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The light-emitting organic materials are prepared as the emissive layer to improve
OLEDs device. Thus, the main objective of this work are to synthesize and characterize the
organic  molecules of [1’,4’-Bis(thienyl-vinyl)]-2-methoxy-5-(2’-ethylhexyloxy)-1,4-
phenylene-vinylene with and without cyano group on the vinylene moiety and the two
thiophene rings are linked with a conjugated phenylene group through -C=C- double bond via
Knoevenagel condensation. The characteristic of its structures were confirmed with *H-NMR,
BC-NMR, FTIR, TGA, LC-MS, EA, UV-vis and fluorescence spectrometre. Thermal stability
of MEH-ThV and MEH-ThV-CN (T4 > 300 °C) enough to be used as electroluminescence
materials in light-emitting devices. The absorption spectrum of PTVMEH-ThV is red-shifted
and broadened in comparison with that of MEH-ThV-CN. The photophysical properties of
both structures exhibited as green light emission. It is noteworthy that can be used as new
luminescence materials in the fabrication of OLED-based full-color displays.

Moreover, quantum chemical calculations are investigated the structural, electronic,
optical and emission properties of MEH-ThV and MEH-ThV-CN molecules by HF and DFT
methods. The effect of substituents on strctures with electron donating (thiophene ring) and
withdrawing groups (cyano group) are compared between the experimental and theroretical
results. The calculated ground state geometry of EE-MEH-ThV-CN is non-planar because of
the sterical hindrance of the electron-withdrawing cyano groups effect.The optical and
emission properties of EE-MEH-ThV is red-shifted, as compared to the EE-MEH-ThV-CN,
due to there is stronger interchain interactions in EE-MEH-ThV, which leads to more
coplanar backbone structure than that EE-MEH-ThV-CN molecule.
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EXPERIMENTAL AND THEORETICAL STUDIES OF
2-METHOXY-5-(2’-ETHYLHEXYLOXY)-1,4-PHENYLENE-
VINYLENE DERIVATIVES

INTRODUCTION

In 1987, Tang and Van Slyke, together with their groups, used organic
material as the emitting source for organic light-emitting diodes (OLEDSs). The OLED
composed of two layers of a hole-transporting layer and emitting material which are
sandwich between an indium-tin-oxide anode and an alloyed Mg:Ag (Van Slyke,
1987). Electron-hole recombination is emitted as green electroluminescent. After that,
the performances of OLED devices have been extensively improved such as turn-on
voltage (Cao et al., 1999), external efficiency (Malinsky et al., 1999), current density
(Cleave et al., 1999) and luminescence (Ogundare et al., 2008). The OLED
component is composed of a cathode, an emissive layer, a conductive layer, an anode
and a substrate (Figure 1).

Cathode —\

//
Emissive Layer T / /

Conductive Layer —/ﬁ /

Anode

Substrate J/

Figure 1 Structure of organic light-emitting diodes (OLED).



Organic light-emitting diodes (OLEDs) are fabricated as electroluminescent
organic film sandwiched between a high work function anode and a low function
cathode. When a voltage is applied between anode and cathode, electrons are injected
from the cathode into the m*-band (lowest unoccupied molecular orbital, LUMO) of
the organic materials, and holes are injected from the anode into the n-band (highest
occupied molecular orbital, HOMO). The injected electrons and holes interact within
the organic materials film and radiatively decay to produce electroluminescence,
which causes electroluminescent light (Figure 2). The emissive organic materials,
supplied with an electrical current, can produce full-color display and panel light
sources (Sheats et al., 1999). For full-color application, it is necessary to have red
(620-700 nm), green (500-550 nm) and blue (430-500 nm) emitters with sufficiently
high light-emitting efficiencies, low operating voltages and high external quantum
efficiency. These three colors of light depend on the type of emissive organic
material. The emissive organic materials have m-conjugated system in the structures
and they have smaller hole injection barrier than electron injection barrier.
Furthermore, the conjugated organic materials or conjugated polymer with low
HOMO-LUMO energy level, by increasing the electron affinity, have been used as

materials for OLED device.

Transparent  Apode — Conducting Emissive Cathiode
substrate polymer polymer
LUMO :
LUMO
<
Light

HOMO ! momo
:*@—’

c¢a. 100 nm 10—100nm <100nm =100 nm

Figure 2 Process of organic light-emitting diodes (OLED).



Conjugated polymers derive their semiconducting properties by having
delocalized m-electron bonding along the polymer chain. The = (bonding) and =*
(antibonding) orbitals form delocalized valence and conduction orbitals, which
support mobile charge carriers. Indeed, most of the conjugated polymers are colored
as a consequence of their band gaps in the 1.5-4.0 eV range. The first study of
conducting polymers on the doping effect of polyacetylene which the conductivity of
doped-polymer increasing 109 times is compared to those on undoped one (Heeger et
al.,1977). This research area was initiated by Alan J. Heeger, Alan G. MacDiarmid
and Hideki Shirakawa who got the Nobel Prize awards in 2000. After that conducting
polymers have been extensively investigated for various technological application
such as organic solar cells (Miller et al., 2001), organic light-emitting diodes
(OLEDSs) (Vardeny et al., 2005), field effect transistors (FETs) (Liu et al., 2001) and
liquid crystal displays (LCDs) (Choi et al., 2004).

1OF 0y

poly(p-phenylene) poly(p-phenylene vinylene)
H
T, T,
WAk Wi
polypyrrole polythiophene
H
— N = - -

/_\\/ /_\\/

polycarbazole polyfluorene

Figure 3 Structures of conjugated polymers.



In the past decade, many conjugated polymers, such as poly(p-phenylene)s,
poly(p-phenylene vinylene)s, polythiophene, polypyrrole, polyfluorene and
polycarzole have become the promising materials for the optoelectronic applications,

as shown in Figure 3.

Among the numerous conducting polymers, poly(p-phenylene vinylene)
(PPV) is the most extensively studied with energy gap of 2.5 eV. Moreover, PPV is a
polymer with attractive properties such as high electrical conductivity,
electroluminescence, photoluminescence and photoconductivity. The particular
application of the organic light-emitting diodes (OLED) based on poly(p-phenylene
vinylene) (PPV) is reported in 1990 (Burroughes et al., 1990). PPV structure has 7-
conjugation system, high thermal stability and good film forming properties. There
are also future advantages on device fabrication such as high quantum efficiencies,
long lifetime and easily fabricate devices (Heeger et al.,1977). Therefore, the

properties of this conducting polymer are still challenging for developement.

Structure of 2-methoxy-5-(2’-ethylhexyloxy)-1,4-phenylene-vinylene (MEH-
PPV) structure is depicted in Figure 4. MEH-PPV copolymer is a class of conjugated
polymers which the alkoxy side groups attached onto the phenylene ring at the C, and
Cs, leading to an increase of solubility in common organic solvent such as
chloroform, tetrahydrofuran, hexane, dichloromethane and so on. This copolymer
shows high efficiency in the OLEDs application due to their high efficient red
emission in both photoluminescence (PL) and electroluminescence (EL) (Wu et al.,
2003). In addition, MEH-PPV emits red light color and shows other good
characteristics such as high thermal stability, high molecular weight, large current
density, low band gap, easy electrochemical preparations and also high PL quantum
yield. The advantages of this polymer are that their solubility properties and HOMO
and LUMO energy levels can be adjusted by varying the molecular structures of the
polymer. So their derivatives might be combined with donor-acceptor groups or fused
with other conjugated ring for enhancing the electronic properties and thermal

stability.



Figure 4 Molecular structure of poly[2-methoxy-5-(2’-ethylhexyloxy)-1,4-
phenylene-vinylene] copolymer (MEH-PPV),

The synthetic efforts have been made toward a decrease in bandgap of
conjugated polymers by adding electron donor or electron acceptor groups. The
energy gaps (Ey) of conjugated polymers can be reduced to below 1 eV while the
good stability is maintained. Theoretical calculations have also proved to be of
importance for these studies because of the experimental limitations. Due to the high
level of disorder associated with most of these materials, structural information could
not be obtained easily by experiments. Therefore, theoretical studies are used to

investigate energy gap control.

Theoretical investigations have been proven to be an important tool for
studying the relationships between electronic structures and optical properties of the
n-conjugated materials. This helps in understand a fundamental of the conformational
analysis, electronic and optical characteristics of known materials and in guiding the
experimental efforts toward novel compound with enhanced characteristics. The
theoretical quantity of energy gap for direct comparison with the experimental energy
gap (Eg) should be the transition (or excitation) energy from the ground state to the
first dipole-allowed excited state (Zhu et al., 2004). The energy gap (Eg) in an
extended system is defined as the difference between the highest occupied molecular
orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO). Theoretical

approaches are available to calculate the extrapolation energy gap for increasing



longer oligomers, and extrapolation to infinite chain length is followed. A distinct
advantage of this approach is that it can provide the convergence behavior of the
structural and electronic properties of oligomers. In practice both the oligomers
extrapolation and the polymer approaches are generally considered to be

complementary to each other in our understanding of the properties of polymers.

For the quantum chemical calculation on both the ground states and excited
states, theoretical methods have been applied to different conjugated polymer systems
(Huang et al., 2001; Corral et al., 2000; Poolmee et al., 2005; Meeto et al., 2008). In
particular, the density function theory (DFT) method is able to describe the geometry
molecules, as well as their energetic, in a satisfactory manner (Grozema et al., 2005).
Hybrid exchange correlation functionals are widely used in the DFT formalism, to get
a better fit with experiments. Popular forms of hybrid DFT methods, including
Becke’s three parameter hybrid functional (Becke., 1993) using the Lee Yang Parr
(LYP) (Lee et al., 1988) correlation functional (B3LYP). There are many applications
of hybrid DFT in conjugated polymers, which gives acceptable results for the
geometry and HOMO-LUMO gaps of oligomers for some hetero-type conjugated
polymers (Hutchison et al., 2002). Many researchers focus on TDDFT method in
order to investigate the electronic properties with geometry relaxation effects in
excited states (Jacquemin and Perpéte, 2006). In 2006, Saha and coworker pointed out
that conventional TDDFT with the B3LYP functional should be used carefully,
because it can provide inaccurate estimates of the chain length dependence of n-*
excitation energies for these molecules with long n-conjugated chains. Nowadays,
TDDFT still has some limitations, even though it can be helpful in understanding
fundamentals of the electronic and optical characteristics of conjugated polymers and

guiding the experimental efforts toward compounds with enhanced characteristics.

Thus, the main objectives of this work are to synthesize and characterize
[1°,4°-Bis(thienyl-vinyl)]-2-methoxy-5-(2’-ethylhexyloxy)-1,4-phenylene  vinylene
(MEH-ThV) with and without cyano group on the vinylene moiety and the two
thiophene rings are linked with a conjugated phenylene group through -C=C- double

bond. Moreover, quantum chemical calculations are investigated on the structural,



electronic and optical properties of MEH-ThV and MEH-ThV-CN monomers by
density functional theory method. The effect of substituents on oligomeric structures
with electron donating and withdrawing groups are compared between the
experimental and theoretical results.



OBJECTIVES

1. To synthesize and characterize [1°,4’-Bis(thienyl-vinyl)]-2-methoxy-5-
(2’-ethylhexyloxy)-1,4-phenylene vinylene (MEH-ThV) and [1°,4’-Bis[2-cyano-
(thienyl-vinyl)]]-2-methoxy-5-(2’-ethylhexyloxy)-1,4-phenylene  vinylene (MEH-
ThV-CN).

2. To investigate conformational analysis, optical and electronic properties
with electron donating and accepting groups substitution onto the MEH-PPV-base

molecules by quantum chemical calculations.

3. To compare the absorption and emission properties between the quantum
chemical calculations molecules and experimental results of MEH-ThV and MEH-
ThV-CN.



LITERATURE REVIEW

Electroluminescence from conjugated polymers was first reported in 1990
(Burroughes et al). Poly(p-phenylene) (PPV) was used as an active layer of light-
emitting device. In addition, organic materials show attractive device characteristics,

including efficient light generation, low-cost manufacturing.

The full-color (red, blue and green) materials are still challenging to develop
the organic materials for organic-emitting diodes (OLEDs) devices. Researchers have
improved the organic molecule in color emissions for OLEDs. Xue and Luo (2004)
reported red-emitting materials of p-phenylene vinylene dithienylene type copolymer
(PPV-DT) with or without cyano group on the vinylene moiety and synthesized by
Wittig-Horner Emmons reaction and palladium-catalyzedhomo-coupling reaction.
The results showed that the structure with a cyano group gave 632 nm as red shifts for
in emission spectra in CH,Cl, solution and as red light wavelength (600-700 nm)

while the structure without a cyano group revealed an emission maximum at 595 nm.

In addition, a new yellow-green light emissive conjugated polymer of
poly{1,4-bis[3-(4’-butylphenyl)thienyl)]-2,5-di(ethylhexyloxy)phenylene} (PBBPTD-
EHP) has been synthesized using FeCl; as the oxidizing reagent and characterized by
thermal analysis, UV-Vis and fluorescence spectroscopy techniques. The
PBBPTDEHP polymer was shown to have good thermal stability that it decomposed
as two steps. The first step from 280 to 450 °C corresponds to the degradation of the
side chain. The second from 450 to 580 °C is attributed to the breakdown of the
backbone that this polymer can be used as an electroluminescent material. The
polymer exhibited an absorption maximum at 435 nm in CHCI; solution and the
photoluminescence spectra for the solution is 525 nm, which corresponds to yellow-
green emission (500-600 nm) (Ding et al., 2000).

Recently, 2-methoxy-5-(2’-ethylhexyloxy)-1,4-phenylene-vinylene (MEH-
PPV) have received attention as polymer photovoltaic cells (PPVCs) and

photodetectors because of its advantages of low cost, light weight, good film-forming
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property, high absorption coefficient centered at ca. 500 nm and good charge
transport properties. Moreover, this polymer can improve the utilization of sunlight
and increase the absorption in longer wavelength region. Therefore, MEH-PPV
copolymer was investigated for optical and electronic properties and most widely
synthesized as well. For instance, in 2005, Hou and coworker synthesized two random
copolymers of 2-methoxy-5-(2’-ethylhexyloxy)-1,4-phenylene-vinylene (MEH-PVV)
and 2,5-thienylene-vinylene (ThV) with the molar ratio of ThV as 10% and 18% by
Gilch method, the alternate copolymer of MEH-PV and ThV was synthesized by
Hornor-Emmons  reaction.  Poly(3-hexyl-thienylene-vinylene) (P3HTV) was
synthesized by Stille coupling reaction. The results were shown the increase of the
ratio of ThV in the copolymer, the thermal decomposition temperature decreases and
the absorption spectra of the copolymers containing ThV broadened and red-shifted in
comparison with that of MEH-PPV. The more the ThV units contained in the
copolymer as red-shifted of the absorption and it should be very important for better
utilization of solar light. The result of cyclic voltammetry revealed that the HOMO
energy level of the copolymers moved upward with the copolymerization of ThV. The
change of the HOMO level could enhance easily to release electron and increase the
donor ability for the copolymer. Santos et al (2007) studied electroluminescent
polymers. They found that MEH-PPV appoints as a good alternative for application in
LEDs and LECs because MEH-PPV is soluble in common organic solvents, and can
be promptly prepared as a spin-cast film without using the precursor approach,

usually required for PPV.

