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Lamellar gel network provides rich, creamy and slippery texture. It works as versatile
platform to formulate various matters, such as water soluble, oil soluble and non-soluble. This
has been the key reason that lamellar gel network has been utilized in cosmetics and
pharmaceutical industries for many years. This overview consists of 2 parts;

Part-1 focuses on the physicochemical basis of a-gel and multi-phase network structure.
Lamellar gel network is a complex system composed of the 3-dimensional network of lamellar
gel (Lg) phase, bulk water phase and often oil phase. The bilayer of Lg phase is composed of
the amphiphiles below Krafft temperature. The concentration of amphiphiles is much higher
than their solubility limit. The unit crystal of the bilayer is hexagonal called a-gel. a-Gel is
distinctively different from liquid crystal, as it has crystalline nature as the molecules are fixed
in their relative positions, while the alkyl chains can freely rotate around their axes, thus not a
true crystal, hence called gel. The mechanical strength of the a-gel bilayer is much higher than
that of liquid crystal bilayer.

Part-2 discusses various phases in lamellar gel network, stability of network, and formulation
spaces. Lg phase forms various messo-scale structures such as sheet or vesicle of various
sizes. The spontaneous curvature of bilayer and the total concentration of amphiphiles are the
determining factors of the messo-scale structure. In case of ionic surfactants, the L phase
receives positive osmotic pressure from bulk water phase. However, the viscoelastic network
structure limits the swelling of Lg phase, leaving large .
proportion of bulk water, i.e. 50%. It is difficult to predict o g\&
the swelling behavior of Lg phase in lamellar gel network = '&y d
just by DLVO theory. The network structure allows to ES
sustain bulk water phase and oil phase that would
otherwise phase-separate instantly. Lamellar gel network is
thus Kkinetically stable. Present paper also discusses
various instability mechanisms from physicochemical
aspects, and organizes the formulation spaces that form
stable lamellar gel networks based on several published
phase diagrams.
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Figure 1. Schematic representation of lamellar
gel network structure. a) mixed crystal bilayer of
cetosteryl alcohol and surfactant, b)
interlamellarly fixed water layer, a+b) lamellar
gel phase, c) cetostearyl alcohol hydrated
crystal, d) bulk water phase, e) emulsiifed oil

phase.
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Figure 2. Structure of a-gel unit of amphiphiles.
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Figure 3. Lamellar gel network made of
BTAMS and cetostearyl alcohol shows high
viscoelasticity, based on Reference-8.
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Figure 4. Hexagonal packed surfactant (black)
and fatty alcohol (white and gray) at ratio molar
ratio 1:2 to 1: 6. At ratio 1:2, each every fatty
alcohol is surrounded by 3 surfactants and 3
fatty alcohols. At 1:3, each every fatty alcohol is
surrounded by 2 surfactants and 4 fatty
alcohols. At 1:4 to 1:5 ratio, fatty alcohol is
either surrounded by 1 surfactant and 5 fatty
alcohol (white) or 2 surfactants and 4 fatty
alcohols (gray). At 1:6, each every fatty alcohol
is surrounded by 1 surfactant and 5 fatty
alcohols.
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Table 1. Average number of surfactants, ns,
and fatty alcohol, nga, that surround each fatty
alcohol at surfactant to fatty alcohol molar ratio,
S:FA.
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Eccleston HIXERIIRZIEMAIEL THERHL
T2RICBWT, 877U T L a— L aff A
FTHETATF N Ry T — 7L CTIERE T 208,
BT ILT T — LTI ERN EKFIIZ S BEL
TLAHZ %, BB G E TRl T[],
¥7- Fukushima HiZA4 LV A-15, 77 UNLT
Jba— L KO3y % (HFEZR L) TOFEK]
(Figure 6)IIZLVTATHDIFEZ R HL TN
[4,12], ZHHEEIIZDOMET ATHR G EITE A
TWAN, A HDERTIETAZT VIETH
el

a7 VL, BT VX VS A A 0[]
H500 A EZFFOIERERIED T LR VST
HURBE TH D, TILF VLB 4 DIElE 7 A1

Acc. Mater. Surf’ Res. 2016, Vol / (No.3), 99-129.

