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N atural optical activity (NOA)Y is the phenomenon
originates from the differential interaction of a chiral com-
pound with enantiomorphous electromagnetic radiation.
NOA can be easily detected in the absence of linear optical
polarizations, but in the presence of linear optical anisotro-
pies,? its optical determination requires specialized methods
(e.g. determination of all 16 elements of the optical Mueller
matrix); in the case of samples with strong physical aniso-
tropies or depolarizing characteristics, NOA cannot be
measured by optical methods. NOA in transmission experi-
ments is detected by the measurement of circular dichroism
(CD) and circular birefringence (ORD), but it can also be
detected in emission and scattering (Rayleigh and Raman)
phenomena. Magnetic optical activity (MOA; Faraday ef-
fect)!! is the optical activity generated by interaction of
linearly polarized electromagnetic radiation with matter
(achiral or chiral) in the presence of a magnetic field
(magnetic circular dichroism (MCD) and magnetic circular
birefringence (MORD)). NOA and MOA where first detect-
ed experimentally in the first half of the 19th century by
Aragé and Faraday. Notice that NOA is related to chirality of
matter but not MOA, which from the point of matter is only
the consequence of the presence of electronic energy levels.

In 1984, Wagniere had predicted that chiral compounds
in a magnetic field would show differences in the transmission
(emission and scattering) of depolarized electromagnetic
radiation when a magnetic field is applied parallel or
antiparallel to the beam propagation. This observation was
called magnetochiral effect (MChE) by Barron and exper-
imentally was first detected by Rikken and Raupach in 1997.F!
Experimental reports on MChE are rare and difficult to
detect mainly because it is a weak effect (second order);
compared with the Faraday effect (MOA) for the same
magnetic field, it is 107°~1072 less intense. Generally MChE
has been detected in absorption and emission experiments,
that is, at an electronic transition, and therefore is called
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magnetochiral dichroism (MChD; see Figure 1). Notice that
despite being the correct name, it may anyway be confusing
because the difference in absorbance is obtained from the
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Figure 1. Magnetochiral dichroism experiment. With permission from
ref. [1a].

comparison between parallel and antiparallel experiments
using depolarized electromagnetic radiation and not by the
direct evaluation of a specific optical circular polarization
property. Experiments on magnetochiral birefringence
(MChB), that is, at non-absorbing energies, have been also
reported, but here the experimental difficulties are still more
dominant than those for the dichroic measurements.

The MChE is of high theoretical importance. Notice that
it is a phenomenon originated by matter chirality in its
interaction with electromagnetic radiation, that is, it is
analogous to NOA, which also is a property of chiral matter.
It has been proposed in astrophysical prebiotic scenarios
(depolarized radiation and huge magnetic fields) as a source
for the enantioselective destruction of racemic mixtures.”
However, MChE implies associate phenomena that are of
potential interest in advanced chiral materials,">*) magneto-
resistance anisotropies in macro- and nanosized chiral
conductors,*” magnetohydrodynamic phenomenal®™ and the
electric reading/writing of magnetic states in chiral ferromag-
netic materials.>

Ishii and co-workers have reported on MChD in J-
aggregates of diprotonated meso-tetrakis(4-sulfonatophenyl)-
porphyrin (H,TPPS,).l! The interesting aspect of this report is
not only the addition of a new chiral compound to the short
list of experimental reports on MChD, but also the type of
species involved.

