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Èññëåäîâàíà âîçìîæíîñòü ïðèìåíåíèÿ ñóëüôàòà öåðèÿ (IV) â êà÷åñòâå îêèñëèòåëüíîãî

ðåàãåíòà äëÿ îïðåäåëåíèÿ ôåíîëüíîé ãèäðîêñèëüíîé ãðóïïû è ïðèâåäåíû ïðèìåðû åãî

èñïîëüçîâàíèÿ äëÿ àíàëèçà ðàçëè÷íûõ îðãàíè÷åñêèõ ñîåäèíåíèé. Ñóëüôàò öåðèÿ êîëè-

÷åñòâåííî ðåàãèðóåò ñ ôåíîëüíîé ãèäðîêñèëüíîé ãðóïïîé ñ îáðàçîâàíèåì õèíîèäíûõ

ñîåäèíåíèé. Ïðåäëîæåíû ìåòîäèêè îïðåäåëåíèÿ ôåíîëîâ ðàçëè÷íîãî ñòðîåíèÿ, âêëþ÷àÿ

ïåðõëîðèðîâàííûå è ïåðôòîðèðîâàííûå ôåíîëû, ìåòîäîì ïîòåíöèîìåòðè÷åñêîãî òèòðî-

âàíèÿ ðàñòâîðîì ñóëüôàòà öåðèÿ â ñåðíîêèñëîé ñðåäå ñ ðåäîêñîìåòðè÷åñêèì èíäèêàòîð-

íûì ýëåêòðîäîì. Íàëè÷èå â àðîìàòè÷åñêîì êîëüöå çàìåñòèòåëåé ñ âîññòàíîâèòåëüíûìè

ñâîéñòâàìè ìåøàåò îïðåäåëåíèþ. Öåðèìåòðè÷åñêîå ïîòåíöèîìåòðè÷åñêîå òèòðîâàíèå èñ-

ïîëüçîâàíî òàêæå äëÿ èññëåäîâàíèÿ ñòðîåíèÿ ïîëèìåðîâ íà îñíîâå ìåòèëîëüíûõ ïðîèç-

âîäíûõ ôåíîëôòàëåèíà. Ïîäîáíûå ñîåäèíåíèÿ ÿâëÿþòñÿ ñøèâàþùèìè àãåíòàìè è ñëóæàò

äëÿ ïîëó÷åíèÿ òåðìîñòàòíûõ êîíñòðóêöèîííûõ ìàòåðèàëîâ ñ âûñîêèìè ïðî÷íîñòíûìè

ñâîéñòâàìè. Ïîêàçàíî, ÷òî ìåòèëîëüíóþ ãèäðîêñèëüíóþ ãðóïïó, êîòîðàÿ òàêæå êîëè÷åñò-

âåííî îêèñëÿåòñÿ ñóëüôàòîì öåðèÿ, ìîæíî îïðåäåëÿòü îäíîâðåìåííî ñ ôåíîëüíîé ãèäðî-

êñèëüíîé ãðóïïîé. Ïðè ïðîâåäåíèè ñðàâíåíèÿ ïðåäëîæåííîãî ìåòîäà öåðèìåòðè÷åñêîãî

òèòðîâàíèÿ ñ øèðîêî èçâåñòíûì ìåòîäîì àöåòèëèðîâàíèÿ ïîëó÷åíû èäåíòè÷íûå ðåçóëü-

òàòû. Íàéäåííîå êîëè÷åñòâî ãèäðîêñèëüíûõ ãðóïï â àíàëèçèðóåìûõ îáðàçöàõ ïîçâîëÿëî

ñóäèòü î ñòðóêòóðå ïîëèìåðîâ. Íà îñíîâå öåðèìåòðè÷åñêîãî òèòðîâàíèÿ ïðåäëîæåíà òàêæå

ìåòîäèêà îïðåäåëåíèÿ ñâîáîäíûõ êñèëåíîëîâ â îãíåñòîéêîì òóðáèííîì ìàñëå. Ìåòîäèêà
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The possibility of using cerium (IV) sulfate as an oxidizing reagent in analysis of various organic com-

pounds is considered and exemplified specifically in determination of phenolic hydroxyl group. Cerium

sulfate quantitatively reacts with a phenolic hydroxyl group to form quinoid compounds. Techniques for

determination of phenols of different structures (including perchlorinated and perfluorinated phenols) us-

ing potentiometric titration with a solution of cerium sulfate in a sulfuric acid medium with a redoxo-

metric indicator electrode are proposed. The presence of the substituents with reducing properties in the

