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ABSTRACT

We report in this article a DFT study of the bridgieffect on structural and electronic propertidsacseveralr-
conjugatedsystems of thiophene and phenylene lms&ylopenta-ThienylenePhenylene (CPTP) co-oligsnirer
which both 3 and 2’positions (fig. 1a) were bridgedh different fragment such as: GHSiH,, C(CN),S,C=0,
C=S, C=CH, and C=C(CN)). The important reduction of the gap energy obsérfor the whole series of the
bridged compounds studied here is explained onbidsof an orbital interaction analysis. The caltidns
methods were performed by using Gaussian09 progaandensity functional theory DFT/B3LYP level. The
compounds bridged by C=S and C=C(GNjave small LUMO-HOMO gaps; leading to suggest themthe
promising candidates for the optoelectronic depelications.

INTRODUCTION

Conjugated co-oligomers based on thiophene andypdren possess extensiveelectron delocalization along the
molecular backbone, which makes them interestingdoious optoelectronic applicatiofis4].

Due to this applicative interest and to the faett tthese shirt systems can be used as model coapdonthe
parent polymer, they have been extensively stydi&fl Also, Due to their controllable and precisely ded
structure, physical properties can be followed eodelated with the side chains and conjugatiogtlenWith the
implementation ofthese molecular structures by tionalization at the terminal and side positionsnie their
application as molecular materials in organic fiefgect transistof8-6], light-emittingdeviceld7, 18,
19,23]photovoltaic cell§24-37]or even as molecular wires for information storag&ansfef38, 39]

Polymers and oligomers with low band gap are exguket¢d show not only good intrinsic conductivity kalso
nonlinear optical propertigd0, 41} For their successful design, it is necessary tel@aeomplete understanding of
the relationship between thechemical structureobfmers and its electronic proper{é®, 43] Various routes are
presently followed for designingnovel conductindypaeers, one is provided by donor—acceptor polynmieased on
the approach suggested for the first time byHavigigal.[44]. The study of conjugated oligomers isvery attracti
due to the fact that finitesize systems canbe oddawith high purity and a well-defined chemical stane. This
opens the way for the investigation ofelectroniogarties as a function of chain length and exténhe parentt
electron system.

The results found for unsubstitutedthienylenephemg/lico-dimer, display two most stable conformat@n27° and

0 = 152°]45]. The gap energy calculated decreases as fundtiine éncrease of the chain length from the co-dime
to the co-octam@s]. The gap energy value of thienylenephenylene ¢aroer(4TP; 2.97eV) is nearly close to those
of poly(thienylenenephenylene) in the case of g@EH:;TP)45]. Thus, this oligomer with 8 units (4TP) is the
useful model to understand electronic propertieghefparent polymejs, 45, 46]

22
Available online at www.scholarsresearchlibrary.com



H. Zgou et al J. Comput. Methods Mal. Des., 2013, 3 (4):22-29

To reduce the energy gap in these co-oligomeis,riteresting to weaken the torsion angles betvieimphene and
phenylene rings from 27° to 0° by bridging them \@rious groups.In this article, we present a detalDFT
(B3LYP/6-31(d))study of severalco-oligomers basedtiophene and penylene in which inter-ring tanalangles
have been blocked by chemical bridging. Fig. lashtive types of adjacent ring bridging studied hérisrigid
bridge contains CH SiH,, S, C(CN),C=CH,, C=0, C=S, C=C(CN)groups. We focus on the electronic properties
and geometric structure of these compounds. We, wilist investigate the effect of bridging on
thienylenephenylene(TP); then wewill discuss tHiiénce ofthe bridging on the structural and el&dr properties

of thesebridged co-oligomers and corresponding rpetg. The chemical structure of the co-polymers tad
optimized structures of the bridged co-dimers & in fig. 1.

