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Abstract

We have investigated the effect of doping in newjuegated compounds based on thiophene and oxaliiazo
with the DFT method at UB3LYP level with 6-31G(ddis set. Our attention focused on the study on the
geometries and electronic properties in neutraldopmkd state. The absorption properties were datechby
ZINDO/s, CIS/6-31G(d) and TD//B3LYP/6-31G(d) calatibns. The effects of doping, the ring structund a
the substituent on the geometries and electromipguties of these materials are discussed. We #haivihe
doping process modify both bond lengths and torsiogles and also electronic properties by enharttieg
planarity and decreasing the band Gap. The resulijgest these compounds as good candidates for opto
electronic applications.
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|. Introduction

Organicrr-conjugated polymers and oligomers are almost tbst imtensively studied conducting polymers
because of their good environmental stability ithitbe neutral and doped states [1,2], These raitdrave
attracted much interest for potential applicatioroptoelectronic devices du to their electronic phdtonic
properties [2]. Whereas polymers obtained as highhorphous, small oligomers are not amorphous and
can be synthesized as well defined compounds. Meretheses oligomers provide interesting models fo
understanding the structural and electronic pectiéia which control the charge transport and @pbtic
properties in parent polymers [3]. On the otherchaligomers based on mixed heterocyclic compounds i
which electron-donating units coexist with electravithdrawing ones in the polymer main chain were
studied [4]. 1.4.4-oxadiaozole considered as ingmrtfive-membred compound among the large
heterocyclic families, has been studied as exdetlandidate for material applications during thetpeears
due to its excellent thermal, chemical stabilite®l high photoluminescence quantum yields [5]. H@re
the processing of these materials is limited byirthesolubility. This problem was resolved by the
incorporation of side chains into thiophene. Unlikesubstituted oligomers, the substituted onesalghle
and this solubility facilitates their characteripat and widens their applicability [6]. These miatks are
currently under intensive investigation for manylagations in optoelectronic. One of the most intpot
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factors of controlling physical properties is thand gap (Eg), which is a current topic of reseatoh.
particular, materials with a loward gap are desired in optoelectronic applicatiorjs ftany ways have
been used to modulate this parameter as the matdircof chemical structure or doping process. febe
understanding of the electronic and optical progerof these new materials requires knowledge eif th
conformations and electronic structures. More irtgoaty, these properties can be tuned by different
substituent in severapositions. On the other hand, theoretical calcoteti provide a lot of useful
information that help chemists to build up a goethtionship between structure and properties asethe
materials. In this regard, theoretical studies @§odhiophenes certainly facilitate the knowledgé o
polymeric structure. Smallest oligomers can plasoan important role in understanding charge transp
mechanism and physical properties of polymershigwork, we are going to carry out the DFT caltales
and to discuss the structural and electronic ptmzeof neutral and doped oligothiophenes (n=2+8}his
work, the theoretical analysis on the geometrigselactronic properties of conjugated compound dase
thiophene and oxadiazole {OXTOXTOx(gH TTOXTT; TTOXTT(OMe); TTOXTT(CN); TTOXTT(F);
TTOXTT(CHy)} is reported, as shown in Fig.1. Some of thess series of organic compounds have been
successfully recently synthesized [8]. The theoattijround-state geometry and electronic struabfirde
studied molecules were investigated by the DFT ottt B3LYP level with 6-31G(d) basis set. The effe

of the ring structure and the substituent on thengetries and electronic properties of these maseware
cited in details in another work [9]. The results discussed in comparison with the propertiehefdoped
compounds.

OXTOXTOX(CHp)
s [ o s
M ey

R= Ry, TTOXTT(OMe) ; R: TTOXTT(CN); R: TTOXTT(F) ;
Ry: TTOXTT(CHs) ; Rs: TTOXTT
Figure. 1: Studied compound

2. Methodology

DFT method of three-parameter compound of Beckd. Y83 [10] was used in all the study of the neutral,
polaronic and bipolaronic oligomers. The 6-31G(@3ib set was used for all calculations [11-14]obtain

the charged oligothiophene structures, we stanh fthe optimized structures of the neutral form. The
calculations were carried out using the GAUSSIANpd8gram [15]. The geometries structures of neutral
and doped molecules were optimized under no cansttd/e have also examined HOMO and LUMO
levels; the energy gap is evaluated as the difterdretween the HOMO and LUMO energies. The ground
state energies and oscillator strengths were imgaed using the ZINDO/s, CIS/6-31G(d) and TD-
DFT(B3LYP/6-31G(d)) calculations on the fully optaad geometries. In fact, these calculation methods
have been successfully applied to other conjugabdgners [16].

