
53

Catalytic oxidation of 4-nitro-α-phenylethanol by ozone in acetic acid solution

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2023, No. 6, pp. 53-58

© À.Ã. Ãàëñòÿí, 2023

                          This article is an open access article distributed under the terms and conditions of the Creative
                           Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

ÓÄÊ 661.715.7:661.715.1

À.Ã. Ãàëñòÿí

ÊÀÒÀË²ÒÈ×ÍÅ ÎÊÈÑÍÅÍÍß 4-Í²ÒÐÎ-ααααα-ÔÅÍ²ËÅÒÀÍÎËÓ ÎÇÎÍÎÌ Ó ÐÎÇ×ÈÍ²
ÎÖÒÎÂÎ¯ ÊÈÑËÎÒÈ

Íàö³îíàëüíèé óí³âåðñèòåò á³îðåñóðñ³â ³ ïðèðîäîêîðèñòóâàííÿ Óêðà¿íè, ì. Êè¿â, Óêðà¿íà

Âïåðøå çä³éñíåíî äîñë³äæåííÿ ê³íåòè÷íèõ îñîáëèâîñòåé ðåàêö³¿ 4-í³òðî-α-ôåí³-
ëåòàíîëó (ïðîì³æíîãî ïðîäóêòó îêèñíåííÿ 4-í³òðîåòèëáåíçåíó) ç îçîíîì. Ç’ÿñî-
âàíî øëÿõè éîãî ïåðåòâîðåííÿ ó 4-í³òðîàöåòîôåíîí. Ïîêàçàíî, ùî íà â³äì³íó â³ä
ðåàêö³¿ îçîíóâàííÿ åòèëáåíçåíó, êîëè ïåðåâàæàº àòàêà çà áåíçåíîâèì ê³ëüöåì, 4-
í³òðî-α-ôåí³ëåòàíîë îêèñëþºòüñÿ îçîíîì ëèøå çà á³÷íèì ëàíöþãîì ç óòâîðåí-
íÿì 4-í³òðîàöåòîôåíîíó ç âèõîäîì 98%. Ââåäåííÿ â îêèñíó ñèñòåìó ìàíãàí(²²)
àöåòàòó íå âïëèâàº íà ñåëåêòèâí³ñòü îêèñíåííÿ çà á³÷íèì ëàíöþãîì, âèõ³ä 4-í³òðî-
àöåòîôåíîíó çàëèøàºòüñÿ íà ð³âí³ 98%, ïðîòå øâèäê³ñòü îêèñíåííÿ çðîñòàº ìàé-
æå âòðè÷³. Äëÿ ç’ÿñóâàííÿ öüîãî ôàêòó áóëà äîñë³äæåíà ê³íåòèêà ðåàêö³¿ ñïèðòó ç
ìàíãàí(IV) àöåòàòîì â ñåðåäîâèù³ îöòîâî¿ êèñëîòè ïðè òåìïåðàòóð³ 283 Ê. Ïîêà-
çàíî, ùî â àòìîñôåð³ àçîòó ïðîäóêòîì îêèñíåííÿ º 4-í³òðîàöåòîôåíîí. Ïðè ñòó-
ïåí³ ïåðåòâîðåííÿ 4-í³òðî-α-ôåí³ëåòàíîëó 15% íà ìîëü ïåðåòâîðåíîãî ñóáñòðàòó
âèòðà÷àºòüñÿ ïðèáëèçíî îäèí ìîëü Mn(IV). Â òåìïåðàòóðíîìó ³íòåðâàë³ 283–343
Ê êîíöåíòðàö³ÿ Mn(IV) ó ñèñòåì³ íà ïî÷àòêó øâèäêî çíèæóºòüñÿ, à ïîò³ì ðåàêö³ÿ
ãàëüìóºòüñÿ. Ñòóï³íü â³äíîâëåííÿ ìàíãàíó, çà ÿêèì ãàëüìóºòüñÿ ðåàêö³ÿ, ïåðø çà
âñå, çàëåæèòü â³ä òåìïåðàòóðè ïðîöåñó: ÷èì âèùà òåìïåðàòóðà, òèì âèùèé ñòóï³íü
ïåðåòâîðåííÿ ìàíãàíó. Øâèäê³ñòü â³äíîâëåííÿ Mn(IV) çàëåæèòü â³ä éîãî âèõ³äíî¿
êîíöåíòðàö³¿ ³ êîíöåíòðàö³¿ ñïèðòó ó ïåðøîìó ñòóïåí³, à òàêîæ îáåðíåíî ïðîïîð-
ö³éíà êîíöåíòðàö³¿ Mn(I²). Â ïðîöåñ³ îêèñíåííÿ 4-í³òðî-α-ôåí³ëåòàíîëó îçîíîì
ïðè òåìïåðàòóð³ 283 Ê, ÿêà º îïòèìàëüíîþ, âàð³þâàííÿ êîíöåíòðàö³¿ ðåàãåíò³â ³
êàòàë³çàòîðà ó âèâ÷åíèõ óìîâàõ íå âïëèâàº íà ñåëåêòèâí³ñòü îêèñíåííÿ çà 4-í³òðî-
àöåòîôåíîíîì, àëå ïîì³òíî â³äáèâàºòüñÿ íà øâèäêîñò³ ðåàêö³¿, ÿêà ïðîïîðö³éíà
êîíöåíòðàö³¿ îçîíó ó ïåðøîìó ñòóïåí³, à êîíöåíòðàö³ÿì ìåòàëó ³ ñóáñòðàòó ó ñòó-
ïåí³ 0,5. Øâèäê³ñòü îêèñíåííÿ ñïèðòó çàëåæèòü â³ä òåìïåðàòóðè, à ñàìå, ç ¿¿ ï³äâè-
ùåííÿì ç 283 äî 303 Ê âîíà çðîñòàº âäâ³÷³, ïðè öüîìó îêèñíåííÿ ñóïðîâîäæóºòüñÿ
çíèæåííÿì ñåëåêòèâíîñò³ îêèñíåííÿ çà 4-í³òðîàöåòîôåíîíîì ç 98% äî 92%, ùî
ïîâ’ÿçàíî ç³ çá³ëüøåííÿì øâèäêîñò³ ïîäàëüøîãî îêèñíåííÿ êåòîíó.

