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Âèâ÷åíî ê³íåòèêó ³ ìåõàí³çì îêèñíåííÿ 4-áðîìàöåòîôåíîíó îçîíîì ó ðîç÷èí³ îö-

òîâî¿ êèñëîòè. Ïîêàçàíî, ùî 77% âèõ³äíî¿ ðå÷îâèíè îêèñíþºòüñÿ çà áåíçåíîâèì

ê³ëüöåì; ñåðåä ïðîäóêò³â îçîíóâàííÿ çà á³÷íèì ëàíöþãîì ³äåíòèô³êîâàíî 8% 4-

áðîìáåíçîéíî¿ êèñëîòè òà íåçíà÷í³ ê³ëüêîñò³ âóãëåöü(IV) îêñèäó. Îñíîâíèìè ïðî-

äóêòàìè ðåàêö³¿ º àë³ôàòè÷í³ ïåðîêñèäí³ ñïîëóêè, ÿê³ ìàþòü ó ñâî¿é ñòðóêòóð³ îäíó

ã³äðîïåðîêñèäíó ãðóïó. Ïîêàçàíî, ùî íàéá³ëüø åôåêòèâíèì êàòàë³çàòîðîì ðåàêö³¿

îçîíóâàííÿ 4-áðîìàöåòîôåíîíó â îöòîâ³é êèñëîò³ çà á³÷íèì ëàíöþãîì º ìàí´àí(²²)

