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Abstract — The optical properties of the undoped

Poly(3 - octylthiophene) (P3OT) – Poly(methyl methacrylate)
(PMMA) polymer blend film and the Bromophenol blue (BPhB)
dye – doped P3OT – PMMA polymer blend films were studied.
The undoped polymer film and the dye - doped polymer films at
different dye concentrations were prepared using casting
method. The optical absorbance and transmittance spectra were
measured in the wavelength range 300 – 1100 nm for different
dye concentrations using UV – Visible double – beam
spectrophotometer. These optical spectra were used to
characterize the optical properties of the prepared polymer
films. The essential optical parameters of the BPhB dye – doped
polymer blend film, such as, reflectance (R), absorption
coefficient (α), extinction coefficient (k), refractive index (n),
optical and electrical conductivities (σopt and σelect), and
optical energy band gap (Eg), were determined. The effect of the
dye concentration on these parameters was investigated. The
results reveal the suitability of the BPhB dye – doped P3OT –
PMMA polymer blend films for optical and photonic devices
applications.

Index Terms— Optical properties, Bromophenol Blue dye,
Dye - doped polymer blend films, Optical parameters, Optical
energy band gap.

I. INTRODUCTION

Organic dye – doped polymers of significant optical and
electrical properties have received great interest in the linear
and nonlinear optics due to their practical applications such
as, optical switching, optical limiting, signal processing, solar
cells, optical sensors, light emitting diodes (LED’s), and
optoelectronic devices [1-13]. Optical characterization of
these dye – doped polymers are considerably important
to obtain knowledge concerning their optical parameters
such as, absorption coefficient, refractive index, extinction
coefficient, optical and electrical conductivities, and energy
band gap. The study of these parameters is quite essential to
examine the suitability of the optical materials for the device
applications.

The dye – doped polymeric materials with suitable optical
properties can be considered as promising candidates for
some optical and photonic devices [14, 15]. The optical
and electrical properties of many polymeric materials can
be modified and improved by doping them with suitable dyes
i n the forms of dye – doped polymer films. Such films could
be used for practical applications [16 - 18]. Among the
various polymers, Poly(3 - octylthiophene) (P3OT) and
Poly(methyl methacrylate) (PMMA) polymers have received
special considerations . P3OT polymer and its derivatives
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have good optical and chemical stabilities under the
environmental conditions and large absorption in the visible
region of the electromagnetic spectrum [19]. These features
make P3OT interesting polymeric material for applications of
the solar cells and optical and chemical sensors. PMMA
polymer is recognized as an optical material, it has significant
properties, it is a transparent material for the visible light, has
good thermal and environmental stabilities, flexible and ease
of fabrication, as well as it has a relatively low cost [12, 20].

In this paper, we present the effect of doped Bromophenol
blue (BPhB) dye on the optical properties of the P3OT –
PMMA polymer blends. The dye – doped polymer films were
prepared using the well - known casting method. The optical
properties of the prepared polymer film samples were
investigated for different dye concentrations and the essential
optical parameters were determined.

II. THEORETICAL

The intensity of the transmitted light beam through the
sample medium of a thickness t is given by the Lambert-Beer
law [21]:

(1)

where I0 is the intensity of the incident light beam and α is
the linear absorption coefficient of the sample medium.

The absorbance (A) of the sample medium is expressed by
the relation [21, 22]:

(2)

From Eqs. (1) and (2), w e can write the absorption
coefficient (α) of the sample medium as follows:

(3)

The extinction coefficient (k) of the sample medium is given
by the relation [23]:

(4)

where λ is the wavelength of the incident light beam.
The reflectance (R) of the sample medium can be

determined from the following relation [23 - 25]:

(5)
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where T = I / I0 is the transmittance of the sample medium.
The linear refractive index (n) of the sample medium is

related to both the extinction coefficient (k), and the
reflectance (R) according to the following relation [24]:

(6)

The optical conductivity of the sample medium is given by
the following relation [23]:

(7)

where c is the velocity of light.
The electrical conductivity (σelect) of the sample medium is

related to its optical conductivity (σopt) according to the
following relation [23]:

(8)

