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CeO2/CoPc nanocomposites were synthesized by simple chemical method. Thermal behavior of these nanocomposites was

studied by thermogravimetric and differential thermal analysis. The as-synthesized nanocomposite samples were characterized by
various techniques. A decrease in band-gap energy together with an improved absorption intensity of the composite material con-
firms the role of the cobalt phthalocyanine in the absorption properties of CeO2/CoPc composite. This study confirms structural

modifications and extended spectral response of the synthesized CeO2/CoPc nanocomposites. The results demonstrate that
CeO2/CoPc nanocomposite samples are promising materials for organic light-emitting diodes, solar cells, and optoelectronic
devices.
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Introduction

Recently, the synthesis of organic–inorganic
nanocomposite materials has attracted substantial atten-
tion from many of the researchers because of the poten-
tial of combining distinct physical properties of organic
and inorganic components.1 The organic material shows
high thermal and chemical properties, nontoxicity, semi-
conductivity, and interesting optical properties.2 A
phthalocyanine containing one or two metal ions is
called a metal phthalocyanine (M-Pc). The function of
M-Pcs is almost universally based on electron-transfer
reactions because of the 18 p electron-conjugated ring
system found in their molecular structure. The most
common polymorphic phases of phthalocyanines are a
and b. Due to the semiconducting properties, M-Pcs are
promising candidates for photovoltaic devices, photode-
tectors, organic transistors, organic electroluminescence
devices, and sensors.3 Inorganic metal nanoparticles pro-
vide the potential for high carrier mobilities, band-gap
tunability, a range of magnetic and dielectric properties,

and thermal and mechanical stability. There is a great
deal of interest in exploring alternative luminescent
materials for solid-state light applications, such as
quantum dots (QDs) and inorganic–organic nanocom-
posites.4

In this study, we are focusing toward synthesis and
characterization of cerium oxide/cobalt phthalocyanine
(CeO2/CoPc) nanocomposites. The knowledge about the
surface morphology, optical absorption, and emission
properties is essential for understanding the potential
applications of this composite. CeO2 was chosen because
it is an important rare-earth semiconducting metal oxide
and has interesting optical properties. CeO2 nanostruc-
tures doping with various materials have drawn much
interest because of their magnetically induced optical
properties.5,6 Very few studies have focused on dopant-
assisted enhancement of physical properties of CeO2

nanostructures. To date, no studies have been reported
on the structural and optical properties of CeO2/CoPc
nanocomposites. The aim of this work was to synthesis
and study structural, thermal, optical, and photolumines-
cence (PL) properties of CeO2/CoPc nanocomposites for
potential applications.*nanoncm@gmail.com
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Experimental

Cerium oxide (CeO2) nanoparticles produced by
chemical precipitation method, cobalt phthalocyanine
(CoPc) (Sigma-Aldrich Chemicals, Mumbai, India),
dimethyl formamide, dimethyl sulphoxide, and ethanol
(Merck, Whitehouse Station, NJ) were used for the syn-
thesis procedures for the nanocomposite. Distilled water
was used in all synthesis processes.

The composites were prepared using a standard
method by coating CeO2 nanoparticles with cobalt
phthalocyanine. CoPc (1 wt%) dissolved in a solvent
mixture containing 50% dimethyl sulphoxide, 30%
dimethyl formamide, and 20% ethanol, at 60°C. CeO2

nanoparticles prepared by precipitation method were
described elsewhere.7 The required amount of synthe-
sized CeO2 was gradually added to this solution under
constant stirring and heating, resulting in a suspension
with homogeneous appearance. After complete solvent
evaporation, the composite was dried at 100°C in a hot
air oven for 15–20 h. A part of this sample was calcined
at 350°C in a muffle furnace. The as-prepared CeO2/
CoPc nanocomposite sample and the sample calcined at
350°C are denoted as S1 and S2, respectively.

