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Introduction =4

Electrochromatic materials are characterized by the
change in their optical properties, when small ions and
electrons are brought or taken in the presence of an ex-
ternal electric field. The optical properties of electro-
chromatic materials are reversible, i.e. by changing the
polarity of the applied voltage, the material returns to
its initial state. Optical changes occur when applying a
low-power electric with low voltages from one volt to
several volts. A large number of materials, organic and
inorganic, in liquid or solid state, that have electrochro-
mic properties [1]. In recent decades, the properties of
these materials have been widely explored for the pos-
sibility of their use in different optical devices. The elec-
trochromatic properties of various materials depend on
the method of their production, with great influence of
the structure, stoichiometry, the presence of water in
the film. When describing the electrochromatic proper-
ties of a material, a detailed description of the proce-
dure for obtaining it should be given. Electrochemical
properties also show thin films from CuO, Cu20 [2] [4]
[5]. These films can be obtained by different methods:
thermal oxidation at lower or higher temperatures,
electrode deposition, dispersion, anode and chemical
oxidation of a copper plate and others. In order to see
the optical changes occurring in electrochromatic films
when changing the polarity of the outer field, the films
should be deposited on a transparent conductive sub-
strate. Thus, the methods for producing thin copper
oxide electrochromic films are limited by the substrate
on which they are deposited. In this scientific work, the
films were deposited on glass substrates by the chemi-
cal deposition method of two solutions [6]. After that,
an electrochromic test device was constructed to
record the transmission coefficients of the films in the
visible part of the spectrum in the interval of the wave-
length of the fallen radiation from 300 to 850 nm in a
state as obtained in a colored and shaded state [4].
Furthermore, the absorption coefficients of the film
were calculated in the three states and the obtained re-
sults were used to determine the intensity of the trans-
mitted radiation that passes through the films and the
mean value of the transmission coefficients, and for the
fallen radiation the solar spectrum of AM 1.5 was taken.
The mean value of the transmission coefficient for the
three states of the film is taken to simulate the illumina-
tion of the interior of a real object, when the existing
windows would be the examined electrochromic films$
in the state as they were obtained in a colored and
shaded state. The simulation is using Quest3D virtual
reality software. In this model, a virtual environment of
a realistic model of the sports hall in Skopje was made.
The hall is 40m x 20m, which includes a panel for 500
spectators. To create virtual environment, the following
steps were made: collect data from the real model (ap-
pearance, dimensions), creating the same model in 3D
Studio Max, importing models in the virtual reality soft-
ware Quest3D and connect the models with the appro-
priate channels and their programming.

Results

Transmission, reflection and absorption, as well as emis-
sion, are optical characteristics that can be measured ex-
perimentally and from the obtained values some conclu-
sions can be done. The coefficient of transmission of elec-
trochromatic films is change with the state of the film, ie it
is different in the shaded and colored state. In this study,
the coefficient of transmission of films in the visible part of
the spectrum was recorded in the interval of the wave-
length of the fallen radiation from 300 to 850 nm, in a col-
ored and shaded state. The measurements were per-
formed using the Varian Cary 50 Scan UV-Visible Spectro-
photometer. The coloring and shading of films was per-
formed with a voltage of -4 V and +4 V, respectively.
The intensity of the spent radiation is in a wave interval of
350 to 820 nm. The film have a value of 182.41 W/m2, for
the colored state the value is 104.02 W/m2 and for the
shaded state W/m2. The sum of the intensity of the fallen
radiation in the same wave interval is 520 W/m2. For the
mean value of the coefficient of transmission in the same
wave interval, for the condition in which the film is ob-
tained, in the colored and shaded state, the values are
35.08%, 20.0% and 57.60%, respectively. From the pre-
sented results it can be concluded that films of cop-
per(l)oxide are suitable for modulating the infrared radia-
tion in the \visible part of the spectrum.
A graphic representation of the dependence of the inten-
sity of radiation through the films as a function of the
wavelength of the fallen radiation is given in Figures.
The obtained results for the mean value of the transmis-
sion coefficient in the three conditions of the film, were
used for simulation of the interior illumination of a real
object, a sports hall in Skopje, when the existing windows
would be examined as electrochromic films in the state as
they were obtained, in colored and shaded condition. The
hall is 40m x 20 m, which includes a panel for 500 specta-
tors. The simulation was made using the virtual reality
software Quest3D . Only external lighting was taken and
the interior was switched off.

Figure 1: Simulation of the illumination in the interior of the sport
hall in daylight. The interior lighting is off

Figure 2: Simulation of the illumination in the interior of the sport
hall in daylight, modulated when passing through the electro-
chromatic film in a state as it is obtained. The film's transmission
coefficient main value is 35.08%. The solar spectrum AM 1.5 is
fallen light and the interior lighting is switch off

Figure 3: Simulation of the illumination in the interior of the sport hall in
daylight, modulated when passing through the electrochromatic film in
a shaded state. The film's transmission coefficient main value is 57.06%.
The solar range AM 1.5 is fallen light and the interior lighting is switch off

Figure 4: Simulation of the illumination in the interior of the sport
hall in daylight, modulated when passing through the electrochro-
matic film in a colored state. The film's transmission coefficient
main value is 20,0%.The solar range AM 1.5 is fallen light and the

interior lighting is switch off

In this scientific paper were obtained electrochromic films from
copper(l)oxide in a fast, simple, economical and environmentally
friendly method with chemical deposition of two solutions. The
mean value of the transmission coefficient of the films in the visi-
ble part of the spectrum in the state as it is obtained is in a
shaded and colored state are 35.08%, 57.60% and 20.0%. The
values for the transmission coefficient were used for simulation
of the lighting of a real object, the sports hall "Forza" in Skopje, in
case when an electrochromatic film of copper(l)oxide is set on
existing windows of the building in a colored and shaded condi-
tion. Simulations were made with the virtual reality software
Quest3D and show that these films can be used in real world
so-called "Smart windows".
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