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Abstract

Introduction. In the public domain there is enough literature on methods of treating the musculoskeletal system. The
possibilities of eliminating bone defects using patients' own (autologous) bones are described. The authors of theoretical
and applied studies also suggest using synthetic bioinert materials made of polymers, calcium phosphates, plastics, and
metals. The creation of three-dimensional matrices based on scaffolds for the formation of systems that are as close as
possible to bone tissue in structure has been studied. It is known that the active substances of the scaffold matrix can be
hydroxyapatite, tricalcium phosphate, as well as silicates, carbonates of magnesium, calcium, copper, zinc, and
manganese. The issue requires detailed study. In light of the stated problem, the features of the listed materials should be
considered separately. There are no such publications. The presented work is intended to fill this gap. Its objective is to
create a synthesis method and study the properties of nanoscale magnesium carbonate.

Materials and Methods. The materials for the research were samples of magnesium carbonate nanoparticles obtained by

EDN: KXALAI

chemical precipitation in water. They were studied using X-ray diffractometry, scanning electron microscopy, infrared
spectroscopy, and dynamic light scattering. Quantum chemical modeling was performed using the QChem program and
the IQmol molecular editor.

Results. 1t has been established that magnesium carbonate particles are rod-shaped, 2 to 10 um in length. They consist of
nanoparticles from 30 to 60 nm. The quantum chemical modeling educed the energy features of the interaction of the
basic magnesium carbonate, firstly, with chitosan with carbonate, and secondly, with a separate chitosan molecule. In the
first case, the energy value was lower, in the second, it was higher. That indicated the chemical and energetic advantage
of forming such complexes. The corresponding indices for the optimal coordination of magnesium carbonate with
chitosan were determined. In this case, the interaction was provided by the hydroxyl group of chitosan attached to the Ce
residue of glucosamine. For this process, the lowest energy AE=462.387 kcal/mol and chemical hardness 1=0.062 eV
were noted. Magnesium carbonate nanoparticles had optimal radius and zeta potential with the following parameters of
the initial reagents: 0.018 mol of ammonium carbonate, 0.03 mol of magnesium acetate, 0.15 g of chitosan.

Discussion and Conclusion. The obtained data indicate that nanoscale basic magnesium carbonate is a promising material
with a wide range of possibilities of practical application. From this point of view, its role in metabolic processes, namely
in the assimilation of macronutrients, is of particular interest. Nanoscale osteotropic magnesium micronutrient
synthesized in a biopolymer environment can be used as a biologically active filler for three-dimensional scaffold
matrices. Implementation of this solution in medical practice will improve the efficiency of bone tissue restoration.

Keywords: musculoskeletal injuries, bone defect repair, bone tissue analogue, nanoscale magnesium carbonate,
osteotropic magnesium micronutrient, scaffold matrix
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AHHOTALMSA

Beedenue. B 0TKpBITOM J0CTYTIE TOCTATOYHO JIUTEPATYPhI O METOJIaxX JICUSHNSI ONOPHO-ABHATATENFHOTO anmapata. Onu-
CaHbl BO3MOXXHOCTH YCTPaHEHHS 1e(heKTOB KOCTH C HCIIOIb30BaHNEM COOCTBEHHBIX (Y TOIOTUYHBIX) KOCTEH IAI[IEHTOB.
ABTOpBI TEOPETHYECKUX U MPUKIIAJHBIX HCCIICAOBAHUM MpEAIaraoT MPUMEHITh TaKKe CHHTETHYECKHe OMOMHEpPTHBIE
MaTepHalbl U3 OJIUMEPOB, (ochaToB KabIHs, INIACTMACC, METAIIOB. M3y4yeHo co3nanue Ha ocHOBE cKaOII0B TpeX-
MEPHBIX MaTPUIL 715t POPMUPOBAHUS CHCTEM, ITO CTPYKTYPE MAKCUMAIBHO ONM3KHUX KOCTHOM TKaHU. M3BecTHO, 4TO JIeii-
CTBYIOIIIUMH BelecTBaMU ckaddosi-MaTpuiibl MOTYT ObITh THIPOKCHANIATUT, TPUKAJIbLUIT PocdaT, a TakKe CHIMKATHI,
KapOOHaThl MarHus, KaJIbIMs, MEJIU, IIMHKA U MapraHua. Borpoc HyaaeTcs B AeTalbHOM npopadoTke. B cBere 3asaBieH-
HOW TPOOJIEMbI 0COOEHHOCTH MEPEUNCIICHHBIX MaTEPHAIOB CJIENYeT U3y4arh MO OTAENbHOCTH. TakuX MyOJHKalUi HeT.
IIpencraBnennast paboTa npu3BaHa BOCIOIHUTE JaHHBIN poOeit. Ee e — co3paHue MeToaa CHHTE3a U NCCIIEJOBaHNE
CBOMCTB HAHOPA3MEPHOT'0 KapOOHATa MarHus.

