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Optical and photovoltaic properties of polymer composites with high (40 %) concentra-
tion of Cl-containing polymethine dye (meso-Cl) films have been studied. As polymer
matrix, carbazole containing polymers: poly-N-vinylcarbazole poly-N-epoxypropylcarba-
zole, octyl methacrylate-N-vinylcarbazole, and octyl methacrylate-3-iodo-N-vinylcarbazole
(381-VCz-OMA) copolymers were used. Several types of aggregates have been shown to be
formed in meso-Cl/polymer films. This results in significant widening of the absorbance
spectral region towards shorter wavelengths (up to 500 nm) as compared to the molecular
absorbance in solutions. The charge carrier photogeneration efficiency for aggregates de-
pends heavily on the polymer matrix. The composite on 3I-VCz-OMA base have maximal
photosensitivity among the polymer matrices studied. The effect of molecular structure of
polymers and dyes as well as the dye aggregation on photovoltaic properties of composite films
is discussed. The composite films can be used for the development of plastic photoconverters
sensitive in near-IR region, including organic solar cells.

UccnenoBaubl onrmueckre u ()OTOBOJIBTANMYECKHE CBOIMCTBA IOJMMEPHBIX KOMIIO3UTOB C
Gouanmoit (o 40 %) xkouueurpanueit Cl-cogepskamniero mnosumernHoBoro Kpacurejs meso-Cl.
B kauecTBe MOJMMEPHOU MATPUIBI KCIOJIB30BAIKUCH CJIEAYIONINe KapbasoJbHBIE MMOJUMEpPHI:
MOJUBUHUIKAP6A30JI, MOJUAIOKCUIPONUIKAP6as0o, OKTUIMETAKPUIAT-BUHUIKAap0asoj, OK-
TuaMeTakpuiaar-3-itogsunuakapbason (31-VCz-OMA). IlokasaHo, YTO B ILJIEHKax mMeso-
Cl/monumep o0pasyioTcsi HECKOJIHLKO THUIIOB arperaroB. OTO MPUBOJUT K 3HAYUTENHHOMY YIIIHPE-
HUIO 00JIACTU IIOTJIOIIEHUSI B KOPOTKOBOJIHOBYIO cTOpoHY (mo 500 HM) O cpaBHEHUIO ¢ MOJIEKY-
JISIDHBIM TIOTJIOI[EHVeM B pacTBopax. O(QeKTUBHOCTL (oToreHepalni HOCUTEJeN 3apsaga MmJisd
arperaToB OU€Hb CHUJIBHO 3aBHUCHUT OT IOJUMepHON Marpullbl. Cpeau McCaefOBAHHBIX IIOJIUMEDPOB
MaKCUMAaJIbHYIO (DOTOUYBCTBUTEILHOCTh UMEIOT KOMIOSUTHI Ha ocHoBe 31-VCz-OMA comosmmepa.
OGcy:kmaercsi BAUAHUE MOJIEKYJISIPHOM CTPYKTYDHI ITOJMMeEpa W KPacurejs, & TAKIKe arperaun
nocjegHero Ha (QOTOBOJbTAMYECKHE CBOMCTBA KOMITOSUTHBIX ILIEHOK. VlcciemyeMble KOMITOSUTHI
MOryT OBITh WCIIOJNB30OBAHBI [IJIf CO3JaHUsA TMOKUX (horompeoGpasoBareseil, UyBCTBUTEJILHBIX B
ommkHeit UK o6acTi, B 4aCTHOCTH, OPraHUUYECKUX COJIHEUHBIX 9JIEMEHTOB.
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One of the main reasons of relatively low
integral efficiency of organic photovoltaic de-
vices, including solar cells, is their low photo-
sensitivity in near infrared (IR) region [1]. That
is why the search for new photosensitive
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polymer composites, which absorb light in the
visible and near IR regions, and the develop-
ment of composite films
within a wide spectral range, is an actual
task. In a previous paper [2], we have shown

photosensitive
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that films of HITC polymethine dye compos-
ites in carbazole containing polymer com-
pounds are photosensitive in a wider spec-
tral region than well-known solar devices on
the basis of polymeric composites [1, 3], but
still absorb less solar light than, e.g., CdTe
based solar devices [4]. To enhance further
the photosensitivity of polymethine dye
based polymeric composites, we have de-
cided to utilize the known fact that halogen
(chlorine) atoms, when being present in a
dye molecule, provide an enhanced photo-
sensitivity. To check this effect experimen-
tally in composites of polymethine dyes, a
Cl-containing polymethine dye meso-Cl with
an absorbance maximum at about 780 nm
was synthesized at the Institute of organic
chemistry of NAS of Ukraine, and I-con-
taining polymeric compounds, at the Kyiv
National University.

