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Abstract— The first objective of this computational work is to 

determine the optimized geometry of Iodo -4-Oxo-4H Chromene-

3 Carbaldehyde C10H5IO3. The optimized structural parameters 

such as the lengths and angles of the bonds were determined by 

the B3LYP density functional model with Lan L2DZ basis set by 

Gaussian program 09. The optimized structural parameters 

calculated by density functional theory (DFT) were compared 

with the results of X-ray diffraction in the literature. The second 

objective is natural bond orbital (NBO) analysis  which provides 

an efficient method to study the stability of the molecule. The 

dipole moment (μ), molecular electrostatic potential (MEP), 

frontier orbital energy gap was illustrated. Nonlinear Optical 

Effects (NLO) properties related to polarizability and 

hyperpolarizability was also discussed. 

 

Keywords— Density Functional Theory; NBO; electrostatic 

potential, NLO. 

I. INTRODUCTION 

7-iodo-4-oxo-4H-chromene-3-carbaldehyde is an organic 

compound of formula C10H5IO3 geometrical structure is 

shown in Fig.1. The synthesis and crystallization of the title 

compound was described by Yoshinobu Ishikawa [1]. 3-
Formylchromone and its derivatives show versatile biological 

activities such as anti-inflammatory activity [2], and the 

inhibition of protein tyrosine phosphatase 1B [3], thymidine 

phosphorylase [4], carbonic anhydrase [5], and metallo- 

lactamase [6]. Ishikawa & Motohashi, [1] conclued that , the 

position of halogen atoms on the chromone ring should be 

associated with the urease inhibitory activity. 

II. COMPUTATIONAL DETAILS  

Geometry optimization is an important part of most 

quantum chemical calculations; it is a key component of most 
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computational chemistry studies that are concerned with the 

structure and/or reactivity of molecules.  

Many of physical and chemical properties are determined 

from the geometry of molecule. The optimization of the 

geometry for the molecule was achieved by energy 

minimization; using DFT at the B3LYP level, employing the 

basis set LanL2DZ Figure 1 and Table 1 below represent the 

diagram of the optimized molecule, these bond lengths and its 

angle measurements. All calculations was made with the 

Gaussian 09 program [7] 

A. Abbreviations and Acronyms 

B3LYP is the nonlocal correlation functional of Lee, Yang, 

and Parr, HOMO is highest occupied molecular orbital and 

LUMO lowest unoccupied molecular orbital, Fi; j is the 

corresponding Fock matrix element, qi  is the donor orbital 

occupancy and 𝜀𝑗 , 𝜀𝑖  are the orbital energy. Finally, in order to 

select optimal, E2 is the stabilization energy , ED is electron 

density,NBO is natural bond orbital, NLO is, Nonlinear Optical 

Effects, μ is dipole moment,MEP is molecular electrostatic 

potential, α0 is polarizability, α is anisotropy of the 

polarizability, β first order hyperpolaraizability,au is atomic 

units. 

III.  GEOMETRY OPTIMISATION 

The formulae of studied compounds are depicted in Fig. 1. 

Initially the optimized geometrical data of title compound has 

been determined by using B3LYP function with Lan L2DZ 

basis set. Title compound has been chosen for this step 

because its structure was analyzed by x-ray diffraction 
method.[1] 

The optimized geometrical parameters and X-ray 

crystallographic data [1] were collected in Table 1. In general, 

the bond length between two atoms is approximately the sum 

of the covalent radii of the two atoms. For covalent bonds, 

bond energies and bond lengths depend on many factors like 

electron affinities, sizes, electro-affinity of atoms involved in 

the bond, differences in their electronegativity, and the overall 

structure of the molecule [8]. As can be seen from the Table I 

the computed values are in good harmony with experimental 

values (Fig.2). 
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IV.  III HOMO-LUMO ANALYSIS AND MULLIKEN 

ATOMIC CHARGES 

Both the highest occupied molecular orbitals (HOMO) and 

lowest unoccupied molecular orbitals (LUMO) play a role in 

the chemical stability of compounds. For instance, the highest 

occupied molecular orbital (HOMO) and lowest unoccupied 

molecular orbital (LUMO) show the ability of donating and 

accepting an electron in any molecule, respectively. [9]. 

