
Front. Chem. China (2006) 4: 434−437 
DOI 10.1007/s11458-006-0050-9 

Zhao Qiuling, Gao Zhinong 

Synthesis and surface-active property of bis-quaternary ammonium-sodium 
sulfate Gemini surfactant  

© Higher Education Press and Springer-Verlag 2006

Abstract  N,N-dimethyldodecylamine, hydrochloride and 
epichlorohydrin (molar ration is 21׃1׃) were used to synthe-
size bis-quaternary ammonium Gemini surfactant with a 
hydroxyl in its spacer group by the one-pot method. This 
hydroxyl was sulfonated by chlorosulfonic acid and then 
neutralized to bis-quaternary ammonium-sodium sulfate 
zwitterionic Gemini surfactant. The yield of the final prod-
uct was 78%, and the melting point was 231–233°C.Its 
structure was characterized by IR, 1H-NMR, MS, and ele-
mental analyses. The critical micelle concentration (cmc) 
and surface tension of the novel zwitterionic Gemini surfac-
tant in aqueous solution at 15°C are 7.2×10−5 mol/L and 34.5 
mN/m, respectively. 
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1  Introduction 

Gemini surfactant is a novel type of surfactant synthesized 
during the recent ten years. Its advent has greatly broadened 
the perspective of interface science [1–3]. Compared with 
the conventional surfactants, Gemini surfactants are more 
efficient in lowering surface tension and have much lower 
critical micelle concentration (cmc). Gemini surfactants, 
despite their recent development, are already a hot subject in 
colloids and surface sciences and are horned to be one type 
of surfactants that will be most widely used in the 
twenty-first century [4–7]. 

In 1998, Renouf and coworkers synthesized a type of 
asymmetric Gemini surfactant with two different head 
groups [8]. Compared with the symmetric Gemini surfactants 

[4] reported before, this kind of surfactant possesses many 
unique properties and has greatly roused the concern of 
chemists. However, it is difficult to synthesize asymmetric 
Gemini surfactants; only a few have been reported. Gemini 
surfactants with a special structure have always shown more 
satisfying properties than the symmetric ones [9–12]; hence 
more and more researchers are beginning to design and 
synthesize Gemini surfactants with unusual structures. Con-
sidering this point, we synthesized a type of bis-quaternary 
ammonium with a spacer group containing a hydroxyl group, 
and then introduced a sulfate throng to the hydroxyl group. 
A Gemini surfactant with three hydrophilic groups and two 
hydrophobic chains was synthesized. Although the structure 
of the molecule is still symmetric, its spacer group has 
changed largely. The introduction of sulfate makes the 
molecule more hydrophilic, and results in much better sur-
face-active properties. 

2  Experimental 

2.1  Materials and methods 

N,N-dimethyldodecylamine (industrial reagent), chlorosul-
fonic acid (chemical purity), and other reagents (analysis 
reagent) were all purchased from commercial suppliers. 

The 1H-NMR spectra were recorded in CDCl3 on a VX 
300 MHz Spectrometer, with TMS as internal reference. 
FTIR spectra were taken on a Nicolet 360 FT-IR Spec-
trometer in KBr pellets. Elemental analyses were carried out 
through a Flash 1112-series Instrument. Mass spectra were 
obtained by ZAB-3F Spectrometer. All the melting points 
were determined on an electrothermal apparatus without 
correction. 

The equilibrium surface tension was measured using a 
Jzhyl-180 Surface Tension Meter. All the measurements 
were carried out at 15°C, and redistilled water was used as 
solvent (conductivity: 1.07 μs/cm).       
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Fig. 1  Synthesis route of Gemini (III) 

2.2  Synthesis method 

The synthesis route of bis-quaternary ammonium-sodium 
sulfate zwitterionic Gemini surfactant with three head 
groups is shown in Fig. 1. 

2.2.1  Synthesis of bis-quaternary ammonium cationic 
Gemini (I)  

The molar ratio of N, N-dimethyldodecylamine: hydrochlo-
ride: epichlorohydrin was 21׃1׃, and the mixture was re-
fluxed in ethanol for 12 h. The solvent was removed under 
reduced pressure, and then the raw material was recrystal-
lized thrice in acetone. White solid product was collected. 
The yield was 72%, m.p.: 87–88°C (ref [13]: 86–87°C). The 
data of 1H-NMR were 0.88 (t, 6H), 1.20–1.45 (m, 36H), 
1.78 (m, 2H), 1.87 (m, 2H), 3.39 (s, 6H), 3.42 (s, 6H), 3.52 
(t, 4H), 3.67 (t, 2H), 4.32 (d, 2H), and 5.19 (m, 1H). The re-
sult was in accordance with ref [13]. 

2.2.2  Synthesis of bis-quaternary ammonium-sulfate 
Gemini (II)  

A quantity of 5.55 g (0.01 mol) Gemini (I) was resolved in 
20 mL dichloromethane in a 100 mL flask equipped with a 
condenser and a drying tube. Then 1 mL (0.015 mol) chlo-
rosulfonic acid dissolved in 10 mL dichloromethane was 
added to the solution of Gemini (I) through a tipping funnel. 
The mixture was stirred for 3 h at 30°C, then N2 was added 
to the flask to remove HCl until plenty of precipitation ap-
peared. The white product was collected and washed with 
acetone twice; the yield was 82%, m.p.: 174–176°C.  

