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Photophysics of charge transfer in a polyfluorene/violanthrone blend
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We present a study of the photophysical and photovoltaic properties of blends of violanthrone[h9oly
-bis(2-ethylhexy)-fluorene-2,7-diy] (PFy6). Photoluminescence quenching and photocurrent measurements
show moderate efficiencies for charge generation, characteristic of such polymer/dye blends. Pump-probe
measurements on blend films suggest that whity% of the total exciton population dissociates within 4 ps
of photoexcitation, only~32% subsequently results in the formation of dye anions. We attribute the discrep-
ancy to the likely formation of complex species with long lifetimes, such as stabilized interface charge pairs or
exciplexes. This conclusion is supported by the appearance of a long lifetime component of 2.4 ns in the
dynamics of the photoinduced absorption signal associated to polarons in photoinduced absorption bands
centered at 560 nm.
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I. INTRODUCTION situations of large scale phase separation. In spite of these

The photovoltaic effect in polymer-based blends with hetimprovements, 'Fhe photocurrent efficiencies of polymer/dye
erojunction donor-acceptor interfaces has been widely studiolar cells remain still well below the best values found from
ied in the literaturéd-4 Among all material combinations, Polymer/fullerene blends? Hence, there seem to be evi-
polymer/fullerene blends have attracted particular attentioflences that their poor performance could be conditioned by
due to the large charge photogeneration efficiency that arise¥ inefficient photoinduced charge-transfer process besides
from the notable electron acceptor properties of fullerérfes. of the limited charge mobility exhibited in blend films.
Fullerene doping is, however, not equally effective in all In this paper photocurrent measurements are combined
Conjugated po|yme|%5 It has been argued that |arge substi- with photophysical studies in order to establish a picture of
tute groups can act to keep the fullerene molecules at a subPe charge transfer process in d@éhe-bis (2-ethylhexy)-
stantial distance from the polymer backbone and this result8uorene-2,7-diy] (PF,)/violanthrone blends. Violanthrone
in limited photoinduced electron transfeit has been further (also named as dibenzathrorie a dye molecule with no-
suggested that in these latter sorts of blend, photoinduce@ble photoconductivity properties which has attracted inter-
electron transfer is a complex process that involves thre@st in the field of electrophotography for photocop#éreve
stepsi(i) exciton dissociation(ii) formation of stable polaron have chosen Bfg as the donor material due to the nondis-
pairs at the donor-acceptor interface, diiig electron trans- persive hole transport and large mobilities exhibited by re-
fer on long time scales. In order to improve the efficiency forlated dialkyl polyfluorenes at room temperattfteBy per-
photoinduced electron transfer, chemical substitutions havérming pump-probe measurements on a 10:100
been made to improve the cosolubility, and thus achieveiolanthrone:Pk weight ratio blend film, we have obtained
larger donor-acceptor interpenetration in the blénd. both Pk polaron and violanthrone anion populations at

Dyes on the other hand have also been employed as elegarly times after pump excitation. Comparison between the
tron acceptors blended on polymer leading to moderate phd*opulation of these species and the total number of quenched
tovoltaic performances, which have been understood as dugnglets in Pk provides us with a quantitative measurement
to the tendency of dye molecules to form isolated domain®f the charge-transfer efficiency as well as an insight into the
inside the polymer matrix, preventing therefore efficientnature of the mechanism.
charge collectior.In some polymer/dye blends it has been
dempnstrated that inducing dye crystallization in the pqumer Il. EXPERIMENTAL METHOD
matrix can lead to an enhancement of photocurrent efficiency
by a factor of 2 or moré8 This improvement is considered  The preparation of blend films involved processing of the
to be the result of an increase in charge-carrier mobilitymaterials in solution and subsequent Spincoating. Dye was
within the dye crystallites with respect to the amorphous dyedispersed on polymer by blending two master chloroform
In addition, the large exciton diffusion lengths characteristicsolutions of pure P and pure violanthrone in different
of organic crystals(2.5um is measured in perylene amounts, keeping constant the total material concentration in
diimide®) help to ensure charge photogeneration even ireach blend solutioi8 mg/ml). Spin coating of blend solu-
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tions on SiQ silica spectrosil substrates at 1500 rpm pro- T T T T T
duced films with a thickness of approximately 90 nm. For 1219 [ S & AL
electrical characterization, devices were fabricated in a sand_~ ‘| &8:8:%}

