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Ï³íîïîë³óðåòàíîâ³ ïðåêóðñîðè: äîñë³äæåííÿ âçàºìîä³¿
ïðèðîäíèõ âóãëåâîä³â ç ôåí³ë³çîö³àíàòîì
².Â. ßíîâè÷, Î.Ð. Àõðàíîâè÷, Ë.À. Ìàðêîâñüêà, Ë.Ï. Ðîáîòà, Þ.Â. Ñàâåëüºâ

²íñòèòóò õ³ì³¿ âèñîêîìîëåêóëÿðíèõ ñïîëóê ÍÀÍ Óêðà¿íè
48, Õàðê³âñüêå øîñå, Êè¿â, 02160, Óêðà¿íà

Ñèíòåçîâàíî ìîäåëüí³ ñèñòåìè ïðåêóðñîð³â íà îñíîâ³ ñàõàð³â äëÿ ñòâîðåííÿ ï³íîïîë³óðåòàí³â,
çäàòíèõ äî äåãðàäàö³¿ â óìîâàõ íàâêîëèøíüîãî ñåðåäîâèùà. Ñòðóêòóðà îòðèìàíèõ ïðîäóêò³â
ï³äòâåðäæåíà ²×- ³ 1Í ßÌÐ-ñïåêòðîñêîï³÷íèìè äîñë³äæåííÿìè. Âèçíà÷åíî ¿õ ìîëåêóëÿðí³ ìàñè
(ÌÌ) ìåòîäàìè åáóë³îñêîï³¿ òà åêñêëþç³éíî¿ õðîìàòîãðàô³¿, çà äîïîìîãîþ ÿêî¿ äîñë³äæåíî
ìîëåêóëÿðíî-ìàñîâèé ðîçïîä³ë (ÌÌÐ). Ïîêàçàíî, ùî â ðåàêö³ÿõ óðåòàíîóòâîðåííÿ áåðóòü ó÷àñòü
ïåðâèíí³ òà âòîðèíí³ ã³äðîêñèëè âóãëåâîä³â.

Êëþ÷îâ³ ñëîâà: ï³íîïîë³óðåòàí, ïðåêóðñîð, ìîäåëüíà ñïîëóêà, âóãëåâîä, ôåí³ë³çîö³àíàò.

Íàéêðàùèì âèð³øåííÿì ïðîáëåìè ñòâîðåííÿ åêî-
ëîã³÷íî áåçïå÷íèõ ïîë³ìåðíèõ ìàòåð³àë³â º âèêîðèñ-
òàííÿ â ¿õ ñèíòåç³ ïðèðîäíèõ ñïîëóê, äëÿ ðîçêëàäàí-
íÿ ÿêèõ ó ïðèðîä³ ³ñíóþòü åôåêòèâí³ ìåõàí³çìè. Âóã-
ëåâîäè – íàéá³ëüø ïîøèðåíà ãðóïà ïðèðîäíèõ ñïî-
ëóê ç êîìïëåêñîì ô³çè÷íèõ, á³îõ³ì³÷íèõ ³
òåõíîëîã³÷íèõ âëàñòèâîñòåé [1, 2].

Ï³íîïîë³óðåòàíè íà îñíîâ³ ïðèðîäíèõ ñïîëóê, çàâ-
äÿêè íàÿâíîñò³ äîñòóïíî¿ ñèðîâèíè, ìîæëèâîñò³
ö³ëåñïðÿìîâàíî¿ ñòðóêòóðíî-õ³ì³÷íî¿ ìîäèô³êàö³¿,
êîìïëåêñó ñïåöèô³÷íèõ âëàñòèâîñòåé, à òàêîæ ïðî-
ñòîò³ òåõíîëîã³¿ ïðîöåñó – íàéá³ëüø ïðèâàáëèâ³ ñå-
ðåä âåëèêî¿ ê³ëüêîñò³ ïîë³ìåð³â, ÿê³ ìîæóòü áóòè âè-
êîðèñòàí³ äëÿ ñòâîðåííÿ ïîë³ôóíêö³îíàëüíèõ ïîë³-
ìåðíèõ ìàòåð³àë³â, ó òîìó ÷èñë³ ã³ïîòåòè÷íî çäàòíèõ
äî äåãðàäàö³¿ â óìîâàõ íàâêîëèøíüîãî ñåðåäîâèùà [3,
4].

