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Ìàòðè÷íèé ñèíòåç êîìïëåêñíèõ ñïîëóê ìàº íèçêó ïåðåâàã íàä ³íøèìè ìåòîäàìè,

òàê ÿê äîçâîëÿº îäåðæàòè íîâ³ ìàêðîöèêë³÷í³ êîîðäèíàö³éí³ ñïîëóêè ç ö³ííèìè

ïðàêòè÷íèìè âëàñòèâîñòÿìè. Ïðè öüîìó ñêëàä, áóäîâà òà âëàñòèâîñò³ ê³íöåâèõ êîì-

ïëåêñíèõ ñïîëóê çàëåæàòü ÿê â³ä ïðèðîäè êàò³îíà ìåòàëó, òàê ³ â³ä íàÿâíîñò³ ðåàê-

ö³éíîçäàòíèõ öåíòð³â îðãàí³÷íîãî ë³ãàíäó. Ìåòîþ äàíî¿ ðîáîòè áóëî âñòàíîâëåííÿ

îñîáëèâîñòåé êîìïëåêñîóòâîðåííÿ êóïðóìó(²²) ³ êàäì³þ(²²) ç ñàë³öèë³äåíñåìèêàð-

áàçîíîì, à òàêîæ äîñë³äæåííÿ ñêëàäó òà ïðîñòîðîâî¿ áóäîâè ñèíòåçîâàíèõ êîîðäè-

íàö³éíèõ ñïîëóê. Â ðîáîò³ íàâåäåí³ äàí³ ç ñèíòåçó êîîðäèíàö³éíèõ ñïîëóê

[Cd(Í2L)(H2O)Cl2] (²), [Cu(ÍL)Cl]2H2O (²²), Ba[Cu(L’)]2 (²²²) òà ñàë³öèëàëüäàçèíó

(²V) (äå Í2L – ñåìèêàðáàçîí ñàë³öèëîâîãî àëüäåã³äó, Í3L’=N,N’-á³ñ(ñàë³öèë³äåí)-

ñåìèêàðáàçèä). Ñèíòåç äîñë³äæóâàíèõ êîîðäèíàö³éíèõ ñïîëóê çä³éñíþâàëè øëÿ-

õîì âçàºìîä³¿ ãàðÿ÷èõ åòàíîëüíèõ ðîç÷èí³â ñåìèêàðáàçîíó ñàë³öèëîâîãî àëüäåã³äó,

ÌCl2õH2O (M2+=Cd, Cu; õ=0; 2) ³ ñàë³öèëîâîãî àëüäåã³äó ó ìîëüíîìó ñï³ââ³äíî-

øåíí³ 1:1:1 ïðè ðÍ 9–10, ÿêå ñòâîðþâàëè çà äîïîìîãîþ Ba(ÎÍ)2 ðîç÷èíåíîãî â

âîäíî-åòàíîëüí³é ñóì³ø³ (1:1). Ñêëàä ³ áóäîâó ñèíòåçîâàíèõ êîìïëåêñíèõ ñïîëóê

²–²²² ï³äòâåðäæåíî åëåìåíòíèì òà ²×-ñïåêòðîñêîï³÷íèì àíàë³çàìè, à ó âèïàäêó

ñïîëóê ², ²², ²V – ìåòîäîì ÐÑÀ. Äîñë³äæåíî êîìïëåêñîóòâîðåííÿ ñîëåé êóïðó-

ìó(²²) ³ êàäì³þ(²²) ç ñàë³öèë³äåíñåìèêàðáàçîíîì â óìîâàõ ìàòðè÷íîãî ñèíòåçó òà

ïîêàçàíî, ùî ó âèïàäêó êóïðóìó(²²), ÿê ìàòðè÷íîãî öåíòðó, ðåàêö³ÿ ïðîòèêàº øâèäêî

ç óòâîðåííÿì õëîðî(ñàë³öèë³äåíñåìèêàðáàçîí)êóïðóìó(²²) äèã³äðàòó, à ó âèïàäêó

êàäì³þ(²²) çàê³í÷óºòüñÿ óòâîðåííÿì êîìïëåêñó äèõëîðîàêâàñàë³öèë³äåíñåìèêàðáà-

çîíêàäì³þ(²²). Öå ïîÿñíþºòüñÿ ìàòðè÷íèì åôåêòîì êàò³îíà êóïðóìó(²²), òîáòî äóæå

ñóòòºâîþ çì³íîþ çàðÿäîâî¿ ñêëàäîâî¿ íà ïîòåíö³éíèõ öåíòðàõ êîìïëåêñîóòâîðåí-

íÿ, ùî ï³äòâåðäæåíî êâàíòîâî-õ³ì³÷íèìè ðîçðàõóíêàìè. Äëÿ ñàë³öèëàëüäàçèíó, âè-

ä³ëåíîãî â óìîâàõ ìàòðè÷íîãî ñèíòåçó êîìïëåêñó êàäì³þ(²²), çàïðîïîíîâàíî ìå-

õàí³çì óòâîðåííÿ ç âèêîðèñòàííÿì âèõ³äíèõ ñàë³öèë³äåíñåìèêàðáàçîíó òà ñàë³öè-

ëîâîãî àëüäåã³äó.

Êëþ÷îâ³ ñëîâà: ìàòðè÷íèé ñèíòåç, êóïðóì, êàäì³é, ñàë³öèë³äåíñåìèêàðáàçîí, ðåí-

òãåíîñòðóêòóðíèé àíàë³ç.

