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surfactant complex)°]2tal F-E0}, A O] AHD AT =S ARl o] &/d A& Al vls) K} LolsH|
Aol vjds] 7] viitel] ] 9 52 AN S5t AlEA g9 vrebdch Al g d A1) 21943 head group
ol polyhydroxyl group= 7}% tl 22| A2 Al o]l A A& A A diglyceryl dodecyl dimethyl ammonium
chloride(DGDAC)¥} 0]2AH &/ JA] sodium dodecyl sulfate(SDS)E 1:1 molar ratio= G3-N Jollx E58190S 7
$- molecular interaction parameter B 7} -17.2% w]$- 78t positive synergisme K.51.0. HE A5} vl
oJst A3 A 7= o] DGDACS} SDSS] &5-8-9-2 single phase®] vesicles AdE-s & 4= ST

Abstract — In general, anionic and cationic surfactants are incompatible because their mixtures form insoluble com-
plexes and precipitate in the water. There are, however, some equimolar complexes of anionic and cationic surfactant
that are soluble and behave like regular surfactants, specifically like nonionic surfactants, thus named pseudo-nonionic
surfactant complexes. Pseudo-nonionic complexes are more effective and efficient in surface activities than their ionic
surfactant components as shown by their equilibrium and dynamic surface tensions. They pack at the interface more than
their ionic components. When a novel cationic surfactant, diglyceryl dodecyl dimethyl ammonium chloride(DGDAC),
having the polyhydroxyl group at the hydrophilic head group, was mixed with a conventional anionic surfactant (sodium
dodecyl sulfate; SDS) at equimolar ratio, we found that the aqueous equimolar mixture showed strong positive syner-
gism in which molecular interaction parameter p* was very low, -17.2. According to the studies of equilibrium phase
behavior and microscopy, this mixed system could form homogenous solutions containing vesicles.
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A IA = 7] 935 e AYAIEA ARl ghe
o] A2AF AATHA 5 AR SRS T v A
Aol W7 AFehax 3-8 L7 AR, A, S, <)ok
&, 2%, HRIE, ok, AA, B, §84, BN, 115, a7, £
XEL, ARAF T Thekeh Abgdtol® gjEo] ghow Htele
nanotechnology, biotechnology®] ¥ el AlHE A o] st Z7}
sk QATH1-3].

A A= 1573718 27715 Sl 7 AL QlomA
& 5 Gl FAPJENZ ik gl AR EXlSRL S50t
S7FIAY 48 e] 7o) A micelles F/dsHALF 2H U
Aol F2 widato] AedS vepiAl k. wheba] A4 9
7167 Sl AHEAIAE] 3-8 Fol7] LEiiE AHEA
A7} 7Fsst 3 SR FEolM T micelle®] 34 4 Aol viY
o] AUEF AELIA EAE T3k 2747 B 3194
719 725 WAAskE vhekst A7 xsgEle] gt

3 M Z U 72| AAIAE SIS vl dEAd
AAE AR AR AHE/do] S8R synergism@ do]
=
o
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Zeo) wt EFARGAAA 2Rl gt A7t DA A=
ATH4-8]. Tx7} thE ARBIA ] a8 54 2 A
of whe} A& do] F7Fsk= positive synergisme], = A4S
negative synergism(antagonism)©] LERATE,

53] oAU A9} ol AATAIAN L] EFAIARAM =
HoleAAG gAY (Hstel Fol2AHELIA] (HHst Afelel
73t electrostatic interaction®l] £J3l| 1:1 &% (equimolar complex)
5 YA = dl, catanionic surfactantZ}il =] = ©] 1:1
complexi= G ol & 177 SOl 179 st dodgo
2 AP} AdfEdA Dol glofA L Agdnt Skl |k
[9-12]. he}A 2] B2 catanionic surfactants XA 1AL A4
T 57] el Eoll A k. FAdste] AMEAAEA L] V]S
AP == negative synergism®©] WFERATE TEAQ1 o= 50|
2 AW &4 A Q1 sodium dodecyl sulfate®} Fo]-2 A 2 A 91
dodecyl pyridinium chloride=%-E] ¥ catanionic surfactant=
TEN &M o] FE HoAETH13, 14].

