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

Ìåòîäàìè ²×-ñïåêòðîñêîï³¿, äèôðàêö³¿ ðåíòãåí³âñüêèõ ïðîìåí³â ³ òåðìîìåõàí³÷íîãî àíàë³çó
äîñë³äæåíî ñòðóêòóðíó îðãàí³çàö³þ ³ òåðìîìåõàí³÷í³ âëàñòèâîñò³ äâîõ òèï³â ñòåõ³îìåòðè÷íèõ
ïîë³åëåêòðîë³òíèõ êîìïëåêñ³â (ÏÅÊ): íà îñíîâ³ ïðîòèëåæíî çàðÿäæåíèõ çðàçê³â êðîõìàëþ
âîñêîâî¿ êóêóðóäçè, ôóíêö³îíàë³çîâàíèõ êàðáîêñèëüíèìè ³ àì³íîãðóïàìè, òà ÑÎÎÍ-âì³ñíîãî
êðîõìàëþ òà ïîë³åòèëåí³ì³íó. Ïîêàçàíî, ùî ñòðóêòóðà ÏÅÊ íà îñíîâ³ ôóíêö³îíàë³çîâàíèõ çðàçê³â
êðîõìàëþ àìîðôíî-êðèñòàë³÷íà, à íà îñíîâ³ êàðáîêñèëüîâàíîãî êðîõìàëþ ³ ÏÅ² – àìîðôíà.
Âñòàíîâëåíî, ùî ìåòàëîâì³ñí³ íàíîêîìïîçèòè íà îñíîâ³ ÏÅÊ (êàðáîêñèëüîâàíèé êðîõìàëü –
ïîë³åòèëåí³ì³í) ì³ñòÿòü íàíî÷àñòèíêè Ag0 òà Cu2O, îòðèìàí³ õ³ì³÷íèì ³ òåðìîõ³ì³÷íèì
ìåòîäàìè â³äíîâëåííÿ êàò³îí³â Ag+ ³ Cu2+.

Êëþ÷îâ³ ñëîâà: êóêóðóäçÿíèé êðîõìàëü, ïîë³åòèëåí³ì³í, ïîë³åëåêòðîë³òíèé êîìïëåêñ, ìåòàëîâì³ñíèé
íàíîêîìïîçèò, íàíî÷àñòèíêè.

Â îñòàíí³ òðè äåñÿòèð³÷÷ÿ ³íòåíñèâíî äîñë³äæóþòü-
ñÿ ïîë³åëåêòðîë³òí³ êîìïëåêñè (ÏÅÊ), ñôîðìîâàí³ â
ðåçóëüòàò³ ³îííîãî îáì³íó ì³æ àí³îííèì ³ êàò³îííèì
ïîë³åëåêòðîë³òàìè ñëàáêî¿, ñèëüíî¿ ÷è çì³øàíî¿ ³îííî¿ ñèëè
[1, 2]. Öå çóìîâëåíî òèì, ùî ÏÅÊ ôîðìóþòüñÿ òàêîæ ó
á³îëîã³÷íèõ îá’ºêòàõ, ïðèêëàäîì ÷îãî º á³ñï³ðàë³ ÄÍÊ [1].
Êð³ì öüîãî, ÏÅÊ øèðîêî çàñòîñîâóþòüñÿ íà ïðàêòèö³: â
ñ³ëüñüêîìó ãîñïîäàðñòâ³ äëÿ çàêð³ïëåííÿ ́ ðóíò³â â³ä â³òðî-
âî¿ òà âîäíî¿ åðîç³¿ [2], äëÿ î÷èùåííÿ âîäè â öåëþëîçíî-
ïàïåðîâ³é ïðîìèñëîâîñò³ [1, 4], â õ³ì³÷í³é ïðîìèñëîâîñò³
ÿê ïåðâàïîðàö³éí³ ìåìáðàíè [5] òà ³í.

Íåçâàæàþ÷è íà ÷èñëåíí³ ïóáë³êàö³¿, ïðèñâÿ÷åí³
ïåðåâàæíî âèâ÷åííþ îñîáëèâîñòåé ôîðìóâàííÿ ÏÅÊ
òà ¿õí³õ ô³çèêî-õ³ì³÷íèõ âëàñòèâîñòåé, ñòðóêòóðíà îðãà-
í³çàö³ÿ öèõ ïîë³ìåðíèõ ñèñòåì çàëèøàºòüñÿ ïðàêòè÷íî
íå äîñë³äæåíîþ [1].

Ó çâ’ÿçêó ç öèì ñòàâèëîñÿ çà ìåòó äîñë³äèòè îñîá-
ëèâîñò³ ñòðóêòóðíî¿ îðãàí³çàö³¿ òà òåðìîìåõàí³÷í³ âëàñ-
òèâîñò³ ñòåõ³îìåòðè÷íèõ ÏÅÊ íà îñíîâ³ ôóíêö³îíàë³çî-
âàíèõ çðàçê³â êðîõìàëþ âîñêîâî¿ êóêóðóäçè ³ ïîë³åòè-
ëåí³ì³íó, à òàêîæ ìåòàëîâì³ñíèõ íàíîêîìïîçèò³â ³ç íà-
íî÷àñòèíêàìè Àg0 ³ Cu2O, óòâîðåíèõ õ³ì³÷íèì ³
òåðìîõ³ì³÷íèì ìåòîäàìè â³äíîâëåííÿ êàò³îí³â Ag+ ³
Cu2+.
Åêñïåðèìåíòàëüíà ÷àñòèíà.

Äëÿ äîñë³äæåíü âèêîðèñòîâóâàëè êðîõìàëü âîñêîâî¿

êóêóðóäçè òèïó Waxy âèðîáíèöòâà ô³ðìè Interstàrch
(Óêðà¿íà), ïîë³åòèëåí³ì³í âèðîáíèöòâà ô³ðìè Aldrich
³ç Ìn=10000, Ìw=25000, íàòð³ºâó ñ³ëü ìîíîõëîðîöòîâî¿
êèñëîòè (Merck), ãë³öèäèëòðèìåòèëàìîí³éõëîðèä
(Aldrich). Ñîë³ ìåòàë³â AgNO3 ³ CuSO4·5H2O âèêîðèñòî-
âóâàëè ìàðêè “÷äà”.

