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FTIR spectroscopy

The absorption band at 1630 cm-1, observed for all
samples, is attributed to the C=C bond of the hexagonal
network in MWCNT.31 After the acid oxidation, new bands
appear in the FTIR spectra (Figure S1b). The absorption at
1737 cm-1 is attributed to the stretching of the C=O bond
and the bands from 1460-1380 cm-1 are attributed to the
stretching modes of the C-O-H bonds of the carboxylic
acid.32,33 These contributions confirm the efficiency of
the oxidizing process. In the TETA modified MWCNT
spectrum (Figure S1c), vibrational modes of the N-H
bond are observed at 1525 cm-1 and 805-620 cm-1. Another
important absorption band is the stretching of the C-N bond
present in the TETA molecule at 1125 cm-1. The absorption
bands from 1460 to 1380 cm-1 are also observed as in the
oxidized-MWCNT spectrum. In the region of the spectrum

of Figure S1f between 3150 and 2750 cm-1, four bands
of low intensity are observed. The first band, formed by
a shoulder at 3030 cm-1, and the second at 2965 cm-1 are
attributed to the symmetric and asymmetric stretchings of
the amide N-H bonds (CONH), while the remaining bands
at 2930 and 2840 cm-1 are attributed to the symmetric and
asymmetric stretchings, respectively, of the methylene
group (CH2) C-H bonds.20 The characteristics of this
spectrum indicate that the covalent functionalization of
MWCNT has likely occurred.
XPS spectroscopy

Figure S2 shows that an increase in the intensity of the
O 1s peak and a decrease in the intensity of the C 1s peak
were verified in comparison with the MWCNT sample after
each stage of the chemical processing.

FIGURE S1. Infrared absorption spectra in two spectral regions, between 2000-400 cm-1 and 3150-2750 cm-1 for: a, d) MWCNT; b, e) oxidized-MWCNT;
c, f) aminated-MWCNT.
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FIGURE S2. XPS spectra for a) MWCNT, b) oxidized-MWCNT and c)
aminated-MWCNT samples.

The photoemission C 1s peaks were studied between
282-292 eV. Figures S3a, S3b and S3c show a dominant
peak at 284.5 eV regarding the sp2 hybridized C-C bonds
in extensive π-conjugated systems.38 A secondary peak
is verified at ca. 285.7 eV, which is characteristic of sp3
hybridized C-C bonds present at defective locations and
tubular structure asymmetry. Two additional photoemission
peaks are observed at 286.5 and 287.9 eV (Figure S3a,
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S3b). The first is attributed to carbon atoms bonded to
oxygen atoms (-C-O-R), and the second is characteristic
of carbon atoms pertaining to carbonyl groups (-C=O).39
At 291.0 eV, a satellite peak is observed, which is caused
by the π-π* electronic transition. 21 The evidence of
carboxylic groups presence is obtained by the observation
of a peak at 288.8 eV (Figure S3b), which is typical for
this functional group.39 Figure S3c shows the presence
of carbon at -N-C=O bond with absorption at 287.6 eV.
This observation of carbon in the amide group shows the
efficiency of the covalent functionalization of MWCNT
with TETA.
The adjustments of the peak of photoemission for O
1s in the case of the MWCNT spectrum are shown in
Figure S3d. There are two peaks at 527.7 and 529.9 eV,
associated with oxygen atoms bonded to metallic particles
(Al2O3 and Fe2O3), that can be related to the synthetic
process. Peaks at 534.4 and 535.7 eV can be assigned to
the O-H bond of water, which along with the other peaks
in Figure S3d are associated with oxygen-containing
functional groups adsorbed on the surface of the tubes.
After the chemical process, peaks related to the -C-O
bond are observed at 531.6 eV (Figure S3e) and 531.8 eV
(Figure S3f), and those related to the -C=O bond appear
at 533.2 eV (Figure S3e) and at 533.8 eV (Figure S3f).21
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FIGURE S3. High resolution XPS spectra obtained in the C 1s bonding energy region for a) MWCNT, b) oxidized-MWCNT and c) aminated-MWCNT.
Signals for O 1s in d) MWCNT, e) oxidized-MWCNT and f) aminated-MWCNT samples are also shown.

