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The Carbon NanoTubes (CNTs) with their
particular tubular structure of honeycomb
carbon network are excellent candidates for
many potential applications in electronics,
composite materials, catalysis etc. Function-
alization of CNTs modifies significantly their
properties, e.g. converting them from
hydrophilic to hydrophobic, in particular
changing their chemical activity and selectiv-
ity. Processing the CNTs in oxidising envi-
ronments has already been used for purifica-
tion, tailoring their length [1] and homoge-
nizing the mixture of metallic/semiconduct-
ing CNTs by converting the metallic ones
into semiconducting [2]. The atomistic pic-
ture of oxidation is complicated involving
several consecutive or parallel elementary
processes, such as formation of particular O
bonds to graphene network and gasification
with formation of CO, and CO volatile prod-
ucts. (For atomistic picture of oxidation at the
initial stages see the highlight by O. Barig
Malcioglu et al. on page 114.) Both the pres-
ence of defects in the CNT graphene cage
and the defects created in the oxidation proc-
ess play important roles in formation of dif-
ferent oxygen functional groups on the CNT
surface and facilitate the gasification.

Using the Scanning PhotoElectron Micro-
scopes at the ESCA Microscopy and Spectro-
microscopy beamlines of Elettra, we explored
the morphology of a multi-walled CNTs array
and obtained spectroscopic information from
small areas of individual CNTs. The interpre-
tation of photoemission spectra in terms of
relative abundance of various functional
groups enabled us to correlate the presence of
particular functional groups to the morpho-
logical state of the CNT array.

The CNT forest arrays were exposed to atom-
ic oxygen, supplied from a radiofrequency
plasma source. We observed strong tempera-

ture dependence of the morphology evolution
of the CNT array, as displayed in Figure 1. At
room temperature (300 K) only minor chang-
es in the images are visible up to the oxygen
doses of 2x10'"® atoms cm™ equivalent to 30
hours (h): maximum exposure time used in
our experiments. At 500K the CNTs visibly
bend and shorten already at doses of ~10'7
atoms cm™? and undergo almost complete
extinction due to gasification after 8x10"
atoms cm? dose. At both reaction tempera-
tures the formation of different oxygen func-
tional groups was detected. The O 1s spectra
corresponding to different oxidation condi-
tions are shown in Figure 2. In the beginning
of the oxidation process three main types of
oxygen functional groups are present: epoxy
(green), ether (red) and carbonyl (blue). The
appearance of a second carbonyl component
is attributed to the carbonyl in different con-
figurations in the advanced oxidation stages.
As the exposure increases the components
related to carbonyl (O atom bonded to a sin-
gle C atom) prevail. They become unique in
the O 1s spectra of the arrays when the sig-
nificant morphology changes of CNT array
are evidenced. Our results correlate the mor-
phology changes of CNTs, a natural conse-
quence of increasing density and size of the
vacancy defects, with type and abundance of
characteristic oxygen functional groups.
Since the ether-bonding configuration can be
realized only in a few atom vacancy defects
the carbonyl becomes dominant when the
multi-atom vacancy defects are formed and
prevail [3].

In summary the most important finding is
that the type and abundance of the formed
oxygenated functional groups is controlled
by the presence and size of the vacancy
defects in the graphene layers of the CNTs.
On one hand this introduces an uncertainty

46 I (nesear‘ch Hi.gnl.i.ghts) CARBON-BASED NANOSTRUCTURES



Figure 1.

The evolution of CNT
array morphology at
300K and 500K at
various oxygen doses.
The oxygen flux 9x10
cm? minl. Image size
is 12.8x12.8 pm?2.

Figure 2.

f O 1s spectra after
oxidation at 20°C:
defective HOPG (a)
4x10' and (b)
1.4x10'® atoms cm?;
e CNTs (c) 1.4x10'6 and
(d) 5.4x10' atoms
cm?0 1s spectra
oxidation of CNTs
200°C (e) 2.7x10Y
and (f) 5.4x10"7.
The components
related to the O
functional groups are
drawn in red (ether),
epoxy (green) and
carbonyl (blue).

The picture is

b reproduction from the
work published [3].
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