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ÑÈÍÒÅÇ È ÑÒÐÎÅÍÈÅ ÊÎÎÐÄÈÍÀÖÈÎÍÍÛÕ ÑÎÅÄÈÍÅÍÈÉ CO(II) 
È NI(II) Ñ ÏÈÐÈÄÈÍÎÈËÃÈÄÐÀÇÎÍÀÌÈ ÏÈÐÎÂÈÍÎÃÐÀÄÍÎÉ 
ÊÈÑËÎÒÛ

Èçó÷åíî âçàèìîäåéñòâèå ÌÕ
2
 (Ì = Co2+, Ni2+; Õ = Cl-, CH

3
COO-, NO

3
-) ñ íè-

êîòèíîèë- è èçîíèêîòèíîèëãèäðàçîíàìè ïèðîâèíîãðàäíîé êèñëîòû (H
2
Npv, 

H
2
Ipv) â ìåòàíîëå. Ðàçðàáîòàíû ìåòîäèêè è âïåðâûå ñèíòåçèðîâàíû 8 íî-

âûõ êîîðäèíàöèîííûõ ñîåäèíåíèé: — ñ õëîðèäàìè Co2+, Ni2+: [NiCl(HNpv)
(H

2
O)

2
] (I), [NiCl(HIpv)(H

2
O)

2
] (II), [CoCl(HNpv)(H

2
O)

2
] (III), [CoCl(HIpv)

(H
2
O)

2
] (IV); — ñ àöåòàòàìè è íèòðàòàìè Co2+, Ni2: [Ni(HNpv)

2
]⋅2CH

3
OH (V), 

[Ni(HIpv)
2
]⋅2CH

3
OH (VI), [Co(HNpv)

2
]⋅CH

3
OH (VII), [Co(HIpv)

2
]⋅CH

3
OH (VIII). 

Êîìïëåêñû îõàðàêòåðèçîâàíû ñîâîêóïíîñòüþ ìåòîäîâ ýëåìåíòíîãî àíà-
ëèçà, òåðìîãðàâèìåòðèè, ÈÊ-ñïåêòðîñêîïèè, ÑÄÎ, èçìåðåíèÿ ìàãíèòíîé 
âîñïðèèì÷èâîñòè. Ïðåäëîæåíû ñõåìû èõ ñòðîåíèÿ. Óñòàíîâëåíî, ÷òî âî 
âñåõ êîìïëåêñàõ ðåàëèçóåòñÿ îäèíàêîâàÿ ìîíîäåïðîòîíèðîâàííàÿ êåòîííàÿ 
ôîðìà ÍLpv- ñ êîîðäèíàöèåé ÷åðåç àçîìåòèíîâûé àòîì àçîòà è êèñëîðîäû 
êàðáîíèëüíîé è êàðáîêñèëàòíîé ãðóïï, áåç ó÷àñòèÿ ïèðèäèíîâîãî àçîòà.

Êëþ÷åâûå ñëîâà: êîîðäèíàöèÿ, êîìïëåêñíûå ñîåäèíåíèÿ, ïèðèäèíîèëãè-
äðàçîíû ïèðîâèíîãðàäíîé êèñëîòû.

Â ïîñëåäíèå ãîäû çíà÷èòåëüíî ðàñøèðèëñÿ ïåðå÷åíü è ðàçíîîáðàçèå 
èçó÷àåìûõ â êà÷åñòâå ëèãàíäîâ ãèäðàçîííûõ ñèñòåì — îñíîâàíèé Øèôôà 
íå òîëüêî ñ ïîëèôóíêöèîíàëüíûìè àëüäåãèäàìè, íî è êåòîêèñëîòàìè, ïðî-
ÿâëÿþùèìè ñâîéñòâà êåòîíîâ è êàðáîíîâûõ êèñëîò [1, 2].

Â ýòîì ïëàíå îñîáûé èíòåðåñ ïðåäñòàâëÿþò ïðîäóêòû êîíäåíñàöèè äâóõ 
áèîëîãè÷åñêè àêòèâíûõ ñîñòàâëÿþùèõ: ãèäðàçèäîâ ïèðèäèíêàðáîíîâûõ 
êèñëîò ñ ïèðîâèíîãðàäíîé êèñëîòîé, êîòîðàÿ ÿâëÿåòñÿ âàæíåéøèì ïðî-
ìåæóòî÷íûì ïðîäóêòîì, ñâÿçûâàþùèì ïðåâðàùåíèÿ óãëåâîäîâ, áåëêîâ è 
ëèïèäîâ [3].

