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Titania nanoparticles (nTiO2) are synthesized by sol–gel technique. Charac-
terization of nTiO2 is accomplished with XRD instrument. SEM is used to 

analyse the structure of nTiO2 samples and to determine nanoparticle sizes. 
Various concentrations of nTiO2 (0.5, 1, 1.5, 2 and 2.5 ml) blended with DCM 

laser dye blended with polymer (polystyrene) are synthesized via casting 

technique. Investigations of the effect of these additions on both optical 
properties and electronic-transition energy gaps in cases of Tauc’s model and 

derivative absorption spectra are carried out. The results of the allowed di-
rect electronic transition energy gap indicate decreasing from 2.3 to 2.23 eV 

as nTiO2 concentration increase, whereas the energy gap magnitudes found 

from the first absorbance derivative decrease from 2.348 to 2.313 eV as 

nTiO2 concentration increase. 

Наночастинки діоксиду титану (nTiO2) синтезовано за допомогою золь–
ґель-методики. Характеризацію nTiO2 виконано за допомогою рентґенів-
ського дифракційного інструментарію. Сканувальну електронну мікрос-
копію використано для аналізи структури зразків nTiO2 та визначення 

розмірів наночастинок. Різні концентрації nTiO2 (0,5, 1, 1,5, 2 і 2,5 мл) у 

суміші з лазерним барвником 4-(dicyanomethylene)-2-methyl-6-(p-
dimethylaminostyryl)-4H-pyran, змішаним з полімером (полістиролом), 

синтезовано за допомогою методи лиття. Проведено дослідження впливу 

цих присадок як на оптичні властивості, так і на електронні перехідні 
енергетичні щілини у випадках моделю Таука та похідних спектрів пог-
линання. Результати дозволеної прямої електронної перехідної енергети-
чної щілини свідчать про пониження з 2,3 до 2,23 еВ у міру збільшення 

концентрації nTiO2, тоді як величини енергетичної щілини, виявлені за 

першою похідною абсорбції, зменшуються з 2,348 до 2,313 еВ у міру збі-
льшення концентрації nTiO2. 
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1. INTRODUCTION 

Extensive research contributions have been done to improve amorphous 

polymeric materials with a high ionic conductivity at room temperature 

besides good mechanical, optical, and thermal characteristics [1]. Dop-
ing of polymers had attracted more interest by scientists and techni-
cians because of their wide applications. The blend in polymer can 

change the polymer structure and hence the microstructural character-
istics of the polymer [2]. One of the techniques that are used to obtain 

amorphous kind of electrolyte is based on dissolving the salt in the im-
mobilized polymer matrix. Moreover, this polymer is considered as an 

excellent host matter for various composites. Different research groups 

are examining the obvious trace of blending on all optical, thermal, 
structural, and mechanical characteristics [3]. The polymer optical 
characterizations can be enhancing by addition of blends to be depend-
ent on their reactivity with the host matrix. Many researchers have ex-
amined the properties of acid-based polymer electrolyte complexes such 

as proton conductors and their potential usages in solid-state devices 

[4]. Polystyrene (PS) is one of unique polymeric material, which has 

wide applications in industry and its relatively low cost [5]. PS is a po-
tential matter, which exhibits a higher dielectric strength, better ca-
pacity for storage of the charges, and improve optical and electrical 
characterizations for dopants [6]. Recent researches show the water 

molecules inside the PS-based electrolyte enhanced the conductivity 

while it preserved the dimensional stability of the electrolyte [7]. 
 Titanium dioxide (TiO2) has energy gap of (3.2 eV) for n-type semi-
conductor with variety important properties such as a high refractive 

index, low absorption coefficient in visible light, and good chemical 
stability [8]. Recently, nanocomposite semiconductors get more inter-
ests comparing with traditional semiconductor materials due to its 

unique advantages such as cheap manufacturing, easy techniques used 

to prepare, a large variety of applications, and very suitable candidate 

for substrate choice [9]. TiO2 nanoparticles have been widely used as 

dye-sensitized solar cells (DSSCs) [10], gas sensor [11], and UV sensor 

[12]. UV sensors can be used as sensors in almost chemical and envi-
ronmental detecting applications such as emitter calibration, analysis 

of chemical and biological samples, telecommunications, flame detec-
tion, and atmospheric and space studies [13]. TiO2 nanoparticles have a 
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high sensitivity to UV light, and much higher surface-area-to-volume 

ratio can enhance the total photoreactivity [14]. Some researches re-
veal that the salts are excellent proton donors to the polymer matrix, 

and salts blended with PS are rare. In the present work, the prepara-
tion and properties of polymer electrolytes based on polystyrene blend-
ed with DCM laser dye and (nTiO2) nanoparticles have been studied. 

