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Ìåòîäàìè åëåêòðîííî¿ ñïåêòðîñêîï³¿ òà àäñîðáö³éíèìè ìåòîäàìè àíàë³çó äîñë³äæåíî ïðîöåñè
ñóïðàìîëåêóëÿðíîãî êîìïëåêñîóòâîðåííÿ ì³æ ïîë³ìåðíèìè ëàíöþãàìè õ³òîçàíó òà éîäîì ó
ðîç÷èí³ òà íà ïîâåðõí³ êðåìíåçåìó. Îòðèìàíî ³çîòåðìè àäñîðáö³¿ éîäó íà ã³äðîêñèëüîâàí³é òà
ìîäèô³êîâàí³é õ³òîçàíîì ïîâåðõí³ êðåìíåçåìó, âñòàíîâëåíî, ùî ñîðáö³éíà çäàòí³ñòü
ìîäèô³êîâàíîãî õ³òîçàíîì êðåìíåçåìó ùîäî éîäó çðîñòàº íà ïîðÿäîê ïîð³âíÿíî ç âèõ³äíèì
êðåìíåçåìîì. Ñìóãà ïîãëèíàííÿ λìàêñ=500 íì â åëåêòðîííèõ ñïåêòðàõ äèôóçíîãî â³äáèòòÿ çðàçê³â
éîäó íà ïîâåðõí³ õ³òîçàí-êðåìíåçåìíîãî ñîðáåíòà ñâ³ä÷èòü, çã³äíî ç ë³òåðàòóðíèìè äàíèìè,
ïðî óòâîðåííÿ íà ïîâåðõí³ ñóïðàìîëåêóëÿðíèõ êîìïëåêñ³â éîä–õ³òîçàí ó ôîðì³ àãðåãàò³â ç
äâîøàðîâèõ öèë³íäðè÷íèõ ñòðóêòóð, ñêëàäåíèõ ç âíóòð³øí³õ ïîë³éîäèäíèõ (I-

3) ëàíöþã³â,
îòî÷åíèõ àñîö³àòàìè êðèñòàëîïîä³áíèõ âèòÿãíóòèõ ëàíöþã³â õ³òîçàíó, çâ‘ÿçàíèõ ñ³òêîþ
ì³æìîëåêóëÿðíèõ âîäíåâèõ çâ‘ÿçê³â.

Êëþ÷îâ³ ñëîâà: õ³òîçàí, éîä, ñóïðàìîëåêóëÿðí³ êîìïëåêñè, àäñîðáö³ÿ, îðãàí³÷íî-íåîðãàí³÷í³ ã³áðèäí³ ìàòåð³àëè.

Âñòóï.
Ìîäèô³êóâàííÿ ïîâåðõí³ ì³íåðàëüíèõ âèñîêîäèñ-

ïåðñíèõ îêñèä³â ïîë³ñàõàðèäàìè äàº ìîæëèâ³ñòü îòðè-
ìóâàòè íîâ³ îðãàí³÷íî-íåîðãàí³÷í³ ã³áðèäí³ ìàòåð³àëè
ç íàïåðåä çàäàíèìè ïàðàìåòðàìè àäñîðáö³¿ ùîäî ð³çíèõ
òèï³â îðãàí³÷íèõ ³ íåîðãàí³÷íèõ ñïîëóê. Ïðè öüîìó
ïðîöåñ ìîäèô³êóâàííÿ ìîæå â³äáóâàòèñÿ â ì’ÿêèõ åêî-
ëîã³÷íî äðóæí³õ óìîâàõ: çà ê³ìíàòíî¿ òåìïåðàòóðè, çà
â³äñóòíîñò³ îðãàí³÷íèõ ðîç÷èííèê³â, ó âîäíîìó ñåðå-
äîâèù³. Àäñîðáö³éí³ âëàñòèâîñò³ ìîæóòü çàáåçïå÷óâà-
òèñÿ ÿê ôóíêö³îíàëüíèìè ãðóïàìè ïîë³ìåðó, òàê ³ êîí-
ôîðìàö³éíîþ ñòðóêòóðîþ àäñîðáö³éíîãî øàðó ïîë³-
ìåðó. Ïðè àäñîðáö³¿ ïîë³ñàõàðèä³â íà ïîâåðõí³ êðåìíå-
çåìó â àäñîðáö³éíîìó øàð³ ïîë³ìåðíèõ ëàíöþã³â
ìîæíà ñôîðìóâàòè âòîðèííó ïîðèñòó ñòðóêòóðó, ÿêà
ìîæå áóòè âèêîðèñòàíà äëÿ ³ììîá³ë³çàö³¿ ë³êàðñüêèõ
ïðåïàðàò³â çà ðàõóíîê óòâîðåííÿ ñóïðàìîëåêóëÿðíèõ
êîìïëåêñ³â. Ïåðåäáà÷àºòüñÿ, ùî òàê³ òðèêîìïîíåíòí³
ìàòåð³àëè çìîæóòü âäàëî ïîºäíóâàòè ö³íí³ ô³çèêî-
õ³ì³÷í³ òà á³îëîã³÷í³ âëàñòèâîñò³ êîæíîãî ç òðüîõ êîì-
ïîíåíò. Îñîáëèâî ïåðñïåêòèâíà ðîçðîáêà òàêèõ îðãà-
í³÷íî-íåîðãàí³÷íèõ êîìïîçèò³â íà îñíîâ³ õ³òîçàíó. Õ³òî-
çàí º â³äíîâëþâàíèì ïîë³ìåðîì îñê³ëüêè éîãî îòðè-
ìóþòü ç õ³òèíó, ÿêèé çà ñâîºþ â³äòâîðþâàí³ñòþ â
ïðèðîä³ (áëèçüêî 1010 òîíí íà ð³ê) ïîñòóïàºòüñÿ ëèøå
öåëþëîç³. Êð³ì òîãî â³í âèð³çíÿºòüñÿ âèñîêèìè ã³ïîë³ï³-
äåì³÷íèìè, ãåìîñòàòè÷íèìè, ðåãåíåðóþ÷èìè òà ðàíî-
çàãîþâàëüíèìè âëàñòèâîñòÿìè [1]. Ãåìîñòàòè÷í³ çàñî-
áè íà îñíîâ³ õ³òîçàíó âèêîðèñòîâóþòüñÿ â àðì³ÿõ ÑØÀ
òà Âåëèêîáðèòàí³¿ ÿê ïðåïàðàòè íåâ³äêëàäíî¿ äîïîìîãè

ó ïîëüîâèõ óìîâàõ ³ äàþòü ìîæëèâ³ñòü çáåðåãòè æèòòÿ
ïîðàíåíèì, çíà÷íî çìåíøóþ÷è êðîâîâòðàòó [2]. Êð³ì
öüîãî, íà ñüîãîäí³ âæå îòðèìàí³ á³îñóì³ñí³ ïîêðèòòÿ
äëÿ ìåäè÷íèõ ³ìïëàíò³â [3] òà ñèñòåìè êîíòðîëüîâàíî-
ãî âèâ³ëüíåííÿ ë³êàðñüêèõ çàñîá³â [4] íà îñíîâ³ õ³òîçà-
íó.

