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Âïåðøå ñèíòåçîâàíî ãåòåðîìåòàë³÷íèé êîîðäèíàö³éíèé ïîë³ìåð
{[CuCl(bipy)2]2[Cu2(bipy)2(-C2O4)(-HXylar)2Ge2(OH)2(-HXylar)2Ge2(-OH)2]4Í2Î}n,
äå bipy – 2,2'-á³ï³ðèäèí, C2O4

2–, HXylar4– – îêñàëàò- òà ìîíîïðîòîíîâàíèé êñèëà-
ðàò-àí³îíè, â³äïîâ³äíî. Ñêëàä òà áóäîâó ñïîëóêè âñòàíîâëåíî çà äîïîìîãîþ ñóêóï-
íîñò³ ìåòîä³â äîñë³äæåííÿ: åëåìåíòíîãî àíàë³çó, ²×-ñïåêòðîñêîï³¿, òåðìîãðàâ³ìåòð³¿
òà ðåíòãåíîñòðóêòóðíîãî àíàë³çó. Çà äàíèìè ðåíòãåíîñòðóêòóðíîãî àíàë³çó ñïîëóêà
ì³ñòèòü àí³îí [Cu2(bipy)2(-C2O4)(-HXylar)2Ge2(OH)2(-HXylar)2Ge2(-OH)2]2– òà äâà
êàò³îíè [CuCl(bipy)2]+. Ïîë³åäð àòîìó Cu â êîìïëåêñíîìó àí³îí³ – êâàäðàòíà ï³ðà-
ì³äà, âåðøèíó ÿêî¿ çàéìàº àòîì êèñíþ êñèëàðîâî¿ êèñëîòè, âíàñë³äîê ÷îãî óòâîðþ-
þòüñÿ êîîðäèíàö³éí³ ïîë³ìåðí³ ëàíöþãè [Cu2(bipy)2(-C2O4)(-HXylar)2Ge2(OH)2(-
HXylar)2Ge2(-OH)2]n, ÿê³ â êðèñòàë³ ïîâ’ÿçàí³ ì³ñòêî÷êîâèìè ìîëåêóëàìè âîäè ³
ôîðìóþòü øàðè. Êàò³îíè [CuCl(bipy)2]+ ðîçòàøîâàí³ ì³æ øàðàìè ïîë³ìåðíèõ ëàí-
öþã³â àí³îí³â; êîîðäèíàö³éíèé ïîë³åäð Cu – âèêðèâëåíà á³ï³ðàì³äà.

Êëþ÷îâ³ ñëîâà: ãåðìàí³é, ì³äü, êñèëàðîâà êèñëîòà, 2,2'-á³ï³ðèäèí, îêñàëàòíà êèñëî-
òà, êîîðäèíàö³éíèé ïîë³ìåð, êðèñòàë³÷íà ñòðóêòóðà.
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Âñòóï
Ïðîáëåìà ñòâîðåííÿ íîâèõ ãåòåðîìåòàë³-

÷íèõ êîîðäèíàö³éíèõ ïîë³ìåð³â º àêòóàëüíîþ äëÿ
ðîçðîáêè ïîë³ôóíêö³îíàëüíèõ ìàòåð³àë³â, ïåðñ-
ïåêòèâíèõ äëÿ âèêîðèñòàííÿ â ÿêîñò³ ñõîâèù
äëÿ ìîëåêóë ãàç³â, êàòàë³çàòîð³â, åëåêòðîïðîâ³ä-
íèõ ìàòåð³àë³â, òîùî [1].

Â ìåæàõ ñèñòåìàòè÷íîãî äîñë³äæåííÿ îñîá-
ëèâîñòåé êîìïëåêñîóòâîðåííÿ «åñåíö³éíîãî»
ãåðìàí³þ ç á³îëîã³÷íî àêòèâíèìè ã³äðîêñèêàð-
áîíîâèìè êèñëîòàìè, íàìè áóëî âèÿâëåíî, ùî
ó âîäíîìó ðîç÷èí³ ïðîäóêòè ¿õ âçàºìîä³¿ ³ñíó-
þòü ó âèãëÿä³ ñò³éêèõ ã³äðîêñèêàðáîêñèëàòîãåð-
ìàíàòíèõ êèñëîò [2–4], íà îñíîâ³ ÿêèõ óòâîðþ-
þòüñÿ ã³äðîêñèêàðáîêñèëàòîãåðìàíàòè, çîêðåìà
êñèëàðàòîãåðìàíàòè, ç êîìïëåêñíèìè ãåêñààê-
âàêàò³îíàìè 3d-ìåòàë³â òà ¿õ êîìïëåêñàìè ç 1,10-
ôåíàíòðîë³íîì, 2,2'-á³ï³ðèäèíîì [5–9]. Âèçíà-
÷åíà ñòðóêòóðà îäåðæàíèõ ãåòåðîìåòàë³÷íèõ êñè-
ëàðàòîãåðìàíàòíèõ êîîðäèíàö³éíèõ ñïîëóê [8,9].