https://www.hyomen.org

WHERAGDEZLORIRETHLIZ L%
Andrew |FH2MEL TWA[13], ZAreidse iiC,
H A4} &L (monoclinic) <24 5 i (orthorhombic) |
ZALEL (triclinie)l X7 VIV (TR AR
L) DR EMELZ S > TR EREINLTEY
[El21 XA A E T DH(Figure 7), SmalllZdL5 75
Ti O/ X BRBELZ L DR H T 4.2 A
TdHAH[91A3, Larsson 1% 4.15 A L TWA[14],
Ly A2 DWW TIX 415 35 4.2 A DS RHE1-5

BLLTROLN TV,
70
liquid
i ———0—"”/'/'/“
50®
%
g 40
g a-gel
E‘ 30
&
20
10
f- or y-crystal
0
0 20 40 60 80 100

wt%Stearyl Alcohol / Total Fatty Alcohol
Figure 6. Influence of stearyl alcohol) / cetyl
alcohol ratio on the melting point and transition
point of the ternary system with Oleth-15 and

water, based on Reference-12.

3.8A

' '

Figure 7. Packing of hydrocarbon chains in
B-(orthorhombic) crystal. Alkyl chains are in
specific orientation and cannot rotate. Based on
Reference-10 & 13

BT TINT N a— VI EENDAT TV
TLa—LN 107 70% 2BV T, B- HDHWIE
y — i dm S OERRBIR B L E IR IRV, &7
TULT Na— LT /LTa Nz bhle
28D, == v var DR EE B2 ERT S
ZENRHHIZTED, 2=~ /L yar T A

104



Acc. Mater. Surf. Res.

P SN A AN (I S QYN g =N S
95, TP BT TINLT VT — LTt
AR IR LT I B W TR AR 27— 72
Rt 72> TUND,
Wit F AT Va— L LI AT T UV
TIa— LT, BT T UL T L a— L
XN Z EVEIC T 328 B, 7%
NVHEDIAS Y FIZLDEE Z BN TND, A
TTVNT IVa— )L DT V3 VI E
HHEZFDL, 2O Tl gauche EANLHN
Hz2 TLBI15], &2 TChT AFNL LSS RTAR
HANEDS U TREED T2 | B 5 0 HL

https://www.hyomen.org

FHm O AR T HI TR, STk
L5%, Awad HIX DSCHIIEIZEY, fiF72&F
VT — v SRR AT TUNT b a— )L
K OZENLDRA Y OB F R E &2 1T
W] IBAICEABHEIAYy T A= &
IV —Z W R o T L 3 — U RO
HEELHZE KERAE WL M E AN
AR (1B 1T LT 2705 M2 @tk 7 v
a—Lix 1) BEERGEERFE OSHdd LE
HHEUTNTT6h) | 2) RO,
V2B LT HZEAEIRL T A(Table
2),

Solid to rotator phase

Rotator phase to liquid Solid to liquid

t(°C) AH (Jig)
Stearyl Alcohol 57.5
Cetyl Alcohol 43.0 83
Mixture
(Hydrated)

Mixture (Dry)

t (°C) AH J/g) t (°C) AH (J/g)
59.7 242
50.5 133.7
58.2 116
53.5 144

Table 2. DSC peak temperature, t, and corresponding enthalpy, AH, of various fatty alcohols, based

