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Photoinduced charge transfer (PCT) in donor-acceptor blends of poly[2-methoxy-5-(2'-
ethyl-hexyloxy)-1,4-phenylene vinylene] (MEH-PPV) with coordination oligomer (Pty 75Cg0),
has been studied and compared with that in MEH-PPV/Cg, blends. The blends were
investigated by using optical absorption, scattering, photoluminescence (PL), photoinduced
absorption (PIA), and photocurrent action spectroscopies. We have found that he effi-
ciency of PCT in MEH-PPV/(Pt;,5Cg0), blend is somewhat less than in MEH-PPV/Cg,.
This difference is attributed to more enhanced phase separation in MEH-PPV/(Pt; ;5Cg0),
at the nanoscale. Meanwhile, our photocurrent data imply that (Pty,5Cg), chains could
provide a network for collection of photoinduced charges.

Uccnemosan dorounaynupoBanuslii mepenoc sapsaga (PII3) B 4OHOPHO-aKIIEITOPHBIX CMe-
cax mosu[2-meTokcu-5-(2'-oruarexcunokcu)-1,4-peunnen sunuaes| (MEH-PPV) ¢ Koopauna-
nuoHHBIM onuromepom (Pty,5Cqq), u comocraBmen ¢ ®II3 B cmecax MEH-PPV/Cg,. C
MecH OBbIIM M3YYEHBI METOJAMU CIEKTPOCKOIUYU OIITUYECKOr'0 IIOIJIOIIeHUS, PACCEeSHUS
cBera, (OTONIOMUHECIEHIINY, (DOTOMHIYIIMPOBAHHOIO IIOIJIOIEHUA U BO3OY:KIeHUS (OTOTO-
ka. O6mapymeno, uro apderrusrocts DPII3 B cmecu MEH-PPV/(Pt;,5Cq4y), Heckombko
mmxke, yem B MEH-PPV/Cg,. 9ra pasiaumune oTHeceHO K 0ojiee BBIDAKEHHOMY DPasfeSeHHIO
das 8 MEH-PPV/(Pt; ;5Cg,), Ha HanoMacmTabe. Tem He MeHee, naHHEIE (DOTOTOKOBBIX H3Me-
pennil mpexpmonaraior, uro unenu (Pty,5Cgq), MOryT obecmeunts c60p (GOTOMHAYIMPOBAHHBIX
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Conjugated polymers are promising ma-
terials for photonics and electronics includ-
ing photovoltaic applications. One of the
most studied polymer based material for
photovoltaics today is a donor-acceptor
blend of a soluble conjugated polymer, e.g.
poly[2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-p
henylene vinylene] (MEH-PPYV), with a sol-
uble derivative of fullerene [1]. In such a
blend, photons generate excitons at the con-
jugated polymer, which dissociate into free
electrons and holes at the polymer/fullerene
interface in the PCT reaction. Fullerenes
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and their derivatives are well known to be
the most effective acceptors in PCT [2]. Es-
sentially that fullerenes in these blends can
form a highly conductive network for col-
lection of photoinduced charges that makes
fullerenes indispensable in bulk-heterojunc-
tion polymer solar cells. However, the opti-
mized active layer of such a cell comprises
up to 80 % of fullerene [1], which almost
does not absorb light in the solar cell. In
this work, we study PCT in blends of MEH-
PPV with a fullerene-based coordination oli-
gomer (Pty 75Cgq),- Our motivation was that
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Fig. 1. Microphotographs of MEH-PPV /Pt; ;,5Cq, (left) and MEH-PPV/Cg, (right) blends with differ-

ent acceptor:donor ratio shown in each photo.

