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Abstract: In this paper, we report surface dielectric and photodielectric properties of
low density polyethylene (LDPE)/Emodin composite. Emodin was extracted from Fallopia
japonica plant. The composite was obtained from the xylene solution. Dielectric measure-
ments were performed in the frequency range from 240 Hz to 4 kHz and the temperature
range from 20 °C — 70 °C. Irradiations of the sample were applied before and during mea-
surement with selected wavelengths from UV to the visible range. Surface dielectric con-
ductance and susceptance of the LDPE/Emodin composite is higher then value of conduc-
tance and susceptance of pure LDPE. We found an increase, by one order of magnitude, in
conductance and susceptance of the LDPE/Emodin composite with increase of measure-
ment frequency. Furthermore, the surface conductance and susceptance increase due to UV
radiation in mentioned temperature range, but during visible radiation at frequency 1 kHz
(except in the case green LED lamp) we observed the enhance of conductance only at tem-

perature range up to 50 °C.

Keywords: dielectric properties, photodielectric properties; LDPE, emodin, compo-

site.

1. INTRODUCTION

Fallopia japonicais a Polygonaceae plant,
which is widespread across Asia and North America.
In recent years, this plant has received increasing
global attention due to its high natural phenol con-
tent. F. japonica, also known as Japanese knotweed,
is used as Chinese herbal medicine. Emodin is the
most extensively studied anthraguinone which
displayed a vast number of pharmacological proper-
ties such as antitumor, immunosuppressive, antimic-
robial, anti-inflammatory and antidiabetic [1-5].

Low density polyethylene (LDPE) is a one of
largest used polymer owing to good electrical insula-
tion and chemical properties with good combination
of properties such as flexibility, solvent resistance
and its low cost. Significant improvements in the
properties of LDPE are achieved by incorporation
different filers into the polymer matrix. Attention of
scientists was focused mainly on the mechanical,
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thermal and electrical properties of LDPE composi-
tes [6-12].

LDPE is non - polar polymer and to enhance
LDPE conductivity in matrix, conductive fillers
were added such as carbon black, carbon nanotubes,
metal particles and so on [6, 13]. In the paper [6]
Kazimi and coworkers have found conductivity of
LDPE/PANI nano fibers blend about 10* S/cm.
Sabet and coworkers [13] have shown that electrical
conductivity of LDPE increases by about nine orders
of magnitude at nanotube loadings from 0-10 wt%.
Materials which are not photoactive could be stimu-
lated by presence of the external field [14] or by
adding some photoactive molecules.

Emodin is organic molecule which has delo-
calized m-electrons and can absorb light, create pho-
togenerated charge carriers and transport these char-
ges [15]. Based on the literature reviewed, emodin
has not been used as a filler in LDPE. In order to
improve photodielectric properties of LDPE, we
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have had an idea to make composite LDPE/Emodin
because emodin structure, its polarity due to the
hydroxyl group and presence of @ - electrons trough
double bonds in the ring.

In this paper, the emodin was used as a filler
in LDPE. Dielectric and photodielectric properties of
the LDPE/Emodin composite were studied because
it could be promising material for solar cell and pho-
to-sensing application.

2. EXPERIMENTAL
2.1. Materials

Low density polyetilene (LDPE) with a
density of 910 kgm™ was received as pellet and pre-
pared in the shape of sheet. Xylene was supplied by
Sinex laboratory and used as received without any
further treatment. Method for Emodin extraction was
described in following paragraph.

2.2. Extraction of Emodin

An Fallopia japonica sample (20 g) was gro-
und and extracted with methanol (200 ml X 3) to
yield the crude extract [16-18]. The crude extract
of Fallopia japonica, which has two active anthra-
noid compounds, emodin and physcion, was used.
Emodin was extracted from F. japonica in the
following way: the crude extract was reconstituted
with water and with chloroform (CHI) and after

reconstitution, emodin was purified from the active
chloroform fraction. Chemical structure of emodin
was shown in the Figure 1..