wabs] ERATAGA AN ARl 9 Fol 17 Fol
159 A3 A AE 07 A% catanionic surfactant’} 2ol &
A=A w2 AEEES Jehlls Al digt A7 vhekst
A|ZEATHY, 10]. ThaEAIQ1 RS gol2AHE 3|9} kol A
HEAA 9] equimolar mixture system®] o o= $H&0] A E
JAE A sk oIt &, EE-8Y equimolar complex
7} o] AlAEAIA micelle B aggregateol] 23l EmA A4 0
= homogeneous solutionS A5 == ©] o] F-olle AW
‘AERtel| W AAEA S Adsart 34 ot

T O S AIEAGAREA] electrostatic interaction) A3
A= BlolA AFAVIE FUIekE Aoltt. olE EH Sol=AH
EJAIQ] sodium dodecyl sulfate®] A5~J7]1| ethylene oxideZ -
71 2M Z14do] 7J3}H ethoxylated sodium dodecyl sulfate=
(Scheme 1) YRE ol 2AHD/JA 9} EFeh= Zlolth. B o]
2 AH AR dodecyl quaternary ammonium chloride®] A~

7] = 45dRE 710l ethylene oxideE #7151 polyethoxylated
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C42H25—0-S0O3" Nat ——> C12H25—(OCH2CH2),,—OSO3' Na*

Sodium dodecyl sulfate Polyethoxylated sodium dodecyl sulfate

Scheme 1.
CH; CI CH; CI
C12H25_fﬂ+_CH3 —_— C12H25‘(°CH2CH2)n_'ﬂ+_CH3
CH3 CH3

Dodecyl dimethyl Polyethoxylated dodecyl dimethyl

ammonium chloride ammonium chloride

Scheme 2.
CH; CI (CH2CH,0)H
C12H25*,|1+—CH3 —> C12H25—‘N+_CH3 Ccr
CH3 (CH,CH,0)H

Dodecyl dimethyl Dodecyl methyl polyethoxylated

ammonium chloride ammonium chloride

Scheme 3.

dodecyl quaternary ammonium chloride=(Scheme 2, 3) &4+ 59|
SAHEGA A} sl Aot

AAEIA 9] 2547 B 57100 ethylene oxide? |5 &=
ok W ofn] 2l MHE QA o ko] thefst ok
of §-8% 1L 81O} ethoxylationd g 2] 5737 ethylene oxide®] -
7} moler7t D7gEHA] ¢l ethylene oxideZ} A& F71EA] 9=
A} A7 ForE= Zlo] £FE o] AZEHEE ethylene oxideT7F
mole 7} ZEE FEE 7HAA ATH15]. o9} 22 o= o=
polyethoxylated surfactant?} HHcHsHE 7131 ARAIALS/JA 2 &
et 739 Aol AUAA 738t complexst Hgdo] AUA|A|
74t complex”} sl /g E|o] AAZQ1 AREA ] A5aTrt
TA] & S e 3 ANkl % S8ellHE &
SHAA I A 2] 3-8 (compatibility)] & 238F7] wlitel| ethylene
oxide®] 7} moles=7} Zlo|IE 2~4 Fi= 50]0]0fok S} [16-19].
o] 7% polyethoxylated cationic surfactant®] F15~do] XU=]A] 2
7] el AR dsaarh A4 $al i ol A E
AAE o7 E3slaL Tt o] 2AHE Aol ethylene oxide
tjxlell propylene oxideE F71sh= A% oy v AR &
ol AR IA o] EfH]Eo] =TH20].

