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Synthesis, molecular and crystal structure of a heterometallic Cu(II)–Ge(IV) complex with 2-hydroxy-1,3-
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Ðîçðîáëåíî ìåòîäèêó ñèíòåçó òà âèä³ëåíî â òâåðäîìó ñòàí³ íîâó êîîðäèíàö³éíó
ñïîëóêó ïîë³ìåðíî¿ áóäîâè {[Ge2(OH)2(3-hpdta)2Cu2(bipy)2]2Í2Î}n (²), äå hpdta5–-
àí³îí 1,3-ä³àì³íî-2-ã³äðîêñ³ïðîïàí-N,N,N’,N’-òåòðàîöòîâî¿ êèñëîòè, bipy –
2,2'-á³ï³ðèäèí. Âñòàíîâëåíî ¿¿ åëåìåíòíèé ñêëàä, õàðàêòåð òåðì³÷íîãî ðîçêëàäó,
ìîëåêóëÿðíó òà êðèñòàë³÷íó ñòðóêòóðó. Çà äàíèìè ðåíòãåíîñòðóêòóðíîãî àíàë³çó
êîìïëåêñ ² º êîîðäèíàö³éíèì ïîë³ìåðîì, â ÿêîìó ïîë³ìåðíèé ëàíöþã óòâîðþºòüñÿ
çàâäÿêè ì³ñòî÷êîâ³é ôóíêö³¿ äåïðîòîíîâàíèõ ë³ãàíä³â hpdta5–, ùî êîîðäèíóþòüñÿ
îäíî÷àñíî äî àòîì³â ´åðìàí³þ ³ ì³ä³. Àòîìè Ge(1) ³ Ge(2) ìàþòü îäíàêîâå êîîðäè-
íàö³éíå îòî÷åííÿ òà âèêðèâëåí³ îêòàåäðè÷í³ ïîë³åäðè. Êîîðäèíàö³éíèé ïîë³åäð
Ge(2) óòâîðåíî çà ðàõóíîê êîîðäèíàö³¿ êèñíþ äâîõ êàðáîêñèëàòíèõ òà îäí³º¿ äå-
ïðîòîíîâàíî¿ ã³äðîêñèëüíî¿ ãðóï îäíîãî ë³ãàíäó hpdta5–_1 òà êàðáîêñèëàòíî¿ ãðóïè
äðóãîãî ë³ãàíäó hpdta5–_2 â åêâàòîð³àëüíîìó íàïðÿìó. Â àêñ³àëüíîìó íàïðÿìêó àòîì
Ge êîîðäèíóº àòîì àçîòó ë³ãàíäó hpdta5-_1 òà ã³äðîêñî-ë³ãàíä. Êîîðäèíàö³éí³ ïîë³-
åäðè Cu(1) ³ Cu(2) ìîæíà îïèñàòè ÿê êâàäðàòíó ï³ðàì³äó, â îñíîâ³ ÿêî¿ çíàõîäÿòüñÿ
êîîðäèíîâàí³ äî Ñu2+ äâîìà àòîìè àçîòó ìîëåêóëè bipy òà îäèí àòîì àçîòó ³ àòîì
êèñíþ êàðáîêñèëàòíî¿ ãðóïè ë³ãàíäó hpdta5–. Â àï³êàëüíîìó íàïðÿì³ ì³äü êîîðäè-
íóº äåïðîòîíîâàíó ã³äðîêñèëüíó ãðóïó òîãî ñàìîãî ë³ãàíäó hpdta5–. Â êðèñòàë³ ì³æ
-ñèñòåìàìè á³ïèðèäèí³â äâîõ ñóñ³äí³õ êîîðäèíàö³éíèõ ïîë³ìåðíèõ ëàíöþã³â, íà-
ïðàâëåíèõ âäîâæ êðèñòàëîãðàô³÷íî¿ îñ³ , âèÿâëåíî –-ñòåê³íã âçàºìîä³¿, çàâäÿêè
÷îìó óòâîðþþòüñÿ ïîäâ³éí³ ëàíöþãè, ì³æ ÿêèìè ³ñíóþòü ïîðîæíèíè îá’ºìîì
623,04 Å3.
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Âñòóï
Ãåòåðîÿäåðí³ êîìïëåêñîíàòè 3d-ìåòàë³â òà

