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Luminescent converters based on 
“nanocellulose + K3Tb(PO4)2:Eu” composite films

Abstract. The advantages of cellulose and its derivatives as the latest materials for devices that generate, store, and 
convert electricity are their low cost, environmental friendliness, ease of recycling and the ability to be manufactured 
in various ways and from various raw materials, including agricultural waste. This predetermines the relevance of their 
study as materials for modern technology and electronics. The research aims to determine the luminescent characteristics 
of composite films made based on nanocellulose and polycrystalline oxide K3Tb0.9Eu0.1(PO4)2. Optical microscopy and the 
spectral-luminescence method were used to characterise the films and their initial components. It was found that crystallites 
with an average size of about 50 µm are distributed quite evenly in the film “nanocellulose +K3Tb0.9Eu0.1(PO4)2”. A Raman 
scattering band with a maximum of 564 nm under laser excitation at 473 nm was observed for the investigated samples in 
the form of suspensions. The intensity of photoluminescence of nanocellulose in suspension and films is low compared 
to the luminescence of oxide as a filler. The luminescence of Eu3+ ions is intense in the red region of the spectrum. The 
calculated values of the degree of asymmetry indicate low symmetry of the positions occupied by europium ions in the 
oxide and the contribution of Tb3+ ion emission to the overall spectrum of the composite film. The study results show 
that the luminescence of Eu3+ ions is sensitised by Tb3+ ions, which absorb the excitation light and then transfer energy to 
europium ions. The position of the absorption bands of Eu3+ and Tb3+ ions in the ultraviolet region of the spectrum and 
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presence of such interaction between the components that 
allows us to assert the presence of a composite material 
whose properties are not the “sum” of the properties of 
its components. Despite a significant number of scientific 
studies of cellulose-based composites, there is almost no 
understanding of the processes and ways of this interac-
tion due to the overall complexity of the material structure, 
which makes this study relevant.

The research aimed to fabricate and determine the 
luminescent characteristics of composite films based on 
NC and K3Tb0.9Eu0.1(PO4)2 oxide, which have prospects for 
use as luminescent coatings for LEDs or solar cell compo-
nents. The morphology and optical properties of films of 
this composition have not been studied before. The opti-
cal properties of composites with luminescent oxides have 
been the subject of a rather limited number of scientific 
papers. The main research objectives were to fabricate the 
films, measure the photoluminescence (PL) and PL excita-
tion spectra, and analyse the spectral characteristics from 
the perspective of the practical application of these lumi-
nescent materials.

MATERIALS AND METHODS
The production of the films (NC and “NC+ K3Tb0.9 

Eu0.1(PO4)2”) and the study of their morphology using op-
tical microscopy were carried out at the Department of 
Physics of the National University of Life and Environ-
mental Sciences of Ukraine in February 2023. The study of 
the spectral and luminescent properties of the films was 
carried out at the Faculty of Physics of Taras Shevchenko 
National University of Kyiv in March and April 2023. The 
choice of the composite film components was based on the 
following considerations: it is known that pure cellulose 
exhibits visible photoluminescence, the characteristics 
of which depend on the excitation wavelength (Nedielko 
et al., 2017; Zou et al., 2019). Thus, such a polymer matrix 
should play an active role in the processes of light absorp-
tion and emission in the composite. The NC consists of na-
noscale structures (crystals, whiskers, fibrils) that can be 
easily arranged near the surface of the filler particle. In this 
case, the effective contact area between the oxide and the 
cellulose should be larger than in the case of composites 
based on microcrystalline cellulose, in which the filler oc-
cupies only a part of the space between the fibres. As for 
the choice of the oxide filler, K3Tb(PO4)2:Eu, this material 

