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Introduction 

Polymer blends enable the development of 

new polymeric materials with tailored technological 

properties1-4
 .Conduction factors can help you 

achieve effective optimization. Interface active 

compounds based on macromolecules that can 

combine important polymeric material groups such 

as amorphous thermoplastics, crystalline 

thermoplastics, and elastomers are suitable coupling 

agents. Frankincense, an oleo gum resin derived 

from the trees of the Burseraceae family's genus 

Boswellia Roxb. ex Colebr, is widely used in 

traditional Arab, African, Ayurvedic, and Chinese 

medicines to treat a wide range of ailments 

including fever, pain, and swelling. Identifying 

biologically active compounds in Boswellia oleo 

gum resins would allow for more rational drug 

discovery. Frankincense trees are primarily found in 

the dry regions of East Africa, the Arabian 

Peninsula, and the Middle East5.It uses waste poly 

(methyl methacrylate), PMMA, which is a brittle 

thermoplastic. The waste of Polymethyl 

Methacrylate and some other plastics has recently 

been reused to get rid of the pollution that occurs 

because of it, as the disposal of these materials 
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requires a very long time, and by working on the 

reuse of these materials, there are serious ways to 

get rid of pollutants and contribute to preserving the 

environment. Polymethyl Methacrylate is one of the 

important polymers, which is used in various fields, 

whether it is a pure or reused polymer6. A 

(PMMA)-Polystyrene (PS) doped with 

nanoparticles was used for modern applications7. 

The potential of using it as a new filling material for 

bladder implantable medical devices was studied 8, 

as well as the linear and nonlinear photo response of 

the nickel-silica/PMMA core film for flexible 

optoelectronic applications 9. A tunable solid-state 

laser based on PMMA doped with pyromethane 

dyes was also used 10. Recycled Polymethyl 

Methacrylate (PMMA) was used to produce the 

optical fibre sensor systems11.  To improve its 

optical properties, we used frankincense 

components dissolved in alcohol as additives to 

waste PMMA with organic azo dye (4-(2- 

Pyridylazo) Resorcinol Monosodium Salt Hydrate). 

Fig. 1, showed the chemical structure of the 

composition of the polymer blends prepared.   This 

work aims to investigate the effect of (4-(2 

Pyridylazo) Resorcinol Monosodium Salt Hydrate) 

dye and resins of Frankincense on the structural, 

and optical properties, of the waste PMMA.  

 

 

Figure 1. Chemical structure of the composition of a-Frankincense, b- polymethyl methacrylate, and   

c- 4-(2- Pyridylazo) Resorcinol Monosodium Salt Hydrate. 

Materials and Methods 

Frankincense (Oligoum resin from 

Boswellia  Birdwood, Burseraceae was purchased 

from the local market for herbs and spices in 

Basrah/Iraq, waste of polymethylmethacrylate was 
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collected from the used Residential and commercial 

aquariums which were collected and crashed and 

Sieved with (2.2 ) micrometer particle size, ethanol 

97% was used as an extracted solvent and 

tetrahydrofuran was purchased from Merck 

company. 

Extraction Procedure 

The process of extracting the viscous resin 

containing Pentacyclic Triterpenic Acids (PTA) was 

carried out with absolute ethanol solution for 

frankincense (Oligoum), and the process of 

extracting was carried out at room temperature12,13 

three times to obtain the highest yield of final 

extracted materials. 

Preparation of Samples  

A set of embodiments was prepared from 

the reaction of 1% of completely dissolved 

polymethylmethacrylate waste in THF with 1% of 

frankincense extract dissolved in the same solvent, 

with different proportions of azo dye (0%, 1%, 3%, 

5%,7% ,and 9%) were dissolved in tetrahydrofuran 

using a magnetic stirrer to prepare samples from (A 

. B. C. D. E and F), then the solution was poured 

into glass film with dimensions 2cmx 2cm by 

casting method. Table 1, showed the composition of 

the prepared samples. The absorption and 

transmittance spectra of wavelengths 400-900nm 

were recorded using a UV-Vis dual-beam 

spectrophotometer. The morphology of the polymer 

with and without dye was studied using a Philips 

ZEISS   Scanning Electronic Microscope. The 

average diameter of the nanofibers was measured 

by the measurement software. 

