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The CMCs of LA and LA3 nonionic surfactants obtained from the reaction between glycidol and lauryl alcohol were found
to be 0.97 x 10° mol/L and 1.02 x 10” mol/L respectively and the surface tensions for 1 wt% surfactant were 26.99 and
27.48 mN/m respectively. Dynamic surface tension measurements using a maximum bubble pressure tensiometer showed that
the adsorption rate of surfactant molecules at the interface between the air and the surfactant solution was found to be rela-
tively fast in both surfactant systems, presumably due to the high mobility of surfactant molecules. The contact angles of
LA and LA3 nonionic surfactants were 27.8 and 20.9° respectively and the dynamic interfacial tension measurement by a
spinning drop tensiometer showed that interfacial tensions at equilibrium condition in both systems were almost the same.
Also both surfactant systems reached equilibrium in 2~3 min. Both surfactant solutions showed high stability when evaluated
by conductometric method and the LA nonionic surfactant system provided the higher foam stability than the LA3 nonionic
surfactant system. The phase behavior experiments showed a lower phase or oil in water (O/W) microemulsion in equilibrium
with an excess oil phase at all temperatures studied. No three-phase region was observed including a middle-phase micro-
emulsion or a lamellar liquid crystalline phase.
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2.1. AEME
1,4-dihydroxybutan-2-yl dodecanoate (C;sH3,04, LA) H]O]> A

JA| 2} 1,4-dihydrox ybutan-2-yl 3-(undecyloxy) propanoate (CisHsOs,
LA3) H|o]& A& ] el ARE-3E S A glycidol GHO,, =15
99%)3} 29 25 -E(lauryl alcohol CioHaO, =5 99%), 294 <&
FE& ol SAlo]=(ethylene oxide, EO) 3%(CisH3304, =5 98%)
< 353 Sigma-Aldrichol] A F-¢ste] TS A9 glo] Tz
Aol ARsIITh T st AAE/d Aol tiste] cMC, 32, A
W, A, A5, 809 A W AF B d(foam stability)
o A4 St AHMSES AT
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2.2.1. LA H|O|2 AHEMH &

500 mL 57 STHE Z2l430 lauryl alcohol (186.33 g, 1.00
mole)?} KOH (2.6 g, 0.05 mole)E E3L AJ=2el4 1 h F&= WRAIT]
$of, glycidol (74.08 g, 1.23 mole)= Y1l WHIEISILE ©] E3ES
150 CellA 5 h Bt wRkslA] A7l & AlASE & 255 180 TE
<94 3 h o WS SR3ick o] w ] REE-E3HE-S gas chromatography
(GO)E 233197 lauryl alcohol 2] ko] 10% m]ukelS- sHolslgi). Wk
EFES IS ol g3to] exld] wFste] AHE 251 g (¢
& 96.4%)S AAUTE 1 F2] UH(1.2 g)E silica gel column chroma-
tography (25 id x 250 mm, 3:2 hexane/EtOAc)3t] #4148 AJH(1.01
2)= ¥tk TLC (1:1 hexane/EtOAc) Rr 0.28; 'H-NMR (400 MHz,
CDCL) 6 3.84 (1H, m), 3.68 (1H, dd, J = 11.4, 3.6 Hz), 3.59 (1H,
dd, J = 11.4, 6.0 Hz), 3.49 (2H, m), 3.44 (2H, m), 1.55 (br quint, J =
6.8 Hz), 1.40~1.30 (18H, m), 0.96 (3H, t, J = 6.8 Hz) ppm; "C-NMR
(100 MHz, CDCLs) & 72.5, 72.0, 70.8, 64.4, 32.1, 29.83, 29.80, 29.78,
29.77, 29.73, 29.64, 29.52, 26.2, 22.8, 14.3 ppm.

;

