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BIIVIMB CIIIBBITHOIIEHHS PEATEHTIB I YAC CUHTE3Y BAHAJIATY
3AJIIBA (IIT) HA KOHIHEHTPAIIIO CITOJIYK BAHAIIIO B PO3UYHNHI
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BukoHaHO cHHTE3 BaHANATIB 3ami3a 3 BOJHHUX PO3YMHIB 3a PI3HUX CIIBBIIHOIICHH MiX
pearyiouuMu  KoMIoHeHTamMu 3a Temmeparypu 40 °C. Jocmimkeno mepeGir peakuii 3a pizHOro
CITiBBIJHOIICHHS MK peareHTaMu. B moyaTkoBUiI MOMEHT BiIOyBa€ThCS LIBUAKE YTBOPEHHS Ocany i
pi3ke 3MeHIIeHHs KoOHIeHTpamnili croiayk BaHamgito (V) B pos3umHi. [IpoaHanmizoBaHo 3MiHY
KOHIIEHTpauii BaHafifo Ta pH po3unHy 3aexHO BiJ 4acy peakiii. 3’sCOBaHO, II0 JOJABAHHS JIYTY 10
peakuiifHoi cymimi 301IbIIye KUIBKICTh MPOPEAroBaHOTO BaHAAATYy HATPI0 Ta cHpusie 30UIbIICHHIO
BUXOJy BaHAJaTy 3ali3a. 3a HAQIJIMIIKY BaHAJaTy HATPil0 B peakUilHIA cymimi BinOyBaeThCs
YTBOPEHHS IH- Ta TPHBAHAIATIB 3ai3a.

Kniouosi crosa: Bananart 3aiiza, TeTepOTreHHA PeakIlisi, KOHCTAHTA ITBUAKOCTI.
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1. Beryn

Bananaru 3aiiza, SK KJjac CIIOJIyK, IO MOEJAHYIOTh BIACTHBOCTI NEPEXiIHMX METalliB
3a;iza Ta BaHAMII0, NPUBEPTAIOTh 3HAYHY yBary BUYCHHX 3aBASKH CBOIM YHIKaJbHUM
(hi3mYHEM, XIMIYHAM Ta €JIIEKTPOXIMIYHHM XapakTepucTukaM. [1] 3amizo sk mepeximHuit
MeTan BOYIOBYETHCS B CTPYKTYpPY, YTBOPIOIOUM KpHCTANiuHI (a3 3 BHCOKOIO
cTabunpHICTIO, MmO pobuth FeVO, mepchneKTHBHUM Ui BHKOPHCTAaHHS B JITiH-10HHHX
akymymsiropax [0, 3].

CydacHi poOOTH BHOKpPEeMIIOIOTH mepeBard FeVO, Haj IHMIMMH BaHagaTaMu
meranis (sanpukian, BiVO, un InVO,) 3apusxu cuneprii mix Fe* ta V>, sika craGinizye
BIAKPUTY  KpPHUCTQJIiYHy TIpaTKy Ta CHOpUSE  IMIBUJKOMY  TPAHCIOPTY  3apsny.
HanocrpykrypoBanuii FeVO, nemoHcTpye nutoMy eMHICTh 372 MA-TOI/T 3a po3psmay
ctpymom 0.1 C — 3Ha4eHHs, OJM3bKe IO TEOPETHYHOIO MAKCHMyMYy, IO HOSICHIOIOTH
e)eKTHBHIM BHKOPHCTAHHSAM BaHAMATHHX pepokc-tientpis (V> /V** ta V*/V®*) [4, 5].

