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Role of Water Molecules in a Formation of Molecular Assemblies of Amphiphile
Compounds: Surfactant and Phospholipid.

Michiko Kodama and Syazo Seki

Received December 1. 1990

The role of water molecules in an appearance of amphiphile molecular assemblies was
investigated on the binary systems of surfactant-, and phospholipid-water. The thermal charac-
terization of the water structure in these systems ravealed that the amount of interlamellar
structural water increases in the order coagel <gel<micelle for the surfactant-water system
and in the order bilayer crystal <Lg" gel <Pg" gel <liguid crystal for the phospholipid-water
system. The phase transitions of the two systems were discussed from a change in the aggrega-
tion state of the water molecules. focusing on two kinds of interaction, hvdration and electros-

tatic, operating in the polar head groups of amphiphile molecules.
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Fig. 1 Phase diagram of the OTAC-Water sys-
tem. Water contents for the phase separa-
tions are indicated by the two hatched
lines: coagel phase +bulk free water, about
17 g% ; g8l phase+bulk free water, about
23 g%. T. and T,., represent phase transi-
tions of coagel to gel and gel to liquid
crystal “or micellar solution!, respectively.
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Fig. 2 Variation of ice-melting peak with the

increase in water content for 'A) nonan-
nealed f{gel phase) and (B) annealed
icoagel phase! samples in the OTAC
-water system. Water content, Wio
(g%} ta) 19.9; (b)Y 24.3; ¢} 33.0; (d)44.7.
Broken line in A corresponds to the initial
rise in the sharp ice-melting peak given in
B.

Netsu Sokutei 18(2) 1991

.

#ikE DSC = — 713 a7 % WA e 2 k- sk +

B & T BB 5 1 L L7 —E ) KR - —
7% Fig. 2 " Bi 205535, ST oM BRI
AR DUIL O KRR — 7 2E AT L, 2D

TP PN 1 0 C TR . — 7 D AHE
‘ IOBRE, rUI BT EUKEA £ o
T PR S LT L T kA, 3T
ORI LT AT A D s At Tak
Lo ZH0E 2T u T RRINSH LRI b %R

oo 7 - e

il A T 2T s 3T L DHVE R T
& ZDRMIHTH R W bR & 2 0 12 S Bk

HIkXizyh

IR (T
WA RS 2 550702, Rz
T BURMESEL Z2ii A 47T 500 IS B 5 E
WAL S L O S B E A A L 522 o
PEARIMGE 2 51T 5 2 7, a7 5o
AT BT 2 BRSNS, &4 4 o B fE RN
llﬁf‘rfffifv'JE'?&ﬁéF‘s‘i%*' EZ A FADGILE-
INT D5 INE L FIIZBE S e o7, i+
pe ’1‘?’9’9» TENCETAEEIZ S - TSR
LILnEEZ HiLA, FOEER BNIZBWTIL
A &,;_fc»‘tef' TZRCHIREER L5 L, RNz
BoTEENMIET A EA vzl 24, #Ei
WA W 2 HIONZEHT 2 2 2o n b, 227
I EDBG A RS ER Y T T B kR

H—k. Ao B L a Ty

(BT HHA 4

NS LD Z it A ku iz ﬂé?kﬁﬂ??@i;dt

INC A AL DEDRE N A B AT 0 A RS
I ERAD I F "(r TABEIEINERNLS,
S A A > fn]V?'ra’ﬁ'@xiuafﬁh’.f’ffw\‘b??)s‘f
LR 111K R R (2 (R R AY, O o =
if‘ﬁﬂéﬁ*it Lot bt U7 R g s ﬂai

=

[z
\

14

e

2l
52 24546F-7, Tr:l’]né "7’*.‘%“‘?,5 /TLZQ‘ iz
b FORER, L AL a7 o e e
T Lo "(m/kl’t\(}(l R R ) B S

v

oy L b
— TN A AL TR

ORI 0 CTTon sk =
R F2 05005,
T Figl AR ST 2T T T
RGO HBLAR P 2T L I TR & o DR
EETI L R TR SR T RSRS8O M‘Xl
ik, ;;;‘;‘%’:M/Jw“f%ir)w17g°/0/§—mw SR
ALy B X2 Yo 1o filEssst L5 o v
A G SET (D R P S R L TE S LRt

