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Abstract 

In this study, three azo dyes derived from 2-naphthol, 2-aminobenzoic acid, 3-aminobenzoic acid, and 4-aminobenzoic acid 
were prepared. They were designated 2A, 3A, and 4A, respectively. The prepared compounds were characterized 
spectroscopically using mass, FT-IR, 1HNMR, and 13CNMR spectroscopy. Density functional theory (DFT) calculations via 
B3LYP/6-311++G(d,p) provided understanding of the electronic structures. The calculated energy gaps of the 2A-4A at 
3.0901, 3.3760 and 3.2524 eV, respectively, show that the ortho carboxylic substituted azo dye (2A)  has lower energy gap. 
The potential activity of the prepared azo dyes as potential cancer inhibitors, particularly for prostate cancer, was also 
theoretically investigated using molecular docking against the 1GS4 protein receptor. Molecular docking simulation 
demonstrated good affinity of the prepared azo dyes at -8.4, -7.2 and -7.7 kcal/mol, respectively,  recant was associated with 
four hydrogen bonds in 2A. The cytotoxicity of the prepared azo dyes was then tested using the MTT assay against  human 
prostate cancer cell line LNCaP. The calculated IC50 values were (46.97 ± 0.02), (71.11 ±  1.15), and (64.61 ± 0.06) µg/mol for 
azo dyes 2A-4A, respectively after 24 h of incubation after applying the azo dyes 2A-4A. The results of molecular docking 
were compared with the efficacy and cytotoxicity results of the prepared compounds and showed good agreement. The 
nonlinear optical properties of the prepared azo dyes 2A–4A are investigated using the diffraction pattern (DPs) method with 
473 nm laser beam. The nonlinear refractive index values for azo dyes 2A is found to be 3.205 × 10⁻⁷ cm²/W. These high NLRI 
values make azo dyes 2A promising candidates for use in optical devices. 
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Introduction 
Azo dyes with (N=N) group are among the common versatile organic compounds, renowned for their diverse 
structural, physical, and chemical properties. In addition to their classic applications in dyes and textiles, recent 
studies indicate their potential as multifunctional materials in photonics and biomedicine [1-5]. Azo dye 
derivatives have garnered increasing attention for their ability to interact with biological systems, as well as for 
exhibiting unique optical and electronic behaviors [6-8]. Several studies have demonstrated the anti-
inflammatory, antibacterial, anticancer and biomedical sciences efficacy of a number of azo derivatives [9-17].  
Given that prostate cancer is a significant health challenge, being the most common cancer among men [18-22]. 
Researchers are prioritizing the improvement of existing treatments or the discovery of new therapies with 
enhanced efficacy and fewer side effects[23,24]. Studying the molecular structures, including those of azo-based 
compounds, their structural modification, and their ability to interact with target proton receptors, makes them 
promising candidates for anticancer agents [25-30]. 
           The significant increase in research demonstrating the optical properties of various azo derivatives is also 
noteworthy[31-33]. Recent years have witnessed a qualitative leap in the application of these properties across 
numerous modern technological fields [34-38]. This is attributed to the growing understanding of the interaction 
of high-intensity light with different compounds in the fields of optical communications and information 
systems, where nonlinear properties form a fundamental principle in the development of devices and protocols, 
including the advancement of optical computing and optical signals [39-41].  
            Among the most important applications are ultrafast light converters, nonlinear signal amplifiers, and 
wavelength converters. Vital applications have also emerged in the field of biomedical imaging, particularly the 
second-harmonic generation microscope, an indispensable imaging tool [42-44]. This technique surpasses 
conventional fluorescence microscopy because it relies on the intrinsic contrast of the tissue itself without the 
use of external dyes, thus avoiding the problem of light fading. This makes it ideal for long-term live imaging and 
is used to image collagen fibers and neural tissues [45]. Azo compounds, in particular, have demonstrated the 
ability to form broad diffraction rings under laser influence, making them promising compounds for use in optical 
selectors and switches [46-48].  
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            This dual application of azo dye derivatives, as multifunctional materials, allows for multiple uses in 
nonlinear optics and biological activity against cancer in general and prostate cancer in particular. This study 
attempts to explore the effect of the substituent position in azo dyes on the structural and electronic properties 
of the dye, which in turn affects its nonlinear optical properties on the one hand and its anticancer biological 
activity on the other. Based on theoretical and experimental convergences, this provides a clear view of the 
molecular structure of azo dyes and thus offers dual-application materials that contribute effectively to the 
development of potential cancer therapies and technologies. 
 

