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Ðîçðîáëåíà ìåòîäèêà ñèíòåçó íîâî¿ ãåòåðîìåòàë³÷íî¿ êîîðäèíàö³éíî¿ ñïîëóêè ñêëàäó
[{Cu(bipy)2}2Ge(-Cit)2]12Í2Î (²), äå bipy – 2,2'-á³ï³ðèäèí, Cit4– – öèòðàò-àí³îí.
Ñïîëóêà îõàðàêòåðèçîâàíà ìåòîäàìè åëåìåíòíîãî àíàë³çó, ²×-ñïåêòðîñêîï³¿, òåð-
ìîãðàâ³ìåòð³¿ òà ðåíòãåíîñòðóêòóðíîãî àíàë³çó. Çà äàíèìè ðåíòãåíîñòðóêòóðíîãî
àíàë³çó I ÿâëÿº ñîáîþ òðèÿäåðíèé ð³çíîë³ãàíäíèé êîìïëåêñ, â ÿêîìó Cit4– âèêîíóº
ì³ñòî÷êîâó ôóíêö³þ, ïîâ’ÿçóþ÷è ãåðìàí³é(IV) ç äâîìà àòîìàìè êóïðóìó(II), êâàä-
ðàòíî-á³ï³ðàì³äàëüíèé êîîðäèíàö³éíèé ïîë³åäð ÿêèõ ôîðìóºòüñÿ çà ðàõóíîê á³äåí-
òàòíèõ çâ’ÿçê³â ç êàðáîêñèëàòíîþ ãðóïîþ ëèìîííî¿ êèñëîòè òà äâîìà ìîëåêóëàìè
bipy. Êîîðäèíàö³éíà ïîë³åäð àòîìà Ge – âèêðèâëåíèé îêòàåäð, ùî óòâîðåíèé òðüîìà
ïàðàìè àòîì³â îêñèãåíó òðüîõ òèï³â äâîõ òðèäåíäàíòíî-õåëàòíèõ ë³ãàíä³â Cit4–:
ã³äðîêñèëüíîãî, - ³ -êàðáîêñèëàòíîãî. Êîîðäèíàö³ÿ àòîìà ãåðìàí³þ öèòðàòíèì
ë³ãàíäîì ïðèâîäèòü äî óòâîðåííÿ ñïðÿæåíèõ øåñòè- ³ ï’ÿòè÷ëåííèõ öèêë³â. Ó êðè-
ñòàë³ ì³æ -ñèñòåìàìè á³ï³ðèäèí³â äâîõ ôðàãìåíò³â {Cu(bipy)2} ñóñ³äí³õ ìîëåêóë
êîìïëåêñ³â ñïîñòåð³ãàþòüñÿ ñëàáê³ –-ñòåê³íã âçàºìîä³¿, ùî ïðèâîäÿòü äî óòâî-
ðåííÿ êîëîíîê âçäîâæ êðèñòàëîãðàô³÷íî¿ îñ³ ñ. Ñóñ³äí³ êîëîíêè âçàºìîä³þòü îäíà
ç îäíîþ çà ðàõóíîê âîäíåâèõ çâ’ÿçê³â ç ìîëåêóëàìè âîäè.

Êëþ÷îâ³ ñëîâà: ãåðìàí³é, êóïðóì, ëèìîííà êèñëîòà, 2,2'-á³ï³ðèäèí, êîîðäèíàö³éí³
ñïîëóêè, êðèñòàë³÷íà ñòðóêòóðà.

DOI: 10.32434/0321-4095-2019-127-6-164-169

Âñòóï
Ëèìîííà êèñëîòà º óí³âåðñàëüíèì ë³ãàíäîì,

ÿêèé çäàòíèé óòâîðþâàòè ç ³îíàìè ìåòàë³â ð³çíî¿
åëåêòðîííî¿ áóäîâè ìîíî-, á³- ³ ïîë³ÿäåðí³ êî-
îðäèíàö³éí³ ñïîëóêè [1–4]. Ç ãåðìàí³ºì(IV) íàìè
îäåðæàíî ö³ëó íèçêó ð³çíîìåòàëüíèõ êîìïëåêñ³â
êàò³îí-àí³îíîãî òèïó

[MII(H2O)6][Ge(HCit)2]nH2O

(M=Mg, Mn, Fe, Co, Ni, Cu, Zn) [5,6] ³ êîîðäè-
íàö³éíèõ ïîë³ìåð³â

{[Ge(-ÍCit)2Ba(H2O)3]3H2O}n [7],

{[Ag2Ge(-ÍCit)2(H2O)2]2H2O}n [8],

äå ÍCit3– –ìîíîïðîòîíîâàíèé àí³îí ëèìîííî¿
êèñëîòè.