Â ñèíòåòè÷åñêîì àñïåêòå èíòåðåñ ê òàêèì ëèãàíäíûì ñèñòåìàì îáóñëîâ-
ëåí íàëè÷èåì â ñîñòàâå èõ ìîëåêóë ðÿäà íóêëåîôèëüíûõ öåíòðîâ è ôóíê-
öèîíàëüíûõ ãðóïï, ãåîìåòðèÿ ðàçìåùåíèÿ êîòîðûõ è ýëåêòðîííàÿ êîíôè-
ãóðàöèÿ êîìïëåêñîîáðàçîâàòåëÿ âëèÿþò íà ôîðìèðîâàíèå ìîíî-, áè- èëè 
ïîëèÿäåðíûõ êîìïëåêñîâ ñ ðàçëè÷íûì ñïîñîáîì êîîðäèíàöèè ëèãàíäîâ.

Èçâåñòíî, ÷òî êîáàëüò è íèêåëü îòíîñÿòñÿ ê æèçíåííî âàæíûì ìåòàë-
ëàì [4]. Èõ êîìïëåêñû ñ ïèðèäèíîèëãèäðàçîíàìè ïèðîâèíîãðàäíîé êèñëî-
òû áåçóñëîâíî ÿâëÿþòñÿ ïåðñïåêòèâíûìè ñ òî÷êè çðåíèÿ èõ äàëüíåéøåãî 
èññëåäîâàíèÿ äëÿ âûÿâëåíèÿ âîçìîæíîñòåé ïðèìåíåíèÿ â êà÷åñòâå ëåêàð-
ñòâåííûõ ïðåïàðàòîâ, ïðîÿâëÿþùèõ òóáåðêóëîñòàòè÷åñêóþ, ïðîòèâîãðèá-
êîâóþ, ôóíãèöèäíóþ è äðóãèå àêòèâíîñòè. 
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Ïåðâîñòåïåííîé ñòàíîâèòñÿ çàäà÷à ðàçðàáîòêè ìåòîäèê ñèíòåçà, îïðå-
äåëåíèÿ ñîñòàâà, ñòðîåíèÿ êîîðäèíàöèîííûõ ñîåäèíåíèé Ñî(II) è Ni(II) ñ 
ðàññìàòðèâàåìûìè ãèäðàçîíàìè â çàâèñèìîñòè îò àíèîíà (Cl-, CH

3
COO-, 

NO
3
-) èñõîäíîé ñîëè ìåòàëëà. Èìåííî ýòîìó è ïîñâÿùåíà íàñòîÿùàÿ ðà-

áîòà, êîòîðàÿ ÿâëÿåòñÿ ïåðâûì ýòàïîì èññëåäîâàíèÿ â äàííîì íàó÷íîì 
íàïðàâëåíèè.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Â êà÷åñòâå èñõîäíûõ ðåàãåíòîâ â ðàáîòå èñïîëüçîâàëè CoCl
2
⋅6Í

2
Î, 

NiCl
2
⋅6Í

2
Î, Co(ÑÍ

3
ÑÎÎ)

2
⋅4Í

2
Î, Ni(ÑÍ

3
ÑÎÎ)

2
⋅4Í

2
Î, Co(NO

3
)
2
⋅6Í

2
Î, 

Ni(NO
3
)
2
⋅6Í

2
Î êâàëèôèêàöèè «÷äà», ãèäðàçèäû íèêîòèíîâîé è èçîíèêîòè-

íîâîé êèñëîò êâàëèôèêàöèè «õ÷», ïèðîâèíîãðàäíóþ êèñëîòó (ρ = 1.267 ã/
ìë) êâàëèôèêàöèè «÷äà» ôèðìû «Merck». 

