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Photoconducting film compositions based on cobalt (II) and nickel (II) octanoates doped by cationic
and(or) anionic polymethine dyes are obtained. Their electric and photoconductive properties are investigat-
ed. Anomalous for semiconductor materials peculiarities of the photocurrent were observed in these compo-
sites. Effect of memory of preliminary illumination with light was observed in the obtained films. The
scheme of non-equilibrium charge carriers photogeneration process in these compositions are suggested.
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1. INTRODUCTION

The films of organic metal-containing composites
(FC) doped with organic dyes are commonly used in
photonics media [1-3]. In FC monomeric dye molecules
play role of centers of light absorption and photogener-
ation of non-equilibrium charge carriers. Considerable
progress is reached in control of photophysical and elec-
trophysical properties of FC by adjustment of chemical
structure of the dye and composite-matrix. The polyme-
thine dyes [11] are the most interesting amongst organ-
ic dyes for photonics applications. The work is aimed in
obtaining of new cobalt- and nickel-contained film com-
posites doped with low concentration of organic dyes
and investigation of their photoconductive properties.

2. THE SAMPLES AND EXPERIMENTAL
TECHNIQUE

Cobalt (II) and nickel (IT) octanoates (M1 and M2)
as well as anionic (Dyel) and cationic (Dye2) polyme-
thine dyes were used as FC components.

The samples were prepared as the structures with
free surface [glass substrate — electroconducting
SnOz : In203 (ITO) layer — FC] and sandwich-structures
[glass substrate — electroconducting ITO layer — FC —
Ag]. Concentration (N) of Dye was 1 mas.%, FC thick-
ness was ~2 um.

The technique of measurement of optical density (D)
within the range A = 400 — 800 nm, density (jea) of pho-
tocurrent is described in [2, 12]. Green light-emitting
diode with maximum of irradiation at A1 = 540 nm was
used for investigation of photoconducting properties of
FC. Parameters 6De=(Dk-Do)/Do and 8lie = (Iik -
Tro)/ILo, where Do and Iro are the values D and IL before
application of the field (E), Dt and ILE are the values D
and IL after application of the field, were calculated
using experimental results. Light intensity (I) at A1 and
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A2 was changed by neutral light filters within the range
1—-50 W/m2. The value of electric voltage (U) which
was applied to electric contacts in the samples of sand-
wich-structure was changed within the range 1 — 200
V. For measurements of fluorescence spectra and for
excitation of fluorescence in FPC spectral fluorometer
Solar CM2203 was used. All measurements were done
at room temperature which corresponds to conditions of
FPC practical applications.

Quantum-chemical calculations of molecules N-
methylcarbazole (as a model monomer of PEPC) and
anion An5 were done by non-empirical method
DFT/B3LYP in 6-31G(d,p) basis using program package
PC Gamess/Firefly [13].
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3. EXPERIMENTAL RESULTS AND DISCUS-
SION

In the samples of sandwich-structure based on M1-
and M2-films without dyes-additives photocurrent was
not observed. In the samples with 1 mas. % dye photo-
current was observed both for Dyel and for Dye2. In
the samples with N = 10 mas. % Anb for U=100V, 1 =
50 W/m? the value jpa is 103 A/m?2 under illumination
with light with A1 and 2104 A/m2 under illumination
with light with Az.
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In the similar structures with PVB photocurrent was

not observed. Dependencies jea on U can be described

by analytical function jPH~UmPH, which is usually
used for analysis of currents in semiconductor materi-
als. Power exponent mpu = 2.1 for A1 and 1.4 for A2. The
value jru weakly depend on polarity U. The dependen-
cies of jpu on I with A1 and A2 are close to linear. The
last fact means that effect of photoconductivity which
is not caused by two-quantum processes was discov-
ered.

Discovered in the work photoeffect is unusual. It
can not be explained by formation of electron-hole
pairs (EHP) caused by electron transfer from carbazole
fragment PEPC to excited molecule An5 due to differ-
ence HOMO energy (HOMO energy of the polymer
which was calculated for N-methylcarbazole is —
5.3280 eV and it is —2.2205 eV for Anb anion).

