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Abstract

The meta-PPV copolymer was prepared by the condensation of the diphosphonium
chloride of meta-xylene with dialdehyde of vanillin. Meta-PPV thin films were
successfully deposited on glass substrates by spin casting method. The polycrys-
talline structure of the films was confirmed using X-ray diffraction (XRD) analy-
sis, and also XRD was utilized to compute the grain size and dislocation. Surface
morphology was characterized by using photomicroscope and scanning electron
microscopy. Fourier-transform infrared spectroscopy was used to verify the pres-
ence of the absorbance bands. The optical absorption measurement revealed direct-
allowed electronic transition with band gaps 3.3 eV and 2.85 eV for as-deposited
and annealed films, respectively. The redshift of the band gap and related optical
constant after annealing was assigned to the change in configuration and conforma-
tion of copolymer chains. Thermal annealing leads to the reduction in PL efficien-
cies and redshift of single peak which attributed to band-to-band transition.

Keywords Meta-PPV - Thin film - Optical properties - Thermal annealing - XRD

Introduction

Conducting polymers such as PPV and its derivatives were the promising future
of organic electroluminescent materials [1]. In particular, conjugated polymer
thin films achieved extensive interest among scientists over the past two decades
because of their versatility and ease of preparation [2]. Since the discovery of
electroluminescent poly(phenylene vinylene) PPV in 1990 [3], PPV continues to
receive enormous interest for application in optical and electronic devices such
as organic light emitting diodes (OLED) [4], field effect transistors (FETs) [5]
and solar cells [6]. PPV is a highly stable conjugated polymer; the small optical
band gap (2.5) eV and its bright yellow fluorescence make it nominated for many
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applications [7]. Significant researches have been achieved to study the band gap
of conjugated polymers through changes in chemical structures [8], as always
important for conducting polymer, the ability to influence the band gap in the
molecules predictable fashion, so that their electronic properties can be tuned to
match the desired application [9]. By the inclusion of different functional side
groups, the physical and electronic properties of PPV derivatives can be modified.

Although PPV is one of the best polymer materials to be used as an efficient
accepter in polymeric solar cell, its structure causes low solubility and aggrega-
tion as it is insoluble in pure form because of the high dielectric mismatch with
conventional solvents; this intractability can be overcome either by involvement
of chemically attached side chains to the polymer backbone, as the side chains
produce an organic layer surrounding the polymer backbone to increase the
compatibility of the polymer with organic solvents [10] or by introducing flex-
ible non-conjugated spacers into the polymer backbone [11]. The synthesis of
conjugated soluble electroluminescent polymer by using PPV with long alkyl or
alkoxy ramification was the first approach used [12]. Oriented PPV was found to
be mechanically strong, highly crystalline and environmentally stable [13, 14].
Several methods for synthesis of PPV have been reported [15-17], but chemical
method is one of the easiest. The structural and hence the optical properties vary
dramatically, based on which precursor polymer utilized [18], and the prepared
PPV by this method had better chain ordering resulting in larger modifications in
the electronic structure [19]. Conjugation confinement can be achieved by tailor-
ing the polymer structure via inserting (para, meta, ortho) linkages or imposing
steric distortions.

Xylene is an aromatic hydrocarbon that exists in three isomeric forms. The iso-
mers can be distinguished by the designations ortho (o-), meta (m-) and para (p-)
which specify to which carbon atoms (of the benzene ring) the two methyl groups
are attached. Of the three isomers, the meta-xylene (1,3-dimethyl benzene) is rarely
sought and it is used in the manufacture of isophthalic acid which is in turn used as
a copolymerizing monomer hence the utility of its conversion to the p- and o-iso-
mers [20]. To our knowledge, there are no previous studies that have been carried
out on (meta-PPV) thin films. In this study, the m-xylene was used to synthesize
copolymer thin films under term conjugated-non-conjugated copolymer because of
the presence of aliphatic spacer between aromatic rings. The copolymer contains
alkyl group (CH;) in the position meta, and the presence of this group with aliphatic
spacer leads to the variation in the energy band gap and affected the photolumines-
cence (PL) efficiency.

Thermal annealing of polymer can play a very important role in changing the
physical properties; if annealing temperature is greater than the temperature glass
transition (Tg), the polymer chains will relax [21]. In this study, the samples are
annealed at 200 °C (greater than Tg which is around 80 °C) for 1 h; so in this article,
the effect of meta-linkage in the main chain of the optical and structural properties
of the copolymer thin film will be studied; moreover, the effect of thermal annealing
on the optical constant was estimated.

