BeeneHune HeocnabepawLmn nHTepec K naHtaHomagam (Ln) n nx coeaMHeHnAM Bbi3BaH
pa3Hoobpa3meM nx CBONCTB U paclunpeHmneM chepbl X NPakTUYeCcKoro
NCNONb30BaHMA B HayKe, MeaunumnHe [1] u TexHuke [2,3], BKOYas nosyyvyeHue
ONTUYECKNX CBEeTOAMNOL0B, HOBbIX NCTOYHUKOB CBeTa U PYHKLUMOHaIbHbIX MaTepuasioB
pa3/IN4YHOro Ha3HavyeHns. KoopaAnHaUWOHHbIe CoeAUHEeHNA NaHTaHnaos (Ln)
npuesiekatoT 60sbLIOe BHUMaHUe nccnenosaTtenen scaencreme cneyndpu4eckoro
MexaHWU3Ma JIIOMNHEeCLEeHUNN N TeopeTnyeckmn Bo3MoxXHoW 100% BHYyTpeHHeN
KBaHTOBOW 3(p(PeKTUBHOCTU CUHIIETHOIO N TPUMJIETHOIO NEPexonoB. DNIEKTPOHHbIE
CMeKTpbl MOHOB NaHTaHnpos obycnosnensbl f-f-nepexogamn B 4f-cnoe,
3KPaHNPOBaHHOM OT BO34ENCTBUSA BHELUHUX NONEeN 3aMKHYTbIMU 3JIEKTPOHHbIMU 55- 1
5d-ob6ono4vykamu. NocnegHee obecrnedymBaeT Cy>KeHME JIMHUN NCNyCKaHUa 40 10 HM,
HeOoCTMXMMoe ansa Apyrux atoMmmHodopos. NMo3ToMy uBeTonepenada pasinyHbIX
ancnseeB Ha OCHOBE KOOPAWMHAUMOHHbLIX cCoeANHEeHUN NnaHTaHnnoB (Ln) oTanyaeTcs
BbICOKON YeTKOCTbIO. [MepCneKTUBHbIMWU JIIOMUHECLEHTHBIMU MaTepuasamMmn ons
CO34aHNA YCTPONCTB MOJIEKYJIAPHOW JIEKTPOHUKU CHUTAOTCHA KOMMO3UThl HA OCHOBE
KOMMMJIEKCOB JJAHTAHOUOO0B C COMNPSAXXEHHbIMU nonnMepammn [4-6]. OgHako
CYLLECTBEHHbIM OrpaHNYeHUEM NPUMEHEHNSA OaHHbIX KOMMNO3MUTOB SABASETCS
HepaBHOMEpPHOCTb pacnpeneneHns NOHOB JIAHTAHOMOO0B B MaTpuLe noamMepa n
Hann4ne KpucTanamsaumm (arnomMmepanmn) KOMNOHEHTOB, KOTOPble CNOCOBCTBYIOT
caMoralwleHuto JIloMNHecueHUN. BO3MOXXHbBIM NMyTen yCTPaHeHNs 3TUX HeLOCTaTKOB
ABNSAETCA UCMNOJIb30BaHME Me30reHHbIX coeguHeHun naHTaHounaos [7,8]. B Bugy umx
NMOBbILLUEHHOW PpacTBOPUMOCTU B OpraHNYeCcKnUx pacTBOPUTENSAX U CMEeLMBAaEeMOCTH, 3a
cyeT onpenenéHHOro CTpyKTypHoro nogobus (aHM3oTponHas popma, Hanu4une
ANKNNbHbIX Llernen B TOPLEBbIX YaCTHAX MOJIeKYJ1), C U3BECTHbLIMM NPOBOAALLNMN
conpsiXXeHHbIMN nosimMmepamu [9-11]. Hann4dme B CTPYKType KOMMJIEKCOB OJINHHbIX
TOpLEBbIX Yr1eBOAOPOAHLIX 3aMeCcTUTeNen, 3aTPYAHAWNX Kpuctanamsauunw [12,
