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KomnosunuunoHHble
MoloLwme CpeacTBa C
aHTUbaKTepuanbHbIMMU
CBOIACTBAaMM HA OCHOBE
cmecel ueTuanupuaguHnii
xnopupga c Genapol

X.b. OcnaHoBa'*, 3.K. baaHoBa?,
A.A. Ackaposa?, ®. AMaHKkengbl!,
E.B. HUKynuHa?

*Ka3axcKkuii HaUMOHANbHBIN yHUBEPCUTET
M. anb-dapabu, r. Aamatol, KazaxctaH
2TOO «Goldman and Young»,
AnmaTuHCKas 06.., KasaxcTtaH

*E-mail: zhanar.ospanova@kaznu.kz

B HacToAlwem uccnefoBaHMM OCHOBHOE BHWMaHWe yaenaeTca CBOMCTBAM HEMOHHOTO
NOBEPXHOCTHO-aKTUBHOIO BellecTBa Genapol M KAaTUOHHOrO MNOBEPXHOCTHO-AKTUBHOMO
BEWeCcTBa UeTUANUPUAMHUIA xnopuga (UMX) ans co3paHna KOMNO3WULMOHHOMO MOOLLEro
cpeactBa ¢ HakTepuumaHbiM AericTBuem. MccnenoBaHUa BKAKOYAKOT M3yYeHUE KONNOUAHO-
XMMUYECKMX cBoicTB pacTBopos LIMX u Genapol, co3paHne KOMNO3ULMOHHBIX Cmecel ¢
pPasNYHbIM COOTHOLIEHWEM KOHLEHTpauuin u oueHKy b6akTepuumaHon 3ddeKTUBHOCTU
NONYYEHHbIX MOIOLLUX CPEeACTB.

Bbliv  npoBefeHbl UCCNEAOBaHUA MOBEPXHOCTHOIO HATAXKEHWUA, CMayuBaHWAa npwu
KOMHaTHOW TemnepaType A/1A OLEeHKN CBOMCTB MOBEPXHOCTHO-aKTUBHbIX BELLECTB U UX CMECen.

PesynbtaTthl nokassiBatoT, 4to LUMX npoasnaetT neHoobpasylolwme, amynbrupyowme u
b6aKkTepuumaHble cBoMCTBA 61aroaapa BbICOKOW NOBEPXHOCTHOM aKTUBHOCTH M aacopbLumoHHOM
cnocobHocTn. Genapol obnagaeT TakMMKM NPEUMYLLECTBAMM, KAaK BbICOKAA MOBEPXHOCTHAA
aKTMBHOCTb, NeHoobpasylolwme 1 IMyabrupylolmMe CBOMNCTBa Npu pas3anyHbix pH. CoyeTaHue
3TUX NOBEPXHOCTHO-AKTUBHbIX BELLECTB B KOMMNNEKCHOM MOIOLLEM CPEACTBE NO3BONAET CO34aTh
YHUBEpPCaNbHOE UYMUCTALLEE CPEACTBO C aHTUBAKTEPUANbHbIMKU CBOMCTBAMMW, HE33ABUCUMbIMU
OT 3HaueHua pH K1 KecTKOCTW BoAbl. Take Bblno onpepeneHo bakTepuumpHoe aeinctsve
pactBopoB cmecel LIMX-Genapol Ha pag n3BecTHbIXx 6akTepuit.

Pe3ynbTaTbl MOKasblBalOT, YTO KOMMO3ULMOHHbIE PACTBOPbI MNPOABAAIT 3aMeTHbIN
6akTepuumaHbIl 3bdeKT c 30HaMU 3a4eprKKU pocTa B AManasoHe ot 13,5+0,5 mm o 17+0,1 mm.
Hanbonblana aHTMOaKTepuManbHasa aKTUBHOCTb Habnwganacb B oTHoweHuM Micobacterium
citreum v Bacillus subtilis. Sarcina flava v Staphylococcus aureus npoAEMOHCTPUPOBANU CXOXKUNE
pe3ynbTaTbl UHIMBUPOBaAHKUA pocTa.

KnioueBble c/n0Ba: MOBEPXHOCTHAA aKTUBHOCTb;, MOBEPXHOCTO-aKTUBHbIE BELLECTBa;
motolme cpeactsa; Genapol; LeTUANMPUANHUI xNopua,; aHTMbaKTepmanbHaa akTUBHOCTb; 30Ha
MHIMBUPOBaHMA; NAaTOreHHbIE MUKPOOPTraHU3MbI.

LeTunnupuauHuin xnopump,
»KoHe Genapol KocnanapbliHa
HerizgenreH 6akTepusfa
Kapcbl KacueTtTepi 6ap
KOMMNO3ULMUANDIK }YFbILL
3aTTap

X.B. OcnaHosa'*, 3.K. baaHosa?,
A.A. Ackaposa’, . AmaHKenapl',
E.B. HuKynuna?

'9n-dapabu aTbiHAaFbl Kasak yaATTbIK,
yHuBepcuTeTi, AimaThbl K., KasakcTaH
2«Goldman and Young» XLLC,
Anmatbl 06.., KasakcTaH

*E-mail: zhanar.ospanova@kaznu.kz

Byn 3epttey 6akTepuumnAaTik 6enceHginiri 6ap KOMMNO3ULMAMbIK KYFbIW 3aTTbl »Kacay
YWiH MOHAbIK emec 6eTTiK aKTMBTI 3aT - Genapol KoHe KaTMOHAbI 6eTTiK aKkTUBTI 3aT
LeTunnupuauHuii xnopuginiv, (LMX) KacuetTepiHe HerisgenreH. 3eptteynep LUMNX aHe
Genapol epiTiHginepiHiH KacueTTepiH aHbIKTayAbl, dPTYPAi KOHUEHTPALMANbIK KaTblHACTafbl
KOMMO3ULMANBIK epiTiHAiNepAi acaylbl KoHe anblHFaH KYFbllW 3aTTapAblH 6akTepuumAaTik
TUiMAinirin 6afanayabl KAMTUAbI.

Heri3ri kKebik Ty3eTiH areHTTep LIMX aHe Genapol TazapTycbi3 KoNAaHbIAAbI, By 0napablH,
KOFapbl BUObIAbIPAFLIWTLIFBIH KepceTedi. BeTTik Kepiny enwempaepiH, »aHacy 6ypbilbliH
6aFranayabl kaHe pH enweyai Koca, apTypAi cbiHaKTap H6eTTiK akTUBTI 3aTTap KOCNaNapbliHbIH
KacueTTepiH 6afanay ywiH 6enme TemnepaTypacbiHAa XKyprisingi.

Hatuxkenep KepceTkeHgen, LIMX Kofapbl 6eTTIK aKTUBTINIK NeH aAcopbuuanbik
KabineTiHe HalinaHbICTbl KEOIKTEHAIPriW, aMynbrupneywi aHe 6aKTepUUUATIK KacueTTepai
Kepceteai. Genapol apTypai pH aeHreinepiHae »ofapbl 6eTTiK akKTUBTINIK, KOBiK Ty3y XaHe
amynbraumanay KabineTi CUAKTbI apTbIKLWbINbIKTapFa ve. byn 6eTTiK-aKTUBTI 3aTTapAblH Kypaeni
JKYFbILW 3aTTa yinecyi pH kaHe KopluafaH opTaHblH KaTaNAblfblHA Tayencis bakTepuaFa Kapcobl
KacueTTepi 6ap ambeban TasapTKbIWTbI Kacanabl. LIMX Genapol kocnanapbl epiTiHAinepiHiK,
6aKkTepuuMATIK 9cepi Ae aHbIKTanAabl.

HaTtuxkenep KomMnosuuuAnblK epiTiHAiHiH, 13,5+0,5 mm-geH 17+0,1 mm-re pewiHri ecy
Texeny alMaKTapbIMeH alTap/ibiKTalk BaKTepUUNATIK acep KepceTeTiHiH KepceTeai. EH yaKeH
baKTepuAra Kapcbl akTUBTINIK Micobacterium citreum aHe Bacillus subtilis-ke KaTbICTbl
6aiikangpbl. Sarcina flava »aHe Staphylococcus aureus ecyai TexeyaiH yKcac HaTuxkenepiH
KepceTTi.

TyiliH ce3pep: 6eTTiKk aKTUBTINIK; GETTIK aKTMBTI 3aTTap; Xyfblw 3aTTap; Genapol;
LeTUANUPUAUNH XNopuai; b6akTepuarsa Kapcbl OenceHAinik; Texeny alhmafsbl; NaTOreHAik
MWKpOOpraHusmzaep.

Composite detergents with
antibacterial properties
based on mixtures of
cetylpyridinium chloride with
Genapol

Z.B. Ospanova'*, E.K. Bayanova?,
D.A. Askarova?, F. Amankeldi?,
E.V. Nikulina?

'Al-Farabi Kazakh National University,
Almaty, Kazakhstan

2LLP "Goldman and Young",

Almaty region, Kazakhstan

*E-mail: zhanar.ospanova@kaznu.kz

This study focuses on the properties of the nonionic surfactant Genapol and the
cationic surfactant cetylpyridinium chloride (CPC) to develop a composite detergent with
bactericidal activity. Research includes studying the properties of CPC and Genapol solutions,
creating composite mixtures with different concentration ratios and assessing the bactericidal
effectiveness of the resulting detergents.

The main foaming agents CPC and Genapol were used without purification, which
emphasizes their high biodegradability. Various tests, including surface tension measurements,
contact angle evaluation and pH measurements, were carried out at room temperature to
evaluate the properties of surfactants and surfactant mixtures.

The results show that CPC exhibits foaming, emulsifying and bactericidal properties due
to its high surface activity and adsorption capacity. Genapol has the advantages of high surface
activity at different pH levels, excellent foaming and emulsifying properties. The combination of
these surfactants in a complex detergent creates a universal cleaner with antibacterial properties
independent of pH and environmental harshness. The bactericidal effect of solutions of CPC-
Genapol mixtures was also determined.

The results show that the composite solution exhibits a noticeable bactericidal effect with
zones of growth inhibition ranging from 13.5+0.5 mm to 17+0.1 mm. The greatest antibacterial
activity was observed against Micobacterium citreum and Bacillus subtilis. Sarcina flava and
Staphylococcus aureus showed similar growth inhibition results.

Keywords: surface activity; surfactants; detergents; Genapol; cetylpyridinium chloride;
antibacterial activity; zone of inhibition; pathogenic microorganisms.
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KomnosuuyuoHHble motowme cpeacTsa ¢ aHTUbaKTepuanbHbIMMU
CBOMCTBAMM Ha OCHOBE CMeceil LeTUANUpUAUHuiA xanopuaa c

Genapol
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1. BBepeHue

B cBA3W C pacnpocTpaHeHWem pasauyHbIX BUPYCOB U
6aKkTepuit, 0cobeHHYI0 aKTyanbHOCTb NpuobpeTaeT co3gaHue
KOMMO3WLMOHHbIX MOIOLLMX CPeAcTB € 6HaKkTepuuuaHbIMU
TWATeNbHO  OYMWATb U
Ae3nHduumMpoBaTh NpeameTbl maccoBoro obuxoga (nocyay,

cBoOMCTBaMMU, CrnocobHbIX
KYXOHHble Npubopbl, HBbITOBYIO TEXHUKY, Mebenb) UAM YacTb
nomeuwieHuit (non, cteHbl). Ana gesmHbEKUUU NomelLeHUn B
06LWecTBEHHbIX MECTaxX U TPAHCMNOPTE UCMO/b3YIOTCA MotoLLMe
cpeacTtea. pu 3TOM MCMO/b3YOWMECA MOKOWME CpeacTBa
LO/IKHbI BCEM TpeboBaHMAM,
npeabABAAEMbIM K HUM, B TOM 4YUCNe W  BbICOKOWM
6uopasnaraemocTu [1-9]. KoMnosunymoHHble MmotoLine
CpeLcTBa MMEIOT LUMPOKOE NPUMEHEHME HE TOMIbKO B pamKax

COOTBETCTBOBATb

AOMaLLHEro no/ib30BaHMA, HO U B A4PYrux 061acTax HApPOAHOrO
KMBOTHOBOACTBO) [6].
coboit cmecu

X03AicTBa (MpombIWNEHHOCTD,
Motowme  cpeacTea npeacrasaaoT
NoBEePXHOCTHO-aKTUBHbIX BelwecTs (MAB) c BcnomoratenbHbIMK
KOMMOHEHTaMMN U HANONHUTENAMM, YCUAMBAIOWMMM MotoLLee
OeNcTBME  OCHOBHbIX  KomnoHeHToB [10]. K  npumepy,
HenoHoreHHble [AB nokasann 3¢deKTUBHOCTb NpPOTMB
Escherichia coli (E. coli) [11]. AHMOHHbIE, KaTUOHHble MAB u
nonnumepbl Hanbonee YacTo MCMNONb3yEMbIMU
NoBEPXHOCTHO-aKTUBHbIMM BewecTBamu [8,9]. MpeactasuTtenn
rpynn Hanbonblien oumLLatoLwen
CNOCOBHOCTLIO " neHoo6pasyowmmm
XapakTepucTukamm [12].

Bonblwoe KoAnyecTBo paboT MNOCBALEHO U3Y4YEeHUIO
6aKTepPULMAHOIO LeTUANUPUANHUA  X0puaa
(Lnx)[a3-16]. B UNX  wucnonbsywT B
CTOMATO/IOrMYECKOW NpaKTUKe, CPeLCcTBax ANS MONOCKaHUA

ABNAKOTCA

3TUX obnapgarT

OTINYHbIMU

nencrauma
OCHOBHOM

pTa, B Kpeme ANA KOXW. U3yuyeHo baKTepuunpHoe aenctene
pactBopoB UMX ¢ macc. KoHueHTpauumen 2-4%, 4% macc.
pactBop LUMX nokasan cBow 3$PEKTUBHOCTb NPOTUB
Streptococcus  mutans [13]. B  pabote [14] pacTBOpSI,
cogepKawme LMX 0,05% no macce noKasanu Hauaydwue
pe3ynbTaTtbl NpoTuB Escherichia colin 0,3% no macce — NpoTmB
Staphylococcus aureus. B nutepaType HeLOCTaTOYHO CBeAeHM M
O MOBEPXHOCTHbIX, MEHO06Pa3YLWNX U IMYAbIUPYHOLLUX
CBOMCTBAX, a TaKe bakTepuumaHom pericteum LIMX npwm
HU3KUX KOHLEHTPALMAX U B CMecAX ¢ HeMoHHbIm MAB Genapol,
4yTO onpeenaeT aKTyaslbHOCTb M Hay4HY HOBWU3HY AaHHOWM
paboTsbl.

B cBA3M C 3TMm uenbto paboTbl ABNAETCA U3yyeHue
CBOMCTB HeuoHHoro [MAB Genapol u KatuoHHoro [1AB
LeTUANUPUANHUA XN0pUAa, U MOJIyYeHME Ha WX OCHOBe
KOMMNO3MLMOHHOIO MOILLEro cpefctsa ¢ H6akTepuunaHbIMU
3afa4amu  paboTbl  ABMNOCH
M3y4yeHne NOBEPXHOCTHbIX U KONNOUAHO-XMMUYECKUX CBOMUCTB

cBovictBamn.  OCHOBHbIMM
pactopoB LMX u Genapol, nonyyeHve KOMMO3ULMOHHbBIX
pacteopos LUMX wu Genapol c pasanyHbimn
COOTHOLWEHNAMM KOHLEHTPALMN KOMNOHEHTOB M ONpeaeneHne
6aKkTepuuMAHOro AencTBMA NONYYEHHOro MOIOLLEro CpeacTBa
Ha ocHose LMX n Genapol.

cmecen

2. JKCcnepumeHT

B  HacToAwel paboTe B  KayecTBe  OCHOBHbIX

neHoobpasosaTtesneit 6blAN UCMOb30BaHbI KaTUOHHOe MAB —
uetnanupuannua xnopug, (LUNX) (C H, )C.H.NCI (KKM = 1,0-10°
3monb/n) (Sigma Aldrich, Tepmanua) u HemoHHoe MAB —Genapol
HO(CH,CH,0) C H,, (KKM = 1,5-10% monb/n) (Sigma Aldrich,
lepmaHus), B KayecTBe perynatopa pH wucnonbsoBanu

Received 14 Jun 2024; Received in revised form 12 Apr 2024; Accepted 12 Apr 2024; Available online 28 Jun 2024.
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6 KomnosunLMoHHble MmotoLLMe CPesCcTBa C aHTMBaKTepMaibHbIMM CBOMCTBAMM...

