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The peculiarities of charge flow mechanism in polymer films on the PEPC base
with organic dyes of various ionic ability were investigated. The electroconductiv-
ity was established to depend on dye nature, their ionic ability and content in poly-
mer media. The approximation of the current-voltage characteristics as
exponential function was presented and the activation mechanism of charge flow
in investigated structures was established. The activation energy of various system
was estimated end established to depend on the dye concentration in PEPC. The
self-organization as penta- and hexagons and aggregation in investigated struc-
tures obtained.
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INTRODUCTION

The polymer nanoscale structures are under wide investigations of che-
mists and physicists now [1]. The photosensitive materials for optical
filters and solar cells, the reversible media for optical writing of infor-
mation and for holograms, the light emitting devices with good charac-
teristics and others have the promising perspectives in the feature.

The structure formation in such case is simple and cheap, the properties
can be changed easy, the efficiency of such structures is high, the good film
forming and mechanical properties are peculiar to organic polymer struc-
ture both the doped polymers and composite materials.

Poly(N-epoxypropylcarbazole) (PEPC) was used as the hole trans-
port layer what was caused by its capability to effective transport of
holes through carbazole nucleuses [2]. With addition of electron accep-
tors the PEPC as film forming media does both the function of hole
transport and formation of photogeneration centers [3].

The organic dyes (OD) are used as sensibilizators of photoconductiv-
ity and electroluminescence of polymers because of their effective trans-
forming of the light energy and their intensive bonds of absorption and
luminescence in wide spectral range [4]. Besides, the energy of their
valence orbital and carbazole are close and the holes can move from car-
bazole nucleases to valence orbital of OD and on the contrary [5].

The main purpose of this work is to investigate the peculiarities of
charge flow in organic polymer films both doped by organic dyes of
various ionic ability and their composites.

EXPERIMENTAL

The series of cationic OD 1, anionic OD 2, neutral OD 3 and intraionic
OD 4 were investigated.

Casting from solutions to ITO on glass substrate formed the films inves-
tigated. The concentration of OD in polymers was in range 0-50 mas.%.
The second electrode in sandwich structures was prepared by press of
In or by vacuum evaporation of In with contact area of 1.10 2 cm?.

The current-voltage characteristics of investigated structures were
measured in range 0.01-400V by automated tester 14-TKS-100 and pro-
cessed by PC. The surface morphology of investigated films was mea-

sured by Atom Force Microscopy (AFM) and by electronic microscopy.

RESULTS AND DISCUSSION

The organic dyes of various structure and various ionic ability were
used [5,6] (Fig. 1). Such method let us to investigate the dependencies
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TABLE 1 The Characteristics of Investigated Dyes (Table 1, Figure 1)

Peak of Peak of
N  The dye classification Ionic ability  absorption  luminescence
1 indopolycarbocianine cationic 667 678
2 polymetine anionic 560 602
3 merocianine neutral 550 598
4 ionic dye with B atom coordinated  intraionic 530 612

of optical, electrical and others characteristics on the PEPC base both
on the structure of dyes and their ionic ability.

The name of cationic dye OD 1 is indopolycarbocianine and it is
included to polymetines. It likes salt Na" Cl~ and falls to ions in sol-
ution. Its molecules are symmetric. The charge of such dye is positive
“+1” and presence both in ground and excited states [7]. In compari-
son to cationic OD 1 we have investigated the anionic OD 2 like salt
too. The summary charge of such dyes is “ —1”. OD 2 has charging
structure both in ground and excited state. The neutral OD 3 was syn-
tesied by unification of cation OD 1 and anion OD 2. The summary
charge of such dyes is 0. The OD 4 is intraionic dye and has the
charges “ —1” and “+1” in both ground and excited states.

N=C =N,
o NN NBuU),
N= C=N
1 - cationic 2 - anionic

MeMe

NN ON

N
| CN
Me

3 - neutral 4 - intraionic
FIGURE 1 The structure of dye molecules.
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FIGURE 2 I vs E dependence: a) in the polymer structures with poly-
metine dyes: cationic (1), anionic (2), neutral (3) and intraionic (4). The dyes
concentration was 50% mas.; b) in samples of: In—(PEPC + N% mass. dye 5)-
ITO; N = 1%, 20% and 50% mas. L <1 mkm, forward applied bias.

The sandwich structures on the PEPC base with various concen-
tration of OD were investigated. It was established that the electro-
conductivity of such structures increases in series (Fig. 2a):

anionic — neutral — cationic — intraionic dye.