Êëþ÷îâ³ ñëîâà: îêèñíåííÿ, îçîí, 4-í³òðî-α-ôåí³ëåòàíîë, 4-í³òðîàöåòîôåíîí, ê³íå-
òèêà, îöòîâà êèñëîòà, ìàíãàí(²²) àöåòàò.
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Âñòóï
4-Í³òðîàöåòîôåíîí (ïðîäóêò îêèñíåííÿ 4-

í³òðîåòèëáåíçîëó) øèðîêî âèêîðèñòîâóºòüñÿ â
ñèíòåç³ õëîðàìôåí³êîëó – ïðèðîäíîãî àíòèá³î-
òèêà øèðîêîãî ñïåêòðà ä³¿, ùî ìàº áàêòåð³-
îñòàòè÷íó ä³þ, ïîðóøóþ÷è ñèíòåç á³ëê³â ó áàê-
òåð³àëüíèõ êë³òèíàõ [1]. Ó ïðîìèñëîâîñò³ 4-í³òðî-
àöåòîôåíîí ñèíòåçóþòü îêèñíåííÿì 4-í³òðîåòèë-

áåíçîëó àáî ì³íåðàëüíèìè îêèñíèêàìè, ùî â³äáó-
âàºòüñÿ ç óòâîðåííÿì òîêñè÷íèõ ñò³÷íèõ âîä, àáî
ìîëåêóëÿðíèì êèñíåì, ùî ïîòðåáóº ï³äâèùåíèõ
òåìïåðàòóð òà íàäëèøêîâîãî òèñêó [2,3].

Â ë³òåðàòóð³ îïèñàíî ïðîöåñè îêèñíåííÿ
àðåí³â îçîíîì äî â³äïîâ³äíèõ êèñíåâì³ñíèõ ïî-
õ³äíèõ, ÿê³ õàðàêòåðèçóþòüñÿ åêîëîã³÷íîþ ÷èñ-
òîòîþ, ê³ìíàòíèìè òåìïåðàòóðàìè òà àòìîñôåð-
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íèì òèñêîì [4–7]. Òàê ó ðîáîòàõ [6,7] ïîêàçàíî,
ùî ïðè îçîíóâàíí³ åòèëáåíçåíó òà éîãî ïîõ³äíèõ
îñíîâíèìè ïðîäóêòàìè îêèñíåííÿ º â³äïîâ³äí³
àöåòîôåíîíè ³ α-ôåí³ëåòàíîëàöåòàòè, à ïðî-
ì³æíèì ïðîäóêòîì º â³äïîâ³äíèé α-ôåí³ëåòàíîë.
Ó çâ’ÿçêó ç öèì ó äàí³é ðîáîò³ íà ïðèêëàä³
4-í³òðî-α-ôåí³ëåòàíîëó çä³éñíåíî äîñë³äæåííÿ
ê³íåòè÷íèõ îñîáëèâîñòåé ðåàêö³¿ îêèñíåííÿ ïðî-
ì³æíîãî ïðîäóêòó îçîíîì ç ìåòîþ ç’ÿñóâàííÿ
øëÿõ³â éîãî ïåðåòâîðåííÿ ó 4-í³òðîàöåòîôåíîí.

