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Optical absorption spectra, optical conductivity, refractive index n, extinction coeffi-
cient £ and photoluminescence in nanocomposite films of poly-N-epoxypropylcarbazole
(PEPC) with 0,7; 1,35; 2,5 and 4 wt.% of Cgy molecules were studied. Substantial restruc-
turing of these spectra with changing the fullerene Cgy content was established not only
in the intrinsic absorption, but also within the energy gap. Reducing the energy distance
between states S; and T; with increasing concentration of Cgy molecules was showed, as
well as the appearance of additional broad structureless bands with a maximum near
700 nm in the long-wave photoluminescence spectrum. Restructuring of the spectra is
associated with electron-conformational changes caused by appearance of the donor-ac-
ceptor interaction between components in the films PEPC-Cg, due to formation of the
complexes with charge transfer (CCT) in them.

Keywords: nanocomposites, poly-N-epoxypropylcarbazole, Cg, fullerenes, optical con-
ductivity, optical absorption, photoluminescence, complexes with charge transfer.

HccnemoBaupl CIEKTPBI ONTHYECKOrO IOMJIOIEHNA, OITUYECKON IIPOBOANMOCTHY, IIOKa3aTe-
JId IPEeJOMJIECHUS 1, KO3(MPUINEHTA SKCTUHKINYA £ 1 (POTONIOMUHECHEHIINHN B IIJEeHKAaX HAHO-
KOMIIO3UTOB Ioau-N-snoxcunponmiarapbasona (IISIIK) ¢ 0,7; 1,35; 2,6 u 4 mac.% MOJEKy.
Cgo- YCTAHOBIIEHO CYIIECTBEHHYIO II€PeCTPOMKY YVKABAHHBIX CIIEKTPOB C M3MEHEHHEeM COJepPIKA-
mHus (ynnepenor Cgy He TOMBKO B 00IaCTH COGCTBEHHOTO IIOTJIOIIEHMS, & TaKKe B Ipefenax
JHepreTUUecKoM Ieau. II0KasaHo yMeHLINeHNe SHEPreTUUYECKOI'0 PACCTOSHUA MeEKIY COCTOS-
HusaMu S; u T; ¢ pocToM KOHIeHTpanuyu MoneKya Cg), a TaKiKe BOSHMKHOBEHNE B JIMHHOBOJ-
HOBOM o00jacTy cmexTpa (POTOJIOMUHECIIEHIINA JOMOJHUTEILHLIX IIMUPOKUX OeCCTPYKTYPHEIX
moJioc ¢ MakcuMyMoM oKoj0 700 nm. IlepecTpoliKa CIIEKTPOB CBA3LIBAETCS € JIEKTPOH-KOH(DOP-
MAI[MOHHBIMY M3MEHEHUSIMU, BLISBAHHBIMU IIOSBJICHHEM B ILIEHKAX HAHOKOMIIO3HUTOB HSHR-CGO
JTOHOPHO-AKILEIITOPHOI'0 B3aMMOJEHCTBIA MEMAy KOMIIOHEHTAMM B pesdy/brare (JOPMUPOBAHUA B
HIX KOMILIEKCOB C IIEPEHOCOM 3apPsAI0B.

ExexTponHo-KoH(MOpPManiiiHA mepedynoBa y MIIBKaX HAHOKOMIIO3UTIB IOJi-N-emoKcH-
npomninkap6asony 3 dynaepenamu Cgy. O.I1.0xaciox, OJ1dmumpenio, M.I1.Kyriw, M.A3a-
6onomuuil, I'.fO.Bopodina, T.O.Bycko.

