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Â äàí³é ðîáîò³ ñèíòåçîâàíî òà äîñë³äæåíî ó ðîç÷èíàõ ³ òâåðäîìó ñòàí³ íîâ³ ìîíîìå-

òàëüí³, çì³øàíîë³ãàíäí³ òà ïîë³ìåðí³ êîìïëåêñè Sm(²²²) ç íåíàñè÷åíèìè -äèêåòî-

íàìè (2-ìåòèë-5-ôåí³ë-ïåíòåí-1-ä³îí-3,5 òà 2,6-äèìåòèë-ãåïòåí-1-ä³îí-3,5) òà

ôåíàòðîë³íîì, âèçíà÷åíî ¿õ áóäîâó òà ñïåêòðàëüíî-ëþì³íåñöåíòí³ õàðàêòåðèñòèêè.

Ïîêàçàíî, ùî â êîìïëåêñàõ -äèêåòîíàòí³ ë³ãàíäè êîîðäèíîâàí³ äî ³îíó ëàíòàí³äà

á³äåíòàòíî-öèêë³÷íî ³ ïðè ïîë³ìåðèçàö³¿ êîîðäèíàö³éíå îòî÷åííÿ êàò³îíó çàëè-

øàºòüñÿ íåçì³ííèì, àëå ñïîñòåð³ãàºòüñÿ ï³äâèùåííÿ ñèìåòð³¿ ïîë³åäðó Âñòàíîâëå-

íî, ùî ìåòàëîêîìïëåêñè òà ïîë³ìåðè ïðîÿâëÿþòü åôåêòèâíó 4f-ëþì³íåñöåíö³þ ó

âèäèì³é îáëàñò³ ñïåêòðó, ïðè÷îìó äëÿ çì³øàíîë³ãàíäíèõ êîìïëåêñ³â ³íòåíñèâíîñòü

ëþì³íåñöåíö³¿ âèùà, à ëþì³íåñöåíòí³ õàðàêòåðèñòèêè êîìïëåêñ³â Sm(dmhpd)3 íèæ÷³,

í³æ äëÿ Sm(mphpd)3, àëå áëèçüê³ ð³çíèö³ åíåðã³é ì³æ òðèïëåòíèìè ð³âíÿìè ë³ãàíä³â

³ ðåçîíàíñíèì ð³âíåì ëàíòàí³äó îáóìîâëþþòü îäíàêîâå âíóòð³øíüîìîëåêóëÿðíå

ïåðåíåñåííÿ åíåðã³¿ â³ä -äèêåòîíàòíîãî ôðàãìåíòó äî ³îíó ñàìàð³þ. Çä³éñíåíî

ïîð³âíÿííÿ ñïåêòðîôîòîìåòðè÷íèõ ³ ëþì³íåñöåíòíèõ õàðàêòåðèñòèê ìåòàëîêîì-

ïëåêñ³â ³ ïîë³ìåð³â íà ¿õ îñíîâ³ ³ äîâåäåíî, ùî îñíîâí³ ïîêàçíèêè 4f-ëþì³íåñöåíö³¿

(³íòåãðàëüíà ³íòåíñèâí³ñòü, êâàíòîâèé âèõ³ä) ó ìåòàëîïîë³ìåðàõ çíà÷íî çá³ëüøó-

þòüñÿ ïîð³âíÿíî ç ìîíîìåðíèìè àíàëîãàìè.
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ëþì³íåñöåíö³ÿ.
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Âñòóï
Êîîðäèíàö³éí³ ñïîëóêè ëàíòàí³ä³â (Ln) ç

îðãàí³÷íèìè ë³ãàíäàìè ð³çíî¿ ïðèðîäè ìàþòü
óí³êàëüí³ ëþì³íåñöåíòí³ âëàñòèâîñò³, çàâäÿêè
÷îìó ³íòåíñèâíî âèêîðèñòîâóþòüñÿ ïðè ñòâî-
ðåíí³ ôóíêö³îíàëüíèõ ìàòåð³àë³â, â òîìó ÷èñë³
äëÿ ñòâîðåííÿ îïòè÷íèõ ñâ³òëîä³îä³â, íîâèõ äæå-
ðåë ñâ³òëà, á³îìåðêåð³â, òîùî [1,2]. Çíà÷íà óâàãà
ïðè öüîìó ïðèä³ëÿºòüñÿ âèâ÷åííþ ñïåêòðàëü-
íî-ëþì³íåñöåíòíèõ âëàñòèâîñòåé ³îí³â Ln, âè-
ïðîì³íþþ÷èõ ó âèäèì³é îáëàñò³ ñïåêòðà (Sm(III),
Eu(III), Tb(III)), êîìïëåêñè ÿêèõ º îäíèìè ç
íàéá³ëüø åôåêòèâíèõ ïðåêóðñîð³â äëÿ åëåêòðî-
ëþì³íåñöåíòíèõ ïðèñòðî¿â çàâäÿêè ñïåöèô³ö³
ìåõàí³çìó ëþì³íåñöåíö³¿, ùî äîçâîëÿº çàáåçïå-
÷èòè ìîíîõðîìàòè÷íå åôåêòèâíå âèïðîì³íþâàí-
íÿ òà äîñÿãòè òðèâàëîãî ñòðîê ñòðîêó ñëóãóâàí-
íÿ OLED [3–6]. Îäíèì ç íàéá³ëüø âèâ÷åíèõ
êëàñ³â êîîðäèíàö³éíèõ ñïîëóê Sm(III), Eu(III)

º -äèêåòîíàòè, ùî ì³ñòÿòü íàñè÷åí³ àë³ôàòè÷í³
òà àðîìàòè÷í³ çàì³ñíèêè [7–9], â òîé ÷àñ ÿê â³äî-
ìîñò³ ïî ñèíòåçó òà äîñë³äæåííþ -äèêåòîíàò³â
ëàíòàí³ä³â ç íåíàñè÷åíèìè çàì³ñíèêàìè â -ïî-
ëîæåíí³ õåëàòíîãî ê³ëüöÿ â ë³òåðàòóð³ äóæå îá-
ìåæåí³ [2,10–12]. Íàÿâí³ñòü â ìîëåêóëàõ ìåòà-
ëîêîìïëåêñ³â çàì³ñíèêà ç êðàòíèìè çâ’ÿçêàìè
ñïðèÿº îäåðæàííþ íà ¿õ îñíîâ³ îäíîð³äíèõ ç³
õ³ì³÷íèì ñêëàäîì ìåòàëîïîë³ìåð³â, ùî ïðèâî-
äèòü äî çá³ëüøåííÿ ê³ëüêîñò³ âèïðîì³íþþ÷èõ
öåíòð³â, à, â³äïîâ³äíî, ³ äî çðîñòàííÿ åôåêòèâ-
íîñò³ ëþì³íåñöåíö³¿. Ñë³ä â³äì³òèòè, ùî âèêî-
ðèñòàííÿ ïîë³ìåðíèõ ñïîëóê, ÿê åì³ñ³éíèõ ìà-
òåð³àë³â, ÿê³ ìàþòü âëàñíó åëåêòðîííó
ïðîâ³äí³ñòü, äîçâîëèòü çìåíøèòè ê³ëüê³ñòü øàð³â
ïðè ôîðìóâàíí³ ñâ³òëîâèïðîì³íþþ÷èõ ä³îä³â,
çàïîá³ãòè êðèñòàë³çàö³¿ òà ïîðóøåííþ àãðåãàòè-
âíî¿ ñò³éêîñò³ ïë³âîê, ùî â³äêðèâàº ìîæëèâîñò³
äëÿ ñòâîðåííÿ óëüòðàòîíêèõ ãåòåðîïëàíàðíèõ
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ñòðóêòóð. Öå, â ñâîþ ÷åðãó, îáóìîâëþº ðîçâè-
òîê äîñë³äæåíü ç ðîçðîáêè ìåòîä³â ñèíòåçó, ÿê
ë³ãàíä³â, ùî ì³ñòÿòü íåíàñè÷åí³ ôðàãìåíòè, òàê
³ ìåòàëîêîìïëåêñ³â ³ ìåòàëîïîë³ìåð³â íà ¿õ îñ-
íîâ³.