Ñåðåä âæå îòðèìàíèõ, ³ â ïåâí³é ì³ð³ âèâ÷åíèõ, îñîá-
ëèâó óâàãó ïðèâåðòàþòü ïðåïàðàòè õ³òîçàíó, ùî ì³ñòÿòü
éîä. Âñ³ âîíè, ïðèðîäíî, âèÿâëÿþòü âèñîêó áàêòåðè-
öèäíó àêòèâí³ñòü, àëå êð³ì öüîãî âèð³çíÿþòüñÿ â³äñóò-
í³ñòþ áóäü-ÿêî¿ ïîäðàçíþþ÷î¿ ä³¿ òà âèñîêîþ åôåêòèâ-
í³ñòþ íàâ³òü çà ìàëèõ êîíöåíòðàö³é [5–7]. Ó ðîáîò³ [8]
âñòàíîâëåíî, ùî ìîäèô³êóâàííÿ êðåìíåçåìó ïîë³-
â³í³ëï³ðîë³äîíîì ³ áè÷à÷èì ñèðîâàòêîâèì àëüáóì³íîì
äàº çìîãó äîñÿãòè çá³ëüøåííÿ éîãî ñîðáö³éíî¿ çäàòíîñò³
ùîäî éîäó ~ â 4 ðàçè. Òîìó, â³ðîã³äíî, çàâäÿêè óòâîðåí-
íþ ñóïðàìîëåêóëÿðíèõ êîìïëåêñ³â éîäó ç ³ììîá³ë³çî-
âàíèì íà ïîâåðõí³ êðåìíåçåìó õ³òîçàíîì ìîæíà çíà÷-
íî ï³äâèùèòè êîíöåíòðàö³þ éîäó â òàêèõ òðèêîìïî-
íåíòíèõ ìàòåð³àëàõ ïîð³âíÿíî ç âèõ³äíèì êðåìíåçåìîì.
Öå ñïðèÿòèìå ðîçðîáö³ íîâèõ êîìïëåêñíèõ ìåäè÷íèõ
ïðåïàðàò³â äëÿ àïë³êàö³éíîãî ë³êóâàííÿ ðàí, îï³ê³â òà
çóïèíêè êðîâîòå÷. Òàê³ ìàòåð³àëè ìîæóòü ïîºäíóâàòè
âèñîê³ ãåìîñòàòè÷í³ òà ðåãåíåðóþ÷³ âëàñòèâîñò³ õ³òîçà-
íó, àíòèñåïòè÷í³ òà àíòèáàêòåð³àëüí³ âëàñòèâîñò³ éîäó,
ïðîòèíàáðÿêîâ³ òà á³ëîêñîðáóþ÷³ âëàñòèâîñò³ êðåìíå-
çåìó.

Âðàõîâóþ÷è íàâåäåí³ âèùå äàí³, íàìè ïðîâåäåíî
äîñë³äæåííÿ ïðîöåñ³â àäñîðáö³¿–äåñîðáö³¿ éîäó íà
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ïîâåðõí³ êðåìíåçåìó, ìîäèô³êîâàíîãî õ³òîçàíîì, ç
âîäíèõ ðîç÷èí³â, ñïðÿìîâàíå íà ñòâîðåííÿ íàóêîâèõ
çàñàä ðîçðîáêè êîìá³íîâàíèõ ìåäè÷íèõ ïðåïàðàò³â
àïë³êàö³éíîãî çàñòîñóâàííÿ ç ãåìîñòàòè÷íîþ òà ðàíî-
çàãîþâàëüíîþ ä³ºþ, ÿê³ ñòèìóëþâàòèìóòü ðåãåíåðà-
ö³þ òêàíèí, ïîºäíóâàòèìóòü ì’ÿêó àíòèñåïòè÷íó ä³þ
òà äåòîêñèêàö³éíèé åôåêò.
Åêñïåðèìåíòàëüíà ÷àñòèíà.

Ó ðîáîò³ âèêîðèñòàí³ âèñîêîäèñïåðñíèé êðåìíå-
çåì ÂÄÊ (ïèòîìà ïîâåðõíÿ 270 ì2/ã), âèðîáíèöòâà Êà-
ëóñüêîãî äîñë³äíî-åêñïåðèìåíòàëüíîãî çàâîäó ²ÕÏ
³ì. Î.Î.×óéêà ÍÀÍ Óêðà¿íè (ÃÎÑÒ 14922-77) ³ õ³òîçàí
âèðîáíèöòâà ô³ðìè Fluka íèçüêî¿ â‘ÿçêîñò³ (low-
viscous). Ñòóï³íü äåçàöåòèëþâàííÿ õ³òîçàíó áóâ ðîç-
ðàõîâàíèé â íàø³é ïîïåðåäí³é ðîáîò³ çà äàíèìè òåð-
ìîïðîãðàìîâàíî¿ äåñîðáö³éíî¿ ìàñ-ñïåêòðîìåòð³¿
(ÒÏÄ ÌÑ) [9] ³ ñòàíîâèâ 0,8 (òîáòî áëèçüêî 80 % ï³ðà-
íîçíèõ öèêë³â ïîë³ìåðíèõ ëàíöþã³â õ³òîçàíó ì³ñòÿòü ó
ñâîºìó ñêëàä³ àì³íîãðóïó ³ áëèçüêî 20 % – àöåòàì³äíó
ãðóïó). Êðåìíåçåì, ìîäèô³êîâàíèé õ³òîçàíîì, áóâ îò-
ðèìàíèé çà äîïîìîãîþ ìåòîäó ð³âíîâàæíî¿ àäñîðáö³¿
ç âì³ñòîì 60 ìã/ã ïîë³ìåðó íà ïîâåðõí³ [10]. Ïîïåðåä-
íüî, çà äàíèìè ÒÏÄ ÌÑ, áóëè ðîçðàõîâàí³ âåëè÷èíè
â³äíîøåííÿ ê³ëüêîñò³ ñåãìåíò³â ïîë³ìåðó, áåçïîñåðåä-
íüî çâ’ÿçàíèõ ç ïîâåðõíåþ àäñîðáåíòà, äî çàãàëüíî¿
ê³ëüêîñò³ ñåãìåíò³â ïîë³ìåðó ó âèãëÿä³ ïåòåëü, õâîñò³â ³
çâ‘ÿçàíèõ ñåãìåíò³â (ð)  äëÿ çðàçê³â çà ð³çíî¿ êîíöåíò-
ðàö³¿ õ³òîçàíó íà ïîâåðõí³ êðåìíåçåìó [10], ðîçðàõî-
âàí³ âåëè÷èíè ëåæàëè â ìåæàõ 0,1–0,4. Äëÿ çðàçêà, âè-
êîðèñòàíîãî â ö³é ðîáîò³, ðîçðàõîâàíà âåëè÷èíà ïàðà-
ìåòðà ð ñòàíîâèëà 0,1. Öå îçíà÷àº, ùî äëÿ òàêîãî çðàçêà
áëèçüêî 90 % ï³ðàíîçíèõ ê³ëåöü àäñîðáîâàíîãî ïîë³-
ìåðó ïåðåáóâàþòü ó âèãëÿä³ ïåòåëü ³ õâîñò³â [10], à îòæå
äîñòóïí³ äëÿ ïîäàëüøî¿ âçàºìîä³¿ ç íèìè ìîëåêóë éîäó.
Ñë³ä çàçíà÷èòè, ùî ïàðàìåòð ð º îäí³ºþ ç îñíîâíèõ
õàðàêòåðèñòèê, ÿêà îïèñóº áóäîâó àäñîðáö³éíîãî øàðó
ïîë³ìåðó.