OH O OH

HaC OH

@)

Figure 1. Chemical structure of emodin C;5H 405 (2-
methyl-4, 5, 7-trihydroxyanthraquinone)

2.3. Preparation of LDPE/Emodin composite

Emodin was dissolved in 50 ml of Xylene by
magnetic stirring at 140 °C for 15 min and treated
under ultrasonication for 10 min to place the Emodin
homogenously. LDPE was also dissolved in 150 ml
Xylene at 180 °C, (Fig.2.). LDPE/Xylene and Emo-
din/Xylene were mixed together and stirred for 15
min at 180 °C. The mixture was poured into glass
mold and air dried at room temperature for 10 days
and vacuum dried for another 10 days. After that,
sample was hot pressed at 180 °C for 8 min under a
pressure of 50 bar (5 MPa).
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Figure 2. Schemes of the process for the fabrication of LDPE/Emodin composite
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2.4. Method

Equipment used for FTIR analysing was Bru-
ker Tensor 27. FTIR Bruker Tenson is a spectrome-
ter that determines the material structure by applying
IR beam on the sample and measure the ration
between the incident to transmittance wave. The
wave range used was between 500 - 4500 cm™ at a
resolution 0.01 cm™. As a holder, Attenuated Total
Reflectance (ATR) Platinum modul was used. LDPE
and LDPE/Emodin were used as the samples during
the analysis.

Dielectric and photodielectric measurements
of the samples were performed on a Hameg 8118
instrument in the frequency range between 240 Hz
and 4 kHz (U, =1 V) at temperature range from 20
°C do 70 °C and pressure 100 kPa. Conductance (G)
and susceptance (B) were measured using the C,
mode of the instrument (Y = G + iB). Copper elec-
trodes were glued to the surface of the sample in a
comb shape. We report the specific values of the real
part, G, and the imaginary part, B, of surface AC
conductivity, obtained using the expression G (or B)
= Gmeasured (O Bieasured) % /L, where L = 143 cm is
the length of the electrodes and d = 1.5 mm the dis-
tance between the electrodes. All measurements
were performed in a laboratory made, shielded
chamber. Dielectric characterization of the prepared
samples was carried out using free sample setup.
The sample in the chamber was leaned on a thin pla-

stic frame in order to maintain position in the cham-
ber and uniform illumination.

For irradiation of the samples, we used a
selected UV and LED lamps. UV lamps used in
measurements have had wavelengths 256 nm and
365 nm and P = 1 W-m™. LED lamps selected
wavelength: 620 nm; 520 nm; 440 nm and 395 nm
and power P =17 W-m™ are used too.

3. RESULTS AND DISCUSION
3.1. FTIR Spectroscopy

LDPE commercial sample was analyzed
under normal atmospheric conditions. Fig. 3. shows
the transmittance spectra of LDPE and
LDPE/Emodin composite. FTIR results for pure
LDPE are marked with blue line. The transmittance
peaks are located in a wide range of spectra scale.
The peaks at 3395 cm™ and 3184 cm™ refer to the
presence of hydroxyl group, i.e. for O - H stretching
and/or H - bounding because of the presence of moi-
sture on the sample [19]. Peaks at 2916 and 2848
ecm” correspond to CH, asymmetric and symmetric
stretching band respectively. The peaks between
1500 cm™ - 700 cm™ correspond to CH bending
deformation, CH; symmetric deformation, twisting
deformation and rocking deformation [19-22].
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Figure 3. FTIR spectra: LDPE (blue line) and LDPE/Emodin composite (black line)
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FTIR results for LDPE/Emodin in Fig 3. are
marked with black line. As one could see from the
Fig 3., besides LDPE characteristic peaks at FTIR
spectrum, emodin peaks appear: O-H stretching at
3388.57 cm™, C=0 stretching at 1625.74 cm’!, C=C
vibrations in the benzene ring near at 1562.23 cm’,
C-C stretching in the ring at 875.37, 1035.12 cm™,
and O-H bending at 1369.62 cm™ which is also con-
firmed by literature [22]. The FTIR of the comosite
show the significant change in the spectrum. The
absorption peak of hydroxyl stretching has been
shifted to lower wave number in composite (3392.54
to 3389 cm™) and an increase of its intensity
showing the presence of absorbed water due to the
presence of emodin. Appearance of strong peak at
1301.45 cm™ corresponds to m-electron delocaliza-
tion due to emodin planar structure [22, 23]. At
composite spectrum, we have not found xylene
peaks.

