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Ó ðîáîò³ îïèñàíî ñèíòåç íîâîãî êîìïëåêñó Re²(CO)3(HL)Br, äå ÍL – åòèë
3-(2-ï³ðèäèí-2-³ë)-1Í-1,2,4-òðèàçîë-5-êàðáîêñèëàò. Éîãî ñêëàä ³ áóäîâó áóëî çà-
ïðîïîíîâàíî íà îñíîâ³ äàíèõ 1Í òà 13Ñ ßÌÐ, ²×, ÓÔ-ñïåêòðîñêîï³¿, ìàñ-ñïåêòðî-
ìåòð³¿ òà åëåìåíòíîãî àíàë³çó. Äîñë³äæåííÿ ôîòîô³çè÷íèõ âëàñòèâîñòåé ïîêàçàëî,
ùî ñèíòåçîâàíèé êîìïëåêñ ðåí³þ(²) ëþì³íåñö³þº ó çåëåí³é ä³ëÿíö³ ñïåêòðà òà õà-
ðàêòåðèçóºòüñÿ âåëèêèì çñóâîì Ñòîêñà. Ñïåêòð çáóäæåííÿ ëþì³íåñöåíö³¿ ìàº áëèçü-
êå ñõîäæåííÿ ç³ ñïåêòðàìè ïîãëèíàííÿ. Öå ñâ³ä÷èòü ïðî òå, ùî åíåðãåòè÷í³ ñòàíè,
ó ÿê³ ïåðåõîäèòü ìîëåêóëà ïðè ïîãëèíàíí³ ñâ³òëà, åêâ³âàëåíòí³ çáóäæåíèì ñòàíàì,
ç ÿêèõ ìîëåêóëà ïîâåðòàºòüñÿ äî îñíîâíîãî ñòàíó ïðè ôîòîëþì³íåñöåíö³¿. ×àñ æèòòÿ
ëþì³íåñöåíö³¿ ñòàíîâèòü 42,8 íñ (298 Ê) ³ 11,9 ìêñ (77 Ê). Îòðèìàí³ çíà÷åííÿ
ñâ³ä÷àòü ïðî òå, ùî åì³ñ³ÿ º ôîñôîðåñöåíö³ºþ. Ôîñôîðåñöåíö³ÿ Re(CO)3(HL)Br
îáóìîâëåíà ïåðåõîäîì ç ïåðåíåñåííÿì çàðÿäó ìåòàë-ë³ãàíä (3MLCT). Êâàíòîâèé
âèõ³ä ôîòîëþì³íåñöåíö³¿ äîñèòü ìàëèé (0,0082) ó ïîð³âíÿíí³ ç êâàíòîâèìè âèõîäà-
ìè á³ëüø âàæêèõ ïåðåõ³äíèõ ìåòàë³â. Âèõîäÿ÷è ç îòðèìàíèõ ðåçóëüòàò³â, ïîäàëüø³
äîñë³äæåííÿ, ñïðÿìîâàí³ íà ñèíòåç ôëóîðåñöåíòíèõ ñïîëóê ðåí³þ(²) ³ ¿õ çàñòîñó-
âàííÿ ÿê â³çóàë³çóþ÷èõ àãåíò³â, º äîñèòü ïåðñïåêòèâíèìè.

Êëþ÷îâ³ ñëîâà: ðåí³é(²), òðèêàðáîí³ëüí³ êîìïëåêñè, ïîõ³äí³ 1,2,4-òðèàçîëó, ëþì³-
íåñöåíö³ÿ, ôîñôîðåñöåíö³ÿ.
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Âñòóï

Êîìïëåêñí³ ñïîëóêè ïåðåõ³äíèõ ìåòàë³â, ÿê³
ïðîÿâëÿþòü á³îëîã³÷íó àêòèâí³ñòü ³ âîëîä³þòü
ôîòîô³çè÷íèìè òà ôîòîõ³ì³÷íèìè âëàñòèâîñòÿ-
ìè, íàáóâàþòü âñå á³ëüøîãî ³íòåðåñó çàâäÿêè
ïîºäíàííþ äâîõ àñïåêò³â – ä³àãíîñòè÷íîãî òà
òåðàïåâòè÷íîãî [1]. ßê ïðîòèïóõëèíí³ ïðåïàðà-
òè òà äëÿ â³çóàë³çàö³¿ ïàòîëîã³÷íèõ ïðîöåñ³â ïåð-
ñïåêòèâíèìè º Re(I) fac-òðèêàðáîí³ëüí³ êîìï-
ëåêñè ç á³äåíòàòíèìè ä³³ì³íîâèìè ë³ãàíäàìè
[2,3]. Ëþì³íåñöåíö³ÿ òàêèõ êîìïëåêñ³â ìàº âè-
ñîêó ³íòåíñèâí³ñòü, çíà÷í³ çñóâ Ñòîêñà òà ÷àñ
æèòòÿ [4,5]. Êð³ì òîãî, êîìïëåêñè ðåí³þ(²) çàâ-
äÿêè âèñîê³é ê³íåòè÷í³é ñòàá³ëüíîñò³ º íåòîê-
ñè÷íèìè äëÿ á³îëîã³÷íèõ ñèñòåì [6].

