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CRYSTAL-LIQUID CRYSTAL PHASE TRANSFORMATION AND WATER
PERMEABILITY OF ARTIFICIAL AMPHIPHILES AS BIOMEMBRANE MODEL
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Artificial ammonium amphiphiles with monoalkyl and dialkyl groups
form the multilamellar liposome composed of the bimolecular layer.
Artificial amphiphiles have characteristics of both thermotropic and
lyotropic mesomorphisms. The diffusive permeability of the polymer/
artificial amphiphiles composite membrane to water exhibits a distinct
jump in the vicinity of the crystal-mesomorphic phase transition

temperature.

A bimolecular membrane of phospholipids such as lecithin is in a state of
liquid crystalline structure capable of reversible structural modifications and its
permeability property depends upon such reversible change. Two of authors succeed-
ed in synthesis of totally artificial ammonium amphiphiles which are able to form
the bimolecular structurel). The purpose of this paper is to establish the struc-
tural properties of artificial ammonium amphiphiles as biomembrane model and also,
to investigate the water permeability of the composite membrane composed of polymer
and artificial ammonium amphiphiles.

1. Phase Transition and Bilayer Structure of Dialkyldimethylammonium bromide

Dialkyldimethylammonium bromide (DAAB) was prepared by step alkylation of
+ - P
N (CH3)2~Br (n=11n17) .

dimethylamine. The chemical formula of DAAB is [CH3(CH2)n]2

Figure 1 is an enlargement of a favourable area of

dioctadecyldimethylammonium bromide (DOAB) (n=17) stained
negatively by uranyl acetate and shows the distinct
structure of multilamellar liposome (spherulite composed %?"
of concentric lamellae). The mean thickness of multi- J
lamellar liposome was estimated to be 4.2 nm. The total ;
bimolecular length of DOAB is 4.905.0 nm on the assump-
tion of the planar zigzag conformation of dialkyl

groups (Table 1). The average thickness of multilamel- Figure 1. Electron micro-

lar liposome is comparable with two times as long as
linear DOAB. The use of uranyl acetate for negative

graph of DOAB stained neg-

atively by uranyl acetate.

staining offers advantage in the direct vis- Table 1. Structural characterization

ualization of liposome structures because of artificial ammonium amphiphiles.

the rigid setting of salts is believed to Lipins 1°(K) BIMOLECULAR LonG PER1oD  WIDTH BETWEEN  TILT ANGLE
. € Lenetr(nm) (nm) Dark STRIATIONS(m)  (°)
preserve structures. The external form of WM S 6,95.0 3.53.7 5.30.0 W
multilamellar liposome is confirmed to be 201602018 317 4,445 2,3-2.4 3.8-4,0 7]
2 N'20,B" 305 3,9-4.0 2.1-2.2 3,0-3.2 33
AN 208 289 3,4-3.5 1.9-2,0 2.8-2.9 34
* To whom correspondence should be addressed. 127201
20)g+CHoLESTEROL 4,9-5.0 4.2-4,3 5.8-6.0 58
CyoBBN"3C; 309 5.9-6.0 2.8-2.9 5.8-6.0 30
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spherical or oval from the feature of a shadow reflected by vapor depositing with

Pt—sz).

Figure 2 shows the variation of the phase transi-
tion temperature, T and the long spacing, L with the
concentration of DOAB. T. decreases steadily to a
limiting value of 324K, Tc*. By means of X-ray study,
many sharp Debye rings were observed below Tc' while
only one diffuse diffraction ring corresponding to the
This

wide angle X-ray diffraction change apparently indi-

spacing of 0.46 nm was discernible above Tc.

cates melting of the hydrocarbon chains of DOAB at

Tc' As a consequence that the small angle X-ray
scattering (SAXS) spacing, L corresponding to the
thickness of bimolecular lamellae was clearly ob-
served in a temperature range above Tc’ it is apparent
that melting of dialkyl groups is not accompanied by
appearance of the isotropic phase but the mesomorphic
phase over the temperature range above Tc' Hydrated
waters associated with the polar head groups do not
form ice on coolingamphiphile/water mixture below

