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äèìó òà ªâðîï³þ ï³ä ä³ºþ óëüòðàô³îëåòîâîãî ñâ³òëà ïðîÿâëÿþòü ëþì³íåñöåíòí³ âëà-
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Âñòóï

Êîîðäèíàö³éí³ ñïîëóêè ëàíòàíî¿ä³â çàâäÿ-
êè ñâî¿ì óí³êàëüíèì îïòè÷íèì âëàñòèâîñòÿì
çíàõîäÿòü çàñòîñóâàííÿ ÿê ôóíêö³îíàëüí³ ìàòå-
ð³àëè ó ð³çíîìàí³òíèõ ãàëóçÿõ åëåêòðîí³êè òà
ôîòîí³êè, çîêðåìà, íà ¿õ îñíîâ³ ñòâîðþþòü
ñâ³òëîä³îäè [1], ð³äêîêðèñòàë³÷í³ ìàòåð³àëè [2],
ñåíñîðè [3] òà á³îëþì³íåñöåíòí³ ì³òêè [4]. ²îíè
ëàíòàíî¿ä³â ó êîîðäèíàö³éíèõ ñïîëóêàõ ïðîÿâ-
ëÿþòü âèñîê³ êîîðäèíàö³éí³ ÷èñëà, à, îòæå, äëÿ
óòâîðåííÿ ñòàá³ëüíèõ êîìïëåêñ³â äèçàéí ë³ãàí-
äó ìàº ïåðåäáà÷àòè ìîæëèâ³ñòü õåëàòîóòâîðåí-
íÿ òà ïîë³äåíòàòí³ñòü. Íà ñüîãîäí³, îäåðæàíî
÷èìàëî ë³ãàíä³â, ÿê³ â³äïîâ³äàþòü äàíèì âèìî-
ãàì. Ñåðåä íèõ âàðòî âèä³ëèòè -äèêåòîíè, ÿê³
â³äîì³ òàêîæ ÿê åôåêòèâí³ ñåíñèá³ë³çàòîðè ëþ-
ì³íåñöåíö³¿ ëàíòàíî¿ä³â [5]. Íåçâàæàþ÷è íà
çíà÷í³ äîñÿãíåííÿ â ñôåð³ ïðàêòè÷íîãî âèêîðè-
ñòàííÿ -äèêåòîíàò³â ëàíòàíî¿ä³â, ïðîáëåìíèì
ïèòàííÿì çàëèøàºòüñÿ ï³äâèùåííÿ êâàíòîâèõ

âèõîä³â ëþì³íåñöåíö³¿ ñïîëóê ëàíòàíî¿ä³â, ùî
âèìàãàº ïîäàëüøèõ çóñèëü ó ðîçðîáö³ íîâèõ
-äèêåòîíàòíèõ ë³ãàíäíèõ ñèñòåì. Â³äíîñíî íî-
âèìè îá’ºêòàìè äîñë³äæåííÿ º á³ñ-õåëàòóþ÷³
-äèêåòîíè, ùî ì³ñòÿòü ó ñâî¿é ñòðóêòóð³ äâà
-äèêåòîíàòíèõ ôðàãìåíòè, çà ðàõóíîê ÷îãî âîíè
âîëîä³þòü äîäàòêîâèìè êîîðäèíàö³éíèìè ìîæ-
ëèâîñòÿìè ³ äîçâîëÿþòü îäåðæóâàòè á³ÿäåðí³
êîìïëåêñè, ÿê³ ìîæóòü ïðîÿâëÿòè âëàñòèâîñò³,
íåïðèòàìàíí³ êëàñè÷íèì ìîíîìåòàë³÷íèì ñïî-
ëóêàì [6,7]. Ãðóïîþ àâòîð³â áóëî âñòàíîâëåíî,
ùî á³ÿäåðí³ êîìïëåêñè ëàíòàíî¿ä³â íà îñíîâ³ á³ñ-
-äèêåòîí³â ïðîÿâëÿþòü âèù³ êâàíòîâ³ âèõîäè
ëþì³íåñöåíö³¿ ïîð³âíÿíî ç ¿õ ìîíîÿäåðíèìè
àíàëîãàìè [7]. Îòæå, ïîøóê îïòèìàëüíîãî ìî-
ëåêóëÿðíîãî äèçàéíó òà ñèíòåç íîâèõ á³ñ-õåëà-
òóþ÷èõ ë³ãàíä³â òà êîìïëåêñ³â íà ¿õ îñíîâ³ çàëè-
øàºòüñÿ àêòóàëüíèì íàïðÿìîì äîñë³äæåíü ó ãà-
ëóç³ êîîðäèíàö³éíî¿ õ³ì³¿ ëàíòàíî¿ä³â.

