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ABSTRACT: We have studied thin films of the conjugated polymer poly[2-methoxy-&t®Ihexyloxy)-1,4-
phenylenevinylene] (MEH-PPV), prepared from polymer samples whose weight-average molecular Mgjght (

was varied in the broad range of 20600 kg/mol. Anisotropic refractive index measurements by means of
waveguide prism coupling and reflectometry as well as polarized infrared spectroscopy were used to analyze the
polymer chain orientation in the films. We found that the film morphology depends significantly on the molecular
weight, especially in the rangd,, < 400 kg/mol. Thin films of high molecular weight MEH-PPV have most
polymer chain segments oriented parallel to the film pfaimecontrast to low molecular weight samples which

have nearly random orientation of the chain segments. Appropriate choice of molecular weight enables fine-
tuning of the refractive index of slab waveguides and reduction of their mode propagation losses to less than 1

dB/cm.
Introduction Scheme 1. Chemical Structure of _
Derivatives of polyp-phenylenevinylene) (PPV) are inten- Po|y[2-methoxy-s-(z-et?'\;;llgeH%gg)\%)-1,4-phenylenevmylene]
sively studied because of their outstanding semiconducting,
luminescent, and nonlinear optical properfieIn particular, :>_/_/
poly[2-methoxy-5-(2-ethylhexyloxy)-1,4-phenylenevinylene] o
(MEH—-PPV, see Scheme 1 for its chemical structure) is
frequently used as model material to gain basic understanding CH:CHﬁ
of the photophysics of a typical conjugated polyrfet.lt is CH4O

soluble in common organic solvents and can be easily processed

to thin films by spin-coating. It has been shown that such films weight16.1%-21 the film thicknesd?22 and the preparation
exhibit uniaxial anisotropy due to preferred alignment of the conditions of the film:23

polymer chains in the plane of the filfn®> Because the main It was reported recently that the molecular weight in particular
electric polarizability and the transition dipole moment of the has strong impact on morphology and optoelectronic properties
conjugatedr-electron system are parallel to the chain direction of thin films of conjugated polymers. This is observed not only
of a conjugated polymer, the anisotropic orientation of chain in the case of MEH-PP¥1524put also in polydiacetylen®,
segments is strongly correlated with significant birefringence polythiophened5-28 and polyfluorened®-32 for example.

of the films; i.e., the refractive indices at transverse electric (TE)  The aim of this work is to present a comprehensive study on
and transverse magnetic (TM) polarizations differ considerably the influence of the molecular weight on the polymer chain
with nre > nmv.927 It is remarkable, however, that reports of  orientation in thin spin-coated films of MEH-PPV by means of
basic optical properties of thin films of MEH-PPV such as their transmission and reflection spectroscopy, prism coupling of slab
refractive index and absorption coefficient show significant waveguides, and FTIR spectroscopy. We will show that higher
disagreements1%-12 This discrepancy of the published data is molecular weight MEH-PPVs have an increased amount of
not limited to films of MEH-PPV only but is observed also for  polymer chain segments aligned parallel to the film plane as
many other conjugated polymésThere are two main reasons  compared to low molecular weight samples. As a consequence,
for inconsistencies in the reports of optical constants of thin important optical constants of the films such as refractive index,
polymer films: (i) Although a broad variety of techniques is absorption coefficient, and waveguide propagation loss coef-
currently used for the measurement of the refractive index and ficient depend significantly on the molecular weight of the
its anisotropy, their precise determination (especiallyaf) polymer.

in very thin films is still a major challeng®¥. (i) The

morphology of thin polymer films, and consequently the values Experimental Section

of nre and nrv, can depend significantly on the molecular It is necessary to apply different synthetic routes to obtain MEH-
PPVs with a large variation of molecular weight. The frequently
TMax Planck Institute for Polymer Research. used, so-called Gilch dehydrohalogenation r&iitgyields polymers
#University of Jena. which have a weight-average molecular weilyht on the order of
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Table 1. Properties of MEH-PPVs from Different Synthesis Pathways and Molecular Weights

