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ABSTRACT

Purpose of the study. In this work, we have investigated the mechanism of structure formation of GdF3:Tb3+(15 %) nanocrystals 
synthesized by solvothermal synthesis in the temperature range from RT to 200 °C with a step of 50 °C.
Materials and methods. Nanocrystals of GdF3:Tb3+(15 %) were synthesized by the solvothermal method using a high-pressure 
reactor (autoclave) designed for temperatures up to 250 °C. The structure, size and morphology were determined by transmis‑
sion electron microscopy (TEM), the type of crystal lattice and the size of crystallites of nanoparticles were studied by X-ray 
diffraction (XRD), hydrodynamic size of nanoparticles, particle size distribution, ζ-potential, agglomeration of nanoparticles in 
colloidal solutions were determined by dynamic light scattering (DLS), the chemical composition of the nanocrystals surface 
was studied by Fourier-transform infra-red spectroscopy (FT-IR), the nanoparticles ability to absorb UV radiation was analyzed 
by UV-visible spectroscopy (UV-vis) and X-ray excited optical luminescence (XEOL).
Results. With an increase in the temperature of the synthesis reaction, a structural change in the crystallites phase occurs from 
hexagonal to orthorhombic. At low temperatures, agglomerated particles consisting of hexagonal nanocrystals are formed, 
while at a temperature higher than the boiling point of the solvent, monodisperse rhombic-shaped nanoparticles with orthor‑
hombic phase are formed. At mild temperatures, agglomerated particles with different morphology and with mixed hexagonal 
and orthorhombic phases are formed. Based on the analysis of X-ray spectrum, it was found that the size of GdF3:Tb3+(15 %) 
nanocrystals varies from 10 to 50 nm for different synthesis temperature conditions (T = RT, 50 °C, 100 °C, 150 °C, 200 °C). 
The hydrodynamic size of nanoparticles decreases with increasing synthesis temperature. All GdF3:Tb3+(15 %) nanocrystals 
obtained at different temperatures are transparent to visible light and absorb UV radiation. Absorption in the UV region increases 
with an increase in the size of particle crystallites. Upon X-ray irradiation of the colloidal GdF3:Tb3+(15 %) solution, X-ray excited 
optical luminescence spectra showed emission peaks at 490 nm, 543 nm, 585 nm and 620 nm.
Conclusion. The mechanism of structure formation of rhombic-shaped GdF3:Tb3+(15 %) nanocrystals has been investigated. 
These monodisperse rhombic-shaped nanoparticles can be used for X-ray induced photodynamic therapy (X-PDT) of super‑
ficial, solid and deep-seated tumors.
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СОЛЬВОТЕРМАЛЬНЫЙ СИНТЕЗ НАНОЧАСТИЦ GDF3:TB3+ РОМБИЧЕСКОЙ ФОРМЫ 
ДЛЯ БИОМЕДИЦИНСКИХ ПРИМЕНЕНИЙ
Е. А. Кучма�, О. Е. Положенцев, И. А. Панкин, А. Н. Булгаков, П. А Рудь, А. В. Солдатов 

Международный исследовательский институт интеллектуальных материалов Южного федерального университета, г. Ростов-на-Дону, 
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РЕЗЮМЕ

