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The reaction with water and amines of the azomethine moiety that is part of single-chain ammonium am-
phiphiles was examined. These amphiphiles form stable bilayer aggregates when they have the alkyl tail of C;

or Cy,.

The reaction with water of the bilayer-forming amphiphiles ceases at the hydration stage and are 10—

2000 times slower than those of the amphiphiles which do not form bilayers and undergo hydrolytic cleavage.
The reactivity of the azomethine moiety in bilayers decreases with increasing distance from the membrane sur-

face.
ing to phase transition of the respective bilayer (T',).

The Arrhenius plots for the bilayer-forming amphiphiles show discontinuities at temperatures correspond-
The apparent activation energy is larger at temperatures

below T than at temperatures above T,. This suggests that water penetration is facilitated in the fluid bilayer.
The reaction with amines was affected by their solubility in the bilayer matrix, and poly(ethylenimine) gave a
much reduced reaction rate when the azomethine moiety was buried deep in the bilayer matrix.

Organic reactions in the bilayer membrane matrix
are attracting increasing attention in recent years, since
the highly-organized bilayer matrix offers unique me-
dia for controlling reactions. A variety of double-chain
surfactants have been shown to produce stable bilayer
aggregates in dilute aqueous solution.2-%) Physico-
chemical properties of these bilayer membranes are
intrinsically the same as those of the biolipid bilayer
and, therefore, their unique properties have been ex-
amined in relation to catalysis of some organic reac-
tions.®)

We showed previously that single-chain ammonium
amphiphiles which possess the N-benzylideneaniline
moiety (C,-BB-C,~N+) in the hydrophobic portion
produce stable bilayer aggregates in water.”8 The
aggregate morphology changes extensively with the mo-
lecular structure of the amphiphile. For instance, the
stable bilayer structure is apparently not formed when
the length of the alkyl tail is shorter than C,. The
linear amphiphiles (C,-BB-N+ and C,-BB-C, N+,
n=7,12) form multi-walled bilayer vesicles, whereas
an amphiphile with the bent rigid segment (p-C,—
BB-m-C,—N*). gives tubular aggregates.

The variation in morphology necessarily leads to the
change in the packing and/or location of the N-benzyl-
ideneaniline moiety in the aggregate, which, in turn,
may produce changes in its reactivity.

The bilayer aggregates of C,—~BB-C,~N+ are stable
in neutral and alkaline solution; however, they slowly
decompose in acidic media due to reaction at the N-
benzylideneaniline moiety. This group readily reacts
with amine nucleophiles, and the reactivity may also
depend on the aggregate morphology. We describe
in this paper reactions of the azomethine moiety that
is part of the bilayer structure. The relation between
aggregate morphology and reactivity, once established,
would give important means to control organic reac-
tions in aqueous media.

Experimental

Syntheses of amphiphiles containing the N-benzylidene-
aniline moiety(C,-BB-N+, C,-BB-C,,-N*) and aggregation
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behavior of these amphiphiles have been reported -else-
where.”8) Electron microscopy was performed by using a
Hitachi H-500 instrument.” Differential scanning calorim-
etry was carried out with a Daini-Seikosha SSC-560 instru-
ment. Sample solutions(1—2 wt9%, 0.02—0.05 M)(1 M=1
mol dm—3) were sealed in silver pans and the thermal meas-
urement was repeated from 3 °C to 90 °C at a rate of 2 °C/
min. The detail is described elsewhere.?

Acid hydrolyses of aqueous C,-BB-C,-N+* were per-
formed usually at 30 °C, pH 5.5(0.02 M phosphate buffer)
and u=0.02(KCIl). A stock solution(10-3—10-2 M) of an
amphiphile was prepared by sonication(Branson Sonifier
185) in a weakly alkaline solution(pH 9), and the reaction
was initiated by adding 0.1—0.01 ml of this solution to
an acidic buffer solution. The course of reaction was fol-
lowed by disappearance of the absorption due to the azo-
methine linkage(-CH=N-) at 320 nm with a Hitachi 200
spectrophotometer. Pseudo first-order kinetics were ob-
served up to at least 70—809, completion of the reaction,
and apparent rate constants(ko,sq) were estimated. The pH
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of the reaction medium was maintained within +0.05 during
the reaction(HM-10B digital pH meter, Toa Electronics).
The reaction with amines was followed in the same way.