My, Mn agw(TEo) agw(TMo)
polymer route [kg/mol] [kg/mol] Mw/Mp Amax[nmM] Omax[10% cm™] [dB/cm] [dB/cm]
1 Gilch 9.3 4.8 1.94 472 13.2 0503 0.7 0.3
2 Horner 13 6.4 2.03 474 13.9 090.4 0.6+ 0.3
3b Horner 25 9.1 2.75 477 15.0 050.3
4 Horner 40.3 14.1 2.86 489 16.6 at50.3 0.5+ 0.3
5 Gilch 128 24.6 5.20 494 14.6 5#40.4 0.5+ 0.3
6 Gilch 265 87.1 3.04 489 18.2 621.6 0.5+ 0.3
7 Gilch 276 105 2.63 491 18.4 641.6 1.0+ 0.3
8 Gilch 420 108 3.89 495 19.1 385 0.6+0.3
9 Gilch 1600 130 12.3 495 194

aM,, = weight-average molecular weightl, = number-average molecular weight. All optical data are from studies of thin fillpgx = wavelength
of absorption maximumamax = intrinsic absorption coefficient &fnax, 0qw = attenuation loss of guided waves of d&nd TMy modes, measured at 1064
nm.® Data are from ref 6.

route which yields polymers withl,, in the typical order of several  of ng(1) of the films were obtained by reflectometry at nearly

10 kg/mol?3:35 perpendicular incidence and were evaluated by means of Fresnel's
We have investigated nine different MEH-PPV samplesd equationg:3
(listed in Table 1) withM,, in the range of 161600 kg/mol. The The refractive indices of MEH-PPV waveguides (with thickness

MEH-PPVs2—4 were synthesized via the polycondensation route in the range of 400 nm10um) for both TE and TM polarization
using the Horner carbonylolefination as the step growth polymer- were determined by prism coupling using the m-line techriijue
ization proces&® The synthesis of7 was performed via Gilch as described earliérThe following lasers were used: HeNe (633
dehydrohalogenation as described rece#tMEH-PPVs1, 5, 6, nm) and an optical parametric generator which can be tuned in the
8, and9 were also synthesized via the Gilch roule.6, and 8 range of 686-2000 nm (EKSPLA model PG 501 pumped by the
were obtained from American Dye Source (ADS), Canada,%and second harmonic of a ps-Nd:YAG laser, EKSPLA model PL
was provided by Covion GmbH, Germany. Molecular weights were 2143B). We were able to excite both J&nd Tk (respectively
measured by gel permeation chromatography (GPC) using poly- TMo and TM,) at the appropriate laser wavelength and used these
styrene standards and THF as eluent. All MEH-PPV solutions were two modes to calculate the refractive index and film thickness
filtered (0.5 or 1um syringe filters) prior to the GPC measurements. Simultaneously. The obtained values of film thicknesses were in

Thin films were prepared by spin-coating from freshly prepared 900d agreement with those measured with the step profiler.
and filtered (0.5 or um syringe filters) toluene solutions at ambient ~ Waveguide loss experiments were performed by use of the CW
atmosphere under a laminar flow hood to minimize dust particles Nd:YAG (1064 nm) laser and the setup described eaffidihe
as descibed in detail recenfijVe used freshly cleaned fused silica Scattered light from the waveguide was imaged by a lens onto a
substrates for the UV/vis/NIR range and silicon wafers and freshly diode array. Attenuation loss coefficientg, were determined from
evaporated gold layers on glass for the IR range with typical the scattered light intensity as a function of distance from the
substrate sizes of 25 35 x 1 mme. We varied the concentration  coupling prism. The detection limit of this method is on the order
by weight (+-7%) and spinning speed (568000 rpm at quick  Of agw ~ 0.5 dB/cm.

