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Abstract:
The synthesis of new substituted cobalt Phthalocyanine (CoPc) was carried out using starting
materials Naphthalene-1,4,5, tetracarbonic acid dianhydride (NDI) employing dry process method. Metal
oxides (MO) alloy of (%60Ni3O4 %40-Co3O4 ) have been functionalized with multiwall carbon nanotubes (FMWCNTs) to produce (F-MWCNTs/MO) nanocomposite (E2) and mixed with CoPc to yield (FMWCNT/CoPc/MO) (E3). These composites were investigated using different analytical and
spectrophotometric methods such as 1H-NMR (0-18 ppm), FTIR spectroscopy in the range of (400-4000cm1), powder X-rays diffraction (PXRD, 2θ o = 10-80), Raman spectroscopy (0-4000 cm-1), and UV-Visible
spectrophotometry (0-800 nm). Then the activity of these materials was investigated as a gas sensing of
(Ammonia, Methanol and Acetone). For each case, 0.2 mg/.mL of the prepared Copc, Copc/MWCNT,
Copc/MWCNTs–MO was dispersed in 1m of ammonia, methanol and acetone at 298K. The surface
morphology of the prepared materials was heterogeneous.
Key words: Cobalt phthalocyanine, MWCNTs, Nanocomposite, Gas sensing

Introduction:
Multiwall carbon nanotubes (MWCNTs)
were discovered in 1991 as a secondary product of
fullerene preparation (1). Graphene is the simplest
carbon nanotube formed of a single sheet of
honeycomb arranged of carbon particles (2)
Graphene is rolled up consistently into a tubular
shape (3). The tube walls are made up of a
hexagonal grid of carbon molecules resembling
closely to the atomic planes of graphite (4). Carbon
nanotubes (CNTs) are characterized as a cylinder in
three dimensions content of carbon atoms, and have
hybridization sp2 which is stronger than diamond
with hybridization sp3 (5). CNTs are an example of
nanotechnology with dimensions less than 100 nm
(5,6).
Generally, Carbon Nano Tubes are
insoluble in all solvents due to solid Van-Der-Waals
intelligent that firmly holds them, but chemical
functionalization of CNTs may
improve
dissolvability in different solvents and to create

novel hybrid materials possibly appropriate for
diverse applications such as Catalysts, Sensors,
Transistors, Membranes, Electrodes, Solar cells and
Fuel cells (7). Combination of metal phthalocyanine
with CNTs will have potential electrocatalytic
properties (8). Metal Free Phthalocyanines (H2Pc)
is an organic compound with the formula
(C8H4N2)4H2. It was discovered in 1907 by Braun
and Tcherniac (9). Phthalocyanine (PC,1)
(tetrabenzo tetraazo porphyrin) compounds are
thermally stable and has good catalytic performance
(10).
Pc is an aromatic macrocycle compound;
the structure of Pc is very similar to porphyrins with
four meso-carbons substitution in position α-γ and
β-δ axis with four addition benzene rings and
content eight nitrogen atoms (11). PCs are
heterocyclic aromatic compounds, used as colorant
material (12-15). They are important materials with
a wide range of applications on the basis of their
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optical and electrical properties, as well as thermal
stability (16). Metal phthalocyanines are prepared
via the reaction of urea, metal salts, ammonium
molybdate, with either NDI or phthalonitriles
(phthalimide, phthalic anhydride, Phthalic acid) by
different methods (8-15). Mono or binuclear metal
phthalocyanines are widely used in solar cell,
sensor, and light-emitting device (17). More than 70
different metal ions into the central cavity can be
introduced to improve physical properties of the
phthalocyanine which can be with different
electrical, optical, and their thermal stability (12,
18). Phthalocyanines are the second most important
class of colorant compounds (14, 15).
Recently, the use of Pcs has been varied
which can make this material an excellent choice
for several applications such as gas sensors, organic
solar cells (19) and oxidative degradation of
pollutants or catalysts for photo and as
photosensitizers (20).
The present study describes the preparation
of cobalt phthalocyanine (CoPc) and its
combination as nanocomposites materials to yield
(Copc/F-MWCNTs/ Ni3O4-Co3O4). Then, the
synthesized composite would be investigated using
different spectroscopic and analytical techniques to
confirm its formation. Then the activity of this
prepared composite would be investigated as a
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sensor for probing each of ammonia (NH3),
methanol (CH3OH) and, and acetone (CH3)2CO. To
the best of the author’s knowledge, this is the first
attempt to produce such composite and use it in gas
sensor applications.

