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Ñèíòåçîâàíî íîâ³ àí³îíí³ êîîðäèíàö³éí³ ñïîëóêè ëàíòàíî¿ä³â ³ç ïðåäñòàâíèêîì ÑÀÔ

ë³ãàíä³â (ñóëüôîí³ëàì³äîôîñôàò³â) ñêëàäó Cs[LnL4], äå Ln=La, Nd, Eu, Tb,

L–=[Ñ6Í5(SO2)N(PO)(OCH3)2]. Îäåðæàí³ ñïîëóêè äîñë³äæåíî çà äîïîìîãîþ 1Í ßÌÐ,

²× òà åëåêòðîííî¿ ñïåêòðîñêîï³¿, à òàêîæ ìåòîäîì ðåíòãåíîñòðóêòóðíîãî àíàë³çó.

Ñïîëóêó áóëî îäåðæàíî â ìîíîêðèñòàë³÷íîìó âèãëÿä³. Ìåòîäîì ðåíòãåíîñòðóêòóð-

íîãî àíàë³çó âñòàíîâëåíî ñòðóêòóðó êîìïëåêñó Cs[NdL4], äîâåäåíî ¿¿ ïîë³ìåðíó áóäîâó

òà ï³äòâåðäæåíî êîîðäèíàö³þ ë³ãàíä³â â àöèäîôîðì³ ÷åðåç àòîìè Îêñèãåíó ôîñôî-

ðèëüíî¿ òà ñóëüôîí³ëüíî¿ ãðóïè. Íà îñíîâi ñòðóêòóðíèõ äàíèõ êîîðäèíàö³éíèé

ïîëiåäð iîíà Nd3+ ³íòåðïðåòîâàíî ÿê âèêðèâëåííèé äîäåêàåäð. Íà ïiäñòàâi àíàëiçó

åëåêòðîííèõ ñïåêòðiâ ïîãëèíàííÿ òà äèôóçíîãî âiäáèòòÿ çðîáëåíî âèñíîâîê ïðî

ïîäiáíiñòü áóäîâè íàéáëèæ÷îãî îòî÷åííÿ öåíòðàëüíîãî àòîìà â ðîç÷èíi êîìïëåêñó

â àöåòîí³òðèë³ òà êðèñòàëi÷íîìó ñòàíi.
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àíàë³ç.
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Âñòóï

Êîìïëåêñè ëàíòàíî¿ä³â âæå øèðîêî âèêî-
ðèñòîâóþòüñÿ ó ñó÷àñíèõ òåõíîëîã³ÿõ ³ ðîçãëÿ-
äàþòüñÿ ÿê ïåðñïåêòèâí³ ñïîëóêè äëÿ ñòâîðåí-
íÿ íîâèõ ìàòåð³àë³â, ùî ìîæóòü çíàéòè ñâîº çà-
ñòîñóâàííÿ â ð³çíèõ ãàëóçÿõ íàóêè òà âèðîáíè-
öòâà, íàïðèêëàä ÿê ëþì³íåñöåíòí³ ì³òêè ó á³î-
ìåäèöèí³ [1], â åëåêòðîëþì³í³ñöåíòíèõ ïðèëà-
äàõ [2,3]. Êîîðäèíàöiéíi ñïîëóêè ëàíòàíî¿äiâ ç
á³äåíòàòíî-õåëàòóþ÷èìè ë³ãàíäàìè -äèêåòîíàìè
âæå âèêîðèñòîâóþòü íà ïðàêòèö³ òà º ïðèâàáëè-
âèìè îá’ºêòàìè äîñë³äæåíü áàãàòüîõ íàóêîâèõ
ãðóï [4]. Ôîñôîðèëüîâàí³ ñóëüôàì³äè (ÑÀÔ
ë³ãàíäè) çàãàëüíî¿ ôîðìóëè R(SO2)NH(PO)(R’)2

– öå âåëèêèé êëàñ àìïîë³äåíòàòíèõ ë³ãàíä³â, ÿê³
ìîæíà ðîçãëÿäàòè ÿê ñòðóêòóðí³ àíàëîãè -äè-
êåòîí³â, ùî ìàþòü íèçêó ïåâíèõ ïåðåâàã ïðè
ñòâîðåíí³ ëþì³íåñöåíòíèõ ñïîëóê ³ ìàòåð³àë³â [5].
Âàð³þâàííÿì ïðèðîäè çàì³ñíèê³â á³ëÿ àòîìà ôîñ-
ôîðó òà ñóëüôóðó â ñêëàä³ ÑÀÔ ë³ãàíäó ìîæíà

