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Pedepar:

1. luceprarifina po6oTa MprucBsAYeHa BCTAHOBJIEHHIO 3aKOHOMiPHOCTE!N aHOJHOTO OKMCHEHHSI Mn2+-11OHiB,
BUSIBJIEHHIO Y/HHVKIB BIUIMBY Ha XiMIYHMI CKJIaJ, Ta BJIACTUBOCTI OKCUAHOI M1iBKM MnOx. KBaHTOBO-XiMiyHe
MOJIETIIOBAHHS €JIEKTPOHHUX IIEPEXOIiB B KyacTepHiil cucteMi [Mn(H20)n]z+(H20)6-n nokazaino, mo
TEPMOJMHAMIYHO CTIKOro GOpPMOIO NpU z=+2;+3 € TeKCaaKBaKOMIIJIEKC MaHIaHy, a OyIp-sika popma rpu z=+4 €
HeMOXXIuBOI. Ilepexin Bif z=+3 1o z=+4 peasnizyeTbCs Jullle B ripoJi3oBaHUX cucTteMmax. [1py 36ibl1eHHi cTyneHs
rizposidy akBaKOMIUIEKCIB Mn3+ cTaHAAPTHUI OKXCHO-BIZHOBHUM MOTEHLiaJ nlepexony Mn3+o Mn4+ 3MEHIIyeTbCS
32,90 B 0151 MmoHOrinpokcunHoi popmu 1o 1,11 B nyis rpurinpokcunnoi popmu. JerigpaTaiiiss ocTaHHbBOI 10
TeTpaelpruyHO opraHizoBaHux yactok [MnO(OH)(H20)2] amenmye n0OMn3+/Mn4+ no 0,53 B. ITnocki yactku



[MnO(OH)(H20)2] OKUCHIOIOTHCS IIPU CYTTEBO Oisibiiomy noreHuiany: ot0Mn3+/Mn4+ nys Hux csrae 1,69 B. B
OKTaeJpUYHUX CyJIbdoaKkBakoMIIeKcax Mn2+ cTaHIapTHUM OKMCHO-BiIHOBHUI NOTeHLias epexony Mn2+o Mn3+
3MEHUIYETHCS BiTHOCHO OJHOPiAHMX KoMILIeKciB 3 1,56 B no 1,37 B, a B rinporencynbdokomiiekcax — 1o 1,13 B. [Tpu
LIbOMY TEPMOJIMHAMIYHO MOXJIMBAM CTa€E MOAablIe OKMCHEHHs KomIuiekciB [Mn(SO4) (H20)5]+ i [Mn(HSO4)
(H20)5]2+, omHaK BOHO TOB $13aHO 3 OKAUCHEHHSIM aHiOHIB CyJIb(aTHOI KUCIIOTH, @ HE LIeHTPAJIbHOTO aToMa. 3HauYHUN
edekr 3meHenHs: 00Mn2+/Mn3+ criocTepiraeTbcsi B MOHO3aMillleHUX alleTaTHUX i aKpUJIaTHUX OKTaedpUYHUX
aKBaKOMILIEKcax MaHrany: 1o 0,66 B i 0,64 B BifgnosigHo. BcTaHOB/IEHO, 1[0 OKUCHIOBAJIbHA 30aTHICTDh
OKCUT'€HOBMICHUX PaVKaJliB—IIPOAYKTIB €JIEKTPOOKMCHEHHS BOJM, I10 BilHOIIEHHIO 10 aKBAKOMILIEKCiB Mn2+
3pocTae B psagny : *Oe<eOH<e . Bucokuii eHepreTuyHui norexHuian peakuii ® +{fMn(H20)6]2+0 [MnO(H20)5]+
IIOIIOBHIOETHCA THUM, IO ITPOAYKT 3aMillleHHS MOJIEKYJIX BOJY HA aHIOH-PaINKaJl MUTTEBO ONTHUMI3yEeThCS B
nurigpokcug [Mn(OH)2(H20)4]+ , sskui, TigpoJii3ylounch, IETKO IEPETBOPIOETHCS B €JIEKTPOAKTUBHUM iHTEpMETiaT
[MnO(OH)(H20)2]. CniiBcTaB€HHS Pe3yJIbTaTiB KBAHTOBO-XiMiYHOTO MOJIEJIIOBAHHS 3 pe3yJbTaTaMu
€JIEKTPOXiMIYHUX BUMIPIOBaHb B peajlbHUX 00 €KTaX 110Ka3aslo, 1110 B 3aJIeXKHOCTI Bifl KUCJIOTHOCTI pO3YMHY, CKJIany
BHYTPIIIHbO] KOOPAUHALiIHOI cpepr aKBaKOMILJIEKCIB MaHTaHy, IPUPOAY MaTepialy eJeKTPoa Ta BEJIMUYUHU
QHOIHOI NOJIIpU3aLlii peai3yloTbCs Pi3HI MEXaHI3MU €JIEKTPOOKUCHEHHS Mn2+-1OHiB. B nepxiopaTHux Ta
cysbdaTHUX po3unHax B obsacti o< 00Mn2+/Mn3+ nominye Mapmpyt: Mn2+ + « 0 MnO+ MnO(OH) - e 1 MnO2, a B
obsacTti 0> 00Mn2+/Mn3+10 HbOTO TOJAETHCS MIPSIME €JIeKTPOOKMCHEHHS HOHIB Mn2+. B alleTaTHUX Ta akKpUJIaTHUX
pO34YMHax nepeodirae auile NpsiMe OJHOEJEKTPOHHE OKUCHEHHS KOMILIEKCiB MnL+ ¢ nopgasnpmmm
IOVICIIPOIIOPLIIOHYBaHHIM NPoAyKTy MnL2+ Ta rigposnizom MnL2+ i kiHiieBoi popmu MnL3+ o MnO(OH) i MnO2
BianoBinHo. PazoBuii ckiaz Ta MOpQoJIOTis e1eKTPOJITUYHO BUAIEHUX I1iBOK MnOX 3a71€XXUTh Bifl TEeMIIEpaTypH,
npu siKiit BoHu popmysanuck. Jlo t0<500C ocaf xapakTepusyeTbcsi aMOpPQHOIO CTPYKTYPOIo, a rpu t0>500C - €
NOJIIKpUCTaNiYHUM. [1py 3MEeHIIeHH] TeMIIepaTypy €JIEKTPOOCAIPKEHHSI 3MIHIOEThCS CNIiBBiTHOIIEHHS (OPM
Mn3+/Mn4+ Ha KopucTh criosnyk Mn3+. ITpu 500C cniocTepiraeTbcs MakCuMasbHe PO3TPiCKyBaHHS Ocany, 0sIBa
KpHUCTaJliB CyOMIKDOHHMX po3MmipiB. 3a Temiieparyp, 61u3bkux 800C, popmyeTbCsl KPYITHOKPUCTAIIYHUX OCA/L.
JepuBarorpadiuHi HOCiIPKEHHS MiATBEPNIIN HAsIBHICTb B €JIEKTPOJITUYHIN MiBli MnOX crionyku
[MnO(OH)(H20)2]. Ha npukiai peakuii OKNCHEHHSI [JII0KO3Y I0Ka3aHo, 10 KaTaliTU4YHi BIaCTUBOCTI M1iBOK MnOx
BiJHOCHO P€aKIill 3 IEPEHOCOM OKCUTEHY 3aJI€XKaTh Bifl CIiBBiIHOIEHHS BMICTy B HUX CIONYK Mn3+ i Mn4+ Ta
JOCSTaloTh MaKCUMYyMy B ocafii 3 x=1,895, mo Bignosigae cymimi 21 Mon1% Mn203 i 79 Mon% MnO2. Husbkuit
IOTEHLIiaJl OCAIPKEHHS Ta 3TATHICTb [0 NoJiMepur3allii akpruIoBOi KUCJIOTHU NO3BOJISIOTh HAHOCUTHU 3 aKPUJIATHOTO
€JIEKTPOJITY WisbHi NoKpuTTs MnOX 6e3nocepeHbO Ha CTajeBy OCHOBY. [IpoMuCIIOBi BUIIPOOYBaHHS II0KA3ay,
o cucrema Fe/MnOx 31aTHa BATPMMYBATU JJOBIOTPUBAJIE €JIEKTPUYHE HAaBAaHTAXXEHHS B KOTJIAaxX [IPSIMOTO HarpiBy
TEIJIOHOCISl 3MiHHUM €JIEKTPUYHUM CTPyMOM. KJIt04OBi ¢10Ba: aHOJHE OKUCHEHHS, aKBAKOMIIJIEKCHA MAHIaHy,