wich configuration by Spin coating the blends on top of ¢ 119 |
PEDOT:PSS(Baytron P™ coated Balzers 30)/cn? in-
dium tin oxide substrates and depositing aluminum cathode
on top of the blend films via thermal evaporation. Photolu-
minescencgPL) was excited with a 354 nm He-Cd laser
with a power intensity typically below 1 mW/cin The
sample was placed inside an integrating sphere Jjratiho-
sphere in order to avoid photo-oxidation. The PL emission &
was collected with an optic fibre and delivered to a Spex“

¢~

orption coefficient (cm-1
(pazijeuuou) 8o uaossuun|oloyd

270M scanning monochromator before detection with a pho- 02
tomultiplier. Photoluminescence quantum efficieBy.QE)

values were calculated by integrating separately the corre- 300 400 500 £00 700
sponding PL spectral area of each component in blend anc Wavelength (nm)

dividing it by the difference between the laser peak areas _ o

before and after transmission through the sample. Photocur- F!G- 1. Absorption and PL spectra of thin films of Hbold

rent measurements were performed using a Bentham illum{ine) and violanthrone dispersed in PMMA mati®.5:100 weight
nator Xe lamp as the excitation source. The light was Segdashed Im}_a The structures of the materials are shown above their
lected with a monochromator and collimated by a set of°"ésponding spectra.

lenses producing a spot of 2 cm radius that provided homo-

geneous illumination to each devi¢area=4.5 mrf). Mea-  characterized by a vibronically structured band in the visible
surements were performed in vacuum at a pressure (W|th peakS at 495, 535, and 579 nm. The violanthrone PL
102 mbar. The photocurrent signal at each wavelength wagPectrum is composed of a narrow peak at 610 nm with a
detected with a high-vo]tage source measure unit Keith|e>$houlder at around 655 nm. The dilution of violanthrone in
SMU 237. The experiment was controlled with a Labview PMMA (0.5:100 weight ratipresults in a low absolute ab-
program, which Synchronized each step of the monochrosorption coefficient, and hence the data in F|g 1 are plotted
mator with a reading of current. The average time betweeMith & one-hundred-fold magpnification for clarity.

two scans was approximately 6 s. The external quantum ef-
ficiency (EQE) values, were obtained using a UV-818 New-
port calibrated photodiode. Time-resolved photoinduced ab-
Sorption experiments were performed using a 390 nm The PL SpeCtra for the blends with different violanthrone
excitation beam derived from the second harmonic of th&ontents dispersed in B are depicted in Fig. 2. At very
780 nm, 150 fs pulses provided by a Kerr-lens mode-lockedow concentration, the spectra show the characteristic PL fea-
Ti:sapphire laser with an energy per pulse of Z&Dat tures of Pk As the concentration rises, quenching of the
1 KHz repetition rate. The excitation beam was split into aPolymer PL occurs. In addition, a weak band attributed to
pump beam, which was Chopped at 500 Hz and focused 0nt‘60|anthr0ne emission is observed to grow until the 1:100
the sample, and a probe beam which was delayed with reconcentration is reached. Beyond this concentration, both the
spect to the pump and focused on a sapphire plate to generdtézs and violanthrone emission are quenched. The weak dye
a white light continuum. The latter was focused on theemission at moderate concentrations may originate from di-
Samp|e SO as to over|ap the same Spot on which the pun'fﬁct excitation of violanthrone at 354 nm, or pOSSibly from
was incident. Measurements were performed with the sampl@nergy transfer between pfand violanthrone. The general
enclosed in a vacuum chamber at3fhbar. Wavelength- expression for the probability of energy transfer in a donor-
selective detection was achieved by placing interference filacceptor system based on a point dipole approximation is
ters in front of a photodiode. The signal was sent to a lock-ir@Iven by*?