The thermal behavior of the sample was analyzed by
thermogravimetric analyzer (TGA) and differential ther-
mal analyzer (DTA) using Perkin Elmer STA 6000, at a
heating rate of 10°C/min from room temperature to
730°C. The structural characteristics of the synthesized
nanocomposite have been studied by X-ray powder
diffraction (XRD) using Bruker D8 Advance X-ray
diffractometer (k = 1.5406 �A, step size = 0.0200, dwell
time 65.6 s, 40 kV, and 35 mA) with Cu-Ka radiation
in 2h range from 5 to 800. The particle size was esti-
mated from the Scherrer’s equation,8 given by t = 0.9 k/
bcosh, with b = bobs � bstd, where k is the X-ray wave-
length, bobs the observed full width at half maximum
(FWHM) of the peak, bstd the instrumental contribution
to FWHM, and h the Bragg’s angle. Chemical sample
analyses were performed by energy-dispersive X-ray spec-
troscopy using JEOL MODEL JED-2300 equipment
with an accelerating voltage of 30 kV. For high-resolu-
tion transmission electron microscopic (HRTEM) stud-
ies, the CeO2/CoPc powder was dispersed in ethanol
using an ultrasonic bath. A drop of the suspension was
placed on a copper grid coated with carbon film. After
drying, the copper grid containing the nanoparticles was
placed on a holder for the imaging process. TEM images
of nanocrystalline CeO2/CoPc powder samples were
taken from a JEOL/JEM 2100 (Source: LaB6 and volt-
age: 200 kV). Fourier transform infrared (FTIR) spectra
of the samples were recorded by Thermo Nicolet, Avatar

370 instrument in the range 4000–400/cm. Raman spec-
tra were collected by Raman spectrometer, Bruker RFS-
27, using Nd-YAG laser of wavelength k = 1064 nm,
operating at 4000–50/cm. Shimadzu 2600 UV-visible
spectrophotometer was used to record the optical absorp-
tion spectra of the samples in a wavelength range of
100–900 nm. The absorption coefficient a is related to
the photon energy hm by the relation, a = a0(hm-Eg)

1/2,
where Eg is the optical band gap. Photoluminescence
(PL) spectra were measured at room temperature using a
Fluoromax-3 spectrophotometer having a 20-kW contin-
uous powered high-pressure Xe lamp as the excitation
source and an R928 photomultiplier as the photo-detec-
tor. The emission spectra were recorded in the range
350–650 nm at an excitation wavelength of 330 nm
using an excitation slit width of 5 nm.

Results and Discussion

Thermogravimetric and differential thermal analysis
(TG/DTA) was carried out from room temperature to
700°C at a rate of 20°C/min. Figure 1 depicts the TG/
DTA curves of CeO2/CoPc nanocomposites. TGA
curves for samples S1 and S2 show a small weight loss
from room temperature to 700°C. From room tempera-
ture to 400°C, weight loss is due to residual water evap-
oration. The decomposition of CoPc pyrolyzed between
500 and 1000°C.9 However, from 400 to 600°C, the
weight loss is due to partial decomposition of macro-
cyclic structure, where low weight atoms (H and part of
N) are lost from CeO2/CoPc.

10 The DTA curves of
samples S1 and S2 show a strong endothermic peak
below 100°C correlated to a weight loss confirming the
combustion of organic residues due to the crystallization
of residual amorphous phase. The endothermic peak
positioned around 76.7°C of sample S2 suggests that the
precursor decomposed almost around 100°C to become
CeO2/CoPc nanocomposites. Moreover, the TGA/DTA
studies show that samples are thermally stable in the
range 100–700°C.

The XRD spectra of (a) pure CeO2, (b) CoPc, (c)
S1, and (d) S2 samples are presented in Fig. 2. The aver-
age particle sizes of samples S1 and S2 obtained using
Scherrer’s equation are 7.3 and 7.77 nm, respectively.
The small increase in particle size for S2 is due to ther-
mally promoted crystallite growth. All peaks could be
indexed to a pure cubic fluorite structure of CeO2 (space
group: Fm3m) with lattice constant a = 5.411 �A, which
is in agreement with the JCPDS file No. 75–0076 for
CeO2. The peaks at 2h values 28.5010, 33.0560,
47.4160, 56.3110, 76.8670, and 78.9070 correspond to
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planes (111), (200), (220), (311), (400), and (331),
respectively, for CeO2. The peaks at 2h values 6.660,
14.850, 18.390, 25.290 correspond to planes (001),
(002), (320), and (500) respectively, for a phase of
CoPc.

