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Introduction
A wide range in adsorption surface areas (150-1500 m2/g) [1] has been reported for
single walled carbon nanotubes (SWNTs) for which the most obvious reason is
diversities in sample purity and the structure of nanotubes. However, we have
discovered that slight changes in measuring N2 adsorption data using conventional
techniques and the sample age could also affect the characterization results.
Experimental
Purified SWNT samples that contained 95-98 wt% electric arc (EA) produced (EA95),
and ~80 wt% and ~95 wt% HiPco produced (CVD80 and CVD95) SWNTs were
selected to reflect the properties of nanotubes (and not impurities) as a function of
manufacturing process. The characterization techniques included X-ray diffraction
(XRD, λ = 0.154 nm) for analysis of SWNT structure, N2 adsorption at 77K for
determining adsorption surface area, porosity and pore size distribution (PSD), and
thermogravimetric analyzer coupled with a mass spectrometer (TG-MS) for analysis of
SWNT surface chemistry.
Results and Discussion
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The XRD results showed a clear difference between EA and HiPco samples (Fig.1a).
The EA sample exhibited two sharp peaks corresponding to the presence of welldefined structures.
The 1.47 nm peak (site 1, Fig.1b)
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Fig.1. (a) XRD of SWNT samples (b) structural depiction
structural defects) produced by a low
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temperature CVD process [2].
The samples EA95 and CVD80 were also analyzed by N2 adsorption at 77K. The typical
procedure for N2 adsorption requires outgassing of a sample (10 milli torr) at 140oC to
desorb moisture. For freshly produced (< 1 month aged) SWNTs, increasing the
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outgassing temperature from 140oC to 340oC increased the N2 adsorption capacities for
both, EA and HiPco, SWNT samples (Fig.2a). Oxidative purification processes are
known to open the otherwise close-ended SWNTs [3]. The dangling carbon bonds
generated in the process are most likely saturated with carboxylic (-COOH) groups,
which can be removed by subjecting nanotubes to high temperatures [4]. In fact,
decomposition of acidic functional groups on carbon blacks is known to occur at
temperature as low as 200-300 oC [5, 6, 7]. It is very likely that the purified SWNT
samples EA95 and CVD80 could have contained some open-ended SWNTs that were
blocked by functional groups. Increasing the outgassing temperature from 140oC to
340oC could have removed some of these functional groups, thus, increasing the
availability of nanotubes’ porosity.
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Fig.2. Effect of outgassing temperature on (a) < 1 month and (b) 7 month aged SWNT samples

The effect of increased N2 adsorption capacity with increased outgassing temperature,
however, could not be observed for aged (7 months aged) SWNT samples. Both, EA
and HiPco, samples seemed inert to such changes (Fig.2b). Additionally, the N2
adsorption surface area (and capacities) for aged samples was different from those
obtained under similar conditions for the fresh (< 1 month aged) samples. This
suggested that the aging of SWNTs affected their adsorption properties.
The differences in characterization results were also recognized in the PSDs of sample
EA95, as measured by the DFT models (Fig.3). The PSD based on slit pore geometry
showed sharp peaks at 5 Å and 12 Å, which could be related to the XRD results
(Fig.1a). However, the PSD based on cylindrical pore geometry exhibited peaks at 12 Å
and 18 Å, and no peak at 5 Å. The actual geometry of SWNTs contains both, cylindrical
and slit, shaped adsorption sites (Fig.1b). A more accurate PSD model that would
account for both pore types is required for analysis of pore structures in SWNTs.
Since, the observed increases in N2 adsorption on fresh SWNTs could have occurred
due to changes in surface functionality, it is speculated that “aging” of SWNTs is also a
result of changes in functionality of SWNTs. TG-MS analysis for the fresh (< 1 month
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Fig.3. PSD calculated by DFT model based on (a) slit pore (b) cylindrical pore geometry
for sample EA95-7m, 140C

aged) and aged (7 months aged) HiPco sample, CVD95 (Fig.4) revealed that for the
fresh sample, H2O, CO and CO2 were released. However, for the aged sample only
H2O and CO were released. If during aging, some carboxylic groups were converted to
carbonyls (e.g. -COO + C → 2 –CO), this could explain the release of CO from the aged
sample. However, more work is warranted to quantify the temporal changes in surface
functionality of SWNTs.
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Fig.4. TG-MS results for (a) fresh and (b) 7 months aged sample CVD95

Conclusions
The reported data showed that slight changes in conventional experimental procedures
(such as, increase in outgassing temperature prior to N2 adsorption, choice of pore
geometry for determining PSD) and the sample age at the time of analysis affected the
characterization results of SWNTs studied in this research. The phenomenon of “aging’
appeared to be a dominant factor influencing the N2 adsorption properties and the
surface functionality of SWNTs. The information presented here should alert carbon
researchers to consider aging as a parameter when characterizing SWNTs.
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