


P '.'ooo :‘;
el

KW W COv 3 L DY R 1

“.'.o s:..‘o

h;*’)-‘3 gsw 09)5

b oy39u5 65l G398l g 5 lis b olgs 1 JuSIT WMiw! Ol 51 oy 2
SE b 4,k g T sla gy 31 eoliswl

(O35 O a0

APCTSJUNTIN

S Y895 (ymm> 35S

SN 55 iS50

Oyl (ol )5 ar 50 351 gy wlbyf aoli by

WAR 592 5ot



E o o0 g H:i:l.

8 ga Sl Gad il Jl ga g e ol i gul | Lisy glad

alial | djug as .elazila [, plaiabd glabiul wal g ele gulls
g9y Qb gy a8 pisa g ,bi adg5y Jsa l6T alis olgS,50
g guabs aalighily Jalea gualei ja e glinl guleidl, § e agag
il agta ol guided. g iy ylal ajgp oloil caings ya qum ploisdl,
aalighils gl apuivy e JLls s G0l lsuw oglia alial
il edl aidla |, 2l Jlosn (Cuwul aagy juje gl gled yguaa
Jubs aaligbily gl elail ja I o pilus ads gly Jleia aiglad
g2ai; Jla el ja jidl T L dlet gailiw g Coddga inged

. oyliulga



RV

L S sloacz 5l 6ol 3)lo a5 (Glod S 3,5 5 (52 Slacebl b b oy 039l

g Olidod ] ladans jo aiiis Ll o jeudy olge ool 5l atws S Lailosls il 1)
a8 S Oy gl g sloo )l 5 elyr (50,8 ange dajped (nl wax slac Ll ass s
Ol SISl g oads az g8 Cawblo ) o jeds 1 (SO A 805 b4 aabbl cpl o ol
Sloslatwl Ly 093 (sla cwyp bo sl 00l cwypr youds (0l S9,801 g o LS Lolys p ST
3,90 Gl yesSl 5 b yagige adS Lsle mlesls plnil JBaz i sl 5 on3lel slogig,
Cowl ools lis s pegige (69, Dluwlows gull (00 )5 aigy 6-31G**  aly degoone fawgs dslllas
S35 JSIT 3 Jolo Gial 331 b L 08 o s Wiy Jobo 535 42 JoSIT L b a5
50 g0 slacasdse 10 )b (golud (Diwl JI jo omen 090 ced Sbul Jsge anain o
5 als Al 4 Seop slacusdse 10 )b (JBe 539,00 2l pogige 4l BT g P izen
JLA;‘ l; aS Cewl 00l ULW..: LQ;ABJ&A o 6))." Bl ) A.:L’Ls.o LJ‘“"‘)B| )3)90 LgLibw.a_‘Jj.A L
SsS BISE ol B oo Gl 5 39 0n S (551 SIS e & JeSUT 035
W slce 3529 @ 5l B jo Glaiz zois agn 5l 55,5 sladeSIT 6l Lol 0gis
&9y as LS’L’JUG'O l.’ Lo iloads ul.‘z..u‘ Lfbfo?i».” %] LQ‘)" J“"S}" 9 J.u‘ cJ.....A Lgl.@d)i.?u.m‘
o yosSll Sleaslomo (gl 1) HT — HT (g0 Sy cualools plosil (5855 ST =Y (glo gl jLsLos
- o3l aS oy lis yeslS JGol, 5 i sl ye sl (g9, aid T ploul lwlre 0,5 ol
O 9 el (5en Lol )0 9050 e )10 (5 sl la Shy el 03, sla
ols lis 65, B (g9, Clallas yizmes .Conl Zg050 yauds SO jo SUli, ang¥ plas ol
S a3 o 5 0l ey IS sy 3358 0 S sS B pnsSell e Jobo el o5
O S5 b oghse edd T SZsS slo sl jo (655 BIKL Wiy, jo a5 SIS 0 Ly

S oSl (sl sy o a5 4 g D9 p e Lagldl (pl (Zgdie pasw g S penh ) Job



il g, Oldllae fpiman 5,005 g5, BIKS p Slaas 51 LSIT Gdseiul g45 o5 bgb

S, 25 Jsbo Gl (g Jeeily (205751 0L8S G892 ST Y (sl jo oSl iy

oSl elom (S8



4ol bl 3l z o WYl

A theoretical investigation structure and electronic characteristics of the thiophene
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Abstract

Toadays, polymers with a lot of qualifies and extended applications impress a lot of
aspects of our life. Conducting polymers have attached much attention as advanced
materials. In these decades, the widely studies have been done in exploring new
capabilities of these materials with their optimizing and new uses. In this thesis, we
attended to polythiophene as a conducting polymer and investigated the influence of the
nature of the alkyl substituents on the structural and electronic properties of
oligothiophenes. We carried out calculations with the ab initio and the density
functional theory methods. The geometries of all of the monomers and oligomers
studied were optimized by 6-31G** basis set. Our calculations on the monomers have
shown that structure parameters such as the bond length of monomers vary in the
present of the alkyl group but it is not affected with increasing length of the substituent.
Also, the substituent effect caused charge equality alert in a, o” and B, B’ ring positions.
Charge density increases in positions near to the substituent and decreases in positions
far from the substituent. The study of monomers indicates that introduction of
substituting alkyl to thiophene reduce their energy gaps and these will be smaller with
increasing the substituent length. But it is not different with large length from propyle
group. So we selected methyl, ethyl and propyle substituents to continue our study on
the oligothiophenes under optimum calculations, the HT-HT regioregular chain used for
study of of oligomers. It is found that the radical cation oligomers have the better
conditions for conducting than corresponding neutral form because their conjugated
length approach to same value and have not observed any torsion angle in chain
polymer which play important role for conducting in conjugated polymers. Our studies
reveal increasing chain length of oligomers leads to smaller gap. However, some of
differences observed in the energy gap of short chain oligomers, but these reduce when
the chain length of oligomer increasing. It is found that type of alkyl substituent does
not considerable role on the energy gap of large length oligomers. Also, our studies on
ionization potential indicated that ionization potential decrease when the length of

oligomer chains increases.
Key words: Conducting polymers, Alkyl thiophene, Substituent effects,

ab initio, Density functional theory, Electronic properties
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