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Abstract

The regularities of adsorption and oxidation of several aromatic and heterocyclic nitrogen- and oxygen-containing
hydrocarbons from their aqueous solutions on lead (IV) oxide have been studied. Methods of chemical and molecular
mechanics, as well as a correlation approach based on the comparison of adsorption equilibrium with the electronic
properties of the adsorbate were used for evaluation. The energies of the occupied orbitals were used as parameters
of the correlation between the electronic and adsorption properties of organic molecules. The marginally controlled
adsorption mechanism is postulated to interpret the observed correlations for the specific adsorption of organic
compounds on low-band PbOz:. As a result of the study, it was found that organic compounds adsorbed or oxidized to
lead (IV) oxide are quite selective. The observed effects cannot be explained by differences in chemical composition
or, for example, in the degree of hydrophilicity of the test compound. It is established that the regularities of
adsorption, oxidation and structural transformations of organic surfactants of compounds on lead oxide can be
explained from the same point of view on the basis of orbital interactions of their boundary orbitals. The possibility
of gaining the total energy of a system with complete electron transfer from an organic molecule to a PbO: cluster
model has been studied.
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AnoTaris

IIpoBegeHO JocCaifKeHHs 3aKOHOMipHOCTell aacop6uii Ta OKUCHEHHA pAAY apOMaTHYHHUX i reTepouMKJIiYHUX
HIiTpOreH- i OKCUreHOBMIiCHUX BYTIJIEBOAHIB 3 iX BOAHMX po34uHiB Ha mawM6yMm (IV) okcuai. s omiHKu Gyau
BUKOPHUCTaHi MeToAu XiMiyHOiI i MoJIeKy/IIpHOI MexXaHiKH, a TaKoX Kope/sILiHHMI miAxiA, mo 6a3yeTbcad Ha
cniBCcTaB/IeHHI aJcopO6uiiiHOi piBHOBaru 3 eJIGKTPOHHUMHU BJIACTUBOCTSIMH ajcop6aTta. Y sKOCTi mapameTpiB
KopeJAnii Mk eJIeKTpPOHHUMH Ta aJ,COPOLiifHUMHU BJIACTUBOCTSAMHU OpPraHiyHUX MOJIEKYJI 6yJ/I1 BUKOPUCTaHi eHeprii
3aiHATUX opO6iTraseil. [paHUYHO-KOHTPO/IbOBAaHMN aJCOPOUiHHUNA MeXaHi3M NOCTY/JIIETbCA AJIA iHTepnpertanii
CIOCTepeXyBaHUX KopessAuii aa cnenudiyHoi ajcop6uii opraHiyHMX CHOJYK Ha HU3bKO30HHOMY PbO2. ¥
pe3yJbTaTi A0CAiAKeHHA 6yJ10 BCTAHOBJIEHO, 1110 OPraHivHi CHOJIyKH aACcop6GYIOThCA A60 OKMCHIOIOThCA Ha IIIOMOYM
(IV) okcmai gocuth BuGipkoBo. EdekTH, mo cnocrepiraiuch, He MOXKHa MOSCHUTH BiAMIHHOCTAMU B XiMiyHOMY
CcKJIaji a6o, HAMPUKIIAA, y CTyneHi riazpodiibHOCTi AocaigKyBaHoi cnosiyku. BctaHoB/IeHO, 0 3aKOHOMipHOCTI
aAcopouii, OKMCHEHHS i CTPYKTYPHUX NepeTBOpeHb OPraHivyHUX MOBEePXHEeBO-aKTUBHMX Pe4OBHMH Ha IiioM6yMm (IV)
OKCH/i MO>KHA NMOSICHUTH 3 0JHi€l TOYKHU 30py, AKa 6a3y€EThCS HAa OPGIiTaIbHUX B3aEMOAisIX iX rpaHUYHUX op6iTasieil.
BHBYEeHO MOXJ/IMBICTh BUrpally CyMapHOi eHeprii cucTeMu 3 NOBHOI0 NepeAavyel0 eJIeKTPOHIB Bijg opraHiyHoi
MOJIEKYJIM Ha MoJeibHUi Ki1actep PbO2.

Karouoei caosa: apcopbuis; maromMm6ym (IV) okcuz; reTeponKIIivYHI ByT/IeBOIHI; 0p6iTaibHi B3aEMOIIL.
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MOBEPXHOCTHBIE CBOMCTBA IMOKCHJIA CBUHIIA
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Annoranus

IIpoBeeHo Hcc/Ie0BaHNE 3aKOHOMEPHOCTEH aZ,COPOIIH M OKHM C/IEHH S PAJa apOMaTHYeCKHX M reTePOLUK/INY e CKHX
Aa30T- ¥ KHCJIOPOJCOAepKallMX YI/IeBOAOPOAOB M3 UX BOAHBIX PACTBOPOB HA JUOKCHAE CBUHLA. /lJ1s1 OLleHKH ObIJIN
HCI0JIb30BaHbI METOABI XUMHUYECKOH U MOJIEKY/ISIPHOM MEeXaHUKH, a TAKXKe KOPpeJIAMOHHbINA N0AX0A, OCHOBAaHHBIHI
Ha CONOCTaB/ICHUH a/iCOPOIIMOHHOI0 PABHOBECHA C 3/IEKTPOHHBIMH CBOMCTBaMHM aJicop6ara. B kauecTBe napamMeTpoB
KOppe/isili MeXAY D3JeKTPOHHbIMM U aJCOPOLMOHHBIMH CBOMCTBAMHM OpPraHH4YeCKMX MOJIEKYJ ObLIM

HUCIOJIb30BAHbI JHEPruM 3aHATBIX OpﬁﬂTaﬂeﬁ.

IIpeaeslbHO KOHTPOJIUPYEMBbIil aACOPOGIMOHHBIA MeXaHH3M

NMOCTYJIMpYeTCcs AJis UHTepnpeTanuy HaGI104aeMbIX Koppeasanuil A cnenduiyecKod agcopouyy OpraHudecKux
coeAUHEHUII Ha HM3K030HHOM PbO0O:. B pesyabTaTe HcCIeA0BaHUsS OGbLJIO YCTAaHOBJEHO, YTO OpraHUYecKue

coeJuHEeHUuA aucopﬁnpymTcsI HJIM OKHUCIAKTCA HAa AUOKCH/JE€ CBHHIA BeCbMa l/l36l/lpaTeJI]>HO.

Ha61101aemMbie

AIBJICHUSI HeJIb351 00'bSICHUTh pa3s/IMIuAMHU B XUMHUYECKOM COCTAaB€ WJIH, HAIIPpUMEDP, B CTECIIEHHU l"l/IL[pO(l)l/IJILHOCI‘PI

huccjieayemMoro CoeauHEeHUA.

