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AHHoTauusi. B paboTe npefcTaBaeH MeTOZ, CHHTe3a HAHOYACTUL, KapboHaTa Ka/lbliKsl, CTAaOKMIN3UPOBAHHBIX
MeTHIILe/IJII0N030k. B KauecTBe IIpeKypcopa HCII0/NIb30Ba/IH alleTaT KalbLiKsl, a OCaJluTe/IeM BBICTyIIas Kapbo-
HaT aMMOHHUS. MccefoBanyd MUKPOCTPYKTYPY IOBEPXHOCTH II0y4YeHHBIX 06pa31[0B METOOM CKaHHU YOIk
371eKTPOHHOM MHKPOCKOIIMH U B pe3ybTaTe YyCTAHOBU/IH, UTO 06pasel] IIpe/icTaB/IeH MOABIMU chepaMu fraMe-
TPOM OKOJIO 2 MKM, pasMep YaCTHUIL B KOTOPBIX BappupyeTcs oT 40 7o 250 HM. [I14 onipefie/ieHH s OIITHUMAJIbHOIO
THUIIA B3aUMO/IECTBUS YaCTHLL CO CTAaOUIHM3aTOPOM IIPOBOA /I KOMIIBIOTEPHOE KBAHTOBO-XHMHUeCKoe Mojie-
NTHpOBaHHUe. BBISIBUIIM, UTO IIpoliecc CTabuaK3alul HaHOPa3MepPHOro kapboHaTa KalbLMs U MeTHILe//TI0/I03b
3HepreTU4eckH BbIrofeH. TaksKe /15 OATBEPKAEHM S Pe3y/bTaTOB MOZeIMPOBaHU S 06pa3Iibl HCC/Ie 0BT
MeTozioM MK-criekTpocKkonuH ¢ mpeobpa3oBanueM Oypbe. AHAIN3 pe3y/l1bTaTOB BBISIBUJI, YTO B3aUMOJeHCTBHe
HaHo4dacTHI, CaCO; IPOMCXOOHUT C 3apsi>KeHHOH rpymmoi OH .
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Abstract. This work presents a method for the synthesis of calcium carbonate nanoparticles stabilized by meth-
ylcellulose. Calcium acetate was used as a precursor, and ammonium carbonate acted as a precipitant. The
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microstructure of the surface of the obtained samples was studied by scanning electron microscopy, and as a
result it was found that the sample was represented by hollow spheres with a diameter of about 2 pm, the particle
size of which varied from 40 to 250 nm. To determine the optimal type of interaction between particles and the
stabilizer, computer quantum chemical modeling was carried out. It was found that the process of stabilization
of nano-sized calcium carbonate and methylcellulose is energetically favorable. Also, to confirm the modeling
results, the samples were examined by Fourier transform IR spectroscopy. Analysis of the results revealed that the
interaction of CaCO; nanoparticles occurs with the charged OH- group.
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BBEAEHUE

KapboHAT KaabIUsl - OLKUH K3 CAMBIX PacIIpocTpa-
HeHHBIX HAHOMATepHaJIoB, KOTOPHII 06/1a1aeT BbICO-
KO 6H10COBMECTHMOCTBIO U HCII0JIB3YeTCsI B KauecTBe
HAIIOJIHUTeJIA B IIOJIMMEPHBIX MaTepHajaX, a TakKe
B GapmaleBTUUYeCKOM, KOCMEeTHUYECKOM IIPOMBIII-
JIEHHOCTH U MefuLMHe [1-3]. HaHOpa3MepHBble MaTe-
pHabl aKTUBHO HCIIONB3YIOTCS B 3aKHUBJIEHUU pere-
HepaluK KOCTHBIX TKAaHeH, OHU UIMHUTHPYIOT 0cobeH-
HOCTHU CTPOEHH S KOCTeH U CTAaHOBSATCS MOAXOISIIUM
KJIACCOM MaTepHaJIOB [IJIs1 BOCCTAHOBICHUS CTPYK-
TYPbI KocTeH [4, 5].