Ñèíòåç êàðáîêñèìåòèëêðîõìàëþ (ÊÌÊ) ïðîâîäè-
ëè çà ðåàêö³ºþ àëê³ëóâàííÿ íàòð³ºâîþ ñ³ëëþ ìîíî-
õëîðîöòîâî¿ êèñëîòè (NaÌÕÎÊ) ó âîäíî-ñïèðòîâ³é
ñóì³ø³ â òàêèé ñïîñ³á: 1 ìîëü êðîõìàëþ ñóñïåíäóâàëè
â ³çîïðîï³ëîâîìó ñïèðò³ òà ïåðåì³øóâàëè ïðîòÿãîì
10 õâ, ï³ñëÿ ÷îãî äî îòðèìàíî¿ ñóñïåíç³¿ ïðîòÿãîì
2 õâ êðàïëÿìè äîäàâàëè 50 %-âèé âîäíèé ðîç÷èí
NaOH (7 ìîë³â) ç ïîäàëüøèì ïåðåì³øóâàííÿì ïðîòÿ-
ãîì 20 õâ. Íà íàñòóïíîìó åòàï³ â ðåàêö³éíó ñóì³ø
äîäàâàëè 7 ìîë³â NaÌÕÎÊ ³ç ïîäàëüøèì ïåðåì³øóâàí-
íÿì ïðîòÿãîì 20 õâ çà ê³ìíàòíî¿ òåìïåðàòóðè òà 2 ãîä
çà Ò = 78 °Ñ. Ï³ñëÿ ÷îãî äî ðåàêö³éíî¿ ñóì³ø³ äîäàâàëè
36 %-âèé âîäíèé ðîç÷èí ñîëÿíî¿ êèñëîòè (7 ìîë³â).
Îòðèìàíèé ïðîäóêò â³äô³ëüòðîâóâàëè ³ 5 ðàç³â ïðîìè-
âàëè 100 ìë ñóì³ø³ âîäà-åòàíîë, âçÿòèõ çà îá’ºìíîãî
ñï³ââ³äíîøåííÿ 1:3. Î÷èùåíèé ïðîäóêò âèñóøóâàëè çà
Ò = 50 °Ñ äî ñòàëî¿ âàãè. Ñòóï³íü çàì³ùåííÿ, âèçíà÷åíèé
çà äàíèìè êèñëîòíî-îñíîâíîãî òèòðóâàííÿ, äîð³âíþ-
âàâ 0,8. Ñõåìà îòðèìàííÿ êàðáîêñèëüîâàíîãî êðîõìà-
ëþ òàêà:
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Ñèíòåç 2-ã³äðîêñèïðîï³ë-3-òðèìåòèëàì³íîêðîõìà-
ëþ (ÃÏÒÀÊ) ïðîâîäèëè çà ðåàêö³ºþ àëê³ëóâàííÿ ãë³öè-
äèëòðèìåòèëàìîí³éõëîðèäîì (ÃÒÌÀÕ) çà òàêîþ ìå-
òîäèêîþ: äî ñóñïåíç³¿ 1 ìîëÿ êðîõìàëþ â ³çîïðîï³ëî-
âîìó ñïèðò³ äîäàâàëè êðàïëÿìè óïðîäîâæ 2 õâ 50 %-âèé
âîäíèé ðîç÷èí NaOH (1,2 ìîëü) òà ïåðåì³øóâàëè ùå
20 õâ. Íà íàñòóïíîìó åòàï³ ó ðåàêö³éíó ñóì³ø äîäàâà-
ëè 1,2 ìîëÿ 90 %-âîãî âîäíîãî ðîç÷èíó ãë³öèäèëòðèìå-
òèëàìîí³éõëîðèäó (ÃÒÌÀÕ) ³ç ïîäàëüøèì éîãî ïåðå-
ì³øóâàííÿì ïðîòÿãîì 20 õâ çà ê³ìíàòíî¿ òåìïåðàòóðè
òà 2 ãîä çà Ò = 78 °Ñ. Îòðèìàíèé ïðîäóêò â³äô³ëüòðîâó-
âàëè ³ 5 ðàç³â ïðîìèâàëè 100 ìë ñóì³ø³ âîäà–åòàíîë,
âçÿòèõ çà îá’ºìíîãî ñï³ââ³äíîøåííÿ 1:3. Î÷èùåíèé
ïðîäóêò âèñóøóâàëè çà Ò = 50 °Ñ äî ñòàëî¿ âàãè. Çðàçîê
îòðèìàíî ó ôîðì³ îñíîâè, ñòóï³íü çàì³ùåííÿ, âèçíà-
÷åíèé çà äàíèìè êèñëîòíî-îñíîâíîãî òèòðóâàííÿ, äî-
ð³âíþâàâ 1. Ñõåìà îòðèìàííÿ àì³íîâì³ñíîãî êðîõìà-
ëþ òàêà:

Ôîðìóâàííÿ ñòåõ³îìåòðè÷íîãî ÏÅÊ íà îñíîâ³ ôóíê-
ö³îíàë³çîâàíèõ çðàçê³â êðîõìàëþ êàðáîêñèëüíèìè ³
àì³ííèìè ãðóïàìè ïðîâîäèëè øëÿõîì çì³øóâàííÿ
5 %-âèõ âîäíèõ ðîç÷èí³â ÊÌÊ ³ ÃÏÒÀÊ, âçÿòèõ çà åêâ³-
ìîëüíîãî ñï³ââ³äíîøåííÿ (ìàñîâå ñï³ââ³äíîøåííÿ
1,0:0,8 â³äïîâ³äíî). Çì³øóâàííÿ ïðîâîäèëè ïðîòÿãîì
30 õâ çà Ò = 25 °Ñ. Çãóñòêè ³ îñàä íå óòâîðþâàëèñÿ. Ïë³âêè
ñôîðìîâàíîãî ÏÅÊ â³äëèâàëè íà ïîë³åòèëåíîâó ïëàñ-
òèíó ³ ñóøèëè çà Ò = 25 °Ñ äî ñòàëî¿ âàãè.

Çðàçîê ñòåõ³îìåòðè÷íîãî ÏÅÊ íà îñíîâ³ êàðáîêñè-
ëüîâàíîãî êóêóðóäçÿíîãî êðîõìàëþ ³ áåçâîäíîãî ïîë³-
åòèëåí³ì³íó ðîçãàëóæåíî¿ áóäîâè (ÏÅ²) ôîðìóâàëè
øëÿõîì çì³øóâàííÿ 5 %-âèõ âîäíèõ ðîç÷èí³â ÊÌÊ ³
ÏÅ², âçÿòèõ çà åêâ³ìîëüíîãî ñï³ââ³äíîøåííÿ, ïðîòÿãîì
30 õâ çà Ò = 22 °Ñ. Îäíîð³äíèé íåïðîçîðèé ðîç÷èí óò-
âîðåíîãî ÏÅÊ âèëèâàëè íà ïîë³åòèëåíîâó ïëàñòèíó ³
ñóøèëè ïë³âêè çà ö³º¿ òåìïåðàòóðè äî ñòàëî¿ âàãè.