Â îñòàíí³ ðîêè çðîñòàº ³íòåðåñ äî âèâ÷åí-
íÿ ð³çíîë³ãàíäíèõ êîìïëåêñ³â ç òàêèìè êàðêà-
ñîóòâîðþþ÷èìè ë³ãàíäàìè, ÿê 1,10-ôåíàíòðîë³í

(phen) ³ 2,2'-á³ï³ðèäèí (bipy), âèêîðèñòàííÿ ÿêèõ
â ïîºäíàíí³ ç êàðáîêñèëàòíèìè ë³ãàíäàìè äîç-
âîëèëî ñòâîðèòè íîâ³ ðå÷îâèíè ç ö³êàâèìè ñòðóê-
òóðàìè ³ á³îëîã³÷íîþ àêòèâí³ñòþ [9–11]. Òàê,
íàïðèêëàä, ðåàêö³ºþ ì³æ àääóêòîì [GeCl4(bipy)]
³ ëèìîííîþ êèñëîòîþ â àöåòîí³òðèë³ áóâ îäåð-
æàíèé õåëàò [GeCl(bipy)(HCit)]2.5CH3CN [11].

Ðàí³øå íàìè áóëà âèêîíàíà ìîäèô³êàö³ÿ
á³ñ(öèòðàòî)ãåðìàíàòó øëÿõîì âçàºìîä³¿ â³äïî-
â³äíî¿ êîìïëåêñíî¿ êèñëîòè ç³ ñïèðòîâèì ðîç-
÷èíîì, ÿêèé ì³ñòèòü êóïðóì(II) õëîðèä ³
2,2'-á³ï³ðèäèí. Âèä³ëåíî ³ îõàðàêòåðèçîâàíî êî-
îðäèíàö³éíó ñïîëóêó êàò³îí-àí³îíîãî òèïó
[CuCl(bipy)2]2[Ge(HCit)2]8H2O [12], â ÿê³é ïðè-
ñóòí³é á³ñ(öèòðàòî)ãåðìàíàòíèé àí³îí, à âèêðèâ-
ëåíèé òðèãîíàëüíî-á³ï³ðàì³äàëüíèé êîîðäèíà-
ö³éíèé ïîë³åäð êóïðóìó ôîðìóºòüñÿ çà ðàõóíîê
çâ’ÿçê³â ç õëîðèä-³îíîì ³ ÷îòèðìà àòîìàìè í³òðî-
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ãåíó äâîõ ìîëåêóë bipy.
Ìåòà äàíî¿ ðîáîòè – âèä³ëèòè ïðîäóêò êîì-

ïëåêñîóòâîðåííÿ ç ñèñòåìè GeO2–ëèìîííà êèñ-
ë î ò à–Cu (C H 3CO O) 2–2 , 2 ' - á ³ ï ³ ð è äè í–
Í2Î/Ñ2Í5ÎÍ òà ïðîñòåæèòè âïëèâ çàì³íè àí³-
îíó ñîë³ êóïðóìó(II) íà ñêëàä ³ ñòðóêòóðó îòðè-
ìàíî¿ êîîðäèíàö³éíî¿ ñïîëóêè.

Åêñïåðèìåíòàëüíà ÷àñòèíà
Äëÿ îäåðæàííÿ êîìïëåêñó âèêîðèñòîâóâà-

ëè GeO2 (99,999%) (Aldrich), ìîíîã³äðàò ëèìîí-
íî¿ êèñëîòè (99%), 2,2'-á³ï³ðèäèí (99%) (Fluka),
Cu(CH3COO)2·H2O (98%) (Aldrich).

