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KPUCTAJIIYHI CTPYKTYPU TA CNIEKTPOCKOMI4HI
XAPAKTEPUCTWKWU KOMMMNEKCIB JIAHTAHOIAIB

3 AMIHOKAPBOKC®0CPOHOBMW KUCJTOTAMN
(ornap)

O. K. Tpynosa

Incmumym 3aeanvHoi ma Heopeaniunoi ximii im. B. I. Bepradcvkoeo HAH Ykpainu,
npocn. Axademixa Ilannadina, 32/34, Kuie 03142, Yxpaina
e-mail: trelkon@gmail.com

Oriag npuCBsYEHO HOBOMY KJ/Iacy KOMIUIEKCOHIB — aMiHOKapOoKcnpochoHOBUM Kiic-
JIOTaM Ta MeTaJIOKOMIIIEKCAaM JTaHTAHOIAIiB Ha iXHill ocHOBi. IHTepec mo momibHUX cromyk
3ymoByenuii cnenudiunictio 6ynosu monekyn AKOK, mo mictars pisHoTunHI QyHKIjio-
Ha/IbHi auyao-rpynu (kapOookcuabHi Ta GpocdoHOBI) IpU OHOMY OCHOBHOMY aTOMY a30TY,
AKi ICTOTHO Bifjpi3HAIOTHCSI OCHOBHICTIO, 3apsI/JOM, CTepeoxiMieo i posmipom. Ie 3abesneuye
MIMPOKII Habip KOOPAMHALIIHIX MOXK/IMBOCTE TiraHiB, 1[0 HANOIIbII IIOBHO 3a[J0BOJIb-
HAIOTb IIPOCTOPOBUM BJMIMOTaM iOHa-KOMIIJIEKCOYTBOPIOBada Ta NO3BOJIAE OTPUMYBATH I10-
NiAKepHi CTPYKTYpy He3BUYAHOI Oy[OBM Y KpUCTATiYHOMY CTaHi. ¥ CTarTi y3araJabHEHO
TiTepaTypHi faHi, OTpMMaHi PisHMMM aBTOPaMM LIOJ0 HOCTI/KeHHs OyIOBY Ta CIIEKTpaib-
HJIX BIaCTMBOCTelT aMiHOKapOokcudocdoHaris 4-f-MeTaniB y po3unHax Ta KpUCTAIAX, PO3-
IJIAHYTO IXHi TepMiYHi BTACTMBOCTI, 0COOMMBOCTI CTPYKTYPH, IEPCIEKTVBY CTBOPEHHS Ha
ixHill ocHOBi MO yHKIIiOHA/bHUX MaTepiajliB TeXHIYHOTO ITPU3HAYEHH.

KmrouoBi cmoBa: komIiekcy, aMmiHoKapOokcudocdoHaTy, TaHTaHOIAM, KpUCTadivyHa
CTPYKTYpa, TFOMiHeCLEHIis.

BCTYII. ®ochoHOBi Kmcmoru, QyHKIIio-
Hajli30BaHi KapOOKCWIBPHVMM TpyIaMy, €
YHiBepCa/IbHUMH JIiraHjaMy, OCKIZIbKM 1 Kap-
OokcunbHi, 1 ¢ochoHoBI Tpymu, sAki 3par-
Hi 3B'A3yBarucs 3 ioHamm nantanoifis (III),
MOXXYTb HaOyBaTH PiSHUX PeXUMIB KOOpAMU-
Hallii B piSHMX €KCIIEpMMEHTAJIbHUX YMOBaX,
o 3abes3redye pPi3HOMAHITHICTb CTPYKTYp

KoMIulekciB. IIpoTarom ocranHix JBOX fecs-
TWIITh 6arato yBaru JOCHIZHUKN TIPUIIIAIN
ximii docdonariB metaniB 1A IXHBOTO IIO-
TEHIIITHOTO 3aCTOCYBaHHA B 00/1aCTAX KaTali-
3y, ioHHOrO 0OMiHY, IPOTOHHOI IPOBiAHOCTI,
ximil iHTepkanaunii, ¢poToximii Ta ximii mare-
pianiB[1-4]. Buxopucranusa 6idyHkiioHann-
HUX ab60 6araroyHKIiOHa/JIbHMX aHIOHHUX
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OIVMHMIIb, TaKMX sK Oipocdonary, aminopoc-
¢donatu abo aminokapbokcudocdonary, Bu-
ABWIOCA e(PeKTVBHVMM METONOM OTPMMAaHHSA
HOBMX MaTepiasiB i3 MiKpOIIOPUCTUMU, ILIAPY-
BaTMMU 200 BiKPUTUMM KapKacCHUMMU CTPYK-
typamu [5-11]. AmiHokap6okcudocdoHoBi
kncnotu (AK®K) € xopommmy niranjamu Jiist
CTBOPEHHsI OpPraHO-HeOPraHiYHMX TiOpUAHMX
BigKpuTHX Kapkacis [12-15].

Ha cporopsi B miTepaTypi KOMIIZIEKCAM JIaH-
taHoinis (Ln) 3 amiHOokap6okcudochoHOBUMI
KIC/IOTaMM, iXHIM CTPYKTYPHMM OCOOIMBOC-
TsIM i (i3VKO-XiMIYHMM B/IaCTUBOCTSIM IIPUCBSI-
4eHO He3Ha4YHy KiIbKiCTb mpanp [16-21], npu
1IbOMY BiIOMOCTI IIPO JIFOMiHECL[€HTHI BJIaCTH-
BOCTi CIIONyK myxke obMexeHi. binbimicts po-
6it, mpucBsiueHNX aMmiHoKapbokcndoconaram
Ln(III), 3acHOBaHi Ha PeHTTEHOCTPYKTYPHOMY
aHasIi3i MOHOKPMCTAJIiB, X04Ya HMU3bKA PO3YMH-
HICTDb 1 ITIOraHa KPUCTAIIYHICTh IUX CIONYK €
HepemKogaMu i 61IbII MacIITaOHUX CTPYK-
TYPHUX JOCTimKeHb. [IpoTe 3'sIcyBaHHA CTPYK-
TYpM JIAHTAHOITHMX aMiHOKapOokcudochoHa-
TiB € JIy’)Ke Ba)K/IMBUM, OCKIJIbKU LI CIIOYKU
MOXYTb IPOAB/IATY KOPMCHI JIIOMiIHECLIEHTHI
BJIACTUBOCTI y BUAMMIl Ta 6/mokHii [9-o6mac-

i [22, 23], 6yTVN IpUAATHUMM JyI CTBOPEHHS
HOBMX TIOMiHeCIIeHTHMX TiOpuiHIX MaTepiasiB
(24, 25] Towo.

EKCIIEPMIMEHT 1 OBI'OBOPEHHA PE-
3YJIBTATIB

3azanvha  xapaxmepucmuxa
6okcugochorosux Kucmom

AmiHokap6okcndocdoHOBI KUCIOTH € TO-
PIBHAHO HOBMM K/IaCOM IIOMiIEHTaTHUX Op-
FaHiYHNX KMUCIOT (IX MOYamM ROCTiIKyBaTH
3 80-x pp. XX CT.), sIKi HaJeXaTb IO MOHO-
aMiHHMX KOMIIIEKCOHIB 3MilllaHOTO THITy. bina
JIOHOPHOTO aTOMa a30Ty BOHM MICTATb HBa
pi3Hi TMINM KMCTOTHUX 3aIMILIKIB — KapOOHO-
By i pochoHOBY rpymy, mo 3abesredye iXHio
BJMCOKY KOOP[AMHALI/IHY 3[aTHICTb BiJIHOCHO
MeTasliB pisHOI npupopu. OCHOBHMMU IIpef-
CTaBHUKaMy aMiHOKapOokcudocdoHariB €
noxigai rainuHy N-(dochoHOMeTI)IIinNH
(H,PMG), N-(dochonomernm)aminonnowo-
Ba kucnora (H,_PMIDA), N-(docdonome-
Tun)aMiHoAHTapHa  kucmora  (H,PMAS),
N,N-6ic(docdonomernn)rninun  (H.BPMG),
N,N'-6ic(pochonomernn)-2-nponioHona
kucnora (H,PMAP), N,N'-6ic(dpochonome-
Tun)aMinoaHTapHa kucnora (H BPMAS):

aminoxkap-

H\ H
op L_“-"*'“[:'L“”” ;N—EH—CCUH H.0,P~CH,
= ; N-CHy COOH
HLPMG HOF-CH, CHpCOOH  yooc-cil,
H*fhms H,PMIDA
R[:N‘CH_TC('.IUH

2 R,

H,O,P—Cl

_—

N-CH;—COOH

SN

H,0,P—Ci

"

H.BPMG
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H, POH

/ R, =POH. COOH)

__plon TN
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OH HO.P-CH, _
\__ om O.P-CH, cH-cooH
8 H.BPMAS
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AMmiHOKkap60KcupochHOHOBI  KOMIIIEKCO-
HM — 1le CJIA0Ki IOII0CHOBHI KIUC/IOTH, B IKUX
IIpY KOHKYPEHIII KUCIOTHUX TIPYIl IEPLIOKO
IeTpOoTOHYETbCsA PpocdonoBa rpyma (pH ~ 1)
BHAC/IIIOK 11 MigBUIIEHOI KMCIOTHOCTI IIOPiB-
HSIHO 3 KapOOKCU/IBbHOMW. SIK y BOGHNX po34M-
Hax, TaK i B KPUCTa/Ai4YHOMY CTaHi aMiHOKap-
6okcudochonatu MaoTh OeTalHOBY (LIBiT-
Tep-ioHHY) OyHOBY 3 JIOKanli3alielo MpOTOHY
Ha aToMi a3oTy 3 YTBOPEHHAM IO3UTUBHO
3apsiKeHoro neHTpy (A) abo (B), Ta HeraTns-
Horo - Ha ¢ocdonar-ioni (C):

o)
R_.R R__H _P/( )
N NF \
R/ ~ N | \
H R H on©
(&) (B) ©)

HeobxinHo 3asHaumTy, mo 3i 30i/1blneH-
HAM OCHOBHOCTI KMCJIOT Ta 3MiHOIO XapakTe-
Py KMCIOTHUMX Tpyl MinHicTh 383Ky N->H*
36inbmyerscs B pany H,PMG < H,PMIDA <
H.,BPMG < H,PMAP < H BPMAS < H PMAS.

[Ipn pucouianii amiHokap6okcudocdo-
HOBMX KUC/IOT HOCUIIOIOTBCSA BHYTPIIIHbO-
Ta MDKMOJIEKY/IAPHI B3aeMOAil MDK IXHIMMK
(bYHKI[iOHaIBHMMI TPYTIaMI, 32 PAXYHOK 4OT0
MOXK/IMB€ YTBOpPEHHA MOHOHIiTpu1o-H-1u-
K/IiB HACTYIHUX TUIIB [26]:

e HITpMIOKapOOKCUIBHI:

Nl e O
£—o | C—OH ’ c=0

N S N/ N/
He H,C H,C

H.-- ~7._' - OH o)
| \P}O H \ i
N_/ om | SN
- T{:C /N;Ia( / b
» __.OH
}|I- \\P/OH | \P/OH
~ NS
N oH  _N_ /o
H,C H,C
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o LMKIM 31 CTAOKMM BOJHEBUM 3B A3KOM
C-H..O:

H
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IL |P| A | | /OH
P
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Haii6inpur criiikumn € aminoankingoc-
¢donoBi H-nukmm 3a ydyacTi aToMmiB KMCHIO
($hocPOHOBMX TIpPyIl AK aKIENTOPiB IPOTOHIB,
B AKMX KOXXEH aTOM BOJIHIO YTBOPIOE IIO Ofi-
HoMy H-1uKy 1 o ofHOMY Mi>KMOJIEKYILAP-
HOMYy BopHeBoMy 3B's3Ky (MMB3). IlosBa
B Monekynax AK®PK momaTkoBMX IIPOTOHO-
BAaHMX IPONIOHATHUX TIPYI JIa€ MOXK/INBICTH
YTBOPEHHs Ille OZHOro abo 2-X HiTpumokap-
6oxcmnpHux H-1pyukmnis. [Tpy nboMy BHyTpir-
HbOMOJIEKY/IApHI BopHeBi 3B'a3ku (BMB3)
€ Oimpm cmabkumy, HiDXK B aMiHOKapOOKCH-
JATHUX KOMIIIEKCOHAX, OCKinmbku BMB3
tuny N-H--O-P cyrreBo cnmabumi, Hixk BMB3
N-H:-O-C, to6T0 yrBOpenHs H-nuxmiB Ha
OCHOBI  BHYTPIIIHbOMOJIEKYIAPHUX  B3ae-
mopiit N-H--O 3 kapOOKCHM/IBHUMUI aTOMa-
MU KMCHIO Ma€ BTOPMHHUII XapakTep. 3 1€l
X HpUYMHU Y aMiHOKap6okcudochoHOBUX
KoMIylekcoHax MMB3 € 3HauHO MilHimmm
BHACTIJIOK 30i/7bIIIEHHs aTOMiB BOJHIO IpK
aTOMi a30Ty Ta 3HVDKEHHA IXHbOI 3[JaTHOCTI [0
BIUIVBY Ha aTOMM KJCHIO, [0 IIOCU/IIOE KOH-
KypeHTOCpoMo)kHicTh MMB3 [27]. Came
cmabkicts BMB3 npusBoauth 10 yTBOpeHHS
PI3HOMAHITHMX 3a CTEXIOMETPIi€I0 MOJEKYI
K/Iacy 3MilIaHMX KOMIUIEKCOHIB. MoneKkynu
MalTh KOH(OpPMAIiJTHy HeXXOPCTKICTD i jer-
KO 3MiHIOIOTb KOH(pOpMalilo Iif BIIMBOM
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MMB3. Hitpunokap6okcunarui H-uykmm sB-
NAI0TH CO60I0 MOTEHIiHI MaTpull, sIKi mpo-
TPaMyIOTh MiCII KOOPAMHALIil KaTioHa MeTaly
B XeJ/IaTi Ipy KOMIIJIEKCOYTBOPeHHi Ta popmy-
BaHHs BiJITIOBITHOI CTPYKTYpPy KOMIIIEKCiB. 3i
36i/IbIIEHHAM KimbKOCTi POchOHOBUX IPyH Y
Monekynax AKOK 36imburyersbes Ak cTabinb-
HICTb BXX€ yTBOpeHMX XenaTHux H-nmukis,
TaK i IXHA Ki/IbKIiCTb, aje I BCiX BKa3aHUX
BuUIlle aMiHOKap6oKcupochOHOBMUX KUCIOT
Haloinpm CTiikuM € ¢ocdOoHOrTIMHOBNI
LMK, AKUI PYVHYETHCA NIIE Y KUCTIOMY Ce-
PEenoOBMIILLI.

Ha ocHOBi koH(oOpManiitHOro aHanizy Mo-
JIeKy7T aMiHOKap6OKcU(pOCOPHOBUX KUCIOT
MOYKHa 3aIIPOIIOHYBATY CIIOCOOM IXHBOI KOOP-
OVIHALII Py KOMIUIEKCOYTBOPEHHI 3 MeTaa-
MU 3a pi3HMX 3HadeHb pH: 1) y myxe Kucmmx
posunHax Oyze BimOyBaTMCs MOHOJEHTATHA
KOOpPAMHALiA a60 yTBOPEHHA OJHOTO XeJart-
HOTO IVKNy (DTiLMHOBUI, B-amaHiHOBuUIT a60
aminodpocdoHnoBmit); 2) B obmacti pH 2-5

MOXX/IVBE 3aMMKAaHHA [IBOX MeTa/JOLUKIIB,
CIIOJTy4eHUX 3a aTOMOM a3oTy; 3) mpu pH>6
Oyzme BimOyBaeTucs TPUAEHTATHO-IVIK/Ii4HA
KOOpAMHAllid 10HIB MeTajliB 3 yTBOPEHHAM
B-anaHiHaTHUX VKB [27].

Koopounauiiini cnonyku naumanoioie 3
AmMiHOKAPOOKCUPOCHOHOBUMU KUCTIOMAMU

Opxieo 3 mepmmx Ipanb, IPUCBAYEHUX
BUBYEHHIO KOOpPAMHALIMHMUX CIONYyK Ln 3
AK®K, € pobora monmbcbkux ydeHmx [18],
B SKilI MeTO[OM PEHTI€HOCTPYKTYPHOTO
aHaJIi3y JOCHIIKEHO CTPYKTYpPy KOMILIEKCY
Eu(III) 3 N-dochonometnnrminmuom (H,PMG)
Eu,(HO,PCH,NH CH,COO),(H,0),(ClO,),
(EuPMG). Komrtekc 6ymo oTpuMaHO 3 BOJ-
HVIX pO34MHiB nepxnopary Eu npu MonpHOMY
crniBBimHOmeHHi Eu:L = 1:1. Kommnekc EuPMG
Ma€ TONIMEepPHY CTPYKTYPY, sIKa MICTUTD fiBa
Kpucranorpadivao pisHi kationu Eu(Ill) i B
SKiVl i0H €BpoNil0 KoOpAVHOBaHUI (PyHKIIiO-
HayibHUMY rpynamyu PMG Ta aTomMmaMi KVCHIO
Hnepx/I0paTHNX rpyn (puc.1)

44

Puc. 1 - CrpykTypa KOMIIIEKCy
Eu,(HO,PCH,NH,CH,COO0),(H,0),(CIO,),,[18]
Fig.1 - The structure of the complex
Eu,(HO,PCH,NH,CH,COO0),(H,0),(CIO,),, [18].
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JBOBUMIpHUIT KOOPAVHALIMHNI IIOTiMep
CKIaIa€TbCcA 3 IBOX TUIIB AMMEPHUX OfiM-
HYIb. [lepmit TUII cTBOpeHO Kap6OKCHIbHM-
MU TPYyNaMM, SIKi KOOPAMHYIOTbCA [0 MeTaly
K MOHOJEHTATHO, TaK i XeJTaTHMMM MiCTKa-
MM, a IPYTUil TUII CTBOPEHO PocHOHATHIMMU
rpynamu. Y ¢pocdoHaTHIl JuMepHil ogyHNII
KOOpAMHAIlisl 10HIB MeTany BifiOyBa€eTbcs 3a
paxyHOK fIoHOpHuX aromis kucHio HPO,-rpy-
IV Ta JBOX aTOMiB KVCHIO IBOX IIEPX/IOPATHUX
iOHiB. Y CTPYKTYpi iCHYIOTb JiBi HEE€KBiBa/IEHT-
Hi MeTaneBi mo3ulii 3 BOCbMI- i JeB'ATU KO-
oprnHoBanyuMu ionamu Eu - Eu(l) Ta Eu(2).
Koxxen 3 ioniB Eu(1) y ¢pochonatHOMY fume-
pi Mae KOOpAMHALIiIHE YMCI0 8 Ta MICTUTD Y
KOOPAMHAIIiITHIi cdepi YJOTHMPY aTOMM KICHIO
Bifi pocdoHOBUX IpyII, TPU MOJIEKYIN BOIM Ta
OJVIH aTOM KIICHIO 3 Ilepx/jopaT-aHioHa. Kati-
oH Eu(2) 3 K4=9 y nanni kap60oHOBOrO AIMepa
CK/Ia/Ia€ThCA 3 YOTMPDHOX aTOMIB KUCHIO Kap-
OOKCU/IBHUX TPYI, OHOTO aTOMa KUCHIO MO-
HOJICHTaTHOI MiCTKOBOI KapOOKCMIATHOL Tpy-
I/ Ta YOTUPHOX MOJIEKYN Boau. Bincrani M-M
cTaHOBMATD 4,012 i 5,940 A mna kap6oxcymb-
HuX i pochoHoBUX AVUMepiB BinmosifHO. Ere-
MEHTapHa KOMipKa KOMIIJIEKCY CK/IaJJa€ThCA 3
goTupbox opunnip Eu, (PMG),(H,0),(CIO,),,
B SIKMX KapOOKCU/IbHI TPYyIM JIeIIPOTOHOBAHI,
a GocdoHOBI — YaCTKOBO ITPOTOHOBAHI.