Åêñïåðèìåíòàëüíà ÷àñòèíà
ßê ðîç÷èííèê âèêîðèñòîâóâàëè ëüîäÿíó

îöòîâó êèñëîòó ô³ðìè «Sigma-Aldrich»; ÿê âèõ³-
äíó ñèðîâèíó – 4-í³òðî-α-ôåí³ëåòàíîë, ÿê êà-
òàë³çàòîð – ìàíãàí(²²) àöåòàò êâàë³ô³êàö³¿ «õ.÷.»
ô³ðìè «Sigma-Aldrich».

Ñêëÿíèé ðåàêòîð ó âèãëÿä³ êîëîíêè ç ïåð-
ôîðîâàíèì äíîì äëÿ äèñïåðãóâàííÿ ãàçó òåðìî-
ñòàòóâàëè ïðè ïåâí³é òåìïåðàòóð³, çàâàíòàæóâà-
ëè 10 ìë ëüîäÿíî¿ îöòîâî¿ êèñëîòè, 0,4 ìîëü⋅ë–1

(0,67 ã) 4-í³òðî-α-ôåí³ëåòàíîëó ³ ïåâíó ê³ëüê³ñòü
êàòàë³çàòîðà – ìàíãàí(²²) àöåòàòó ³ êð³çü îäåðæà-
íèé ðîç÷èí ïðîïóñêàëè îçîíîâì³ñíèé ãàç. Îêèñ-
íåííÿ êîíòðîëþâàëè çà äîïîìîãîþ ìåòîäà ãàçî-
âî¿ õðîìàòîãðàô³¿ íà õðîìàòîãðàô³ ËÕÌ-8ÌÄ ²²
ç ïîëóì’ÿíî-³îí³çàö³éíèì äåòåêòîðîì. Äîâæèíà
êîëîíêè – 3 ì, íîñ³é – «²ÍÅÐÒÎÍ-Ñóïåð» (0,16–
0,2 ìì), íåðóõîìà ôàçà – «FFAP» ó ê³ëüêîñò³ 5%
â³ä ìàñè íîñ³ÿ. Óìîâè õðîìàòîãðàôóâàííÿ: òåì-
ïåðàòóðà âèïàðíèêà – 503–533 Ê; øâèäê³ñòü ïî-
â³òðÿ – 18 ë⋅ãîä–1, ãàçó-íîñ³ÿ (àçîò) – 1,8 ë⋅ãîä–1;
øâèäê³ñòü âîäíþ – 1,8 ë⋅ãîä–1. Õðîìàòîãðàôó-
âàííÿ â³äáóâàëîñÿ ïðè òåìïåðàòóðàõ â³ä 363 äî
453 Ê çà ïðîãðàìîþ, êðîê – 100Ñ çà õâèëèíó.
Ê³ëüê³ñíèé ðîçðàõóíîê õðîìàòîãðàì ïðîâîäèëè çà
ìåòîäîì âíóòð³øíüîãî ñòàíäàðòó. ßê âíóòð³øí³é
ñòàíäàðò âèêîðèñòîâóâàëè 4-í³òðîõëîáåíçåí.

Äëÿ áåçïåðåðâíîãî êîíòðîëþ ïîòî÷íî¿ êîí-
öåíòðàö³¿ îçîíó â ãàçîâ³é ôàç³ âèêîðèñòîâóâàëè
ñïåêòðîôîòîìåòðè÷íèé ìåòîä. Ó âèì³ðþâàëüíó
êàìåðó ñïåêòðîôîòîìåòðà «ÑÔ-46 ËÎÌÎ» áóëî
âìîíòîâàíî òåôëîíîâó ïðîòî÷íó êþâåòó ç êâàð-
öîâèìè â³êíàìè, ùî äîçâîëÿëî âèì³ðþâàòè îï-
òè÷íó ãóñòèíó ãàçó íà ÓÔ-ä³ëÿíö³.

Äëÿ âèçíà÷åííÿ êîíöåíòðàö³¿ îêèñíåíî¿
ôîðìè ìåòàëó âèêîðèñòîâóâàëè éîäîìåòðè÷íå
òèòðóâàííÿ. Äî 1ìë ðåàêö³éíî¿ ìàñè äîäàâàëè
10 ìë 5%-âîãî ðîç÷èíó êàë³é éîäèäó, ï³äêèñëþ-
âàëè 3 ìë 0,1 Ì ðîç÷èíîì ñóëüôàòíî¿ êèñëîòè,
ïîì³ùóâàëè ó òåìíå ì³ñöå ³ âèòðèìóâàëè ïðîòÿ-
ãîì 15 õâ. Ï³ñëÿ âèòðèìóâàííÿ àíàë³çîâàíèé ðîç-
÷èí òèòðóâàëè 0,05 Ì ðîç÷èíîì íàòð³é ò³îñóëü-
ôàòó. Êîíöåíòðàö³þ Ìn(IV) îá÷èñëþâàëè çà ôîð-
ìóëîþ:

[Ìn(IV)]=VòÌò/2, ìîëü⋅ë–1,

äå Vò – îá’ºì ò³îñóëüôàòó, âìòðà÷åíîãî íà òèòðó-
âàííÿ ðîç÷èíó éîäó, ìë; Ìò – ìîëÿðí³ñòü ò³î-
ñóëüôàòó, ã-åêâ⋅ë–1.