Äëÿ ïðèãîòóâàííÿ âîäíèõ ðîç÷èí³â éîäó áðàëè íà-
âàæêó êðèñòàë³÷íîãî éîäó ³ ðîç÷èíÿëè â ðîç÷èí³ éîäè-
äó êàë³þ (çà ñï³ââ³äíîøåííÿ 1:3). Òî÷íó êîíöåíòðàö³þ
ðîç÷èíó éîäó âñòàíîâëþâàëè òèòðèìåòðè÷íî çà äîïî-
ìîãîþ ò³îñóëüôàòó íàòð³þ. Íàâàæêó àäñîðáåíòà (0,1 ã)
çàëèâàëè ðîç÷èíîì éîäó ïåâíî¿ êîíöåíòðàö³¿ ³ âèòðè-
ìóâàëè äî âñòàíîâëåííÿ àäñîðáö³éíî¿ ð³âíîâàãè
ïðè ïåð³îäè÷íîìó ïåðåì³øóâàíí³. Öåíòðèôóãóâàëè
(8000 îá/õâ) ³ çäåêàíòîâóâàëè ð³âíîâàæíèé ðîç÷èí.
Ð³âíîâàæíó êîíöåíòðàö³þ éîäó ó ðîç÷èí³ âèçíà÷àëè
òèòðèìåòðè÷íî çà ñòàíäàðòíîþ ìåòîäèêîþ [11, 12]. Äëÿ
éîäîìåòðè÷íîãî òèòðóâàííÿ âèêîðèñòîâóâàëè ô³êñà-
íàëè 0,1 Í íàòð³é ò³îñóëüôàòó. ßê ³íäèêàòîð âèêîðèñòî-
âóâàëè ðîç÷èí êðîõìàëþ (0,5 %). Âåëè÷èíó àäñîðáö³¿
ðîçðàõîâóâàëè çà ð³çíèöåþ êîíöåíòðàö³¿ âèõ³äíîãî òà
ð³âíîâàæíîãî ðîç÷èí³â. Çðàçêè àäñîðáîâàíîãî éîäó íà
ïîâåðõí³ êðåìíåçåìó áóëè âèñóøåí³ çà ê³ìíàòíî¿ òåì-
ïåðàòóðè òà âèêîðèñòàí³ äëÿ ïîäàëüøèõ ô³çèêî-õ³ì³÷íèõ
äîñë³äæåíü.

Äëÿ äîñë³äæåííÿ ñòàá³ëüíîñò³ éîäîâàíèõ çðàçê³â ó
÷àñ³ áóëè îòðèìàí³ çðàçêè, ÿê³ çáåð³ãàëè ó ÷àøêàõ Ïåòð³
íà ïîâ³òð³ çà ê³ìíàòíî¿ òåìïåðàòóðè ïðîòÿãîì 1 ì³ñ.
Äëÿ öèõ çðàçê³â áóëè îòðèìàí³ åëåêòðîíí³ ñïåêòðè äè-
ôóçíîãî â³äáèòòÿ â ÓÔ ³ âèäèì³é îáëàñòÿõ äî çáåð³ãàííÿ
íà â³äêðèòîìó ïîâ³òð³ òà ÷åðåç ì³ñÿöü.

Åëåêòðîíí³ ñïåêòðè â âèäèì³é òà ÓÔ-îáëàñòÿõ ðåºñò-
ðóâàëè ó ä³àïàçîí³ äîâæèí õâèëü λ=200–900 íì çà äîïî-
ìîãîþ ñïåêòðîôîòîìåòðà Specord M-40 (Carl Zeiss, ªíà,
Í³ìå÷÷èíà). Äëÿ ðîç÷èí³â çàïèñóâàëè ñïåêòðè ó ðåæèì³
ïðîïóñêàííÿ. Äëÿ ïîðîøê³â çàïèñóâàëè ñïåêòðè ó ðå-
æèì³ äèôóçíîãî â³äáèòòÿ. Áóëè âèêîðèñòàí³ âîäí³ ðîç-
÷èíè éîäó çà Ñ=0,75 ììîëü/ë ³ õ³òîçàíó çà Ñ=1 ã/ë. Êèñ-
ëîòí³ñòü ðîç÷èí³â êîíòðîëþâàëè çà äîïîìîãîþ ñêëÿ-
íîãî åëåêòðîäà óí³âåðñàëüíîãî ³îíîì³ðà È 160Ì.
Ðåçóëüòàòè äîñë³äæåííÿ òà ¿õ îáãîâîðåííÿ.

