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Disorder controlled hole transport in MEH-PPV
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We analyze the correlation between nanostructure and charge transport in poly„2-methoxy,5-
(28ethyl-hexyloxy!-p-phenylene vinylene… ~MEH-PPV! films. The MEH-PPV films prepared in toluene~TL!
as well as chlorobenzene~CB! solvents were investigated using the time-of-flight method and x-ray scattering.
Nondispersive hole transport was observed at room temperature in devices prepared from both solutions. The
field and temperature-dependent mobility were analyzed by the Gaussian disorder transport model. The posi-
tional disorder parameter in CB is larger than that in TL films. Both energy and position disorders affect the
transport property in the devices from CB whereas only energy disorder affects this property in devices from
TL. Correspondingly, according to the x-ray scattering measurements, the TL-cast films have larger chain-
packed domains and less order-disorder transition interfaces than those for CB-cast films, along the surface
normal, i.e., the charge transport direction.

DOI: 10.1103/PhysRevB.69.075201 PACS number~s!: 61.41.1e, 73.61.Ph, 61.10.Eq
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I. INTRODUCTION

Organic electroluminescent conjugated polymers are te
nologically important materials for display applications b
cause of the ease of processing and flexibility in synthe
Fundamentally, they represent a new class of material
which charge carrier transport between closely packed e
tronically active chromophores, deserving further und
standing. Polyp-phenylene vinylene~PPV! and its soluble
derivatives have excellent luminescent properties.1–4 Exten-
sive studies about the morphology and photophysics of
films have been documented in the literature, however, w
less work on the charge transport studies. The relation
between the charge transport and the morphology5,6 is impor-
tant in the design of light-emitting diodes~LED’s!, lasers,7

and transitors.8 The change in photophysical properties d
pending on the processing conditions results in the chang
the efficiency of the LED’s.9–12

In luminescent conjugated polymer films, charge transp
is governed by hopping processes and mobility can be m
sured by the time-of-flight~TOF! method. In TOF measure
ments, a sheet of charge carriers produced by a short n
second light pulse moves through the material under
influence of an externally applied voltage and departs
material at the transit time,tt , with a mobility m5L/ttE,
whereL is the thickness of the sample andE is the externally
applied electric field.13 For carriers moving with constan
velocity, the ideal photocurrent transients from the TO
method resemble rectangular shapes. The dispersion o
carrier velocity and traps states will cause the actual ph
current transients deviating from the ideal shapes. This
ture in the photocurrent transient provides microscopic inf
mation about charge transports.
0163-1829/2004/69~7!/075201~8!/$22.50 69 0752
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The electric field and temperature-dependent mobi
have been an intense subject of research. In polymers
organic molecules, the mobility generally follows the Poo
Frenkel behavior,

ln@m~E!/mE50#5SE1/2, ~1!

whereE is an externally applied electric field,S is the slope
of the field-dependent mobility, andmE50 is the zero-field
mobility. A powerful method to analyze nondispersive char
transport in organic materials is the Gaussian disorder tra
port model~GDM! proposed by Ba¨ssler and co-workers.14,15

In the GDM, charge carrier movements through the mater
are simulated by hopping between transporting sites o
cubic lattice with fixed distance. Two important paramete
in the GDM model are energys and position disorderS. The
energy disorder parameter describes the spread of en
levels associated with transport. The position disorder
rameter describes the fluctuation of intersite distance
coupling between sites. It is natural to expect that mate
morphology can strongly influences and S. For a given
chemical structure, these parameters might depend on
cessing conditions, temperature treatment, and the sol
used to prepare films. Note that there are extensive pub
tions using the Scher-Montroll continuous-time random-w
model to analyze dispersive transport.16,17 Because we are
observing nondispersive transport, we use Gaussian mod
analyze experimental results.

