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Abstract 
Reaction of propylene oxide, ra ther  than ethyl- 

ene oxide, with f a t ty  alcohols, gives a higher 
yield (50%) of mono-oxyalkylation product  be- 
cause the secondary alcohol formed is less reac- 
tive than the p r imary  alcohol formed with ethyl- 
ene oxide. Rate of fu r ther  reaction is about half  
the rate of the parent  p r imary  alcohol. Distribu- 
tion of propylene oxide reaction products follows 
the Weibull-Nycander equation. 

Analysis of reaction products was accomplished 
by gas-liquid chromatography of the acetylated 
ether alcohol mixtures. Pure  mono-oxypropylated 
alcohols ROCHgCHOHCHs and in some cases di- 
oxypropylated alcohols R [0CH2CH (CHs) ] 20H 
were separated by fractional distillation. 

Individual  ether alcohols and products with a 
known average number of oxypropyl  groups were 
sulfated and evaluated in terms of Kraff t  point, 
critical micelle concentration, detergency, foam 
height and lime soap dispersing properties. In- 
corporation of one oxypropyl  group was more 
effective than the same degree of oxyethylation, 
and improved sohIbility with no significant loss 
in foaming and detergency. E the r  alcohol sul- 
fates from propylene oxide are stable to alkaline 
hydrolysis and nearly equal to the sulfates from 
ethylene oxide in their stability to acid hydrolysis. 

Introduction 
A S T U D Y  O F  LOI~G C H A I N  e the r  a lcohol  su l f a t e s  

R(OCH2CHe)nOSO3Na (1110) has shown that  
solubility increases with the number of oxyethyl 
groups, n, but detergency decreases, par t icular ly  when 
n is greater than 2. 

Since the alkali catalyzed reaction of ethylene ox- 
ide with f a t ty  alcohols proceeds at a rate proport ional  
to the acidity of the hydroxylie hydrogen, the prod- 
uct ether alcohol is nmre reactive than the parent  
alcohol. Wrigley  (12) has shown that  the distribu- 
tion constant, or ratio of reaction rate of ether alco- 
hol to parent  alcohol has a value of 3. Because of 
this unfavorable ratio direct oxyethylation does not 
produce high yields of product  with a desired small 
number  of oxyethyl  groups. 

Propylene oxide has been shown to add to methanol 
under  alkaline catalysis to give only 1-methoxypro, 
panol-2 (6). Secondary alcohols formed by the re- 
action of long chain pr imary  alcohols with propylene 
oxide would be expected to be less acidic and less 
reactive than the parent  alcohol. The lower distri- 
bution constant would increase the amount of mono- 
oxypropylated product  at the expense of unreacted 
parent  alcohol and give smaller amounts of polyoxy- 
propylated alcohols. 

The effect of the additional methyl branch derived 
from propylene oxide is difficult to predict  but  one 
could expect a general lowering of melting point and 
lower Kraff t  point since the methyl branch interferes 
with close packing of aliphatie chains. 

The purpose of this paper  is, therefore, to s tudy 
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the alkali-catalyzed reaction of propylene oxide with 
fa t ty  alcohols and the composition of reaction prod- 
ucts, to determine distribution constants and to iso- 
late pure compounds for  characterization. Both the 
pure: ether alcohols and oxypropylat ion reaction mix- 
tures are sulfated and evaluated as detergents and 
surface active agents. 

Experimental 
M a t e r i a l s  

Normal p r imary  alcohols purified from good com- 
mercial grades by redistillation and low temperature  
crystallization from acetone had the following con- 
stants : dodecano], n ~  1.4409 ; tetradecanol, n 4~ 1.4383, 
mp 37.4-38.4C; hexadecanol, n ~  1.4351, mp 49.3- 
49.6C; octadecanol n ~  1.4380, mp 57.9-58.4C. Pur-  
i ty by gas-liquid chromatography (GLC) was 97- 
99%. The propylene oxide was reagent grade bp 
34-35C. 

