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shows prominently roundly formed nuclei and a solid structure ; operatively
expansive. A) and B) Haematoxylin and Eosin staining of lung tissue of a
treated mouse; the tumor tissue is only located in small areas. C) and D)
Haematoxylin and Eosin staining of lung tissue of a control mouse; tumor
invading the bronchius.

solubility arising from its hydrophilic sugar moiety and the
fact that it seems not to penetrate the cell membrane. Thus,
cellular human galactosidase may be used for an activation.
Finally, the synthesis allows the preparation of analogues
containing different sugar moieties.
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Magnetization of Chiral Monolayers of
Polypeptide: A Possible Source of Magnetism
in Some Biological Membranes**

Itai Carmeli, Viera Skakalova, Ron Naaman,* and
Zeev Vager

Some biological membranes are affected by weak magnetic
fields.! In particular, magnet-induced orientation was ob-
served in the outer segments of retinal rods,? chloroplasts,?!
bacterial chromatophores,[ purple membranes,™ and recent-
ly in black lipid membranes.[! The membrane surfaces tend to
align perpendicular to the magnetic field. Alignment due to
anisotropic magnetic susceptibility,’} which explains align-
ment effects in liquid crystals, requires much higher magnetic
fields than were used in the above experiments. Hence, no
existing theory could explain these significant observations.
The lack of physico-microscopic understanding of the effect of
magnetic fields on biological membranes prevents the com-
prehension of its significance.

By studying well-characterized monolayers of polyalanine
we were able not only to obtain results similar to those
observed in biological membranes, but also to gain an insight
into the details of a mechanism that may account for the
previously observed magnetic behavior of membranes. We
propose an explanation of these phenomena in terms of a
physical model, the components of which are supported by the
experimental results presented here.

Self-assembled monolayers of L- or D-polyalanine poly-
peptides in the form of a-helices were prepared on glass slides
coated with a 100-nm thick annealed gold film. The orienta-
tion of the molecules was monitored by IR spectroscopy in the
presence and absence of a magnetic field. In addition, we
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investigated the selectivity of the layers towards spin-polar-
ized electron transmission.

Connecting a sulfide group at the C- or N-terminus of the
peptide makes the dipole moment of the attached molecules
point away from or towards the substrate. Three types of films
were investigated: poly(L-alanine) and poly(p-alanine), both
connected to the surface at the C-terminus (LC and DC,
respectively), and poly(p-alanine) connected to the surface at
the N-terminus (DN). Polypeptide lengths between 16 and 22
amino acid units were used. The structure of the films was
determined by means of their FT-IR spectra.®! The handed-
ness of the adsorbed films was verified by circular dichroism
absorption, and their thickness was measured by ellipsometry.
Atomic force microscopy (AFM) was also carried out. All the
results reported here were obtained at room temperature
from close-packed layers.

The IR spectra of LC and DC monolayers were measured
at magnetic field strengths of 0, 900, and +4500 G applied
perpendicular to the layer. Henceforth, “N” indicates mag-
netic field lines starting at the North Pole and penetrating
through the gold surface to the monolayer, and vice versa for
“S”. Figure 1 shows grazing-angle IR spectra obtained for the
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Figure 1. IR spectra of DC (a and c) and LC layers (b and d) showing the
amide I (ca. 1665 cm™') and II bands (ca. 1550 cm™!). The spectra are
normalized to the peak of the 1665-cm~! band. The spectra were recorded
with S (red) or N magnets (blue) or without a magnetic field (black). The
spectra in a and b were recorded at 4500 G, and those in ¢ and d at 900 G.
A =absorbance.

vibrations of the amido group.”y The amide I vibration is
parallel to the molecular axis (at ca. 1665 cm™'), while the
amide II vibration at about 1550 cm™! is perpendicular to the
axis. The spectra are normalized to the peak of the 1665-cm™!
band. If the molecules are oriented normal to the surface, the
intensity of the amide II component vanishes because the
metal substrate cancels the transition dipole moment. Hence,
the ratio between the intensity of the two peaks provides a
direct measure of the tilt angle of the molecules relative to the
surface normal.['"]
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From Figure 1 it is evident that the magnetic field affects
the relative IR intensities. For the two LC layers (Fig-
ure 1b, d) S fields increase the average tilt angles, while N
fields decrease them. The reverse is true for the DC layers
(Figure 1a, c); that is, S fields decrease the average tilt angles,
while N fields increase them. Larger fields lead to larger tilts.
It takes 2—6 h for the effect of the magnetic field on the tilt
angle to reach equilibrium. The time required depends on the
strength of the magnetic field and on the quality of the
monolayer, that is, its packing density and the average tilt
angle. Denser layers require more time for equilibration in
magnetic fields. The above magnetic-orientation effects with-
in the layers provide clear evidence that the films have
magnetic properties and that opposite magnetization occurs
for opposite handedness. Classic magnetization of iron is
interpreted as orientation of domains, and the magnetic
orientation of these artificial LC and DC monolayers mimics
orientational effects already found in biological membranes.”!