INTRODUCTION
At the current stage of equipment and technology devel-
opment, in particular, those related to the production, 
storage and conversion of electricity, a significant need for 
low-cost materials exists. One of the challenges is also the 
significant increase in waste associated with electronic de-
vices. According to analysts V. Forti et al.  (2020), the rate 
of electronics waste generation will be around 74.7 million 
tonnes per year by 2030. Only a small part of this waste 
is recycled, and the rest pollutes the environment (Ahir-
war & Tripathi, 2021). Thus, the latest materials need to be 
cheap and easy to dispose of. There is a growing focus on 
cellulose as a material for modern technologies (Fang et al., 
2021; Zhao et al., 2021). Cellulose is a fairly cheap natural 
polymer due to the abundance of its sources (from wood 
raw materials to agricultural waste) and well-developed 
manufacturing technologies. Nanocellulose (NC) is also 
being actively researched, in particular, the kind that is 
produced by an environmentally friendly bacterial method 
with minimal use of chemicals (Urbina et al., 2021; Choi et 
al., 2022). In addition to being cheap, cellulose and its de-
rivatives are environmentally friendly, biocompatible, and 
naturally biodegradable. N.C. Raut & K. Al-Shamery (2018) 
and P. Wang et al. (2018) found that 3D printing technology 
has given an additional impetus to the development of cel-
lulose-based materials for technology and the creation of a 
whole area of “paper” electronics. The study by D. Choe et 
al. (2018) and I. Indriyati et al. (2019) have shown that the 
physical and chemical properties of cellulose significantly 
depend on the method of manufacture and further pro-
cessing. Therefore, to improve the properties of this natu-
ral polymer, impurities of a certain nature are added to it, 
depending on the intended use. For example, the addition 
of zinc, nickel, and carbon oxide nanoparticles to cellulose 
is proposed as a way to obtain a lightweight, flexible, and 
low-cost material for solar panels, as reported by G.F. Gem-
eda et al. (2022) and X. Liu et al. (2020). Composites based 
on cellulose and inorganic polymers or carbon nanostruc-
tures have been investigated as promising materials for 
dielectric capacitors and supercapacitors (Pal et al., 2022; 
Wang et al., 2023; Zhu et al., 2023). M. Nedielko et al. (2018) 
and J. Gan et al.  (2022) noted that microcrystalline cellu-
lose incorporated with luminescent particles is a promis-
ing material for luminescent light converters and LEDs. 
For such systems, the interaction between the elements 
of the cellulose matrix and the filler is important. It is the 

the intense emission of Eu3+ in the red region indicates the prospects of using nanocellulose + K3Tb0.9Eu0.1(PO4)2 films to 
improve the efficiency of solar panels. Testing of the films under the excitation of luminescence by ultraviolet radiation 
of an LED (λex = 375 nm) showed the possibility of developing white LEDs on their basis. In particular, the chromaticity 
coordinates of the uncoated LED were (x = 0.214; y = 0.079), and the use of a film composite as a coating causes a shift in the 
coordinates to the red region: x = 0.304, y = 0.196. The obtained results on the morphology and luminescent properties can 
be used to optimise the composition and manufacturing conditions of composite films of the following types “nanocellulose 
+K3Tb0.9Eu0.1(PO4)2” for use as fluorescent converters in LEDs or solar panels

Keywords: ion; sensitisation; LED; solar panel; photoluminescence; coating
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is characterised by intense photoluminescence in the red 
spectral region when excited by ultraviolet (UV) radiation 
(Mikhailik et al.,  2009). Accordingly, it was expected that 
the manufactured nanocomposites would be capable of 
converting UV radiation into visible light.

Production of nanocellulose films and composites 
samples “NC+K3Tb0,9Eu0,1(PO4)2” was carried out using a 
nanocellulose suspension in water (dry matter content: 
0.6 wt%). The conditions for obtaining this suspension and 
its characteristics have been described in detail previously 
(Barbash et al., 2019). Synthesis of oxide K3Tb0,9Eu0,1(PO4)2 
was made from fluoride melts using a method similar to 
that described in the study (Terebilenko et al., 2017). The 
procedure for making the films was as follows: thorough-
ly ground oxide powder K3Tb0,9Eu0,1(PO4)2 in the amount of 
30 mg was mixed with 2 ml of distilled water and sonicat-
ed (f = 4.2  kHz) for 10  min. To the resulting mixture was 
added 3 ml of nanocellulose suspension. The resulting liq-
uid, after “NC+K3Tb0,9Eu0,1(PO4)2” ultrasound treatment for 
1 hour, evaporated at 56°C for 4 hours, and then at room 
temperature in an open space for 2 days. The resulting gel 
was poured onto a glass substrate, where it was kept for an-
other day until it dried completely to form a film. An identi-
cal procedure (except for the addition of oxide) was used to 
obtain a film of “pure” (without oxide) NC as a comparison 
sample. The film of “pure” NC was transparent, while the 
film with oxide was less transparent and matte.