YcraHOBJ/IEHO, YTO 3aKOHOMEPHOCTH aJACOPGUMH, OKHUCJIEHUS U CTPYKTYPHBIX

npeBpame}mifl OpraHu4YeCKHX NIOBEPXHOCTHO-AKTUBHBIX BEIIE€CTB HA JUOKCH /A€ CBUHIIA MOXKHO 0G'BACHUTD C e;[PIHOfI
TOYKH 3p€HMUH, OCHOBAHHOM Ha Op6l/ITa.)IbHLIX BSaHMOAeﬁCTBHﬂX X npeae/JIbHbIX OpﬁﬂTaJIei/'l. I/Isyqua BO3MO>KHOCTb
BbIMI'pbILIAa CyMMapHOﬁ JHEPrum CUCTEMbI C NOJIHOM nepeaaqel‘fl JJIEKTPOHOB OT OpI‘aHPl‘leCKOﬁ MOJIEKYJIbI Ha

MoJe/bHbIN KaacTtep PbOz2.

Karouegble cn108a: aacopOb1yis; AUOKCH/]] CBUHIIA; TeTEPOLUKIHYECKYE YTJIEBOL0PO/bl; OPGUTAIbHBIE B3aUMO/IEHCTBHS.

Bcryn
Y o¢isuni  TBepgoro Tisla  iHTEHCUBHO
JOCJIIKYIOTHCA MOBEPXHEBI BJIACTUBOCTI

HaniBnpoBigHUKIB [1-4]. OgHaK, K NpaBHUJIO,
PO3rJISIal0Th MPOIEeCH aZcopoOIlii 3 razoBoi gasu
Ha BaKyyMOBaHUX 3pa3kax ajacopbeHTiB. Y
BOJHUX pO34YMHAX OyAyTb HACHYEHUMHU BCi
MOBEPXHEBI CTAaHUW HAlliBIPOBiIHUKIB, 8 MEXaHI3M
ajcop6buii MOJIEKYJI azcopbaTiB MOXKe
pPaguKaIbHO 3MiHUTHCA. JloCTiKeHHs aJicop6iii
OpraHi4YHUX CHOJYK 3 BOJHHUX pPO3YMHIB Ha
ajicopbeHTax 3 HaNiBINpPOBiIJHUKOBUMU
BJIACTUBOCTSAMH, AKUM € i moMoyMm (IV) okcug,
BUKJIMKAE iHTepec y 3B’A3Ky i3 3acTOCYBaHHSIM
BKa3aHUX  MaTepiajiB  fgK  KaTaJji3aTopiB
OKMCHEHHS], aHOJHUX MaTepiasiB, y XiMiYHUX
JKepesax CTpyMy Ta iH. [5-12].

[lnroM6yM (IV) OKCH/L IIHUPOKO
BUKOPUCTOBYETHCA K aKTHBHa Maca
MaJIO3HOIIYBAaHUX aHOAIB. Mae MeTaseBy
eJIeKTPOINPOBIJHICTD i XapaKTepU3yeThCA
BiIHOCHO = BHMCOKOI0  eJIeKTPOKaTaJiTU4YHOI0
aKTUBHICTIO npu OKHMCHEHHI 6araTbox

OpraHiYHUX pe4OoBUH. TOMy LiKaBiCTb BUKJIUKAE
caMe TIMTaHHA afcopbuii Ta OKHUCHEHHS
NOJIAPHUX  Opra”HiyHUX CHOOJyK. Ajcop6buis
NOJISPHUX OPTaHIYHUX CHOJYK Ha maroMbyM (IV)
OKCHU/[Ii paHille BUB4YaJach aBTopamu [13-15].
ByJio BcTaHOBJIeHO, 1110 1-HadTisaMiH, 6eH3UAIH i
0,0’-AMMEeTOKCUOEH3U/[iIH HEOG0POTHO i Maiike
IOBHICTIO aACOpOYIOTHCA 3 BOJAHUX PO3YMHIB,
Miga4drCh npu LBOMY XiMiYHUM

nepeTBOPeHHSAM. TaKoX MJOCaiKeHO Tmepeo6ir
XiMiYHUX peakIil A5 psy apoOMaTUYHUX aMiHiB,
CHUPTIB i KUCTOT. Y TOH e Jac 6yJI0 I0BE/IEHO,
mo ajcop6buis OeH3anbjeriza i auerodeHOHa

HaBIIaKH, 3/iHCHIOEThCH oes XiMiYyHOTO
pO3KJiaZaHHs, O06OpOTHa i BiJHOCHO cJabka
(HaBiTb 'y HacMYeHMX pO3YHHAX IOBHE

3aroBHEHHS OKCH/IHOI IOBEPXHI HE JOCATAETHCS ).
3a gomomoroto aBTopiB [13-14] BcTaHOBJIeHA
MOXKJIUBICTb ajcopbuii 6e3 OKHCHEHHsS Ha
miroM6yM (IV) okcuai mpomaHosia, rekcaHosa i
aneraT-ioHiB. Ha »kaJib, XapakTep aZcopOIiHuX
neHTpiB mwioM6yMm (IV) okcuay 3aavIIaEThbCA
HesicHUM. Takox He 3'scoBaHi NPUYHUHHU
CeJIEKTUBHOTO OKHCHEHHsSI Ha HbOMY THX abo
IHIIWX OpPTaHIYHUX CIIOJIYK.

[IpuiHATO BBaXKaTH, 1110 IPOLIEC OKUCHEHHS Ha

NOBEPXHI TBEPAUX ¢das NOBUHEH
CYyNPOBOJXKYBaTUCA  0OOB'I3KOBOI0  CTaZi€l0
ximiuHoi  agcop6bnii. IIpoAyKTHM  OKHCHEHHS

MOXYTb 3a/MLIATHUCA Ha NOBEpPXHi OKCUAY abo
JecopbyBaTtvcsa y po34ydH. BubipkoBicTb £k
xiMmiyHOI afcop6uii, Tak 1 OKHCHIOBaJbHUX
B3a€EMO/Iill y4aCHUKIB reTeporeHHUX MpPOLIECiB, Ha
Hallly AYMKY, Halb6i/ibll 3py4yHO NepejbayaTyd Ha
OCHOBI TOpPIiBHAHHA €JIEKTPOHHOI CTPYKTYpH
TBEpAUX peareHTiB | OKHWCHEHUX OpTaHiYHUX
cnonyk. OckifibKM caMe opb6iTasibHa CUMeETpis,
CTYyNiHb OpO6iTa/JbHOr0 TEPEKPUTTS, €eHeprid
MOJIEKYJISIPHOI Op6iTasli Ta eJleKTpOHHA T'yCTUHA
€ 3araJlbHUMM IapaMeTpaMHy, 10 BU3HAYAlOTh
pe3yabTaT xiMidHOl B3aeMogil. /[ia oOLiHKHU
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MOXYThb OYTH BUKOpHUCTaHi MeToAu XiMidHOI i
MOJIEKYJISIPHOI MeXaHIiKH, a TaK0X KOpeJALinHUNA

miaxiZ, 1o 6a3yeTbcd HA CHiBCTaBJIEeHHI
ajicopbuifiHoi piBHOBaru 3 eJIEKTPOHHUMU
BJIACTUBOCTSIMU ajcopbara. MozkHa

BUKOPUCTOBYBATH JBa MiX0AU IPU PO3IJIALaHHI
KOHKpeTHOI aJcopbuii: agcopbLis 3 KOHTpPoJIeEM
3apAny, KOJIU B3a€EMO/ i BU3HAYAEThCA
AaTOMHHUMHM 3apsiiaMu ajicopbaTa i aficopbeHTy; a
TAKOXX T'PAaHUYHO-KOHTPOJIbOBAHA aficopoOIlis,
KOJIM TpaHWUYHi opbiTasbHi eHeprii agcopbaty i
afcopbeHTy  6GJM3bKI OAMH A0  OJHOTO.
Hanpuknag Teopis 36ypeHb 3acTOCOBYBaJsach
JUIT  ONMHMCy TNUTOMOI azacopbIii Ha TBepAi
MoBepxHi y psaji gocaigxeHb [16-21].