åëåìåíò³â ð³çíèõ åëåêòðîííèõ áëîê³â, çîêðåìà
íà îñíîâ³ 1,3-ä³àì³íî-2-ã³äðîêñ³ïðîïàí-
N,N,N’,N’-òåòðàîöòîâî¿ êèñëîòè (Í5hpdta), â
îñòàíí³ äåñÿòèð³÷÷ÿ ïðèâåðòàþòü âñå á³ëüøå óâà-
ãè ÿê åôåêòèâí³ ìàòåð³àëè íîâî¿ òåõí³êè ç óí³-
êàëüíèìè ìàãí³òíèìè òà ³íøèìè êîðèñíèìè äëÿ
ïðàêòèêè âëàñòèâîñòÿìè [1,2]. Íàéá³ëüø ïåð-
ñïåêòèâíèìè â öüîìó ïëàí³ ââàæàþòüñÿ ãåòåðî-
ìåòàë³÷í³ êîìïëåêñí³ ñïîëóêè ì³ä³ [3,4], îñîá-

ëèâî ò³, ùî ì³ñòÿòü ó ñâîºìó ñêëàä³ ãåòåðî-
öèêë³÷í³ àì³íè ôåíàíòðîë³íîâîãî òà á³ï³ðèäè-
íîâîãî òèïó [5].

Ðàí³øå íàìè áóëî ñèíòåçîâàíî òà äîñë³-
äæåíî ðÿä ãåòåðîìåòàë³÷íèõ Cu–Ge ñïîëóê ç
íèçêîþ êîìïëåêñîí³â òà ã³äðîêñèêàðáîíîâèõ
êèñëîò: [Cu(-HDtpa)2{Ge(OH)}2]12H2O [6],
[Cu(H2O)6][Ge(3-Thgl)2{Cu(H2O)2}2]2H2O [7],
[Cu(H2O)6][Ge(HCit)2]H2O [8] (äå H5Dtpa – ä³-
åòèëåíòðèàì³íïåíòàîöòîâà, H5Thgl – òðèã³äðîê-
ñèãëóòàðîâà, H 4Cit – ëèìîííà êèñëîòà).
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Â³äì³ííîþ ðèñîþ áóäîâè ãåòåðîÿäåðíîãî êîìï-
ëåêñó ç 1,3-ä³àì³íî-2-ã³äðîêñ³ïðîïàí-N,N,N’,N’-
òåòðàîöòîâîþ êèñëîòîþ

[(H2O)(OH)Ge(-hðdta)Cu(H2O)]3H2O

[9] º òå, ùî àòîìè ´åðìàí³þ òà ì³ä³ ïîºäíàí³
ì³ñòêîâèì àòîìîì êèñíþ äåïðîòîíîâàíî¿ ïðî-
ïàíîëüíî¿ ãðóïè ë³ãàíäó hpdta5–. Ó êîîðäèíà-
ö³éíó ñôåðó Ge ³ Cu âõîäÿòü ïî îäíîìó àòîìó
àçîòó ³ ïî äâà êàðáîêñèëàòíèõ àòîìè êèñíþ â³ä
÷îòèðüîõ àöåòàòíèõ ã³ëîê ñóìàðíî ãåïòàäåíòàò-
íîãî ë³ãàíäó. Ïðè öüîìó êîîðäèíàö³éíèé ïîë³-
åäð àòîìà Ge äîïîâíþºòüñÿ äî âèêðèâëåíîãî
îêòàåäðà ã³äðîêñèëüíèì ë³ãàíäîì òà ìîëåêóëîþ
âîäè, à ôîðìóâàííÿ òåòðàãîíàëüíî-ï³ðàì³äàëü-
íîãî ïîë³åäðó àòîìà Cu â³äáóâàºòüñÿ çà ðàõóíîê
àòîì³â êèñíþ ìîëåêóëè âîäè òà ì³ñòî÷êîâî¿ äåï-
ðîòîíîâàíî¿ ïðîïàíîëüíî¿ ãðóïè ë³ãàíäó hpdta5–.

Ìåòà äàíî¿ ðîáîòè – îäåðæàòè Cu–Ge êîì-
ïëåêñ ç 1,3-ä³àì³íî-2-ã³äðîêñ³ïðîïàí-N,N,N’,N’-
òåòðàîöòîâîþ êèñëîòîþ òà 2,2'-á³ï³ðèäèíîì ÿê
âòîðèííèì ë³ãàíäîì òà ïîð³âíÿòè éîãî áóäîâó ç
ñèíòåçîâàíîþ ðàí³øå ãåòåðîÿäåðíîþ êîìïëåê-
ñíîþ ñïîëóêîþ

[(H2O)(OH)Ge(-Hðdta)Cu(H2O)]3H2O [9].

Åêñïåðèìåíòàëüíà ÷àñòèíà
Âèõ³äíèìè ðå÷îâèíàìè äëÿ ñèíòåçó ñïîëó-

êè áóëè GeO2, 1,3-ä³àì³íî-2-ã³äðîêñ³ïðîïàí-
N,N,N’,N’-òåòðàîöòîâà êèñëîòà (Í5hpdta)
(Aldrich), 2,2'-á³ï³ðèäèí (Fluka), Cu(CH3COO)2H2O
(Merck).

