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suits in au eldargement of the minimum distance and, 
as a eonsequenee, in a reduetion of the euergy barr ier  
the soil particle has to surpass when moving away 
from the fiber (Figure  5). 

For  a fur ther  development of the theory, certain 
refinements are necessary, which can only lie men- 
tioned but no't explained. For  exaniple, tile fact  that  
the interfaeial  potentials on the fiber and on the soil 
usually have different values has to be allowed for. 
The theory of dispersion forces proposed by Lon- 
don (11) must be modified by recent theories of Casi- 
mer and Polder  (2) as well as by those of Lif- 
sehitz (10). Some corrections of the Gouy-Chapman 
theory of the eleetrie double layer  should be applied. 
Final ly  it will be  necessary to investigate the proper- 
ties of the hydrat ion shells, the influence of which has 
been expressed provisionally by the term 8. Such 
investigations have been started by recent work (9) 

eom;erned with the influence o'f detergents on tile 
stability of hydrophobic sols at high ionic strength. 
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Preparation of 8t,10t-Octadecadienoic Acid l 

S. C. G U P T A  and F. A. K U M M E R O W ,  Department of Food Technology, 
University of Illinois, Urbana, Illinois 

C ~ m T  (1) ISOLATED a conjugated linoleie acid (m.p. 
o " n  " " 56 ) by debrmm atmn of a te t rabromosteane 

~ "  acid, which had a melting point of 124 ~ The 
lat ter  was isolated by them from the brominated 
products  obtained by brominating the distillate of 
the f a t ty  acid from castor oil. They assigned a struc- 
ture  of 9,11-oetadeeadienoie acid to this f a t ty  acid 
and believed it to be elaidinized. 

XThis invest igat ion was supported by  research g r a n t  No. A-1671 
f rom the. National  Ins t i tu te  of Ar thr i t i s  and  Metabolic Diseases, U. S. 
Publ ic  Heal th  Services. 

von Mikush (2) distilled the f a t ty  acids obtained 
from castor oil according to the method of Seheiber 
(3) and brominated the distilled fa t ty  acids in petro- 
leum ether at - 2 0  ~ From the bromination product  
he isolated tetrabromostearic acids of different melt- 
ing points. Upon debromination of one of these tetra- 
bromostearie acids (m.p. 124 ~ with zinc in ethanol 
and by crystallization of the resul tant  product  from 
aqueous ethanol, he isolated an acid which melted at 
55.5-56.5 ~ This acid was assigned a trans-trw,~ struc- 
ture on the basis of diene and pentadiene values and 
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a s t ructure  of 8,10-oetadecadienoie acid, as suberic 
acid could be isolated f rom its permanganate  oxida- 
tion products.  Schmidt  and Lehmann (4) p repared  
9,11-oetadeeadienoic acid (m.p. 32-33 ~ by allylic 
brominat ion of methyl  oleate, followed by dehydro- 
brominat ion and hydrolysis  of the resul tant  ester. 
Grigor  et al. (5) p repared  another  geometrical isomer 
of 9,11-octadeeadienoic acid (m.p. 53-54 ~ by react- 
ing methyl  ricinoleate with thionyl chloride, followed 
by dehydroehlorinat ion and hydrolysis  of the crude 
halogenated product  (methyl  12-ehloro-9-octadeee- 
noate) with alcoholic potassium hydroxide.  

Sparreboom (6) has recently reported the synthesis 
of cis,cis-9,11-, and cis,cis-lO,12-octadecadienoic acids, 
mel t ing at 42.0-43.2 ~ and 38.2-39.0 ~ , respectively, by 
coupling 1-octyne with 9-decynoic acid and 1-heptyne 
with 10-undeeynoic acid in the presence of cuprous 
ammonium chloride. In  order to obtain the dienoic 
acids, he isolated the pure  acetylenie acids and par-  
t ial ly hydrogenated them in the presence of L ind la r  
catalyst  and quinoline in alcohol. 