àöåòàò. Âèñîêà ñåëåêòèâí³ñòü çà á³÷íèì ëàíöþãîì äîñÿãàºòüñÿ ëèøå ïðè äîñòàòíüî

âèñîêèõ êîíöåíòðàö³ÿõ êàòàë³çàòîðà ([Mn(OAc)2]0:[ArH]0=1:4). Îñíîâíèì ïðîäóê-

òîì êàòàë³òè÷íîãî îêèñíåííÿ 4-áðîìàöåòîôåíîíó º 4-áðîìáåíçîéíà êèñëîòà ç âè-

õîäîì 82,5%. Çíàéäåí³ çàëåæíîñò³ øâèäêîñò³ îêèñíåííÿ 4-áðîìàöåòîôåíîíó îçî-

íîì â³ä êîíöåíòðàö³¿ ðåàãóþ÷èõ ðå÷îâèí îïèñóþòüñÿ ð³âíÿííÿì òðåòüîãî ïîðÿäêó,

òîáòî øâèäê³ñòü ðåàêö³¿ ìàº ïåðøèé ïîðÿäîê çà êîæíèì ðåàãåíòîì. Âñòàíîâëåíî,

ùî âèçíà÷àëüíå çíà÷åííÿ â ñåëåêòèâíîìó îêèñíåí³ 4-áðîìàöåòîôåíîíó ìàº äâî-

ñòàä³éíå îêèñíåííÿ, çà ÿêèì îçîí ïåðåâàæíî ðåàãóº ç â³äíîâëåíîþ ôîðìîþ ìàí-

´àíó, à âïðîâàäæåííÿ ñóáñòðàòó â îêèñíåííÿ çà á³÷íèì ëàíöþãîì çä³éñíþºòüñÿ çà

ðåàêö³ºþ ç îêèñíåíîþ ôîðìîþ ìåòàëó. Çà ðåçóëüòàòàìè äîñë³äæåíü çàïðîïîíîâàíî

ìåõàí³çì êàòàë³òè÷íîãî îçîíóâàííÿ 4-áðîìàöåòîôåíîíó â îöòîâ³é êèñëîò³, ÿêèé

ïåðåäáà÷àº ³îíî-ðàäèêàëüíå íåëàíöþãîâå îêèñíåííÿ ñóáñòðàòó äî â³äïîâ³äíî¿ áåí-

çîéíî¿ êèñëîòè.
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Âñòóï

Â ðîáîò³ [1] áóëî ïîêàçàíî, ùî 4-áðîìàöå-
òîôåíîí ïîð³âíÿíî ç 4-áðîìåòèëáåíçåíîì º
á³ëüø ñò³éêèì äî ä³¿ îçîíó. Ïåðåäáà÷àºòüñÿ, ùî
ïðè îçîíóâàíí³ 4-áðîìåòèëáåíçåíó â³í óòâî-
ðþºòüñÿ ïåðåâàæíî çà ðåàêö³ºþ äèñïðîïîðö³-
þâàííÿ ïåðîêñèäó ³ º îñíîâíèì ïðîäóêòîì ðå-
àêö³¿ ç³ çáåðåæåíîþ àðîìàòè÷íîþ ñòðóêòóðîþ [1].
Ìàêñèìóì éîãî íàêîïè÷åííÿ ïðèïàäàº íà ÷àñ
ïîâíî¿ êîíâåðñ³¿ ñóáñòðàòó, ï³ñëÿ ÷îãî â³í ïî-
â³ëüíî âèòðà÷àºòüñÿ. Øëÿõè ïåðåòâîðåííÿ 4-
áðîìàöåòîôåíîíó äî ê³íöÿ íå âèâ÷åíî. Äåÿê³
àâòîðè [2,3] ââàæàþòü, ùî îêèñíåííÿ â³äáóâàºòü-
ñÿ çà êåòî- àáî ºíîëüíîþ ôîðìîþ ç óòâîðåííÿ
â³äïîâ³äíî¿ áåíçîéíî¿ êèñëîòè, ³íø³ – çà áåíçå-
íîâèì ê³ëüöåì ç óòâîðåííÿì îçîí³ä³â, à ïîò³ì
àë³ôàòè÷íèõ ïåðîêñèäíèõ ñïîëóê [4].

Ìåòîþ äàíî¿ ðîáîòè º äîñë³äæåííÿ ê³íåòè-
êè ðåàêö³¿ 4-áðîìàöåòîôåíîíó ç îçîíîì â îö-
òîâ³é êèñëîò³ äëÿ âèçíà÷åííÿ éîãî ì³ñöÿ ³ çíà-
÷åííÿ â ïðîöåñ³ îêèñíåííÿ 4-áðîìåòèëáåíçåíó.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Äëÿ ïðîâåäåííÿ ëàáîðàòîðíèõ äîñë³äæåíü
âèêîðèñòîâóâàëè ëüîäÿíó îöòîâó êèñëîòó ô³ðìè
«Sigma» êâàë³ô³êàö³¿ «õ.÷.»; 4-áðîìàöåòîôåíîí
ô³ðìè «Acros organics» êâàë³ô³êàö³¿ «õ.÷.»; àöå-
òàòè ìåòàë³â (Mn, Co, Ni, Fe) êâàë³ô³êàö³¿ «õ.÷.»
áåç äîäàòêîâîãî î÷èùåííÿ.