Äîäàòêîâîþ ïåðåâàãîþ êàðáîí³ëüíèõ êîì-
ïëåêñ³â Re(I) ó ïîð³âíÿíí³ ç ³íøèìè ìàðêåðàìè

º íàÿâí³ñòü êîëèâàíü CO-ë³ãàíä³â íà ä³ëÿíö³
1800–2200 ñì–1 [7], çàâäÿêè ÷îìó òðèêàðáîí³ëüí³
êîìïëåêñè Re(I) ìîæëèâî âèêîðèñòîâóâàòè íå
ò³ëüêè â ö³ëÿõ â³çóàë³çàö³¿ êë³òèí, àëå é äëÿ â³äñòå-
æåííÿ ðîçïîä³ëó ôàðìïðåïàðàò³â ó æèâîìó
îðãàí³çì³.

Ñåðåä N-äîíîðíèõ ë³ãàíäíèõ ñèñòåì ïîõ³äí³
1,2,4-òðèàçîëó ç ð³çíèìè çàì³ñíèêàìè ïðèâåð-
òàþòü óâàãó òîìó, ùî âîíè ³ ó íåêîîðäèíîâàíî-
ìó ñòàí³ ïðîÿâëÿþòü ð³çíîìàí³òíó ôàðìàêîëî-
ã³÷íó àêòèâí³ñòü: ïðîòèïóõëèííó [8], àíòèáàê-
òåð³àëüíó [9] òà ïðîòèâ³ðóñíó [10]. Òàêîæ 1,2,4-
òðèàçîë ³ éîãî ïîõ³äí³ ìàþòü æîðñòêó ³ ïëàíàð-
íó áóäîâó ³ç çíà÷íîþ äåëîêàë³çàö³ºþ ïîäâ³éíî-
ãî çâ’ÿçêó, ùî ñòâîðþº ïåðåäóìîâè äëÿ ìîæëè-
âîñò³ ¿õ âèêîðèñòàííÿ ÿê àíòåíè, ï³äâèùóþ÷è
öèì ëþì³íåñöåíö³þ fac-[Re(CO)3]+.
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Åêñïåðèìåíòàëüíà ÷àñòèíà

Ìàòåð³àëè
Ïåíòàêàðáîí³ëðåí³é(²) [11] òà åòèë 3-(2-

ï³ðèäèí-2-³ë)-1Í-1,2,4-òðèàçîë-5-êàðáîêñèëàò
[12] áóëî îòðèìàíî çà ðàí³øå ðîçðîáëåíèìè
ìåòîäèêàìè. Ðåàêòèâè, ùî âèêîðèñòîâóâàëèñü,
áóëî ïðèäáàíî â Sigma Aldrich, ðîç÷èííèêè áóëè
ìàðêè ×ÄÀ ³ çàñòîñîâóâàëèñü áåç äîäàòêîâîãî
î÷èùåííÿ.

Ñèíòåç Re²(CO)3(HL)Br
Re(CO)5Br (0,1 ã, 0,246 ììîëü) òà ÍL (0,0537 ã,

0,246 ììîëü) êèï’ÿòèëè â áåíçîë³ (30 ìë) ç³ çâî-
ðîòí³ì õîëîäèëüíèêîì â ³íåðòí³é àòìîñôåð³ (Ar)
5 ãîä. Áë³äî-æîâòèé îñàä, ùî óòâîðþâàâñÿ ï³ñëÿ
îõîëîäæåííÿ ðîç÷èíó, â³äô³ëüòðîâóâàëè òà ïðî-
ìèâàëè ãåêñàíîì. Âèõ³ä 0,1208 ã, 86,33%.