Îðãàíè÷åñêèå ðàñòâîðèòåëè î÷èùàëè è àáñîëþòèðîâàëè ïî ìåòîäèêàì [5]. 
Â âûäåëåííûõ ñîåäèíåíèÿõ îïðåäåëÿëè ñîäåðæàíèå ìåòàëëîâ ìåòîäîì 

êîìïëåêñîíîìåòðèè [6], õëîðà — ìåðêóðîìåòðè÷åñêè [7], óãëåðîäà, âîäî-
ðîäà, àçîòà — íà Ñ-, Í-, N-àíàëèçàòîðå.

ÈÊ-ñïåêòðû ïîãëîùåíèÿ (4000 — 400 ñì–1) ëèãàíäîâ è êîìïëåêñîâ, òà-
áëåòèðîâàííûõ ñ KBr, çàïèñûâàëè íà ñïåêòðîôîòîìåòðå Specord 75 IR è 
Shimadzu FTIR-8400S. 

Òåðìîãðàâèìåòðè÷åñêèå èññëåäîâàíèÿ ïðîâîäèëè íà Q-äåðèâàòîãðàôå 
ñèñòåìû Ïàóëèê-Ïàóëèê-Ýðäåé. Îáðàçöû íàãðåâàëè íà âîçäóõå îò 20 äî 
1000îÑ ñî ñêîðîñòüþ 10 ãðàä/ìèí.

Ìîëÿðíóþ ýëåêòðîïðîâîäíîñòü 1⋅10–3 Ì ðàñòâîðîâ ñîåäèíåíèé (I-VIII) 
èçìåðÿëè â ÄÌÑÎ ñ ïîìîùüþ öèôðîâîãî èçìåðèòåëÿ C. L. R. E. 7–8, òèï 
ýëåêòðîëèòà îïðåäåëÿëè â ñîîòâåòñòâèè ñ òàáëèöàìè [8].

Ìàãíèòíóþ âîñïðèèì÷èâîñòü (I–VIII) èçìåðÿëè ìåòîäîì Ãóè. Êàëèáðîâ-
êó ïðîâîäèëè ïî CuSO

4
⋅5H

2
O.

Ñèíòåç ëèãàíäîâ è êîîðäèíàöèîííûõ ñîåäèíåíèé

Íèêîòèíîèë- è èçîíèêîòèíîèëãèäðàçîíû ïèðîâèíîãðàäíîé êèñëîòû 
(H

2
Npv, H

2
Ipv) ïîëó÷àëè ðåàêöèåé êîíäåíñàöèè [9] ãèäðàçèäîâ íèêîòèíî-

âîé è èçîíèêîòèíîâîé êèñëîò ñ ïèðîâèíîãðàäíîé êèñëîòîé, çàòåì èäåíòè-
ôèöèðîâàëè ïî t

ïë.
 (215îÑ, 222îÑ äëÿ β-, γ- ïèðèäèíîèëãèäðàçîíîâ ñîîòâåò-

ñòâåííî) è ÈÊ ñïåêòðàì: 3420 ñì-1 — ν(NH), 1767 ñì-1 — ν(COOH), 1693 ñì-1 

— [ν(C=O), àìèä I], 1550 ñì-1 — [δ(NH) + ν(CN), àìèä II], 1600 ñì-1 — δ(Py), 
1269 ñì-1 — [ν(CN) + δ(NH), àìèä III].

Ê ãîðÿ÷èì âçâåñÿì H
2
Npv è H

2
Ipv â ìåòàíîëå (2⋅10–3 ìîëü (0.414 ã) â 20 ìë) 

ïðèáàâëÿëè ïðè ïåðåìåøèâàíèè ìåòàíîëüíûå ðàñòâîðû êðèñòàëëîãèäðà-
òîâ ñîëåé NiCl

2
⋅6Í

2
Î, CoCl

2
⋅6Í

2
Î, Ni(ÑÍ

3
ÑÎÎ)

2
⋅4Í

2
Î, Co(ÑÍ

3
ÑÎÎ)

2
⋅4Í

2
Î, 

Ni(NO
3
)
2
⋅6Í

2
Î, Co(NO

3
)
2
⋅6Í

2
Î â ðàçëè÷íûõ ìîëÿðíûõ ñîîòíîøåíèÿõ (2:1, 

1:1, 1:2) ñîîòâåòñòâåííî. Ïðè ýòîì â ñëó÷àå Ni(II) ñðàçó íàáëþäàëîñü îá-
ðàçîâàíèå îêðàøåííûõ ðàñòâîðîâ, à â ñëó÷àå Co(II) — ïîñëå êèïÿ÷åíèÿ 
ðåàêöèîííûõ ñìåñåé ñ îáðàòíûì õîëîäèëüíèêîì â òå÷åíèå ∼ 10–15 ìèí.

