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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 i .
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-).

Kinetics of photoconductivity for PvE layer
of rezazuryne (P = 10~ 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:

t

i(t)=i,+i|1-e ~
and

t

7]

It is reasonable to portray the results in the co-

T=—

ordinates , Where

for a curve of the photo current increasing.).
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Figure 2. Kinetics of the photocurrent for reza-
zuryne in PVP (C =10mol/l in presence of the
KOH) in the coordinates “t-ln(l-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
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rezazuryne polymer matrix and the presence of
alkali are shown in Table. 1.

Table 1.
The lifetimes 7 (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 C= C= C=
1073, 1073, 104,
KOH. | KOH | KOH
PVP 123 90 65 78
PVE 42 42 70 95
PVA 67 60 76 -

In Figures 3a,b,c we present the related
changing photocurrent in polymers with different
concentration of rezazuryne in dependence on a
light intensity /.
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Figure 3a. The related changing photocurrent
in polymers with different concentration of
rezazuryne in dependence on a light intensity
a)PVP1-C=0;2-C=10% KOH; 3-C =
107 4-C=10° KOH); n=i/i: 3(2),3 (3), 4
OF

Using the obtained kinetical curves of a pho-
tocurrent for all polymers with the rezazuryne
concentration C=10- 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-C=10% KOH;2-C=10% KOH);
n=i/i:2,5(),4,.2(2);
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Figure 3b. The related changing photocur-
rent in polymers with different concentration
of rezazuryne in dependence on a light inten-
sity: ¢) PVA(1-C=0;2-C=103%3-C=103,
KOH); n=i/i:3 (3,7).

iO I=1 iO 1=0,5

where i_is the value of a photocurrent under sat-

uration; i, 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 i,, /i, = f(?)
for different concentrations of the rezazuryne
(look Figure 4).
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Figure 4a. Dependence 1, / Iy =f() 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
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Figure 4b. Dependence i, /iy = /(1) for dif- Figure 4d. Dependence %1/l =/(?) for differ-
ferent rezazuryne concentrations in matrix ent rezazuryne concentrations in matrix PVA
PVP (P- pure) (P- pure)
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it is observed a linear dependence of a photocur-

rent on the intensity of exposure.
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Figure 4c. Dependence i Quh’/ i, = f(¢) for differ-
ent rezazuryne concentrations in matrix PVE
(P- pure)
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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.

Key words: polymer layers with dyes, photoconductivity

VK 539.186

11. A. Konopamenxo, IO. M. Jlonamxun, A. B. I'iywkos, T. H. Caxyn

IKCHEPUMEHATJIBHOE U TEOPETUYECKOE U3YYEHUE ®OTOIIPOBOANUMOC-
THU ITIOJIMMEPHBIX CJIOEB C KPACUTEJISAMHU

Pe3rome.

[IpencraBieHsl pe3yabTaThl IKCIIEPUMEHTAIBHOTO U TEOPETUYECKOTO M3Y4YeHHUs (hOTOPOBOIUMO-
CTHU HO.HI/IMepHBIX CJIOEB C KpaCI/ITeJISIMI/I. HpI/IBeI[eHBI pe3YJ'H:TaTI>I HNCCICOIOBAHUA (bOTOHpOBOIII/IMOCTI/I
OpPraHUYECKHUX KPACUTEJIEH B TBEP/BIX MOJUMEPHBIX MAaTPULIAX CO CBETOM (MMITYJIbC MPSAMOYTOJIBHOM
¢dopmnbl). TlomydeHHbIE SKCTIEPUMEHTAIbHBIEC JAHHBIEC TOKAa3bIBAIOT KBAIPATUYHOE (T.€. HEIWHEHHOER)
COOTHOIICHHE MEXKJly 3HAYEHUSMH (OTOTOKA, MOJYUEHHBIMH JJIS IByX Pa3IUYHBIX YPOBHEH MHTEH-
CUBHOCTHU I/I3Hy‘-IeHI/I5I.

KiroueBsble cj10Ba: MOMMMEpPHBIC CIIOU C KPACUTEISIMH, (POTOIIPOBOAUMOCTH
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ECIIEPUMEHTAJIBHE TA TEOPETUYHE BUBYEHHSA ITIOJIIMEPHUX IIAPIB 3
BAPBHUKAMM

Pesrome.

[Ipencrapieni pe3yabTaTH €KCIEPUMEHTAIBHOTO Ta TEOPETUYHOTO BUBYEHHS (POTOIMPOBITHOCTI
NOoJIMEpHHX IIapiB 3 OapBHUKamMH. HaBeneHO pesynasraTu AOCTIKEHHS (OTONMPOBIAHOCTI OpraHiy-
HUX OapBHUKIB B TBEPAUX MOJIMEPHUX MATPHUIAX 31 CBITJIOM (IMITyJIbC MPAMOKYTHOI popmu). OTpu-
MaHi eKCTIepUMEHTAIbHI JJaH1 TTOKa3yI0Th KBaApaTUIHEe (TOOTO HEliHIHE) CIiBBIIHOIICHHS MiX 3Ha-
YEHHSAMHU (POTOTOKA, OTPUMAHUMHU JIJIs IBOX PI3HUX PIBHIB IHTEHCUBHOCTI BUIIPOMiIHIOBAHHS.

KirouoBi ciioBa: noniMepHUX mapis 3 OapBHUKaMH, (POTOTIPOBOIUMICTD
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