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We report on photoinduced charge transfer and energy transfer reactions using a new cyano-substituted
naphthalenevinylene type conjugated polymer. Optical absorption and emission spectra of thin films of
mixtures of this polymer with the fullerene derivative 1-(3-(methoxycarbonyl)propyl)-1-phenyl-¢ &CBM)

exhibit several interesting features such as luminescence quenching and polaronic photoinduced absorption
(PIA) of charges indicating photoinduced charge transfer. On the other hand this new polymer exhibits energy
transfer phenomena in blends with MDM®PV (poly((2-methoxy-5-((3,7-dimethyloctyl)oxy)-1,4-phenylene)-
vinylene)). Photovoltaic devices and light emitting diode (LED) devices have been fabricated and characterized
using this novel conjugated polymer in composite with fullerenes and MBIMBV's, respectively.

1. Introduction where they are used as electron-conducting materials together
. . with poly[(2-methoxy-5-((2ethylhexyl)oxy)-1,4-phenylene)-
In_the past two decades, _research on conju_gated, SemICoNyinviene] (MEH-PPV) in bilayers or in blend filmg. 2
ducting polymers has experienced an increasing attraction in pyjncinally, hoth charge transfer as well as energy transfer may

the scientific communitﬁ.Espscial_ly due to their application o ohserved depending on the relative energetic positions of
in light-emitting diodes (LED) ’ which was discovered around 6 qonor and acceptor components prior to photoexcitfion.

a decade ago and is today entering large scale commercializatiorbmy minor changes in the substituents on the side chain can
as well as due to their potential for cost-effective photovoltaic .1 the balance from one process in favor of the other one.
cells®12these materials are more and more getting to the focus This opens up a possibility of chemical tailoring and “engineer-
of industrial optoelectronic applications. In this context of ing” of optoelectronic properties.
optoelectronic device applications, special attention has been in thi K di he el . .
drawn to photoinduced charge generafiéi?® charge transport, n this work we present studies on the electronic properties
and charge recombination at interfaé&%® Important for a.nd photoactlwty.of a new cyano-substituted naphthaJrene.
understanding the involved photophysics is also the questionv'nyle.ne type c.onjugat.ed polymer.. Due to the cyano groups I
of the nature of the primary photoexcitations in conjugated comblnes.the Interesting properties of.an eIectron-acpeptlng,
n-conducting cable and a strongly luminescent material. The

polymers?® ) . ! ) . :
For an efficient light emission in electrolumin nt devi aim was to investigate besides the photophysical properties also
or an etficient fight emissio electroluminescent devices, possible applications of this conjugated polymer in optoelec-

both electron and ho_Ie transport have to be balanced. Thouqh‘[ronic devices, like polymer solar cells and LEDs. The chemical
most of the conventional conjugated polymers have a hole- structure of the polymet is shown in Figure 1. The repeating

f:rrédl'gtIQSO?ZﬁLaéi:ﬁ;’{eedﬁféins e;etggon&f?;‘gfscﬂgggzg;eﬁ;é? unit consists of two cyano-substituted naphthateviaylene
inve:sti yated as candidates fJorgeIectrgn zonductors The electroyunits terminated with a naphthalene ui). (Four alkyloxy side
9 ) roups provide sufficient solubility in common organic solvents.

accepting character of the cyano side groups reduces the electro he syntheses of polymdrand the corresponding mononr
density on the polymer backbone and enhances the electronnave )t/)een describedyelsewhéTre

affinity of the polymer. Especially cyano-substituted phenytene . .
vinylene type polymers (CNPPV) have been synthesized and Photoinduced energy and charge trz_msfer was observed in the
utilized in LED device$. In bilayer structures of CNPPV with presence of fullerenes and other conjugated polymers, respec-
poly[phenylenevinylene] (PPV), injected electrons accumulate UVely- It is further shown that this new conjugated polymer
at the CN-PPV side of the interface where mobile holes injected exhibits redox properties acting both as electron donor and as
into the PPV layer travel to and recombine at this interface with €/€ctron acceptor. LED devices emitting in the blue-green
accumulated electrons giving rise to high electroluminescence SPECtral range with surprisingly low turn on voltages could be
quantum efficiencies. The enhanced electron affinity of these faPricated out of this polymer.
CN—PPV polymers has also been utilized in photovoltaic cells,

