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Abstract. Organic laser dyes Rhodamine B (RB) and Aniline Blue (AB) have linear optical properties were determined at different
concentrations (2x103, 4x10°, 6x10, and 8x105M)at room temperature with an ethanol solvent. The absorbance intensity range
shifts toward the longer wavelengths (red shift) with respect to the AB dye, while the absorbance intensity shifts towards the
shorter wavelengths (blue shift) with respect to the RB dye. Organic laser dyes have a wavelength range of 520-690 nm. As
compared to individual laser dyes, the findings show that a mixture of laser dyes is an efficient optical material. It can be used as a

cavity laser resonator.
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Introduction

The organic compounds are defined as hydrocarbons and their derivatives. They can be subdivided into
saturated and unsaturated compounds[1]. Laser dyes are organic compounds with laser properties. Organic
laser dyes are compounds that exhibit absorption from the ultraviolet to the near infrared, especially it
exhibit strong absorption in the visible portion of the spectrum[2]. Laser dyes are complicated molecules
with multiple ring structures that produce a broad range of absorption and emission spectra. Because of
their chemically identical structures, laser dyes can be divided into different groups. Common xamples are
the coumarins, xanthenes and pyrromethenes[3,4]. laser dyes must be mixed by varying donor/acceptor
concentration via fluorescence resonance energy transfer (FRET) from the excited donor molecule(D) to the
acceptor molecule(A). FRET provides structural information of a complex medium.[14-34] It has wide
applications in the field of physics, chemistry and biology[5].Energy transfer happened when the energy
transfer from donor to accepter.The condition for this mechanism is when there is an overlap between
fluorescence of the donor and absorption of the accepter. The goal of energy transfer was to improve the

efficiency and broadband the tunable spectral range of dye lasers[6].
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Materials Used

The organic dye RB( Loba Chemie, Mumbai, India), belonging to methyl family, is an important histological
and bacterial stain and is used for coloring textiles and leather. Its scientific name is (Tetraethylrodamine)
with molecular formula (CzsH31N2OCl) [7]. An Aniline Blue(AB)organic dyewith molecular formula

(C32H25N304S3Nay) ,as illustrated in Fig.1.
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Fig.1a- Molecular Structure of RB dye, b- Molecular Structure of AB dye[8]

Theoretical Part

The transition of electrons from ground state to excited state orbital is essential for spectroscopy. If
molecules absorb light, they can be excited from the lowest vibrational level of the ground singlet state Sqo
to higher vibrational levels of the S, state within a very short time (10%s), the Diagram of energy level of

molecule organic dyes showe in Fig. 2 [9].
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Fig. 2Jablonski energy diagram[3]

The likelihood of absorbed photon is directly proportional to the absorbed molecules in the sample
concentration and thickness of the model (the length of the optical path), according to Beer-Lambert law,
which is the empirical relationship linking the light absorbance characteristics of the material that reflects
light through it. The law states that the number of absorbent in the substance particles is directly
proportional to the absorbed radiation part passing through. If passed in a particular solution, the amount
of light absorbed is exponential function of the concentration, as in the equation[10]:

I=1,e7CeL(1)

The equation can be written as follows [11]:

Inlo/l1=CeL=A (2)

Where :

A: The absorbance, C: Concentration of the sample, € : The molar.

Absorptivity and L: The path-length of the light through the sample. The absorption coefficient is
defined as the rate of decrease in the emission of radiation energy per unit of distance in the direction of
wave propagation within the medium. The absorption coefficient is determined by the photon's energy (hv)
as well as the properties of matter. [12]. According to the Beer-Lambert law , the absorption coefficient is:

2.303 A=l (3)
a,=2.303A/L (4)

Where:
Qo: Linear absorption coefficient (cm™).
The linear refraction index of sample ( n, ) is the ratio between the light speed in the vacuum to the

light speed in the medium, which is calculated as in the following equation [13]:

0= (- k) - (3 o)
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Where:

Nno: Linear refraction index (without units).
R: The reflectance.

K:

Extinction coefficient.

Results and Discussion

Four concentrations of Rhodamine B (RB) dye, Aniline blue (AB) (2x107%, 4x107%, 6x10°, and 8x10°) M
were prepared after dissolving them in ethanol solvent . After that, the dye was mixed with 1: 1 volumetric
ratios for each concentration, and then the absorption spectra were measured using the UV-Vis
spectrometer. The results of the measurements were as shown in Fig. 3, Fig. 4 and Fig.5, it is noticed from
the figures that increasing the concentration leads to an increase. The absorbance of the two dyes and their
mixture and this is in line with Beer-Lambert law. In addition, it is noticed that there is an increase in the
range of wavelengths of the mixture compared with the absorbance curve for each dye separately, and this
is a good factor for making the laser dye in dye lasers. From the results of the absorption spectra, the
transmittance spectra of the two dyes and their mixture were recorded as shown in Fig. 6, Fig. 7 and Fig. 8.
After obtaining the results of the absorption and transmittance spectra, the linear absorption coefficients
(ab) and linear refraction (n,) were calculated for all the prepared models using the two relationships (4)
and (5), as shown in Table 1. Where the table shows the most important optical properties of the dyes used
in this study and their mixtures, and it is noted from the table that increasing the concentration leads to an
increase in the two linear absorption (a,) and refraction (n,) coefficients as well as an increase in their
values of the mixture compared with the two dyes separately,this was due to the energy transfer from the
donor dye (RB)to the acceptor dye (AB), thus obtaining a mixture of two organic pigments can be used as a

