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Abstract

In this study, a novel hybrid nanomaterial was obtained by interaction of cobalt phthalocyanine (CoPc) derivative on the sur-
face of graphene oxide (GO) producing a CoPc-GO supermolecular system in which interaction is occurred by the n—m stack-
ing. The CoPc-GO hybrid was prepared in a much shorter time than the examples in the literature, and it was observed that
this nanomaterial was quite stable at room conditions and during dilution. The obtained hybrid nanomaterial was analyzed
by scanning electron microscopy (SEM) and spectroscopic methods. Spectroscopic measurements indicate that immediate
intermolecular interactions are occurring during the mixing of GO and CoPc. SEM studies show that CoPc successfully
interacts with GO. Significant color changes were also observed by the addition of GO solutions at different concentrations
on the CoPc solution. Also, we determined the optical band gap of the CoPc-GO nanohybrid using UV-Vis spectroscopy
technique. It was also determined that the stable CoPc-GO hybrid, which can be prepared very quickly and easily, has the

potential to be used in optoelectronic applications.
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Introduction

GO has an extremely high surface area, is easy to prepare,
and has very good biocompatibility and long-term biodistri-
bution. Because of these properties, GO may interact with
various biomolecules for drug delivery and gene transfec-
tion applications [1-4]. On the other hand, GO structure
comprises various oxygen-containing functional groups. The
oxygen functional groups have been identified as most in the
form of hydroxyl and epoxy groups on the basal plane, with
smaller amounts of carboxyl, phenol, lactone, and quinone
at the sheet edges [5—7]. The presence of such types of func-
tional groups can ensure potential advantages for using GO
in numerous other applications. This is dedicated to the fact
that the polar oxygen-containing functional groups make GO
strongly hydrophilic, according to which it can disperse sig-
nificantly well in many polar solvents, particularly in water
[8—11]. This ability of GO is very important for processing
and further derivatization of it because the obtained stable
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dispersion of GO can be subsequently deposited on various
surfaces to prepare for example thin conductive films that
can be used as excellent electrode materials [7]. Another
positive side of the presence of oxygen-containing functional
groups in the structure of GO is that it is possible to use
them as sites for chemical modification or functionaliza-
tion of GO through covalent or non-covalent bonds using
well-known chemistry strategies for the design of various
sensitive hybrid systems with extraordinary exceptional
properties [5]. Indeed, obtained hybrid compounds possess
a broad spectrum of various properties, which allow using
them as catalysts [12], photoelectrodes [13], electrochemi-
cal sensors [14], components for enhancement of lithium
storage capacity [15] and with lower charge-transfer resist-
ance [16], etc. Such unusual properties emerge by function-
alization of GO with nanoparticles [17-20], quantum dots
[13, 21-23], various classes of organic compounds [24-26],
polymers [27-29], and particularly biomolecules [30-32].
Until now, a wide range of organic compounds, such as por-
phyrins [33-35], aromatic dyes [16], alkylamines [24], ionic
liquids [36], pyrene derivatives [25], cyclodextrin [26], and
aryl diazonium compounds [37] have been noncovalently
or covalently attached onto the GO nanosheets to generate
functional organic nanocomposites for various applications.
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Among these classes of compounds, GO is also modified
with metal phthalocyanine for having unique physicochemi-
cal properties with outstanding electronic and optical prop-
erties to utilize them in medicine, electrochemistry etc.

Considering the importance of GO modified phthalo-
cyanine, in this study, I have prepared and characterized
CoPc-GO hybrid nanomaterial. Although previous reports
suggest that prolonged sonication at elevated temperatures is
necessary for the modification of GO with phthalocyanine,
this work shows that the attachment could in fact be com-
pleted rapidly and at ambient temperatures by appropriate
designing of the CoPc. To the best of our knowledge, this is
the first report showing that strong n—x interactions between
CoPc and GO components can occur in as little as 5 min by
sonication.

Experimental
Materials and equipment

CoPc was prepared according to the literature [38]. The
absorption and fluorescence spectra were recorded by a
Shimadzu UV-1800 spectrophotometer and Agilent Cary
Eclipse G9800A Fluorescence Spectrometer, respectively.
The surface morphology of CoPc-GO was observed by using
a TESCAN MIRA3 XMU SEM. Sonics VCX-750 Vibra
Cell was used for the sonication process. GO and CoPc-GO
hybrid solutions were prepared in a sonicator. Optical char-
acterization was carried out using Cary 5000 UV-Vis-NIR
spectrophotometer.

Synthesis of CoPc

The detailed synthesis route is given in our previous study
[38]. The synthesis steps were as follows: 1n the first step,
4-[(4'-(Tert-butyl)phenoxy)phenoxy]phthalonitrile has been
synthesized by the reaction of 4-(4-nitrophenoxy)phthaloni-
trile with 4-tertiarylbutylphenole. In the second step, CoPc
was prepared by tetramerization reaction of synthesized
4-[(4'-(Tert-butyl)phenoxy)phenoxy]phthalonitrile in the
presence of CoCl,.

