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²íñòèòóò õ³ì³÷íèõ òåõíîëîã³é Ñõ³äíîóêðà¿íñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ì. Â. Äàëÿ,
ì. Ðóá³æíå, Óêðà¿íà

Äîñë³äæåíî ê³íåòè÷í³ çàêîíîì³ðíîñò³ ðåàêö³é êàòàë³òè÷íîãî öèêëó ïðè îêèñíåíí³

åòèëáåíçåíó îçîíîì â àöåòàòí³é êèñëîò³ ïðè òåìïåðàòóðàõ 288–303 Ê, ùî äîçâîëè-

ëî ñôîðìóëþâàòè çàãàëüí³ çàêîíîì³ðíîñò³ êàòàë³òè÷íîãî îêèñíåííÿ åòèëáåíçåíó

îçîíîì, ïîÿñíèòè ðîëü êàòàë³çàòîðà â ñèñòåì³ ³ çàïðîïîíóâàòè õ³ì³÷íó ñõåìó îêèñ-

íåííÿ, ùî â³äïîâ³äàº åêñïåðèìåíòàëüíèì äàíèì. Ïîêàçàíî, ùî åôåêòèâíèì êàòà-

ë³çàòîðîì ðåàêö³¿ îçîíóâàííÿ åòèëáåíçåíó çà á³÷íèì ëàíöþãîì º ìàí´àí(²²) àöåòàò.

Âèñîêà ñåëåêòèâí³ñòü çà á³÷íèì ëàíöþãîì äîñÿãàºòüñÿ ëèøå ïðè äîñòàòíüî âèñî-

êèõ êîíöåíòðàö³ÿõ êàòàë³çàòîðà ([Mn(OAc)2]0:[ArH]0=0,1). Îñíîâíèìè ïðîäóêòàìè

îêèñíåííÿ åòèëáåíçåíó º àöåòîôåíîí (76,5%) òà -ôåí³ëåòàíîëàöåòàò (11,2%), ÿê³

ïðè ï³äâèùåíèõ òåìïåðàòóðàõ ïåðåòâîðþþòüñÿ ó áåíçîéíó êèñëîòó. Çíàéäåíî, ùî

âèçíà÷àëüíó ðîëü ó ñåëåêòèâíîìó îêèñíåí³ åòèëáåíçåíó òà éîãî êèñíåâì³ñíèõ ïî-

õ³äíèõ çà á³÷íèì ëàíöþãîì â³ä³ãðàº äâîõñòàä³éíå îêèñíåííÿ, çà ÿêèì îçîí ïåðå-

âàæíî ðåàãóº ç â³äíîâíîþ ôîðìîþ ìàí´àíó ç óòâîðåííÿì Mn(IV), ÿêèé ³ îêèñíþº

ñóáñòðàò çà á³÷íèì ëàíöþãîì. Îçîí ó ñèñòåìó íåîáõ³äíî äîäàâàòè ïîñò³éíî, îñê³ëü-

êè éîãî â³äñóòí³ñòü âåäå äî â³äíîâëåííÿ ìåòàëó òà ïîäàëüøî¿ çóïèíêè ïðîöåñó.

Êîíöåíòðàö³ÿ äâîâàëåíòíîãî ìàí´àíó, ÿêèé ãàëüìóº ðåàêö³þ îêèñíåííÿ, çàëåæèòü

â³ä òåìïåðàòóðè: ÷èì âèùà òåìïåðàòóðà, òèì âèùà éîãî êîíöåíòðàö³ÿ. Ãàëüìóâàí-

íÿ ïðîöåñó â³äíîâíîþ ôîðìîþ ìåòàëó ïîÿñíþºòüñÿ óòâîðåííÿì íà ïåðø³é ñòàä³¿

êîìïëåêñó ñóáñòðàòó ç Mn(IV) òà Mn(I²²). Ìàêñèìàëüíà ñåëåêòèâí³ñòü çà àöåòîôå-

íîíîì äîñÿãàºòüñÿ ïðè 288 Ê. Ç ï³äâèùåííÿì òåìïåðàòóðè øâèäê³ñòü éîãî íàêîïè-

÷åííÿ ³ ñåëåêòèâí³ñòü çà íèì ïîñòóïîâî çíèæóþòüñÿ. Îäíî÷àñíå çíèæåííÿ öèõ

ïîêàçíèê³â ïîÿñíþºòüñÿ äåùî á³ëüøèì çíà÷åííÿì åíåðã³¿ àêòèâàö³¿ ðåàêö³¿ Mn(IV)

