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CHAPTF it 22

CONFIGURATION OF THE
POLYOXYETHYLENE CHAIN IN BULK

M. Rosch
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L2 22,4, INTRODUCTION

Studies of polyoxyethylene compotinds in their bulk form have been the sub-
ject of several recent investigations for the elucidation of the configuration and
fine-structure of the polyoxyethylene chain. Although it is not yet possible to
present a definite picture of the structure of the polyoxyethylene chain based on
these results, import.nt conclusion. and speculations can be made. The pheno-
menolepical part is covered first in Sections 22.2 to 22.4, followed by a speculative
part in Section 22.5. Finally, in Section 22.7 an attempt is made to summarize
m the light of our present “nowledge the concepts of the configuration of the
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754 M. ROSCH

polyoxyethylene chain in polyoxyethylene or its derivatives, such as nonionic
surfactants, ni.king .Howance for some inlerent u . ertainties,

Our experimental knowledge of the “configuration of the polyoxyethiylene
chain 1n butk ""1s mainly based on X-ray investigations. Therefc e, in thi- chapter.
results from X-ray investigations which have contiibuted so signiicantly to the
general understanding of the confiszuration and fine-structure of organic cham-
molecules ure covered extensively i Sections 22.2 to 22.4. Besides the so-called
short-di~tance- or wide angle-ditfraction techniques, principally the low-angle-
difiraction patterns have contributed to the characterization «f the structure and
dimensions of organic chain molecules. It is well-known that the crystal or
crystallite structure .~ well us the vnit cell dimen<ions in high-molecular-weight
substances can be determined from both wide- and low angle-diffraction pattern-
of the samc object. Since the X-ray method has only recently been applied morc
extensively to investigations of nonionic surfactants, it appears desirable to
review briefly in Section 22.3 our extensive kuowledge from the preceding X-ray
investirations of ionic surfactants.

‘The nvestiration of the fine structure of the polyoxyethylene chain by al-
ternate cxperimenta! method. is covered in Section 22.6, Another ubject of this
chapter, besides the specific discussion of nomionic surfactants, is also to review
general concepts pplicable to the fine-structure of paraffin cliuin compounds.

122, X-RAY INYESTIGATIONS OF ORGANIC CHAIN-MOLECULES

Early work has led to the penerally uccepted 7izag structure of nar:uffin-
cliin campeunds, in which the centers of the C atoms lie in one plane and the
distince between alternate CH, proups in the backbone chain amounts to 2.5 A
(7-3). This was followed by a complete structural :nalysis of the unit cell of
paraftins (4-7). The paraffin chains ure parallel to the ¢ axis of the orthorhombic
(odd number of C atom- unit cell or of the monoclinic (even number of C aton-)
unit cell with a cross-sectional area of 18.5 A2, lateral distances d, of 3./ and
4.1 A, und a distance of 3.5 A between the CH, groups in the terminaf positiois
of paraffin-chain layers.

Figure 22.1 pre«ents the fine-structure of the paraffin chaw, It is worth noting
it connection with the subsequent considerations of polyouxyethylene derivatives
that Mue!ler and Shearer in 1923 discussed various configu:ation. of the parathn
chain, namely the 7iuzag, the screw, and . kind of meander structure (). The
schematic coufiguration of paraffin chain layers is lilustrazed in Figure 22.2,
together with the reflections of the leng period of paraffin chains.

Sinitlarly, a lameliar cry<tal structure compareable to th it of paraffins ha: hecn
found {or fatty acid esters und high-molecular-weight ketones (9). Althouph come
d¢.1. Yogy with parailin cliains exists, a difference in in orientation was observed
with the high-molecular- - ¢ight ketone, and especiali~ with the fatty acids, +0d
is illotrated in Fi;oire 72 30 Dimers of carboxyl growps (linked by hydroren
bridres) connect the “1yers of paraflfi v rhuins, and the distanee 1 tweon the ityerl
plares corre .ponds to two rati 2r than one rolecular ‘ere th as determined 1640
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