1H ßÌÐ (400 MHz, d6-ÄÌÑÎ): =9,02 (ä,
1H); 8,40 (ä, 1H); 8,31 (ää, 1H); 7,76 (ää, 1H); 4,5
(ê, 2H); 1,4 (ò, 3H). 13Ñ ßÌÐ: =197,43; 196,24;
189,78 162,83; 155,89; 153,91; 148,82; 147,01;
141,15; 128,52; 123,52; 63,51; 14,38. ²× (ÊBr, ñì–1):
753; 798; 1066; 1223; 1318; 1488; 1740; 1890; 1926;
2026; 3037. Çíàéäåíî, äëÿ Re(CO)3(C10H10N4O2)Br
(Mr=568,36), %: Ñ 27,25; Í 1,78; N 9,84. Ðîçðà-
õîâàíî, %: Ñ 27,47; Í 1,77; N 9,86. ÓÔ: 210,74
(4,9); 266,63 (4,2); 327,83/(ïë) (3,7).

Ìåòîäèêè äîñë³äæåíü
Ñïåêòðè ßÌÐ 1Í òà 13Ñ ðåºñòðóâàëè íà ïðè-

ëàä³ Bruker Avance DRX 500. Äëÿ ðîçðàõóíêó
õ³ì³÷íîãî çñóâó â ñïåêòðàõ 1Í òà 13Ñ ÿê âòîðèí-
íèé åòàëîí âèêîðèñòîâóâàëè çàëèøêîâ³ ñèãíàëè
ïðîòîí³â (=2,503 ì.÷.) òà êàðáîíó (=39,5 ì.÷.)
â³äïîâ³äíî.

Õðîìàòîìàññ-ñïåêòðîìåòðè÷í³ äîñë³äæåí-
íÿ ïðîâîäèëèñü íà ïðèëàä³ Agilent 1100 LC/MSD
SL ç âèêîðèñòàííÿì ãðàä³ºíòíîãî åëþþâàííÿ,
ðóõëèâà ôàçà À – H2O+0,1% HCOOH; Á –
CH3CN+0,1% HCOOH. Êîëîíêà Zorbax SB C–
18, l=30 mm, d=4,6 mm, ðîçì³ð ÷àñòèíîê 1,8
ì³êðîí, t=400C. Ó ÿêîñò³ ê³ëüê³ñíîãî äåòåêòîðà
âèêîðèñòîâóâàëè ä³îäíó ìàòðèöþ ç äîâæèíîþ
õâèë³ 215 íì. Äëÿ ³äåíòèô³êàö³¿ ï³ê³â âèêîðèñ-
òîâóâàëè îäíî êâàäðóïîëüíèé ìàñ-ñïåêòðîìåòð
ç õ³ì³÷íîþ ³îí³çàö³ºþ ïðè àòìîñôåðíîìó òèñêó
(APCI). Åëåìåíòíèé àíàë³ç íà Ñ,Í,N ïðîâîäè-
ëè íà Perkin-Elmer C,H,N àíàë³çàòîð³.

²×-ñïåêòðè â ä³àïàçîí³ 4000–400 ñì–1 ðåº-
ñòðóâàëè íà Ôóð’º-ñïåêòðîìåòð³ Spektrum BX
Perkin Elmer ³ç çàñòîñóâàííÿì ñòàíäàðòíî¿ ìå-
òîäèêè ïðåñóâàííÿ ðå÷îâèíè ç êàë³é áðîì³äîì.
Ñïåêòðè ïîãëèíàííÿ ðåºñòðóâàëè íà ñïåêòðî-
ôîòîìåòð³ ULABS 261 UV ó ìåòàíîë³. Ñïåêòðè
çáóäæåííÿ ³ ëþì³íåñöåíö³¿ ðåºñòðóâàëè íà ñïåê-
òðîôëóîðèìåòð³ «Fluorolog FL 3–22»,