Îñíîâíà ÷àñòèíà òåîðåòè÷íèõ ³ åêñïåðèìåíòàëü-
íèõ ðîá³ò â îáëàñò³ äåãðàäàáåëüíèõ ïîë³ìåð³â ñïðÿ-
ìîâàíà íà ñòâîðåííÿ ìåõàí³÷íèõ ñóì³øåé ïðèðîäíèõ
ïîë³ìåð³â ³ç ñèíòåòè÷íèìè òà âèâ÷åííÿ ¿õí³õ ô³çè÷-
íèõ âëàñòèâîñòåé [5, 6]. Îäíàê ï³ä ÷àñ äåãðàäàö³¿ òà-
êèõ êîìïîçèö³é ðóéíóºòüñÿ ãîëîâíèì ÷èíîì ïðèðîä-
íèé êîìïîíåíò, ñèíòåòè÷íèé æå, ÿê ïðàâèëî, íå çà-
çíàº â³ä÷óòíèõ çì³í. Òîìó òàêèé ï³äõ³ä íå  âèð³øóº
ïðîáëåìó óòèë³çàö³¿ â³äïðàöüîâàíîãî ìàòåð³àëó. Ìî-
äèô³êàö³ÿ ïðèðîäíèõ ïîë³ñàõàðèä³â ìåòîäàìè ïîë³ìå-
ðàíàëîã³÷íèõ ïåðåòâîðåíü íå çàâæäè äàº ìîæëèâ³ñòü
îòðèìàòè ìàòåð³àëè ç íåîáõ³äíèìè åêñïëóàòàö³éíè-
ìè õàðàêòåðèñòèêàìè [7].

Ââåäåííÿ ëàíîê  ïðèðîäíèõ âóãëåâîä³â äî ñêëàäó
ìàêðîìîëåêóë ïîë³ìåðó ñïðèÿº ôðàãìåíòàö³¿ òà ïî-
äàëüøîìó éîãî ðîçêëàäàííþ – îäíîìó ç íàéåôåêòèâ-
í³øèõ ìåòîä³â áîðîòüáè ³ç çàáðóäíåííÿì íàâêîëèø-
íüîãî ñåðåäîâèùà ïîë³ìåðíèìè â³äõîäàìè [8].

Ìåòîþ íàøî¿ ðîáîòè áóëî äîñë³äæåííÿ õàðàêòåðó
âçàºìîä³¿ ìîíî- ³ äèñàõàðèä³â ç ôåí³ë³çîö³àíàòîì ÿê
ñèñòåì, ùî ìîäåëþþòü õ³ì³çì ñòâîðåííÿ âóãëåâîä-
âì³ñíèõ ïðåêóðñîð³â äëÿ ñèíòåçó ï³íîïîë³óðåòàí³â.
Åêñïåðèìåíòàëüíà ÷àñòèíà

Îá’ºêòè
Äëÿ ñèíòåçó ìîäåëüíèõ ñïîëóê âèêîðèñòîâóâàëè

êîìåðö³éí³ ïðîäóêòè (Merck): ëàêòîçó (ìîíîã³äðàò),
ñàõàðîçó òà ãëþêîçó – ïîïåðåäíüî âèñóøåí³ â³ä ã³ãðî-
ñêîï³÷íî¿ âîëîãè (òà êðèñòàë³çàö³éíî¿ âîäè ëàêòîçè)
äî ñòàëî¿ ìàñè çà òåìïåðàòóðè 130–135 °Ñ ó âàêóóì³
(3–4 ìì ðò. ñò.); (Aldrich): ôåí³ë³çîö³àíàò (Ô²Ö) ³ äè-
ìåòèëôîðìàì³ä (ÄÌÔÀ) – ïîïåðåäíüî î÷èùåíèé
çã³äíî ç [9].