CymecTByeT MHOXKeCTBO METOLO0B CHHTe3a HaHO-
pa3mepHoro KapboHaTa KajablKs, BKIOYAs XUMHU-
YeCKoe 0CaKJIeHHe M3 ra30BoM CMeCH M HUCII0Ib30Ba-
HHe CTPYHMHOI0 TOMOTeHH3aToPa BbICOKOIO JaBIeHHU
[6, 7]. OmHaKo, HeCMOTPS Ha BBICOKYIO 3G GeKTHUBHOCTD
3THX MeTOZ0B, OHU TPeOYIOT AOIIONHUTENbHBIX 3aTPaT
Y yCUIIHH.

CTOUT OTMETHTB, UTO Y HAHOYACTHUI] KapboHaTa KajIb-
L1151 €CTh OIIpe/ie/IeHHbIe HeIOCTaTKU, TaKHe KaK CKJIOH-
HOCTb K arperaliiu 1 ceUMMeHTallMH, YTO 3aTPyaHsIeT
ero IIpyMeHeHHe B HeKOTOPBIX obnacTsx [8]. s mpe-
Of0TIeHU s JAHHON NPobeMBbl MOSKHO MCIIONIb30BaTh
B Ka4yecTBe CTabHIN3aTOpoB MoaKMepsI [9, 10]. OnHUM
M3 BaKHBIX GaKTOPOB IIPU CHHTEe3e HAHOYACTHUIL Kap-
OoHaTa Ka/IbIUs SIBISETCS BBIOOP THUIIA ITONHMeEPA.
HampuMep, 9acTo HCIIONb3yeMbIMHU CTAabHIM3aTO-
paMu, KoTopsle 06/1a1af0T BEICOKOH HHMOCOBMECTHMO-
CTBIO U bHoOzerpaaLiver, IB/ISIIOTCS XUTO3aH, METHII-
11eJIJ1I0J103a, TJIMKO3aMHUHOIVIMKAaHEBI U >KeJIaThH [11-13].
KoMm6HHaI¥ S ITOTUMEPOB C 60COBMECTHUMBIMHU HAHO-
Pa3MepHBIMH YaCTHILIAMH KapboHaTa KaabLHsI MOXKET
obecrieYuTsH yayUulIeHHbIe MeXaHUYeCKHe CBOMCTBA,
OCTeMHJyKTHBHOCTD U IIOBBIIIEHHOE CPOJCTBO K KJIeT-
KaM KOCTHOM TKaHU [14-16].

Llepto JAHHOM PaboThI SBNISIETCS CHHTE3 U UCCIIeN0-
BaHMe CBOMICTB HAHOYACTHLL KapboHAaTa KaIbLIHsI, CTa-
6UTM3MPOBAHHBIX METHIILEIITIONIO30M.

INTRODUCTION
Calcium carbonate is one of the most common nano-
materials, which has high biocompatibility and is
used as a filler in polymer materials, as well as in
the pharmaceutical, cosmetics and medicine indus-
tries [1-3]. Nanoscale materials are actively used in
the healing of bone tissue regeneration; they imi-
tate the structural features of bones and become a
suitable class of materials for restoring bone struc-
ture [4, 5].

There are many methods for the synthesis of
nanosized calcium carbonate, including chemical
deposition from a gas mixture and the use of a

15,36 1| g (NH,),CO;

6,144 r ctabununsatop
\ u,(::" 6,144 g stabilizer

Puc.1. Cxema cunmesa HaHoyacmuu, CaCO;, cmabuau3uposaH-
H020 MemMuAUEAAA030U

Fig.1. Scheme for the synthesis of CaCO; nanoparticles stabilized
by methylicellulose
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METOAbI UCC/IELOBAHUS

Hanouwactunsl CaCO;, cTabUIN3UPOBAHHBIE II0JIH-
MepaMH, OB II0y4YeHBl METOLOM XHMHYECKOIo
OCakIeHUSs B BOLHOU cpefie. B xauecTBe IpeKyp-
copa CaCO, 131>16pa111/1 anerar xkanpnusa (Poccus, 4,
AO "llenPeakTus"). B KauecTBe cTrabunmusaropa
KCII0Ib30BAIH MeTH/ILesIIo03y (MI]100) (KuTam, 9),
a B KayecCTBe 0CaJUTessl -~ YIJIEeKUC/IBI aMMOHHH
(Poccust, YA, AO "JlenPeaktuB"). Ha puc.l mpencTas-
JIeHa cXeMa CHHTe3a HaHo4acTHIL CaCO;.