The substitutions of donor groups and acceptor groups on poly(p-phenylene
vinylene) (PPV) have an impact on the optical and electronic properties. In 2005, Huo
and coworker investigated the two thiophene rings linked with MEH-PPV through
trans -C=C- the double bond by the Horner-Emmons reaction. The molecular
structure of the poly{[1°,4’-bis-(thienyl-vinyl)]-2-methoxy-5-(2’-ethylhexyloxy) -1,4-
phenylene-vinylene} (PTVMEH-PPV) obtained by Universal Grignard metathesis
Polymerization (GRIM). The properties of PTVMEH-PPV were investigated and
compared with those of MEH-PPV and MEH-ThV (Hou et al., 2005). The thermal
stability of PTVMEH-PPV is 246 °C which is lower than that of MEH-PPV due to the
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structure of MEH-ThV has the thiophene ring trough vinylene linkage on main chain
of conjugated polymers. The absorption peak of PTVMEH-PPV covered a absorption
wavelength in the visible range (380-680 nm). The absorption edge of PTVMEH-PPV
IS 657 nm, which is red shift as compared to MEH-PPV (550 nm) and MEH-ThV
(630 nm), is presumably due to the PTVMEH-PPV have thiophene ring in the
polymer maind chains. The onset oxidation potentials (Eqx) and onset reduction
potentials (Eeq) Of the polymer from the electrochemical measurement is -1.70 V and
0.12 V (versus Ag/Ag+), respectively, and its have been estimated to be -3.01 eV and
-4.83 eV. The band gap of the polymer (1.82 eV) is lower than that of MEH-PPV
(2.17 eV). In 2006, Peres and coworker designed and synthesized structures of the
halogen substitution on poly(p-phenylene vinylene) (PPV) copolymer via Wessling
and Witting reaction. The observed optical absorption and emission peaks are red

shifted due to the presence of halogen substituent.

Since the quantum chemical calculations became the excellent tools for
investigating structures and properties in many chemical systems. There are large
amounts of researches topic which performed by quantum calculations. In 1994,
Cornil and coworker calculated the optical absorption spectra of oligomers of p-
phenylene vinylene) and their methoxy-substituted derivatives on the basis of
geometries optimized by semiempirical AM1 method couple with a single CI
technique. The results were in good agreement with experimental UV-Vis absorption
spectra of oligomers and polymers, and provided a detail interpretation of the
electronic transition involved for example distinguishing the role of localized and
delocalized = electron bonding. In addition, the lowest energy transition from highest
occupied molecular orbital to lowest unoccupied with molecular orbital at higher
energies associated with the delocalized & orbitals. These match well the measured
absorption features in PPV compounds, at 4.5 eV (tetramer), 4.1 eV (pentamer) and

3.8 eV (hexamer, polymer).

In 2003, Correia and Ramos investigated poly(p-phenylene vinylene) (PPV)
and its derivative, which cyano groups substitution were induced in the PPV chains

and a charge rearrangement among the polymer atom. The self-consistent quantum
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chemistry at Complete Neglect of Differential Overlap (CNDO) level have been used
to study the static properties of the cyano-substituted PPV molecule with 16 repeat
units in its neutral and charge states, and charge mobility along the polymer molecule.
The mono-cyano substitution of PPV chains leads to an asymmetric increase of
ionization potential and electron affinity, but it does not seem to affect the position of
the charge-induced effects in the absence of an applied electric field. When an
electric field greater than the threshold is applied, the injected charges moves along
the cyano-substituted molecules. The value of charge mobility depends on the

strength of the electric field as well as on charge sign and substitution position.

In 2005, Suramitr and coworker investigated the geometries and energy gaps
of poly(para-phenylene vinylene) oligomers (OPVy) and their alkoxy derivatives
using quantum chemical calculations. This oligomer series includes poly(para-
methoxy)-PV), (DMO-OPVy) and poly(2-methoxy,5-(2’-ethyl-hexyloxy)-PV),
(MEH-OPVy). Potential energy hypersurfaces of all OPV, and OPV,-alkoxy
derivatives were calculated by the semiempirical AM1 and ab-initio method at the
HF/3-21G and HF/6-31G levels. OPV; provide two conformational structures. There
are coplanar and twisted conformers. For its alkoxy derivatives, the stable
conformation was found to be that in which the two adjacent phenylene rings were
coplanar. An intramolecular weak hydrogen bond interaction was also found to occur
between the oxygen atom of the alkoxy derivatives and the hydrogen atom of the
vinylene linkage. By using these linear relationships, they can be employed to
semiquantitatively estimate the first excitation energy. The relationships with the
working function of Eep =0.604ETDDFT-B3LYP/6-31G + 0.947 and Eexpr =
0.604ETDDFT-B3LYP/6-31G* + 0.983 were proposed, based on the geometry
obtained from HF/3-21G for corrected the extrapolated energy gaps of DMO-OPVy,
DHO-OPVy and MEH-OPVy. It was found that satisfactory linear relationship and
TDDFT method can be used to predict the lowest excitation energies for compounds

in these systems and applicable to the design of new conducting polymer.

The time-dependent density functional theory (TD-DFT) is a powerful tool to

determine the excitation energy; therefore, it was widely common used to investigate
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the excited state properties of conjugated polymer which is quite large system.
Poolmee et al. (2005) reported the bonding character between LUMO of Flourene-
thiophene, FT units from TD-DFT calculations. It is anticipated that the excitation
spectrum depends on the torsional angle and the high accuracy method. From the
SAC-CI calculation, the results show that excitation from HOMO to LUMO in all
torsional angles and the S; state is located apart from other two states. The excited
stated are mainly described by the linear combination of the transition from next
HOMO and HOMO to LUMO and next LUMO. Therefore using SAC-CI method,
fine analysis of the excited states of the FT and also FMT, which are important

fragment of the light-emitting devices have been achieved.

In 2004, Han and Lee investigated the geometry and electronic properties
using time-depentdent density-theory (TD-DFT) methods of oligo(p-phenylene-
vinylene) (PPVn), where n is the number of monomers. To minimize the errors due to
the calculations for oligomers, they employed long-chain models, up to PPV30 and
various equations for extrapolation to infinity. The absorption (Sp—S1) and emission
(S1—So) transition energies obtained from TD-DFT//DFT methods are 2.44 and 2.16
eV, respectively. Comparisons with available experimental data demonstrated that

TDDFT is a very reliable tool for investigating the electronic transitions of PPV.

From the literatures, there is no available theoretical investigation on the 2-
methoxy-5-(2’-ethylhexyloxy)-1,4-phenylene-vinylene (MEH-PPV) and its deriva-
tives system. So, it is a good opportunity to start on this research topic and the detail
knowledge of the relationship between structure, optical properties and electronic

properties. It can be a useful guide for comparison with synthetic processes.
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MATERIALS AND METHODS

Synthesis and Characterization
1. Materials

Sodium methoxide, formaldehyde, magnesium sulfate anhydrous (MgSO,) and
potassium tert-buthoxide were purchased from Fluka Chemical Company (Buchs,
Switzerland). 4-Methoxyphenol, 3-bromomethyl heptanes, triphenyl phosphine and
N,N-dimethylformamide (DMF) were purchased from Aldrich Chemical Company
(Steinheim, Germany). 2-Thiophene carboxaldehyde and potassium carbonate were
purchased from Acros Organics (Geel, Belgium). Methanol, 1,4-dioxane and sodium
cyanide were purchased from Carlo Erba Reagent (Milan, Italy). Hexane,
dichloromethane and diethyl ether were purchased from Labscan (Dublin, Ireland).
Hydrochloric acid (HCI) and tetrahydrofuran (THF) were purchased from Fisher
Scienntific (Leicester, England). Tetrahydrofuran (THF) was dried over sodium metal
and benzophenone under nitrogen atmosphere until the dark blue colour and distilled
immediately before use. N,N-dimethylformamide (DMF) and methanol (MeOH) were

dried over Type 3A molecular sieve for 72 hours.
2. Instruments

'H-NMR and *C-NMR analyses were carried out using a VARIAN YN'TY
INOVA spectrometer which operated at 400 MHz for *H and 100.5 MHz for *C
nuclei in deuterated chloroform (CDClI3) with tetramethysilane (TMS) as an internal
reference. FT-IR analysis was carried out using a Perkin Elmer system 2000 Fourier
transform infrared spectrometer. FT-IR of MEH-ThV was recorded with Nujol mulls,
whereas MEH-ThV-CN was measured with KBr pellet. UV analysis was done with
Perkin Elmer Lambda 35 UV-Vis spectrophotometer, using a quartz cell with 1 cm
path length. Fluorescence analysis was obtained using Perkin Elmer Instruments LS55
fluorescence spectrophotometer. Mass spectroscopy (MS) was determined on a

micrOTOF 72 LC-MS spectrometer. Thermogravimetric analysis (TGA) was
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performed under nitrogen atmosphere at heating rate of 10 °C/min on a Perkin Elmer
TGA-7 thermal analyzer. Cyclic voltammograms were recorded under nitrogen
atmosphere using Autolab Potentiostat Galvanostat running Autolab GPES software.
The electrochemical cyclic voltammetry was performed in a 0.1 M tetra-
butylammonium perchlorate (TBAP) in acetonitrile solution at a scan rate of 20 mV/s.
Platinum electrode was used as working electrode, platinum electrode as counter
electrode and Ag/Ag" electrode as reference electrode. An elemental analysis (EA)
was performed with a LECO CHNS-932 elemental analyzer. The energy levels were
calculated using the ferrocence (FOC) value of -4.8 eV with respect to vacuum level,
which is defined as zero (Liu et al., 1999).

3. Methods

All compounds were performed under a nitrogen atmosphere using standard

techniques and the synthetic processes adapted literature procedure (Hou et al., 2006).

3.1 1-((2-Ethylhexyl)oxy)-4-methoxybenzene (C2)

MeOH, reflux 18 h

C1 C2

Sodium methoxide (13.50 g, 0.25 mol) and 4-methoxyphenol (C1) (29.30
g, 236 mmol) were dissolved in 250 ml of dry methanol. The reaction mixture was
heated to reflux for 30 min. Then the mixture was stirred at room temperature and 3-
bromomethyl heptanes (46.50 g, 259 mmol) in 150 ml of dry methanol was added
dropwise and then refluxed for 18 h. The solvent was removed by rotary evaporation
and the residue was extracted with diethyl ether (200 ml) and 10% w/v NaOH. The
organic layer was dried over anhydrous magnesium sulfate and evaporated. It was
obtained with a yield of 30.13 g, 53.87% as bright yellow oil.
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'H-NMR (400 MHz, CDCly): 6.77-6.84 (m, 4H, Ar-H), 3.76 (d, 3Jun = 5.46 Hz, 2H, -
OCH,-), 3.71 (s, 3H, -OCHj3), 1.68 (m, 1H, -CH-), 1.53-1.28 (m, 8H, -CH,-), 0.93-
0.87 (M, 6H, -CHs)

B3C-NMR (100.5 MHz, CDCls): 153.54, 153.50, 115.23, 114.41, 70.94, 55.35, 39.41,
30.47, 29.02, 23.78, 22.98, 13.94, 10.96

3.2 1,4-Bis(chloromethyl)-2-((2’-ethylhexyl)oxy)-5-methoxybenzene) (C3)

CH,CI

\/(/v HCI, formadehyde Lv

dioxane, reflux 72 h

CIH,C

C2 C3

A solution of hydrochloric acid (90 ml), dioxane (120 ml) and C2 (24.20
g, 101 mmol) was saturated with hydrochloric acid for 30 min and formaldehyde (70
ml) was then added dropwise at 0 °C. After the solution was stirred for 3 h at room
temperature, formaldehyde (50 ml) was added dropwise again at 0 °C with an ice
bath. Hydrochloride acid was bubbled into the solution. The reaction mixture was
stirred at room temperature for 12 hours and then was heated to reflux for 72 hours.
After removal of the solvent, the residue was dissolved in hot hexane (75 ml). This
mixture was poured into ice-cold methanol (250 ml) and filtered under suction. The
precipitate was washed with ice-cold methanol (150 ml) and dried to give a white
solid (yield 6.11 g, 17.97%).

'H-NMR (400 MHz, CDCly): 6.92 (s, 1H, Ar-H), 6.91 (s, 1H, Ar-H), 4.64 (s, 2H, -
CH,CI-), 4.63 (s, 2H, -CH,CI-), 3.88 (d, *Juy = 5.07 Hz, 2H, -OCH,-), 3.85 (s, 3H, -
OCHs), 1.74 (m, 1H, -CH-), 1.57-1.29 (m, 8H, -CH,-), 0.96-0.89 (m, 6H, -CHs)

BC-NMR (100.5 MHz, CDCl5): 150.93, 150.85, 127.02, 126.80, 114.02, 113.36,
71.11, 56.30, 41.31, 39.58, 30.60, 29.09, 23.99, 23.03, 14.05, 11.20
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3.3 1,4-Bis(cyanomethyl)-2-((2’-ethylhexyl)oxy)-5-methoxybenzene) (C4)

CH,CI CH,CN
v(/\/ = M(/\/
(@] (0] > 0O (0]
- Stir 1 h -
CIH,C NCH,C
C3 C4

A mixture of C3 (1.00 g, 4.20 mmol) and sodium cyanide (0.83 g, 16.90
mmol) was dissolved in 100 ml of dry N,N-dimethylformamide (DMF). The mixture
was heated at 110 °C with vigorous stirring for 1 h and poured into crushed ice. To
obtain brown solid precipitates, the solid was filtrated by suction filtration and washed
with hexane. The residue was recrystallized with hexane to afford as a white solid
(0.70 g, 74.79%).

