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Abstract

We have investigated iodine intercalated carborosiaactures by extended X-ray absorption
fine structure (EXAFS) and Raman spectroscopiesdisuss here the charge transfer and
the iodine—carbon interaction as a function ofdgadbon nanostructures (graphite, multi-
walled, double-walled and single walled nanotub&lg results show that iodine is weakly
adsorbed on the surface of all multi-walled nanesulBy contrast, a charge transfer between

iodine and single walled nanotubes is evidenced.
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1. Introduction

The electronic properties of carbon nanostructaagsbe controlled by intercalation of guest
species to form compounds analogous to graphigecakation compounds [18ingle-wall
carbon nanotubes (SWNTs) can be doped with eithieors (K, Rb...) or acceptors (Bl,)

[2]. lodine intercalation of multi-walled carbon namo¢s (MWNTS) is not clearly
understood. Indeed, the low frequency range oR@man spectra displays two new peaks
around 110 and 170 ¢massigned to the presence of iodine chains [8))and [4] The

ionic form of the iodine chain is consistent withtzarge transfer [4However, the high
frequency modes are not affected by the incorpmmadf the iodine species, so that no clear
evidence of the charge transfer in iodine doped MWN-MWNTS) can be obtained from

Raman spectroscopy [4]

In the case of iodine doped SWNT (I-SWNTSs), presiaworks mainly focus their study on
the iodine localization within the bundle [34], [5] and_[6] However, to our knowledge, the

structure of the intercalated iodine anion chaistiisnot unambiguously determined.

In this paper, we report an EXAFS investigation bored with a Raman study in order to
discuss the interaction between iodine and sewarabstructures such as graphite, multi-
walled nanotubes (I-MWNTSs), double-walled nanotupd3WNTSs) and single-walled
nanotubes (I-SWNTs). Graphite, MWNTs and DWNTs wél named layered carbon solids
(LCS).

2. Experimental

2.1. Samples

Commercial HIPCO SWNT [74re studied. In all cases, the raw materials laaeacterized
by X-ray diffraction and selected using the strangjtthe (10) reflection of the bundles.
Consequently, the sample we study contains a krgaunt of bundles. MWNTSs are
synthesized by CVD method [8]

After outgassing and annealing the selected samap@250 °C for 24 h under dynamical
vacuum, iodine doping of the carbon materials lea@d by immersing the nanomaterials in
molten iodine in an evacuated quartz tubes at pe¢eatureT=140 °C for several days to

perform a saturation doping [3The excess of iodine is removed by the cold pmiethod.



After doping, materials are separated into twogpakte use a reference set of materials and a
second set of carbon materials washed by ethawetadimes in order to remove the iodine
species weakly adsorbed at the surface of the rastand 4 crystallites mixed with the

doped nanotube powder.

2.2. Experimental set-up

Low temperature (10 K) XAS experiments are perfatraethe beamline BM 29 at ESRF
facility. Spectra were measured at the iodine Keeg=33.169 keV) in the transmission
mode with a double Si(311) crystals monochromdtmization chambers were used to detect

the sigrals.

2.3. Data analysis

EXAFS oscillationg(k) are extracted from XAS data using a standaodguiure [9nd
[10]. After the background substraction and edge stemalization of the absorption data,
they(k) signals are obtained. The pseudo radial fund®d(ky(k)) is obtained by Fourier
transform of k(k). Theoretical backscattering amplitudes, phasesmean free paths are
obtained by FEFF calculations [11]

3. Results

Fig. 1shows the EXAFS oscillations k) of several unwashed iodine doped LCS and I-
SWNTSs. The spectra are very close to each othedispthy a good signal up to 15°A

There are only small differences between I-SWNT&the LCS marked by arrows on Fig. 1
For all the LCS, the Fourier Transforms Ff{{®) of all the spectra lead to very similar
pseudo radial distribution (not shown). More prelyisthree distinct neighbouring shells are
observable up to 5 A, centred around 2.5, 3.2 add\4s shown in Fig. ®r I-MWNTs. By
considering a cluster of molecules the EXAFS spectra are quite well repcediby ab initio
FEFF 8 calculations (Fig.)3The FT(l¢(k)) of the I-SWNTs samples is close to F{i) of

the I-MWNTSs but cannot be simulated using therystal structure. The latter result suggests
that the intercalation processes are differemtNHWNTs and I-SWNTSs respectively.



