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e have reported here a simple, low cost preparation of four new

l; ,; adducts from some anthraquinone disperse dyes with functionalized

multi-walled carbon nanotubes in the presence of azochromophore.

The structural differences between the final products are evaluated by visual

dispersion test, UV-Vis Spectroscopy, Fourier transforms infrared, Raman,

nuclear magnetic resonance and thermal gravimetric analysis. The morphology

of themis detected using scanning electron microscopy. It has been shown that

various substituents on the backbone of anthraquinone can affect the features of

the adducts. Prog. Color Colorants Coat. 10 (2017), 217-224© Institute for Color
Science and Technology.

1. Introduction

Anthraquinone disperse dyes are the second most
important class of dyes. They are used in different
fields such as textile, printing, plastic industries and
solar cell [1-4]. Also, carbon nanotubes (CNTs) have
attracted great interest in multi-disciplinary owing to
their remarkable physical and chemical properties [5-
12]. Since, the pure carbon nanotubes have their own
restrictions such as the low solubility or dispersibility
in common organic materials, the functionalization of
CNTs has been widely developed. In this regard,
various organic and inorganic materials have been used
on the surface of CNTs. Covalent or non-covalent
modification of nanotubes have also been explored in
order to control the chemistry of CNTs [13, 14].
Among these, modification with anthraquinone groups
has found interest for several applications specially
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electrochemical capacitors [15]. However, less
attention has been paid to the effects of different
groups in the sidewalls attachments. So, in this
research, we show that chemical substituents have
noticeable impact on the functionalized carbon
nanotube network. We bonded anthraquinone disperse
dyes to the functionalized multi-walled carbon
nanotubes in the presence of azochromophore. It was
reported that the aryl diazonium functional groups can
be chemically grafted into the surface of CNTs by
using reducing agents or elevated temperature [16, 17].

The present work introduce a simple coupling
reaction between the functionalized-MWCNTs and the
diazonium salts of anthraquinone dyes. For the first
time, we analyzed the influence of different groups in
anthraquinone moiety on the structure and chemical
properties of the final adducts. On the other hand, we
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showed that the covalent attachment of CNTs to a dye
not only can add the properties of nano-tubes to dye,
but its color can also be greatly preserved. Therefore,
this approach can be applied to adjust the product
properties according to the specific applications.

2. Experimental

2.1. Materials and Instrumentation

Purified (purity>95%) multi-walled carbon nanotubes
(average outer diameter: 15 nm, length: up to 50 pm)
were supplied from Nanocyl S.A. (Sambreville,
Belgium). Thionylchloride (SOCI,), 4-aminophenol, 1-
amino-2-phenoxy-4-hydroxy-anthraquinone (1), 1, 2-
diaminoanthraquinone (2), 1, 5-dihydroxy-4, 8-diamino-
2-Bromoanthraquinone (3), 2, 6-diaminoanthraquinine
(4) and the other reagents were obtained from Merck.

The resulting mixtures were sonicated in QS
ultrasonic ~ bath.  Fourier  transform  infrared
spectroscopy (in KBr pellets) was recorded on Perkin-
Elmer 1605 FT-IR spectrometer. Thermal studies were
carried out on a Perkin-Elmer AST-2 Diamond
TG/DTG analyzer. The spectra in the UV-Vis range of
200 nm to 700 nm were taken using spectrophotometer
V570 Jasco. Scanning electron microscopy (SEM) was
performed on XL-30 Philips instrument. Hydrogen
nuclear magnetic resonance (NMR) spectroscopy was
carried out on a Bruker AVANCE 500 MHz using
DMSO as the solvent and TMS as the internal
reference. Raman spectra were acquired on a Renishaw
Raman System 3000 equipped with a CCD detector
and an Olympus microscope (BTH2) that allows a
rapid accumulation of Raman spectra with a resolution
of about 1 um (micro-Raman technique).

2.2. Oxidation process

Crude MWCNTs were added to a mixture containing
concentrated sulfuric acid and nitric acid at the rate of
3:1 by volume. The suspension was sonicated in an
ultrasonic bath for 30 min and heated up to 90°C for 3
h. After centrifuging and washing with hot distillated
water, the suspension was stirred in sodium hydrogen
carbonate solution overnight and washed again [18].
The oxidized MWCNTs were dried in vacuum.

