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Organic molecular films of RE porphyrins have attracted attention over the past years in view of potential applications
as templates for nanomaterials synthesis, biology, and medicine. As shown for a wide class of porphyrins one can vary
electronic state by ligands and metal doping. Additional interest in ytterbium porphyrins complexes is determined
by a possibility of their use as effective markers in luminescent diagnostics of malignant tumors since porphyrins
are capable to accumulate in various types of cancer cells and tumors microvessels. Such substances can be used
at present for the cancer photodynamic therapy. Unlike the free bases of porphyrins ytterbium complexes under the
light irradiation do not create toxic concentration of singlet oxygen 'O, retaining a high affinity to malignant tumors
at the same time. For understanding and tailoring their properties knowledge of electronic structure and bonding in
these compounds are required. The occupied and empty states of porphyrins which are involved in chemical bonding
are essentially responsible for promising properties and should be studied by optic photoelectron spectroscopy.
In present work electronic structure and chemical bonding in tetrakis-porphyrins and precursors were studied
experimentally by X-ray (XPS) photoemission spectroscopy. To obtain this information high resolution of Nls,
Cls, valence band spectra were measured at Kratos AXIS Ultra DLD spectrometer (the photon energy 1486.69 eV,
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Al K mono) (total resolution Ag 3d.,, was about 0.48 eV). Spectra were calibrated using Ag3d,, and In3d,, lines.
Samples for X-ray photoemission spectroscopy were prepared by chemical deposition (drop coating solution of the
compounds) self-assembling techniques ex situ from the CHCI, or CCI, solution onto Ag and/or the sample was
pressed in an indium substrate ex situ. The surfaces of ex situ prepared samples were additionally cleaned in situ by
resistive heating up to ~ 400 K in ultra high vacuum (UHV) and/or cleaned by ion gun. The base pressure during
measurements was in the range 5-10"°-2-10" torr. All elements of pristine TPP and metalloporphyrins were found in
XPS spectra (photon energy 1486.69 eV (Al K ) after moderate annealing in UHV. The X-ray photoemission data show
these different atomic constituents in accordance with its states in the molecules which can be related to the peaks of
Nlis, Cls, Ols, Yb4d appearing in the electronic spectra. Different peaks were seen in the Cls spectra related to the
chemically unequivalent C atoms in the molecules. Wide peak in the range 282 and 290 eV were seen in the wide Cls
spectra that are related to the unequivalent C atoms in the molecules (aromatic at 284.5¢V, 286.5 eV u 288.5 eV for
metoxycarbonil and acetilacetone group respectively). There are two peaks at the spectrum of the core levels of the
NIs level in the pristine TPP. These Nls levels with binding energies of 399.8 and 397.8 eV were assigned to sp* and
sp? nitrogen respectively (pyrrol- and aza-states associated with the protonated and not protonated nitrogen). The
central atom of Yb, replacing the two hydrogen atoms has bound to the all equivalent the nitrogen atoms. In symmetric
Yb metalloporphyrin charge distribution is more uniform for Nls spectra, thus wide peak of Nls states shows small
difference between pyrrole- and aza-nitrogen in metalloporphyrins, in consequence of that formed a single Nls state.
In Nls spectra of asymmetric Yb pyridyl-phenyl complexes two peaks of nitrogen structure were observed at 399.6
and 398.5 eV related with pyridyl group and central Yb-N group features. Note that there are imposing the peaks
of NIs and Yb4p, whose parameters are derived from the decomposition peak at Yb4p, , in Yb oxide. In the Ols core
spectra of asymmetric triscomplexes the intensity of peak at 533eV (related with methoxycarbonil group) is smaller
compare with tetracomplexes in accordance with structural formula. The analysis of Yb4d electronic states shows
that spectra do not consist of the usual spin-orbit split doublet, but instead they are composed of asymmetric peak
with multiplet splitting. For Yb two cases are possible. Divalent Yb has a filled 4f shell, i.e. a 4f'* configuration, and
the 4d spectra show the usual doublet with a 3:2 ratio, while for trivalent Yb, 4f7, the 4d peaks consist of a multiplet.
Using the parameters of metal Yb analysis and Yb sesquioxide we can conclude that the multiplet 4d spectrum of Yb
is clearly indicative of trivalent state of Yb atom in symmetric Yb(acac)-5,10,15,20-tetrakis(4-methoxycarbonylphenyl)
porphyrin, and assymmetric Yb(acac)-5-(4-pyridyl)-10,15,20-tris(4-methoxycarbonylphenyl)porphyrin, Yb(acac)-
5(3-pyridyl)-10,15,20-tris(4-methoxycarbonylphenyl) porphyrin.