Ç óðàõóâàííÿì äîñÿãíåíü ó äîñë³äæåíí³
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-äèêåòîíàòíèõ ñïîëóê, íîâèì ïåðñïåêòèâíèì
íàïðÿìîì ó ïîøóêó ïåðñïåêòèâíèõ äëÿ ïðàê-
òè÷íîãî âèêîðèñòàííÿ ñïîëóê ëàíòàíî¿ä³â º ñèí-
òåç ³ âèâ÷åííÿ á³ÿäåðíèõ êîìïëåêñ³â ð³äê³ñíîçå-
ìåëüíèõ åëåìåíò³â (ÐÇÅ) ç P,N-çàì³ùåíèìè àíà-
ëîãàìè -äèêåòîí³â – êàðáàöèëàì³äîôîñôàòàìè
(ÊÀÔ) [8]. Îñòàíí³ ìîæíà ðîçãëÿäàòè ÿê ôîñ-
ôîðèëüîâàí³ àì³äè, ùî ì³ñòÿòü ôðàãìåíò
C(O)NHP(O), çäàòíèé õåëàòóâàòè ³îíè ìåòàë³â,
³ ÿê³ º ïåðñïåêòèâíèìè îá’ºêòàìè äëÿ ñòâîðåí-
íÿ ëþì³íåñöåíòíèõ ìàòåð³àë³â [9]. Â äàí³é ðî-
áîò³ îõàðàêòåðèçîâàí³ ñèíòåç, ñïåêòðàëüí³, â òîìó
÷èñë³ ëþì³íåñöåíòí³, äîñë³äæåííÿ á³ÿäåðíèõ
êîìïëåêñ³â ²òð³þ, Íåîäèìó òà ªâðîï³þ çàãàëü-
íîãî ñêëàäó Ln2L3Phen2 íà îñíîâ³ á³ñ-õåëàòóþ-
÷îãî êàðáàöèëàì³äîôîñôàòó – òåòðàìåòèë-
(2,2,3,3,4,4-ãåêñàôòîðî-1,5-ä³îêñîïåíòàí-1,5-
ä³èë)-á³ñ-àì³äîôîñôàòó (H2L, ðèñ. 1) ç äîäàòêî-
âèì ë³ãàíäîì 1,10-ôåíàíòðîë³íîì.
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Ðèñ. 1. Áóäîâà òåòðàìåòèë(2,2,3,3,4,4-ãåêñàôòîðî-1,5-

ä³îêñîïåíòàí-1,5-ä³èë)-á³ñ-àì³äîôîñôàòó (H2L)

Åêñïåðèìåíòàëüíà ÷àñòèíà

Òåòðàìåòèë (2,2,3,3,4,4-ãåêñàôòîðî-1,5-
ä³îêñîïåíòàí-1,5-ä³èë)-á³ñ-àì³äîôîñôàò (H2L)
[10] áóâ ñèíòåçîâàíèé çà àíàëîã³ºþ ç ðàí³øå îïè-
ñàíîþ ìåòîäèêîþ [11] òà ³äåíòèô³êîâàíèé ìå-
òîäàìè ²× òà 1H ßÌÐ ñïåêòðîñêîï³¿, à òàêîæ
âèì³ðþâàííÿì òåìïåðàòóðè ïëàâëåííÿ:
tïë=1750C; I× (KBr), ñì–1: 3095 ((NH)), 2970,
2926 ((C–H)), 1746 ((C=O)), 1478 ((CN)àì³ä–²²),
1291 (as(C–F)), 1252, 1212 ((P=O)), 1141

(s(C–F)), 1083, 1032, 877 ((Ð–N)) 848, 746, 652,
591, 541, 503; 450; 1H ßÌÐ (400 MÃö, ÄÌÑÎ-d6,
250C)  (ì.÷.): 11,38 (ä, 2H, NH), 3,74 (ä, 12H,
OCH3).

Êîîðäèíàö³éí³ ñïîëóêè îäåðæóâàëè â³äïî-
â³äíî äî íàñòóïíî¿ ñõåìè 1.

