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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 
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for  the p repara t ion  and isolation of dodeeyl-, tetra-  
decyl-, hexadeeyl-, and oetadecylsulfurie acids in a 
pure  state. 

Preparation of Alkylsulfuric Acids 
Chlorosulfonie acid was the p re fe r red  reagent  for  

the sulfation of the long-chain alcohol and isolation 
of the alkylsulfurie  acid, according to the equation: 

R O H  + C1S03H > ROSO3H + HC1, where R 
i s  C 1 2 H 2 5 ,  C 1 4 H 2 9 ,  C16H33, or ClsH37 

Chloroform was found to be the best solvent in 
preference to carbon tetrachloride or tetrachloroethy]-  
one. Solvent rat ios ranged f rom 3-5 co. ehloroform/g.  
of alcohol with higher ratios for  the higher homologs. 
The purified alcohols p repared  f rom good commercial  
grades by vacuum distillation and low-temperature  
crystall ization methods had the following constants: 
n-dodecano], f.p. 24.1 ~ n 25/D 1.4410; n-tetradecanol,  
m.p. 37.2-38.0 ~ n 6o/D 1.4318; n-hexadecanol, m.p. 
49.3-49.6 ~ n 6~ 1.4359; n-octadeeanol, m.p. 58.1- 
58.6 ~ n 6o/D 1.4380. 

Chlorosulfonic acid in 8% excess was added drop- 
wise to a dispersion or solution of 0.2 mole of the 
long-chain alcohol in chloroform with rapid  stirring. 
The mixture  was gradual ly  warmed to 25-30 ~ , cooled 
to 0 ~ allowed to crystallize, and filtered at  0 ~ un- 
der low humid i ty  conditions. Because of grea ter  sol- 
ubility, dodecyl- and te t radecylsulfur ie  acids were 
crystallized at --20% then filtered at 0 ~ F igure  ] 
i l lustrates the filtration process, outlined as follows. 

a )  A s y n t h e t i c  f i l t e r  m e d i u m  of  p o l y e t h y l e n e  w a s  u s e d  to  
i n s u r e  r a p i d  f i l t r a t i o n .  F i l t r a t i o n  w a s  s low w h e n  f i l t e r  p a p e r  
w a s  used ,  a p p a r e n t l y  b e c a u s e  p a r c h m e n t  w a s  f o r m e d  in  t he  
p r e s e n c e  of  the  s u l f a t i n g  a g e n t .  

b )  A l a y e r  of  i n e r t  v i n y l  s h e e t i n g ,  such  as  D o w  S a r a n  W r a p ,  
w a s  loose ly  p l a c e d  ove r  t i le  t op  of  the  B u c h n e r  f u n n e l  t o  sep-  
a r a t e  t he  p r o d u c t  f r o m  the  r u b b e r  d a m  u s e d  to  e x c l u d e  mois -  
t u r e .  D i r e c t  c o n t a c t  w i t h  r u b b e r  s t a i n s  t he  p r o d u c t  a n d  
d e t e r i o r a t e s  t he  r u b b e r .  

6) F i l t r a t i o n  a t  0 ~ w a s  a c c o m p l i s h e d  in  a r e f r i g e r a t e d  r o o m  
to m : d n t a i n  l ow  h u m i d i t y  c o n d i t i o n s .  O c t a d e c y l s u l f u r i c  a c i d  
h. ts  the  h i g h e s t  m e l t i n g  p o i n t ,  i s  t he  l e a s t  so lub le ,  is  t h e  l e a s t  
h y g r o s c o p i c ,  a n d  m a y  be  f i l t e r ed  a t  r o o m  t e m p e r a t u r e ,  exc lud-  
i n g  m o i s t u r e  ( F i g u r e  1 ) .  

d)  S o l v e n t  r e m o v a l  w a s  c o m p l e t e d  in  a v a c u u m  d e s i c c a t o r  in  
t h e  r e f r i g e r a t e d  r o o m  a t  0 ~ C h a n g e  of  t he  d e s i c c a n t ,  CaSO4, 
e v e r y  two  h o u r s  s h o r t e n e d  the  t i m e  b y  5 0 %  a n d  a l l o w e d  com- 
p l e t e  so lven t  r e m o v a l  i n  6 -8  h rs .  

