
• Technical 

Surface Active N-Acylglutamate: II I. Physicochemical 
Properties of Sodium Long Chain N-Acylglutamates 
M. TAKEHARA, H. MORIYUKI,  A. ARAKAWA, I. YOSHIMURA and R. YOSHIDA, 
Central Research Laboratories, Ajinomoto Company, Inc., 2964 Suzuki-cho, Kawasaki 210, Japan 

ABSTRACT 

The  phys i cochem i ca l  p roper t i e s  of  sod ium long  
cha in  N-acy lg lu tamate  ( A G S n )  are descr ibed.  The  
we t t ing  power ,  emul s i fy ing  power ,  dispersing p o w e r  
and  ca lc ium ion  s tab i l i ty  were measured .  Monoso-  
d ium N- lauroyl -L-g lu tamate  (L-LGS)  had  good wet-  
t ing  and  emul s i fy ing  p roper t i e s ,  b u t  d i sod ium N-acyl-  
g lu t ama te  (AGS 2) was in fe r io r  to  L-LGS in those  
proper t ies .  In  the  dispers ing power  us ing  c a r b o n  b lack  
as powder ,  L-LGS was in fe r io r  b u t  A G S 2 ,  hav ing  a 
pa lmi toy l  or  s t ea roy l  radical ,  was exce l len t .  The  
AGS n w i t h  a few e x c e p t i o n s  had  good ca lc ium ion 
stabil i t ies .  

INTRODUCTI ON 

The  salts of  long  cha in  N-acylg lu tamic  acids are exce l l en t  
surface active agents  der ived f rom the  amino  a c i d  T h e y  are 
syn thes ized  by  c o n d e n s a t i o n  of  g lu tamic  acid w i th  long  
cha in  f a t t y  acid ch lor ide ,  fo l lowed  by  n e u t r a l i z a t i o n  of  the  
c o n d e n s a t i o n  p r o d u c t  w i th  alkaties ( 1 ) 

In pa r t  I1 of th is  r epo r t  (2),  the  phys i cochemica l  
p roper t i e s  of  N-acylg lu tamic  acids ( A G A )  and  the i r  sod ium 
salts (AGS n)  were descr ibed.  Some dif ferences ,  especial ly in  
solubi l i ty ,  were shown  b e t w e e n  opt ica l ly  active and  racemic  
A G A  or AGSn .  The m o n o s o d i u m  salt  (AGS)  general ly  had  
a h igh  Kra f f t  p o i n t  and  h y d r o l y z e d  in the  d i lu ted  aqueous  
so lu t ion  to  l ibera te  the  c o r r e s p o n d i n g  acid. Of  AGS tes ted ,  

m o n o s o d i u m  N- lauroy l -L-g lu tamate  (L-LGS)  and  m o n o s o -  
d ium N-oleoyl -L-g lu tamate  (L-OGS) showed  the  h ighes t  
surface act ivi ty.  The  d i sod ium salts (AGS 2) were h ighly  
soluble  in  wa te r  b u t  in fe r io r  in  the i r  lower ing  power  of  
surface t ens ion  and  foaming  power ,  c o m p a r e d  w i th  those  of 
the  c o r r e s p o n d i n g  AGS. In th is  r e p o r t  the  phys i cochemica l  
p roper t i e s  of  sod ium N-acy lg lu tamate ,  such  as we t t ing  
power ,  emuls i fy ing  power ,  dispersing p o w e r  and  ca lc ium 
ion s tabi l i ty ,  are descr ibed  fu r ther .  The  abbrev ia t ions  of  
AGS n were descr ibed  in the  previous  repor t .  