Keywords: Asymmetrical meso-tetraarylporphyrins, X-ray photoemission spectroscopy, ytterbium, metal complexes.

Brenenmne B wHacrosmieir paboTe OBUTM MPEIIPUHSITH HCCIIC-
JIOBaHUS  DJICKTPOHHOH  CTPYKTypbl ~ CHMMETPUYHOTO
PenxozemenbHble  OpraHM4yecKUe COEAMHEHHUs Ha UTTEPOUEBOTO KOMILJIEKCa 5,10,15,20-mempaxuc(4-

OCHOBE MOP(MUPUHOB MPEICTABISAIOT HOBBIM KJIACC COEIH-
HEHUH, KOTOPBIA B MOCJEAHEE BPEMs BBI3BIBAET OOJBIION
HUHTEPEC Y XMMHUKOB, OMOJIOrOB U (DU3UKOB OJ1aroapsi CBOUM
MHTEPECHBIM (PU3UKO-XUMHYECKHM U GHOJIOTHUECKUM CBOA-
CTBaM, BO3MOKHOCTH TPUMEHCHHUSI B KAu€CTBE AKTHBHBIX
KOMIIOHEHTOB COBPEMEHHBIX 3JIEKTPOHHBIX H OINTOMJIEK-
TPOHHBIX YCTPOHCTB, a TaKKe B KaueCTBE COCTUHEHHN
JUIE HAaHOTEXHOJIOTHH, CO3/IaHHs JJIEMEHTOB U YCTPOHCTB
HAa OCHOBE OTIEIBHBIX MAaKpPOMOJIEKY]I YYBCTBUTEIBHBIX
K BO3IEHCTBHIO 3JIEKTPHUYECKUX, MATHUTHBIX U 3JIEKTPOMAr-
HUTHBIX TOJIEit.

Hapsity ¢ 3TuM, mOpQUPHHBI MIMPOKO HCIOIB3YIOTCS
B MeIHWIMHE Onmarofaps CBOCH CHOCOOHOCTH CEIICKTHBHO
HAKAIUIMBAThCS B 3J0KAYECTBEHHBIX HOBOOOPA30BAHUSX.
DTO YHHKaJIbHOE CBOWCTBO MOP(PHUPHHOB JIE)KUT B OCHOBE
(OTOMMHAMHYECKOM Teparuu paka, a TaKKe Ui MpoBe-
JeHUH (QIyopecleHTHO! nuarHocTiku.>¢ Ocobblii nHTEpec
NPEICTABISIIOT HTTEPOUEBBIE KOMIUIEKCH HECHMMETPHYHBIX
Me30-apUII3aMelICHHBIX MOPOUPHHOB, KOTOPbIC 007aaaroT
JIOCTATOYHO WHTEHCUBHOW JIIOMHHECIEHIMEH B OJVIKHEH
HK-o0nactu oxoiio 975-985 HM, B Tak Ha3LIBAEMOM «OKHE
MPO3PAYHOCTH TKAHEH», YTO IMO3BOJSIET OOHAPYKUBATH
HeboJIbIIMe U TyboKo3anerarorme omyxonu.
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METOKCHKapOoHMI(eHHT)opprUprHA U HECHMMETPHYHBIX
10,15,20-mpuc(4-meTokcukapOoHUIPEHIT ) HOPHUPHHOB,
y KOTOPBIX B KayecTBE YETBEPTOrO Me30-3aMECTHTENsS
MIPE/CTABICHBI 3- ¥ 4-ITUPUIMIBHBIE PaUKaJIbl, C HUCIIONb-
30BaHUEM METOJIa PEHTI'€HOBCKOH (DOTORIEKTPOHHOM CIIEK-
TPOCKOIIHH.