Y Ham 4ac f0CTOBiIpHO BiZOMO, 110 3apA40BO-
KOHTPOJIbOBAHA aJicopOIisgs xXapakTepHa [
UIMPOKO30HHUX NOJIIPHUX aJicopbeHTiB.
Ancop61isi moIIpHUX OPTaHIYHUX CIIOJYK Ha I[UX
ajicopbeHTax BH3HAYAETHCA CTEPUYHOI0
JOCTYIMHICTI0O 1 BeJMYMHAMM  HAWOIIbIINX
epeKTUBHUX 3apfAAiB Ha aToMax, L0 OepyThb
y4acTb y popMyBaHHi 30BHilIHIX BOAHEBUX a60
KOOp/AMHAaLiHHUX 3B’I3KiB. Op6iTanbHO-
KOHTPOJIbOBAaHAa ajAcopOLis XapakTepHa [Jis
BY3bKO30HHHMX ajcopbeHTiB [16]. Ajcop6iris
OpraHiYHUX CHOJYK Ha TaKUX ajcopbeHTax

KOHTPOJIIOETbCS NEepEeKPUBAHHSIM TPaHUYHUX
opbiTasen.
MeToo pmaHoOi pPoOGOTH € JOCHTiKEeHHS

ajicopbuii Ta OKHCHEHHSI PAAY apOMaTHYHHX i
reTEPOLUKJIIYHUX HITPOTreH- | OKCUTEHOBMiCHHUX
BYTJIEBO/IHIB 3 iX BOJJHUX PO34YHHIB Ha IIIOMOYM
(IV) okcuai 3a cTaTUYHUX YMOB.

EKCﬂepl/lMEHTaJIbHa 4YaCTHHA

B eKCIepUMeHTax BUKOPUCTOBYBAJIU
apoMaTU4Hi Ta reTepoOUUKJ/IYHI BYIJIeBOLHI 3
pisHUMU NOJIAPHUMHU byHKIiOHaIbHUMHU
rpynamu. Ix BUGIp K MOJeJbHHMX afcop6aTiB
NOSACHIOETbCA  MOXJ/IMBICTIO  BUKOPHUCTAHHA
CneKTpopOoTOMETPUYHOT O METO/Y BUSHAUEHHS 1X
KOHIleHTpauii. [lepes BUKOPUCTAaHHSAM OopraHiuHi
CIOJYKU TiAJaBajyd [0AAaTKOBOMY OYHIIEHHIO
IIJIIXOM IeperoHKu abo NOBTOPHOI
nepekpucraisanii. BogHi po3YuHM opraHiyHux
CHOJYK TOTYyBalyd  LIJIAXOM  MOCJAiZOBHOIO
po3BesieHHA. flk (QOHOBUI esleKTpoOJIT 4
3abe3neyeHHs NOCTilHOI ioHHOI CUJIH
3actocoByBasiu 0.1 M po3uunu KCl Mmapok «4.a.a.».

ALicop61iil0 OpraHiYHUX CIOJyK BHUBYEHO B
CTaTUYHUX yMoBax. HaBaxky maomoym (IV)
okcuay B Kinbkocti 1.00 T BBOAWIA B TOYHO
BuMipsiHuil (20.0 M) 06°eM pO34YMHY BifoOMOI
koHeHTpauii (1.00-10-3 ™ousb/a) opraHiuHoi
CHOJIYKH, ULIiIJIbHO 3aKpUBajJU 1 BUTPUMYyBaIu

OpOTArOM  TOJUHM 0pU  6Ge3lepepBHOMY
cTpymyBaHHi. [IoTiM po34nHU BiJOKpeMJIIOBaIN
Bi ocamy ueHTpudyryBaHHaAM i 1o 3MiHi
KOHLeHTpauil pO34HHIB po3paxoByBaiu
BEeJIMYMHY acopouii:

ne G - BesuuyuHaA ajcopbuii; Co - movyaTKOBA
KOHLleHTpalisa ajacopbara; C, - piBHOBaXKHA
KOHILIeHTpalif afacopb6aTa; V — 06'eM po34rHY; m —
Maca aJicopbeHTy.

Ancopbuiiiny  crany  i3orepmu  Tenpi
BUPAaxoOByBaJiM $§IK  BiJHOILIEHHS BeJUYHUHU
azcop6bii 1o KoHLleHTparlil opra”HiyHol pe4yoBUHU
nicjist KOHTaKTYy 3 Moy (IV) okcumom.

KoHueHnTtpanii pO34UHiB BU3HaYa/Ix
CHEeKTPOPOTOMETPUIHUM METO/,0M 3
BUKOpPUCTAaHHAM crnekTpodoromeTpiB CD-46 i
Specord M40 npu [JOBXKHUHAX XBWJIb, IO
BiANOBiZAlOTL MAaKCUMYMy [JOBTOOXBHUJIbOBOIL
MOJIOCH TOTJIMHAHHSA. MeTOoJIoM  «X0JIOCTOTO
Jocaigy»  OyJIo  PO3TJSHYTO  MOXKJIMUBICTb
BUNAPOBYBaHHS  JIETKOJIETKUX  OpPTraHidYHUX
peYoBMH 3 BOJHMX pO34YMHIB y mOpoleci
acopbIiiHUX BUMipOBaHb. Bci BuUMiproBaHHS
BUKOHAaHi 3a kKiMHaTHOI TeMnepaTypu 20 £2 °C.

BigTBOprOBaHICTb aJICOPOLIMHNX BUMipIOBaHb
oyJia nepesipeHa napajaeJbHUMU
ekcnepuMeHTaMu. CTaHJapTHe BiIXWUJIEHHA IJid
aJicopOIiiHMX BUMIpIOBaHb HE IEPEBUIIYBaJIO
0.25 MKMOJIB/T.

KBaHTOBO-XiMiYHI pO3paxyHKHU NPOBOAWJINCA
3a JONOMOrol HamiBeMHOipUYHUX METOAIB
Modified Neglect of Diatomic Overlap (MNDO),
3aCTOCOBYIOYM IaKeT KOMII'IOTEPHUX MpPOorpam
Molecular Orbital Package (MOPACQ),
po3pobsienudt [ibroapom [22-24].