2. Experimental Section

TTel: 0043-732-2468-8767. Fax: 0043-732-2468-8770. E-mail: .
Gerald.Zerza@ijk.uni-linz.ac.at. Poly[(2-methoxy-5-((3,7-dimethyloctyl)oxy)-1,4-phenylene)-

*E-mail: nazmar@eucmax.sim.ucm.es. vinylene] (MDMO—PPV) was delivered by Covion Inc. and
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Figure 1. Chemical structure of the polymérand the corresponding
monomer2.

used as received. For the photoinduced absorption (PIA) studie

in the vis/NIR spectral region the samples were prepared as
solution cast films on glass substrates using a concentration of

1 mg/mL polymer in toluene. PIA spectra were taken using an
Ar-ion laser at 457 or 488 nm as a pump beam (typically 40
mW on a 4 mmdiameter spot). The pump beam was mechani-
cally modulated at a frequency of typically 270 Hz, and the
changes in the white light (120 W tungstelmalogen lamp)
probe beam transmissior AT) were detected after dispersion
with a 0.3 m monochromator in the range from 0.55 to 2.1 eV
with a Si=InGaAsSb sandwich detector. The detector signals

were recorded phase sensitively with a dual-phase lock-in

amplifier. The probe light transmissionTl)( was recorded

separately using the same chopper frequency. The PIA spectr.

(—AT/T) are obtained after correction for the sample lumines-

cence and normalization on the probe light transmission. For
the PIA experiments the samples were cooled to approximately

100 K in a liquid-nitrogen cryostat.

Photovoltaic devices were produced using blends of polymer

1 with 1-(3-(methoxycarbonyl)propyl)-1-phenyl-(6,&6EPCBM)
or using blends of polymet with MDMO —PPV. Results were
compared to reference photovoltaic devices with MDNEPV/

PCBM blends. All devices were produced on transparent indium

tin oxide (ITO) coated plastic (PET) substrates with 6 cm by 4

cm by doctor blading technique. These substrates were covere

by a thin film of poly(3,4-((ethylenedioxy)thiophenepoly-
(styrenesulfonate) (PEDOT) from Bayer AG by doctor blading.
After drying of the PEDOT film, the photoactive polymer
mixture was cast by doctor blading from a heated toluene

solution. The counter electrode was in all cases thermally
evaporated aluminum. One substrate carried 36 device cells with

an active area of 15 mheach.

For the production of LED devices the same procedure was
used as for the production of photovoltaic devices. Instead of a

polymer mixture the pristine polymer was usedl/V curves
were recorded with a Keithley SMU 2400, typically by
averaging over 80 measurements for one point. lllumination for
the photovoltaic devices was provided by white light from a
halogen lamp with 60 mW/ctThe electroluminescent emis-
sion characteristics from the polymer LED devices were
measured using a calibrated Si photodiode.

3. Results and Discussion

3.1. UV/Vis Absorption Spectra.
Figure 2 shows the absorption spectrum of the polyter
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Figure 2. UV/vis absorption spectra of thin films of (a) polymér
and (b) the corresponding mononishown in Figure 1.

The broad and mainly structureless absorption has an onset
around 2.4 eV, a shoulder of vibronic origin around 2.66 eV,
and peaks at 2.87 eV. Also shown in Figure 2 is the absorption
of the corresponding monoma@r(for structure, see Figure 1).
In this case the vibronic structure is clearly resolved with 3 main
peaks at 2.64, 2.84, and 3.01 eV. The steadily rising background
between 1.5 and 2.5 eV is due to scattering. It is quite
remarkable that for both the monomzand the polymed the
onsets of the absorption spectra are observed at nearly the same
energetic positions. Generally farconjugated systems a red
shift of the absorption is expected with increasing chain or
conjugation length, which clearly is not the case for this
polymer. A reduction in the effective conjugation length may
be caused by a distorted structure. Steric hindrance of the long
alkyloxy side chains favors the formation of a zigzag nonplanar
configuration which limits the conjugation of thesystem to
nearly one monomer (see Figure®1 A similar effect has been
observed for binaphthyloligothiophene copolymei:33These
materials have a well-defined conjugation length, which is
independent of the chain length of the polymer due to the
twisting of the adjacent naphthyl groups. The absorption and
emission spectra of the repeating units have been found to be
close to those of the corresponding polymers.