Materials and Methods:
Materials:
MWCNTs was purchased from Nanoshel–
USA with a diameter of 13-18 nm, length in the
range of 1-12µm, and purity 99%. Naphthalene1,4,5, tetracarbonic acid dianhydride (NDI) 99%
Alfa Aesar, co-metal oxide (Ni3O4-Co3O4) (21),
Dimethyl formamide (DMF, 99.5%),Urea, Cobalt
chloride CoCl2, and Ammonium molybdate 99.9%
from (BDH), Thionyl chloride SOCL2, and
Triethylamine 99% from (BDH).
Synthesis of Compound Cobalt phthalocyanine
(E1)
(0.012g., 0.01mM) ammonium molybdate,
(3g., 50 mM) urea, (0.756 g., 2.6 mM) cobalt
chloride and NDI-NH2 were crushed together until a
homogeneous powder was formed. The mixture was
heated at 180°C for 45 min. (22,23). Figure 1 shows
the preparation steps of CoPc, which is called (E1).

Figure 1. The preparation steps of CoPc (E1).
CoPc after 1hr. Finally, 1mL of triethylamine was
added, the final mixture was kept under reflux for
4hr at 110°C as shown in Fig.2. Then, the mixture
was filtered and dried for 48hr at 100°C (24).

Synthesis of Copc-MWCNTs (E2)
In this part, 75mg of activated MWCNTs was
dissolved in 3.5 mL of DMF under stirring, heating
at 76°C and N2 flush. After that, 1ml of SoCl2 was
added to the mixture followed by adding 0.06 g. of
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Figure 2. Synthetic steps for synthesis of CoPc/MWCNTs composite (E2).
(MO) of (Ni3O4-Co3O4) and thus creating the new
composite CoPc/F-MWCNTs/MO (E3) as shown in
Fig.3.

Synthesis of Compound Copc-MWCNTs/MO
nanocomposite (E3)
Nanocomposite compound was synthesized
by combining E1 compound to co-metal oxide

Figure 3. Schematic steps for Synthesis of CoPc/F-MWCNTs/MO (E3)
X-rays Diffraction (XRD) of the prepared
materials
Crystal structure of the prepared nanocomposite
was
investigated
using
powder
X-ray
diffractometer, Phillips X-ray diffraction with
CuKα radiation (1.542 Å, 40 KV, 30 mA), in the 2θ
range 10-80 degrees. XRD6000, Shimadzu, Japan.