EXPERIMENTAL 
 
Materials 
All reagents were of analytical grade and used without further purification. 2-, 3-, and 4-aminobenzoic acid, 2-
naphthalenol, sodium hydroxide, hydrochloric acid, and ethanol were obtain from Merck. Deionized water was 
used throughout all synthesis. 
 
General procedure for synthesis azo dyes 1 and 2 
Diazonium salts were synthesis by dissolving 6 mmol of  2-, 3-, and 4-aminobenzoic acid (each separately) in 2.1 
mL of 36%(w/w) HCl with 5 mL of deionized water, followed by cooling to 0-5 oC. A solution of sodium nitrite 
(0.456 g in 5 mL deionized water) was added dropwise under stirring while maintaining the temperature below 
5 oC. 
Separately, (6 mmol, 0.864 g) of 2-naphthalenol was dissolved in 50 mL of deionized water, and 1.8 g of NaOH 
in 10 mL of deionized water was added. The solution was cooled to 0-5 oC, after which the diazonium solution 
was introduced slowly with stirring to effect coupling. The reaction mixture was left for 24 h to complete 
precipitation. 

The product was acidified with dilute HCl to adjust the pH to 6-7, converting the azo compound from 
its sodium salt to the hydrogen dye form. The precipitate was filtered, dried, and purified by recrystallization 
from ethanol. Figure 1.  illustrates the steps involved preparing azo dyes 2A-4A. 

 
Figure 1.  The steps involved preparing azo dyes 2A-4A 
 

Synthesis of azo dye 2-((2-hydroxynaphthalen-1-yl)diazenyl)benzoic acid (2A) 
The azo dye 2A OC(C=C1)=C(N=NC2=C(C(O)=O)C=CC=C2)C3=C1C=CC=C3 was synthesized following the general 
procedure by reacting (6mmol, 1.7537 g) of 2-aminobenzoic acid with (6mmol, 0.8650 g) of 2-naphthalenol 
(Figure 1.  1).  

      Red solid. Yield: 73%, m.p: 286-287°C, FT-IR (KBr, cm−1): C=O (1712), C=C aromatic (1600-1504), N=N 
(1450), C-N (1327), C–O (1255)  )  supplementary material: Figure   S1(  . 1H-NMR: (400MHz-DMSO-d6) δ 16.40 (s, 
1H), 13.72 (s, 1H), 8.41 (p, 1H), 8.33 (dt, 1H), 8.03 (d, 1H), 7.91 – 7.82 (m, 1H), 7.75 (t, 1H), 7.71 – 7.63 (m, 1H), 
7.62 – 7.53 (m, 1H), 7.45 (dt, 1H), 7.30 (t, 1H), 6.66 (dd, 1H),   )supplementary material: Fig. S2(.   13C NMR (101 
MHz, DMSO-d6) δ 179.56 (C=O), 168.01 (C-O), 144.46 (C-N), 134.93, 133.73, 131.94, 130.98, 130.03, 129.71, 
128.75, 127.58, 127.25, 124.91, 122.61, 117.42, and 116.72 (Ar-C)   )supplementary material: Fig. S3(. MS m/z 
for M+ (100%) [C17H12N2O3] +, 292,  )supplementary material: Fig. S4 (.  
 



 

850 
 

Adolescencia e Saude, vol. 21, No. 4s, p.848-858 

Synthesis of azo dye  3-((2-hydroxynaphthalen-1-yl)diazenyl)benzoic acid (3A) 
The azo dye 3A OC(C=C1)=C(N=NC2=CC(C(O)=O)=CC=C2)C3=C1C=CC=C3 was synthesized following the general 
procedure by reacting (6mmol, 1.7537 g) of 2-aminobenzoic acid with (6mmol, 0.8650 g) of 2-naphthalenol (Fig. 
1).  

