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Âñòàíîâëåíî ê³íåòè÷í³ îñîáëèâîñò³ ôîðìóâàííÿ ïîë³ö³àíóðàòíèõ (ÏÖ) ñ³òîê ç äèö³àíîâîãî åñòåðó
á³ñôåíîëó Å (ÄÖÁÅ) çà íàÿâíîñò³ 1,0 % ìàñ. ³îííèõ ð³äèí (IÐ) ð³çíî¿ õ³ì³÷íî¿ áóäîâè: àïðîòîííî¿
– 1-îêòèë-3-ìåòèë³ì³äàçîë³é òåòðàôòîðáîðàò òåòðàôëóîðîáîðàòó ([OMIm][BF4]), ïðîòîííî¿
– 2-(ã³äðîêñ³åòèëàì³íî) ³ì³äàçîë³í³óì õëîðèäó ([HEAIm][HCl]) ³ ïðîòîííî¿ ïîë³ìåðíî¿ –
ïîë³ãåêñàìåòèëåíãóàí³ä³í òîëó¿ëåíñóëüôîíàòó ([PHMG][TS]). Ìåòîäîì ²×-ñïåêòðîñêîï³¿
âèçíà÷åíî, ùî âñ³ äîñë³äæóâàí³ ²Ð êàòàë³çóþòü ïðîöåñ ïîë³öèêëîòðèìåðèçàö³¿ ÄÖÁÅ, ïðè öüîìó
ìàêñèìàëüíà ïðèâåäåíà øâèäê³ñòü ïîë³öèêëîòðèìåðèçàö³¿ çðîñòàº íà 15; 19 ³ 29 % äëÿ
ÄÖÁÅ/[PHMG][TS], ÄÑÁE/[HEAIm][HCl] ³ ÄÑÁE/[OMIm][BF4] â³äïîâ³äíî, ó ïîð³âíÿíí³ ç
³íäèâ³äóàëüíèì ÄÖÁÅ. Âèÿâëåíî, ùî [HEAIm][HCl] ³ [PHMG][TS] õ³ì³÷íî âáóäîâóþòüñÿ ó
ñòðóêòóðó ïîë³ö³àíóðàòíî¿ ñ³òêè, òîä³ ÿê [OMIm][BF4] õ³ì³÷íî ³íåðòíà äî ÄÖÁÅ. Íà îñíîâ³
ìîäåëüíèõ ðåàêö³é çàïðîïîíîâàíî â³äïîâ³äí³ ìåõàí³çìè êàòàë³çó ïîë³öèêëîòðèìåðèçàö³¿ ÄÖÁÅ
ð³çíèìè ²Ð òà õ³ì³÷í³ ñòðóêòóðè ñôîðìîâàíèõ ã³áðèäíèõ ÏÖ ñ³òîê.

Êëþ÷îâ³ ñëîâà: ïîë³ö³àíóðàòè, ³îíí³ ð³äèíè, êàòàë³çàòîðè, ìåõàí³çì ðåàêö³¿.

Âñòóï.
Ñó÷àñíèé ³íòåíñèâíèé ðîçâèòîê âèñîêîòåõíîëîã³÷-

íèõ ãàëóçåé ïðîìèñëîâîñò³ çóìîâëþº ïîñò³éíî çðîñòà-
þ÷ó íåîáõ³äí³ñòü ñòâîðåííÿ íîâèõ ìóëüòèôóíêö³îíàëü-
íèõ ìàòåð³àë³â, ÿê³ â³äïîâ³äàòèìóòü çàäàíèì åêñïëóàòà-
ö³éíèì âèìîãàì òà áóäóòü çäàòí³ ïðàöþâàòè çà åêñòðå-
ìàëüíèõ óìîâ (ïðè ï³äâèùåí³é âîëîãîñò³, ð³çêîìó
ïåðåïàä³ òåìïåðàòóð ó øèðîêèõ ä³àïàçîíàõ, â àãðåñèâ-
íèõ ñåðåäîâèùàõ òîùî). Îñîáëèâèé ³íòåðåñ âèêëèêà-
þòü ïîë³ö³àíóðàòè, ÿê³ îòðèìóþòü ç îë³ãîìåð³â íèçüêî¿
â’ÿçêîñò³, ùî çàáåçïå÷óº åôåêòèâíå äèñïåðãóâàííÿ íà-
ïîâíþâà÷³â ïðè ñèíòåç³ íàíîêîìïîçèò³â. Ïðè ïîë³öèê-
ëîòðèìåðèçàö³¿ ö³àíîâèõ åñòåð³â á³ñôåíîë³â îòðèìóþòü
ïîë³ö³àíóðàòí³ ñ³òêè (ÏÖ) – ãóñòîñ³ò÷àñò³ ïîë³ìåðè, ÿê³
õàðàêòåðèçóþòüñÿ òàêèìè âëàñòèâîñòÿìè ÿê âèñîêà
ñòàá³ëüí³ñòü ðîçì³ðó, íèçüêà ä³åëåêòðè÷íà ïðîíèêí³ñòü
(2,5–3,2), âîãíåñò³éê³ñòü òà âèñîêà àäãåç³ÿ äî ð³çíèõ ñóá-
ñòðàò³â (ìåòàë³â, âóãëå- ³ ñêëîâîëîêíà, ïîë³ìåð³â òîùî),
âèñîêà òåðìî- ³ âîãíåñò³éê³ñòü, íèçüêå âîäîïîãëèíàííÿ
òà ï³äâèùåíà ñò³éê³ñòü äî ðîç÷èííèê³â ³ àãðåñèâíèõ ñå-
ðåäîâèù (êèñëîò, ëóã³â, íàôòîïðîäóêò³â òîùî). ÏÖ –
ïåðñïåêòèâí³ ìàòåð³àëè äëÿ âèêîðèñòàííÿ ó êîñì³÷í³é

ãàëóç³ òà åëåêòðîí³ö³, îñîáëèâî ÿê ïîë³ìåðí³ ìàòðèö³
äëÿ ñòðóêòóðíèõ êîìïîçèò³â, êëå¿â, ãåðìåòèê³â, ïî-
êðèòò³â, ùî ìîæóòü ïðàöþâàòè çà åêñòðåìàëüíèõ óìîâ
[1–3]. ÏÖ îòðèìóþòü øëÿõîì òåðì³÷íî¿ ïîë³öèêëîòðè-
ìåðèçàö³¿, ÿê ïðàâèëî, çà íàÿâíîñò³ êàòàë³çàòîðà áåç
âèä³ëåííÿ ëåòêèõ ïðîäóêò³â ³ ç óòâîðåííÿì ÏÖ ñ³òêè ç
âèñîêîþ Tñê. Íà ðèñ. 1 íàâåäåíî ñõåìó ïîë³öèêëîòðè-
ìåðèçàö³¿ äèö³àíîâîãî åñòåðó á³ñôåíîëó Å (ÄÖÁE).
Îñîáëèâ³ñòþ çãàäàíîãî âèùå ìîíîìåðó º íèçüêà
â’ÿçê³ñòü (0,09–0,12 Ïà·ñ) çà ê³ìíàòíî¿ òåìïåðàòóðè [4].