Ðîçðàõîâàíà â³äíîñíà ïîìèëêà âèì³ð³â íå
ïåðåâèùóâàëà 8–10%.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Ïðè òåìïåðàòóð³ 283 Ê 4-í³òðî-α-ôåí³ëå-

òàíîë ó ðîç÷èí³ îöòîâî¿ êèñëîòè ìîëåêóëÿðíèì
êèñíåì íå îêèñíþºòüñÿ (ðèñ. 1). Íå îêèñíþºòüñÿ
â³í â öèõ óìîâàõ ³ â ïðèñóòíîñò³ ìàíãàí(²²) àöå-
òàòó, ÿêèé øèðîêî âèêîðèñòîâóºòüñÿ ïðè îêèñ-
íåíí³ àëê³ëáåíçåí³â òà ¿õ êèñíåâì³ñíèõ ïîõ³äíèõ.
Çàëó÷åííÿ äî ñèñòåìè îçîíó íàâ³òü ó â³äñóòíîñò³
êàòàë³çàòîðà ñïðèÿº øâèäêîìó îêèñíåííþ ñïèð-
òó (ðèñ. 1).

Ðèñ. 1. Ê³íåòèêà îêèñíåííÿ 4-í³òðî-α-ôåí³ëåòàíîëó

 îçîíîïîâ³òðÿíîþ ñóì³øøþ â îöòîâ³é êèñëîò³: âèòðàòà

4-í³òðî-α-ôåí³ëåòàíîëó (1, 2, 3); íàêîïè÷åííÿ

4-í³òðîàöåòîôåíîíó (2', 3') ïðè 283 Ê;

[O3]o=5,2⋅10–4 ìîëü⋅ë–1; [Mn(OAñ)2]o=0,04 ìîëü⋅ë–1,

ω=30 ë⋅ãîä–1, Vp (îá’ºì ðåàêö³éíî¿ ìàñè)=10 ìë.

1 – îêèñíåííÿ ñïèðòó ìîëåêóëÿðíèì êèñíåì;

2, 2' – îêèñíåííÿ ñïèðòó îçîíîì; 3, 3' – êàòàë³òè÷íå

îêèñíåííÿ ñïèðòó îçîíîì

Õàðàêòåðíî, ùî íà â³äì³íó â³ä ðåàêö³¿ îçî-
íóâàííÿ åòèëáåíçåíó, êîëè ïåðåâàæàº àòàêà çà
áåíçåíîâèì ê³ëüöåì [6], 4-í³òðî-α-ôåí³ëåòàíîë
îêèñíþºòüñÿ îçîíîì ëèøå çà á³÷íèì ëàíöþãîì
ç óòâîðåííÿì 4-í³òðîàöåòîôåíîíó:

; (1)

Ar

OH

CH3C O2 Ar

OO

OH

CH3C ;  (2)



55

Catalytic oxidation of 4-nitro-α-phenylethanol by ozone in acetic acid solution

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2023, No. 6, pp. 53-58

2Ar
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CH3C 2Ar C
O

CH3
H2O2 O2 .  (3)

Îêèñíåííÿ ñòàº ìîæëèâèì çà ïðè÷èíè âè-
ñîêîãî ðåäîêñ-ïîòåíö³àëó îçîíó (2,04 äëÿ Î3

ïðîòè 1,86 ìÂ äëÿ Î2). Óòâîðåíèé çà ðåàêö³ºþ
(1) ðàäèêàë äàë³ â àòìîñôåð³, äå ïåðåâàæàº êè-
ñåíü, ïåðåòâîðþºòüñÿ ó â³äïîâ³äíèé àöåòîôåíîí
[6].

Ââåäåííÿ â îêèñíó ñèñòåìó ìàíãàí(²²) àöå-
òàòó íå âïëèâàº íà ñåëåêòèâí³ñòü îêèñíåííÿ çà
á³÷íèì ëàíöþãîì, âèõ³ä 4-í³òðîàöåòîôåíîíó çà-
ëèøàºòüñÿ íà ð³âí³ 98%, ïðîòå ñóòòºâî ïðè-
ñêîðþº øâèäê³ñòü îêèñíåííÿ. Òàê, ïðè
ñï³ââ³äíîøåíí³ [ñïèðò]:[Mn(OAc)2]=1:0,1
øâèäê³ñòü îêèñíåííÿ ñïèðòó ³ íàêîïè÷åííÿ àöå-
òîôåíîíó çðîñòàþòü ìàéæå âòðè÷³ (ðèñ. 1).

