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A novel facile method to synthesize stable phase of Cuprous Oxide (Cu2O) nanoparticles at room tempera-

ture is demonstrated. The structural and optical properties of (Cu2O) nanoparticles were investigated by us-

ing X-ray diffraction (XRD), UV-VIS Spectroscopy. XRD analysis has indexed nanocrystalline nature of cubi-

cal phase Cu2O with an average edge length of about 20 nm. The Scanning Electron Microscopy (SEM) meas-

urements also ascertain the cubical morphology. The Fourier Transform Infrared Spectroscopy (FTIR) affirms 

the presence of characteristic functional group of Cu2O. The absorbance peak at 485 nm in UV-VIS spectra al-

so confirms the Cu2O synthesis. Furthermore, UV-VIS absorbance spectra at different ageing time substanti-

ate the phase stability of Cu2O nanoparticles. The ageing leads to blue shift of absorbance peak mainly due to 

decrease in Cu2O particle size with no additional absorbance peak in UV-VIS spectra indicating the formation 

of secondary phase. The reduction in particle size may be attributed to tiny conversion Cu2O to CuO. The en-

ergy band gap measurements from Tauc plots for Cu2O nanoparticles shows the increasing trend (2.5 eV to 

2.8 eV) with ageing time (2 months), owing to quantum confinement effects.  
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1. INTRODUCTION 
 

The oxides of different transition metals such as 

copper, iron, nickel, cobalt, and zinc with nanometer 

sizes are considered to be prolific for scientific and tech-

nological applications. Amongst the transition metal 

oxides, Cuprous Oxide (Cu2O) is an important material 

with unique semiconducting and optical properties. Ba-

sically, it is a p-type semiconductor with theoretical di-

rect band gap of 2.2 eV [1-6]. Cu2O has attained signifi-

cant research interest recently and has emerged as one 

of the promising candidates for photovoltaic energy con-

version due to its high theoretical solar cell efficiency 

approximately 18 % [7]. In addition to this, it is used in 

applications such as: photo catalysis [8] Lithium ion 

batteries [9], optoelectronic and gas sensors [10, 11]. 

In view of the technological applications, the repeat-

ability, simplicity, safety, high throughput, energy effi-

ciency and low cost of synthesis are the important con-

cerns for the synthesis of nanocrystalline Cu2O. There 

are several methods already reported to synthesize 

Cu2O nanoparticles. Some of these methods [12-14] 

make use of either flammable or corrosive reducing 

agents, costly toxic organic reactants. Some demands 

significant energy and high temperature reaction envi-

ronment [15] templates [16] more time [17]. This work 

reports simple, safe, economical and easy to scale up 

method to synthesize stable Cu2O nanoparticles. Fur-

thermore, the key issue of Cu2O phase stability was also 

investigated as a function of ageing time. 

 

2. EXPERIMENTAL 
 

2.1 Materials 
 

AR grade chemical reagents were used for synthesis 

of Cu2O nanoparticles. Typically, Copper Sulphate pen-

tahydrate (CuSO4,5H2O), Sodium Hydroxide (NaOH), 

L-Ascorbic Acid (C6H8O6), Polyvinylpyrrolidone (PVP) 

(K30, Molecular weight 60,000) were purchased from 

Loba Chemie Pvt. Ltd. Mumbai, Maharashtra, India 

and were used without further purification. 

 

2.2 Method 
 

Typically, 0.398 g of Copper Sulphate pentahydrate 

(CuSO4,5H2O), 0.12 g of  Sodium Hydroxide (NaOH) and 

0.435 g of L-Ascorbic Acid (C6H8O6) were first dissolved 

in 20 ml of double distilled water in three separate beak-

ers. Furthermore 0.06 g, Polyvinylpyrrolidone (PVP) was 

dissolved in 10 ml of double distilled water. Then 6ml of 

PVP solution was added to 20 ml of Copper Sulphate 

solution. This was simultaneously added with each of 

20 ml of Sodium Hydroxide and Ascorbic Acid solutions. 

This resulted in formation of yellow-orange colored pre-

cipitate of Cu2O nanoparticles. The precipitate was fil-

tered and then washed several times by double distilled 

water and dried in an oven (60 C) to remove water con-

tent for 12 hrs and a fine powder of yellow-orange col-

ored Cu2O nanoparticles was obtained. Fig. 1 depicts 

photographic illustration of different steps involved in 

the synthesis of Cu2O nanoparticles 

 

2.3 Characterization 
 

Powder X-ray diffraction pattern (XRD) of Cu2O na-

noparticles was recorded using a (Bruker D-8, Billerica, 

MA) advance diffractometer with Cu Kα (  1.5406 Å) 

as a radiation source, operated at 40 kV and 30 mA 

with a scan rate of 0.02°/s over the range of 10°-80°. 