3a ganmmu Web of Science, kinbkicTh myOumikamiii 3a OCHOBHHM 3aIIUTOM iron
vanadate 3pocia 3 ~6 Ha pik y 2010-my mo 40+ y 2024-my, o BizoOpaskae aKTHBI3allilO
JOCHKeHb y il ramy3i. OcoOinBY yBary HpUAUISIOT BaHAJIATHIA CKIAJOBIH, sKa
BILUIMBA€E HA €BOJIIOLIIO CTPYKTYpH Ta (ha30BHI Mepexil, 30KpemMa yepe3 3MiHy KOHLIEHTparil
y IpeKypcopax, Lo Ja€ 3MOTY KOHTPOJIFOBaTH Mopdooriro Ta pa3oBuil ckiax [6]. Onqxiero
3 NOMIHYIOYHX TEHJCHIUIH € BUKOPUCTAHHS TifpoTepManbHOro cuHresy [7, 8], sxuii nae
MOXJIMBICTb OTPUMYBATH HaHOYAacTHHKH FeVO, 3 KOHTpOJIbOBaHOIO MOPQOIIOTi€0 — Bix
HAHOCTEP)KHIB 1 HAHOIUIACTHH /O NMOPUCTHX CTPYKTYP UM KOMIIO3UTIB 3 rpad)eHOM — 3a
BisHOCHO HU3bkHX Temmepatyp (100-200 °C) i tucky [9, 10]. Takwmii miaxin 3abesmeuye
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BHCOKY YHCTOTY BaHAQJaTHOI (a3 Ta ONTHMi3ye (YHKIIIOHAJIBHI BIACTHBOCTI MaTepiaiy.
Bonrodac 30epekeHHS TeTpacIpUIHOI KOOPIMHAINI BaHANII0 € KPUTUYHHAM: BiIXIIICHHS
Bimt VOg4-reomerpii TPU3BOINTH IO YTBOPEHHSA HeakTUBHUX V,Os-momibuux ¢asz [11].
TakuMm uynMHOM, BaHAJAT 3aji3a MOCIAa€ BaroMe Micle B Cy4acHHX JOCHI/DKCHHSX 3aBISKA
YHIBEPCAIILHOCTI BAaHAJATHOTO aHIOHA, SIKUA € SIK CTPYKTYPHHM KapKacoM, peIoKcC-
AaKTHBHAM IIGHTPOM, Tak 1 crabimizaTropoM iHTepkamsiuiiHux mpouecis [12, 13].
[Nopanbmmii po3BUTOK CHHTETHYHHMX CTpPATETii, OPIEHTOBAaHMX Ha KOHTPOJIb BaHAIAaTHOI
¢dasym, BiAKpUBaEe NUIAX JO CTBOPEHHS BHCOKONPOAYKTHBHHX MarepiajiB HOBOTO
TOKOJIHHSI.

2. Marepiaiu Ta MeTOAUKA eKCIIEPUMEHTY

Juns  mpuroryBaHHsS — po34ymMHIB  3actocoByBanmm  Hitpar  3amiza  (llI)
Fe(NO3)3-9H,0 (u.n.a.), Banaaat Hatpiro NaVOj3-2H,0 (u.n.a.), rigpokcua Hatpito NaOH
(x.4.) Ta mUCTUIBOBaHYy Boay. Buximui posumHu manu Taki konunentpaumii: Fe(NOsz); —
0,1 M; NavVO; - 0,4 M; NaOH — 0,2 M.

Bymno mnpuroroBieHO ciM poOOYMX PO3YMHIB, 00’€MH BHXIAHUX KOMIIOHCHTIB
HaBezieHO B Ta0:1. 1. [lo po3unHy BaHanaTy Hatpito npu 40 °C monaBanu BiIOBIAHI TOPLIT
JAYry Ta TUCTWIbOBaHOi Bomu (Tabm. 1). Ilicns mporo 50 My OTpUMAHOTO PO3UUHY
smimyBainu 3 50 M po3uunny Hitpary 3amiza (l11).

JocnimkyBaiii 3aJIe)KHICTh KOHLEHTpALI] BaHAil0 B PO3UMHI BiJ yacy peakuii. s
BOTO 3 PEryipHUMH IHTEpBaJaMH BigOWpadM aiKBOTH peaKmiiHOI CcyMimi,
BIJOKpEMITIOBAIM 0caj] (QITbTPYBaHHAM 1 BHU3HAYaIM BMICT BaHAMIFO Y (QiIbTpaTi.
EdexktuBHIM MeTOZOM BH3HA4YEeHHS BaHaJilo, SKWH yTBOpIoe Oarato 3abapBiIeHUX
CTa0iIIbHUX KOMIUIEKCIB, € criektpodoromerpuunmii [14]. Anikgotu mo 5,0 ma diaprpary
MepeHoCwIn y mpoOipKy, momaBamm 5,0 MJI KOHIIGHTPOBaHOI HiTpatHOi kuciotu (55 %
AQHAJIITUYHOTO CTYICHSI YACTOTH) JUIsI 3a0€3IeUCHHS TOBHOTO OKHUCHEHHS BaHAIIO JI0 CTYIIEHS
OKHCHEHHs +5 Ta CTBOPEHHsI CHIILHOKHUCIIOTO cepesioBuina (kiHuese 3HaueHHs pH < 1). Cymim
BUTPUMYBaJIM 5 XB 3a KIMHATHOI TeMIeparTypu Uil HOBHOI'O PO3BHUTKY IHTEHCHBHOI'O
JKOBTOTO 3a0apBIICHHs, XapaKTEPHOTO ISl BaHamar-HiTpatHOi cuctemu [15]. Pozuwmn
peTesIbHO NepeMilllyBajli Ta MEPEeHOCWIN y KIOBETY 3 TOBLIMHOIO CBITJIONIOTJIMHAIOYOTO
mapy 2 cM. ONTHYHY TYCTHHY BHMiptoBanu 3a JOBXHMHU XBuii 400 HM (Amay 410 mus
JKOBTOTO BaHAJaTHOTO KOMIUIEKCY B HITPATHOKHCIOMY CEPEIOBHII), BHKOPHCTOBYIOUH
tdorokomopumerp KOK-2MII. KamibpyBaneHuit rpadik OymyBamu B Jiama3oHi
koHuentpamiii  NaVO;  Bix 3,O~lO’3 mo  80-107° M, KIUIBKICTh MapaesIbHUuX
nomipie — 5 (puc. 1). Otpumano JiHiliHy 3a1exHicTh 3 Koedinienrom kopemsii (R2) 0,998.
B cuibHOKHCIIOMY CcepeloBHMINI 3a BiJIIOBIAHOI JIOBXHMHH XBWIII CBiTJIa HITpar Qepymy
nornuHae ayxe cnabdo, noriauHanas 0,05 M posunny Fe(NOs); He mepeBHIIye MOXHOKH
BUMIPIOBaHHSL.