13], naeT BO3MOXXHOCTb BapbupOBaTb COOTHOLLUEHNE KOMIMOHEHTOB B MOJIMMEPHOM
KOMMo3uTe 1 0obuTbCa MakCMMasibHON 3OPEKTUBHOCTN N3NYHEHUSA TaKNX
MaTepunanoB. IKcnepmMmeHTasbHasa 4acTb CHN 371eMeHTHbIN MUKpoaHann3 bbin
rnpoeefeH Ha 3n1leMeHTHOM aHanm3aTtope CE Instruments EA-1110,
PEHTreHoIyopeCLEHTHbIM aHann3 - Ha npunbope CYP-02 «PeHoMm ®B». OTcyTCcTBMUE
Kpuctananamsaumm NOATBEPKA4a/I0oCb MEeTO40M NONSAPU3aLNOHHON MUKPOCKOMUN Ha
Mukpockone Olympus BX-51. CnekTp noraouweHus 6bia nonyvyeH Ha UV-Vis
cnekTpogoTomMeTpe Perkin EImer Lambda-35 B pacTtBope B 6eH30/€e C KOHUEeHTpaunen
1*10-5 monb/n. CnekTp AloMuHecueHUnn bl CHAT Ha cnekTpodatoopumeTpe Cary
Eclipse Varian B pacTtBope B 6eH30/1€e C KoHueHTpauunen 1*¥10-3 monb/n. Onsa
yCTaHOBMIEHMSA NOTEHLUNAN0B NOHM3AaLMKN KOMMNJIeKCa eBponusa bbina nposeneHa
UMKn4YecKasa BoJSibTaMMnepoMeTpus TOHKUX NJIEHOK KOMIMJIeKCa Ha NniaTUHOBbIX
anekTpodax B 0,1 MonsspHOM pacTBope TeTpabyTnnammoHusa rekcoptopodocdaTta Ha
PA4 nonsporpagunyeckom aHanmisatope. 1-dpeHnn-3-(4-(4-
nponuaymnknorekcun)dpeHnn)nponax-1,3-anoH 61 NoayyYeH No MeToanKe ONMCaHHOM



B [14]. Tpuc[l-penHnn-3-(4-(4-neHTUNumnKnorekcun)peHmnn)nponatH-1,3-guoHol-[4,7-
angeHnn-1,10cpeHaHTponmnH]eBponua. K ropadyeMy CnmpToBOMY pacTBOpY,
cogepxawemy 0.104 r (0.3 mmonb) b-gnkeTtoHa (1-dbeHnn-3-(4-(4-
neHTuauuknorekcmn) eHmn)nponatx-1,3-gnoHa, 0.033 r (0.1 mmonb) 4,7-gudeHnn-
1,10-cpbeHanHTpONMHa 1 0.017 r (0.3 mmosib) KOH npu nepemMewinBaHnn MegieHHo
npukananu cnnptosbin pacTteop 0.037 r EuCI3-6H20 (0.1 MmMonb). Beinaswmnim ocanok
XKeNnToro upeTa oTpUIbTPOBaIN NPU NepeMeLlnBaHNN B ropaYeM Buae, NpoMbiIn
CNMPTOM, BbICyLInAM B BakyyMme. Boixog 0.099 r (69 %), T.nn. 104°C. C96H97EUN206.
HanpeHo, %: C, 75.07; H, 6.81; N, 1.88; Eu, 10.08. BeidncneHo, %: C, 75.52; H, 6.40; N,
1.83; Eu, 9.95. Pe3ynbTaThl U 06cyxaeHune MNMosy4yeH HOBbI ME30reHHbIN agayKT
Tpuc(b-anketoHaHTa) esponus (lll) c 4,7-andeHnn-1,10-peHaHTpONMHOM (puc. 1).