Additional investigations were carried out for de-
termination of reasons of appearance of inner photoef-
fect upon growth of An5 concentration. Influence of
external electric field on spectra of absorption and pho-
toluminescence was observed in all investigated sam-
ples based on PEPC (Fig.1).

When electric field is switched on the values Do and
Iro reach the values Dg and I e during time interval ~
1 s, which is close to time of electric charge of geomet-
ric capacity of the sample. After electric field switching
off all changes of spectra stop. Peculiarities of spectra
changes depend on dye concentration. In FPC with
N <5 mas. % when electric field is switched off within
short wavelength range absorption intensity increases
(6D > 0), intensity of photoluminescence decreases
(6ILe < 0). Within the long wavelength range the ef-
fects are opposite (6Dg < 0, 6ILe > 0) (Fig.1, c¢). Earlier
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[2, 14] the similar changes were observed in photocon-
ducting and non-photoconducting FPC with low con-
centration of symmetric polymethine dyes. These
changes were explained by intramolecular redistribu-
tion of electronic density under influence of external
electric field. But we have ascertained that upon N
growth the dependency 6Dk (d) does not change
whereas the dependency O6ILe(d) essentially trans-
forms. The last fact reveals itself in quenching of lu-
minescence upon application of electric field (6ILe < 0)
in FPC with N > 5 mas. %. This quenching increases
upon N growth (Fig.1, d). That corresponds to the
model considerations described in [1, 2]. Luminescence
quenching of organic dyes in photoconducting FPC
under electric field influence is explained by formation
and dissociation of EHP, namely by decrease of proba-
bility of radiative recombination of EHP.

growth of intensity of short wavelength band of
creates conditions for higher reaction ability as com-
pare to the state SO. Possibility of such mechanism is
confirmed by quantum-chemical calculations. Upon
formation of neutral radical (An5°¢) HOMO energy
decreases until —6.0138 eV. This value is lower than
HOMO of N-methilcarbazole (-5.3280 eVO0. Thus, the
radical An5+ can play role of effective acceptor of elec-
tron from carbazole fragment of PEPC. It can create
positive charge carrier — hole.

Effect of FPC photoconductivity on the light wave-
length Az also is unusual. The matter is, that Az is out-
side the absorption band of An5 monomer. Therefore,
irradiation of He-Ne laser can not involve inner photo-
effect in FPC. Unusual is also kinetics of the photocur-
rent jeu(t) (Fig.2, ¢ and Fig.2, d) with slow growth of
photocurrent and quite quick its relaxation when illu-
mination is ceased. The kinetics of photocurrent is the
same for different values U and I.

Addition of conductivity current jeai and jeuz for
stationary dark conductivity current is similar to Kki-
netics of jeu change.

4. CONCLUSIONS

Investigations of electroconducting and photocon-
ducting properties of the Co(II)- and Ni(II)-octanoates
composite films doped with different types of polyme-
thine dyes (anionic and cationic) are carried out. Influ-
ence of external electric field on spectra of absorption
and photoluminescence, electric and photoconductivity
of PEPC films doped with anion dye is studied. Widen-
ing of absorption and photoluminescence bands,
quenching of photoluminescence intensity, arising of
photoconductivity effect within visible range of spec-
trum were observed upon growth of dye concentration.
These effects can be explained by formation of associ-
ates of dye molecules. The reason of photoconductivity
can be attributed to photogeneration and transport of
charge carriers in the associates.
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Fig. 2 — Diagrams explaining the technique of measurements of jeu1 depending on time of delay t: of electric field application after
start of illumination of the samples with light (a), Diagrams explaining method of change of jpu2 depending on time interval tz of
delay of application of electric field after illumination is ceased (b), kinetics of photocurrents jen and jem for different t: values (c)
and kinetics of photocurrents jer and jeaz for different tz values (d)
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