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Abstract—Luminescent Y, 74Eu, 14Bij ;O; films have been obtained by extraction pyrolytic method. The for-
mation of a crystalline structure in the film upon isothermal annealing in air at 600—650°C was established
by X-ray diffraction. Single-phase Y; 74Eu, ;4Bij ;O5 films begin to exhibit luminescent properties after pyrol-
ysis at 500°C; the intensity of luminescence increases with increasing temperature. The films annealed at
800°C consists of defect-free homogeneous crystallites with sizes of about 0.7 pm and demonstrats high lumi-

nescence intensity.
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INTRODUCTION

Luminescent materials have found wide applica-
tion in information imaging, lighting, and indication
[1]. Using coatings based on these materials allows one
to increase the luminescence and contrast of the
images of various objects, which in turn improves the
quality and efficiency of monitoring and (or) diagnos-
ing the state of the latter [2]. In medicine, special
compositions of phosphors are developed to simplify
disease diagnosing. The visualization of the image in
green light has a clear advantage in roentgenography
[3]. In criminalistics, nanosized luminescent powders
allow one to reveal highly accurate fingerprints [4].
Some systems of X-ray sensors are based on lumines-
cent materials. The wide range of applications of lumi-
nescent materials has shaped the requirements for the
optical properties and compatibility with the objects
for which they are created. For example, when used in
spacecraft, luminescent materials and coatings on
their basis should retain their optical properties under
vacuum conditions, at large temperature drops, under
cosmic radiation, etc. for decades [5].

Two large classes of phosphors are known, namely,
sulfide and oxide phosphors. The sulfide materials are
sensitive to electrophilic factors, such as H* and CO,;
consequently, the sulfide phosphors are unstable in
CO,, O,, and wet environments, undergoing hydro-
lytic decomposition [6]. This fact was repeatedly con-
firmed in practice, which forms the basis for definite

limitations in using sulfide phosphors. A glowing
example of oxide phosphors is zinc oxide, which has
piezoelectric properties, high electron conductivity,
and optical transparency. Zinc oxide is a promising
material for creating semiconductor sources of visible
and UV light [7].

At present, there is a large set of mixed oxide lumi-
nescent materials activated by europium, manganese,
and zinc, for example, YVO4Eu, Zn,SiO,:Mn,
ZnO:zn, Y,0;:Eu, etc. [1-9]. Mixed oxides are prom-
ising materials in view of their stability, especially in a
vacuum and at abnormal temperatures. Reliability,
long service life, low power requirements, and small
sizes are typical of the given materials and, corre-
spondingly, of devices that use these phosphors. Com-
pounds that simultaneously contain a rare-earth ele-
ment and bismuth are of special interest. Information
on europium and bismuth compounds is scarce and, in
some cases, discrepant. Compounds of rare-carth ele-
ments are characterized by broad emission ranges and
short relaxation times.

The Y,0;:Eu material is a widely used phosphor
under excitation with 254-nm light. The maximum
luminescence occurs in the 610-nm region, and all
other lines are weak [8]. Excitation with ultraviolet
emitting diodes in the range of 360—400 nm is due to
the absorption in high-lying 4f—4f transitions.

At room temperature, Eu—BM—O compounds
show intense red luminescence. The luminescence
spectra of mixed compounds are due to transitions
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Fig. 1. Thermal decomposition of Bi carboxylate in air.

inside the 4f shell of Eu’* and have discrete structures.
It was shown [8] that the introduction of Bi** does not
change fluorescence intensity of Eu3* at a Bi** content
of up to 10%.

Solid phase interactions in stoichiometric oxide
mixtures of europium and bismuth of high purity yield
aoxide (Y, g4Eu, 16)O; after 24 hiin air at 1300—1650°C
[10]. The increase in particle size from 300 nm to 4 pm
was observed with increasing caking temperature.

The synthesis method has a significant effect on the
sizes of grains, surface area, and defect structure of the
materials. The luminescence intensity of the phosphors
synthesized by the coprecipitation method was higher
than that of the phosphors synthesized by the reaction
of the solid oxides at different temperatures [11].

Various methods are used to produce thin phos-
phor films, including the sol-gel method, hydrother-
mal synthesis, and laser evaporation. It should be
noted that, during phosphor preparation, the use of
any of the above methods to achieve high lumines-
cence brightness requires high-temperature treat-
ment, which was aimed, first, at the formation of opti-
cally active centers in the course of the diffusion of
corresponding impurities, which creates the necessary
intrinsic defects and, second, at decreasing the density
of linear and surface defects and the formation of crys-
tals of the required size [12].