Âñòóï

Â îñòàíí³é ÷àñ ñèíòåçàìè íà ìàòðèöÿõ áóëî
îäåðæàíî âåëèêó ê³ëüê³ñòü íîâèõ, ïåðø çà âñå,
ìàêðîöèêë³÷íèõ ñïîëóê [1]. Ïðè öüîìó ìàòðè-
öåþ, ùî ôîðìóº ë³ãàíäíå îòî÷åííÿ ³ ÿêîþ êîí-
òðîëþºòüñÿ ñàì ïðîöåñ êîìïëåêñîóòâîðåííÿ
âèñòóïàº, ÿê ïðàâèëî, öåíòðàëüíèé ³îí ìåòàëó.
Âèçíà÷àëüíîþ òåíäåíö³ºþ öüîãî ïåðñïåêòèâíîãî
íàïðÿìó çàëèøàºòüñÿ ñèíòåç íîâèõ ñïîëóê,

äîñë³äæåííÿ ô³çèêî-õ³ì³÷íèõ âëàñòèâîñòåé òà ¿õ
ìîæëèâîãî ïðàêòè÷íîãî âèêîðèñòàííÿ â ð³çíèõ
ãàëóçÿõ ä³ÿëüíîñò³ ëþäèíè [2,3]. Îäíàê, ïèòàí-
íþ äîñë³äæåííÿ ìåõàí³çì³â òàêèõ ïåðåòâîðåíü
çà âèíÿòêîì, ìàáóòü, ëèøå êðàóí-åô³ð³â ïðèñâÿ-
÷åíî íåçíà÷íó ê³ëüê³ñòü ðîá³ò. Ì³æ òèì, ñàìå
ïðèðîäà êàò³îíà ìåòàëó, îñîáëèâîñò³ éîãî åëåê-
òðîííî¿ áóäîâè òà ïðîñòîðîâî¿ ãåîìåòð³¿, ÿê ìàò-
ðèö³, à òàêîæ íàÿâí³ñòü êîîðäèíóþ÷èõ ³ ðåàê-



47

Template synthesis of copper (II) and cadmium (II) complex compounds with salicylidenesemicarbazone

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2018, No. 5, pp. 46-52

ö³éíî çäàòíèõ öåíòð³â îðãàí³÷íîãî ë³ãàíäó âèç-
íà÷àþòü ïîñë³äîâí³ñòü êîìïëåêñîóòâîðåííÿ,
ñêëàä, áóäîâó òà âëàñòèâîñò³ ê³íöåâèõ êîîðäè-
íàö³éíèõ ñïîëóê. Ó çâ’ÿçêó ç âèùå îçíà÷åíèì,
íàìè áóâ äîñë³äæåíèé ìàòðè÷íèé ñèíòåç êîîð-
äèíàö³éíèõ ñïîëóê êóïðóìó(²²) ³ êàäì³þ(²²) ç
ë³ãàíäíîþ ñèñòåìîþ (ñõåìà 1), çá³ëüøåííÿ ïî-
òåíö³éíèõ Î-, N-äîíîðíèõ êîîðäèíóþ÷èõ
öåíòð³â ÿêî¿, çá³ëüøóº â³ðîã³äí³ñòü óòâîðåííÿ
êîìïëåêñ³â ð³çíîãî ñêëàäó òà áóäîâè. Íåçâàæà-
þ÷è íà âåëèêó ê³ëüê³ñòü ïîä³áíèõ ñèíòåòè÷íèõ
ðîá³ò [1,3,4] ïèòàííÿ ãëèáîêèõ õ³ì³÷íèõ ïåðå-
òâîðåíü ïðè îäåðæàíí³ êîîðäèíàö³éíèõ ñïîëóê
ìàòðè÷íèì ñèíòåçîì äîñë³äæåíî íå äîñòàòíüî.

Â ðîáîòàõ [4,5] íàâåäåí³ çàãàëüí³ ðåçóëüòà-
òè îäåðæàííÿ êîîðäèíàö³éíèõ ñïîëóê êóïðó-
ìó(²²) òà êàäì³þ(²²), â³äïîâ³äíî, ç N,N’-á³ñ(ñàë³-
öèë³äåí) ñåìèêàðáàçèäîì òà ñàë³öèë³äåíñåìèêàð-
áàçîíîì, ïðîòå çä³éñíåí³ íàìè â îñòàíí³é ÷àñ
äîäàòêîâ³ äîñë³äæåííÿ ç âèêîðèñòàííÿì ïåðø
çà âñå ìåòîäó ðåíòãåíîñòðóêòóðíîãî àíàë³çó
(ÐÑÀ) òà êâàíòîâî-õ³ì³÷íèõ ðîçðàõóíê³â äàþòü
ìîæëèâ³ñòü á³ëüø ãëèáîêî ³ äåòàëüíî äîñë³äèòè
çàêîíîì³ðíîñò³ çàçíà÷åíèõ õ³ì³÷íèõ ïåðåòâîðåíü
â ðàìêàõ ìàòðè÷íîãî ñèíòåçó.

Â ðîáîò³ íàâåäåí³ äàí³ ïðî ñèíòåç ³ áóäîâó
êîîðäèíàö³éíèõ ñïîëóê [Cd(Í2L)(H2O)Cl2] (²),
[Cu(ÍL)Cl]2H2O (²²) òà Ba[Cu(L’)]2 (²²²), ë³ãàí-
äíà ÷àñòèíà ÿêèõ â ïðîöåñ³ êîìïëåêñîóòâîðåí-
íÿ çì³íþâàëàñü â òàê³é ïîñë³äîâíîñò³
(Í2LÍLL’) (ñõåìà 1).

Íàâåäåí³ íèæ÷å ðåçóëüòàòè ñâ³ä÷àòü ïðî
âèçíà÷àëüíó ðîëü ïðèðîäè ìåòàëó (Cu2+, Cd2+) â
ìàòðè÷íîìó ñèíòåç³ äîñë³äæåíèõ êîîðäèíàö³é-
íèõ ñïîëóê, ùî ñëóãóâàëî ïðåäìåòîì íàâåäåíèõ
íèæ÷å äîñë³äæåíü.

Ìåòà ðîáîòè – âñòàíîâëåííÿ îñîáëèâîñòåé
òà ïîñë³äîâíîñò³ õ³ì³÷íèõ ïåðåòâîðåíü êîìïëåê-
ñîóòâîðåííÿ êóïðóìó(²²) ³ êàäì³þ(²²) ç ñàë³öè-
ë³äåíñåìèêàðáàçîíîì â óìîâàõ ìàòðè÷íîãî ñèí-
òåçó, à òàêîæ äîñë³äæåííÿ ñêëàäó òà ïðîñòîðî-
âî¿ áóäîâè ñèíòåçîâàíèõ êîîðäèíàö³éíèõ ñïî-
ëóê.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Äëÿ ñèíòåçó êîìïëåêñíèõ ñïîëóê âèêîðèñ-

òîâóâàëè âèõ³äíèé ñåìèêàðáàçîí ñàë³öèëîâîãî
àëüäåã³äó (Í2L), îäåðæàíèé çà ìåòîäèêîþ [6],
ñàë³öèëîâèé àëüäåã³ä; îðãàí³÷í³ ðîç÷èííèêè: åòà-
íîë, ä³åòèëîâèé åòåð; ñîë³: ÑdCl2, CuCl22H2O òà
îñíîâó Âà(ÎÍ)2, ÿê³ â³äïîâ³äàëè êëàñèô³êàö³¿ «÷».