(
The relation between the optical energy band gap (Eg), the

absorption coefficient (α), and the incident photon energy
(h ν) is given by the Tauc’s relation [26]:

dissolved in the solvent of chloroform to obtain solution in
certain concentration, then this solution was diluted by the
chloroform solvent and samples of solutions with different
dye concentrations were obtained (0.20, 0.25, 0.30 mM).
Secondly, a certain quantity from  the prepared P3OT –
PMMA mixture solution was added to each one of the three
prepared dye solutions. These solutions were stirred using the
magnetic stirrer, and homogenous solutions were obtained.
Then, proper quantities of these final solutions were cast on
thin glass slides and kept to dry at room temperature. Dye -
doped polymer film samples with different concentrations
(0.20, 0.25, 0.30 mM)) and an average thickness of 0.9 mm
were obtained. The prepared film samples were examined and
found, they are uniform and optically clear.

(9)

where C is a constant, h is the Planck’s constant, ν is the
frequency of the incident photons, and m is an  index, its
value depends on the electronic transition responsible for the
absorption. m = 1/2, 3/2, 2, or 3 for, indirect allowed, indirect
forbidden, direct allowed, direct forbidden, transitions,
respectively. In the present work, it is found that the
mechanism of the measured absorption spectra of the
prepared samples is the indirect allowed transition, therefore,
we have taken m = 1/2 for the calculation of the values of
Eg ; using Eq. (9).

III.  MATERIALS AND EXPERIMENTAL DETAILS

Bromophenol Blue (BPhB) dye was chosen for the present
study and it was purchased from Sigma - Aldrich. The
molecular formula of the BPhB dye is C19 H10 Br4 O5 S and
its molecular weight is 670 g / mole. The chemical structure
of BPhB dye is shown in Fig. 1. The molecular formula of
the P3OT polymer is (C12 H18 S) n and its molecular weight
is 70000 g / mole, while the molecular formula of the
PMMA polymer is (C5 O2 H8) n and its molecular weight is
84000 g / mole. The samples of undoped polymer fi lm
and the BPhB dye – doped polymer blend films were
prepared using casting method. A required weight (6 g)
of PMMA polymer was dissolved in 10 ml solvent of
chloroform and then the mixture was stirred at room
temperature using a magnetic stirrer until the polymer
completely dissolved. A certain quantity (0.02 %) of P3OT
polymer was added to the PMMA solution and then, by
using the magnetic stirrer, the mixture was stirred to obtain a
homogenous solution. Suitable quantities of the prepared
solution were cast on thin glass slides and left until dried at
room temperature.

The BPhB dye – doped polymer blend films were prepared
as follows: Firstly, a certain of BPhB dye powder was

Fig. 1. Chemical structure of Bromophenol Blue dye.

IV. RESULTS AND DISCUSION

The absorbance (A)  and the  transmittance (T) of the
undoped (free of BPhB dye) polymer film and the BPhB dye –
doped polymer blend films at different dye concentrations
were recorded over the wavelength range 300 nm – 900 nm
using UV-Vis double – beam spectrophotometer. The spectra
of the absorbance and the transmittance are shown in Fig. 2
and Fig. 3, respectively. It is clearly seen that the peak of the
absorbance curve for the undoped polymer film sample is
lower than the absorbance peaks of the dye – doped polymer
film samples. The value of the absorbance at the peak of the
spectral curve of the undoped polymer film sample is ≈ 18 %.
This value is increased for the samples doped with the BPhB
dye and the highest value (at the peak of the absorbance
curve) is 34 % for the sample with the dye concentration of
0.30 mM.

Fig. 2. UV- Visible absorbance spectra of P3OT – PMMA
polymer film. ( i ) Without Bromophenol Blue (BPhB) dye.
( j - l ) With Bromophenol Blue (BPhB) dye at different
concentrations; 0.20 , 0.25 , and 0.30 mM , respectively.
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Fig. 3. UV- Visible transmittance spectra of P3OT – PMMA
polymer film. ( i ) Without Bromophenol Blue (BPhB) dye.
( j - l ) With Bromophenol Blue (BPhB) dye at different
concentrations; 0.20 , 0.25 , and 0.30 mM , respectively.

As seen in Fig. 2, that all the peaks  are located  at the
wavelength 640 nm and the value of the absorbance is
increased as the dye concentration increases. Fig. 3 shows
the transmittance of the undoped polymer film sample and
the dye – doped polymer film samples. In Fig. 3, the highest
value of the transmittance for the undoped sample is 86 %,
while the highest value of the transmittance for the sample
with BPhB dye concentration of 0.30 mM is 76 % , at the
wavelength 660 nm, and this value starts to decrease as the
dye concentration increases.

