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Figure 8. Geometrical constraints to rotate
double tail surfactant in hexagonal packing.
Small circles indicate each alkyl chain. Large

circles are the headgroup.
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Figure 9. Schematic phase diagram of
surfactant. Usual surfactant solutions are above
CMC line and above Krafft temperature.
However, LB phase is an exception. It is below
Krafft temperature and above the hypothetical
CMC line (dotted).
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Figure 10. X-ray diffraction pattern converted
to real scale during DPPC Lg to L, transition,
reprint from Reference-25 with permission from
publisher.
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Figure 11. Optical microscope images of the
C6Ee/C16E7/water system. The numbers are
mole fraction of C4sE7 in total of CisEg + C6E-.
Scale bar indicates 20 pm, reprinted from
Reference-3 with permission from publisher.
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Figure 12. 3D synthesis of confocal
microscope images of the Ci¢Ee/CisE7/Water
system. The numbers are mole fraction of C¢E~
in total of C4Es + CigE7, reprinted from
Reference-3 with permission from publisher.
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Figure 13. Temperature-shear rate phase
diagram of 48% C4sE7 in D,O showing lamellar

to onions transition, based on Reference-6.
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a) b)

Figure 14. a) BTAMS surfactants are more
neutralized due to closer bound counterion.
Thus the repulsive force between neighboring
surfactants are weaker. b) BTAC surfactants
are less neutralized. Thus the repulsive force is
stronger, thus the bilayer to be more flexible.
From Reference-11.
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Figure 15. Interlamellar d-spacing increase of
Cetimide + Cetostearyl Alcohol with 93% water
over 3 years. Based on Reference-12. Itis clear
that swelling is the power law of time.
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Surfactant | Concn. Factor  Theoretical Maximum d/ Measured di/  %Swelling
nm nm

BTAC 1.10 50.6 29.2 57.7
1.05 53.1 31.1 58.6
1.00 55.7 32.1 57.6

BTAMS 1.10 51.6 31.1 60.2
1.05 54.1 31.1 57.5
1.00 55.7 31.1 55.8

Table 3. Calculated %swelling of LB phase in gel networks, from Reference-11.
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0 ‘ . .
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Concentration Factor
Figure 16. Storage and loss moduli of BTAC
and BTAMS gel networks at different
concentration factors, based on Reference-11.
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FCOEBEL R [12], ZUlEdE, TR
7 JE L NaCl {5 OBER R BI%K

loglo d1 = —04'45 log10 CNaC] + 2.02
Equation 2

LUTEEL NFT T 20 bh5 (Figure 17),
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Figure 17. Interlamellar spacing as a function
of NaCl concentration in Cetrimide +
Cetostearyl Alcohol with 93% water. Based on
Reference-12.
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MOIRVEEEL T D,

£ (c1 + )2
—=-k(c1+cz—c
A 2 1 2 S.

Equation 3

ZZT ¢ & ¢ IE Gaussian BiZED —HD
FHRTHY, ¢ 1ZTFOROAFRMEBTHL,
Kawabata 5% C16E7 2B\ T, [k
NAFBEN L EE R THLL EICRESRELT
T, AR =N R — X
D@L AT, XUV ERISAEL
TWa [14], FHCIR ZHEEEE D~ 7)1
«@aﬁﬂz IFRE KT D, LIRS TZO

A, 2 EIREERIC BT LSy
%ﬂk HECIE7e< Ay NI — 7N KELAIIZ T2 B0
EWVIH LT OIRGE SR T 5, DEVZEOHH
X, IR BB OB O E LA LB
M= R —&fE 35 LT, B4 O
O G T EER LRSI DMEERO
D3, — OO MBR ZHEES A & TR,
LB AR LA PHC TR IV B AT
HEVEN =D THD (Figure 18),

(a) (c)

Il
e <l
“ L T

///

Figure 18. Growing disk micelle with two
patterns of unstable edge, (a) exposed
hydrophobic edge and (b) unstable amphiphile
aggregation. Edge adjoining with other disk
micelle (c) and edge closing by itself to form
vesicle (d).
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Figure 19. Schematic drawings of various

lamellar phases.
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Figure 20. Schematic representation of short
chain alcohol (white headgroup) and long chain
surfactant (black headgroup) together form a

interdigitated bilayer.
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Figure 21. SAXS (top) and WAXS(bottom)
charts of BTAMS and Cetostearyl Alcohol
lamellar gel network, based on Reference-11.
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Figure 22. The unit dimension of a-gel crystal
and Lg phase, where a and d are measured by
WAXS and SAXS, respectively.
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Figure 23. Schematic drawing of lamellar gel
network consisting of Lg phase and bulk water
phase (BW) (left). In order to accommodate
bulk water into Lg phase, bilayers have to have
much larger curvature to fill the space, which
requires high energy (right).
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Figure 24. Schematic representation of liquid
oil emulsified by lamellar gel network. a) liquid
oil, b) interlamellar water, c) bilayer, d)

monolayer
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Figure 25. Crossed-polarized microscope
pictures of lamellar gel network with surfactant
55% (left) vs. 7.0% (right), with constant
concentration of oil phase: 7.5% sunflower oil +
2.5% mineral oil, with water varied as balance
to 100%. Surfactant mixture is Dicetyl
Phosphate, Ceteth-10 Phosphate, Glyceryl
Stearate, PEG-2 Stearate, Stearic Acid,
Polysorbate 60, Cetyl Palmitate and Cetearyl
Alcohol, from Reference-28.
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Figure 26. Example WAXS chart of lamellar gel

network  indicating the presence  of
orthorhombic crystal at 0.38 nm, whereas major

constituent is hexagonal (0.42 nm).

Figure 27. Schematic representation of
hydrated fatty alcohol crystal unit structure. 4
fatty alcohol molecules are bound to 1 water
molecule through hydrogen bonds, based on
Reference-29. o represents oxygen. e
represents hydrogen. Dashed line represents

hydrogen bond.
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B-crystal (orthorhombic)

a-gel (hexagonal)

Figure 28. Hydrocarbon chain packing viewed
from alkyl chain axis (perpendicular to base
plane), based on Reference-29 & 30. Area per
alkyl chain hexagonal and orthorhombic are
20.4 and 16.0 A?, respectively. Each molecule
in a-gel has freedom to rotate, while they are
packed in specific orientation in orthorhombic
crystal.
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Figure 29. Ternary phase diagram of mixed
surfactant (Ceteth-2 and Steareth-20), marigold

oil, and water, based on Reference-34.
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Figure 30. Phase diagram of SAPDMA with

lactic acid as surfactant, fatty alcohol, and

(=

90.5% constant water content, based on
Rerence-36. |. isotropic phase, L, lamellar
liquid crystal phase, Lg: lamellar gel phase, Xra:
hydrated crystal of fatty alcohol, Xs: needle-like

crystal of surfactant.
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