Äëÿ óòî÷íåííÿ ðîë³ êàòàë³çàòîðà [8] ïðè
îçîíóâàíí³ 4-í³òðî-α-ôåí³ëåòàíîëó áóëà äîñë³-
äæåíà ðåàêö³ÿ ñïèðòó ç ìàíãàí(IV) àöåòàòîì â ñå-
ðåäîâèù³ îöòîâî¿ êèñëîòè ïðè òåìïåðàòóð³ 283 Ê.
Áóëî ïîêàçàíî, ùî â àòìîñôåð³ àçîòó ïðîäóêòîì
îêèñíåííÿ º 4-í³òðîàöåòîôåíîí. Ïðè ñòóïåí³
ïåðåòâîðåííÿ 4-í³òðî-α-ôåí³ëåòàíîëó 15% íà
ìîëü ïåðåòâîðåíîãî ñóáñòðàòó âèòðà÷àºòüñÿ ïðè-
áëèçíî îäèí ìîëü Mn(IV), ùî â³äïîâ³äàº íàñòóï-
í³é ñõåì³ ïåðåòâîðåííÿ:

Ar

H

OH

CH3C Mn(IV) Ar C
O

CH3
Mn(II) 2H .(4)

Ê³íåòè÷í³ îñîáëèâîñò³ ðåàêö³¿ (4) íàâåäåíî
íà ðèñ. 2, ç ÿêîãî âèäíî, ùî ó òåìïåðàòóðíîìó
³íòåðâàë³ 283–343 Ê êîíöåíòðàö³ÿ Mn(IV) ó ñèñ-
òåì³ (à, îòæå, ³ êîíöåíòðàö³ÿ ñïèðòó) íà ïî÷àò-
êó øâèäêî çíèæóºòüñÿ, à ïîò³ì ðåàêö³ÿ ãàëüìóºòü-
ñÿ. Ñòóï³íü â³äíîâëåííÿ ìàíãàíó, çà ÿêèì ãàëü-
ìóºòüñÿ ðåàêö³ÿ, ïåðø çà âñå, çàëåæèòü â³ä òåìïå-
ðàòóðè ïðîöåñó: ÷èì âèùà òåìïåðàòóðà, òèì âè-
ùèé ñòóï³íü ïåðåòâîðåííÿ ìàíãàíó. Íàïðèêëàä,
ïðè òåìïåðàòóð³ 288 Ê îêèñíåííÿ ñïèðòó çóïè-
íÿºòüñÿ ïðè ñòóïåí³ ïåðåòâîðåííÿ Mn(IV) 20%, à
ïðè òåìïåðàòóð³ 343 Ê – 65%. Äîñë³äæåííÿ, çà
ÿêèìè â ïåâíèé ìîìåíò ÷àñó â ñèñòåìó ââîäèëè
ìàíãàí(I²) àöåòàò, ñâ³ä÷àòü ïðî òå, ùî ðåàêö³ÿ
â³äíîâëåííÿ Mn(IV), òîáòî îêèñíåííÿ 4-í³òðî-α-
ôåí³ëàöåòàòó (4), ãàëüìóºòüñÿ ïîÿâîþ ó ñèñòåì³
Mn(I²).

Øâèäê³ñòü â³äíîâëåííÿ Mn(IV) çàëåæèòü â³ä
éîãî âèõ³äíî¿ êîíöåíòðàö³¿ ³ êîíöåíòðàö³¿ ñïèðòó
ó ïåðøîìó ñòóïåí³, à òàêîæ çâîðîòíî ïðîïîðö³é-
íà êîíöåíòðàö³¿ Mn(I²):

[ ]

4 4

0

4 4
0 0 0

2

0

Mn Mn

K Ar H τ Mn Mn
.

Mn

+ +

+ +

+

   = ×   

    + −    × −
    

  (5)

Çà äàíèìè ðèñ. 2 áóëè ðîçðàõîâàí³ êîíñòàí-
òè øâèäêîñò³ ðåàêö³¿ 4-í³òðî-α-ôåí³ëåòàíîëó ç
Mn(IV) â òåìïåðàòóðíîìó ³íòåðâàë³ 283–343 K, à
òàêîæ ê³íåòè÷í³ ïàðàìåòðè öèõ ðåàêö³é (òàáë. 1).

Ðîçðàõóíêè êîíñòàíò øâèäêîñò³ ðåàêö³¿
4-í³òðî-α-ôåí³ëåòàíîëó ç Mn(IV) ïðè ð³çíèõ òåì-
ïåðàòóðàõ âèêîíóâàëè ÿê äëÿ ðåàêö³é çàãàëüíîãî
äðóãîãî ïîðÿäêó ç âèêîðèñòàííÿì ïî÷àòêîâèõ
ä³ëÿíîê ê³íåòè÷íèõ êðèâèõ âèòðàòè ìàíãàíó
(ðèñ. 2) [9].