Ôîðìóâàííÿ ìåòàëîâì³ñíèõ íàíîêîìïîçèò³â âèêî-
íóâàëè äâîìà ìåòîäàìè â³äíîâëåííÿ êàò³îí³â ìåòàë³â
äî ìåòàë³÷íîãî ñòàíó: õ³ì³÷íèì [6] ³ òåðìîõ³ì³÷íèì,
óïåðøå çàñòîñîâàíèì ó íàøèõ äîñë³äæåííÿõ [7]. Äëÿ

öüîãî îòðèìóâàëè ïîòð³éí³ ïîë³åëåêòðîë³ò-ìåòàë³÷í³
êîìïëåêñè (ÏÌÊ) øëÿõîì çàíóðåííÿ ïë³âîê ñòåõ³îìåò-
ðè÷íîãî ÏÅÊ (íà îñíîâ³ ÊÌÊ ³ ÏÅ²) ó âîäíèé ðîç÷èí
ñîë³ AgNO3 àáî CuSO4·5Í2Î çà êîíöåíòðàö³¿ 0,1 ìîëü/ë.
Ïðè öüîìó ïðîçîð³ áåçáàðâí³ ïë³âêè ÏÅÊ íàáóâàëè òåì-
íî-÷åðâîíîãî, ó âèïàäêó ñîðáö³¿ êàò³îí³â Ag+, àáî òåì-
íî-ñèíüîãî, ó âèïàäêó ñîðáö³¿ êàò³îí³â Cu2+, êîëüîðó.
Ïðè õ³ì³÷íîìó ìåòîä³ ôîðìóâàííÿ íàíîêîìïîçèò³â
ïðîâîäèëè â³äíîâëåííÿ ³îí³â Ag+ ÷è Cu2+ â îá’ºì³ â³äïî-
â³äíîãî ÏÌÊ çà äîïîìîãîþ ñîë³ NaBH4 (ìîëüíå
ñï³ââ³äíîøåííÿ [BH4

–]:[Ag+] = 1,0 àáî [BH4
–]:[Ñu2+] = 2,0)

ó ëóæíîìó ñåðåäîâèù³ (pH = 10,8) ó ñóì³ø³ ðîç÷èí-
íèê³â âîäà-³çîïðîïàíîë, âçÿòèõ çà ñï³ââ³äíîøåííÿ
îá’ºìíèõ ÷àñòîê 4:1, ïðîòÿãîì 3 ãîä çà Ò = 20±2 °Ñ (äî
ïðèïèíåííÿ âèä³ëåííÿ áóëüáàøîê ãàçó). Êîíöåíòðàö³ÿ
NaBH4 ó âîäíî-ñïèðòîâîìó ðîç÷èí³ 0,1 ìîëü/ë. Ó ðå-
çóëüòàò³ â³äíîâëåííÿ ïë³âêè ÏÌÊ, ùî ì³ñòèëè àäñîðáî-
âàí³ êàò³îíè Ag+, çì³íþâàëè êîë³ð ³ç òåìíî-÷åðâîíîãî
íà ñð³áëÿñòèé, à ó âèïàäêó êàò³îí³â Cu2+

 ç òåìíî-ñèíüî-
ãî íà òåìíî-êîðè÷íåâèé. Ïðè òåðìîõ³ì³÷íîìó ìåòîä³
ôîðìóâàííÿ ìåòàëîâì³ñíèõ íàíîêîìïîçèò³â ïðîâîäè-
ëè â³äíîâëåííÿ ³îí³â Ag+ àáî Cu2+ (â îá’ºì³ ÏÌÊ) øëÿ-
õîì íàãð³âàííÿ ïë³âîê ÏÌÊ ó ä³àïàçîí³ òåìïåðàòóð â³ä
150 äî 170 °Ñ ïðîòÿãîì 30 õâ. Òåìïåðàòóðó ô³êñóâàëè
çà äîïîìîãîþ âèñîêîòî÷íîãî òåðìîðåãóëÿòîðà VRT-3.

²äåíòèô³êàö³þ ôóíêö³îíàë³çîâàíèõ çðàçê³â êðîõìà-
ëþ ïðîâîäèëè ìåòîäîì ²×-ñïåêòðîñêîï³¿ ç Ôóð’º-ïåðå-
òâîðåííÿì (FTIR-ñïåêòðîñêîï³¿) çà äîïîìîãîþ
²×-Ôóð’º ñïåêòðîìåòðà Tensor 37 ô³ðìè Bruker.

Äîñë³äæåííÿ ñòðóêòóðè ôóíêö³îíàë³çîâàíèõ çðàçê³â
êðîõìàëþ ³ ñòåõ³îìåòðè÷íèõ ÏÅÊ, ñôîðìîâàíèõ íà îñ-
íîâ³ ÊÌÊ ³ ÃÏÒÀÊ òà ÊÌÊ ³ ÏÅ², à òàêîæ ³äåíòèô³êàö³þ
ìåòàëîâì³ñíèõ íàíîêîìïîçèò³â ïðîâîäèëè ìåòîäîì
øèðîêîêóòîâî¿ äèôðàêö³¿ ðåíòãåí³âñüêèõ ïðîìåí³â çà
äîïîìîãîþ äèôðàêòîìåòðà ÄÐÎÍ-4-07, ðåíòãåíîîï-
òè÷íó ñõåìó ÿêîãî âèêîíàíî çà ìåòîäîì Äåáàÿ-Øåððå-
ðà (íà “ïðîõîäæåííÿ” ïåðâèííîãî ïó÷êà ðåíòãåí³âñü-
êèõ ïðîìåí³â êð³çü çðàçîê). Äîñë³äæåííÿ ïðîâîäèëè â
CuKα-âèïðîì³íþâàíí³ (äîâæèíà õâèë³ λ=0,154 íì), ìî-
íîõðîìàòèçîâàíîãî Ni-ô³ëüòðîì, çà Ò = 22±2 °Ñ.

Òåðìîìåõàí³÷í³ äîñë³äæåííÿ çðàçê³â ÏÅÊ ïðîâîäè-
ëè â ³íòåðâàë³ òåìïåðàòóð â³ä 20 äî 350 °Ñ çà äîïîìîãîþ
óñòàíîâêè ÓÈÏ-70 (øâèäê³ñòü íàãð³âàííÿ äîñë³äæóâà-
íîãî çðàçêà 2,5 ãðàä/õâ). Äîñë³äæåííÿ ïðîâîäèëè â ðå-
æèì³ ïåíåòðàö³¿. Íàâàíòàæåííÿ íà çðàçêè ä³àìåòðîì 10
ìì – 0,5 ÌÏà.
Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ.
FTIR-ñïåêòðîñêîï³ÿ.