PeHTreH-poTOEIEKTPOHHUN CIEKTP OKCHJIB
OyB OTpHMMaHU{ 3a JONOMOIOI0 CIEKTPOMETpa
Physical Electronics ESCA System 5500 3
QJIIOMiHIEBUM MOHOXPOMAaTHYHUM /[KepesioM
PEHTreHiBCbKOT0 BUIPOMiHIOBaHHA 1486.6 €V.

Jana OLiHKH eHepriu MOJIEKYJISIPHUX
opbiTasieil opraHidyHHUX CHOJYK 3aCTOCOBYBa/d
BepTUKaJIbHI MOTEeHIia/Iu ioHizaiiii, AKi

BU3HaYaJd MeToJoM yJibTpadioseToBoi (YP)-
doToeNIeKTPOHHOI CIEKTPOCKOITI.

Pe3ysibTaTH Ta IX 0GroBOpPEHHS

Eneprii 3aMHATHUX opbiTaneit oys1u
BUKOPUCTAHI B AKOCTI lTapaMeTpiB Kopesdanii Mix
eJIEKTPOHHUMM i aJIcOpOLiTHUMH BJIACTUBOCTAMU

OpTaHiYHUX MOJIEKY.I. I'paHny4HO-
KOHTPOJIbOBAaHHUU  aJicOpOLiiHUN  MexaHi3M
MOCTYJIIOETHCA A4 iHTepnpeTanii
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CIIOCTEPEXKYBAaHUX Kopessui ajs crenudivyHoi
ajicop61ii opraHiuHUX COJYK HA HU3bKO30HHOMY
PbO..

Metozamu MNDO i PM3 BUBYeHa MOXJIMBICTb
BUTpallly y 3arajbHid eHeprii cucteMu mnOpu
[IOBHOMY Il€pEeHEeCeHHI eJIeKTPOHIB 3 OpraHiyHol
MOJIEKYJIM Ha MoJeJbHUU kjaactep PbOs.
[lokazaHo, w0 3akoHOMipHOCTi azacop6mii i
OKHUCHEHHS1 OpraHiyHUX CIOJIyK Ha ItoMoyM (IV)
OKCHU/Ii MOKHa MMOSACHUTHU 3 €4UHOI TOUKHU 30py Ha
OCHOBi O0p6iTa/lbHUX B3aEMOJAIN IX TpaHUYHUX
opbiTasnen.

B pe3yabTaTi JlOCTiIKeHHs 6yJ10
BCTaHOBJIEHO, 110 OpraHiyHi CIIOJIyKU
aJicopbyoThcsd ab60 OKHCHIOIOTHCA Ha IJIIOMOYM
(IV) okcuai pocuth BubipkoBo. EdekTty, mo

CIIOCTEPIraInCh, He MO>KHA MOSAACHUTHU
BigiMiHHOCTAMU B XiMiuHOMYy ckjiaZi ab6o,
HallpUKJIaJ, y CTyIeHi rigpodinbHOCTI

JIOCJIiIPKYBAHOI CIOJIYKU. Y 3B’I3KY 3 TillOTE301H0
npo op6iTalbHUKA KOHTPOJb TaKUX IPOLECIB,
OTpHUMaHI JaHi MU NOpPIBHIOBAJIA 3 IEepLIUMHU
BEPTUKAJbHUMH MOTEHLia/IaMHd J0CJi[PKyBaHO]
oprasiyHoi pedoBuHHU (puc. 1).

BcTaHoBJieHO, 10 peyoBUHU 3 Iy < 8.8 eB
OKHCHIOBaJUCh  MioMoym  (IV)  okcumgom.
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td
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[IpoaykTu pos3k/aajaHHsA 6GeH3oiguHy i 1-
HadTuIaMiny He NOTJINHAJIN B
yAbTpadioseTOBUX i BUAUMUX NPOMEHSX, L0
MOX€ CBiJYUTHU MpO iX NOBHE BUJIYYEHHA 3
po3uuny. [Jaa Takux cnoayk gk N,N-
AuMeTwIaHiIiH, audeninamin, M-ToayiguH,
iHpoJ, aHisiH i 1-HadToJ ciocTepiraThes AKiCHI
3MIHUM eJIEKTPOHHUX CIEKTpPiB IOrJMHAHHA
pO34MHIB micasA KoHTakTy 3 miawoMoym (IV)
OKCHU/JOM.

Ancopbuis nHa PbO, ab6o OKHCHIOBaJibHA
peakuia [Jyd opra”iyHux cnoayk 3 Iy =2 9 eB B
eKCIIepUMEHTAJIbHUX yMOBax HaMHU He
BCTAHOBJIEHA.

Cronyku 3 Iy = 8.2-9 eB aacopbyrwoThesa Ha PbO;
aHTUO6ATHO

3HAaYEeHHSIM ix  ioHizaliHuX
noTeHnjaniB: aAcop6uidHi KoHcTaHTH [eHpi
3aKOHOMipHO 3MEHUIYIThCA 3 pocToM
noreHuiany ioHisauil. IlpozoBxeHHA KpHUBOI

danexxHocti k(ly) mo moreHuiany 7 eB gae
3HaueHHs ctasoi enpi 0.1 gm3/r, mwo Bcboro y 4
pasu  Oinbmie, HiXK 3HaWjgeHo A 2,8-
JiMeTwI0oxiHOIiHY (CHOJIyKM 3 HaWMEeHLIUM
ioHi3aliiHUM mNOTeHIjaJoM, siIKa aACoOpPOYEThCA
Ha PbO, 6e3 OKWCHEHHd Yy  JaHUX
eKcllepUMeHTaJbHUX YMOBaXx).

24-2

6
27 2829 30

7 8

10 11

|, eV

Fig. 1. Comparison of adsorption values of organic compounds on PbO: with the first vertical ionization
potentials of their molecules: benzidine (1); 1-naphthylamine (2); N, N-diethylaniline (3); diphenylamine (4); m-
toluidine (5); indole (6); aniline (7); a-naphthol (8); 2,8-dimethylquinoline (9); p-cresol (10); anisole (11);
resorcinol (12); quinoline (13); phenol (14); pyrogallol (15); 2,6-lutidine (16); a-picoline (17); benzamide (18);
g-picoline (19); benzoic acid (20); pyridine (21); benzaldehyde (22); nitrobenzene (23); p-nitrobenzoic acid (24);
2,4-dinitrotoluene (25); p-nitrobenzaldehyde (26); 1,3-dinitrobenzene (27); 3,5-dinitrobenzoic acid (28);
acrylonitrile (29); nitromethane (30)

