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Committee for the second consecutive year did not 
accept the procedure for isolated trans-isomers as a 
tentative method. 

After considerable discussion of this situation, a 
modification of the diazomethane method described by 
Chipault for esterification of fatty acids on a small scale 
was adopted as the most satisfactory procedure by 
unanimous vote of the seven members present (5). 

An abbreviated version of the experimental procedure 
will be incorporated into the method for isolated trans- 
isomers and, along with the changes to make the method 
directly applicable to long-chain fatty acids where the 
trans content is above 15%, will be revised and resub- 
mitted to the Uniform Methods Committee. With 
these two additions the approved method is as pub- 
lished with last year's report (1). 

Other Committee Discussions and Future Planning. 
Discussions of future activities of the Spectroscopy 
Committee were centered on investigations of the re- 
cently published methods involving the near-infrared 
region. Suggestions were made by various members 
that the committee collaboratively investigate near- 
infrared method for hydroxyl number, for epoxy value, 
and for direct determination of cis-isomers and the com- 
bination of such values with the established method for 
trans-isomers to afford an infrared method for total 
unsaturation. I t  was decided that recommended pro- 
cedures for these determinations would be sent to the 
chairman and that during the coming year one or two 
of these methods be eollaboratively tested for possible 
recommendation for establishment as tentative official 
methods. 

Cooperation with Coblentz Society 

At a meeting in New Orleans, April 21, 1959, the 
Spectroscopy Committee decided that cooperation with 
the Coblentz Society in the collection and dissemination 
of infrared spectra would provide the simplest and most 
feasible means of making infrared spectra of fatty acids 
and their derivatives available to any member of the 
Society and to the entire fat and oil industry. I t  was 

decided that spectra should be submitted to the chair- 
man of the Spectroscopy Committee, who is already 
acting as one of the collectors of infrared spectra for 
the Coblentz Society. The Society has endorsed this 
plan and furthermore has established a procedure 
whereby oil chemists can obtain a packet of the repro- 
duced spectra of fatty acids and their derivatives with- 
out the requirement of subscribing to all the spectra 
issued by the Society. However, to date, no spectra 
have been received for submission to the Coblentz 
Society. The committee again urges all members 
throughout the A.O.C.S. to participate in this activity. 
Spectra may be submitted to the chairman of the Spec- 
troscopy Committee, and details of the plan, require- 
ments for spectra to be submitted, etc., may be ob- 
tained from him. 
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Comparison of Fatty Acid Esters of Sucrose and of 

Polyoxyethylene in Built Detergent Compositions l 
LLOYD I. OSIPOW and FOSTER D. SNELL Foster D. Snell Inc., New York, New York 

The addit ion of sucrose monotal lowate to an aqueous solu- 
t ion o f  alkanolamine a]kylaryl sulfonate lowers the total  active- 
agent  content required for  the fo rmat ion  of liquid crystals. 
I n  contrast ,  the addition of polyoxyethylene esters of f a t ty  
acids to the alkylaryl sulfonate  solution increased the total  
amount  of active agent  required for  the format ion  of liquid 
crystals. The deaggregat ing  effect of the ethylene oxide-derlved 
nonionics was reflected in reduced foam and detergency for  
combinations of these nonionics and alkylaryl sulfonate,  Foam 
and detergency remained at  a high level with combinations of 
sucrose monotallowate and alkylaryl sulfonate.  Higher  hydro- 
phile-]ipophile balance ( H L B )  values were obtained with the 
sugar  esters than  with the polyoxyethylene nonionics. The 
results were examined in terms of Wi nso r ' s  theory of inter- 
mieellar equilibria. 

1 Presented before the 34th fall meeting, American Oil Chemists' Soci- 
ety, October 17-19, 1960, New York. 

~ EXTENSIVE body of literature has been developed 
concerning the influence of cryoscopic forces on 
the properties of detergent solutions. The term 

"cryoscopic forces" as used here refers to the forces 
of cohesion and repulsion between amphipathic mole- 
cules that determine the degree of packing of these 
molecules in surface films and micelles. 

Solutions of sodium lauryl sulfate give expanded 
monolayers. The addition of lauryl alcohol results in 
a condensed mono]ayer at the water-air interface, as 
evidenced by the trenlendous increase in surface vis- 
cosity (1). The lauryl alcohol addition enhances foam 
stability (2) and detergency. Similar effects are ob- 
served upon the addition of fat ty alkanolamides to 
solutions of sodium dodeeylbenzene sulfonate (3). 
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Ross (4) presented evidence to the effect that am- 
phipathic additives that stabilize foam lower the crit- 
ical micelle concentration (CMC) of the detergent 
while antifoaming agents increase the CMC. Other- 
wise expressed, the foam stabilizer favors the aggre- 
gation of molecules in mieelles or surface films while 
the antifoam has a deaggregating effect. 