[t BU3HAaYEHHS KUCIIOTHOCTI PO3YMHIB ITiCIIsl 3aBEPILEHHS PeaKiii CrioYaTKy BiUIUISIIH
ocaz GiapTpyBaHHIM, BUMiproBai pH ¢inabTpaty 3a gornomororo ionomipa Al-125.
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Puc. 1. 38’30k KoHueHTpanii V' ta onTiusoi ryctiuu mpu A = 400 HM
Fig. 1. The relationship between concentration and optical density,
V%" concentration at A = 400 nm
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Tabnuys 1
[puroryBaHHs BUXiTHUX PO3YMHIB Ta KiHIleBe pH po3unHiB
Table 1
Preparation of stock solutions and final pH of solutions
Howmep 3paska 1 2 3 4 5 6 7
V (Fe(NOs);) M 50 50 50 50 50 50 50
V (NaVOy), Mt 12,5 12,5 6,25 12,5 25 37,5 50
V (NaOH), mn 25 12,5
V (H,0), mnt 12,5 25 43,75 37,5 25 12,5
MomnpHe BigHomenns Fe:V|  1:1 1:1 2:1 1:1 1:2 1:3 1:4
KinmpkicTh
npopearosaHoro NaVO;
3 po3paxyHky Ha 1 monb | 0,80 0,74 0,14 0,62 1,80 1,70 2,00
BHeceHoro Fe(NOs);,
MOJTh
Maca ytBopenoro ocany, r| 0,741 0,880 0,324 0,606 0,715 1,770 1,589
pH posammy 2,99 2,93 2,83 2,79 2.9 2,85 3
Ha MOYATKY PEaKilil

_ pHposummy | g 28 2.8 2.8 2,7 2.7 2,9

IiCJIsA 3aBEPIICHHS PEAKIII

3. Pe3yJbTaTu A0C/iAKeHb Ta IX 00r0BOPEHHS
B ycix Bunajkax micist 3MillyBaHHS BUXIJHUX PO3YMHIB CIIOCTEPIrajloch YTBOPEHHS
JpiOHOMCIIEpCHUX YAaCTHHOK TBepaoi ¢asu. [lix vac NmpoXopKeHHs INpOLecy pPO3UMHU
nepiognyHo (pa3 Ha 100y) mepemimyBand. 3 yacoM KOJIp oOcajay 3MIiHIOBaBcsS 3
MOYaTKOBOTO JXKOBTOTO JJIsI BCIX 3pa3KiB Ha pPI3HOMaHITHI BIATIHKM KOPHUYHEBOTO, SKi
NpUTaMaHHI BaHajgartaMm 3aiiza. 3MiHa 3a0apBieHHS CBIUUTH NPO 3MiHU (Ha30BOro M