The HOMO is delocalized on ring of oxygen atoms while 

LUMO is localized on atoms of oxygen and on second ring 

also of the title compound Fig.3. The distribution pattern 

revealed the intra-molecular charge transfer from HOMO to 

LUMO. The energy gap of the title compound is 4,409936 eV 
at B3LYP by Lan L2DZ level of theory has been tabulated in 

Table 2. It is noteworthy that the C9 atom of the title 

compound exhibited more positive charge, whereas the O11, 

O12 O13 atoms exhibited the most negative charges (Fig.1). 

 

V.  MOLECULAR ELECTROSTATIC 

POTENTIALSURFACE 

The electrostatic potential of a molecule is a good guide in 

assessing the molecules reactivity towards positively or 

negatively charged reactants [10]. The negative attractive 

potential appears in red and yellow coloured regions of MEP 

surface (Fig.4) were related to electrophilic reactivity, while 
the positive repulsive potential appear in blue regions to 

nucleophilic reactivity.  

Negative electrostatic potential corresponds to an attraction 

of the proton by the concentrated electron density in the 

molecules (from lone pairs, pi-bonds, etc.). Positive 

electrostatic potential corresponds to repulsion of the proton 

by the atomic nuclei in regions where low electron density 

exists and the nuclear charge is incompletely shielded. In the 

title molecule the negative potentials are located over the 

formyl O atom. While the positive potentials are located near  

the hydrogens 

  

VI. NATURAL BOND ORBITAL ANALYSIS (NBO)  

NBO analysis provides an efficient  method for studying intra 

and intermolecular bonding and interaction among bonds, and 

also provides a convenient basis for investigation of charge 

transfer or conjugative interactions in molecular system [11]. 

The second Fock matrix was carried out to evaluate donor-

acceptor interactions in the NBO analysis [12]. 

The interaction results in a loss of occupancy from the 

localized NBO of the idealized Lewis structure into an empty 

non-Lewis orbital. For each donor (i) and acceptor (j), the 

stabilization energy, E2, associated with the delocalization, i 

→ j, is estimated as: 

𝐸(2)=𝑞𝑖 

(𝐹𝑖,𝑗)
2

𝜀𝑗−𝜀𝑖
           (1) 

where qi is the orbital occupancy, 𝜀i, 𝜀j are diagonal elements 

and Fi;j is the off-diagonal NBO Fock matrix element. In the 

perturbation energies of donor  acceptor interactions are 

presented.. In the title molecule7-iodo-4-oxo-4H-chromen-3-

carbaldehyde. π(C1-C2) →π* (C3-O12) was 

25.10 kcal/mol, π(C4-C5) →π* C6-C7) was 23,11 kcal/mol 

therefore they give a stronger stabilization to the structure, it is 

noted that the maximum occupancies 1,98452 ; 1,98838 , 

1,99072 ; 1,98227 are obtained σ(C1-C2), σ(C1-O11 ),σ(C3-

O12), et σ (C5-C6) respectively.  Therefore, the results 

suggest that σ (C1 -C2), σ (C1 - O11), σ (C3– O12) σ (C5-C6) 

are mainly controlled by the p character of hybrid orbitals 

Table II. 

The same kind of interaction is calculated in the same kind 
of interaction energy, related to the resonance in the molecule, 

is electron donating (Table III) LP(2) O13 to σ* (C10-H16) 

shows less stabilization of16.40kJ/mol and furtherLP(2)O11 

and π* (C1-C2), leads to strong stabilization energy of 

31,47kJ/mol and LP(2) O11 to π*(C8-C9) resulting in an 

enormous stabilization of 22,81 kJ/mol. The strong intra-

molecular hyper conjugation hyper conju-gation interaction of 

the σ and the π electrons of C-C to the anti C-C bond in the 

ring leads to stabilization of some part of the ring as evident 

from 

VII. NON-LINEAR OPTICAL EFFECTS  (NLO) 

When a beam of light propagates through a material, the 

interaction of the optical field with organic molecules in the 

material induces charge variation and displacement of 

associated atoms [13].  