0 x y p r o p y l a t i o n  

The reaction of propylene oxide with fa t ty  alcohols 
is i l lustrated by the oxypropylat ion of oetadecanol. 
OetadeeanoI, 228 g (0.844 moles) and 1.2 g of K O H  
were stirred and heated to 160C while passing a stream 
of d ry  N2 over the reaction mixture.  Propylene oxide 
66.2 g (1.14 moles, mole ratio 1.35) was added drop- 
wise during 1.5 hr, keeping the mixture  at 160-175C, 
under  efficient reflux to retain propylene oxide. The 
catalyst was neutralized with 1.75 ml concentrated 
HC1, the product  dissolved in ethyl ether, washed, 
and ether removed on the steam bath. A fraction 
(60 g) of the reaction mixture  was retained for anal- 
ysis and sulfation, and the remainder  was distilled 
as described below. The product  from this experi- 
ment was found to contain an average of 1.12 oxy- 
propyl  groups/mole with the distribution shown in 
Table II.  

A c e t y l a t i o n  

Pure  ether alcohol fractions or the oxypropylat ion 
reaction mixtures were converted to the acetate esters 
by the method of Gildenberg and Trowbridge (5). 
The ether alcohol was refluxed 20 rain with 50-100 
mole % excess of acetic anhydride.  Use of greater  
than 100% excess gave no more rapid or complete 
conversion to the acetate. Excess acetic anhydride 
and acetic acid were removed under  pressures less 
than I mm in a ro ta ry  evaporator  heated in a boiling 
water  bath. This method was satisfactory for ana- 
lytical samples and for  the larger scale preparat ion 
of ether alcohol acetates. 

TABLE I 

P r o p e r t i e a o f I n d i v i d u a l E t h e r A l c o h o l s a n d T h e i r A c e t a t e s  a 

Compound 

Ether  
alcohol Acetate 

C~Hss00H2CHOHCHa 25 1.4269 . . . . . . . . . . . .  
CI~H~90CH2CHOHCtt.~ 33 1.4307 . . . . . . . . . . . .  
C1~H~9 [ 0CH2CH (CHs) ] e 0 H  3 1.4307 
C ~ 6 ~ 0  CH~CHOHCI-I8 39 1.4330 15 1.4348 
C'16Ha~ [ 0CH~CH (CHs) ]20H 19 1.4330 10 1.4355 
C IsYiaTO C tt2C t t  0 H C I-In 41 1.4352 28 1.4375 

a Analyses for C and H agreed with theoretical values with an aver- 
age deviation less than 0.2%. 
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T A B L E  I I  

D i s t r i bu t i on  of P roduc t s  a in  the  React ion  of Propylene  Oxide 
w i th  F a t t y  Alcohols b 

T A B L E  I I [  

D i s t r i bu t ion  of Products ,  C~6H~[OCH,2CH(CHa) ] iOH, in the 
Reac t ion  of Propylene  Oxide wi th  Hexadecanol  a 

Dodec- Tetra-  Hexadecanol  Octa- Found,  mole f rac t ions  
anol decanol decanol Calculated by 

the Weibull-  By GLC By f rac t iona l  
~[oles Propylene  Oxide Nycander  (6)  of the d is t i l la t ion  of 

equat ion  acetates the acetates 
Moles alcohol 

(v = m / n e e )  0.92 1.74 0.80 1.20 1.46 1.12 
Mole f rac t ion  of 

alcohol 
(no /nee)  0.284 0.055 0.380 0.199 0.130 0.213 

l~[ole f rac t ion  of 
1 st de r iva t ive  
(n l /noo)  0.544 0.397 0.468 0.495 0.459 0.512 

Mole f rac t ion  of 
2nd de r iva t ive  
(n2/noo) 0.144 0.347 0.129 0.229 0.272 0.212 

�9 ~[ole f rac t ion  of 
3rd de r iva t ive  
(na/noo) 0.025 0.158 0.020 0.065 0.103 0.063 

Mole f rac t ion  of 
4th de r iva t ive  
(n~/noo) 0.063 0.045 0.003 0.012 0.029 0.000 

Mole f rac t ion  of 
5th de r iva t ive  
(ns /noo)  0.000 0.011 0.000 0.060 0.007 0.000 