        Red solid. Yield: 66%, m.p: 242-245°C, FT-IR (KBr, cm−1): C–H aromatic (3055), C=O (1693), C=C 
aromatic (1618 -1504) N=N (1448), C-N (1298), C–O (1251),   )supplementary material: Fig. S5(. 1H-NMR: 
(400MHz-DMSO-d6) 15.65 (s, 2H), 13.30 (s, 2H), 8.47 (d, 2H), 8.30 (s, 2H), 8.10 – 8.02 (m, 2H), 7.94 (dd, 2H), 7.90 
(d, 2H), 7.77 (d, 2H), 7.64 (q, 4H), 7.46 (t, 2H), 6.89 (dd, 2H).  )  supplementary material: Fig. S6(. 13C NMR (101 
MHz, DMSO-d6) δ 170.60 (C=O), 167.21 (C-O), 145.56 (C-N), 133.13, 132.90, 130.59, 129.92, 129.74, 129.47, 
128.59, 128.39, 126.59, 124.62, 123.32, 121.72, and 119.45 (Ar-C)   )supplementary material: Fig. S7(. MS m/z 
for C16H11N3O3: 293 [M+]  )supplementary material: Fig. S8(. 
 
Synthesis of azo dye  4-((2-hydroxynaphthalen-1-yl)diazenyl)benzoic acid (4A) 
The azo dye 3 OC(C=C1)=C(N=NC2=CC=C(C(O)=O)C=C2)C3=C1C=CC=C3was synthesized following the general 
procedure by reacting (6mmol, 0.8287 g) of 4-nitroaniline with (6mmol, 0.8650 g) of 2-naphthalenol (Fig. 1).  

Red solid. Yield: 71%, m.p: 264-266°C, FT-IR (KBr, cm−1): C=O (1678), C=C aromatic (1622–1500) N=N 
(1427), C-N (1290), C–O (1259),   )supplementary material: Fig. S9(. 1H-NMR: (400MHz-DMSO-d6) 15.88 (s, 1H), 
13.01 (s, 1H), 8.44 (t, 1H), 8.05 (d, 2H), 7.93 (dd, 1H), 7.89 – 7.82 (m, 2H), 7.73 (d, 1H), 7.60 (t, 1H), 7.47 (t, 1H), 
6.78 (dd, 1H).  )  supplementary material: Fig. S10(. 13C NMR (101 MHz, DMSO-d6) δ 176.54 (C=O), 167.22 (C-O), 
147.04 (C-N), 133.18, 131.57, 130.63, 130.05, 129.70, 128.55, 127.33, 126.03, 122.23, and 117.81 (Ar-C)   )
supplementary material: Fig. S11(. MS m/z for C16H11N3O3: 293 [M+]  )supplementary material: Fig. S12(. 

 
RESULTS AND DISCUSSION 
 
Chemistry 
Diazoteation and coupling reactions yielded good azo dye derivatives, exhibiting intense coloring due to the 
extended π conjugation across the aromatic rings and the azo group. Spectral characteristics confirmed the 
success of the synthesis: FTIR spectra showed characteristic stretching vibrations of the –N=N– groups, along 
with characteristic peaks for the COOH and hydroxyl groups. ¹H NMR and ¹³C NMR spectra further supported the 
structural determinations, showing chemical shifts consistent with protons and aromatic carbons, as well as low-
field signals indicating the presence of electron-withdrawing nitro substituents. 
 
Computational chemistry details  
Density functional theory (DFT) calculations were carried at the B3LYP/6-311++G(d,p). DFT calculations indicated 
a decrease in the energy gap between the highest occupied molecular orbital (HOMO) and the lowest 
unoccupied molecular orbital (LUMO) upon substitution of the carboxyl group, which facilitates charge transfer 
within the conjugated system. The lowest energy gap (Egap) is found in azo dyes 2A (3.0906 eV), while it is found 
in azo dyes 3A and 4A (3.376 and 3.252 eV, respectively).   This substitution stabilizes the lower unoccupied 
molecular orbital (LUMO) while slightly destabilizing the higher occupied molecular orbital (HOMO), thereby 
narrowing the energy gap and shifting the absorption band towards longer wavelengths. These spectral 
modifications are consistent with classical substitution effects in azo chromophores, where the contributions of 
resonance and induction together determine the optical response. Figure 2 shows the visual representation of 
the molecular orbitals (MO) and Egap of the prepared azo dyes. 
       The carboxyl group (COOH) has a weaker inductive and resonant repulsive effect. It significantly increases 
the azo bond length at the ortho position of azo dye 2A (1.27240 Å) due to hydrogen bond formation. At the 
meta position of azo dye 3A (1.26159 Å) and the para position of azo dye 4A (1.25909 Å). The dipole moment of 
prepared azo dyes is highest at the ortho position of azo dye 2A (4.8620 D), followed by the para position of azo 
dye 4A (4.7966 D), and lowest at the meta position of azo dye 3A (2.4649 D). This is because the carboxyl group 
at the ortho and bar positions has two effects: inductive and resonant, while at the meta position it has only one 
effect: inductive. Polarization(α) and hyperpolarization (β) values (17.60 x 10-24, 17.41 x 10-24, and 17.38 x 10-