For the electron transmission studies, the samples were
inserted into an ultrahigh vacuum chamber at <10~% mbar.
Polarized photoelectrons were ejected from the substrate by
applying a 248-nm laser beam with a 1/4 plate to create left- or
right-handed circularly polarized light. Right-handed circu-
larly polarized light induces positive helicity!'!l in the photo-
electrons ejected from the gold substrate, and vice versa for
left-handed polarized light. The photoelectrons are polarized
by about 15%.1"2l After passing through the organic layers,
energy distribution of the electrons was analyzed by a time-of-
flight spectrometer.['*]

Figure 2 presents the kinetic energy distributions of photo-
electrons ejected with a left- or right-polarized laser. The
spectra in panels a and ¢ were obtained for the transmission of
electrons through LC and DC films, and panel b for a DN
film. Figures 2a and c confirm earlier results that showed a
large asymmetry for the transmission of polarized electrons
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Figure 2. Energy distribution for photoelectrons ejected with a left
(negative spin polarization; red, solid) or right circularly polarized laser
(positive spin polarization; blue, dashed). The signal obtained with a
linearly polarized laser is shown as a dotted black line. The electrons were
transmitted through LC (a), DC (b), and DN films (c). / =intensity.
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through organized films of chiral molecules.'*l The sign of the
asymmetry depends on the handedness of the molecules.
Surprisingly, for a given handedness of the molecules the sign
of the asymmetry switches upon reversing the way the
molecules are adsorbed on the surface (from N- to C-bound
molecules). This is clearly seen in Figures2b and c. The
observed asymmetry["”l in the transmission through the layer
of photoelectrons produced by left and right circularly
polarized photons changes from 0.09 +0.02 to —0.10+0.02
(Figures 2b and 2c, respectively). Importantly, the observed
effect of 10 % is induced by a mere 15% polarization of the
photoelectrons.'? Thus, the selectivity for the incoming
helicity of the electrons is as high as 70 %, and considering
experimental error could be even higher.

Several questions arise from the above observations.

e Why are the layers magnetic?

e Why is there a relation between the direction of magnetism
and the handedness of the molecules?

e Why is there a large spin selectivity for electron trans-
mission ?

e Why does it change sign with both change of handedness
and change in the direction of the molecular electric dipole ?

Before introducing a possible model for answering the
above questions, a few remarks on some known physics of the
observed phenomena are appropriate. In solution polyalanine
molecules have a large electric dipole moment of about
50 D.['"® 171 When the molecules are attached as a monolayer,
they must lose most of their dipole moment; otherwise the
repulsion between them would prevent close packing. Simple
electrostatic arguments['®! indicate that the molecular dipole
moment must be reduced by more than an order of
magnitude. A direct indication of the dipole moment of
adsorbed molecules can be obtained from the substrate’s
work function. From the high-energy cutoff of the photo-
electron spectra (Figure 2) it is evident that upon reversing
the direction of the layer from C- to N-bound (Figures 2a, cvs
b), the work function increases by only about 0.3 eV, whereas
for molecules with a dipole moment of about 10 D or more
the work function would have dropped by many volts. This
means that the dipole moment of the molecules was reduced
by two orders of magnitude due to adsorption.'”! Theory
indeed predicts that the molecular dielectric constant will be
modified substantially by adsorption as a monolayer.['% 2021l
This means that the electronic structure of the molecules is
substantially modified upon adsorption, probably by charge
transfer between the metal substrate and the molecule.
Apparently, the charge redistribution process results in
unpaired electrons on the adsorbed molecules, that is, the
adsorbed molecules become paramagnetic.

Still, the questions posed above are not answered. A full
description of these phenomena does not yet exist, but the
following simple model is compatible with all the observations
and correctly predicts the direction of magnetization. More-
over, since the reported phenomena exhibit parallels to some
biological membranes, the model may serve as a basis for
understanding the effects of magnetic fields on biological
systems.

Upon adsorption, a transient current flows through the
helix and discharges the electric dipole while inducing
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magnetism, like a classical electromagnetic coil. The spins of
simultaneously created unpaired electrons adjust accordingly
and remain polarized with the support of exchange forces with
the metal and the already polarized electrons of attached
neighboring helices. The result of such an adsorption mech-
anism is a magnetic layer in which the direction of the
magnetic field is given by Ampere’s law. For each adsorbed
helix, the original electric dipole polarity and the handedness
of the helix determine the direction of the magnetic field
along the helical axis.

As can be seen in Figure 1, the helix axes are not well
aligned normal to the surface. Therefore, when an external
magnetic field is applied in the normal direction, it forces
these axes to become closer to or further away from normal,
depending on the direction of the external magnetic field. The
observed magnetic effects in Figure 1 are consistent with this
simple model.

