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1 BopoHEeXCKHI FOCYIapCTBEHHBIH YHHUBEPCHTET HEKEHEPHBIX TEXHOJIOTHH, 1p-T PeBomormy, 19, r. Boponex, 394036, Poccust
Annoramms. Tpupropmerancynsdonar Bucmyra (III), HaspBaeMblif Takke TpH(IIaTOM BHCMYTa, SBISIETCS ASKOHOMUYHBIM,
3¢ HEKTUBHBIM ¥ SKOJIOTHYECKH YUCTHIM KAaTAIM3aTOPOM CHHTE3a OpraHM4eckux npoaykroB. Tpudiar Bucmyra B Poccuu B HacTos1ee
BpeMsI HE POHM3BOJIAT, MIOITOMY pa3pabOTKa TEXHOJOTHHU MOJNy4YeHHUs Tpudiiata BUCMYTa SBISACTCS aKTyaJbHOH 3amadeil. Tpuduar
BHCMYTa IOJIyqaly JBYMs CIIOCOOaMH - B3aHMO/ICHCTBHEM THAPOKCHIA BUCMYTA MIIH OKCHJa BUCMYTa C TPH(TOPMETaHCYIB(OHOBOM
(TpudmmkoBoit) kucnotoii. [lomydenne TpudaaTa BUCMyTa N3 THAPOKCHAA BUCMYTa SIBISICTCS JUIMTEIBLHBIM IPOIIECCOM, KOTOPHIH He
MPOTEKAET 10 KOHIIA K UMeeT BBIX0A He Oonee 64 %. OKCHI BUCMYTa, TTOTyIeHHBIN TEPMUUECKUM Pa3I0KeHHeM IHIPOKCHa BUCMYTa,
UMEEeT HECKOIBKO NOIMMOpQHBIX Moaudukanuii. Harpesanue nposoammm 1o 750 °C u oxnaxaanu B TedueHne 8 yacos. [lorydeHHBII
TakuM 00pa30M Y-OKCHJ BHCMYyTa PacTBOpSETCs B TPU(IMKOBOW KUCIOTE B TEUEHHWE 2 YacoB M 0Opa3yeT pacTBOPHI BBICOKON
KOHIeHTpauy. OmnpeneneHsl 3HA4EHHs PAcTBOPUMOCTH TpHUdiIaTa BHCMYTa IPH PA3IMYHON KHCIOTHOTHOCTH pacTBOpa.
PeHTreHorpau4eckuM HCClIeJOBAHUEM. YCTAaHOBJICHO, YTO 00pa3yeTcst HOHoruaparTpuduiata BUCMYTa - KPUCTAJUIBI HIOJIbYATOI
¢dopmbl. 0-haza okchaa BUCMYTa, MOMYYEHHAs pPas3loXEeHHEM TuApokcuaa BucMmyTa mpu 450 °C, He pacTBOpsAiack B KUCIOTE
nonHocTelo. [Iporecc mpoBoaunu B TedeHHe 4 4acoB, BEIXOA IMpoaykTa 92 %. O6pa3yroniuecst KpUCTaLIbl OMITUpaMUIaTBHON (GOpMBI
HCCIIEIOBA METOAOM IH((GEepeHIMATBFHOTO TEPMUYECKOTO aHaIn3a, KOTOPBIA IOKa3al, 4TO KPHCTALIBI NPEICTaBIAIOT coOOn
HEeHTAaruaApar TpudJiata BUCMYTa, TEPSIOINHA KPUCTAJUTH3AOHHYIO BOy B HHTepBaie Temeparyp 64—130 °C. o 320 °C BemecTBO
SABISIETCS. TepMuUeckd ycrolduBbIM. Ilpm Temmeparype 327 °C mpOHCXOOUT IUIABICHHE C PA3IOKEHHEM, YTO COIPOBOMKAACTCS
oOpa3zoBaHreM OKcocyab(aroB BUCMyTa. 110 JaHHBIM peHTreHorpaduyeckoi TU(paKIii YCTaHOBJIECH COCTaB o0pasyrommxcs ¢as -
Bi28032(SO4)10 u Bi34.70100S16. Tlpu nmansueiimem HarpeBanuu n0 380 °C pa3sjiokeHHe OKCOCY/Ib(ATOB BHCMYTa IHPHBOIUT K
00pa30BaHHUIO YCTOHYHMBOI MOHOKIMHHOM MOqH(bHKAINK OKCHJIA BHCMYTa 0-Bi20s3.

KuroueBbie cioBa: tpudropmerancyibdonar Bucmyta (I1I), Tpudmukosas kucnora, o-dasza oxcuaa Bucmyta (I11), y-dasza oxcuna
BucmyTa (III), okcocynbdaT BUCMyTa, TEPMUYECKHUI aHAIIH3.
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Abstract. Bismuth (I11) trifluoromethanesulfonate, also known as bismuth triflate, is an economical, efficient, and environmentally
friendly catalyst for the synthesis of organic products. Currently, bismuth triflate is not produced in Russia, so developing a technology
for producing bismuth triflate is an important task. Bismuth triflate can be obtained using two methods: by reacting bismuth hydroxide
with triflic acid, and by reacting bismuth oxide with triflic acid. The production of bismuth triflate from bismuth hydroxide is a long
process that does not proceed to the end and has a yield of no more than 40%. The bismuth oxide obtained by thermal decomposition
of bismuth hydroxide has several polymorphic modifications. Heating was carried out to 750 °C and cooled for 8 hours. The y-bismuth
oxide obtained in this way is dissolved in triflic acid for 2 hours and forms high-concentration solutions. The solubility values of
bismuth triflate were determined at different acidity levels. X-ray analysis showed that bismuth nonahydrate triflate formed needle-
like crystals. The a-phase of bismuth oxide obtained by decomposition of bismuth hydroxide at 450 °C did not dissolve completely in
the acid. The process was carried out for 4 hours, and the yield was 92%. The resulting crystals of a bipyramidal shape were studied
by differential thermal analysis, which showed that the crystals are pentahydrate of bismuth triflate, which loses crystallization water
in the temperature range of 64-130 °C. Up to 320 °C, the substance is thermally stable. At a temperature of 327 °C, it melts with
decomposition, which is accompanied by the formation of bismuth oxo-sulfates. According to X-ray diffraction data, the composition
of the resulting phases is Bi28032(S04)10 and Bi34.70100S16. Further heating to 380 °C leads to the decomposition of bismuth oxo-
sulfates, resulting in the formation of the stable monoclinic modification of bismuth oxide, a-Bi2Os.
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BBenenue

B Hacrosiiee BpeMst 0JIHOM U3 IJIaBHBIX MTPO-
OJ1eM XUMHYECKOH OTPACIIH SIBIAETCS 3aBUCUMOCTh
TEXHOJIOTNYECKHX LIETIOUEK OT 3apyOSKHBIX IIOCTABOK
CrelMaTbHOM XMMHM M Katanu3atopoB. ['ocynap-
CTBOM DPa3pabaThIBArOTCs] HALMOHAJIBHBIC MPOEKTHI,
KOTOpBIC HAMpaBJIeHbI HA PAa3BUTHE MAJIOTOHHAKHON
U CPEIHETOHHAXHON XHUMUH.