on Reference-5.
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ZFi 1.07, 0.633 and 1.37, T&h5 [16], CPP
IFEONDHIETHAETLHIENTEDLN,
BONDEITZED HIEIZL>TET RS,
CPP IZZHNE TR A ’bf:of{ﬁiﬁﬁfﬁii
fECH o7, FEBRDOMLTTEFHIIBWTIL, 5t
HIEHHIE T 7L T La— )L DOFE)LE 1:3
MR B NEENTEY, 1.0 2TV CPP
BHNDHEE Z BN TNWD, L LETIZ7:
S>TEFNFIESSTENRIEHE T
ZTHY [17], KRS A ERRLOFHE
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DHTROLDIZAHEBZbND, AT T
VRN ) — LTI CARR) T, AT
TVARDORN) =& )— )L T 0255 35% T
MIATHEL O T ZENDIN-oTNA[2], T
AUTHNVR U BEOAKFIZLDER —HEED
ek L, KBAA IO KRERN L ) — LT
JUERAFT U ELTRLE T 528128 D CPP
DEAIZ LD, I TIEE /BT VI RO R
W7o bH 5, £/ EF NIV BEET VX
= N=xZZ /)= LTI, El?)éb\ XTI AF
TR ) — )L CHRILTZ 7)‘7/7/1/1‘9
BT HZ é:7b>$&¢éﬂfb\éo ZhniE. Z
B A A NI TRIERD, N H %
T H2DIZHIHE RNRESIZRSTND
HLOEEZEZ BN TS [18],

5-1. Y€ YYE/FZLFILIRAFIL

ZVEYILE AT T L —h(GMS) /)&
NI AV —K(GMO) REDE /7R
TAT )L iaﬁaﬁfﬁ‘?ﬁﬁbﬁ%ﬁf%_éo nHES
7RV AT VTIRO R ERFE -
TAH _T7%7&/b$ﬁ%ﬁéﬁkﬁ“éq‘:ﬁ>’ﬂ%
LTS [19,20,21], BN FLHEE MR &
WMT =)V EE DT DO S A ELR
FTAHZEIIEHER LT R ICIB W TEETH
el

Cassin HiE C18/16 {EG D fafnE /7 kY
VAT L5 10%DE  45755° C DI
BWT Ly HZEKR T 522 AL TWD,
ZORBEFRPHICBNT o -FILRHERRSND

DI, BUEFN K> T~y N7V —T R LD
IKFBRE A DR FHNZ & T L L [
D77 FINT— )L A DR LF— T

Z2k% [20], 45 ° C LAFTIX B-Hida
NEERD,

Alfutimie 5% GMS & GMO @ 50/50 (wt/wt)
IRAWTIXTAZ 7 VD HEBLE T, 50% L4
TIZBNT Ly $H+5E:L~Ey7$ﬁ+7k$ﬁ®3$ﬁ
FHB T2 HLTWD [21], Z
FERNZ @R EZ R, GMS &GMO /;m
W oK RO K [22]ICHEK S L
GMS/GMO D kt% BT 7= RICE W TR A 72
TEVERIREICER EORHATREME R H D E
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ERBND,

5-2. ATV E=ZVLIE

CTAC X° BTAC 72 E DML T o E=r7 LI
X, ORI otk T ova=r s
OIS, aryF  a=y THIELTHE 4 72
{EHESICHOWSI TN D, RIUAF LT =
LAY RT NN —T L RAT I E ORI
NIZEDORESIORED  EBEO KT La—
IRBDIEHEAN Z1E= ST, k> TeT
Doy N EE TEDAR—AZ LR TX | A
ffb T D2 EEBHNT D, ZOFEOMEHE,
EEBMEFEFS>TNDH, AICHEL TS
BT BEZEORITEIRAICRET D, ©
DI=DONT AT 4 at —0~T K —hA
MZIESHOWBIR TS, BEHEICRSE, #)
Ho~TarF oa)—1 Cl6 TILF /L84
MEITHOSNTWZA, FIT Tl C22 A3
HLEHNBILTNDISTH D, ZOM/EIL,
FOVyFTCRIE T T aia=r T EOEN
L ERF T 5720 THY, ZNHDERITEL
DEWT LI A>T EEO B A
HITFHZELIZED, b ERIT TR, EHEAA
DIDVIZAF VNN T = — A% D
ZLIZE o TEBIZBUKEE BT, —EFEOMKE
WHIREZ BiF . av T ya=r 7% BiFS
ZENTEDLIITZ2>TD 8,