3.2. Surface dielectric spectroscopy

Specific surface conductance and susceptance
versus temperature at 1 kHz for neat LDPE and
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LDPE/Emodin composite are presented in Fig. 4.
Other frequencies have shown similar behaviour and
have not been presented in this paper. Specific sur-
face conductance of the composite is significantly
higher than conductance of neat LDPE at temperatu-
res higher than 35 °C. Conductivity changes in
LDPE by adding emodin were expressed in percen-
tages relative to appropriate values of pure LDPE,
according to following relations:

SGcomposite =100 (Gcomposite - GLDPE)/GLDPE’

=100~ (Bcomposite - BLDPE)/BLDPE-

At 58 °C, value of the specific surface con-
ductance of the composite sample at 1 kHz is 340%
higher then value of conductance of neat LDPE. At
50 °C, this increase is about 70%. At frequency 1
kHz, there is an increase in susceptance with the
addition of emodin over the entire temperature ran-
ge. At 25 °C, the increase in susceptance of the
composite sample is about 60%, while in the range
from 40 °C to 50 °C this increase in susceptance is
about 110% for the composite sample, and at 70 °C
this increase is reduced to 19%.
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Figure 4. Specific surface conductance and susceptance versus temperature for neat LDPE and
LDPE/Emodin composites
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Figure 5. Specific surface conductance and susceptance versus temperature for LDPE/Emodin composites at selected
frequencies
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Figure 5. shows an increase in specific surface
conductance and susceptance with increase in
frequency in the whole temperature range. The
increase in conductance is one order of magnitude at
lower temperatures, while this increase reaches two
orders of magnitude at higher temperatures. It was
observed a maximum of surface conductance at 50
°C and 240 Hz. These maximums are also observed
at higher frequencies but at elevated temperatures,
about 68 °C.

3.3. Surface photodielectric spectroscopy

There are several papers that confirmed chan-
ges in conductance and susceptance of composites
during irradiation [15, 24-28]. L. Csoka et al. have
shown an increase of the surface AC conductivity of
the paper samples by irradiation with white visible
light, A >405 nm [24]. Mariya et al. [28] have shown
an increase of the conductivity of indium-tin oxide
film deposited on polyethyleneterephtalate substrate
under UV irradiation (A =365 nm). They have esta-
blished that the optimum time of illumination is 10
minutes and further UV treatment leads to polymer
substrates degradation.

Figure 6 shows specific surface conductance
and susceptance of the LDPE/Emodin composite
irradiated with UV lamps (256 nm and 365 nm) for
30 min. Samples are kept in the dark for 5 min befo-
re measurements. Measurements of conductance and
susceptance are performed in the dark in the tempe-
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rature range from 20 °C - 70 °C. We observed an
increase in specific surface conductance and suscep-
tance due to UV irradiation. This increase is more
pronounced for the sample irradiated with UV lamp
at 256 nm. Specific surface conductance for sample
irradiated with 365 nm at 40 °C is 40% higher com-
pared to non-irradiated sample. Similar behavior is
observed at 50 °C, while at 70 °C this increase is
200%. Specific surface conductance for sample irra-
diated with 256 nm has shown an increase compared
with non-irradiated sample, too. These increases are
67% at 40 °C, 100% at 50 °C and 210% at 70 °C.
Specific surface susceptance for the irradiated com-
posite sample also shows an increase. This increase
is also more pronounced for sample irradiated with
256 nm UV-lamp.