Results

The Course of Reaction. The time course of the
spectral change due to reaction of the Cy,—BB-Cy -
N+ bilayer aggregate is shown in Fig. 1. C;;-BB-
C,—N+ possesses absorption maxima at 280 nm and
320 nm. The latter peak that is attributable to the
azomethine linkage!®1) diminished with time. The
absorption maximum and the spectral pattern were
not influenced by the alkyl chain length (C, and C,).
C,5-BB-C,~N* in 50 v/v%, EtOH-H,O where the am-
phiphile does not form the bilayer aggregate gave the
same spectral change as that of Fig. 1. It means
that the spectra of C,—BB-C,—N+ and C,-BB-N+ are
not affected by the aggregate formation. Therefore,
the spectrum of the amphiphile and the course of
reaction are concluded to be identical irrespectively
of the bilayer formation.

Acid hydrolysis of the azomethine linkage is initi-
ated by proton addition to nitrogen followed by the
rate-limiting nucleophilic attack of H,O or OH-, as
shown in Eq. 1.12 It is assumed that the same mech-
anism operates in the aqueous micelle!® and in liquid
crystalline media.l?)

+ + H:0
-CH=N- — -CH-NH- — -CH-NH- —

fast slow |

OH

-CH-NH,- = -CHO + H,N- (1)
(')_

Disappearance of the azomethine absorption at 320
nm that is used for following the reaction does not
assure completion of Eq. 1. In the case of BB-N+
and C,;~BB-C,~N* which do not form bilayers, thin-
layer chromatography of the reaction mixture indi-
cated formation of the corresponding amines and al-
dehydes, and therefore, the reaction proceeds to com-
pletion according to Eq. 1. On the other hand, in
the bilayer system, the reaction appears to stop at
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Fig. 1. Spectral change due to reaction of aqueous

C,s-BB-C,~N+ bilayer.
30 °C, pH 3.4 (0.02 M acetate buffer), p=0.02 (KClI),
[CyoBB-C-N*]=1.0x 10 M,
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Fig. 2. pH-rate profiles of the reaction of C,~BB-C,,~
N+,
30 °C, 0.02 M acetate buffer (pH 2—>5), 0.02 M phos-
phate buffer (pH 6—7), 0.02 M borate buffer (pH
7—9), u=0.02 (KCl), [C,,-BB-C;;-N+]=6.0x 10-5 M,
[C;-BB-N+]=6.0 x 10-* M, [BB-N+]=6.0x10-* M.

the hydration step from the following reasons: (1) The
bilayer structure remains in electron micrographs after
the reaction, as discussed below (Fig. 4b); (2) equi-
molar mixtures of the product amines and aldehydes
do not give clear solution under the same conditions,
although the reaction mixture remains clear after the
reaction is over; (3) when the homogeneous reaction
mixture is mixed with concentrated hydrochloric acid
and refluxed, the product amine and aldehyde separate
as white precipitates. Therefore, the reaction stops at
the intermediate stage without the acid treatment.
For these reasons, hydrolysis and hydration will not
be discriminated in the subsequent discussion as long
as the kinetics are concerned.

The pH-rate profile of the azomethine reaction was
examined at pH 2 to 10 and those of BB-N*, G,
BB-N+, and C;,-BB-C,,—N* are shown in Fig. 2 as
typical examples. In all cases, log £,,,, decreases line-
arly with the slope of —1 at pH 2 to 8. This is con-
sistent with the above-mentioned supposition that the
reaction proceeds via the specific acid catalysis (Eq.
1). The upward curvature for BB-N+ at pH 8—10
indicates the involvement of water or hydroxide cat-
alysis. The catalytic effect of the basic buffer species
(HBO,~, HPO,~, and CH,CO,~) was negligibly small
and the effective nucleophilic species is limited to water
at buffer concentrations of 0.005 to 0.02 M. The sub-
sequent experiments were conducted at pH 5.5 because
of the experimental convenience.

Electron Microscopy. It is expected that the reac-
tion alters the aggregate morphology drastically. An
electron micrograph for an aqueous solution of G,y
BB-C, N+ (5x10-3 M) is shown in Fig. 3a, which
indicates the presence of multi-walled vesicles. A re-
acted sample for electron microscopy was obtained as
follows: One ml of the same aqueous solution as that
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Fig. 3. Electron micrographs before (a) and after (b)
reaction of C,,—BB-C,-N+ aggregates with water.
Initial magnification, x 50,000, stained by uranyl
acetate.

used for the rate measurement was adjusted to pH
1—2 by adding one drop of concentrated hydrochloric
acid, and maintained at room temperature for 1 h.
Complete disappearance of the absorption at 320 nm
was confirmed, and the solution was stained with aque-
ous uranyl acetate (1 wt%). An electron micrograph
for this sample is shown in Fig. 3b. The lamellar
structure is preserved even after complete disappear-
ance of the azomethine linkage.