Jdns  nonumaHus — (U3MKO-XUMHYECKHX  CBOMCTB
TETpaapuiINnoOpUPHHOB U HMX KOMIUIEKCOB C HTTEpOHEM
BR)XHO BBIICHEHHE OCOOCHHOCTEH OJJIEKTPOHHOW CTPYK-
TYpbl BQJICHTHOH 30HBI U OCTOBHBIX YPOBHEW 3JIEMEHTOB
(BaJICHTHBIE COCTOSIHMSI a30Ta, UTTEpOMs) B MAKPOLMKIAX
¢ urtepouem.l!*M

Panee Obutn  w3ydeHbI!'”  CHEKTpabHO-ITIOMUHEC-
LICHTHBIE ~ XapaKTEPUCTHKU HUTTEPOMEBBIX  KOMIUICKCOB
TpUI(QUPOB W TPHUKUCIOT OSTHX COEAWHEHUH, M ObLIO
HaliIecHO, YTO BpeMEHa >KM3HM TPHUKUCIOT B 2-3 pasa
HIDKE, YeM y HMX TPHUMETHJIOBBIX 3¢upoB. IIpoBonuiock
CpaBHEHHE BPEMEH JXM3HH HECHUMMETPUYHBIX IOPPUPH-
HOB CO BPEMEHEM JKH3HH CHMMETPUYHOIO HUTTEPOMEBOTO
xommiekca 5,10,15,20-rerpadenmimopduprta, KOTOPBIH
HMeJ MaKCHMalIbHOE 3HAYeHNE BPeMeHH jkn3HH 20 MKC, KaK
u'y Yb-rerpanupazonunnopdupuna.l¥ Okazanocs, 4to BBe-
JICHUE M30MEPHBIX IeTEPOILMKINYECKUX 3aMECTHTENel TpH-
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BOJUT K OoJiee 3HAYUTENEHOMY CHI)KCHUIO BPEMEHH JKH3HHU
M0 CPaBHEHHIO C 4-THAPOKCU(PEHMILHBIM 3aMECTHTEIEM
(16.3 mkc). s M30MEPHBIX MOHO-ITHPHIMI3aMEIICHHBIX
nopGUPHUHOB BpEeMEHA JKH3HH cOocTaBIsOT 13.4 1 14.8 mke.['¥

5-(4-T'unpoxcudennn)rerpaapwinopdupus la noiy-
4yeH ¢ BbIXoZoM 11 %. B kauecTBe MOOOYHOTO MPOMYKTA
ObUT BBIIEICH cuMMeETpudHbIH 5,10,15,20-mempaxuc(4-
MeTokcukapoonmidenun)nopdupun 1b, ero taxke moiy-
YaJi HarpaBJICHHbIM CHHTE30M M3 MHUPPOJa U METHIOBOTO
spupa 4-hopMHIOCH30MHOW KHCIOTHI B MPOIMHOHOBOM
KUCTIOTE ¢ BBIXOAOM 15—18 %.[1%]

HecuMMeTpryHbIe TeTepOLUKINYECKUE TPOU3BOIHBIC
1c u 1d, comepxamnue o ogHoMy (parmMeHty 4- u 3-u30-
MEpHBIX OCTAaTKOB MHUPHJINHA U TPH 3aMEUICHHBIX (hEHHIIb-
HBIX OCTarKa, IOJIy4aJi M3 MHPpOJa, METHIOBOTO 3¢hupa
4-hopMnIIOCH30MHON KUCIOTHI M W30MEPHBIX HHUPHIMH-4
n 3-xapOanpaerujamMu B COOTHOIIEHUH 4:3:1 B MpomnmoHo-
Boi kuciore. Cieayer OTMETUTh, 4TO MOAOOHBIE MOpQH-
PHHBI U3yYeHBI 3HAYUTEIILHO MEHbIIIE, YeM CHMMETPUYHBIC
mempaxKuc-TMpuINIIbHbIE aHAJIOTH.

