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Abstract 

The electronic structure of some 4H-benzo[h]chromene derivatives are investigated theoretically at the B3LYP/6-311++G 

(d,p) level of theory. The extent of delocalization and intramolecular charge transfer are estimated and discussed in terms of 

natural bond orbital analysis (NBO) and second order perturbation interactions between donor and acceptor MOs. The 

calculated EHOMO and ELUMO energies of the studied compounds can be used to calculate the global properties; chemical 

hardness (η), softness (S) and electronegativity (χ). The equilibrium geometries of the studied compounds are determined, and 

it was found that these geometries are non-planar. The calculated nonlinear optical parameters (NLO); polarizability (α), 

anisotropy of the polarizibility (Δα) and first order hyperpolarizibility (β) of the studied compounds show promising optical 

properties. The molecular electrostatic potential (MEP) and Local reactivity descriptors (fukui function) have been studied for 

the title compound and its derivatives at the same level of theory. Electronic spectra of 4H-benzo[h]chromene derivatives in 

different organic solvents such as 1,4-Dioxane and DiChloroEthane as non-polar solvents and Ethanol, Methanol and 

Acetonitrile as polar solvents, are investigated experimentally and theoretically using the time dependent density functional 

theory (TD-DFT) method at the B3LYP/6-311++G(d,p) level of the theory. The origin of the spectrum of the parent 

compound is found to be an additive one. The solvent effect is investigated experimentally and theoretically and a blue shift is 

discerned. 
Keywords: B3LYP/6-311++G(d,p); 4H-benzo[h]chromene derivatives; NBO analysis; solvent effect; TD-DFT; UV. 

 

1.Introduction 

    Chromenes (benzochromenes) are important 

heterocyclic compounds  and generated great 

attention because of their interesting biological and 

pharmacological activities such as antioxidant[1–3], 

antiviral[4–6], antimicrobial[7,8], antifungal[9,10], 

antibacterial[11], antimalarial[12], anticancer[13–17],  

HIV-integrase inhibitory[18], anti-tubercular[19,20], 

TNF-a inhibitor[21], anti-toxoplasma[22], 

hypotensive[23]. Some of chromenes derivatives 

could also be used as inhibitors[24,25],  

 mutagenicity[26], sex pheromone[27], in the 

treatment of Alzheimer’s disease[28], Schizophrenia 

disorder[29] and anticancer agents through the 

inhibition of the c-Src Kinase enzyme[30]. Beside, 

chromenes have applications in various other fields; 

for example, they are employed as pigments[31], 

cosmetics, agrochemicals[32], laser dyes[33], optical 

brighteners[34] and fluorescence markers[35]. To the 

best of our knowledge there is a theoretical study for 

2-amino-4H-chromene-3-carbonitrile (ACC), which 

compared with the experimental x-ray values[36], 

ACC compound is the main nucleus of the titled 

compound and its derivatives. Experimental data of 

compound 2-amino-4-(4-methoxyphenyl)-4H 

benzo[h]chromene-3-carbonitrile is available in the 

literature[37]. 

 
The X-ray data of 2-amino-4-(4-methoxyphenyl)-4H-

benzo[h]chromene-3-carbonitrile is compared with 
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the titled compound and its derivatives, theoretical 

calculation were carried out by density functional 

theory (B3LYP) using 6-311++G(d,p) as basis set . 

Density Functional Theory (DFT) based on the 

electronic density. DFT calculations include at least 

approximately the correlation energy. This technique 

has gained a considerable ground in recent years to 

become one of the most widely used techniques for 

the calculation of the ground state electronic energy. 

Its advantages include less demanding computational 

effort, i.e. less computer time, and in some cases 

better agreement with experimental values than the 

one obtained from other ab- initio procedures [38].  

In recent years, theoretical, biological and 

spectroscopic studies of some pyrazol complexes, 

phosphorus Schiff base of some phosphinic acid and 

paraformaldehyde and some complexes of 

naphthalene-2-ol ligand. Different spectroscopic 

methods were used to characterize the ligands and its 

complexes. Different theoretical methods were used 

to optimize the ligand and complexes. The metal 

complexes exhibit marked biological activates 

against different bacteria.[39-41   Yet there is no 

systematic study of substituent and solvent effect on 

the observed spectra of the newly synthesized 2-

amino-4-phenyl-4H-benzo[h]chromene-3-carbonitrile 

studied in this paper. So that, detailed knowledge on 

the structural and spectral behavior of 2-amino-4-

phenyl-4H-benzo[h]chromene-3-carbonitrile is 

necessary prerequisite for understanding its chemical 

and biological properties. The main objective of our 

research is:  to investigate the ground state 

geometrical parameters, effect of substituents of 

different electron donating-withdrawing power in the 

aryl moiety at position four. The electronic dipole 

moment (μ) , first order hyperpolarizibility(β) values 

and NBO analyses  of the studied Chromenes 

derivatives have been computed, using B3LYP/6-

311++G(d,p) to study the NLO properties and to 

provide valuable information about various intra- and 

intermolecular interactions. Global reactivity 

descriptors including electronegativity (χ), hardness 

(η), and softness (S) of the studied Chromenes 

derivatives were calculated and analyzed. 

Experimental and quantum chemical calculations of 

the electronic spectra of the Chromenes derivatives 

using time dependent density functional theory TD-

DFT. The origin of each absorption band is identified 

and the contributing configurations and MOs are 

characterized. The theoretical and experimental UV 

spectra are obtained using 1,4-Dioxane and 

DichloroEthane as non-polar solvents and Ethanol, 

Methanol and Acetonitrile as polar solvents, 

respectively, to investigate the solvatochromic effect 

of the polarity of the different solvents on the 

absorption bands. 

2. Experimental details  

2.1. Synthesis  

The titled compound and its derivatives were 

prepared according to published methods[42]. 

Reacting a mixture of different aromatic aldehydes, 

malononitrile and  α-naphthol , under the same 

conditions, gave compound (1) 2-amino-4-phenyl-

4H-benzo[h]chromene-3-carbonitrile, compound (2)  

2-amino-4-(4-chlorophenyl)-4H-benzo[h]chromene-

3-carbonitrile , compound (3) 2-amino-4-(4-

methoxyphenyl)-4H-benzo[h]chromene-3-

carbonitrile and compound (4)  2-amino-4-(4-

nitrophenyl)-4H-benzo[h]chromene-3-carbonitrile as 

shown in scheme [1]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme [1]. 

2.2. Solvents and apparatus 

UV-Vis spectrum of the titled compound and its 

derivatives spectra were recorded using a Perkin 

Elmer Lambda 4B spectrophotometer using 1.0 cm 

fused quartz cells, where the spectrometer records 

Compound X 

1 H 

2 Cl 

3 OCH3 

4 NO2 
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linearly the percent of transmittance over the range 

200–700 nm at room temperature using 1,4-Dioxane 

and Dichloroethane as non-polar solvents and 

Ethanol, Methanol and Acetonitrile as polar solvents. 

