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EXPERIMENTAL AND THEORETICAL STUDYING OF PHOTOCONDUCTIVITY OF 
POLYMERIC LAYERS WITH DYES

We present the results of the experimental and theoretical studying photoconductivity of polymer layers 
with the dyes. It’s investigated photoconductivity of organic dyes in solid polymeric matrices with rectangular 
pulse excitation light. The obtained experimental data indicate on the quadratic (i.e. non-linear) relationship 
between photocurrent values that are obtained for two different levels of radiation intensities.

1. Introduction

To present time there are carried out  numerous 
experimental and theoretical works data showing 
that the excitation relaxation processes in poly-
meric materials with different impurities  do not 
prevent leakage of important science and practice 
processes in the highly excited states such as gen-
eration of carriers, photochemical and radiation-
chemical processes [1-15]. Studying photo-con-
ductivity of the polyacene linear crystals (anthra-
cene, tetracene, pentatsen) showed that its high 
quantum efficiency is observed only under  irradi-
ation of the highly excited molecules when there 
is possible a birth of holes and free electrons. 

In this paper we present the results of the ex-
perimental and theoretical studying photoconduc-
tivity of polymer layers with the dyes. It’s inves-
tigated photoconductivity of organic dyes in solid 
polymeric matrices with rectangular pulse exci-
tation light (methodics details in Refs. [3,4,6,7]). 
Initially,  samples were kept at a constant high 
voltage (for most of them was taken U = 80 V) 
for some time until it is established steady dark 
current. Then through the transparent electrodes 
cell sample are radiated by a light from a mer-
cury lamp, and a light had been focused so that 
the sample was evenly lit. The photocurrent ap-
pearance is recorded on the recorder and a photo-
current grew exponentially to a constant value іc. 
Time of stationary photocurrent is dependent on 

dye concentration, nature of the polymer matrix, 
and presence of alkali in the layer, and equal one 
to a few min. 

After the cessation of current lighting around 
the same time period reached its original value. 
Typical kinetics of the photocurrent growth and 
decline for most of the samples (PVP= polyvi-
nylpyrrolidone; PVA= Polyvinyl acetate; PVC= 
Polyvinyl alcohol; PVE= Poliviniletylal) is 
shown in Fig.1.
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Figure 1. Time dependence of the photocurrent 
changing for solid solvents of rezazuryne: a)  in 
polymers of PVP, PVA, PVC, b) in PVE (C = 10-3).

Kinetics of photoconductivity for PvE layer 
of rezazuryne (P = 10-3 mol/l) without alkali was 
somewhat complicated character. As it is shown 
in Fig. 1b, photocurrent model has two compo-
nents (fast and slow) which are superimposed, 
giving the appearance of a complex curve. Quick 
component met in some other examples, and they 
have not helped to increase and sharp decline in 
photocurrent for the first time after turning on the 
light.
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This component of the photocurrent disappears 
quickly, and for some samples it did not appear. 
Its rapid disappearance indicates that there are 
traps in the sample volume that capture electrons 
and holes, or carriers localized near the sample 
surface, creating an electrical double layer. As it 
is shown in Fig.1a, the growth photocurrent relax-
ation curve has  exponential areas (i.e. relaxation 
occurs in a continuous lifetime on the consider-
able distance). To obtain quantitative information 
it is suggested that the increasing the photocur-
rent satisfies to the law:
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Figure 2. Kinetics of the photocurrent for reza-
zuryne in PVP (C = 10-3mol/l  in presence of the  
KOH) in the coordinates “t-ln(1-iph/ic)

The exponential areas are plotted by the straight 
lines with a slope that determines t , which is on 
the absolute value equal to the cotangent of the 
angle of the curve inclination (look Figure 2). 
Found lifetimes depending on the concentration 

rezazuryne polymer matrix and the presence of 
alkali are shown in Table. 1.

Table 1. 
The lifetimes τ (s) in dependence on the reza-
zuryne concentration (C) in a polymer matrix 
and availability an alkalis KOH (light without 
filter).

Polimer t, s
Pure С = 

10-3,
KOH.