EXPERIMENTAL

To obtain the luminescent Y, ;4Eu, ;4Bi, ;O films,
the extraction pyrolitic method was applied [13]. Pre-
pared solutions of Y, Eu, and Bi extracts were mixed in
stoichiometric proportions of 1.74 : 0.16 : 0.1. Organic
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salts of metals were deposited on the substrate and sub-
jected to pyrolysis, forming the corresponding oxides
and gaseous decomposition products, predominantly
CO,. The main parameter of the process is the temper-
ature of decomposition of the compounds. The ther-
mal decomposition of the Bi, Eu, and Y extracts were
studied using a Q-1000 Paulik—Paulik—Erdey thermal
analyzer.

The X-ray diffraction analysis of intermediates and
final products was conducted on a DRON-4-07 dif-
fractometer (Russia) with a GUR-9 goniometer (Rus-
sia) using copper-filtered CukK, radiation with the
rotation of the sample normal to its plane.

Images of films were obtained by atomic-force
microscopy in air using a Solver P47 multimode
probe-scanning microscope (NT-MDT) in semi-
contact mode with a silicon cantilever with a constant
rigidity of about 5 N/m.

The study of the luminescence of the samples was
performed using excitation at wavelengths of 355 nm
(a ultraviolet DTL-LCS-374QT laser on Nd:YAG)
and 476 nm (argon laser), as well as using an
AMINCO-Bowman AB2 luminescent spectrometer.

RESULTS AND DISCUSSION

The dependence of the heat of decomposition on
the composition of extracts was studied. Curves of the
thermal decomposition of Bi carboxylate extracted by
a mixture of the highest isomers of carboxylic acids
(HIA) in air are shown in Fig. 1. The thermal decom-
position of the extract occurs in three stages. The
release of chemically bound water takes place at
130°C, and the release of excess of carboxylic acids
occurs at 230—320°C; the decomposition of bismuth
carboxylates begins at 390°C and is completed at
450°C.

The thermoanalytical profiles of europium and
yttrium extracts have a similar character and analo-
gous pyrolysis stages. All of the components pass into
solid oxide phases at 430—450°C.

The Y, 74Eu, 4Bi, ;O; film was deposited on a glass
substrate by the wetting method followed by drying
and pyrolysis. Pyrolysis was carried out at 450°C. The
wetting—pyrolysis cycle was repeated 15 times to attain
a film thickness of around 500 nm.

Each subsequent layer filled pores in the previous
layer and a uniform film was formed after three repeti-
tions. The films were annealed at temperatures of 500,
550, 600, and 650°C for 1-2 h.

After pyrolysis, the films were gray and, after
10 min of annealing, they became white, which indi-
cates the removal of carbon. Crystallization begins at
450°C and the X-ray diffraction pattern of the samples
demonstrate low, broad peaks, which suggests small
particle sizes. With an increasing annealing tempera-
ture, the peaks of the X-ray diffraction pattern become
narrower and their intensity increases.
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Figure 2 shows the X-ray diffraction pattern of the
Y, 74Eu, 14Bi, ;O; film annealed at 650°C for 2 h.

The X-ray diffraction analysis of the films on glass
showed the presence of Y, ;,Eu, 4Bi, ;05 phase peaks,
which correspond to the data of the International
Centre for Diffraction Data (ICDD).

Further investigations of the materials demon-
strated that the Y, ;4Eu, ;¢Bi, ;O; films already start to
show luminescent properties after annealing at 500°C.
The intensity of the luminescence of this material
increases with increasing temperature of annealing.
The Y, 74Eu, ¢Bi, ;O; film on polycor was annealed at
temperatures of 700, 800, 900, and 1000°C. All of the
samples showed intense luminescence under UV irra-
diation.

The results of atomic force microscopy show that
the Y, 74Euy, 4Bij ;05 film obtained after annealing at
800°C for 1 h (Fig. 3) consists of homogeneous, cylin-
drical grains around 700 nm in size, which corre-
sponds to the grain sizes of bulk phosphor. Materials
with large grains are known to have similar high [umi-
nescence parameters. However, a reduction in the
sizes of grains to 10—100 nm results in the emergence
of quantum effects. The presence of large and small
grains promotes an increase in the film density, as well
as can lead to a twofold luminescence effect.

A visual evaluation of luminescent properties of the
obtained samples was carried out using a UV laser.
Y, 74Eu, ¢Bi; ;0; samples annealed at 650°C were
found to shine significantly more weakly than samples
annealed at 800—900°C.