Tpudropmerancynsdonar Bucmyta (III),
Ha3bIBaGMbIH Takoke TPUGIATOM BHUCMYTA, SIBIIETCS
SKOHOMHUYHBIM, 3(QQEKTUBHBIM H 3KOJIOTHYECKU
YHUCTBIM KaTaJIN3aTOPOM CHHTE3a OPTraHMYECKHX
NPOJIYKTOB: LUKINYECKHX KapOoHnartos [1], 2,3 —
HEHACHIIEHHBIX O-TIMKO3MIO0B [2], TOMOALIAIOBEIX
3(HPOB ¥ TOMOAJUTUIIAIIETATOB U3 aTbaeruI0B [3],
aUMIMPOBaHUsI OCH30MHOTO M MMBAJTMHOBOTO AHI M-
puoB [4], peakiyst TITUKO3WIMPOBAHMS TPOM3BOI-
HBIX CHAJIOBOW KUCIOTHI [5]. B ycluoBusIx caHKIHit
3aKylKa BEUIECTBA COMPOBOXKAACTCS MHOTHMHU
pUCKaMH M CIOXHOCTAMH. Tpudmar BucMmyTa
B Poccum B HacTosimiee BpeMsi HE TPOHM3BOISIT.
[losToMy pa3paboTKa TEXHOJIOTHUHM IOJyYECHHUS
Tpudara BUCMyTa SBISCTCS aKTyaJIbHOU 3aauei.

Hecmotps Ha Gonbiryro BOCTpeOOBaHHOCTH
B COBPEMEHHOH TpernapaTuBHOW XUMWH TPH(QIIATOB,
COCTaB, CTPOCHHE, TEPMHUECKasl YCTOHUYUBOCTh U
JpyTHE CBOMCTBA TPU(IATOB OCTAIOTCS MaJOU3Y-
YeHHBIMU. MexXIy TeM TpuQuaThl MPEACTaBIISIOT
TaKXKe UHTEPEC C TOUKU 3PEHUS KPUCTATUIOXUMHH
1 pusuku HU3KUX Temrepatyp [6].

W3 nurepaTypHBIX HCTOYHHKOB HW3BECTEH
croco0 MPOM3BOACTBA COJIEH BUCMYTa, BKIIFOUAOLIUHA
CIIEYIOIINE CTAIUH: OKUCIIEHHE METaUTHIECKOT0
BUCMYTa C TIIOJyYEHHEM OKCHA; PacTBOPEHHE
OKcujia BUCMYyTa B Kuciore [7, 8].

MartepuaJibl U METOABI

Tpudnar BUCMyTa CHHTE3MPOBAIH JIByMS
crioco0aMu: B3auMOJEHCTBUEM THIAPOKCHIIA BUCMYTa
¢ Tpu(IIMKOBON KHCIOTOW M B3aUMOJIEHCTBUEM OK-
cyja BUCMyTa ¢ TpUDIUKOBON KucIoTOH. OKCH
BUCMyTa TIOJyYald pa3joKE€HHEM THIPOKCHIa
BucmyTa. lIpouecc npoucxoaur no cxeme:

100°c 310°¢C
Bi-03-:3H,0 -0 "Biy,03:2H, O 2 "Bi»O3-H,0O
420°C

“H,0

Bi»03

YucThlit OKCHJT BUCMYTa UMEET YETHIPE KPU-
CTAJUIMYECKUX MOJIMMOpP(]a, KOTOPbIE OTINYAIOTCS
PEaKIMOHHOM CIIOCOOHOCTEIO.

IIpn xoMHaTHON TeMIeparype OKCU BUCMYTa
Bi>O3 nMeeT MOHOKITMHHYO MOJM(HKAIIIIO, 0003HA-
gaemyto 0-BiOs. [Ipu HarpeBanuu Bbiie 727 °C o
MPEBpaIIaeTcsi B KyOHMYECKYI0 KPHCTANTNYECKYIO
cTpykTypy THna ¢umooputa 6-Biz Os, KoTopas coxpa-
HAETCSI 10 TOUKH IutaBiieHus 824 °C.
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IMosenenue 8-Bi O3 mpu oxnaxaeHnn 6ojee
CIIOXKHOE, C BO3MOYKHBIM 00pa30BaHUEM JIBYX MIPOME-
KYTOUHBIX METACTaOMIIBHBIX (ha3: TeTparoHaJbHAs
B-daza niam 00bEeMHO-IICHTPUPOBaHHAS Y-KyOude-
ckas (aza. y-haza MONKET CYIIECCTBOBATh IMPH
KOMHATHOM TEMIIEpaType C OYEHb MEICHHOU
CKOPOCTBIO OXJIAKACHUS, HO 0-(paza Bceraa odpa-
3yeTcst IpH oxJyaxaeHun B-dassr [9].

PaccunTaHHble KOJIMYECTBA BEIIECTB TIOME-
IIaJIU B KOJIOY C Ie(hyierMaTopoM | IepeMelInBaIn
¢ KUCJI0TOM, MarHuTHOM Merankoi 79-1 Hot Plate
Magnetic Stirrer, mpu MOCTOSHHOH TeMIiepaType
(50 °C). Peakuuio MpOBOIMIMA 10 YCTAHOBJICHHUSI
paBHOBeCHs. YCJIOBHEM paBHOBECHUS SBIISIIACH
MOCTOSIHHAsI KOHLICHTPAIHMsl HOHOB BUCMYTA.

KoHIeHTpalmo WOHOB MeTaia omnpene-
JSUTH  KOMIUIEKCOHOMETPUYECKUM  THTPOBAHUEM
C MHIMKATOPOM KCHJICHOBBIM oparbkeBbiM [10, 11].
Wunukatop o0pa3zyeT ¢ METaIOM KOMIDICKC,
OKpallICHHBIN B KPACHBIN LIBET:

Bi**HsInd = BiHsInd * 3H*

CB00OOTHBIE MOHBI BUCMYyTa 00pa3yroT Oec-
LBETHBI PACTBOPUMBIM KOMIUIEKC, KCUJICHOBBIN
OpaHKEBBIH MPHOOPETALT KENTOE OKPALIMBAHUE.

s onpeneneHus KOHLEHTPALMM HOHOB
BO/IOPO/ia UCIIOJIb30BAIN KUCIOTHO-OCHOBHOE TUT-
posanue pactopom NaOH.