medium effective laser with a wide range of wavelengths in dye lasers.

Table 1 Values of linear optical properties for pure and mixture dyes at different concentrations.
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Dyes Concentration Amax A T oo No

M (nm) (cm™)

2x10° 0.339 | 0.458 | 0.782 1.525

4x10° 0.538 | 0.291 | 1.238 1.769

6x10° 0.667 | 0.215 | 1.535 1.919
RB

8x10° 0.682 | 0.208 | 1.570 2.347

2x10°

4x107°
AB

6x10°

8x10°

2x107°

Mixture of

(RB+AB) 4x10°5

6x107°

8x107°
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Fig. 3 Absorbance spectra for Rhodamine B (RB)dye at different concentrations

in ethanol solvent.
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Fig. 4 Absorbance spectra of aniline blue (AB) dye at different concentrations

in ethanol solvent.
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Fig. 5 Absorbance spectra of two mixture dyes (RB+AB) at different concentrations

in ethanol solvent.
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Fig.6 Transmittance spectra for Rhodamine B (RB) dye at different concentrations

in ethanol solvent.
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Fig. 7 Transmittance spectra of aniline blue (AB) dye at different concentrations

in ethanol solvent.
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Fig. 8 Transmittance spectra of two mixture dyes (RB+AB) at different concentrations

in ethanol solvent.
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Conclusions
Dye mixing increases the coefficient of linear absorption and linear refractive index (LRF) and leads to a
wide range of wavelengths due to energy transfer from the donor dye to the acceptor dye.

Dye mixing increases the coefficient of linear absorption and linear refractive index (LRF) and
leads to a wide range of wavelengths due to energy transfer from the donor dye (RB) to the acceptor
dye (AB).

Increasing the concentration leads to an increase in the absorption of each dye and their
mixtures. We notice an expansion in the absorption spectrum of the mixture dye and this is important to

work as an effective laser medium.

References

[1] F. P. Schafer, Dye Lasers, Springer-Verlag Berlin Heidelberg, (1973)

[2] F.P. Schafer, New Developments in Laser Dyes, harwood academic publishers Gmbh Printed in Great
Britain,Vol. 3, pp. 265-278, (1983)

[3]G. Theodore Pavlopoulos, Scaling of Dye Lasers with Improved Laser Dyes, progress in Quantum
Electronics, (26), 193—-224, (2002)

[4]A. Abdul-Zahra Ali, Investigation of Nonlinear Optical Properties for Laser Dyes-Doped Polymer Thin Film,
thesis, University of Baghdad Institute of Laser for Postgraduate Studies,(2008)

[5]H. Lazem and J. Sara, Study Effect of Different Solvent Polarity on the Absorption and the Fluorescence

Spectrum of Phenolphthalein Laser Dye, Academic Research International, 7(4), (2016)

[6]Y.Saito, M. Kato, A. Nomura, and T. Kana "Simultaneous Three Primary Color Laser Emissions from Dye
Mixtures", Appi. Phys. Lett. 56(9), (1990)

[7]F. Zainab, Improvement of Nonlinear Optical Properties for Mixture Laser Dyes Doped PMMA, Iraqi
Journal of Laser, Part A, 9(2), (2010)

[8]K. Hanaa Egzar, S. Muthana Mashkour and A. Muosa Juda, Study the Photodegradation of Aniline Blue
dye in Aqueous Phase by using Different Photocatalysts, International Journal of Engineering &
Technology IJET-1JENS,13(4), (2013)

[9] H. Jaffe and L. Miller, The Fates of Electronic Excitation Energy, Journal of Chemistry Education,(43), 73-

469 (1966)

[10]D. Harvey, Modern Analytical Chemistry, New York: McGraw-Hill, (2000)

[11] L.H. Aboud, , T.M. Abbas, and H.H. Abd Ali, Effect of Solution Viscosity on The Linear Optical Properties
of Organic dye, Journal of Global Pharms Technology, 12 (9), 28-136, (2017)

