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YA EF eFe-gato 2 2E] PGLES} PGLE3 Hlo|& AldaAdAS sl on, a3 AdaAEe] 725
'H 2 BC NMR #4418 £3lo] g<18199t}h. PGLES} PGLE3 H]o|-& A @Al A|9] cMCE 2+ 3.59%1072 mol/L,
8.80x1072 mol/Lo]™, CMCollM 2] Ewae] 7k 747} 26.09 mN/m¥} 28.68 mN/mo| It ¥4 wwize =74 Ay}
ol 2J5}% PGLES} PGLE3 o] AAZAIA BT, 3712} 78N Ao AHEIA] whiate] olsto] njma] 2t
S A)ZF el] E3kE9l o, 1 wi% PGLE®} PGLE3 AW A AlARIE ] HEZRe 247} 255090 9.5° YERYQIT
H5d 29 n-decane¥} 1 wit% AAZAIA 8- Alo]e] A2 Algte] wheh 7445, PGLES} PGLE3 Al
g 2F 20 ool He e, Bl A #7042 mN/me} 0.53 mN/mE eI
PGLE H]o]-2 AAE A7} PGLE3 H|o| A& dAlel| ulste] A% eHg/do] 58 18l o, ol2dt AE oHy
A &4 Avhis Ba4E 57 Axes AXEI8IT AREAA, &, B4 B3la U7 o] Fofu 3R A4
of| REAUIIANE H718te] 25~60 °C2] =M 4HE AHE 283 F 3, lower phase PR A ZHH -2 oil
in water "fo| I Z oA O] excess oil AT} HEHS o]F= 24k Jointo] Ak

I
o

Abstract — The PGLE and PGLE3 nonionic surfactants were synthesized from the reaction between glycidol and lau-
ryl acid and their structures were confirmed by 'H and '3C NMR analysis. The CMCs of PGLE and PGLE3 surfactants
were found to be 3.59x1072 mol/L and 8.80x107> mol/L respectively and the surface tensions at their CMC conditions
were 26.09 mN/m and 28.68 mN/m respectively. Dynamic surface tension measurement has shown that the adsorption
rate of surfactant molecules at the interface between air and surfactant solution was found to be relatively fast in both
surfactant systems, presumably due to high mobility of surfactant molecules. The contact angles of PGLE and PGLE3
nonionic surfactants were 25.5° and 9.5° respectively. Dynamic interfacial tension measurement showed that both sur-
factant systems reached equilibrium in 20 minutes and the interfacial tensions at equilibrium condition in both systems
were 0.42 mN/m and 0.53 mN/m respectively. The PGLE surfactant system has indicated higher foam stability than the
PGLE3 surfactant system, which is consistent with surface tension measurement. The phase behavior experiments per-
formed at 25~60 °C in systems containing nonionic surfactant, water, n-hydrocarbon oil and cosurfactant showed a lower
phase or oil in water microemulsion in equilibrium with excess oil phase at all conditions investigated during this study.

