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A guantum-chemical investigation on the conformations and electronic properties of bis[2-{2-methoxy-4,6-
di(t-butyl)phenyl}ethenyllbenzene$BPBs) as building block foreconjugate polymer are performed in

order to display the effects bbutyl and methoxy group substitution and of kink(ortho and meta) linkage. The
conjugation length of the polymers can be controlled by substituents and kink linkages of backbone. Structures
for the moleculesy-, m- andp-MBPBs as well as unsubstitutedd m-, andp-DSBs were fully optimized by

using semiempirical AM1, PM3 methods, aaldl initio HF method with 3-21G(d) basis set. The potential
energy curves with respect to the change of single torsion angle are obtained by using semiempirical methods
andab initio HF/3-21G(d) basis set. The curves are similar shape in the molecules with respect to the position
of vinylene groups. It is shown that the conformations of the molecules are compromised between the steric
repulsion interaction and the degree of the conjugation. Electronic properties of the molecules were obtained
by applying the optimized structures and geometries to the ZINDO/S method. ZINDO/S analysis performed on
the geometries obtained by AM1 method and HF/3-21G(d) level is reported. The absorption wavelength on the
geometries obtained by AM1 method is much longer than that by HF/3-21G(d) level. The absorption
wavelength oMBPBs are red shifted with comparison to that of corresporid®®Bs in the same torsion angle
because of electron donating substituents. The absorption wavelength of isomers with kink(orth and meta)
linkage is shorter than that of para linkage.

Keywords : Conformation analysis, Potential energy curve, HOMO-LUMO gap, Conjugation length, Elec-
tronic properties.

Introduction conformation showed that the twisted isomers are more
stable than the coplanar ones due to the steric repulsion
It has been well-known that poprphenylene vinylene) between the substituents with the vinyler& initio
(PPV) derivatives were utilized as the materials for conducealculations were used to explain the conformation of PPVs
tive polymers, light emitting devices (LED), and electro- as well as various akyl-, alkoxy-, and other group-substuted
optic devices:® They have a good properties mconju- derivatives. Conformational studies of dimethoxy- or di-
gated electronic structure in polymer backbone. Conformethyl-substituedransstilbene at thab initio HF 3-21G
mation and physical properties, such as electronic, photdevel that the former is of the coplanar structure due to the
physical, and photonic properties of PPV and its derivativegormation of hydrogen bonds between the methoxy group
have been extensively studied to explain the structureand the vinylene hydrogen, but in the latter the torsion angle
properties relationship® Although EL polymeric materials is about 30 because of the repulsion between the methyl
offer a number of advantages and various visible colors bgroups in ortho of the vinylene linkage and the hydrogen
the control of conjugation length theoretically, blue light- atom of vinylene. In recent, the investigation of potential
emitting materials show many problems, such as unstablenergy curves in di, tri, or tetramethoxy-substituted PPVs at
mechanical properties, low processibility, and low quantumg-31G(d) level were reported and the torsion angles depend
yield. The interest in the control of the conjugation length inon the substituted sites of methoxy groups. For the tetra-
polymers results from the purpose to control the color of thenethoxy-substituted PPVs, the vinylene group are twisted
emission in LED devices, which would be related toby about 23 with respect to the phenyl ring because the
absorption maximum in their absorption speéfra. methoxy groups rotate around s bond to avoid strong
In conformational studies, the investigations for onerepulsions. It was focused thatconjugation of polymer
torsion angle change were extremely performed not only obackbone are affected by steric repulsion of substituents and
PPV derivatives, but also on various conjugated systemslelocalization of electrons for PPV derivatiés.
such as biphenyl, 2,2-bithiophene, 2,2'-bifuran, and 2,2'- Several approaches to achieve control of conjugation
bipyrrole, etc>®°For PPV derivatives, the study on the length of PPVs has been reported. One of the approaches is
that the control of the ratio of conjugated PPV units to
*To whom correspondence should be addressed. Tel: +82-63inconjugated polymer in copolyméfsAlternative attempt
270-3419, Fax: +82-63-270-3408, E-mail: cjkim@moak. is the incorporation of the-, m-, ando-phenylene unitin the
chonbuk.ac.kr polymer main chain and substitution of side groups with
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steric hinderance into the conjugated main ch&inTo
obtain blue light emission, one tried to incorponate and
o-phenylene units instead pfphenylene unit in the polymer
main chain. Ortho-linked polymer has the same electronit
structure as thparalinked polymer, but it is expected that
the conjugation length adrtho-linked polymer is shorter
thanparalinked polymer, becausgconjugation of polymer
backbone was interrupted byrtho- and meta linkage,
yielding a reduction of therconjugation length Sonet
al.? reported that cis linkage interrupt the conjugation, ever
though trans linkage have almost the same electroni
structure. In recent, a distyrylbenzene derivarive withtbwo
butyl groups and one benzyloxy group as bulky substituent
each outer phenyl ring was systhesized byetes > The
compound dispersed in the polycarbonate matrix showed
maximum absorption at about 358 nm and the emission ¢
432 nm. It can be expected that the compound is a candidrigure 1. Structures oDSBsandMBPBs. Torsion anglesy or