CuHTe3upoBaHHbBII 00paser TpudaTa BUC-
MyTa HCCIIEAOBAIN METOJOM TEPMUYECKOro aHa-
JM3a Ha U3MEPUTENIHHOM KOMILJIEKCE CHHXPOHHOTO
tepmudeckoro aHammza STA 449 F3 (Netzsch,
I'epmanus) B IIaTUHOBOM Turie, B motoke Na,
CKOpOCTh HarpeBa 5 K/muH.

Pentrenoga3oBblii aHaIM3 TPUMEHSIIH JIJIS
peleHns Borpoca O (a3oBOM COCTaBE MOTYYCHHOTO
MPOAYKTa. DKCIIEPUMEHT MPOBOIMIIN Ha MOPOIIKO-
BOM peHTreHoBckoM nudpaktomerpe ARL X'tra,
¢ pmuHou BosHb! Cu (1,5406 A))

TpuHOKyIsIpHBI MuKpockon Levenhuk 740T
WCTIOJIb30BIN JJISl MCCIEAOBAaHUS MOP(OJIOTHH
CHHTE3UPOBAHHBIX MaTEPHANIOB.

Pe3yabTathl u 00cy:kIeHUs1

ITo nepBomy criocoOy monydeHne Tpudiara
BUCMYTa W3 THAPOKCHUIA BHCMYTa MPOBOJIUIU
COTJIACHO PEeaKInu:

Bi(OH)s + 3CF3SO3H = Bi(CF3S0s)s + 3H20

[lepememmBanue MarHUTHOM MEIIATKOU
TIPOBOMIWJIN JI0 YCTAHOBJICHHUS paBHOBeCHS (8 4acoB)
MPH SKBHUBAJICHTHOM COOTHOILICHUH W TIPH JBYKpart-
HOM W30BITKE KHCIIOTE, BBIXOJ| MPOIYKTa COCTaBHII
64 u 57% cootBercTBeHHO. [Iporiece He mpoTekaeT 10
KOHI[a, O Ye€M TOBOPUT HAJIMUKE B pacTBOpe Oenoro
ocajika. Bo3M0XHO 3THM 0CaIKOM SIBJISIETCS] OKCUTH/I-
pokcus BucmyTa (111) BIO(OH).
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J7ist yBeMueHHS BBIX0/1a MPOIYKTa MPEJIo-
KEHO TMONy4aTh TpH(IAT BHUCMyTa M3 OKCHIAA
BHCMYyTa (BTOPOU cIOC00).

I'mapoxcun Bucmyta HarpeBanu ao 750 °C,
BbIIEpXKHBaJIK B TeueHHue 1 daca. Ilopomok nmen
mpu 750 °C KpacHO-KOpPUYHEBBIN IIBET, XapaKTep-
Hel 11 O-Bi; Os. OxnaxaeHue A0 KOMHATHOMN
TeMIIepaTypsl MPOBOJMIN B TeUEHHE § YacoB, T. K.
IIPU MEIUICHHOH CKOPOCTH OXJIAXKICHHUS BO3MOYKHO
oOpazoBanne Yy-¢aspl. llpm oxjaxjgeHnn mBeT
MEHSUICS Ha JKENThIH (pHCYHOK 1).

[locne oxnaxAoeHUs OKCcHIA NPHIUBAIU
paccunTaHHBIE 00BEM TPHUQIUKOBON KHCIIOTHI,
B3SITOM C Pa3IMYHBIM U30BITKOM U B SKBUBAJICHT-
HOM COOTHOIIEHMH OKCcHIa M KUCHOTHl (1:6) n
nepememuBany npu 50 °C.

VYpaBHeHHE  B3aUMOJICHCTBHS
BucMmyTta (I11) ¢ kucnoTol umeer BU:

Bi203 + 6CF3SOsH = 2Bi(CFsSOs); + 3H0

OKCHaa

post@uestniR-vsuet.ru

Pucynox 1. dotorpadust okcupa BHCMyTa IIOCIE
HPOKATUBAHUS

Figure 1. Photo of bismuth oxide after calcination

ITo ucredyeHnn 2 4acoB MPOUCXOMAIIO TIOJHOE
pacTBOpeHHE OKCHIA U 00pa3oBaHKe TPO3PAUHOTO
pacTBopa, 4TO CBUAETEILCTBYET O TMOJHOTE MPOTE-
KaHHs PeaKinu.

JlaHHBIE 1O KOJUYECTBY HCXOIHBIX BEIIECTB
¥ KOHIIEHTpaluu noHos Bi** u H* B monyuennsix
pacTBOpax IpeCcTaBieHbI B Tabmwie 1.

Tab6nuna 1.
PesynbTathl onpeieaeHus coaepxkanus noHos Bi** u nonos H*
Table 1.
Results of determination of Bi®* and H* ion content
KOHH‘{@CTBO BEIIIECCTBA KOHI/I‘{CCTBO BEIIIECCTBA MOHﬂpHaﬂ_KOHHCHT})aL%I/I}I HOHOB
B120s, mom HOT, mom Bi™, momb/me® Molar concentration of H*
Amount of Bi2O3 Amount of substance Molar concentration of Bi®* ions, ions. mol/dm3
substance, mol HOTf, mol mol/dm? '
0,005 0,120 0,892 5,64
0,005 0,060 1,128 412
0,005 0,045 1,430 3,96
0,005 0,030 2,088 0,23*

3HayeHHe KOHIEHTpPAIH MOHOB BOJOPOAA
st pactBopa 4 (0,23*) paccuuTaHO C y4eToM
THJIPOJIN3a COJH, OCKOJIBKY KHCIOTHO-OCHOBHOE
TUTPOBaHHE HEIb3si IPUMEHUTD M3-32 00pa30BaHUs
ocajaka rugpokcuaa sucmyta (I1I).