Ç äàíèõ òàáë. 1 âèïëèâàº, ùî ïðèñêîðåííÿ
ðåàêö³¿ îêèñíåííÿ 4-í³òðî-α-ôåí³ëåòàíîëó â ïðè-
ñóòíîñò³ Mn(I²) ïîâ’ÿçàíî ç á³ëüø âèñîêîþ øâèä-
ê³ñòþ çàëó÷åííÿ â îêèñíåííÿ ñïèðòó çà ðåàê-
ö³ºþ ç Mn(IV), à â³äñóòí³ñòü çà óìîâ äîñë³ä³â ãàëü-
ìóâàííÿ ðåàêö³¿ îêèñíåííÿ Mn(I²) – â³äñóòí³-
ñòþ â ñèñòåì³ â³äíîâíî¿ ôîðìè ìàíãàíó çà ðàõó-
íîê éîãî øâèäêîãî îêèñíåííÿ îçîíîì äî Mn(IV).

Ðåçóëüòàòè äîñë³äæåíü ìàêðîê³íåòèêè ïðî-
öåñó îêèñíåííÿ 4-í³òðî-α-ôåí³ëåòàíîëó íàâåäåí³
ó òàáë. 2, ç ÿêî¿ âèäíî, ùî ïðè òåìïåðàòóð³
283 Ê, ÿêà º îïòèìàëüíîþ, âàð³þâàííÿ êîíöåí-
òðàö³¿ ðåàãåíò³â ³ êàòàë³çàòîðà çà äîñë³äæåíèõ
óìîâ ñóòòºâî íå âïëèâàº íà ñåëåêòèâí³ñòü îêèñ-
íåííÿ çà 4-í³òðîàöåòîôåíîíîì, àëå ïîì³òíî
â³äáèâàºòüñÿ íà øâèäêîñò³ ðåàêö³¿, ÿêà ïðîïîð-
ö³éíà êîíöåíòðàö³¿ îçîíó ó ïåðøîìó ñòåïåí³, à
êîíöåíòðàö³ÿì ìåòàëó ³ ñóáñòðàòó ó ñòåïåí³ 0,5,
³ îïèñóºòüñÿ íàñòóïíèì ð³âíÿííÿì (ðèñ. 3):

Ðèñ. 2. Ê³íåòè÷í³ êðèâ³ âèòðàòè Mn(IV) â ðåàêö³¿ ç

4-í³òðî-α-ôåí³ëåòàíîëîì â îöòîâ³é êèñëîò³ ïðè òåìïåðà-

òóðàõ: 283 (1), 288 (2), 303 (3), 323 (4), 343 Ê (5).

[Mn(IV)]0=0,04 ìîëü⋅ë–1; [ArCH(OH)CH3]o=0,4 ìîëü⋅ë–1
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ro=kåô[O3]î[ArOH]0,5[Mn(OAñ)2]o
0,5.  (6)

Ç ðèñ. 4 çíàéäåíî, ùî íà îêèñíåííÿ 1 ìîëü
ñïèðòó íåîáõ³äíî 0,5 ìîëü îçîíó. Òàêå ñï³ââ³äíî-
øåííÿ çà ðåàãåíòàìè çàäîâ³ëüíî óçãîäæóºòüñÿ ç
íàñòóïíîþ ñõåìîþ óòâîðåííÿ Mn(IV):

Mn(I²)+O3+2Í+→Mn(IV)+O2+Í2Î,  (7)

òà ñõåìàìè â³äíîâëåííÿ Mn(IV) äî Mn(I²):

ArCH(ÎÍ)CH3+Mn(IV)→
→ ·(ÎÍ)CH3+Mn(I²²)+H+, (8)

ArCH(ÎÍ)CH3+Mn(I²²)→
→ArÑ·(ÎÍ)CH3+Mn(I²)+H+, (9)

àáî ç ñóìàðíîþ ñõåìîþ îêèñíåííÿ, îòðèìàíîþ ç
ð³âíÿíü (6), (7) òà (8):

ro=kåô[O3]î[ArOH]0,5[Mn(OAñ)2]o
0,5.  (10)

Òàáëèöÿ 1
Ê³íåòè÷í³ ïàðàìåòðè ðåàêö³é êàòàë³òè÷íîãî öèêëó îêèñíåííÿ 4-í³òðî-ααααα-ôåí³ëåòàíîëó. [ArOH]o=0,4 ìîëü⋅⋅⋅⋅⋅ë–1;

[Mn(OAc)2]=0,04 ìîëü⋅⋅⋅⋅⋅ë–1; [O3]=5,2⋅⋅⋅⋅⋅10–4 ìîëü⋅⋅⋅⋅⋅ë–1

Ïðèì³òêà: * – åôåêòèâí³ êîíñòàíòè øâèäêîñò³.