Цель исследования. Исследовать механизм формирования нанокристаллов GdF3:Tb3+(15 %), полученных методом 
сольвотермического синтеза в интервале температур от комнатной температуры до 200 °C с шагом 50 °C.
Материалы и методы. Нанокристаллы GdF3:Tb3+(15 %) были синтезированы сольвотермальным методом с помощью 
реактора высокого давления (автоклав) рассчитанного на температуру до 250 °C. Структуру, размер и морфологию 
наночастиц исследовали методом просвечивающей электронной микроскопии (ПЭМ), тип кристаллической решетки 
и размер кристаллитов наночастиц определяли методом рентгеновской дифракции (РФА), гидродинамический размер 
наночастиц, гранулометрический состав, ζ-потенциал, агломерацию наночастиц в коллоидных растворах определяли 
методом динамического рассеяния света (ДРС), химический состав поверхности нанокристаллов изучали методом 
инфракрасной спектроскопии (ИК-спектроскопия), способность наночастиц поглощать УФ-излучение анализировали 
методом спектроскопии в видимой и УФ-областях спектра и рентгеновской оптической люминесценции.
Результаты. С повышением температуры реакции синтеза происходит структурное изменение фазы кристаллитов с гек‑
сагональной на орторомбическую. При низких температурах сольвотермального синтеза образуются агломерированные 
частицы, состоящие из гексагональных нанокристаллов, при температуре выше температуры кипения растворителя – 
монодисперсные наночастицы ромбической формы с орторомбической фазой. При умеренных температурах образу‑
ются агломерированные частицы различной морфологии со смешанной гексагональной и орторомбической фазами. 
На основании анализа рентгеновских спектров установлено, что размер нанокристаллов GdF3:Tb3+(15 %) меняется для 
разных температурных условий синтеза (T = КТ, 50 °C, 100 °C, 150 °C, 200 °C) от 10 до 50 нм. Гидродинамический размер 
наночастиц уменьшается при увеличении температуры синтезы. Все нанокристаллы GdF3:Tb3+(15 %) полученные при раз‑
ных температурах прозрачны для видимого света и поглощают УФ-излучение. Поглощение в УФ области увеличивается 
при увеличении размера кристаллитов частиц. Спектры оптической люминесценции с возбуждением рентгеновским 
излучением (XEOL) показали пики излучения в видимом диапазоне на длинах волн 490 нм, 543 нм, 585 нм и 620 нм.
Заключение. Исследован механизм формирования нанокристаллов GdF3:Tb3+(15 %) ромбической формы. Монодис‑
персные наночастицы GdF3: Tb3+(15 %) ромбовидной формы могут найти применение для рентгеноиндуцированной 
фотодинамической терапии (ФДТ) поверхностных, а также объемных и глубоколежащих опухолей.

Ключевые слова: сольвотермальный синтез, GdF3, легированный Tb, сцинтилляционные наночастицы, биомеди‑
цинское применение, ФДТ, Рентгеновская ФДТ
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BACKGROUND

Currently, photodynamic therapy (PDT) [1] and 
X-ray-induced PDT are modern therapeutic methods 
for the treatment of superficial, as well as volumetric 
and deep-lying tumors [2; 3]. A key role in the thera‑
peutic effect of PDT is played by a photosensitizer, 
which selectively accumulates in the tumor tissue 
and, when irradiated with visible or near-infrared ra‑
diation of a certain wavelength, generates the forma‑
tion of reactive oxygen species (ROS), which, in turn, 
kill cancer cells. For the X-ray-induced PDT (R-PDT) 
method, it is necessary to use scintillation nanopar‑
ticles that will effectively convert X-ray radiation into 
visible or near-infrared light with a certain wavelength 
to excite a photosensitizer [4; 5].

Gadolinium (III) fluoride is a multifunctional mate‑
rial with effective luminescence, excellent magnetic 
properties and low phonon energy, high chemical and 
thermal stability. Gadolinium fluoride nanoparticles 
doped with rare earth elements (Tb, Eu, etc.) can be 
used as effective converters for the R-PDT method 
and effectively convert X-rays into visible light with 
a certain wavelength. The large atomic number of 
gadolinium makes it possible to effectively absorb 
X-rays, so gadolinium fluoride nanoparticles can be 
used as a contrast agent for CT imaging. In addition, 
GdF3 nanoparticles can be used in MRI due to their 
paramagnetic properties. When irradiated with both 
UV radiation and X-rays, GdF3 nanoparticles doped 
with Tb3+ have strong green emission with a maxi‑
mum at 545 nm and less intense satellite peaks at 
~490, 585 and 620 nm due to electronic transitions 
from the excited state of 5D4 to 7FJ (J = 6–3) of the 
ground states of the Tb3+ ion [6].