Changes in specific surface conductance and
susceptance after irradiation with Vis-light are
shown in Fig.7. Changes versus temperature are pre-
sented at 1 kHz for LDPE/Emodin composite. Mea-
surements are performed in dark after irradiation
with LED lamps selected wavelengths: 620 nm; 520
nm; 440 nm and 395 nm. With black line, presented
is the sample before irradiation, irradiated sample
changes are marked with appropriate colors. One
could see that at elevated temperature, composite
show a negative photo-induced changes in conduc-
tance, but positive photo-induced changes in suscep-
tance. At temperatures up to 50 °C sample shows
opposite behavior.
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Figure 6. Specific surface conductance and susceptance depending of temperature at frequency 1 kHz for
LDPE/Emodin composite measured in dark after irradiation 30 min with UV lamps: 256 nm and 365 nm
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Figure 7. Changes in specific surface conductance and susceptance after irradiation versus temperature at 1 kHz for
LDPE/Emodin composite (measurements were performed in dark after irradiation with LED lamps selected
wavelengths:620 nm, 520 nm, 440 nm and 395 nm)
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Figure 8. Specific surface conductance and susceptance versus temperature at 2.4 kHz for LDPE/Emodin com-
posite measured in dark after irradiation with LED lamps selected wavelength:
620 nm and 520 nm for G; 440 nm and 395 nm for B

Figure 8 shows specific surface conductance
at 2.4 kHz after irradiation with green (520 nm) and
red (620 nm) LED lamps in temperature range from
25 °C - 70 °C. We have observed an increase in
conductance after irradiation with green LED lamp
in temperature range up to 68 °C. At the same tem-
perature, there is a maximum in conductance for
sample irradiated with red LED lamp. At the figure
on the right, we have showed specific surface
susceptance after irradiation with LED lamps: blue
440 nm and light blue 395 nm. We have observed an
increase in susceptance at temperatures above 40 °C.
An increase is not noticed for samples irradiated
with other LED lamps.

Percentage changes in specific surface con-
ductance and susceptance versus temperature at 4
kHz after irradiating with a blue LED lamp;
wavelength 440 nm and five times higher radiation

power is shown in Fig. 9. Changes in conductance
(susceptance) after irradiation with blue LED lamp
(440 nm; power 85 W/m®) were expressed in percen-
tages relative to values of conductance (susceptance)
irradiated with blue lamp (440 nm; power 17 W/m?),
according to following relations:

G [%] = 100 - Gspecl/Gspecb_’B [%] = 100+ Bspecl/Bspecz-

Ggpecr and Bgpecr are values when sample was irradia-
ted with a blue LED lamp, power 17 W/m’, while
Ggpec1 and Bgpee1 are values when sample was irradia-
ted with a blue LED lamp, power 85 W/m’. After
sample irradiation with LED lamp 5 times higher
power, we observed an increase in conductivity up
to 290% at 65 °C, while the susceptance decrease by
up to 20% over the all temperature range. Similar
behavior is observed at other frequencies.
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Figure 9. Percentage changes in specific surface conductance and susceptance versus temperature at 4 kHz after irra-
diating with a blue LED lamp; wavelength 440 nm with power 17 W/m* and power 85 W/m*
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Figure 10. Specific surface conductance and susceptance for LDPE/Emodin composite during irradiation with LED
lamp wavelength 440 nm versus temperature at selected frequencies:240 Hz; 1 kHz; 2.4 kHz 1 4 kHz

We observed a few maximums of the surface
specific conductance during irradiation and warming
(Fig. 10). The first maximum is placed in temperatu-
re range from 40 °C - 45 °C and we noticed a right
shift with increase in frequency. The second
maximum is placed at 55 °C and third one at 68 °C.
At 2.4 kHz, second maximum is at 58 °C and thrid
appears at 70 °C. At 4 kHz, first maximum is at 45
°C and second one appears at 70 °C. Surface specific
susceptance shows a slight decrease at the begining
of warming at selected frequencies.

Specific surface conductances for
LDPE/Emodin composite during irradiation with
440 nm LED lamp versus temperature at frequencies
1 kHz and 2.4 kHz (blue) are presented in Fig. 11.
With black line, we marked the conductance measu-
red without irradiation. For 1 kHz, changes of con-
ductance are: at 35 °C, 655% and at 40 °C, 140%.
For 2.4 kHz, changes of conductance are: at 35 °C,
488%, at 42 °C, 156%, but at 60 °C increase was
250%.
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Figure 11. Specific surface conductance for LDPE/Emodin composite during irradiation with 440 nm LED lamp (blue)
and without irradiation (black) versus temperature at frequencies 1 kHz and 2.4 kHz
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Figure 12. Specific surface susceptance for LDPE/Emodin composite during irradiation with 440 nm LED lamp versus
temperature at frequencies 1 kHz, 2.4 kHz and 4 kHz (blue) and without irradiation (black)