MOHO3TaHoNamuH (Sigma Aldrich, TepmaHus). NAB ucnonb-
30Banun 6e3 0YUCTKMU, OTCYTCTBME MUHMMYMOB Ha M30TEPMax
NMOBEPXHOCTHOrO HaTAXEHUA CBUAETENIbCTBYET 06 OTCYTCTBUM
NOBEPXHOCTHO-AaKTUBHbIX NPUMECEN.

[loBepXHOCTHOE HaTAMeHue BOAHbIX pacTBopos LIMX,
Genapol 1 ux cmeceit U3MepANOCb METOAOM MOrPYXKEHHOW
NAaCTUHKKM Bunbrenbmun c mcnosnb3oBaHMEM aNtOMUHUEBOM
MNAaCTUHKM pasmepom (24x24)-103m. [dna onpegeneHus
KpaeBoro yrna CMayvMBaHWA PacTBOpPOB Obl MCNONb30BaH
roHnometp JIK-1. U3amepeHune 3HayeHmA pH neHoobpasyroLmx
pacTBOpPOB MpoBOAUAN C Nomoubio pH-meTpa Starter co
xnopcepebpaHbIM Ona
usmepeHua neHoobpasywowei cnocobHOCTU Uccneayembix

CTEK/NAHHBIM U 3aneKkTpoAaMM.
pacTBopoB 6bin ucnonb3oBaH npubop Pocc-Maiinca [17].
M3yyeHune smynbrupytollero AeicTBmMA pacTBOPOB NPOBOAUAMN
no metoauke [18]. Bce onbiTbl nposoauanch npm 25°C.

[Ona onpepenexua AKTUBHOCTM
o0b6pasua NpoTuB BaKTepManbHbIX TECTOBbIX KYNbTYp rOTOBUAN
cycneHsuio B KosaudvectBe 10° TectoB, pobasnaau B
OCTY)XXEHHYI0O cpegy msaAconentoHHoro arapa (MNA) w
pasnueanun no 20-25 mn B yawku MNeTpu. 3aTem BbiCBEPANBAAN

aHTAroHMCTUYECKOM

B NJIOTHOW MUTaTesIbHOM cpefe NyHKU guameTpom 10 mm. B
NMOArOTOB/IEHHbIE IYHKM 3aKanbiBaan pacTBopbl cmecein LIMX-
Genapol. KynbTuBuposanaum npu temnepatype 37°C B TedeHUn 2
CYTOK. 3amepAann pguameTp 30H MofaB/ieHMA pocTa TecT
KYNbTYypbl.

3. Pe3ynbTatbl  06CyKaeHue
[Ona nonyyeHna KOMNO3ULMOHHOIO MOHKOLLEFO CpeaCcTBa C

aHTUBaKTepManbHbIMU HeobxogmMmo  6biNo
M3YUYUTb KONNOULHO-XMMUYECKMe ceoicTBa MAB 1 nx cmeceit:

cBOMCTBaMMU

NOBEPXHOCTHOE HaTAKeHue pacTeopos [1AB, cnocobHocTb
CMaynBaTb Pas/inyHble MOBEPXHOCTH, YCTOMYMBOCTb IMYNbCUIA
HepadMHUPOBAHHOIO PACTUTENbHOTO Macia B MPUCYTCTBUM
pacTeopoB [AB, yCTOMYMBOCTL NEH, NOYYEHHbIX U3 PACTBOPOB

MNAB, 6akTepuuMaHyl0 CNOCOB6HOCTb  KOMMO3ULIMOHHOIO
motowero cpeacTtsa. Kak M3BecTHo, KaTuMoHHble MAB (KMAB)
obnagatot neHoobpasyowmnmm, 3MYNbIMPYOLUMHU

CBOWCTBAaMM 3a CYET BbICOKON MOBEPXHOCTHON aKTUBHOCTU U
BbICOKOW aacopbumoHHOM cnocobHocTu. Kpome Toro, KMAB
obnapgatoT 6akTepUUNAHbIMU cBoMCcTBaMu [2]. HenmoHHble MAB
(HNAB) TaK}Ke MMEIOT paa NPEUMYLLECTB, 3 MMEeHHO obnaaatoT
BbICOKOW MOBEPXHOCTHOW aKTMBHOCTbIO He3aBucumo oT pH
cpeAbl, a TaKKe XopoLLel NeHo06pasyoLWel U 3IMyNbrnpyroLLE
cnocobHocTbio [3,12]. Co3pgaHne KOMMNO3ULMOHHOTO MOKOLLETO
cpeactsa Ha ocHose KIMAB wn HIMAB no3sosaseT MNOAYyYUTb
Motolee CpPeacTBo € XOpowum neHoobpasywowum wu
3MY/IbIMPYOWMM CBOMCTBOM He3aBUCMMbIM OT pH u ot
cpedbl W obnagatowmm
6aKTEPULMAHBIMM CBOMCTBAMM.

[na oueHKM NOBEpPXHOCTHbIX cBOMCTB MNMAB 1 Ux cmecel

KeCTKOCTH B TO Xe Bpema

6bIN10 NPOBEAEHO U3MEPEHME MOBEPXHOCTHOTO HATAXKEHUA UX
pactBopoB. Ha pwucyHKe 1 N30TepMmbl
NOBEPXHOCTHOrO HaTAXeHus Ans pactBopos LMX u cmecei

npeacrtaBaeHbl

LINX- Genapol. U3yyeHne noBepxHOCTHOrO HaTaxeHuns Genapol
npu t=25°C B wuHTepBane 0,01 po 1% nokasano, u4TO
NOBEPXHOCTHOE HATAXKEHME faXKe NPU HU3KUX KOHLLEHTPaLUAX
MMmeeT HU3KMe 3HaYeHnA n cootTBeTcTBytoT ~30-35 MH/m. 310
CBUAETENbCTBYET O BbICOKOW MNOBEPXHOCTHOW aKTUBHOCTM
Genapol. Mpu 601blUIMX KOHLEHTPALUAX AaHHAA 3aBUCMMOCTb
UMeeT INHENHbIV XapaKTep, YTO CBUAETENbCTBYET O TOM, YTO
monekynbl MAB pacnonoxeHbl B NOBEPXHOCTHOM cnaoe. [na
NoNy4YeHUs KOMMNO3ULMOHHOIO Motowero cpeactsa 6biiu
npuroToBaeHbl cMecu pacteBopos LMX ¢ pactBopom Genapol ¢
KoHUeHTpauuen 0,0625%, uto cooTseTtcTByeT ~1-10°3 monb/n.
JTa KOHUeHTpauna Genapol 6bina BbibpaHa oNTUManbHOM, Tak
KaK Npu 3TOM KOHLEHTPauuMM MNOBEPXHOCTHOE HaTAMKEeHue
COOTBETCTBYET HU3KOMY 3HauyeHuto ~35 mH/m.

Kak BuaHO 13 pucyHKa 1, ¢ yBenMYeHUEM KOHUEHTpaLmm
pacteopa [1AB, NoBepxHOCTHOE HaTAXeHWe ymeHbllaeTcA. B
pesynbTate  YMEeHbLIeHWA  MOBEPXHOCTHOIO  HaTAXEHUA
NPOUCXOAUT YMEHbLIEHME MOBEPXHOCTHOW 3Hepruun. Mpu
60NblINX KOHUEHTpaumax [MAB npoucxoamuT HacblweHue
ancopbumnoHHoro cnos monekynamu MAB, yTo NpMBOAMT K
CHUXKEHUIO MNOBEPXHOCTHOrO HaTaAXeHuA. Ha ydacTkax c
KOHUeHTpaumamu ot 1103 go 5:10° monb/n Habnwogaerca
NMHelnHanA JNnHelHan 33aBMCUMOCTb
NOBEPXHOCTHOIO HaTAXEHUA OT KoHLUeHTpauum MNAB cBA3aHa ¢
Tem, 4To monekynbl MAB Npu TakMX KOHLLEHTPALMAX Haxo4ATCA
B NOBEPXHOCTHOM C/10€ pacTeBopa.

3aBUCUMOCTb.

SOW

60 \
-

L 2
L 4

*

0 T T T T 1
0 1 2 3 4 5

C-10-3, monb/n

LIMNX (1), Genapol (2) n cmeceli LUNX — Genapol (3) npu t=25°C.

PucyHok 1 — 30Tepmbl NTOBEPXHOCTHOIO HATAXEHUA
pacTeBopoB

Ha pucyHke 1, KpuBasa 3 wu3obpakeHa wu3oTepma
NOBEPXHOCTHOIO HaTAXeHMA pacTBopoB cmecei LIMX-Genapol
(no ocn abuwncc npusepeHa KoHueHTpauuma LIMX B cmecax c
Genapol). BuaHO, 4YTO C yBeAMYEeHMEM KOHUeHTpauuu MAB
3HayeHMe MOBEPXHOCTHOrO0 HaTAXEeHWA ymeHbliaeTca. B
y4yacTKax ¢ KoHueHTpaumamu LMNX ot 510* go 1103 monb/n
HabnogaeTcs 3ameTHOe  YMeHblleHMe MOBEPXHOCTHOrO
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HaTaXeHua cmecn. B cmecsax LMNX — Genapol 3HayeHus
NOBEPXHOCTHOTO HATAMXEHUA HUXKe, Yyem ana ynctoro LMX, yto
03HayaeT, Yto cmecu LINX — Genapol npossaaoT 6onblyto
NOBEPXHOCTHYIO aKTUBHOCTb, MO CpPaBHEHWIO € YyncTbim LIMX.
310 0b6ycnoBneHo BaAuAHMeM Genapol, Tak Kak u3oTepma
NMOBEPXHOCTHOrO HATAXeHUA Genapol (KpuBasa 2) u nsoTepma
cmecu LUMX-Genapol (KpmBas 3) npakTMYecku coBnagaoT.

Tabauua 1 — MNosepxHOCTHAA akTMBHOCTbL LIMX, Genapol u
cmecei LNX — Genapol

Cuctema KKM, G, r_-10%,
Monb/N MH-m?2/monb Monb/m?

Lnx 1-10°3 4,4-10% 3,5

Genapol 5-10°3 5,7-10% 3,7

LNX - Genapol 810 6,4-10* 4,0

B Tabnuue 1 npuBedeHbl NOBEPXHOCTHAA aKTUBHOCTb
LNX, Genapol u cmecei LNX-Genapol. CnepgoBaTenbHO, MOXKHO
npeanonoXuTb, 4yto cmecn LINX — Genapol 6yayT npoasnaTtb
Xopolve neHoobpasytoLwme n sMynbrupytoLLne CBOMWCTBA, YTO

ABNAETCA  HEemMasioBaXHbIM  daKTopom AnA  CO3[aHuMA
KOMNO3MLMOHHOro MotoLLero cpeacTsa [19].

Cnepgyowmm 3Tanom ABMIOCH onpepeneHune
amynbrupytowmnx csorcte MAB M uUXx cMmecei, a TaKkxke

neHoo6bpa3oBaHUA NYCTOMYMBOCTU NEHBI, CTAOUAN3NPOBAHHOM
pactBopamu NMAB 1 nx cmecAmuU. Pe3ynbTaTbl uccienoBaHui

pacteopos LNX, Genapol n cmeceit LNX-Genapol B KayecTse
3MyNbraTopoB AAA CTabuausaumm smyabCcuii NOACONHEYHOTO
Macna npeacrassieHbl B Tabavue 2. U3 Tabauubl BUAHO, YTO
LUMNX He obpasyeT yCcTOWYMBLIX 3MYyNAbCUI NpwU
KOHLLEHTpaLmAX.

Tun  amynbcuu  onpegenanu napaduHoBo
NOBEPXHOCTU W NPOBEPAAN CMELUMBAETCA /I 3MYNbCUA C
Bogon. Ha napaduHoBoi amynibcua
pacTeknachb, @ 3HAYUT Uccaesyeman HaMu SIMY/IbCUA NPAMAA.

ManblIX
Ha

NoBEepPXHOCTU He
Ha cTeknAHHOW NOBEPXHOCTM PACTBOP IMY/IbCUU CMELLANCA C
BOAOM1, YTO ONATb e A0Ka3blBaeT TO, YTO TUM UcCcaeayemon
HaMu 3amynbcun npamas. ObpasosBaHMe NPAMON 3My/bCUU
pactsopamu MAB cBuaeTenbcTsyeT 0 TOM, 4YTO Uccaedyemasn
Hamm cmecb LLNX-Genapol byayT CMbIBaTb
KMP C NOBEPXHOCTW.

B Tabnuue 3 npeactaBneHbl AaHHble MO ONpeAeneHuto
ycTonumeocTu neH (Y, %) pactsopos LIMX, Genapol 1 nx cmeceit
OT KOHLEHTpauun pactBopoB. Camas HWU3Kaa yCTOMYMBOCTb
neHbl U3 pacteopa LMX Habniopgaetca npu KOHUEHTpaUUAX
5:10° 1 10*. B pacTsope Genapol camasn BbICOKasA yCTONYMBOCTb
neH Habnogaetcs Npu KoHueHTpauun 0,125%. Kak BugHo us
Tabnuubl 3, neHbl M3 pacteopos LIMX Hanbonee ycTonumssl,
4yem neHbl pactBopos Genapol. MeHoobpasoBaHMe pacTBOPOB
3aBMCUT  OT  NpUpPOAbI
HenoHoreHHbim MAB, a HMAB 06pa3yloT meHee YCTOWUYMBYIO

BewecTts. Genapol ABnsetca
neHy [4]. MeHbl, reHepuposaHHble u3 KMAB 6onee ycToliumBbl
3a cyeT obpas3oBaHMA rMApPaTHbIX NaeHoK. CnefoBaTenbHO, B
pactBopax cmecwu LINX n Genapol, yuem Bbiwe cogepkaHue LIMX
B pacTBopax cmecu LMX-Genapol, Tem Bblwe 3HayeHue

yCTOi;ILWIBOCTM neHbl.

Ta6auua 2 — Imynbrupytowan cnocobHocTb LIMX, Genapol n cmeceit LIMX — Genapol

unx Genapol Cmecb LIMX-Genapol (0,0625%)

C, monb/n T, MUH. C, % T, MMH C(LNX), monb/n T, MUH
5-10° 2,0 0,0625 15,5 5-10° 1,0
10 2,5 0,125 16,0 10 1,5
510" 2,8 0,25 16,5 510" 7,0
10° 3,0 0,5 23,0 10° 10,0
5.10° 25,0 1 35,0 5107 40,0

Ta6auua 3 — YctoiumeocTb neH pactsopos LIMX, Genapol u nx cmecu LNX-Genapol

unx Genapol Cmecb LIMX-Genapol (0,0625%)

C, monb/n Y, % C, % Y, % C(LLNX), monb/n Y, %
5-10° 67 0,0625 55 5-10° 50
10+ 76 0,125 59 10+ 56
510 89 0,25 40 510 74
10 84 0,5 36 10 77
51073 95 1 29 51073 81
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d

c

PucyHok 2 — ®otorpadum Kanesnb pactsopos cmeck LJNX (10 monb/n)-Genapol (a), LNX (10 monb/n)-Genapol (6),
LMX (5-10*monb/n)-Genapol (), KoHueHTpauma Genapol B cmecu 0,0625%

OAHUM U3 BaXKHbIX CBOMCTB MOIOLLUX CPeACTB ABAAETCA
CMaumBalollee pJeicTeue Ha rmapodobHble MNOBEPXHOCTH
[5,14]. B 3Toi cBA3KM 6bINO OMNpeaeneHo CMayuBatouiee
aevictene NAB mn nx cmeceit TepnoHoBoW nosepxHocTU. Ha
roHnometpe JIK-1 661711 NonyYeHbl CHUMKM pacTBOPOB cMecel
LNX-Genapol # onpepeneHbl Kpaesble YrAbl CMaYMBaHUA.
PesynbTaTbl npeacTaBAeHbl HA PUCYHKe 2.