The film samples were examined using an optical mi-
croscope and a spectral-luminescence complex consist-
ing of a DFS-12 spectrometer (USSR) with an FEU-100 
photomultiplier (USSR), a DMR-4 prism monochromator 
(USSR), a powerful xenon lamp DKsEL-1000 (USSR), and 
diode-pumped lasers (λrad

 = 405 and 473 nm).

RESULTS AND DISCUSSION
Figure  1 shows micrographs of samples of NC suspen-
sion, powder K3Tb0,9Eu0,1(PO4)2, NC film and “NC+K3 

Tb0,9Eu0,1(PO4)2” film obtained using an optical microscope 
in the light transmitted through the sample. For the initial 
NC suspension, a certain number of thin, long microstruc-
tures are observed, which are cellulose microfibrils (Fig. 1a). 
Rectangular formations, such as cellulose microcrystals, 
can also be seen. Figure 1b shows the area with the largest K3 

Tb0,9Eu0,1(PO4)2 particles with a size of ~300 µm. However, the 
vast majority of oxide powder particles are several µm and 
even smaller. These small particles form small dark-colour-
ed agglomerates, which are destroyed by ultrasound. For the 
thin NC film (Fig. 1c), a significant number of microcrystals 
is observed. In contrast to the case of the nanocellulose 
suspension, no microfibrils are observed here, which may 
be due to the destruction of the latter under the action of 
ultrasound. In the case of the film “NC+K3Tb0,9Eu0,1(PO4)2” 
A fairly uniform distribution of oxide crystals without sig-
nificant particle agglomerates can be observed (Fig.  1d).

Figure 1. Microphotos 
Note: a) NC suspension drop, b) powder K3Tb0.9Eu0.1(PO4)2, c) NC film, d) film “NC+K3Tb0.9Eu0.1(PO4)2”
Source: compiled by the authors

a b

c d
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Figure  2 shows the photoluminescence spectra of 
the powder K3Tb0.9Eu0.1(PO4)2, NC and “NC+K3Tb0.9Eu-

0.1(PO4)2” suspensions. In the PL spectrum of oxide under 
laser excitation, (473 nm), rather narrow bands associated 
with the emission of Tb3+ (electronic transition 5D4→

7F6, 
λmax = 543 nm) and Eu3+ ions (transition 5D0→

7F0-4: remain-
ing lines on spectrum 1, Fig. 2) are observed. The peculi-
arity of the Tb3+ and Eu3+ ions is their 4fN shielded electron 

shells, within which the above electronic transitions occur 
(Dorenbos, 2000). As a result of the shielding, the position 
of the maxima of the corresponding bands weakly depends 
on the immediate environment of the ions and the PL ex-
citation conditions. Therefore, the data obtained in the 
present study on the luminescent properties of K3Tb0.9Eu-

0.1(PO4)2 are consistent with the results of V.B. Mikhailik et 
al. (2009), despite the different PL excitation conditions.
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Figure 2. Photoluminescence spectra
Note: 1) powder K3Tb0.9Eu0.1(PO4)2, 2) suspension “NC+ K3Tb0.9Eu0.1(PO4)2”, 3) initial NC suspension, λenr=473 nm, Т=295 K. 
The zero-signal level for spectra 1 and 2 is shown by horizontal dashed lines
Source: compiled by the authors