Âì³ñò ìåòàë³â â îòðèìàíèõ êîìïëåêñàõ âèç-
íà÷àëè ï³ñëÿ ïîïåðåäíüîãî òåðì³÷íîãî ðîçêëà-
äàííÿ êîìïëåêñ³â â ñóì³ø³ êîíöåíòðîâàíèõ ðîç-
÷èí³â í³òðàòíî¿ òà ñóëüôàòíî¿ êèñëîò: êóïðóì –
éîäîìåòðè÷íî [7], êàäì³é – êîìïëåêñîíîìåò-
ðè÷íèì òèòðóâàííÿì [8], à áàð³é – ãðàâ³ìåòðè-
÷íî [7]. Âì³ñò í³òðîãåíó â Í2L ³ êîìïëåêñíèõ
ñïîëóêàõ âèçíà÷àëè ì³êðîìåòðè÷íèì ìåòîäîì
Äþìà [9], à õëîðó – øëÿõîì ñïàëþâàííÿ íàâàæêè
â àòìîñôåð³ êèñíþ ç ïîäàëüøèì ïîòåíö³îìåò-
ðè÷íèì òèòðóâàííÿì [9].

²×-ñïåêòðè ïîãëèíàííÿ çàïèñóâàëè íà ²×-
Ôóð’º ñïåêòðîìåòð³ Nicolet iS10 â ³íòåðâàë³ 4000–
375 ñì–1 òà ñïåêòðîìåòð³ Perkin-Elmer-577 â
³íòåðâàë³ 250–4000 ñì–1. Çðàçêè äîñë³äæóâàëè â
ïðèðîäíîìó ñòàí³, áåç âèêîíàííÿ ñïåö³àëüíî¿
ïðîáîï³äãîòîâêè.

Ðåíòãåíîñòðóêòóðíèé àíàë³ç (ÐÑÀ) ñïîëó-
êè [Cd(C8H9N3O2)(H2O)Cl2]n (I) áóâ âèêîíàíèé
íàìè âïåðøå â ðîáîò³ [5]. Çä³éñíåí³ ðåíòãåíî-
ñòðóêòóðí³ äîñë³äæåííÿ ñïîëóêè
[Cu(C8H9N3O2)Cl]2H2O (I²) ³ ñïîëóêè C14H12N2O2

(²V) â³äïîâ³äàëè òèì, ùî íàâåäåí³ ðàí³øå ó ðî-
áîòàõ [10,11].

Êâàíòîâî-õ³ì³÷í³ ðîçðàõóíêè ñèíòåçîâàíèõ
ñïîëóê âèêîíóâàëè â ïðîãðàìíîìó ïàêåò³
GAUSSIAN-09 [12], äî ÿêîãî âõîäèòü ïðîãðàìà
Gauss View âåðñ³¿ 5.0. Îïòèì³çàö³þ ãåîìåòð³¿
ìîëåêóë òà êîìïëåêñíèõ ñïîëóê ïðîâîäèëè ç
âèêîðèñòàííÿì íàï³âåìï³ðè÷íèõ ìåòîä³â â íà-
áëèæåíí³ ÐÌ6.

Ìåòîäèêà ñèíòåçó ñïîëóêè ², ùî íàâåäåíà
â ðîáîò³ [5], â³äð³çíÿºòüñÿ â³ä íàâåäåíî¿ íèæ÷å
ìåòîäèêè ñóì³ñíîãî ñèíòåçó ñïîëóê ² ³  ²V âèêî-
ðèñòàííÿì äâîñòàä³éíî¿ ¿õ êðèñòàë³çàö³¿ ³ç ñâ³òëî-
æîâòîãî ô³ëüòðàòó.

Äèõëîðîàêâàñàë³öèë³äåíñåìèêàðáàçîíêàäì³é(II), I
 1,79 ã (0,01 ìîëü) ñåìèêàðáàçîíó ñàë³öè-

ëîâîãî àëüäåã³äó ðîç÷èíÿëè â 50 ìë åòàíîëó íà
âîäÿí³é áàí³ ïðè òåìïåðàòóð³ 600Ñ. Ó ãàðÿ÷èé
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ðîç÷èí äîäàâàëè âîäíî-ñïèðòîâèé ðîç÷èí Âà-
(ÎÍ)2 äî ðÍ 9–10, à ïîò³ì 1,22 ã (0,01 ìîëü)
ñàë³öèëîâîãî àëüäåã³äó. Ïðè ïåðåì³øóâàíí³ ³
âèòðèìóâàíí³ ïðè òåìïåðàòóð³ ~600Ñ â ðåàêö³é-
íó ñóì³ø ââîäèëè 1,83 ã (0,01 ìîëü) êàäì³é õëî-
ðèäó â 40 ìë åòàíîëó. Ðåàêö³éíó ìàñó âèòðèìó-
âàëè ïðè òåìïåðàòóð³ 600Ñ îäíó ãîäèíó, îõîëî-
äæóâàëè ³ ô³ëüòðóâàëè íà ô³ëüòð³ Øîòòà. Î÷³êó-
âàíà áàð³ºâà ñ³ëü Ba[CdL’]2õH2O íå áóëà âèä³ëå-
íà. Â ïîäàëüøîìó ô³ëüòðàò ñâ³òëî-æîâòîãî êî-
ëüîðó çàëèøàëè íà ì³ñÿöü, ç ÿêîãî ïðè ïîâ³ëüíî-
ìó âèïàðîâóâàíí³ ðîç÷èííèêà âèïàäàëè ñâ³òëî-
æîâò³ êðèñòàëè äèõëîðîàêâàñàë³öèë³äåí-
ñåìèêàðáàçîíêàäì³þ(II). Âèõ³ä 2,77 ã (85%).
Òïë=227–2320Ñ.