The reflectance (R) of the undoped polymer film sample
and the BPhB dye – doped polymer blend film samples at
different dye concentrations was calculated using Eq. (5) and
the obtained values of R were plotted as a function of the
wavelength (λ), as shown in Fig. (4). It is clearly noticed
that the highest value of the reflectance (R) of the polymer
sample of free of BPhB dye is ≈ 12 % , and this value
starts to increase as the dye concentration increases for the
dye – dope polymer film sample. The highest value of R is
19.5 % at λ = 525 nm for the sample with dye concentration
of 0.30 mM.

Fig. 4. UV- Visible reflectance spectra of P3OT – PMMA
polymer film. ( i ) Without Bromophenol Blue (BPhB)
dye. ( j – l ) With Bromophenol Blue (BPhB) dye at
different concentrations; 0.20 , 0.25 , and 0.30 mM ,
respectively.

The absorption coefficient (α) of the undoped polymer
film sample and the BPhB dye – doped polymer blend film
samples at different dye concentrations was calculated using
Eq. (3) and the obtained values were plotted as a function of
the incident photon energy (h ν), as shown in Fig. 5. The
highest value (the peak value) of α for the undoped polymer

film sample is 5 cm – 1 at the incident photon energy of
2.4 eV. This value is significantly increased when the
polymer blend film sample doped with the BPhB dye. The
value of α is a dye concentration dependent, this value
increases when the dye concentration increases. The highest
value of α (as seen in Fig. 5) is 9 cm – 1 at the incident photon
energy of 2.4 eV, for the sample with the dye concentration
of 0.30 mM.

Fig. 5. The absorption coefficient (α) of the P3OT – PMMA
polymer film as a function of the incident photon energy
(h ν). ( i ) Without Bromophenol Blue (BPhB) dye.
( j – l ) With Bromophenol Blue (BPhB ) dye at different
concentrations; 0.20 , 0.25 , and 0.30 mM , respectively.

The extinction coefficient (k) of the undoped polymer film
sample and the BPhB dye – doped polymer blend film
samples at different dye concentrations was calculated using
Eq.(4). Fig. 6 illustrates the relation between the extinction
coefficient (k) and the incident photon energy (h ν), for the
undoped polymer film sample and the dye - doped polymer
samples at different dye concentrations. The peak value of k
for the undoped polymer film sample is 2.1 × 10 - 5 at
h ν = 2.2 eV, while the peak value of the BPhB dye – doped
polymer blend film sample at dye concentration of 0.30 mM
is 3.7 × 10 – 5 at the same value of the incident photon energy
(h ν = 2.2 eV). It is clearly seen that the curve of the extinction
coefficient (k) exhibits behavior is similar to that of the
absorption coefficient (α), this is due the corporate relation
between the extinction coefficient (k) and the absorption
coefficient (α).

Fig. 6. The extinction coefficient (k) of the P3OT–PMMA
polymer film as a function of the incident photon energy
(h ν). ( i ) Without Bromophenol Blue (BPhB) dye.
( j – l ) With Bromophenol Blue (BPhB) dye at different
concentrations; 0.20 , 0.25 , and 0.30 mM , respectively.

The values of the refractive index (n) of the undoped
polymer film sample and the BPhB dye – doped polymer
blend film samples at different dye concentrations were
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calculated using Eq.(6). Fig. 7 illustrates the relation between
the refractive index (n) and the incident photon energy (h ν),
for the undoped polymer film sample and the dye-doped
polymer samples at different dye concentrations. It is obvious
that the values of the refractive index (n) of the dye - doped
polymer samples are larger than the value of refractive index
(n) for the undoped polymer film sample. The highest value of
the refractive index (n) for the dye - doped polymer sample
with the dye concentration of 0.30 mM is 2.4 at h ν = 2.4 eV,
while the peak value of n for the undoped polymer film
sample is 1.9, at the same value of the incident photon energy.

Fig. 7. The refractive index (n) of the P3OT – PMMA
polymer film as a function of the incident photon
energy (h ν). ( i ) Without Bromophenol Blue (BPhB)
dye.. ( j – l ) With Bromophenol Blue (BPhB) dye at
different concentrations; 0.20 , 0.25 , and 0.30 mM ,
respectively.