for blue light emitter. ) of phenyl group (A or C) with respect to vinylene groyg: (

In this paper, bis[2-{2-methoxy-4,6-tHfutyl)phenyl}-  Cr-Cs-Co-Cio Y2 Cr-Ce-Co-Cio) and torsion angles/t andys) of
ethenyl]benzenesMBPBs) were chosen to investigate the Phenyl group (B) group with respect to vinylene grogs Ce-Cr-
effect of the conformations and electronic properties withC-Ca Ws: Ca-Cr-Ce-Cs).
respect to the control of the conjugation length by changing
the position of vinylene group in PPV derivatives. It is the rotation barrier against planarity. To obtain the optimized
shown thatMBPBs are good candidates for blue light- structures oMBPBs, semiempirical AM1, PM3 methods,
emitting materials. To discuss the effect of the kink linkagesand ab initio HF calculation with 3-21G(d) basis set are
for conjugation length we will obtain the potential energy employed:!3 Structures 0b-, m-, andp-MBSBs were fully
curves and first transition wavelengths ®f m-, and p- optimized by starting from initial structures of various tor-
MBPBs. It was observed that the potential energy curves afion angles, respectively. One of the input structures were
MBPBs calculated by AM1 method are qualitatively similar planar between phenylene units and vinylene grgupu,=
to those found out by thab initio calculations. To obtain 0.0° and y,=5=0.C). Another structures were the confor-
reliable information about conformation, we will report on a mations which phenyl groups were almost perpendicular to
conformational analysis d¥IBPBs using HF/3-21G(dab  vinylene group ¢h=¢4=90° and y»,=y»s=18C). The other
initio calculations. We selected the HF/3-21G#t) initio structure was the conformation which phenyl groups were
method because of limitation of relatively large size of thealmost perpendicular to vinylene groughty,=90 and
molecules and the cost of calculations. In many cases, thg=ys=97). The parameters of the optimized structures
potential energy curves with respect to the change of singleere summarized in Table 1. To investigate the effect of
torsion angle have obtained. However, there is only fewsubstituents, the optimized structures were compared with
study on the system with many torsion angle parameters. Tansustituted PPV,o(m, p)-distyrylbenzenes O0SBs). To
estimate the absorption maxima of UV spectra with respedhvestigate the stable conformational structures for the
to conformational change, the ZINDO/S semiempirical methoduilding block of the polymersab initio HF calculations
was employed. The first electronic transition energies werevere carried out with the 3-21G(d) basis set in the Gaussian
calculated from the ZINDO/S method using the optimized98 packagé® To display the potential energy curves for a

geometry obtained at each computational level. variety ofMBPBs, the torsional angleg{ ands) between
the phenyl groups and the vinyl unit were fixed at optimized
Methods torsion angles. The torsion angles @nd (s) between the

