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H 0 0
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CoHs -54.35 -49.34

OCHz3 -116.49 -113.98

F -50.83 -50.82

Cl -7.97 -7.53
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(635 56 o) s o o anlllas )90 sl jogige (sl (S95Sl (65, 5 (sondiga s Lolss polie () &) Jgor
B3LYP/6-311G(d,p) ghaws o

Monomers Enr (Hartree) ZPE ( Hartree) H* (kcal/mol) G~ (kcal/mol)
H -784.1799 0.1472 -491982.35 -492010.10
CHs -823.5075 0.1743 -516642.59 -516673.48
CoHs -862.8316 0.2031 -541300.06 -541332.59
OCHz3 -898.7332 0.1794 -563843.86 -563875.54
F -883.4440 0.1389 -554276.20 -554305.29
CL -1243.8017 0.1376 -780404.91 -780434.85

(535 56 ,0) Sosls JGoly el yo anlllas 990 sl pogige Slp (S9SN 655l g (condiga s (olgs polie (Y &) Jgax

B3LYP/6-311G(d,p) s ,»

Monomers Enr ( Hartree) ZPE ( Hartree) H* (kcal/mol) G°(kcal/mol)
H -783.8977 0.1470 -491805.25 -491834.06
CHs -823.2336 0.1741 -516470.74 -516502.78
C2Hs -862.5584 0.2030 -541128.53 -541162.15
OCHjs -898.4717 0.1798 -563679.32 -563712.06
F -883.1612 0.1390 -554098.63 -554128.72
CL -1243.5184 0.1376 -780227.02 -780257.90
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B3LYP/6-311G(d,p) zbaw ;o

Monomers Enr (Hartree) ZPE ( Hartree) H* (kcal/mol) G~ (kcal/mol)
H -784.1849 0.1472 -491985.52 -492013.28
CHs -823.5126 0.1742 -516645.85 -516676.90
CoHs -862.8367 0.2030 -541303.34 -541335.76
OCHz3 -898.7401 0.1793 -563848.23 -563879.91
F -883.4492 0.1388 -554279.55 -554308.65
CL -1243.8071 0.1375 -780408.32 -780438.29
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B3LYP/6-311G(d,p) glaws o

Monomers Enr (Hartree) ZPE ( Hartree) H* (kcal/mol) G°(kcal/mol)
H -783.9661 0.1465 -491843.95 -491870.85
CHs -823.2993 0.1743 -516511.86 -516543.19
CoHs -862.6231 0.2033 -541169.04 -541202.07
OCHs -898.5365 0.1800 -563719.95 -563752.01
F -883.2313 0.1392 -554142.59 -554172.11
CL -1243.5871 0.1378 -780270.07 -780300.33
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Abstract

In the present study, structural, electronic and thermochemistry properties and also oxidation
potential values of 3-phenylthiophene, 3-(4-methylphenyl) thiophene, 3-(4-ethylphenyl)
thiophene 3-(4- metoxiphenyl) thiophene, 3-(4-chlorophenyl) thiophene molecules as building
monomers of conductive polymers were investigated using a quantum mechanic method. For this
aim, the density functional theory method as B3LYP/6-311G(d,p) with polarizable continuum
model (PCM) in acetonitrile solution was used. Structural calculations showed that band lengthes
and molecular angles were affected under CHs, C2Hs, OCHs, F and Cl substituents in the p-
position of phenyl ring. However, band lengthes in o and o position of thiophene ring, as the
nucleation centers, have no significant changes due to distance from substituent position,
torsional angles values between phenyl and thiophene rings in cation radical state is reduced to
180° in which they are coplanar completely. The study of single and double bands of thiophene
ring in oxidized species showed that the m-conjugation increased in radical cation states with
respect to their ground states. In which facilated charge transfer process and thereby electerical
conducting of their polymers. Investigation of frontier orbitals showed that energy gap between
HOMO and LUMO decreased significantly in oxidized state in comparison to the neutral form in
which it decreases for both with electron donor and electron withdrawing substituents with
respect to nonsubstituted molecule. In all species, the spin density of carbon in a-position is more
than o position, so one can predict that the nucleation and growth of polymer chain is more
probable from a-position which is closer to the substituent. The result obtained showed that
species containing electron donating groups have lower ionization potential comparing to ones
with electron withdrawing groups. The results of simulated UV/Vis spectrum for monomers in
both radical cation and neutral states indicated that Amax Values increased in oxidized state with
respect to neutral forms. The predicted oxidation potential for the understudied molecules is in a
good agreement with their experimental values. In all cases, adding substituted groups to parent
phenyl those obtained from thiophene caused a lower oxidation potential which is in a good
agreement with electronic properties. Further more, in all species, substituent effect caused an
increase in the standard enthalpy of formation in comparison to the un-substituent molecule.
Therefore, we concluded that substitusion have a good effect on their thermodynamic
stabilization.

Keywords: 3-phenylthiophene, conductive polymers, density functional theory, polarizable
continuum model, oxidation potential.
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