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ABSTRACT: Homogeneous nonionic surfactants were pro-
duced by the ethoxylation of a selected unit of a homolog se-
ries. These particular products are of use for the analysis of
nonionics and for the determination of surface characteristics.
A new general method for the synthesis of homogeneous
nonionic surfactants is described. Ethylene glycol monoben-
zyl ether was repeatedly reacted in Williamson synthesis (or
esterified with acid chlorides in the first step), followed by hy-
drogenolysis with alkyl- or aralkyl alcohols, phenols, carboxylic
acids, and amines. Homogeneous nonionics can be synthe-
sized by this method, whereas the conventionally produced
ones are usually inhomogeneous.
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Various surfactants (ionic, nonionic, and amphoteric) have
played an increasingly important role in industry as well as
in the household. Anionics are still widely used in spite of
certain disadvantages. At present, the nonionics are increas-
ing in popularity because of their prominent properties
(e.g., inertness to water hardness, reduced inclination to
foaming, adjustable hydrophilic-lipophilic balance, etc.).
Ethoxylation is the principal reaction in the industrial syn-
theses of nonionics (1,2).

Ethoxylation (hydroxyethylation) is the reaction of eth-
ylene oxide with a molecule having a mobile hydrogen

R-X-H+v Yy —R-X-(CH,CH,0)-H [1]

where R is an alkyl, aralkyl, or alkylphenyl group; X is an
oxygen or nitrogen atom or a carboxylic group; and vis the
number of the ethylene oxide molecules reacted (average
degree of ethoxylation).

As all products of conventional ethoxylation always con-
tain free hydroxyl groups (glycol monoethers or esters),
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SCHEME 1

they can react with ethylene oxide in the same way. As the
result of a consecutive series of competing reactions
(Scheme 1), the product is always a mixture of homologs.
This mixture is suitable for technical applications.

The molar mass distribution (and by this means the
properties) of an ethoxylated product is controlled by its re-
action conditions (catalysts, temperature, etc). Conse-
quently, “tailor-made” surfactants can be produced under
properly selected conditions. Occasionally (e.g., in the
analysis of molar mass distribution or in the measurement
of surface properties), the use of homogeneous nonionics
is necessary. A homogeneous surfactant contains only iden-
tical ethoxylated polymers of a homolog series (3).

Many synthetic methods are used for the preparation of
homogeneous surfactants, based either on the well-known
Williamson synthesis (Eq. 2) (8) or, in the case of esters, on
the acylation of ethylene glycol (Eq. 3) (4).

RCI + NaOCH,CH,OH — ROCH,CH,OH + NaCl
RONa + CICH,CH,OH — ROCH,CH,OH + NaCl (2]
HOCH,CH,ONa + RCOCI - RCOOCH,CH,OH + NaCl  [3]
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