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ABSTRACT 

 Cobalt Oxide nanoparticle is a suitable material for concentrated solar power system (CSP) that has high 

efficiency and can withstand high temperatures. Cobalt oxide nanoparticle is synthesized by hydrothermal method 

followed by annealing to induce crystallization. The presence of Co3O4 nanoparticles are observed in FTIR 

spectrum and confirmed by X-ray diffraction pattern and observed phase changes as the temperature varies. The 

size of the Particle increases with increase in temperature. The SEM observations showed that the size of the 

particles is in a few hundreds of nanometers. At higher temperatures the size and shape of the nanoparticles varies 

which are suitable for concentrated solar power system. From the UV-visible spectrometer the band gap was found 

to be 2.21eV at all high temperatures. 
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1. INTRODUCTION 

 With the expeditious development of the economy and society, the consumption of fossil fuels such as 

coal, natural gas and oil are reaching far beyond its availability. In order to satisfy the basic needs a renewable 

energy required. Among them solar energy is an efficient and alternative source (Crabtree, 2007). One of the main 

advantages of this unique system is inexpensive energy storage using thermal energy storage system (TES). It can 

be hybridized with other energy systems but Levelized cost of energy of CSP is higher than the other alternative 

energy technologies (Hernandez, 2012). To reduce the cost of CSP, it is essential to increase the system power 

conversion efficiency. Hence the materials which are used in CSP should have operating temperature more than 

600°C and thermally stable for longer duration (Kolb, 2011). Nanostructured metal oxides are nontoxic and 

thermally stable at high temperatures in air (Kunihito, 2006). Many synthesis methods have been employed to 

prepare cobalt oxide nanostructures such as microwave assisted precipitation, hydrothermal synthesis, solvothermal 

synthesis, chemical bath deposition (Vijayakumar, 2006; Meher, 2011; Wang, 2009; Yang, 2013). In the present 

work, a simple, low cost, shape and size controllable hydrothermal method is adopted followed by annealing to get 

a crystalline nanoparticles (Yixin, 2011). The increase in size of the particle by annealing from 450°C to 650°C is 

suitable for CSP systems. 

 

2. MATERIALS AND METHODS 

2.1 Synthesis of materials: Co (NO3).6H2O, KOH and ethanol were all of an Analytical grade and used as raw 

materials without further purification. Co3O4 nanoparticles were synthesized by hydrothermal method. 0.1M of Co 

(NO3).6H2O was dissolved in deionized water, and the pH of the solution was adjusted to 13 by adding KOH. After 

ultrasonic stirring, the solution was transferred into a Teflon autoclave for hydrothermal treatment kept at a 

temperature of 200°C for 24hrs. After the autoclave was gradually cooled to room temperature and the obtained 

solid products were washed with deionized water and ethanol and subsequently dried overnight (Yang, 2010). 

2.2 Characterization: Phase identification and the crystal structure were determined by X-ray powder diffraction 

(XRD) using a XRD diffractometer (D8 Advanced) with Cu Kα radiation. The obtained data ranges between 10° 

and 80° in 2θ with 0.02° step. The morphology was observed with scanning electron microscopy (SEM, JEOL 

JSM-6700F) at 20 kV and images were obtained. The optical properties of the Co3O4 nanoparticles were 

characterized by UV-vis spectroscopy. The band gap of the Co3O4 nanoparticle was determined by UV-vis 

spectroscopy, using a Lambda 35 UV-vis spectrometer.  FTIR spectrophotometer has been used to determine the 

formation of the nanoparticles from the precursor.                                                

 

3. RESULTS AND DISCUSSION 

3.1 Structural Studies: The cobalt oxide nanoparticles are prepared and annealed at 450°C, 550°C and 650°C for 

4hrs. The powder XRD pattern reveals that the prepared nanoparticles are crystalline in nature. The powder XRD 

pattern of cobalt oxide and annealed samples are as shown in figure 1. The synthesized nanoparticle is confirmed 

by X-ray diffraction analysis, which is one of the polymorphs of cobalt oxide. Synthesizing pure cobalt oxide is 

very difficult, as it combines with oxygen readily forming higher level oxides. Co2O3 can also be formed when 
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compounds are annealed at low temperature. If the temperature is increased more than 600°C, a stable and higher 

level oxide Co3O4 occurs (Cao, 2006; Chen, 2003; Shinde, 2006).  The diffraction peaks can be assigned to a cubic 

phase of Co3O4 according to JCPDS card no 43-1003, indicating the formation of spinal structure. The diffraction 

peaks could be readily indexed to crystalline Cubic phase of Co3O4 with a lattice constant of a = 8.084 Å, which is 

consistent with the standard value of a = 8.065 Å.  The optimal size for absorbing visible and near infra-red light 

is around a few hundreds of nanometers. Small size particles will not trap the light effectively. Therefore the 

samples were annealed at higher temperature (Jaeyun, 2015). 