Ìåòîäè äîñë³äæåíü
²×-ñïåêòðè îòðèìàíèõ ïðîäóêò³â, òàáëåòîâàíèõ ³ç

KBr, ô³êñóâàëè íà ²×-ñïåêòðîìåòð³ ç Ôóð’º-ïåðåòâî-
ðåííÿì “Tensor-37” (Bruker) â îáëàñò³ 400–4000 ñì-1

ìåòîäîì áàãàòîðàçîâîãî ïîðóøåíîãî ïîâíîãî âíóò-
ð³øíüîãî  â³äáèòòÿ (ÁÏÏÂÂ) ³ç âèêîðèñòàííÿì ïðè-
çìè-òðàïåö³¿. Â³äíåñåííÿ ñìóã ïîãëèíàííÿ çðîáëåíî
â³äïîâ³äíî äî [10].

1Í ßÌÐ-ñïåêòðè ô³êñóâàëè íà ßÌÐ-ñïåêòðîìåòð³
“Varian VXR-300” (Bruker) ó ðîç÷èí³ äåéòåðîâàíîãî
äèìåòèëñóëüôîêñèäó (ÄÌÑÎ-d6). Õ³ì³÷í³ çñóâè ïî-
äàí³ â³äíîñíî òåòðàìåòèëñèëàíó ÿê âíóòð³øíüîãî
ñòàíäàðòó. Â³äíåñåííÿ ñìóã ïîãëèíàííÿ çðîáëåíî
çã³äíî ç [11].

ÌÌ ìîäåëüíèõ ñïîëóê âèçíà÷àëè ìåòîäîì åáóë³î-
ñêîï³¿ çà äîïîìîãîþ åáóë³îìåòðà ÅÏ-68 (×îðíîãîëîâ-
êà, ÐÔ). Äëÿ êàë³áðóâàííÿ ïðèëàäó âèêîðèñòîâóâàëè
ôåíàíòðåí (ÌÌ = 178 ã/ìîëü), ðîç÷èííèê – ä³îêñàí.

ÌÌ ³ ÌÌÐ îòðèìàíèõ ôåí³ëóðåòàíâì³ñíèõ ñà-
õàðèä³â âèçíà÷àëè ìåòîäîì åêñêëþç³éíî¿ õðîìàòî-
ãðàô³¿ íà ð³äèííîìó õðîìàòîãðàô³ ²Ñ-8800 (Dupone),
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áåðó÷è çà åòàëîí ðîç÷èí ïîë³ñòèðîëó â ÄÌÔÀ. Äëÿ
âèçíà÷åííÿ ÌÌÐ âèêîðèñòîâóâàëè á³ìîäàëüí³ êîëîí-
êè CN-Zorbax. Â³äñîòêîâèé âì³ñò îêðåìèõ ôðàêö³é ç
ð³çíèìè ÌÌ îáðàõîâóâàëè ç âèêîðèñòàííÿì ïàêåòó
â³ëüíîãî äîñòóïó Fityk(ñ) [12].
Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Äëÿ äîñë³äæåííÿ õàðàêòåðó âçàºìîä³¿ âóãëåâîäíî-
ãî òà ³çîö³àíàòíîãî êîìïîíåíò³â – ñêëàäîâèõ ³çîö³à-
íàòíèõ ïðåêóðñîð³â, ùî âèêîðèñòîâóþòüñÿ ïðè îòðè-
ìàíí³ ïîë³óðåòàí³â (ÏÓ) òà ï³íîïîë³óðåòàí³â (ÏÏÓ)
ïðîâåäåíî ñèíòåçè ìîäåëüíèõ ñèñòåì íà îñíîâ³ ìîíî-
òà äèñàõàðèä³â ïðèðîäíîãî ïîõîäæåííÿ ³ ìîíîôóíê-
ö³îíàëüíîãî ³çîö³àíàòó – Ô²Ö.

Ñèíòåç 1. ßê âèõ³äí³ ðå÷îâèíè áóëî îáðàíî ãëþêî-
çó òà Ô²Ö ó ìîëüíîìó ñï³ââ³äíîøåíí³ 1:1. Ðåàêö³þ
ïðîâîäèëè ó ì³í³ìàëüí³é ê³ëüêîñò³ äèìåòèëôîðìàì³-
äó çà òåìïåðàòóðè 75 °Ñ ïðîòÿãîì 60 õâ. Ïåðåá³ã ðå-
àêö³¿ óðåòàíîóòâîðåííÿ êîíòðîëþâàëè ìåòîäîì
²×-ñïåêòðîñêîï³¿ çà âèçíà÷åííÿì âì³ñòó â³ëüíèõ
NCO-ãðóï (νNCO = 2260 ñì-1) – äî äîñÿãíåííÿ ïîâíî¿
êîíâåðñ³¿.