Puc. 1. [lopiBHAAHHSA 3HaYeHb aACOPGLiHHNX KOHCTAHT OPraHiyYHUX croJiyK Ha PbO2 3 nepmiuMu BepTUKAIbHUMH
noTeHujiasamMM ioHi3anii ix mosiekyn: 6eH3uauH (1); 1-uadpTunamiun (2); N,N-auerunaniniu (3); sudenunnamin (4); m-
ToJ1yigMH (5); ingon (6); aniniu (7); a-HadTo (8); 2,8-aumMernixinoiu (9); n-kpe3sou (10); anizon (11); pe3opiuuH
(12); xinoutin (13); penoun (14); miporasion (15); 2,6-nyruguH (16); a-nikouiu (17); 6ensamip, (18); g-nikoutiH (19);
6eH30iiHa Kucs0oTa (20); mipuauH (21); 6eH3anbjerij, (22); HiTpo6eH3ou1 (23); n-HiTpoGeH30iHa KucioTa (24); 2,4-
AuHIiTpoTOyO0I (25); n-HiTpo6en3anbaeria (26); 1,3-auniTpo6enson (27); 3,5-auniTpo6eH3oiiHa kucaora (28);
akpwioHiTpu (29); HitpomeraH (30)
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[ mosicHeHHs1 oTpuMaHoi 3anexHocTi K(Iv)
pPO3IJIIHEMO €JIeKTPOHHY CTPYKTYpy MJIIOMOYM
(IV) okcuza, BUKOPHUCTOBYHOUYM [JisT HAOYHOCTI
3arajibHy cxeMmy B3a€EMOJII opbiTasneit
LeHTpasibHOro aroma [litoM6yMy 3 opbiTansamMu
OKTaeJpUYHO pO3TAllOBAaHUX aTOMiB, IO
npejcTaBjeHa Ha puc. 2.

2s

Fig. 2. Schematic diagram of electronic levels of lead
dioxide
Puc. 2. [IpyuHnunoBa cxeMa eJIeKTPOHHMX PiBHIB
mwioMo6ym (1V) okcuay

3a 1j€l0 cxeMol MOXHa BUJUJIUTU TpU
3amnoBHeHi 30HU: Pb6p + 02p, Pb6s + 02p, Pbés +
02s. Xouya ¢popMasibHO aTOM ILIIOMOYMY B CTyTEHi
OKHCHEHHS1 +4 Mae opb6iTajibHEe HANOBHEHHS
6s96p?, piBeHb BHUII0l 3alI0BHEHOI MOJIEKYJISAPHOI
op6itani (B3MO) mae nepeBaxkHo Pb6p + 02p
XapaKTep i € 6-3B’I3K0M Mixk aToMamu [LiitoMoymy
i Okcureny. Huwxde B3MO € O2p- i 02s-30HH,
BEPXHS YacTHHa SAKHX npeacTaBjeHa
He3B'si3aHMMU piBHAMH O02p(n). Li op6iTtani
XapaKTepHi A/ MOBEPXHEBUX CTaHIiB OKCHUAY, B
ToH 4yac sk piBHi B3MO € MeHIlI JOCTYIHUMHU [J1J151
ajgcopbuifiHoi B3aeMoaili (aMmiiTyza op6iTasni
Pb6p + O2p Ha MoOBepXHEBUX aTOMax OKCUAY
HabaratTo MeHma, HiK y O2p(n)-op6iTanei).
BakaHTHiI eJIeKTPOHHI piBHi, yTBOpHOWOYH B
kpuctasi PbO; minpoKy 30Hy IPOBiIHOCTI, MalOTh
Pb6s,6p,6d-xapakTep 3 HEBEJHUKOW 4YaCTKOIO
02p-piBHiB. PiBeHb HWKHBbOL BiJIbHOI
MoJiekyJisspHoi op6itasni (HBMO) npencraBieHui
pO3MyLIyI0UY0l0 G*-0pb6iTasLito 3B'a3kiB Pb-0.

JAna  migTBepKeHHd L€l  CxeMu MU
JOCJIi/IPKYBaJIU eJIEKTPOHHY CTPYKTYPY MIIOMOYM
(IV) oxkcuay, m0OpoBiBIIM KBaHTOBO-XiMi4HIi
pO3paxyHKM HOro MoJIeKyJsspHOi Mojesai 3a
METO/0M MNDO. BignoBigHo 0
KpucTtasiorpadiyHuX [JaHUX, KOOpJUHAlliliHe
yuciao ioHiB maoMo6ymy B PbO: gopiBHIoE 6, a
ioHiB okcureny - 3. flkuio iMiTyBaTU MoBepxHeBi
rpynu =PbOH y ¢popmi PbOs(OH)7- ab6o Pb(OH)e2,

TO KOOpJAMWHALIiMHI 4YWhC/laa aTOMIB OKCUTeHYy He
nepeBullyloTb 2. ToOMy MM BUKOPUCTOBYBaJIHU
6isbi ckyagHy Mogenb Pbz(OH)12(H20)2, B skiit
IeHTpalbHuM ioH [L1I0MOYMy OTOYEHUH HTicThMa
aroMaMu OKCUTeHY 3 KOOPAWUHATHUMHU YUCTaMHU 3
(puc. 3).

H OH

OH OH

I H
HO- o= 0-

VA VAN

A

@) @) OH

H H
H

OH O OH
H

Fig. 3. Model Pb3(OH)12(H20)2
Puc. 3. Moaens Pb3(OH)12(H20)2

BBezneHHsA y KJ1acTepHY MO/J,eJ1b MOJIEKYJ1 BOAHY
JO3BOJINJIO 3HU3WUTHU 3arajbHUM 3apsf, CUCTEMU
A0 HyJd, 110 3PYYHO JJIl aHaJli3y 3apAJO0BHUX i
opOiTaJIbHUX B3aEMO/Iiil KJlacTepa 3
«aZicopbaTom». Ak peakuiiHuR LIEeHTP
MoJieKyJIsipHOI MoAei po3rasganu OH-rpyny, mo
po3TalloBaHi Ha IeHTPaJbHOMY ioHi [li1tomM6yMmy.
[licia moBHOI  onmTuMi3alil TreoMeTPUYHUX
po3MmipiB ksactepy 3a metogoMm MNDO 3a ymoBHU
MaKCHMMaJIbHOI CUMeTpil KjacTepa € [JOBXHHA
3B’s3KiB Pb—0 ckuana 0.220 HM (151 mOpiBHAHHS,
y kjactepi Pb(OH)e> Rppo = 0.213 HM, y
Pb(OH)4(H20)2- 0.236 HM). O64HC/IeH] BETUYUHU
eHepril  rpaHW4YHUX op6iTajseil  KJjaacrepa
Pb3(OH)12(H20); cknanu -5.67 eB gasg HBMO i -
9.91 eB gy B3MO.

3rigHo 3 po3paxyHkamu, epeKTUBHUHN 3aps[
aroMiB OKcureHy B KJacTepi mAopiBHI0E (y
OJVHHUIAX 3apsaay esektpoHa) -0.381, a atoma
[lnrombymy - 0.925. 3a fanumu aBTopa [18], AKui
po3paxyBaB edeKTHBHI 3apsau aTtoMmiB PbO, Ha
OCHOBI eKCllepUMeHTaIbHUX JJaHUX PO XiMiYHU N
3CyB eHeprii 3B’SI3Ky B PEHTreHOeJeKTPOHHOMY
CHeKTpi okcuAy, epeKTUBHUHU 3apsj arToma
[lnrombymy nopiBHioe 0.93, a aToma Okcureny - -
0.46. Ciix BpaxoByBaTH, WO JJIl NIOBEPXHEBUX
OH-rpyn Besu4yuHa 3apsapy aroMmiB Okcureny
3HWXKYETbCA. TaKUM UYMHOM, MOXKHA NPUNYCTUTH,
mo mozenb Pb3(OH):2(H20); moBuHHaA [gocUTb
Jobpe iMiTyBaTH 3apsA/A0Bi B3aEMO/ il Ha MOBEPXHI
maoM6yM (IV) okcupy.