W3 paHee onvcaHHbBIX B IUTEpAType UTTEPOUEBBIX KOM-
TUIEKCOB TMOPGHUPHHOB C TETEPOLUKIMYSCKHUMHI OCTAaTKaAMHU
HaMOOJIBIINM BPEMEHEM JKU3HH BO30YKJICHHOTO COCTOSIHUS
obnaganu Yb-rerpanupuannnopoupussi (12.1 mkc).['

R = (a) 4-OH-Ph; (b) 4-CH,COO-Ph; (c) 4-Py; (d) 3-Py

Pucynoxk 1. HecummerpudaHble TeTpaaprinoppupuHEL.

3KC]’[epHMeHTaJ’[bHaﬂ 4acTb

OO0pasubl It HUCCIENOBAHUSA BJIEKTPOHHOM CTPYKTYpbI
HECHUMMETPHUYHBIX HMTTEPOMEBBIX KOMIUIEKCOB MeToAoM (oTo-
SﬂeKTpOHHOﬁ CIICKTPOCKONIMU I'OTOBUJIIMA METOAOM XUMHUYECKOI'O
ocakjieHus pacTsopos metamonoppupunos B CHCL, u CCl, na
MOAJIOXKKHU Ag U MEXaHUYECKOI'0 BIPECCOBLIBAHUSA B IIOMJIOXKKY
In ananornuno padore.'“!" Tlepen npoBeeHUEM HCCIIEN0BAHUI
mMeTo oM PODC noBepxHOCTH HEKOTOPBIX 00pa3LoB nopdhupruHa
u MetauonopdupuHoB ounmianack orkurom (0.5—1 gaca) npu
T=400 K in situ B cBepxBbicokoM Bakyyme (10 TOpp) 371€KTpOH-
HOT'O CIIEKTPOMETpa ISl YAAJICHHS JICTKOJICTYUHUX 3arpsi3HCHUM.
DOTOIIEKTPOHHBIE CIEKTPhl CHUMAIUCh Ha (POTODIEKTPOHHOM
cnektpomerpe (KRATOS AXIS ULTRA DLD) co chepuueckum
CeKTOPHBIM aHAJIM3aTOPOM, C BO3MOXKHOCTBIO HarpeBa oOpasia
U MOHHBIMHU IIyLIKaMH, yﬂpraq)I/IOJ'leTOBbIMI/I 1 pEHTTCHOBCKHUMHU
HCTOYHUKAMHM. aKcﬂepHMeHTbI 10 UCCJICAOBAHUIO HOBerHOCTeﬁ
HPOBOAMIM B CBEpPXBBICOKOM Bakyyme 5-10°-3-10° Topp, ¢
HCII0JIb30BAHIUEM MOHOXPOMATH3UPOBaHOro u3dydeHus AlK
1486.6 3B (mono) (3HepreTuueckoe pasperieHue 0.48 3B, sHepruu

CBSI3U KaJMOpoBauch o munun Ag3d, ).

Pe3y.]'leaTbI u oﬁcymae}me

B pabore uccnenoBain 0coOOEHHOCTH 3JIEKTPOHHOU
CTPYKTYPbl CHMMETPUYHOTO U HECUMMETPUYHBIX METAJIIIO-
noppupuHoB utTepOus: Yb(acac)-5,10,15,20-rerpakuc(4-
MeTokcukapooHmndenmmnnoppuprna (1b), Yb(acac)-5(4-
nupuauni)-10,15,20-tpuc(4-meroxcukapOooHuapeHnI)
nopdupuna (1¢) u Yb(acac)-5(3-nmupuani)-10,15,20-Tpuc(4-
MeTokcukapoonmwidenmmmnoppupuna (1d) (Pucynkn 1,2).

