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Èññëåäîâàíû çàêîíîìåðíîñòè îêèñëåíèÿ àíèëèíà ïåðñóëüôàòîì àììîíèÿ â êèñëûõ âîäíûõ ñðåäàõ â
ïðèñóòñòâèè PbO2. Èçó÷åíî âëèÿíèå PbO2 íà ñêîðîñòü ðåàêöèè, îñîáåííîñòè ïîëèêîíäåíñàöèè àíèëèíà è
ìîëåêóëÿðíóþ ìàññó îáðàçóþùåãîñÿ ïîëèìåðà. Âïåðâûå ïîëó÷åíû ýëåêòðîïðîâîäíûå êîìïîçèòû ïîëè-
àíèëèíà ñ äâóîêèñüþ ñâèíöà. Ïîëèêîíäåíñàöèÿ àíèëèíà è ñèíòåç åãî êîìïîçèòîâ ñ PbO2 ñîâìåùåíû â
îäíîì ðåàêòîðå. Ìåòîä ïîçâîëÿåò ïîëó÷èòü êîìïîçèòû ñ ÿäðîì èç PbO2 è îáîëî÷êîé èç ïîëèàíèëèíà, à
òàêæå ðåãóëèðîâàòü ñîäåðæàíèå PbO2 â êîìïîçèòàõ. Ïîêàçàíî, ÷òî ñêîðîñòü ïîëèêîíäåíñàöèè àíèëèíà ðà-
ñò¸ò ïðîïîðöèîíàëüíî êîëè÷åñòâó PbO2 â ðåàêöèîííîé ñðåäå, à èíäóêöèîííûé ïåðèîä ðåàêöèè è ìîëåêóëÿð-
íàÿ ìàññà ïîëèàíèëèíà óìåíüøàþòñÿ. Îïðåäåëåíû ñîñòàâ è ñâîéñòâà ïîëó÷åííûõ ïðîäóêòîâ.
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A study of oxidation of aniline by ammonium persulfate in acidic aqueous media in the presence of PbO2 was
carried out. An effect of PbO2 on the reaction rate, features of polycondensation of aniline and molecular weight of
a resulting polymer was studied. Polyaniline - lead dioxide composites were obtained for the first time. Polycondensation
of aniline and synthesis of its composites with PbO

2
 combined in a single reactor. The method allows obtaining

composites with a core of PbO2 and polyaniline shell, as well as regulating the content of PbO2 in composites. It
was shown that the rate of the polycondensation of aniline increases in proportion of PbO2 in the reaction medium,
and the induction period of the reaction and the molecular weight of polyaniline decreases. Compositions and
properties of the obtained products are determined.
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1. Ââåäåíèå

Ãèáðèäíûå ìàòåðèàëû è íàíîêîìïîçèòû, ñîñòîÿùèå èç ïîëèìåðíûõ ïîëóïðîâîäíèêîâ è íåîðãàíè÷åñ-
êèõ êîìïîíåíòîâ, îñîáåííî âîñòðåáîâàíû â ìèêðîýëåêòðîíèêå [1-5]. Êîìïîçèòû ïîëèàíèëèíà (PAni) ñ
íåîðãàíè÷åñêèìè íàïîëíèòåëÿìè óæå íàøëè ïðèìåíåíèå â ýëåêòðîíèêå è ýëåêòðîòåõíèêå. Â ÷àñòíîñòè,
íàíîêîìïîçèòû PAni ñ TiO

2
 èñïîëüçóþòñÿ äëÿ èçãîòîâëåíèÿ ôîòîýëåêòðè÷åñêèõ ïðåîáðàçîâàòåëåé, ðàç-

ëè÷íîãî òèïà äàò÷èêîâ, ïüåçîýëåêòðè÷åñêèõ ìàòåðèàëîâ [2, 3, 5], íàíîêîìïîçèòû SnO2 ñ PAni ÿâëÿþòñÿ
õîðîøèìè êàòàëèçàòîðàìè îêèñëåíèÿ ìåòàíîëà è â êîíäåíñàòîðàõ [4]. Êîìïîçèòû PAni ñ Bi2O3 èìåþò
ïåðñïåêòèâíûå ôîòîýëåêòðè÷åñêèå ñâîéñòâà, ïðèìåíÿþòñÿ â ñóïåðêîíäåíñàòîðàõ [6, 7]. Êîìïîçèòû PAni
ñ PbO è PbO