Îòðèìàíà ³çîòåðìà àäñîðáö³¿ éîäó íà ïîâåðõí³ âè-
õ³äíîãî êðåìíåçåìó íàëåæèòü äî L-òèïó çà êëàñèô³êà-
ö³ºþ Äæàéëñà [13, 14], ðèñ.1. À ³çîòåðìà íà ïîâåðõí³
ìîäèô³êîâàíîãî õ³òîçàíîì êðåìíåçåìó ìàº á³ëüø
ñêëàäíó ôîðìó, çîêðåìà, çà íèçüêèõ ð³âíîâàæíèõ êîí-
öåíòðàö³é (0–5 ììîëü/ë) ³çîòåðìà ìàº íåâåëèêó ââ³ãíó-
òó äî îñ³ àáñöèñ ïî÷àòêîâó ä³ëÿíêó ³ âèïóêëó L-ïîä³áíó
ã³ëêó â øèðîêîìó ³íòåðâàë³ êîíöåíòðàö³é (5–20 ììîëü/ë)
(ðèñ. 1). ²çîòåðìè áóëî ë³íåàðèçîâàíî ç çàñòîñóâàííÿì
ë³í³éíî¿ ôîðìè ð³âíÿííÿ Ëåíãìþðà ç âèñîêèìè êîåô³-
ö³ºíòàìè êîðåëÿö³¿: R=0,9896 – äëÿ âèõ³äíîãî êðåì-
íåçåìó ³ R=0,9785 – äëÿ ìîäèô³êîâàíîãî õ³òîçàíîì êðåì-
íåçåìó. Çà öèìè äàíèìè áóëî ðîçðàõîâàíî ô³çèêî-
õ³ì³÷í³ ïàðàìåòðè àäñîðáö³¿ (òàáë. 1). Ïîð³âíÿííÿ îò-
ðèìàíèõ âåëè÷èí â³ëüíî¿ åíåðã³¿ Ã³ááñà äàº çìîãó
ïðèïóñòèòè, ùî ïî÷àòêîâà ã³ëêà ³çîòåðìè íà ìîäèô³êî-
âàíîìó êðåìíåçåì³ çóìîâëåíà àäñîðáö³ºþ íà ã³äðîê-
ñèëüîâàíèõ ä³ëÿíêàõ ïîâåðõí³, ÿêà õàðàêòåðèçóºòüñÿ
á³ëüø ñèëüíîþ âçàºìîä³ºþ (-∆G=15 êÄæ/ìîëü,), à L-ïî-
ä³áíà ã³ëêà ïîâ‘ÿçàíà ç ôîðìóâàííÿì êîìïëåêñ³â éîä–
õ³òîçàí, ÿê³ óòâîðþþòüñÿ çàâäÿêè ñëàáøèì ñóïðàìîëå-
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Ðèñ. 1. ²çîòåðìè àäñîðáö³¿ éîäó ç âîäíîãî ðîç÷èíó:

1 – íà âèõ³äíîìó êðåìíåçåì³; 2 – íà ìîäèô³êîâàíîìó
õ³òîçàíîì êðåìíåçåì³ (ÀÕÒÇ=60 ìã/ã)
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êóëÿðíèì âçàºìîä³ÿì (-∆G=11 êÄæ/ìîëü). Ïîêàçàíî, ùî
ìîäèô³êóâàííÿ ÂÄÊ õ³òîçàíîì äàº çìîãó äîñÿãòè
çá³ëüøåííÿ àäñîðáö³¿ éîäó íà ïîðÿäîê ïîð³âíÿíî ç âè-
õ³äíèì ÂÄÊ.

Áóëî äîñë³äæåíî äåñîðáö³þ éîäó â âîäíèé ðîç÷èí
çà ñòàòè÷íèõ óìîâ. Âèÿâëåíî, ùî ó âèïàäêó éîäó, àä-
ñîðáîâàíîãî íà êðåìíåçåì³, ð³âíîâàãà âñòàíîâëþºòü-
ñÿ ïðîòÿãîì 20 õâ, à ó âèïàäêó êðåìíåçåìó, ìîäèô³êî-
âàíîãî õ³òîçàíîì, ñïîñòåð³ãàºòüñÿ çðîñòàííÿ êîíöåíò-
ðàö³¿ äåñîðáîâàíîãî éîäó â ðîç÷èí³ ïðîòÿãîì äîáè ³
ð³âíîâàãà âñòàíîâëþºòüñÿ çíà÷íî ïîâ³ëüí³øå. Äåñîðá-
ö³ÿ éîäó ç ïîâåðõí³ êðåìíåçåìó çà ñòàòè÷íèõ óìîâ ñòà-
íîâèòü 0,11 ììîëü/ë, òîáòî 11 % â³ä àäñîðáîâàíî¿
ê³ëüêîñò³, à ç ïîâåðõí³ õ³òîçàí-êðåìíåçåìíîãî ñîðáåí-
òó – 0,38 ììîëü/ë, òîáòî 4,2 % â³ä àäñîðáîâàíî¿ ê³ëüêîñò³
(ðèñ. 2).

Äîñë³äæåííþ ñòðóêòóðè êîìïëåêñ³â éîäó ç õ³òîçà-
íîì ïðèñâÿ÷åíî ðîáîòè [15, 16]. Á³ëüø³ñòü äîñë³äíèê³â
òàêó âçàºìîä³þ ïîÿñíþþòü óòâîðåííÿì êîìïëåêñó ç
ïåðåíîñîì çàðÿäó ì³æ àì³íîãðóïàìè õ³òîçàíó òà ìî-
ëåêóëàìè éîäó, ùî õàðàêòåðèçóºòüñÿ ïîÿâîþ äîäàòêî-
âîãî λìàêñ çà 500 íì [16]. Íà êîðèñòü òàêîãî òâåðäæåííÿ
ñëóãóº íèçüêà àäñîðáö³éíà çäàòí³ñòü éîäó ùîäî õ³òèíó,
àöåòèëüîâàíîãî àíàëîãà õ³òîçàíó. Îäíàê, â³äîìî, ùî äëÿ
ãëþêîçàì³íó, ÿêèé º åëåìåíòàðíîþ ëàíêîþ ïîë³ìåðíî-
ãî ëàíöþãà õ³òîçàíó, êîìïëåêñó ç ïåðåíîñîì çàðÿäó íå
çàô³êñîâàíî. Öå ñâ³ä÷èòü ïðî ïåâíó ðîëü ó ïðîöåñ³ êîì-
ïëåêñîóòâîðåííÿ ïðîñòîðîâî¿ áóäîâè ïîë³ìåðó. Íå

âèêëþ÷àºòüñÿ é ó÷àñòü ã³äðîêñèëüíèõ ãðóï [16]. Åêñïå-
ðèìåíòàëüí³ äàí³, íàâåäåí³ â ðîáîò³ [16], íå ï³äòâåðä-
æóþòü äóìêó ïðî òå, ùî çàáàðâëåííÿ êîìïëåêñó éîä–
õ³òîçàí ïîâ’ÿçàíå ç óòâîðåííÿì êîìïëåêñ³â ç ïåðåíî-
ñîì çàðÿäó ì³æ éîäîì òà àì³íîãðóïàìè õ³òîçàíó, à íà-
âïàêè: çà äàíèìè 13Ñ ßÌÐ àì³íîãðóïà íå áåðå ó÷àñò³ ó
çâ’ÿçóâàíí³ éîäó. Çã³äíî ç [16], êîìïëåêñè éîä–õ³òîçàí
ïðåäñòàâëÿþòü ñîáîþ àãðåãàòè ïîë³ñàõàðèäíèõ ëàí-
öþã³â, ÿê³ ôîðìóþòü äâîøàðîâ³ öèë³íäðè÷í³ ñòðóêòó-
ðè, ùî ñêëàäàþòüñÿ ç âíóòð³øí³õ ïîë³éîäèäíèõ (²3

–) ëàí-
öþæê³â, îòî÷åíèõ àñîö³àòàìè âèòÿãíóòèõ ëàíöþã³â õ³òî-
çàíó, çâ’ÿçàíèõ ñ³òêîþ ì³æìîëåêóëÿðíèõ âîäíåâèõ
çâ’ÿçê³â.