Mamepuanst u Mmemoowi. MatepuanaMu sl HCCIIEIOBAHMS TTOCTY KN 00pa3Iibl HAHOYACTHIl KapOoHaTa MarHus, To-
JIydEeHHbBIE XMMHUYECKIM OCKACHHEM B Boje. [IX M3ydau MeToaaMy peHTTEHOBCKOH TU(PPAKTOMETPUH, CKAaHUPYFOIEH
JIEKTPOHHON MUKPOCKOIHH, HH(PPAKPACHOW CIIEKTPOCKOINU M ANHAMHUYECKOTO paccestHus cBeTa. KBaHTOBO-XxnMIUe-
CKO€ MOJIJIMPOBAaHUE MPOBOIMIIN ITPH TIoMoInH rporpammbel QChem n MonekynspHoro pegakropa IQmol.
Peszynemamut uccnedoeanusn. Y CTaHOBIICHO, YTO YacTHIBI KapOOHAaTa MarHus — CTEPXKHEOOpasHble, JUIMHOH OT 2 110
10 mxMm. OHu cocTosaT u3 HaHoyacTull oT 30 1o 60 HM. braroxapst KBaHTOBO-XUMHYECKOMY MOETHPOBAHUIO BHISBICHBI
SHEPreTH4YecKrue 0COOEHHOCTH B3aMMOAEHCTBUSI OCHOBHOTO KapOOHaTa MarHusi, BO-MIEPBBIX, C XUTO3aHOM C KapOOHATOM,
a BO-BTOPBIX, C OTAEIBHON MOJIEKYJION XHTO3aHa. B mepBoM ciydae 3HaUeHHE YHEPTHH HUXKE, BO BTOPOM — BhIIIE. DTO
yKa3bIBaeT HA XUMHUUECKYIO H 9HEPIEeTUYECKYIO BBIIOAY 00pa30BaHUs TaKUX KOMILIeKcoB. OnpeneneHbl COOTBETCTBYIO-
1K€ MOKa3aTeNy Il ONTUMAIbHOTO BapuaHTa KOOPIUHUPOBAHUS KapOOHaTa MarHus ¢ XUTO3aHOM. B aToM ciydae B3a-
nMozencTBre o0ecTieunBacT TUAPOKCHIIBHAS TPYIIa XUTO3aHa, MprcoeaunHeHHast K Cg ocTaTKy rintoko3aMuna. Jis nan-
HOTO TIpoliecca OTMedeHa camast Hu3Kkas sHeprust AE = 462,387 kkan/mMons 1 XuMudeckas xectkocTs 1 = 0,062 3B. Ha-
HOYacTHIBI KapOoHaTa MarHus 00JIalaloT ONTUMAIBHBIMH PaJIyCOM M J3€Ta-IOTEHINAIOM IIPH CIIEAYIOINX apaMeT-
pax ucxonusix peareHToB: 0,018 Moib kKapOonata ammonus, 0,03 Motk arierata Maruus, 0,15 T xuTo3aHa.
Oécyancoenue u 3axniouenue. IlonydeHHbIe TaHHBIE CBUICTEIBCTBYIOT O TOM, YTO HAHOPAa3MEPHBIN OCHOBHOW KapOOHAT
MarHus — 3TO MEPCIEKTHBHBIA MaTepHall C MIMPOKMMH BO3MOKHOCTSIMU MPAKTUYECKOTro mpuMeHeHus. C 3TOi TOUKH
3peHust 0cOObIl MHTEpEC NPENCTABISIET ero poJib B Ipolieccax 00MeHa, a8 UMEHHO B YCBOGHHH MakpOHYTpHueHTOB. CHH-
TE3UPOBaHHBINA B cpejie OHoronMMepa HaHOPa3MEPHBIH OCTEOTPOITHBINT MUKPOHYTPUEHT MarHusi MOXKHO HCIIOJIb30BaTh
Kak OMOJIOTHYECKH aKTHBHBIN HAMOJIHNUTENb TPEXMEPHBIX cKad(ona-MaTpuKcoB. Peann3amms JaHHOTO pEeLICHUs B Me-
JUIUHCKOM MPaKTHKE TO3BOJINT IMOBBICUTE 3()()EKTHBHOCTh BOCCTAHOBJIEHHSI KOCTHOH TKaHH.