Âèÿâëåíî, ùî âîíè íàëåæàòü äî êàò³îí-àí³îí-
íîãî òèïó òà ì³ñòÿòü îäíàêîâèé öèêë³÷íèé òåò-
ðàÿäåðíèé êñèëàðàòîãåðìàíàòíèé àí³îí, ùî óíå-
ìîæëèâëþâàëî óòâîðåííÿ ñïîëóê ïîë³ìåðíîãî
òèïó ïðè âèêîðèñòàíí³ ò³ëüêè êñèëàðîâî¿ êèñ-
ëîòè. Íàøó óâàãó ïðèâåðíóëà îêñàëàòíà êèñëî-
òà, øèðîêî â³äîìà ñâîºþ çäàòí³ñòþ äî óòâîðåí-
íÿ ì³ñòî÷ê³â ð³çíîãî òèïó [10–12].

Òàêèì ÷èíîì, áóâ âèçíà÷åíèé íàïðÿì ïî-
äàëüøîãî äîñë³äæåííÿ òà ñôîðìóëüîâàíà ìåòà
äàíî¿ ðîáîòè: ï³ä³áðàòè óìîâè ñèíòåçó, âèçíà-
÷èòè ñêëàä òà ñòðóêòóðó Cu–Ge êñèëàðàòîãåð-
ìàíàòíîãî êîîðäèíàö³éíîãî ïîë³ìåðó çì³øàíî-
ë³ãàíäíîãî òèïó ç âèêîðèñòàííÿì 2,2'-á³ï³ðèäè-
íó òà îêñàëàòíî¿ êèñëîòè, ÿêà á âèêîíóâàëà ðîëü
ì³ñòî÷êà ì³æ ãåðìàí³ºì òà ì³ääþ.

Åêñïåðèìåíòàëüíà ÷àñòèíà
ßê âèõ³äí³ ðå÷îâèíè äëÿ ñèíòåçó êîîðäè-

íàö³éíîãî ïîë³ìåðó âèêîðèñòîâóâàëè GeO2

(99,999%) (Aldrich), êñèëàðîâó (H5Xylar) òà îê-
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ñàëàòíó (H2C2O4) êèñëîòè (99%), 2,2'-á³ï³ðèäèí
(99%) (Fluka), CuCl2·2H2O (98%) (Aldrich).

Åëåìåíòíèé àíàë³ç îäåðæàíîãî ïðîäóêòó
âèêîíóâàëè íà íàï³âàâòîìàòè÷íîìó C,N,H-àíà-
ë³çàòîð³. Âì³ñò ãåðìàí³þ òà ì³ä³ âèçíà÷àëè ìåòî-
äîì àòîìíî-åì³ñ³éíî¿ ñïåêòðîñêîï³¿ ç ³íäóêòèâ-
íî çâ’ÿçàíîþ ïëàçìîþ íà ïðèëàä³ Perkin Elmer
Optima 2000 DV, õëîð – ìåòîäîì ìåðêóðîìåòð³¿.

²× ñïåêòð ïîãëèíàííÿ (400–4000 ñì–1) ó
âèãëÿä³ òàáëåòîê ç KBr çàïèñóâàëè íà ñïåêòðî-
ôîòîìåòð³ Frontier ô³ðìè Perkin Elmer [13,14].
Òåðìîãðàâ³ìåòðè÷íèé àíàë³ç âèêîíóâàëè íà äå-
ðèâàòîãðàô³ Q-1500Ä (ïîâ³òðÿíà àòìîñôåðà,
³íòåðâàë òåìïåðàòóð 20–10000Ñ, øâèäê³ñòü íà-
ãð³âàííÿ 10 ãðàä/õâ).