Ïåðåä ïî÷àòêîì îêèñíåííÿ ó êîí³÷í³é êîëá³
îá’ºìîì 20 ìë, ñïîðÿäæåí³é ìàãí³òíèì ïåðå-
ì³øóâà÷åì, ðîç÷èíÿëè ðîçðàõîâàíó ê³ëüê³ñòü 4-
áðîìàöåòîôåíîíó ³ êàòàë³çàòîðà (çà íåîáõ³äí³-
ñòþ) ó 10 ìë ëüîäÿíî¿ îöòîâî¿ êèñëîòè. Îäåðæà-
íèé ðîç÷èí çàâàíòàæóâàëè â òåðìîñòàòîâàíó
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ñêëÿíó êîëîíêó ç ïåðôîðîâàíèì äíîì. Êîëîí-
êó ç’ºäíóâàëè ç³ çâîðîòíèì õîëîäèëüíèêîì, òåð-
ìîñòàòóâàëè çà ïåâíî¿ òåìïåðàòóðè ³ ïðîïóñêà-
ëè êð³çü ðîç÷èí îçîíîêèñíåâèé ãàç. Îêèñíåííÿ
âåëè äî ïîâíî¿ âèòðàòè 4-áðîìàöåòîôåíîíó.
Ê³ëüê³ñíèé êîíòðîëü ðåàêö³éíî¿ ìàñè çä³éñíþ-
âàëè ìåòîäîì ãàçîð³äèííî¿ õðîìàòîãðàô³¿.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Ïðîâåäåí³ äîñë³äæåííÿ ïîêàçàëè, ùî çà
óìîâ äîñë³ä³â â òåìïåðàòóðíîìó ³íòåðâàë³ 283–
333 Ê îçîí ï³ääàº 4-áðîìàöåòîôåíîí îêèñíåí-
íþ, àëå äîñèòü ïîâ³ëüíî: ðåàêö³ÿ ïåðåá³ãàº òðè-
âàëèé ÷àñ ç ïîñò³éíîþ øâèäê³ñòþ ³ çàê³í÷óºòüñÿ
çà 11,5 ãîäèí çà óìîâ ïîâíî¿ âèòðàòè êåòîíà.
Ñåðåä ïðîäóêò³â ðåàêö³¿ ³äåíòèô³êîâàíî, ïåðå-
âàæíî, ïåðîêñèäè – ïðîäóêòè ðóéíóâàííÿ áåí-
çåíîâîãî ê³ëüöÿ (77,0%) (òàáë.) òà 8% 4-áðîì-
áåíçîéíî¿ êèñëîòè, à ó â³äõîäÿ÷èõ ãàçàõ – íåâå-
ëèê³ ê³ëüêîñò³ ÑÎ2. Õàðàêòåðíî, ùî ñë³äîâ³
ê³ëüêîñò³ áåíçîéíî¿ êèñëîòè â³äçíà÷àëîñÿ ³ ïðè
îçîíóâàíí³ àöåòîôåíîíó [5]. Ã³äðîïåðîêñèä
4-áðîìàöåòîôåíîíó çà -àòîìîì âóãëåöþ á³÷íîãî
ëàíöþãà çà óìîâ îêèñíåííÿ ³ çàñòîñîâàíèõ ìå-
òîäèê íå âèçíà÷àºòüñÿ.

Àë³ôàòè÷í³ ïåðîêñèäè, òîáòî ïðîäóêòè ðóé-
íóâàííÿ áåíçåíîâîãî ê³ëüöÿ, çàëèøàþòüñÿ ï³ñëÿ
â³äãîíó ðîç÷èííèêà ó âèãëÿä³ â’ÿçêî¿ ð³äèíè
ñâ³òëî-æîâòîãî êîëüîðó, ðîç÷èíí³ ó äèõëîðåòàí³,
îöòîâ³é êèñëîò³, ðåàãóþòü ç êàë³é éîäèäîì ïðî-
òÿãîì îäí³º¿ ãîäèíè, ùî ñâ³ä÷èòü ïðî íàÿâí³ñòü
â ¿õ ìîëåêóë³ îäí³º¿ ã³äðîïåðîêñèäíî¿ ãðóïè [6].

Ââåäåííÿ â ñèñòåìó êàòàë³çàòîðà ìàí´àí(²²)
àöåòàòó çàõèùàº áåíçåíîâå ê³ëüöå â³ä äåñòðóê-
òèâíî¿ àòàêè îçîíîì ³ îñíîâíèì ïðîäóêòîì ðå-
àêö³¿ ñòàº 4-áðîìáåíçîéíà êèñëîòà ç âèõîäîì
82,5% (ðèñ. 1, êðèâà 2). Âèõ³ä îçîí³ä³â íå ïåðå-

âèùóº 10% (ðèñ. 1, êðèâà 3).
Íà ðèñ. 2, 3, 4 îõàðàêòåðèçîâàíî ê³íåòè÷í³

îñîáëèâîñò³ êàòàë³òè÷íî¿ ðåàêö³¿ îçîíó ç 4-áðî-
ìàöåòîôåíîíîì. Çàëåæíîñò³ øâèäêîñò³ éîãî
îêèñíåííÿ â³ä êîíöåíòðàö³¿ ðåàãóþ÷èõ ðå÷îâèí
îïèñóþòüñÿ íàñòóïíèì ð³âíÿííÿì:

r=kåô[ArC(O)CH3]0[Mn(II)]0[O 3]0.  (1)