5-3. ZILXILTFIFT7IY

pH ZH NG T ALzl TT L
FATINRTIVIET VBT LR D,
SAPDMA 3k & 7oLt FRlo~T a7 1
TaF—TIR<HWLITWS, TIRTIUIE
Wk 7 LR TEREEZOFE ILIZEV A
HTHHZERFESNTND [23], 2T
IRTIVAYRT =T NKERET A%
FFOTDKMENITENTWDTEDEE XD
D, XL TCRIAF LT =T ANy R T )L
— XD IO7AKFREAE T AR, 73
K7 &R 5120, JLEg, 7ok, 7
NWEIUVTE, MBI E DRk & R WS E
NTED, BROBEIRUIZE ST CPP BELTD
ZEIITRRTEAIETHLN, ZOE 72
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L Cl& SAPDMA L3R R[7] (55 2581 Tk
N5)RRNFIRTBE LI AT LTI
(Behenamidopropyl Dimethylamine, BAPDMA)
DARFTOMRZFEDOHRE[23]2FRVT, 1FE
WEFRIRBDEINTELT, BEME LS
NTCWDH 0 LB IS, BAPDMA-HCI 1%
2B E DB VO R R E AR L,
IR COZOTEMEAIKESHILT 1 V8D il
WU T THLO ML ETHDILTIEN,

C18 %> C20 DAL FIT e~ T10 5L o
KDV IRIE 2+, B PR ® T,

C, UL EIZBWTARUINARS B IRETE L .

C, LA RIZBWTIATHRE B RE TR T 5&
FEBIN TS [23], FEEOIXZOIEMEANL
FEAANT T FICHE A ThDEFERL T
N

5-4. —#HBAEEMEA
INFETIEEIC AR mIEEANZ SN T
FALCXEZN, VAT T Y= A1)
K ( Distearyldimonium Chloride, DSDMAC )
7280 ZHM R EIEERIL . T AT T LRk
T—7DJFMELEL TIASHWSILTWS, U
EE LY, RATZ 7y FPLaly
(phosphatidylcholine) , mAZ 7 F N7+
17— /L (phosphatidylglycerol), or "RAT 7T
Wk (phosphatidic acid) 72 & DV HEE 7 E
&Y Ly AT D2 LB TRVLHE
S IChIRIEHEN TV, LoasLond 8
T EVE A Z Ly A HODIZIERRI72 %
ERVETHD, 1FEAEDEGEZNG 4
R AN SR T v — &35
FUERIE L THEYZ LT TE AR, ZhiEZh
5 T HRITEMEHI D CPP 23 F 1 H & TIEIE 1.0
ThdHILITdd, ZHREMAE SRk V=
— L EHIT a TVITHANDIZIE, EOA
{EAIE L CEW/NEe CPP ZHr> — 847 R m
IEPEAI S W E72 %, DSDMAC 1% 40°CLL
TIZRBWTAKHF TKRREIRZ KT HZED
Xambn g [24], —AKD C18 T /L
BRI LUK S 2 AR T 5, 2
. AR MEAI O TV VB R BB
TSI TNDT=D, K% DR T HTENTE

107



Acc. Mater. Surf. Res.

RN Th D, BIDOFTREMEE LTI, by
AFNT BT LNy R T IV—T N RO T
VRO A MmN TS ELTLE,
Fro. NT I T SRR MR 7+ 2k E
LCEERTHZE1T, Z D&M FRIHIR2 S
DIRVEELWEEL S 25 (Figure 8),

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

circles are the headgroup.