2.3. Computational procedure 

In this study, for meeting the requirements of both 

accuracy and time saving, theoretical methods and 

basis sets should be considered. DFT (B3LYP) 

method was used. DFT computations were performed 

by using Gaussian 09W[43] program which is a 

combination with the Becke’s three parameter (local, 

non-local, and Hartree-Fock) hybrid exchange 

functional with Lee–Yang–Parr correlation functional 

(B3LYP)[44–46]. Full geometry optimization was 

performed using 6-311++G(d,p) as a basis set to 

generate the optimized structures and ground sate 

properties of the studied compounds, the stability of 

the optimized geometry was confirmed by frequency 

calculations which gave positive values for all the 

obtained wavenumbers, the geometric structure as 

well as parameters were obtained from Gauss view 

5.0  program, The basis set 6-311++G(d, p) 

augmented by ‘d’ polarization functions on heavy 

atoms and ‘p’ polarization functions on hydrogen 

atoms as well as diffuse functions for both hydrogen 

and heavy atoms were used[47]. In order to 

understand the electronic properties, the theoretical 

UV-Visible spectra have been computed by TD-DFT 

method with 6-311++G(d, p) basis sets for gas phase 

and solvents (polar and non-polar ) effect also have 

been taken into consideration by implementing 

Polarizable Continuum Model (PCM) . Also the non-

linear optical properties were computed at the 

optimized geometry with the same level of theory. In 

addition, natural bond orbital (NBO) analysis was 

performed at the B3LYP/ 6-311G(d,p) level of 

theory. 

 

3.Results and Discussion 

3.1. Ground state geometric parameters  

The optimized molecular structure of the tilted 

compound and its derivatives with atomic numbering 

and the vector of the dipole moment using 

DFT/B3LYP method with 6-311++G(d, p) as a basis 

set are indicated in (Fig. 1).  
 

 

Compound 1 Compound 2 

  

Compound 3 Compound 4 

 
Fig. 1. Optimized geometry, the vector of the dipole moment and 

numbering system of the studied compounds (1-4) using B3LYP/6-

311++G(d,p). 

The selected bond lengths, bond angles and dihedral 

angles for the studied compounds 1-4 were listed 

together with corresponding selected X-ray 

experimental values as shown in (Table 1). The 

optimized bond lengths and bond angles are slightly 

difference from the experimental X-ray values, due to 

the fact that the experimental results belongs to 

molecule in solid states, while the theoretical 

calculation belongs to isolated molecule in gas phase. 

The fused 4H-benzo[h]chromene nuclei is almost 

planer with dihedral angles C4-C5-C10-C9= 179.27o 

and O1-C10-C9-C17=0.5o but the terminal phenyl ring 

is out of plane with dihedral angles C3-C4-C15-C20 = 

111.37o and C3-C4-C15-C21 = 67.99o. The geometry of 

the studied compounds 1-4 don’t change by insertion 

of Cl, OCH3 and NO2 groups in para-position of the 

terminal phenyl group as shown in (Fig. 1).  
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Table 1:Optimized geometrical parameters in bond lengths (Å), bond angles (0) and dihedral angles (0) of Compounds (1-4) calculated at 

B3LYP/6 311++G(d,p) level. 

 

Compound 1 Compound 2 Compound 3 Compound 4 Experimentala 

Bond lengths(Å)         

O1-C2 1.355 O1-C2 1.354 O1-C2 1.355 O1-C2 1.354 1.359 

O1-C10 1.390 O1-C10 1.390 O1-C10 1.390 O1-C10 1.390 1.387 

C2-C3 1.361 C2-C3 1.361 C2-C3 1.361 C2-C3 1.363 1.359 

C2-N13 1.365 C2-N13 1.364 C2-N13 1.366 C2-N13 1.362 1.339 

C3-C4 1.521 C3-C4 1.521 C3-C4 1.522 C3-C4 1.521 1.513 

C3-C11 1.413 C3-C11 1.413 C3-C11 1.413 C3-C11 1.413 1.417 

C4-C5 1.519 C4-C5 1.519 C4-C5 1.519 C4-C5 1.517 1.516 

C4-H14 1.097 C4-H14 1.097 C4-H14 1.097 C4-H14 1.096 1.000 

C4-C15 1.532 C4-C15 1.532 C4-C15 1.530 C4-C15 1.532 1.522 

C5-C10 1.372 C5-C10 1.373 C5-C10 1.373 C5-C10 1.373 1.365 

C8-C9 1.428 C8-C9 1.428 C8-C9 1.428 C8-C9 1.428 1.409 

C9-C10 1.424 C9-C10 1.424 C9-C10 1.424 C9-C10 1.424 1.422 

C11-N12 1.160 C11-N12 1.160 C11-N12 1.160 C11-N12 1.160 1.154 

C15-C20 1.396 C15-C20 1.395 C15-C20 1.391 C15-C20 1.398 1.396 

C20-C23 1.396 C20-C23 1.395 C20-C23 1.398 C20-C23 1.392 1.380 

C23-C24 1.392 C23-C24 1.389 C23-C24 1.395 C23-C24 1.389 1.386 

Bond angles(0)         

C2-O1-C10 119.14 C2-O1-C10 119.16 C2-O1-C10 119.11 C2-O1-C10 119.18 119.06 

O1-C2-C3 123.18 O1-C2-C3 123.12 O1-C2-C3 123.12 O1-C2-C3 123.08 122.10 

O1-C2-N13 110.65 O1-C2-N13 110.72 O1-C2-N13 110.65 O1-C2-N13 110.83 110.53 

C3-C2-N13 126.14 C3-C2-N13 126.13 C3-C2-N13 126.20 C3-C2-N13 126.06 127.40 

C2-C3-C11 118.03 C2-C3-C11 118.17 C2-C3-C11 118.12 C2-C3-C11 118.33 119.10 

C5-C4-C15 112.11 C5-C4-C15 112.14 C5-C4-C15 112.19 C5-C4-C15 112.31 111.76 

C4-C5-C6 120.04 C4-C5-C6 120.12 C4-C5-C6 120.13 C4-C5-C6 120.10 120.39 

C7-C8-C16 122.24 C7-C8-C16 122.24 C7-C8-C16 122.27 C7-C8-C16 122.19 121.80 

C10-C9-C17 122.96 C10-C9-C17 122.95 C10-C9-C17 122.96 C10-C9-C17 122.97 122.60 

C1-C10-C9 114.80 C1-C10-C9 114.82 C1-C10-C9 114.81 C1-C10-C9 114.90 114.30 

C20-C15-C21 118.74 C20-C15-C21 118.47 C20-C15-C21 118.00 C20-C15-C21 118.92 117.40 

Dihedral angles(0)         

