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By reaction of ethylene oxide with p-octylphenol or jo-nonylphenol 
twenty-two nonionic surface-active compounds of the poly(oxyethylene 
alkylphenol) type, containing different number of oxyethylene units in their 
molecule, were prepared. 

The considerable surface activity of some poly (oxyethylene alkylphenol») stimulated 
an extensive investigation of the detergents of this type. 

The advantage of the detergents belonging to the above group of compounds is their 
n.onionic character and accompanying properties, such as the stability in acid and alkaline 
media and the increased efficiency in comparison with the ionic surface-active compounds. 
This means, from the pharmaceutical point of view, a marked increase of the safety 
during parenteral and peroral application of preparations and the decrease of irritability 
at their local application. 

The preparation of poly(ethylene oxide) adducts of phenol and alkylphenols was the 
subject of numerous studies and patents and was reviewed in several monographs [1—4]. 

Technology of the production of poly (oxyethylene alkylphenols) is generally based 
on the reactions of phenols with ethylene oxide; the reaction product is usually a mixture 
of compounds containing different number of oxyethylene units in their molecules. 
The products of side reactions are poly(oxyethjdenes). 

The aim of this work was to prepare surface-active compounds derived from p-octyl-
fuxl _p-nonylphenol with a variable length of the polyoxyethylene chain. 

Experimental 

jö-Octylphenol, £>-nonylphenol, ethylene oxide, and potassium hydroxide were stand­
ard commercial chemicals. 

Preparation of poly (oxyethylene alkylphenols) 

The addition of ethylene oxide to p-octyl- and/or p-nonylphenol (10 moles) was carried 
out in a 5-1 laboratory stainless steel double jacket autoclave equipped with a stirrer 
and a thermometer. Solid potassium hydroxide (0.7% w/w) was added as a catalyst. 
After closing the autoclave the air was replaced by nitrogen and the mixture was heated 
\>p to 136—142°C. Ethylene oxide in the mixture with nitrogen was then introduced 
under stirring until the pressure in the autoclave reached 3.5 pk cm - 2 . The theoretical 
amount of ethylene oxide necessary for the formation of the required product was divided 
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into the three parts (1/4, 1/2, 1/4) and each part was introduced when the pressure in the 
autoclave dropped from 3.5 to 1.4 kp c m - 2 . The amount of the ethylene oxide consumed 
in the reaction wras represented by the weight increase of the reaction mixture. Before 
opening the autoclave the reaction mixture was bubbled through nitrogen in order 
to remove unchanged ethylene oxide. 

Using the described procedure we prepared the poly (ethylene oxide) adducts of p-octy\-
phenol containing an average number of 2, 4, 6, 8, 10, 15, 20, 25, 30, 35, and 40 ethylene 
oxide units and adducts of p-nonylphenol with an average number of 2, 3, 4, 6, 8, 10. 
15, 25, 30, 35, and 45 ethylene oxide units. 

The lower adducts were viscous, sirupy liquids of light yellow colour. The products 
with an average number of 20—30 ethylene oxide units had the consistence of a paste 
and the products containing over 30 ethylene oxide units were waxy substances. The 
water solubility of the product increased with the increasing number of ethylene oxide 
units. The adducts with less than 5 ethylene oxide units were practically water insoluble. 

The rough characterization of the prepared poly(oxyethylene alkylphenols) was done 
by determining the hydroxy 1 number, the amount of free poly(oxyethylenes) and by 
estimation of the average number of ethylene oxide units in their molecule. The hydroxyl 
number was determined using the method oiOgg et al. [5]. The amount of the free poly-
(oxyethylenes) was determined by the method of Weibull [6]. The characterization 
of the prepared adducts is in Tables 1 and 2. 

Discussion 

Conditions used for the preparation of poly(oxyethylene alkylphenols) were largely 
based on the methods employed in the industrial production of these compounds as well 
as on the knowledge of the reaction mechanism [7 — 9]. The best results were achieved 
when working at temperatures around 140°C and pressures of 3 —5 kp c m - 2 . 