3. Resultsand discussion

3.1 Geometric properties

For all molecules, geometrical parameters wereiddaafter total optimization by B3LYP/6-31G (d). |
was found that the DFT-optimized geometries werexcellent agreement with the data obtained from X-
ray analyses. To investigate the effect of the tiulesits on the geometries and electronic propertige
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optimized structures of several substituted olig@mauilt on thiophene and oxadiazole {TTOxTT(Me),
TTOXTT(OMe), TTOXTT(CN) and TTOXTT(F)} were comparavith the unsubstituted one TTOXTT. On
the other hand, to investigate the effect of timg r$tructure, the optimized structures and thetreleic
properties of compound TTTTT(Me) were compared witbse of TTOXTT(Me). The results of the
optimized structures for all studied compounds shibat they have similar conformations (quasi planar
conformation) (see Fig. 2). We found that the consee units have similar dihedral angles (180°) and inter
ring distances (1.443 A). The incorporation of sal/groups does not change these parameters.

In addition, since the p-dopedconjugated molecule becomes the ultimate resplensftbcharged transport,

it is interesting to study this phenomenon in casec As said before, to obtain oxidized optimiziedcsure,

we started from the optimized structure of the radibrm.
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TTOXTT (F) OXTOXTOX(CH

Figure 2 : Optimized structures of studied oligomers
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Figure 3: Optimized CC bond lengths of neutral compounds OXT@x(Me) (fille squares) and of its
radical cation (open circles) calculated by the BBI6-31G(d).

Table 1 : Geometric parameters of compounds OXTOXTOx(Megiabd by B3LYP/6-31G(d).

di (A) Neutre Dopé Dopé,
(o }] 1.29098 1.29967 1.31659
d; 1.39520 1.37853 1.35394
ds 1.30233 1.30785 1.32064
ds 1.44024 1.43175 1.41643
ds 1.37804 1.39563 1.41670
ds 1.41930 1.39948 1.38211
d; 1.38951 1.41623 1.44375
ds 1.43886 1.40760 1.38047
dg 1.30595 1.33755 1.37637
dic 1.37782 1.33112 1.28755
d11 1.30595 1.33755 1.37637
di, 1.43886 1.40760 1.38047
diz 1.38951 1.41623 1.44375
d14 1.41930 1.39948 1.38211
dis 1.37804 1.39563 1.41670
die 1.44024 1.43175 1.41643
d1; 1.30233 1.30785 1.32064
dig 1.39520 1.37853 1.35394
dig 1.29098 1.29967 1.31659
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Figure 4: Optimized CC bond lengths of neutral compound OXTOx(Me) (filled squares) and its
diradical cation (open circles) calculated by tf&t BP/6-31G(d).

We can conclude that during the doping processfandll studied compounds the simple bonds become
shorter, while the double ones become longer. iteg-rings bonds are longer than normal double boAd
quinoid-like distortion emerges as a result ofdkilation. These results are consistent with thenaio HF

and DFT calculations performed by J. Casado efldl} and S.M Bouzzine et al [18] for substituted
oligothiophenes. The optimized geometry of the titicéc oligomers indicates the formation of the ifige
bipolaron defect localized in the middle of the emlle and extending over the adjacent repeat Uriis.
charged species are characterized by a revertia¢ single double G C bond pattern; the geometry process
thus induces the appearance of a strong quinoiéctea within the molecule (figure 5).

N— N—N a
NN
O - (@) - (@)
C N0 TN
N—N N=N N—N
b
TNl
o I \_ o _ [ \ o
e e @hanWan @)
N—N N= N—N
C

Figure5: Simplified neutral (a), polaron (b) and bipolaro(sg structures.

The band gap of TTOXTT(OMe), is much smaller tHaat bf the other substituted compounds. This may be
attributed to the number of electron-donating meyhside groups and also to the Coulombic interactio
between sulphur of thiophene and oxygen atoms [@8hcerning the comparison between the last two
compounds TTTTT(Me) and TTOxTT(Me), it suggeststtiihe replacement of thiophene ring in
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TTTTT(Me) by oxadiazole leads to the stabilisatioh both the HOMO level and LUMO levels with
increase in the energy Gap. This is in agreemehtwiliat it was found in the cases of TTTTT and TTDOx

and with the experimental results [8].