Mertoauka nonydyeHusa HaHodacTuUl CaCO; 3aKITIO-
4JaeTcs B CJIeflyIolleM: Ha IIepBOM 3Talle C [IOMOMILI0
MeTofa TOYHOM HaBeCKH FOTOBHUJ/IMN PaCTBOPEL Kap-
foHAaTa AMMOHHUS U alleTaTa KaJbIKs C KOHIeHTpa-
uuer 0,8 M. [lanee B pacTBop KapboHaTa aMMOHHUS
mobasnsnu 0,4% macc. CTa61/IJII/13aTOpa. Ha cnenyro-
ImeM 3Talle B CUCTeMy H00aBIISIIN PacTBOP IIPEKyp-
copa Kanbpuus. [lolydyeHHBIe 301X OTMBIBAIH MeTO-
JIOM LIleHTpUYyrUpoBaHUs. [lajee OTMBITbIe OCaAKH
BBICYIIHMBAJIA B CYLIHMJIBbHOM HIKady IIPHU TeMIlepa-
Type 80 °C.

KBaHTOBO-XMMHYeCKOe MOJe/IMPOBaHHE IIPoLiecca
B3aMMOZIEHCTBH S KapboHATa KaJIbIIHsI C METHIILIJUIIO-
710301 MIPOBOJMJ/IOCEH C UCIIONb30BaHHEM IIPOrpaMMBI
QChem. ITocTpoeHHe MOJIEKY/ IIPOBOAUIIOCH B MOJIe-
KyJSIpHOM pefakTope IQmol nmpu cnenyroniyx mapa-
MeTpax IIOCTpoeHHus: pacyer - Energy, merton — B3LYP,
6a3mc - 6-31G*, convergence - 5, crtoBoe 1osie - Ghemical.

KBaHTOBO-XMMHUYeCKOe MOJe/IMPOBAHHE [IPOBOJU-
JI0Ch B IBA 3Tama. Ha mepBoM 3Tarie 66110 IIPOBeJEHO
MOZie/IMPOBaHUe MOJIeKY/I MeTHIJILIe/IJIF0JI03bl. Ha BTO-
POM 3Tare pacCMaTPHUBAJIOCh B3aUMOIEHCTBHE Kapbo-
HaTa KaJIbLKS C KMCIOPOAHBIMHU IPYIIIIAMHU IIOCPes:-
CTBOM B3aUMOZeUCTBH s CO;-TPYIIIIL Uepe3 aTOM KaJIb-
LU S C KUCJIIOPOZ,OM.

B paMKax KBAaHTOBO-XMMHYeCKOr0 MOJ eI POBAHUS
PACCUYHTBIBATIUCH IIOJIHAS SHEPIHUs MOJIEKYISIPHOIO
koMILekca (E), 3Heprus BhICIIEH 3ace/leHHOM MoJle-
KynsipHOU opbuTanu (Eyoyo) U SHEprusi HU3IIeH CBO-
6onHOI MoJeKyIsIpHOM opbuTanu (E; o). Ha ocHOBe
101y YeHHBIX Pe3y/IBTATOB OBIIH PACCIUTAHBI Pa3HUIIA
3HEPTUH CTabKIN3aTopa X MOJIEKYISPHOM CHCTEMBI
"CaCO;+MLL" (AE) 1 XUMHUYeCcKasl JKeCTKOCTh MOJIEKY-
JISIPHOM CHUCTeMHBI (1)), XapaKkTepHu3yoomas CTabuib-
HOCTb CUCTEMBI (Q)opmynm 1,2):

AE=E, -E,, @
rie E; - nonHasd sHeprusa M1, kkan/moins; E, - monHas

3Heprus cucrtemsl 'CaCO;+MI]", KKaJI/MOJIb, 3 XUMHU-
YecKas >KeCTKOCTh:
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Puc.2. COM-mukpopomozpapuu HaHopasmepHozo CaCOs,
CMabuAu3upoB8aHHO20 MemMuUAUEAA0A030U: d — y8eAuyeHue
8 80000 pas; b - ysenuueHue 8 80000 pas3

Fig.2. SEM micrographs of nano-sized CaCO; stabilized by meth-
ylcellulose: a - magnification 80,000 times; b - magnification
80,000 times

high-pressure jet homogenizer [6, 7]. However,
despite the high efficiency of these methods, they
require additional costs and effort.