3 MeTOl0 eKCIeEpUMEHTaAbHOI0 J0C/iIKEHHS
CTPYKTYpH eJeKTpoHHoi 6yao0Bu miaoMoym (IV)
OKCUJY JLOCJTiIDKEHO Woro pEHTTeH-
dortoenexktponHi cnektpu [18]. Ha puc. 4
npescTaBJeHa BaJleHTHA 06s1acTh cnekTpa Pb0y,
B fIKi#l criocTepiraloThcs ABi OKpeMi CMyTH eMicii
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eJIEKTPOHIB i3 cepe/IHbOIO eHeprieto 3B’sA3Ky 31 9
eB, Hxue piBHs @Pepmi okcupy.

3a po3paxyHKaMM Ilepllla CMyra Moxe OyTH
ONMCaHa fIK pe3yJibTaT BUJa/IeHHs eJIeKTPOHIB 3
Pb6p + O2Z2p u O2p(n)-piBuiB. OueBujHO, i
BUpaKeHe IJieve Ha cMy3i poToemMiciinpu 4 + 5 eB
i TBEpXKYE eu BUCHOBOK, OCKIJIbKH

pPO3IJ/ISIHYTI eJeKTPOHHI piBHI MawTbh pPi3HUU
nepeTuH ¢oToioHizarii. [llo0 BakyyMHOro piBHA
eHeprii 38’sa3ky Pb6p + 02p u 02p(n)-opbiTanei,
B yMOBax rasoBoi ¢as3u ii 3HaueHHS CKJIaJJaloTh
BianoBigHo 91 10 + 11 eB, Toxi sk, BiAnoBigHo /10
[25], pisHuns Mik eHepriero 3B’sI3Ky B rasi i
TBepiu pazi PbO2 € 5,9 eB.

EB,eB

Fig. 4. The valence region of the X-ray photoelectron spectrum of PbO:
Puc. 4. BajieHTHa 06/1aCTh pEHTreHiBCbKOro poToe/IeKTPOHHOro cnekTpa PbO:2

JocnigKeHHd eJIEKTPOHHUX CHEeKTpiB, 1[0
XapaKTepU3ylTb MOBepxHI IIwMoyM (IV)
OKCUJly TOKasajM, LI0 HalJoBIIa XBHUJA
MOrJINHAHHSA 3HaxoAUTbca npu 15000 cm! (~1.9
eB). Tomy ymoBHa eHeprisa &'upmo PbO2 ckiamae
MPUOGJIU3HO 7 eB. BigHocHO HHU3bKeE
po3TamyBaHHs piBHA HBMO okcuay cnipusie Horo
B3aeMoii 3 3aiHATHMH MO MoJieKyJ1 aficop6ariBb.
[Ipy u©poMy MOX/IHMBa I[OBHa MNepejaaya
€JIEKTPOHIB, 1[0 NPU3BOAUTH [0 OKHUCHEHHA
aJicop60BaHUX MOJIEKYI.

TakMuM 4YMHOM, 3aKOHOMIPHOCTI MHpoOIeCiB
ajcopbuii MoBepxXxHEeBO-aKTUBHUX pEYOBHH Ha

PbO; y posuumHax pi3HOro CKJaZy MOXKHa
NOSICHUTA  3TifJHO 3  TEeOpeTUYHHMH Ta
eKCllepUMeHTaJIbHUMU JOCJIPDKEHHSIMU

HaCTYIHUM YAHOM:
- ajcopObLid Ta OKMUCHEHHS Ha IJIIOMOyM
(IV) okcupai opraHiYHUX MOBEpPXHEBO-aKTHBHUX
cnoayk 3 Iv < 9 eB Moxe 6yTu moB’s3aHe i3
B3aeMozieto ix B3MO 3 6™-opbiTansaMu oKCUay;

- ajcopbuig  oOpraHiyHUX  IMOBEpXHEBO-
aKTUBHUX MOJIEKyJl ILLJIAXOM B3aeMOAil  ix
HIKHBOI BaKaHTHOI MOJIEKYJISIpHOI op6iTai

(HBMO) 3 okynoBaHUMU €JIEKTPOHHUMH PiBHSMHU
OKCHUJY He NpeJCTaBJSAETbCA MOXK/IWBOI 4epes

HeJOCTYIHICTb  G-0opbiTasi  ocTaHHbOro i
BilHOCHO HU3bKe po3TauyBaHHA 02p(n)-piBHiB.
3 MeTOI TEeOpeTHUYHOTO  JOCJiJKEeHHS

MOXJIUBOCTI Op6iTa/JbHOI B3aEMO/Iii 3 MOBHOIO
nepejader0  eJleKTpoHa Bij  ajgcopb6oBaHOI

MOJIEKYJIM [0 TIOBEPXHi aJicopbeHTa MeTOoJaMH
MNDO po3paxoBaHi Mi>kM0OJIeKYJISIpPHI KOMILJIEKCU
KJactepy maoMoyMm (IV)okcuay 3 rizpoxiHoHOM i

NPOAYKT Horo OKHCHEHHSI. 3a
eKCIEPUMEHTAJbHUMH  JJAHUMU  TiPOXiHOH,
MOJIEKYJIH SIKOTO XapaKTepU3yHThCsA

ioHizaniiHUM noTeHnjasoM 8.2 eB, BigHOCHO
IIBUJIKO OKHCHIOEThCA MoMOyMm (IV) okcupom.
MoOX/IUBICTb OKMCHEHHS TiIpOXiHOHA B paMKax
Teopii BaKaHTHUX MOJIEKYJISAPHUX Opb6iTanel
MOXHA HNOSICHUTHU BiZHOCHO 6TM3bKIM
po3TallyBaHHSAM piBHIB TI'paHWYHHUX opOiTasiel
HWoro MoJjiekyJs i okcuay. [loBHUH TeopeTUUYHUH
pPO3paxyHOK NpPOLEeCy NepeHOCYy eJIEKTPOHIB i
NepeTBOPEHHSI CTPYKTYPU MOJIEKYJIU [OCHUTh
TPYJAOMICTKMM 1 BHMarae BeJIMKOI KiJIbKOCTI
00YMCIIOBaJIBHUX po6IT. fKk mnpaBuiao, A
BEJIMKUX CHUCTEM pO3PaxXxOBYIOThb JIHIIe OKpeMi
006J1acTi MoBepXxHi nmoTeHIiiHOI eHepril xiMiyHOI
peakuii. Mu po3spaxyBanu pfAj KiHIeBUX CTaHIB
cucTeMH, 6e3 BU3HAYeHHS CTPYKTYPH NepexiJHUX
KOMILJIEKCIB i eHepriil akTUBallil OKpeMUX eTariB
ajacopbuii Ta OKHCHeHHs. MeTow poO3paxyHKiB
OyJio MiJATBep/>KEHHS TiNoTe3u NPo MOXJIUBICTh
BUIpallly CyMapHOi eHepril cMCTeMHU 3 MOBHOIO
nepejayero €JIEKTPOHIB BiJ opraHiyHoil
MOJIEKYJIM A0 KJacTepa. Jlociip)keHO HACTymHi
MOJIEKYJISIPHI KOMILJIEKCHU

Pb#+3(0OH)12-CsH4(OH)2 (D,
Pb#+3(0OH)11-CeH4(OH)O™ (ID),
Pb4+zpb3+(OH)11---C6H4(0H)0 (IH),
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Pb#+,Pb2+(OH)10--CsH402 (IV).