B. PL quenching

amplifier referred to the chopping frequency and analyzed R\
with a custom software designed for the setup. Ker= KO(E) , (1)
Ill. RESULTS AND DISCUSSION where K¢t is the rate for energy transfel, the radiative

decay rate,R, the Forster radius which represents the

strength of the energy transfer, aRds the average donor-
The PRy absorption and PL spectra are depicted in Fig.acceptor separation. The Forster radius can be estimated

1. The spectra show features that are very reminiscent dfom the relative overlap between the fluorescence spectrum

those for poly9,9-dioctylfluoreng (PFO:!! a broad absorp- of the donor and absorption spectrum of the acceptor using

tion band with a maximum at 390 nm and PL spectrum withthe following expressions:

vibronic peaks at 424, 444, 474, and 506 nm. The absorption 2 \18

spectrum of violanthrone dispersed in inert matrix of poly- - (05291( T) )

(methyl methacrylate(PMMA) (dashed line in Fig. [Lis Nan* '

A. Absorption and photoluminescence spectra
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PF,¢violanthrone system we calculate a Forster radius of
3.3 nm, which suggests a relatively moderate energy transfer
efficiency. In a 10:100 blend, for instance, where the average
donor-acceptor separation is estimated to be 4.3 nm from
hard-sphere considerations of the dye distribution, the decay
rate ratio(Kgt/Kg) corresponds to 0.2, which accounts for

17% of the total photogenerated excitons undergoing energy
transfer. Comparing the PL properties of violanthrone

blended in an inert PMMA matrix and in Bf it is also
possible to estimate the energy-transfer efficiency experi-
mentally. The PLQE value for violanthrone dispersed in
PMMA when the dye is directly excited at 531 nm is found
to be 71%. Taking this value as the absolute PLQE of violan-
throne, and the PLQE of violanthrone in a 0.5:100 blend
upon exclusive polymer excitatio6%), we conclude that
whether violanthrone emission is originated via energy trans-
fer from PRy, it would only account for 9% of the photoge-
nerated excitons. This low energy-transfer efficiency con-
trasts with the 60% decrease of RHPLQE in the blend with
respect to the pure polymer, and strongly suggests that a
different mechanism is the cause of polymer PL quenching.

According to Fig. 3, the decrease in PLQE with doping is

FIG. 2. PL spectra for blends of violanthrone and,gRvith  accompanied by an increase in short circuit photocurrent.
different weight ratios. Excitation was with a 354 nm He-Cd laserUnder these circumstances the electric field across the device
line. The PL spectra of a &m film of violanthrone dispersed in js given by the internal field, and exciton dissociation takes
PMMA with a WEight ratio 0.5:100 excited at 531 r(motted |Ine p|ace preferentia”y at po|ymer-dye interfaces if these pro-
and Pk (open circleg are also shown for comparison. The spectrayide a barrier for hole or electron large enough to prevent
were normalized to the fraction of the light absorbed by eachnjection into the other material. At Bg/violanthrone inter-
sample. The enhancement over §50 nm is an artefact induced by ”fﬁces, electron injection from B to violanthrone is favored
708 nm component of the laser line. by the 1.4eV discontinuity of the lowest occupied
molecular-orbitalLUMO) levels (Fig. 4), whereas hole in-
jection is opposed by a 0.3 eV barrier. The increase in pho-
tocurrent with doping is normally understood as the addition
of interfaces where exciton splitting can be effective. In
poly(3-hexylthiopheng (P3HT)/perylene blends it has been
whereK? is a factor that accounts for the relative orientationshown, however, that low doping concentrations lead to a
of donor and acceptor dipolé/3 for random orientation  decrease in photocurrent efficiency due to effective trapping
N4 is Avogadro’s numbem the refractive index of the host, of electrons transferred to the dyén our case the increase
andT the overlap integralEq. (4)] between the normalized of photocurrent with doping even in the low-concentration
fluorescence spectrum of the donby, and the molar dec- regime suggests an inefficient trapping of electrons in violan-
adic extinction coefficient of the acceptatrg. In our  throne domains.