It is worth noting that calcium carbonate
nanoparticles have certain disadvantages, such
as a tendency to aggregation and sedimentation,
which makes it difficult to use in some areas [8].
To overcome this problem, polymers can be used as
stabilizers [9, 10]. One of the important factors in
the synthesis of calcium carbonate nanoparticles is
the choice of polymer type. For example, frequently
used stabilizers that are highly biocompatible
and biodegradable are chitosan, methylcellulose,
glycosaminoglycans and gelatin [11-13]. The
combination of polymers with biocompatible
nanosized calcium carbonate particles can provide
improved mechanical properties, osteoinductivity
and increased affinity for bone cells [14-16].

The purpose of this work is to synthesize
and study the properties of calcium carbonate
nanoparticles stabilized by methylcellulose.

RESEARCH METHODS
CaCO; nanoparticles stabilized by polymers were
obtained by chemical deposition in an aque-
ous medium. Calcium acetate (Russia, Ch, JSC
LenReaktiv) was chosen as the CaCO; precursor.
Methylcellulose (MC 100) (China, Ch) was used as
a stabilizer, and ammonium carbonate (Russia,
ChDA, LenReaktiv JSC) was used as a precipitant.
Figure 1 shows a scheme for the synthesis of CaCO,
nanoparticles.

The method for obtaining CaCO; nanoparticles
is as follows: at the first stage, solutions of
ammonium carbonate and calcium acetate with
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rae E; ypo — SHEPrHs HU3IIeH CBOOOIHOM MOJIEKYISIPHOM
opbutanu, 3B; Eyoyo - 9HEPrHs BBICLIEH 3ace/leHHOM
MoOJIeKY/ISIPHOM opbuTau, sB.

MukpodoTorpaduu 1 3eMeHTHBIN COCTaB 06pa3-
oB CaCO;, (339,871 IIOJIYyY€HBl C IIOMOILIBIO CKAHMU-
pyoliero 37eKTPOHHOro MuKpockorna MIRA3-LMH
(Tescan, bpHo, YexuUsl) C CUCTeMOU oIIpenesieHUs 3J1e-
MeHTHOro coctaBa AZtecEnergy Standard/X-max 20
(craggmaprt) (Tescan, BpHo, Yexusi).

HccnenoBaHHue KonebaHUM CBsI3el PyHKIIMOHAIb™
HBIX IPYII B MOJy4YeHHBIX 06pa3lax NPOBOAUIH
C IIOMOIIIBIO MeTOa MHOPaKPaCHOM CIIeKTPOCKOIIHUH
Ha UK-cnekTpoMmeTpe PCM-1201 c npeobpa3oBaHHeM
dypoe.

JnarpaMma IBeTHOCTH ObIJa celaHa C IIOMO-
IIbIO IPOrPAaMMHOr0 obecriedeHHsI, PacoI0KeHHOT0
Ha camre https://sciapps.sci-sim.com/CIE1931.html.

PE3Y/IbTATbI

Ha mepBoM 3Tarie poBOAMIIN HCC/IeL0BAHHE MUKPO-
CTPYKTYpBl 06pa31i0B HAHOPa3MepHOro KapboHara
KaJ/IbLIsl, CTAOU/IHM3HUPOBAHHOIO METHJILIE/III0NI030H,
MeTOZ,0M CKaHHU PYIOILeH 3/IeKTPOHHOK MUKPOCKOIIHH.
Pe3ynbTaThl peACcTaBIeHbl Ha PUC.2.

Janee MpOBOOAMIN KOMIIBIOTePHOE KBAaHTOBO-
XHUMHUYeCKOoe MOJeJTHPOBaHHe B3aHMOJEHCTBHUS
HaHOYaCTUL KapboHaTa KaJbLUsI C MeTHUIILEIIONO0-
30H. Pe3ynbTaThl KBAHTOBO-XMMHUYECKOI0 MOZEIH-
POBaHUS MPOLecca B3aUMOJEeHCTBHU S IIpeJCTaB/IeHE
Ha puc.3u B Tabm.1.

Hns MOATBepPXKAEeHUS pPe3yabTaTOB MOJeIH-
poBaHHS o6pa3lbl HCCIeO0BAaIM C IIOMOILbIO
HK-CIIeKTPOCKOMIH K. Pe3yabTaThl IIPeACTaBIeHbI
Ha puc.4.