phenyl groups and the vinyl unit varies by 10 degree as

MBPB is symmetric molecule which two identical sub- shown in Figure 1 and the torsional angle was held fixed
stituents on benzene ring is 2-{2-methoxy-4,8-diftyl)- while the reminder of geometrical parameters of the molecule
phenyllethenyl moietie. This molecule have three (v, were fully optimized. During the geometrical optimizations,
andp-) isomers according to the position of the substituentsthe phenyl units were restricted to the trans conformation
o- andm MBPB isomers aré&ink linkage of backbone in  with parallel geometry with respect to vinylene group.
comparison witlp- MBPB. It is well known that the kink Electronic properties of the molecules are obtained by
linkages are mainly attributed to decreaserobnjugation.  applying the optimized structures and the selected geometries
As shown in Figure 1, the incorporation of methoxy- (maxima or minima) of potential curves to the ZINDO/S
substituent in 2-position ariebutyl-substituents in 4- and 6- method*® The ZINDO/S method including configuration
positions experiences a large steric hinderance, which inducéstegral as employed in tH@aussian98 package was used
a large torsion of the molecules, giving rise to an increase ito calculate the singlet-singlet electronic transition energies
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Table 1 Optimized geometric parameters. Bond lengths (Angstrom) and torsion angles (degree)

Molecules Methods C1-C7 C7-C8 C8-C9 ¢ yr 1/ Wa

p-DSB HF/3-21G(d) 1.476 1.325 1.477 26.9 25.5 25.5 26.9
AM1 1.452 1.344 1.453 22.9 22.1 22.1 22.9

m-DSB HF/3-21G(d) 1.478 1.325 1.478 27.2 27.5 27.5 27.2
AM1 1.454 1.343 1.453 23.0 23.6 23.6 23.0

o0-DSB HF/3-21G(d) 1.482 1.325 1.477 24.0 42.9 42.9 24.0
AM1 1.456 1.343 1.453 21.9 35.1 32.1 22.0

p-MBPB HF/3-21G(d) 1.477 1.323 1.487 92.6 156.4 156.4 92.6
AM1 1.453 1.343 1.457 48.9 159.0 159.0 48.9

m-MBPB HF/3-21G(d) 1.484 1.324 1.489 93.0 157.8 157.8 93.0
AM1 1.454 1.343 1.457 48.7 158.7 158.7 48.7

o-MBPB HF/3-21G(d) 1.484 1.324 1.489 45.7 36.8 58.5 104.3
AM1 1.456 1.343 1.453 46.4 30.9 40.5 132.0

of the optimized conformers. To investigate the change ofesults were already obtained at the 3-21G level by ldtost
UV spectroscopic transitions with respect to the torsioral.'* Another author reported that the phenyl rings were
angle, the optimized structures were selected. By using thetated about the vinyl groups by 7.9 +7ftbm the planar
results, the dependency of conjugation for the energy gaps @nformation by elastic neutron scattering diffraction
analyzed. The ZINDO/S method has been shown to yieldneasurements.It imples that the potential energy curve is
reliable electronic structures for a wide variety of conjugatedactually flat around the planar conformation.

polymers, including those with PPV derivativVes. Although torsion angles fddSBs in ab initio calculation
are very close to that in AM1 calculation, the torsion angles
Results and Discussion for MBPBs are a little different manner each other. In the