KpaeBble yrabl cMauymMBaHuA pacTBopos cmecei LIMX (10
monb/n) — Genapol, pucyHok 2 (a), coctasasaet 45°, LNX (103
monb/n) — Genapol, pucyHok 2 (6) — 54°, LLINX (5:103monb/n) —
Genapol, pucyHok 2 (B) — 76°. C yBeiM4eHNEM KOHLEHTpaLUn
LIMX B pacTBOpe pacTeT 3Ha4YeHWe KPaeBoro yrna cMayunBaHua
W, cNepoBaTesibHO, CMA4YMBaAEMOCTb YMeHbLaeTcA. XopoLas
CMaynMBaeMOoCTb MOBEPXHOCTU TBEPAOro Tesa KUAKOCTAMMU
CBA3aHa C TeM, YTO MOJIEKY/bl XKUAKOCTU B3aUMOAENCTBYIOT
cnabo mexagy coboi, Yem C MONEKynamu MoBEePXHOCTH
TBEepaoro Tena. Cmecu LMNX-Genapol nokasanu xopouwyio
CMaumBalolyo cnocobHocTb Ted/IOHOBOW MOBEPXHOCTH,
KpaeBble yribl cMaunsBaHma <90°. 3To TaKKe CBUMAETeNbCTBYeT
4To CcMecu OyayT XOpoWo ouuLWaTb KUPHble
3arpAsHeHuUs.

3aKkN0unTENbHBIM

0 TOMm,
3Tanom paboTbi
onpegeneHve 6akTepuLMAHOro AelcTBUA PacTBOPOB CMecei
LNX — Genapol Ha akKTMBHOCTb MPOTUB MHOTMX U3BECTHbIX
b6aKTepuranbHbIX TeCT-KyAbTyp: Micobacterium citreum, Sarcina
flava, Salmonella dublin, Echerichia coli, Pseudomonas sp.,
Staphylococcus  aureus, Bacillus subtilis (Tabnuua 4).
bakTepuanbHble TeCcTbl KynbTMBMpPOBaAW Ha cpepe MIIA.
BbakTepuumaHoe geicrteme LUMNX wm3yyanocb BO  MHOTMX
paboTax [13-16]. YcTaHoBneHO, uTo LIMX nposaBaseT BbiCOKYyHO
aKTUBHOCTb MPOTUB MHOTMX BUAOB bakTepuii: Streptococcus
mutans, Echerichia coli, Staphylococcus aureus, Enterococcus
faecalis, Pseudomonas aeruginosa, Candida albicans,
Salmonella typhi w Shigella. MexaHusm ero pgencTens
3aK/tovaeTcA B eHaTypaumumn mMKpobHbix 6enkos. Genapol He
npoasnaet 6aKkTepuumaHOro aencteuns, ycunueaet
neHomolllee aencTene, asnseTca 3aryctutenem ana MNAB.
B 3Tolt cBA3M onpegensann bHakTepuuuaHoe pgeicTeue
Komno3sunumm LUNX (510" monb/n)-Genapol (0,0625%), obnaga-
foLLe NyYWMMM NEHOMOIOLLMMM XapaKTEPUCTUKAMM.

ABUNOCH

Tabnuua 4 — 30Ha WHrMBUpPOBaAHMUA

H6aKTepuanbHbIX TECTOBbIX KYNbTYp

obpasuya npoTtus

TecT RyNbTYpbI [lnameTp 30H NoAasaeHUA POCTa, MM

Micobacterium citreum 17+0,1

Sarcina flava 15+0,1
Salmonella dublin He nogasnseTt

Echerichia coli 13,5+0,5

Pseudomonas sp. He nogasnset
Staphylococcus aureus 15+0,1
Bacillus subtilis 17+0,5

[OunameTp 30H nogasneHns pocta bakTepuii BapbupoBan
ot 13,520,5mm po 1740,1mm. Haubonee BbICOKYIO
nNpoTMBObGaKTEPUANbHYIO  aKTMBHOCTb Obpasel, nokasan

npotue Micobacterium citreum w Bacillus subtilis. Ha Sarcina
flava v Staphylococcus aureus nokasan o4MHAKOBbIN pe3ynbTarT.
MpoTus 6HakTepuanbHoro Tecta Echerichia coli 30HblI 6blAK
MeHbLLUEe MO CPaBHEHUIO C APYrMMU TECTOBbIMU KYNbTypamu.
O6pasey, npotus Salmonella dublin wn Pseudomonas sp.
aKTUBHOCTM He noKasan (pUCyHKM 3 1 4).

PucyHok 3 — AHTHbBaKTepuaibHaa akTUBHOCTb 06pasua
LLNX-Genapol npoTtus Tect kKynbTypbl Bacillus subtilis
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Salmonella dublin Pseudomonas sp.
OTCYTCTBYET 30Ha NOAABNEHUA

Echerichia coli

Staphylococcus aureus

PucyHOK 4 — AHTMOaKTepranbHaa akTUBHOCTb 06pasLa
LINX-Genapol npoTue TeCTOBbIX KyabTyp

4. 3aknoueHune

B xoge pa60TbI 6b11n nony4vyeHbl motouwne Komnosnumu

b6akTepuumaHbiM  3bdEeKToM M BbLICOKOW  Motowiei
CMOCOBHOCTbLIO.
Bbino  MCCNefoBaHO — MOBEPXHOCTHOE — HaTAXeHue

pacteopoB LIMX un Genapol pasnnyHbIX KOHUEHTPaLUn, U KX
cmeceit UNX-Genapol. C yBennyeHmem KoHueHTpauum MNAB B
NOBEPXHOCTHOE  HaTAXEHWe  YMEHbLUANOoCh.
OnpepeneHbl MNOBEPXHOCTHAA aKTUBHOCTb, KpUTU4YeCKad
KOHLUEHTpauua muuennoobpasoBaHma u agcopbumsa Ha
rpaHuLe pasgena KuaKocTb-ras pactsopos MAB 1 nx cmecen.
Mo  BeAMYMHAM  NOBEPXHOCTHOM  AKTUBHOCTM  6blo
YCTaHOB/IEHO, YTO UCXOAHblEe BeLeCcTBa U CMecu MPOABAAIOT

pacTsope,

BbICOKYHO MOBEPXHOCTHYIO aKTUBHOCTb.

MN3yyeHne amynbrupyroLmnx ceoiicts pactsopos MNAB 1 nx
cMecei NoKasano, YTo 3MyNbCUM MOLCONHEYHOTO Macsia bonee
YCTONYMBBI MNPU UCNO/Mb30BAHWM B KAYeCcTBE 3My/braTopoB
cmecer LNX-Genapol.

ISSN 1563-0331
elSSN 2312-7554

Mpu onpeneneHnn neHoobpasoBaHMA U YCTOWYUBOCTU
neH u3 pactsopoB [AB, 6bl10 BbiABNEHO 4YTO Haumbonee
ycTonumebiM ABaseTca pactesop LIMX ¢ KoHueHTpaumeit 5:103. B
cnyyae cmeceli pactsopos LIMX-Genapol, neHbl ycToiumBbl Npu
BCex KOoHUeHTpauuax. Cmecu LIMX-Genapol Takke nposasasaioT
neHoctabuamsupytoLme cBOMCTBa.

Haunbonbluee cmaumBatowee AeCTBME NO OTHOLEHUIO K
TBepaon rmpgpodobHolii noBepxHOCTU (TedNOH MOKasbiBaeT
KOMMNO3MLUMA, COCTOAWAA M3  NOBEPXHOCTHO-AaKTUBHOTO
BewecTsa Genapol u 6aktepuumpgHoro sewectsa LMNX B
cooTHoweHun ULMNX (10“*monb/n) — Genapol (0,0625%).
CmaumBaHue ruapodobHoit noBepxHOCTU pacTsopamu MAB m
MX CMecei NoKasano, YTo Hanbonee xopoLasa CMavynBaemMocCTb
TepIOHOBOW NoBepxXHOCTM pacTBopamu cmecel LIMX-Genapol
C YMeHbLUEeHHbIM coaepaHuem LNX.

Bblno onpeseneHo bakTepuunaHoe aercTeme pacTBOpoBs
cmeceit UNX (5:10° monb/n) — Genapol (0,0625%) Ha pAg,
M3BECTHbIX  BaKTepuanbHbIX  KyabTyp. B pesynbrate
MUCCNeAOoBaHMI  YCTAaHOB/MIEHO, 4TO MOJYyYeHHOe Motollee
cpefcTBO nopaBnAeT Takue bakTepuu, Kak Micobacterium
citreum, Sarcina flava, Echerichia coli, Staphylococcus aureus,
Bacillus subtilis.
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HeanbTepHaHTHbI  apomaTUYeCKMIn  yrneBoAopos, asyneH Kak NOTeHUUaNbHbIN
CTPOUTENbHbIN 6NOK ANA CO3A43HMA HOBbIX MOJNMMEPHBIX COMPAMEHHbIX MaTepuanos
npuenekaeTt Bce 6osble BHUMaHUA 6narofapa CBOEW YHUKANbHOW XMMWYECKOMN CTPYKTYype,
ONTUYECKMM U PU3MKO-XMMUYECKMM CcBOKCTBaM. B3aumopericteuem 1,3-gubpomoasyneHa
nnun 2,7-6uc(3-6pomasynen-1-un)-9,9-aurekcun-9H-bnyopen ¢ 2,2>-(9,9-aurekcundnyopeH-
2,7-amnn)6uc(1,3,2- avokcaboponaH) B YCNOBUAX  peakuMm Kpocc-coveTanua  Cy3yKu-—
Musaypbl 6blAn  cUHTe3npoBaHbl  GyopeH-a3y/NeHoBble  COMPAMEHHble  NOJMMEPbI:
nonu[2,7-(9,9-aurekcundnyopenun)-anot-(1',3'-asynennn)] 3  n nonu[l,3-6uc(9',9'-aurekcun-
bnyopeH-2'-un)asynenunl-anet-[1",3" -asynenun] 5. ®doTodusmuyeckme u  Tepmuyeckue
CBOICTBA NOJIyYeHHbIX (AyOpeH-a3y/seHOoBbIX MNONMMEPOB oOxapakTepusosaHbl UF-Vis u
bnyopecLeHTHON cneKTpoCcKonuel, a TakXKe MeToAamu TEPMOrpaBMMETPUYECKOro aHanusa
n anddepeHLManbHON CKaHUPYIOLWENn KanopumeTpuu. YCTaHOBAEHO, 4TO noaumepbl 3 1
5 He M31y4yalOT B HEWTPasIbHOM COCTOAHWUM B PA3/IMYHbIX OPraHUYeCKUX PacTBOPUTENAX.
OfHaKo OHM CTaHOBATCA (AYyOpecUeHTHbIMU Npu A06aBAEHUU TPUDTOPYKCYCHOW KUCAOTbI
B TeTparuapodypaHe. «BkatoyeHue» ayopecueHUMn y MNPOTOHMPOBAHHbLIX a3y/AEHOBbIX
cononumepos 3-H* u 5-H* npoucxoamT 3a cyeT 06pa3oBaHUA 6T-3N1EKTPOHHOrO apPoOMaTH-
YeCKOro KaTMOHa asy/neHa, KOTOpbIi U3MeHAEeT OBWNIA 3NEeKTPOHHbBIV XapaKTep, B YaCTHOCTU
YPOBHU (GPOHTaNbHbIX MONEKYAApPHbIX opbutanein B3MO u HCMO, a 3atem M WUPUHY
3anpeLeHHOWM 30Hbl.

MonyyeHHble pe3ynbTaTtbl AEMOHCTPUPYIOT, YTO BK/AIOYEHUE a3y/EeHOBbIX CTPYKTYPHbIX
3BEHbEB B COMPAMKEHHbIN MOAUMEPHbIA OCTOB MMeeT 60abluo NoTeHuMan Ana pa3paboTku
HOBbIX MPOTOHHbIX OPraHNYeCKMX GYHKLMOHAIbHbBIX MaTepuanos.

KnioueBble cnoBa: asyneH; conpsa)KeHHble $GAyopeH-asyneHbl; a3yNeHoBble MOAUMEPSI;
Kpocc-coyetaHne CysyKW; HeasbTEepPHaHTHble YrNeBOAOPOAbI; CMEKTPbl  MNOMIOLWEHUs;
dnyopecueHumn; GyHKLMOHANbHbIE MaTePUANbI.
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ANbTepHaHTHbI emMec apomaTTbl KeMIpCyTeK asy/leH MOoTeHUManabl Kypbliblc MoAyAi
peTiHAe KaHa MoAMMepAi Kocap/iaHfaH MmaTepuangapabl Kacay YWiH OHblH,  biperent
XUMUANBIK KYPbINbIMbIHA, ONTUKANbIK KaHe GU3MKA-XUMUANLIK KacueTTepiHe 6alinaHbICTbl
Kebipek Hasap ayaaptagbl. 1,3-AubpomoasyneH Hemece 2,7-6uc(3-6pomasyneH-1-un)-
9,9-aurekcun-9H-dnyoperHid,  Cy3ykn-MusaypaHblH, Kpocc-b6ipiry peakuuacbl »KafganblHAA
asyneHai KocapnaHfaH nosaumepnep cuHTesgengi: noawu[2,7-(9,9-aurekcundnyopeHun)-
anbt-(1',3'-asynennn)] 3 xaHe nonu[l,3-6uc(9',9'-gurekcundnyopen-2'-un)asyneHunn]-ansr-
[1",3" -asyneHnn] 5. AnblHFaH ¢GayopeH-asyneHagi noaumepnepaid, ¢oToGU3MKaANbIK KaHe
TepmuanblK KacuetTepi UF-Vis kaHe dnyopecueHUMANbIK CNEeKTPOCKONUA, COHbIMEH KaTap
TEPMOrpaBMMETPUANDBIK Tanpay KaHe aunddepeHumansbl CKaHepsey KajiopumeTpuAchl
apKblibl cunatTanabl. 3 kaHe 5 nonumepnep 6eWTapan Kylhge SpTypAi OpraHMKanbik
epiTKiluTepae cayne LWbIFAPMaNTbiHbl aHbIKTanAbl. Analifa, onap TeTparugpodypaHaa
ywdTOpCipKe KbIWKbIIbIH KOCKaHAa ¢ayopecueHTTi 6ongbl. NMpoToHaanfaH 3-H* xaHe 5-H*
asyneHai nonvmepnepperi GayopecueHUMAHbIH,  KKOCbINYbl» a3y/eHHiH 6T-31eKTpPoHAbI
apOMaTTbl KaTUOHbIHbIH Ty3inyiHe 6ainaHbiCTbl nakga 6onafbl, 0N Kannbl 3N1E€KTPOHAbI
cMnaTTbl, aTan anTkaHaa, ¢poHTanbabl HOMO kaHe LUMO monekynanbik opbutanbaapabiH
AeHrelinepiH coAaH KeWiH TbiibIM CasiblHFaH 0aK apa/iblfblH ©3repTesi.

ANbIHFaH HaTuxkenep, KOCap/iiaHfaH MoAMMEpPANi KaHKafa asyneH Kypbiabimabl
6yblHAAPAbIH, KOCbINYbl KaHa NPOTOHAbI OpraHUKanblK (GYHKUMOHANAbIK MaTepuangapabl
eHAeyAe YIKeH NOTeHUMaNnfa ue ekeHiH KepceTegi.

TyiiiH ce3pep: a3yneH; KocapnaHfaH GayopeH-asyneHaep; asyneHai nonumepnep; Cysyku
Kpocc-6ipiry; anbTepHaTUBTI emec KemipcyTekTep; abcopbunanbik cnekTpaep; dayopecueHums;
bYHKLUMOHaNAbIK MaTepuangap.

