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Abstract  The optical properties of the pure poly(methylmethcrylate) (PMMA) polymer film and PMMA polymer 

films doped with Solochrome Dark Blue dye at different concentrations were investigated. The films were prepared 

using the casting technique. The optical absorption and transmission spectra of these films were recorded in the 

wavelength range 300 - 900 nm for different concentrations using UV-Vis double - beam spectrophotometer. The 

optical parameters of the Solochrome Dark Blue dye - doped polymer films, reflectance (R), absorption coefficient 

(α), extinction coefficient (κ), refractive index (n), optical and electrical conductivities (σopt and σelect), and optical 

energy band gap (Eg), were calculated. The effect of the dye concentration on these parameters was studied. The 

obtained results show that the Solochrome Dark Blue dye is a promising material for applications in photonic and 

optoelectronic devices. 

Keywords: optical properties, optical parameters, Solochrome Dark Blue dye, dye - doped polymer films, optical 

energy band gap 

Cite This Article: Imad Al - Deen Hussein Ali Al - Saidi, and Raghad Jabar, “Investigation of Optical 

Properties of Solochrome Dark Blue Dye Doped Polymer Films.” Journal of Materials Physics and Chemistry, 

vol. 5, no. 1 (2017): 32-38. doi: 10.12691/jmpc-5-1-4. 

1. Introduction 

Nonlinear optical materials have received much interest 

because of their potential applications in optical devices 

such as, light emitting diodes, solar cells, optical sensors, 

optical signal processing, optical switching, optical power 

limiting, and optoelectronic devices [1-15]. The optical 

and electrical properties of wide range of materials, including 

organic and inorganic materials, semiconductors, and 

polymer materials, have been studied to develop practical 

optical devices [16-23]. Among these materials, organic 

dyes are of great interest owing to their potential application 

related to the nonlinear optical (NLO) properties. Organic 

dyes are currently attracting considerable attention and 

emerged as the most promising materials for devices 

applications owing to their high nonlinearity and ultra-fast 

responses, Polymers have also received significant interest 

due to their various applications in many scientific 

branches and materials technology [24,25,26,27,28]. 

There has been a large need for nonlinear optical materials 

that can be employed in optical devices applications. The 

polymeric materials can be modified when they doped 

with suitable organic dyes and their optical nonlinearities 

are considerably affected. This could lead to significant 

improvement in the optical and electrical properties of 

these materials. In the present study, we chose the 

Solochrome Dark Blue dye, which has excellent nonlinear 

optical properties, as a dopant nonlinear material and the 

poly(methylmethacrylate) (PMMA) as a host material 

because it is has several advantages of characteristics 

flexibility, ease of fabrication, good transparency, photo - 

thermal stability, high damage threshold for the intense 

laser beams [3,29], as well as it has a relatively low cost.  

There are various techniques which can be used to 

prepare the polymer films [30-35]. Among these techniques, 

casting is a good, simplest, and easy technique to prepare 

the polymer films. For our study, we were used this 

technique to prepare the pure poly(methylmethcrylate) 

(PMMA) polymer film and PMMA polymer films doped 

with Solochrome Dark Blue at different concentrations. 

In the present paper, the optical properties of the 

prepared polymer films were investigated and their optical 

parameters, reflectance (R), absorption coefficient (α), 

extinction coefficient (κ), refractive index (n), optical and 

electrical conductivities (σopt and σelect), and optical energy 

band gap (Eg), were calculated. The effect of dye concentration 

on the values of these parameters was also studied.  

2. Theoretical 

The linear absorption coefficient (α) of an optical medium 

is usually described by the Lembert-Beer law as [36] 

 L
0I I e   (1) 

where I0 is the incident light intensity, I is the transmitted 

light intensity, and L is the length of the absorbing 

medium. If the absorbance (A) of the medium sample is 

defined by A = I0 / I , then Eq. (1) can be written as 

follows [36,37]: 
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or it takes the form: 
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The extinction coefficient (κ) of the medium sample is 

directly proportional to the absorption coefficient (α) 

according to the following relation [38]: 
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where λ is the wavelength of incident light. 

The refractive index (n) is one of the fundamental 

parameters of a material due to the close relation between 

n and the properties of material. It is given by the 

following relation [39]: 

 
 

1/2

2

2

1 R 4R
n

1 R 1 R


  
         

 (5) 

where the optical reflectance (R) of the material is given 

by the relation [30,38,39]: 
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The optical conductivity of the material is given by the 

following relation [38]: 
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where c is the velocity of light. 