222. LA3 H[O|2 AHEEHA &

500 mL 57 &oHFE Z24 300 lauryl alcoholl] ethylene oxide
3ES BN 2F3(318 g, 1 mole)¥} KOH (3.9 g, 0.05 mole)=
231 Z2of|A 1 h A= WA 3o, glycidol (81.48 g, 1.36 mole)<
WRFEFILE o] EFE-S 150 CollA] 5 h B¢ wikshas A7l
AAZ F, 255 180 CE 24 3 h ] wHkE 313ich ojw<]
-5 2358 gas chromatography (GC)E #213}] lauryl alcohol-
ethylene oxide®] o] 10% w|HH-& Ak ¥ E3=S A
SH7)E ol gsto] 2hds] wFsto] AHE 375 g (FF 95.5%)= &
Stk 71 59 AH4(1.1 g)E silica gel column chromatography (25 id
x 250 mm, 3 : 2 hexane/EtOAc)3}od w418 A|E(1.02 g)& A3k
TLC (2 : 3 hexane/EtOAc) R¢ 0.22; 'H-NMR (400 MHz, CDCL) &
3.87 (1H, m), 3.71 (1H, dd, J = 11.2, 4.8 Hz), 3.61 (1H, dd, J = 11.2,
5.2 Hz), 3.68 (2H, m), 3.62 (4H, m), 3.58 (4H, m), 3.46 (6H, t, J =
6.8) 1.58 (br quint, J = 6.8 Hz), 1.40~1.20 (18H, m), 0.88 (3H, t, J
= 6.8 Hz) ppm; "C-NMR (100 MHz, CDCL;) & 733, 71.8, 71.1, 70.7,
702, 64.2, 32.1, 29.86, 29.83, 29.80, 29.78, 29.76, 29.72, 29.63, 29.52,
26.2, 229, 14.3 ppm.
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Figure 1. Synthesis of LA series surfactant; (a) LA and (b) LA3.
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A &% e A3E Figure 30 YERNSI 2 W, Figure 32| A3}
ZHE 2G4 CMC 7T 1 wi% ARZAIA g tiste] St
EWE A3E Table 1] Q0Fsto] LERSITE Figure 63 Table 1
off el Aol B 4= 9150] LA v]o] A cMC+
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Proton  Chemical shift (ppm)  Proton Chemical shift (ppm)
1) 0.88 6) 3.71, 3.68, 3.61
2) 1.40~1.20 7) 3.87
3) 1.58 8) 3.58
4) 3.46 9) 3.78
5) 3.62, 3.56

(c)

Proton  Chemical shift (ppm)  Proton Chemical shift (ppm)
1) 14.3 8) 70.7
2) 229 9) 71.8
3) 32.1 10) 29.8
4) 29.6 11) 71.1
5) 29.8, 29.7 12) 733
6) 26.2 13) 70.2
7) 29.8 14) 64.2
(d)

Figure 2. '"H NMR and “C NMR spectra; (a) '"H NMR spectrum of LA, (b) >C NMR spectrum of LA, (c) '"H NMR spectrum of LA3, and (d)

BC NMR spectrum of LA3.

HH LA3 o] A-BAAL CMC % 1.02 x 107 mol/Le]H,
1 wt% F5olM 9] Fgele 27.48 mN/molth. o2t CMC =7

a3}
3

o}

= Adr o7 Hlo]& AWEAIA L CMCF 10°~107 mol/LS)
AA|SH= Z10|M[4-10], LA3 Hlo] AHEA AL CMC #3 1 wi%

Appl. Chem. Eng., Vol. 22, No. 4, 2011



>~

380 AFEF -0l &£-4

Table 1. Summary of Physical Properties of Surfactants Measured at 25 T

MW CMC Surface tension® IFT® Viscosity®  Contact angle® Foam stability! Emulsion stability® (1/V)

(g/mol) (mol/L) (mN/m) (mN/m) (mPas) ©) (%) Top Bottom
LA 288.42 0.97 x 10° 26.99 0.1524 1.03 £+ 0.05 27.8 £ 0.3 38.67 7.00 7.30
LA3 420.48 1.02 x 107 27.48 0.1716 1.00 £ 0.02 209 = 0.4 60.02 0.93 0.94

* Measured with 1 wt% surfactant concentration

" Interfacial tension measured between 1 wi% surfactant solution and n-decane using a spinning drop tensiometer.

¢ Measured with 5 wt% surfactant concentration

d Percentage of foam volume decrease during 1500 s, initially generated with 1 wt% surfactant concentration.
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Figure 3. Measurement of critical micelle concentration of LA series
surfactant at 25 C; (a) LA and (b) LA3.
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Figure 4. Dynamic surface tension of LA series surfactant at 25 C by
a maximum bubble pressure tensiometer; (a) LA and (b) LA3.
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FAA] cMC 27 233 1.0 x 107 mol/Le] 7oA = Figure
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Figure 5. Dynamic interfacial tension between 1 wt% LA series

surfactant solution and n-decane at 25 ‘C by a spinning drop tensiometer;
(a) LA and (b) LA3.
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Figure 6. Measurement of foam volume decrease with time for 1% LA
series surfactant solution at 25 C; (a) LA and (b) LA3.
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Table 2. Composition of Cleaners for Solar Wafer Cleaning

Component Composition (Wt%)
Surfactant (NP10 or LA3) 2
Potassium hydroxide (KOH) 3
Sodium gluconate (NaCgH;,07) 2

Ethylene diamine tetraacetic acid tetra sodium

3

(CioH12NsOgNas)
Butyl diglycol (BDG, CsHis0s) 5
Water 85

(b)

(© (d
Figure 7. Photographic images of wafer surfaces before and after
cleaning by cleaner systems using a dipping method at 25 C where
sample compositions are given Table 2; (a) before cleaning with
NP10, (b) after cleaning with NP10, (c) before cleaning with LA3, and
(d) after cleaning with LA3.
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