The luminescence of the samples annealed at low
temperatures has a significant blue component, which
should be identified as the luminescence of trivalent
bismuth, as well as a red-toned glow. The samples
annealed at 900°C show much more intense lumines-
cence of orange-red color. It should be noted that rais-
ing the temperature of annealing above the melting
point of bismuth oxide (820°C) may lead to the evap-
oration of bismuth oxide or its interaction with the
substrate; its amount in the film material can be
changed accordingly.

The luminescent spectra of samples annealed at
800 (sample with red-blue glow) and 900°C (sample
with red glow) during excitation with an argon laser at
a wavelength of 476 nm are shown in Fig. 4. The spec-
tra of sample 1 are shown by a solid line and the spectra
of sample 2 are shown by dotted line (Figs. 4—7).

Luminescence spectra at 450—650 nm have a form
typical of trivalent europium luminescence in crystal-
line matrices with maximums around 610 nm (Fig. 4).
In addition, atypical lines at 692.7 and 694.2 nm were
observed for trivalent europium. In sample 2, dark red
luminescence at wavelengths of 692.7 and 694.2 nm
dominated over luminescence in the orange—red area.
Characteristic europium lines were also observed in
the spectrum of sample 2, but they have significantly
lower intensity.
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Fig. 2. X-ray diffraction pattern of the ; 74Eug 1¢Big {O3 film
annealed at 650°C for 2 h.
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Fig. 3. | 74Eu 16Bij ;O3 film annealed at 800°C for 1 h.
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Fig. 4. Luminescence spectra of | 74Eu 14Bij O3 samples
1 (continuous line) and 2 (dotted line) upon excitation at
476 nm.

The luminescence spectra obtained using an
AMINCO-Bowman AB2 spectrometer under 240-nm
excitation fall in the area of the charge transfer of triva-
lent europium (Figs. 6—8).

In general, upon excitation at this wavelength, as
well as upon excitation at 476 nm, trivalent europium
luminescence has the same form. A difference is only
exhibited near 700 nm, where additional peaks came
into view that may be related to the formation of com-
plex oxide phases. Figure 8 presents spectra of lumi-
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Fig. 5. Longwave part of the luminescence spectra of
Y 74EBuq 1¢Big.1O3 samples 7 (continuous line) and
2 (dotted line) at 476-nm excitation.
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Fig. 7. Longwave part of luminescence spectra of
Y, 74Eug ¢Big O3 obtained on a spectrometer
AMINCO-Bowman AB2 at 240 nm (dotted line) and
476 nm (continuous line) excitation.

nescence excitation at wavelengths of 612 (transition
3D,—"F, of the Eu*" ion) and 693 nm. The spectrum of
luminescence excitation at a wavelength of 612 nm
corresponds to an expected spectrum of trivalent
europium; in particular, it contains peaks at wave-
lengths of 392 ("F,—L) and 464 ("F,—’D,) nm. The
spectrum of luminescence excitation at a wavelength
of 693 nm is radically different from the expected
spectrum of trivalent europium; in particular, it does
not contain the above peaks. This indicates that lumi-
nescence in the 693-nm area is not related to the
europium ion.

Thus, the red Y, 74Eu, ¢Biy O5 film luminescence
annealed at 900°C is typical of trivalent europium, and
red-blue luminescence of the Y, ,4Eu, 4Bi; 05 film
annealed at 800°C is due to the influence of bismuth
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Fig. 6. Luminescence spectra of | 74Eu 14Bij O3 samples
1 (continuous line) and 2 (dotted line) obtained using a

spectrometer AMINCO-Bowman AB2 at 240 nm excita-
tion.
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Fig. 8. Excitation spectra of luminescence at 612 (contin-
uous line) and 693 nm (dotted line) excitation.

ions. The film annealed under temperature-gradient
conditions at 800—900°C may have areas with differ-
ent glows.

CONCLUSIONS

The Iluminescent Y, ,Eu,Biy,0; films were
obtained using the extraction pyrolytic method. X-ray
analysis shows crystallization of the Y, 4Eu, ,Bi; ;05
phase at just 650°C. The degree of crystallinity grows
at increasing temperature. The investigation of the
microstructure of samples annealed at 800°C demon-
strated the presence of 0.7-pum grains, which is typical
of materials with high luminescence intensity.

The samples of luminescence typical of trivalent
bismuth and trivalent europium in the samples synthe-
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sized in various conditions. The optimum conditions
for synthesis of the luminescent ; ;4,Eu, ;4Bi, ;05 film
were found in this investigations, namely, annealing at
800°C for 2 h. The demonstrated method allows one
to soften the technological parameters of preparation
of luminescent materials and to broaden their range of
optical characteristics.
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