2.3. Acylation of MWCNTs

MWCNTs-COOH (125 mg) was synthesized as
described above and was then reacted with 100 mL of
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SOCl, at 70°C for 24 h under reflux to convert the
surface-bound carboxylic acid into acyl chloride group.
The solids that were subsequently obtained were filtered
and washed with anhydrous THF. The filtrate was dried
under vacuum at room temperature for 4 h to give acyl
chloride—functionalized MWCNTs (MWCNTs-COCI,
100 mg) [19].

2.4. Modification of MWCNTs with 4-amino-
phenol

4-aminophenol (100 mg) was added to a suspension of
MWCNTs-COC1 (100 mg) in DMF (50 mL). The
mixture was vigorously stirred at 120°C for 72 h. After
cooling the mixture, the black solid were collected by
filtration and then was washed thoroughly with DMF
and dried under vacuum for 24 h (MWCNTs-CONH-4-
C¢H4OH, 76 mg) [18].

2.5. Preparation of f-MWCNTs/diazo compound
1-4)

The resulting MWCNTs-CONH-4-CcH4,OH — was
sonicated for 30 min with DMF (50 mL) to get a
visually homogeneous suspension. Fine powdered
NaNO, (1 mmol) was added slowly with stirring to the
mixture containing anthraquinone dyes (1 mmol), HCI
(0.3 mL) and H,O (3 mL). Temperature must be kept
below 5°C. The solution was then added drop wise to
the primary suspension of MWCNTs-CONH-4-
C¢H4OH and Na,CO; (1.2 mmol) in H,O (5 mL). After
stirring for 1 h, the nano-azo products (1-4) were
filtered and washed with H,O until the filtrate became
colorless. The products were then dried in vacuum for
36 h before characterization.

3. Results and Discussion

In this work, anthraquinone disperse dyes with
different substituents (especially amino groups) have
been bonded to the functionalized MWCNTs through
azochromophore (products 1-4, Scheme 1).

3.1. Structural Characterization of compounds
14

Fourier transform infrared study of products 1-4
confirms the presence of —OH (3056-3452 cm™). C=0
(1650-1730 cm™), C-N (1380-1465 c¢cm™) and C-O
(1020-1296 cm™) functional groups. The absorption of
N=N should be at about 1450 cm™ in the FT-IR spectra
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of products 1-4, but it may overlap with other
stretching peaks and hence making the visualization of
the individual peak impossible (Figure 1).

The chemical structures of compounds 1-4 were
investigated by 'H-NMR analysis. 'H-NMR spectra of
these compounds in DMSO-ds is shown in Figure 2.
The aromatic protons have appeared between 6=6.23-
8.39 ppm in'H-NMR of the products 1-3. However, the
number of peaks has decreased for compound 4 (two

singlet at 7.91 and 8.45 ppm). The most important
characteristic signals of this '"H-NMR are the allylic
protons connecting to the nanotubes (around 2-3 ppm)
[20]. Also, the protons of -CONH and OH groups have
not been appeared in the spectra. The hydrogen atoms
can form hydrogen bonds and they can undergo
molecular exchanges. Therefore, the intra- and inter-
molecular exchanges may lead to both signals
broadening and disappearing.

1) THF, SOCI, o
MWCNTs—CO,H -z, MWCNTs—<
2) 4-aminophenol N@OH
H
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f-MWCNTs +

NaNO ,HCI O‘O

\

HO

1: A= OPh, B= OH

2: A= NH2 y B=H

f-MWCNTs +

MWCNTs
NY
H

o

N
f-MWCNTs” N O

O‘O f-MWCNTs
N

0]
3
f-MWCNTs
\I o)
N NO, , HCI N f-MWCNTs
000 a COCL
NH
(0]
4

Scheme 1: The schematic view of the reaction for preparation of the products 1-4.
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Figure 1: FT-IR spectra of the products 1-4.
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Figure 2: 'HNMR spectra of the products 1-4.
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Figure 3: Visual dispersion of the products 1-4.