AHanu3 0030pHBIX (OTOIIEKTPOHHBIX CIHEKTPOB
MOKa3bIBAET IIPUCYTCTBHE BCEX IJIEMEHTOB BXOJSIIIHUX B CO-
CTaB HUCCJEIYEMBIX COCAMHEHHH. B crekTpax OCTOBHBIX
YPOBHEH UTTEPOMEBBIX METAIIONOP(UPHUHOB, ITAIOHHBIX
CUMMETPHYHBIX TeTpadeHMINOPGUPUHOB U TETPaIUpH-
JunopUpUHOB BeLesitoTest inHuu Y b4d, Nls, Cls, Ols.
Ha Pucynkax 3-5 npuBeneHbl 0030pHBIE (DOTODIEKTPOH-
HBIE CHEKTPBI MCCIICJOBAHHBIX UTTEPOMEBBIX KOMILIEKCOB
nop(GUpHHOB. AHAIHU3 (OTOINEKTPOHHBIX CIIEKTPOB METAI-
JIONOP(QUPHHOB TIOKA3bIBACT IIOMHMO HAJIUYHS CIIEKTPOB
cocrapisitorux 31emMeHToB (C, N, O, YD), He3HauuTeIbHbIC
CJIe/IbI 3arpsi3HEHUs Si.

Pucynok 2. CtpykrypHbie HopMbI UcclienyeMbIx 00pasios: Yb(acac)-5,10,15,20-mempaxuc(4-metokcukapOormiderun)nophupus
(cneBa) u Yb(acac)-5-(3-mupuamn)-10,15,20-tpuc(4-merokcnkapoonmidenw) mophuput (cripasa).
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B cmekrpax m1yOokMX (OCTOBHBIX) YPOBHEH BBI-
nenstmich muann Cls, Nls, Ols, Yb4d. IlpucyrctByromee
3arpsi3HEHUsI Ha MOBEPXHOCTH METAJIIOKOMIUIEKCOB I10CIIE
ounctku (HarpeB no 120 °C B teuenue 0.5-1.5 yaca) He-
3HAYUTEJILHBI, OTHOCUTEJIbHBIC KOHLEHTPALUH DJIEMEHTOB
B IIEPBOM HNPUONMKEHUH COOTBETCTBYIOT XHMHYECKOMY
COCTaBy MOJIEKYJISIPHBIX COCIMHEHHH.

B cnexTpax ocroBHoro Cls ypoBHS MCCII€OBaHHBIX
MeTajionoppupuHoB, HaONIOgaeTCs IMIHMPOKHH MUK,
00yciioBIICHHBIN (OTOIMHUCCHEI COCTOSIHUN  yTiepoaa,
HaXOJSIINXCS B HEOKBHBAJICHTHBIX MOJIOKEHHUSIX B MOJE-
KyJie (BbLIEISIIOTCS apomarndeckue npu 284.7 oB, 286.5 aB
n 288.5 5B B MeTOKCHKapOOHMIJIBHOM 3aMECTUTEIIC U alle-

TuianeToHe). Ananorndnsie 3HaueHust Cls cCOCTOSHUM 1151
PasIUYHbBIX MOPPUPHUHOB OBLIN MOIYYECHBI paHEe METOIOM
POIC u ans poacTBeHHBIX MUPUAUI-TIOpGHpHHOB.[OIHT]
Ha Pucynxax 6—8 npeacraBiieHbl pOTOIEKTPOHHBIE CIIEK-
Tpbl Cls HECMMMETPHUUHBIX METaTIOKOMIIJIEKCOB.

[IpoBenennsie wuccnenoBanus Merogom POOC (c
sHepretudeckuM paspemenueM 0.48 3B) He BbIBHIN CY-
LIECTBEHHON pa3HUIlbl Mex 1y criekrpamu Cls B JaHHBIX He-
CUMMETPHYHBIX U CHMMETPHYHBIX COCTMHCHHSIX.

