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Abstract 

CuO nanoparticles with different morphologies were successfully synthesized by the sol-gel method through the 

reduction of copper acetate in different solvents. The influence of the kind of solvent on the structural, 

morphological and optical properties of nanoparticles was investigated. X-ray diffraction studies showed that 

the nanoparticles are monoclinic in nature without secondary phases and their size depends greatly on the nature 

of the solvent. TEM images indicate that the obtained CuO nanoparticles are predominantly of spherical shape, 

with sizes in the quantum dots range (from 4 to 9.5nm). The smallest particles were obtained when using the 

ethanol as solvent. A net blue shift in the fundamental direct gap energy (from 4.2 to 4.9eV), attributed to the 

quantum confinement effect, is observed in the optical analysis when the particles size decreases. Moreover, the 

purity of the obtained NPs was confirmed through the Raman spectroscopy characterizations, which show the 

absence of any secondary phases. The downshifted peaks is attributed to the size effect. 

 

Keywords: CuO, nanoparticles, sol-gel, characterization, quantum confinement 

 

1. Introduction 
Inorganic nanostructures with well-defined morphologies having outstanding properties and potential 

applications have received considerable attention in recent years. Metal oxide nanoparticles (MOs) are very 

important in inorganic material research to develop different practical applications. These nanoparticles have 

unique chemical and physical properties [1-3] depends strongly on their shape, size, composition and structure 

[4-6]. 

Among all the MOs, CuO nanoparticles are the most studied materials due to its interesting properties as a p-

type semiconductor with the possibility of a large band gap variation. In fact, the reported gap energy values of 

this material are ranging from 1.2eV, for the bulk CuO, to 4.13eV for 10 nm quantum dots [7-9]. Moreover, 

because of their high solar absorbance and low thermal emittance [10], CuO NPs are very attractive materials 

for the fabrication of the solar cells. CuO nanostructures are also relevant candidates in various other 

applications including gas sensors [11], anodes in battery [12], nanofluid [13], photodetectors [14], energetic 

materials [15], field emissions [16], supercapacitors [17], photocatalysis [18], magnetic storage media [19] and 

antibacterial materials [20]. 

During the past few years, various methods were used to synthesize the CuO NPs including thermal oxidation of 

Copper in air [21], solvothermal [22], sol-gel [23], microwave irradiation [24], hydrothermal [25] and 

sonochemical method [26]. From all the above synthesis process, it seems to be very difficult to obtain a pure 

crystallographic CuO material without adding many stabilizing agents. In fact, as it was reported[27],the 

elaboration of CuO NPs is usually accompanied by the presence of secondary phases like Cu2Oor Cu(OH)2. For 

that, the challenge taken up in this work is to synthesize pure CuO NPs, in the quantum dot range, using the low 
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cost sol-gel method without adding any stabilizing agent. This method can co-synthesize simultaneously and 

accurately two or more materials and control the microstructural, physical and chemical properties of the final 

product. Also, as it can be deduced from this work, when the synthesis parameters are well optimized, the sol-

gel method can produce pure materials at ultra-low temperatures. In this framework, the present paper aims as 

well to study the effect of the solvent nature on the microstructural and optical properties of the as-synthesized 

CuO NPs. 

 

2. Experimental details 
2.1. Preparation of CuO NPs 

Copper (II) acetate monohydrate (Cu(CH3COO)2, H2O), water, ethanol, propanol and NaOH, of analytical grade 

purity, are used in the experiments. In order to elaborate the CuO NPs by sol-gel process, 1.98 g of (Cu 

(CH3COO) 2, H2O) is dissolved and stirred for 1 hour in 100 ml of water to get a homogenous solution. Then 0.8 

M of NaOH is added to this solution maintained at 60°C under constant stirring during 2 hours. Finally the 

obtained black precipitate is centrifuged (14000 rpm) and washed twice with distilled water and once with 

absolute ethanol to remove all kinds of impurities, then dried at 50 °C. In order to evaluate the effect of the 

solvent on the structural, morphological and optical properties, we use also ethanol and propanol instead of 

water in the process. For all reactions, the copper acetate and NaOH concentrations, temperature and time of the 

reaction are maintained constant. 

