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Abstract: Calcium sulfate (CS) materials containing terbium ions at 0, 1.0, or 2.0 mol.% were obtained by
mechanochemical synthesis. According to X-ray diffraction data, the powder materials are characterized by
the presence of a CaS04+x0.5H20 phase, while Tb% is incorporated into the lattice at <1.0 mol.%. Specific surface
area enlarged from 2.1 to 22.5 m?/g as crystallite size decreased from 68 to 31 nm and the Tb* concentration
increased up to 1.0 mol.%. Thermal analysis showed that terbium slightly raises the temperature of
CaS04x2H20-to-CaSOs transition. The presence of Tb* did not affect the solubility of the CS cements.
Furthermore, after 7 days of soaking of the materials in a simulated body fluid, a calcium phosphate layer
formed corresponding to a hydroxyapatite phase, in contrast to the pure cements. Luminescent properties were
studied by excitation at 276 nm. The recorded emission peaks of the CS materials indicated that the
luminescence of the samples is green and blue, with the most intense luminescence observed for samples
containing 1.0 mol.% Tb*. The developed materials can find applications in medicine as bioimplants for the
regeneration and restoration of bone tissue with a possibility of noninvasive monitoring of the bone restoration
process.

Keywords: calcium sulfate; bone cement; terbium; solubility; calcium phosphate layer

1. Introduction

Calcium sulfate (CS) has been used for many years as a filler material for bone defects [1]. CS-
based cements have several unique properties: intrinsic osteogenic potential, a stimulatory effect on
angiogenesis, an ability to be completely biodegradable, and the absence of inflammatory reactions
after implantation into a bone defect [2—4]. At the same time, in contrast to widely used calcium
phosphate cements, only a weak thermal effect (up to 27 °C) occurs during a mixing of CS cement,
thereby leading to conditions suitable for drug delivery applications [5]. Despite the advantages, the
use of CS is limited due to its high rate of bioresorption [6]. Kinetics of this resorption depend on
many factors including the location, environment, and size of a bone defect and health status of the
patient (including comorbidities), and approximately 5-8 weeks is required for complete resorption
[7]. This rate of resorption is therefore acceptable for filling a defect of subcritical size (less than 1 cm).
The processes of resorption of an CS implant are caused by physicochemical dissolution.
Nonetheless, the resorption is accelerated in osteoporosis, which is associated with increased
sensitivity to CS dissolution [8]. Another disadvantage is an insufficient level of osteogenesis as
compared to calcium phosphate cements [9,10].

To modify biological and physicochemical properties of CS, it is doped with various ions and
functional groups. In refs. [11-14], a positive effect of doping with Sr*, Zn*, or Cu* on the
cytocompatibility, osteoplastic potency, and mechanical strength of CS-based materials has been
demonstrated. Introduction of cations Na*, K*, and Mg? helps to control the solubility of CS materials

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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[15-17]. According to solubility studies, the introduction of 20.0 mol.% of phosphate groups into CS
cements contributes to the formation of a calcium phosphate layer (CPL) on the surface of such
samples after 28 days of soaking in Kokubo simulated body fluid (SBF, simulating the composition
of human blood plasma) [18] and Dulbecco’s phosphate buffered saline. In vitro experiments on
human osteosarcoma cell line MG-63 cultured on phosphate-doped CS have shown that the cement
samples are cytocompatible and have moderate surface matrix properties [19]. In ref. [20], it was
found that calcium phosphate biocomposite coatings containing lanthanide cations (La¥, Ce?, and
Gd?*) can improve the bone-implant interface on the surface, accelerate osseointegration, and prevent
inflammatory complications through antiplatelet activity. Lanthanides have antimicrobial activity,
enhance the phagocytic activity of leukocytes, and consequently promote cell proliferation. Tb* is
one of the most luminescent biologically active rare earth elements owing to its excellent emission
characteristics at a wavelength of 544 nm [21-24]. At the same time, terbium has a potential
antibacterial activity and is able to inhibit cancer progression [25]. To evaluate possible biomedical
applications of hydroxyapatite (HA) nanorods doped with terbium (Tb%) at 25, 50, or 100 pg/ml, the
authors of ref. [26] have performed in vitro and cytocompatibility assays on MC3T3-E1 cells. Their
analysis of cell proliferation and cytotoxicity, combined with laser scanning microscopy, showed
excellent cell viability without morphological changes at the doses tested. HA samples doped with
Tb** at 2.0 at. % prepared by the chemical method manifest good biocompatibility with transformed
T-HUVEC epithelial cells [27]. On the other hand, data on the influence of Tb* on other biomaterials,
including CS, are limited at present.