Ðîçðàõîâàíà çà äàíèìè ðèñ. 3,à ê³ëüê³ñòü
îçîíó, ùî âèòðà÷àºòüñÿ íà îêèñíåííÿ 4-áðîìà-
öåòîôåíîíó, äîð³âíþº 1 ìîëü îçîíó íà 1 ìîëü
ïðîðåàãîâàíîãî 4-áðîìàöåòîôåíîíó.

Íà áàç³ îäåðæàíèõ ðåçóëüòàò³â åêñïåðè-
ìåíò³â òà ë³òåðàòóðíèõ äàíèõ [7–10] çàïðîïîíî-
âàíî äëÿ îáãîâîðåííÿ ìåõàí³çì êàòàë³òè÷íîãî
îêèñíåííÿ 4-áðîìàöåòîôåíîíó îçîíîì ó ðîç÷èí³
ëüîäÿíî¿ îöòîâî¿ êèñëîòè:

ArC(O)CH3+O3ArC(O)C•H2+O2+HO•;  (2)

ArC(O)CH3+O 3ArC(O)CH2OH+O2;  (3)

ArC(O)CH3+O3îçîí³äè;  (4)

Mn(II)+2O3+H+Mn(IV)+H2O+O2;  (5)

ArC(O)CH3+Mn(IV)
ArC(O)C•H 2+Mn(II²)+2H+;  (6)

ArC(O)CH3+Mn(I²²)
ArC(O)C•H2+Mn(II)+2H+;  (7)

ArC(O)C•H 2+O2ArC(O)CH2OO•;  (8)

Концентрація пероксидів, моль л–1 

Час 

окиснення, 

хв 

Після години 

витримки 

аналізованого 

розчину 

Після 24 годин 

витримки 

аналізованого 

розчину 

30 0,05 0,05 

60 0,10 0,11 

150 0,18 0,18 

240 0,21 0,22 

330 0,23 0,23 

420 0,27 0,28 

510 0,28 0,28 

600 0,29 0,29 

690 0,31 0,31 

 

Âïëèâ òðèâàëîñò³ âèòðèìêè ðîç÷èí³â àíàë³çîâàíèõ
ïåðîêñèä³â 4-áðîì-àöåòîôåíîíó

(óìîâè äèâ. ó ï³äïèñó äî ðèñ. 1)

Ðèñ. 1. Êàòàë³òè÷íå îêèñíåííÿ 4-áðîìàöåòîôåíîíó

îçîíîêèñíåâîþ ñóì³øøþ â îöòîâ³é êèñëîò³: âèòðàòà

4-áðîìàöåòîôåíîíó (1); íàêîïè÷åííÿ 4-áðîìáåíçîéíî¿

êèñëîòè (2) òà àë³ôàòè÷íèõ ïåðîêñèä³â (3). [O3]0=1,610–3,

[ArC(Î)CH3]0=0,4; [Mn(OAc)2]0=0,1 ìîëüë–1, =30 ëãîä–1,

Vp=10 ìë
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Ðèñ. 2. Âïëèâ êîíöåíòðàö³¿ ñóáñòðàòó íà ê³íåòèêó îêèñíåííÿ 4-áðîìàöåòî-ôåíîíó ïðè 293 Ê (à) òà çàëåæí³ñòü øâèäêîñò³

îêèñíåííÿ 4-áðîìàöåòîôåíîíó â³ä éîãî êîíöåíòðàö³¿ (á). [ArÑ(O)CH3]0: 1 – 0,8; 2 – 0,4; 3 – 0,2; 4 – 0,1 ìîëüë–1;