Fig 12. presents specific surface susceptance
for LDPE/Emodin composite during irradiation with
440 nm LED lamp versus temperature at
frequencies: 1 kHz, 2.4 kHz and 4 kHz (blue) and
without irradiation (black). One can see that during
irradiation, there is an increase in susceptance but
less pronounced than an increase in conductance.
For example, an increase in susceptance at elevated
temperature is by one order of magnitude smaller
than increase in conductance.

4. CONCLUSION

The effect of emodin on the dielectric and
photodielectric properties of LDPE has been studied.
It was obtained an increase of specific surface con-
ductance of LDPE by adding emodin, this increase
was 340% at 58 °C and 1 kHz. Maximum change in
susceptance was about 110%. Due to emodin struc-

ture, its polarity and presence of m — electrones,
emodin could improve photodielectric properties of
the LDPE. As we expected, LDPE/Emodin has
shown an increase in conductivity during irradiation.
The increase in conductance was about 350% at 35
°C by irradiation with green LED lamp (520 nm),
while increases of the susceptances (in range from
5% to 15%) were observed at elevated temperature.
By adding emodin in LDPE polymer matrix, we get
environmentally friendly material with pomising
properties in solar cell and photo-sensing applica-
tion.

5. REFERENCES
[1] U. B. Bashtanova, K. P. Beckett, T. J.

Flowers, Review.: Physiological Approaches to the
Improvement of Chemical Control of Japanese



Blanka Skipina, et al., Enhancement of the surface dielectric and photodielectric properties of low density...

Contemporary Materials, IX—1 (2018)

Page 104 of 105

Knoweed (Fallopia japonica), Weed Science, Vol.
57:(2009) 584-592.

[2] J. M. Wells, R. J. Cole, J. W. Kirksey,
Emodin, a Toxic Metabolite of Aspergillus wentii
Isolated from Weevil - Damaged Chestnuts, Applied
Microbiology (1975) 26-28.

[3] G. Fabriciova, S. Sanchez-Cortes, J. V.
Garcia-Ramos, P. Miskovsky, Surface-Enhanced
Raman Spectroscopy Study of the Interaction of
Antitumoral Drug Emodin with Human Serum
Albumin, Biopolymers, Vol. 74 (2004) 125-130.

[4] C. Lu, H. Wang, L. Wenping, Pao Xu, Jian
Zhu, Jun Xie, Bo Liu, L. Zaixiang, Antibacterial
properties of anthraquinones extracted from rhu-
barb against Aeromonas hydrophila, The Japanese
Society of Fisheries Science, Vol. 77 (2011) 375—
384.

[5] G. Srinivas, S. Babykutty, P. P. Sathiade-
van, P. Srinivas, Molecular Mechanism of Emodin
Action:Transition from Laxative Ingredient to an
AntitumorAgent, Medicinal Research Reviews, Vol.
27-5 (2007) 591-608.

[6] M. R. Kazimi, T. Shah, S. B. Jamari, and
Che Ku M. Faizal, Characterization of Functionali-
zed Low Density Polyethylene/Polyaniline Nano
Fiber Composite, Journal of Medical and Bioengi-
neering, Vol. 3-2 (2014) 306-310.

[71 D. Tripathi, T. K. Dey, Thermal
conductivity, coefficient of linear thermal expansion
and mechanical properties of LDPE/Ni composites,
Indian J Physics, (2013) 1-11.

[8] K. Ishimoto, T. Tanaka, Y. Ohki, Y. Seki-
guchi, Y. Murata, M. Gosyowaki, Comparison of
Dielectric Properties of Low-density
Polyethylene/MgO Composites with Different Size
Fillers, Electrical Insulation and Dielectric Pheno-
mena, IEEE Xplore (2008)

[9] S. O. Adeosun, M. A. Usman, E. Isaac
Akpan, W. 1. Dibie, Characterization of LDPE Rein-
forced with Calcium Carbonate—Fly Ash Hybrid
Filler, Journal of Minerals and Materials Characteri-
zation and Engineering, Vol.2 (2014) 334-345.