JIBa njenTpu cuMeTpii ioHiB Eu y nBOX 11€H-
TPOCUMETPUYHMX JuMepax Kpucrtana EuPMG
nobpe MiATBEp/KEeHi CIIeKTpaMy BUIIPOMi-
HIOBaHH: (eMicii) Ta 30y/KeHHs, 3alyCaHM-
v nipu 77 Ky mianmasoni nepexony *D, > 'F,
(puc. 2). IIBi KOMIIOHEHTV KPUCTANIy JJOCUTH
nobpe po3fileHi IMPKMHOW IiBCMYTHM, IO
nopiBHIOE 23 i 20 cM™ 1A IBOX €BpOIi€BUX
ueHTpiB. Bignosigni cmyru °D > 'F posra-
moBaHi 3a edeprint 173011 17265 cm™ i 3a Tux
K€ eHepriil peeCTPYIOTbCA B CIIEKTPAX IOI/IN-

https://ucj.org.ua

HaHHA. [I0MOXKEHHA MaKCMMYMiB IIUX CMYT
Bifpi3HAIOTHA Ha 36 CM™', 1II0 MOXKHA PO3I/IA-
[aTy SIK pe3y/nbTaT HedeTOKCETUIHOrO edek-
Ty IJIs1 JBOX €BPOIIEBUX LEHTPIB, 3yMOBJIe-
HOro koopauHarieo Eu kapOoKcuMIbHUX Irpyn
Ta (pochOHOBUM 3B’SI3KOM 3 IHIIMMMU iOHAMM
€BPOIIIIO.
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Puc. 2 - Cnexrpnu emicii (a) Ta 36ymxenHs (0)
koMIiutekcy EuPMG, [18]

Fig. 2 - Emission (a) and excitation (b) spectra
of the EuPMG complex, [18].

Ina K4=8 mMoXnuBuMu € Tpu KOOpAVUHA-
[iliHi 6araTOrpaHHUKMN: TOfeKaenp, KU Mae
cuMeTpio, O/M3bKY O D,; kBajgpaTHa aHTH-
npusma cumeTpii D, Ta gBonrankosa Tpuro-
HajibHa npusmMa cumeTpii C, . [l atroma Eu(2)
HalOinpll iMOBipHa iHTEHCMBHICTH OIHOTO
KOMIOHeHTa B niepexofii °D > 'F € 3Ha4HO BU-
L1010 1 JOIIYCKAETHCA IIPABUIOM Bi;[60py. HOna
Apyroro TUIy KoopauHanii merany 3 K4 = 9
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MoxHa npunyctutu C, -CUMeTpito 171 OffHO-
IIATIKOBOI KBaJpaTHOL aHTUIpusmu i D, st
TpuroHanbHoi npusmu. Cumerpisa C,, Ak i C,,
s KY= 8, mocuts nobpe BignmoBigae Kinbko-
CTi IITApKiBCbKMX KOMIIOHEHTIB Yy CIIEKTpax
BUIIpOMiHIOBaHHA npu 77 K, AKi crocrepira-
I0TbCS Y CIIEKTPax eMicii komriekcy (puc. 2, a).
Y cmyrax, fAKi BiiIIOBiIa0Th ITepexoam 5D0 —
OF] (J=0, 1, 2, 4), cnocTepiraloTbcs ABi, MATb,
wicth i BiciM minift. Cymaum 3 ganux PCA,
cuMetpis iona Eu(2) B kapOOKCHIbHOMY OTO-
YeHHi BU3HaYaeTbca Ak D, ane nedpopmartis
KOOPAVHALIHMX 6araTOrpaHHUKIB € JOCTaT-
HbO CUJIbHOIO.

Y po6ori [16] omncaHO CUHTe3 KOMILIEK-
ciB nmaHTaHoifiB i3 N-dochonomermmrminm-
HoM 3aranbHoi popmymu LnC,H,NO,P-nH,O
(Ln(IIT)= La, Ce, Nd, Er; n=1; 1,5; 2 ). Bozo-
posunnuHi dochonomerwnrminuuarn Ln(I1I)
0yl0 OTpPMMaHO OCa/PKEHHSM Ti[pOKCUJIIB
BiIIOBIJHNX JIAHTAHOIIB IIpM MOJIAPHO-

My criBBigHomenHi Ln:L = 1:2 ta 1:3. Buxin
KOMIIJIEKCIB, HE3a/IE)KHO BiJl i0HA JTaHTAHOINY,
nepesyiyBas 90% (99% mria La ta Nd, 93%
mis Ce i 98% mna Er). Kommiekcu moraHo
PO3UYMHAIOTHCA Y BOJI Ta €TUIOBOMY CIIMPTI,
ajie JIeTKO PO3YMHAIOTHCA B MiHEpaIbHUX KIC-
loTax Ta amiayHoMy 6ydepi. PosunmnHicTb y
BOJIi JOCIIJPKYBaHVX KOMIIJIEKCIB 3MIHIOETbCA
B HacTynHoMy nopsagaky: ErPMG < NdPMG <
CePMG < LaPMG.

CuHTe30BaHi CIIONYKM OynmmM oxapakTepu-
3oBaHi MeTomamu IY-cnexrpockomii, [JTA Ta
P@A. IudpakromeTpuyHnii aHasi3 IOKa3as,
mo sumte ep6iit 3 H.PMG yTBOproe pobpe
copmoBaHi pi6Hi KpucTanu. [HII KOMITTEK-
CU BUIIAJJAIOTD Y BUIJIAM] IIOPOILIKIB i3 HEBIIO-
PATKOBAHOIO CTPYKTYPOIO.

Ha migcrasi ananisy [4-crexrpiB KomIuiek-
ciB (puc. 3, Tabn. 1) aBTropamu 6y/10 BCTaHOB-
neHo crioci6 kooppauHanii Ln(III) 3 N-docdo-
HOMETU/ITTIIIHOM.

Tabm. 1
Ocnosni komuBanbHi yactotu (cM™) B I'I-cnekrpax kommnexcis Ln(I1I) s H PMG
Table 1.
Basic vibrational frequencies (cm™) and their assignments in the IR spectra of
complexesLn(III) with H.PMG.
KonmuBanus H,PMG LaPMG CePMG NdPMG ErPMG
v(COOH) 1732 - - - -
V.. (COO) 1610-1550 1636 1624 1592 1653
VS(COO’) 1420-1300 1410 1406 1413 1385
Av - 216 218 177,5 268
5(N*H2) 798 775 775 787 735
v (P=0) 1094, 1032 1074, 989 1061, 993 1005, 972 1051, 991

CMmyra Ba/JIeHTHUX KOJIMBAaHb HENMCOLIO-
BaHOI KapOOKCM/IBHOI TPyIy, sAKa IPUCYTHS
B crieKkTpi rridocary) npu 1732 cMm™, y ciekrt-
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pax KOMIUIEKCY BificyTHA. BogHo4ac i Bcix
KOMIIIEKCOHATIB 3aikcOBaHO CMYTH IOIIN-
HAHHA [IUCOIiOBaHMX KapOOKCWIbHMX TPYII
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B oOmactax 1592-1653 i 1385-1413 cm’!, axi
BigHOCATBCA 1o v (COO") ta v (COO") Bifto-
BigHO. Ob6uncooun Av K pi3HMIIO acuMe-
TPUYHUX TA CUMETPUIHMX YACTOT KONMBAHD
IUCOLi/IoBaHOi KapOOKCMIBbHOI Tpymu, 6ymo
BUSIBJIEHO, 1[I0 KapOOKCU-TPyIa B TOCTIIXKY-
BaHMX KOMIUIEKCAX KOOPIMHOBaHA MOHOJEH-
TaTHO.

110.0,
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Puc. 3 - I4-cnextpu H,PMG (a), LaPMG (b),
CePMG (c), NdPMG (d), ErPMG (e) [16]

Fig. 3 - IR spectra of H,PMG (a), LaPMG (b),
CePMG (c), NdPMG (d), ErPMG (e),[16].

Y JaHTaHigHMX KOMIUIEKCax [Bi cMmyru
BajleHTHNUX KomuBaHb V(P=0), aki xapak-
TepHi i1 dochoHOBOI rpyny, 3mileHi y 6ik
HIVDKYMX YaCTOT IPOTY IOIOKEHHA LIUX CMYT
B Monekyni H,PMG, mo Bkasye Ha Koopau-
Hanito PO,-rpynn 3 ionamu meranis. Cmy-
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ru pebopmaniiinux xkomusanb §(N*H,) mpn
1558,5 cM™! y cIleKTpax KOMIUIEKCiB He BUAB-
JIAITHCA 1, IMOBIPHO, 3MillleH] Y 6iK DOBIUX
4acTOT, IEPEKPUBAIOYNCH 31 CMYTOI0 [VICOLLi-
jioBaHOI Kap6okcuibHOI rpymu. CMyru npu
798 cM! 3mimeHi y 6ik HIDKYMX YacTOT IIO-
PiBHAHO 3 NMONOXEHHAM IIMX CMYT Y MOJIEKY-
ni HPMG. lle Bxasye Ha 3B'A30K iOHiB /1aH-
TaHOIZIiB 3 aTOMOM a30Ty aMiHorpymmu. Ta-
KVM 4MHOM, aHaJ1i3 [Y-crekTpiB TaHTaHigHIX
KoMIIeKCiB riidocary nokasas, mo H.PMG
€ TPUJIEHTAaTHUM JIIraHZOM i KOOPJAMHYETHCA
po ioniB Ln(III) atTomom asoTy amiHOrpymnu
Ta aTOMaMI KMCHIO KapboKcuibHOI i hocdo-
HOBOI I'DYIL.

Tepmiunmit ananis xommnekcise LnBPMG,
IIPOBEJIEHNIT 3 BUKOPUCTAHHAM Mac-CIIEKTPO-
MeTpil ra3onofiOHNX MPOAYKTIB PO3KIaaH-
HA, TI0Ka3aB, IO TE€PMOJECTPYKIiAd CIOTYK
npoTikae B fiekinbka crafiit (puc. 4, Tabn. 2).

Kommnekcm  LaBPMG, CeBPMG Ta
ErBPMG posknagarorbes y 4 cTafii, a KoMI-
nexc NdBPMG -y 3 crapii. Ananis Mac-crek-
TPiB ra30IOAiOHNX NPOAYKTIB pO3KIafaHHA
(tabm. 2) ta xpuBmx Brpatu Macu (TG) mo-
Ka3yIOTb, 110 KOXK€H i3 KOMIIJIEKCIB MICTUTD
KpUCTa/Mi3aliiHy BOAY, 1 IXHE PO3K/IalaHHsA
srmoyae Buiinenas CO,, NO, NO,, H O Ta
H..

Ilepma crajiia TEepMOAECTPYKLIl KOMII-
nekciB (uitki mikm Ha xkpmBux DTG) - mpo-
ec jerigparanii — BifOyBaeTbcs B AiamasoHi
temrepatyp 50-215°C (Am KOMMBA€TbCA Bif
3,5 mo 14,5%) i CynpoOBOIKY€ETbCA HEBETNKI-
MU eHfjoTepMivHNMM edekTamu 3a t ~ 140 °C.
Hacrtymnsi cragii po3kiafaHHA OB 'A3aHi 3 eK-
30TE€PMIYHMMU IIPOLECAMM OKMC/IEHHS IIPO-
MDKHUX IPOAYKTIB, IO CYIPOBOIKYIOTbCA
BUJI/ICHHAM Ta30NOfiOHNX IPOAYKTIB: CO,,
NO Ta NO.,.
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Puc. 4 - Tepmorpasirpamu xomiiekciB LaPMG (a), CePMG (b),
NdPMG (c), ErPMG (d), [16]
Fig. 4 - Thermogram of the complex of complexes LaPMG (a), CePMG (b),
NdPMG (c), ErPMG (d), [16].

Tabs1. 2
Pesynbrarn repmiunoro ananisy kommrekcis LnPMG-nH,O Tuble 2
able 2.
Results of thermal analysis of LnPMG-nH,O complexes.
IIpouec po3kiiaanus
Kommneke Crapis | Jiamason t, °C | Am, % | Tepmoedexr*/,°C TazomoziOHi Teepmi
TIPONYKTH MIPOyKTH
LaPMG-H,O I 50-210 14,5 1,136 H,0 *
I 210-520 172 1,380 H,,CO,NONO, **
I 520-790 122 1,625 CO,,NO,NO, LaPO, La,P,0,,
IV 790-1000 3,2 1, 870 ] LaPO,
CePMG-H,0 I 60-190 9,6 1,134 H,0 *
I 190-540 153 1,236,377 H,, CO,NO,NO, **
I 540-715 3,5 1, 580,660 CO,, NO, CePO,
IV~ 715-1000 6,0 T, 870 CO,, NO, NO, CePO,
NdPMG-1,5H,0 I 80-215 3,5 l, 145 H,0
I 212-560 172 1,280,1393,436 H,, CO,NO,NO,
I 560-1000 76 1,860 C0,,NO.NO, = NdPO,
ErPMG-2H,0 [ 45-180 22 1,145 H,0 worx
I 180-350 55 1,264 H,0, CO, *
M 350-630 140 1,389,473 H, CO,NO,NO, **
IV 630-1000 54 1,800 C0,,NO,NO, ~ ErPO,

* CHIoyKa JieTifpaTyeTbCs Ta 9aCTKOBO PO3KIANAETLCS; Y CIIONYKY He ijeHTI]ikoBaHO;
** Criomyka 4acTKOBO fierizparoBaHa; */L— enpoedexr, T - ek3oedexr.
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Tepmiuna crijikicTs pocdoHOMeTHITTIIN-
HATiB JTaHTAHIifIB 30iMBIIYETHCS B MOCII/IOB-
HOCTI

ErPMG<CePMG<LaPMG<NdPMG.

IvdpakroMeTpyyHNil aHaNT3 CIEKTPiB,
oTpuMaHux 3a 900°C, nokasye, 10 KiHILIeBU-
MU TIPOAYKTaMM TE€PMiYHOTO PO3K/IaJJaHH:A
LnPMG € LnPO, (Ln = La, Ce, Nd).

HocmimkeHHsT KOMIIIEKCIB JTaHTaHOIMiB
(Pr(III), Nd(III), Gd(II)) 3 N-(dochonome-
TVUI)TJIIIVIHOM Y BOZHMX PO3YMHAX IIPOBOAM-
mm 'y po6oti Ilanrynypi ta Pama, ki BusHaun-
JIM 1XHI KOHCTAHTU CTIiMKOCTi 3a JOIIOMOTOIO
MeTtony pH-moreH1jioMeTpUYHOTO TUTPYBAH-
H:A[17]. ExcriepuMeHT IpOBOAWIN Y BOJHUX
posumHax y piamasoni pH 2-7 sa cmiBBigHO-
menb M : L=1:1Tal:2 (tabm. 3.3).

Tabm. 3
®opmanbHi KOHCTAaHTH CTiIKOCTi KOMII-
nexcis Ln(III) 3 H PMG (T=303K, u=0,1 M
(KNO,))
Table 2.
Formal stability constants of Ln(III)
complexes with H,PMG (T=303K, u=0.1 M
(KNO,)).

Ion meTany KoHcTanTM cTifiKOCTI

gk, | 1gK, | Igp,
H* 9,95 5,46 15,41
Pr(III) 11,31 9,15 20,46
Nd(III) 11,80 9,61 21,41
Gd(I1I) 12,25 10,00 22,25

3HaueHHS KOHCTAHT CTiMIKOCTi MJIA 3a3Ha-
YEHNX BHUIIle 10HIB MeTajliB MOXKHAa pPO3MICTI-
™ y pag: Pr(IlI) <Nd(III) <Gd(III), mo y3-
TOIPKYEThCA 31 3HAYEHHAMM IOHHOTO pajiycy,
akuyt  3menmyerbcs Big Pr(III) mo Gd(III).
[TopiBHsAHHA cTiiiKOCTI PpocdoHOMeTHNITTILN-
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HaTiB JIaHTaHiJIB i3 BigHOBigHMMM iMiHOaMA-
ueraTHumu  Komiekcamn (IgK, ta 1gK, mnsa
iminogmaneraris Pr(IIT), Nd(III) ta Gd(III)
IopiBHiOOTH 6,44; 6,50; 6,68 1 4,78; 4,89; 5,39
BiIMOBiHO) TOKa3ye, 10 3aMiHa B MOJIEKY-
JTi KOMITTIEKCOHY OfIHi€l KapOOKCU/IBbHOI TpyIn
Ha $ocOHOBY NPU3BOAUTD [0 MiIBUIIEHHSA
CTIIKOCTi KOMIIJIEKCiB Maipke y 1,5 pasu.

Y poborax [31, 32] cuHTe30BaHO Ta JOCIi-
mxeno komrutekcy Ln(IIT) (Pr, Nd, Gd, Ho, Er)
i3 poconomernnaminoauTaprow(H PMAS,
L") ra 6ic(pocdonHomeTn)-2-IPOIIOHOBOIO
(H,PMAP, L?) xucnoramm. ABTOpU HeTasb-
HO IIPOAHAi3yBa/IM €1eKTPOHHI CIIEKTPU I0-
[JIHAaHHA BOJHMX PO34YMHIB KOMIUIEKCIB 1 Ha
IiZICTaBi 3MillleHHA CMYT Haf4yT/AUMBUX IIepe-
XOMiB U1l KOXKHOTO 3 NOCIKYBAaHUX KOMII-
nekciB manranoifis ("H, — °P ,’H, — 'D, ana
Pr(1ID); *I,,—*P, , mna NA(III); °I, — °G,, *H,,
*H,, °F,, °F,, °G,, *I, — °G,, °F, pna Ho(IID);
4115/2 - 4Gu/z i 4115/2 > 2H11/2 s Er(I1I)) 6YHO
po3paxoBaHo cwau ocuunsaTopis (P) Ta 3Ha-
JeHHs mapameTrpa KoBaneHTHocTi (b"?). Ilo-
Ka3aHo, 1[0 30i/bIIeHHS CUIT OCHUIATOPIB
nepexopiB y xommaekcax NA(III) Ta Er(III)
nopiBHsHO 3 koMmitekcamu Pr(III) ta Ho(III)
3yMOBJIEHO BifIMiHHOCTAMU Y OYy[OBi KOOpAM-
HaIli/IHOTO OTOYEHHA iOHA JTAHTAHOIRY Yy Bifi-
MOBIJHMX KOMIIJIEKCAX BHAC/TIIOK YTBOPEHHSA
CIIOJTYK Pi3HOTO CK/Iafly. 3HaUeHH IapaMeTpa
b'?, mo XapakKTepusye CTYNiHb KOBaJEHTHO-
CTi 3B'I3KY JIAHTAHOIJ — JIiraHJI, CBITYUTDH IIPO
301/IbIIIEHHSI KOBaJICHTHOCTI 3B'sI3Ky IIpu Ie-
pexopi Big kommekciB Pr(III) mo Er(III).