Ñèíòåç ñïîëóêè
Ñèíòåç âèêîíóâàëè â òðè ñòàä³¿. Íà ïåðø³é

â 100 ìë âîäè (t=80–900C) ðîç÷èíÿëè ñóì³ø íà-
âàæîê GeO2 (1 ììîëü), H5Xylar (1 ììîëü), äàë³
ðîç÷èí óïàðþâàëè äî 20 ìë íà âîäÿí³é áàí³ ïðè
t=60–700C. Íà äðóã³é ñòàä³¿ éîãî îõîëîäæóâàëè
äî ê³ìíàòíî¿ òåìïåðàòóðè òà äîäàâàëè 20 ìë 95%-
ãî åòàíîëó, ÿêèé ì³ñòèâ 1 ììîëü CuCl22H2O ³
1,5 ììîëü bipy. Íà òðåò³é ñòàä³¿ äî îäåðæàíîãî
ðîç÷èíó äîäàâàëè íàâàæêó 0,25 ììîëü îêñàëàò-
íî¿ êèñëîòè. Ïðîòÿãîì òðüîõ ä³á óòâîðþâàâñÿ
êðèñòàë³÷íèé îñàä ñèíüîãî êîëüîðó. Âèõ³ä 60%.
Ìîíîêðèñòàëè, ïðèäàòí³ äëÿ ðåíòãåíîñòðóêòóð-
íîãî àíàë³çó, áóëè âèä³ëåí³ ç ðåàêö³éíîãî ñåðå-
äîâèùà.

Åëåìåíòíèé àíàë³ç
Çíàéäåíî, %: Ñ 38,75; Í 2,60; N 6,90; Cl 2,55;

Ñu 10,60; Ge 11,90.
Äëÿ C41H38O20N6ÑlCu2Ge2 ðîçðàõîâàíî, %:

Ñ 39,59; Í 3,05; N 6,76; Cl 2,85; Ñu 10,30; Ge 11,68.
²×-ñïåêòð (, ñì–1): 3405 (ÎÍ), 3079 s(C–H),

1686, 1599 as(ÑÎÎ–), 1567, 1494, 1474, 1445 (C–Càr),
1413 s(ÑÎÎ–), 1355 (Ñ–N), 1144 (Ñ–ÎÍ),
1071 (Ñ–Î), 850 as(GeOGe), 822 (Ge–OH),
773 (OCO), 732 (Ge–O), 527 (Ñu–O),
418 (Ñu–N).

Ðåíòãåíîñòðóêòóðíèé àíàë³ç
Êðèñòàëè ñïîëóêè (C41H38ClCu2Ge2N6O20)

(M=1242,48 ã/ìîëü): òðèêë³ííà ñèíãîí³ÿ, ïðî-
ñòîðîâà ãðóïà ÐĪ, a=13.505(2) Å, b=13.557(1) Å,
c=15.073(2) Å, =72,65(1)0, =69,69(1)0,
=63,33(1)0, V=2279,2(5) Å3, Z=2, T=294 K,
(MoK)=2,375 ìì–1, Dîá÷=1,810 ã/ñì3, âèì³ðÿí³
19214 â³äáèòò³â, 8940 íåçàëåæíèõ (Rint=0,1216,
Rsigma=0,2023). Ê³íöåâ³ çíà÷åííÿ äëÿ R1=0,087
(äëÿ â³äáèòò³â ç ³íòåíñèâí³ñòþ I>2(I)) òà
R2=0,193 (äëÿ âñ³õ â³äáèòò³â).

Ðåíòãåíîñòðóêòóðí³ äàí³ ñïîëóêè âèçíà÷à-
ëè íà äèôðàêòîìåòð³ «Xcalibur-3» (MoK âèïðî-

ì³íþâàííÿ, ÑÑD-äåòåêòîð, ãðàô³òîâèé ìîíîõðî-
ìàòîð, -ñêàíóâàííÿ). Ñòðóêòóðó ðîçøèôðîâà-
íî ïðÿìèì ìåòîäîì ³ óòî÷íåíî çà F2 ïîâíîìàò-
ðè÷íèì ÌÍÊ â àí³çîòðîïíîìó íàáëèæåíí³ äëÿ
íåâîäíåâèõ àòîì³â â êîìïëåêñ³ ïðîãðàì
SHELXTL [15]. Ïîëîæåííÿ àòîì³â âîäíþ îòðè-
ìàíî ç êàðòè åëåêòðîííî¿ ãóñòèíè òà óòî÷íåíî ç
âèêîðèñòàííÿì ìîäåë³ «âåðøíèêà» Uiso=nUeq

(n=1,5 ã³äðîêñèëüíèõ ãðóï òà äëÿ ìîëåêóë âîäè ³
n=1,2 äëÿ ³íøèõ àòîì³â âîäíþ). Êîîðäèíàòè
àòîì³â, à òàêîæ ïîâí³ òàáëèö³ äîâæèí çâ’ÿçê³â ³
âàëåíòíèõ êóò³â äåïîíîâàíî äî Êåìáðèäæñüêî-
ãî áàíêó êðèñòàëîãðàô³÷íèõ äàíèõ (fax: +44-1223-
336033; e-mail: deposit@ccdc.cam.ac.uk) òà äî-
ñòóïí³ ³ç çàçíà÷åííÿì íîìåðó CCDC 1976210.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Çà äàíèìè ðåíòãåíîñòðóêòóðíîãî àíàë³çó