273 K. The critical concentration above which non-
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Figure 2. Variation of T,

and

L with concentration

of DOAB.

bound water appears is determined by extrapolating the magnitude of the heat ab-

sorbed in the endothermic transition due to melting of ice at 273 Kvs the concen-~

tration of DOAB to zero.

phases is 0.87 and is shown by the broken line in figure 2.
Above T line, the DOAB/water system exists in the form of mesomorphic lamel-

lae in which the long hydrocarbon chains of DOAB are in fluid state.

The critical concentration between gel and gel+water

The phase

diagram of figure 2 exhibits that DOAB has both characteristics of thermotropic and

lyotropic mesomorphisms, just in the same manner of phospholipids in the biomem-

brane3).

At 297 K(below Tc*), the spacing

at 3.6 nm over all range of the DOAB/water concentration.

of biomolecular lamellae,

L remains constant

This result draws rea-

sonable speculation that water molecules penetrate into the space existing around
the polar head groups, and water molecules associate with the polar head groups up

to C=0.87 without spraying apart the surfaces of bimolecular layers.

On the other

hand, at 333 K(above Tc*) L remains constant at 3.3 nm up to about C=0.87 at which
there is a sharp increase by some 0.9 nm, followed by the constant long spacing of

0.42 nm over the range of 0<C<0.87.

L of 0.36 nm determined by SAXS for gel state

is comparable with the mean thickness of the bimolecular structure evaluated by the

electron micrograph.

The temperature or concentration dependences of L for the

DOAB/water system are strikingly different from those for phospholipids in biomem-
branes such as lecithin, which showed the sharp decrease of L at T, upon heating

the lipid/water mixture from 273K3).

The remarkable difference on the concentra-

tion dependence of L between DOAB and lecithin above Tc* may arise from the geomet-

rical and structural requirements of the polar head groups as discussed elsewhere

2)

On the assumption of the planar zigzag conformation for the dioctadecylalkyl
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chains and also, the ordered packing arrangednormal to the lamellar surface, the
thickness of the bimolecular lamella should be around 4.905.0 nm. This magnitude is
larger than the observed lamellar thickness. If the hydrocarbon chains are tilted
to the lamellar plane, it is possible to elucidate that the average thickness of
the bimolecular structure is shorter than the magnitude of two times as long as the
DOAB molecule. Tilting of the alkyl chains may take place so that the repulsive
effect induced by the voluminal requirement of the expanded polar head groups is
reduced on the lamellar surface. The remarkable increase of L for the mesomorphic
phase at around C=0.87 may be caused by the release of repulsive force among the
polar head groups, due to decrease of the volume ratio of hydrophilic group/
hydrophobic group. As shown in Table 1, addition of cholesterol to the DOAB/water
system may make a similar contribution to a fluid state of hydrocarbon chain with
respect to the aggregation state caused by geometrical implications.

2. Water Permeation of Composite Membrane Composed of Polymer and DOAB

Polymer/DOAB blend films were cast from a tetrahydrofuran solution of poly
(vinyl chloride) (PVC) and DOAB in which the weight fraction of DOAB was 15%. PVC
does not exhibit any thermal transition or the prominent mechanical absorption due
to the thermal molecular motion in the temperature range studied here. The water
transport properties were measured in normal osmosis experiment. Distilled water
and aqueous solution of KCl of 10 wt% were placed in each of the two chambers of the

osmosis apparatus, separated by the composite membrane. T T T

Figure 3 shows the Arrhenius plot of the diffu- 1 0 PVC/DOAB=85/15

sive permeability (P)to water for the PVC and the 20PVC

PVC/DOAB composite membranes. The log p-1/T plot \ o

for the composite membrane reveals a distinct jump :\‘15' ? KCL1Owt'h )
at about 3124315 K corresponding to the crystalline- l§ \&