The electrical conductivity (σelect) of the material is 

related to its optical conductivity (σopt) according to the 

following relation [38]: 
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The optical energy gap (Eg) between the valence band 

and the conduction band of the material is an important 

quantity that characterize material. It is related to the 

absorption coefficient (α) and the incident photon energy 

(hν) according to the following relation [36,39,40]: 

    
m
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where h is the Planck’s constant, ν is the frequency of 

incident photons, C is a constant, its value depends on the 

transition probability, and m is an index, its value depends 

on the type of the electronic transition [40]. In the present 

work, the analysis of UV-Vis. absorption spectra indicates 

that the dye - doped polymer films have allowed indirect 

transitions, therefore m = 2 was used in Eq. (9) for the 

determination of the value of Eg . 

3. Materials and Experimental Details 

The Solochrome Dark Blue dye has molecular formula 

C20 H13 N2 Na O5 S with a molecular weight Mw =  

416.39 g / mole.. The chemical structure of this dye is 

shown in Figure 1. Poly(methylmethacrylate) (PMMA) 

polymer in the form of small grains (crystalline polymer) 

with high purity and good optical transparency was used 

in this study. Samples of pure PMMA polymer film and 

dye - doped polymer films were prepared by using the 

casting method. A certain weight of Solochrome Dark 

Blue dye was dissolved in a mixed solvent of Tetra Hydro 

Furan (THF) with little quantity of methanol, suitable 

solvent for both the dye and the polymer. Then required 

weight of host PMMA polymer was added. The mixture 

was stirred at room temperature using a magnetic stirrer 

until a homogeneous solution was formed. This solution 

was diluted by the solvent and samples of solutions with 

different dye concentrations were obtained. Then, proper 

quantities of the prepared solutions were cast on thin glass 

slides and kept for drying for 48 hours at room 

temperature. Dye - doped polymer film samples with 

different concentrations (0.05, 0.06, 0.07, 0.08, 0.09 mM)) 

and an average thickness of 0.9 mm, were obtained. The 

obtained polymer films were examined and found that 

they are uniform with good optical quality. 

The Ultraviolet - Visible (UV-Vis) absorption spectra 

of prepared pure PMMA polymer film and Solochrome 

Dark Blue dye - doped polymer films were characterized 

by using Cecil double-beam spectrophotometer (model 

CE-75000) with the wavelength range 190 - 1100 nm. An 

uncoated glass slide was used as a reference sample for 

the absorption measurement. 

 

Figure 1. Chemical structure of Solochrome Dark Blue dye 

4. Results and Discussion 

The absorbance (A), the transmittance (T), and the 

reflectance (R) spectra of the Solochrome Dark Blue dye - 

doped polymer films at different dye concentrations were 

recorded over the wavelength range 300 - 900 nm using 

the UV-Vis. spectrophotometer and are shown in Figure 2, 

Figure 3, and Figure 4, respectively. In Figure 2, the 

absorbance spectra of dye - doped polymer films exhibited 

strong broad band with peak absorption around 530 nm. 

The absorbance spectra, in Figure 2, give absorbance 

values of 10.0 % - 17.4 % for concentration range 0.05 

mM - 0.09 mM. The transmittance of the Solochrome 

Dark Blue dye - doped polymer films reached to about  

79 % at the low dye concentration 0.05 mM and it is 

decreased with increased the dye concentration, as shown 

in Figure 3. It is seen from Figure 4 that the spectrum 

curves of the reflectance of the Solochrome Dark Blue dye 

- doped polymer films show behaviors similar to those of 

the absorbance; this is attributed to the correlation 

between reflectance and the absorbance. The value of R at 

the low dye concentration 0.05 mM is only 6.4 % in the 
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visible wavelengths region and increases with increasing 

the dye concentration. This value reached to 9.2 % at the 

dye concentration 0.09 mM; at wavelength λ ≈ 530 nm. 

The values of the absorption coefficient (α) of the 

Solochrome Dark Blue dye - doped polymer films were 

calculated using Eq. (3). The variation of α with the 

photon energy (hν) at different dye concentrations is 

displayed in Figure 5. It is seen that the value of α 

increases with increasing the photon energy (hν) until 

reached to its maximum value at incident photon energy 

hν ≈ 2.5 eV and then starts to decrease with increasing hν. 

This is clearly evident with high dye concentrations. It is 

also seen that increasing dye concentration leads to 

significant increase in the value of α. Over the dye 

concentration range (0.05 - 0.09) mM, the value of α 

varies within the range (2.3 - 4.0) cm 
- 1

. 