[Nocne oxnakieHns pacTBOPOB 10 KOMHATHOM
TeMIIepaTypbl Ha BTOpbIC CYTKH HalOIro/1aeTcsi oOpa-
30BaHUC KPpHUCTAJUIOB IIPU ITOYTH ITOJITHOM OTCYTCTBUMN
XuaKoi ¢aszpl. Kpucramisl, nmonydeHHbIe PH 3Ha-
YUTCIIbHOM I/I36BITK€ KHCJIOTEI, IPU HaAXOXJICHUU
Ha BO3/yXe, CHOBAa MEPEXOJAT B KHUAKYIO (azy —
«assitesiy. Conepskanne woHoB Bucmyta (1)
B 3THUX KPUCTaJUIAX, ONpPEIeIEHHOE KOMIUIEKCOHO-
METPUYECKUM THUTPOBAaHUEM COCTaBisieT 25,6%,
YTO COOTBETCTBYET HOHOTHApATy TpHudiaTa BUC-
myTa. Kpucranisl uMeroT uronpyaryo gopmy.

@)
Pucynok 2. ®otorpadus kpuctamion 00pasmos (1) u (3)
Figure 2. Photos of crystals of samples (1) and (3)

(1)
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Penrrenoga3oBblii aHaIM3 MPOTYKTa CHHTE3A,
MOJY4EeHHOI'0 B KHCJION cpefie, oKa3all, 4To obpa-
30BajiCs KpHUCTALIOTHApAT Tpudiaara BUCMYyTa
¢ 9 MOJIeKyJIaMH BOJIBI.

[NonydeHnas nudpakTorpaMma npeacTaBieHa
Ha pUCYHKe 3.

Tabnuna 2.
®a30BbIil COCTaB MPOAYKTA CHHTE3A
(ITopotrkoBeIit peHTreHOBCKHH TU(PAKTOMETD
ARL X'tra, amura Boaasr CU (1,5406 A))

Table 2.
Phase composition of the synthesis product
(ARL X'tra powder X-ray diffractometer,

Cu wavelength (1.5406 A))

Ref. Score Compound Displa- Scale | Chemical
Code Name |cement [°2Th.] | Factor | Formula
00— Bismuth C3 His
050- | 69 | nonaaqua 0.090 0.760 | BiFg O1s
2218 triflate Ss
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Pucynox 3. J[ludpakrorpamma NpoayKTa CHHTE3a,
TIOJIYYEHHOTO TIPH U30BITKE KUCIOTHI

Figure 3. Diffractogram of the synthesis product
obtained with an excess of acid

OmBIT NOBTOPSUTA TPU TMPOKAITMBAHUY THI-
pokcuaa BucmyTa jio 450 °C, B 3TOM citydae o0pa-
syercst a-¢paza BiOs. Okcun u Kucnoty Opanu
B 9KBUBAJICHTHBIX KoimdecTBax. OcaioK jKeITOro
LIBETA B pE3yjbTaTe B3aUMOACHCTBUS C KUCIOTOU
npuobperan Oenbiii 1Ber. [Ipornecc mpoBoanm
JI0 yCTaHOBIJIEHUS paBHOBecHs (4 yaca). HecmoTps
Ha no0aBieHUE BOABI, HEOOJbIIAsS YacTh OCaIKa
HE PaCTBOPHJIACH, YTO CBHIETEILCTBYET O TOM, YTO
o ¥ y-(paza okcua BUCMyTa IMEIOT Pa3INYHbII Me-
XaHWU3M B3aUMOZEHCTBUS C KUCIOTOM. B nomydyeHHOM
pacTBope cozepxkanue MOHOB Bi®*" cocrasmio
1,471 mons/nve. Beixon mpoaykra 92%. ITpu MeiieH-
HOM BBITIADHBAHHUH PACTBOPA MOJTYYHIIN KPHCTAIITBI 1
BBICYIIIIIIN UX B KCUKATOPE MPH KOMHATHOW TeMIIe-
parype (pucynok 4). Kpucramisl umeror dopmy
TETparoHaJbHON OUITUPAMUJIBL.

IIPY IPOKAIMBAHIH THAPOKCH A BHCMyTa 10 450 °C

Figure 4. A Photograph of crystals obtained by calcination
of bismuth hydroxide at 450 °C

Coneprxanrie BObI B KPUCTAJUIAX, PACCUUTAH-
HOE I10 KOHIIEHTPAIMK BUCMYTa, cocTaBisieT 12,31%,
4TO OJIM3KO K COJEPKAHUIO BOJBI B IIEHTaruapare
tpuduata BucmyTa (12,04%).

TepMudeckuil aHanM3 COJM, IOJYYEHHOMN
U3 0-OKCHJIa BUCMYTA, TIPEJICTaBIEH Ha PUCYHOKE 5.
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Pucynok 5. TT'/JICK amarpammsl obOpa3sma Tpudiata
BHCMYTA, OTYy4eHHOT0 U3 a-(a3bl BizO3

Figure 5. TG/DSC diagrams of a bismuth triflate sample
obtained from the a-phase of Bi,O3

PesynbpraTel
B Tabiuie 3.

HCCICIOBAaHUsA  IIPUBEACHBI

Tabnuna 3.
Pe3ynbTaTel TEPMUYECKOTO aHATM3a
TpudIaTa BUCMyTa

Table 3.
Results of thermal analysis of bismuth triflate
Ty
TEIIOBOTrO Terme-
O6paszer sexra parypueiii | Iloteps
Sample MHTEpBaJ, | Macchl, %
Type of oC
thermal effect
SHI0Tep- 64-130 19,18
MHUYCCKUU
Bi(SOsCF3)s5H;0 ;‘;ﬂggfgﬂ 327355 | 3812
OWIOTEP- | a0 450 | 67,38
MHUYCCKUU

W3meHeHne Maccel B 00JIaCTH TeMIEpaTyp
64130 °C cBs3aHo ¢ moTepel KPUCTAIITH3AINOH-
Hoil Boabl. Ha muddepenmmansroit TI' kpuBoii
HACUMTHIBAETCS 5 TIMKOB, YTO MO3BOJISIET TPEIIONO-
JKHTb, YTO MHCCIIEIYeMOE BELIECTBO OIPEIEIAeTCs
dopmynoit  Bi(SO3CF3)s5H20. Opmako, moteps
Macchbl Oosible, 4eM Ui 00e3BOKUBAaHHS MEHTA-
ruzapara, oHa cocrasisieT 19,18%. Ilpu Harpesa-
HUU 70 64 °C moteps maccel coctaBisieT 6,66%,
3¢ (}eKTOB Ha 3TOM HHTEpBaje HE HAOJIOIACTCS.
Bo3moxHO, BbIgenseTca aOcOpOLUMOHHAs Biara.
OcraBmiasicst motepst Macebl 12,51% 6nu3ka K co-
JIep>KaHUIo BoJbI B ieHTaruapare — 12,04%.