«HoribaJobinYvon» (Õå-ëàìïà 450 W, äåòåêòîð –
R928P (Hamamatsu, ßïîí³ÿ). Ñïåêòðè çáóäæåí-
íÿ ³ ëþì³íåñöåíö³¿ áóëè ñêîðèãîâàí³ ç óðàõóâàí-
íÿì ðîçïîä³ëó âèïðîì³íþâàííÿ êñåíîíîâî¿ ëàì-
ïè ³ ÷óòëèâîñò³ ÔÅÓ. ²íòåãðàëüíó ³íòåíñèâí³ñòü
ëþì³íåñöåíö³¿ âèì³ðþâàëè, âèõîäÿ÷è ç ïëîù³
êîíòóðó ñìóãè ñïåêòðà. Â³äíîñí³ êâàíòîâ³ âèõî-
äè ëþì³íåñöåíö³¿ ó äîñë³äæóâàíîìó êîìïëåêñ³
ðîçðàõîâóâàëè çà ìåòîäèêîþ [13]. Ó ÿêîñò³ åòà-
ëîíó âèêîðèñòîâóâàëè ðîç÷èí õ³í³í ñóëüôàòó ó
0,01 Ì H2SO4, êâàíòîâèé âèõ³ä ëþì³íåñöåíö³¿
ÿêîãî äîð³âíþº 0,55 [14]. Âèì³ðþâàííÿ ê³íåòèêè
çàòóõàííÿ ëþì³íåñöåíö³¿ âèêîíóâàëè ìåòîäîì
÷àñ-ñêîðåëüîâàíîãî îäèíè÷íîãî ðàõóíêó ôîòîí³â
íà ñïåêòðîôëóîðèìåòð³ FL-3-22 «HoribaJobin-
Yvon». ßê äæåðåëî çáóäæåííÿ âèêîðèñòîâóâàëè
ä³îä âèðîáíèöòâà «HoribaJobinYvon» ç äîâæèíîþ
õâèë³ 330 íì. Îòðèìàí³ äàí³ º ñåðåäí³ìè ðåçóëü-
òàòàìè òðüîõ íåçàëåæíèõ âèì³ðþâàíü ³ îáðîá-
ëÿëè çà äîïîìîãîþ ïàêåòà ïðîãðàì â³ä âèðîá-
íèêà ñïåêòðîôëóîðèìåòðà.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Ñèíòåç ö³ëüîâî¿ êîîðäèíàö³éíî¿ ñïîëóêè
Re ²(CO)3(HL)Br âèêîíóâàëè, âèõîäÿ÷è ç
Re(CO)5Br òà åòèë 3-(2-ï³ðèäèí-2-³ë)-1Í-1,2,4-
òðèàçîë-5-êàðáîêñèëàòó (HL) çà ñòàíäàðòíîþ
ìåòîäèêîþ [4], êèï’ÿò³ííÿì áåíçîëüíîãî ðîç÷èíó
âèõ³äíèõ ðå÷îâèí ó àòìîñôåð³ àðãîíó (Ñõåìà).
Äàíèé ï³äõ³ä äî ñèíòåçó êîîðäèíàö³éíèõ ñïî-
ëóê òàêîãî êëàñó áàçóºòüñÿ íà âëàñòèâîñò³ ïåí-
òàêàðáîí³ëüíèõ êîìïëåêñ³â ðåí³þ(²) ëåãêî çàì³-
ùóâàòè ìîëåêóëè ÑÎ â åêâàòîð³àëüíèõ ïîçèö³ÿõ
íà õåëàòóþ÷èé ë³ãàíä. Re²(CO)3(HL)Br º êðèñòà-
ë³÷íîþ ðå÷îâèíîþ áë³äî-æîâòîãî êîëüîðó, ùî
äîáðå ðîç÷èííà ó ìåòàíîë³, ìàëîðîç÷èííà ó äèõ-
ëîðìåòàí³ ³ õëîðîôîðì³, òà íåðîç÷èííà ó âîä³.

Â ²×-ñïåêòð³ ñèíòåçîâàíî¿ ñïîëóêè íàÿâí³
³íòåíñèâí³ ñìóãè êîëèâàííÿ ïðè 2026 òà 1890 ñì–1

(ðèñ. 1), ùî â³äïîâ³äàþòü àñèìåòðè÷íèì òà ñè-
ìåòðè÷íèì âàëåíòíèì êîëèâàííÿì ÑÎ ³ âêàçó-
þòü íà ïðèñóòí³ñòü òðüîõ êàðáîí³ëüíèõ ãðóï ó
fac-êîíô³ãóðàö³¿ â³äíîñíî àòîìà Ðåí³þ. Ñìóãà
êîëèâàííÿ ïðè 1740 ñì–1 â³äïîâ³äàº âàëåíòíèì
êîëèâàííÿì ÑÎ ñêëàäíîåô³ðíî¿ ãðóïè.