The course of polyaddition reactions of ethylene oxide with phenols, first of all their 
velocity and the lengthening of the poly(ethylene oxide) chain, depends largely on the 
character and on the concentration of the catalyst used. In the acid catalysts there 
occurs a secondary decomposition of the formed poly(oxyethylene alkylphenols) into 
the products of lower molecular weight [10, 11]. The base catalysts proved themselves 
to be the best, especially the hydroxides of alkali metals used in concentrations around 
1 % in the reaction mixture. The kinetics of the base-catalyzed addition was studied by 
Palat and co-workers [12—16], Bobleter [17], and Ishii et al. [18]. These authors inde­
pendently found that the rate of the addition of the first ethylene oxide molecule to 
phenol (phenolate anion) was dependent on the catalyst concentration. The phenol 
functions as proton donor in the reaction. Ishii [18] postulated that, in the polar solvents 
facilitating the ionic dissociation and at temperatures above 120°C, the reaction may 
be of simple nucleophilic character. 

Addition reactions of ethylene oxide with compounds containing active hydrogen 
proceed in dependence on the relative acidity of the starting compound and that of the 
products. During the reaction with ethylene oxide the phenol is more acidic than the 
arising product and the equilibrium constant for this reaction of proton exchange is con­
siderably high. Consequently, polyaddition reactions start to proceed only after transr 
forming all of the phenol taken into the reaction to a monoadduct. In this staga of reac­
tion the product has a character of chemical individuum — monoglycol ether of the 
corresponding phenol. In the second phase of reaction in the absence of free phenol** 
the products having different lengths of the poly(oxyethylene) chain arise. The further 
addition of ethylene oxide occurs randomly, since there are no differences in the acidity 
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Table 1 

Characterization of the prepared poly (oxyethy lene ^-octylphenols) of general formula C 8Hi 7 — C 6 H 4 — O — (CH2CH20),i — H 

No. 

1 

4 

6 

7 

8 

9 

10 

11 

4 

6 

8 

10 

15 

20 

25 

30 

35 

40 

Formula 

C18H30O3 

C22H38O5 

С2бН4 в07 

CaoHsdOg 

C 3 4H 6 3 0i i 

C44H82O16 

C54H102O21 

Ce4Hi330 a 

C74H142O31 

C84HÍG2O30 

Р»4НхЯ2041 

M 

294.44 

382.54 

470.65 

558.76 

646.87 

867.13 

1087.40 

1307.74 

1527.94 

1748.11 

1968.47 

Consistency 

sirup 

sirup 

sirup 

sirup 

sirup 

sirup 

paste 

paste 

wax 

wax 

wax 

Hydroxyl number 

calculated/found 

190.5 
185.4 

146.6 
157.8 

119.1 
130.5 

100.4 
121.2 

86.7 
97.7 

64.7 
84.7 

51.6 
70.2 

42.9 
62.0 

36.7 
58.6 

32.1 
53.1 

28.5 
50.7 

Number of ethylene oxide 
units added 

calculated from calculated from 
hydroxyl number weight increase 

2.05 

3.72 

5.47 

6.63 

8.87 

11.21 

14.69 

17.29 

18.80 

21.15 

22.47 

2.09 

4.01 

5.87 

8.17 

10.10 

15.03 

20.77 

24.69 

30.40 

36.20 

39,40 

Free 
poly(oxyethylenes) 

[%] 

0.3 

1.6 

3.4 

5.3 

7.0 

8.9 

9.6 

11.6 

13.8 

14.9 

о 

ö 
H 
H 
и 

•d и 
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Table 2 

Character iza t ion of t h e p r e p a r e d poly(oxyethylene y>nonylphenols) of general formula С Ц Н Щ —СвИ4 — О —(СПзСПзО)м — I I 

No. Formula M. Consistency 
Hydroxyl number 

Number of ethylene oxide 
units added 

calculated/found calculated from calculated from 
hydroxyl number weight increase 

Free 
poly(oxyethylenes) 

[%] 

