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Abstract 
Oleyl alcohol was caused to reac t  wi th  ethyl-  

erie oxide, p ropy lene  oxide, and  1,2-butylene ox- 
ide in  the presence of an  a lkal ine  catalyst .  The 
first and  second der ivat ives  f rom eaeb reaet ion 
were isolated by  f rac t iona l  dis t i l la t ion.  Sulfa-  
t ion  wi th  dioxane-SO3 gave h i gh - pu r i t y  oleyl 
e ther  sulfates,  easily soluble, wi th  good deter-  
gent  and  lime soap-dispers ing proper t ies .  

The use of ehlorosulfonie acid or su l fur ic  acid 
as the  su l f a t i ng  agen t  for  oleyl e ther  alcohols 
resu l ted  in abou t  60% re ten t ion  of the double 
bond, compared  wi th  oleyl alcohol, which u n d e r  
the same condi t ions re ta ined only  about  25% un-  
sa tura t ion .  Oleyl e ther  alcohols su l fa ted  wi th  
ehlorosul fur ic  acid or su l fur ic  acid are  easily 
soluble and  have  good lime soap-dispers ing prop-  
erties. They are able to soiubilize less soluble 
soaps and  s a tu r a t ed  e ther  alcohol sulfates.  

Introduction 

p REVIOUS STUDY of the  oxyalkylat ion and  su l fa t ion  
of s~Jturated tal low alcohols (6) has shown t h a t  

h igher  yields of monohxyalkyla ted  p roduc t  are ob- 
t a ined  wi th  propylenc  oxide and  butylene oxide t han  
wi th  ethylene oxide. Also the sul fa t ion  p roduc ts  are 
more soluble t h a n  those f rom ethylene oxide, which 
in t u r n  are more soluble than  the p a r e n t  sodium 
alkyl  sulfates.  

U n d e r  some condi t ions  i t  may  be more desirable 
to oxyalkylate  tal low alcohol in which  u n s a t u r a t i o n  
is present .  Inves t iga t ion  has now been extendel  to 
the oxyalkyla t ion and  su l fa t ion  of oleyl alcohol, ecru- 
p a r i n g  the  effect of oxyalkyl  groups  on the  sulfa-  
ti(m process and measu r ing  the surfaee-aet ive prop-  
ert ies of the uns a t u r a t ed  tal low ether  alcohol sulfates.  

Experimental Section 

l ~ a t e r i a l s  

A commercial  oleyl alcohol was distil led, and  the 
m a j o r  f rac t ion  was dissolved in acetone (4 ee /g)  and  
crystal l ized at  --10C. The solid sa tura tes  were dis- 
carded,  the  f i l t rate  was di luted (8 ce/g), twice crys- 
tal l ized at  --45C, and  dist i l led aga in  t h r ough  a 2-ft 
column which was packed wi th  0.16 in. stainless steel 
p r o t r u d e d  packing.  The m a j o r  f rac t ion  bo.o7 124- 
126C, was found  to be 99% pure  by GLC:  IV  94.2 
( theory  94.5) ;  % OH 6.42 ( theory  0.34). 

E la idy l  alcohol was p r e p a r e d  by  ela idinizat ion of 
oleyl alcohol wi th  Se and  pur i f ied by  erystallizatim~ 
and  dis t i l la t ion ( 5 ) :  found,  1V 92.2; mp  35C. 

Epoxides  were h i gh - pu r i t y  samples  de, scribed in a 
previous  publ ica t ion  (6) .  

O x y a l k y l a t i o n  

React ion  wi th  p ropy lene  oxide and  bu ty lene  oxide 
was car r ied  out  a t  160C in the presence of 0.5% 
K O H  ca ta lys t  as described previous ly  (6) .  React ion 
w i th  e thylene oxide was s imilar  except  t h a t  the epox- 
ide was not  r e t u r n e d  to the reac t ion  by  reflux. A 
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gaseous s t ream of e thylene oxide was led into the 
u n s a t u r a t e d  alcohol, and  the extent  of reaction was 
de te rmined  by weight  increase. 