The as-deposited films were investigated by X-ray diffraction (XRD), scanning elec-
tron microscopy (SEM), photomicroscope, Fourier-transform infrared spectroscopy
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(FTIR), ultraviolet—visible (UV-vis) absorption spectrophotometer and photolumines-
cence spectra (PL). All measurements were taken at room temperature.

Experimental process
Chemicals

Meta-xylene, acetone, chloroform, sebacyl chloride and vanillin were supplied from
Fluka, while triphenyl phosphine, concentrated hydrochloric acid 36%, formalin solu-
tion 35%, absolute ethanol and sodium metal were supplied from Merck Company.
These materials were used without further purification.

Preparation methods
Synthesis of 2,4-bis (Chloromethyl) m-xylene [l]

In a round-bottom flask size 250 ml, 0.094 mol from p-xylene, 0.1 mol formalin solu-
tion (35%) and 105 ml concentrated hydrochloric acid (37%)were mixed together and
refluxed for 5 h at the end of the reaction time, cooling the product and converting the
reaction mixture into large beaker and storing in a cool place for 24 h. The white pre-
cipitate was collected and washed several times with water to remove the remaining
acid and then washed with methanol, filtrate and dried under vacuum to give white
solid product, with m-point 95 °C and yield 81%.

Preparation of phosphonium salt of compounds [ll]

0.2 mol from compound [I] and 0.2 mol from triphenyl phosphene were dissolved in
50 ml xylene, and the mixture was refluxed for 24 h; solid product was precipitated and
filtrated after cooling the reaction, washed twice with xylene and finally with acetone to
give white product yield 85%. The same procedure was performed for the preparation
of the phosphonium salt of compound [II]

Synthesis of dialdehyde compound [lII[

0.21 mol of vanillin was mixed gently with 0.1 mol of 1,4-di bromo butane, and the
mixture was heated at 80 °C with stirrer in the presence of 10% potassium hydroxide
for 2.5 h; after cooling, slight yellow powder was the product, then the remaining of
acid was neutralized with sodium bicarbonate, and finally the chloroform layer was iso-
lated and evaporated in order to get the slightly yield yellow product.

Synthesis of polymer [IV]

Equal amounts of compound [II] and [III]were dissolved in 50 ml ethanol/chloro-

form mixed solvent (3/1 ratio), then 10 ml from absolute alcohol containing 0.63 mg
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sodium metal was added dropwise with good stirring under room temperature. After
complete addition, the reaction mixture was kept 24 h at room temperature, then
2% hydrochloric acid solution was added, and the polymer was isolated as viscous
brown product was characterized by FTIR analysis (Scheme 1).

Results and discussion
Structural properties
XRD analysis

The structure of the films was characterized by X-ray diffraction using CuKa radia-
tion (1=1.548 A), and the mean diameter (D) of the grain size of meta-PPV deriva-
tives thin films was calculated using Sheerer formula [22].

D =091/fcos® (1)

where 0 is Bragg angle and S is the experimentally observed diffraction peak width
at full wave half maximum intensity (FWHM). The value of dislocation was equal

CICH, CH,CI CI(PH3) PCH, CHyp(ph)sCl
LH»O p(ph),
Il(l Xyleue
cone reﬂux

reflux

m- xylene 1] [11]
OCH; OCH3
0 0
chloroform
20HC on + oL cslon 2% one CHz)gﬂ
oct, [
[ OCH; OCH;
Etona \_
1+l ———
m+l ]EtoH/chloroform @ C-(CHy8- COQ%
CH3
(IV] H,CO

Ploy [(4,6) — dimetlyl)1.3 phenylene vinylene -3- methpxy 1.4 phernylene 1.10 — dioxy
decametlylene 2- methoxy 1.4 phenylene

Scheme 1 Route of prepared copolymer
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to (2.3 x 107%(nm)~2) of m-PPV thin films representing the amount of defect in the
crystal structure, obtained by applying the relation §=1/D?.