case ofo-, m, andp-MBPBSs, the torsion angles are much

Equilibrium Structures of DSBs and MBPBBorDSBs  larger than that of unsubstitut&5Bs. Forpara and meta
and MBPBs, optimized structures of the lowest energyisomers, the outer phenyl rings were rotated about vinylene
conformer of each as obtained by AM1 method and HF/3linkages by 90.0in ab initio calculation. Torsion angles for
21G(d) method are displayed in Table 1. The atomiche inner phenyl ring with respect to vinylene group are
numbering is indicated in Figure 1. For unsubstituted PPV151.6 (for p-MBPB) and 157.8(for mMBPB) in ab initio
building block,o-, m-, andp-DSBs, the AM1 calculations calculation. The outer ring with substituents are distorted with
predicted that the vinyl unit is twisted by 22.93.0, and  compare to the inner ring. For ortho isomer, the optimized
21.9 with respect to the phenyl ring, respectively. Thestructure is not symmetric conformation because of the large
energy barrier over the planar conformation is very small asteric repulsion between vinylene hydrogens as well as
shown in Table 2. Theb initio calculations for unsub- substituents. When the torsion angles between the outer
stituted PPV building block)SBs, support the AM1 results, phenyl ring and inner one ®MBPB are compared witp-
producing a quit flat potential energy curve up to the torsioror m-MBPB, the outer phenyl rings in the latt@rere
angle of 30. In the case of unsubstituted m-, andp-DSBs, distorted by about 2Qvith respect to the inner phenyl ring,
the torsion angles are considerably small. For para and mekat for the formethe outer rings are largely rotated by about
isomers, the outer phenyl rings were rotated about vinylen8C°. Finally, the torsion angles between the outer phenyl ring
linkages by 26.%and 27.2in ab initio calculation and 229  and inner one i0-MBPB is very large.
and 23.0 at AM1 calculation. Torsion angles for the inner For unsubstituted and substituted molecul®SBs and
phenyl ring (B) with respect to vinylene group are 2&&r MBPBSs), the single bond lengths in vinylene groupdbr
p-DSB) and 27.8 (for mDSB) from ab initio calculation. initio calculation are longer than that for AM1 calculation.
For ortho isomer, the torsion angles for the inner phenyl ringHowever, the double bond length of the groumlninitio
and the outer ring (A or C) with respect to vinylene groupcalculation is shorter than the length from AM1 result.
are 24.0and 42.9, respectively, imb initio calculation. The  Finally, in ab initio calculation the bond alternations are
outer torsion angles imDSB are smaller than that pRDSB 0.151-0.160 and in the case of AM1 result the alternations
andm-DSB, but the inner torsion angles are larger than thaaire 0.108-0.11&. The differences for the bond alternation
in p-DSB andm-DSB. The twisted conformation io-DSB  with respect to calculation methods affect in the obtained
is due to the steric repulsion between inner phenyl group anaptical properties for unsubstituted and substituted mole-
hydrogen of vinylene. Finallythe outer phenyl rings ip- cules. The effect of the bond alternation in optical properties
DSB andm-DSBwere distorted by about S®&ith respectto  will be discussed later.
the inner phenyl ring, but foo-DSB the outer rings are Conformational Analysis of DSBs and MBPBs
largely rotated by about 7OFor transstilbene, similar  Recently, conformational analysis of organic molecules as
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Table 2 Relative energies (in kcal/mol) and torsion angl@saof a-[5H
DSBs and substituteBPBs isomers are obtained lap initio
calculations perfomed at the HF/3-21G* level and AM1 methods =
Molecules  planar twist perpendiculdr planar If E
p-DSB  0.66(0.23) 0.0 4.86(3.38) 0.66(0.23) 'E
(26.9, 22.9)° g
m-DSB  0.58(0.27) 0.0 4.80(3.38)  0.58(0.27) ‘LE
(27.2,23.0) EE
0-DSB  0.43(0.24) 0.0 5.12(3.49) 043(0.24) &
(24.0, 21.9) %
p-MBPB 6.42(4.37) 0.74(0.07) 0.0 13.32(14.81)
(48.9, 48.9)
mMBPB 3.96(5.98) 0.76(0.08) 00  13.35(14.77) bt
(46.8, 48.8) Figure 2. Ab initio 3-21G(d), PM3, and AM1 potential energy
o-MBPB 6.98(6.41) 0.0 2.14(0.42) 18.98(16.14) curve forp-DSB. Torsion angles of phenyl groups (A and C rings)
(45.7, 30.8) with respect to vinylene group are varied Wit .