In order to study the relationships between photocurrent 

generation, molecular structures and NLO, polarizabilities and 

hyperpolarizabilities were calculated using various methods 

and different bases, depending on the finite field approach. 
First order hyperpolarizability is a third rank tensor that can be 

described using 3x3x3 matrices. The 27 components of the 3D 

matrix can be reduced to 10 components according to 

Kleinman symmetry [14].The components of β are defined as 

the coefficients of a Taylor series expansion of the energy in 

an external electric field. When the external electric field is 

weak and homogeneous, the expansion becomes: 
 

𝐸 = 𝐸𝑂 − 𝜇𝛼𝐹𝛼 +
1

2
𝛼𝛼𝛽𝐹𝛼𝐹𝛽 −

1

6
𝛽𝛼𝛽𝛾𝐹𝛼𝐹𝛽𝐹𝛾+. …   (3) 

where 𝐸𝑂 is the energy of the unperturbed molecules, 𝐹𝛼 the 

field at the origin and 𝜇𝛼 , 𝛼𝛼𝛽  and 𝛽𝛼𝛽𝛾  are the components of 

dipole moment, polarizability and the first 

hyperpolarizabilities, respectively. 

The total static dipole moment (μ), mean polarizability (α0) 

anisotropy of the polarizability (α) and mean first order 
hyperpolaraizability (β), using the x, y and z components, are 

defined as follows: 

 

 𝛼0 =
1

3
∑ 𝛼𝑖𝑖𝑖                 (4) 

𝛼 = 2((𝛼𝑥𝑥 − 𝛼𝑌𝑌)2+(𝛼𝑌𝑌 − 𝛼𝑍𝑍)2+(𝛼𝑍𝑍 − 𝛼𝑋𝑋)2 +

 6𝛼𝑥𝑥
2 )0,5                   (5) 

{

𝛽𝑥 = 𝛽𝑥𝑥𝑥 + 𝛽𝑥𝑦𝑦 + 𝛽𝑥𝑧𝑧

𝛽𝑦 = 𝛽𝑦𝑦𝑦 + 𝛽𝑥𝑥𝑦 + 𝛽𝑦𝑧𝑧

𝛽𝑧 = 𝛽𝑧𝑧𝑧 + 𝛽𝑥𝑥𝑧 + 𝛽𝑦𝑦𝑧

           (6) 

 



Models & Optimisation and Mathematical Analysis Journal Vol.09 Issue 01 (2021) 

8 

 

 

 
Fig. 1.  Optimized structure and MuliIken atomic charges obtained by 

B3LYP/ Lan L2DZ for C10H5IO3 

 

 

 
Fig. 2. Calculated bond lengths in comparison with experimental data. 

 

 

 
Fig. 3. Frontier molecular orbital surfaces and energy gap for C10H5IO3 
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Fig 4 : Molecular electrostatic potential surface map 

 

TABLE I 

 

SELECTED OPTIMIZED PARAMERS OF C10H5IO3 

 

bond length (A°) 

Calculated 

values 

Experimental 

values |[1] 

I14—C6 2.13258 2.094 

O11—C1 1.36838 1.334 

O11—C9 1.40884 1.386 

O12—C3 1.26140 1.230 

O3—C10 1.25142 1.222 

C1—C2 1.36991 1.355 

C2—C3 1.47719 1.462 

C2—C10 1.48401 1.462 

C3—C8 1.4853 1.471 

C4—C5 1.39867 1.471 

C4—C8 1.41308 1.400 

C5—C6 1.41680 1.401 

C6—C7 1.40135 1.387 

C7—C9 1.40340 1.389 

C8—C9 1.41092 1.392 

C1—H15 1.08440 0.9500 

C4—H19 1.08599 0.9500 

C5—H18 1.08455 0.9500 

C7—H17 1.08413 0.9500 

C10—H16 1.10089 0.9500 
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bond angles (°) 

Calculated  

values 

 

Experimental values 

|[1] 