Ìåòîþ äàíî¿ ðîáîòè º ñèíòåç ³ äîñë³äæåíí³
ñïåêòðàëüíî-ëþì³íåñöåíòíèõ âëàñòèâîñòåé ìå-
òàëîêîìïëåêñ³â ³ ïîë³ìåð³â Sm(III) ç íåíàñè÷å-
íèìè -äèêåòîíàìè (2-ìåòèë-5-ôåí³ë-ïåíòåí-1-
ä³îí-3,5 òà 2,6-äèìåòèë-ãåïòåí-1-ä³îí-3,5).

Ìåòîäèêà åêñïåðèìåíòó
Ñèíòåç 2-ìåòèë-5-ôåí³ë-ïåíòåí-1-ä³îíó-3,5

(ìåòàêðî¿ëàöåòîôåíîíó, Hmphpd) òà 2,6-äèìå-
òèë-ãåïòåí-1-ä³îíó-3,5 (Hdmhpd) çä³éñíåíî çà
ìåòîäèêîþ [12] (ðèñ. 1).

O O

Ph

O O

Hmphpd Hdmhpd

Ðèñ. 1. Áóäîâà íåíàñè÷åíèõ -äèêåòîí³â

-Äèêåòîíàòè Sm(III) ñèíòåçîâàíî âçàºìî-
ä³ºþ âîäíèõ ðîç÷èí³â í³òðàòó ñàìàð³þ ç âîäíèì
ðîç÷èíîì íàòð³ºâî¿ ñ³ë³ â³äïîâ³äíîãî ë³ãàíäó ïðè
ìîëüíîìó ñï³ââ³äíîøåíí³ ðåàãåíò³â 1:3,3 ïðè pH
8–9 çà ê³ìíàòíî¿ òåìïåðàòóðè:

Sm(NO3)3+3NaLSmL3+3NaNO3,

äå L=mphpd, dmhpd.
Îäåðæàí³ îñàäè êîìïëåêñ³â â³äîêðåìëþâà-

ëè â³ä ìàòî÷íîãî ðîç÷èíó öåíòðèôóãóâàííÿì,
ï’ÿòèêðàòíî ïðîìèâàëè âîäîþ òà âèñóøóâàëè â
âàêóóìíîìó åêñèêàòîð³ íàä áåçâîäíèì CaCl2.

Åëåìåíòíèé òà ã³äðàòíèé ñêëàä ñèíòåçîâà-
íèõ êîìïëåêñ³â âñòàíîâëåíî çà äàíèìè õ³ì³÷íî-
ãî òà äèôåðåíö³àëüíî-òåðì³÷íîãî àíàë³ç³â â³äïî-
â³äíî (òàáë. 1).

Âèçíà÷åííÿ âì³ñòó åëåìåíò³â (C, H) âèêî-
íàíî íà àíàë³çàòîð³ Perkin-Elmer CHN 2400,
âì³ñò ìåòàëó âèçíà÷åíî òðèëîíîìåòðè÷íèì òèò-
ðóâàííÿì ç ³íäèêàòîðîì àðñåíàçî 1 òà íà ïðè-
ëàä³ ICPE 9000 ô³ðìè Shimadzu. Òåðìîãðàâ³ãðà-
ìè çàïèñàíî íà äåðèâàòîãðàô³ Q-1500 D ñèñòå-

ìè F. Paulik, J. Paulik, L. Erdey â ³íòåðâàë³ òåì-
ïåðàòóð 20–5000Ñ ç³ øâèäê³ñòþ íàãð³âàííÿ
50Ñ/õâ ó ïëàòèíîâîìó òèãë³ çà ïðèñóòíîñò³ íîñ³ÿ
(áåçâîäíîãî Al2O3).

Ñèíòåçîâàí³ êîìïëåêñè ðîç÷èíí³ ó ÄÌÔÀ,
õëîðîôîðì³, àöåòîí³, ëóãàõ, íåðîç÷èíí³ ó âîä³,
åòàíîë³.

Äîñë³äæåííÿ êîìïëåêñîóòâîðåííÿ ó âîäíèõ
ðîç÷èíàõ çä³éñíþâàëè ìåòîäàìè åëåêòðîííî¿
ñïåêòðîñêîï³¿ ïîãëèíàííÿ (ÅÑÏ) ïðè åêâ³ìîëÿð-
íîìó ñï³ââ³äíîøåíí³ êîìïîíåíò³â (ÑSm(²²²)=110–3 Ì).
Åëåêòðîíí³ ñïåêòðè çàïèñàíî íà ñïåêòðîôîòî-
ìåòð³ Specord M 40 â ä³àïàçîí³ 50000–10000 ñì–1.
Âåëè÷èíó ðÍ êîíòðîëþâàëè çà äîïîìîãîþ
ðÍ-ìåòðà ðÍ-150 ÌÀ.

Òâåðä³ çðàçêè êîìïëåêñ³â äîñë³äæóâàëè
ìåòîäîì ²×- òà ëþì³íåñöåíòíî¿ ñïåêòðîñêîï³¿.
²×-ñïåêòðè çàïèñàíî íà ñïåêòðîôîòîìåòð³
Specord M-80 â ä³àïàçîí³ 4000–400 ñì–1 â ï³ãóë-
êàõ ç ÊÂr. Ñïåêòðè çáóäæåííÿ, ìîëåêóëÿðíî¿
ëþì³íåñöåíö³¿ òà 4f-ëþì³íåñöåíö³¿ ³îí³â Sm(III)
â êîìïëåêñàõ (òâåðä³ çðàçêè òà ðîç÷èíè â õëîðî-
ôîðì³, Ñêîì.=110–3 Ì) ðåºñòðóâàëè íà ñïåêòðî-
ôëóîðèìåòð³ Fluorolog FL 3-22 (Horiba Jobin
Yvon, áåçîçîíîâà Õå-ëàìïà 450 W), îáëàäíàíèì
äëÿ âèì³ðþâàíü ÿê ïðè ê³ìíàòí³é òåìïåðàòóð³,
òàê ³ ïðè 77 Ê (ÔÅÓ R928P (Hamamatsu, ßïî-
í³ÿ) äëÿ âèäèìî¿ ä³ëÿíêè ç âèêîðèñòàííÿì
ñâ³òëîô³ëüòðà ÎÑ 11. Ñïåêòðè çáóäæåííÿ òà
ëþì³íåñöåíö³¿ áóëè ñêîðåãîâàí³ ç óðàõóâàííÿì
ðîçïîä³ëó âèïðîì³íþâàííÿ êñåíîíîâî¿ ëàìïè ³
÷óòëèâîñò³ ÔÅÓ.