DSDMAC [EZ KK dwth (2 THiE W
FIVORERZ RS, ZONBUIT AT 7V %
"I — 2 Dk % L TCUWDA, Laughlin 50
FRIXNZ &2 & MR RE CIL S dhCid ek
i S CHDHZ LD b > TUB[25],

6. BHERYINI—VHEE

TAFIT I F NI — 7%, KR T AT 7 v
LHES L ZHEanA/REETHS, LL,
FAZT VAN KER 7% O DHEITRB,
DL RO K /31X V7 KA TH
Bo FT2TATT N F NI — 7 IZFSLELD
{EFE S XM AR 2 & To, AR, = AT Ll
RERMDO ORI, S, KK 77 ¢
UOEE Va2 T Il D, S
BIZ, ZLDTAZT N Ry NI — 7X@k T
Jva— )L OKFIEERaT 7 (L) fHEL
THRELTWS, ZiUIZZ77NEELL ETo
FTAZWREARDD Ly FHASDORFERIRBITICE
D, EEEREREL Ca T AR D 2K
%o ZHUE IR LR CImE m kT L —
SV B ETE PR S DAFAED T8 T
bHEZZBND,

EHESR DT AT TN T =225 Ly
FROMAERE 5 A 1T 20 80% L L& PHIZ 725,
30%72 ARV A =AM THE L AT ol e
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ThHDI0, RV~ —728 THEBEO R
BT U R TR S B 5, Cle TV
TV (BT AL OREX 2.174 nm KON
Figure 2 DT EEZ HWDE, a7 VD
FEIL 0.845 g cm P ERDBILD, Ly FHO HH
R 50%7RE mVMHITIE, Ly AH2E B8k L7z
SRR N — 7 & TER L CTEs Y| @R 2
INEIR= VFTATG R L RELEDI ST
FEHERE SN2 T ATHDRA R TH D, #
BRI LT AL, ZAUT L FHOTHE
RO DIEIEL S 2D, NI IVITREIR
JEINTE G L, AT —MEEILE ) TOH
FLEESICEF 595 [25), MiprEEEiToh
LOFERTHD, a7 /VAEERILIET T
MEFCHD, 7VAE, WK FED —HEE D
THMEERITENE A 200, 50 MPa Tho
[26], 200 MPa (F— A7 E AR = F L
YORIUEDHES THD, Zib Ly FHOMEIE
\ZEo T LKA ACIAD LIS, HH
IHECERWIO L ELEND, fERELTIA
TTN RN =7 EEH EREELRD, Zh
IFEZES LT HERALE LTI, )
PR R ERE LI TR D,

FEUL T EEESNTZT AT TNV Ry NI — 7
HIZIZ S 7IRED A BICE X Rl TRIK
S K S SR B 92 S s AN
IEFELR, LIRS T, TATH LRy RY
— 7 DFMEEINIKERFRREDfEZRL, K
CIRALARLUI-GA THIiTIFEAE R AE
L72uy,

EOETIX, TATHF Ny T — 228 £
HENENDFICOWTOEEM AT 5,
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EDAEZ 5T Tb 712, DLVO B2
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W, —WRBIIR T AT T Ry WD — 713 v
K% 50%72EERBICETZENE N, =
7RIEIRE L ARORME R R T — i D=
DI ESINLTWATZO THD, T4
TN R NT =TI G R THDHTD |
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BABORELLT, UL TO REZET T,
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TS TWRnWZ b, J =AM R iE
PEFID L, #HR TELOEBRIRFEN T4 T
WABEHT, T O DRSS ICBIT 5T A
THEF=F O EBOERE, EIHE A ED
BT VFIZHERE 3 DRI O FEZR TR ) 7
0. WEML I RE N R END, A H I,
FAZI NI N — 713 DEMEREE DT |
BB 283G AL TIE AR, (BB,
ORLERRE CORERED H72H3 PO
PO PR E RO BB R I L D% RN
TCHAETLHOIZH, ZONTFITBNTHS
SIRDIFFE MR SN,

2. SASTIL (Lg) 48

L R A0 5 16 M A A3 75 057 dh 2 il
FlEiz ZBmEAEMBICHEE S, 20/
RPN TZLTEETHY, TAT T Vv v
— 7D FEERBEHLETHD, TAT7 VARIT
HAR DRSS (L TFTAT R IL) Db,
IERRIZ M EfE 72— MIRT AT E T2 Th D,
ARKETITIRY — L (=T AT XTI N) T
AT NFDERIZEZ DR, ZOFETIITA
T VHR O R E e B F RO I D0
THERL T D, ZAUTALST DRSS, ERR DD
BZIEH ICEE A TH D,