2
 ïåðñïåêòèâíû äëÿ ýôôåêòèâíîãî ïîãëîùåíèÿ âûñîêî÷àñòîòíîãî èçëó÷åíèÿ, ýêðàíèðîâàíèÿ
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îò ýëåêòðîìàãíèòíîãî èçëó÷åíèÿ, ìîäèôèêàöèè ñâèíöîâûõ àêêóìóëÿòîðîâ [5, 8, 9], à PtO2 ñ PAni ïðèìå-
íÿþòñÿ â êà÷åñòâå êàòàëèçàòîðîâ [10] è ñåíñîðîâ äëÿ âîäîðîäà [11]. Ðàíåå íàìè áûëà ïîêàçàíà âîçìîæ-
íîñòü îáðàçîâàíèÿ íàíîêîìïîçèòîâ êàê ñ ÿäðîì èç ðàçëè÷íûõ îêèñëîâ ìåòàëëîâ (TiO2, SnO2, Nd2O3,
Er2O3, Yb2O3) è îáîëî÷êîé èç PAni, òàê è ñ ÿäðîì èç PAni è îáîëî÷êîé èç Nd2O3, Er2O3, Yb2O3 [12-13].
Îñîáåííîñòü íàíîêîìïîçèòîâ PAni  è äðóãèõ ýëåêòðîïðîâîäíûõ ïîëèìåðîâ ñ ñèñòåìîé ñîïðÿæåííûõ
ñâÿçåé, â òîì, ÷òî êàê ÷àñòèöû íàïîëíèòåëÿ, òàê è ñàìîãî ïîëèìåðà ìîãóò áûòü íàíî ðàçìåðíûìè, ïî-
ýòîìó ñâîéñòâà êîìïîçèòà çàâèñèò íå òîëüêî îò ðàçìåðà íàïîëíèòåëÿ, êàê ïðèíÿòî òðàäèöèîííî, íî òàê-
æå ìîðôîëîãèè ïîëèìåðà, êîòîðàÿ  ôîðìèðóåòñÿ â ïðîöåññå ñèíòåçà è î÷åíü çàâèñèò îò óñëîâèé ðåàêöèè.
Íàïðèìåð, èçìåíåíèåì ñêîðîñòè  ïîëèìåðèçàöèè èëè êîíöåíòðàöèè àíèëèíà ìîæíî ïîëó÷àòü ïëàñòèíêè,
ãðàíóëû ìèêðîñôåðû, íàíîâîëîêíà PAni ðàçëè÷íîãî ðàçìåðà [5]. Åñëè ó÷åñòü, ÷òî ïðîöåññ ñèíòåçà îñó-
ùåñòâëÿåòñÿ â ïðèñóòñòâèè ñèëüíûõ êèñëîò, îêèñëèòåëåé è âîññòàíîâèòåëåé, êîòîðûå ìîãóò âçàèìîäåé-
ñòâîâàòü ñ íàïîëíèòåëÿìè, ìåíÿòü èõ ïîâåðõíîñòíûå õàðàêòåðèñòèêè,  ñòàíîâèòñÿ ïîíÿòíî ñòîëü áîëü-
øîå ðàçíîîáðàçèå ñâîéñòâ òàêèõ êîìïîçèòîâ. Íåñìîòðÿ íà ïåðñïåêòèâíîñòü èñïîëüçîâàíèÿ êîìïîçèòîâ
PAni â ýëåêòðîíèêå è ýëåêòðîòåõíèêå, ìåòîäû ñèíòåçà è îñîáåííî ñîñòàâ, ñòðóêòóðà è ñâîéñòâà èõ íåäî-
ñòàòî÷íî èññëåäîâàíû. Âîçìîæíî ïîýòîìó, ïðèâåäåííûå â ëèòåðàòóðå ðåçóëüòàòû ÷àñòî ïðîòèâîðå÷èâû
èëè íå âîñïðîèçâîäÿòñÿ. Â ÷àñòíîñòè, â ñëó÷àå îêèñëîâ ñâèíöà, îïèñàííûå â ðàáîòàõ [8, 9] ñîñòàâû
ïîëó÷åííûõ êîìïîçèòîâ PAni ñ PbO â êèñëûõ ñðåäàõ íåîäíîçíà÷íû, ò.ê. PbO âçàèìîäåéñòâóåò ñ ðåàêöè-
îííîé ñðåäîé ñ îáðàçîâàíèåì íåðàñòâîðèìûõ ñîëåé, î íàëè÷èè êîòîðûõ íå óïîìèíàåòñÿ. Â ðàáîòå ïî
ïðèìåíåíèþ PbO2 â êà÷åñòâå îêèñëèòåëÿ äëÿ ïîëó÷åíèÿ PAni [14] íå îáñóæäàåòñÿ íàëè÷èå îêèñëîâ è
ñîëåé ñâèíöà â ïîëó÷åííûõ ïðîäóêòàõ è íå ïîäòâåðæäàåòñÿ îáðàçîâàíèå ïîëèìåðà, õîòÿ èçâåñòíî, ÷òî
ïðè ýòîì â îñíîâíîì îáðàçóþòñÿ àíèëèäû è íèçøèå îëèãîìåðû.

Â äàííîé ðàáîòå èññëåäîâàíû çàêîíîìåðíîñòè ïîëó÷åíèÿ âûñîêîïðîâîäÿùèõ êîìïîçèòîâ PAni ñ PbO2 è
íåêîòîðûå êèíåòè÷åñêèå îñîáåííîñòè èõ ñèíòåçà, èçó÷åíû ñîñòàâ è ñâîéñòâà ïîëó÷åííûõ ìàòåðèàëîâ.

2. Ýêñïåðèìåíòû

Àíèëèí (Ani) êâàëèôèêàöèè «×ÄÀ» ïåðåä ñèíòåçîì ïåðåãîíÿëñÿ ïðè ïîíèæåííîì äàâëåíèè ( )25 1,583Dn = ,

ñâèíåö äâóîêèñü êâàëèôèêàöèè «×ÄÀ», àììîíèé íàäñåðíîêèñëûé (APS) êâàëèôèêàöèè «Õ×», ñåðíàÿ êèñ-
ëîòà è àììèàê âîäíûé ìàðêè «×» èñïîëüçîâàëèñü áåç äîïîëíèòåëüíîé î÷èñòêè.