The initial nanocellulose suspension at 473  nm ex-
citation is characterised by a low-intensity PL (spectrum 
3 in Fig.  2), which is due to the low polymer content 
(0.6 wt%) and the PL attenuation by water molecules. The 
band of this PL is very broad, and complex, and extends 
from 500 to 730 nm. It is quite similar to the PL of micro-
crystalline cellulose (Nedielko et al., 2017) and is associat-
ed with a set of PL centres arising from carbonyl, carboxyl, 
and methyl molecular groups. Against the background of 
the PL band of nanocellulose, a rather narrow band with 
a maximum of 564 nm is observed (the position is shown 
by a vertical dashed line and denoted RS). This band is 
a manifestation of Raman scattering of laser radiation 
on water molecules. Indeed, taking the difference in the 
frequency of the band maximum position (ν≈17730  cm-

1) and the laser frequency (ν≈21140 cm-1), a frequency of 
∆ν≈3410 cm-1, which corresponds to the stretching/com-
pressing vibrations of OH groups in water, was obtained 
(Beran et al., 2001).

The photoluminescence spectrum of the suspension 
“NC+K3Tb0.9Eu0.1(PO4)2” contains both bands associated 
with the NCs and those related to the luminescence centres 
in the oxide. It is worth noting that in this experiment, a 
suspension was used from which 4 ml of water was evapo-
rated. This results in a significant weakening of the Raman 

scattering band in the spectrum 2 Figure 2, as well as a cer-
tain increase in the intensity of the PL band of nanocellu-
lose. Such a suspension can be used as the basis for lumi-
nescent inks for 3D printing of paper electronics elements 
(Zhuravlov et al., 2021). 

The presence of a narrow weak PL band with a max-
imum at 579  nm, which is associated with the transition 
5D0→

7F0 in the ion of Eu3+, for oxide powder K3Tb0.9Eu-

0.1(PO4)2 and suspension “NC+K3Tb0.9Eu0.1(PO4)2” (spectra 1 
and 2, Fig. 2) indicates a rather low symmetry of the sur-
roundings of this ion both in the original oxide and in the 
case when the oxide particles are in the NC suspension. 
This result is consistent with the crystallographic data 
(Farmer et al., 2016), according to which the trivalent cat-
ion in M3RE(PO4)2 systems, where M is an alkali metal and 
RE is a rare earth ion, occupies a position with the sym-
metry of the surroundings – C2v. In the 585-600 nm region, 
bands of 5D0→

7F1 magneto-dipole transitions in Eu3+ ions 
are observed. A detailed examination of spectra 1 and 2 
(Fig. 2) reveals 3 components in this region, which, accord-
ing to K. Binnemans (2009), is evidence of low symmetry of 
the Eu3+ ion environment or the presence of two different 
types of emission centres. 

R. Reisfeld et al. (2004) demonstrated that the ratio of 
the integrated PL intensities for the transitions 5D0→

7F2 
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(600-635  nm) and 5D0→
7F1 (580-600  nm) calculated by 

formula (1), depends on the symmetry of the Eu3+ environ-
ment. This value is called the degree of asymmetry of the 
Eu3+ ion environment. It is known that the higher the value 
of R, the more attractive the material is as a red phosphor:

𝑅𝑅𝑅𝑅 = 𝐼𝐼𝐼𝐼(5𝐷𝐷𝐷𝐷0→7𝐹𝐹𝐹𝐹2)
𝐼𝐼𝐼𝐼(5𝐷𝐷𝐷𝐷0→7𝐹𝐹𝐹𝐹1)

  .                                    (1)

The R values calculated from spectra 1 and 2 in Fig-
ure 2 are 1.63 and 1.77, respectively. They are significant-
ly lower than the value of R ≈ 2.7 for Eu3+ ions at the C2v 
symmetry position (Bettinelli et al., 1996). This difference 
between the data obtained can be explained by the pres-
ence of emission bands of Tb3+ ions (5D4→

7F4 transitions) 
in the 580-600 nm region, which increases the value of the 
denominator in formula (1).

The photoluminescence intensity of the suspensions 
under xenon lamp excitation was insufficient to record 
the PL excitation spectra. Therefore, the excitation spec-
tra were recorded only for the powder K3Tb0.9Eu0.1(PO4)2 and 
NC films and composites “NC+K3Tb0.9Eu0.1(PO4)2” (Fig.  3). 