XRD analysis was done to identify the crystalline 
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phase, structure and to estimate average grain size. 

The morphological images of samples were obtained by 

using Scanning Electron Microscope (JOEL, FE-SEM 

7000). FTIR analysis was done in the range 4000-

400 cm – 1 with FTIR spectrophotometer (Perkin Elmer 

Spectrum BX, Waltham, MA) using Cu2O seeded Po-

tassium Bromide (KBr) powder. UV-Vis spectroscopic 

measurement of absorbance spectra for Cu2O nanopar-

ticles was performed using a (Shimatzu 1650PC) UV-

Vis spectrophotometer. The Cu2O nanoparticles were 

dispersed in double distilled water, sonicated for 

10 min and then their UV-VIS absorption spectra were 

recorded. The colloidal dispersions of Cu2O nanoparti-

cles were kept in sample bottles for two months dura-

tion and the ageing effect was monitored with a fre-

quency of 1 month on the basis of intensity variation of 

UV-VIS absorbance spectra.  
 

 
 

Fig. 1 – Photographic illustration of steps involved in Cu2O 

nanoparticles synthesis (a) Solutions in beakers contain from 

left to right Ascorbic Acid, Copper Sulphate + PVP, Sodium 

Hydroxide.(b) Simultaneous addition (c) Precipitate of  Cu2O 

nanoparticles (d) Filtration and washing (e) Colloidal disper-

sion of Cu2O nanoparticles (f) Cu2O nanoparticles in powder 

form 

 

3. RESULTS AND DISCUSSIONS  
 

3.1 Structural and Morphological Studies 
 

Fig. 2 shows the XRD patterns of Cu2O nanoparti-

cles with different ageing period such as (a) as synthe-

sized, (b) 1 month ageing and (c) 2 months ageing. The 

XRD pattern (a) reveals the formation of single phase 

nanocrystalline cubic structure of Cu2O nanoparticles 

[JCPDS Card No 05‐0667, a  4.2696 Å (lattice con-

stant value)]. The lattice constant (a) was calculated 

using the formula 
2 2 2a d h k l    where d is inter-

planer distance and (hkl) are Miller indices. The calcu-

lated average value of lattice constant from XRD graph 

is a  4.2686 Å and is in good agreement with standard 

value. No impurity phase was observed. The 2θ values 

for prominent peaks, corresponding (hkl) planes and 

inter-planar distance (d) are represented in Table 1. 

The average crystallite size (D) in Å, was calculated by 

using Scherer’s formula [18] given by (1) 

 
cos

K
D



 
  (1) 

 

where K is the shape factor usually has a value 0.9,  is 

the X‐ray wavelength and θ the Bragg angle and  

gives the full width of the half  maxima (FWHM). The 

determined average crystallite size was 20 nm. The 

data represented in Table 1 match well with standard 

data for cubic phase of Cu2O as per JCPDS card. This 

has confirmed the formation of nanocrystalline, single 

phase Cu2O nanoparticles with cubical morphology. 
 

 
 

Fig. 2 – XRD patterns of Cu2O nanoparticles (a) as synthesized 

(b) 1 month ageing and (c) 2 months ageing 
 

Moreover, XRD patterns in Fig. 2 (b) and (c) also shows 

the prominent Cu2O phase almost similar to Fig. 2 (a) 

with tiny traces of CuO phase indicated by a (202) peak 

at 2θ value 48.52. This shows that due to ageing a tiny 

amount Cu2O undergoes of phase change to CuO phase. 

The average crystallite size was also found to decrease to 

19 nm and 16 nm due to ageing effect ageing period of 1 

and 2 months. 
 

Table 1 – XRD analysis of Cu2O Nanoparticles (a) as synthesized 
  

2θ (hkl) plane Inter-planar distance 

(d) in Å 

29.6o 

36.4o 

42.2o 

61.3o 

73.4o 

77.4o 

110 

111 

200 

220 

311 

222 

3.012 

2.464 

2.136 

1.510 

1.287 

1.232 
 

SEM micrograph of as synthesized Cu2O nanoparti-

cles is shown in Fig. 3 It shows that the room tempera-

ture synthesis in the presence of surfactant (PVP) the 

Cu2O nano-cube growth becomes selective along {111} 

direction and is truncated along {100} direction. Such a 

Cu2O nano-cubes are very stable from energy point of 

view because the specific surface area across the cor-

ners of nano-cubes is larger which enhances corrosion 

rate in the presence of PVP [19]. Further; through its 
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selective adsorption on Cu2O surfaces, PVP had re-

duced the growth rates of some of the faces of Cu2O and 

thereby effected for highly anisotropic growth of Cu2O 

nanocubes [20]. Hence, the growth rate along the direc-

tion of crystallographic plane {100} was greatly reduced 

on the other hand it was greatly enhanced along {111} 

plane. Thus; PVP the capping agent, has kinetically 

controlled the growth Cu2O nanocubes. The estimated 

average edge length of Cu2O nanocubes was 20  5 nm 

which is in good agreement with XRD data. 
 