JocmimKeHo CIEKTPY ONTHYHOTO TMOTJHHAHHSA, ONTUYHOI TPOBILHOCTI, TOKA3HMKA 3aI0M-
JeHHA n, KoedilieHTa eKcTHMHKII £ Ta QorogoMmineciiediii y maiBKax HAHOKOMIIO3UTIB
noui-N-enokcunpomninkap6asony (IIEIIK) s 0,7; 1,35; 2,5 i 4 mac.% wmoneryxn Cgy. Beranos-
JIEHO CYTTEBY IepebyfoBYy BKABAHMX CIIeKTPiB 8i amimoio Bmicty dynepenis Cgy He aume B
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o6JacTi BJIACHOTO TOTJIMHAHHSA, & TAKOXK Y MerKax eHepreTmuHol miismam. Ilokasano 3meH-
ITeHHs eHepreTudHol Bigcrani mMimx cramamm S; i T 3i 3pocTaHHAM KOHIEeHTpamii MojeKyx
CBO’ a TaKOK BUHWKHEHHS Yy JOBTOXBUJALOBIii 00sacTi crmeKTpa oTomomMineceHItii fomaTKo-
BUX IIUPOKUX O0e3CTPYKTYPHUX cMyr 3 MakcumMymoMm 0Oima 700 mwm. IlepebymoBa cmekTpis
3B’A3YETHCA 3 €JIeKTPOH-KoHbpopMaifiHuMu 3MiHaMU, BUKJAMKAHUMU TIOSBOI0 B TIJIiBKaX Ha-
HOKOMIIOSUTIB HEHR-C60 IOHOPHO-AKIIeIITOPHOI B3aeMOAil MiK KOMIIOHEHTAMM BHACIiIOK
GOopMyBaHHSA y HUX KOMILIEKCIB i3 IepeHeceHHSIM 3apsAIiB.

1. Introduction

Conjugated polymers with linear or
phenyl n-systems in main chain (and in side
groups) cause considerable interest as prom-
ising lead materials. Among others, there
are polymers of poly-N-vinylcarbazole
(PVC), poly-N-epoxypropylcarbazole (PEPC),
those contain carbazole fragments in the
side groups, Fig. 1(a, b).

Despite presence of the same carbazole
rings that act as chromophore groups in the
molecular structure of the monomer units
of these polymers, their structure is differ-
ent. PVC refers to hard chain polymers in
viniline row and PEPC — to polyether oli-
gomers.

These polymers are characterized by
semiconducting properties due to the pres-
ence of carbazole cores in their structure,
which define by the delocalized m-electrons
and dipole-dipole interaction and, as a con-
sequent, transfer of energy by excitons and
photoconductivity. As a result, such poly-
mers that contain carbazole are widely used
for the manufacturing of recording media,
high contrasting light emitting devices and
low-cost organic solar cells [1, 2].

However, the longer monomer units due
to the presence of an oxygen atom and the
presence of side bond specified by CH,
group leads to the fact that carbazole cores
haven’t fixed positions in PEPC (unlike
PVC), and the distances between them are
more significant. These differences prevent
creation of intramolecular excimers in
PEPC and therefore their light sensitivity is
insufficient. Sensitizing additives are doped
in the polymer matrix for its increase,
through which there are created not only
more effective photogeneration centers, but
also charge carriers and excitons transport
are provided [3-5].

One of the sensitization internal photoef-
fect methods is doping the organic semicon-
ductors by molecules with a high electron
affinity energy, which may contribute to
the donor-acceptor complexes with charge
transfer (CCT) and related optical absorp-
tion band appearance. Such heterogeneous
systems (under certain conditions) can not
only photogenerate exciton like electron-
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hole pairs (EHP) of carriers, but also effec-
tive dissociate and transport them in the
electric field.

Especially promising acceptors in the ma-
trixes with polymers that contain carbazole,
chromophore molecules, and that have low
ionization potential, and therefore can be
electron donors, are fullerenes Cgy. Their
electron affinity energy is equal to 2.65 eV
[6]. Because of icosahedral symmetry of
molecules Cgq, which provides high tunnel-
ing electron transitions probability. Addi-
tion of the fullerenes not only provides the
efficient EHP formation, but also creates an
additional channel for electron transport,
which reduces the bulk charge due to the
increased charge carriers mobility [7-13].
An important role is plaid not only by bulk
arrangement of anisotropic elements with
m-orbitals, but also by macroscopic bulk
alignment of the polymer chains, which can
be achieved in one active layer of organic
solar cells (OSC) with bulk hetercjunction,
when polymer that contains carbazole as a
donor and molecule Cgy as an acceptors
form the interpenetrating network for effi-
cient charge separation [14]. Indicated
nanostructure (for the effectively work
OSC) must have a size corresponding to ex-
citon diffusion length, which is provided
their movement and dissociation to electron
and hole without radiative recombination
[15].

It should be noted that studies of the
field impact on behavior of the electron-con-
formational states of nanocomposites PEPC
with fullerene Cgp, which can be used to
create OSC with the bulk heterojunction,
not done enough at present.

In this paper, we investigated optical ab-
sorption and optical parameters such as re-
fractive index n, extinction coefficient &k,
optical conductivity o, photoluminescence
for studying properties of PEPC films with
different content of molecules Cgp.