Ïðè ïîð³âíÿíí³ FTIR-cïåêòð³â êðîõìàëþ íàòèâíîãî
òà ôóíö³îíàë³çîâàíîãî êàðáîêñèëüíèìè ãðóïàìè
(ðèñ. 1) âèÿâèëè ³ñíóâàííÿ õàðàêòåðíèõ ñìóã ïðè 1250
òà 1735 ñì–1, ÿê³ íàëåæàòü äî âàëåíòíèõ êîëèâàíü êàð-
áîêñèëüíî¿ ãðóïè Ñ–Î òà Ñ=Î â³äïîâ³äíî. Ñìóãè ïîãëè-
íàííÿ â ä³àïàçîí³ ÷àñòîò 1020–1170 ñì–1 çóìîâëåí³ âà-
ëåíòíèìè êîëèâàííÿìè Ñ–Î-ãðóï ãëþêîçèäíèõ öèêë³â,
¿õ ïîëîæåííÿ íå çì³íþâàëîñü ï³ñëÿ ïðîâåäåííÿ
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ìîäèô³êàö³¿ êðîõìàëþ. Â ²×-ñïåêòð³ êðîõìàëþ, ìîäè-
ô³êîâàíîãî ã³äðîêñèïðîï³ëòðèìåòèëàì³ííèìè ãðóïàìè
(ðèñ. 2), ñïîñòåð³ãàëè ñìóãó ïîãëèíàííÿ ïðè 1455 ñì–1,
çóìîâëåíó äåôîðìàö³éíèìè êîëèâàííÿìè Ñ–Í â³ä ÑÍ2-
òà ÑÍ3-ãðóï, ùî ï³äòâåðäæóº ïðîõîäæåííÿ ðåàêö³¿
ÃÒÌÀÕ ç ã³äðîêñèëüíèìè ãðóïàìè êðîõìàëþ.
Øèðîêîêóòîâà ðåíòãåíîãðàô³ÿ.

Ïðè ïîð³âíÿíí³ ðåíòãåí³âñüêèõ äèôðàêòîãðàì íà-
òèâíîãî êðîõìàëþ âîñêîâî¿ êóêóðóäçè òà ôóêö³îíàë³-
çîâàíèõ çðàçê³â êðîõìàëþ êàðáîêñèëüíèìè ³ òðèìåòèë-
àì³ííèìè ãðóïàìè, à òàêîæ ÏÅÊ, ñôîðìîâàíîãî íà ¿õ
îñíîâ³ (ðèñ. 3), âèÿâëåíî, ùî âñ³ âîíè ìàþòü àìîðôíî-
êðèñòàë³÷íó ÷è ïñåâäîêðèñòàë³÷íó ñòðóêòóðó. Çîêðå-
ìà, íà ðåíòãåí³âñüê³é äèôðàêòîãðàì³ íàòèâíîãî êðîõ-
ìàëþ (êðèâà 1) ìàº ïðîÿâ, íà ôîí³ óÿâíîãî àìîðôíîãî
ãàëî ³ç êóòîâèì ïîëîæåííÿì (2θm) áëèçüêî 17,5°, ê³ëüêà
äèôðàêö³éíèõ ìàêñèìóì³â äèñêðåòíîãî òèïó, ÿê³ º
â³äîáðàæåííÿì êðèñòàë³÷íî¿ ñòðóêòóðè öüîãî ïðèðîä-
íîãî ïîë³ìåðó.

Íà â³äì³íó â³ä ðåíòãåí³âñüêî¿ äèôðàêòîãðàìè íàòèâ-
íîãî êðîõìàëþ íà äèôðàêòîãðàì³ çðàçêà êðîõìàëþ,
ôóíêö³îíàë³çîâàíîãî êàðáîêñèëüíèìè ãðóïàìè, ìàþòü
ïðîÿâ ê³ëüêà äèôðàêö³éíèõ ìàêñèìóì³â äèñêðåòíîãî
òèïó (íà ôîí³ óÿâíîãî ìàëî³íòåíñèâíîãî àìîðôíîãî
ãàëî ç âåðøèíîþ çà 2θm ~ 20,0°), ÿê³ ³äåíòèô³êóþòü ³ñíó-
âàííÿ âèñîêîêðèñòàë³÷íî¿ ñòðóêòóðè öüîãî ïîë³ìåðó.
Â³äì³íí³ñòü êóòîâîãî ïîëîæåííÿ òà ñï³ââ³äíîøåííÿ
³íòåíñèâíîñòåé äèñêðåòíèõ äèôðàêö³éíèõ ìàêñèìóì³â
íà äèôðàêòîãðàìàõ íàòèâíîãî êðîõìàëþ ³ êàðáîêñè-
ëüîâàíîãî êðîõìàëþ âêàçóº, ùî ñòðóêòóðà ¿õ êðèñ-
òàë³ò³â ð³çíà.

Ðàçîì ç òèì, äèôðàêòîãðàìà çðàçêà êðîõìàëþ, ôóíê-
ö³îíàë³çîâàíîãî òðèìåòèëàì³ííèìè ãðóïàìè, ì³ñòèòü
ëèøå îäèí äèôóçíèé äèôðàêö³éíèé ìàêñèìóì ³ç âåð-
øèíîþ çà 2θm ≈  17,5°. Îäíàê ôîðìà âåðøèíè (â³ää³ëåíà
â³ä àìîðôíîãî ãàëî ïóíêòèðíîþ ë³í³ºþ) öüîãî

äèôðàêö³éíîãî ìàêñèìóìó ìàº ð³çêó çì³íó ³íòåíñèâ-
íîñò³, ùî âêàçóº íà ³ñíóâàííÿ â îá’ºì³ çðàçêà ÊÌÊ òà-
êîæ ³ íàíîðîçì³ðíèõ îáëàñòåé ³ç ïñåâäîêðèñòàë³÷íîþ
ñòðóêòóðîþ (ðèñ. 3, êðèâà 3).