O1-C10-C9-C17 179.36 O1-C10-C9-C17 179.72 O1-C10-C9-C17 -179.91 O1-C10-C9-C17 179.83 179.20 

C4-C3-C2-N13 -1.32 C4-C3-C2-N13 -1.19 C4-C3-C2-N13 -1.33 C4-C3-C2-N13 -0.95 -4.00 

C3-C4-C15-C20 111.37 C3-C4-C15-C20 110.02 C3-C4-C15-C20 110.46 C3-C4-C15-C20 105.95 104.9 

C3-C4-C15-C21 -68.00 C3-C4-C15-C21 -69.13 C3-C4-C15-C21 -68.58 C3-C4-C15-C21 -72.70 -74.00 

C4-C5-C6-C7 -179.15 C4-C5-C6-C7 -178.99 C4-C5-C6-C7 -178.68 C4-C5-C6-C7 -179.05 -176.10 

C6-C7-C8-C16 179.63 C6-C7-C8-C16 179.64 C6-C7-C8-C16 179.51 C6-C7-C8-C16 179.71 175.3 

N13-C2-C3-C11 0.45 N13-C2-C3-C11 0.40 N13-C2-C3-C11 0.51 N13-C2-C3-C11 0.36 2.90 

  aX-ray data of compound 3 from Ref. 37 

3.2. Global reactivity descriptors 

Table 2. represent all the global parameters calculated 

from molecular parameters using Koopmans' theorem 

and Kohn–Sham formalism [48, 49]. The results of 

calculation are helpful in predicting the correlation 

between the chemical parameters and activity of the 

studied compounds. Ionization potential (I) of any 

molecule corresponds to EHOMO whereas ELUMO 

corresponds to electron affinity value (A). Frontier 

orbital, HOMO and LUMO are very important to 

evaluate the reactivity/stability of molecules further 
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EHOMO and ELUMO are associated with electron 

donating and electron accepting ability respectively. 

Higher values of EHOMO specify the nucleophilicity 

and lower value of ELUMO accounts for the 

electrophilicity of any scaffold [48]. From data in 

Table 2. 

 

Table 2 

Theoretical gas phase total energy, EHOMO and ELUMO values and global reactivity descriptors of compounds (1-4). 

 
Compound 1 Compound 2 Compound 3 Compound 4 

ET(a.u) -955.5257699 -1415.148558 -1070.082331 -1160.089465 

EHOMO (a.u) -0.2246 -0.2288 -0.2215 -0.2363 

ELUMO (a.u) -0.0630 -0.0668 -0.0610 -0.1050 

Energy band gap = |EHOMO - ELUMO| Ev 4.3968 4.4069 4.3680 3.5734 

Ionization potential (I=-EHOMO)Ev 6.1103 6.2254 6.0273 6.4301 

Electron affinity (A=-ELUMO) eV 1.7135 1.8185 1.6594 2.8567 

Electronegativity χ=(I+A)/2 Ev 3.9119 4.0220 3.8433 4.6434 

Chemical Hardness (η=(I-A)/2) eV 2.1984 2.2034 2.1840 1.7867 

chemical potential p= - χ eV -3.9119 -4.0220 -3.8433 -4.6434 

Electrophilicity index ω=p2/2η eV 3.4805 3.6707 3.3817 6.0337 

Chemical softness (S=1/2η) eV 0.4549 0.4538 0.4579 0.5597 

μ(debye) 4.7916 5.6144 3.8428 8.2927 

 

Compound 3 and 1 have highest EHOMO and lowest 

ELUMO. According to these parameters, the chemical 

reactivity varies with the structural configuration of 

molecules.  Donor-acceptor behavior of a chemical 

system can be easily analyzed by hardness (η) and 

softness (S). A large energy gap represents a hard 

molecule and a soft molecule has a small energy gap. 

Therefore, soft molecules will be more polarizable as 

compared to the hard molecules. From the theoretical 

calculations, it was found that compound 4 has the 

lowest hardness value (η = 1.7867 eV) or has the 

highest softness (S= 0.5597 eV) which indicates that 

it is the least hard molecule or the most soft molecule 

in reduced moieties. The escaping tendency of an 

electron is measured by its chemical potential P (eV) 

and it is also related to its electronegativity. As P 

increases, tendency of a molecule to lose an electron 

increases. Electronegativity (χ) represents the 

molecular ability to attract electrons, the (χ) values 

displayed in (Table II) shows that Compounds 3 and 

1 has lower electronegativity value compared to all 

the molecules. The chemical hardness and chemical 

potential are main factors of the overall reactivity of 

the molecule and are the most fundamental 

descriptors of charge transfer during a chemical 

reaction. Global electrophilicity (ω) predicts the state 

of stabilization after the saturation of system by 

electrons from the external environment. These 

reactivity information shows if a molecule is capable 

of donating charge. A good, more reactive, 

nucleophile is characterized by a lower value of (ω), 

while higher values indicate the presence of a good 

electrophile. Our results indicate that, compound 3 (ω 

= 3.3817 eV) has lower value of (ω), so, it is the most 

likely to accept electrons, thus energetically 

stabilizing the molecule. However, compound 4 is a 

good electrophile with ω = 6.0337 eV. 

 

3.3. Natural bond orbital (NBO) analysis 

The natural bond orbital (NBO) analysis provides 

enormous information for inter- and intra- molecular 

interactions which are important to understand the 

chemical phenomena such as the hydrogen bonding 

and the conjugative interactions in the molecular 

system [50-55]. NBO analysis was performed for all 

the studied compounds 1-4 using B3LYP/6-311G (d, 

p) level of theory in order to elucidate the 

delocalization of electron density within the 

molecules. It is also used to derive information on the 

changes of charge densities in proton donor and 

acceptor, namely in the bonding and antibonding 

orbitals. Delocalization of electron density between 

occupied Lewis-type (bond or lone pair) NBO 

orbitals and formally unoccupied (anti-bond or 

Rydberg) non-Lewis NBO orbitals correspond to a 

stabilizing donor-acceptor interaction. The energy 

E(2) which signifies the stabilization energy related 
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with i(donor)-j(acceptor) delocalization is estimated 

from the second order perturbation method. The 

higher value of stabilization energy E(2) shows the 

more intense is the interaction between electron 

donors and acceptors, that means the greater donating 

tendency from electron donors to acceptors NBO and 

the greater extent of conjugation of the complete 

system. The E(2) value calculated using  

   E(2) = Eij =
qiF(i,j)2

(εj−εi)
                                              (1)                                                 

Where qi is the donor orbital occupancy, εi and εj are 

the diagonal elements and F (i,j) is the off-diagonal 

NBO Fock matrix element. The intensive electron 

donor- electron acceptor interaction, gives a high 

stabilization energy value of the E(2) (kJ mol−1). The 

selected intensive interactions and perturbation 

energies are given in (Table 3). 

