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AHHOTANUA

B kBanTOBO-XxMMHUeckoM npudmkeHnd Meroa DFT u gpyskiponana motnocty PBE B peanmzanmu nporpamMmer
“Priroda 15” onTHMH3MPOBAaH MHUHUMAJIBHBIA IO pasMepam kiaactep ¢ Opyrro-popmysoii FejiCrOz(OH)ss,
KOTOPBIH 110 CBOEMY CTPOEHHIO SBJISICTCS THAPOKCUITMPOBAHHOM a-(hOPMOIi reMaTuTa, CoAepKallieii JOMMPOBAHHBIN
atoM xpoma. J[aHHBIM KIacTep C OJHOW CTOPOHBI SIBJISIETCS M303JIEKTPOHHBIM aHAJIOTOM KJIACTEPHOM MOJENN
reMaTuTa, C IPyTOi CTOPOHBI, M3-32 MAJIOTO pa3Mepa ya00eH I MPOBeIeHUS KOMIBIOTEPHOTO MOJEITUPOBAHUSI.

Nzyuena peakiusi 00pa3oBaHus THAPOKCHAILIETOHA M3 MPOIMJICHTIIMKONS C yYacTHeM KilacTepa ¢ OpyTTo-
dhopmymoit Fei1CrO2(OH)1s, MOAETHPYIOMIETO THAPOKCHIINPOBAHHYIO JOIMHUPOBAHHOW aTOMOM XpoMma o-(hopmy
remaruta (a-Fe:0s). Hamo oTMeTnTh, 9TO THAPOKCHAIIETOH OOpasyercs B pe3yibTaTe MeTadom3Ma TIIFOKO3bI U
SIBTSIETCS TIPOMEXYTOYHBIM TPOAYKTOM B HEKOTOPBIX METa0OIMYECKHX MyTSIX OpraHu3Ma, YTO TOMIEPKUBAET
BaXHOCTh MCCIIEIOBAaHUA B 3TOW oOmacty. [lokazaHo, 9TO Ha THAPOKCHIIMPOBAHHOW CHHIJICTHOH ITOBEPXHOCTH
reMaTuTa BO3MOXKHO OOpa3oBaHME BOJOPOJOCBSI3AHHBIX IMPEAPEAKIIMOHHBIX KOMIDIEKCOB KaK C Y9acTHEM MO-
crpykryp Fe-O-Fe-O-H, Tak u Fe-O—Cr—O—H, xoTopsle CrtocoOOHBI KaTan3upOBaTh JAETHAPUPOBAHUE (OKHCIIE-
HUE) MPONFUICHTIMKOIS. JIaHHBIN THTT peakIiy SBISETCS SK30TEPMUIECKIM TIPOLIECCOM M OH TePMOJMHAMUIECKH
MIPaKTHYECKH TTOJTHOCTHIO CIBUHYT B CTOPOHY 00pa30BaHMsI MPOAYKTA PEaKIFH — THIPOKCHAIIeTOHA. TeM He MeHee,
€cIM B CIydae PEeaKIMOHHOW CHCTEMBl HEJONHMPOBAHHOW aTOMOM XpOMa JHTAIBIHS AKTHBAIMK MPSMOTO
HaIpaBJIeHUs] peakIid WMEeT CHMBOJIMYECKH Maiyio BenmumuuHy (1.49 kkan/monb), TO B Cllydae PEaKIMOHHON
CHCTEMBI, IONMMPOBAHHOW aTOMOM XpoMa OHa yBenr4rBaercs Ha 29.08 Kkai/MOoITb, 9TO CBU/IETENBECTBYET O TOM, UTO
JONMPOBAHNE XPOMOM JIe3aKTHBHAPYET OKUCIHUTENBHBIC CBOWCTBA THAPOKCHIMPOBAHHON 0-)OPMBI TEMATHUTA, €CITH
peakius UAET 1Mo THAPOKCHIMPOBAHHON XPOMOBOM MOACTPYKTYpe remMatuTa. OTHaKO, KaTaTMTHIeCKas aKTHBHOCTh
COCEITHUX JKENe30COAEPKAIINX THAPOKCHIMPOBAHHBIX TOICTPYKTYp T€MaTuTa, PU 3TOM OY/ET COIOCTaBUMa C
TaKOBBIMH B HEAOMMPOBAHHOM XpoMoM remarure. [lokazaHo, 9To M3MEHEeHHe MYIBTUTUIETHOCTH (C CHHTJIETHOTO
COCTOSIHMSI Ha TPHIUICTHOE) B MCCIECAOBAaHHOW PEAKUMOHHOW cHcreMe ‘TuapokcuimmpoBaHHbl o-Cr,Fe;Os —
MIPOTTHJICHTIIUKOIG ’, KOTOPOE MOXKET CIIOHTAHHO BO3HHKATh, HAIIPUMEp, TIOA ACHCTBHEM KPUCTALTMYECKOTO FUITH
BHEIIIHET0 IEKTPOMArHATHOTO ITOJIA, @ TAKOKE TEPMOWH/IYKIIHH, HE OKa3bIBAaET 3HAYMMOTO BIIMSHHUS HA PEAKITHOHHYIO
CIIOCOOHOCTh MCCIIEIOBAHHBIX CUCTEM U UX CIIEIU(HUKY.
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Abstract
Using the quantum chemical level of the DFT method and the PBE density functional theory, a minimal-sized cluster
with the empirical formula Fe;;CrO.(OH):s, which is structurally a hydroxylated a-form of hematite containing a
doped chromium atom, was optimized in the “Priroda 15” program. This cluster is an isoelectronic analog of the
hematite cluster model, and its small size makes it convenient for computer simulation.

The reaction of hydroxyacetone formation from propylene glycol was studied using a cluster with the
empirical formula Fe;;CrO20(OH);s, which models the hydroxylated chromium-doped a-form of hematite (a-Fe203).
It should be noted that hydroxyacetone is formed as a result of glucose metabolism and is an intermediate product in
several metabolic pathways in the body, highlighting the importance of research in this area. It has been shown that
hydrogen-bonded pre-reaction complexes involving both Fe-O-Fe—O—-H and Fe—~O—Cr—O-H substructures can form
on the hydroxylated singlet surface of hematite. These complexes are capable of catalyzing the dehydrogenation
(oxidation) of propylene glycol. This type of reaction is an exothermic process and is thermodynamically almost
completely biased toward the formation of the reaction product, hydroxyacetone. However, while the activation
enthalpy for the forward reaction is symbolically small (1.49 kcal/mol) in the chromium-doped system, it increases
by 29.08 kcal/mol in the chromium-doped system, indicating that chromium doping deactivates the oxidative
properties of the hydroxylated o-form of hematite if the reaction proceeds via the hydroxylated chromium
substructure of hematite. However, the catalytic activity of the adjacent iron-containing hydroxylated hematite
substructures will be comparable to that of undoped chromium-doped hematite. It has been shown that the change in
multiplicity (from singlet to triplet state) in the studied reaction system “hydroxylated a-Cr,Fe;O3; — propylene
glycol”, which can spontaneously occur, for example, under the influence of a crystalline or external electromagnetic
field, as well as thermal induction, does not have a significant effect on the reactivity of the studied systems and their
specificity.
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