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Effects of Branched—Chain Alcohols on Surface Activity and
Micellization of Gemini Surfactants

Tang, Yongqiang Zhu, Linyi Han, Yuchun Wang, Yilin*
(Key Laboratory of Colloid and Interface Science, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)

Abstract Gemini surfactants are a kind of novel and efficient surfactants and alcohols are one of the most widely used ad-
ditives to surfactant products in industries and daily life. Understanding the effects of alcohols on surface activities and mi-
cellization of gemini surfactants will promote the applications of gemini surfactants. Effects of linear-chain alcohol
(1-pentanol) and branched-chain alcohols (2-hexanol and 3-heptanol) with the same main chain as 1-pentanol on the surface
activity and micellization of cationic ammonium gemini surfactants C;,CsC1,Br, (§=2, 4, 6, 8, 10, 12) in aqueous solution
have been investigated by surface tension, electrical conductivity, isothermal titration microcalorimetry (ITC), cryogenic
transmission electron microscopy (Cryo-TEM), and NMR techniques. The branched-chain alcohols have not shown obvious
effects on the critical micelle concentration of surfactants (CMC), the size and the morphology of micelles due to loose mi-
crostructure and weak interactions between the alcohols and the gemini surfactant molecules. However, the addition of
branched-chain alcohols greatly decreases the surface tension of surfactants and the surface tension decreases with the in-
crease of the branching factor of the alcohols. In addition, the surfactant concentration required to reduce the surface tension
of the solvent by 20 mN/m (Cy) and the surface tension values of the surfactants at CMC (ycmc) decrease obviously with the
increment of the branching factor of the alcohols at a fixed alcohol concentration due to the increase of the hydrophobic chain
density at the air/solution interface. The results suggest that the branched-chain alcohols influence the self-assembly of sur-
factants more obviously at the air/solution interface than in micelles. Moreover, there is a second critical concentration in the
surface tension curves of C;,C;oC,Br, and C,,C,C,Br, with a longer spacer, indicating that the hydrophobic chains of these
gemini surfactants are not packed tightly even above CMC due to the flexibility of their spacers and low CMC, and are
packed more tightly with the increase of the surfactant concentration. The addition of alcohols decreases the second critical
concentration remarkably with the increase of their branching factor, which means that the branched alcohols have a more
obvious effect on the surface activity of gemini surfactants with a longer spacer. This work helps us to understand the effects
of branched-chain alcohols on the self-assembly of gemini surfactants at air/solution interface and in bulk solution, and may
provide some guidance on how to choose alcohols to adjust surface activities and micellization of gemini surfactants.
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Figure 1 Chemical structures of the alcohols and gemini surfactants.
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Figure 2 Surface tension () versus Cs (a and b) and molar conductivity (4) versus Cs"? (c) of gemini surfactants C,,CsC,Br, (S=2, 4, 6, 8, 10, 12) with
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Table 1 Effects of alcohols on CMC, C*, C20, Yemcs Linaxs Amin and a values of C1,CsCi,Br, (S=2, 4, 6, 8, 10, 12) in aqueous solutions at 25 C

cMCY cMmc? c Co/ yomc/ Tnaxx10/ Awin/
Surfactant Alcohol a
(mmolsL ") (mmolsL ") (mmolsL ")  (mmoleL")  (mNem ') (molem?) nm’
— 0.94 0.91 — 0.22 31.0 2.93 057 017
1-Pentanol 0.90 0.91 — 0.20 313 2.76 0.60  0.17
CrC:CrBrs 2-Hexanol 0.83 0.78 — 0.12 27.6 2.53 0.66 020
3-Heptanol 0.81 0.75 — 0.090 26.0 2.47 0.67  0.19
— 1.17 1.12 — 0.36 37.9 239 070 026
1-Pentanol 0.96 1.05 — 0.21 34.7 231 072 026
CrCCiBr, 2-Hexanol 1.16 1.02 — 0.17 33.3 2.06 0.81 027
3-Heptanol 1.08 0.90 — 0.10 30.2 1.87 0.89 030
— 1.13 1.03 — 0.38 41.0 2.04 082 033
1-Pentanol 1.02 0.98 — 0.22 38.2 1.84 090 035
CrCeCiBr, 2-Hexanol 0.99 0.92 — 0.15 36.5 1.68 099 035
3-Heptanol 0.90 0.81 — 0.069 33.6 1.45 114 038
— 0.75 0.77 — 0.25 421 1.79 093  0.40
1-Pentanol 0.70 0.70 — 0.13 39.8 1.45 114 042
CizCiCraBrz 2-Hexanol 0.76 0.69 — 0.11 385 1.43 116 043
3-Heptanol 0.62 0.59 — 0.053 355 1.36 122 045
— 0.50 0.52 107 0.14 424 1.63 102 047
1-Pentanol 0.47 0.46 55 0.10 40.8 1.53 1.08 049
CizCuuCraBrz 2-Hexanol 0.50 0.46 34 0.060 39.3 1.21 134 047
3-Heptanol 0.39 0.45 8.4 0.034 37.1 1.20 135 047
— 0.20 0.30 53 0.060 43.0 1.49 111 0.69
1-Pentanol 0.12 0.41 24 0.033 424 1.32 126 073
C1,C1,C1Br;
2-Hexanol 0.16 0.35 19 0.029 40.6 1.31 127 072
3-Heptanol 0.10 0.36 10 0.003 38.7 0.74 223 088

“ Determined by surface tension measurements; ” determined by conductivity measurements.
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Figure 3 The Cryo-TEM images of (a) 30.0 mmol/L C;,CsC,,Br,, (b)
30.0 mmol/L C;,C¢C1,Br,+10.0 mmol/L 3-heptanol, (¢) 10.0 mmol/L
C12C12C12Br2, (d) 10.0 mmol/L C12C12C12Br2+ 10.0 mmol/L 3—heptanol.
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Figure 4 The observed enthalpy changes against alcohol concentrations for the titration of concentrated alcohol solutions into (a) 5.0 mmol/L

C12C5C12BI'2 and (b) 5.0 mmol/L C12C12C12B1‘2
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