The composite films of meso-Cl (mCHPm),
in various matrices: poly-N-vinylcarbazole
(PVCz), poly-N-epoxypropylcarbazole (PEPCz),
octylmetacrylate-N-vinylcarbazole (VCz-
OMA), octylmetacrylate-3-Iodo-N-vinylcar-
bazole (3I-VCz-OMA) were studied. The
samples were deposited onto glass sub-
strates coated with transparent SnO, elec-
trode by spin coating from 1,2-diclo-
roethane solution. The film thickness was
approximately the same amounting about
1 pm. The dye concentration in the compos-
ite of 40 wt. % was set in the studied sam-
ples. The absorption spectra were measured
by SPECORD M40 and Hitachi M356 spec-
trophotometers. The technique, experimental
setup and the configuration of cells for the
measurement of spectral characteristics of
photo-e.m.f. (V) were described elsewhere [5].
All photo-e.m.f. dependences were measured
using a modulated illumination and normal-
ized to the same number of incident photons.
In absorption spectra of mCl—-Pm solution in
dichloroethane (Fig. 1, curve 1) in spectral
region 1.4-3.1 eV, a wide (1.3-2.3 eV) and
intense band of 1-st electronic transition
with a maximum at 1.587 eV and half-
width of 80 meV is observed as well as a
very weak band with a maximum at about
2.8 eV, caused probably by a symmetry-for-
bidden second electronic transition. The ab-
sorption of 1-st electronic transition con-
sists of the said electronic band peaked at
1.587 eV and 2 bands of considerably lower
intensity and is fitted well by 3 Gaussian
components with energy differing by about
132 meV (Fig. 1, dashed curves). This testi-
fies that the absorption is caused by elec-
tronic transitions without and with involve-
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Fig 1. Absorption spectrum of meso-Cl dye
solution (1), its deconvolution on Gaussian
components (3), and absorption spectrum of
composite film (2).

ment of one and two intramolecular oscilla-
tions. The intensity of absorption involving
2 intramolecular oscillations (1.87 eV) does
not exceed 5 % of the electronic transition
intensity (Fig. 1).

In absorption spectra of 3I-VCz-OMA
composite films (Fig. 1, curve 2), the maxi-
mum of the 1-st electronic transition ab-
sorption band is shifted towards lower ener-
gies by 59 meV, its width is increased al-
most thrice (up to 0.22 eV) and the
absorption intensity in the 1.9-2.2 eV
range is increased considerably. It is impos-
sible to explain the absorption intensity in
this region only by a broadening of bands
which were observed in absorption spectra
of the molecule. This absorption may be due
either to a considerable increase (by 11-30
times) of the absorption efficiency involving
3-5 intramolecular oscillations with
strongly overlapped absorption bands, or to
formation of H-aggregates in films, that is
typical of this class of compounds [6]. Sev-
eral types of such H-aggregates may be
formed differing in number of molecules
and their orientation within an aggregate
and, as a consequence, in energy. When the
quantum yield of charge carrier photogen-
eration in H-aggregates differs essentially
from that at excitation of isolated mole-
cules, additional maxima or minima must
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Fig 2. Absorption (1) and photovoltage (2)
spectra of meso-Cl/3I-VCz-OMA composite
film and their ratio (3).

appear in the spectral dependence of photo-
e.m.f. in this region.