Fourier Transform Infrared spectroscopy
(FTIR)
FTIR was used to investigate functional groups
on the surface of the prepared composite in the
range from 400-4000 cm-1 using FTIR 8400S
Shimadzu Japan.
Raman spectroscopy
Raman spectroscopy was used to characterize
the properties or the diameter of the tubes.
Measurements were carried out at room temperature
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using SENTERRA, BRUKER-Germany, with high
spatial & spectral resolution (Spectral Resolution: <
3cm-1), using laser wavenumber of 785 nm.
Gas Sensor model
The performed studies showed using a stainless
steel test chamber supported with sealed output
wires for connection and a thermocouple to monitor
the chamber temperature. 0.2 mg/mL of the
prepared
Copc,
Copc/MWCNT,
and
Copc/MWCNTs–MO was dispersed in 1mL of
acetone and sonicated for 15 min. in order to obtain
a homogenous solution. Using casting method, thin
films of the above solution were dried at ambient
temperature. A desired concentration of ammonia,
methanol and acetone were used in the chamber to
determine sensing properties. Sensor resistance
was recouped by opening the top of the test
chamber (25, 26). The response of the gas sensor
was calculated using the equation (1):
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Also appearance of Co-N peaks around
601.77, (26). Moreover, Modification of Multiwalled
Carbon
Nanotubes
with
cobalt
phthalocyanine which is compound E2 has
resulted in peaks of phthalocyanine (v,cm-1), the
peaks around 3392-3444 are assigned to (NH2 )
group, the peaks around 2972-2937 are assigned to
(C-HAliph.), 3100 (C-HA r), 1707 -1644 (C=O amid),
1471 (C=C), 1471 (C-O), 1396 (C-N), Co-N peaks
at 462, 731, 848 (25). Whereas compound E3 shows
the peaks of F-MWCNTs/ phthalocyanine (v, cm-1)
at 3404-3375 (NH2), 2974 (C-H aliph), 2492 (C-HAr.),
1697-1639 (C=Oamide), 1558 (C=C), 1400 (C-N),
metal (Co-N) appears at 418, 569 (25).

S (%) ¼ |(Ra_ Rg)/Ra| _ 100) -------1
Ra and Rg represent the sensor resistance in air and
gas environment respectively.

Results and Discussions:
FTIR Spectra for the prepared materials
Figure 4 shows FTIR spectra of the materials
under study. The starting compound NDI-NH2 has
demonstrated the peak (v,cm-1): the peaks around
3545-3439 are assigned to (NHaliph). The peaks
around 3080-3207 are assigned to (C-HAr.), the
peaks around 2926-2854 can be assigned to (CHaliph), the peak at 1707 is attributed to (C=Ocarboxylic
acid). The peak at 1666 is related to (C=Oamide), and
that at 1577.7 is related to (C=C Ar). The peaks at
1320-1210 is assigned to (C-O), and the peak at
1055 is assigned to (C-N).
On the other hand, the compound E1 has
shown important peaks of phthalocyanine (v,cm-1)
around 3545, 3421 which is associated (NHaliph),
3207 (C-HAr.), 2858-2962 (C-Halph.), 1664
(C=Oamide), 1641(C=N) , 1520 (C=C), , 1344.38 (CN) and at 1274.95 (C-O) (25) .

Figure 4. FTIR spectra for the prepared
materials
1

H NMR Spectrum
1
H-NMR studies were carried out for the NDINH2 and E1 compound. Figure 5 shows The
1
HNMR results which indicates protons (7.9) ppm
of (4H, Aromatic rings) and (3.6) ppm of NH2
proton, (2.1) ppm of acetone,(2.8) ppm of CH2
proton in the NDI-NH2 compound. On the other
hand, the E1compound exhibited protons at (8.48.8) ppm of (16H , Aromatic ring) (NDI) and (3.23.6) ppm of NH2 proton, (2.1) ppm of acetone
solvent , (3) ppm (16 H) of CH2 proton. All NMR
spectra were performed at room temperature.
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Figure 5. 1H NMR spectrum of NDI-NH2 and E1 compounds
Raman Spectra
To investigate the interaction between CoPc
molecules and F-MWCNTs/MO, Raman spectra
have been used to evaluate the effect of adding MO
to the Copc/F-MWCNTs composite as shown in
Fig.6. The vibrations of isoindole moieties (27)
caused the peaks at (324, 459, 757, 850, 902 cm-1)
in CoPc sample to appear. Pyrrole groups peaks
appear between 1200 -1600 cm-1 , while cobalt ion
at 1587 cm-1,and 1571 corresponds with the
previous studies (28,29). Raman spectra show
change in their positions and intensities. This is due
to the change in the ratio of sp3 hybridized carbon
atom relative to sp2 is the intensity ratio of D band
to the G band (ID/IG) valued 1.07. The changes of
ID/IG value indicates that CoPc was linked through
a non-covalent on the surface of F-MWCNTs (29).
Copc/F-MWCNTs/MO composite has exhibited
G-band (C–C vibration with a sp2 orbital) at 1587,
1571 cm-1 and D band related to sp3 C with flaws at
1366 cm-1 G᷄ 2984, 2976 cm-1 (29).