The red photoluminescence of the oxide, which is associ-
ated with the emission of Eu3+ ions, is effectively excited in 
the UV region of the spectrum (spectrum 1 in Fig. 3). Spec-
trum 2 excitation of the green PL of the powder K3Tb0.9Eu-

0.1(PO4)2, associated with the emission of ions Tb3+, is simi-
lar to spectrum 1, except for the band at 395 nm. It can be 
argued that in this oxide, an effective transfer of excita-
tion energy from terbium to europium is realised, i.e., the 
sensitisation of the PL of Eu3+ ions by Tb3+ ions. The ex-
citation energy transfer has been previously observed for 
other oxide materials containing this pair of ions (Xie et 
al., 2015; Silveira et al., 2020; Bu et al., 2022). It should be 
noted that the excitation of red PL through the absorption 
of light by Tb3+ ions is more efficient than the direct excita-
tion through the absorption of Eu3+ ions. Excitation of red 
luminescence of a composite film “NC+K3Tb0.9Eu0.1(PO4)2” 
also occurs in the UV region due to the absorption of ter-
bium and europium ions. The low-intensity luminescence 
of the nanocellulose film is excited in a multicomponent 
band lying in the spectral range of λ < 480 nm (spectrum 
4 in Fig. 3).

Figure 3. Photoluminescence excitation spectra
Note: powder K3Tb0.9Eu0.1(PO4)2 (1, 2), film “NC+K3Tb0.9Eu0.1(PO4)2” (3), NC film (4); registration at λem=618 (1, 3),  
543 (2) and 570 nm (4), Т=295 K
Source: compiled by the authors

Comparing the excitation spectra of the red PL 
(λem

 = 618 nm) with the data obtained in the study by S. Kim 
et al. (2019) on the solar spectrum on the Earth’s surface 
and the spectral efficiency of modern solar panels of vari-
ous types, it is worth noting the following: at wavelengths 
shorter than 450 nm, silicon solar panels demonstrate less 
than 50% of their maximum efficiency, and at λ < 380 nm – 
less than 10%. At the same time, on the Earth’s surface, the 
spectrum of solar radiation has a maximum in the 500 nm 
region but extends down to 300 nm. Accordingly, the short-
wave part of solar radiation is used extremely inefficient-
ly in the operation of solar panels. At the same time, such 
panels demonstrate the highest efficiency when illuminat-
ed in the 580-730 nm range, i.e., exactly where Eu3+ ions 
emit. Accordingly, the use of oxide K3Tb0.9Eu0.1(PO4)2, in 

particular as components of a composite film “NC+K3Tb0.9 

Eu0.1(PO4)2” as a fluorescent converter of UV radiation from 
the 330-400 nm range into red light, can increase the effi-
ciency of solar panels (Bondar et al., 2021).

Films “NC+K3Tb0,9Eu0,1(PO4)2” can also be used as a 
coating to improve the efficiency of electricity-to-light 
converters – in LEDs. Among the cheapest LEDs are 
those that emit in the blue and UV spectral ranges. Fi-
gure 4 shows the UV spectra of composite films under la-
ser excitation at 405 and 475 nm. The spectra differ both 
in the number and intensity of narrow europium emis-
sion lines and in the characteristics of the wide lumines-
cence band of the cellulose matrix. That is, by changing 
the excitation wavelength, the colour of the coating can 
be controlled.
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Calculated R-values for PL of “NC+K3Tb0.9Eu0.1(PO4)2” 
film under excitation at 405 and 473 nm are 1.95 and 3.25, 
respectively. A significant increase in R can be explained 
by the fact that the contribution of terbium luminescence 
in the 580-600  nm region decreases compared to euro-
pium luminescence. According to the results of C.  Zuo 
et al.  (2015), the PL excitation spectra of Tb3+ ions in the 
visible region show that at λex = 405 nm these ions do not 
emit, and at λexc = 473 nm their low-intensity luminescence 
is possible. Thus, the results on the PL of the NC+K3Tb0.9 

Eu0.1(PO4)2 films can be explained based on the literature 
data mentioned in this section on the peculiarities of the 

crystal structure of M3RE(PO4)2 compounds and the lumi-
nescence of Eu3+ and Tb3+ ions in oxides.