24esu) and (140.68 x 10-32, 69.56 x 10-32, and 71.98 x 10-32esu) , respectively. These values were compared with 
the values of urea, which serve as a common reference for this study[49]. The values for urea were 3.44 x 10-24 
and 12.22 x 10-32, respectively.  
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The calculations show that the polarizability and hyperpolarization of the prepared azo dyes are higher than of 
urea, with dye 2A exhibiting the highest values, 5 and 7 times higher than urea. These results indicate that azo 
dye 2A is a promising candidate material with nonlinear optical properties.  Table 1 lists the calculated values of 
the prepared azo dyes for the MO energies, Egap, µ, α, and β. 
 
Table 1. Calculated HOMO, LUMO, ΔEgap, µ, α, and β of prepared azo dyes 2A-4A 

Comp. HOMO (eV) LUMO (eV) ΔEgap (eV) µ (Debye) α x10-24 (esu) 
β x10-32 

 (esu) 

2A -6.0670 -2.9764 3.0906 4.8620 17.60 140.68 
3A -5.8760 -2.5001 3.3760 2.4649 17.41 69.56 
4A -5.6624 -2.4100 3.2524 4.7966 17.38 71.98 
Urea -7.3782 -0.6764 6.7018 3.8810 3.44 12.22 

 

 
Figure  2. The HOMO, LUMO and Egap of the prepared azo dyes 2A-4A. 
            
The electrostatic surface potential (ESP) map, shown in Figure   3 the electrical charge distribution map on the 
molecule's surface. The ESP highlighted the role of COOH substituents in modulating electronic transitions, 
thereby enhancing the chromophore properties of the dyes. Figure   3 shows the visual representation of the 
electron density distribution of the prepared azo dyes. The electron density (in red) distribution of the azo dye 
substituted with a COOH group 2A is greater across the aromatic ring double bond and the COOH group. 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  The electrostatic surface potential (ESP) map of the prepared azo dyes 2A-4A 
 
Molecular docking studies 
Molecular docking (MD) simulation were performed to investigation potential biological significance, specially 
anticancer activity[50]. The molecular docking simulation were performed of the prepared azo dyes with COOH-
substituted against the (PDB ID: 1GS4). The 1GS4 is the androgen receptor, and it’s primary cancer association 

3A 2A 4A 
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is prostate cancer, where it plays a key role in disease progression and treatment strategies. Before performing 
molecular docking simulations for the azo dyes with the receptor (PDB ID: 1GS4), the structure was proved using 
the Ramachandran plot diagram (Figure   4). The stereo-chemical point of the androgen receptor (PDB ID: 1GS4) 
was estimated using a Ramachandran diagram, which maps the backbone torsional angles (φ and ψ)of all non-
glycine, non-proline residues. The result analysis indicated that more than 90% of  amino acids residues resided 
the favoured place, appeared to canonical α-helix (φ ≈ -60o, ψ ≈ -45o) and β-sheet (φ ≈ -120o, ψ ≈ +120o) 
alteration. A few fraction of  amino acid residues were located in additional allowed position, while only petty 
number show in disallowed position. This distribution proved the stereochemical plausibility of the receptor 
(PDB ID: 1GS4) template and show that the protein fold is consistent with the limitations of established structure. 
         Molecular docking calculations were performed for the prepared azo dyes with the receptor (PDB ID: 1GS4). 
As a first step, the molecular docking of the receptor was repeated with the alpha-fluorocortisol ligand already 
bound to it, which was downloaded from the Protein Data Bank (PDB) dedicated to receptor uploads, in order 
to determine the active sites and appropriate dimensions for ligand localization within the protein. The results 
show that the prepared azo dyes exhibited good activity, with binding energies (affinity ) ranging from -7.2 
kcal/mol for azo dye 3A to -8.4 kcal/mol for azo dye 2A, while the binding energy with the alpha-fluorocortisol 
ligand was -7.4 kcal/mol. The value of the RMSD were within accepted limits (<2.0 Å), confidence the  precision 
of the docking simulation and supported in the binding.  
The prepared azo dyes 2A-4A exhibited various interactions with amino acids at the active sites of the target 
receptor. Hydrogen bonding (HB) between amino acids (AA) and the active sites of the receptor ranged from 
two hydrogen bonds HBs formed between the target receptor 1GS4 and azo dyes 3A and 4A, to four HBs formed 
between the target receptor and azo dye 2A. Table 2 shows the results of MD of the prepared azo dyes with the 
receptor (PDB ID: 1GS4). Figure   5 show the HB visual representation of the interactions between the prepared 
azo dye 2A with the target receptor (PDB ID: 1GS4). Figure   6 show the two-dimensional (2D) and three-
dimensional (3D) visual representation of the interactions each prepared azo dyes 2A-4A against the target 
receptor (PDB ID: 1GS4). These results offer that the prepared azo dye 2A  could be used as models for further 
drug design investigations as anti-prostate cancer.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure   4. The Ramachandran plot of  receptor (PDB ID:1GS4). 
 