JanpHeiiiee HarpeBaHue CONPOBOXKIACTCS
noTepel Macchl IpU OTCYTCTBUH ITMKOB Ha U de-
PEHIMAILHBIX KPUBBIX, YTO MOXET OBITH CBS3aHO
¢ cyOnIMMaIueil Coau WK BBIACTICHUEM YTIepOIu-
CTBIX COelMHeHHH ¢Topa W3 HWOHA Tpudrara.
IIpu Temnepatype 327 °C mpoucXoANT IUIaBIECHUE
C pa3NIoKEHUEM, TaK Kak dHJOTepMUUYecKuil dddekT
COIIPOBOK/AAETCS YMEHBIICHHEM Macchl oOpasia.
[To aHaNMOTMU C TEPMUUYECKUM Pa3I0KEHUEM CYIIb-
(hata BUCMyTa MO>KHO TIPEIITIONIOKUTE 00Pa30BaHUE OK-
COCOJT BHCMYTA.
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Pentrenoda3oBbrii  aHanM3 MPOKAICHHOTO
npu 350 °C oOpasua mokaszan HaJHMYUe B BEIIECTBE
Tpex ¢a3 (Tabnuia 4 u pUCyHOK 7).

VCTaHOBIIGHO BBICOKOE COJEpIKaHHE (CyM-
MapHo Oonee 99%) B oOpasiie ABYX OKCOCyib(da-
TOB BHCMYyTa, UMeroIuX coctaB Bizxg O32(SO4)10 1
Bizs.7 O100 S16. Hu 01Ha 13 naeHTHUIMPOBAHHBIX
¢a3 He comepkuT HU (ropa, HH yriepoja.

post@uestniR-vsuet.ru

DTO TOBOPHUT O TOM, UTO MPOUCXOTUT PA3TIOKEHHE
Tpuara BUCMyTa C BBIIEIEHHEM B ra3zoo0pas-
Hy10 a3y coenuHeHni GTopa u yriaepoaa.

[Ipn mampHeiimem HarpeBanuu g0 380 °C
pasyiokeHne OKCOCyNb(paToB BUCMYTa NPUBOIHT
K 00pa30BaHMIO YCTONYNBOI MOHOKIIMHHOW MOJTH-
¢ukauu okcuna Bucmyta o-BixOs.

Tabnuma 4.

@Da30BbIil COCTaB BEIIECTBA, TOMYyUYEHHOTO ITpu HarpeBanuu 110 350 °C
(ITopomkoBsrit pentrenoBckuii nudpakromerp ARL X'tra, mivmna Bosausl Cu (1,5406 A))

Table 4.

Phase composition of the substance obtained by heating to 350 °C
(ARL X'tra powder X-ray diffractometer, Cu wavelength (1.5406 A))

Ref. Code Compound Name Displacement [°2Th.] Scale Factor | Chemical Formula | SemiQuant [%]
01-077-1727 Bismuth Oxide Sulfate -0.113 0.670 Bizs O32(SO4)10 374
01-075-0717 Bismuth Oxide Sulfide 0.045 0.428 Bi2 02 S 0,5
98-004-9900 Bismuth Oxide Sulfate * -0.055 0.339 Bisa.7 O100 S16 62,0
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Pucynox 6. JludpaktorpamMma NpomyKTa BeIIECTBa,
MOJTYYEHHOTO B pe3yibTaTe MNPOKATMBAHHUA 00pasIa
Tpuduara BucmyTa mpu 350 °C

Figure 6. Diffractogram of the product obtained
by calcination of a bismuth triflate sample at 350 °C

Positon ‘2Theta] (Copper (Cu)

3akiIouyenue

[Monyuenue TpudaTa BUCMyTa U3 THAPOK-
crua BUCMYTa ABJIACTCA NJIIMTCIIBHBIM IPOLECCOM,
KOTOPBIA HE mpoTeKaeT A0 KoHia. O yeM roBOpUT
HaJM4YKe B pacTBOpe OEJIoro ocajaka, BO3MOXKHO
3TUM OoCcaJlKoM SABIISICTCS OKCUTUAPOKCUQ
sucmyTa (I11) BiO(OH).

JIi1st yBeNMUeHHsI BBIXO/1a TIPOIYKTA MIPEIIO-
’KEHO CHHTE3UPOBaTh TPU(IAT BUCMyTa U3 OKCHIA
BrcMyTa. OKCHIT BUCMYTa MOJMYYald U3 THIPOKCHIA
JABYMSI PA3MYHBIMH DPEKHUMaMH HPOKATHBAHMUS:
npu Harpeanuu 10 750 °C obpasyercs 6-Biz Oz , ko-
TOpBIA TIPU JTAIBHEHIIIEM, MEIUICHHOM OXJIOKICHUH

nepexoauT B y-(azy. [lomydaeHHbIi TakuM 00pazom
OKCHJI PaCTBOPSETCS B TPH(IMKOBOM KHCIIOTE B Te-
4YeHHe 2 4YacoB W 00OpasyeT pacTBOPHI BBICOKOM
KOHIIEHTpauu. B mpucyTcTBUM 30BITKA KUCIIOTHI
pacTBOPUMOCTb TpUQIIaTa BUCMYTa YMEHBIIACTCS.
OO0pazoBanue TpugIaTa BHUCMYyTa TOATBEPXKICHO
PeHTreHorpauIecKuM HCCIeIoBAHUEM. Y CTaHOBJICHO,
4yT0 00pasyeTrcs HOHOTHApAT TpudaTa BUCMYTA.
Kpucramibl IMEIOT UToIbUaTyo hopmy.

Ilpu HarpeBaHWHM THIPOKCHIA BHCMYTa
mo 450 °C obpa3yercs o-(pasza okcuaga BHCMYyTa
(camas yctoituuBas). OHa pacTBOPSIETCS B KUCIIOTE
B TeueHue 4 gacos. [Ipu BeImapuBaHuM pacTBOpa
00pa3yroTCsl KPUCTAILTBI OUTTAPAMUAIATEHON (OPMBEL.
TepMmuueckuii aHanIM3 MOKa3al, YTO KPHUCTAILIBI
TPE/ICTABILIIOT COOOM TEHTaruapar Tpudiara BHC-
MyTa, TEPSIOLINH aICOPOIIMOHHYIO U KPUCTAIITH3AIIHN-
OHHyIO BOjay B mHTepBaie temmeparyp 30-130 °C.
o 320°C BemecTBO SBISETCS TEPMUUYECKU
ycroiuuBsM. [Ipu Temnepatype 327 °C npoucxoaur
TUTaBJICHUE C PA3JIOKEHUEM, YTO COMPOBOXKIACTCS
oOpa3oBaHreM OkcocyibhaToB BucmyTa. [lo maH-
HBIM pPeHTTreHorpaduueckoil TnppakIuy yCTaHOB-
JeH coctaB obpasyromuxcst asz — BizgO32(SO4)10
U Bizs70100S16. [lpu nanbHeiilemM HarpeBaHHU
1o 380 °C paznoxeHue OKCOCynb(}haToB BUCMYTa
NPUBOANT K OOpa30BaHHIO YCTOWYHMBOW MOHO-
KITHHHOM MOIH(UKAIUK OKcH/Ia BUCMyTa 0-BizOs.