Tetrahydrofuran (THF) was used in this process as a solvent. 
 Absorbance (A) is measured using UV–VIS dual beam spectropho-
tometer, which has a range of wavelengths of 190–1100 nm. The ab-
sorption coefficient () was calculated using relation (1) [15]: 

 
2.303A

x
  , (1) 

where x is the film thickness. 
 The absorption coefficient is a crucial parameter because it supplies 

specific data about the electronic transition by using Eq. (2) [16]: 
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where B is constant, and  is frequency. 
 The absorption spectra measurement (and particularly the peak of 

absorption curve) is a good tool to investigate the optical behaviour of 

prompted transitions and provides significant data about the configu-
ration and optical energy gap in thin films. The absorption edge in dif-
ferent composites follows the known Urbach’s rule as in the following 

Eq. (3) [17]: 
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 The extinction coefficient (K) can be expressed in terms of the ab-
sorption coefficient as Eq. (4) [18]: 
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 The refractive index (n) can be calculated using Eq. (5) [19]: 
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 In order to determine refractive index for dispersion of DCM–PS 

blend with nTiO2 nanoparticles in thin films at various annealing tem-
peratures, the single-oscillator model developed by DiDomenico and 

Wemple is considered [20]. The refractive index can be expressed in 



1066 A. N. MOHAMED, M. F. JADDOA, and A. Sh. TUHAIWER 

terms of the dispersion energy Ed and single-oscillator energy Eo ac-
cording to Eq. (6): 
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2. EXPERIMENTAL PART 

The adjustment amount of DCM dye was dissolved in alcohol (in our 

experiment, it was 510
3

 mole/litre) to get the suitable concentration 

of laser dye solutions. Sol–gel method was used to manufacture titani-
um dioxide nanoparticles with 10 ml of titanium alkoxide as a raw ma-
terial mixed with 40 ml of 2-propanol in a dry atmosphere. This mix-
ture was then added drop wise into another mixture, which consists of 

10 ml water and 10 ml of 2-propanol. One hour of stirring, transparent 

gel with yellow colour is produced. The prepared gel was subsequently 

dried at temperature 105C for several hours until totally turned into a 

yellow block structure. The examined materials are calculated by put-
ting it at 500C for six hours in a furnace. 
 The nanopowder structure was investigated with a Shimadzu 6000 

x-ray diffractometer using CuK radiation (1.5406 Å). The mor-
phology of nTiO2 samples is achieved via a scanning electron microsco-
py (SEM) in order to control the size of nanoparticles. 
 To prepare PS blend with DCM thin films, firstly, 0.015 gm from 

DCM dissolved in 10 ml of tetrahydrofuran (THF) solvent and stirrer 

for around 30 minutes to obtain homogenous solution; then, 2 gm PS 

dissolve in 30 ml THF and stirring for 2 hours to obtain the polymer 

solution. To synthesize the final thin films, 1 ml DCM solution was 

mixed with 5 ml PS solution and in situ casting on glass substrate at a 

room temperature. Various concentrations of obtained nTiO2 nanopar-
ticles (0.5, 1, 1.5, 2, and 2.5 ml) were suspended separately one by one 

into THF solvent and added to the mixture of DCM–PS. The final pre-
pared films were marked as (A, B, C, D, and E) as the nanoparticles 

concentration increased. 
 The thickness of prepared thin films was measured by using the op-
tical interferometer process with employing He–Ne laser of 0.632 m. 

The thickness was roughly of 0.45 um for all samples. 