D i s t r i b u t i o n  
cons tan t  c 
(C ~ k / k o )  0.37 0.41 0.52 0.49 0.50 0.45 

a F o u n d  by GLC of the  acetates. 
b Catalyzed by 0.5% K O H  at  160-175C.  
c D i s t r i bu t i on  cons tant  of the WeibuU-Nycander  equation,  

v - -  1 - t -  n o / n o o  
C =  

n o o  n o  
In - -  1 +  

no noo 

S e p a r a t i o n  o f  D e r i v a t i v e s  b y  D i s t i l l a t i o n  

Ethe r  alcohol reaction products  and their  acetates 
were separated by distill ing through a column 1.5 
in. in diameter  and 1 f t  long filled with Cannon 0.24 
in. stainless steel p ro t ruded  packing. Distillations 
were conducted at 0.3-0.6 mm pressure using a cap- 
i l lary N2 bleed. Conversion of ether alcohols to the 
acetate permi t ted  a sharper  separation. Dioxypropy-  
lated hexadecanol was separated by conversion to the 
acetate, distillation, and alkaline hydrolysis. 

Table I describes the individual  ether alcohols and 
their  acetates. I t  was surpr is ing  to find tha t  the re- 
f ract ive index was the same for the first and second 
derivatives of both tetradecanol  and hexadecanol 
(1.4307 and 1.4330). Differences were found, how- 
ever, at other tempera tures  as shown by the following 
measurements :  C14H290CH2CHOHCHa, n ~  1.4379, 

P a r e n t  alcohol, 
i = o ........ 0.130 0.121 

1st der ivat ive ,  
i = 1 0.461 0.459 0 .444  

2nd der iva t ive ,  
i = 2 0.274 0.272 0.263 

3rd der ivat ive ,  
i = 3 0.102 0.103 0.121 

4th  der ivat ive ,  
i = 4 0.027 0.029 0.040 

5th der ivat ive ,  
i = 5  0.006 0.007 0.010 

a React ion  catalyzed by 0.5% K O I I  at  160-175C,mola r  ra t io  v = 1.46, 
d i s t r ibu t ion  cons tan t  C = 0.50. 

d~ ~ 0.8503, molar  re f rac t iv i ty  84.85 (theory 84.87); 
C14H29[0CH2CH(CH3)]:20H, n ~  1.4381, d~ ~ 0.8677, 
molar re f rac t iv i ty  100.61 ( theory 101.47). Similar 
results were obtained at 35C. 

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

Reaction mixtures  were analyzed and the pur i ty  
of separated fract ions was verified by GLC analysis. 
An F & M Model 720 dual column chromatograph 
fitted with a commerieal 8 f t  20% SE-30 Silicone 
Gum Rubber  column was used. The oven was o p e r -  
ated isothermally at 280C for  all of the ether alcohol 
acetate samples. Distr ibution of products  by GLC, 
as the acetates, is shown in Table I I  and compared 
with theoretical values and separat ion by distillation 
in Table I I I .  

S u l f a t i o n  

A 10% molar  excess of C1S03H was added drop- 
wise to a s t i rred solution of the individual ether al- 
cohol in cold CC14. The reaction mixture  was warmed 
to room tempera tu re  with continuous stirring, diluted 
with an equal volume of cold 95% ethanol and neu- 
tralized with 18N NaOH. The pure  ether alcohol sul- 
fates were crystallized f rom the neutralized solution 
and recrystall ized f rom absolute ethanol af ter  remov- 
ing insoluble inorganic salts f rom the boiling so]u- 

T A B L E  I V  

Surface  Act ive  Proper t ies  of P u r e  E ther  Alcohol Sul fa tes  

Kraf f t  Ca++ L ime  Detergency,AR b 60C, 

cmc point ,  staoJl soap 
mmoles a 1% solu- i ty (11) ,  disper- 0 .05% ~- 

s ing  0 .25%, 0 .2% 
per l i ter  tion, ppm power  (2)  dist i l led 

~ CaC03 % water  builder 'C 
300 ppm 

Foam he ight  (7) ,  60C, 
ram. 

o.25%. 0.05% + 
dist i l led 0 .2% 

water  builder 'C 
300 ppm 

C~H~0CH2CHCH3 
2.69 clear 

S08Na at  zero ~ 1 8 0 0  14 21 22 200 210 

C14H~OCH2CHCH~ 
[ 0.58 14 ~ 1 8 0 0  8 23 26 215 220 
OSOzNa 

ClaH29 [ OCIt2CH (CH3) ] :OS03Na 0.36 clear 
a t  zero ~ 1 8 0 0  9 20 23 210 200 