aromatic ring interferes with the determination. Cerimetric potentiometric titration was also used to

study the structure of polymers based on methylol derivatives of phenolphthalein which are crosslinking

agents and serve to obtain thermostatic structural materials with high strength properties. It is shown

that the methylol hydroxyl group, which is also quantitatively oxidized by cerium sulfate, can be deter-

mined simultaneously with a phenolic hydroxyl group. The results obtained by the proposed method of

cerimetric titration and well-known method of acetylation appeared identical. The determined number of

hydroxyl groups in the analyzed samples is indicative of the polymer structure. Proceeding from the tech-

nique of cerimetric titration we propose a method for determination of free xylenols in fire-resistant tur-

bine oil. The developed technique is more rapid and less labor-consuming compared to generally accepted

technique TU 3470.11335–07 based on the bromination of xylenols with a bromide-bromate mixture.

Keywords: potentiometry; cerimetric titration; phenolic hydroxyl; xylenols; fire-resistant turbine oil.

«Çàâîäcêàÿ ëàáîpàòîpèÿ. Äèàãíîcòèêà ìàòåpèàëîâ». 2020. Òîì 86. ¹ 5 11



Ââåäåíèå

Ñóëüôàò öåðèÿ (IV) øèðîêî èñïîëüçóþò â êà-

÷åñòâå îêèñëèòåëüíîãî ðåàãåíòà â àíàëèòè÷åñêîé

õèìèè. Ôåíîëû îêèñëÿþòñÿ èîíàìè öåðèÿ äî õè-

íîíîâ ñ îáðàçîâàíèåì ñëîæíûõ ñìåñåé:

Â îðãàíè÷åñêîì àíàëèçå ðåàãåíò ïðèìåíÿþò

äëÿ îïðåäåëåíèÿ ùàâåëåâîé êèñëîòû è îêñàëà-

òîâ, îðãàíè÷åñêèõ îêñèêèñëîò, ìíîãîîñíîâíûõ

ñïèðòîâ, ãèäðîõèíîíà, áåíçîõèíîíà, ðàçëè÷íûõ

ñàõàðîâ è äðóãèõ ñîåäèíåíèé [1].

Ìû èññëåäîâàëè âîçìîæíîñòü ïðèìåíåíèÿ

Ce (IV) â êà÷åñòâå ðåàãåíòà äëÿ îïðåäåëåíèÿ ôå-

íîëüíîãî ãèäðîêñèëà. Íàèáîëåå ðàñïðîñòðàíåí-

íûé ìåòîä îïðåäåëåíèÿ ôåíîëîâ îñíîâàí íà àöå-

òèëèðîâàíèè ãèäðîêñèëüíîé ãðóïïû óêñóñíûì

àíãèäðèäîì [1].

Âîçìîæíî òèòðîâàíèå ôåíîëîâ â íåâîäíîé

ñðåäå îñíîâíûìè òèòðàíòàìè. Êèñëîòíûé õàðàê-

òåð ñîåäèíåíèé, ñîäåðæàùèõ ôåíîëüíûé ãèäðî-

êñèë, çàâèñèò îò ñòðîåíèÿ âåùåñòâà. Â êà÷åñòâå

ðàñòâîðèòåëåé ïðèìåíÿþò ÄÌÔÀ, ïèðèäèí, ýòè-

ëåíäèàìèí, àöåòîí è äð. [2]. Îïèñàíû ðàçíîîá-

ðàçíûå èíñòðóìåíòàëüíûå ìåòîäû îïðåäåëåíèÿ

ìàëûõ êîëè÷åñòâ ôåíîëîâ â ðàçëè÷íûõ îáúåêòàõ

[3 – 9].

Ñóùåñòâóþò ìåòîäû êîñâåííîãî îïðåäåëåíèÿ

ôåíîëîâ ïî èõ ðåàêöèè ñ ñóëüôàòîì öåðèÿ ñ ïî-

ñëåäóþùèì ïîòåíöèîìåòðè÷åñêèì òèòðîâàíèåì

èçáûòêà ðåàãåíòà ðàñòâîðîì Fe (II) [1].
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Òàáëèöà 1. Ðåçóëüòàòû îïðåäåëåíèÿ OH-ãðóïï â îðãàíè÷åñêèõ ñîåäèíåíèÿõ ìåòîäîì ïîòåíöèîìåòðè÷åñêîãî òèòðîâà-

íèÿ 0,1 Ì ðàñòâîðîì Ce(SO4)2 (n = 3; P = 0,95)