ïåâíèì ÷èíîì âïëèâàòè íà âëàñòèâîñò³ êîîðäè-
íàö³éíèõ ñïîëóê íà ¿õ îñíîâ³. Äîñë³äæåííÿ êîì-
ïëåêñ³â ëàíòàíî¿ä³â íà îñíîâ³ ÑÀÔ ë³ãàíä³â º
ïåðñïåêòèâíèì íàïðÿìîì â êîîðäèíàö³éí³é
õ³ì³¿, ùî îáóìîâëåíî ìîæëèâ³ñòþ ¿õ ïðàêòè÷íî-
ãî âèêîðèñòàííÿ äëÿ ñòâîðåííÿ ëàçåðíèõ, îï-
òè÷íèõ, ïîë³ìåðíèõ ëþì³íîôîðíèõ ìàòåð³àë³â
[6]. Àí³îíí³ êîìïëåêñè ëàíòàíî¿ä³â ìîæóòü çíàé-
òè çàñòîñóâàííÿ äëÿ ñòâîðåííÿ ìåòàëîâì³ñíèõ
³îííèõ ð³äèí, åëåêòðîïðîâ³äíèõ ðîç÷èí³â, ùî
ì³ñòÿòü ëþì³íåñö³þþ÷³ ³îíè [7,8]. Òàê³ êîìïëåê-
ñè ìîæóòü âèñòóïàòè òàêîæ ÿê âèõ³äí³ ðå÷îâèíè
äëÿ ñèíòåçó ãåòåðîá³ÿäåðíèõ ñïîëóê. Ó âèïàäêó
àí³îííèõ òåòðàê³ñ-êîìïëåêñ³â [LnL4]

– äîäàòêî-
âèì ôàêòîðîì, ùî ïåâíèì ÷èíîì îáóìîâëþº
âëàñòèâîñò³ ñïîëóê º âàð³þâàííÿ ïðèðîäè êàò³-
îíà, ÿêà âïëèâàº íà ñòðóêòóðó êîìïëåêñó òà,
â³äïîâ³äíî, ãåîìåòð³þ ëîêàëüíîãî îòî÷åííÿ
öåíòðàëüíîãî ³îíà ìåòàëó.

Ìåòîþ äàíî¿ ðîáîòè áóëî ñèíòåçóâàòè àí³-
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Synthesis, structural and spectral studies of anionic tetrakis-complexes of lanthanides CsLnL4

with SAPh-ligand – dimethyl(phenylsulfonyl)amidophosphate

îíí³ òåòðàê³ñ-êîìïëåêñè ëàíòàíî¿ä³â ñêëàäó
Cs[LnL4] ç äèìåòèë(ôåí³ëñóëüôîí³ë)àì³äîôîñôà-
òîì (HL) (ðèñ. 1) òà äîñë³äèòè ¿õ áóäîâó òà ñïåê-
òðàëüí³ âëàñòèâîñò³.
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Ðèñ. 1. Áóäîâà äèìåòèë(ôåí³ëñóëüôîí³ë)àì³äîôîñôàòó (HL)

Åêñïåðèìåíòàëüíà ÷àñòèíà

Ñèíòåç ë³ãàíäó çä³éñíþâàëè çã³äíî ç îïóá-
ë³êîâàíîþ ðàí³øå ìåòîäèêîþ [6].

Äëÿ îäåðæàííÿ öåç³ºâî¿ ñîë³ äèìåòèë-(ôå-
í³ëñóëüôîí³ë)àì³äîôîñôàòó áóëà âèêîðèñòàíà ðå-
àêö³ÿ îáì³íó ì³æ êàðáîíàòîì öåç³þ òà ðîç÷èíîì
HL (ñõåìà 1).

0,015 ìîëü Cs2CO3 ðîç÷èíÿëè â 15 ìë ìåòà-
íîëó òà äî öüîãî ðîç÷èíó äîäàâàëè 0,030 ìîëü
HL â 15 ìë ìåòàíîëó. ×åðåç äåÿêèé ÷àñ ç ðîç÷è-
íó âèä³ëÿâñÿ á³ëèé êðèñòàë³÷íèé îñàä CsL. Ñïî-
ëóêà ðîç÷èííà â ñïèðòàõ, àöåòîí³ òà ìàéæå íå
ðîç÷èííà â íåïîëÿðíèõ îðãàí³÷íèõ ðîç÷èííè-
êàõ. Òåìïåðàòóðà ïëàâëåííÿ CsL 180–1820C.