Concen t ra t ed  de te rgen t  solutions conta in ing  a 
water-insoluble amphipathic component are frequently 
anisotropie or liquid crystalline. It  is believed that 
this behavior results from the formation of large 
lamellar mieelles (5). 

There are several reasons for expecting improved 
detergency from combinations of surfactants and am- 
phipathic molecules that promote close packing. These 
combinations give lower surface tensions, thus pro- 
moting both emulsification and displacement of oily 
soils. Solubilization is greatly enhanced. Lawrence 
(5) has recently proposed a cryoscopic theory of 
detergency. 

Combinations of ethylene oxide-derived nonionics 
and anionic agents, particularly alkylaryl sulfonates, 
are used in a variety of applications ranging from 
liquid household detergents to insecticidal emulsions. 
The purpose of this investigation has been to deter- 
mine whether there are differences, and the conse- 
quence of such differences, in the cryoscopic forces 
acting between these combinations and between mix- 
tures of alkylaryl sulfonates and the sucrose-derived 
nonionics (6). 

Experimental Methods 
Materials. Ultrawet 60L is a 60% active alkanola- 

mine salt of dodecylbenzene sulfouate in water, sup- 
plied by The Atlantic Refining Company. Oronite 
D60 is 60% sodium dodeeylbenzene sulfonate, 40% 
sodimn sulfate, supplied by the Oronite Chemical 
Company. PEG400-, PEG600-, and PEG1000-mono- 
stearate were obtained from the Kessler Chemical 
Company. The product name indicates the approxi- 
mate average molecular weight of polyoxyethylene 
esterified with one mole of commercial stearic acid. 
Sterox CD, an ethoxylated tall oil, was obtained from 
the Monsanto Chemical Company. Span 60, sorbitan 
monostearate, and Arlacel 85, sorbitan sesquioleate, 
were supplied by the Atlas Powder Company. 

The sucrose monoesters were prepared by the alco- 
holysis of 0.37 mole of methyl ester of the fat ty  acid 
with 1.1 mole of sucrose in 1,275 ml. of dimethyl- 
formamide in the presence of 7.5 g. of potassium car- 
bonate plus 2.5 g. of activated alumina. The reaction 
was conducted with dry materials by refluxing for 
6 hrs. at 95~ and about 95 ram. Hg pressure. At 
the completion of the reaction the solution was fil- 
tered and partitioned between n-butanol and 10% 
saline solution. The butanol layer was washed three 
times with additional saline solution, distilled under 
vacuum to two-thirds its original volume, and filtered 
to remove salt. The solution was then distilled to 
dryness. The sugar esters were further purified by 
recrystallization from methyl ethyl ketone. 

Saponification values found were 95.5 and 97.9 for 
sucrose monostearate and sucrose monotallowate, re- 
spectively. Theoretical values are 92.0 for the stearate 
and 93.5 for the tallowate. 

The methyl tallowate was obtained from the Jason- 
ols Chemical Corporation. The methyl stearate (m.p. 
36-38~ was from Matheson, Coleman, and Bell. 

TABLE I 

Formation of Anisotropie Solutions with Equal Weights of 60% 
Alkanolamine Alkylaryl Sulfonate and Additive 

Isotropic Anisotropic 

n-ttexanol n-Dodecanol 
Mineral oil Laurie  diethanolamide 
Polyethylene glycol- Sucrose monotallowate 

tall oil condensate 

Note: At room temperature anisotropie crystals of PEG400 monoste- 
arate separated. Upon slight warming, the nonionic dissolved to an 
isotropic solution. 

Anisotropy. The presence of liquid crystals was 
determined by examining appropriate mixtures in a 
polarizing microscope with the aid of a first-order 
red-retarding plate. 

Foam. The method of Ross and Miles (7) was used 
to determine foam heights after 1 rain. and after 
5 rain. 

Deterge)wy. Soil removal was determined by wash- 
ing F.D.S. Artificially Soiled Cotton Cloth in the 
Launderometer at 55~ All tests comprised a 15-rain. 
wash of two 2 x 3-in. swatches of soiled cloth in 100 
ml. of built detergent solution contained in a one-liter 
jar. This was followed by a two-rain, rinse with 150 
ml. of water. New York City tap water was used 
throughout. Reflectance measurements were made with 
a Hunter 5Iultipurposc Reflectometer. Each result is 
the average value obtained with six swatches. 

