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A B S T R A C T

Rhodamine B (RhB) films prepared via spin coater on polyacetate flexible substrates. The X-ray diffraction
spectroscopy has been done for RhB/polyacetate flexible substrate and displays an amorphous structure of RhB
films in the various thicknesses in the range of 74–303 nm. K-K relations used for determining the refractive
index and exhibits a normal dispersion at λ > 600 nm and an anomalous dispersion at λ < 600 nm. The
electronic transitions reveal two bands of absorbance Q band which due to the first π→π* transitions and Soret
band due to the second π→π* transitions. Also, other linear optical constant such as absorption coefficient, band
energy gap, dielectric constants, and optical conductivity were discussed. On the other hand, the first (χ(1)) and
third (χ(3)) orders of nonlinear optical susceptibilities as well as a nonlinear refractive index (n2) were calculated
and discussed. The electrical and optical conductivities demonstrated the high absorption of RhB/flexible sub-
strates inferring the chance of utilizing these films as optoelectronic gadgets.

1. Introduction

The advancement of flexible optoelectronic utilizing a flexible op-
tically transparent substrate material and organic semiconductor ma-
terials has been generally used by electronic manufacture while
creating new technological productions. The increasing interest in the
advancement of flexible optoelectronic materials focuses on the con-
tinuous development of large-scale electronics as well as solar energy
and biomedicine [1–3].

Organic laser dyes have been connected in the production of organic
photovoltaics (OPVs) or dye-sensitized solar cells (DSSC). These dyes
have a higher molar absorption coefficient contrasted with traditional
dyes [4]. The one of a kind property of organic laser dyes offers access
to an assortment of utilization in spectroscopy, optics, and lasers [5,6].
Rhodamine B (RhB) is one of significant laser dye with unique

photophysical properties, for example, long wavelength emission on or
absorption, large extinction coefficient, and high fluorescence quantum
yield [4]. These properties make this dye valuable for an extensive
assortment of uses, for example, electrochemical luminescence sensiti-
zers, optical chemical sensors, solar collectors and biological stains
[7–10].

Rhodamine dyes have several derivatives, for instance, RhB,
Rhodamine 6G and Rhodamine 123 are in type dyes which emit red
light through wavelength 600 nm. So, This type of dye suitable for
biological application owing to the noninvasive nature of red light in
the biological system [10]. RhB has optical properties in the liquid and
solid state, for example, in liquid, the refractive index for RhB reaches
~1.35. The refractive index follows a non-linear increment for low
doping wt% of RhB, while a linear increasing trend is seen at high
doping wt% reaching almost constant values at higher doping [11].
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RhB thin film was deposited by the drop casting technique, which
has an amorphous structure and an optical band gap of 1.97 eV [12].
The impact of the thickness of RhB film on the electronic properties of
the RhB/p-Si structure has been studied. It was found that interface
state density diminishes with the lessening in film thickness [13]. A

Fig. 1. XRD of RhB films deposited on a polyacetate flexible substrate.

Fig. 2. (a,b): The spectral distribution of RhB films deposited on a polyacetate
flexible substrate for (a) reflectance R% and (b) transmission T%.

Fig. 3. (a,b): The spectral distribution of RhB films deposited on a polyacetate
flexible substrate for: (a) refractive index (n) and (b) extinction coefficient (k).

Fig. 4. The energy band gap of RhB films deposited on a polyacetate flexible
substrate.
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decent quality film of RhB on FTO substrate has been effectively ac-
complished by the spin coating method [14], and the linear and non-
linear optical constants were determined. These RhB films demonstrate
the large nonlinear optical susceptibility when contrasted with other
organic dyes [14]. Adding RhB laser dye as co-sensitizer in bulk het-
erojunction polymer solar cells was studied. The outcomes propose that
RhB can be considered as an active material for application in polymer
solar cells to achieve high photovoltaic execution [15].

The film thickness is essential parameters that can impact the
structure and physical properties of films [16]. The impact of film
thickness is required to adjust the homogeneity of films as the layers of
the precipitation material is growing up, which in turns will diminish
the deformities inside the films [17]. Additionally, the expansion in film
thickness assumes a fundamental job in the agglomeration of stacking
particles and hence will advance the growth of sublevel states number
[17]. These logical reasons are adequate to modify the optical and
electrical properties of the materials.

However, up to our knowledge, there is no revealed information
about the RhB and their application in the field of electronics and op-
toelectronics. Films of RhB with different thicknesses were made on a
polymer substrate by a spin coater technique. In this article, the
Kramers-Kronig (K-K) method is utilized to figure the optical constants

of RhB films by UV–Vis spectroscopy data [18,19]. The linear and
nonlinear optical constants were calculated and discussed.