'H-NMR (400 MHz, CDCl3): 6.86 (s, 1H, Ar-H), 6.85 (s, 1H, Ar-H), 3.81 (d, 3Jun =
5.46 Hz, 2H, -OCH,-), 3.78 (s, 3H, -OCHj), 3.63 (s, 4H, -CH,CN), 1.67 (m, 1H,
-CH-), 1.49-1.18 (m, 8H, -CH,-), 0.89-0.82 (m, 6H, -CHs)

3C-NMR (400 MHz, CDCls): 150.42, 150.30, 119.09, 119.00, 117.76, 117.70,
112.48, 111.81, 71.13, 56.12, 39.49, 30.59, 29.08, 23.98, 22.98, 18.63, 18.57, 14.04,
11.15
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3.4 [1,4-Bis(thienyl-1,1’-cyanovinylene)]-2-methoxy-5-(2’-ethylhexyloxy)
benzene (MEH-ThV-CN)

CH,CN S.__COH
v</\/ @/
_0 (0] —>
t-BuOK, MeOH
NCH,C
C4 MEH-ThV-CN

Compound 4 (C4) (2.00 g, 6.40 mmol), 2-thiophene carboxaldehyde (1.80
g, 15.40 mmol) and potassium tert-butoxide (7.20 g, 64 mmol) were dissolved in 100
ml of dry methanol. Then the reaction mixture was heated to reflux for 24 h. The
resulting yellow precipitates were collected by filtration and washed with ice-cold
methanol to obtain as a yellow solid of MEH-ThV-CN (yield 1.23 g, 38.28%).

'H-NMR (400 MHz, CDCls): 8.06 (s, 1H, =CH), 7.88 (s, 1H, =CH), 7.67 (t, *Juy =
3.51 Hz, 2H, Th-CH), 7.56 (d, *Jun = 5.07 Hz, 2H, Th-CH-), 7.16 (ddd, *J4y = 3.90
Hz, *Jun = 2.73 Hz, “Jun = 1.17 Hz, 2H, S-CH-), 7.14 (s, 1H, Ar-H), 7.10 (s, 1H, Ar-
H), 3.90 (d, *Jun = 5.07 Hz, 2H, -OCHj-), 3.87 (s, 3H, -OCH3), 1.74-1.68 (m, 1H, -
CH-), 1.48-119 (m, 8H, -CH,-), 0.88 (t, *Jun = 7.41 Hz, 3H, -CHs), 0.80 (t, *Jpy =
7.02 Hz, 3H, -CHs)

3C-NMR (100.5 MHz, CDCls): 150.91, 150.83, 138.89, 138.77, 138.13, 138.04,
132.51, 132.14, 130.18, 130.11, 127.82, 127.73, 124.20, 124.16, 118.37, 118.16,
113.93, 113.41, 104.61, 104.52, 71.82, 56.52, 39.66, 30.79, 29.14, 24.10, 22.98,
14.00, 11.21

Elemental analysis for C,9H3oN20,S, (F.W. 502.69): C, 69.29; H, 6.02; N, 5.57; O,
6.37; S, 12.76% Found C, 70.57; H, 6.43; N, 5.62; S, 14.34
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FT-IR (KBr, cm™): 3076 (=C-H, stretching); 2954, 2925 (-C-H, stretching); 2212
(C=N, stretching); 1576 (C=C, stretching), 1422 (-C-H, bending); 1215 (v4sC-O,
stretching); 1033 (vsC-O, stretching)

LC-MS (m/z) 525 (M+Na)*

3.5 1,4-Bis(triphenylphosphine)-2-methoxy-5-(2’-ethylhexyloxy) benzene salt

(C5)
CH,CI
M(/\/ PPh,, THF CHZP(Phk
reflux24h
CIH,C
(Ph)3PH2C
@
C3 C5

Compound 3 (C3) (3.00 g, 9 mmol) and triphenyl phosphine (7.10 g, 27
mmol) were dissolved in 60 ml of anhydrous tetrahydrofuran. This mixture was
stirred for 24 h at reflux temperature. Upon cooling, a white solid precipitates were
filtered and washed with tetrahydrofuran (50 ml) and diethyl ether (50 ml). A white
solid was obtained with a yield of 5.22 g, 68.25%.

'"H-NMR (400 MHz, CDCls): 7.77-7.59 (m, 30H, -P*(Ph)sCI), 6.81 (s, 1H, Ar-H),
6.69 (s, 1H, Ar-H), 5.34 (d, %Juy = 13.26 Hz, 4H, -CH,P*(Ph)sCI"), 2.90 (d, %I =
6.24 Hz, 2H, -OCH,-), 2.56 (s, 3H, -OCHj), 2.29-1.19 (m, 1H, -CH-), 1.11-1.08 (m,
8H, -CHy-), 0.89 (t, ®Jun = 7.41 Hz, 3H, -CHs), 0.69 (t, *Jun = 7.41 Hz, 3H, -CHj)

3C-NMR (400 MHz, CDCls): 150.94, 150.79, 134.80, 134.77, 134.68, 134.65,
134.34, 134.25, 134.25, 134.19, 130.05, 129.96, 129.84, 118.60, 118.45, 117.75,
117.59, 116.28, 115.30, 70.73, 55.13, 38.94, 30.18, 28.97, 23.32, 22.92, 14.08, 11.03
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3.6 [1,4-Bis(thienyl-vinyl)]-2-methoxy-5-(2-methylhexyloxy)benzene (MEH-
ThV)

S
CH %)(P h)cg,:I S._COH
2

M(/v @/
_0 @) _—
K,CO3, MeOH

(Ph)sPH,C
9CI @

C5 MEH-ThV

A mixture of compound 5 (C5) (5.23 g, 6 mmol) and 2-thiophene-
carboxaldehyde (2.13 g, 0.19 mol) were dissolved in 100 ml of dry methanol and
potassium carbonate (1.70 g, 12 mmol) was added at 0 °C. The mixture was heated to
reflux for 24 h. After that the solvent was removed and the residue crude product was
purified by column chromatography on silica gel using dichrolomethane/hexane (4:1)
as eluent. Evaporation of the eluent afforded MEH-ThV as pale yellow oil. (0.94 g,
yield 33.66%).

'H-NMR (400 MHz, CDCls): 7.28 (d, 3y = 14.03 Hz, 2H, -CH=CH-), 7.27 (d, Jun
=15.20 Hz, 2H, -CH=CH-), 7.19 (s, 1H, Ar-H), 7.18 (s, 1H, Ar-H), 7.09-6.99 (m, 6H,
Th-CH-), 3.94 (d, *Juy = 5.46 Hz, 2H, -OCH,), 3.91 (s, 3H, -OCHj3), 1.85-1.77 (m,
1H, -CH-), 1.61-12.7 (m, 8H, -CH,-), 0.99 (t, 3Jun = 7.41 Hz, 3H, -CHj), 0.94-0.87
(m, 3H, -CH3)

13C-NMR (400 MHz, CDCl3): 151.35, 151.23, 127.56, 125.78, 125.64, 124.23,
124.17, 123.35, 123.15, 122.24, 122.10, 110.40, 109.13, 71.77, 56.29, 39.81, 31.58,
30.94, 24.27, 22.65, 14.10, 11.36

Elemental analysis for C,;H3,0,S, (F.W. 452) : C, 71.64; H, 7.13; O, 7.07; S, 14.17%
Found C, 73.30; H, 7.30; S, 14.34



FT-IR (nujol mulls, cm™) : 3033 (=C-H, stretching), 2954 (-C-H, stretching), 1491
(C=C, stretching), 1454 (-C-H, bending), 1207 (vss C-O, stretching), 1034 (vs C-O,

stretching)

LC-MS (m/z) 453 (M")

21
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Quantum Chemical Calculations

Quantum chemical calculation is the application of chemical, mathematical
and computational skills to approximate the chemistry problems. It uses computers to
generate information such as properties of electronic structure determinations,
geometry optimizations, frequency calculations, transition structures, protein
calculations, electron and charge distributions, potential energy surfaces (PES), rate
constants for chemical reactions (kinetics), thermodynamic calculations heat of
reactions and energy of activation of molecular system with common computer
software. It also helps to predict before running the actual experiments so that they
can be better prepared for making observations. In addition, the experimental cannot
be explained with the electron term. Computational quantum chemistry is one of the
challenging tasks in calculating predicting the properties of variety of molecules. This

approach can be provided molecular models and guide the design of novel molecules.

1. Models of Calculation

Starting geometries of [1,4-bis(thienyl-vinyl)]-2-methoxy-5-(2'-ethylhexyloxy)
benzene (MEH-ThV) and [1,4-bis(thienyl-1,1’-cyanovinylene)]-2-methoxy-5-(2'-
ethylhexyloxy)benzene (MEH-ThV-CN) were constructed by molecular modeling.
The molecular structure of MEH-ThV-CN composed of the two thiophene rings
linking with a phenylene vinylene group and a cyano groups were substituted on
vinylene unit. MEH-ThV is similar structure to that of MEH-ThV-CN but it is not
replaced by cyano group on vinylene linkages. The vinylene units between the
phenylene ring is twisted by about 15-30° off-planar and torsion angle close to 180° is
more stable conformation corresponding to cis- (Z) and trans- (E) forms, respectively
(Suramitr et al., 2005). So these structures show three possibility isomers that EE-,
EZ- and ZZ- forms in both the structures, as shown in Figures 5 and 6. Then, the
ground state geometry of their molecules were determined by a fully optimization
using the ab initio Hartree-Fock (HF) and density function therory (DFT) method.
The basis set 6-31G(d,p) has been used for the geometries optimization (Francl et al.,
1982) and all calculations were performed using the Gaussian 03 program package
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(Frisch et al., 2004). Lowest first singlet excited state geometries of MEH-ThV and
MEH-ThV-CN were optimized byusing TD-B3LYP/dft-SV(P) method based on the
ground state geometries of all molecules (Suramitr et al., 2010). The fully
optimization of the first singlet excited state were carried out by means of
TURBOMOLE version 5.10 program (Aldrich et al., 1989). It is well-understood that,
in this method provides accurate geometries for conjugated system. (Osuna et al.,
2007 and Meeto et al., 2008).

2. Conformation Analysis

In this study, the MEH-ThV-CN and MEH-ThV conformations were investigated
the effect of substituent groups with and without the cyano group based on vinylene
unit. The bond length, bond angle and torsion angle were calculated using HF and
method with 6-31G(d,p) basis set. The main chain structure (C1-C9 atoms) was
considered for conformational analysis of the bond length paremeter. The vinylene
unit (C4-C5-C6-C7) was studied with the bond angle and torsion angle which was
directly connected to backbone for MEH-ThV and MEH-ThV-CN structures.
Moreover, the alkyl substituent at C2 and C5 atoms (in Figure 4) play an important
role in the thermal stability and solubility and do not affect the electronic structure
and optical properties. Therefore, we might neglect the appearance of alkyl group at
that position here. Consequently, the models and also the atom number used in this

study are shown in Figures 5 and 6.
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(b) (©)

Figure 5 Schematic diagram of (a) EE-, (b) EZ- and (c) ZZ-MEH-ThV structures.
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Figure 6 Schematic diagram of (a) EE-, (b) EZ- and (c) ZZ-MEH-ThV-CN
structures.
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3. Electronic Properties
3.1 Absorption and Emission properties

The electronic transitions were calculated by time-dependent density
function theory (TDDFT) method employing the basis set 6-31G(d,p) based on the
HF/6-31G(d,p) optimized geometries in the Gaussian 03 program packages. In the
DFT calculations were performed using Becke’s three parameter hybrid function, B3,
with nonlocal correlation of Lee-Yang-Parr, LYP, abbreviated as B3LYP (Beck,
1993). The excitation energies and emission transition energies calculations of all
molecules have been carried out at TD-B3LYP/dft-SV(P) level using TURBOMOLE
version 5.10 program packages.

3.2 Fluorescence Energy and Radiative lifetime

The fluorescence energy as the emission transition energies was obtained
from the vertical de-excitation at the optimized first singlet excite state using TD-
B3LYP/dft-SV(P) method. Radiative lifetime can be calculated on the fluorescence
energy and oscillator strengths according to the following formula (Bransden and
Joachain, 1983).

C3

T=—2
2(Eﬂu) f

Where c is the velocity of light, Eq, is the fluorescence transition energy
and f is oscillator strength. Fluorescence or radiative lifetime provides information
useful in discrimination of particles which the long conjugated system leads to a
decrease of lifetime. The effect of electron withdrawing cyano group on vinylene
moiety of MEH-ThV and MEH-ThV-CN were investigated of radiative lifetime.
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RESULTS AND DISCUSSION

Synthesis and Characterization

1. Synthesis

1.1 Synthesis of [1,4-Bis(thienyl-vinyl)]-2-methoxy-5-(2’-ethylhexyloxy)
benzene (MEH-ThV)

MEH-ThV was started by O-alkylation of 4-methoxyphenol (C1) with 2-
ethylhexylbromide. Chloromethylation in phenyl ring with electron-donating alkoxy
group (C3) can be easily obtained by C2 to bubble with hydrochloric acid at 0 °C.
Then, compound 3 (C3) was treated with triphenylphophine to produce the
corresponding salt of compound 5 (C5) by Wittig’s reaction in anhydrous THF.
MEH-ThV was obtained via the Knoevenagel condensation of a 2-thiophene
carboxaldehyde with potassium carbonate in dry methanol to give the product of
MEH-ThV as a pale yellow oil in 33.66% yield after chromatographic purification.
The long alkoxy side chain on phenylene unit enhanced the solubility in common
organic solvent such as tetrahydrofuran, hexane, chloroform, and dichloromethane.
This structure was confirmed by *H-NMR, “*C-NMR, FTIR, LC-MS and element

analysis.

The spectrum of *H-NMR, **C-NMR and FTIR measurement were shown
in Appendix A. The 'H-NMR spectrum of MEH-ThV-CN was easily obtained
because it can be dissolved in d-chloroform (CDCls) at room temperature. ‘H-NMR
and *C-NMR results on alkyl side chain and alkoxy groups of MEH-ThV were
agreed well with the results of MEH-ThV-CN spectra. The *H-NMR spectrum of
MEH-ThV remaining as trans stereochemistry of the vinylene bridge was confirmed
by the coupling constant (J=14.03 Hz) for -CH=CH- proton at 7.28 ppm. To obtain
an IR spectrum of MEH-ThV compound, it is combined with Nujol mull. The major
peaks of Nujol mull for FTIR analysis are 2950-2800, 1465-1450, and 1380-1370



28

cm ! in the salt plates (NaCl plates). The FTIR results indicate that nujol peaks were
confused with MEH-ThV peaks which these were CH, and CHj stretching and
bending. The symmetric C-O and asymmetric C-O vibrational stretching were
assigned at 1207 and 1034 cm ™', respectively, which it was associated with the alkoxy
groups on phenyl moiety. The elemental composition of MEH-ThV showed good
agreement between the expected (C, 71.64; H, 7.13; O, 7.07; S, 14.17%) and observed
(C, 73.30; H, 7.30; S, 14.34) empirical formula.