0,1 ììîëü Ln(NO3)3nH2O ðîç÷èíÿëè ó
ì³í³ìàëüí³é ê³ëüêîñò³ ìåòèëîâîãî ñïèðòó â ïðè-
ñóòíîñò³ òðèåòèëîðòîôîðì³àòó ó ê³ëüêîñò³, åêâ³-
ìîëÿðí³é äî ê³ëüêîñò³ êðèñòàë³çàö³éíî¿ âîäè ñîë³
ÐÇÅ. Îäåðæàíèé ðîç÷èí êèï’ÿòèëè âïðîäîâæ
õâèëèíè, ïîò³ì îõîëîäæóâàëè äî ê³ìíàòíî¿ òåì-
ïåðàòóðè, ï³ñëÿ ÷îãî äîäàâàëè ðîç÷èí 0,15 ììîëü
H2L ó ìåòàíîë³ òà 0,30 ììîëü òðèåòèëàì³íó. Äàë³
äî îäåðæàíîãî ðîç÷èíó äîäàâàëè ðîç÷èí
0,1 ììîëü 1,10-ôåíàíòðîë³íó ó ìåòàíîë³. Ïðè
öüîìó âèïàäàâ äðàãëèñòèé îñàä, çàáàðâëåííÿ
ÿêîãî â³äïîâ³äàëî àêâà³îíó âçÿòîãî ÐÇÅ. Ðîç÷èí
êèï’ÿòèëè âïðîäîâæ 5 õâ, â ðåçóëüòàò³ ÷îãî îñàä
ïåðåõîäèâ ó îë³ºïîä³áíèé ñòàí. Ðîç÷èí â³ää³ëÿ-
ëè äåêàíòàö³ºþ. Äî îë³ºïîä³áíîãî ïðîäóêòó äî-
äàâàëè ³çîïðîï³ëîâèé ñïèðò, ï³ä øàðîì ÿêîãî
ïðîäóêò ïîñòóïîâî, ïðè ïåðåì³øóâàíí³, ïåðå-
òâîðþâàâñÿ íà ïîðîøîê. Îäåðæàíèé îñàä ö³ëüî-
âî¿ ñïîëóêè â³äô³ëüòðîâóâàëè, ðåòåëüíî ïðîìè-
âàëè ³çîïðîïàíîëîì ³ âèñóøóâàëè íà ïîâ³òð³.
Âèõ³ä êîîðäèíàö³éíèõ ñïîëóê ñêëàäàâ ~75%.
Îäåðæàí³ êîìïëåêñè çàáàðâëåí³ ó õàðàêòåðí³ äëÿ
â³äïîâ³äíèõ ã³äðàòîâàíèõ ³îí³â ÐÇÅ êîëüîðè,
ïðàêòè÷íî íå ðîç÷èíÿþòüñÿ ó á³ëüøîñò³ îðãàí³-
÷íèõ ðîç÷èííèê³â, äîáðå ðîç÷èíí³ â äèìåòèë-
ôîðìàì³ä³ òà äèìåòèëñóëüôîêñèä³. Çã³äíî ç ðå-
çóëüòàò³â òðèëîíîìåòðè÷íîãî òèòðóâàííÿ, â³äñîò-
êîâèé âì³ñò ëàíòàíî¿äó ó êîìïëåêñàõ çá³ãàºòüñÿ
ç òåîðåòè÷íèìè ðîçðàõóíêàìè: Nd2L3Phen2 – ðîç-
ðàõîâàíî (çíàéäåíî): 14,4 (14,6)%; Eu2L3Phen2 –
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ðîçðàõîâàíî (çíàéäåíî): 15,0 (15,4)%; Y2L3Phen2

– ðîçðàõîâàíî (çíàéäåíî): 9,4 (9,7)%.
²× ñïåêòðè ñèíòåçîâàíèõ ñïîëóê çàïèñóâà-

ëè â ä³àïàçîí³ 4000–400 ñì–1 íà Ôóð’º ñïåêòðî-
ôîòîìåòð³ FT-IR Spectrum BX Perkin Elmer (çðàç-
êè ó âèãëÿä³ òàáëåòîê ç KBr). 1H òà 31Ð ßÌÐ ñïåê-
òðè äëÿ ðîç÷èí³â îäåðæàíèõ ñïîëóê â äåéòåðî-
âàíîìó äèìåòèëñóëüôîêñèä³ çàïèñóâàëè íà
AVANCE 400 Bruker NMR ñïåêòðîìåòð³ ïðè
ê³ìíàòí³é òåìïåðàòóð³. Åëåêòðîíí³ ñïåêòðè äè-
ôóçíîãî â³äáèòòÿ êîìïëåêñó íåîäèìó äëÿ òâåð-
äîãî çðàçêà ðåºñòðóâàëè íà ïðèëàä³ SPECORD
Ì-40. Ñïåêòðè ëþì³íåñöåíö³¿ òà çáóäæåííÿ
ëþì³íåñöåíö³¿ äëÿ òâåðäèõ çðàçê³â êîìïëåêñ³â
Íåîäèìó òà ªâðîï³þ ðåºñòðóâàëè íà ñïåêòðî-
ôëóîðèìåòð³ «Fluorolog FL 3-22» (Horiba Jobin
Yvon) ïðè ê³ìíàòí³é òåìïåðàòóð³. Äîñë³äæåííÿ
òåðì³÷íî¿ ñò³éêîñò³ çä³éñíþâàëè ç âèêîðèñòàí-
íÿì ñèíõðîííîãî ÒÃ/ÄÒÀ àíàë³çàòîðà Shimadzu
DTG-60H. Çðàçêè íàãð³âàëè äî 6000Ñ â àëþì³-
í³ºâîìó òèãë³ â àòìîñôåð³ ïîâ³òðÿ ç³ øâèäê³ñòþ
íàãð³âó 50Ñ/õâ.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Ñïåêòðàëüí³ äîñë³äæåííÿ ñèíòåçîâàíèõ ñïî-
ëóê