Table 2 lists the theoretical electronic parametdrshe studied conjugated compounds. In the cdse o
compounds TTOXTT(Me) and TTOXTT(OMe), one remarattthey exhibit destabilization of the HOMO
and LUMO levels in comparison with those of unsitbst one (TTOXTT) due to electron-donating
substitution of methoxy and methyl groups; whilghe case of TTOXTT(CN) and TTOXTT(F), thereis a
net stabilization of the HOMO and LUMO levels. Hoxge, these compounds have a smaller energy gap Eg
than the unsubstituted one, which is due to thegmee of different substituent as described prelyda].

Table 2: Values of HOMO (eV), LUMO (eV) and Eg (eV) energieslculated for, TTTTT TTOXTT,

TTTTT(Me), TTOXTT(Me), OXTOXTOx(Me), TTOXTT(OMe), TOXTT(CN), TTOXTT(F) obtained by
B3LYP/6-31G(d).

compounds | Eqomo/eV | Erumo/eV | Ega/eV

TTTTT -4.860 | -2.080 | 2.78
TTOXTT 5414 | -2.166 | 3.24
TTTTT (Me) -4.626 | -1.853 | 2.72

TTOXTT (Me) -5.125 -1.980 3.14
OxTOXTOx (Me)| -6.046 -2.638 3.40
TTOXTT (OMe) -4.540 -1.560 2.98
TTOXTT (CN) -6.246 -3.255 2.99
TTOXTT (F) -5.452 -2.212 3.23

On the other hand and since the p-dopednjugated molecule becomes the ultimate resplensflcharged
transport, the values of the energy of the HOMOMQJ AEy(HOMO, LUMO) for several compounds in
their neutral, polaronic and bipolaronic forms wdeterminate and presented in table 3. Availableegof
the gap energy in neural state are presented mldosi Table for comparison. Traditionally and unthw,
charged stated in conjugated molecules have beengdied in terms of one-electron band model. We not
that the energy gap decreases when passing fronetheal to the doped form for all oligomers.

Table 3: Values of Gap energy (eV) of the several oligomegspectively in their neutral, polaronic and
bipolaronic forms.

compouds Egap (eV), Egap (eV) Egap (eV)
Neutral form| Polaronic form| Bipolaronic form

OxTOXTOx(Me) 3,40 3,11 1,56
TTOXTT(CN) 2,99 2,73 1,28
TTOXTT(Me) 3,14 2,87 1,39
TTOXTT(F) 3,23 2,97 1,42
TTOXTT 3,24 2,90 1,25
TTOXTT(OMe) 2,98 2,82 1,53
TTTTT 2,78 2,56 1,65

Finally, it is important to examine the HOMO and thUMO for these oligomers because the relative
ordering of occupied and virtual orbital provideseasonable qualitative indication of excitationsperties
[21]. In general, as shown in Fig 6 (LUMO, HOM@)e HOMOSs of these oligomers in the neutral form
possess a-bonding character within subunit ang-antibonding character between the consecutiverstgu
while the LUMOs possessmaantibonding character within subunit anad-aonding character between the
subunits whereas it is the opposite in the casmpéd forms
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Figure 6: The contour plots of HOMO and LUMO orbitals of TTOX (Me),

4. Conclusion

In this study, the theoretical on the geometried alectronic properties of various compound based o
thiophene and oxadiazole is performed in orderigpldy the effect of substituted groups, the ritrgcture
and the doping process on the structural and dptirenic properties of these materials. The catioly
remarks are:

» The substitution of electron- donating groups om ttiiophene ring destabilizes the HOMO and LUMO
levels while the substitution with Fluorine or ildrgroups leads to the stabilization of the HOM@M a
LUMO levels with a decrease in the energy gap asdlts in a red shifting in the absorption spectr8och
theoretical results are in agreement with expertaiemes.

» The replacement of thiophene ring by oxadiazoleldeta the stabilisation of the HOMO and LUMO
levels and increase in the energy gap.

» For polaron and bipolaron oligomers, the obtaingdctures are completely planar. The gap energy
decreases when passing from the neutral to theddfmpen for each oligomer. The quinoidic character i
more accentuated when a second electron is removed

The results of this study demonstrate how the et properties can be tuned by the backbone siug,
group or doping process and suggest these compasrgisod candidates for opto-electronic application
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