 
Fig.1.Powder XRD pattern of (a) Synthesized ( b, c, d) annealed at 450°C, 550°C, 650°C 

 
The grain sizes of the as-synthesized sample was calculated from the major diffraction peaks of the base 

of (3 1 1) using the Scherrer formula 

                       D = Kλ / βcosθ --- (1)                                            

Where K is a constant (K=0.94), λ is the wavelength (1.5418 Å). θ is the Bragg angle; β is full width half 

maximum that is, broadening due to the crystallite dimensions. The average particle size of the prepared and 

annealed cobalt oxide samples at 450°C, 550°C, 650°C are 38,42, 67, 105 nm respectively. It is observed that clear 

that as the annealing temperature increases the average particle size increases, indicates that the size of the 

crystallites can be controlled by temperature.  Hence this material is suitable for high temperature CSP systems. 

3.2.Morphological Studies: Synthesized and annealed cobalt oxide nanoparticles were examined with scanning 

electron microscopy as shown in figure 2. Material shows a sphere like morphology with uniform homogeneity 

and good connectivity between the grains. SEM images shows that annealing leads to coalescence of cobalt oxide 

nanoparticles (Harishchandra, 2014).The grain size of the particles lies in the range of a few hundreds of 

nanometers. Hierarchical structure could not be obtained as KOH sufficiently supply OH- anion that leads to the 

uniform nucleation and growth of uniform small size cobalt oxide nanoparticles (Xu, 2015) 

  
Fig 2. SEM image of  (a) Synthesized ( b, c, d) annealed at 450°C, 550°C, 650°C  

3.3 Optical Studies: The optical properties of Co3O4 nanoparticles were characterized by UV-vis spectroscopy. 

Figure 3a shows the UV-visible spectrum of Co3O4 nanoparticles. The optical band gap of Co3O4 is strongly 

influenced by the size, shape, and dimension of materials (Guoxiu, 2009). There are two absorption peaks in the 

spectrum at 691 nm and 429 nm indicates ligand–metal charge-transfer such as O(II) to Co(III) and O(II) to 

Co(II) respectively (Masoud, 2009).   
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The band gap Eg can be calculated from the equation   

(αhν)n = B (hν – Eg)                                --- (2) 

Where α is the absorption coefficient, hν is the photon energy, B is constant, and n can be either 1/2 or 2 

for indirect and direct transition respectively. The (αhν)2 versus hν curve is shown in figure 3b and it is found to be 

2.21 eV. 

 
 

Fig.3.(a) UV –vis spectrum of Co3O4 Nanoparticle (b) band gap determination 

3.4 Functional Group Studies:  

  
Fig.4.FTIR Spectrum of (a) cobalt oxide and  (b, c, d)  at  450°C, 550°C, 650°C 

 The formation of Co3O4 phase from the precursor was further ascertained by IR spectroscopy are as shown 

in fig 4. The characteristic stretching bands of NH3, CO3, and NO3 are observed at 3,368 to 3,500, 1,500, and 1,399 

cm−1 respectively. The Absorption peak obtained at 2921 and 2852 cm−1 corresponds to the C–H stretching 

vibrations. In the case of Co3O4 nanoparticles sharp absorptions of Co(III)–O and Co(II)–O stretching vibrations at 

567 and 664 cm−1 are observed (Masoud Salavati-Niasari, 2009; Rina Tannenbaum, 2006). It is noted that the bands 

at 3,572 and 1,590 cm−1 in the FTIR spectrum of some samples should be assigned to the stretching and bending 

vibrations of the water molecules.  

 

4. CONCLUSION 

 Co3O4 nanoparticles were synthesized by hydrothermal method at different annealing temperatures to get 

crystalline material. The samples were chemically stable even at high temperatures and the average particle size 

was increased with increase in temperature which is suitable for CSP systems. As the band gap energy of cobalt 

oxide is 2.21 eV, it absorbs the entire visible region. Hence the cobalt oxide can be coated as thin film for 

applications in concentrated solar power system. 

 

REFERENCES 

Cao A.M, Hu J.S, Liang P. H, Song W.G, Wan L.J, Hierarchically structured cobalt oxide Co3O4 the morphology 

control and its potential in sensors, J.Phys.Chem.B, 110, 2006, 15858–15863. 