2. Experimental

PEPC films with Cgq fullerenes were pro-
duced by irrigation. The polymer and fuller-
enes solutions in toluene were previously
obtained for this purpose. Concentration of
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molecules Cgg in the solutions was 0; 0.7;
1.35; 2.5 and 4.0 wt.%. Then these solu-
tions were poured on quartz and silicon
Si(100) substrate and dried in a thermocell
at temperature of 80°C for 4 h. The film
thickness d was assumed about 1 um.

Optical absorption was measured by a
spectrometer Perkin Elmer Lambda 35. Opti-
cal parameters n and £ and optical conductiv-
ity o were determined by using spectral ellip-
sometry method with the device LEF-ZM-1.

Photoluminescence was studied by using
two-beam spectrometer DFS-24 with mono-
chromator MDR-3 and triple electrometer
Horbia Jobin Yvon T64000, equipped with a
cooled CCD-detector. Spectra were excited
by Ar-Krion laser lines with wavelengths
448 and 514.5 nm, and nitrogen laser with
wavelength 337.1 and 325 nm.

The films structure determined by X-ray
diffractometer DRON-8M with monochro-
matic  radiation of = CoKy; g =
0.179021 nm).

3. Results and discussion

Fig. 1(c) shows spectrum of optical con-
ductivity for thin PEPC film.

It shows that for this PEPC film thick-
ness there are observed interference bands
in the energy range from 1.5 to 3.4 eV,
which presence enables to calculate the
value of d for it by using the following
expression:

d= 1 , (1)
2n 1_1 sing
}"2 }"1
where A; and A, — wavelengths of two ad-
jacent interference maxima, n — refractive

index, @ — angle of light incidence. The
calculation results show that the film thick-

ness is about 1.2 um, which is consistent
with the predictable film thickness. How-
ever, it is clear that it must be used a film
of greater thickness for ellipsometric meas-
urements to avoid the appearance of inter-
ference spectra in the whole energy range of
incident photons.

There is no crystal structure for all the
PEPC films, as it is evident from the behav-
ior of X-ray diffraction spectrum in the
range of angles from 5 to 40 degrees.

Only blurred halo is observed in the X-ray
diffraction spectrum that indicates the
amorphous structure of PEPC films, which
is characteristic for oligomers with low mo-
lecular weight, Fig. 1(d).

Functional materials, 24, 4, 2017

It is known from optical absorption and
fluorescence excitation spectra for PEPC
films, that they are mainly derived by en-
ergy states, which are characteristic for
their monomer polymers units [16].

Fig. 1(e) shows the optical absorption
spectrum in the intrinsic absorption area of
the monomer units for the PEPC film.

It can be seen that the optical absorption
edge corresponds to about 3.55 eV and
there is characteristic presence of four
clearly expressed bands that due to the sin-
glet energy states §;—-S, and single band
corresponding to the triplet state T';. Thus,
the absorption maxima corresponding to the
optical transitions in the monomer units are
associated with excitation of singlet and
triplet excitons.

However, there are bands in the optical
absorption spectrum as in the optical con-
ductivity, Fig. 1(f), due to the interorbital
transitions outside the intrinsic absorption
in the range of energies 3.0—1.0 eV. There
are 12 bands in the optical absorption spec-
tra in the energy range from 3.6 to 1.0 eV,
which absorption coefficient decreases in
103-10° times in comparison with the in-
trinsic absorption bands.

It is seen that there are individual bands of
the optical conductivity with the small energy
to the absorption edge, their value is less than
0.5-1015 571, This indicates the existence of
local states within the energy gap that results
from the formation of various complexes, pho-
tooxide of carbazole rings, as well as the exist-
ence of molecular adulterants.

It should be noted that the addition of
acceptor molecules Cgy in the PEPC matrix
does not change general view of the optical
conductivity spectrum, where the singlet and
triplet states are saved, that is characteristic
for the polymer monomer units, Fig. 2.

However, depending on the content of
fullerenes the position and relative inten-
sity of bands S;-S, and T; are changed.
Thus, optical transitions in the triplet T
(4.11 eV) and singlet §; (4.52 eV) states are
clearly expressed in the PEPC optical con-
ductivity spectrum. S; (4.65 eV) and Sj
(5.01 eV) transitions are displaced from
their positions in the PEPC nanocomposites
with 0.7 wt.% Cgg, and S, transition, cor-
responding to 4.84 eV of energy, is hardly
evident. In addition, a value redistribution
of optical conductivity occurs for some
bands.