Ìåòîäèêà ïðèãîòîâëåíèÿ êîìïîçèòîâ:
Ñèíòåç êîìïîçèòîâ ïðîâîäèëñÿ â ñòåêëÿííîé ïÿòèãîðëîé êîëáå, ñíàáæåííîé ïëàòèíîâûì è ñòåêëÿííûì

ýëåêòðîäàìè, ïðèñîåäèíåííûìè ê ïîòåíöèîìåòðó. Ñêîðîñòü îêèñëåíèÿ Ani êîíòðîëèðîâàëàñü ïî èçìåíåíèþ
ïîòåíöèàëà îòêðûòîé öåïè [15]. Ãîòîâèëñÿ ðàñòâîð 2,5 ã (0,011 ìîëÿ) APS â 30 ìë 0,5Ì èëè 6 Ì H

2
SO

4
,

÷åðåç 5 ìèí ïðè èíòåíñèâíîì ïåðåìåøèâàíèè ïðèáàâëÿëîñü ðàññ÷èòàííîå êîëè÷åñòâî ìåëêîäèñïåðñíîãî
ïîðîøêà PbO2 (ñî ñðåäíèìè ðàçìåðàìè 300 ìêì), îõëàæäàëîñü äî 0 °C è ê ïîëó÷åííîé ñóñïåíçèè ïðèáàâ-
ëÿëîñü 1 ìë (0,011 ìîëü) Ani â 60 ìë 0,5 Ì èëè 6 Ì H2SO4. ×åðåç ÷àñ ïîñëå äîñòèæåíèÿ ïîòåíöèàëà
îòêðûòîé öåïè, ïëàòèíîâîãî ýëåêòðîäà îòíîñèòåëüíî ñòåêëÿííîãî ýëåêòðîäà ñðàâíåíèÿ, 400 ìÂ, ïîëó÷åí-
íàÿ ñóñïåíçèÿ â ôîðìå ýìåðàëüäèíîâîé ñîëè (EMS) îòôèëüòðîâûâàëîñü, îòæèìàëîñü ïîä âàêóóìîì, ïðî-
ìûâàëîñü èñõîäíîé êèñëîòîé 2 ÷àñà, çàòåì âîäîé äî íåéòðàëüíîé ðåàêöèè ôèëüòðàòà (ïîðÿäêà 3 ÷àñà) è
ñóøèëîñü ïðè òåìïåðàòóðå 50 °C. Äëÿ ïðèãîòîâëåíèÿ êîìïîçèòà ýìåðàëüäèíîâîãî îñíîâàíèÿ (EM) ïîëó-
÷åííàÿ âëàæíàÿ ïàñòà îáðàáàòûâàëàñü 10 êðàòíûì èçáûòêîì 1M NH3 24 ÷àñà, îñàäîê ôèëüòðîâàëñÿ, ïðî-
ìûâàëñÿ âîäîé è ñóøèëñÿ, êàê îïèñàíî âûøå. Ñðåäíÿÿ ñêîðîñòü ïîëèêîíäåíñàöèè îïðåäåëÿëàñü ïî óðàâíå-
íèþ  W=[Ani] / t, ãäå [Ani] - èñõîäíàÿ êîíöåíòðàöèÿ Ani, t - âðåìÿ ïîëíîãî ðàñõîäîâàíèÿ îêèñëèòåëÿ. Îáú¸ì-
íàÿ ýëåêòðîïðîâîäíîñòü êîìïîçèòà ôîðìû EMS èçìåðÿëîñü íà òàáëåòêàõ ñ ïëîùàäüþ 0,4 ñì2 è òîëùèíîé
0,1 ñì, ïîëó÷åííûõ ïðåññîâàíèåì ïîðîøêîâ ïðè äàâëåíèè 600 ÌÏà. ÈÊ-ñïåêòðû ïðîäóêòîâ ñèíòåçà ñíèìà-
ëèñü â òàáëåòêàõ ñ KBr íà Ôóðüå-ñïåêòðîìåòðå «Perkin Elmer 1600» ìåòîäîì íàðóøåííîãî ïîëíîãî âíóò-
ðåííåãî îòðàæåíèÿ ñ êðèñòàëëîì ZnSe (ATR-FTIR), íà ïðèáîðå «Nicolet/NEXUS». Ïðèâåä¸ííàÿ âÿçêîñòü
0,9% ðàñòâîðîâ êîìïîçèòîâ â H

2
SO

4
 èçìåðÿëîñü âèñêîçèìåòðîì Îñòâàëüäà.
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3. Ðåçóëüòàòû è îáñóæäåíèå

Èññëåäîâàíèÿ ïîêàçàëè, ÷òî ñêîðîñòü îêèñëåíèÿ Ani ïåðñóëüôàòîì àììîíèÿ â êèñëûõ ñðåäàõ ðåçêî
âîçðàñòàåò â ïðèñóòñòâèè PbO2, à èíäóêöèîííûé ïåðèîä è âÿçêîñòü ïîëèìåðà óìåíüøàþòñÿ ïðîïîðöèî-
íàëüíî êîëè÷åñòâó îêèñëà â ðåàêöèîííîé ñèñòåìå (Ðèñ.1).

Ðèñ.1. Çàâèñèìîñòü ñêîðîñòè îêèñëåíèÿ Ani ïåðñóëüôàòîì àììîíèÿ îò ñîäåðæàíèÿ PbO
2