ßê â³äîìî, íåêàòàë³òè÷íà ïîë³öèêëîòðèìåðèçàö³ÿ
ÄÖÁÅ â³äáóâàºòüñÿ ïîâ³ëüíî ³ çàëåæèòü â³ä êîíöåíòðàö³¿
äîì³øîê ó âèõ³äíîìó ìîíîìåð³ (ñë³äè ôåíîë³â àáî ³íø³
çàëèøêè â³ä ñèíòåçó [5]). Òàêèì ÷èíîì, äëÿ êîíòðîëüî-
âàíî¿ ïîë³öèêëîòðèìåðèçàö³¿ äèö³àíîâèõ åñòåð³â á³ñôå-
íîë³â íåîáõ³äíèé êàòàë³çàòîð, ÿêèé º îäíèì ç êëþ÷îâèõ
ôàêòîð³â. Öÿ ðåàêö³ÿ çàçâè÷àé êàòàë³çóºòüñÿ ñóì³øàìè
ñîëåé ïåðåõ³äíèõ ìåòàë³â (àöåòèëàöåòîíàòè Cu, Co, Zn,
Fe, Mn, Cr òà ³í.) ç ³í³ö³àòîðàìè, ùî ì³ñòÿòü àêòèâíèé
âîäåíü (çàçâè÷àé íîí³ëôåíîë). Ïðîòå, çðîñòàº çàíåïî-
êîºííÿ ùîäî øèðîêîãî âèêîðèñòàííÿ íîí³ëôåíîëó
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âíàñë³äîê òîêñè÷íîñò³ îñòàííüîãî. Òîìó äëÿ óñóíåííÿ
âèùåçàçíà÷åíî¿ ïðîáëåìè âêðàé âàæëèâî çíàéòè íîâó
³ ïðîñòó òåõíîëîã³þ. Òîæ ïîøóê íîâèõ åôåêòèâíèõ êà-
òàë³çàòîð³â ìàº íàóêîâèé ³ ïðàêòè÷íèé ³íòåðåñ. Îòæå,
çàñòîñóâàííÿ ²Ð ÿê êàòàë³çàòîð³â ìîæå â³äêðèòè íîâ³
ïåðñïåêòèâè ðåãóëþâàííÿ ðåàêö³¿ ïîë³öèêëîòðèìåðè-
çàö³¿.

²îíí³ ð³äèíè (²Ð) – öå ñîë³ ç òåìïåðàòóðîþ ïëàâëåí-
íÿ íèæ÷å 100 °C. Âîíè âñå á³ëüøå ïðèâåðòàþòü óâàãó
çàâäÿêè óí³êàëüíîìó êîìïëåêñó âëàñòèâîñòåé, à ñàìå
íåçíà÷íèé òèñê ïàðè, øèðîêèé ñïåêòð ð³äêèõ ñïîëóê çà
ê³ìíàòíî¿ òåìïåðàòóðè, â³äì³íí³ òåðì³÷íà ³ õ³ì³÷íà
ñò³éê³ñòü, ñåëåêòèâíà ðîç÷èíí³ñòü, ëåãê³ñòü ñèíòåçó òà
ñò³éê³ñòü äî îêèñíþâàëüíî-â³äíîâíèõ ïðîöåñ³â [6]. Îñ-
ê³ëüêè ²Ð íåãîðþ÷³, íåëåòê³ òà ëåãêî ï³ääàþòüñÿ ïåðå-
ðîáö³, âîíè º åêîëîã³÷íîþ àëüòåðíàòèâîþ çâè÷àéíèì
îðãàí³÷íèì ðîç÷èííèêàì. Êð³ì òîãî, ²Ð – åôåêòèâí³
êàòàë³çàòîðè áàãàòîðàçîâîãî âèêîðèñòàííÿ äëÿ äåÿêèõ
ðåàêö³é ïîë³ìåðèçàö³¿ [7–11], à òàêîæ ³í³ö³àòîðè ðàäè-
êàëüíî¿ [12, 13] òà êàò³îííî¿ ïîë³ìåðèçàö³¿ [14, 15]. Îòæå,
çàâäÿêè óí³âåðñàëüíèì âëàñòèâîñòÿì ²Ð âñå ÷àñò³øå
çàñòîñîâóþòü ó õ³ì³¿ ïîë³ìåð³â [16, 17]. Âèñîêà òåðì³÷-
íà ñò³éê³ñòü ³ õ³ì³÷íà ³íåðòí³ñòü äåÿêèõ ²Ð äàº çìîãó âè-
êîðèñòîâóâàòè ¿õ ÿê ïîðîãåíè äëÿ îòðèìàííÿ ìåìáðàí
íà îñíîâ³ ïîë³ö³àíóðàò³â. Ó ðîáîò³ [18] ìè óñï³øíî çà-
ñòîñóâàëè 1-ãåïòèëï³ðèäèí³é òåòðàôòîðáîðàò
([HPyr][BF4]) ÿê ïîðîãåí ïðè ñèíòåç³ íàíîïîðèñòèõ òåð-
ìîñòàá³ëüíèõ ÏÖ ïë³âîê.

Ðàí³øå íàìè áóëî âñòàíîâëåíî [19], ùî íåâåëèê³
ê³ëüêîñò³ (0,5–5,0 % ìàñ.) àïðîòîííî¿ ²Ð (1-îêòèë-3-ìå-

òèë³ì³äàçîë³é òåòðàôòîðáîðàòó ([OMIm][BF4]) ³ñòîòíî
ïðèñêîðþþòü ïðîöåñ ïîë³öèêëîòðèìåðèçàö³¿ ÄÖÁE, ùî
áóëî ïîÿñíåíî óòâîðåííÿì [CN]δ+[OÌ²m]δ- êîìïëåêñó.

Òîìó ó ö³é ðîáîò³ íàóêîâèé ³íòåðåñ ñòàíîâèëî äî-
ñë³æåííÿ âïëèâó õ³ì³÷íî¿ áóäîâè ²Ð íà ê³íåòèêó ïîë³-
öèêëîòðèìåðèçàö³¿ ÄÖÁÅ. Äëÿ äîñÿãíåííÿ ìåòè áóëè
îáðàí³ òàê³ ²Ð: àïðîòîííà – [OÌ²m][BF4], ïðîòîííà –
2-(ã³äðîêñèåòèëàì³í) ³ì³äàçîë³í³óì õëîðèä
([HEAIm][HCl]) òà ïðîòîííà ïîë³ìåðíà – ïîë³(ãåêñàìå-
òèëåíãóàí³ä³í) òîëó¿ëåíñóëüôîíàò ([PHMG][TS]). Âì³ñò
²Ð â óñ³õ äîñë³äæóâàíèõ ñèñòåìàõ áóâ ô³êñîâàíèé ³ ñòà-
íîâèâ 1 % ìàñ.
Åêñïåðèìåíòàëüíà ÷àñòèíà.