3. RESULTS AND DISCUSSION 

The scanning electron microscopy (SEM) image of nTiO2 nanoparticles 

is shown in Fig. 1. 
 Determination of titania particle size was carried out with (SEM) 

pattern after preparing nTiO2 at pH3 and 500C calcination tempera-
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ture; the prepared nanoparticles are suspended as film using spin coat-
ing process. The achievement value of nTiO2 nanoparticles’ size is 

about of 55.82 nm. 
 In addition, the XRD pattern of the nTiO2 nanoparticles, which were 

synthesized via sol–gel technique at pH3 and calcination of the synthe-
sized material accomplished at temperature of 500C for 6 hours in 

furnace, is shown in Fig. 2. 
 The anatase phase was identified at 2 of 25.40, 38.10, 48.20, 

53.90, and 55.10. The characteristic peak of anatase is sharp and 

clear to observe, in particular, at 25.40 degree. 
 The absorption spectra for PS doping with DCM and nTiO2 nanopar-
ticles’ thin films at room temperature is illustrated in Fig. 3. 
 It can be seen that, for PS blending with DCM and nTiO2 nanoparti-
cles’ thin films, the intensity of absorption band is increased with in-

 

Fig. 1. Scanning electron microscopy of the nTiO2 nanoparticles. 

 

Fig. 2. XRD pattern of the nTiO2 nanoparticles. 
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creasing nTiO2 nanoparticles’ concentration as shown in Fig. 3. The 

reason of these variations is due to increasing of concentration of 

nTiO2 nanoparticles, which causes increasing the number of molecules 

in volume unit that leads to change in energy level of nTiO2 nanoparti-
cles as a result of increasing in perturbation field on the molecules; 

this agree with the explanation of Tsiaousis and Munn (2002) [21]. 
 Figure 4 shows the absorption coefficient trend as a function of pho-
ton energy for PS blend with DCM thin films filled with various con-
centrations of titania nanoparticles. Absorption coefficient is deter-
mined from absorbance measurements using Eq. (1). 
 The absorption coefficient of PS blend with DCM thin films filled with 

 

Fig. 3. Absorbance for PS blend with DCM thin films filled with various con-
centrations of titania nanoparticles. 

 

Fig. 4. Absorption coefficient for PS blend with DCM thin films filled with 

various concentrations of titania nanoparticles. 
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various concentrations of titania nanoparticles decreased in the end of 

visible region because it is inversely proportional to the reflectance. This 

can be linked with increase in grain size, and it may be attributed to the 

light scattering effect for its high surface roughness [22]. 
 The energy gaps (Eg) of PS blend with DCM thin films filled with 

various concentrations of titania nanoparticles were evaluated from 

the absorption spectra, and the optical absorption coefficient () near 

the absorption edge for allowed direct transitions is given by Eq. (2). 
 The characteristics of (h)2

 vs. photon energy are plotted for evalu-
ating the band gap (Eg) of PS blend with DCM thin films filled with 

various concentrations of titania nanoparticles, and extrapolating the 

linear portion near the onset of absorption edge to the energy axis as 

shown in Fig. 5. 
 As can be seen clearly, Eg of PS blend with DCM filled thin films has 

various values of 2.3, 2.285, 2.26, 2.25, and 2.23 eV corresponding to 

nTiO2 concentrations of 0.5, 1, 1.5, 2, and 2.5, respectively, as shown 

in Table. In other words, the band gaps of films become tight as nTiO2 

content increases, where titania nanoparticles’ concentration will pro-
duce more localized levels close to the structure valence and conduc-
tion band that leads to gather electrons and generate tails lowering the 

optical energy gap, which is consistent with [23]. 
 Figure 6 indicates the effect of the first absorption derivative on the 

photon energy for all thin films. 
 The spectra obviously show that the increase concentration of pre-
pared titania declined the energy gap for all samples. Table lists the 

energy gap values, which are obtained from the first derivative; this is 

identical with the results of Tauc’s model of the energy band gap val-

 

Fig. 5. Relationship between (h)2 and photon energy (eV) for PS blend with 

DCM thin films filled with various concentrations of titania nanoparticles. 
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ues, which are agree with [24]. 
 The Urbach’s energy magnitudes were calculated by taking inverted 

incline of the straight line of the curve. Moreover, Figure 7 shows the 

relation of ln vs. photon energy (eV) for DCM–PS blend with nTiO2 

nanoparticles’ thin films. Urbach’s energy values are indexed in Table. 
 Urbach’s energy values were rising with grows up of tiny particle 

density of titania because the sum of localized energy levels in the opti-
cal energy gap had increased and caused an increase of the tails of Ur-
bach’s energy. These changes lead to a decrease in the optical energy 

  
                        a                                                  b 

  
                         c                                                 d 

 
e 

Fig. 6. Relationship between the absorption and photon energy. 
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gap. This means that the optical attitude of the energy value of Ur-
bach’s tails is conflicting to the optical trend of the optical energy gap, 

and thus, the structure turns into well-crystallized one [25]. 
 Extinction coefficient (K) is correlating with the absorption of light 

and then related to absorption coefficient by the Eq. (4). Therefore, K 

can be measured using the previous relation. The curves of extinction 

coefficient for PS blend with DCM thin films are shown in Fig. 8. 
 Extinction coefficient and absorption coefficient behave similarly 

because both they are joined by previous relation, and extinction coef-
ficient increasing with increasing of concentration. 
 Reflectance spectra for prepared thin films were investigated at 

room temperature and presented in Fig. 9. 

