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ABSTRACT 

Foam stability of aqueous solutions of dimethyl- 
d o d e c y l a m i n e  oxide (DMAO) and N-dodecyl-2- 
aminopropionic acid (DAPA) has been studied in rela- 
tion to pH by means of the dynamic method. The 
foam of DMAO solution is stabilized in the acidic pH 
region, while with the DAPA solution, the foam is 
stable in either the acidic or basic pH range and un- 
stable between them. The results suggest that the 
foam stability of the solutions of these two surfac- 
tants is governed by the formation of ionic species of 
the surfactants. It can be presumed that the adsorp- 
tion of the ionic species of the surfactant molecules 
at the surface of foam films establishes an electric 
double-layer which makes the foams stable. 

INTRODUCTION 

A number of workers have investigated the physico- 
chemical properties of the liquid thin films formed by 
aqueous solutions of ionic surfactants (1-6). The results ob- 
tained from their studies show that the stability or an equi- 
librium thickness of the liquid film is determined by a 
balance between double-layer repulsion given by the ad- 
sorbed surfactant molecules and attractive forces which 
arise from hydrodynamic pressure and van der Waals attrac- 
tion (6). This idea for the thin liquid films can be, of 
course, applied to the foam stability of aqueous surfactant 
solutions. On the other hand, it is well known that the ionic 
form of dimethyldodecylamine oxide and N-dodecyl-2- 
aminopropionic acid molecules is changeable in aqueous 
solutions depending on pH (7-11). Thus, it is interesting, in 
these .points of view, to study the foam stability of these 
surfactants in relation to pH of the solutions. In the present 
work, the relationship between foam stability of aqueous 
solutions of these two surfactants and the pH values of the 
solutions has been studied. 

MATERIALS AND METHODS 

Dimethyldodecylamine oxide (DMAO) was prepared by 
H202 oxidation of dimethyldodecylamine (7,12) which 
was shown to be 96% pure by gas chromatography. The 
crude product was purified by recrystallization three times 
from an acetone-benzene mixture. N-dodecyl-2-aminopro- 
pionic acid (DAPA) was a kind gift from T. Okumura of 
our research laboratories and was the same as used in his 
previous work (11). 

The dynamic method (13) was employed to determine 
the average lifetime of foams. The air thermostated and 
saturated with water vapor was bubbled from a single glass 
orifice into a sample solution which was present in a 
graduated glass foaming tube. The rate of air flow was con- 
trolled with a needle bulb. A steady state was obtained 
within several tens of minutes after air injection starts. The 

foam volume at the steady state was proportional to the 
rate of air flow which was below 50 ml/min. The propor- 
tional constant, r, gives an average lifetime of the foam 
(13). The foaming tube was maintained at 30 C by circu- 
lating thermostated water. The pH of the sample solutions 

was adjusted with hydrochloric acid and was determined 
with Horiba type N-5 pH meter at 30 C. 

R E S U LTS 

Figures 1 and 2 show some examples of r vs. pH curves 
of DMAO and DAPA solutions containing 0.1 M NaC1, re- 
spectively. The foam of DMAO solution is abruptly stabi- 
lized at a definite pH value which depends on the concen- 
tration of DMAO. On the other hand, in the case of DAPA, 
the foam is stabilized at both higher and lower pH regions. 
These results strongly suggest that the ionic nature of 
DMAO and DAPA in aqueous solutions governs the stabil- 
ity of their foams. 

D ISCUSSlON 

The thinning of liquid film takes place spontaneously by 
the attractive force between two surfaces of the liquid film 
which arises mainly from gravity and capillary suction (6). 
The liquid film is, therefore, unstable without any resist- 
ance against the spontaneous thinning. Electrical double- 
layer repulsion gives the opposing force to resist the 
thinning in ionic surfactant solutions (1-6). In the case of 
DMAO and DAPA solutions, the double-layer repulsive 
force in the liquid film should depend upon the pH of the 
solutions because of the following equilibria (7-11). 

H + 
R N ( C H 3 ) 2 0  ~ ~ R N ( C H 3 ) 2 O H  + (I) 

H + + H +  
R N H C H 2 C H 2 C O O  ~ --T---:~-. R N H  2 C H 2  C H 2 C  O O  - 

+ 
R N H 2 C H 2 C t t 2 C O O H  (II)  

T he results shown in Figures 1 and 2 may be ascribed to the 
above equilibria since the electric double-layer cannot be 
formed by the nonionic form of DMAO or the zwitterionic 
form of DAPA. 

Suppose the binding process of H + ions in bulk phase to 
DMAO molecules at the surface of the solution is similar to 
that of Langmuir adsorption, and the degree of ionization or 
protonation,  0, of the molecules could be related to the 
concentration of H + ion, [H + ], in the bulk phase as Equa- 
tion (liD. 