Dependence of oxidation rate of Ani by ammonium persulphate on PbO
2
 content

Óâåëè÷åíèå ñêîðîñòè îêèñëèòåëüíîé ïîëèêîíäåíñàöèè Ani â ïðèñóòñòâèè ðàçëè÷íûõ äîáàâîê, â òîì ÷èñ-
ëå îêèñëîâ ìåòàëëîâ, íåîäíîêðàòíî îáñóæäàëñÿ â ëèòåðàòóðå [5, 16, 17]. Ïðåäïîëàãàëîñü, ÷òî êàòàëèç
ñâÿçàí ñ àäñîðáöèåé ìîíîìåðà è íà÷àëüíûõ îëèãîìåðîâ íà ïîâåðõíîñòè äîáàâîê, ÷òî îáëåã÷àåò îêèñëåíèå
ñ îáðàçîâàíèåì êàòèîí-ðàäèêàëîâ. Ýòî ÿâëåíèå îáúÿñíåíî â ðàáîòàõ [13, 18], ãäå ïîêàçàíî, ÷òî ïðîöåññ
îáðàçîâàíèÿ ïîëèìåðà ïðîèñõîäèò ïðèñîåäèíåíèåì ìîíîìåðà ê õèíîíèìèííûì ãðóïïàì. Íà÷àëüíûì ïðî-
äóêòîì, êîòîðûé ïî ñóùåñòâó ÿâëÿåòñÿ öåíòðîì ðîñòà PAni, ÿâëÿåòñÿ äèìåð Ani, òî÷íåå - N-ôåíèëåí-1,4-
áåíçîõèíîíäèèìèí.  Âîçðàñòàíèå ñêîðîñòè îêèñëåíèÿ Ani â ïðèñóòñòâèè îêèñëîâ ìîæíî îáúÿñíèòü óñêîðå-
íèåì ðåàêöèè ãåòåðîãåííîãî îêèñëåíèÿ Ani äî äèìåðà íà ïîâåðõíîñòè íàïîëíèòåëÿ. Â ñëó÷àå PbO

2
 ðåçêîå

óâåëè÷åíèå ñêîðîñòè îêèñëåíèÿ Ani ïðîèñõîäèò íå òîëüêî èç-çà àäñîðáöèè Ani íà ïîâåðõíîñòè îêèñëà, êàê
ýòî íàáëþäàåòñÿ äëÿ äðóãèõ îêèñëîâ, íàïðèìåð äëÿ Al

2
O3 [19], íî è èç-çà âûñîêîãî çíà÷åíèÿ îêèñëèòåëüíî-

âîññòàíîâèòåëüíîãî ïîòåíöèàëà PbO
2
, êîòîðàÿ ñïîñîáñòâóåò áûñòðîìó îêèñëåíèþ Ani äî äèìåðà è îáðàçî-

âàíèþ íèçêîìîëåêóëÿðíûõ ïðîäóêòîâ îêèñëåíèÿ, ñîäåðæàùèõ õèíîíèìèííûå ãðóïïû. Ïîäòâåðæäåíèåì ýòîãî
ÿâëÿåòñÿ òî, ÷òî îêèñëåíèåì Ani â âîäíûõ ñðåäàõ è â óêñóñíîé êèñëîòå, â òîì ÷èñëå è äâóîêèñüþ ñâèíöà,
âûäåëåíû ðàçëè÷íûå ñåìèäèíû è íèçøèå îëèãîìåðû-àíèëèäû [20, 21]. Óìåíüøåíèå ïðèâåäåííîé âÿçêîñòè
ïîëèìåðà îò 6,5 äëÿ ÷èñòîãî PAni äî 1 íàèáîëåå âûðàæåíî äëÿ êîìïîçèòà, ñîäåðæàùåãî îêîëî 65% PbO

2
,

âåðîÿòíî ñâÿçàíî ñ óâåëè÷åíèåì êîëè÷åñòâà öåíòðîâ ðîñòà öåïåé. Ó÷èòûâàÿ ïëîõóþ ðàñòâîðèìîñòü PbO
2
,

ìû ïðåäïîëàãàåì, ÷òî âÿçêîñòü êîìïîçèòà â îñíîâíîì îïðåäåëÿåòñÿ ìîëåêóëÿðíîé ìàññîé PAni. Óìåíü-
øåíèå ìîëåêóëÿðíîé ìàññû PAni ñ óâåëè÷åíèåì ñîäåðæàíèÿ äèìåðà ïðè ñèíòåçå îòìå÷àëîñü ðàíåå â ðÿäå
ðàáîò [18, 22].

Îáíàðóæåíî òàêæå, ÷òî ñêîðîñòü ðåàêöèè è âûõîä ïðîäóêòîâ â 6 Ì H2SO4, ïðè óìåðåííîì ñîäåðæàíèè
PbO2, óìåíüøàþòñÿ ïî ñðàâíåíèþ ñ 0,5 Ì. Òàêîå ÿâëåíèå íàìè íàáëþäàëîñü ðàíåå ïðè èññëåäîâàíèè
çàêîíîìåðíîñòåé ñèíòåçà PAni îò êîíöåíòðàöèè H2SO4 è îáúÿñíÿëîñü óâåëè÷åíèåì ðàñòâîðèìîñòè îëèãî-
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ìåðíûõ ïðîäóêòîâ êîíäåíñàöèè Ani â ðåàêöèîííîé ñðåäå [23]. Óñëîâèÿ ñèíòåçà, âûõîä è íåêîòîðûå ñâîé-
ñòâà ïîëó÷åííûõ ïðîäóêòîâ ïðèâåäåíû â òàáëèöå.

Òàáëèöà*
Ïàðàìåòðû ñèíòåçà, âûõîä è íåêîòîðûå ñâîéñòâà ïîëó÷åííûõ ïðîäóêòîâ

*Ñèíòåçû 1-5 ïðîâåäåíû â 0,5 Ì H
2
SO

4
, à 6-8 - â 6 Ì H

2
SO

4

Ïðè âûñîêîì ñîäåðæàíèè PbO2 (â 6 Ì H2SO4, ñèíòåçû 7 è 8) íàáëþäàåòñÿ óâåëè÷åíèå âûõîäà êîìïîçè-
òà ñâåðõ òåîðåòè÷åñêè ðàññ÷èòàííîãî çíà÷åíèÿ, ÷òî ñâÿçàíî ñ îáðàçîâàíèåì PbSO4 èç PbO (ïî äàííûì
àíàëèçîâ ñîäåðæàíèå ñóëüôàòîâ ìåíåå 5% ñì òàáë.), ïîñëåäíèé, â ñâîþ î÷åðåäü, îáðàçóåòñÿ ïðè âîññòà-
íîâëåíèè PbO2 àíèëèíîì.