C16Ha~0CH~CHCH~ 
I 0.16 27 780 8 25 27 200 185 

OSOaNa 

ClsHsTOCI~CHOH8 
[ 0.07 43 a 8 30 28 160 95 

OSOsNa 

C~sHzTOCH2CHeOSOsNa 0.11 46 d 9 29 29 160 100 

C12H~OSOsNa 6.8 e 16 650 30 23 18 220 185 

C161{aaO S03Na 0.42 e 45 d 40 29 28 245 240 

ClsHaTOSOaNa 0.11 e 56 d d 34 28 225 190 

a P inacyano le  chloride method.  
b 5 R  = increase in reflectance af ter  was h ing  s t anda rd  soiled cotton ( 4 )  in the Terg-O-Tometer.  
c B u i l d e r :  55% NasP301o, 24% Na2S04, 1 0 %  Na4P20~, 1 0 %  Na metas i l ica te ,  1 %  CMC. 
d Not soluble enough for  the test  condit ions.  
e Measured  at  50C. 
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T A B L E  V 

S u r f a c e  Ac t ive  P r o p e r t i e s  of E t h e r  Alcohol Su l fa te  Mix tu re s  

E t h e r  alcohol su l fa te  
p r oduc t  

L i m e  Wetting 
Ca ++ soap t i m e  (3)  

stabil- disper-  0 . 1 %  
it)" ( 1 1 ) ,  s i n g  dist i l led 

p p m  p o w e r  (2 )  wa te r ,  
C~C'O~ seconds  

De te rgency ,  60C, 
A R "  

0 . 0 5 %  + 
0 . 2 5 %  0 / ' %  

distilled bu i lde r  ~ 
w a t e r  300 p p m  

F o a m  he igh t  ( 7 ) ,  60C, 
m m  

0.05%+ 
0 . 2 5 %  0 . 2 %  

dist i l led bui lder .  
w a t e r  300 p p m  

C~H~5 [ 0 C H ~ C H  ( C Ha)  ] o. ~ 0  S 0 a N a  

Cl~H~o [ 0 C H ~ C H  (CHa)  ] L 4s0 S0.~Na 

C16I-Isa [ 0CHuC'H (CHa)  ] 1.2o0 S 0 a N a  

C~6I-I~a [ 0 CI-I~C I-I (CHa)  ] e.us0 S0zNa  c 

ClsHa7 [ 0 C H ~ C H  ( C H s )  ] 1 .m0S0aNa  

> 1 8 0 0  17 6 

> 1 8 0 0  10 18 

650 7 80 

> 1 8 0 0  5 > 3 0 0  

d 8 d 

22 27 190 210 

25 26 210 220 

26 27 205 180 

25 22 170 110 

29 27 170 110 

a A R  = inc rease  in  re f lec tance  a f t e r  w a s h i n g  s t a n d a r d  soiled cotton ( 4 )  in  the  Te rg -O-Tomete r .  
bBuilder: 5 5 %  NaaPaO]o, 2 4 %  Na~S04 1 0 %  Na~P~OT, 1 0 %  Na  me~asi l icate ,  1 %  CMC. 
c F r a c t i o n s  c o n t a i n i n g  u n r e a c t e d  hexadecano]  and  f i rs t  dex iva t ive  r e m o v e d  before  su fa t ion.  
a Not  soluble e~ough  for  the test conditions. 

tion. Yields of purified ether alcohol sulfates were 
75-80%. Analyses for  Na and S agreed with theo- 
retical values with an average deviation of 0.07% 
Na and 0.20% S. Propert ies are recorded in Table 
IV. 

Unseparated ether alcohol mixtures were sulfated 
and neutralized in the same way, evaporated to dry- 
ness and used without fu r ther  purification for  the 
evaluation of detergent and surface active properties 
shown in Table V. 