arperaTHOTO CTaHy YTBOPEHHUX Y OYATKOBHI MOMEHT OCaliB.
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3anexHICTh KOHIEHTpAIliil BaHAil0 B PO3YMHI B Yacy CHHTE3y 300pa)KeHO Ha
puc. 2. Y mOYaTKOBHM MOMEHT peakiii HOro KOHICHTpAalis B PO3YHHI CTPHOKOMOIiOHO
3MCHIIYETHCS, Aali y 06aratboX BUHanmkax me mpotsaroM 30 XB CHOCTepiraeThcs HE3HAUHE
3MEHILIEHHS! KOHLEHTpalii. 3roJJOM KOHLEHTpPALis CYTTEBO HE 3MIHIOETHCS, 32 BUHITKOM
3paska 5. HaiiHmwk4ya KOHIIEHTpalis CIOJIyK BaHAAIl0 B PO3YMHI CIIOCTEPIraeThCs s
3paskiB | Ta 2 MPOTIAroM yChOro 4acy CHHTE3Y, a TaKOX JUIsl 3pa3Ka 5 Mmiciis 3 Toj CUHTE3Y.
VY BHUNaAKy BUXIHUX PO3YMHIB 3 Ta 4 criocTepiraloThCs BHIII 3HAYCHHS KOHICHTpAIil. 3a
BEJIMKUX HAQUIMIIKIB BaHanaTy HaTpilo (3pasku 6 Ta 7) CHOCTEPIraroThCsi BUCOKI
KOHLEHTpALi] BaHAiI0 B PO3YHMHI.

3a 3MiHM KOHIICHTpAIlil BaHAIil0 B PO3UMHI pO3paxyBalH KUIBKICTh IPOPEAroBaHOTO
NaVO; 3 po3paxynky Ha 1 monp BHecenoro Fe(NOj); (tabn. 1). Y Bunaaky 3paskiB 57
KiJIbKiCTh IPOPEAroBaHOro MpUOIM3HO B/BiYi nepeBuiye KinbkicTh BHeceHOro Fe(NO3)s.

[osicHUTH Taki pe3yJbTaTH MOKHA YTBOPEHHSAM IHM- Ta TPHUBAHAIATIB 3amiza
3aBIKH TOMY, IO y pO3YMHAX BaHAAATy HATPII0 yTBOPIOBATUMYThCH Takox Wonn HVO,
ta HVO,*. Jlnst iHmHX 3paskiB KiIbKICTB NPOPEAroBAHOTO BAaHAZATY € MEHIIOK 3a
KUTBKICTh HITpaTy 3aimiza. 3a manoi konreHrpamii NaVO; Ta, BiAMOBIIHO, MAJOro HOTO
MOJIBHOTO HaJUTUIIKY KiJIBKOCTI BiJIIOBIIHUX HOHIB HEJOCTaTHBO JISl YTBOPEHHS 3HAYHOI
KIJIBKOCTI M- Ta TpuBaHaiaTiB. ToMy y IMX BUNaAKax CKiIaja ocany Oynae OJM3bKHM 10
BaHAJATy 3aJi3a.

Bapro 3a3HaumTH, mo Ui 3pa3ka 5 KiHIleBa KOHIEHTpallis BaHAAI0 B PO3YMHI €
HIDKYOIO TIOPIBHSAHO 31 3pa3kaMu 3 Ta 4, HE3BAXKAOUH Ha Te, 0 BUXITHUHA PO3YMH MICTUB
3HayHo Oumbire NaVO;. Lle CBimYUTH NMpO MEHIIy pPO3YHMHHICTH IH- Ta TPUBaHAJATiB
MOPIBHAHO 3 BaHamaToOM 3aimiza. OHAK MEHITUI HAUTUIIIOK BaHAJATy HATPIfO, MOPIBHSIHO 3i
3pazkamu 6 Ta 7, CHpUYMHKUB JOBIIMHA yac peakuii. [Ipo 1e cBiTYUTh MOCTYNOBE 3HMKECHHS
KOHIIEHTpaLii BaHAIi10 MPOTATrOM JOCIIDKEHOTO Yacy MpOoLeCy.

JonaBaHHs JIyTy 0O peakUiiHOI CyMimmn y BHIAAKY 3pa3kiB 1 Ta 2 30imbmmio
KIJIbKICTh MPOpPEAaroBaHOro BaHaAaTy HATPil0, HOPIBHSHO 31 3pa3KoM 4, JUis MPUrOTYBaHHS
SIKOTO OYJI0 BUKOPHUCTAHO T€ caMe MOJIbHE BimHOICHHs Fe:V. 30UIbIIeHHsT KOHIICHTpAIii
JIyry TPHBOAMTH 1O 3MEHIICHHS KOHIeHTpamii #owiz H,VO, (HVO,”), mo cmpuse
301IBIIEHHIO BUXO/Iy BaHA/IaTy 3aj1i3a.
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Puc. 2. 3anexHicTh KOHIICHTpAIIiT HOHIB V5 Bin qacy peaxiii
(HoMep niHii BiINOBiae HOMepy peakiiitHol cymirii)
Fig. 2. Dependence of the concentration of VV** ions on the reaction time (line number
corresponds to reaction mixture number)
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Puc. 3. 3anexnicts pH Ta kornenTpanii V*° Bix sacy (3pasox 1)
Fig. 3. Graph of changes in pH and concentration V** over time (Sample 1)
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Puc. 4. anesxuicts pH Ta konnentpamii V*° Bix gacy (3pazok 2)
Fig. 4. Graph of changes in pH and concentration V** over time (Sample 2)