Ó ö³é ðîáîò³ áóëî âèêîðèñòàíî 1,1-á³ñ (4-öèàíàòî-
ôåí³ë)åòàí (äèö³àíîâèé åñòåð á³ñôåíîëó Å, ÄÖÁE),
òîðãîâî¿ ìàðêè PRIMASET™ LECy Lonza (Áàçåëü, Øâåé-
öàð³ÿ). Äëÿ ñèíòåçó ²Ð áóëè âèêîðèñòàí³ òàê³ ðåàêòèâè:
1-ìåòèë³ì³äàçîë, 1-áðîìîêòàí, 2-³ì³äàçîë³äèíåò³îí, 2-
åòàíîëàì³í, òðèåòèëàì³í, òðèôòîðìåòàíñóëüôîíîâà
êèñëîòà, ìåòàíîë, ñîëÿíà êèñëîòà (37 %), òåòðàôòîð-
áîðíà êèñëîòà (50 % â Í2Î), åòèëàöåòàò, ãåêñàí, ìåòè-
ëåíõëîðèä, ñóëüôàò íàòð³þ, 20 %-âèé âîäíèé ðîç÷èí
ã³äðîêñèäó êàë³þ. Ñèíòåçîâàí³ ³îíí³ ð³äèíè áóëè äîñë³ä-
æåí³ ìåòîäàìè 1Í ßÌÐ ³ 19F ßÌÐ. Ñïåêòðè ðåºñòðóâàëè
çà äîïîìîãîþ Varian (300 ÌÃö) ßÌÐ ñïåêòðîìåòðà çà
Ò = 23 °Ñ ç âèêîðèñòàííÿì äåéòåðîâàíîãî ðîç÷èííèêà
äèìåòèëñóëüôîêñèäó ÄÌÑÎ-D6. Åëåìåíòíèé àíàë³ç
çä³éñíþâàëè ó â³äïîâ³äíîñò³ ç [20].

Ñèíòåç 1-îêòèë-3-ìåòèë³ì³äàçîë³é òåòðàôòîð-
áîðàòó [OÌ²m][BF4] çä³éñíþâàëè ç âèêîðèñòàííÿì
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ìåòîä³â, îïèñàíèõ ó [21, 22]. Âèõ³ä ïðîäóêòó ñòàíîâèâ
72 %. 1H ßMÐ (300 MHz, CDCl3): δ = 0,86 (t, 3H, CH3, J =
7,2 Hz); 1,25–1,31 (m, 9H, CH2); 1,86 (m, 3H, CH2); 3,94 (s,
3H, NCH3); 4.16 (t, 2H, NCH2, J = 7,2 Hz); 7,27–7,38 (m, 2H,
NC(H)C(H)N); 8,78 (s, 1H, NC(H)N). 19F ßMÐ (188 MHz,
CDCl3): δ = -151,4. 1H ßMÐ (300 ÌHz, DMSO-D6, TMS): δ
= 0,85 (t, 3H, CH3); 1,25 (m, 10H, CH3(CH2)5); 1,78 (m, 2H,
NCH2CH2); 3,85 (s, 3H, NCH3); 4,16 (t, 2H, NCH2); 7,67 (br
s, 1H, C4–H); 7,74 (br s, 1H, C5–H); 9,06 (s, 1H, C2–H). 19F
ßÌÐ (188 MHz, DMSO-D6, CFCl3): δ = -148,8 (s, 4F, BF4).

Ñèíòåç 2-(ã³äðîêñ³åòèëàì³íî)³ì³äàçîë³í³þ õëîðè-
äó [HEAIm][HCl]. 2-ìåòèëìåðêàïòî³ì³äàçîë³í-2-õëîð-
ã³äðàò áóëî ñèíòåçîâàíî â³äïîâ³äíî äî [23]. 1H ßÌÐ
(300 ÌÃö, ÄÌÑÎ-D6): δ = 2,71 (s, 3H, CH3); 3,84 (s, 4H,
CH2); 10,64 (2H, br s, NH). Ñóì³ø 2-ìåòèëìåðêàïòî³ì³-
äàçîë³í-2-õëîðã³äðàòó (5 ã, 0,032 ìîëü) òà 2-åòàíîëàì³íó
(2,1 ã, 0,035 ìîëü) ó 50 ìë ³çîïðîïàíîëó íàãð³âàëè äî
êèï³ííÿ ïðîòÿãîì 6 ãîä. Ìåòèëìåðêàïòàí, óòâîðåíèé
ÿê ïîá³÷íèé ïðîäóêò, àáñîðáóâàëè 20 %-âèì âîäíèì
ðîç÷èíîì ã³äðîêñèäó êàë³þ. Ðîç÷èííèê âèäàëÿëè çà
çíèæåíîãî òèñêó ³ îòðèìàíèé òâåðäèé çàëèøîê
[HEAIm][HCl] î÷èùóâàëè ïîäâ³éíîþ ïåðåêðèñòàë³çà-
ö³ºþ ³ç ³çîïðîïàíîëó. Âèõ³ä ñòàíîâèâ 85 %. 1H ßÌÐ
(300 MHz, DMSO-D6): δ = 3,25 (m, 2H, CH2OH); 3,56
(m, 6H, NHCH2CH2OH); 7,64 (4H, br s, NH, OH)

Ñèíòåç ïîë³ãåêñàìåòèëåíãóàí³äèí òîëó¿ëåíñóëü-
ôîíàòó [PHMG][TS] çä³éñíþâàëè òàêèì ÷èíîì: ñóì³ø
ãóàí³äèíó ã³äðîõëîðèäó (10 ã, 0,104 ìîëü) ³ ãåêñàìåòè-
ëåíä³àì³íó (11,7 ã, 0,1 ìîëü) íàãð³âàëè ïðè ïîñò³éíîìó
ïåðåì³øóâàíí³ çà Ò = 100 °Ñ ïðîòÿãîì 4 ãîä. Äàë³ ðåàê-
ö³þ ïðîâîäèëè çà Ò =140 °Ñ ïðîòÿãîì 4 ãîä., çà Ò=180 °Ñ
– 4 ãîä. ³ çà Ò=200 °Ñ – 3 ãîä. äî îòðèìàííÿ âèñîêîâ’ÿç-
êîãî ðîçïëàâó. Ï³ñëÿ îõîëîäæåííÿ ðåàêö³éíî¿ ñóì³ø³
äî ê³ìíàòíî¿ òåìïåðàòóðè ñêëîïîä³áíèé òâåðäèé ïîë³-
ãåêñàìåòèëåíãóàí³äèí ã³äðîõëîðèä ([PHMG][Cl]) ðîç÷è-
íÿëè ó âîä³ (150 ìë), ô³ëüòðóâàëè ³ îñàäæóâàëè øëÿõîì