1.2 Synthesis of [1,4-Bis(thienyl-1,1’-cyanovinylene)]-2-methoxy-5-(2'-
ethylhexyloxy) benzene (MEH-ThV-CN)

The synthesis of [1,4-Bis(thienyl-1,1’-cyanovinylene)]-2-methoxy-5-(2-
methylhexyloxy)benzene (MEH-ThV-CN) was obtained starting from compound 1, 2
and 3, respectively. The compound 4 (C4) was substituted with the electron-
withdrawing cyano groups via nucleophilic substitution with sodium cyanide in DMF.
The MEH-ThV-CN was obtained by a Knoevenagel condensation of 2-thiophene
(carboxaldehyde) with potassium tert-butoxide to afford the product as orange solid in
38.28% vyield. This synthesis method of MEH-ThV-CN was prepared consisting of a
central dialkoxyphenylene core p-disubstituted with two thiophene rings through a

cyanovinylene linker.

The *H-NMR spectrum exhibits the chemical shift of alkyl side chain in
the region of 0.85-1.80 ppm. The methoxy protons (-OCHs) signal appears at 3.87
ppm and methyleneoxy protons (-OCH,-) signal occurs at 3.90 ppm with a coupling
constant of 5.07 Hz. The phenylene-H shows two singlets centered at 7.14 and 7.10
ppm, while the thiophene-H shows douplet of douplet (dd) at 7.67 ppm with a
coupling constant of 3.51 Hz. The thiophene protons signals are attributed to thienyl
proton adjacent sulfur atom on thiophene ring. In *C-NMR spectrum, there are clear
signals in this spectrum. Together with FTIR results, it is agree closely with the
structure. The C=N stretching vibration at 2212 cm™ has been associated with cyano
group on vinylene unit in the main chain structure. The vibrations attributed =C-H

stretch at 3076 cm™ corresponding to thiophene ring and vibrational of phenyl ring
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occur overtone in the region 1616-1796 cm™. The elemental composition of MEH-
ThV-CN shows good agreement between the expected (C, 69.29; H, 6.02; N, 5.57; O,
6.37; S, 12.76%) and observed (C, 70.57; H, 6.43; S, 12.98) empirical formula.

2. Thermal Properties

The thermal stabilities of MEH-ThV and MEH-ThV-CN under nitrogen
atmosphere were determined by thermogravimetric analyzer (TGA) (50-550 °C, 10
°C/min). The TGA thermogram is depicted in Figure 7 and decomposition
temperature (Tq) is 349.63 and 323.00 °C, respectively. Thermal decomposition of
MEH-ThV-CN and MEH-ThV were attributed to the degradation on backbone.
However, decomposition temperature (Tg) of MEH-ThV was higher than that of
MEH-ThV-CN, suggesting that dialkoxy side chain and the main chain structure of
MEH-ThV retarded thermal degradation effectively. The maximum rate of weight
loss of MEH-ThV and MEH-ThV-CN took place at temperature above 410.32 and
388.92 °C, respectively. The TGA results revealed that MEH-ThV was more stable
than MEH-ThV-CN under nitrogen atmosphere. Both compounds are thermally
enough stable to be used as electroluminescence materials in light-emitting devices.
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Figure 7 Thermogravimetric curve of MEH-ThV and MEH-ThV-CN at a heating

rate of 10 °C/min under nitrogen atmosphere.

30



31

3. Absorption Properties

The absorption spectra of MEH-ThV and MEH-ThV-CN in chloroform solution
are depicted in Figure 8. The Amax Of UV spectra for MEH-ThV-CN are 281, 335 and
393 nm with absorption edge at 405 nm, whereas the maximum absorption of MEH-
ThV occur at 252, 348 and 407 nm as red shifts with a shoulder (423 nm). The
compound of MEH-ThV is bathochromic shifts (13 and 14 nm) in absorption, as
compared to MEH-ThV-CN, is presumably due to the cyano groups on the vinylene
linkages next to the thienyl rings based on molecule and distorted from the electron
repulsion. In addition, there are three main peaks in UV-Vis absorption spectra of
both compounds. One is due to the n-n* transition of delocalized n electron along the
conjugated main chain in long wavelength and another is due to the n-n* electron

transition to the side chain in short wavelength (Gustafsson et al., 1992).
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Figure 8 Absorption spectra of MEH-ThV and MEH-ThV-CN in CHCI; solution.
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The low energetic edge of absorption spectrum of MEH-ThV is 423 nm, which
corresponds to a band gap (Eg) of 2.93 eV. While the absorption onset for MEH-ThV
is 405 nm, corresponding to a band gap (Ey) of 3.06 eV, as summarized in Table 1.
MEH-ThV-CN shows higher band gap than MEH-ThV as increasing disorder in the
conjugated system due to steric hindrance of the electron-withdrawing cyano group
effect. These results could conclude that there is a stronger interchain interaction in
MEH-ThV, which leads to more coplanar backbone structure than that of MEH-ThV-
CN structure.

Table 1 Optical data of MEH-ThV and MEH-ThV-CN measured in chloroform

solution.
Compounds Amax (Nm) Aonset (NM) Eq (V)
MEH-ThV 407 423 2.93

MEH-ThV-CN 393 405 3.06
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4. Emission Properties

The emission spectra of MEH-ThV and MEH-ThV-CN at room temperature in
chloroform solution are shown in Figure 9. The maximum wavelength of emission
spectra of MEH-ThV-CN with cyano groups are 383 and 463 nm. In addition, a
shoulder peak at 483 nm can be also noticed in the spectrum. However, MEH-ThV
without cyano groups in the emission spectra are 403 and 458 nm with edge emission
wavelength at 485 nm as slightly blue-shifted (2 nm) than that with electron-

withdrawing cyano groups attached on the vinylene moieties.
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Figure 9 Emission spectra of MEH-ThV and MEH-ThV-CN in CHCI; solution.



34

Stokes shifts is the difference between of the absorption wavelength and emission
wavelength (Stokes, 1958). Stokes shifts of MEH-ThV is 51 nm, whereas MEH-ThV-
CN is 70 nm. The results indicated that their main chain structures are rather rigid.
However, the photophysical properties of MEH-ThV are green light emission, while
MEH-ThV-CN exhibit as green-yellow light emission, and are depicted in Figure 10.
It is noteworthy that it can be used as new luminescence materials in the fabrication of
OLED based full-color displays.

Figure 10 Light emitting in chloroform solution of MEH-ThV and MEH-ThV-CN

measured in (a) short wavelength and (b) long wavelength.
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5. Electrochemical Properties

Cyclic voltammetry (CV) using 0.1 M TBAP as a supporting electrolyte in
acetonitrile was employed to study the electrochemical analysis of the monomers. A
platinum electrode was used as the working electrode, platinum electrode as counter
electrode and Ag/Ag® as reference electrode. The cyclic voltammograms perform
quasi-reversible oxidation and reduction processes. Therefore, CV have been applied
to investigate their redox behaviors and estimate the highest occupied molecular

orbital (HOMO) and the lowest occupied molecular orbital (LUMO) energy levels.
The difference between oxidation onset potentials E;.., (V) and energy gaps from the
onset wavelength of the optical absorption can be used to estimate the energy gap

abs ox
(E,=E™-E

oset) (Tang et al., 2006). According to Ho et al. (2004), the energy
levels (in electron volts, eV) corresponding to the electrochemical potentials (vs.
Ag/Ag") can be obtained by using the ferrocence (FOC) value of -4.8 eV with respect
to vacuum level. The formal potentail of Fc/Fc+ was measured as 0.09 eV against
Ag/Ag+. Thus, the HOMO and LUMO energies were calculated by using the

following equations :

EHOMO = _( E3

onset

+4.71)
Eiumo = (EHOMO ) Egabs)

The LUMO energy level was not estimated using the onset position of reduction.

Energy gap of potential differences between oxidation and reduction onset potentials
was not also calculated (E, = E oo —E o) because of a discrepancy to the
optical energy gap and energy gap from CV curve. The discrepancy is caused by the

insulating effect of the side chains during the electrochemical process (Egbe et al.,
2004; Chen et al., 2000 and Yamamoto et al., 2002).
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The cyclic voltammograms of MEH-ThV and MEH-ThV-CN are depicted in
Figures 11 and 12, respectively. The electrochemical properties and band gap (Eg) of
both compounds are listed in Table 2. The oxidation onset potential of MEH-ThV-CN
as 1.25 V was obtained corresponding to HOMO level of -5.96 eV. The LUMO was
calculated to be -3.92 eV from the values of the band gap (3.06 eV) and HOMO
energy level. The HOMO and the LUMO energies of MEH-ThV are -5.59 and -2.99

eV, respectively.

Table 2 Electrochemical data from MEH-ThV and MEH-ThV-CN as obtained from
cyclic voltammetry (CV)

HOMO® LUMOP Eg°
Compounds Eoret (V)
(eV) (eV) (eV)
MEH-ThV 0.85 -5.56 -2.63 2.93
MEH-ThV-CN 1.25 -5.96 -2.90 3.06

#HOMO energies estimated from E, o0 = —(Egneet +4.71).

® LUMO energies obtained from E, ;0 = (Ejjomo + ES™) .

¢ Energy gaps estimated from the onset wavelength of the optical absorption .
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Figure 11 Cyclic voltammogram of MEH-ThV in 0.1 mol/l TBAP acetonitrile, scan

rate 20 mV/s.
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Figure 12 Cyclic voltammogram of MEH-ThV-CN in 0.1 mol/l TBAP acetonitrile,
scan rate 20 mV/s.
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Quantum Chemical Calculations

1. Methods Validation

1.1 Comparison on the calculated ground state geometry parameters of
MEH-ThV by different theoretical methods

The Hartree Fock (HF) and density functional theory (DFT) methods have
been used for the purpose of conformation analysis. Bongini and Bottoni (1999)
pointed that the DFT approach provides a good description of the conformation
properties of oligomer and polythiophenes, which is agreement with the experimental
evidence. Therefore, it will be useful to examine the structural parameters of MEH-
ThV geometry (Figure 13) based on molecules. This structure was fully optimized by
using ab initio method with HF and DFT method with B3LYP hybrid at 6-31G(d,p)
level of besis set, as present in Table 3. The structural parameter in term of bond
length was considered on backbone structure which this term was investigated only
C1-C9 atoms (Figure 13) as symmetry conformation. In 2002, Wong et al. studied
poly(p-phenylene vinylene) (PPV) chain using semiempirical SCF, AM1 and PM3
methods of the ground state optimized geometries, which gave the cis-defect (Z-) and
trans-defect (E-) in one vinylene group. Therefore, vinylene bridge position of MEH-
ThV geometry was considered both the bond angle and torsion angle (C4-C7 atoms).
Unfortunately, from our knowledge, there is no X-ray structure of MEH-ThV
structure available in literature. Therefore, this structural parameter with the quantum

chemical calculations can be predicted the conformational analysis in this study.



Figure 13 Schematic represents the bond number on backbone structure of
MEH-ThV molecule.
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Table 3 Structural parameters of MEH-ThV obtained from fully optimization by HF
and B3LYP methods at 6-31G(d,p) level of basis set (bond length in
angstrom (A), angle in degrees).

Structural parameters HF/6-31G(d,p) B3LYP/6-31G(d,p)
Bond length
C1-C2 1.34 1.37
C2-C3 1.43 1.42
C3-C4 1.35 1.38
C4-C5 1.46 1.44
C5-C6 1.33 1.36
C6-C7 1.47 1.46
C7-C8 1.40 1.41
C8-C9 1.38 1.39
Bond angle
C4-C5-C6 125.2 125.6
C5-C6-C7 128.9 130.0

Torsion angle
C4-C5-C6-C7 -178.2 -179.2

BLA 0.0800 0.0475
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Figure 14 Optimized bond length of MEH-ThV obtained from HF/6-31G(d,p) and
B3LYP/6-31G(d,p) methods.

The bond lengths in the phenylene vinylene and thiophene fragments of
MEH-ThV geometry is conjugated chain or double bond alternating with single bond.
The C-C and C=C bond lengths of the optimized structure for the MEH-ThV is listed
in Table 3. The bond length values were considered as the distance between the
carbon atoms on the main chain structure. The bond lengths were compared between
HF/6-31G(d,p) and B3LYP/6-31G(d,p) optimized geometry of the ground state (So).
According to the results, in this case the single bond lengths (C-C) became larger,
while the double bond lengths (C=C) became shorter in both methods, as presented in
Figure 14. Furthermore, these results were found that the smallest C=C bond distance
(see bond number C5-C6), it is located on vinylene bridge of 1.33 A in HF/6-
31G(d,p) optimized geometry, while bond distance of B3LYP/6-31G(d,p) optimized
geometry is 1.36 A. The single bond distances (see bond number C4-C5, C6-C7) on
vinylene bridge exhibit also the largest distance about 1.45 A in the both methods.
Our calculations indicated that the bond length alterations by electron donating

substitutions (thienyl fragments) are significant for vinylene bridge position.
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Bond length changes in aromatic systems can also be described by bond
length alternation (BLA) (Tretiak et al., 2002). The BLA values for selected
molecular fragment can be defined as the differences in the lengths between single
bond and double bond between non-hydrogen atoms. The positive and negative sign
of BLA indicated that the molecular unit has an aromatic and quinoid isomer,

respectively. Thus, the BLA value can evaluated as following equations :

- Z d double

d.
BLAZ( Z single N

)

Where d symbols denote the bond determined of single bond and double bond
distances on the backbone structure and N symbol is the number bond. As can be seen
from data in Table 3, the HF/6-31G(d,p) optimized geometry lead to increase of the
BLA value by 0.0800, whereas the B3LYP/6-31G(d,p) optimized geometry is
decreased of 0.0475. From positive sign of BLA of all calculation geometry, it can be
concluded that the main chain structure (C1-C18 atoms) are aromatic isomer, as seen
clearly in Figure 15.