ol 45U EES ol AHIAE 7R TEE dlo] &
O] 2 AHEI A 2}2] electrostatic interaction$-oll %= X432 435}
EF 439 EY head groupell A3 gt 7] methyl”’1E glyceryl
type®] polyhydroxyl group= thAllgt A =22 Fol 2 AIAL AL 3
‘gato] ol Fol AN £ AR LTI S
o] B ¥SITH?21, 22]. MonoglycerylAl olAHE I A2} S0l
A& J Al (sodium octyl sulfate)?] equimolar mixturetr= 315 &
‘d3tl e 21], diglycerylAl ol ARG A9} Fol-2AHEA]
Al (sodium dodecyl sulfate; SDS)2] equimolar mixturet= 39S o
AR a1 HEEEAAARS Bl o 7139 A] Bl static surface
tension oA ARG YSENE HTH22).

& ATl diglyceryl ] 43U EE Gl AlH A}
SO ZAAEAA] SDSS] ERAAGA A FE-Hell Tiato] -84
" molecular interaction parameter, dynamic surface tension -2 2!
Hato] 4873 U AEA ) AdeadE GRlssith Btk Bstd




tiEeEA GolAED AL ARt SoleAAE YAl EkEele] Ay deasiel s 801

V|75 FHARANI AL ol galol BRANEI A A
surfactant aggregate®] FENS 215113 Ao 42 equilibrium
phase behaviors ¥Ha813I).

PR

o

2-1. M=
AloFE-2 Sigma, Wako Pure Chem., Fisher 5. 25E 3]s}
F7HQ1 Al gle] ARt 22]). B2 S Millipore-QE ©]

gfo] AgAlsto] ARS8kl

2-2. CISEMEA 4282 Uo[2AMHEMHS &F

HZEAEA 43dEawd GolRANGIAE o|v] watd =
woll AAE iR gHdstal aE ERlelt22]. Ktk
QoF3HH glyceryl”] 7} 271 §-71¥ diglyceryl dodecyl dimethyl
ammonium chloride(DGDAC)= 25HAIZ $J =)= o], WA glycerol?}
epichlorohydring HF5-A]7] diglyceryl chlorideZ 3173t t)2, o1&
N,N-dimethyldodecylamine®} ¥+-§-A17 4333}A171CH(Scheme 4).

2-3. EFAIHENI-8H| A8Y 0]

DGDAC(E-AF; 398.02)3 SDS(E-AF; 288.38)5 1:1 molar
ratio® & AAEAGA go] 712} 1.0, 3.0, 5.0 wi%] EHEE
Aol £33t § 45 °C7HA] 7R3ISITE 7R S8S Aol
magnetic stirrers- ©]-8-5}0] o} A|xJ8] wRksPAA 227k ApA
Y2713 25004 Baalgiet. 1ol A3 g Eel e
St gAEel el Sko = HASINIL 1, 2, MY A Fol= &

F5nt.

2-4. Dynamic surface tension 4

1.0 wt% AHEXIAIFE-42] dynamic surface tension 25 °Cl|
2] bubble pressure tensiometer (KRUSS Model BP2, Hamburg,
Germany)Z ©]-8-31] 743151t} Capillary?] W72 2F 0.2 mmO]
I time ranget= 30 millisecond®l4] 10 second ]3It}

2-5. Microcopy

1.0, 3.0, 5.0 wt%2] EFHAA A =-8-Hel chal Ferdv] A
(Nikon E200 Pol, Japan)©& 25130t} 1.0 wt%2] AldE/d =14
SWe] T3l A= transmission electron microscope(Hitachi High-
Technologies H-7650), cryo transfer system(Oxford Instruments CT-
3500), cryo fixation system(LEICA EM-CPC)&- o]-€3}] vAl-%
5 Rl

Step 1
H*
ov/\m + HOT Y o ———> o Y o7 Yy o
OH 80~90°C OH OH

Epichlorohydrin Glycerol Diglyceryl chloride
Step 2

?Hz Tus cr

IPA
CizHzs—N  + cCI 0 OH ———— CyHy—N* o OH
c':u3 /\g\ /\oq\ 95~100°C éH/E:\ /j;\
3

Diglyceryl dodecyl dimethyl
ammonium chloride (DGDAC)

Dodecyl dimethyl amine Diglyceryl chloride

Scheme 4.

