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ides. When fed as a mixture,  aeeto-olein appears  to 
enhance the digestibility of acetostearin. 

A nmnber  of potential  uses of aeetoglyceride prod- 
ucts as components of foods and cosmetic prepara t ions  
are mentioned. One possible use of acetostearins ap- 
pears to be as a protective coating for food products.  
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Interaction of Sucrose Monolaurate with Other 
Surface-Active Agents 1 
LLOYD OSIPOW, FOSTER DEE SNELL, and JOHN 
Foster D. Snell Inc., New York, New York 

PROCESS f o r  the manufac tu re  of sucrose mono- 
esters of f a t ty  acids has reached a stage of 
develot)ment where commercial  quanti t ies will 

soon be made available. These sucrose esters differ 
fundamenta l ly  f rom ethylene-oxide derived, nonionie 
surface-active agents in that  water  solubility is im- 
par ted  by a mult ipl ic i ty  of hydroxyl  groups ra ther  
than  ether linkages. Da ta  concerning some of the 
surface-active propert ies  of these sucrose esters have 
recently appeared (6). Unlike polyoxyethylene de- 
rivatives containing an equal number  of oxygen 
atoms, the sucrose esters do not exhibit a cloud 
point below 100°C. 

The present  s tudy  is concerned with interaction 
between sucrose monolaurate  and other water-soluble, 
surface-active agents. The problem of interaction be- 
tween surface-active materials  is of considerable im- 
portance and has received a great  deal o f  attention. 
The effect of lauryl  alcohol in enhancing the foam 
stabil i ty of sodium laury l  sulfate i s  well known (1).  
In terac t ion  between cholesterol and other biologi- 
cal ly-act ive materials  and water-soluble,  surface- 
ac t ive  agents has been investigated (5). Inact ivat ion 
of phenolic germicides by polyoxyethylene-der ived 
nonionics has also been discussed (2). In general, 
these studies have been concerned with combinations 
of water-soluble, surface-active agents  and relat ively 
water-il~soluble organic compounds. 

I t  appeared  possible that  the large number  of 
hydroxyl  groups present  in the sugar  esters would 
contribute sufficient hydrogen-bonding  energy for  
m~bstantial interaction with the polar aud ionic 
groups of other water-soluble, surface-active agents. 

Materials and Methods 

~tlerose monolaurate  and sucrose monostearate 
were prepared  according to a procedure previously 
described (6). They were purified by  several re- 
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crystall izations f rom ethanol. Sodium lauryl  sulfate  
was p repared  f rom fract ionated C. P. dodeeanol and 
reerystallized f rom ethanol. Absence of a minimum 
in the surface tension-concentration curve for  so- 
dium lauryl  sulfate indicated that  the mater ia l  was 
pure.  Polyethylene glycol 400 monolaurate  (Kessler 
Chemical Company)  and Ninol AA62 E x t r a  (Ninol 
Laboratories  Inc.)  are commercial  materials.  They 
were used without purification. The former  is an 
ester of laurie acid and an ethylene oxide polymer  
of average molecular weight 400. Ninol AA62 E x t r a  
is a lauroyl  diethanolamide with an amide content of 
92%. 

Surface-tension values were determined by the Du 
Nouy r ing method at 27.1 _+ 0.1°C: Measurements 
were made at  intervals of a few minutes unti l  the 
values agreed within 0.2 dynes/era.  

Foam test measurements  were made, using the 
method of Ross and MiTes (7).  The solutions were 
mainta ined at 27.1 --e 0.1°C. Duplicate  determina- 
tions resulted in foam height values, which checked 
within 5 ram. 

A surface viseosimeter was constructed in accord- 
anee with details provided elsewhere (1).  The de- 
flection of the bob could be read accurate ly  to 0.2 
degree. Measurements were made at 27.0 -+- 0.1°C. 