ìîíîêðèñòàëó ïðîäóêòó ðåàêö³¿, âèä³ëåíîãî ç
ñèñòåìè GeO2–êñèëàðîâà, îêñàëàòíà êèñëîòè–
CuCl2–2,2'-á³ï³ðèäèí–H2O/C2H5OH, â³äïîâ³äàº
ôîðìóëà {[CuCl(bipy)2]2[Cu2(bipy)2(-C2O4)(-
HXylar)2Ge2(OH)2(-HXylar)2Ge2(-OH)2]4Í2Î}n,
ÿêà óçãîäæóºòüñÿ ç ðåçóëüòàòàìè éîãî åëåìåíò-
íîãî àíàë³çó íà âì³ñò C, H, N, Cu, Ge, Cl. Ñèí-
òåçîâàíà ñïîëóêà – êîìïëåêñíà ñ³ëü, ùî ì³ñòèòü
àí³îí [Cu2(bipy)2(-C2O4)(-HXylar)2Ge2(OH)2(-
HXylar)2Ge2(-OH)2]2– òà äâà êàò³îíè
[CuCl(bipy)2]+. Ïðè öüîìó ñë³ä â³äçíà÷èòè, ùî
àòîì Cu â êîìïëåêñíîìó àí³îí³ êîîðäèíîâàíèé
àòîìîì êèñíþ êñèëàðîâî¿ êèñëîòè, âíàñë³äîê
÷îãî óòâîðþþòüñÿ êîîðäèíàö³éí³ ïîë³ìåðí³ ëàí-
öþãè [Cu2(bipy)2(-C2O4)(-HXylar)2Ge2(OH)2(-
HXylar)2Ge2(-OH)2]n âçäîâæ êðèñòàëîãðàô³÷íîãî
íàïðÿìêó [0 –1 –1] (ðèñ. 1).

Ôðàãìåíò àí³îíà [(-HXylar)2Ge2(OH)2Ge2(-
HXylar)2Ge2(-OH)2], ÿê ³ â ðîáîòàõ [8,9], º ñè-
ìåòðè÷íèì òà ÷îòèðèÿäåðíèì, ÿêèé çíàõîäèòü-
ñÿ â îêðåìîìó ïîëîæåíí³ â³äíîñíî öåíòðó ñè-
ìåòð³¿ (ðèñ. 2,à). Àòîìè Ge1 òà Ge2 â íüîìó ìà-
þòü ð³çí³ òèïè êîîðäèíàö³¿. Êîîðäèíàö³éíèé
ïîë³åäð àòîìà Ge1 – âèêðèâëåíà òðèãîíàëüíà
á³ï³ðàì³äà, â åêâàòîð³àëüí³é ïëîùèí³ ÿêî¿ çíà-
õîäÿòüñÿ äâà àòîìè êèñíþ äåïðîòîíîâàíèõ
ã³äðîêñèëüíèõ ãðóï ë³ãàíä³â HXylar4– ³ àòîì êèñ-
íþ ã³äðîêñèëüíîãî àí³îíà, à â àêñ³àëüíîìó ïî-
ëîæåíí³ ðîçòàøîâàí³ äâà àòîìè êèñíþ äâîõ äåï-
ðîòîíîâàíèõ êàðáîêñèëüíèõ ãðóï ë³ãàíä³â
HXylar4–. Çíà÷åííÿ äîâæèí çâ’ÿçê³â Ge–O â åê-
âàòîð³àëüíîìó íàïðÿìêó çì³íþþòüñÿ â ìåæàõ
1,742(6)1,787(6) Å; à â àêñ³àëüíîìó íàïðÿìêó –
1,911(6) Å òà 1,921(6) Å. Çíà÷åííÿ âàëåíòíèõ êóò³â
Î–Ge–O â åêâàòîð³àëüíîìó íàïðÿìêó çì³íþþòü-
ñÿ â ìåæàõ 115,3(3)127,0(3)0, à â àêñ³àëüíîìó
íàïðÿìêó – 87,1(3)99,0(3)0 (òàáë. 1). Êîîðäè-
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íàö³éíèé ïîë³åäð àòîìà Ge2 – âèêðèâëåíèé
îêòàåäð, ùî óòâîðåíèé ÷îòèðìà àòîìàìè êèñíþ
äåïðîòîíîâàíèõ ã³äðîêñèëüíî¿ òà êàðáîêñèëüíî¿
ãðóï äâîõ ë³ãàíä³â HXylar4– òà äâîìà àòîìàìè
êèñíþ ã³äðîêñîãðóï, ùî º ì³ñòêîâèìè ì³æ äâî-
ìà àòîìàìè Ge2. Äîâæèíè çâ’ÿçê³â Ge–O â êî-
îðäèíàö³éíîìó ïîë³åäð³ çì³íþþòüñÿ â ìåæàõ
1,819(6)1,931(6) Å, à âàëåíòí³ êóòè Î–Ge–O –
â ìåæàõ 78,7(2)96,5(3)0 (òàáë. 1).