Key words: Glycidol Nonionic Surfactant, Critical Micelle Concentration, Surface Tension, Interfacial Tension, Contact Angle
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A& 3= AAHE, 73138, 718315 (solubilization capacity), AAle Ao didAd el 2ste] o] Al E/d Al(ionic
Ak, A, 71329 (foaming ability) 2] 573l w4, Al surfactant)@} H]o]& ATHEI A (nonionic surfactant)® %™,
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(cationic surfactant), “12]3L pH =71 we} 243} = oFd
= R APHEA A (zwitterionic surfactant)Z THFI T
53] v]o]2 A/ A= o] Al Aol vlsto] w2 Al
wlo] Al &5 (critical micelle concentration, CMC)9} & 3] &
(aggregation number), 352 7H§-3He], 574 2 olA] mlo]Ad g-ollo]
surfactant-rich phase?} surfactant-lean phase® 2] %= 7 (cloud
point) @7, W2 7|xE W v|wA A9} Al kel € gt
oA T8 HRES 2 QlolA AlA, ARE, AP Al o] B
S5 v veksh A ellA] ge] AREE L QITH1-11]. B3t H]
o] AHL/IA ] CMC= Rl A Yopr B F 0] AHEA A
£ &l et Al A A (aggregate)s Al B35
"ok o & =9, AMEAAY TR 53 upet TR
(monolayer), ©]%%(double layer), T}o] A (micelle), I7}o] Al (reverse
micelle), 7Fo] = =2 "8 A (microemulsion), 47d (liquid crystal), 2]
ZE(liposome) T 2 thFst TR 2EAA wA Tz
(molecular assembly)E @& 5= Q1o o]l gt AU A &) 2
A wAlTEE 27154 We RkeE EA A7 |2 Bkt Az
&3k 7)ol wate] A7t EdebA HyE L QArH10-13].
AAIR 7 glelazo] g0l vxle= P &et=de]
‘go] ARt HHA A A ARsiA, S50 #7del 1]
A& otdgrso] deRa T A 2X)7F =Tt ol
ufeha] XS0 AHE/ZA M T 7)E e st
w2 Ilo] HFE o, B3k 49l 7% wlAl|g), aestE ar g
Gepeo] dE A AR 9 ol %] Aok Fof S 7]&olwA
F7RA7E 2 skl AlE kS 1% oS 3R 7)E Y
Aos 2 A= AAEIA L] Tkl thet 297} ol AL Q)
o H AAEIA 7)eE T3 55 50 AUEIAE
Agohe 871 ME 3 eds AA she sy Aag

Y

A, 71s7E w0 deadE AT WA Al EdAl,
AA S ¥l F= ARSAG 9 FEA AFLYA, V1=
o] 3 & MAES o83 AEAA, T2)al AR

Az o
|
o rr

Zgg W Sl A Y AEE AlE AMEIA] ol FRHE ©]
FAL Qlek FHT AIAA o= shekEA ] /b, el Al 5}
Shao] ol ALslEAlsk o whet 9 AR, A, f3t
ERCE

W A sEE 7, Ao R Gt ] E o
2 Aofo] Zhsstar, b ARl do] =2 Al dAlL] A
o] 58 3k QIuH12,13].
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Qe A A (lecithin), AL (saponin) 58] A& 4 77
ANXEIZ (sugar ester), E2] 22| Al | 2~H| = (polyglycerin ester),
ZH|Ek(sorbitan), =572~ (glucose) 52 HA FelES ARESH
I -2 A7 s Al d Al 2 AR AEZJ A (biosurfactant)
of FAsle] Y&, vl=, I, FY T AXHES FHoRE &
T7F Z&E o] gheh12,13]. & B0, $ASES uiAE
34 vlo]& AAGAZEA g gFEol oL dFAL
(ethylene oxide, EO)E F7HA 71 1 &3& oEAH|E
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(alcohol ethoxylate) 3}F5HE0] 7EkE]o] Thokst Akg] Fofof| A ARE-
H Qlrh. o8t I ¢FE oS EE AEA duES Y
FeF E40)7] el #44 SHoM= 7]Ee] tkst 5=
AMSEl el dAulE l54E o] E(alkylphenol ethoxylate)H ThH=
Sk, A g Ak FRE A A 24 dell Adr7E §7]
gzl A5 S E dedt 2R deA oo v]g-Ad W
ME A= o] Wolx|= Zlow U A UTH12,13]. wEbA] A
9] FA F2E VR VI AWEIA Y] sHAlE S8k, & o
PAARN T35 7AW, A Y Rk o et A Y, f-31
2] BAo] st Awsl o] ok AR AlL] Aol o
T3 Qlek. A 2 ATl SBIAE (glycidol)Z) 2R-E4t
(lauryl acidys 952 $F 3PS nlo| AU IAIE T3t
T A% AEEIAY] cMc, U, AR, dw, 157
(contact angle) B 713% P37 (foam stability) 2] AW 545 4
7FatSict.
2.4 ¥

2-1. K=

2,3-dihydroxypropyl dodecanoate(PGLE, C,5H;,0,, A5 274.39)
Hjo]2 AW A2} 2,3-dihydroxy-propyl 3-(2-(2-(undecyloxy)-
ethoxy)ethoxy)propanoate(PGLE3, C,H,,0,, A 406.55) H]]
2 AAEGA FAdol AHEs ZE A E(glycidol CHO,, +%
99%)} 224k (lauric acid Cj,H,,0,, =5 99%), eF-at olE
2 SAo] = (ethylene oxide, EO) 3%(C gH;c0s, =5 98%) ()
3H53d 3} Sigma-AldrichollA T-{18te] TS FA|74 Qo] 1
o= Aol AR-sHiTt.