 

In compound 1, the selected resonance interaction 

energies for the donor-acceptor excitations of the π 

bonding orbitals or LP (lone pairs) to π* antibonding 

orbitals are π (C2‒C3) → π*(C11‒N12) 24.20 KJ mol−1, 

LP2 (O1) → π*(C2 ‒ C3) 32.15 KJ mol−1 and LP1 

(N13) → π*(C2‒C3) 41.64 KJ mol−1. For compound 2 

the resonance interaction energies for the donor-

acceptor excitations are π (C2‒C3) →π*(C11‒N12) 

24.26 KJ mol−1, LP2 (O1) →π*(C 2‒C3) 32.21 KJ 

mol−1, LP1 (N13) →π*(C2‒C3) 42.59 KJ mol−1 and 

LP3 (Cl37) →π*(C23‒C24) 12.31 KJ mol−1. For 

compound 3 the resonance interaction energies for 

the donor-acceptor excitations are π (C2 ‒ C3) →π* 

(C11 ‒ N12) 24.21 KJ mol−1, LP2 (O1) →π* (C2 ‒ C3) 

31.98 KJ mol−1, LP1 (N13) →π* (C2 ‒ C3)41.15 KJ 

mol−1 and LP2 (O37) → π* (C23 ‒ C24) 30.57 KJ 

mol−1. For compound 4 the resonance interaction 

energies for the donor-acceptor excitations are π (C2 

‒ C3) → π* (C11 ‒ N12) 24.44 KJ mol−1, LP2 (O1) → 

π* (C2 ‒C3) 32.38 KJ mol−1, LP1 (N13) →π*(C2 ‒ C3) 

44.36 KJ mol−1, LP3 (O38) → π* (N37 ‒O39) 164.96 

KJ mol−1 and LP2 (O39) →σ* (N37 ‒ O38) 18.71 KJ 

mol−1.  In all the studied compounds, the donor and 

acceptor orbitals played principal role in stabilizing 

the studied molecules. The charge transfer interaction 

has been formed by the orbital overlap between 

bonding and antibonding orbital which result in 

intramolecular charge transfer causing stabilization 

system. The types of charge transfer in the studied 

molecules are found to be n→σ∗, n→π∗ and π→π∗. 

Table 3  
Some selected second order perturbation interaction energy, E(2), population involved in the transition of the studied compounds (1–4) using 

the NBO at B3LYP/6-311G (d,p). 

 

Donor (i) type occupancy Acceptor (j) type occupancy aE2 (KJ mol−1) bE(j)-E(i) (a.u) cF(i,j) (a.u) 

Compound   1         

C2 - C3 π  1.86073 C11 - N12 π* 0.12254 24.20 0.40 0.088 

C8 - C9 π  1.55434 C5 - C10 π* 0.31604 18.73 0.28 0.067 

C15 - C20 π  1.66584 C23 - C24 π* 0.32266 20.56 0.28 0.068 

C21 - C22 π  1.67062 C15 - C20 π* 0.34236 21.01 0.29 0.070 

C23 - C24 π  1.66912 C21 - C22 π* 0.31456 20.25 0.29 0.068 

O1 LP(2) 1.80464 C2 - C3 π* 0.33457 32.15 0.37 0.101 

N13 LP(1) 1.79391 C2 - C3 π* 0.33457 41.64 0.32 0.106 

Compound   2         

C2 - C3 π  1.86010 C11 - N12 π* 0.12266 24.26 0.40 0.089 

C8 - C9 π  1.55415 C5 - C10 π* 0.31787 18.91 0.28 0.067 

C15 - C20 π  1.66133 C23 - C24 π* 0.38243 21.84 0.27 0.069 

C23 - C24 π  1.68578 C21 - C22 π* 0.30914 19.48 0.30 0.068 

O1 LP(2) 1.80433 C2 - C3 π* 0.33727 32.21 0.37 0.101 

N13 LP(1) 1.79059 C2 - C3 π* 0.33727 42.59 0.31 0.107 

Cl37 LP(3) 1.92893 C23 - C24 π* 0.38243 12.31 0.33 0.062 

Compound   3         

C2 - C3 π  1.86094 C11 - N12 π* 0.12288 24.21 0.40 0.088 

C15 - C20 π 1.69057 C21 - C22 π* 0.30234 20.79 0.29 0.069 

C21 - C22 π 1.71161 C23 - C24 π* 0.38160 21.66 0.28 0.071 

C23 - C24 π 1.66996 C15 - C20 π* 0.34569 21.56 0.30 0.072 
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O1 LP(2) 1.80478 C2 - C3 π* 0.33340 31.98 0.37 0.101 

N13 LP(1) 1.79570 C2 - C3 π* 0.33340 41.15 0.32 0.106 

O37 LP(2) 1.84079 C23 - C24 π* 0.38160 30.57 0.34 0.097 

Compound   4         

C2 - C3 π  1.85799 C11 - N12 π* 0.12338 24.44 0.40 0.089 

C15 - C20 π  1.63625 C23 - C24 π* 0.36974 23.97 0.28 0.073 

C21 - C22 π  1.65598 C15 - C20 π* 0.32715 21.97 0.29 0.072 

O1 LP(2) 1.80393 C2 - C3 π* 0.34188 32.38 0.37 0.102 

N13 LP(1) 1.78430 C2 - C3 π* 0.34188 44.36 0.31 0.108 

O38 LP(3) 1.44440 N37 - O39 π* 0.62432 164.96 0.14 0.140 

O39 LP(2) 1.89847 N37 - O38 σ* 0.05552 18.71 0.72 0.105 
a E2 means energy of hyperconjucative interactions (stabilization energy). 
b Energy difference between donor (i) and acceptor (j) NBO orbitals. 
c F(i,j) is the Fock matrix element between i and j NBO orbital. 
 

3.4. Fukui functions 

Density Functional Theory is a powerful tool for the 

study of reactivity and selectivity in a molecule[46]. 

Fukui functions are indices that give information 

about the tendency of a molecule to lose or gain an 

electron thus predicting which atom in the molecule 

would be more prone to a nucleophilic or an 

electrophilic attack. When the molecule gains 

electrons (electron removal to the LUMO of the 

neutral molecule) it has reactivity site of the 

electrophilic attack fj
− , when the molecule losses 

electrons (electron addition from the HOMO of the 

neutral molecule) it has reactivity site of the 

nucleophilic attack fj
+ and when the molecule has 

neutral electrons then they are in radical attack fj
0. 

Local electrophilicity (nucleophilic attack), Local 

nucleophilicity (electrophilic attack) and neutral 

(radical) attack properties of the studied compound 

and its derivatives on the corresponding condensed or 

atomic Fukui functions and given as 

 

fj
− = qi(N) − qi(N − 1)                                          (2)    

                                                                                     

fj
+ = qi(N + 1) − qi(N)                                          (3)   

                                                                                 

In these equations, qi is the atomic charge (evaluated 

from Mulliken population analysis, electrostatic 

derived charge, etc.) at the jth atomic site in the 

neutral (N), anionic (N + 1) or cationic (N - 1) 

chemical species. A dual descriptor (f(r)), which is 

defined as the difference between the nucleophilic 

and electrophilic Fukui function and is given by the 

equation, 

 

∆f(r) = [f +(r) − f −(r)]                                          (4)                                                                                 

 

 

Table 4 

The condensed Fukui functions (fj
+), (fj

−), (fj
0) and dual descriptors f(r). 