Ha puc. 5 HaBeJleHO pe3yJibTaTH PO3PAXYHKY
eHTa/IbIii YTBOPEHHA MIXKMOJIEKYJIAPHUX
KOMILJIEKCIB B 3aJIE2KHOCTI BiJl BiJicTaHi Mix
LleHTpaJbHUM aTOMOM KJjacTepa i aToMOM
OkcureHa B TriZipOXiHOHI.

BcraHoBsieHo, 10 ioH OH- Haib6inb TPUBKO
TPUMAETbCA MOGJIM3Y BiA KaTioHa IIIOMOYMy
(IV). Opnak, mnpuesHaHHS [0 HbOrO IiOHY
['igporeny, sskuil BifOyBa€eThbCs, HANPUKIIAZ, IPH
npoToHisanii noBepxHeBux PbOH-rpyn y BogHuX
po34yrHaxX, pi3ko 3MmiHOE ¢dopMy KpHUBOI
MOTEeHLiAHOI  eHeprii, OCKUJIbKM yTBOpeHa
MoJIeKyJa BOAU TPUMAETbCSA 3HAYHO cCJabKille:
MiHimMasnbHa Ha kpuBii AH(R) i cknagae tinbku 3
KKasi/MoJsib. fKk Bimomo, meros MNDO wmMoxke
HEKOPEKTHO OMNHCAaTU CTPYKTYpPU Ta PiBHOBAru
KOMILJIEKCIB 3 BOJHEBUMH 3B’sI3KaMH. Y LbOMY
BUNAJAKy PpPEKOMEHAYETbC BUKOPUCTOBYBATHU
moaudikanii nboro Metoga AM1 i PM3, B gkux
31iHCHIOETBCA HeoOXigHa KOpeKIlis
po3paxyHkoBuX ¢popmyJ. [IpoBejieH] po3paxyHKH
MeToAoM PM3 mokasanu, 10 MoJeKyJia BOAH
TaKOX [OCHUTb CJabo B3aEMOJIE 3 KJIaCTEpOM:
miHiMmym Ha KpuBii AH(R) ckmagae 4.5
KKaJs1/MoJib. PaKT HU3BKOI MillHOCTI 3’€/lHAHHSA
MOJIEKYJIU BOJHY 3 KJIACTEPOM CTA€E 3PO3YyMIJIMM
MPY PO3TJIS/li op6iTaTbHUX B3aeMoail Mixk H20 i
KJIaCTEPOM.

EHepria rpaHUYHUX op6GiTasieil MOJIEKyJ1 BOAU
i kJacTtepa Ayxe pi3Hi, i TOMy MILHICTD IX

3'e¢lHaHHS BH3HAYAETBCA TIABKU  3apsi/OM
34elJIeHHS.
Bzaemogis aHiOHY TiAPOXiHOHY i3

LleHTpaJbHUM i0OHOM KJacTepy - [litoM6yMom
(ctpykTypa (II)) BU3HA4Ya€ETHCA GiJbIN MIUPOKUM
MiHIMyMOM Ha MOTeHI[ia/IbHIN KpuBiH 2 (puc. 5) i3
npupictoM eHeprii y 11.6 kkana/monab. Kosau
eJIeKTPOH NepeJlaeTbCA BiJi aHIOHY 10 KJacTepa,
[lBA HeNapHUX eJIeKTpOHa 3'ABJAITbBCA Ha
rpaHUYHii opb6iTani cucremu. PopMasbHO Iis
cucteMa Moxe 6yTu onvcaHa ctpykrypoto (I11), B
SKiN 3'ABJAAIOTHCS TPUBAJIEHTHI i0HU MJIIOMOYMY.
Po3paxyHKU CBif4yaTb PO MOMJIMBICTE BUrpAILy
eHeprili cucreMu y pasi po3napoByBaHHHA
eJIEKTPOHiB, ase Ha KpuBiii 3 (puc. 5) AH(R)
HeMa€e MiHIMyMy, 110 BKa3ye Ha HeCTabiJbHICThb
ctpyktypu (III). llepegaya apyroro ejekTpoHa i
dbopmMyBaHHA JBoBajieHTHoro ioHy IlnromMb6ymy
O6yJsia 3MoAesboBaHa CTpykTyporo (IV), B sAkii
pajuKal TiApoxiHOHa IepeTBOPIETBHCA Ha
MoOJIEKYJly XiHOHA. PeopraHisauis rigpoxiHoHa B
xiHOH He BHUMarae O6arato eHeprii yepes
6JIM3bKICTh iX CTPYKTYp. BcTaHOBJIEHO, 1110 XiHOH

He MOKe 3aJIMIIATHCS B KJIacTepi, TOMY 10 HeMaE
MiHIMyMy Ha NOTeHLiMHIA KpUBIH.

AH,
KKan/monb
0 1
0,1
-100 +
-200

Fig. 5. Dependence of the enthalpy of formation of a
molecular model on the interatomic distance along the Z
axis between the Central Pb atom in the cluster
Pb4+3(0H)11 and the reacting particle: Pb4+3(OH)11 - OH~
(1); Pb#+3(OH)12 - H20 (2); Pb4+3(OH)11 - CsH4+(OH) 0~ (3);
Pb*+2Pb3+(0OH)11 - CsH+(OH)O (4); Pb*+2Pb2+(OH)10
CeH402 (5)

Puc. 5. 3as1exHicTbh eHTa/IbNii yTBOpeHHS
MOJIEKYJIAPHOI MoJAeJIi BiJ MIXKaTOMHOI BiAicTaHi BAOBXK
oci Z Mi>x BeHTpa/ibHUM aToMoM Pb y kiacrepi
Pb4+3(0OH)11 i pearyto4oi yactunku: Pb4+3(OH)11 -~ OH™
(1); Pb4+3(OH)12 - H20 (2); Pb4+3(OH)11 - CsH4+(OH) O~ (3);
Pb#+2Pb3+(0OH)11 - CsH4+(OH)O (4); Pb4+2Pb2+(OH)10
CeH402 (5)