Ïðèâåðòàº óâàãó òå, ùî ñòåõ³îìåòðè÷íèé ÏÅÊ, ñôîð-
ìîâàíèé íà îñíîâ³ çðàçê³â ôóíêö³îíàë³çîâàíîãî êóêó-
ðóäçÿíîãî êðîõìàëþ êàðáîêñèëüíèìè ³ òðèìåòèëàì³í-
íèìè ãðóïàìè, òîáòî ñëàáêèõ àí³îííîãî ³ êàò³îííîãî
ïîë³åëåêòðîë³ò³â â³äïîâ³äíî, ìàº ïðîÿâ íà ðåíò-
ãåí³âñüê³é äèôðàêòîãðàì³ (íà ôîí³ óÿâíîãî àìîðôíî-
ãî ãàëî ç âåðøèíîþ 2θm ≈  20,0°) äâîõ ³íòåíñèâíèõ äèñ-
êðåòíèõ äèôðàêö³éíèõ ìàêñèìóì³â, ôîðìà ÿêèõ ïî-
ä³áíà äî ôîðìè âåðøèíè äèôóçíîãî äèôðàêö³éíîãî
ìàêñèìóìó íà äèôðàêòîãðàì³ àì³íîâì³ñíîãî êðîõìà-
ëþ (ðèñ. 3, êðèâ³ 3, 4). Òàêà ôîðìà äèñêðåòíèõ äèôðàê-
ö³éíèõ ìàêñèìóì³â íà äèôðàêòîãðàì³ ÏÅÊ ìîæå
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Ðèñ. 1. FTIR-cïåêòðè íàòèâíîãî êðîõìàëþ (1),
ÊÌÊ (2)
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Ðèñ. 2. FTIR-cïåêòðè íàòèâíîãî êðîõìàëþ (1),
ÃÏÒÀÊ (2)
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Ðèñ. 3. Ðåíòãåí³âñüê³ äèôðàêòîãðàìè íàòèâíîãî
êðîõìàëþ (1), êðîõìàëþ, ôóíêö³îíàë³çîâàíîãî
êàðáîêñèëüíèìè (2) ³ òðèåòèëàì³ííèìè ãðóïàìè (3),
ÏÅÊ íà îñíîâ³ ÊÌÊ ³ ÃÏÒÀÊ (4)
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âêàçóâàòè (íà â³äì³íó â³ä âåðøèíè äèôðàêö³éíîãî ìàê-
ñèìóìó íà äèôðàêòîãðàì³ çðàçêà ÃÏÒÀÊ), ùî âîíè
ìóëüòèïëåòí³ ³ â³äîáðàæàþòü êðèñòàë³÷íó ñòðóêòóðó
ö³º¿ ïîë³ìåðíî¿ ñèñòåìè.

Îö³íêó â³äíîñíîãî ð³âíÿ êðèñòàë³÷íîñò³ (Õêð) çðàçê³â
íàòèâíîãî êðîõìàëþ, éîãî ôóíêö³îíàë³çîâàíèõ àíà-
ëîã³â ³ ñôîðìîâàíîãî íà ¿õ îñíîâ³ ñòåõ³îìåòðè÷íîãî ÏÅÊ
ïðîâåëè çà ìåòîäîì àâòîð³â ðîáîòè [8]:

Õêð = Qêð(Qêð+Qàì)-1×100,
äå: Qêð – ïëîùà äèôðàêö³éíèõ ìàêñèìóì³â, ÿê³ õàðàêòå-
ðèçóþòü êðèñòàë³÷íó ñòðóêòóðó, à (Qêð+Qàì) – ïëîùà
ðåíòãåí³âñüêî¿ äèôðàêòîãðàìè â ºäèíîìó ³íòåðâàë³ êóò³â
ðîçñ³þâàííÿ (2θ) â³ä 8,0 äî 40,0°, â ÿêîìó ìàº ïðîÿâ
îñíîâíà äèôðàêö³éíà êàðòèíà öèõ çðàçê³â, ³ âèÿâèëè,
ùî ìàêñèìàëüíó âåëè÷èíó Õêð ìàº çðàçîê ÊÌÊ (òàáëè-
öÿ).

Êð³ì öüîãî, âèçíà÷èëè ðîçì³ð (L) êðèñòàë³ò³â ó íà-
ïðÿìêó âåêòîðà s ó ïðîñòîð³ çâîðîòíî¿ ãðàòêè (âåëè÷è-
íà s=λ -12sinθ) çà ìåòîäîì Øåððåðà [9]:

L = Êλ(βcosθm)-1,
äå: K – ñòàëà, ïîâ’ÿçàíà ç òèïîì êðèñòàë³÷íî¿ ñòðóêòó-
ðè (ïðè ëàìåëÿðí³é ñòðóêòóð³ êðèñòàë³ò³â K=1, à ïðè
íåâ³äîì³é K=0,89), ïðè öüîìó β – êóòîâà íàï³âøèðèíà
(øèðèíà íà ïîëîâèí³ âèñîòè) ñèíãëåòíèõ äèñêðåòíèõ
äèôðàêö³éíèõ ìàêñèìóì³â. Ðîçðàõóíêè âåëè÷èíè öüî-
ãî ñòðóêòóðíîãî ïàðàìåòðà ïîêàçàëè, ùî çðàçîê ÊÌÊ
ìàº çíà÷íî á³ëüøèé ðîçì³ð êðèñòàë³ò³â ïîð³âíÿíî ç³
çðàçêîì íàòèâíîãî êðîõìàëþ (òàáëèöÿ), ïðî ùî ñâ³ä÷èòü
³ â³çóàëüíî ìåíøà øèðèíà äèñêðåòíèõ äèôðàêö³éíèõ
ìàêñèìóì³â íà äèôðàêòîãðàì³ çðàçêà ÊÌÊ ïîð³âíÿíî
ç â³äïîâ³äíèìè ìàêñèìóìàìè íà äèôðàêòîãðàì³ íàòèâ-
íîãî êðîõìàëþ (ðèñ. 3, êðèâ³ 1, 2).

Ïðè ïðîâåäåíí³ àíàë³çó ðåíòãåí³âñüêî¿ äèôðàêòî-
ãðàìè ïîë³åòèëåí³ì³íó ðîçãàëóæåíî¿ áóäîâè ÿê ñëàá-
êîãî êàò³îííîãî ïîë³åëåêòðîë³òó âèÿâèëè, ùî â³í ìàº
àìîðôíó ñòðóêòóðó (ðèñ. 4, êðèâà 2). Íà öå âêàçóº ïðî-
ÿâ íà äèôðàêòîãðàì³ ÏÅ² îäíîãî ñèìåòðè÷íîãî äè-
ôðàêö³éíîãî ìàêñèìóìó äèôóçíîãî òèïó (àìîðôíîãî
ãàëî) ç âåðøèíîþ çà 2θm ≈  19,2°. Ñåðåäíÿ â³äñòàíü (d)
ì³æ ôðàãìåíòàìè ìàêðîëàíöþã³â â îá’ºì³ ÏÅ², çã³äíî ç
ð³âíÿííÿì Áðåããà:

d = λ(2sinθm)-1,
còàíîâèòü 0,46 íì. Ïðèì³òíî, ùî íà ðåíòãåí³âñüê³é äè-
ôðàêòîãðàì³ ñòåõ³îìåòðè÷íîãî ÏÅÊ (ðèñ. 4, êðèâà 3),
ñôîðìîâàíîãî íà îñíîâ³ ñëàáêèõ êàò³îííîãî ³ àí³îííîãî

ïîë³åëåêòðîë³ò³â (ÊÌÊ ³ ÏÅ²), ìàº ïðîÿâ ëèøå îäèí äè-
ôóçíèé äèôðàêö³éíèé ìàêñèìóì (àìîðôíå ãàëî), ç
âåðøèíîþ çà 2θm ≈  21,4°. Öå âêàçóº, ùî â îá’ºì³ öüîãî
ÏÅÊ çíà÷íî ìåíøà â³äñòàíü ì³æ ôðàãìåíòàìè êîìïëå-
ìåíòàðíèõ ìàêðîëàíöþã³â ïðîòèëåæíî çàðÿäæåíèõ
ïîë³åêòðîë³ò³â (d = 0,41 íì), í³æ ó ÏÅ².
Òåðìîìåõàí³÷íèé àíàë³ç.