Table 2. Docking results for the prepared azo dyes  with the target receptor  

Comp. 
affinity 
kcal/mol 

RMSD Interactions 

HB AA reside 
Distance 
Å 

Hydrophobic  Electrostatic  

2A -8.4 1.94 4 

Val684 
Val685 
Gln711 
Arg752 

2.22 
2.96 
3.64 
3.08 

9 
2 
(π-anion) 

3A -7.2 2.04 2 
Gln711 
Gly683 

2.77 
2.91 

5 
1 
(π-anion) 



 

853 
 

Adolescencia e Saude, vol. 21, No. 4s, p.848-858 

4A -7.7 2.16 2 
Arg752 
Gly683 

2.61 
2.46 

15 1 

alpha-
fluorocorti
sol 

-7.4 1.98 3 
His701 
Gin711 
Arg752 

3.88 
3.18 
3.77 

4 - 

 

 
Figure   5. The HB visual representation of the interactions between the prepared azo dye 2A with the target 
receptor (PDB ID:1GS4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure   6. The 2D and 3D visual representation of the interactions between the prepared azo dyes 2A-4A with 
the target receptor (PDB ID:1GS4). 
 

2A 

3A 

4A 
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In Vitro Cytotoxicity Assay 
The cytotoxicity of prepared azo dyes 2A-4A was tested, and their ability to inhibit the growth of LNCaP prostate 
cancer cells was evaluated using the in vitro MTT method. Different concentrations (500, 250, 125, 62.5, 31.25, 
and 15.62) were prepared to determine the IC50. The calculated IC50 values were (46.97 ± 0.02), (71.11 ±  1.15), 
and (64.61 ± 0.06) µg/mol for azo dyes 2A-4A, respectively after 24 h of incubation after applying the azo dyes 
2A-4A. Values are performed as means ± SE from  three independent measurements at least. Figure   7 shows 
the relationship between concentration and of the azo dyes 2A-4A with viability of LNCaP prostate cancer cells.  
Figure   7. The relationship between concentration and of the azo dyes 2A-4A with viability of LNCaP prostate 

cancer cells. 
 
Optical Properties 
The optoelectronic properties of the prepared azo dye 2A were studied using the diffraction ring (DR) technique, 
in which the NL refractive index is calculated by counting the number of DRs visible on a screen using a 1 mm 
thick glass cell. The experimental results obtained from the diffraction rings were compared with theoretical 
results using a theoretical solution of the Fresnel-Kirchoff diffraction model. A reasonable agreement was found 
with the experimental results for the studied compound[51]. 
     To obtain the DRs, a solid-state laser emitting a continuous-wavelength (CW) laser beam with a diameter of 
1.5 mm (at e-2) was used. The distance between the laser output coupler and the 1 mm thick glass sample cell 
was 40 cm. The sample cell was fixed at the focal point of a positive glass lens with a focal length of 5 cm, where 
the beam spot diameter at the entrance of the sample cell was ω = 19.235 μm. At λ = 473 nm, the Rayleigh 
length, ZR, is 2.46 mm, making the thin-sample standard valid.  
 
