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Synthetic 
Esters of 

Detergents from Animal Fats. 
Alpha-Sulfonated Fatty Acids 

Vl. Polymerizable 

R. G. BISTLINE JR., A. J. STIRTON, J. K. WELL, and W. S. PORT, Eastern Regional 
Research Laboratory, 2 Philadelphia, Pennsylvania 

T 
HE EASE of preparat ion of esters of a-sulfonated 
saturated fa t ty  acids, such as sodium alkyl a- 
sutfopalmitates and stearates (4),  or disodium 

2-sulfoethyl a-sulfopalmitates and stearates (5),  has 
suggested similar esterification with unsatura ted al- 
cohols to form polymerizable anionic surface-active 
agents and detergents. Allyl  alcohol was the alcohol 
selected for this purpose. 

Accordingly, sodium allyl a-sulfopalmitate, sodium 
allyl a-sulfostearate,  and their respective polymers 
were prepared and examined for surface-active and 
detergent properties. 

Reactions involved in the preparat ion of the mono- 
mers and polymers are as follows: 

R C H ~ C O O H  SO3_~ R C H ( S O ~ H ) C O O H  

CH~ - -  C H C H 2 O H  
, ]~CH ( S O , H )  CO,_,CH~CH - -  CH_o 

N a O H  
. . . . . . . .  , R C H  ( S O ~ N a )  CO~CH~CH ~ CH,., 

K2S~Os 1 
. . . . . . . .  -~ [ R C H  ( S O 3 N a )  CO..,CIt~CH ] ~ 

CH~ 

where R is C~4H2.~ or C~6H33 and n is the degree of 
polymerization. 

Sodium Allyl a-Sulfopalmitate 
A solution of 0.357 mole (120 g.) of a-sulfopalmitic 

acid (5),  N. E. 163.2 in 500 ml. of allyt alcohol was 
heated and st i rred 6 hrs. at the reflux temperature,  
neutralized with a solution of sodium hydroxide in 
aqueous ethanol, and cooled to --25 °. The yield of 
the precipi tated ester was 85%. The pur i ty  at this 
point, also about 85%, is adequate for  use in surface- 
active or detergent compositions, or for  conversion to 
the polymer. Crystallization from water to remove 
unesterified a-sulfopalmitic acid as the sparingly sol- 
uble sodium salt, and fur ther  crystallization of the 
ester f rom methanol gave sodium allyl a-sulfopalmi- 
rate as a white solid, m. p. 92.2-93.4 °, in a yield of 
35%. 

Analysis:  Calculated for C19I-I35NaQS, 57.26% C, 
8.88% H, 5.77% Na, 8.05% S, Iodine No. 68.7; 
found, 56.93, 8.85, 5.68, 8.12, 61.1, respectively. 

Sodium Allyl ~-Sulfostearate 
Iu  a similar manner  a-sulfostearic acid (5),  N. E. 

179.9 was esterified with allyl alcohol, and the puri- 
fied sodium allyl ~-sulfostearate, m.p. 99.2-100.5 °, 
was isolated. 

I Presented a t  the meet ing of the American  Oil Chemists' Society, 
Philadelphia,  Pa . ,  October 10-12 ,  I955 .  

A l abora to ry  of the Eas te rn  Utilization Research Branch ,  Agricul- 
tu ra l  Research Service, U. S. Depar tment  of Agricul ture.  

Analysis:  3 Calculated for C21H,gNaQS, 59.12% C, 
9.21% H, 5.39% Na, 7.52% S, Iodine No. 59.5; found, 
58.97, 9.14, 5.39, 7.40, 58.9, respectively. 

Polymerization 
The polymerization of sodium allyl a-sulfopalmi- 

tare or sodium allyl a-sulfostearate was carried out as 
follows. 

A solution of 75 g. of the monomer and 3.5 g. of 
potassium persulfate in 700 ml. of water  was heated 
8 hrs. at 70 °. The progress of polymerization was evi- 
dent by an increase in viscosity; af ter  about 3 hrs. 
the solutions were too viscous to stir effectively. The 
polymer was separated by adding 3 volumes of 95% 
ethanol to 1 volume of the aqueous solution. The pre- 
cipitated amorphous solid was redissolved in water 
and again precipi tated by  the addition of 2 volumes 
of ethanol. This operation was twice repeated, and 
the final precipitate was dried in a vacuum oven. The 
purified polymer was obtained as a light, cream-col- 
ored solid in a yield of 70%. The Wijs  Iodine No. of 
the polymer, about 2 to 4, somewhat inexact because 
of the limited solubility of the polymer in chloroform 
and glacial acetic acid, indicated a degree of polymer- 
ization of the magnitude of 101. 