In  the present  communication we repor t  a method 
for  the p repara t ion  of 8t,10t-oetadecadienoic acid 
(m.p. 56-56.5 ~ in 15-20'% yield and the isolation of 
a little of 9,11-octadecadienoie acid, mel t ing at 33-34 ~ 
Trans,tra~s-8,10-octadecadienoie acid was prepared  
by allylic brominat ion of oleic acid with N-bromosue- 
cinimide in carbon tetrachloride in the presence of 
benzoyl peroxide (7). The crude brominated product  
was isolated and fu r the r  brominated by the addition 
of free bromine in ether at --10 to 0 ~ The ether was 
eval)orated under  vacuum, and the crmte brominated 
product  was debrominated by zinc in ethanol accord- 
ing to the procedure described by Rollett (8). The 
methyl  esters were f ract ional ly  distilled and examined 
in the ultraviolet  spectrum (Table I) .  The second, 

T A B L E  I 
Fra(. t ionation of Ethyl  Es te rs  ObtMned Upon Dt!brominal ion 

Boi l in r  po in t  
I,'ra(.tion No. (~ at  

. . . . . . . . . .  0 .25-0 .4  mm. 

. . . . . . . . . . . . . . . . . . . . .  I40--142 
2 ........................................ 148-150  
:l .......................................... 150--154 
4 .......................................... ~ 154 -160  

1 

5 ......................................... / Res idue  

Weiffht of 
tire f ract ion 

(g.) 

2.5 
15.8 
25.4 
1 0 . 3  
12.2 

Conjuga ted  
dicnoic acid 

(%) 
25.5 
74.2 
75.6 
75.3 

third, and fourth fractions were ('onlbined, and ap- 
I)roximately 45 g. of the esters were hydrolyze(1 by 
refluxing with aleoh()lic potassium hydroxide,  fol- 
lowed by acidification and extraction. Five g. of th~ 
resulting acids were crystallized from aqueous alcohol 
and fr'om petroleum ether (40-60 ~ ; two acids melt- 
ing at 33-34 ~ and 37-42 ~ were isolated. The former  
was examined in the ul traviolet  spectrum, which in- 
dicated it to be a conjugated dienoie acid. I t  was 
probably  the 9,11-oetadecadienoie acid (m.p. 33-34 ~ 
reported by Sehmidt  and Lehmann (4). The a~'id 
melt ing at 37-42 ~ could not be fu-1ber purified by 
crystallization. The ultraviolet  and infrared spectra 
data  indicated the presence of i,/mjuga.ted dienoic 
acid. 

Ten g. of the f a t ty  acids were i r radia ted by ul tra-  
violet light in petroleum ether in the presence of 
iodine for 3-4 hrs. Upon cooling and crystallization 
from petroleum ether 3.5 g. of an acid melting at 56- 
56.5 ~ were obtained. The inf rared  spectral  data  in- 
dicated the presenee of trans-trans conjugated double 

bonds. Upon reduction of the acid in ethyl acetate in 
the presence of p la t inum catalyst,  stearic acid melt- 
ing at 68-69 ~ was obtained (mixed melt ing-point  
with an authentic sample, 68-69~ In  order to estab- 
lish the position of the double bonds, the acid was 
oxidized by permangana te  in acetone and suberi(~ acid 
melt ing at 139.5-140 ~ was isolated (mixed melting- 
point  with an authentic sample of suberic acid, 139.5- 
140.5~ 

]~xperimental 
Preparation. of Olcic Acid. This acid was prepared  

f rom olive oil according to the procedure of Knigh t  
et al. (9) described in Biological Preparatio~s, n ~'/D 
iodine value 58.2 (Wijs ) ,  bromine, 35.4%. 

