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ABSTRACT 

The performance of new amphoteric surfactants, N-(2-hydroxy- 
ethyl)-N-(2-hydroxyalkyl)-/3-alanines (HAA), and their oxyethylated 
derivatives (HAA-nEO) was studied in blends with conventional an- 
ionic surfactants. Viscosity, ultraviolet (UV) spectroscopy, surface 
tension, foaming power, dye solubilization and detergency were 
measured for the blends of various compositions. The interaction 
between HAA and sodium linear alkylbenzene sulfonate (LAS) was 
discussed with respect to the deviation of molar extinction coeffi-  
c ient  in the UV spectra. A complex formation was assumed. A 
notable change in viscosity of 1.0% aqueous solutions was observed 
at pH 8.0 for the compositions of HAA/LAS (3:1) and HAA/sodium 
lauryl sulfate (4:1). The binary systems exhibited excellent deter- 
gency and other surface active properties, and indicated synergistic 
effects at a certain weight ratio. Human and rabbit skin irritation 
also was evaluated. 

INTRODUCTION 

Our previous papers (1,2) described the preparation and 
basic physicochemical properties of the amphoteric sur- 
factants, N-(2-hydroxyethyl)-N-(2-hydroxyalkyl)-3-alanines 
(HAA), and their oxyethylated derivatives (HAA-nEO). 

These surfactants have been used commercially as silk 
and raw wool scouring agents and as surface modifiers for 
some polymers. They are also expected to be used in the 
field of shampoos, cosmetics and light duty detergents. 
Amphoteric surfactants have been used in combination 
with other commercially available surfactants because the 
blends of a certain composition give improved per- 
formances or synergistic effects (3-8). It is thus important 
to know the fundamental properties of the aqueous solu- 
tions of such blends. 

In this study, HAA or HAA-nEO was mixed with anionic 
surfactants such as sodium linear alkylbenzene sulfonate 
(LAS), sodium lauryl ether sulfate (LES), and sodium 
lauryl sulfate (SLS), and the performance of these mixtures 
was evaluated. 

EXPERIMENTAL PROCEDURES 

Materials 

The preparation and purification of HAA and HAA-nEO 
were carried out by the same procedures as described in our 
previous paper (1). The 1,2,epoxyalkanes employed were 
from commercial sources of AOE X24 and AOE X68 
(Daisel Co., Ltd.). The component  ratio of 1,2-epoxy- 
dodecane and 1,2-epoxytetradecane for AOE X24 was 
56/44 by gas chromatographic analysis; oxirane oxygen 
content, 7.71%; acid value, 0.06; iodine value, 1.42. The 
component  ratio of 1,2-epoxyhexadecane and 1,2-epoxy- 
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octadecane for AOE X68 was 57/43; oxirane oxygen con- 
tent, 5.95%; acid value, 0.39; iodine value, 1.72. The neu- 
t ra l  equivalents of HAA homologs were as follows: 
C12-14-HAA, 171.2 (calcd 170.4); C16-1s-HAA, 145.2 
(calcd 145.7). The notations, C-12-, Ct4-, C16- and Cls -  
denote the number of carbon atoms in the 2-hydroxyalkyl 
group. The elemental analyses for C, H and N were within 
+2% of the theoretical values. However, CI 2-HAA used in 
Figures 1 and 2 was the same sample as described in the 
previous paper (1). Other surfactants, LAS and SLS (Tokyo 
Kasei Co., Ltd., Tokyo) and LES (Miyoshi Oil & Fat Co., 
Ltd., Tokyo) were of commercial grade. 

Physicochemical and Surface Active Properties Measure- 
ments 

Viscosity was measured at 30 C with an Ostwald viscosi- 
meter after adjusting pH of the sample solution and permit- 
ting it to stand for 1 hr. The UV spectra were recorded in 
the range of 240-300 nm on a Shimadzu UV-200 spectro- 
photometer. Surface tension (Wilhelmy method) and foam- 
ing power (Ross-Miles method) were measured as previously 
described (1). Hard water of desired hardness was prepared 
by adding CaC12 to distilled water, and hardness was ex- 
pressed as CaCO3 ppm. Dye solubilization using Orange OT 
was determined by a colorimetric anaI~(sis at 497 nm and 
45 C according to the Lambert method (9). 