Ïîð³âíÿííÿ 1H ßÌÐ ñïåêòð³â HL òà
Re²(CO)3(HL)Br ïîêàçàëî, ùî êîìïëåêñîóòâîðåí-
íÿ ñïðè÷èíÿº çñóâ ñèãíàë³â ïðîòîí³â ë³ãàíäó ó
ñëàáêå ïîëå. Î÷³êóâàíî, ùî íàéá³ëüøîãî âïëè-
âó =0,2–0,3 ì.÷. çàçíàþòü ñèãíàëè ï³ðèäèíî-
âîãî öèêëó, îñê³ëüêè â³í ïðèéìàº ó÷àñòü â óòâî-
ðåíí³ êîîðäèíàö³éíîãî çâ’ÿçêó. Òàêîæ, ñë³ä çàç-
íà÷èòè, ùî ó ñïåêòð³ Re²(CO)3(HL)Br â³äñóòí³é
ñèãíàë òðèàçîëüíîãî ïðîòîíà. Öå ìîæå áóòè çó-
ìîâëåíî â³äòÿãóâàííÿì åëåêòðîííî¿ ãóñòèíè ç
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ãåòåðîöèêëó, ùî ñïðè÷èíÿº ï³äâèùåííÿ éîãî
êèñëîòíîñò³ ³ ÿê íàñë³äîê ó÷àñòþ òðèàçîëüíîãî
ïðîòîíàó â îáì³ííèõ ïðîöåñàõ ç âîäîþ ðîç÷èí-
íèêà. Ùå îäí³ºþ ö³êàâîþ îñîáëèâ³ñòþ 1H ßÌÐ
ñïåêòðà êîîðäèíàö³éíî¿ ñïîëóêè º òå ùî, ïðî-
òîíè ìåòèëåíîâî¿ ãðóïè íà â³äì³íó â³ä ë³ãàíäó
íå º ìàãí³òíîåêâ³âàëåíòíèìè ³, ÿê ðåçóëüòàò,
ïðîÿâëÿþòüñÿ â ñïåêòð³ ó âèãëÿä³ äâîõ áëèçüêî
ðîçòàøîâàíèõ ìóëüòèïëåò³â. Ñïðè÷èíåíî öå äâî-
ìà ôàêòîðàìè, à ñàìå ïîÿâîþ ó êîìïëåêñ³ àñè-
ìåòðè÷íîãî öåíòðó, ÿêèì âèñòóïàº àòîì ìåòàëó,
òà á³ëüøîþ êîíôîðìàö³éíîþ æîðñòê³ñòþ êîîð-
äèíîâàíîãî ë³ãàíäó, çóìîâëåíîþ, çíîâó æ òàêè,
êîîðäèíàö³ºþ ³ óòâîðåííÿì âíóòð³øíüîìîëåêó-
ëÿðíîãî âîäíåâîãî çâ’ÿçêó ì³æ òðèàçîëüíèì ïðî-
òîíîì ³ êàðáîí³ëüíèì îêñèãåíîì åñòåðíî¿ ãðó-
ïè.

Äëÿ á³ëüø äåòàëüíîãî âèâ÷åííÿ ñòðóêòóðè
Re²(CO)3(HL)Br ó ðîç÷èí³ ÄÌÑÎ íàìè òàêîæ
áóëî îòðèìàíî ¿¿ 13Ñ ßÌÐ ñïåêòð. Ó íüîìó ïðè-
ñóòí³ ñèãíàëè â³ä óñ³õ àòîì³â Êàðáîíó, àëå, íà
æàëü, áåç äîäàòêîâèõ åêñïåðèìåíò³â îäíîçíà-
÷íå ¿õ â³äíåñåííÿ âèÿâèëîñü íåìîæëèâèì. Íå
äèâëÿ÷èñü íà öå, ñë³ä âêàçàòè íà äåÿê³ âàæëèâ³
â³äì³ííîñò³ ì³æ ñïåêòðàìè íåêîîðäèíîâàíîãî
ë³ãàíäó òà êîìïëåêñó. Ïî-ïåðøå, ó ñïåêòð³ êî-
îðäèíàö³éíî¿ ñïîëóêè ïðèñóòí³ òðè ñèãíàëè â³ä
ìîëåêóë ÑÎ, ùî îäíîçíà÷íî âêàçóº íà òå, ùî
ë³ãàíä çàéìàº ó êîîðäèíàö³éí³é ñôåð³ àòîìà Ðå-
í³þ ñàìå äâ³ åêâàòîð³àëüí³ ïîçèö³¿. Ïî-äðóãå, ó
ñïåêòð³ íåêîîðäèíîâàíîãî ë³ãàíäó, íà â³äì³íó â³ä
êîìïëåêñíî¿ ñïîëóêè, ñïîñòåð³ãàºòüñÿ çíà÷íå

óøèðåííÿ ñèãíàë³â òðèàçîëüíèõ àòîì³â Êàðáî-
íó, çóìîâëåíå ìîæëèâ³ñòþ ³ñíóâàííÿ ìîëåêóëè
ó âèãëÿä³ äåê³ëüêîõ òàóòîìåð³â òà êîíôîðìåð³â.
Öå ï³äòâåðäæóº âèñíîâîê ïðî á³ëüøó êîíôîð-
ìàö³éíó æîðñòê³ñòü ë³ãàíäó ó êîîðäèíîâàíîìó
ñòàí³, çðîáëåíèé, âèõîäÿ÷è ç ðåçóëüòàò³â ñïåêòð³â
ÏÌÐ.