UV-Visible spectra of NDI-NH2 compound
Figure 7, shows Uv-Visible spectrum of
compound NDI-NH2, bands in UV region at 445,
379, and 360 nm were appeared ( B band=2.78 ev),
while E1compound shows two important bands (Q
band reaches to near IR region) at 669 nm(Q
band=1.85 ev), and (B band=3.28 ev in Uv region
of the spectrum) at 357-377 nm (30, 31).

Figure7. UV-Visible of NDI-NH2 in (Blue line),
and Copc (E1) (red line) in acetone conc. 1x104
M
X-rays Diffraction Patterns
XRD patterns of CoPc/ F-MWCNTs are
shown in Fig. 8, which shows a strong intense
peaks at (2θ = 12.215 o ,12.28 3 o ,17.538 o, 24.606
o
, 25.166 o, 26.526 o , 27.672 o , 28.081 o , 32.739 o ,
33.158 o) and a low intense peak at 2θ = 43.300o.
These are corresponding to the F-MWCNTs, and βCopc/F-MWCNTs. Compared to the F-MWCNTs,
2θ = 25.20o and 2θ = 44.00o. These are related to the
planes 002, and 102 respectively (32). In general all
these peaks show a downhill shift due to mutual
interaction among materials in these composites

Figure 6. Raman spectrum of CoPc and CoPc/FMWCNTs/MO
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bigger number of active destinations guiding to
higher sensor reaction (34).
Reduced gasses act as electron donor when
linked with metal oxide surface. Due to this
interaction, these gasses desorb or evacuate the
chemisorbed oxygen ions and physisorbed -OH ions
from the MO surface. Reduced gases such as NH3,
Acetone and methanol. NH3, Acetone and methanol
are the foremost critical organic molecule. NH3 lone
pair electrons supply strong electron acceptor
conduct. It can be an electron donor to the metal
oxide, when reacting with the adsorbed oxygen ions
on the surface by returning the trapped electrons.
Proposing free electrons mechanism was achieved
via the number of oxygen ions which they react
with NH3 molecules as shown in Fig. 9 (33,34).

Resistance (k)