Table 1. Results of OH-group determination in organic compounds using potentiometric titration with 0.1 M Ce(SO
4
)
2

(n = 3; P = 0.95)

Îáðàçåö ×èñëî OH-ãðóïï
Ñîäåðæàíèå OH-ãðóïï, %

S
r

Âû÷èñëåíî Íàéäåíî

1 9,24 9,01 ± 0,34 0,28

1 6,38 6,33 ± 0,58 0,36

1 10,24 10,20 ± 0,44 0,22

2 19,32 19,10 ± 0,52 0,26

3 30,36 30,29 ± 0,58 0,23

2 11,26 11,31 ± 0,43 0,21
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Öåëü íàøåé ðàáîòû — èçó÷èòü âîçìîæíîñòü

îïðåäåëåíèÿ ôåíîëîâ ïðÿìûì öåðèìåòðè÷åñêèì

òèòðîâàíèåì â êèñëîé ñðåäå.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Äëÿ îïðåäåëåíèÿ ôåíîëüíîãî ãèäðîêñèëà

â ñòàêàí åìêîñòüþ 50 ìë ïîìåùàëè íàâåñêó

àíàëèçèðóåìîãî âåùåñòâà (20 – 30 ìã), äîáàâëÿ-

ëè 15 ìë ýòàíîëà, 5 ìë 5 Ì ðàñòâîðà H2SO4 è

òèòðîâàëè ïîòåíöèîìåòðè÷åñêè 0,1 Ì ðàñòâîðîì

Ce(SO4)2 ñ ðåäîêñîìåòðè÷åñêèì èíäèêàòîðíûì

ýëåêòðîäîì è êàëîìåëüíûì ýëåêòðîäîì ñðàâíå-

íèÿ ñ ïîìîùüþ ðÍ-ìåòðà CG-805 SHOTT

GERATE (÷èñòîòó àíàëèçèðóåìûõ îáðàçöîâ êîí-

òðîëèðîâàëè ìåòîäîì ýëåìåíòíîãî àíàëèçà).

Äëÿ îïðåäåëåíèÿ êñèëåíîëîâ â òóðáèííîì

ìàñëå (â íåâîäíîé ñðåäå) â ñòàêàíå åìêîñòüþ

100 ìë íàâåñêó îáðàçöà (10 – 12 ã) ðàñòâîðÿëè â

30 ìë ýòàíîëà, äîáàâëÿëè 1,5 ìë êîíö. H2SO4 è

òèòðîâàëè ïîòåíöèîìåòðè÷åñêè, êàê îïèñàíî

âûøå.

Ñîäåðæàíèå êñèëåíîëîâ ðàññ÷èòûâàëè ïî

ôîðìóëå:

c
VN

m
êñèëåíîëîâ �

� �122 100
,

ãäå V — îáúåì ðàñòâîðà Ce(SO4)2, èçðàñõîäîâàí-

íûé íà òèòðîâàíèå, ìë; N — íîðìàëüíîñòü ðàñ-

òâîðà Ce(SO4)2; 122 — ìîëåêóëÿðíàÿ ìàññà êñèëå-

íîëà; m — íàâåñêà îáðàçöà, ìã.

Îáñóæäåíèå ðåçóëüòàòîâ

Ïðåäëîæåííàÿ ìåòîäèêà ïîçâîëÿåò îïðåäå-

ëÿòü ôåíîëû ðàçëè÷íîãî ñòðîåíèÿ, âêëþ÷àÿ ïåð-

ôòîðèðîâàííûå è ïåðõëîðèðîâàííûå ôåíîëû,

ïîòåíöèîìåòðè÷åñêèì òèòðîâàíèåì ðàñòâîðîì

ñóëüôàòà öåðèÿ â ñåðíîêèñëîé ñðåäå ñ ðåäîêñî-

ìåòðè÷åñêèì èíäèêàòîðíûì ýëåêòðîäîì. Ðåçóëü-

òàòû àíàëèçà ðÿäà ñîåäèíåíèé íà ñîäåðæàíèå

OH-ãðóïï ïðèâåäåíû â òàáë. 1.

Îïðåäåëåíèþ ìåøàþò ñîåäèíåíèÿ, îáëàäàþ-

ùèå âîññòàíîâèòåëüíûìè ñâîéñòâàìè, òàêèå êàê

îêñèêèñëîòû, ìíîãîàòîìíûå ñïèðòû, àðîìàòè÷å-

ñêèå àìèíû è äð.