ç àöåòîôåíîíîì, í³æ çíà÷åííÿì åíåðã³¿ àêòèâàö³¿ éîãî ðåàêö³¿ ç åòèëáåíçåíîì (37,7

òà 32,8 êÄæìîëü–1, â³äïîâ³äíî).

Êëþ÷îâ³ ñëîâà: êàòàë³çàòîð, ìàí´àí(²²) àöåòàò, îçîí, åòèëáåíçåí, àöåòîôåíîí, îêèñ-

íåííÿ, àöåòàòíà êèñëîòà, ñåëåêòèâí³ñòü.
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Âñòóï

Ðàí³øå áóëî ïîêàçàíî, ùî îêèñíåííÿ àë-
ê³ëáåíçåí³â â àöåòàòí³é êèñëîò³ îçîíîì ç âèñî-
êîþ øâèäê³ñòþ â³äáóâàºòüñÿ âæå ïðè òåìïåðà-
òóð³ 288 Ê [1–4]. Ç ìîëåêóëîþ åòèëáåíçåíó îçîí
ðåàãóº çà äâîìà íàïðÿìàìè [2]: çà àðîìàòè÷íèì
ê³ëüöåì (îçîíîë³ç) ³ åòèëüíîþ ãðóïîþ. Îçîíîë³ç
ïðèçâîäèòü äî ðóéíóâàííÿ áåíçåíîâîãî ê³ëüöÿ ç
óòâîðåííÿì àë³ôàòè÷íèõ ã³äðîïåðîêñèä³â (63%).
Çà äðóãèì íàïðÿìîì óòâîðþºòüñÿ àöåòîôåíîí ç
âèõîäîì 34%. Ñåëåêòèâí³ñòü îêèñíåííÿ çà
á³÷íèì ëàíöþãîì ï³äâèùóºòüñÿ çà óìîâ êàòàë³-

òè÷íîãî îçîíóâàííÿ â ïðèñóòíîñò³ ìàí´àí(²²)
àöåòàòó. Â ðîáîòàõ [5,6] ïîêàçàíî, ùî ïðè
ñï³ââ³äíîøåíí³ ñóáñòðàò:êàòàë³çàòîð=1:0,1 ñåëåê-
òèâí³ñòü îêèñíåííÿ çà åòèëüíîþ ãðóïîþ äîñÿ-
ãàº 87,7%. Àâòîðè âèñëîâèëè ïðèïóùåííÿ [6],
ùî îçîí â óìîâàõ êàòàë³çó âçàºìîä³º íå ç ìîëå-
êóëîþ åòèëáåíçåíó, à ç â³äíîâíîþ ôîðìîþ ìà-
í´àíó, à âæå îêèñíåíà ôîðìà ìåòàëó (Mn4+, Mn3+)
ðåàãóº çà á³÷íèì ëàíöþãîì ç ïîäàëüøèì óòâî-
ðåííÿ -ôåí³ëåòàíîëó, -ôåí³ëåòàíîëàöåòàòó òà
àöåòîôåíîíó:

Mn(²²)+Î3+H+Mn(IV)+HÎ·+Î2,  (1)
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ArCH2CH3+Mn(IV)ArCH·CH3+Mn(²²²)+H+,  (2)

ArCH2CH3+Mn(²²²)ArCH·CH3+Mn(²²)+H+.  (3)

