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The molecular assembly called “a-gel” or “a-form hydrated crystal” is a type of lamellar gel. This
molecular assembly is prepared from binary mixtures of surfactant (amphiphile) and water, or
ternary mixtures of surfactant, long-chain alcohol, and water. The a-gel is formed below its gel-
liquid crystal phase transition temperature, and hence the motion of their alkyl chains forming the
lamellar bilayers is restricted. Additionally, the alkyl chains are hexagonally packed within the
lamellar bilayers. The a-gel is widely used in personal care
products, such as shampoos, hair conditioners, and
skincare creams owing to its ability in holding a large
amount of water and its highly viscoelastic nature.

In this review, the following two topics are presented based
on recent research findings: (i) the characterization of water
in a-gel systems, and (ii) the rheology of a-gel. One of the
key conclusions is that the rheology of a-gel is affected by
the amount of excess water, domain morphology (shape
and size), and domain-to-domain interactions. This
knowledge will be useful in tuning the performance of a-gel
in various applications.

A
Gl

¥
lﬂﬂ |

Keyword: a-Gel, a-Form Hydrated Crystal, Rheology, Water, Domain

Kenichi Sakai is an associate professor at Department of Pure and Applied Chemistry,
Faculty of Science and Technology, Tokyo University of Science. He got his Ph.D.
degree in 2004 at TUS under the supervision of Prof. Kunio Esumi. Then he worked
with Prof. Simon Biggs at University of Leeds (UK) as a postdoctoral research fellow.
He joined the research group of Prof. Masahiko Abe and Prof. Hideki Sakai at TUS
from 2007. His research interest lies in colloid and interface science, particularly,
surfactant chemistry, formulation of emulsion and o-gel, and adsorption
characteristics at solid/liquid interfaces. He published more than 180 original research
papers and got several awards including The Young Scientist Award (Division of
Colloid and Surface Chemistry, The Chemical Society of Japan, 2015) and The Advances Award for
young scientists (The Japan Oil Chemists’ Society, 2012).

Acc. Mater. Surf. Res. 2022, Vol.7 No.1, 10-17. 10



Acc. Mater. Surf. Res.

https://www.hyomen.org

a YIVCEETIRER - KOZERELADI 514

BEHE—
RRBHXZ ETZE £igltZEFf

1. [FUsIC

FETEVER (DT, K0 IR E e
W) ISR T D3 THEA RO —2IZ, Wb
La VBB D, a7, REEER,
BT Va—L (BT La—L), B TNIAKD
F—<T VT INRLR > TREEND AL,
FALREFIRR, FE DT ER E/ R R
SN TER, a7 VT A6, Sk, Sk
Pl ST E AL, vy 7 —, arT 43
TF—, HDHWNINR IV —LE, N—VF
T RS OEH LIS TND V) Ry N — Z ik
DFE R L AR A AN RN L0 D Z 3 AT RE
EVIET, a M NVECYET LV O—FREELZ
HZEHTEDLN, a DRy N — 7RIS
7 HIZ LD EEE Tl 2uARIRIEDR A
AR EAENC Lo THESEES L TUVD,
LZAT, aZ VICTET HAEIE, 7
BLEODEMEN CEBENHY, “a 7
EUVIHOSENTE MR BMOLETHERASNT
WD EIFEWERO, ARFEITIZLLRT, o 7 WZiE
HL7ZW< o0 Ofif it st Fs i s g 29,
B RAIZOREOH T, a ZFNVELT
DINTEFEL TWND,
® [TATF N Ry T —IND " HEDE
/NENLREE | THY, o,

® [(TATZFNAHEIERK T D oy D H
) Rl AL RS L a— 3k
g (AT T LR) IS LT R AR

FTAZT VAL T AT WA EIRAR, o T
DIKD @&/ CEMBICESI LI REETH
D, ThFREERE R L QD T LR LD TE
kA3 AR B 27 L CHIBRE U7 IR RE
(2725 TG 20, —T0F, TATHREFNET R
P FREE RS S LV BB EE TR T 5720, —
4y FIEZAE R L TN T L3 L EH I TSR IR RE,
SEY, EEEOE U IRREICH D,

HHRICED BRI, TR Ve

Acc. Mater. Surf. Res. 2022, Vol.7 No.1, 10-17.

