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Abstract: The effect of addition the copper oxide nanoparticles on optical properties of polymethylmethacrylate has been studied. For
this purpose , many samples have been prepared by adding copper oxide nanoparticles to with different weight percentages by using
casting method. The absorption spectra has been recorded at the wavelength ranges (300-1000) nm. The results show that the
(absorption coefficient, extinction coefficient, refractive index and real and imaginary dielectric constants) of (PMMA-CuO)
nanocomposites are increasing with the increase of the copper oxide nanoparticles concentrations. The energy band gap of (PMMA-
CuO) nanocomposites decreases with the increase of the copper oxide nanoparticles concentrations.
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1. Introduction 

Polymer nanocomposites have unique properties such as
light weight, high flexibility, and ability to be fabricated at
low temperature and low cost [1]. Polymers are of profound 
interest to society and are replacing metals in diverse fields 
of life, which can be further modified according to modern 
application. They are more desirable than traditional 
materials in such areas as packaging, construction, and 
medical applications. Processing of polymeric materials 
basically depends on applied heat and pressure [2].  

Many of modern technologies require materials with unusual 
combinations of properties that cannot be met by the 
conventional metal, alloys, ceramics, and polymeric 
materials. This is especially true for materials that are 
needed for aerospace, underwater, and transportation 
applications[3]. A composite material is basically a 
combination of two or more materials, each of which retains 
its own distinctive properties. usually the term composite is
applied to materials that are created by mechanical bonding 
two or more different materials together. The resulting 
materials have characteristics that are not characteristics of
the component in isolation[4]. Nanotechnology is likely to
have a profound impact on our economy and society in the 
early twenty-first century, science and technology research 
in nanotechnology promises breakthroughs in such areas as
materials and manufacturing, nanoelectronics, medicine and 
healthcare, energy, biotechnology, information technology, 
and nationa security. It is widely felt that nanotechnology 
will be the next industrial revolution[5]. The main reasons 
for the continue increase in the demand of the commodity 
plastics are as follows: 
 Plastics are low density solids, which makes it possible to

produce lightweight objects. 
 Plastics have low thermal and electric conductivities, 

since they are widely used for insulation purposes. 
 Plastics are easily moulded into desired shapes. 
 Plastics usually exhibit high corrosion resistance and low 

degradation rates and are highly durable materials. 
 Plastics are low cost materials. 

All these advantages make the plastic materials to be used in
almost all fields of the every day life[6]. Poly(methyl 

methacrylate) is an amorphous thermoplastic, PMMA is
produced by the addition polymerization of methyl 
methacrylate. The polymer has very good optical properties 
but has poor scratch resistance. It has good dimensional 
stability due to rigid polymer chains. It has good weather 
resistance, and is stable to acid and alkalis. It is attacked by
several organic solvents, and has good impact strength higher, 
than that of glass or polystyrene. It has the best transparency 
and optical properties of commercially available 
thermoplastic[7]. PMMA is a colorless transparent plastic, i.e. 
transmits light almost perfectly (92%), which make them 
suitable to serve as a conduit for light[8]. Chloroform, which 
is used as a solvent for PMMA, is considered as the greatest 
soluble limit for PMMA; it has the greatest evaporation rates, 
less viscosity and the least chemical hazard than other 
solvents [9]. 

Copper oxide (CuO) nanoparticles are prominent due to their 
varied applications in superconductors, optical, electrical, 
catalytic, photocatalytic degradation, gas sensors, and in
biosensors. CuO is an antimicrobial, anti-biotic and anti-
fungal agent when incorporated in coatings, plastics, textiles, 
etc. It acts as a catalyst to eliminate industrial effluent in the 
environment. The elimination of these pigments and other 
organic materials ensures a safe and clean environment [10]. 
The optical properties of amorphous semiconductors have 
been the subject of many recent papers. The study of the 
optical constants of materials composite is interesting for 
many reasons. First, the use of materials in reflected coating 
requires accurate knowledge and optical fibers of their optical 
constants over wide ranges of wavelength. Second, the optical 
properties of all materials are related to their electronic band 
structure, atomic structure and electrical properties. The 
optical properties of polymers can be suitably modified by the 
addition of dopants depending on their reactivity with the 
host matrix[11]. 

The aim of this paper, the effect CuO nanoparticles on the 
optical properties of the Polymethylmethacrylate. 

2. Experimental Part 

Polymethylmethacrylate solution was prepared by dissolving 
it in chloroform by using magnetic stirrer in mixing process 
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to get homogeneous. Nanocomposites of (PMMA-CuO) 
films are prepared by using casting method. The copper 
oxide nanoparticles are added to poly (methyl methacrylate) 
with different concentrations are (0,2,4,6 and 8) wt.% and 
mixed for 20 minutes to get more homogenous solution. The 
optical properties of (PMMA- CuO) nanocomposites are 
measured by using UV/1800/ Shimadzu spectrophotometer 
in range of wavelength (320-1040) nm. The optical 
constants are very important because they describe the 
optical behavior of the materials. The absorption coefficient 
of the material is very strong function of photon energy and 
band gap energy[12]. 

Absorptance (A) is defined as the ratio between absorbed 
light intensity (IA) by material and the incident intensity of
light (Io) [13].  