E v a l u a t i o n  o f  D e t e r g e n t  and  Sur face  
A c t i v e  Proper t i e s  

The methods were those used in earlier publications 
(1,10). Calcium stability was measured by the method 
of Wilkes and Wiekert  (11), lime soap dispersing 
power by the method of Borghet ty  and Bergman (2),  
wetting time by the Drav6s test (3) and foam height 
by the Ross-Miles test (7).  The critical micelle con- 
centration (cme) was measured by the pinaeyanole 
chloride dye t i t rat ion method, and the Kraff t  point 
was measured as the temperature  at which a 1% 
dispersion became a clear solution on gradual  heat- 
ing. Detergency was measured as the increase in re- 
flectance, AR, after  washing 10 swatches of s tandard 
soiled cotton (4) in 1 liter of detergent  solution in 
the Terg-O-Tometer for  20 min at 60C and 110 cpm. 
The results are recorded in Tables IV and u  

S t a b i l i t y  to H y d r o l y s i s  

Like normal p r imary  alcohol sulfates the ether 
alcohol sulfates from either ethylene oxide or pro- 
pylene Oxide are stable to saponification with boiling 
2x alcoholic KOt I  but may be hydrolyzed in hot 
acid solution. Fi rs t  order kinetics of acid hydrolysis 
were determined by heating 0.05 ~ solutions of ether 
alcohol sulfates f rom propylene oxide in 0.05 ~ HC1 
at 80C, following the course of reaction by t i t ra t ing 
the additional acid produced by hydrolysis. Table 
VI shows these data  compared to similar measure- 
ments on sodium octadecyloxethyl sulfate and sodium 
hexadecyl sulfate. 

B i o d e g r a d a b i l i t y  

Ease of biodegradation was measured by the r iver  
water die-away test (9). Like the normal p r imary  
alcohol sulfates and the ether alcohol sulfates from 
ethylene oxide, the ether alcohol sulfates from pro- 
pylene oxide were all very soft and degraded eom- 
p.letely in less than 3 days, in most cases less than 
2 days. 

Discussion 

Products  from the oxypropylat ion of dodecanol, 
tetradeeanol, hexadecanol and oetadecanol containing 

an average of 0 80 to 1.74 oxypropyl  groups per mole 
were acetylated and analyzed by GL.C with the re- 
sults shown in Table ]I.  

In  s tudying the reaction of ethylene oxide with 
short-chain pr imary  alcohols Weibull and Nyeander 
(8) assumed the ether alcohol R(OC2Hd)iOH (i ---- 1) 
to have a reactivity different from the parent  alcohol 
but  the same as all other ether alcohols (i ---- 2,3, etc.). 
From this they derived equations which describe the 
distribution of products and permit  the calculation 
of the distribution constant C, the ratio of reactivity 
of ether alcohol to parent  alcohol. We have calcu- 
lated C for the oxyprooylat ion of long-chain alcohols, 
and as recorded in Table I I  it ranges f rom 0.37 to 
0.52, but  for  hexadecanol varies only from 0.49 to 
0.52. The reason for somewhat different values for  
different homologs is unknown but  the impor tant  fact  
is that  the value of C is only about one-sixth of the 
value previously reported (12) for  the reaction of 
ethylene oxide with a long-chain p r imary  alcohol. 

The distribution constants of Table I I  were calcu- 
lated from the first equation of Weibull and Nycander  
(footnote c, Table I I )  which is dependent  only on 
the analysis for unreaeted alcohol no/noo, and the 
total amount  of propylene oxide added. To ver i fy  
the relation of GLC analysis to normal distribution, 
Weibull and Nycander 's  second equation 

f i - - 1  n , / n o o = O - 1 / ( c - - 1 )  ~ n o / n o o - -  (no /noo) r  ~ ,  

. ~ = o  

[ ( o - - l ) l n  noo/no]  J 1/ jr  

was used to calculate a theoretical distribution of 
products. Table I I I  illustrates excellent agreement of 
calculated distribution with distribution found by 
GLC and fractional distillation. In general, values 
shown in Table I I  anal theoretical values agreed within 
0.5%. 