The structure of PPV has been extensively studied. Since it is typically pre-
pared during thermal conversion of highly processible precursor polymer, it is
possible to control the degree of crystalline order and film morphology [23, 24].
The main feature of the diffraction pattern of m-PPV thin film was polycrystalline
nature as shown in Fig. 1; three peaks observed are represented by miller indices
(110), (200) and (210) planes corresponding to 260=22.1, 20=23.6 and 260=29.3
which were close to the reported [25]. When comparing the XRD pattern of our
study with others [26], an increase in the number of peaks can be seen, the behav-
ior can be attributed to the increase in the heterogeneity of the film to host lattice
occupation by m-linkage and to the decrease in the crystalline sizes to nanolev-
els (65 nm) since inserting meta-linkage disrupts the crystalline order of m-PPV
films and has a significant influence in the disordering of polymer chain [27].

The highest peaks were around the (200) plane and were in good agreement
with that reported elsewhere [26] which confirm PPV formation. Since the XRD
and miller indices for m-PPV are rare, we cannot mention all miller indices of
other angles that appeared.

[ | Y Y Vv Y Wo vy vy oy

Counts/s
150 PB
100
50
-

Position [°2Theta] (Copper (Cu))

Fig. 1 X-ray diffraction spectra of m-PPV thin film
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FTIR analysis

IR absorption wildly characterizes the interactions between the vibration energy of
bonds and electromagnetic waves [28], and it is used to verify the quality of the cast
films as well as for any shift in the absorbance bands. The prepared copolymer was
characterized by using Fourier-transform infrared (FTIR) at the (400—-4000) cm™!
region using the KBr solution. As seen in Fig. 2, we observed the absorption band
of the copolymer at the region 3070 cm ™! due to CH=CH stretching (along the vinyl
band) copolymer chain. However, the absorption band at the region 1720 cm™" cor-
responds to the carbonyl group and along the copolymer chain. Finally, the absorp-
tion band around 1600 cm™! is due to aromatic benzene.

Surface morphology analysis

The morphology of the spin-coated polymer thin film is an important factor in fabrica-
tion polymer solar cells. To obtain more information on surface structural features of
the films, photomicroscope image and SEM for samples were achieved. Figure 3 shows
a spherical structure composite of nanoparticle, and it reveals good homogeneity and
full coverage of the copolymer on the glass substrate. There are no foreign objects on
the surface or pieces that are completely insoluble; moreover, the films look yellow-
ish green. In order to characterize the surface structural of the m-PPV thin film, SEM
image of three magnifications was achieved, as shown in Fig. 3. At a scale of 100 um,
the vicinity of the surface is homogenous and no such irregular objects were seen with
good quality on glass substrate adhesion. The film revealed a porous structure, unless
there is some aggregation which is caused by interpenetration of adjacent chain in
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Fig. 2 Fourier-transform infrared spectroscopy (FTIR) of m-PPV thin film

@ Springer



Polymer Bulletin

Fig.3 Photomicroscope and
SEM image of m-PPV thin films
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solution which survives the spin casting process and it persists into the film [28]. When
the scale increases to 2u and 1u, a semi regular distribution of several plates appears,
this aggregation of plates is maybe caused by agglomeration of the coiled chains [29].

Optical properties

Optical characterizations of polymer such as optical absorption, transmission, lumines-
cence spectra are the most important tools since they provide information about chemi-
cal and physical structures which are the configuration and conformation, respectively,
of polymer chains [30]. Optical properties of the polymer depend on the properties of
the solvent used to cast the film by modulating the aggregation state and conformation
of the polymer chains. In this study, we use chloroform as solvent which is classified as
a better one (in which a polymer can dissolve fully in a short time) [31].

Absorption and energy gap

The UV-vis absorption is commonly used for studying the interactions between elec-
trons and radiation, the spectral behavior of the optical absorbance of as-deposited and
annealed thin film in the UV—-vis range as shown in Fig. 4 which illustrates a sharp
increase in absorbance toward UV region which is due to the fundamental absorption
of light caused by excitation of electron from HOMO (highest occupied molecular
orbital) to LUMO (lowest unoccupied molecular orbital); the redshift of the absorption
edge of the annealed film resulted from formational change of the polymer chain as the
annealing temperature higher than Tg of m-PPV, and the chains were relaxed, which
led to the increasing of the chains length and caused this redshift. The absorption coef-
ficient () was calculated by using the relation

a =2303A/t )
The thickness of the film () (5000+5) A was measured by using a micrometer
with scale of 1 pm—1 cm The absorption data were manipulated for the calculation