CnHTe3 npoBoanaun no Metoamke onncaHHom B [15-17]. CocTaB n cTpoeHune
KOMMNJeKca NoOATBEPXKAEHbl JAaHHbIMU 3JIEMEHTHOrr0, peHTreHo/1lyopecL,eHTHOro
AHaJIN30B U CreKTpaMu JloMuHecueHummn. Puc. 1 - Cxema nony4yeHma Komnaekca
Tpuc(b-gnkeTtoHaTta) esponus ¢ 4,7-andpeHnn-1,10-gpeHaHnTponmHom UV/VIS cnekTp
nornoweHnsa pacteopa komnnekca Eu (lll) B 6eHsone (c =1 x 10 -5 monb /am3)
rMnokKasaH Ha pUCyHKe 2. MakKCMMyMbl B CNEKTPE MOrjoWeHNa KOMMNJeKca Ka4eCTBEHHO
NOEHTUYHbI TeM, 4TO HabnogatoTCca Ansg cBOOOAHBIX MMFraHAO0B. TO B 04epenHon pas
MOKa3blBaeT, YTO Ha BO36y>XAEHHble COCTOSAHMNA IMFaHO0B CYLWEeCTBEHHO HE BNSET UX
koMmniekcoobpasoBaHue ¢ noHoMm Eu (lll). NMnk ¢ MakcuMyMoMm Ha 355 HM
cooTBeTCTBYeT T-Tt* nepexony b-ankeToHa [18], B TO BpeMa Kak NuK Ha 287 HM
COOTBETCTBYIOT nornoweHuto 4,7-gudeHnn-1,10peHanTponnHy [19]. TeMm He MeHee,
cnekTp komnnekca Eu (lll) 6aToXpoMHO CABUHYT N 3TO CBSAI3aHO C BO3MYLLEHMNEM,
BbI3BAHHOI0 KOOPAMHUPOBaHMEM MeTasnna. Puc 2 - CnekTpbl MOroWeHNsa v
NIOMUHecLeHUMn pacTtBopa komnaekca Eu(lll) B 6eH3one CnekTp Bo3Oy>xaeHus
Komnaekca Nnpu Aem=613 HM (puc. 2), LEMOHCTPUPYET LWMPOKYIO nosiocy mexay 380
n 470 HM, KOTOpPas OTHOCUTCA K TI-TT* nepexony KOOPANHUPOBAHHbIX NraH4O0B.
NMpumMevyaTenbHO OTMETUTb, YTO BO3OYy>XXOEHNE KOMIJIeKCa CMEeLLEHO B KPaCHYIo
061aCTb OTHOCUTEJIBHO €ro NorJoLwWeHnsa. 3To CBUAETEeNbCTBYET O TOM, 4TO B obs1actu
MorsoWeHns sHeprmusa pacxonyetcs bosblie Ha 6e3bi3nyvYaTeNbHble Mepexonbl, Yem
n3nyyatenbHblie. CNekTp nlnyydyeHus komnnekca Eu (lll), npn Bo3by>xgeHun Ha gnnHe
BOJIHbI 413 HM (puc. 2), MOKa3blBaeT XapakKTepucTuyeckme rnosiochbl nepexonos NMoHa
eBponusa B anana3soHe 420-750 HM, 4TO corsacyeTcs C iMTepaTypHbIMU SAaHHbIMU
[20]. HabnopaeMble, XOpoLUO pa3peLlleHHble Nuku, obycnosieHbl nepexogamu ¢ 5D0
YPOBHS BO36Y)XOEHHOro CoOCToAHUA Ha 7F) NnoAypOBHW OCHOBHOIMO MyJibTUMNAETA.
Makcumymbl npn 580, 593, 613, 653 n 702 HM oTHOCATCA K ] =0,1,2,3n4
nepexoaam, COOTBETCTBEHHO. [lonockl Ha 580 n 653 HM o4eHb cnabbl, Tak Kak
cooTBeTCTBYlOWMeE nm nepexoabl 5D0 —» 7F0,3 3anpeLleHsbl npaBunamu otbopa
BbIHY>XOEHHbIX ANNOJIbHbLIX NepexofoB. COOTHOLEHNE NHTEHCUBHOCTEN
3/IEKTPNYECKOro ANUMOJbHOIO U MarHUTHO - AunosibHoMy nepexonos (5D0 —» 7F2/5D0
- 7F1) cocTtaBndeT 19,6. 9T0O yKa3blBaeT Ha OTCYTCTBME CUMMETPUN



KOOPONHALMOHHOIO OKPYXXeHUSA BOKPYI LeHTpasibHOro noHa Eu (). Apyrumn
cnoBamMu, noH Eu (lll) koopanHmnpyeTcsa B I0OKasbHOM MecTe 6e3 LeHTpa nHeepcumn
[21]. B cnekTpe n3ny4yeHns KoOMrseKkca Takxxe He HabngaeTcsa gpochopecueHumnmn
JINFTaHLOB, YTO FOBOPUT O XOPOLLEN rnepefaye sHeprnum c nMraHaos Ha uoH Eu (111).