Ôðàãìåíò [Cu2(bipy)2(-C2O4)] º äâîÿäåð-
íèì, çíàõîäèòüñÿ â îêðåìîìó ïîëîæåíí³ â³äíîñ-
íî öåíòðó ñèìåòð³¿. Êîîðäèíàö³éíèé ïîë³åäð
àòîìó Cu1 â ïîë³ìåðíîìó àí³îí³ – êâàäðàòíà
ï³ðàì³äà, â îñíîâ³ ÿêî¿ çíàõîäÿòüñÿ äâà àòîìè Î
îêñàëàòíîãî àí³îíà, ùî âèñòóïàº â ÿêîñò³ ì³ñòî÷-
êîâîãî ì³æ ñóñ³äí³ìè àòîìàìè Cu1, òà äâà àòîìè
N ìîëåêóëè á³ï³ðèäèíó. Âåðøèíà ï³ðàì³äè –
àòîì Î6 êñèëàðîâî¿ êèñëîòè (ðèñ. 2,á). Çíà÷åí-
íÿ äîâæèí çâ’ÿçê³â Ñu1–N òà Cu1–O, ùî ëå-
æàòü â îñíîâ³ ï³ðàì³äè, çì³íþþòüñÿ â ìåæàõ
1,957(6)1,990(6) Å òà çíà÷íî êîðîòø³, í³æ
Cu1–O6 (2,193(6) Å) (òàáë. 1).

Êîîðäèíàö³éíèé ïîë³åäð Cu2 â êàò³îí³
[CuCl(bipy)2]+ – âèêðèâëåíà á³ï³ðàì³äà (ðèñ. 2,â),
â åêâàòîð³àëüí³é ïëîùèí³ ÿêî¿ çíàõîäÿòüñÿ àòî-
ìè N3, N6, Cl1, à â àêñ³àëüí³é – àòîìè N4 òà N5

äâîõ ìîëåêóë á³ï³ðèäèíó (ðèñ. 2,â). Äîâæèíè
çâ’ÿçê³â Ñu2–N çì³íþþòüñÿ â ìåæàõ 1,965(5)
2,137(6) Å, à Ñu2–Cl1 äîð³âíþº 2,291(4) Å
(òàáë. 1). Ñë³ä çàçíà÷èòè, ùî â àêñ³àëüíîìó íà-
ïðÿìêó äîâæèíè çâ’ÿçê³â ïîì³òíî êîðîòø³, í³æ
â åêâàòîð³àëüíîìó. Çíà÷åííÿ âàëåíòíèõ êóò³â â
åêâàòîð³àëüíîìó íàïðÿìêó çì³íþþòüñÿ â ìåæàõ
106,0(3)137,4(2)0 (³äåàëüíå çíà÷åííÿ 1200), à â
àêñ³àëüíîìó íàïðÿìêó – 79,3(3)98,3(3) 0 (³äå-
àëüíå çíà÷åííÿ 900).

Â êðèñòàë³ êîîðäèíàö³éí³ ïîë³ìåðí³ ëàí-
öþæêè [Cu2(bipy)2(-C2O4)(-HXylar)2Ge2(OH)2(-
HXylar)2Ge2(-OH)2]n ïîâ’ÿçàí³ ÷åðåç ì³ñòî÷êîâ³
ìîëåêóëè âîäè (òàáë. 2) òà óòâîðþþòü øàðè,
ïàðàëåëüí³ êðèñòàëîãðàô³÷í³é ïëîùèí³ (111).
Êàò³îíè [CuCl(bipy)2]+ ðîçòàøîâàí³ ì³æ øàðàìè
ïîë³ìåðíèõ ëàíöþã³â àí³îí³â (ðèñ. 3).