As mentioned above, the acid-catalyzed reaction sup-
posedly ceases to proceed at the hydration step of
Eq. 1. The bilayer assemblage of the hydrated inter-
mediate may suppress the subsequent cleavage step.
It is interesting to note that the hydrogenation prod-
uct of this amphiphile, 5, gives tubular aggregates,
in contrast to formation of lamellar aggregates by the
hydration product.

CH3
CH3 -(CH2>"—®NH-CH2©-O {CHZ)ZNC':;'CHa
3

5 Br

~

Chart 2.

Amphiphile Structure and Reaction Rate. Figure 4
illustrates the dependence of the reaction rate on the
amphiphile concentration. In Fig. 4a is given the con-
centration dependence for three amphiphiles whose to-
tal alkyl lengths (C,+C,,) are 10 to 12. They react
more slowly than BB-N+ which does not have the
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Fig. 4. Concentration dependence of the rate constant.
30 °C, pH 5.5+0.1 (0.02 M phosphate buffer), u=
0.02 (KCI).
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Fig. 5. Arrhenius plots of the reaction and DSC curves
of C;,-BB-C,,-N+ bilayers.
Reaction conditions: pH 4.3 (0.02 M acetate buffer),
0.02M KCl, [C;y-BB-C,-N*]=6.1x10*M DSC
samples: [C,;,-BB-C,,—-N+]=1—2 wt% (2—5x10-2
M).

3.0 32 34

alkyl chain. It is interesting that the reaction rate
varies considerably among the three amphiphiles in
spite of their closely-related structures (only the dis-
tribution of the alkyl chain is different). The reac-
tion rate is suppressed when the alkyl chain is localized
in the tail portion (C,,~BB-N*), but it is not so when
the alkyl chain is localized in the spacer portion (BB-
C,—N*). Figure 4b compares logk,,,, for C,,BB-
C,—~N* in which the spacer length is varied. The
rate as well as concentration dependence become
smaller as the spacer is lengthened. The influence
of the pattern of alkyl substitution at the rigid segment
is shown in Fig. 4c. The meta substitution makes
these amphiphiles more vulnerable to reaction than
the para substitution.

Effect of Temperature. Reactions of aqueous bi-
layers of C,,—-BB-C,-N+* (m=0, 4, 10) were performed
at 0—60 °C. The corresponding Arrhenius plots are
shown in Fig. 5. The three Arrhenius plots are made
of two linear portions. The inflection regions are 40—
45 °C, 45—50 °C, and 50—55 °C for C,,—BB-C, -N+
(m=0, 4, and 10), respectively. These temperature
regions agree very closely to the endothermic region
observed in the DSC measurement. The endothermic
peaks are derived from the crystal-to-liquid crystal
phase transition of the bilayer membrane.” Thus, the
anomaly in the Arrhenius plots reflects the change
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in the membrane physical state. In agreement with
this supposition, aqueous BB-C,;,—N+ which does not
form the bilayer structure and correspondingly gives
no DSC peak gave linear Arrhenius plots.

Effect of Reaction Media. The reaction of Cjy—
BB-C,-N+ (m=0, 4, and 10) was examined in the
bilayer matrix of dihexadecyldimethylammonium bro-
mide (2C,(N+2C,), in the aqueous hexadecyltrimethyl-
ammonium bromide (CTAB) micelle, and in 50 v/v%,
EtOH-H,0O. The results are summarized in Table
1, in comparison with those of the single-component
bilayer membrane. The £k, value decreased with
increasing spacer lengths, when C;,-BB-C,—N+* were
allowed to react as single-component bilayer mem-
branes, in the 2C,,N+2C; bilayer or in the CTAB
micelle. In contrast, the influence of the spacer length
cannot be seen in the reaction in 50 v/v9, EtOH-H,0,
and the k,,4 value is much larger in this medium
than in other media. C,,~BB-C,,—N* would be mo-
lecularly dispersed in 50 v/v9%, EtOH-H,O, and the
azomethine moiety should be equally exposed to acid
in spite of different spacer lengths, leading to the lack
of the spacer effect. The observed influence of the