 

Table 1. showed the composition of the prepared 

samples. 
Symbol Azo dye 

A 0% 

B 1% 

C 3% 

D 5% 

E 7% 

F 9% 

 

Results and discussion 

SEM micrographs Fig. 2, revealed that the 

dye had influenced the microstructure of the 

polymers, Where we noticed the change in the 

distribution of grains too wide distribution when 

adding dye to  the samples (A and D) with and 

without the dye when the magnification was 

100.00KX. SEM images clearly show   the surface 

morphology of the PMMA with organic Dye. This  

morphology confirms the complete amorphous 

nature of PMMA polymer and complete doping of 

the dye. The images show the profile of the SEM 

image of a sample and that the gray value 

distribution with distance is all that is required is 

two SEM images showing the same area on a 

sample. The main difference between the two 

images is the degree of inclination of the sample 

between the sample surface normal and the electron 

beam. 

 
a1-SEM image of A  sample 

https://doi.org/10.21123/bsj.2024.7953
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b1-SEM image of D  sample 

 
a2-the surface profile of A. 

 
b2- the surface profile of D. 
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a3- the distribution of gray value with the distance of A. 

 
b3- the distribution of gray value with the distance of D. 

Figure 2. Topography of surface morphology and surface profile A and D can use image features from 

scanning electron microscope images. 

 

Optical   Properties   

The measurements of the absorption of the 

prepared thin films were made under laboratory 

conditions at a temperature of 25°C and using a 

spectrophotometer for wavelengths (400-900nm), 

and its specificity in obtaining fairly similar 

thicknesses. For different models in the doping 

ratios of the films by re-deposition more than once 

and reaching the desired thickness more closely14. 

Fig. 3, indicate, wavelength-dependent absorbance 

values it appears that the absorbance curves operate 

within the wavelengths from 400-800 nm and the 

absorbance begins to increase with the increase in 

the concentration of the azo dye. the samples have 

the broadest absorbance range and a broad 

absorption peak within  400-680 nm  for samples A, 

and C. The absorbance of samples E and F can be 

explained by saturation. The transmittance 

measurements were taken for all of the prepared 

thin films under the same absorbance measurement 

conditions (room temperature 25C0 and within the 

wavelength range 400-900nm), and it appears from 

Fig. 4. that the transmittance spectrum of the doped 

and undoped films reaches 90% percent 

transmittance. The shape of the transmittance curve 

is the expected behavior for it, as the transmittance 

is the opposite of the absorbance. 
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Figure 3. Wavelength-dependent absorbance values of pure and doping by dye (1%, 3%, 5%, 7%, 

9%). 

 
Figure 4. Wavelength-dependent Transmittance pure and doping by dye (1%, 3%,5%,7%,9%) 

 

Optical constants  

 Absorption coefficient )α (        

The absorption coefficient describes the 

attenuation of light intensity as it passes through a 

substance. It is defined as the sum of a substance's 

absorption cross-sections per unit volume during an 

optical process15,16.   The higher the value, the 

shorter the length of light that can enter a substance 

before being absorbed. Light absorption by the dye. 

According to the results we obtained and displayed 

in Fig. 5, the type of electronic transitions is direct 

transitions because the values of the absorption 

coefficient (α) are greater than 104 cm-1. As a result, 

in the absorption band, the absorption coefficient 

becomes extremely critical. Determine the type of 

electronic transfer that occurs in the electronic 
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structure of the material. For this purpose, the 

absorption coefficient was calculated as follows 17:    

𝛼 = (
2.303

𝑑
) 𝐴                  … … . .1 

Where; (α) is the Absorption coefficient, 

             (d) Thickness of films, 

            (A), Absorbance  

 

 
Figure 5. Wavelength-dependent absorption coefficient of pure and doping by dye (1%, 3%, 5%, 7%, 

9%) 

Extinction coefficient calculation 

Beer's Law asserts that for a certain 

substance dissolved in a specific liquid solution and 

measured at a given wavelength, molar absorptivity 

is constant (and absorbance is proportional to 

concentration)18. As a result, molar absorptivity is 

also referred to as molar absorption coefficients or 

molar extinction coefficients. Because transmittance 

and absorbance have Molar absorptivity must 

cancel with concentration and light path units of 

measure19,20.  The extinction coefficient as a 

function of wavelength is depicted in Fig. 6. It 

depicts the charge curve for Sample A (Pure) at 0.6, 

which begins to decrease as the wavelength 

increases. B(1%) The decay energy has a value 

between 0.9 and 1and starts to drop with increasing 

wavelength, Also, the Extinction coefficient in 

Samples (A  and D) is less than one, whereas the 

driving energy in Samples( E (7%)and F (9%) is 

greater than one, and this behaviour is identical to 

the absorbance behaviour Fig. 7,The losses in the 

produced electromagnetic wave are caused by 

photon absorption and the occurrence of the process 

of electron transfer between the - double bond, 

Which, Extinction Coefficient K is, a measure of 

the fraction of light lost due to dispersion and 

absorption of the unit of distance from the center's 

penetration, and it can be estimated from the values 

of and using the following relationship by 21,. 