С = 
10-3, 
KOH

С = 
10-4, 
KOH

PVP
PVE
PVA

123
42
67

90
42
60

65
70
76

78
95
-

In Figures 3a,b,c we present the related 
changing photocurrent in polymers with different 
concentration of rezazuryne in dependence on a 
light intensity I.  

ic/i0

I, rel.units
PVP

Figure 3a. The related changing photocurrent 
in polymers with different concentration of 
rezazuryne in dependence on a light intensity  
a) PVP (1 – С = 0; 2 – С = 10-4, KOH; 3–С = 
10-3;  4 – С = 10-3, KOH); n = ic/io: 3(2), 3 (3), 4 
(4);  

Using the obtained kinetical curves of a pho-
tocurrent for all polymers with the rezazuryne 
concentration C=10-3 mol/l , it has been found the 
following relationship: 
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Figure 3b. The related changing photocurrent 
in polymers with different concentration of re-
zazuryne in dependence on a light intensity:  
b). PVE (1 – С = 10-4, KOH; 2 – С = 10-3, KOH); 
n = ic/io: 2,5 (1), 4,2 (2);  

ic/i0

I, rel.units
Figure 3b. The related changing photocur-

rent in polymers with different concentration 
of rezazuryne in dependence on a light inten-
sity:  c) PVA (1 – С = 0; 2 – С=10-3; 3 – С =10-3, 
KOH); n = ic/io:3 (3,7).
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where  ic is the value of a photocurrent under sat-

uration; 0i  is the value of a dark current under 
some constant voltage.

In order to determine an influence of the dyes 
concentration on a photosensitivity of the poly-

mer layer it is studied a dependence )(0 tfiiph =   
for different concentrations of the rezazuryne 
(look Figure 4). 
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Figure 4a. Dependence )(0 tfiiph =   for differ-
ent rezazuryne concentrations in matrix PVC

The obtained experimental data  indicate on 
the quadratic (i.e. non-linear) relationship be-
tween photocurrent values   that are obtained for 
two different levels of radiation intensities. 

This phenomenon is characteristic for the two-
quantum processes and confirms earlier obtained 
the results [5,6]. Note that when irradiated the 
sample through the filter UFS-1 

rezazuryne concentration C=103 mol/l , it 
has been found the following relationship:  
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Figure 3b. The related changing photocurrent 
in polymers with different concentration of 
rezazuryne in dependence on a light 
intensity:   

c) PVA (1  С = 0; 2  С=103; 3С =103, 
KOH); n = ic/io:3 (3,7). 
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where  ic is the value of a photocurrent under 
saturation; 0i  is the value of a dark current 
under some constant voltage. 
In order to determine an influence of the dyes 
concentration on a photosensitivity of the 
polymer layer it is studied a dependence 
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Figure 4b. Dependence )(0 tfiiph =   for dif-
ferent rezazuryne concentrations in matrix 
PVP (P- pure)

i ph/i0

                             PVE            t, s 

Figure 4c. Dependence )(0 tfiiph =   for differ-
ent rezazuryne concentrations in matrix PVE 
(P- pure)

  i ph/i0

                  PVA            t, s 

Figure 4d. Dependence )(0 tfiiph =   for differ-
ent rezazuryne concentrations in matrix PVA 
(P- pure)

it is observed a linear dependence of a photocur-
rent on the intensity of exposure.
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EXPERIMENTAL AND THEORETICAL STUDYING PHOTOCONDUCTIVITY OF 
POLYMERIC LAYERS WITH DYES 

Abstract. 
We present the results of the experimental and theoretical studying photoconductivity of polymer 

layers with the dyes. It’s investigated photoconductivity of organic dyes in solid polymeric matrices 
with rectangular pulse excitation light. The obtained experimental data indicate on the quadratic (i.e. 
non-linear) relationship between photocurrent values   that are obtained for two different levels of ra-
diation intensities.
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ЭКСПЕРИМЕНАТЛЬНОЕ И ТЕОРЕТИЧЕСКОЕ ИЗУЧЕНИЕ ФОТОПРОВОДИМОС-
ТИ ПОЛИМЕРНЫХ СЛОЕВ С КРАСИТЕЛЯМИ

Резюме. 
Представлены результаты экспериментального и теоретического изучения фотопроводимо-

сти полимерных слоев с красителями. Приведены результаты исследования фотопроводимости 
органических красителей в твердых полимерных матрицах со светом (импульс прямоугольной 
формы).  Полученные экспериментальные данные показывают квадратичное (т.е. нелинейное) 
соотношение между  значениями фототока, полученными для двух различных уровней интен-
сивности излучения.

Ключевые слова: полимерные слои с красителями, фотопроводимость
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ЕСПЕРИМЕНТАЛЬНЕ ТА ТЕОРЕТИЧНЕ ВИВЧЕННЯ ПОЛІМЕРНИХ ШАРІВ З 
БАРВНИКАМИ 

Резюме.  
Представлені результати експериментального та теоретичного вивчення фотопровідності 

полімерних шарів з барвниками. Наведено результати дослідження фотопровідності органіч-
них барвників в твердих полімерних матрицях зі світлом (імпульс прямокутної форми). Отри-
мані експериментальні дані показують квадратичне (тобто нелінійне) співвідношення між зна-
ченнями фототока, отриманими для двох різних рівнів інтенсивності випромінювання.

Ключові слова: полімерних шарів з барвниками, фотопроводимість