acceleration) to control the film thickness. While the ltWy-MEH- Infrared spectra were recorded with a Nicolet model Magna 850
PPVs1—4 were easily dissolved in concentrations by weight up to  FTIR spectrometer at two configurations: Transmission spectra of
7%, we did not use the higher molecular weight polynt$ in thin films (d &~ 70 nm) deposited on silicon wafers were measured

such high concentrations because their solutions have very largeat normal incidence. Reflection spectra using p-polarized light at
viscosities. Gelation problems appeared in the case of polgmer grazing incidence were measured with MEH-PPV filndsx 70

at concentrations- 1 wt %, and that is why we were not able to nm) that were spin-cast on top of 50 nm thick gold layers prepared
spin-coat films thicker than 150 nm from this polymer. before by thermal evaporation onto glass slides. This kind of

The films were placed subsequently in a vacuum oven at elevatedinfrared reflectior-absorption spectroscopy (IRRAS) on metal
temperaturesT(~ 50 °C) for abou 6 h toremove residual solvent. surfag:es_prowdes m_wproved dete_ctlo_n sensitivity and a yvell-deflned
The thicknessl and the average surface roughness of the films polarization state with the electric field vectBrperpendicular to
were measured with a Tencor model P10 profilometer. In order to the film plane* The comparison of IRRAS with transmission at
increase the precision, we have measured the film thickness fornormal incidence wheré& is parallel to the film plane enables
each film at several step profiles (typically 8) in the region where orientation studies as rewgwed earlieAs all films were prepared
the optical experiments were performed and used the average valu@nd studied at ambient air we have also used FTIR spectroscopy
of these measurements. We have used films with thickdess to verify that our results were not influenced by photooxidation of
50—70 nm for spectroscopic studies and thicker films (4800 the MEH-PPV films.
nm) for optical waveguides.

We have applied the so-called doctor-blading techriifte
prepare films withd up to 10um from polymer7 by means of the Refractive Index and Absorption Coefficient. The disper-
Erichsen model Coatmaster 509/MC-1 film drawing system in the sjons of the refractive inder(2) and the intrinsic absorption
following way: The film preparation frame was filled with a highly  coefficienta(1) of thin (d ~ 50—70 nm) MEH-PPV films were

concentrated polymer solution and pulled along the surface of a getermined by quantitative evaluation of transmission and
fused silica substrate. Films prepared this way, however, showed of6ction spectra of thin films on fused silica substrates similar
some thickness variations. Therefore, their thickness was evaluate : 38 . . .

o earlier worké38 In these measurements polarized light with

only by the prism coupling method described below. electric field vectoiE parallel to the film plane was used. Figure

Transmission and reflection spectra of thin filnts~ 50—70
nm) on fused silica substrates were measured with a spectropho-l shows selected spectel) of polymersd, 3, 4, 6, 8, and9.

tometer (Perkin-EImer model Lambda 900). Intrinsic absorption The'absorptlon coefﬂmentemaxland wavelengthdmax .Of the
coefficients o. were evaluated from transmission spectra after Maximum of the main absorption band are shown in Table 1

correction of reflection losses at film/air and film/substrate interfaces for all investigated polymers. The data/ofax have an estimated
as described in earlier work$8 These corrections usually cause uncertainty of+2 nm because of broad absorption bands. The
blue shifts ofima relative to the uncorrected spectraihe spectra experimental error oftmax is on the order of 5% and is caused

Results and Discussion
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Figure 1. Spectra of the intrinsic absorption coefficienof thin films

of MEH-PPVs with different molecular weight. The spectra correspond
to MEH-PPVs1, 3, 4, 6, 8, and9 (see Table 1).
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Figure 2. Dispersions of refractive indices of MEH-PP¥s6, and8.

Data points are from prism coupling experiments with optical waveguides
at TE polarization (full symbols) and TM polarization (open symbols).
Lines are from transmissiefreflection experiments at TE polarization.

mainly by the experimental error af The films of 1—4 and
6—9 show a systematic trend to larger valuesogfax with
increasingM,, which we attribute to changes of the average
polymer chain orientation as will be discussed below. We note
that the deviation ob from this trend is related to its much
larger polydispersity as compared4@nd6. The influence of
polydispersity will deserve further attention in our future studies.

