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In the present work, thin films of poly(methyl methacrylate)/lead oxide
nanoparticles composites [PMMA/PbO(NPs)] were prepared using
solution-cast method. The effect of PbO NPs with different concentrations
in the range from 0.26 to 1.00 wt% on the transmittance spectra in the
spectral region 400-700 nm was followed using spectrophotometer tool,
CIE tristimulus values and color parameters. The changes in the optical
parameters including: absorption coefficient, band tail width and band gap
energies, extinction coefficient and color strength as well as refractive
index and dispersion parameters were investigated. The data obtained
indicated that the optical parameters were highly affected by changing PbO
NPs concentration. The dispersion parameters were changed by
incorporation of PbO. In conclusion, the obtained optical parameters of
PMMA were found to be strongly affected its optical properties by addition
of PbO nanoparticles.  2016 Trade Science Inc. - INDIA

INTRODUCTION

According to the physical and chemical proper-
ties and applications in different medical and indus-
trial fields, nano-materials were attracted the inter-
esting of many investigators[1,2]. On other hand, nano-
materials have a long axis to absorb incident sun-
light, one-dimensional nanostructures were gained
attention in solar energy conversion[3,4].

Lead oxides (PbO) are fascinating compounds
because of their four numerous phases: PbO (á, â
and amorphous), Pb

2
O

3
, Pb

3
O

4
, PbO

2
 (á, â and amor-

phous)[5-7]. PbO has two polymorphic forms: a red
á-PbO, which is stable at low temperature and a

yellow â-PbO, which is stable at temperatures higher
than 425 oC. PbO has a wide band gap and a high
refractive index. A mixture of á- and â-PbO nano-
crystals could be obtained via the calculation of both
lead citrate and lead oxalate[8]. Moreover, lead ox-
ide nanoparticles [PbO(NPs)] were used in medi-
cal, pharmaceutical, nuclear and space industries
applications such as; gamma ray protective cloth-
ing, shielding, magnetic imagining, batteries, X-ray
sensing application and drug delivery as well as they
have antibacterial uses[9-13]. PbO nanostructure could
be synthesized using various methods[5,14]. The sol�
gel method shows considerable advantages over the
customary methods and provides a low cost, simple,
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non-hazardous technique for the preparation of dif-
ferent nano-oxides.

Polymers have special interest they give com-
plexes when they were in combination with suitable
metal salts. These complexes were useful for the
development of photo-electrochemical cells and ad-
vanced high energy electrochemical devices with
ease of fabrication into thin films. Also polymer�
inorganic oxide nanoparticles composites have at-
tracted interest in the field of material science due
to they exhibit enhanced material properties in com-
parison with the pure polymers. Now, composites
make of polymers and nanoparticles such as; inor-
ganic, metal, semiconductor, carbon black, and mag-
netic nanomaterials have attracted great attention
because of the stabilizing effects of the polymer ma-
trix on the nanoparticles[15,19].

Poly(methyl methacrylate (PMMA) has various
applications in many technological and productive
fields. It is an important thermoplastic material.
PMMA takes advantages of the unique combination
of excellent optical properties (transparency in a
wide range from the near ultraviolet to the near in-
frared). In addition, PMMA is very suitable for nu-
merous imaging and non-imaging microelectronic
applications such as a photoresistance for direct-
write e-beams, X-rays and deep UV
microlithographic process. It has been used to make
a variety of optical devices such as optical
lenses[20,21]. PMMA has thermal stability, electrical
properties, safety, weather resistance, model ability
and easy shaping[22]. PMMA was also used in skel-
etal surgery as a means of securing prosthetic im-
plants and as a delivery agent for local high-dose
antibiotics to treat soft tissue, extremely utilized for
antibiotic delivery system purposes for the treatment
of osteomyelitis and osseous infections[23,24]. In ad-
dition, PMMA is a widely used support medium for
the embedding of intact, undecalcified bone[25] and
its hardness makes it ideal for calcified tissue sec-
tioning and subsequent histological examination[26].

The objective of the present study is to prepare
thin films of PMMA/PbO(NPs) composites. The in-
fluence of PbO NPs with different concentrations
on the optical properties of the prepared films was
investigated.