Fig. 1. EXAFS spectra tk) of (a) Graphite, (b) I-MWNTSs, (c) I-DWNTs and)(I-SWNTSs.

(&)
| |
(b)
I
3 | '
=t ()
=

il
E 8 10 1112 13 14 15 16 17 18 19 20

k (A7)

Fig. 2. Fourier Transform of the EXAFS spectra(k) for raw MWNTSs (topmost), raw
SWNTSs (middle) and washed I-SWNTs (bottommost).
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Fig. 3. Fourier Transform FT{lg(k) of raw MWNTSs and its fit.
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As the Raman spectra of all LCS are quite simiay, 4 only shows the spectra of the raw
MWNTSs, I-MWNTs and ethanol washed I-MWNTSs. The pe#dcated,, respectively, around
110 and 170 cit (Fig. 4a) are generally attributed to the presence of {tjine chains.
These anion chains are consistent with a chargsfera However, unlike SWNTSs, the
tangential modes of LCS are not significantly atéecby the presence of the iodine (Fib).4
To explain this discrepancy, it is generally assdithat in LCS, only the innermost surface
(or the outermost) is intercalated, so that the &amesponse in the graphite like modes
region is dominated by non intercalated struct{#gsin addition, we assume that the neutral
I, molecules signature (seen by EXAFS) is due to®stee iodine in our samples. To get rid
of the iodine molecules at the surface of the samghe samples are washed with ethanol.
After that, it turns out that no absorption edgebiserved on LCS, meaning that the
interaction between iodine and the carbon netwefkre washing is quite weak and that LCS
compounds are not intercalated by iodine. By centitter washing, an iodine absorption
edge is still observable on SWNTs samples (as showig. 2 bottommost), meaning that

iodine is still present in this type of carbon nstnectures. Thus, both EXAFS and Raman



results suggest that the iodine intercalation mees are different in LCS and SWNTs

respectively.

Fig. 4. Raman spectra of raw MWNTSs, I-MWNTs and ek -MWNT. (a) in the low
frequency range; (b) in the high frequency range.
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To explain this result, we assume that two difféfeteraction processes take place,
respectively, in LCS compounds and in SWNTs. Tesuaption is consistent with
thermogravimetric analysis (TGA) experiments fonathdifferent energies were required to
remove iodine from MWNTs and SWNTSs respectivelylded, the loss of iodine begins at
room temperature for MWNT [44nd only at 100 °C for SWNT [3This difference can be
explained considering distinct intercalation sitt6MWNTs and I-SWNTs samples, the
latter providing one specific site preventing icaliremoving. Because of steric
considerations, the interstitial site between tIB&&NTs within the bundles must be
excluded. Indeed, according to the large van deal$Manic iodine diameter.(4 A),

penetration of iodine in the interstitial site laa®w probability £.2.6 A in diameter for (10,



10) SWNTSs). In fact, to make all the results caiesis we assume that iodine species are
localized outside MWNTSs but can penetrate the imaeity of SWNTSs. Indeed, for DWNTS,
only the outer tube is affected by the intercatapoocess [12]The cap ends of SWNTSs are
probably much easier to open than those of MWNTsvfuch several layers have to be
destroyed. Thus, iodine can penetrate SWNTS buViveNTs.

4. Conclusion

To summarize, combining EXAFS and Raman experimemigdine doped carbon
nanostructures allowed us to evidence two diffekamds of interactions between the iodine
chains and the carbon network in I-MWNTSs and I-SVENWe assume that those differences
arise from different insertion sites of iodine wiitlthe samples, outside the LCS and inside

the SWNTSs, respectively.
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