äîäàâàííÿ íàñè÷åíîãî âîäíîãî ðîç÷èíó õëîðèäó íà-
òð³þ (50 ìë). Ïîë³ìåð âèä³ëÿëè øëÿõîì äåêàíòàö³¿ âîä-
íîãî ðîç÷èíó òà ñóøèëè çà Ò = 140 °Ñ ïðîòÿãîì 24 ãîä.
ó ïîðöåëÿíîâ³é ñòóïö³. Õàðàêòåðèñòè÷íà â’ÿçê³ñòü ðîç-
÷èíó [PHMG][Cl] ó 0,1 N NaCl ñòàíîâèëà 7 ñì3/ã çà
Ò = 25 °Ñ. 1H ßÌÐ (300 MHz, DMSO-D6): δ = 1,3–1,44
(m, 8H, (CH2)4,); 3,14 (m, 4H, (N–CH2)2); 7,15–7,8 (br s, 4H,
C–NH, C=NH2

+). Åëåìåíòíèé àíàë³ç (C7H16N3Cl)x (177,5)x:
ðîçðàõîâàíî (%): C 47,3; H 9,0; N 23,6; Cl 20,0; çíàéäåíî
(%): C 46,7; H 8,6; N 24,1; Cl 20,6.

Òîëó¿ëåíñóëüôîíàò íàòð³þ (11,4 ã àáî 0,058 ìîëü) äî-
äàâàëè äî ðîç÷èíó [PHMG][Cl] (10 ã, 0,056 ìîëü) ó 100 ìë
åòàíîëó òà ñóì³ø ïåðåì³øóâàëè ïðîòÿãîì 20 ãîä çà
ê³ìíàòíî¿ òåìïåðàòóðè. Îòðèìàíèé îñàä íàòð³þ õëî-
ðèäó â³äô³ëüòðîâóâàëè ³ âèëèâàëè ó âîäó (300 ìë). Á³ëó
ñóñïåíç³þ â³ää³ëÿëè äåêàíòóâàííÿì, ï³ñëÿ ÷îãî ïðîìè-
âàëè âîäîþ òà ñóøèëè çà òåìïåðàòóðè 120–130 °Ñ ïðî-
òÿãîì 24 ãîä. ç íàñòóïíèì ïîäð³áíåííÿì äëÿ îòðèìàí-
íÿ çðàçê³â [PHMG][TS]. 1H ßÌÐ (300 MHz, DMSO-D6):
δ = 1,24 (m, 4H, (CH2)2); 1,42 (m, 4H, NCH2CH2); 2,29 (s, 3H,
TsO–CH3); 3,14 (m, 4H, (NCH2); 7,14 (d, 2H, H-3, H-5);
7,3–7,35 (br s, 4H, C–NH, C=NH2

+); 7,53 (d, 2H, H-2, H-6).
Åëåìåíòíèé àíàë³ç (C14H23N3O3S)x (313)x: ðîçðàõîâàíî C
53,6; H 7,3; N 13,4; S 10,2; çíàéäåíî C 53,1; H 7,0; N 13,8;
S 10,5.

Õ³ì³÷íà ñòðóêòóðà òà äåÿê³ ô³çè÷í³ õàðàêòåðèñòèêè
³íäèâ³äóàëüíèõ êîìïîíåíò³â, âèêîðèñòàíèõ ó ö³é ðîáîò³,
íàâåäåí³ â òàáëèö³.

Êîìïîçèö³¿ ÄÖÁE ç 1,0 % ìàñ. [OMIm][BF4],
[HEAIm][HCl] àáî [PHMG][TS] ãîòóâàëè òàêèì ÷èíîì:
ìîíîìåð ÄÖÁÅ çì³øóâàëè ç ²Ð äî îäíîð³äíîãî ñòàíó,
ïîò³ì îòðèìàíó ñóì³ø âèëèâàëè íà ï³äêëàäêó, âêðèòó
àíòèàäãåç³éíîþ ïë³âêîþ, çðàçîê ðîçì³ùóâàëè ó òåðìî-
øàô³, äå ïðîâîäèëè in situ ïîë³öèêëîòðèìåðèçàö³þ ÄÖÁÅ
ìåòîäîì ñòóï³í÷àñòîãî íàãð³âàííÿ çà òàêèõ óìîâ, (T/÷àñ):
150 °C/8 ãîä; 180 °C/3ãîä; 210 °C/3 ãîä; 230 °Ñ/1ãîä.

Íàçâà Ñòðóêòóðà Âëàñòèâîñò³ 

1,1-á³ñ (4-ö³àíàòîôåí³ë) åòàí ÄÖÁE NCO C

H

CH3

OCN

 

M = 264 ã/ìîëü; 
Tïë = 29°Ñ;  
Tä = 434°Ñ 

1-îêòèë-3-ìåòèë³ì³äàçîë³é 
òåòðàôòîðáîðàò [OMIm][BF4] BF4

N

N

CH3

H17C8

 

M = 282 ã/ìîëü;  
Tïë = - 88°Ñ; 
Tä = 401°Ñ 

2-(ã³äðîêñ³åòèëàì³íî) ³ì³äàçîë³í³é 
õëîðèä [HEAIm][HCl] N

H

OH
NH

N
H

Cl
 

M  = 164 ã/ìîëü;  
Tïë = 97–98 °Ñ; 
Tä = 244°Ñ  

Ïîë³ãåêñàìåòèëåí ãóàí³äèí 
òîëó¿ëåíñóëüôîíàò [PHMG][TS] 

H
N C

H
N (CH2)6

NH2
n

SO3H3C

 

M  = 12520–15650 ã/ìîëü, 
n ~ 40–50;  
Tïë = 110–115 °C;  
Tä = 371°Ñ  

Òàáëèöÿ. Õ³ì³÷íà ñòðóêòóðà òà îñíîâí³ ô³çè÷í³ õàðàêòåðèñòèêè âèêîðèñòàíèõ êîìïîíåíò³â



74

Î.Ì. Ôàéíëåéá, À.Â. Âàùóê, Î.Ì. Ñòàðîñòåíêî, Î.Ï. Ãðèãîð’ºâà, Ñ.Ï. Ðîãàëüñüêèé, D. Grande

