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Abstract. CuO nanorods was prepared using wet chemical method. Particle size
and phase of the as prepared nonorods was determined using single crystal X- ray
diffraction. Surface morphology was seen using scanning electron microscope (SEM).
Functional group of CuO nanorods was confirmed by FTIR. Optical properties of CuO

nanorods were calculated and energy band gap of as prepared nanorod is 2 eV.
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1. INTRODUCTION

In the past decades, one-dimensional, nano structured, inorganic semiconductor materials are
currently the focus of considerable interest, because they often possess unique chemical, me-
chanical and physical properties, and may prove to be the key components in many applications
including nano electronics, nano photonics, nano computing and nanoscale bio and chemical
sensing. CuO has been established as a technologically important material with its numerous
applications in the fields, like gas sensors [1,7,9,16], photo catalysis [8, 10], solar photovoltaics
[6], lithium ion electrode [15, 18], nano fuel [12], antimicrobial [10], and bio sensors [17]. As
the chemical and physical properties of CuO are dependent on its size and shape considerable
efforts have been made to synthesize various CuO nano - and microstructures with controllable
morphology. CuO nanostructures such as nanorods [15], nanowires [1], nanoneedles [2, 15],
nanoribbons [16], spheroidal [14, 18], hollow spheres [11], have been extensively studied. In

this work CuO nanorods was prepared and its properties were reported.
17



18 S. Muthurani, M. Ambrose Rajkumar, D. Sathya and D. Prem Anand

2. EXPERIMENTAL PROCEDURE

Copper nitrate hexahydrate, PEG 400, NaOH pellets were purchased from Sigma Aldrich
and all of the chemical reagents were analytical grade and used without further purification. Cu
(NO3) of (0.1) molarity solution was prepared and 5 ml of PEG 400 was added to that solution.
This solution was stirred using magnetic stirrer for one hour. NaOH (0.1 molarity) solution was
added by drop wise under constant stirring until the pH of the solution reached 12 and brown
precipitate was obtained. The as obtained precipitate was filtered and then washed several times
with distilled water and ethanol. It was dried on 60°C and calcinied at 150°C. The powder was
crushed into fine powder by pestle and mortar.

3. CHARACTERIZATIONS

The XRD pattern was recorded by XPERT-PRO diffractometer using Cu- Ka radiation
(A = 1.54060) in order to determine the phase present in the as prepared material. Infra red
spectrum was recorded using KBR pellet technique. SEM image was recorded using the Scan-
ning Electron Microscope (Carl Zeiss EVO 18). UV Vis spectrum was recorded and optical
properties of prepared material was studied.
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FIGURE 1. X-ray diffraction of CuO nanorods

3.1. Results and discussion. XRD pattern of the CuO nano rods is shown in Fig.1. The for-
mation of crystalline CuO nano structures was confirmed by the XRD pattern. The grain sizes
for different FWHM values were calculated using Debye scherrers equation D = K \/Scosf
, where K is constant (shape factor, about 0.9), the X-ray wavelength is 1.54060 A, for the full
width half maximum (FWHM) of the diffraction angle. Particle size was calculated for highest
eight peaks. It various from 6 nm to 12 nm and the average particle size was 9 nm. Qualitative
and quantitative phase analysis was made using match software using the data base COD- In
org REV 140301. It was matched with the entry number 96-101-1149. All the diffraction peaks
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FIGURE 2. Scanning Electron Microscope image of CuO nanorods
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FIGURE 3. FTIR of CuO nanorods

can be indexed to the monoclinic phase of CuO with lattice parameters are a= 4.6530 A, b=
3.4100 A, c=5.1080 Aand $=99.46.

In order to observe the structural morphology of the synthesized CuO nanostructures, the
samples were probed by a scanning electron microscope (SEM). Fig.2 shows the SEM images
of CuO nanostructures. It reveals that the detailed morphology of CuO product is well-defined
Nanorods. Fig 3 shows FTIR pattern of the CuO nano rods. In this pattern, peak at 1290 -1590
cm! were assigned to the bending vibrations of the hydroxyl group combined with copper atoms
[5] which indicates the presence of water molecule. The peaks appearing at 497, 689 and 868
cm?, are related to the CuO stretching vibration[4, 7] and to conforms the formation of CuO.
But the peaks which corresponds to metal oxide vibrations are not strong which indicates the
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FIGURE 4. Optical transmittance of CuO nanorods
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FIGURE 5. Energy band gap of CuO nanorods

formation is not complete. It may be due to the low temperature calcination. UVvis absorption
measurements are one of the most efficient technique for investigating the optical properties of
semiconductor nano materials. Fig.4 shows the UV Vis spectrum of the CuO nanorods. In this
graph cut off region is at 227 cm. The energy band of the material is related to the absorption
coefficient () by the Taucs relation, h = A(h - E;)n, where A is a constant, h is the photon energy
(v = ¢/\), Eg is the band gap and n = 1/2 for an allowed direct transition. Plotting a graph
between (ahz/)2 and hv and extrapolation of the straight line to
(ahv)? =0

gives the value of the band gap. Calculated optical bandgap of the CuO nanorods was 2 eV
which is greater than the bulk value (1.85 eV). The increase in the band gap of the CuO
nanocrystals is attributed to the well-known quantum size effect [2]. The energy band gap
of the as prepared nanorod of CuO is shown in Fig.5



Stuctural and optical characterization of CuO nanorods by wet chemical method 21

4. CONCLUSION

CuO nano rods were prepared using simple wet chemical method. XRD pattern confirms the
crystalline nature of the material and the particle size is in 6 nm to 12 nm. SEM image shows
the formation of rod structure. FTIR spectrum confirms the formation of CuO by showing the
peak for metal oxygen vibration (Cu O) bond. UV spectral studies give the optical band gap
value of the material which is 2 eV.