LixaBuM € Toi akt, mo pH po3unHiB micis 3aBepUICHHS peakiii NPaKTHYHO He
Bizpi3HstoThes (Tabn. 1). JomaBaHHs iyry abo HaAJUINKY BaHA[aTy MPU3BENIO 10 TYXKE
HE3HAYHOTO 30UIBIIEHHS] BOAHEBOTO MOKa3HUKA. Lle cBiMYUTH Mpo Te, MO SKICHUH CKIIaf
PO3UYMHY IICIIS 3aBEPIICHHS CHHTE3y € OMHOTHIIHMM. XO0dYa B MPOILECI CHHTE3y 3HAYCHHS
pH 3MmiHIOBajIOCh CHHXPOHHO 31 3MIHOIO KOHIEHTpaIllii BaHamifo (MPUKIATd JUIsl JABOX
3pa3KiB 300pakeHo Ha puc. 3, 4).

Ha puc. 2 306paeH0 3aIeXHOCTi KOHIeHTpawii iowis V' Bixg wacy peakuii. B
MOYATKOBUH MOMEHT 4Yacy KOHIICHTpalis pPi3KO 3MEHINyBajach, TOMY JUIS KpPamioro
MPEJICTABICHHS PEe3yJIbTaTiB KOHIEHTpAIl B MOYaTKOBUA MOMEHT 4acy (t=0) Ha pucyHky
He 300paxany. Bifcrexenns 3anexHocTi konnenTpanii V*° B peakmiiiniii cymimi ix sacy
CUHTE3Y BHSBHJIO, 1[0, 32 BUHATKOM PEAKIIIHOT CyMilli 5, 3MiHA KOHIIEHTPAIII1 U 9aciB,
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oimpmmx 3a 0,5 Toxm, € HesHayHmMHU. [lpudomy, 3aJeKHO BiA CKIAAy BUXITHOI CyMIiITi,
CIIOCTEpiraeThcs SK 3MCHIICHHS, TaK i 30UIbIIEHHS KOHIGHTparii BaHamiro. Lle moxkHa
MOSICHUTH 3MIHOIO CKIIQAy OCajay IIiJ Yac CHHTE3y Ta Pi3HOI PO3YMHHICTIO MOHO-, TH- Ta
TpUBaHaAATy 3aJi3a.

By1o mpoaHani3oBaHo 3a1exHOCTI KoHuentpamii V*° Bix uacy y koopausarax C—,
InC—1, 1/C—t ta 1/C?*~t. Ha mizcrasi anamisy Gy/10 po3paxoBaHO KOHCTAHTH IIBUAKOCTEH K
JUIS  Pi3HUX TMOPSAIKIB peakii (MOJ‘IL'J‘Iil'XBil, XBil, MOJ'II;l'J'I'XBil, MOJ'H;Z'J'IZ'XBil,
BIIMIOBIIHO, IS HYJIBOBOTO, MEPIIOT0, APYTOro Ta TPEThOro) i koedimientr kopemsrii (R)
mix vac moOynoBM BIANOBIAHUX JIHIMHMX 3ajJeXHOCTeH. Pe3ympTatm po3paxyHKiB
HaBeleHO B Ta0i. 2. YiTkuX JiHIHHUX 3aJIeKHOCTEH He OyJI0 OTpUMaHO, PO IO CBiTJ4aTh
HU3BKI 3HaUeHHS Koe]imieHTIB Kopesimii B OuTbmocTi Bumaakis. Jlemo kpamli pe3yiapTaTi
HPOCTEXYIOTHCS [UIs 3pas3kiB 1 Ta 5, 0JjHaK 3 MEBHICTIO BU3HAYMTH MOPSAOK Peakiii i B X
BHUIAKaX HEMOXIINBO. Takuil GpakT MOKHA MOSCHUTH CKIIAJHICTIO MPOLIECY — y B3AEMOII0
MOXYTh  BCTYNAaTH BaHANAaT-iOHM y pi3HEX (dopMax, a TakKOXK  peaKIis
CYIPOBOKYBATHMEThCS arperanicto Ta 30UIbIICHHSIM PO3Mipy YaCTHHOK BaHAIaTy 3aji3a.
BignoBigHO,  3MEHIIYBaTUMEThCs IUIONIA MOBEPXHI moainy (a3, 110 BecTHME [0
3MEHILIEHHSI IIBUAKOCTI mpouecy. Takuil BHCHOBOK Y3rOJKYEThCS 3 Bi3yaJlbHUMH
CIIOCTEpEe)KEHHSMH, KOJIM Ha Mi3HIX eTamax Mpolecy CIocTepirajach BUIA LIBHIKICTh
ocimanHsa ocaay. KpiM Toro, J07aTKOBUIl BIUIMB YMHHUTHAME 3MiHA CKIAay OCany MiJ 4ac

porecy.