Results 

Surface Tension. Surface- tens ion  values for su- 
crose monolaurate  and sucrose monostearate in dis- 
tilled water  are plotted against  the logar i thm of the 
concentration in F igu re  1. The concentrat ion at 
which the two linear port ions of each curve intersect 
is considered to represent  the CMC value. The un- 
cer ta in ty  in determining these CMC values graphi-  
cally is about ]5%.  These estimated CMC values are 
34 x 10 -5 molar  for  sucrose monolaurate  and 64 x 10 ̀7 
molar for  sucrose monostearate.  The accepted value 
for the lowering of the CMC accompanying an in- 
crease in the length of an unbranched alkyl chain 
is 2 n, where n is the increase in the number  of carbon 
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Fro. ]. Surface tension v e r s u s  logarithm of concentration 
(g./100 ml.) for solutions of sucrose monolaurate • and sucrose 
monostearate X iu distilled w~,ter. 
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a'~oms in the alkyl chain (4). Thus the CMC value 
for sucrose monostearate would be expected to be 1/64 
the value for sucrose monolaurate.  The value found 
is 1/53, which is within the experimental  error. 

F igure  2 shows surface- tension values plotted 
against  the logar i thm of the concentration of active 
agent  present  in aqueous solutions containing 9 par t s  
by weight of sucrose monolaurate  and ] pa r t  by  
weight of a second surface-active agent. Again the 
intersection of l inear portions of each curve was used 
to estimate the CMC values. With  both sodium laury l  
sulfate and polyethylene glycol 400 monolaurate  the 
CMC values are  considerably below the value of su- 
crose monolaurate  alone. The presence of lauroyl  
diethanolamide produced a substantial  increase in 
the CMC value. A pronounced min imum in the sur- 
face tension-concentration curves was obtained only 
when sodium lauryl  sulfate was present  with sucrose 
monolaurate.  

Foam. Foam-height  values are plotted against  
time for  several concentrations of the surface-active 
agents in Figures  3 and 4. Comparison is made be- 
tween solutions of sucrose monolaurate  in distilled 
water  and solutions containing 9 pa r t s  by weight of 
sucrose monolaurate  to 1 par t  by weight of a second 

Fro. 2. Surface tension v e r s u s  logarithm of concentration 
(g./100 ml.) for 9 to 1 aqueous solutions of sucrose mono- 
laurate and sodium lauryl sulfate X, polyethylene glycol 400 
monolaurate O, and lauroyl (tiethanolamide ZX. 

FIG. 3. Foam stability curves for aqueous solutions of sn- 
crose monolaurate alone X, and 9 parts of sucrose monol~urate 
to i par t  by weight of sodium hmryl sulft~te 0 ,  lauroyl die- 
thanolamide [~, and polyethylene glycol 400 monolaurate G.  
Upper series 0.30 g./10O ml. total active agent, lower series 
0.03 g./100 ml. total active agent. 

surface-active agent. The stabili ty of the Foam Sf 
was estimated by graphic integrat ion of foam height 
H t  and time t over the ten-minute period: S f - - f o  1° 
Htdt.  Foam stabil i ty values are recorded in Table I. 

Surface Viscosity. The experimental ly  determined, 
foree-flow curves are shown in F igure  5, plotted as 
the rate  of rotat ion (revolutions per  minute)  of the 
cup versus deflection (degrees) of the bob. All solu- 
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FIG. 4. Foam stability curves for aqueous solutions of sucrose 
monolaurate alone X, and 9 parts of sucrose monolaurate to 1 
part  by weight of sodium laulT1 sulfate O, lauroyl diethanola- 
mide [~, and polyethylene glycol 400 monolaurate A. Upper 
series 0.075 g./100 hal. total active agent, lower series 0.003 
g./]00 mL total active agent. 
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T A B L E  
F o a m  Stab i l i ty  VMues  for  Solut ions of Sucrose  Monolaur~te  Alone 

and  Sucrose  M o n o l a u r a t e : A d d i t i v e  = 9 : 1  

F o a m  Stabi l i ty  (ram. min . )  

[ Con een t ra t ion  (g . /1  O0 
A~tdJtive . . . . . . . . . . . . . . .  