Èçáûòîê îêèñëèòåëÿ, â òîì ÷èñëå PbO2, ïðèâîäèò ê ïðåèìóùåñòâåííîìó îáðàçîâàíèþ ïåðíèãðàíèëèíà,
ïðîäóêòîâ äàëüíåéøåãî îêèñëåíèÿ ïîëèìåðà è ãèäðîëèçà, ÷òî ïîäòâåðæäàåòñÿ óìåíüøåíèåì ýëåêòðîïðî-
âîäíîñòè êîìïîçèòà îò 10-2äî 10-6 (Îì�ñì)-1 (òàáë.) (ðèñ. 2) è ðåçóëüòàòàìè ÈÊ ñïåêòðîñêîïèè. Â ÈÊ ñïåê-
òðàõ êîìïîçèòîâ íàáëþäàåòñÿ óâåëè÷åíèå ïèêà õèíîèäíûõ ãðóïï â îáëàñòè 1590 ñì-1 ïî ñðàâíåíèþ ñ áåí-
çîèäíûìè-1490 ñì-1 è ïîãëîùåíèþ îáëàñòè 1630 ñì-1 (Ñ = Î), ÷òî ñâÿçàíî ñ ãèäðîëèçîì ïåðíèãðàíèëèíà.
Óìåíüøåíèå ïðîâîäèìîñòè êîìïîçèòà ïðè óâåëè÷åíèè ñîäåðæàíèÿ îêèñëèòåëÿ (íà ïðèìåðå CeO2) â ëèòå-
ðàòóðå îáúÿñíÿåòñÿ òàêæå âîçìîæíûì áëîêèðîâàíèåì ïóòåé ïðîâîäèìîñòè ÷àñòèöàìè îêèñëà, âñòðîåí-
íûõ â ìàòðèöó PAni [24].

Èñõîäÿ èç ïðîâåäåííûõ ðàíåå èññëåäîâàíèé, áûëî ïîêàçàíî, ÷òî ïðè èñïîëüçîâàíèè ìåòîäèêè ñèíòåçå
êîìïîçèòîâ PAni, êîãäà ïîëèìåð ðàñòåò â ñóñïåíçèè íàïîëíèòåëÿ, êîìïîçèò ñîñòîèò èç ÿäðà íàïîëíèòåëÿ, íà
ïîâåðõíîñòè êîòîðîãî àäñîðáèðîâàíû íàíîðàçìåðíûå ÷àñòèöû PAni [12,13,  25-29]. Òàêèì îáðàçîì, ñòðóê-
òóðà êîìïîçèòà îïðåäåëÿåòñÿ ìåòîäîì åãî ñèíòåçà. Íàìè ïîêàçàíî, ÷òî â ñëó÷àå PbO2 ðàçìåð åãî ÷àñòèö
â ïðîöåññå ñèíòåçà íå ìåíÿåòñÿ, à ðàçìåðû íàíî÷àñòèö ãðàíóëÿðíîãî PAni â ýòèõ óñëîâèÿõ ñèíòåçà íàõî-
äÿòñÿ â ïðåäåëàõ 100-200 íì.

4. Çàêëþ÷åíèå

Òàêèì îáðàçîì, ïîëó÷åíû êîìïîçèòû PbO2 ñ PAni ñ ÿäðîì èç îêèñëà ñâèíöà è îáîëî÷êîé èç PAni. Îáíà-
ðóæåíî óâåëè÷åíèå ñêîðîñòè îáðàçîâàíèÿ PAni, óìåíüøåíèå åãî ìîëåêóëÿðíîé ìàññû è èíäóêöèîííîãî
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ïåðèîäà ðåàêöèè îò êîëè÷åñòâà PbO2. Îáúÿñíåíî âëèÿíèå PbO2 íà ïàðàìåòðû ñèíòåçà è ñâîéñòâà êîìïîçè-
òà èñõîäÿ èç ìåõàíèçìà ðåàêöèè-ïîëèïðèñîåäèíåíèÿ Ani ê õèíîíèìèííûì ôðàãìåíòàì. Èññëåäîâàíû íåêî-
òîðûå ñâîéñòâà ïîëó÷åííûõ êîìïîçèòîâ â çàâèñèìîñòè îò ñîäåðæàíèÿ îêñèäà (ýëåêòðîïðîâîäíîñòü, ñòðóê-
òóðíûå îñîáåííîñòè, îòíîñèòåëüíàÿ âÿçêîñòü).

Áèáëèîãðàôè÷åñêèé ñïèñîê
1. Ramirez A. P., Oxide Electronics Emerge, Science, 2007, 315, ¹ 5817, pp. 1377-1378.
2. Luoa J., Huang H. G., Zhang H. P., Wu L. L., Lin Z. H., Hepel M., Studies on photoelectrochemistry of nano-

particulate TiO2/PANI film on Au electrodes, Journal of New Materials for Electrochemical Systems, 2000, 3,
¹ 3, pp. 249-252.

3. Zang X., Yan G., Ding H., Shan Y., Fabrication and photovoltaic properties of self-assembled PANI/TiO2
nanocomposite ultrathin films, Materials Chemistry and Physics, 2007, 102, ¹ 2-3, pp. 249-252.

4. Pang H., Huang C., Chen J., Liu B., Kuang Y., Zhang X., Preparation of polyaniline-tin dioxide composites
and their application in methanol electrooxidation, J. Solid State Electrochem., 2010,14, ¹ 2, pp. 169-174.

5. Huang J., Syntheses and applications of conducting polymer polyaniline nanofibers, Pure Appl. Chem., 2006,
Vol. 78, No. 1, pp. 15–27.