OBCY)XAEHUE

AHanu3 MoJly4YeHHBIX MUKpodoTorpaduil moxkasail,
YTO MHUKPOCTPYKTYypa HaHo4dacTur CaCO;, crabunu-
3MPOBAHHBIX MeTHIJILIe/I/IF0I0301, COCTOMT U3 arpe-
raToB, IIPeJCTaB/IAIOIINX I10/Ible CGepPhl C JUAMEeTPOM
OKO0JIO 2 MKM. B CBOI0 o4yepenb, JaHHbIE CKOIJIEHUS
coflepsKaT YacCTHUIIBL C pasmepaMu oT 40 10 250 HM.

B pesynbTaTe ImpoBeJeHUS KBAHTOBO-XHMHYe-
CKOr0 MOZIeJIMPOBAHM S YCTAHOBJIEHO, YTO IIPeACTaB-
JIeHHble MOJenH B3aKMMOJeNCTBUS SIBJISIIOTCS OIITH-
MaJbHBIMH, TaK KaK pa3sHHIlA IIOJHOM 3HEPIrUH
6ornee 939 KKa1/MOIIb.

CTOUT OTMETHUTD, YTO SHepreTH4YeCKH BHIOJHOMH
SIBJISIeTCSI MOZeb B3auMonencTBUs CaCO; ¢ MeTHUIILIeN-
JII0JI030H, I7ie CBS3bIBaHMe IIPOUCXOLUT Yepe3 I POK-
CUJIbHYIO TPYIIIY, IIPUCOAUHEHHYIO K C3-aTOMYy CTa-
6unusaTtopa, U KalablLKUK B KapboHaTe KalbLHUs.
JaHHBIN $aKT 00ycaoBIeH 6OJBIIMM 3HAaUEHHEM
XUMUYeCKoH skecTKocTHU (0,022 3B) u pamuueﬁ 101~
HOM 3Hepru# (939,398 kka/MoJb).

a concentration of 0.8 M were prepared using the
precision weighing method. Next, 0.4 wt.% of
stabilizer was added to the ammonium carbonate
solution. At the next stage, a calcium precursor
solution was added to the system. The resulting sols
were washed by centrifugation. Next, the washed
sediments were dried in an oven at a temperature
of 80 °C.

Quantum chemical modeling of the interaction
of calcium carbonate with methylcellulose was
carried out using the QChem program. The
construction of molecules was carried out in
the molecular editor IQmol with the following
construction parameters: calculation - Energy,
method - B3LYP, basis - 6-31G*, convergence - 5,
force field - Ghemical.

Quantum chemical modeling was carried out
in two stages. At the first stage, modeling of
methylcellulose molecules was carried out. At the
second stage, the interaction of calcium carbonate
with oxygen groups was considered through the
interaction of the CO;™ group through the calcium
atom with oxygen.

Within the framework of quantum chemical
modeling, the total energy of the molecular
complex (E), the energy of the highest occupied
molecular orbital (Eygpyo) and the energy of the
lowest unoccupied molecular orbital (E| o) were
calculated. Based on the results obtained, the
energy difference between the stabilizer and
the molecular system “CaCO; + MC” (AE) and the
chemical hardness of the molecular system (n),
which characterizes the stability of the system,
were calculated (formulas 1, 2):

AE=E,-E,, @

where E, is the total energy of the MC, kcal/mol; E, -
total energy of the “CaCO; + MC” system, kcal/mol,
and

(ELUMO ~Eomo )
s ()

where E yuo is the energy of the lowest free
molecular orbital, eV; E om0 — energy of the highest
occupied molecular orbital, eVv.

Micrographs and elemental composition of
CaCO; samples were obtained using a MIRA3-LMH
scanning electron microscope (Tescan, Brno, Czech
Republic) with an AZtecEnergy Standard/X-max 20
(standard) elemental composition determination
system (Tescan, Brno, Czech Republic).