Our measurements of spectral depend-
ence of a surface photo-e.m.f in films of
these composites have shown that in the
1.65-2.1 eV spectral region, V,/D > 1 and
several shoulders (weakly expressed max-
ima) are present. Their energies can be de-
termined more precisely from spectral de-
pendence of the V /D ratio for composite
films (Fig. 2). In this dependence, maxima
are clearly displayed at 1.67, 1.89, 2.01 and
2.09 eV, where V /D ratio, and thus the
ratio of quantum efficiency of charge car-
rier photogeneration in dye aggregates and
molecules, exceeds 1 (by 1.29, 1.32, 1.63,
and 1.87 times, respectively). The energy
positions of those shoulders differs consid-
erably from those of absorption maxima in-
volving 2-4 intramolecular oscillations
(1.662, 1.795, 1.93, and 2.06 eV). More-
over, a maximum at 1.45 eV is seen clearly
in the spectral dependence of V. /D (Fig. 2,
curve 3). Since its energy is lower than the
excitation energy of a molecule in a poly-
meric aggregate, it may be caused by the
formation of CT-complex between the dye
molecules and polymeric compound.

These data evidence that the consider-
ably increased absorption of these composite
films in 1.6-2.1 eV range can be explained
more correctly by the formation of H-aggre-
gates. The formation probability of a par-
ticular aggregate should be proportional to
the ratio of its absorption area to the total

678

absorption area of 1-st electronic transition.
To estimate this probability we have expanded
the wide band of 1-st electronic transition into
Gaussian components with energy positions es-
timated exactly based on above data. The re-
sults of such expansion are given in Fig. 3.
Consideration of the data obtained shows that
the formation probability of H-aggregates
amounts 21, 14, 10, 11, 5 %, respectively,
while the total amount of dye molecules in-
volved in the H-aggregate formation being of
approximately 60 % characterizes the aggre-
gation efficiency in this polymer.

The spatial distribution of specific H-ag-
gregates (or CT-complexes) over the film
thickness may vary. To study that distribu-
tion, we have measured the photo-e.m.f.
under illumination from opposite film sides
in identical conditions (Fig. 4). In the Figure,
especially in curve 8, it is seen that the H-ag-
gregates of 1.67, 1.86 and 2.01 eV energies
are formed predominantly at the film free
surface (V,/V,> 1), while the aggregate of
2.09 eV energy and CT-complex of 1.45 eV
energy are distributed over the film thickness
approximately homogeneously (V,/V, = 1).

The photosensitivity of meso-Cl aggre-
gates depends heavily on the polymer mate-
rial, especially in the region of H-aggregate
excitation. It is maximal for 3I-VCz-OMA
composites and minimal for PVCz and
PEPCz. This is due mainly to the depend-
ence of charge carrier photogeneration effi-
ciency in H-aggregates on the polymer molecu-
lar structure. This is clearly seen at the com-
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Fig 3. Absorption spectrum of meso-Cl dye
composite film and its deconvolution on
Gaussian components.
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Fig 4. Photovoltage spectra of meso-Cl/3I-
VCz-OMA  composite film under different
sides — free surface (1) and electrode (2) illu-
mination and their ratio (3).

parison of V, and V, /D spectra for 8I-VCz-
OMA and VCz-OMA (Fig. 5). In contrast to
3I-VCz-OMA, where the maximum V. /D
value attains 8, V,/D <1 in films of VCz-
OMA composites, except for the excitation
region of CT-complex (1.47 eV), where it is
essentially identical for composites of both
polymers. Thus, the charge carrier photogen-
eration efficiency in H-aggregates for VCz-OMA
is lower than at the molecule excitation. The H-
aggregate energies in VCz-OMA, as determined
from the positions of minima in spectral depend-
ence of V /D, are only 0.01 eV lower than for
3I-VCz-OMA, i.e. are practically independent of
the polymer material. This allows us to conclude
that the introduction of iodine atom into PVCz
molecule results mainly in increased photogen-
eration efficiency in H-aggregates.

A comparison of V. spectra of the
MCI-Pm/3I-VCz-OMA composite with that
obtained by us before for HITC dye compos-
ites [2, 7] in the same polymer shows, that
the dye molecular structure does not influ-
ence significantly the photosensitivity of H-
aggregates, since the V, spectral depend-
ences in both aggregates are essentially co-
incident [2, 7]. The dye molecular structure
influences the position of the photosensitiv-
ity long-wave edge more strongly that for
MCI-Pm composittes is shifted towards
longer wavelengths by about 75 nm. This
results of course in increased absorbed frac-
tion of solar radiation approximately by
20 %, thus, the mCl-Pm/3I1-VCz-OMA com-
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Fig 5. Absorption and photovoltage spectra of
meso-Cl composite films and their ratio for
different polymeric matrixes:

1-V(IVCz-OMA); 2-V(VCz—OMA); 3-VCz-OMA.

posites are of good promise for development
of solar cells, including plastic solar devices.