1 

2 

3 

4 

ô 

6 

7 

8 

9 

10 

11 

2 

3 

4 

6 

8 

10 

15 

25 

30 

35 

45 

C14H30O3 

C2iH30O4 

C23H40O5 

C27H48O7 

CsiHößOg 

СЗОНА40Ц 

C45Hg40ie 

CäöHi2402e 

C75H144O31 

С8пНщ40зо 

СюбН204О4в 

308.51 

352.52 

390.57 

484.68 

572.79 

660.89 

881.16 

1321.70 

1541.96 

1763.23 

2202.77 

sirup 

sirup 

sirup 

sirup 

sirup 

sirup 

sirup 

paste 

wax 

wax 

wax 

181.8 
194.4 

159.1 
163.8 

141.4 
132.0 

115.7 
122.7 

97.9 
106.1 

84.8 
111.5 

03.6 
88.0 

42.4 
65.3 

36.3 
57.9 

31.8 
52.9 

25.4 
44.1 

1.87 

2.91 

4.29 

5.66 

7.38 

7.90 

10.80 

16.24 

18.84 

21.05 

25.79 

2.02 

3.09 

3.96 

6.01 

7.92 

9.71 

14.60 

24.84 

29.34 

33.29 

42.46 

0.4 

0.8 

1.6 

2.5 

3.6 

5.3 

7.3 

9.8 

13.1 

14.3 

16.8 

H 

H 
W 
о 

О 

О 

и 
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of hydroxyl end groups of the poly (oxyethy lene) chain of different length. At the same 
time, in dependence on the reaction conditions, poly(oxyethylenes) of different molecular 
\yejghts are formed. The resulting product is a mixture of poly (ethylene oxide) adducts 
of phenol and poly(ox\ethylenes) both containing poly (oxyethy lene) chains of different 
length. The composition of the final reaction products can be thus expressed only by 
ail average summary chemical formula and by an average molecular weight. The content 
of the free poly (oxyethy lenes) in the reaction product is one of the factors unfavourably 
influencing the quality and the properties of the projected poly (ethylene oxide) adducts 
of phenol [19, 20]. 

The characterization of poly (ethylene oxide) adducts of phenol having the character 
of poly disperse mixtures cannot be accomplished by using the standard methods ge­
nerally used for the characterization and evaluation of surface-active compounds. There­
fore it was of interest to find a rapid, economically convenient method for the evaluation 
of poly (oxyethy lene alkylphenols). From aspects of the above criteria, the determination 
of the hydroxyl number proved to be the most suitable. 

The difference between the calculated and found lwdroxyl numbers indicates the 
approximate degree of the product contamination by lower molecular weight poly(oxy-
ethylene). Besides, the hydroxyl number enables to calculate the length of poly(oxy-
ethylene) chains expressed as the number of ethylene oxide units per one mole of phenol. 
The calculated value can be then compared with the result based on the weight increase 
of the product and with the number of units of the ideal product. 

The characterization of the prepared poly (oxyethy lene) p-octyl- and jo-nonylphenols 
is given in Tables 1 and 2. The qualitatively satisfying products were only those con­
taining in average less than 10 oxyethy lene units. The experimentally found values 
of the hydroxyl numbers and the numbers of ethylene oxide units added are in a fairly 
good agreement with the theory. The differences become more apparent in the products 
containing more than 10 ethylene oxide units and increase with the increasing molecular 
weight of the product. For example, in the compound C9H19 — СбНа — О — (CH2CH2O )45 — H 
the weight increase during the reaction indicated the addition of 42.46 ethylene oxide 
units and the value of hydroxyl number was 44.1 mg KOH in contrast to the theoretical 
value of hydroxyl number 25.4 mg KOH. The value of hydroxyl number found indicates 
the presence of 26 ethylene oxide units. This fact may lead to a conclusion that the con­
version of the starting compounds to desired poly (oxyethy lene alkylphenol) did not 
proceed quantitatively. This possibility can be, however, ruled out since the course 
of the addition of ethylene oxide was checked by measuring the weight increase of the 
reaction mixture. The found higher values of the hydroxyl number, when compared 
with the theoretical value based on the average summary composition, lead inevitably 
to the conclusion that the final reaction product contains high content of free poly(oxy-
ethylene) thus making the precise determination of the composition of the reaction 
product impossible. The knowledge of the hydroxyl number can be sufficient parameter 
for the characterization of the product only in the case of poly(oxyethylene alkylphenols) 
containing less than 10 ethylene oxide units in their molecule. 

The high percentage of free poly (oxyethy lene) in the products of higher average 
molecular weight was confirmed also by using the specific method of Weibull [6] based 
on the distribution of poly (oxyethy lene alkylphenols) and poly(oxyethylene) between 
30% solution of NaCl in water and ethyl acetate. The separation of these two consti­
tuents by usual purification techniques is. due to their physical and chemical similarities, 
accompanied with considerable difficulties. The separation is, in some cases, also compli­
cated by the formation of emulsion systems by surface-active glycols. 
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