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Abstract. This paper reports on the synthesis of single walled carbon nanotubes (SWCNTSs) from an activated
mixture of iron (II) phthalocyanine, its metal-free derivative and ferric acetate. The powdered mixture was
activated by compression into a tablet by applying a force of 300 kN, followed by re-grinding into powder and
heating it to high temperatures (1000°C). The activation by compression resulted in more than 50% debundling
of SWCNTs as judged by transition electron microscopy. Acid functionalization of the SWCNTs was confirmed
by the increase in the D:G ratio from 0.56 to 0.87 in the Raman spectra and the observation of an average of
one carboxylic acid group per 13 carbon atoms from thermogravimetric analysis (TGA). TGA also showed that
the initial decomposition temperatures for the activated and non-activated mixtures to be 205°C and 245°C,
respectively. Hence, activation leads to the lowering of the pyrolysis temperature of the phthalocyanines. X-ray
diffraction, electronic absorption and Fourier transform infrared spectra were also employed to characterize the

SWCNT.
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1. Introduction

Single wall carbon nanotubes (SWCNTSs) was first
reported in 1993 in two independent reports,'-* though a
similar structure was observed in 1976 by Oberlin et al.’
Arc-discharge,'? laser ablation,* pyrolysis of iron (II)
phthalocyanines®~® and catalytic chemical vapor depo-
sition (CVD)°~'* methods have been employed in the
synthesis of carbon nanotubes (CNTs). The limitation
of these synthetic approaches is the production of impu-
rities like fullerenes, amorphous carbon, graphite par-
ticles and graphitic polyhedrons with enclosed metal
particles and metallic clusters."

Synthesis of carbon nanotubes from metal phthalo-
cyanines (MPc, M = Fe, Co, Ni; Pc = C;,HsNg)
has been reported to be simple and cheap'¢~° with a
potential for large scale production.!”"?* Though sim-
ple, the major problem is in controlling the diameter
size. Harutyunyan et al. addressed this by diluting iron
phthalocyanines (FePc) with various amounts of metal-
free phthalocyanine.?! In the presence of excess amounts
of the latter, there might be higher chance of forming
multi-walled carbon nanotubes (MWCNTs) as opposed
to single walled carbon nanotubes (SWCNTs), which

*For correspondence

Carbon nanotubes; iron(Il) phthalocyanine; iron(III) acetate.

was usually formed in the presence of a metal catalyst.
Chen et al. reported ball milling for 100 h in an argon
atmosphere at a pressure of 300 kPa**~** as a way of ac-
tivating precursors of CNTs, such as phthalocyanines.*

This work reports on a much simpler, more effective
and very rapid method for the activation of a mixture of
iron(Il) phthalocyanine (FePc) and metal-free phthalo-
cyanine (H,Pc) in the presence of ferric acetate for the
in situ synthesis of SWCNTs. H,Pc and FePc serve as
sources of carbon. Ferric acetate in the mixture pro-
vides the iron particles that are required for the initia-
tion of SWCNT growth. By providing more nucleating
sites, the iron particles promote the formation of SWC-
NTs rather than MWCNTs. The mixture is activated by
first applying a compression force to give a tablet, fol-
lowed by regrinding and heating. The activation pro-
cess lowers the temperature required for the formation
of CNTs. To our knowledge, this mode of activation is
being reported for the first time.

The major thermal decomposition of FePc begins at
around 275°C? and coincides with the decomposition
of ferric acetate at around 278-328°C.?® These similar
decomposition temperatures serve as a basis for the
choice of ferric acetate as an aid to the synthesis of
CNTs. At this decomposition temperature ferric acetate
provides the much needed iron seeds for the initial
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growth of CNTs. Metal-free phthalocyanine begins
decomposition at around 500°C? and this ensures con-
tinuity in the growth of CNTs well after all the FePc has
decomposed. It has also been reported that H,Pc con-
trols diameter size.?! In the current work, Ar gas was
used to provide an inert atmosphere during the purging
and cooling process steps, while hydrogen gas moder-
ates the decomposition of the hydrocarbon.'* The suc-
cessful synthesis of CNTs by this approach was elu-
cidated by transmission electron microscopy (TEM),
Fourier Transform infrared (FTIR), x-ray diffraction
(XRD) and Raman?’-?® spectroscopies and thermogravi-
metric analysis (TGA). The electrocatalytic nature of
these SWCNTs was ascertained through the observed
reduced overpotentials relative to the bare glassy car-
bon electrode (GCE) using amitrole as an electroactive
analyte of interest.