Àí³îíí³ êîìïëåêñè ëàíòàíó, íåîäèìó, ºâðî-
ï³þ òà òåðá³þ áóëè ñèíòåçîâàí³ ç âèêîðèñòàí-

íÿì ðîç÷èí³â í³òðàò³â ëàíòàíî¿ä³â ³ öåç³ºâî¿ ñîë³
ë³ãàíäó â ³çîïðîï³ëîâîìó ñïèðò³ çà íàñòóïíîþ
ñõåìîþ:

Ln(NO3)3nH2O+4CsLCs[LnL4]+3CsNO3+nH2O

Ln=La, Nd, Eu, Tb

Íàâàæêó 1 ììîëü Ln(NO3)3nH2O ðîç÷èíÿ-
ëè â 10 ìë ³çîïðîïàíîëó. Â ÿêîñò³ äåã³äðàòóþ÷î-
ãî àãåíòó âèêîðèñòîâóâàëè îðòîåòèëôîðì³àò åê-
â³ìîëÿðí³é äî êðèñòàë³çàö³éíî¿ âîäè í³òðàòó ëàí-
òàíî¿äó ê³ëüêîñò³. Ðîç÷èí íàãð³âàëè äî ïîâíîãî
ðîç÷èíåííÿ ñîë³ ëàíòàíî¿äó. Äî íüîãî ïðèëèâà-
ëè ðîç÷èí 4 ììîëü ñîë³ ë³ãàíäó CsL â ³çîïðîïà-
íîë³, ïðè öüîìó ñïîñòåð³ãàëè âèïàä³ííÿ á³ëîãî
îñàäó í³òðàòó öåç³þ (ñõåìà 2). Ðîç÷èí îõîëîäæó-
âàëè, â³äô³ëüòðîâóâàëè, òà ô³ëüòðàò ïîì³ùàëè â
åêñèêàòîð íàä CaCl2. ×åðåç äåÿêèé ÷àñ ç ìàòî÷-
íîãî ðîç÷èíó âèä³ëÿëèñÿ êðèñòàëè êîìïëåêñó.

Îäåðæàí³ êîîðäèíàö³éí³ ñïîëóêè ÿâëÿþòü
ñîáîþ êðèñòàë³÷í³ ðå÷îâèíè ñò³éê³ íà ïîâ³òð³ òà
ñëàáêî çàáàðâëåí³ â êîëüîðè, ùî â³äïîâ³äàþòü
ã³äðàòîâàíèì ³îíàì Ln3+. Âèõ³ä êîîðäèíàö³éíèõ
ñïîëóê ñêëàäàâ 80–90%. Òåìïåðàòóðà ïëàâëåí-
íÿ êîìïëåêñ³â ñòàíîâèòü 183–1850Ñ ³ º äåùî
íèæ÷îþ çà â³äïîâ³äí³ òåìïåðàòóðè ïëàâëåííÿ
àíàëîã³÷íèõ êîìïëåêñ³â ñêëàäó Na[LnL4] (188–
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1900Ñ). Ñêëàä îäåðæàíèõ êîìïëåêñ³â ï³äòâåð-
äæåíî àíàë³çîì íà âì³ñò ìåòàëó (òðèëîíîìåò-
ðè÷íî ç ³íäèêàòîðîì êñèëåíîëîâèì ïîìàðàí÷å-
âèì):

Ln (III) 
Знайдено/розраховано, 

% 
Температура 
плавлення, 0С 

La 10,44/10,47
 

184 
Nd 10,75/10,80 184 
Eu 11,30/11,33 185 
Tb 11,75/11,80

 
183 

 
Ñêëàä ³ áóäîâó ñèíòåçîâàíèõ ñïîëóê âèâ-

÷àëè ìåòîäàìè ³íôðà÷åðâîíî¿, åëåêòðîííî¿,
1Í ßÌÐ ñïåêòðîñêîï³¿ òà ðåíòãåíîñòðóêòóðíîãî
àíàë³çó (ÐÑÀ).

²× ñïåêòðè ñèíòåçîâàíèõ ñïîëóê â ä³àïà-
çîí³ 400–4000 ñì–1 çàïèñóâàëè ó âèãëÿä³ òàáëå-
òîê â KBr íà ïðèëàä³ Perkin Elmer BX-II.

Çéîìêó ñïåêòð³â 1Í ßÌÐ çä³éñíþâàëè íà
³ìïóëüñíîìó ðàä³îñïåêòðîìåòð³ WR-400
(“Bruker’’) ïðè ê³ìíàòí³é òåìïåðàòóð³.

