Communications to the Editor

via localized atomic deformation functions;'? these can, in
favorable cases, be handled to give a conventional orbital de-
scription. For the phthalocyanine complexes, the Fourier series
indicates a total delocalization of spin density onto the ligand
of >20%, and we shall discuss these results in detail else-
where.!3

For the binuclear copper(l1) complex, the copper atoms
interact ferromagnetically with an exchange integral of 24
em™!;'4 the observed density distribution shows no significant
spin density between the copper atoms (Figure 2), whereas spin
density is present on the bridging hydroxyl ligands, and this
indicates that the mechanism of magnetic coupling is essen-
tially one of superexchange.

Note Added in Proof. Further analysis of the data for
Cs3CoCl;s to include refinement of the cobalt scattering curve
shape and consideration of the bias introduced into the Fourier
maps by an incomplete data set has led to d-orbital populations
on the cobalt closer to the expected t3.
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Photochemical Probes for Model Membrane Structures
Sir:

We have described the selective attack of benzophenone
probes on rigid steroids! and the more random attack on
flexible chains. The latter, useful chiefly as evidence on con-
formations of the chain, was examined in homogeneous solu-

tion? and in micelles.> We concluded that a probe such as
benzophenone-4-carboxylate (2) incorporates into a micelle
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Figure 2. Distribution of functionalized positions. A: probe 2 with bilayer
1 as a vesicle (@—) and as a multilamellar system (®- - -). B: vesicles of
1 with probe 3 (8—) and probe 4 (®- - -).

such as that from sodium dodecyl sulfate (SDS) so that the
probe orients largely perpendicular to the micelle surface.
However, on photoexcitation it attacks a range of the CH;’s
of SDS because of the disorder of the SDS chains.

Amphiphiles with two chains per charged head group, such
as didodecyldimethylammonium cation,* dicetylphosphate
anion,” and the lecithin of biomembranes® tend to form bi-
layers, not micelles, in which the chains are presumably more
ordered than those in simple micelles. Such bilayers can exist
as flat sheets, as in multilamellar structures, or instead as the
curved surface of a spherical vesicle.® NMR evidence has been
interpreted” to indicate that the bilayers of small spherical
vesicles are more disordered than are the bilayers of multila-
mellar structures, although this interpretation has been dis-
puted.® Thus it was of interest to apply our benzophenone probe
method to the study of bilayers.® With this technique we have
been able to explore the amount of disorder in such structures,
and to demonstrate a striking difference between the disorder
in spherical vesicles (5) and that in flat multilamellar systems
(6) (Figure 1).

Our bilayers were constructed from didodecyl phosphate
(1).19 When this was sonicated!' at i6 mM with 8 mM 2in 50
mM Tris buffer at pH 8.0, a clear stable solution was formed
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Table I. Randomness Ratios (R;) for Reactions of Benzophenone
Probes with Surfactant Micelles and Bilayers

probe,

concn  surfactant, concn R, (positions
(mM) (mM) phase compared)
2,50 SDS, 10 micelle/prem- 3.739 (11/6)

icelle

2,50 SDS, 100 micelle 1.004 (11/6)
26 SDS/dodecanol®?  multilamellar 0.359.6 (11/6)
2,80 1,16 vesicle 4.29¢(11/6)
2.80 1,16 multilamellar 0.274(11/6)
3,26 1,16 vesicle 1.72¢ (11/9)
4,13 1,16 vesicle 1.55¢ (11/9)

4 Taken from ref 3. & Ratio of SDS/dodecanol/H,0/2, 6:6:15:2.
¢ Vesicles prepared in 50 mM Tris HCI, pH 8.0. 4 Multilamellar bi-
layers prepared in 100 mM sodium borate, pH 8.9.

indicating the production of vesicles.!' The solution was pho-
tolyzed, degraded,!? and analyzed by mass spectrometry as we
have described previously.?3 The distribution of functionalized
positions in the dodecyl chain is shown in Figure 2. We have
also described® a parameter R,, the randomness ratio, which
can be used to quantitate the disorder revealed in such distri-
butions: R, = attack at penultimate carbon/attack for perfect
orientation. The R, from this curve, the ratio of attack at C-11
resulting from disorder to the attack at C-6 expected, from
models, if the head groups of 1 and 2 are aligned and the chains
of 1 are fully extended, is 4.29. This value is listed in Table
.

The curve and the R, reveal considerable disorder in this
bilayer. For comparison, our data3 for a micelle of SDS with
probe 2 had an R of only 1.0 ata 2:1 SDS to probe ratio.!3 At
~30 °C in this system, 1is certainly above its transition tem-
perature to a more fluid state,'*'S as are biomembranes. As
we found with micelles,? the absence of significant attack on
carbons |-5 indicates that the probe is indeed correctly ori-
ented largely perpendicular to the vesicle surface. The possi-
bility that we are seeing significant misalignment of the head
groups of 1 and 3 is also made unlikely by this fact, and by the
data on other systems described below.

When 1 and 2 were sonicated in a sodium borate buffer, the
result was an almost opaque dispersion characteristic of
multilamellar systems.'® The ability of Na* to promote the
formation of such structures has been noted previously.® In this
system, the functionalization profile (Figure 2) is now grossly
different from that with the vesicles, and the R, (Table 1) has
the remarkably low value of 0.27, the lowest value we have ever
observed. The ordering observed is even greater than that we
have seen? in a dodecanol /SDS system (Table 1) which also
is known'” to form bilayer structures. Thus it seems that such
multilamellar bilayers are indeed much more ordered than are
curved vesicles.

Two other probes were examined in the study of spherical
vesicles. With probe 3, the longer chain moves the probe deeper
into the bilayer, leading to the profile in Figure 2 and an R,
(Table I) of 1.72. Probe 4 was synthesized'® since models
suggest that its length is correct to span the bilayer and anchor
its orientation with two charged groups at the bilayer surface.'’
The similar profile of 3 and 4 (Figure 2) and the similar R,
values (Table 1) support the idea that the principal contributor
to these profiles is disorder of the bilayer, rather than disorder
of probe orientation.

Of course, all such chemical probe techniques carry the
hazard that the observed disorder is to some extent induced by
the probe, or that the probe is selectively taken up into disor-
dered regions. Thus such data should be used in conjunction
with that from other physical methods to give a complete
picture of the unperturbed structure. However, even with such
caveats it seems clear from our data that vesicles derived from
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1 show disorder comparable with that in simple micelles, but
that multilamellar bilayers derived from 1 are much more
ordered in structure.
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