1.4

121 P,=as deposited

P,=annealed at 200°C

0.8
0.6 Py
0.4

0.2 4

0 200 400 600 800 1000
Anm

Fig.4 Absorption spectra of as-deposited and annealed m-PPV thin films
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of the energy band gap. The energy band gap (in conjugated polymer) can be
defined by the energy level splitting between the bonding (HOMO) and anti-bond-
ing (LUMO) orbitals created between neighboring carbon orbitals (z—z*) levels
[32], the factor that influences the energy levels of electrons in polymer, and thus the
ultimate band gap energy is the conjugation length which is referred to as the dis-
tance along the polymer chain with uninterrupted delocalization of molecular orbit-
als [33]. Figure 5 reveals the optical of energy gap as determined from the following
relation [34].

ahv :A(hv—Eg)n 3)

where A is constant and n assumes 1/2 in the case of allowed direct transition, since
the absorption coefficient () is more than 10* for m-PPV deposited films. The cal-
culated value of allowed energy gap (3.3 eV) of the (z—z*) transition is consist-
ent with the reported [19] but greater than the energy gaps of other derivatives of
PPV [35], and the blue shift of band gap (with respect to other PPV derivatives)
assigned to the shortening of the effective conjugation length due to the insertion
of meta-linkage that influences the band gap, while the energy gap of the annealed
film (2.85 eV) is redshifted with respect to as-deposited film; many factors may con-
tribute to this redshift including relaxation of copolymer chains after annealing or
molecular deformation elevation the degeneracy of the fundamental electronic tran-
sition. By introducing variation in polymeric structure, the energy gap of the (z—z*)
transition which is responsible for the color emitted is changed (Table 1).

The absorption coefficient in the exponential edge a < 10~ cm™ can be evaluated
from equation [36].

a = a,exp (h/E,) )
where E, is the Urbach energy which is the width of band tail of the localized states

in the band gap. Bond orders and polymer backbone kinks affect the electronic
structure of polymer, the fluctuation of lattice configuration in polymer stain the

0.9
0.8
0.7
0.6
0.5
0.4 -
0.3 4
— 0.2 -

0.1 A

p,= as-deposited
p,=annealed at 200°C
P2

ahv)? x108 eV2 cm™2

Po

hv eV

Fig.5 Direct energy band gap of as-deposited and annealed m-PPV thin films
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Table 1 XRD values of m-PPV thin films
Tip width (°2Th.)  Rel. Int. (%)  d-spacing (A) FWHM (°2Th.)  Height (cts)  Pos. (°2Th.)

0.1181 80.14 4.00531 0.0984 21.42 22.1949
0.0472 100 3.97338 0.0394 26.73 22.3756
0.2834 82.89 3.75466 0.2362 22.15 23.6974
3.0228 53.12 3.60664 2.519 14.2 24.685
0.3779 60.27 3.30395 0.3149 16.11 26.9873
0.0708 90.24 3.04807 0.059 24.12 29.3015
0.7557 44.21 2.83045 0.6298 11.82 31.611
0.1417 19.87 2.24349 0.1181 5.31 40.1968
0.1181 29.01 2.20044 0.0984 7.75 41.0181
0.4723 35.68 2.06181 0.3936 9.54 43.9143
0.2834 15.94 1.93925 0.2362 4.26 46.8496
0.1181 21.47 1.92178 0.0984 5.74 47.3013
0.6612 5.11 1.85039 0.551 1.36 49.2447
0.0945 20.01 1.82181 0.0787 5.35 50.07
0.2362 7.61 1.76126 0.1968 2.03 51.9167
0.1181 11.65 1.72176 0.0984 3.11 53.2003
0.1889 12.18 1.66478 0.1574 3.25 55.173
0.1417 21.83 1.64701 0.1181 5.83 55.8197
0.0945 9.41 1.62652 0.0787 2.52 56.586
0.2016 15.27 1.59432 0.168 4.08 57.7828

fundamental edge and produce the Urbach tail [37]. The Urbach tail of the absorp-
tion edge is usually ascribed to the optical electronic transitions between the excited
states and the near edge localized states. In general, the Urbach energy represents
the amount of disorder or structural defects in polycrystalline or amorphous materi-
als [38]. By plotting Ln « versus /v as shown in Fig. 6 for as-deposited and annealed
meta-PPV films, the reciprocal slope of the linear part gives the value of E,. The
increase in the value of Urbach energy refers that the atomic structure disorder of
films increases which leads to redistribution of states from band to tail. As a result,
there would be a decrement in the optical band gap and an expansion of the Urbach
tail taking place as seen in Table 2. E, values change inversely with the energy gap.