Сполука k*, л⋅(моль⋅с)–1 ro, моль⋅(л⋅с)–1 Т, К E, кДж⋅моль–1 А, л⋅(моль⋅с)–1 
Mn(IІ)+O3 1,9⋅103 4⋅10–2 283 42,2 1,1⋅1012 
ArOH+O3 0,8 0,5⋅10–4 283 83,3 0,2⋅102 

2,9⋅10–2 1,6⋅10–4 283 
3,3⋅10–2 5,1⋅10–4 288 
5,2⋅10–2 8,3⋅10–4 303 
8,0⋅10–2 12,8⋅10–4 323 

ArOH+Mn(IV) 

12,0⋅10–2 19,2⋅10–4 343 

19,2 1,01⋅102 

Òàáëèöÿ 2
Ìàêðîê³íåòè÷í³ äàí³ îêèñíåííÿ 4-í³òðî-ααααα-ôåí³ëåòàíîëó îçîíîïîâ³òðÿíîþ ñóì³øøþ ïðè ð³çíèõ òåìïåðàòóðàõ

Ðèñ. 3. Çàëåæí³ñòü øâèäêîñò³ îêèñíåííÿ

4-í³òðî-α-ôåí³ëåòàíîëó â³ä êîíöåíòðàö³¿ îçîíó (1),

ìàíãàí(²²) àöåòàòó (2) òà ñóáñòðàòó (3).

[ArÎÍ]0=0,4 ìîëü⋅ë–1; [Mn(I²)]î=0,04 ìîëü⋅ë–1;

[O3]=5,2⋅10–4 ìîëü⋅ë–1; Ò=283 Ê
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Ðèñ. 4. Îçîíîãðàìà ïîãëèíàííÿ îçîíó â ðåàêö³¿ ç

4-í³òðî-α-ôåí³ëåòàíîëîì ó ðîç÷èí³ îöòîâî¿ êèñëîòè:

1 – êðèâà ïîãëèíàííÿ îçîíó àöåòàòíèì ðîç÷èíîì

Mn(IV); 2 – êðèâà ïîãëèíàííÿ îçîíó 4-í³òðî-α-ôåí³ëåòà-

íîëîì òà àöåòàòíèì ðîç÷èíîì Mn(IV). ×àñ 25 õâ,

òåìïåðàòóðà 283 Ê

Øâèäê³ñòü îêèñíåííÿ ñïèðòó çàëåæèòü â³ä
òåìïåðàòóðè, à ñàìå, ç ï³äâèùåííÿì òåìïåðàòó-
ðè ç 283 äî 303 Ê âîíà çðîñòàº âäâ³÷³, ïðè öüîìó
îêèñíåííÿ ñóïðîâîäæóºòüñÿ çíèæåííÿì ñåëåê-
òèâíîñò³ îêèñíåííÿ çà 4-í³òðîàöåòîôåíîíîì ç
98% äî 92%, ùî ïîâ’ÿçàíî ç ïðèñêîðåííÿì øâèä-
êîñò³ ïîäàëüøîãî îêèñíåííÿ êåòîíà.

Âèñíîâêè
Âñòàíîâëåíî, ùî íà â³äì³íó â³ä ðåàêö³¿ îçî-

íóâàííÿ åòèëáåíçåíó, êîëè ïåðåâàæàº àòàêà çà
áåíçåíîâèì ê³ëüöåì, 4-í³òðî-α-ôåí³ëåòàíîë
îêèñíþºòüñÿ îçîíîì ëèøå çà á³÷íèì ëàíöþãîì
ç óòâîðåííÿì 4-í³òðîàöåòîôåíîíó ç âèõîäîì 98%.

Ïîêàçàíî, ùî ïðè òåìïåðàòóð³ 283 Ê íà-
ÿâí³ñòü ó ñèñòåì³ ìàíãàí(²²) àöåòàòó ìàéæå íå
âïëèâàº íà ñåëåêòèâí³ñòü îêèñíåííÿ çà 4-í³òðî-
àöåòîôåíîíîì, ÿêà ÿê ³ çà óìîâ íåêàòàë³òè÷íîãî
îçîíóâàííÿ, äîñÿãàº 98%, ïðîòå ñóòòºâî ïðèñêî-
ðþº øâèäê³ñòü îêèñíåííÿ.

Âèâ÷åíî ê³íåòè÷í³ îñîáëèâîñò³ ðåàêö³¿ 4-
í³òðî-α-ôåí³ëåòàíîëó ç Mn(IV). Â òåìïåðàòóð-
íîìó ³íòåðâàë³ 283–343 Ê êîíöåíòðàö³ÿ êàòàë³-
çàòîðà ó ñèñòåì³ íà ïî÷àòêó øâèäêî çíèæóºòü-
ñÿ, à ïîò³ì ðåàêö³ÿ ãàëüìóºòüñÿ. Ñòóï³íü â³äíîâ-
ëåííÿ ìàíãàíó, çà ÿêèì ãàëüìóºòüñÿ ðåàêö³ÿ, ïåðø
çà âñå, çàëåæèòü â³ä òåìïåðàòóðè ïðîöåñó: ÷èì
âèùà òåìïåðàòóðà, òèì âèùèé ñòóï³íü ïåðåòâî-
ðåííÿ ìàíãàíó. Øâèäê³ñòü â³äíîâëåííÿ Mn(IV)
çàëåæèòü â³ä éîãî âèõ³äíî¿ êîíöåíòðàö³¿ ³ êîí-
öåíòðàö³¿ ñïèðòó ó ïåðøîìó ñòóïåí³, à òàêîæ îáåð-
íåíî ïðîïîðö³éíà êîíöåíòðàö³¿ Mn(I²).