1H ßÌÐ ñïåêòð ñïîëóêè H2L ì³ñòèòü ñèã-
íàëè ïðîòîí³â åñòåðíèõ ìåòèëüíèõ ãðóï òà àì³ä-
íèõ ïðîòîí³â (òàáë. 1). Ó ñïåêòð³ êîîðäèíàö³é-
íî¿ ñïîëóêè Y2L3Phen2 (òàáë. 1) ñèãíàë, ùî â³äïî-
â³äàº OCH3-ãðóïàì ë³ãàíäó çàçíàº çñóâó ó ñèëü-
íå ïîëå ïîð³âíÿíî ç òàêèì ó ñïåêòð³ H2L, ùî
ïîÿñíþºòüñÿ ïåðåðîçïîä³ëîì åëåêòðîííî¿ ãóñ-
òèíè ó ìîëåêóë³ ë³ãàíäó âíàñë³äîê äåïðîòîíó-
âàííÿ, êîîðäèíàö³¿ òà âèíèêíåííÿ -ñïðÿæåí-
íÿ ó õåëàòíîìó ìåòàëîöèêë³. Ðîçøèðåííÿ ñèã-
íàë³â OCH3–ïðîòîí³â òà ¿õ çñóâè ó ñëàáêå, äëÿ
êîìïëåêñó Íåîäèìó, òà ñèëüíå, äëÿ êîìïëåêñó
ªâðîï³þ, ïîëå îáóìîâëåí³ ïàðàìàãí³òíîþ ïðè-
ðîäîþ çàçíà÷åíèõ ëàíòàíî¿ä³â. Ñèãíàë àì³äíèõ
ïðîòîí³â ó ñïåêòðàõ êîìïëåêñíèõ ñïîëóê ²òð³þ,
Íåîäèìó òà ªâðîï³þ – íå ðåºñòðóºòüñÿ, ùî
ñâ³ä÷èòü ïðî êîîðäèíàö³þ ë³ãàíäó äî öåíòðàëü-
íîãî àòîìà ó äåïðîòîíîâàí³é ôîðì³. Ñï³ââ³äíî-
øåííÿ ³íòåãðàëüíèõ ³íòåíñèâíîñòåé ñèãíàë³â
ïðîòîí³â Phen òà ë³ãàíä³â L2– äîâîäÿòü, ùî ìîëü-
íå ñï³ââ³äíîøåííÿ ìîëåêóë 1,10-ôåíàíòðîë³íó

òà ë³ãàíäó L2– äîð³âíþº 2:3. 31Ð ßÌÐ ñïåêòð êîì-
ïëåêñó ²òð³þ õàðàêòåðèçóºòüñÿ ïðèñóòí³ñòþ ºäè-
íîãî ñèãíàëó ïðè 10,03 ì.÷., ùî âêàçóº íà åêâ³-
âàëåíòí³ñòü àòîì³â ôîñôîðó ÊÀÔ ë³ãàíäó ó ñêëàä³
êîìïëåêñó, à òàêîæ ï³äòâåðäæóº ³íäèâ³äóàëüí³ñòü
îäåðæàíî¿ ñïîëóêè.

Ó òàáë. 2 íàâåäåí³ çíà÷åííÿ õàðàêòåðèñòè-
÷íèõ ÷àñòîò êîëèâàíü â ²× ñïåêòðàõ H2L òà ñèí-
òåçîâàíèõ êîìïëåêñ³â. Â³äíåñåííÿ ñìóã ïîãëè-
íàííÿ â ²× ñïåêòðàõ ñèíòåçîâàíèõ ñïîëóê âèêî-
íóâàëè ç âèêîðèñòàííÿì êîíöåïö³¿ ãðóïîâèõ
êîëèâàíü [12]. ßê ²×-ñïåêòðàëüíèé êðèòåð³é
êîîðäèíàö³¿ êàðáàöèëàì³äîôîñôàò³â âèêîðèñòî-
âóâàëè çñóâ ñìóã ïîãëèíàííÿ âàëåíòíèõ êîëè-
âàíü (Ñ=Î) òà (Ð=Î) [12]. Íà îñíîâ³ íèçüêî-
÷àñòîòíèõ çñóâ³â ñìóã ïîãëèíàííÿ (C=O) òà
(P=O) â ²× ñïåêòðàõ êîìïëåêñíèõ ñïîëóê, ïî-
ð³âíÿíî ç³ ñïåêòðîì H2L – íà ~135 òà ~50 ñì–1,
â³äïîâ³äíî (ðèñ. 2, òàáë. 2), ìîæíà çðîáèòè âèñ-
íîâîê ïðî á³äåíòàòíèé ñïîñ³á êîîðäèíàö³¿ ÊÀÔ
ë³ãàíäó. Â³äñóòí³ñòü ñìóãè ïîãëèíàííÿ (N–H)
ó ²× ñïåêòðàõ êîìïëåêñ³â ï³äòâåðäæóº êîîðäè-
íàö³þ ÊÀÔ ë³ãàíäó äî öåíòðàëüíîãî àòîìó ó äåï-
ðîòîíîâàí³é ôîðì³ òà óçãîäæóºòüñÿ ç äàíèìè
ÏÌÐ ñïåêòðîñêîï³¿. Íèçüêî÷àñòîòíèé çñóâ ñìóã
ïîãëèíàííÿ êîëèâàíü (Ñ=Î) òà (Ð=Î) òà âè-
ñîêî÷àñòîòíèé çñóâ ñìóãè ïîãëèíàííÿ êîëèâàíü
(P–N) â ²× ñïåêòðàõ êîìïëåêñ³â, ïîð³âíÿíî ç³
ñïåêòðîì H2L ïîÿñíþºòüñÿ âèíèêíåííÿì
-ñïðÿæåííÿ ó õåëàòóþ÷îìó âóçë³ ë³ãàíäó ïðè
éîãî äåïðîòîíóâàíí³, òà, ÿê íàñë³äîê, çì³íîþ ïî-
ðÿäê³â çâ’ÿçê³â CO, PO òà PN. Ïðèñóòí³ñòü
1,10-ôåíàíòðîë³íó ó ñêëàä³ êîìïëåêñ³â ìîæíà
äîâåñòè ìåòîäîì ²× ñïåêòðîñêîï³¿ çà ê³ëüêîìà
ñìóãàìè ïîãëèíàííÿ, ÿê³ íå ïåðåêðèâàþòüñÿ ç³
ñìóãàìè ïîãëèíàííÿ ÊÀÔ ë³ãàíäó: 1520, 1430,
1350, 846 òà 733 ñì–1.