Ïðè ïðîâåäåíí³ àíàë³çó òåðìîìåõàí³÷íî¿ êðèâî¿
ñòåõ³îìåòðè÷íîãî ÏÅÊ, ñôîðìîâàíîãî íà îñíîâ³ ôóíê-
ö³îíàë³çîâàíèõ çðàçê³â êðîõìàëþ (ðèñ. 5), âèÿâèëè, ùî
öÿ ïîë³ìåðíà ñèñòåìà ìàº äâà òåìïåðàòóðí³ ïåðåõîäè:
ðîçñêëîâóâàííÿ (Òg), ùî ìàº ïðîÿâ â ³íòåðâàë³ òåìïå-
ðàòóð â³ä 45 äî 101 °Ñ, òà ïëàâëåííÿ êðèñòàë³÷íî¿ ôàçè
çà Òm = 228 °C ç ïåðåõîäîì ó ñòàí â’ÿçêî¿ òå÷³¿ (Òf) çà
Ò = 270 °Ñ (êðèâà 1).

Íà òåðìîìåõàí³÷í³é êðèâ³é çðàçêà ñòåõ³îìåòðè÷íî-
ãî ÏÅÊ, îòðèìàíîãî íà îñíîâ³ êàðáîêñèëüîâàíîãî

Çðàçêè ïîë³ìåð³â Õêð, 
% L,íì 

Íàòèâíèé êðîõìàëü âîñêîâî¿ 
êóêóðóäçè 67 5,0 

ÊÌÊ 74 7,5 
ÃÏÒÀÊ ~3 – 
ÏÅÊ íà îñíîâ³ ÊÌÊ³ ÃÏÒÀÊ 42 – 

Òàáëèöÿ. Ïàðàìåòðè êðèñòàë³÷íî¿ ñòðóêòóðè
ôóíêö³îíàë³çîâàíèõ çðàçê³â êóêóðóäçÿíîãî êðîõìàëþ ³
ÏÅÊ íà ¿õ îñíîâ³ òà ç ïîë³åòèëåí³ì³íîì
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Ðèñ. 4. Ðåíòãåí³âñüê³ äèôðàêòîãðàìè ïîë³åòèëåí³ì³íó
(1), êàðáîêñèëüîâàíîãî êðîõìàëþ (2) ³ ñòåõ³îìåòðè÷íîãî
ÏÅÊ íà îñíîâ³ ÊÌÊ ³ ÏÅ² (3)
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Ðèñ. 5. Òåðìîìåõàí³÷í³ êðèâ³ çðàçê³â
ñòåõ³îìåòðè÷íèõ ÏÅÊ íà îñíîâ³ ÊÌÊ ³ ÃÏÒÀÊ (1) òà
ÏÅ² ³ ÊÌÊ (2)
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êðîõìàëþ ³ ÏÅ² (ðèñ. 5, êðèâà 2), òåìïåðàòóðíèé ïå-
ðåõ³ä ç³ ñêëîïîä³áíîãî ó âèñîêîåëàñòè÷íèé ñòàí (Òg) â
³íòåðâàë³ òåìïåðàòóð â³ä 28 äî 82 °Ñ ìàº á³ëüøó àìïë³-
òóäó çà øêàëîþ äåôîðìàö³é (ε), í³æ àíàëîã³÷íèé ïå-
ðåõ³ä íà îïèñàí³é âèùå òåðìîìåõàí³÷í³é êðèâ³é (êðèâà
1), ùî º íàñë³äêîì àìîðôíî¿ ñòðóêòóðè öüîãî çðàçêà
ÏÅÊ. Îäíàê â ³íòåðâàë³ òåìïåðàòóð â³ä 225 äî 288 °Ñ ç
ìàêñèìàëüíèì ïðîÿâîì çà Ò = 268 °C ìàº ïðîÿâ ìàëî-
³íòåíñèâíèé (çà øêàëîþ äåôîðìàö³é ε) ïðîöåñ êðèñòà-
ë³çàö³¿ ç íàñòóïíèì ïëàâëåííÿì (Òm) ñôîðìîâàíèõ êðè-
ñòàë³ò³â çà Ò = 301 °Ñ (êðèâà 2).

Ö³êàâ³ ðåçóëüòàòè äîñë³äæåííÿ ñòðóêòóðè ìåòàëî-
âì³ñíèõ íàíîêîìïîçèò³â, ñôîðìîâàíèõ íà îñíîâ³ ÏÅÊ
(ÊÌÊ ³ ÏÅ²) ³ íàíî÷àñòèíîê ìåòàëó. Çîêðåìà ç íàâåäå-
íèõ íà ðèñ. 6à ðåíòãåí³âñüêèõ äèôðàêòîãðàì çðàçê³â
íàíîêîìïîçèòó íà îñíîâ³ ÏÅÊ ³ íàíî÷àñòèíîê ìåòà-
ë³÷íîãî ñð³áëà (Àg0), îòðèìàíèõ õ³ì³÷íèì ³ òåðìî-
õ³ì³÷íèì ìåòîäàìè â³äíîâëåííÿ, âèÿâëåíî, ùî ïðè
õ³ì³÷íîìó â³äíîâëåíí³ íà ðåíòãåí³âñüê³é äèôðàêòîãðàì³
öüîãî íàíîêîìïîçèòó ìàþòü ïðîÿâ äâà äèñêðåòí³ äè-
ôðàêö³éí³ ìàêñèìóìè çà 2θm = 38,0 ³ 43,8°. Ö³ äâà äè-
ôðàêö³éí³ ìàêñèìóìè º â³äîáðàæåííÿì àòîìíèõ ïëî-
ùèí êðèñòàë³÷íî¿ ñòðóêòóðè Àg0 ç ³íäåêñàìè Ì³ëëåðà
(111) ³ (200). Ïðè òåðìîõ³ì³÷íîìó â³äíîâëåíí³ êàò³îí³â
Àg+ äî ìåòàë³÷íîãî ñòàíó (Ag0), ùî ñïîñòåð³ãàºòüñÿ çà
Ò = 150 °Ñ, ÿê áóëî ïîêàçàíî ðàí³øå [10], íà ðåíò-
ãåí³âñüê³é äèôðàêòîãðàì³ öüîãî íàíîêîìïîçèòó îñíîâ-
íèé çà ³íòåíñèâí³ñòþ äèôðàêö³éíèé ìàêñèìóì (111)
ìàº çíà÷íå êóòîâå ðîçøèðåííÿ ïðè ìàë³é çì³í³ 2θm (â³ä
38,0 äî 38,7°). Íà â³äì³íó â³ä ìàêñèìóìó (111), äèôðàê-
ö³éíèé ìàêñèìóì (200) íå âèÿâëÿº êóòîâîãî ðîçøèðåí-
íÿ, òîä³ ÿê çíà÷íî çì³íþºòüñÿ éîãî êóòîâå ïîëîæåííÿ