Âîäíèé ðîç÷èí éîäó â ä³àïàçîí³ 200–400 íì ìàº 3

Àäñîðáåíò A∞, 
ììîëü/ã 

K, 
ë/ìîëü 

-∆G, 
êÄæ/ìîëü1 

α, 
µìîëü/ì2 R 

Êðåìíåçåì 0,126 870 15 0,45 0,9896 
Õ³òîçàí-êðåìíåçåì 1,029 124 11 4,05 0,9785 

Òàáëèöÿ 1. Ô³çèêî-õ³ì³÷í³ ïàðàìåòðè àäñîðáö³¿ éîäó íà ïîâåðõí³ âèõ³äíîãî òà ìîäèô³êîâàíîãî õ³òîçàíîì
êðåìíåçåìó, îòðèìàí³ ç çàñòîñóâàííÿì ë³í³éíî¿ ôîðìè ð³âíÿííÿ Ëåíãìþðà ç êîåô³ö³ºíòîì êîðåëÿö³¿ äëÿ ë³í³éíî¿
ðåãðåñ³¿ (R): ãðàíè÷íà àäñîðáö³ÿ (A∞), êîíñòàíòà àäñîðáö³éíî¿ ð³âíîâàãè (K), â³ëüíà åíåðã³ÿ Ã³ááñà (-∆G), ñòóï³íü
çàïîâíåííÿ ïîâåðõí³ (α)
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Ðèñ. 2. Ê³íåòèêà äåñîðáö³¿ éîäó ç ïîâåðõí³ SiO2
(ÀI2=0,1 ììîëü/ã) (1) òà ç ïîâåðõí³ SiO2, ìîäèô³êîâàíîãî
õ³òîçàíîì (ÀI2=0,9 ììîëü/ã) (2) ó âîäíèé ðîç÷èí çà
ñòàòè÷íèõ óìîâ
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Ðèñ. 3. Åëåêòðîíí³ ñïåêòðè â ÓÔ ³ âèäèì³é îáëàñòÿõ:

1 – ðîç÷èí éîäó (Ñ=0,75 ììîëü/ë); 2 – ðîç÷èí õ³òîçàíó
(1 ã/ë) ç éîäîì (0,75 ììîëü/ë) çà ðÍ=2 (à) òà ðÍ=8,3 (á)
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ñìóãè ïîãëèíàííÿ ç λìàêñ=226 íì (²–), λìàêñ1=290 íì ³
λìàêñ2=354 íì (²3

–), (ðèñ. 3.). Óòâîðåííÿ ñîëüâàòîâàíîãî
êîìïëåêñíîãî àí³îíó [I3·(H2O)n]

– ó âîäíîìó ðîç÷èí³
ï³äòâåðäæóºòüñÿ íàÿâí³ñòþ â³äïîâ³äíî¿ ñìóãè ïîãëèíàí-
íÿ â åëåêòðîííîìó ñïåêòð³ ç λìàêñ=354 íì. Íàìè çàô³ê-
ñîâàíî çìåíøåííÿ ³íòåíñèâíîñò³ ö³º¿ ñìóãè ïðè äîäà-
âàíí³ ðîç÷èíó õ³òîçàíó çà ðÍ>7 ³ ïîÿâó íîâî¿ ñìóãè
λìàêñ=500 íì. Î÷åâèäíî, öå º ñâ³ä÷åííÿì êîìïëåêñîóò-
âîðåííÿ ì³æ àí³îíàìè ²3

– òà ïîë³ìåðíèìè ëàíöþãàìè
õ³òîçàíó (ðèñ. 3á). Äëÿ ðîç÷èíó, ùî ì³ñòèòü éîä ³ õ³òîçàí,

íàÿâíà ñìóãà ïîãëèíàííÿ çà λ=500 íì ó ëóæíîìó ñåðå-
äîâèù³ (ðÍ=8,3; ðèñ. 3á), ó òîé ÷àñ ÿê ó êèñëîìó ñåðå-
äîâèù³ êîìïëåêñîóòâîðåííÿ íå çàô³êñîâàíî (ðÍ=2;
ðèñ. 3à), îñê³ëüêè â³äñóòíÿ ñìóãà ïîãëèíàííÿ çà
λ=500 íì. Ç ë³òåðàòóðè â³äîìî [17], ùî ó õ³òîçàí³â ç âè-
ñîêèì ñòóïåíåì äåçàöåòèëþâàííÿ çà çíà÷åíü ðÍ âèùå
6,5 â³äáóâàºòüñÿ äåïðîòîíóâàííÿ àì³íîãðóï. Â³ðîã³ä-
íî, ñàìå äåïðîòîíîâàí³ àì³íîãðóïè â³ä³ãðàþòü âèð³-
øàëüíó ðîëü ó ïðîöåñ³ ôîðìóâàííÿ ïåâíî¿ ïðîñòîðî-
âî¿ áóäîâè ïîë³ìåðíîãî ëàíöþãà õ³òîçàíó.

