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AxtyanbHocTs 3akniovaeTcs B Heo6XomMMOCTM NepepaBoTKM KMCMbIX Npo-
AYKTUBHBIX pacTBOPOB, COAEPXalUMX LEHHbI KOMMOHEHT BaHaaul B BMAe BaHa-
avn-katnoHoB. OB6beKT uccnenoBanus — ynbeoBas kucnota (FulvAc). Mpeamet
nccnegoBaHUs — BO3MOXHOCTb €€ MPUMEHEHUS B KayecTBe (ProTauMoHHOro peareH-
Ta-cobupatensi BaHaaun-kaTnoHoB. Llenb uccnenoBaHns — ndyvyeHne BO3MOXHOCTU
hbNOTaUMOHHOTO M3BMNEYEHNS BaHaANS U3 KUCTbIX NPOAYKTUBHbLIX pacTBopoB. 3aga-
YM uccrnefoBaHUs: NoAbOp CENeKTMBHO AEeWCTBYIOLIEro peareHTa-cobuparensi no
OTHOLUEHUIO K LIEHHOMY KOMMOHEHTY Ha OCHOBE MPMHUMMNA «CTPYKTypa-CBOWCTBO /
aKTVBHOCTb-CBOWCTBOY»; NPOBEAEHNE MOSEKYNSPHBIX PAacYETOB, BKIIOYAIOLLMX CTPYK-
TYpHble, OU3NKO-XUMUYECKNE N KBAHTOBO-XUMUYECKME NapaMeTpbl HOBOTO peareH-
Ta NPUPOOHOIO NMPOUCXOXAEHUSA — (DYNbBOBbIX KUCMOT; NPUMEHEHWE NPOrpamMmmHO-
ro KoMmrnekca Ans MOAENUPOBaHUS 1 BM3yanu3aumm cucteM «cybcTpar-peareHT»;
u3yyveHne MexaHuama s3aumopencTaus monekyn FulvAc u cybetparta [VO(H,0),
peanusauns nabopaTopHoro rnoTauMoHHOIO TEeCTUPOBaHWUS peareHTa-cobupare-
ns. B ctatbe ncnonb3oBaHbl cneunanbHbie METOAbl UCCNEA0BAHUSA — XMMUYECKOTOo
MOAENMPOBaHUS U aHanm3a C NPUMEHEHMEM CUCTEM MPOrpamMmMHOro obecneveHus
The Cambridge Crystallographic Data Centre (CCDC) n Avogadro. lNpvBeaeHbl
pacy€Tbl MOMEKYMSAPHbIX 4ECKPUNTOPOB (PIOTALMOHHON aKTMBHOCTM HOBOFO opra-
HuYeckoro peareHta FulvAc no OTHOLLEHUIO K M3BIEKAEMOMY LIEHHOMY KOMMOHEHTY
BaHaguo (cybcTpat meTtanna), KOTopble KONMYECTBEHHO MO3BOSSOT OLEHUTb BO3-
MOXHOCTb MPUMEHEHWNSI peareHTOB Ha OCHOBE MPUHLMNA «CTPYKTYpa-CBOWCTBO / ak-
TUBHOCTb-CBOMNCTBOY. [pOBEAEHHbIN pacHET MONEKYNAPHBLIX AECKPUNTOPOB Nokasarl,
410 FulvAC 3a CYET (PeHOMNbHBIX, TMAPOKCUIBbHBIX, KAPOOHMIBHBIX U KAPBOKCUIBHBLIX
rpynn cnocobHbl 06pa3oBbIBaTb XenaTHble KOMMEKChl C KAaTUOHAMW BaHaaus, rete-
poaToMbl KOTOPbIX 06YCMOBNMBAIOT LIeHTPbI Xemocopbummn. BaHaaumin B Kucnbix npo-
OYKTUBHBIX pacTBopax HaxoauTcs B popme BaHagwn-katmoHoB (VO)?* 1 akBaBaHa-
avnkatnoHos [VO(H,0),]*, KoTopble NposBRAioT CBOWCTBA KoMMnekcoobpasosaTe-
nein. NpoBeneHo MogenvpoBaHe 0bpa3oBaHnst roToCMCTEM «CyOcTpaT-peareHT»
¢ ucnone3oBaHnem CCDC. [JokazaHa BO3MOXHOCTb 06pa3oBaHust yCTOMYMBON doro-
TocucTembl «cybeTpat-peareHT» «(VO)*/[VO(H,0),**-FulvAc» no sapsao-koHTponu-
pyeMomMy MexaHu3my. llabopaTopHoe TecTupoBaHue peareHTa-cobuparens FulvAc no-
Ka3ano CeneKTMBHOCTb U M3bupaTenbHOCTb ero AeNCTBUSI MO OTHOLLEHMIO K cybcTpaTy
BaHaams ¢ €,=92,05 %.
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The relevance of the work lies in the need to process acidic productive solutions
containing the valuable component vanadium in the form of vanadyl cations. The
object of study in this work is fulvic acid (FulvAc), and the subject is the possibility of
its use as a flotation reagent-collector of vanadyl cations. The purpose of the work is
to study the possibility of flotation extraction of vanadium from acidic productive solu-
tions. To achieve the goal, the following tasks are set: selection of a selectively acting
collecting reagent in relation to a valuable component based on the "structure-prop-
erty / activity-property" principle; carrying out molecular calculations, including struc-
tural, physicochemical and quantum chemical parameters of a new reagent of natural
origin - fulvic acids; application of a software package for modeling and visualization
of "substrate-reagent” systems; studying the mechanism of interaction between Ful-
vAc molecules and the substrate [VO(H,0),]**; implementation of laboratory flotation
testing of the collecting reagent. The following special research methods are used
in the work: chemical modeling and analysis using The Cambridge Crystallographic
Data Center (CCDC) and Avogadro software systems. Calculations of molecular de-
scriptors of flotation activity of a new organic reagent FulvAc in relation to the extract-
able valuable component vanadium (metal substrate), which quantitatively allow to
evaluate the possibility of using FulvAc for flotation extraction of vanadium substrate
from solutions based on the principle of "structure-property/activity-property", are pre-
sented. The calculation of molecular descriptors carried out in this work has showed
that FulvAc due to phenolic, hydroxyl, carbonyl and carboxyl groups are able to form
chelate complexes with vanadium cations, oxygen heteroatoms cause chemisorption
centers. Vanadium in acidic productive solutions is in the form of vanadyl cations
(VO)* and aquavanadylcations [VO(H,0),]**, which show the properties of complex-
ing agents. Modeling of flotosystems "substrate-reagent" formation with the use of
The Cambridge Crystallographic Data Center software is carried out. The possibil-
ity of formation of stable substrate-reagent flotation system "(VO)** / [VO(H,0), >~
FulvAc" by charge-controlled mechanism has been proved.