Ê³íåòèêó òâåðäíåííÿ ÄÖÁE çà íàÿâíîñò³ ²Ð äîñë³ä-
æóâàëè ç âèêîðèñòàííÿì ñïåêòðîìåòðà Tensor 37 ô³ðìè
Bruker ç Ôóð’º ïåðåòâîðåííÿì â îáëàñò³ 4000–600 ñì-1.
Äëÿ êîæíîãî ñïåêòðà áóëî óñåðåäíåíî 32 ïîñë³äîâí³
ñêàíè ðîçä³ëüíî¿ çäàòíîñò³ 4 ñì-1. ßê âíóòð³øí³é ñòàí-
äàðò âèêîðèñòîâóâàëè ²×-ñìóãó çà 1500 ñì-1, ÿêà â³äïî-
â³äàº ïëîùèííèì êîëèâàííÿì Ñ=Ñ áåíçîëüíîãî ê³ëüöÿ.
Êîíâåðñ³þ ÄÖÁÅ âèçíà÷àëè øëÿõîì êîíòðîëþ çìåí-
øåííÿ ³íòåíñèâíîñò³ òà çíèêíåííÿ ñìóã âàëåíòíèõ êî-
ëèâàíü OCN-ãðóï çà 2237–2267 ñì-1. Ðîçðàõóíêè ïðîâî-
äèëè ç âèêîðèñòàííÿì òàêîãî ð³âíÿííÿ:

% ,

äå: ²(t)2237-2267 – ³íòåíñèâí³ñòü âàëåíòíèõ êîëèâàíü ñìóã –
O–Ca≡N çà 2236–2272 ñì-1 â ìîìåíò t; ²(t)1500 – ³íòåí-
ñèâí³ñòü ïëîùèííèõ êîëèâàíü Ñ=Ñ áåíçîëüíîãî ê³ëüöÿ
çà 1500 ñì-1 â ìîìåíò ÷àñó t; ²(0) – ³íòåíñèâí³ñòü â³äïî-
â³äíèõ ñìóã ó ïî÷àòêîâîìó ÄÖÁÅ ìîíîìåð³ àáî

ÄÖÁE/²Ð êîìïîçèö³¿.
Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ.

Íà ðèñ. 2 ïîêàçàíî åâîëþö³þ ÔÒ²×-ñïåêòð³â äëÿ
ÄÖÁE òà ÄÖÁE/²Ð êîìïîçèö³é çà ³çîòåðì³÷íèõ óìîâ
(T=150 °C). Âèäíî, ùî ñìóãà ñòàíäàðòó çà 1500 ñì-1 çà-
ëèøàºòüñÿ íåçì³ííîþ ïðîòÿãîì âñüîãî åêñïåðèìåíòó,
òîä³ ÿê ³íòåíñèâí³ñòü ñìóã ïîãëèíàííÿ çà 2267–2237 ñì-1,
ùî â³äïîâ³äàþòü âàëåíòíèì êîëèâàííÿì –O–Ca≡N ãðóï,
çìåíøóºòüñÿ ç ÷àñîì äëÿ âñ³õ äîñë³äæóâàíèõ êîìïî-
çèö³é. Ñë³ä çàçíà÷èòè, ùî äëÿ âñ³õ ÄÖÁE/²Ð êîìïîçèö³é
çðîñòàííÿ ³íòåíñèâíîñò³ ñìóã çà 1369 ñì-1 (νN-C-O) ³
1565 ñì-1 (νC=N-C) á³ëüø âèðàæåíå ó ïîð³âíÿíí³ ç ³íäèâ³-
äóàëüíèì ÄÖÁE, ùî ï³äòâåðäæóº êàòàë³òè÷íå ôîðìó-
âàííÿ ïîë³ö³àíóðàòíî¿ ñ³òêè ó ïðîöåñ³ òâåðäíåííÿ [1,
2].

Ê³íåòè÷í³ êðèâ³ ñòóïåíÿ êîíâåðñ³¿ (αñ) òà øâèäêîñò³
êîíâåðñ³¿ (dαñ/dt) ÿê ôóíêö³¿ ÷àñó äëÿ ÄÖÁE òà ÄÖÁE/²Ð
íàâåäåíî íà ðèñ. 3à, á â³äïîâ³äíî. Ðîçðàõóíêè ïîêàçà-
ëè, ùî êîíâåðñ³ÿ ö³àíàòíèõ ãðóï ³íäèâ³äóàëüíîãî ÄÖÁE
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Ðèñ. 2. ÔÒ²×-ñïåêòðè çà Ò = 150 °C: à – ÄÖÁE; á – ÄÖÁE/[OMIm][BF4]; â – ÄÖÁE/[HEAIm][HCl];
ã – ÄÖÁE/[PHMG][TS]
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Âïëèâ ³îííèõ ð³äèí íà îñîáëèâîñò³ ôîðìóâàííÿ ñ³ò÷àñòîãî ïîë³ö³àíóðàòó

ïî÷èíàº â³äáóâàòèñÿ ÷åðåç ïðèáëèçíî 60 õâ. â³ä ïî÷àò-
êó ðåàêö³¿, ùî ñâ³ä÷èòü ïðî íàÿâí³ñòü ³íäóêö³éíîãî ïå-
ð³îäó. ²ç ðèñ. 3à âèäíî, ùî äëÿ ³íäèâ³äóàëüíîãî ÄÖÁE
³íäóêö³éíèé ïåð³îä ñòàíîâèòü ~60 õâ., ïðîòå äëÿ çðàçê³â
ÄÖÁÅ/²Ð â³í çìåíøóºòüñÿ äî ~45 õâ äëÿ ÄÖÁÅ/
[PHMG][TS], äî ~40 õâ. äëÿ ÄÖÁE/[HEAIm][HCl] ³ äî
~26 õâ. äëÿ ÄÖÁE/[OMIm][BF4]. Òàêîæ ñïîñòåð³ãàºòüñÿ
çðîñòàííÿ âåëè÷èíè êîíâåðñ³¿ αñ äî çíà÷åíü 0,52, 0,24
òà 0,14 äëÿ ÄÖÁÅ/[OMIm][BF4], ÄÖÁE/[HEAIm][HCl] ³
ÄÖÁÅ/[PHMG][TS] â³äïîâ³äíî (ðèñ. 3à), ùî ñâ³ä÷èòü ïðî
òå, ùî ââåäåííÿ ²Ð ó ÄÖÁE ïðèñêîðþº êîíâåðñ³þ ö³à-
íàòíèõ ãðóï. Òàêîæ âèäíî, ùî çà ³çîòåðì³÷íèõ óìîâ
(T=150 °C) ³íäèâ³äóàëüíèé ÄÖÁÅ äîñÿãàº ïëàòî ï³ñëÿ
210 õâ. íàãð³âàííÿ, à ñòóï³íü êîíâåðñ³¿ ñòàíîâèòü áëèçü-
êî 0,80. Öåé åôåêò ñèëüí³øå ïðîÿâëÿºòüñÿ çà âèêîðèñ-
òàííÿ [OMIm][BF4] ³ êîìïîçèö³ÿ ÄÖÁE/[OMIm][BF4] äî-
ñÿãàº ïëàòî (αñ=0,81) ï³ñëÿ íàãð³âàííÿ ëèøå ïðîòÿãîì
120 õâ. Ñïîñòåð³ãàºòüñÿ ôîðìóâàííÿ êîìïëåêñó
[CN]δ+[OÌ²m]δ- [19], ÿêèé êàòàë³çóº ïðîöåñ. Êàòàë³òè÷-
íèé âïëèâ ³íøèõ äâîõ ²Ð ïîð³âíÿíî ìåíøèé ³ êîìïî-
çèö³¿ ÄÖÁE/[HEAIm][HCl] òà ÄÖÁE/[PHMG][TS] äîñÿãà-
þòü ïëàòî ÷åðåç 150 õâ. çà αñ=0,77 ³ αñ=0,71 â³äïîâ³äíî.
Òàêèì ÷èíîì, ìîæíà ïðèïóñòèòè, ùî çàâäÿêè íàÿâ-
íîñò³ ôóíêö³îíàëüíèõ ãðóï, ùî ì³ñòÿòü àêòèâíèé âî-
äåíü (–NH òà –OH), [HEAIm][HCl] ³ [PHMG][TS] ìîæëè-
âà õ³ì³÷íà âçàºìîä³ÿ ç ìîëåêóëàìè ÄÖÁÅ ç óòâîðåííÿì
êîâàëåíòíèõ çâ’ÿçê³â [1].