Original and modified versions of GDM’s have been a
plied extensively on variety of polymers and molecula
doped polymers to understand how material properties af
transport. For example, the modified GDM was used to
scribe molecularly doped polymers with lower dopin
concentration.18,19 In these materials the charge carrier m
bility is influenced by the presence of the charge-dip
©2004 The American Physical Society01-1
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interaction.20–22 The dipole moment can be easily measur
to correlate the observed property changes. Fewer atte
have been made to correlate charge carrier mobility with
packing of charge-transporting molecules. One of the effo
includes addition of charge-transporting molecules in ma
rials such as poly~styrene!, with doping concentration con
trolling the intersite distance.23 Alternatively, the hopping-
site distance can be modified by the chemical structure of
molecules.24 Both approaches provide straightforward me
ods to identify the nature of packing. Conjugated polym
provide different kinds of challenges due to close packing
the charge-transporting sites.25

The morphology of MEH-PPV~noncrystalline material!
is well known to be sensitive to processing conditions.
considerable amount of work has been reported on the p
ing conformations of the polymer chains in different so
vents. It was found that the packing structure of MEH-P
in solutions might transfer to the films.26–28 In this paper we
address the hole transport properties of MEH-PPV films
their connection to the film morphology controlled by so
vents@toluene~TL! and chlorobenzene~CB!# used to cast the
thin films. The positional parameter obtained from the GD
is consistent with film morphology measured by x-ray sc
tering. The present work attempts to connect structure p
erties with parameters in Gaussian disorder model. We s
the clear correspondence between the position disorder
rameter obtained from the GDM and the structure of
films characterized by x-ray scattering. The merit of us
the x-ray scattering technique for direct structural inform
tion of MEH-PPV films cast from different solvents has be
realized earlier by, for instance, Yanget al.29

II. EXPERIMENTAL METHODS

MEH-PPV solutions of 5 mg/cm3 in CB and TL were
used to prepare thick films on a precleaned ITO~indium
tin oxide!-coated glass substrates. The top gold electro
were deposited using a thermal evaporator. Devices w
prepared from two different solution batches. The detai
procedure of device preparation and TOF instrumenta
was described in a previous publication.6 The nascent poly-
mers were characterized by tetrahedral defect and molec
weight measurements. The tetrahedral defect density
tained from the NMR measurements was;2%. A molecular
weight of;250 000 and polydispersity of 6.5 were obtain
from gel permeation chromatography measurements. Re
studies show that the mobility and the type of transport~viz.,
dispersive or nondispersive! vary with defect concentration
and molecular weights of polymer samples.8,30 Since charge
transport in conjugated polymer films can be affected by
ther variation of conjugation length or morphology, all film
used in the present study were prepared from the s
sample batch to minimize the variation in conjugation leng
Therefore, the differences in the charge transport obse
for the TL or CB sample thin films are attributed mainly
the solvent-dependent film morphology.

Photoluminescence spectra were recorded by a spec
lurometer~Spex Fluorolog-3!. The x-ray reflectivity for films
on ITO-coated glass substrate was conducted on an e
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circle diffractometer in the National Synchrotron Radiati
Research Center~NSRRC!, Taiwan. The x-ray beam, mono
chromated to 1.5 Å, was collimated into a beam size of 0
mm height and 0.4 mm wide at the sample position by t
sets of slits separated in 1 m apart. Small-angle x-ray sca
tering SAXS, measurements were performed on the 8
SAXS instrument at Tsing-Hua University, Taiwan, with th
film surfaces being either perpendicular or parallel to
beam. For the SAXS measurement we detached the sa
thin films from glass substrates. The detached films w
then carefully folded into thick layers;120 mm thick and

FIG. 1. The PL emission spectrum of MEH-PPV excited at 5
nm for device prepared from~a! TL and ~b! CB solutions. Spectra
are offset vertically for clarity.

FIG. 2. X-ray reflectivity data for the toluene~TL! cast~squares!
and chlorobenzene~CB! cast~diamonds! films of MEH-PPV. Both
sets of data are fitted~dashed curve! using the scattering-length
density profiles shown in the inset, respectively. Also shown are
reflectivity data~circles! and the fitting result~solid curve! for the
ITO-coated glass substrate for identifying the critical wave vec
of the ITO-coated layer atQc'0.04 Å21.
1-2



DISORDER CONTROLLED HOLE TRANSPORT IN MEH-PPV PHYSICAL REVIEW B69, 075201 ~2004!
FIG. 3. The photocurrent transients in~a! linear scale and~b! at log-log scale~the arrow points the transit time! at room temperature for
films prepared in TL and in CB solutions. The electric field is 13105 V/cm. Both films have thickness of 3.7mm.
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;5 m35 mm dimensions. The in-house SAXS instrume
uses an 18-kW rotating-anode x-ray source of a copper
get. After monochromatization by a graphite crystal, t
x-ray was collimated into a pencil-like beam of 1 mm diam
eter by a there-pinhole collimating system. With a be
wavelength of 1.54 Å and a sample-to-detector distance
3.8 m, the SAXS instrument scanned theQ range between
0.008 and 0.2 Å21 whereQ54p sin(u/2)/l is defined by the
scattering angleu and the wavelengthl of the radiation
quanta. A two-dimensional multiwired area detector w
used to record the data. The x-ray results presented her
corrected for sample transmission, background, and dete
sensitivity and normalized to an absolute scattering scale
comparison with a standard sample of polyethylene. The
solute scattering scale calibration makes the intensity c
parison between different sample geometries more reliab