BJIACTUBOCTI IJ1iBOK MnOX.

2. The aim of research was to establish the patterns of the anodic oxidation of Mn2+ ions and to identify the factors
regulating the chemical composition and properties of the MnOx oxide films. It was shown that, depending on the
acidity of the solution, the composition of the internal coordination sphere of manganese aquacomplexes, the
nature of the electrode material and the value of the anodic polarization, various mechanisms of electro-oxidation
of Mn2+ ions can be implemented. In perchlorate and sulphate solutions in the area of o0 < tOMn2+/Mn3+ the
following path prevails: Mn2+ + « 0 MnO+ MnO(OH) - e 0 MnO2, but in the area o > 00Mn2+/Mn3+ the path is
supplemented with the reaction of direct electrooxidation of Mn2+ ions. In acetate and acrylate solutions only
direct electrooxidation of monosubstituted aquacomplexes MnL+ to MnL2+ takes place. The compound
MnL2+subsequently disproportionate and simultaneously all products hydrolyze to MnO(OH) and MnO2 The phase
composition and morphology of electrolytic MnOx films depends on the temperature of electrolyte. Up to 50 °C,
the film has amorphous structure, above 50 °C it has polycrystalline structure. The composition of the main
components of the MnOx film has been established: the mixture of MnO(OH)(H20)2 and MnO2(H20)2. It has been
shown that the catalytic properties of MnOx films toward oxygen-transfer reactions depend on the ratio of Mn3+
and Mn4+ compounds. Maximum catalytic activity was observed at x = 1,895. The possibility of applying high-
resistant MnOx films on a steel base and using Fe / MnOx electrodes in electrical devices based on charge cycling



has been confirmed. Keywords: anodic oxidation, aqua complexes of manganese, properties of MnOx films.
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