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Abstract

In this paper and in order to guide the synthebisovels materials with low band gaps, Theoretstabdly by using
DFT method on six conjugated compound containirggfiaon thiadiazolothienopyazine is reported. Défferelectron
side groups were introduced to investigate thdectf on the electronic structure. The theoreticaiwledge of the
HOMO and LUMO energy levels of the components siba studying organic solar cells so the HOMO MO and
Gap energy of the studied compounds have beenlatdduand reported. These properties suggest thataials as a
good candidate for organic solar cells.
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1. Introduction

The research in the orgarieconjugated molecules and polymers has become btiee anost interesting topics in
fields of chemistry physics and materials sciefideanks to their specific properties, these compeumecome the
most promising materials for the optoelectronicidevechnology [1], such as LEDS [2], Transistor&1s) [3] and
solar cells [4].Polythiophenes have attracted much interest foerg@l application in opto-electronic devices dae t
their electronic and photonic properties [1]. Wherg@olythiophenes obtained as highly amorphougptiliophenes
are not amorphous and can be synthesized as wiledecompounds. Recently, many researchers hawvenie
interested in synthesizing short-chain OLED compisumased on oligothiophenes [5]. On the other lzemidsince the
discovery of the ultra fast and ultra efficient phanduced electron transfer between p-conjugatetems and
fullerene derivatives [6] considerable interest fatero-junction solar cells based on interpenegabetworks of
conjugated systems and C60 derivatives has bearajed [7]. Roquet et al [8] reported the relatiops between the
nature of acceptor groups in the molecule and Hwtqvoltaic performance. The results show thatintduction of
electron-acceptor groups in the donor structuraiéed au extension of the photo-response in théleispectral
region, an increase of the maximum external quargtfimiency and an increase of the open circuitags¢ under
white light illumination. The use of low band gapaterials is a viable method for better harvestifighe solar
spectrum and increasing its efficiency [9]. Theteoolnof this parameter of these materials is rede@sue of ongoing
interest. This band gap engineering gives this rizdtits desired electrical and optical propertiejuction of band
gap to approximately zero is expected to give amidnsically conducting material. The most effidiestrategy has
been applied to design molecules which alternateodacceptor repeating units that are expectecave lsmall gaps
[10]. Recent work in this area has been focusethersynthesis and design of new molecules combidarpr and
acceptor blocks, or conjugated systems with natvand gaps [11]. Theoretical analysis of the eledtrgtructure of
conjugated systems cans establish the relationdleifygeen molecular structure and electronic progerTheoretical
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studies on the electronic structures of conjugatadpound have made great contributions to thenalimation of the
properties of known materials and the predictiaséhof yet unknown ones. In this context and ireotd guide the
synthesis of novels materials with low band gapsangum-chemical methods have been increasinglyieappb
predict the band gap of conjugated systems [12]n@te that theoretical knowledge of the HOMO andM@ energy
levels of the components is basic in studying oiganlar cells. So, we can save time and moneyhoosing the
adequate organic materials to optimize photovoltigicices properties. The HOMO and LUMO energy el the
donor and acceptor components for photovoltaic asviare very important factors to determine wheéffactive
charge transfer will happen between donor and @ocephe offset of ban edges of HOMO and LOMO |sweill
prove responsible for the improvement of all phottaic properties of the organic solar cells.

In this paper, Theoretical study by using DFT mdtlom six conjugated compound containing thiopheng, ras
shown in fig.1 is reported. Different electron sgteups were introduced to investigate their effext the electronic
structure; The HOMO, LUMO and Gap energy of thesmmounds have been calculated and reported ip#mer. A
systematic theoretical study of such compound baseen reported as we know.
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Fig. 1: The sketch map of studied structures
2. Theoretical methodology

The geometries of the studied compounds have bdbndptimized at Density Functional Theory (Beck&hree
Parameter Hybrid Functional using the Lee, YangRad Correlation Functional B3LYP) [13]. The basét 6-31G
(d) was used for all atoms. All the optimizationerer done without constraint on dihedral angles. gtwaind state
energies and oscillator strengths were investigasg ZINDO calculations on the fully DFT optimi&zgeometries.
The calculations were carried out using the Gans&program [14]

3. Results and discussion

The sketch map of studied structures is depictdiih and the optimized geometries obtained by B3(6-31G(d) of
the studied molecules are plotted in fig 2. Tabléists the theoretical electronic properties pargnse (HOMO,
LUMO, Gap). Calculated band Gaps were in the rdhge.9 eV.