6. Mahmoud W. E. and Al-Ghamdi A. A., Synthesis and properties of bismuth oxide nanoshell coated polyaniline
nanoparticles for promising photovoltaic properties, Polym. Adv. Technol. 2011, 22, pp. 877–881

7. Ganesh T., Ham D., Chang J., Cai G., Kil B. H., Min S. K., Mane R. S. and Han S. H., pH Dependent
Morphological Evolution of â-Bi2O3/PANI Composite for Supercapacitor Applications, J. Nanosci. Nanotechnol.
2011, Vol. 11, No. 1, pp. 589–592.

8. Patil S., Lagshetty A., Kalyane S., Microwave Absorption Studies on Conducting Polymer (Pani-Pbo)
Composites, International Journal of Engineering and Science, 2012, Vol. 1, Issue 10, pp. 65-67

9. Parveen A., Dashpande R., Ahmed S., Roy A. S., Synthesis, characterization, and DC conductivity of
polyaniline–lead oxide composites, Chemical Papers, 2012.

10.Klasovsky F., Hohmeyer J., Bru¨ckner A., Bonifer M., Arras J., Steffan M., Lucas M., Radnik J., Roth C.,
and Claus P., Catalytic and Mechanistic Investigation of Polyaniline Supported PtO2 Nanoparticles: A Combined in
situ/operando EPR, DRIFTS, and EXAFS Study, J. Phys. Chem., C. 2008, 112, pp. 19555–19559.

Ðèñ. 2. Çàâèñèìîñòü ýëåêòðîïðîâîäíîñòè êîìïîçèòà îò ñîäåðæàíèÿ PbO
2

Electrical conductivity of the composite versus PbO
2
 content



235

Òîì 6 (Volume 6) ¹ 4
2014

Êîìïîçèòû è íàíîñòðóêòóðû
COMPOSITES and NANOSTRUCTURES

11.Conn C., Sestak S., Baker A. T. and Unsworth J.,A Polyaniline-Based Selective Hydrogen Sensor,
Electroanalysis 1998, 10, No. 16, pp. 1137-1141.

12.Àáàãÿí Ã. Â., Áàäàëÿí Ã. Ð., Ìàòíèøÿí À. À., Õà÷àòðÿí Ò. Ò., Èññëåäîâàíèå íàíîêîìïîçèòîâ ïîëèàíè-
ëèíà ñ îêñèäàìè ðåäêîçåìåëüíûõ ýëåìåíòîâ, ïîëó÷åííûõ ðàçíûìè ìåòîäàìè ñèíòåçà, Êîìïîçèòû è íà-
íîñòðóêòóðû, 2013, ¹2, C. 16.

13.Ìàòíèøÿí À. À., Àõíàçàðÿí Ò. Ë., Àáàãÿí Ã. Â., Áàäàëÿí Ã. Ð., Ïåòðîñÿí Ñ. È., Êðàâöîâà Â. Ä., Ñèíòåç
è èññëåäîâàíèå íàíîêîìïîçèòîâ ïîëèàíèëèíà ñ îêñèäàìè ìåòàëëîâ, Ôèçèêà Òâåðäîãî Òåëà, 2011, ¹ 8, 53, ñ.
1640-1644.

14.Ballav N., High-conducting polyaniline via oxidative polymerization of aniline by MnO2, PbO2 and NH4VO3,
Materials Letters, 2004, 58,pp. 3257–3260.

15.Wei Y., Hsueh K. F., W.-Jang G., Monitoring the chemical polymerization of aniline by open circuit-potential
measurements, Polymer, 1994, 35, ¹ 16, pp. 3572-3575.

16.Çóáîâ Â. Ï., Êàïóñòèí Ä. Â., Ñèíòåç ìíîãîöåëåâûõ ôòîðïîëèìåð- è ïîëèàíèëèí-ñîäåðæàùèõ íàíî-
êîìïîçèòîâ è èõ ïðèìåíåíèå  â áèîñåïàðàöèè, áèîàíàëèçå è äèàãíîñòèêå, Âåñòíèê ÌÈÒÕÒ, 2011, ò. 6, ¹ 5.

17.Stejskal J., Sapurina I., Trchová M., Polyaniline nanostructures and the role of aniline oligomers in their
formation, Progress in Polymer Science, 2010, 35, p. 1420.

18.Ìàòíèøÿí À. À., Àõíàçàðÿí Ò. Ë. è Õà÷àòðÿí Ò. Ò., Ìåõàíèçì îáðàçîâàíèÿ ïîëèàíèëèíà, Õèìè÷åñêèé
æóðíàë Àðìåíèè, 2013, Ò.66, ¹3, c. 495-511.

19.Zhang D. H., Preparation of Core–Shell Structured Alumina–Polyaniline Particles and Their Application for
Corrosion Protection, Journal of Applied Polymer Science, 2006, Vol. 101, pp. 4372–4377.

20.Ìàòíèøÿí À. À., Âàðäàíÿí À. Î., Àõíàçàðÿí Ò. Ë., Õà÷àòðÿí Ñ. Ä.,  Àðöðóíè Ã. Â., Àìèðäæàíÿí Ð. Ñ.,
Àáàãÿí Ã. Â., Ïåòðîñÿí Ñ. È. è Àìáàðöóìÿí Ã. Â., Îáðàçîâàíèå ñòðóêòóðíûõ íåîäíîðîäíîñòåé è ðàçâåòâ-
ëåíèé ïðè ñèíòåçå ïîëèàíèëèíà è ôîðìèðîâàíèè ïëåíîê, Õèìè÷åñêèé æóðíàë Àðìåíèè, 2008, Ò. 61, ¹1, c.
119-128.

