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ABSTRACT 
A new kind of amine oxide surfactant – cocotriethoxylpropanediamine oxide (CTPDAO) – was 
synthesized by a two-step process. The molecular structure was characterized by FTIR spectra and 1H 
NMR. The new surfactant showed high surface activity in aqueous solution in the surface tension 
measurement. Emulsifying capacity and wetting ability were studied in comparison to dodecyldimethyl-
amine oxide (DDMAO). The results indicate that this new surfactant could reach the lowest surface 
tension of 30.4 mN m� 1 in aqueous solution with a critical micelle concentration (CMC) of 0.23 mmol L� 1. 
The wetting ability of DDMAO is better than that of CTPDAO. Compared with CTPDAO, DDMAO shows a 
greater capacity to emulsify soybean oil, although CTPDAO is a better emulsifying agent for liquid 
paraffin. The foaming properties and thickening function of DDMAO and CTPDAO mixed with alcohol 
ether sulfate (AES) and dodecylbenzene sulfonate (LAS) were also investigated. The results show that 
CTPDAO is a superior foam stabilizer than DDMAO while CTPDAO and DDMAO both have excellent 
thickening functions.   
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1. Introduction 

Amine oxides are multifunctional infirm surface active 
agents.[1] The alkalescence of amine oxides makes them demon-
strate nonionic behaviors in neutral or alkaline solution, and 
show cationic characteristics in acid solution.[2] Amine oxides 
have been known to have excellent surface activity and antistatic 
characteristics for long.[3] They exhibit excellent emulsifying, 
wetting, foaming, and thickening properties. Amine oxides are 
often used in shampoos, detergents, and textile auxiliary agents 
because of their multiple functions.[4–6] Amine oxides are 
usually compatible with anionic surfactants. They show great 
synergistic effects when mixed with common anionic surfac-
tants and provide more desirable properties than single 
surfactants.[7,8] And for this reason, amine oxides are usually 
mixed with other surfactants to investigate the synergic effects. 

Dodecyldimethylamine oxide (DDMAO) is an amine oxide 
surfactant that is widely used and has been studied in-depth 
recently.[9,10] Mixtures of DDMAO and sodium dodecylsulfate 

(SDS) or dodecyltrimethyl ammonium bromide (DTAB) show 
excellent synergistic effects. Hydroxyl groups are common 
hydrophilic groups and are usually connected to surfactant 
molecules to obtain superior properties. Amine oxides con-
taining hydroxyl groups often show advantageous properties 
such as a better water solubility, low CMC, compatibility with 
other surfactants, and so on.[11] Diamine oxide, which 
contains two N-O bonds, has excellent surface properties as 
well. Although it has not been researched too much, it is of 
great potential application in the future. 

In this article, cocotriethoxylpropanediamine oxide 
(CTPDAO) containing hydroxyethyl groups was synthesized 
by a two-step process as shown in Scheme 1. The surface activity 
of CTPDAO was investigated. Meanwhile, the wetting ability and 
emulsifying capacity were measured in comparison to DDMAO. 
The foaming properties and thickening function of CTPDAO 
and DDMAO mixed with sodium alcohol ether sulfate (AES) 
and dodecylbenzene sulfonate (LAS) were also studied. 
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2. Experimental 

2.1. Materials and instruments 

2.1.1. Chemicals and materials 
The raw material cocopropanediamine (CPDA) was purchased 
from Tianpu Chemical Co., Ltd. AES and LAS were from China 
Research Institute of Daily Chemical Industry. Hydrogen per-
oxide (30 wt%) and liquid paraffin were purchased from Tian-
jin University Chemical Reagents Co. Petroleum ether (60–90) 
and diethyl ether were of analytical reagent grade (A.R.) and 
purchased from Tianjin University Chemical Experiment Plant 
and Tianjin Kemiou chemical reagent Co., Ltd. 

2.1.2. Experimental techniques 
The FTIR spectrum was recorded on a Bruker Vertex 70 FTIR 
spectrometer (Germany). 1H NMR spectra were detected by a 
Varian Inova-400 spectrometer (USA). Surface activity was 
measured using a Krüss K12 Processor Tensiometer. Visco-
sities were measured using a NDJ-79 rotating viscometer. 
Foaming properties were measured using a Modified Ross- 
Miles apparatus. 

2.2. Synthesis of CTPDAO 

CTPDAO was synthesized by integrating two traditional 
synthetic processes, which were known as ethoxylation and 
quaternization reaction. Scheme 1 shows the two-step reaction 
process and the molecular structures of the whole synthesis 
route. 

For the first step, 256 g CPDA was added to the autoclave, 
then heated to 110°C with the pressure being 0.4 MPa. A total 
of 44 g ethylene oxide was then added to the autoclave for 
several times to keep the pressure no greater than 0.4 MPa. 
The reaction was operated under 110–120°C for one and a half 
hours to obtain the medium product cocotriethoxylpropane-
diamine (CTPDA). 