Åëåêòðîíí³ ñïåêòðè äèôóçíîãî â³äáèòòÿ
êðèñòàë³÷íèõ çðàçê³â êîìïëåêñó íåîäèìó ðåºñò-
ðóâàëè íà ñïåêòðîìåòð³ SPECORDM-40 ïðè
ê³ìíàòí³é òåìïåðàòóð³ â ä³àïàçîí³ äîâæèí õâèëü
420–440 òà 560–610 íì. Ñïåêòðè ïîãëèíàííÿ â
ÓÔ ä³àïàçîí³ çàïèñóâàëè äëÿ ðîç÷èí³â êîìï-
ëåêñ³â ó àöåòîí³òðèë³ íà ïðèëàä³ ÊÑÂÓ-23
«ËÎÌÎ», àäàïòîâàíîìó äî IBM PC.

Ðåíòãåíîñòðóêòóðíèé åêñïåðèìåíò âèêîíà-
íî íà äèôðàêòîìåòði “Xcalibur-3” (MoK, CCD
äåòåêòîð, ãðàôiòîâèé ìîíîõðîìàòîð, -ñêàíóâàí-
íÿ, 2max=500). Óñi ðîçðàõóíêè âèêîíóâàëèñü ç
âèêîðèñòàííÿì êîìïëåêñó ïðîãðàì SHELXTL
[9,10]. Ñòðóêòóðó ðîçøèôðîâàíî ïðÿìèì ìåòî-
äîì i óòî÷íåíî ïîâíîìàòðè÷íèì ÌÍÊ â
àíiçîòðîïíîìó íàáëèæåííi äëÿ âñiõ àòîìiâ, êðiì
ãiäðîãåíiâ. Ïîëîæåííÿ àòîìiâ ãiäðîãåíó âèçíà-
÷àëè ãåîìåòðè÷íî òà óòî÷íþâàëè ìåòîäîì “âåð-
øíèêà” ç Uiçî=nUåêâ àòîìà, çâ’ÿçàíîãî ç äàíèì
àòîìîì ãiäðîãåíó (n=1,5 äëÿ ìåòèëüíèõ ãðóï òà
n=1,2 äëÿ ³íøèõ àòîìiâ ãiäðîãåíó).

Êðèñòàëè Cs[LnL4] (M=2667,96 ã/ìîëü) ðîì-
á³÷í³, ïðîñòîðîâà ãðóïà Pbca, a=14,7093(9) Å,
b=16,9613(10) Å, c=40,131(2) Å, V=10012,2(10) Å3,
Z=4, T=293 K, m(MoKa)=2,123 ìì–1, Dîá÷=

=1,770 ã/ñì3, ç³áðàíî 87107 â³äáèòò³â
(6,03802550), ç íèõ 11408 íåçàëåæíèõ â³äáèòò³â
(Rint=0,111, Rsigma=0,078), ÿê³ âèêîðèñòàíî ó ðîç-
ðàõóíêàõ. Îñòàòî÷í³ çíà÷åííÿ R1=0,083 (I>2 (I))
òà wR2=0,165. Êîîðäèíàòè àòîì³â, à òàêîæ ïîâí³
òàáëèö³ äîâæèí çâ’ÿçê³â ³ âàëåíòíèõ êóò³â çàäå-
ïîíîâàíî äî Êåìáð³äæñüêî¿ áàçè ñòðóêòóðíèõ
äàíèõ (e-mail: deposit@ccdc.cam.ac.uk) (CCDC
1843207).

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Õàðàêòåðèñòè÷íèìè ñìóãàìè â I× ñïåêòðàõ
ñóëüôàì³äíèõ ë³ãàíä³â º ñìóãè ïîãëèíàííÿ
ñóëüôîíiëüíî¿ òà ôîñôîðèëüíî¿ ãðóï (òàáë. 1).
Â ²× ñïåêòðàõ ñèíòåçîâàíèõ êîîðäèíàö³éíèõ
ñïîëóê ïîð³âíÿíî ç àíàëîã³÷íèìè ñìóãàìè ïî-
ãëèíàííÿ â ñïåêòð³ HL ñïîñòåð³ãàºòüñÿ íèçüêî-
÷àñòîòíèé çñóâ as(SO2) íà 88–92 ñì–1, s(SO2) íà
52–56 ñì–1, (P=O) íà 92–95 ñì–1, ùî ïîÿñíþºòü-
ñÿ çìåíøåííÿì ïîðÿäêó çâ’ÿçê³â S=O òà P=O
âíàñë³äîê êîîðäèíàö³¿ ë³ãàíä³â. Ö³ çñóâè ìîæíà
ðîçãëÿäàòè ÿê ²× ñïåêòðàëüíèé êðèòåð³é á³äåí-
òàòíî¿ êîîðäèíàö³¿ ë³ãàíäó ÷åðåç àòîìè îêñèãå-
íó ñóëüôîí³ëüíî¿ òà ôîñôîðèëüíî¿ ãðóï. Ïîëî-
æåííÿ ³íøèõ ñìóã â ²× ñïåêòðàõ ñèíòåçîâàíèõ
ñïîëóê º ìàëî³íôîðìàòèâíèì.