Ñèíòåç {[Ge2(OH)2(3-hpdta)2Cu2(bipy)2]2Í2Î}n (²)
Ñóì³ø íàâàæîê GeÎ2 (0,628 ã) ³ H5hpdta

(1,932 ã) ðîç÷èíÿëè â 250 ìë äèñòèëüîâàíî¿ âîäè
ïðè íàãð³âàíí³. Îäåðæàíèé ïðîçîðèé ðîç÷èí
óïàðþâàëè ïðè 800Ñ äî 30 ìë (~3 ãîä) ³ îõîëî-
äæóâàëè äî ê³ìíàòíî¿ òåìïåðàòóðè. Íà äðóãîìó
åòàï³ äîäàâàëè 30 ìë âîäíîãî ðîç÷èíó, ùî ì³ñòèâ
1,2 ã ì³äü(²²) àöåòàòó, à äàë³ – 15 ìë ðîç÷èíó
2,2'-á³ï³ðèäèíó â åòàíîë³. Äî îäåðæàíîãî ðîç÷è-
íó ïðîòÿãîì 4 ä³á ïîñòóïîâî äîäàâàëè åòàíîë
(ñóìàðíî 20 ìë) äî óòâîðåííÿ ñèíüîãî îñàäó,
ÿêèé â³ää³ëÿëè íà ô³ëüòð³ Øîòòà, ïðîìèâàëè åòà-
íîëîì ³ ñóøèëè ïðè ê³ìíàòí³é òåìïåðàòóð³ äî
ïîñò³éíî¿ ìàñè. Âèõ³ä ïðîäóêòó 65% â³ä òåîðå-
òè÷íîãî.

Ïðèäàòí³ äëÿ ðåíòãåíîñòðóêòóðíîãî àíàë³-
çó êðèñòàëè îòðèìàëè ìåòîäîì ïîñòóïîâî¿ äè-
ôóç³¿ ïàðè ðîç÷èííèêà: âîäíî-ñïèðòîâèé ðîç-
÷èí êîìïëåêñó â ÷àøö³ Ïåòð³ ðîçì³ùóâàëè â
õ³ì³÷íîìó ñòàêàí³ ç øèðîêèì äíîì, ÿêèé íà-
ïîâíþâàëè 95%-âèì åòàíîëîì. Ïðîòÿãîì 7 ä³á
êîíöåíòðàö³ÿ åòàíîëó â ðîç÷èí³ êîìïëåêñó
çá³ëüøóâàëàñÿ, ùî ñïðèÿëî ïîâ³ëüí³é êðèñòàë³-

çàö³¿ ñïîëóêè.
Åëåìåíòíèé àíàë³ç
Åëåìåíòíèé àíàë³ç âèêîíóâàëè íà íàï³âàâ-

òîìàòè÷íîìó C,N,H-àíàë³çàòîð³. Âì³ñò ́ åðìàí³þ
òà ì³ä³ âèçíà÷àëè ìåòîäîì àòîìíî-åì³ñ³éíî¿
ñïåêòðîñêîï³¿ ç ³íäóêòèâíî çâ’ÿçàíîþ ïëàçìîþ
íà ïðèáîð³ Perkin Elmer Optima 2000 DV.

²× ñïåêòð ïîãëèíàííÿ (400–4000 ñì–1) ó
âèãëÿä³ òàáëåòîê ç KBr çàïèñóâàëè íà ñïåêòðî-
ôîòîìåòð³ Frontier ô³ðìè Perkin Elmer [10,11].
Òåðìîãðàâ³ìåòðè÷íèé àíàë³ç âèêîíóâàëè íà äå-
ðèâàòîãðàô³ Q-1500Ä (ïîâ³òðÿíà àòìîñôåðà,
³íòåðâàë òåìïåðàòóð 20–10000Ñ, øâèäê³ñòü íà-
ãð³âàííÿ 10 ãðàä/õâ).

Çíàéäåíî, %: Ñ 38,95; Í 3,69; N 8,55; Ñu 9,86;
Ge 11,12.

Äëÿ C42H48Cu2Ge2N8O22 ðîçðàõîâàíî, %:
Ñ 39,10; Í 3,75; N 8,69; Ñu 9,93; Ge 11,26.