The observation of the optical absorption gap in Figure 2 is
also in accordance with electrochemical gap calculated from
the oxidation and reduction potentials of this polymer versus a

d:alomel reference electrod€o, peak= 1.34 V; Ered., peak=

—1.54 V).

3.2. Photophysics.

3.2.1. Photoinduced Absorption.

Figure 3a compares the steady-state PIA spectra of the
polymer1 to that of the monome2. In both cases we observe
a peak centered around 1.65 eV. The PIA signal of the monomer
is considerably narrower and also weaker compared to that of
the polymer, which extends from 1.4 eV to well above 2 eV.
The latter may be composed of several components. For the
PIA spectra of both samples at 1.65 eV a linear pump intensity
dependence has been observed for low excitation intensities
saturating at higher laser powers, as expected for monomolecular
recombination kinetics (Figure 4a). In addition to this the
experimental determined modulation frequency dependence of
the PIA signal may be fitted assuming a monomolecular
recombination behavior of the photoexcited stdf€8as shown
in Figure 4b. Lifetimes of the order of some 1086 typical for
triplet states of conjugated polymers can be extrattatie
attribute these excited-state absorption features at 1.65 eV based
on their intensity and modulation frequency dependence (Figure
4) to triplet-triplet absorption of the polymek and monomer
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Figure 3. Photoinduced absorption (PIA) spectra of thin films of (a) .
pristine monomer (dashed line, right axis) and pristine polynier Modulation Frequency (Hz)
(solid line, left axis) and (b) monomex (10% G, dotted line, right Figure 4. (a) Excitation intensity dependence and (b) modulation
axis) and polymenl (10% G; solid line, left axis). Excitation is at frequency dependence for the PIA spectrum of the polytreand the
457 nm. monomer2 (Figure 3), for 457 nm excitation at= 100 K. Key: up

triangles, pristine polymed at 1.66 eV; down triangles, pristine
2’ respect|ve|y A similar |ntenS|ty dependence has been a|som0n0m§r2_at 1.66 eV (dashed lines show fits to monomolecular
been observed for triplet excitons of conjugated polymers fecombination behavior); squares, polynle(10% Gy at 1.66 eV);
formed from geminate recombination of polaron pairs, assuming circles, polymerl (10% G at 1.16 eV; dashed lines show fits to
9= . . ’ bimolecular recombination behavior).

a further annihilation of the latter in a bimolecular procéss.
The higher energetic absorption feature in the PIA spectrum of in the spectrum of the pristine polymer (Figure 3a) is reduced
polymer1 around 1.8 eV may be due to polaron pairs formed in intensity, and a peak at 1.65 eV, the same position as that of
by interchain charge transfét3 Vardeny and co-workers  the the triplet state of the monomer, is left over. In addition to
observed by photoabsorption detected magnetic resonancehis a broad unstructured feature between 0.8 and 1.4 eV appears
(PADMR) spectroscopy for various conjugated polymers fea- peaking around 1.2 eV. ThesEanion is well-known to have
tures in the range between 1.7 and 1.9 eV and identify these asan electronic absorption between 1.1 and 1.2%M. addition
polaron pairs'®#! Both triplet-triplet absorption peaks of the  to this a polaronic absorption feature may be hidden underneath
polymer as well as of the monomer have nearly identical this broad feature too, although leaving in question the second
energetic positions, confirming the assumption of a reduction low-energy polaron peak, which should show up somewhere
in the effective conjugation length of the polymer stated already in the range below 0.8 eV. The pump intensity dependence for
in the previous section. Besides the 1.8 eV absorption peak ofthe peak at 1.65 eV as well as for the additional absorption
polymerl mentioned above, which may be due to polaron pairs, around 1.2 eV follows clearly a square root behavior as
there are no further indications, as for example polaronic confirmed by the fits to the experimental data shown in Figure
absorption features in the low-energy rang@(8 eV) of the  4a. Moreover the modulation frequency dependence of the PIA
PIA spectra, for any charged photoexcitations in the pristine signals changes from a monomolecular type behavior to a
polymer and/or monomer samples. Infrared activated vibrational himolecular?*35type behavior in going from the pristine sample
spectra (IRAV) measuremerfsensitive to charged excitations,  to the fullerene-doped sample (Figure 4b). As already observed
did not give any indications for photoinduced charge separation for polaronic absorption peaks of different kinds of conjugated
in the pristine polymed and/or monomeg system. polymers, a broad distribution of lifetimes up to several