The dispersions ofirg of polymers4, 6, and8 are shown
with solid lines in Figure 2. They are evaluated from reflecto-
metry measurements. Similar to the intrinsic absorption coef-
ficient, nte increases for higher molecular weight MEH-PPVs.

MEH-PPV waveguides with typical thicknesses ranging from
400 to 800 nm were studied by the prism coupling techrligtie
to determine the refractive indexat several laser wavelengths
between 633 and 1100 nm. The dispersionsrgfandnry are
shown with symbols in Figure 2 for the MEH-PPMs6, and
8. Again, we observe a very pronounced influenceviyf on
the refractive index and its birefringenta = nrg — npym. The
results of prism coupling and reflectometry agree very well,
which indicates thabre is not depending significantly on the
film thickness, at least fod = 70 and 800 nm. The thickness
dependence dfirg andnry will be presented below.

Figure 3 showsire andnmy at4 = 633 nm as a function of
My, for all polymers studied. At high molecular weightd{ >
400 kg/mol) the birefringence is very large and nearly inde-
pendent oM. The values ofirg, andnmy in this region are in
good agreement with those reported recetfthy? With the
decrease of the molecular weight the birefringence is signifi-
cantly reduced, and &, < 15 kg/mol we observe a nearly
complete loss of birefringence with a remaining < 0.005.
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Figure 3. Molecular weight dependence of the refractive index of thin
films of MEH-PPVs1—8 measured by prism coupling at 633 nm using
transverse electric (TE) and transverse magnetic (TM) polarizations.
nre of 9 is measured by reflectometry, amghy of 9 is extrapolated
from ref 12. Symbols refer to synthetic routes: Horner (triangles), Gilch
(circles).

1681 e . A B

1,66
1,641 _
A=1064nm 1
1,60 i

1,62

1,58

1,56

0.1 1 '
Film Thickness [um]

Figure 4. Semilogarithmic plot of in planengg, full symbols) and
out-of-plane (v, open symbols) refractive indices of thin films of
MEH-PPV7 measured at 1064 nm as a function of the film thickness.
The circles correspond to films made with spin-coating and the triangles
to films made with doctor blading.

in Figure 3 show good reproducibility and a nearly continuous
dependence of the birefringence on the molecular weight. This
is a clear indication for the dominant influence M, on the
chain orientation effects, whereas the synthetic pathways have
minor impact here.

Taking into account that the valuesmfz andnmy shown in
Figure 3 were measured in films with typical thicknesdes
400-800 nm, it may look tempting to explain the increase of
the in-plane orientation with,, by confinement effects. The
average contour length is defined as the length of the repeat
unit multiplied by the average number of units as derived from
M. Indeed, the low molecular weight MEH-PP¥&nd2 have
a contour length of about 20 nm, i.e., much smaller thah
while that of the highM,, samples7—9 is larger than 250 nm,
i.e., on the order of the film thickness. To explore this possibility
of chain confinement effects, we studied the thickness depen-
dence of the birefringence of the high molecular weight MEH-
PPV 7. The films were prepared by means of spin-coating (70
nm < d < 1 um) and doctor-bladingd(= 3 um and 10um).
Figure 4 showswg andnpy at 4 = 1064 nm as a function of
the film thickness. We like to elucidate the following points.
First of all, we had to use the transmissiaeflection spec-
troscopy to study the thinnest filnd (= 70 nm) as it was too
thin to support waveguide modes. We were able to measure
only nre of this film because our reflectometry method does
not yield nry. All other films were studied with waveguide
prism coupling. Figure 4 shows that the films made by spin-
coating and doctor-blading have very similar refractive indices.