Íà ðèñ. 4 íàâåäåí³ åëåêòðîíí³ ñïåêòðè äëÿ ïîðîøê³â
SiO2-õ³òîçàí ç àäñîðáîâàíèì éîäîì, çíÿò³ ó ðåæèì³ äè-
ôóçíîãî â³äáèòòÿ. Àäñîðáö³ÿ õ³òîçàíó êðåìíåçåìîì
â³äáóâàëàñÿ ó êèñëîìó ñåðåäîâèù³, îäíàê ñìóãà êîìï-
ëåêñó çà λ=500 íì íàÿâíà. Öå ìîæå ñâ³ä÷èòè ïðî òå, ùî
âïîðÿäêîâàíà ñòðóêòóðà õ³òîçàíó íà ïîâåðõí³ êðåìíå-
çåìó ôîðìóºòüñÿ íàâ³òü çà íèçüêèõ çíà÷åíü ðÍ. Ó ðîç-
÷èí³ âïîðÿäêîâàí³ ñòðóêòóðè ïîë³ñàõàðèäó ôîðìóþòü-
ñÿ ëèøå â ëóæíîìó ñåðåäîâèù³, â òîé ÷àñ ÿê çà íàÿâ-
íîñò³ êðåìíåçåìó âïîðÿäêîâàí³ ñòðóêòóðè ìîæóòü
ôîðìóâàòèñü çà íèçüêèõ ðÍ. Ìîæëèâèì ïîÿñíåííÿì
ìîæå áóòè òå, ùî ïîë³ìåðí³ ëàíöþãè õ³òîçàíó, çâ’ÿçóþ-
÷èñü ç ïîâåðõíåþ êðåìíåçåìó, ôîðìóþòü êîíôîðìå-
ðè ïåâíî¿ ïðîñòîðîâî¿ áóäîâè, íàïðèêëàä, âèäîâæåí³
öèë³íäðè÷í³ ñòðóêòóðè ç âèòÿãíóòèõ ëàíöþã³â õ³òîçàíó,
ùî óòâîðþþòü ñ³òêó ì³æìîëåêóëÿðíèõ âîäíåâèõ
çâ’ÿçê³â. Öå òàêîæ ïîÿñíþº îòðèìàí³ íèçüê³ çíà÷åííÿ
ïàðàìåòðà ð [10]. Íàÿâí³ñòü òàêèõ êîíôîðìåð³â õ³òîçà-
íó íà ïîâåðõí³ êðåìíåçåìó çóìîâëþº ôîðìóâàííÿ
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Ðèñ. 4. Åëåêòðîíí³ ñïåêòðè â ÓÔ ³ âèäèì³é îáëàñòÿõ
ïîðîøê³â, ùî ì³ñòÿòü éîä: 1 – êðåìíåçåì
(ÀI2=0,1 ììîëü/ã); 2 – êðåìíåçåì, ìîäèô³êîâàíèé
õ³òîçàíîì (ÀÕÒÇ=60 ìã/ã,  ÀI2=0,9 ììîëü/ã)

Çðàçîê λìàêñ1, 
íì 

λìàêñ2, 
íì 

λìàêñ3, 
íì 

Ðîç÷èí éîäó (ðÍ=8,3) 290 354 – 
Ðîç÷èí éîäó ç õ³òîçàíîì (ðÍ=8,3) 290 354 500 

Йîä, àäñîðáîâàíèé íà âèõ³äíîìó êðåìíåçåì³ 294 
∆1=4 

362 
∆2=8 – 

Йîä, àäñîðáîâàíèé íà ìîäèô³êîâàíîìó 
õ³òîçàíîì êðåìíåçåì³ 

297 
∆1=7 

368 
∆2=14 500 

Òàáëèöÿ 2. Ñìóãè ïîãëèíàííÿ åëåêòðîííèõ ñïåêòð³â éîäó â ðîç÷èí³ òà íà ïîâåðõí³ ã³äðîêñèëüîâàíîãî òà
ìîäèô³êîâàíîãî õ³òîçàíîì êðåìíåçåìó, ùî õàðàêòåðèçóþòü óòâîðåííÿ ñóïðàìîëåêóëÿíèõ êîìïëåêñ³â éîä–õ³òîçàí

Ðèñ. 5. Ôîòîãðàô³¿ çðàçê³â: 1 – êðåìíåçåì; 2 – êðåìíåçåì ç àäñîðáîâàíèì éîäîì (ÀI2=0,1 ììîëü/ã); 3 –
êðåìíåçåì, ìîäèô³êîâàíèé õ³òîçàíîì, ç àäñîðáîâàíèì éîäîì (ÀÕÒÇ=60 ìã/ã,  ÀI2=0,9 ììîëü/ã)

1 2 3
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ñóïðàìîëåêóëÿðíèõ ïîâåðõíåâèõ êîìïëåêñ³â õ³òîçàíó ç
éîäîì.

Äëÿ çðàçê³â ç éîäîì, àäñîðáîâàíèì íà ïîâåðõí³ âè-
õ³äíîãî êðåìíåçåìó (0,1 ììîëü/ã) òà íà ïîâåðõí³ ìîäè-
ô³êîâàíîãî õ³òîçàíîì êðåìíåçåìó (0,9 ììîëü/ã), áóëè
îòðèìàí³ åëåêòðîíí³ ñïåêòðè â óëüòðàô³îëåòîâ³é òà âè-
äèì³é îáëàñòÿõ, çíÿò³ ó ðåæèì³ äèôóçíîãî â³äáèòòÿ.
Ñïåêòðè áóëè ïðîíîðìîâàí³ äî λìàêñ2 (ðèñ. 4). Â ñïåêò-
ðàõ çðàçê³â àäñîðáîâàíîãî éîäó ñïîñòåð³ãàþòüñÿ áà-
òîõðîìí³ çñóâè ñìóã ïîãëèíàííÿ â³äíîñíî ñìóã ïîãëè-
íàííÿ â ðîç÷èí³. Íà ïîâåðõí³ âèõ³äíîãî êðåìíåçåìó
çñóâè ñòàíîâëÿòü ∆λìàêñ1=4 íì ³ ∆λìàêñ2=8 íì, à íà ïî-
âåðõí³ ìîäèô³êîâàíîãî õ³òîçàíîì êðåìíåçåìó –
∆λìàêñ1=7 íì ³ ∆λìàêñ1=14 íì â³äïîâ³äíî (òàáë. 2). Öåé
åôåêò ìîæíà ïîÿñíèòè ïîëÿðèçóþ÷îþ ä³ºþ ïîâåðõí³.
Ó ñïåêòðàõ çðàçê³â éîäó, àäñîðáîâàíîãî íà ïîâåðõí³ ìî-
äèô³êîâàíîãî õ³òîçàíîì êðåìíåçåìó, íàÿâíà ñìóãà ïî-
ãëèíàííÿ êîìïëåêñó éîä–õ³òîçàí ç λ ìàêñ3=500 íì
(ðèñ. 4). Ñóïðàìîëåêóëÿðíå êîìïëåêñîóòâîðåííÿ â ñè-
ñòåì³ êðåìíåçåì–õ³òîçàí–éîä ñïîñòåð³ãàºòüñÿ â³çóàëüíî
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Ðèñ. 6. Íîðìîâàí³ ÓÔ/âèä ñïåêòðè çðàçê³â SiO2 ç
àäñîðáîâàíèì éîäîì (1) ³ SiO2-ÕÒÇ ç àäñîðáîâàíèì
éîäîì (2) ï³ñëÿ çáåð³ãàííÿ íà ïîâ³òð³ ïðîòÿãîì 1 ì³ñ.

çà ïîÿâîþ ó òàêèõ çðàçê³â ïóðïóðîâîãî çàáàðâëåííÿ
(ðèñ. 5).