SPPeKTUBHbIE IIOMUHECLLEHTHbIE CBONCTBA CUHTE3UPOBAHHOIO KOMIJIeKCa eBpOonus
(1) obbACHATCA NepeHoCOoM 3Heprnm Bo3byxaeHnsa Ha noH naHtaHonga (lll) c
MOMOLLBIO KOOPONHUPOBAHHBIX C HUM OPraHU4YeCcKuUX AUraHaoB («3geKT aHTEeHHbI»),
KOTOpPbIE XapaKTepU3yTCA BbICOKUMN MONIAPHBIMU KO3 duumneHTamMmm nornoweHus un,
COOTBETCTBEHHO, N3Jly4aTesibHbIMU XapakTepuctukamm [22]. Cuntaercsa
YCTAHOBJIEHHbIM [23-27], 4TO NepeHOoC SHEePrnm NPoONCXoanT NPENMYLLECTBEHHO U3
TPUMNJIETHOr0 COCTOAHUA NUraHaoB. Taknm obpa3om, NIOMUHECLEHL NS NOHOB
naHTaHonos (lll) B KOMMIEKCHbIX COeAUHEHNAX onpenenseTcs B3auMHbIM
pacrnosioXXeHneM TPUNJEeTHOro YpoBHSA JIMraHAO0B U Pe30HAHCHbLIX YPOBHEN MOoHa Ln
(I1). Hanbonee achpekTUBHAA TIOMNHECLEHLINA KOMMJIEKCOB TaHTaHONA0B
DOCTUraeTcs, Korga nepeHoc aHepruv npoucxoonT He HernocpenCcTBeHHO Ha
N3sy4aloWwmin ypoBeHb JlaHTaHOMAA, @ Ha YPOBEHb WM ABa Bblle. 3TO 06bACHAETCS
TeM, 4TO NMpn pe30HaHCHOM NepeHoCe SHEePrmn C INraHaa Ha LeHTpasibHbIN NOH BEJINK
Bknaa obpaTHoro nepeHoca sHeprum (back-transfer) c noHa Ha nurang. MNMpouecc
N3Jly4EeHUSA LeHTpPasbHOro MOHa OTHOCUTEJIbHO MeAJIEHHbIN, TaK KaK npoTekaeT C
rnepeBopoToOM cnmHa (Hanpumep, 3 5D B 7F B komnnekcax Eu3+), n 3a 3To BpeMs UOH
ycneBaeT oTAaTb U3bbITOYHYO Heprunto obpatHo nuraHay. MNMpun nepeHoce sHeprum He
Ha n3sy4atoLwmm, a Ha bonee BbICOKMI YPOBEHL C 0OpaTHLIM NepeHoCoM 3hdpeKTUBHO
KOHKYpUpyeT npouecc besbiznyvyaTesibHOM penakcaumm Bo3byxaeHHoro noHa (c 5D1
Ha 5D0), 4eMy cnocobCTBYIOT MasieHbKME LWenn Mexay noayposHsamm 5D
MyJsibTUNAeTa. Nocne Takon penakcaumm pesoHaHC Mexay TPUNaeTHbIM YPOBHEM
NUraHaa v LeHTpasibHbiIM NOHOM OKa3blBaeTCsA HapyLeHHbIM, 1 06paTHbIN NepeHocC
CTAaHOBUTCH HEBO3MOXXHbLIM. 1719 NOHUMaHUA MeXaHN3Ma MeXXJIMraH4HOro rnepeHoca
3Heprum B Komnaekce Eu (lll) 6b1am n3yveHbl sHepreTudeckne ypoBHU JUFaHOHOIMO
OKpY>XeHud. g 3Ton uenm 6bia NCcrnosib3oBaH aHasornyHbln obpasey, B-
AVKEeTOHATHOro KoMnJeKkca Hemsny4vatowero noHa Gd3+, nepsbii BO3OY )X OEHHbIN
6P7/2-ypoBeHb (32000 cM-1) KOTOPOro NEeXXUT BblLLIE HUXKHErO TPUMJIETHOINO YPOBHSA
N3BECTHbIX OpraHn4ecknx nuraHnos. N3 nutepaTypHbIX LAaHHbIX U3BECTHO, YTO A4
bonbWNHCTBA B-AMKeTOHATHbIX koMmnaekcos Gd (lll) HabngaeTcs ToNbKO
doctopecueHuns n3-3a 3PHPEKTUBHON MHTEPKOMOMHALNOHHOW KOHBEpCcUK [28].