2. Experimental techniques

2.1. Synthesis of methyl violet-10B/FTO thin films

Rhodamine B (RhB) is an organic dye that can be used extensively as
a tracer in water, biotechnology, fluorescence dye. The chemical for-
mula of RhB is C28H31ClN2O3. RhB was used without any purification.
10-2M of RhB powder was soluble in absolute ethanol for 20min on a
magnetic stirrer at 500 rpm at room temperature. After that, the soluble
RhB was filtered to remove any residuals and keep in the dark desk for
24 h to avoid any light interaction with lights. Spin coating system was
used to deposit the RhB on flexible polymeric substrates called poly
(acetate) sheets as a highly transparent substrate. The thickness was
varied with the changing of the speed of the rotation of the system at a
constant time=60 s. No, any post-annealing process was done on the
studied samples.

2.2. Devices and measurements

The XRD patterns of RhB/Flexible substrates was measured using
Shimadzu Lab X XRD-6000. This system was operated at 30 kV and
30mA. The target inside the device is CuKα monochromatic radiation.

The optical parameters such as absorbance abs(λ), transmittance
T(λ), and reflectance R(λ) were scanned at various wavelengths from
285 to 2500 nm (i.e. UV–Vis–NIR regions) using JASCO

Fig. 5. (a,b): The spectral distribution of RhB films deposited on a polyacetate
flexible substrate for (a) Real dielectric constant (ε1) and (b) Imaginary di-
electric constant (ε2).

Fig. 6. (a,b): The spectral behaviors of (a) optical conductivity and (b) elec-
trical conductivities for RhB films deposited on a polyacetate flexible substrate.

A.A.A. Darwish, et al. Optical Materials 95 (2019) 109219

3



spectrophotometer, Model: V-570, at the normal incidence.
The laser power attenuation (i.e. optical limiting) of the two laser

beams identified with wavelength as 632 and 533 nm were used. A
homemade system with optical bench setup was used to measure the
input/output of the incidents of laser beams on RhB/flexible poly

(acetate) sheets.

2.3. Method of calculations

The K-K relation was utilized to figure the optical constants (n and
k) of the RhB films from the reflectance measurements. The N' is pre-
sented by Ref. [20]:

′ = +N ω n ω ik ω( ) ( ) ( ), (1)

where ω is circular frequency, the n (ω) is the real part and the ex-
tinction coefficient k can be calculated based on the following equa-
tions:
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where the reflectance is R(ω) and u(ω) is the phase change at a specific
wave number ω between the incidence and the reflected signal. This
phase change calculated depend on K-K relation:

∫=
− ′ −

′ −
′

∞

φ ω ω
π

R ω ln R ω
ω ω

dω( ) ln ( ) ( ) ,
0

2 2 (4)

Eq. (4) can be portrayed as:
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where = ++Δω ω ωi i1 , and if the data interval j is an odd number, then
i = 2,4,6, …, j-1, j + 1,… while if j is an even number, then i = 1, 3, 5,
…, j-1, j + 1,…

3. Results and discussions

3.1. Structure analysis of RhB/polyacetate flexible substrate

The structure of RhB films deposited on a polyacetate flexible sub-
strate of various thicknesses was broke down by utilizing the XRD
strategy. The XRD of the RhB/polyacetate flexible substrate has ap-
peared in Fig. 1. XRD curves display an amorphous structure of RhB
films in the various thicknesses in the range of 74–303 nm.

3.2. Linear optical analysis of RhB/polyacetate flexible substrate

The spectral distribution of R and T of RhB films estimated in the
wavelength run 190–900 nm appear in Fig. 2(a and b). Both the con-
duct of R and T respectively demonstrates the homogeneity and
strength of the structure of RhB films as a result of the settlement of the
position of the peaks in the absorbing area. Also, the spectral conduct of
T for all thicknesses demonstrates an essential absorbance band at
550 nm. The nearness of such sharp band suggests these films are a
decent filter material relying upon the wavelength. It could be noticed
that all films turn out transparent at longer wavelengths (λ > 600 nm)
and there are two edges of transmission. The complex refractive index
was determined from K-K relations as notice above and Fig. 3 uncovers
the dispersion of the refraction index (n) and extinction coefficient (k)
of the RhB films against wavelength. The figure (Fig. 3a) of n indicates
normal dispersion districts (λ > 600 nm). Likewise, the figure of n
demonstrates anomalous dispersion (λ < 600 nm) and hence displays
a multi-oscillator show in this range. The anomalous dispersion is be-
cause of the coupling of electrons in RhB films to the oscillating electric
field excited because of the reverberation impact of the occurrence light
and the electron polarization [21,22].

On the other hand, k (see Fig. 3b) diminished as the wavelength
increments. The small estimations of k suggesting the deposited RhB

Fig. 7. (a,b): The spectral distribution of (a) linear optical susceptibility χ(1)

and (b) Nonlinear optical susceptibility χ(3) for RhB films deposited on a
polyacetate flexible substrate.