Ki1roueBble c10Ba: TpaBMBI ONOPHO-ABUTATENHHOTO allapaTa, yCTpaHeHHne Ne(eKkToB KOCTH, aHAIOT KOCTHOW TKaHH,
HaHOpPa3MepHBIA KapOOHAT MarHus, OCTEOTPOITHBIM MUKPOHYTPUEHT MarHus, ckagQosa-maTpukce

Baaronaproctn. KomiekTiB aBTOpOB BBIpakaeT OmaromapHocTh VprHe MuxaitnoBHe [lleBdeHKo, KaHIUIATY TEXHUYECKIX
HayK, JIOIEHTY Kadeapbl (M3UKM M TEXHOJOTHH HAaHOCTPYKTYp W MaTepHaioB (u3nKo-TexHmdeckoro (akyisrera Ceepo-
Kagkasckoro ¢eneparbHOro yHUBEpCHTETa, 3a ITOMOIIb B HAIMCAHUHU 1 KOPPEKTUPOBKE TAHHOM padOTBHL.
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®unancupoBanue. Pabora BbinonHeHa npu (QUHAHCOBOH mNomiepke MUHHCTEPCTBA HAayKH W BBICIIEro OOpa3oBaHMs
Poccuitckoit @eneparniy B paMKax rocyJapcTBEHHOTO 3a1aHus 110 COTTIaIleHHIo O IIPEAOCTABICHUH CYOCHIUH U3 (heiepabHOTO
oromkera  Ne 075-03-2024-239/7 na temy «TpexmepHble OuononanmepHbie ckaddoiI-MaTpUKChl, 0OOTalleHHbIE
HAHOYACTHI[AMH OCTEOTPOIHBIX MUKPOHYTPHEHTOB, I pereHepalii KOCTHBIX TKaHei» (rpoekt FSRN-2023-0037).

Jas uurupoBanus. brmHoB A.B., Pexman 3.A., I'Bo3menko A.A., fcras M.A., Konogkua M.A., TapaBanos M.A.
PaspaboTka MeTona MOTyYeHUs] HAHOPa3MEPHOTo KapOOHAaTa MarHus, CTaOMIM3UPOBAHHOTO XHTO3aHOM, KaK OCHOBEI
ckadosna-MaTpUKCOB JUIA  pereHepaTHBHOW MeauiuHbl. Advanced Engineering Research (Rostov-on-Don).
2024;24(4):392-401. https://doi.org/10.23947/2687-1653-2024-24-4-392-401

Introduction. Regenerative medicine constantly requires materials that help accelerate osteogenesis [1]. Even with
the emergence of new solutions, the problem remains urgent, since fractures are a very common type of injury [2]. It
should be noted that patients fully recover in only 16% of cases. According to the World Health Organization, there are
about 50 million severe injuries worldwide that cause the loss of labor capacity and invalidity. Therefore, the treatment
of bone tissue defects is a pressing medical and social problem [3]. To help the patient, three-dimensional biopolymer
matrices based on scaffolds are used. They contain elements that are close in structure to connective bone tissue. One of
such materials for regenerative medicine is nanoscale forms of magnesium carbonate [4]. Magnesium is an essential
microelement [5]. It is responsible for the strength of bones [6] and participates in their formation [7]. Orthopedic implants
are created on its basis [8]. In nanoscale form, magnesium carbonate has the following properties:

— low toxicity;

— good biocompatibility;

— permeability for drugs [9].

In biological interactions, the roughness and chemical composition of the surface of the elements play an important
role [10]. Future materials based on compounds in the nanometer range may eventually change the nature of the tissues
around the implant and increase the clinical success of this approach [11]. Biopolymers are used to improve the above
properties. One of them is chitosan [12]. It is an important biocompatible component of connective tissue. It dissolves
and decomposes well [13].

The main objective of this study is to create a method for synthesizing chitosan-stabilized nanoscale magnesium carbonate
and to study its properties. The material is considered as the basis for scaffold matrices for regenerative medicine.