Test Solutio~s. The solutions used in the foam and 
detergency tests contained 0.030% of tetrasodium 
pyrophosphate, 0.096% of sodium tripolyphosphate, 
0.015% of sodium sil icate ( N a 2 0 : S i O e = l : 3 . 2 5 ) ,  
0.003% of CMC-CT low viscosity, 0.081% of sodium 
sulfate, and 0.0 to 0.075% of surfactant. Unless other- 
wise stated, all test solutions contained 0.075% of 
surfactant for a total built detergent concentration of 
0.30%. 

Anisotropy 
An approximate indication of the tendency of addi- 

tives to promote the formation of liquid crystalline 
solutions was obtained by mixing the additive with an 
equal weight of a 60% aqueous solution of alkanola- 
mine alkylaryl sulfonate. The results of observa- 
tions under the polarizing microscope are recorded 
in Table I. 

~ 'm.  l .  P h a s e  d i a g r a m  f o r  the  s y s t e m  sucrose  m o n o t a l l o w a t e -  
a l k y l a r y l  s u l f o n a t e - w a t e r .  
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FIG. 2. Phase diagram for the system PEG400 monostearate- 
alkylaryl sulfonate-water. 

Anisotropy was observed with laurie diethanolamide 
and lauryl  alcohol, both of which are foam stabilizers. 
Mixtures containing n-hexanol and white mineral  oil 
were inactive. These la t ter  materials  have some anti- 
foaming action. 

Combinations containing ethylene oxide-derivatives 
of tall  oil and stearie acid with the 60% alkanolamine 
salt of a lkylary l  sulfonate were optically inactive. 
However  the mixture  of sucrose monotallowate and 
the  a l k y l a r y t  s u l f o n a t e  so lu t i on  was  f o u n d  to be 
anisotropic. 

Phase diagrams provide more conclusive evidence. 
F igure  1 is a t r i angula r  d iagram for  the system su- 
crose monotal lowate-alkylaryl  sulfonate-water.  Star t -  
ing f rom point x and proceeding to point  y corre- 
sponding to the addit ion of sucrose monotallowate to 
the a lkylaryl  sulfonate solution, increasing amounts  
of water  must  be added for  the solution to become 
isotropie. A similar effect is observed if a s tar t  is 
made with a solution of sucrose monotallowate in 
water  and the a lkylaryl  sulfonate solution is added. 
This may  be in terpre ted  to mean that  the tendency 
for  close packing is enhanced by the use of combi- 
nations of a lkylaryl  sulfonate and sucrose monotal- 
lowate. 

F igure  2 is a phase d iagram for the t e rna ry  system 
PEG400 monostearate-alkylaryl  sulfonate-water.  Here  
the reverse effect is observed. The addition of P E G t 0 0  
monostearate to an anisotropic solution of a lkylaryl  
sulfonate leads to an isotropie solution. The addit ion 
of 60% of a lkylaryl  sulfonate to an anisotropic solu- 
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plus 0.075 to 0.00% sucrose 

tion of PEG400 monostearate results in an isotropic 
solution. In both instances it is necessary to remove 
water to obtain an anisotropic solution. 

These results suggest that PEG400 monostearate 
tends to expand the packing of alkylaryl sulfonate 
molecular aggregates. This should be evidenced by 
reduced detergency and foam. In contrast, sucrose 
monotallowate would appear to cause closer packing 
of the molecular aggregates. 

Detergency 
A heavy-duty detergent containing 25% of alkyl- 

aryl sulfonate was used to wash artificially soiled 
cotton. The effect of partial and complete replace- 
ment of the alkylaryl su]fonate by a nonionie surf- 
aetant is shown in Figure 3. The dashed line shows 
the reflectance gain when the quantity of alkylaryl 
su l fona te  was reduced  wi thout  r ep lacement  by a 
nonionic. 

The results clearly show that the ethoxylated com- 
pounds which were examined have a depressing effect 
on detergency. In contrast, detergency remains fairly 
constant upon partial replacement of the alkylaryl 
sulfonate by sucrose monotallowate. Reflectance gains 
obtained with decreasing quantities of active agent 
(alkylaryl sulfonate or sucrose monotallowate) are 
compared in Figure 4. 