2-6. Equilibrium phase behavior

GOl RAHGA A2} Fo| AL IR T &S TR
AR EFARSIAT RN ASES AR §- 25°C T
o I71€ o) BytsiSict. B el =2t Al=E52] phase=
Qbo g £y, BEFgoiRE wdstal, 2739] polarized sheetE ©|

3] optical birefringences ¥H23F3ITE.
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3-1. SEAIHEYMAIAR— S 42

Y AIEA o RAHLAAIR] DGDACT | S0l AHE A1
SDS}F] “d-8-d (compatibility)°] = #| &<1sk7] 913 DGDAC
2} SDSE 1:1 molar ratio® AlAE/JANe] F3Fo] 2+ 1.0. 3.0,
5.0 wi%o] EE% EFgolS Alzek A, 25CelA b 5
Lolo) AL Fig, 1914 Kol =t} SDS9 DGDACS] equimolar
mixturet= 1.0 wi% T&Hollx] ofgh o] ot WhEg ek S
RO A g Al 9] ghko] T71gtel] whet B s
Btk Z47e] £3589 AdollA] 3o Aafetol s AV
of Wish 9l o] wao] glo] ke A= RISkt

5749 colloid wAARE ATIARS] =1717F 50 nmo 811 7<)
= HQro R w|of FrEkal, 50~100 nm?! 729 oFet o] uk
Fdde yehe 2717 STkl w2 Aot Akl
TH23]. WHFEAAE 1.0 wi% R AAE A& 42 -, SDS
2} DGDAC”} equimolar complexE &/J3}al ©] complexs©] T}
Al 50 nmold A1719] JEAE B vEbdnh. A3HAe] 7]
7} A% F7Ket] 1 pmeld HW Fg-ole] Ak EEgol B
A A =E-8733 0] s Hi= dl, 5.0 wt% AEE
ARglS olelgh Fdo] WAEHA] gkt Wb SDSeF DGDACS
equimolar complexi= 50 nm*E] 1 umAte]e] P H3AlE 3
‘dsithar ZRATHE A L] AR 3l thisiA= vsell 3-401]
A1 A ETh). SOl ARG G AR SDSF AREARID ol 2 AIHL
“JA1(“: dodecyl trimethyl ammonium chloride; C;,H,s-N"(CH;),Ce]
equimolar mixture:= E=-8/331 48 FAJsH= dl, SDS/DGDACS]
equimolar mixture”} SHHF JIAAE FAsk= 21> SDSS}

DGDACE] equimolar complexll EA|8k= diglyceryl”]1] 43 43

Fig. 1. Appearance of aqueous equimolar mixture of DGDAC and
SDS at 25 °C.
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A o= FAETt DGDACS FAFSE 7% monoglyceryl”|
7} head group®ll 2% monoglyceryl cetyl ammonium chloride®}
sodium octyl sulfate®] equimolar mixturet:= &84 7-S A3}
T HuE AIE B[21], monoglyceryl”] RER= diglyceryl7} 3
7o) A7) witel] P E HFAE Fe Bo = wek Hr