2. Experimental
2.1 Materials and Methods

Metal-free phthalocyanine 98%, C;,H 3Ng (molar mass
= 514.55, M.p. = 300°C), single walled carbon nan-
otubes (SWCNT, 0.7-1.2 nm in diameter and 2-20 um
in length), dimethyl-formamide (DMF), potassium bro-
mide and Fe(CH;COO); were purchased from Aldrich
while iron(II) phthalocyanine was synthesized using
reported method.” Dimethylformamide (DMF) was
freshly distilled and dried before use. Aqueous solu-
tions were prepared using Millipore water from Milli-Q
Water Systems (Millipore Corp., Bedford, MA, USA,
conductivity range = 0.055-0.294 uS/cm). All other
chemicals and reagents were of analytical grade and
were used as received.

2.2 Electrochemical methods

Before use, the glassy carbon electrode (GCE) was pol-
ished on a Buehler-felt pad using alumina (0.05 pm),
and then washed with Millipore water, sonicated for
5 min in millipore water, washed again with milli-
pore water and then with pH 4 buffer solution. The
GCE was modified with acid functionalized SWCNTSs
(SWCNT-COOH) that had initially been dispersed in
DMEF through ultrasonication for 1 h using the drop and
dry method. The modified electrode was then rinsed in
pH 4 buffer solution before analysis. All solutions for
voltammetric study were prepared in pH 4 buffer. The
[Fe(CN)g]*~/4~ redox system in 0.1 M KCI was used
as a redox probe for the electron transfer efficiency of
the synthesized SWCNTs. Prior to the analyses all the
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solutions for voltammetry were purged with argon gas
to drive out oxygen and an atmosphere of argon was
maintained throughout the analyses. Before use for ana-
lyses, the modified electrode was scanned between 0.0
Vand 1.0 V (versus AglAgCl 3M KCl) in pH 4 buffer
solution to obtain stable cyclic voltammograms.

2.3 Equipments

Electrochemical data (cyclic voltammetry) was
recorded using a Princeton Applied Research potentio-
stat/galvanostat Model 264A. A three electrode elec-
trochemical cell composed of GCE (0.071 c¢cm?) was
employed as a working electrode, platinum wire (Pt)
as a counter electrode and a silverlsilver chloride wire
(AglAgCl) was used as a pseudo reference electrode.

Shimadzu UV-2550 spectrophotometer and Bruker
Vertex 70-Ram II spectrometer (equipped with a 1064
nm Nd:YAG laser and a liquid nitrogen cooled germa-
nium detector) were used to collect UV-vis and Raman
data, respectively. FTIR spectra were collected with the
Perkin-Elmer Spectrum 100 FT-IR spectrometer fitted
with a universal ATR sampling accessory. XRD patterns
were recorded on a Bruker D8 Discover, equipped with
a PSD LynxEye detector, using Cu-K, radiation (A =
1.5405 A, nickel filter). Samples were placed on a zero
background (511) silicon wafer embedded in a generic
sample holder and data recorded within the range 20 =
15° to 60°, scanning at 1° min~' with a filter time-
constant of 2.0 s per step at room temperature. A slit
width of 6.0 mm was used in the measurements. X-ray
diffraction data were fitted using Eva (evaluation curve
fitting) software, while analysis of data was done using
International Center Diffraction Data (ICDD) database.
The Raman, FTIR and XRD spectral data for the raw
SWCNTs and carboxylic acid functionalized SWC-
NTs (SWCNT-COOH) were acquired in their powder
forms.

TEM images were obtained using a JEOL JEM 1210
transmission electron microscope at 100 kV acceler-
ating voltage. The FePc/H,Pc/ Fe(CH;COO); mixture
was activated by using a 300 kN force Press (M-30
from the Research and Industrial Instruments Company,
United Kingdom) and a Carbolite Furnace, Zenith 681
capable of operating in excess of 1000°C was used in
the formation of carbon nanotubes. The Perkin-Elmer
Thermogravimetric Analyzer equipped with Pyris soft-
ware was used for thermogravimetric analysis.