Materials and Methods. Using chemical precipitation, magnesium carbonate nanoparticles were synthesized from a
magnesium-containing precursor, magnesium acetate. The precipitant was ammonium carbonate, and the stabilizer was
the polysaccharide chitosan. At the first stage, the required volume of 1% chitosan solution was added to the magnesium
acetate solution. Then, using a dropping funnel, the precipitant solution was introduced into the precursor solution at a
rate of 60 drops per minute with constant stirring. After the entire precipitant solution had been added, the resulting sol
was stirred for another 10 minutes. The synthesized sol was centrifuged and then dried in a drying chamber. This is how
magnesium carbonate powder samples were obtained. Their phase composition was studied using powder diffractometry
on an Empyrean device (PANalytical, the Netherlands) with the following measurement parameters:

— copper cathode (radiation wavelength — 1.54 A);

— measurement range — 10-90°20;

— sampling rate — 0.01° 20.

The microstructure of magnesium carbonate samples was studied using a MIRA3-LMH scanning electron microscope
(Tescan, Czech Republic).

To prepare the samples, carbon double-sided conductive tape was placed on the instrument table (12 mm), powder of
the material under study and a carbon layer 10 nm thick were applied. Measurement parameters:

— accelerating voltage — 10 kV;

— focal length value — 4.9 mm;

— In-Beam SE detector.

For the computer quantum chemical modeling of magnesium carbonate in the interaction with chitosan, QChem
software was used. The Hartree-Fock method and the basis set 6-31G! were selected for the research. The molecular
editor IQmol [14] was used to configure the molecules. The samples were examined by infrared (IR) spectroscopy. For
this purpose, an IR spectrometer with Fourier transform was used, FSM 1201 model (Russia).

!'Here, 6-31G is the basis set used in this research. STO-nG is a family of Slater-type orbital basis sets.
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Powders MgCO; and KBr were thoroughly mixed in a ratio of 1:300 and pressed into a tablet in a special press mold
under a pressure of 500—1000 MPa. The resulting samples were placed in a spectrometer, and measurements were taken
within the range of 400-4400 cm™'.

The average hydrodynamic radius of chitosan-stabilized magnesium carbonate nanoparticles was studied using the
dynamic light scattering method on a Photocor complex device (Russia). Their {-potential was estimated by the acoustic
and electroacoustic spectroscopy method on a DT-1202 spectrometer (Dispersion Technology Inc., USA).

The method for obtaining magnesium carbonate nanoparticles was optimized through a multifactorial experiment.
The following parameters were used:

— three variables (content of magnesium acetate, ammonium carbonate, and chitosan);

— two outputs (average hydrodynamic radius and zeta potential) [15].

The data were processed using the Statistica 10.0 program. The levels of variation are presented in Table 1.

Table 1
Levels of Variation of Variables
Name of parameters, designations Levels of variation of variables
Magnesium acetate content, mol 0.012 0.024 0.030
Ammonium carbonate content, mol 0.012 0.024 0.030
Mass of chitosan, g 0.150 0.300 0.450
Next, an experimental planning matrix was constructed (Table 2).
Table 2
Experimental Planning Matrix
No Volume of 0.8 M acetate Volume of 0.8 M carbonate solution | Volume of chitosan solution, ml
1 15 15 15
2 15 30 30
3 15 45 45
4 30 15 30
5 30 30 45
6 30 45 15
7 45 15 45
8 45 30 15
9 45 45 30

Research Results. At the first stage, the phase composition of the obtained samples was studied. The results are
presented in Figure 1.

<

20 30 40 50 60 70 20,°

Machine Building and Machine Science

Fig. 1. Diffraction pattern of a sample of nanoscale magnesium carbonate stabilized with chitosan. Here, ® — MgCOs3,
O — Mg(COs)(OH)2 -3H20, A — MgCOs - SH20,* — MgO

395



Advanced Engineering Research (Rostov-on-Don). 2024;24(4):392—401. eISSN 2687—-1653

Next, the microstructure of the obtained samples of magnesium carbonate nanoparticles stabilized with chitosan was
examined using a scanning electron microscope (SEM) (Fig. 2).

SEM HV: 20.0 KV
SEM MAG: 160 kx
WD 984 mm  Date(m/diy):

SEM HV: 20.0 kV —
SEM MAG: 20.0 kx Det SE 2pm
WD: 9.94 mm  Date(m/dly): 1211623 Performance in nanospace

a)

Fig. 2. SEM micrographs of a sample of magnesium carbonate nanoparticles stabilized with chitosan:
a — magnification 20,000 times; » — magnification 160,000 times

To study the method of coordination of magnesium carbonate nanoparticles with chitosan, the quantum chemical modeling of
the molecular structures of magnesium carbonate with chitosan was performed. The results are shown in Table 3 and Figures 3, 4.
Here, HOMO is the highest occupied molecular orbit, LUMO is the lowest unoccupied molecular orbital.