Ïîë³ìåðí³ ìåòàëîêîìïëåêñè ñàìàð³þ (²²²)
îäåðæàí³ ìåòîäîì òåðìî³í³ö³éîâàíî¿ ðàäèêàëü-
íî¿ ïîë³ìåðèçàö³¿ ïðè 800Ñ â ðîç÷èí³ äèìåòèë-
ôîðìàì³äó ïðè êîíöåíòðàö³¿ êîìïëåêñ³â 0,05 Ì
òà êîíöåíòðàö³¿ ³í³ö³àòîðà 2,2'-àçî-á³ñ(³çîáóòè-
ðîí³òðèëó) 0,0005 Ì â òåðìîñòàò³ ïðîòÿãîì 20 ãîä.
Ñèíòåçîâàí³ ìåòàëîïîë³ìåðè âèñàäæóâàëè ç ðîç-
÷èíó ïðîïàíîëîì-2 àíàëîã³÷íî äî [9,11].

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ
Â ²×-ñïåêòðàõ ñèíòåçîâàíèõ -äèêåòîíàò³â

Sm(²²²) ó ä³àïàçîí³ 1500–1750 ñì–1 çíàõîäÿòüñÿ
ñìóãè âàëåíòíèõ êîëèâàíü çâ’ÿçê³â (Ñ–Î) ³
(Ñ–Ñ) (òàáë. 2). Ñìóãà ç á³ëüø âèñîêîþ ÷àñòî-
òîþ (~1575–1590 ñì–1) â³äïîâ³äàº ñèìåòðè÷íî-
ìó âàëåíòíîìó êîëèâàííþ çâ’ÿçêó (C O), à ç

Елементний аналіз, % (Розраховано/Знайдено) Процес дегідратації 
Комплекс 

Sm С Н Втрата маси, % n(H2O) t, 0С 

Sm(mphpd)32H2O 20,08/20,18 57,83/57,87 4,95/4,98 4,82/4,90 2 122 

Sm(dmhpd)32H2O 23,15/23,12 50,00/50,11 7,10/7,12 6,45/6,49 2 130 

 

Òàáëèöÿ 1

Åëåìåíòíèé òà ã³äðàòíèé ñêëàä êîìïëåêñ³â Sm(III) ç íåíàñè÷åíèìè -äèêåòîíàìè
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ìåíøîþ ÷àñòîòîþ (~1520–1555 ñì–1) – àñèìåò-
ðè÷íîìó âàëåíòíîìó êîëèâàííþ çâ’ÿçêó (C C).

Ïîëîæåííÿ öèõ ñìóã ó ñïåêòðàõ -äèêåòî-
íàò³â Sm(III) ó ïîð³âíÿíí³ ç ïîëîæåííÿì àíàëî-
ã³÷íèõ ñìóã â -äèêåòîíàõ (Ñ=Î 1726 òà Ñ=Ñ 1577
ñì–1) ñâ³ä÷èòü ïðî íàÿâí³ñòü ñïðÿæåííÿ ó -äè-
êåòîíàòíîìó ê³ëüö³, âíàñë³äîê ÷îãî ÷àñòîòè ñìóã
ïîãëèíàíü º ïðîì³æíèìè ì³æ õàðàêòåðèñòè÷íè-
ìè ÷àñòîòàìè êîëèâàíü ïîäâ³éíèõ òà îäèíàðíèõ
çâ’ÿçê³â Ñ–Î òà Ñ–Ñ [13]. Â ñïåêòðàõ êîìïëåêñ³â
ñìóãà as(C–O) â³ëüíîãî ë³ãàíäó (1411 ñì–1) çñó-
âàºòüñÿ â á³ê á³ëüøèõ ÷àñòîò, ùî º äîêàçîì êî-
îðäèíàö³¿ -äèêåòîí³â.

Õàðàêòåðíîþ îñîáëèâ³ñòþ -äèêåòîíàòíèõ
êîìïëåêñ³â ç íåíàñè÷åíèìè çàì³ñíèêàìè º íà-
ÿâí³ñòü â ²×-ñïåêòðàõ â ä³àïàçîí³ 1640–1670 ñì–1

ñåðåäíüî¿ çà ³íòåíñèâí³ñòþ ñìóãè âàëåíòíèõ êî-
ëèâàíü ïîäâ³éíîãî çâ’ÿçêó (Ñ=Ñ) íåíàñè÷åíîãî
çàì³ñíèêà. Çíèêíåííÿ ö³º¿ ñìóãè àáî çíà-÷íå
çíèæåííÿ ¿¿ ³íòåíñèâíîñò³ íàäàë³ ìîæå áóòè âè-
êîðèñòàíî äëÿ ÿê³ñíîãî îö³íþâàííÿ ïðîò³êàííÿ
ïîë³ìåðèçàö³¿ êîìïëåêñ³â. Äëÿ êîìïëåêñó Sm(²²²)
ç mphpd ñìóãà s(C=C) ñïîñòåð³ãàºòüñÿ ïðè 1659
ñì–1, ùî ñâ³ä÷èòü ïðî íåíàñè÷åí³ñòü ñïîëóêè, â
òîé ÷àñ ÿê â ²×-ñïåêòð³ Sm(dmhpd)3 öÿ ñìóãà
â³äñóòíÿ, ùî º íàñë³äêîì îë³ãîìåðíîñò³ äàíî¿
ñïîëóêè. Óòâîðåííÿ îë³ãîìåðíîãî äèìå-
òèëãåïòeíä³îíàòó ñàìàð³þ ïîâ’ÿçàíî ç ÷àñòêîâîþ
ïîë³ìåðèçàö³ºþ ñàìîãî dmhpd â ïðîöåñ³ éîãî
ñèíòåçó. Ï³äòâåðäæåííÿì öüîãî ôàêòó º çì³ùåí-
íÿ ñìóã êîëèâàíü çâ’ÿçê³â as(C C) òà s(C O)
â íèçüêî÷àñòîòíó ä³ëÿíêó â³äíîñíî â³äïîâ³äíèõ
êîëèâàíü â êîìïëåêñ³ Sm(mphpd)3, ùî îáóìîâ-
ëåíî âïëèâîì ñóñ³äí³õ ìîëåêóë ë³ãàíäó â ïîë³-
ìåðí³é ìàòðèö³, à òàêîæ íåðîç÷èíí³ñòü êîìï-
ëåêñ³â Sm(III) ç dmhpd â á³ëüøîñò³ îðãàí³÷íèõ
ðîç÷èííèê³â, ùî âëàñòèâî äëÿ çøèòèõ ïîë³ìåð³â.
Çàãàëîì æå, ôîðìà ñìóã òà ¿õ ïîëîæåííÿ â ²×-
ñïåêòðàõ âñ³õ ñèíòåçîâàíèõ êîìïëåêñ³â ñâ³ä÷àòü
ïðî á³äåíòàòíî-öèêë³÷íó êîîðäèíàö³þ -äèêå-
òîíàòíèõ ë³ãàíä³â (íåçàëåæíî â³ä ¿õ ïðèðîäè) ç
äåëîêàë³çîâàíîþ ñèñòåìîþ -çâ’ÿçê³â â õåëàòíî-
ìó ê³ëüö³. Íàÿâí³ñòü â ²×-ñïåêòðàõ ñèíòåçîâà-
íèõ ìåòàëîêîìïëåêñ³â ðîçùåïëåíî¿ ñìóãè â ä³-
àïàçîí³ 3230–3400 ñì–1 âêàçóº íà íàÿâí³ñòü â