Ìåòîþ äàíî¿ ðîáîòè º äîñë³äæåííÿ ê³íåòè-
êè ðåàêö³é (1)–(3) äëÿ âèâ÷åííÿ çàãàëüíî¿ ñõå-
ìè êàòàë³òè÷íîãî îêèñíåííÿ åòèëáåíçåíó îçî-
íîì â àöåòàòí³é êèñëîò³.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Îçîí ñèíòåçóâàëè ç ïîâ³òðÿ ó áàð’ºðíîìó
ðîçðÿä³ [7]. Äëÿ äîñë³ä³â çàñòîñîâóâàëè ëüîäÿíó
àöåòàòíó êèñëîòó ô³ðìè «Sigma» êâàë³ô³êàö³¿
«õ.÷.»; åòèëáåíçåí, àöåòîôåíîí ô³ðìè «Acros
organics» êâàë³ô³êàö³¿ «õ.÷.»; ìàí´àí(²²) àöåòàò
êâàë³ô³êàö³¿ «õ.÷.» áåç äîäàòêîâîãî î÷èùåííÿ.
Ìàí´àí(²V) àöåòàò îäåðæóâàëè îçîíóâàííÿì
ìàí´àí(²²) àöåòàòó áåçïîñåðåäíüî ïåðåä çàñòî-
ñóâàííÿì. Ïåðåä âèêîðèñòàííÿì ó âñ³õ âèïàä-
êàõ âèçíà÷àëè ô³çèêî-õ³ì³÷í³ êîíñòàíòè àáî âì³ñò
îñíîâíî¿ ðå÷îâèíè ó ðåàêòèâ³.

Ðåàêö³þ îêèñíåííÿ ìàí´àí(²²) àöåòàòó îçî-
íîïîâ³òðÿíîþ ñóì³øøþ äîñë³äæóâàëè ó ðåàêòîð³
òèïó «êàòàë³òè÷íà êà÷êà» ïðè òåìïåðàòóð³ 288–
303 Ê. Ó ðåàêòîð çàâàíòàæóâàëè 20 ìë àöåòàòíî¿
êèñëîòè, ðîç÷èíÿëè â í³é ïåâíó ê³ëüê³ñòü ìàí-
´àí(²²) àöåòàòó ³ ïðè ïîñò³éíîìó ïåðåì³øóâàíí³
ïðîïóñêàëè êð³çü ðîç÷èí îçîíîïîâ³òðÿíó ñóì³ø.
Êîíöåíòðàö³þ îçîíó ó ãàçîâ³é ôàç³ íà âõîä³ ³
âèõîä³ ç ðåàêòîðà âèçíà÷àëè ñïåêòðîôîòîìåòðè-
÷íèì ìåòîäîì ç ïîãëèíàííÿ â ä³àïàçîí³ 250–
290 íì, êîíöåíòðàö³þ ìàí´àí(²V) àöåòàòó ó ðîç-
÷èí³ – éîäîìåòðè÷íèì òèòðóâàííÿì.

Îêèñíåííÿ àöåòîôåíîíó ìàí´àí(²V) àöåòà-
òîì âèêîíóâàëè ó ñêëÿí³é áàðáîòàæí³é êîëîíö³
ç ïåðôîðîâàíèì äíîì. Ðåàêö³þ êîíòðîëþâàëè
çà çì³íîþ êîíöåíòðàö³¿ ìàí´àí(²V) àöåòàòó.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Âèçíà÷åíî, ùî Mn(²²) ó ðîç÷èí³ àöåòàòíî¿
êèñëîòè îêèñíþºòüñÿ îçîíîì äî Mn(²V) (1).
Ðåàêö³ÿ ó øèðîêîìó ³íòåðâàë³ òåìïåðàòóð â³äíî-
ñèòüñÿ äî âèñîêîøâèäê³ñíèõ ïðîöåñ³â (òàáë. 1).
Êîíñòàíòà øâèäêîñò³ ö³º¿ ðåàêö³¿ íà 3–4 ïîðÿä-
êè ïåðåâèùóº êîíñòàíòè øâèäêîñò³ ðåàêö³é îçî-
íó ç àëê³ëáåíçåíàìè [8], ùî ðîáèòü ìîæëèâèì
çàñòîñóâàííÿ ìàí´àí(²²) àöåòàòó, ÿê êàòàë³çàòî-

ðà ðåàêö³¿ îçîíóâàííÿ åòèëáåíçåíó.
Äîñë³äæåííÿ ðåàêö³¿ åòèëáåíçåíó ç Mn(²V)