TaBLe 1. ReactioN oF C,,-BB-C,,-N*+ (m=0, 4, anp 10)
IN VARIOUS MICROENVIRONMENTS®)
104 X kobsd/s—l
Medium ~ ——

CO C4 Cl()
Water 220 44 1.3
Aqueous 2C,,N+2C, bilayer 120 23 1.0
Aqueous CTAB micelle 480 100 8.2
50 v/v% EtOH-H,O 1200 1400 1300

a) 30°C, pH 5.5 (0.02M phosphate buffer) u=0.02

(KCl) [C4-BB-C,-N+]=1.0x10-%, [CTAB]=1.0X
10 M, [2C;(N+2C,;]=1.0x 103 M.
Temp /°C
60 50 40 30 20 10
T T 1 T T
-15
"T;) I 20N 20y
H bilayer
TU membrane
2
o
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Fig. 6. Arrhenius plots of the reaction of C,,—BB-C,,~
N+ in the CTAB micelle and in the 2C,,N+2C, bilayer.
30 °C, pH 2.2, 0.02 M KCl, [C,,-BB-C,;;—-N*]=6.0x
10-5 M, [CTAB]=[2C;(N+2C,]=1.0x 10-3 M.
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spacer length in the other three media clearly indi-
cates that C;,—BB-C,,—-N* molecules are more or less
organized in these media.

Figure 6 illustrates the Arrhenius plots for the re-
action of C;5~BB-C,;,—N* in the 2C,;,N+2C, bilayer
and in the CTAB micelle. In the latter system the
linear plots are observed, but the former system gives
an inflection at ca. 28 °C. This temperature agrees
with that of the crystal-to-liquid crystal phase tran-
sition of the 2C;,N*+2C,; bilayer.”

Reaction with Amines. Primary amines readily
undergo the exchange reaction with Schiff bases. The
exchange reaction with the azomethine moiety of aque-
ous C,;,—BB-C,—N+* (m=0, 4, and 10) was examined
in the presence of excess amines. The results are sum-
marized in Fig. 7. The overall rate (k,;, term) of
disappearance of the azomethine moiety was corrected
for the water reaction in the absence of amines (£,
term). Poly (ethylenimine) used is commercially avail-
able (MW 60000) and contains 259, primary, 509,
secondary, and 259, tertiary amino groups.!®

The rate constant increases linearly with the amine
concentration, indicating occurrence of clean second-
order reaction. The spacer length exerts relatively
small influences in the reaction with benzylamine.
The spacer effect is more apparent with dodecylamine
as attacking nucleophile, although the reaction rates
are smaller. In the case of poly(ethylenimine), the
reactivities of C,,~BB-C,—N+ (m=4 and 10) are much
smaller than that of C;,-BB-C,~N* (m=0).

Discussion

Mode of Aggregation and Reactivity. The aggre-
gation behavior of single-chain amphiphiles has been
shown to be determined by five structural elements.®)
They are (1) flexible tail, (2) rigid segment, (3) hydro-
philic head group, (4) spacer group, and (5) addi-
tional interacting group. In the case of the amphi-
philes used in this study, three structural elements
(length of flexible tail, spacer length and the mode
of substitution at the rigid segment) are responsible
for the change in the aggregation behavior.

The rate constants(k,,,q) at the amphiphile concen-
tration of 1.0x10-%*M are summarized in Table 2,

together with the aggregation behavior. The predom-
- ° @szNHz CyzHasNH, 5[ Polyethylenimine
1
n
- A 06 Co 4 Co
=4 Co
x
3fF
= Cu 04l
2 c,
J-‘S Co p
Lol 02f
< Cio
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0 1 2 0o 1 2

