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Surface Activity of a Novel Borate Ester Surfmer and Its Interaction with

LAS in Aqueous Solutions
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Abstract:  Using surface tension method, the changes of surface activity and thermodynamic properties of a novel
borate surfactant surfmer (BES) in aqueous solution were studied at different temperatures (288—313 K). The interaction
of BES with sodium dodecylbenzene sulfonate (LAS) in 0.5 mol-L™" aqueous NaCl solutions was also measured. The
results showed that the critical micelle concentration (cmc) of BES at 298 K was 0.066 mmol -L™, and y,, was 29.2 mN
m™. The micellization free energie (AGy) was in the range of —22.4 — —25.8 kJ -mol™ at the experimental temperatures,
and the process of micellization of BES was mainly driven by the entropy. The mixed BES/LAS solution was a non-

ideal system with negative deviation, and the average molecular interaction parameter 8 ,, was —3.48. When the molar
fraction aggs of BES in bulk solution was 0.5, its molar fraction X,,, in mixed micelles was 0.46, |3,! could reach the
maximum, cmc of the mixed solution reached the minimum 0.017 mmol-L™, and Y., was 27.8 mN-m™.

Key Words: Surfmer; Borate ester; Critical micelle concentration(cmc); Molecular interaction parameter

n] AT 177 (polymerizable surfactant,
PR surfmer) A] 3z W TR B ALK R G, DhRERLPE
15 5T IR 25, AR GRS g A, )
REGIKR R 25, A5 BEEASE 4D K e PR BB K 2R G 4
&0 S R IRTEYER AR AR R R
(7] 51 358 14 ot 5 A R T 2 T P 791 8 A o % T
TSP, R v, BA 0 R 0 sk 2Lk, P
KB OB TE M PRI SRR, I Hx 2t
RIETEVER TR A E T T AV, & — 25

Received: July 3, 2006; Revised: September 15, 2006.

“Corresponding author. Email: haiyw25@163.com; Tel: +8625-83017826.

IRy AL 2 o7, DB T-E AT 2R 5 TR T

P PR A HR A P A T R G FEAT
FAMTE T —Fhopr B A s T SRS BRI 5 1hT

{EPEFI(BES)™, HEEF AT

OCH,CH,

I
CH=CH—C—NH—CH,—O—H
N OCH,CH,

AR S R G BT SE BES BAZH S0 AE

N—(CH,) ,CH,

© Editorial office of Acta Physico-Chimica Sinica



254 Acta Phys. -Chim. Sin., 2007

Vol.23

ANTRTHR BE T B R TR~ P o B J AR 27 R 5
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Fig.1 Curves of the surface tension vs lgc of BES in
aqueous solutions at different temperatures
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Table 1 Surface chemical properties of BES aqueous
solution at different temperatures

T cmc Veme I, An
K mmol-L™ mN-m™ pmol - m™ nm’
288 0.087 29.7 2.97 0.56
293 0.076 29.5 2.79 0.58
298 0.066 29.2 2.66 0.61
303 0.058 29.2 2.52 0.66
308 0.053 29.0 2.35 0.71
313 0.050 28.9 2.18 0.77




No.2 T O A < R SR PRI 2 I AR A e s RS R LAS AHEAE ] 255

*2 AEIRET BES BREREMHNZERE
Table 2 Thermodynamic parameters of micellization
of BES aqueous solution at different temperatures

T AGH AH, ASy TASD
K K-mol”  K-mol' kl-mol+K' kI mol®
288 224 15.6 0.132 38.0
203 231 16.1 0.134 39.2
208 —23.8 16.7 0.136 405
303 —24.6 173 0.138 419
308 252 178 0.140 43.0
313 —25.8 184 0.141 44.2

JCILIR T sk, Ay F- s i, SiF— P aiIRiX
FlAT PRt it), BN ASY WL TH v i 4 . R
T TH =, AH B R, (R LR Ko B2/ TAS),
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T B8 T30 i T B AU T R od S R A
b = B IR IR A R, TS AR B R T
I+ e B R A LIRTEA L. BES 45 5058 [ R 1H1 16
P, B R — 2R S i i T R, H AT TR
A, A ETE G B A (.
2.2 BES/LAS BE&ZRZEERIER

y/(mN.m™)