Çíàéäåíî, %: N 10,86; Cl 18,45; Cd 29,71.
Îá÷èñëåíî äëÿ C8H11N3O3Cl2Cd, %: N 11,04; Cl
18,66; Cd 29,54. ²× (, ñì–1): as(ÎÍ) 1270, as(NH2)
3410, (NH) 2987, (Ñ=N) 1590, (Ñ=Î) 1689.

Ï³ñëÿ äåêàíòóâàííÿ ðîç÷èííèêà òà ìåõàí³-
÷íîãî â³ää³ëåííÿ ñâ³òëî-æîâòèõ êðèñòàë³â ñïî-
ëóêè ², ô³ëüòðàò-2 çàëèøàëè ùå íà äâà òèæí³, ç
ÿêîãî ïðè ïîâ³ëüíîìó âèïàðîâóâàíí³ ðîç÷èííèêà
âèä³ëÿëè áåçáàðâí³ êðèñòàëè ñàë³öèëàëüäàçèíó
²V, ñêëàä ³ áóäîâó ÿêîãî ³äåíòèô³êóâàëè ìåòî-
äîì ÐÑÀ.

Ìåòîäèêà ñèíòåçó ñïîëóêè ²²², ùî íàâåäå-
íà â ðîáîò³ [4], â³äð³çíÿºòüñÿ â³ä íàâåäåíî¿ íèæ-
÷å ìåòîäèêè ñóì³ñíîãî ñèíòåçó ñïîëóê ²²² ³ ²²
äîäàòêîâèì âèòðèìóâàííÿì òåìíî-êîðè÷íåâî-
ãî ô³ëüòðàòó ïðîòÿãîì ì³ñÿöÿ, ç ÿêîãî ïðè ïî-
â³ëüíîìó âèïàðîâóâàíí³ ðîç÷èííèêà âèä³ëÿëè
÷îðí³ êðèñòàëè ñïîëóêè ²², ùî ïðè öüîìó óòâî-
ðèëèñÿ.

Áàð³é äè[N,N’-á³ñ(ñàë³öèë³äåí)ñåìèêàðáàçèäà-
òîêóïðàò(²²)], ²²²

 Íàâàæêó ñåìèêàðáàçîíó ñàë³öèëîâîãî àëü-

äåã³äó 1,79 ã (0,01 ìîëü) ðîç÷èíÿëè â 20 ìë åòà-
íîëó íà âîäÿí³é áàí³ (~600Ñ). Â îäåðæàíèé ðîç-
÷èí âíîñèëè 1,71 ã (0,01 ìîëü) CuCl22H2O ðîç-
÷èíåíîãî â 20 ìë åòàíîëó òà 1,22 ã (0,01 ìîëü)
ñàë³öèëîâîãî àëüäåã³äó. Îäåðæàíó ñóì³ø íàãð³âà-
ëè äî 600Ñ òà âèòðèìóâàëè íà âîäÿí³é áàí³ 30–
40 õâ ïðè ³íòåíñèâíîìó ïåðåì³øóâàíí³. Â íà-
ãð³òó ðåàêö³éíó ñóì³ø (~600Ñ) ïîñòóïîâî äîäà-
âàëè 1,71 ã (0,01 ìîëü) Ba(ÎÍ)2, ðîç÷èíåíîãî â
âîäíî-åòàíîëüí³é ñóì³ø³ (1:1) (ðÍ 10). Ïðè öüî-
ìó êîë³ð ðåàêö³éíî¿ ñóì³ø³ çì³íþâàâñÿ ç çåëå-
íîãî (ïðè ðÍ 8) íà êîðè÷íåâèé (ïðè ðÍ 10) ç
óòâîðåííÿì äð³áíîêðèñòàë³÷íîãî îñàäó. Ðåàê-
ö³éíó ñóì³ø âèòðèìóâàëè íà âîäÿí³é áàí³ âïðî-
äîâæ ãîäèíè, äàë³ îõîëîäæóâàëè òà çàëèøàëè íà
í³÷ ïðè ê³ìíàòí³é òåìïåðàòóð³. Êîðè÷íåâèé îñàä,
ùî óòâîðèâñÿ, â³äô³ëüòðîâóâàëè íà ô³ëüòð³ Øîò-
òà, ðåòåëüíî ïðîìèâàëè õîëîäíèì åòàíîëîì, ä³-
åòèëîâèì åòåðîì ³ ñóøèëè â åêñèêàòîð³ íàä CaCl2
äî ïîñò³éíî¿ ìàñè ïðè ê³ìíàòí³é òåìïåðàòóð³.
Âèõ³ä 2,89 ã (70%). Òïë (ç ðîçêë.)=338–3740Ñ.

Çíàéäåíî, %: N 10,32; Cu 15,31; Ba 16,82.
Îá÷èñëåíî äëÿ C30H20N6O6Cu2Ba, %: N 10,18; Cu
15,52; Ba 16,61. ²× (, ñì–1): (Ñ=N) 1618, (Cu–Î)
300, 360 ³ (Cu–N) 410, 440.

Ô³ëüòðàò êîðè÷íåâî-çåëåíîãî êîëüîðó, ÿêèé
çàëèøèâñÿ ï³ñëÿ âèä³ëåííÿ ñïîëóêè ²²², çàëè-
øàëè íà ì³ñÿöü äëÿ ïîâ³ëüíîãî âèïàðîâóâàííÿ
ðîç÷èííèêà ïðè ê³ìíàòí³é òåìïåðàòóð³. Óòâîðè-
ëèñü ÷îðí³ ãîëêîïîä³áí³ êðèñòàëè õëîðî(ñàë³öèë-
³äåíñåìèêàðáàçîíî)êóïðóìó(²²) äèã³äðàòó ²², ïðè-
äàòí³ äëÿ ÐÑÀ. Âèõ³ä 0,27 ã. Òïë=271–2770Ñ.