Ñèíòåç è ñòðîåíèå êîîðäèíàöèîííûõ ñîåäèíåíèé Co(II) è Ni(II) 
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Äëÿ âûäåëåíèÿ ïðîäóêòîâ âçàèìîäåéñòâèÿ NiCl
2
, CoCl

2
, Ni(ÑÍ

3
ÑÎÎ)

2
, 

Co(ÑÍ
3
ÑÎÎ)

2
 ñ H

2
Npv è H

2
Ipv êèïÿ÷åíèå ïðîäîëæàëè äî íà÷àëà èõ êðèñòàë-

ëèçàöèè, à çàòåì îñòàâëÿëè íà èçîòåðìè÷åñêîå èñïàðåíèå ïðè êîìíàòíîé 
òåìïåðàòóðå äëÿ ïîëíîòû îñàæäåíèÿ (ïðàêòè÷åñêè ïîëíîå îáåñöâå÷èâàíèå 
ìàòî÷íîãî ðàñòâîðà). Â ñëó÷àå ñèíòåçà ïðîäóêòîâ âçàèìîäåéñòâèÿ Ni(NO

3
)
2
, 

Co(NO
3
)
2 
ñ H

2
Npv è H

2
Ipv îñàäêè âûäåëÿëè âûñàëèâàíèåì äèýòèëîâûì ýôè-

ðîì.
Âñå ïîëó÷åííûå ïðîäóêòû îòäåëÿëè íà ôèëüòðå Øîòòà, ïðîìûâàëè 

ìåòàíîëîì (2×5 ìë ðàñòâîðèòåëÿ), ñóøèëè ïðè t = 80 îÑ äî ïîñòîÿííîé 
ìàññû.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Èññëåäîâàíèå âçàèìîäåéñòâèÿ õëîðèäîâ Ni(II), Co(II) ñ íèêîòèíîèë- è èçî-
íèêîòèíîèëãèäðàçîíàìè ïèðîâèíîãðàäíîé êèñëîòû (H

2
Npv, H

2
Ipv) â ìåòà-

íîëå ïîêàçàëî, ÷òî íåçàâèñèìî îò ïðèðîäû ìåòàëëà-êîìïëåêñîîáðàçîâàòåëÿ, 
ïîëîæåíèÿ ïèðèäèíîâîãî àòîìà àçîòà â ãèäðàçèäíîì ôðàãìåíòå ìîëåêóëû 
ãèäðàçîíà, à òàêæå ñîîòíîøåíèÿ Ì(II):ãèäðàçîí (H

2
Lpv) â ðåàêöèîííîé ñðå-

äå (2:1, 1:1, 1:2) ïðîèñõîäèò îáðàçîâàíèå ñîåäèíåíèé (1–4) ñ ìîëüíûì ñî-
îòíîøåíèåì Ì(II):H

2
Lpv:Cl = 1:1:1 (òàáë.1). Ïðè çàìåíå â èñõîäíûõ ñîëÿõ 

ìåòàëëîâ õëîðèäíîãî èîíà íà àöåòàòíûé áûëè ïîëó÷åíû ñîåäèíåíèÿ (5–8), 
à íà íèòðàòíûé — (9–12), íå ñîäåðæàùèå àíèîí, ñ ìîëüíûì ñîîòíîøåíèåì 
M(II):H