Åëåìåíòíèé àíàë³ç âèêîíóâàëè íà íàï³âàâ-
òîìàòè÷íîìó C,N,H-àíàë³çàòîð³. Âì³ñò ãåðìàí³þ
³ êóïðóìó âèçíà÷àëè ìåòîäîì àòîìíî-åì³ñ³éíî¿
ñïåêòðîñêîï³¿ ç ³íäóêòèâíî çâ’ÿçàíîþ ïëàçìîþ
íà ïðèëàä³ Perkin Elmer Optima 2000 DV.

²× ñïåêòð ïîãëèíàííÿ (400–4000 ñì–1) êîì-
ïëåêñó ó âèãëÿä³ òàáëåòîê ç KBr çàïèñóâàëè íà
ñïåêòðîôîòîìåòð³ Frontier ô³ðìè Perkin Elmer.
Â³äíåñåííÿ îñíîâíèõ õàðàêòåðèñòè÷íèõ ñìóã â
ñïåêòð³ íîâîãî êîìïëåêñó (³íòåíñèâí³ñòü: ñ –
ñèëüíà; ñð – ñåðåäíÿ; ñë – ñëàáêà) çä³éñíþâàëè
â³äïîâ³äíî äî [1,13]. Òåðìîãðàâ³ìåòðè÷íèé àíàë³ç
(ÒÃÀ) âèêîíóâàëè íà äåðèâàòîãðàô³ Q-1500Ä
(ïîâ³òðÿíà àòìîñôåðà, ³íòåðâàë òåìïåðàòóð 20–
10000Ñ, øâèäê³ñòü íàãð³âàííÿ 10 ãðàä/õâ).

Ñèíòåç [{Cu(bipy)2}2Ge(-Cit)2]12H2O (I)
Íà ïåðøîìó åòàï³ äî 50 ìë âîäè äîäàâàëè

0,0523 ã GeÎ2 (0,5 ììîëü) ³ 0,21 ã H4CitÅÍ2Î
(1 ììîëü), ñóì³ø íàãð³âàëè äî 800Ñ, ïåðåì³øó-
âàëè äî ïîâíîãî ðîç÷èíåííÿ ðåàãåíò³â, ïîò³ì
êîíöåíòðóâàëè äî 10 ìë (~2 ãîä) ³ îõîëîäæóâà-
ëè. Íà äðóãîìó åòàï³ äî îäåðæàíîãî ðîç÷èíó äî-
äàâàëè ðîç÷èí 0,2 ã Cu(CH3COO)2H2O (1 ììîëü)
³ 0,312 ã bipy (2 ììîëü) â 10 ìë åòàíîëó, ÿêèé
íàãð³âàëè ïðîòÿãîì 10 õâ ³ îõîëîäæóâàëè äî
ê³ìíàòíî¿ òåìïåðàòóðè, ïåðåì³øóâàëè áåç íà-
ãð³âàííÿ ³ ô³ëüòðóâàëè. ×åðåç äâ³ äîáè óòâîðþ-
âàâñÿ îñàä êîìïëåêñó I ñèíüîãî êîëüîðó, ùî
ì³ñòèâ ìîíîêðèñòàëè, ïðèäàòí³ äëÿ ðåíòãåíî-
ñòðóêòóðíîãî àíàë³çó (ÐÑÀ). Âèõ³ä 69%.

Åëåìåíòíèé àíàë³ç
Çíàéäåíî, %: Ñ 43,85; Í 2,68; N 7,76; Ñu

8,88; Ge 4,99. Äëÿ C52H64Cu2GeN8O26 (I) ðîçðà-
õîâàíî, %: Ñ 44,05; Í 2,82; N 7,90; Ñu 9,04; Ge
5,12.

²×-ñïåêòð (, ñì–1)
3409ñ (ÎÍ), 1667ñ as(ÑÎÎ–), 1587ñ, 1494ñ,

1474ñ, 1445ñ  (C–Càr), 1410ñð s(ÑÎÎ–), 1355ñð
n(Ñ–N), 1086ñë (Ñ–Î), 1249ñ, 1172ñð, 910ñð,
860ñë  (C–H), 638ñð (Ge–O), 547ñë (Ñu–O),
421ñë (Ñu–N).

