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Single molecule detection and imag-
ing techniques have become important
in recent years for studying dynamic
processes such as chemical reactions
and molecular motions, since informa-
tion is not lost by the ensemble aver-
aging typical of more traditional meth-
ods. Of particular interest is the deter-
mination of the orientation of the emis-
sion dipole of single molecules since it
can be used as a means to label bi-
ological structures and track their con-
formational changes and motions. Fur-
thermore photophysical parameters of flu-
orophores, such as fluorescence lifetime,
can depend on the molecule’s orienta-
tion, a fact which can be used to study
the molecule itself or its environment.

Many current techniques for determin-
ing the orientation of a dipole exist that
are limited to finding the transverse an-
gle, however uncertainty over the lon-
gitudinal dipole component can lead to
large errors. Methods based on struc-
tured illumination, image fitting and to-
tal internal reflection e.g. [1, 2] can
find the full three-dimensional orienta-
tion although they are often restricted
to specific circumstances, subject to a
poor signal-to-noise ratio (SNR) and are
not suitable for real time measurements.
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Figure 1: Proposed optical setup for deter-
mination of the full three-dimensional orien-
tation of an electric dipole.
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Figure 2: Field distributions for £, (top) and
E, (bottom) in the back focal plane of a col-
lecting lens (NA = 0.966) arising from or-
thogonal electric dipoles orientated along the
x, y and z coordinate axes respectively (left

to right).

We present a novel technique [3] employing a 7 phase step in the back focal plane
of the collector lens (see Figure 1), breaking the inherent symmetry (see Figure 2), and
hence allowing the longitudinal dipole component to be measured. We then go on to
consider the experimental tolerances associated with the setup including misalignments
and the finite width of the molecule’s emission spectrum.
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