TPC=0 TPC=S

Fig. 1. (&) Chemical structures of compounds undenvestigation. (b) The theoretical geometric struaires of the co-dimers optimized by
B3LYP/6-31G(d).
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The generalabbreviation of our bridged compound&PX co-dimer, 2TPX (co-tetramer) and 4TPX (co-otiar)
where X:.CH, SiH,, S, C(CN),C=CH,C=0, C=S, and C=C(CM)where n, the number of bridged
thienylenephneylene,varies between 1 and 4.

2. Calculations methodology

The calculations on the geometries of both co-oliges chains have been performed under density ifunadt
theory (DFT) at the B3LYP level of theory and th&B5(d) basis sefd7]. The notation B3 indicates a three-
parameter of Becké8]and LYP indicates the Lee—Yang—Parr functiodd]. Calculations were carried out using
the Gaussian 09 program pack#oe].

All structures are fully optimized by B3LYP/6-31G(@ithout any constraint.
RESULTS AND DISCUSSION

3.1. Geometric structure results
The geometries of the bridged thienylenephenylemdigomers TPX (X: C=ChH C=0, C=S, C=C(CN) and (X:
CH,, SiH,,S,C(CN)) are presented in Fig. 1b.

We present in Table 1 the optimized structural petars of bridged and unbridgedthienylenephenyleases
calculate using B3LYP/6-31G(d) method. We obsenvad the optimized bridged structures of co-dinaes plan
(Fig. 1b).

Table 1: Optimized structural parameters (bond lengh (in A), angle (in degree)) of the bridged co-dirers
TPX obtained at B3LYP/6-31G(d).

Parameter | X=C=0 X=C=S | X=C=CH | X==C(CN), X=S X=CH, | X=C(CN); | X=SiH, TP
Ci-Cy 1.41577 1.41577 1.42305 1.42525 1.42121 141829 1232 1.42261 1.40874
Cr-Cy 1.38153 1.38153 1.38867 1.39035 1.39589 1.38761 8393 1.39296 1.39208
Cs-Cy 1.40653 1.40653 1.40146 1.40530 1.39270 1.40177 01834 1.40109 1.39644
C4-Cs 1.39384 1.39384 1.39734 1.39232 1.40442 1.39776 97263 1.39545 1.39612
Cs-Ce 1.40715 1.40715 1.40002 1.40470 1.38936 1.39774 9863 1.39718 1.39272
Ce- Co 1.38648 1.38648 1.39212 1.38573 1.40463 1.39542 93838 1.39722 1.40755%
Cy-X 151164 151164 1.48967 1.48902 1.77280 1.52294 5136 1.88812 |  --------
Cs-X 1.49261 1.49261 1.47332 1.46336 1.75836 151071 313B 1.87023 |  --------
Ci-GC, 1.47123 1.47123 1.45737 1.45883 1.43691 1.45542 5582 1.46887 1.46621
CrCy 1.38063 1.38063 1.38352 1.38720 1.38423 1.37850 7488 1.38607 1.37667
CsCy 1.42121 142121 1.42437 1.42929 1.42499 142202 1816t 1.42712 1.42527
CsGCs 1.36977 1.36977 1.36948 1.36742 1.36759 1.37148 7018 1.36913 1.36772
Cs-S 1.75384 1.75384 1.75183 1.75334 1.74831 1.74886 48677 1.74269 1.73456
S-GC, 1.72174 1.72174 1.72873 1.71699 1.74264 1.73350 280 1.74113 1.75424
Cy-Co-X 109.32295| 109.32292  109.19664 108.35396 112.691740.30931| 109.99872 108.38673  ---—--
CrCs-X 108.29056| 108.29058  108.65903 108.07824 112.107609.61896| 109.52672 106.73669  -----
C2-X-C3 104.55923| 104.55921 104.98622 106.14160 90.405982.22010| 101.42182 92.31098  -----1

For both systems, weobserve majofedence in the optimized bond lengthsand angles wigechange compounds
bridging.

The C-S bond lengths do not show a significant chafiog all compounds, we note that the-% show the
particularity of having smaller values thag-§ by 0.032 A (Tablel). The values ofXZC, angle decrease when we
pass fromthe $p(X: C=CH,, C=0O, C=S, C=C(CN) bridged groupsto $pridged groups (X: CH SiH,, S,
C(CN)y).