BeedeHue. Bbibop nepcrnekTUBHLIX pea-
FEHTOB HOBOMO MOKOSIEHWUS, CENEKTUBHO AEW-
CTBYWOLLMX, adanTUPOBaHHbIX K YCIOBUAM
BedeHus npouecca M ocobeHHOCTAM usu-
KO-XMMMWYECKMX CBOMNCTB nepepabaTbiBaeMbIxX
NPOAYKTUBHBIX PacTBOPOB, LenecoobpasHo
OCYLLECTBNATb HA OCHOBE MPUHUMNA «CTPYKTY-
pa-CBONCTBO / aKTUBHOCTb-CBOMCTBOY. [aHHbIN
npuvHUMn paspabdotaH H. J1. MeasiHuk B anccep-
TaLMOHHOWN paboTe Ha coucKkaHue y4YEHOW CTe-
MeHn OOKTOpa TEXHUMYECKMX HayK «Teopetnye-
ckoe obocHoBaHMe M pa3paboTka pecypcoBoC-
NPOn3BOAALLMNX TEXHOMOIMMIN KOMMIIEKCHOW ne-
pepaboTKn TEXHOrEHHbIX BOA MEOHO-LMHKOBbIX
FOPHbIX MPEANPUATUA», TEOPETUYECKN OBOCHO-
BaH M NPaKTUYECKN peannsoBaH B TEXHOMNOMMM
KOMMIEKCHOW MnepepaboTKM rMOpPOTEXHOrEHHOTO
MUHEParnbHOro Cbipbsi MEOHO-KOMYeaaHHbIX Me-
CTOPOXOEHWUW, BKIMIOYAIOLLEN CTaAuUio NO3TanHoro
brOTaLMOHHOIO N3BMEYEHMS KAaTUOHOB LIMHKA U

Meau C UCMoNb30BaHNEM peareHTa-cobupartens
POJ1, nmetowero ontumanbHbii Habop napa-
METPOB PEAKLMOHHOM CcnocobHocTn. [MpuHUmn
«CTPYKTYpa-CBOWCTBO / aKTUBHOCTb-CBONCTBO»
DasvpyeTcs Ha onpegeneHMn Komnrekca more-
KyNSPHbIX OECKPUMTOPOB, BKITHOYAKOLIMX CTPYK-
TypHble (POpPMHbIE U dparMeHTapHble), hn3smn-
KO-XMMUYECKNE U KBAHTOBO-XMMMUYECKME Mapa-
MeTpbl, 0becneynBaLLnX BbICOKYH akTUBHOCTb
N CENeKTMBHOCTb AENCTBUS peareHToB-cobvpa-
Tenew No OTHOLWeHMIO K cybcTpatam meTanna B
npouecce drnotauum.