Gadolinium trifluoride nanoparticles were obtained 
by several synthesis methods, including co-depo‑
sition [7], hydrothermal synthesis [6], solvothermal 
synthesis [8], microwave synthesis [10]. For example, 
Zhang et al. synthesized GdF3:Eu3+ nanoluminophores 
with a hexagonal or orthorhombic structure at room 
temperature using the chemical co-deposition meth‑
od [7]. The structure and morphology of GdF3:Eu3+ 

nanoluminophores were controlled using various 
fluorine precursors. Hexagonal GdF3:Eu3+  nanocrys‑
tals were formed using NaBF4 as a fluoride precursor, 
whereas orthorhombic GdF3:Eu3+  nanocrystals were 
obtained using a NaF or NH4F fluoride precursor. It 
has also been experimentally established that hex‑

agonal GdF3:Eu3+  nanoluminophores emit significant‑
ly stronger Eu3+ luminescence than orthorhombic 
ones. Samantha et al. A simple microwave method 
was reported for the synthesis of stable Eu3+-doped 
GdF3 nanocrystals with a hexagonal phase functional‑
ized with polyvinylpyrrolidone at higher temperatures 
(up to 220 °C), achieved by adjusting the viscosity 
of solvents, as well as using KF as a source of flu‑
orine [8]. Both the morphology and the size of GdF3 
nanocrystals can also be varied by adjusting the re‑
action conditions. Wang et al. various monodisperse 
colloidal nanocrystals GdF3: Yb, Er with increased 
frequency with different shapes, sizes and alloying 
impurities were synthesized using microwave synthe‑
sis [10]. In addition to highly monodisperse spheri‑
cal particles, they prepared monodisperse slices of 
rhombic shape, showing a tendency to self-assemble 
into stacks. Sui et al. [9] reported the behavior of the 
orthorhombic REF3 phase at high pressure (RE = Sm 
to Lu and Y). Pressure-induced GdF3 phase transitions 
were studied at room temperature. It is established 
that the pressure range of the phase transition from 
the orthorhombic to the hexagonal phase is 5.5–9.3 
GPa for GdF3.

In this paper, the mechanism of formation of 
GdF3:Tb3+(15 %) nanocrystals synthesized by sol‑
vothermic synthesis in the temperature range from 
room temperature to 200 °C. The physicochemical 
properties were studied by transmission electron 
microscopy (TEM), X-ray diffraction (XRD), dynamic 
light scattering (DRS), infrared spectroscopy, spec‑
troscopy in the visible and UV spectral regions and 
X-ray optical luminescence.

MATERIALS AND METHODS

Gadolinium nitrate hexahydrate Gd (NO3)3·6H2O 
(99.9 %) and terbium chloride hexahydrate TbCl3·6H2O 
(99.9 %), ammonium fluoride NH4F (98 %) were pur‑
chased from Alfa Aesar (Haverhill, Massachusetts, 
USA). Ethylene glycol was purchased from Sigma-
Aldrich (Burlington, Massachusetts, USA). All chem‑
icals were used without additional purification.

The physicochemical  character ist ics of 
Gd F3:Tb3+(15 %) nanocrystals (T = RT, 50 °C, 100 °C, 
150 °C, 200 °C) were determined by the following 
experimental methods. The size, shape and morphol‑
ogy were studied using TEM on a Tecnai G2 Spirit 
BioTWIN device (FEI, USA). The type of crystal lattice 
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and the average size of nanoparticle crystallites were 
determined by XRD on a D2 PHASER diffractometer 
(Bruker Corp., Germany). The hydrodynamic size of 
nanoparticles, granulometric composition, ζ-poten‑
tial, and agglomeration of nanoparticles in colloidal 
solutions were determined by DRS on a NANO-Flex 
particle size analyzer (MicroTrac GmbH, Germany) 
and STABINO (ParticleMetrix, USA). The quantitative 
and qualitative chemical composition and concen‑
tration of alloying elements were evaluated using 
a two-dimensional microrentgenofluorescence (XFA) 
spectrometer M4 Tornado (Bruker Corp., Germany). 
The surface chemistry was studied using infrared 
Fourier spectroscopy (FTIR) on a Vertex 70 spec‑
trometer (Bruker Corp., Germany). Emission spec‑
tra (XEOL) of nanomaterial powders and colloidal 
aqueous solutions were studied using a RAP‑90U 
X-ray tube with a protective casing and a Shimadzu 
UV‑2600 dual-beam spectrophotometer (Shimadzu, 
Japan).