Photoluminescence (arb.units)
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g 10 F //1 3 violanthrone concentration. The experimental er-
g I T T T 1 o § ror in the PLQE measurements was estimated as
§ e ) I f»[ - b T /l | 8 10% of the absolute PLQE value. The error bars
@ I 1 1 4 % for the EQE data were estimated from the devia-
é % 1 8 tions in photocurrent values measured on six dif-
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23|

high photocarrier collection efficiency, ar@d) submicron
PFy, Violanthrone crystallite dimensions, which provide a large surface area
LUMO ) . . .
and consequently many interfaces for excitons to dissociate
I L4eV at while traveling along the polymer chaitist® An atomic
2 force microscopy scan of a 0/&mXx0.5um area on the
5 surface of an annealed film is shown in the inset to Fig. 5.
g03eV SONG The surface of the annealed film is characterized by needle-
s shaped dye crystallite structures with random orientation be-
K ing the largest needles around 250 nm long. In addition, the
_ ] o dark areas suggest the presence of domains rich in polymer.
FIG. 4. Schematic of a Bfg/violanthrone heterojunction inter- \ne remark that the sixfold photocurrent improvement upon
face. The energy level offsets were deduced from cyclic VOItammeanneaIing significantly exceeds the twofold improvement re-
try measurements reported elsewhief. 13. ported for P3HT/perylene blendsVioreover, the annealing
improvement in Pkg/violanthrone blends has been demon-
The PLQE of a 10:100 blend is observed to decrease frongtrated to be independent of the presence of oxygen during
the 64% measured in the pureffpolymer to only 2%, and  the annealing procedure. We have not found significant dif-
correspondingly, the photocurrent increases by nearly onferences in photocurrent generation between devices an-
order of magnitude with respect to pure jJgF The PL  nealed in air or under Natmosphere. This is a beneficial
quenching factor of 32 is comparable to that found in othessituation in respect of the development of simple processing
polymer/dye blends,(a factor of 35 was found in protocols for device fabrication.
P3HT/perylen® and some polymer/fullerene blends PL
quenching factor of 20 was reported in ladder-type

b
b
b

poly(paraphenylendullerené) at similar doping concen- D. Photophysics of charge transfer
trations. The steady-state spectroscopy discussed so far concerns
the effect of blending with an electron acceptor dye on the
C. Photocurrent generation in blends PF,s singlet states. The observed decrease in singlet popula-

tion is assigned to dissociation of these species at polymer /

The EQE spectrum of the blend closely resembles theyy e interfaces. A better insight into the efficiency of the elec-
absorption spectrum, and no evidence was found for an affo ransfer process and an understanding of the limiting
tibatic response under the internal field conditpie=0  factors requires one to time resolve both the formation of
(Fig. 5. The maximum monochromatic EQE, namely 0.5%.,;i5(anthrone anions and the increase in they@Bolaron

is found at 390 nm. Upon ;thermal anneﬁllin_g, an improvey, oy iation that results from exciton dissociation. As can be
ment in efficiency from 0.5% to nearly 3% is achlzved. INseen in Fig. 6, the formation of violanthrone anions in chlo-

contrast to reports for some polymer/polymer blehd@®)- otorm solution is detected by the appearance of a new ab-
nealing appears to be a very effective way to improve the,ption band with its maximum centred around 720 nm and
efficiency in polymer/dye solar cellsThe reason for this 5 shoulder at 660 nm. The strength of this absorption can be

enhancement is that annealing leads to the formation of dygseq to estimate the absorption cross sectionsing the
crystalline networks embedded in the polymer bulk with tWOfoIIowing expressions:

specific properties{i) a high degree of interconnection be-
tween crystallites® a property that is highly desirable for a I =1,e79, (4)