-6.0 -5‘.5 —5|40 —4I.5 —4I.0 -3‘5
lg(e, / (mol - L71))
B 2 BES/LAS RS RA y-lgc ik
Fig.2 Curves of the surface tension vs lgc: of BES/

LAS mixed aqueous system (0.5 mol-L NaCl) at
different ags and 298 K
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Table 3 cmc and vy, of different surfactants, 298 K

cme Yeme

Surfactants —_—— ———  poy Ref.
mmol-L” mN-m™
BES 0.066 29.2 5.65  this paper
C,HysSO,Na 8.1 39.5 2.39 [9]
C,HxN(CH3);Br 16 38.9 2.15 [11]
C,.H,5(OC.H,),OH 0.064 28.9 5.35 [12]
C,.H,5(OC.H,);OH 0.082 33.7 5.28 [12]

208 K °F, Ml T BES 5 BH & 7 mig e -+
TREHIRIETR AN LAS, AN[F] BES BEIR MK otpes TR
PR (0.5 mol - L"NaCl % i) 1 2R 181 5K 7 15 2R 1HI T M
FRHE o FHRZ, R TR 2. TS RSRAE
TR Z I TS AR B eme B H R T TK ST Yamer A1
2R A B 1, 51 T3 4. Hip, Otpes=Tges/ (Npest
nias)s T A Ty (D) TR

4 KW, BES/LAS IRA KR4 B 81 P [F] 3%
RAER . FEAR SIS Z 4 54, AR L e 9 BES/
LAS IR AR R cme M yone BACT 44 5, Hp Y
oes=0.5 B}, eme 5 BB AL, 4351 Ry 4l 4H 4 BES F
LAS 19 1/3 1 1/2, Yo WFEALE] 27.8 mN-m™. 24
LAS JInA %] BES ¥ Bk, Fh P8 2 1 33 1 551 49
Tl B A B AR, TR AR 2 43 ) = A B A 1)
AHELAE FH, 8 2 TV PR 3G 5, I S MR eme &2
H yem FEAK. 24 BES 5 LAS DIEE/R L 1:1 IR-S 1T,
FETTVE PS5, RT LA b BRh — 5 A B PR d
K.

0 5 9 e fL -, BES HR R o] 5 A
JRFIE L5 F N BN BLALEE, DI TR et i i B4
MRAZ L5 HE, {f BES SR /K FARFE K. i fE i i G
BLHL A AW, K B 75 LAS B 7454, )
KHLHIE5 T LAS 43T R0 L5 77, £ BES 10 Al

% 4 BES/LAS BEEFFRHRENLRZMER
Table 4 Surface chemical properties of BES/LAS
mixed aqueous solution (0.5 mol-L~ NaCl) at
different molar ratios

cmc YVeme I,
s mmol-L™ mN-m™ pmol -m™
1.0 0.056 28.8 2.75
0.9 0.029 28.6 2.84
0.7 0.019 27.8 3.29
0.5 0.017 27.8 3.55
0.3 0.019 28.7 3.51
0.1 0.022 29.3 3.79
0.0 0.035 31.0 4.27

T=298 K; opps=npgs / (Npps+ias)
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Fig.3 Variation of the lgcmc with the change of
molar ratios of BES in BES/LAS mixed aqueous

system (0.5 mol-L* NaCl), 298 K

ideal curve(---), experiment data(O), calculated curve(—)
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Table 5 Micellization parameters of BES/LAS mixed
aqueous solution at different molar ratios

Opes Xim Sim B

0.9 0.67 0.70 -3.14
0.7 0.53 0.45 -3.61
0.5 0.46 0.34 -3.73
0.3 0.38 0.27 -3.45
0.1 0.27 0.15 -3.47
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Fig.4 Variation of X, and |3,| with molar ratios of
BES in BES/LAS mixed aqueous solution
(0.5 mol-L*NaCl)
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