𝐾 =
𝛼ʎ

4𝜋
                          … .2 
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Figure 6. Wavelength-dependent Extinction coefficient of pure and doping by dye (1%, 3%, 5%,7%, 

9%) 

Optical Energy Gap 

Eq. 3 was used to calculate the energy 

gap for the prepared films and direct 

transitions. The relationship between (𝛼ℎ𝑣)2 

was drawn against the energy of photons (ℎ𝑣), 

and then a straight line was drawn along the 

region in which a rapid increase in the amount 

of ℎ𝑣2occurs, so that it cuts the energy of the 

photons, and the point of intersection represents 

the value of the energy gap22 . 

𝛼 =
(ℎ𝑣−𝐸)𝑟

ℎ𝑣
… … … 3  

r, denotes the density distribution of the state 

index, which varies depending on the point of 

transition: direct (1/2 and 3/2 for allowed and 

forbidden, respectively) or indirect (2 and 3 for 

permitted and prohibited) 23. Figs. 7 and 8 

depict this, as well, Table 2 the energy gap's 

values. 

Table 2.  The energy gap's values. 
Symbol Eg (eV) 

A 2.78 

B 2.70 

C 2.30 

D 2.05 

E 2.13 

F 2.20 
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Figure7. Energy band gap of pure and doping by dye (1%) 

 
Figure 8. Energy band gap of pure and doping by dye (1%, 3%,5%,7%,9%) 

Conclusion 

This study makes it possible to use PMMA 

waste as an optical fiber composite with the 

alcoholic extract of Frankincense and different 

percent of azo dye. The prepared samples can be 

good candidates for preparing optical fiber sensors. 

and, Through this research, we were able to convert 

polymethyl methacrylate waste from an insulating 

material and not useful but harmful to the 

environment to a semiconductor material by doping 

with some available additives and it is possible to 

use the resulting material with this characterization 

as optical sensors, for example, and it could be used 

in spheroids by particular polymers or as a layer of 

solar cells. It has the potential to enhance the 

environment. 
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بولي ميثيل ميثاكريالات المشوب اللمواد المعاد تدويرها من لتحضير ودراسة الخواص البصرية 

 ريسورسينول ملح أحادي الصوديوم هيدراتبيريديلازو(  -2) -4بنسب مختلفة من 

  2بهية عبد الباقي ضاحي ،1محسن جالب محسن ،2فاطمة حميد مالك  ،1زينب جمعة صويح 
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 ةالخلاص

من النفايات مع الراتنج المشتق  استخدامهيقدم هذا البحث طريقة لتطوير متحسس بصري جديد باستخدام بولي ميثيل ميثاكريلات المعاد 

بيريديلازو( ريسورسينول أحادي الصوديوم هيدرات( )صبغة -2( )وزن : وزن ٪  مع )5: 5من اللبان بمحلول الإيثانول وبنسبة )

وكذلك درست الخواص  (SEM ) .ودرست العينات المحضرة باستخدام المجهر الالكتروني الضوئي) الازو( بتقنية صب المحلول

( نانو متر و تزداد الامتصاصية البصرية ماعدا النسبة 111-211باستخدام المطيافية البصرية للاطوال الموجية ) (UV-VIS )ريةالبص

تقل قيمة الامتصاصية وكان هذا السلوك للنفاذية ايضا .ومنها تم حساب معامل الامتصاص ومعامل الخمود  وفجوة الطاقة البصرية  7%

،ومن هذه النتائج تم التوصل في هذه الدراسة الى إمكانية استخدام الأغشية المحضرة في هذه  %1عند النسبة   وكانت افضل قيمة للفجوة

الدراسة لتطوير مجسات الألياف الضوئية من البولي ميثيل ميثاكريلات المعاد تدويره ، بمواصفات جيدة والتي تعتبر معالجة جيدة 
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 .من بولي ميثيل ميثاكريالاتمعامل الامتصاص ، صبغات الازو ، ملح ،متحسس خواص بصرية، مخلفات  حية:الكلمات المفتا

https://doi.org/10.21123/bsj.2024.7953
https://doi.org/10.3390/molecules24112153
https://doi.org/10.1371/journal.pone.0198666
https://doi.org/10.3390/condmat7040054
https://doi.org/10.1088/2053-1583/ac57c9
https://onlinelibrary.wiley.com/authored-by/Singh/N.
https://onlinelibrary.wiley.com/authored-by/Madhav/H.
https://onlinelibrary.wiley.com/authored-by/Yadav/S.
https://onlinelibrary.wiley.com/authored-by/Jaiswar/G.
https://doi.org/10.1002/app.47116
https://doi.org/10.1016/j.rinp.2019.102776
https://doi.org/10.47372/uajnas.2021.n1.a16
https://doi.org/10.1063/5.0000090
https://doi.org/10.1021/acs.jpclett.8b02892
https://doi.org/10.24425/opelre.2023.146553