III. EXPERIMENTAL RESULTS AND ANALYSIS

The fluorescence spectra of the drop-casted films
shown in Fig. 1 for samples from~a! TL and ~b! CB. There
seems to be less aggregation in films drop-casting from b
solvents, judging from the relative weak 650-nm band in
photoluminescence~PL! spectrum.9 Moreover, there is no
significant difference in PL spectra of films from differe
solvents. The x-ray reflectivity data for the TL- and CB-ca
films are shown in Fig. 2. Both samples exhibit the sa
critical wave vector for total reflection atQc'0.022 and
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0.04 Å21. The smaller critical wave vector indicates th
films cast from different solvents have the same dens
sinceQc5(4prb)1/2. Hererb is the scattering length den
sity determined by the densityr of the film and the molecu-
lar scattering lengthb for x rays. The same second critica
wave vector atQc'0.04 Å21 reflects the ITO-coated laye
of the glass substrate. The drop of reflectivity from un
between the two critical wave vectors is due to the be
absorption upon traversing the films. The slightly higher
flectivity profile for the CB-cast film is due to smaller bea
absorption, thus a smaller film thickness than the TL-c
film. To extract detailed structural information of the film
from the reflectivity data, we used a standard model-fitt
algorithm for multiplayer structures. This model considers
continuous transition between successive layers of diffe
rb, accounted for by a Debye-Waller-like factor.31

The beam absorption effect was also taken into accoun
the fitting algorithm, using a film density of 1.06 g/cm3 and
x-ray linear absorptionl i54.83 cm21 ~for 1.5-Å x rays! cal-
culated from the total reflection wave vector of the film.
fact, both sets of data can be fitted~solid curves! with a
model of a thick MEH-PPV layer sitting on the ITO-coate
glass substrate, using the same scattering-length density~see
the inset of Fig. 2!, with a thickness of 2.6mm for the CB-
cast film and 3.5mm for the TL-cast film, respectively. The
result shows that the depth density profiles of the MEH-P
films are independent of the cast solvent used. The smo
1-3
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ness of the scattering-length-density profiles~or density pro-
files along depth direction! obtained from the x-ray reflectiv
ity data clearly demonstrates the high homogene
~averaged in the in-plane direction! across the films.

Figure 3~a! shows the linear TOF transient plots for bo
TL and CB devices with a film thickness of 3.7mm. The
well-defined plateau in linear TOF transient plots demo
strates the high qualities of the samples. At room tempe
ture, the TOF transients exhibit a spike at the beginni
followed by a plateau and finally a long tail, indicating
nondispersive behavior. The initial spike is due to theRC
time constant of the apparatus. The transit time was de
mined from the logi-logt plot by crossing of the asymptote
to the plateau and the declining slope, shown in Fig. 3~b!.
The field and temperature ranges from which mobility can
extracted from TOF current transits depend upon several
tors. The Signal-to-noise ratio limits the mobility measu
ments at low fields and low temperatures. The time reso

FIG. 4. The field dependent mobility at different temperatu
starting from 225 to 335 K at the interval of 10 K for device
prepared from~a! TL and ~b! CB.
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tion of the circuit, limited byRC time constant of the circuit,
limits the high-temperature mobility measurement. Fina
dielectric breakdown sets the limit for high-field measu
ments. For temperatures lower than 225 K, the transport
comes so highly dispersive such that the deduction of tra
time by the logi-logt plot becomes unreliable. Figure
shows the field-dependent mobility from 225 to 325 K
intervals of 10 K for devices prepared from~a! TL and ~b!
CB. The mobility of the TL devices is higher than that for th
CB devices. Throughout the temperature range investiga
here, the mobility follows the Poole-Frenkel relationship, E
~1!. The slopeSof the field-dependent mobility and the zer
field mobility mE50 in Eq. ~1! are calculated for further
analysis. The energy disorder parameter~in meV! is deter-
mined by the zero-field mobility using the following rela
tionship ~see Fig. 5!,

m~E50!5m0 exp@2~T0 /T!2#, ~2!

wherem0 is the mobility at infinite temperature andT0 is a
characteristic temperature of the material. The energy di
der parameters, which is the width of Gaussian density o
states, is related toT0 asT052s/3k, wherek is the Boltz-
mann constant. Figure 5 shows the lnm(E50) vs 1/T2 plot for
TL and CB films. The energy disorder values for the devic
for CB and TL are 9262 and 6361 meV, respectively.