Fullerenes were found to show very efficient light-induced milliseconds has to be assumed for best fitting of the observed
electron transfer in combination with various conjugated relaxation kinetic$* Although some changes are clearly ob-
polymerst#16 Figure 3b compares the results of PIA measure- served in the PIA spectra (Figure 3) between the pristine
ments for composite films of the polymérand monomegR polymerl and the polymef/fullerene composite, these minor
with the Gy molecule as electron acceptor. For the monomer changes are not comparable to other conjugated polymer/
2/fullerene composites no drastic changes are observed adullerene systems where massive qualitative and quantitative
compared to the results of the pristine monomer sample changes in the PIA spectra are observed by addition of fullerene
(compare Figure 3a,b). The two PIA spectra are nearly identical, into the polymers?”
even concerning the maximum intensity. Again the absorption  This polymer is also tested for its electron-accepting capability
at 1.65 eV is attributed to the neutral photoexcitation of a triplet in light-induced charge transfer studies to an electron-donating
state of the molecule. Slight but distinct changes can be observedpolymer with lower ionization potential like for instance
in the PIA spectra for the polymérfullerene composite film MDMO—PPV. Figure 5a shows the PIA spectra of the blend
in Figure 3b. The broad shoulder between 1.8 and 2.2 eV presentof MDMO—PPV with 10 mol % polymed and of polymerl
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Figure 6. Luminescence spectra for excitation at 430 nm. (a) Film of

. polymerl: A, pristine; B, with 10% PCBM; Cwith 10% MDMO—
y PPV. (b) Film of MDMO-PPV: A, pristine; B, with 10% polymet;
TRAaL C, with 10% monomeg.
AN

3
©
= = E‘% tween some 10Qus and some milliseconds, as generally
¥ M = observed for charged excitations in conjugated polymers films.
c) %m 3.2.2. Luminescence Quenching.
10°9 . . The room-temperature luminescence spectrum of a pristine
10’ 10° 10’ polymer1 film excited close to the absorption maximum at 2.88
Modulation Frequency (Hz) eV is shown in Figure 6a. The luminescence starts at 460 nm

Figure 5. (a) Photoinduced absorption spectrum of thin film of (2.7 eV), shows two peaks at 507 and 525 nm (2.45 and 2.36
MDMO —PPV with 10 mol % polymed, excitation at 488 nm (solid V) and extends until some 700 nm. Addition of 10 mol % of
line, left axis), and for a film of polymet with 10 mol % of MDMO- the fullerene derivative PCBM quenches the polymer lumines-

PPV, excitation at 457 nm (dashed line, right axis), and (b, c) excitation .
intensity dependence and modulation frequency dependence of piactence down by at least a factor of 10. Rapid charge transfer

signals of MDMO-PPV with 10 mol % polymerl at 1.24 eV leads to a quenching of the singlet state population of the
(triangles) and 1.42 eV (squares). Dashed lines show fits to bimolecular polymer and with this of the luminescence.
recombination behavior. In Figure 3b, there is a PIA signal at 1.65 eV (Figure 3b).
This peak is assigned to a triptetriplet absorption of the
with 10 mol % of MDMO—-PPV. The main excited-state  polymer due to above-discussed reasons. However, the origin
absorption features at 1.4 and 1.65 eV are due to the triplet of this triplet-triplet absorption in the mixtures remains unclear.
states of MDMO-PPV* and polymerl, respectively. Weak  The interpretation of an indirect formation of polymer triplet
PIA features around 0.95 eV are present in both spectra. Theyby recombination of separated charges in composites would
may be ascribed to the radical anion (negative polaron) on the explain both the intensity and frequency dependence of this PIA
chain of polymerl whereas the radical cation (positive polaron) peak, which reflects bimolecular recombination for the mixed
of MDMO—PPV is well-known to be at 1.24 é¥and maybe polymer/fullerene films and shows preferably monomolecular
hidden underneath the strong triplet absorption. In addition to recombination behavior for the PIA triplet peaks of the pristine
this a second weak light-induced absorption feature can bepolymer (Figure 4). Frankevich and co-workers proposed the
observed starting below 0.7 eV, which may be indicative for geminate recombination of triplet polaron pairs leading to the
the low-energy polaronic absorption of either of the two formation of intrachain triplet excitons in films of pristine
polymers. Thus the excitation is mainly on the MDM®PV conjugated polymers. Pairs of triplet excitons may annihilate
or the polymerl, respectively, and the insignificant quenching in a bimolecular way. This series of processes has been proposed
of the MDMO—-PPV or the polymerl triplet in Figure 5a to explain the photoluminescence detected magnetic resonance
indicates a negligible electron-transfer interaction between (PLDMR) signals of conjugated polymer films and their
MDMO—PPV and polymed. Figure 5b,c presents the excita- temperature and excitation intensity dependerntiéd/Nhether
tion intensity and the modulation frequency dependence of the this interpretation is also valid for the charge-separated polaron/
PIA signals in Figure 5a of the blend of MDM&PPV with 10 fullerene anion excited states is not known. Especially the
mol % polymerl. The pump intensity dependence for the peak energetics of the charge-separated state versus the triplet state
at 1.42 eV as well as at 1.24 eV, where we assume the PIA has to be determined to underline this proposition.
signal of the MDMO-PPV polaron, follows clearly a power The PIA signal in Figure 3b at 1.65 eV may also originate
law with exponents smaller than 0.3. The modulation frequency from charged excitations such as polarons, but this leaves the
behavior in Figure 5c can be fitted assuming a bimolecular question open for the absence of the lower energy polaron peak,
recombination kineticd}3® again with multiple lifetimes be-  which should show up somewhere below 0.8 eV, although to
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get real evidence for either of the two possibilities requires
further experimental observations in particular ODMR and/or
ADMR measurements.