àöåòàòîì ó ñåðåäîâèù³ àöåòàòíî¿ êèñëîòè ïðè
òåìïåðàòóð³ 323 Ê ïîêàçàëî, ùî â àòìîñôåð³ àçîòó
ïðîäóêòîì îêèñíåííÿ º -ôåí³ëåòàíîëàöåòàò.
Ïðè ñòóïåí³ ïåðåòâîðåííÿ åòèëáåíçåíó 15%, íà
ìîëü ñóáñòðàòó âèòðà÷àºòüñÿ áëèçüêî ìîëü îêèñ-
íèêà, ùî â³äïîâ³äàº íàñòóïíîìó ð³âíÿííþ:

ArCH2CH3+Mn(IV)+CH3COOH
ArCH(OCOCH 3)CH3+Mn(II)+2H+. (4)

Ð³âíÿííÿ (4) – öå ñõåìà, ùî âêëþ÷àº â ñåáå
äåê³ëüêà åëåìåíòàðíèõ ñòàä³é [9,10], ÿê³ ìîæóòü
áóòè çàïèñàí³ íàñòóïíèì ÷èíîì:

ArCH2CH3+Mn(IV)[ArCH2CH3]
+·+Mn(III),  (5)

[ArCH2CH3]
+·ArC·HCH3+H+,  (6)

ArC·HCH3+Mn(III)ArC+HCH3+Mn(II),  (7)

ArC+HCH3+CH3CÎO–
ArCH(OCOCH 3)CH3+H+,  (8)

CH3COOHCH3CÎO–+H+.  (9)

Ê³íåòè÷í³ îñîáëèâîñò³ ðåàêö³¿ (4) íàâåäåíî
íà ðèñóíêó 1, ç ÿêîãî âèäíî, ùî îêèñíåííÿ åòèë-
áåíçåíó Mn(IV) ñòàº ïîì³òíèì ëèøå ïðè òåìïå-
ðàòóð³ 288 Ê, ÿêà ñï³âïàäàº ç îïòèìàëüíîþ òåì-
ïåðàòóðîþ øâèäê³ñíîãî îçîíóâàííÿ Mn(II) äî
Mn(IV) (òàáë. 1).

Õàðàêòåð ê³íåòè÷íèõ êðèâèõ â³äíîâëåííÿ
ìàí´àíó ïðè âçàºìîä³¿ ç åòèëáåíçåíîì ñâ³ä÷èòü
ïðî ãàëüìóâàííÿ ðåàêö³¿ âæå íà ïî÷àòêîâèõ ñòà-
ä³ÿõ. Ñòóïåíü â³äíîâëåííÿ ìàí´àíó, çà ÿêèì
ãàëüìóºòüñÿ ðåàêö³ÿ, çàëåæèòü â³ä òåìïåðàòóðè:
÷èì âèùà òåìïåðàòóðà, òèì âèùà ñòóïåíü â³äíîâ-
ëåííÿ ìàí´àíó (ðèñ. 1). Ðåàêö³ÿ ãàëüìóºòüñÿ ó
ðåçóëüòàò³ ïîÿâè â ñèñòåì³ Mn(II), ïðî ùî
ñâ³ä÷àòü äîñë³äæåííÿ, çà ÿêèìè ó ïåâíèé ìî-
ìåíò ÷àñó â ñèñòåìó ïðè òåìïåðàòóð³ 343 Ê ââî-
äèëè ìàí´àí(²²) àöåòàò (ðèñ. 1).