The electric-field dependence of the mobility is strong
in TL devices than that in CB devices at room temperatu
This is an indication that positional disorder is larger in t
CB films for the following reasons.

In the presence of larger positional disorder, charge ca
ers can diffuse against the direction of the applied field m
easily.14 Because charge carriers can detour around the
energetically favorable charge-transporting site by diffusi
it may travel against the applied field, thus making the m
bility smaller. As a result, the dependence of mobility
applied field becomes less prominent as the positional di
der increases.23 Furthermore, as temperature increases,
slope of the field-dependent mobility decreases for mater
with large positional disorder. This is because the therm
energy of charge carriers increases as the diffusion pro
becomes more prominent at high temperature. This beha
is observed in the CB devices, where Fig. 4~b! shows that the
slopeSgradually decreases as the temperature increases
the other hand, the slope of the field-dependent mobility
TL devices depends weakly on temperature@Fig. 4~a!#. De-

s

-

FIG. 5. The zero field mobility
is plotted against 1/T2 for devices
prepared from~a! TL and ~b! CB
to determine energy disorder pa
rameter.
1-4
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DISORDER CONTROLLED HOLE TRANSPORT IN MEH-PPV PHYSICAL REVIEW B69, 075201 ~2004!
vices made from TL films have largerSvalues, i.e., mobility
increases more rapidly with the applied field at all tempe
tures.

The actual value of the positional disorder paramete
obtained by plotting the slope~S! obtained for various tem
peratures againstŝ2, where ŝ25(s/kT)2. The results are
shown in Fig. 6. The position disorder parameter is 1061 for
CB and less than 1.5 for TL films. For the CB film,S de-
creases rapidly as the temperature increases from 225 to
K. This is characteristic of disordered semiconductors, wh
the position disorder is important as discussed in the pre
ing paragraph. The mobility is also less sensitive to elec
field in the CB film, another characteristic of geometric
disorder. On the other hand, the strong dependence ofS val-
ues on temperature is not observed in TL films. Hence
hole transport in the TL film is mainly affected by energ
disorder, while the charge transport is governed by both
ergy and position disorder in CB devices.

Although there was no significant difference in the P
spectra, field- and temperature-dependent hole transpo
different for CB and TL films. These results show that sub
changes in morphology related to charge transport do
have any effect on the PL emission. However, the x-ray s
tering results do exhibit different morphology. While th
x-ray reflectivity data shown previously reveal very mu
the same depth-density profiles~averaged over in-plane
structures! for the CB and TL films, the SAXS result clearl
demonstrates different local structural characteristics for
CB and TL films, as detailed below.

The two-dimensional SAXS patterns obtained with x ra
parallel and perpendicular to the CB film surface are sho
in Figs. 7~a! and 7~b!, respectively. With the incident beam
being nearly parallel to the film, the SAXS measured@Fig.
7~a!# shows an impressive uniaxial symmetry in the direct
perpendicular to the film surface. The TL film also exhib
similar results. The pattern indicates a larger amount of lo
structural inhomogeneity~aggregates or chain-packed d
mains! existing along the depth direction of the film. On th
other hand, the SAXS pattern with the beam perpendicula

FIG. 6. The slope~S! at different temperatures is plotted again
ŝ2 for devices prepared from TL and CB to determine posit
disorder parameter.
07520
-

is

25
re
d-
ic
l

e

n-

is
e
ot
t-

e

s
n

al

to

the film, show a circular isotropic pattern@Fig. 7~b!# for a
symmetrical structure in the in-plane direction. Figure
shows the SAXS profile of the TL-~circles! and CB-
~squares! cast films in the surface normal direction. The on
dimensionalI-Q data shown in Fig. 8 were obtained by a
eraging from the two-dimensional detector pixels of t
sameQ values along the symmetrical scattering directio
The SAXS profile for the TL film shows the power-law sca
tering characteristicI (Q)}Q2p with p54.2 ~long dashed
line!. On the other hand, the corresponding SAXS profile
the CB film has the power-law behavior ofp54 ~short
dashed line in Fig. 8! in the higherQ region. The CB data
then deviate from the power-law behavior forQ
&0.02 Å21. In the fractal model, scattering dominated by
fractal surface morphology is described byI (Q)}Q2(62Ds)