3.2. Electronic properties of thienylenephenylene cedimers bridged by X= C=CH, C=0, C=S,
C=C(CN),,CH,, SiH,, S, C(CN).

In order to care out the bridgingfect on theelectronic properties of the moleculedeurstudy, calculations were
performed byB3LYP/6-31(d) method. Table 2 showswalked valuesof fovo, Eiumo, and energy gaps gEfor
bridged and unbridgedthienylenephenylene co-dimers.

Comparing the valuesobtained after bridging, we fimel known result thatbridging by the substituteicsirbon
atom reduces the gap energies in all cases. Weentbtat the value of energygap decrease when veeffas the
TPX (X: CH,, SiH,,S, C(CN})) to TPX (X: C=CH, C=0, C=C(CN), C=S).The gap energy values of the latter
compounds are nearlysimilar to that of planar tyiemephenylene, therefore the bridges with sulistits causes
the flatness thiophne and phenylene adjacent rings.
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Table 2: Evomo, ELumo and E; energy values of the studied co-dimers.

Compound Bomo(eV) E umo(eV) Eq(eV)

TP -5,74 - 0,96 4,78
TPCH -5,48 -0,86 4,62
TPSiH, -5,71 -1,29 4,42
TPS -5,75 -1,04 4,71
TPC(CN}) -6,37 -1,79 4,58
TPC=CH -5,54 -1,57 3,97
TPC=0 -5,99 -2,33 3,66
TPC=C(CN}) -6,31 -3,29 3,02
TPC=S -6,00 -3,02 2,98

The orbital patterns of the highest occupied mdécarbital HOMO and the lowest unoccupied molecuiital

LUMO calculation, for both TPC=S and TPC=C(GNare shown in Fig.2(a). It is interesting to ntitat the

contribution of the electron accepting groups X:SCand C=C(CN)to the HOMO is negligibly small while it
makes a significant contribution to the LUMO. In fight of these results, one can rationalize thalsband gap
values obtained in these two compounds by visumgjizheir formation (Fig. 2a and 2b) via the intd¢i@T of

unbridgedthienylenephenylene skeleton with an edacaccepting group X terminated by H atoms (X%CHS,

H,C=C(CN)).
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Fig. 2. (a) Contour plots of the frontier orbitalsof TP, TPC=S, and BC=S (contour value 0.02 (e/bd)*?. (b) Contour plots of the
frontier orbitals of TP, TPC=C(CN),, and H,C=C(CN), (contour value 0.02(e/bo?)"?).

The band gap of TPC=S and TPC=C(¢hke determined by strength of bonding interactietween the LUMO of
the thienylenenephenylene skeleton and LUMO of etextron accepting group X. The smaller band gap of
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TPC=Sas compared to that of TPC=C(&N)due the lower-lying value of LUMO (2.575 eV) 1d§C=S compared
with that of HC=C(CN), (2.820 eV).
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Fig. 3. (a) Contour plots of the HOMO and LUMO of TP, TPCH,, TPSiH,, TPS, TPC(CN), (contour value 0.02 (e/bah¥?. (b) Contour
plots of the HOMO and LUMO of TP, TPC=CH,, TPC=0, TPC=S, and TPC=C(CN} (contour value 0.02 (e/bah*?).

The orbital HOMO and LUMO of the bridged compourade shown in Fig. 3a and 3b. The formation of these
dimers are realized by interaction of the unbridgitylenephenylene orbital with the*dpybrid group (X: CH,
SiH,, H,S, and HC(CN),) and the sphybrid group (X: HC=CH,, H,C=0, H,C=S, HC=C(CN),). For the sp
groups, we note that SiHyroup presents a lower LUMO. The LUMO of hybrid €=S group is much lower in
energy. This energy decreases when passing fronHg==0, C=C(CN) and C=S. The decrease of energy is due
to the combined féects of small energy lowering af molecular orbital of the group X and the slightiease of
the X weight in the LUMO of specigsl]. The orbital of the HOMO for both species are fotmée nearly similar.