 

2.2. Characterization 

The obtained powder is characterized by X Ray Diffraction using the Panalytical XPERT-PRO powder 

diffractometer with the Cu-Kα radiation. The morphology of the prepared CuO nanoparticles is carried out 

using the FEI Transmission Electron Microscopy (TEM, Tecnai G2 12 TWIN, 120KV) with a LaB6 filament. 

The UV-Visible absorption spectra have been recorded by means of the UV-Visible Perkin Elmer 

spectrophotometer (Lambda 900). To confirm the chemical purity of the obtained material, additional Raman 

analysis is performed via a Raman spectrometer with a 532 nm laser source. 

 

3. Results and discussion 
3.1. Structural properties 

Figure 1 displays the X-Ray diffraction pattern of the synthesized CuO NPs using propanol, water an dethanol 

as solvents. In the three cases, the two main observed reflection peaks (2θ = 35.6° and 2θ = 38.8°) are ascribed 

to the (002) and (111) reflections in the CuO monoclinic crystal phase, according to the JCPDS card N°: 048-

1548.  

 
Figure 1: X-Ray Diffraction pattern of CuO NPs, synthesized by sol-gel in different solvents: propanol, water and ethanol. 
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All the other peaks, with minus intensities, are also well matched with this monoclinic phase of CuO. 

Meanwhile, no secondary phases such as Cu, Cu2O or Cu(OH)2 are detected in the XRD pattern. Consequently, 

these XRD results confirm the synthesis of pure and well crystalline CuO NPs and are well consistent with 

previously reported works [28, 29]. Furthermore, the diffraction patterns show that all the peaks present a 

broadening, which depends on the solvent nature. As is reported [9, 30, 31], this broadening has been linked to 

the crystallite size and the lattice strain. 

The average crystallite sizes of CuO NPs calculated by Scherrer formula [30]are13.4nm, 11.8nm and 9.4nm 

when using propanol, water and ethanol respectively. This result is in good agreement with the observed 2θ shift 

towards the higher angles when using ethanol as solvent. 

 

3.1. Morphological studies 

Typical TEM images and size distribution of the as prepared CuO nanoparticles in different solvents are 

presented in Figure 2. It’s clear that the morphology and the size of CuO nanoparticles depend strongly on the 

solvent nature. The TEM micrographs confirm also the tendency in the evolution of the CuONPs average size as 

revealed by the XRD results. 

 

 
Figure 2: TEM images and particle size distribution of the CuO NPs prepared by sol-gel in: a) propanol, b) water and c) 

ethanol. 

 

The powder prepared in propanol consists of a mixture of needle-shaped and small spherical particles having an 

average diameter of 9.5 nm (Fig.2a). Meanwhile, the NPs prepared in water are spherical and aligned along the 

c-axis direction with an average diameter of about 7 nm (Fig.2b). However, in the case of ethanol (Fig.2c), only 

spherical NPs with narrow sizes distribution (about 4nm) are observed. These results show that the morphology 

of the CuO NPs synthesized in alcoholic solvents depends strongly upon the chain length of the alcohol 

molecule. It was reported [32] that the chain length plays a significant role in orienting the nanocrystal growth 

and in stabilizing specific crystallographic planes. Therefore, in the case of propanol which has the longest 

chain, the particles grow in nano-needles shape as confirmed by TEM observations. By contrast, when the 
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alcoholic chain becomes short (water and ethanol),no oriented growth occurs and then only spherical NPs are 

formed. 

 

3.2.  Optical properties  

The absorption spectra of CuO nanoparticles synthesized by sol-gel using water, ethanol and propanol as 

solvents are shown in Figure 3. All the samples exhibit a maximum absorption peak at about 350 nm. 

 
Figure 3: UV–Vis spectra of CuO nanoparticles synthesized by sol-gel in different solvents. 

