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Chiral enantiomers—molecules that,
like our left and right hands, are mirror
images of each other but aren’t super-
imposable—are troublesome to differ-
entiate. Identical in chemical formula,
they behave interchangeably for the
most part but distinguish themselves in
the presence of other chiral molecules
or fields. 

Chiral enantiomers differ, for exam-
ple, in how they interact with circularly
polarized light (CPL). Like a screw,
CPL’s polarization vector describes ei-
ther a clockwise (right-handed) or coun-
terclockwise (left-handed) helix in space;
opposite-handed beams tend to veer in
opposite directions as they refract
through a chiral material. (See PHYSICS
TODAY, December 2006, page 22.) 

Chiral molecules also absorb oppo-
site-handed CPL at different rates. That
difference is the basis for what’s known
as circular dichroism (CD) spec-
troscopy. By measuring the dissymme-
try factor, the difference between ab-
sorption rates of left- and right-handed
CPL, normalized by the mean, scientists
can discern the enantiomeric composi-
tion of, say, a biomolecule sample. But
only a small fraction of absorption
events—those due to coupling of elec-
tric- and magnetic-dipole forces—are
chirality specific. Pure electric-dipole
excitations occur far more frequently
and with equal probability for left- and
right-handed CPL. As a result, meas-
ured dissymmetry factors are rarely
more than one part per thousand.

The relatively small contribution of
chirality to absorption is partly the re-
sult of mismatched length scales. An
optical field twists exactly once per
wavelength—typically hundreds of
nanometers—but biomolecules are
often just a few nanometers across. At
molecular scales, left- and right-handed
CPL simply don’t look all that different.

Last year, Adam Cohen and his grad-
uate student Yiqiao Tang, both at Har-
vard University, predicted that larger
dissymmetries could be obtained using
more contorted electromagnetic fields.1
They further noted that Maxwell’s equa-
tions should permit optical fields that
are more contorted than CPL. Now, with
a standard green laser, a mirror, and a
glass coverslip, they’ve put their theory
into practice.2

Something from zilch
To start, Cohen and Tang wanted a way
to describe not just whether a light field

was left- or right-handed, but how
much so. Adhering to basic symmetry
constraints—chirality is time even, par-
ity odd, and independent of orienta-
tion—they arrived at a quantity they
termed optical chirality. Defined as
[ε0E · (∇ × E) + μ0

-1B · (∇ × B)] / 2, where
ε0 and μ0 are the vacuum permittivity
and permeability, respectively, optical
chirality is small for a gently twisted
helix and large for a tightly twisted one.

As it turns out, the quantity isn’t
new. Working at American Electronic
Laboratories nearly a half-century ago,
Daniel Lipkin described a property of
electromagnetic fields that is conserved
in a vacuum and “accompanies any cir-
cularly polarized wave,” and whose
flow direction “reverses with the screw
sense of the wave.”3 The spatial density
of that property—Lipkin termed it
“zilch”—is Cohen and Tang’s optical
chirality. 

Lipkin and his contemporaries, con-
cerned foremost with light in a vacuum,
dismissed zilch as a curious but physi-
cally irrelevant property. Cohen and
Tang’s theory suggests, however, that
when light and matter interact, zilch is
plenty meaningful. Specifically, the Har-
vard pair predicted that the dissymme-
try factor of a chiral sample in an optical
field should grow as the ratio of optical
chirality to electric field intensity.

The theory’s first test came last year

via experiments led by Malcolm
Kadodwala of the University of Glas-
gow in the UK.4 Kadodwala and com-
pany had fashioned spiraled gold nano -
structures that exhibited plasmon
resonances at optical frequencies. (For
more on plasmonics, see the article by
Mark Stockman, PHYSICS TODAY, Febru-
ary 2011, page 39.) Laid flat on an insu-
lating surface and irradiated with CPL,
the plasmonic structures produced
sharply contorted electric fields. In
turn, dissymmetry factors for surface-
adsorbed proteins were 106 times larger
than they were with CPL alone. 

If Cohen and Tang’s model is correct,
those increased dissymmetry factors
should likely correspond to an increase
in optical chirality. Adopting the pair’s
definition, Kadodwala and company
calculated that the plasmonic fields were
about 10 times more chiral than the inci-
dent CPL beam—a large gain, but not
large enough to explain the millionfold
increase in dissymmetry. Explains
Kadodwala, “We were perhaps running
before we could walk. Our experimental
system and our biomolecules were a bit
complex for Cohen’s theory.”

Eccentricity, my dear Watson
Cohen and Tang devised a simpler test:
directing a beam of CPL at normal inci-
dence toward a partially reflecting mir-
ror. As illustrated in figure 1, the result-

A mirror gives light an extra twist
The contorted optical field aids the differentiation of chiral molecules, a result that confirms 
ideas first proposed last year.