Øâèäê³ñòü â³äíîâëåííÿ Mn(IV) çàëåæèòü

Початкова концентрація, мольл–1 
T, K 

Mn(OAc)2103 [O3]105 
k, л(мольс)–1 Е, кДжмоль–1 А, л(мольс)–1 

278 2,3–18,0 1,4–4,0 1050100 

283 2,0–18,4 1,5–4,5 1350130 

288 1,9–18,0 1,3–3,9 1875180 

303 1,9–17,4 1,2–2,8 4580450 

47,24,0 (1,150,10)1012 

 

Òàáëèöÿ 1

Ê³íåòè÷í³ äàí³ ðåàêö³¿ îçîíó ç ìàí´àí(²²) àöåòàòîì â àöåòàòí³é êèñëîò³
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â³ä êîíöåíòðàö³¿ Mn(IV) ³ ñóáñòðàòó â ïåðøîìó
ñòóïåí³, à òàêîæ çâîðîòíî ïðîïîðö³éíà êîíöåí-
òðàö³¿ Mn(I²):

 44

00

2
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K Mn ArHd Mn
.

dτ Mn





      
  

  (10)

Çà ë³òåðàòóðíèìè äàíèìè [8] ìåõàí³çì ãàëü-
ìóâàííÿ ðåàêö³¿ îêèñíåííÿ åòèëáåíçåíó Ìn(II)
ïåðåäáà÷àº ïåðåíåñåííÿ åëåêòðîíà â³ä êîì-
ïëåêñ³â, óòâîðåíèõ çà ðåàêö³ÿìè (11), (13), äî
â³äíîâëåíî¿ ôîðìè ìåòàëó (15), (16) ³ ðåãåíåðà-
ö³þ âèõ³äíèõ ðåàãåíò³â çà ðåàêö³ºþ (17):

ArCH2CH3+Mn(IV)[ArCH2CH3…Mn(IV)],  (11)

[ArCH2CH3…Mn(IV)]
[ArCH2CH 3]

+·+Mn(II²),  (12)

ArCH2CH3+Mn(III)[ArCH2CH3...Mn(III)],  (13)

[ArCH2CH3...Mn(III)]
[ArCH2CH3]

+·+Mn(I²),  (14)

[ArCH2CH3...Mn(IV)]+Mn(I²)

[ArCH2CH 3…Mn(II)]+Mn(IV),  (15)

[ArCH2CH3...Mn(III)]+Mn(II)
[ArCH2CH 3…Mn(II)]+Mn(II²),  (16)

[ArCH2CH3…Mn(II)]ArCH2CH3+Mn(I²).  (17)

Óòâîðåííÿ êîìïëåêñ³â åòèëáåíçåíó ç îêèñ-
íåíèìè ôîðìàìè ìàí´àíó ï³äòâåðäæåíî ³ç çàñ-
òîñóâàííÿì ê³íåòè÷íèõ ìåòîä³â ³ îïèñàíî â ðî-
áîòàõ [10,11].

Çà äàíèìè ðèñ. 1 áóëè âèçíà÷åí³ ê³íåòè÷í³
ïàðàìåòðè äëÿ ðåàêö³¿ Mn(IV) ç åòèëáåíçåíîì
(òàáë. 2). Ðîçðàõóíêè êîíñòàíò ïðîâîäèëè ç âè-
êîðèñòàííÿì ïî÷àòêîâèõ ä³ëÿíîê ê³íåòè÷íèõ
êðèâèõ, îòðèìàíèõ ïðè ð³çíèõ òåìïåðàòóðàõ äëÿ
íåçâîðîòíèõ ðåàêö³é äðóãîãî ïîðÿäêó [12]. Ïðè
öüîìó ðàõóâàëîñÿ, ùî ó ïî÷àòêîâèé ìîìåíò ÷àñó
ðåàêö³¿ ãàëüìóâàííÿ îêèñíåííÿ ìàí´àí(²²) àöå-
òàòîì íå â³äáóâàºòüñÿ.