7393 Aol AR v LURE S5 99% ol dizt
(n-decane), = HZ+(n-dodecane), H|EZ}|XH(n-tetradecane), SIA}H]
ZH(n-hexadecane) 52 Sigma-AldrichZ25-E 791510 A3 0.
v, B ZAAEI A (cosurfactant)Z= =5 99% ©1732] H-ER-(n-
butanol), #4H&-(n-hexanol), &&H&(n-octanol), = (n-nonanol)
9 ¢FEE Sigma-AldrichZ - 4138t} ARSI AlHg
A A5 Az AMEE 22 T 9 ol2wd AXE AR 33
SHRTE AT

22, AS{HHH

2-2-1. PGLE H]o] Ad&/34] g

500 mL 57 2Rk ZekaA0] 219-841200.32 g, 1.00 mole)
3} KOH(2.8 g, 0.05 mole)= 21l 70 °CollA 1A17F A% wHkAR]
Fo, SYAIE(74.08 g, 1.23 moleyS Y11 wHFEIATE o] E3HE
< 150 °CollA] 5A1ZE B wHksE $of ) 25 180 °CE &74] 3
AlRE 1 mRES SIS, ofwie] HheE3tES VAl AR E 1]
(GO)E FA5l0] ghe-glake] ofo] 10% m]ukelS gelalgl on, vk
S THES WS ol g3t Hls] wESle] WNE 257 ¢
& 93.6%)y DUTE 1 T AF 1.2 g silica A7 A9
AZnFE72]9] (25 IDx250 mm, 3:2 hexane/EtOAc)S EIA| A £
A8 A5 (1.01 g5 A2ATE TLC, NMRF} FT-IR 58 ]85} A]
BE PAs9le, ¥4 212 oy 2k TLC(1:1 hexane/
EtOAc) R; 0.28; '"H-NMR (400 MHz, CDCl;) & 4.16-4.03 (2H, m),
3.82-3.79 (1H, m), 3.55-3.53 (2H, m), 2.36-2.32 (2H, m), 1.63-1.59

Korean Chem. Eng. Res., Vol. 50, No. 2, April, 2012



284 PET

(2H, m), 1.30-1.28 (16H, m), 0.91-0.87 (3H, t, J=6.8 Hz) ppm; '3C-
NMR (100 MHz, CDCl;) 8 175.6, 71.2, 66.6, 64.1, 35.0, 33.2, 30.8,
30.7, 30.5, 30.3, 30.2, 26.1, 23.8, 14.5 ppm.

2-2-2. PGLE3 H]|o|& AHZV A 34

500 mL 57 FRbe Zekadel eR-gatel] EO 35S FUA
71 2R-Eat old 9l $AR0]=(332.48 g, 1 mole)2} KOH (2.8 g,
0.05 moleyE 2L 70 °CollA 1AIXE JE WRIAZ] Fof], SEA=
(81.48 g, 1.36 moley= W1l WRIBIILE o] E3HE-S 150 °ColA §
AZF EQr wHkEk Fol ) 225 180 °CE 234 3AIZ O wHkS
slgi). oluje] Whe- EFHE-S GCE FAsto] ghe-elal odd £
Afo]=2] oFo] 10% n|lS RIS HH E8ES 79t &
W7)E o] &3to] k3] wFste] AYE 372 g & 91.5%)s &
Ak 759 1.1 g8 HE7P A9 A 2nkE7#u)(25 IDx250 mm,
3:2 hexane/EtOAc)E SHAIA 418 A5 1.02 g& BT} TLC,
NMR#} FT-IR 55 ©]83fo] AlZE w48kl o, ¥4 2702 o
=3} 2t} TLC(2:3 hexane/EtOAc) R; 0.22; "H-NMR(400 MHz,
CDCl3) & 4.17-4.03(2H, m), 3.84-3.72(2H, m), 3.71-3.63(6H, m),
3.69-3.62(1H, m), 349-345(2H, m), 2.39-2.32(6H, m), 1.69-1.57(2H,
m), 1.31-1.24(16H, m), 0.93-0.86(3H, t, J=6.8 Hz) ppm; *C-NMR
(100 MHz, CDCl3) § 174.1, 72.2, 71.0, 70.7, 70.2, 69.7, 65.0, 62.9,
62.6,33.7,33.5, 31.6, 29.3, 29.2, 29.1, 29.0, 28.9, 28.7, 25.7, 24.5,
22.3, 13.0 ppm.