Ìàñ-ñïåêòðè äëÿ Re²(CO)3(HL)Br áóëè îò-
ðèìàí³ â ðåæèì³ ïîçèòèâíî¿ òà íåãàòèâíî¿ ³îí³-
çàö³¿ (ðèñ. 4). Â îáîõ âèïàäêàõ íå ñïîñòåð³ãàºòü-
ñÿ çíà÷íî¿ ôðàãìåíòàö³¿ ³îí³â. Òàê, â ðåæèì³
ïîçèòèâíî¿ ³îí³çàö³¿ ñïîñòåð³ãàºòüñÿ òðè ï³êè
ïðèáëèçíî îäíàêîâî¿ ³íòåíñèâíîñò³. ²çîòîïíèé
ðîçïîä³ë ó ïàòåðíàõ, ùî â³äïîâ³äàþòü öèì ï³êàì,
îäíîçíà÷íî ñâ³ä÷èòü ïðî íàÿâí³ñòü â ¿õ ñêëàä³
îäíîãî àòîìà ðåí³þ òà â³äñóòí³ñòü áðîìó. Ï³ê ç
ìîëåêóëÿðíîþ ìàñîþ 489 Äà â³äïîâ³äàº êàò³îíí³é
÷àñòî÷ö³ [Re²(CO)3(HL)]+, ùî óòâîðþºòüñÿ ïðè
â³äùåïëåíí³ Br–. Äâà ³íø³ ñèãíàëè â³äïîâ³äàþòü
àäóêòàì ö³º¿ ÷àñòî÷êè â³äïîâ³äíî ç ìîëåêóëîþ
ÑÎ òà CH3CN (ðèñ. 4). Ìàñ-ñïåêòð Re²(CO)3(HL)Br
îòðèìàíèé ó ðåæèì³ íåãàòèâíî¿ ³îí³çàö³¿ ì³ñòèòü
ëèøå îäèí ï³ê – [Re²(CO)3(L)Br]–, ùî â³äïîâ³-
äàº ìîëåêóëÿðíîìó ³îíó, óòâîðåíîìó çà ðàõóíîê
â³äùåïëåííÿ ïðîòîíà. Ñòðóêòóðà ïàòåðíà äàíî-
ãî ï³êà äîáðå êîðåëþº ç òåîðåòè÷íî ðîçðàõîâà-
íèìè äàíèìè ³ îäíîçíà÷íî ñâ³ä÷èòü, çîêðåìà,
ïðî âõîäæåííÿ äî ñêëàäó àí³îíà àòîì³â Ðåí³þ òà
Áðîìó.

Â³äîìî, ùî ñïîëóêè òðèêàðáîí³ëðåí³þ(²) ç
îðãàí³÷íèìè ë³ãàíäàìè ïðîÿâëÿþòü ôîòîëþì³-
íåñöåíö³þ ó øèðîêîìó ä³àïàçîí³ äîâæèí õâèëü

Ðèñ. 3. 13Ñ ßÌÐ ñïåêòð HL (à) òà Re²(CO)3(HL)Br (á)
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Ðèñ. 4. Ìàñ-ñïåêòð Re²(CO)3(HL)Br ó ðåæèì³ ïîçèòèâíî¿ (à) ³ íåãàòèâíî¿ (á) ³îí³çàö³¿

âèäèìî¿ ä³ëÿíêè ñïåêòðà. Ëþì³íåñöåíö³ÿ ó òà-
êèõ ñïîëóêàõ îáóìîâëåíà ïåðåõîäîì ç ïåðåíå-
ñåííÿì çàðÿäó ìåòàë–ë³ãàíä (3MLCT), ÿêùî
åíåðã³ÿ çáóäæåíîãî ð³âíÿ îðãàí³÷íîãî ë³ãàíäó
á³ëüøà çà åíåðã³þ ñòàíó ïåðåíåñåííÿ çàðÿäó.
Çíà÷åííÿ â³äíîñíèõ êâàíòîâèõ âèõîä³â ëþì³íåñ-
öåíö³¿ ïðè öüîìó íå äîñèòü âåëèê³ òà ñÿãàþòü
~10–3, à ÷àñè æèòòÿ çáóäæåíîãî ñòàíó êîìïëåêñ³â
ëåæàòü ó ìåæàõ 10–2–10–1 ñ.