Table I lists the analysis, mel t ing point,  yield, and  
pur i ty .  The alkylsulfurie  acids are white crystall ine 
solids, the hygroscopic nature  of which increases with 
decreasing chain length. The relative pu r i ty  of the 
acids shown by  analysis and melt ing point  was con- 
firmed by conversion to the sadiron alkyl sulfate  and 
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FIG. 1. F i l t r a t i o n  t e c h n i q u e  f o r  i s o l a t i o n  of  a l k y l s u l f u r i c  
ac ids .  

TABLE I 

Alkylsulfuric Acids 

Alkyl N.E. a % S 

Found Calcd. I Found Calcd. 
I 

Dodecyl ......................................... 260 266 11.63 12.04 
Tetradecyl ..................................... / 296 I 294 l 10.88 10.89 
t{exadecyl . . . . . . . . . . . . .  1 ....................... 326 I 323 I 9.72 9.94 
Octadecyl ...................................... I 354 I 351 I 9.14 9.15 

1Kelting Yield ] Pur i ty  
I ~176 % I % 

DodeeyI ......................................... I 25-7 ~ I 65 ] 97 
Tetradeeyl ..................................... 37-9 ~ I 75 I 98 
t iexadeeyl ..................................... 40-2 ~ I 53 I 99~ 
OetadeeyI ...................................... 51-2 ~ 65 994 

~/[. P. 
alcohol 

24.1 c 
37.2 38.0 
49.3-49.6 
58.1-58.6 

a Neatraliza~ion equivalent. 
b Pur i ty  by conversiml to the sodium alkyl sulfate and analysis for Na. 
e Freezing point. 

analysis for  sodium. The yields obtained reflect the 
solubility of the acids under  the par t icu lar  conditions 
of solvent ratio and crystallization tempera ture .  

Stability on Storage 
The four  a lkylsulfur ie  acids were stored in screw- 

cap bottles at 0 ~ and were aualyzed periodically. Do- 
deeylsulfurie acid was the nmst difficult to p repare  in 
a pure  state and appeared  to decompose or hydro-  
lyze to the extent of about ]5% in one week, judged 
by a decrease ill the neutralization equivalent.  The 
other three acids showed no significant change a f te r  
storage for several months at 0 ~ Storage of octa- 
deeylsulfurie in a screw-cap bottle for  one year  at  
room tempera ture ,  with t)eriodie analysis, showed 
an increase of 18 units ill the neutral izat ion equiv- 
alent corresponding to a lnoisture l)ick-up of 3-5/%. 
This acquisiti<>n of water  is not to be eonfused with 
hydrolysis.  

Stability to Hydrolysis 
I Iydrolys is  of a 0.05 molar sohltion of octadecylsul- 

furie acid in distilled water at 100 ~ was 50% in less 
than half  an hour, al)out Cqllal to tha t  for  sodium 
octadecyl sulfate acidified with all eqlfivalent amount  
of mineral  acid. II<)wever at 60 ~ (a f requen t ly  se- 
lected washing tempera ture )  the degree of hydrolysis  
was only 10% af te r  3 hrs. and 16% af te r  7 hrs. 
These kinetic data  do not fit conventional ra te  ex- 
pressions, probably  becausc mieellization occurs with 
a decrease in the eoneentration of simple ions and 
molecules. Conductance and p I ]  measurements ,  in- 
eluding measurements  at  both above and below the 
critical mieelle concentration, indicate that  octadecyl- 
sulfuric acid is about 50% ionized over a consider- 
able concentration range. The c.m.c, by the dye t i t ra-  
tion method (2) is 0.0[)14%, or 0.0:t87 millimoles/l. ,  
about one-third of the value for sodium oetadecyl 
sulfate. 