2.4  Synthesis of CNTs

FePc, H,Pc and Fe(CH;COQ); were thoroughly ground
together in the ratio of 1:1:2 using a pestle and mortar.
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The powdered mixture was compressed into activated
tablets in a tablet- making accessory by applying a
maximum force of 300 kN. The activated tablets were
re-ground into powder using a pestle and mortar and
placed in a ceramic boat and then inserted into a quartz
heating tube. The quartz tube and its contents were
placed into a furnace and the temperature raised to
1000°C in the presence of an argon/hydrogen atmo-
sphere flowing at a rate of 40 cm?®/min for 1 h, after
which the furnace was allowed to cool. The synthesized
SWCNTs (raw SWCNTs) were subsequently removed
from the furnace. Such SWCNTs normally contain
impurities like carbonaceous materials (e.g., amorphous
carbon, fullerenes and carbon nanoparticles) and metal
catalyst particles.

2.5 Purification of SWCNTs

The raw SWCNTSs were vigorously stirred in toluene
for about 2 h to remove any fullerenes!® that may be
present. Amorphous carbon and carbon nanoparticles
(CNPs) were removed through oxidation of SWCNT in
a 3:1 mixture of concentrated acids (H,SO,: HNOs) for
2 h,*Y leaving behind relatively pure SWCNTs.!* This
chemical purification process is selective and removes
carbonaceous impurities due to their dangling bonds
and structural defects'® with the only limitation being
the opening of the CNT ends and the introduction
of oxygenated terminals.?! These acid purified SWC-
NTs were then subjected to low-speed centrifugation
in order to remove any unoxidised amorphous carbon,
leaving behind SWCNTs and CNPs, in the sediment.
The remaining mixture was then exposed to high-speed
centrifugation that settled CNPs leaving behind SWC-
NTs suspended in aqueous media.'* Chemical oxida-
tion of the SWCNTs and centrifugation ensured effec-
tive removal of most impurities. The purified SWC-
NTs were centrifuged and washed with millipore water
several times until a pH of 5 was attained, to give
SWCNT-COOH. The SWCNT-COOH were dried in
oven at 110°C for 12 h.*® The SWCNT-COOH were
analyzed through different spectroscopic and micro-
scopic techniques.

3. Results and Discussion

Activation of the metal-free phthalocyanine/iron(II)
phthalocyanine/ferric acetate mixture was achieved by
applying a force of 300 kN to give an activated tablet
that is later ground into a fine powder. This activa-
tion method proved to be fast, simple and effective
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in encouraging the formation and reduction of CNTs
diameter sizes without any ball milling of the mixture
at very high pressures as reported elsewhere.??~2* Char-
acterisation was done through a variety of techniques
for no single analytical tool will suffice.’ For instance
FTIR is not very informative when it comes to the
identification of organic groups with the exception of
carboxylic acids.®

3.1 Transition Electron Microscopy (TEM)

TEM provides qualitative information on defects, and
on amorphous carbon and fullerenes that are adsorbed
onto the CNTs walls'? with the limitation being its fail-
ure to give quantitative information.** It is also possible
to estimate both the internal and external diameters of
carbon nanotubes using TEM.?

The TEM images in figure 1 shows globules of car-
bon without activation of the mixture (after acid purifi-
cation, figure la), CNT bundles after activation by
compression (not acid treated, figure 1b), incompletely
unbundled, acid treated CNT (figure 1¢) and unbundled,
acid treated CNTs (figure 1d), all ultrasonically dis-
persed in DMF and dropped onto a copper grid. How-
ever, it has been mentioned that ultrasonication may
destroy the structure of the tube.* It is clear that with-
out activation by compression, CNTs are not formed
(figure 1a) and this therefore highlights the importance
of the activation step in reducing the inter-atomic dis-
tances and thereby encouraging the formation of CNTs
(figure 1b-d). Activation produces CNTs which are less
bundled, figure 1b, and inadequate acid treatment does
not unbundle CNTs completely, figure 1c. Adequate
acid purification removed most of the oxidisable impu-
rities, thus exposing the CNT fine structures, figure 1d.
Such structures have been observed before.’” The dark
spots observed in figure 1d could be remnant metal-
lic (iron) clusters after acid treatment.*® The TEM pic-
ture (figure 1d) confirms that the SWCNTs were suc-
cessfully synthesized since the diameters of SWCNTSs
are normally within the range of 1-3 nm.* CNTs with
diameters greater than 3 nm are referred to as large
diameter SWCNTs.* The use of a catalyst such as
Fe usually results in SWCNT, but MWCNT can form
depending on the ratio of catalyst to carbon and FePc
to H,Pc.?! The TEM images show diameters that are of
varied sizes, from 2.56 nm to 10.03 nm and are sev-
eral nanometers long. This shows that the synthesized
CNTs are single walled and the observed larger diame-
ter could be due to aggregated SWCNTs. Normally for
the non-activated FePc, the SWCNT bundle diameters
are in the range 40-100 nm,* but in this work diam-
eter sizes were reduced to less than 20 nm, showing,
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(a) Globules of carbon without activation by
compression and dispersed in DMF