C1—O11—C9 118.93093 118.2 

O11—C1—C2 124.19949 125.1 

O11—C1—H15 112.61513 117.4 

C1—C2—C3 123.18539 120.5 

C1—C2—C10 120.63342 119.4 

C3—C2—C10 119.85735 120.1 

O12—C3—C2 122.95470 123.2 

O12—C3—C8 122.48349 122.8 

C2—C3—C8 114.56182 113.9 

C5—C4—C8 120.86113 120.8 

C5—C4—H19 121.10559 119.6 

C8—C4—H13 118.03329 119.6 

C4—C5—C6 119.62427 120.5 

C4—C5—C6 119.62427 120.5 

C4—C5—H18 120.12946 120.5 

C7—C6—C5 120.97712 121.6 

C7—C6—I14 119.54788 118.6 

C5—C6—I14 119.47500 119.8 

C6—C7—C9 118.01454 117.7 

C6—C7—H17 122.61125 121.2 

C9—C7—H17 119.37421 121.2 

C9—C8—C4 117.84021 118.2 

C9—C8—C3 120.65476 120.2 

C4—C8—C3 121.50502 121.5 

O11—C9—C7 116.29769 115.5 

O11—C9—C8 121.01958 122.0 

C7—C9—C8 122.68273 122.5 

O13—C10—C2 123.57290 123.9 

O13—C10—H16 121.76497 118.0 

C2—C10—H16 114.66213 118.0 

C7—C6—C5 120.97712 121.6 

C6—C5—H18 120.24627 

 

Torsion angle(_) (°) 

Calculated  

values 

 

Experimental values 

|[1] 

C9-O11-C1-C2 0.00000 0.1 

O1-C1-C2-C3 0.00034 1.1 

O11-C1-C2-C10 -180.00000 −178.8 

C1-C2-C3-O12 -179.99897 178.6 

C10-C2-C3-O12 0.00119 −1.5 

C1-C2-C3-C8 -0.00074 −2.3 

C10-C2-C3-C8 -0.00074 177.6 

C8-C4-C5-C6 0.00000 1.6 

C4-C5-C6-C7 0.00000 −1.5 

C4-C5-C6-I14 180.00000 177.9 

C5-C6-C7-C9 0.00000 0.3 

I14-C6-C7-C9 180.00000 -179.1 

   

   

   
C1—C2—C3 120.63342 120.7 

C5-C4-C8-C9 0.00000 −0.6 

C5-C4-C8-C3 -180.00000 179.7 

O12-C3-C8-C9 179.99894 −178.5 

C2-C3-C8-C9 0.00070 2.4 

O12-C3-C8-C4 -0.00120 1.2 

C2-C3-C8-C4 -179.99944 −177.9 

C1-O11-C9-C7 180.00000 179.6 

C1-O11-C9-C8 0.00000 0.0 

C6-C7-C9-O11 -180.00000 −178.8 

C6-C7-C9-C8 0.00000 0.7 

C4-C8-C9-O11 180.00000 179.0 

C3-C8-C9-O11 -0.00026 −1.4 

C4-C8-C9-C7 0.00000 −0.6 

C3-C8-C9-C7 180.00000 179.1 

C1-C2-C10-O13 0.00115 4.9 

C3-C2-C10-O13 -179.99901 −175.0 

 

TABLE II 

HYBRIDS OF 7-IODO-4-OXO-4H-CHROMENE-3-CARBALDEHYDE 

CALCULATED BY B3LYP/ Lan L2DZ basis set. FOR C, H, I, O atoms. 

Donor Lewis-type 

NBOs 

Hybrid AO [%] 

C1 - C2 S p 1.39 s( 41.85%)p ( 58.15%) 

C1 - C2 Sp s( 0.00%)p (100.00%) 

C1 - O11 S p 2.98 s( 25.15%) p( 74.85%) 

C1 - H15 S p 2.03 s( 33.01%)p ( 66.99%) 

C2 - C 3 S p 2.01 s( 33.25%)p ( 66.75%) 

C2 - C10 S p 2.12 s( 32.01%)p ( 67.99%) 

C3 - C8 S p 1.91 s( 34.40%)p ( 65.60%) 
C3 - O12 S p 2.20 s( 31.29%)p ( 68.71%) 

C4 - C5 S p 1.80 s( 35.77%)p (64.23%) 

C4 - C5 S p 2.20 s( 0.00%)p (100.00%) 