2
Lpv =1:2 (òàáë. 1).

Ñëåäîâàòåëüíî, ïðîäóêòû 5, 9 è 6, 10 ïðåäñòàâëÿþò ñîáîé îäèíàêîâûå 
êîìïëåêñû, à ñîåäèíåíèÿ 7, 11 è 8, 12, ïî-âèäèìîìó, îòëè÷àþòñÿ ÷èñëîì 
ñîëüâàòèðóþùèõ ìîëåêóë ðàñòâîðèòåëÿ. Ïîýòîìó äàëüíåéøåìó èññëåäîâà-
íèþ áûëè ïîäâåðãíóòû ïðîäóêòû 1–8. Îíè ïðåäñòàâëÿþò ñîáîé ìåëêîêðè-
ñòàëëè÷åñêèå âåùåñòâà, õîðîøî ðàñòâîðèìûå ïðè íàãðåâàíèè äî 40–50 îÑ 
â ÄÌÑÎ, ÄÌÔÀ è ïëîõî — â ñïèðòàõ, àöåòîíèòðèëå, íèòðîáåíçîëå, õëîðî-
ôîðìå, óêñóñíîé êèñëîòå. 

Ïî ðåçóëüòàòàì èçìåðåíèÿ ýëåêòðîïðîâîäíîñòè (1⋅10–3 Ì) ðàñòâîðîâ ïðî-
äóêòîâ (1–8) â ÄÌÑÎ îíè ÿâëÿþòñÿ íåýëåêòðîëèòàìè (λ

ÄÌÑÎ
 = 34,8; 35,1; 

36,4; 36,8; 5,9; 7,1; 11,5; 14,1 Îì-1⋅ñì2⋅ìîëü-1 äëÿ 1–8 ñîîòâåòñòâåííî) [8].
Àíàëèç òåðìîãðàâèãðàìì ñîåäèíåíèé (1–8) ïîêàçàë, ÷òî õàðàêòåð èõ 

òåðìîëèçà â öåëîì îäíîòèïíûé (òàáë. 2). Òàê, òåðìîëèç (1–4) íà÷èíàåòñÿ 
ýíäîýôôåêòîì â èíòåðâàëå òåìïåðàòóð ~ 80–150 îÑ ïðè tmax =100 îÑ.

Ðàñ÷¸òû Δm (ÒÃ) (òàáë. 2) è ðåçóëüòàòû èçîòåðìè÷åñêîãî çàêàëèâàíèÿ 
îáðàçöîâ ïðè ñîîòâåòñòâóþùèõ òåìïåðàòóðàõ ñ ïîñëåäóþùèì àíàëèçîì 
òâ¸ðäûõ îñòàòêîâ ïîêàçàëè, ÷òî ïðè ýòîì ïðîèñõîäèò óäàëåíèå äâóõ ìî-
ëåé âîäû. Òåðìîëèç (5–8) íà÷èíàåòñÿ íèçêîòåìïåðàòóðíûì ýíäîýôôåê-
òîì (60–80 îÑ) óäàëåíèÿ äâóõ (5, 6) è îäíîé (7, 8) ñîëüâàòíûõ ìîëåêóë 
CH

3
OH.

Äàëüíåéøèé òåðìîðàñïàä ïðîõîäèò îäíîòèïíî ñòóïåí÷àòî è ñîïðîâî-
æäàåòñÿ ðÿäîì ýêçîýôôåêòîâ, îáóñëîâëåííûõ äåñòðóêöèåé è âûãîðàíèåì 
îðãàíè÷åñêîé ÷àñòè ìîëåêóëû. Êîíå÷íûå ïðîäóêòû ïðåäñòàâëÿþò ñîáîé 
îêñèäû ìåòàëëîâ.
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Ñ ó÷åòîì äàííûõ õèìè÷åñêîãî àíàëèçà è òåðìîãðàâèìåòðèè ñèíòåçèðî-
âàííûì êîìïëåêñàì îòâå÷àþò ìîëåêóëÿðíûå ôîðìóëû I–VIII, óêàçàííûå 
â òàáëèöå 2.