2.2.3  Synthesis of bis-quaternary ammonium-sodium sul-
fate Gemini (III)   

A quantity of 3 g Gemini (II) was resolved in 30 mL ethanol; 
then 30% NaOH aqueous solution was added until the pH 

was 9-10. The mixture was refluxed for 0.5 h, then the NaCl 
was filtered and the ethanol was removed under reduced 
pressure. A quantity of 2.95 g white product zwitterionic 
Gemini (III) was collected, and the yield was 95%, m.p.: 
231–233°C. 

Note: The final product Gemini (III) could be synthesized 
from Gemini (I) without separation of Gemini (II). In this 
article, step-by-step method was used to identify the struc-
ture of the product exactly.  

3  Results and discussion 

3.1  Characterization of bis-quaternary ammonium-sulfate 
Gemini (II) 

IR spectra of Gemini (I) and (II) are shown in Fig. 2. From 
Fig. 2 we can see that the peaks at 3,424 and 3,323 cm−1 in 
the spectra of Gemini I indicate the existence of −OH, but in 
the spectra of Gemini II, the peaks both disappeared and two 
strong peaks appeared at 1,222 and 1,189 cm−1, which indi-
cates the existence of −OSO3H. FAB-MS: 581 
([M-HCl-OH−]+), 469, 270, 256. Elemental analyses (%) pro-
vided the following results: C: 58.55, H: 10.78, N: 4.41, S: 5.04; 
values found were C: 56.68, H: 10.55, N: 4.60, S: 5.41.  

 
Wavenumber/cm-1 

Fig. 2  IR spectra of Gemini (I) and (II) 
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3.2  Characterization of zwitterionic Gemini (III) 

1H-NMR: 0.88 (t, 6H,Ha), 1.20-1.45 (m, 36H,Hb), 
1.78-1.87 (d, 4H, Hc), 3.52 (t, 4H,Hd), 3.39-3.42 (d, 
12H,He), 3.76 (t, 2H,Hf), 4.34 (d, 2H,Hg), 5.35 (d, 1H,Hh). 
Elemental analyses (%) provided the following results: C: 
56.62, H: 10.19, N: 4.26, S: 4.87; values found were C: 
55.23, H: 9.86, N: 4.26, S: 4.71. The experimental results 
and the calculated results are in accordance with each other; 
hence, the product obtained is what we had anticipated. 
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3.3  Surface activity of synthesized products 

Surface tension of Gemini surfactants I, II, and III were 
measured at 15°C. To compare  Gemini and traditional 
surfactants, the surface tension of N, N-dimethylammonium 
chloride was also measured. The results are shown in Fig. 3. 

 
Fig. 3  The γ - lg c curve of three Geminis and a conventional surfac-
tant 

The breakpoints at the curve of the surface tension (γ)- 
logarithm of the concentration (lg c) were taken as cmc. Te-
ble 1 lists the cmc and the surface tension at cmc (γcmc) of 
different surfactants. 

From Table 1, we can see that the Gemini surfactants can 
self-assemble at concentrations almost 100–1000 fold lower 
than the corresponding conventional surfactant and exhibit 
lower surface tension at cmc. Because of the existence of 
the spacer group, the Gemini surfactants show better surface 
activity. The spacer group connected head groups through 
chemical bonds; thus, the repulsion between head groups 
was strongly decreased. As for different Gemini surfactants, 
their surface activity changes largely with different spacer 
groups. When it comes to Gemini I, II, III, the hydroxyl on 
the spacer group was changed into SO3H, and then to  
−OSO3

−Na+. Thus, the hydrophilic ability of the spacer be-
comes smaller firstly, and then becomes much stronger; 
meanwhile the spacer group becomes even more rigid. All 

these factors result in the cmc and γcmc changing from 
smaller to bigger, and then becoming even lower. The ex-
cellent surface activity of Gemini III is not only due to the 
transformation of the spacer group but also due to the 
change of head groups. Because of its zwitterionic structure 
with three head groups, the pulling force between counter 
ions makes the repulsive force between the head groups 
strongly decrease, so the surfactants molecules are more 
likely to self-assemble, resulting in much higher surface ac-
tivity. 

 
Table 1  The cmc and γcmc of three Geminis and a conventional sur-
factant 

Compounds ccmc/mol L−1 γcmc/mN m−1 

C12H25N+(CH3)3Cl− 1.2×10−2 39.0 

Gemini Ⅰ 6.9×10−4 37.3 

Gemini Ⅱ 8.8×10−4 37.9 

Gemini Ⅲ 7.2×10−5 34.5 

4  Conclusion 

A new type of bis-quaternary ammonium zwitterionic Gem-
ini surfactants with three hydrophilic head groups and two 
hydrophobic chains was synthesized with N,N- dimethyldo-
decylamine, epichlorohydrin, hydrochloric acid, chlorosul-
fonic acid, and sodium hydroxide as reagents. The structure 
was identified by IR, 1H-NMR, MS, and elemental analyses. 
The results of cmc and γcmc indicate that the product has ex-
cellent surface activity. Further researches on this kind of 
Gemini surfactants, especially the schemes about their high 
surface activity, will be helpful in understanding the rela-
tionship between the structure of Gemini surfactants and 
their properties. 
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