The study of vibrations of the bonds of functional
groups in the obtained samples was carried out

Vor.16 No. 7-8 2023 NANO INDUSTRY
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Puc.3. Pe3yabmambl ModeAupo8aHus MoAeKyAsIpHOU CLUCMeMbl
"CaCO;+ML", 8 komopol 83aumodelicmaue npoucxooum ue-
pes kanbuuti 8 CaCO; u 2udpOKCUAbHYIO 2pynny, NPUCOEOUHEH-
Hyto Kk Cz-amomy MC: a — modenb MOAEKYASIpHO20 KoMnAeKcd,
b - pacnpedeneHue 3nekmpoHHOU nAOMHOCMU; € — 2padueHm
pacnpedeneHus 3neKMpOHHOU NA0MHocmu; d — HauewlClas Ha-
ceAeHHAs MoAaekyasipHas opbumanb HOMO; e — HU3Was ceo-
600Has monekyasipHasi opbumans LUMO

Fig.3. Results of modeling the molecular system "CaCO; + MC",
in which the interaction occurs through calcium in CaCO; and the
hydroxyl group attached to the C3 atom of MC: a — model of the
molecular complex; b - electron density distribution; ¢ - gradient
of electron density distribution; d - highest inhabited molecular
orbital HOMO; e - lowest unoccupied molecular orbital LUMO

AHanu3 MK-criekTpa MeTHIILIe/III0/IO3E] [I0OKa3all,
4To B obsactu ot 2800 1o 3500 cm ! HabnomaeTcs npu-
CYyTCTBHeE I10/I0C BaJICHTHBIX KO/Ie6aHUI CBsI3eM: y4a-
CTOK OT 2841 10 3478 cm ™! - konebaHums cBs3ert —~CH. B Ton
ske obsactu ot 2800 mo 3500 cm! B MK-criekTpe CaCo;,
CTabHIM3UPOBAHHOIO METHJILIEI/TI0NI030k , HAXOASITCS
BaJIeHTHBIe KonebaHUS CBsI3eH: Ha 2864 cM ! - Koie-
6anue cBa3u -CH,, Ha 2928 cm™! - konebaHMe CBI3U
-CH;. B HK-cnekTtpe CaCO; B obnactu ot 2800
1o 3500 cm™! pacrionokeHBl BaJleHTHbIE KOIebaHUS:
obsacTp oT 2910 mo 2950 cMm™! - KosebaHUS CBSI3eH
-CH,, y4acTox ot 2990 o 3010 cm™! - kosebaHU S CBSI-
3ei1 -CH;. Ha yuacTke ot 650 110 1700 cm ! B MK-crieKTpe
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Fig.4. IR spectra: 1 - CaCO,, 2 - CaCO; stabilized by methylcellu-
lose, 3 — methylcellulose

using the method of infrared spectroscopy on an

FSM-1201 IR spectrometer with Fourier transform.
The color diagram was made using the site

https://sciapps.sci-sim.com/CIE1931.html.

RESULTS

At the first stage, the microstructure of sam-
ples of nanosized calcium carbonate stabilized
by methylcellulose was studied using scanning
electron microscopy. The results are presented in
Fig.2.

Next, computer quantum chemical modeling of
the interaction of calcium carbonate nanoparticles
with methylcellulose was carried out. The results
of quantum chemical modeling of the interaction
process are presented in Fig.3 and Table 1.

To confirm the simulation results, the samples
were examined using IR spectroscopy. The results
are presented in Fig.4.

DISCUSSION
Analysis of the obtained micrographs showed that
the microstructure of CaCO; nanoparticles stabi-
lized by methylcellulose consists of aggregates rep-
resenting hollow spheres with a diameter of about
2 pm. In turn, these clusters contain particles
with sizes ranging from 40 to 250 nm.

As aresult of quantum chemical modeling, it was
found that the presented interaction models are
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Tabauya 1. Pe3yabmambl KBAHMOBO-XUMUYECKO20 MOOeAUPO8AHUSsl Npouecca 83aumodelicmaust KapboHama Kanbuus ¢ MemuALeAAno3ol
Table1. Results of quantum chemical modeling of the interaction of calcium carbonate with methylcellulose