Degreasing power was measured as follows: wool-muslin 
cloth (JIS L-0803) was soiled with olive oil (4%), and a 10-g 
piece of the test cloth was washed in 1s of the test solution 
using a Terg-O-Tometer. After washing, the test cloth was 
extracted with benzene/ethanol ( l : l ,v/v%) for 3 hr to 
determine the olive oil remaining in the test cloth. The 
fabric detergency was carried out using a Terg-O-Tometer 
and artificially soiled test cloths containing 8.0 -+ 0.5% of 
soil. Cotton test cloth (A-2, Senshokukizai Co., Ltd., 
Tokyo) and polyester/cotton (65:35) test cloth (C-8, Sen- 
shokukizai Co., Ltd.) were used. The artificial soil used was 
that recommended by Kashiwa et al. (10). Soil removal was 
calculated from the reflectance measurement (11). The 
dishwashing test was carried out using refined soybean oil/ 
corn starch (2:1 v/v%) according to the Mayhew method 
(12). The soiled dishes were washed in the foamed test solu- 
tion under standardized conditions. When the foam dis- 
appeared, the number of the dishes washed up to that point 
were counted. 

Irritation Test 

Closed patch test and photosensitization test on human 
skin. The patch test was carried out on the back skin of 10 
males and 10 females in good health. An aliquot (ca. 0.05 
ml) of a 1% solution of the test surfactant was incorporated 
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into an adhesive plaster (Torii Pharmaceutical Co., Ltd., 
Tokyo). The patches were attached to the subjects' backs 
for 48 hr. About 1 hr after the patches had been removed, 
the skin reaction was examined and evaluated. The photo- 
sensitization test was performed using ultraviolet irradiation 
(the amount of sub-MED) on the same area of the skin 
where the patches had been removed. The photoallergic 
reaction was then evaluated. 

Cumulative open patch test on rabbit skin. The hair on.the 
back of 2 male rabbits weighing 3.0 and 2.5 kg was shaved 
off to make 4 and 5 selected spots of 2.0 cm diameter, 
respectively. The test surfactant (4% solution) was applied 
there 3 times a day for 7 days. The spots were examined 
and evaluated. 

RESULTS AND DISCUSSION 

Viscosity of Solutions of Binary Surfactant Systems 

Saul et al. presented the viscosity measurement for the solu- 
tions of amphoteric hexadecyl dimethyl ammoniopropane 
sulfonate/SLS system resulting in their maximum of ca. 7/3 
weight ratio (4). Moreover, Evans and Hudson reported the 
dependence of viscosity on pH value for the 1:1 mixture of 
Cl2-/5-alanine and cetyl trimethyl ammonium bromide, 
showing that the apparent viscosity increased with in- 
creasing pH to reach a maximum at pH 9.5 and become 
lower above pH 9.5 (5). 

Figure 1 shows viscosity as a function of composition of 
C12-HAA/LAS, C12-HAA/SLS and Cl 2-HAA/LES binary 
systems for 1% solutions (ca. 30 mmol/s of the surfactants 
at pH 8.0, indicating that the aqueous solutions of HAA/ 
LAS and HAA/SLS are viscoelastic. Maximal viscosities 
were attained in the HAA-rich point of 7/3 and 8/2 weight 
ratios, respectively. By contrast, the HAA/LES binary 
system did not exhibit any increase in viscosity. However, 
the change in viscosity was not observed for these binary 
systems at 0.5% total surfactant concentration. We thus 
obtained results similar to those reported by Saul (4). The 
mixed system consisted of an isotropic liquid (L) and lyo- 
tropic liquid crystalline phase (LC). A maximal peak in 
viscosity corresponded to the LC region which was assumed 
to form a hexagonal or lamellar structure. Each side of the 
LC region roughly corresponded to the L + LC solution. 
The subsidiary peak at 4/6 (HAA/LAS) seems to relate to 
the difference of LC/L component ratio, but further exami- 
nation to determine the precise reason for this would be 
required. Although viscosity on the acid side (below pH 
5.1) was measured for the HAA/LAS  binary system, these 
measurements were invalid because of turbidity or forma- 
tion of an insoluble complex. The solution of 7/3 (HAA/ 
LAS) displayed a maximum in viscosity at pH 8. From 
these results it was concluded that such interaction oc- 
curred to a great extent. A lowering of viscosity was ob- 
served at pH 10. 

