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pores (as much as 7 × 1010 cm–2), and
lengths of pores (up to about 100 nm)
can be tailored by selection of fabrica-
tion conditions.

In a given case, the catalytic metal, cat-
alytic metal alloy, or catalytic-
metal/polytetrafluoroethylene compos-
ite is electrodeposited in the pores of the
alumina nanotemplate. The dimensions
of the pores, together with the electrode-
position conditions, determine the sizes
and surface areas of the catalytic parti-
cles. Hence, the small features and large
surface areas of the porosity translate to
the desired small particle size and large
surface area of the catalyst (see figure).

When polytetrafluoroethylene is in -
cluded, it is for the purpose of imparting
hydrophobicity in order to prevent water
from impeding the desired diffusion of
gases through the catalyst layer. To incor-
porate polytetrafluoroethylene into a cat-
alytic-metal/polytetrafluoroethylene
nanocomposite, one suspends polytetra-
fluoroethylene nanoparticles in the elec-
trodeposition solution. The polytetrafluo-
roethylene content can be varied to
obtain the desired degree of hydropho-
bicity and permeability by gas.
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Capillography (from the Latin capil-
lus, “hair”, and the Greek graphein,
“to write”) is a recently conceived tech-
nique for forming mats of nanofibers
into useful patterns. The concept was
inspired by experiments on carpetlike
mats of multiwalled carbon nanotubes.
Capillography may have the potential
to be a less-expensive, less-time-con-
suming alternative to electron-beam li-
thography as a means of nanoscale pat-
terning for the fabrication of small
devices and instruments. 

In capillography, one exploits the
lateral capillary forces exerted on
small objects that pierce the surface
of a liquid. If the small objects are
identical, then the forces are always
attractive. Two examples of the ef-
fects of such forces are the agglomer-
ation of small particles floating on
the surface of a pond and the draw-
ing together of hairs of a wet paint-
brush upon removal of the brush
from water. Because nanoscale ob-
jects brought into contact remain
stuck together indefinitely due to Van
der Waals forces, patterns formed by
capillography remain even upon re-
moval of the liquid. 

For the experiments on the mats of
carbon nanotubes, a surfactant solu-
tion capable of wetting carbon nan-
otubes (which are ultra-hydrophobic)
was prepared. The mats were wetted
with the solution, then dried. Once the
mats were dry, it was found that the
nanotubes had become ordered into
various patterns, including nestlike in-

dentations, trenches, and various com-
binations thereof (see figure). 

It may be possible to exploit such or-
dering effects through controlled wet-
ting and drying of designated portions
of mats of carbon nanotubes (and,
perhaps, mats of nanofibers of other
materials) to obtain patterns similar to
those heretofore formed by use of
electron-beam lithography. For mak-
ing patterns that include nestlike in-
dentations, it has been conjectured
that it could be possible to control the
nesting processes by use of electro-
static fields. Further research is
needed to understand the physics of
the patterning processes in order to
develop capabilities to control patterns
formed in capillography. 
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Capillography of Mats of Nanofibers
These mats can be the basis of small devices and instruments.
NASA’s Jet Propulsion Laboratory, Pasadena, California

These Scanning Electron Micrographs show represen-
tative patterns formed in mats of multiwalled carbon
nanotubes that were wetted with a surfactant solu-
tion and then dried.
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