EDX spectrum of CeO2/CoPc nanocomposite sam-
ple is displayed in Fig. 3. The peaks confirm that the
product contains Ce, O, and C. The intense signal at
4.8 keV indicates that Ce is the major element. No
peaks could be identified for Co and N, which is most
likely due to the lower loading of CoPc (1 wt% of
CeO2).

TEM bright field (BF) and SAED images (inset) of
sample S1 and S2 are shown in Fig. 4. The BF images
demonstrate that particles are spherical or near spherical
in shape. The particle size obtained from TEM images
ranges from 6 to 9 nm for S1 and 6 to 12 nm for S2,
which are in agreement with the XRD results. The
appearance of strong diffraction spots (SAED) rather
than diffraction rings confirms the crystalline nature of
the nanocomposite. The size distribution and abundance
of CeO2/CoPc nanocomposites are plotted in the his-
togram in Fig. 5.

The FTIR spectra of CeO2/CoPc nanocomposites
are shown in Fig. 6. The spectra have several significant
absorption peaks recorded in the range of 2000–400/cm.
The absorption peak at 848/cm is due to metal-O bond.
FTIR illustrated absorption band at 522/cm is observed
in both S1 and S2. This band is produced by CeO2,
which is typical peak for the Ce-O stretching

vibration.11,12 The commonly used bands for orientation
studies in phthalocyanines are 733/cm (C–H out-of-
plane deformation) and 1334/cm (C = C in-plane
stretching).13,14 The IR active band at 918/cm in S2 is
related to the metal ligand vibration, which shows the
presence of CoPc in the sample. The presence of a band
at 724/cm suggests the presence of a phase of CoPc.
The band at 977/cm in sample S2 indicates the presence
of b phase, attributed to change of phase from a to b as
calcination temperature increases to 350°C for sample
S2.15 FTIR bands for samples S1 and S2 are presented
in Table 1, along with literature values for CoPc.

Figure 7 shows UV-visible absorption spectra of
CeO2/CoPc nanocomposite samples in the range 200–
900 nm. Samples S1 and S2 show very good absorption
in the regions 200–300 nm, centered on 240 nm. The
absorption of CeO2 in the UV region originates from
the charge-transfer transition between the O 2p and Ce
4f states in O2� and Ce4+.7,16 The intense bands in the
regions 300–400 nm (Soret band) and 650–700 nm (Q
band) correspond to absorption peaks of metal phthalo-
cyanines. The peaks at higher-energy and low-energy
regions result from B (Soret band) band and Q bands
respectively, which arise from p-p* transitions.17 The
absorption bands from 400–800 nm region are caused
by the p-p* transitions of the conjugated macrocycle of
18 p- electrons. The intensity of higher energy peak
(Q1) is larger than the second peak (Q2) of Q bands,
which represents the typical feature of CoPc
a-phase for sample S1 and all of the peaks diminish as
the calcination temperature goes to 350°C (S2). There is
a red shift for the Soret band while a slight blue shift for
Q1 and Q2 bands which is due to the phase transforma-
tion from a to b as the calcinations temperature
changes.15 The two absorption maxima of S1 at the Q
band with wavelengths of 607 and 675 nm correspond
to a-phase of CoPc. The two maxima of peaks are sepa-
rated by 68 nm. The absorption threshold edge at 503
and 517 nm for a and b phase determines the band gap
of the CeO2/CoPc nanocomposite samples. Figure 7
shows that sample S2 has smaller optical absorption
intensity compared to sample S1. The reason is that sur-
face defects will be reduced as calcination temperature of
CeO2/CoPc nanocomposites is increased to 350°C.