D i s t i l l a t i o n  

React ion produc ts  were separa ted  by dist i l lat ion at  
0.3 mm pressure  t h r o u g h  a 1-ft column filled wi th  
0.24 in. stainless steel p ro t ruded  packing.  A capil- 
l a ry  N2 bleed was used. 

G a s - L i q u i d  C h r o m a t o g r a p h y  

Vapor-phase  chromatograph ic  analysis  was carr ied 
out  on an  F & M 810 dua l  eohmln chromatograph,  
fitted wi th  8-ft  20% SE 30 silicone gum rubber  col- 
umns,  opera t ing  isothermal ly  at  280C. The the rmal  
conduct iv i ty  detect ion system was used. Mixtures  of 
e ther  alcohols were analyzed a f t e r  conversion to the 
acetates.  

S u l f a t i o n  

Three different su l fa t ion  procedures  were used and  
compared.  

Method I was used to p repa re  pure  e ther  alcohol 
sulfa tes  wi th  a m i n i m u m  of react ion at  the double 
bond. Dioxane-SOa, used in s l ight  excess, was pre- 
pared  by  add ing  l iquid SPa to a cold, s t i r red solu- 
t ion of purif ied dioxane in CO14. The ether  alcohol 
was then  added to the  cold s lu r ry  of the su l fa t ing  
complex, and  the r eac tan t s  were warmed  to 45C. The 
mix tu re  was cooled again,  di luted wi th  cold ethanol, 
neut ra l ized  wi th  18 N NaOH, and  twice crystall ized 
f rom ethanol  at  - 2 5 C  to give a p roduc t  the p u r i t y  
of which  was confirmed by  iodine n u m b e r  and  anal- 
ysis for  sodium. Yields of purif ied products  were 
40-70% with  95 98% double b[md retent ion.  

Method iliI was the same as t ha t  used for the sul- 
ra t ion  of sa tu ra ted  e ther  alcohols (6) .  A 10% molar  
excess of C1SOaH was added dropwise to a s t i r red  
solution of ether  alcohol in cold CC14. The reaction 
was warmed  to room tempera ture ,  cooled again, di- 
luted wi th  cold ethanol ,  and  neut ra l ized  with 18 N 
NaOII.  Most of the CC14 was boiled off, the residue 
was taken up in 95% ethanol  and  crystall ized. Yields 

T A B L E  I 

Oleyl :~ and  Ela idylb  E the r  Alcohols 

P u r i t y  F reez ing  ~o 
by GLC poin~ 

i % "C D 

R (OC~H,I) i O H  1 99.8 --1 1 .4608 
from 

ethylene oxide 2 9 7.7 +5.5 ].4 6 ] 4 

CH:~ 

R (OCHsC]:I) l OH 1 99d~ - -16  1.4,580 
from 

propylen e oxide 2 96.7 - -30  1.4~563 

Ce H~ 

R (OCHsfJX)  i OH 1 99.9 --9 1.4580 
from 

butylene oxide 2 99.9 - -32 1 .4572 

Oils I 
R'  ( OCH~CI-I ) i OI-I 1 99,9 q-24 1 .4580 c 

b 1~'. 
c Supercooled. 

5 2 2  
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and double bond re ten t ion  are compared in Table 
I I I .  Unsa tu ra t iml  was determined,  before and a f te r  
crystal l izat ion by the Wi js  method, wi th  acetic acid 
as the only solvent. 

Method I f I  was the  use of 100% II2S04 for  the  
sulfa t ion of oleyl alcohol and  monoSxypropy]ated 
oleyl alcohol. Sulfur ic  acid, 0.09 moles, b rought  to 
100% by adding" l iquid S03 to concentra ted H,~SOa, 
was added dropwise to a s t i r red mix ture  of 0.06 moles 
of the alcohol in an equal  volumn of CC14. The tem- 
pera tu re  was slowly raised to 50C. Af t e r  cooling 
again to 0C and  dilut ion wi th  ethanol  the product  
was neutra l ized wi th  18 N NaOH and crystall ized in 
the same mamler  as the C1SO3H product.  Yields 
of crystall ized produeg f rom H2S04 snl fa t ion  were 
35-45%. 