3a JaHVMM eJIEeMEHTHOTO aHa/Ti3y TBEPAVX
aMiHOKapOokcudochoHaTiB aBTOPM BCTAHO-
BUIM yTBOpeHHs ekBimonsapuux (Pr, Ho, Er)
a6o aumepunx (Nd, Gd) komItekciB 3araib-
Horo cknany Ln (L'?) .mH, O (n=1;2, m=2;3).

Ha migcraBi ananmisy IY-cmextpiB 6ymo
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3aIIpOIIOHOBAHO OY/IOBY OCiKYBaHNX JIaH-
TaHig-BMicCHUX amiHokap6okcudocdoHaris.
VIMOBipHO, WO y BUIAJKY EKBIMONAPHUX
KOMIIJIEKCIB KOOpJMHAalliliIHe OTOYEHHA iOHa
JIAHTAHOIy (OPMYETbCA aTOMAaMMU KICHIO
¢docdoHoBOI Ta a- Ta B-KapOOKCUIBHUX TPy,
aToMoM a3oTy monekym PHMAS Ta 3-ma mo-
NIEKyTaMy BOAU. Y pasi IMMepiB liraHy BUsAB-
7€ JeHTaTHICTDb 4 II0[0 OJHOTrO iOHA MeTarty.
KoopannariifiHa €éMHICTDb IJeHTpanbHOTO aTo-
Ma JIOIIOBHEHA [BOMa MOJIEKY/IaMU BOAM, a
f-kap6OKCHIbHA IPYIIa JIraHAY € MiCTKOBOIO.

Y Bcix cunTe3oBaHnx Komimekcax NdA(IIT)
3 AK®K cnocrepiraerbes 4f-nmoMiHecrieHIis
B OmoxHiin [Y-o6macti, mpudoMy iHTeHCUB-
HICTb JIIOMiHECII€HIIi] KOMIIJIEKCIB Y pO3YMHAX
3HAYHO HIDKYA, HIXK Y TBEPIOMY CTaHi, OCKi/lb-
K/ B PO3UMHAX Bifj0yBaeTbcs GBI CyTTEBA
Ile3aKTyBallis 30yIKEHOTro CTaHy i0Ha /TaHTa-
Hoiny Ha O-H-ocumnATopax KOOpAMHOBaHUX
MOJIEKY/I BOJY, 0 IPOAB/IAETHCA Y HUSBKOMY
CUTHAJII JIIOMiHeCLeHIil. Ajie Ipu Iepexofi
Bifl BOZHUX PO34YMHIB KOMIUIEKCIB [JO TBEPAUX
3pasKiB CTPYKTypa CIEKTPiB JIIOMiHECLIEHIIil
Ta IIOJIOKEHHA MAaKCUMYMIB CIIEKTPa/JbHUX
JIiHIMT He 3MIHIOETHCS, IO € HACITAKOM BIifI-
CYTHOCTI CyTTE€BUX CTPYKTYPHUX 3MiH Hail-
6moxgoro orouenHs Nd(III) B o6ox arperat-
HIX cTaHaX. [IOpiBHAHHA JIIOMiHECLIEHTHUX
XapaKTepUCTUK aMiHokapbokcudochoHaTis
Nd i3 HeoguMBMicHMMM aMiHOKapOOKcuIaTa-
MU (HaIlpMK/Iaj, 3 eTVIeHAMaMiHANCYKIVHA-
toM Nd) mokasye, mo xommnekcu NdPMAP/
NdAPHMAS MaroTh TEHIEHIJII0 O HEBEIUKOTO
30i/IbIIIeHHS IHTEHCUMBHOCTI JIIOMiHECI|eHIIT
nopisasaHo 3 NAEDDS. Ile, ckopimre 3a Bce,
3YMOBJICHO Pi3HOI0 OYZOBOI KOMIIIEKCIB, sKa
Bi/Ipi3HAETbCA po3MipaMy i KiZIbKICTIO XesaT-
Hux nukiiB. [Tpy komnnekcoyrsopenni EDDS
YTBOPIOE TpY 5-4IeHH] (OfVH eTUIeHANAMiHO-
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BIIA i 1B ITIIMHOBYX) Ta [jBa 6-WieHHi B-aja-
HiHoBi nuxmm [33], a y kommnekci NAPMAP
YTBOPIOIOTbCA [Ba 5-4IeHHUX aminodocdo-
HOBUX Ta OIMH 6-WIEHHMII B-a/laHiHOBMIT Me-
Ta/IOUMKIN. Po3TamryBaHHA NUKIIB 3a CHUCTe-
MOI0 5-6-5 BUSBIIAETHCS €HEPreTUYHO OiTbII
npuBabmmBuM, HiK 6-5-6. To6TO, B amiHO-
KapOokcidpochoHaTax HEORUMY peayi3yeTbcs
MEHII XOPCTKA CTPYKTYpa, HDK Y KOMIUIEKCi
Ha ocHoBi EDDS i B ocTranHix ioH Heopumy €
O1/TbIII KOOPJIMHALITHO HACHYEHVIM.

Sk Bxe Oyno 3a3HayeHo, 6Garato AOCIi-
JDKeHb aMiHokap6okcudocdoHaTHUX KOMII-
nekciB Ln(III) mpoBeneno 3a meromom PCA.
BukopucroBytoun N-(dochoHoMeTNT)iMiHO-
piouroBy kucnory (H,PMIDA), aBropu [19]
OTPUMAIN HU3KY i30CTPYKTYpHUX Xipanib-
HIIX JIAHTQHOIHUX KapOokcumaT-pocdoHatis
Ln(HPMIDA)(H,0),-H,O (Ln(IIl) = Gd, Tb,
Dy, Y, Er, Yb, Lu). Bcranosneno, mo acume-
TPUYHA Of[MHUIA KOMIUIEKCIB CK/IaJJa€ThCS 3
opuoro iona Ln(III), anionis HPMIDA, nBox
aKBaJIiraHZIiB Ta PEIIiTKOBOI MOJIEKYIN BOJAU
(puc. 5, a). lon nmanTaHOIAYy Xemarye 8 Mone-
kyn1 HPMIDA TterpasieHTaTHUM Ccroco6oM
(IN+30), ommH KapOOKCMIATHUII Ta OfUH
dbocdoHaTHMIT KMCEHD i3 IBOX IHIINX aHIOHIB
HPMIDA*. KooppuHariitna cdepa maHTa-
HOIJiB MOIOBHIOETHCS ABOMa aKBaliraHTaMU
Ta PEIIiTKOBOI MOJIEKY/IOK Boau. [eomeTpida
KoopanHanitHoro noniegpa Ln(III) Bipmosi-
[a€e BUKPVBJIEHIN [BOIIAIKOBIN TPUIOHAJIb-
Hiit npusmi. Amnion HPMIDA e rekcazneHn-
TaTHUM JIIHKepPOM: BiH Xenmarye 3 ionom Ln(1)
i yTBOpIOE MICTKM 3 JBOMA iHIIVMM iOHAMMU
Ln. Opna xap6okcunbHa rpyna H PMIDA e
MOHOJIEHTAaTHOIO, a Apyra — 6ijeHTaTHO-MiCT-
koBoo. IIpu npomy ¢ochonoBa rpyma € mo-
HOIIPOTOHOBAHOI.
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Puc. 5 - Acumerpuuna opunuig kommyekcy Er(HPMIDA)(H,0),-H,O (a)
Ta 3arajIbHUI BUJ CTPYKTYPU B3[0BX oci a (6) [19]
Fig. 5 — The asymmetric unit of the complex Er(HPMIDA)(H,0),-H,0 (a)
and the general view of the structure along the a axis (b), [19].

Xenaryroui opmuuni Ln(HPMIDA) 3’en-
HaHi MDK c000I0 MiCTKOBMMM KapOOKCumat-
HUMM Ta HOCPOHATHUMU TPYHaMU Y TPUBMU-
MIpHY MepexXy 3i CHipaJbHUMU TYHEIAMU
B37I0BX oci a (puc. 5, 6). TyHenp yTBOpeHMit
10-uleHHUMM KiAbILISAIMU, 11O CKIAJaIOThCA 3
mectn ioniB Ln(IIl) i wotuprox docdonar-
HUX rpyn. Posmip TyHemo cTaHOBUTD 6M3BKO
5,6x12,9 A. Monekynu pemiTKoBOl BOAK pO3-
TalllOBaHi y TYHE/IAX 1 yTBOPIOIOTH MillHI BOJI-
HeBi 3B'13KM 3 akBamiraHmamu. TakoX BOgHEBL
3B'A3KM YTBOPIOIOTHCA MDK HEKOOPAVMHOBA-
HUMM KapOOKCHIaTHUMM Ta POocHOHATHIMMU
aTOMaMM KVCHIO.

HocnimkeHHs JTIOMiHeCHeHIlil CUMHTe30Ba-
HIIX CIIOJTYK ITOKa3aJIy, 10 Tep 6ieBuil KOMITTIEKC
INEMOHCTPYE YOTUPU JIy>Ke CUJIbHI XapaKTepyc-
TUYHI CMYTM BUIPOMiHIOBaHHA °D 49713] J =
6; 5; 4; 3) mpu 490 HM, 547 HM, 582 HM i 622 HM
BignosigHo. Yac xurra Tb (°D,) mma A =

ex,em

380, 488 uM cxmagae 6mu3pKo 1 Mc (puc. 6).
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Puc. 6 — CnexTp BUIPOMIHIOBaHHS TBEpHO-
tinpHOro KoMitekcy Tb(HPMIDA) [19]
Fig. 6 — Emission spectrum of solid-state com-
plex Tb(HPMIDA), [19].

Y cnekrpax kommekcy Er € nmme opgHa
Ay)Xe IIMPOKa CMyra BUIIPOMIHIOBAaHHA Y
BUAMMIit o6macTi mpu 406 HM. ABTOpYM TOSIC-
HIOIOTb BiICYTHICTb CMYT BUIIPOMiHIOBaHHSA
B OmoxHbOMY [Y-mianasoni cnonykm Er(II)
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eeKTOM TaciHHA JIIOMiHECIIEeHTHOTO CTaHy
BJMICOKOYACTOTHMMM KONMBAJIbHUMM MOJIEKY-
JTaM¥ BOJML.

ligporepmanbHMM  METOLOM CUHTe-
3y Oy/I0 OTpUMMAHO [Ba HOBUX KOMIUIEKCU
La(III) 3 N,N-6ic(dpocdonomeTnn)rminmHOM:
La(H,BPMG)(H,0),-H,0O (I) ta La(H,BPMG)
(H,0) (II) [20]. CrpykTypa xommekcy I mae
IIapyBaTy apXiTeKTypYy, fie AeB ATUKOOPAUHO-
BaHuii ioH La** mos's3anmit 7 pochonaTHnMm
aToMaMI KUCHIO Bif 5 HZBPMG'3—aHiOHiB Ta
2 monekynamu Bopu. KapbokcmiaatHa rpyma
nirangy BPMG sanumiaeTbcs NpoOTOHOBAHOIO
i 6epe y4acTb y MDKIIApOBOMY BOIHEBOMY
3B'A3Ky (puc. 7, a, 6). Anion H BPMG~ € ce-

LolE

MUJEHTATHUM — BiH OifeHTaTHO 3B'sA3aHUII 3
opHMM ioHoM La’** 3a momomoroio ¢pocdoHnat-
HOI Tpynu Ta iHmmmu ionom La’* 3a jonomo-
TOI0 IBOX aTOMIB KVICHIO 3 BOX (hOCPOHATHUX
rpyn. To6ro, ¢pocdonoBa rpyma BusABIIE B
[[bOMY KOMIUIEKCI MiCTKOBY-Xe/naTHY (yHK-
mifo. BsaeMosB’s30k ioHiB La** micTukoBuMM
dbocdoHaTHMMY JTiraHZaMU CIPUSE YTBOPEH-
HI0 2D-1apyBaToi apXiTeKTypu, B AKiil CyCifi-
Hi IIapy yTPUMYIOTbCS BOJHEBVIMIU 3B’ A13KaMU
yepe3 aTOMM KUCHIO KapOOKCWIBHOI rpymmn,
HeKOOpAVHOBaHMMY (HochOoHATHMMYU aTOMa-
MU KJCHIO, aKBaJiraHJaM) Ta MOJIEKY/IaMu
peuritkoBoi Bogu (puc. 7, 6). Bigcranp mix
IIapaMy CTaHOBUTD 61M3bKO 12,0 A.

Puc. 7 - ACVIaMeTquHa OIVHUIIA KOMIUIEKCY La(HZBPMG)(Hzg)Z-HZO (a)
Ta 3araJIbHNII BUJ, CTPYKTYPH B3[10BX oci b (6),[20]
Fig. 7 — Asymmetric unit of the complex La(H,BPMG)(H,0),-H,0 (a)
and the general view of the structure along the b axis (b), [20].

AcuMerprnyHa opuHunsa kKomiutekcy I
CK/IAIa€TbCsl 3 OfHOro ioHa La*', opHoro
H BPMG"-aniona ta akBanirangy (puc. 8, a).
Ion La** € BOCPMUKOOPAVHOBAHUM II'SITbMa
dbocoHaTHUMYU aTOMaMM KVUCHIO 3 YOTHPbHOX
Morekyn 6ic(pochonoMeTnn)ITiLuHY, ABOMA
KapOOKCMIATHUMM aTOMaMM KUCHIO iHIIIOTO
¢dbocdoHaTHOrO TiraHAy Ta aKBaTiraHZOM.
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Pexxum kooppuHanii ¢ocdonar-aniona y
koMIutekci Il BigpisHA€TbCA Bij KOMILIEKCY
I. OpnonporoHoBaHa ¢ocdoHaTHa Ipyma €
OifleHTaTHOIO i 3’€HYETbCA 3 ABOMA iOHaMU
La**. TloBHicTI0o memporoHoBaHa fpyra ¢oc-
¢doHaTHa Ipyna € TPUJEHTATHOIO i 3'€HaHA
XeJIaTHO-MIiCTKOBMM CIIOCOOOM 3 TpboMa io-
Hamu La’*. Ha Bigminy Big kommnekcy I, xap-
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0(2)-C(4)-0(1)] (puc. 8, a). ITpn nypomy ami-
HOTpYIIa Y CIOJMYL|i 3a/IMIIAETHCS IIPOTOHOBA-
HOIO.

6oxcuapHa Tpyna amiHokap6okcudodoHat-
HOTO ytiranny B Komiuiekci II genmporonosana
i yrBoproe 4-ureHHe xenaTHe Kinmbue [La(l)-

Puc. 8 - ACI?[MCTPI/I‘IHa OIMHUIIS KOMIUIEKCY La(HZBPMG)(HZO6) (a)
Ta 3arajibHNI BUJ CTPYKTYPU B3[0BX oci b (6) [20]
Fig. 8 — Asymmetric unit of the complex La(H,BPMG)(H,O) (a)
and the general view of the structure along the b axis (b), [20].

Kpucramiuay  CTPyKTypy  KOMIUIEKCY
npazeoguMy 3 KapOokcuermndocdoHarom
Pr[O,P(CH,),CO,] Busnaueno Cepmamxki Ta
Depeem [34]. Ion mpaszeogumy (III) mae KU=7
i 3B’3aHMIT 3 N'ATPMA aTOMaMM KUCHIO YOTM-
ppox pocoHATHUX IPYIH i ABOMA KUCHEBUMMA
aToMaMM KapOOKCUIbHUX rpy (puc. 9, a). Tpu
¢dbocdonatHi rpynu € micTkoBuMI i 6igeHTaT-

HO-I[VKJIIYHO 3B’A3yI0Th ioH Pr(1) 3 Tpboma
inmmmu ionamu Pr(III), yerBepra docdonoBa
rpyna xenarye atoM Pr(1). To6ro, y cronymi
Pr[O,P(CH,),CO,] rpyna PO,? mae meHTar-
nictb 5. Karionn Pr(III) 38’43ani Mi>xk co6010
6iTeHTaTHUMY {1 -MiCTKOBUMY aTOMaMy KIC-
HIO IBOX KapOOKCU/IBHUX IPYIL.

Puc. 9 - Acumerpiuna opuuamis Pr[O,P(CH,),CO,] (a) Ta saranbumit Bu cTpyKTypu B3foBX oci ¢ (6), [34]
Fig. 9 - Asymmetric unit Pr[O,P(CH,),CO,] (a) and the general view of the structure along the c axis (b), [34].
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Kooppmuaniiiauit 6ararorpanuuk Pr(IIT)
BiITIOBi/{a€ BUKPUBIIEHIIT TIEHTAarOHA/IbHIIT 6i-
mipamipi:

Bsaemosp's3ok Mix ionamu Pr(III) gepes
¢docdonarHi i kapOokcumaTHi rpynu npusBo-
muTh 1o popMyBaHHA 2D-noniMepHOI CTPyK-
TypM, B AKill CYCijHI IIapy HOJATKOBO 3LIN-
BAalOTbCA OPraHiYHMMM TpyIlaMy JIraHgy B
CTOBITYACTY LIAPYBATy CTPYKTYPY 3 BiiICTaHHIO
MiX TTpoMiKHMMY ITapamm ~8,36 A (puc. 9, 6).

Kpucraniyna CTPYKTypa CIIOTYKM
Pr[O,P(CH,),CO,] mae cminbhi pucu sk i3
6iboconaramm, Tak i 3 OikapOokcmmaTa-
mu Pr. Tpy MO CTPYKTYp MICTATDH JIaHIIO-
I TIOMieApiB JIAHTAHOIZY, CHPSDKEHMUX II0
pebpax OararorpaHHMKa, IO IIPU3BOJUTH
[0 CIIJIBHOTO IIapaMeTpa eleMEeHTAapHOI KO-
MipKu, SIKMit MpUOMM3HO BiAIIOBifja€ MOABO-
eHill Bigctani Ln-Ln B maniposi (8,348(1)
A pna PrH[O,P(CH,),PO,], 8,132(1) A mua
[Pr(H,0)],[0,C(CH,),CO,] -4H,0 Ta 7,190(1)
A st Pr[O,C(CH,),CO,]). Koxxna enemenrap-
Ha KOMipKa JeMOHCTpYe Oi/mplumili mapameTp
KOMIpK1, 0e3locepeqHbO IOB'SA3aHUN 3 JIOB-
JKIHOIO BYTJIELI€BOIO JIAHIIIOra OpraHigyHol MO-
JIeKynm MK gBoMa parmeHTamu (2x9,556(1)
A pna PrH[O,P(CH,),PO,], 2x9,938(1) A musa
[oPr(HZO)]Z[OZC(CH2)3COZ]3-4HZO Ta 8,362(1)
A pna Pr[O,C(CH,),CO,]). Ane axmo ¢par-
MEHTU 3 pisHUM OTOYeHHsM Pr mobpe posmi-
neHi y 6ikapbokcmnarax, 1oy B 6idpochonarax
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Ta aMmiHOKapbokcudocdonarax 1i pparMeHTH
OesnocepeiHbO MOB'A3aHi rpymamm -PO,* i
-CO,, 0 MPMU3BOANTH IO IIi/IBHOT CTOBITYACTOT
IIapyBaTOI CTPYKTYPU i He HO3BOJISIE YTBOPHU-
TV BIIKpUTUIT KapKac, K y 6ikapOokcyiarax.