Synthesis of CoPc-GO hybrid

GO solutions (0.00005 pg/mL; 0.0005 pg/mL; 0.005 pg/mL;
0.05 pg/mL; 0.4 ug/mL; 0.7 pg/mL; 1 ug/mL) were prepared
by sonication in DMSO. The solution of 10 ug/mL of CoPc
in DMSO (5 mL) was added to different concentrations of
GO solution (5 mL), respectively. The prepared solutions
were sonicated for 5 min.
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Preparation of thin film

To prepare thin film, CoPc-GO hybrid in powder form was
dispersed in THF. Then, the prepared solution was dropped
onto glass surfaces and dried at room temperature.

Results and discussion

The schematic interaction process of CoPc and GO is
shown in Fig. 1. GO lattices having sufficient electron
delocalization function as suitable adsorption sites for
CoPc. GO represents an extensive delocalized n—electron
planar system, which promotes interaction with CoPc
through n—n stacking interaction. Since the molecules of
phthalocyanine can aggregate at high concentrations [39],
a dilute solution of CoPc (10 pg/mL) was used, which will
also provide adequate interaction between molecules of
GO and CoPc.

Subsequently, various concentrations of GO in DMSO
were prepared, mixed with CoPc in DMSO solution by
sonication and the resultant solutions were studied by
UV-Vis and fluorescence spectroscopy. The absorption
spectra of CoPc in DMSO after the addition of GO with
various concentrations are shown in Fig. 2.

As can be seen from the spectra, increasing GO concen-
tration leads to the decrease in peak intensity and shifts
from 672 nm (GO concentration is 0) to 695 nm (GO con-
centration is 1 pg/mL). Considering this alteration, we
can say that strong n—x interaction occurs between GO
and CoPc with increasing GO concentration. This effect
is observed by flattening of the curves in Fig. 2B. Due to
the presence of keen n—=n interactions, the molecules of
CoPc are densely adsorbed on the lattices of GO producing
CoPc-GO hybrid. With the formation of CoPc-GO hybrid,
a redshift of 23 nm was observed in the UV-Vis spectra.
This shift shows us that this material may have the poten-
tial to be used in optoelectronic applications.

The fluorescence spectra of the above samples are shown
in Fig. 3. As can be seen from the fluorescence spectra,
increasing GO concentration leads to the gradual decline of
the emission intensity, which demonstrates effective elec-
tron transfer from CoPc to GO. According to the literature
[40], organic dyes with H-aggregates are not fluorescent.
Considering the effective fluorescence emission quenching,
we can say that CoPc-GO hybrid system may be used in
optoelectronics as the active material. Spectroscopic meas-
urements show that hybrid formation is complete when CoPc
concentration is 10 ug/mL and GO concentration is 1 pg/mL.
Accordingly, it can be said that the mass ratio in the CoPc-
GO hybrid formation is about 1:10.
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Fig. 1 Illustration showing the
formation of CoPc-GO hybrid

As shown in Fig. 4, as the concentration of GO added
on CoPc increases, significant color changes are observed
in the solutions. As described above, color changes are
noticeable in parallel with spectroscopic changes due to
GO concentration. Furthermore, it is also easy to deter-
mine that the CoPc-GO hybrid formation is complemented
by this color change.

Figure 5 shows the SEM images of CoPc-GO nano-
material hybrids prepared separately by adding different
concentrations of GO solution (0.0005 pg/mL, 0.005 pg/
mL, 0.4 pg/mL, 1 pg/mL) to CoPc at 10 pg/mL in DMSO
solution. The precipitated CoPc-GO hybrid materials were
dropped onto double-sided carbon tape for SEM inves-
tigation. Before imaging, Au coating was performed for
better conductivity and to avoid electron discharge onto
materials due to the insulation properties of organics and
graphene oxide, as well. Figure 5A and B show the par-
tial agglomeration of GO within CoPc in DMSO solution
is visible. By increasing GO concentration in DMSO, as
CoPc remains constant, the initial 3D network formation

was begun. Figure 5C and D show that the local 3D net-
work formation is evident. The GO has formed a continu-
ous porous network which improves the bonded GO’s
contiguity. Schematic representation of CoPc may give
clues of bonding possibility of CoPc to GO from central
and chains for oxygen bonding. The agglomerate forma-
tion possibility decreases by increased GO solution. A 3D
network may be expected to form after reaction of -OH and
-COOH groups by free oxygen of CoPc accompanied by
DMSO solution to produce more resistant bonds by chain
reaction as seen in CoPc schematic structure. DMSO is
seen as an excellent solvent for CoPc and GO together
due to free oxygen carriers and -OH/-COOH combina-
tions. Besides, CoPc-GO interactions can also be called as
noncovalent n—r interactions. These types of conjugation
give rise to a better combination of CoPc and GO hybrid
nanomaterial that is dissolvable in DMSO. This may also
be due to the -OH and -COOH transfer to the solute to dis-
solve either one of ingredients to produce more sieve-like
structure than Fig. SA-B where low amount of GO cannot
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Fig.2 A The UV-Vis spectra of CoPc (—) and GO (—). B The UV-
Vis spectra of CoPc (10 pg/mL) in DMSO after addition of GO with
various concentrations. [GO concentrations: 0.00005 pg/mL (—);