C4 - C8 S p 1.88 s( 34.72%)p ( 65.28%) 

C4 - H19 S p 2.39 s( 29.49%)p ( 70.51%) 

C5 - C6 S p 1.86 s( 34.95%)p( 65.05%) 

C5 - H18 S p 2.43 s( 29.19%)p ( 70.81%) 

C 6 - C7 S p 1.54 s( 39.35%)p ( 60.65%) 

C6 - C7 Sp s( 0.00%)p(100.00%) 

C6 - I14 S p 3.67 s( 21.42%)p ( 78.58%) 

C7 - C9 S p 1.91 s( 34.42%)p ( 65.58%) 

C7 –H17 S p 2.39 s( 29.48%)p ( 70.52%) 

C8 - C9 S p 2.02 s( 33.14%)p( 66.86%) 

C9 - O11 S p 3.34 s( 23.06%)p ( 76.94%) 

C10 - O13 S p s( 0.00%)p(100.00%) 

C10 - H16 S p 2.05 s( 32.76%)p ( 67.24%) 

 

TABLE II 

NLO PROPERTIES OF -IODO-4-OXO-4H-CHROMENE-3-

CARBALDEHYDE CALCULATED BY B3LYP/ Lan L2DZ  

Parameters 

Lan L2DZ/ 

B3LYP 

 Parameters 

Lan L2DZ/ 

B3LYP 

 

µX 1.63179   

µY -0.26353   

µz 0.00009 βxxx -1816.8592 

µ (D) 1,65293 βxxy 158.70592 

αxx 240.8779 βxyy 148.65988 

αxy -5.5228 βyyy 50.31617 

αyy 125.9107 βxxz 0.03187 

αxz -0,0009 βxyz -0.00495 

αyz -0,0007 βyyz 0.004 

αzz 45.5701 βxzz -38.64089 

α0 (u.a) 

135.612 

 β (u.a) 1720.0037 

α×10 23 (esu) 

2.007 

 β×10-30(esu) 14.8596 
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TABLE III 

SECOND ORDER PERTURBATION THEORY ANLYSIS OF FOCK MATRIX IN  NBO BASIS IN C10H5IO3 CALCULATED 

BY B3LYP/ Lan L2DZ 

 

Donor(i) Type ED(e) Acceptor(j) Type ED(e) 𝐸(2)a 

[Kcal/mol] 

E(j)-E(i)b 

[a.u.] 
𝐹𝑖,𝑗

c 

[a.u.] 

C 1 - C2 σ 

σ 

σ 

σ 

σ 

σ 

 

1.98452 

 

C1- H 15 

C2 – C3 

C 2 - C 10 

C 3 - O 12 

C 9 - O 11 

C 10 - H 16 

σ * 

σ * 

σ * 

σ * 

σ * 

σ * 

 

1.9732 

1.9732 

1.9745 

1.9902 

1.9876 

1.9856 

1.01 

1.66 

1.32 

2.67 

0.66 

1.44 

1.25 

1.20 

1.18 

1.25 

1.01 

1.22 

 

0.032 

0.040 

0.036 

0.052 

0.023 

0.038 

C 1 - C2 π 

π 

π 

1.77434 C1 - C2 

C3 – O12 

C10 – O13 

π* 

π* 

π* 

1.7744 

1.9628 

1.9764 

4.99 

25.10 

19.89 

0.30 

0.29 

0.29 

0.035 

0.077 

0.070 

C 1-O11 σ 

σ 

 