S y n t h e t i c  T a l l o w  M i x t u r e s  

B a n k s  a n d  I I i l d i t e h  ( 1 )  f o u n d  a N o r t h  A m e r i c a n  

beef tal]ow to have the  f a t ty  acid composition of 
6.3% nlyrist ie acid, 27.4% palmit ic  acid, 14.1% stea- 
rie acid, 49.5% oleic acid, and  2.4,% linoleie acid. 
Oxypropyla ted  or oxybnty la ted  alcohol sulfates f rom 
tallow should therefore  contain 6.8% tegradeeyl, 
28.1% hexadecyl, and 13.9% oetadeeyl derivatives,  
as well as 51.2% unsa tu ra t ed  18 carbon derivatives, 
which will be considered as the oleyl derivative. 
MonoSxypropylated and  monoSxybutyla ted tallow al- 
cohol sulfates were p repa red  by mixing  chlorosulfonie 
acid sulfat ion products  in the above proport ions.  A 
synthet ic  monoSxybutylated hydrogena ted  tallow al- 
cohol sulfate  was made in the same way from 6.8% 
CI,tI200C~HsOSO~Na, 28.1% CltH33OC4HsOSOaNa, 
and  65.1% CtsH~7OC4HsOSO3Na. Data  oll these mix- 
tures  are giveB in Table IV. 

Measurement of Surface-Active Properties 

Detergency and  other  surface-active proper t ies  were 

T A B L E  IT 

Surface Active Proper t ies  of P u r e  E the r  Alcohol Sulfates a 

E o a m  
height  Detergency,  

Lime (4) ,  f~I~ o, 6 0 0  
soup- 0.25c~ - -  

emc ~ di~- bni]t 0 .1% 
milli- pers ing soh-0 :~5 '~o  un- 
moles power t ion a . ~ , l t  buil t  

Solu-  ]~er (2 )  600 ,  300 100 
bility b li ter % ram, ppm pore 

Sodium 
2-oleyloxyethyl 
sulfate 5 0,15 8 180 28 26 

Sodium 
2 -oley] oxy- 1 - 
metttylethyl 
sulfat,c 2 0.12 9 170 28 25 

Sodium 
2-oleyloxy-1- 
ethylethyl 
sulfate 5 0.11 12 130 27 21 

Sodium 
oleyl 
sulfate 10 0.29 10 195 27 2S 

Sodium (Kraff t  
2-octaecyioxyethyl point  
sulfate 46 ~ ) 0.11 9 100 29 27 

Sodium (Kraf f t  
octadecyl point  
sulfate 56 ~) 0.1 I r (see g) 190 28 33 

Sodium 40 
dod~cyl (Kraff t  
sulfate point  

16 ~ 6.8 30 185 18 17 

Sulf~tion wi th  clloxane--SOa. 
b Concentration,  %,  a t  which the s~lutlon becomes noticeably viscous, 
c Cri t ical  missile concentration,  Binaeyanole  Chloride t i t ra t ion.  
a Bui l t  solutions are 0 . 0 5 %  with  respect  to active ingredient ,  0.2~v 

with respect  to builder of the following composition: 55% Na,sP~Olo, 
24% NaeSOd, 10% NadPa0~, 1 0 %  Na metasilicate,  1% CMC. 

e AR increase in re~ectgnce after  washing  s~andard soiled cotton 
(3) in the Terg-O-Tometer for 20 rain, 110 cpm. 