Crabunusartop B3aumopeicTeue E,kkan/monb  AE, kkan/monb  Eyopyos 2B E,umor 3B
Stabilizer Interaction | kcal/mol AE, kcal/mol Epomor €V Eumor €V
MeTuauenntonosa = X _ B
Methylcellulose 1455,031 0,229 0,041 0,135
CaCO;—- Yepes kanbumnmn B CaCo,
MeTuauenntonosa W TUAPOKCUJIbHYIO FPYMnYy,
Methylcellulose npucoeanHeHHyto K G-atomy ML, ~ ~ _
Through calcium in CaCO, and 2394,429 939,398 0,062 0,019 0,022
the hydroxyl group attached to
the C; atom of the MC
Yepes kanbLu B CaCO,
W TMAPOKCUALHYIO FPYMmny,
npucoeanHeHHyo K C,-atomy MC N _ _
Through calcium in CACO; and 2394,412 939,381 0,064 0,025 0,020
the hydroxyl group attached to
the C,atom of MC

MeTHIIe/I/10/103bl HabniofatoTcs fedopMalHOHHbIe
KosiebaHU S CBsI3er: 061acTh oT 661 10 685 cMm™! - KoJte-
6aHus cesa3err —~-CH, ot 885 1o 939 cm™! - konebaHU 4
cBsasert ~CH; Ha 520 u 561 cm™! HabaromaroTCA Xapak-
TepHBIe I10/10Chl, 06yC/IOBIeHHbIe KOJIeOaHUSIMU CBSI-
3ert -CH; u -CH,, o1 1022 mo 1478 cm ™! - konebaHus CBSI-
3ert -CH;, Ha 1622 11 1680 cm ! - konebaruUs cBsi3ert C-C.
B ToI1 ke obnacTu o1 650 7o 1700 cm! B MK-criekTpe
CaCO;, cTabUIU3UPOBAHHOIO METHJILIE/IION030H,
PacIIonoXKeHBl M0JIOCH AedOopMalMOHHBIX Koleba-
Hu: 711 u 873 cm™ - koyebaHud cBsa3eir Ca-O, B 06J1a-
ctu oT 930 o 910 cm™! - konebaHUe cBsizern —~CH;,
Ha 1074 cm! - konebaHue cBsizn CH;, Ha y4yacTke oT 1338
o 1500 cm! - konmebauusa cgaserr C-O. Ha ToMm Ke
y4dacTke oT 650 110 1700 cm™! B IK-criekTpe CaCO; Habio-
fJaeTcsi NPUCYTCTBUe AedOPMaLIMOHHBIX Kojeba-
HUI: B obacTu ot 1377 1o 1504 cm™! - KosrebaHue CBS-
3en C-0, Ha 709 u 875 cm™! - konnebauus cBsaseir Ca-0.
B pesynbraTe aHann3a MK-CIeKTpoB yCTAHOBJIEHO,
YTO B CIIEKTPe MeTHJILe/III0N03bl B o6macTu ot 1400
10 1420 cm™! HabnromaeTcs mageHue MHTeHCUBHOCTU
I10JI0C, KOTOPble XapaKTepU3yIoT AedopMaliMOHHbIe
KoslebaHU S 3apsiskeHHON rpynmnbsl OH . Takum obpa-
30M, MOKHO CHe/aTh BBIBOJ, YTO B3aHMMOJEHCTBHe
HaHo4acTu1, CaCO; IPOUCXOOHUT C 3apsSKeHHOM IPyIl-
o OH".

BbIBO/ibl

B paMKax IIpe/CTaBlIeHHOMN PaboThl OBIIH II0TyUeHbl
HaHOYACTHULIBI KapboHAaTa KaIbIIHsl, CTAOKMIM3UPOBAH-
HOTO METHUJILIE/IIIOJI030M, METOAOM XMMHYECKOI0 OCasK-
nOeHus. AHanu3 COM-MuKpodoTorpadui HAHOYACTHI]
CaCao;, CTaﬁl/IJII/IBI/IpOBaHHBIX MEeTHJILIe/ITFONI030, [I0OKa-
3aJI, YTO arperaTsl B OCHOBHOM MMeEIOT IIPABUJIbHYIO

optimal, since the difference in total energy is more
than 939 kcal/mol.

It is worth noting that the model of interaction
between CaCO; and methylcellulose is energetically
favorable, where binding occurs through the
hydroxyl group attached to the C; atom of the
stabilizer and calcium in calcium carbonate. This
fact is due to the large value of chemical hardness
(0.022 eV) and the difference in total energy
(939.398 kcal/mol).