 

Chen M, Hallstedt B, Gauckler L.J, Thermodynamic assessment of the Co–O system, J.Phasequilibrium, 24, 2003, 

212–227.  

 

Crabtree G .W, Lewis N.S, Solar energy conversion, Physics today, 60, 2007, 37-42. 

http://www.jchps.com/


International Conference on Recent Advancements in Materials  
(ICRAM) 2015 

Journal of Chemical and Pharmaceutical Sciences  ISSN: 0974-2115 

JCHPS Special Issue 11: October 2015    www.jchps.com Page 188 

 

Guoxiu Wang, Xiaoping Shen, Josip Horvat, Bei Wang, Hydrothermal Synthesis and Optical, Magnetic, and Super 

capacitance Properties of Nanoporous Cobalt Oxide Nanorods, J.Phys.Chem.C, 113, 2009, 4357–4361. 

 

Harishchandra Singh, Sinha A.K, Singh M.N, Tiwari P, Phase D.M, Deb S.K, Spectroscopic and structural studies 

of isochronally annealed cobalt oxide nanoparticles, Journal of Physics and Chemistry of Solids, 75,  2014, 397–

402. 

 

Hernandez Moro J.M, Martinez-Duart CSP, electricity cost evolution and grid parities based on the IEA road maps, 

EnergyPolicy, 41, 2012, 184–192. 

 

Jaeyun Moon , Tae Kyoung Kim, Bryan Van Saders, Chulmin Choi, ZhaoweiLiu, Sungho Jin, Renkun Chen, Black 

oxide nanoparticles as durable solar absorbing material for high-temperature concentrating solar power system, 

Solar Energy Materials & Solar Cells, 134, 2015, 417–424. 

 

Kolb G.J, Ho C.K, Mancini T.R, Gary J.A, Power Tower Technology Roadmap and Cost Reduction Plan, Sandia 

National Laboratories, 2011, 2011-2419. 

 

Kunihito komuoto, Ichiro Terasaki, Ryoji Funahashi, complex oxide materials for thermoelectric applications, 

MRS Bulletin, 31, 2006, 206-210. 

 

Masoud Salavati-Niasari, Afsaneh Khansari, Synthesis and characterization of cobalt oxide nanoparticles by 

thermal treatment process, Inorganica Chimica Acta, 362, 2009, 4937–4942. 

 

Meher S.K, Rao G.R, Ultra layered Co3O4 for High Performance Supercapacitor Applications, The Journal of 

Physical Chemistry C, 115, 2011, 15646. 

 

Rina Tannenbaum, Melissa Zubris, Kasi David, Dan Ciprari, Karl Jacob, Iwona Jasiuk, Nily Dan, FTIR 

Characterization of the Reactive Interface of Cobalt Oxide Nanoparticles Embedded in Polymeric Matrices, J. Phys. 

Chem.B, 110, 2006, 2227-2232. 

 

Shinde V.R, Mahadik S.B, Gujar T.P, Lokhande C.D, Supercapacitive cobalt oxide Co3O4 thin films by spray 

pyrolysis, Appl.Surf.Sci., 252, 2006, 7487–7492. 

 

Vijayakumar S, Ponnalagi A.K, Nagamuthu S, Microwave assisted synthesis of Co3O4 nanoparticles for high 

performance super capacitors, Electrochimica Acta, 106, 2013, 500. 

 

Wang G, Shen X, Horvat J, Wang B, Liu H, Wexler D, Yao Y, Hydrothermal Synthesis and Optical, Magnetic, 

and Super capacitance Properties of Nanoporous Cobalt Oxide Nanorods, The Journal of Physical Chemistry C, 

113, 2009, 4357. 

 

Xu J.M, J.Zhang J, Wang B.B, Liu F, Shape regulated synthesis of cobalt oxide and its gas sensing property, Journal 

of Alloys and Compounds, 619, 2015, 361–367. 

 

Yang W, Gao Z, MaJ, Wang J, Effects of solvent on the morphology of nanostructured Co3O4 and its application 

for high performance supercapacitors, Electrochimica Acta, 112, 2013, 378. 

 

Yixin Zhao,  Jeffrey S Dyck, Clemens Burda, Toward high-performance nanostructured thermoelectric materials: 

the progress of bottom-up solution chemistry approaches, Journal of materials chemistry, 21, 2011, 17049- 17058. 

 

Yang Wang, Hong Jin Fan, Improved Thermoelectric Properties of La1-xSrxCoO3 Nanowires, J.Phys.Chem.C, 114,  

2010, 13947–13949. 

 

http://www.jchps.com/