The plots of a2 vs hm for CeO2/CoPc samples are
shown in Fig. 8. In Table 2, the optical band-gap ener-
gies for the samples S1 and S2 are compared with our
earlier report for CeO2 nanoparticles.18 The lowering of
band-gap values for the nanocomposite samples relative
to pure CeO2 is due to the presence of cobalt in the
CoPc.19 The cobalt ions create oxygen vacancies and
favor the formation of Ce3+ from Ce4+. This increases

Fig. 1. TGA-DTA curves for CeO2/CoPc nanocomposites.
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the amount of Ce3+ states, resulting in the formation of
localized energy states that are closer to the conduction
band, and thereby decreasing the band gap. Also, average

particle size of CeO2/CoPc nanocomposites (S2)
increases with calcination temperature. This in turn
broadens the HOMO (highest occupied molecular orbit
in the valence band) and the LUMO (lowest unoccupied
molecular orbit in the conduction band) energy levels,
which leads to narrowing of the band gap. Moreover,
CeO2/CoPc nanocomposites can help us to extend the
optical absorption spectra of CeO2 from the UV region
to the entire span of visible light in addition to enhanced
absorption intensity, suggesting visible light-driven pho-
tocatalytic application of the nanocomposite.

The room temperature PL emission spectra (kex
= 330 nm) for CeO2/CoPc nanocomposite samples are
shown in Fig. 9. It has been reported in the literature
that CoPc does not show fluorescence because of strong
spin orbit interaction.20 However, a weak emission peak
is observed at the 394 nm in the Soret band region. The
PL emission for CeO2/CoPc nanocomposites can be
assumed to be the transition from 4f band of cerium to
the 2p band of O. The broad emission band ranging

Fig. 2. XRD spectra of pure CeO2, CoPc, and CeO2/CoPc nanocomposite samples.

Fig. 3. EDX spectrum of CeO2/CoPc nanocomposites.
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from 350 to 575 nm of the samples S1 and S2 could be
the result of defects, including oxygen vacancies in the
crystal with electronic energy levels below the 4f band.21

Intense blue bands are observed at 435 nm (2.85 eV)
and 448 nm (2.77 eV), respectively, for samples S1 and
S2. A strong blue emission at 465 nm (2.66 eV), blue-
green emission at 481 and 490 nm, and a good green
emission at 540 nm (2.29 eV) are also observed for both
the samples. The strong emission at 465 nm is related to
the defects such as dislocations, which is helpful for fast
oxygen transportation.18 It can be seen from Fig. 9 that
the PL intensity of the sample S2 is much stronger than
that of S1, which is attributed to phase change of CoPc
from a to b that confirms the FTIR result.22

The emission peaks of sample S2 (Fig. 9) became
red-shifted because of particle size elevation caused by

calcination. It is interesting that the PL intensity for
CeO2/CoPc nanocomposite samples is smaller than that
for our earlier report for pure CeO2 sample.18 The pres-
ence of Co can improve the life time of excitations by
proper transferring and trapping of photo-excited charges
through synergistic effect of optimum concentration of
the CoPc and associated crystal defects. Hence, the
intensity of PL spectra is lower for CeO2/CoPc
nanocomposite samples. The above property can be used
to enhance the efficiency of dye-sensitized solar cells.
Moreover, CoPc of appropriate concentration helps to
enhance photo-efficiency and photo-activity of CeO2

nanoparticles for potential applications in dye-sensitized
solar cells23 and photocatalysis.

Figure 10 exhibits the CIE chromaticity diagram of
the synthesized nanocomposite samples S1 and S2. The

(a) (b)

Fig. 4. TEM images of CeO2/CoPc nanocomposite samples (a) S1 and (b) S2.

Fig. 5. Size distribution of CeO2/CoPC nanocomposites.
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greenish blue color emission is obtained with CIE coor-
dinates (0.176, 0.262) for S1 and blue-green emission
with coordinates (0.197, 0.295) for S2, when excited

with 330 nm which is in the near-UV region. In brief,
the synthesized nanocomposite with suitable concentra-
tion of CoPc can be used to construct CeO2 phosphors
for near-ultraviolet (NUV) light-excited blue-green
light-emitting diodes (LEDs) and optoelectronic
devices.24

Fig. 6. FTIR spectra of CeO2/CoPc nanocomposite samples.