We emphasize that although MEH-PPVs were synthesized in Therefore, their morphology must be similar. This observation

different laboratories via different routes, the results displayed

indicates that the preferred alignment of the polymer chains
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should be related to the intrinsic properties of the MEH-PPV 20F .
and to substratepolymer interactions and not to the particular E parallel

film preparation method, at least for this particular range of film 3
thicknesses and molecular weights. Furthermore, the birefrin- 1.5¢F © 1
gence e — nrv) does not decrease significantly with the 3
increase ofl up to a film thickness of 1@m. This observation 10h i

shows that chain confinement effects at reduced film thicknesses
alone are not appropriate to explain the increased alignment of
the high molecular weight MEH-PPV samples for the following
reason: The average contour length7pfestimated fronM,,

is only ~260 nm and significantly smaller than the thickness
range of 3-10 um where we still observe nearly the sarhe
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It is interesting to compare our results on the thickness : — : : i : :
dependence ohn with reports of other groups. Earlier studies 25F E dicul , (b) |
have shown that the birefringence of thin polymer films may perpendicutar : ~
depend on the film thickness, as for example in the case of < 207t & 3 T
polystyrené” or polythiophené? Other polymers, however, e.g.  § ;9; @
polyimides2:43do not show a thickness dependence\affor < 1or 5 2 T
films with thicknesses starting fromAm and up to a critical £ T
thickness in the order of several micrometers. The observed 2 1.0} : T
absence of a significant thickness dependenckrofip tod = ;:’
10um in the high molecular weight MEH-PPV films is similar 0,5 ]
to the reported behavior of polyimidés**Therefore, we expect
that a similar mechanism, i.e., the liquid crystalline behavior 0,0F M- ax ) 1 L i
of the MEH-PPV chains owing to their limited chain flexibility, 3100 29001800 1600 1400 1200 1000 800
is causing the alignment of the chain segments parallel to the Wavenumber [cm]
layer plane as observed in spin-cast th'Z‘gf"mS of several other Figure 5. FTIR spectra of MEH-PPV4 (solid line) and8 (dashed
polymers with significant chain rigidity line). AbsorbanceA is normalized with respect to the band at 1415

Refractive index and absorption coefficient.xare correlated ~ ¢m”'. Wavenumbers and anglgsare shown for selected bands only.
to each other. Both quantities can show significant anisotropy (&) Transmission spectroscopy at perpendicular incidenceiwtrallel
. e . L to the layer plane. (b) Reflection spectroscopy at grazing incidence
in thin films. The electronicz—a* transition atAmax and the with E perpendicular to the layer plane.
electric polarizability, which is related to, are both highly
polarized and have their main components in the chain direction assignment to molecular vibrations and anglese known from
of PPV Consequentlyamax andn are largest if the electric  eapjier work34647861 cnm? (out-of-plane phenyl CH wagy
field E of incident light is parallel to the chain direction. If the _— 83°): 968 cnT (transvinylene CH wag,p = 84°); 1415
PPV chains become increasingly aligned parallel to the substratecm-1 (semicircular phenyl stretcly = 64°); 3058 cnml (trans:
plane, it is evident thaimax Which is measured & parallel to vinylene G-H stretch,g = 30°). As the spectra were measured

the film plane, andire will increase, and correspondinglysm from films with slightly different thicknesses, we used the band
will decrease. Our experimental results show this correlated ot 1415 cm? for normalization of the spectra. The transition
dependence ofirg, Nrw, and dmax ON My quite well. This dipole moment vector of the vibration mode of this band is

behavior strongly indicates that thin films of MEH-PPVs with  griented at the anglep = 64°, i.e., neither parallel nor