[Ipunyckatoud, O B peaJbHUX YMOBax
MOJIEKYJIM XiHOHY 1 paJiMKaJibHi TifApOoXiHOIAHI
YaCTUHKH TaK0X CJ1ab0 TPUMaKThCS Ha MOBEPXHI
mwitoM6yM (IV) okcuay, MOBUHHI crocTepiraTucs
npouecu ix BUJiJIEHHS B 00’eMi po3uyuny. llei

BUCHOBOK Jobpe BigmoBinae eKcrepu-
MEHTaJbHUM [JIaHUM, 3TiJHO 3 SAKUMU IpHU
aacopo6il riIpoXiHOHA B pO34HHI

HaKONMYYIOTbCA NPOAYKTHU NOT0 OKMCHEHHSI.
Cnif, 3a3HayWTH, L0 B pO3paxyHKax He
BpaxOByBa/IM peoprasisanilo KjaacTepa, fAKa
NIOBUHHA BiJI0yBaTHCA Yepes 0SBy B MOT0 CKIaZi
JABoBasieHTHOro [lntomM6ymy. Ak Bigomo, ioHu Pb2+
B okcugax PbO i Pb30, MaioTh koopauHauiiiHi

yydcaa, BignoBigHo, 4 1 3 Ta CTPYKTypH
TPUTrOHAJILHOI 1  TeTparoHajbHOI  mipaMif.
MopenoBaHHA  3CyBy  LIeHTpaJbHOrO  iOHa

[lnroMbyMy B KsacTepi mo oci Z mokasajo, Lo
CUCTeMa IIpU 11bOMy IIepexX0UTh Y HOBUU CTaH 3
BUrpallleM B eHeprii. MiHiMyM Ha MOTeHIiHHIN
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KpHUBIM JocAaraeThcs npu 3MilleHHi iona Pb2+ Ha
0.087 um.

TaxkuM 4MHOM, MO/IeJIbHI pO3paxyHKHU BKa3alu
Ha MOXJIMBICTb BUTpAlly eHeprii y cucTteMi npu
nepexo/i eJIeKTpOHa Bifi Opra”iyHoi MOJIEKYJIU 0
mioM6yM (IV) okcugy. et BUCHOBOK BifjlioBizae
eKCIlepUMEeHTaJIbHUM JJaHUM PO OKUCHEHHS NIpU
ancopbuii Ha PbO; cmosyk i3 mnoTeHIiasamu
ionizanii meHmuMu 3a 8.2. Ha 3akiH4eHHS MU
BiI3HAYUMO, L0 3 TEPMOLUHAMIYHOI TOYKHU 30py
npupict B eHeprii ximiuHoi TpaHcdopmauii B
ajicopbuifiHiil cucteMi Moxke OYTH MpeJcTaB/ieHa
AK CyMa psAAy KOMIIOHEHTIB:

AGeken= AGicr — AGpeopr.OB - AGpeopr.PbOZ;

e AGeken — €KCIepUMEHTaJIbHO CIIOCTEPEXY-
BaHUU npupicT eHeprii xeMocop6Lii;

AGicr «ICTUHHa» BiJIbHA eHeprid B3aEMOAII
aJicopbeHTy 3 ascopbaToM;

AGpeopr.oB, AGpeopr.pbo2z — €Hepril peoprasizarnii
€JIEKTPOHHUX CTPYKTYP, BiAIIOBIJHO OpraHiyHOI
MoJiekyH i toM6bym (1V) okcupay.

Eneprisa peopraxizanii BU3HA4YaEThCA
CTPYKTYpPOIO MOJIEKYJIH, SIKa aACOpPOYEThCs, Ta
peakUifiHUX [EeHTPiB TMOBEPXHi aJCcOpOeHTy.
Hanpukniaz, npu BUAA/NIeHHI IBOX €JIEKTPOHIB 3
MOJIEKYJIH TiAPOXiHOHY, BiJHOBJIEHHSI GEH30JY ¥
CKJaAi XiHOIAHOI CTPYKTYpA He BHUMarae
3HaQYHOTO pPyXy aToOMiB MOJIEKYJH, OCKIJIBKH
JOCTaTHbO BigoOKpeMUTH IioHM Tligporeny i
He3HayHO 3MiHUTH MDK'silepHi Bifcrani g
JOCATHEHHA PIBHOBaXXHOI CTPYKTYPU MOJIEKYJIH
XiHOHYy. OKHCHEHHs MOJIEKYJIM, HalpUKJaj,
deHosly, HaBHaky, Mae BHUMaraTH 3HA4YHUX
eHepreTUYHUX BHUTpPAT Ha peopraHisanin il
CTPYKTypH, 60 xiHOiAHA CTpyKTypa He
dopmyeThes, a okucHeHHs1 OH-rpynu g0 -COH
BHMara€ <«BU3BOJIEHHS» aToMa KapGoHy 3
6€eH30JIbHOTO KiJIbIIf.

AHasioriyHa CcUTyali TaKOX CKJIaLA€EThbCA |
Ans afgcopbenty. Karionu [lntoMbyMy B okcupi,
6epydu eJeKTPOHM 1 3MIiHIOIOYM CTYIiHb
OKHCHEHHS, a TaKOX 1 ByacHi posmipu (pagiyc
Pb#4+ ckmagae 0.076, a Pb2+ - 0.126 HM),
BUKJIMKAIOTh 30ypeHHA 3 OOKYy CBOIO OTOYEHHS,
OCKiZIbKM 'y CBOIM HOBiIMl CTPYKTypi cTaH
piBHOBaru KpUCTaJi4yHOI KOMIpKM T[OBUHEH
BiapisHaTuUca. Ockinbkuy matoMbyM (1V) okcug Mae
BiZJHOCHO J00py e/eKTPONpPOBiAHICTD, eJIeKTPOH
MOXe IepeJaBaTUCA [0 CyCiJHIiX KaTioHIB, IO
npu3sBeze A0 peopradizanii okcuay He B TOYLI
KOHTAaKTY 3 MOJIEKYJIOI ajicopbara, ajie Ha Horo
«nepudepii», Je eHepreTuyHa BapTiCThb
peopraHizanii MeHma. Ha 6araTbox mpuk/aajax
ajicop6uii Mosieky.1 3 ra3oBoi a3y NEPEKOHTUBO

JOBELEHO PEKOHCTPYKILit0
NOBepXHi Yepe3 aficOpOEHTH.

ajicop6uiiHoi

BucHOBKH

TakuM 4YMHOM, 3HAaYeHHS eHepril He3aUHATHUX |
3alHATHX opb6iTased ajcopbaTy Ta afCcopOEHTy
KOPUCHI /i1 NPOrHO3YBaHHsA IX aZcopbuiiiHol
3JJaTHOCTI. Opb6iTasbHO-KEPOBAHUMI
aicopbuiiHUNi MexXaHi3M MOsICHIOE BCi Habopu
CIOCTePEeXYBAaHUX KOpeJssiliil 11010 OKHUCHEHHS
Ta crienu¢ivyHoi afcopbuii opraHiyHUX CIIOJIYK Ha
PbO;
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