Áóëî âñòàíîâëåíî, ùî ñèíòåçîâàíèé êîìï-
ëåêñ ðåí³þ(²) ïðîÿâëÿº ëþì³íåñöåíö³þ ó çåëåí³é
ä³ëÿíö³ ñïåêòðà. Ñïåêòð çáóäæåííÿ ëþì³íåñ-
öåíö³¿ ïîâòîðþº òó æ ñàìó êàðòèíó, ùî ³ ñïåêòð
ïîãëèíàííÿ: ñïîñòåð³ãàþòüñÿ äâ³ ñìóãè ç ìàêñè-
ìóìàìè ïðè 282 íì ³ 338 íì (ðèñ. 5). Òàêå áëèçüêå
ñõîäæåííÿ ñïåêòð³â ïîãëèíàííÿ ³ çáóäæåííÿ
ëþì³íåñöåíö³¿ ñâ³ä÷èòü ïðî òå, ùî åíåðãåòè÷í³
ñòàíè, íà ÿê³ ïåðåõîäèòü ìîëåêóëà ïðè ïîãëè-
íàíí³ ñâ³òëà, åêâ³âàëåíòí³ çáóäæåíèì ñòàíàì, ç
ÿêèõ ìîëåêóëà ïåðåõîäèòü äî îñíîâíîãî ñòàíó
ïðè ôîòîëþì³íåñöåíö³¿.

Ïðè çáóäæåíí³ äîâæèíàìè õâèëü 282 íì àáî
338 íì ó ñïåêòð³ ëþì³íåñöåíö³¿ ñïîñòåð³ãàºòüñÿ
øèðîêà ñìóãà ç ìàêñèìóìîì ïðèáëèçíî ïðè
550 íì (ðèñ. 5, êðèâ³ 2, 3). ²íòåíñèâí³ñòü ëþì³-

íåñöåíö³¿ ñìóã ïðè çì³í³ äîâæèíè õâèë³ çáóä-
æåííÿ, à, â³äïîâ³äíî, é åôåêòèâí³ñòü ïåðåíåñåí-
íÿ åíåðã³¿, çì³íþºòüñÿ â³äïîâ³äíî äî çäàòíîñò³
êîìïëåêñó ïîãëèíàòè êâàíòè ñâ³òëà, òîáòî äî çíà-
÷åíü åêñòèíêö³¿ ó ñïåêòð³ ïîãëèíàííÿ. Íàï³âøè-
ðèíà ñìóãè (FWHM) ñêëàäàº 134 íì (çáóäæåí-
íÿ 282 íì) ³ 128 íì (çáóäæåííÿ 338 íì). Êâàí-
òîâèé âèõ³ä ëþì³íåñöåíö³¿ êîìïëåêñó ó ðîç÷èí³
ñêëàäàº 0,0082.

Ïðè 77 Ê ñìóãà ëþì³íåñöåíö³¿ çàçíàº çíà-
÷íîãî êîðîòêîõâèëüîâîãî çñóâó: ìàêñèìóì åì³ñ³¿
çíàõîäèòüñÿ ïðè 482–485 íì (ðèñ. 6). Ïðè öüî-
ìó ñìóãè ñòàþòü î÷³êóâàíî á³ëüø âóçüêèìè:
FWHM ñòàíîâèòü 91 íì ³ 94 íì ïðè êîðîòêî-
õâèëüîâîìó ³ äîâãîõâèëüîâîìó çáóäæåíí³, â³äïî-
â³äíî.