Àíàë³ç ²×-ñïåêòðà ñïîëóêè âèÿâèâ íàá³ð
ñìóã êîëèâàííÿ, ÿêèé ïîâí³ñòþ êîðåëþº ç âñòà-
íîâëåíîþ ñòðóêòóðîþ êîîðäèíàö³éíîãî ïîë³ìå-
ðó. Ñìóãè as(ÑÎÎ–), s(ÑÎÎ–), (C–OH),
as(GeOGe), (GeOH), (Ge–O) â³äïîâ³äàþòü çà
çâ’ÿçîê ãåðìàí³þ ç ôóíêö³îíàëüíèìè ãðóïàìè
êñèëàðàòíîãî ë³ãàíäó. Ïîä³áíèé íàá³ð áóâ çàô³-
êñîâàíèé â ðàí³øå îäåðæàíèõ íàìè êñèëàðàòî-
ãåðìàíàòàõ ç 1,10-ôåíàíòðîë³íîì ³ 2,2-á³ï³ðèäè-

Ðèñ. 1. Ôðàãìåíò êîîðäèíàö³éíîãî ïîë³ìåðíîãî ëàíöþãó [Cu2(bipy)2(-C2O4)(-HXylar)2Ge2(OH)2(-HXylar)2Ge2(-OH)2]n,

ùî ïîâòîðþºòüñÿ. Àòîìè âîäíþ íå â³äîáðàæåíî
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íîì òà ¿õ êîìïëåêñíèìè êàò³îíàìè ç Fe(II), Ni(II)
³ öèêë³÷íèì òåòðàÿäåðíèì êñèëàðàòîãåðìàíàò-
íèì àí³îíîì [8,9]. Îñòàííº ñâ³ä÷èòü ïðî íà-
ÿâí³ñòü â ñòðóêòóð³ îäåðæàíîãî ïîë³ìåðó ïî-
ä³áíîãî ôðàãìåíòó.

Íà á³äåíòàòíó êîîðäèíàö³þ îêñàëàòíî¿ êèñ-
ëîòè äî ì³ä³ âêàçóº íàÿâí³ñòü â ²×-ñïåêòð³
(OCO) òà (Ñu–O) [10]. Ïðî ïðèñóòí³ñòü â êîì-
ïëåêñ³ ìîëåêóë 2,2'-á³ï³ðèäèíó òà ¿õ êîîðäèíà-

ö³þ äî Ñu ñâ³ä÷àòü íàñòóïí³ ñìóãè êîëèâàííÿ:
s(C–H), (C–Càr), (Ñ–N), (Ñu–N) [14]. Øè-
ðîêà ñìóãà (ÎÍ) ç ìàêñèìóìîì 3405 ñì–1

ï³äòâåðäæóº óòâîðåííÿ êðèñòàëîã³äðàòó òà óçãî-
äæóºòüñÿ ç ðåçóëüòàòàìè òåðìîãðàâ³ìåòðè÷íîãî
äîñë³äæåííÿ êîîðäèíàö³éíîãî ïîë³ìåðó.

Àíàë³ç òåðìîãðàâ³ãðàìè ïîêàçàâ, ùî â ³íòåð-
âàë³ òåìïåðàòóð 70–1100Ñ (1000Ñ) ñïîñòåð³ãàºòü-
ñÿ åíäîòåðì³÷íèé åôåêò, ùî ñóïðîâîäæóºòüñÿ
çìåíøåííÿì ìàñè, ÿêèé â³äïîâ³äàº âèäàëåííþ
äâîõ ìîëåêóë êðèñòàë³çàö³éíî¿ âîäè (mïðàêò=
=3,00%, mòåîð=2,89%). Íàñòóïíèé åíäîòåðì³-
÷íèé åôåêò (110–2300Ñ (1800Ñ)) ³ç çìåíøåí-
íÿì ìàñè 13,00%, ïîâ’ÿçàíèé ç âèäàëåííÿì â
ãàçîâó ôàçó îäí³º¿ ìîëåêóëè 2,2'-á³ï³ðèäèíó
(mòåîð=12,88%). Ïîäàëüøèé òåðìîðîçêëàä êîì-
ïëåêñó ñóïðîâîäæóºòüñÿ åêçîåôåêòîì (230–3200Ñ
(2900Ñ)) ç åë³ì³íàö³ºþ äâîõ ìîëåêóë bipy ³ îäí³º¿
ìîëåêóëè HCl (mïðàêò=30,00%, mòåîð=28,70%).
Â ðåçóëüòàò³ íàñòóïíèõ òðüîõ åêçîåôåêò³â (330–
4000Ñ (3700Ñ), 400–5600Ñ (5000Ñ), 560–9300Ñ
(8100Ñ)) â³äáóâàºòüñÿ îêèñíà òåðìîäåñòðóêö³ÿ
êîìïëåêñó òà óòâîðåííÿ ê³íöåâèõ ïðîäóêò³â –
ñóì³ø³ îêñèä³â GeO2 òà CuO (â³äïîâ³äíî äî ìàñè
çàëèøêó mïðàêò=28,50%, mòåîð=29,73% òà ë³òå-
ðàòóðíèõ äàíèõ ùîäî òåðìîðîçêëàäó êñèëàðàòî-
ãåðìàíàò³â [5,9]).