Ñèíòåç 2. ßê âèõ³äí³ ðå÷îâèíè áóëî îáðàíî ãëþ-
êîçó òà Ô²Ö ó ìîëüíîìó ñï³ââ³äíîøåíí³ 1:2. Óìîâè
ðåàêö³¿ àíàëîã³÷í³ ñèíòåçó 1.

Ñèíòåç 3–4. ßê äèñàõàðèäè áóëî îáðàíî ëàêòîçó ³
ñàõàðîçó. Ìîäåëüí³ ñïîëóêè îòðèìóâàëè çà ðåàêö³ºþ
äèñàõàðèä³â ç Ô²Ö ó ì³í³ìàëüí³é ê³ëüêîñò³ äèìåòèë-
ôîðìàì³äó (ìîëüíå ñï³ââ³äíîøåííÿ äèñàõàðèä : Ô²Ö
= 1:2). Ðåàêö³¿ ïðîâîäèëè çà òåìïåðàòóðè 75 °Ñ ïðî-
òÿãîì 40–60 õâ.

Âñ³ ñèíòåçîâàí³ ìîäåëüí³ ñïîëóêè ïðîìèâàëè äè-
ñòèëüîâàíîþ âîäîþ ç ìåòîþ âèäàëåííÿ ìîæëèâèõ
äîì³øîê âèõ³äíèõ ñàõàðèä³â. Äàë³ ¿õ ñóøèëè ó âàêó-
óìí³é øàô³ çà òèñêó 3–4 ìì ðò. ñò. äî ñòàëî¿ ìàñè çà
òåìïåðàòóðè 60–65 °Ñ.

Îòðèìàí³ ïðîäóêòè ÿâëÿþòü ñîáîþ á³ë³ äð³áíî-êðè-
ñòàë³÷í³ ïîðîøêè, äîáðå ðîç÷èíí³ â åòàíîë³, äèìåòèë-
ôîðìàì³ä³, äèìåòèëñóëüôîêñèä³, àöåòîí³, åòèëàöåòàò³,

ñ³ð÷àíîìó åòåð³, ä³îêñàí³, ìåòèëåòèëêåòîí³ òà íåðîç-
÷èíí³ â âîä³, ãåêñàí³, õëîðîôîðì³, òîëóîë³. Âèõ³ä ôåí³ë-
óðåòàíçàì³ùåíèõ ñàõàðèä³â ñòàíîâèâ: ôåí³ëóðåòàíñà-
õàðîçè – 65,7 %, ôåí³ëóðåòàíëàêòîçè – 64,4 %, ôåí³ë-
óðåòàíãëþêîçè çà ñï³ââ³äíîøåííÿ ãëþêîçà : Ô²Ö = 1:2
– 79,5 %, à çà ñï³ââ³äíîøåííÿ 1:1 – 61,5 %.

Ôðàãìåíòè ²×-ñïåêòð³â ëàêòîçè (1) òà ôåí³ëóðåòàí-
ëàêòîçè çà ìîëüíîãî ñï³ââ³äíîøåííÿ ðåàãåíò³â 1:2 (2)
ïîäàíî íà ðèñ. 1.

Ïîð³âíÿííÿ ²×-ñïåêòð³â ïîêàçàëî, ùî äëÿ íèõ
ñï³ëüíà íàÿâí³ñòü ³íòåíñèâíî¿ ñìóãè ïîãëèíàííÿ â îá-
ëàñò³ êîëèâàííÿ ã³äðîêñèëüíèõ ãðóï (3200–3600 ñì-1),
Ñ–Í ãðóï (2850–2900 ñì-1) òà ÑÍ2 ãðóï (2915–2940 ñì-1).
Â³äì³ííîñò³ ïîëÿãàþòü ó íàÿâíîñò³ â ²×-ñïåêòð³ 2
(ðèñ. 1)ñìóã ïîãëèíàííÿ, õàðàêòåðíèõ äëÿ óðåòàíî-
âî¿ ãðóïè: 1721 ñì-1 (Àì³ä ², νÑ=Î ), 1537 ñì-1 (Àì³ä ²²,
îñíîâíèé âíåñîê δN–H), 1223 ñì-1 – ñêëàäíîåô³ðíèé
ôðàãìåíò óðåòàíîâî¿ ãðóïè òà êîëèâàííÿ áåíçîëüíî-
ãî ê³ëüöÿ (1600, 1500 òà 3060 ñì-1).