EXPERIMENTAL

Materials and sample preparation

In the present work, lead diacetate of chemical
formula [Pb(CH

3
COO)

2
] with average molecular

weight 279.33 and oxalic acid [C
2
H

2
O

4
] of molecu-

lar weight 126.07, supplied from Adwik, Egypt, were
used. Poly(methyl methacrylate) powder of chemi-
cal formula [CH

2
C(CH

3
)(CO

2
CH

3
)-]

n
 with average

molecular weight 320,000 was supplied from Alfa
Aesar, GmbH & Co., KG.

The sol�gel process was used to get lead oxide
nanoparticles [PbO(NPs)][27-29]. In this method,
weighted amounts of lead diacetate and oxalic acid
were dissolved in 200 mL double distilled water
under a magnetic stirring for about 1 h at 60 oC to
give a white colloidal suspension. The obtained sol
was kept in an electrical oven at about 80 oC for 8 h,
cooled gradually to room temperature (about 25 oC)
and stirred to get the gel form. The gel was aged for
18 h at about 25 oC. The obainted gel was calcined
at about 900 oC for 1 h to give yellow-greenish PbO
nano-powders. The X-ray diffraction (XRD) pattern
(data not shown) indicates that the obtained PbO
nano-powder was a mixture of orthorhombic â-PbO

and tetragonal á-PbO phases and the average crys-
talline size was found to be about 84 nm.

The prepared PbO(NPs) were added in differ-
ent ratios, x (0, 0.26, 0.48, 0.52, 0.78 and 1.00 wt%)
to PMMA by using the relation[29]:
x = [W

f
 / (W

f
 + W

p
)] x 100 (1)

W
f
 is the weight of PbO(NPs) and W

p
 is the

weight of PMMA. Five thin films of PMMA/
PbO(NPs) composites (100.00/0.00, 99.74/0.26,
99.48/0.52, 99.22/0.78 and 99.00/1.00 wt/wt%)
were prepared by casting method as follows[27-29]: a
weight amount of PMMA was dissolved in toluene
(70 ml) with stirring for 1 h at 60 oC until the poly-
mer completely dissolved. PbO(NPs) were added
to the PMMA solution in the appropriate ratio under
vigorous stirring to prevent agglomeration. Finally,
the solution were cast into stainless steel Petri dishes
and placed in an oven at 60 °C for 24 h in air. Care

was taken to obtain films of uniform thickness (H�
0.01 mm) for recording optical transmittance spec-
tra. The samples were measured at room tempera-
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ture as solid films (slabs) of dimensions 1 x 4 cm.

Optical measurements

The optical transmittance for the prepared
PMMA/PbO(NPs) composites films were recorded
in the visible range from 400 to 700 nm by using a
Shimadzu UV/VIS/NIR Double Beam Spectropho-
tometer (Japan) with standard illuminant C
(1174.83), model V-530 and band width 2.0 nm cov-
ers the range 200-2500 nm with accuracy ±0.05%.

The color properties were analyzed using the CIE
Colorimetric System, CIE 1931 2-degree Standard
Observer[30,31]. The tristimulus transmittance values

(x
r
, y

r 
and z

r
), the relative brightness (L), the color

constants �a� and �b�, the whiteness index (W), the

color difference (ÄE), the chroma (ÄC) and the hue
(ÄH) were calculated using the CIE relations previ-
ously reported[32].

The recorded data for each composite were an
average of three measurements taken from three slabs
from the same film.

RESULTS AND DISCUSSIONS

Figure 1 shows the transmittance spectra of

Figure 1 : The transmittance spectra of PMMA/PbO(NPS) composites

Figure 2 : Variation of the tristimulus transmittance value (y
t
) with wavelength for PMMA/PbO(NPS) composites
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PMMA/PbO(NPS) composites in the wavelength
range 400-700 nm. It is clear from the figure that
there is an observable decrease in the transmittance
value for the whole spectrum of the composite with
increasing the concentration of PbO NPs up to 1.00
wt%. This variation in the transmittance values may
be attributed to the fact that increasing PbO NPs con-
centration decreases the transparency of the sample
which may be due to that there is a change in the
molecular configuration[33,34].

From the transmittance values (Figure 1), the
tristimulus transmittance values (y

t
) of PMMA/

PbO(NPS) composites were calculated and plotted
as a function of wavelength (400-700 nm) and shown
in Figure 2. It is observed that, the behaviors of y

t

for the composites are similar and there is no change
in the peak position (at 560 nm). It is also observed
that, y

t
 value decreases with increasing PbO NPs up

to 1.00 wt%.
Figure 3a and Figure 3b show the variations of

the tristimulus transmittance values (x
t
) and (z

t
), re-

spectively, with wavelength. It is clear that the be-
haviors of the samples are similar and show the same
peak positions. Also, x

t
 and z

t
 values decrease with

increasing PbO NPs up to 1.00 wt%.
TABLE 1 illustrates the values of x

r
, y

r
 and z

r
 at

their peak positions and TABLE 2 represents the
percentage changes in the maximum tristimulus trans-
mittance values for PMMA/PbO(NPS) at their band
positions.