2-2-3. 7% A8

AA A A B0 2438 A AR T
wi%] AlMEAA g A 7S
A 29 344 Al2Ele| T
AR A FEN2] =3 2L ngo] §3] 7|FEoE 10] HE
B5 F0)SITE F013E A B ES 13 mm-ID Al 3ol 10 mL

.

=t =1
H A (vortex mixer)ollA ¢F 30% F<F wRks)
157F 971 A EEE 2571 20.1 °C W97 43
g2z Y1 25, 30, 40, 50, 60 °C2] 2} &% 27
AE7E B Ee mesheS siglon], w104 ©]
TE7FHA| e AlsE st A eE o= 1k

F

M8k AEg A PGLESF PGLE3] diste] cMC, E+,
AR, A, A5 9 AF 8 5 A7 S Al
HEAA FgN2] EE 2> DuNuoy ring tensiometer(K 100,
Kruss, Germany)g AFg-st] 543819100, AlHE/JAI2] A v}
ol = CMCi= Fie Wglel w2 s S duey
E AAA F 25 7Rl weh o o) o) et
A = TS CMCR A7siolt), =3k A dA] =819 &
2} 37374 (dynamic surface tension)<> maximum bubble pressure
tensiometer(BP2, Kruss, Germany)E AME-3l] 7313t}

A GA FEA3 A Atol9] F24 A (dynamic
interfacial tension) spinning drop tensiometer(Site 04, Kruss, Germany)

£ olgste] S0t U7 3.5 mme] AFH EATS AuE
A B, ol FAlF =M E A E F T o] AAlFE 33]

A T AZ2AIA ARESIITE A EMIA] 580 Bl el A
& 510 pL FAPIE ol gsto] 29S Fste] AlRtel| whE 7l
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Kruss 9] pendant drop tensiometer(DSA 100)E Ak
59 3.0 pLs 8 EEfol= $lel Woredl 3% S5
sk At ahs ARSSISITE gt ATAEAdA 7899
< 3371817] 91511 Foamscan(IFAC, Germany)= A&
3101 1 wt% A& dA] =& AR 10 mLE F
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3-1. 25 AHEMH 2
ZEAES YEE g vlol AMEIAIE Fig. 10 YERA W

HE A3 EMdsklth. KOH FilE ARgslo] ZejalEa) 2

SEYARE Z17E RESAIA 150 °C o] &% Z71elA PGLE H]o]

2 ARIAE PPsIom, sdst I HoE SEAET

3-(2-(2-(undecyloxy)ethoxy)ethoxy)propanoic acidE HF5-A|7] PGLE3

Hlo]2 AAZGAE F/dsaict. dE AaZd Aol st

NMR 4] Fasto] 325 #RIsilom, 71 A3E Figs. 29}

30l ZH2F eRf k.

Figs. 22} 3o YEbH NMR 24 Ajof|r] 2 Whg-of st
2223} 3-(2-(2-(undecyloxy)ethoxy)ethoxy)propanoic acid 2]
ot thE 7] el 7] A 0 2 7S chemical shift 712] HE|E
ROl B4 assigndt YA )& Zpo|nk SIS & 5 ith.
4.16-4.03, 4.17-4.03 ppm 2] 73-9-= WGl Folst FrE2)
Ehimo)] 2018l FAARE YERIM, 3.29, 3.30, 4.58, 4.61 ppm I
9] 9= =22 OH o dAtolct. Bt 1.31-1.24, 1.69-1.57
ppmT} 2.36-2.32, 3.49-3.45 ppm?] I A5 Hhg-ol Foglh 292
Ak} ok A|Q19] eFAIAlO) AL 0.93-0.86, 0.91-0.87 ppm I 2] 7
= Al 4 A|919) et Bhao]] 2oiQl= oA LRIt