To conclude, the solar light absorption
spectral region for polymeric composite
films containing meso-Cl polymethine dye is
larger than for the dye molecules in a solu-
tion. This is due mainly by the formation of
H-aggregates in films with energy exceed-
ing the excitation energy of the dye mole-
cules as well as of CT-complexes contain-
ing the dye and polymer molecules with
energy lower than the dye molecule excita-
tion energy. The charge carrier photogen-
eration efficiency in the H-aggregates de-
pends heavily on the polymer molecular
structure. The presence of iodine atoms in
the polymer structure results in a consid-
erable increase of charge carrier photogen-
eration efficiency in H-aggregates. The en-
ergy of H-aggregates and relative effi-
ciency of charge carrier photogeneration
can be determined from the position of ex-
tremes in spectral dependence of the ratio
of surface photo-e.m.f. to optical density of
composite films, if the charge carrier pho-
togeneration efficiency therein differs suf-
ficiently from that for the dye molecule.
The photosensitivity spectral region of
composite films for meso-Cl in I-containing
carbazole polymers 3I-VCz-OMA is much
wider than for the corresponding compos-
ite films of HITC dye, and this can be util-
ized at the development of photoconverters
and solar cells.
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Bnaus moaimepHoil maTpuii Ha (OTOUYTIMBICTH
KOMMO3UTiB 3 Me30-Cl-mosiMmeTHHOBUM GapBHHKOM

H.Bepesina, B.Cupomamunixoe, A.lwenko,
A.Bepbuyvkui, A.Bepyimaxa

Hocaigskeno onruyHi i (oToBoMbTAIUH]I BIACTHBOCTI HMOJiMEPHMX KOMIIOSUTIB 3 BEJIHKOIO
(mo 40 %) koumenrpanico Cl-BmicHoro momimeruroBoro GapBHuKa meso-Cl. B saxocri mo-
JiMHIIKap6asos, IoJiemoKcUIpomiaKapbasos, OKTHUJIMeTAKPUJIAT-BiHiIKap6asoy, OKTHJIMe-
Tagpuiaar-3-on Bimingapbason (3I1-VCz-OMA). ITokasawmo, mo y mriBkax meso-Cl moximep
dbopmyloThesa mekinbka TumiB arperartiB. lle TpPUBOAUTH O SHAYHOTO YHIIMPEHHA o6JacTi
TMOTJIMHAHHA Y KOPOTKOXBUJIBbOBY cTopoHy (Zo 500 HM) mopiBHAHO 3 MOJIEKYJAPHUM IIOTJIU-
HAHHAM po3dnHy. ILIiBKKM KoMIIo3uTiB Ha OCHOBI momimermHOBOro GapsHmKa meso-Cl € goto-
YyTJAWBUMU y IIHUPOKIN cHeKTpanbHiil o6sacTi 3 MAaKCHMAaJbHOO (POTOUYTIMNBICTIO v OIU3BKil
I9 o6sacTti. EdexruBuicTts (ororeneparii zHociiB s3apsgy mjs arperaTtiB my:Ke CHJIBHO 3aje-
JKUTh Big mosimepHoi martpuili. Cepen mocaigiKeHHX II0JiMepPiB MaKCHUMAaJbHY (POTOUYT-
auBicTh MaoTh KommoduTu HA OCHOBL 3I-VCz-OMAA komoaimepy. OOGroBoproeThCcs BILIUB
MOJIEKYJISIPHOI CTPYKTypH HoJliMepy Ta OapBHMKA, a TAKOMK arperaiii ocraHHbOro Ha (OTO-
BOJIbTAIYHI BJIACTHUBOCTI KOMMIO3UTHHX ILIiBOK. KoMImosuTu, IO AOCTigKeHO, MOMKYTh OyTU
BUKOPMCTAHI [Jisi CTBOPEHHS IHYYKHX (POTOIEepeTBOPIOBauiB, uyTiauBux y Oausbkiit I9 06-
JacTi, 30KpeMa OpraHiyHMX COHSYHHUX €JIEeMEHTiB.
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