²×-ñïåêòð (, ñì–1): 3390 (ÎÍ), 2980 (C–H),
1675, 1600, 1580 as(ÑÎÎ–), 1517 (C–Càr), 1445,
1430, 1400 s(ÑÎÎ–), 1325 (Ñ–N), 1079 (Ñ–Î),
1050, 961, 921 (Ñ–Í), 898 as(Ge–O–M),
845 (Ge–OH), 696 (Ge–O), 645 (Ge–N),
523 (Ñu–O), 501 s(Ge–O–M), 422 (Ñu–N).

Ðåíòãåíîñòðóêòóðíèé àíàë³ç
Êðèñòàëè C42H48Cu2Ge 2N8O22 (²) (M=

=1289,14 ã/ìîëü): ìîíîêë³íí³, ïðîñòîðîâà ãðóïà
P21/c, a=14,0153(8) Å, b=15,5144(11) Å,
c=26,4749(13) Å, =104,522(6)0, V=5572,8(6) Å3,
Z=4, T=294 K, (MoK)=1,902 ìì–1, Dîá÷=
=1,537 ã/ñì3, âèì³ðÿíî 39214 â³äáèòò³â, 9798 íå-
çàëåæíèõ (R int=0,1134). Ê³íöåâ³ çíà÷åííÿ
R1=0,0705 (äëÿ 6274 â³äáèòò³â ç I>2(I)) òà
R2=0,1707 (äëÿ âñ³õ â³äáèòò³â), S=1,018.

Ïàðàìåòðè åëåìåíòàðíî¿ êîì³ðêè ³ ³íòåí-
ñèâíîñò³ â³äáèòò³â äëÿ ñòðóêòóðè I âèì³ðÿíî íà
äèôðàêòîìåòð³ «Xcalibur-3» (MoK âèïðîì³íþ-
âàííÿ, =0,71073 Å, ÑÑD-äåòåêòîð, ãðàô³òîâèé
ìîíîõðîìàòîð, -ñêàíóâàííÿ). Ñòðóêòóðó ðîç-
øèôðîâàíî ïðÿìèì ìåòîäîì ç âèêîðèñòàííÿì
êîìïëåêñó ïðîãðàì SHELXTL [12]. Ïîëîæåííÿ
àòîì³â âîäíþ âèÿâëåíî ç ð³çíèöåâîãî ñèíòåçó
åëåêòðîííî¿ ãóñòèíè ³ óòî÷íåíî çà ìîäåëëþ «íà-
¿çíèêà» ç U³çî=1,2Uåêâ íåâîäíåâîãî àòîìà, ïîâ’ÿ-
çàíîãî ç äàíèì âîäíåâèì. Ñòðóêòóðè óòî÷íåí³
ïî F2 ïîâíîìàòðè÷íèì ÌÍÊ â àí³çîòðîïíîìó
íàáëèæåíí³ äëÿ íåâîäíåâèõ àòîì³â. Êîîðäèíà-
òè àòîì³â, à òàêîæ ïîâí³ òàáëèö³ äîâæèí çâ’ÿçê³â
³ âàëåíòíèõ êóò³â çàäåïîíîâàíî â Êåìáðèäæñü-
êèé áàíê ñòðóêòóðíèõ äàíèõ (e-mail:
deposit@ccdc.cam.ac.uk) (CCDC 2002494).

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Çã³äíî ç äàíèìè åëåìåíòíîãî àíàë³çó ïðî-

äóêòó ñèíòåçó â³äïîâ³äàº ìîëüíå ñï³ââ³äíîøåí-
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íÿ Ge:Ñu:H5hpdta:bipy=1:1:1:1.
Òåðìîë³ç êîìïëåêñó ïðîò³êàº ñòóï³í÷àñòî.

Íà òåðìîãðàâ³ãðàì³ I ñïîñòåð³ãàºòüñÿ åíäîòåð-
ì³÷íèé åôåêò â øèðîêîìó ³íòåðâàë³ òåìïåðàòóð
90–2200Ñ (ï³ê 1000Ñ), ÿêèé ñóïðîâîäæóºòüñÿ
çìåíøåííÿì ìàñè (mïð=3,00%, mòåîð=2,80%),
ùî â³äïîâ³äàº âèäàëåííþ äâîõ ìîëåêóë âîäè.
Òàêèé õàðàêòåð òåðìîðîçêëàäó ñâ³ä÷èòü ïðî íà-
ÿâí³ñòü ìîëåêóë êðèñòàë³çàö³éíî¿ âîäè, ñïîëó-
÷åíèõ ì³æ ñîáîþ ðîçãàëóæåíîþ ñèñòåìîþ âîä-
íåâèõ çâ’ÿçê³â. Ïîäàëüøå íàãð³âàííÿ çðàçêà ñóï-
ðîâîäæóºòüñÿ äâîìà åêçîåôåêòàìè, ïðè ÿêèõ
â³äáóâàºòüñÿ îêèñíà òåðìîäåñòðóêö³ÿ îðãàí³÷íî¿
÷àñòèíè ìîëåêóëè (m=82,00%) òà óòâîðåííÿ
ê³íöåâèõ ïðîäóêò³â – ñóì³ø³ îêñèä³â GeO2 ³ CuO
(ìàñà çàëèøêó mïð=15,00%, mòåîð=14,32%), ùî
óçãîäæóºòüñÿ ç ðàí³øå çä³éñíåíèìè äîñë³äæåí-
íÿìè äëÿ ð³çíîìåòàëüíèõ 1,3-ä³àì³íî-2-ã³äðîê-
ñ³ïðîïàí-N,N,N’,N’-òåòðààöåòàòîãåðìàíàò³â, â
òîìó ÷èñë³ ðåíòãåíîôàçîâèì àíàë³çîì çàëèøê³â
[13,14].