materials.
The
CoPc/F-MWCNTs/MO
nanocomposites (the insert of Fig. 8) have
demonstrated a shifting in peaks position when to
the MO (32). At (2θ = 26.5 o, 33.69 o, 43.34o)
appears the peak for MWCNTs which are
corresponding to the planes 002, 111, and 101
respectively. Also at (2θ = 24.56o, 25.63o, 29.64o,
31.74o,33.69 o) appears peak for CoPc when
comparison with ICCD card No.44-1994
(33,34).From these patterns, it is clear that both
materials show crystalline structure. The broad
peak that can be seen in the XRD pattern indicates
the presence of graphitic structure of CNTs, which
is related to the ordered arrangement of the
concentric cylinders of graphitic carbon. So, this
confirms the presence of the hexagonal structure
of MWCNTs, which means that doping MO with
Copc /F-MWCNTs does not affect significantly its
crystal structure. XRD data were employed to
calculate the average crystalline size (D) of the
prepared material via applying Scherrers equation
as shown below:
D= kʎ/ВcosӨ, whereas, D is the average crystal
size, k is the shape factor depends on the shape of
the crystal and it is equal to 0.94 for homogeneous
shape and 0.89 for the heterogeneous shape.
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Figure 8. P XRD patterns for Copc /F-MWCNTs
and the inserted represents the Copc/FMWCNTs/MO Nano composites
Gas Sensing:
CNTs are vital materials that can be utilized
in sensors due to their special and curious
properties, such as enormous particular surface area,
gas
adsorption
capability
and
electrical
conductivity. This behaviour can be shown by the
sensing process that occurs on the different sites of
the sensing material and thus, the performance is
related to the morphology. At lower gas
concentrations, the gas extends slightly on the
sensor’s surface zone and thus leads to a decreasing
in reaction. The higher concentration of gas covers
generally bigger surface area and interacts with
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Figure 9. Gas sensing of (Ammoia, Methanol,
Aceton) with Copc, Copc-F-MWCNTs, and
Copc-F-MWCNTs/MO
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The lone pair of electrons of NH3 provide
strong electron acceptor behavior. However, it acts
as an electron donor to the surface, when reacting
with the adsorbed oxygen ions on the surface by
reverting the trapped electrons (35). The proposed
mechanism of ammonia that generates free
electrons accomplished by the number of oxygen
ions reacted with NH3 molecules as shown in the
equations (2-5).
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transducing part from the CoPc functionalized
MWNT-based nanocomposites. The tertiary system
is employed to fabricate sensitive sensors for
detection of vapour of NH3, methanol, and acetone.
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−
2𝑁𝐻3 + 3𝑂(𝑎𝑑𝑠𝑜𝑟𝑏𝑒𝑑)
→ 𝑁2 + 3𝐻2 𝑂 + 3𝑒 − ..….2
or
−
4𝑁𝐻3 + 3𝑂(𝑎𝑑𝑠𝑜𝑟𝑏𝑒𝑑)
→ 2𝑁2 + 6𝐻2 𝑂 + 6𝑒 − ….3
−
2𝑁𝐻3 + 4𝑂(𝑎𝑑𝑠𝑜𝑟𝑏𝑒𝑑)
→ 𝑁2 𝑂 + 3𝐻2 𝑂 + 4𝑒 − ….4
−
2𝑁𝐻3 + 5𝑂(𝑎𝑑𝑠𝑜𝑟𝑏𝑒𝑑)
→ 2𝑁𝑂 + 3𝐻2 𝑂 + 5𝑒 − ….5
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تحضير وتشخيص وتطبيق متحسس للغاز لمركب جديد من انابيب الكاربون النانوية :الفثالوسيانين:أوكسيد
الفلز
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2
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 1قسم الكيمياء ,كلية العلوم ,جامعة بابل ,بابل ,العراق.
 2كلية العلوم ,جامعة الكرخ للعلوم ,بغداد ,العراق.

الخالصة:
تم تخليق فثالوسيانين الكوبالت الجديد المعوض ( )CoPcباستخدام مواد البدء النفثالين  , 1,4,5-ثنائي هيدريد حامض التراكربونيك
( )NDIعن طريق العملية الجافة .تم تصنيع األوكسيدات المعدنية ( )-Co3O4 ٪Ni3O440 ٪60مع األنابيب النانوية الكاربونية متعددة
الحوائط ( )F-MWCNTsإلنتاج المتراكب النانوي ( )F-MWCNTs / MO) (E2وخلطها مع  CoPcإلنتاج ( F-MWCNT) / CoPc
 .)/ MO) (E3تم فحص هذه المركبات باستخدام طرق تحليلية وطيفية مختلفة مثل  , 1H-NMRمطياف  , FTIRحيود األشعة السينية
( , (2θ o = 10-80) )PXRDمطيافية رامان  ,وقياس الطيف المرئي لألشعة فوق البنفسجية .ثم تم فحص نشاط هذه المواد الستشعار
غازات ( , NH3ميثانول  ,أسيتون).كان تركيز المحاليل المستخدمة  0.2ملغم من المادة المحضرة لكل 1مل من االمونيا ,الميثانول
واالسيتون .تم أجراء القياسات بدرجة حرارة  298كلفن .كانت األشكال السطحية للمواد المحضرة غير متجانسة.
الكلمات المفتاحية :الكوبالت فثالوسيانين ,انابيب الكاربون النانوية  ,مواد مركبة نانوية ,استشعار الغاز.
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