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Abstract 
Adsorption at water – air interface and micelle formation in water for nonionic gemini surfactants 

Surfynol® 400 series with different degree of oxyethylation (30, 10, 3.5 и 1.3, respectively) have been 
investigated. Colloid-chemical properties of surfactants given have been studied, their adsorption characteristics 
and critical micelle concentration (CMC) values have been experimentally determined. Decrease of the 
oxyethylation degree results in increase of the surface activity and decrease of CMC values. Gemini 
surfactants have higher surface activities in comparison with monomeric surfactants (sodium laurylsulphate 
and sodium laurethsulphate). The less ethoxylated gemini surfactants show the lowest CMC values (2.1 и 
4.6 mmol/l) whereas more ethoxylated gemini surfactants have CMC values close to that of monomeric 
surfactants (10.0 mmol/l). 

The values of average hydrodynamic radius of micelles have been determined, the micellar mass and 
average aggregation number values for gemini surfactants have been calculated. The average hydrodynamic 
radius is slightly dependent of the oxyethylation degree of surfactant whereas aggregation number increases 
with decreasing of the oxyethylation degree. 

The wetting ability of Surfynol® 400 series on teflon surface has been studied. The decrease of the 
surfactant oxyethylation degree results in improvement of wetting properties. The wetting ability of highly 
ethoxylated gemini surfactants is almost equivalent to that of ethoxylated monomeric surfactants (ethoxylated 
nonylphenols Neonol AF9-10 and Neonol AF9-12). 

For gemini surfactants examined cloud point dependence from the oxyethylation degree is typical for 
ethoxylated nonionic surfactants. 

 
 

References 
[1] Surfactants and polymers in water solutions. K. Holmberg [& others.]. Transl. from. Eng. М.: BINOM. 

LABORATORIYA ZNANIY. 2007. 528p. (russian) 
[2] Gemini Surfactants: Synthesis, Interfacial and Solution-Phase Behavior, and Applications. ed. by 

R. Zana, J. Xia. US: CRC Press. 2003. 385p. 
[3] S.K. Hait, S.P. Moulik. Gemini surfactants: A distinct class of self-assembling molecules. Curr. Sci. 

2002. Vol.82. No.9. P.1101-1111. 
[4] A.V. Anikeev, Т.М. Zubareva, И.А. Belousova, Т.М. Prokop`ieva, А.F. Popov. Aggregational and 

eclectrochemical properties of diepoxyd-made dimer detergents. Хімія, фізика та технологія поверхні. 
2010. Vol.1. No.4. P.450-456. (russian) 

[5] R. Oda, I. Huc, J.-C. Homo, B. Heinrich, M. Schmutz, S. Candau. Elongated Aggregates Formed by 
Cationic Gemini Surfactants. Langmuir. 1999. Vol.15. No.7. P.2384-2390. 



COLLOID-CHEMICAL PROPERTIES OF NONIONIC GEMINI SURFACTANTS Surfynol® 400 SERIES… ____ 92-101 

©Butlerov Communications. 2016. Vol.46. No.6. P.92-101. _________ E-mail: journal.bc@gmail.com _________ 93 

[6] S. Manne, T.E. Schäffer, Q. Huo, P.K. Hansma, D.E. Morse, G.D. Stucky, I.A. Aksay. Gemini 
Surfactants at Solid-Liquid Interfaces: Control of Interfacial Aggregate Geometry. Langmuir. 1997. 
Vol.13. No.24. P.6382-6387. 

[7] A.K. Tiwari, Sonu, M. Sowmiya, S.K. Saha. Study on premicellar and micellar aggregates of gemini 
surfactants with hydroxyl substituted spacers in aqueous solution using a probe showing TICT 
fluorescence properties. J. Photochem. Photobiol. A: Chemistry. 2011. Vol.223. Iss.1. P.6-13. 

[8] D. Xie, J. Zhao. Unique Aggregation Behavior of a Carboxylate Gemini Surfactant with a Long Rigid 
Spacer in Aqueous Solution. Langmuir. 2013. Vol.293. No.2. P.545-553. 

[9] M. Wang, Y. Han, F. Qiao, Y. Wang. Aggregation behavior of a gemini surfactant with a tripeptide 
spacer. Soft Matter. 2015. Vol.11. Iss.8. P.1517-1524. 

[10] Colloid chemistry laboratory course and taskbook. Surface phenomenon and dispersed systems. 
Taskbook for universities. Ed. by V.V. Nazarov and А.S. Grodsky. М.: IKC «Аkademkniga». 2007. 
374p. (russian) 

[11] Programmable correlator Photocor-FC. User`s manual. 
[12] Laboratory course of cosmetic technology: colloid chemistry of surfactants and polymers. Ed. by 

V.Е. Kim and А.S. Grodsky. М.: Top-Kniga. 2002. 374 p. (russian) 
[13] Adamson A. Physical chemistry of surfaces. М.: Mir. 1979. 568 p. (russian) 
[14] V.U. Konyuhov. Colloid chemistry. Germany, Saarbrücken: Palmarium Academic Publishing. 2012. 

368p. 
[15] I.A. Gritskova, R.М. Panich, S.S. Voyutsky. Physico-chemical properties of oxyethylated nonionic 

surfactants. Success in Chemistry. 1965. Vol.34. No11. P.1989-2019. (russian) 
[16] А.А. Ageev, V.А. Volkov. Dependence of water solution surface tension on surfactant molecule 

construction and adsorption layer content. Association of Tourism and Service. 2008. No.4. P.55-61. 
(russian) 

[17] V.К. Tikhomirov. Foams. Theory and practice of its formation and dectruction. М.: Khimia. 1975. 
264p. (russian) 

[18] V.М. Kovalev, D.S. Petrenko. Technology of manufacturing synthetic cleaning agents. М.: Khimia. 
1992. 272p. (russian) 

[19] N. Shenfeld. Nonionic cleaning agents as products of ethylene oxide accession. Transl. from Ger. by 
A.I. Gershenovich and R.M. Panich; Ed. cand. of chem. sc. A.I. Gershenovich. М.: Khimia. 1965. 488p. 
(russian) 

[20] Tronov V.P. Oil trade preparation. Monography. Kazan: Fen. 2000. 416p. (russian) 
[21] Nonionic Surfactants: Organic Chemistry. ed. by N. M. van Os. Surfactant Science Series. US, NY: 

Marcel Dekker. 1998. Vol.72. 312 p. 