Àíàë³ç ²×-ñïåêòðà ïîãëèíàííÿ I âèêîíóâà-
òè øëÿõîì ïîð³âíÿííÿ ç³ ñïåêòðàìè ë³ãàíä³â
(H5hpdta, bipy) òà ë³òåðàòóðíèìè äàíèìè
[10,11,13,14]. Â ²×-ñïåêòð³ êîìïëåêñó ïîð³âíÿ-
íî ç³ ñïåêòðîì H5hpdta ñïîñòåð³ãàºòüñÿ çì³ùåí-
íÿ ñìóãè âàëåíòíèõ êîëèâàíü çâ’ÿçêó Ñ–Í â
êèñëîòíèõ çàëèøêàõ ç 3000 äî 2980 ñì–1, ùî âêà-
çóº íà ó÷àñòü â êîîðäèíàö³¿ àòîì³â àçîòó ë³ãàíäó
hpdta5–. Ïîÿâà ñìóã ïîãëèíàíü ïðè 645 ³ 422 ñì–1

ï³äòâåðäæóº óòâîðåííÿ çâ’ÿçê³â Ge–N òà Ñu–N.
Ïðî äåïðîòîíóâàííÿ âñ³õ êàðáîêñèëüíèõ ãðóï
ë³ãàíäó H5hpdta òà ¿õ çâ’ÿçîê ç ´åðìàí³ºì ³
-ìåòàëîì âêàçóº â³äñóòí³ñòü ñìóãè ïîãëèíàííÿ,

õàðàêòåðíî¿ äëÿ â³ëüíî¿ ãðóïè ÑÎÎÍ (1716 ñì–1)
òà ïîÿâà òðüîõ ãðóï ñìóã as(ÑÎÎ–) ³ s(ÑÎÎ–).
Ïðî ì³ñòêîâó ôóíêö³þ ÎÍ ãðóïè H5hpdta òà ¿¿
äåïðîòîíóâàííÿ ñâ³ä÷èòü çíèêíåííÿ ïîð³âíÿíî
ç³ ñïåêòðîì ë³ãàíäó ñìóãè (Ñ–OÍ) 1210 ñì–1 òà
ïîÿâà âàëåíòíèõ êîëèâàíü (Ñ–O)àëê, as(Ge–O–M),
s(Ge–O–M).

Íàÿâí³ñòü ³íòåíñèâíî¿ òà øèðîêî¿ ñìóãè
ïðè 3390 ñì–1 â ²×-ñïåêòð³ I âêàçóº íà ïðè-
ñóòí³ñòü â ñêëàä³ êîìïëåêñó ìîëåêóë âîäè, ùî
êîðåëþº ç äàíèìè òåðìîãðàâ³ìåòðè÷íîãî äîñë³-
äæåííÿ. Ðåàë³çàö³þ ã³äðîë³çîâàíî¿ ôîðìè GeOH3+

ï³äòâåðäæåíî íàÿâí³ñòþ äåôîðìàö³éíèõ êîëè-
âàíü (Ge–OH), ùî º òèïîâèì äëÿ êîìïëåêñî-
íàò³â ´åðìàí³þ [14].

Ïðî ïðèñóòí³ñòü ó ñêëàä³ êîìïëåêñó êîîð-
äèíîâàíî¿ ìîëåêóëè 2,2'-á³ï³ðèäèíó ñâ³ä÷àòü
ñìóãè (Ñ–N) òà (C–C) ãåòåðîöèêëó (1325 ³
1517 ñì–1, â³äïîâ³äíî), à òàêîæ íèçêà ñìóã äå-
ôîðìàö³éíèõ êîëèâàíü C–H ãðóï àðîìàòè÷íî-
ãî ê³ëüöÿ ïðè 1050, 961, 921 ñì–1 [11].