Ö³êàâå ïèòàííÿ ñòàá³ëüíîñò³ éîäîâàíèõ çðàçê³â ó ÷àñ³.
Ç ìåòîþ äîñë³äæåííÿ ñòàá³ëüíîñò³ çðàçê³â äëÿ éîäîâà-
íèõ ïîðîøê³â, ÿê³ çáåð³ãàëè â³äêðèòèìè íà ïîâ³òð³ ïðî-
òÿãîì 1 ì³ñ., áóëè çíÿò³ åëåêòðîíí³ ñïåêòðè äèôóçíîãî
â³äáèòòÿ â óëüòðàô³îëåòîâ³é ³ âèäèì³é îáëàñòÿõ. Íîð-
ìîâàí³ åëåêòðîíí³ ñïåêòðè äî λìàêñ2 íàâåäåí³ íà ðèñ. 6.
Äëÿ çðàçê³â SiO2 òà SiO2-ÕÒÇ ç àäñîðáîâàíèì éîäîì
ï³ñëÿ çáåð³ãàííÿ íàÿâí³ ñìóãè ïîãëèíàííÿ λìàêñ1 ³ λìàêñ2.
Äëÿ çðàçêà éîäó, àäñîðáîâàíîãî íà SiO2-ÕÒÇ, ñïîñòå-
ð³ãàºìî ³ñòîòíå çíèæåííÿ ñìóãè ïîãëèíàííÿ ç λìàêñ3=500
íì, ùî ïîâ’ÿçàíå ç ïîñòóïîâèì âèâ³ëüíåííÿì éîäó ç
ñóïðàìîëåêóëÿðíèõ êîìïëåêñ³â õ³òîçàíó íà ïîâåðõí³
êðåìíåçåìó (ðèñ. 6). Â³çóàëüíî ìè ñïîñòåð³ãàëè ïîñòó-
ïîâå çíèæåííÿ ³íòåíñèâíîñò³ çàáàðâëåííÿ çðàçêà, çó-
ìîâëåíå âèâ³ëüíåííÿì àäñîðáîâàíîãî éîäó.
Âèñíîâêè.

Âñòàíîâëåíî, ùî ñîðáö³éíà çäàòí³ñòü ìîäèô³êîâà-
íîãî õ³òîçàíîì êðåìíåçåìó ùîäî éîäó çðîñòàº íà ïî-
ðÿäîê ïîð³âíÿíî ç âèõ³äíèì êðåìíåçåìîì. Âèÿâëåíî,
ùî àäñîðáîâàíèé íà ïîâåðõí³ êðåìíåçåìó õ³òîçàí çäàò-
íèé óòâîðþâàòè ñóïðàìîëåêóëÿðí³ êîìïëåêñè ç éîäîì,
ÿê³, â³ðîã³äíî, ñêëàäàþòüñÿ ç âíóòð³øí³õ ïîë³éîäèäíèõ
ëàíöþæê³â, îòî÷åíèõ àãðåãàòàìè âèòÿãíóòèõ ëàíöþã³â
õ³òîçàíó, çâ’ÿçàíèõ ñ³òêîþ âîäíåâèõ çâ’ÿçê³â [9]. Çíà÷åí-
íÿ ïàðàìåòðà ð òà åëåêòðîíí³ ñïåêòðè â óëüòðàô³îëå-
òîâ³é ³ âèäèì³é îáëàñòÿõ äëÿ òðèêîìïîíåíòíî¿ ñèñòåìè
êðåìíåçåì–õ³òîçàí–éîä ñâ³ä÷àòü ïðî ñòðóêòóðîóòâî-
ðþþ÷ó ðîëü íàíî÷àñòèíîê êðåìíåçåìó ó ïðîöåñ³ àä-
ñîðáö³¿ õ³òîçàíó òà ïðî óòâîðåííÿ âïîðÿäêîâàíèõ ñòðóê-
òóð õ³òîçàíó íà ïîâåðõí³ êðåìíåçåìó. Ã³áðèäí³ ìàòåð³-
àëè éîä–õ³òîçàí–êðåìíåçåì ïåðñïåêòèâí³ äëÿ ñòâîðåí-
íÿ êîìïëåêñíèõ àïë³êàö³éíèõ ìåäè÷íèõ ïðåïàðàò³â ç
ïðîëîíãîâàíîþ ä³ºþ, ùî çìîæóòü ïîºäíóâàòè àíòè-
ì³êðîáí³ âëàñòèâîñò³ éîäó, ãåìîñòàòè÷í³ òà ðåãåíåðó-
þ÷³ – õ³òîçàíó, ïðîòèíàáðÿêîâ³ òà á³ëîêñîðáóþ÷³ – êðåì-
íåçåìó.

Ë³òåðàòóðà
1. Kumar M.N.V.R., Muzzarelli R.A., Muzzarelli C.,
Holcomb J.B. Chitosan chemistry and pharmaceutical
perspectives. Chem. Rev., 2004, 104, N 12: 6017–6084.
2. Wedmore I., McManus J.G., Pusater A.E., Holcomb J.B.
The chitosan-based hemostatic dressing: Experience in
current combat operations. J. Trauma, 2006, 60, N 3: 655–
658.
3. Shi C., Zhu Z., Ran X., Wang M., Su Y., Cheng T.
Therapeutic potential of chitosan and its derivatives in
regenerative medicine. J. Surg. Res., 2006, 133, N 2: 185–
192.
4. Agnihotri S.A., Mallikarjuna N.N., Aminabhavi T.M.
Recent advances on chitosan-based micro- and
nanoparticles in drug delivery. J. Control. Release, 2004,
100, N 1: 5–28.
5. Yasuyuki T.,Tatsuaki Y. Antibacterial effect of chitosan-

iodine complex. Chitin and Chitosan Res., 2005, 11, N 2:
190–191.
6. Pat. 005538955 USA, Process for the preparation of
iodinated biopolymers having disinfectant and cicatrizing
activity, and the iodinated biopolymers obtainable thereby
/ De Rosa, A. Rossi, and P. Affaitati (Italia); Development
Biotechnological Processes S.N.C Di Pelliccia Maria
Teresa, IMS-International Medical Service SRL (Italia). –
N PCT/IT1994/00052; çàÿâë. 28.04.94.; îïóáë. 24.11.94;
ÍÊÈ W094/26788, Int. Search Report.
7. Shigeno Y., Kondo K., Takemoto K. Functional
monomers and polymers, LXX. On the adsorption of iodine
onto chitosan. J. Appl. Polym. Sci., 1980, 25, N 5: 731.
8. Voronina O.E., Guzenko N.V. Investigation of
adsorption of iodine on the surface of silica, modified by
polyvinylpyrrolidone and protein. Chemistry, Physics and