ñòðóêòóð³ êîìïëåêñ³â ÿê âíóòð³øíüî-, òàê ³ çîâ-
í³øíüîñôåðíîçâ’ÿçàíèõ ìîëåêóë âîäè. Ïîëîæåí-
íÿ îñíîâíèõ ñìóã ïîãëèíàííÿ â ²×-ñïåêòðàõ
ïîë³ìåðíèõ êîìïëåêñàõ (òàáë. 2) áëèçüê³ äî ïî-
ëîæåííÿ àíàëîã³÷íèõ ñìóã â ñïåêòðàõ ìîíîìåð-
íèõ -äèêåòîíàò³â, ùî ñâ³ä÷èòü ïðî çáåðåæåííÿ
áóäîâè âíóòð³øíî¿ êîîðäèíàö³éíî¿ ñôåðè êîì-
ïëåêñ³â ïðè ïîë³ìåðèçàö³¿. Ïðîòå â ²×-ñïåêòðàõ
ìåòàëîïîë³ìåð³â â ³íòåðâàë³ 1610–1680 ñì–1 ïðàê-
òè÷íî â³äñóòí³ ñìóãè âàëåíòíèõ êîëèâàíü ïîä-
â³éíîãî çâ’ÿçêó (Ñ=Ñ) àëêåíîâèõ çàì³ñíèê³â, à
íåçíà÷íèé çñóâ  êîëèâàííÿ çâ’ÿçê³â Ì–O â
íèçüêî÷àñòîòíèé á³ê (~20 ñì–1) îáóìîâëåíèé
ëèøå äåôîðìàö³ºþ êîîðäèíàö³éíîãî âóçëà âíàñ-
ë³äîê ïîë³ìåðèçàö³¿, ùî ïðèçâîäèòü äî ïîñëàá-
ëåííÿ çâ’ÿçêó ìåòàë–îêñèãåí.

Ïðè óòâîðåíí³ êîìïëåêñ³â ëàíòàí³ä³â ç
-äèêåòîíàòíèìè ñïîëóêàìè ï³ä ä³ºþ êðèñòàë³-
÷íîãî ïîëÿ ë³ãàíä³â â åëåêòðîííèõ ñïåêòðàõ ïî-
ãëèíàííÿ ñïîñòåð³ãàþòüñÿ çì³íè ³íòåíñèâíîñò³
òà ïîëîæåíü íàä÷óòëèâèõ ñìóã 4f-ïåðåõîä³â ïî-
ð³âíÿíî ç àêâà-³îíîì. Â ÅÑÏ ñàìàð³éâì³ñíèõ
ñïîëóê ñïîñòåð³ãàºòüñÿ íàá³ð ñìóã, õàðàêòåðíèõ
äëÿ f–f-ïåðåõîä³â ³îíó Sm3+ ç îñíîâíîãî ñòàíó
6H5/2  (òàáë. 3). Ïðè öüîìó ³íòåíñèâí³ñòü ïîãëè-
íàííÿ öèõ ñìóã çá³ëüøóºòüñÿ, à ìàêñèìóìè ïî-
ãëèíàííÿ çì³ùóþòüñÿ â íèçüêî÷àñòîòíèé á³ê ó
ïîð³âíÿíí³ ç àêâà-³îíîì, ùî âèêëèêàíî çì³íîþ
åíåðã³¿ 4f-îðá³òàëåé âíàñë³äîê ¿õ ðîçøèðåííÿ ïðè
óòâîðåíí³ êîâàëåíòíèõ çâ’ÿçê³â ì³æ ³îíàìè ëàí-
òàí³äó òà ë³ãàíäàìè (íåôåëîêñåòè÷íèé åôåêò)
[14]. Ïîð³âíþþ÷è ïîëîæåííÿ îñíîâíèõ ñìóã
f–f ïåðåõîä³â â êîìïëåêñàõ Sm(mphpd)3 òà
Sm(dmhpd)3, ìîæíà â³äçíà÷èòè, ùî â îñòàíí³õ
âåëè÷èíà áàòîõðîìíîãî çñóâó ìàêñèìóì³â ïîãëè-
íàííÿ á³ëüøà â³äíîñíî àêâà-³îíó, àëå äëÿ îáîõ
êîìïëåêñ³â â îñíîâíîìó íå ïåðåâèùóº 200 ñì–1,
ùî ñâ³ä÷èòü ïðî îäíàêîâå êîîðäèíàö³éíå ÷èñëî
³îíó Sm3+ â àêâà- òà -äèêåòîíàòíèõ êîìïëåê-
ñàõ. Ó ñïåêòð³ ïîãëèíàííÿ êîìïëåêñ³â Sm(III) ç
îáîìà -äèêåòîíàìè ³íòåíñèâí³ñòü «íàä÷óòëè-
âîãî» ïåðåõîäó 6H5/2

6P3/2 çá³ëüøóºòüñÿ â³äíîñ-
íî àêâà-³îíó, ïðè öüîìó ñìóãà ìàº ñèíãëåòíèé
õàðàêòåð ç íàï³âøèðèíîþ 220–270 ñì–1, ùî
ñâ³ä÷èòü ïðî çìåíøåííÿ ñèìåòð³¿ êîîðäèíàö³é-

Òàáëèöÿ 2

Õàðàêòåðèñòè÷í³ ÷àñòîòè â ²×-ñïåêòðàõ êîìïëåêñ³â Sm(²²²) ç -äèêåòîíàìè (ñì–1)

Комплекс (М–O)+хел.кільця as(С С) s(C O) s(C=C) as(С О) (Н2О) 

Sm(mphpd)32H2O 418; 438; 458; 489; 576;636 1560 1592 1659розщ. 1427 3230;  3414 

Sm(dmhpd)32H2O 489; 546, 1540 1545пл. –- 1459 3240; 3390 

Sm(mphpd)3Phen 420; 448; 456; 581; 642, 657 1568 1596 1669 1430  

[Sm(mphpd)3]n 413;425;453;557; 598;619  1554 1598пл.розщ 1671сл.,пл. 1429; 1456пл. – 
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íîãî îòî÷åííÿ ³îíà Sm3+ òà ³ñíóâàííÿ â ðîç÷èí³
îäíîãî òèïó ñïîëóêè [15].

Îäíàê ôîðìà ñïåêòð³â òà ñïåêòðàëüíå ðîç-
ùåïëåííÿ ë³í³é äëÿ äîñë³äæóâàíèõ êîìïëåêñ³â
çàëèøàºòüñÿ íåçì³ííèì, ùî äîçâîëÿº çðîáèòè
âèñíîâîê ïðî áëèçüêå êîîðäèíàö³éíå îòî÷åííÿ
³îí³â Sm3+, íåçàëåæíî â³ä -äèêåòîíàíòíèõ
ë³ãàíä³â (ðèñ. 2).