Ê³íåòè÷í³ äàí³ ùîäî ðåàêö³é êàòàë³òè÷íî-
ãî öèêëó ïðîöåñó îçîíóâàííÿ åòèëáåíçåíó (òàáë.
2), â ö³ëîìó, â³äîáðàæàþòü â³äîì³ çàêîíîì³ðíîñò³,
ÿê³ ñïîñòåð³ãàþòüñÿ ïðè îçîíóâàíí³ ìåòèëáåí-
çåí³â [8]: øâèäê³ñòü ðåàêö³¿ îçîíóâàííÿ Mn(²²)
á³ëüø í³æ íà äâà ïîðÿäêè ïåðåâèùóº øâèäê³ñòü
ðåàêö³¿ îçîíóâàííÿ åòèëáåíçåíó ³ îêèñíåííÿ éîãî
Mn(IV), òîìó îçîí, ó ïåðøó ÷åðãó, âèòðà÷àºòüñÿ
â ðåàêö³¿ îêèñíåííÿ Mn(²²) ç óòâîðåííÿì Mn(IV),
ÿêèé îêèñíþº åòèëáåíçåí çà á³÷íèì ëàíöþãîì
ç³ øâèäê³ñòþ, ÿêà çíà÷íî âèùà çà øâèäê³ñòü ðå-
àêö³¿ îçîíîë³çó áåíçåíîâîãî ê³ëüöÿ.

ßê âèäíî ç ðèñ. 2, ñåëåêòèâí³ñòü îêèñíåí-
íÿ åòèëáåíçåíó çà åòèëüíîþ ãðóïîþ ñòàíîâèòü
87,7% ïðîòè 34% çà óìîâ íåêàòàë³òè÷íîãî îêè-
ñíåííÿ [2].

Ìàêñèìàëüíà ñåëåêòèâí³ñòü çà àöåòîôåíî-
íîì äîñÿãàºòüñÿ ïðè 288 Ê. Ç ï³äâèùåííÿì òåì-
ïåðàòóðè øâèäê³ñòü éîãî íàêîïè÷åííÿ ³ ñåëåê-
òèâí³ñòü çà íèì ïîñòóïîâî çíèæóþòüñÿ. Îäíî-
÷àñíå çíèæåííÿ öèõ ïîêàçíèê³â ïîÿñíþºòüñÿ
òèì, ùî åíåðã³ÿ àêòèâàö³¿ ðåàêö³¿ Mn(IV) ç àöå-
òîôåíîíîì º äåùî âèùîþ çà åíåðã³þ àêòèâàö³¿

Òàáëèöÿ 2

Ê³íåòè÷í³ ïàðàìåòðè ðåàêö³é êàòàë³òè÷íîãî öèêëó îçîíóâàííÿ åòèëáåíçåíó â àöåòàòí³é êèñëîò³. [O3]=5,210–4;
[ArCH2CH3]=0,4; [Mn(IV)]=0,04 ìîëüë–1

Реакція T, K k, л(мольс)–1 ro, моль(лс)–1 Е, кДжмоль–1 А, л(мольс)–1 

Mn(ІІ)+О3+H+ 288 1875 3,9010–2 47,2 1,151012 

ArCH2CH3+О3 288 0,41 0,8510
–4

 13,9 1,2010
2
 

288 0,012 1,9210
–4

 

303 0,029  

323 0,056  
ArCH2CH3+Mn(IV) 

343 0,096  

32,8 1,13104 

 

 

Ðèñ. 1. Ê³íåòè÷í³ êðèâ³ âèòðàòè Mn(IV) â ðåàêö³¿ ç åòèë-

áåíçåíîì â àöåòàòí³é êèñëîò³ ïðè ð³çíèõ òåìïåðàòóðàõ (Ê):

288 (1), 303 (2), 323 (3), 343 (4), 363 (5). [Mn(IV)]0=0,04;

[ArCH2CH3]0=0,4 ìîëüë–1
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éîãî ðåàêö³¿ ç åòèëáåíçåíîì (37,7 òà
32,8 êÄæìîëü–1, â³äïîâ³äíî).

Âèñíîâêè

1. Âèâ÷åíî ê³íåòèêó ðåàêö³é êàòàë³òè÷íîãî
öèêëó îçîíóâàííÿ åòèëáåíçåíó â àöåòàòí³é êèñ-
ëîò³. Ïîêàçàíî, ùî îçîíîë³ç áåíçåíîâîãî ê³ëüöÿ
çíà÷íîþ ì³ðîþ ãàëüìóºòüñÿ ââåäåííÿì â ñèñòå-
ìó ìàí´àí(²²) àöåòàòó, â ðåçóëüòàò³ ÷îãî îçîí ó
ïåðøó ÷åðãó ðåàãóº ç ìåòàëîì ç óòâîðåííÿì
Mn(IV), ÿê³é ³ çàëó÷àº åòèëáåíçåí â îêèñíåííÿ
çà á³÷íèì ëàíöþãîì.