I 0.30 [ 0.075 I 0,0SO 

S o d i u m  laury l  su l fa te  .................................. t 1428  I 844 i 460  
Polye thylene  glycol 400 m o n o t a u r a t e  ......... { 1662 I 1566  { 760 
N i n o l A A 6 2 E x t r a  ...................................... 1750 { 1112 I 618 

ml. ) 
0.O03(I 

142 
140 

tions contained 0.30% surface-active agent  in dis- 
tilled water. Values obtained within one hour af ter  
prepara t ion of the solution and also af ter  the solu- 
tions had aged for five days  were identical. Distilled 
water  and solutions of sucrose monolaurate  alone and 
with other surface-active agents, in the rat io of 9:1, 
gave values fall ing on the same curve. Values ob- 
tained with a solution containing 0.27% pure  sodium 
lauryl  sulfate plus 0.03% lauryl  alcohol are shown 
for comparison. This was the only solution tested 
with a substantial  surface-viscosity and a finite sur- 
face-yield value. 

Discussion 
Surface tension-concentration curves show that  the 

CMC value of sucrose monolaurate  is lowered by the 
presence of minor amounts of both sodium lauryl  
sulfate and polyethylene glycol 400 monolaurate.  
This effect can be ascribed to hydrogen bonding be- 
tween the sucrose moiefy and the sulfate ion in One 
ease and the ether linkages in the other. The increase 

g 

i i  
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i)e/tecl~o~ of bo~+ deg~eel 

Fro. 5. Surface-viscosity curves for aqueous solutions of 
sucrose monolaurate alone O, 9 parts of sucrose monolaurate 
to 1 pa.rt by weight of sodium lauryl sulfate ~ ,  lanroyl die- 
thanolamide 0 ,  and polyethylene glycol 400 monolaurate A. 
All solutions 0.30 g./100 ml. active agent. Sodium lauryl sul- 
fate 0.277 g./100 ml. plus lauryl alcohol 0.03 g./100 ml. [3, 
distilled water X. 

in the CMC value with lauroyl  diethanolantide pres- 
ent suggests that  the energy of hydrogen bonding 
between adjacent  sucrose groups is greater  than be- 
tween sucrose and the diethanolarnide moiety. 

Low surface-viscosities and absence of a surface- 
yield value for solutions of sucrose monolaurate  alone 
and with added sodium lauryl  sulfate, polyethylene 
glycol 400 monolanrate,  and ]auroyl diethanolamide 
indicate that  these solutions give expanded surface 
fihns. In teract ion revealed by surface-tension meas- 
urements  is not sufficient for the format ion of a con- 
densed film or even to produce a measurable increase 
in surface viscosity. Viscosity differences of about 
2 x 10 s surface pois~,s ea~J be distinguished with this 
appara tus .  

Foam stabil i ty data reveal the complexity of this 
phenomenon. The behavior of sucrose monolaurate 
solutions containing added surface-active agents may 
be interpreted according to the surface t ranspor t  the- 
ory of Ewers and Suther land (3), wherein a foam 
tends to be stabilized by  the flow of the surface of 
the fihn f rom a region of low surface-tension to one 
of high surfaee-tension. The effect of s tretching a 
port ion of the film is p r imar i ly  to deplete the number  
of adsorbed molecules per  unit  area  of surface. Thi~ 
will cause a local increase in surface tension, which 
will in turn  cause surface flow toward the stretched 
portion of the film. The flow of substrata accompany- 
ing the flow of the surfaee film will tend to restore 
the original thickness of the film. However  a com- 
peting mechanism is the adsorption of surface-active 
agent  f rom the solution below the surfaee. The rela- 
t ively small size of laury l  sulfate, coupled with the 
energy o£ hydrogen bonding with the suerose moiety, 
will tend to favor  its rapid  adsorption and thus pre- 
vent  restorat ion of the original film thickness by sur- 
face t ransport .  Negative interaction between sucrose 
monolaurate  and the lauroyl  diethanolamide, indi- 
cated by  surface-tension measurements,  will tend to 
re ta rd  adsorpt ion and thus favor  surface t ransport .  
A steric effect, because of the large polyethylene 
glycol group, may  hinder  adsorption when poly- 
ethylene glycol 400 monolaurate  is present  in the 
solution. 
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