Òàáëèöà 1

Äàííûå ýëåìåíòíîãî àíàëèçà è âûõîä ïðîäóêòîâ âçàèìîäåéñòâèÿ ñîëåé ìåòàëëîâ 
ñ Í

2
Lpv (1–12)

¹ Áðóòòî ôîðìóëà
Ñîäåðæàíèå Âûõîä, 

%

C H N Cl M

õ
ë
îð

è
ä
û

1 C
9
H

12
N

3
O

5
NiCl 72.1

2 C
9
H

12
N

3
O

5
NiCl 73.2

3 C
9
H

12
N

3
O

5
CoCl 59.7

4 C
9
H

12
N

3
O

5
CoCl 58.8

àö
åò

àò
û

5 C
20
H

24
N

6
O

8
Ni 66.5

6 C
20
H

24
N

6
O

8
Ni 59.7

7 C
19
H

20
N

6
O

7
Co 58.8

8 C
19
H

20
N

6
O

7
Co 69.0

í
è
òð

àò
û

9 C
20
H

24
N

6
O

8
Ni 51.7

10 C
20
H

24
N

6
O

8
Ni 64.2

11 C
22
H

32
N

6
O

10
Co 57.2

12 C
22
H

32
N

6
O

10
Co 52.5

Ñèíòåç è ñòðîåíèå êîîðäèíàöèîííûõ ñîåäèíåíèé Co(II) è Ni(II) 
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Òàáëèöà 2

Òåðìè÷åñêèå ïðåâðàùåíèÿ 
ñèíòåçèðîâàííûõ ñîåäèíåíèé

¹ Ñîåäèíåíèå
Òåìïåðàòóðíûé èí-
òåðâàë ΔT(tmax,

îÑ)↑↓
Δm

(ТГ), %
Δmтеор, %

I [NiCl(HNpv)(H
2
O)

2
] (I) 80–150 (100 )↓

150–500 (340)↑
500–750 (700)↑

11.3
27.4
37.3

-2H
2
O (10.7)

II [NiCl(HIpv)(H
2
O)

2
] (II) 80–150 (100)↓

150–480 (300)↑
480–700 (600)↑

11.2
35.2
36.6

-2H
2
O (10,7)

III [CoCl(HNpv)(H
2
O)

2
] (III) 80–140 (100) ↓

140–450 (300) ↑
450–700 (630) ↑

9.6
39.5
27.9

-2H
2
O (10,7)

IV [CoCl(HIpv)(H
2
O)

2
] (IV) 80–150 (100)↓

150–450 (320)↑
450–670 (630)↑

9.2
38.2
25.3

-2H
2
O (10,7)

V [Ni(HNpv)
2
]⋅2CH

3
OH (V) 65–170 (100)↓

170–330 (220)↑
330–520 (420)↑

12.0
17.0
56.0

-2ÑÍ
3
ÎÍ 

(11.9)

VI [Ni(HIpv)
2
]⋅2CH

3
OH (VI) 60–180 (110)↓

180–34 0(210)↑
340–490 (450)↑

10.0
20.0
55.0

-2ÑÍ
3
ÎÍ 

(11.9)

VII [Co(HNpv)
2
]⋅CH

3
OH (VII) 60–150 (100) ↓

150–350 (300) ↑
350 -560 (370) ↑

6.8
20.28
57.92

-ÑÍ
3
ÎÍ 

(6.36)

VIII [Co(HIpv)
2
]⋅CH

3
OH (VIII) 60–140 (100)↓

140–340 (300)↑
340–580 (380)↑

7.25
19.35
58.4

-ÑÍ
3
ÎÍ 

(6.36)
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Ñïîñîá êîîðäèíàöèè ãèäðàçîíîâ â êîìïëåêñàõ (I–VIII) îïðåäåëÿëè ñðàâ-
íåíèåì ÈÊ-ñïåêòðîâ ãèäðàçîíîâ è êîìïëåêñíûõ ñîåäèíåíèé ñ èñïîëüçîâà-
íèåì ëèòåðàòóðíûõ äàííûõ (òàáë. 3) [10]. Îáíàðóæåíî, ÷òî ïðè ïåðåõîäå 
îò ãèäðàçîíîâ ê êîìïëåêñàì ïðîèñõîäèò ñìåùåíèå «àìèäíûõ» ïîëîñ I — 
III: íèçêî÷àñòîòíîå — I (íà 60 ñì-1), II (35–40 ñì-1) è âûñîêî÷àñòîòíîå — III 
(íà 20 ñì-1); âìåñòî àñèììåòðè÷íûõ è ñèììåòðè÷íûõ âàëåíòíûõ êîëåáàíèé 
(ν