Âèñíîâêè
Îäåðæàí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî òå, ùî

ââåäåííÿ îêñàëàòíî¿ êèñëîòè â äîñë³äæåíó ðå-
àêö³éíó ñèñòåìó ñïðèÿëî óòâîðåííþ ãåòåðîìå-
òàë³÷íîãî êîîðäèíàö³éíîãî ïîë³ìåðó, àëå éîãî
ñòðóêòóðà âèÿâèëàñÿ íåïåðåäáà÷óâàíîþ: îêñàëàò-
íà êèñëîòà ÿê ì³ñòî÷êîâèé ë³ãàíä çâ’ÿçóº äâà àòî-
ìè ì³ä³, à íå ãåðìàí³é òà ì³äü. Çáåð³ãàºòüñÿ öèê-
ë³÷íèé òåòðàìåðíèé ãåðìàí³éêñèëàðàòíèé ôðàã-
ìåíò, ðàí³øå â³äì³÷åíèé â ïîä³áíèõ ñïîëóêàõ
[8,9]. Êîîðäèíàö³éíå ÷èñëî ì³ä³ äîïîâíþºòüñÿ
äî ï’ÿòè àòîìîì êèñíþ êàðáîêñèëàòíî¿ ãðóïè
HXylar4–, ÿêà ïîºäíóº àòîìè Ge òà Cu, ùî ³
â³ä³ãðàº ãîëîâíó ðîëü â óòâîðåíí³ ñàìå òàêîãî
ãåòåðîìåòàë³÷íîãî êîîðäèíàö³éíîãî ïîë³ìåðó. Â
ïîáóäîâ³ éîãî êðèñòàë³÷íî¿ ñòðóêòóðè áåðóòü

Зв'язок d, Å Зв'язок d, Å 
Ge2–O12 1,819(6) Cu1–O18ii 1,990(6) 
Ge2–O16i 1,927(6) Cu1–O6 2,193(6) 
Ge2–O16 1,912(5) Cu1–N1 1,985(8) 
Ge2–O5i 1,829(6) Cu1–O17 1,957(6) 
Ge2–O13 1,930(6) Cu1–N2 1,963(7) 
Ge2–O7i 1,931(6) Cu2–Cl1 2,291(4) 
Ge1–O10 1,769(6) Cu2–N3 2,057(5) 
Ge1–O3 1,787(6) Cu2–N5 1,965(5) 
Ge1–O15 1,742(6) Cu2–N6 2,137(6) 
Ge1–O8 1,921(6) Cu2–N4 1,982(5) 
Ge1–O1 1,911(6) O12–C9 1,387(10) 
Кут , град Кут , град 
O12–Ge2–O16 94,6(2) O17–Cu1–O6 99,9(3) 
O12–Ge2–O13 85,9(3) O17–Cu1–N1 92,4(3) 
O16–Ge2–O13 91,0(2) N2–Cu1–O6 100,2(3) 
O10–Ge1–O3 127,0(3) N2–Cu1–N1 83,2(3) 
O10–Ge1–O8 87,5(3) N3–Cu2–Cl1 137,4(2) 
O10–Ge1–O1 88,4(3) N3–Cu2–N6 106,0(3) 
O3–Ge1–O8 87,1(3) N5–Cu2–Cl1 90,5(2) 
O3–Ge1–O1 87,4(3) N5–Cu2–N3 98,8(3) 
O15–Ge1–O10 115,3(3) N5–Cu2–N6 79,3(3) 
O15–Ge1–O3 117,7(3) N6–Cu2–Cl1 116,6(2) 
O15–Ge1–O8 99,0(3) N4–Cu2–Cl1 92,6(2) 
O15–Ge1–O1 91,9(3) N4–Cu2–N3 79,6(3) 
O1–Ge1–O8 169,1(3) N4–Cu2–N6 98,3(3) 
N1–Cu1–O6 106,1(3) C9–O12–Ge2 116,4(5) 

 

Òàáëèöÿ 1
Âèáðàí³ äîâæèíè çâ’ÿçêó òà âàëåíòí³ êóòè ó ñïîëóö³

(îïåðàö³¿ ñèìåòð³¿ (i) –x+1, –y+1, –z; (ii) –x+1, –y,
–z+1)