Synthesis and optical
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The non-alternant aromatic hydrocarbon azulene as a potential building block for the
creation of new polymer conjugated materials is attracting more and more attention due to its
unique chemical structure, optical and physico-chemical properties. The azulene conjugated
polymers were synthesized by the interaction of 1,3-dibromoazulene or 2,7-bis(3-bromoazulene-
1-yl)-9,9-dihexyl-9H-fluorene  with  2,2’-(9,9-dihexylfluorene-2,7-diyl)bis(1,3,2-dioxaborolan)
under the conditions of the Suzuki cross-coupling reaction: poly[2,7-(9,9-dihexylfluorenyl)-
alt-(1',3'-azulenyl)] 3 and poly[1,3-bis(9',9'-dihexylfluorene-2'-yl)azulenyl]-alt-[1",3"-azulenyl]
5. The photophysical and thermal properties of the obtained fluorene-azulene polymers were
characterized by UF-Vis and fluorescence spectroscopy, as well as methods of thermogravimetric
analysis and differential scanning calorimetry. It was found that polymers 3 and 5 do not emit in
a neutral state in various organic solvents. However, they become fluorescent on treatment with
trifluoroacetic acid in tetrahydrofuran. The “activation” of fluorescence in protonated azulene
copolymers 3-H*and 5-H* occurs due to the formation of the 6m-electron aromatic azulene cation,
which changes the overall electronic character, in particular, the levels of the frontal molecular
orbitals of the HOMO and LUMO, and then the band gap.

The obtained results demonstrate that the inclusion of azulene structural units in the
conjugated polymer strucrure has great potential for the development of new protonic organic
functional materials.

Keywords: azulene; conjugated fluorene-azulenes; azulene polymers; Suzuki cross-coupling;
non-alternant hydrocarbons; absorption spectra; fluorescence; functional materials.
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1. BBepeHue

A3ynieH, KaK  HeanbTePHaHTHbIM  apomMaTUYecKuit
YyrneBogopos C KpacuMBbiM TEMHO-CUHUM  LBETOM, Obin
npeaMeToM MHOTMX Hay4HbIX WCCAef0BaHUI B TeyeHue
nocneaHnx Heckonbkux gecatunetnin [1-12] Takoit nHTepec
BbI3BaH M3-33 €ro HeobblYHOM 3/N1EeKTPOHHOM CTPYKTYpbl U
QHOMAJIbHbIX doToPUusnyecknx CBOWCTB, BK/tOYan
obpasoBaHMe MNONAPU3OBAHHOIO CTPOEHWUA C  AUMNOJbHLIM
MomeHTOM nopagka 1,08D[13] u HeobblyHON aHTU-Kawa
dnyopecueHunn S-S [14-21].

Ha cerogHAWHWN aeHb asyneHy yaensetca 6bonbwoe
BHMMaHMEe B PasIMYHbIX  0bnacTax  uUccnepoBaHUA
opraHMyecknx OGYHKLMOHANbHbIX MATepuanoB, TaKUX Kak
nposoAAwMe NoaMMepbl, ONTO3NEKTPOHHbIE MOJEKYNAPHbIe
nepeknoyaTenn, nonesble TpaH3ucTopbl (OFETS),
manyvarowme guoabl (OLED), conHeuHble 3nemeHTbl (OSCs),
HennHelHo-onTuyeckune (NLO) n apyrve matepuansi [22-33].

B nuTepaType onucaHbl pag  paboT no  CUHTe3y
asyneHcofep:Kalmx NoAMMepoB. TaK, O MOAYYEHHOM
nonvasyneHe snepsble coobwmn Kihara [34]. Heckonbko net
cnycta Lai ¢ coTpygHMKamu coobwmnm o HOBOM MeToge
cMHTe3a aneKkTponposoadAwero 1,3-nosanasyneHa [35]. Ta xe
nccaefoBaTenbckaa rpynna BrnocneactsuuM  coobwmna o
CUHTe3e cepum BbICOKOMPOBOAALLMNX a3y/1eHOBbIX
conpsAKeHHbIX Nnoanmepos [36,37].

B oT/IMuMe oT fpyrux KOHAEHCUPOBAHHbIX APOMATUYECKUX
coeanHeHu asyneH AeMOHCTpupyeT AHOMa/NbHYO
dnyopecueHumio M3 coctoaHua S, M aMwb  cnabyio
dnyopecueHumio S >S; [38]. 3To cBAsaHO c 6onbloii
3HEePreTUYECKO LWeNblo MeXay COCTOAHMAMM S 1S, a TaKxe

CBeTo-

HanuMumem ObicTpoi 6e3bl3nyyaTenbHOM penakcaumm wu3
COCTOAHMA S, B OCHOBHOE COCTOAHMe, NPMBOAALLMIA K cnaboil
S,>S,dnyopecueHuunmu [39].

PucyHok 1 — A3yneH 1 n ero nonapmnsoBaHHan
pe3oHaHCHaA CTPYKTypa

CTpoeHue asyneHa (pUcyHoK 1) MOXHO paccmaTpuBaTb
KaK KaTUOH Tponuaus, KOHA,EeHCUPOBAHHbIN c
LMKNONEHTaAMeHUAbHbIM aHMOHOM. BoraTblli 3neKkTpoHamu
LMKNONEHTaAMEeHUbHbIA aHMOH MNO3BONAET a3yneHy Jerko
noagepratbcs 3nekTpodunbHomy 3ameuenunio y C, uam C, 8
NATUYNEHHOM UMKAe ¢ 0bpa3oBaHMeEM CTabUAM3UPOBAHHOTO
apomaTU4eckoro asyneHa ¢
Coobuanock, 4To obpasoBaHMe CTPYKTYpbl TPONUANUA B paje
NPOU3BOAHbIX asyneHa NPUBOAUT K MHTEPECHbIM 3/1EeKTpo-
XUMUYECKMM U 3NEKTPOXPOMHbIM cBoicTBam [40-43]. OTcloga
cnefyeT, 4TO TaKoe AOCTYNMHOe XMMUYecKoe npeBpalieHue
a3yNeHcoAepKalLMX NOIMMEPOB, NpUBOAALLEE K0OPa30BaHMIO
CTabUNbHbIX MOHOB, MOMHO MCMNONb30BATb ANA HACTPOWKM
06Wnx GMU3MYEeCKUX CBOMCTB CONPSAXMKEHHbIX MOAMMEPOB, KaK
Hanpumep, «BKAOYEeHWE» (ayopecueHUnn UAU U3MEHEHUe
3/IeKTPONPOBOAHOCTU U T.4. Kpome TOro, asyneH MoXKeT Ierko
TEPATb OAMH 3/EKTPOH MNPWU OKUC/IEHMU C 0bBpa3oBaHWEM
KaTMOH-paAunKana, B KOTOPOM KaTMOHHAA YacTb CywecTByeT B

MOHa 6T[-3}'IeKTpOHaMM.
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14 CVHTE3 1 ONTUYECKUE CBOICTBA BNyOpeH-asyIeHOoBbIX...

BMAE apOMaTUYeCKOro MoHA TponuauaA. TakKe U3BECTHO, YTO
asyneH HU3KUI  OKUCAUTENbHbIN
noteHuuan w oKkucnsetcda, 4Yem GONbLIMHCTBO
pacnpocTpaHeHHbIX apoMaTUYECKUX yrieBoaopoaos [44,45].
Takum  06pasom, OXWMAAETCA, YTO COMPAXKEHHbIE

noanMmepbl Ha OCHOBE a3yneHa /N1erko BCTYNAT B KUC/AOTHO-

nmeetr OTHOCUTE/IbHO

nerye

OCHOBHYIO W OKUCAUTE/IbHO-BOCCTAHOBUTE/IbHYIO peaKkLumn
06pasoBaHMeM asyNeHUbHbIX KaTUOHOB/KAaTUOH-paANKaios
W NOTEHLMANbHO MOTYT GYHKLMOHMPOBATL Kak apdeKTUBHble
OMTO3/IEKTPOHHbIE MaTepUabl.

3pgecb Mbl coobwaem O cuHTese AByx dayopeH-
a3yNeHOoBbIX  COMPSXEHHbIX  noaumepos:  nonu(2,7-(9,9-
aurekcundnyopenun)-anovt-(1',3'-asynennn)] 3 n nonu[l,3-
6uc(9',9'-aurekcundnyopen-2'-un)asyneunn]-anot-[1',3"
-asyneHun] 5, nocpencTBOM  peaKkUMM  KPOCC-COYEeTaHWA
Cysyku-Musypbl ¢ ucnonbzosannem Pd (dba), B kauectse
KaTanmsaTtopa. Takasa MONEKyNApHaA KOHCTPYKLUA UCNOb3yeT
KaK  AWMNONbHbIN a3y/eHOBOro 3BeHa, TaK MU
ocobeHHOCTb npuobpeTeHUs U NOTEPU MNPOTOHOB B
3/1EKTPOHOAOHOPHOM  MATUYNEHHOM  KOJbLe
OpueHTaumMA a3yNeHOBbIX 3BEHLEB B COMPAXEHHOM MoAnmepe

MOMEHT
asyneHa.

3 6blna Cny4yaliHOM, a 3aKpenaeHue a3yneHoBbIX pParmMeHToB K
2,7-bnyopeHoBOMY 3BeHy genaeT CTPYKTypy noaumepa 5
bonee perynsapHoit. B paboTe 6blaM M3y4yeHbl OMNTUYECKME
CBOICTBa MONYYEHHbIX MOAMMEPOB, a TaKXKe MuX ¢GU3MKO-
XMMWUYECKMe CcBOWCTBa B
[MOKasaHo, YTO CMHTE3UPOBaHHbIE
HebayopecuMpyloT B OpPraHMYecKUX pacTBOpUTENax B
HelTpanbHOM COCTOAHUM, HO NPOTOHMPOBaHMNE
TPUPTOPYKCYCHOMN KMCNOTOM B TeTparuapodypaHe NpuBoOANT K
«BKAKOUYEHME» DYOPECLEHLNN.

NPOTOHWMPOBAHHOM COCTOSHWNA.
noammepol 3 u 5

2. 9KcnepumeHT

CnekTpbl AMP *H 1 3C pernctpupoBanu Ha cnekTpomeTpe
ECA-500Mly  (Jeol, Anowus) B CDCl, npn KomHaTHOM
TemnepaType C UCNoNb30BaHMeM TeTpameTuacunaHa (TMC) B
KayecTBe BHYTpeHHero crtaHgapTta. Pabouue yactotbl AMP-
cnekTpomeTpa coctasaanm 500,15 Mruy, (*H) n 100,61 My, (*3C).
MK cnekTpbl 3anucbisanm Ha Pypbe-cnekTpomeTpe Avatar-360
(Nicolet Instrument Corporation, CLUA) B Tabnetkax c KBr.
Macc-cnekTtpbl (El, MALDI-FT) cHUManu Ha macc-cnekTpomeTpe
LTQ FT Ultra (Thermo Fisher Scientific, CLLA). dnemeHTHbIN
aHa/N3 BbINOAHANN Ha 31eMeHTHOM aHanusatope EA-3000
(Eurovector, S.p.A., UTanua). CnekTpbl NOMMOWEHNA CHUMANKU
Ha cnekTpodoTomeTpe UV-1800 (Shimadzu, AnoHnsa). CnekTpsbl
dnyopecLeHUMM perncTpupoBann Ha cnekTpodayopumetpe
Cary Eclipse (Agilent, CLLUA). TepmorpaBMmeTpUYECKMiA aHaNn3
(TrA) npoBogunu Ha npubope TGA Q500 B TOKe cyxoro asoTa
CO cKopocTbio HarpeBa 10°C/MWH, HarpeB OT KOMHATHOWM
TemnepaTypbl go 500°C. ACK aHanu3 (anddepeHuymanbHas
CKaHMpytoLWwana KanopumeTpua) nposoanan Ha npubope DSC
Q2000 B TOKe Cyxoro a3oTa CO CKOPOCTbiO Harpesa 5°C/MuH,
HarpeBas OT KOMHaTHoOM TemnepaTypbl A0 300°C. U3mepeHus ¢

NOMOLLbID  renb-npoHuKawel  xpomatorpadum  (MMX)

nposoauanM Ha npubope PL-GPC 220 (Agilent, CLIA) c
MCMNONb30BaHMEM  Y3KOMONMAUCNEPCHOTO MO/AUCTUPONa B
KayecTBe  CTaHAapTa " 1,2,4-TpuxnopbeHsona  wuam
TeTparngpodypaHa B KayecTse Temnepatypy
nnasieHus nsmepann Ha npubope Melting Point M-560.
AsyneH (99,5%), 2,2’-(9,9-gurekcundnyopen-2,7-auunn)
6uc(1,3,2-puokcaboponaH) (99,6%), Pd,(dba), (99,8%), Pd(PPh,),
(99,8%), P(o-tol), (99%), Et,NOH (99%), TFA (99,6 %), THF
(99,9%), a TakKe Apyrue peareHTbl U pacTBopuTenn bGblan
npuobpeTteHbl y KomnaHum «Sigma-Aldrich» n ncnonb3oBaHbl
6e3  [onoNHUTENbHOWM 1,3-AnbpomasyneH 2
CMHTE3MPOBAH NO AMTEpaTypHOl meToamKe [46].
Moaul[2,7-(9,9-0uzekcungayopeHun)-anem-(1',3'-
asyneHun)] 3. K cmecun 1,3-gubpomasyneHa 2 ( 177 wmr, 0,62
mmonb) u  2,2'-(9,9-purekcundnyopen-2,7-gunn)éuc(l,3,2-
aunokcaboponaH) (304 mr, 0,62 mmonb) B Tonyosne (50 mn)
Aobasnanu Pd (dba), (17 mr, 0,02 mmonsb), P(o-tol), (13 mr,
0,04 mmonb) u Et,NOH (2 mn) 8 aTmocdepe aproHa. Cmecb
nepemelumsanu npu 85°C B TeyeHue 25 u. MNocne oxnaxaeHus
pPeaKUMOHHOW cmecu A0 KOMHaTHOM TemnepaTypbl 4obasnanu
xnopodopm (100 M) n cmecb npombiBaau Bogon. OpraHu-
yeckyto ¢asy KoHueHTpupoBasin Ao 10ma M MO Kanaam
nobasnann 8 metaHon (300 mn). TeMHO-OpaHKeBbI 0CaAOK

S/1I0EHTa.

OYUCTKHU.