Solubility and Viscosity 
The monomers are readily soluble and form aque- 

ous sohltions of about 20% concentration which may 
become viscous solutions or gels on standing at room 
temperature.  The polymers form viscous solutions at 
a concentration of about 2% ; and they are practically 
insoluble in the usual organic solvents. 

The viscosity of a 2% aqueous solution of poly- 
merized sodium allyl a-sulfostearate, which has thixo- 
tropic properties,  was measured with a Brookfield 
synchroelectric viscometer, using a No. 3 spindle. At 
25 °, and at speeds of 6, 12, 30, and 60 r .p.m.,  the 
viscosity was 3680, 2380, 1430, and 1080 centipoises, 
respectively. The viscosity of the polymers indicates 
possible use as a thickening agent. 

Different preparations of the same polymer were 
sometimes found to have quite different viscosities, 
perhaps because of minor impurities or slight dif- 
erences in the method of polymerization. 

Surface-Active Properties 
Values for surface and interfacial  tension, wett ing 

and emulsifying properties and calcium stability are 
recorded in Table I for the monomers and polymers. 

The monomers lower the surface tension of water, 
and the iuterfacial  tension against petrolatum, in a 
manlier similar to that  found for sodium alkyl a-sul- 

3 Microanalyses for C, t-I, and  S performed by  Dolores A. McClelland. 
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TABLE I 
Surface-Active Properties 

Na Allyl 
a-Sulfopalmitat.e 

Na Anyl 
a-Sulfostearate 

Polymerized Na 
Allyl a-Sulfo- 
palmitate 

Polymerized Na 
Allyl a-Sulfe- 
stearate 

Surface and 
Interracial  
Tension, a 
dynes/era. 

S.T. I .T .  

36.5 7.8 

34.8 5.9 

68.6 ;33.9 

71.2 31.0 

Wett ing 
Time, a 
seconds 

(3) 

18.1 

31.0 

1,800 

Emulsion I Ca 
Stability, b / Stability, 

seconds / p .p .m,  CaCO;~ 
(1) _l (6) 

1.60 / 1,540 

320 735 

11,600 500 

5,550 175 

, O.1 solutions, 25°, 
b Time in seconds for 10 mL of aqueous phase to separate from an 

emulsion of 40 ml. of petrolatum and 40 nil. of 0.1% aqueous solution. 

fopalmitates  and stearates. The polymers have very  
little effect on surface or interracial  tension. 

Wet t ing  propert ies  were measured as the t ime in 
seconds required to sink a 9-in. length of suspended 
s tandard  binding tape (3). The monomers had wet- 
t ing propert ies  similar to those found for  the sodium 
alkyl a-sulfopallnitates and stearates. The polymers  
were not wet t ing agents. 

Emulsions were p repared  by a method of intermit-  
tent  violent shaking (1). A stoppered 500-nil. Erlen- 
meyer  flask, containing 40 nil. of l ight pe t ro la tum and 
40 ml. of an aqueous solution 0.1% with respect to 
the emulsifying agent, was manual ly  shaken in 5 vio- 
lent downward motions and allowed to stand I rain. 
This operat ion was repeated 5 times. The time re- 
quired for 10. ml. of the aqueous phase to separate 
f rom emulsions so p repared  was taken as a measure 
of the effectiveness of the emulsifying agent. The 
monomers were about equal to some commercial  sur- 
face-active agents. The greater  stabil i ty of emulsions 
formed with the polymers suggests tha t  polymers  may  
be found to be effective emulsifying agents despite 
their  slight effect on surface and  interracial  tension. 

The calcium stabil i ty (6) of the monomers was 
about equal to tha t  of sodium alkyl  a-sulfopalmitates 
and stearates. The polymers were less stable in hard  
water.  

The monomers and polynlers gave low values of 
f rom 10 to 60 mm. in the Ross-Miles foam height test 
(2) on 0.25% solutions in water  of 300 p .p .m,  at 60 °. 

Detergency 
Detergency was nleasured in the Terg-O-Tometer,  

washing 10 swatches of A.C.H.  No. 114 * s tandard  
soiled cotton in 1 li ter of detergent  solution, in ha rd  
water  of 300 p .p .m.  (as C a C Q ) ,  for  20 minutes at 
60 °, at  110 cycles per  minute.  Detergency was meas- 
ured as AR,  the increase in reflectance af ter  washing. 