 

To estimate the band gap of CuO nanoparticles from the absorption spectra we use the relation (Willardson and 

Beer) given below: 

  (αhν) = A(hν − Eg)n 

where Eg is the gap energy of the material, ν is the frequency of the incident radiation, h is Planck’s constant, α 

is the absorption coefficient in cm
-1

, A is a constant related to the material and the matrix element of the 

transition, and n is a coefficient depending on the nature of the transition (n = 1/2 for the direct allowed 

transition or 2 for an indirect transition). The absorption coefficient is obtained using the relation α.d = ln(1/T), 

where the transmittance T is calculated from the measured absorbance using the Beer–Lambert law, B = -

log10(T); d represents the path length of the wave in centimeter (1cm). To obtain the absorption onset, (αhν)
2
 is 

plotted against energy hν. Extrapolation of the linear part until its intersection with the hν axis provides the 

value of Eg (Fig. 4). 

 
Figure 4: The plot of (αhν)

 2
 versus photon energy (hν) for CuO nanoparticles prepared in different solvents. 
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The obtained values of direct band gap are 4.2 eV, 4.3eV and 4.9eV for propanol, water and ethanol 

respectively. Figure 5 shows the variation of the measured gap energy with crystallite diameter of CuO 

nanoparticles prepared by sol-gel in different solvents.  From these graphs, it’s clear that the direct gap energy 

increases with decreasing particle diameter. The highest gap energy (4.9eV) value is obtained for the smallest 

particle size (4.2 nm). The gap energy values obtained for the CuO NPs in this work are in the range of those 

reported by the literature [8]. A blue shift in the direct gap energy is observed as the particles diameter is 

reduced. This phenomenon, known as the exciton Bohr radius, corresponds to a principal shift in optical and 

electronic properties. Such a blue shift has been reported in the literature for CuO quantum dots [8, 33] when the 

particles size are ranged from 7 to 30 nm. The CuO nanoparticles synthesized in this work are therefore within 

the strong confinement regime. 

 

 
Figure 5: Direct band gap variation with crystallite diameter of the prepared CuO nanoparticles. 

 

3.3. Raman analysis 

Figure 6 shows the Raman spectrum of CuO nanoparticles synthesized by the sol-gel method using water as 

solvent. CuO has a monoclinic structure with space group  C2h
6  and two molecules per primitive unit cell [34]. 

One can find the zone center Raman active normal modes ГRA= 4Au + 5Bu + Ag + 2Bg. There are three 

acoustic modes (Au + 2Bu), six infrared active modes (3Au + 3Bg), and three Raman active modes (Ag + 2Bg). 

 
Figure 6: Raman spectrum of CuO nanoparticles synthesized in water as solvent. 
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The Raman spectrum (Fig.6) of the CuO nanoparticles exhibit three peaks at 280cm
-1

,329 cm
-1

and 613 cm
-1

. 

Compared with the vibrational spectra of CuO single crystal [35, 36], the obtained Raman peaks are 

downshifted due to the size effect [35]. We attribute the peak at 280 cm
-1

 to the Ag mode and the peaks at 329 

cm
-1

,613 cm
-1

 to the Bg modes, which are consistent with previous works [37, 38]. This result shows obviously 

that pure single phase CuO nanoparticles are formed in the above experimental conditions. 

 

 

Conclusion 

 
Pure crystallographic CuO nanoparticles, ranging from 4 to 10 nm, were synthesized by sol-gel method, without 

introducing any stabilizing agent in the process. The effect of solvent on the structure, morphology and optical 

properties of CuO nanoparticles was studied. Pure monoclinic CuO nanoparticles, with single phase, were 

identified by XRD and Raman techniques. However, TEM micrographs reveal that the morphology and the size 

of the synthesized NPs change according to the solvent. In fact, this morphology varies from spherical (4nm) to 

needle-shaped (9.5 nm) when varying the solvent from ethanol to propanol respectively. The observed change is 

attributed to the variation of the length of the alcoholic chain. Furthermore, the measured direct band gap values 

for the synthesized CuO NPs indicated a blue shift due to the quantum confinement effect. 
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