3-2. EEAHEMMIAIARIC| molecular interaction parameter

223 el SAAS AT AL dE AL I TE-H
o]l B3} critical micelle concentration(CMC)7| 5= ~#nl] =2 ot
ORI AlHAFE = A ds] oA = B A1 AEA] 9] synergism
S HITH8-10]. ARG AE CMCOlde] FEoAA micelles 3
ke bl AR tE SR AREIAE 3t Aeele thE
T AV IARAEE £373% mixed micelles B4 FTE
A2 Y2 AbEdAIE Atolel attractive interaction®] 738HH o5
AR GAREAES AdEsto] & Mo 244X E Bssta &4
mixed micelleS 3} Wb mixed micelles 733k A=
Az o2 A A ] EAHE0] 7H4=2] H]E (molar ratio) 1:19]
77 ® ). Attractive interaction®] ©F&FAL 2312 repulsive
interaction®] EAISHH A2 TR AALIARAES SR
815317] wlEoll mixed micelles T/J3 = A2 TR AlHE
AL AL NG9 vlE 1:10] ofYA Hrt

258 EFAHD AN 2] 7-9- Rubingh regular solution
theorys 7422 3}¢] mixed micelle®l] EASH= 2% AEAIA|
o v &E T8k o] F o] &sto] 2% A AT molecular
interaction parameter BME A& A15-S =31 0H24].

=

(X)) In(aCly/X1'cY
(=X In[(1-a)Cly/(1-X1)CY]

=1 )

In(aCiy/X,'CY) _ u ®

(a-xyy’
2 M @I XY S micellez AMEAA 1] mole fraction,
o= g F AEEAA 12] mole fraction, C,Cy,Clh = 22t
ARELA 1, 2 EIEE] cMcolt). pMe] Adigle] F4=
interaction®] Zth= &Julo]ar, pMzho] S(negative)?! -5+ 2%
9] ARG AT AETEY] attractive interaction®] Z-8-5}a1, F
(positive)?] 739 repulsive interaction®] 288131 12|31 % (zero)
Q1 -9 interaction®] th= AL o]t}

2 (e a, €, Y0 = AddolElE, 183 X 055
7Hgatel 21 (He] gkl 10] D w7kA] Xy 9] ghe WA HE
Xi' & AR T, A el prgkE e 4 Sick o]kl A At
(22114 Aol 0=0.5, C}'=73x10%, C)'=69x107, C15 =9.6x10°%
o] 83t Akt A3} mixed micelles DGDACS] mole fraction
(X} )e- 04865241, SDSZ DGDAC ¥-2HAJo] 9] atiractive interaction
©F Q13| equimolar complexs &3kl Wb mixed micelles
©] DGDACS} SDS w27} A2 1:1 BI&=E T =] vk 21&
2+ 4= 9lt}. 718|131 molecular interaction parameter M= -17.27}
%]of 7}$t attractive interaction®] EAIES & 5= 3tk DGDACE:
Al A diglyceryl”] thiloll methyl” |2 thAlE 12 5-0]2-©] bromide
Q1 dodecyl trimethyl ammonium bromide(C;,H,s-N"(CH;);Br)&
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3-3. ERIHMHEMMIAIAEIS] dynamic surface tension

SDS %= DGDAC?] w5589} SDSEH DGDAC?] 1:1 molar
ratio®] =3t=-g-oof] U3l bubble pressure tensiometerol] 2|3t
dynamic surface tensions Z7J3I3tHFig. 2). A5 & A4
AT TF 1.0 wi%Z SIS Fig. 20014 Algte]] uje
FHAEe] Wgls B, SDS B DGDAC B85S 374
= AIRREE SA] Al Ha ] Aol sl SDS/
DGDACS| EFAAEATEHNS AA3] FFFE ] Tsh=
2 & ok 8|3 FE g e & muae s nlust
H EARGA TGN DEAAS AL A E R g
o] 10 mN/mA % St A8 Kot Static surface tension =
AANE SFAALIATEH 2 mHgHo] DEAALIATE
NE BT} 10 mN/mPE B YERTH22].