Îòæå, ²×-ñïåêòðîñêîï³÷í³ äîñë³äæåííÿ ïîêàçóþòü,
ùî â õîä³ ðåàêö³¿ ì³æ ëàêòîçîþ ³ Ô²Ö óòâîðþþòüñÿ
óðåòàíîâ³ ãðóïè –O–CO–NH–  âíàñë³äîê  õ³ì³÷íî¿
âçàºìîä³¿ ã³äðîêñèëüíèõ ãðóï ëàêòîçè ç ³çîö³àíàòíè-
ìè ãðóïàìè Ô²Ö.

Íàÿâí³ñòü ó ñïåêòð³ 2 (ðèñ. 1) ñìóã ïîãëèíàííÿ â
îáëàñò³ êîëèâàíü ã³äðîêñèëüíèõ ãðóï ñâ³ä÷èòü ïðî òå,
ùî ïðè òàêîìó ìîëüíîìó ñï³ââ³äíîøåíí³ ëàêòîçè òà
Ô²Ö îòðèìàíèé ïðîäóêò ðåàêö³¿ – ôåí³ëóðåòàíëàêòî-
çà, ì³ñòèòü â³ëüí³ ã³äðîêñèëüí³ ãðóïè.

²×-ñïåêòðè ïðîäóêò³â âçàºìîä³¿ Ô²Ö ³ç ñàõàðîçîþ
òà ãëþêîçîþ ìàþòü àíàëîã³÷í³ ñïåêòðó 2 ïðîô³ë³ ñìóã
ïîãëèíàííÿ â îáëàñò³ êîëèâàíü óðåòàíîâî¿ ãðóïè òà

3500 3000 2500 2000 1500 1000 500
ν, ñì-1
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1

Ðèñ. 1. Ôðàãìåíòè ²×-ñïåêòð³â ëàêòîçè (1) ³
ôåí³ëóðåòàíëàêòîçè (2)

14,0 12,0 10,0 8,0 6,0 4,0 2,0 ì.÷.

14,0 12,0 10,0 8,0 6,0 4,0 2,0 ì.÷.

á

à

Ðèñ. 2. 1Í ßÌÐ-ñïåêòðè ãëþêîçè (à) òà
ôåí³ëóðåòàíãëþêîçè (á)

¹ 
ï/ï 

Ñêëàä ìîäåëüíî¿ 
ñïîëóêè, ìîëü 

Mw,  
ã/ìîëü 

Mn,  
ã/ìîëü Mw/Mn 

1 Гëþêîçà : Ô²Ö = 1:1 550 526 1,04 
2 Гëþêîçà : Ô²Ö = 1:2 535 504 1,06 
3 Ëàêòîçà : Ô²Ö = 1:2 808 762 1,06 
4 Ñàõàðîçà : Ô²Ö = 1:2 767 664 1,15 

Òàáëèöÿ 1. Ìîëåêóëÿðíà ìàñà òà ìîëåêóëÿðíî-
ìàñîâèé ðîçïîä³ë ôåí³ëóðåòàíçàì³ùåíèõ ñàõàð³â
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ã³äðîêñèëüíèõ ãðóï, ùî ñâ³ä÷èòü ïðî àíàëîã³÷íèé
õàðàêòåð âçàºìîä³¿ äîñë³äæåíèõ âóãëåâîä³â ç Ô²Ö.

Îòðèìàí³ ðåçóëüòàòè ²×-ñïåêòðîñêîï³¿ ï³äòâåðäæó-
þòüñÿ äîñë³äæåííÿìè 1Í ßÌÐ-ñïåêòðîñêîï³¿.

1Í ßÌÐ-ñïåêòðè ïðîäóêòó âçàºìîä³¿ ãëþêîçè ç Ô²Ö
(ñï³ââ³äíîøåííÿ 1:2) ïîêàçàíî íà ðèñ. 2. Äëÿ ïî-
ð³âíÿííÿ âèêîðèñòîâóâàëè 1Í ßÌÐ-ñïåêòð ãëþêîçè.