ßê âèäíî ç ðèñ. 3á, øâèäê³ñòü ðåàêö³¿ ³ñòîòíî çðîñ-
òàëà â ê³íåòè÷íî-êîíòðîëüîâàí³é ñòàä³¿, äîêè íå äîñÿãëà
ìàêñèìóìó. Ï³ñëÿ äîñÿãíåííÿ ñèñòåìîþ òî÷êè ãåëþ
éìîâ³ðí³ñòü êîíâåðñ³¿ ö³àíàòíèõ ãðóï ÄÖÁÅ ð³çêî çìåí-
øóºòüñÿ ³ ðåàêö³ÿ ñòàº îáìåæåíî-äèôóç³éíîþ. Ñë³ä çà-
çíà÷èòè, ùî ââåäåííÿ ²Ð çóìîâëþº çìåíøåííÿ òðèâà-
ëîñò³ ñèíòåçó ³ ïîë³öèêëîòðèìåðèçàö³ÿ ÄÖÁÅ çàâåð-
øóºòüñÿ ÷åðåç 240 õâ., òîä³ ÿê ó âèïàäêó ³íäèâ³äóàëüíî-
ãî ÄÖÁÅ – ëèøå ÷åðåç 360 õâ.

Äëÿ á³ëüø ðåòåëüíîãî âèâ÷åííÿ õ³ì³çìó ðåàêö³¿ ïîë-
³öèêëîòðèìåðèçàö³¿ ÄÖÁÅ çà íàÿâíîñò³ ²Ð ïðîâåäåí³

äîñë³äæåííÿ ìîäåëüíèõ êîìïîçèö³é ³ç âì³ñòîì ²Ð 50 %
ìàñ. ÔÒ²×-ñïåêòðè ³íäèâ³äóàëüíèõ ÄÖÁÅ òà ²Ð, à òàêîæ
ÄÖÁÅ/²Ð=50/50 êîìïîçèö³é íàâåäåí³ íà ðèñ. 4.

Ìåõàí³çì ïîë³öèêëîòðèìåðèçàö³¿ ÄÖÁE ç âèêîðè-
ñòàííÿì [OMIm][BF4]. Ó ïîïåðåäí³é ðîáîò³ [19] íàìè
áóëî çàïðîïîíîâàíî ìåõàí³çì ïðèñêîðåííÿ ïîë³öèê-
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Ðèñ. 3. Ê³íåòè÷í³ çàëåæíîñò³ êîíâåðñ³¿ (à) òà øâèäêîñò³ ðåàêö³¿ (á) â³ä ÷àñó ðåàêö³¿ äëÿ: ÄÖÁÅ/[OMIm][BF4] (1,
1’); ÄÖÁÅ (2, 2’); ÄÖÁE/[HEAIm][HCl] (3, 3’); ÄÖÁÅ/[PHMG][TS] (4, 4’)
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Ðèñ. 4. ÔÒ²×-ñïåêòðè â îáëàñò³ (1780–1350) cì-1: 1 –
ÄÖÁÅ ïðîãð³òèé çà Ò = 150 °C; 2 – [OMIm][BF4]; 3 –
ÄÖÁÅ/[OMIm][BF4]; 4 – [HEAIm][HCl]; 5 –
ÄÖÁÅ/[HEAIm][HCl]; 6 – ÏÖ/[HEAIm][HCl] ïðîãð³òà çà
Ò = 150 °C; 7 – [PHMG][TS]; 8 – ÄÖÁÅ/[PHMG][TS]; 9 –
ÏÖ/[PHMG][TS] ïðîãð³òà çà Ò = 150 °C
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ëîòðèìåðèçàö³¿ ÄÖÁÅ çà íàÿâíîñò³ [OMIm][BF4]
(ðèñ. 5). Áåðó÷è äî óâàãè íàÿâí³ñòü ñëàáêîêèñëîòíîãî
öåíòðó â ê³ëüö³ êàò³îíà 1-îêòèë-3-ìåòèë³ì³äàçîë³þ (çâ’ÿ-
çîê Ñ–Í ó ïîëîæåíí³ 2), áóëî ïðèïóùåíî, ùî ñàìå öåé
öåíòð êàòàë³çóº ðåàêö³þ öèêëîòðèìåðèçàö³¿ ÄÖÁE. Òàê,
ïðè çì³øóâàíí³ äèö³àíàòó (1) ç [OMIm][BF4] óòâîðþºòü-
ñÿ ³îí ïñåâäîí³òðèë³þ [CN]δ+[OÌ²m]δ– (2), ïðî ÿêèé
ñâ³ä÷èòü ïîÿâà ïëå÷à çà 2330 ñì-1 íà â³äïîâ³äíèõ ²×-ñïåêò-
ðàõ. Äàë³ ö³àíî-êîìïëåêñ (2) àòàêóºòüñÿ «â³ëüíèì» ö³à-
íàòíèì ìîíîìåðîì (1), ùî ïðèâîäèòü äî óòâîðåííÿ
³îíà í³òðèëó (3). Íà îñòàíí³é ñòàä³¿ â³ä àöèêë³÷íîãî òðè-
ìåðà (5) â³äðèâàºòüñÿ [OMIm][BF4] ³, òàêèì ÷èíîì, óò-
âîðþºòüñÿ ïîë³ö³àíóðàò (6).