Besides, it was obtained that the structures with intraionic dyes were
different from others. The conductivity of films PEPC + 50 mas. % OD 4
was more up to 6-8 orders of magnitude in comparison to structures
with other dyes such consideration. So, they are more perspectives.

Dye doping of polymer films leads to increase of their EC because of
contribution of thermo-field injection of carriers from dye molecules.

The dependence of electroconductivity on dye concentration in
polymer media was obtained. The big difference was established
at 50 mas.% for intraionic dyes. The electroconductivity of films
PEPC + 50 mas. % OD 4 is more than of PEPC + 1 mas. % OD 4 one
up to 6 orders of magnitude in comparison to 1 order of magnitude for
other dyes (Fig. 2 b). The cause of such effect can be the presence of
both positive and negative charges in intraionic dyes. Besides, in such
structures was established the aggregates formation (Fig. 3a).

The CVC curves (Fig. 2b) can be approximated both exponential
function:

J ~ exp(—(W, — BEY/?)/kT) and degree function J = JoE*,
where o increases from 0.1 to 5 for PEPC + 1% mas. OD 4; from 0.2 to

5.5 for PEPC +20% mas. OD 4; decreases from 2 to 1.5 for PEPC +
50% mas. OD 4.
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The mechanism of charge flow in investigated films is presented by
activation process. We have estimated the activation energy W; for
films PEPC + N mas. % OD 4:

W; ~ 0.45-0.59 eV for PEPC + 1% mas. OD 4;
W; ~ 0.45eV for PEPC + 20% mas. OD 4;
W; ~ 0.16 eV for PEPC + 50% mas. OD 4.

In the case of thin films we have the opportunity for EC increase
because of contribution of thermo-field injection of carriers from con-
tacts and of increase conductivity (Fig. 4).

It was obtained the aggregate formation at 50 mas.% intraionic OD
in polymer media (Fig. 3a). Generally the conductivity of the films
with aggregates consists of the conductivity inside aggregates and con-
ductivity between them. In the case of aggregate size was compared to
film thickness the conductivity generally take place through aggre-
gates (Fig. 4).

3

FIGURE 3 The surface morphology of the polymer films: a) PEPC + 50 mas.%
OD 4; the photo obtained by electronic microscope; scan rate 6 x 8 um?; b) PEPC +
1 mas. % OD 1 with self-organization as penta- and hexagons.
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FIGURE 3 (Continued).

Besides, the self-organization in the form of penta- and hexagons on
the structures PEPC + N% mas. dyes was observed (Fig. 3b).

The electroluminescence (EL) on the samples with N% mass. OD 4
was observed (~20V):

at N = 1% it was weak visible EL so red threads;
at N = 50% the such films give off red visible light. The effect of EL
was reproduced.

The electroconductivity of investigated structures can be described as
0 = Opol + 0i + 0e + 0n + Ogye,

where 7, is the thermo-field generation of carriers from polymer mole-
cules; o; is the ion conductivity; oy is the thermo-field generation of car-
riers from dye molecules; ¢, and o}, are the thermo-field injection of
carriers from contacts.

The conductivity component g4y has the biggest contribution in con-
ductivity in the films of PEPC +50% OD 4. The other components o,
and oy, carry the considerable contribution in the conductivity in
thin films.
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FIGURE 4 Typical I vs E dependences in samples of In(PEPC + 50% mass. dye
5)-ITO for L = 0.55 mkm (1) Imkm (2) 2 mkm (3) 2.3 mkm (4) 3 mkm (5) forward
applied bias.

CONCLUSIONS

For increasing electroconductivity of the structures PEPC + N mas.%
OD is needed to application:

thin films with L <1mkm,
— dye concentrations N > 20%,
— intraionic dyes.

The CVC curves can be approximated in the form of exponential
function for thermofield generation of carriers J~ exp(— (W,—
BEY?)/KT) or degree function J = JoE*.

The self-organization in the films of PEPC + N mas.% OD was con-
ditioned by interaction polymer-dye and dye-dye molecules.

In the polymer films with 50% mas. OD the aggregation take place.

Generally the film conductivity can be approximated as conduc-
tivity inside aggregates and between them ¢ = 0int ragger + Gint eragar-

The structures on the base of PEPC + N mass.% OD 4 with thick-
ness less than 1 mkm are promising for OLEDs.
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