Salts of Octadecylsulfuric Acid 
The usual method for the pr~parat ion of salts is by 

neutralization of the sulfation mix ture  with the se- 
lected base. Salts of anlines and amino acids however 
can be obtained ill mu(;h bet ter  yield and p u r i t y  in 
less time f rom the isolated oetadecylsulfuric  acid, ' 
which is conveniently soluble in water,  alcohol, or 
chlorinated solvents. 

The general  procedure was to fo rm the salt  in 
solution, using about  10% excess of the amine or 
amino acid and to crystallize f rom the solution at  
0 ~ Carbon tetrachloride was a suitable solvent for  
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the prepara t ion of the t r i e thy lammonium (nl.p. 70-  
72.5 ~ and the t r ie thanolammonium salt (m.p. 86- 
86.8~ The  sa l t  wi th  t r i s ( h y d r o x y m e t h y l ) a m i r m -  
m e t h a n e  (m.p.  124-7 ~ a n d  the  g lyc ine  sa l t  were  
prepared  in 95% ethanol. Salts with DL-leucine and 
L-methionine were prepared  by adding the solid anliuo 
acid to a solution of octadecylsulfurie acid ill abso- 
lute ethanol. In the case of the last four  salts of 
Table I[ ,  excess of the amine and amino acid was 
removed by fil tration at room tempera ture  pr ior  to 
crystallizati<m. Melting points of the amino acid 
salts were indefinite. 

T A B L E  1I 
Salts of Octadeeylsulfur ie  Acid 

Sal t  of amine or 
~1 lllillo acid 

Tr ie thy lao l ine  ................ 
T r i e thaneh tmine  ............. 
T H A M ~' . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Glycine .......................... 
DL-Leue ine  .................... 
L-MetI~ionine ................... 

Yield % 

66 
7;I 
50 
80 
51 
65 

Analysis  

EE q,~s 
Found . . . . . . . .  / (;alca. / F,m,~,l Caled. 

2.98 3,10 6..(10 7.09 
2.78 2.80 6.56 j 6.42 
2..(14 2,97 6.72 6.79 
a.aa / 3.2:) I 7.01 [ 7.53 
3.14 / 2.91 I 6.78 ] 6.66 
2.78 ! 2.80 I 12.97 ~ 12.83 

', Tr i s (hydroxynle th .v l )an l inomethane  ( lIO(?ll2)a(~Nlla.  

Table 1[ lists the yield and analysis for six salts, 
all of which are white crystall ine solids more sohible 
than sodium ociadeeyl sulfate in water.  Tripthanol- 
amnlonium octa(lecyl sulfate, in pariicltlar,  has a 
solubility of about 10% at roonl tenll)eratur/'. 

Surface-Active Properties 
Table l [ [  lists the interfaeial  tension, emulsion 

stabili ty,  foam height, wet t ing time, alld (letergeney 
values for octadecylsulfurie acid and salts with am- 
ines and anfino acids. Values for sodiunl octadecyl 
sulfate  are included for comparison. 

Surface and Interracial Tension. The duNoiiy ten- 
siometer was used. Surface tension ranged f rom 36.1 
for  the leucine salt to 41.6 for  octadeeylsulfuric acid; 
the value for  sodimn octadecy] sulfate  was 40.6 dynes /  
cm. In ter fac ia l  tension was measured against  refined 
mineral  oil. Salts of the amino acids had the lowest 
vahles. 

Emulsion Stability. Emulsions were prepared  f rom 
light pe t ro la tum and an aqueous solution of the sur- 
face-active agent  (1, 9). The time in seconds required 
for  par t ia l  separat ion was a measure of emulsion 
stabili ty.  0e tadeeylsul fur ie  acid and the salts with 
glyeine and DL-leucine appear  to be very good emul- 
s i fying agents. 

Foam Height and Wetting Time. Foam height was 
measured by the Ross-Miles pour  test (6) at 60 ~ The 

T A B L E  I l I  
Surface-Act ive  Proper t ies .  0 .1% Solu t ion  in  Dist i l led W a t e r  

Compound  

Octadecylsul fur ic  acid ..... 
T r i e thy lamine  sal t  ............ 
T r i e t h a n o l a m m o n i u m  salt  
T H A 1VI b sal t  ..................... 
Glycine  sal t  ...................... 
DL-Leuc ine  salt  ............... 
L-Meth ion ine  salt  ............. 
Sod ium oetadecyl su fate. 