as
/ν

s
) ãðóïïû -ÑÎÎÍ, ïîÿâëÿþòñÿ ñîîòâåòñòâóþùèå ïîëîñû êàðáîêñèëàò-

íûõ ÑÎÎ--ãðóïï (Δν = [ν
as
(ÑÎÎ-) — ν

s
(ÑÎÎ-)] = 238–239 ñì-1) [10]. Äàííûå 

èçìåíåíèÿ óêàçûâàþò íà ñâÿçûâàíèå ëèãàíäîâ â ìîíîäåïðîòîíèðîâàííîé 
ôîðìå ñ àòîìàìè êèñëîðîäà êàðáîêñèëàòíîé ãðóïïû ïèðîâèíîãðàäíîé êèñ-
ëîòû (ìîíîäåíòàòíî ñ ó÷¸òîì Δν) è êàðáîíèëüíîé — ãèäðàçèäíîãî ôðàã-
ìåíòà. Î÷åâèäíî, â êîîðäèíàöèþ òàêæå âîâëåêàåòñÿ àçîìåòèíîâûé àçîò, 
èñõîäÿ èç ýíåðãåòè÷åñêîé âûãîäíîñòè îáðàçîâàíèÿ ñîïðÿæ¸ííûõ ïÿòè÷-
ëåííûõ öèêëîâ. Çàôèêñèðîâàòü ñìåùåíèå ïîëîñû ν(Ñ=N), ê ñîæàëåíèþ, íå 
óäàëîñü, òàê êàê îíà íàêëàäûâàåòñÿ íà ν

as
(ÑÎÎ-) â îáëàñòè 1610–1615 ñì-1. 

Îäíàêî, ïîÿâëåíèå íàðÿäó ñ ν(Ì–Î) ïîëîñû ν(Ì–N) óêàçûâàåò íà ñïðà-
âåäëèâîñòü äàííîãî ïðåäïîëîæåíèÿ. Â ñïåêòðàõ êîìïëåêñîâ (I–IV) òàêæå 
áûëè îáíàðóæåíû ïîëîñû, îòâåòñòâåííûå çà êîëåáàíèÿ ìîëåêóë âîäû, à â 
ñïåêòðàõ (V-VIII) — òîëüêî ν(ÎÍ) ñîëüâàòèðîâàííûõ ìîëåêóë ìåòàíîëà.

Äàííûå ñïåêòðîñêîïèè äèôôóçíîãî îòðàæåíèÿ (òàáë. 4) óêàçûâàþò íà 
îêòàýäðè÷åñêîå ñòðîåíèå êîìïëåêñîâ (I–VIII) [11].

Çíà÷åíèÿ ýôôåêòèâíîãî ìàãíèòíîãî ìîìåíòà äëÿ (I–VIII) òàêæå ñîîò-
âåòñòâóþò îêòàýäðè÷åñêîé êîíôèãóðàöèè (òàáë. 4).

Íà îñíîâàíèè ñîâîêóïíîñòè ïîëó÷åííûõ äàííûõ äëÿ ñèíòåçèðîâàííûõ 
êîîðäèíàöèîííûõ ñîåäèíåíèé ïðåäëîæåíû ñëåäóþùèå ñõåìû ñòðîåíèÿ:

  I-IV  V, VI (X = 2)

 ãäå M = Co(II), Ni(II) VII, VIII (X = 1)

Ñèíòåç è ñòðîåíèå êîîðäèíàöèîííûõ ñîåäèíåíèé Co(II) è Ni(II) 
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Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ ². ² Ìå÷íèêîâà
õ³ì³÷íèé ôàêóëüòåò, êàôåäðà çàãàëüíî¿ õ³ì³¿ òà ïîë³ìåð³â
âóë. Äâîðÿíñüêà, 2, Îäåñà, 65082, Óêðà¿íà

ÑÈÍÒÅÇ ÒÀ ÁÓÄÎÂÀ ÊÎÎÐÄÈÍÀÖ²ÉÍÈÕ ÑÏÎËÓÊ CO(II) ² NI(II) 
Ç Ï²ÐÈÄÈÍÎ¯ËÃ²ÄÐÀÇÎÍÀÌÈ Ï²ÐÎÂÈÍÎÃÐÀÄÍÎ¯ ÊÈÑËÎÒÈ

Ðåçþìå
Âèâ÷åíà âçàºìîä³ÿ ÌÕ

2
 (Ì = Co2+, Ni2+; Õ = Cl-, CH

3
COO-, NO

3
-) ç 

ï³ðèäèíî¿ëã³äðàçîíàìè ï³ðîâèíîãðàäíî¿ êèñëîòè (H
2
Npv, H

2
Ipv) â ìåòàíîë³. 

Ðîçðîáëåí³ ìåòîäèêè òà âïåðøå ñèíòåçîâàí³ 8 íîâèõ êîîðäèíàö³éíèõ ñïîëóê: 
— ç õëîðèäàìè Co2+, Ni2+: [NiCl(HNpv)(H