GdF3:Tb3+ nanocrystals synthesis
GdF3:Tb3+ nanocrystals (15 %) were obtained 

by the solvothermal synthesis method. To obtain 
160–200 mg of GdF3:Tb3+ nanocrystal powder 
(15 %), it is necessary to: dissolve 0.85 mmol 
Gd (NO3)3H2O (m = 0.384 g) and 0.15 mmol Tb‑
Cl3·C2·6H2O (m = 0.056 g) in 10 ml of ethylene 
glycol (EG) in a beaker at room temperature. For 
better dissolution of chemical reagents, ultrasonic 
dispersants can be used. After mechanical stirring 
for about 1 hour, add 3 mmol NH4F (m = 0.1111 
g), previously dissolved in 10 ml of ethylene gly‑
col (EG), drop by drop. During the reaction, the 
previously transparent solution becomes cloudy 
and white due to the deposition of doped gado‑
linium fluoride. Further, the resulting solution was 
subjected to heat treatment in a Teflon autoclave 
in the temperature range from RT to 200 °C with 
intensive stirring for 24 hours. The final product 
was washed three times with distilled water using 
centrifugation. After the last centrifugation, the 
white nanocrystals were dried in a drying cabinet 
at 60 °C. The obtained nanocrystals were denoted 
respectively GdF3 GdF3:Tb3+  (15 %) (T = RT, 50 °C, 
100 °C, 150 °C, 200 °C). Colloidal aqueous solu‑
tions of GdF3:Tb3+  nanocrystals were prepared by 
dispersing nanocrystals in bidistilled water using 
an ultrasonic disperser.

RESEARCH RESULTS AND DISCUSSION

We have studied the mechanism of formation of 
GdF3:Tb3+ (15 %) nanocrystals (T = RT, 50 °C, 100 °C, 
150 °C, 200 °C) obtained by the solvothermal syn‑
thesis method in the temperature range fromRT to 
200 °C in increments of 50 °C. The solvothermal 
method is a chemical reaction occurring in a sol‑
vent at a temperature above the boiling point of the 
solvent (usually < 250 °C) in a sealed reactor. Eth‑
ylene glycol with a boiling point of 197 °C was used 
as a solvent. By varying the synthesis parameters: 
temperature and reaction time, this method makes 
it possible to obtain nanocrystals with size control, 
morphology and a high level of crystallinity.

Figure 1a shows diffractograms in the range of 
22°–32° degrees of nanocrystals obtained during 
synthesis at various reaction temperatures (T = RT, 
50 °C, 100 °C, 150 °C, 200 °C) for 24 hours. It is es‑
tablished that with an increase in the temperature of 
the synthesis reaction, the structure of nanocrystals 
undergoes a structural change from the hexagonal to 
the orthorhombic phase. At a synthesis temperature 
of 50 °C, a purely hexagonal structure is observed, 
and at a temperature of 200 °С a pure orthorhombic 
structure with no secondary phases is already ob‑
served. At moderate temperatures, a mixed phase 
of hexagonal and orthorhombic phases is observed. 
Figure 1b shows diffractograms of nanocrystals of 
hexagonal and orthorhombic phases. The position 
of the peaks and their intensity correspond exactly 
to the diffractograms of orthorhombic GdF3 (ICSD 
chart 00-012-0788) and hexagonal SmF3 (ICDS chart 
PDF No. 01-072-01439). No additional peaks of any 
secondary phases were detected.

Based on the Scherrer equation, reflex broadening 
was used to estimate the average size of crystal‑
lites. The average size of crystallites in GdF3:Tb3+  
nanocrystals (15 %) varies from 10 nm to 50 nm for 
different synthesis reaction temperatures: from room 
temperature (RT), 50 °C, 100 °C, 150 °C, 200 °C. X-ray 
fluorescence analysis (XFA) confirmed the chemi‑
cal composition of Tb/Gd (15 %) for all synthesized 
nanocrystals, which indicates good solubility of rare 
earth element salts in the process of solvothermal 
synthesis. According to the data of dynamic light 
scattering in colloidal solutions of nanocrystals, 
the hydrodynamic radius of nanoparticles gradually 
decreases from 220 ± 200 nm for RT, 174 ± 90 nm 
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Fig. 1. а) GdF3:Tb3+ diffractograms of nanocrystals (15 %) (T = RT, 50 °C, 100 °C, 150 °C, 200 °C); b) GdF3:Tb3+ diffractograms (15 %) 
(T = 50 °C) of hexagonal phase and GdF3:Tb3+ (15 %) (T = 200 °C) orthorhombic phase.