1.510°

1.2510°

FIG. 5. The EQE spectra of devices contain-
ing PR (open diamonds 6:1 violanthrone in
PF,s (open squargs and the same composition
subsequently annealed at 200°C in air for 5 min
(open circles The spectrum corresponding to
PF,,6 was magnified tenfold for ease of compari-
son. The absorption spectrum of the 6:1 blend

110°

7.510*

External Quantum Efficiency (%)
(L_luo) jualoya09 uondiosqy

510 film (dotted ling is also shown. Inset figures
show from left to right the morphologies corre-
25 10° sponding to spun and annealed films,

respectively.

300 350 400 450 500 550 600 650 700
Wavelength (nm)
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1 T T T T T T T PA, band on the other hand is assigned to excited-state sin-
Violanthrone glet absorption(S;-S,).2* In a 10:100 blend, the shape of the
""""" Charged Violanthrone differential transmission spectrum at 1 ps resembles that of
. PF6. A weak broadening of the RAband is, however, de-
tected at 4 pgFig. 8. This broadening could arise from the
overlap of the PA band of Pk with the spectral region of
. negative signal in violanthrone that has been assigned to vi-
olanthrone anions. This observation may point towards an
electron transfer to the dye taking place in the first 4 ps. We
. should remark that the influence of violanthrone ground state
bleaching on the spectral features can be neglected due to the
low absorption coefficient of violanthrone in a 10:100 blend,
(inset in Fig. 8.
. In order to provide a more quantitative photophysical pic-
"‘-.._ ture we proceed to calculate the population of violanthrone
- anions generated by electron transfer as well as the polaron
400 450 500 550 600 650 700 750 800  opylation in PR both at 4 ps. Generically, the population
Wavelength (nm) density ofi speciedN;(t)] is related to the differential trans-
mission signaAT/T(\,t)through the expression below:

Optical density (arb.units)

FIG. 6. Absorption spectra of violanthrone befdsmlid line)
and after (dashed ling oxidation in solution. Oxidation was
achieved by adding Feglto the solution. The additional long- A_T()\ t) =~ 3N (t)o;: (\)d (6)
wavelength(620—780 nm band is assigned to violanthrone anion T ij ' U '
species.
whereaj;(N) is the cross section for the transitions: j and
a(\) = c(M)N, (5)  dis the thickness of the sample. Calculation of the anion
population requires to evaluate the differential transmission
wherel and |, are the incident and transmitted intensities, signal at 720 nm given by the superposition betweep,PF
respectively,a is the absorption coefficient is the path ~ excited-state singlet absorptionoted ass) and violanthrone
length for the cuvette that contains the solutidncm), and  anion absorptior:
N is the population density of absorbing species. A density of
anions in solutionN=2x 10'® cm™, is estimated from the AT\720Mm (AT AT 720 nm
concentration of FeGloxidant in solution(0.03 g/). Substi- T -\ 7 s+ T az(N(t)s Ts
tuting this value in Eq(5) together with the measured ab- 720
sorption coefficient gives a value for the anion absorption +N(t)z o2~ "d. ()
cross section at 720 nna;/2% "™=2x 10717 c?. This value
lies reasonably below the maximum absorption cross sedn order to calculate the population of anions at 4 gt
tions reported in other dye$~10'6cn? reported for =4 ps, we must obtain first the values for the singlet popu-
Rhodamine 640 monoméfs. lation in the blend,Ng(t=4 p9, and ¢/?° "™ A value of
Differential transmission spectra for a film of violanthrone Ny(t=4 pg=3.7x 10*° cm3 was achieved by substituting in
dispersed in PMMAQ.5:100 are displayed in Fig.(d). The  Eq. (6) the differential transmission value at 480 nm
spectra consist of a strong photobleachiR@) signal in the  AT/T(480, 4 p3$=0.006, which has only singlet contribu-
region between 500 and 650 nm and a weak negative signgbn, and the 480 nm excited-state cross section in a pure
at wavelengths beyond 650 nm. Comparison between the al|::1:2/6 film which we estimated from the spectra in Figby
sorption and PB spectra reflects a somewhat more broadengsipe 1.8< 10°17 cn?. The other required parametef?° "™
shape of the latter. A possible explanation for this effect iscan be directly addressed by substituting in E).the dif-
that the PB spectrum is influenced not only by the statisticaferential transmission value at 720 nm in pure ,BF

