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Synthesis of amphoteric sodium N-lauryl-iminodipropionate surfactants 
and their properties
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Amphoteric Na N-lauryl-iminodipropionate surfactants were synthe-
sized in aq. soln. under mild conditions. The reaction conditions were 
optimized by using orthogonal design with material mol. ratio, reac-
tion temp., time and catalyst amt. as the main factors. The product 
qual. was detd. by HPLC, LC/MS and FT-IR. The surfactant wetting, 
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Amphoteric surfactants typically include betaine, imidazo-
line, or amino acid-based agents. Amino-based surfactants 
have been received the widespread attention because they are 
safe, environmental-benign and biodegradable1, 2).

good properties. It is biodegradable and mild. It has numerous 
important applications for production of detergents, cosmetics, 
personal care agents because of its low surface tension, rich 
foam, strong detergency and low irritation to skin3).

The amphoteric surfactants can be used in acidic and base 
system over a wide pH range. They have a good water solubility 
in strong acidic and alkaline media and in highly concentrated 

activity and solution properties at the isoelectric point because 
its total net charge is the lowest as a result of the compensation 

groups but it is compatible with other kind surfactants, able 
to withstand high concentrations of strong alkali/electrolyte 

both in hard and soft water. It can be applied as a functional 

or emulsification but up to now, there are only a few studies4–6).
Synthesis of this kind of surfactants almost is mainly 

based on fatty amines and acrylics like methyl acrylate, 
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acrylonitrile or acrylic acid. Methyl acrylate is commonly 
used, because its reaction is mild and can be relatively eas-
ily controlled. It must be however saponified with a strong 

methanol can remain in surfactant easily7, 8).
In this study, acrylic acid was used as start material to 

aqueous solution. Its properties were also studied.

molar ratio of raw materials) were studied and optimized 
-

sion of the raw materials was determined by HPLC and the 
structures were characterized by LC-MS and FT-IR methods. 
Physicochemical properties of the product were also deter-
mined.

To simplify the nomenclature, the respective abbreviations 

Experimental

Materials and apparatus

-

with higher solution mass-spectrometric detection under 

applied to determine the molecule of the surfactant. The 
instrument was made up of a HPLC Ultimate 3000 and 
a combined quadrupole resolution mass detector Thermo 

0.2 mL/min. FT-IR spectrum was obtained on a Thermo 

Surface tension was measured on K-100C Force 
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Methods

Synthesis procedure

a 4-necked, round-bottomed flask equipped with a stirrer, 

stirred at 80–100°C for 5–19 h. The reaction was moni-
tored by determining the content of amine and acrylic acid. 

-
version rate of the reaction based on amine and acrylic 
acid was determined by monitoring remaining amine and 
acrylic acid content in reaction system.

Analysis

s, 3 min and 5 min was recorded in order to assess foamability 
and foaming stability. The test was repeated 3 times.

Emulsifying property was measured by reference to the 
-

tant solution and 40 mL of rapeseed oil or liquid paraffin 

Emulsifying property was evaluated by comparing the time 
of 10 mL aqueous phase aparted from the emulsion after 
shaking end. The test was replicated for 3 times.

The surface tension of solutions with various mass con-
centrations was determined according to Wilhelmy plate 

In the inflection point of the curve was used to drew the 

surfactant was the intersection point of the 2 tangents. The 
surface tension of the double distilled water was ascer-

-

Results and discussion

Reaction conditions
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The molar ratio of amine to acrylic acid was 1/1.8 and the 

-
sion increased drastically to a stable state, However, when 

reduced slowly and the conversion of acrylic acid decreased 
sharply.

The effects of reaction time on the conversion rate were 

that the conversion rate of amine and acrylic acid increased 
with the prolonging reaction time. When the reaction time 
increased from 7 to 17 h, the conversion rate of amine and 

The effect of acrylic acid/amine molar ratio on the conver-

catalyst. The conversion rate of amine raised gradually with 
the molar ratio increasing, but the conversion rate of acrylic 
acid declined in some degree when the ratio of acrylic acid 
to amino was higher than 1.8, the conversion rate of amino 

-

The effect of temperature on the conversion was also 

was an important factor influencing the conversion rate. The 

-

-

-

-

-
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results were shown in Table 1. The reaction temperature, 
-

ide amount were important factors.
Furthermore, reaction conditions were optimized by 

4) in 2 L glass reactor. According 
to the result, temperature and reaction time were critical 
factors for the conversion of amine. Higher temperature and 
longer reaction time were beneficial to improve the conver-

When repeated the reaction condition, the conversion of 

According to the conversion of acrylic acid, temperature 
and reaction time were also key factors. The optimal reaction 

as
-1

s
-1

s
-1, 

-1, 1581 cm-1 -1

cm-1. Based on the analysis for the characteristic peaks of 

-
-

-

4

4

Item

Acid/amine molar 
ratio Temperature Time

Catalyst 
amount

Conversion 
rate of amine

Conversion 
rate of acid

1

1

3 16

4

16

6 1

7 16 1

Calculated according to conversion of amine

The best level

Calculated according to conversion of acrylic acid

The best level
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the infrared spectra, the synthesized product can be inferred 
as the target product, as shown Fig. 3.

Results of typical LC-MS indicated that there was material 

di- and monosubstituted product were 4.71 min and 12.8 min, 
individually. The mass spectra of di- and monosubstituted 

in Fig. 4.

-

it was cloudy at the pH range 2.38–4.17.

mass aqueous solution, diluted hydrochloric acid solution 

level, the corresponding pH range at the lowest conductiv-
ity was isoelectric point. The result was shown in Fig. 5, 
isoelectric point was 6.5–9.0.

Properties of foaming, emulsifying, wetting and deter-

comparison. The results were shown on Table 2. The order 

of bigger hydrophilic group was faster when they have same 
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oleophilic group, for that reason the new surface energy 
could reach the lower surface tension value fast when wetted.

was a high-foaming surfactant. That might owe to strong 
intermolecular interaction and the solution was relatively 
viscous.

-
cially for soybean oil. The sequence of emulsifying properties 

liquid paraffin. The emulsification power is related to the 
oils to be emulsified when the surfactant was certained, that 
is, the HLB value of the surfactant should match with the oil.

Tested items

Wetting time

Foaming properties

Emulsifying properties
soybean oil

a)/
carbon black

albumen

sebum

Surface tension

a)water with hardness 250 mg/kg

Fig. 5. 
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Comparison of detergency power for removal carbon 

-

-
12 

cm) under room temperature, then the sheets were placed 
diagonally on the shelf indoors for 7 days, then were placed 

-
ing to room temperature for test after that, and oil-removal 
rate was calculated by mass loss. The results indicated that 

was not be compared for it was cloudy under the acid condition.

Fig. 6. 
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wettability, emulsification, low surface tension and high foam. 

comparing with conventional amino acid based surfactant 

results were shown in Fig. 6. The result indicated that the 
–4 mol/L, the surface tension was 

–4 mol/L, the surface tension was 31.1 mN/m at that 
concentration.

The testing results of touch-angel indicated the hydropho-

The result was shown on Table 3.

There has been demonstrated that the synthesis of 

from alkyl amine reaction with acrylic acid under sodium 

the described protocol is related to be a better method to 
-

Properties of foaming, emulsifying, wetting, surface ten-

showed it was a high foaming surfactant with good properties 
of emulsifying, wetting, surface tension after comparing with 

-

-
ties described.
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Surfactant

czynny

Contact angle

glass
stainless 
steel
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