Studies of the effect of terbium on CS cement materials was not found in our literature review.
Therefore, the purpose of this work was to develop CS materials containing Tb** in the amount up to
2.0 mol.% to determine general patterns of the formation of CS structure depending on the
introduction of various concentrations of Tb** as well as to evaluate the impact of Tb* concentration
on chemical and phase composition of powders, crystallite parameters, functional groups, and
thermal properties. We have been investigated the cements’ morphology, mechanical strength,
setting time, and dissolution kinetics in SBF and studied luminescence spectra as well.

2. Results
2.1. Powder characterization

2.1.1. Powder chemical composition

Table 1 presents theoretical and experimental contents of elements in the synthesized powders.

Table 1. Theoretical and experimental concentrations of terbium in the synthesis of initial powders.

Concentration of elements, wt.%

Sample ID Added Tb?*, mol.%
theoretical experimental
Ca S Tb Ca S Tb
1P 0.0 29.41 23.53 - 2891 2275 -
2P 1.0 28.98 23.41 0.80 | 2478 19.82 0.78
3P 2.0 28.56 23.31 150 | 28.81 23.83 151

2.1.2. Thermal analysis

Thermogravimetric analysis showed that for sample 1P (CaSOsx2H20), 1.5 water molecules are
lost in the temperature range of 110-160 °C, and the second range of 160-190 °C is responsible for the
removal of additional 0.5 water molecules [28] (Figure 1). At temperatures above 220 °C, the CS lattice
converted from a hemihydrate (CaSO4x0.5H20) to an anhydrous state (CaSOs), after which it lost its
ability to bind water. For materials containing terbium ions, the character of the thermogravimetric
curves was different. For example, the range of loss of 1.5 water molecules for all terbium-containing
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CS samples proved to be slightly higher: for 2P, it is 110-167 °C, and for 3P, 110-172 °C. Similarly, for
the loss of 0.5 water molecules, there was a different temperature range: the transition of sample 2P
started at 167-178 °C, and that of 3P at 171-178 °C. Thus, we can conclude that the temperature of the
onset of the CaSO4x2H20-to-CaS04+x0.5H20 transition is higher for terbium-containing materials, and
the effect is observed only at temperatures above 160 °C, thereby confirming the presence of a
gypsum phase in the synthesized powders (Figure 1).
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Figure 1. Thermogravimetry data on the CS powders.

2.1.3. XRD investigation of the powders

According to XRD data, all the powder materials are characterized by the presence of the main
phase of CaSO:x0.5H20 (ICDD PDF-2 No. 000-01-0999). The diffraction patterns of powders
containing terbium cations also revealed a phase of CaSOsx2H20 (ICDD PDEF-2 No. 000-33-0311)
(Figure 2). The presence of the second phase in the terbium-containing powders is most likely related
to a change in hydration temperature of CS [28].

26, degrees

Figure 2. Powder XRD results, where ¢ denotes CaSO4x0.5H20, and e represents CaSOsx2H20.

Table 2 shows crystal lattice parameters of CaSO4x0.5H20 powders heat-treated at 160 °C. One
can see that the crystal lattice parameters decreased after the introduction of terbium ions. This
outcome is due to the fact that the ionic radius of Tb*is slightly smaller (0.923 A) than that of calcium
(1.0 A) [29]. Meanwhile, the increase in the concentration of terbium did not affect the parameters of
the crystal lattice, suggesting that only 1.0 mol.% of terbium entered the CS lattice.

doi:10.20944/preprints202310.1263.v1
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Table 2. Crystal lattice parameters, SSA, and crystal size (D) of the powders.

Sample ID a, nm c, nm V, nm3 D, nm SSA, m?/g
Theoretical 6.76 6.24 246.94 - -

1P 6.93(8) 6.29(1) 262.27(3) 68 2.1

2P 6.92(2) 5.99(5) 248.27(3) 40 10.3

3P 6.92(2) 5.99(5) 248.27(3) 31 225

SSA of the powders also enlarged from 2.1 to 22.5 m?/g with the increasing Tb3" concentration. Calculation of
crystal size (D) revealed that the crystals were in the range of 31-68 nm, and the introduction of Tb* diminished
D, thereby confirming the SSA findings.