#/d3t PGLES} PGLE3 AldEHdAlel iste] FT-IR 57335t 2
7= Fig. 49 @<} (b)ell ZH2F JERISITE Fig. 4(@)0lA & 5
0] 3351.36 cm™'9} 1,640.13 cm~lolA o] AFEHLS 717 OH
peak®} C=0 peake]t}. RIX7IA R Fig. 4 (b)oll LFERHA PGLE32)
3,360.02 cm ™'} 1,640.23 cm™'ol|A 2] AFEYL- 7F7F OH peak$}
C=0 peako]T}.

3-2. AEY
AREA, &, 1573 B3l 2UR o]Fe 34
of thao] 25~60 °C2] 2ol 3HE A3
T4 Q4w dRh, iR, HERE, IRk
Ak AREIA] FEE 5 wi%E B3l B3}

O -1

S
=

KOH
—_—_—

(a)

o ° o
PN NN S AN /\/\/\/\/\)J\O/Y\OH
OH

KOH

9
q 2 \/\/\/v\/(\
\/\/\/\/\/(‘o’\?kou AN 0/\%0/\0(\0"1
3
(b)

Fig. 1. Synthetic route; (a) PGLE, (b) PGLE3.
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File: xp

Pulse Sequence: s2pul
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1306
Aoi2es

: 5] .
; N o3
TF 3
\f |
I
| 1
Ir
! ' it I
i I i
5.0 l.‘ 4j0 3"5 3.‘0 2.5 2.!0 1.‘5 1:0 )'v;pm
e T ume - G s
(0]
2) 3) 4) 4) 5) 7 8)
R 3 4 4 4 6 O/#/\OH“)
OH
10)

Proton Chemical Shift(ppm) Proton Chemical Shift(ppm)
1) 091 - 0.87 7) 4.16 - 4.03
2) 1.30 - 1.28 8) 3.55 - 353
3) 1.30 - 1.28 9) 382 - 379
4) 1.30 - 1.28 10) 4.58
5) 1.63 - 1.59 11) 3.30
6) 236 - 2.32

(a)
, I
220 20‘0 180 160 140 120 100‘ 80 60 40 20 0 ppm
(0]
2 4 5 4 7 10) 1)
N 3 5 5 6 8 90 oH
OH

Carbon Chemical Shift(ppm) Carbon Chemical Shift(ppm)
1) 14.5 7) 30.3
2) 23.8 8) 30.5
3) 30.7 9) 175.6
4) 35.0, 30.8 10) 7.2
5) 33.2, 30.5, 30.2 11) 64.1
6) 26.1 12) 66.6

(b)

Fig. 2. NMR spectra of PGLE surfactant; (a) 'H-NMR spectrum, (b) I3C-NMR spectrum.
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Lauricacid-E03-Glyeidol
File: xp

Pulse Sequence: s2pul

5.0 4.5 4.0 VJAS 3.0 2.5 2.0 1.5 1.0 0.5 PPm
A Tob 0w ha N P .
3) 4 3 5 7) 8 8) 8 9 10) 11
R \/\/)\/\/\/\O/\/o\/\o/\)l\o 12 ciH
2 3 4 3 g 8 8 9) o ™
13)

Proton Chemical Shift(ppm) Proton Chemical Shift(ppm)
1) 093 - 0.86 8) 371 - 363
2) 131 - 1.24 9) 239 - 2.32
3) 131 - 1.24 10) 417 - 403
4) 131 - 1.24 11) 384 - 372
5) 131 - 1.24 12) 369 - 3.62
6) 169 - 157 13) 458
7 349 - 345 14) 3.29

(a)

13C-Lauricacid-E03-Glycidol
File: xp
Pulse Sequence: s2pul

174274

180 160 140 120 100 80 60 40 20 ppm.