3.4. Electronic structures of bridged co-octamers

The gap energy value of thienylenephenyleneoctasetose to that of the corresponding copolyniéis This
value has permitted to take the co-octamer as &hsiate it reflects properties of the copolymenept Therefore
in this part, we examine the highest occupied alhiHOMO and the lowest virtual orbitals LUMO fdreke
oligomers because the relative ordering of the piecli and virtual orbitals provide a reasonable itptale
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indication of the excitation properties [52]andtioé ability of electron transitions or hole trangpdVe have plotted
the contour plots of the HOMO and LUMO orbitals4dPX (X: CH, SiH,, S,C(CN}) and 4TPX (X: C=0, C=S,
C=CH,, C=C(CNY}y) in their completely optimized conformation B3LY8?31G(d) inFig. 4.

Molecule HOMO contour plots LUMO contour plots
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Fig. 4. The HOMO and LUMO orbitals of 4TPX (X: C=CH,,C=0, C=S, C=C(CN},CH, SiH,, S, C(CN}) obtained by B3LYP/6-31G(d).
Analysis of fig. 4 reveals that for both HOMO andU@ orbitals, the same appearance is observed for al
compounds except those of the co-oligomers 4TPXQXO, C=S, C=C(CN) bridged by spcarbon atoms.They
have a delocalized character over all the backbameé,do not dfer in respect with unbridged co-octamers. Those

bridged by C=S, C=0 and 4TC=C(GNire delocalized at the innermost ring with a cfgticipation of C=S, C=0
and C(CN) in LUMO orbital.

Table 3: Calculated values of Rovo, ELumo, and Eg of the bridged thienylenephenyleneoctatmers4TPX (4.

Dimmer Eromo | Eiumo Ey
ATP -4.94 -1.97| 2.9
ATPCH -4.79 -1.93| 2.86
ATPSIiH -5.03 -2.08| 2.95
ATPS -5.15 -2.02| 3.18
ATPC(CN) -5.90 -2.87 | 3.03
ATPC=CH - 4.85 -2.06| 2.79
4TPC=0 -5.40 -2.80 2.60
A4TPC=C(CN) | -5.76 -3.63| 2.13
ATPC=S -541| -3,290 2.1p

In Table 3, we present the bridging co-oligomeexlieg toreduction of the band gap. This is possihlg to the
stabilization of the LUMO in the bridged co-oligoraecaused bythe planarization of the co-octameetetins.
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Besides wenotice that the gaps energy of C=Sand(CNJz bridgedderivatives are weaker than the other
compounds. The possible reason of this decreaseriainly the electronic character of the C=SandC(GN),
groups. The values of theband gap are 2.12 ana¥Z.@ 4TPC=S and 4TPC=C(CHNYespectively. These values
are nearly in accordance with that measured expatafly for poly(thienylenephenylene) bridged with
CHGH5(2.58 eV, 480nm)53]; which are lower than the unbridgedthienyleneplemco-octamer 4TP (2.97
eV)[5].

CONCLUSION

The geometric parameters of thienylenephenyleneligomers bridged by (X: CH SiH,, S, C(CN)) and (X:
C=CH,, C=0, C=S, and C=C(Ch) were obtained by B3LYP/6-31G(d) calculations. Thaost stable
conformations arequasiplanar. The gap energy cakailwith the same method decreases when we pass fr
compounds with (X: CHSiH,, S, C(CN}) to those with (X: C=CH C=0, C=S, and C=C(C})) The insertion of a
bridging group between thiophene and phenylenestiegds to a reduction of theHOMO-LUMO energy gaiss

is mainly due to the stabilization of the LUMO Iéwd several compounds. Concerning the C=C(Caf)jd C=S
groups, the lowering of the energy gap observedikely to insure the better electronic properties the
corresponding polymers. These results indicatedl ttie bridged (TPC=§)and (TPC=C(CN).copolymers are
promising materials for optoelectronic application.
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