OTd)M/'IprOBbIBal'IM n nony4yeHHoe TBepaoe BewecTtso
nogseprann 3KCTpakuuMn B annapate Cokcneta nocne-
AoBaTeNbHO MEeTaHO/I0M, dAUEeTOHOM, rekCaHom n

OUXNOPMETaHOM ANs yAaNeHUA OJIMFOMEPOB U MpUMecei.
OCTaToOK 3aTeM 3KCTparuposanu xa0podopmom W CHOBA
0Ca)KA4anuM M3 MeTaHo/sa, 3aTem OGUAbTPOBAAKU, MPOMbIBANU
METaHO/IOM M CYWMWAN B BaKyyme C MNOAyYeHUEM TEeMHO-
opaHXKeBoro TBepAoro Beuwectsa (250 mr, Bbixoa 65 %). AHan.
pacyet gna (C, H,)n: C 91.63; H 8.32; HaigeHHbii: C 91.15; H
8.58. Mn = 9.80 kDa; PDI = 1.65. *H AMP: & 8.63 (m, 2H), 8.30-
8.38 (m, 1H), 7.37-7.91 (m, 7H), 7.13-7.16 (m, 2H), 2.11 (m, 4H),
0.78- 1.16 (yw, m, 22H). 3C AMP: & 151.9, 140.0, 139.5, 138.1,
137.7,137.4, 136.8, 131.8, 129.2, 124.8, 123.8, 120.3, 55.7, 40.9,
32.0, 30.2, 24.5, 23.0, 14.4. UK-cnekTp (v, cm™): 2921, 2851,
1567, 1547, 1453, 1406, 1376, 1241, 888, 850, 817, 750, 722,
680, 649, 561, 552, 546, 538.
2,7-buc(3-6pomoasyneH-1-un)-9,9-0uzekcun-9H-
¢nyopeH 4. K cmecn 1,3-gubpomasyneHa 2 (200 mr,
0,70 mmonb) n 2,2’-(9,9-gurekcundnyopen-2,7-anunn)éuc(1,3,2-
auokcaboponaH) (137 mr, 0,28 mmonb) B THF (8 ma) gobasnanu
Pd(PPh,), (23 mr, 0,02 mmonb) n Ag,CO, (220 mr, 0,8 mmonb) B
atmocdepe aproHa. Cmecb nepemelumsanu npu 75°C B TeyeHue
18 4, a 3aTem OX/JaX[anu A0 KOMHATHOM TemnepaTypbl.
Oob6asnann Bogy (100mn), a 3aTtem 3KCTparnposanu
auxnopmeTtaHom (3 x 50 mn). ObbegMHeHHble opraHu4Yeckme
3KCTPAKTbl CYLWIMAKM, YNApUBANM M OKOHYATENbHO OYMLLANM
KOJIOHOYHOW Xpomartorpaduen Ha cunvKarene c
ucnonbszosaHvem PE/DCM (20:1) ¢ noayyYyeHnem TeMHO-
KOpWUYHEBOro NpoaykKTa (446 mr, Bbixog, 85%). T.nn. 175-178 °C.
HRMS (MALDI-TOF) pacuet C ,H, [M+H]*:743.2514, HaiiaeHHbIA
745.4.'H AMP: 6 8.33 (a4, ) =10.1Tu, 4H), 7.84 (a, ) = 7.7 Ty, 2H),
7.81 (c,2H), 7.70-7.61 (yw, m,2H), 7.55 (g, ) = 10.1 Ty, 4H), 7.37 (c,
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4H), 2.10 (g, ) = 7.0 Ty, 4H), 1.10 (c, 18H), 0.80 (1, J = 6.7 T, 4H).
BC AMP: & 152.02, 151.51, 144.31, 140.68, 138.70, 134.56,
127.89, 127.27, 125.28, 123.11, 120.41, 119.20, 55.65, 40.36,
31.86, 30.02, 29.27, 23.96, 22.70, 14.15. UK-cnekTp (v, cm™):
2923, 2852, 1716, 1575, 1542, 1464, 1393, 1241, 971.
Monu[1,3-6uc(9',9'-0uzekcungpnyopeH-2'-un)asyneHun]-
anem-[1",3" -azyneHun] 5. K cmecu coeaunHenua 4 (462 wr,
0,62 mmonb) 1 2,2’-(9,9-anrekcundpnyopen-2,7-gumn)éuc(l,3,2-
anokcaboponaH) (345 mr, 0,62 mmonb) B Tosnyone (50 mn)
Aobasnsnm Pd,(dba), (17 mr, 0,02 mmons), P(o-tol), (13 mr,
0,04 mmonb) un Et,NOH (2mn) B aTmocdepe aproHa. Cmecb
nepemewwmsanu npu 85°C B TeyeHue 12 u. Mocne oxnaxaeHuns
peakuMOHHOM CMecK 4,0 KOMHATHOM TemnepaTypbl Aobasnanm
xnopodopm (100mn) M cmecb NpombIBaAM  BOAZOMN.
OpraHuyeckyto pasy KoHLeHTpupoBanu Ao 10 mAa 1 no Kanaam
fobasnanm B metaHon (300 mn). TeMHO-OpaH»KeBbIN 0cafoK

OTd)VIJ'IprOBbIBa/]M M nonyyvyeHHoe TBepaoe  BelwecTsBO
nogsepranu 3KCTPakumnmn B annaparte Cokcnerta
nocnenosaTtesibHO MeTaHO/IOM, aUeTOHOM, TreKCaHOM U

ANXNOPMETAaHOM ANA yAaNeHUA OIMTOMEPOB U MpUMeECeN.
OcTaToK 3aTem 3KCTparMpoBanu xaopodopmMomM W CHOBA
OCaXKAannM U3 meTaHosa, 3atem OGWALTPOBAAW, NPOMbIBANU
MEeTaHONOM W CYyWWAW B BaKyyme C MOJSy4eHUEeM TeMHO-
opaHxeBoro TBepaoro BewecTBa (200mr, Bbixog 60%).
AHan. pacyet ansa (C,_H_)n:C 90.99; H 9.01; HaigeHHbin: C

70" 76

89.88; H 8.78. Mn = 52.7 kDa; PDI = 1.58. *H AMP: & 8.20-8.38

C

_—

6135 CeH1s

(M, 2H), 7.84-7.98 (m, 2H), 7.72-7.82 (m, 2H), 7.63=7.71 (m, 2H),
7.57-7.62 (m, 2H), 7.35-7.49 (m, 2H), 2.03 (yw,m, 4H), 1.08 (yw,m,
18H), 0.72-0.78 (m, 4H). 13C AMP: & 151.5, 140.1, 139.6, 137.3,
137.6, 136.5, 136.5, 131.6, 129.4, 124.7, 123.6, 120.5, 55.5, 40.7,
32.5,30.5,29.6,29.7, 24.5, 23.1, 14.2. VK-cnekTp (v, cm): 2921,
2851, 1567, 1547, 1453, 1406, 1376, 1241, 888, 850, 817, 750,
722, 680, 649, 561, 552, 549.

3. Pe3ynbTaThbl U 06CyKAEHUE

MyTn cuHTe3a, BeaywMe K a3yNeHOBbIM COMPAXKEHHbIM
nonnmepam 3 n 5, nokasaHbl Ha cxemax 1 u 2. Kak BugHo us
cxembl 1, Knouyesoli MoHomep 1,3-gubpomoasynieH 2 6bin
Nnosly4YeH Nno MeToAuKe, onMcaHHOW paHee [46]. 3aTem peakuma
Kpocc-coveTaHua Cysykn—Musaypbl mexay anbpommaom 2 v
2,2’-(9,9-purekcundnyopen-2,7-gunn)buc(l,3,2-
AnokcaboponaH) B Tonyone 8 npucytcTeum Pd,(dba ),/P(o-tol),
B KayecTBe KaTasnsaTtopa gaet noanmep 3 c BbIxog4om 65%.

Opyroit Kntouesoit moHomep 2,7-6uc(3-6pomoasyneH-1-
un)-9,9-aurekcun-9H-pnyopeH 4 (cxema 2) 6bi1 Noay4veH c
BbIXOA40M 85% peaKLmei Kpocc-coyeTaHna gubpomasyneHa 2 ¢
2,2>-(9,9-purekcundnyopen-2,7-gpuun)buc(l,3,2-
AnoKcaboponaH). AHanornyHbim obpasom, peakuuna Cysyku
mexay 4 un 2,2'-(9,9-purekcundnyopen-2,7-gunn)éuc(l,3,2-
AnokcaboponaH) NpuBoAUT K nonumepy 5 c 6onee perynsapHoit
CTPYKTYpOUi ¢ BbIXxoZom 60% (cxema 2).

CeHia_-CeH13

o e (OO
® $

1 2

ii

SO
9

3

Yenosua peakuuu: (i) NBS, AuxnopmeTaH, KomHaTHas Temnepatypa; (i) Pd, (dba),, P(o-tol),, Et,NOH, Tonyon, 85°C

Cxema 1 — CuHTE3 conpAMeHHOro noanmepa 3

Br Q Br CeH13 Cot1s
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Yenosua peakuum: (i) Pd(PPh,),, Ag,CO,, THF, 75°C; (ii) Pd,(dba),, P(o-tol),, Et,NOH, Tonyon, 85 °C

Cxema 2 — CMHTE3 CONnpAXKeHHOoro noammepa 5
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CuHTE3 1M onTnyecKne cBOMCTBa GyopeH-a3yNeHoBbIX...

Mony4yeHHble
0ObIYHbIX  OpPraHUYecKUx

noavmepbl  XOpOLO

pacTBopuTensx,

pacTBopumbl B
TaKUX  KakK
AMXNOopMeTaH, xnopodopm, xnopbeHson u puxnopbeHson.
CpegHeuncnosyto MonekynapHyto maccy (Mn) nonyyeHHbIx
nonumepos MEeTOAOM  renb-NpoHMKatoLen
xpomaTorpadumn (IMX) ¢ ucnonb3oBaHMem MNOAUCTUPONA B
CTaHgapTa M 1,2,4-tpuxnopbeHsona nnm
TeTparngpodypaHa B KayecTBe 3/t0eHTa. 3HadeHua Mn
ans 3 n 5 coctasnann 9.80 n 52.7 kDa, cOOTBETCTBEHHO, NpU
3HaYeHMAX MHAeKkca noauvaucnepcHoctu (PDI) 1.65. n 1.58,

oueHnsanun

KayecTse

COOTBETCTBEHHO.
XvMmunueckaa CTPYKTypa M UYUCTOTA CUHTE3UPOBAHHbIX
MOHOMEPOB U NOAMMEPOB OblIN NOATBEPKAEHbI C MOMOLLbIO
AMP-cnekTpocKonuu 1 macc-cnekTpockonun uam MMX, a Takke
9N1eMEeHTHbIM aHa/IM30M.
Tepmuyeckyto  cTabuabHOCTb
nccnepgosann ¢ nomouwbto TFA aHanmsa

nonumepos 3 u 5
CO CKOPOCTbIO
HapacTaHua HarpeBa 10°C/MMH B aTmocdepe N,. Hauano
pasnoxeHuna 3 u 5 (Npu notepe maccbl 5%) 6bian 3adukcu-
poBaHbl npu Temnepatype 418 n 432 °C cooTBETCTBEHHO, 4YTO
MOKa3bIBaeT XOPOLUY TEPMUYECKYIO CTabUNBHOCTb CUHTE3U-

0%
5%

Intensity

300 350 400 450 500 550

Wavelength (nm)

poBaHHbIXx nonnmepos. ICK namepeHusa gna nonmmepos 3 n 5
NpPOBOAMANCE CO CKOPOCTbIO CKaHWpoBaHuAa 10°C/muH. Mpu

3TOM MouYTM He HabnwLaNocb 3IHAOTEPMUYECKOro UK
3K30TEepMMYEeCcKoro  nepexoga BO BCEM  AManasoHe
CKaHWpoBaHMA (OT KOMHaTHOM Temnepatypbl ao 300°C)

nsmepenuii 4CK.

CneKkTpbl nornoweHna noanmepos 3 n 5 8 YO-gugmumom
AmanasoHe B NPOTOHMPOBAHHOM
(nernpoBaHHble TpUbTOPYKCYCHOW KMcnoTol, TFA) cocToaHum
pPUCYHKE 2, a COOTBETCTBYHOLLME [AaHHble
ob6ob6uweHbl B Tabanue 1.

B 31EKTPOHHbIX CMEeKTpax MNornoleHus noavmepa 3 B
TeTparngpodypaHe (THF) Habnwoganucb Tpu  nonocsl
noriowWweHna ¢ makcumymamum npu 345 (e=75850), 468 (e=
37120) u 675(e=1050) Hm (Tabnmua 1). AHanoruyHo,
nonMmepS5 nokasan Ase Nosocbl  MnornoweHus  m-m*
3/IeKTPOHHOro nepexoaa npu 344 (€=72500) n 462 (=34900)
HM, CBfi3aHHble C A/JMHHOBO/MIHOBLIM MOr/oWeHeM npu 673
(¢=1015) Hm. Cnabble nNonocbl NOMOWEHUA C MaKCMMyMamm
npun 675 n 673 HM COOTBETCTBYIOT SHEpPreTU4YeCKOMy nepexoay
$,S,-

HeWTpanbHOM ¥

MNOKa3aHbl Ha

(6) 30.

25+

20+

154

Intensity

300 350 400 450 500 550
Wavelength (nm)

PUCYHOK 2 — YO®-Buammble cnektpbl (a) 3 (3 x 10°M) u (b) 5 ( 3 x 10°M) npu gobasneHunn

TFA (0%, 5%, 10%, 15%

Ta6auua 1 — [JaHHble ONTUYECKMX CBOMCTB noanmepos 3 5

1 20% TFA/THF, v/v.)

Nonnumepsl Mornowexue dnyopecueHuuma °
HenpoToHWpOoBaHHbI MpPOTOHMPOBAHHbIN MpPOTOHMPOBAHHbIN
PacTtBopuTENb A, HM g, Micm? PactsopuTens ® A, HM Pactsoputens ® A, HM

3 THF 345 75850 THF/TFA (8:2) 320 THF/TFA (8:2) 380
THF 468 37120 THF/TFA (8:2) 467
THF 675 1050 THF/TFA (8:2) 534

5 THF 344 72500 THF/TFA (8:2) 321 THF/TFA (8:2) 380
THF 462 34900 THF/TFA (8:2) 466
THF 673 1015 THF/TFA (8:2) 534

@ \ex (annHa BOMHbI BO36YKAeHUA) = 295 Hm ana 3 u 5. ® THF/TFA = v/v
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Mpu npoToHupoBaHun pobasneHvem TFA K pacTBopy
nonumepos 3 u 5 B THF B cnekTpax Habnwpganucb HoBble
nosocbl nornowexHua npu 534 Hm (Tabnauua 1), KoTopyto
OTHecnM 06pa3oBaHUIO a3yneHnit KaTuoHa. Kpome Toro, 4yeTko
Habnopgannce nsobecTnyeckne ToukM nNpu 496 HM 1 498 HM,
COOTBETCTBEHHO (PUCYHOK 2), 4TO NO3BOAUIO NPEANONONKUTb
0 NPUCYTCTBUM B CUCTEME ABYX B3aMMHO Mpeobpasyrolmxca
ONTUYECKN pasHbIX BWUAOB: HeUTpanbHbix 3 M 5, u
NPOTOHUPOBaHHbIX 3-H* 1 5-H*. Mo cpaBHeHMIO c MaKCMMyMOM
NOrNOLWEeHNA UCXOAHOr0 a3yNeHuni KatnoHa 1-H* ()\max =352 Hm
[26]) kaTMoOHbI noAMMepoB 3-H* 1 5-H* nokasanu 3HauuTenbHoe
KpacHoe cmelleHne Ha 182 HM BcieAcTBME pacClUMPEHUs Ti-
conpsxeHua B Konbue $ayopeHoBbIMU
bparmeHTamu. Habnwopann  M3MeHeHua  UBeTa
cononumepos 3 1M 5 npu pobasneHun TpUOTOPYKCYCHOWM
B oTanMume OT KpacuBOro TEMHO-CMHEro uBeTa

NATUYNIEHHOM
Takxe

KMCNOTbI.
ucxoaHoro asyneHa 1, noanmepsl 3 U 5 6bian KenTbiMU UK
Kentosato-3esneHbiMU. MNpu gobasneHnn TpUOTOPYKCYCHOM
KMCNOTbl LBET NOCTEMNEHHO MEHANCA OT OpaHXeBoro Ao
3eneHoro. HelTpanusauus KUCAbIX PacTBOPOB MNOJMMEPOB
3-H* n 5-H* onpegeneHHbIM KOAMYECTBOM TPUITUAAMUHA
NPUBOAMNO K BOCCTAHOBNEHUIO UX abcopbuumn A0 MCXOL4HOTO
yKasblBaNo Ha o0bpaTMmblil  nmpouecc
NPOTOHUPOBAHMA-AENPOTOHMPOBAHUA.

M3BecTHO, YTO NO CpaBHEeHMIO ¢ becLBeTHbIM HadTaAMHOM
(CTPYKTYpPHBbIV M30Mep a3yneHa) TEMHO-CUHWUI uBeT asyneHa 1
obycnoBneH cnaboli aHeprveint OTTaNKMBAHUA MeXAy ABYMA

COCTOAHMA, 4TO

3NIeKTPOHamMn Ha opToroHanbHbliXx B3MO (Bbiclan
3aHATaA  MonekynapHaa opbutanb) u  HCMO (Hu3was
cBob60AHaA MoNeKyNapHaa opbuTans). Kpome toro, sameleHme

no4Tn

B nonoxeHuax C, wam C, NATUUNEHHOTO UMKAa asyneHa
OKa3blBaeT CWUbHOE BAUAHME Ha 3NEKTPOHHYIO CTPYKTYpY U
doTodu3nyeckme cBoicTBA NPOM3BOAHbBIX asyneHa [23].

