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Figure 2. a: Microscopic image of single molecules of bis-
MSB in a Zeonex matrix. Integration time 600 ms, excitation in-
tensity 16 W cm™2. b: Time-dependent fluorescent traces of two
molecules of bis-MSB. Binning time 150 ms, background sub-
tracted. c: Time-dependent fluorescent trace of a single molecule
of polyfluorene in a Zeonex matrix. Binning time 50 ms, back-
ground subtracted.

ance, the molecule bis-MSB, was chosen for its high molar ex-
tinction coefficient at 350 nm and for being known as an efficient
laser dye.® A typical single-molecule fluorescence image ob-
tained with 600 ms integration time and maximum gain of the
EM CCD camera is shown in Figure 2a. The excitation intensity
(measured above the objective lens and normalized by the irra-
diation area at the sample) was 16 W cm™~2, which is in the lower
range of intensities used typically for single-molecule detection.
Although the background is relatively high (the signal-to-back-
ground S/B ratio is approximately 1:3), the image shows good
signal-to-noise (S/N) ratio. The S/N ratio was determined from
the signal after background subtraction. The S/B ratio of 1:3 is
the best value of several substrate/matrix combinations tried.
With glass cover slips and/or poly(methyl methacrylate) matrix
we were not able to detect any single-molecule images due to the
high background. The residual background might be reduced
further by the use of non-oil-immersion objective lenses (such
as water or glycerol type immersion lenses) or quartz objectives.

The bis-MSB single molecules exhibit the usual single-
molecule time-dependent attributes of blinking and single-step
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photobleaching. Figure 2b shows typical time-dependent fluo-
rescence intensity trajectories of two molecules. The data were
taken with binning (the CCD integration time) of 150 ms. The
top trace shows a molecule photobleaching at approximately
10's, while the bottom trace represents blinking between several
intensity levels. The S/N ratio at this binning is more than four.
As also seen from the figure, most molecules continue emitting
for relatively long times of seconds to tens of seconds before
photobleaching. This fact which can partly be attributed to the
low excitation intensity used, proves that a careful choice of
the system enables prolonged studies of single fluorescent mole-
cules even with near-UV excitation.

The second system studied was the conjugated polymer
polyfluorene. While single-molecule studies of conjugated poly-
mers continue to bring new insights into the polymer conforma-
tions and photophysics,”!? polyfluorenes have so far escaped at-
tention despite their important role as charge-transport and blue-
emitting materials.!! Here, the Figure 2c shows time-dependent
fluorescence traces of two polyfluorene single molecules. Good
S/N ratio (the traces in Figure 2c have S/N & 7) can be obtained
with binning time as short as 50 ms. As in the case of other con-
jugated polymers such as MEH-PPV,? single polyfluorene
chains exhibit on—off blinking behavior between two or a few
fluorescence intensity levels, pointing to the presence of fast en-
ergy transfer and localization of the energy on a few emitting
centers.

In summary, we have demonstrated that single-molecule de-
tection with good signal-to-noise ratio in wide-field microscope
can be performed using a low-cost home-made UV LED light
source. Our attempts to use the light source in confocal micro-
scope have failed because of the difficulty of collimating the di-
ode light into a narrow parallel beam of sufficient intensity. The
cost-performance of the source (the total cost was approximately
500 USD) is more than two orders better than laser sources op-
erating at this wavelength. We believe that this report will open
the way for other laboratories to extend the single-molecule re-
search into the near UV spectral region.
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