with the surface fractal dimensionDs between 2 and 3.32 For
an extreme limit of the flat surface withDs52, the fractal
scattering degenerates into the Porod law ofI (Q)}Q24. A
slightly largerp than four indicates rougher interfaces.33 As

FIG. 7. ~a! SAXS pattern for the free-standing film of MEH
PPV, measured with a beam parallel to the film surface. The b
rectangle indicates the film orientation, whereas the cross indic
the incident direction. The vertical strong scattering axis seen
responds to the depth structural information of the film.~b!. SAXS
pattern for the free-standing film~square! of MEH-PPV, measured
with a normal incident beam~cross!.

FIG. 8. SAXS profiles along the surface normal direction for t
TL ~circles! and CB~squares! cast MEH-PPV films, under a paralle
incident beam. The data are fitted by the power-law scattering w
p524.2 and24.0 ~solid and dashed lines! for the respective film.
1-5
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ANTO REGIS INIGOet al. PHYSICAL REVIEW B 69, 075201 ~2004!
Q decreases, the surface scattering behavior gradually
sits to the mass or fractal mass scatteringI (Q)}Q2Dm, with
the mass fractal dimension~equal to the scattering powerp!
Dm<3. The sizeR of the fractal facets of a scattering enti
then can be estimated fromR;1/Qf . Here,Qf is a crossover
point in the transition of scattering behavior from the surfa
fractal to the mass fractal. According to the fractal model,
interfaces for the CB-cast film between the ordered and
ordered domains are smoother (p54) than that for the TL-
cast film (p54.2), reflecting a better orientation of the ar
matic rings of MEH-PPV along the film plane in the CB-ca
film. Unfortunately, in theQ range studied, we could no
observe the transition from the surface scattering to the m
scattering for both films. Thus, we have difficulty in dete
mining the size of the secondary ordered domains for
films using the fractal model. Nevertheless, the earlier de
ture of the CB data from the surface scattering characteris
indicates a smaller domain size or correlation length in
depth direction for the CB-cast film, in comparison with t
TL-cast film.

Furthermore, the surface fractal scattering intensity rela
to the total interfacial area and the scattering contrast at
interfaces.34 The significantly higher surface scattering inte
sity (Q.0.02 Å21) of the CB-cast film implies more inter
facial area orientation in the direction parallel to the fi
surface. Here, we have assumed the scattering contrast a
transition interfaces of the order and disorder domains
both films is similar. This assumption may not be far o
from the reality, since both films have similar depth dens
profiles, as revealed by the x-ray reflectivity measurem
discussed previously. In comparison with the TL-cast fil
the smaller ordered domains with more ordered-disorde
transition interfaces across the CB film may discoura
charges more in traversing the film. We feel that the den
distribution of the order-disorder transition interfaces, wh
discourages the charge transport more, should correspo
the larger position disorder parameter of a larger diffuse
fect observed in the CB film.

IV. DISCUSSION

In this study, we have found the charge transport of
conjugate polymer films relates delicately to the local pa
ing characteristics of the MEH-PPV molecules. Since
solvents used for casting the films affect the final structu
morphology of conjugated polymer networks and thus
charge transport, the microscopic mechanism of the st
tural evolution of MEH-PPV from solution to final cast film
deserves further discussion. Most likely, the solution str
ture of MEH-PPV can be kinetically trapped in the noneq
librium drop-cast films, resulting in the observed solve
dependent structure and consequently the solvent-depen
transport property. Indeed, the small-angle neut
scattering35 result for the solution structures of MEH-PP
shows that MEH-PPV in TL and CB have the same pow
law scattering ofI (Q);Q2p with p51, indicating a similar
rigid local interchain packing for MEH-PPV in bot
solutions.36 On the other hand, Nguyen, Doan, an
Schwartz28 reported a significantly larger radius of gyratio
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for MEH-PPV in CB than that in TL. These solution
dependent structure characteristics for MEH-PPV may
trapped in the films to a certain degree and may relate clo
to the differences in the structure features observed in
CB- and TL-cast films.