A B

Fig. 2. a) GdF3:Tb3+ nanocrystals TEM-imaging (15 %) (RT); b) hexagonal phase GdF3:Tb3+ nanocrystals TEM-imaging (15 %) (50°C); 
с) GdF3:Tb3+ nanocrystals TEM-imaging (15 %) (100°C); d) GdF3:Tb3+ rhombic shape with orthorhombic phase nanocrystals TEM-imaging 
(15 %) (150°C).

A

C

B

D
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for 50 °C, 150 ± 116 nm for 100 °C, 57 ± 39 nm for 
150 °C, to 48 ± 32 nm for 200 °C. The decrease in the 
hydrodynamic radius is associated with the recrys‑
tallization of nanocrystallites during heat treatment 
during synthesis and the reduction of the interparticle 
space in agglomerated particles.

Figure 2 shows TEM images of nanocrystals ob‑
tained at various synthesis temperatures (RT 50 °C, 
100 °C, 150 °C). Figure 2a shows agglomerated par‑
ticles of various morphologies synthesized at room 
temperature (RT) with an average size of 150–180 
nm, consisting of small orthorhombic phase nanopar‑
ticles up to 10 nm in size. There are also large ag‑
glomerated particles consisting of hexagonal parti‑
cles up to 50 nm in size, with well-defined faces and 

good crystallinity. Figure 2b shows large agglom‑
erated particles up to 500 nm in size in the form of 
"flowers" consisting of hexagonal phase crystallites. 
The crystallites have a hexagonal shape and a size of 
30–50 nm. Figure 2b shows agglomerated nanopar‑
ticles obtained at a reaction temperature of 100 °C 
in the form of "flowers" and rhombic and spindle-
shaped particles. In these types of agglomerated 
nanoparticles, regions with higher and lower densities 
are noticeable. A higher temperature is required for 
the formation of rhombic nanoparticles with good 
crystallinity. The image also contains agglomerat‑
ed nanoparticles up to 200 nm in size, rectangular 
and spindle-shaped, consisting of small crystallites 
up to 10 nm in size. Figure 2g shows nanoparticles 

Fig. 3. Absorption spectrum in a) IR range; b) in visible and UV regions; c) optical luminescence spectrum with XEOL of GdF3:Tb3+ (15 %) 
nanocrystals (T = RT, 50°C, 100°C, 150°C, 200°C); d) comparison of the spectrum of XEOL nanoparticles PEG@GdF3:Tb3+(15 %) excited by 
X-ray irradiation (35 kV, 16 mA), and the absorption spectrum of the UV-visible photosensitizer bengal pink (BP).
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obtained at a reaction temperature of 200 °C in the 
form of rhombic nanoparticles.

Figure 3a shows the absorption spectra in the IR 
range of GdF3:Tb3+ nanocrystals (15 %) (T = RT 50 °C, 
100 °C, 150 °C, 200 °C). Wide peaks in the region of 
1600–1650 cm‑1 and 650–950 cm‑1 are associated 
with bending and vibrational modes of adsorbed 
water molecules on the surface of nanocrystals [5]. 
The valence and deformation vibrations C = O are 
at 1665 and 1436 cm‑1. The band at 610 cm‑1 can be 
attributed to vibrations of the gadolinium fluoride 
lattice, which confirms the formation of gadolinium 
fluoride nanocrystals. Peaks ~1412 and 1444 cm‑1 
refer to methylene scissor and valence vibrations of 
C-O-C EG. UV-visible spectra of GdF3:Tb3+ nanocrys‑
tals (15 %) (T = RT, 50 °C, 100 °C, 150 °C, 200 °C) are 
shown in Figure 3b. All the obtained nanocrystals are 
transparent to visible light and absorb UV radiation. 
The absorption in the UV region increases with the 
increase in the size of the crystallites of the particles. 
Figure 3b shows optical luminescence spectra with 
XEOL of GdF3:Tb3+  nanocrystals (15 %) (T = RT, 50 °C, 
100 °C, 150 °C, 200 °C). Fluorescence emission can 
be excited by both UV light and X-ray radiation, which 
gives the same typical Tb3+ emission profile. Strong 
green glow of scintillation nanocomposites PEG@
GdF3:Tb3+ (15 %) with a main peak at 545 nm and 