21.Goldschmidt S., Oxidation of Aniline, Ber, 1922, 55 B, pp. 3220-3227.
22.Trchova M., Moravkova Z., Blaha M., Stejskal J., Raman spectroscopy of polyaniline and oligoaniline thin

films, Electrochimica Acta, 2014, 122, pp. 28– 38.
23.Ìàòíèøÿí À. À., Àõíàçàðÿí Ò. Ë., Åãèêÿí Ì. Ã., Àìáàðöóìÿí Ã. Â., Çàêîíîìåðíîñòè ñèíòåçà ïîëèàíè-

ëèíà ïðè âûñîêèõ êîíöåíòðàöèÿõ êèñëîò, Õèìè÷åñêèé Æóðíàë Àðìåíèè, 2011, òîì 64, ¹4, c. 583.
24.Su S. J.; Kuramoto N., Processable polyaniline-titanium dioxide nanocomposites: effect of titanium dioxide

on conductivity, Synth. Met. 2000, 114, p.147.
25.Stejskal J., Trchova M., Bro�ova L., Proke� J., Reduction of silver nitrate by polyaniline nanotubes to produce

silver–polyaniline composites, Chemical Papers, 2009, 63 (1), pp. 77–83.
26.Sapurina I., Stejskal J., Ternary composites of multi-wall carbon nanotubes, polyaniline, and noble-metal

nanoparticles for potential applications in electrocatalysis, Chemical Papers, 2009, 63 (5), pp. 579–585.
27.Somani P. R., Marimuthu R., Mulik U.P., Sainkar S. R. & Amalnerkar D.P., High piezoresistivity and its

origin in conducting polyaniline/TiO2 composites, Synthetic Metals, 1999, 106, 1, pp. 45-52.
28.Somani P. R., Marimuthu R. & Mandale A. B., Synthesis, characterization and charge transport mechanism

in conducting polyaniline/V2O5 composites, Polymer 2001, 42, 7, pp. 2991-3001.
29.Surwade S. P., Manohar N. and Manohar S. K., Origin of Bulk Nanoscale Morphology in Conducting Polymers,

Macromolecules, 2009, 42, pp. 1792-1795.

References
1. Ramirez A. P., Oxide Electronics Emerge, Science, 2007, 315, ¹ 5817, pp. 1377-1378.
2. Luoa J., Huang H. G., Zhang H. P., Wu L. L., Lin Z. H., Hepel M., Studies on photoelectrochemistry of nano-

particulate TiO2/PANI film on Au electrodes, Journal of New Materials for Electrochemical Systems, 2000, 3,
¹ 3, pp. 249-252.

3. Zang X., Yan G., Ding H., Shan Y., Fabrication and photovoltaic properties of self-assembled PANI/TiO2
nanocomposite ultrathin films, Materials Chemistry and Physics, 2007, 102, ¹ 2-3, pp. 249-252.



236

Òîì 6 (Volume 6) ¹ 4
2014

Êîìïîçèòû è íàíîñòðóêòóðû
COMPOSITES and NANOSTRUCTURES

4. Pang H., Huang C., Chen J., Liu B., Kuang Y., Zhang X., Preparation of polyaniline-tin dioxide composites
and their application in methanol electrooxidation, J. Solid State Electrochem., 2010,14, ¹ 2, pp. 169-174.

5. Huang J., Syntheses and applications of conducting polymer polyaniline nanofibers, Pure Appl. Chem., 2006,
Vol. 78, No. 1, pp. 15�27.

6. Mahmoud W. E. and Al-Ghamdi A. A., Synthesis and properties of bismuth oxide nanoshell coated polyaniline
nanoparticles for promising photovoltaic properties, Polym. Adv. Technol. 2011, 22, pp. 877�881.

7. Ganesh T., Ham D., Chang J., Cai G., Kil B. H., Min S. K., Mane R. S. and Han S. H., pH Dependent
Morphological Evolution of â-Bi2O3/PANI Composite for Supercapacitor Applications, J. Nanosci. Nanotechnol.
2011, Vol. 11, No. 1, pp. 589�592

8. Patil S., Lagshetty A., Kalyane S., Microwave Absorption Studies on Conducting Polymer (Pani-Pbo)
Composites, International Journal of Engineering and Science, 2012, Vol. 1, Issue 10, pp. 65-67.

9. Parveen A., Dashpande R., Ahmed S., Roy A. S., Synthesis, characterization, and DC conductivity of polyaniline�
lead oxide composites, Chemical Papers, 2012.

10. Klasovsky F., Hohmeyer J., Bru¨ckner A., Bonifer M., Arras J., Steffan M., Lucas M., Radnik J.,
Roth C., and Claus P., Catalytic and Mechanistic Investigation of Polyaniline Supported PtO2
Nanoparticles: A Combined in situ/operando EPR, DRIFTS, and EXAFS Study,  J. Phys. Chem., C. 2008,
112, pp. 19555�19559.

11. Conn C., Sestak S., Baker A. T. and Unsworth J.,A Polyaniline-Based Selective Hydrogen Sensor,
Electroanalysis 1998, 10, No. 16, pp. 1137-1141

12. Abaghyan G. V., Badalyan G. R., Matnishyan H. A., Khachatryan T. T., Investigations nanocomposites of
polyaniline with oxides of rare-earth elements obtained by different methods of synthesis, Composites and
nanostructures, 2013, ¹2, p.16.

13. Matnishyan A. A., Akhnazaryan T. L., Abagyan G. V., Badalyan G. R., Petrosyan S. I. and Kravtsova V. D.,
Synthesis and Study of Polyaniline Nanocomposites with Metal Oxides, Physics of the Solid State, 2011, Vol. 53,
No. 8, pp. 1727�1731.