The magnetic properties of the film are the reason for the
large spin selectivity in electron transmission. This effect is
consistent with the effect in inorganic thin magnetic layers,
known as giant magneto spin selectivity? 23 and the related
colossal magnetoresistance effect.?* 2] Hence, the magnetic
properties of the organic films explain their high selectivity for
transmission of spin-polarized electrons, an effect that results
from the cooperative nature of the film on the metal substrate.
The seemingly surprising change in the direction of magnet-
ization on changing the molecular terminus on the gold
surface is resolved by the direction of discharge of the electric
dipole through the helices.

In conclusion, we found that the adsorption of chiral species
in layers converts electric dipoles into magnetic dipoles. Some
biological membranes that show similar magnetic orientation
effects can be expected to have similar magnetic properties.
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A Nanoporous Metal — Organic Framework
Based on Bulky Phosphane Ligands**

Xingling Xu, Mark Nieuwenhuyzen, and
Stuart L. James*

Metal — organic frameworks are polymer networks consist-
ing of metal ions connected by organic bridging ligands, and
they represent a new approach to the synthesis of nanoporous
materials.'""") Applications are therefore anticipated as novel
molecular sieves, sensors, ion-exchangers, and catalysts.['!*]
However, mutual interpenetration of the polymer networks,
whereby the vertices of one occupy the cavities of anoth-
er,l® 12 often frustrates attempts to generate large accessible
pores. Whereas all previous work in this field has featured N-
or O- donor bridging ligands, we report novel results with a
bulky triphosphane 1,3,5-tris(diphenylphosphanyl)benzene
(L; see Figure 1a).%'l The use of the ligand L unex-
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pectedly gave a non-interpenetrating network polymer
[AgsL;(O5SCF;),] (1) with remarkably wide (1.60-1.84 nm)
channels. In the as-synthesized state these channels appear to
be saturated with solvent, which can be exchanged for other
solvents, which can be removed by heating under vacuum
without collapse of the metal —phosphane framework. The
network bulk, imparted by the phenyl groups of L, seems to
disallow network interpenetration. Because a P-donor ligand
was used, *'P NMR spectroscopy gives insight into solution-
state precursors, which appear to be discrete coordination
cages.

We have investigated the coordination-cage and polymer
chemistry of multidentate phosphane silver complexes.[!>*-l
For example, the flexible triphosphane CH;C(CH,PPh,),
(triphos) unexpectedly gave the hexasilver adamantanoid
cage [Agq(triphos),(triflate),]** (triflate = trifluoromethane-
sulfonyl).['® Given the differences in behavior of flexible!*®!
and rigid!"**<l diphosphanes, we were interested in how the
rigid triphosphane L would behave. Polymer 1 was obtained
by diffusing diethyl ether into a chloroform —nitromethane
solution containing a 3:2 molar ratio of silver trifluorometha-
nesulfonate (silver triflate, AgOTf) and L. Polymer 1 was
initially isolated as hexagonal crystals in 10% yield, the
remainder of the product being a powder which X-ray
diffraction showed to be amorphous.'’l A single-crystal
X-ray analysis of L8l performed on a crystal which was
mounted rapidly after removal from the supernatant, and
cooled to 120 K, revealed a two-dimensional network of
hexagonal rings (Figure 1b). The large 72-atom rings contain
18 silver atoms and 12 L units. The network nodes are
trigonal-planar silver centers bonded to three L units, with
neighboring triflate anions which are too distant for signifi-
cant bonding interactions (Ag--- O distance 3.25(1) A). The
connectors between the nodes are Ag,L, groups which have a
12-membered ring structure. The pairs of silver centers in
these smaller rings each bond to two P atoms and are bridged
by two weakly coordinated triflate anions, each making two
Ag-+- O contacts of 2.73(1) and 2.93(1) A. The CF; groups of
these triflate anions point towards the centers of the large
rings, to give a transannular F---F distance of 19.01(3) A,
which corresponds to approximately 16.0 A when the van
der Waals radius of fluorine (1.47 Al®) is taken into account.
The transannular H---H distance between phenyl groups is
20.8 A, which gives a major ring diameter of around 18.4 A
when the H van der Waals radius of 1.20 Al is taken into
account. The honeycomb layers stack in an eclipsed fashion,
so that a three-dimensional structure of approximately
cylindrical channels is generated. A space-filling representa-
tion of a segment of the framework (nine channels and five
layers), which includes the phenyl groups, is shown in
Figure 1c. These channels are amongst the widest reported
so far for a coordination network. In fact, the calculated “free
sphere” (i.e. the largest sphere which could move freely
throughout the structure, a parameter introduced by Yaghi
and co-workers!) of diameter 16.0 A may be the largest of
any characterized crystal. Of note is the superficial similarity
of 1 to the liquid crystal templated SiO,-framework MCM-
415,222 which have channel diameters of around 15 to 100 A,
but are not ordered at the atomic level. Based on a spherical
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