TABLE. The calculated parameters for examined mixtures. 

S
a
m

p
le

 

C
o
n
c
e
n
tr

a
ti

o
n

  

o
f  
ti

ta
n
ia

 
n
a
n
o
p
a
r
ti

c
le

s
,  
m

l 

S
in

g
le

-o
s
c
il
la

to
r

 

e
n
e
r
g
y

 E
o
,  
e
V

 

D
is

p
e
r
s
io

n
 

e
n
e
r
g
y

 E
d
,  
e
V

 

U
r
b
a
c
h
’s

 
e
n
e
r
g
y

 E
U
,  
e
V

 

E
g
,  
e
V

,  
 

fr
o
m

 T
a
u
c
’s

 m
o
d
e
l 

E
g
,  
e
V

,  
 

fr
o
m

 d
e
r
iv

a
ti

v
e

 

a
b
s
o
r
p
ti

o
n
 

s
p
e
c
tr

a
 

A 0.5 5.097 4.920 2.106 2.3 2.348 

B 1 4.689 4.822 2.468 2.285 2.340 

C 1.5 4.611 4.669 2.788 2.26 2.331 

D 2 4.354 4.638 2.840 2.25 2.322 

E 2.5 4.191 4.469 2.981 2.23 2.313 

 

Fig. 7. Urbach’s energy as a function of photon energy (eV) for prepared 

films. 
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 The reflectance plots indicate that the rise in nanoparticles’ concen-
tration causes the decline in reflection intensity; it was assumed that 

the existence of (nTiO2) nanoparticles in starch-based polymer highly 

enhanced the UV-resistance ability of the polymer. 
 The refractive indices of prepared films are determined from Eq. 

(5). Figure 10 shows the variation in refractive index with energy for 

various nTiO2 nanoparticles’ concentration. 
 This trend shows an increase of the value of refractive index with 

higher concentration. The increase may be resulted from higher pack-
ing concentration of the films and, hence, caused change in the refrac-
tive index. 
 The relation 1/(n2

1) vs. (h)
2

 is plotted in Fig. 11, and from the 

curves, it can be determined the single-oscillator energy (Eo) and dis-

 

Fig. 8. Extinction coefficient vs. photon energy. 

 

Fig. 9. Reflectance curves for all samples. 
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persion energy (Ed) values. Eo is an average energy gap and can be re-
lated to the band gap, Eg, in close approximation Eo2Eg [26]. 
 The values of Eo and Ed were calculated from the slope and intercept 

on the vertical axis of 1/(n2 1) vs. (h)
2

 plot; they are listed in Table. 

4. CONCLUSION 

In this work, titania nanoparticles (nTiO2) were synthesized via sol–gel 
technique. Various (nTiO2) concentrations are co-doping with (DCM) 

 

Fig. 10. The relation between refractive index and energy at various concen-
trations. 

 

Fig. 11. Relationship between 1/(n21) and (h)
2
 for various concentrations’ 

samples. 
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laser dye blend with polystyrene (PS) and prepared using casting 

method. The effect of addition of various (nTiO2) concentrations on the 

optical properties is studied and investigated by using UV–VIS spec-
trometer. Increases of (nTiO2) concentrations for all films cause de-
creasing in the direct electronic transitions in magnitude of 2.3–2.23 

eV. The energy gap from derivative absorption spectra was 2.348–
2.313 eV. This decreasing also affects to decrease in the refractive in-
dex values, the single-oscillator energy (Eo) and dispersion energy (Ed). 
Whereas, it causes increasing in extinction coefficient and absorption 

coefficient for all fabricated films. In addition, Urbach’s tail assures 

that the crosslink is increased as the titania nanoparticles’ densities 

increase: 2.106–2.981 eV. 
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