For a film of polymerl blend with 10 mol % MDMGO-PPV,
the luminescence of polymdris also quenched (Figure 6a).
Only the MDMO—PPV luminescence survives showing an onset
around 540 nm and two peaks of vibronic origin at 585 and
625 nm. So most of the singlet state excitation of polythéer
transferred to the MDMG©PPV singlet state, whereas the
photoinduced triplettriplet absorption of polymed is still
observable (Figure 5a). Excitation energy is transferred from
polymerlto MDMO—PPV. Via this process the luminescence
of polymer 1 is quenched. At the same time a partial charge
transfer produces free polarons as well as polaron pairs and gives
rise to the weak PIA features in Figure 5a. Bimolecular and/or
geminate recombination of the latter leads to the formation of
triplet states (triplet excitons). This may on one hand explain
why the triplet-triplet absorption in Figure 5b,c follows a
bimolecular and not as expected a monomolecular recombination
behavior and on the other hand explain why the luminescence
is quenched while the triplet PIA remains more or less
unchanged.

For MDMO—PPYV blended with polymet and monomeg
slight luminescence quenching is observed as shown in Figure
6b. Addition of 10 mol % of the monome or the polymerl
reduces the luminescence of MDM®PV to one-third and one- Voltage (V)
half, respectively. This again might indicate a small charge Figure 7. Current-voltage characteristics of photovolatic devices: (a)
transfer interaction as seen in weak feature around 0.95 eV in1:3 polymerl: PCBM, light (filled squares), dark (open squares); (b)
PIA spectra (Figure 5) but is not dominant. Accompanying the 1:3 MDMO—-PPV:PCBM, light (filled squares), dark (open squares).
quenching of the luminescence, the relative intensities of the
vibronic peaks are also changed (Figure 6b). This may be polymer /PCBM that is at least 2 orders of magnitude lower
ascribed to emission from different conformations of the @scompared to the conventional solar cells made from MBMO

polymer influencing the FranekCondon factors for different ~ PPV/PCBM. Itis however noted that the high energy absorption
vibronic satellite<s of polymerl and the consecutive energy transfer onto MDMO

3.3. Solar Cells and Light-Emitting Diode Devices. PPV might be useful for harvesting a large area of the solar

We tried both usi lvmet lectron d : bi spectrum.
tion v?/itrrﬁhe f(l)JIIe?eS::agd%?i\)//ggiveaPSCeBel\(A: ;?’1% a(;nglrag:rg(r)\rgc::lap-tor LED devices have been fabricated and tested using polymer
together with MDMO-PPV. Functioning photovoltaic devices 1 alone. Applying a forward potentiaf & V (positive on ITO)