Table 1. FTIR band assignments of CeO2/CoPc
nanocomposites

S1 S2 CoPc 16 Band assignments

522 523 – Ce-O stretching
724 – 721 C-H out-of-plane deformation
851 844 – Metal-O bond
918 – 911 Metal ligand vibration
– 977 – b-phase
1051 1057 – C-H in-plane deformation
1090 – 1087 C-H in-plane deformation
1127 1118 1117 C-H in-plane bending

Fig. 7. Absorption spectra of CeO2/CoPc nanocomposite samples.

Fig. 8. a2 vs. hm plots of CeO2/CoPc nanocomposites.

Table 2. Band-gap and excitonic energy level values
for the nanocomposite

Sample
Absorption
edge (nm)

Band gap
(eV) (a2 vs hm)

kmax in Q
band
(nm)

Q1 Q2

S1 503 2.59 607 675
S2 517 2.31 – –
CeO2

18 456 3.5 – –
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The Raman scattering spectra of CeO2/CoPc
nanocomposites are recorded in the spectral range of 50–
2000/cm, displayed in Fig. 11. The frequency region
550–1650/cm corresponds to heavy atom-nitrogen (Co-
nitrogen) in-plane stretching and bending vibrations as
well as displacements on the C-N-C bridge bond of the
phthalocyanine molecule. The structural studies of CeO2

on the basis of Raman spectroscopy is described else-
where.18 Both the samples S1 and S2 show Raman-active
band at 460/cm. This mode is attributed to the fluorite

structure, which is due to a symmetrical stretching mode
of the Ce-O8 vibrational unit.25 The Raman mode at
460/cm for S1 is slightly shifted to 460.58/cm for S2
due to particle size increase caused by calcination. In
addition to Raman mode at 460/cm for CeO2, Fig. 11
confirms Raman-active modes of the symmetry A1g at
567/cm, 848/cm, B1g at 689/cm, 1541/cm, and B2g at
1451/cm for CoPc.26

Raman-active mode for CeO2/CoPc nanocomposites
(Fig. 11) at 460/cm is attributed to a symmetrical
stretching mode of the Ce-O8 vibrational unit, as dis-
cussed above. The vibrations of the CoPc planar mole-
cule having 57 atoms and possessing D4h point group
symmetry can be classified into following irreducible rep-
resentation (taking into account only internal vibra-
tions)26:

Cvib ¼ 14A1g þ 13A2g þ 14B1g þ 14B2g þ 13Eg þ 6A1u

þ 8A2u þ 7B1u þ 7B2u þ 28Eu;

where A1g, B1g, B2g, and Eg are Raman-active modes.
The nondegenerate A1g, B1g, and B2g modes are
in-plane vibrations, and double-degenerate Eg mode is
the out-of-plane vibration. The Fig. 11 exhibits Raman-
active modes of the symmetry A1g at 567/cm, 848/cm,
B1g at 689/cm, 1541/cm, and B2g at 1451/cm.
However, the intensity of all these modes is small for the
calcined sample S2. All these Raman bands are associated
with vibrations of C–N–C bridge bonds and vibrations
of central atom of phthalocyanine molecule (Co) con-
nected with nitrogen atoms. Moreover, Raman results
also confirm the presence of CeO2 and CoPc in the
composite samples.

Conclusion

In the present investigation, CeO2/CoPc nanocom-
posite sample is obtained by chemical method under
optimum conditions. The thermal studies confirm that
the composite is thermally stable in the range 100–
700°C. The structure of the nanoparticles has been char-
acterized by XRD, TEM, FTIR, and Raman studies, and
their results confirm the formation of CeO2/CoPc in the
sample. UV-visible absorption studies indicate that
nanocomposite has good light absorption in the UV and
visible region. A decrease in band-gap energy together
with an improved absorption intensity of the composite
has been observed. PL spectra and CIE diagram show
wide emission peaks in the blue-green region, when
excited with near-ultraviolet light. Moreover, the system-
atic investigations found that the desired thermal,

Fig. 9. Photoluminescence spectra of the nanocomposite samples.

Fig. 10. CIE chromaticity diagram of CeO2/CoPc nanocomposite
samples.
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structural, optical, and photoluminescence properties of
CeO2/CoPc nanocomposites make it as a promising
material for photocatalytic, solar cells, NUV light-excited
LEDs, and optoelectronic applications.
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