three satellite peaks at 490, 585 and 620 nm is due 
to electronic transitions from the excited state of 
5D4 to the ground states of Tb3+ 7FJ ions (J = 6–3). 
Figure 3g shows a comparison of the spectrum of 
XEOL nanoparticles PEG@GdF3:Tb3+ (15 %) excited 
by X-ray radiation (35 kV, 16 mA), and the absorption 
spectrum of the bengal pink photosensitizer (BP).

CONCLUSION

In this paper, the mechanism of formation of 
Gd F3:Tb3+ (15 %) nanocrystals obtained by solvother‑
mal synthesis in the temperature range from RT to 
200 °C. At low temperatures, agglomerated particles 
consisting of hexagonal nanocrystals are formed, and 
at temperatures above the boiling point of the solvent, 
monodisperse rhombic nanocrystals with an orthor‑
hombic phase are formed. At moderate temperatures, 
agglomerated particles of various morphologies 
with mixed hexagonal and orthorhombic phases are 
formed. Under X-ray irradiation of a GdF3:Tb3+ (15 %) 
colloidal solution, optical luminescence spectra with 
XEOL showed radiation peaks at 490 nm, 543 nm, 
585 nm and 620 nm. Monodisperse nanocrystals of 
rhombic shape can be used for X-ray induced pho‑
todynamic therapy (X-PDT) of surface, volume and 
deep-lying tumors.

References

1.	 Suleimanov EA, Khomyakov VM, Serova LG, Moskvicheva LI, Filonenko EV, Kaprin AD. Intraoperative photodynamic therapy 
for metastatic peritoneal tumors. Research and Practical Medicine Journal. 2016;3(3):59–67. (In Russ.). 

	 https://doi.org/10.17709/2409-2231-2016-3-3-6, EDN: WKUVGF
2.	 Allison RR, Moghissi K. Photodynamic Therapy (PDT): PDT Mechanisms. Clin Endosc. 2013 Jan;46(1):24–29. 
	 https://doi.org/10.5946/ce.2013.46.1.24
3.	 Kwiatkowski S, Knap B, Przystupski D, Saczko J, Kędzierska E, Knap-Czop K, et al. Photodynamic therapy – mechanisms, 

photosensitizers and combinations. Biomed Pharmacother. 2018 Oct;106:1098–1107. 
	 https://doi.org/10.1016/j.biopha.2018.07.049
4.	 Kamkaew A, Chen F, Zhan Y, Majewski RL, Cai W. Scintillating Nanoparticles as Energy Mediators for Enhanced Photody‑

namic Therapy. ACS Nano. 2016 Apr 26;10(4):3918–3935. https://doi.org/10.1021/acsnano.6b01401
5.	 Ren XD, Hao XY, Li HC, Ke MR, Zheng BY, Huang JD. Progress in the development of nanosensitizers for X-ray-induced pho‑

todynamic therapy. Drug Discov Today. 2018 Oct;23(10):1791–1800. https://doi.org/10.1016/j.drudis.2018.05.029
6.	 Polozhentsev OE, Pankin IA, Khodakova DV, Medvedev PV, Goncharova AS, Maksimov AY, et al. Synthesis, Characterization 

and Biodistribution of GdF3:Tb3+@RB Nanocomposites. Materials (Basel). 2022 Jan 13;15(2):569. 
	 https://doi.org/10.3390/ma15020569
7.	 Zhang X, Hayakawa T, Nogami M, Ishikawa Y. Selective Synthesis and Luminescence Properties of Nanocrystalline Gd‑