UV Spectra of Binary Surfactant Systems 

The UV spectra for the solutions of HAA/LAS (total con- 
centration, 2 mmol/s were measured at pH 6.7 and 11.0. 
Since 2 absorption bands of 261 and 253 nm relate closely 
to the vibration of the benzene ring in LAS molecule, the 
deviation (Ae) of the molar extinction coefficient of HAA/ 
LAS solutions (emix) from that of LAS alone (e0) was 
calculated by the equation, Ae=emix-eo. No shift of the 2 
absorption bands was observed. The deviation curves 
against the HAA/LAS ratio are shown in Figure 2. 

In the neighborhood of the isoelectric point of HAA (pH 
6.7), the deviation gave a negative value and increased with 
increasing HAA/LAS ratio. The negative deviation is pre- 
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sumably caused by complex formation between - N e - c a t  - 
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Coulomb forces. On the other hand, the deviations were 
positive for the alkaline solution (pH 11.0). From protona- 

O O 

tion, a complex between --~]--d ~ and --I~-o~ group was 

O 
formed, and thus the absorption band due to the vibration 
of benzene ring was intensified. The UV spectra of the 
acidic solution (pH 4.0) could not  be measured because of 
turbid appearance. 

Cmc of Solutions of Binary Surfactant Systems 

Figure 3 shows the relationship between surface tension 
and concentration for HAA and LAS alone and for the 
mixture of HAA/LAS (molar ratio, 4/1) at pH 6.8 and 
11.0. 

A mixture of 2 surfactants usually forms mixed micelles 
in aqueous solution and the aqueous solution of such mix- 
tures has greater surface activity than that of each com- 
ponent. The cmc for 2-component mixture of amphoteric 
surfactant/soap (13), soap/soap (14), or nonionic/anionic 
surfactant (15) was reported to lie between those of the 
individual components. Furthermore, the cmc for a cat- 
ionic/anionic surfactant system has also been reported (16). 
The cmc of HAA/LAS system lies between those of HAA 
and LAS alone at pH 6.8 and 11.0. Although the surface 
tension curves for the individual surfactants had single 
sharp break points at each cmc, those of the mixtures 
exhibited broad minima at each cmc. A comparison be- 
tween the surface tension curves at pH 6.8 and at pH 11.0 
shows that the cmc of the individual surfactants and of the 
mixtures at pH 11.0 was larger than those at pH 6.8, the 
isoelectric point of HAA. The cmc of the mixture at pH 
11.0 was shifted to that of HAA by itself. 

Surface Activity of Solutions of 
Binary Surfactant Systems 

Figure 4 shows the foaming power for the mixed system of 
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C] 2-] 4-HAA or C12- ] 4-HAA-nEO and anionic surfactant. 
The foam height data were obtained according to the Ross- 
Miles method after a 0.1% total concentration solution 
stood for 1 min. In addition to this, the foaming power for 
each individual surfactant in the range of 0.05-0.1% concen- 
tration was measured for comparison purposes. The foam 
height for HAA/LAS and HAA-2EO/LAS gave a concave 
curve with a minimum at the component  ratio of  0.75/0.25 
to 0.5/0.5. On the other hand, the foam height for HAA/ 
SLS, HAA/LES, HAA-nEO/SLS and HAA-nEO/LES gave 
convex curves. These systems showed excellent foaming 
power. 

The effect of water hardness on the foaming power of 
Ci 2-14-HAA/LAS and Cl 2-14 -HAA-5EO/LAS is shown in 
Figure 5. The foam height for HAA alone and HAA/LAS 
decreased with increasing water hardness. On the other 
hand, the foam height for HAA-5EO alone and HAA- 
5EO/LAS was litde influenced in the range of hardness 
examined. 