246

Ò.Â. Êóëèê, Ò.Â. Ïîäóñò, Á.Á. Ïàëÿíèöÿ

Surface Technology. Chuiko Institute of Surface Chemistry
NAS of Ukraine, K.: Nauk. Dumka, 2003, 9: 128–133.
9. Borodavka T.V., Kulik T.V., Palyanytsya B.B.
Application of temperature programmed desorption mass
spectrometry for the determination of the deacetylation
degree of chitosan. J. of Analytical Chemistry, 2010, 65,
No. 13: 1377–1381.
10. Kulyk T.V., Palyanytsya B.B., Borodavka T.V.,
Borysenko M.V. Supramolecular structures of chitosan on
the surface of fumed silica. Nanomaterials and
Supramolecular Structures, Physics, Chemistry and
Application. Eds. A.P. Shpak, P.P. Gorbyk. Springer,
2010: 259–269.
11. The course of analytical chemistry. Quantitative
analysis. Ed. Kreshkov À.P. M: Chemistry, 1982: 312.
12. Babko À.Ê., Piatnytskyy I.V. Quantitative analysis.
M: Higher school, 1962: 544.
13. Giles C.H., Smith D., Huitson A. A General Treatment

and Classification of the Solute Adsorption Isotherm. I.
Theoretical, J. Colloid Inter. Sci., 1974, 47: 755–765.
14. Parfitt G.D., Rochester C.H. Adsorption From Solution
at the Solid/Liquid Interface. Academic Press, 1983: 416.
15. Shigeno Y., Kondo K., Takemoto K. Functional
monomers and polymers, LXX. On the adsorption of iodine
onto chitosan. J. Appl. Polym. Sci., 1980, 25, N 5: 731.
16. Yajima H., Morita M., Hashimoto M. Complex Formation
of Chitosan with Iodine and Its Structure and
Spectroscopic Properties. Molecular Assembly and
Thermal Hysteresis Behavior. Int. J. Thermophys,
2001, 22, N 4: 1265–1283.
17. Varum K.M., Ottyand M.H., Smidsrod O. Water-
solubility of partially N-acetylated chitosans as a function
of pH: Effect of chemical composition and
depolymerization. Carbohydr. Polym., 1994, 25, N 2: 65–
70.

Íàä³éøëà äî ðåäàêö³¿ 26 ëèïíÿ 2017 ð.

Ñóïðàìîëåêóëÿðíûå êîìïëåêñû éîä–õèòîçàí â ðàñòâîðå è íà
ïîâåðõíîñòè êðåìíåçåìà

Ò.Â. Êóëèê, Ò.Â.Ïîäóñò, Á.Á. Ïàëÿíèöà

Èíñòèòóò õèìèè ïîâåðõíîñòè èì. À.À. ×óéêà ÍÀÍ Óêðàèíû
17, óë. Ãåíåðàëà Íàóìîâà, Êèåâ, 03164, Óêðàèíà

Ìåòîäàìè ýëåêòðîííîé ñïåêòðîñêîïèè è àäñîðáöèîííûìè ìåòîäàìè àíàëèçà èññëåäîâàíû
ïðîöåññû ñóïðàìîëåêóëÿðíîãî êîìïëåêñîîáðàçîâàíèÿ ìåæäó ïîëèìåðíûìè öåïÿìè õèòîçàíà è
éîäîì â ðàñòâîðå è íà ïîâåðõíîñòè êðåìíåçåìà. Ïîëó÷åíû èçîòåðìû àäñîðáöèè éîäà íà
ãèäðîêñèëèðîâàííîé è ìîäèôèöèðîâàííîé õèòîçàíîì ïîâåðõíîñòè êðåìíåçåìà. Óñòàíîâëåíî,
÷òî ñîðáöèîííàÿ ñïîñîáíîñòü ìîäèôèöèðîâàííîãî õèòîçàíîì êðåìíåçåìà ïî îòíîøåíèþ ê èîäó
âîçðàñòàåò íà ïîðÿäîê ïî ñðàâíåíèþ ñ èñõîäíûì êðåìíåçåìîì. Ïîëîñà ïîãëîùåíèÿ λìàêñ = 500 íì â
ýëåêòðîííûõ ñïåêòðàõ äèôôóçíîãî îòðàæåíèÿ îáðàçöîâ èîäà íà ïîâåðõíîñòè õèòîçàí-
êðåìíåçåìíîãî ñîðáåíòà ñâèäåòåëüñòâóåò, ñîãëàñíî ëèòåðàòóðíûì äàííûì, îá îáðàçîâàíèè
íà ïîâåðõíîñòè ñóïðàìîëåêóëÿðíûõ êîìïëåêñîâ éîä–õèòîçàí â ôîðìå àãðåãàòîâ èç äâóõñëîéíûõ
öèëèíäðè÷åñêèõ ñòðóêòóð, ñîñòîÿùèõ èç âíóòðåííèõ ïîëèéîäèäíûõ (I-

3) öåïåé, îêðóæåííûõ
àññîöèàòàìè êðèñòàëëîïîäîáíûõ âûòÿíóòûõ öåïåé õèòîçàíà, ñâÿçàííûõ ñåòêîé
ìåæìîëåêóëÿðíûõ âîäîðîäíûõ ñâÿçåé.

Êëþ÷åâûå ñëîâà: õèòîçàí, éîä, ñóïðàìîëåêóëÿðíûå êîìïëåêñû, àäñîðáöèÿ, îðãàíî-íåîðãàíè÷åñêèå ãèáðèäíûå
ìàòåðèàëû.
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Supramolecular complexes of iodine-chitosan in solution and on the surface of
silica

Ò.Â. T.V.Kulik, T.V.Podust, B.B.Palianytsia

Chuiko Institute of Surface Chemistry NAS of Ukraine
17, General Naumov str., Kyiv, 03164, Ukraine

The processes of supramolecular complexation between polymer chains of chitosan and iodine in
solution and on the surface of silica were studied by electron spectroscopy and adsorption methods of
analysis. Isotherms of iodine adsorption on hydroxylated and chitosan-modified silica surfaces are
obtained. It has been established that the sorption capacity of chitosan-modified silica with respect to
iodine increases by an order of magnitude in comparison with the initial silica. The absorption band
λmax = 500 nm in electronic spectra of diffuse reflection of iodine samples on the surface of chitosan-
silica sorbent indicates, according to the literature data, the formation of iodine-chitosan on the
surface of supramolecular complexes in the form of aggregates with 2-layer cylindrical structures
composed of internal polyiodide (I-

3) chains surrounded by associates of crystal-like elongated chains
of chitosan bound by a network of intermolecular hydrogen bonds.

Key words: chitosan, iodine, supramolecular complexes, adsorption, organo-inorganic hybrid materials.


