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Abstract: 

 
In this study, the spectral and molecular parameters are calculated by some molecular programs to obtain of 

the results of our compounds. The various properties of the ground and excited electronic states of The 

pyrromethene 580 molecule was theoretically simulated in this study utilizing density functional theory 

(DFT) and the B3LYP at a 6-31 G (d,p) basis set. Then, bond lengths and bond angles were determined using 

DFT methods, The electronic properties such as the electronic energy, dipole moments, such as ionization 

potentials (IP), absolute softness (S), chemical potential (K), electrophilic index (ω), electron affinities (EA), 

absolute hardness (η), Molecular electrostatic potential (MEP) and Absorption spectra. The energy values 

were -1192.534269 Hartree. The dipole moment values found to be 3.96 Debye indicate the non-uniform 

distribution of charges. The energy gap was found to be 2.96 eV, which reflected the stability of the 

molecule. We find good agreement between experimental and theoretical data of UV spectrum where λ_max 

theoretically with solvent ethanol was 513 nm and experimentally was 519-522 dependent on the change in 

concentration 
 

 

Introduction 

 

 

1. Introduction 

A class of extremely effective laser dyes called as pyrromethenes (PMs) (Boron- dipyrromethene 

dyes), sometimes referred to as BODIPY, are fluorescent dyes utilized in laser applications [1, 2]. 

They are made of dipyrromethene complexed with a boron atom that has undergone two 

substitutions, usually a BF2 atom. A group of dyes with a bonded boron atom in their center are all 

built from a core structure with a boron-dipyrromethene tricyclic ring system. An important group 

of laser dyes are BODIPYs. They have tunable electromagnetic properties in the visible green-

yellow spectrum. They have a large molar absorption co-efficiency, high lasing efficiency, good 

photostability, high fluorescence quantum yield, and a low rate constant of intersystem crossover. 
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Although they are known for having sharp excitation and emission peaks, they also have a relatively 

tiny Stokes shift and can be sensitive to environmental factors, such as dye-dye quenching effects, 

which can modify the brightness of the material. [3, 4]. By include the appropriate replacement in 

the molecular structure of the parent BODIPY chromophore, it is possible to modify the 

photophysical properties of these dyes to some extent. There are some BODIPY complexes that 

may be purchased commercially. The. Pyromethene-567 (PM 567) is the brand name given to the 

compound of 1,3,5,7,8- pentamethyl-2,6-diethyl- BODIPY that lases at 547 nm. Pyromethene-580 

is the brand name for the 1,3,5,7,8-pentamethyl-2,6-di-n-butylpyrromethene-difluoroborate 

complex (PM 580). Figure (1) illustrates the structure of PM 580 (C22H33BF2N2) [5] 

 

(Fig.1) Optimized geometric structure of the bond length PM580 by B3LYP 

Numerous investigations have demonstrated the accuracy of the density functional theory DFT 

methods' calculations of molecule structures and vibration frequencies . Density functional theory is 

now one of the methods for estimating the ground state electronic structure in quantum chemistry 

and solid state physics (DFT). Modern density functional approaches exhibit a good balance 

between accuracy and computing efficiency compared to classical ab initio [6, 7]. 

The structure, electronic properties, and electronic spectra of PM-580 in ethanol solvents are 

investigated in the current work using an experimental and theoretical methodology called the 

TDDFT method 

2. Computational methods: - 

Pyrromethene 580 dye laser (PM-580) supplied from British Drug Houses (BDH), Sigma-Aldrich 

has a molecular mass (374.32 gm/mole), molecular formula (C22H33BF2N2) . 

In the current work, we pay close attention to how DFT and TDDFT are applied to the PM-580. At 

the B3LYP/6-31G(d,p) levels of theory, the (DFT & TDDFT) approach was used to conduct all 

computational studies. This research of PM-580 was performed on a home computer using the 

Gaussian 09 algorithm and the Gauss-View molecular visualization software suite [8, 9]. 