Çâàæàþ÷è íà âèñîêå êîîðäèíàö³éíå ÷èñëî
Sm(III), îäåðæàòè êîîðäèíàö³éíî íàñè÷åí³ òðèñ-
êîìïëåêñè ç -äèêåòîíàìè ïðàêòè÷íî íåìîæ-
ëèâî ³ êîîðäèíàö³éíà ºìí³ñòü ìåòàëó äîïîâ-
íþºòüñÿ äîäàòêîâî êîîðäèíîâàíèìè ìîëåêóëà-
ìè âîäè, ÿê³, ÿê â³äîìî, ãàñÿòü ëþì³íåñöåíö³þ.
Òîìó, äëÿ ï³äâèùåííÿ ëþì³íåñöåíòíèõ âëàñòè-
âîñòåé äîñë³äæóâàíèõ ñïîëóê áóëî ñèíòåçîâàíî
êîìïëåêñè ç ôåíàòðîë³íîì (Phen), ÿêèé âèò³ñ-
íÿº ç âíóòð³øíüî¿ êîîðäèíàö³éíî¿ ñôåðè ìîëå-
êóëè Í2Î. Â ²×-ñïåêòðàõ Sm(mphpd)3Phen ñïî-
ñòåð³ãàºòüñÿ òîé æå íàá³ð õàðàêòåðèñòè÷íèõ ñìóã,
ùî ³ äëÿ ìîíî-êîìïëåêñ³â (òàáë. 2). Â EÑÏ
Ln(mphpd)3Phen (òàáë. 3) îñíîâí³ ñìóãè â³äïî-

â³äíèõ f–f-ïåðåõîä³â ³îí³â Sm(III) çàçíàþòü íèçü-
êî÷àñòîòíîãî çñóâó (max100–150 ñì–1) ç íåâå-
ëèêèì çá³ëüøåííÿì ³íòåíñèâíîñò³ ïîãëèíàííÿ
çà ðàõóíîê çá³ëüøåííÿ åêðàíóþ÷î¿ ä³¿ äîíîðíèõ
àòîì³â í³òðîãåíó ôåíàíòðîë³íó íà 4f-åëåêòðîíè
³îí³â ëàíòàí³ä³â. Âíàñë³äîê öüîãî â³äáóâàºòüñÿ
íåçíà÷íå àêñ³àëüíå âèêðèâëåííÿ êîîðäèíàö³é-
íîãî âóçëà f-ìåòàëó ïðè âèò³ñíåíí³ ìîëåêóë âîäè
ç âíóòð³øíüî¿ êîîðäèíàö³éíî¿ ñôåðè êîìïëåêñó
òà êîîðäèíàö³¿ ìîëåêóëè Phen äî ³îíó Ln3+ äâî-
ìà ãåòåðîàòîìàìè í³òðîãåíó, àëå ôîðìà òà ïî-
ëîæåííÿ ñìóã àíàëîã³÷íå äî â³äïîâ³äíèõ ñìóã â
ÅÑÏ ìîíîë³ãàíäíèõ ñïîëóê, ùî ñâ³ä÷èòü ïðî
áëèçüêó áóäîâó êîîðäèíàö³éíîãî âóçëà äëÿ ìîíî-
òà ôåíàòðîë³íâì³ñíèõ êîìïëåêñ³â.

Eëeêòðîíí³ ñïåêòðè ïîãëèíàííÿ
ìeòàëîïîë³ìeðíèõ êîìïëeêñ³â ñàìàð³þ àíàëîã³÷í³
äî ÅÑÏ ìåòàëîêîìïëåêñ³â òà ìàþòü íàá³ð ñìóã
ïeðeõîä³â ç îñíîâíîãî ñòàíó 6H5/2 äëÿ Sm3+

(ðèñ. 3), àëå ñïîñòåð³ãàºòüñÿ íåçíà÷íèé çñóâ ìàê-
ñèìóì³â îñíîâíèõ ñìóã ïîãëèíàííÿ â á³ê íèçü-
êèõ ÷àñòîò (êîìïë.–ïîë³ì.10–50 ñì–1), ùî º

Òàáëèöÿ 3

Åíåðã³¿ ïåðåõîä³â (cì–1) â ÅÑÏ -äèêåòîíàò³â Sm(²²²)

Перехід Smaq
3+ Sm(mphpd)3 aq-ком. Sm(dmhpd)3 aq-ком. Sm(mphpd)3Phen 

6H5/2
4Н9/2 29100 28995 105 28860 240 28750 

6H5/2
4Н7/2 28250 28115 135 28110 140 28100 

6H5/2
4D3/2

 27700 27592 108 27580 120 27700 
6H5/2

6P7/2 26750 26740 10 26680 70 26650 
6H5/2

6P3/2 24950 24950 210 24920 230 24700 
6H5/2

4L15/2
 24570 24340 230 24275 295 24180 

6H5/2
6,4P5/2

 24050 24040 10 23853 197 23920 
6H5/2

4M19/2
 23900 23819 81 23766 134 23700 

6H5/2
4G9/2 22700 22570 130 22560 140 22445 

6H5/2
4F5/2

 22200 22080 120 22060 140 22150 
6H5/2

4I13/2
 21600 21550 50 21400 200 21590 

6H5/2
4I11/2

 21100 20950 150 20940 160 20920 
6H5/2

4I9/2
 20500 20366 134 20360 140 20390 

6H5/2
4G7/2

 20050 20020 30 19820 200 19950 

 

Ðèñ. 2. Áóäîâà êîìïëåêñ³â Sm (²²²) ç mphpd (à) òà dmhpd (á)
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ñâ³ä÷åííÿì îñëàáëåííÿ çâ’ÿçêó ìåòàëó ç äîíîð-
íèìè àòîìàìè -äèêåòîí³â ó ïîë³ìåð³, îáóìîâ-
ëåíå íåçíà÷íèì âèêðèâëåííÿì êîîðäèíàö³éíî-
ãî ïîë³åäðó âíàñë³äîê óòâîðåííÿ æîðñòêîãî ïîë³-
ìåðíîãî êàðêàñó.

Çàãàëîì æå, ñòðóêòóðà ñïåêòð³â ìåòàëîõå-
ëàò³â òà ïîë³--äèêåòîíàò³â Sm(²²²) ïðàêòè÷íî
îäíàêîâà, ùî º íàñë³äêîì â³äñóòíîñò³ ñóòòºâèõ
ñòðóêòóðíèõ çì³í íàéáëèæ÷îãî îòî÷åííÿ ³îíà
ëàíòàí³äó ïðè ïåðåõîä³ â³ä ìîíîìåðíîãî äî ïîë³-
ìåðíîãî êîìïëåêñó.

Áåçïîñåðåäíº ôîòîçáóäæåííÿ ³îí³â ëàí-
òàí³ä³â ìàëîåôåêòèâíå ÷åðåç ñëàáêó ¿õ çäàòí³ñòü
ïîãëèíàòè ñâ³òëî óíàñë³äîê íèçüêîãî êîåô³ö³-
ºíòà ñâ³òëîïîãëèíàííÿ âëàñíèõ ïåðåõîä³â âñå-
ðåäèí³ 4f-îáîëîíêè. Öþ ïðîáëåìó ìîæíà âèð³-
øèòè çà äîïîìîãîþ ïåðåäà÷³ åíåðã³¿ çáóäæåííÿ
íà ³îíè ëàíòàí³ä³â ç îðãàí³÷íèõ ìîëåêóë (òàê çâà-
íèõ «ôîòîàíòåí»). Ïðè öüîìó îáîâ’ÿçêîâîþ óìî-
âîþ åôåêòèâíî¿ ëþì³íåñöåíö³¿ êîîðäèíàö³éíî¿
ñïîëóêè º íàÿâí³ñòü á³ëüø âèñîêî ðîçòàøîâà-
íèõ, ó ïîð³âíÿíí³ ç ðåçîíàíñíèìè ð³âíÿìè ëàí-
òàí³ä³â, çáóäæåíîãî òðèïëåòíîãî (T1) ð³âíÿ ë³ãàí-
äó (øèðèíà åíåðãåòè÷íîãî çàçîðó ~2500–3500 ñì–1)
[15]. Åíåðã³¿ òðèïëåòíèõ ð³âí³â b-äèêåòîí³â áóëè
ðîçðàõîâàí³ âèõîäÿ÷è ç³ ñïåêòðó ôîñôîðåñöåíö³¿
êîìïëåêñó Gd(²²²) ç äàíèìè ë³ãàíäàìè (ðîç÷èí
õëðîôîðìó, CGd=110–3 M) òà âñòàíîâëåíî, ùî
äëÿ ìåòàêðî¿ëàöåòîôåíîàòó ãàäîë³í³ÿ çíà÷åííÿ
ET1=19920 ñì–1, à äëÿ Cd(dmphd)3 ÅÒ1=20190 ñì–1.
Çíàéäåí³ çíà÷åííÿ åíåðã³¿ ë³ãàíä³â ëåæàòü âèùå
ðåçîíàíñíîãî ð³âíÿ ³îíó Sm(III) (4G5/2, 17850 ñì

–1),
ùî ìàº ñïðèÿòè ïåðåíåñåííþ åíåðã³¿ ç ë³ãàíä³â
íà ³îí ëàíòàí³äó.