2.1.4. FTIR analysis of the powders

The results of FTIR spectroscopy of the powder materials pointed to the presence of vibrations
of sulfate groups in the range of 1282-1048 cm™ and their characteristic peaks at 658 and 601 cm!
(Figure 3) [30]. The peak at 855 cm! belongs to COs groups, which may be due to specific features of
the synthesis [31]. The peaks related to OH- groups in the range of 3698-3508 cm give rise to a
doublet. The peak at 755 cm is characteristic of a hydration water molecule that is bound to the rare
earth ion (Tb%) [32] and was detectable only in samples 2P and 3P.

r T T T T T :
4000 3800 3600 1200 1000 800 600
Wavenumber, cm™’

Figure 3. FTIR spectra of CS powders.
2.2. Cement characterization

2.2.1. XRD analysis of the cements

According to XRD data, all cements contained single-phase material CaSOsx2H>O (ICDD PDF-
2 No. 000-33-0311) (Figure 4).
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Figure 4. XRD diffractograms of the cement materials, where ® denotes CaSOsx2H20.

2.2.2. FTIR spectroscopy of the cements

According to these results (Figure 5), there was SO4> corresponding to wave numbers 603, 669,
and 1006 cm and the range 1194-1084 cm as well as OH- groups matching wave number 3246 cm-!
and the range 3380-3610 cm. At the same time, in the range of 3610-3380 cm!, OH- groups yielded
a triplet characteristic of gypsum [30].

1C 2C 3C

,,,,,,,,,,,,,,,,,,,,,,,,,,,

I//
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Figure 5. FTIR spectra of the cement samples.

2.2.3. Setting time

This parameter of cement materials decreased from 15 + 0.8 to 6 + 0.3 min with the increase in
terbium cation concentration (Table 3). pH remained neutral.
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Table 3. Cement properties.
Sample ID Added Tb?**, mol.% pH value Mechanical Setting time,
strength, MPa min
1C 0.0 7.3 12.0+0.6 15.0+0.8
2C 1.0 74 12.1+0.6 9.0+0.4
3C 2.0 7.6 2.4+0.1 6.0+0.3

2.2.4. Microscopic and mechanical analyses

The mechanical strength of cements 1C and 2C was found to be 12.0 + 0.6 MPa without a
significant difference (Table 3). Sample 3C was significantly different, with a sharp decline down to
2.4 + 0.1 MPa. This phenomenon can be explained by greater grain size in 3C, as demonstrated later
by scanning electron microscopy.

The structure of samples 1C and 2C is represented by prismatic particles whose size is in the
range of 2-13 um (Figure 6a,b). These cements have very similar microstructure, which is most likely
due to the incorporation of Tb** into the CS lattice. In sample 3C, the particle size is much greater,
reaching 21-23 um (Figure 6¢) and resulting in looser more porous structure and lower strength. In
this material, Tb* apparently remains in the state of an oxide and is an inert filler that prevents close
contact between grains at the time of cement mixing.

Figure 6. Microstructure of the cement materials. a: 1C, b: 2C, and c: 3C.

2.2.5. Solubility assays

Mass losses of the cements after soaking in SBF are shown in Table 4. Readers can see that the
bulk of mass loss (~20% loss) took place on the first day of the test, with slight growth as the terbium
content was increased. Afterwards, there was almost no change in the mass of the samples.
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Table 4. Mass loss of samples during soaking in SBF.

Sample ID Mass loss, %

Days 1 7 14 21
1C 17+1 20«1 211 201
2C 18+1 19+1 211 19+1
3C 20+1 18+1 20+1 22+1

Data on the release of Tb* into the extracts are given in Table 5. With longer time of exposure of
the samples to SBF, the concentration of Tb* in the extract rose. Meanwhile, for 2C materials, the
cation release was more uniform, which may be due to the fact that Tb* entered the CS lattice and
the matrix was dissolved uniformly just as pure gypsum. In 3C cements, terbium did not fully enter
the lattice and was most likely present in the form of insoluble terbium oxide Tb4O7, which can slow
down sample dissolution [33].

Table 5. Concentration of Tb* in SBF extracts depends on the day of the experiment.