LleHTpanbHbIN NOH MeTaJlJla OKa3blBaeT HE3HAYUTEesIbHOE BANAHME Ha BO3OyXOEeHHble
JHepreTnyeckne ypoBHU NUraHgoB. MoCKObKY aTOMHOE YNCII0, MOHHbIN pagnyc u
rnapamMarHUTHbIE XapaKTepUCTKM NoHos Eud+ n Gd3+ HeCUIbHO OT/IMYATCA APYr
OT Apyra, To 3PEeKTUBHOCTb NHTEPKOMONHALMOHHON KOHBEPCUN B INraHZax npu
3aMeHe noHa Eu3+ noHom Gd3+ ogmnHakoBas [29]. AHanM3 cnekTpa JIOMUHECLEHL NN
komnnekca Gd (lll) (puc. 3) Nnoka3sbiBaeT, YTO TPUNJIETHbLIN YPOBEHbL B-ONKETOHA
HaxoauTcsa Ha 19193 cM-1, 4To HeckosbKO Bbiwe 5D1 ypoBHA MoHa Eu3+. Puc. 3 -



CnekTpbl NtoMUHecUeHunn naeHkn komnnekca Gd (lll) npn naszepHom YO-061y4eHnmn
Ha OJmHe Bo3byxaeHusa 327 HM npu 77K CnepoBaTenbHO, pa3HuUa Mexay
TPUNNETHbLIM YPOBHEM 3HEpPrum B-ankeToHa n 5D1 nanyyawoLwmm ypoBHEM NOHA
eBponus AOoCTaTO4YHasd, 4TOo 3aTpyaHsaeT obpaTHbIN nepeHoc aHeprum (back-transfer) n
BC/ieAcCTBMeE Yyero HabngaeTca appekTuBHag nloMnHecueHuma komnnekca Eu (1l1).
TpunneTHbIN ypoBeHb 3Hepruun 4,7-gngeHnn-1,10peHaHTposinHa 6bla1 HangeH ns
nnTepaTypHbIX UCTOYHUKOB [19] n cocTasnseT 20900 cm-1, 4yTo TOXKe Bbilwe 5D1
YPOBHA MoHa Eu3+. Mo gaHHbIM 3HepreTU4YeCcKnx ypoBHen IMraH40B N MOHA eBPOonuns
MOCTPOEHa AnarpamMmma sHepreTnyeckux ypoBHen KoMmrsekca (puc. 4).
CnepoBaTenbHO, nnraHaHas ob6ono4ka LaHHOMO KOMIJIEKCa IHepreTuyecku
bnaronpusaTHa ansa noHa Eu (lll), 4To n 06bACHAET ero BbICOKOIPEKTUBHbIE
NIOMUHeCUeHTHble cBoncTBa. C Luesibio U3y4eHNs BO3MOXXHOCTU UCMNOJIb30BaHUSA
NOJIYHYEHHOIr0 KOMMJIeKCa €BPONuUS B Ka4eCTBE IMUTTEPA ONTUYECKUX YCTPONCTB Bblnu
N3MepeHbl ero noTeHunanbl MoHM3aumun. C 3Ton uenbto Bbln CHATLI KpUBbIE
BOJIbTaMrnepoMeTpumn (puc. 5), aHanm3 KpmMBbIX Nokasas, 41o sesndnHa HOMO
coctasnseT 5.74 eV, LUMO - 2.68 eV, wmnpurHa 3anpeLleHHOn 30Hbl COOTBETCTBEHHO
3.06 3B. Puc. 4 - JnarpaMmma sHepreTnyecknx yposHenm kommnsekca Eu (I1), nnHuamn
noKa3aHbl n3nyyaTesibHble Nepexoabl, MyHKTUPOM - be3biznydaTesbHble Puc. 5 -
KpuBas BonbTaMnepomeTpun komnnekca Eu(lll) 3akniodeHne CnHTe3npoBaHHbIN
HOBbIN KOMMJIeKC eBponunsa obnagaeT BbICOKOIPPEKTUBHON NIOMUHECLLEHUNEN 1
MOXXEeT BbITb NCMNOJIb30BaH B KA4YeCTBE KOMMOHEHTA SMUTTEPOB YCTPOWCTB
OpPraHNYeCcKOon NIEKTPOHUKMN .