To check the efficiency of UV light absorption and 
its conversion into visible radiation, the visible radiation 
spectra of an LED with λmax = 375 nm and a test system 
based on the same LED with a “NC+K3Tb0.9Eu0.1(PO4)2” 
film were recorded. The film was placed directly after the 
LED. V. Veleschuk et al. (2019) found that high-power UV 
LEDs have parasitic emission in the blue and yellow re-
gions due to electroluminescence. Similar parasitic blue 
and yellow emission is observed for the used UV LED 
(spectrum 1 in Fig. 5).
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Figure 4. PL spectra of the “NC+K3Tb0.9Eu0.1(PO4)2” films
Note: PL excitation at λexc=405 (1) and 473 nm (2), T=295 K
Source: compiled by the authors

Figure 5. Radiation spectra
Note: 1 – UV LED (λmax=375 nm); 2 – “UV LED + film “NC+K3Tb0,9Eu0,1(PO4)2”; Т=295 K
Source: compiled by the authors
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In the case of the LED + film system, stray radiation 
is attenuated due to the low transparency of the film. At 

the same time, narrow emission lines of europium ions 
are observed. It can also be assumed that the broadband 
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with a maximum at 580 nm is a superposition of the diode 
electroluminescence band and the nanocellulose photolu-
minescence band.  Colour coordinates are often used to as-
sess the colour characteristics of radiation. The colour co-
ordinates according to CIE 1931 (Schanda, 2007) for white 
are (x = 0.333; y = 0.333). The presence of luminescence in 
the blue and yellow spectral regions of the UV LED leads to 
colour coordinates corresponding to blue light (x = 0.214; 
y  =  0.079). Adding a film “NC+K3Tb0.9Eu0.1(PO4)2” leads 
to a shift in the coordinates to the red region (x = 0.304; 
y = 0.196). The coordinate offset on the chromaticity dia-
gram for the CIE 1931 standard is shown in Figure 6.

Thus, the investigated composite films are promising 
luminescent LED coatings. The “red” shift of colour coor-
dinates is insufficient, partially due to the small film thick-
ness, which is only 90 ± 10µ m. It can be assumed that an 
increase in film thickness will lead to enhanced absorption 
of the blue radiation of the LED and better conversion of 
the absorbed energy into yellow and red radiation and, ac-
cordingly, to improvement of the colour characteristics of 
the radiation.
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Figure 6. Position of the radiation colour coordinates  
on the chromaticity diagram

Note: 1 – UV LED (λmax=375 нм); 2 – “UV LED + film 
“NC+K3Tb0.9Eu0.1(PO4)2”; Т=295 K
Source: compiled by the authors

CONCLUSIONS
Samples of thin films based on nanocellulose and oxide 
were prepared by a simple evaporation method from aque-
ous suspensions. According to the results of optical micros-
copy, the films contained micro/nanoscale cellulose forma-
tions, such as crystals and fibrils. The largest oxide crystals 
K3Tb0.9Eu0.1(PO4)2 had a size of about 300 µm. A fairly uniform 
distribution of oxide crystals with an average size of about 
50 µm was observed in the composite films within the areas 
of ≈ 0.5 × 0.5 mm2. The presence of water molecules, which is 
manifested in their Raman scattering lines, probably causes 
the low luminescence intensity of the studied suspensions.

Intense red photoluminescence of the powder 
K3Tb0.9Eu0.1(PO4)2 and thin film “nanocellulose+K3Tb0.9Eu-

0.1(PO4)2”, associated with the emission of Eu3+ ions, is effec-
tively excited by absorption by terbium ions in the region 
of 330-400 nm. This is evidence of the efficient transfer of 
excitation energy from Tb3+ ions to Eu3+ ions. The presence 
of red luminescence excitation in the region of 330-400 nm 
is important from the point of view of developing lumines-
cent converters for solar panels based on the studied films.