In te r -  t Emul-  F o a m a  We t t i ng  
facial  I s ion sta- he igh t  t ime 

tens ion  bi l i ty  ( 1 ) (6)  (8) 
25~ I 25~ 60~ '60~ 

. . . . .  [ 
d y n e s /  

era. [ s e c o n d s  ram.  s e c o n d s  

10.4 1190 195 11 
7.0 690 190 21 
7.0 730 190 20 
9.1 730 205 23 
6.5 1050 210 19 
4.3 1170 180 26 
5.9 84O 20O 2O 

14.2"  7604 210 18 

Deter- 
g'ency a 

60 ~ 

A R  
40.2 
13.8 
19.0 
29.7 
39.7 

9.9 
13.4 
41.3 

a Sal ts  were formed direct ly in aqueous solut ion.  
n Tr i s  (hydroxymethyl )  aminomethane  (HOCH.2) ~CN H.~. 
~" Not in  complete so lu t ion  at  25 ~ 
d Measured  at  50 ~ because of l imited solubil i ty.  

range 180 210 seconds showed comparat ively  little 
difference iu foaming propert ies  for  the eight com- 
pounds. Wet t ing  propert ies  were measured by a 
s tandard  binding tape method (8). At  60 ~ oetadeeyl- 
sulfuric acid was the best wetting' agent. Wet t ing  
time for  the various salts ranged only f rom 18-26 
seconds. 

Detergency. Detergency was measured as the in- 
crease in reflectance /~R af ter  washing G.D.C. No. 26 
(4) s tandard  soiled cotton in the Terg-O-Tometer:  
10 swatches/1., 20 rain. 60 ~ 110 eyeles/min.  By  an- 
alysis of varianee a difference in A R  of 1.8 was sig- 
nificant with 95% probabi l i ty  (5). 

The salts used were p repared  direct ly in aqueous 
sohltion by adding equivalent amounts  of acid and 
base to hot distilled water. In  addit ion to the com- 
pounds listed in Table I l l ,  detergency values were 
also obtained for salts of the following amines and 
amino acids: iminodiacetic acid (40.5), DL-alauine 
(34.3), e t h a n o l a m i n e  (33.3), N - m e t h y l g l u e a m i n e  
(32.4), diethanolanline (30.5), and isopropam/lamine 
(17.0). Octadeeylsulfurie acid and salts with inlino- 
diaeetie acid and glycine were about equal to sodium 
oetadeeyl sulfate in detergency. DL-Alanine,  ethan- 
olamine, N-methylglucamine,  diethanolamine, and 
t r i s (hydroxymethy l )  aminomethane salts were some- 
what  less effective, and the remaining salts were rel- 
at ively poor detergents.  Under  these test conditions 
detergency deereased with an increasing degree of 
substitution at the ni trogen atonl but  increased with 
a grea ter  content of hydrophil ie  hydroxyl  or c.arbox- 
ylie acid groups. 

S u m m a r y  
Octadeeanol, hexadecanol, tetradecauol,  and ih)dec- 

am)l were sulfated with chlorosulfonic acid, and the 
corresponding alkylsulfuric acids were isolated in a 
pure  state as white crystalline solids with definite 
melt ing points. 

Octadeeylsulfurie acid resembles sodium octadecyl 
sulfate in detergent  and surface-active propert ies  and 
in stabil i ty to hydrolysis  at equal concentrations of 
hydrogen ion. I t  is more soluble in water  than so- 
dium oetadecyl sulfate and readily soluble in organic 
solvents. The critical micelle eoneentration (0.0387 
millimoles/l .)  is only about one-third tha t  of the so- 
dium salt. 

Isolation of oetadecylsulfuric acid as a useful chemi- 
cal intermediate  made possible the prepara t ion  of a 
nmnber  of salts with amines and amino acids and their 
rapid  screening for useful  properties.  
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