B cmekTpax wuccienoBanHoro Y b(acac)-5,10,15,20-
mempaxuc(4-MeTokcukapooHuIpeHnI)nopGuprHa 1a
HAO0JF0JACTCsI OJIUH yIIMPEHHBIH TUK N1s cocTOsTHUI Tpe-
cTaBJIeHHBIN Ha PucyHke 9, (Ha KOTOPBIN YaCTUYHO HAKJa-
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nbiBaeTcs nuHuA Ybdp, ), ¢ omueprueii cpsasu 398.6 oB,
OTpPAXKAIOUINH BBHIPABHUBAHUE O3JIEKTPOHHOW CTPYKTYPHI
MEX/y a3a-a30TOM M ITUPPOJIBHBIM IIPY BBEACHUH METaJLIa.
OTMeUYeHHOE HaXOAUTCSI B XOPOIIEM COIIACHH C JaHHBIMH,
MOJYYEHHBIMH JUIsl KoMmIulekcoB nopdupunos (Me = Fe,
Co, Mn, Ni) u ¢pranonuanusos Cu.l'!

B cnekrpax Hecummerpuunbix (Pucynku 10, 11) ut-
TepOUEBBIX U30OMEPHBIX 3- ¥ 4-NHUPHUANI3aMELICHHBIX TTOp-
(GUPUHOB (B OTIIMYNE OT UTTEPOUEBBIX (PEHUITIOPPHUPHHOB)
HaOIroaeTCsl JOMOJIHUTENbHBIE OCOOCHHOCTH: 3aMETHOE
miedo nuka Nls ¢ sHeprueit ces3u 399.6 3B, cooTBeTcTBY-
IolIee MUPUIUIBHOMY a30TY, M IHK a30THBIX COCTOSHUH
Makporukia npu 398.5 9B, cBszanHbix ¢ MeTtamiom.
JI1s paccMOTpeHust TOHKOM CTpyKTypsl ciekTpos Nls co-
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Pucynok 9. Criextp nmuauu N1s s Yb(acac)-5,10,15,20-
mempaxuc(4-MeTokcukapooHmIpeHmI)nopupuHa.
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Pucynoxk 10. Criexrp yimanu N1s u ee pasnoxenue s Yb(acac)-
5-(4-mupuanin)-10,15,20-mpuc(4-meTokcnkapOOHMIIDEHT)
nophupuHa.
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Pucynox 11. Criexrp ymanu N1s s Yb(acac)-5-(3-mmupumn)-
10,15,20-tpuc(4-merokcukapboHuideHm)nophuprHa.
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CTOSIHUH B HECUMMETPHUYHBIX MUPUIUITNOPHUPUHOB OBLIO
JIONIOJIHUTEJIBHO MTpOBeieHo pasnoxenue N1s cnekrpa (Pu-
cynok 10) ¢ yueTom BKnana tuaun Yb4dp, , B cextpsl Nls.

B P®3C cnekrpax octoBHOro ypoBhs Ols B Yb-
metaonopdupunax (Pucynku 12-14) naGmogaercs
caBoeHHBIHM nuk Ols, yka3plBalOImMM Ha JIBa pa3IMUHBIX
coctosiHuA Kkucnopona. IIpu pasnoxkeHuu crekTpa Ha Co-
CTaBJISIIOI[ME KOMIIOHEHTHI OBIJIO BBIJICJICHBI JIBA COCTOSTHUS
KHUCIIOpoJa: OAHO, ¢ 3Heprueil ceszu 531.5 3B, oTBewaeT
KHCJIOPOy B alleTHJIAETOHATHON Tpymie,!'’! Bropoe co-
cTosHue 1pH 533 3B cBsA3aHO, 10-BUAUMOMY, C METOKCHKAp-
OOHMIIBHOH Ipynnoi (cM. Pucynoxk 1). 13 BeleckazaHHOTo
CIeAyeT, 4TO aleTUJIAalleTOHATHBIN JTUraHA CUMMETPUYHO
COEJJMHEH C MaKPOLUKIIOM Yepe3 LIEHTPalIbHbIl aTOM HT-
TepOus, Kak rmokaszaHo Ha Pucynke 2 (Moeb COeIMHEHUH).

OtmeruM, 4yTo Ha cnektpax Ols HECUMMETPUUYHBIX
MPpUC-KOMILJIEKCOB, WHTEHCUBHOCTH IHKa (CBSI3aHHOT'O
C METOKCHKapOOHWIIBHOW rpynnoil) npu 533 eV meHsble,
4yeM B mempaxkuc-KOMIIIEKCcaxX, YTO XOPOIIO COTIacyeTcs co
CTPYKTypHOU OPMYJION KOMILIEKCA.