For the second step, 27.5 g CTPDA dissolved in 33.3 ml 
water was added to a four-necked flask. A total of 19.6 g 
hydrogen peroxide (diluted to 15 wt%) was then added into 
the flask at 65–70°C range for 30–40 minutes. Then the 
four-necked flask was heated to 80°C. The reaction was 
maintained at 80°C for 4 hours to obtain the CTPDAO 
aqueous solution. The whole process should be kept stirring. 
The active content of the product was about 25 wt%. 

To obtain purified CTPDAO, a mixture of petroleum ether 
(volume fraction 90%) and ethyl acetate (volume fraction 10%) 

was used as the oil phase, whereas the CTPDAO solution was 
engaged as the aqueous phase to extract impurities, mostly 
tertiary amine unreacted, from the water phase to increase 
the content of CTPDAO in the aqueous solution.[12] Every 
10 g crude aqueous product was manipulated each unit extrac-
tion, with 20 mL petroleum ether/ethyl acetate mixture. 
The aqueous phase, which contained a substantial amount of 
the CTPDAO product, was then evaporated with a rotary- 
evaporator to remove the water. Then the sample was dried 
in a thermostatic vacuum drier at 65°C for 48 hours to obtain 
yellow viscous liquids with high purity, which was higher than 
92 wt%. 

2.3. Properties measurement 

2.3.1. Surface activity 
The surface tensions of CTPDAO were measured at 25°C �
0.2°C from a series of aqueous solutions with a platinum ring 
tensiometer shown in Figure 3. The surface tension of double- 
distilled water, 72.0 � 0.3 mN m� 1, was used for calibration 
purposes. Surfactant solutions were prepared with double- 
distilled water. Every sample was stabilized for 10 minutes 
before measurement. 

2.3.2. Wetting ability 
The wetting ability of CTPDAO was measured through the 
canvas descending method at room temperature.[13] In a 
1000 ml beaker, a canvas disk was immersed in aqueous 
solution rapidly. Then, keep the time until the disk started 
to sink because it was fully permeated by the solution. Every 
single solution was measured five times to obtain the average 
wetting time. The wetting ability is obtained from this period 
of wetting time recorded and it is in negative correlation with 
the wetting time. 

2.3.3. Emulsifying capacity 
Emulsifying test was carried out in a glass cylinder of 100 ml at 
room temperature.[14] A total of 40 ml of liquid paraffin or 
soybean oil and 40 ml of CTPDAO solution were added to a 
100 ml cylinder together and shaken up and down vigorously 
five times every minute. Then the cylinder was kept still to 
record the time of 10 ml water separated from the emulsion. 
The whole process was operated five times and the emulsifying 
capacity was determined by the average time for the separation 
of 10 ml water. The longer time it takes to separate 10 ml 
water, the better emulsifying capacity the surfactant shows. 

2.3.4. Foaming properties 
The foaming properties were tested using the Modified Ross– 
Miles method at 50°C.[15] First, 50 ml surfactant solution of 
2.5 g/l was poured into the bottom of a flask. Then, 500 ml 
of the solution in a funnel was placed into the flask 
from the top of the apparatus. After the solution had run 
out of the funnel, the time and foam volume were recorded 
at 30 seconds, 5 minutes, and 10 minutes. Foaming ability 
was determined by the foam volume after 30 seconds. Foam 
stability was determined by comparing the foam volumes after 
10 minutes and 30 seconds in the Ross–Miles apparatus. 

Scheme 1. Synthesis route of cocotriethoxylpropanediamine oxide.  
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2.3.5. Thickening function 
The viscosity measurements of CTPDAO/AES, CTPDAO/ 
LAS, DDMAO/AES, and DDMAO/LAS complex systems with 
a total active content of 20 wt% were operated using an NDJ- 
79 rotating viscometer at 25°C. The higher the viscosity, the 
better is the thickening function. 

