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ABSTRACT: CdO has been studied for decades as a prototypical wide band gap transparent conducting oxide with 

excellent n-type ability. Despite this, uncertainty remains over the source of conductivity in CdO and over the lack of p-

type CdO, despite its valence band maximum (VBM) being high with respect to other wide band gap oxides. In this article, 

we use screened hybrid DFT to study intrinsic defects and hydrogen impurities in CdO and identify for the first time the 

source of charge carriers in this system. We explain why the oxygen vacancy in CdO acts as a shallow donor and does not 

display negative-U behavior similar to all other wide band gap n-type oxides. We also demonstrate that p-type CdO is not 

achievable, as n-type defects dominate under all growth conditions. Lastly, we estimate theoretical doping limits and 

explain why CdO can be made transparent by a large Moss–Burstein shift caused by suitable n-type doping. Copper 

oxide nanoparticles (CuO-NPs) were synthesized at room temperature via a green method that is easy, efficient, eco-

friendly, and low-cost. The aqueous extract of Bougainvillea leaves was used as a reducing and capping 

agent. Pure polyvinyl alcohol (PVA) and CuO-PVA nano-composite thin films of 13 wt%, 30 wt%, 40 wt% and 51 wt% 

were prepared by the solution casting method. The optical and electrical properties of the prepared CuO-NPs, pure PVA, 

and CuO-PVA thin films were analyzed using a UV–visible spectrophotometer and Keithley electrometer. 

The band-gap energy (Eg) value for the synthesized CuO-NPs was determined to be 2.74 eV. This band separation lies in a 

range that is suitable for a variety of optical and optoelectronic applications such as solar cells for energy conversion. 

Further, increasing the dispersion of CuO-NPs in a PVA matrix extended the absorption spectrum of PVA distinctly into 

the visible region and decreased the optical band gap exponentially from 4.42 eV for pure PVA to 3.34 eV for 51 wt% 

CuO-PVA. In addition, an increase in the DC electrical conductivity with CuO-NPs dispersion was observed. The decrease 

in the band gap energy was usually accompanied by an increase in the DC electrical conductivity making the CuO-PVA 

nanocomposite more applicable in thin-film solar cell applications. 
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I. INTRODUCTION 

CdO has been shown to achieve a high electron concentration N (>1021cm−3) and at the same time a high mobility 

μ (>100cm2/Vs) when doped with conventional shallow dopants (In or Ga), and consequently making it a transparent 

conducting oxide with very low resistivity ρ<10−4Ωcm. In this work, the properties of CdO thin films doped with a series 

of transition metal elements (CdO:TM) with partially filled 3d and 4d shells, including Sc, Ti, V, Cr, Fe, Y, Mo, and W, 

were investigated.[1,2,3] We find that doping with these TM elements can effectively increase the N in CdO to a 

maximum N (Nmax) of ∼(7–12)×1020cm−3 with a dopant concentration xmax of 4–7 %. However, unlike CdO:In, the μ of 
CdO:TM films drops rapidly from >100 to <10cm2/Vs as the dopant concentration x increases, so that they can only 

achieve a minimum ρ of ∼(1–2)×10−4Ωcm, ∼ a factor of 2–3 higher than that in CdO:In. As a result, free-carrier 

absorption and plasma reflection effects limit their optical transparency to <1200 nm. For most 3d TM dopants, a 

qualitatively higher d-donor level Ed,donor gives rise to higher EF,max or a higher Nmax. Although at low x, the optical 

band gap Eopt of CdO:TM follows the calculated values due to free-carrier effects, as x increases, Eopt values are 

significantly higher than the calculated values. [4,5,6]This is believed to be an effect of the anticrossing interaction of the 

localized d-levels and the extended CdO conduction-band (CB) states, giving rise to a lower occupied E– and an upper 

unoccupied E+ subband. The restructured CBs have much flatter dispersion, which also results in a much higher effective 
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mass m∗e, hence it can also explain the much lower μ of CdO:TM films with high N. Transparent conducting oxides 