REFERENCES

[1] C.Cerqui, A. Ponzoni, D. Zappa, E. Comini and G. Sberveglieri, Copper oxide nanowires for surface ionization
based gas sensor, Procedia Engineering, 87, (2014), 1023-1026.

[2] Junwu Zhu, Haiqun Chen, Hongbo Liu, Xujie Yang, Lude Lu and Xin Wang, Needle-shaped nanocrystalline
CuO prepared by liquid hydrolysis of Cu(OAc)2, Materials Science and Engineering A, 384, (2004), 172-176.

[3] J. Juodkazyte, Sebeka, I. Savickaja, A. Selskis, V. Jasulaitiene and P. Kalinauskas, Evaluation of electrochemi-
cally active surface area of photosensitive copper oxide nanostructures with extremely high surface roughness,
Electrochimica Acta, 98, (2013), 109-115.

[4] K. Kannaki, P.S.Ramesh and D. Geetha, Hydrothermal synthesis of CuO Nanostructure and Their Characteri-
zations, International Journal of Scientific & Engineering Research, 3(9), (2012).

[5] Kankanit Phiwdang, Sineenart Suphankij, Wanichaya Mekprasart, and Wisanu Pecharapa, Synthesis of CuO
Nanoparticles by Precipitation Method Using Different Precursors, Energy Procedia, 34, (2013), 740-745.

[6] M. Karami, M. A. Akhavan-Behabadi, M. Raisee Dehkordi and S. Delfani, Thermo-optical properties of copper
oxide nanofluids for direct absorption of solar radiation, Solar Energy Materials & Solar Cells, 144, (2016),
136-142.

[7] Khalida Akhtar , Ikram Ul Haq and Khan Malook, Gas sensing properties of semiconducting copper oxide
nanospheroids, Powder Technology, 283, (2015), 505-511.

[8] Nillohit Mukherjee , Bibhutibhushan Show, Swarup Kumar Maji, Utpal Madhu, Sanjib Kumar Bhar , Bibhas
Chandra Mitra , Gobinda Gopal Khan and Anup Mondal CuO nano-whiskers: Electrodeposition, Raman anal-
ysis, photoluminescence study and photocatalytic activity, Materials Letters, 65, (2011), 3248-3250.

[9] Oleg Lupan,Vasilii Cretu,Vasile Postica, Nicolai Ababii, Oleksandr Polonskyi, Victor Kaidas, Fabian Schitt,
Yogendra Mishra, Eduard Monaico, Ion Tiginyanu Victor Sontea, Thomas Strunskus, Franz Faupel and Rainer
Adelung, Enhanced Ethanol Vapour Sensing Performances of Copper Oxide Nanocrystals with Mixed Phases,
Sensors and Actuators B(accepted).

[10] Rishu Katwal , Harpreet Kaur , Gaurav Sharma, Mu. Naushad and Deepak Pathania, Electrochemical synthe-
sized copper oxide nanoparticles for enhanced 3 photocatalytic and antimicrobial activity, Journal of Industrial
and Engineering Chemistry (2015).

[11] Shunli Wang, Hui Xu, Liugin Qian, XiJia, Junwei Wang, Yang yiLiu and Weihua Tang, CTAB-assisted synthesis
and photocatalytic property of CuO hollow microspheres, Journal of Solid State Chemistry, 182, (2009), 1088-
1093.

[12] Soner Gumus, Hakan Ozcan , Mustafa Ozbey, Bahattin Topaloglu and Fuel, Aluminum oxide and copper oxide
nanodiesel fuel properties and usage in a compression ignition engine, 163 (2016) 8087.

[13] Wenzhong Wangab Yongjie Zhana and Guanghou Wang, One-step, solid-state reaction to the synthesis of
copper oxide nanorods in the presence of a suitable surfactant, Chem. Commun., (2001), 727-728.

[14] Wenzhao Jia, Eliot Reitz, Paresh Shimpi, Edgar G. Rodriguez, Pu-Xian Gao and Yu Lei, Spherical CuO syn-
thesized by a simple hydrothermal reaction: Concentration dependent size and its electrocatalytic application,
Materials Research Bulletin, 44, (2009), 1681-1686.

[15] 1.Y. Xiang, J.P. Tu, L. Zhang, Y. Zhou, X.L. Wang and S.J. Shi, Simple synthesis of surface-modified hierarchi-
cal copper oxide spheres with needle-like morphology as anode for lithium ion batteries, Electrochimica Acta,
55, (2010), 1820-1824.



22 S. Muthurani, M. Ambrose Rajkumar, D. Sathya and D. Prem Anand

[16] Xinglong Gou, Guoxiu Wang, Juan Yang, Jinsoo Park and David Wexler, Chemical synthesis, characterisation
and gas sensing performance of copper oxide nanoribbons, Received 30th October 2007, Accepted 2nd January
2008

[17] Xiaojun Zhang, Guangfeng Wang, Xiaowang Liu, Jingjing Wu, Ming Li, Jing Gu, Huan Liu and Bin Fang,
Different CuO Nanostructures: Synthesis, Characterization, and Applications for Glucose Sensors, J. Phys.
Chem. C, 112, (2008), 16845-16849.

[18] Zailei Zhang, Han Chen, Xilin She, Jin Sun, Jaclyn Teo and Fabing Su, Synthesis of mesoporous copper oxide
microspheres with different surface areas and their lithium storage properties, Journal of Power Sources, 217,
(2012), 336-344.