Values of the degree of asymmetry calculated from the 
emission spectra of the powder K3Tb0.9Eu0.1(PO4)2, suspen-
sions, and films “nanocellulose+K3Tb0.9Eu0.1(PO4)2”, is in the 
range of 1.63-3.25, indicating a low symmetry of the Eu3+ 
ion environment. The significant change in the degree of 
asymmetry with the excitation wavelength is attributed to 
the change in the contribution of Tb3+ ions to the overall 
photoluminescence spectrum in the 580-600 nm range.

Films “nanocellulose+K3Tb0.9Eu0.1(PO4)2” are capable of 
absorbing ultraviolet LED radiation and transforming the ab-
sorbed energy into yellow and red light. Chromaticity coordi-
nates of the ultraviolet LED with λmax

 = 375 nm equipped with 
a composite film shift towards the standard for white light.

The investigated materials have the potential to be 
used as luminescent converters in power generation and 
conversion devices such as solar panels and LEDs. Further 
research in this area will be aimed at optimising the con-
centration of europium ions in the oxide K3Tb1-хEuх(PO4)2, 
the ratio between the amount of oxide and nanocellulose, 
and the film thickness.
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Люмінесцентні конвертери на основі композитних плівок 
«наноцелюлоза + K3Tb(PO4)2:Eu»

Анотація. Перевагами целюлози та її похідних, як новітніх матеріалів для пристроїв, що виробляють, 
накопичують та перетворюють електроенергію є їх дешивизна, екологічність, легкість утилізації та можливість 
виготовлення різними способами і з різної сировини, в тому числі, і з відходів агропромисловості. Саме тому їх 
дослідження як матеріалів для сучасної техніки та електроніки є актуальним. Метою цієї роботи було з’ясування 
люмінесцентних характеристик композиційних плівок, виготовлених на основі наноцелюлози та полікристалічного 
оксиду K3Tb0,9Eu0,1(PO4)2. Оптична мікроскопія та спектрально-люмінесцентний метод були застосовані для 
характеризації виготовлених плівок та їх вихідних компонент. З’ясовано, що кристаліти з середнім розміром 
близько 50 µм розподілені досить рівномірно у плівці «наноцелюлоза+K3Tb0,9Eu0,1(PO4)2». Для досліджених зразків 
у формі суспензій спостерігалась смуга Раманівського розсіяння світла з максимумом на 564 нм при лазерному 
збудженні на 473 нм. Інтенсивність фотолюмінесценції наноцелюлози у вигляді суспензії та в плівках є низькою 
в порівнянні зі свіченням оксиду як наповнювача. Свічення іонів Eu3+ є інтенсивним в червоній області спектра. 
Обчислені значення ступеня асиметричності вказують на низьку симетрію позицій, які займають іони європію в 
оксиді та на внесок випромінювання іонів Tb3+ в загальний спектр композитної плівки. За результатами досліджень 
з’ясовано, що люмінесценцію іонів Eu3+ сенсибілізовано іонами Tb3+, які поглинають збуджуюче світло з подальшою 
передачею енергії до іонів європію. Положення смуг поглинання іонів Eu3+ та Tb3+ в ультрафіолетовій ділянці 
спектра та інтенсивне випромінювання Eu3+ в червоній області вказують на перспективність використання плівок 
«наноцелюлоза+ K3Tb0,9Eu0,1(PO4)2» для підвищення ефективності сонячних панелей. Тестування плівок при збудженні 
люмінесценції ультрафіолетовим випромінюванням світлодіоду (λзб

 = 375 нм) показало можливість розробки на їх 
основі білих світлодіодів. Зокрема, координати колірності світлодіода без покриття становили (х = 0,214; у = 0,079), а 
використання плівки – композиту, як покриття, призводить до зміщення координат до червоної області: х = 0,304, 
у = 0,196. Одержані результати щодо морфології та люмінесцентних властивостей можуть бути використані для 
оптимізації складу та умов виготовлення композитних плівок типу «наноцелюлоза+K3Tb0,9Eu0,1(PO4)2» для їх 
застосування як люмінесцентних конвертерів у світлодіодах або сонячних панелях
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