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Single-molecule Imaging with an Inexpensive UV-LED Light Source 

Akifumi Hattori, Satoshi Habuchi , and Martin Vacha* 
Department of Organic and Polymeric Materials, Tokyo Institute of Technology, 2-12-1 Ookayama, Meguro-ku, Tokyo 152-8552 

(Received December 24, 2008; CL-081205 ; E-mail: vacha.m.aa@m.titech.ac.jp) 

The powerful tool of single-molecule detection and spec­
troscopy has so far been confined mainly to the visible spectral 
region. Here, we report the use of a low-cost high-power UV 
light emitting diode (LED) emitting at 365 nm as a light source 
for single-molecule detection in epi-fluorescence microscopy. 
The LED provides an affordable alternative to UV laser systems. 
The performance of the light source is demonstrated by record­
ing fluorescence images and time-dependent fluorescence traces 
of single molecules of a laser dye p-bis(o-methylstyryl)benzene 
(bis-MSB) and of a conjugated polymer polyfluorene. 

In recent years, single-molecule optical detection and spec­
troscopy have developed into standard techniques for the study 
of structural and dynamic properties of mateiials and biological 
systems at nanometer scales. 1 The methods are based on spatial 
isolation of immobilized dye molecules in extremely dilute sam­
ples. Individual molecules are detected via their fluorescence 
signals using scanning confocal or wide-field optical microscop­
ies. So far, single-molecule expeiiments have been almost exclu­
sively confined to the visible and near-infrared regions of the 
electromagnetic spectrum. Reports on UV excitation on single­
molecule level include use of the second harmonic of a Ti:Sap­
phire laser at 350 nm to study one- and two-photon dynamics of 
Coumaiin-1 202 and Rhodamine 6G3 dyes, and at 360 nm to in­
vestigate H-258 DNA complexes4 and multichromophoric den­
diimers. 5 Recently, deep-UY diode-pumped picosecond laser 
at 266 nm has also been used for imaging of p-quaterphenyl 
dye6 and for label-free detection of single protein molecules. 7 

Apart from the common difficulties associated with UV excita­
tion, such as increased background due to impurity fluorescence 
and increased quantum efficiency of photobleaching, the lack of 
research reports on UY-excited single-molecule detection can be 
asciibed to the lack and high cost of suitable light sources. How­
ever, recent progress in the development of high-power UV light 
emitting diodes (LED) on the one hand, and ultra-sensitive elec­
tron-multiplication CCD camera detectors (EM CCD) on the 
other may change the situation. Low-cost LEDs with powers 
of more than 100 mW in the near UV region are now widely 
available, and the decreased read-out noise of the EM CCD 
detectors has lowered the necessary energy density for single­
molecule excitation. The routine accessibility of the UV region 
in single-molecule studies might open new areas of mateiials 
and biological systems for study on nanometer scales. In this 
letter, we report on the construction of an inexpensive light 
source based on a high-power LED emitting at 365 nm and dem­
onstrate its performance by imaging single molecules of a laser 
dye, p-bis(o-methylstyryl)benzene (bis-MSB) and of a conjugat­
ed polymer polyfluorene. 

The expeiimental setup is based on an inverted optical mi­
croscope (Nikon Diaphot 300). The scheme of the setup is shown 
in Figure 1. High-power chip-type UV LED (Nichia Corp. 
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Figure 1. Scheme of the expeiimental setup. LED: high-power 
UV LED; ASL: aspheric lens ; L: convex lens ; BF: band-pass fil­
ter; OM: dichroic mirror; OBJ: microscope objective lens; S: 
sample; LF: Jong-pass filter; CCD: EM CCD camera. 

NCCU 033) has a typical optical output power of lO0mW at 
365 nm and spectral width of 10 nm. The LED is encased using 
an aluminum block and powered with a 5 V de power adapter. 
The emitted light is collimated with two aspheiic lenses 
(f = 3.1 mm and f = 11 mm, Thorlabs) and a convex lens 
(f = 100 mm) into slightly divergent beam. The beam is 
further focused to the back focal plane of the used microscope 
objective with a convex lens (f = 170 mm) . Autofluorescence 
of these optical elements is cutoff with a band-pass filter at 
360 nm (U-360, Edmund Optics). The beam is directed into 
the microscope in an epi-fluorescence mode using a dichroic 
mirror (Olympus, 420 nm). For the single-molecule imaging 
experiments three objective lenses were tested : 100 x air 
(Olympus , UMPlanFL!00 x, N.A. = 0.95), I00 x oil-immer­
sion (Olympus, UPlanFLN100xO2, N.A. = 1.3) and 40x air 
for UV excitation (Olympus, UApo40 x 3/ 340, NA= 0.9). 
The best results were obtained using the oil-immersion Jens 
and nonfluorescent immersion oil (Cargille Lab., OF). The data 
presented in the rest of the paper were recorded using this Jens. 
Fluorescence from the sample passes a 400 nm long-pass cutoff 
filter (LUX400, Asahi Spectra) and is detected with an EM CCD 
camera (iXon+, Andor) . 

The laser dye, bis-MSB (absorption maximum 350 nm, 
fluorescence maximum 418 nm), was purchased from Kanto 
Chemical. The polymeiic dye, poly(9,9-di-n-octylfluorenyl-
2,7-diyl) (absorption maximum 365 nm, fluorescence maximum 
440 nm), was supplied by Aldrich. The dyes were dissolved in 
1.5 wt % toluene solution of Zeonex 480R (Zeon) to achieve a 
final concentration on the order of 10- 11 M. Thin polymer films 
(thickness "'=' 100 nm) were prepared by spin-coating small 
amount of the dye/ polymer solution on quartz cover slips (Elec­
tron Microscopy Sciences) at 3000 rpm for 20 s. The films were 
vacuum-dried at 60 °C for several hours. All experiments were 
done at ambient conditions. 

The first system for demonstrating the light source perform-
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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 150ms, 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. 8 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 I 50 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 part! y 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,9•10 polyfluorenes have so far escaped at­
tention despite their important role as charge-transport and blue­
ernitting materials. 11 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,8 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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