2
O)

2
] (I), [NiCl(HIpv)(H

2
O)

2
] (II), 

[CoCl(HNpv)(H
2
O)

2
] (III), [CoCl(HIpv)(H

2
O)

2
] (IV); — ç àöåòàòàìè òà í³òðàòàìè 

Co2+, Ni2: [Ni(HNpv)
2
]⋅2CH

3
OH (V), [Ni(HIpv)

2
]⋅2CH

3
OH (VI), [Co(HNpv)

2
]⋅CH

3
OH 

(VII), [Co(HIpv)
2
]⋅CH

3
OH (VIII). Êîìïëåêñè îõàðàêòåðèçîâàí³ ñóêóïí³ñòþ 

ìåòîä³â åëåìåíòíîãî àíàë³çó, òåðìîãðàâ³ìåòð³¿, ²×-ñïåêòðîñêîï³¿, ñïåêòðîñêîï³¿ 
äèôóçíîãî â³äáèòòÿ, âèì³ðþâàííÿ ìàãí³òíî¿ ñïðèéíÿòëèâîñò³. Çàïðîïîíîâàí³ 
ñõåìè ¿õ áóäîâè. Âñòàíîâëåíî, ùî â óñ³õ êîìïëåêñàõ ðåàë³çóºòüñÿ îäíàêîâà 
ìîíîäåïðîòîíîâàíà êåòîííà ôîðìà ÍLpv- ç êîîðäèíàö³ºþ ÷åðåç àçîìåòèíîâèé 
àòîì í³òðîãåíó òà îêñèãåíè êàðáîí³ëüíî¿ ³ êàðáîêñèëàòíî¿ ãðóï, áåç ó÷àñò³ 
ï³ðèäèíîâîãî í³òðîãåíó.

Êëþ÷îâ³ ñëîâà: êîîðäèíàö³ÿ, êîìïëåêñí³ ñïîëóêè, ï³ðèäèíî¿ëãèäðàçîíè 
ï³ðîâèíîãðàäíî¿ êèñëîòè.
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SYNTHESIS AND STRUCTURE OF COMPLEXES BY CO(II) AND NI(II) 
WITH PYRIDINOYLHYDRAZONES OF PYRUVIC ACID

Summary
The interaction of MX

2
 (M = Co2+, Ni2+; Õ = Cl-, CH

3
COO-, NO3-) with nicotinoyl- 

and isonicotinoyhydrazones of pyruvic acid (H
2
Npv, H

2
Ipv) in metanol has been 

studied. Methods are developed and 8 new complexes are first synthesized: — with 
Co2+, Ni2+ chlorides: [NiCl(HNpv)(H

2
O)

2
] (I), [NiCl(HIpv)(H

2
O)

2
] (II), [CoCl(HNpv)

(H
2
O)

2
] (III), [CoCl(HIpv)(H

2
O)

2
] (IV); — with Co2+, Ni2+ acetates and nitrates: 

[Ni(HNpv)
2
]2CH

3
OH (V), [Ni(HIpv)

2
]2CH

3
OH (VI), [Co(HNpv)

2
]CH

3
OH (VII), 

[Co(HIpv)
2
]CH

3
OH (VIII). Complexes have been characterized by a set of methods 

element analysis, thermogravimetry, IR and diffuse reflection spectroscopy, mag-
netic susceptibilites measurings. The scheme of their structure has been proposed. 
It was established that in all complexes was implemented the same monodeproto-
natid ketone form ÍLpv- with coordination through the azometine nitrogen atom 
and carbonilic and carboxylic groups oxygens, without the participation of the 
pyridine nitrogen.

Key words: coordination, complexes, pyruvic acid pyridinoylhydrazones.