TS T 2T a
R - e I

DR I T T s L R

3

R 83 J—



AR #

B LB I T o U s et 5 Bk 2 F
FFL 72K OB B TEUCREEIZIRY AL
BIEIIh B, BT, aTOAMERET S "HE
K, T b B EUKTF RS TEAE L VR Y 7LD
FHATUTRETH B 2 L HFRE N D, HAHINI
RTE— KA TO 2T 70— 7 AR & 27 70
FIHRAKEDERNHESL2LT 282k 3. T bbb,
3T I — S AHEERE BN o DL AT T2 T
PR ERIET A HBKNEE THD EHERIND,

KOS o REFIERS FEGRO aT L2
23wl —EOMERHRZENT L LU IO

ozl aIng
(0 FEEERS O EAKEESL L UEEIRE
FHHE) AEEd L EEAH L, BRSBTS

@, O A HoOBEAHERE 26440 &
KTk ORFBEERRTH 5.

(2) 277N, TABLUIRADEHIE
2 RN MHHAER 25 im e B & Ol KR

Zius
IR LT

BF BRI - TEBE D (THT & L X —h o)
SFEGRTH B,
(3) ALS BT BT bk 2 O ME =

NX D, 3T, B LU Lo
ZOKFIA R R 2 B B, T OO TSR A AY

MOERA2RDE2L 2 TRIAL. T4b0, 2

S OUAH TR ORI T s, 2 7 7 LA TR A
AR BT 5,
Vb, fUsEER F RGO MBI BT 2 KD

2R 230 DI RBR A 7
’77‘1’ I Gl CRE L i) ifﬂ"ﬂc/z DT
rzedic, BAKENZ 2R P AR T LS TY
otz KZIRIZ, WG rﬂ/\f}\xvl/t/){fflr{n’l
;Ebm*ﬁéﬁyf}i%\? BRI B 508, AU CIRTE
JKEBD T~ EL] 1(]‘(?551{?3{%{‘?‘% 79 b
*1 :m?&b&f&{:*v?otﬁjfrm; 2 IRERT (F9128

M -7 RIZ O ~— 4 COBEE T

B MR BRI D ORT R B R A

12)

FaniiE Al
M L 72
RF T B
)

8L

}"fl’$ mSA L.

£
i
i

t

#%iz,

g
3.1y YIEE—K] ZRoRE

d 2 P BREIS A O  ThH
A5 BT L BURERAY CEEE Y o v B SRS
i172—#%12 PC ‘phosphatidyl choline) X141 5% 1)

BRI ) IR EE RN ~50% % e B

Tz

!7r/\/

— 84 —

Hi

e/ﬁ

?
VAVAVAVAVAVAVAVENEY:E )

ol 9
COCHC

i GHs
~O-P-O-(CH,),~N*"-CH;

He " g !

CH;

hydrocarbon chain
( C 16 )

polar head group
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phosphatidylcholine (DPPC).
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Fig. 4 Phase diagram of the L-DPPC-water sys-

tem. Details are given in the enlarged phase
diagram of Fig. 7.
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Fig. 5 Three typical kinds of DSC curve due to the
melting of frozen waters which appear
successively with increasing water content
in the L-DPPC-water system: (a) broad
ice-melting peak alone (11< Wino/g% <
18), i) broad ice-melting peak followed by
the small sharp one (18< W r,0/g%<21),
fc' broad ice-melting peak overlapped by
the large sharp one ( Wino/g%>21).
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Fig. 6 Variation of ice-melting peak with the
increase in water conten for (A} nonan-
nealed (Lg’gel phase) and (B) annealed
(bilayer crystal phase) samples in the L-
DPPC-water system. Water contet, Wn,o
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{ev 24.9; (f) 29.1; (g) 35.0. Dotted area
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water.
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Enlarged phase diagram of the L-DPPC
-water system at temperatures below 50°C
and a water consent below 40 g%. A list of
classifications of the water structure at
each phase is also presented on the right-
hand side of this phase diagram. The water
content shown by the dotted and hatched
lines indicates the initial water content, at
which the new types of water structure
appear for the first time. Furthermore, with
the aid of these lines and the transition
temperature curves, the phase diagram at
temperatures below the main-transition

(T) can be divided into seven categories:
A B, C, D E FandG.
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