AkmyanibHOCmMb 3aKnio4yaeTcss B Heob-
XOAMMOCTU nepepaboTKn KUCIbIX NMPOAYKTMB-
HbIX pacTBOPOB, 00Opa3ylLMXCA Ha OOHOW K3
cTaguin  KOMIMMEKCHOM  (PU3NKO-XUMUYECKON
nepepaboTKkn >xenesHoro KoHueHTpata AO
«CBsaATOrop» [6; 7], KOTOPbIA COOEPXUT LEHHbIE
KOMMNoHeHTbl xenesa (58,50 % Fe ), BaHa-
ana (1,37 % V,0,) n tutana (5,64 % TiO,) B
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nepecy€Te Ha OKCUAbI, C LeNblo BbiAENEHNs U
KOHLEHTPUPOBaHMSA BaHaausl.

OBblYHO TakMe >xenesHble KOHUEeHTpaThbl
HanpaBnsalT Ha MeTannypruieckme npeanpus-
TUS, OOHAKO METamNypru ero «He xanylT» U3-
3a TOro, YTO0 B HEM MHOrO TUTaHa, KOTOPbIA B
npouecce MeTannyprmiyeckoro nepegerna nepe-
XOOWUT B TUTAHOBbLIV LUMAK, @ Takke BO3HUKAKOT
npobnemsbl ¢ ero nocrnegyLlen nepepaboTkon.

Kpome Toro, 6narogaps passutuio cynpa-
MOMEKYNsPHON XUMUM 1 ajanTaumm eé Teope-
TUYECKMX OCHOB K YCNOBUSIM chrioTaumm nosiBu-
nacb BO3MOXHOCTb KOHCTPYMPOBATb peareHTbl 1
NX CMecu ¢ Lenbto obecnedeHns Hanbonee ad-
HEKTUBHOIO CBA3bIBaHMSA C cybcTpatamn — ak-
TUBHBIMMW LIEHTPaMM NOBEPXHOCTW MUHEPATIOB.

O6bekm uccnedogaHusi — ynbBOBas
kncnota FulvAc.

lMpedmem uccnedogaHusi — BO3MOXHOCTb
€€ npyMeHeHns B kadecTBe oroTaunoHHOro pe-
areHTa-cobupartensi BaHagwun-kaTMOHOB (OKCO-
kaTnoHoB BaHagus (1V)).

Uenb uccnedosaHus — n3y4eHne BO3MOX-
HOCTU (PNOTALMOHHOIO U3BMNEYEHNS BaHaaNs u3
KMCIbIX NPOAYKTUBHBIX PAcTBOPOB.

Memodonozausi u memodnl uccriedosa-
Husi. B paboTe MCNonb3oBaHbl cneuunanbHble
MeToabl WUCCreaoBaHUs — UMGPOBOro Xumudye-
CKOro MopenupoBaHusi U aHanusa. Monekynsp-
Hble JEeCKpUMNTOpbl HOBOTO peareHTa, MexaHu3m
B3avmMopgencTema BaHagusa ¢ FulvAc, a Takke
MoaenupoBaHue rnoTauMoHHOW CUCTEMBI «Cy6-
cTpaT-peareHT», B KOTOPOW LIEHHbIA KOMMOHEHT
cybcTpaT — BaHagWN-UoH, a M3BMeKatLLmn
areHT — goynbBOBas KMCnoTa, NPOBOAWIU C Mpu-
MEHEHWEM CUCTEM MPOrpamMMHOro obecneyeHus
The Cambridge Crystallographic Data Centre
(CCDC) n Avogadro. B HacTosiee Bpems CCDC
BKIHOYAET KOMMEKC NporpaMm, COBMECTUMBIX C
nocneaHen Bepcuen Python 3.0: Mercury (npo-
rpamma ansi Bu3yanusauum u aHanusa CTpykTyp-
HbiX AaHHbIX), Cambridge Structural Database
(noctosiHHO nononHaemasa Kembpuokckas 6asa
AaHHbix), DASH (nporpamma ans aHanmsa peHT-
FreHOBCKOW nopoLukosBon audpakumm), Mogul
(nporpaMma Ans Banuaauuy reoMeTpum CTpyK-
Typ Monekyn), Hermes (nporpamma Bu3yanu3sa-
LM KpUCTaNIMYECKMX CTPYKTYP MakpOMOIEKY 1
MX KOMMNJIEKCOB C NUraHaamu, B TOM YMcrie nory-
YeHHbIX MONEKYNSIPHbIM AOKMHIOM U UX aHanm3a)
nt g [12].