The B3LYP functional with gradient correction. Any molecules' electronic excitations and UV-Vis 

spectra were calculated using time-dependent density functional theory (TD- DFT) methods at the 

B3LYP/6-31G(d,p) level. The most accurate way to determine ground state structures and electrical 

variables is using DFT.. The results of the (TD- DFT) calculations of energy and oscillator strength 

support the experimental results. Without any symmetry restrictions, restricted closed-shell 

formalism is used to create the geometry-optimized structures. The more pertinent ionization 

potential (IP), electron affinities (EA), chemical potential (K)—which is the opposite of 

electronegativity (χ), softness (S), electrophilic index (ω) and the dipole moment (μ) hardness (η), 

were all determined for this inquiry. These are demonstrating the molecular electrostatic potential as 
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well as the charge transport within the molecule (MESP) The contour map of the molecule in the 

title displays its many electrophilic regions. [10]. In the context of Koopmans' theorem, the IP and 

EA were estimated using the HOMO and LUMO energy. 

 

The dipole moment in a molecule, which is an important aspect since the stronger the 

intermolecular contacts are, the higher the dipole moment, is frequently used in the study of 

intermolecular interactions involving nonbonded type dipole-dipole interactions [17, 18] 

3. Results and Discussion 

a. Bond Lengths 

The usual distance between the nuclei of two bound atoms in a molecule is known as the bond 

distance, bond length, or internuclear distance in molecular geometry. It is a characteristic of the 

atomic bond that can be transferred. Bond order determines bond length, which decreases as the 

number of electrons involved in bond formation rises. The bond strength and bond dissociation 

energy are inversely correlated with the bond length or distance. A tougher bond is smaller when all 

the elements that affect bond strength are considered. Picometers (1 pm = 10-12 m) or Angstroms (1 

= 10-10 m) are used to measure bond distances. [19]. 

Table (1) Selected bond length (Å) of PM580 at B3LYP methods 

Code Assignment Value 

R1 N1-B2 1.554 

R2 N1-C4 1.3962 

R3 N1-C8 1.3469 

R4 B2-N3 1.5547 

R5 B2-F14 1.3947 

R6 B2-F15 1.3956 

R7 N3-C5 1.3968 

R8 N3-C7 1.3455 

R9 C4-C6 1.4095 

R10 C4=C9 1.4338 

R11 C5=C6 1.4083 

R12 C5-C10 1.4354 

R13 C6-C16 1.5085 

R14 C7=C11 1.4176 

R15 C7-C17 1.4946 

R16 C8=C12 1.4176 

R17 C8-C20 1.495 

R18 C9-C12 1.4003 

R19 C9-C18 1.5026 
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R20 C10-C11 1.3986 

R21 C10-C19 1.5025 

R22 C11-C13 1.505 

R23 C12-C48 1.5071 

R24 C13-H36 1.0968 

R25 C13-H37 1.0973 

R26 C13-C38 1.5424 

R27 C16-H21 1.0871 

R28 C16-H22 1.0875 

R29 C16-H23 1.0976 

R30 C17-H24 1.0938 

R31 C17-H25 1.0912 

R32 C17-H26 1.0944 

R33 C18-H27 1.0946 

R34 C18-H28 1.0971 

R35 C18-H29 1.0917 

R36 C19-H30 1.0921 

R37 C19-H31 1.0972 

R38 C19-H32 1.0943 

R39 C20-H34 1.0907 

R40 C20-H35 1.0937 

R41 C20-H36 1.0943 

R42 C38-H39 1.0984 

R43 C38-H40 1.0982 

R44 C38-C41 1.5331 

R45 C41-H42 1.0988 

R46 C41-H43 1.0986 

R47 C41-C44 1.5315 

R48 C44-H45 1.0948 

R49 C44-H46 1.0959 

R50 C44-H47 1.0958 

R51 C48-H49 1.0967 

R52 C48-H50 1.0965 

R53 C48-C51 1.5463 

R54 C51-H52 1.0984 

R55 C51-H53 1.0987 

R56 C51-C54 1.5327 

R57 C54-H55 1.0968 

R58 C54-H56 1.0986 

R59 C54-C57 1.5317 

R60 C57-H58 1.0948 

R61 C57-H59 1.096 

R62 C57-H60 1.0961 
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Fig (2). Optimized geometric structure of the bond length PM580 by B3LYP 

b. Bond Angles 

Any angle between two bonds that share an atom is known as a bond angle, and it is often measured 

in degrees. Table (2) lists the elected bond angles determined by DFT techniques. 