(c) Incompletely unbundled acid treated
carbon nanotubes in DMF

100 nm

Figure 1.

additionally, the effectiveness of the activation process,
thus activation reduces bundling by at least 50%.

3.2 UV-vis Spectroscopy

UV-vis spectroscopy is a rapid and convenient qual-
itative technique to estimate the relative purity of
bulk SWCNTs.3* The absorption spectra for both the
synthesized SWCNTs (figure 2a) and the further acid
purified SWCNTs (SWCNT-COOH, figure 2b) are rela-
tively smooth. The SWCNT-COOH have reduced ab-
sorbance due to (figure 2b) further acid treatment as
observed elsewhere.*! Normally raw CNTs absorption
spectra are associated with van Hove singularities of
metallic and semiconducting nanotubes that are attri-
buted to their band-gap transitions whose widths reflect
the overlap of features from CNTs having differ-
ent diameters and chiral indices.** The absence of

Fd) Unbundled acid treated carbon nanotubes I
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(b) Carbon  nanotubes  bundles  after
activation by compression (not
treated) and dispersed in DMF

£ 1 b

Tacn

TEM images of (a) globules of carbon without activation by compression,
(b) carbon nanotube bundles after activation by compression (not acid treated), (c)
incompletely unbundled, acid treated carbon nanotubes and (d) unbundled, acid treated
carbon nanotubes.
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Figure 2. UV-vis spectra for (a) synthesized SWCNTs and
(b) SWCNT-COOH, both dispersed in DMF.

van Hove singularities in the synthesized SWCNTSs
(figures 2a and 2b) indicate that the CNTs were rela-
tively pure.*-4
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Figure 3. FTIR spectra for (a) synthesized SWCNTs and (b) SWCNT-COOH.

3.3 Infrared Spectroscopy

Figure 3 shows the FTIR spectra for the raw SWC-
NTs and SWCNT-COOH. Both the raw and the acid
functionalized SWCNTs were heated for 24 h at 100°C
to drive out all the water that may be present,®
then mixed with potassium bromide and pressed into
pellets.* The pellets were further dried by heating
them above the boiling temperature of water. Syn-
thesized SWCNTs show ill-defined absorption bands
which improved with acid purification as observed
elsewhere.*® Well defined peaks at 3448, 2967, 2998,
1740, 1368 and 1214 cm™! are attributed to the O-
H, C-H, C=0, C-N and C-O stretches, respectively,
as has been reported before.*®*’ The presence of well
defined bands in purified SWCNTSs confirms their suc-
cessful synthesis and oxidation of the sp? carbon atoms
to carboxylic acid groups.

3.4 Thermogravimetric analysis

Thermogravimetric analysis (TGA) showed quantitative
and qualitative structural and behavioral differences
between the H,Pc, FePc, Fe(CH;COO);, non-activated
and activated (H,Pc/FePc/Fe(CH;COO);) mixture.
Figure 4a compares the TGA traces for H,Pc, FePc,
non-activated Pc mixture, activated Pc mixture and
Fe(CH;COO);. Derivative TGA was used to deduce the
initial decomposition temperatures for all the materials
under study. Thermal decomposition of the FePc
(figure 4a (iv)) begins at around 230°C as observed
elsewhere,® a temperature very close to where Fe
(CH;COOQO); starts to decompose (220°C), while the
decomposition of the H,Pc begins at around 560°C
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Figure 4. TGA of (a) (i) HyPc, (ii) non-activated H,Pc/
FePc/Fe(CH3COOQO); mixture, (iii) Fe(CH3COO)s, (iv) FePc
and (v) activated H,Pc/FePc/Fe(CH3;COOQO); mixture. (b) (i)
raw SWCNTs (purchased) (ii) synthesized SWCNT and
(iii)) SWCNT-COOH at a heating rate of 10°C/min under
nitrogen.