Y pobori [35] ommcaHo HOBMIT TpuU-
BUMIpHMII KOMIUIEKC JIaHTAHOILIB 3 Kap-
6okcun-pocdonoporo  kucmororo  HO,C-
CH N-CH,-POH,, orpumanow 3 mirme-
puauH-4-KapOOHOBOI KUCTIOTH 32 PeaKIielo
Mannixa. Komnnekc Pr,(H,0),[0,C-C.H, N-
CH,-PO,],-5H,O Mmae TpuBUMipHYy CTpyK-
Typy, nobyzoBany Garatorpanuukamm PrO,
i PrO, ra xap6oxcudochonarnumu ionamm.
[oniegpu PrO, i PrO, matoTh npaBuibHy abo
Jliefib BUKPUBJIEHY IeOMeTpil0 OHOLIAIIKOBOI
KBafIpaTHOI aHTUIIPU3MM BifnosigHo. CTpyK-
Typi KOMIUIEKCY IpUTaMaHHA OJHOBUMipHa
HeopraHiuHa mifMepexa, sika moOypoBaHa 3
JIAHIIIOTIB  PiIKICHO3€MENbHUX IOJiefipiB 3i
CIIIIBHUMM pebpamy, 3’€IHAHUX MK c0000
4yepes OpraHivyHi KMUCIOTY, CTBOPIOIOYM TaK/UM
YHOM CTPYKTYPY 3 BIKPUTUM KapKacoMm
(puc.10, a). HesBaxxaroun Ha CTepU4Hi BUMO-
Il OpraHiyHuX pparMeHTiB, y CTPYKTypi pu-
CYTHIi HeBe/VKi KaHa/M B3OBX ocell b i ¢, ki
3aIIOBHEHI HEKOOPAMHOBAHMMM MOJIEKY/IaMI
Boxu (puc.10, 6).

Y HeopraniuHoMy smaHmo3i ionm Pr(III)
3’eqHaHi pochoHaTHUMY Ta KapOOKCUTaTHY-
MU IpynaMu. 3yCcTpidaloTbCsA TAKOXK MOHOZEH-
TaTHI KapOOKCUJIaTHI TPynH, sIKi 3aBEPIIYIOTH
KOOpAVHALINHY cdepy iOHIB JIAHTAHOIAIB.
1i HeopraHiYHi JAQHIIOTM TOB'sI3aHI MIX CO-
6010 4yepes opraHiuHi pparMeHTH KapOOKCH-
nat-¢pocoHaTHUX JIraHAiB y TPUBMUMIpHY
CTPYKTypy 3 Mamumy mnopamu. Kommrexc
Pr,(H,0).[0,C-C.H, N-CH, -PO,] -5H,0
ctabinpauit 1o 523 K 3i 3BopoTHIM mporiecom
rifparanii — gerigparanii.
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Puc. 10 - KoopnHariiiiHe reoMeTpryHe oTouyeHHs HaBKosno iona Pr(III) (a)
Ta crpykTypa kommnekcy Pr,(H,0).[0,C-C.H, N-CH -PO,] -5H,0 (6), [35]
Fig. 10 - Coordinating geometric environment around the Pr(III) ion (a)
and the structure of the Pr (H,0),[0,C-C.H, N-CH_-PO,] -5H,Ocomplex (b), [35].

OntnuHi fOCTiIHKeHHA I0T0 iTpieBOro aHa-
nora, nerosa”oro FEu(III) (Eu/(Y+Eu=0,034)
(MIL-84(Y,Eu), BusiBUB 3HaYHE 4YePBOHO-TIOMa-
paHdeBe BuUIIpoMiHIOBaHHA (puc. 11). V crex-
Tpax eMicii crioctepiraloTb nepexopy ionis Eu’*

25000
5D,—7F,

20000 5D, 7F,

15000

5D,—7F, \ Iﬂ
10000 i
5000 LY
Usm 505 620

3 piBHA 5D0 Ha piBHIi 7F] (J=0,1,2,3,4) upu
575, 590, 610, 650 Ta 705 HM. [lexinbKa cmabKux
CMYT Y CIIEKTPa/IbHOMY Jlialla30Hi, AKNIA BifII0-
Bifae nepexopy *D°>F| BkasyloTh Ha Kinbka
BUIIPOMiHIOIOUNX IIeHTpiB Eu’* y cTpykTypi.

- SD—7F,
10000 rd Iﬂ
/
. 5D,—7F, ﬂ f !VJ \
Mw' \./\.—/J

Li]
B45 670 685 720

Puc. 11 - Cnextpu dpnyopecuenuii MIL-84(Y,Eu),(A = 384,8 um, T=298K), [35]
Fig. 11 - Fluorescence spectra of MIL-84(Y,Eu), (A .= 384,8 nm, T=298K), [35].

XipanbHi HeOpraHi4HO-OpraHiyHi ribpupHi
MaTepiany 3 MIKPOIIOPUCTOI0 ApPXiTEKTYPOIO
HOTEHLIITHO MOXYTb OyTU 3aCTOCOBHI B €HaH-
TIOCE/IEKTYBHOMY PO3JiZIEHHI Ta acuMeTpud-

https://ucj.org.ua

HOMy Karamisi [36-40]. (S)-mpomin Tta Jioro
IOXi/IHI JIEMOHCTPYIOTb BMCOKY €HaHTioce-
JIEKTUBHICTb y KaTasli3i, i BOHM 3[IaTHi JaBa-
TV XOpOIIi BUXOAY B 6araTboxX KaTaliTWMYHUX
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peakuisnx [41-43]. Xoua B ocTanHi 20 pokiB 1o-
CILIHUKM JOCAIIM 3HAYHMX YCIIXiB y CUMHTe3i
d-6moKkoBuUX XipaZTbHMX KOMIUIEKCIB i3 pisHM-
MU CTpyKTypamu Ha ocHOBi N-(dochonome-
TWI)NIPOTiHY [44-46], foCIimKeHHA aHaIori4-
HyX komIntekciB 3 Ln(I1I) e gyxxe oOMesxeHMMI.
Astopu [47] Buepie oTpuManyu Ta CTPYKTyp-
HO OXapaKTepusyBaiu 4 i30CTPYKTYpHi KOMII-
nekcy maHTaHoifiB i3 N-(dpochoHomeTnn)mpo-
ninom [Ln(H,L),]-22H,0, (H,L = N-(dbocdono-
metun)nponin(S)-HO,PCH,-NHC H._CO,H;
Ln(III) = Tb, Dy, Eu, Gd). Komnnekcn marors
3D-cynpaMoneKynsapHnil Kapkac, sIKuit moby-

moBaHUM 3 1D-TpWIaHLIOrOBMX CIIipaTbHUX
JIAHLIOTIB. YcepenVHi CIipa/bHOrO JaHLIOra
koxeH ioH Ln(III) okraempuyHO KoOpAMHOBa-
HVJI IIiCTbMa aToMaMM KMCHIO ¢ocdoHary 3
mectyt GpocoHATHUX JIraHAiB, a ABA CyCimHi
ionn Ln(III) 3'epnani TppoMa ¢ocdonaTHIMNI
nirangamu (puc. 12, a). Koxxunit pocponaramit
niraHy € 6iIeHTaTHO-MICTKOBMM 3a PaXyHOK
KOOpAMHaLii 10 ioHa MeTanry aBox ¢ocdoHaT-
HUX aTOMiB KUCHI0. TpeTiit aroM KucHio pocdo-
HaTy, KapOOKCW/IbHI Ta aMiHO-rpymna 3ajyia-
I0TbCsI HEKOOPAVHOBAHVMI i 6epyTh y4acTb B
YTBOPEHHI IIMPOKOI MepeKi BOJIHEBNUX 3B I3KiB.

Puc. 12 - Acumerpudna ofuuuiA (a) Ta 3aranbHuit Burasaj crpykrypu [Ln(H,L),]-2H,0
B3[J0BX 0Ci ¢ (6). [paTKOBi MO/IEKy/IM BOJM OIYIIEHO /ISt ICHOCTI[47].
Fig. 12 - Asymmetric unit (a) and general view of the [Ln(H2L)3]-2H2O structure
along the c axis (b). Lattice water molecules are omitted for clarity [47].

CrhipanbHi JTAaHUIOTY YKIAJAKOTbCA 4depes
BOJHEBI 3B'A3KM, yTBOpiouM 1D-Tpy6uacTi
KaHajIM B3JOBX oci ¢ (puc. 12, 6). IlikaBo, 1m0
B CTPYKTypi B 1D-KaHanmax posraniosaHi of-
HOBMMIpHI CIlipa/IbHi TaHIIIOTY BOJIN.

Cnomykn Tb(III) ra Eu(IIl) BusaBnsAoTSH Bin-
TIOBi/HO CI/IbHY 3€JIeHY Ta 4YepBOHY (ryopec-
LIEHTHY eMICil0 y TBep/IOMY CTaHi 3a KiMHaTHOI
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Temneparypu (puc. 13). Binbumit nirang H,L
Mae cMyru diryopectennii mpu 371 ta 425 Hu,
SAKi MO>KHa BifHeCcTU o m* — m it — n me-
pexonaM BinnosigHo. IIpu 3B'A3yBanHi H,LLs
iOHaMM JTaHTAHOI/iB y CIIEKTpax JIOMiHeCIeH-
il KOMIUIEKCIB 3'SBJIAIOTHCA CMYTH, AKi Xa-
paxTepHi i BignosigHux ionis Ln(III), mpu
0bOMY BUIIPOMiHIOBaHHsA BinbHOro H.L He
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criocrepiraemo, 1o nepefbdayae nepeHeceHHs
eHeprii Bif; pochonaTHOI Ipyny KO LIeHTpaIb-
HUX ioHiB Merany mix 4ac ¢oTomoMiHeC-
LeHIIii.

Cnextp moMminecteHnii kommiekcy Tb(III)
CKJIafIa€Thcs 3 5 mepexofis °D 4%713] (J=655;4;3),
AKI MHifi #i€l0 KPUCTaNiYHOrO IOMA JIraHgy
PO3IIEIUTIITHCS Ha 2 KoMIToHeHTH (481 i 488,
540 i 548, 582 i 595 HM). Y crekTpi mepexin
°D,—’F, 6inbiunit 32 iHTEHCUBHICTIO, HiK iHIIE
Hepexoyy, 10 MPU3BOANUTD 10 CU/IBHOTO 3eJIe-
HOTI'O CBiTiHHA TBEPHOrO 3pasKa.

Y cnexrpax mominecnennii Eu(III) cno-
CTepiraeTbcsi Habip CMYL, XapaKTepHUX MJIs
iona Eu’, Axi symoByeHi nepexomgamu 3i 30y-
JPKEHOTO piBHA °D; Ha MYIbTUIITIETH OCHOB-
HOTO TifpiBHA 7FI(]=O+4). Hait6inpuy inTen-
CUBHICTb Ma€ CMyra eleKTpO-AUIOIbHOIO
nepexony °D —’F 3 A npu 652 ta 700 HM,
IO NPU3BOAUTH HO SCKPABO-4€PBOHOTO BM-
npomiHoBaHHA. IIpu 1boMy iHTEHCUBHICTH
°D,—’F, nepexopy 36imbIryeThcs 3i sSMeHINEH-
HAM cuMetpii Bysna Eu(Ill), Toxpi Ak mepexin
°*D,—’F, ctporo 3abopoHeHMit B MO/ CuMe-
Tpii. Pesynmpratu Qoromominecneniii moka-
3ytoTb, o Eu(Ill) B xpucrani 3aiimMae Tinbkn
OIHY HELEHTPOCHMETPUYHY MO3MIIi0, IO
ysromxyerbcsa 3 pesynbratom PCA. Ilepexip
*D,—’F (596 HM) € MarHiTHO-JUIIONBHUM i
J10TO iIHTEeHCUBHICTD 3MiHIOETBCS 3AJIEXKHO Bif
HAIIPY>XeHOCTi KpucraniuyHoro mond. Koedi-
uieHT inTeHcmBHOCTI ‘D —’F, mepexomy mo
nepexopry °D —’F mMPOKO BUKOPUCTOBYIOTh
AK Mipy CTaHy KOOpAVHALii Ta cumeTpii Bys3-
na nanranoifis. s [Eu(H,L),]-2H,O sigHo-
IIeHHA iHT€HCUBHOCTEN BKa3aHMX IepexofiB
NOPIiBHIOE OPIEHTOBHO 4.6, IIJ0 TAKOXX BKA3YE,
mo ionn Eu(Ill) He 3HaXOAATbCA B LeHTPI iH-
BepCil CIIONTyKM.

https://ucj.org.ua
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Puc. 13 - CriexTpy BUIIpOMiHIOBaHHA BiIbHOTO
H,L (A\__ = 235 um) (a), kommnekcy Tb(III) (6) Ta
Eu(III) (c) (A =249 um), T = 298K
Fig. 13 — Emission spectra of free H.L (\ =
2 35 nm) (a), complex Tb(III) (b) and Eu(III) (c)
(A, =249 nm), T = 298K.
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J714 BU3HAYE€HHA apXiTeKTYPHOI )KOPCTKO-
CTi Ta TOCTIMIHOI IOPUCTOCTI CUMHTE30BAHUX
CIIONYK aBTOPM IIPOBEN JOC/Ii/IN 3 BUSHAYEH-
Hs1 IXHIX aJiIcCOpOLiTHNX BIaCTUBOCTEN BiTHOC-
o N, H O, CH,OH ra CH,CH,OH. 3aransb-
HUJ BUIIAA 000pOTHOI i30TepMu amcop6uiii
€ XapaKTepHUM [I/Is1 MiKpOIIOPUCTOTO MaTepi-
a1y Ta BKa3ye€ Ha IIOCTIIHY MiKpOIIOPUCTICTh
Ta apXiTEeKTYPHY CTabi/IbHICTh BaKyyMOBaHO-
ro kapkacy. PospaxoBaumit 06’eM 1mop cop6-
uiftHoro Marepiany pgopiBHioe 0,029 oM/t
npu o nosepxHi 80,93 m?/r. [lormmuanHA
N, = 29,14 cM’, mo Bifnosifgae agcopbuii 1,1
monekynu N, 1 GopMy/nbHOI0 OMHNIEIO CIIO-
myku. Ilormuuannsa H O = 38,41 mr/r i cka-
nae 1,76 monexyn H O Ha popmynbHy ofiuHm-
uio, a nornmvHandsa CH,OH = 31,43 mr/r, mwo
exkBiBasieHTHO 0,8 Mmonmekymam CH,OH Ha 1
¢dbopmynbHy opmuumo. Ii pesynpraTi BKasy-
10Tb, 10 Monekynu N, H O i CH,OH mMoxyTh
mndyHayBaTH BCepefuHY MIKpOIOp, IpH
IIbOMY CHMHTE30BaHi CIIONyKM 30epiraorh
CBOIO CTPYKTYPHY ULITICHICTD IIC/IA LMKIIB
perifparanii - perifgparanii. He3pakaroun
Ha CTabiIbHY CTPYKTYPY KapKacy, copOiiiiHa
smaruicte CH,CH,OH npu 298 K mis cionyk
He croctepiranacs. CenekTuBHa cop6buis N,
H,O tra CH,OH moxe OyTy BigHeceHa Jj0 Ma-
JIOTO OTBOPY KaHaJliB y KOMIIIEKCIB, IO [O3-
BOJIAE€ IMCKPUMIHYBATH 11i MOJIEKY/IN, AKi Ma-
I0Thb MaJli KIHETUYH] jiaMeTpu.

TakuM 4MHOM, aHa/li3 HayKOBOI JIiTepaTypu
TII0Ka3aB, 10 CIOTYKY JTAHTOHOIAIB i3 N-(¢doc-
(GOHOMETWI)IPOIIHOM € MepIIVMM  IIpef-
CTaBHMKaMI IOMOXipa/JbHMX IOPUCTUX Kap-
6okcn-dpochoHaTIB TaHTAHOIIB, 110 BUSBIIA-
IOTh IIOCTIVIHY IOPUCTICTb /A CEIeKTUBHOL
copO1ii MoTeKys1. YCIiMHui CMHTe3 UX CIO-
YK Ja€ LiHHY inpopmariiro s mMoganbIIoro
OTPMMAaHHA iHIINX TOMOXipa/lTbHUX NOPUCTUX
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KapkaciB ¢pocoHaTiB TaHTAHOIAIB, 5Ki € 6ara-
TOOOIII0YIMY MaTepialaMul y TaKux cdepax,
AK €HaHTIOCENEKTUBHE PO3MiJIEeHHA Ta FeTePO-
TeHHUI aCMMEeTPUYHMI KaTaJlis.
BIMCHOBK/. Ha mipcraBi aHamisy ekcre-
PUMEHTa/IbHUX NAHUX, HABEEHUX y LIbOMY
OIJIAMll, MOXKHA BUAIINTU HM3KY (aKToOpiB,
10 BM3HAYAIOTh OCOOMMBOCTI OymoBu ami-
HOKapOoKcrndochOoHATHNX KOMIUIEKCIB JIaH-
TAHOINIB, AKi € 3araJibHMMM, He3ajle>XHO Bifl
BuxifiHoi AKOK Tta npuponu merany. 3araib-
HVM JI/I1 METAJIOKOMIIIEKCIB € Te, 1[0 BOHU €
MaKPOMOJIEKY/IAPHUMM  IIOJIIMEPHUMM  CIIO-
JTyKaMM 3aBAAKM MICTKOBilI QyHKIiI aToMiB
KIUCHIO (pocoHaTHNX Ta/ab0 KapOOKCUMIBHUX
rpyn. Koxken ioH Merany dacrime mos'siza-
HUI 3 KiZTbKOMa (Biff IBOX 1O YOTMPBHOX) AL~
JO-TpylaMM JTiTaHAY, IpU LIbOMY YTBOPIOIOTb-
cs1 moniMepHo-maHuorosi (1D) abo mapysari
(2D)-cTpykTypn, sKi 3MIITHIOIOTBCA 3a paxy-
HOK PO3Ta/Ty>KeHOI CUCTEMU BOJHEBUX 3B 'S3-
kiB Ty N-H...O ta O-H...O, B Axux 6epyTb
y4acTb aTOMM BOZIHIO aMiHOTPYIIM, AaTOMM KIC-
HIO JIiraHfiiB Ta MONeKynu Boau. bararo ami-
HoKapOokcndochoHaTiB TaHTAHOITIB yTBO-
PIOIOTh KOOpAMHALIVIHI IIO/TIMEPY 3 HE3BUYAl-
HOI0O TPUBUMIpHOIO cTpyKTypoio (3D) i3 cmi-
panpHuUMM KaHamamu. Oco6nuBe 3HaYeHHS
npy ubomy Mae MicTok (O-P-O), mo cnpnse
YTBOPEHHIO 0araTO4IeHHUX MEeTaJIOLVIKIiB
MDK CYCiIHIMM KaTiOHaMyu MeTasliB Ta JIiraf-
niB. AmiHOKap6okcudochoHaTu K TiraHgu
B KOMIIJIEKCAX JIAHTAHOI/IiB € THYYKMMMU JIiraH-
IlaMM, SIKi MOXKYTb HaOyBaTy Pi3HUX PEXNMIB
KOOPAVHALi 3a/1e>KHO Bijf 6aratbox dakTopis,
TaKMX AK TeMIIepaTypa peakliii, 3HaueHHA pH
PEeaKIiHOro cepefoBNUIIA, TUII IIPOTHAHIOHA i
po3Mip KaTioHa jaHTaHoify. binburicTs KoM-
nexciB Ln-AK®OK MicTATb Tpu 5-4/IeHHUX Xe-
JIATHUX LUK/IN 3 KOOPAMHALIIEI0 i0HIB MeTasliB
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aTOMaMU a30Ty Ta KVMCHIO KapOOKCUIbHMX Ta
¢doconosux rpyn. Pochonosa rpyma 3as-
IAKY He IOBHICTIO peasli3oBaHiil JeHTaTHOCTI
3[JaTHAa BUCTYIATX MiCTKOM MK KaTiOHaMMu
MeTasliB ab0 yTBOPIOE PO3TATY)KEHY CUCTEMY
BOJHEBMX 3B'A3KiB. [[/I1 KOMIIZIEKCOHIB, IO
mictath Bl COOH-rpynu, Moxnnse yTBoO-
PEeHHsI TOJaTKOBOTO ITIIITHOBOTO 260 6-4/IeH-
HOT'0 aJIaHiHOBOT'O IIMKITiB.