Ðåíòãåíîñòðóêòóðíèé àíàë³ç
Êðèñòàëè I: òðèêë³ííà (M=1416,78 ã/ìîëü),

ïðîñòîðîâà ãðóïà Ð1–, a=10,7264(11) Å,
b=12,6155(9) Å, c=13,0987(8) Å, =97,535(5)0,
=110,207(7)0, =109,895(8)0, V=1500,7(2) Å3, Z=1,
T=294 K, (MoK)=1,291 ìì–1, Dîá÷=1,568 ã/ñì3,
âèì³ðÿíî 12618 â³äáèòò³â, 6868 íåçàëåæíèõ
(Rint=0,043). Îñòàòî÷í³ çíà÷åííÿ R1=0,0470 (äëÿ
5119 â³äáèòò³â ç ³íòåíñèâí³ñòþ I>2(I)) ³
wR2=0,1035 (äëÿ âñ³õ â³äáèòò³â), S=0,99.

Ïàðàìåòðè åëåìåíòàðíî¿ êîì³ðêè ³ ³íòåí-
ñèâíîñò³ â³äáèòò³â äëÿ ñòðóêòóðè I âèì³ðÿíî íà
äèôðàêòîìåòð³ «Xcalibur-3» (MoK âèïðîì³íþ-
âàííÿ, ÑÑD-äåòåêòîð, ãðàô³òîâèé ìîíîõðîìà-
òîð, -ñêàíóâàííÿ). Ñòðóêòóðà ðîçøèôðîâàíà
ïðÿìèì ìåòîäîì çà êîìïëåêñîì ïðîãðàì
SHELXTL [15,16]. Ïîëîæåííÿ àòîì³â ã³äðîãåíó
âèÿâëåí³ ç ð³çíèöåâîãî ñèíòåçó åëåêòðîííî¿ ãóñ-
òèíè ³ óòî÷íåí³ ïçà ìîäåëëþ «íà¿çíèêà» ç
U³çî=1,2Uåêâ íåã³äðîãåíîâîãî àòîìó, ÿêèé ïîâ’ÿ-
çàíèé ç äàíèì ã³äðîãåíîâèì. Ñòðóêòóðà óòî÷íå-
íà çà F2 ïîâíîìàòðè÷íèì ÌÍÊ â àí³çîòðîïíî-
ìó íàáëèæåíí³ äëÿ íåã³äðîãåíîâèõ àòîì³â. Êî-
îðäèíàòè àòîì³â, à òàêîæ ïîâí³ òàáëèö³ äîâæèí
çâ’ÿçê³â ³ âàëåíòíèõ êóò³â äåïîíîâàíî â Êåì-
áðèäæñüêèé áàíê ñòðóêòóðíèõ äàíèõ (e-mail:
deposit@ccdc.cam.ac.uk) (CCDC 1914329).

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Â³äïîâ³äíî äî äàíèõ åëåìåíòíîãî àíàë³çó â

ñèíòåçîâàíîìó êîìïëåêñ³ ðåàë³çóºòüñÿ ìîëüíå
ñï³ââ³äíîøåííÿ Ge:Cu:öèòðàò:bipy=1:2:2:2.

Â ²× ñïåêòð³ êîìïëåêñó çàô³êñîâàíî ñìóãè
as(ÑÎÎ–)=1667 ñì–1 ³ s(ÑÎÎ–)=1410 ñì–1, ÿê³, â
ñóêóïíîñò³ ç â³äñóòí³ñòþ ñìóãè (Ñ=Î) â ä³àïà-
çîí³ 1700 ñì–1, õàðàêòåðíî¿ äëÿ â³ëüíî¿ êàðáîê-
ñèëüíî¿ ãðóïè, ñâ³ä÷àòü ïðî ðåàë³çàö³þ â I ïî-
âí³ñòþ äåïðîòîíîâàíî¿ ôîðìè ë³ãàíäó Cit4– ³ çâ’ÿ-
çóâàííÿ âñ³õ êàðáîêñèëàòíèõ ãðóï. Öå íàõîäèòü
ï³äòâåðäæåííÿ ³ â ïîÿâ³ íîâèõ ñìóã (Ge–O)=
=638 cì–1, (Cu–O)=547 ñì–1.