10°x [ Amine ] /M

Fig. 7. Reaction of amines with C,,-BB-C,~N+ bi-
layers.
30 °C, pH 6.0 (0.02 M phosphate buffer), 0.02 M KCl,
[C,,-BB-C,,-N*]=1.0x 102 M, [amine]=1.0x% 102
M. Unit mole is used for the polymer.
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TABLE 2. AGGREGATION BEHAVIOR AND REACTIVITY OF C,-BB-C,-N+ IN WATER
. 4 b
Amphiphile 10° XN(IJM—C ﬁgfrf()gzted:l/te(l’i})xt Electron micrograph 10 XSEEQ_)
C,5-BB-C,-N+ 0.01 1000 Vesicle and lamella 1.2
C,,-BB-C,-N+ 0.01 400 Vesicle 44
C,,-BB-N+ 0.01 400 Multi-walled vesicle 220
C,-BB-C,,-N+ 0.02 2000 Vesicle 7.4
C,-BB-C,-N+ 0.01 2000 Finger-print like 620
C,-BB-N+ 0.06 800 Finger-print like 1000
C,-BB-C,,-N+ 0.33 600 No structure 2500
C,-BB-C,-N+ 0.16 800 No structure 1800
C,-BB-N+ 0.22 10 No structure 4800
BB-C,,-N+ >10 400 No structure 2500
BB-N+ >10 <1 No structure 4500
C,,-BB-C,-N+(m-, p-) 0.01 60 Rod 92
C1,-BB-C,-N+(m-, m-) 0.01 70 Pre-rod and partial lamella 450

a) Aggregation behaviors are mostly quoted from Refs. 8 and 9. b) 30°C, pH 5.54-0.1, u=0.02(KCl), [C,-

BB-C,,-N+]=1.0 X 10~ M.

inant factors which govern the reaction rate are (1)
the extent of bilayer assemblage as determined by the
tail length and the pattern of substitution at the rigid
segment, and (2) the distance of the reacting group
from the membrane surface as determined by the
spacer length. The bilayer structure is not developed
for the azomethine amphiphiles with alkyl tails shorter
than C,. These amphiphiles give largest k.., values
(0.2—0.5s71). It is noteworthy that C,~BB-C, N+
(m=4 and 10) and BB-C,—-N* are among the most
reactive amphiphiles in spite of their extensive aggre-
gation (though bilayer is not formed). This means
that simple aggregation without amphiphile orienta-
tion do not lead to rate suppression. Comparisons
shown in Figs. 4a and 4c also point to the same con-
clusion. Three amphiphiles (BB-C,—N+, C,-BB-C,~
N+ and C;5~BB-N*) of Fig. 4a possess similar amounts
of the alkyl chain and form equally huge aggregates
(aggregate weight, 4—20 millions). However, their re-
activities change drastically due to varying extents of
orientation. The reactivities of amphiphiles with dif-
ferent patterns of substitution are compared in Fig.
4c. The molecular orientation in the aggregate as
examined by electron microscopy becomes less ordered,
as the meta substitution increases. The reaction rate
becomes greater accordingly.

The influence of the distance of the reacting group
from the membrane surface is found in Table 2 for
several combinations. In the series of C;,~BB-C N+
(m=0, 4, and 10) which all give fully developed bi-
layers, the reaction rate decreases as the spacer be-
comes longer (see also Fig. 4b). The same trend is
found for a series of less developed bilayers: C,-BB-
C,—N+ (m==0, 4, and 10). The spacer effect is sim-
ilarly noticed when amphiphiles C;,-BB-C,-N+* are
buried in the 2C;(N*+2C; bilayer matrix and in the
CTAB micelle (Table 1), but it totally disappears in
50 v/v% EtOH-H,0O. The ordered structure may per-
sist in the CTAB micelle.

Additional examples of the spacer effect are obtain-
ed for Schiff-base exchange reaction of the azomethine
bilayer with amines. As shown in Fig. 7, the reac-

tion rate decreases with increasing spacer lengths, and
the extent of the spacer effect (rate difference) varies
with the structure of amines. Benzylamine produces
the smallest spacer effect and the rate difference is
largest for poly(ethylenimine). Benzylamine should be
incorporated into the bilayer matrix relatively non-
specifically; hence, small spacer effects. Dodecylamine
is expected to align better in the membrane matrix.
This factor would lead to larger differences in relative
rate. Poly(ethylenimine) is highly water-soluble, and
would not readily penetrate into the bilayer matrix.
In consistence with this supposition, the azomethine
moiety near the membrane surface (no spacer) reacts
much faster with the polymer than those buried in
the membrane (spacer: C, and GC,,).

As for the reactant orientation in the bilayer matrix,
Czarniecki and Breslow examined the photosensitized
hydrogen abstraction by benzophenones in the dihex-
adecyl phosphate bilayer.?®) They showed the bilayer
lamella produced better orientation of the reagents
than the bilayer vesicle, although the difference was
not remarkable.