Peanun3oBaHo nabopatopHoe TeCTpoBaHue
hynbBOBOW KUCMOTHI Kak peareHTa-cobuparens
BaHagusl U3 KUCMbIX PacTBOPOB METOAOM Ha-
nopHom dnotauun, rge Bpems droTtauum coc-
TaBnsano 10 muH, a pacxoq peareHta — 0,5 r/m3.

Pa3pabomaHHocmb meMbl. B HeKOTOpbIX
Tpyoax [2; 6; 8] TeopeTnyeckn OBOCHOBAHO W
NpaKkTUYeCKM JoKasaHo, YTO U3 «HEBOCTpeboBaH-
HOrO» XXEMne3Horo KOHUEeHTpaTa npu XMMm4eCcKom
oboralleHMn MOXHO mnorydyaTb TpU TOBApPHbIX
npoaykKTa: Xeneso, BaHaaum 1 TutaH mapku X. Y.,
aBa u3 kotopblx — V 1 Ti — B HACTOsILLIEE BpeMS B
Poccun sensitotesa octpogedunumtHeiMm [10; 19].

Kak yctaHoBneHo paHee [13; 15], B KuCnbIx
pacTBOpax BaHaaun HaxogUTCs B OKCOBaHaau-
esom (IV) katnoHe — BaHagun-katnoHe (VO)*,
KOTOPbIN UMEET CaMyto BbICOKYHO 3reKTpodub-
HOCTb M CKIMOHHOCTb K KOMMIieKkcoobpas3oBaHuio
MO CpaBHEHMIO C ApYyrMMu (POPMHbBIMU COCTOS-
HUaMKn BaHagus. C XMMUYECKOM TOYKWN 3peHus
B BOOQHOM pacTBope cregyeT y4uTbiBaTb, YTO
okcoBaHagu (IV) MoOH HaxoauTca npevMylle-
CTBEHHO B BMAE aKBaKOMMMEKCHbIX KaTUOHOB
cocrasa [VO(H,0),]*nunu [VO(H,0),J**. BaHaau-
na (IV) katmoH obpasyeT nabunbHble KOMMIEK-
Cbl, MOCTPOEHHble nNnbo KBagpaTHO-NMpamm-
AanbHo, nNnbo BunupammnaanbHO C akcuanbHO
NCcKaxEHHon cTpykTypon [9]. KoopanHaums Ba-
HaaMs KaTMOHOB U OKCOKaTUOHOB B PasfnyHbIX
cTeneHsx okncneHms obecnevymBaeTcsi B OCHOB-
HOM aToMaMM KUCropoAda U a3oTa CTPYKTYPHbIX
dpparmenTos [9; 11]. Takum obpasom, cybeTpa-
TOM BaHagusa sBnsieTcs okcoBaHagmesbi (V)
KaTMOH B W3BNEKAEMOW CTPYKTYpHOM dopme
(VO)y*, [VO(H,0),J** unn [VO(H,0),]*, koTopble
NPOSBMSAIOT aKTUBHbIE 3MNEKTPOUIIbHbIE CBOW-
ctBa. Pacuét Hanbonee adhdpekTmBHOM M3BNeE-
Kaemon HOpMbl HA OCHOBE KBAHTOBO-XMMWYeE-
CKMX NapameTpoB Oyaet npuBedéH B Tabn. 1.

Pesynbratbl uccnepoBaHusa. [lpeano-
XEHHbI  aBTOpamu peareHT-cobupaTtenb—
dyneBoBas kucnota FulvAc (7,8-aurngpok-
cn-3-metun-10-okco-1H,10H-nnpaHo (4,3-b)
XpoMeH-9-kapboHoBasi) C MOMSIPHOW Maccou
308,242 r/monb, t =224 °C, uCTUHHasa Xumu-
Heckas popmyna kotopoit — C,,;H,;, 04N, S, on-
Hako ONS MOMEKyNApHbIX PacY4éTOB UCMONb3y-
eTcs (pparmeHTapHas kaHoHM4Yeckas copmMyna
C,,H,,0,, npvBeaéHHan Ha puc. 1.