0.0005 pg/mL (—); 0.005 pg/mL (—); 0.05 pg/mL (—); 0.4 pg/mL
(—); 0.7 pg/mL (—); 1 pg/mL (—)]
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afford it. Since by increasing GO amount in solution, the
UV spectra disappears, so the sieve-like structure can be
said to increase and CoPc may dissolve or GO produces
a 3D by -OH and -COOH chains together. There is a cer-
tain concentration that CoPc and GO combination makes
changes in UV—Vis spectra; after that point, the peaks dis-
appear unexpectedly without any sign of agglomeration
that means the ingredients dissolved in DMSO instead of
colloidal suspension formation of GO. Molecularly, CoPc
dissolves while GO stands still as colloidal, but in this
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manner, T—n conjugation makes them a novel material as
illustrated by absorption peaks.

SEM-EDX is seen in Fig. 6. The polygon shape indicates
the formed 3D network of GO modified CoPc precipitated
in DMSO. High-intensity C and O peaks are seen due to the
carbon-rich organic structure; due to the low concentration,
Co peaks are hardly seen. These results confirm CoPc-GO
hybrid formation.

Examination of optical properties is very important as they
provide information about the electronic structures and optical
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Fig.4 Color change in CoPc-
GO hybrids at varying concen-
trations of GO (concentration of
GO increases from left to right)

Fig.5 SEM images of CoPc-
GO nanomaterials, precipi-
tated from DMSO solution [A
CoPc-10 pg/mL; GO-0.0005 pg/
mL; B CoPc-10 pg/mL;
GO-0.005 pg/mL; C CoPc-

10 pg/mL; GO-0.4 pg/mL; D
CoPc-10 pg/mL; GO-1 ug/mL]
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Fig.6 SEM-EDX image of CoPc-GO hybrid (CoPc-10 pg/mL; GO-0.05 pg/mL) material precipitated from DMSO

transition types of a material [41]. The band gap is a vital
parameter that determines the potential of semiconductors for
photovoltaic applications. If the band gap of semiconductor
materials falls into the visible region in the solar spectrum, it
can be said that these materials can be used for photovoltaic
application. When we look at the literature, there are studies
in which phthalocyanine and its derivatives with a band gap
between about 1.5 and 2.0 eV are effective in photovoltaic
applications [42-45]. To determine the optical properties of
the prepared nanomaterial, optical transmission and absorb-
ance spectra of the thin film of the compound were taken at
room temperature.

The optical band gap of CoPc-GO hybrid was determined
from analysis of the absorption spectrum of the compound’s
thin film as described by the Tauc plot using the formula [46,
47].

ahv = o (hv — Eg)"

where a is absorption coefficient, hv is the energy of the
incident photons, and E, is the value of the optical band gap
energy (eV) corresponding to the transitions denoted by the
n value. o, is a constant that depends on the transition prob-
ability [46, 48, 49].

As seen in Fig. 7, extrapolating the Tauc plot to the abscissa
gives the value of the optical band gap [46]. According to the
graph, optical band gap of CoPc-GO hybrid was determined
as 1.75 eV which makes these films attractive for photovoltaic
applications.
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Fig. 7 Determination of the band gap of CoPc-GO hybrid thin film

Conclusions

In this study, a novel CoPc-GO hybrid nanomaterial was
prepared by the self-assembly method, and it was observed
that CoPc and GO derivatives were well coordinated. The
formation of the novel CoPc-GO hybrid nanomaterial was
characterized by UV—Vis, fluorescence spectroscopy, and
SEM images. The measurements confirm that strong n—mn
interactions could be reached through in CoPc-GO hybrid
formation. It was observed that the n—x stacking inter-
actions shortly begin after mixing of CoPc and GO and
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are completed in 5 min of sonication. To the best of our
knowledge, this is the first report to show that strong n—=x
interactions of CoPc and GO components could in fact be
realized in such a short time. Also, the prepared CoPc-
GO hybrid nanomaterial is stable even at room conditions
and during dilution. Besides, the optical properties of the
CoPc-GO hybrid were also examined in a UV-Vis spectro-
photometer. The optical band gap of the nanomaterial was
determined as 1.75 eV, suggesting. According to the opti-
cal band gap result, it can be said that the CoPc-GO hybrid
has a potential to be used in optoelectronic applications.
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