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Effect of hydrophilic and hydrophobic groups on interfacial
propertiesof fatty acyl amino acid surfactants
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Abstract: Nine kinds of fatty acyl amino acid surfactants were prepared from the reaction of methyl laurate,
methyl myristate and methyl palmitate with alanine, serine and threonine, respectively. The effect of the
synergistic interaction between hydrophilic/hydrophobic groups on the interfacial behavior of fatty acyl
amino acid surfactants were analyzed by surface/interfacial tension test and interfacial dilatational
rheological experiments. The results showed that compared with that of fatty acylalanine, the hydroxyl
groups in a-substituents of fatty acylserine and fatty acylthreonine surfactants contributed to the
enhancement of intermolecular hydrogen bonding, the improvement of interfacial activity, and the close
arrangement of surfactant molecules at the interface. Meanwhile, the increase in the fatty acyl carbon chain
length made the influence of amino acid a-substituents on the interfacial properties of surfactants more
significant. In turn, the polar a-substituent of amino acid facilitated the hydrophilic-lipophilic balance of
long-chain fatty acyl surfactants and improved their interfacial properties. Due to the synergistic effect of
hydroxyl group and long chain fatty acyl group, the critical micelle concentration (CMC) of palmitoyl
serinate surfactant declined to 3.9x10™* mol/L, the surface tension of aqueous solution at CMC was reduced to
27.60 mN/m, the minimum surface area occupied per surfactant molecule at surface decreased to 0.87 nm?, and
the interfacial dilatational modulus was enhanced as high as to 47.60 mN/m. Hydroxyl group of amino acid
and long fatty acyl group showed a good synergistic interaction in the enhancement of interfacial properties.
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C12Ala: '"HNMR (600 MHz, DMSO-dy), 6: 8.05
(d, 1H), 4.17 (m, 1H), 2.08 (t, 2H), 1.47 (m, 2H), 1.24
(m, 19H), 0.86 (t, 3H) . ESI-MS , m/Z :
CsHysNO;[M+H] PRI {E 270.0, IH{E 269.9.

Cl4Ala: '"HNMR (600 MHz, DMSO-d;), J: 8.05
(d, 1H), 4.18 (m, 1H), 2.08 (t, 2H), 1.47 (m, 2H), 1.24
(m, 23H), 0.86 (t, 3H), ESI-MS, m/Z: C,;H,NOs[M+H] "
FRIEAE 298.0, fli{H 297.9,

Cl6Ala: '"HNMR (600 MHz, DMSO-dy), 6: 8.05
(d, 1H), 4.18 (m,1H), 2.08 (t,2H), 1.47 (m,2H), 1.24
(m, 27H), 0.86 (t, 3H). ESI-MS, m/Z: CoH3NOs[M+H]~
PESAE 326.0, MI{H 325.9,

Cl12Ser: "HNMR (600 MHz, DMSO-d), J: 7.47
(s, 1H), 3.90 (s, 1H), 3.56 (dd, 1H), 2.10 (t, 2H), 1.47
(t, 2H), 1.24 (m, 18H), 0.86 (t, 3H), ESI-MS, m/Z:
CsHsNO,[M+H] HEiS{H 286.0, lli{{H 285.6,

Cl4Ser: '"HNMR (600 MHz, DMSO-dy), d: 7.21
(s, 1H), 3.69 (s, 1H), 3.50 (dd, 1H), 2.09 (t, 2H), 1.45
(t, 2H), 1.24 (m, 22H), 0.86 (t, 3H)., ESI-MS, m/Z:
Ci7H3NO,[M+H] #iS{H 314.0, ML{H 313.7,

Cl6Ser: '"HNMR (600 MHz, DMSO-dy), J: 7.16
(s, 1H), 3.58 (s, 1H), 3.49 (dd, 1H), 2.10 (t, 2H), 1.47
(t, 2H), 1.24 (m, 26H), 0.86 (t, 3H), ESI-MS, m/Z:
C1oH36NO[M+H] i fH 342.0, ML 341.7,

C12Thr: '"HNMR (600 MHz, DMSO-dy), &: 7.67
(d, 1H), 4.21 (dd, 1H), 4.11 (m, 1H), 1.49 (t, 2H), 1.24
(m, 18H), 1.04(d, 3H), 0.86 (t, 3H)., ESI-MS, m/Z:
C16H30NO,[M+H] #i2{H 300.0, ML {H 300.0,

C14Thr: '"HNMR (600 MHz, DMSO-dy), 6: 7.67
(d, 1H), 4.22 (dd, 1H), 4.11 (m, 1H), 1.49 (t, 2H), 1.24
(m, 22H), 1.04(d, 3H), 0.86 (t, 3H)., ESI-MS, m/Z:
CisH3NO,[M+H] HiS{E 328.0, lliL{H 328.1,

C16Thr: '"HNMR (600 MHz, DMSO-dy), &: 7.67
(d, 1H), 4.82 (d, 1H), 4.22 (dd, 1H), 4.11 (m, 1H),
1.49 (t, 2H), 1.24 (m, 26H), 1.04(d, 3H), 0.86 (t, 3H).

ESI-MS, m/Z: CayH3sNOJM+H] Bt {H 356.0,
1 356.2,
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Fig. 1 Surface tensions of fatty acyl amino acid surfactant
aqueous solutions as a function of surfactant
concentration
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Table 1 Parameters of surface activity of fatty acyl amino
acid surfactants

FEETEFR CMC/(mol/L) yeme/(mN/m) — Ty/(mol/em?) A pi/nm?

Cl2Ala 6.5x107° 40.29 1.27x107%° 1.31
Cl2Ser 3.2x107° 39.36 1.41x107%° 1.18
CI12Thr 3.7x107° 37.07 1.27x107%° 1.26
Cl4Ala 2.5x107 38.22 1.28x1071° 1.30
Cl14Ser 2.3x107° 36.50 1.43x107"° 1.16
C14Thr 2.3x107° 31.79 1.31x107"° 1.27
Cl6Ala 1.0x107° 30.56 1.58x107"° 1.05
Cl6Ser 3.9x107* 27.60 1.90x107"° 0.87
C16Thr 5.8x107™* 29.02 1.74x107"° 0.95
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Fig. 2 Dynamic interfacial tensions between aqueous solutions with different concentrations of fatty acyl amino acid

surfactants n-decane
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Fig. 3 Dynamic interfacial dilatational moduli between aqueous solutions of fatty acyl amino acid surfactants and n-decane
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