METHODS AND RESULTS 

Wetting Power 
The we t t i ng  powers  of  AGS n were e s t ima ted  by  a 

h o r i z o n t a l  s emimic ro  fel t  disk m e t h o d  (3).  Each  50 ml 
aqueous  so lu t ion  of  a s u r f a c t a n t  was added  to  a b e a k e r  (42 
m m ~  x 65 m m b ) .  A fel t  disk (Nikke ' s  ro l ler  c lo th  20 oz, 1 
i n ~ ,  2 m m  th ick ,  c a  0 4 5  g) was forced  to immer se  in the  
so lu t ion  by us ing  an  inve r t ed  gooch  fi l ter  funne l  (34  m i n e ) ,  
and  the  t ime t h a t  the  disk began to  s ink was measured .  In  a 
s u r f a c t a n t  so lu t ion  w i th  we t t ing  p rope r ty ,  the  disk began  to  
sink in a m o m e n t  since the  so lu t ion  p e n e t r a t e d  rap id ly  i n t o  
the  disk. The  t imes  measu red  in the  10 m m o l / l i t e r  aqueous  
so lu t ion  at  40  C are p l o t t e d  in Figures  1 and  2. The  AGS n 
tes ted  were l imi ted  to the  soluble  ones  at  the  c o n c e n t r a t i o n  
of 10 m m o l / l i t e r  at  40  C. 

AGS had  b e t t e r  we t t i ng  powers  t h a n  the  c o r r e s p o n d i n g  

TABLE I 

Emulsion Stability o f  Toluene or Liquid Paraffin 
and Aqueous Solution a 

Neutralization 
Acyl b equivalent 

Toluene Liquid paiaffin 

L-AGS n DL-AGS n L-AGS n DL-AGS n 

Min Min 

5 15 5 15 5 15 5 15 

1.0 0.7 1.8 2.1 3.7 c 7.4 8.8 9.0 9.0 c 
L 1.5 1.9 4,2 1.2 3.2 c 7.7 8.7 9.6 9.7 

2.0 10.0 I0,0 10.0 tO.0 9.6 10.0 9.7 10.0 

M 2.0 9.7 9.8 10.0 10.0 8.9 9.6 9.5 9.8 

1.75 8.9 9,6 7.5 8.9 8.9 9.6 9.1 9.5 
P 2.0 9.0 9,6 8.7 9.5 9.0 9.6 9.5 9.7 

S 2.0 8.3 9.3 8.5 9.3 9.3 9.6 9.0 9.5 

1.0 2.6 5.8 2.4 5.7 7.9 9.2 7.4 8.8 
O 1.5 6.3 8,1 5.8 7.9 8.4 9.5 8.4 9.4 

2.0 9.1 9,7 8.1 9.1 8.7 9.6 9.0 9.6 

SLS 5.5 7.7 9.1 9.7 
SLS a 7.0 8,6 9.3 9.8 

a 
Concentration 10 mmol/ l i ter,  at 40 C. Values indicate volume (ml) o f  aqueous solution separated from 

emulsion. 
bL, lauroyl; M, myristoyl; P, palmitoyl; S, stearoyi; O, oleoyl. 
eSample used does not  dissolve completely.  
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FIG. 1. Wetting powers. Relation between sinking time and 
equivalent number of sodium salts (concentration 10 mmol/liter, at 
40 C). 
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FIG. 2. Wetting powers of disodium N-acylglutamates (AGS2). 
Relation between sinking time and length of acyl radical of AGS 2 
(concentration 10 mmol/liter, at 40 C). 
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FIG. 3. Wetting powers. Relation between sinking time and 
concentration of monosodium N-acylgtutamates (AGS) (at 40 C). 

TABLE II 

Emulsion Stability of Lanolin and Aqueous Sotution a 

Volume of aqueous solution, ml 

Min 

Samples 5 15 

L-LGS 8.8 9.3 
L-OGS 8.7 9.4 
L'OGS2 8.1 9.7 
L'SGS2 0.0 0.0 
SLS 0.0 0.0 
Soap 0.0 0.0 

aConcentration 0.25%, at 60 c. 