Sample ID Concentration of terbium cations, mg/1
Day 1 Day 7 Day 14 Day 21
2C 0.0087 0.640 0.714 0.769
3C 0.0570 0.326 0.340 0.772

Figure 7 shows micrographs of surface structure of the cements along with energy dispersive
analysis data. For sample 1C, on the 7th day of exposure to SBF, elements Ca, S, and O were detectable
on the surface, corresponding to the gypsum phase (Figure 7a). After 14 days of exposure to SBF,
sodium chloride was "salted out," confirming the presence of elements Na and ClI (Figure 7d) [34].
For 2C cements, aside from the elements corresponding to gypsum, element Tb was detected on day
7 of the experiment but was no longer detectable on day 14 (Figure 7b,e). At the same time, elements
representing sodium chloride and phosphorus were found, indicating the emergence of a CPL on the
surface of the samples. In the case of 3C, phosphorus was also registered on the 7th day of the
experiment, and the micrographs show particles covered with a loose layer, most probably a mixture
of sodium chloride and calcium phosphate (Figure 7c,f). The absence of Tb can be attributed to the
formation of a denser CPL and NaCl on the surface of the sample.
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Figure 7. Microstructure of the surface of the samples after soaking in SBF on different days of the
experiment, where a—c: the 7th day of the experiment, and d-f: the 14th day of the experiment.

The presence of the CPL on the samples surface was confirmed by XRD data pointing to the
presence of an HA phase (Figure 8). For example, for cement 1C, only the gypsum phase was
registered throughout the test ICDD PDEF-2 No. 000-33-0311) (Figure 8a). For cements 2C and 3C, the
second phase (HA) appeared already on the 7th day of the test (ICDD PDF-2 No. 000-09-0432),
confirming the formation of the CPL on the surface of the samples (Figure 8b,c).
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Figure 8. XRD patterns of the cements after soaking in SBF on different days of the experiment, where
a: 1C, b: 2C, c: 3C; @ means CaSOsx2H20, and ° denotes Caio(POs)s(OH)z.

2.2.6. Photoluminescence experiments

These analyses of the cements were carried out at an excitation wavelength of 276 nm [35]. Figure
9 depicts the samples emission spectra, consisting of strong emission bands at 422 and 485 nm and
weak ones at 461 and 529 nm. It is reported that cements exhibit luminescence in both green (422 nm)
and blue (485 nm) regions [36].
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Figure 9. Photoluminescence emission spectra of the cements.

Meanwhile, it is important to note that emission intensity strengthened with the addition of 1.0
mol.% of Tb and did not change with further increases of its concentration.
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3. Discussion

Currently, there is only limited investigation about the use of terbium in biomaterials research.
There is no information about the doping of gypsum bone cements, while many studies are devoted
to the doping of CS phosphors with terbium [37-39]. The largest number of research articles deal
with the impact of terbium on calcium phosphate [21,40], combined bioglasses [41,42], organic
hydrogels [43], and some other related topics. A major difference between phosphors and gypsum
cements is the heat treatment temperature. For instance, in ref. [44], a mixture of salts CaSOs,
(NHa4)2504, Tb4O7, TbCls, NaCl, NaBr, and Na:504 was thoroughly ground in an agate mortar and
heat treated at 750 °C for 2 h. These synthesis conditions are not appropriate for the production of
gypsum cements owing to low temperature (160 °C) of transition of CS hemihydrate to anhydrous
CS [45]. It is known that CS anhydride does not give rise to durable gypsum cement materials [46].