Figure 6 shows surface tension for various combinations 
at a 0.04% total concentration and at pH 6.5. A marked 
synergistic effect on the surface tension was observed for all 
binary systems except HAA/LAS. All minimums of the 
concave occurred around the component ratio 0.5/0.5 and 
the surface tension at the above component  ratio was in the 
order of LAS > SLS > LES for HAA-containing system and 
LES > SLS > LAS for HAA-nEO-containing system. 

Figure 7 shows the dye (Orange OT) solubilization by a 
0.4% solution of  HAA-2EO/LAS at 45 C and pH 8.0. The 
binary system of Cl 2-14-HAA-2EO/LAS had good solubili- 
zation capacity at all ratios, whereas that of C16_Is-HAA- 
2EO/LAS exhibited an anomalously high solubilization 
capacity just at the 0.5/0.5 component  ratio. 

Detergency o f  Solut ions o f  Binary  Sur fac tant  Systems 

Fabric detergency for various soils was evaluated as shown 
in Figures 8, 9 and 10. The degreasing power of the 0.04% 
solutions of  C1 z-14-HAA-2EO/LAS or SLS for wool-muslin 
cloth soiled with olive oil is illustrated in Figure 8. A slight 
synergistic effect was observed for both the LAS and SLS 
systems. Fabric detergency of the solutions of various com- 
positions for cotton and polyester/cotton cloth was evalu- 
ated at pH 7.0 and 9.5 as shown in Figure 9. Cotton deter- 
gency exhibited a synergistic effect only in the case of 
HAA-5EO/LAS at pH 7.0 and 9.5. There is slight synergism 
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FIG. 6. Surface tension of 0.04% solutions of C l 2-t 4 "HAA or 
C~ 2-, 4 " H A A ' n E O / a n i ~  sur factants in 50 ppm CaCO 3 hard water 
at 25 C and pH 6.5. LAS = o; S I S  = A;  LES = u. 
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with HAA-2EO also. On the o ther  hand,  the de tergency for  
p o l y e s t e r / c o t t o n  cloth gave synergist ic effects  in all com- 
binat ions  excep t  one. The de tergency  was improved  in the 
order  of  HAA < HAA-2EO < HAA-SEO. In particular,  
HAA-SEO/LAS had the bes t  de te rgency  at  pH 9.5. The 
de te rgency  of HAA-2EO/LAS (3/1) did n o t  change even in 
solut ions of  high hardness  as shown in Figure 10. 

Dishwashing pe r fo rmance  is i l lustrated in Figure 11. The 
mixed  solu t ions  of  HAA-nEO/an ion ic  sur fac tants  showed  a 
markedly  synergist ic  e f fec t  as was also observed for  the 
de te rgency  of  po lyes t e r / co t ton .  The 2EO and 5EO deriva- 
tives exh ib i t ed  equal dishwashing per formance .  

I r r i t a t i o n  Test 

The irr i tancy of  HAA and HAA-2EO on human  skin is 
shown in Tables I and II, which show tha t  C16-~8-HAA 
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FIG. 9. Detergency for artificially soiled fabrics in 0.04% solutions 
of  C12-~ 4 "HAA or C~ 2-14 "HAA'nEO/LAS in 50 ppm CaCO 3 hard 
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TABLE I 

Patch Test on Human Skin a 
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FIG. 10. Effect of water hardness on detergency for artificially 
soi led fabrics in 0.1% solutions of HAA/LAS (3/1) at 25 C and pH 
9.5. C12-14" = o; C 1 ~ -1 s" = e; cotton = C; polyester/cotton = P/C. 
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FIG. 11. Dishwashing in 0.04% solutions of C12.14-HAA- 
nEO/anionic surfactants in 50 ppm CaCO 3 hard water at 25 C and 
pH 6.5. HAA-nEO/LAS = o; HAA-nEO/SLS = A; HAA-nEO/LES = 
E l .  