Äëÿ âèçíà÷åííÿ áóäîâè êîìïëåêñ³â ëàíòà-
íî¿ä³â, çîêðåìà ãåîìåòð³¿ êîîðäèíàö³éíîãî îòî-
÷åííÿ çàáàðâëåíèõ ³îí³â ëàíòàíî¿ä³â, óñï³øíî
âèêîðèñòîâóþòü ìåòîä åëåêòðîííî¿ ñïåêòðî-
ñêîï³¿ ó âèäèìîìó ä³àïàçîí³ [13]. Äëÿ ñèíòåçî-
âàíîãî êîìïëåêñó Íåîäèìó áóëè çàïèñàí³ åëåê-
òðîíí³ ñïåêòðè äèôóçíîãî â³äáèòòÿ â ³íòåðâàëàõ
ïåðåõîä³â 4I9/2

2P1/2 òà 
4I9/2

4G5/2, 
2G7/2 (ðèñ. 3).

Ñèíãëåòíà ñìóãà ç ìàêñèìóìîì ïðè 430,0 íì â

Сполука 1H, , м.ч. 

H2L 11,38 (д, 2H, NH), 3,74 (д, 12H, OCH3) 

Y2L3Phen2 L2–: 3,57 (д, 36Н, OCH3); Phen: 9,19 (у.с., 4Н); 8,55 (у.с., 4Н); 8,03 (у.с., 4Н); 7,83 (у.с., 4Н) 

Eu2L3Phen2 L2–: 2,90 (у.с., 36Н, OCH3); Phen: 9,09 (у.с., 4Н); 8,53 (у.с., 4Н); 7,99 (у.с., 4Н); 7,73 (у.с., 4Н) 

Nd2L3Phen2 L2–: 4,12 (у.с., 36Н, OCH3); Phen: 9,08 (у.с., 4Н); 8,46 (у.с., 4Н); 7,96 (у.с., 4Н); 7,76 (у.с., 4Н) 

 

Òàáëèöÿ 1

Çíà÷åííÿ õ³ì³÷íèõ çñóâ³â ó 1H ßÌÐ ñïåêòðàõ H2L òà ñèíòåçîâàíèõ íà éîãî îñíîâ³ êîîðäèíàö³éíèõ ñïîëóê
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ä³àïàçîí³ ïåðåõîäó 4I9/2
2P1/2 âêàçóº íà íàÿâí³ñòü

îäíîãî òèïó îïòè÷íèõ öåíòð³â ó ñêëàä³ êîìï-
ëåêñó ³, òàêèì ÷èíîì, òàêîæ ï³äòâåðäæóº ³íäè-
â³äóàëüí³ñòü îäåðæàíî¿ ñïîëóêè. Â ³íòåðâàë³ ïå-
ðåõîä³â 4I9/2