1Í ßÌÐ-ñïåêòð ãëþêîçè (ðèñ. 2à) ì³ñòèòü òàê³ ñèã-
íàëè: 3,0–3,5 ì. ÷. –ÑÍ– (4Í ïðè Ñ2, Ñ3, Ñ4 ³ Ñ5); 3,5–
3,6 ì. ÷. –ÑÍ2– (2Í); 4,35 ì. ÷. –ÎÍ (1Í ïðè Ñ1); 4,43–
4,75 ì. ÷. –ÎÍ (3Í ïðè Ñ2, Ñ3, Ñ4); 4,9 ì. ÷. –ÎÍ (1Í
ïðè Ñ6); 6,2 ì. ÷. –ÑÍ– (1Í ïðè Ñ1). Ñèãíàëè â îáëàñò³
2,5 ì. ÷. ³ 3,3 ì. ÷. â³äíåñåí³ íàìè äî ñèãíàë³â çàëèøê³â
ðîç÷èííèê³â – äèìåòèëñóëüôîêñèäó òà âîäè â³äïîâ³ä-
íî.

Ïîð³âíÿííÿ 1Í ßÌÐ-ñïåêòð³â ãëþêîçè (ðèñ. 2à) òà
ïðîäóêòó âçàºìîä³¿ ãëþêîçè ç Ô²Ö (ðèñ. 2á) ïîêàçàëî,
ùî ñïåêòð îòðèìàíî¿ ìîäåëüíî¿ ñïîëóêè – ôåí³ëóðå-
òàíãëþêîçè, ì³ñòèòü ÷³òê³ ñèãíàëè, ùî â³äð³çíÿº éîãî
â³ä âèõ³äíîãî âóãëåâîäó. Ñèãíàëè â îáëàñò³ 7,0–7,5 ³
9,5–10,0 ì. ÷. â³äïîâ³äàþòü ðåçîíàíñó àðîìàòè÷íèõ
ïðîòîí³â –Ar (5Í) ³ ïðîòîí³â óðåòàíîâî¿ ãðóïè –O–CO–
NH– (1Í) â³äïîâ³äíî. Cèãíàëè â îáëàñò³ 4,3–5,7 ì. ÷.
â³äïîâ³äàþòü ïðîòîíàì ã³äðîêñèëüíèõ ãðóï, ïðèñóòí³õ
â ïðîäóêò³ ðåàêö³¿. Ñèãíàëè â îáëàñò³ 2,7–2,9 ³ 7,9 ì. ÷.
â³äíîñÿòüñÿ äî êîëèâàíü ïðîòîí³â ðîç÷èííèêà. 1Í
ßÌÐ-ñïåêòðè ïðîäóêò³â âçàºìîä³¿ Ô²Ö ç ãëþêîçîþ

(ñï³ââ³äíîøåííÿ 2:1), ñàõàðîçîþ òà ëàêòîçîþ ì³ñòÿòü
àíàëîã³÷í³ ñèãíàëè â îáëàñòÿõ, ùî â³äïîâ³äàþòü êî-
ëèâàííÿì àðîìàòè÷íèõ, ã³äðîêñèëüíèõ ïðîòîí³â ³ ïðî-
òîí³â óðåòàíîâî¿ ãðóïè.

Îòæå, ²×- ³ 1Í ßÌÐ-ñïåêòðîñêîï³÷í³ äîñë³äæåííÿ
ï³äòâåðäæóþòü, ùî ïðîäóêòàìè âçàºìîä³¿ âóãëåâîä³â
ç Ô²Ö º ôåí³ëóðåòàíçàì³ùåí³ ñàõàðè.

ÌÌ ³ ÌÌÐ ôåí³ëóðåòàíçàì³ùåíèõ ñàõàð³â äîñë³-
äæåíî ìåòîäàìè åáóë³îñêîï³¿ òà åêñêëþç³éíî¿ õðîìà-
òîãðàô³¿.