The introduction of different cations into CS can affect the temperature of hydration of CS
dihydrate to anhydrite. For example, the introduction of lithium cations up to 5.0 mol.% shifts the
hydration temperature toward lower values [28]. For instance, the range of loss of 1.5 water molecules
by lithium-containing CS samples is shifted from 110-160 to 50-150 °C as compared to control CS
samples. Li-CS is characterized by a shift of the temperature range from 160-190 to 150-180 °C for
the loss of 0.5 water molecules. In our work, the addition of the terbium cation to CS slightly raised
the hydration temperature for the loss of 1.5 water molecules to 110-172 °C, and for the loss of 0.5
water molecules, to 167-178 °C. When HA is doped with Tb*, up to 5.0 at. % incorporation into the
lattice is observed [29]. In our case, the introduction of only 1.0 mol.% of Tb3* altered lattice
parameters [47] while preserving phase composition (CS), pointing to the incorporation of Tb* into
the lattice of CS hemihydrate. We can speculate that this outcome is due to the methods of synthesis
of the powder materials. In the case of HA, the materials were obtained by chemical precipitation of
salts, whereas in our case, by mechanochemical synthesis. Ref. [48] suggests that at the pH value 7.4,
calcium phosphate doped with 5.0 mol.% of Tb3* is barely soluble in phosphate buffer. Our solubility
experiment revealed that the terbium doping did not promote mass loss of the cement samples.
Previously, the introduction of 1.064 mg/l Mg?* into CS has increased solubility from 1.605 to 3.360
mg/1 [49]. Additionally, an assay of the solubility of CS cements—doped with phosphate groups up
to 20.0 mol.% —in SBF has uncovered the emergence of a brushite phase on the surface of the samples
on the 28th day of the experiment [19]. In our work, an HA phase formed on the surface of the cements
as early as the 7th day of the soaking and showed higher reactivity in vitro. An increase in the
concentration of Tb* in HA enhances emission intensity according to spectrophotometric data [29],
in agreement with our data on CS cements. Furthermore, ref. [50] suggests that CS cement produced
in Alberta (Canada) and heat-treated at 28 °C is characterized by broad luminescence bands with the
most pronounced peak at 444 nm (falling into the green region) after excitation at 300 nm. At other
excitation wavelengths (360 and 436 nm), the luminescence region falls within the green and blue
color ranges, consistently with our data.

Luminescence bioimaging is a unique approach to visualization of morphological details of
tissues with subcellular resolution and has become a powerful tool for the manipulation and
investigation of microspecies of live cells and animals [51]. The introduction of Tb* into HA
nanoparticles substantially improves the visualization of bone defect filling by micro-computed
tomography [52] and of upconversion luminescence-based in vitro confocal imaging of the cytosol
of murine macrophages [53].

The cement materials developed in our work can be used for both bone defect filling and
bioimaging and are promising for further investigation in the fields of drug delivery and intrinsic
antibacterial properties in the treatment of bone tissue infections [54-56].

doi:10.20944/preprints202310.1263.v1
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4. Materials and Methods

4.1. Powder synthesis

The synthesis of powder materials containing terbium cations was carried out by the
mechanochemical method [15] according to the following scheme:

(1 =x)Ca(OH)2 + (NHa4)2SO0xs + (2x/12) TbsO7 — CaixTb2x3S0s + H20 + 2NHs (1)
where x is the content of Tb3* with x =0, 0.01 or 0.02.

A mixture of salts [Ca(OH)2 from Labtech (Russia), TbsO7 from Uralredmet (Russia), and
(NH4)250s4 from Ruskhim (Russia)] was placed in Teflon drums in distilled water as a medium and
ground in a planetary mill for 20 min at a speed of 200 rpm. Zirconium dioxide balls were used for
the grinding. The weight ratio of the powder material to the balls was 1/10. The resulting solution
was evaporated and dried at 160 °C until the liquid phase was completely removed. The resulting
precipitate was subjected to decantation in order to remove byproducts while pH was kept at 7.0—
7.4.

4.2. Powder characterization

The powder materials were investigated by X-ray diffraction (XRD) phase analysis on a
DIFRAY-401 instrument (Russia) using CrKa radiation. Data from ICDD PDEF-2 were employed to
determine phase composition. Fourier transform infrared (FTIR) spectroscopy was carried out on a
Nicolet Avatar 330 FT-IR instrument (ThermoFisher Scientific, USA) in the range of 4000-400 cm-! in
diffuse reflection mode. The samples were prepared as mixtures with KBr.

Specific surface area (SSA) was determined according to Brunauer, Emmet, and Teller (BET) by
low-temperature nitrogen adsorption measurements (Micro-metric TriStar Analyzer, Micrometric
Instruments, USA).

The pH value of the powders was measured on a Testo 206 device (Testo, Germany).

Synchronous thermal analysis was performed on a Netzsch STA 409 PC Luxx (Netzsch,
Germany) thermal analyzer at a heating rate of 10 °C/min. The weight of the samples was at least 10
mg.

To investigate chemical composition of the synthesized powders, the powders were dissolved
in an HCI-HNOs mixture and analyzed by a high-precision technique of atomic emission
spectrometry with inductively coupled plasma (AES-ICP, Vista Pro, Varian, Palo Alto, CA, USA).