From the obtained data, the observed variations
may be attributed to that there is a change in the mo-
lecular configuration which indicates to the forma-
tion of new color centers[33,34].

TABLE 3 represents the variations of color pa-
rameters such as; brightness (L), color constants, �a�
and �b� and whiteness index (W) calculated from

the transmittance values (Figure 1) and their per-
centage changes for PMMA/PbO(NPS) composites.
From the table it is noticed that: The relative bright-
ness (L) shows decrease in their values with increas-
ing the concentration of PbO NPs which means that
the composites become fader in color.

 
The values of

the color constant �a� increase by increasing the PbO

NPs content up to 1.00 wt% which indicates that,
there is an increase in red component instead of green
one. The values of the color constant �b�, also, in-

crease by increasing PbO NPs which indicates that

Figure 3 : Variations of the tristimulus transmittance value, x
r
 (a) and tristimulus transmittance value, z

r
 (b) with

wavelength for PMMA/PbO(NPS) composites
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there in an increase in yellow component instead of
blue one. Opposite behavior is observed for the
whiteness index (W) in comparison with the color
constants �a� and �b�. The observed decrease in the

whiteness index (W) values and the results of the
color scales (ÄE, ÄC and ÄH) indicate that varia-
tions in color difference between the composites
were occurred due to the presence of different con-
centrations of PbO NPs with PMMA.

The remarkable variations in the color param-
eters calculated from the transmittance spectra with
increasing the concentration of PbO NPs may be at-
tributed to change in physical bonds and then changes
in the molecular configuration of PMMA were oc-
curred as mentioned before[33,34]. These variations
in the molecular configuration may lead to forma-
tion of new dopant centers of the polymeric mate-
rial. Furthermore, the obtained data of the color pa-
rameters are of great importance for the improve-
ment of the optical properties of the PMMA.

From the optical transmittance spectra, the ab-
sorption coefficient (á) of the prepared composites
films was calculated using the following rela-
tion[32,35,36]:
á = (1/d) [ n (1-R)2/T] (2)

where d is the thickness of the sample in cm, T is the

transmittance value and R is the reflectance value.
The absorption coefficient values (á) for the pre-
pared films were calculated in the visible wave-
length range 400-700 nm and in the photon energy
range 1.77-3.10 eV. Figure 4 shows the variation
between the absorption coefficient (á) as a function
of wavelength (a) and photon energy, hí (b) for
PMMA/PbO(NPS) composites. It is clear from the
figure that, á values increases with increasing PbO
NPs content up to 1.00 wt%. This may be attributed
to the changes of the molecular configuration which
indicates to the formation of new color centers[32,33,35].
TABLE 4 illustrates values of absorption coefficient
(á) and their percentage changes at 560 nm.

For amorphous materials, an exponential depen-
dence on photon energy (hí) in the low absorption
region of the absorption coefficient (á) was shown
and obeys Urbach relation[32,35-37]:
á = á

o
 exp (hõ/E

b
) (3)

where á
o
 is a constant, õ is the frequency of radia-

tion and E
b
 is the energy which interpreted the width

of the tail localized states in the normally forbidden
band gap and associated with the amorphous nature
of the polymeric materials. The relation between �
n á and hõ for PMMA/PbO(NPS) composites is

illustrated in Figure 5. From the figure, straight lines

PMMA/PbO(NPS)  composite (wt/wt%) 
xr yr zr 

ë = 440 nm ë = 600 nm ë = 560 nm ë = 440 nm 

100.00/0.00 282.225 678.692 736.796 1415.598 

99.74/0.26 268.193 643.881 697.825 1345.217 

99.48/0.52 208.608 527.544 565.267 1046.346 

99.22/0.78 179.869 460.247 489.688 902.195 

99.00/1.00 149.778 396.888 417.455 751.264 

TABLE 1 : The maximum tristimulus transmittance values (x
r
, y

r
 and z

r
)

 
for PMMA/PbO(NPS) composites at their

peak positions

TABLE 2 : The percentage changes in the maximum tristimulus transmittance values for PMMA/PbO(NPS) at
their band positions