Measured at 6OC. 
g Not soluble enough for the test conditions. 
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T A B L E  III 

Sulfation of Oleyl and Elaidyl  E the r  Alcohols a wi th  Cb]orosulfonic Aeld 

Crystallized product  
Total  

~ o l e  double bond Double bond 
ra t io  re ten t ion  Yield retent ion 

C1SO~H/Aleohol % % % 

ROC~H~OkI 1.16 61 78 71 
R 0 C s I ~ O H  1.18 (see b) 71 73 
R ( 0 0 a H e ) 2 0 H  1.32 60 (see e) (see r 
ROO~HsObI 1.12 68 54 80 
R ' 0 C ~ H 0 0 t t  1.21 51 64 69 
R O I t  1.01 27 71 27 
ROI~ 2.03 (see 1o) 82 4 

a tr oleyl, R '  elaidyl. 
b Da ta  not available. 
~ Produc t  ceuld not be crystallized. 

measured as in the previous publicat ion (6).  Lime 
soap-dispersing power was measured  by the  method 
of Borghe t ty  and  Be rgman  (2) and  foam height  by 
the Ross-lVIiles test  (4).  Cri t ical  mieelle concentra-  
t ion was measured by the Pinaeyanole  Chloride dye 
t i t r a t ion  method, and  Kraf f t  point  as the  tempera-  
tn re  at  which a 1% dispersion became clear on grad- 
ual heating'. Detergency was measured  as the increase 
in reflectance af ter  washing  10 swatches of s t anda rd  
soiled cotton in one l i ter  of de te rgent  solution in 
the Terg-O-Tometer for 20 rain at  60C and  100 cpm. 
The results  are recorded in Tables i I  and  IV. 

Results  and Discuss ion  

Oleyl alcohol reacts wi th  ethylene, propylene,  and  
butylene oxides in the same m a n n e r  as the sa tu ra ted  
alcohols. F igu re  1 eonlpares the d isappearance  of the 
p a r e n t  alcohol, and  F i g u r e  2 conlpares the  yield of 
first der ivat ive wi th  increas ing addi t ions  of ethylene 
oxide and  butylene oxide. Analyses  were by  GLC 
of the acetates, confirnled in several  cases by  frac- 
t ional  dis t i l la t ion and  separat ion of the pa ren t  al- 
cohol and  the first and  succeeding derivatives.  I t  
can be seen t h a t  bu ty lene  oxide consumes oleyl al- 
cohol much  more rapidly ,  and  h igher  yields of the 
first der ivat ive  result.  The d is t r ibut ion  constant,  or 
rat io  of e ther  alcohol reac t iv i ty  to p a r e n t  alcohol 
reactivity,  is about  2 for the ethylene oxide reaction, 
0.5 for the propylene oxide, and  0.3 for butylene ox- 
ide. The "cons tant"  changes at  low addi t ions  of eth- 
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F r o .  2. Y i e l d  o f  f i r s t  d e r i v a t i v e  w i t h  i n c r e a s i n g  a d d i t i o n s  
o f  e p o x i d e  : 

O - -  m o l e  f r a c t i o n  of ( ' ,~sHs~OCH~CH~OH 
- -  |  m o l e  f r a c t i o n  o f  Gs t - l a~OCH~CH(C,_ ,H~)OH-  

ylene oxide, as has been reported by Weimer and 
Cooper (7), but it is truly constant for propylene 
oxide and butylene oxide reactions. For ethylene ox- 
ide the high value of the reactivity ratio and its 

TABLE IV 

Detergen t  Proper t i es  af U n s a t u r a t e d  E t h e r  Alcoho|s Sulfa ted 
with  Chlorosulfonic  Acid 

MoJ~obxyethylated 
o[ey[ alcohol 

MonoiL~:yprllpylat ed 
elaidy[ alcohol 

Monogx'ypropyla, ted 
olcyl alcohol 

Dioxypropyla ted  
oleyl alcohol 

Monooxybutyla ted  
oleyl alcohol 

Oleyi alcohol 

~ n o ~ i x y p r o p y l a t c d  
tallow alcohol 

Men ~i~(yhu tyla ~.eft 
t~li0w alcohol 

Lime Fo am Detergency,  
soap- he ight  ~ R  % 60C 
dis- ( 4 )  

Kraff t  o pe r s lng  0 .2 5 %  0 .2 5 %  0 .1% 
poin t  lmWer b u i a  u blailt a nnbu i a ,  