Compound 1 Compound 2 Compound 3 Compound 4

Atoms 𝑓𝑗
+ 𝑓𝑗

− f(r) Atoms 𝑓𝑗
+ 𝑓𝑗

− f(r) Atoms 𝑓𝑗
+ 𝑓𝑗

− f(r) Atoms 𝑓𝑗
+ 𝑓𝑗

− f(r) 

O1 0.004 0.082 -0.078 O1 0.004 0.080 -0.076 O1 0.004 0.060 -0.056 O1 0.000 0.080 -0.080 

C2 0.030 0.066 -0.037 C2 0.033 0.063 -0.030 C2 0.029 0.069 -0.040 C2 0.005 0.055 -0.050 

C3 0.023 0.271 -0.248 C3 0.025 0.262 -0.237 C3 0.024 0.235 -0.211 C3 -0.001 0.245 -0.247 

C4 0.005 0.004 0.001 C4 0.004 0.017 -0.013 C4 0.004 0.021 -0.018 C4 0.007 0.014 -0.006 

C5 0.077 0.084 -0.007 C5 0.077 0.071 0.006 C5 0.077 0.035 0.042 C5 0.001 0.077 -0.076 

C6 0.060 0.023 0.036 C6 0.055 0.029 0.026 C6 0.062 0.020 0.041 C6 0.001 0.034 -0.033 

C7 0.141 0.076 0.064 C7 0.142 0.080 0.061 C7 0.142 0.054 0.089 C7 0.004 0.088 -0.084 

C8 0.006 0.002 0.004 C8 0.007 0.003 0.004 C8 0.007 0.004 0.003 C8 0.001 0.003 -0.002 
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C9 0.008 0.005 0.003 C9 0.008 0.005 0.003 C9 0.007 0.007 0.001 C9 0.001 0.004 -0.003 

C10 0.130 0.066 0.064 C10 0.131 0.062 0.069 C10 0.128 0.024 0.105 C10 0.005 0.071 -0.067 

C11 0.000 0.001 -0.001 C11 -0.002 0.005 -0.007 C11 -0.003 0.023 -0.026 C11 0.006 0.003 0.003 

N12 0.011 0.096 -0.084 N12 0.012 0.095 -0.083 N12 0.011 0.085 -0.075 N12 0.000 0.089 -0.089 

N13 0.011 0.061 -0.050 N13 0.012 0.061 -0.049 N13 0.011 0.074 -0.064 N13 0.002 0.051 -0.049 

C15 0.008 -0.025 0.033 C15 0.007 -0.008 0.015 C15 0.004 0.046 -0.041 C15 0.099 -0.008 0.107 

C16 0.145 0.036 0.108 C16 0.139 0.039 0.100 C16 0.149 0.020 0.130 C16 0.001 0.048 -0.047 

C17 0.152 0.039 0.113 C17 0.146 0.040 0.106 C17 0.155 0.017 0.138 C17 0.002 0.050 -0.048 

C20 0.025 -0.023 0.048 C20 0.022 0.008 0.014 C20 0.016 0.018 -0.002 C20 0.009 0.005 0.004 

C21 -0.012 0.052 -0.064 C21 -0.001 0.009 -0.009 C21 -0.002 0.018 -0.020 C21 0.011 0.012 -0.002 

C22 0.012 -0.006 0.018 C22 0.014 -0.003 0.017 C22 0.007 0.014 -0.007 C22 0.087 -0.006 0.092 

C23 -0.004 0.011 -0.016 C23 -0.003 0.007 -0.010 C23 -0.001 0.031 -0.032 C23 0.095 0.005 0.090 

C24 0.014 0.003 0.011 C24 0.014 0.001 0.013 C24 0.009 0.035 -0.026 C24 0.028 0.000 0.028 

C29 0.074 0.021 0.053 C29 0.071 0.023 0.048 C29 0.076 0.015 0.061 C29 0.001 0.027 -0.026 

C30 0.072 0.017 0.055 C30 0.071 0.017 0.054 C30 0.072 0.006 0.067 C30 0.002 0.022 -0.020 

       Cl37 0.002 0.003 -0.001 O37 0.001 0.038 -0.037 N37 0.229 0.000 0.229 

  
   

      C38 0.000 0.000 -0.001 O38 0.201 0.000 0.201 

  
   

 
  

       O39 0.201 0.001 0.200 

 

If f(r) > 0, then the site is favored for a nucleophilic 

attack, where as if f(r) < 0, then the site may be 

favored for an electrophilic attack [56]. (Table 4) 

provides the complete details of Fukui function and 

dual descriptor values for selected atoms for the 

studied compounds and its derivatives. As a result 

(Table 4) of the calculations, it is obtained that 

C17,C16 and C7 atoms is the most prone site to 

nucleophilic attack while C3, N12 and O1 atoms are 

the most prone sites to electrophilic attack for 

compound 1 and compound 2, respectively and 

C17,C16 and C10 atoms are the most prone sites to 

nucleophilic attack while C3, N12 and N13 atoms are 

the most prone sites to electrophilic attack for 

compound 3 and N37,O38 and O39 atoms is the most 

prone site to nucleophilic attack while C3, N12 and C7 

atoms are the most prone sites to electrophilic attack 

for compound 4.  

3.5. Molecular electrostatic potential 

The molecular electrostatic potential (MEP) is related 

to the electronic density and is a very useful 

descriptor for determining sites for nucleophilic and 

electrophilic reactions as well as hydrogen bonding 

interactions and chemical activity[57,58]. In the color 

scheme of MEPs, blue corresponds to electron 

deficient, partially positive charge which is preferred 

site for nucleophilic attack, red represents electron 

rich, partially negative charge which is the preferred 

site for electrophilic attack, yellow for slightly 

electron rich region; green for neutral respectively. 

The MEP maps were calculated at the B3LYP/6-

311++G(d,p) level for the title compound and its 

derivative  and demonstrated in (Fig. 2).  

Negative regions are mainly over the CN group for 

the studied compounds (1-4) and the oxygen atoms of 

OCH3 and NO2 groups for compound 3 and 4 

respectively. These are the most preferred regions for 

any electrophilic attack on the molecule. Besides, a 

maximum positive region is localized on N atom of 

NH2 group for compounds (1-4), indicating a possible 

site for nucleophilic attack. 
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Compound 1 Compound 2 

  
Compound 3 Compound 4 

 
Fig. 2. Molecular Electrostatic Potential (MEP) surface diagram of compounds (1-4). 

 

 

3.6. Non-linear optical properties (NLO) 

In the recent years, compounds with non-linear 

optical properties are very important in modern 

communication technology, data storage and optical 

signal processing [59–61], Using the x, y and z 

components they are defined as [62,63]the 

polarizability (α) and hyperpolarizability (β) obtained 

from Gaussian 09 output  are reported in atomic units 

(a.u.), the calculated values have been converted into 

electrostatic units (esu) (α: 1 a.u. = 0.1482 x10-24 esu; 

β: 1 a.u.= 8.6393 x10-33 esu) [64]. The ability of a 

compound to show this property can be obtained 

from polarizability and hyperpolarizability 

characterize the response of a system in an applied 

electric field and their values are given in (Table 5). 