F r o m  Table I [  it is appa ren t  tha t  the builder  alone 
is able to remove considerable soil. A t  0.1% concen- 
t ra t ion  in hard  water  of 300 p .p .m,  the monomers 
were not very  effective detergents.  The unbuil t  ester 
disodium 2-sulfoethyl  a-sul fos teara te  (5) was more 
effective. The polymer  was a poor detergent.  Sodium 
isopropyl  a-sulfostearate (4)2 a representat ive alkyl 
ester of an a-sulfo acid, at 0.1% concentrat ion in 
ha rd  water  was about equal to the monomers in 
detergency. 

All of the esters were considerably improved in 
detergency by the presence of a builder. The built  

4American Conditioning House Inc. Mention of a particular test 
cloth does not constitute recommendation by the U. S. Department  of 
Agriculture over similar products not mentioned. 

TABLE II 
Detergency 

[Terg-O-Tometer, 20 rain. at 60 °, 110 cycles/rain,, 10 swatches/1. 
of detergent solution in hard  water  of 300 p.p.m. (as CaCOa)] 

O.1% Na Allyl a-Sulfopalmitate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 1 ~  Na kllyl a-Sulfopalmitate @ .15% B a . . . . . . . . . . . . . . . . . . . . . . . . . .  

9.1% Na Allyl a-Sulfostearate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.1% Na Allyl a-Sulfostearate @ .15% B .............................. 

0,1% Polymerized Na Allyl a-Sulfopalmitate ......................... 
0.1% Polymerized Na Allyl a-Sulfepalmitate ~ .15% B ....... 

0.1% Na Isopropyl a-Sulfestearate ........................................ 
0.1% Na Isopropyl a-Sulfostearate _L .15% B ....................... 

0.1% Na., 2-Sulfoethyl a-Sulfostearate ................................... 
0,1% Na2 2-Sulfoethyl a-Sulfostearate -- .15% B ................. 

0.1% Na Dodecyl Sulfate ....................................................... 
0,1% Na Dodecyl Sulfate -- .15% B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.15% B ................................................................................. 

0.25% B ................................................................................. 

Detergency, 
A R  

22,3 
36.6 

16.9 
35,6 

]0.4 
29.9 

19 ,7  
33,2 

26,8 
36.8 

18,4 
33.7 

25,5 

27.1 

aBuildor B: Na~PaOlo, 55%;  NazSO~, 24%;  NatP~07, 10%;  Na ~Ieta- 
silicate, 10%, and CMC, 1%. 

polymer  however did not have a A R vahle much 
greater  than tha t  of the builder alone. The values 
for  buil t  and unbuil t  sodiunl dodeeyl sulfate are in- 
eluded for comparison. 

Stabi l i ty  to Hydrolys is  
The presence of an a-sulfo group in sodium alkyl 

a-sulfopalmitates and stearates (4) and disodium sul- 
foalkyl a-sulfopalmitates and stearates (5) has been 
shown to re ta rd  hydrolysis  to a considerable extent. 
The data  in Table I I I  show that  the monomers and 
polymers  are likewise very  resistant to hydrolysis  
and resemble the sodium alkyl a-sulfopalmitates and 
stearates in the value of their  reaction rate  con- 
stants. The polymers  are more resistant  to alkaline 
hydrolysis. 

TABLE I I I  
Rate of Hydrolysis at 1OO ~ 

A~o~HiY- Alkaline 
"~'3 I Hydroly- i "~£i/, k." H?SO.t ms, 

Na ]~fethyl a-Su]fopalmitate ....................................... 0.0047 0.14 
Na Allyl a-Sulfestearate ............................................ 0,0033 0.11 
Polymerized Na Allyl a-Sulfopalmitate ...................... 0.0963 0.033 
Polymerized Na Allyl a-Sulfostearate ........................ / 0.0057 I 0.026 

k,----first order reaction rate constant 
--~ 1 / t  I n  a / a - x  in reciprocal minutes. 

ke----second order reaction rate constant 
---- 1 / t  x / a ( a - x )  in liters-moles-l"minutes~'L 

Summary 
Sodium allyl a -sul fopalmi ta te  and sodium allyl 

a-sulfostearate,  p repared  by esterifieation of an a- 
sutfonated f a t t y  acid with allyl alcohol, resemble 
sodium alkyl a-sulfopahnitates and stearates in snr- 
face-active and detergent  propert ies  and  stabi l i ty  to 
hydrolysis.  

The allyl esters are easily converted to a new type 
of water-soluble polymer.  The polymers  may  be thick- 
ening and emulsifying agents and may  have other 
uses yet  to be discovered. 
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