(TCOs) are widely used in optoelectronic devices such as flat panel displays, organic light emitting diodes, photovoltaics, 

heat reflectors, and energy-efficient windows because they are electrically conductive and optically transparent [1–3]. CdO 

is a promising transparent conducting oxide (TCO) due to its high electrical conductivity (<10
3 Ω−1

·cm
−1

) and its direct 

band gap of 2.2 eV. It also has a nonstoichiometric composition, which is because of the presence of cadmium interstitial 
oxygen vacancies acting as donors [4]. The introduction of cobalt, which is a transition magnetic metal element, to CdO led 

to astonishing optical, electrical, and magnetic properties. This is mainly because of the interaction between the band 

electrons and the cobalt ion within the CdO lattice. 

A review of the literature on pure and doped CdO films reveals a huge array of fabrication studies. In addition to vacuum 

evaporation, successive ionic layer adsorption and reaction technique, sol-gel technique, magnetron sputter, organic 

chemical vapour deposition system, chemical spray pyrolysis, chemical bath coating, successive ionic layer adsorption and 

reaction technique, pulsed laser deposition, and others, thin films deposition methods have been reported to produce 

undoped and metal-doped CdO thin films. A key consideration for selecting appropriate contributing materials is the ionic 

radius [5]. (Co
2+

) is projected to be the optimal doping candidate for CdO films because it substitutes the Cd
2+

 sites in the 

lattice and contributes electrons to serve as charge carriers [6]. Structural, optical, and NLO properties of CdO film could 

be controlled with Co-doping because the ionic radius of Co being smaller than that of cadmium ions [7]. 

From the literature review, we found Al: CdO films and N: CdO films deposited by the SP technique withlinear and 

nonlinear optical properties [8, 9]. As a result, we attempted to prepare and study the Cd1 − xCoxO films using this versatile 

technique. Furthermore, dilute concentration was chosen because we need homogeneous solutions in the SP technique so 

that during spray, chemical reactions take place in proportion, resulting in a homogeneous thin film in its entire volume. So 

far, there has been no discussion of the detailed report on NLO studies of Cd1 − xCoxO films. The present study aimed to 

prepare pure and [7,8,9]Cd1 − xCoxO thin films using the SP technique by varying the various contents of Co from 0 to 

10 wt. % by volume and focused more on the enhancement of the structural, linear, and 3rd
-order NLO properties by the Z-

scan technique for optoelectronic device applications. 

II. DISCUSSION 

In recent years, with exponentially increasing energy demands, there has been a spurt in global efforts to efficiently harness 

solar energy. Among the various approaches, solar thermal techniques play a more and more important role in solar-energy 

harvesting, due to high energy-conversion efficiency and appealing energy storage functionality. The solar thermal system 

in concentrating solar power (CSP) convert solar energy into heat and then heat to electricity (thermophotovolaics) for 

various applications, including solar water heating, space heating and cooling, refrigeration, industrial process heating and 

thermal power generation [1], [2], [3], [4]. 

Concentrating solar power (CPS) technology which applies to solar- thermal power plants increases the availability of solar 

energy of the plants. As the core part of the concentrating solar power technology, selective solar absorbing coatings 

enhance the efficiency of the plants. Selective Solar absorbers (SSA) coatings demonstrate a high solar absorptance 

(αs ≥ 0.90) in the UV–VIS-NIR region from 0.30 to 2.5 μm and a low thermal emittance (ε ≤ 0.10) in the IR region 
(λ > 2.5 μm) for solar thermal conversion [10,11,12]applications [5], [6], [7], [8], [9], [1], [10]. The optical properties and 

thermal stability of the coatings determine the features of the solar selective absorbing coatings in actual engineering 

applications, including its solar-thermal conversion efficiency, operating temperature and working lifetime [2], [7], [11], 

[12], [13], [14]. A variety of selective coatings have been reported for solar thermal applications such as metal-oxides 

composites (e.g. Cr-Cr2O3, Co-Al2O3,W- Al2O3) [15], [16], [17], transition metal nitrides (e.g. TiN, TiAlN, HfNx) [18], 

[19], transition metal oxynitrides (e.g. TiNxOy, NbTiON), and alternative layers of metal and oxide layers (MgO/Zr/MgO, 

AlxOy/Pt/AlxOy, Cr2O3/Cr/Cr2O3, ZrOx/Zr/ZrOx/AlxOy) [1], [16] have been widely studied. 