cross-section distribution for ground state So-Sn transitionsaAT/T(720,0 p$=0.01, and the initial singlet population 9
as is the case of the absorption spectrum, but also by thg 1019 cpy3, producing a value 0b720 "M=35 10717 e 2.

distribution of lifetimes for ground-state relaxation Sn-So.g it ition oiNy(t=4 pg, 072 "™ 5720 Mand the differen-

The differential transmission spectra of JgFdisplayed in o a _ .
Fig. 7(b) shows very similar features to those previously re—t'al’ transmission value at 720 nT/T(720,4 p3=0.015in

ported in PFCGY a region of SE below 520 nm and two Eq. (7) provides us with an anion population at 4 ps, of
photoinduced absorptioPA) bands, centered at 560 nm

(PA,) and at 760 nrtPA,). The PA band has been assigned Na(t=4 p9=2.8x 10" cm=3+9.7 x 10'®,

in previous works to @-D, transitions arising from weakly

bound polaron pair€ These species may be created by thewhere the uncertainty arises from the 5% relative error asso-
ultrafast exciton dissociation of singlets that are promoteciated to the differential transmission values. If we consider
into higher-lying S, levels via two-step excitatiol??! The  that the total number of quenched singlets is given by
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FIG. 7. (a) Differential transmission spectra
recorded for a spin-coated 0.5:100 violanthrone
in PMMA film at 1 ps delay(filled circles, 40 ps
(filled triangles, and 400 ps(filled diamonds.
The absorption spectrum of the film is also
shown, offset for clarity(dotted ling. (b) Differ-
ential transmission spectra of a spin-coated,£F
film at the same time delays: 1 (flled circles,

40 ps(filled triangles, 400 ps(filled diamonds.

001 L] L] L] L] L]
—e—1ps
—&— 40 ps
0.005
=
[ 0
-0.005 | b
Q O
_0 01 L L L L ']
450 500 550 600 650 700 750
(a) Wavelength (hm)
0.02 T T T T T
—e—1ps
—— 40 ps
0.01 | —— 400 ps =
= 0
S
-0.01
-0.02
'] L '] L L
450 500 550 600 650 700 750
(b) Wavelength (nm)
— — — 9 -3 0.01
Nguenchi= N(t=0) * (1 = ¢10.100 = 8.8 10 cm™+ 4.4

X 1018,

where ¢;0.100.02 is the PLQE value of Bf in a 10:100 0.009
blend (Fig. 3), it is found that electron transfer at 4 ps ap-

pears to account for only 32% +12 of all excitons that un-
0

dergo dissociation. Concerning ffpolaron population in &
the blend, a comparison with the dynamics of the pure poly-
mer shows parallel trends during the first 3 ps followed by a
slow down of the dynamics in the blertBig. 9). The reason

for this difference is ascribed to a rise in polaron population
taking place over the first-7 ps, followed by a slow decay
with a lifetime of approximately 2.4 nésee inset We re-
mark that in a 10:100 blend, dissociation accounts for 98%
of the excitons photogeneratédf. PLQE measurements
Since a large number of these excitons are expected to b