Tabnuys 2
PesyneraTti po3paxyHkiB epeKTHBHUX KOHCTAHT MIBUAKOCTEH B3a€MOIIT
Table 2
Results of calculations of effective interaction rate constants
e 0 0 1 1 2 2 3 3
peaxiiii
k, Momb* k, k, -
[ R k, xB ! R MOJIB R MOJb % R
I 'XB —1 -1
XB XB

Po3uun 1

57510° | 0,993 | 6,10-10* [ 0,990 | 648102 [0989| 138 |0987
Po3uun 2

34510° 0944 | 27810* [0941] 224107 [0939| 361 0936
Po3uun 3

—4,8210° | 0873 | -450-10° [0822 | 247107 |0830| 272 0,839
Po3zunn 4

139-10° 0885 7,71-10* | 0884 | 428102 |0882] 476 [o0881
Po3uun 5

-8,9210° | 0,948 | -544-10° [ 0,973 | 33510" [0970| 452 |0958
Po3uun 6

16410* | 0799 | 25610% | 0797 | -397:10° [ 0,794 | -3,97:10° | 0,704
Po3uun 7

1.308:10° | 0893 | 1,3110* [ 0892 13110° [0890 | 263107 | 0890
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4. BUCHOBKH

JocmimkeHo CHHTE3 BaHAIATiB 3alli3a 3 BOJHIX PO3YMHIB 32 Pi3HUX CHIBBIIHOIICHB
MiX pearyrouumu KomroHeHnTamu 3a Temneparypu 40 °C. 3’scoBaHO, 10 y MOYATKOBHUM
MOMEHT peakilii koHuentpamis V™° B po3unni cTpuOKONOIiGHO 3MEHIIYETHCS, Hafai e
npotsiroM 30 XB CIOCTEpIracThCsl HE3HAuHe 3MEHIIEHHS KOHIEHTpauii. B momansmomy
KOHLIEHTpAIlisl CYTTEBO HE 3MIHIOETHCS, 32 BUHATKOM 3paska 5. JlomaBaHHS Jyry a0
peakuiiiHoi cymimn 30UIBIIYE KiIBKICTh NPOPEaroBaHOrO BaHANATy HATPIIO Ta CIPHUSE
30IMBIICHHIO BHXOAY BaHAmaTy 3ali3a. [pyHTYIOUHMCh Ha KiIbKOCTi MPOPEaroBaHoOro
BaHaIATy HATpito (Ta0u. 1), MOXKHA 3pOOUTH BUCHOBOK, III0 33 HAJJIMIIKY BaHAIATy HATPIIO
B peakUiifHii cyMimri BitOyBa€eThca yTBOPEHHS ¥~ Ta TPHBAHAIATIB 3aJi3a.

Po3paxoBaHO KOHCTaHTH MIBUAKOCTEH IS Pi3HUX MOPAIKIB peakKilii Ta KoediieHTH
Kopersmii mif 9ac moOyHOBM BIAMOBINHUX JiHIMHUX 3aJeXHOCTeW. UITKMX JTIHIHHUX
3ale)KHOCTe He Oylmo OTpHMaHO, IpO IO CBiAYaTh HU3BKI 3HaueHHS Koe(ilieHTiB
Kopeysmii B OUtbmocTi BumaakiB. Takuil (pakT MOKHA MOSICHUTH CKJIATHICTIO TIPOIIECy — Y
B3a€MOJIII0 MOXXYTh BCTYNATH BaHANaT-iOHH y pi3HEX QopMax, a TaKOX peaxiis
CYNPOBOJI)KYBAaTUMETBCS arperaiieio Ta 30UIbIICHHIM PO3Mipy YaCTHHOK BaHaJaTy 3alisa,
3MIHOIO IXHBOT'O CKJIAIY.

S. Hoasaka

Ionani y 1ifi poOOTI pe3ysbTaTy JOCIIHKEHb OTPUMAHO 3a (DiHAHCOBOI MiATPHUMKHU
MinictepcTBa OCBiTH 1 Hayku YKpaiHu (mepxkOromkerHa Ttema: XO-30D “Cunres,
CTPYKTypa Ta (i3UKO-XiMisl eIeKTPONMpPOBIAHAX MaTepialiB Ta KOMMO3HTIB”, JlepkaBHUI
peectpaniitamii Homep: 0126U002042).