14. Ballav N., High-conducting polyaniline via oxidative polymerization of aniline by MnO2, PbO2 and NH4VO3,
Materials Letters, 2004, 58, pp. 3257�3260.

15. Wei Y., Hsueh K. F., W.-Jang G., Monitoring the chemical polymerization of aniline by open circuit-potential
measurements, Polymer, 1994, 35, ¹ 16, pp. 3572-3575.

16. Zubov V. P., Kapustin D. V., Synthesis of multifunctional fluoropolymer- and polyaniline- containing
nanocomposites and their use in bioseparation, bioanalysis and diagnostics, Vestnik MITHT- Fine Chemical
Technologies, 2011, 6, ¹ 5, pp. 2146.

17. Stejskal J., Sapurina I., Trchová M., Polyaniline nanostructures and the role of aniline oligomers in their
formation, Progress in Polymer Science, 2010, 35, p.1420.

18. Matnishyan H. A., Hakhnazaryan T. L. and Khachatryan T. T., The mechanism of polyaniline formation,
Chem. J. of Armenia, 2013, 66, ¹3, pp. 495-511.

19. Zhang D. H., Preparation of Core�Shell Structured Alumina�Polyaniline Particles and Their Application for
Corrosion Protection, Journal of Applied Polymer Science, 2006, Vol. 101, pp. 4372�4377.

20. Matnishyan H. A., Vardanyan A. O., Hakhnazaryan T. L., Khachatryan S. D., Artsruni G. V., Amirganyan
R. S., Abaghyan G. V., Petrosyan S. L., Hambartsumyan G. Y., Formation of structural inhomogenities and branchings
at synthesis of polyaniline and film creation., Chem. J. of Armenia, 2008, 61, ¹1, pp. 119-128.

21. Goldschmidt S., Oxidation of Aniline, Ber, 1922, 55 B, pp. 3220-3227.
22. Trchova M., Moravkova Z., Blaha M., Stejskal J., Raman spectroscopy of polyaniline and oligoaniline thin

films, Electrochimica Acta, 2014, 122, pp. 28� 38.
23. Matnishyan H. A., Hakhnazaryan T. L., Egikyan M. G., Hambartsumyan G. V., Regularities of synthesis of

polyaniline at high concentration of acids., Chem. J. of Armenia, 2011, 64, ¹4, p. 583.
24. Su S. J.; Kuramoto N., Processable polyaniline-titanium dioxide nanocomposites: effect of titanium dioxide

on conductivity, Synth. Met. 2000, 114, p.147.



237

Òîì 6 (Volume 6) ¹ 4
2014

Êîìïîçèòû è íàíîñòðóêòóðû
COMPOSITES and NANOSTRUCTURES

25. Stejskal J., Trchova M., Bro�ova L., Proke� J., Reduction of silver nitrate by polyaniline nanotubes to
produce silver�polyaniline composites, Chemical Papers, 2009, 63 (1), pp. 77�83.

26. Sapurina I., Stejskal J., Ternary composites of multi-wall carbon nanotubes, polyaniline, and noble-metal
nanoparticles for potential applications in electrocatalysis, Chemical Papers, 2009, 63 (5), pp. 579�585.

27. Somani P. R., Marimuthu R., Mulik U.P., Sainkar S. R. & Amalnerkar D.P., High piezoresistivity and its
origin in conducting polyaniline/TiO2 composites, Synthetic Metals, 1999, 106, 1, pp. 45-52.

28. Somani P. R., Marimuthu R. & Mandale A. B., Synthesis, characterization and charge transport mechanism
in conducting polyaniline/V2O5 composites, Polymer 2001, 42, 7, pp. 2991-3001.

29. Surwade S. P., Manohar N. and Manohar S. K., Origin of Bulk Nanoscale Morphology in Conducting
Polymers, Macromolecules, 2009, 42, pp. 1792-1795.

Ñâåäåíèÿ îá àâòîðàõ
À. À. Ìàòíèøÿí: ä-ð õèì. íàóê, çàâ. ëàá. íà Êàôåäðå ÞÍÅÑÊÎ - Ìåäèêî-áèîëîãè÷åñêîì ìåæäóíà-

ðîäíîì öåíòðå ïîñëåâóçîâñêîãî îáðàçîâàíèÿ, hakobm@rambler.ru, òåë. +374 10 24 14 39.
Ò. Ò. Õà÷àòðÿí: ìàãèñòð, ìë. íàó÷íûé ñîòðóäíèê â Èíñòèòóòå îðãàíè÷åñêîé õèìèè íàó÷íî-òåõíîëîãè-

÷åñêîãî öåíòðà îðãàíè÷åñêîé è ôàðìàöåâòè÷åñêîé õèìèè, taronjachatrian@yandex.ru, òåë. +374 60 54 91 44
Ò. Ë. Àõíàçàðÿí: ñò. íàó÷íûé ñîòðóäíèê íà Êàôåäðå ÞÍÅÑÊÎ - Ìåäèêî-áèîëîãè÷åñêîì ìåæäóíàðîä-

íîì öåíòðå ïîñëåâóçîâñêîãî îáðàçîâàíèÿ, tanyahakh@rambler.ru, òåë. +374 10 24 14 39,
Ã. Ã. Ìèíàñÿí: êàíä. õèì. íàóê, ñò. íàó÷íûé ñîòðóäíèê â Èíñòèòóòå îðãàíè÷åñêîé õèìèè íàó÷íî-òåõíî-

ëîãè÷åñêîãî öåíòðà îðãàíè÷åñêîé è ôàðìàöåâòè÷åñêîé õèìèè, òåë. +374 10 22 51 16

Êîíòàêòíîå ëèöî: À. À. Ìàòíèøÿí, e-mail: hakobm@rambler.ru