PMMA/PbO(NPS) composite (wt/wt%) 
(Äxt)%  (Äxt)%  (Äzt)% 

ë = 440 nm ë = 600 nm  ë = 560 nm  ë = 440 nm 

100.00/0.00 - -  -  - 

99.74/0.26 4.97 5.13  5.29  4.97 

99.48/0.52 26.08 22.27  23.28  26.08 

99.22/0.78 36.28 32.19  33.54  36.28 

99.00/1.00 46.93 41.52  43.34  46.93 
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Figure 4 : The absorption coefficient (á) as functions of wavelength (a) and photon energy (b) for PMMA/PbO(NPS)
composites

were obtained and suggested that the absorption fol-
lows the quadratic relation for inter-band transitions
and Urbach rule was verified[37]. The values of band
tail energy (E

b
) were deduced from the slopes of

these straight lines and their percentage changes were
tabulated in TABLE 4. It is noticed that, E

b
 values

decrease by increasing the concentration of PbO NPs
up to 1.00 wt% (about 24.5%). These changes may
be attributed to the variation in the internal fields
associated with structure disorder in the PMMA

matrix[37].
According to Tauc�s model for higher values of

absorption coefficient where the absorption was as-
sociated with inter-band transitions, it yields the
power part which belongs to the Tauc[38] and Mott &
Davis[37] formula as:
áhõ = B (hõ � E

g
)n (4)

where B is the slope of Tauc�s edge called the band

tail parameter in the range from 1 × 105 to 1 × 106

(cm.eV)-1 and n is assumed to be 1/2 or 2 for al-

TABLE 3 : The color parameters and their percentage changes for PMMA/PbO(NPS) composites

Color parameters 
PMMA/PbO(NPS) composite (wt/wt%) 

100.00/0.00 99.74/0.26 99.48/0.52 99.22/0.78 99.00/1.00 
L 
ÄL% 

89.18 
- 

87.32 
-2.09 

80.23 
-10.03 

75.74 
-15.07 

70.94 
-21.24 

a 
Äa*% 

0.44 
- 

0.60 
36.36 

0 .89 
102.27 

1.43 
225.00 

2.05 
365.91 

b 
Äb*% 

2.55 
- 

2.81 
10.20 

4 .02 
57.65 

4.13 
61.96 

4.91 
92.55 

W 
ÄW% 

62.40 
- 

59.00 
-5.45 

36.10 
42.15 

26.90 
56.89 

13.90 
77.72 

ÄE - 1.87 9 .08 13.57 18.46 

ÄC - 2.48 4 .12 4.37 5.32 

ÄH - 75.91 77.49 70.93 67.37 
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Figure 5 : Urbach law plots for PMMA/PbO(NPS) composites

TABLE 4 : Values of absorption coefficient (á) at 560 nm, band tail energy (E
b
), and direct energy gap (E

d
), and their

percentage changes for PMMA/PbO(NPS) composites

PMMA/PbO(NPS) composite (wt/wt%) á (cm -1) at 560 nm Äá% Eb (eV) ÄEb% Ed (eV) ÄEd% 

100.00/0.00 28.94 - 0.2842 - 2.168 - 

99.74/0.26 34.38 18.80 0.2288 -19.49 2.110 -3.48 

99.48/0.52 55.44 91.57 0.2279 -19.81 2.078 -4.94 

99.22/0.78 69.80 141.19 0.2196 -22.73 1.923 -12.03 

99.00/1.00 85.76 196.34 0.2146 -24.49 1.794 -17.93 

Figure 6 : The variations of (áhõ)2 (a) and (áhõ)1/2 as functions of photon energy (hõ) for PMMA/PbO(NPS) compos-
ites
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lowed direct and allowed indirect transitions, re-
spectively, which represents the electronic transi-
tion responsible type for absorption. Figure 6a
shows the variation of (áhõ)2 for PMMA/PbO(NPS)
composites as a function of (hõ). The values of al-
lowed direct energy gap (E

d
) were calculated by

extending the linear parts of the curves to zero ab-
sorption and were represented in TABLE 4. It is
observed that, E

d
 values decrease with increasing

PbO NPs content up to 1.00 wt% by about 18%
which indicates that the values of E

d
 show the de-

pendence on the composition of the composite and
creation of localized states in the band gap as a re-
sult of existence of PbO NPs. The variation of (áhõ)1/

2 as a function of hõ were shown in Figure 6b. It may
be presumed that the obtained changes may be due
to the change in molecular configuration induced by
PbO NPs content[32-34]. It is noticed that the decrease
in the values of E

b
 and E

d
 with increasing the con-

centration of PbO NPs may be due to that PbO NPs
induced structural changes in the system. On other
hand, these decreases may arise from the random

fluctuations of the internal fields associated with the
structure disorder in the amorphous region of the
polymer material[32] (PMMA).