[10] S. E. Salih, A. F. Hamood, A. H. Abd
alsalam, Comparison of the Characteristics of
LDPE: PP and HDPE: PP Polymer Blends, Modern
Applied Science, Vol. 7-3 (2013) 33-42.

[11] Han-S. Yang, M. P. Wolcott, Hee-S.
Kim, Sumin Kim, Hyun-J. Kim, Effect of different
compatibilizing agents on the mechanical properties
of lignocellulosic material filled polyethylene bio-
composites, Composite Structures 79 (2007)
369-375.

[12] K. Gaska, X. Xu, S. Gubanski, R. Kadar,
Electrical, Mechanical, and Thermal Properties of
LDPE Graphene Nanoplatelets Composites Produ-

ced by Means of Melt Extrusion Process, Polymers,
Vol. 9-11 (2017) 1-12.

[13] M. Sabet, H. Soleimani, Mechanical and
electrical properties of low density polyethylene fil-
led with carbon nanotubes, IOP Conf. Series: Mate-
rials Science and Engineering, Vol. 64 (2014) 1-8.

[14] R. P. Djajic-Jovanovic, D. LJ. Mirja-
nic, B Nikin, J. P. Setrajcic and B. S. Tosic, Stimula-
ted absorption in ferroelectrics, Journal of Physics
C: Solid State Physics, Volume 20-33 (1987) 5585—
5600.

[15] S. Gunes, H. Neugebauer, N. S. Sarici-
ftci, Conjugated Polymer-Based Organic Solar
Cells, Chem. Rev., Vol. 107 (2007) 1324-1338.

[16] Rizna Triana Dewi, Minarti, Akhmad
Darmawan, Hanny Mulyani,  Emodin, an
anthraquinone from ethyl acetate extract of Asper-
gillus terreus, Proceeding of The International
Seminar on Chemistry, Jatinangor 2008, 731-734.

[17] M. Shen, Y. Liu, M. Don, H. Liu, Z.
Chen, C. Mettling, P. Corbeau, C. Chiang, Y. Jang,
T. Li, P. Young, C. L. T. Chang, Y. Lin, W. Yang,
Combined Phytochemistry and Chemotaxis Assays
for Identification and Mechanistic Analysis of Anti-
Inflammatory Phytochemicals in Fallopia japonica,
Bioassay-Aided Natural Product Research, Vol. 6—
11 (2011) 1-10.

[18] D. Duca, C. Farrugia, Development and
Validation of HPLC-PDA Assay method of Frangula
emodin, Meditereanean Journal of Chemistry, Vol.
5-2 (2016) 374-386.

[19] J. Gulmine, P. Janissek, H. Heise and L.
Akcelrud, Polyetylene characterization by FTIR,
Polymer Testing, Vol. 21-5 (2002) 557-563.

[20] A. A. Ashrof, FTIR and UV-VIS analysis
of polymer samples, Spectroscopic Analysis of
Polymers, 1-9.

[21] S. O. Adeosun, M. A. Usman, E. I. A.,
W. L. D., Characterization of LDPE Reinforced with
Calcium Carbonate—Fly Ash Hybrid Filler, Journal
of Minerals and Materials Characterization and
Engineering, Vol. 2 (2014) 334-345.

[22] D. Singh, M. S. M. Rawat, A. Semalty,
M. Semalty, Emodin-phospholipid complex A poten-
tial of herbal drug in the novel drug delivery system,
J Therm Anal Calorim, (2012) 1-10.

[23] S. T. Saito, G. Silva, C. Pungartnik, M.
Brendel, Study of DNA - emodin interaction by FTIR
and UV-VIS  Spectroscopy, Journal of
Photochemistry and Photobiology B, Biology Vol.
111 (2012) 59-63.

[24] L. Csoka, D. Dudic, I. Petronijevic, C.
Rozsa, K. Halasz, V. Djokovic, Photo-induced
changes and contact relaxation of the surface AC-
conductivity of the paper prepared from



Blanka Skipina, et al., Enhancement of the surface dielectric and photodielectric properties of low density...