Çà äàíèìè ðåíòãåíîñòðóêòóðíîãî àíàë³çó
êîìïëåêñ {[Ge2(OH)2(3-hpdta)2Cu2(bipy)2]2Í2Î}n

º êîîðäèíàö³éíèì ïîë³ìåðîì, â ÿêîìó ïîë³ìåð-
íèé ëàíöþã óòâîðþºòüñÿ çàâäÿêè ì³ñòî÷êîâ³é
ôóíêö³¿ äåïðîòîíîâàíèõ ë³ãàíä³â hpdta5–, ùî
êîîðäèíóþòüñÿ îäíî÷àñíî äî àòîì³â ´åðìàí³þ ³
ì³ä³. Ïîâòîðþâàíèé ôðàãìåíò ïîë³ìåðíîãî ëàí-
öþãà ì³ñòèòü ïî äâà êîîðäèíîâàíèõ àòîìè Ge4+

òà Cu2+ (ðèñ. 1).
Àòîìè Ge(1) ³ Ge(2) ìàþòü îäíàêîâå êîîð-

äèíàö³éíå îòî÷åííÿ òà âèêðèâëåí³ îêòàåäðè÷í³
ïîë³åäðè. Êîîðäèíàö³éíèé ïîë³åäð Ge(2) (ðèñ. 1)
óòâîðåíî çà ðàõóíîê êîîðäèíàö³¿ àòîì³â êèñíþ

Ðèñ. 1. Ìîëåêóëÿðíà ñòðóêòóðà ôðàãìåíòó ïîë³ìåðíîãî ëàíöþãà, ùî ïîâòîðþºòüñÿ, ó ñïîëóö³

[Ge2(OH)2(3-hpdta)2Cu2(bipy)2]n (I). Àòîìè âîäíþ íå â³äîáðàæåí³
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äâîõ êàðáîêñèëàòíèõ òà îäí³º¿ äåïðîòîíîâàíî¿
ã³äðîêñèëüíî¿ ãðóï îäíîãî ë³ãàíäó hpdta5–_1 òà
êàðáîêñèëàòíî¿ ãðóïè äðóãîãî ë³ãàíäó hpdta5–_2
â åêâàòîð³àëüíîìó íàïðÿì³. Â àêñ³àëüíîìó íà-
ïðÿìêó àòîì Ge êîîðäèíóº àòîì àçîòó ë³ãàíäó
hpdta5–_1 òà ã³äðîêñî-ë³ãàíä. Äîâæèíè çâ’ÿçê³â
Ge–Ohpdta â êîîðäèíàö³éíîìó ïîë³åäð³ êîëèâàþòü-
ñÿ â ìåæàõ 1,843(4)1,957(5) Å, Ge–OÎÍ

1,758(5)1,759(5) Å, à Ge–N 2,085(6)2,100(5) Å.
Âàëåíòí³ êóòè O–Ge–O òà N–Ge–O çì³íþþòü-
ñÿ â ìåæàõ 79,8(2)97,0(2)0 (òàáë. 1). Ì³æ êîîð-
äèíîâàíèì ´åðìàí³ºì ã³äðîêñèëüíèì ë³ãàíäîì
òà êàðáîí³ëüíèìè ãðóïàìè hpdta5–_2 âèÿâëåíî
ì³æìîëåêóëÿðí³ âîäíåâ³ çâ’ÿçêè Î11–ÍÎ9
(â³äñòàíü ÍÎ 2,14 Å, âàëåíòíèé êóò Î–ÍÎ
1600) òà Î1–ÍÎ19 (ÍÎ 1,99 Å, Î–ÍÎ 1580).

Êîîðäèíàö³éí³ ïîë³åäðè Cu(1) ³ Cu(2) ìîæ-
íà îïèñàòè ÿê êâàäðàòíó ï³ðàì³äó, â îñíîâ³ ÿêî¿
çíàõîäÿòüñÿ êîîðäèíîâàí³ äî Ñu2+ äâîìà àòîìè
àçîòó ìîëåêóëè bipy òà îäèí àòîì àçîòó ³ àòîì
êèñíþ êàðáîêñèëàòíî¿ ãðóïè ë³ãàíäó hpdta5–. Â

àï³êàëüíîìó íàïðÿìó ì³äü êîîðäèíóº äåïðîòîíî-
âàíó ã³äðîêñèëüíó ãðóïó òîãî æ ë³ãàíäó hpdta5–.
Äîâæèíè çâ’ÿçê³â Ge–N òà Ge–O â îñíîâ³ ï³ðà-
ì³äè çì³íþþòüñÿ â ìåæàõ 1,919(6)2,171(5) Å, à
äîâæèíè çâ’ÿçê³â Ge–O â àï³êàëüíîìó íàïðÿì³
2,170(5)2,302(5) Å. Âàëåíòí³ êóòè O–Cu–N,
O–Cu–O, N–Cu–N â êîîðäèíàö³éíîìó ïîë³åäð³
çì³íþþòüñÿ â ìåæàõ 79,8(2)108,4(3)0 (òàáëèöÿ).