Table (2) Selected bond angles (degree) for PM580 

Code Assignment Value Code Assignment Value 

A1 B2-F14 126.0748 A60 C9-C18-H29 110.3819 

A2 B2-N1-C8 124.8466 A61 H27-C18-H28 107.181 

A3 C4-N1-C8 109.07 A62 H27-C18-H29 107.238 

A4 N1-B2-N3 106.1214 A63 H28-C18-H29 106.8725 

A5 N1-B2-F14 109.9479 A64 C10-C19-H30 110.3379 

A6 N1-B2-F15 110.3256 A65 C10-C19-H31 112.5035 

A7 A(3,2,14) 109.8496 A66 C10-C19-H32 112.36 

A8 ) N3-B2-F15 110.205 A67 H30-C19-H31 106.8915 

A9 F14-B2-F15 110.3095 A68 H30-C19-H32 107.1925 

A10 B2-N3-C5 126.1243 A69 H31-C19-H32 107.2515 

A11 B2-N3-C7 124.8222 A70 C8-C20-H33 111.2692 

A12 C5-N3-C7 109.0426 A71 C8-C20-H34 110.0408 

A13 N1-C4-C6 120.3731 A72 C8-C20-H35 110.5267 

A14 N1-C4=C9 107.3435 A73 H33-C8-H34 109.3034 

A15 C6-C4=C9 132.276 A74 H33-C20-H35 108.9313 

A16 N3-C5=C6 120.304 A75 H34-C20-H35 106.6486 

A17 N3-C5-C10 107.3316 A76 C13-C38-H39 109.1528 

A18 C6=C5-C10 132.3595 A77 C13-C38-H40 109.1351 

A19 C4-C6=C5 120.7015 A78 C13-C38-C41 113.2032 

A20 C4-C6-C16 119.577 A79 H39-C38-C41 105.8258 

A21 C5=C6-C16 119.721 A80 H39-C38-C41 109.6365 

A22 N3-C7=C11 109.5967 A81 H40-C38-C41 109.6205 

A23 N3-C7-C17 121.7253 A82 C38-C41-H42 109.2462 

A24 C11=C7-C17 128.678 A83 C38-C41-H43 109.2206 

A25 N1-C8=C12 109.5665 A84 C38-C41-C44 113.2292 

A26 N1-C8-C20 121.3729 A85 H42-C41-H43 105.9208 

A27 C12=C8-C20 129.0582 A86 H42-C41-C44 109.4692 

A28 C4=C9-C12 106.9777 A87 H43-C41-C44 109.4938 

A29 C4=C9-C18 128.8587 A88 C41-C44-H45 111.4506 

A30 C12-C9-C18 124.1595 A89 C41-C44-H46 111.199 

A31 C5-C10-C11 106.9043 A90 C41-C44-H47 111.2194 

A32 C5-C10-C19 128.8604 A91 H45-C44-H46 107.6593 
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A33 C11-C10-C19 124.2177 A92 H45-C44-H47 107.6577 

A34 C7=C11-C10 107.1205 A93 H46-C44-H47 107.4618 

A35 C7=C11-C13 125.2251 A94 C12-C48-H49 109.3303 

A36 C10-C11-C13 127.637 A95 C12-C48-H50 109.455 

A37 C8=C12-C9 107.0368 A96 C12-C48-C51 115.1181 

A38 C=C12-C48 126.0815 A97 H49-C48-H50 105.3593 

A39 C9-C12-C48 126.8809 A98 H49-C48-C51 108.4692 

A40 C11-C13-H36 109.8647 A99 H50-C48-C51 108.6564 

A41 C11-C13-H37 109.4652 A100 C48-C51-H52 109.222 

A42 C11-C13-C38 114.0632 A101 C48-C51-H53 108.3656 

A43 H36-C13-H37 105.3305 A102 C48-C51-C54 114.5579 

A44 H36-C13-C38 108.9832 A103 H52-C51-H53 106.183 

A45 H37-C13-C38 108.7628 A104 H52-C51-C54 109.0637 

A46 C6-C16-H21 111.4742 A105 H53-C51-C54 109.1172 

A47 C6-C16-H22 111.3144 A106 C51-C54-H55 109.4066 

A48 C6-C16-H23 111.3131 A107 C51-C54-H56 109.2164 

A49 H21-C16-H22 107.4448 A108 C51-C54-H57 112.9138 

A50 H21-C16-H23 107.586 A109 H55-C54-H56 106.2104 

A51 H22-C16-H23 107.5005 A110 H55-C54-C57 109.5021 

A52 C7-C17-H24 110.1741 A111 H56-C54-C57 109.3698 

A53 C7-C17-H25 111.1626 A112 C54-C57-H58 111.4152 

A54 C7-C17-H26 110.4648 A113 C54-C57-H59 111.1931 

A55 H24-C17-H25 109.2726 A114 C54-C57-H60 111.2948 

A56 H24-C17-H26 106.6008 A115 H58-C57-H59 107.6032 

A57 H25-C17-H26 109.0482 A116 H58-C57-H60 107.6585 

A58 C9-C18-H27 112.4859 A117 H59-C57-H60 107.4811 

A59 C9-C18-H28 112.3757    
 

c. Electronic properties 

The lowest unoccupied molecular orbital (LUMO) serves predominantly as the electron acceptor, 