Íà ïðèñóòí³ñòü â I ìîëåêóë 2,2'-á³ï³ðèäèíó
âêàçóº íèçêà ñìóã â ä³àïàçîí³ 1587–1445 ñì–1

(ñêåëåòí³ êîëèâàííÿ C–C àðîìàòè÷íîãî ê³ëüöÿ),
1249–860 ñì–1 (äåôîðìàö³éí³ êîëèâàííÿ C–H) ³
ñìóãà ïðè 1355 ñì–1 (âàëåíòí³ êîëèâàííÿ Ñ–N)
[14].

Òåðìîë³ç êîìïëåêñó ðîçïî÷èíàºòüñÿ ç åí-
äîòåðì³÷íîãî åôåêòó â ³íòåðâàë³ òåìïåðàòóð 80–
1500Ñ (1000Ñ), ÿêèé ñóïðîâîäæóþòüñÿ åë³ì³íà-
ö³ºþ â ãàçîâó ôàçó 12 ìîëåêóë êðèñòàë³çàö³éíî¿
âîäè (mïðàêò=15,83%, mòåîð=15,24%). Çðàçîê º
òåðìîñòàá³ëüíèì äî 2700Ñ, à ïîò³ì â ³íòåðâàë³
270–3000Ñ (2800Ñ) ñïîñòåð³ãàºòüñÿ åêçîåôåêò ç
óáóòêîì ìàñè, ÿêèé â³äïîâ³äàº âèäàëåííþ ÷î-
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òèðüîõ ìîëåêóë bipy ³ äâîõ ÑÎ2 (mïðàêò=51,06%,
mòåîð=50,26%). Íà äàíîìó åòàï³ â³äáóâàºòüñÿ
ðîçðèâ çâ’ÿçê³â ë³ãàíä³â ç ìåòàëàìè, âèäàëåííÿ
ìîëåêóë 2,2'-á³ï³ðèäèíó ³ ÷àñòêîâå äåêàðáîêñè-
ëþâàííÿ. Ê³íöåâèìè ïðîäóêòàìè îêèñíî¿ òåð-
ìîäåñòðóêö³¿ êîìïëåêñó º îêñèäè ãåðìàí³þ ³
êóïðóìó (GeO2+2CuO), ùî óçãîäæóºòüñÿ ç ìà-
ñîþ çàëèøêó çðàçêà ïðè 10000Ñ (mïðàêò=18,29%,
mòåîð=18,68%).

Çà äàíèìè ðåíòãåíîñòðóêòóðíîãî àíàë³çó
ñïîëóêà I ÿâëÿº ñîáîþ ãåòåðîìåòàë³÷íèé òðè-
ÿäåðíèé êîìïëåêñ [{Cu(bipy)2}2Ge(-Cit)2]
(ðèñ. 1), ùî çíàõîäèòüñÿ â ñïåö³àëüíîìó ïîëî-
æåíí³ â³äíîñíî öåíòðó ñèìåòð³¿ òà ³ñíóº â êðèñ-
òàë³ â âèãëÿä³ äîäåêàã³äðàòó (12 ìîëåêóë âîäè).

Áóäîâà êîîðäèíàö³éíîãî âóçëà ãåðìàí³þ â
ñòðóêòóð³ I ïîä³áíà äî áóäîâè, îïèñàíî¿ íàìè
ðàí³øå äëÿ á³ñ(öèòðàòî)ãåðìàíàòíèõ êîìïëåêñ³â
[1,5–8,12]. Îäíàê, íà â³äì³íó â³ä íèõ, â I âñ³ òðè
êàðáîêñèëüí³ ãðóïè ³ ã³äðîêñèãðóïà ëèìîííî¿
êèñëîòè äåïðîòîíîâàí³. Êîîðäèíàö³éíèé ïîë-
³åäð àòîìà Ge – âèêðèâëåíèé îêòàåäð, ÿêèé óò-
âîðåíèé òðüîìà ïàðàìè àòîì³â îêñèãåíó òðüîõ
òèï³â äâîõ òðèäåíäàíòíî õåëàòíèõ ë³ãàíä³â Cit4–:
ã³äðîêñèëüíèì (àòîì Î(3)), -êàðáîêñèëàòíèì
(àòîì Î(1)), -êàðáîêñèëàòíèì (àòîì Î(4))
(ðèñ. 1). ßê ³ ó âñ³õ ðàí³øå âèâ÷åíèõ á³ñ(öèòðà-
òî)ãåðìàíàòíèõ àí³îíàõ [1,5–8,12], ñïîñòåð³ãàºòü-
ñÿ íååêâ³âàëåíòí³ñòü äîâæèí çâ’ÿçê³â Ge–O òðüîõ
òèï³â – ã³äðîêñèëüíèé çâ’ÿçîê íàéá³ëüø êîðîò-
êèé (äîâæèíà çâ’ÿçêó Ge–O(3) 1,823(2) Å), à
-êàðáîêñèëàòíèé çâ’ÿçîê Ge–O(4) ïîì³òíî äîâ-
øå -êàðáîêñèëàòíîãî (Ge–O(1) (1,932(2) Å ³
1,903(2) Å, â³äïîâ³äíî). Âàëåíòí³ êóòè O–Ge–O

