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Abstract: Cage polyhedral oligomeric silsesquioxane (POSS) with epoxy group and different alkyl chain
lengths (n) 7EP-POSS-C, (n=1, 4, 8, 12) were synthesized from hydrolysis of 3-glycidyl
etheroxypropyltriethoxysilane and alkyl triethoxysilane with different alkyl chain lengths (methyl, isobutyl,
n-octyl and dodecyl), and further modified with taurine (Tau) to obtain a series of Tau-modified
POSS-based giant surfactants (7Tau-POSS-C,), which were characterized by FTIR, NMR, TEM, and DLS.
The surface activity, wettability, interfacial activity, temperature resistance, and salt resistance of
7Tau-POSS-C, were analyzed through surface tension tester, contact angle tester, and interfacial tension
tester. The results indicated that 7Tau-POSS-Cg (n=8) exhibited the best surface activity, interfacial activity
as well as wettability. The surfactant was uniformly dispersed in the aqueous solution in the form of
spherical micelles, with an average particle size of 135.5 nm, a polydispersity index of 0.405, critical
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micelle concentration of 0.04 mol/L, and the lowest surface tension of 29.0 mN/m. The 7Tau-POSS-C; at a

concentration of 0.04 mol/L could reduce the oil-water interfacial tension to 5.821 mN/m, and reduce the

water contact angle of the oil-wet polytetrafluoroethylene film to 38.0°. 7Tau-POSS-C, had a larger polarity

difference and molecular volume, which made it more interfacial active and highly adsorptive stability at

the liquid-liquid interface, thus significantly reducing the interfacial tension between oil and water.

Key words. giant surfactants; polyhedral oligomeric silsesquioxane; taurine; interfacial tension; organic/

inorganic hybrid materials
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FIpeire, A 11.5g (0.091 mol ) Y Tau; 2RJ5, ¥
15.3 g (0.013 mol ) f¥ 7EP-POSS-C, ¥Af#AE 75 mL
THF 1, ZE A% FR = DRSmN SR IR A8
o TEINSEEE, 7E 60 °CREIEN 8 hy RNEASHE,
U, FHEVFHIECHEBEATIR)E, PR OBV

R R

/
)/O ~si
R O /\
7 H,N \Si//OP\Si/O o
2 \/\SO3H + / R’Si\\bR’ SE
0\ 0 (/) o N Hy
%
Si\o/Si/
R \
R

50°C,40h

12 Ak
1.2.1 7EP-POSS-C, & 7%

TG, TR PR AN R v A /) = T BE R
RN 75 mL B9 THF,9 mL i 25 55 17K ,2 mL
) MeCN, 4 mL ) i-PrOH, 0.5 mL 1) TEAOH /K%
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EMIEEH . MIE T 7Tau-POSS-C,, FH edLsi K
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B o
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3 M, FWH 7Tau-POSS-Cp MIIA . W (c). (e)
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POSS-C4 i 5 T 5EH1 7Tau-POSS-C, [ H 3 —CH,
FFFIs, 1 (c) A1 (a), 1§ (e) A1 (d), 1% (g)
() P AR > 2 Fe 433 3.00 @ 13.14 . 6.00 -
14.64 F13.00 : 7.29, 435l 5HIE 3 : 14, 6 : 14,
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2.1.3 DLS 5 #r

& 4k 7Tau-POSS-C, TE/K I -HIE iU R ik
AN, 1 WHAPRAR 25384645k (PDI ),
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FkifE AR (PDI=0.536 ), XJ&KN, 7Tau-POSS-C,
FR % 7K L A R LA g K PR 5SS RO R i i
MR, AR RS K,
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Fig. 4 Particle size distribution curves of 7Tau-POSS-C,
formed micelles in aqueous solution
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21 7Tau-POSS-C, [ FH K421 PDI

Table 1  Average particle size and PDI of 7Tau-POSS-C,
AR P RiAR /nm PDI
7Tau-POSS-C, 222.7 0.536
7Tau-POSS-C, 153.4 0.456
7Tau-POSS-Cy 135.5 0.405
7Tau-POSS-C,, 168.6 0.531

Bifi 5 ot SEBE 1< BE (934, 7Tau-POSS-C, 7K
WY R B/ N R RS, 2R,
il 25 Joe B B 1 B3, 5 K PE L3 3R, 7 Tau-POSS-
C, W BUB A (e 3t ak , P RiAR b Z i ; (A
S, BEHEEEEZ A — S A2 BH, e S B i
K B ) o7 PSR ke 555 K n=12 BT, 7Tau-
POSS-Cio T8 S 1 o Y 1 28380/ 0N T8 1 e o 7
K, FECEHRARAE K, PDI 2 i % 8 b ks
ARSI ERI SR, PDI N, AR R EORL 2 A
¥5) . KRR E ., —MIh, PDI<0.7 K5 Aty
SRR AEPY, R 1 BT IE H, 7Tau-POSS-C,
B PDI #J<0.6, #F B 7Tau-POSS-C, X # 1 H
BB B A, bR K n=8 I,
7Tau-POSS-Cy, B F- ¥ Ri42 K 135.5 nm, PDI W
0.405,

2.1.4 TEM 4 #F
&l 5 Jy 7Tau-POSS-C, i) TEM [,

A. A'—7Tau-POSS-C;; B. B'—7Tau-POSS-C4; C. C'—7Tau-
POSS-Cs; D. D'—7Tau-POSS-C,,
5 7Tau-POSS-C, fEAFHCAAEEL T ) TEM [
Fig. 5 TEM images of 7Tau-POSS-C, at different
magnifications

M 5 ATLIFEH, 7Tau-POSS-C, ki T K/N <
10 nm, H AL RIS r iR BRI 454 . 454 FTIR (&
2B ) #l 'HNMR ( & 3B ) 45 %, # — ks
7Tau-POSS-C, LI & hl .
2.1.5 &A@k HE CMC 5 #

% 6 k 7Tau-POSS-C, Y # 1 5K 7 Fifi H e 82 119 28
Tk .

72+ —=—7Tau-POSS-C,
—e— 7Tau-POSS-C,

264 -4~ 7Tau-POSS-Cy
% s6l ~v- 7Tau-POSS-Cy,
§ 48t
=t
w40t

32t

0 002 004 006 008
e /(mol/L)

Kl 6 7Tau-POSS-C, ¥ il 4 1 1K 1 5 HU L 1Y) 56 A i 4k

Fig. 6 7Tau-POSS-C, surface tension-concentration curves
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Fig. 8 7Tau-POSS-C, interfacial tension-temperature curves
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Fig. 9 Effect of NaCl (A) and CaCl, (B) mass concentrations
on salt tolerance of 7Tau-POSS-C,,
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Fig. 10 Water contact angle between 7Tau-POSS-C, solutions

with different concentrations and polytetrafluoroethylene
film
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Table 2 Water contact angle of 0.04 mol/L 7Tau-POSS-C,
solution and polytetrafluoroethylene film
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