MChD in spite of being rarely reported has been detected
in diamagnetic, paramagnetic, and ferromagnetic materials.
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Owing to the low strength of the effect, the previous
experimental reports mostly discuss measurements made on
pure materials or relatively highly concentrated solutions of
compounds with electronic levels implying d or even f orbitals
(e.g. chiral octahedral metal complexes), which provide a
significant molecular magnetic dipole. In this respect molec-
ular ferromagnets give a more intense MChD than diamag-
netic compounds, therefore a new approach has been the
preparation of chiral materials with ferromagnetic transition;
below the Curie temperature, the internal magnetic field of
the molecular magnet originates an intense MChE.P! The J-
aggregates of H,TPPS, reported in ref. [6] are diamagnetic
and in contrast to previous reports on MChD, the measured
samples are J-aggregate suspensions in water obtained by
self-assembly of the monomeric diprotonated porphyrin at
concentrations in the mM range. However, the diamagnetic
diprotonated porphyrin has an electronic analogy with the
octahedral complexes of metals, in which MChD has been
previously detected; the degenerate pairs of highest occupied
molecular orbital (HOMO) and lowest unoccupied molecular
orbital (LUMO) levels of the diprotonated porphyrin ring are
cyclic m conjugated (planar tricoordinated C and N atoms)
but because of the cyclic structure, these molecular orbitals
show a d-like topology. The MChD in ref. [6] is detected at the
characteristic (Lorentz-shaped) strong red-shifted band (mo-
nomer approximately 435 nm, J-aggregate approximately
490 nm) of the J-aggregates, which corresponds to a Fermi
exciton; we can reasonably assume that in addition to
necessarily being chiral (intrinsic chirality) it will show a d-
like topology that leads to a significant magnetic dipole
moment. Notice that the chiral J-aggregate gives a bisignate
CD band at approximately 490 nm, as signature of the
degenerate pair of HOMO and LUMO levels of the
diprotonated porphyrin, and that the MChD signal is mono-
signate. This observation is consistent with previous reports,
in which the shapes of the observed MChD signals were
bisignate for a monosignate CD, that is, the MChD signals
show a shape reminiscent of the first derivate of the
corresponding CD trace.”!

The MChE is a phenomenon that arises from matter
chirality and in this respect the J-aggregates of amphiphilic
porphyrins show an interesting and surprising behavior. The
formation of these J-aggregates occurs through hierarchical
self-assembling and auto-organization processes, which are
sensitive to several, even unexpected, experimental factors.]
In this structure formation, bifurcation points appear and lead
to spontaneous mirror symmetry breaking and therefore the
chiral sign of the outcome can be selected by very weak chiral
inductions®® (in ref. [6], the chiral sign is selected by induction
with the enantiomers of tartaric acid). The chiral sign
selection may be exerted, at least in one member of the
homologous family of H,TPPS, (H,TPPS;), by the macro-
scopic chiral hydrodynamic forces of simple vortex stirring
applied during the formation of the J-aggregates;” the
experiment is reproduced for the first time (see the Support-
ing Information of ref. [6]) by another group than that of the
original report®. In the case of H,TPPS,, spontaneous CD
arise, in less or higher intensity depending on applied
procedures (probably because of the formation of different
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enantiomeric excesses of chiral J-aggregates). Furthermore,
when H, TPPS, J-aggregates are obtained as long ribbon-like
particles (> 150 nm length) they show a reversible CD during
vortex stirring, the sign of which depends on the direction of
stirring!'” and is independent of the permanent CD signal of
nonstirred solutions. This chirality arises from the folding/
bending of the elastic thin particles under the torque of the
flow shear gradients originated by stirring."! This observation
suggests that H,TPPS, J-aggregates with a more intense CD
signal and probably more intense MChCD would be obtained
if the preparation method were optimized and also if the
transient chirality obtained by stirring could be locked, for
example, by rigidization of the solution in a sol to gel
transition or by spin coating of the solutions.

Several porphyrinoids give aggregates showing sponta-
neous mirror symmetry breaking that leads to chiral bias by
induction with chiral dopants or by a few chiral substituents
(e.g. [12]) by the sergeant—soldier effect.'’ Therefore, they
are candidates for testing MChE and the electro-magnetic
properties derived from this effect.

Meso-substituted porphyrin gives chiral aggregates by
self-assembly, because the conformational chirality of the
substituents at the meso positions is locked in the aggregate.
In spite of having been intensively studied by several research
groups, this circumstance shows an evident lack of indisput-
able structural data (stereochemical and electronic). Hence it
is not possible to establish reliable relationships between
structure and MChE. Therefore, the report of Ishii and co-
workers!® stresses that more efforts are necessary: 1) to study
the processes of self-assembly and auto-organization that
control the stereochemistry and morphology (size and shape)
of the J-aggregate particles and 2)the use of advanced
diffraction techniques to infer their structure. To emphasize
the lack of reliable structural data, we do not consider it
appropriate to present here the usual reasonable structural
cartoons representing porphyrin J-aggregates.
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