JlantaHoigHi amiHOKap6okcupocdonaTn
NPOABJIAIT TapHi JTIOMIHECLIEHTHI B/IACTUBO-
CTi, 110 BiIKpMBa€ IEPCIEKTUBY IXHbOTO 3a-
CTOCYBaHHA y TeIeKOMYHIKallisX, 0COOIMBO
B OmoxHboMy Y- gianasowni. XipanpHi KoMI-

nexkcu naHtaHoiniB 3 AKOK Takox SBASIOTH
co6010 0cobOmuBuUII iHTepec dyepe3 IXHE MOX-
JIVBE 3aCTOCYBAaHHsA B FeTePOreHHOMY KaTalisi
Ta CEJIEKTMBHOMY pO3/Ii/IeHHi I'a3iB.
SE;/), Po6oTy BuKOHaHO 32 (iHaHCOBOI Iif-
= TpumMkun HAH Ykpainu B pamKax epix-
oromxerHoi Temu 322E «CrBopeHHs
HOBMX TiOpMIHNX, KOMIO3UIIITHUX i
NMoJiMepHUX MaTepianiB, 1eroBaHUX KOOp-
puHanifiauMu cnonykamu 3d- i 4f-meranis
Ha OCHOBi [(-gMKeTOHATiB Ta KapOOKcHMIaT-
HIX alMKIiYHUX dirangis». Homep pepkxas-
HOI peecTpanii po6orn 0122U001299.
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CRYSTAL STRUCTURES AND SPECTROSCOPIC
CHARACTERISTICS OF COMPLEXES OF

LANTHANOIDES WITH AMINOCARBOXYPHOS-
PHONIC ACIDS (review).

O.K. Trunova

V.I. Vernadsky Institute of General and Inorga-
nic Chemistry of the National Academy of
Sciences of Ukraine,

32/34 Academic Palladin ave., 03142 Kyiv,
Ukraine

e-mail: trelkon@gmail.com

The review is devoted to a new class of com-
plexones — aminocarboxyphosphonic acids and
lanthanide metal complexes based on them.
Interest in such compounds is due to the spe-
cificity of the structure of aminocarboxyphos-
phonic acids molecules, which contain various
functional acid groups (carboxylic and phos-
phonic) at one main nitrogen atom, which
differ significantly in basicity, charge, stereo-

https://ucj.org.ua

chemistry and size. This provides a wide range
of coordination possibilities of ligands, which
most fully satisfy the spatial requirements of
the complexing ion and allows obtaining poly-
nuclear structures of an unusual structure in
the crystalline state. The article summarizes
the literature data obtained by various authors
regarding the study of the structure and spec-
tral properties of aminocarboxyphosphonates
of 4-f metals in solutions and crystals, their
thermal properties, structural features, pros-
pects for creating multifunctional technical
materials based on them are considered.

Key words: complexes, aminocarboxyphos-
phonates, lanthanides, crystal structure, lumi-
nescence.
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Y 3asHayeHOMY JOCTI/IKE€HHI Cepil0 KOHJEHCOBAHMX IOXiJHMX JETifipalleTOBOI KMUCIOTH 3i
CTPYKTYPOIO XaJIKOHIB Oy/I0 CMHTe30BaHO 3a peakijil KHeBeHarens 3 BUKOPUCTAHHAM i301po-
MaHONy AK po3uMHHMKA. Buxin peakuii ctanoBuB30-75%. [lokasaHo, 110 ofiep>KaHi CIIONTYKN
3[aTHi 1O Xe/IaTOyTBOPEHHS 3 PifKiCHO3eMe/TbHIMMY MeTa/laMi, B T. 4. 11 3 ioHamu La(III). bynoBy
OTPMMaHUX JIiraHAiB Ta ixHiX koMmItekcis 3 ionamu La(III) 6ymo gocifkeHo 3a TOIIOMOTOI0 Tep-
MorpasimeTpuyHoro aHanisy, [4- ta 'H-SIMP- ciektpockomiit. 3a faHUMM TepMOrpaBiMeTpuy-
HOTO aHajIi3y BCi OTpMMaHi KOMIIJIEKCY KPUCTAJIi3YIOThCA 3 TPbOMa MojieKynaMu Bopu. [Tokasa-
HO, 110 fAerigpaTtanis rigpokcokomiviekcis La(IIl) BinbyBaerbcs 3a Temneparypu 120-180°C, a
nojjazblle 3pocTaHHA TeMneparypu 1o 300-400 °C npusBoguTh [0 AeCTPyKIii OpraHivyHMX Jli-
raupis i3 Bupinenuam CO, ta Bogu. BignosinHo no metony foposina — Merrrepa, eHepris akTu-
Ballii IpoLecy JerigpaTalii KOOPAVMHALIHO 3B A3aHNX i3 HEHTPAIbHIM i0OHOM MeTaJIy MOJIEKYII
BOJY KOMIUIEKCiB CTaHOBMIA 0/113bKO 64,2 K[[K/Mo7b. ONTUYHI BTacTUBOCTI 6Y/I0 JOCIIKEHO
3a JJOIIOMOTOI0 €/IEKTPOHHOI CIIEKTPOCKOIIiI, JEMOHCTPYIOUM, 1110 KOMIUIEKCH IOXIJHUX JeTifgpa-
netosoi kucnotu 3 La(Ill) iHAYKyIOTh i MPOABIAIOTH BUILI ONTUYHI BIACTUBOCTI IOPIBHAHO 3
BUXigHMMMY nirangamu. [lokasaHo, 1110 BapiloBaHHA IPUPOIY 3aMICHUKIB Ta JOBXKIHY ITOJIiMeTe-
HOBOT'O JIAHIIIOTa Y CKJIaJii XaJIKOHIB Ha OCHOBI [IeTiZipalieTOBOI KMC/IOTY BIUIMBAE Ha IXHi ONITUYH]
BIaCTUBOCTI.

KmrouoBi cmoBa: xankoHu, perigpaneroBa kucnora, maHtaH(III), IY-cmekrpockomis,
SIMP-cniekTpocKomisi, MOMAPHUI KOe(illieHT eKCTUHIII.

BCTYII. IlepcrieKTMBHUMM JTiraHAAaMM AIsI  CTPYKTYPHUMM CKIafoBUMu Oe3ivi 6iomoriv-

Oflep>KaHHA METAJIOKOMIIIEKCIB 13 LIIHHMMM
JUIS1 IPAaKTUYHOTO BUKOPUCTAHHS BIACTUBOC-
TAMMU € Xa7IKOHM [1]. Xa/KOHM € yHiIKaIbHIMMI
pe4yoOBMHAMY 3 BUHATKOBMMMU CTPYKTYPHM-
MU XapaKTepUCTUKAMU, aji)Ke € KIYOBUMU

HO aKTMBHIX MOJIEKY/ K CMHTE€TUYHOTO, TaK
i mpupopHOro noxomxeHH: [2]. 3ycuis Bue-
HUX Ta JOCIiJHUKIB, CIIPAMOBaHI Ha MaKCHU-
MaJIbHY peaji3alil0 IXHbOIO IOTEHIiaNy A
Pi3HUX 3aCTOCYBaHb, AKi 3yMOBJIEHi IXHbHOIO
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BJMICOKOIO XiMIYHOIO PEaKIHOKI 3[aTHICTIO,
TaK y IPOMMCIOBOCTI XaJIKOHM TeCTYIOTbCA
JUIs1 BUKOPUCTAHHS B CeHcopax |3, 4], kaTanisi,
TEXHOJIOTiAX iHribyBaHHs [1]. OfHaK OCHOBHI
3yCWIIA CHPSIMOBaHI Ha KEPyBaHHA Ta 3aCTO-
CyBaHH:A IXHBOI OiomoriuHoi akTMBHOCTI [5].
CuHTeTHYH] Xa/IIKOHY 400 6e3rocepeHbO BI-
OineHi 3 MpUPOAHOI CUMPOBUHU HOCIIKYIOTh
B YCbOMY CBiTi 1 pO3pOOIeHHA MOTY)XKHIX
i epexTMBHMX JiKiB s NMIKyBaHHA [eAKNX
Cepiio3HMX 3aXBOPIOBaHb [6], TaKMX fAK pakx,
niabet, BIJI, Ty6epkynpo3, Majspis TOIO, 110
poOUTHh IX KOPUCHMMM B 0aratbox ramyssx,
BKJIIOYAIOYV MeAMLMHY, bioximilo, arpoximiro,
tomo. OnuH i3 HaMBIGOMIIIMX Ta HaMOLIbII
JOCTIPKEHNX XaJIKOHIB IPMPOZHOTO II0XO-
IDKeHHA € KypKyMiH [7, 8]. KypkymiH Ta 7ioro
MOXi/IHI 3HAMI/IN IIMPOKE BUKOPUCTAHHA K
AHTMOKCU/IAHTY, NPOTUIYX/IVHHI areHTH Ta
in. [7, 9, 10]. BogHoyac cuHTeTHYHI Cynbdo-
IIOXifIHI XaJIKOHIB IIPOJIEeMOHCTpYBanu edek-
TUBHY 3JaTHIiCTh 670KyBaTy K* kanamm [11].
OcHoBu MaHixa, oTpuMaHi 3 XaJIKOHIB, LJO
MICTATb TeTepOUMKIIYHNIT (PparMeHT, BUAB-
JAIOTh UMTOTOKCUYHICTD IpOTH JMiHiN P338 Ta
L1210 xnmiTuH neitKeMil y MUILLEN, a TAKOX Je-
SKVX JIiHilT pakoBuX KaiTuH moguan [12].0k-
piM TOTO, BOHU BUSBIISIOTh aHTUOAKTepiaibHi,
IpOTUIPUOKOBI Ta IPOTU3aNa/IbHi BIACTUBO-
cri. [ToxigHi Xa/lKOHIB 3 €1eKTPOHOLOHOPHM-
MU 3aMicHUKaMM (METOKCH, TiIpOKCU-TPYIIN)
JIeMOHCTPYIOTb Hailb1/IbIly aHTUMIKPOOHY aK-
TUBHICTD [13].

XankoHu 3 XiHOMHOBMM (¢parMeHTOM
MaIOThb 3HAa4YHY aKTMBHICTb BiTHOCHO HM3KU
mikpoopranismiB (E. Coli, Aspergillusniger,
Bacillussubtiles, Staphylococcusalbus, Candida-
albicans, Rhodolorullarubera Tta in.) [14].
KonpeHcariero  apomMaTM4HO  3aMillleHUX
2-x7m0p-3-¢dopMinxinoninis i3 pisHMMM KeTo-
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HaMJ CUMHTE3yBa/IM HU3KY XaJAKOHIB, 110 Mic-
TATb XJIOPXiHOMIHOBI TPy, IpU 1IbOMY BU-
ABJIEHO, 110 JeAKi 3 HUX NPOABIAITD BUCOKY
aHTUMAJIApPINIHY Ta aHTHMaMeOHY aKTMBHICTH
[15]. JocmimKeHHS TOKa3au, 1[0 aHTUMAaIsA-
PiiiHI BTACTUBOCTI IeAKUX ITOXiTHUX Xa/IKOHIB
3ajIeXaTh Bif IXHPOI 3[aTHOCTI iHribyBaTy y
nmapasutiB epMeHT LucTeiH mpoteasy [16].
XanKkoHU, fK a,}-HeHacudYeHi KeTOHW, IO
MalTh JIiHiHYy a0 O1M3bKy [0 IUIAHApHOI
CTPYKTYPH, @ LISl CTPYKTYpa € CTabi/IbHOI B
yMOBax Jii IucTein npoTeasu. Takum 4nHOM,
caMa CTPYKTypa XaJKOHY 3a0esmedye Ioro
JIETKUI MiJXiJ| ;O aKTUBHOTO LieHTpa hepMeH-
TY, 110 J03BOJIsIE e(eKTUBHO 10T0 OIIOKyBaTH.

Abpynna ta cmiB. [17] cuHTesyBamm cepio
3aMillleHNX Xa/IKOHIB Ha OCHOBI XiHOJIHY i BU-
BYWIM IXHIO aHTMOAKTepialbHy aKTWMBHICTD,
Ofiep>KaHi CIOMYKM 3 OpOM- i XJIOp-3aMicHM-
KaMy II0Ka3aM CWIbHY aHTHOaKTepialbHy
aKTMBHICTb. ToOTO, Xa/KOHM, HO CK/IAfy AKNX
BXOJIATH OIVH-JIBa aTOMM XJIOpY a60 $TOpY, BU-
SIBJIAIIOTH BUCOKY IIPOTUIPUOKOBY Ta IIPOTVIMi-
KpOOHY aKTVBHICTb. BogHOYaC OTpUMaHO HU3-
Ky Xa/KoHiB [18], mo MmicTsaATh B 6eH307TBHOMY
Ki/IbIIi alleTaMifiHy TPYITy, Cepef AKUX 3Halije-
HO CIIOTTYKIA, LIJO BUAB/IAIOTD 3HAYHY AHTVHOLV -
LIENITMBHY aKTUBHICTb, AKa He MEHIIIE, HDK Y/IBi-
4i OijIblila MMOPIBHSIHO 3 AleTUICATLINIIOBOIO
KIC/IOTOI0 Ta aneTamiHodeHoM. CrHTe30BaHi
3a IOTIOMOTOI0 aJIbA0/IbHOI KOHIeH allii 2,5-a1-
MeTWI-3-QypUIXanKoHN IPOSIB/SIOTh BUCOKI
aHTMOAKTepianbHi, MPOTUTPUOKOBI Ta aHTH-
OKcyupiaHTHI BracTuBoCTi [19]. CriekTp cuHTe-
TUYHMX Xa/JIKOHIB OCTAaHHbOTO JIECATUIITTA 110-
MIOBHIWIM TIOXiiHi frerigpoourosoi [20, 21], ski
IPOAB/IAITD aKTUBHICTb LIONO HMU3KM ILTYH-
KOBUX (epMeHTiB (aminasy, ninasy, TPUICKH i
nencyuH)[17]. Husky xankon-1,2,3-Tpuasonis,
0 € NOXiAHMMM [EeriipaleToBOl KUC/IOTH,
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IIPOTECTOBAHO SIK IIOTEHIi/iHi aHTMMIKpOO-
Hi (Staphylococcusepidermidis, Bacillussubtilis,
Escherichiacoli Ta  Pseudomonasaeruginosa)
Ta aHTUTpUOKOBi (Aspergillusniger ta Can-
didaalbicans) arentu [22]. KoHmeHcoBaHi 1o-
XiJTHi JieTifgpareToBOI KUCIOTY € IIEBHOIO MipOIO
CTPYKTYPHO ONM3BKVMMU IO IPUPOJHOTO Xasl-
KOHY — KYPKYMIiHY, iX IIVPOKO JOCTIIPKYIOTb K
6iomoriuHo akTUBHI cronmyku [23]. [lesiki 3 Hux
MICTATD Y CBOEMY CK/Ia/Ii XeIATYIOUMIA LEHTP Ta
MOXXYTb OyTH LIiKaBUMM B KOOPAMHALIIHI Xi-
Mil K jmirasmy [24].

KoopanHanifizi criomyku XajnKoHiB i3 j1aH-
TaHOIJaMIl € INEPCHEKTUBHUMI PE€4OBMHAMU
JUIsI CTBOPEHHsI HOBITHIX MatepianiB [25], ski
MO>KHA 3aCTOCYBaTy B Pi3HOMaHITHMX Cydac-
HIX TE€XHOJIOTiAX, TAKUX fAK, HAIIPUKIIAJ, JII0-
MiHeCI[eHTHI MiTKu B OiomenuiuHi [26], Bu-
IIPOMiHIOBa/IbHI KOMIIOHEHTM B €IEKTPO- Ta
JIIOMiHECLEHTHUX IIpUIafiax Touo. BapioBan-
HA NPUPOAY 3aMiCHMKIB y CKIaJi XaJIKOHIB
BIUIMBA€ Ha ixHi OiojoriuHi Ta XiMiuHi, a Ta-
KOXX ONTNYHi BactusocTi [27]. Tomy gusaiiy,
CUHTE3 1 NOCIiJKEHHA HOBUX KOOPAVHALN-
HUX CIIONYK JIAHTAHOIJIB, Y T. 4. 1 3 Xa/JIKOHAa-
MI, € AaKTya/IbHMM HaIpsAMKOM JOCTiIKEHb
JUIS HAyKOBIIiB 0araTboX HayKOBMX TPyl [28].

Y uiit pobori 6y10 ofepKaHO HU3KY HOBUX
XaJIKOHIB Ha OCHOBI KOHJJEHCOBAHNX 32 peak-
niero KHeBeHarensa NmoxigHMUX fAerifipaneToBoi
KICIOTY 3 PiSHMMM 3aMiCHMKaMM. XaJTKOHU
0y/10 BUKOPMCTaHO AK JHTaHAV JJIA OTpHU-
MaHHA BiJIIOBiIHMX KOMIIJIEKCHUX CIIONYK i3
La(II), BuBYeHHA IXHBOTO CKIamy, OymOBI,
CIEKTpaJbHUX XapaKTEePUCTUK, TEPMiuHOI
CTIMIKOCTI TOWIO.

EKCIIEPMMEHT I OBI'OBOPEHHA PE-
3YJIBTATIB. Peazenmu. Ilpu opepkaHHi Ko-
OPJAVHAIIIMHUX CIONYK BUKOPUCTOBYBAJIN
LiOH (98.0 %, Sigma-Aldrich), LaCl,-7H,O

https://ucj.org.ua

(99.9 %, Sigma-Aldrich). Opraniuni po3uns-
HUKN (qumeTmndopMaMizi, MeTaHO, i301po-
naHon) Bif Sigma-Aldrich BuxopucroByBamm
6e3 10JJaTKOBOTO OYMIIIEHHS.