(Ptg 75Cg0)y chains could facilitate charge
transport in bulk heterojunction devices al-
lowing decreasing the fullerene content in
it. Meanwhile, (Pty;5Cgg), is expected to
charge donor-acceptor phase separation pe-
culiarities essentially influencing charge
collection in bulk heterojunction devices [1].
We characterized MEH-PPV/(Pty+5Cgq0),
blended films by using optical absorption
and scattering technique, and then investi-
gated their photophysical properties by
using photoluminescence (PL), photoinduced
absorption (PIA), and photocurrent spec-
troscopy methods. We also studied MEH-
PPV/Cgqy blends and compare their proper-
ties with those of MEH-PPV/(Pty 75Cg0),-

Sample preparation: (Pty;5Cgg), was syn-
thesized by reaction of Cgy with Pt(dba),
(dba = dibenzylideneacetone) with molar
ratio Pt(dba),/Cgq = 8/4 according to [3].
The compound was characterized by elemen-
tal analysis, IR, and Raman spectroscopies.

Drop-cast films of MEH-PPV /(Pty 75Cg0),
and MEH-PPV/Cg, blends were prepared
from  chlorobenzene for molar ac-
ceptor:donor ratios in the range 0.0001-1.
The solutions were treated in ultrasonic
bath before drop-casting.

For photoelectric studies we fabricated
photodiodes in the sandwich structure.
Films of MEH-PPV/acceptor blends were
drop-cast on ITO-coated glass substrates.
Then a top Al-electrode was thermally de-
posited. The active area of the devices was
~0.1 em?. Thicknesses of the films were
estimated as ~200 nm from their optical
density.

Light absorption and scattering. Optical
absorption spectra of MEH-PPV/acceptor
blends were measured by using a spectro-
photometer. In order to evaluate separately
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the absorption and scattering contribution
in the measured optical density of the films,
we elaborated a simple technique described
elsewhere [4]. Briefly, we measured the
laser beam transmission just behind the
polymer film at 532 and 633 nm by using a
wide-aperture photodetector with and without
a small damp placed in front of the photode-
tector to block the straight laser light.

PIA and PL. In PIA spectroscopy, the
measured signal is fractional change in the
sample transmission (dT/T) induced by a
pump beam. The pump beam was mechani-
cally chopped and the PIA signal in the
probe channel was processed by a lock-in
amplifier at modulation frequency f. In the
probe channel, we used a tungsten-halogen
lamp illuminating the sample, a monochro-
mator, and solid-state photodetectors (Si
and InGaAs). As a pump source, we used
second harmonic radiation of a cw Nd:YAG
laser (532 nm). PIA data were obtained at
ambient conditions or under nitrogen flow
in the temperature range 100-300 K. For
PL measurements, we used the same set up
without the probe beam. The PL spectra
were recorded in the backscattering geome-
try at ambient conditions in the range 550—
770 nm. The PL intensity was normalized
to that of pristine MEH-PPV. The PL data
were also normalized to the sample absorp-
tion at 532 nm evaluated from the sample
optical transmission.

Photocurrent measurements. In photocur-
rent measurements, optical radiation from a
tungsten halogen lamp dispersed by a mono-
chromator was chopped at ~114 Hz with
power on the sample no more than 0.25uW.
The photocurrent was measured by a lock-in
amplifier. We took into account the spectral
response of the excitation lamp and the
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spectral transmission function of the ex-
perimental set-up. The photocurrent studies
were done in ambient conditions.

Microscopy, absorption and Scattering
data. Fig. 1 shows microphotographs of
MEH-PPV/Pty ;5Cqqg and MEH-PPV/Cg
films. It is seen that for acceptor concentra-
tion higher than 10 % both (Pty ;5Cgg), and
Cgo form their own phase in the blends re-
sulting in a more inhomogeneous film. For
acceptor concentration higher than 20 %,
film’s orangish red color resulting from
MEH-PPV absorption weakened and fully
disappeared in the 1:1 blends. At low ac-
ceptor concentration (<10 %), optical ab-
sorption spectra of MEH-PPV/Ptj;5Cqo
blends were similar to those of MEH-
PPV/Cgy- Typical absorption spectra of a
1:0.2 MEH-PPV /Pty ;5Cgg blend is shown in
Fig. 5. For higher (Ptj;5Cgg), concentra-
tion, light scattering gave a noticeable con-
tribution to the optical transmission of the
films impeding the optical absorption meas-
urement.