UccnenoBanust Yb4d ypoBHS BBISIBHIIM CIOXHYIO
CTPYKTYypy 4d-cOoCTOSIHMI pPEIKO3EMENBHOIO JJIeMEHTa
B 9TuX MertaiutonopdupruHax. CHeKTpbl CHMMETPHYHOIO
terpadeHmnnopdupruHa uTTEpOUs MOKazaHel Ha PucyH-
ke 15, a HeCUMMETPUUHBIX MpuUC-KOMILIEKCOB — Ha Pucyn-
Kax 16, 17.

Jlist BBISICHEHHUSI BAJICHTHOTO COCTOSIHUSI UTTEpOUs
B METAJUIONOP(GHUPUHAX U PACCMOTPEHHUs] TOHKOH CTPYK-

800
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Binding Energy / eV

Pucynoxk 12. Criekrp yimanu Ols st Yb(acac)-5,10,15,20-
mempaxuc(4-MeToKCHKapOOHMI(eHIIT)TophUpHHA.
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Pucynok 13. Cnexrp smanu Ols s Yb(acac)-5-(4-mupuann)-
10,15,20-mpuc(4-metokcukapooHmipeHm)nopupuHa.
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Pucynoxk 14. Cnexrp smaun Ols s Yb(acac)-5-(3-mmpuamn)-
10,15,20-mpuc(4-meToxkcukapOoHUIGEHIT ) TOPHUPHHA.
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Pucynok 15. Crnexrp yuanu Yb4d s Yb(acac)-5,10,15,20-
mempaxuc(4-MeTokcHUKapOoHMIeHmI)ToppuprHa.

TYpbI CHEKTPOB OCTOBHOTO ypoBHS Y b4d merasionopdu-
PHHOB MPEABApUTENLHO OBIIM CHATHI U IIPOBEACHO Pa3iio-
JKEHHE CIIOKHBIX CHIEKTPOB ypoBHs Y b4d okcuia urrepous
(Yb,0,) u MmeTannuyeckoro uttepous.'” 3gecTHO, uTO 115t
UTTEpOUs XapaKTePHBI [Ba BAICHTHBIX COCTOSHUSL. Y Y b*
(...4s%4p%4d"04114552, . ) 4f-060s10uKa 3aIOTHEHA TOJTHOCTHIO
n 4d-cnexTp npencrasisieT co0oi nyOneT ¢ OTHOIIEHHEM
IJIOIIAAEH MO MUKAaMH Kak 3:2, B TO BpeMs Kak Juist Y b**
(...4s%4p%4d"04f135¢2. . ) 4f o0bosOUKa 3aTOIHEHA YaCTHYHO,
n 4d cuexkTp NMpeAcTaBiIeH MYJIBTHUIUIETOM. Pasnoxenne
CHEKTPOB OCTOBHOTO ypoBHs Yb4d okcuna urtepous(IIl)
n Meraumyeckoro urrepousi(ll) nmposogunucey coriiacHo
JTUTEPATYPHBIM AaHHBIM.!S]

OnekTpoHHas cTpykrypa 4d mynbruruieta HTTepOus
B CHMMETPHYHOM M HECUMMETPUYHBIX METAINIONOPPUPH-
Hax MO MapameTpaM XOpOILO COIIaCyeTCs ¢ MYJIBTUILICT-
HBIM pacuierienueM B criekTpe Y b4d okcuna urtepous(111)
(Yb,0,), ominuasice ot 4d jmy6rnera JByXBaJeHTHOTO WT-
tepbusi. [locne paznokeHUs! CIIEKTPOB OCTOBHOTO YPOBHS
Yb4d cuMMETpUYHOTO ¥ HECUMMETPHUYHBIX METaJIJIONOP-
¢upuHOB Yb, OTUETIMBO HAOIIONACTCS MYJIBTHILICTHOE
pacmerienue (Pucynku 15-17), 4to nmoaTBepkaaeT Tpex-
BaJICHTHOE COCTOSIHUE UTTEPOMS B KOMILIeKcax. TunnyHoe
pasnoxkenue 4d-cnektpa s Y b(acac)-5-(4-mupuau)-
10,15,20-mpuc(4-meroxcukapoonundenunmnopdupuna
uTTepOUs NpeacrasieHo Ha Pucynke 16.