At this point, the computational approach provides a 

non-expensive way for the determination of nonlinear 

optical properties, and thus, enables the prediction of 

potential use of the Chromene compounds as 

nonlinear optical materials. In this context, the NLO 

properties of the title compound and its derivatives 

were evaluated by the determining the polarizability 

(α) and the hyperpolarizability (β) using the 

following equations: 

 

< α >=
∝xx+αyy+αzz

3
                                                (5)                                                                                            

 

𝛃 = √(𝛃𝐱𝐱𝐱 + 𝛃𝐱𝐲𝐲 + 𝛃𝐱𝐳𝐳)
𝟐

+ (𝛃𝐲𝐲𝐲 + 𝛃𝐲𝐳𝐳 + 𝛃𝐲𝐱𝐱)
𝟐

+ (𝛃𝐳𝐳𝐳 + 𝛃𝐳𝐱𝐱 + 𝛃𝐳𝐲𝐲)
𝟐
       (6)     

 

 The calculated values of polarizability (α) and the 

first hyperpolarizability (β) are 19.58x10-24 and 1.614 

x 10-30 esu for compound 1, 21.84x10-24 and 1.865 x 

10-30 esu for compound 2, 20.77x10-24 and 1.382 x 10-

30 esu for compound 3 and 23.58x10-24 and 3.264 x 

10-30 esu for compound 4 respectively. The β value of 

the title molecule and its derivatives are 12 

(compound 1), 14 (compound 2), 10 (compound 3) 

and 25 (compound 4) greater than of the standard 

NLO material Urea (0.13 x 10-30 esu)[65] which is 

accepted as a prototype molecule for nonlinear 

optical materials[66,67]. Hence all the studied 

compounds (1-4) can be developed as possible 

materials with a potential to show non-linear optical 

activities. 
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Table 5 

 Calculated polarizability and 1st order hyperpolarizability components of compounds (1-4) with B3LYP/6-311++G (d, p) level of theory. 

 

Compound αxx αyy αzz αxy αxz αyz αTOT au αTOT 10-23 esu 

1 -138.350 -128.173 -129.902 14.595 -1.256 12.841 -132.142 -1.958 

2 -150.937 -154.006 -137.234 -6.234 8.117 -15.054 -147.392 -2.184 

3 -127.397 -152.073 -141.073 -14.871 8.707 -16.097 -140.181 -2.078 

4 -175.357 -160.185 -141.901 5.492 14.045 -17.217 -159.148 -2.359 

 
βXXX βYYY βZZZ βXYY βXXY βXXZ βXZZ βYZZ βYYZ βXYZ βTOT au 

βTOT 10-

30 esu 

1 124.164 27.937 13.365 44.864 -91.134 29.446 -12.934 -1.436 36.966 -0.205 186.834 1.614 

2 -107.355 -48.164 -14.685 -89.865 -40.014 -12.545 11.003 7.641 -46.628 6.198 215.912 1.865 

3 80.361 -56.686 -13.757 -70.364 -94.203 -14.478 1.877 9.065 -44.846 2.160 159.988 1.382 

4 -272.094 -67.337 -9.933 -101.423 32.803 6.997 -1.457 17.047 -40.426 -2.022 377.877 3.265 

 

3.7. Absorption spectra and solvent effects 

Electronic absorption spectroscopy of organic 

compounds are based on transition from n or π 

electrons to the π* excited state which normally take 

place in the UV-Vis region with wavelength from 

200 nm to 800 nm. The experimental electronic 

spectra of the tilted compound and its derivatives 

were recorded in different organic solvents such as 

1,4-Dioxane and DiChloroEthane as non-polar 

solvents and Ethanol, Methanol and Acetonitrile as 

polar solvents, and, Which have different dielectric 

constant (ε) 2.25 and 10.36  for non-polar solvents 

and 24.5, 32.7 and 37.5 for polar solvents 

respectively, whereas the calculated electronic 

absorption spectrum was obtained using time 

dependent-DFT (TD-DFT) calculations on the 

ground state optimized geometry of compounds (1-

4), both in gas phase and solvent phase using 

IEFPCM model with different solvents, at the TD 

B3LYP/6-311++G(d,p) level of theory. The 

experimental absorbance of compounds (1-4) were 

found to be significant in the measured UV range 

(200-400 nm) and very low in the visible region 

(400-800 nm). Two possible types of interaction 

between subsystems can occur as shown in Scheme 

2. For example, (i) no interaction between 2-amino-

4H-benzo[h]chromene-3-carbonitrile and the terminal 

phenyl group Ph-X (ii) represent full conjugation 

between the two subsystems 2-amino-4H-

benzo[h]chromene-3-carbonitrile and Ph-X. 

  

i ii 

SCHEME 2. The two possible types of interaction between 

subsystems. 

 

3. 7. 1 Absorption spectra and solvent effects of compound 

1. 

The experimental absorption spectra of compound 1 

are recorded in 1,4-Dioxane and DiChloroEthane as 

non-polar solvents and Ethanol, Methanol and 

Acetonitrile as polar solvents, the experimental and 

calculated UV-Vis spectra are shown in (Fig. 3) and 

the diagrams of some selected of HOMO and LUMO 

are indicated in (Fig. 4). 

the most representative absorption wavelengths from 

experimental and calculation of compound 1 along 
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with the electronic transition configuration details 

involving the vertical excitation energy , the 

oscillator strengths (f) and major contribution are 

tabulated in (Table 6). In all  solvents, compound 1 

exhibited four bands; the first band has high intensity 

in all solvents, but the other three bands show very 

week and broad absorption bands in Ethanol, 

Methanol and Acetonitrile solvents and intermediate 

intensity and broad bands in DiChloroEthane, and 

1,4-Dioxane. Increasing solvent polarity from1,4-

Dioxane to Acetonitrile results in a blue shift of the 

first band only ̴ 17 nm but the other bands didn’t 

affect by increasing solvent polarity.  From (Table 6), 

we can conclude that the experimental and theoretical 

UV-Vis data are well agreed with each other. 

 

 

Fig. 3. Electronic absorption spectra of compound 1, experimental in dioxane, dichloroethane, ethanol, methanol and 

acetonitrile, theoretical in dioxane, dichloroethane, ethanol, methanol, acetonitrile and gas phase. 
 

    
L+3 L+3     L+5        L+3 

    
L+2 L+2     L+4       L+2 
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Fig. 4. Selected frontier molecular orbital (HOMO and LUMO) pictures for compounds (1-4), as obtained from DFT//B3LYP/6-31++G (d,p) 

level of calculation. 

