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Abstract Nonionic Gemini surfactants are a new class of highly efficient surfactants with low surface tension and
excellent wettability, which have great potential for application in the field of advanced wet electronic chemicals.
Four nonionic Gemini surfactants with different polyoxyethylene chain lengths (1) are synthesized from 2,5, 8, 11-
tetramethyldodec-6-yne-5, 8-diol and ethylene oxide, namely P1(n=2), P2 (n=4), P3(n=5) and P4 (n=7). The
chemical structures of the surfactants are identified by Fourier transform infrared (FTIR) and 'H nuclear magnetic
resonance (NMR) spectra. The alkyl chain of the 2, 5, 8, 11-tetramethyldodec-6-yne-5, 8-diol is hydrophobic and
the polyoxyethylene chain is hydrophilic, so the hydrophilic/hydrophobic ratio of the surfactant can be adjusted by

ek FYT: 2024-07-11. (4515 & I 1: 2024-10-09.
RN T, 55, P TR, F2 5 A i b2 b S R T 790 5 18T B9 5% . E-mail: yyj@greendachem.com
S 4R, 95, L, ok, Fs Aama B AT B LT TR ST . E-mail: wuzhen@ustb.edu.cn
FEA, B, W, #e, FENFIRE S FMERIR R YIS . E-mail: guojie.wang@mater.usth.edu.cn
FBIUH « FZR A RPLEEES LS 22005021, 51373025), JLaUTT A AR G GIIHES: 22420441 KOBTTIE 220 A ATl 5T A
(A1t 5 NCET-11-0582) % ).
Supported by the the National Natural Science Foundation of China(Nos.22005021, 51373025), the Beijing Natural Science Foundation, China
(N0.2242044) and the Program for New Century Excellent Talents in University, China(No.NCET-11-0582).
# SRS

Chem. J. Chinese Universities, 2024, 45(12), 20240350 20240350(1/10)



Jd EF 2w g R
:u CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

adjusting the length of the polyoxyethylene chain. The effects of different polyoxyethylene chain lengths on surface

tension, critical micelle concentration (cmc) , wetting ability, foam performance, and emulsification capacity are
investigated. With increasing the polyoxyethylene chain length, the polarity and hydrophilicity of the surfactant
increases, leading to a gradual increase in the cmc. The surface tension at cmc (y,,., mN/m) decreases and then
increases with increasing polyoxyethylene chain length, among which the vy, of P2 is the lowest, 27.19 mN/m,
exhibiting excellent surface activity; P2 shows excellent wetting properties with the lowest contact angle of 48° on
polytetrafluoroethylene (PTFE) substrate. The foaming and emulsifying properties increase with the length of the
polyoxyethylene chain, and P2, P3, and P4 show excellent foaming and emulsifying properties. The excellent emulsi-
fying properties of the surfactants are also illustrated by optical micrographs of droplet size and distribution aggrega-
tion. By investigating the effects of different polyoxyethylene chain lengths on the surface tension, cme, wettability,
foaming performance, and emulsifying property of dodecacarbonyl alkynyl nonionic Gemini surfactants, we have
provided a theoretical basis for the structure-property relationship of surfactants, which is of great significance in
promoting the practical applications in the field of wet electronic chemicals.

Keywords Nonionic Gemini surfactant; Polyoxyethylene chain; Surface tension; Critical micelle concentration;

Wettability
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Scheme 1 Synthetic route of dodecacarbonyl alkynyl nonionic Gemini surfactants
P1, n=2; P2, n=4; P3, n=5; P4, n=7.
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Fig.1 FTIR spectra of 2,5,8,11-tetramethyldodec-6-yne-
5,8-diol(a), P1(b), P2(c), P3(d) and P4(e)
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Table 1 Aggregation and adsorption parameters for P1, P2, P3 and P4 at 25 °C

\ 10 eme/ Yemd 10°r,,/ . AG/ AGy/
Surfactant A 5 A /mm” Py cme/c,, ' )
(mol*L™") (mN-m™) (mol*m™) - (kJ+mol™) (kJ-mol™)
P1 0.85 27.97 2.94 0.56 4.22 13.97 -27.47 -42.44
P2 1.44 27.19 2.70 0.62 4.46 41.09 -26.16 -42.75
P3 2.27 27.49 2.56 0.65 4.21 37.06 -25.03 -42.43
P4 2.72 31.19 2.21 0.75 4.20 43.25 -24.59 -43.05

ey K A 1R 20 N/ 75 52 45 T T8 P AL 40 S XA, PR T4 i B 0 43 -
BO MR . SR, FTEHERINY pes BUA , WEKFET I HORCA T . 4F0AE BT Gemini TR HE
PR P2 4 pes A, 22T P2 WK AR 9K FTRCA IR . ) el ST TR P90 ISR 70159 R
RS 3A : oo, ETRAC , DRI T M0 5 T A0 - 1 5 Ak 1 R T/ 260 P T
W . SRTTEERI P2, P3FIPARIEL , PLI emele (EElie/ , HEIGTIE TR A AT AU, 315 P1
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Fig. 4 Photographs of the variation of the contact angles versus the concentrations of P1—P4
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FUIRI UG &0 B0 . 3R RN AR LR TE — 8 R b R A A5 T T 790 1 S K P B i
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Fig. 5 Variation of the foaming volume versus the Fig. 6 Variation of the foaming stability versus the
concentrations of P1, P2, P3 and P4 concentrations of P1, P2, P3 and P4
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Fig.8 Micrographs of emulsion drops of P1(A,—A)), P2(B,—B,), P3(C,—C,) and P4(D,—D,) with the
concentration of 0. 1 g/LL(A,—D,), 1. 0 g/LL(A,—D,), 2. 0 g/LL(A,—D,) and 3. 0 g/L(A,—D,)
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