2—1. L, HIFERELULENDISTMNE
EUTOEARTREEMEIOBRS
had

KERGy D v A KR TIEF IS O
BV X R R uiE e b7, %
D TRV A TS EEE AN TIE IR > D AT H
WS 528272 %, £z, a2 A RRD
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P E DS EIEEAIDO 7 T 7 MRE XD
FoIZEmWREICTRE . EH SR ITN
X7 5720, T Ko THRmIEMA DR
EAE+m3Icm< TE, pooEDars RR
EHHSBET S Z MR T E S, g
PRS2 277 MERELL EIZH D EVH Z &
X, ZOT X )VEHN TR ARIREETH
HZEEBWTDH, LrL, Liflikons
“omanA ROEKL—=LVIZHEDRWN
(Figure 9),

Le fHOSA . FmiEtsl (&k7 r=a—
NWEETe) ORBEIXZNG ORME LY
X5 m <, FmEiErEAl & @k v a—
DT T 7 NMREITEHES SR SN D IR
FEX0iZsricEmy, sy 77 MREA
o o S ETEMEA] & @ik T v 3 — L DIRE
BRI A D H LSRR A TREID &
D W B EY E 1T EEE T D 72 CPP
DL L, ZOTOREREIRI B ZHE
FFCET. BRx a5 720K
DOIESEET S, SEIEMEAID CPP 2349
1.0 THHEA., = O R miErEANIT — FEpE
BB T D, BT T UILTILa— D55k
RaemALTISE. o FIXEHT LV
AR L, SRIENZEEE L Z < D ED K% [H]
IR L@ m T L a—L DT A TG %
R L. Z OIS BES 5,
ZOWEEE T 7V (L) MDDV IEKFN
FEEL LIRS, T VO AR ZRET L
WEAKTH72DI21E, SW2 77 Nisk
BEZ L >8R R EEER 28T 7
VAT Na—)LElBETDHZENVETH
Do ZAUC XV EEE L7z —ERERE oI
ZEDOKEGEGTe(Lp FH) Z E N TE, LAHD
HRREIRIT 2 Z LN TE D, Ly ML, B
AL —EFEOR O DLVO HigiZ L 537
KR DT, WEIORZEEE S 2 2 T
%o BEBET DL KFEDIFEIZ L D | Le
FNIZIZEIZIEDEN R oTED,
MLEY L, AW LE>TWS,
L, FHO RGO 7 VX VT FHE E
B ARREETHD, —DDOHENIZINED LS4
TO C-C FEEMMIT AR THRB I OTIR
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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).

HETHDH, 2T LR LEHITT L3 L84 1
DFEREAS 0.415 nm DA EMIZEEL THY,
THUTT =T X L — 22k
THRIE TED, ZOMMEHI AN ABULOD K
{EARFOERTHS [1], ZOEREHT~R7
N—=TRTNVFNHE IREREICLST —
ETHD, ZONFT TR TIEHDH, F
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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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EPEAN LT VR LV Z AR O S LT H H
IZEBELCTWD, Ly & L, (GATHEM) 2o
EWIE, Ly AR EICHAIELW AR ST
HDHDOIZKRIL, L, FHIXZ D AHRICH
T EHIT 0.44 nm ENIVREVEAED
HY | JAA X ARHEL TR E — 212l
725720, Quinn BIXZDENE T /LI RA L
X A 7 oy o F U o oo U v
(dipalmitoylphosphatidylcholine, DPPC) ® L
e L, ~OFEEBOYT LZAL X BRET
HIEIZE ST ZRLTC% (Figure 10)[25].