The values of the optical and electrical conductivities, σopt

and σelect of the undoped polymer film sample and the BPhB
dye – doped polymer blend film samples at different dye
concentrations were calculated using Eqs. (7) and (8),
respectively. The variations of σopt and σelect with the
incident photon energy are shown in Fig. 8 and Fig. 9,
respectively, for different dye concentrations. For the BPhB
dye – doped polymer blend film samples, the evaluated value
of σopt at the highest peak is 5 × 1010 (sec) - 1, while the

value of σelect at the highest peak is 6.3 × 10 5 (S . cm – 1) ,
at the dye concentration of 0.30 mM. The corresponding
values for the undoped P3OT - PMMA polymer films are
σopt = 2.2 × 1010 (sec) – 1 and σelect = 5.1 × 10 5 (S . cm – 1). It
can be seen that the value of σelect is high at the low photon
energies and decreases with increasing the incident photon
energy (h ν).

Fig . 8. The optical conductivity (σopt) of the P3OT –
PMMA polymer film as a function of the incident photon
energy (h ν). ( i ) Without Bromophenol Blue (BPhB) dye.
( j – l ) With Bromophenol Blue (BPhB) dye at different
concentrations; 0.20 , 0.25 , and 0.30 mM , respectively.

Fig . 9. The electrical conductivity (σelect) of the P3OT -
PMMA polymer film as a function of the incident
photon energy (h ν). (  i ) Without Bromophenol Blue
(BPhB) dye. ( j – l ) With Bromophenol Blue (BPhB)
dye at different concentrations; 0.20 , 0.25 , and
0.30 mM , respectively.

Using Eq. (9), (α h ν) 1/2 was plotted as a function of
the incident photon energy (h ν), as shown in Fig. 10.
The estimated values of the optical energy band gap (Eg) of
the undoped P3OT - PMMA polymer blend film andthe
BPhB dye - doped polymer blend films were obtained from
the intercept of the extrapolated linear part of the plot
of (α h ν) 1/2 versus the incident photon energy (h ν) with
h ν – axis (where α h ν = 0), as shown in Fig. 10 for the
undoped P3OT – PMMA polymer film and the BPhB dye
- doped polymer films, at different dye concentrations. The
estimated values of Eg are summarized in Table 1. It is
seen in this table that the value of Eg for the undoped
P3OT - PMMA polymer film is 1.8 eV, and this value
decreased when the P3OT – PMMA polymer doped with
BPhB dye. This value is also affected by the change in the dye
concentration, where the obtained values of Eg are 1.73, 1.68,
and 1.62 eV for the dye concentration, 0.20, 0.25, and
0.30 mM, respectively.

Fig. 10. Plot of (α h ν)1/2 versus the incident photon
energy ( h ν) for the P3OT – PMMA polymer film.
( i ) Without Bromophenol Blue (BPhB) dye.
( j – l) With Bromophenol Blue (BPhB) dye at
different concentrations; 0.20 , 0.25 , and 0.30 mM ,
respectively.
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Table 1. The estimated values of the optical energy band
gap (Eg) of the undoped P3OT – PMMA polymer film and
the BPhB dye - doped polymer films at different dye
concentrations.

V. CONCLUSIONS

The optical properties of Poly(3 - octylthiophene)
(P3OT) – Poly(methyl methacrylate) (PMMA) polymer blend
film and Bromophenol Blue (BPhB) Poly(3- octylthiophene)
(P3OT) – Poly(methyl methacrylate) (PMMA) polymer blend
films were studied. These materials were selected because
they have potential device applications. The results indicated
that the values of the absorption, the extinction coefficients,
the refractive index, and the optical and the electrical
conductivities of the P3OT – PMMA polymer increased when
it is doped with Bromophenol Blue (BPhB) dye and the
values of these essential parameters are also increased with
increasing the dye concentration. It is found that the optical
energy band g a p of the P3OT – PMMA polymer blend
exhibited appreciably reduction when the polymer doped
with BPhB dye. It was observed that the increase in the dye
concentration can lead to a significant reduction in the
energy band gap due to BPhB dye particles increasing.
Results indicated that the BPhB dye - doped P3OT – PMMA
polymer blend film is a promising candidate for optical and
electrical device applications.
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