Optical conductivity spectrum changes
are more significant in the intrinsic absorp-
tion area in the case of increase of Cgg
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Fig. 1. Structures of PVC (a) and PEPC (b) and PEPC film; optical conductivity spectrum of thin
film (c), X-ray diffraction spectrum (Agyy, = 0.179021 nm) (d), optical absorption spectrum in intrin-
sic absorption region (e), optical conductivity spectrum (d = 2 um) (f).

molecules to 1,35 wt.%. If the bands T,
(4.12 eV) and S; (4.59 eV) save their posi-
tion, then the place of other optical conduc-
tivity peaks changes. Additional bands ap-
pear in the spectrum. Importantly, that it is
a significant redistribution of absorption in-
tensity for all maxima o due to falling of
the optical conductivity value for the low
energy range in the spectra for PEPC com-
pared with its nanocomposite with 0.7 wt.%
of Cgp. A similar spectrum restructuring
continues in the case of increased concen-
tration of Cgy to 2.5 wt.% in nanocompo-
site. T'; peak position is significantly shifts
to the energy value of 4.21 eV for this sys-
tem, the maximum near 4.59 eV almost dis-
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appears, and the other peaks are shifted and
demonstrate significant changes in inten-
sity.

The biggest restructuring of o spectrum
occurs for PEPC nanocomposite with
4.0 wt.% Cgg. Thus, the line for the triplet
transition T'; almost disappears, but an ad-
ditional band appears at 4.30 eV. It can be
assumed that doping the polymer by fuller-
enes Cgy reduces the energy gap between
the states S; and T;, a tendency to that is
viewed in the case of nanocomposite with
2.5 wt.% of Cgy. S, band at 5.71 eV is
shifted to the position on 5.21 eV. The
greatest absorption in this range occurs for
band S3 (5.03 eV).

Functional materials, 24, 4, 2017
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Thus, the spectra of optical conductivity
for the PEPC nanocomposites with different
content of Cgy molecules undergo signifi-
cant changes. These spectra restructuring
of the PEPC monomer units is a result of
appearance of donor-acceptor interaction be-
tween the components of nanocomposites,
which leads to CCT formation. Dynamics of
the CCT production become complicated
with the changing the Cgy content, since
their homogeneous distribution in the ma-
trix can be expected only for the low con-
centrations of fullerenes and growth for the
molecules content increases their aggrega-
tion probability that prevents appearance of
the donor-acceptor complexes. The role of
Cgo molecules in reducing the distance be-
tween S; and T, states in the monomer
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Fig. 2. Optical conductivity spectra of PEPC
films nanocomposites 0 (a), 0.7 (b), 1.35 (c),
2.5 (d) and 4.0 wt.% of Cgy (e) (d = 2 um).

units is especially significant, which can
make an important contribution to the
growth of intercombination transitions and,
consequently, in the strengthening of the
donor-acceptor interaction.

Refractive index n and extinction coeffi-
cient £ spectra are also changed, Fig. 3.

It is evident that the both optical pa-
rameters significantly change with the
change of the Cgy molecules content in
nanocomposites with PEPC not only in the
range of smaller as well as in the larger
wavelengths. This spectra restructuring also
indicates the formation of CCT in the PEPC
nanocomposites with Cgp, which leads to a
the spectra restructuring of not only in the
intrinsic absorption area, but also within
the energy gap. It becomes especially notice-
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able in the area after 500 nm, which corre-
sponds to a the wavelength band of charge
transfer which is close to 590 nm.

Photoluminescence spectra, which repro-
duces the dynamics of relaxation processes
of electronic excitations for the PEPC films
(including the case of substitution of hydro-
gen atoms for carbazole fragments), are
quite complex [16—-18]. The entire range of
wavelengths can be divided into several sec-
tions. There are three bands at 350, 367
and 386 nm in the range of wavelengths
A < 400 nm for stationary photolumines-
cence, corresponding to radiation due to re-
laxation of electronic excitations in m-sys-
tem of the carbazole fragments. If the band
at 8350 nm is associated with O—O electronic
transfer, the last two bands are due to vi-
bronic transitions. Phosphorescence spec-
trum (FS) is concentrated in the range of
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Fig. 3. Spectra of refractive indices (I) and
extinction coefficients (2) for PEPK films
nanocomposite 0 (a), 0.7 (b), 1.35 (¢), 2.5 (d)
and 4.0 wt. Cgy % (e) (d = 2 um).