We evaluated both optical absorption
(ad) and Rayleigh scattering (cd) to the
measured optical density (OD) of a blended
film with thickness d by using the tech-
nique described above. Fig. 2 shows the re-
sults at 532 nm. It is seen that the contri-
bution of od to the OD gradually increases
with (Pt 75Cgg), concentration whereas the
od decreases. Similar dependencies were
measured at 633 nm, but both the ad and ocd
curves were close to each other monotoni-
cally increasing from zero with (Pty,5Cgq),
concentration. It seems that the noticeable
absorption of MEH-PPV/Pt075C60 at
633 nm is due to (Pty75Cgg)y- On the other
hand, for MEH-PPV/Cgy blends, both the
od and od at 633 nm were below the experi-
mental error (~0.1).

Thus, our light scattering and micros-
copy data suggest that the characteristic
size of optical inhomogeneity in MEH-
PPV/Pty 75Cgg blends is considerably closer
to the optical wavelength than that in
MEH-PPV/Cgy blends. Fullerene molecules
form large separated features observed opti-
cally at high fullerene concentration (Fig.
1, right). Therefore, we suppose that essen-
tially different morphologies of MEH-
PPV/Pty 75Cg9 and MEH-PPV/Cgy blends at
the microscale can lead to their different
photophysical properties.

PL data. The efficiency of PL quenching
in donor-acceptor blends is determined by
the ratio between the characteristic lengths

494

oD, o—-od
od,
ad

0,0 0,2 0,4 0,6 0,8 1,0

MEH-PPV/Pt,_.C, 1:X

0.75 760"

Fig. 2. Scattering (cd) and absorption (ad)
contributions to the measured optical density
(OD = od + ad) for MEH-PPV /Pt ;5Cq, films
vs acceptor: donor ratio at 532 nm. The lines
are guides to the eye.

of singlet exciton diffusion and of phase
separation. The shorter the latter, the more
efficient PL quenching will be. We have
observed that (Pty 75Cgp), strongly quenches
MEH-PPV PL. Fig. 3 compares PL quench-
ing efficiency in MEH-PPV/Pt;75Cqq and
MEH-PPV/Cgy blends. One can see that
both acceptors display strong PL quenching
at low acceptor content <0.01 % ; however,
the quenching efficiency in MEH-
PPV /Pty ,5Cqo is 5—8 times less than in
MEH-PPV/Cgy at acceptor concentrations
<20 %. We suggest that the most possible
reason of this difference is due to more
pronounced phase separation in MEH-
PPV/Pty ,5Cgp blends as compared with
MEH-PPV/CS(). In fact, (Pt075C60)n is insol-
uble and can form relatively large aggre-
gates at the nanoscale whereas fullerene
molecules are expected to give more inti-
mate mixing with MEH-PPV chains. As a
result, a singlet exciton photoexcited at
MEH-PPV has to travel a longer path to the
donor/acceptor interface in the MEH-

The shape of the PL quenching curves in
Fig. 8 is essentially different for Cgy and
(Pty 75Cg0); that can also be attributed
mainly to the difference in characteristic
phase separation lengths in both types of
blends.

Note that MEH-PPV/Cgy blends demon-
strate some increase in the normalized PL
at acceptor concentration >20 % (Fig. 3).
The reasons of this are unclear. We believe
that this is not an artefact of PL normaliza-
tion to the absorbed power pump since the
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Fig. 8. PL quenching in MEH-PPV/Pt; ,5Cg, (1)
and MEH-PPV/Cg, (2) blends vs ac-
ceptor:donor ratio referenced to pristine
MEH-PPV PL. Solid lines are a guide to the
eye. All values are normalized to the ab-

sorbed pump power at 532 nm.

unnormilzed PL also increased with Cgq con-
tent. Moreover, we rather overestimate the
pump power absorbed by MEH-PPYV in both
types of blends mainly because of dropping
MEH-PPV absorption at high acceptor con-
tent.