1% (2)  60C, 300 100 
~ % mm "0pro ppm 

Clear  
at 
zero 7 170 28 25 

Clear 
at  
z,,r~* 8 169 28 24  

(]lear 

zero 10 155 27 17 

Claar 
at 
zeru 7 I 50 ~6 ~ 8 

e l e* r .  
at 
zero 10 t 5 0  27 21 

Clear 
at 
zero I g 175 2 7 23 

27 9 150 27 26 

24 a tO 15(1 26 20 

a T e m o e r a t n r e  at which  a 1 %  dispers ion  becomes c l ew  on g radnM 
heating'.  

b l:11111t s~lntion 9 . 0 5 ~  act ive ing rod ien t  + t) .20% bui lder  of the fol- 
lowing  composi t ion:  5 5 %  Na~PzO1o, 2 4 %  Na.ESOt, 1 0 %  .'~a~P~OT, 1 0 %  
Na mebasilicate, lC2~ C2VIC. 

e A R  = increase  i n  reflectaner, af ter  washing '  s t an d a rd  soiled cotton 
(3 )  in  a Terg-O-Tometer ,  20 rain, 110 epm. 

d Kraff t  po in t  of sulfa tcd monoSxybutyla tcd  hydrogena ted  tallow alco- 
hol ~ 36 ~ 
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increase with the inerease in the mole ratio of eth- 
ylene oxide eon~bines to give the near ly  constant anal- 
ysis for monooxyethylated product  shown in Figure 2. 

Propert ies  of the individual  ether  alcohols sepa- 
rated from reaction mixtures by fraetionM distilla- 
tion are sho,~l in Table I. Pur i ty  was confirmed by 
GLC, iodine value, and % hydroxyl.  Lack of a sharp 
absorpt ion peak in the 960 em t region indicates the 
absence of trwns isomers. 

The solubility and surface propert ies of pure  un- 
sa tura ted  ether alcohol sulfates made from the ether 
alcohols of Table I by snlfat ion with dioxaue-SOa 
are shown in Table II .  The ether alcohol sulfates 
f rom oleyl alcohol, like those from octadeeanol, are 
good detergents and  lime soap-dispersing agents. They 
have somewhat bet ter  foaming propert ies and are 
more soluble in water  and organic solvents. Sodium 
2-oleyloxy-l-ethylethyl sulfate, ClSHaaOCHECH(C.,- 
lIa)OSOaNa, in part icular ,  readily forms clear 2% 
solutions in CCI+, (C.,H~)20, petroleum ether, pe- 
t rola tum and  CsH.~CI[a. 

Table I I I  shows that  sulfat ion with C1SOaH 
(Method I I )  is best accomplished with about a one 
molar ratio. E the r  aleohols are sulfated wi~h greater  
retent ion of the double bond (70-80%)  than in the 
case of oleyl aicohol (27%),  presumably because the 
ether alcohol tends to form a complex with C1SOatI 
and so moderates its activity and directs the reaction 
pr imar i ly  to the hydroxyl group. Analysis of the 
crystallized reaetion product,  for % Na and I.V., 
shows that disulfat ion does not occur. Double bond 
retention is about the same for cis or trans isomers, or 
mono- or dioxyalkylation. 

Wi th  100% It.,S()4 as the sulfat ing agent (Method 
I l l ) ,  monoSxypropylated oleyl alcohol was ,sulfated 
with a 40% yield of crystallized product  and 70% 
double bond retention. Apparen t ly  112804 also tends 
to form a eomplex with the ether alcohol. 

The chlorosulfonie acid re~etilDn products of Table 
IV ha~,e propert ies like the pure ether alcohol sul- 
fates of Table l l. All are good lime soap-dispersing 
agents and good detergents in buil t  systems. The 
detergency data at  0.1% concentration, lmbnilt ,  in 
water  of 100 ppm shows differences between the in- 
dividual  detergents. 

The monoSxypropylated and oxybutylated tallow 
alcohol sulfates have good propert ies and are easily 
soluble because tile more soluble components solubilize 
the less readily soluble. For example, monoSxybu- 
tylatcd tallow Meohol sulfate has a Xraff t  point of 
24C compared with 36C for a similar product  from 
hydrogenated tallow alcohol. 
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