Diffraction Ring Patterns 
Figure   8 shows the DR patterns produced by a 19.235 μm laser beam with a Gaussian intensity distribution as 
the input power is gradually increased from 0 mW to 60 mW in the solution of azo dye 2A. It is observed that as 
the laser input power increases, the ring patterns undergo significant changes. The upper half of the ring 
patterns loses symmetry; that is, it compresses and grows at a lower rate compared to the lower half and the 
horizontal segments. This behavior is attributed to an increase in the vertical convection current, resulting from 
the increased energy absorbed by the 3N compound solution, which in turn leads to a localized increase in the 
solution's temperature. 
        This temperature increase leads to a rise in the refractive index the solution of azo dye 2A, which in turn 
causes phase changes in the laser beam. Each outer ring in every mode is denser than the inner rings due to the 
self-scattering phenomenon resulting from the Gaussian distribution of the continuous laser beam. The density 
of the medium along the laser beam axis reaches its maximum value, making the optical path length shorter 
than near the edges of the Gaussian laser beam—a phenomenon known as negative thermal lensing. The 
number of rings and the area of each mode also increase with increasing input power. 
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               A       B      C                  D 

Figure   8.  Input power effect on DR patterns in a solution of azo dye 2A in (mW): (a) 12, (b) 32, (c) 46, and (d) 
60. 
 
Determination of the Nonlinear Refractive Index  
One ring appears when the phase of the laser beam changes by 2π radians. For N rings, the total phase change 
of the laser beam, Δφ, is 2Nπ radians, which can be related to the wavelength of the radiation, λ, the thickness 
of the sample, d, and the total change in the refractive index of the medium, Δn, as follows: 

Δφ =
2π

λ
d∆n 

Therefore, the nonlinear refractive index, n₂, can be determined using formula [52]. 

n2 =
πω2

2P

Nλ

d
 

At ω = 19.235 μm, N = 7, λ = 473 nm, P = 60 mW, then 
n₂ = 3.205 × 10⁻⁷ cm²/W 
The calculated NL refractive index of the azo dye 2A was compared with standard materials that have high NL 
refractive indices [53]. The NL refractive index of the solution of azo dye 2A was found to be greater than that 
of the materials mentioned in the references [53,54], indicating that the azo dye 2A solution is a potential 
candidate for use in optical devices. 
 

Conclusion 
Azo dyes were prepared with a carboxyl substituent on (ortho, meta, and para) positions using the diazotation 
reaction, followed by coupling reaction, in good yield. Theoretical calculations were carried out via DFT/B3LYP 
6-311++ G(d,p), to investigate molecular structure, electronic and optical properties. The prepared azo dye 2A 
indicated the nonlinear optical properties, with their lower energy gap at 3.0906 eV, compared to the other azo 
dyes and urea. The molecular docking simulation were performed of the prepared azo dyes with COOH-
substituted against the (PDB ID: 1GS4). The results show that the prepared azo dyes exhibited good activity, with 
binding energies (affinity ) ranging from -7.2 kcal/mol for azo dye 3A to -8.4 kcal/mol for azo dye 2A, while the 
binding energy with the alpha-fluorocortisol ligand was -7.4 kcal/mol. The value of the RMSD were within 
accepted limits (<2.0 Å). The cytotoxicity of prepared azo dyes 2A-4A was tested, and their ability to inhibit the 
growth of LNCaP prostate cancer cells was evaluated using the in vitro MTT method. Different concentrations 
(500, 250, 125, 62.5, 31.25, and 15.62) were prepared to determine the IC50. The calculated IC50 values were 
(46.97 ± 0.02), (71.11 ±  1.15), and (64.61 ± 0.06) µg/mol for azo dyes 2A-4A, respectively. The diffraction pattern 
(DPs) method was used to investigate the NLO properties of azo dyes 2A-4A. The nonlinear refractive index 
values for azo dyes 2A is found to be 3.205 × 10⁻⁷ cm²/W. These high NLRI values make azo dyes 2A promising 
candidates for use in optical devices. Based on theoretical calculations, molecular docking results, cytotoxicity, 
relatively low IC50 to azo dye 2A, as well as its NLO properties, azo dye 2A considered a promising candidate for 
dual medical applications as an anti-prostate cancer agent and nonlinear optical activity. 
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