PIA data. PIA spectroscopy in conju-
gated polymers probes mainly two types of
long-lived photoexcitations: triplet excitons
and polarons. If the former are neutral, the
latter are charged and, therefore, can be
used to monitor PCT. Fig. 4 summarizes
our PIA data for 1:0.03 MEH-PPV/Pt075C60
and MEH-PPV/Cgy blends measured under
the same experimental conditions. Fig. 4a
shows PIA spectra of both blends. One can
see that PIA absorption spectra have nearly
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the same shape. Both spectra show high
(1.3 eV) and low (<0.8 eV) energy bands as-
signed to polarons at MEH-PPV [5]. The
high-energy band has two features at 1.2
and 1.3 eV attributed to 0—0 and 0-1 vibra-
tional sidebands [6]. As the low-energy band
in MEH-PPV peaks at 0.4 eV [6], we could
observe only its high-frequency tail within
our spectral range (Fig. 4a). Because of
this, we will analyze only the high-energy
band. As Fig. 4a shows, long-lived charge
separated states are effectively excited in
both blends; meanwhile, the PIA signal at
1.8 eV in MEH-PPV/Cgq is ~2 times higher
as compared to MEH-PPV/Pt;,5Cgy- This
ratio was nearly the same for all the pump
intensities studied.

The frequency dependence of the PIA
signal can provide information about the
lifetime of photoexcitations. If they follow
a monomolecular kinetics with lifetime 7,
the frequency dependence of the PIA is

ar 1 (1)
oC .
T 1+i2nfr

In pristine MEH-PPV, triplet excitons
are known to dominate in PIA at low tem-
perature (~100 K) giving a band at 1.35 eV
with the monomolecular kinetics [6, 7]. On
the other hand, polarons in PPV-type conju-
gated polymers show a power-law frequency
dependence 1/f* with o ~ 0.5 [6]. This de-
pendence is usually interpreted as a result
of “"dispersive” recombination implying a
broad distribution in polaron lifetimes and
can be fit by the empirical Cole-Cole model
[8, 9]

1000
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10 100
Pump chopping frequency, Hz

Fig. 4. PIA data for 1:0.08 MEH-PPV /Pt; ;,5Cg, (1) and MEH-PPV/Cg, (2) blends recorded for pump
intensity 1 W/cm?2 at 110 K. Almost all the pump power was absorbed in the films. (a) PIA spectra
for chopping frequency 70 Hz. The lines are a guide to the eye. (b) Normalized frequency depend-
ences. Solid lines are fits to the data (see the text).
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ar 1 (2)
T 1+ @2nfo*

Fig. 4b compares frequency dependences
of the peak at 1.8 eV for 1:0.03 MEH-
is seen that they are quite different. "Dis-
persive” kinetiecs according to Eq.(2) with
o =0.44 and 1= 12 ms gave a good fit to
the experimental data for MEH-PPV/Cgg
(Fig. 4D, solid line). For MEH-
PPV/Pty 75Cgg blends, the frequency de-
pendence had a characteristic knee (Fig.
4b), and any single "dispersive” kinetics
(Eq.(2)) did not give a satisfactory fit for
all the donor/acceptor ratios studied. We
relate this to the contribution of MEH-PPV
triplet excitons in the PIA band at 1.3 eV.
A superposition of "dispersive” and mono-
molecular kinetics gave a good approxima-
tion to the frequency dependence for all the
MEH-PPV /Pty ;5Cgq blends. The lower line
in Fig. 4b shows such a bimodal fit by the
sum of "dispersive” (o= 0.35, v =11 ms)
and monomolecular (¢ =1, 1= 1.5 ms) ki-
netics (Eq.(2)). Therefore, our PIA data
suggest that MEH-PPV triplet excitons in
MEH-PPV /Pty ;5Cgq blends are not com-
pletely quenched in contrast to MEH-
PPV/Cgy blends. This is also supported by
the PL quenching data in Fig. 2 showing
that the PL in +the 1:0.03 MEH-
PPV/Pty 75Cgo blend is quenched only by a
factor of 5. Therefore, a part of singlet
excitons lives a sufficient time to be con-
verted into triplet ones via intersystem
crossing.