Jluteparypa

1 Siddig L.A., Alzard R.H., Nguyen H.L. et al. Cyclic carbonate formation from cycloaddition of CO2 to epoxides over bismuth
subgallate photocatalyst // Inorganic Chemistry Communications. 2022. V. 142. P. 109672. doi: 10.1016/j.inoche.2022.109672

2 Kumar M., Singh R., Sharma P. et al. Bismuth-catalyzed stereoselective 2-deoxyglycosylation of disarmed/armed
glycal donors // Organic Letters. 2022. V. 24. Ne 2. P. 575-580. doi: 10.1021/acs.orglett.1c04008

3 Nakate A.K. Lewis acid-catalysed o and 7 activation triggered cascade annulation reactions of alkynyl alcohols to
construct heterocyclic compounds // Tetrahedron Letters. 2023. V. 114. P. 154282,

4 Zenebe F.C., Taddesse A.M., Sivasubramanian M. et al. Highly efficient CdS/CeO2/Ag3P04 nanocomposite as novel
heterogenous catalyst for Knoevenagel condensation and acetylation reactions // Heliyon. 2024. V. 10. Ne 11. P. e31798.

doi: 10.1016/j.heliyon.2024.e31798



Plotnikova S.E. et al. Proceedings of VSUET, 2025, vol 87, no. 3, pp. 217-223 post@uestnik-vsuet.ru

5 Steber H.B., Singh Y., Demchenko A.V. Bismuth(lI1) triflate as a novel and efficient activator for glycosyl halides //
Organic & Biomolecular Chemistry. 2021. V. 19. Ne 14. P. 3220-3233. doi: 10.1039/d10b00093d

6 Tepemenko /I.C., I'mazynoBa T.IO., ByzoepoB M.E. u np. CuHTE3 M KpUCTAJUIMYECKOE CTPOCHUE HOBBIX
TpexbsiiepHbIX GTopokapOokcumaTHbIX KoMmiiekcos kobanbra(ll) u Hukena(Il) // Koopaunanuonnas xumus. 2022. T. 48. Ne 9.
C. 534-542. doi: 10.31857/s0132344x22090079

7 IOxun IOM., Mumenko K.B., lamunos A.C. IlomydeHue pacTBOpOB cojiell BHCMYyTa C IIP€IBapUTEIbHBIM €ro
okwucieHneM // Teoperndeckre OCHOBBI XuMudeckoid TexHosoruu. 2017. T. 51. Ne 4. C. 470-477. doi: 10.7868/s0040357117040157

8 IOxun I0.M., Haiinenxo E.C., [lamunoB A.C. u np. [TonydyeHue coeTMHeHUI BUCMYTa JIJIsl TEXHUKU ¥ MEIULIUHBI //
XuMust B MHTepecax ycroianBoro passutust. 2018. T. 26. Ne 3. C. 345-351. doi: 10.15372/khur20180309

9 Weber M., Schmidt J., Wagner M. et al. Polymorphism and visible-light-driven photocatalysis of doped Bi203: M
(M=S, Se, and Re) // Inorganic Chemistry. 2022. V. 61. Ne 3. P. 1571-1589. doi: 10.1021/acs.inorgchem.1c03330

10 ITnotaukoBa C.E., Ileperynos 10O.C., T'opbynoBa E.M. u nap. IlepcreKTuBbl HNPUMEHEHUs S>KUAKUX OTXOHOB
MPOM3BOJICTBA KAIBIIMHAPOBAHHOM COMBI B Ka4eCTBE XJIAJMOHOCHTEIS Ha OCHOBE TpoiiHo# cuctembr CaCl2-K2Cr207-H20 //
Bectauk BI'YUT. 2020. T. 82. Ne 3. C. 233-238. doi: 10.20914/2310-1202-2020-233-238

11 ITnotaukosa C.E., 'op6ynosa E.M., Hudranues C.H. u ap. HccnenoBanue $pa3oBbIX paBHOBECUII B BOJAHO-COJIEBBIX
cucTeMax, COJepKalluX KOMIIOHEHTHI MOJIOuHOW chiBopoTkn // Bectnuk BI'VUT. 2023. T. 85. Ne 4. C. 139-144.
doi: 10.20914/2310-1202-2023-4-139-144

12 Leng D., Wang T., Du C. et al. Synthesis of B-Bi203 nanoparticles via the oxidation of Bi nanoparticles: Size, shape
and polymorph control, anisotropic thermal expansion, and visible-light photocatalytic activity // Ceramics International. 2022.
V. 48. Ne 13. P. 18270-18277. doi: 10.1016/j.ceramint.2022.03.085

13 Gandhi A.C., Lai C.Y., Wu K. et al. Phase transformation and room temperature stabilization of various Bi203 nano-
polymorphs: effect of oxygen-vacancy defects and reduced surface energy due to adsorbed carbon species // Nanoscale. 2020.
V. 12. Ne 47. P. 24119-24137. doi: 10.1039/d0nr06552h

14 Zhao X.G., Malyi O.l., Zunger A. Polymorphous nature of the local structure of 5-Bi203 // Physical Review
Materials. 2024. V. 8. Ne 12. P. 125403. doi: 10.1103/physrevmaterials.8.125403

15 apyrun B.B., Mocynosa T.B. Cunres, cTpoeHrHe U NpHMEHEHHE apIbHBIX COCIMHEHUH BHCMyTa // BecTHHK
HOxHO-Ypanbckoro rocynapcteernnoro yuusepcutera. Cepust: Xumus. 2020. T. 12. Ne 3. C. 7-66.

16 Uxpamosa 3., Kagupos M., Jlanaxonzxaesa M. u ap. BHcMyT: XapaKTepuCTHKa 3J€MEHTA U €ro BIIMSHUE Ha OPraHu3M
yenoeka // CoBpeMEHHBIE aCTIeKThI Pa3BUTHA (yHIaMEHTAIBHBIX HAyK U BOMPOCk! uX npenonasanus. 2023. T. 1. Ne 1. C. 81-86.