Dispersion parameter

Refractive index and dielectric constant

The optical constants are commonly determined from simultaneous measurement of
absorbance and reflectance of the film material. Refractive index (n) (usually named
dispersion) plays a vital role in optical devices designing, as it is decisive in all opti-

cal applications of transparent polymer, as it has a close relationship with the elec-
tronic polarization of ions and the local field inside the material; it is unique for each
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Fig. 6 Plot of Ln a versus photon energy for as-deposited and annealed m-PPV films

Table 2 Optical parameter values of m-PPV thin films

Sample E, E, E4 E, €y N/m* Stoke shift
V) V) V) V) (m~kg™")

As-deposited 33 0.66 3.08 6.46 1,8 5% 1012 155

Annealed 2.85 1.53 0.86 3.78 195 7.5x10" 126

material and may be utilized for both identification purposes and to predict other
properties [39].

In the case of normal incidence and at range of frequencies in which absorption is
weak k> < (n— 1), the of refractive index can be written as

n=1+R"?/1-RN/? ©)
where k is the extinction coefficient or attenuation constant which is measure part
of the light lost due to scattering and absorption per unit distance calculated from
k=all4r, the spectral dependence of refractive index appears in Fig. 7, and the
change in refractive index indicates that some interactions take place between bands
in polymeric material. The annealing process can increase the interchain interaction
which leads to increase the dispersion hence increasing the refractive index, while
the extinction coefficient increases toward higher photon energy corresponding to
the beginning of strong electronic absorption and fraction of light lost due to scat-
tering, as seen in Fig. 8; the extinction coefficient is related with o which increases
with annealing. It appears that the redshift of each n and k, after thermal annealing,
may be related to the variation in the conjugation length of the chains of the m-PPV.
The optical dielectric constant (€, €,) is an essential intrinsic property of the
material, and the real part of the dielectric constant reveals the amount by which it
can decay the speed of light in the polymeric material; on the other hand, the imagi-
nary part shows that a dielectric in the polymer absorbs energy from an electric field
due to dipole motion [39]. The real and imaginary parts of the dielectric constant
were calculated using the relations.
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Fig.7 Refractive index spectra of as-deposited and annealed m-PPV thin films
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Fig. 8 Extinction coefficient spectra of as-deposited and annealed m-PPV films

€1=n?-k? €>=2nk (6)

We can see that € behaves similar to that of refractive index because of the smaller
value of &> in comparison with n%, while €, depends mainly on k values as seen in
Figs. 9 and 10

Dispersion energy parameters

The classical dispersion theory provides the description of refractive index in the
region of very small value of extinction (k) under negligible damping. The high-fre-
quency properties of thin films under investigation could be treated as single oscillator.
The relation between the refractive index and single strength below the band gap in the
transparent region is given by the relation [40].

(n* = 1) = E,Eq/ E2—(hv)* (7
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Fig. 9 Real part of dielectric constant spectra of as-deposited and annealed m-PPV films
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P,= as deposited
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0.02 A

0.01 -
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Fig. 10 Imaginary part of dielectric constant spectra of as-deposited and annealed m-PPV films

E, is the energy of the oscillator which gives a quantitative information
about the overall band structure of the material and corresponds to the distance
between the center of the valance band and conduction band; it is therefore
related to the band energy of different chemical bonds present in the molecules,
and E; is the dispersion energy correlated to the average strength of the optical
transition [41] which is a measure of the interband optical transition. This model
describes the dielectric response for transitions below the optical gap, and E E
values were determined from slop (E,E,)”" and intercept (E,E,) on the vertical
axis of the plot (n®>=1)"! as a function of (hv)? as seen in Fig. 11.
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Complex dielectric constant near absorption edge

The analyzed data of refractive index (n) can be used to obtain the high-frequency
dielectric constant (€) through the procedure, which represents the contribution of
the free carriers and lattice vibrational modes of the dispersion [38].

€1= n’~k?= €, — (N | 4n>C*Com™*)\? (8)

€, indicates to the real part of dielectric, € is the lattice constant, e is the charge
of electron, N is the free charge carrier concentration, € is the permittivity of free
space, m* is the effective mass of the electron, and C is the velocity of light. It is
observed that the dependence of €,=n* on A* is linear at longer wavelength as
shown in Fig. 12, the extrapolating of the linear part to zero wavelength of the plot
of n? versus A% gives the values of €., and from the slop of the line we can calculate
the value of N/m*as seen in Table 2.