Photocurrent action spectra. Fig. 5 dem-
onstrates photocurrent action and optical
absorption spectra for 1:0.2 MEH-
PPV/Pty 75Cgg blend. It is seen that the for-
mer closely follows the absorption edge of
MEH-PPYV implying that photoexcitations at
MEH-PPV dissociate into free carriers in
the bulk heterojunction as it ocecurs in
MEH-PPV/Cgq blends. The peak responsiv-
ity of the photodiode was 3.4 mA/W at
505 nm that corresponds to the external
quantum efficiency about 1 %. This effi-
ciency is essentially lower than that of typi-
cal MEH-PPV/Cgq devices. At this point, we
can not compare the efficiency of charge
collection in MEH-PPV/Cgy and MEH-
PPV/(Pty 75Cgg), devices since the latter
were not optimized on donor/acceptor ratio,
preparation condition, ete.

In conclusion, we have done comparative
studies of optical and photophysical proper-
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Fig. 5. Photocurrent action spectra (solid)
and optical density (dashed) for the photo-
diode with 1:0.2 MEH-PPV/Pt; ;5Cg, working
layer.

ties of MEH-PPV/Pt075C60 and MEH-
PPV/Cgy blends. Their optical charac-
terization has shown that the morphology
of the blends is essentially different at the
microscale. By using PL and PIA spectros-
copy, we have found that the efficiency of
PCT in MEH-PPV/Ptj ;5Cgq is about 2 times
lower than in MEH-PPV/Cgy. We attribute
this difference to higher phase separation in
MEH-PPV /Pty 75Cgq at the nanoscale. Mean-
while, our photocurrent spectra indicate
that (Ptg75Cgo), could collect the photoin-
duced charges.
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DoTOiHAYKOBAHUM IIEPEHOC 3apPAXY
y AoHOpHO-aknenTtopHiii cymimi MEH-PPV /Pt; ,5Cq,

A.A.Baxyaun, C.I'.€nizapoé, A.E.O3imoéa, /].I0.Ilapawyx,
IO.M.Hoegixoe, M.B.Ilikanoea, C.A.Apnaymos,
E.M.Heusonodosa

Hocaimxkeno ¢oroiuaykoBauuii mnepenic sapsaxy (PII3) B [MOHOPHO-AKIEITOPHUX
cymimrax moui[2-merokcu-5-(2¢-sTuarexkcunokcu)-1,4-peuinen sininen] (MEH-PPV) 3 koop-
OUHAIITHUM oJIiroMepoM (Pt0,75060)n i sicraBimeno 3 ®II3 y cymimax MEH-PPV/Cg,. IIi
CyMiNnIi BUBUEHO MeTOJAMU CIIEKTPOCKOIIil ONTHMYHOTO IIOIVIMHAHHSA, PO3CiAHHA cBiTaa, QoTto-
JioMiHecieHIIi1, (POTOIHAYKOBAHOTO WOTJIMHAHHA 1 B80ym:KeHHA (QorocTpymy. Buspieno, mio
eexTuBHicTs PII3 y cymimi MEH-PPV/ (Pto,75060)n Jekinpka HmKdYe, Hik y MEH-PPV/Cgy
IIs BigmimmicTh mOB’sA3ama 3 0inbII BUpaKeHUM po3mogisom das y MEH-PPV/(PtOJSCSO)n Ha
"Hanomacmitabi. IIpore, gami BumipioBams (OTOCTPYMiB NPUIYCKAIOTh, II[0 JAHIIOIHA
(Pt0,75060)n MOMKYTh 3a0esrneduTn 30ip GPOTOIHAYKOBAHUX 3apsgiB.
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