Òàáëèöÿ 2
Ãåîìåòðè÷í³ õàðàêòåðèñòèêè âîäíåâèõ çâ’ÿçê³â ó ñïîëóö³ (îïåðàö³¿ ñèìåòð³¿ (i) –x+1, –y+1, –z; (iii) x, y–1, z;

(iv) –x+2, –y, –z)

D–HA d(D–H), Å d(HA), Å d(DA), Å D–HA, град 
O16–H16O19 0,82 1,89 2,695(8) 168 

O19–H19BO1i 0,82 2,04 2,791(9) 152 

O20–H20AO4 0,85 1,97 2,747(9) 151 

O20–H20BO14iii 0,85 1,89 2,702(9) 160 

O15–H15O20iv 0,82 1,94 2,713(9) 157 
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Ðèñ. 2. Ìîëåêóëÿðíà áóäîâà ôðàãìåíò³â: [(-HXylar)2(OH)2Ge2(-HXylar)2Ge2(-OH)2] (à), [Cu2(bipy)2(-C2O4)] (á)

(ïîäâ³éíîþ õâèëÿñòîþ ë³í³ºþ ïîçíà÷åíî çâ’ÿçîê ì³ä³ ç HXylar4–) òà êàò³îíà [CuCl(bipy)2]+ (â)

à

á

â
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ó÷àñòü êàò³îíè [CuCl(bipy)2]+, ãåòåðîìåòàë³÷í³
ïîë³ìåðí³ àí³îíè [Cu2(bipy)2(-C2O 4)(-
HXylar)2Ge2(OH)2(-HXylar)2Ge2(-OH)2]2–, ùî
çâ’ÿçàí³ ì³æ ñîáîþ ì³ñòêîâèìè ìîëåêóëàìè êðè-
ñòàë³çàö³éíî¿ âîäè.
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THE FORMATION AND STRUCTURE OF THE
HETEROMETALLIC COORDINATION POLYMER
IN THE SYSTEM GeO2–XYLARIC, OXALIC
ACIDS–CuCl2–2,2'-BIPYRIDINE–H2O/C2H5OH
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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
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A heterometal lic coordination compound
{[CuCl(bipy)2]2[Cu2(bipy)2(-C2O4)(-HXylar)2Ge2(OH)2(-
HXylar)2Ge2(-OH)2]4Í2Î}n (where bipy is 2,2'-bipyridine, C2O4

2–

is the oxalate anion and HXylar4– is the xylarate anion) was
synthesized for the first time. It was characterized by the methods of
elemental analysis, IR-spectroscopy, thermogravimetry and X-ray
diffraction. According to the results of X-ray diffraction analysis, the
compound contains one anion [Cu 2(bipy)2(-C 2O 4)(-
HXylar)2Ge2(OH)2(-HXylar)2Ge2(-OH)2]

2– and two cations
[CuCl(bipy)2]

+. Fragment [(-HXylar)2(OH)2Ge2(-HXylar)2Ge2(-
OH)2 ] is symmetrical and tetranuclear. Germanium atoms exhibit
two different coordination polyhedrons. The coordination polyhedrons
of two Ge atoms are distorted trigonal bipyramids. Their equatorial
planes are occupied by the two oxygen atoms of carboxyl groups of
HXylar4– ligands and the oxygen atom of hydroxyl anion, while the
axial positions are occupied by the two oxygen atoms of two
deprotonated carboxyl groups of HXylar4– ligands. The coordination
polyhedrons of two central Ge atoms are distorted octahedrons formed
by four oxygen atoms of deprotonated hydroxyl and carboxyl groups
of two HXylar4– ligands and two oxygen atoms of the hydroxoligand.
The oxygen atoms of the hydroxoligand form a bridge between two
central germanium atoms. The coordination polyhedron for copper
in anion [Cu 2(bipy)2(-C 2O 4)(-HXylar)2Ge 2(OH)2(-
HXylar)2Ge2(-OH)2]

2– is a square bipyramid, the top of which is
occupied by the oxygen atom of xylaric acid. This leads to the
formation of coordination polymer chains [Cu2(bipy)2(-C2O4)(-
HXylar)2Ge2(OH)2(-HXylar)2Ge2(-OH)2]n, that interact with each
other through hydrogen bonds of water molecules and form layers in
the crystal. The cations [CuCl(bipy)2]

+ are located between layers of
coordination polymer chains. In the cation, copper forms distorted-
bipyramidal coordination polyhedron.

Keywords: germanium; copper; xylaric acid; 2,2'-bipyridine;
oxalic acid; coordination compound; crystal structure.
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