â êîîðäèíàö³éíîìó ïîë³åäð³ çì³íþþòüñÿ â ³íòåð-
âàë³ 86,95(8)–93,05(8)0 (òàáë. 1).

Êîîðäèíàö³ÿ àòîìà ãåðìàí³þ öèòðàòíèì
ë³ãàíäîì ïðèâîäèòü äî óòâîðåííÿ ñïîëó÷åíèõ

Ðèñ. 1. Ìîëåêóëÿðíà ñòðóêòóðà I. Àòîìè ã³äðîãåíó ïðèõîâàí³, íóìåðàö³ÿ íàâåäåíà äëÿ ñèìåòðè÷íî íåçàëåæíî¿ ÷àñòèíè

ìîëåêóëè

Òàáëèöÿ 1
Äåÿê³ ãåîìåòðè÷í³ ïàðàìåòðè ñòðóêòóðè I

Зв'язок d, Å 
Ge(1)–O(4) 1,932(2) 
Ge(1)–O(3) 1,823(2) 
Ge(1)–O(1) 1,909(2) 
Cu(1)–O(6) 2,387(3) 
Cu(1)–O(7) 2,192(3) 
Cu(1)–N(1) 1,997(2) 
Cu(1)–N(2) 2,111(2) 
Cu(1)–N(3) 2,072(3) 
Cu(1)–N(4) 1,986(2) 

Кут , град 
O(3)–Ge(1)–O(4) 90,41(8) 
O(3)–Ge(1)–O(1) 86,95(8) 
O(1)–Ge(1)–O(4) 89,34(8) 
O(7)–Cu(1)–O(6) 56,79(9) 
N(1)–Cu(1)–O(6) 95,01(9) 
N(1)–Cu(1)–O(7) 87,81(9) 
N(1)–Cu(1)–N(2) 79,35(9) 
N(1)–Cu(1)–N(3) 99,25(10) 
N(2)–Cu(1)–O(7) 108,02(9) 
N(3)–Cu(1)–O(6) 89,49(9) 
N(3)–Cu(1)–N(2) 105,84(10) 
N(4)–Cu(1)–O(6) 91,26(9) 
N(4)–Cu(1)–O(7) 96,22(9) 
N(4)–Cu(1)–N(2) 94,76(9) 
N(4)–Cu(1)–N(3) 80,09(10) 
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Òàáëèöÿ 2
Ãåîìåòðè÷í³ õàðàêòåðèñòèêè âîäíåâèõ çâ’ÿçê³â â

ñòðóêòóð³ I ((i) –x+1, –y+1, –z+2; (ii) –x+1, –y+1,

–z+1; (iii) x, y–1, z)

D–HA 
d(HA), 

Å 
d(DA), 

Å 
D–HA, 

0 

O(11)–H(11А)O(3)i 1,98 2,802(3) 161,6 

O(11)–H11(B)O(7) 1,96 2,722(4) 149,5 

O(10)–H(10A)O(11) 1,84 2,683(3) 170,3 

O(12)–H(12A)O(10)ii 2,05 2,758(4) 140,4 

O(9)–H(9B)O(13)iii 2,03 2,749(4) 142,0 

O(13)–H(13A)O(12) 1,95 2,790(4) 172,3 

ºìîä³þòü îäíà ç îäíîþ çà ðàõóíîê âîäíåâèõ
çâ’ÿçê³â ç ìîëåêóëàìè âîäè (òàáë. 2).