17 YerBepukosa JI.K., IOnun A.A. [TonydyeHne METaNIMYECKOTO BUCMYTa U €T0 CTPYKTYPHBIN aHain3 // dusndeckoe
MaTepHalloBeIeHHe. AKTyasJbHbIC MPOOJEMbl IMPOYHOCTH: COOpPHHMK MaTepHalioB X MexayHapoanou tmkonel u LXIII
MexyHapoaHoit koHpepenuu / Tonpstt: 2021.

18 IOxun 10.M., Konenosa E.C., Tumakosa E.B. KoMmekcHas nepepaboTka METaJUIMUECKOTO BUCMYTa C HOITy4EHUEM
okcua // Metannyprusi IBETHBIX, PEAKHX U 0JaropoHbix metamios. 2022. C. 231-236.

19 Levitskaia T.G., Chatterjee S., Pourmand A. et al. A review of bismuth (I11)-Based materials for remediation of
contaminated sites // ACS Earth and Space Chemistry. 2022. V. 6. Ne 4. P. 883-908. doi: 10.1021/acsearthspacechem.1c00114

20Yan H., Hu J, Deng Y.X. et al. Long-life high-voltage all-solid-state batteries enabled by bismuth (I1I) triflate
mediated polymer electrolytes // Chemical Engineering Journal. 2024. V. 484. P. 149516. doi: 10.1016/j.cej.2024.149516

21 Tian Y., Sakaki S. Theoretical study on bismuth (I11) catalysts for synthesis of phenylsulfonyl fluoride: reasons of
their catalysis // ACS Catalysis. 2024. V. 14. Ne 4. P. 2758-2774. doi: 10.1021/acscatal.3c04874

22 Planas O., Peciukenas V., Cornella J. Bismuth-catalyzed oxidative coupling of arylboronic acids with triflate and
nonaflate salts // Journal of the American Chemical Society. 2020. V. 142. Ne 26. P. 11382-11387. doi: 10.1021/jacs.0c05343

References

1 Siddig L.A., Alzard R.H., Nguyen H.L. etal. Cyclic carbonate formation from cycloaddition of CO2 to epoxides over bismuth
subgallate photocatalyst. Inorganic Chemistry Communications. 2022. vol. 142. p. 109672. doi: 10.1016/j.inoche.2022.109672

2 Kumar M., Singh R., Sharma P. et al. Bismuth-catalyzed stereoselective 2-deoxyglycosylation of disarmed/armed
glycal donors. Organic Letters. 2022. vol. 24. no. 2. pp. 575-580. doi: 10.1021/acs.orglett.1c04008

3 Nakate A.K. Lewis acid-catalysed o and 7 activation triggered cascade annulation reactions of alkynyl alcohols to
construct heterocyclic compounds. Tetrahedron Letters. 2023. vol. 114. p. 154282.

4 Zenebe F.C., Taddesse A.M., Sivasubramanian M. et al. Highly efficient CdS/Ce02/Ag3P0O4 nanocomposite as novel
heterogenous catalyst for Knoevenagel condensation and acetylation reactions. Heliyon. 2024. vol. 10. no. 11. p. e31798.
doi: 10.1016/j.heliyon.2024.e31798

5 Steber H.B., Singh Y., Demchenko A.V. Bismuth(I1l) triflate as a novel and efficient activator for glycosyl halides.
Organic & Biomolecular Chemistry. 2021. vol. 19. no. 14. pp. 3220-3233. doi: 10.1039/d10b00093d

6 Tereschenko D.S., Glazunova T.Yu., Buzoverov M.E. et al. Synthesis and crystal structure of new trinuclear
fluorocarboxylate complexes of cobalt(ll) and nickel(ll). Coordination Chemistry. 2022. vol. 48. no. 9. pp. 534-542.
doi: 10.31857/50132344x22090079 (in Russian)

7 Yukhin Yu.M., Mishchenko K.V., Daminov A.S. Production of bismuth salt solutions with its preliminary oxidation.
Theoretical Foundations of Chemical Engineering. 2017. vol. 51. no. 4. pp. 470-477. doi: 10.7868/s0040357117040157 (in Russian)

8 Yukhin Yu.M., Naydenko E.S., Daminov A.S. et al. Production of bismuth compounds for technology and medicine.
Chemistry for Sustainable Development. 2018. vol. 26. no. 3. pp. 345-351. doi: 10.15372/khur20180309 (in Russian)

9 Weber M., Schmidt J., Wagner M. et al. Polymorphism and visible-light-driven photocatalysis of doped Bi203: M
(M=S, Se, and Re). Inorganic Chemistry. 2022. vol. 61. no. 3. pp. 1571-1589. doi: 10.1021/acs.inorgchem.1c03330

10 Plotnikova S.E., Peregudov Yu.S., Gorbunova E.M. et al. Prospects for the use of liquid waste from the production
of soda ash as a refrigerant based on the CaCl2-K2Cr207-H20 ternary system. Bulletin of VSUET. 2020. vol. 82. no. 3.
pp. 233-238. doi: 10.20914/2310-1202-2020-233-238 (in Russian)

222



Jromuuxgea C.E. u op. Becrnuux BTYHYIL, 2025, IIL. 87, Ne. 3, C. 217-223

post@uestniR-vsuet.ru

11 Plotnikova S.E., Gorbunova E.M., Niftaliev S.1. et al. Study of phase equilibria in water-salt systems containing components
of whey. Bulletin of VSUET. 2023. vol. 85. no. 4. pp. 139-144. doi: 10.20914/2310-1202-2023-4-139-144 (in Russian)

12 Leng D., Wang T., Du C. et al. Synthesis of -Bi203 nanoparticles via the oxidation of Bi nanoparticles: Size, shape
and polymorph control, anisotropic thermal expansion, and visible-light photocatalytic activity. Ceramics International. 2022.
vol. 48. no. 13. pp. 18270-18277. doi: 10.1016/j.ceramint.2022.03.085

13 Gandhi A.C., Lai C.Y., Wu K. et al. Phase transformation and room temperature stabilization of various Bi2O3 nano-
polymorphs: effect of oxygen-vacancy defects and reduced surface energy due to adsorbed carbon species. Nanoscale. 2020.

vol. 12. no. 47. pp. 24119-24137. doi: 10.1039/d0nr06552h

14 Zhao X.G., Malyi O.1., Zunger A. Polymorphous nature of the local structure of 8-Bi203. Physical Review Materials.
2024. vol. 8. no. 12. p. 125403. doi: 10.1103/physrevmaterials.8.125403

15 Sharutin V.V., Mosunova T.V. Synthesis, structure and application of aryl bismuth compounds. Bulletin of South
Ural State University. Series: Chemistry. 2020. vol. 12. no. 3. pp. 7-66. (in Russian)

16 Ikramova Z., Kadirov M., Dadakhodzhaeva M. et al. Bismuth: element characteristics and its impact on the human body. Modern
aspects of the development of fundamental sciences and issues of their teaching. 2023. vol. 1. no. 1. pp. 81-86. (in Russian)

17 Chetverikova D.K., Yudin A.A. Production of metallic bismuth and its structural analysis. Physical Materials Science.
Actual problems of strength: collection of materials of the X International School and LXIII International Conference. Tolyatti: 2021.