The extinction coefficient (K) was a parameter
characterizing the photonic material and was calcu-
lated from the transmittance spectra using the equa-
tion[36]:
K = áë/4ð (5)

ë is the wavelength (cm) and á is the absorption
coefficient (cm-1). The extinction coefficient (K)
describes the properties of the material to light of a
given wavelength and indicates the amount of ab-
sorption loss when the electromagnetic wave propa-
gates through the material. Figure 7 represents the
variation in the extinction coefficient as a function
of wavelength for PMMA/PbO(NPS) composites
films. It is clear from the figure that the values of K
were found to be small in the order 10-4. This indi-
cates that the prepared composites were considered
to be insulating materials at room temperature[39]. In
addition, the increase in the extinction coefficient

Figure 7 : Variation in the extinction coefficient (K) as a
function of wavelength for PMMA/PbO(NPS) compos-
ites Figure 8 : Variation in the color strength (á/S) as a func-

tion of wavelength for PMMA/PbO(NPS) composites
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values with increasing the wavelength and PbO Nps
content shows that the fraction of light lost due to
scattering.

Color strength (á/S) value has a close relation-
ship to the amount of PbO NPs presented with
PMMA network. The color strength of the prepared
films was determined using Kubelka-Munk equa-
tion[40]:
á/S = (1 - R)2 / 2 R (6)

á is the absorption coefficient and S is the scat-
tering coefficient. Figure 8 shows the variation in
the color strength (á/S) as a function of wavelength
for PMMA/PbO(NPS) composites. It is clear from
the figure that the values of á/S increase with in-
creasing wavelength and decrease markedly by in-
creasing PbO NPs content. The decrease in á/S val-
ues may be attributed the fact that PbO NPs give a
fade color which is in agreement with the data of the
color parameters.

The reflectance (R) and the extinction coefficient
(K) data were used to determine the refractive in-
dex (n) and some dispersion parameters. The re-
fractive index (n) of the prepared films was calcu-

lated according to the relation[44]:
n = [(1 + R)/(1 � R)] + {[4R/(1 - R)2] � K2}1/2 (7)

where n is the real part of the complex refractive
index given by ñ = n + ik. Figure 9 shows the refrac-

tive index distributions of PMMA/PbO(NPS) com-
posites films in the visible region. The figure re-
veals that the values of n of the composite films in-
creased markedly upon incorporation of PbO NPs
into the PMMA matrix. Also, n values decrease with
increasing the wavelength (ë). The increased in the
values of n by increasing PbO NPs content may be
caused when the incident light interacts with the
material that has a large amount of particles, the re-
fraction will be higher and hence the refractivity of
the films will increase[27]. Such increases in n may
allow these materials to be used as an anti-reflec-
tion coating for solar cells, or as high-refractive in-
dex lenses.

The lattice dielectric constant (å
1
) and the ratio

of carrier concentration to electron effective mass
(e2N/ðc2m*) can be calculated by plotting the varia-
tion of n2 versus ë2 and according to the dispersion
relation[42]:

Figure 10 : The dependence of n2 on ë2 for PMMA/
PbO(NPS) composites

Figure 9 : The variation of refractive index (n) as a func-
tion of wavelength (ë) for PMMA/PbO(NPS) compos-
ites
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n2 = å
1
 � (e2N/ðc2m*) ë2 (8)

The variation of n2 as a function of ë2 for PMMA/
PbO(NPs) composites was shown in Figure 10.
From the figure, the values of å

1
 and (e2N/ðc2m*)

were obtained from the intercept and the slope of
the straight line parts. TABLE 5 reveals that the val-
ues of (e2N/ðc2m*) increase with increasing PbO
NPs content. This means that PbO NPS incorpora-
tion increases the charge carrier concentration in-
side the PMMA matrix.