e EEAIHEAI AR 28lo]] Ut bubble pressure tensiometer

I'IglI

(a) o0 —
—e— SDS
__ 55 | o DGDAC
E . .| —v— SDS-DGDAC
E 50 (1:1 Molar Ratio)
>
c 4
0
2
S 40
'—
3
& 35
‘£
=
» 30 A i Rttt bt o £ (T T CIILI LSS PP FOSL IO DS T
25 T T T T T

0 1 2 3 4 5 6
Time t (s)
(b) 60 —
¥ —e— SDS
554 1 -0 DGDAC
E 1 v~ SDS-DGDAC
Z ] = (1:1 Molar Ratio)
é | : A
v

> \
c 451
k=l
2
H 40
-
]

35 A
£
=
9D 3

0.0 0.5 1.0 1.5 2.0 2.5

Time ¢ 12 (s12)

Fig. 2. Dynamic surface tensions of aqueous surfactant solutions at
25°C.
Total surfactant concentration; 1.0 wt%, (a) surface tension with
time, (b) surface tension with square root of time.
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£ ©]-&-3tdynamic surface tension 178 oA T A 0] A|A]
5| B Hel ks AR 23S Hol a1 9lem o]t
Ao o3t sfj2do] A= ATH25-30]. Bubble pressure tensiometer
ol &gt TAFEEZA M= FEH G AEE AT} AR THEo]
bubble®] A O R Huh} Al&31A o)Fsle] S W
= 71 RoEth 5 1.0 wi%l] A AN B
Z}zke] CMCHTE 7] witeol] F8-Hollx] AL/ JAZAEL- free
monomer2} micelleF e 2 EAI8}3L T}, webA] free monomer B-
= micelle® FE] BoJ#] U2 monomerSo] 4o 2HE] ghils)
o] AHOR olFsto] Ao v xdEs WA At wmet
A Ao 2] F2-2 free monomer?] £ FAEE
micelleZFE monomer’| 2] 5= Slg]&el o3 ddHc). &
J%712] dynamic surface tension(y, oy AHEIATEALS] EHitks
2218t Ward and Tordai 4] 0.& A& 4= QIoh31].

RSt

Yis0 ™ Yo*anTCA/gt 3)
21 (3)IM t, C, D, R, == 242k 7M1 5 Z3pARE, A a4
AsL, AL GAAE, 713V, AulEolth vy =
o B0 U 720l n 789 o] dAE 1
olct. 2 (3)ell &J3t dynamic surface tension®] AJZke] whE wH3Eh
+ Fig. 29 (b)elA & 5 Stk SHAIRRE] Fddee] =t

\
Hu

7] A7 &) ARG SHA TR Aol AR o
glato] Fhasith, meps] ARSI 5 9 2571 U =
M= APEAIAL] EAAI= (D)7} dynamic surface tension]
5738 A7t Stokes-Einstein?]> 782 §12HA)7}F 4B
ol gtsl wf, AR ERAIF D g TB AR WAE
(roll RHEERE YFERATHn 5 8419 H5)[32].

_ _RT
6711 51,

4B C))
21 G @elA & ¢ lszol A IAREAE S5 A
7h =R webs] A Ajgte] Zastel] wet AAs] 1
231t} SDS/DGDACS] EFAE Al G=g-ollo] HojF== o]e|gt
42 DGDACS] head groupell F-3|7} & diglyceryl”17} A%+
o] Qlo]%= DGDAC?] ¥ol&A N'9} SDS9| &0l SO, Aol
of) 7t 47712 Q18] 2h85}o] SDS2} DGDACEAFS] equimolar
complex(catanionic surfactantys B/J35}L ©] complexi= 2] &
AR Y BEeh] wolt),