Contemporary Materials, IX—1 (2018)

Page 105 of 105

poly(ethyleneimine)-TiO2—anthocyanin modified
cellulose fibers, Cellulose, Vol. 22 (2015) 779-788.

[25] B. Skipina, A. S. Luyt, L. Csoka, V. Djo-
kovic, D. Dudic, Generation of Photo Charge in
Poly(athyleneimine)-TiO2-Anthocyanin ~ Modified
Papers Conditioned at Different Humidities, Dyes
and Pigments, Vol. 149 (2017) 51-58.

[26] N. A. Davidenko, S. V Dekhtyarenko, A.
V. Kozinets, A. S. Lobach,E. V. Mokrinskaya, V. A.
Skryshevsky, N. G. Spitsyna, S. L. Studzinsky, O.
V. Tretyak, and L. S. Tonkopieva, Photoconductive
and Photodielectric properties of heterostructures
Composed of Poly-N-Epoxypropylcarbazole and
MEH-PPV Films with a Zinc

Octabutylphthalocyanine additive, Technical
Physics, Vol. 562 (2011) 259-263.

[27] N. Gokilamani, N. Muthukumarasamy,
M. Thambidurai, A. Ranjitha, D. Velauthapillai, Uti-
lization of natural anthocyanin pigments as photo-
sensitizers for dye-sensitized solar cells, J Sol-Gel
Sci Technol, Vol. 66 (2013) 212-219.

[28] Mariya P. Aleksandrova, Ivelina N. Cho-
lakova, Georgy K. Bodurov, Georgy D. Kolev, and
Georgy H. Dobrikov, Influence of UV Treatment on
the Electrooptical Properties of Indium Tin Oxide
Films Used in Flexible Displays, World Academy of
Science, Engineering and Technology, Vol. 6—11
(2012) 1068-1071.

FOR

YHAIIPEBUBAE [TOBPINIMHCKUX JUEJIEKTPUUHNX 1 ®OTOAUEJEKTPUYHNX
OCOBHMHA TIOJIMETUJIEHA HUCKE I'VCTUHE JOOZABABEM EMOJIMHA

Caxxerak: Y pagy Ccy MCTpaXMBaHE IOBPLIMHCKE IHENEKTpUYHE M (HOTOIHENEK-
TpHU4HE 0coOMHE KomIto3uTa nonuernmieHa Hucke rycrune (IIEHIY) u emonuna. EMonuH je
nmoOujeH excTpaxoBameM u3 Omsbke F. japonica. Kommosut je mobujeH u3 pacTBopa KCHIIO-
na. JluenexTpudHa Mjepema cy BpiieHa y omcery ¢pexsennuja ox 240 Hz no 4 kHz n y
omcery temmeparypa ox 20 °C — 70 °C. Y3opak je ocBjetspaBan UV u VIS LED nammama
onpeheHNx TanacHUX Oy)KUHA, IPHje U y TOKY JUENIEKTPUYHUX Mjepema. [lofaBameM eMo-
nuHa y [TEHI noBehaBajy ce u mOBpLIMHCKA JAMENEKTPUYHA KOHIYKTAHCA U CYCIENTaHCa.
VYouapa ce u noBehame KOHIyKTaHCE M CycLieNTaHce KOMIIO3uTa ca rnosehameM (peKBeH-
yje 3a jena pen BenuurHe. HajzHauajHuju pesynrar paja je nosehame NOBpLUIMHCKE KOH-
JIYKTaHCE U CyCLEINTaHCe MPHIUKOM 3paudewa y3opka UV mamnama. [lopacT ce youaBa y
[UjeJIOM TEeMIEepaTypcKOM MjepHOM ormcery. Y3opmu ocsjesbaBanu VIS LED mammama
(ocum y ciyqajy 3enene LED namme) Ha ¢pexsenimju on 1 kHz noka3syjy nosehame koH-
JyKTaHCe caMo IpH Temneparypama HikuM ox 50 °C.

Kibyune pujeunm: nuenekrpuaHe ocobuHe, doromuenekrpuane ocobmne, [TEHT,

€MOJIHH, KOMIIO3HT.