Memoou  docnioncenns.'H-IMP-criektpu
sarmucyBam B IMCO-d6 na SIMP-cnexktpo-
MeTpi Varian i3 TAKTOBOI 4aCTOTOIO JI/IA IIPO-
ToHiB 500 MIL. fIk BHyTpilIHiil cTaHAAPT BU-
KOPUCTOBYBaIM TeTpaMeTmiacuaaH. KoHieH-
Tpalis 3paskiB cTaHoBUIA 20 MI/MIIL.

MALDI-TOF MS-cnextpu 3apeecTpoBaHo
Ha Bruker Daltonics Ultraflex II TOF/TOF 200
B pEXMMI ITO3UTUBHOI 10HI3aIiil.

TepMmorpaBiMeTpUyHi JOCTIIPKEHHA IIPO-
Bomunn Ha pepuBarorpadpi NETZSCH (STA
449F1) B intepBan Ttemmepatyp 25-600 °C
3i mBuyKicTio HarpiBanHa 10 °C/xB B aTMocC-
depi asory. Sk cTaHAAPT BUKOPUCTOBYBAIN
kpucTaniyanii nopomok AL O,.

[Y-crieKTpoCKOmiYHI JOCTiPKEHHA CUHTe-
30BaHUX CIIOJTYK IPOBOAV/IN Ha CIIEKTPOMETPi
Spektrum Two Perkin Elmer y giamasoni 400-
4000 cm™ i3 BuKOpucTaHHAM TabmeTok KBr.

EnexTpoHHi CHEKTpM TOINMMHAHHA pee-
cTpyBamu Ha crekrpodoromerpi Shimadzu
UV-3600 3a kiMHAaTHOI TemIlepaTypu, poO3-
yyHHUK [IM®A. KoHneHTpauis po6oumx
PO34YMHIB Ofiep>KaHMX JIraHAiB Ta KOMILUIEKC-
HJX CIIONYK Ha iXHiil OCHOBI cTaHOBMIA 2.0-
3.0 10 Monb/n. [l BUSHaYEHHSA MOJISIPHOTO
koedinieHTa eKCTMHKIIT 10 Mr 3pa3ka po3un-
HAMN Y 5 MJ1 po3unHHMKA. OTpuMaHi po3unHN
PO3BOAVIIN O KOHIIEHTpALlil aHaJIiTy Ha piBHi
0.5 10°monb/n —5.0 10° Momb/ 1.

Cunme3 KOHOeHCO8AHUX NOXIOHUX Oeziopa-
uemosoi kucnomu (3azanvha memoouxa). Jlo
10 MMonb perifpaneroBol Kucnot B 10 ma
i30MpoIanony gofaBany €KBIMONAPHY Kilb-
KICTb a/bJerify i HarpiBaau o TeMIeparypu
KUIiHHA. [0 TOMOT€HHOI peaKUiiiHOI CyMilli
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fofaBany 5 Kpameyb MiNepUANHY i KUIL ATU-
mu mpoTArom 4 roguH. Ilicia nporo y Bakyymi
BiIfaHAIM 5 MJI pO3YMHHIKA, OXOJIO[KYBaJIN
i BimdinbTpoByBamM Kpucrammu, 10 yTBOPU-
muca. IIpopykr mpommBanm JexinbKa pasi
Ha (iIbTPi HEBEMMKOK KiNbKicTIO i30mpo-
IIAHO/MY i TIEePEeKPUCTaNi30BYBaAu 3 CUCTEMMU
IM®-i3ompomnanon, 3a HeoOXifHOCTI mopa-
1041 HEBENMKY KinbKicTh Boau. Ilicma mporo
IPOAYKT BifiinbTpOBYBaIM, IPOMMBAIM Ha
¢inbrpi xomopHuM 80% BOLHUM i30mponaHo-
JIOM, JIBi4i BOJJOI0 i CYLIM/IM Ha OBITPi.

Jlieano LI1: (3-ametmn-4-rigpokcu-6-me-
tiun-2H-nipan-2-on). '"H IMP (300 MTI1, IM-
CO-d) 8, Mm.u.:16.54 (¢, 1H), 6.28 (c, 1H), 2.54
(¢, 3H), 2.25 (¢, 3H).

Jlieano L2: (E)-4-rigpokcu-6-metni-3-(3-
(tioden-2-im)akpunoin)-2H-nipan-2-on  'H
AMP (300 MIu, IMCO-d,) 8, m.u.: 17.76 (c,
1H), 8.14 (m, J = 15.5 I'u, 1H), 7.94 (m, ] = 15.5
I, 1H), 7.86 (1, ] = 5.0 ', 1H), 7.67 (1, ] = 2.8
Iy, 1H), 7.22 (mm, ] = 5.0, 3.6 I, 1H), 6.31 (c,
1H), 2.27 (¢, 3H).

Jliezano L3: (E)-4-rigpoxcu-6-metmn-3-
(3-(madraninoin-1-im)akpunoin)-2H-nipan-
2-on. 'H AAMP (300 MIii, IMCO-d)) 6, m.u.:
17.53 (¢, 1H), 8.64 (m, J = 15.6 I, 1H), 8.39-
8.17 (m, 2H), 8.10 (m, J = 8.1 I'1, 1H), 7.98 (nm, J
=22.5,7.1 I, 2H), 7.72-7.55 (m, 3H), 6.33 (c,
1H), 2.28 (¢, 3H).

Jliearo L4: (4-rigpoxcu-6-meTna-3-
((2E,4E)-5-¢deninnenra-2,4-nienoin)-2H-mi-
paH-2-oH).'H AMP (300 MTI1, Xnopodopm-d)
0, m.u.: 18.09 (¢, 1H), 8.07-7.65 (m, 2H), 7.60-
7.46 (M, 2H), 7.45-7.30 (M, 3H), 7.22-6.98 (M,
2H), 5.95 (¢, 1H), 2.28 (¢, 3H).

Cunmes xomnnexcie La(Ill) 3 noxioHumu
Oeziopauemosoi Kucnomu (3azanvHa Mmemo-
ouxa). Jlo 3 MMONb BifiTOBITHOTO XaJIKOHY
y 5 M JIM® popmaBanu 3 MMONb TiIpOKCURY
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niTiro, posunHeHoro y 10 mn Meranony. Ilpn
IIbOMY iHTEHCUBHICTb 3a0apB/IeHHs PO3YUHY
3MeHIIyBanacA. [0 ofep>kaHoOTO pO3YMHY J0-
paBanu 1 mmonb LaCl-7H O B 5 mn MeTaHomy.
Peakuiriny cymim nepemimysanu 10 xBuamn
Ha MarHiTHi Millaji; ocaj, 1o YTBOPUBCH,
¢inbTpyBanyu, mpoMuBamm 5 pasis 3 M/ MeTa-
HOMy Ta Tpudi Bojowo Ha ¢inbrpi. Cyummm y
BakyyMi 3a 75 °C mpoTArom 6 rofyH.

OTpumMaHi KOOpAMHALIiHI CIOTYKM ABNA-
mu o010 CTiViKi Ha MOBIiTpi KpucTasivHi mo-
POIIKY, SCKPaBO 3abapBJieHi Bifj >KOBTOIO 10
IIOMAapaH4YeBOTO KOIbOPY, LIJ0 TAPMOHYIOTD i3
KOJIbOPOBOIO raMOI0 BUXIJJHVX JIiTaH/IiB.

Komnnexc  La(L1) tpic((3-anetnn-6-me-
T-2-0kco-2H-mipan-4-in)okcn)nanran. Bu-
xin93%. 'H AMP (500 MIt1, IMCO-d) §, m.u.:
5.48 (¢,3H), 2.29 (¢, 9H), 2.01 (¢, 9H). MALDI-
TOF MS (nosutuBHMI pexxum) m/z: Pospaxo-
Bano ana [C,H, LaO +Na]*: 662,9994. 3naii-
IeHo: 663.0153.

Komnnexc La(L2) :pic((6-meTnn-2-okco-
3-((E)-3-(tioden-2-in)akpunoin)-2H-mipan-
4-im)okcu)nanrad. Buxin79%. 'H AMP (500
MIu, IMCO-d,) 8, m.u.: 7.83 (m, ] = 15.2 Ty,
3H), 7.63-7.53 (M, 6H), 7.24-6.94 (M, 6H),
5.62 (¢, 3H), 2.03 (¢, 9H). MALDI-TOF MS
M/Z: BiiCy THiJ1.

Komnnexc  La(L3) rpic((6-metnn-3-((E)-
3-(madraninoin-1-im)akpunoin)-2-okco-2H-
nipaH-4-im)okcn)nantas. Buxin81%. 'H IMP
(500 MTIu, IMCO-d,) 8, m.u.: 8.32 (5, ] = 15.3
I, 3H), 8.07 (7, ] = 15.3 T, 3H), 8.03-7.81
(M, 9H), 7.65 (m, ] = 7.3 T, 3H), 7.58-7.42 (M,
6H), 7.41-7.29 (M, 3H), 5.66 (¢, 3H), 1.92 (c,
9H). MALDI-TOF MS (m1o3suTuBHMIT pexum)
M/z: Pospaxoano mnsa [C,_H,LaO, +Nal"
1077,1403. 3naiigeno: 1077.4386.

Komnnexc La(L4) :1pic((6-meTnn-2-oxo-3-
((2E,4E)-5-deninnenra-2,4-gienoin)-2H-mi-
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paH-4-im)okcu)nantad. Buxin93%. 'H SIMP
(500 MIu, IMCO-d,) 6, m.u.: 7.60 (n, ] =
14.6 I'i, 3H), 7.63-7.39 (M, 6H), 7.35-7.25 (M,
12H), 7.14 (t, ] = 13.4 Iy, 3H), 6.75 (1, ] = 15.5
I, 3H), 5.63 (c, 3H), 2.04 (¢, 9H). MALDI-
TOF MS (mosutuBHuit pexum) wm/z: Pos-
paxoBano s [C, H,LaO +H]": 983.1578;
[C, H, LaO +Na]*: 1005.1397. 3naiifieHo:
983.1577; 1005.1373.

Cunme3 Xankowis ma IXHIX KOMWIEKC-
Hux cnonyk. CHHTe3 XaJKOHIB Ha OCHOBI

OH O OH O
/KIU\ ArCHO /f\r‘\/\Ar
— |
O (6] O (0]

L1)

JerifipaleToBol KUC/IOTY TPOBOAVIN IIIA-
XOM 1i B3a€MOJII 3 apOMATUYHUMU ajIbJeri-
namu. Buxogm peaxuii craHoBuan 31-76%
(Puc. 1) [16].

Jna onep>KaHHA KOMIUIEKCIB JIAHTaHY Bif-
IIOBi/IHI XaJIKOHU IepeBOAVIN B JJeIIPOTOHO-
BaHy (GOpMYy LILIXOM iXHbBOI B3a€MOJIi 3 Tifi-
poKcuzioM JiTito (puc. 2), a HOTIM Y peakiiiiny
CyMilll BBOAW/IM PO3YMH XJIOPUAY JIAHTaHY.
Bci peakuii npoBopIN y METAaHONBHOMY PO3-
YUHi.

S */
=) O
L2) L3) L4)

Puc. 1. Cxema cuHTe3y Xa/IKOHIB Ha OCHOBI fleTifipalieTOBOi K1C/IOTH
Fig. 1. Synthetic route for the chalcones based on dehydroacetic acid.

La(L1); La(L2);

OLi O

La(L3); La(L4);

Puc. 2. CxeMa CHTe3y KOMITIEKCHUX CITONYK Ha OCHOBi Xa/IKOHIB — HOXiTHNX
merigpoouroBoi kucinotu Ta xmopugy La(IIl)
Fig. 2. Synthesis of complex compounds based on chalcones as derivatives of
dehydroacetic acid and La(III) chloride.

https://ucj.org.ua
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3arajioM CMHT€30BaHO YOTUPY KOMIUIEKCH M 11 BiflTIOBilalOTh CKIALY La(Ll—L4)3. Buxo-
IOV KOMIUIEKCIB cTaHOBUIN 79-93% (Ta6bmn. 1).

JIAHTaHY, 110 MIiCTATb HOBI Xa/IKOHU AK JIiraH-
Tabmuis 1

Buxopu peakuiit a ximiuni 3cysu OH-niranpis, CH- ra CH,-curnanis npoToHiB mipaHo-
Boro nukny B 'H IMP-cnexkTpax BUXifHNUX TiraHgiB Ta iXHiX KoMImIeKkcHux cnonyk 3 La(III)
Table 1.

Reaction yields and chemical shifts of OH-ligands, CH- and CH,- signals of protons of the
pyran cycle in "H NMR spectra of the starting ligands and their complex compounds with

La(III).
Buxig, | 6 (OH), | 6(CH), | 8(CH)), Buxin, 6 (CH), | 6§ (CH),
3pasox (%) (M. 4.) (M. 4.) (m. q.3) 3pasox (%) (M. 4.) (m. q.3)
LI - 16.54 6.28 2.25 La(LI)3 93 5.48 2.01
L2 76 17.76 6.31 2.27 La(L2)3 79 5.62 2.03
L3 31 17.53 6.33 2.28 La(L3)3 81 5.66 1.92
L4 54 18.09 5.95 2.28 La(L4)3 93 5.63 2.04
1 ] s
o
® a
T
2 S EX-
- 3 >

o+ |

—
L=}

N oy en o

8.‘5 8:0 7:5 7:0 6:5 6:0 5:5 5:0 4:5 4.‘0 3:5 3.‘0 2:5 2:0 1:5
Puc. 3. TIMP-cnexrpu La(L1),-3H,0 (1) Ta La(L3),-3H,0 (2)
Fig. 3. "H NMR spectra of La(L1),-3H,0 (1) and La(L3),-3H,0 (2).
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Hocnioncenns o00epianux cnoayk memo-
dom 'H AMP-cnexmpockonii. Y TIMP-crekr-
pax BUXiJHMX XaJIKOHiB, 3apeE€CTpOBAHUX Yy
IMCO (Puc. 3), npucyTHi yci xapakrepuc-
TUYHI curHamm: B obmacti 18.1-16.5 m. u.
OH rpynn, 6.33-5.95 m. 4. CH nporony Ta
2.28-2.25 M. 4. METU/IbHOI I'PYIIX IipaHOBO-
ro uukny. Takoxx mpucyTHi BignosifHi cur-

Ha/¥ METUMHOBMX IPOTOHIB Ta apUJIbHUX 3a-
MICHMKIB, 10 BXOJATb IO CK/IaJly MOJIEKY/N
(Puc. 3). B pesynbTari KOMIIIEKCOYTBOPEHHA
3HmkaTh curHamm OH mporoHiB B o6macTi
16.54-18.09 m. 4., a curnanu CH ta CH, mpo-
TOHIB MIPaHOBOTO LMKy 3MillYIOTbCSA Y CU/Ib-
He none Ha 0.32-0.80 m. 4. ta 0.24-0.36 M. 4.
Bignosiguo (Ta6a.1).

a
100 |2 T 9 T 8 T ) 100 S T T > T (6)
3 S S ' =
S804 ‘ - | Zanl _
9,80 l 3 g éso l g g
® e ® A
z =5 | N : Cl
T 60- | = o |1 o =L 11
) > l o & © S o . Y-
< ~ 1 ~% re} X ~= & T
(&) & T > l Y (3] > l
240 ) A {1 240 | | J
(= = T = L 5
8_ l o ~{ 9 T <
C E o & e €9 L
20- s &1 E2o] ¥ o8 5
—Lal1), 8 g L2 8 R 8
. L1 . — La(L2), 3 =
4000 3500 3000 1500 11 000 500 4000 3500 3000 1500 1000 500
XBunose uncrno (cm™) XBunboBe 4yncno (cm™)
100 _(eJ 100 . . 2)
ESO 8 l ESO 8 = i
: N %4 l
SN
T 60 51 Eeo; § 78 5
el ~—
: ! g 8| | |
S M 5| 8 T
. | N —
£ 401 S 21 £401 CE | o
o R A 2| o _ s 'y 8
=3 | 5 L= T 2 e 5 >
E 204 1T 1 E20- S} ez ]
L3 g8 L4 = D)
—La(L3), T2 —— La(L4), - p
0 . . . . . 0 . . . . .
4000 3500 3000 1500 1000 500 4000 3500 3000 1500 1000 500
XBunboBe yncno (cm™) XBunsose yncno (cm™)

Puc. 4. I9-cnexTpu opiep)kaHux jiranpis Ta ixaix kommiekcis La(III)
Fig. 4. IR spectra of the as-prepared ligands and corresponding complexes with La(III) ions.
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IY-cnexmpanvhi 00CniONeHHA CUHME308a-
Hux cnonyk. I'Y-crieKTpu HEKOOpAMHOBAaHMX
L1-1L4 maTh cX0Xi Ipodii cMyT HOrIMHaH-
Hs, 3yMOBJIEHI IXHBOI CTPYKTYPHOK CXOXi-
ctio (Puc. 4). Cninbanmu pucamu [Y-cnex-
TPIB YCiX JOCIIPKYBaHNX CIIO/NIYK €: HAABHICTb
YIIMPEHOI CMYTY IOITIMHAHHSA CEPEeSHbOI iH-
TEHCUBHOCTI B obmacti 3426-3464 cm', mo
BiJIIOBifla€ BaJICHTHUM KOJMBAHHAM BOJHeE-
B0-3B’A13aHux OH-rpynm Ta By3bKMxX iHTeH-
CUBHUX CMYT IIOIJIMHAHHA B 06macTax 2920-
2850 cm' 1a3010-3130 cm, 1110 € XapakTepuc-
trnaaumu g V(C-H) xonmBaHb alKiIbHUX
Ta MipaHOBMX (parMeHTiB BignosigHo. Kpim
TOTO, y CIIEKTPAX CIIOCTEPIraloThbCs CMYTHM Ba-
JIEHTHUX i fepopMaliitHIX KONMMBaHb MTOJBiil-
HVX 3B'S3KiB IipaHOBOro ¢parMeHTy Ha i-
naHni 1600-1450 v Ta aBi iHTeHCUBHI cMyTH
IOI/IVMHAHHSA, 10 HAJIEXATh /10 BaJIEHTHMX KO-
nuBaHb noniMereHoBoro nanmora (v(C=C))
Ta KapboninpHOI rpymu (v(C=0)) Ha pinan-

Kax 1210-1180 cm! Ta 1720-1690 cm™! Bifmo-
BifiHO. YHaC/IiIOK KOOpAMHALil BCi CUTHaIN
HipaHOBOTO Ta KapOOHINMBHOrO QparMeHTiB
3a3HAIOTb 3CYBY B HU3BKOYACTOTHY HiMAHKY
Ha 10-55 cm', y Tomy uncni C=O rpymu, 1o
BKa3ye Ha KOOPAMHAIIiI0 Yyepe3 aTOMU KUCHIO
Kap6oHinpHOI rpymu. Cmyru B IY-crmexTpax
KOMIUIEKCiB nipy 525-500 cM™' BifmoBifaoTh
BasleHTHUM KommBaHHAM v(La-O) [25].

Mac-cnexmpomempuuri 00CTIONEHHS CUH-
mesosanux cnonyk. Amnanis MALDI-TOF
Mac-CHeKTPOMEeTPUYHMX JaHUX CBiTYUTH PO
NpUENHAHHA TPbOX JIraH[iB /10 i0OHa MeTa-
ny. byno sapeectpoBaHO MONEKyIApHiI i0HM
[M+H]* Ta [M+Na]*, a Takox mpogyktu ¢par-
MeHTal[ii MOJIEKY/IAPHUX IOHIB JIiraHfiB.