FIANK 2% B 0y TR A A
a BUKFIAS G S EFRL, o FIEEICEWIA
FEN 7otk GERFIK) b2 IAA THEEEL 72
REE (D FY, TATF N RO T =) & 7L
EIEA TS, AFETIZLLT, 4 F Atk
L TCWA R EEEACRET L a— L ORI
MeA T DA o BUKFIRE S DR BLE
Mg,
a B KRG S OREE 1T/ N I X RREEL
(SWAXS) DRIEICIVIRIE TED Y, $7abb,
UL T DA LIS A1T, o BRI &
DB RIBE D, o BIKFOfE &b O #iAY)
Tt % Figure 1127,
® /NAFEIRICHNEL RN MLV DfEIZL T
1:2:3-- OFIR L — 7N BT 528
— TILFIVEHMN T AZIRIZE S L T
BHZEH R

® L AEOBELTZ ML 15 nm ! T
I KON —INHBLT 5L
— A PIRERERLL TOD T L LR
AN Ao ] | D RV N AN 3

L

Water

@ Long-chain

T Surfactant alcohol

Figure 1. Typical structure of “a-form hydrated
crystal” formed by surfactant, long-chain alcohol,
and water.
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Figure 2. Lamellar d-spacing measured at
different water concentrations in the C16P-Arg
system. The red curve shown in this figure
represents the d-spacing values estimated under
the assumption that all of the water added to the
system was incorporated into lamellar bilayers.
This figure was reproduced from Ref. 11 with
copyright permission from Japan Oil Chemists’
Society.
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Figure 3. Schematic illustration for locations of
water molecules in a-gel systems. This figure was
reproduced from Ref. 11 with copyright permission
from Japan Oil Chemists’ Society.
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Figure 4. T abundance and each T: value
estimated at 25 °C in the C16P-Arg system. The
concentration of water was varied at 20, 40, and
90 wt%. This figure was reproduced from Ref. 11
with  copyright permission from Japan Oil

Chemists’ Society.
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Figure 5. Lamellar d-spacing measured at
different mole ratios (gemini surfactant / C140H)
at a given water concentration = 90 wt%. This
figure was reproduced from Ref. 16 with copyright
permission from Elsevier.
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Figure 6. Maximum viscosity (7max) measured at
different mole ratios (gemini surfactant / C140H)
at a given water concentration = 90 wt%. Shear
thinning was observed in the shear rate range
(0.0001 — 100 s™), and the maximum viscosity
measured at low shear rates was plotted in this
figure. This figure was reproduced from Ref. 16
with copyright permission from Elsevier.
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Figure 7. Optical microscope images of domains
at different mole ratios (gemini surfactant /
C140H) at a given water concentration = 90 wt%.
This figure was reproduced from Ref. 16 with
copyright permission from Elsevier.
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Figure 8. Viscosity measured for samples having
different domain sizes. These samples were
prepared from mixtures of N-[3-(dimethylamino)-
propylldocosanamide (APA-22) L-lactic acid sal,
C180H, and water at different mole ratios = APA-
22 L-lactic acid salt / C180H. The concentration of
water for the original sample was fixed at 90 wt%,
and the viscosity was measured after 5-fold
dilution by water at a given shear rate = 0.005 s™.
This figure was reproduced from Ref. 24 with
copyright permission from Japan Oil Chemists’
Society.
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Figure 9. Viscosity measured for mixtures of
C12Glu-2Na, C160H, and water in the presence
of sodium chloride. The viscosity data were
obtained at a given shear rate = 1 x 103 s™'. The
concentration of water was fixed at 90 wt% under
a given mole ratio C12Glu-2Na / C160H = 1/3.
Visual appearance is also shown in this figure.
This figure was reproduced from Ref. 25*.

Shear rate (s™)

-3 3 -3

105 ¢ 10 . 10 . 10

104 ”;
» 103 H [
© 3
o
~ 102 1
P
=
7]
8 10° *
@ NaCl .
> concentration

100 (mmol dm‘3) ———

e 1000
101t e 500 E
e 200
° 0
10—2 L L 1 L L 1 L L
0 300 600 900

Time (s)

Figure 10. Stepwise viscosities for the mixtures of
C12GIu-2Na, C160H, and water, measured at
different concentrations of sodium chloride. This
figure was reproduced from Ref. 25*.
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Figure 11. Recovery rates based on the viscosity
data shown in Figure 10. This figure was
reproduced from Ref. 25*.
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* Figures 9, 10, 11, and 12 were reproduced from
reference 25. Further excerpt permissions related
to the material should be directed to the American
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