Öåðèìåòðè÷åñêîå òèòðîâàíèå áûëî ïðèìåíå-

íî íàìè äëÿ îïðåäåëåíèÿ ÎÍ-ãðóïï â ìåòèëîëü-

íûõ ïðîèçâîäíûõ èìèäà ôåíîëôòàëåèíà. Ïîäîá-

íûå ñîåäèíåíèÿ, ñèíòåçèðóåìûå â ÈÍÝÎÑ, ÿâëÿ-

þòñÿ ñøèâàþùèìè àãåíòàìè è ñëóæàò äëÿ ïîëó-

÷åíèÿ òåðìîñòàòíûõ êîíñòðóêöèîííûõ ìàòåðèà-

ëîâ ñ âûñîêèìè ïðî÷íîñòíûìè ñâîéñòâàìè [10 –

16]. Ìû èçó÷èëè âîçìîæíîñòü àíàëèçà ìåòèëîëü-

íûõ ïðîèçâîäíûõ ôåíîëôòàëåèíà, ïîëó÷åííûõ

ïðè ðàçëè÷íîì ìîëüíîì ñîîòíîøåíèè èìèäà, ôå-

íîëôòàëåèíà è ôîðìàëüäåãèäà. Ïðè ýòîì ïîêàçà-

íî, ÷òî ìåòèëîëüíûå ãèäðîêñèëüíûå ãðóïïû òàê-
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Òàáëèöà 2. Èññëåäóåìûå îáðàçöû ìåòèëîëüíûõ ïðîèç-

âîäíûõ ôåíîëôòàëåèíà

Table 2. Studied samples of methylol derivatives of phenol-

phthalein

Ïðåäïîëàãàåìàÿ ôîðìóëà

Íàé-

äåííîå

÷èñëî

OH-

ãðóïï

3

3*

3

3

4

3

* 1 ýêâèâàëåíò Ce(SO4)2 ðàñõîäóåòñÿ íà îêèñëåíèå

NH-ãðóïïû.
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æå êîëè÷åñòâåííî ðåàãèðóþò ñ ñóëüôàòîì öåðèÿ

è ìîãóò áûòü îïðåäåëåíû îäíîâðåìåííî ñ ôå-

íîëüíûìè ãèäðîêñèëàìè. Ïî ñîäåðæàíèþ íàé-

äåííûõ ãèäðîêñèëîâ ñóäèëè î ñòðîåíèè ñèíòåçè-

ðóåìûõ ñîåäèíåíèé. Äëÿ ïîäòâåðæäåíèÿ ïðà-

âèëüíîñòè ðåçóëüòàòîâ îáðàçåö ìåòèëîëüíîãî

ïðîèçâîäíîãî èìèäà ôåíîëôòàëåèíà

ïðîàíàëèçèðîâàëè êàê ìåòîäîì öåðèìåòðè÷åñêî-

ãî òèòðîâàíèÿ, òàê è ìåòîäîì àöåòèëèðîâàíèÿ.

Ïîëó÷åííûå äâóìÿ ìåòîäàìè ðåçóëüòàòû

(14,34 è 14,08 % OH-ãðóïï ñîîòâåòñòâåííî) ñîãëà-

ñóþòñÿ äðóã ñ äðóãîì è ñ âû÷èñëåííûì çíà÷åíè-

åì ñîäåðæàíèÿ OH-ãðóïï (14,13 %).

Â òàáë. 2 ïðèâåäåíû ðåçóëüòàòû îïðåäåëåíèÿ

ÎÍ-ãðóïï â íåêîòîðûõ ñîåäèíåíèÿõ ïðåäëîæåí-

íûì ìåòîäîì.

Íà îñíîâå öåðèìåòðè÷åñêîãî òèòðîâàíèÿ ñ ðå-

äîêñîìåòðè÷åñêèì èíäèêàòîðíûì ýëåêòðîäîì ìû

ðàçðàáîòàëè òàêæå ìåòîäèêó îïðåäåëåíèÿ ñâî-

áîäíûõ êñèëåíîëîâ â îãíåñòîéêîì òóðáèííîì

ìàñëå. Êñèëåíîëû (äèìåòèëôåíîëû), êîòîðûå â

çàâèñèìîñòè îò ðàñïîëîæåíèÿ ìåòèëüíûõ ãðóïï

ìîãóò íàõîäèòüñÿ â âèäå ìåòà- (1,3,4), îðòî-

(1,2,4) è ïàðà-ïðîèçâîäíûõ (1,4,2), ÿâëÿþòñÿ íå-

æåëàòåëüíîé ïðèìåñüþ ïðè åãî ñèíòåçå (ìàññî-

âàÿ äîëÿ êñèëåíîëîâ íå äîëæíà ïðåâûøàòü

0,15 %).