[O3]0=1,610–3; [Mn(OAc)2]0=0,10 ìîëüë–1

Ðèñ. 3. Ê³íåòèêà îêèñíåííÿ 4-áðîìàöåòîôåíîíó ïðè çì³í³ êîíöåíòðàö³¿ îçîíó â îçîíîêèñíåâ³é ñóì³ø³ (à) òà çàëåæí³ñòü

øâèäêîñò³ îêèñíåííÿ 4-áðîìàöåòîôåíîíó â³ä êîíöåíòðàö³¿ îçîíó (á). [O3]0=1,010–3 (1), 1,210–3 (2), 1,410–3 (3), 1,610–3

(4) ìîëüë–1. Ò=293 Ê, [ArÑ(O)CH3]0=0,4, [Mn(OAc)2]0=0,1 ìîëüë–1, Vã=8,310–3ëñ–1, Vð.ì.=0,01 ë

Ðèñ. 4. Ê³íåòèêà îêèñíåííÿ 4-áðîìàöåòîôåíîíó ïðè [Mn(OAc)2]0=0,04 (1); 0,06 (2); 0,08 (3); 0,10 (4) ìîëüë–1 (à) òà

çàëåæí³ñòü øâèäêîñò³ îêèñíåííÿ 4-áðîìàöåòîôåíîíó â³ä êîíöåíòðàö³¿ êàòàë³çàòîðà (á). Ò=293 Ê, [ArC(O)CH3]0=0,4,

[O3]0=1,610–3 ìîëüë–1, Vã=8,310–3 ëñ–1, Vð.ì.=0,01 ë
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ArC(O)CH2OO•+ArC(O)CH3

ArC(O)CH2OOH+ArC(O)C•H2;  (9)

ArC(O)CH2OOÍ+Mn(II)
ArC(O)CH2O

•+HO–+Mn(I²²);  (10)

2ArC(O)CH2OO•

ArC(O)CH2OH+ArC(O)CHO+O2.  (11)

Ó â³äñóòíîñò³ êàòàë³çàòîðà ïåðåâàæàº ðåàê-
ö³ÿ (4), çà ÿêîþ 77% 4-áðîìàöåòîôåíîíó ðóé-
íóºòüñÿ çà àðîìàòè÷íèì ê³ëüöåì, ³ ëèøå 8%
îêèñíþºòüñÿ çà ðåàêö³ÿìè (2)–(3), ÿê³ âåäóòü äî
óòâîðåííÿ 4-áðîìáåíçîéíî¿ êèñëîòè.

Â ïðèñóòíîñò³ ìàí´àí(²²) àöåòàòó ïî÷è-
íàºòüñÿ äâîñòàä³éíå îêèñíåííÿ îçîíîì, çà ÿêèì
Mn(I²) (5) çàïîá³ãàº ïðÿìîìó îêèñíåííþ 4-áðî-
ìàöåòîôåíîíó îçîíîì, ïðè öüîìó óòâîðþºòüñÿ
àêòèâíà ÷àñòèíêà Mn(IV), ÿêà ìàº âèñîêó ñóá-
ñòðàòíó ñåëåêòèâí³ñòü â ðåàêö³ÿõ àëê³ëáåíçåí³â
çà á³÷íèì ëàíöþãîì [11]. Â ðåàêö³ÿõ (6)–(7) óò-
âîðþþòüñÿ ðàäèêàëè, ÿê³ â àòìîñôåð³ êèñíþ
ìîæóòü øâèäêî ïåðåòâîðþâàòèñü ó êåòîáåíçèëüí³
ðàäèêàëè (8) ç ïîäàëüøîþ ðåêîìá³íàö³ºþ ¿õ çà
ðåàêö³ºþ (11).

Ïðè íèçüêèõ òåìïåðàòóðàõ (283–313 Ê),
ðåàêö³ÿìè (9) òà (10), ùî â³äïîâ³äí³ çà ëàíöþãî-
âå îêèñíåííÿ, ìîæíà çíåõòóâàòè, îñê³ëüêè, âîíè
ïðîò³êàþòü çíà÷íî ïîâ³ëüí³øå, í³æ ðåàêö³ÿ (11)
[3].