Âñ³ ñèíòåçîâàí³ êîìïëåêñè ñàìàð³þ ç íå-
íàñè÷åíèìè -äèêåòîíàìè ïðîÿâëÿþòü õàðàêòåð-
íå ïîìàðàí÷åâå âèïðîì³íþâàííÿ ó âèäèìîìó
ä³àïàçîí³ ñïåêòðó. Íà ðèñ. 4 íàâåäåí³ ñïåêòðè
çáóäæåííÿ (à) òà 4f-ëþì³íåñöåíö³¿ (á) êîìïëåêñ³â
Sm(III) ç íåíàñè÷åíèìè -äèêåòîíàìè â òâåð-
äîìó ñòàí³. Â ñïåêòðàõ çáóäæåííÿ ëþì³íåñöåíö³¿
-äèêåòîíàò³â ñàìàð³þ ñïîñòåð³ãàºòüñÿ øèðîêà
äèôóçíà ñìóãà â ³íòåðâàë³ 300–370 íì (íàï³âøè-
ðèíà ë³í³¿ ~120 íì), â ÿê³é â³äáóâàºòüñÿ çáóä-
æåííÿ ÿê îðãàí³÷íîãî ë³ãàíäó, òàê ³ ³îíó ñàìà-
ð³þ, ³ öÿ ñìóãà º ñóïåðïîçèö³ºþ ñìóã åì³ñ³¿ êî-
îðäèíîâàíèõ ë³ãàíä³â ³ âèïðîì³íþâàëüíîãî ð³âíÿ
Sm3+ (4G5/2).

Â ñïåêòðàõ 4f-ëþì³íåñöåíö³¿ òâåðäèõ çðàçê³â
êîìïëåêñ³â ïðèñóòí³ ÷îòèðè ñìóãè âëàñíî¿ ëþ-
ì³íåñöåíö³¿ êàò³îíà ñàìàð³ÿ(²²²), îáóìîâëåíèõ
ïåðåõîäàìè ç³ çáóäæåíîãî ð³âíÿ 4G5/2 íà ï³äð³âí³
îñíîâíîãî ìóëüòèïëåòó 6HJ: 

6H5/2 (max=563 íì),
6H7/2 (max=598 íì), 6H9/2 (max=644 íì) òà 6H11/2

(max=708 íì). Íàéá³ëüøó ³íòåíñèâí³ñòü ëþì³-
íåñöåíö³¿ (²ë.) ìàº çàáîðîíåíèé ìàãí³òíî-äèïîëü-
íèé ïåðåõ³ä 4G5/2

6H9/2, ÿêèé º íàä÷óòëèâèì,
òðîõè ìåíøó – äîçâîëåíèé åëåêòðî-äèïîëüíèé
ïåðåõ³ä 4G5/2

6H7/2, ïåðåõîäè 4G5/2
6H5/2 òà

4G5/2
6H11/2 õàðàêòåðèçóþòüñÿ íàéìåíøîþ ²ë.

(ðèñ. 4,á; òàáë. 4). Ïðè öüîìó ³íòåíñèâí³ñòü ëþ-
ì³íåñöåíö³¿ Sm(dmphd)3 â 1,5 ðàçè íèæ÷à, í³æ
äëÿ Sm(mphpd)3, ùî ìîæå áóòè îáóìîâëåíî íå-
îäíîð³äíèì ðîçïîä³ëîì ìåòàëó â îë³ãîìåðí³é
ìàòðèö³ òà åêðàíóâàííÿì âèïðîì³íþþ÷èõ
öåíòð³â ñóñ³äí³ìè ìîëåêóëàìè îë³ãîìåðó.

Ñë³ä â³äçíà÷èòè, ùî ïîëîæåííÿ ìàêñèìóì³â
âèïðîì³íþâàííÿ â ñïåêòðàõ ëþì³íåñöåíö³¿ òâåð-

400 500 600

0,10

0,15

0,20

0,25

390 400 410

0,16

0,18

0,20

0,22

0,24

0,26

0,28

D

6
H
5/2

6
P
3/2

D

,нм

Ðèñ. 3. ÅÑÏ êîìïëåêñó [Sm(mphpd)3]n, âð³çêà – äåòàë³çîâàíèé ñïåêòð â ä³àïàçîí³ 390–410 íì
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äîãî çðàçêà Sm(mphpd)3 òà éîãî ðîç÷èíó â õëî-
ðîôîðì³ ïðàêòè÷íî íå çì³íþþòüñÿ (òàáë. 4), ùî
ñâ³ä÷èòü ïðî îäíàêîâå êîîðäèíàö³éíå îòî÷åííÿ
³îíà Sm3+ â ðîç÷èí³ òà òâåðäîìó ñòàí³. Ïðèâåð-
òàº óâàãó ðîçùåïëåííÿ ñìóãè ôëóîðåñöåíö³¿
4G5/2

6H7/2 â ðîç÷èí³ íà òðè ìàêñèìóìè; êð³ì
òîãî, äëÿ ðîç÷èí³â ñïîñòåð³ãàºòüñÿ òåíäåíö³ÿ
çìåíøåííÿ ³íòåíñèâíîñò³ ëþì³íåñöåíö³¿ ó ïî-
ð³âíÿíí³ ç òâåðäèì ñòàíîì, ùî, éìîâ³ðíî, îáó-
ìîâëåíî âïëèâîì ìîëåêóë ðîç÷èííèêà.

Ñòðóêòóðà ñïåêòð³â 4f-ëþì³íåñöåíö³¿ êîì-
ïëåêñó Sm(mphpd)3Phen ³äåíòè÷íà ñïåêòðàì
Sm(mphpd)32H2O (ðèñ. 4,á, ñïåêòðè 2 ³ 3), ïðî-
òå ñïîñòåð³ãàºòüñÿ íåâåëèêèé (20–35 ñì–1) áà-
òîõðîìíèé çñóâ ìàêñèìóì³â âèïðîì³íþâàííÿ òà
ðîçùåïëåííÿ ñïåêòðàëüíèõ ë³í³é, ùî, éìîâ³ð-
íî, ïîâ’ÿçàíî ç âèêðèâëåííÿì ñèìåòð³¿ êîîðäè-

íàö³éíîãî ïîë³åäðó ³îíó Sm(III) â çì³øàííîë³-
ãàíäíîìó êîìïëåêñ³. ²íòåãðàëüíà ³íòåíñèâí³ñòü
ëþì³íåñöåíö³¿ ÇËÊ ïðèáëèçíî â 4 ðàçè âèùà,
í³æ ã³äðàòîâàíîãî êîìïëåêñó, ùî º íàñë³äêîì
ãàñ³ííÿ ëþì³íåñöåíö³¿ ìîëåêóëàìè âîäè, ç îä-
íîãî áîêó, à, ³íøîãî áîêó, â ÇËÊ ñàìàð³þ â³äáó-
âàºòüñÿ âíóòð³øíüî-ìîëåêóëÿðíå ïåðåíåñåííÿ
åíåðã³¿ ç -äèêåòîíà íà Phen (ÅÒ(Phen)<
<ÅÒ(mphpd)), ùî ïðèâîäèòü äî çáëèæåííÿ åíåðã³¿
òðèïëåòíèõ ð³âí³â îðãàí³÷íèõ ë³ãàíä³â ç âèïðî-
ì³íþþ÷èì ð³âíåì Sm(III) 4G5/2 òà çàáåçïå÷óº
ÿñêðàâó åì³ñ³þ ëàíòàí³äó.