A > 400 nm (beside the fluorescence spec-
trum of monomer units), which ineludes in-
tense bands at 412 and 441 nm and low-in-
tensity peaks near 425, 431, 456 and
465 nm. Broad structureless bands are ob-
served at 460—480 and 520 nm in addition
to given bands in the PL spectra. The na-
ture of the separate bands may vary depend-
ing on the PEPC films condition or powder,
Fig. 4(a).

The feature of this spectrum is the broad
structureless band in the region of 460-
650 nm, which includes not only bands at
460—-480 and 520 nm, but also indicates the
presence of a more long-wave maxima.

The band at 450—-460 nm belongs to ex-
istence of sandwich type the excimer with
almost completely overlapped mn-systems.
The appearance of the band at 520 nm
(2.38 eV) due to formation of photooxides

Functional materials, 24, 4, 2017
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or exciplexphotooxides with normal oxygen-
less links [18]. By the way, the intensity of
the band at 520 nm increases with the tem-
perature growing, which also shows its ex-
cimer-exciplex nature. It should be recalled
that excimer and exciplex formation (due to
the PEPC structural features) unlike PVC
occurs due to intermolecular last groups.
Also it is possible the radiation in A > 400 nm
area (in addition to the excimers) by dimer
complexes with their local levels in the
ground state.

The intensity of the excimer and exciplex
bands significantly increases during the
light excitation with energy Av = 2.1 eV
(590 nm) [16]. It should be noted that the
existence of the long wave PL can also be
due to other causes. Delocalization of triplet
excitons at increased temperatures (77 K)
generated by monomer units can be as one
of such reasons. As a result of T-excitons
migration they can get into the deep traps
which appear on photooxidized centers. The
phosphorescence spectrum (due to recombi-
nation of these excitons) corresponds to the
broad structureless band with a maximum
in the vicinity of 500-550 nm [18]. Another
reason could be the appearance of CCT with
acceptors, including Cgy molecules, the ab-
sorption of which is concentrated in 380—
500 nm (2.48-3.26 eV) region. Since it is
overlapped with radiation bands of the
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Fig. 4. Photoluminescence spectrum of PEPC
powder (A, =3887.1 nm, T =177 K) (a),
spectral dependence of PL for PEPC films (1)
and its nanocomposites with 0.7 (2) 1.35 (3),
2.5 (4) and 4.0 wt.% of Cgy (5) (A, =
325 nm, T =77 K) (b), decomposition for
components of PL spectrum for PEPC film
Agye. = 325 nm, T = 77 K) ().

monomer units and excimers, it can be ex-
pected the secondary absorption (reabsorp-
tion), which promotes the resonant energy
transfer from these units and excimer CCT,
which radiation focuses in the area of 500—
850 nm. It is possible that at the initial
stage of photooxidation the appearance of
exciplexes, T;-exciton radiation from deep
traps that appear due to photooxidation
can strengthen the PL as a result of the
laying CCT on PL [17]. It is appropriate to
consider restructuring of the PL spectra for
the PEPC nanocomposites with different
content of acceptor molecules Cgy in the
broad structureless band during excitation on
different wavelengths to determine the possi-
bilities for flowing of relaxation processes.

Fig. 4(b) shows the normalized spectral
dependence PL near wavelength of 550 nm
excited by light with wavelength A = 8325 nm
obtained for the PEPC and its nanocompo-
sites with molecules Cgy at temperature T =
77 K.

It is seen that the PL spectrum for the
PEPC films is significantly different from
analogous spectrum for the polymer powder.
When the higher values of PL correspond to
the relaxation processes of electronic excita-
tions in the emission area of the monomer
units, and there is little intense broad struc-
tureless band in the long-wave region for the
powder PEPC, then for the films, conversely,
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bands related to the monomer units,
strongly suppressed. However, there is a

signif icant radiation in th e range of 400-
700 nm, and there is the blurred low-inten-
sity band for PEPC in the range 725—
800 nm.

Fig. 4(c) shows decomposition by compo-
nents of the PL spectrum for the PEPC film
measured at a temperature of 77 K.