1 3 5 5 6 8 9 10) 1) 14), _ 16)
) W\/\/\/\O/\/O\/\O/\)A\)O/\“P/\OH
2) 4 5 5 7) 9 9 OH
Carbon Chemical Shift(ppm) Carbon Chemical Shift(ppm)
1) 13.0 9) 69.7, 70.7
2) 22.3 10) 70.2
3) 335 11) 65.0
4) 29.3 12) 33.7
5) 29.0, 29.1, 29.2, 29.8 13) 174.1
6) 28.7 14) 62.9
7) 316 15) 722
8) 71.0 16) 62.6
(b)

Fig. 3. NMR spectra of PGLE3 surfactant; (a) "H-NMR spectrum, (b) '*C-NMR spectrum.

Korean Chem. Eng. Res., Vol. 50, No. 2, April, 2012
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®T 70
[
8
3
335136
50
45
40
3?'0 T T T T T T T T T T 1
40000 3600 300 280 2400 00 1300 1600 1400 1200 1000 0 6500
oml
(a)
1093
108
100

95

90

&5

80

5

1460.65 135062

164023

%T 70 1076.68
[
60
55
50
45
40
33
29 . . . . . . . . . . . .
40000 3600 3200 2800 2400 2000 mlslm 1600 1400 1200 1000 300 6500

Fig. 4. FT-IR spectra of surfactant; (a) PGLE, (b) PGLE3.

gt Fu| 2 w7ste] A APS 73sisict. PGLESE PGLE3
ARBEAA A BE 25, 30, 40, 50, 60 °C2 ??}%5011 747y @y oF
109 Bt 5 A, AdollA ARESE &5 231 shellx] PGLES}
PGLE3 AWEJA] 25 lower phase Wlo]A 2 S oil in

water(O/W) Flo] A Ze'ddo] excess oil 4 HEH-E o]F+= 24
Futo] #AE k. WA middle-phase Plo]AZoHA 22

(b)

NPFS WS e ARBYA AEo] urk S
TS Sfolof 3jnl, o] Slai £ Z7H1A Hlole 7|
A A2 SE8E S SR A T

71 S WAARBIAR A IHe B B2 A8 5 9]
tH14-16].
ARBGA A2s810] 2588 Z7MI71E Ho A ANE

Korean Chem. Eng. Res., Vol. 50, No. 2, April, 2012
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80
70
60
50
40
30
20
10

0
1e-5

(@)

Surface Tension (mN/m)

1e-4 1e-3 1e-2 1e-1 1e+0 1e+1

Concentration (mol/L)

©o
o

(b)

= N W » O O N
© © ©o ©o ©o o o

Surface Tension (mN/m)

0

1e-5 1e-3 1e-2 1e-1 1e+0

Concentration (mol/L)

1e-4 1e+1

Fig. 5. Measurement of critical micelle concentration at 25 °C; (a)
PGLE, (b) PGLES3.

=}

A, &, 157 &35 A QY F o]F0i7l 34
FAE H7reto] 25~60 °C] oA
o REAASIAZE Febg, ke, &
ARER o, ARk 7150 F AEIA o] HEAEEIA ]
H1E21 A/S7} 0, 0.2, 0.4, 0.6, 0.8, 1.0°] E|%=% HEAFIAAS
F2h 7velelt). 28 % s 3 A3, 7P g o) A9
Z71Q1 PGLE-&-tI7Fe] 332 AlAgel] g5 HAAHE g4
2 A/S=1.0 T H7Fst 9= lower phase Plo]TZEd =
2 /W nfo]| A ZoHAO] excess oil 4 HHS o]F= 24 J
qro] #AH T &, £ o] A7 AHYo R A=
bicontinuous$t middle-phase PFO]| A ZoH A2 FJHA] ko,
o] Az e & AFlelA FdE PGLES} PGLE3S] A& A]
= 7 22 /W kA

51510 2=
YL & ek

kil
o

N

N

3-3. 4 54 FH
PGLES®} PGLE3 H]o]-& 7
BA)ZIHEA SA 3 B

-1 0 T

=

o 1=

Fig. 59 ()2} (b)ell 212 Lieh

/A 5=8-ohel] thato]
A3

=
=

¥d)