1.98838 C2 - C10 

C7 - C9 

σ * 

σ * 

1.9745 

1.9652 

2.56 

2.24 

1.35 

1.45 

0.053 

0.051 

C 3-O12 σ 

σ 
σ 

σ 

1.99072 C 1– C2 

C 2– C3 
C 3– C8 

C 8– C9 

σ* 

σ* 
σ* 

σ* 

1.98452 

1.97392 
1.97116 

1.97615 

1.84 

1.11 
1.20 

2.22 

1.56 

1.44 
1.43 

1.52 

0.048 

0.036 
0.037 

0.052 

C 3-O12 π 

π 

1.96218 C 1– C2 

C 8– C9 

π* 

π* 

1.77434 

1.63290 
6.72 

6.20 

0.36 

0.36 

0.046 

0.047 

C 4– C5 π 1.66002 C 6– C7 

C 8– C9 

π* 

π* 

1.69435 

1.63290 

23.11 

20.55 

0.27 

0.27 

0.070 

0.068 

C 5– C6 σ 

σ 

σ 

σ 

σ 

1.98227 C 4– C5 

C 4– H19 

C 5– H18 

C 6– C7 

C 7– H17 

σ* 

σ* 

σ* 

σ* 

σ* 

1.97002 

1.97262 

1.97541 

1.97799 

1.97183 

1.60 

2.87 

1.27 

1.87 

3.18 

1.27 

1.24 

1.23 

1.24 

1.21 

0.040 

0.053 

0.035 

0.043 

0.055 

C 6– C7 π 
π 

1.69435 C 4– C5 
C 8– C9 

π* 
π* 

1.66002 

1.63290 

17.24 
20.84 

0.31 
0.27 

0.066 
0.071 

C 8– C9 π 

π 

π 

π 

1.63290 C 3– O12 

C 4– C5 

C 6– C7 

C 8– C9 

π* 

π* 

π* 

π* 

1.96218 

1.66002 

1.69435 

1.63290 

22.25 

18.55 

20.31 

1.21 

0.31 

0.29 

0.29 

0.29 

0.071 

0.069 

0.068 

0.017 

C 9-O11 σ 

σ 

σ 

1.98706 C 1– H15 

C 4– C8 

C 6– C7 

σ* 

σ* 

σ* 

1.97312 

1.96904 

1.97799 

1.36 

2.31 
2.28 

1.40 

1.43 

1.42 

0.039 

0.051 

0.051 

C10-O13 σ 

σ 

1.99336 C2 – C3 

C2 – C10 

σ* 

σ* 
1.97392 

1.97465 

2.23 

0.51 

1.44 

1.43 

0.051 

0.024 

C10-O13 π 1.97654 C1– C2 π* 1.77434 6.01 0.37 0.044 

C10-H16 σ 

 

1.98556 C1– C2 σ* 1.98452 5.29 1.08 0.068 

O11 LP(2) 

LP(2) 
 C1– C2 

C8– C9 

π* 

π* 

1.77434 

1.63290 

31.47 

22.81 

0.36 

0.36 

0.097 

0.085 

O12 LP(2) 

LP(2) 
 C2– C3 

C3– C8 

σ* 

σ* 

1.97392 

1.97116 

16.71 

17.17 

0.69 

0.68 

0.097 

0.097 

O13 LP(2) 

LP(2) 
 C2– C10 

C10– H16 

σ* 

σ* 

1.97465 

1.98556 

16.87 

16.40 

0.68 

0.72 

0.097 

0.098 

a E(2) means energy of hyper conjugative interaction (stabilization energy). 

b E(j)-E(i)b Energy difference between donor and acceptor i and j NBO orbitals. 

c F(i; j) is the Fock matrix element between i and j NBO orbitals. 
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VIII. VCONCLUSION 

The calculated parameters (bond lengths and band angles) 

show a good agreement with the corresponding experimental 

data [1] showing the strength of density functional 

calculations.  

The HOMO, LUMO orbital localization confirm the 

intramolecular charge transfer, also HOMO-LUMO energy 

gap reflected the chemical activity of C10H5IO3.  

The MEP shows that the negative potential sites are on 

electronegative atoms as well as the positive potential  

The NBO analysis has provided the detailed in-sight into 

the the nature of bonding in C10H5IO3. The σ bond (C6 - I14) 
is formed from the hybrid S p 3.67 on an iodine atom and the 

bond σ(C1 - O11) is formed from a hybrid S p 2.98 on oxygen 

and the π bond (C3 –O12) is formed from a hybrid Sp2.20 on 

oxygen. The strongest electron donation occurs from a single 

LP (2) O11 pair to the anti-binding acceptor π * (C1-C2), 

leading to a strong stabilizing energy of 31.47kJ / mol..  
The predicted first order hyperpolarizability shows that the 

molecule might have a reasonably good NLO behavior. 
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