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1 Introduction 
 For the bygone few periods, the study of metal oxide 
semiconductor nanoparticles became a major field of 
research, Due to their explanatory physic-chemical 
properties[1]. Among any other transitional metal oxides, 
Copper Oxide has fascinated a massive range of people 
because of its various properties which are effectively 
suitable for formulating a diversity of efficient equipment’s 
and systems. It is drawing researchers vowing to be a 

promising material due to its abundance in nature; cost 
effective and non-toxic nature[2]. The p-type monoclinic 
structured copper oxide comes under a wide range of 
transitional metal oxide. It is known for exhibiting 
versatile optical, catalytic and electrical properties. It is 
also acknowledged for its breathtaking impact in the field 
of batteries, sensors, capacitors, solar cells etc.,[3] etc. The 
CuO nanoparticles show an array of adaptation on 
structural and optical properties when doping element is 
added. These modifications in the properties are in 
reliance upon the form and concentration of doping 
element. As in the case of doping material, R.E. elements 
are generally chosen due to its exempilary characteristic of 
confining the grain boundaries and thus in turn altering 
the nature and property of the material Further, R.E doped 
materials improves the optical and electrical conductivity 
of host oxides. Metal oxide nanoparticles can be 
synthesized by numerous chemical methods like the sol-
gel [3], solution combustion [4], co-precipitation [5], spray 
pyrolysis [6], solvothermal [7] etc,. Out of which the 
combustion synthesis was considered due to it cost and 
time effective parameter in the preparation of 
nanoparticles. In this routine of fabricating metal oxides, 
the materials used in fuel/oxidizer and the oxidizer-fuel 
ratio [8] make a decision over the properties of 
synthesized particles. In this assessment we have doped 
trivalent Dy3+ ions into copper oxide nanoparticles and the 
structural, morphological and optical activities were 
investigated and reported. 

2 Experimental 
2.1 Chemicals: 
 All chemicals (copper (II) nitrate tri-hydrate 
Cu(NO3)2.3H2O, glycine C2H5NO2 and dysprosium (III) 
nitrate hex-ahydrate Dy H12N3O15) in high purity were 
acquired from Merck and used without any additional 
refinement for the synthesis of Dy doped CuO 
nanoparticles. 
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2.2 Synthesis of 3% Dy doped copper oxide 
Nanoparticles: 
3%Dy doped CuO nanoparticles was prepared by solution 
combustion method. Primarily the solution was prepared 
by dissolving the Oxidizer-Fuel materials[9], Copper 
nitrate trihydrate, dysprosium (III) nitrate hexahydrate 
and glycine were added in 100 ml of distilled water with 
an appropriate stoichiometric ratio. The O/F ratio of redox 
mixture was sustained to unity[10]. The solution is further 
agitated at constant rpm for 1hour in a glass beaker using 
magnetic stirrer to obtain a homogenous mixture. The 
solution was then heated using a mantle and when the 
ignition temperature reaches, the mixture gets auto-
ignited and with rapid evolution of gas in large volume 
results in fine powder. The resultant powder was ground 
well and characterized for various properties. 

 
Fig.1 A schematic illustration of the synthesis procedure of 

3% Dy doped CuO NP’s. 

3 Results and Discussion 
3.1 Structural Analysis: X-Ray Diffraction 
 The typical XRD pattern for pure and 3% dysprosium 
doped copper oxide nanoparticles is as shown in fig.2.The 
most protruding peaks were noted down and was cross 
verified with JCPDS card number 89-5895[9]. It is seen 
that no Cu2O residue peaks were found, thus retaining the 
monoclinic structure of CuO rather than cubic. 

 
Fig.2 XRD Pattern of undoped and 3% Dy doped CuO 

nanoparticles 
 It is imbedded from the spectra, as the Dy3+ ions are 
added to the system, it is possible that the Dy3+ ions are 
assimilated on to the matrix of CuO forming Dy-Cu-O. As 

the dopant is added, there is a slight reduction in the 
intensity of the peak and anupsurge in the peak width 
when compared with the Pure CuO pattern. This action is 
formly due to the incorporation of Dy3+ ions on to the CuO 
crystal lattice. The variation in the ionic radii of the host 
and dopant leads to a stress and strain factor induced into 
the system leading to the reduction in the crystallite size. 
The Scherrer’s formula was used to decipate the average 
crystallite size.[11](Eq. (1)) 

 




cos

9.0
D     (1) 

Where β is is Full Width at Half Maximum (FWHM) of the 
peaks at the diffracting angles θ and λ is the wavelength of 
X-ray radiation[12].Using convoluting Gaussian profile the 
β can be found from FWHM. The broadening βr is,                                
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0

2
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     (2) 

Where βi is the instrumental broadening and βo is 
observed broadening. The average crystallite size and 
change in lattice parameters are listed down in table.1. 

Table.1 lattice parameters and crystallite size of undoped 
and 3% Dydoped CuO nanoparticles 

sample a (Å) b (Å) c (Å) 
D 
(nm) 

Pure CuO 4.7158 3.4146 5.0702 13.5 
3% Dy doped CuO 4.5065 3.4211 5.1862 6.2 
 

From the table we recognize that the lattice parameters a, 
b, c are not equal to each other and as the dopant is added 
there is a slight shift in peak width vowing to a much 
smaller crystallite size and  deviation in the lattice 
parameters. This adjustment in parameters is due to the 
doping of Dy3+ ions, for they have a tendency to confine the 
grain boundaries restricting the growth of the particle thus 
leaving to a much reduced crystallite size. 