4G5/2, 
2G7/2 ïîëîæåííÿ ñìóã ³

ñï³ââ³äíîøåííÿ ¿õ ³íòåíñèâíîñò³ ïîä³áí³ äî òà-
êèõ ó ñïåêòðàõ êîìïëåêñ³â Íåîäèìó ç êîîðäè-
íàö³éíèì ÷èñëîì 8 [14,15], ùî â³äïîâ³äàº âñòà-
íîâëåíîìó ñêëàäó êîìïëåêñ³â Nd2L3Phen2,
ñâ³ä÷èòü ïðî òèïîâó á³äåíòàòíó êîîðäèíàö³þ
1,10-ôåíàíòðîë³íó äî öåíòðàëüíîãî ³îíó ó äîñ-
ë³äæåíèõ êîîðäèíàö³éíèõ ñïîëóêàõ òà óçãîäæóºòü-
ñÿ ç âèñíîâêîì ïðî á³äåíòàòíó êîîðäèíàö³þ
ÊÀÔ ë³ãàíä³â, çðîáëåíèì íà îñíîâ³ ²× ñïåêòð³â,

³ äîçâîëÿº çàïðîïîíóâàòè áóäîâó êîìïëåêñ³â,
íàâåäåíó íà ñõåì³ 1.

²îíè NdIII òà EuIII â³äîì³ ñâî¿ìè ëþì³íåñ-
öåíòíèìè âëàñòèâîñòÿìè, àëå ³íòåíñèâí³ñòü
ëþì³íåñöåíö³¿ ëàíòàíî¿ä³â ïðè ïðÿìîìó ¿¿ çáó-
äæåíí³ îáìåæåíà íèçüêîþ ïîãëèíàþ÷îþ çäàòí³-
ñòþ f–f ïåðåõîä³â. Ó êîîðäèíàö³éíèõ ñïîëóêàõ
ëþì³íåñöåíö³ÿ ëàíòàíî¿ä³â ìîæå áóòè ïîñèëåíà
øëÿõîì ï³äáîðó â³äïîâ³äíîãî êîîðäèíàö³éíîãî
îòî÷åííÿ: îðãàí³÷í³ ë³ãàíäè çäàòí³ ñåíñèá³ë³çó-
âàòè åì³ñ³þ ëàíòàíî¿ä³â øëÿõîì ïåðåäà÷³ íà ìå-
òàë ïîãëèíóòî¿ íèìè åíåðã³¿, à òàêîæ ÷àñòêîâî
çí³ìàòè çàáîðîíó ïî ïàðíîñò³ íà ïåðåõîäè âñå-
ðåäèí³ f-îáîëîíêè.

Òàáëèöÿ 2

Ïîëîæåííÿ ñìóã äåÿêèõ õàðàêòåðèñòè÷íèõ êîëèâàíü (ñì–1) â ²× ñïåêòðàõ ñèíòåçîâàíèõ ñïîëóê

Ðèñ. 2. ²× ñïåêòðè ñïîëóê H2L òà Eu2L3Phen2

Сполука/ Віднесення 

смуги поглинання 
(N–H) (С=О) (Амід-ІІ) (P=O) (P–N) 

H2L 3095 1746 1478 1212 877 

Nd2L3Phen2 – 1608 1403 1160 962 

Eu2L3Phen2 – 1607 1406 1163 962 

Y2L3Phen2 – 1613 1406 1165 964 

 

Ðèñ. 3. Ñïåêòð äèôóçíîãî â³äáèòòÿ êîìïëåêñó Nd2L3Phen2 â ä³àïàçîíàõ ïåðåõîä³â 4I9/2
2P1/2 òà 

4I9/2
4G5/2, 

2G7/2
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Ïðè ôîòîçáóäæåíí³ îäåðæàíîãî êîìïëåê-
ñó Íåîäèìó ñâ³òëîì ç äîâæèíîþ õâèë³ 330 íì,
ñïîñòåð³ãàºòüñÿ õàðàêòåðíà äëÿ ³îíà Íåîäèìó
4f-ëþì³íåñöåíö³ÿ â ³íôðà÷åðâîíîìó ä³àïàçîí³
äîâæèí õâèëü (ðèñ. 4). Çàðåºñòðîâàí³ ó ñïåêòð³
ëþì³íåñöåíö³¿ êîìïëåêñó âóçüê³ ñìóãè áóëè
â³äíåñåí³ äî ïåðåõîä³â 4F3/2

4I9/2, 
4F3/2

4I11/2 òà
4F3/2

4I13/2. Ó ñïåêòð³ çáóäæåííÿ ëþì³íåñöåíö³¿
êîìïëåêñó Íåîäèìó äîì³íóº øèðîêà ñìóãà â ä³-
àïàçîí³ ïîãëèíàííÿ ë³ãàíä³â 270–400 íì, ùî âêà-
çóº íà ñåíñèá³ë³çàö³þ 4f-ëþì³íåñöåíö³¿ ³îíà Íåî-
äèìó îðãàí³÷íèìè ë³ãàíäàìè.