(â³ä 43,8 äî 46,0°) ïîð³âíÿíî ç ïîëîæåííÿì â³äïîâ³äíèõ
ìàêñèìóì³â íà äèôðàêòîãðàì³ íàíîêîìïîçèòó, îòðè-
ìàíîãî õ³ì³÷íèì ìåòîäîì â³äíîâëåííÿ êàòîí³â Àg+

(êðèâ³ 2, 3).
Ïðè ïðîâåäåíí³ àíàë³çó ðåíòãåí³âñüêèõ äèôðàêòî-

ãðàì çðàçê³â íàíîêîìïîçèòó íà îñíîâ³ ñòåõ³îìåòðè÷-
íîãî ÏÅÊ (ÊÌÊ ³ ÏÅ²) ³ ì³äüâì³ñíèõ íàíî÷àñòèíîê, ñôîð-
ìîâàíèõ õ³ì³÷íèì ³ òåðìîõ³ì³÷íèì (çà òåìïåðàòóðè
170 °Ñ [7]) ìåòîäàìè â³äíîâëåííÿ êàò³îí³â Cu2+ (ðèñ. 6á),
âèÿâèëè, ùî íà äèôðàêòîãðàì³ íàíîêîìïîçèòó, îòðè-
ìàíîãî õ³ì³÷íèì ìåòîäîì (êðèâà 2), ìàþòü ïðîÿâ äâà
äèñêðåòí³ äèôðàêö³éí³ ìàêñèìóìè çà 2θm = 35,6 ³ 41,0°,
ÿê³ ³äåíòèô³êóþòü êðèñòàë³÷íó ãðàòêó íàíî÷àñòèíîê
Ñu2O ç ïëîùèíàìè (111) ³ (200), ùî ³ñíóþòü â îá’ºì³
íàíîêîìïîçèòó, çã³äíî ç äàíèìè ðîáîòè [11]. Îäíàê ïðè
òåðìîõ³ì³÷íîìó ìåòîä³ ôîðìóâàííÿ íàíîêîìïîçèòó
(êðèâà 3) íà ðåíòãåí³âñüê³é äèôðàêòîãðàì³ ìàº ïðîÿâ
ëèøå îäèí ìàëî³íòåíñèâíèé ³ ðîçìèòèé äèôðàêö³éíèé
ìàêñèìóì ç âåðøèíîþ çà 2θm ≈  35,6°, ÿêèé º ñëàáêèì
ïðîÿâîì êðèñòàë³÷íî¿ ãðàòêè íàíî÷àñòèíîê Ñu2O.
Âèñíîâêè.

Îòæå, ïðîâåäåí³ äîñë³äæåííÿ ïîêàçàëè, ùî íà îñ-
íîâ³ ôóíêö³îíàë³çîâàíîãî êàðáîêñèëüíèìè ãðóïàìè
êóêóðóäçÿíîãî êðîõìàëþ ³ ÏÅ² áóâ ñôîìîâàíèé ñòåõ³-
îìåòðè÷íèé ÏÅÊ ³ç àìîðôíîþ ñòðóêòóðîþ, â îá’ºì³
ÿêîãî ôîðìóºòüñÿ, çà äàíèìè òåðìîìåõàí³÷íîãî àíà-
ë³çó, íåçíà÷íà ê³ëüê³ñòü êðèñòàë³ò³â â ³íòåðâàë³ òåìïåðà-
òóð â³ä 225 äî 288 °Ñ. Âñòàíîâëåíî, ùî øëÿõîì àäñîðáö³¿
öèì ÏÅÊ êàò³îí³â Ag+ ³ Cu2+ còâîðåíî äâà çðàçêè ïîë³-
åëåêòðîë³ò-ìåòàë³÷íèõ êîìïëåêñ³â, ç ÿêèõ äâîìà ìåòî-
äàìè (õ³ì³÷íèì ³ òåðìîõ³ì³÷íèì) áóëè ñôîðìîâàí³ ïî
äâà íàíîêîìïîçèòè ç íàíî÷àñòèíêàìè Àg0 ³ Cu2O.
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39

Â.². Øòîìïåëü, Â.Ë. Äåì÷åíêî, Ñ.². Ñèíåëüíèêîâ, Î.À. Ðàä÷åíêî, Ñ.Â. Ðÿáîâ

Ë³òåðàòóðà
1. Kabanov V.A. Polyelectrolyte complexes in solution and
in bulk, Russ.Chem.Rev., 2005, 74, 1: 3–20. http://dx.doi.org/
10.1070/RC2005v074n01ABEH001165
2. Zezin À.B., Rogacheva V.B. Polyelectrolyte complexes
in Book: Uspekhi khimii i fiziki polimerov. –Ì.: Khimiia,
1973: 3–30.
3. Kabanov V.A. Fundamentals of polyelectrolyte complex
in solution and the bulk Ed. by G. Deher, J.B. Schlenoff
Multilayer thin films. –Weinheim: Wiley–VCH, 2003: 47–
86.
4. Dinu I.A., Mihai M., Dragan E.S. Comparative study
on the fomation and flocculation properties of
polyelectrolyte complex dispersions based on synthetic
and natural polycations, Chem. Eng. J., 2010, 160, 1: 115–
121. https://doi.org/10.1016/j.cej.2010.03.018
5. Smith B., Sridhar S., Khan A.A. Polyelectrolyte
complexes of chitosan and poly(acrylic acid) as proton
exchange membranes for fuel cells, Macromolecules, 2004,
37, 6: 2233–2239. https://dx.doi.org/10.1021/ma0355913
6. Zezin A.A. Rogachova V.B., Feldman V.I., Afanasiev P.,
Zezin A.A. From triple interpolyelectrolyte-metal complexes
to polymer-metal nanocomposites Adv. Coll. Int.Sci, 2010,
158, 1-2: 84–93. https://dx.doi.org/10.1016/j.cis.2009.09.002