4.3. Cement synthesis

Cement CS materials were obtained from the synthesized powders (Table 6) via mixing with
distilled water according to the following reaction [5]:

CaS0+0.5H:0 + 1.5H20 — CaSO:+2H:0 (2)

Table 7 shows optimal powder:water ratios.

Table 6. Concentrations of salts and theoretical composition of the synthesized powders.

3+
Sample ID Adj::i 0’}‘13 ! Theoretical formulae mCa(OH):, g mTbsO7, g m(NH4)2SO4, g
1P 0.0 CaSOu 7.66 - 13.66
2P 1.0 Ca0.99Tbo.0067SO4 8.04 0.14 14.49
3P 2.0 Ca098Tb0.013504 7.92 0.27 14.42

Table 7. Cement composition and powder-to-liquid ratios.

Sample ID Added Tb3+, mol.% H:0, ml Powder, g
1C 0.0 0.50 0.35
2C 1.0 0.50 0.31

3C 2.0 0.50 0.38

doi:10.20944/preprints202310.1263.v1
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4.4. Characterization of the cements

Setting time was determined by means of penetration resistance of a 1 mm Vik needle (Russia)
applied to cement under a load of 400 g (ISO 1566 standard).

Scanning electron microscopy (SEM) analyses of the materials were carried out under a Tescan
VEGA 1I electron microscope (Czech Republic) with energy dispersive analyzer INCA Energy 300
(Great Britain).

The resultant cement materials were studied by XRD and infrared (IR) spectroscopy.

To assess mechanical compressive strength, cement samples were prepared by mixing a powder
with distilled water on a glass slide, and cylindrical samples 8 x 11 mm in size were shaped in a Teflon
mold. The samples were cured for 24 h at 100% humidity. Strength was determined on an Instron
5155 tensile testing machine (Great Britain). The pH value of cements was measured by means of the
Testo 206 instrument (Testo, Germany).

An assay of the solubility of each material was performed in a solution simulating human
extracellular fluid in terms of mineral composition (SBF: simulated body fluid). For this purpose,
samples were prepared in the form of tablets. The required amount of the liquid was calculated from
the tablet:liquid ratio, 0.4 g:20 ml. SBF was poured into a container with a tablet and kept in a
thermostat at 37 °C for 0, 1, 7, 14, or 21 days. The samples were then removed from the liquid, the pH
value of the solution was registered, and the samples were dried at 60 °C until stable weight.

The mass loss of the samples was calculated using the formula:

100%x(mn — mx)/mn, (3)
where mn is the initial mass of a sample, and mx is the mass of the sample after
soaking in SBF.

Cation concentration in the extracts was measured by inductively coupled plasma mass
spectroscopy using an Agilent 7900 ICP-MS instrument (USA).

Excitation and luminescence spectra of the cement samples were recorded at room temperature
with the help of a Perkin Elmer LS55 spectrophotometer (USA) in an excitation range (Aexc) of 200—
800 nm and an emission range (Aem) of 300-800 nm at a resolution of 0.5 nm.

5. Conclusions

Powder CS materials doped with Tb%* at 0, 1.0, or 2.0 mol.% were obtained by the
mechanochemical method. It was demonstrated that only 1.0 mol.% of Tb3+ was introduced into the
lattice of CS materials according to XRD. As the Tb* content increases, SSA rises from 2.1 to 22.5 m?/g
and the crystallite size diminishes from 68 to 31 nm. Thermogravimetric curves show that the
introduction of Tb?* slightly raises the temperatures of transition from CS dihydrate to anhydrous
CS. Cement materials were synthesized from the obtained powders by mixing with distilled water.
As the Tb* content goes up, the setting time and mechanical strength of the cements decline. Our
analyses of the solubility in SBF indicate that the mass loss does not depend on the Tb** content of the
cements and reaches approximately 20%. On the 7th day of the experiment, a CPL arises on the
surface of the samples containing Tb**. Emission intensity also increases with the addition of 1.0
mol.% Tb*. The emission peaks recorded upon excitation at 276 nm indicate that the luminescence
of the samples is green and blue. Thus, for the first time, CS-based cement materials were obtained
possessing improved bioactivity and luminescent properties. The materials may find promising
medical applications as cements for bone tissue replacement with a possibility of noninvasive
diagnostics.
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