Ñïåêòðè ëþì³íåñöåíö³¿ òà çáóäæåííÿ ëþ-
ì³íåñöåíö³¿ êîìïëåêñó ªâðîï³þ íàâåäåíî íà
ðèñ. 5. Ïðè ôîòîçáóäæåíí³ ñâ³òëîì â ä³àïàçîí³
ïîãëèíàííÿ îðãàí³÷íèõ ë³ãàíä³â êîìïëåêñ äåìîí-
ñòðóº õàðàêòåðíó äëÿ ªâðîï³þ ëþì³íåñöåíö³þ ç
âóçüêèìè ñìóãàìè, ùî â³äïîâ³äàþòü ïåðåõîäàì
5D0

7FJ (J=0–4). Ïðè öüîìó â ñïåêòð³ ëþì³íåñ-
öåíö³¿ â³äñóòíÿ ôëóîðåñöåíö³ÿ ë³ãàíäó, ùî
ñâ³ä÷èòü ïðî åôåêòèâíå ïåðåíåñåííÿ åíåðã³¿
çáóäæåííÿ ç ë³ãàíäó íà ìåòàë.

Ñìóãà ïåðåõîäó 5D0
7F0 º ñèìåòðè÷íèì

ñèíãëåòîì, ùî ï³äòâåðäæóº òîòîæí³ñòü àòîì³â
ªâðîï³þ ó êîìïëåêñ³ ³ ñëóãóº äîäàòêîâèì êðè-
òåð³ºì ÷èñòîòè îäåðæàíîãî êîìïëåêñó. Âèñîêà
³íòåíñèâí³ñòü ë³í³é, çóìîâëåíèõ åëåêòðîäèïîëü-
íèì ïåðåõîäîì 5D0

7F2, ïîð³âíÿíî ç ³íòåíñèâ-
í³ñòþ ìàãí³òíî-äèïîëüíîãî ïåðåõîäó 5D0

7F1,
âêàçóº íà ïîð³âíÿíî íèçüêó ñèìåòð³þ îòî÷åííÿ
ºâðîï³þ(III) ó îäåðæàíîìó êîìïëåêñ³. Ñï³ââ³äíî-
øåííÿ ³íòåíñèâíîñòåé ñìóã ïåðåõîä³â
5D0

7F2/
5D0

7F1 (÷åðâîíî/îðàíæåâå ñï³ââ³äíî-
øåííÿ) ñòàíîâèòü 6,5, ùî º äåùî âèùèì ïî-
ð³âíÿíî ç â³äîìèìè ìîíîÿäåðíèìè ãåòåðîë³ãàí-
äíèìè êîìïëåêñàìè íà îñíîâ³ êàðáàöèëàì³äî-
ôîñôàò³â, ó ÿêèõ ³îí ªâðîï³þ º âîñüìèêîîðäè-
íîâàíèì [15].

Òåðìîãðàâ³ìåòðè÷í³ äîñë³äæåííÿ êîìïëåêñó
ªâðîï³þ

Äëÿ îö³íþâàííÿ ïåðñïåêòèâ ïðàêòè÷íîãî
çàñòîñóâàííÿ ëþì³íåñöåíòíèõ ñïîëóê, îäíèì ç
âàæëèâèõ ïîêàçíèê³â º ¿õ òåðì³÷íà ñò³éê³ñòü. Äå-
ðèâàòîãðàìà êîìïëåêñó ªâðîï³þ (ðèñ. 6) âêàçóº
íà éîãî ñò³éê³ñòü äî òåìïåðàòóðè áëèçüêî 2000Ñ.
Â³äñóòí³ñòü âòðàòè ìàñè ïðè íàãð³âàíí³ çðàçêà

Ðèñ. 4. Ñïåêòð çáóäæåííÿ ëþì³íåñöåíö³¿ (1) òà ëþì³íåñöåíö³¿ (2) êîìïëåêñó Nd2L3Phen2

Ðèñ. 5. Ñïåêòð çáóäæåííÿ ëþì³íåñöåíö³¿ (1) òà ëþì³íåñöåíö³¿ (2) êîìïëåêñó Eu2L3Phen2
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äî 2000Ñ âêàçóº íà â³äñóòí³ñòü ó ñêëàä³ êîìïëåê-
ñó ñîðáîâàíèõ àáî êîîðäèíîâàíèõ ðîç÷èííèê³â,
ùî óçãîäæóºòüñÿ ç äàíèìè òðèëîíîìåòðè÷íîãî
òèòðóâàííÿ òà ñïåêòðàëüíèõ äîñë³äæåíü. Åêçî-
òåðì³÷íèé åôåêò ïðè 2230Ñ, ùî ñïîñòåð³ãàºòüñÿ
íà êðèâ³é DTA â³äïîâ³äàº ïðîöåñó ðîçêëàäó êîì-
ïëåêñó. Çàãàëüíà âòðàòà ìàñè çðàçêó ïðè éîãî
íàãð³âàíí³ äî 6000Ñ ñòàíîâèòü 45%. ²× ñïåêòð
çàëèøêó êîìïëåêñó ï³ñëÿ ïðîâåäåííÿ òåðìîãðà-
â³ìåòðè÷íîãî àíàë³çó âêàçóº íà ïðåâàëþâàííÿ ó
çàëèøêó ìåòàôîñôàòó ºâðîï³þ òà íà íåïîâíèé
ðîçêëàä ÊÀÔ ë³ãàíä³â, ùî î÷åâèäíî ïîâ’ÿçàíî ç
íèçüêîþ òåïëîïðîâ³äí³ñòþ ïðîäóêò³â òåðì³÷íî-
ãî ðîçêëàäó çðàçêà. Ïðè ãðàíè÷í³é òåìïåðàòóð³
åêñïåðèìåíòó êðèâà TGA ïðîäîâæóº ñïàäàòè.