2. Åòèëáåíçåí çà óìîâ êàòàë³çó ìàí´àí(²²)
àöåòàòîì îçîíóºòüñÿ äî àöåòîôåíîíó ëèøå ïðè
íèçüêèõ òåìïåðàòóðàõ (288–303 Ê). Ïðè ï³äâè-
ùåíèõ òåìïåðàòóðàõ â³í ï³ääàºòüñÿ ïîäàëüøîìó
îêèñíåííþ ç óòâîðåííÿì áåíçîéíî¿ êèñëîòè.
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Íàä³éøëà äî ðåäàêö³¿ 07.04.2020

Ðèñ. 2 Âïëèâ òåìïåðàòóðè íà çì³íó êîíöåíòðàö³¿ åòèëáåíçåíó (à) â ðåàêö³¿ ç îçîíîì â àöåòàòí³é êèñëîò³ â ïðèñóòíîñò³

ìàí´àí(²²) àöåòàòó, àöåòîôåíîíó ³ áåíçîéíî¿ êèñëîòè (öèôðè ç³ øòðèõîì ) (á) òà -ôåí³ëåòàíîëàöåòàòó (â) ó ÷àñ³;

[ArÑÍ2ÑH3]0=0,4 ìîëüë–1; [O3]0=5,210–4; [Mn(OAc)2]0=0,04 ìîëüë–1; Vã=8,310–3 ëñ–1, Vð=0,01 ë. Ò=288 Ê (1); 303 Ê (2);

318 Ê (3); 343 Ê (4)
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INVESTIGATION OF THE KINETICS OF CATALYTIC
CYCLE REACTIONS IN THE PROCESS OF OXIDATION
OF ETHYLBENZENE BY OZONE

A.G. Galstyan *, K.S. Skorokhod, T.M. Galstyan

Volodymyr Dahl East Ukrainian National University, Institute of
Chemical Technology, Rubizhne, Ukraine

* e-mail: aggaalst@gmail.com

The kinetics of the catalytic cycle reactions in the oxidation
of ethylbenzene by ozone in acetic acid at temperatures of 288–303 K
were investigated, which allowed us to formulate the general
characteristics of the catalytic oxidation of ethylbenzene by ozone,
explain the role of the catalyst in the system and develop a chemical
scheme of oxidation. Manganese (II) acetate is shown to be an
effective catalyst for the side chain reaction of ethylbenzene ozonation.
High side-chain selectivity is achieved only at sufficiently high
concentrations of catalyst ([Mn (OAc)2]0:[ArH]0=0.1). The main
oxidation products of ethylbenzene are acetophenone (76.5%) and
-phenylethanolacetate (11.2%), which are converted into benzoic
acid at elevated temperatures. It has been found that two-stage
oxidation plays a decisive role in the selective oxidation of ethylbenzene
and its oxygen-containing derivatives in which the ozone reacts
predominantly with the reduced form of manganese, and the
introduction of the substrate into the oxidation by the lateral chain is
accomplished. Ozone should be continuously added to the system
since its absence leads to metal recovery and a further cease of the
process. The degree of reduction of manganese, which slows down
the reaction, depends on the temperature: the higher the temperature,
the greater is the degree of recovery of the catalyst. The reaction is
inhibited by the appearance of Mn (II) in the system, which is
explained by the formation of the complex of a substrate with Mn
(IV) and Mn (III) at the first stage. The maximum selectivity with
respect to acetophenone is reached at 288 K. With increasing the
temperature, the rate of accumulation and selectivity gradually
decrease. A simultaneous decrease in these parameters is explained
by a slightly higher value of the activation energy of the reaction Mn
(IV) with acetophenone than the value of the activation energy of its
reaction with ethylbenzene (37.7 and 32.8 kJ mol–1, respectively).

Keywords: catalyst; manganese (II) acetate; ozone;
ethylbenzene; acetophenone; oxidation; acetic acid; selectivity.
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