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Abstract Perfluorooctanoic acid (PFOA) and perfluorooctane sulphonate (PFOS) were listed under Stockholm convention
on persistent organic pollutants owing to their poor biodegradability and toxic effects in the environment, so various strate-
gies were reported for synthesizing non-bioaccumulable alternatives to them. Herein, we described our recent strategies for
synthesis of non-bioaccumulable fluorinated surfactants by introducing branched perfluorinated chain using perfluo-
ro-2-methyl-2-pentene as starting material. Novel branched fluorinated cationic, gemini and amphoteric surfactants were
designed and prepared through a four-step route. They all have low solubility in water and exhibit poor ability to reduce the
surface tension of water. A series of branched fluorinated nonionic surfactants with different length of hydrophilic chains
were synthesized via a three-step route. The solubility becomes larger with the increase of the value of polymerization degree
of polyethylene glycol. But, the surface tension measurement results show that their ability and efficiency to reduce the
surface tension of water change little when the value of polymerization degree of polyethylene glycol is equal to or greater
than 4. All the values of surface activities of the novel 20~22 surfactants (take the compound 20 for example, about 21.4
mN/m at the cmc 4.4 X 107> mol/L) are lower than that of sodium perfluorooctanoate (about 24.7 mN/m at the cme 3.1X 107>
mol/L). Methyl-benzenesulfonic acid (compound 23) was synthesized through a two-step route. Both the steps are easy
work-up, mild reaction conditions, low cost and high yields. The surfactant exhibits excellent ability to reduce the surface
tension of water to 20.8 mN/m. Besides, it has good salt-resistance. The acute toxicity of 20 was investigated and the result
shows that the acute oral toxicity LDs, Value of the compound 20 was 3160 mg/kg which is higher than that of ammonium
perfluorooctanoate (C;F;sCOONH,, 470~540 mg/kg). So preparing branched fluorinated surfactants using hexafluoropro-
pylene (HFPD) is a simple, economical and environmentally friendly method for synthesis of alternatives to PFOA and
PFOS.

Keywords perfluorooctanoic acid (PFOA); perfluoro-2-methyl-2-pentene; branched fluorinated surfactant; surface tension;
critical micelle concentration; acute toxicity
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Scheme 1  Synthesis of fluorinated surfactants based on HFPD
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Scheme 3  Synthetic route to produce surfactants with bromomethyl-benzene as starting material
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Scheme 5 Synthetic route to produce the novel branched fluorinated surfactants
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Figure 2 Surface tension values of 15, 16 and 17

Figure 1 Surface tension values of A (8 : 9=59% : 41%), B (10 : 11
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Figure 3 Surface tension values of 18~22
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Figure 4 Effect of electrolyte on surface tension of 23
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mg/kg; >5: rat, oral, LDso>5000 mg/kg.
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