 

TABLE 6 

Experimental and theoretical UV spectra of compound 1, calculated at TD-B3LYP/6-311++G(d,p) 

 
Experimental  Theoretical 

λ max, nm Abs  λ nm E(eV) f Major contribution 

Gas phase 

 H-3->L+2 (14%), H-2->L+3 (28%) 0.1043 5.3934 230  ـــــ ـــــ

 H->L+2 (82%) 0.0075 4.7456 261  ـــــ ـــــ

 H-1->L+1 (40%), H->L+1 (44%) 0.0043 4.5623 271  ـــــ ـــــ

 H-1->L+1 (58%), H->L+1 (20%) 0.0266 4.2309 293  ـــــ ـــــ

        

1,4-Dioxane 

245 1.562  244 5.0761 0.0357 H-1->L+2 (56%), H->L+5 (30%) 

265 0.868  260 4.7531 0.0101 H-1->L+1 (17%), H->L+2 (80%) 

271 0.843  269 4.6018 0.0087 H-2->L (18%), H-1->L+1 (36%) 

295 0.551  293 4.2319 0.0637 H-1->L (92%) 

        

DiChloroEthane 

245 1.730  245 5.0590 0.0305 H-1->L+2 (50%), H->L+4 (42%) 

265 1.061  261 4.7520 0.0115 H-1->L+1(23%), H->L+2(74%) 

271 1.034  268 4.6324 0.0061 H-1->L+1(33%), H->L+1 (38%) 

297 0.771  292 4.2463 0.0739 H-1->L (98%) 

        

Ethanol 

229 2.033  230 5.3827 0.2479 H-3->L+2 (18%), H-2->L+3 (23%), H-1->L+4 (17%) 

265 1.264  261 4.7510 0.0101 H-1->L+1 (24%), H->L+2 (73%) 

271 1.264  267 4.6385 0.0047 H-1->L+1(32%), H->L+1(37%) 

295 0.181  292 4.2513 0.0681 H-1->L (93%) 

        

Methanol 

228 2.057  227 5.4573 0.2794 H-2->L+1(19%), H-1->L+4(35%) 

264 0.266  261 4.7508 0.0096 H-1->L+1(24%), H-2->L (72%) 

269 0.266  267 4.6400 0.0044 H-1->L+1(32%), H->L+1(37%) 

    
H H      L        H 

    
H-1 H-1    H        H-2 

    
H-2 H-2        H-1     H-4 

    
H-3   H-4       H-2       H-5 

Compound 1 Compound 2 Compound 3   Compound 4 
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293 0.183  292 4.2527 0.0643 H-1->L (88%) 

        

Acetonitrile 

229 2.134  230 5.3835 0.2411 H-3->L+2(18%), H-2->L+3 (23%), H-1->L+4(18%) 

264 0.229  261 4.7506 0.0098 H-1->L+1(24%), H->L+2(72%) 

271 0.227  267 4.6397 0.0045 H-1->L+1(32%), H->L+1(37%) 

295 0.160  292 4.2522 0.0654 H-1->L (88%) 

 

 

3. 7. 2. Absorption spectra and solvent effects of compound 

2. 

Compound 2 results by insertion of Cl atom in the 

Para position of 4-aryl of compound 1. As in 

compound 1, the experimental and theoretical 

electronic absorption spectra of compound 2 in 1,4-

Dioxane and DiChloroEthane as non-polar solvents 

and Ethanol, Methanol and Acetonitrile as polar 

solvents are shown in (Fig. 5) and (Table 7). The 

charge density maps of some selected HOMO and 

LUMO are indicated in (Fig. 4). In all polar and non-

polar solvents compound 2 exhibited four bands, the 

first band has high intensity in 1,4-Dioxane, 

DiChloroEthane and Methanol but broad band in 

Acetonitrile and Ethanol, but the other three bands 

show week and a broad bands in all solvents. The 

entire electronic absorption band for compound 2 and 

its major contributions are listed in Table 7.   

 

  

Fig. 5. Electronic absorption spectra of compound 2, experimental in dioxane, dichloroethane, ethanol, methanol and 

acetonitrile, theoretical in dioxane, dichloroethane, ethanol, methanol, acetonitrile and gas phase. 

 

Table 7 

Experimental and theoretical UV spectra of compound 2, calculated at TD-B3LYP/6-311++G(d,p). 

 
Experimental  Theoretical 

λ max, nm Abs  λ nm E(eV) f Major contribution 

Gas phase 

 H-2->L+2(20%), H-2->L+3(44%) 0.2674 5.4338 228  ـــــ ـــــ

 H-3->L(24%), H-2->L(50%), H-1->L+1(26%) 0.1206 4.6846 264  ـــــ ـــــ
 H-2->L(26%), H-1->L+1(26%), H->L+1(46%) 0.0128 4.5428 273  ـــــ ـــــ
 H-1->L(79%) 0.0407 4.2223 294  ـــــ ـــــ

        

1,4-Dioxane 

247 2.17  246 5.0532 0.0256 H->L+4(31%), H->L+5(64%) 

266 1.313  262 4.7301 0.2697 H-3->L(22%), H-2->L(51%), H-1->L+1(21%) 
278 1.243  271 4.5744 0.0119 H-2->L(19%), H->L+1(37%), H->L+2(19%) 
295 0.839  294 4.2218 0.0755 H-1->L(100%) 

        

DiChloroEthane 

246 1.904  244 5.0756 0.0839 H->L+4(55%) 

264 1.097  261 4.7489 0.0356 H-1->L+1(33%), H->L+2(67%) 
271 1.07  271 4.5683 0.0022 H->L+1(14%), H->L+2(75%) 
296 0.777  293 4.2333 0.0790 H-1->L(97%) 
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Ethanol 

232 2.439  231 5.3622 0.1433 H-4->L(55%), H-2->L+1(23%) 

266 0.434  261 4.7516 0.0268 H-1->L+1(38%), H->L+3(62%) 
277 0.414  272 4.5627 0.0019 H->L+2(81%) 
295 0.291  293 4.2377 0.0738 H-1->L(97%) 

        

Methanol 

228 2.096  227 5.4647 0.2509 H-2->L+1(17%), H-2->L+3(39%) 

264 0.298  261 4.7522 0.0247 H-1->L+1(39%), H->L+3(62%) 
275 0.281  272 4.5617 0.0019 H->L+2(81%) 
294 0.201  292 4.2391 0.0717 H-1->L(95%) 

        

Acetonitrile 

229 2.402  231 5.3650 0.1383 H-4->L(49%), H-2->L+1(20%) 

264 0.291  261 4.7521 0.0253 H-1->L+1(39%), H->L+3(61%) 
271 0.287  272 4.5613 0.0019 H->L+2(81%) 
294 0.197  293 4.2386 0.0725 H-1->L(95%) 

 

 

3.7. 3. Absorption spectra and solvent effects of 
compound 3. 

Compound 3 is obtained by insertion -OCH3 group in 

the para position of 4-aryl of compound 1. The 

experimental and theoretical electronic absorption 

spectra of compound 3 in 1,4-Dioxane and 

DiChloroEthane as non-polar solvents and Ethanol, 

Methanol and Acetonitrile as polar solvents are 

shown in (Fig. 6) and (Table 8). 

  

  

Fig. 6. Electronic absorption spectra of compound 3, experimental in dioxane, dichloroethane, ethanol, methanol and acetonitrile, theoretical 

in dioxane, dichloroethane, ethanol, methanol, acetonitrile and gas phase. 

Table 8 Experimental and theoretical UV spectra of compound 3, calculated at TD-B3LYP/6-311++G(d,p). 