2-2. FAGFTILRYRT—OHD Ly EF
AMUDRESERK

fEHE S DR R EFHC IV TIE, JRSERL
72 Ly HHORY NI =72 RS E TG HS0.
FEWICEER LI~ LT TAT UL L, A
ZHETHALHD, ZOETIEL, RAS YA
ABIOIERIZO DD DN DN DOIFIEH TR
[ZHEDE ZORUTOWTHERT D,

Nagai HlZk2&, C16E6 & C16E7 DIRE
EIE VAR E L, FH~OSBIEE LT CTH
WTWWD, CLI6ET OEIGAHECT ZEIZRD ¢
=15 nm " DR X FRHGELE — 2 DIE AN L2
HTEMD, RERBUKIEKIZESTT ATV
A DREEARBEN LV AR AN 22 DA B
B (B E 80 1T 2L N2 e DD,
CL6E6 & CI6E7T DHFREIZLDR AL TE
WOZEAIT FRAP BT & I A8 R BARR B 22
PHRERBUKIEDOEI G EHLTZLITEY
FOERIRDOR AL &700 | RERBUKIEDEE
ZWOHTZEICEIV BB LI r v T — 74T
2B ENHEICRSALCS (Figure 11 and
12)[3].

Nakagawa DIFIZLDTV AT T HAIERAT 7
F- )L 2V (distearoylphosphatidylcholine,
DSPC), AT TuA)VikAT7 7 F N7+t
17— /1 (distearoylphosphatydilglycerol, DSPB)
K OEF LT La— L (CADIREZZE N
A A — )V DREEIEE DR FRIZLDHE,
(DSPC+DSPG)/CA E/VEE 0.34:0.66 (230
TETOMKT Ly 2725, ZOHRMETT
DSPC/DSPG E/VE A 10:0 225 5:5 FTEAL
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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.

Zilman & Granek |ZZ#1% coherent (\ZFH 23
> TTF L Cu5) buckling (i) FA# & -
A TUWDo ZORE, BRI o0 —E I35
WA Buedga THAVICEZE LY DI END

Acc. Mater. Surf’ Res. 2016, Vol / (No.3), 99-129.

https://www.hyomen.org

EED . B I LD AT HDOET L EL TR
OS2, Z L CEIW 134T H OB 2 ENE
T A5 E . WFT o TWBDT AT DN W
EN, EBICHEVA =F U ARERDEFERL T
W5 (8], ZOFET T =AM R s TE
FD L, FHRTIEZ<OEBRRIENDZ I TV
DI AT MO ZHEFERR Ly FHRIZTIH
FE72Z EANERY SE DN DN T ET LS
SNTELT | SOLRLMZENHIFFSND 5 B
Thbd,

2-3. WAA U ~—BEDHIFIHE

ST TE PE A O B K I O kA A XIS A
DUFEE | B2 E), Lo TIAT LRy R
— 7 DGRV EL B XD, £ DEND
KEBIF LR A A EHAKFEDFE S =X —
28D, AL A I ET I N ATF VT =
7 A(Dioctadecyl dimethyl ammonium chloride,
DODAC)D%tAA % ClI 7°B BritZzx b
72 CTEDORLEN 49 ° Chb45° C b,
B 1.0 mM IZBWT, Zhbasr ey
(DODAX) (FZ =T AT XU TNV ETER T DI,
DODAC ORI VF R THS DODAB
DR 7 II0EKEV [9], ZiiE DODAC
O " HEEA DODAB DFNIVLE IS
NTWbHZllzksn, OB EIT ClAF R
Br A4 J0/INEWN 2D HDWILClAA 3
Br &g L CED A~y R 7 — 7 B Aeff L T
WA EFE 2 HiLD, Berr Hid Cl6, Cl4,
Cl12 7NN AT LT =y A ETE M
F DI 2E5%0 NO, > Br > CH,S0, > Cl
>> OH DJEIZHE T 522 AL TS
[10], Iwata ST EHEMIZIASHWSILTWS
TIAXNVRNIAF LT = 5D FEO XA
T D EAT, TATT VR NI — D
TG ALBE S & U COME A~ D 8% il
L7z, BTAC &Eifk 7T va— iz kB L fRIE,
BTAMS &He# LT, KRB EMS =86 X0
FEZELod V), £72 BTAC L@k 7 La— v
O "L, BTAMS OF L&t~ TR 28k
PRICE T, TOBEMREL T fED BTAC #
KEMOFRNDIZEDEDEL TS (Figure
14)[11],

114



Acc. Mater. Surf. Res.

