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Report:

Carbon nanotubes generate intense research activity, because of their exceptional electronic and mechanical
properties. A spinning process was developed 3 years ago to assemble single wall carbon nanotubes
(SWNTs) into macroscopic fibers, with diameters of 20 to 50 pm and lengths up to several tens of cm [1].
Industrial applications may be expected [2]. Previous X-ray scattering experiments showed that the
nanotubes are preferentially aligned along the fiber axis [3]. Moreover, mechanical properties of the fibers
are strongly dependent of nanotube alignment [4]. But the distribution of nanotube orientations around the
fiber axis deduced from X-ray and Raman scattering [5] differs by a factor of two. Only the surface of the
fiber was probed by Raman scattering while the whole fiber was probed by X-ray scattering. It was thus
crucial to study how the SWNTs alignment varies from the core of the fiber to its skin by using a
microscopic X-ray beam. This was the subject of the proposal of our experiment ME-656 (the interest of in
situ measurements on stretched fibers was also noticed in the proposal; however, it was not possible to carry
out such measurements during the allocated beam time due to important counting durations necessary to
study the skin of the fibers. This point will be the subject of a new proposal).

Two kinds of fibers have been studied during the experiment:

- Fibers made with SWNTs produced by the electric arc technique using a mixture of Y and Ni as catalysts.
This technique produces SWNTs assembled into bundles of several tens of nanotubes along with carbon
impurities and catalysts. 5 fibers studied.

- Fibers made with SWNTs synthesized by the HiPco (high pressure CO disproportionation) process: the
nanotubes have a wider distribution in diameter. The dominant impurity in HiPco nanotubes is the metal
catalyst (Fe). 6 fibers studied.

Fibers were placed vertically, perpendicular to a microscopic X-ray beam of 1um*2um (width*height). By
translating the fibers horizontally, we probed them from their skin to their core with a 1pm step. The



beamline settings allowed one to measure the weak diffuse scattering of carbon nanotubes (at Q~0.4 A™ for
electric arc SWNTs, for instance), as well as the catalyst elements (Ni or Fe) around Q ~ 3 A, The signal
coming from the skin of a fiber was much weaker than the one coming from the core of a fiber because of the
difference of thickness between the core and the skin, then we had to scan the skin of the fiber several times
to get enough statistic.

The experiment was performed only three weeks ago and we have only analysed yet the nanotube orientation
at the skin and in the core of one of the fibers studied. These first results are presented below to show that the
aim of the experiment has been reached: we have obtained data of sufficient quality to analyze the nanotube
alignment and the catalyst concentration along the fiber diameter.

The analysis of the signal coming from the skin of a fiber made of nanotubes produced by electric arc is
shown in figurel.
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Figurel: left: diffraction plane obtained on the skin of the fiber with MARCCD detector (image summation
and background substraction were performed to obtain a good statistic), right: azimutal scan of the nanotube
peak at 0.4 A™! (red circle in the picture).

This result shows that the nanotubes are preferentially aligned along the fiber axis. The Half Width at Half
Maximum (HWHM) of the two peaks (fig.1 right) gives the distribution of nanotubes orientations. The curve
is well fitted with gaussian distributions with a HWHM=30° (+/-3°). For this fiber, the distribution of
nanotube orientations measured in the core is similar : nanotubes have the same orientations in the core and
in the skin of this fiber. If this result is confirmed for the other fibers studied, the hypothesis of a unixial
Raman polarizability tensor for nanotubes [5] will have to be re-investigated.

The knowledge of the homogeneity (or non-homogeneity) of the fibers along their diameter is also important
for the analysis of the fiber formation process or of their mechanical, electrical and electromechanical
properties.

In conclusion, the experiments were successful and allowed new knwoledge of the structural features of
carbon nanotube fibers. Antoher very important scientific conclusion from these experiments is the raise of
new questions about the fundamental optical properties of carbon nanotubes themselves. It seems that
commonly accepted optical properties to model Raman spectroscopy results are questionnable. In situ
coupled Raman and Xray analysis could be particularly useful to clarify the situation.
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