Òàêèì ÷èíîì, çà ïðèñóòíîñò³ Mn(I²) 4-áðî-
ìàöåòîôåíîí îêèñíþºòüñÿ çà ³îí-ðàäèêàëüíîþ
íåëàíöþãîâîþ ñõåìîþ, ùî â³äòâîðþºòüñÿ çà ó÷à-
ñòþ ðåàêö³é (5), (6), (7), (8), (11). Òàêå ïðèïó-
ùåííÿ äîäàòêîâî ï³äòâåðäæóºòüñÿ ³ íàáëèæåíè-
ìè ðîçðàõóíêàìè. Îçîíîë³ç çàïîá³ãàºòüñÿ:

1. Çà ðàõóíîê òîãî, ùî r4<<r5 (ïðè 293 Ê
r4=0,045 0,4 1,6 10–3=1,8 10–5 ìîëü (ë ñ)–1;
r5=18750,041,610–3=0,08 ìîëü(ëñ)–1, òîáòî
r5/r4=4,5103).

2. Çà óìîâ êàòàë³çó r4<<r6–7 (r4=9,010–6 ìîëü(ëñ)–1;
r6–7=0,00280,040,4=4,510–5 ìîëü(ëñ)–1, òîáòî
r6–7/r4=2,5).

Íåëàíöþãîâå îêèñíåííÿ 4-áðîìàöåòîôåíî-
íó âèò³êàº ³ ç ðîçðàõóíê³â ³ç çàñòîñóâàííÿì êîí-
ñòàíò øâèäêîñò³, ùî íàâåäåí³ â ë³òåðàòóð³. Íà-
ïðèêëàä, ó [12] k9 äëÿ ðåàêö³¿ åòèëáåíçåíó ç Ñî(²²)
ïðè 288 Ê âêàçàíà íà ð³âí³ 20 ë(ìîëüñ)–1. Âðà-
õîâóþ÷è, ùî ñï³ââ³äíîøåííÿ kÅÁ+Î3/kÀÔ+Î310,

çàëó÷èìî äî ðîçðàõóíê³â k9 äëÿ 4-áðîìàöåòîôå-
íîíó 20:102 ë(ìîëüñ)–1. Çà óìîâ ñòàö³îíàðíîñò³
êîíöåíòðàö³é ðàäèêàë³â ó ñèñòåì³ r6–7=r9, çâ³äêè
[ArC(O)CH2OO•]=(0,00280,40,04/2,010–6)=
=4,5 10–6 ìîëü (ë ñ)–1 ³ r9=2 4,5 10–60,04=
=3,610–7 ìîëü(ëñ)–1, òîáòî r6–7/r9=1,25102.

Óòâîðåíèé ó ðåàêö³¿ (11) êåòîñïèðò, äàë³ â
ïðèñóòíîñò³ Mn(I²) àöåòàòó îêèñíþºòüñÿ äî
â³äïîâ³äíîãî êåòîàëüäåã³äó çà íàñòóïíîþ ñõåìîþ:

ArCH(OH)CH3+Mn(I²²)
ArC•(OH)CH3+Mn(II)+H+;  (12)

ArC•(OH)CH3+O2ArC(OO•;OH)CH3;  (13)

2ArC(OO•;OH)CH3

2ArC(O)CH3+O 2+H2O2.  (14)

Êåòîàëüäåã³ä ìîæå çàëó÷èòèñÿ äî îêèñíåí-
íÿ çà ñõåìîþ ðåàêö³é:

ArC(O)CHÎ+Mn(IV)
ArC(O)C•Î+Mn(II²)+2H+;  (15)

ArC(O)CHÎ+Mn(I²²)
ArC(O)C•Î+Mn(II)+2H+  (16)

³ äàë³ äî óòâîðåííÿ 4-áðîìáåíçîéíî¿ êèñëîòè.
Âèñíîâêè

1. Âèâ÷åíî ê³íåòèêó îêèñíåííÿ 4-áðîìà-
öåòîôåíîíó îçîíîì â îöòîâ³é êèñëîò³. Ïîêàçà-
íî, ùî ðåàêö³ÿ ïðîò³êàº â îñíîâíîìó çà àðîìà-
òè÷íèì ê³ëüöåì ñóáñòðàòó ç óòâîðåííÿì 77%
àë³ôàòè÷íèõ ïðîäóêò³â ïåðîêñèäíîãî õàðàêòåðó.