O = k I H + ] / ( l  + k i l l + l )  (III)  

where k is a constant. The surface excess of total and pro- 
tonated DMAO molecules being designated as 1 ~ and F+, 
respectively, the next equation can be written. 

r+ = r0 (Iv) 

I t is reasonable to assume that the foam of DMAO solution 
is stabilized when P+ goes up to a just enough amount, 
P+,., to make the doubleqayer repulsive force overcome the 
spontaneous thinning pressure at a definite concentration 
of H + ion, [H + ] ~ At [H + ] , we obtain Equation (V)from 
Equations (Ill) and (IV). 

r = (r+,o/kIH+l ~ r+,o (V) 

The total surface excess, F, is related to the concen- 
tration, C, of DMAO by the Gibbs adsorption equation. 
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FIG. 1. Average lifetime r vs. pH curves of DMAO solutions 
containing 0.1 M NaC1. DMAO concentration; 0.5 mM (e), 0.8 mM 
(�9 0.9 mM (e), 1.0 mM (e), 2.0 mM (o), and 4.0 mM (~). 
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FIG. 2. Average lifetime r vs. pH curves of DAPA solutions 
containing 0.1 M NaC1. DAPA concentration; 0.7 mM (a) and 1.0 
mM (o). 

s = -(1/RT)(aq~/a lnC) = -(C/RT)(a3~/aC) (VI) 

where 7 is the  surface tension,  R and T are the  gas cons tan t  
and the absolute  t empera ture ,  respect ively.  The  measured 
surface tension o f  the DMAO solut ions was related l inearly 
to the concen t r a t ion  in the  0.7 to 1.1 mM region at 30 C. 
Thus,  we obta in  the nex t  equat ion .  

r = ac (vi i )  

where a (= - (1 /RT) (aT /aC) )  is a p ropor t iona l  cons tan t  and 
evaluated to be 4.34 x 10 -4 cm f rom the  surface tension 
data. El iminat ing P f rom Equa t ions  (V) and (VII) ,  we ob- 
tain 

C = (C~ o) + Co (VIII) 

where r+ ,o /a  is rewr i t t en  as C ,  Figure 3 shows the  C vs. 
1 / [H + ] ~ plot  obta ined  f rom the ~'vs. pH curves in Figure  1 
taking the concen t r a t ion  of  H + ion  at r =15 min  as [H + ] ~ 
The values of  C~ and k can be es t imated  as 0.73 mM and 
2.7 x 106 M -1, respect ively,  f rom the  slope and the inter- 
cep t  o f  the  straight line be low 1.1 mM.  The  break po in t  at 
1.1 mM indicates  the critical micel le  concen t r a t i on  which is 
in fair  agreement  wi th  the  repor ted  value (7). As is clear 
f rom the def in i t ion  o f  Co, the foam of  DMAO solut ions  will 
never be stabil ized at the  concen t ra t ions  be low C~ 
mM). The data at 0.5 mM in Figure 1 seem to  suppor t  this 
conclusion.  Incidental ly ,  the surface excess at 0.73 mM can 
be calculated f rom Equa t ion  (VII) to be 3.2 x 10-10mol /  
cm 2 which should be compared  with  the  sa turated a m o u n t  
of  adsorp t ion  o f  sodium dodecy l  sulfate;  3.19 x 10 -10 m o l /  
cm 2 (14), and DAPA;  3.73 x t 0 -1Omol / cm 2 (15).  

The  foaminess  of  sodium salt of  D A P A  was measured  in 
relat ion to pH by Andersen  (16)  whose  data  showed a 
m i n i m u m  poin t  at pH=4 in the foam v o l u m e  vs. pH curve. 
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FIG. 3. The C vs. I / [H +] , plot for DMAO solutions. Details are 
in text. 

He has p roposed  that  ampho te r i c  surfactants  a lmost  always 
exhibi t  a marked  decrease in foaming  in the  isoelectr ic  
range. Similar  m i n i m u m  po in t  was also observed in aqueous  
solut ions of  some prote ins  p resumably  because  o f  the 
amphote r i c  na ture  o f  the  pro te ins  (17). The  cons idera t ions  
similar to the  above may  be  appl icable  to  the  pH  depen-  
dence of  the foam stabili ty o f  D A P A  solut ions  shown in 
Figure  2. F o a m  stabi l izat ion at the  lower  and the  higher  pH  
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va lue  cou ld  be a t t r i b u t e d  to the  p r o t o n a t i o n  o f  c a r b o x y l  
g roup  and  the  d e p r o t o n a t i o n  o f  a m i n o  g roup  o f  zwi t te r -  
ionic  D A P A  molecu les  respec t ive ly ,  a l t h o u g h  t he  m i n i m u m  
p o i n t s  in  the  r vs. pH curves  in F igure  2 disagree w i t h  the  
r e p o r t e d  i soelec t r ic  p o i n t  o f  DAPA,  6 .8-7 .0  (11) .  A poss ib le  
r eason  for  th is  d i sc repancy  is the  d i f f e rence  b e t w e e n  p k  
values  of  D A P A  molecu les  at  t he  surface  and  those  in bu lk  
phase.  When  the  p H  moves  f rom t he  m i n i m u m  p o i n t ,  t he  
foam of  D A P A  so lu t ion  b e c o m e s  s tab le  m o r e  s teep ly  in the  
h igher  pH reg ion  t h a n  it  does  in the  l ower  region,  wh ich  is 
r e m a r k a b l e  especial ly  in  1.0 m M  so lu t ions .  This  m i g h t  be  
i n t e r p r e t e d  as showing  t h a t  the  b i n d i n g  c o n s t a n t  k o f  the  
p r o t o n s  (see E q u a t i o n  III )  to  the  a m i n o  g roup  is d i f f e ren t  
f r o m  t h a t  to  t he  c a r b o x y l  g roup .  
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