Oxygen
Sulfur

Carbon

O 0 O @

Hydrogen

Figure 15 Aromatic system on backbone structure of MEH-ThV geometry as
obtained from HF/6-31G(d,p) method.
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Figure 16 Optimized torsion angle of MEH-ThV obtained from HF/6-31G(d,p)
(green line) and B3LYP/6-31G(d,p) (red line) methods.

The bond angle C4-C5-C6 and C5-C6-C7 in the HF/6-31G(d,p) (125.2
and 128.9 degrees) is similar with B3LYP/6-31G(d,p) (125.6 and 130.0 degrees)
optimized geometries. The torsion angles C4-C5-C6-C7 from the HF (-178.2 degree)
and DFT (-179.2 degree) methods, the MEH-ThV structure in HF geometry
optimization can be considered to be coplanar by having on vinylene bridge twisted
within about -1.8 degree from the planar configuration. Conversely, those from the
B3LYP geometry optimization are nearly 180.0 degree. The structure can be

presented the planar configuration, as shown in Figure 16.

The structural parameters obtained from different theoretical methods are
noteworthy because an accurate structure prediction leads to other reliable property
calculations. The MEH-ThV structure is optimized using difference level methods of
calculation (HF and B3LYP methods). Unfortunately, from our knowledge, there is
no x-ray structure of MEH-ThV structure available in literature. Therefore, the
absorption properties were then investigated to confirm the configuration of the

molecule with different methods.
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1.2 Comparison on the electronic transition based on ground state geometry
optimized of MEH-ThV with HF and B3LYP methods

Electronic transitions of MEH-ThV were investigated to confirm the
configuration for ground state geometry optimized with HF and B3LYP methods. The
lowest excitation energies and oscillator strengths for the transition from ground state
(So) to excited states (S,) (n=1, 2, 3,..., and 10 states) of the molecule was calculated
using TD-DFT calculation in gas phase at the B3LYP/6-31G(d,p) level on HF/6-
31G(d,p) and B3LYP/631G(d,p) optimized ground state structures. Comparisons of
the predicted values to the absorption band of this molecule in chloroform of MEH-

ThV structure was synthesized in this study.

In Table 4, TD-B3LYP calculations on all ground state geometries are
used to predict the oscillator strength. It is found that the Sy—S; transition
corresponding to the excitation from the HOMO (highest occupied molecular orbitals,
H denoted) to the LUMO (lowest occupied molecular orbitals, L denoted) is
dominant. The polarizable continuum model (PCM) was employed to take the
chloroform salvation effect with TD-B3LYP calculation (Tomasi, J. and M. Persico.,
1994). The absorption wavelengths of the transition obtained from the ground state
geometries optimized using HF was conducted with gas phase (394.89, 324.11 and
252.78 nm), and solvent phase (410.27, 329.91 and 253.82 nm). While the
wavelength of the structure from B3LYP method in gas phase is 429.17, 342.98, and
266.55 nm, whereas in solvent phase is 450.73, 349.03, and 267.54 nm. The optical
wavelength for experimental data was compared with the TD-DFT excitation
spectrum for the MEH-ThV compound, as seen clearly in Figure 17. These results are
in qualitative agreement with experimental absorption data. However, the wavelength
of the structure from HF method is closer to experimental data of 407, 348, and 252
nm both in gas phase and solvent phase than that of B3LYP method.

From our calculated electronic transitions with TD-B3LYP calculation
was compared with the experimental data, the results from the ground state

geometries of MEH-ThV molecule using HF/6-31G(d,p) optimization is in better
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agreement than B3LYP/6-31G(d,p) method. For the structure accuracy, the HF/6-

31G(d,p) method is selected for the ground state geometry optimization.

Table 4 The lowest excitation energies in eV and oscillator strength (f) (values in
parentheses) using TD-B3LYP/6-31G(d,p) method based HF/6-31G(d,p)
and B3LYP/6-31G(d,p) optimize geometry and absorption spectra of

experimental data in CHClI3 solution for the MEH-ThV geometry.

Ground State

TD-B3LYP/6-31G(d,p)

Aabs
geometry states Transition B " —
optimization e ) (m) f

HF/6-31G(d,p)
Gas phase Se—S; H-oL (81%) 3.14 394.89 1.2454
So—S3; H-2—L (58%) 3.82 324.11 0.2283
Se—Se H-2—-L+1(66%) 4.90 252.78 0.2034
Solvent phase So—S1  H—L (85%) 3.02 410.27 1.4434 407
So—S; H-1-L (89%) 3.76 329.91 0.3676 348
So—Sg H-2—L+1(82%) 4.88 253.82 0.2102 252
B3LYP/6-31G(d,p)
Gas phase So—S1  H—L (78%) 2.89 429.17 1.4416
So—S3  H-2—L (55%) 3.61 342.98 0.2647
Sy—Sg H-4—L+1 (74%) 4.65 266.55 0.1719
Solvent phase Se—S: H—L (83%) 2.75 450.73 1.6537 407
So—S3 H-2—L (89%) 3.55 349.03 0.2731 348
So—S9 H-1-L+1(75%) 4.63 267.54 0.1817 252

H = HOMO, L = LUMO, H-1 = next highest occupied molecular orbital, and L+1 =
next lowest unoccupied molecular orbital
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Figure 17 Absorption spectra of MEH-ThV obtained from the experimental in
CHClI; solution and calculated using TD-B3LYP/6-31G(d,p) in gas phase
(black line) and PCM model in CHCI; solution (red line) with
optimization at HF/6-31G(d,p) and B3LYP/6-31G(d,p) methods.
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2. Ground state and Excited state Structural Properties

In 2005, Gabanski and coworker obtained a model macromonomer namely 1,4-
diethoxy-2,5-bis-[2-(thien-2-yl)ethenyl]benzene in three pure stereoisomeric of EE,
EZ and ZZ forms, which the EZ isomer was not suitable for crystallography. This
structure is similar with the MEH-ThV molecule, but the alkokxy groups at C2 and
C5 positions on phenylene ring are different. Therefore, stereoisomer can be obtained
as three possibility isomers (EE-, EZ- and ZZ-) of both molecules, as shown in Figure
5 and 6, respectively.. The vinylene unit was fixed the torsion angle at 0 or 180
degrees corresponding to E- form, whereas Z- conformation was located at 30 or 150
degree. Which it will be defined structures by excellent model systems that can be
used to study conformation of all structures corresponding to the experimental results.
In order to understand structural properties of stereocisomers, the ground state (So) and
the first singlet excited state (S;) geometries, bond length, bond angle and torsion
angle, of MEH-ThV and MEH-ThV-CN geometries were investigated.

2.1 Ground state and Excited state Structural Properties of EE-, EZ- and ZZ-
MEH-ThV

All calculations of the three stereoisomers of MEH-ThV structures were
full optimized by using ab initio method with HF and DFT method with B3LYP
hybride at 6-31G(d,p) level of besis set for the ground state optimized geometries (So)
and TD-B3LYP/dft-SV(P) level of the first singlet excited state optimized geometries
(Sy), as listed in Table 5. The structural parameters in term of bond length were
considered on backbone structure while the bond angle and torsion angle were studied
only for vinylene bridge position as well as conformational isomer of all

stereoisomers.
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Table 5 Fully optimization of structural parameters of EE-, EZ- and ZZ-MEH-ThV
with the Sp and S; geometries obtained from HF/6-31G(d,p) and TD-
B3LYP/dft-SV(P) methods, respectively (bond length in angstrom and
angle in degrees).

Structural EE EZ Y4
parameters So S; So S; So S1
Bond length
C1-C2 1.34 1.37 1.34 1.38 1.34 1.38
C2-C3 1.43 1.42 1.43 141 1.43 141
C3-C4 1.35 1.38 1.35 1.40 1.35 1.41
C4-C5 1.46 1.45 1.46 1.43 1.47 1.43
C5-C6 1.33 1.35 1.33 1.38 1.33 1.39
C6-C7 1.47 1.47 1.48 1.43 1.48 1.43
C7-C8 1.40 1.40 1.40 1.43 1.39 1.42
C8-C9 1.38 1.39 1.38 1.38 1.38 1.39
Bond angle

C4-C5-C6 1252 1333 1252 1307 1314 1333
C5-C6-C7 1289 1310 1290 1309 1293 1310

Torsion angle

C4-C5-C6-C7  -178.2 -179.4 -178.2 -179.9 -5.9 -20.2

BLA 0.0800 0.0575 0.0825 0.0150 0.0875 0.0150
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Figure 18 Optimized bond length and bond length alternation (BLA) of EE-MEH-
ThV of the Sp and S; geometries as obtained from HF/6-31G(d,p) and TD-
B3LYP/dft -SV(P) methods, respectively.
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Figure 19 Optimized bond length and bond length alternation (BLA) of EZ-MEH-
ThV of the Sp and S; geometries as obtained from HF/6-31G(d,p) and TD-
B3LYP/dft -SV(P) methods, respectively.
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Figure 20 Optimized bond length and bond length alternation (BLA) of ZZ-MEH-
ThV of the Sp and S; geometries as obtained from HF/6-31G(d,p) and TD-
B3LYP/dft-SV(P) methods, respectively.
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EE-isomer EZ-isomer

ZZ-isomer

Figure 21 Optimized torsion angle of EE-, EZ- and ZZ-MEH-ThV of the ground
state (Sp) (green line) and the first singlet excited state (S;) geometries

(red line) as obtained from HF/6-31G(d,p) and TD-B3LYP/dft -SV(P)
methods, respectively.
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The bond lengths in thienyl fragment do not vary as the conjugated chain
are elongated indicating that the bond lengths of C3-C4, C4-C5, C5-C6, and C6-C7 in
vinylene unit change. The single bond C4-C5 and C6-C7 of the ground state
geometries (Sp) are shorter than that the bond lengths of excited state geometries (S1),
while the double bond C3-C4 and C5-C6 in Sy are longer than that the bond length of
S; of EE-, EZ- and ZZ- stereoisomers, as shown in Figure 18, 19 and 20, respectively.
The bond length variation of the thienyl fragments leads to the stronger conjugation
effects compared and results in the relaxation of single bonds and strengthening of
double bonds.

The BLA of EE-, EZ- and ZZ- stereoisomers of the ground state (Sy) are
slightly larger than first singlet excited state (S;). For instance, the EE-isomer
optimized geometries of the ground state (So) lead to increase of the BLA value by
0.08, whereas the first singlet excited state (S;) is decreased of 0.06. From positive
sign of BLA of three stereoisomers suggests that, in the excited state, the molecules

become more aromatic-like, as seen clearly in Figure 16.

Investigation of the bond angles of from S, geometries (around 125.0-
129.0 degrees) slightly larger than S; geometries (around 130.0-133.0 degrees). The
calculated bond angles of all isomers in Sy geometries are close to 120.0 degree,
which indicated that the all Sy geometries structures are hardly changed with the
increase of the chain lengths (Liu et al., 2007). The torsion angles of the ground state
and the lowest singlet excited-state optimized geometries are given in Figure 21. The
torsion angle between Sy, geometries represented in green color and S; geometries
represented as red color, compared on the geometrical optimization at Sp and S;
geometries. The torsion angles C4-C5-C6-C7 of three isomers are slightly significant
twists within about -15.0 degree between adjacent phenylene and the two adjacent
thienyl indicating that the m conjugated structure are obtained due to the cooperation
with two thienyl-based electron donating moieties. The results indicated that the bond
length, bond angle and torsion angle of both stereoisomers at S; geometries become
closed to planar structure (Chidthong et al., 2007).
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2.2 Comparison on the absorption properties of EE-, EZ- and ZZ-MEH-ThV

with the experimental data

The calculated So—S; absorption energies, transition stated (H denoted
HOMO and L is LUMO) and oscillator strength of the three isomers of MEH-ThV
molecule and the corresponding experimental values are presented in Table 6. All
transition consists of one-electron transitions mainly from HOMO to LUMO (H—L).
The TDDFT results show that the absorption spectra of EE-MEH-ThV (410.27,
329.91 and 253.82 nm) is agreed well with the experimental spectra (407, 348 and
252 nm) in chloroform solution which this absorption spectra in gas phase and PCM
model in chloroform solution is slightly differ from the experimental data. The
excitation energies calculated by TDDFT of EE-, EZ- and ZZ-MEH-ThV
corresponding to the absorption wavelength are underestimated when compared to the
maximum wavelength from experimental results, as shown in Figures 22, 23 and 24,
respectively. The theoretical absorption spectrum of the EE-isomer compound
consists of closely separated three peaks with large oscillator strength, the highest
oscillator strength (m—m* transition) of each stereoisomers calculated by TD-
B3LYP/6-31G(d,p) method which are compared to the experimental absorption
spectra. On the other hand, the calculated absorption wavelength of EZ- and ZZ-
MEH-ThV in both gas phase and solvent phase differ from the corresponding
experimental values. For EE-isomer, it was similar to MEH-ThV compounds,
showing three distinct bands with higher intensity in absorption spectra. This is in

good agreement with the experimental measurements.
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Table 6 The lowest excitation energies in eV and oscillator strength (f) (values in
parentheses) both in gas phase and solvent phase (in CHCI3) using TD-B3LYP/6-
31G(d,p) method and absorption spectra of experimental data in CHCI; solution for
the EE-, EZ- and ZZ-MEH-ThV geometries.