d i sod ium salts ( A G S 2 ) ;  n o t a b l y ,  the  we t t i ng  p o w e r  of  
L-LGS was equa l  to  t h a t  of  sod ium lauryl  sulfate  (SLS) or  
sod ium N- lauroylsarcos ina te  (SLSa) (F ig .  1 )  In  a series of  
d i sod ium salts, d i sod ium N - m y r i s t o y l g l u t a m a t e  (MGS 2) had  
the  sho r t e s t  s inking t ime  and  AGS2 ,  having  o t h e r  longer  or 
sho r t e r  acyl  radicals ,  s h o w e d  in fe r io r  values (Fig. 2). I t  
seemed t h a t  the re  was l i t t le  d i f fe rence  in we t t ing  powers  
b e t w e e n  the  op t ica l ly  active and  racemic  f o r m s  o f A G S  n 
The  re la t ion  b e t w e e n  the  we t t i ng  power  and  the  concen t r a -  
t ion  is shown  in Figure 3 w i th  L-LGS,  L-OGS and  DL-OGS. 
The  we t t i ng  powers  decreased  w i t h  the  d i lu t ion  of  the  
aqueous  so lu t ions  be low the  cri t ical  micel le  c o n c e n t r a t i o n s .  

Emulsifying Power  

The emuls i fy ing  powers  of  AGS n were measu red  as 
fol lows (4).  Ten  mil l i l i ters  of  oil and  10 ml of  a 10 
m m o l / l i t e r  aqueous  tes t  so lu t ion  were added  to  a glass- 
s t o p p e r e d  tes t  t ube  (10  m m 0  x 390  m m h ) ,  and  the  tes t  
t ube  was qu ick ly  inve r t ed  30 t imes  at  40  C. The  emuls ion  
o b t a i n e d  vgas he ld  at  40  C, and  the  v o l u m e  of  the  aqueous  
so lu t ion  sepa ra ted  f r o m  the  emul s ion  layer  was measu red  
af te r  5 and  15 rain. In  these  e x p e r i m e n t s ,  t o luene ,  l iquid  
paraf f in  or  l ano l in  was used  as oil. 

Table  I shows the  e x p e r i m e n t a l  da t a  of  the  emuls i fy ing  
powers  o f  the  10 m m o l / l i t e r  aqueous  so lu t ion  of AGSn 
wi th  t o luene  or  l iqu id  p a r a f f i n  L-LGS gave the  bes t  
emuls ion  w i t h  t o luene  and  was more  emuls ive  t h a n  SLS. 
AGS 2 were general ly  less emuls ive  t h a n  A G S  The  t e n d e n c y  
to emuls i fy  l iquid  para f f in  and  wate r  was a lmos t  equal  wi th  
the  case of  t o luene  and  water .  Table  II shows the  resul t s  of  
tes ts  s imilar ly  c o n d u c t e d  us ing  l ano l in  at  60  C. L-LGS,  
L-OGS and  d i sod ium N-oleoyl -L-g lu tamate  ( L - O G S 2 ) a r e  
less emuls ive  t han  SLS and  soap,  b u t  d i sod ium N-s tearoyl-  
L-glu tamate  (L-SGS2)  is as emuls ive  as SLS and  soap. The  
emuls i fy ing  p roper t i e s  of  L-SGS 2 and  soap are par t ia l ly  due 

TABLE III 

Dispersing Powers of Sodium N-Acylglutamates (AGSn) 
Using Furnace Carbon Blacka, b 

Acyl Equivalent I,-AGS n DL-AGS n 

1.0 0.92 (5.0) --- 
L 1.5 1.11 (5.4) --- 

2.0 0.41 (7.2) 0.49 (7.0) 

M 2.0 1.22 (8.0) 0.68 (7.3) 

P 2.0 9.75 (9.8) 9.06 (9.1) 

S 2.0 6.54 (8.3) 6.05 (8.6) 

l.O 1.40 (6.1) 1.10 (6.0) 
O 1.5 1.75 (%0) 1.65 (6.'/) 

2.0 3.65 (8.6) 3.42 (7.8) 

SLS 2.17 (6.8) 
SLS a 1.08 (6.8) 

aConcentration 10 mmol/liter, at 40 C. Values indicate absorb  
ance of solution sampled. 

bValues in brackets indicate pH of dispersion. 
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TABLE IV 