Ðèñ. 2. –-Ñòåê³íã âçàºìîä³¿ ì³æ á³ï³ðèäèíàìè äâîõ

ìîëåêóë êîìïëåêñó âñåðåäèí³ êîëîíîê, ÿê³ óòâîðåí³ âäîâæ

êðèñòàëîãðàô³÷íîãî íàïðÿìêó ñ

Ðèñ. 3. Êðèñòàë³÷íà ñòðóêòóðà I. Âèãëÿä âäîâæ êðèñòàëîãðàô³÷íî¿ îñ³ ñ

øåñòè- ³ ï’ÿòè÷ëåííèõ ìåòàëîöèêë³â. Øåñòè-
÷ëåííèé öèêë Ge–O(3)–C(2)–C(3)–C(4)–O(4)
çíàõîäèòüñÿ â êîíôîðìàö³¿ ï³âêð³ñëî (àòîìè O(3)
³ Ñ(4) â³äõèëÿþòüñÿ íà 0,6 Å ³ –0,3 Å, â³äïîâ³ä-
íî, â³ä ñåðåäíüîêâàäðàòè÷íî¿ ïëîùèíè, ÿêà ïðî-
õîäèòü ÷åðåç àòîìè Ge(1), Î(4), Ñ(4), Ñ(3) ç òî÷-
í³ñòþ 0,03 Å). Ï’ÿòè÷ëåííèé öèêë çíàõîäèòüñÿ
â êîíôîðìàö³¿ êîíâåðò. Àòîì Î(3) â³äõèëÿºòüñÿ
íà 0,5 Å â³ä ñåðåäíüîêâàäðàòè÷íî¿ ïëîùèíè, ÿêà
ïðîõîäèòü ÷åðåç àòîìè Ge(1), Î(1), Ñ(1), Ñ2) ç
òî÷í³ñòþ 0,01 Å.

Êîîðäèíàö³éíèé ïîë³åäð àòîìó Cu ÿâëÿº
ñîáîþ âèêðèâëåíó êâàäðàòíó á³ï³ðàì³äó, ÿêà óò-
âîðåíà ÷îòèðìà àòîìàìè í³òðîãåíó äâîõ ìîëå-
êóë bipy ³ äâîìà àòîìàìè îêñèãåíó òðåòüî¿ äå-
ïðîòîíîâàíî¿ êàðáîêñèëüíî¿ ãðóïè ëèìîííî¿
êèñëîòè. Â åêâàòîð³àëüíîìó ïîëîæåíí³ çíàõî-
äÿòüñÿ àòîìè N(2), N(3), Î(6) ³ Î(7), à â àêñ³àëü-
íîìó – àòîìè N(1), N(4). Â êîîðäèíàö³éíîìó
ïîë³åäð³ çíà÷åííÿ äîâæèí åêâàòîð³àëüíèõ
çâ’ÿçê³â Cu–N ³ Cu–O çì³íþþòüñÿ â ìåæàõ
2,072(3)–2,387(3) Å, à çíà÷åííÿ äîâæèí àêñ³àëü-
íèõ çâ’ÿçê³â Cu–N çì³íþþòüñÿ â ìåæàõ 1,986(2)–
1,997(2) Å. Âàëåíòí³ êóòè N–Cu–N, O–Cu–O ³
N–Cu–O â êîîðäèíàö³éíîìó ïîë³åäð³ âàð³þþòü-
ñÿ â ìåæàõ 56,79(9)–108,02(9)0.