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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Figure 16. Storage and loss moduli of BTAC
and BTAMS gel networks at different
concentration factors, based on Reference-11.
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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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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.

Acc. Mater. Surf’ Res. 2016, Vol / (No.3), 99-129.

https://www.hyomen.org

(WAXS)IZ o 7V DAFAE% d = 0.42 nm
BTN E =271k -THZ D, filk
LT BTAMS+E 7 7 U AT /a—iLi7
AZTNEy N T—7 O XMEELF v — K
% Figure 21 (27”77,

3. /NILYKHE

PV T K E T AT RERIKE OXBIE,
BEBEOITN ORIz b e—2
WL > THIETE HZ &% Junginer 23 /R
L CWA[27], ZOHFER, ALK
DRI L G L D720, FrEDREICE
5 EESCERT L a— L OliER D
BEZ IR L TEY ., EFICD-L D
EATOMER D D,

H 9 —DODHEIT, SAXS I2LDHT AT
Je& BRI O P 7E 2 T2 NV 7 KA & R
L2 L ThD, TORMEIZAETOMBMEE
WED o FVERET D EREL TWD,
TIVX OV~ AROWEEITILL Tz k- Th
Zb6hd

2 5
—dad

V3

Equation 5

ZZTa lZFWAXSHIEIZK > THERZOLND
7 XV E O 7 EE [nm] THEF 1L 0.415
nm ThHb, ZATHPERIIHEL WD
LGE LTSt HEEEART 5 AKOT
R E T A ZFMAKICE D THE) OHAL
BIEIX, ZOEICT A 7 @R O B e K
B, dpee [nm] ZHT 2L 722D, 1V v bV
HIZEEND ZOHMEOHIL CR2 THRYE
%, 22T C= EMBUEMEYE DT L L EH
DOFEE [mol/l]l. R = Avogadro EHTH 5,
Eo T, dpu FEL T O TEYE S,

V3x102%*
Amax = ~gacR

Equation 6

120



Acc. Mater. Surf. Res.

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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BRITH W O TV D RETEMEAIC L D, 5t
HETEAIOX A A B EHZ 57217 THIE
HEEENCRE BT D [11] (Rik),

LU, A F R miEERILS DA F
PEVE RN T A ZERAKMBICE ENH5E6. =
HEIRR OFERIIDER S D720, EE
FHIBR S D, BEEOL AT BEE 5] &k
Nl

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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SN TEY, TORE Y % Ly ALY [
toJE & 72 % (Figure 24),
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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

MYERR Y N7 A2 7 A AR T E S T
27 E 9D MR ICBAMER T CEHEE D
BWBEN AR Th D, N~ /LF DO+
FTHENTWDORRBD LANIE, Th
PR D~ VT 7 A Z @I T EN T
WD ZEEEWT D, MR A IRGTE A2
MW= 277 vry NU—27 THAL LT
IR 72 B L % Figure 25 (29, 2 2 Tl
TMFEY 10%[EE TH 5 O T, IHMHEAZH<

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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FEimiTa T am L IROIBV R E D ff
BRI H 5T BEYEEZHND,

0.42 nm

0.38 nm

I(g)/a.u.
«-—

g/nm!

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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6—1. a-7)LD B-HRADERICE
BSASBREKD/INILIKBADHEH
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Figure 28 O EE/RTHY, NI MHED
TLVR VIO AT E AL 20.4 A THY, B
B CIER 16.0 A L7p%, C16 TV L8 (&
trans) DFEE 2.174 nm K RZOHEN G
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KEVELS, KB EFICHEH SN AZ LA RIE
T 5, ZOBGITEEICHIT 5 E RS R
BIERSNAGDLT AT LRy T — 212353

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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