3planar | conformationiys==0.¢°. ®Perpendicular conformatnonpl
=y,=90.0. C°Planar |l conformation: yn=y%=180.C. “Values in OISR
parentheses are the relative energies for optimized structures by AM
method.°First angle in parenthesis is the optimized angle by the HF/3-
21G* level and second one is the optimized angle by AM1 method.

i
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the model for PPV building block have been carried out
from ab initio calculations using a various of basis sets. Fol
the methoxy-substituted thiophene oligomers, Dicesiaak
reported that the HF/3-21G* and HF/6-31G** basis sets=
give identical potential energy surface with similar energy #
barriers and minimé&. We have used the HF/3-21G(d) *
method as the more elaborated calculation in this paper 1
have resonable calculation times and because this basis :
gives similar result in comparison with more elaborated
basis sets. Potential energy curves of the unsubstihg8ed Figure 3. Ab initio 3-21G(d), PM3, and AM1 potential energy
and methoxy- and-buthyl-substituted molecule®/BPBs curve form-DSB.
isomers are obtained bgb initio 3-21G(d) as well as

semiempirical (AM1 and PM3) calculation as shown in

@l Emargyikcalimed)

e | &l 50 120 150 180
Tarsian Anglas

Figures 2-7. The energies and torsion angles of the minim & o-s8 —_

and maxima of each molecule as obtained by the HFISE P - _:_F,,_,S |

21G(d) method are displayed in Table 2. 7 . ) " " & 3-21G°
In optimized structures, the torsion angles between inne= H .

phenylene group (B) and vinylene group as well as betwee ' 3 ;ﬁ"‘rﬁ‘\

outer phenyl group (A and C) and vinylene group are 2 ’_(r‘

displayed various values, but not planar. pherbitals of 1 __,,-a“ B B

phenylene carbons are perpendicular to pharbitals of & B “ﬂ_ﬂ_w_n ““h__‘*:;_-i

vinylene carbons, so that the resonance structure betwed © 50 B 110 40 170

phenylene and vinylene carbons may not expected. In th -1
case of unsubstituted stilbene, it was reported that th
potential energy curve is flat up to the torsion angle ®bg0  Figure 4. Ab initio 3-21G(d), PM3, and AM1 potential energy
using 3-21G basis skt For dimethoxy PPVs, it was curve foro-DSB.
reported that the optimal torsion angles are in the range 20-
3 and the energy difference between the planar and thieecause of the steric repulsion. The potential energy curves
twisted conformations varies from 0.2 to 1.0 kcal/mol byof DSBs are displayed in Figures 2-4. It is clear that the HF/
using 3-21G(d) basis s&tn our model, methoxy group and 3-21G* and AM1 method gives similar potential energy
t-butyl adapted to the outer phenyl ring are attributed tesurfaces except maximum energy barriers. However, the
increases torsion angle between phenylene and vinylengotential energy surfaces obtained from semiempirical PM3
group because of the steric repulsidn. method is not considerably realistic. The minimum struc-
For the conformation analysis ddSBs, the twisted tures were coplanar conformation where we expect some
conformers are more stable than the coplanar structurgteric hinderance, even though the potential maximum is

Tarsian Angles
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similar to that of the AM1 method. The potential energy m-MEPE
curves foro-, m, andp-DSBs are very similar with respect 18
to each calculation method. 18 ':::I

Ab initio calculations performed at the HF/3-21G* level : .
show that the most stable conformationsD8Bs corre-
sponds to twist structures with torsion angles aroufida@5
shown in Figures 2-4 and the twisted conformers-pi,
and p-DSBs are found to be more stable than the plana
structure by 0.66, 0.58, and 0.43 kcal/mol, respectively, aE
shown in Table 2. Two factors are involved in the descrip-#
tion of the molecular structure of the PPV derivatives. The
steric hinderance between the hydrogen of phenyl group ar
that of vinyl group, which favors twisted conformations and
the reelectron conjugation along the molecular frame, which
favors the planarity of the molecule. The equilibrium struc-Figure 6. Ab initio 3-21G(d), PM3, and AM1 potential energy
tures ofDSBs isomers can be considered as a compromiscurve form-MBPB.
between these two factors. However the energy barrier

Erergyikcalimed)

/ i

/A

. .'. Iy

By,
T e .:J‘

o i G Gl 120 150

Torsion Angles

(= I

180

between the twisted conformer and planar conformer is s- oMEFE

small. It is expected that packing effects are enough t 25

overcome these small energy barrier in solid state. Th\_a = A b
twisted conformers af-, m, andp-DSBs are found to be far g =0 [ "M o
more stable than the perpendicular structure by 4.86, 4.81% e i g
and 5.12 kcal/mol, respectively, The rotational energy barrier & In f ,.:r’a_
between the twisted and the perpendicular conformer ar & o /-/

much higher than those between twisted and planar confo’2 I E,“' o

mer. The perpendicular conformers are unfavorable enels '3._"'"‘\\{ /

getically becauserelectron conjugation in the molecular E 0 “{;%N il = i "

frame is interrupted. The barriers from AM1 caculation 0 gy ;'_'E'_;fﬂ

show considerably smaller than the results diy initio a o~ &0 0 120 180 -

calculations.