Ïîêàçàíî, ùî ïðè òåìïåðàòóð³ 283 Ê, ÿêà º
îïòèìàëüíîþ, âàð³þâàííÿ êîíöåíòðàö³¿ ðåàãåíò³â

³ êàòàë³çàòîðà ó âèâ÷åíèõ óìîâàõ ñóòòºâî íå âïëè-
âàº íà ñåëåêòèâí³ñòü îêèñíåííÿ çà 4-í³òðîàöå-
òîôåíîíîì, àëå ïîì³òíî â³äáèâàºòüñÿ íà øâèä-
êîñò³ ðåàêö³¿, ÿêà ïðîïîðö³éíà êîíöåíòðàö³¿ îçî-
íó ó ïåðøîìó ñòóïåí³, à êîíöåíòðàö³ÿì ìåòàëó ³
ñóáñòðàòó ó ñòóïåí³ 0,5.

Øâèäê³ñòü îêèñíåííÿ ñïèðòó çàëåæèòü â³ä
òåìïåðàòóðè, à ñàìå, ç ¿¿ ï³äâèùåííÿì ç 283 äî
303 Ê, âîíà çðîñòàº âäâ³÷³, ïðè öüîìó îêèñíåí-
íÿ ñóïðîâîäæóºòüñÿ çíèæåííÿì ñåëåêòèâíîñò³
îêèñíåííÿ çà 4-í³òðîàöåòîôåíîíîì ç 98% äî
92%, ùî ïîâ’ÿçàíî ç ïðèñêîðåííÿì øâèäêîñò³
ïîäàëüøîãî îêèñíåííÿ êåòîíó.
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CATALYTIC OXIDATION OF 4-NITRO-ααααα-
PHENYLETHANOL BY OZONE IN ACETIC ACID
SOLUTION

A. Galstyan
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For the first time, a systematic study of kinetic features of
the reaction of 4-nitro-α-phenylethanol (an intermediate product
of oxidation of 4-nitroethylbenzene) with ozone was conducted.
The results of the work showed the ways to transform 4-nitro-α-
phenylethanol into 4-nitroacetophenone. It was shown that unlike
the reaction of ethylbenzene ozonation when the attack by benzene
ring prevails, 4-nitro-α-phenylethanol was oxidized by ozone only
by the lateral chain with the formation of 4-nitroacetophenone
with the yield of 98%. The presence of manganese (II) acetate
did not affect the selectivity of oxidation by the lateral chain and
the yield of 4-nitroacetophenone remained 98%, however the
oxidation rate increased almost three times. To find out this fact,
the kinetics of the reaction of alcohol with manganese (IV) acetate
in acetic acid was studied at the temperature of 283 K. It was
shown that 4-nitroacetophenone is the reaction product in the
atmosphere of nitrogen. At the conversion of 4-nitro-α-
phenyletanol of 15% per mole of the converted substrate, it was
consumed about one mole of Mn (IV). In the temperature range
of 283–343 K, the concentration of Mn(IV) in the system at
the reaction beginning was rapidly reduced, and then the reaction
was inhibited. The degree of recovery of manganese, which
inhibited the reaction, depended primarily on the temperature:
the higher is the temperature, the higher is the degree of manganese
transformation. The rate of Mn(IV) recovery was influenced by
its initial concentration and the concentration of alcohol in the
first stage, whereas it was inversely proportional to the
concentration of Mn(II). In the process of oxidation of 4-nitro-
α-phenylethanol by ozone at a temperature of 283 K, which is
optimal, the variation of the concentrations of reagents and catalyst
under studied conditions did not affect the selectivity of oxidation
with respect of 4-nitroacetophenon, but was markedly reflected
at the reaction rate. The reaction rate was proportional to the
concentration of ozone raised to the first power and the
concentrations of metal and substrate raised to the power of 0.5.
The rate of oxidation of alcohol depended on the temperature: it
increases twice with an increase in the temperature from 283 K
to 303 K, oxidation being accompanied by a decrease in the
oxidation selectivity with respect of 4-nitroacetophenon from 98%
to 92%, which is associated with the acceleration of the rate of
further oxidation of ketone.

Keywords: oxidation; ozone; 4-nitro-α-phenylethanol;
4-nitroacetophenone; kinetics; acetic acid; manganese(II) acetate.
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