Çíàéäåíî, %: N 13,26; Cl 11,32; Cu 20,21;
H2O 11,39. Îá÷èñëåíî äëÿ C8H12N3O4ClCu, %: N
13,40; Cl 11,16; Cu 20,28; H2O 11,47. ²× (, ñì–1):
(Ñ=Î) 1652, (Ñ=N) 1602.

Ì=Cd2+, Cu2+; õ=0, 2

Ñõåìà 2

HO

O

H

OH

N

H

N
H

C

O

NH2

. xH2O
OH

N

H
N
H

C

O

NH2

M

Cl Cl

-HCl

O

N

H

N
H

C

O

NH2

Cu
H2O

Cl
+

+MCl2

+ Ba(OH)2

O

CH N

Cu

N
CH

O

N C

O Ba
2

I

II
III

+ Ba(OH)2



49

Template synthesis of copper (II) and cadmium (II) complex compounds with salicylidenesemicarbazone

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2018, No. 5, pp. 46-52

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Ó ðîáîò³ [2] íàìè îäåðæàí³ ãåòåðîìåòàëåâ³
êîîðäèíàö³éí³ ñïîëóêè íà îñíîâ³ N,N’-á³ñ(ñàë³-
öèë³äåí)ñåìèêàðáàçèäó (L’) ç âèõîäîì 94–
97 ìàñ.%, òîä³ ÿê ñèíòåçîâàí³ ó ðîáîò³ [3] ïîä³áí³
êîîðäèíàö³éí³ ñïîëóêè íà îñíîâ³ N,N’-á³ñ(ñàë³-
öèë³äåí)ò³îñåìèêàðáàçèäó (L’) îäåðæàí³ ëèøå ç
âèõîäîì 60–70 ìàñ.%. Òàêà ñóòòºâà ð³çíèöÿ ó
âèõîäàõ ê³íöåâèõ êîîðäèíàö³éíèõ ñïîëóê ïî-
ä³áíî¿ áóäîâè ñïîíóêàëà íàñ á³ëüø ðåòåëüíî äîñ-
ë³äèòè îäåðæàí³ ô³ëüòðàòè, ùî ñóòòºâî äîïîâ-
íèëî ñèíòåòè÷íó ÷àñòèíó ðîáîòè òà äàëî çìîãó
îòðèìàòè íîâ³ äàí³ ìàòðè÷íîãî ñèíòåçó äîñë³ä-
æåíèõ êîîðäèíàö³éíèõ ñïîëóê.

Äîñë³äæóâàíèé ìàòðè÷íèé ñèíòåç êîîðäè-
íàö³éíèõ ñïîëóê êóïðóìó(²²) òà êàäì³þ(²²) ç ñà-
ë³öèë³äåíñåìèêàðáàçîíîì â âîäíî-ñïèðòîâîìó
ðîç÷èí³ çä³éñíþâàëè çà ñõåìîþ 2.

Ïðè öüîìó â ðîáîò³ [4] íàâåäåíà ïîä³áíà
ñõåìà ñèíòåçó êîìïëåêñ³â êóïðóìó(²²) çàãàëüíî¿
ôîðìóëè Å[CuL’]2õÍ2Î (E2+=Ca, Sr, Ba; õ=3–5;
Í3L’=N,N’-á³ñ(ñàë³öèë³äåí)ñåìèêàðáàçèä), îä-
íàê äîäàòêîâî ñèíòåçîâàí³ ³ âèä³ëåí³ â äàí³é
ðîáîò³ ñïîëóêè [Cd(Í2L)(H2O)Cl2] ² òà
[Cu(ÍL)Cl]2H2O ²² (ñõåìà 2) âêàçóþòü íà á³ëüø
ñêëàäíèé õàðàêòåð õ³ì³÷íî¿ âçàºìîä³¿ äîñë³äæå-
íî¿ ðåàêö³¿ êîìïëåêñîóòâîðåííÿ. Â ïåðøó ÷åðãó
íàìè áóëà âñòàíîâëåíà ìîæëèâ³ñòü óòâîðåííÿ
ñàë³öèë³äåíñåìèêàðáàçîíó (Í2L) ïðÿìîþ âçà-
ºìîä³ºþ ñàë³öèëîâîãî àëüäåã³äó òà ñåìèêàðáà-

çèäó òà íå ìîæëèâ³ñòü éîãî âçàºìîä³¿ ç íàñòóï-
íîþ ìîëåêóëîþ ñàë³öèëîâîãî àëüäåã³äó ïî H2N

4

– ãðóï³ Í2L (ñõåìà 3).
Óòâîðåííÿ ñïîëóêè Í2L º êëàñè÷íîþ ðåàê-

ö³ºþ íóêëåîô³ëüíîãî ïðèºäíàííÿ ñåìèêàðáàçè-
äó (H2N

1–ãðóïà, ðÊà’=10,57) ïî åëåêòðîô³ëüíî-
ìó öåíòðó êàðáîí³ëüíî¿ ãðóïè ç íàñòóïíèì óò-
âîðåííÿì àçîìåòèíîâîãî çâ’ÿçêó (–ÑÍ=N–) òà
åë³ì³íóâàííÿì ìîëåêóëè âîäè, ùî ï³äòâåð-
äæóºòüñÿ åôåêòèâíèìè çàðÿäàìè íà ðåàêö³éíèõ
öåíòðàõ ðîçðàõîâàíèõ êâàíòîâî-õ³ì³÷íèì ìåòî-
äîì ç âèêîðèñòàííÿì âèùå çàçíà÷åíîãî ïðîãðàì-
íîãî çàáåçïå÷åííÿ [12]. Î÷åâèäíî, çà ðàõóíîê
íèçüêî¿ íóêëåîô³ëüíîñò³ àòîìà í³òðîãåíó (H2N

4-
ãðóïà, –0,081) ñïîëóêà Í2L íå âçàºìîä³º ç ÷åð-
ãîâîþ ìîëåêóëîþ ñàë³öèëîâîãî àëüäåã³äó òà íå
óòâîðþº ë³ãàíä Í3L’. Îäíàê, ïðè íàÿâíîñò³ â
ðåàêö³éí³é ìàñ³ êàò³îíà êóïðóìó(²²), ÿê ìàòðè÷-
íîãî öåíòðó, ðåàêö³ÿ ïðîò³êàº øâèäêî ç âèñî-
êèì âèõîäîì (70 ìàñ.%) (ñõåìà 4).