 

Figure 2. UV - Vis linear absorption spectra of the Solochrome Dark Blue dye - doped polymer films at different dye concentrations 

 

Figure 3. UV-Vis transmittance spectra of the Solochrome Dark Blue dye - doped polymer films at different dye concentrations 

 

Figure 4. UV-Vis reflectance (R) spectra of the Solochrome Dark Blue dye - doped polymer films at different dye concentrations 
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Figure 5. The absorption coefficient (α) of the Solochrome Dark Blue dye - doped polymer film versus the incident photon energy (hν), for different 

dye concentrations 

 

Figure 6. The extinction coefficient (κ) of the Solochrome Dark Blue dye -doped polymer film versus the incident photon energy (hν), for different dye 

concentrations 

 

Figure 7. The refractive index (n) of the Solochrome Dark Blue dye - doped polymer film versus the incident photon energy (hν), for different dye 

concentrations 

Using the values of the corresponding α and Eq. (4), the 

values of the extinction coefficient (k) for the Solochrome 

Dark Blue dye - doped polymer films at different dye 

concentrations were calculated for different values of 

incident photon energy (hν). The variation of k of the 

Solochrome Dark Blue dye - doped polymer film with the 

photon energy (hν) is plotted in Figure 6 for different dye 

concentrations. It is noticed that the variation of k with hν 

has behavior similar to that of α because of the direct 

relation between the two constants through the relation (5). 

The value of k varies within the range (1.0 - 1.7) × 10
-5

 for 

the dye concentration range (0.05 - 0.09) mM. 
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Figure 7 shows the variation of the refractive index (n) 

of the Solochrome Dark Blue dye - doped polymer film 

with incident photon energy (hν) for different dye 

concentrations. The value of n is within the range  

(1.6 - 1.8) for the concentration range (0.05 - 0.09) mM. It 

is obviously that n of the dye - doped polymer film 

depends on the photon energy and its value reached to 

maximum at hν ≈ 2.3 eV. 

We used, respectively, Eqs. (7) and (8) to calculate σopt 

and σelect of the Solochrome Dark Blue dye - doped 

polymer films. The variations of σopt and σelect with 

incident photon energy are shown in Figure 8 and Figure 9, 

respectively, for different dye concentrations. The 

evaluated value of σopt is within the range (0.3 - 0.6) × 10
10 

(sec)
-1

, while the value of σelect is within the range (1.4 - 

1.6) × 10
5
 (S . cm

 – 1
)

 
, over the dye concentration range 

(0.05 - 0.09) mM. It is seen that the value of σelect is high at 

the low photon energies and decreases with increasing the 

incident photon energy (hν). 

The values of the optical energy band gap (Eg) for the 

Solochrome Dark Blue dye - doped polymer films were 

estimated from the intersect of the extrapolated linear part 

of the plot of (α h ν) 
1/2 

versus the incident photon energy 

(h ν) with abscissa, as shown in Figure 10. The obtained 

values of Eg for the Solochrome Dark Blue dye - doped 

polymer films are given in Table 1. It is seen that the 

value of the optical energy band gap of pure PMMA 

polymer sample (undoped polymer) is equal to 4.73 eV, 

and reduced with increased the concentration of the 

Solochrome Dark Blue dye in the PMAA polymer (from 

4.73 eV to 1.83 eV at dye concentration 0.09 mM), this is 

attributed to the increase in absorption coefficient (α) as a 

result of introducing dopant atoms and hence the value of 

Eg will be decreased. From Table 1, one can deduce that, 

in the presence of dye, the optical energy band gap of the 

pure PMMA polymer film is modified significantly and 

its value decreased by increasing the dye concentration. 

This is probably due to the creation of point defects within 

the optical energy band gap. 

Table 1. The obtained values of optical energy band gap (Eg) for the 

pure PMMA polymer film and the Solochrome Dark Blue dye - 

doped polymer films at different dye concentrations 

Optical energy band gap (Eg) 

(eV) 
Sample 

4.73 PMMA 

1.92 SDB 0.05 mM 

1.90 SDB 0.06 mM 

1.88 SDB 0.07 mM 

1.86 SDB 0.08 mM 

1.83 SDB 0.09 mM 

 

Figure 8. The variation of the optical conductivity (σopt ) with the incident Photon energy (hν) for the Solochrome Dark Blue dye - doped polymer film 

at different dye concentrations 

 

Figure 9. The variation of the electrical conductivity (σelect) with the incident photon energy (hν) for the Solochrome Dark Blue dye - doped polymer 

film at different dye concentrations 
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Figure 10. The plots of (αhν)1/2 versus hν for Pure PMMA polymer film and Solochrome Dark Blue dye - doped polymer films at different dye 

concentrations 

5. Conclusions 

The pure and Solochrome Dark Blue dye - doped 

polymer films were prepared using the casting technique 

and their optical properties were investigated for different 

dye concentrations. The optical parameters of the dye - 

doped polymer films were determined for different dye 

concentrations. Results showed that the optical properties 

of the PMMA polymer film were appreciably modified in 

the presence of the organic Solochrome Dark Blue dye. 

The optical energy band gap (Eg) value of the pure PMMA 

polymer shows significant decreasing with an increasing 

concentration of Solochrome Dark Blue dye. The obtained 

results from the investigation suggest that the prepared 

Solochrome Dark Blue dye - doped polymer films are 

suitable for photonic device applications. 
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