3. Results and discussion 

3.1. Structure characterization 

In order to verify the molecular structure of CTPDAO, FTIR 
and 1H NMR were performed. The results are shown in 
Figures 1 and 2. The IR spectra of CTPDAO showed absorption 
bands at 3282 cm� 1 (O-H stretching), 2924, 2852 cm� 1 (C-H 
stretching), 1466 cm� 1 (C-H bending), 1124 cm� 1(C-N stretch-
ing), 1076 cm� 1 (C-O stretching), and 721 cm� 1 (C-H rocking). 
The FTIR spectra correspond well with the molecular structure 
of CTPDAO. The 1H NMR spectra of CTPDAO showed peaks 
at 0.89 ppm (t, 3H, CH3-(CH2)7-CH2-CH2-N), 1.27 ppm (d, 
14H, CH3-(CH2)7-CH2-CH2-N), 1.50 ppm (s, 2H, CH3-(CH2)7- 
CH2-CH2-N), 1.72 ppm (t, 2H, CH3-(CH2)7-CH2-CH2-N-CH2- 
CH2-CH2N), 2.70 ppm (t, 8H, CH3-(CH2)7-CH2-CH2- 
N-(CH2CH2OH)-CH2-CH2-CH2-N-(CH2CH2OH)2), 3.58 ppm 
(t, 4H, N-CH2-CH2-CH2-N), and 3.74 ppm (t, 6H, N- 
(CH2CH2OH)-CH2-CH2-CH2-N-(CH2CH2OH)2). Besides, the 
solvent peak of CDCl3 appeared at 7.29. It should be stated that 
the doubles at 2.70 and 3.74 ppm are derived from the coupling 
of the H atom on the adjacent methylidyne, which could be 
explained by the fact that the synthesized molecule is consistent 
with CTPDAO. Moreover, the other impacts of the spectrum, 
such as the intensity and the methylidyne, are in good accord-
ance with the new amine oxide product CTPDAO just as we 
designed. In general, the molecular structure of CTPDAO could 
be well confirmed by FTIR and 1H NMR and the synthesized 
material was the target material we designed. 

3.2. Surface activity 

Surface activity is the key property of a surfactant, and it is 
defined as the ability and efficiency to decrease the surface 
tension of aqueous solution. The surface tension decreased 
with the increasing surfactant concentration and had a break 
point at a certain concentration, which is known as the critical 
micelle concentration (CMC). The CMC and γCMC of 
CTPDAO were determined from the linear fitting results of 
the plot shown in Figure 3. According to the linear fitting 
results of the surface tension curve, the surface excess concen-
trations of CTPDAO (Γmax) and the minimum surface area 
per surfactant molecule (Amin) were calculated from the 
Gibbs adsorption equation. 

C max ¼ �
1

2:303nRT
@c

@ log C

� �

T
½1�

Amin ¼
1

NAC max
½2�

Figure 3. Surface tension versus concentration for CTPDAO at 25°C.  

Figure 2. 1H NMR spectrum of CTPDAO.  

Figure 1. FTIR spectrum of CTPDAO.  
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Here, R is the gas constant, T is the absolute temperature, 
NA is Avogadro’s number, and C is the concentration of the 
surfactant solution. The adsorption of surfactants can be 
expressed by the pC20 value. The larger the pC20 value, the 
higher is the adsorption efficiency of the surfactant.[16] 

The surface activity parameters are shown in Table 1. As 
expected, CTPDAO could reach the lowest aqueous surface 
tension of 30.4 mN m� 1. The CMC is 0.23 mmol L� 1. 
Compared with DDMAO, whose γCMC is 23.9 mN m� 1 with 
the CMC being 0.75 mmol L� 1, CTPDAO has a lower CMC 
and a higher γCMC. In addition, CTPDAO has a larger pC20 
value than DDMAO.[17] 

We speculate that these superior features of this new surfac-
tant can be attributed to the existence of three hydroxyl groups 
and two N-O bonds. Hydroxyethyl groups can provide a much 
higher steric hindrance than the methyl groups. Meanwhile, 
CTPDAO has a better solubility. The larger pC20 value indi-
cates that CTPDAO is more easily adsorbed than DDMAO. 
This is because the hydroxyl groups of CTPDAO can form 
hydrogen bonds more easily with water. In summary, 
CTPDAO has excellent surface activity according to the 
surface tension measurement. 

3.3. Wetting ability 

Wetting ability is a significant property of a surfactant and is 
therefore worth determining. As shown in Figure 4, the 
wetting times of CTPDAO and DDMAO at different concen-
trations were recorded. It could be learned that when surfac-
tants wet the canvas fiber, it will form a three-phase 
interface of “solid–liquid–gas.” When added to solution, 
surfactant molecules will be adsorbed at the interface of 
“solid–liquid” more than that the interface of “liquid–gas”. 

The more the surfactants adsorbed on the solid surface, the 
stronger the wetting ability is on the canvas.[18] The results 
indicate that the wetting ability of DDMAO is much higher 
than that of CTPDAO. 