This work was partly supported by the Simons Foundation (Award Number: PD-
Ukraine-00014574).

1. Kesavan G., Pichumani M., Chen S.-M. Hydrothermal synthesis of iron vanadate
nanoparticles for voltammetric detection of antipsychotic drug thioridazine //
J. Electroanal. Chem. 2021. Vol. 902. P. 115802.
DOI: https://doi.org/10.1016/j.jallcom.2021.160880

2. Basavaraju Sh. K., Basavaraj C. G. et al. Engineering graphene oxide-incorporated
iron vanadate nanocomposites as electrode material for high-performance redox flow
battery and supercapacitor performances // ACS Appl. Electron. Mater. 2024. Vol. 6.
P. 8912-8928. DOI: https://doi.org/10.1021/acsaelm.4c01614

3. Javid-Naderi M. J., Valizadeh N., Banimohamad-Shotorbani et al. Exploring the
biomedical potential of iron vanadate nanoparticles: A comprehensive review // Inorg.
Chem. Commun. 2023. Vol. 157. P. 111423.
DOI: https://doi.org/10.1016/j.inoche.2023.111423

4. Ma X.-F., Li H.-Y., Liu Y.-H. et al. A critical review of vanadium-based electrode
materials for rechargeable magnesium batteries // J. Mater. Sci. Technol. 2023.
Vol. 152. P. 1-15. DOI: 10.1016/j.jmst.2022.12.052

5. Alomayri T. Enhanced interfacial charge transfer in BiVO,/rGO/FeVO, heterojunction
composite for improved photocatalysis water purification // Ceram. Int. 2025. Vol. 51,
Iss. 8. P. 10193-10199. DOI: https://doi.org/10.1016/j.ceramint.2024.12.450


https://doi.org/10.1016/j.jallcom.2021.160880
https://doi.org/10.1021/acsaelm.4c01614
https://doi.org/10.1016/j.inoche.2023.111423
https://doi.org/10.1016/j.jmst.2022.12.052
https://doi.org/10.1016/j.ceramint.2024.12.450

M. Kopog’sikoB, A. KoBanuwnH
ISSN 2078-5615. BicHuk JTbBiBCbKOro yHiBepcuteTy. Cepis ximiyHa. 2026. Bunyck 67 249

6.

10.

11.

12.

13.

14.

15.

16.

Yin X.,, Wu D., Lu Z., Xie J., Hu J., Tang M., Cao Y. Innovative synthesis and
comprehensive electrochemical evaluation of FeVVO, for enhanced sodium-ion battery
performance // Appl. Energy. 2024. Vol. 373. P. 123872.

DOI: https://doi.org/10.1016/j.apenergy.2024.123872

Zhang X., Wang Y., Li L. et al. Composition-dependent structure evolution of FeVO,
nano-oxide and its visible-light photocatalytic activity for degradation of methylene
blue // Colloids Surf., A. 2022. Vol. 633. P. 127865.

DOI: 10.1016/j.colsurfa.2021.127856

George A., Rahul S., Thomas A., Madona J. et al. Surfactant-assisted hydrothermal
synthesis of FeVO, nanoparticles for supercapacitor applications // Can. J. Chem.
2024. Vol. 102. P. 1-12. DOI: https://doi.org/10.1139/cjc-2024-0080

Abdel Khalek M. A., Al-Thagafi H. A., Al-Ani A. A. et al. Wet chemical synthesis and
characterization of FeVO4 nanoparticles for super capacitor as energy storage device
/3. King Saud Univ., Sci. 2023. Vol. 35, Iss. 8. P. 102857.

DOI: https://doi.org/10.1016/j.jksus.2023.102857

Poizot Ph., Laruelle S., Touboul M., Tarascon J.-M. Wet-chemical synthesis of
various iron(ll1) vanadates(V) by co-precipitation route // C. R. Chim. 2003. Vol. 6.
P. 125-134. DOI: 10.1016/S1631-0748(03)00015-8

Huang L., Shi L., Zhao X., Xu J. et al. Hydrothermal growth and characterization of
length tunable porous iron vanadate one-dimensional nanostructures //
CrystEngComm. 2014. Vol. 16. P. 5128-5133.

DOI: https://doi.org/10.1039/C3CE42608D

Anwar N., Sajid M. M., Igbal M. A. et al. Synthesis and characterization of ferric
vanadate nanorods for efficient electrochemical detection of ascorbic acid // ACS
Omega. 2023. Vol. 8, Iss. 17. P. 15450-15457.

DOI: https://doi.org/10.1021/acsomega.3c00715

Kesavan G., Pichumani M., Chen S.-M. Influence of crystalline, structural, and
electrochemical properties of iron vanadate nanostructures on flutamide detection //
ACS Appl. Nano Mater. 2021. Vol. 4, Iss. 6. P. 5883-5894.