Îòæå, êîæíèé ë³ãàíä hpdta5– áåðå ó÷àñòü ó
êîîðäèíàö³¿ äâîõ àòîì³â Ge òà îäíîãî àòîìó Cu,
çàáåçïå÷óþ÷è ïîë³ìåðíó áóäîâó ñïîëóêè. Ìî-
ëåêóëà 2,2'-á³ï³ðèäèíó òà ã³äðîêñèëüíèé ë³ãàíä
äîïîâíþþòü êîîðäèíàö³éí³ ïîë³åäðè Cu2+ òà
Ge4+, â³äïîâ³äíî.

Â êðèñòàë³ ì³æ -ñèñòåìàìè á³ïèðèäèí³â
äâîõ ñóñ³äí³õ êîîðäèíàö³éíèõ ïîë³ìåðíèõ ëàí-
öþã³â, íàïðàâëåíèõ âäîâæ êðèñòàëîãðàô³÷íî¿ îñ³
a (ðèñ. 2,à), âèÿâëåíî –-ñòåê³íã âçàºìîä³¿
Ñ()…Ñ()’ (1–x, 1–y, 1–z) 3,31 Å òà Ñ()…Ñ()’
(2–x, 1–y, 1–z) 3,32 Å, çàâäÿêè ÷îìó óòâîðþ-
þòüñÿ ïîäâ³éí³ ëàíöþãè, ì³æ ÿêèìè ³ñíóþòü
ïîðîæíèíè îá’ºìîì 623,04 Å3 (ðèñ. 2,á).

Âèñíîâêè
Òàêèì ÷èíîì, ïðè ââåäåíí³ â ñèñòåìó

GeÎ2–Cu(CH3COO)2–H5hpdta âòîðèííîãî ë³ãàí-
äó – 2,2'-á³ï³ðèäèíó – óòâîðþºòüñÿ çì³øàíîë³-
ãàíäíî-ãåòåðîÿäåðíà êîìïëåêñíà ñïîëóêà ïîë³-
ìåðíî¿ áóäîâè. Íà â³äì³íó â³ä ìîíîë³ãàíäíîãî
êîìïëåêñó [(H2O)(OH)Ge(-hðdta)Cu(H2O)]3H2O
[9], â ² ë³ãàíä-êîìïëåêñîí º ì³ñòêîâèì ì³æ äâî-
ìà àòîìàìè Ge ³ àòîìîì Cu. Ïðè ââåäåíí³ ãåòå-
ðîöèêë³÷íîãî àì³íó â³äáóâàºòüñÿ çàì³ùåííÿ êî-
îðäèíîâàíèõ ìîëåêóë âîäè, ÿê â êîîðäèíàö³é-
íîìó îòî÷åíí³ ì³ä³, òàê ³ ´åðìàí³þ. Ìîëåêóëà
2,2'-á³ï³ðèäèíó âèòèñêóº ç êîîðäèíàö³éíî¿ ñôå-

Âèáðàí³ äîâæèíè çâ’ÿçêó òà âàëåíòí³ êóòè ó ñïîëóö³ I

Зв'язок d, Å Зв'язок d, Å 
Ge2–O12 1,933 (5) Cu2–O16 2,170 (4) 
Ge2–O16 1,847 (4) Cu2–O17 1,917 (5) 
Ge2–O10 1,924 (5) Cu2–N8 1,984 (6) 
Ge2–O14 1,893 (5) Cu2–N6 2,170 (6) 
Ge2–O11 1,759 (4) Cu2–N7 1,979 (6) 
Ge2–N5 2,100 (5) Cu1–O6 2,302 (4) 
Ge1–O2 1,956 (5) Cu1–N2 2,106 (5) 
Ge1–O4 1,893 (4) Cu1–O7 1,920 (6) 
Ge1–O6 1,842 (4) Cu1–N4 1,993 (6) 
Ge1–O1 1,758 (5) Cu1–N3 1,968 (7) 
Ge1–N1 2,085 (6)   

Кут , град Кут , град 
O12–Ge2–N5 80,5 (2) O1–Ge1–O4 89,1 (2) 