2. Ââåäåííÿ â ñèñòåì³ êàòàë³çàòîðà ìàí´-
àí(²²) ñïðÿìîâóº îêèñíåííÿ îçîíîì ó á³ê á³÷íî-
ãî ëàíöþãà ç óòâîðåííÿì 82,5% 4-áðîìáåíçîé-
íî¿ êèñëîòè. Âèçíà÷àëüíó ðîëü ó ñåëåêòèâíîìó
îêèñíåí³ 4-áðîìàöåòîôåíîíó çà á³÷íèì ëàíöþ-
ãîì â³ä³ãðàº äâîñòàä³éíå îêèñíåííÿ, çà ÿêèì îçîí
ïåðåâàæíî ðåàãóº ç â³äíîâëåíîþ ôîðìîþ ìàí´-
àíó, à âïðîâàäæåííÿ ñóáñòðàòó â îêèñíåííÿ çà
á³÷íèì ëàíöþãîì çä³éñíþºòüñÿ çà ðåàêö³ºþ ç
îêèñíåíîþ ôîðìîþ ìåòàëó.

3. Çà ðåçóëüòàòàìè äîñë³äæåíü çàïðîïîíî-
âàíî ìåõàí³çì êàòàë³òè÷íîãî îçîíóâàííÿ 4-áðî-
ìàöåòîôåíîíó, ÿêèé ïåðåäáà÷àº ³îíî-ðàäèêàëü-
íå íåëàíöþãîâå îêèñíåííÿ ñóáñòðàòó äî â³äïîâ-
³äíî¿ áåíçîéíî¿ êèñëîòè.
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THE OXIDATION OF 4-BROMACETOPHENONE BY
OZONE IN ACETIC ACID
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a Kyiv National University of Technologies and Design, Kyiv,
Ukraine

b Lugansk State Medical University, Rubizhne, Ukraine
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The kinetics and mechanism of oxidation of
4-bromoacetophenone by ozone in acetic acid solution have been
studied. It was shown that 77% of the starting material is oxidized
by the benzene ring; 8% of 4-bromobenzoic acid and small
amounts of carbon (IV) oxide were identified among the side
chain ozonation products. The main reaction products are aliphatic
peroxide compounds, which have in their structure one
hydroperoxide group. Manganese (II) acetate was shown to be
the most effective catalyst for the side chain reaction of
4-bromoacetophenone in acetic acid. High selectivity for the side
chain is achieved only at sufficiently high concentrations of catalyst
([Mn(OAc)2]0:[ArH]0=1:4). The main product of the catalytic
oxidation of 4-bromoacetophenone is 4-bromobenzoic acid with
a yield of 82.5%. The found dependences of the rate of oxidation
of 4-bromoacetophenone by ozone on the concentration of
reactants are described by the kinetic equation of the third order,
the reaction rate has the first order with respect to each reagent.
It was found that the decisive role in the selective oxidation of 4-
bromoacetophenone is played by two-stage oxidation, in which
ozone predominantly reacts with the reduced form of manganese,
and the introduction of the substrate into side chain oxidation is
carried out by the reaction with the oxidized form of metal.
According to the research results, the mechanism of catalytic
ozonation of 4-bromoacetophenone in acetic acid has been
proposed, which involves ion-radical non-chain oxidation of the
substrate.

Keywords: oxidation; ozone; kinetics; 4-bromoacetophenone;
4-bromobenzoic acid; manganese (II) acetate; acetic acid.
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