. 2 . to a LED device built on the base of polymgmgives rise to
E%Jédezsreslhezgfor?n;{fgp:g? i/c\)/rgb;réitif\?egf (E)rc})ll))//nlj)ev‘\llv-lgr]lergy the blue-green electroluminescence as shown in Figure 8a. No
conversion efficiencies (around 0.01%) in these devices, indicat- luminescence was observed for applying up to 15 Viin backward

ing that the electron-donating and/or -accenting bropertie and/direction. Similar to the photoluminescence in Figure 6a the
ng ron- ing an -accepting properties electroluminescence peaks around 500 nm and extends until 700
or the charge transport properties of this new polyrhere

- - . . nm. One striking feature is the onset voltage of the electrolu-
not sufficiently high (as comparison, for example in the well- g g

; minescence of only+3 V, which is relatively low for an
knownf?ApMQ—PPV/FC;g/!)/sseoLar ceIlI)s devices, E)o(;/ver cont\I/er- unoptimized LED in the blue color range. (Figure 8b). A typical
sion efliciencies up 1o 2. ave been reported recen y)- I/V curve for such a device recorded at room temperature is
Figure 7 shows a currentoltage characteristics of a polymer

) also shown in Figure 8b. The electroluminescence intensity
1/PCBM solar cell compared to a conv_entlon_al MDMOPV/ follows the currentvoltage characteristics up to 10 V before
PCBM solar cell. Polymef. photovoltaic devices show only

weakly pronounced diode behavior with rectification ratios of it saturates. For this applied voltage an estimated value for the
o 3
the order of 3 in the dark (Figure 7a), whereas for the MDMO external quantum efficiency between fGand 10° has been

. e - . achieved. These values are comparable with thex1.50~3
PPV device rectification ratios up to 50 are observed (Figure chieved © S parab e .50

) e external quantum efficiency for single layer, blue-green emitting,
7b), although under forward bias (positive voltage at ITO) both LED dev?ces based on bir?aphtha?ene-?:/ontaining polyriefs. 9
samples show similar daikV curves. For higher illumination

intensities th tificati fthe devi d Hvh These authors improved the efficiency by more than a factor of
n ens:;es € rectification o { 'eb et\\ll\;ces fecreadses;lrt; ke 10 using fluorinated copper phthalocyanine as electron injection/
curve becomes more symmetric between forward and bac Wardtransport layer on top of the polymer. Our not optimized devices

b'?s' -.I;.he Opt?]noc;gctj/ltf vcilrgage\/l&c) z’;lturlates ﬁ‘t higher I'gh(; with relatively low efficiency still effectively demonstrate that
INENSIUES With L. or the polymérsolar cell as compare blue LED’s can be fabricated with a low turn on voltage using

to 0.75 V for the reference cell. The short circuit currdigi) ; :

for a 0.15 cm device was measured with A, whereas the this novel material (polymet).
standard device showed 1p@ at an illumination intensity of
about 60 mW/crhfrom a tungsterrhalogen lamp. This result
shows, neglecting some differences in the filling factors, a power  Photoinduced charge transfer and energy transfer in com-
conversion efficiency of the solar cell built from the new posites of the newly synthesized cyano-substituted naphthalene

Current (mA)

Voltage (V)
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-
N

4. Conclusions



4104 J. Phys. Chem. B, Vol. 105, No. 19, 2001

12
a)
ERET
s
2
2
g M
£
0 T r T T T
400 450 500 550 600 650 700
Wavelength (nm)
4 3
&
2
_ 1 &
< Q
£ £
b 2 g
: g
=] [
3 {1 @
© [
£
£
i v =0
) 5 10 15—
Voltage (V)

Figure 8. Electroluminescence from LED made of polymkr (a)
electroluminescence spectra for a forward bias of 8 V; (b) current/
voltage curve (open squares, left scale) and luminesedntensity/
voltage behavior (circles, right scale).

vinylene type conjugated polymémwith fullerenes and in blend

films with MDMO—PPV were studied. All spectroscopic
investigations show that the polym#ffullerene composites as
well as blend samples of polymé&mwith MDMO —PPV exhibit

only weak photoinduced charge transfer interaction compared

to composites of soluble alkoxy PPVs with fullerenes. For the
blend polymer films the complete quenching of the lumines-
cence of polymerl may be explained by energy transfer to
MDMO —PPV. Photovoltaic devices of polymé&mixed with
PCBM were prepared but resulted only in weak quantum
efficiencies, and furthermore, blue-green-emitting LED devices
with a low turn on voltage~3 V) have been fabricated using
the pristine material itself.
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