Nanotube Fabrication Method 

The SEM image in Figure 3 shows an end view of an ensemble of boron carbide 
nanotubules that are -50 |j,m long and -250 nm in diameter. Both the SEM image in Figure 3 
and the TEM image of a single nanocylinder in Figure 4, clearly show the hollow cores of the 
tubular structures. The inside diameter and wall thickness of the nanotubules can be controlled 
by the solution concentration and/or number of membrane treatments. 
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Figure 3. SEM image of boron carbide nanocylinders showing their hollow cores 
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Figure 4. TEM image of a single boron carbide nanotubule 

We iiave also now shown'*'' that boron nitride nanotubules can be easily generated by 
employing our polyborazylene (B3N3H4)^ precursor'' and the porous alumina templating 
technique. Thus, following the general procedure outlined in Figure 2, vacuum filtration of a 
polyborazylene solution through the alumina membranes followed by pyrolysis at 750°C and 
dissolution of the membranes in IM NaOH yielded free-standing boron nitride nanotubules. As 
shown in Figure 5, SEM and TEM analyses confirmed the formation of an aligned ensemble of 
nanotubules. 

Electron diffraction data obtained from these nanotubules (d = 3,43 A [002], 2.07 A 
[100], 1.24 A [110]) were consistent with the formation of turbostratic boron nitride. Likewise, 
the electron energy loss spectrum (EELS) obtained from a single nanotubule was consistent with 
a boron nitride composition, showing the K-edges of boron at 190 eV and nitrogen at 400 eV. 
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Figure 5, SEM and TEM images of an ensemble of boron nitride nanotubules (left) 
and a single boron nitride nanotubule (right). 



SiliconCarbide Nanocylinders 

AUylhydridopolycarbosilane (AHPCS) is a processible silicon carbide precursor that is 
manufactured by Starfire Systems, Inc.* Again following the procedure outlined in Figure 2, 
vacuum filtration of AHPCS solutions through alumina membranes followed by pyrolysis to 
1025°C and subsequent dissolution of the membranes in 48% HF yielded silicon carbide 
nanotubules,**'^ SEM (Figure 6) and TEM analyses confirm the formation of aligned silicon 
carbide nanotubular structures. 

Figure 6. SEM image of an ensemble of silicon carbide nanotubules. 

In conclusion, our work has shown that designed molecular and polymeric single-source 
precursors in conjunction with nano-templating methods enable the systematic generation of 
aligned, monodispersed ensembles of boron carbide, boron nitride, and silicon carbide 
nanotubules. We are now investigating the structural and electronic properties of these 
materials, as well as the use of these template methods for the production of a wide range of 
other nanostructured ceramics. 
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