18 Yukhin Yu.M., Koledova E.S., Timakova E.V. Complex processing of metallic bismuth to obtain oxide. Metallurgy
of Non-Ferrous, Rare and Noble Metals. 2022. pp. 231-236. (in Russian)

19 Levitskaia T.G., Chatterjee S., Pourmand A. et al. A review of bismuth(ll1)-Based materials for remediation of
contaminated sites. ACS Earth and Space Chemistry. 2022. vol. 6. no. 4. pp. 883-908. doi: 10.1021/acsearthspacechem.1c00114

20Yan H., Hu J., Deng Y.X. et al. Long-life high-voltage all-solid-state batteries enabled by bismuth(lll) triflate
mediated polymer electrolytes. Chemical Engineering Journal. 2024. vol. 484. p. 149516. doi: 10.1016/j.cej.2024.149516

21 Tian Y., Sakaki S. Theoretical study on bismuth(lll) catalysts for synthesis of phenylsulfonyl fluoride: reasons of
their catalysis. ACS Catalysis. 2024. vol. 14. no. 4. pp. 2758-2774. doi: 10.1021/acscatal.3c04874

22 Planas O., Peciukenas V., Cornella J. Bismuth-catalyzed oxidative coupling of arylboronic acids with triflate and
nonaflate salts. Journal of the American Chemical Society. 2020. vol. 142. no. 26. pp. 11382-11387. doi: 10.1021/jacs.0c05343

Caenenns 00 aBTopax

Cgernana E. IlnoTHnkoBa K.X.H., TOLIEHT, Kadeapa HeOpraHMIecKoH
XUMUM U XUMUYECKON TEXHOJIOTHH, BOpOHEXCKUA roCy1apCTBEHHBIN
YHHBEpPCHTET WHKEHEpPHBIX TeXHOJOrHi, np-T Pepomonnm, 19,
r. Boponesx, 394036, Poccus, burkovasweta@ya.ru
https://orcid.org/0000-0002-6331-554x
Enena M. I'opGyHoBa K.X.H., JIOLEHT, Kadenpa HEOPraHUIECKOH
XMMHUM U XUMHYECKON TEXHOJIOTMH, BopoHeXckuil rocynapcTBeH-
HBIH YHUBEPCHUTET HHKEHEPHBIX TEXHOJIOTWi, np-T PeBomormy, 19,
r. Boponesx, 394036, Poccusi, gorbunova_elena2024@mail.ru
https://orcid.org/0000-0002-3550-0115

Cabyxu U. HudpramueB n.x.H., nmpodeccop, Kadempa HeopraHude-
CKOI XMMMH 1 XUMUYECKO! TeXHOOrnH, BopoHesxckuii rocyjapcTBeH-
HBII YHUBEPCUTET MHKEHEPHBIX TEXHONOTHH, Tp-T PeBomormmy, 19,
r. Boponesx, 394036, Poccus, niftaliev@mail.com
https://orcid.org/0000-0001-7887-3061
Hpuna B. Ky3HemoBa crenenp, J0DKHOCTh, Kadeapa
HEOPTaHWYEeCKOH XHUMHH W XHMHYECKOH  TEXHOJIOTHH,
Boponexckuil TocyaapCTBEHHBIN YHHUBEPCUTET HHKEHEPHBIX
TexHoyorui, nmp-t PeBomronuu, 19, r. Boponex, 394036, Poccus,
kuznetsovaiv@mail.ru
https://orcid.org/0000-0001-6666-6292
Amnacracus M. JIyuko cTyzneHT, kKadenpa HeopraHUIecKOi XUMHU
U XUMHUYECKOH TexHoJIornd, BopoHEeXCKHUH rocyaapCTBEHHBIH
YHUBEPCUTET MHXXEHEPHBIX TeXHOJOrui, np-T Pesomormu, 19,
r. Boponex, 394036, Poccus, am.luchko@mail.ru
https://orcid.org/0009-0009-5197-4765

Bkuajx aBTopos

Bcee aBTOPHI B paBHOﬁ CTCIICHU IIPUHUMAJIA Y4aCTUC B HAIlMCAHUU
PYKOIIUCHU U HECYT OTBCTCTBCHHOCTH 3a Iljlaruat

KondumkT narepecon
ABTOpBI 3asIBJISIOT 00 OTCYTCTBHH KOH(INKTa HHTEPECOB.

Information about authors

Svetlana E. Plotnikova Cand. Sci. (Chem.), assistant professor,
inorganic chemistry and chemical technology department, VVoronezh
State University of Engineering Technologies, Revolution Av., 19
Voronezh, 394036, Russia, burkovasweta@ya.ru
https://orcid.org/0000-0002-6331-554x
Elena M. Gorbunova Cand. Sci. (Chem.), assistant professor, inor-
ganic chemistry and chemical technology department, Voronezh
State University of Engineering Technologies, Revolution Av., 19
Voronezh, 394036, Russia, gorbunova_elena2024@mail.ru
https://orcid.org/0000-0002-3550-0115
Sabukhi I. Niftaliev Dr. Sci. (Chem.), professor, inorganic chemistry
and chemical technology department, Voronezh State University
of Engineering Technologies, Revolution Av., 19 Voronezh, 394036,
Russia, niftaliev@mail.com
https://orcid.org/0000-0001-7887-3061
Irina V. Kuznetsova Cand. Sci. (Chem), assistant professor,
inorganic chemistry and chemical technology department, VVoronezh
State University of Engineering Technologies, Revolution Av., 19
Voronezh, 394036, Russia, kuznetsovaiv@mail.ru
https://orcid.org/0000-0001-6666-6292

Anastasiya M. Luchko student, inorganic chemistry and chemical
technology department, VVoronezh State University of Engineering
Technologies, Revolution Av., 19 Voronezh, 394036, Russia,
am.luchko@mail.ru

https://orcid.org/0009-0009-5197-4765

Contribution

All authors are equally involved in the writing of the manuscript and
are responsible for plagiarism

Conflict of interest
The authors declare no conflict of interest.

Moctynuaa 01/08/2025

Mocae pexaxuuu 18/08/2025

Ipunsta B meuars 10/09/2025

Received 01/08/2025

Accepted in revised 18/08/2025

Accepted 10/09/2025

223