Ìåõàí³çì ïîë³öèêëîòðèìåðèçàö³¿ ÄÖÁE ç âèêîðèñ-
òàííÿì [HEAIm][HCl]. Ìîæíà áóëî á ïðèïóñòèòè, ùî

ïðè âèêîðèñòàíí³ [HEAIm][HCl] ìåõàí³çì ïîë³ìåðèçàö³¿
ÄÖÁÅ áóäå òàêèé ñàìèé ÿê ³ ó âèïàäêó [OMIm][BF4].
Ïðîòå, ïîÿâà íîâèõ ñìóã íà ÔÒ²×-ñïåêòðàõ ñâ³ä÷èòü ïðî
óòâîðåííÿ íîâèõ çâ’ÿçê³â ó ðåçóëüòàò³ êîâàëåíòíîãî çâ’ÿ-
çóâàííÿ ö³àíàòíèõ ãðóï ÄÖÁÅ ç ôóíêö³îíàëüíèìè ãðó-
ïàìè [HEAIm][HCl]. Òàêå ïðèïóùåííÿ áàçóºòüñÿ íà â³äî-
ìèõ ìåõàí³çìàõ ïîë³öèêëîòðèìåðèçàö³¿ ÄÖÁÅ çà íàÿâ-
íîñò³ ñïîëóê, ùî ì³ñòÿòü –ÎÍ [24] òà –NH ãðóïè [1, 2].
Îòæå, ö³ëêîì ³ìîâ³ðíèé ïåðåá³ã àëüòåðíàòèâíèõ (÷è ïà-
ðàëåëüíèõ) ðåàêö³é îäíî÷àñíî ç êàòàë³çîì (ðèñ. 6). Òà-
êèì ÷èíîì, O–Ca≡N ãðóïà ìîíîìåðà ÄÖÁE ìîæå âçàº-
ìîä³ÿòè ç ã³äðîêñèëüíèìè ãðóïàìè [HEAIm][HCl] ç óò-
âîðåííÿì ³ì³äîêàðáîíàòó (2) –O–C(=NH)–O–, ÿêèé â
ïîäàëüøîìó ìîæå âçàºìîä³ÿòè ç ³íøîþ ìîëåêóëîþ ìî-
íîìåðà ç óòâîðåííÿì äèìåðó (3). Òðåò³é ìîíîìåð ïðè-
ºäíóºòüñÿ äî äèìåðó (3) ç óòâîðåííÿì ïðîì³æíîãî
ïðîäóêòó (4), ÿêèé ïåðåòâîðþºòüñÿ â òðèàçèíîâå ê³ëüöå.
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Òàêå ïåðåòâîðåííÿ ìîæå â³äáóâàòèñÿ çà äâîìà ìåõàí³-
çìàìè: ç âèâ³ëüíåííÿì ³íäèâ³äóàëüíî¿ [HEAIm][HCl], ùî
ïðèâîäèòü äî óòâîðåííÿ òðèàçèíîâîãî öèêëó (5), àáî ç
âêëþ÷åííÿì [HEAIm][HCl] ó ïîë³ö³àíóðàòíó ñ³òêó (6).

Òàêîæ áóëî çðîáëåíå ïðèïóùåííÿ, ùî [HEAIm][HCl]
ìîæå çá³ëüøóâàòè ïîëÿðèçàö³þ C=N çâ’ÿçêó â ³ì³äî-
êàðáîíàò³ (2'), òèì ñàìèì íàäàþ÷è åëåêòðîô³ëüíîñò³
àòîìó âóãëåöþ, ùî ï³äòâåðäæóºòüñÿ ïîÿâîþ ïëå÷à çà
1440 ñì-1, õàðàêòåðíîãî äëÿ àñèìåòðè÷íèõ êîëèâàíü
–N–Ñ=Î; ³ ñìóãè çà 1706 cì-1, ÿêà â³äïîâ³äàº âàëåíòíèì
êîëèâàííÿì Ñ=Î ñå÷îâèííèõ ôðàãìåíò³â ³ì³äàçîë³äè-
íîíó (4') [24]. Ôîðìóâàííÿ (4') ³ç ñòðóêòóðè (2') ìîæ-
ëèâå çà ðàííüîãî âèâ³ëüíåííÿ ôåíîëó øëÿõîì óòâîðåí-
íÿ ³ì³íîîêñàçîë³äèíó (3') ç íàñòóïíîþ éîãî ³çîìåðèçà-
ö³ºþ. Òàêà ñòðóêòóðà áóëà ï³äòâåðäæåíà ïëå÷åì çà
1633 ñì-1, ùî â³äïîâ³äàº N–H â ³çîñå÷îâèí³ [25], ÿêà,
éìîâ³ðíî, óòâîðþºòüñÿ ðàçîì ç òðèàçèíîâèìè öèêëà-
ìè (5) ³ (6). Êð³ì òîãî, ìîæëèâà òàêîæ ðåàêö³ÿ ì³æ âòî-
ðèííèìè –NH ãðóïàìè [HEAIm][HCl], ÿê³ ìåíø ðåàê-
òèâí³ ó ïîð³âíÿíí³ ç –OH. Òàêèì ÷èíîì, ó ïðîöåñ³ ôîð-
ìóâàííÿ ÏÖ ñ³òêè çà íàÿâíîñò³ [HEAIm][HCl] ìîæå áóòè
ñôîðìîâàíà ã³áðèäíà õ³ì³÷íà ñòðóêòóðà ÏÖ/
[HEAIm][HCl] ç äîäàòêîâèìè çøèâêàìè (5), (6) ³ (4').

Ìåõàí³çì ïîë³öèêëîòðèìåðèçàö³¿ ÄÖÁE ç âèêîðèñ-
òàííÿì [PHMG][TS]. ²äåÿ ìåõàí³çìó öèêëîòðèìåðè-
çàö³¿ ÄÖÁÅ ó öüîìó âèïàäêó áàçóºòüñÿ íà ðåàêö³éí³é
çäàòíîñò³ âòîðèííèõ àì³íîãðóï ùîäî ö³àíàòíèõ, ÿê öå
ñõåìàòè÷íî ïîêàçàíî íà ðèñ. 7. Ïîÿâà ³íòåíñèâíèõ ñìóã
ïîãëèíàííÿ çà 1566 ³ 1369 ñì-1, õàðàêòåðíèõ äëÿ âàëåíò-

íèõ êîëèâàíü C=N–C òà O–C=N ãðóï, ñâ³ä÷èòü ïðî ôîð-
ìóâàííÿ òðèàçèíîâîãî öèêëó. ²ç ðèñ. 4, êðèâà 9 âèäíî,
ùî äëÿ ÏÖ/[PHMG][TS] ç’ÿâëÿþòüñÿ íîâ³ ñìóãè ïîãëè-
íàííÿ ç ìàêñèìóìàìè çà 1512 ³ 1544 ñì-1, ÿê³ ìîæóòü
â³äïîâ³äàòè âàëåíòíèì êîëèâàííÿì ãðóï C=N ó öèêë³÷-
íèõ ñòðóêòóðàõ. Âèõîäÿ÷è ç îòðèìàíèõ äàíèõ, áóëî çà-
ïðîïîíîâàíî ñõåìó âáóäîâóâàííÿ ÄÖÁÅ ó ïîë³ìåðí³
ëàíöþãè [PHMG][TS] ç ôîðìóâàííÿì çì³øàíèõ øåñ-
òè÷ëåííèõ öèêë³â (3') òà (5) (ðèñ. 7).
Âèñíîâêè.