Áåçóìîâíî, öå ïîÿñíþºòüñÿ ìàòðè÷íèì
åôåêòîì êàò³îíà êóïðóìó(²²), òîáòî äóæå ñóòòº-
âîþ çì³íîþ çàðÿäîâî¿ ñêëàäîâî¿ íà ïîòåíö³éíèõ
öåíòðàõ êîìïëåêñîóòâîðåííÿ. Òàê, çàðÿä àòîìà
í³òðîãåíó H2N

4-ãðóïè çì³íþºòüñÿ â³ä –0,081
(ñïîëóêà Í2L) äî –0,342 (êîìïëåêñ ²²), ùî ï³äâè-
ùóº éîãî ðåàêö³éíó çäàòí³ñòü òà ñïðèÿº óòâî-
ðåííþ êîìïëåêñó I²². Ñêëàä ³ áóäîâó âèä³ëåíîãî
â äàí³é ðîáîò³ õëîðî(ñàë³öèë³äåíñåìèêàðáàçîíî)-
êóïðóì(²²) äèã³äðàòó ²² áóëî âñòàíîâëåíî åëå-

Ñõåìà 3

OH

C O

H

OH

N

N
H

O

NH2

+ H2N N
H

C

O

NH2

-0,142

-0,603

-0,741 -0,266
-0,508

-0,662
-0,597

+0,515-0,518

-0,453

+0.409

1 2 3 4

N
N
H O

OH

-0,081

+0,095

-H2O

HO

CH

O

N

HO
-H2O

H2L H3L'

+

Ñõåìà 4

+ Ba(OH)2

. 2H2O+ CuCl2

O

CH N

Cu

N
CH

O

N C

O Ba

II III

HO

CH

O
N

N
H

O

NH2

O
Cu
+0,720

-0,213

-0,367

-0,015

-0,342

-0,594

+0,316
H2L

Cl
-0,741

2

+



50

T. Panchenko, M. Evseeva, À. Ranskiy, Í. Didenko, V. Baumer

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2018, No. 5, pp. 46-52

ìåíòíèì ³ ðåíòãåíîñòðóêòóðíèì àíàë³çàìè, à
òàêîæ ²×-ñïåêòðîñêîï³ºþ.

Ç ìåòîþ ç’ÿñóâàííÿ ñïîñîáó êîîðäèíàö³¿
ë³ãàíäó â ñèíòåçîâàíîìó êîìïëåêñ³ ²² áóëî âè-
êîíàíî ïîð³âíÿëüíèé àíàë³ç ²×-ñïåêòð³â ñåìè-
êàðáàçîíó ñàë³öèëîâîãî àëüäåã³äó Í2L ³ âèä³ëå-
íîãî êîìïëåêñó. Äëÿ âèêëþ÷åííÿ íàêëàäàííÿ â
²×-ñïåêòðàõ ñïîëóêè ²² ñìóã âàëåíòíèõ êîëè-
âàíü ìîëåêóë Í2Î ç õàðàêòåðèñòè÷íèìè ñìóãà-
ìè ïîãëèíàííÿ ë³ãàíäó, âèä³ëåíèé êîìïëåêñ áóëî
ïîïåðåäíüî âèòðèìàíî â ñóøèëüí³é øàô³ ïðè
1050Ñ äî ïîñò³éíî¿ ìàñè. Àíàë³ç ²×-ñïåêòð³â
ë³ãàíäó Í2L ³ âèä³ëåíîãî êîìïëåêñó ²² ïîêàçàâ,
ùî â ðåçóëüòàò³ êîìïëåêñîóòâîðåííÿ â ñïåêòðàõ
ñïîëóê ²² çíèêàþòü ñìóãè ïîãëèíàííÿ äåôîð-
ìàö³éíèõ êîëèâàíü ÎÍ-ãðóïè àðîìàòè÷íîãî
öèêëó â ä³àïàçîí³ 1270–1215 ñì–1 ³ ñìóãè ïîãëè-
íàííÿ as(NH2) â ä³àïàçîí³ 3410 ñì–1. Êð³ì òîãî,
â ²×-ñïåêòðàõ êîìïëåêñó ²² ñìóãà ïîãëèíàííÿ
(Ñ=Î) çì³ùóºòüñÿ â äîâãîõâèëüîâèé ä³àïàçîí
íà 40 ñì–1, à (Ñ=N) íà 40–50 ñì–1, â ïîð³âíÿíí³
ç ²×-ñïåêòðîì Í2L. Öåé ôàêò ñâ³ä÷èòü ïðî òå,
ùî â êîîðäèíàö³þ ç ìåòàëîì âñòóïàº îêñèãåí
êàðáîí³ëüíî¿ ãðóïè òà àòîì îêñèãåíó ôåíîëüíî-
ãî ã³äðîêñèëó.

Çà äàíèìè ÐÑÀ êðèñòàë³÷íà ñòðóêòóðà êîì-
ïëåêñó ²² ñêëàäàºòüñÿ ³ç êàò³îíà êóïðóìó(²²), ñà-
ë³öèë³äåíñåìèêàðáàçîíó Í2L òà õëîðèä-àí³îíà
ñêëàäó 1:1:1, ã³äðàòîâàíîãî äâîìà ìîëåêóëàìè
âîäè. Ñïîëóêà ²² ìàº âèêðèâëåíó êâàäðàòíó ïëîñ-
êó ãåîìåòð³þ äå êàò³îí êóïðóìó(²²) ëåæèòü òðî-
õè íèæ÷å ïëîùèíè äîíîðíèõ àòîì³â ë³ãàíäó.
Îòðèìàí³ íàìè äàí³ ÐÑÀ äëÿ ñòðóêòóðè ²² çá³ãëè-
ñÿ ç òàêèìè, ùî îïèñàí³ ðàí³øå ó ðîáîò³ [10].