3.2 FTIR Analysis 
 The vibrational modes and functional groups present in 
as-synthesized material was characterized by Perkin-
Elmer spectrum FT-IR spectroscopy for a range of 4000-
450 cm-1 at room temperature[13]. Fig. 3 exhibits the FTIR 
spectra of pure and 3% Dy doped CuO. In general, the 
vibration bands of Metal-Oxygen bonds are observed 
below 600 cm-1. The peaks at 509 and 510 cm-1 for pure 
CuO and 3% Dy doped CuO respectively, were assigned to 
vibration of Cu-O bond. The wide transmittance band at 
3851, 3427, 1386 cm-1 and 3428, 1384 cm-1 of pure and 3% 
Dy doped CuO correspondingly were formed due to O-H 
bond vibrations[14], these peaks exemplifies the moisture 
absorbing property of material. The minute vibrational 
peak at 2353 cm-1 represents the O=C=O bond[15], which 
was present as residue from the synthesis technique. The 
shift in the transmittance bands indicates that there is a 
complexion of CuO and dysprosium.  
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Fig. 3 FTIR spectra of pure and 3% Dy doped CuO 

   

3.3 Morphological Analysis: TEM 
 Fig.4 showcases the morphology of as-grown pure CuO 
and 3% Dy doped CuO nanoparticles investigated by TEM. 
It is significant to note that only uniform growth of 
spherical particles were attained from the whole sample 
and no other shape was obtained[16]. As the dopant is 
added, there is a decline in the particle size, which in-turn 
increases the surface to volume ratio. The pressure 
induced effect and the grain boundary confining property 
of the dopant over the host leads to aabridged particle size.  

 
 

 
Fig. 4 TEM micrograph of a) pure and b) 3% Dy doped CuO 

3.4 Optical Analysis: UV-Vis 
 The optical analysis of the synthesized pure and 3% Dy 
doped CuO was undertaken using Agilent Carey 5000 UV 
Visible spectrophotometer for a range of 200 to 700 
nm[17]. From fig.5 the absorption band of pure and 3% Dy 
doped CuO a nanoparticle was found to be widely inside 
the visible region.  

 
Fig. 5 Absorbance band of Pure and 3% Dy doped CuO 

 Where as fig.6 showcases the energy structure of the 
as-prepared nanoparticles. The absorption coefficient is 
used to define the optical energy gap Eg using the Kubulka-
Munk plot and the equation is as follows[18]: 

2)()(
g

EhCh               (3) 

Where, Egis the optical bandgap energy, C is the constant 
for direct transition and α is the absorption coefficient. The 
bandgap energies of the undoped and 3% Dy doped CuO is 
determined by inferringa linear portion of (αhν)2 onto 
energy axis where α is zero. 
 The band gap energy of undoped and 3% Dy doped 
CuO was noted to be 1.95 and1.85 eV respectively. Due to 
weak quantum confinement effect, the undoped 
nanoparticles exhibited higher bandgap when compared 
with bulk confirming a blue shift when reduced to 
nanoscale [19]. In comparison with pure sample, the Dy 
doped samples shows a gradual red shift in optical 
absorption region. This slender movement can be 

a

) 
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endorsed to the depiction of the Dy3+ ions on the host 
material. As the surface pressure in the particle increases 
due to the reduced size, the lattice strain also increases 
which diminutions the bandgap. 

 
Fig. 6 Kubelka-Munk plot for Pureand 3% Dy doped CuO 

  

3.5 Optical Analysis: Raman 

 
Fig. 7Raman Spectra of Pure and 3% Dy doped CuO 

 
The Raman spectra of pure and 3% Dy doped CuO NP’s is 
as shown in fig. 7. The copper oxide NP’s are primarly a 
part of the C6

2h space group and the intricate potrayal 
associated with the lattice vibrations of a primitive cell is 
given as[20] 

gguuRA
BABA 254     (14) 

Overall group theory predicts 3 raman active modes 
(Ag+2Bg), 6 infrared modes and 3 acoustic modes out of 12 
modes of vibrations. It is well seen that the three raman 
active modes where present determining the CuO 
electronic transitions and the vibration of oxygen atoms. 
As the dopant is added an increase in its intensity was 
seen and no unpremeditated phases like the Cu2O were 
visible. This increase in the intensity of the peaks can be 
attributed to the smaller size of the given material and the 
slight red shift is endorsed to the phonon confinement 
effect of the nano materials. Apart from these three active 
raman vibrational modes, amultiphonon band [21]was 
noted around 1160 cm-1 for both undoped and doped 
material with varied intensities. The formation of the band 
is hugely contributed to the electronic density variation 
which leads to the stretching vibration in the x2-y2 plane 
and is related to the phonon-phonon inharmonic coupling 
in polar solids. 

4 Conclusions 
 In summary, pure and 3% Dy doped copper oxide has 
been successfully synthesized via solution combustion 
technique using an appropriate oxidizer-fuel proportion. 
The as-synthesized particles where subjected to XRD, FT-
IR, UV-Visible, TEM and RAMAN to realize their structural, 
optical and morphological properties. From XRD analysis, 
the monoclinic structure was identified and it is seen that 
the crystallite sizes were reduced as dysprosium is doped. 
The shift and variation in the XRD spectrum manifested 
the presence of dysprosium in CuO which resulted in 
reduction of lattice parameters. And from the FTIR 
spectrum, the metal oxide peak confirms the existence of 
CuO vibrational mode. UV- visible absorption spectrum 
intimates the existence of slight red shift in band gap. Due 
to smaller size, the lattice strain gets increased which tune 
downs the band gap from 1.95 to 1.85 eV and the Raman 
spectra confirms the presence of all the three raman 
modes with also a manifestation of a multi phonon band. 
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