Ó âèïàäêó ïîë³ìåðíèõ êîìïëåêñ³â ñàìàð³þ
ç ìåòàêðî¿ëàöåòîôåíîíîì ìåòàë-öåíòðîâàíà
åì³ñ³ÿ ³îíó Sm3+ ñïîñòåð³ãàºòüñÿ ò³ëüêè ó âèäè-
ìîìó ä³àïàçîí³ ñïåêòðó (ðèñ. 5), ïðè öüîìó ñïåê-
òðè âèïðîì³íþâàííÿ ïîë³--äèêåòîíàò³â Sm(III)

à                                                                                    á

Ðèñ. 4. Ñïåêòðè çáóäæåííÿ (em=644 íì) (à) òà 4f-ëþì³íåñöåíö³¿ (á) êîìïëåêñ³â Sm(dmhpd)3 (1), Sm(mphpd)3 (2) òà

Sm(mphpd)3Phen (3) â òâåðäîìó ñòàí³ (çáóäæ=325; 357; 362 íì, â³äïîâ³äíî, Ò=298 Ê)

Òàáëèöÿ 4

Ëþì³íåñöåíòí³ õàðàêòåðèñòèêè -äèêåòîíàòíèõ ñïîëóê Sm(²²²)
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6H9/2 
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4f л. Іл.106
 4f л. Іл.106

 4f л. Іл.106
 4f л. Іл.106

 

4f, ум.од 

Sm(mphpd)3, т. 563 1,21 598 6,37 644 12,11 706 1,62 0,0033 

Sm(mphpd)3, р. 563 0,98 

597 

603 

608 

5,35 645 11,42 708 1,03 0,00021 

Sm(dmphd)3, т. 562 0,86 596 3,74 644 6,74 706 0,83 – 

Sm(mphpd)3Phen, т. 
564 
568 

5,09 
598 
605 

23,61 645 47,52 
700 
708 

4,56 0,0043 

Sm(mphpd)3Phen, р. 563 4,34 
599 

606 
21,17 645 34,45 709 3,68 – 

[Sm(mphpd)3]n, т 560 1,32 596 6,62 644 37,01 704 1,88 0,0055 

[Sm(mphpd)3Phen]n, т. 563 5,33 597 23,78 644 57,87 707 5,07 0,0078 
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àíàëîã³÷í³ äî ñïåêòð³â ëþì³íåñöåíö³¿ ìåòàëî-
êîìïëåêñ³â, à ³íòåíñèâí³ñòü ëþì³íåñöåíö³¿ ïîë³-
ìåð³â [Sm(mphpd)3]n ³ [Sm(mphpd)3Phen]n âèùà
(ó 3 òà â 1,2 ðàçè, â³äïîâ³äíî), í³æ ìîíîìåðíèõ
êîìïëåêñ³â, ùî îáóìîâëåíî íàÿâí³ñòþ á³ëüøî¿
ê³ëüêîñò³ âèïðîì³íþþ÷èõ öåíòð³â â ïîë³ìåðàõ.

Ñìóãè ëþì³íåñöåíö³¿ äëÿ íàâåäåíèõ çáó-
äæåíèõ ñòàí³â â [Sm(-dik)3]n çñóíóò³ â êîðîò-
êîõâèëüîâó ä³ëÿíêó íà 2–3 íì â³äíîñíî â³äïî-
â³äíèõ ñìóã â ñïåêòðàõ ëþì³íåñöåíö³¿ ìeòàëî-
êîìïëeêñ³â (òàáë. 4), à ïåðåõ³ä 4G5/2

6H7/2, ðîç-
ùåïëåíèé íà ÷îòèðè êîìïîíåíòè (ìàêñèìàëü-
íî ìîæëèâå ÷èñëî øòàðê³âñüêîãî ðîçùåïëåííÿ
J+½), ùî âêàçóº íà íèçüêó ñèìåòð³þ ïîë³ìåð-
íèõ êîìïëåêñ³â ñàìàð³þ. Àëå â³äñóòí³ñòü ðîçùåï-
ëåííÿ íàéá³ëüø ³íòåíñèâíî¿ ñìóãè ïåðåõîäó
4G5/2

6H9/2 ñâ³ä÷èòü ïðî íàÿâí³ñòü îäíîãî âèï-
ðîì³íþþ÷îãî öåíòðó åì³ñ³¿ äëÿ âñ³õ êîìïëåêñ³â.
Äîñë³äæåííÿ ëþì³íåñöåíòíèõ âëàñòèâîñòåé ïîë³-
ìåðíîãî êîìïëåêñó ç Ðhen (òàáë. 4) ïîêàçàëè,
ùî ââåäåííÿ äðóãîãî ë³ãàíäó çá³ëüøóº åôåê-
òèâí³ñòü ìîëåêóëÿðíî¿ ôëóîðåñöåíö³¿ ëàíòàí³äó
âíàñë³äîê äîäàòêîâîãî ïåðåíåñåííÿ åíåðã³¿ ³
çá³ëüøåííÿ ñåíñèá³ë³çàö³¿ ôëóîðåñöåíö³¿. Â ìå-
òàëîïîë³ìåðàõ, ïîð³âíÿíî ç ìîíîìåðíèìè ìå-
òàëîõåëàòàìè, çá³ëüøóºòüñÿ ³íòåíñèâí³ñòü ëþì³-
íåñöåíö³¿, ùî, ìîæëèâî, îáóìîâëåíî âèäàëåí-
íÿì ìîëåêóë âîäè ç êîîðäèíàö³éíî¿ ñôåðè ³îíà
ëàíòàí³äó, ³, ÿê íàñë³äîê, â³äáóâàºòüñÿ çìåíøåííÿ
áåçâèïðîì³íþâàëüíî¿ äåçàêòèâàö³¿ ³îíó Sm3+ ÷å-
ðåç ïåðåäà÷ó åíåðã³¿ åëåêòðîííîãî çáóäæåííÿ ó
âíóòð³øí³ êîëèâàííÿ àòîìà ã³äðîãåíó â çâ’ÿçêó
Î–Í â ìîëåêóëàõ âîäè.