Tepmozpasimempuuni 00cniONeHHS KOMMN-
nexcHux cnonyk. Ilponec TepMonecTpyKILii
OJlep>KaHMX KOMIUIEKCHIUX CIOTYK BMBYEHO 3a
IOIIOMOTOX0 TEPMOTPAaBIMETPUYHOIO aHAIi3y
B iHepTHilt atMocdepi (Puc. 5).

TG /% DTA /(mW/mg)
T L ex
100 - iﬁaﬁi%aﬂge 769% o 1.0

90 1 0.5

801 Mass Ghange: -28.70 % 010
--0.5

70 Residusl Mass: 52.1% 6%9.6°C) | .4 ()

60! --1.5
--2.0

501

100 200

300

400 500

Temperature /°C

Puc. 5. TT- ta ITA-KpuBi gepuBaTorpaMmu TepMivHOTO pO3K/IaJaHHA KOMIITIEKCY
La(L1),xH,O B atmocdepi N,

Fig. 5. TG and DTA curves of the thermogravimetric analysis of the La(L1),-xH,0
complexinan N, atmosphere.
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Ax BupHO 3 puc. 5, MOBHA Aerifiparanis
xomnnekcy La(L1);xH,O BinbyBaerbca B
intepsani temneparyp 110-160 °C i cympo-
BODKYETbCS BUMAJIEHHAM TPbOX MOJIEKY/
BOAY Y IlepepaxyHKy Ha GOPMY/IbHY OAVIHMI-
1[I0 KOMIUIEKCY, 1[0 BifnoBigae Am = 7.69 %
3a TI-xpuBolO, a 3TiIHO TEOPETUYHOIO PO3-
paxyHky - 7.72 %. Ilopanbie 36imbpieHHA
temneparypu fo 302 °C npmusBognuTh 10 IO-
YaTKy TEPMOJECTPYKIIil OPra”HivHOro Jaira”gy
y ckmafai kommiekcy. Ilpy migBumieHHi tem-
nepatypu o 400 °C BinOyBaeThCs HOfaIbIIA
TEPMOOKMC/IIOBA/IbHA IECTPYKIIisA KOMIIIEKCY,
CyMapHa BTpaTa Macl BMTOPaHHA OpraHiy-
HOTO 3a/IMIIKY 3pasKa B iHTepBasi TeMmIlepa-
Typ 300-400 °C 3paska, BifIOBiIHO 10 JaHUX
TT-xpusoi, nopiBHioe 28.70%. 3a MoAanbLUIOro
HarpiBaHHs 3pasKa BijOyBa€TbCs MOCTiTOBHE
HIepeTBOPEHHs KapOOHATY JTaHTaHY, 10 YTBO-
PUBCA BHACTIIOK E€CTPYKIl /iraHpy, 3Haiu-
neHo BTpaty Macu mo Kpusiit TTA 11.5 %).
3arajibHa BTpaTa Macy AOC/i/I)KEHOrO KOMII-
nekcy 3a kpusow TT mopisHioe 47.89%, a cy-
xuil 3aymmokK — 52.11%. IIpu ysaranbHeHHi
pesynbTariB CIEKTPOCKOIIIYHUX Ta IIPOLIECiB
TePMOJIeCTPYKLii 3aranbHy (HOPMYITy KOMII-
nekcy MmoxxHa Hazjatu Ak La(L1), 3H O.

Ha JITA-xpuBiit TepMOrpaMm 4iTKO IIPOSIB-
JIAETbCA OIVIH €K30TEPMIYHMI MK i3 MaKch-
mymoM 3a 140.4 °C, mo BifnoBifae 3a BTpary
monekyn Bopu y La(L1) -xH,0. ®opma KpuBoi
OTA cBigunTh Ipo MPOTiKaHHA B iHTepBai
temneparyp Bifg 300 1o 400°C nmepeBa>kHO eH-
NOTEPMIYHMX INIPOLECIB, AKI XapaKTepHi A
T€PMOOKVC/TIOBA/IbHOI [AECTPYKIIil KOMIIIEK-
CHUX CIIONYK, IIJ0 3yMOBJIEHO BUTOPAHHAM OP-
TaHIYHOTO 3a/IMIIKY JIiTaH[Y.

O6po6nenns TT- Ta [JTA-xpuBux 3a MeTo-
nom TopoBuiyst — Merrepa [29] mo3Bonmna Bu-
3HAYMTY €HEPTi0 AKTUBALIIL Hpouecy(Ea) pisHUX
CTaflill TepPMOMECTPYKIil KOMIIEKCY JIAHTAHY.

https://ucj.org.ua

[Ipurryckaroun, 10 Lieil MpoLecC ONMCaHo KiHe-
TUYHOIO PEAKI[i€I0 MEPUIOTro MOPAAKY, eHeprid
aKTMBallii IpoLecy Jerifparanii KOOpAMHA-
1ilfiHO 3B’sA3anHuUX Monekyn Bogu La(L1),-3H,0
cknmapjae 6mmspKo 64.2 kJx/Monb. B inTeppani
temreparyp Bif 300 o 400 °C Takox criocTepi-
ra€TbCA BUAIEHHA BOAM 3 OPraHiYHMX JIiraH-
miB. IIpore npoMy mporecy nepemywoTb iHIII
XiMiYHi IIepeTBOPEHHSA, 3yMOBJIEH] pyliHyBaH-
HAM OPraHivyHOI YaCTVHY KOMIIEKCY i Ha IIpo-
TiKaHHS TaKMX IPoLieciB MOTPiOHI meo 6inb-
1Ii BUTPATy €Heprii, 1110 BijoOpaskeHo y miBu-
menHi sHageHHA E_ 1o 128 x/Ix/Morb.

Onmuuni 00Ci0HEHHS 00ePHAHUX CNOTTYK.
EneKTpoHHI crieKTpy JIiraHfiB i BifIIOBiIHUX
kominekciB La(IIl) suimanu B IM®A B giamna-
30Hi 265-500 HM 32 O[JHAKOBOI KOHI|€HTpaLlil
Jra”jy Ta BifITIOBiHOI KOMIIJIEKCHOI CIIO/TYKM
(Puc. 6).

Y cnexrpi nornmmuannAa Buxigaoi DHA-cmy-
I/ BUCOKOI iHTeHCUBHOCTI pn 245 HM (He 110-
KasaHo) i 302 HM 3yMoBJIeHi T>T* Ta n>m*me-
pexogamu rpyn -C=C i >C=0O nipaHoBoro
LMKy BifIOBifHO. ETeKTpPOHHMII CIIEKTP II0-
IJIMHAaHHA OTPYMAHOIO KOMIUIEKCY JITAHTAHY 3
JIeTiipaIie TOBOIO KVMCIOTOIO B AVMeTuIdhopMa-
MiJji IPaKTUYHO He BiJpi3HAETbCA BiJ| BifIoO-
BiJHOTO CIIEKTpa BUXIJHOTO JIiraHAY, TOAI AK
iHTeHCcHBHiCTH cMyru mpu ~300 HM 36inbIIy-
eTbcsa Maipke BTpudi (Puc. 6a). ITpn nepexoni
[0 KOHJEHCOBAHNUX IOXIJHUX JIETifpaLeTOBOl
KJCJIOTY CIIOCTEPIraeThCsA TiIICOXPOMHMIIL 3CYB
3a3HAa4Y€HOI0 MaKCMMYMY IIOI/IMHAHHA [0 20~
30 aM (~ 320-329 HM), [0 CYIPOBOKYETHCS
IIOCMJIEHHAM 110r0 iHTeHcuBHOCTI (Puc. 60).
Kpim Toro, y eneKTpoOHHUX CIIeKTpax CUHTe-
30BaHMX XaJIKOHIB Ha OCHOBI JIeriipaneToBol
KJCJIOTY 3 SIB/IIETHCS 11l OfITH MAaKCUMYM I10-
[JIMHAHHA B 00/1acTi 369-375 HM, IIO/TOKEHHS
AKOTO 3aJIOKUTh BiJl IPUPOAM 3aMICHUKIB i
TOBXVHMU ITOJTIMETTHOBOT'O JIAHITIOTA.
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Puc. 6. EnexTpoHHi cieKTpy MOIIMHAHHA Oflep>KaHMX JIiTaHMiB
ta ixHix komiutekciB La(IIl) B MDA
Fig. 6. UV-Vis absorption spectra of the ligands and corresponding complexes
with La(IIT) in DMF solution.

IIpr KOMIIZIEKCOYTBOPEHHI 3MiHIOIOTbCA
€HepreTMYHi CTaHM JIraHjiB, y pe3y/Ibrari
YOro y CIIeKTpaX KOOpPAMHALIHUX CIIONTYK
CIIOCTEPIraeMoO 3CyBM CMYT IOIVIMHAHHA IIO-
PIBHAHO 3i CIIEKTpaMM BifTIOBiZHUX HEKOOP-
IVHOBaHUX niraHfis. IIpu yTBOpeHHi xomm-
JIEKCIB JITaHTaHy IPAKTUYHO y BCIX BUIIAJKAX
BiTOYBa€TbCA YACTKOBMII II€pepO3MOAiN iH-
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TEHCMBHOCTI Ha KOPUCTb KOPOTKOXBMJIbOBMX
cMyT (1o 10 HM) MTOPIBHSHO 3 BUXIHUMMU JTi-
ra"jgamyu. MakcMyM IOITIMHAHHA OflepXKaHUX
KOMIUIEKCiB 6aTOXPOMHO 3MII[YIOTbCS Y PALY:
La(L4) >La(L3) >La(L2),. lani eneKTpoHHOI
CIIEKTPOCKOIII Ofiep)KaHMX MiraHZAiB Ta IXHIX
xomtekciB 3 La(Ill) y IM®A ysaranbHeHO B
Taom. 2.
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Tabmunsg 2
IlopiBHAHHA ONTMYHMX BIACTMBOCTEN OfeP)KAHMX JiraHAiB Ta IXHiX KOMIUIEKCiB i3
La(III) y IM®A Table 2.
Comparison of the optical properties of the obtained ligands and their complexes with
La(III) in DMFA.
3pasok A HM | g n1/MONIb CM loge 3pasok A\, HM g, J1/MOTIb*CM loge
L1 302 81140 491 La(L1), 302 247235 5.39
L2 322 137700 5.14 La(L2), 367 496341 5.67
L3 329 215000 5.33 La(L3), 361 452530 5.66
L4 320 118566 5.07 La(L4)3 366 551340 5.74

OnTuyHi JOCTIKEHHA PO34YMHIB Xa/IKOHIB
Ha OCHOBI KOHJIEHCOBAHVIX ITOXiHUX Jerifpo-
o1[TOBOI KC/IoTH Ta ixHix komrirekciB La(III)
TAaKOXX JO3BOJIMIN PO3paxyBaTy MOJIAPHI KO-
edinieHTn eKCTMHKII (€) 3a MOCTITHOI HOB-
>kuum xBui (Ta6m. 2), 1m0 BifgoBifae Makcu-
MaJIbHOMY PiBHIO IOITIMHAHHA po3unHiB. ITo-
Ka3aHo, 1110 3a Pi3HMUX KOHIIEHTpaLliil Jiranay
Ta jtoro komiuiekcy 3 La(IIl) Benuunnm € 3mi-
HIOITbCA Ha piBHI 81140-215000 1/MOmb CcM
Ta 247235-551340 51/MONb-CM BIIIOBIZHO.
PisHniig Mi>k iHTEHCUBHICTIO ITOTJIMHAHHAM
niranpy Ta fioro komitekcy 3 La(III) BigmoBi-
flae 30i/bIIEHHIO BKIaAy XpoMo(pOpHOI cuc-
TEMMI y CKIaJii JOCIiKyBaHOi cionyku. Ilpu-
pona 3aMiCHUKIB 1 JOBXXMHA IIOTIMETVIHOBOTO
JIAHLIOTA AK Y Xa/IKOHIB, TaK i KOMIUIEKCIB Ha
IXHI/l OCHOBI CYTTEBO BIIIMBAE HA MOJIAPHUI
KoeilliEHT eKCTMHINI Ofiep)KaHUX pPEYOBUH.
Buxopsaun 3 BeIMYMH MOJIAPHUX Koe(biuieH—
TiB eKCTMHIII HAaIKpallli ONTUYHI BIaCTUBOCTI
pocsaraioth A Komiutekcy La(IIl) 3 miran-
IOM, III0 MAa€ HAMAOBIINMII TIONMiMETMHOBUI
JIAHLIOT Y CK/IaZli apOMaTUYHMX 3aMiCHUKIB —
La(L4),-3H,0O (e = 551340 n/mMonb-cm).

Takum d4nMHOM, OyIO OTPUMAHO HU3KY
KOMIUIEKCIB JTaHTaHy 3 KOHJEHCOBAaHMMU

https://ucj.org.ua

HOXiTHUMM JerifpamneToBoi KUCIOTH (Xas-
koHamu). Ixus GymoBa Bigmosimae dopmyri
La(LX),-3H,0.

BJICHOBKHM. OnucaHo CMHTe3 HOBUX I10-
xigaux (E)-3-(3-(4-dropdenin)akpunoin)-4-
rigpokcn-6-meTun-2H-nipan-2-ony, omepxxa-
HIX 3a peakliero KHeBeHarens npu B3aeMopii
3 BIITIOBIZHMMM a/Ib/lerilaMy Ta IPOAYKTIB iX-
HboI B3aeMopii 3 ionamu La(III). Cunre3oBaHi
oprasivHi jiranan it kommaekcu La(III) 6yno
mocaimkeno 3a moromororww MALDI-TOE I4
ta 'H SMP-cnekrpockomii, Tepmorpapime-
TPUYHOTO aHamidy. Pesynbratu mocmimKeHb
Oflep>KaHUX KOMIUIEKCHUX CITONYK (i3mKo-xi-
MIYHMMM METOJAaMM CBiflYaTh IIPO peasisa-
Iif0 B yCiX BMIIaIkax OiJleHTaTHO-XelTaTHOTO
crocoby KOOpAMHALl JTiraHgy 4epes aToMmu
KVCHIO IipaHOBOTO LMKy Ta KapOOHITbHUX
Ipyn. 3a OONOMOTOI Mac CHeKTPOMEeTpuY-
HUX [IOCTiIPKEeHb 3pO0/IEHO BUCHOBOK IIPO
IIpUENHAHHA TPbOX JiraHfis. IIpoananisosa-
HO 3aKOHOMIPHOCTI 3MIllleHHsA CMYT IIOI/IN-
HaHHA B €JIEKTPOHHUX CIIEKTPAX OJeP>KaHUX
XaJIKOHIB, MOXiJHUX JeTipaleToBOl KICIO-
TU, Ta IXHIX KOOPAVMHOBAHNX IIOXiJHUX B fiia-
nmasoHi 265-500 uM. ITokasano, mo opepxa-
Hi KOMIUIEKCHI CIIOYKM XapaKT€pU3YHOTbCA
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BUCOKMMU ONITMYHVMM BAACTUBOCTAMU. 3HA-
YeHHsS MOJIAPHMX Koe(illieHTiB B eKCTMHK-
nii orpumanux komiutekciB La(Ill) Oymn
B niamasoni Bim 2.4-10° n-monpl-cM! go
5,5.10° m-Monp'-cM’!, MmO CBifYUTH TPO BU-
COKi ONTUYHI BIaCTUBOCTI KOMIUIEKCIB XaJI-
KOHIB Ha OCHOBIi JErifpoOLTOBOI KNUC/IOTU 3
ionamn La(IIl). TpuBaroTp mopmanbiui Mopm-
¢ikanii xaJKOHIB Ha OCHOBIi JerifpooIToBOI
KJC/IOTY 3 HU3KOIO pO3Taly>KeHMX 3aMiCHMUKIB
dbparMeHTiB 11 po3poOIEHHsT XaTKOHOBUX
KOMIIJIEKCIB i3 BUCOKMM CTYII€HEM ITOITIMHAH-
HA YO-BUNPOMiHEHHS [I/I1 BUBYEHHA IXHbO-
ro MmoTeHLiany AK (OTOHHMX MaTepiamiB Ta
OIITOEIEKTPOHHMX IIPUCTPOIB.

3a3HaveHi pocmimKeHHA ¢iHaHCcye
€sponeiicbknit Cox3 y paMKax npo-
exty H2020-MSCA-RISE-2019 3a
IPaHTOBOIO yromorw Ne 872331 (akpoHim:
NoBiasFluors), a Takox 3a MigTPUMKU rpaH-
Ty rpynu monopux suennx HAH Ykpainn Ha
2022-2023 pp. (Ne n/p 0122U002204).

Hama romoBHa BAsA4YHiCTD - 36poitHMM
Cunam Ykpainu 3a iXHI0 iTPUMKY, AKa 103-
BOJIsI€ HAM BUKOHYBATM Iie OCTi)KeHHA.

@inaHCyeTbCA
€spomnericbkuM CorosoM

I
CHEMICAL STRATEGY FOR THE SYNTHESIS
OF CHALCONES AS DEHYDROACETIC ACID

DERIVATIVES AND THEIR LANTANIUM(III)
COMPLEXES.

V. Chernii®, I. Tretyakova®, N. Fedosova®,
L. Denysenko®, Y. Dovbii*, N. Kobylinska®"

“V.1. Vernadsky Institute of General and Inor-
ganic Chemistry, National Academy of Science
of Ukraine,

32/34 Palladin Ave, 03142 Kyiv, Ukraine;

*A. V. Dumansky Institute of Colloid and Wa-
ter Chemistry, National Academy of Science of
Ukraine,

42 Akad. Vernads’koho Bulvd., 03680 Kyiv,
Ukraine

*e-mail: kobilinskaya@univ.kiev.ua

In this study, a series of condensed deri-

vatives of dehydroacetic acid with a chalcone
structure were synthesized by the Kneve-

78

nagel reaction using isopropanol as a solvent.
The yield of the reaction was 30-75%. It was
shown that the obtained compounds are ca-
pable of chelating with rare earth metals, in-
cluding La(III) ions. All the La(III) complex-
es have distorted three coordinated ligands
according to MALDI MS spectral data. The
presence of three coordinated water mole-
cules in the La(III) complexes are confirmed
by thermal study such as TG and DTA data.
It is shown that the dehydration of La(III) hy-
droxocomplexes occurs at a temperature of
120-180 °C, and a further increase in tem-
perature to 300-400 °C leads to the destruc-
tion of organic ligands with the release of CO,
and water. According to Horowitz - Metzger
method, the activation energy of the dehydra-
tion process of water molecules coordinated
to a metal ion of La(L1),-3H,0 complex was
about 64.2 kJ/mol. The optical properties have
been investigated by means of UV-Vis spec-
troscopy measurements, demonstrating that
the La(III) complexes of the ligands induces a
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optically more favourites behaviour compared
to starting ligands. It is shown that varying the
nature of the substituents and the length of the
polymethene chain in the composition of de-
hydroacetic acid-based chalcones affects their
optical properties. The molar extinction coef-
ficient(¢) values of the obtained La(III) com-
plexes were ranged from 2.4 10> L-mol'-cm™
to 5.5-10°L-mol'-cm™, suggests a strong opti-
cal properties of thedehydroacetic acid-based
chalcones complexes with La(III) ions. Further
dehydroacetic acid-based chalcone modifica-
tions with a series of antenna moieties for the
development of highly UV-Visible chalcones
complexes are in progress to study their vari-
ous optical potential.