F o a m  

Foam heights obtained with built detergents are 
shown in Figure 5. The solid lines refer to partial or 
complete replacement of the alkylaryl sulfonate by 
nonionie, with the total active agent constant at 25%. 
The dashed lines show the effect on foam height of 
decreasing the content of alkylaryl sulfonate without 
a corresponding addition of a nonionic. 

I t  is evident from these results that the ethylene 
oxide-derived nonionic depresses the foam of the alkyl- 
aryl sulfonate composition. This is not the case when 
the sucrose ester is used for the substitution. 

Krafft and Cloud Points 
The Krafft temperatures of sucrose monoesters have 

not been reported previously. The Krafft temperature 
of both sucrose monostearate and sucrose monotal- 
lowate was found to be 49-50~ by slowly warming 
0.3% solutions until the disappearance of turbidity. 
This value could not be checked by cooling to the 
reappearance of turbidity because the solutions remain 
supersaturated for many hours. 

Confirmation of the Krafft temperature for sucrose 
monostearate at 1.0% concentration was obtained by 
viscosity-temperature measurements. A sharp increase 
in viscosity occurred in the range 49-50~ because of 
the increased concentration of sucrose monostearate 
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in solution. The method could not be used for  sucrose 
monotallowate. This mater ia l  gives viscous solutions 
at 1.0% concentration, even at room temperature .  As 
the t empera ture  is increased, the solution becomes 
more viscous and gelatinous. Viscosity measurements  
with these gelatinous solutions were not reproducible. 

Above the Kraff t  temperature ,  solutions of sucrose 
monostearate and sucrose monotallowate become less 
viscous with a rise in temperature .  The solutions are 
clear at the boil. I f  these sucrose esters have a cloud 
point, it is in excess of 100~ In  contrast  it is neces- 
sary  to condense stearic acid with about 20 moles of 
ethylene oxide to obtain a cloud point  in excess of 
100~ 

HLB Values 

Hydrophile- l ipophile  balance ( H L B )  is a measure 
of the relative affinity of a sur fac tan t  for oil and 
water. A high H L B  value implies a high affinity 
for  water.  

H L B  values of 11.4 and 11.2 have been reported 
for  sucrose monotallowate and sucrose monostearate,  
respectively (8). H L B  values of 29 were obtained for 
sucrose monotallowate and 23 for sucrose monostea- 
rate.  In  all instances the method due to Griffin (9) 
was employed. In  view of these differences our pro- 
cedure is given in some detail. 

In  one series Span 60 was heated with a medium- 
viscosity mineral  oil to 80~ The sugar  ester in water  
was heated to the same tempera ture  and then added 
slowly to the oil phase with hand stirring. The emul- 
sions were cooled under  running  tap water  while hand 
s t i r r ing was continued. The emulsions were stored at 
room tempera ture  in closed jars. All of the emulsions 
contained 10% of oil, 1% of emulsifier, and 89% of 
water.  The H L B  value of the sugar  ester was calcu- 
lated f rom tha t  ratio of sucrose ester and Span 60 that  
gave the most stable emulsion. An H L B  value of 4.7 
for  Span 60 and a required H L B  value of 12 for  the 
prepara t ion  of a mineral  oil-in-water emulsion were 
used in calculating the values for the sugar  esters. 

These H L B  values were rechecked by emulsifying 
s tearyl  alcohol (required H L B  v a l u e =  14), using 
Arlacel  85 ( H L B  = 1.8) as the lipophilic emulsifier. 
The p repared  emulsions were aged at  43~ 

Similar  t I L B  value determinations were made for 
a se r ies  of p o l y o x y e t h y l e n e  d e r i v a t i v e s  of s t e a r i e  
acid. Results were as follows: PEG400 monostearate,  
13; PEG600 monostearate,  14; PEG1000 monostea- 
rate, 18. 

Various approximate  methods of calculation were 
examined to cheek these experimental  results. Davies 
(11) repor ted that  H L B  values can be consistently 
calculated by  group numbers.  Per t inent  values by 
Davies for  hydrophil ic  groups are: ester, 2.4; hy- 
droxyl, 1.9; ether, 1.3; and ethoxy, 0.33. Fo r  the 
hydrophil ic  methyl  or methylene group the value is 
--0.475. The relat ion is 

H L B  = ~ hydrophil ic  group numbers  
+ n (CH2 group number)  + 7, 

where n is the number  of CH2 and CH3 groups. 

The H L B  value for  sucrose monostearate calculated 
f rom group numbers  is 18.5. One would expect a 
somewhat higher value since an ether group was used 
in the calculation, but  a hcmi-acetal is actual ly pres- 
ent. T h e  Ial;ter is a s t ronger  dipole and should have 
a Iarger  group number.  