(a) 30

25

0%

Intensity
o
1

Wavelength (nm)

Takum 06pasom, U3MeHEeHMe LBeTa TEeCHO CBA3AHO C
BO3MYLLEHNEM FPAHUYHbBIX MONEKYNAPHbIX opbuTanein B3MO u
HCMO asyneHoBbix ¢pparmeHToB 3 U 5, KOTOpbIE MOTYT BbITb
BbI3BaHbI B yC/I0BUAX peaKLMn NpoToHMpoBaHua. Kak nokasaHo
Ha PpUCYHKe1l, NATUYNEHHbIM LUMKN as3yfeHa ABAAeTCA
9NEeKTPOHOHACHILWEHHbIM U OH MOMeT BCTYMaTb B peaKkuuu
3/1eKTPOGUNBbHOTO 3amelleHus B nosoxenuax C. uam C..
CneposaTenbHo, gobasneHne TFA npMBoAUT K 06pa3oBaHMto
KaTMOHOB MoAW(a3yneHunsn), ¢ nocneayoWwmm U3IMEHeHUem
3NEeKTPOHHOrOo CNeKkTpa 1 uBeTa.

CnekTpbl dayopecueHuum cononumepos 3 u 5 B
HEWTPasbHOM W NPOTOHWPOBAHHOM (TaK¥Ke JierMpoBaHHble
TFA) cOCTOAHMM NOKAa3aHbl HAa PUCYHKe 3, a COOTBETCTBYOWME
XapaKTepUCTUKM NpeacTassieHbl B Tabauue 1.

B cnektpax ¢nyopecueHuun cononumepos 3 u 5 He
Habnl4anucb W3NyYyeHUA B OTCYTCTBUE TPUOTOPYKCYCHOM
KWCNOTbl B Pa3/IMYHbIX OPraHUYeCKUX PacTBOPUTENAX, TaKUX
KaK auxaopmeTtaH, xnopodopm, TeTparuapodypaH, aLeToH,
6eH30n u ap. (pUCYHOK 3).

HanpoTus, npu nob6asneHnn TFA pacTBOpbl CONOAMMEPOB
3 n 5 nsnyyanu ceet c A npu 380 Hm (Tabauua 1). Kak BuaHo
M3 CNeKTpoB (pPUCYHOK 3), MHTEHCMBHOCTb bayopecueHunm
conoanmepos BapbupOBaNCH B 3aBUCMMOCTM oT
KOHLeHTpauum TPUPTOPYKCYCHOM
WHTEHCUBHOCTb dyopecueHUMn COMOAMMEPOB A[OCTUrana
HauBbIClIEro YypoBHA npu 20%-HOM KOHUeHTpauun TFA.
OaHaKo panbHeliwee yBenWdYeHWe  KOHUeHTpauun TFA
NPUBOAMNO K MNafEHUID WHTEHCUBHOCTU dayopecueHUnn.
BepoATHO, 3TO 6bIJI0 CBA3AHO C CMJ/IbHBIM CAaMOMOI/IOLLEHNEM
(nepekpbiTMe nonoc nornouweHna U ayopecueHumnn), nmbo c
NPUCYTCTBUEM HEMPOTOHMPOBAHHBIX a3yNE€HOBbIX pparmeHTOB
TaKXe npusogAlMe K

KUCNOTbI. Tak,

B OCHOBHOM uenn nonnmepos,
CHUXEeHUIKO MHTEHCUBHOCTU U3NTYHEHNUA.

(6) 30-

254

Intensity
o
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300 350 400 450 500 550

Wavelength (nm)
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Kak 6bin0 onucaHO Bbiwe, aHOManbHasa aHTU-Kawa
¢nyopecueHuma asyneHa u3 coctosHua S, BmecTo S, 6bina
0byc/noBNEeHa OTHOCUTENbHO 6O/IbLWIOW  3HEepreTUYecKown
wenbto S.-S,. O4eBUAHO, YTO B YC/IO0BUAX MPOTOHMPOBAHMA
cononumepos 3 wu 5 TpudTOopyKCcycHom

nocnenyoLwmm obpasoBaHnem asyneHun

NPOUCXOANT 3aMeTHOEe U3MEHEHNE SHepreTnyecKknx ypOBHeVI

KUcnoton ¢
KaTMOHOB

S, 1'S,, a Takxe ymeHblueHue 3asopa mexay B3MO n HCMO.
B3MO-HCMO moxHo
06BbACHUTL cnegytowumn  dakTopamu: (1) obpasosaHuem
apomMaTUYecKoro Tponuama u (2) noTtepel
apoMaTUYHOCTHU NATUYNEHHOTO KosbLa asyneHa.
CnepoBaTenibHO, «BK/OUYeHMe» ¢yopecueHumMn obbacHAeT

CHuXeHune 3HepFETM'-IECKOﬁ wenum

KaTMOHa

M3MeHeHWe 3HepreTUyeckux yposHen B3MO u HCMO B
NPOTOHMPOBAHHbIX conoanmepax 3 u 5.

4. 3aknoyeHue

Takum obpa3om, 6binnM  paspaboTaHbl WU
CMHTE3MPOBaHbl C MNOMOLLbIO PeakumMmM Kpocc-coyeTaHua
Cy3ykM—MuAypbl 4Ba NOAHOCTbIO YIAEPOAHbIE CONPAMXKEHHbIE
dnyopeH-asyneHoBble noanmepbi: nonu[2,7-(9,9-
aurekcundayopernnn)-anvt-(1',3'-asynenmn)] 3 u nonu(l,3-
6uc(9',9'-gurekcundnyopen-2'-un)asyneuunn]-anot-[1",3"

-asynenun] 5.
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New zircon-manganites of
lanthanum and alkali metals
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A. Nukhuly?, M. Stoev?, Zh.l. Sagintaeva?,
Sh.B. Kasenova?, E.E. Kuanyshbekov?

!L.N. Gumilyov Eurasian National University,

Zircon-manganites of the composition LaMe>ZrMnOg (Me' — Li, Na, K) were synthesized
using the ceramic technology method in the range of 800-1200°C by the interaction of
lanthanum (111) oxides and lithium, sodium and potassium carbonates (analytical grade). Using
X-ray diffraction methods, it was established that all synthesized zircon-manganites crystallize
in a cubic system with the following lattice parameters: LaLi.ZrMnOs — a = 16.26 +0.02 A ve=
4300.93 £0.06 A% Z = 6; V° elem cell = 716.82 + 0.02 R3; p ey = 5.49 g/cm?3; ppicn. = 5.42  0.06 g/cm3
LaNa,ZrMnOg— a = 16.85 + 0.02A; V° = 4785.46 + 0.02 A3 Z = 6; Veiem cen= 795.58 + 0.02 A3; Proray =
5.35 g/cm?; ppicn. = 5.30 £ 0.04 g/cm3; LaK,ZrMnOs — a = 17.45 + 0.03 A; V° = 5318.85 i0.09 A% Z=
6; VCelem cenl= 885.81 £ 0.02 A3; pyray = 5.16 g/cm3; pyicn. = 5.08 £ 0.02 g/cm 3. It has been established
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JlaHTaH meH Cil'lTiﬂi LaMe',ZrMnOs (Me' — Li, Na, K) Kypamabl UMPKOH-MAHTaHUTTEP KepamMuKaiblK

meTangapablH, }KaHa
LMPKOH-MaHraHUTTEpI

M.T. Typaues?, B.K. KaceHos?',
A. Hyxynbi*, M. Ctoes?, }X.U. CafbiHTaeBa?,
LLI.B. KaceHoBa?, E.E. KyaHblw6eKos?

1.H. Tymunes aTbiHAafFbl Eypasua yaTTbIK,
yHuBepcuTteTi, AcTaHa K., KasakcTaH

2)K. 96iwes aTbiHAAFbI XMMUA-METaNNyprua
MHCTUTYTbI, KapafaHabl K., KazakcTaH
30HTYCTiK-BaTbIC yHUBepcuTeTi «Heoput-
Punbckuii», Bnaroesrpag K., bonrapumsa
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TexHonoruna agicimeH 800-1200°C apanbikTa naHTaH (Ill) oKcMAaTepi MeH NUTUIA, HaTPUI XKaHe
Kanunii KapboHaTTapbiHbIH, dpeKeTTecyiMeH cuHTe3szenai. PeHTreHaik andpakuua agictepiH
KONAAaHa OTbipbin, 6apablK CUHTE3AENreH LMPKOH-MaHFaHUTTEp Keseci Top KepceTkiwTepi
6ap KyBTbIK CUHIOHMAZA KPUCTANAaHaTbIHbl aHbIKTanabl: Lali,ZrMnOs — a = 16,26 +0,02 A; V°
=4300,93 0,06 A%, Z = 6; V°,,. wu. = 716,82 £ 0,01 As; Pperr. = 5,49 r/cM3; Pauxn. = 5,42 + 0,06 r/cm3;
LaNa,ZrMnOs — a = 16,85 + 0,02A; V° = 4785,46 + 0,07 A%; Z = 6; V° anyaw. = 795,58 + 0,011 A3 poenr.
= 5,35 r/cm’; pow. = 5,30 £ 0,04 r/cm’; LaK,ZrMnO, —a = 17,45 + 0,03 A; v° =5318,85 0,09 A3 Z=
6;V° g, = 885,81£0,01 R3; ppenr. = 5,16 r/cm3; pnm =5,08 £ 0,02 r/cm?. Li>Na—K KaTapbiHAafbl
MOHABIK PagMycTapAblH, YAFalObIMEH «a» napameTpiHiH, M3HAEpPi KaHe LMPKOH-MaHTraHWUT-
TepaiH Topnapbl MeH BipAiK yaLWbIKTapbIHbIH Kenemaepi eceTiHi aHbIKTanabl.

TyWiH ce3aep: NaHTaH; LUPKOH-MaHTAHWUT; TMTUIA; HATPWUIK; KaNUA; CUHTES; peHTreHorpadus.
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MeTofom Kepamuuyeckoil TexHonorunm B WHTepsasne 800-1200°C B3avmopencrTemem
oKcuaoB naHTaHa (Il1) u kapboHaTOB NIMTUA, HATPUA U Kanua (4.4.a.) CUHTE3UPOBAHbI LUPKOHO-
MaHraHuTbl coctasa LaMe',ZrMnQOs (Me' — Li, Na, K). MeTogamu peHTreHorpadum ycTaHOBAEHO,
4YTO BCE CMHTE3MPOBAHHbIE LUPKOHO-MaHIaHWUTbl KPUCTANINBYIOTCA B KYOUYECKON CUHTOHUM CO
C/edyoWwmmm napameTpamm petetku: Lali.ZrMnOs — a = 16,26 +0,02 A; vo =4300,93 +0,06 A3;
Z = 6; Vi = 716,82 £ 0,01 A% ; Ppenr. = 5,49 r/cM3; Prun. = 5,42 £ 0, 06 r/cm®; LaNa,ZrMnO, — a =
16,85 £ 0,02A; VO = 4785,46 + O 07A%2=6;V° anay = 795,58 + 0,011 A3, Pperr. = 5, 35 r/cms; pHMKH =
5,30 % 0,04 r/cm3; LaK,ZrMnOs — a = 17,45 + 0,03 A; V° = 5318,85 +0,09 A%, Z = 6; V°,,. .. = 885,81
+0,01 A Ppenr. = 5,16 1/cM3; Paucw. = 5,08 £ 0,02 r/cm3. YCTaHOBNEHO, YTO C NOBbILIEHUEM UOHHBIX
papuycos B pagy Li>Na—K yBennumBatoTca BeNMUUHDBI NapameTpa «a» U 06 beMoB peLleTok u
3N1EeMEeHTapPHbIX AYEEK LUPKOHO-MaHTaHUTOB.

Kniouesble cnosa: NIUTUI;  HATPWUI;  Kanui;

peHTreHorpadwus.
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1. Introduction

Interest in the study of manganite perovskite materials
with the effects of gigantic and colossal magnetic resistance
(Nobel Prize, 2007) contributed to the emergence of miniature
media that are used in many advanced electronic devices.
These phenomena stimulated the search for new compounds
exhibiting similar effects due to the wide possibilities of their
application. Due to such properties as high mechanical and
optical characteristics, low thermal conductivity, high ionic
conductivity, chemical and biological resistance of the zirconium
dioxide-based material is widely used in engineering and
medicine. These properties determine the possibilities of
practical use in micro- and optoelectronics in the form of
dielectric substrates and thin films, and make their application
in the form of solid electrolytes in the form of films and thin
membranes in various electrochemical devices for oxygen
sensors and solid fuel elements extremely promising [1-4].

It should also be emphasized that among the manganites
with the perovskite structure, compositions have already been
found in which the effect of colossal magnetic resistance
reaches 10*% or more [5]. In particular, the possibility of using
manganites in a new developing branch of electronics-
spintronics, where the spin of an electron is an information
carrier is considered [6,7].

Conditions for the synthesis of polycrystalline layered
manganites Ln,BaMn, O, (Ln = Pr, Nd) of orthorhombic
structure (spatial
nonstoichiometry are proposed for the first time: temperature,
oxygen partial pressure [8].

La, K MnO,were obtained at low temperature, where x=
0.0, 0.1, 0.15 [9]. The compounds were studied by X-ray phase
analysis, electron paramagnetic and ferromagnetic resonance.

group Fmmm) with a certain oxygen

The authors [10] investigated the crystal structure and
phonon spectrum of the La,Zr,0, crystal.

Nanocrystalline zirconium dioxide (ZrO,) doped with La,0,
was obtained in [11] by chemical co-deposition for various
concentrations of the alloying impurity.

The structural phases were characterized by X-ray
diffraction. It was found that all newly synthesized samples are
in the monoclinic phase.

Nonstoichiometric composites Ndz_erMOM/Z (x=0, 0.1,
0.2) were synthesized by chemical co-deposition and
calcination [12]. The evolution of the phase structure and the
thermophysical properties of Nd, Zr, O, . are investigated.

In the above works, the production of both individual
manganites and individual zircons doped with alkaline and
alkaline earth metals is considered. The purpose of this work is
to combine manganites and zirconates into single new
compounds in the form of zircono-manganites of lanthanum
and alkali metals with valuable physico-chemical properties.

In the light of the above, the task in this work was to obtain
new zircono-manganites of the composition LaMe'ZZrMnO6
(Me' - Li, Na, K) and their identification by X-ray phase analysis
methods.

2. Experiment

Solid-phase synthesis of LaMe,ZrMnO, (Me' — Li, Na, K)
compounds was carried out using ceramic technology from
lanthanum (lll) oxides of the “extra clean” qualification,
zirconium (IV), manganese (lll) and lithium, sodium and
potassium carbonates of the “clean for analysis” brand.

The stoichiometric amounts of the starting substances,
previously dehydrated at 400°C, were thoroughly mixed and
ground in an agate mortar. Then they were annealed in alund
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crucibles in the “SNOL” furnace at first at 600°C for 10 h, 800°C
for 10 h, 1000°C with and 1200°C for 20 h. At each temperature,
the mixtures were cooled to room temperature with repeated
mixing and grinding processes and reheated. To obtain
equilibrium phases at low temperatures, low-temperature
annealing was performed at 400°C for 10 h, followed by
repetitions of mixing and grinding. In order to eliminate the
probability of the formation of nonequilibrium, metastable
phases at high temperatures, low-temperature annealing was
carried out at 400°C for 10 h to obtain stable phases at low
temperatures.
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The formation of the equilibrium composition of the
compounds was controlled by X-ray phase analysis on the
DRON - 2.0 diffractometer (NPP Burevestnik, Russia) using CuK
radiation filtered by a Ni filter (U = 30 kV, J = 10 mA, pulse
counter scale 1000 imp/s, counter rotation speed 2 degrees/
min, time constant = 5 sec, angle interval 2 from 10 to 90°). The
intensity of the diffraction maxima was estimated on a one-
hundred-point scale. Figure 1 shows the X-ray images of the
obtained zircono-manganites.