while the highest occupied molecular orbital (HOMO) serves primarily as the electron donor [20, 

21]. The eigenvalues of LUMO and HOMO and their energy gap are indicators of the molecule's 

chemical activity. The ability to get an electron is represented by LUMO as an electron acceptor, 

while the ability to donate an electron is represented by HOMO as an electron donor [22, 23]. 

Higher HOMO energies make it easier to donate electrons, and lower LUMO energies make it 

easier to take electrons, so the smaller the LUMO-HOMO energy gaps, the easier it is to excite 

HOMO electrons. [24, 25]. The values of the total energy, electronic states, energy gap (LUMO-

HOMO), and dipole moment (μ) of the PM-580 for the pyrromethene-580 molecule are shown in 

Table (3). 3.961364 Debye is the measured ground-state dipole moment in the experiment. The 

electronic properties of the organic molecules under study, such as absolute softness (S), ionization 

potentials (IP), absolute hardness (η), electron affinities (EA), chemical potential (K), electrophilic 

index (ω) can be calculated with high accuracy using the B3LYP functional used in this study.. 

Table (3) Electronic properties of PM-580 

Property 
TD-DFT B3LYP/6-31G 

(d,p) 

IP (eV) 5.18008 

EA (eV) 2.21968 

χ (eV) 3.69988 
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𝜔(𝐞𝐕) 4.62407513 

𝜀(eV-1) 0.216259462 

η (eV) 1.4802 

S (eV-1) 0.67558438 

𝐂𝐩 (eV) -3.69988 

Etot (a.u.) -1192.534269 

EHOMO (eV) -5.18008 

ELUMO (eV) -2.21968 

EGap(eV) 2.960393 eV 
 

 

Fig. (3). Optimized geometric structure of the bond length PM580 

d. Molecular electrostatic potential (MEP) 

According to dipole moments, electronegativity, partial charges, and chemical reactivity of the 

molecules, the molecular electrostatic potential (ESP) at a point in the space around a molecule 

indicates the net electrostatic effect produced at that location by the total charge distribution 

(electron + nuclei) of the molecule [26, 27] . 

The interactions between molecules can be predicted using the charge distributions. Finding the 

reactive site of a molecule is one of the goals of determining the electrostatic potential. Figure 

displays the three-dimensional electrostatic potential maps of the PM-580 (4). Electrophilic assault 

can occur on a region of the molecule that has a negative electrostatic potential. The negative and 

positive electrostatic potential regions are represented by the EPS map's red and blue regions, which 

correspond to the regions that are respectively electron-rich and electron-deficient. The neutral 

electrostatic potential zone is represented by the green color. [28, 29]. 
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Fig. (4). Molecular electrostatic potential mappedonto a surface of total electron density for PM-

580 

e. Absorption spectra 

Figures (5) depict the shift in wavelength observed between 300 and 800 nm using UV technology. 

The molecular orbital structure where the primary electron transition is seen in the electronic 

absorption spectra of the PM 580 at 𝜆𝑚𝑎𝑥 = 513 nm. On the oscillator strength for this approach, a 

significant absorption peak is seen (f = 0.36). These findings are in agreement with the experimental 

measurement, which was between 519 and 522 nm. 

 

Fig (5). TD-B3LYP -UV spectrum of the PM 580 

4. Conclusions 

By utilizing the DFT/TDDFT methodologies and accounting for the solvent effect in the absorption 

spectra, the structures and electronic spectra of pyrromethene 580 have been examined in this work. 

Our findings suggest that TDDFT is an effective method for addressing the spectroscopy and 

characteristics of the pyrromethene 580 Excitation state. The compound's excitation energy, 

oscillator strength, and maximum absorption wavelength (max) were all calculated using TD-DFT 

techniques. The oscillator strength and absorption wavelength were then compared to experimental 

method values to see if there was agreement. 
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