Optical conductivity

The absorption coefficient and the refractive index can be used to calculate the opti-
cal conductivity (o,,) which is determined from the relation [38]

Oope = anC [ 4x 9)

where C is the velocity of light; it is revealed from Fig. 13 that the optical conduc-
tivity follows the same manner as absorption coefficient and refractive index, and
the increase in o, with increasing photon energy is due to high absorption of the
film in that region. The increase in excited electron by photo energy after annealing
was responsible for the high intensity of m-PPV thin film comparable to as-depos-
ited film. The gradual increase in Oopt after (3 eV) for as-deposited film and (2.8 eV)

for annealed film confirms the redshift of the absorbance after annealing.

p,=as-deposited
p,=annealed at 200°C

(n>-1)*

15 4 Po

0 1 2 3 4 5 6
(hv)* (ev)?

Fig. 11 Variation in (n”— 1)~" as a function of (hv)? of as-deposited and annealed m-PPV films
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Fig. 12 Variation in n? as a function of 4% of as-deposited and annealed m-PPV films
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Fig. 13 Optical conductivity spectra of as-deposited and annealed m-PPV films

Photoluminescence (PL)

The photoluminescence (PL) emission in conjugated semiconductors is affected
by stoichiometric defects in electronic levels. Photoluminescence measure-
ment was taken with excitation wavelength at 350 nm for both as-deposited and
annealed films. The PL will be redshifted from the absorption for any material,
and the wave length separation between the peak of absorption and emission is
known as stokes shift, since the absorption occurs from the lowest vibronic level
of ground state and the emission occurs from the lowest vibronic level of the
excited state; stokes shift is important in determining the energy loss through
heating of an excited electron upon emission as well as the probability of an

@ Springer



Polymer Bulletin

emitted photon to be absorbed [33], and the reduction in apparent stokes shift
after annealing interpreted increases in effective conjugation length [19].

The PL of polymer thin films was associated with chain conformation as well
as interchain interaction in the films. Figure 14 shows the PL of meta-PPV for the
as-deposited and annealed films both of which are attributing to emission character-
istic of m-PPV backbone arises from relaxation of excited z-& to the ground state.
The insertion of meta-link significantly disrupts the conjugation along the polymer
backbone with concomitant blue shifting of absorption and emission energies com-
pared to other PPV derivatives based on p-xylene [42]. A noticeable reduction in
intensity with a slight redshift can be seen after thermal annealing. The change in
PL peak related with the increase in the conjugation length as a result of relaxation
of polymer chain after annealing at temperature beyond 7, (e.g. 200 °C) or during
the annealing the oxygen might lead to carbonyl defects on polymer chain thus inter-
rupting the conjugation, and the carbonyl acts a quenching sits and strongly affected
the PL spectra [14]; on the other hand, the annealing process can increase the inter-
chain interaction aggregation that leads to the reduction in PL efficiencies and red-
shift. In addition, the quenching of PL efficiencies indicates low-emission species
that have been formed during the annealing, while increased flexibility of the poly-
mer chain leads to a broadening of the spectrum.

Conclusion

Thin films of m-PPV based on m-xylene were prepared by spin casting method on
glass substrates. The effect of insertion meta-linkage on the structural and optical
properties was studied. XRD results indicate polycrystalline structure with small
peaks since meta-linkage reduces the crystallinity of the films. FTIR analysis con-
firms that the main chemical composition of m-PPV has been preserved. From opti-
cal measurements, the blue shift of allowed direct energy gap (3.3 eV) comparable

250
p,=as-deposited

__ 2004 p,=annealed at 200°C
S
U
> 150 -
3
o
£ 1001 Po

50 -

P2
0 T T T T
200 300 400 500 600 700
Anm

Fig. 14 Photoluminescence spectra of as-deposited and annealed of m-PPV films
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with other PPV derivatives assigned to the shortening of the effective conjugation
length due to the influence of the meta-linkages on structure of copolymer and hence
the optical properties. Thermal annealing affected the energy gap and related optical
constant such as refractive index, extinction coefficient, dielectric constant, disper-
sion energy parameters, optical conductivity and photoluminescence spectra; sev-
eral factors were responsible for the redshift including relaxation of polymer chains
after annealing or during the annealing; the oxygen might lead to carbonyl defects
on polymer chain thus interrupting the conjugation; furthermore, annealing process
can increase the interchain interaction aggregation that leads to the reduction in PL
efficiencies.
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