Surpr is ingly  the Davies method fails completely 
when applied to the polyoxyethylene derivatives of 
stearic acid. Comparison is made in Table I I  with an 

TABLE II  

Calculated H L B  Values 

! t t L B  Values 

I Davies Griffin 

PEG400  monostearate  ...................................................... i 7 13 
PEG600  monostearate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 15 
PEG100  monostearate ...................................................... i 11 17 

approximate  method of calculation due to Griffin (11) 
H L B  = 20 ( 1 - S / A )  

where S is the saponification number  of the ester and 
A is the acid number  of the acid. In  both methods of 
calculation an equal weight of stearic and pahnitic 
acid in the hydrophobe has been assumed. Experi-  
mental  values are in reasonable agreement  with the 
approximate  values of Griffin. 

Since experimental  H L B  values obtained with the 
polyoxyethylene esters are in accord with estimated 
values, the results obtained with the sugar  esters by 
the same methods should also be reasonably accurate. 
Fur ther ,  the higher cloud-point of the sugar  esters as 
compared with PEG1000 monostearate suggests a 
higher H L B  value. The cloud point  of PEG1000 
monostearate is 95~ 

Significance of HLB Values 

The reason for  stressing H L B  values is that  these 
values can provide informat ion concerning the forces 
involved in the format ion of lamellar  micelles con- 

. ta ining mixtures  of surfaetants .  
According to the theory of intermicellar  equilibria 

developed by Winsor  (12), the transit ion f rom a nor- 
real spherical micelle to a lamellar mice]le requires 
a decrease in the interact ion between water  and the 
amphipathic  molecules present  in the micelle. In-  
creased sur fac tan t  concentration is known to favor  
the format ion of ]amellar nlicelles. This is explained 
on the basis of a reduced activi ty of water. The intro- 
duction of a f a t t y  acid or a f a t ty  alcohol into a micelle 
containing ionic sur fae tan t  molecules will promote the 
formation of lamellar micelles because these small 
polar groups interact  less s trongly with water  than  
do the ionic groups. 

In  general, i t  can be expected that  amphipathic  
molecules with low H L B  values will enter  micelles 
composed of ionic sur fac tan t  molecules to promote the 
format ion of lamellar micelles and anisotropic solu- 
tions. Since the polar groups of amphipathic  mole- 
cules with high H L B  values would interact  s t rongly 
with water,  the fai lure of the ethoxylated compounds 
to pronmte format ion of anisotropic solutions is un- 
derstandable. 

However  it is necessary to explain the action of the 
sugar  esters, with their  high H L B  values. Hydroxy l  
groups present  in the sugar  esters are known to inter- 
act more s trongly with water  than ether linkages. 
This is confirmed both by  the absence of a cloud point 
and by the high exper imental  H L B  values. 

Two explanations appear  possible for the reduced 
interaction of the mieellar surface with water  mole- 
cules. Ion-dipole interaction between the sulfonate 
ion and an hydroxyl  group is much stronger than be- 
tween the ion and an ether group. Satisfaction of 
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S o l u t i o n s  

electronic forces by such interaction will reduce the 
force of interaction between the ion-dipole and water 
molecules. An alternative explanation is to ascribe 
reduced interaction with water to a screening of the 
sulfonate ion by the bulky sucrose group. 

C o n c l u s i o n s  

The sugar esters of long-chain fa t ty  acids promote 
the aggregation of a]ky]aryl sulfonate molecules, as 
evidenced by the formation of anisotropic solutions at 
greater dilutions. Water-soluble polyoxyethylene de- 
rivatives of these fa t ty  acids have the opposite effect. 

The  d e a g g r e g a t i o n  e f f e c t  of the  e thy lene  oxide  
derivatives on alkylaryl  sulfonate molecules is accom- 
panied by reduced foam and detergency. These prop- 
erties remain high in the presence of the sucrose esters. 

H L B  values observed for the sucrose esters are 
much higher than those obtainable by condensing 
ethylene oxide with the same hydrophobe. The fact 
that  the sugar esters promote formation of liquid crys- 
tals, and presumably lamellar micelles, when combined 

with alkylaryl  sulfonate can be explained on the basis 
of ion-dipole interaction or sterie factors. 

A c k n o w l e d g m e n t  

This investigation forms par t  of a program of ap- 
plied research sponsored by the National Renderers 
Association Inc., Chicago, Ill. 
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