Òàêèì ÷èíîì, ´ðóíòóþ÷èñü íà äàíèõ ÐÑÀ
òà êâàíòîâî-õ³ì³÷íèõ ðîçðàõóíêàõ, íàìè íå ëèøå
ï³äòâåðäæåíà ïîñë³äîâí³ñòü õ³ì³÷íèõ ïåðåòâîðåíü
ìàòðè÷íîãî ñèíòåçó êîìïëåêñ³â êóïðóìó(²²) (ñõå-
ìà (2)), à ³ ðåàêö³éíà ñïðîìîæí³ñòü ïðîì³æíîãî
êîìïëåêñó ²² âñòóïàòè â ðåàêö³þ ç ÷åðãîâîþ
ìîëåêóëîþ ñàë³öèëîâîãî àëüäåã³äó ç óòâîðåííÿì
ê³íöåâîãî êîìïëåêñó I²².

Ó âèïàäêó ñèíòåçó êîîðäèíàö³éíèõ ñïîëóê
êàäì³þ(²²) ðåàêö³ÿ çóïèíÿºòüñÿ íà ñòàä³¿ êîìï-
ëåêñó ² (ñõåìà (2)), ùî ïîÿñíþºòüñÿ çíà÷íî ìåí-
øîþ éîãî êîìïëåêñîóòâîðþþ÷îþ ñïðîìîæí³ñòþ
ó ïîð³âíÿíí³ ³ç êàò³îíîì êóïðóìó(²²). Öå ï³äòâåð-
äæóº ³ ðÿä ²ðâ³íãà-Ó³ëüÿìñà äëÿ ïëîùèííèõ êîì-
ïëåêñ³â ³ç ïåðåâàæíî Î-,N-âì³ñíèìè îðãàí³÷íè-
ìè ë³ãàíäàìè:

Zn2+<Cu2+>Ni2+>Co2+>Fe2+>Mn2+>Mg2+>Cd2+.

Ñêëàä ³ áóäîâó êîìïëåêñó ² äèõëîðîàêâà-

ñàë³öèë³äåíñåìèêàðáàçîíêàäì³þ(II) áóëî âñòà-
íîâëåíî åëåìåíòíèì ³ ðåíòãåíîñòðóêòóðíèì àíà-
ë³çîì, à òàêîæ ²×-ñïåêòðîñêîï³ºþ.

Ïîð³âíÿëüíèé àíàë³ç ²×-ñïåêòð³â ë³ãàíäó
Í2L ³ êîìïëåêñó ² ñâ³ä÷èòü ïðî òå ùî îñíîâí³
ñìóãè ïîãëèíàííÿ çàëèøàþòüñÿ ìàéæå íå-
çì³ííèìè, à ñìóãà ïîãëèíàííÿ (Ñ=Î) çì³ùóºòü-
ñÿ â äîâãîõâèëüîâèé ðåã³îí íà 40 ñì–1 ó ïî-
ð³âíÿíí³ ç ²×-ñïåêòðîì Í2L. Öå ñâ³ä÷èòü ïðî òå,
ùî â êîîðäèíàö³þ ç ìåòàëîì âñòóïàº ëèøå îê-
ñèãåí êàðáîí³ëüíî¿ ãðóïè, à àòîì îêñèãåíó ôå-
íîëüíîãî ã³äðîêñèëó íå áåðå ó÷àñò³ â êîîðäè-
íàö³¿ ç àòîìîì êàäì³þ.

Çà äàíèìè ÐÑÀ êðèñòàë³÷íà ñòðóêòóðà êîì-
ïëåêñó I ñêëàäàºòüñÿ ³ç êàò³îíà êàäì³þ, ÿêèé
êîîðäèíîâàíèé äâîìà ³îíàìè õëîðó, à òàêîæ
ìîëåêóëàìè ñåìèêàðáàçîíó ñàë³öèëîâîãî àëüäå-
ã³äó (H2L) ³ âîäè ñêëàäó 1:2:1:1. Ñàìà ñïîëóêà I º
âèêðèâëåíèì îêòàåäðîì â ÿêîìó êàäì³é êîîð-
äèíîâàíèé äâîìà àòîìàìè îêñèãåíó âîäè ³ êàð-
áàì³äíîãî ôðàãìåíòà ë³ãàíäó Í2L, ðîçòàøîâàíèõ
â öèñ-ïîëîæåííÿõ, ³íø³ ÷îòèðè ïîëîæåííÿ çàé-
íÿò³ àòîìàìè õëîðó òà óòâîðþþòü êîîðäèíàö³é-
íèé âóçîë CdO4Cl2, ÿêèé ñêëàäàº äâà ðåáðà
ñóñ³äí³õ îêòàåäð³â. ÐÑÀ ñòðóêòóðè ² áóâ âïåðøå
íàâåäåíèé íàìè â ðîáîò³ [5], à îòðèìàí³ äàí³
çàðåºñòðîâàí³ â Êåìáðèäæñüêîìó áàíêó äàíèõ
(CCDC 1035625).

Ïðè ñèíòåç³ êîîðäèíàö³éíèõ ñïîëóê êàä-
ì³þ(²²) (ñõåìà 2) íàìè íå î÷³êóâàíî áóâ âèä³ëå-
íèé ³ç ñâ³òëî-æîâòîãî ô³ëüòðàòó ñàë³öèëàëüäà-
çèí ²V, ÿêèé âïåðøå áóâ îòðèìàíèé çà îðãàí³-
÷íîþ ðåàêö³ºþ âçàºìîä³¿ ñàë³öèëîâîãî àëüäåã³äó
òà ã³äðàçèíã³äðàòó â ìåòàíîë³ [11].

Áóäîâà âèä³ëåíî¿ ñïîëóêè ²V áóëà äîâåäåíà
ìåòîäîì ÐÑÀ, à îòðèìàí³ äàí³ ñï³âïàëè ç òàêè-
ìè, ùî íàâåäåí³ â ðîáîò³ [11].

Íàÿâí³ñòü àçîìåòèíîâîãî çâ’ÿçêó â ñïîëóêàõ
²² òà ²V, â ïåðøîìó íàáëèæåíí³, ïåðåäáà÷àº éîãî
óòâîðåííÿ çà ïîä³áíèì ìåõàí³çìîì (ñõåìà 3). Òîá-
òî, âçàºìîä³ÿ ñàë³öèë³äåíñåìèêàðáàçîíó ç ñàë³-
öèëîâèì àëüäåã³äîì ìîæå êàòàë³çóâàòèñü êàò³-
îíîì êàäì³þ(²²) (ìàòðè÷í³ ïåðåòâîðåííÿ) òà ïðî-
õîäèòè òàêèì ÷èíîì (ñõåìà 5).