mesomorphic phase transition temperature of DOAB, 'é i

though this temperature range is slightly lower than 13_18- ! 4
that shown in Figure 2. This striking increase of P Ek 2 <<§}\\

may be caused by activation of the thermal molecular £ 0\\0\“o~ig\\\
motion of the constituents within the composite mem- o_
brane and/or increase of vacancy fraction around the -20r 9
domain boundary of DOAB. Due to discontinuities at §0 32 3 ;4 36
the boundaries of liquid and solid domains 1/Tx10°/K

within DOAB phase (coexistence of gel and Figure 3. Arrhenius plot of P

mesomorphic phases), the probability of pore to water for composite membrane.
formation may be enhanced at these sites. The author have reported that the
diffusive permeability is closely related to the primary relaxation process of the
disordered region of membrane polymer4). PVC membrane does not exhibit a dis-
continuous variation on P. The temperature dependences of P for the PVC and the
PVC/DOAB composite membranes apparently indicate that P is in close relation to

the thermal molecular motion or the structural transition of the membrane materials.

3. Phase Transition of p-trimethylammoniumbenzylidene-p'-dodecylaniline bromide

The chemical formula of p-trimethylammoniumbenzylidene-p'-dodecylaniline
. + . _ +_ T . S
bromide (C12BBN 3cy) is [ClZHZS{C?FN-—CH4(j}N (CH3)3] B, . Ammonium amphiphiles
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with monoalkyl group have not been found in animals and 10r )
plants. Artificial ammonium amphiphiles of chBBN+3Cl E;

favorably form a multilamellar liposome in a similar ~

fashion to those with dialkyl group (DAAB) as shown in -~ i |
figure 12). Figure 4 shows the phase diagram and the (?’°°——° o=
concentration dependence of the long spacing of C12BBN+3CI

The phase diagram of ClzBBN+3Cl/water system has very

similar tendency on the concentration dependence to that 0 —t

of DOAB shown in figure 2. C12BBN+3C1 exhibits charac- 340F

teristics of thermotropic and lyotropic liquid crystals. =~ ° Mesomorphic lamella
The long spacing measured at 300 K increased with the F-azo-\\gm—w———m—&
water concentration until C=0.85, where free water starts 30013¥. Gel « water .\Nh*
to appear in ClzBBN+3Cl/waterndxture. The hydrophilic 10 : os

polar head group can incorporate limited amount of water C

and the interlamellar region of C12BBN+3Cl were gradu- Figure 4. Variation of
ally spreaded with increasing the water content up to Tc and L with concentra-

C=0.85. C12BBN+3Cl can exist in a form of the bimolecu- tion of ClZBBN+3Cl'

lar lamella in the very diluent aqueous solution (C=0.1),

in comparison with usual surfactants which can form the bimolecular lamellar struc-
ture only in the higher concentration range above C=0.65). This ability of the bi-
molecular lamellar formation must be due to introduction of the rigid conformation

of diphenylimino group.

References

1) T. Kunitake, Y. Okahata, K. Tamaki, F. Kumamaru and M. Takayanagi, Chem. Lett.,
1977, 387, T. Kunitake and Y. Okahata, ibid., 1977, 1337

2) T. Kajiyama, Y. Hamada, F. Kumamaru, M. Takayanagi, Y. Okahata and T. Kunitake,
Rept. Progr. Polym. Phys. Japan., 21, 701 (1978), T. Kajiyama, Y. Hamada,
A. Kumano, Y. Okahata, T. Kunitake and M. Takayanagi, Polym. Preprints, Japan,
27(7), 1326 (1978)

3) D. Chapman, R. M. Williams and B. D. Ladbrooke, Chem. Phys. Lipids, 1, 445
(1967)

4) E. Maemura, Y. Nagata, T. Kajiyama and M. Takayanagi, Rept. Progr. Polym. Phys.
Japan, 21, 221 (1978)

5) V. Luzzati, H. Mustacchi and A. Skoulios, Dis. Faraday Soc., 25, 43 (1958)

(Received April 5, 1979)