T A B L E  V I  

R a t e  Cons tan t s  for  Acid H y d r o l y s i s a  

T i m e  for  
5 0 %  

kl  b hydrolysis ,  
Compound  rain. 1 rain 

C16Ha~OCHuC'HCHa 
I 0 .0075 90 
OSOaNa 

CIsHa70CHzC'HCH~ 
] 0.0071 92 
O S O s N a  

ClsHaTOCH~CH~OSO~Na 0.0051 125 

CI~H~OSOsNa 0.0037 210 

a 0.05 N solut ion in  0.05 N H C I  at  80C. 

b kl  ( f i r s t  o rde r  r eac t ion )  ~ - - 1  I n  a 
t a - - •  
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M O L E S  OF P R O P Y L E N E  O X I D E  
M O L E  OF H E X A D E C A N O L  

FZC,-. ] .  R e a c t i o n  o f  p r o p y l e n e  o x i d e  w i t h  h e x a d e c a n o l .  

Fig. 1 shows tha t  the max imum yield of the desired 
first derivative is obtained when the average number  
of oxypropyl  groups is about one. Increase in second 
derivative is rap id  at about  this stage with a cor- 
responding loss in paren t  alcohol. 

Although data on product  distr ibution are consis- 
ten t  with oxirane r ing opening to give the secondary 
alcohol ROCH2CHOHCH3,  more direct  evidence was 
sought by oxidation. Chromic acid oxidation by heat- 
ing a purified ether alcohol with an equimolar amount  
of Cr03 in glacial acetic acid for  5 rain at  80C gave 
a neutra l  f ract ion (90%) containing unreacted ether 
alcohol and a ketone, p resumably  the alkoxy acetone 
ROCH2COCIt3;  and an acid fract ion (6%) identified 
as the normal  f a t t y  acid corresponding to the parent  
alcohol. The ketone could not be isolated in a pure  
state but  was recognized by  characteristic in f ra red  
absorption for  the carbonyl group and by reaction 
with hydroxylamine and 2,4-dinitrophcnylhydrazine.  
No evidence for  r ing opening to fo rm the p r i ma ry  
alcohol R O C H ( C H 3 ) C H ~ O H  was found. 

Surface Act ive  Properties 

Table I V  lists the solution and surface active prop-  
erties of some pure  ether alcohol sulfates. A com- 
parison of Kraf f t  points, the t empera ture  at  which 
a ] %  turbid dispersion changes sharply  to a clear 
solution on gradual  heating, shows that  oxypropyla-  
tion increases solubility over that  of the pa ren t  al- 
cohol sulfate, to a greater  extent than  oxyethylation. 

Insert ion of an oxypropyl  group lowers cmc's to 
a greater  extent than is t rue of an oxyethyl group 
(8) consistent with the view that  the oxypropyl  group 
is more hydrophobic.  As in the case of oxye~chyla*ion, 
a second oxypropy]  group has less effect. This may  
be related to coiling in the ether chain. 

There is an expected logari thmic relation between 
chain length of the parent  alcohol and cmc, which 
does not hold as well at the  very  low cmc value for 
sodium 2-oetadeeyloxy-l-methylethyl  sulfate. Fig. 2 
shows the extent of this deviation. 
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F r o .  2. C r i t i c a l  m i c e l l e  c o n c e n t r a t i o n  o f  e t h e r  a l c o h o l  su l -  
f a t e s :  O R O C H 2 C H ( C H 3 ) O S O 3 N a ;  Q R O C H ~ C H ~ O S O 3 N a .  

The ether alcohol sulfates generally have good foam- 
ing and detergent  properties,  not very  different f rom 
the paren t  alcohol sulfates. 0xya lky la t ion  of sodium 
octadeeyl sulfate decreases foam height. The presence 
of two oxypropyl  groups, in the tetradecanol  deriva- 
tive, increases solubility but decreases detergency. 

Products  f rom the propylene oxide reaction were 
also sulfated direct ly without  separat ion of unreacted 
parent  alcohol f rom oxypropyl  derivatives, and their  
propert ies  are shown in Table V. 

Foaming  and detergent  propert ies  are generally 
good and similar to those of the pure  ether alcohol 
sulfates of Table IV. Products  f rom hexadecanol and 
octadecanol have good lime soap dispersing proper-  
ties. Removal of fract ions containing unreacted hex- 
aclecanol and the first derivative, pr ior  to sulfation, 
gave a product  containing a larger  average number  
of oxypropyl  groups, somewhat less effective as a 
detergent  in hard  water.  
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