Membrane Physical State and Reactivity. The
Arrhenius plots of the azomethine reaction show dis-
continuity near the phase transition of the respective
membrane (Fig. 5). When the reaction was carried
out in the 2C;(N+2C; bilayer, an inflection in the
Arrhenius plots was found at 7', of the matrix mem-
brane (Fig. 6). No inflection was observed in the
CTAB micelle. Figure 8 is schematic illustrations of
the membrane physical state. The component mole-
cules are highly aligned and the molecular movement
is suppressed in the gel(crystalline) state. However,
the alignment becomes less ordered and the alkyl chain
can assume multiple conformations in the liquid-crys-
talline state, although the bilayer structure is main-
tained. This change in the membrane physical state
could produce the reactivity difference, and discon-
tinuities observed in the Arrhenius plots (Fig. 5) may
be related to coexistence of the two physical states
during phase transition.

Table 3 summarizes the apparent activation energy
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Fig. 8. Schematic illustrations of the phase transition
of the C,—-BB-C,—~N+* bilayer membrane.

TABLE 3. APPARENT ACTIVATION ENERGY OF THE REACTION
oF C,-BB-C,-N+ AGGREGATES

E,[k] mol-t
Aggregatc ——— AL,
Below T, Above T,

C;,-BB-N+ bilayer 67 20 56
C,-BB-C,-N+ bilayer 54 11 45
C,,-BB-C,,-N+ bilayer 19 7.5 12
C,;-BB-C,(-N+ in

9C,,N+2C, bilayer 16 12 4.2
C,,-BB-C,y-N+ in (13) B

CTAB micelle

E, of the reaction. In all the three single-component
bilayers, the activation energy is greater in the tem-
perature region below 7T, than above 7,. This is
not unexpected results, since the azomethine reactivity
would certainly be suppressed in the rigid membrane
matrix. In several reactions where reactants are bur-
ied in the membrane matrix, the activation energy
increased in the temperature below 7,. For example,
E, was 167 and 84 kJ/mol at temperatures below and
above T,, respectively, in the case of proton abstrac-
tion of Eq. 2.19 Nucleophilic displacement of a phos-
phate ester by hydroxamates (Eq. 3) gave similar E,
difference (88 and 59 kJ/mol)'®

0
{O)-E-cnch,-0-0)-No, —/—;L‘)—VIT»

Base Base-H'

2

o . A
[@-é{l“mc H0-( - No, |5
0
{)-C-cHzcH, + 0~ )-NO,

In the present system, the E, values observed at
temperatures above T, are small and, correspondingly,
its variation among different bilayers (C,,~BB-C,—N+,
m=0, 4, and 10) is small. The £ difference is much
greater at temperatures below T,. In both cases, E,
values become smaller as the spacer length is increased,
and the E, difference due to phase transition (AE,)
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0,N__ .
0 CH
@ \ns 3

0 0
T
0O 0 C=0 fast
W
OZN
0N
|
? o\ ’/0 kHA 'o'
P > N (3)
o o Sow 0’0

is 58 kJ/mol for the C,,~BB-N+ bilayer and is only
12 kJ/mol for the C;,—BB-C,,—N* bilayer. It has been
pointed out that longer spacers lead to stabilization
of the bilayer structure.® The rate constant of the
azomethine reaction decreases with the spacer length
(Table 1). Thus, it is suggested that the temperature
dependence is diminished for well-developed bilayers
or when the reacting moiety is buried deep in the
matrix. Interestingly, the concentration dependence
of the reaction rate shows a pattern (Fig. 4b) analogous
to that of the temperature effect in that the reaction
of the C;5~-BB-C,;—N* bilayer gives a much reduced
concentration dependence relative to that of the Gy~
BB-N+ bhilayer.

When C;3-BB-C;-N+ is buried in the 2C,;N+2C,
matrix, the reactivity is much enhanced and an inflec-
tion in the Arrhenius plots is observed near 7, of the
matrix membrane. The enhanced reactivity suggests
that the cluster formation of C,;-BB--C;;—~N*, if present,
is not significant. The inflection observed at T, of
the matrix membrane, not at 7, of the substrate itself,
is not inconsistent with the cluster formation.

Conclusion

It is established in this investigation that the reac-
tivity of a functional group is governed by molecular
orientation (bilayer formation) in the aggregate, and
if bilayer is formed, by distance from the membrane
surface and membrane physical state. These results
would provide valuable information on peculiar reac-
tivities associated with bilayer characteristics.
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