The calculated parameters (LUMO, HOMO, Gap) of, P2,P4 and P5 are (-3.532, -4.423, 0.791 eV){243.-4.571,
0.847 eV), (-3.564, -4.361, 0.797 eV) and (-3.688513, 0.845 eV)) respectively. As compared with(F3.722, -
4,585, 0.863 eV), when we substituted the two thésge rings by other heterocyclic compounds (pyrro$tol,

ethylenedioxythiophene, furan) , we showed systiend@stabilization of the HOMO and LUMO levels amdiuction
of band Gap. This destabilization is attributedthie electron-donating substituted groups. On theerohand, the
calculated parameters (LUMO, HOMO, Gap) of P6 aB8@6, -4.754, 0.908 eV). As compared with P17@3, -

4.585, 0.863 eV), the substitution by an electrathdvawing group (benzo[l.2.5]thiazole) leads teystematic
stabilization of the HOMO and LUMO levels and inese of the band Gap.
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Fig.2: optimized geometries obtained by B3LYP/6-31(@) of the studied molecules

Table 1: Theoretical electronic properties parameters (HOM@MO, Gap) obtained by B3LYP/6-31G(d) of the
studied molecules

Compounds ELumo (eV) E homo (eV) E gap (€V)
P1 -3,722 -4,585 0,863
P2 -3,5632 -4,323 0,791
P3 -3,724 -4,571 0,847
P4 -3,564 -4,361 0,797
P5 -3.668 -4.513 0.845
P6 -3,846 -4,754 0,908
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Fig. 3 : Data of absolute energy of the frontier orbital HOM LUMO for P1, P2, P3, P4, P5, P6 and ITO, PCEM
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Fig. 4. Sketch of B3LYP/6-31G(d) calculated energieof the HOMO, LUMO level of studied molecules.

The calculated band gap Egap of the studied compoumeases in the following order P2<P4<P5<P3<B1&R). 3
shows detailed data of absolute energy of the ifpuotrbital for P1, P2, P3, P4, P5, P6 and ITO, RIQEGO), Al is
included for comparison purposes. It is deducetighbstitution of thiophene by another aromatiti@erocylic rings
pushes up/down the HOMO/LUMO energies in agreemagétht their electron donor/acceptor character. Taleate
the possibilities of electron transfer from theited studied molecules to the conductive band dEMCThe HOMO
and LUMO levels were compared. As shown in tabléh&,change of the electron-donor shows a greattedin the
HOMO and LUMO levels. The experiment phenomenon wgaite consistent with previous literature [15], ig¥h
reported that the increase of the HOMO levels mmgsst a negative effect on organic solar cellgpardnce due to
the broader gap between the HOMO level of the acgawolecules and the HOMO level of PCEM. As showifrig.3,
both HOMO and LUMO levels of the studied moleculegreed well with the requirement for an efficient
photosentizer. On one hand, the HOMO levels ofstiadied compounds Pi (i=1-6) were higher than tidCEM.
On the other hand, the LUMO levels are higher ttheat of PCEM (conduction band of C60). The differeregap
between the energy of conduction band (LUMO) of RICGihd the energy of LUMO of the studied molecule§+1-
6) range from 0.25-0.56.eV (Table 2). Provided #atrgy gap of 0.2 eV is necessary for efficieat&bn injection,
these driving forces are sufficiently large foreetive electron injection. Therefore, the six studimolecules can be
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used as sensitizers because the electron injegtamess from the excited molecule to the condudbamd of PCEM
and the subsequent regeneration are feasible aniwrgensitized solar cell.

We have demonstrated that there is a systematichlipge of the HOMO and LUMO energies into the bacdke
causing a destabilisation for HOMO and LUMO levaisl lowing the energy band gap. On the other hiamdll be

useful to examine the HOMO and the LUMO for theseli®d molecules because the relative orderingcotipied
and virtual orbital provides a reasonable qualiatndication of excitation properties and proviédso the ability of
electron hole transport. In general, and as pldtidiyure 4, (LUMO, HOMO); the HOMO possesses atilzonding
character between the consecutive subunits. Oattie hand, the LUMO of all studied compounds gatheshows a
bonding character between the subunits

4. Conclusion

The six studied molecules can be used as sensitis@mause the electron injection process from xbiteel molecule
to the conduction band of PCEM and the subseqegeneration are feasible in organic sensitized selh Actually
related experimental works also confirmed the almmputational results. This calculation procedtar be used as
a model system for understanding the relationskigvéen electronic properties and molecular strectund also can
be employed to explore the potential EL device #mar application; Presumably, the procedures ebthtical
calculations can be employed to predict the eleatrproperties on the other materials, and furtbedesign novel
materials for organic solar cells.
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