It is seen that the PL spectrum includes
a diverse set of the components that related
to the fluorescence (377, 387, 393 nm),
phosphorescence (412, 435 nm) on the
monomer units, excimer complexes
(460 nm), and to T;-exciton recombination
on photooxidized traps. In addition, there is
a number of low intensive bands (604, 652,
759, 866 nm), the nature of which is not
fully understood, but it can be assumed that
they are caused by different nature of the
complexes, including photooxidized exci-
plex. The components distribution and their
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Fig. 5. PL spectra and their decompositions
for components of PEPC nanocomposites 0.7
(a) 1.85 (b), 2.5 (c) and 4.0 wt.% of Cgy (d)
(Apye =825 nm, T =177 K), PL spectra of
PEPC (1) and its nanocomposites with 0.7 (2)
1.85 (3), 2.5 (4) and 4.0 wt.% of Cgy (5) and
fullerene Cgy (6) (A,,, = 825 nm, T = 77 K) (e).

exc.

relative intensity retain with minor changes
for the PL spectra obtained for T = 300 K.

The PL spectra are rebuilt with the addi-
tion of Cgy molecules, but the degree of
their changes significantly depends on the
fullerenes concentration, Fig. 5(a).

It is seen that already with the small
content of Cgy molecules (0.7 wt.%) there is
a significant shift of the bands due to the
presence of exciplexes to 523 nm and linked
to T';-exciton recombination on the photoox-
idized traps to 588 nm. The intensity redis-
tribution is also observed, caused by differ-
ent relaxation mechanisms of the electronic
excitations. It can be assumed that these
changes occur as a result of formation of
the CCT molecules Cgy with oxygenless and
photooxidized carbazole cores.

The CCT formation is enhanced with in-
creasing the content of Cgy molecules to
1.35 wt.%, as evidenced by the appearance
of additional components of the PL inten-
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sity in the long-wave region with a the
maximum at 708 nm. The formation of CCT
even greater extent continues in the case of
increase of the fullerenes concentration. The
PL spectra are much more complicated in the
long-wave region with presence in the nano-
composites 2.5 and 4.0 wt.% of Cgy, as a result
of radiation by the molecules of Cgy and CCT.

Fig. 5(b) shows comparison of the PL
spectra for fullerenes Cgy and PEPC nanocom-
posites with the different content of fullerenes
in the long-wave region from 620 to 880 nm.

It is seen that there is the additional
emission in the wavelength range between
620 and 690 nm (in which there is no PL
that is associated with radiation of fuller-
ene Cgy), which increases with the concen-
tration of fullerenes. The PL band intensity
is approximately the same as in the other
components of radiation (for the nanocom-
posites with 4.0 wt.% Cgy). Meanwhile, sig-
nificant contribution to the PL intensity for
a given nanocomposite is due to Cgy mole-
cules in the longer wavelengths. This con-
tribution is much smaller for other nano-
composites. It is obvious that there is fo-
cused PL intensity (in the given wavelength
range) in addition to radiation by Cgy mole-
cules, that is generated by the appearance
of complexes with charge transfer in the
nanocomposites PEPC-Cgg. It can be assumed
that the maximum for the broad band of CCT
is close to 700 nm.

Thus, there is dissipation of electronic exci-
tation energy in the PEPC films with Cgg
molecules caused by several mechanisms,
which in addition to emissions by the monomer
units include the possibility of photolumines-
cence by the excimer, exiplex complexes, and
triplet excitons on the deep photooxidized
traps and the CCT of carbazole chromophore
n-electron groups with fullerenes Cgg.

4. Conclusions

There is considerable restructuring of
the spectra in the areas of intrinsic absorp-
tion and energy gap that can be seen from
measurements of optical absorption, optical
conductivity, optical parameters n and & for
the films of PEPC nanocomposites with 0.7;
1.35; 2.5 and 4.0 wt.% of Cgy. The restruc-
turing manifests in the shifting of positions
of absorption bands, changing their relative
intensities, which varies depending on the
content of fullerenes Cgy and defines by
concentration of the molecules, and their
possibility of aggregation. The distance be-
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tween the energy states S; and T; decreases
with increasing of content of Cgy molecules,
this plays an important role in strengthen-
ing the donor-acceptor interaction.

The PL spectra also undergo changes for
these nanocomposites, in which in addition
to the bands associated with the monomer
units, excimer and exciplex complexes, Ty-
exciton recombination on deep photooxi-
dized traps, there are additional structure
less broad peaks caused by the CCT occur-
rence. The bands of charge transfer are
characterized by maximum near 700 nm,
the magnitude of which increases with the
concentration of fullerenes Cgg.

It is obvious that the occurrence of the
PCC increases the quantum yield of gemi-
nal electron-hole pairs during the absorp-
tion of light in the visible range and im-
proves their dissociations and transport in
the relative areas.
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