3.4. Emulsifying capacity 

Emulsifying capacity is of great value in many application 
processes. The emulsifying capacities of CTPDAO and 
DDMAO for soybean oil and liquid paraffin were measured 
in a graduated cylinder with a glass stopper at room tempera-
ture. The time for the separation of 10 ml of water was taken as 
an estimate of the emulsifying capacity. Figure 5 shows the 
results of the emulsifying capacity of CTPDAO and DDMAO 
to emulsify soybean oil and liquid paraffin, respectively. As the 
concentration increased, the emulsion time for both CTPDAO 
and DDMAO showed a regular increasing stability. The 
capacity of CTPDAO and DDMAO to emulsify soybean oil 
was better than that of liquid paraffin based on the longer 
emulsifying time. Meanwhile, CTPDAO showed a greater 
capability to emulsify soybean and a slightly better capability 
to emulsify liquid paraffin than CTPDAO. It can be concluded 
that CTPDAO exhibited superior properties in the emulsifying 
capability test than normal amine oxide product DDMAO and 
demonstrated the potential to be a better emulsifying agent. 

3.5. Foaming properties 

Foaming is a significant application of common surfactants 
that contain two major parts: foamability and foam stability. 
The foaming properties of different mass compositions of 
CTPDAO/AES, CTPDAO/LAS, DDMAO/AES, and 
DDMAO/LAS complex systems with a total concentration of 
2.5 g/l were measured using the Modified Ross–Miles method 
at 50°C. The foaming ability is defined as the foam volume at 
30 seconds and the foam stability is expressed by the ratio of 
the foam volumes after 10 minutes and 30 seconds. Table 2 
shows the foamability and foam stability of four complex 
systems with different weight proportions. For single 

Table 1. Surface properties of CTPDAO. 
Surfactant CMC(mM) γCMC(mN/m) Γmax (µmol/m2) Amin (Å 2) pC20  

CTPDAO  0.23  30.40  3.36  49.39  4.72 
DDMAOa  0.75  23.9  4.97  33.4  4.17 

aFrom Ref.[17]    

Figure 4. Wetting times with different concentrations of CTPDAO and DDMAO.  
Figure 5. The emulsifying capacities of CTPDAO and DDMAO for soybean oil 
and liquid paraffin.  
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surfactants, the foamability and foam stability of CTPDAO are 
slightly higher than DDMAO, much higher than AES and 
LAS. For the four complex systems, with the increase of the 
proportion of amine oxide, the foamability increases; the foam 
stability of the complex system is higher than that of the single 
surfactant due to synergistic effect; the foamability and foam 
stability of the two complex systems with LAS are better than 
that those with AES. At the same weight proportion, the foam-
ability and foam stability of DDMAO/AES are better than 
those of CTPDAO/AES, whereas the foamability and foam 
stability of CTPDAO/LAS are better than those of DDMAO/ 
LAS. The results indicate that CTPDAO demonstrates 
excellent synergetic effects when mixed with AES and LAS 
in the foaming test, which is better than that of DDMAO. 
Owing to the ethoxyl groups, CTPDAO has better solubility 
and shows excellent promise in mixtures with other 
surfactants. 

3.6. Thickening function 

Amine oxides surfactants are generally excellent thickeners 
and for this reason are usually added to shampoos. This thick-
ening function of CTPDAO was studied by a rotating vis-
cometer. The viscosities of CTPDAO/AES, CTPDAO/LAS, 
DDMAO/AES, and DDMAO/LAS complex systems are shown 
in Table 3. CTPDAO had no thickening function to AES, 
which was odd. We could just see it as an exception. From 
the data, it is seen that CTPDAO has similar viscosity to 
AES. When amine oxide/AES ¼ 1:9, the mixture system is 
gentle and shows excellent thickening function.[19] We can 
speculate that the total active content and amine proportion 
of the mixture solution do not correspond to the range that 
CTPDAO/AES exhibits thickening function. For the 
CTPDAO/LAS and DDMAO/AES mixed systems, the 

maximum viscosity was achieved in the amine oxide content 
proportion of 5 wt%, while it was 10 wt% for the DDMAO/ 
LAS complex system. 

4. Conclusions 

CTPDAO was synthesized through a two-step process, which 
was characterized by 1H NMR and IR spectra. CTPDAO has 
excellent surface activity, which can lower the surface tension 
to 30.40 mN m� 1. Among the two amine oxides, DDMAO has 
a better wetting activity than CTPDAO. Meanwhile, compared 
with DDMAO, the emulsifying capacity of CTPDAO for liquid 
paraffin is superior. However, the emulsifying capacity of 
DDMAO for soybean oil is better than that of CTPDAO. 
For complex surfactant systems with AES and LAS, the foam-
ability and foam stability improved because of the existence of 
CTPDAO or DDMAO. The maximum viscosities of DDMAO/ 
AES, CTPDAO/LAS, and DDMAO/LAS mixed surfactant 
systems were achieved at 5 wt% and 10 wt% amine oxide 
concentration, whereas the viscosity of CTPDAO/AES has 
no maximum viscosity. In general, CTPDAO is an excellent 
foam stabilizer and thickener and it holds great promise 
for future application for its excellent surface properties in 
aqueous solution. 
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