3

=

it

ulgleH, Fig. 52 3258 24k CMC 3k CMCellx e &
W72 7hS Table 19 2.9Fs1o] eI, Fig. 59 Table 191 Wb
Ebd A3jolA] 2 4= 9l%=0] PGLE H|o|& AHEAAS] CMC=
3.59x1072 mol/Lo|™, CMCollA 2] A2 26.09 mN/mo]t}.
A PGLE3 H]o]& AAE/AS] CMC 32 8.80x1072 mol/LO]
o, CMCeo|4 9] 482 28.68 mN/mo|th. ©]# 3t PGLES};
PGLE3 H]o|& AHEAA|2] CMC &4 A= dutz o7 nlo]
& ARGAAL CMC7F 102~107° mol/Le! A3} dx)eh= AL
o 5= 2ATH4-12,14]. E=3F PGLE3 Blo]& A g #12] cMC #kat
CMC z700lM 9] ¥i7E Fhe] PGLE H|o]& Aldg Aol u]s}
o] 5% I YERd 218 PGLE3 Blo]& AW &AA= PGLE H)
o2 AAE/dAel o[l YAl = 35S BIIAA IdS Tt
ANF7] wlZoelct.

Arag/d#) A 28e] 52 A H (dynamic surface tension) =
L ol TS wo] T 3 ol A GA) 5
Aoz RE] Fr)e} A|o] Aol mush= o] A dH At
AlFstEE AA] 9 ARE 52 G, A, 28
2zgo] 3, WAl Az T

=Rt

) g 4
a1,

Shot. whebA] - A9Rol|41i= PGLES} PGLE3 H]o] Al A =
G-Bof| th&}e] maximum bubble pressure tensiometers ARE-5}oq
T8 2EAEs 77 SHs90m, 21 A¥E Fig. 69 (@)% (b)
of] 24z} vrehfigiet.

Fig. 621 (@)} (b)ell Vb 52 194 54 4
3150] PGLES} PGLE3 Al EAJA| A]4E
ERlH, AREIA 55 ST wel 2
Z& & S 9uk. w3 PGLESF PGLE3 A A
Zo) 28 FE el Fig sell YERA CMCollA 2]
w3 2 3S 7, CMC o)) w1 2elA= AEsd
Al FE7}F Vet Y o] 1 o)) 7HAsH] okl
g ks frAlske 2S & 5 Stk o] 23R= PGLES} PGLE3 H|
ol& AHD A AAE B, 3719} 7809 Ao AHD A
cHEAte] Slate] Blw A g Algtell 2glku]= A8 vERdch £,
TEN FoERE] 3|8} 8N AUO L] AUIIA AL
o5 = (mobility)7} Bl 7] wlitell AHS/IA7} v n A F2
AIRE el o]-g3h, ol & AlRE el 37go] ehdsE e 4k
¢ ool PGLES} PGLE3 Al A7} 482 7 -5 2lv]
st 12].

1 wi% A GA] 8-} 8|54 ehslrd 0wzt Afe]e]
Az uhE 54 Al7dE (dynamic interfacial tension)S spinning
drop tensiometers AR50 25 °Colld FA35F o, 1 A=
Fig. 791 ()2} (b)ell YRS, Al 574 djolla] & 4= 9l

<
T

Table 1. Summary of physical properties of the synthesized surfactants measured at 25 °C

CMC Surface Tension” IFT? Contact Angle® Viscosity? Foam Stability®
(mol/L) (mN/m) (mN/m) ©) (cP) (sec)
PGLE 3.59x1072 26.09 0.42 25.5 1.288 3862
PGLE3 8.80x1072 28.68 0.53 9.5 1.178 3200
“Measured at CMC.

bInterfacial tension measured between 1 wt% surfactant solution and n-decane using a spinning drop tensiometer.

“Measured with 1 wt% surfactant concentration.
“Measured with 5 wt% surfactant concentration.

“Time required to decrease foam volume by half where foams were initially generated with 1 wt% surfactant concentration.
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Fig. 6. Dynamic surface tension measurement at 25 °C by a maxi-
mum bubble pressure tensiometer; (a) PGLE, (b) PGLE3.
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Fig. 7. Dynamic interfacial tension between 1 wt% surfactant solu-

tion and n-decane at 25 °C by a spinning drop tensiometer;
(a) PGLE, (b) PGLE3.
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