Table 3
Results of Quantum Chemical Calculations of Molecular Structures of Magnesium Carbonate
and Basic Magnesium Carbonate with Chitosan
Type of
Interaction magﬁesium E, AL, Enowuo, | Bumo, n, eV
kcal/mol | kcal/mol eV eV ’
compound
Monomeric unit of chitosan - —1258.049 - —0.225 | 0.030 | 0.128
Through hydroxyl group that is attached to MgCO; —1720.436 | 462.387 |-0.161 | —0.037 | 0.062
Cs residue of glucosamine Mg(OH),CO; | -1994.103 | 736.054 | -0.179 | -0.111 | 0.034
Through hydroxyl group that is attached to MgCO; —-1720.366 | 462317 |-0.167 | —0.042 | 0.063
C; residue of glucosamine Mg(OH),COs; | —-1994.273 | 736.224 | —-0.182 | —0.064 | 0.059
Through amino group which is attached to MgCO; -1720.418 | 462.369 | —0.124 | —0.019 | 0.053
C; residue of glucosamine Mg(OH):CO; | —1994.104 | 736.055 | —0.156 | —0.048 | 0.054

d)

https://vestnik-donstu.ru

Fig. 3. Results of modeling the interaction of chitosan with magnesium carbonate through hydroxyl group attached to Cs
residue of glucosamine in chitosan: @ — model of the complex; b — electron density distribution;
¢ — gradient of electron density distribution; d— HOMO; e — LUMO; f— decoding of atoms
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—0.1267 %] E- [0.1951 =]

a)

e) b

Fig. 4. Results of modeling the interaction of chitosan with basic magnesium carbonate through hydroxyl group attached to Cs
residue of glucosamine in chitosan: @ — model of the complex; b — electron density distribution;
¢ — gradient of electron density distribution; d— HOMO; e — LUMO; f— decoding of atoms

To validate the quantum chemical modeling data, the samples were examined using infrared spectroscopy. The results

are shown in Figure 5.

r 1, RU
3.0
2.5
—— Chitosan stabilized
r2.0 magnesium carbonate
—— Chitosan
R— Magnesium carbonate
- 1.0
-0.5
0.0

v,em™' 3,500 3,000 2,500 2,000 1,500 1,000 500

Fig. 5. IR spectrum of magnesium carbonate nanoparticles stabilized with chitosan

To study the influence of input parameters on the synthesis of nanoscale magnesium carbonate, ternary dependences
were formed. Figure 6 shows the dependence of the average hydrodynamic radius of nanoparticles on the content of the

initial reagents.

m(chitosan), g
0.300

6,500 | 0.375
I 0.225

0.150

R, nm

0.018
n(Mg(CH;COO),), mol

0.024 0.030

0.024
0.030 \//ﬂg n((NH4),CO3), mol

a)
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[ 0.375 m(chitosan), g

36| 0.150

&-potential, mV

b)

Fig. 6. Dependences of the change in average hydrodynamic radius and electrokinetic potential on concentrations of initial
reagents: a — ternary surface describing the effect of initial reagents on particle size of magnesium carbonate; b — ternary surface
describing the effect of initial reagents on electrokinetic potential of magnesium carbonate particles

Analysis of the phase composition of the samples has shown that there are phases of anhydrous magnesium carbonate
(MgCOs), two configurations of magnesium carbonate in the form of crystal hydrate (MgCOs - 5H,0),
Mg>(CO3)(OH),3H>0 and magnesium oxide (MgO).

When analyzing the surface microstructure of magnesium carbonate nanoparticles, it is found that the sample has an
anisotropic shape. Magnesium carbonate is represented by rod-shaped particles from 2 to 10 pm in length, which consist
of nanoparticles from 30 to 60 nm in size.

The computer quantum chemical modeling allowed us to compare the energy of interaction with the basic magnesium
carbonate:

— chitosan with carbonate;

— a separate chitosan molecule.

In the first case, the energy value was lower than in the second. This indicates the chemical and energetic benefit of
forming such complexes (for magnesium carbonate, the interaction energy is more than 462.00 kcal/mol, and for the basic
carbonate — more than 736.00 kcal/mol).

In the optimal variant of coordination of magnesium carbonate with chitosan, the interaction occurred through the hydroxyl
group of chitosan attached to Cs residue of glucosamine. This interaction had the lowest energy AE = 462.387 kcal/mol and
chemical hardness = 0.062 eV.