Figure 1. The electric field
of a circularly polarized
plane wave (top) describes a
uniform helix in space. The
superposition of such a
wave with its partial reflec-
tion (bottom) produces a
field that describes an ellipti-
cal helix in space and rotates
circularly with time. That
combination is ideal for
measuring chiral effects on
absorption: Near the field’s
minima, the electric inten -
sity diminishes, but thanks
to a rapidly changing field
orientation the optical 
chirality doesn’t. The vector
arrows illustrate a nearly
180° reorientation of the
electric field over a distance
significantly less than a half
wavelength. (Adapted from
ref. 2.)
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CERN collider achieves record collision rate. The Large Hadron
Collider at CERN has reached a milestone in its quest to find—or
lay to rest—the Higgs boson predicted by particle theory’s stan-
dard model. The LHC produces 7-TeV head-on collisions
between protons in countercirculating beams stored in its 
27-km-circumference ring, part of which is shown here. On 

22 April, the colliding
beams achieved a
record luminosity of
4.7 × 1032/(cm2 s), sur-
passing for the first
time the previous
record held by the 
2-TeV Tevatron col-
lider at Fermilab. The
new record luminosity
(defined as the colli-
sion rate per unit scat-
tering cross section)

translates into 50 million proton–proton collisions per second at
each of the LHC detectors. If the standard-model Higgs exists, it
will be produced in only a tiny fraction of those collisions. But
given the new record luminosity, the LHC detectors should accu-
mulate enough data by the end of 2012 to provide a statistically
robust sighting of the Higgs somewhere in the mass range (115–
155 GeV) from which it has not already been excluded—or to
demonstrate that Nature here parts company with the standard
model. To allow that decisive accumulation of data, the start of
the 18-month shutdown required to bring the LHC up to its full
14-TeV design energy has now been postponed from the end of
this year to the end of 2012. (W. J. Murray et al., in Proceedings of
the Chamonix 2011 Workshop on LHC Performance, https://
espace.cern.ch/acc-tec-sector/Chamonix/Chamx2011/papers/
BM_4_01.pdf.) —BMS

Resolving the tension between droplets and solids. In 1805
Thomas Young derived the relationship between the static
forces of a liquid droplet at rest on a solid substrate. As shown in
the schematic, the droplet’s contact angle, θ, can be determined
by balancing the horizontal solid–liquid and solid–vapor forces
and the horizontal component of the liquid–vapor force, deter-
mined by the surface tension, γ/v (see PHYSICS TODAY, February
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ing interference should produce a wave
that describes an elliptical helix in space
and rotates circularly about the propa-
gation axis with time. At each minimum
in the electric field, the intensity dimin-
ishes but the optical chirality doesn’t,
since the field’s orientation shifts dra-
matically in the regions nearby. The net
effect, then, should be increased dis-
symmetry near those minima. The
more eccentric the ellipse—that is, the
more reflective the mirror—the greater
the dissymmetry factor.

To test their idea, the researchers
needed only to detect absorption rates
for chiral material near one of the elec-
tric-field minima. That target region,
however, is both very narrow—just a
few nanometers wide—and very dim;
the placement of the sample had to be
precise and the absorption detection
had to be sensitive.

The team’s solution was to coat a glass
coverslip with reflecting material on one
side and a sample of fluorescent chiral
molecules on the other, as illustrated in
figure 2. The glass coverslip held the
sample a fixed distance from the mirror,
and its slight slant ensured that some
parts of the sample lay near a minimum
in the electric field. The tiny absorption
rates could then be detected, by proxy of
fluorescence, with a CCD camera.

Applied to a chiral, naphthalene-
based compound, the scheme yielded a
dissymmetry roughly 10 times that for
plain CPL—a result that matched the
team’s prediction to within 15%. The
gain, however, comes at the cost of
measurement precision. Says Cohen,

“The energy density in the dim regions
is so small that shot noise begins to
drown out the signal. The more we en-
hance the dissymmetry, the noisier the
signal.” 

In fact, although the dissymmetry
factor increased considerably, the meas-
urement error grew in equal propor-
tion. In part for that reason, Cohen says
he’d “be surprised if this particular
arrangement leads to better CD meas-
urements. But we wanted to demon-
strate the physical quantity, and these
fields were simple enough to calculate
with pencil and paper.” 

Cohen hopes the work can help to put

more complicated experiments on a
sounder theoretical footing and aid in
the design of more effective CD spec-
troscopy methods. Kadodwala, for one,
is optimistic: “I’m convinced that these
concepts will be a real boon for chiropti-
cal spectroscopy.”

Ashley G. Smart
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Figure 2. Experimental setup. Green circularly polarized light directed at normal
incidence into a glass coverslip and partially reflected by a mirror produces a field
that’s well-suited to detect a molecule’s chirality. That field causes chiral and achiral
samples coated on the coverslip’s surface to fluoresce, with only the chiral mole-
cules displaying partiality to the handedness of the incident beam. For those chiral
molecules that lay near a minimum of the field, switching between left- and right-
handed incident beams induced a roughly 1% shift in fluorescence—10 times the
difference measured using circularly polarized light alone. (Adapted from ref. 2.)