FulvAc saBnaeTcs HeTokcMyHoM (5-11 knacc
OMacHOCTU) HaTypanbHOW OPraHWYecKom mno-
NMMEPHON KMCNOTOM C BONbLUINM KONMYECTBOM
PYHKLMOHAMNbHbLIX TPYyMM, >XENTO-OpaHXeBOW
OKpacku, KoTopasi u3BrnekaetTcsa M3 ryMycoBo-
ro BewecTBa AepHOBbIX / NOA30MNbHOAEPHO-
BbIX MOYB M BEPXOBOIo TOpda METOAOM LEenoY-
Houn gecTpykumn. OHa XOpoLLO pacTBOpsSiETCS B
BOAE, KMCroTax u wwerno4vax [3-5].

AHanm3 U3NKO-XMMNYECKNX XapaKTEPUCTUK,
npoBenéHHbIN ¢ ncnons3oBaHvem MNK-cnektpome-
Tpuu [1] (puc. 2), nokasan, 4to MK-cnekTp cynbBo-

BecmHuk 3ably. 2024. T. 30, Ne 2

Hedpononb3oeaHue, 20pHbIe HayKu



75

BOW KMUCIOTbI UMEET TUMWUYHbLIN BUA, XapakTepHbIN
Onsi TyMyCOBbIX KUCMOT, 1 COOQEPXUT MOoMockl no-
rMOLLIEHMS, OTBEYatoLLme NPOSIBNEHNIO konebaHmmn
KapbOoKCUbHOM rpynmbl 1 kapbokcunaT noHa ¢ Ya-
ctotamun 1722 1 1636 cM COOTBETCTBEHHO.

B kopoTkoBonHoBon obriactu CnekTpoB B
obnactn 3440-3480 cm npucyTCTBYeT MOSO-
ca, COOTBETCTByWOLLAss BaneHTHbIM KonebaHu-
am OH-rpynnbl. Anudatudeckne dparmeHTbI
(MeTunbHbIE N METUNEHOBbIE) MNPOSBAIOTCA
nukammn B obnactn 2850-2950 cm™'. dedopma-
uMoHHble konebaHuns C—H-ceasen HaxoasTcs B
crekTpax B MHTepBane 3HavyeHun yactot 1370—
1400 cm. Takum obpasom, nomnoca C 4acTtoTomn
1720 cm' ortBevaeT KkonebaHusim CBOGOAHOM
KapbokcunbHoW rpynnbl, ¢ Yactoton 1610 cm™ —
kapbokcunar noHy, a nuk B obnactn 1245 cm™'—

rmapokeurpynnam dyneBokucnot. CnegosaTtenb-
HO, B CTPYKType (PynbBOKUCMOT MPUCYTCTBYIOT
Kak cBoboaHasa kapbokcunbHasa rpynna, Tak 1 eé
NOHMN3NpOBaHHast oopma.

FulvAc 3a c4€T Hanmuna peHonbHbIX X, -
apokeunbHbiX OH, kapboHunbHbix C=0 n kap-
6okennbHbix COOH rpynn cnocobHbl 06pa3oBbI-
BaTb XenaTHble KOMMIIEeKCbl C KAaTUOHaMu BaHa-
OMs, a Hanmyme B CocTaBe peareHTa retepoaro-
moB O, N, S obycnoBnmBaloT HyKkneogunbHble
LeHTpbl xemocopbuun. Hanuume gaHHbIX coe-
OMHEHUI B CcOCTaBe peareHTa NoAaTBepXaaeTcs
N anemMeHTHbIM aHanusom [1] (tabn. 1).

C nomoLLbio cUCTEMbI MPporpaMmHoro obec-
nedeHns CCDC nonyyeHbl CTPYKTypHasa 1 06b-
éMHas mogenu goynbBOBOW KUCIOThI, NpeacTaB-
NeHHble Ha puc. 3.