Cl 2-14 "HAA C12-14 "HAA-2EO C16-1 s "HAA C16-1 a "HAA-2EO CI 2"• "Alanineb 

(_)c 9 8 10 6 5 
Male 
(10 cases) (+) 0 1 0 4 2 

(+) 1 I 0 0 3 

( - )  9 5 10 9 5 
Female 
(10 cases) (-+) 1 3 0 1 3 

(+) 0 2 0 0 2 

( - )  18(90%) 13(65%) 20(100%) 15(75%) 
Total (+) 1(5%) 4(20%) 0(0%) 5(25%) 
(20 cases) (+) 1(5%) 3(15%) 0(0%) 0(0%) 

10(50%) 
5(25%) 
5(25%) 

Concentration 1.0 wt%, pH 6.5. 
cCommercial grade of N-dodecyl-3-alanine. 
( -) ,  no erythema; (-+), slightly partial erythema; (+), erythema with definite margin. 
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TABLE II 

Photosensitization Test on Human Skin a 

CI 2-i 4 "HAA C1 2-14 -HAA'2EO Ct 6-1 s "HAA C16-t a "HAA-2EO Ct 2 3 "Alanineb 

(_)c 7 5 7 6 3 
Male 
(7 cases) (+) 0 1 0 1 2 

(+) 0 1 0 0 2 

(--) 5 6 8 7 2 
Female 

(+-) 3 1 0 1 5 
(8 cases) 

(+) 0 1 0 0 1 

( - )  12(80%) 11(73%) 15(100%) 13(87%) 
Total 
(15 cases) (-+) 3(20%) 2(13.5%) 0(0%) 2(13%) 

(+) 0(0%) 2(13.5%) 0(0%) 0(0%) 

5(33%) 

7(47%) 

3(20%) 

a 
Concentration 1.0 wt%, pH 6.5 

bcommercial grade of N-dodecyl-3-alanine. 

c(_), no erythema; (-+), slightly partial erythema; (+), erythema with definite margin. 

TABLEIII 

Irritation Test on Rabbit Skin 

Composition a (wt ratio) 

b Evaluation after 7 days 

Rabbit no, Redness-tumor Crusta Recovery 

C12-~ 4 -HAA'2EO 1 ++ ++ 
El 2-14 "HAA'2EO/LAS (24/76) 1 +++ +++ 
C~ 2-14 -ItAA'2EO/LAS (56/44) 1 + + 
Physiological saline solution 1 - - 
Ct 2-14 -HAA-2EO/LES (20/80) 2 ++ ++ 
C12-14 "HAA-2EO/LES (50/50) 2 + + 
LAS 2 +++ +++ 
LEA 2 +++ +++ 
Physiological saline solution 2 - - 

6 days after the last 
application. 

a 
Total concentration 4.0 wt%, pH 7.0. 

b(_), no erythema; (+), only erythema; (++), small 

gave no irri tation. The irr i tat ion decreased in the order  of  
C 1 2 - 1 4 - H A A - 2 E O  > C 1 6 - 1 8 - H A A - 2 E O ~ C I 2 - 1 4 - H A A .  
The irri tancy of  these amphote r i c  surfac tants  was less than 
that  of  C12-3-alanine which is c o m m o n l y  used in the field 
of  cosmet ics  and toiletries.  The result  of  the p h o t o  patch 
test, as shown in Table II, indicates that  incidence of  pho to -  
sensi t izat ion of  the skin was marginal at mos t  for  all sur- 
factants ;  none  was observed for  C16-1 8-HAA. An irr i tat ion 
test  on rabbi t  skin was carried out  for the  binary sys tems o f  
C12-14-HAA-2EO/LAS or LES as summar ized  m Table Ill.  
Redness- tumors  began to  occur  one day after  appl icat ion 
and severe irr i tat ion dermat i t i s  was observed af ter  6 days. 
The derma was regenerated in 2 weeks af ter  appl icat ion 
fol lowed by recovery after  3 weeks as in the case of  the test  
u s i n g  physio logica l  saline solution.  C12-14-HAA-2EO 
caused considerably less i rr i tat ion dermat i t i s  than LAS and 
L E S .  T h e  b inary  sys tems of  CI2 -14-HAA-2EO/LAS 
(56/44)  and CI2 -14-HAA-2EO/LES (50/50)  showed  the 
least i rr i tancy on rabbi t  skin. 
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papule or dropsy; (+++), eczema or vesicle. 
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