Ðèñ. 6. Ðåçóëüòàòè òåðìîãðàâ³ìåòðè÷íèõ äîñë³äæåíü

êîìïëåêñó Eu2L3Phen2

Âèñíîâêè

Âïåðøå á³ñ-õåëàòóþ÷èé êàðáàöèëàì³äîôîñ-
ôàò – òåòðàìåòèë(2,2,3,3,4,4-ãåêñàôòîðî-1,5-
ä³îêñîïåíòàí-1,5-ä³èë)-á³ñ-àì³äîôîñôàò – àïðî-
áîâàíî ÿê ë³ãàíä ³ ðîçðîáëåíî ìåòîäèêó ñèíòåçó
êîîðäèíàö³éíèõ ñïîëóê ÐÇÅ íà éîãî îñíîâ³ çà-
ãàëüíîãî ñêëàäó Ln2L3Phen2 (Ln3+=Nd3+, Eu3+

òà Y3+, Phen=1,10-ôåíàíòðîë³í). Êîìïëåêñè îõà-
ðàêòåðèçîâàíî ìåòîäàìè ßÌÐ, ²×, åëåêòðîííî¿,
â òîìó ÷èñë³ ëþì³íåñöåíòíî¿, ñïåêòðîñêîï³¿ òà
òåðìîãðàâ³ìåòðè÷íîãî àíàë³çó. Äëÿ îäåðæàíèõ
êîìïëåêñ³â âñòàíîâëåíî, ùî ÊÀÔ ë³ãàíä êîîð-
äèíîâàíèé äî ìåòàëó ó äåïðîòîíîâàí³é ôîðì³
÷åðåç àòîìè Îêñèãåíó êàðáîí³ëüíî¿ òà ôîñôî-
ðèëüíî¿ ãðóï, à öåíòðàëüí³ àòîìè º âîñüìèêîîð-
äèíîâàíèìè. Âèñîêà òåðì³÷íà ñò³éê³ñòü òà ³íòåí-
ñèâíà ëþì³íåñöåíö³ÿ îäåðæàíèõ êîìïëåêñ³â äàº
ï³äñòàâè ðîçãëÿäàòè îäåðæàí³ ñïîëóêè ÿê ïåðñ-
ïåêòèâí³ äëÿ ñòâîðåííÿ ëþì³íåñöåíòíèõ ìàòåð³-
àë³â.
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SYNTHESIS AND INVESTIGATION OF BINUCLEAR
RARE EARTH COMPLEXES BASED ON BIS-CHELATING
CARBACYLAMIDOPHOSPHATE

O.Y. Horniichuk a, N.S. Kariaka a, *, V.O. Trush a, S.S. Smola b,
T.Y. Sliva a, N.V. Rusakova b, V.M. Amirkhanov a

a Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
b A.V. Bogatsky Physico-Chemical Institute of the National
Academy of Sciences of Ukraine, Odessa, Ukraine

* e-mail: natalia_kariaka@i.ua

The binuclear rare earth coordination compounds based on
bis-chelating carbacylamidophosphate (CAPh) – tetramethyl-
(2,2,3,3,4,4-hexafluoro-1,5-dioksopentan-1,5-diyl)-bis-
amidophosphate (H2L) were synthesized for the first time. A synthesis
procedure for obtaining coordination compounds of general formula
Ln2L3Phen2 (where Ln3+=Nd3+, Eu3+, Y3+, and Phen=1,10-
phenanthroline) was developed. Based on the data of NMR, IR and
electronic spectroscopies, the composition of the synthesized compounds
was determined. It was established that CAPh ligand is coordinated
to metal ions in deprotonated form (L2–) via oxygen atoms of carbonyl
and phosphoryl groups. Thermogravimetric study of the europium
complex showed its thermal stability up to about 2000C. It was stated
that upon UV irradiation the obtained neodymium and europium
complexes exhibit luminescence in IR and visible regions, respectively.
Luminescence excitation spectra of the complexes specifies to effective
sensitization of lanthanide luminescence by organic ligands. The
ratio between the intensities of the bands of the f–f transitions in the
luminescence spectrum of the obtained europium complex points to
low symmetry of central ions in coordination environment.

Keywords: carbacylamidophosphate; rare earth elements;
coordination compound; photoluminescence; sensitization.
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