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Abstract

In this paper, we report theoretical study of saleconjugated aromatic compounds based on
thiaoxazaphenanthrene using Density functionalrthewethod. Theoretical calculations have been edrri
out in order to characterize their stability, getmeand electronic properties. In fact, substitueature,
number and position are crucial parameters to dedfiructural and electronic molecule proprietiessiBes,
assessing HOMO and LUMO energy levels of componiergssential in investigating suitable materials f
optoelectronic applications. Thus, in this pape¥,computed HOMO and LUMO energy levels of molecules
based on thiaoxazaphenanthrene core. Our data $tawen that these materials are well suited for
optoelectronic applications.

Keywords:t-conjugated molecules; Thiaoxazaphenanthrene; B&md-gap; Electronic properties, HOMO,
LUMO.

1. Introduction

Organic molecules containing aromatic thiaoxazaphhwene and derivatives are used in various fields
science and technology and have multiple applinatio biology and medicine [1, 2]. Despite the Higant

and wide number of applications that offer thisetypf compounds, complete analysis of electronic
proprieties of these compounds, has not been yeiedaout. These compounds have been recently
synthesized and characterized by B. Bennani and3hpl.These studies have shown that the aromatic
molecules contaim-conjugation systems that can trap electrons eaBilysubstituting different functional
groups on an aromatic system it is possible toeme® or decrease thelectron density and thereby create
acceptor (p-type) and donor (n-type) molecular swoits. Fundamental understanding of structural and
energetic properties of this kind of materials doble useful so as to design new molecules. While
experimental studies have shown many drawbacksgaslével of disorder, difficulties to determinerizh
gaps and geometries.

Modeling studies can provide insight into findinglationships between the structure and the elactron
properties of these compounds. DFT is very attraatalculation method for finite systems becausmékie
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lowest level of DFT, the local spin density approation (LSDA) includes some electron correlatiohisTis
extremely important in the design of conjugatedeunoles [4, 5]. Computer simulation is useful irstfield
of research, for example, the determination ofstiable and the electronic structures. This resesgpphoach
has been further examined in a number of theofaiitalyses that have also been published [6]. Trease
our understanding of this important class of matewe report in this work, theoretical investigatiof the
structural, electronic, and optical properties minaatic thiaoxazaphenanthrene and its derivatifigsl).
The geometries structures are obtained by the D&thad using B3LYP hybrid functional density to abta
full geometries optimization. Particular attentinpaid to electronic structure and absorption ertgs

determined by ZINDO approximation.
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Fig.1 : Molecular structure of studied compounds (féaRd R see Table 1)

2. Methodologies and computation

The geometries of the studied compounds were ilgagetl by DFT. The level of three functional paréane
of Becke (B3LYP) [7] and the 6-31G* basis [8] wased for all structures. All calculations were peried

by the Gaussian03 package [9] and their geomeiveze performed without constraint on the dihedral
angles. We used the optimized structures to exathimelectronic density of HOMO and LUMO levelseTh
HOMO, LUMO andAE, (LUMO-HOMO) were also calculated for the stableisture of the neutral forms.
The excitation energies, wavelengths and oscillatengths were investigated using the ZINDO
calculations [10] on the fully optimized structuraghe neutral forms.

3. Results and discussion
Optimized structures of all studied compounds Bustiated in Figure 2. These structures show kyidae
pi-electron delocalization between the differemtraatic.

21law
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21cu 21cw

21dy 2leu
Fig. 2 : Optimized structure of the studied molecules oletaiby B3LYP/6-31G* level

Bond lengths and dihedral angles (correspondintpeoglobal minimum optimized structure in the naltr
form) using B3LYP/6-31G* level were obtained. Reéswdhow, for all studied molecules, that thererare
significant differences among the bond lengths amgles obtained within the aromatic rings. Otheewiss
important to examine characters of the frontieritalb becausehe relative ordering of the occupied and
virtual orbitals provides a reasonable qualitativdication of the excitation properties and of #imlity of
electron or hole transport [11]. The HOMOs and LUS/@ all studied molecules are shown in Figuréh8, t
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HOMO possesses an antibonding character betweenothgecutive subunits. This may explain the non
planarity observed for theseconjugated molecules in their ground states. @mother hand, the LUMO of
all studied compounds generally shows a bondingacer between the subunits. It demonstrates that i
their ground states, the compounds investigatéisrpaper will have aromatic character.
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Fig.3 : B3LYP/3-21G* electronic density contours of therftiers orbitals for some studied molecules

Experimental studies showed that the HOMO and LUdM®rgies were obtained from an empirical formula
based on the onset of the oxidation and reductak$ measured by cyclic voltametry. Whereas thieatet
data show that HOMO and LUMO energies can be catledl by DFT calculation [12]. It's noticeable,
however, that solid-state packing effects are noluded in the DFT calculations, which tend to eiffine
HOMO and LUMO energy levels in a thin film compartd an isolated molecule as considered in the
calculations.