Analysis of the IR spectrum of methylcellulose
showed that in the region from 2800 to 3500 cm™ the
presence of bands of stretching vibrations of bonds
is observed: the region from 2841 to 3478 cm! -
vibrations of -CH bonds. In the same region from
2800 to 3500 cm™ in the IR spectrum of CaCO,
stabilized by methylcellulose, there are stretching
vibrations of bonds: at 2864 cm™ - vibration of the
-CH, bond, at 2928 cm™ - vibration of the -CH, bond.
In the IR spectrum of CaCO;, in the region from
2800 to 3500 cm! there are stretching vibrations:
the region from 2910 to 2950 cm™ - vibrations of
-CH, bonds, the region from 2990 to 3010 cm™ -
vibrations of -CH; bonds. In the area from 650 to
1700 cm™ in the IR spectrum of methylcellulose,
deformation vibrations of bonds are observed:
the region from 661 to 685 cm™ - vibrations of -CH
bonds, from 885 to 939 cm! - vibrations of -CH,
bonds, at 520 and 561 cm™ characteristic bands are
observed due to vibrations of -CH, and -CH, bonds,
from 1022 to 1478 cm™ - vibrations of -CH; bonds,
at 1622 and 1680 cm™ - vibrations of C-C bonds.
In the same region from 650 to 1700 cm™ in the IR
spectrum of CaCO; stabilized by methylcellulose,
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HAHOTEXHO/OrUU

10110 CheprUecKyio GOpMY U COCTOAT M3 YaCTHUIL pa3-
mepoM ot 40 10 250 HM.

HccnemoBaHHe mpoljecca B3aMMOJEHCTBUS
C IMOMOIbI0O KOMIIBIOTEPHOTO KBAHTOBO-XHMHUYE-
CKOTO MOJEIHPOBaHUS ONpeLean/o, YTO OHTH-
MaJIPHBIM B3aHMOJEHCTBHEM SIBISeTCS TO, LAe
CBs3bIBAHME IIPOMCXONUT Yepe3 TUAPOKCHUIIbHYIO
IPyIIy MeTHIILe/II003bl U KaJbLIUI B KapboHaTe
KaablHs.

IMongTBepskAas OHaHHbIe XHMHYECKOIO MoJe-
TUPOBAHUS, HCCIeJoBaHHUe 00pa3l0B METOLOM
HK-CIIeKTPOCKOMK Y [10Ka3aJo, YTO IIPU CTabuin3sa-
Iuy HaHodacTUull CaCO, MeTHJILIeJIII0I030H IIPOMC-
XOIMT B3aHMOJIeHCTBHe Yepe3 3apsi>KeHHYI0 IPYIILy
OH".
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there are bands of deformation vibrations: 711 and
873 cm™! - vibrations of Ca-O bonds, in the region
from 930 to 910 cm™ - vibrations of bonds -CH;,
at 1074 cm™ - vibration of the CH; bond, in the
area from 1338 to 1500 cm™! - vibration of the C-O
bonds. In the same region from 650 to 1700 cm™ in
the IR spectrum of CaCO;, the presence of bending
vibrations is observed: in the region from 1377 to
1504 cm™ - vibrations of C-O bonds, at 709 and
875 cm™! - vibrations of Ca-O bonds . As a result of
the analysis of the IR spectra, it was established
that in the spectrum of methylcellulose in the
region from 1400 to 1420 cm™ there is a decrease
in the intensity of the bands that characterize
the deformation vibrations of the charged OH~
group. Thus, we can conclude that the interaction
of CaCO; nanoparticles occurs with the charged
OH" group.

CONCLUSIONS

As part of the presented work, nanoparticles of
calcium carbonate stabilized by methylcellulose
were obtained by chemical precipitation. Analysis
of SEM micrographs of CaCO; nanoparticles stabi-
lized by methylcellulose showed that the aggre-
gates mainly have a regular hollow spherical
shape and consist of particles ranging in size from
40 to 250 nm.

Investigation of the interaction process
using computer quantum chemical modeling
determined that the optimal interaction is where
the binding occurs through the hydroxyl group of
methylcellulose and calcium in calcium carbonate.

Confirming the chemical modeling data,
studies of samples using IR spectroscopy showed
that when CaCO; nanoparticles are stabilized by
methylcellulose, interaction occurs through the
charged OH" group.
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