Òàáëèöÿ 1

Îñíîâí³ ñìóãè ïîãëèíàííÿ â ²× ñïåêòðàõ ñèíòåçîâàíèõ
ñïîëóê

Частота коливання (см–1) 
Сполука 

as (SO2) s (SO2)  (PO) 
HL 1335 1175 1255 
CsL 1260 1132 1185 

Cs[LaL4] 1247 1123 1161 
Cs[NdL4] 1245 1120 1163 
Cs[EuL4] 1247 1121 1160 
Cs[TbL4] 1243 1119 1163 

 
Â ßÌÐ 1Í ñïåêòðàõ ñïîëóê HL, CsL,

Cs[LaL4] â ðîç÷èí³ DMSO-d6 ñïîñòåð³ãàþòüñÿ
ê³ëüêà ãðóï ñèãíàë³â (òàáë. 2). Â ñïåêòðàõ CsL
ñïîñòåð³ãàºòüñÿ çñóâ ñèãíàë³â â ä³àïàçîí ñèëü-
íîãî ïîëÿ ïîð³âíÿíî ç àíàëîã³÷íèìè ñèãíàëàìè
â ñïåêòð³ HL, ùî ìîæíà ïîÿñíèòè ïåðåðîçïîä³-
ëîì åëåêòðîííî¿ ãóñòèíè â ìîëåêóë³ ë³ãàíäó
âíàñë³äîê äåïðîòîíóâàííÿ. Äîäàòêîâî íà äåï-
ðîòîíóâàííÿ ë³ãàíäó âêàçóº â³äñóòí³ñòü ñèãíàëó

Òàáëèöÿ 2

Çíà÷åííÿ õ³ì³÷íèõ çñóâ³â ó ÏÌÐ ñïåêòðàõ ñèíòåçîâàíèõ ñïîëóê

Сполука 1H, , м.ч 
HL CH3: (с, 6Н) 3,57, C6H5: (м. 2Hβ) 7,58, C6H5: (м. 1H) 7,65, C6H5: (м. 1H) 7,91; 
CsL L-: CH3: (с, 6H) 3,40, C6H5: (м, 3H) 7,38, C6H5: (м, 2H) 7,83 
Cs[LaL4] L-: CH3: (с, 24H) 3,53, C6H5: (м, 12H) 7,39, C6H5: (м, 8H) 7,88 
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â³ä NH ïðîòîíó â ä³àïàçîí³ 9,36 ì.÷.
Â ÏÌÐ ñïåêòðàõ êîìïëåêñó ëàíòàíó ñïîñ-

òåð³ãàºòüñÿ çì³ùåííÿ ñèãíàë³â â á³ê ñëàáêîãî
ïîëÿ â³äíîñíî àíàëîã³÷íèõ ñèãíàë³â äëÿ CsL.
Â³äñóòí³ñòü ó ñïåêòðàõ ÏÌÐ êîìïëåêñ³â Cs[LaL4]
ñèíãëåòó ïðè 9,36 ì.÷. ñâ³ä÷èòü ïðî êîîðäèíà-
ö³þ ë³ãàíäó ñàìå â äåïðîòîíîâàí³é ôîðì³, ùî
óçãîäæóºòüñÿ ç äàíèìè ÐÑÀ êîìïëåêñó íåîäèìó.

Ç åëåêòðîííèõ ñïåêòð³â ïîãëèíàííÿ êîìï-
ëåêñ³â íåîäèìó çà âåëè÷èíîþ ³ õàðàêòåðîì ðîç-
ùåïëåííÿ ìîæíà ñóäèòè ïðî ãåîìåòð³þ íàé-
áëèæ÷îãî îòî÷åííÿ öåíòðàëüíîãî àòîìà òà ñèëó
ïîëÿ ë³ãàíä³â, çà âåëè÷èíîþ çñóâó â ïîð³âíÿíí³
ç³ ñïåêòðîì àêâà-³îíà – ïðî ñòóï³íü êîâàëåíò-
íîñò³ çâ’ÿçêó [11,12].