Çà äàíèìè åáóë³îñêîï³÷íèõ äîñë³äæåíü çíà÷åííÿ
ñåðåäíüî÷èñëîâèõ ÌÌ ôåí³ëóðåòàíãëþêîçè çà óìîâ
ïðîâåäåíèõ ðåàêö³é âèÿâèëèñü áëèçüêèìè: çà
ñï³ââ³äíîøåííÿ 1:2 – 497 ã/ìîëü, çà ñï³ââ³äíîøåííÿ
1:1 – 515 ã/ìîëü; ÌÌ ôåí³ëóðåòàíëàêòîçè ñòàíîâèòü
774 ã/ìîëü, ôåí³ëóðåòàíñàõàðîçè – 669 ã/ìîëü.

Âèçíà÷åí³ ìåòîäîì åáóë³îñêîï³¿ ÌÌ îòðèìàíèõ
ìîäåëüíèõ ñïîëóê ï³äòâåðäæåíî ðåçóëüòàòàìè åêñ-
êëþç³éíî¿ õðîìàòîãðàô³¿ (òàáë. 1).

Êðèâ³ ÌÌÐ ñâ³ä÷àòü, ùî îòðèìàíà ôåí³ëóðåòàí-
çàì³ùåíà ãëþêîçà (ðèñ. 3, êðèâ³ 1 ³ 2) ì³ñòèòü ôðàêö³¿
ç ÌÌ, ÿê³ â³äïîâ³äàþòü äâî-, òðè- òà ÷îòèðèçàì³ùå-
íèì ïðîäóêòàì; ôåí³ëóðåòàíëàêòîçà (ðèñ. 3, êðèâà 3)
òà ôåí³ëóðåòàíñàõàðîçà (ðèñ. 3, êðèâà 4) – äâî-, òðè-,
÷îòèðè- òà ï’ÿòèçàì³ùåí³ ïðîäóêòè âçàºìîä³¿ âóãëå-
âîä³â ç Ô²Ö.

Äëÿ âèçíà÷åííÿ â³äñîòêîâîãî âì³ñòó îêðåìèõ
ôðàêö³é êðèâà ÌÌÐ ðîçêëàäåíà íà ñóìó Ãàóñîâèõ
ðîçïîä³ë³â ìåòîäîì íàéìåíøèõ êâàäðàò³â.

Ñêëàä ïðîäóêò³â âçàºìîä³¿ äîñë³äæåíèõ ñàõàðèä³â
ç Ô²Ö ïîäàíî â òàáë. 2 ðåçóëüòàòè ÿêî¿ ñâ³ä÷àòü, ùî
ïðè âçàºìîä³¿ âêàçàíèõ ðåàãåíò³â áåðóòü ó÷àñòü ÿê ïåð-
âèíí³, òàê ³ âòîðèíí³ ã³äðîêñèëüí³ ãðóïè äîñë³äæåíèõ
ñàõàðèä³â, ùî ñóïðîâîäæóºòüñÿ óòâîðåííÿì ñóì³ø³
ïðîäóêò³â.

Îòæå, ó ðåçóëüòàò³ ïðîâåäåíèõ ìîäåëüíèõ äîñë³ä-
æåíü ñèíòåçó ñàõàðèäâì³ñíèõ ³çîö³àíàòíèõ ïðåêóð-
ñîð³â, îòðèìàíî ãëþêîçî-, ëàêòîçî- òà ñàõàðîçîâì³ñí³
ôåí³ëóðåòàíè, ñòðóêòóðà ÿêèõ äîâåäåíà ²×- ³ 1Í
ßÌÐ-ñïåêòðîñêîï³÷íèìè äîñë³äæåííÿìè. Ðåçóëüòàòà-
ìè åáóë³îñêîï³¿ òà åêñêëþç³éíî¿ õðîìàòîãðàô³¿ îòðè-
ìàíèõ ïðîäóêò³â ïîêàçàíî, ùî â ðåàêö³¿ óðåòàíîóòâî-
ðåííÿ êð³ì ïåðâèííèõ, áåðóòü ó÷àñòü ³ âòîðèíí³
ã³äðîêñèëüí³ ãðóïè ñàõàðèä³â. Îòæå, âèêîðèñòàííÿ
çàì³ñòü Ô²Ö ä³³çîö³àíàò³â ÿê ðåàãåíò³â ïðèâîäèòü äî
óòâîðåííÿ ðîçãàëóæåíèõ ïðåêóðñîð³â ³ ñèñòåì íà ¿õ
îñíîâ³.
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Ðèñ. 3. Ìîëåêóëÿðíî-ìàñîâèé ðîçïîä³ë
ôåí³ëóðåòàíçàì³ùåíèõ ñàõàð³â çà ìîëüíîãî
ñï³ââ³äíîøåííÿ ðåàãåíò³â: ãëþêîçà:Ô²Ö=1:1 (1),
ãëþêîçà:Ô²Ö=1:2 (2), ëàêòîçà:Ô²Ö=1:2 (3) ³
ñàõàðîçà:Ô²Ö=1:2 (4)