TD-B3LYP/6-31G(d,p)//HF/6-31G(d,p)

Experiment
Molecules states Transition E.. " e (1)
f abs
States eVv) (nm)

EE-isomer
Gas phase  Sp—S; H—L (81%) 3.14 394.89 1.2454

So—S3 H-2—L (58%) 3.82 324.11 0.2283

So—Sg H-2—L+1 (66%) 4.90 252.78 0.2034
Solvent So—S1 H—L (85%) 3.02 410.27 1.4434 407
phase So—S; H-1—L (89%) 3.76 329.91 0.3676 348

So—Sg H-2—L+1 (82%) 4.88 253.82 0.2102 252
EZ-isomer
Gasphase Sp—S;  H—L (84%) 329 376.31 0.6316

So—Ss  H-2—L (70%) 416 297.77 0.2045

So—Sg  H-3—L (35%) 490 252.78 0.1030
Solvent So—S1  H—-L (87%) 3.22 38491 0.7887
phase So—S;  H-1-L (74%) 3.82 324.66 0.1395

So—Ss  H-3—L (26%) 486 25491 0.1168
ZZ-isomer
Gas phase So—S;  H—L (90%) 346 358.48 0.2729

So—Ss  H-2—L (81%) 421 29431 0.1291

So—Ss  H-1—-L (82%) 452 274.19 0.1300
Solvent So—S1 H—L (91%) 3.43 361.44 0.3569
phase So—Ss  H-2—L (84%) 418 296.87 0.1957

So—Ss  H-1-L+1(87%) 451 27499 0.1434
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Figure 22 Absorption spectra of EE-MEH-ThV obtained from the experimental in
chloroform solution and calculated using TD-B3LYP/6-31G(d,p) in gas
phase (black line) and PCM model (red line).
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Figure 23 Absorption spectra of EZ-MEH-ThV obtained from the experimental in
chloroform solution and calculated using TD-B3LYP/6-31G(d,p) in gas
phase (black line) and PCM model (red line).
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Figure 24 Absorption spectra of ZZ-MEH-ThV obtained from the experimental in
chloroform solution and calculated using TD-B3LYP/6-31G(d,p) in gas
phase (black line) and PCM model (red line).
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2.3 Ground state and Excited state Structural Properties of EE-, EZ- and ZZ-
MEH-ThV-CN

Figure 25 Schematic represents the bond number on backbone structure of
MEH-ThV-CN molecule.
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Table 7 Fully optimization of structural parameters of EE-, EZ- and ZZ-MEH-ThV-
CN with the Sp and S; geometries obtained from HF/6-31G(d,p) and TD-
B3LYP/dft-SV(P) methods, respectively (bond length in angstrom and

angle in degrees).

Structural EE EZ Y4
parameters So S; So S; So S1
Bond length
C1-C2 1.35 1.39 1.35 1.38 1.35 1.38
C2-C3 1.42 1.41 1.42 141 1.43 141
C3-C4 1.36 1.42 1.36 1.40 1.36 1.41
C4-C5 1.46 141 1.46 1.42 1.46 1.42
C5-C6 1.34 1.42 1.33 1.39 1.33 1.40
C6-C7 1.49 1.50 1.48 1.46 1.50 1.48
C7-C8 1.39 1.39 1.40 1.41 1.39 1.39
C8-C9 1.38 1.42 1.38 1.40 1.38 1.42
Bond angle
C4-C5-C6 131.0 130.2 131.1 130.8 131.1 133.6
C5-C6-C7 118.6 118.7 124.9 1255 126.3 117.4
Torsion angle
C4-C5-C6-C7 -179.2 -167.6 -179.0 -179.9 -5.8 -14.5
BLA 0.0775 0.0300 0.0750 0.0275 0.0850 0.0375
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Figure 26 Optimized bond length and bond length alternation (BLA) of EE-MEH-

ThV-CN of the Sp and S; geometries as obtained from HF/6-31G(d,p) and
TD-B3LYP/dft-SV(P) methods, respectively.
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Figure 27 Optimized bond length and bond length alternation (BLA) of EZ-MEH-
ThV-CN of the Sp and S; geometries as obtained from HF/6-31G(d,p) and
TD-B3LYP/dft-SV(P) methods, respectively.
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Figure 28 Optimized bond length and bond length alternation (BLA) of ZZ-MEH-

ThV-CN of the Sp and S; geometries as obtained from HF/6-31G(d,p) and
TD-B3LYP/dft-SV(P) methods, respectively.
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EE-isomer

ZZ-isomer

Figure 29 Optimized torsion angle of EE-, EZ- and ZZ-MEH-ThV-CN of the ground
state (Sp) (green color) and first singlet excited state (S;) geometries (red

color) as obtained from HF/6-31G(d,p) and TD-B3LYP/dft-SV(P)
methods, respectively.
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The optimized geometry structures of three isomers of MEH-ThV-CN
were considered on main chain molecule of calculated bond length (Figure 25), while
angles were attributed at vinylene units. A comparison of the C-C and C=C bond
lengths along with the conjugation between the Sp and S; state geometries of the EE-,
EZ- and ZZ-isomers of the MEH-ThV-CN compounds are shown in Figures 26, 27
and 28, respectively. It was found that the C5-C6 bond length in the So geometries is
decreased and the lengths of the other bonds are increased of all isomers. In the Sy
state, the carbon-carbon bond alternation exists for both the single and double bonds,
but this bond alternation relaxes in the S; state. Since the excitation is relatively
localized in the central unit and thienyl unit, the prominent changes occur in the
vinylene unit. For the EE-isomer, the changes in bond length of single bond is 1.35 A
for C1-C2, C3-C4 and C5-C6, while the other changes in bond length are within 1.39-
1.50 A. The double bond lengths increase with the changes being localized toward the
centre of the molecule are C6-C7 bond length in the lowest singlet excited state (S;)
geometries of 1.5 degree. The structures of the ground state and the lowest singlet
excited-state optimized geometries are given for the changes bond lengths of EZ- and
ZZ-isomers similarly with the EE-isomer geometry. The geometry changes, as
obtained from HF calculations, are found in all stereoisomers which BLA associated
with the carbon—carbon conjugated bond for the ground and singlet excitations states
for the central rings was estimated. It found that the BLA significantly changes in the
excited states compared to the ground states, in the EE-, EZ- and ZZ-isomers,
decreasing from 0.0775, 0.0750 and 0.0850 A in Sy geometries to 0.0300, 0.0275 and
0.0375 A in S; geometries. These results indicate that the center of the aromatic-like
is located at the linking bonds between the backbone units, as seen in Figure 30.

The torsional angles (C4-C5-C6-C7 ), both of ground and excited state
have been investigated for the MEH-ThV-CN molecule. The torsion angles of the
stereoisomers are presented in Table 7 for the ground (Sp) and the lowest excited state
(S1) of three stereoisomers. The optimized structures of all molecules in the ground
states are generally more distorted than the structures in the excited states. It was
found twisted conformations with torsional angles around -167.6 and -14.5 degrees

for both EE- and ZZ-isomers, as shown in Figure 29. The effect was due to steric
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hindrance and electronegativity of the cyano group which electron withdrawing
groups can twist the inter-ring torsion angle. As a result of cyano group is electron-

accepting capabilities and induces torsion in molecule.

Oxygen
Sulfur
Nitrogen

Carbon

©C 0 @ O @

Hydrogen

Figure 30 Aromatic system on backbone structures of EE-MEH-ThV-CN geometry
as obtained from HF/6-31G(d,p) method.
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2.4 Comparison on the absorption properties of EE-, EZ- and ZZ-MEH-ThV

with the experimental data

From our calculated electronic transitions with TD-B3LYP calculation
compared with the experimental data, the TDDFT and experimental spectra of EE-,
EZ- and ZZ-MEH-ThV-CN molecules are listed in Table 8. It is clear that the
calculated absorption wavelength in solvent phase of chloroform solution of Zz-
isomers is blue-shifted with values of 18.42, 57.51 and 7.00 nm with experimental
data, while the calculated absorption spectra of EE- (26.31, 4.23 and 9.21 nm) and
EZ-isomer (17.85, 9.89 and 34.29 nm) are red shift with experimental results.
According to Figure 31, both experimental and TDDFT data exhibit three transitions
with the highest of the oscillator strength. It can be seen that our calculated values of
the absorption spectra of EE-MEH-ThV-CN (406.31, 334.16 and 284.94 nm) are
good agreement with the experimental spectra (393, 335 and 281 nm) in chloroform
solution. Moreover, our compared the absorption wavelength in an aqueous solvent
condition in chloroform solution by polarizable continuum model (with PCM model)
as well, as calculated within Gaussian03 software package. The results show that the
differences in wavelengths between the solvent phase and the gas phase are less than
10 nm, suggesting that the solvatochromic effect is inappreciable in this system. The
presence of solvent can slightly increase the absorption spectra (419.31, 340.23 and
290.21 nm) and gives a good agreement with the experimental results in EE-isomer.
On the other hand, the calculated absorption wavelength of EZ- (Figure 32) and ZZ-
MEH-ThV-CN (Figure 33) of both gas phase and solvent phase differ from the

corresponding experimental values.
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Table 8 The lowest excitation energies in eV and oscillator strength (f) (values in

parentheses) in gas phase and solvent phase (in CHCI3) using TD-

B3LYP/6-31G(d,p) method and absorption spectra of experimental data in
CHCl; solution for the EE-, EZ- and ZZ-MEH-ThV-CN geometries.

TD-B3LYP/6-31G(d,p)//HF/6-31G(d,p)

Experimental

Molecules  states Transition Eex Mabs ¢ Aabs (NM)
States ev) (nm)
EE-isomer
Gasphase  Sp—S; H—L (86%) 3.05 406.31 0.5702
So—S;  H-1-L (87%) 371 33416 0.5293
So—Ss  H-2—-L+1(77%) 4.35 284.94 0.3376
Solvent So—S1  H—L (89%) 296 419.31 0.6838 393
phase So—S;  H-1-L (90%) 3.64 340.23 0.6277 336
So—Ss  H-2—-L+1(81%) 4.72 290.21 0.3338 281
EZ-isomer
Gasphase  Sp—S;  H—-L (62%) 292 42495 0.2789
So—Ss  H-2—L+1(45%) 3.87 320.67 0.2925
Se—Ss  H-2—L+1(45%) 4.10 302.67 0.3177
Solvent So—S1  H—L (68%) 3.02 410.85 0.1373
phase So—S;  H-1-L (66%) 3.58 345.89 0.3091
So—Ss  H-2—L+1(64%) 3.93 31529 0.6104
ZZ-isomer
Gas phase  Sp—S;  H—L (84%) 406 30548 0.1174
So—Ss  H-1-L+1 (36%) 4.20 289.78 0.2567
So—Ss  H-1-L+1(34%) 4.30 288.24 0.3420
Solvent So—S;  H-1-L (86%) 4.02 308.28 0.3648
phase So—Ss  H-2—>L+1 (74%) 4.20 29479 0.5670
So—S; H—-L+2 (68%) 440 28157 0.1193
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Figure 31 Absorption spectra of EE-MEH-ThV-CN obtained from the experimental

in chloroform solution and calculated using TD-B3LYP/6-31G(d,p) in gas

phase (black line) and PCM model (red line).
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Figure 32 Absorption spectra of EZ-MEH-ThV-CN obtained from the experimental
in chloroform solution and calculated using TD-B3LYP/6-31G(d,p) in gas
phase (black line) and PCM model (red line).
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Figure 33 Absorption spectra of ZZ-MEH-ThV-CN obtained from the experimental
in chloroform solution and calculated using TD-B3LYP/6-31G(d,p) in gas
phase (black line) and PCM model (red line).
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3. Electronic Properties

3.1 Absorption Properties

In order to understand the physical origin of optical transitions for the
selected excitation energies, it is useful to examine the relevant (the highest) occupied
and the lowest unoccupied molecular orbitals that play a dominant role. The HF/6-
31G(d,p) method was used on the basis of the ground state optimized structures to
compute vertical electron excitation energies, the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital (LUMO), absorption
wavelength and oscillator strength (f) of all stereocisomer were investigated in this
work. The calculated energies and absorption wavelength are compared with the
experimental data in chloroform solution and quantum chemical calculation at TD-
B3LYP/6-31G(d,p) method optimized with HF/6-31G(d,p) level. The electronic
transitions are described in detail below in term of the contribution to the excited state
which the excitation take place.

For the lowest excitation energy, the electron is excited from the highest
occupied molecular orbitals (HOMO) to the lowest unoccupied molecular orbital
(LUMO). This transition is m—m* character arising exclusively from Sp—S;
electronic transition mainly composed by HOMO—LUMO transition. However, the
orbital presentation of the next transitions is different with respect to the substation. In
the HOMO and next HOMO of EE-MEH-ThV molecule, the vinyl double bonds form
bonding orbitals, and the single bonds linking the phenyl ring with the vinyl double
bond are antibonding. In the LUMO, the vinyl single bonds are antibonding and the
single bonds are bonding on the backbone structure. The next HOMO and LUMO
orbitals are located at theinyl-vinylene moeity, as seen in Figure 34.
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Figure 34 Plots of the TD-B3LYP/6-31G(d,p) molecular orbitals contributing
significantly to the lowest energy transitions of studied molecules in EE-
MEH-ThV conformation. H denotes HOMO and L is LUMO.
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Figure 35 Plots of the TD-B3LYP/6-31G(d,p) molecular orbitals contributing
significantly to the lowest energy transitions of studied molecules in EE-
MEH-ThV-CN conformation. H denotes HOMO and L is LUMO.
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The molecular orbitals (MOs) relevant for the three low-lying excited
states for the EE-MEH-ThV-CN compounds are shown in Figure 35. The HOMO is
localized on the backbone structures. The alkoxy methoxy substitution on the phenyl
ring also has a small contribution to the m* conjugation. The LUMO contains
localization on the main chain structure and cyano substitution group on vinylene

unit, as a typical for n-mt* transition in conjugated system.

3.2 Emission Properties

The emission calculations are performed by vertical de-excitation of the
two compounds of EE-MEH-ThV and EE-MEH-ThV-CN molecules with the TD-
B3LYP/dft-SV(P) method in their first singlet excited state, followed by using the
resulting geometries to perform TD-DFT calculations employing the B3LYP/dft-
SV(P) method from the singlet ground state. In Table 9 indicated that the calculated
fluorescence wavelength of EE-MEH-ThV molecule is 450.05 and 347.60 nm for S;
with the largest oscillator strength arising from LUMO—HOMO corresponding to
n*-n de-excitation and it is close to the experimental results of 463 and 383 nm. The
luminescence peak at 458 and 403 nm of experimental spectra is close to the EE-
MEH-ThV-CN geometry using TD-DFT method (450.05 and 347.60 nm). There is
slightly deviation between the calculated fluorescence and the experimental result
because the different environment for the system. The experimental emission
wavelengths are measured in a chloroform solution, while the theoretical model is a
gas phase system. The solution surrounding that as it is may be affecting the emission
to some extent. Moreover, it is due to the planar geometry structure, the =n-n

interactions may exist in the solid state and solvent.



Table 8 The emission energies in eV and oscillator strength (values in parentheses) for EE-MEH-ThV and EE-MEH-ThV-CN

geometries. The values written in italics stand for the excitation contributions in percentage involved in each calculated

transition (H denoted HOMO and L is LUMO) using TD-B3LYP/dft-SV(P) method.