Îòæå, â ö³é ðîáîò³ áóëî äîñë³äæåíî îñîáëèâîñò³ in
situ ïîë³öèêëîòðèìåðèçàö³¿ ÄÖÁÅ ç ²Ð ð³çíî¿ õ³ì³÷íî¿
áóäîâè òà âñòàíîâëåíî, ùî çà îáðàíèõ óìîâ ñèíòåçó âñ³
äîñë³äæåí³ ²Ð êàòàë³çóþòü ïðîöåñ ôîðìóâàííÿ ïîë³ö³à-
íóðàòíî¿ ñ³òêè, àëå âïëèâ ²Ð íà ê³íåòèêó ôîðìóâàííÿ
çàëåæèòü â³ä ¿õ çäàòíîñò³ õ³ì³÷íî âçàºìîä³ÿòè ç ö³àíàò-
íèìè ãðóïàìè ÄÖÁÅ. Çíàéäåíî, ùî äëÿ ³íäèâ³äóàëüíî-
ãî ÄÖÁE ³íäóêö³éíèé ïåð³îä ñòàíîâèòü ~60 õâ., ïðîòå
äëÿ çðàçê³â ÄÖÁÅ/²Ð â³í çìåíøóºòüñÿ äî ~45 õâ. äëÿ
ÄÖÁÅ/[PHMG][TS], äî ~40 õâ. äëÿ ÄÖÁE/[HEAIm][HCl] ³
äî ~26 õâ. äëÿ ÄÖÁE/[OMIm][BF4]. Íà îñíîâ³ åêñïåðè-
ìåíòàëüíèõ äàíèõ âèÿâëåíî, ùî êàòàë³òè÷íà àêòèâí³ñòü
²Ð çìåíøóºòüñÿ ó òàêîìó ïîðÿäêó: àïðîòîííà
[OMIm][BF4] > ïðîòîííà [HEAIm][HCl] > ïðîòîííà ïîë³-
ìåðíà [PHMG][TS]. Ìåòîäîì ²×-ñïåêòðîñêîï³¿ òà ìî-
äåëüíèìè äîñë³äæåííÿìè ï³äòâåðäæåíî íàÿâí³ñòü
õ³ì³÷íîãî âáóäîâóâàííÿ [HEAIm][HCl] ³ [PHMG][TS] ó
ïîë³ö³àíóðàòíó ñ³òêó â ïðîöåñ³ ¿¿ ôîðìóâàííÿ, òîä³ ÿê
[OMIm][BF4] âèÿâèëàñÿ õ³ì³÷íî ³íåðòíîþ.
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Èññëåäîâàíû êèíåòè÷åñêèå îñîáåííîñòè ôîðìèðîâàíèÿ ïîëèöèàíóðàòîâ èç äèöèàíîâîãî ýôèðà
áèñôåíîëà Å (ÄÖÁÅ) â ïðèñóòñòâèè 1,0 % ìàñ. èîííûõ æèäêîñòåé (ÈÆ) ðàçëè÷íîé õèìè÷åñêîé
ïðèðîäû: àïðîòîííîé – 1-oêòèë-3-ìåòèëèìèäàçîëèóì òåòðàôëóîðîáîðàòà ([OMIm][BF4]),
ïðîòîííîé – 2-(ãèäðîêñèýòèëàìèíî) èìèäàçîëèíèé õëîðèäà ([HEAIm][HCl]) è ïðîòîííîé
ïîëèìåðíîé – ïîëèãåêñàìåòèëåí ãóàíèäèí òîëóîë ñóëüôîíàòà ([PHMG][TS]). Ìåòîäîì ÈÊ-
ñïåêòðîñêîïèè óñòàíîâëåíî, ÷òî ÈÆ êàòàëèçèðóþò ïðîöåññ ïîëèöèêëîòðèìåðèçàöèè ÄÖÁÅ,
ïðè ýòîì [HEAIm][HCl] è [PHMG][TS] õèìè÷åñêè âñòðàèâàþòñÿ â ñòðóêòóðó ïîëèìåðíîé ñåòêè,
òîãäà êàê [OMIm][BF4] ÿâëÿåòñÿ õèìè÷åñêè èíåðòíûì. Ïðè ýòîì ìàêñèìàëüíàÿ ïðèâåäåííàÿ
ñêîðîñòü ïîëèöèêëîòðèìåðèçàöèè ðàñòåò íà 15; 19 è 29 % äëÿ ÄÖÁÅ/[PHMG][TS], ÄÑÁE/
[HEAIm][HCl] è ÄÑÁE/[OMIm][BF4] ñîîòâåòñòâåííî. Íà îñíîâå ìîäåëüíûõ ðåàêöèé ïðåäëîæåíû
ñîîòâåòñòâóþùèå ìåõàíèçìû îáðàçîâàíèÿ è õèìè÷åñêèå ñòðóêòóðû ãèáðèäíûõ
ïîëèöèàíóðàòíûõ ñåòîê.
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A. Fainleib1, À. Vashchuk1,3, O. Starostenko1, O. Grigoryeva1, S. Rogalsky2, D. Grande3

1Institute of Macromolecular Chemistry NAS of Ukraine
48, Kharkivske shose, Kyiv, 02160, Ukraine
2Institut de Chimie et des Materiaux Paris-Est, UMR 7182 CNRS – Universite Paris-Est Creteil Val-de-Marne
2 rue Henri Dunant, Thiais, 94320, France
3Institute of Bioorganic Chemistry and Petrochemistry NAS of Ukraine
50, Kharkivske shose, Kyiv, 02160, Ukraine

The kinetic peculiarities of polycyanurate formation from dicyanic ester of bisphenol E (DCBE) in the
presence of 1.0 wt.% of ionic liquids (ILs) of different chemical natures have been investigated and
discussed. To this purpose, three distinct ILs have been used: aprotic IL- 1-octyl-3-methylimidazolium
tetrafluoroborate ([OMIm][BF4]), protic IL - 2- (hydroxyethylamino) imidazolium chloride
([HEAIm][HCl]), and protic polymeric IL - polyhexamethylene guanidine toluenesulfonate
([PHMG][TS]). Using FTIR spectroscopy, it was found that ILs catalyzed the process of DCBE
polycyclotrimerization. Interestingly, [HEAIm][HCl] and [PHMG][TS] chemically incorporated into
the polymer network structure, whereas [OMIm][BF4] was chemically inert towards DCBE. The
maximum rate of polycyclotrimerization increased by 15%; 19% and 29% for DCBE/[PHMG][TS],
DCBE/[HEAIm][HCl] and DCBE/[OMIm][BF4], respectively. On the basis of model reactions,
appropriate mechanisms of formation and chemical structures of hybrid polycyanurate networks were
proposed.

Keywords: polycyanurate, ionic liquid, catalytic effect.