Êðèâ³ çàãàñàííÿ ëþì³íåñöåíö³¿
Re²(CO)3(HL)Br ó ìåòàíîë³ ïðè ê³ìíàòí³é òåì-
ïåðàòóð³ òà ïðè 77 Ê ïîêàçàí³ íà ðèñ. 7. ×àñ
æèòòÿ ëþì³íåñöåíö³¿ ñòàíîâèòü 42,8 íñ (298 Ê) ³
11,9 ìêñ (77 Ê). Îòðèìàí³ çíà÷åííÿ ñâ³ä÷àòü ïðî
òå, ùî åì³ñ³ÿ º ôîñôîðåñöåíö³ºþ. Ê³íåòè÷í³
êðèâ³ ìîæóòü áóòè äîáðå îïèñàí³ çà äîïîìîãîþ
çàêîíó ìîíîåêñïîíåíö³éíîãî çàãàñàííÿ, ùî
ñâ³ä÷èòü ïðî íàÿâí³ñòü îäíîãî òèïó âèïðîì³íþ-
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Ðèñ. 5. Ñïåêòð çáóäæåííÿ (1) òà âèïðîì³íþâàííÿ ïðè çá=282 íì (2) ³ 338 íì (3) êîìïëåêñó Re²(CO)3(HL)Br ó ìåòàíîë³

ïðè 298 Ê

þ÷îãî öåíòðó ó ðîç÷èí³.
Âèñíîâêè

Âèõîäÿ÷è ç äàíèõ àíàë³ç³â, ìîæíà çðîáèòè
âèñíîâîê, ùî ïðîäóêò ìàº ñêëàä Re²(CO)3(HL)Br,
â ÿêîìó HL – åòèë 3-(2-ï³ðèäèí-2-³ë)-1Í-1,2,4-
òðèàçîë-5-êàðáîêñèëàò, á³äåíòàòíî êîîðäèíîâà-
íèé äî ÿäðà fac-[Re(CO)3]+.

Íà ï³äñòàâ³ ñïåêòðàëüíî-ëþì³íåñöåíòíèõ
õàðàêòåðèñòèê çðîáëåíî âèñíîâîê ïðî ïîòåí-

Ðèñ. 6. Ñïåêòðè ëþì³íåñöåíö³¿ ìåòàíîëüíîãî ðîç÷èíó Re²(CO)3(HL)Br ïðè 77 Ê ïðè çá=282 íì (1) ³ 338 íì (2)

ö³éíó ïðèäàòí³ñòü âèêîðèñòàííÿ öèõ ñïîëóê ó
ÿêîñò³ â³çóàë³çóþ÷èõ àãåíò³â.
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SYNTHESIS, STRUCTURE AND PROPERTIES OF
BROMOTRICARBONYL-ETHYL 3-(2-PYRIDIN-2-IL)-1H-
1,2,4-TRIAZOL-5-CARBOXYLATE RHENIUM(I)

M.I. Kharlova a, *, D.M. Khomenko b, R.O. Doroshchuk b,
R.D. Lampeka b, S.S. Smola c, N.V. Rusakova c, O.V. Shtemenko a

a Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

b Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
c A.V. Bogatsky Physico-Chemical Institute of the NAS of
Ukraine, Odessa, Ukraine

* e-mail: kharlovamargarita@gmail.com

The synthesis of a new complex ReI(CO)3(HL)Br, where HL
is ethyl 3-(2-pyridin-2-yl)-1H-1,2,4-triazole-5-carboxylate, is
described in this work. By means of 1H and 13C NMR, IR, and UV-

à                                                                                          á

Ðèñ. 7. Ê³íåòèêà çàãàñàííÿ ëþì³íåñöåíö³¿ Re²(CO)3(HL)Br ïðè 298 Ê (à) òà 77 Ê (á) (êðàïêè – åêñïåðèìåíòàëüí³ äàí³,

ë³í³ÿ – êðèâà åêñïîíåíö³éíî¿ ï³äãîíêè)
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spectroscopies, elemental analysis and mass spectrometric analysis,
the composition and the structure of the synthesized rhenium complex
were determined. The study of photophysical properties showed that
the prepared complex of rhenium(I) luminesces in a green region of
the spectrum and is characterized by a high Stokes shift. The
luminescence excitation spectrum has a close convergence with
absorption spectra. This indicates that the energy states into which
the molecule moves when light is absorbed are equivalent to the
excited states from which the molecule passes to the principal state
in the course of photoluminescence. The luminescence lifetime is
42.8 ns and 11.9 s at 298 K and 77 K, respectively. The obtained
values indicate that the emission is phosphorescence. The
phosphorescence of Re(CO)3(HL)Br is due to the transport of the
metal–ligand charge (3MLCT). The quantum yield of
photoluminescence is quite small (0.0082) in comparison with the
quantum yields of heavier transition metals. On the basis of the
obtained results, we can speak about the prospects of further research
aimed at the synthesis of fluorescent compounds of rhenium(I) and
the study of the mechanisms of their interaction with biological objects.

Keywords: rhenium(I); tricarbonyl complexes; 1,2,4-triazole
derivatives; luminescence; phosphorescence.
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