Molecules states

TD-B3LYP/dft-SV(P)

Transition

Aem

Experimental

Eem (6V f Aem (NM

VA em (6V) i em (NM)
EE-MEH-ThV S1—So L—H (98%) 2.58 480.15 1.2486 458
S,—So L+1—H (53%) 3.18 390.02 0.3275 403
EE-MEH-ThV-CN S,—S, L+1—H (92%) 2.75 450.05 0.7977 463
S3—So L+1—H-1 (70%) 3.57 347.60 0.3935 383

v,
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Absorption and fluorescence wavelengths difference should also lead to
Stokes-shifts difference (Stokes, 1958). Therefore, evaluate the Stokes-shift as the
differences AL = Aem— Aaps. The TD-B3LYP/dft-SV(P) values exhibit Stokes shift of
about 43.74 and 13.44 nm for EE-MEH-ThV-CN and it is lower than those for EE-
MEH-ThV of 69.88 and 60.11 nm, as summarized in Table 10. This result
demonstrates that the transition of EE-MEH-ThV structure is more relaxed than those
of EE-MEH-ThV-CN upon excitation. These results also show that the electronic

excitation leads to the formation of an aromatic-like structure.

Table 10 The calculation absorption (Aaps), emission wavelength (Aem) in gas phase
and Stoke shift of the EE-MEH-ThV and EE-MEH-ThV-CN as obtained
from TD-B3LYP /6-31G(d,p) and TD-B3LYP/dft-SV(P) methods,

respectively.

Stoke shift
Molecules Aabs (NM) Xem (NM)
(nm)
EE-MEH-ThV 410.27 480.15 69.88
329.91 390.02 60.11
EE-MEH-ThV-CN 406.31 450.05 43.74
334.16 347.60 13.44

3.3 Fluorescence Energy and Radiative Lifetime

Fluorescence energies and radiative lifetime computed with the TD-
B3LYP/dft-SV(P) method using S; optimized geometries of both the stereoisomer of
EE-MEH-ThV and EE-MEH-ThV-CN are summarized in Table 10. According to
Table 11, it is shown that the fluorescence energies of EE-MEH-ThV-CN and EE-
MEH-ThV are red shifts from the excitation energies. Fluorescence energies of EE-
MEH-ThV (2.58 and 3.18 eV) are slightly lower than EE-MEH-ThV-CN molecule
(2.75 and 3.57 eV). Radiative lifetimes were calculated on the basis of fluorescence

energy and oscillator strengths according to the following equation
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Where c is the velocity of light, Eg, is the fluorescence transition energies and f is
oscillator strength. The lifetimes of these molecules are slightly different about 1.05
ns. The lifetime of the structure with cyano groups on vinylene linkage is 3.82 ns,
which the radiative lifetime of EE-MEH-ThV molecule (2.77 ns) is lower than EE-
MEH-ThV-CN because of the low relaxation time at excited state, the emission of
EE-MEH-ThV is faster than that EE-MEH-ThV-CN molecule. It can be concluded
that their low radiative lifetime can produce useful fluorescent emission (Tirapattur et
al., 2003; Jenekhe et al., 2001; Schenning et al., 2002; Palsson et al., 2002; Sun et al.,
2000).

Table 11 Calculated fluorescence energies (Esy), oscillator strength and radiative
lifetime of the EE-MEH-ThV and EE-MEH-ThV-CN as obtained from
TD-B3LYP/dft-SV(P) calculations. Geometries first singlet excited stated
(S1) were optimized at TD-B3LYP/dft-SV(P) level.

TD-B3LYP/dft-SV(P)

Molecules _ Radiative Lifetime
Efu (6V) Oscillator strength 9
ns

EE-MEH-ThV 2.58 1.2486 2.77

ZZ-MEH-ThV-CN 2.75 0.7977 3.82
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CONCLUSION

The syntheses of two classes of cyano-containing based-MEH-ThV-CN and
MEH-ThV monomer have been carried out. Both types of compound were
synthesized via Knoevenagel condensation and the alkoxy side chain-base structures
are soluble in common organic solvents such as chloroform, tetrahydrofuran,
dichloromethane and dimethyl sulfoxide. These compounds were confirmed by *H-
NMR, 2C-NMR, TGA, LC-MS, UV-Vis and fluorescence measurements. The
thermal stability of MEH-ThV (349.63 °C) is higher than that of MEH-ThV-CN
(323.00 °C), suggesting that its dialkoxy side chain and the electron-donating thienyl
group retard thermal degradation effectively while the electron-acceptor group-base
molecule is not stable leads to easily decompose. The TGA results indicated that the
MEH-ThV molecule is thermally stable enough to be used as electroluminescence
materials in light-emitting devices. The absorption behavior of MEH-ThV-CN (281,
335 and 393 nm) and MEH-ThV (252, 348 and 407 nm) and optical band gap
energies with the absorption onset are 3.06 and 2.93 eV, respectively. The electron-
withdrawing cyano groups on the vinylene moiety next to the thienyl group can
further give blue shifts in the absorption and emission spectra. The photophysical
properties of MEH-ThV-CN exhibited as green-yellow light emission, while MEH-
ThV exhibited as green light emission. It is noteworthy that can be used as new
luminescence materials in the fabrication of OLED-based full-color displays. An
electrochemical energy gap of MEH-ThV-CN and MEH-ThV incompatible with the
optical energy gap due to the discrepancy is caused by the insulating effect of the side

chains during the electrochemical process.

To confirm the optimized geometry, the structure of MEH-ThV from various
methods was calculated the electronic properties using TD-B3LYP/6-31G(d,p)
method with PCM to include the chloroform solvation effect and compared with the
experimental absorption band of this molecule in chloroform solvent. The structural
geometry result obtained from HF/6-31G(d,p) method is closer to the DFT with
B3LYP/6-31G(d,p) method. In this study, there are not the structural parameters with
X-ray crystallography. Therefore, optical spectra of MEH-ThV was investigated to
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confirm the configuration for ground state geometry optimized with HF and B3LYP
methods. The excitation result of the structural geometry obtained from HF/6-
31G(d,p) method is closer to the experimental data than that of the structural
geometry obtained from B3LYP/6-31G(d,p) method. Thus, in this study TD-
B3LYP/6-31G(d,p)//HF/6-31G(d,p) method and the coplanar ground state geometry
of MEH-ThV was selected to investigate the structural parameters and electronic
properties of the substitutions of the vinylene unit by electron-accepting (CN) and
electron-donating (thienyl) group of MEH-ThV and MEH-ThV-CN molecules.

The electron-withdrawing cyano group of MEH-ThV-CN exhibits the
nonplanar structure because the conformation was distorted from the electron
repulsion. MEH-ThV is the planar structure than that MEH-ThV-CN geometry. The
absorption properties were investigated using TD-B3LYP/dft-SV(P) method. The
obtained results indicated that the Amax based on EE-isomer of MEH-ThV is close to
the experimental data in chloroform solution. The excitations (406.31, 334.16 and
284.94 nm) and fluorescence wavelength (450.05 and 347.60 nm) calculated by the
TD-B3LYP/6-31G(d,p) and TD-B3LYP/dft-SV(P) methods of EE-MEH-ThV-CN are
agreement with the experimental measurements. Radiative lifetimes were calculated
on the basis of fluorescence energy and oscillator strengths. Radiative lifetime of EE-
MEH-ThV molecule (2.77 ns) is lower than EE-MEH-ThV-CN because the emission
of EE-MEH-ThV is faster than EE-MEH-ThV-CN molecule causing of the low
relaxation time at excited state. It can be concluded that their low radiative lifetime

can produce useful fluorescent emission faster than that.
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1. 1-((2-Ethylhexyl)oxy)-4-methoxybenzene (C2)

Appendix Figure A1 *H-NMR and **C-NMR spectrum of C2.



2. 1,4-Bis(chloromethyl)-2-((2’-ethylhexyl)oxy)-5methoxybenzene (C3)
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Appendix Figure A2 *H-NMR and **C-NMR spectrum of C3.
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3. 1,4-Bis(cyanomethyl)-2-((2’-ethylhexyl)oxy)-5-methoxybenzene (C4)
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Appendix Figure A3 *H-NMR and **C-NMR spectrum of C4.
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4. 1,4-Bis(triphenyl phosphine)-2-methoxy-5-(2-methylhexyloxy) benzene salt
(C5)
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Appendix Figure A4 *H-NMR and **C-NMR spectrum of C5.
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5. [1,4-Bis(thienyl-vinyl)]-2-methoxy-5-(2-methylhexyloxy)benzene
(MEH-ThV)

T T T T
150 140 130 120 110 100 an a0 il a0 30 40 an 20 10 1]

Appendix Figure A5 *H-NMR and *C-NMR spectrum of MEH-ThV compound.
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6. [1,4-Bis(thienyl-1,1’-cyanovinylene)]-2-methoxy-5-(2-methylhexyloxy)
benzene (MEH-ThV-CN)
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Appendix Figure A6 *H-NMR and **C-NMR spectrum of MEH-ThV-CN

compound.
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Appendix Figure A8 FTIR spectrum of MEH-ThV-CN compound.
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Appendix Figure A10 MS spectrum of MEH-ThV-CN compound.
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1. Poster Presentation

Suphawarat Phalinyot, Songwut Suramitr, Chuleeporn Luadthong and Supa

Hannongbua. Theoretical studies of Poly(phenylene-vinylene) copolymer by
substitutions to fuctional groups. 34™ Congress on Science and Technology of
Thailand, 2008, Queen Sirikit National Convention Center, Bangkok,
Thailand.
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Abstract: Structure and energetic properties of polv(phenvlene-vinvlene) (PPV) copolymer
with its derivatives have been studied, by quantum chemical caleulations. Some functional
groups (thiophene, pyrrole, carbazole and fluorene) were substiated on PPV to mvestigate
the optical properties. All structures were optumized at the BILYP/G-31G™* level of
calculations. Calculated energy gaps of (PPV),. (PPV-Tluophene)., (PPV-Pyrrole),. (PPV-
Carbazole), and (PPV- Fluorene),, n=20 are 208, 1.84, 203, 270 and 2.78 eV, respectively.
The energy gaps can be ordered as following; (PPV-Thiophene), = (PPV-Pyrrole)y = (PPV)y
= (PPV- Carbazole), = (PPV- Fluorene),. It was found that (PPV-Thiophene), revealed the
lowest energy gap. Therefore. the (PPV-Thiophene), was supposed to a promising
semiconductor material and will be further synthesized.
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Introduction

Poly(phenylene-vinylene) (PPV) is one of the most important
conductive polymers and PPV has been studies due to the interests in
materials research because PPV based on high electrical conductivity,
electroluminescence, photoluminescence and photoconductivity. In
addition, PPV was combined with donor-acceptor. The electronic
properties of PPV and its derivatives were changed. Therefore, in this
work, we investigated the electronic and optical properties of these
structural geometries by using quantum chemical calculations and
comparison to available experimental data.

Methologies

The structure of the poly(phenylene-vinylene) (PPV)
derivatives were optimized by HF and B3LYP level of theory and the
standard 6-31G(d,p) basis set were used for HF and B3LYP levels
calculations. The calculaton HOMO-LOMO energy of geometry
structures were studied by TD-DFT calculation base on ground state
geometries. The excited state structures of all derivatives were
optimized by TD-B3LP/6-31G(d,p) method. All calculations were
performed using Guassian03 program package.

Fig. 1. Structural geometries of PPV and its derivatives .

Results and disscusion

« Ground-state geometries

The optimized geometries parameter for the (PPV), and its
derivatives, (PPV-Thr),, (PPV-Pyr),, (PPV-Flu),and (PPV-Thr), have
been calculated by using HF/6-31G(d,p) and B3LYP/6-31G(d,p) level,
which the extrapolated energy gaps to infinite chain length (n=x) of
structural geometries were summarized in Table 1. Its was found that
the results were calculated from HF/6-31G(d,p) method at n=c« are
3.26, 3.11, 3.14, 3.38 and 3.39 eV, respectively and energy gap at
B3LYP/6-31G(d,p) method have given at 2.08, 1.84, 2.03, 2.70 and
2.78 eV, respectively, which (PPV), from theoretical data is closer to
the experimental data [1].

Table 1 The extrapolated energy gap of structural geometries of
PPV and its derivatives.
. Energy gap (e
PPV derivatives
HE/GEI(

2 Reference [1]
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Table 2 Absorption properties of all structural geometries.
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Fig. 2. Molecular orbitals (HOMO-LUMO) for (PPV), oligomers.

« Electronic properties

The vertical excitation energies for non-planar conformations
of PPV and its derivatives using TD/B3LYP/6-31G(d,p) approach
were summarized in table 2. The wave length of PPV oligomers at
theoretical is closer to the experimental result, which it was observed
in dichloromethane. The HOMO and LUMO of (PPV), oligomers
(Fig. 2.) at n=1, 2, 3 and 4 oligomers are 65.04 |H->L>, 65.14IH-
251>, 66.34 [H->L>and 66.54IH->L> transitions, respectively.

Conclusions

The structures of all oligomers were fully geometries
optimized employing the HF and DFT level to non-planar
conformations because the sterric effect of vinylene group.
Moreover, the structural of (PPV-Thr), revealed the lowest
extrapolate energy gap. Therefore, the (PPV-Thr), was supposed to
be a promising semiconductor material and will be further
synthesized.
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Abstract: Geometries and energetic  properties  of
p-methoxy  phenylene-vinylene (MeO-PV)  derivatives
have been studied, based on quantum chemical
calculations. Some of the key functional groups
(thiophene (Th), pyrrole (Py), fluorene (F1) and carbazole
(Cx) have been substituted on MeO-PV to investigate the
optical properties. All structures have been optimized at
the DFT method and the standard 6-310G(d) basis set has
been used for BILYP level of calculation. The electronic
transitions of structural geometries have been studied by
TD/BILYP/6-31G(d) calculation based on ground state
geometries. The results show that caleulated energy gaps
of MeO-PV-Th, MeO-PV-Py, MeO-PV-FI and MeO-PV-
Cz are 2,99, 3.00, 3.01 and 3.02 eV, respectively.
Additionally, the energy gaps can be rearranged as
following: MeO-PV-Th = Me(-PV-Py = MeO-PV-FI =
MeO-PV-Cz The electronic transitions of all funetional
substituted compounds are mainly transferred from
HOMO to LUMO. The absorption spectra of MeO-PV
derivatives show broad absorption peaks covered the
range from 300-580 nm. In addition, the main electronic
contributions of MeO-PV-Th, MeO-PV-Py, MeO-PV-FI
and MeO-PV-Cz are 5,5, (63.13%). 5,5, (65.51%),
S5 (65.54%) and S,—5,; (62.98%), respectively.