Â êðèñòàë³ ì³æ -ñèñòåìàìè á³ï³ðèäèí³â
äâîõ ôðàãìåíò³â {Cu(bipy)2} ñóñ³äí³õ ìîëåêóë
êîìïëåêñ³â ñïîñòåð³ãàþòüñÿ ñëàáê³ –-ñòåê³íã
âçàºìîä³¿ (C(19)…C(25)’ (–x,1–y,2–z) 3,39 Å,
C(25)…C(19)’ (–x,1–y,2–z) 3,39 Å) (ðèñ. 2), ùî
ïðèâîäÿòü äî óòâîðåííÿ êîëîíîê âäîâæ êðèñòà-
ëîãðàô³÷íî¿ îñ³ ñ (ðèñ. 3). Ñóñ³äí³ êîëîíêè âçà-
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Âèñíîâêè
Ïðè çàì³í³ àí³îíà ñîë³ êóïðóìó(II) ç õëî-

ðèäó íà àöåòàò îòðèìàíî êîìïëåêñ ³íøîãî òèïó
– ãåòåðîÿäåðíèé, â ÿêîìó öèòðàò-àí³îí º ì³ñòî÷-
êîì ì³æ àòîìîì ãåðìàí³þ(IV) ç äâîìà àòîìàìè
êóïðóìó(II). Ïðè öüîìó êâàäðàòíî-á³ï³ðàì³äàëü-
íèé êîîðäèíàö³éíèé ïîë³åäð Cu(II) ôîðìóºòü-
ñÿ çà ðàõóíîê á³äåíòàòíî¿ êîîðäèíàö³¿ òðåòüî¿
äåïðîòîíîâàíî¿ êàðáîêñèëüíî¿ ãðóïè ëèìîííî¿
êèñëîòè ³ äâîõ ìîëåêóë 2,2'-á³ï³ðèäèíó. Ö³êà-
âèì ôàêòîì º çàô³êñîâàí³ –-ñòåê³íã âçàºìîä³¿
ì³æ êîîðäèíîâàíèìè ìîëåêóëàìè 2,2'-á³ï³ðèäèíó
³ ôîðìóâàííÿ â êðèñòàë³÷í³é óïàêîâö³ êîëîíîê,
çâ’ÿçàíèõ îäíà ç îäíîþ çà ðàõóíîê âîäíåâèõ âçà-
ºìîä³é ÷åðåç ìîëåêóëè âîäè.
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SYNTHESIS AND STRUCTURE OF HETEROMETALLIC
COPPER(II)–GERMANIUM(IV) COMPLEX WITH CITRIC
ACID AND 2,2'-BIPYRIDINE

O.V. Pirozhok a, E.E. Martsinko a, *, E.A. Chebanenko a,
I.I. Seifullina a, V.V. Dyakonenko b, S.V. Shishkina b, c

a Odessa I.I. Mechnikov National University, Odessa, Ukraine
b SSI «Institute for Single Crystals», National Academy of
Sciences of Ukraine, Kharkiv, Ukraine

c V.N. Karazin Kharkiv National University, Kharkiv, Ukraine
* e-mail: lborn@ukr.net

A method has been developed for the synthesis of a new
heterometallic coordination compound with the composition
[{Cu(bipy)2}2Ge(-Cit)2]12Í2Î (I) (where bipy is 2,2'-bipyridine



169

Synthesis and structure of heterometallic copper(II)–germanium(IV) complex with citric acid and
2,2'-bipyridine

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2019, No. 6, pp. 164-169

and Cit4– is citrate anion). The compound has been characterized
by the methods of elemental analysis, IR-spectroscopy,
thermogravimetry and X-ray diffraction. According to the results of
X-ray diffraction analysis, compound I is a three-core mixed-ligand
complex in which Cit4– performs as a bridge, linking germanium(IV)
with two copper(II) atoms. The square-bipyramidal coordination
polyhedron of copper(II) is formed by the bidentate coordination of
carboxylate group and two bipy molecules. The coordination
polyhedron of the Ge atom is a distorted octahedron, which is formed
by three pairs of oxygen atoms of three types of two tridentate chelate
ligands Cit4–: hydroxyl, - and -carboxylate. Coordination of the
germanium atom by the citrate ligand leads to the formation of
articulated six- and five-membered cycles. A weak –-stacking is
observed in the crystal between the -systems of bipyridines of two
{Cu(bipy)2} fragments of neighboring molecules of the complexes,
which leads to the formation of columns along the c crystallographic
axis. Neighboring columns interact with each other through hydrogen
bonds with water molecules.

Keywords: germanium; copper; citric acid; 2,2'-bipyridine;
coordination compounds; crystal structure.
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