CpaBHUTENbHbBIE uccienoBanust  4d-coctosiHui
uTTepbuss B MertauonoppupuHax wmerogom PDOOC
HE BBISIBUJIM CYIIECTBEHHOM pPa3HUIBI MEXK/Yy COCTOSTHUSIMHU
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Pucynok 16. Criexrp smanu Yb4d u ee pasnoxenne
st Yb(acac)-5-(4-mupumin)-10,15,20-mpuc(4-
METOKCHKapOOHWI(CHIIT ) TOPPHUPHHA.
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Pucynoxk 17. Cnexrp smanu Yb4d Yb(acac)-5-(3-mupumimn)-
10,15,20-mpuc(4-merokcukapooHmipeHm)nophupuHa.

P3M wmeranna B CUMMETPUYHOM M HECUMMETPUUYHBIX
noppupuHax.

BriBOABI

B cnekrpax cummerpuyHoro Y b(acac)-5,10,15,20-
mempaxuc(4-meTokcukapoonunpenns) nopdupuna Hab-
JoJaeTcs OIUH ymupeHHbId nuk NIs cocTosHuii, oTpa-
JKAIOIUI Mallyl0 Pa3HOCTb JHEPrUU CBSI3U IHPPOJIEHO-
ro u aza-N. BBeneHue LEHTpaJIbHOrO aroMa HUTTEpOHs
B METAJIJIONOP(UPHUHBI IPUBOAUT K BHIPABHUBAHUIO DJICK-
TPOHHOH IJIOTHOCTH MEXAY a30TaMH MUPPOJIBHOM M a3a-
IPyHIbl U TOSBICHUIO OAHOTO YIIMpEHHOro mnuka Nls
coctosinus. B ®OC criekTpax HeCUMMETPUUYHBIX Y b(acac)-
5-(4-nupunnn)-10,15,20-mpuc(4-meTokcnkapOOHUIPEHNIT)
nopGuprHEe M €ro M30Mepe IMPHCYTCTBYET JIBYXITMKOBAs
crpykrypa Nls, npeacraBieHHas Cyneprno3unuei nophu-
HOBOW M IMUPHIMIIBHON TPYIIIT a30Ta COOTBETCTBEHHO.

OOHapysxeHo, 4To Ha crektpax Ols HecuMMeTpud-
HBIX KOMIIJICKCOB HMHTEHCHBHOCTH IIMKa (CBSI3aHHOT'O
C METOKCHKapOOHWIIBHOW rpynnoil) npu 533 5B meHsble,
YeM B CHMMETPHUYHBIX KOMIIJIEKCAX, YTO XOPOILIO COTIacy-
€TCsI CO CTPYKTYPHOH (popMyJIoi KOMILIeKca.

B cnekrpax cocrosiHuii Yb4d meramnmonopdupuna
HaOII0/1aeTCs Malblii XUMHYECKUN CABUI SHEPTHH CBSI3U
1o cpaBHEHUIO ¢ okcuaoMm utrTepous(Ill), uto ykassiBaeT
Ha aHAJOTHYHOE BaJICHTHOE cocTossHUs uTTepous (Yb™).
Hab6mronaemoe MmynbTuIuieTHoe pacuieruieHus Y b4d cocto-

257



XPS Studies of Asymmetrical Tetraarylporphyrins and Their Ytterbium Complexes

HHHﬁ, TOATBEPIKAACT TPEXBAJICHTHOC COCTOSIHUE HTTepGI/IfI
B UCCJIICAYCMBIX MeTaJ’IJ’IOHOp(l)I/IpI/IHaX.

Baaromapuocts. Pabora BbImonHeHa B pamkax locy-
JlapcTBeHHOTo 3amanHust MunoOpHayku P®. Ne mpoexra
4.128.2014/K.

Crnucok JuTeparypsbl
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