7. Demchenko V., Riabov S., Rybalchenko N.,
Goncharenko L., Kobylinskyi S., Shtompel V. X-ray study
of structural formation, thermomechanical and
antimicrobial properties of copper-containing polymer
nanocomposites obtained by the thermal reduction
method, Eur. Polym. J., 2017, 96: 326–336. https://
dx.doi.org/10.1016/j.eurpolymj.2017.08.057
8. Mathews J.L., Peiser H.S., Richards R.B. The x-ray
measurement of the amorphous content of polythene
samples //Acta cryst, 1949, 2, no 1: 85–90. https://
dx.doi.org/10.1107/S0365110X49000199
9. Ìàrtynov Â.À., Vilechganina Ê.À. X-ray analysis of
polymers. Leningrad: Chemistry, 1972. (in Russian)
10. Demchenko V.L., Shtompel V.I., Goncharenko L.A.
Peculiar structure organisation and antimicrobial activity
of silver-containing nanocomposites, Polimernyi Zhurnal,
2018, 40, 1: 49–54. (In Ukrainian) https://dx.doi.org/10.15407/
polymerj.40.01.031
11. Kou T., Jin C., Zhang C., Sun J., Zhang Z. Nanoporous
core–shell Cu/Cu2O nanocomposites with superior
photocatalytic properties towards the degradation of
methyl orange, RSC Adv, 2012, 2: 12636–12643. https://
dx.doi.org/10.1039/C2RA21821F

Íàä³éøëà äî ðåäàêö³¿ 4 ãðóäíÿ 2018 ð.



40

Îñîáëèâîñò³ ñòðóêòóðè òà òåðìîìåõàí³÷í³ âëàñòèâîñò³ ïîë³åëåêòðîë³òíèõ êîìïëåêñ³â ³ ñôîðìîâàíèõ ³ç íèõ...

Îñîáåííîñòè ñòðóêòóðû è òåðìîìåõàíè÷åñêèå ñâîéñòâà
ïîëèýëåêòðîëèòíûõ êîìïëåêñîâ è ñôîðìèðîâàííûõ èç íèõ
ìåòàëëîñîäåðæàùèõ íàíîêîìïîçèòîâ íà îñíîâå
ôóíêöèîíàëèçèðîâàííîãî êðàõìàëà è ïîëèýòèëåíèìèíà

Â.È. Øòîìïåëü, Â.Ë. Äåì÷åíêî, Ñ.È. Cèíåëüíèêîâ, Î.À. Ðàä÷åíêî, Ñ.Â. Ðÿáîâ
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48, Õàðüêîâñêîå øîññå, Êèåâ, 02160, Óêðàèíà

Ìåòîäàìè ÈÊ-ñïåêòðîñêîïèè, äèôðàêöèè ðåíòãåíîâñêèõ ëó÷åé è òåðìîìåõàíè÷åñêîãî àíàëèçà
èññëåäîâàíà ñòðóêòóðíàÿ îðãàíèçàöèÿ è òåðìîìåõàíè÷åñêèå ñâîéñòâà äâóõ ñòåõèîìåòðè÷åñêèõ
ïîëèýëåêòðîëèòíûõ êîìïëåêñîâ (ÏÝÊ): íà îñíîâå ïðîòèâîïîëîæíî çàðÿæåííûõ îáðàçöîâ
êðàõìàëà âîñêîâîé êóêóðóçû, ôóíêöèîíàëèçèðîâàííûõ êàðáîêñèëüíûìè è àìèíîãðóïïàìè, à
òàêæå ÑÎÎÍ-ñîäåðæàùåãî êðàõìàëà è ïîëèýòèëåíèìèíà. Ïîêàçàíî, ÷òî ñòðóêòóðà ÏÝÊ íà
îñíîâå ôóíêöèîíàëèçèðîâàííûõ îáðàçöîâ êðàõìàëà ÿâëÿåòñÿ àìîðôíî-êðèñòàëëè÷åñêîé, à íà
îñíîâå êàðáîêñèëèðîâàííîãî êðàõìàëà è ïîëèýòèëåíèìèíà – àìîðôíîé. Óñòàíîâëåíî, ÷òî
ìåòàëëîñîäåðæàùèå íàíîêîìïîçèòû íà îñíîâå ÏÝÊ (ÑÎÎÍ-ñîäåðæàùèé êðàõìàë –
ïîëèýòèëåíèìèí) ñîäåðæàò íàíî÷àñòèöû Ag0 èëè Cu2O, ïîëó÷åííûå õèìè÷åñêèì èëè
òåðìîõèìè÷åñêèì ìåòîäàìè âîññòàíîâëåíèÿ êàòèîíîâ Ag(I) è Cu(II)

Êëþ÷åâûå ñëîâà: êóêóðóçíûé êðàõìàë, ïîëèýòèëåíèìèí, ïîëèýëåêòðîëèòíûé êîìïëåêñ, ìåòàëëîñîäåðæàùèé
íàíîêîìïîçèò, íàíî÷àñòèöû.

Structural peculiarity and termomechanical properties of polyelectrolyte
complexes and metal-containing nanocomposites based on functionalized starch
and polyethyleneimine

V.I. Shtompel, V.L. Demchenko, S.I. Sinelnikov, O.A. Radchenko, S.V. Riabov

Institute of Macromolecular Chemistry NAS of Ukraine
48, Kharkivske shose, Kyiv. 02160, Ukraine

The structural organization and thermomechanical properties of two types of stoichiometric
polyelectrolyte complexes (PEC) using IR spectroscopy, X-ray diffraction and thermomechanical
analysis were investigated. On of them was prepared from carboxymethyl starch CMS (degree of
substitution (DS) is 1) and 2-hydroxypropyl-3-trimethylamine starch (DS = 0,8), another PEC was
formed from CMS and polyethyleneimine (PEI). It is shown that the structure of PEC obtained from
starch derivatives containing carboxy and tertiary amino groups is amorphous-crystalline, whereas
the structure of PEC obtained from CMS and PEI is amorphous. In order to obtain metal-containing
nanocomposites the chemical (NaBH4) and thermochemical reduction (150 °Ñ) of appropriate tetriary
silver and copper complexes with PEC are used. The peaks at 2θm = 38,0, 43,8 and 38,7, 46,0° which
observed in XRD of the obtained nanocomposites correspond to the (111) and (200) planes of Ag, for
nanocomposites obtained by chemical and thermochemical reduction, respectively. In XRD of copper-
containing nanocomposites prepared by chemical reduction, the peaks at 2θm = 35,6° and 41,0°
correspond to the (111) and (200) planes of Cu2O.

Keywords: maize starch, polyethyleneimine, polyelectrolyte complexes, metal-containing nanocomposite, nanoparticles.