Puc. 1 ®parmeHT KaHOHUYeCcKor Mogenu dyrnbBOBON KMCMOThI /
Fig. 1. Fragment of the canonical model of fulvic acid

4000,0 3600 3200 2800 2400 2000 1800

1600 1400 1200 1000 800 600

4000

Puc. 2. dypbe VK-cnekTpbl oynbBoBon knucnotsbl [14] / Fig. 2. Fourier IR spectra of fulvic acid [14]
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Tabnuuya 1/ Table 1

OneMeHTHbIN cocTaB ¢hynbBOBLIX KUCHOT (B pacyeTe Ha 6e33onbHoe BelwecTBo) / Elemental composition of fulvic
acids (calculated as ash-free substance)

CodepxaHue anemeHmos, % / Content of the elements, %

Bewecmeo / Substance c H

N S o

dynbeoBas kucnota / Fulvic acid

5,90

2,10 5,77 52,48

HO

HO

8

2

Puc. 3. Mogenu dynbBOBOM KACMOTbI, NOMyyYeHHble npy nomowm CCDC:
a — CTpyKTypHasi opmyna; 6 — LuapocTepHeBasi MOAENb; B — KapkacHasi MOZErNb; I — MONEKynsipHast Moaens /
Fig. 3. Fulvic acid models obtained using CCDC: a — structural formula; b — ball-and-stick model;
¢ — wireframe model; d — molecular model

Kak B1aHO n3 puc. 3, XxpOMOHOBas KonbLie-
Bas cMcTema Mo CyLlecTBy nfockasi, C rmapok-
CUMbHBIMU N KApOOHOBBIMU KUCHOTHBIMUW Fpyn-
namu, KonnaHapHbIMW KObLLy.

[ns nporHo3Hon oueHKM 3PPEKTUBHOCTU
n obocHoBaHUA MexaHuama pencteusa FulvAc
peareHTa-cobupartens no OTHOLUEHUIO K CyO-
cTpaTtam okcokaTuoHoB BaHaaus (IV) npoBenéH
aHanM3 napameTpoB PeakUUOHHOW CroCcobHO-
ctun (MPC) Ha ocHOBE MOMEKYNSPHbIX PacyEToB

C MCMomnb30BaHWEM MNPOrpamMmMHOro KOMMIekca
CCDC wn nporpamMmbl XMMWYECKOTO MOZAENU-
poBaHusa cTpykTyp Avogadro. PacuéTtbl FulvAc
M3BIEeKalLero areHTa U BO3MOXHbIX XEMOCO-
pGupoBaHHbLIX CyOCTpaToB BaHagus MpuBede-
Hbl B Tabn. 2. [JaHHble MO 3HAYEHUSIM SHEPTUN
rPaHUYHbIX MOMeKynApHbIX opbutanen E v
E umo XOPOLIO KOPPEnupyrT C aHanornyHbImMm
pacyétamu, NpMBEAEHHbIMU B HEKOTOPbIX pabo-
Tax [14; 16-18].

Tabnuua 2/ Table 2

MapameTpbl peakLMOHHOW cnocoGHocTU FulvAc n Bo3MOXHbIX n3Brekaemsix oopm cybeTpaTta BaHagus /
Parameters of FulvAc reactivity and possible extractable forms of vanadium substrate

CoeduHeHusi / Compounds E ono 3B | Eyusr @B | n,9B | x,9B | I, 3B I, Je
FulvAc -5,77 -2,63 3,14 4,20 2,81 0,36
VO -4,53 -4,12 0,41 4,33 | 22,86 0,04
[VO(H,0),1* -6,04 -3,78 2,23 4,91 5,41 0,18
[VO(H,O)J* -4,13 -2,46 1,67 | 3,30 | 3,26 0,31
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Kak BugHo 13 1abn. 2, katnoH [VO(H,0),**
Xapaktepusyetcs 60MnbLUMM XMMUYECKUM NOTEH-
unanom 4,91 aB, uTo obycnosnmBaeT 60MbLUYHO
peakumMOHHYI0 CNOoCOBHOCTL TeTpaakBaBaHaau-
na (IV) Bo onotocucteme no CpaBHEHUIO C ApY-
rmmun cybetpatamn. CyleCcTBEHHOe pasnuyne
Mexay BenvyvHamMn BEepXHEeW 3aHSATOW Mone-
KynapHon opbutanu E,, , peareHta n HxHen
cBoboaHon E , MonekynapHon opbutanu cy6-
cTpaTta BaHagus ykasblBaeT Ha OCYLLEeCTBeHne
«KECTKO-XKECTKOro» B3aMMOLENCTBUS MEXAY
cybcTpaTtoM M peareHTOM MNpeMMyLLeCcTBEHHO
no 3apsg0-KOHTPONMPYEMOMY MEXaHU3My B CO-
oTtBeTcTBUM ¢ Teopusimu . Jibtonca n O. A. Pe-
yTOBa.

[ns onpeaeneHns BO3MOXHbIX CTabuIbHbIX
PrNOTaLMOHHBIX CUCTEM  «CybCTpaT-peareHT»
paccyMTaHbl  MOMEKynsipHble  AeCKPUMTOopbI
(Tabn. 3) — cTeneHb NepeHoca 3apsaaa, aHeprus
KomMnnekcoobpasoBaHUs U YMCNO BOAOPOAHbIX
CBHA3eN.