(figure 4a (i)). In the non-activated H,Pc /FePc/Fe(CHj;
COO); mixture, the decomposition of Fe(CH;COO);
and FePc begins in the temperature range 220-230°C,
in agreement with thermogram (iii) for Fe(CH;COO);
and (iv) for FePc. The decomposition of the activated
mixture is initiated at a lower temperature compared
to the non-activated mixture. This was confirmed by
derivative TGA, which gave the initial decomposition
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temperatures for the activated and non-activated mix-
tures to be 205°C and 245°C, respectively. It can be
conclusively deduced from TGA studies that the com-
pression method of activation is effective in imparting
the necessary structural and behavioral changes that are
required for the formation of CNTs from the mixture.
This leads to the lowering of the decomposition tem-
peratures in the activated mixture (as shown in figure
4a (v)) which in turn could lead to the lowering of the
pyrolysis temperature of the Pcs.

Figure 4b shows the thermograms obtained for raw
SWCNTs (purchased), synthesized SWCNTs and acid
treated SWCNT (SWCNT-COOH). Samples of 1.4 mg
each of raw SWCNTs (purchased), synthesized SWC-
NTs and SWCNT-COOH were heated under nitrogen
from 50°C to 625°C at a heating rate of 10°C/min. The
difference in the nature of the TGA profiles is an indica-
tion of their structural differences. Weight loss observed
for the raw CNTs (purchased and synthesized) may
be due to loss of water, but could also be due to the

(acid treated)

Characteristic
CNT peak absent

Counts
!
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destruction of the residual amorphous carbon present
in the carbon nanotubes.*® For SWCNT-COOH, fur-
ther weight loss could be due the decomposition of
the carboxylic acid group in addition to the loss of
water and maybe some unoxidised amorphous carbon.
TGA traces showed similar weight loss of ~17.0% (at
625°C) for both the purchased and synthesized SWC-
NTs and 39.1% for the SWCNT-COOH. A similar trend
for SWCNT-COOH has been observed elsewhere.*!
Similarities in the % weight loss for the purchased
and synthesized SWCNTs signify approximately equal
amounts of amorphous carbon content. Having consid-
ered the weight loss due to adsorbed volatiles (6.1%),
the % loss due to amorphous carbon is ~13.1%, giving
a purity of about 80.8% (as single walled carbon nan-
otubes) at 625°C. Their quality is comparatively good
relative to the Aldrich SWCNTSs, whose carbon con-
tent as single walled carbon nanotube is estimated to
be 82.5% at the same temperature. This is a crude esti-
mate, based on the assumption that all impurities have

Carbon globules before activation

1s 20 30 a0 50 60
(a) 2-Theta Scale

6000 Raw synthesized SWCNT (untreated)
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o) E [ ] .
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Figure 5. XRD spectra for the synthesized (a) carbon globules before acti-
vation (acid treated), (b) synthesized SWCNTs (not acid treated) and (c)

synthesized SWCNTs (acid treated).
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been eliminated, though CNTs are known to contain
some residual metallic clusters, irrespective of the acid
purification. '

The extent of functionalization (conversion of sp>
carbons to sp’ COOH groups) is expressed as the
number of substituents per SWCNT carbon atoms. By
applying the formula reported in the literature,* the
estimated weight loss due to the functionalization of
SWCNT-COOH was 22.1% giving on average, one
carboxylic group per 13 carbon atoms.

3.5 X-ray diffraction spectroscopy

X-ray diffraction spectroscopy was used to ascertain the
formation of CNTs and to examine the structural differ-
ences between the synthesized SWCNTs and SWCNT-
COOH. Figure 5 shows the XRD spectra for carbon
globules (figure la TEM image) that were formed
without activation but acid treated (figure 5a), synthe-
sized SWCNTs (figure 5b) and synthesized acid treated
SWCNT (SWCNT-COOH, figure 5c). Table 1 lists the
260-values, d-spacings and the peak intensities for the
synthesized SWCNTs and SWCNT-COOH. The peaks
at 26 angles of 25.7°, 43.4° and 52.4° in figure 5c
(SWCNT-COOH) correspond to the graphite (002) d-
spacing of the SWCNTs,*°-2 the (111) and (200) reflec-
tions of carbon,> respectively. The peak due to graphite
d-spacing around 26° is conspicuously absent in the
carbon globules, figure 5a, a testimony to the impor-
tance of compressive activation in the CNT synthesis. It
was only after activation that the graphite 002 d-spacing
(around 26°) was observed in raw synthesized SWC-
NTs. Functionalization of the synthesized SWCNTs to
SWCNT-COOH increased the intensities of the first two
peaks while the rest of the peaks decreased in intensi-
ties. Decreases and increases in peak intensities have
been observed before and could be associated with the
oxidizing nature of the H,SO,/HNO; mixture.’?> Peaks
at ~33°, 36° and 57.5° have been observed elsewhere