Introduction

Conducting polymer are an important class of
organic semiconductors and may be useful for the
construction of flat screen display([l], transistors[2],
lasers[3], light-emitting diodes[4] and organic solar
cells[5]. Among the numerous conducting polymers,
poly(p-phenylene vinylene) (PPV) is by far the most
extensively studied. PPV, an organic semiconductor
with energy gap of 2.5 eV, which has been studied due
to the much interests in materials research. Moreover,
PPV is a polymer with attractive properties such as
high electrical conductivity, electroluminescence,
photoluminescence and photoconductivity.

Derivatives of poly(p-phenylene vinylene) (PPV)
have been examined by attaching methoxy side groups
onto the phenylene ring at the C; and Cy4 (p-methoxy
phenylene-vinylene (Me(O-PV)), leading to an increase
of both their solubility and stability. While cyano
group substitution [6] on vinylene backbond effects
the electronic and optical behaviour because of its
electron-accepting capabilities and induces torsion in
the molecule due to it size. Furthermore, changing the
substitutions [7-9] of the p-pheneyvlene vinylene, the
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band gap can be fine-tuned the Me(Q-PV derivaties
including thiophene (Me(Q-PV-Th), pyrrole(MeO-PV-
Py), flourene (Me(O-PV-Fl) and carbazole (MeO-PV-
Cz) as the donor. The structures of MeO-PV
derivatives are shown in Fig. 1.

Ma

Ml Me

Figure 1. Structural geometries of (a) MeO-PV-Th,
(b) MeOQ-PV-Py, (c) MeQ-PV-Fl and (d) MeO-PV-Cz

Thus, the main objective of this work is o
investigate structural, electronic properties p-methoxy
phenylene-vinylene (MeO-PV) derivatives by using
density functional theory method [10-14]. Then, the
effects of the electron donor or acceptor ring based
backbone on the electronic properties of Me(Q-PV
derivatives were studied. The effects of the ring
structure on the conformation and electronic properties
are discussed in this study.

Methods

The ground-state geometry and electronic structure
of the studied p-methoxy phenylene-vinylene (MeO-
PV derivatives are optimized by means of the hybrid
density functional theory (DFT) method at the B3LYP
level of theory (Becke-style 3-parameter density
functional theory with 6-31G(d) (6-31G basis set with

PACCON2009 ( Pure and Applied Chemistry International Conference)
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Introduction

Poly(phenylene-vinylene) (PPV) is one of
the most important conductive polymers. It
has been studies due to the interests in
materials research because PPV based on
high electrical conductivity
electro-luminescence, photoluminescence
and photoconductivity. Therefore, the main
objective of this work is to investigate
structural and effects of the electron
donor-acceptor based backbone on the
electronic  properties of  p-methoxy
phenylene-vinylene (MeO-PV) derivatives
were studied by using quantum chemical
calculations and comparison to available
experimental data.

Methods

The ground-state geometry and electronic
structure of p-methoxy
phenylene-vinylene(MeO-PV)
derivatives, MeO-PV-Th, MeO-PV-Py, MeO-PV-
Cz and MeO-PV-Fl (in Figure 1) are optimized
by using hybrid density functional theory
(DFT) method at the B3LYP level of theory at
6-31G(d) basis set. Vertical excitation
energies (absorption energy) were computed
with TD-B3LYP/  6-31G(d) method based on
the ground state geometries. The results
were compared with available experimental
data. All calculations were performed on
Gaussian 03 program package. In
addition, electron density and UV spectrum
have been studied by using GaussSum
2.0.6.0 program package.

Results and
discussion

1. Electronic properties

The geometry are optimized at the
B3LYP/6-31G(d) level of theory. The
obtained energy gap (Eg) of MeO-PV
derivatives (MeO-PV-Th, MeO-PV-Py, MeO-
PV-FI and MeO-PV-Cz) are 2.99, 3.00, 3.01
and 3.02 eV, respectively. All structural
geometries substituted by cyano groups on
the MeO-PV backbond induce distortion in
the molecule along the molecular plane. The
distortion is large when the cyano groups
are substituted on the vinylene moieties due
to the electron-accepting.

*E-mail:

MeO-PV derivatives

) Hydrogen
@ Carbon
@ Nitrogen
O Sulfur
@ Oxygen

Figure 1. Structural geometries of MeO-PV-Th, MeO-PV-Py,
MeO-PV-Cz and MeO-PV-FI.

Table 1 Electron density of MeO-PV-Th
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Figure 2. Electron density of MeO-PV-Th.
Table 2 Electronic transition of MeO-PV-Th
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Figure 3. Absorption spectra of MeO-PV derivatives.
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Results and discussion

The injection of electrons to MeO-PV
derivatives was substituted to both cyano
groups and functional groups (Th, Py, FI
and Cz) that lead to change in their
electronic structures. From the results in
Table 1 and Figure 2, the electron
distribution of cyano groups and all
functional groups are mainly transfer from
HOMO to LUMO.

2. Absorption properties

The absorption transition energies
(§4-S,) were calculated by
TD-B3LYP/6-31G(d) approaches using the
ground state optimized geometries by
B3LYP/6-31G(d) method. The electronic
transition, energy gap, absorption
wavelengths and oscillator strengths of
MeO-PV derivatives were listed in Table 2.
Experimentally, the MeO-PV-Th structure
represent the absorption band. It was
observed from THF solution at A, 450 nm.
While, the calculated  absorption
wavelengths is 447 nm, which is in strong
agreement with the measured experimental
data. Furthermore, UV spectrum of all
structural geometries was summarized in
Figure 3.

Conclusion

The cyano groups and functional groups
(Th, Py, Fl and Cz) were substituted onto the
MeO-PV as donor-acceptor lead to change
electronic properties. In addition, molecular
plan as non-planar has been distorted due to
cyano groups substitution. The electronic
transitions of all functional substituted
compounds are mainly transferred from
HOMO to LUMO. The absorption spectra of
MeO-PV derivatives shown that broad
absorption peaks covered the range from
300-580 nm. Comparsions with avalilable
experimental data demonstrated that TDDFT
are a very reliable tool for investigating the
electronic transitions of MeO-PV.
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3 S

MEH-ThV-CN MEH-ThV

Two-based molecules [1°,4’-Bis(thienyl-vinyl)]-2-methoxy-5-(2"-ethylhexyloxy)-1,4-
phenylene vinylene (MEH-ThV) and [I',4’-Bis(thienyl-1,1’-cyanovinyl)]-2-methoxy-5-(2’-
ethylhexyloxy)-1,4-phenylene vinylene (MEH-ThV-CN) were synthesized. The molecules,
which contain both the phenyl, vinyl and thiophene moieties in the molecules were
characterized by 'H-NMR, FT-IR, and UV-visible spectrometry. Their compounds are readily
soluble in common organic solvents, acetonitril, THF and chloroform. All of these compounds
exhibited strong absorption at around 383 nm which can be attributed to either the charge
transfer between moieties segment of the molecules. The optical absorption spectra of two
monomers were calculated using time-dependent density functional theory (TD-B3LYP/6-
31G(d)//HF/6-31G(d)). It can be shown that the energy gap of MEH-ThV-CN and MEH-ThV
are 3.87 and 3.38 eV and absorption maximum (An,) are 385.85 and 394.39 nm, respectively,
which corresponds to the available experimental optical absorption of MEH-ThV-CN (383.85
nm) in THF solution.

Keywords: [1°,4'-Bis(thienyl-vinyl)}-2-methoxy-5-(2"-ethylhexyloxy)-1,4-phenylene vinylene
(MEH-ThV), [1’,4’-Bis(thienyl-1,1'-cyanovinyl)]-2-methoxy-5-(2"-ethy lhexyloxy)-1 4~
phenylene vinylene (MEH-ThV-CN), Hartee-fock (HF) and density function theory (DFT)
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Introduction

Poly(2-methoxy-5-[2'-ethyl-hexyloxy]-phenylene vinylene (MEH-
PPV) based on conjugated polymers with a optical gap 2.17 eV, which
has been studied extensively because of it promising applications in
light-emitting diodes (LEDs), field effect transistors (FETs), solid-state
lasers, and photovoltaics. This is due to advantages of these materials
as compared to inorganic semiconductors, including low weight, easy
of processing, flexibility, and low fabrication cost. Futuremore, when
an organic conjugated system combines with donor-acceptor groups
or fused with other conjugated ring, its band gap may be further
reduced. So, we interested in study the structures of (2-methoxy-5-[2-
ethyl-hexyloxy]-phenylene vinylene (MEH-PV) based molecules with
donor-acceptor groups. In this work, our goal is observe by
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Results and Discussion

1. Synthesis and Characterization of the MEH-ThV-CN

The cyanogroup on the ary unit is the acceptor group, can be easily
obtained by nucleophilic substitution. It was obtained with a yield of 90.38%
as a white solid in Fig. 3 (a). Thiophene carboxaldehyde as the donor groups
was prepared via a Knoevenagel condensation. The product was obtained as
a pale orange (yield 58.43%), as shown in Fig. 3 (b). The 'H-NMR spectrum
confirmes the MEH-ThV-CN structure (Fig. 2), exhibiting the chemical shift of
alkyl chains at 0.85-1.808 ppm. The methoxy (CH,0-) 19 and methyleneoxy
protons (-CH,0-) 1 appear at 3.95 ppm (3H, s) and 3.96 ppm (2H, d). The
phenyl ring protons are found in the range of 7.09-7.17 ppm. The thiophene
rings protons at 7.5-8.5 ppm. In the FT-IR spectrum of MEH-ThV -CN , the C=N
stretching band (2271 cm) and the %transmission peak at 3150 cm' was
assigned to C-H stretching of the aromatic ring (data is not show). MEH-ThV

Figure 3. Compounds were substituted
with (_l) cyano groups (acceptor) and

comparison between experimental and theoretical calculation. We
synthesized and characterize of [1,4-Bis(thienyl-vinylene)]-2-methoxy-
5-(2-methylhexyloxy)phenylene (MEH-ThV) and [14-Bis(thienyl-1,1"-
cyanovinylene)]-2-methoxy-5-(2-methylhexyloxy)phenylene (MEH-ThV-
CN). The structure consists of a central dialkoxyphenylene core
(donor), para-disubstituted by two thiophene derivatives (donor)
through a cyanovinylene linker (acceptor). Quantum chemical
calculations are an important tool to investigated the relation between
the optical properties of MEH-ThV and MEH-ThV-CN and comparison

with the experimental results.

MEH-THY )
JP L by
" ,N;::?HI*“ a,
¥t A
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P
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ba
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Vo I
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O Hydrogen O Cabon
Figure 1. Molecular structures of MEH-ThV and MEH-ThV-CN.

Experimental and Theoretical

Synthesis and Characterization

The MEH-ThV-CN molecule was prepared from 14-
Bis(chloromethyl)-2-{(2"-ethylhexyl)oxy)-5methoxybenzene, ~sodium
cyanide in anhydrous DMF solution. The mixture was combined with
thiophene-2-carbaldehyde, potassium tert-buthoxide in methanol,
next the crude product was recrystallized to obtain a pale yellow. The
characterization were determined from 'H-NMR, FT-R and UV-Vis

spectrometry.
Computational details
We have been investigated the electronic properties of MEH-
ThV and MEH-ThV-CN by using a quantum chemical calculations. The
geometries were optimized by HF/6-31G(d) level. The absorption
properties were calculated at TD-B3LYP/6-31G(d) level. All
calculations have been performed using Guassian03 program.

T )

side chain

Figure 2. Spectrum *H-NMR of the MEH-ThV-CN molecule in CDCI, solvent.
1. Colladet, K., Fourier, S.; Clei), T. J.; Lutsen, L., Gelan, J.; Vanderzande, D., Huong Nguyen, L.
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2. Hou, J.; Yang, C.; Qiao, J.; Li, Y. Synthetic Metals 2005, 150, 297
Suramitr, S.; Kerdcharoen, T, Srikhirin, T.; Hannongbua, S. Synthetic Mefals 2005, 155, 27
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Figure 4. The absorption spectrum of the MEH-ThV-CN dilute in THF solution.
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Figure 6. Energy diagram of the MEH-ThV and MEH-THV-CN * Absarption band measured in THF solution
2. Electronic properties

The ground-state geometries of the MEH-ThV and MEH-ThV-CN was determined by a full optimization at
HF/6-31G(d) method. The cyano groups are twisted (torsion angle > 50°) leading to non-planar structure, while
the geometry of the MEH-ThV is planar along the main chain. The HOMO-LUMO energy level are shown in Fig. 6.
The energy gap of MEH-ThV and MEH-ThV-CN be obtained are 3.38 and 3.87, respectively.

1

The absorption transition energies (S,—S,) were calculated by TD-B3LYP/6-31G(d). The electronic
transition, energy gap, absorption wavelengths and oscillat gths of both molecules were listed in Table 1.
The absorption spectrum of MEH-ThV-CN from experiment is show in Fig. 4. It was observed in tetrahydrofuran
(THF) solution at A, 393 nm (3.23 V) (Fig.4). While, the calculated absorption wavelengths is 380 nm (3.23 eV)
(table 1), which is in strong agreement with the measured experimental data.

Conclusions

MEH-PPV based molecules were substituted with cyano groups (acceptor) and thiophene rings (donor)
lead to change structures properties and electronic properties. In addition, molecular plan as non-planar has
been distorted due to cyano groups substitution result in higher the energy gap of the MEH-ThV-CN higher than
the  MEH-ThV molecule. TDDFT are a very reliable tool for investigating the electronic transitions of the MEH-
ThV-CN, due to it gives similar wavelength to the experimental.
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Electronic Properties Study for All Stereoisomers of [1',4'-
Bis(thienyl-vinyl)]-2-methoxy-5-(2'-ethylhexyloxy)-1,4-phenylene
vinylene by Quantum Chemical Calculations
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University, Kasetsart University, Jatuchak, Bangkok, Thailand 10900

*E-mail: fscisph@ku.ac.th, Tel: +66-2-562-5555 ext 2140

Three stereoisomers, EE, EZ and ZZ isomers, of [1",4"-Bis(thienyl-vinyl)}-2-methoxy-
5-(2-ethylhexyloxy)-1,4-phenylene vinylene (MEH-ThV) were studied the structural
and electronic properties. The optical absorption spectra of three sterecisomers were
calculated by using time-dependent density functional theory (TD-B3LYP/6-
31G(d,p)/B3LYP/6-31G(d,p)). In addition, spectrums 1H-NMR were calculated for
exhibition of shielding or deshielding effects in each configuration. For the results we
found that all of these compounds exhibited strong absorption in the visible region.
EE isomer is red-shifted more than other structures. This can be attributed to either
the charge transfer between moieties segment of the molecules.
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