Table 2 lists theoretical electronic parameterthefstudied compounds. The calculated electronjt dbshe
studied compounds 2lau, 2law, 2lax, 2lay, 21bw22bbx, 21by, 21cu, 21cw, 21cx, 21cy, 21leu are
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respectively 1.8725, 1.8704, 1.8318, 1.8749, 1.8697, 1.8695151.81.8719, 1.8644, 1.8644, 1.7982,
1.8660 In the case of compounds substituted with (OMe)Me)((21aw, 21bv, 21bw, 21cu, 21cw), one
remark that they exhibit destabilization of the HOMand LUMO levels in comparison with those of
unsubstitued one (21au). This is due to electrarating substitution of methoxy and methyl grouphilev

in the case of the compounds substituted by Cly22hby, 21cy) there is a net stabilization of H@MO
and LUMO levels. Moreover, these compounds haveallser energy gapdEg than the unsubstituted one,
which is due to the presence of different substitsi@s described previously. The band gap of 20dA¢g,
NO;), is much smaller than that of the other substdutompounds. This may be attributed to the
combination of electron-donating methoxy and etecticcepting NOside groups and also to creation of the
dipole Donor -acceptor around the aromatic rings.

Table 1 : Calculatedvalues of HOMO (eV), LUMO (eV) andlEg (eV) energies for the studied molecules

AEg (eV)

N° R R! E Howmo (eV) E Lumo (V) | wumo - Homo
2lau H H -3.7355 -1.8630 1.8725
21law H OMe -3.6787 -1.8083 1.8704
21ax H NG, -3.9780 -2.1462 1.8318
2lay H Cl -3.8293 -1.9544 1.8749
21bv Me Me -3.6783 -1.8085 1.8697
21bw Me OMe -3.6525 -1.7829 1.8695
21bx Me NG, -3.9447 -2.1297 1.8151
21by Me Cl -3.7998 -1.9279 1.8719
21cu OMe Me -3.6438 -1.7794 1.8644
21cw OMe OMe -3.6189 -1.7545 1.8644
21cx OMe NG -3.9119 -2.1136 1.7982
21cy OMe Cl -3.7634 -1.8974 1.8660
21eu N(Me) H -3.6468 1.7794 1.8649

Thus, in order to investigate the substitution @ffen the absorption properties of these compoutins,
values ofA,x Were calculated in Table 2. These values wererm@ied by ZINDO methods starting with
optimized geometry obtained at B3LYP/6-31G(d) leldgon a first glance over the numbers, we notieg t
the calculated values af.,,shifted in the same direction upon substitution teter the substituent’s nature.
All the substituted molecules exhibit a red shéfiative to the unsubstituted one. This is in gogeeament
with the observations cited in the first part. Wtenthat calculations were performed in isolatedestwhile
the properties were measured in liquid state. Tireretical wavelength.{,,) calculated for isolated chains

are expected to be about 25 nm smaller than theriexgntal values obtained from condensed phase's
approach [13].

Table 2 : Calculated absorptiok.{nm) and Oscillator Strength (O.S) for studied roales

)\max

N° R R' |Ea(eV)| (nm) f(0.S.)
2lau H H 2.1659 | 572.43] 0.5526
2law H OMe | 2.1648 | 572.73 | 0.5639
2lax H NO, | 2.1210| 584.56| 0.5542
21bv Me Me | 2.1667 | 572.21] 0.5609
21bw Me OMe - - -
21bx Me NG, - - -
21cu OMe Me | 2.1646 | 572.78] 0.5606
21cw OMe OMe | 2.1627 | 573.28] 0.5658

875



J. Mater. Environ. Sci. 3 (5) (2012) 870-877 Idrissi Taghki et al.
ISSN : 2028-2508
CODEN: JMESCN

21cx OMe NG 2.1211 | 584.53 0.5575
21cy OMe Cl - - -
2leu N(Me) H 2.1646 | 572.78 0.5605

Conclusion

In this study, theoretical analysis of the geomastr@nd electronic properties of three various camgs
based on aromatic thiaoxazaphenanthrene were prfoin order to display the effect of substitutecugs
on the structural and opto-electronic propertieshesSe materials. We can conclude the followingizoi
First, in the case of compounds substituted witMép or (Me) (21aw, 21bv, 21bw, 21cu, 21cw), one
remark that they exhibit destabilization of the HOMand LUMO levels in comparison with those of
unsubstitued one (21au) due to electron-donatirtgstgution of methoxy and methyl groups. While
compounds substituted by Cl (21ay, 21by, 21cy) €tbelear stabilisation of the HOMO and LUMO levels.
In the other hand, the substituted compounds hasealler energy gapEg than the unsubstituted one,
which is due to the presence of different substitsién several positions of phenyl ring. Howevig band
gap of 21cx (OMe, Ng), is much smaller than that of the other substitutompounds. This may be
attributed to the combination of electron-donatimgthoxy and electron accepting Nédde groups and to
the creation of the dipole Donor -acceptor aroungdaromatic rings.

Finally, values of\,« are calculated by ZINDO methods showed that vabyisnized geometry obtained at
B3LYP/6-31G(d) level. Upon a first glance over tiembers, we notice that the calculated values.gf
shifted in the same direction upon substitution teter the nature of the substituent groups. All the
substituted molecules exhibit a red shift relativethe unsubstituted offédhus, obtained properties (small
gap and high\n.y) suggest these materials are good candidatesptoelectronic applications. This paper
underline the advantage of DFT Theoretical caltahat which can be employed to predict and assinme t
electronic properties and efficiency of yet preplamaterials. And may be a good tool to further giesiovel
materials for optoelectronic applications.
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