Ôîðìàëüíî óòâîðåííÿ àçîìåòèíîâîãî çâ’ÿç-
êó (–ÑÍ=N–) òà ê³íöåâîãî ñàë³öèëàëüäàçèíó ²V,
â³äáóâàºòüñÿ ç ïîñë³äîâíèì âíóòð³øíüîìîëåêó-
ëÿðíèì â³äùåïëåííÿì ìîëåêóëè âîäè, à ïîò³ì
³çîö³àíîâî¿ êèñëîòè, àëå ìåõàí³çì ðåàêö³¿, íà
â³äì³íó â³ä ñõåìè 3, ìîæå áóòè ³íøèì òà ïîòðå-
áóº äîäàòêîâèõ äîñë³äæåíü.

Ðåçóëüòàòè, ùî íàâåäåí³ íà ñõåì³ 5, ñâ³ä÷àòü
ïðî ñêëàäíèé õàðàêòåð õ³ì³÷íèõ ïåðåòâîðåíü ó
âèïàäêó âèêîðèñòàííÿ ìàòðè÷íîãî ñèíòåçó, à
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òàêîæ âêàçóþòü íà íåâè÷åðïí³ ñèíòåòè÷í³ ìîæ-
ëèâîñò³ öüîãî íàïðÿìó â ãàëóç³ êîîðäèíàö³éíî¿,
ìåòàëîîðãàí³÷íî¿ òà îðãàí³÷íî¿ õ³ì³¿.

Âèñíîâêè

Äîñë³äæåíî îñîáëèâîñò³ êîìïëåêñîóòâîðåí-
íÿ ñîëåé êóïðóìó(²²) ³ êàäì³þ(²²) ç ñàë³öèë³äåí-
ñåìèêàðáàçîíîì â óìîâàõ ìàòðè÷íîãî ñèíòåçó.
Ïîêàçàíî, ùî ó âèïàäêó êóïðóìó(²²) ðåàêö³ÿ
ïðîò³êàº ÷åðåç óòâîðåííÿ õëîðî(ñàë³öèë³äåíñå-
ìèêàðáàçîí)êóïðóìó(²²) äèã³äðàòó, à ó âèïàäêó
êàäì³þ(²²) çàê³í÷óºòüñÿ óòâîðåííÿì êîìïëåêñó
äèõëîðîàêâàñàë³öèë³äåíñåìèêàðáàçîíêàäì³þ(²²).
Äëÿ ñàë³öèëàëüäàçèíó, âèä³ëåíîãî â óìîâàõ ìàò-
ðè÷íîãî ñèíòåçó êîìïëåêñ³â êàäì³þ(²²), çàïðî-
ïîíîâàíî ìåõàí³çì óòâîðåííÿ ç âèêîðèñòàííÿì
âèõ³äíèõ ñàë³öèë³äåíñåìèêàðáàçîíó òà ñàë³öèëî-
âîãî àëüäåã³äó. Ñêëàä ³ áóäîâó êîìïëåêñíèõ ñïî-
ëóê êóïðóìó(²²) ³ êàäì³þ(²²) ï³äòâåðäæåííî ²×-
ñïåêòðîñêîï³ºþ, åëåìåíòíèì òà ÐÑÀ àíàë³çîì,
à ó âèïàäêó ñàë³öèëàëüäàçèíó – ìåòîäîì ÐÑÀ.
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TEMPLATE SYNTHESIS OF COPPER (II) AND
CADMIUM (II) COMPLEX COMPOUNDS WITH
SALICYLIDENESEMICARBAZONE
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V. Baumer ñ,d

a Vinnytsia National Technical University, Vinnytsia, Ukraine
b National Pirogov Memorial Medical University, Vinnytsia,
Ukraine
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The template synthesis of complex compounds has some
advantages over other methods, because it allows producing new
macrocyclic coordination compounds with valuable practical
properties. At the same time, the composition, structure and properties
of the final complex compounds depend both on the nature of the
metal cation and the presence of reactive centers of the organic
ligand. The purpose of this work was to establish the main features
of the formation of copper(II) and cadmium(II) complexes with
salicylidenesemicarbazone and determine the composition and spatial
structure of the synthesized coordination compounds. The paper reports
the data on the synthesis of coordination compounds
[Cd(Í2L)(H2O)Cl2] (²), [Cu(ÍL)Cl]2H2O (²²), Ba[Cu(L’)]2 (²²²)
and salicylaldazine (²V) (where Í2L and Í3L’ represent salicylic
aldehyde semicarbozone and N,N’-bis(salicylidene)semicarbazide,
respectively). The synthesis of the investigated coordination compounds
was carried out by the interaction of hot ethanol solutions of salicylic
aldehyde semicarbazone, ÌCl2õH2O (M2+=Cd, Cu; õ=0; 2) and
salicylic aldehyde in a molar ratio of 1:1:1 at the pH value of 9–10
which was adjusted by the addition of Ba(OH)2 dissolved in a water-
ethanol mixture (1:1). The composition and structure of the synthesized
complex compounds I–III were confirmed by elemental analysis
and IR spectroscopy; X-ray diffraction analysis was also used in the
case of compounds I, II and IV. The complexation of copper (II)
and cadmium (II) salts with salicylidenesemicarbazone under the
conditions of template synthesis was investigated. It was shown that
the reaction proceeds rapidly with the formation of chloro
(salicylidenesemicarbazone) copper(II) dihydrate in the case of
copper(II) as a template center; the reaction yields cadmium (II)
dichloroaquasalicylidenesemicarbazone complex in the case of
cadmium (II). This is due to the template effect of the copper (II)
cation, namely, a very significant change in the charge component
at potential centers of complexation, which was confirmed by quantum
chemical calculations. For salicylaldazine which was separated under
the conditions of template synthesis of cadmium (II) complex, the
mechanism of i ts formation with the use of init ial
salicylidenesemicarbazone and salicylic aldehyde was established.

Keywords: template synthesis; copper; cadmium; sali-
cylidenesemicarbazone; XRD analysis.
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