F3:Eu3+ with Hexagonal and Orthorhombic Structures. Journal of Nanomaterials. 2010 Dec 27;2010:e651326. 
	 https://doi.org/10.1155/2010/651326

Южно-Российский онкологический журнал 2023. Т. 4, № 2. С. 39-46
Кучма Е. А.�, Положенцев О. Е., Панкин И. А., Булгаков А. Н., Рудь П. А., Солдатов А. В. /  

Сольвотермальный синтез наночастиц GdF3:Tb3+ ромбической формы для биомедицинских применений



46

8.	 Samanta T, Hazra C, Praveen AE, Ganguli S, Mahalingam V. Synthesis of Hexagonal-Phase Eu3+-Doped GdF3 Nanocrys‑
tals above Room Temperature by Controlling the Viscosity of the Solvents. European Journal of Inorganic Chemistry. 
2016;2016(6):802–807. https://doi.org/10.1002/ejic.201501146

9.	 Sui Z, Wang J, Huang D, Wang X, Dai R, Wang Z, et al. Orthorhombic-to-Hexagonal Phase Transition of REF3 (RE = Sm to Lu 
and Y) under High Pressure. Inorg Chem. 2022 Oct 3;61(39):15408–15415. https://doi.org/10.1021/acs.inorgchem.2c01891

10.	 Wang H, Nann T. Monodisperse upconversion GdF3:Yb, Er rhombi by microwave-assisted synthesis. Nanoscale Res Lett. 
2011 Mar 29;6(1):267. https://doi.org/10.1186/1556-276X-6-267

Information about authors:
Elena A. Kuchma � – engineer, The Smart Materials Research Institute at the Southern Federal University, Rostov-on-Don, Russian Federation. 
ORCID: https://orcid.org/0000-0002-9440-4860, ResearcherID: U-5776-2019, Scopus Author ID: 57195548598
Oleg E. Polozhentsev – Cand. Sci. (Geol.-Min.), senior researcher, The Smart Materials Research Institute at the Southern Federal University, Rostov-
on-Don, Russian Federation. ORCID: https://orcid.org/0000-0002-2077-9512, SPIN: 1959-4459, AuthorID: 788015, ResearcherID: N-9555-2015, 
Scopus Author ID: 35273399000
Ilia A. Pankin – Cand. Sci. (Geol.-Min.), senior researcher, The Smart Materials Research Institute at the Southern Federal University, Rostov-on-
Don, Russian Federation. ORCID: https://orcid.org/0000-0003-2784-4839, SPIN: 3152-7393, AuthorID: 793405, ResearcherID: P-3517-2015, Scopus 
Author ID: 56500642900
Aleksei N. Bulgakov – laboratory assistant,The Smart Materials Research Institute at the Southern Federal University, Rostov-on-Don, Russian Federation.
Polina A. Rud – laboratory assistant, The Smart Materials Research Institute at the Southern Federal University, Rostov-on-Don, Russian Federation.
Alexander V. Soldatov – scientific director, professor, doctor of physical sciences, The Smart Materials Research Institute at the Southern Federal 
University, Rostov-on-Don, Russian Federation. ORCID: https://orcid.org/0000-0001-8411-0546, SPIN: 2132-5994, AuthorID: 1685, ResearcherID: 
E-9323-2012, Scopus Author ID: 7102129914

Contribution of the authors:
Kuchma E. A. – writing the primary text, synthesizing materials, conducting experiments;
Polozhentsev O. E. – writing the primary text, synthesizing materials, conducting experiments;
Pankin I. A. – conducting experiments;
Bulgakov A. N. – conducting experiments;
Rud P. A. – conducting experiments;
Soldatov A. V. – research concept, scientific guidance.

South Russian Journal of Cancer 2023. Vol. 4, No. 2. P. 39-46
Kuchma E. A.�, Polozhentsev O. E., Pankin I. A., Bulgakov A. N., Rud P. A., Soldatov A. V. /  
Solvothermal synthesis of rhombic shape GdF3:Tb3+ nanoparticles for biomedical applications 