Fig. 8. The spectral distribution of n2 for RhB films deposited on a polyacetate
flexible substrate.
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film on a flexible substrate have an incredibly smooth surface [20]. The
electronic transitions between orbits in the UV–Vis areas reveal two
bands of absorbance, Soret, and Q-bands. The Q-band (500–650 nm)
has been apportioned to the first π→π* transition. The band in the
region of 250–350 nm (Soret band) could be a direct result of the
second π→π* transition.

The most general model to examine the optical properties of semi-
conductor material is Tauc's model [23,24]. The band gap energy, Eg,
can be obtained from the absorption coefficient, α, where α=4πk/λ.
Tauc's model is used to determine the values of Eg for RhB films. The
plot for the direct band gap appears in Fig. 4. The evaluation of direct Eg
for the RhB films is dictated by extrapolating the straight parts of the
curve of (αhυ)2 versus (hυ) to the x-axis. The estimated Eg was around
1.95–1.98 eV and these values compatible with the value of the energy
gap in Ref. [14].

The complex dielectric constant (ε= ε1 + i ε2) is a necessary
amount which shed lights a more significant amount of clear insights
regarding the collaborations among photons and electrons in a mate-
rial. The real part, ε1, called dielectric constant and the imaginary, ε2,
called dielectric loss. Fig. 5(a and b) demonstrates the spectra of
(ε1= n2 - k2) and (ε2= 2nk) which they are called scattering and ab-
sorbance curves, separately. It is unmindful that the variety of ε1
(Fig. 5a) demonstrates the same inclination from n, while the array of ε2
(Fig. 5b) generally gives the same impression from k and the same
behavior of ε2 for FTO substrate with thickness 300 nm, on another
hand in has different value for ε1 may be attributed to the structure of
substrate effect on the value of ε1 [14]. The formation of tops in the
dielectric spectra demonstrates different interactions delivered among
photons and electrons in the films [25].

The optical conductivity (σo= αnc/4π where c is the speed of light)
and electrical conductivity (σe=2λσo/α) of various thickness RhB films
were shown in (Fig. 6a) The optical conductivity has high value at sort
wavelength demonstrates the high absorbance of RhB films. Ad-
ditionally, (Fig. 6b) the electrical conductivity of contemporary films
increases with expanding the wavelength. The high estimations of the
optical and electrical conductivity of RhB films propose new applica-
tions in optoelectronic and photoelectric gadgets [26].

3.3. Nonlinear optical analysis of RhB/polyacetate flexible substrate

Films based on organic dyes have high nonlinear optical properties
which give broad subtleties of the film and henceforth comprehension
of how the light beams carry on through them [27]. The investigation of
nonlinear conduct of the occurrence light assumes a vital job in the field
of nonlinear optical gadgets, for example, optical switching gadgets,
optical modulators, and optical signal processing [28]. In the present
investigation, the first (χ(1)) and third (χ(3)) orders of nonlinear optical
susceptibilities as well as a nonlinear refractive index (n2) are assessed
as published previously [4,14,23]. The equations can be summarized
[4,14,23]:

= −χ n π( 1)/4 ,(1) 2 (6)

=χ A χ( ) ,(3) (1) 4 (7)

and

= −χ A
π

n
(4 )

( 1) ,(3)
4

2 4

(8)

=n πχ
n

12 ,2

(3)

(9)

Where n is the linear refractive index. Fig. 7(a and b) demonstrates the
plots of χ(1) and χ(3) respectively, concerning the wavelength for the
RhB films. The chart of χ(1) unequivocally looks like that of ε1 with a
slight move in the wavelength demonstrating a sturdy reliance between
them. The χ(1) values are observed to be in the scope of 0.07–0.35.

From this figure, both χ(1) and χ(3) pursue a comparative pattern in
force variety against the wavelength for different thicknesses of RhB
films. Fig. 8 depicts the plot of n2 as for wavelength for the RhB films. It
is a significant amount of the material which offers excellent informa-
tion in regards to the light assembling limit of the film. The diagram
precisely looks like that of χ(3) and uncovers a substantial dependence
of n2 on χ(3). It is clear for us from these results the behavior of non-
linear optical constant for flexible substrate have the same behavior for
pyronin Y/flexible polymer, in contrast, the value of non-linear optical
constant for FTO has different values may be attributed to the differ-
ence in the structure of substrate [14].

4. Conclusion

Films of Rhodamine B dye were prepared on flexible substrates to
have an amorphous structure, which confirmed by X-ray diffraction
spectroscopy. The Kramers-Kronig method was accustomed to getting
the complex optical constants. The small estimations of extinction
coefficient suggesting the deposited RhB film on a flexible substrate
have an incredibly smooth surface. Tauc's model is used to determine
the values of the energy band gaps for RhB films, which evaluated as
direct energy band gaps. RhB films have one energy band was around
1.96 eV. RhB films/flexible substrate can be utilized in numerous ap-
plications, for example, electronic gadgets, flexible optoelectronic, and
nonlinear optics with a predefined band gap.
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