Çà ê³ëüê³ñòþ ñìóã ïîãëèíàííÿ ó ñïåêòðàõ
íåîäèìó â ³íòåðâàë³ íàä÷óòëèâîãî ïåðåõîäó
4I9/2–

2G5/2 (560–610 íì), ¿õ ôîðì³ òà ñï³ââ³äíî-
øåííþ ³íòåíñèâíîñò³ ìîæíà çðîáèòè âèñíîâîê
ïðî ñèìåòð³þ íàéáëèæ÷îãî îòî÷åííÿ öåíòðàëü-
íîãî àòîìà [13].

Åëåêòðîíí³ ñïåêòðè ðîç÷èí³â ñèíòåçîâàíèõ
êîìïëåêñ³â íåîäèìó ó àöåòîí³òðèë³ (Ñ=10–3 Ì)
áóëè çàïèñàí³ â äâîõ ³íòåðâàëàõ äîâæèí õâèëü
(560–610 íì òà 425–435 íì) (ðèñ. 2).

Â ñïåêòð³ ñïîëóêè Cs[NdL4] â ä³àïàçîí³ ïå-
ðåõîäó 4I9/2–

2P1/2 (425–435 íì) ñïîñòåð³ãàºòüñÿ
ºäèíà ñìóãà ïîãëèíàííÿ, ùî âêàçóº íà ïðè-
ñóòí³ñòü â ðîç÷èí³  êîìïëåêñíèõ ÷àñòèíîê ëèøå
îäíîãî òèïó (îäíîãî öåíòðó ïîãëèíàííÿ). Âèã-
ëÿä ñìóã ïîãëèíàííÿ íà ä³ëÿíö³ íàä÷óòëèâîãî
ïåðåõîäó º õàðàêòåðíèì äëÿ êîîðäèíàö³éíîãî
÷èñëà 8 [13] òà êîðåëþº ç äàíèìè ÐÑÀ.

Ïîð³âíÿííÿ åëåêòðîííèõ ñïåêòð³â ïîãëè-
íàííÿ ðîç÷èí³â êîìïëåêñ³â íåîäèìó Cs[NdL4] ç³
ñïåêòðàìè äèôóçíîãî â³äáèòòÿ êðèñòàë³÷íîãî
çðàçêà (ðèñ. 3) äîçâîëÿº ñòâåðäæóâàòè, ùî êîîð-
äèíàö³éíå îòî÷åííÿ öåíòðàëüíîãî àòîìà íå ðóé-
íóºòüñÿ ó ðîç÷èíàõ â àöåòîí³òðèë³.

Ðèñ. 3. Åëåêòðîííèé ñïåêòð äèôóçíîãî â³äáèòòÿ ñïîëóêè

Cs[NdL4]

Ìîíîêðèñòàëè Cs[NdL4] äëÿ ñòðóêòóðíèõ
äîñë³äæåíü áóëî îòðèìàíî êðèñòàë³çàö³ºþ ñïî-
ëóêè ïðè ïîâ³ëüíîìó âèïàðîâóâàíí³ ¿¿ ðîç÷èíó
â ³çîïðîïàíîë³.

Êîîðäèíàö³éíà ñïîëóêà Cs[NdL4] êðèñòàë-

Ðèñ. 4. Ôðàãìåíò áóäîâè êîîðäèíàö³éíî¿ ñïîëóêè Cs[NdL4]

Ðèñ. 2. Åëåêòðîíí³ ñïåêòðè ïîãëèíàííÿ ðîç÷èíó ñïîëóêè

Cs[NdL4] â àöåòîí³òðèë³
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³çóºòüñÿ â îðòîðîìá³÷í³é ñèíãîí³¿ òà ïðîñòîðîâ³é
ãðóï³ Pbca. Êîìïëåêñ ìàº 1D-ïîë³ìåðíó áóäîâó
(ðèñ. 4), â ÿê³é êàò³îíè öåç³þ ïîâ’ÿçóþòü êîìï-
ëåêñí³ àí³îíè â çèãçàãîïîä³áíèé ëàíöþã âçäîâæ
êðèñòàëîãðàô³÷íîãî íàïðÿìêó b. Â³äñòàí³ Cs–Nd
ñêëàäàþòü 4,761(2) òà 4,593(2) Å, â³äñòàí³ Cs–Cs
òà Nd–Nd ñêëàäàþòü 8,515(1) òà 9,312(1) Å, â³äïî-
â³äíî, à çíà÷åííÿ êóòà Cs–Nd–Cs ñòàíîâèòü
131,09(2)0.