Âì³ñò ôðàêö³é, % Ñï³ââ³äíîøåííÿ ðåàãåíò³â äâîçàì³ùåíà òðèçàì³ùåíà   ÷îòèðèçàì³ùåíà  ï’ÿòèçàì³ùåíà  
Ãëþêîçà : Ô²Ö = 1:1 26,5 69,5 4 - 
Ãëþêîçà : Ô²Ö = 1:2 17,0 39,0 44 - 
Ëàêòîçà : Ô²Ö = 1:2 15,0 19,0 21 45 

Ñàõàðîçà : Ô²Ö = 1:2 12,5 23,5 27 37 

Òàáëèöÿ 2. Ñêëàä ôåí³ëóðåòàíñàõàð³â
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Ïåíîïîëèóðåòàíîâûå ïðåêóðñîðû: èññëåäîâàíèå âçàèìîäåéñòâèÿ
ïðèðîäíûõ óãëåâîäîâ ñ ôåíèëèçîöèàíàòîì
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Ñèíòåçèðîâàíû ìîäåëüíûå ñèñòåìû ïðåêóðñîðîâ íà îñíîâå ñàõàðîâ – ãëþêîçû, ëàêòîçû, ñàõàðîçû
è ôåíèëèçîöèàíàòà äëÿ ñîçäàíèÿ ïåíîïîëèóðåòàíîâ, ñïîñîáíûõ ê äåãðàäàöèè â óñëîâèÿõ
îêðóæàþùåé ñðåäû. Ñòðóêòóðà ïîëó÷åííûõ ïðîäóêòîâ ïîäòâåðæäåíà ÈÊ- è 1Í ßÌÐ –
ñïåêòðîñêîïè÷åñêèìè èññëåäîâàíèÿìè. Ìîëåêóëÿðíàÿ ìàññà îïðåäåëåíà ìåòîäàìè ýáóëëèîñêîïèè
è ýêñêëþçèîííîé õðîìàòîãðàôèè, ñ ïîìîùüþ êîòîðîé èññëåäîâàíî ìîëåêóëÿðíî-ìàññîâîå
ðàñïðåäåëåíèå. Ïîêàçàíî, ÷òî â ðåàêöèÿõ óðåòàíîîáðàçîâàíèÿ ïðèíèìàþò ó÷àñòèå ïåðâè÷íûå
è âòîðè÷íûå ãèäðîêñèëû óãëåâîäîâ.

Êëþ÷åâûå ñëîâà: ïåíîïîëèóðåòàí, ïðåêóðñîð, ìîäåëüíîå ñîåäèíåíèå, óãëåâîä, ôåíèëèçîöèàíàò.

Polyurethane foam’s precursors: investigation of the carbohydrates and
phenylisocyanate interaction
I.V. Yanovych, O.R. Akhranovych, L.A. Markovska, L.P. Robota and Yu.V. Savelyev

Institute of Macromolecular Chemistry NAS of Ukraine
48, Kharkivske shause, Kyiv, 02160, Ukraine

The model systems of the diisocyanate precursors based on carbohydrates - lactose, sucrose, glucose,
and phenylisocyanate for creation of polyurethane foams degradable under environment conditions
were synthesized. The structure of obtained compounds were confirmed by 1H NMR- and IR-spectroscopy.
The molecular weight of the synthesized model compounds were determined by ebullioscopy. Molecular
weight and molecular weight distribution were determined by exclusion chromatography. Participation
of the primary and secondary carbohydrates’ hydroxyls in the reactions of polyurethane formation
were shown.

Key words: polyurethane foam, precursor, model compound, carbohydrate, phenylisocyanate.




