
NONIONIC ‘SURFACTANTS

EDITED BY

MARTIN J. SCHICK

LEVER BR(‘I'1"m'KS ('0.

RLSEARCH CENTER

EDGEWATI fl, NILW JERSEY

1967

'\/IARCEL DF.1s.lxER, INC., NEW YORK
|F’R2015-01099

!PR2015-01097

JPRZOT5-01100

IPRZO1 5-01 105

Lupin EX1174

Page 1

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


COPYRIGHT 6’) 1965 by MARCEL DEKKER, INC.

ALL RIGHTS RESERVED

No ,u~.rt of tins hook may be r<:prod:1c-e-.d in any Form, by

ph<;to..1at, microfilm, or my uzhcr me.‘-Ins, 1.1.111...uL the

written pcrmissmn of the publisher.

MARCEL DERKER, INC.

95 Madison Avenue, New York, New York 10016

LIBRARY UP CONGRISS CATALOG‘ CARD ‘NUMBER 66 22492

PRINTED [N THE UNITED STATES OF AMBRH ‘A

PERMISSIONS

Academic Press Inc., New York, N. Y.

1713. 14.11.

riit. 14.13.
Fig. 15.6.
Fig. 15.8.

Fig. 17.}.

‘E1;'.. 17.2.

Fig. 17.3.

Fig. 17.4.
I-igg. 17.5.

Fig. 17.7.

Fig. 17.8.

Fig. 17.‘).

F13. 17.10.

F1g. 17.11.

Fig. 17.2-N.

Fig. 11.29.

Fig. 1710.

Fig. 19 12.

Fig. 19.14.
Fig. 21.2.

T..1.bIr'. 17 .1.

Tabie !7.‘?.

M. J. Schick, J. C.r2No.1'd' .S'c1'., 17, 801 (I962) (Fig. 1).

Ibid‘., 18, 373 (1963) (I13. 3).

P. Bccher. :'b1'd., 16, 49 (1961) (Fig. 1).

1'b1'd.. 17, 325 (l962)(l-13. 2).

K. Shinoda, T. Nukagawa, B. Tz11...1muchi, and T. kemura, (.'oHo:'da1' Su.«;fac-
trmrs, 1%]. p. 140 (Fig. 2.27).
1b1'd., (1. 141 (Fig. 2.28).

M. Ii. L. Mcflain and F’. ilutcininson, .\‘-1!1:b:'I:':..~I1'o:: and Related Pl:enumem.r,
1955. p. 169 (Fig. 5.14).

1%. A. Mulley and A. D. Mctcaif, J. Colloid Sc1'., 1'7, 525 (I962) (V33. 2).
15.13., 17, 526 (l9b2) (F15. J).

K. Shnnoda, T. Nakaguwu, B. Tamamuchi, and T. lsemura, Cofloidul Surfac-

mm», 1903, p. l42(Fig. 2.29).

T. Nakaguwa, K. Kuriyama, and H. lnouc, J. Cafloid Sci, 15, 275
(I960) (Fig. 5).

W N M:1r1.1y,1b:'d.,I1,'.‘.3l (l95F)(F1g. 6).
M. J. Schwk, 1’b1'd.. 17, 812 (196).) (Fig. 7).

W. N. Maclay, 1'br'd., 11, 277 (l9S6)(Fig.-1).

B. A. Mull:-y and A. D. Meicall, 1br'd.. 19, 50.‘: (1964) (Fig. 6).
Ib1'.I., I9. 504 (1964) (F13. 2).

S. Ross, :'1»r.1., 6, S02 504 (NH) (Fig-.. 1-3).
E. M;.~..kor. r'!vd., 6, 492 l'|'i‘tl) (Fig I).

E. Mackor and J. H van :-'r-.- Wa...'s, .hr'cl, 7. 535 (1957) (Figs. 3 and 4).

J. F. Danivili, K G \. Pa nk‘1.urst, and A. C. Rid1;1J~ .rd, Recem't’rogress1'nSur-

fme .5‘.-Imce, 1964, D. '11 2).

T, Nukanaxva, K. I(_urI}.1n'|a, and H. lnoue, J’. (‘fill-11d .Sr.‘l'., 15, 270 ('960)
(Table II).

A. M ‘.1 1nkow1.:h,ib1'd'.. 14, I33 (1‘3S9)("ahlu-:11).
Table :7 12. S. Ru <, rbfch, 0. 500 (1951) (lahlr: ll).
Tdblt '7 I I . A, G B1‘0wn_ W. C.'.Thu".1a11, an... J. W. McBain, r’**rd., 8, <02 (L953) (Tubk 1),

iv

Page 2

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


CHAPTFH.

CONl+‘IGURATIl)N OF THE

POLYOXYETHYLENE CHAIN IN BLLR

.11. Rbsch

nnxurscuz nnnrx s-rocluuust-2N 8: cm.