Îãíåñòîéêîå òóðáèííîå ìàñëî íà îñíîâå

òðèîêñèëåíèëôîñôàòà èñïîëüçóþò âìåñòî îïàñ-

íûõ â ïîæàðíîì îòíîøåíèè ãîðþ÷èõ íåôòÿíûõ

òóðáèííûõ ìàñåë. Ñîãëàñíî ÒÓ 3470.11335-07

ñâîáîäíûå êñèëåíîëû â òóðáèííûõ ìàñëàõ îïðå-

äåëÿþò áðîìèðîâàíèåì áðîìèä-áðîìàòíîé ñìå-

ñüþ ñ îáðàçîâàíèåì òðèáðîìêñèëåíîëîâ. Èçáû-

òîê áðîìà îïðåäåëÿþò éîäîìåòðè÷åñêè ïóòåì äî-

áàâëåíèÿ KI è òèòðîâàíèÿ âûäåëèâøåãîñÿ éîäà

ðàñòâîðîì òèîñóëüôàòà. Ìåòîäèêà äîñòàòî÷íî

òðóäîåìêà, ïðåäïîëàãàåò ýêñòðàêöèþ ñâîáîäíûõ

êñèëåíîëîâ èç ãîðÿ÷åãî ùåëî÷íîãî ðàñòâîðà ìàñ-

ëà è äëèòåëüíîå âûäåðæèâàíèå ðåàêöèîííîé

ñìåñè â ïðîöåññå áðîìèðîâàíèÿ.

Ìû ïðåäëîæèëè ïðîñòóþ è ýêñïðåññíóþ ìå-

òîäèêó îïðåäåëåíèÿ êñèëåíîëîâ â òóðáèííîì

ìàñëå, îñíîâàííóþ íà ïîòåíöèîìåòðè÷åñêîì òèò-

ðîâàíèè ñïèðòîâîãî ðàñòâîðà îáðàçöà ñóëüôàòîì

öåðèÿ. Âî èçáåæàíèå îñàæäåíèÿ ìàñëà òèòðîâà-

íèå ïðîâîäèëè â áåçâîäíîé ñðåäå ïîñëå äîáàâëå-

íèÿ â ðàñòâîð êîíöåíòðèðîâàííîé ñåðíîé êèñëî-

òû. Ðåçóëüòàòû ïðåäëîæåííîé ìåòîäèêè ñîâïà-

äàëè ñ ðåçóëüòàòàìè îïðåäåëåíèÿ êñèëåíîëîâ ïî

ÒÓ ìåòîäîì áðîìèðîâàíèÿ â øèðîêîì äèàïàçîíå

êîíöåíòðàöèé (òàáë. 3).

Ïðè ñðàâíåíèè êðèòåðèÿ Ôèøåðà Fýêñï = 3,2

è Fêðèò = 9,3 âèäíî, ÷òî ðåçóëüòàòû àíàëèçà ñâî-

áîäíû îò ñèñòåìàòè÷åñêîé îøèáêè, äèñïåðñèè îä-

íîðîäíû è ìåòîäû àíàëèçà ðàâíîòî÷íû.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, ïðåäëîæåíà ïðîñòàÿ è ýêñ-

ïðåññíàÿ ìåòîäèêà ïîòåíöèîìåòðè÷åñêîãî òèòðî-

âàíèÿ ôåíîëüíûõ ãèäðîêñèëüíûõ ãðóïï â îðãà-

íè÷åñêèõ ñîåäèíåíèÿõ è ïîëèìåðàõ íà îñíîâå ìå-

òèëîëüíûõ ïðîèçâîäíûõ ôåíîëôòàëåèíà ðàñòâî-

ðîì ñóëüôàòà öåðèÿ. Ìåòîäèêà òàêæå èñïîëüçî-

âàíà äëÿ îïðåäåëåíèÿ ñâîáîäíûõ êñèëåíîëîâ â

òóðáèííîì ìàñëå.
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Table 3. The results of free xylenol determination using methods of bromination and cerimetric titration

Øèôð îáðàçöà
Ñîäåðæàíèå êñèëåíîëîâ, %

S S1
2

2
2

Áðîìèðîâàíèå S1
2 (f1 = 3, f2 = 3) Òèòðîâàíèå Ce(SO4)2 S2

2 (f1 = 3, f2 = 3)
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