 

 
Experimental  Theoretical 

λ max, nm Abs  λ nm E(eV) f Major contribution 

Gas phase 0.0391 5.4237 229  ـــــ ـــــ H-2->L+3(15%), H->L+6(32%) 

 H-1->L+1(34%), H->L+1(45%) 0.0238 4.5099 275  ـــــ ـــــ 

 H-2->L(40%), H-2->L+1(16%), H->L+1(21%) 0.0311 4.2626 291  ـــــ ـــــ 

 

 
       

1,4-Dioxane 249 2.356  248 5.0004 0.0215 H-1->L+2(21%), H->L+4(57%) 

 278 1.279  273 4.5443 0.0329 H-1->L+1(41%), H->L+1(48%) 

 295 0.733  291 4.2579 0.0386 H-2->L(42%), H->L+1(21%) 

        

DiChloroEthane 248 2.085  246 5.0340 0.0965 H-1->L+2(57%), H-1->L+3(24%) 

 274 1.133  271 4.5834 0.0349 H-1->L+1(51%), H->L+1(40%) 
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 294 0.723  291 4.2612 0.0350 H-2->L(38%), H->L+1(27%) 

        

Ethanol 223 2.259  222 5.5845 0.0528 H-1->L+5(41%), H->L+6(23%) 

 275 0.393  270 4.5925 0.0335 H-1->L+1(54%), H->L+1(37%) 

 293 0.246  291 4.2629 0.0329 H-2->L(36%), H->L+1(29%) 

        

Methanol 223 2.095  222 5.5862 0.0551 H-1->L+5(38%), H->L+6(25%) 

 272 0.364  270 4.5942 0.0328 H-1->L+1(53%), H->L+1(36%) 

 292 0.225  291 4.2635 0.0322 H-1->L(94%) 

        

Acetonitrile 222 2.506  222 5.5859 0.0529 H-1->L+5(37%), H->L+6(28%) 

 272 0.341  270 4.5944 0.0332 H-1->L+1(53%), H->L+1(36%) 

 294 0.212  291 4.2633 0.0325 H-2->L(36%), H->L+1(29%) 

 

The diagrams of some selected HOMO and LUMO 

charge density maps are indicated in (Fig. 4). In all 

polar and non-polar solvents compound 3 exhibited 

three bands, increasing solvent polarity from 1,4-

Dioxane to Acetonitrile results in a blue shift ( ̴ 27 

nm) of the first band only but the other bands didn’t 

affect by increasing solvent polarity. The first band 

has high intensity band in 1,4-Dioxane, 

DiChloroEthane, Ethanol, Methanol and Acetonitrile, 

but the other two bands show week and a broad bands 

in all solvents expect Dioxane and DiChloroEthane. 

All  electronic absorption bands for compound 3 were  

listed in Table 8.  

3. 7. 4 Absorption spectra and solvent effects of compound 

Compound 4 results by insertion -NO2 group in 

the para position of 4-aryl of compound 1. The 

experimental and theoretical electronic absorption 

spectra of compound 4 in 1,4-Dioxane and 

DiChloroEthane as non-polar solvents and Ethanol, 

Methanol and Acetonitrile as polar solvents are 

shown in (Fig. 7) and (Table 9). 

The charge density maps of some selected HOMO 

and LUMO are designated in (Fig. 4). In all polar and 

non-polar solvents, compound 4 exhibited three 

bands, increasing solvent polarity from1,4-Dioxane 

to Acetonitrile results in a blue shift (̴ 24 nm) of the 

first band  but the other bands didn’t influence by 

increasing solvent polarity. The first band has high 

intensity in Ethanol, Methanol and Acetonitrile, 

although the first and second bands are broad in 1,4-

Dioxane and DiChloroEthane. All electronic 

absorption bands for compound 4 are listed in Table 

9.  

 

 

   

Fig. 7. Electronic absorption spectra of compound 4, experimental in dioxane, dichloroethane, ethanol, methanol and acetonitrile, theoretical 

in dioxane, dichloroethane, ethanol, methanol, acetonitrile and gas phase. 
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Table 9  
Experimental and theoretical UV spectra of compound 4, calculated at TD-B3LYP/6-311++G(d,p). 

 
Experimental  Theoretical 

λ max, nm Abs  λ nm E(eV) f Major contribution 

Gas phase 0.2701 5.5306 224  ـــــ ـــــ H-2->L+2(30%), H-2->L+3(29%) 

 H-4->L(93%) 0.2781 4.6188 268  ـــــ ـــــ 

 H->L+1(97%) 0.0361 3.9041 317  ـــــ ـــــ 
 

 
       

1,4-Dioxane 246 1.68  236 5.2547 0.7199 H->L+5(92%) 

 270 1.76  279 4.4423 0.3268 H-4->L(97%) 

 321 0.43  321 3.8522 0.0875 H-2->L(93%) 
        

DiChloroEthane 246 1.877  235 5.2550 0.5703 H-1->L+4(27%), H->L+5(39%) 

 273 2.182  272 4.5589 0.0132 H-5->L(95%) 

 321 0.565  315 3.9364 0.0740 H->L+1(95%) 
        

Ethanol 225 2.30  226 5.4798 0.0977 H-2->L+2(37%), H-2->L+3(49%) 

 269 0.745  274 4.5227 0.0145 H-5->L(94%) 

 319 0.183  314 3.9403 0.0705 H->L+1(95%) 
        

Methanol 223 1.97  225 5.5065 0.1500 H-5->L+1(24%), H-4->L+1(26%) 

 267 0.583  274 4.5168 0.0149 H-5->L(94%) 

 319 0.147  315 3.9416 0.0690 H->L+1(95%) 
        

Acetonitrile 224 2.611  225 5.5059 0.1459 H-3->L+1(22%), H-1->L+5(53%) 

 270 0.677  274 4.5151 0.0148 H-5->L(94%) 

 319 0.178  314 3.9411 0.0697 H->L+1(95%) 

 
4. Conclusion 

The molecular geometry of 4H-benzo[h]chromene 

derivatives in the ground state have been calculated 

by using DFT B3LYP/ 6-311++G (d,p) level of 

theory. The optimized structure of the studied 

molecules 1-4 is non-linear with the phenyl at 

position 4 is out of the molecular plane of the rest of 

the compound, the reason why no substituent effect 

and solvent effect were observed. The HOMO-

LUMO energy gap helped in analyzing the chemical 

reactivity, hardness, softness, chemical potential and 

electro negativity. The calculated dipole moment and 

first order hyperpolarizability results indicate that the 

molecule has a reasonable good non-linear optical 

behaviour. The NBO analysis indicated the 

intermolecular charge transfer between the bonding 

and antibonding orbital’s. Electronic spectra of 4H-

benzo[h]chromene and some of its derivatives in 

different organic solvents such as 1,4-Dioxane and 

DiChloroEthane as non-polar solvents and Ethanol, 

Methanol and Acetonitrile as polar solvents are 

investigated experimentally and theoretically using 

the TD-DFT method at the B3LYP/6-311++G(d,p) 

level of the theory at the PCM model. The observed 

UV spectra of the studied compounds show a 

noticeable dependence on solvent polarity. All 

compounds show a blue shift (17-25 nm) upon 

increasing solvent polarity in the first band.  
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