KnEFELD, GERMANY

l-

22.l. Introduction .. . . . T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 753

22.2. X-ray Investigations of (lrg.H'IiC ('ltu.1n.—Moleculcs . . . . . . . . . . . . . . . . . . . . . .. 754

22.3. X-ray Investigations of Ionic Surlactants . . . . . . . . . . . . . . . . . . . . . . . . .. T . . . 755
A. Soaps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 756
B. Miscellaneous lonic Surfactants . . . . . . . T . . . . . . . . . . . . . . . . . . . . .. 758

22.4. X~Ra,v Investigations of Nonionic Surfactants . . . . T . . . . . . . . . . . . . . . . . . . . 758

A. Polyoxyethylcnes _(and Polyglycols) . . . . . . . . . . . T . . . . .. . . . . . . . . . 758
B.l'oiyprop)leneOxlde.. .. . . . . . . . . . . . . . . . . . ..'l63
C. Polyoxyethylenc 1-alt) Acid and Fatty Acid Glycerol Esters . . . . . . _ / . . 764
D. Polyoxyt.-thylenc Alkylaryl Hjtlfoly Compounds . l .. T . . . . . . . . . . . . . 764
E. Polyuxycthylene All-ganul and Glycerol I-.tht‘rs . . . . . . . ...., . . . . . . . . .. 166

22.5. Speculative Considerations of the Fim-—Structnrc of the
Polyoxyethylcne Chain and Mrtcromnlecnln Lattice of Nomonic
Surfactants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 774

A. Chain Contraction in Pnlyoxyclhylenes . . . . . . . . . . . . . . . . . . .. T . . . . . . 774
13. Molecular Lattice of Nonionic Snrlhctants . . . . . . . . . . . . . . . . . . . . T . . . 777

22.6. lllvusllgallun of l-me-Structure of Polyoxycthylene Chain by
Altcrmtte Mt-tliods . . . . . . . . . . . . ., . . . . . . . . . . . . . . . . .. 732

A. Electron Microscopy .tntl Electron Diffraction .. . . . . . . T . . . .. 732
ll. Melt Behavior . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . 733

C. Crystallization Phenomena . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 785
27.7. C(JnClUSlDl'lS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 791

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 792

I-
22.1. INTRODUCTION

Studies of polyoxyethylene col-npolrnds in their bulk form have been the sub»

ject of several recent investigations for the eiucidation of the configuration and

fine-structure of‘ the polynxyethylene chain. Although it is not yet possible to

present a definite picture of the structure of the polyoxyethylene chain based on

these results, importnnt conclusion-. and speculations can be made. The pheno-

menological part is covered first in Sections 22 . ?. to 22.4, followed by a speculative

pnrt in .SeCll0I1 22.5. Finally, in Section 22.} an attempt is made to summarize

in the light of our present knowlcttge the concepts of the configuration of the
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754 M. RCSCI-4

potyoxyethylene chain in polyoxyetliylene or its derivatives, such as nonionic

surfactants, niafcingi iillowrince tor some inherent u-nertainties.

Our expeiiincntal knowledge of the “configuration of‘ the polyoxyetliyl-.:ne

chain in bulk " is inainly based on X-ray invcxtigations». There-ti-re, in thi-. chapter.

results from X-ray investigations which have coiiti iliutcd so signincantly to the

general understanding of the conli;;ur.ition and fine--structure of organic chain-

moiecules are t.'uVered extensively in Sections 22.2 to 22.4. Besides the so—called

short-di~tance— or wide single-dilfraction techniques, principally the low-angle-

diflraction patterns have contributed to the characterization (7-fthfi structure and

dimensions of organic chain molecules. It is well-known that the crystal" or

cry stnilite structure .l‘- well as the unit cell dimensions in higlwnolecular-weight

substances can be determined from both wide- and low-angle-ditTr.iction pattern»

of the same object. Since the X-ray method has only recently been applied more

extensively to investigations of‘ nonionic surfactants. it appears desirable to

review briefly in Section 223 our extensive knowledge from the preceding X-ray
iiive-<:ti_r,.itions of ionic surfactants.

The investiitation of the fine structure of the polyoxyethylenc chain by at-

ternate experimental methods is covered in Section 22.6. Another object of U115

chapter, besides the specific ClI.‘2Ctl~.~:lOl1 ofnonionic surfactants, is also to review

general concepts applicable to the fine-structure of paraffin chain compounds.

12.2. X-RAY INVESTIGATIONS OF ORGANIC CHAIN-MOLECULES

Early work has led to the generally accepted ziuag structure of paraffin

Cililln compounds, in which the centers ofthc C atoms lie in one plane and the

distance between .ilternate CH2 group: in the backbone chain amounts to 2.‘*1 .-\

(1-3). This was followed by a complete structural analysis of tie unit cell at

paraflins (4—7). The parziffin Chains are parallel to the c axis, of the orthorhomliic

(odd number ofC atom a) unit cell or ofthe monoclinic (even number ofC atomwl

unit cell with 4| cross-sectional area of 18.5 A’. lateral distances :1, of 5.)’ and

4.] A, and a distance of 3.5 A between the CH3 groups in the termini! positioiis

of paratlin-chain layers.

Figure 22.1 presents the fine-structure of the paraffin chain. It is worth Iliitllll’.

in connection with the subsequent considerations of polyoxyethylene derivative»

that Mueller and Shearer in 1923 discussed various eoiifigui ation‘. ofthe parritiin

chain, namely the ziiuxig, the screw, and A kind of meander structure (8). TM

schematic ctnfiguration of paraffiii chain layers is illustrated in Figure 22.2,

together with the l‘CfiECtl:)f1S of the long period of parafiin cliairis.

Slllltlafly. a laincllar crystal structure comparable to th it of paraflins has been

found tor fatty .ic-id esters and high-molecula r-weight ketones (0). Although :-unit!

a l l. logy with parailin cming. exists, a diftereiice in clmn orientation was observed

with the hl.gl'l‘lT1'3lLCUlc':‘iI'-t‘lF,'ht ketone-. and especially with the Fatty acids, Md

is illai .trated in 1-ilmrre °? 3. D:mers of C(11'bOx_‘yi gioips (linked by hydri-wen

bridresl caniiw-I the 'i;,ers of p:iraflT-i r'h..~ins, and the dl.\'-'.ullCt3 I -'tu...:n the l i)t*"l'

planes corre.ponds to two rat? .:r than one ITwJlCCLIl—|"' leiigth as determined -‘l0i"
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