The position of the functional groups was determined by IR spectroscopy of chitosan-stabilized magnesium carbonate
nanoparticles. Additionally, the spectra of pure chitosan and magnesium carbonate were recorded. The analysis of the IR
spectrum of magnesium carbonate showed that in the region from 2200 to 3000 cm™! there were the stretch vibrations of
the groups NH;*, NH,", NH' and CH,, —~CH;. The bands at 988 cm™!, 1102 cm™', 1414 cm™ and 1529 cm™ were associated
with vibrations of C~0 and C=0 in group CO5?[16]. The band at 620 cm™' corresponded to vibrations of the hydroxyl
group, and the bands at 698 and 852 cm™ were specified by vibrations of the bond Mg—O [17].

The analysis of the IR spectra of chitosan showed that the region from 2500 to 3400 cm™ was responsible for the stretching
vibrations of the following functional groups: —OH, —CHs, CH> [18]. The region from 1000 to 1900 cm™ characterized the
vibrations of bonds C-0O, C-O-C, —~CH,, —CHs, C-N, NH," [19]. The region of bands from 500 to 900 cm™ referred to
deformation vibrations: at 898 cm™ — bonds C-H [20], at 581, 652, 704 and 768 cm™ — bonds —~CH and —CH,.

As the analysis of the sample of magnesium carbonate nanoparticles stabilized with chitosan has shown, the range
from 2100 to 3000 cm™' contains stretching vibrations of the groups NHs*, NH>", NH', ~CH5, CH,, O-H. This is typical
for the chitosan molecule. There are also bands at 1414 cm™ and 1529 cm™', which correspond to vibrations C-O and
C=0 in group COs?, which confirms the presence of magnesium carbonate functional groups in the system [21]. The
binding of magnesium is confirmed by the presence of deformation vibrations C—0O and C=0 in group CO5* and bond
vibrations Mg—O and CO5>" in the range from 700 to 1100 cm™' [22].

A decrease in the intensity of the peaks at 620 cm™ and 1078 cm™, which correspond to the vibrations of groups
O-H and C-O, is noted. This indicates the interaction of magnesium carbonate and chitosan through hydroxyl groups and
is consistent with the results of quantum chemical modeling.
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The study on the ternary surfaces obtained suggests that the change in the ratio between magnesium acetate and
ammonium carbonate affects significantly the size and zeta potential of magnesium carbonate particles [23]. The average
hydrodynamic radius of the particles does not depend on the chitosan content. However, the change in zeta potential is
related to the stabilizer content and precipitant concentration, which is important for assessing the stability of nanoscale
systems. As a result, the parameters of the initial reagents are selected, at which the sample of magnesium carbonate
nanoparticles has an optimal radius and zeta potential:

— 0.018 mol ammonium carbonate;

— 0.03 mol magnesium acetate;

— 0.15 g chitosan.

Discussion and Conclusion. Magnesium in magnesium carbonate is needed for the normal functioning of the body.
In metabolic processes, it maintains the effective absorption of macronutrients. This allows us to talk about the urgency
and potential demand for the method of obtaining nanoscale magnesium carbonate stabilized with chitosan. This approach
is developed and optimized within the framework of the presented research. It has been established that magnesium
carbonate nanoparticles are rod-shaped agglomerates with a length of 2 to 10 um. These clusters consist of nanoparticles
with a size of 30 to 60 nm. The optimal way of coordinating molecules is the interaction of magnesium carbonate through
the hydroxyl group in Cs residue of glucosamine in the chitosan molecule. The advantage is provided by significant
indicators of energy and chemical rigidity.

IR spectroscopy of samples of magnesium carbonate nanoparticles stabilized with chitosan revealed a decrease in the
intensity of the bands that characterize the vibrations of group O-H (for magnesium carbonate) and the vibrations of
group C-O (for chitosan). It follows from this that the interaction occurs through the hydroxyl groups of chitosan.

The optimization of the method for synthesizing magnesium carbonate nanoparticles stabilized with chitosan,
performed within the framework of the presented research, allows us to make a number of statements.

1. With increasing magnesium acetate content, the particle size and electrokinetic potential of nanoscale magnesium
carbonate decrease.

2. With the growth of concentration of ammonium carbonate, the average hydrodynamic radius and surface charge of
magnesium carbonate nanoparticles increase.

3. The concentration of chitosan has a slight effect on the radius of the particles, but as its content increases, the surface
charge decreases.
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