According to the conformation analysis @f m-, andp-
MBPBs, the structures which the outer phenyl ring isFigure 7. Ab initio 3-21G(d), PM3, and AM1 potential energy
perpendicular to the vinyl group are more stable than th€urve foro-MBPB.
coplanar or twist structure because of the steric repulsion of
substituents. The potential energy curvesMBPBs are  and mMBPBs corresponds to the perpendicular structure
displayed in Figure 5-7. As shown in the conformationalwith torsion angles around 90and the perpendicular
analysis ofDSBs, the HF/3-21G(d) and AM1 method gives structure ofp- andm-MBPBs are found to be more stable
similar potential energy surfaces /dBPBs each other. The than the twisted conformer by 0.74 and 0.76 kcal/mol,
result fromab initio calculations performed at the HF/3- respectively, as shown in Table 2. The energy barriers
21G(d) level show that the most stable conformations of between the perpendicular and the twisted conformers are

obtained as 1.34 kcal/mol fgreMBPB and 1.32 kcal/mol
for mMBPB. For p-MBPB isomer, the potential energy of
p-MBFB the planar structures are higher than those of the perpendi-
cular structures, Z,Z and E,E conformers, by 6.42 and 13.32
kcal/mol, respectively. In the case fMBPB isomer, the
energies are 3.96 and 13.35 kcal/mol, respectively. However,
the most stable conformer ofMBPB are found to the
twisted structure with torsion angle 4%.7The twisted
conformer ofo-MBPB is found to be more stable than the
perpendicular conformer by 1.98 kcal/mol, The energy barrier
between the perpendicular and the twisted conformers are
obtained as 2.94 kcal/mol. The potential energies of two
— — - — planar conformers 06-MBPB are higher than that of the
] a0 &l &0 Fat 150 140 twisted structure by 6.98 and 18.98 kcal/mol, respectively.
Torsion Anglas The origin of the potential energy curves MBPBs

Figure 5. Ab initio 3-21G(d), PM3, and AM1 potential energy results from steric repulsion between methoxy group and
curve forp-MBPB. hydrogen atom in vinylene unit. The nearest OH distances at

Tarsion Angles

Patential Energyikcalimel)
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Table 3. ZINDO/S results for electronic transition wavelengths O— EMEPE  —m— [0SR
(nm) of DSBs andMBPBs for optimized structures by usirmadp =TI —t 05
initio HF/3-21G (d) and AM1 methods ! o—elEPE  —s—oDGR
Molecules planar | twist perpendicular planar Il E ki) il
p-DSB  315(337) 307(333) 287(296)  315(337) :" i -
mDSB  295(307) 296(307) 288(298)  295(307) % il [ TS I i il
oDSB  293(321) 291(317)  281(295)  293(321) = mm|” ‘“«,ﬂ gy K j,-*
PMBPB  328(348)  303(321)  290(301)  327(349) £ .|t T, f_f A p—tt
mMBPB  304(318) 293(304) 290(302) 303(317) & e R A e L .
o-MBPB  312(332) 290(310) 284(298) 303(323) & 2 — "‘.:a:é?ﬂ:tzgii —
g “.. .i‘.u.‘l'.l'."‘... i

o
3
-

aThe transition wavelengths at angles given in Tablé\&lues in TTIECTR IS LTI TIT L r T
parentheses are the transition wavelengths for optimized structures | o £l &0 40 1 150 180
AM1 method. Torsion Angles