DOI: https://doi.org/10.1021/acsanm.1c00802

Xu H., Fan J., Pang D., Yushin G. et al. Synergy of ferric vanadate and MXene for
high performance Li- and Na-ion batteries // Chem. Eng. J. 2022. Vol. 437. P. 135312.
DOI: 10.1016/j.cej.2022.135012

He W.-Y., Wang K.-P., Yang J.-Y. Spectrophotometric methods for determination of
vanadium: a review // Toxicol. Environ. Chem. 2018. Vol. 100, Iss. 1. P. 20-37.

DOI: https://doi.org/10.1080/02772248.2018.1428325

Sharma J., Tondon S., Agarwal N. Spectrophotometric determination of vanadium(V)
with Schiff base derived from pyridine-2-carboxaldehyde and 2-aminopyridine by
preliminary adsorption on polyurethane foam // Int. J. Sci. Res. Publ. 2020. Vol. 10,
Iss. 10. P. 10668. DOI: http://dx.doi.org/10.29322/1JSRP.10.10.2020.p10668


https://doi.org/10.1016/j.apenergy.2024.123872
https://doi.org/10.1016/j.colsurfa.2021.127856
https://doi.org/10.1139/cjc-2024-0080
https://doi.org/10.1016/j.jksus.2023.102857
https://doi.org/10.1039/C3CE42608D
https://doi.org/10.1021/acsomega.3c00715
https://doi.org/10.1021/acsanm.1c00802
https://doi.org/10.1016/j.cej.2022.135012
https://doi.org/10.1080/02772248.2018.1428325
http://dx.doi.org/10.29322/IJSRP.10.10.2020.p10668

M. Kopos’sikoB, A. KoBanuwwnH
250 ISSN 2078-5615. BicHuk JTbiBCbKOro yHiBepcuteTy. Cepis ximiyHa. 2026. Bunyck 67

INFLUENCE OF HYDROTHERMAL IRON (111) VANADATE SYNTHESIS
CONDITIONS ON THE CONCENTRATION
OF VANADIUM COMPOUNDS IN SOLUTION

M. Koroviakov, Ya. Kovalyshyn”

Ivan Franko National University of Lviv,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine
e-mail: yaroslav.kovalyshyn@Inu.edu.ua

The synthesis of iron vanadates from aqueous solutions was carried out at different ratios
between the reacting components at a temperature of 40 °C. The course of the reaction was studied at
different ratios between the reagents. At the initial moment, a rapid formation of a precipitate occurs
and a sharp decrease in the concentration of vanadium (V) compounds in the solution. In some cases,
a slight decrease in the concentration is observed for another 30 min. Further, the concentration does
not change significantly, with the exception of the sample with a two-fold molar excess of sodium
vanadate in the initial solution. The lowest concentration of vanadium compounds in the solution is
observed for samples synthesized with the addition of alkali to the reaction mixture, throughout the
synthesis time, as well as for the sample with a two-fold molar excess of sodium vanadate after 3 h of
synthesis. This indicates a high yield of iron vanadates. With large excesses of sodium vanadate in the
initial solution, the formation of iron di- and trivanadates is observed.

Tracking the dependence of the concentration of \/*° in the reaction mixture on the synthesis time
revealed that, with the exception of the reaction mixture with a twofold molar excess of sodium vanadate in
the initial solution, changes in concentration for times greater than 0.5 h are insignificant. At the same time,
depending on the composition of the initial mixture, both a decrease and an increase in the concentration of
vanadium are observed. This can be explained by a change in the composition of the precipitate during
synthesis and different solubility of mono-, di- and trivanadates of iron.

The pH of the solutions after the reaction is completed practically does not differ in all cases.
The addition of alkali or excess vanadate led to a very slight increase in the hydrogen value. This
indicates that the qualitative composition of the solution after the synthesis is the same. Although it
should be noted that during the synthesis process the pH value changed synchronously with the
change in the concentration of vanadium in the solution.

The dependences of the concentration of V*° on time in the coordinates C—t, InC—t, 1/C—t
and 1/C°—t were analyzed. Clear linear dependences were not obtained, as evidenced by the low
values of the correlation coefficients in most cases. This fact can be explained by the complexity of
the process — vanadate ions in different forms can interact, and the reaction will also be accompanied
by aggregation and an increase in the size of iron vanadate particles. Accordingly, the area of the
phase separation surface will decrease, which will lead to a decrease in the process speed. In addition,
an additional significant effect will be exerted by a change in the composition of the precipitate
during the process.

Keywords: iron vanadate, heterogeneous reaction, rate constant.
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