Bromination of Olcic Acid. The oleic acid was 
brominated in two stages;  in the first stage it was 
brominated in both of its allylic positions by refluxing 
with N-bromosuccinimide in carbon tetrachloride,  and 
in the second stage the brominated product  was fur-  
ther brominated by the addit ion of free bromine to the 
double bond of the acid. 
a) Ninety-four  g. of oleic acid (0.33 mole), 300 nil. 
of d ry  carbon tetrachloride,  1.25.3 g. of N-bromosue- 
cinimide (0.7 mole), and 0.1 g. of benzoyl peroxide 
were added to a l - l i ter  ronlnl-bottom flask, and the 
flask was connected to a reflux condenser protected 
with a calcium chloride tube. The mater ial  in the flask 
was reflnxed on a steam bath  for ]2 hrs., then cooled 
in the refr igerator .  The reaction product  was filtere0 
through a Biichner fnnlml to renlove the snccinimide. 
Th~ solvent in the filtrate was renlow'd ml(ler wtenum, 
145.2 g. of a light brown vis(,ous liquid were obtained, 
iodine value (Wijs)  58.2, bromim,, 35.4%. 
b) Approxinla te ly  ]32 g. of the tn'omina|e(l product  
were t ransfer red  to a l - l i ter  three-necked flask, fitted 
with a s t i r rer  and a (lr(tl)l)ing fmlnel, and the t)rllnli- 
nated product  was (lissolve(I in 650 ml. ether. Ap- 
proximate ly  48 g. of bromine were added slowly from 
the dropping fmlnel while the contents in the flask 
were st irred and the t t 'ml)eratnre was maintail~ell be- 
tween --10 and - 5  ~ . After  the addition of brominl, 
the material  i,i the fla~k was allowed to warm to room 
temperature ,  and ltle solvent was remow, d nn(lev ww- 
unto. Approxinlat(qy 2175 g. i)f a brown viscous liquid 
were obtained, iodine value (Wijs)  0.00, bromine 
52.8%. The  bromil~ated pr 'oduet  could not  be 
crystallized. 

Debrominatiou. Al)l)roximately ] 50 g. of the bromi- 
nated product  obtailwd in (b) were <lebrominate<t 
with zinc fit ethanol under  an atm(tsphere (if nitro- 
gen (8 ) ;  72.3 g. of the ethyl esters were, obtained, 
n 22/D 1.4779, neutral ,  equiv. 3121.2, iodine value (Wijs)  
115.8, conjugated dielmic acids 51.1%, and COl@l- 
gated trienoic acid 0.00%. 

Fractional Distillation. Sixty-six and seven-tenths 
g. of the ethyl esters were fract ional ly disti'lled under  
vacuum (0.25-0.4 ram.).  The boiling points, yields, 
and percentage of conjugated dienoic acids obtained 
are recorded in Table l. 

Isolation of the 8t, lOt-Octadecadienoic Acid. Since 
the second, third, and four th  fract ions had a high 
content of conjugated dienoic acids, these fract ions 
were combined for fu r the r  work. Approximate ly  
45 g. of the ethyl ester were hydrolyzed by refluxing 
with 200 ml. of N alcoholic potassium hydroxide,  
followed by acidification with dilute hydrochloric 
acid. The f a t ty  acids were extracted with ether, 
washed with water, and dried over anhydrous  sodium 
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sulfate. The solvent was removed under  vaemnn;  
42.3 g. of f a t t y  acids were obtained. Approximate ly  
5 g. of the f a t ty  acids were recrystall ized f rom aque- 
ous alcohol, yield 2.8 g., m.p. 30-34 ~ and then f rom 
petrolemn ether (40-60~ m.p. 37-42 ~ The melt ing 
point of the acid did not increase upon repeated 
crystallization, neutral ,  equiv. 282.2, conjugated di- 
enoic acids 99.5%. The mother  liquor was concen- 
trated,  and upon cooling an acid, m.p. 33-34 ~ was 
obtained. F r o m  the ul t raviolet  speetrmn the presence 
of conjugated double bonds was indicated;  this acid 
may  lie the 9,11-octadeeadienoic acid repor ted by 
Sehnlidt and I~ehmann (4).  

hi order to isolate. 8t,10t-oetadecadienoic acid, 10 g. 
of the f a t ty  acids were dissolved in 30 ml. of petro- 
leum ether (40-60 ~ and i r radiated for  2-3 hrs. with 
u l t r a v M e t  l ight in the presence of traces of iodine. 
The solution was cooled and filtered ; 5.2 g. of crystals, 
m.p. 44-48 ~ were obtained. Upon recrystall ization 
from petroleum ether (40-60~ 3.8 g. of crystals, 
m.ll. 56-56.5 ~ were obtained. F rom the in f ra red  spec- 
tr lnn data, the configuration of the double bonds of 
the acid was i,ldieated as conjugated tra)~s,trans- 
dienoic acid. The presence of conjugated double 
bonds was fu r the r  confirmed by  ul t raviolet  spec, t rum 
data. 

Anal. talc. for C~sII3~02: carbon, 77.145~ ; 
hydrogeu,  11.42%. 

Found:  carbon, 77.09% ; hydrogen,  11.47~,. 