Table 1.
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and assigned Miller indices, but their origin was not
explained.*

3.6 Raman spectroscopy

Raman spectroscopy is a fast, convenient and non-
destructive analytical technique and can be used to
some extent to quantify the amount of impurities by
using the ratio of D/G bands under fixed laser power
intensity.® Literature has confirmed that though FTIR
and Raman are complementary techniques the latter is
more revealing.’? The appearance of D- and G-bands
indicated the successful synthesis of SWCNTs, figure 6.
These spectra for the synthesized (figure 6a) and func-
tionalized SWCNTs (figure 6b) were both observed at
a laser intensity of 50 mW. The D- and G- bands are at
1294 and 1587 cm~! and at 1290 and 1583 cm™! for the
synthesized and acid functionalized SWCNTs, respec-
tively. The peak at 1583 cm™' in functionalized SWC-
NTs is a measure of the extent of graphitization.*> The
ratios of D/G peak intensities for the raw and function-
alized SWCNTs are 0.63 and 1.10, respectively. In both

0.004 1
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1585-1590
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Figure 6. Raman spectra for (a) synthesized SWCNTSs and
(b) SWCNT-COOH.

XRD parameters for the raw and acid purified SWCNTs (SWCNT-COOH).

26 (degrees)

d-spacings

Intensity

Synthesized SWCNTS (not acid treated)

21.7; 25.8; 30.3; 4.09; 3.44; 2.95; 2.70; 2527.1; 2610.1; 1946.2;
33.2;35.7; 43.4; 49.5; 2.57; 2.09; 1275.1; 5235.9; 1480.7;
52.5;54.1; 57.5 1.83; 1.70; 1.61 770.0; 792.0; 920

Acid treated SWCNTs (SWCNT-COOH)
22.0; 25.7, 26.0; 31.4;
33.1; 35.8; 43.4; 49.5;
52.4;54.0; 57.5

4.05; 3.46; 2.84;
2.70; 2.51; 2.09;
1.84; 1.74; 1.70; 160

3590.6; 3160.1; 613.6;
1097.0; 920.6; 980.2; 389.6;
310; 377.21; 381.2
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E/Vvs. Ag|AgCl

Figure 7. Comparative cyclic voltammogram of 1 mM of
[Fe(CN)6]>~/4~ in 0.1 M of KCI using (a) bare GCE and (b)
SWCNT-COOH. Scan rate = 20 mV/s.

cases the D- and the G-bands increased in intensity with
functionalization. However, the significant increase in
the D-band intensity (42%) on functionalization is an
indication of hybridization from sp? to sp® of the side-
wall carbon atoms, as has been reported before. 24!

3.7 Electrochemical characterization

The performance of SWCNT-COOH was evaluated
by studying parameters such as peak separations
(AE,), overpotentials and peak currents of electroac-
tive species. The electrocatalytic behaviour of SWCNT-
COOH was evaluated against the bare electrode. It
has been reported that the use of CNTs improves the
reversibility of redox processes®*> by providing many
active sites. Figure 7 shows the cyclic voltammograms
of the [Fe(CN)¢]*/*~ redox probe on bare GCE and
SWCNT-COOH modified GCE. The SWCNT-COOH-
GCE gave a peak-to-peak separation of 60 mV versus
70 mV for the bare electrode (at a scan rate of 20 mV/s),
showing that the SWCNT-COOH modified electrode
has better electron transfer properties.

4. Conclusion

The use of the compression technique employed in this
work to activate the phthalocyanine proved to be a very
effective and rapid method for the synthesis of SWC-
NTs. TEM proved to be useful in ascertaining the suc-
cessful synthesis of SWCNTs. XRD, UV-vis, FTIR,
Raman, TGA and cyclic voltammetry were also used
to characterize the synthesized SWCNTs. Based on the
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different CNT diameters observed in the synthesized
SWCNTs, the conditions necessary for the control of
the diameter of CNTs is still a major challenge.
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