 
 

Fig. 3 – SEM micrograph of Cu2O nanoparticles 
 

The presence of characteristic functional group of 

Cu2O in the sample is revealed with FTIR as shown in 

Fig. 4. 
 

 
 

Fig. 4 – FTIR spectrum of Cu2O nanoparticles 
 

A wide band centered at 3436.95 cm – 1 was ascribed to 

H–OH stretching, while the band centered at 1508 cm – 1 

was assigned to H–OH bending. Further, the character-

istic band centered at 621.95 cm – 1 for Cu2O was as-

cribed to the vibrational mode of Cu–O in Cu2O phase 

[21]. Therefore, this has confirmed the formation of 

Cu2O nanoparticles. 

 

3.2 Optical Properties 
 

UV-VIS absorption spectra of Cu2O nanoparticles with 

different ageing period such as (a) as synthesized, (b) 1 

month ageing and (c) 2 months ageing are represented.  

 
 

Fig. 5 – UV-VIS absorption spectra of Cu2O nanoparticles 

recorded (a) as synthesized (b) after one month (c) two months 

of Cu2O nanoparticles 
 

Besides, the location of the characteristic absorption 

peak was observed at the same position when absorb-

ance spectra was taken (a) immediately when Cu2O 

nanoparticles were formed and (b) even again after a 

span of one month and (c) two months without any ad-

ditional absorption peak has substantiated the stability 

of Cu2O nanoparticles. 

The optical bandgap (Eg) of the as synthesized Cu2O 

nanoparticles was calculated using the Tauc relation 

[24] given by (2). 
 

  ( )ngh h E     (2) 

 

Here,  is an absorption coefficient, h is Planck con-

stant, ν is the frequency and hν is the incident photon 

energy whereas n is the exponent that determines the 

type of electronic transition causing the absorption and 

can take the values 1/2, 2/3, 2 and 3/2. The best linear 

relationship is obtained by plotting (hν)1/2 against hν, 

indicating that the optical bandgap due to a direct al-

lowed transition i.e for direct band gap semiconductor. 

Fig. 6 represents the plot of (hν)1/2  vs hν for Cu2O na-

noparticles. The direct band gap (Eg) of our sample was 

measured from the absorption coefficient data as a 

function of wavelength using Tauc relation thereby 

extrapolating the straight line of the (hν)1/2 vs. hν plot 

to intercept on the horizontal photon energy axis and 

was found to vary from 2.7 eV to 2.8 eV as shown in 

Fig. 6 for the same (a) (b) (c) samples mentioned above. 

These Eg values are higher than the theoretical direct 

bandgap (2.2 eV – bulk Cu2O) mainly due to nano size 

which leads to quantum confinement effects [1-6]. This 

is further confirmed from the increase in bandgap val-

ues for Cu2O nanoparticles with aging time mainly due 

to decrease in particle size and internal stress due to 

selective etching/corrosion leading to anisotropy. This 

is quite interesting and can be attributed to the quan-

tum confinement effect in the nanometer regime on 

account of reduction of the particle size and can be vis-

ualized through blue shift. 
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Fig. 6 – The plot of (hν)1/2 vs hν for Cu2O nanoparticles to 

monitor the aging effect on the band gap value for the samples 

taken after (a) just formed (b) one month (c) two months 

 

4. CONCLUSIONS 
 

The Cu2O nanoparticles were successfully synthe-

sized with a novel, facile, room temperature method. 

XRD and SEM results showed that the synthesized 

Cu2O nanoparticles were single phase, uniform, mono-

dispersed and crystalline with cubical morphology. The 

average size i.e. edge length of nanocubes was 20 nm. 

FTIR also confirmed the presence of characteristic 

functional group of Cu2O. UV-VIS absorbance spectra 

taken over the period of time of two months has sub-

stantiated its phase stability. The study has also re-

vealed that the ageing causes tiny amount of Cu2O to 

undergo the phase change to form CuO thereby reduc-

ing the particle size of Cu2O leading to increase in the 

energy bandgap values owing to quantum size effect. 

Further, the demonstrated synthesis method is one pot, 

solution phase, and template free and economical. It is 

repeatable and easy to scale up. 
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