Figure 8. First singlet-singlet electronic transition wavelengths
o o (nm) of DSBs and MBPBs predicted by ZINDO/S calculation
optimized structures dfIBPBs are around 2.38 which is  from starting geometries ab initio 3-21G(d) level and for various

longer than the distances (about &)dat the corresponding torsion angles.
planar structrues. This fact results from the compromise
between H atoms in the phenylene and the vinylene unitglternation of the structure optimized at the HF/3-21G(d)
and between an O atom in the methoxy group and a H atomethod gives larger than that of the structure from
in the vinylene unit are too short compared to the sum of theemiempirical methods. It is indicated that the result of AM1
vander Waals radii of the atoms (O: Adand H: 1.24).16 calculation give more conjugate geometry than initio
The steric repulsion is predominant, althoughreonju-  calculation.
gation favor the planar conformer due to the large overlap For each calculation method used to obtain optimized
between the phenylene and the vinylene units. geometries, the absorption wavelength is considerably dif-
Electronic Properties of DSBs and MBPBsThe first  ferent. However, the wavelength decreases as the molecule
electronic transition energies were calculated from ZINDO/becomes more twisted. This tendency is well known and is
S semiempirical method using the optimized geometrydue to decrease in the overlap betwggeorbitals of carbon
obtained at each calculation levels. Bom, andp-MBPBs atoms in the phenyl ring and vinyl group as the torsional
and DSBs the transition wavelengths in optimized geo-angle increase. This induces to a reduction in the electronic
metries are displayed in Figure 8. The transition energies amnjugation length and an increase in the electronic transi-
absolutely depend on the torsion angle between vinylene arighn energy,
phenyl rings and electron donor properties of methoxy Co . .
group. The predictedmax values for optimized structures of ArafPredict) Ao = (AN/2) (sinp + sirfg),
0, m, and p-MBPBs are more red shifted than that for the where A is the absorption wavelength of optimized geo-
correspondingDSBs at each torsion angle. The red shift metry at torsion angleg = 0°, and AA is the difference
calculated is attributed to the electron donor properties of thbetween the absorption wavelengths dte8@l C.
methoxy group and steric hinderance-btityl group. The electronic transition energies at the potential minima
The electronic transition energies from ZINDO/S calcu-(or maxima) foro-, m-, andp-MBPBs andDSBs are shown
lation strongly depend on the optimized geometric parameteiia Table 3. For unsubstitutel m, and p-DSBs the torsion
in the calculations for the same torsional angle. In factanglesyn (andyu) are 26.9, 27.2, and 24.0 respectively,
transition energies for optimized structures from semiempifrom result at the HF/3-21G* level. The torsion angles are
rical AM1 and PM3 methods are smaller than those fomot different each other. The absorption wavelengtiosrof
geometries optimized ab initio calculation. Each geo- andp-DSBs are calculated at optimized geometry from HF/
metrical parameter may influence the transition energie8-21G* level and AM1 method. The wavelength from the
obtained by ZINDO/S calculation. For methoxy-substitutedformer are 307, 292, and 289 nm, respectively and the values
bithiophene system, DiCesaeé al. reported that the struc- from the latter are 333, 307, and 317 nm, respectively.
ture calculated fromab initio method gives the methoxy However, it is shown that electronic properties-9in-, and
groups as twisted relatively to the molecular frame, whereap-MBPBs strongly depend on the planarity of phenyl groups
in the structure from semiempirical methods methoxy groupsnd vinylene groups. F@-MBPB structure withyn=9C,
placed in coplanar with the rest of the moleCultowever,  the energy gap increase by 0.52 eV compared with its planar
the transition energies for unsubstitul28Bs are displayed structure. In the cases @fandm-MBPBs with ¢1=9C, the
the same tendency as methoxy-substitiWPBs in our  energy gap increase by 1.29 and 1.15 eV, respectively,
calculation. To find another geometrical factor for thecompared with its planar structure.
transition energy, we have investigated the effect of the bond The planarity between vinylene and phenyl group is
alternation of vinylene linker group for each calculation. It affected to produce the changes in electronic propéfties.
was mentioned in equilibrium geometries that the bondHOMO-LUMO gaps are small by increasing the planarity.
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At a torsion angle of 90the energy gaps of the conjugated stability and packing of polymers should be considered.
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