Among metal oxides semiconductors, copper oxide (CuO) is one of the promising SSA materials which have combination 

of interesting properties for good solar selectivity. CuO is p-type semiconductor with a direct band gap of 1.2 eV and high 
optical absorption coefficient. CuO thin films have wide range of applications in energy harvesting and storage, such as 

solar cells, photoelectro-chemical cells, photocatalysts, and lithium ion batteries [9], [13,14,15] So far different CuO 

nanostructures have been obtained by different methods such as reactive sputtering, chemical vapor deposition (CVD), 

anodizing, chemical conversion and thermal oxidization [16]. S. Karthick et.al.[17], reported that CuO was synthesised on 

Cu substrate as selective solar absorber by using NaOH and NH4OH through solution based oxidation reaction and 90% 

absorptance (α) value and 7% thermal emittance (ε) value in the range of 0.3–2.0 nm wavelength was reported. X. Zhang et 
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al. [18], also reported that CuO was synthesised on Cu substrate as selective solar absorber by using KOH and 

K2S2O8 through chemical oxidation process. However, detailed optical properties and chemical composition of CuO thin 

films were not studied. L. Yalin et al.[19], also reported that CuO was synthesised on Cu substrate as selective solar 

absorber by using KOH and K2S2O8 through chemical oxidation process and 90% solar absorptance value in the solar 

spectrum region and 11% of emittance value in the infrared region was reported. However, detail in terms of structural 

properties of the CuO thin films synthesised by chemical oxidation process for different oxidation reaction is lacking. 

In this work, CuO nanocoatings were synthesized in aqueous solution of alkaline (KOH) and (K2S2O8) on Cu substrates 

through solution based chemical oxidation process for different reaction time for selective solar absorber applications. The 

structural and optical properties of the synthesised CuO nanocoatings were studied. 

 

III. RESULTS 

The optical constants and optical energy gap of (PVA-PEG-CuO) nano-composite films have been studied in the present 

paper. The nano-composite films was prepared by casting technicality, where, (PVA-PEG) blends used as matrix while the 

Copper oxide nanoparticles were (0, 2, 4, 6, 8) wt% as a filler. The present study is aimed to modification of the optical 

properties of blends with different concentrations of (CuO) nanoparticles and for achieves a new class of material. The 

absorption and transmission spectra have been recorded at the wavelength range 220-800 nm. The experimental results 

illustrate that the absorbance of pure blend was increased with increase of Copper oxide concentrations and vice versa with 

transmission. On the other hand, the optical constants and optical energy gap were changed with the addition of Copper 

oxide nanoparticles concentrations. Crystalline size and particle structure of obtained nanoparticles was examined by using 

XRD analysis. CuO nanoparticles has Monoclinic structure. The average crystalline size was calculated from the Full 

Width Half Maximum (FWHM) of the diffraction peaks using the Scherrer Debye formula.The morphology of 0.02 of 

CuOnanoparticles shows good homogeneity and uniform distr ibution due to increased substitution of various cupper ions. 

The absorption spectrum generally depends on factors such as band gap ,oxygen deficiency, grain size, lattice strain, 

impurity centers and surface roughness. Band gap of CuO nanoparticles is calculated through tauc plot. Fourier transform 

infrared (FTIR) spectroscopy investigated the compositional properties of the prepared CuO nanoparticle.[17,18,19] 

IV. CONCLUSION 

The increasing energy demand and environmental problems, such as contamination from the combustion of fossil fuels, [1] 

have brought the need to use alternative energy sources for energy production [2, 3]. Cu2O is a promising candidate for 

photovoltaic applications as a possible solution to the global energy crisis [1, 4], providing alternative, safe, and sustainable 

energy sources [3]. Examples of this are the conversion of solar energy into electrical energy [5–7] and the generation of 

hydrogen from the photoelectrochemical conversion of the sun [3, 8]. 