Oxidation of 8t, lOt-Octadecadienoic Acid with Po- 
tassium Permanganate in Acetone. One g. (if the pure  
8t,10t-oetadecadienoie acid, m.p. 56 56.5 ~ was dis- 
solved in d ry  acetone (25 ml.) in a 100-ml. rOllnd- 
bottomed flask. Al lproximately  4 g. of the powdered 
potassimn per lnanganate  were added slowly to the 
contents I/f the flask, which was cooled whenever 
necessary (hlriug the addit ion of potassium perman- 
garlate. The material  in the flask was refluxed on a 
steam bath  for  about 2 hrs. The acetone was removed, 
and cold water  was added to the flask. The material  
was acidified with dilute sulfuric acid, and excess 
pe rmangana te  was decolorized by sodium bisulfite. 
The contents in the flask were warmed unti l  an almost 

clear solution was obtained. Upon cooling, the mate- 
rial was extracted with ether, washed with saturated 
sodium chloride solution, and dried over anhydrous  
sodium sulfate. The solvent was removed under  vac- 
uum, and the residue was extracted with hot water. 
The water  extract  was t rea ted  with act ivated char- 
coal and filtered. Upon cooling, suberie acid crystal- 
lized out. I t  was recrystall ized f rom a mixture  of 
benzene and petroleum ether (40-60~ m.p. 139.5- 
140 ~ mixed melt ing-point  with an authentic sample 
of suberie acid, 139.5-140.5 ~ 

Hydrogenation of 8t,lOt-Octadecadienoic Acid. Two- 
tenths g. of acid was dissolved in 10 ml. of ethyl ace- 
tate and hydrogenated in the presence of p la t inmn 
catalyst.  The catalyst  was filtered off, and the solvent 
was removed under  vacuum. The residue was recrys- 
tallized f rom ethyl acetate, m.p. 68-69 ~ mixed melt- 
ing-point with an authentic  sample of stearie acid, 
m.p. 68-69 ~ 

Summary 
Oleie acid was brominated with N-bromosuccinimide, 

followed by addition of free bromine to the double 
bond. Upon debrominat ion of the brominated prod- 
uct with zinc in ethanol and fract ionat ion of the 
resul tant  ethyl esters, the fract ions containing 74- 
75% of conjugated dieuoic acids were combined. The 
ethyl esters were hydrolyzed;  upon i r radia t ion by 
ultraviolet  l ight of the f a t t y  acids in petroleum ether 
(40-60 ~ in the presence of a trace of iodine, and 
upon cooling, 8t,10t-octadecadienoie acid, m.p. 56- 
56.5 ~ , was obtained in 15-20% yield. 
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Octadecylsulfuric Acid. Properties 
Amine Salts, and Salts of Amino 

of the Acid, 

Acids I 
E. W. MAURER, A. J. STIRTON, and J. K. WEIL, Eastern Regional Research 
Laboratory, 2 Philadelphia, Pennsylvania 

I 
N A CONTINUATION Of previous work on tallow alco- 
hol sulfates (9) it became of interest  to prepare  
and  isolate long-chain alkylsulfuric  acids, in par-  

t icular,  oetadeeylsuIfuric acid. The purpose  was to 
s tudy  the s tabi l i ty  and proper t ies  of the free acid 
and to make use of the acid in the rapid  screening of 
a va r ie ty  of salts for  detergent  and surface-active 
properties.  

1 Presented  at  the spr ing  meeting, Amer ican  Oil Che.mists' Society, 
New Orleans, La.,  April  20 -22 ,  1959.  

2 E a s t e r n  Util ization P~esearch aud  nevelol)ment Division, AgrieuI- 
rura l  l~esearch Service, U. S. Depar tment  of Agr icul ture .  

Only a few references are known which concern 
the p repara t ion  and descript ion of long-chain alkyl- 
sulfuric  acids. Dodeeylsulfuric  acid was p repared  by 
Ross and co-workers (7) as a flaky, hygroscopic, crys- 
talline mass, by  sulfat ion of dodecanol with ehloro- 
sulfonic acid by using liquid sul fur  dioxide as the 
solvent. Dodccyl- and hexadecylsulfurie  acids were 
p repared  by  Desnuelle and co-workers (3) by  aeidifi- 
eation and extract ion of aqueous solutions of the so- 
dium salts. By  the use of conditions which minimize 
or exeludc moisture we have found a direct method 