Keywords: chalcones, dehydroacetic acid,
lanthanum(III), FTIR spectroscopy, NMR
spectroscopy, molar extinction coefficient.
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VISIBLE AND NEAR INFRARED EMISSION OF POLYMER

MATERIALS CONTAINING PORPHYRIN AND
ITS YTTERBIUM DERIVATIVE.
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A series of porphyrin containing polymer materials of various structure was developed.
Free 5-(p-aminophenyl)-10,15,20-triphenylporphyrinand its ytterbium derivative were used
to prepare materials of different structure and they were obtained by different approaches.
Thus, two polymers were used in this study - the poly(methyl methacrylate) (PMMA), poly-
styrene (PS) as well as their copolymers of different composition (the molar ratio of 0.25/0.75,
0.5/0.5 and 0.75/0.25). Also part of materials were obtained by coprecipitation of polymer(s)
with corresponding porphyrin derivative. The latter material ismore transparent, which allows
obtaining an absorption spectrum with good resolution. All materials have notable emission
characteristics - they emit in visible or near infrared (IR) range. Increasing of PMMA content
in the final material causes the increase of fluorescence quantum yield for bothcopolymers
and coprecipitated materials.It can be explained by a higher light transmission coeflicient
of PMMA compared to PS.It was found out that 4f-luminescence in ytterbium-containing
materialsdoes not depend on the type of polymer matrix and the variability of its composi-
tionin contrast to fluorescence in the visible range.Almost 100% transparency of the studied
polymers in the area of ytterbium ion radiation (980 nm)explains this phenomenon. It was
also shown that obtainedmaterialsare stablefora long period of time and they keep the perma-
nence oftheir emission parameters.This phenomenon can be explained by the extraordinary
stability of PMMA even to UV radiation and by the high stability of porphyrin molecules.
The use of a low concentration (0.1%) of lanthanide-porphyrin in the final material allows the
IR emission efficiency of the Yb(III) ion to remain at the same level as in the corresponding
methanol solution.

Keywords: polymers; lanthanides; porphyrins; fluorescence; 4f-luminescence.
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INTRODUCTION. Tetrapyrrole derivati-
ves such as porphyrins, phthalocyanines and
porpholactones are highly stable macrocyclic
compounds that play an important role in
many biochemical phenomena related to the
development of life [1-3]. Their complexes
with lanthanides have special properties, such
as paramagnetism, nonlinear optical parame-
ters and intense light emission in the visible
and near-IR ranges[4]. Many studies focuses
on their bioimaging capabilities and as sensors.
[5]. Also, recently there has been an increase
of works devoted to the sensitization of lan-
thanide ions emitting in the near-IR region of
the spectrum [6-8]. In addition, IR radiation
is an extremely effective tool for protecting
securities and banknotes from counterfeiting
[9]. The increase in the quantum yield of 4f-lu-
minescence of Yb(III)-tetrapyrrole complexes
in the IR range achieved in recent years[10]
reflects the viability of these studies and open
up opportunities for their use not only in the
medical and biological aspect, but also as ma-
terials for optoelectronics.

In the modern context, porphyrin polymers
are widely used to solve different problems in
various fields of science and technology [11-
13]. Immobilization of porphyrins on a poly-
mer provides several advantages that are not
present in free compounds. Among them, it is
worth noting cooperative interactions in po-
lymer chains, separation of active centers, the
possibility of specific binding of various sub-
strates on active centers, increasing the stabi-
lity of tetrapyrrole pigment, as well as reducing
its toxicity relative to biological environments.

These systems are promising as highly se-
lective catalysts, organic semiconductors, po-
lymer films with high electrical conductivity,
light-sensitive materials for recording holo-
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graphic images, as well as sensors for oxygen
and toxic gases [14, 15]. Currently, medicine
and pharmacology are among the promising
fields of application of porphyrin polymers. In
recent years, therehas appeared an information
about the possibility of using polymer porphy-
rin systems for the diagnosis and treatment of
various forms of cancer, disinfection of blood
and its components from pathogenic viruses,
as well as as artificial oxygen carriers [16].

One of the main classification features of
systems formed by high molecular weight
compounds and porphyrins is the method of
binding tetrapyrrole macrocycles to the carrier
polymer. According to this feature, two large
groups of polymer-bound systems are distin-
guished: physically fixed and chemically bound
porphyrins.Porphyrins, which are chemically
bound to the polymer, are of particular interest
from the point of view of stability of polymer
systems, specific properties and variety of ap-
plications [17].

EXPERIMENT AND DISCUSSION OF THE
RESULTS. Monoaminotetraphenylporphyrin
(H,atpp) was used as a starting porphyrin to
obtain a complex with Yb(III) ions, as well as a
component of polymeric materials.The synthe-
sis of the complex was carried out according to
the improved method in the medium of boil-
ing imidazole, which ensured easier isolation
and high yields of the complexes.

Scheme 1 - Structure of studied porphyrins.
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The radical polymerization method was
used to make samples in the form of films: a
solution of porphyrin or metalloporphyrin
was prepared in freshly distilled methylmeth-
acrylate with a concentration of 10° mol/l and
0.01 mol/1 of benzoyl peroxide was added. The
polymerization process was carried out for
2-3 hours at a temperature of 70-80 °C. Based
on measurements of area, density and mass,
their thickness was calculated.This technique
allowsobtaining films with a thickness from
5 to 1000 pm; films with a thickness of 10 pm
were used for spectral analysis.

Attempts to synthesize the Yb-atpp copoly-
mer failed.Complex is demetalated because of
the action of benzoyl peroxide, so IR lumines-
cence will no longer be observed in the final
material.

Spectra of molecular fluorescence, 4f-lumi-
nescence and excitation spectra were recorded
on a spectrofluorimeter “Fluorolog FL 3-22”
(“Horiba JobinYvon”) using 450 W Xe-lamp.
Spectra of 4f-luminescence of Yb(III) com-
plexes were registered in 900-1100 nm range
(transition °F, >°F ). Spectra of molecular
fluorescence of porphyrins were registered at
550-800 nm (S-S transitions). Integral in-
tensity of luminescence was measured using
software of the device. The relative quantum
yield of molecular fluorescence (¢, ) was de-
termined using solution of Zn-tpp (H,tpp -
5,10,15,20-tetraphenylporphyrin) in ethanol
as a primary standard (0.022). Determination
of the ¢, (accuracy is +10%) was made using
formula:

(DML= (PonAonxz/ (IoAxnoz) ’

where ¢ and ¢ _- luminescence quantum yield of
the standard and of the sample respectively,
A,and A_- absorption at the wavelength of Soret

https://ucj.org.ua

band of the standard and of the sample respectively,
I and I - integral luminescence intensity of the
standard and of the sample respectively,

n and n_- refractive index of the standard medi-
um and of the sample medium respectively.

Technologies for producing materials,
which can emit in a given range and given in-
tensity or capable of transforming light from
one range to another, require polymer matrices
of high strength and photostability. An impor-
tant aspect is that almost all technologies re-
quire the optical transparency of the final po-
lymer product. The absence of color is achieved
by the introduction of modifiers for some po-
lymers, but, for example, the polymethyl meth-
acrylate (PMMA )homopolymer retains optical
transparency in the visible and part of the UV
and IR ranges of light without the addition of
any components, so it is an interesting model
polymer matrix for the construction of photo-
active materials.

PMMA, polystyrene (PS) and a copoly-
mer of PS with PMMA in the molar ratio of
0.25/0.75, 0.5/0.5 and 0.75/0.25 were studied as
polymer matrices in the work for the manufac-
ture of thin films with a thickness of 10 um.

Thin-layer films for the study of porphy-
rin-sensitized 4f-luminescence in a polymer
matrix were obtained from PMMA containing
such porphyrin derivatives as: 5-(p-aminophe-
nyl)-10,15,20-triphenylporphyrin and its com-
plex with the Yb(III) ion (acetylacetonate in as
an axial ligand).

The most interesting results were obtained
on PMMA films, and the advantages of this
material can be highlighted as follows: 1. Resis-
tance to UV radiation and high transmittance:
PMMA polymer has a high light transmittance
(92%), which exceeds the indicators of other po-
lymer materials. Its resistance to UV radiation
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makes it effective for applications exposed to
solar radiation. 2. Filtration of hard ultravio-
let light: Polymethyl methacrylate does not
transmit ultraviolet light at wavelengths below
300 nm, similar to ordinary glass. 3. Infrared
light: Polymethyl methacrylate transmits in-
frared light up to 2,800 nm and blocks longer
wavelength infrared light up to 25,000 nm,
making it excellent for applications involving
near-IR radiation zones. 4. Wide application:
Compared to materials like polystyrene and
polyethylene, PMMA is widely used for out-
door applications due to its optical properties
and resistance to environmental influences.

Copolymers

The given properties of the obtained modi-
fied films are especially valuable considering
the fact that porphyrins are very stable macro-
cyclic compounds due to the 18m-aromatic sys-
tem, which is a strong argument for obtaining
materials with excellent operational charac-
teristics and shelf life. In addition, due to high
molar absorption coefficients, the required
concentration of porphyrins in the starting ma-

terial is extremely low, which ensures its avai-
lability. Note, that the nature of the matrix and
the method of preparation affect the emission
characteristics, as can be seen from the data in
the Table 1. For example, the samples of lan-
thanide-porphyrin copolymersfilms actually
do not contain Yb complexes, instead they are
only porphyrin-containing because of deme-
talation (control of UV-vis absorption spectra)
and their characteristics are almost the same as
for the corresponding materials with H atpp.

The properties of materials Hatpp-
PMMA, H,atpp-PS and copolymer materials
1 (PMMA/PS = 0.25/0.75), 2 (PMMA/PS =
0.5/0.5), 3 (PMMA/PS= 0.75/0.25) are shown
in Table 1. Note, that the final materials, which
obtained under copolymerization conditions
are not perfectly transparent, therefore, unlike
solutions, the absorption spectrum of the final
material cannot be recorded with good reso-
lution and its observable profile actually con-
sists of the two most intense bands with maxi-
ma at approximately 420 nm (Soret band) and
516 nm (fourth Q-band).

Table 1.
Photophysical parameters of copolymer materials (298 K, C=1x10"M).
Compound A, ,nm A, nm E ,cm™ @x10%
H atpp-PS 420,516 654 15290 6
1 420,514 655 15270 7
2 419,514 653 15310 7
3 419,514 653,720 15310 7
H,atpp-PMMA 419,514 653,718 15310 8
Yb-atpp-PS 420,516 - 15290 6
Yb-1 420,514 - 15270 8
Yb-2 419,514 - 15310 8
Yb-3 419,514 - 15310 10
Yb-atpp-PMMA 419,514 - 15310 11
*+10%
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For porphyrin-containing films, the ratio
of intensities of both bands of molecular flu-
orescence (MF) in the spectrum profile is pre-
served despite the variability of the composi-
tion of PS and PMMA in the copolymer. Also,
which is very important, a weak hyperchromic

shift of both MF bands is observed when the
PMMA component increases. The increase in
the quantum yield in the sequence 1<2<3 can

be explained by a higher light transmission co-
efficient for PMMA compared to PS.

Fig. 1 - Fluorescence spectrum of
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The positions of maxima at 653 and 718 nm
in the molecular fluorescence spectra of films
containing H atpp (Fig. 1) correspond to the
spectra of porphyrin solutions. Thus, the use
of porphyrin compounds with unquenched
fluorescence makes it possible to transform
the light of the near UV and blue visible region
into red light.

Doped polymers

Absorption spectra of porphyrin-contain-
ing materials H atpp-PMMA, H atpp-PS and
mixed-polymer materials 4 (PMMA/PS = 0.25/
0.75), 5 (PMMA/PS = 0.5/0.5), 6 (PMMA/PS =
0.75/0.25) and their lanthanide-porphyrin ana-
logsare shown in Table 2. In contrast to copo-
lymerization, the films obtained by coprecipi-
tation are formed transparent, which allows
obtaining an absorption spectrum with good
resolution. Its profile fits with the spectrum of

https://ucj.org.ua

5-(p-aminophenyl)-10,15,20-tri-
phenylporphyrinin a film based
on PMMA.

the DMF solution and consists of five bands
with maxima at approximately 420 nm (Soret
band), 514, 551, 593, and 648 nm (visible re-
gion Q-bands).

Similar to absorption spectra, fluorescence
spectra of porphyrin-containing materials also
have a clear spectrum with characteristic bands
at 650 and 720 nm. The higher fluorescence ef-
ficiency of the obtained samples, in compari-
son with their copolymer analogues, is due to
the quality of the film, which minimally scatters
both the photoexcitation light and the porphy-
rin fluorescence arising in the material (Table
2). The tendency of increasing the fluorescence
quantum yield as the PMMA content increases
remains similar to the materials obtained by the
first method, which, in our opinion, is also re-
lated to the degree of transparency, which is di-
rectly proportional to the quantum yield value.
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Table 2.
Photophysical parameters of doped polymer materials obtained by coprecipitation (298K,
C=1x10"M).
Xmax, nm ex10*
# )\abs, nm E ., cm -1
MF 4f MF 4f-lum
H atpp-PS 419,514,551,593,648 654,720 - 15290 9 -
4 419,514,551,593,648 655,721 - 15270 9 -
5 419,514,551,593,648 653,719 - 15310 10 -
6 419,514,551,593,648 653,720 - 15310 11 -
H,atpp-PMMA 419,514,551,593,648 653,718 - 15310 12 -
Yb-atpp-PS 426,557,593 - 980 - - 2.1
Yb-4 427,558,594 - 980 - - 2.1
Yb-5 427,558,594 - 978 - - 2.2
Yb-6 427,558,594 - 978 - - 2.1
Yb-atpp-PMMA 427,558,594 - 978 - - 2.3
* £ 10%;

It is known that in the solid state the fluo-
rescence of porphyrins is very weak compared
to solutions. This is explained by concentra-
tion quenching. It consists in the fact that
the first intense emission band of porphyrin
with a maximum at 650 nm almost perfect-
ly coincides with the last absorption band
with a maximum at approximately the same
650 nm. Due to the large value of the molar
extinction coefficient (lge>4) of the specified
absorption band, neighboring tetrapyrrole
molecules effectively absorb the emitted light,
and this chain process, combined with ener-
gy dissipation at each step, leads to extreme-
ly low quantum yield values. But in the case
of the proposed materials, the concentration
was selected in such a way that the effect of
concentration quenching was minimal with
sufficient radiation efficiency.

Porphyrin-sensitized 4f-luminescence of
the Yb(III) ion at 978 nm (transition °F, , >
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’F, ) was recorded in polymer matrices of va-
rious nature (Fig. 2).

It is observed that the quantum yield va-
luesof 4f-luminescence in ytterbium-contain-
ing materials does not depend on the type of
polymer matrix and the variability of its com-
position (Table 2). An important argument
in explaining such a phenomenon is almost
100% transparency of the studied polymers in
the area of ytterbium ion radiation (980 nm)
compared to its approximately 90% transpa-
rency for the visible range, so in contrast to the
latterthe quantum yield of NIR-luminescence
ofytterbiumshould be less sensitive to the type
of polymer. Another important factor is the
peculiarity of the IR light itself, which consists
in the almost complete absence of light scat-
tering compared to the visible and UV ranges.
That is, IR light is more stable in such materials
in contrast to visible light, and its efficiency re-
mains under any conditions that were studied.
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A, nm IR region.
Thus, it was established that the Yb(III) com- It is also important that the first samples

plex with 5-(p-aminophenyl)-10,15,20-triphe-  of the obtained films do not change their op-
nylporphyrin is a modifier of PMMA, to give tical characteristics during one year from the
it the ability to transform visible light into IR moment of their formation. Fig. 3 showsstable
light, due to the 4f-sensitizing activity of the both molecular fluorescence and 4f-lumines-
porphyrin. cence efficiency (within equipment error).
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Fig. 3 - Changes in the intensity of different types of emission of PMMA-based materials
(H,atpp-PMMA - fluorescence, grey color; Yb-atpp-PMMA - IR-luminescence,
black color) over the course of a year.
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This effect can be explained by the extraor-
dinary stability of PMMA even to UV radia-
tion and the high stability of porphyrin mole-
cules. On the other hand, lanthanide porphy-
rins are relatively labile structures and can be
easily demetalated under the action of many
components of air or liquids that may contact
with them. This applies, for example, to solu-
tions or compounds in their pure form, how-
ever, in this case, complexes that are complete-
ly surrounded by a polymer have no possibility
of interaction with the external environment.
This does not apply to molecules located on
the surface of the material, but their number
compared to others in the material is extreme-
ly small, so even the absorption spectrum does
not change in any way with the appearance of
demetalated compounds on the surface.

CONCLUSIONS. It is shown that Yb-cen-
tered IR emission in PMMA-, PS-based films
is much less susceptible to changes in the
chemical composition of the material base
than fluorescence in the visible range. It was
also demonstrated not only the preservation of
the mechanical stability of the materials over a
long period of time, but also their emission pa-
rameters. In particular, when using a low con-
centration of lanthanide-porphyrin of 0.1% in
the final material, the efficiency of the infrared
emission of the Yb(III) ion remains at the level
of the corresponding methanol solution.
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OtpumaHo cepiro nmop¢pipMHBMICHMX IO~
MEpHUX MaTepiajiB pisHOI cTpyKTypu. Ha oc-
HOBi 5-(n-aminodgenin)-10,15,20-Tpudenin-
nopoipuHy Ta jtoro irepbieBoi moxigHoI oxep-
KaHO MaTepiany pi3Hoi OyHOBM, SIKi OTPUMaHO
3a pisHux migxopis. /1A BCiX OTpMMaHUX Ma-
TepiajliB XapaKTepHa JIOMIHECLEHIIiA — BOHU
BUIIPOMIHIOIOTD Y BUAVIMOMY 260 O/MVDKHBOMY
inppauepBonomy (IY) miamasoni. 3’sacoBaHo,
o [Y-BunpomiHIOBaHHA € 3HAYHO MEHIII YyT-
JIMBYUM JI0 3MiH XIMIYHOTO CKJIa[ly IIO/IiMEPHOI
OCHOBIH, HDK (TyopeclieHIIisl y BUAMMOMY Jia-
nas3oHi. Takox Oy/10 MOKa3aHo, O OTPUMaHi
Marepianu € cTabinbHMMM Ta 36epiraloTb cBOi
eMICiJiHI ITapaMeTpyu IPOTATOM TPUBAJIOTO
qyacy. BukopucraHHA HM3bKOI KOHLE€HTpaILil
(0,1%) itep6iit-mopdipnHy B KiHIIeBOMY MaTe-
piani fo3BossAE 3amumary eeKTUBHICTD iH)-
padepBoHOro BuUIpoMiHOBaHHA ioHa YDb(III)

ISSN 2708-129X. VKp. Xim. XypH., 2024



N.N. Semenishyn, V.V. Linnyk, S.S. Smola, 0.0. Kiosse, S.N. Savin, N.V. Rusakova

UCJ Ne 2 / Vol. 90

Ha TOMY X PiBHi, 1II0 11 Y BiiTIOBIJHOMY PO3-
YJHI METAHOY.

KmrouoBi cmoBa: mosiMepu, naHTaHOIAW,
nopdipuun, gyopecuenuis, 4f-momMiHecieH-
s,
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