In recent years, the research has been focused on the search for emerging cheap materials that are abundant in the Earth’s 

crust, non-toxic, and have structural, optical, and electrical properties that make them adequate as light-absorbing materials 

[9]. Cu2O is a p-type semiconductor due to the negatively charged Cu vacancies [10]. It has a direct band gap between 1.9 

and 2.2 eV [11, 12] and a significant absorption coefficient from violet to green in the range of the solar spectrum ( at 

600 nm) [13, 14]. 

Cuprous oxide is used in electrodes for lithium-ion batteries, photochemical cells, hydrogen production, sensors, 

photocatalysts, supercapacitors, magnetic storage, and water splitting [15,16], as well as a bactericide, colorant, and 

additive for corrosion-proof coatings [17,18]. Various methods have been developed to obtain Cu2O, such as the water bath 

method, the SILAR (Successive Ionic Layer Absorption and Reaction) method, the polyol method, chemical reduction, and 

sol-gel [4, 10, 17, 18]; however, some of these methods require special equipment [17, 18], catalysts, organic additives, or 

expensive surfactants [18]. 

Among the available methods, the reduction of copper salts with some reducing agents has been identified as a simple 

process with a quick reaction rate [4, 18]. The use of glucose as a reducing agent has the advantage of being 

environmentally friendly, resulting in green chemical synthesis. Besides, glucose is cheap and highly selective in producing 

Cu2O [19], and its use is suitable for the development of Cu2O particles with different morphologies like spheres, cubes, 

beveled cubes, octahedrons, flower shapes, nanowires, nanorods, hierarchical structures, cages, and hollow structures 

[17, 18] by changing the temperature, pH, reagents, solvents, reaction times, and surfactants control [16,17]. 
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Over the years, several works have reported the formation of Cu2O using glucose as a reducing agent. In 2009, for example, 

Cao and colleagues investigated the effect of the synthesis temperature on the morphological evolution of Cu2O particles. 

Their study focused on synthesis temperatures from 95°C to 180°C using an autoclave system and reaction times from 6 to 

36 hours. They found qualitatively that at synthesis temperatures above 180°C, they obtained a mixture of Cu2O and 

metallic copper [15,16]. On the other hand, Cao et al. [12,13] reported the formation of different morphologies of Cu2O by 

varying the glucose concentration at a synthesis temperature of 50°C. They observed qualitatively the appearance of CuO 

peaks in their diffraction patterns when the glucose concentration is deficient, suggesting that the reduction of Cu
+2

 ions 

into Cu
+1

 ions is not complete under low glucose conditions [10,11]. 

In this work, Cu2O was obtained by reducing Benedict’s solution with glucose in an alkaline medium  without any 

surfactants, additives, or templates. Our work avoids using sulfur-containing reagents or any special equipment; instead, we 

developed a rapid and simple synthesis at a low temperature of 65°C. The present study mainly focuses on the effects of the 

glucose content and the temperature on structural and optical properties. A detailed quantitative analysis was carried out 

using the Rietveld refinement and the Williamson-Hall (W-H) approach to quantify the composition of the samples and to 

obtain structural information such as the variation of lattice parameters, crystallite size, unit cell volume, and 

microstrains.[9,10] The results showed a mixture of phases in the composition of the samples. In addition, when the glucose 

content increased, the crystallite size decreased, and the microstrains increased. Various morphologies were obtained when 

the amount of reducing agent was changed. However, all morphologies showed an absorption broad almost constant in the 

range of 200 nm to 570 nm. The in-situ X-ray diffraction showed that Cu2O transforms to Cu at temperatures above 300°C 

and CuO at temperatures above 320°C. These properties make Cu2O a candidate for solar cell applications as a light 

absorber material.[19] 
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