larger My have an increasing amount of PPV chain segments perpendicular to the chain axis, making this band particularly
aligned parallel to the substrate plane. This conclusion is further g itaple for normalization when a study of the chain orientation
supported by the results of FTIR spectroscopy presented in thejs considered. We emphasize, however, that this normalization
next chapter and is in line with the similar results reported for 45 done for better presentation of the experimental data only,
a polydiacetyler® or a polyimide?* and it does not influence any of the conclusions derived below.
FTIR Spectroscopy. We used Fourier transform infrared The relative intensities of the bands with= 83° andg = 84°
(FTIR) spectroscopy to study the average chain orientation in are small forE; (Figure 5a) and much larger fdg (Figure
thin films of MEH-PPV with typical thickness of 70 nm. Infrared  5b). This is already clear evidence for a preferred orientation
spectroscopy with polarized light is a well-known technique for of the polymer chains in the plane of the film. The same
determining molecular orientatid?:#> As the transition dipole conclusion can be derived from the behavior of the band at 3058
moment vector of a vibration mode is oriented at a specific cm™ (¢ = 30°), which is stronger foE; as compared t&p.
angleg relative to the chain axis, the IR spectra can be used to The degree of chain orientation is strongly dependent on the
obtain information on the chain orientation by comparing the M, of the MEH-PPVSs, which is especially evident if we look
relative strength of vibration bands with differept*24546\We at the bands at 861 crh (¢ = 83°) and 968 cm! (¢ = 84°)
measured IR spectra of thin films ¢f, 6, and 8 in two for Epin Figure 5b. These bands become stronger with growing
configurations: transmission and grazing incidence reflection. My, from 4 to 6 (not shown) an@, which indicates an increasing
Transmission spectra at perpendicular incidence have thealignment of chains parallel to the film plane. To describe this
electrical field vector oriented parallel to the plane of filg, orientation effect more quantitatively (and independent of any
and reflection spectra at grazing incidence result in the normalization of the spectra), we use the raRoof the
perpendicular orientatiorg. The FTIR spectra of thin films  absorbance# of the bands at 968 cr (¢ = 84°) and 3058
of 4 and 8 are displayed in Figure 5. The following IR bands cm™ (¢ = 30°), which we define aRR = Agsg/Aszoss Let Us
can be used to indicate the chain orientation because theirconsider first the case when the electrical field ve@&amf the
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Table 2. Comparison of the RatioR = Ageg/Asoss Of the IR 10'F . T . 3
Absorbances of the Bands at 968 cni (¢ = 84°) and 3058 cm! (¢
= 30°) Measured for Incident Electric Field Perpendicular (En) and
Parallel (Ey) to the Film Plane, Respectively =
polymer My [kg/mol] RatEp RatE, S,
4 40.3 8 1.8 2 5L
6 265 14 15 2
8 420 22 1.0 2
i
incident light is perpendicular to the film plane. Then if the
polymer chains are oriented perfectly parallel to the film plane, ,
the transition dipole moment vector of the vibration mode of 0% 05 1o 5 20
the band at 968 cm (¢ = 84°) will be almost parallel ta= Distance [cm]

and the absorbanclgss will be very large. In contrast, the Figure 6. Intensity of the light scattered from FEmodes of
transition dipole moment vector of the vibration mode at 3058 \aveguides of MEH-PPV&and? vs distance from the coupling prism

cm! (@ = 30°) will be more perpendicular t& with the at 4 = 1064 nm. The lines represent the loss coefficiemys, as
consequence thaggsgwill be very small. In this way, we expect ~ presented in Table 1.

that the ratidR = Agsd Asoss Should be large if the polymer chains

are parallel to the film plane. In the second case of a randomly coupling. The scattered light of the waveguide mode was imaged
oriented sample, the absorbance at 968 tmill decrease on a diode array (see the Experimental Section). Typical
because of reduced spatial overlap between the transition dipoledependencies of the scattered light intensity as a function of
and E, and consequently, the absorbance at 3058awill the distance from the prism for pEnode at the wavelength
increase. In this way, the rat®should be significantly smaller ~ 1064 nm are shown in Figure 6, which indicates that the
for the randomly oriented chains as compared to chains orienteddecrease of scattered light intensity with propagation distance
parallel to the substrate. Similar considerations can be madeis very small in the case df and significantly larger fo7. As

for the case that the electric field of the incident light is parallel the intensity of the light scattered out of the film is proportional
to the film surface. One can show that the rafshould be to the guided wave intensity, the waveguide loss coeffiaigpt
bigger for the randomly oriented chains as compared to chainsis determined by the slope of the linear fit of the data as shown

oriented parallel to the substrate. in the example of Figure 6. The dataafu(TEo) andogw(TMo)
The values oR evaluated for polymer4, 6, and8 are shown at the wavelength 1064 nm are presented in Table 1 for all
in Table 2. It can be seen that f&: R increases withVly, MEH-PPVs studied. Waveguides prepared from low molecular

whereasR decreases witM, in the case of,. This is clear ~ Weight MEH-PPVs1—4 have unprecedented low attenuation
evidence that the polymer chain segments become aligned mordossesagw(TEo) < 1 dB/cm, whereas the higher molecular
parallel to the layer plane at higher molecular weights. weight sample$—8 have significantly largeogw(TEg) which