[12] A.M. Al-Hussainey, andT.M. Abbas Al-Shafie, Study the Optical and Spectral Properties of Organic
Dye as an Effective Medium in Dye Lasers, Journal of Global Pharms Technology, 10 (5), 304-311,
(2018)

8136



Nat. Volatiles & Essent. Qils, 2021; 8(4): 8128-8138

[13] S.H. Kadhum , and T.M. Abbas, Study of Fluorescence Energy Transfer for Mixture of Two Laser Organic
Dyes, Journal of Advanced Research in Dynamical and Control Systems, 12 (7), 774-781, (2020)

[14] JALIL, A. T., DILFY, S. H., KAREVSKIY, A., & NAJAH, N. (2020). Viral Hepatitis in Dhi-Qar Province:
Demographics and Hematological Characteristics of Patients. International Journal of Pharmaceutical

Research, 12(1). https://doi.org/10.31838/ijpr/2020.12.01.326

[15] Dilfy, S. H., Hanawi, M. J., Al-bideri, A. W., & Jalil, A. T. (2020). Determination of Chemical Composition
of Cultivated Mushrooms in Irag with Spectrophotometrically and High Performance Liquid
Chromatographic. Journal of Green Engineering, 10, 6200-6216.

[16] Jalil, A. T., Al-Khafaji, A. H. D., Karevskiy, A., Dilfy, S. H., & Hanan, Z. K. (2021). Polymerase chain
reaction technique for molecular detection of HPV16 infections among women with cervical cancer in

Dhi-Qar Province. Materials Today: Proceedings. https://doi.org/10.1016/j.matpr.2021.05.211

[17] Jalil, A. T., Kadhum, W. R., Khan, M. U. F., Karevskiy, A., Hanan, Z. K., Suksatan, W., ... & Abdullah, M.
M. (2021). Cancer stages and demographical study of HPV16 in gene L2 isolated from cervical cancer in

Dhi-Qar province, Irag. Applied Nanoscience, 1-7. https://doi.org/10.1007/s13204-021-01947-9

[18] Widjaja, G., Jalil, A. T., Rahman, H. S., Abdelbasset, W. K., Bokov, D. O., Suksatan, W., ... & Ahmadi, M.
(2021). Humoral Immune mechanisms involved in protective and pathological immunity during COVID-

19. Human Immunology. https://doi.org/10.1016/j.humimm.2021.06.011

[19] Moghadasi, S., Elveny, M., Rahman, H. S., Suksatan, W., Jalil, A. T., Abdelbasset, W. K., ... & Jarahian, M.
(2021). A paradigm shift in cell-free approach: the emerging role of MSCs-derived exosomes in

regenerative medicine. Journal of Translational Medicine, 19(1), 1-21. https://doi.org/10.1186/s12967-

021-02980-6

[20] Hanan, Z. K., Saleh, M. B., Mezal, E. H., & Jalil, A. T. (2021). Detection of human genetic variation in
VAC14 gene by ARMA-PCR technique and relation with typhoid fever infection in patients with
gallbladder diseases in Thi-Qar province/Iraq. Materials Today: Proceedings.

https://doi.org/10.1016/j.matpr.2021.05.236

[21] Saleh, M. M., Jalil, A. T., Abdulkereem, R. A., & Suleiman, A. A. Evaluation of Immunoglobulins,
CD4/CD8 T Lymphocyte Ratio and Interleukin-6 in COVID-19 Patients. TURKISH JOURNAL of
IMMUNOLOGY, 8(3), 129-134. https://doi.org/10.25002/t]i.2020.1347

[22] Turki Jalil, A., Hussain Dilfy, S., Oudah Meza, S., Aravindhan, S., M Kadhim, M., & M Aljeboree, A.
(2021). CuO/Zr02 nanocomposites: facile synthesis, characterization and photocatalytic degradation of
tetracycline antibiotic. Journal of Nanostructures.

[23] Sarjito, Elveny, M., Jalil, A., Davarpanah, A., Alfakeer, M., Awadh Bahajjaj, A. & Ouladsmane, M. (2021).
CFD-based simulation to reduce greenhouse gas emissions from industrial plants. International Journal

of Chemical Reactor Engineering, (), 20210063. https://doi.org/10.1515/ijcre-2021-0063

8137


https://doi.org/10.31838/ijpr/2020.12.01.326
https://doi.org/10.1016/j.matpr.2021.05.211
https://doi.org/10.1007/s13204-021-01947-9
https://doi.org/10.1016/j.humimm.2021.06.011
https://doi.org/10.1186/s12967-021-02980-6
https://doi.org/10.1186/s12967-021-02980-6
https://doi.org/10.1016/j.matpr.2021.05.236
https://doi.org/10.25002/tji.2020.1347
https://doi.org/10.1515/ijcre-2021-0063