Ïîë³ìåðíà áóäîâà êîìïëåêñó îáóìîâëåíà
ì³ñòêîâîþ ôóíêö³ºþ ÑÀÔ ë³ãàíäó: éîí öåç³þ
óòâîðþº çâ’ÿçêè ç â³ñüìîìà àòîìàìè îêñèãåíó
÷îòèðüîõ ñóëüôàì³äíèõ ãðóï òà àòîìàìè îêñèãå-
íó äâîõ ôîñôîðèëüíèõ ãðóï â³ä äâîõ ñóñ³äí³õ
êîìïëåêñíèõ òåòðàê³ñ-àí³îí³â. Çíà÷åííÿ äåÿêèõ
äîâæèí çâ’ÿçê³â ó ñòðóêòóð³ êîìïëåêñó Cs[NdL4]
íàâåäåíî ó òàáë. 3.

Òàáëèöÿ 3

Äîâæèíè çâ’ÿçê³â êîìïëåêñó Cs[NdL4]

Атоми d, Å Атоми d, Å 
Nd1–O1 2,478(5) Cs1–O1 3,223(6) 
Nd1–O3 2,347(8) Cs1–O2 3,268(7) 
Nd1–O6 2,501(6) Cs1–O6 3,308(5) 
Nd1–O8 2,420(7) Cs1–O7 3,250(7) 

Nd1–O11 2,498(5) Cs1–O8 3,497(7) 
Nd1–O15 2,364(6) Cs1–O11 3,298(6) 
Nd1–O16 2,394(6) Cs1–O12 3,416(7) 
Nd1–O17 2, 496(5) Cs1–O16 3,197(5) 

  Cs1–O17 3,653(5) 
  Cs1–O18 3,431(7) 

 

Ñõîæó áóäîâó ìàº ³ îïèñàíà ðàí³øå ñïîëóêà
Na[NdL4] [14]. Â îáîõ âèïàäêàõ àòîì íåîäèìó
çíàõîäèòüñÿ ó öåíòð³ âîñüìèâåðøíèêà (Ê× 8)
(îòî÷åíèé àòîìàìè îêñèãåíó â³ä ÷îòèðüîõ õåëà-
òóþ÷èõ ÑÀÔ ë³ãàíä³â L–). Çà ãåîìåòðè÷íèìè
êðèòåð³ÿìè [15] êîîðäèíàö³éíèé ïîë³åäð ³îíà
íåîäèìó ìîæíà ³íòåðïðåòóâàòè ÿê âèêðèâëåíèé
äîäåêàåäð (ðèñ. 5).

Ðèñ. 5. Áóäîâà êîîðäèíàö³éíîãî ïîë³åäðó éîíó Nd3+

Ôîñôîðèëüí³ ë³ãàíäè êîîðäèíîâàí³ äî àòî-
ìà ëàíòàíî¿äó á³äåíòàòíî-öèêë³÷íî ÷åðåç îäèí ç
îêñèãåí³â ñóëüôîí³ëüíî¿ ãðóïè òà îêñèãåí ôîñ-
ôîðèëüíî¿ ãðóïè. Çíà÷åííÿ äîâæèí çâ’ÿçê³â
Nd–O ó ñïîëóö³ Cs[NdL4] çà ó÷àñòþ àòîì³â îê-
ñèãåíó ôîñôîðèëüíèõ ãðóï ëåæàòü â ìåæàõ
2,346(6)2,419(7) Å, äîâæèíè çâ’ÿçê³â Nd–O çà
ó÷àñòþ àòîì³â îêñèãåíó ñóëüôîí³ëüíèõ ãðóï –
2,478(5)2,498(5) Å ³ º äåùî ìåíøèìè çà â³äïî-
â³äí³ çíà÷åííÿ äîâæèí çâ’ÿçê³â ó êîìïëåêñ³
Na[NdL4]. Äëÿ îáîõ òèï³â òåòðàê³ñ-êîìïëåêñ³â
ñåðåäíÿ äîâæèíà çâ’ÿçêó Ln–O äëÿ àòîì³â îêñè-
ãåíó ñóëüôîí³ëüíèõ ãðóï äåùî âèùà, í³æ ñåðåä-
íÿ äîâæèíà Ln–O äëÿ ôîñôîðèëüíèõ ãðóï, ùî
ìîæíà ïîÿñíèòè á³ëüøîþ ñïîð³äíåí³ñòþ ôîñ-
ôîðèëüíî¿ ãðóïè äî ³îí³â ëàíòàíî¿ä³â.