3.2. Visual dispersion test

Surprisingly, the products 1-4 can be dispersed in
organic solvents such as hexane, CH,Cl,, DMF, DMSO
and even in H,O to produce color. This process may be
qualitatively monitored by visual observation of their
solution. The dispersibility of the adducts 1-4 in
DMSO are comparatively exhibited in Figure 3. The
vials contained the same amount of 1mg/mL for each
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of them in DMSO. The photographs were taken after
vigorous shaking and they remained unchanged for
several days. As can be observed, the solubility of
products 3 and 4 are less than that of products 1 and 2.
These observations show that dual attachment of the
functionalized MWCNTSs to the disperse dyes could
decrease the dispersibility of the final adducts. Also,
the existence of more auxochromes in dyes moieties 1
and 3 can lead to different colors.
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3.3. UV-Vis spectra analysis

UV-Vis absorption spectra of products 1-4 (Img/mL)
in DMSO are shown in Figure 4. As can be seen in this
figure, UV-Vis spectra of products 1 and 2 are not the
same. The existence of additional substituents in 1
leads to the appearance of characteristic absorptions for
this
compound could be attributed to the n-n* transition of

compound. The higher absorption of this
trans-azo benzene. In addition, it has a maximum
absorption of about 300 nm corresponding to the n—m’
transition of phenoxyl and hydroxyl groups. The UV-
Vis spectra of products 3 and 4 are more analogous.
Apparently, increasing the carbon nanotubes content in
products 3 and 4 has led to a reduction in their
solubility. So, the absorption picks do not appear
clearly in their UV-Vis spectra. Also, this phenomenon
can be related to the light scattering of the suspended
carbon particles [21].
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3.4. Raman analysis

Raman spectra are obtained by the focused 663 nm

laser in order to monitor the change of the vibrational
stability of MWCNTs. The most important band in
Raman spectra of the products 1-4 are a G band (1457-
1581 cm™) which can be ascribed to the splitting of the
E,g stretching mode of graphitic pattern and a D band
(1264-1346 cm™) which is related to scattering from
the structural defects present in MWCNTSs. D band is
caused by the covalent functionalization process

(Figure 5). The primary disperse dyes are completely
dominated by the MWCNTs in products 1-4, and
therefore low intensity bands of their functional groups

are observed in other regions. The relative intensity of

D-band to G-band (Ip/Ig) is also increased for products

1-4. This observation is ascribed to an enhanced degree

of functionalization in these products, which lead to a

greater number of sp>-hybridized carbons [22].
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Figure 4: UV-Vis spectra of the products 1-4.
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Figure 5. Raman spectra of the products 1-4.
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3.5. TGA analysis

Figure 6 displays the non-isothermal gravimetric
analysis of the products 1-4. The TGA curves of the
samples 1 and 2 differ from that of samples 3 and 4.
Upon increasing the temperature, the rate of mass loss
for compounds 1 and 2 has become much greater than
compounds 3 and 4. Such a large mass loss is probably
a result of the easier removal of a dye molecule from
MWCNTs. Heating to 600 "C in nitrogen atmosphere
left a residue of about 62 wt% for sample 1 in
comparison with 68 wt% for 2. However, the residues
of sample 3 and 4 were above 80 wt% and 75 wt%,
respectively.

Therefore, the amount of MWCNTs in the products
3 and 4 is more than the others which is in agreement
with the aforementioned results. Also, TGA analysis
showed that the main degradation of the products 1 and
3 has started at about 300 'C, while this point for

compounds 2 and 4 is at about 200 "C. So, the thermal
resistance of f-MWCNTs/disperse-dyes with additional
substituents (1 and 3) is more than the adducts without
them [23].

3.6. SEM images

The morphology study of - MWCNTs/dye adducts 1-4

have scanning  electron

microscopy (Figure 7). According to the SEM images

been performed using

of product 1, azo dyes clusters have attached to
nanotube surface. Also, the product 3 such as 1 seems
to be still nanotube like, only with cross—linking
between them. The samples 2 and 4 are more similar to
each other. The submerged carbon nanotube can be
seen in the recent images. It might be related to more
accumulation of dye molecules. This phenomenon can
be due to the lower distances between them because of
the absence of additional substituents.
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Figure 6: TGA spectra of the products 1-4.
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Figure 7: SEM images of the products 1-4.

4. Conclusion

In this work, modification of MWCNTSs using disperse
dyes has significantly improved the dispersibility of
carbon nanotubes in organic solvents. The presence of
additional chromophores and auxochromes in disperse
dyes moieties of the products 1 and 3 leads to the
considerable absorption in the visible region.
Consequently, the final adducts 1 and 3 have yielded
different colors. Furthermore, according to the SEM
images, the structure of the carbon nanotubes is better
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