Ñë³ä â³äçíà÷èòè, ùî ³íòåíñèâí³ñòü ëþì³íåñ-
öåíö³¿ ñàìàð³ºâèõ êîìïëåêñ³â â³äíîñíî íåâåëè-

êà çà ðàõóíîê ðîçñ³þâàííÿ åíåðã³¿ âèïðîì³íþ-
âàííÿ íà âèñîêîðîçòàøîâàíèõ ï³äð³âíÿõ îñíîâ-
íîãî ñòàíó. Ðîçðàõóíîê êâàíòîâèõ âèõîä³â 4f-
ëþì³íåñöåíö³¿ ³îí³â Sm(III) (4f) ïðîâîäèâñÿ ç
óðàõóâàííÿì ³íòåãðàëüíî¿ ³íòåíñèâíîñò³ ëþì³íåñ-
öåíö³¿ óñ³õ ïåðåõîä³â êð³ì ïåðåõîäó 4G5/2

6H11/2,
âíåñîê ÿêîãî ñêëàäàº ìåíø 1% (òàáë. 4). Âñòà-
íîâëåíî, ùî äëÿ êîìïëåêñó Sm(mphpd)3 ó ðîç-
÷èí³ 4f â 15 ðàç³â ìåíøèé, í³æ â òâåðäîìó çðàç-
êó (0,00021 òà 0,0033, â³äïîâ³äíî), à çàì³íà â
ìåòàëîêîìïëåêñ³ ìîëåêóë Í2Î, ÿê³ ââàæàþòüñÿ
íàéá³ëüø åôåêòèâíèìè ãàñèòåëÿìè ëþì³íåñ-
öåíö³¿, íà ìîëåêóëó ôåíàíòðîë³íó, ïðèâîäèòü äî
çá³ëüøåííÿ êâàíòîâîãî âèõîäó ëþì³íåñöåíö³¿
Sm(mphpd)3Phen äî 0,0043. Êâàíòîâ³ âèõîäè 4f-
ëþì³íåñöåíö³¿ òâåðäèõ ïîë³ìåðíèõ êîìïëåêñ³â
[Sm(mphpd)3]n òà [Sm(mphpd)3Phen]n ñòàíîâëÿòü
0,0055 òà 0,0078, â³äïîâ³äíî, ùî â 1,6 òà 1,8 ðàç³â,
â³äïîâ³äíî, á³ëüøå ïîð³âíÿíî ç ìîíîìåðíèìè
ñïîëóêàìè. Äëÿ ñàìàð³ºâîãî êîìïëåêñó ç dmhpd
âåëè÷èíó 4f ðîçðàõóâàòè íå âäàëîñü, îñê³ëüêè
çðàçîê ìàº íèçüêó ³íòåíñèâí³ñòü ñèãíàëó òà ÷àñ
æèòòÿ <30 ìêñ.

Âèñíîâêè
Çä³éñíåí³ äîñë³äæåííÿ ñïåêòðàëüíî-ëþì³-

íåñöåíòíèõ âëàñòèâîñòåé êîìïëåêñíèõ ñïîëóê
Sm(²²²) ç íåíàñè÷åíèìè -äèêåòîíàìè ïîêàçà-
ëè, ùî â êîìïëåêñàõ ³îí ëàíòàí³äó óòâîðþº
ì³öíèé øåñòè÷ëåííèé öèêë ç á³äåíòàíî êîîð-
äèíîâàíèìè ë³ãàíäàìè, à ìîëåêóëè âîäè äîïîâ-
íþþòü âíóòð³øíþ êîîðäèíàö³éíó ñôåðó äî
Ê×=8. Âðàõîâóþ÷è ðîçùåïëåííÿ ë³í³é â åëåê-
òðîííèõ ñïåêòðàõ ³ â ñïåêòðàõ ëþì³íåñöåíö³¿,
êîìïëåêñàì íà îñíîâ³ äèìåòèëãåïòåíä³îíó âëà-
ñòèâà íèæ÷à ñèìåòð³ÿ, í³æ êîìïëåêñàì íà îñ-
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íîâ³ ìåòàêðî¿ëàöåòîôåíîíó, à ñàìå C4v òà C4,
â³äïîâ³äíî, êîîðäèíàö³éíèé ïîë³åäð – êâàäðàò-
íà àíòèïðèçìà. Êîîðäèíàö³éíî íåíàñè÷åí³ -
äèêåòîíàòè Sm(III) ëåãêî ïðèºäíóþòü äîíîðíèé
ë³ãàíä (ôåíàíòðîë³í), ÿêèé âèò³ñíÿº ìîëåêóëè
Í2Î (ÎÍ-îñöèëÿòîðè) çà ðàõóíîê óòâîðåííÿ
á³ëüø ì³öíèõ çâ’ÿçê³â ç öåíòðàëüíèì ³îíîì. Ïðè
öüîìó ³íòåíñèâí³ñòü ñìóã Í×Ï â ñïåêòðàõ ïî-
ãëèíàííÿ çðîñòàº âíàñë³äîê ïîëÿð³çóþ÷î¿ ä³¿
ìîëåêóëè Phen íà ³îí ëàíòàí³äó. Âñ³ äîñë³äæó-
âàí³ ñïîëóêè ïðîÿâëÿþòü ³íòåíñèâíó 4f-ëþì³-
íåñöåíö³þ â âèäèì³é ä³ëÿíö³ ñïåêòðó, ïðè÷îìó
ñïîëóêè, ÿê³ ì³ñòÿòü ôåíàíòðîë³íîâèé ë³ãàíä,
çàáåçïå÷óþòü çíà÷íå çðîñòàííÿ ³íòåíñèâíîñò³
ëþì³íåñöåíö³¿. Áëèçüê³ ð³çíèö³ åíåðã³é ì³æ òðèï-
ëåòíèìè ð³âíÿìè -äèêåòîíàòíèõ ë³ãàíä³â ³ ðå-
çîíàíñíèì ð³âíåì ëàíòàí³äó îáóìîâëþþòü îä-
íàêîâå âíóòð³øíüîìîëåêóëÿðíå ïåðåíåñåííÿ
åíåðã³¿ â³ä -äèêåòîíàòíîãî ôðàãìåíòó äî ³îíà
ñàìàð³þ. Íå äóæå âèñîêà ëþì³íåñöåíö³ÿ ñïîëóê
ñàìàð³þ ìîæå áóòè ïîÿñíåíà òèì, ùî ó Sm(III)
åíåðã³ÿ ïåðøèõ çáóäæåíèõ ð³âí³â ìåíøà òà íàé-
áëèæ÷å ðîçòàøîâàíà äî íèõ, ó çâ’ÿçêó ç ÷èì
á³ëüøå ïðîÿâëÿºòüñÿ áåçâèïðîì³íþâàëüíà äåçàê-
òèâàö³ÿ çáóäæåíîãî ñòàíó ³îíà.
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New monometallic, mixed ligand and polymeric complexes of
Sm(III) with unsaturated -diketones (2-methyl-5-phenyl-1-pentene-
3,5-dione and 2,6 dimethyl-1-heptene-3,5-dione) and phenatrolin
have been synthesized and investigated in solutions and solid state
in the present work. The structure and spectral-luminescent
characteristics of the synthesized complexes have been determined.
It was shown that -diketonate ligands in the complexes were
coordinated to the lanthanide ion bidentate cyclically and the
coordination environment of the cation remained unchanged during
polymerization; however, there was an increase in the symmetry of
the polyhedron. It was established that metal complexes and polymers
exhibited effective 4f-luminescence in the visible region of the
spectrum. The luminescence intensity was higher for mixed-alloy
complexes and the luminescent characteristics of the Sm(dmhpd)3

complexes were lower than those for Sm(mphpd)3; but the similar
energy differences between the triplet levels of the ligands and the
resonance level of lanthanide caused the same intramolecular energy
transfer from the -diketonate fragment to the samarium ion. The
comparison of spectrophotometric and luminescence characteristics
of metal complexes and polymers on their basis was carried out and
it was determined that the main parameters of 4f-luminescence
(integral intensity and quantum yield) in metal-polymers were
considerably increased in comparison with monomeric analogues.

Keywords: complexes; unsaturated -diketones; samarium
(III); metal polymers; luminescence.
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