AraZ A5 N O FHE free monomer”} AHOFE 0]53}HA|
T LMY monomers T/} A4S H 1 Wb micelle2)
al2]7} Al#kE]o] monomers HESHAl k. sfelHiert wErS
monomer” | 2153 A|AC R FiEo] TS wEA THAaA|
71T}, Miller 5271 SDSwH58-47} SDS/DTAB(dodecy! trimethyl
ammonium bromide) equimolar mixtureT2-Hl| T3t micelle®] Y
2Tk, 5 Plast A3, SDSTEFEbel thdt k&) 4 SDS/
DTABE&=-8-2el| nlal °F 1,000817 %= $£Skek. whebA mixed
micelle SDSTHECZ J¥ micellel th vil-$- QFgsirtarl et
H+ dl, 1 °]+ mixed micelles T/d3F3L 2+ equimolar
complexi= H3He WL QA kot AU A TAE Ale] 2] v
o] gl7] wlolth Ride] o] 2 A S A T o znl 3%

2

micelle 2> HalE 7k 159257k FA714<1
woll Bl Ebget Zlolr33].

Dynamic surface tension7d 235 53l SDSL DGDACHEA:
St 73 Q1o 98] AP equimolar complexE©] g
mixed micelleS /331 equimolar complext= Aol ¥4 02
Hjdsto] TS dAAH Yas & 5 Stk

w2 o)

3-4. ERAHIHEGHIAIARIS] microscopy

DGDACS%} SDSZ 1:1 molar ratio® AAEAIA| 2] F3o]
7} 1.0. 3.0, 5.0 wt%e] H=% ER5FAS FeHAnFoZ
Sk3Act, 1.0 3.0 wi%S] 894 Sk & WHE ARl Hl(Fig. 1) &
242} g &l Fekeu|F o= 10008 Sisiolt QixE #
23 = QIgieh ST 5.0 wt%] FHe fetow BREAo R
(Fig. 1) 10008 2] Fstadn| el 37171 1~2 pme! 4AF=o]
A, 1 umelsll A=l T AE ITHFig. 3). 53] 1 umo|
3ol YA=-2 Brownian motions Ko FATH YA} F7] & A
& Ad2olM 7ol AA el Tt

SDS%} DGDACS] 1:1 molar ratio] 1.0 wt% Z&==g-Ho] tfj3)
TEMZ |83} ulA] 3325 ERISIITH(Fig. 4). Fig. 4%} (b)el
A & 4 50], A7 100~200 nm 719 vesicle FENS] surfactant
aggregate=°] SRIET} So] AU A9} oFol AL A2

N

Fig. 3. Optical micrograph for aqueous equimolar mixture of DGDAC
and SDS.
Total surfactant concentration; 5.0 wt%. Magnification X1000, bar
=10 um.

Fig. 4. TEM micrograph for aqueous equimolar mixture of DGDAC
and SDS.
Total surfactant concentration; 1.0 wt%, (a) x10 k, bar = 500 nm,
(b) x40 k, bar = 100 nm.
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gllof|x] FdoJelx o2 Y3t vesicleo] FAH-S Kaler 5
[341° Q& Ago® Riug Fof o So| AU A} ol
ZAAGIA ] EFA RN E HIEGITH ARG ¢
AA FREA wE AMBAALTAY F2= packing
parameter(v/a ] )l &3l A7 =)= v, head group®] THZ (a )01 2t
I tail group®] F-3 )7k A3 Aol 7t Ao AU IAEE
bilayerE 3/d3}a. 53] packing parameter’} 1/2~191 7 -$-oll+=
flexible bilayers 3/J3l] A= vesicle® /33t deiA] 3l
TH35]. ol2AAE dAe} Sol2AHE/A)] equimolar complex
Q1 catanionic surfactante 0] 151} ol 150] AEshaA
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Fig. S. Ternary phase diagram for DGDAC/SDS/Water systems at
25°C.

One-phase regions are containing micelles (M), vesicles (V), or
lamellar phase (D). Two-phase regions are consisting of lamellar
phase (D), vesicles (V) or precipitated aggregates (S). And shaded
regions are consisting of multi-phases. Subscript @ and ¢ denote
anionic-rich and cationic-rich phase, respectively.
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