Dispersing Powers of  Sodium N-Acylglutamates (AGSn) Using 
Ti tanium Oxide or Ferric Oxide a 
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Sample 

Powder L-LGS L-OGS L-LGS2 L-MGS 2 L-PGS 2 L-SGS 2 L-OGS2 SLS 

Titanium 0.68 0.83 0.46 0.52 0.57 0.62 0.58 0.78 
oxide 

Ferric 0.90 0.75 0.07 0.25 0.58 0.61 0.63 0.73 
oxide 

aConeentration 10 mmol/ l i ter ,  at 40 C. Values indicate absorbance of  so lu t ion  sampled. 

to their alkalinity in aqueous solution, because lanolin is 
easily emulsified with aqueous alkali. 

Dispersing Power 

The dispersing property of an aqueous solution of a 
surfactant generally depends on the nature of the powder to 
be dispersed. The powders used here were furnace carbon 
black (Mitsubishi Kasei's no. MA100), titanium white and 
ferric oxide (rouge). They were passed through a sieve of 
250 mesh to remove the larger grains and then dried. 
Twenty milliliters of an aqueous solution of a surfactant 
was put in a 25 ml glass-stoppered graduated test tube (18 
mm ~ x 165 mm h) containing 5 mg (0.25%) of the powder 
to be tested. The test tube was agitated by a vibratory 
mixer for 2 min to disperse powder and was allowed to 
stand for 2 hr at 40 C. Then 3 ml of the suspension was 
pipetted carefully at the height of  15 ml, and the 
absorbance (A=-logT) was measured at 520 +_ 5m/~ (carbon 
black and titanium white) or 580 _+ 5 nap (ferric oxide). 
When the absorbance showed the value larger than 0.8, the 
suspension pipeted was diluted with the aqueous solution 
of the surfactant until the absorbance indicated the value 
below 0.8 and the value measured was corrected to obtain 
the absorbance value required. 

Table III shows the results of the tests using 10 
retool/liter aqueous solution of AGS n and carbon black. 
The higher absorbance means stronger dispersing power. 
PGS 2 and SGS2, which were weaker in lowering power of 
surface tension and emulsifying power, showed the 
strongest dispersing power even when compared with SLS. 

The dispersing powers of AGSn to titanium oxide and 
ferric oxide are shown in Table IV. Unlike the case of  
carbon black, AGS n with higher lowering power of surface 
te~.sion and emulsifying power showed higher dispersing 
power. 

Calcium Ion Stability 

The calcium ion stability was examined as follows: To 
20 ml of a 10 retool/liter aqueous solution of a surfactant, 
an aqueous solution of 0.1 mol/liter calcium chloride was 
added dropwise at 40 C until an insoluble salt began to 
precipitate. The amount  of calcium ions in the resultant 
solution was indicated as the concentration (ppm) of 
calcium carbonate. 

The results are shown in Table V. The 10 retool/liter 
aqueous solution of  AGSn was generally stable below the 

TABLE V 

Calcium Ion Stabil i ty of Sodium N-Acylglutamates (AGSn) a 

Neutralization 
Acyl equivalent L-AGS n DL-AGSn 

1.0 414 --- 
L 1.5 250 --- 

2.0 158 158 

M 2.0 32 32 

P 2.0 310 300 

S 2.0 439 400 

1.0 244 244 
1.5 284 329 

O 1.75 292 323 
2.0 323 323 

2000 

385 

Under 

340 

SLS 
LAS 
Soap 
SLS a 

20 

aConcentration 10 retool/liter, at 40 C. Values indicate concen- 
tration (ppm) calculated as CaCO 3. 

concentration of 300 ppm calculated as CaCO 3. The 
stability of L-LGS to calcium ions was as excellent as that 
of sodium linear-alkylbenzenesulfonate (LAS) or SLSa, 
while that of the corresponding disodium salt (L-LGS 2) was 
inferior. Of the disodium salts, MGS 2 showed the lowest 
stability, and as the acyl radical became longer the 
stabilities became higher. 
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