Here, we emphasize the correlation between the struct
information and the charge transport for the MEH-PPV film
For local structure, the SAXS data shown in Fig. 8 indica
that the CB film has smaller ordered~chain-packed! domains
and more order-disorder~chain-not-packed! transition inter-
faces than the TL film along the vertical direction. Thus t
distance fluctuation between hopping sites is larger in
films, which corresponds to large positional disorder, acco
ing to the GDM. This is consistent with our charge transp
result, where we have a much larger position disorder for
CB film. Despite the differences in the local structure o
served directly by SAXS or indirectly by the TOF measur
ment, both films have a similar global homogeneous m
phology, as revealed by the x-ray reflectivity data.

A general method to describe morphology in luminesc
conjugated polymers is through the termsaggregationand
nonaggregation, which has been widely used to explain th
change in the photophysical properties of conjugated po
mers.Aggregationmeans the overlap of wave functions
one or more chromophores in the same chain or differ
chains of the polymer molecule. The effect of aggregat
can be observed from optical spectroscopic methods suc
PL spectra or by scanning near-field optical microscopy.37 In
aggregates, it is generally argued that the emission es
tially comes from the overlap ofp orbitals between two ad
jacent chromophores, which may be from same chain
from the neighboring chains, separated by less than 1
Consequently a change in distribution of the alignment
orientation of the polymer chains in longer length scale w
affect the charge transport but may not influence the ove
luminescence of the material.

The results in the present work show that structural f
tures influence the transport property more than that of
aggregates and nonaggregates found in the PL spectrum
evidence for this comes from Fig. 1, since there is no sign
cant change in the PL spectra of the devices from CB and
devices. The charge transport property is characterized
affected by the presence of long-range ordering in polym
samples prepared from different solvents. Charge trans
of the films relates to the hopping of charge carriers~or the
overlap of p-orbitals! within and between the ordere
~chain-packed! and nonordered regions~chain-relaxed! in the
films. Therefore the size and distribution of the ordered
gions, influencing the hopping rate and its dispersion, can
decisive in the nondispersive charge transport observed
the MEH-PPV films cast from CB and TL.

The situation here is very much different from the a
tempts to understand the effects of geometric disorder
mobility by doping materials with charge-transporting sit
in poly~styrene! matrix.23 In poly~styrene!, the dopant mol-
ecules tend to form clusters and the intersite distances
somewhat defined in the entire polymer matrix. Monte Ca
simulations can be performed by considering the charge h
ping from the center of the one cluster to another.18 In MEH-
1-6
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PPV, both regions viz., ordered~closely packed! and nonor-
dered ~loosely packed! regions have transporting site
participating in the charge transport processes. The inte
distances for the hopping of the charge carriers may be s
inside the ordered regions and larger in nonordered regi
Although the Ba¨ssler’s phenomenological disorder mod
provides a useful starting framework for theoretical und
standing, the model does not take into account sample in
mogeneity. Only spatial-averaged energy and position di
der parameters in the materials can be obtained from
model. Rakhamanova and Conwell took the first step
include inhomogeneity in energy disorder theoretically38

Their model incorporated energy disorder 120 meV in so
part of the material, and 80 meV in the other part. The sim
lation indicated a decreased mobility by a factor of 10. T
zero field mobility followed Arrenhius (lnm}1/T) rather
than the non-Arrenhius form (lnm}1/T2). These authors
concluded that the activated behavior was due to the in
mogeneity. The temperature-dependent mobility in this w
cannot distinguish between the 1/T and 1/T2 behaviors. In
addition, the mobility differences from TL and CB device
are not as dramatic as suggested by the model calcula
because in the present study the strong variation is in g
metric disorder rather than in energy disorder. Currently,
K.
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.
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are working on extension of the work of Rakhamanova a
Conwell to include spatial inhomogeneity. This should pr
vide further insight for connection of x-ray measurement a
transport model. In addition to the inhomogeneity effect,
extension of the disorder model to include correlation eff
might also be essential in applying the disorder model t
larger class of materials.39

V. CONCLUSION

In summary, the electronic properties controlled t
charge transport in MEH-PPV cannot be fully accessible
optical spectroscopy such as fluorescence measurements
there exists correlation between TOF and x-ray results.
hole transport in toluene devices is controlled predominan
by the energetic disorder and in CB devices by both ene
and position disorder.
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