Âèñíîâêè

Ñèíòåçîâàíî òà âèä³ëåíî â êðèñòàë³÷íîìó
ñòàí³ íîâ³ êîîðäèíàö³éí³ ñïîëóêè ëàíòàíî¿ä³â ç
äèìåòèë(ôåí³ëñóëüôîí³ë)àì³äîôîñôàòîì ñêëàäó
Cs[LnL4]. Îäåðæàí³ ñïîëóêè îõàðàêòåðèçîâàí³
ìåòîäàìè ²×, ÏÌÐ òà åëåêòðîííî¿ ñïåêòðîñêîï³¿,
à êîìïëåêñ Cs[NdL4] òàêîæ ìåòîäîì ÐÑÀ. Áóëî
âñòàíîâëåíî ïîë³ìåðíó áóäîâó ñïîëóêè Cs[NdL4],
à êîîðäèíàö³éíèé ïîë³åäð ³îíà íåîäèìó ³íòåð-
ïðåòîâàíî ÿê âèêðèâëåíèé äîäåêàåäð. Åëåêòðîíí³
ñïåêòðè îäåðæàíîãî êîìïëåêñó íåîäèìó ó ðîç-
÷èí³ â àöåòîí³òðèë³ âêàçóþòü íà çáåðåæåííÿ
Ê× 8 öåíòðàëüíîãî ³îíà ïðè ðîç÷èíåíí³ êîìï-
ëåêñó. Ïðè ïîð³âíÿíí³ òåìïåðàòóð ïëàâëåííÿ,
ñïåêòðàëüíèõ ³ ñòðóêòóðíèõ äàíèõ ñèíòåçîâàíèõ
ñïîëóê ³ ðàí³øå îïèñàíèõ êîìïëåêñ³â ñêëàäó
Na[LnL4] ìîæíà çðîáèòè âèñíîâîê ïðî âïëèâ
ïðèðîäè ïîçàñôåðíîãî êàò³îíà íà âëàñòèâîñò³
òåòðàê³ñ-êîìïëåêñó, ùî â ïîäàëüøåìó ìîæå
áóòè âèêîðèñòàíî ïðè ðîçðîáö³ åëåêòðîïðîâ³ä-
íèõ ðîç÷èí³â íà îñíîâ³ ÑÀÔ-âì³ñíèõ êîìïëåêñ³â.
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SYNTHESIS, STRUCTURAL AND SPECTRAL STUDIES
OF ANIONIC TETRAKIS-COMPLEXES OF LANTHANIDES
CsLnL

4
 WITH SAPH-LIGAND –

DIMETHYL(PHENYLSULFONYL)AMIDOPHOSPHATE

I.P. Olyshevets a, V.V. Dyakonenko b, S.V. Shyshkina b,
V.O. Trush a, T.Yu. Sliva a, V.M. Amirkhanov a

a Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
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National Academy of Sciences of Ukraine, Kharkiv, Ukraine

Novel anionic coordination compounds of lanthanides with
sulfonylamidophosphate (SAPh) ligand of general formula Cs[LnL4]
(Ln=La, Nd, Eu, Tb, L–=[C6H5(SO2)N(PO)(OCH3)2]) have been
synthesized. The obtained complexes have been investigated by means
of 1H NMR, IR, electronic spectroscopies and X-ray diffraction
analysis. The compound Cs[NdL4] has been obtained in
monocrystalline form. The polymer structure of the complex built
from [LnL4]

– anions and cesium cations functioning as linkers has
been established by the X-ray diffraction analysis and the coordination
of ligands in the acidic form via the phosphoryl and sulfonyl group
oxygen atoms has been confirmed. The coordination polyhedron of
Nd3+ ion was interpreted as a distorted dodecahedron. Based on the
analysis of absorption and diffuse reflection spectra, the structures of
the closest environment of a central atom in the solution of the
complex in acetonitrile and the crystalline state were concluded to
be similar.

Keywords: SAPh ligands; sulfonylamidophosphates;
lanthanides; coordination compounds; tetrakis-complexes;
spectroscopy; X-ray diffraction analysis.
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