The indexing of radiographs was carried out by the
analytical method [13].
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Figure 1 —X-rays LaLi,ZrMnO, (a), LaNa,ZrMnO,, LaK,ZrMnO_ (c)
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3. Results and Discussion

Based on the indexing of radiographs, it was found that all
synthesized zircon-manganites crystallize in cubic symmetry.
The main parameters of the X-ray density gratings are

determined (Table

The X-ray density (x-ray.) of the investigated zircono-

1).

manganites was determined by the formula [13]:

1,66 -Mr-Z

Px—ray = Vo

where:

Mr — is the molecular weight of the compound,
Z —is the number of formula units in the lattice,
V° —is the volume of the unit cell.

Pycnometric densities were determined according to the
method [14] in glass pycnometers with a volume of 1 mL.
Toluene served as an indifferent liquid, which wets the material
under study well, is chemically inert to it, and its density is
stable to temperature changes.

Table 1 - Indexing of radiographs of LaMe,ZrMnO, (Me' - Li, Na, K) annealed at 400°C

I/, d, A 10%/d?, hkl 10%/d2_,
LaLi,ZrMnO,
100 3.13 1021 333 1021
30 2.71 1362 600 1361
6 2.48 1626 533 1626
9 2.03 2427 800 2420
50 191 2741 660 2723
41 1.63 3764 10.00 3781
12 1.56 4109 10.3.0 4122
7 1.35 5487 12.1.0 5483
15 1.24 6504 10.6.6 6504
12 1.21 6830 10.9.0 6845
LaNa,ZrMnO,
100 2.89 1197 433 1197
33 2.76 1313 610 1303
6 2.25 1975 642 1972
29 2.04 2403 820 2394
12 1.94 2657 662 2676
31 1.65 3673 10.2.0 3661
11 1.59 3956 870 3978
11 1.44 4823 10.6.1 4823
8 1.29 6009 13.11 6020
LaK,ZrMnOg
100 291 1181 442 1181
33 2.77 1303 620 1312
7 2.26 1958 553 1936
31 2.06 2356 660 2362
13 1.95 2576 752 2559
32 1.68 3543 10.2.2 3543
9 1.59 3956 11.0.0 3969
13 1.45 4756 12.1.0 4757
5 1.38 5251 12.4.0 5249
11 1.30 5917 12.6.0 5905
3 1.23 6610 10.10.1 6594
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Table 2 — Lattice parameters of zircono-manganites LalLi,ZrMnO, (1), LaNa,ZrMnO, (ll), LaK,ZrMnO_ (Ill)

Zircono-manganite a, A Ve, A3 z ° emears B (p).g/cm®

P cray. P picn.
| 16,26 +0,02 4300,93 +0,06 6 716,82 + 0,02 5,49 5,42 +0,06
I 16,85 + 0,02 4785,46 + 0,07 6 795,58 + 0,02 5,35 5,30 + 0,04
I 17,45 + 0,03 5318,85 +0,09 6 885,81 + 0,02 5,16 5,08 + 0,02

Table 2 shows the parameters of the elementary cells,
X-ray and pycnometric densities of the obtained new zircono-
manganites.

The reliability, correctness and reliability of the results of
indexing and determination of lattice parameters are confirmed
by a satisfactory agreement of experimental and calculated
values of 10%/d?, X-ray and pycnometric densities. Based on the
conducted studies, the obtained zirconate-manganites can be
attributed to the spatial group of perovskite Pm3m.

It can be assumed that, by analogy with other double
manganites of rare earth and alkali metals [15], the La** ion is
located in the center of the unit cell and has a coordination
number for oxygen of 12, and in the nodes of the unit cells there
is an Mn3* ion with an oxygen coordination number equal to 6.
Considering also the fact that Zr is in the same group with Ti in
the periodic table and, by analogy with Lali,TiMnO,
LaNa,TiMnO, [16], it should be assumed that LaLi,ZrMnO,,
LaNa,ZrMnO, and LaK,ZrMnO, can be attributed to a cubic
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In this paper, the hydrothermal synthesis of Na-A zeolite synthesized from Angren kaolin
and y-AlLO, mixtures is considered. Crystal sizes of Linde Na-A and synthesized Na-A zeolite were
compared using X-ray phase analysis. Zeolite Linde Na-A has a lattice strain between crystals from
0.019 to 0.23, and a lattice strain between synthesized Na-A zeolite crystals from 0.019 to 0.24.
The dislocation density of the samples was found to be between 10**m2?and 10V m™. Using IR
Spectrometric analysis was determined to be compatible with data presented in the literature.
In this study, Angren kaolin was selected as the source of aluminosilicate available in Uzbekistan.
Today, the use of zeolites for technological purposes is widely introduced worldwide, they are
used in the production industry for purification of various gases, and in the oil and gas industry
as an adsorbent and catalyst, for the separation of hydrocarbons, and for the deep purification
of gases.

Keywords: zeolite; kaolin; metakaolin; deformation;

hydrothermal; dislocation.

clay; crystal; nanostructure;
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Byn »KymbicTa AHFpeH KaoauHi meH \/—AIZO3 KOCMacblHAH CUHTEe34enreH na-A LeOIUTIHIH,
rTMAPOTEPMUANBIK CUHTE3i KapacTbipblnagbl. Linde Na-A KaHe cuHTe3genreH na-A ueonut
KPUCTan[apblHbiH, enwemaepi peHTreHaik dasanbik Tanfayabl KONJaHYMEH CanbiCTbIPbIAAbI.
Linde na-a ueonutiHge 0,019-gaH 0,23-Ke geniHri KpucTangap apacbiHgarbl Top Aedbopmaumnacsl
JKOHEe CMHTe34enreH na-A LeonuTKpuctangapbl apacbiHaassl Top aedopmaymacel 0,019-aaH 0,24~
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eHAipic cananapblHAa, cCoOHAal-aK ra3 eHepkacibi agcopbeHT KaHe KaTanusatop peTiHae,
KemipcyTekTepai 6eny KaHe rasgapabl TEPEH Ta3apTy yLWiH.
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B paHHoOW paboTe paccMOTpeH ruApoTepmanbHbli  cMHTE3  ueonuta  Na-A,
CMHTE3MPOBAHHOMO M3 CMECU aHFPEHCKOro KaosnHa u y-ALO,. Pasmepbl kpuctannos Linde
Na-A u cuHTesnpoBaHHoro ueonuta Na-A cpaBHMBaNM C NpUMeHeHWeM peHTreHodasoBoro
aHanuza. Leonut Linde Na-A nmeet gedopmaumio peleTkm mexay Kpuctannamum ot 0,019 go
0,23 1 aedopmaumio peweTkn MeXAy CUMHTe3MPOBAHHbIMU KpucTannamu ueonuta Na-A ot
0,019 go 0,24. MAOTHOCTL AMCAOKALMM 06pa3LoB OKasanachk B npegenax 10* m? n 10V m2, C
nomoubto MK-cnekTpomeTpuyeckoro aHanusa 6bl10 YCTAHOB/IEHO, YTO OHM COBMECTUMbI C
AaHHbIMK, NPeACTaBNEHHbIMK B InTepaType. B 4aHHOM Mccief0BaHUM B KaYecTBe UCTOYHMUKA
aNIOMOCUNNKATOB, AOCTYMNHbIX B Y36eKucTaHe, 6bln BblbpaH AHrPEeHCKUMIt KaonuH. CeropHa
NPUMeHeHne LLe0MTOB ANA TEXHONOTUYECKUX Lienel WHUPOKO BHeAPEHO BO BCEM MUpPE, OHU
LUIMPOKO NPUMEHAIOTCA B MPOU3BOACTBEHHONM NPOMBILLIEHHOCTU A8 OYUCTKM PA3/IUYHbIX Fa30B,
a TaKKe B ra3oBas NPOMbILLIEHHOCTb B KayecTse agcopbeHTa 1 KaTanmnsaTtopa, ANA pasgeneHuns
YrneBoA0poao0B v ry6oKON 04MCTKM ra3os.

KnioueBble c/0Ba: LEONWUT; KAOAWH; [MHA; KPUCTAN; HAHOCTPYKTYPa; METaKao/uH;
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1. Introduction

There is no denying that zeolites are the great importance
in commercial, technological and scientific applications. In
recent years, the global zeolite market is estimated at several
billion dollars [1]. More than 80% of the commercial demand
for detergents, catalysts, absorbents and cleaning agents is
zeolite materials. Currently, 241 completely ordered and 11
partially disordered structures of various zeolites have been
identified [2]. The process of synthesis of zeolites is carried out
by the hydrothermal method by creating conditions that lead to
their crystallization.

The contribution of preliminary radiation-oxidative
treatmenttothechangeintheelectrophysical characteristics
during thermal and radiation-thermal tests in the contact of
zirconium with water is revealed [3]. There arises the
formation of thin films of cobalt monosilicide (CoSi)
deposited into the base surface of SiO,/Si (111) using
magnetron ion-plasma sputtering and subsequent thermal
annealing. It was found that, in addition to the formation of
CoSisilicide, also there are Co and Si atoms that do not form
bonds on the surface [4-5].

Among zeolites, zeolite A or LTA is one of the first
completely synthetic zeolites that has no natural analogues [6].
The X-ray diffraction (XRD) spectrum of the nano-ZrO,
compound was drawn, the crystal structure was determined at

room temperature and under normal conditions [7]. There
arises the formation of thin films of cobalt monosilicide (CoSi)
deposited into the base surface of SiO,/Si (111) using magnetron
ion-plasma sputtering and subsequent thermal annealing. It
was found that, in addition to the formation of CoSi silicide,
also there are Co and Si atoms that do not form bonds on the
surface [8]. Other countries, including Korea, Ukraine and Iran,
also produce large volumes of kaolin. Kaolin has the chemical
composition Al Si,0 (OH),. Many researchers have synthesized
Na-A zeolite by changing its chemical and physicochemical
properties from kaolin [9-13]. Several different methods
(microwave, vapor phase, hydrothermal and sol-gel methods)
have been used in the synthesis of Na-A zeolite from kaolin.
The most common methods for the synthesis of LTA-type
zeolite membranes are primary synthesis and secondary
(crystalline) growth. In combination with these methods, the
microwave method was used to synthesize LTA-type zeolite
membranes. Compared with the traditional hydrothermal
synthesis method, microwave synthesis of zeolite membranes
has advantages such as shorter synthesis time and higher
membrane formation [14].

The synthesis of zeolites is influenced by several factors:
molar ratioof reagents, synthesis temperature, synthesis time,
source of raw materials, crystallization time. To synthesize LTA
zeolites using structure-directed agents (CDA), researchers
selectively modify certain synthesis processes.
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Amongst different water purification, sorption is the best
one due to its unique features; especially universal and
inexpensive. A large number of publications are appearing in
the literature every year, confirming its importance [15-16]. A
temperature of 110°C was kept constant throughout the
synthesis process of the zeolite NaA, and the durations and Na/
Al ratios were altered. The of X-ray diffraction (XRD) analysis
showed that high purity zeolite NaA with a high degree of
structural order was produced in the following conditions: a Na/
Al ratio of 1.64 for KC and KJ and synthesis durations of 18 h for
KC and 20 h for KJ. According to the XRD results, which indicated
the formation of the zeolites KA, MgA and CaA, the process of
cation exchange between the Na from zeolite NaA and the K,
Mg and Ca from the solutions was efficient. [10].This article
examined the hydrothermal synthesis of Na-A zeolite
synthesized from mixtures of Angren kaolin and y-alumina with
Linde Na-A zeolite.

2. Experiment

In this study, Angren kaolin was selected as the source of
aluminosilicate available in Uzbekistan. Kaolin is a crystalline
natural aluminosilicate in which the molar ratioof silicon oxide
toalumina is 1.0-1.15 (Table 1). Kaolin has a structure including
layers formed by repeating layers of silicon-oxygen tetrahedra
and aluminum-oxygen octahedra.

Table 1 — Chemical composition of Angren kaolin

Substance Content, %
AlLO, 31.20
CaO 1.24
Fe,O, 0.80
K,0 0.28
MgO 0.72
Na,0 4.69
PO, 0.07
Sio, 48.90
TiO 0.45
Other substances 11.67

The results obtained showed that the resulting films have
a structure suitable for instrumentation. The paper also
presents theoretical studies on the creation of photomasks to
create a device design. Usingthe method of magnetron
sputtering, a structure was created that can be used in thermal
radiation receivers. The mechanism of structure formation has
been developed [17].

Thereto synthesize Na-A zeolite, kaolin treated with oxalic
acid solution was heated at 650°C for 4 h (thermal dehydration
process) and converted into metakaolin (Table 2). To improve

the Al/Si molar ratio in Na-A zeolite, v-AIZO3was added to the
resulting metakaolin in a mass ratioof 2.2/1. The prepared
sample was mixed with 2M NaOH solution (Stable Temp Cole
Palmer) at 50°C for 24 h. The prepared mixture is poured intoa
Teflon container and placed in an autoclave. The sample was
kept at a temperature of 90°C for 16 h. The synthesis product
was washed several times with distilled water to remove excess
alkali (pH-7) and redried at 60°C for 12 h.

Table 2 — Purified kaolin composition

Substance Content, %
AlLO, 37.4
Na,0 5.5
Sio, 55.6
Fe,0, 0.1
Other substances 1.4

3. Results and discussion

In this research work, the optimal activation temperature
ranges from 550 to 850°C for different periods, with
metakaolinization observed predominantly in the range of 650-
750°C [18]. The metakaolin is heated to 650°C and then boiled
for 4 h. The kaolin chunks were cooked at 550°C and then
heated to room temperature. The optimal solution to this
problem is to use the following methods:

550-560°C
2ALSi,0(OH), = 2ALSi,0,+4H,0

27275

First, the kaolin sample is dried at 100°C for 6 h. Alkaline
activator sodium hydroxide (NaOH), oxalic acid to purify excess
compounds (Fe*) in local kaolin, y-ALO, to improve the molar
ratio of SiO,/ALO, in the synthesis of Na-A zeolite, equipment
for preparing the necessary solution processes was prepared.
In the HERZOG-100P mill (GNR Nord, Germany) a sample of
Angren kaolin AKF-78 is crushed to a size of 100 nm. 10 g of this
crushed sample is placed in a magnetic stirrer (Cole Palmer,
USA) at 100°C with 0.5 M H,C,0, solution. After a certain time,
the mixture was cooled to room temperature, filtered and dried
[19]. At this stage, a mechanism for purifying kaolin from
additives, especially iron oxides, was implemented. In that:

—in solution, oxalic acid (H,C,0,) dissociates to biooxalate
ion(HC,0,):

H,C,0,~> H'+ HC,0,

—in turn, the resulting biooxalate ion dissociates, leaving
the oxalate ion (C,0,%):

HC,0,> H*+C,0,>
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M.X.Oydinov et al.

31

The biooxalate ion produced in this reaction is the ion
responsible for dissolving iron:

Fe,0,+ H* + 5 HC,0, > 2Fe(C,0,),%+ 3H,0 + 2C0,
There crystals of hydrothermally synthesized Na-A zeolite

based on Angren kaolin and a sample of Linde Na-A zeolite were
studied using an X-ray diffractometer XRD-6100 (Shimadzu,

diffractometer, various X-ray diffraction peaks were recorded
(Figure 1).