-0.005

-0.01

-0.015

0 M M M A
200 300 400 SO0 600 700 800

Wavelelnglh {nm) 1 1 1 1 =

generated away from the heterojunction interfaces, the strony 450
guenching may only be possible if it is mediated via exciton

500 550 600 650 700 750 800
Wavelength (nm)

diffusion along the polymer chains. It is then expected that FIG. 8. Differential transmission spectra of a 10:100 violan-
exciton migration will be responsible for thdissociation throne: PEs blend at 1 ps(dotted line, filled triangles and 4 ps
lifetime in agreement with what has been reported in othedelay (bold line, filled diamonds The lower inset shows the ab-
systemg® From the population rise experienced by polarons sorption spectrum of the film.
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3 -
=
1 E ‘.'
A .. =7Ps
_ oo BB W FIG. 9. Differential transmission dynamics at
§ Time (ps) 560 nm for a 10:100 violanthrone: Rk blend
E film (filled circles and for Pk (filled squares
5 . Comparison between these data suggests a
< longer-lived decay in the blend. The upper inset
E 01 F - shows the short-time rise of polaron population in
the blend. This was obtained by subtracting the
" ! contribution associated to singlet and polaron-
. ( ) i M’ F pair decay to the 560 nm blend dynamics.
R
N
0-01 '] ] J 1 /
-100 0 100 200 300 400 500

Time (ps)

we estimate that at 4 ps 47 % +3 of the excitons have alreadgolymer and dye. Photodiodes fabricated from the blends
dissociated. Therefore we find a clear disagreement betwegstoduced a maximum EQE of 3%. This value was achieved
the amount of excitons dissociated at 4(p2% +3 and the  in thermally treated devices, where the dye appeared to be
amount of excitons undergoing photoinduced electron transgrranged in needle-shaped crystals, approximately 250 nm
fer (32%+12. These discrepancies between the populationgyng |n order to better characterize the electron transfer pro-

of PRy polarons and violanthrone anions could be the resulpess nump-probe measurements were carried out on a blend
of a complex electron transfer process involving the formas iun medium dye content. The experimental results indicate
tion of intermediate species. In some polymer blends it ha

been reported that exciton dissociation leads to the formatio rmation of wol_anthrone anions together with a rise ingF .
of a stabilized polaron pair at the interface before electrofP©/aron population on a timescale of 7 ps, possibly associ-
transfer proceeds. This intermediate step delays the anigif€d o the average time for the exciton to reach a polymer-
formation to longer time scalefyeyond nanoseconds in the dye interface and dissociate. According to this observation,
case of DOOPPV/fullerene blendd. Moreover, in certain charge transfer is already occurring at early time scales and
polymer blend heterojunctions it has been observed that elegve have therefore sought to obtain a quantitative picture of
tron transfer can be followed by geminate recombination intche process at 4 ps. At this stage, the increase i;R6-
an interface exciton or exciplex, inducing a notable reductionaron population suggests that 47% of the total number of
of the photovoltaic efficiencs? - _ excitons have already dissociated into charge pairs. How-
In our system the formation of stabilized polaron pairSgyer only 329 account for the formation of violanthrone
after exciton dissociation could be supported by the longf'anions. We explain these discrepancies betwees, R¥-

lived dynamics observed at 560 nm with a decay time o ron and violanthrone anion populations as due to the inter-
2.4 ns. In addition, the presence of these species could ek% Pop

plain the odd increase in photocurrent at low doping leveld!aY (?f stabilized polaron pairs or even exciplexes in the
displayed in Fig. 3. At low concentration of violanthrone, photoinduced electron transfer process.
electrons transferred to the dye would remain trapped in
small violanthrone domains and the photocurrent would be
determined only by holes. On the other hand, the hypothetic
formation of polaron pairs in Bl prior to electron transfer
would enhance the photocurrent due to the likely dissocia-
tion experienced by loosely bound polaron pairs under an We thank Covion GmbH and Avecia Ltd for providing the
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