O16–Ge2–O10 89,1 (2) O1–Ge1–O6 100,4 (2) 
O16–Ge2–O14 92,6 (2) O16–Cu2–N6 79,81 (17) 
O16–Ge2–N5 84,16 (18) O17–Cu2–O16 91,46 (19) 

O10–Ge2–O12 86,1 (2) O17–Cu2–N6 83,8 (2) 
O10–Ge2–N5 85,6 (2) O17–Cu2–N7 92,1 (3) 

O14–Ge2–O12 89,6 (2) N8–Cu2–O16 95,15 (18) 
O14–Ge2–N5 84,7 (2) N8–Cu2–N6 100,6 (2) 

O11–Ge2–O12 97,0 (2) N7–Cu2–N8 81,0 (3) 
O11–Ge2–O16 98,6 (2) N2–Cu1–O6 81,11 (17) 
O11–Ge2–O10 98,7 (2) O7–Cu1–O6 104,1 (2) 
O11–Ge2–O14 90,9 (2) O7–Cu1–N2 83,3 (2) 
O2–Ge1–N1 79,8 (2) O7–Cu1–N4 88,1 (3) 
O4–Ge1–O2 89,6 (2) N4–Cu1–O6 95,6 (2) 
O4–Ge1–N1 85,0 (2) N3–Cu1–O6 92,3 (2) 
O6–Ge1–O4 92,69 (19) N3–Cu1–N2 108,4 (2) 
O6–Ge1–N1 84,8 (2) N3–Cu1–N4 81,4 (3) 
O1–Ge1–O2 95,4 (2)   

 

              à                                              á

Ðèñ. 2. Êðèñòàë³÷íà áóäîâà ñïîëóêè

[Ge2(OH)2(3-hpdta)2Cu2(bipy)2]n (I) (à) òà ïîðîæíèíè (á)

â êðèñòàë³. Ïðîåêö³ÿ âçäîâæ êðèñòàëîãðàô³÷íî¿ îñ³ à
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ðè ì³ä³ òàêîæ ³ êîîðäèíîâàíó êàðáîêñèëàòíó
ãðóïó, ÿêà çâ’ÿçóºòüñÿ ç ñóñ³äí³ì àòîìîì ´åðìà-
í³þ, â ðåçóëüòàò³ ÷îãî óòâîðþºòüñÿ ïîë³ìåðíèé
ëàíöþã. Çàâäÿêè íàÿâíîñò³ â ìîëåêóë³ ñèíòåçî-
âàíîãî êîìïëåêñó á³ï³ðèäèí³â ³ –-ñòåê³íã âçà-
ºìîä³é ì³æ íèìè ñòàëî ìîæëèâèì ôîðìóâàííÿ
â êðèñòàë³ ïîäâ³éíèõ ëàíöþã³â ç ïîðîæíèíàìè.
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A novel synthesis method was developed which allows
isolating a new coordination compound with polymeric structure
{[Ge2(OH)2(3-hpdta)2Cu2(bipy)2]2Í2Î}n (²) (where hpdta5– –
anion of 2-hydroxy-1,3-diaminopropane-N,N,N’,N’-tetracetic
acid, bipy – 2,2'-bipyridine) in solid state. Elemental composition,
features of thermal decomposition, and molecular and crystalline
structure of the synthesized complex were established. According
to the data of X-ray diffraction analysis, complex I is a coordination
polymer. The polymer chain is formed due to the bridging function
of deprotonated ligands hpdta5–, which are simultaneously
coordinated with germanium and copper atoms. Ge(1) and Ge(2)
atoms have the same coordination environment and distorted
octahedral polyhedrons. The coordination polyhedron of Ge(2)
is formed due to the coordination of oxygen atoms of two
carboxylate and one deprotonated hydroxyl groups of one ligand
hpdta5–_1 and carboxylate group of the second ligand hpdta5–_2
in the equatorial direction. In the axial direction, the Ge atom
coordinates with the nitrogen atom of the ligand hpdta5–_1 and
the hydroxo-ligand. The coordination polyhedrons of Cu(1) and
Cu(2) are square pyramids, in which molecules of bipy are
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coordinated with Cu2+ by two nitrogen atoms. One nitrogen atom
and one oxygen atom of the carboxylate group of the hpdta5–

ligand are located in the base of a square pyramid. In the apical
direction, copper coordinates with deprotonated hydroxyl group
of the same hpdta5– ligand. A –-stacking interaction was
detected in the crystal between the -systems of bipyridines of
two neighboring coordination polymer chains directed along the
crystallographic axis a that form double chains with the cavities
of 623.04 Å3.

Keywords: 2-hydroxy-1,3-diaminopropane-N,N,N’,N’-
tetracetic acid; germanium; copper; 2,2'-bipyridine; coordination
polymer, crystal structure.
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