From the dispersion behavior of refractive in-
dex (n) and wavelength (ë), different dispersion pa-
rameters can be deduced within the reflectance in
the range 400�700 nm on the basis of the model re-

ported by Wemple and DiDomenico[43]:
n2 = 1 + [(E

p
E

o
)/(E2

o
 - hí)]2 (9)

E
p
 is the energy parameter (a measure of the

strength of inter-band optical transitions) and E
o
 is

the single oscillator energy (the average excitation
energy for electronic transitions). E

p
 and E

o 
were

obtained from the intercept and slope of the linear
part of (n2-1)-1 and (hí)2 as depicted in Figure 11(a)
and were tabulated in TABLE 5.

The change of n with ë can also be expressed by
the dispersion equation as[44]:
(n2


 - 1)/(n2 � 1) = 1 � (ë

o
/ë)2 (10)

where n

 is the long-wavelength refractive index and

ë
o
 is the average inter-band oscillator wavelength.

The average oscillator strength (S
o
) [= (n2


-1)/ë2

o
]

was also calculated. The parameters n

, ë

o
, and S

o

were obtained from the intercept and the slope of
(n2 - 1)-1 versus ë-2 curves (Figure 11b). The values
of these parameters were given in TABLE 5. It was
noticed that the dispersion parameters of PMMA
were changed by the incorporation of PbO NPs into
the PMMA matrix. This suggests that the optical con-
stants of the prepared composites could be controlled
by PbO NPs content. The quantitative measurements
of these parameters may assist in tailoring and mod-
eling the properties of such nanocomposites for use
in optical components and devices.

The frequency dependence of the optical dielec-
tric constant is a parameter that gives information
about the electronic excitations inside the materials.
The real (å

real
) and imaginary (å

imag.
) parts of com-

plex dielectric constants can be calculated by using
the following relations[44]:
å

real
 = n2(ë) � K2(ë) (11)

and
å

imag.
 = 2 n(ë) K(ë) (12)

Figure 12 shows the variation in the real value,
å

real
 (a) and the imaginary value, å

img.
 (b) of the opti-

cal dielectric constant with photon energy (hõ) for
PMMA/PbO(NPS) composites. It is clear from the
figure that the values of å

real
 and å

img
 increase with

increasing PbO NPs content which may be attrib-

TABLE 5 : Values of å
1
, (e2/ðc2)(N/m*), the energy parameter (E

p
), the single oscillator energy (E

o
), the long-wave-

length refractive index (n

), ë

o
 is the average inter-band oscillator wavelength (ë

o
) and the average oscillator strength

(S
o
) and their percentage changes for PMMA/PbO(NPS) composites

Dispersion parameters 
PMMA/PbO(NPS) composite (wt/wt%) 

100.00/0.00 99.74/0.26 99.48/0.52 99.22/0.78 99.00/1.00 
å1 

Äå1% 
11.167 

- 
14.105 
26.31 

27.616 
147.30 

48.350 
332.97 

77.373 
592.87 

(e2N/ðc2m*) x 10-6  Ä(e2N/ðc2m*)% 
7.299 

- 
10.098 

38.35 
20.408 

179.60 
48.449 

563.78 
86.637 

1086.97 
Ep  (eV) 
ÄEd% 

4.811 
- 

4.964 

3.12 
5.072 
5.43 
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n 

Än%  
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17.48 

4.321 
56.39 

5.671 
105.25 

7.329 
165.26 

ëo  (nm) 
Äëo% 

258 
- 

250 
-3.10 

240 
6.98 

236 
8.53 

223 
13.57 

So
 (nm-2) x 10- 4 

ÄSo% 
0.999 

- 
1.528 
52.95 

3.077 
208.01 

5.592 
459.76 

10.578 
958.86 
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uted to the high dielectric constant of PbO nanoparticles.

Figure 11 : The variation of (n2-1)-1 as a function of (hõ)2 (eV)2 (a) and ë-2 (b) for PMMA/PbO(NPS) composites

Figure 12 : The variation in the real value, å
real

 (a) and the imaginary value, å
img.

 (b) of the optical dielectric constant
as functions of photon energy (hõ) for PMMA/PbO(NPS) composites
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CONCLUSIONS

The observed changes in the color parameters
calculated from the transmittance spectra with in-
creasing the concentration of PbO nanoparticles may
be due to the changes produced in the physical bonds
and in the molecular configuration of PMMA. These
variations may lead to formation of new dopant cen-
ters of the polymeric material. In addition, the ob-
tained data results of the optical (color and disper-
sion) parameters are of great importance for the im-
provement of the optical properties of the PMMA.
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