AHanma  MONeKynsipHbIX  AEeCKPpUnTopoB
BO3MOXHbIX (PrIOTOCUCTEM MoOKasar, 4YTO Hawu-
bonee sHepreTMyeckn BbLITOAHOW W YCTONYU-

BOMN CUCTEMOWN «cybcTpaTt-peareHT» sBMAseTcs
[VO(H,0),]** — (FulvAc), xapakTepusytoLiascs
AE = -233,8 kkan/monb, AN=0,780 n yncrnom
BOAOPOAHbIX CBA3EN 5.

CornacHo TepmuHonorun A. M. lonemaHa,
cucTemy «cybeTpar — peareHT» MOXHO HasBaTb U
BaHaaWmnoBbIM cybnaTtom, obpasytoLummcs B Co-
NSIHOKMCIBIX pacTBopax Mpu NpoBeaeHun MOH-
How cbnotauun. OaHHbIi cybnat npeacrasnset
cobow 30Mb, YacTuLbl KOTOPOro UMEKT Creayto-
LLYIO CTPYKTYpY:

{[VO(H,0),L,].-VO(H,0),?*-2 (n-x)CI}*>*-2xCl,

rae m, n, X — ctexmomeTpudeckmne KoadhpuumeH-
Tbl, L — FulvAc.

M3BneyeHne yactuy, 3058 B MEHHbIA MNpo-
OYKT OCYLLECTBNSAETCA 3a CYET retepodbasHom
Koarynsaumm.

Mogenb roTaumoHHOM CUCTEMbI  «CYyO-
ctpat — peareHT» [VO(H,0),]** — (FulvAc),
CTPYKTypa KOTOPOW COrMacHO MOMEKynsipHbIM
pacyéTam SBMSETCS 3HEPreTU4eckn BbIrOOHON
N KOHOPMALNOHHO YCTOMYMBOM, CMOCOBHON K
camocbopke, NpeAcTaeneHa Ha puc. 4.

Tabnuua 3/ Table 3

MonekynsipHble AeCKPUNTOPbI BO3MOXHbIX (PFIOTAaLMOHHbIX CUCTEM «CcybcTpaT-peareHT» /
Molecular descriptors of possible "substrate-reagent” flotation systems

Cucmewa «cy6cmpam- Yuco e000podHbiIx ceszell /
peazeHm» / "Substrate-reagent” AN E kkan/monb /E___, kcal/mol P
womn’ comp Number of hydrogen bonds
system
(VO)?* — (FulvAc) 0,048 -205,6 3
[VO(H,0),]**~ (FulvAc) 0,780 -233,8 5
[VO(H,0),]**~ (FulvAc) 0,612 -218,5 3

Puc. 4. Moaenb donotaumonHon cuctemsl [VO(H,0),]1%— (FulvAc) ¢ ykasaHnem S5H-cesasen /
Fig. 4. Model of the [VO(H,0),] - (FulvAc) flotation system indicating 5H-bonds
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OnunHbl BOOOPOAHbIX CBA3EN NpencTaBrieH-
HOrO MeTansoKoMMnieKca paccynTaHbl C MOMO-
Wbto nporpammHoro komnnekca CCDC n coctas-
nsiot: 3,268; 2,819; 3,205; 3,410; 2,352, koTopble,
COOTBETCTBEHHO, M MOATBEPXAEHbI MPOorpaMmmon
XMMUYECKOr0 MOAENUPOBaHMA CTPYKTYp Avoga-
dro. MATb BOOOPOAOHLIX CBA3EW BHOCAT 3HAYM-
TEMbHbIN BKNag B YCTOMYMBOCTL OOpa3oBaHWA
xenatHoro komnnekca [VO(H,0),] > — (FulvAc).
MonekynspHas mMacca KoMmnrekca cocTaBnsieT
717,436 r/monb.

ManopacTtesopumbIi  ynbBaT BaHagwna
obpasyeTcs no cneaytoLLen peakummn:

[VO(H,0),]>* + 2(FulvAc) + 6H,0 —
— [VO(H,0),I-(FulvAc), +2H,0,".