Nat. Volatiles & Essent. Qils, 2021; 8(4): 8128-8138

[24] Marofi, F., Rahman, H. S., Al-Obaidi, Z. M. J,, Jalil, A. T., Abdelbasset, W. K., Suksatan, W., ... & Jarahian,
M. (2021). Novel CAR T therapy is a ray of hope in the treatment of seriously ill AML patients. Stem Cell
Research & Therapy, 12(1), 1-23. https://doi.org/10.1186/s13287-021-02420-8

[25] Jalil, A. T., Shanshool , M. T. ., Dilfy, S. H. ., Saleh, M. M., & Suleiman, A. A. . (2021). HEMATOLOGICAL
AND SEROLOGICAL PARAMETERS FOR DETECTION OF COVID-19.Journal of Microbiology,
Biotechnology and Food Sciences, e4229. https://doi.org/10.15414/imbfs.4229

[26] Vakili-Samiani, S., Jalil, A. T., Abdelbasset, W. K., Yumashev, A. V., Karpisheh, V., Jalali, P., ... & Jadidi-
Niaragh, F. (2021). Targeting Weel kinase as a therapeutic approach in Hematological
Malignancies. DNA repair, 103203. https://doi.org/10.1016/j.dnarep.2021.103203

[27] NGAFWAN, N., RASYID, H., ABOOD, E. S., ABDELBASSET, W. K., AI-SHAWI, S. G., BOKOV, D., & JALIL, A.
T. (2021). Study on novel fluorescent carbon nanomaterials in food analysis. Food Science and

Technology. https://doi.org/10.1590/fst.37821

[28] Marofi, F., Abdul-Rasheed, O. F., Rahman, H. S., Budi, H. S., Jalil, A. T., Yumashev, A. V., ... & Jarahian,
M. (2021). CAR-NK cell in cancer immunotherapy; A promising frontier. Cancer Science, 112(9), 3427.
https://doi.org/10.1111/cas.14993

[29] Abosaooda, M., Wajdy, J. M., Hussein, E. A., Jalil, A. T., Kadhim, M. M., Abdullah, M. M., ... &
Almashhadani, H. A. (2021). Role of vitamin C in the protection of the gum and implants in the human
body: theoretical and experimental studies. International Journal of Corrosion and Scale

Inhibition, 10(3), 1213-1229. https://dx.doi.org/10.17675/2305-6894-2021-10-3-22

[30] Jumintono, J., Alkubaisy, S., Yanez Silva, D., Singh, K., Turki Jalil, A., Mutia Syarifah, S., ... & Derkho, M.
(2021). Effect of Cystamine on Sperm and Antioxidant Parameters of Ram Semen Stored at 4° C for 50
Hours. Archives of Razi Institute, 76(4), 923-931. https://dx.doi.org/10.22092/ari.2021.355901.1735

[31] Roomi, A. B., Widjaja, G., Savitri, D., Turki Jalil, A., Fakri Mustafa, Y., Thangavelu, L., ... & Aravindhan, S.
(2021). Sn0O2: Au/Carbon Quantum Dots Nanocomposites: Synthesis, Characterization, and
Antibacterial Activity. Journal of Nanostructures.

[32] Raya, I., Chupradit, S., Kadhim, M. M., Mahmoud, M. Z,, Jalil, A. T., Surendar, A., ... & Bochvar, A. N.
(2021). Role of Compositional Changes on Thermal, Magnetic and Mechanical Properties of Fe-PC-

Based Amorphous Alloys. Chinese Physics B. https://doi.org/10.1088/1674-1056/ac3655

[33] Chupradit, S., Jalil, A. T., Enina, Y., Neganov, D. A., Alhassan, M. S., Aravindhan, S., & Davarpanah, A.
(2021). Use of Organic and Copper-Based Nanoparticles on the Turbulator Installment in a Shell Tube
Heat Exchanger: A CFD-Based Simulation Approach by Using Nanofluids. Journal of Nanomaterials.

https://doi.org/10.1155/2021/3250058

[34] Raya, ., Chupradit, S., Mustafa, Y., H. Oudaha, K., M. Kadhim, M., Turki Jalil, A., J. Kadhim, A,
Mahmudiono, T., Thangavelu, L. (2021). Carboxymethyl Chitosan Nano-Fibers for Controlled Releasing

5-Fluorouracil Anticancer Drug. Journal of Nanostructures,

8138


https://doi.org/10.1186/s13287-021-02420-8
https://doi.org/10.15414/jmbfs.4229
https://doi.org/10.1016/j.dnarep.2021.103203
https://doi.org/10.1590/fst.37821
https://doi.org/10.1111/cas.14993
https://dx.doi.org/10.17675/2305-6894-2021-10-3-22
https://dx.doi.org/10.22092/ari.2021.355901.1735
https://doi.org/10.1088/1674-1056/ac3655
https://doi.org/10.1155/2021/3250058