According to XRD data, 27 peaks were determined in
Linde Na-A zeolite crystals and 30 peaks in the synthesized
Na-A zeolite crystals (Figures 1 and 2). In our opinion, in the
process of obtaining hydrothermally synthesized Na-A zeolite
based on Angren kaolin, additional crystalline peaks may
appear due to the use of y-Al,0,and NaOH in the appropriate

Japan). As a result of the data obtained from the X-ray  concentration.
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Figure 1 — X-ray diffraction of the Linde Na-A zeolite crystals
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Figure 2 — X-ray diffraction pattern of synthesized Na-A zeolite crystals
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Figure 3 — Crystal size of the Linde Na-A and synthesized Na-A zeolites

Using X-ray diffraction, the crystal size of the samples
(Scherrer equation) was determined (Equation 1):

0.94
= (1)
b BCos @

The broadening in the XRD peaks can be attributed to both
the limited crystallite size and the presence of microstrain
within the crystal lattice. We use the Williamson-Hall method to
separate these contributions. Microstrain expansion: lattice
distortion or deformations within crystals. The total broadening
observed in an XRD peak (6, , ) is the sum of the broadening
due to crystallite size (6,) and the broadening due to
deformation (8¢). Williamson-Hull Method The Williamson-Hull
method quantifies the contributions of crystallite size and
microstrain to peak broadening. provides a separation method.
General expansion:

Btolal cos 0= BD cosf + BS sin0 (2)

Here: 8, ,,— is the observed broadening of the diffraction
peak (FWHM in radians), 8, — is the broadening due to finite
crystallite size, B — expansion due to microstrain. The Scherrer
equation (Equation 3) for crystal volume expansion:

_ kA 3)
D cos @

Bo

and considering the strain expansion (Equation 4):

Be=4¢tand (4)

where: D — crystallite size, € — microstrain. Then the
Williamson-Hall equation becomes Equation 5:

Brota COS 0=""+4 5inf )

The total broadening (8, ) observed in the XRD peak is
the sum of the broadening due to crystal size (6,) and the
broadening due to microstrain strain (8g).

This line broadening can be used to measure crystal size
and lattice strain. The size (D) of Linde Na-A zeolite crystals was
established from 2.92:10*° m to 4.8-:10% m. The size (D) of the
synthesized Na-A zeolite crystals was established from
1.79:10° m dan 4.9:10® m (Figure 3).

The lattice stress or strain in Linde Na-A crystals and
synthesized Na-A zeolites is determined using Equation 6 [21-
22]:

S:L (6)
4 xtgb

It has been established that the lattice strain of Linde Na-A
crystals varies from 0.019 to 0.23.Change in lattice deformation
of the synthesized Na-A zeolite crystals from 0,019 dan 0.24
(Figure 4).

The crystals of Linde Na-A and the synthesized Na-A
zeolites have different sizes, and the deformation of the crystal
lattice is caused by distortion of the crystal lattice, which leads
to its dislocations. The dislocation density is determined using
Equation 7 [23]:

§=— (7)
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Figure 4 — Lattice strain of the Linde Na-A and synthesized Na-A zeolites

The surface dislocation density of Linde Na-A crystals was found to be between 10" m2?and 10 m2. The synthesized Na-A
zeolites were found to have a dislocation density between 10*m2and 10’ m™ (Figure 5).
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Inthe research work, 3 parameters (crystal size, dislocation
density, inter-lattice deformation values) are presented.
Crystalline size is a quantity measured on the basis of X-ray
diffraction data with the Scherrer equation in all zeolite
synthesis studies and provides conclusions about the crystallite
size of the zeolite. The next is the dislocation density, which
represents the displacement or approximation of the atoms
located in the crystal nodes relative to each other. It is possible
to conclude about the size and dimensions of the pores through
this size. The values of this parameter are not significantly
different between the obtained synthetic microporous Na-A
zeolite and Linda Na-A zeolite. Interlattice deformation means
that the distance between the atoms in the crystal nodes
decreases and expands relative to each other. These quantities
were measured using a special program based on X-ray phase
analysis data of Linde Na-A and synthesized Na-A zeolites.

The sample synthesized in the research and Linde NaA
zeolites were tested for infrared absorption and transmittance
using Fourier-transform infrared (FT-IR) ALPHA Il spectrometer
(Bruker, USA) (Figure 6A) The vibration at 466.86 cm™ in the
synthesized NaA zeolite is close to that of Si-O or Al-O. The

asymmetric vibration of the branched Si-O-Si bond has lower
intensity compared to the symmetric vibration of Si-O-Si
recorded at 719.40 cm™. In addition, the highest intensity peaks
at 1001.15 cm? correspond to strong vibrational asymmetric
stretching vibrations of Si-O-Si. Here, it was found that Si-O-Si
bonds have less symmetric vibration than asymmetric vibration.
The peak at 566.09 cm? indicates a double ring, which is a
secondary building block in the A-type zeolite structure.

Inaddition, two IR characterised bandsof zeolite hydration
water are observed in the resulting Na-A sample. In zeolites,
water molecules are associated with cations, and the hydrogen
atom is somewhat associated with oxygen ions of the
framework. The binding of water molecules to the zeolite cation
or tooxygen ions in the framework depends on the open
structure of the structure. The observed broadband vibration
at 3444.0 cm™ indicates that it is characteristic of hydrogen
(OH) bound to framework oxygen ions. There is alsoan intense
line characteristic of a water molecule in the vibrational mode
of the spectrometer at 1640.87 cm™. Therefore, it can be seen
that similar structural units and chemical parts are formed from
the peak vibrations in the obtained Na-A.
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Figure 6 — A) Obtained NaA zeolite; B) Spectra of Linde NaA zeolite
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Figure 6 shows infrared transmission spectrometers of
Synthesized and Linde Na-A zeolites. As for their differences, the
transmittance spectrometer represents the infrared transmittance
of the zeolite, while the absorbance spectrometer indicates the
level of infrared absorption. This conductivity spectrometer shows
thatitis 88% in synthetic Na-A zeolite and 75% in Linde Na-A zeolite.
Absorption spectrometers show that synthetic Na-A zeolite is 12%
and Linde Na-A zeolite is 25%, respectively.

The Linde Na-A zeolite particles exhibit a sharp, high-
intensity peak at 1000.3 cm?, similar to the IR spectrum of the
Na-A zeolite synthesized in this study (Figure 6B). This strong
peak indicates a T-O-T (T=Al or Si) asymmetric vibration. The
sharp band vibration at 460 cm™ is close to the Si-O vibration.
Symmetric vibration of Si-O-Si was recorded at 662 cm™.
Symmetric stretching of the T-O-T bond has a lower intensity
compared toasymmetric stretching of the T-O-T bond. A sharp
peak at 560 cm™ indicates the presence of a double ring, which
is a secondary building block.

4. Conclusion

Today, the use of zeolites for technological purposes is
widely introduced worldwide, they are widely used in the
production industry for purification of various gases, and in the
oil and gas industry as an adsorbent and catalyst, for the
separation of hydrocarbons, and for the deep purification of
gases. Currently, zeolites are synthesized on the basis of raw
materials such as bentonite, kaolin, nephilin. Synthetic zeolites
obtained from kaolin are of the most important practical
importance in cleaning oil and gas industry products from
additives. This article examines the hydrothermal synthesis of
Na-A zeolite synthesized from mixtures of Angren kaolin and
v-alumina with Linde Na-A zeolite. Crystal sizes of Linde Na-
Aand synthesized Na-A zeolite were compared using X-ray
phase analysis. Zeolite Linde Na-A has a lattice strain between
crystals from 0.019 to 0.23, and a lattice strain between
synthesized Na-A zeolite crystals from 0.005 to 2. The
dislocation density of the samples was found to be between
10%-10". Using IR spectrometric analysis was determined to be
compatible with data presented in the literature.
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OCHOBHAA MHPOPMALMA O KYPHANE

BecTHuMK KasHY. Cepus xumunueckas (ISSN 1563-0331, elSSN 2312-7554, cokpalieHHoe Ha3BaHue: «BecT. KasHY. Cep. xum.»
nnmn «Chem. Bull. Kaz. Nat. Univ.») nybanKyeT BbICOKOKayecTBeHHble Hay4yHble cTaTbyM ¢ 1992 roaa (4 BbinycKa B rog,). Yupeautenem
W M3gatenem XKypHana asasaetca Kasaxckuin HauMoHaNbHbIA YHUBEPCUTET UMeHU anb-Papabu. PerncTpaumoHHoe CBUAETENbCTBO
Ne 16499-)K. BeCTHUK OTKPbLIT A1 aBTOPOB CO BCEr0 MMPa M OXBATbIBAET BCE 061aCTU XMMUM, BKKOYAA MEXAMUCLUNNNHAPHbIE.

Llenb KypHana — o3Hakom/ieHMe Haumbonbliero KonuyecTBa uYuTaTene C HOBbIMU MAEAMM M pe3ynbTaTaMu HayuHbIX
nccaefoBaHUM, BbINOAHAEMbIX B Pa3/IMYHbIX 061aCTAX XMMUU.

OCHOBHbI€ 3aZ,a4m }KypHana:

e nyb6aMKauma pe3ynbTaToB UCCNe[0BaHUI B PAa3NIMYHbIX 061aCTAX XMMUK C YH4E€TOM NOCAELHUX SOCTUKEHUIN B MUpe

® puB/AEYEHMUE B }KYPHaAN aBTOPUTETHbIX aBTOPOB, ABAAIOLLMXCA CNELMaINCTaMM BbiCOYAMLLEro ypoBHA

® pacwupeHve pefakUMOHHOW KONNErnn U peLeH3eHTOB C NpuBAEYEHMEM MU3BECTHbIX Ka3aXCTAHCKUX U MHOCTPAHHbIX
cneunanncTos

® BKJIlOYEHME B MeXAyHapoaHble 6a3bl 4aHHbIX

® OBblWEHNEe NHAEKCA LUTUPOBAHUA

® MOBblWEHNe JOCTYNHOCTU N OTKPLITOCTM KypHana B KazaxcTaHe v 3a pybexxom

HypHan exoaut B Web of Science Core Collection u umeet umnakT-daktop (2023) — 0,3 (Q4).

HypHan nHaekcmpyetcsa KasaxctaHckon 6a3on umutuposaHma (KasbLl,) AO «HauMoHanbHbIM LEeHTP rocyAapCcTBEHHOM HAyYHO-
TexHuyeckol akcneptmsbl» (HUMHTI) n nmeet KasbL, umnakT-dakTop (2020) —0,118.

KypHan BXxoAWT B nepeyeHb M3[aHWUNA, pekomeHAyemMblix KomuUTEeTOM MO KOHTpoato B chepe 06pasoBaHMA M HAYKM
MuHUcTepcTBa 0b6pasoBaHna n Hayku Pecnybaunkn Kaszaxctad (KKCOH MOH PK) ana nybavMKaumMm oCHOBHbIX pe3ynbTaToB Hay4YHOM
[eATeNbHOCTH.

ypHan Takke pasmelleH B HayuyHol 31eKTpoHHOM BubanoTteke elibrary.ru B oTKpbITOM 4OCTYyNe 418 YynTaTeNell U BKAOYEH
B aHaAUTUYECKYIo 6a3y gaHHbIX «POCCUICKUIA MHAEKC Hay4YHOro unTnuposaHua» (PUHL).

CraTtbu }KypHana peructpupytotca B 61 CrossRef 1 K Kaxaoi aBTopckoli ctaTbe 0b6asatenbHo npucsameaetca DOL. HKypHan
yuyacTsyeT B nporpamme CrossRef Cited-by linking ans ynpolieHna noncka ctatein yepes nx LUTUPOBAHUA.

KypHan BK/IOYEH B KpynHenwyo 6a3y gaHHbix no xummun CAS (Chemical Abstracts Service) AMepUKaHCKOro XMMUYECKOTO
obuwecTea (American Chemical Society).

B cocTaBe pefaKkLMOHHOM KONNErnW XKypHaNa NpeacTaBaeHbl BeyLMe Ka3axcTaHCKMe U 3apybekHble yueHble.

MNopaBaemble B KypHaa CTaTbW A0MKHbI BbITb HanucaHbl ¢ Ucnonb3oBaHnem wpudTta Times New Roman (12 pt), yepes 1
WMHTepBan.

Bce cTatbm (Kpome 0630pHbIX) AONKHbBI BKAKOYATb C/Aedylowme pasgenbl: aHHOTaLMA, Kal4veBble CNOBa, BBeAeHue,
3KCNepMMeHTaNbHaA 4YacTb, pe3ynbTaTbl U 0bCYKAeHWe, 3aKkaloyeHne, BnarofapHOCTU, onucaHue BKaaga asTopos CRediT,
onucaHve KOHONMKTOB MHTEPECOB W CNUCOK NUTepaTypbl. Bce paspensl v nogpaszensl, HAYMHAA C BBEAEHWUA U 3aKaH4YMBan
3aK/OYEHNEM, L0NKHbI ObITb NPOHYMEPOBAHbI.

0O630pHble CTaTbM A0/IKHbI BK/IOYaTb aHHOTALLMIO, K/lOYEBbIe C10Ba, BBEAEHME, 06CY K AeHWe (OCHOBHYH YacTb), 3aKNt04YEHWE,
6naropgapHocTy, onucaHue Bknaaa astopos CRediT, onucaHve KOHGANKTOB MHTEPECOB M CMUCOK NUTepaTypbl. OCHOBHaA YacTb
A0/1KHA 6bITb pa3buTa Ha Noapasaens. Bce pasaens! v nogpasaensl, HAUMHAA C BBEAEHWUA U 3aKaHUYMBAA 3aK/IOYEHMEM, LO/IKHbI
6bITb NPOHYMepoBaHbl. Ana 6onblueit HarNAAHOCTU 0630pHbIE CTaTbW AOMKHbI BKAOYaTb He MeHee 2 puUcyHKoB U 1 Tabauupl.
MUWHMMaNbHOE KONMYEeCTBO CCbIIOK Ha Hay4yHble cTaTbu — 30. O630pHble CTaTbM AO/KHbI MOKa3blBaTb OCHOBHblE NMpobnembl
paccmaTtprBaemoli 061acTh M PacKpbiBaTb BOSMOXKHbIE NYTU UX pelleHna. s Bcex pUCYHKOB U3 APYTMX CTaTel aBTOPbI SO/KHbI
NONYYUTb paspelleHme Ha UCNOoNb30BaHME PUCYHKOB OT UX Blagenbles (06bl4HO, U34aTeNbCTs).

AHHOTaUMA J0MKHa cocToATb U3 150-250 cnos.

PUCYHKM [0MKHBI MMeTb Xopollee KayecTBO. Bce ocu A0/MKHbI ObiTb NOANWUCaHbI, @ eAWHULbBI M3MEPEHUA - YKasaHbl.
MNoxkanyicTa, ucnonbayite wpnoT Arial unu Helvetica ansa Hagnucel Ha pUcyHKax, Bce Ha4MUCKU LOKHbI ObITb YATAEMDI.

Mcnonb3yiTe KBagpaTHble CKOBKM [] Ana ccblnok Ha gpyrve nybankaunn. PekomeHayem ccbinaTbeca Ha Haubonee ceexue
WCTOYHUKM (He cTaple 15 neT). MMHMManAbHO PEKOMEHA,0BAHHOE KOMYECTBO CCbIZIOK ANA HayyHbIX cTaTel - 10. He meHee 70%
CCbINNOK A0/IKHbI 6bITb Ha CTAaTbW B HAYYHbIX }KypHanax. KonnMyecTBo CCbINIOK Ha CBOM paboTbl He A0/IXKHO NpeBbiwaTbh 50%.

Cpoku nybanKaumm 3aBUCAT OT KayecTBa CTaTbU U peleH3eHToB. CpeaHUN CPOK NybaAMKaLMM KayecTBEHHO HaNWCaHHOWM
cTaTbM - 10 HeAeNb C MOMEHTA NoJauM.

MnaTta 3a ny6aukaumio coctasnaneT 3 000 TeHre 3a 04HY NEYATHYIO CTPaHULY cTaTbu. C aBTOPOB B3MMAETCA NJiaTa TONbKO B
TOM Cny4Yae, ecnu cTaTbaA onybamkosaHa. MNnata 3a nogady cTaTbu OTCYTCTBYET.

ABTOpbI COXpaHAT 3a coboi aBTOpPCKME MpaBa Ha paboTy M nepenatoT KypHany NpaBo NepBoW nybaukauum BmecTe ¢
paboToi, 04HOBPEMEHHO ANLEH3MpPYA ee Ha ycnosuax Creative Commons Attribution License (CC BY-NC-ND 4.0).
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