JTaBopaTopHoe TecTtupoBaHue FulvAc B Ka-
4yecTBe peareHTa — cobuparensi — nokasano ce-
NEeKTUBHOCTb U n3bmpaTtenbHOCTb ero 4eNcTBus
no oTHoweHuto kK cybeTpaty BaHagus. MNpwu pac-
xope peareHTta 0,5 r/m® 1 BpemeHu npoBedeHus
HanopHou dnotaumm 10 MUH n3BnNeYeHne BaHa-
Ovs, B nepecyérte Ha mapky X. Y., coctaBuno He
meHee 92,05 %.

BbiBOAbI.

1. MNpn nepepaboTke MPOOYKTUBHBLIX pac-
TBOPOB  (PriOTaLMOHHLIM  METOAOM  BaXXHbIM
acnekTom SBMSIETCA KONMMYECTBEHHOE Cerek-
TMBHOE WM3BrevyeHne Hamboree LEeHHbIX Npuo-
PUTETHBLIX KOMMOHEHTOB JOCTYMHBIMU HETOKCKY-
HbIMW peareHTammu-cobuparensiMv, MpPOrHO3u-
poBaHVe akTUBHOCTU KOTOPbIX LienecoobpasHo
OCYLLECTBMATb C WCMOMb30BaHWEM MNpuHLUMNA
«CTPYKTYpPa-CBOWCTBO / aKTUBHOCTb-CBOMCTBOY,
MO3BONSAOLLErO KBanMULMPOBaHHO BbibMpaTb
peareHTbl-cobmpatenu ¢ 3apaHee 3aaHHbIMU
CBOVICTBaMW, ONpefenéHHbIMU B 3aBUCUMOCTU
OT MOJEKYNSAPHbIX AECKPUMTOPOB peakLMOHHOM

Cnucok numepamypbi

cnocobHoCTK peareHTa-cobupaTtens — no OTHO-
LUEHMIO K N3BMEeKaeMbIM LlEeHHbIM KOMMOHEHTaM.

2. Hay4Ho obGocHoBaH BblIGOp addeKkTuB-
HOro peareHTa-cobupartens Ons CenekTMBHOro
N3BMNeYeHNs OKCOKAaTMOHOB YETbIPEXBANEHTHOIO
BaHagus M3 KUCIbIX NPOAYKTUBHBLIX PacTBOPOB
MeToAoM hrioTauum B COOTBETCTBMU C MPUHLIM-
NMOM «CTPYKTYpa-CBOMCTBO / aKTUBHOCTb-CBOW-
CTBO» Ha OCHOBaHUW MOSEKYNSIPHbIX PacyéToB
napameTpoB PeakuMOHHOW CMOoCOBHOCTU Cyb-
CTpaToB, peareHTOB W W3BMEeKaeMbIX CUCTEM
«cybcTpar-peareHT».

3. HeToKCMYHbIN HOBLIN peareHT-cobupa-
Tenb — yNbBOBAsA KMCMNOTa rpynnbl ryMyCOBbIX
BELLECTB, KOTOpasi XxapakTepuayeTcs onTumarb-
HbIM HabopOM MONEKYNSAPHbIX AEeCKPUNTOPOB
MO OTHOLLUEHWIO K W3BIIEKAEMOMY KOMMOHEHTY
BaHaguto, YTO M NpenonpeaensieT ero BO3MOX-
HOCTb NMPUMEHEHMS.

4. TlpoBegeHO KOMMbIOTEPHOE MOOEeNu-
poBaHMe npoueccoB obpa3oBaHUs CUCTEM
«cybcTpar-peareHT» C WCMOoNb30BaHWEM MNPO-
rpammHoro  obecneyeHna The Cambridge
Crystallographic Data Centre. OnpegeneHo, 4to
Hanbornee aHepreTM4eckn BblirogHble 1 KOHAOP-
MaLMOHHO YyCTOMYMBbLIE K camocbopke cucte-
Mbl «BaHagwun-woH — peareHT FulvAc» umetoT
cocras [VO(H,0),]** — (FulvAc), AE, = -233,8
kkan/monb, AN=0,780 1 4ncno BOAOPOOHbLIX
cBsAsen 5.

5. Bsaumogericteue peareHta FulvAcu cy6-
ctpata [VO(H,0),]* aBnseTtca «KECTKO-KEéCT-
KMM» N OCYLLECTBNSETCA Mo 3apsfo-KOHTPOnu-
pyeMOMY MEXaHU3My.

6. JlabopatopHoe TecTMpoBaHWE peareH-
Ta-cobupartensa FulvAc nokasano CenekTus-
HOCTb U 130bMpaTenbHOCTb ero A4EeNCcTBUsA no oT-
HoLeHWo K cybeTpaty BaHaams ¢ €,=92,05 %.
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