An additional question is the orientation of the planes of the INCréase strongly witiMy,. Interestingly, Table 1 shows that
aromatic rings and th&ransvinylene groups with respect to all MEH-PPVs stL_Jdled at TM polarization have nearly identical
the substrate plane. An earlier X-ray diffraction study of data ofagu(TMo) in the range 0.51.0 dB/cm.
solution-cast MEH-PPV films has shown that both the PPV  As the intrinsic absorption of MEH-PPV waveguides is
backbones and the planes defined by the benzene rings withinnegligibly small at 1064 nm, the measured loss coefficiegs
the PPV backbones are oriented preferably parallel to the film are caused by scattering losses only. Light scattering can arise
plane?® Our FTIR spectra of high molecular weight MEH-PPV  from surface roughness and from scattering within the film. The
spin-cast films reveal a similar orientation behavior: The bands average surface roughness of the MEH-PPV waveguides, as
at 861 and 968 crt have moments mainly perpendicular to measured with surface profilometry, was rather low (on the order
the planes of the aromatic rings and thens-vinylene groups, of 1-2 nnf) and did not show any significant dependence on

respectively*® These specific bands appear strongesEat Mw. Therefore, we have to discuss our data in terms of the
which is clear evidence for the preferred orientation of the morphology of the films.
aromatic rings parallel to the layer plane. Whereas films of the lovi,, (Horner route) MEH-PPVs were

Finally, the FTIR data could be used for assessment of a reported to be amorphod’fiims of high-M,, (Gilch route)
possible photooxidation of the MEH-PPV samples. It is well- MEH-PPVs may show a nematic-like textf&! It was also
known that the photooxidation of PPVs leads to the appearancereported that gel formation and aggregation phenomena can
of a C=0 stretching mode in the spectral region around 1700 occur already in solutions of higlik, MEH-PPVs32-54 These
cm 1% As can be seen in Figure 5, no major absorption is aggregates can be preserved through the casting process and
observed in this region, which indicates that our results were are observed in the filnf$5355We note a rather different
not influenced by photodegradation of the MEH-PPV films.  solubility of the various MEH-PPVs. LowA,, MEH-PPVs1—4

Waveguide Propagation LossThe waveguide propagation  were easily dissolved in concentrations by weight up to 7%,
loss is an important parameter which serves as quantitativeand these solutions were filtered easily with @r& micropore
measure for the optical quality of thin films. High-quality slab filters. However, we were not able to dissolve the higher
waveguides for applications in optoelectronics should have a molecular weight polymer§—9 in high concentrations due to
smallest possible total waveguide propagation loss coefficient problems related to their high viscosity and gelation problems.
ogw, Which is defined as the sum of the intrinsic absorption For example, solutions & show gelation problems already at
coefficiento. and the scattering losses. Because both parametersconcentrations> 1 wt %. Moreover, solutions a5—9 could
may strongly depend on the film morphology, we have measured not be filtered with the 0..xm micropore filter. Therefore, we
ogw Of slab waveguides made from the different molecular had to use the next larger pore size qirh. It may be that the
weight MEH-PPVs1—8 using the following procedure: A  probability for the appearance of aggregates in solution is larger
propagation mode in the waveguide was excited by prism for the highM,, samples of MEH-PPV.
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We conclude that the morphology of the MEH-PPV films is device$8155§ require ultimately low waveguide propagation
mainly responsible for the observed waveguide losses presentedosses that can be achieved preferably by meaniewiM,,
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