A = IA / Io ………..…….….. (1) 

Transmittance (T) is given by reference to the intensity of
the rays transmitting from the film (I) to the intensity of the 
incident rays on it (Io) (T=I/ Io), and can be calculated by:  

T = exp (-2.303A)            ……….….. (2) 

And Reflectance (R) can be obtained from absorption and 
transmission spectra in accordance with the law of
conservation of energy by the relation: 

R + T + A = 1        ………..…….….. (3) 

Absorption coefficient (α) of (PMMA-CuO) 
nanocomposites is defined by following equation[18]:

α=2.303A/t ………..…….….. (4) 

Where A: is the absorbance and t: is the sample thickness. 

The indirect transition for amorphous materials is[14]:
αhν =B(hν −Eg)r ………..…….….. (5) 

Where B is a constant, hυ is the photon energy , Eg is the 
optical energy band gap, r=2 for allowed indirect transition 
and r=3 for forbidden indirect transition. 

The Refractive index (n) is given by following equation for 
(PMMA-CuO) nanocomposites[15]:  

n= (1+R1/2)/ (1-R1/2 ) ………..…….….. (6)  
Where R is the reflectance. 

The extinction coefficient (k) is calculated by the following 
equation[15]:  

K=αλ/4π ………..…….….. (7)  

The dielectric constants (ε) is divided into two parts real (ε1) 
and imaginary (ε2) are calculated by using equations [16]:

ε1=n2-k2 ………..…….….. (8)  
ε2=2nk ………..…….….. (9) 

3. Results and Discussion 

The variation of absorbance of (PMMA-CuO) 
nanocomposites with wavelength of different concentrations 
of additive nanoparticles is shown in figure(1). The figure 
shows that the absorbance of polymer is increased with the 
increase the concentrations of nanoparticle, this is due to the 
nanoparticles absorb the incident light[17].

Figure 1: Variation of the absorbance of (PMMA-CuO) nanocomposites with the wavelength 

Figure (2) shows the optical transmittance spectra as
function of incident wavelength for (PMMA-CuO) 
nanocomposites. From the figure, the transmittance 
decreases with increasing of concentration of nanoparticles.  
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Figure 2: variation of the transmittance of (PMMA-CuO) 
nanocomposites with the wavelength 

The relationship between the absorption coefficient of
(PMMA-CuO) nanocomposites and photon energy with 
different weight percentages of copper oxide nanoparticles is
shown in figure (3). From the figure, the absorption 
coefficient of (PMMA-CuO) nanocomposites increases with 
the increase of the copper oxide nanoparticles concentrations 
which related to the increase the number of carries charges 
in nanocomposites[18].

Figure 3: Variation of the absorption coefficient of
(PMMA-CuO) nanocomposites with photon energy. 

The values of absorption coefficient of (PMMA-CuO) 
nanocomposites are less than 104 cm-1 , so, the 
nanocomposites have indirect energy gap as shown in figure 
(4) and figure (5) for allowed indirect and forbidden indirect 
transition of (PMMA-CuO) nanocompsites respectively. The 
energy band gap of (PMMA-CuO) nanocompsites decreases 
with the increase of the concentrations for copper oxide 
nanoparticles, this behavior attributed to the increase of the 
localized level in energy band gap[19].

Figure 4: Relationship between (αhυ)1/2(cm-1.eV)1/2 and 
photon energy of (PMMA-CuO) nanocomposites. 

Figure 5: relationship between (αhυ)1/3(cm-1.eV)1/3 and 
photon energy of (PMMA-CuO) nanocomposites. 

Figure (6) shows the variation of the extinction coefficient of
nanocompsites with photon energy for different concentration
of copper oxide nanoparticles. The extinction coefficient is
increased with the increase of copper oxide nanoparticles 
concentrations which attributed to the increase of absorb part 
of the incident light[20], and so, loss of energy because the 
reaction between the light and the molecules of the 
medium[21].

Figure 6: variation of extinction coefficient of (PMMA-CuO) 
nanocomposites with the wavelength 

The relationship between the refractive index of (PMMA-
CuO) nanocomposites and wavelength is shown in figure (7). 
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The figure shows that the refractive index increases with the 
increase of the concentration of filler which is due to the 
increase the scattering of the light [23]; so it increase, 
because the increase of the density of nanocomposite[22].

Figure 7: relationship between the refractive index of
(PMMA-CuO) nanocomposites and wavelength. 

Figure (8) and figure (9) show the variation of real and 
imaginary parts of dielectric constant of (PMMA-CuO) 
nanocompsites with wavelength for different CuO 
nanoparticles concentrations respectively. From the figures, 
the real and imaginary parts of dielectric constant for 
(PMMA-CuO) nanocomposites increase with the increase of
CuO nanoparticles concentrations. The increase of real and 
imaginary parts of dielectric constant attributed to increase 
the absorption of incident light and the density of (PMMA-
CuO) nanocomposites with the increase of copper oxide 
nanoparticles concentrations[23]. 

Figure 8: variation of real part of dielectric constant of
(PMMA-CuO) nanocompsites with wavelength. 

Figure 9: Variation of imaginary part of dielectric constant 
of (PMMA-CuO) nanocompsites with wavelength 

4. Conclusions 

1) The absorbance of (PMMA-CuO) nanocomposites 
increases with the increase of the concentrations of copper 
oxide nanoparticles and the transmittance decreases with 
increasing of the concentrations of the copper oxide 
nanoparticles.  

2) The optical constants (absorption coefficient, extinction 
coefficient, refractive index and real and imaginary 
dielectric constants) of (PMMA-CuO) nanocomposites are 
increasing with the increase of the concentrations of the 
copper oxide nanoparticles.  

3) The energy band gap of (PMMA-CuO) nanocomposites 
decreases with the increase of the concentrations of the 
copper oxide nanoparticles.  
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