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Abstract
Introduction: The reliability oflanthanide luminescence measurements, by both flow cytometry and digital microscopy,
wiII be enhanced by the availability of narrow-band emitting lanthanide calibration beads. These beads can also be used to
characterize spectrographic instmments, including microscopes.
Methods: 0.5, 3, and 5 micron (/lm) beads containing a luminescent europium-complex were manufactured and the luminescence distribution of the 5 /lm beads was measured with a time-delayed luminescence flow cytometer and a timedelayed digital microscope. The distribution of the luminescence intensity from the europium-complex in individual
beads was determined on optical sections by confocal microscopy. The emission spectra of the beads under UV excitation
were determined with a PARISS® spectrophotometer. The kinetics ofthe luminescence bleaching caused by UV irradiation were measured under LED excitation with a fluorescence microscope.
Results: The kinetics ofUV bleaching were very similar for the 0.5, 3, and 5 /lm beads. Emission peaks were found at
592,616, and 685 nanometers (nm). The width or the principal peak at half-maximum (616 nm) was 9.9 run. The luminescence lifetimes in water and in air were 340 and 460 microseconds (/ls), respectively. The distribution of the europium-complex in the beads was homogeneous.
Conclusions: The 5 /lm beads can be used for spectral calibration of microscopes equipped with a spectrograph, as test
particles for time-delayed luminescence flow cytometers, and possibly as labels for macromolecules and cells.
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1. INTRODUCTION
Many of the steps in the development of an instmment, including those employed to optimize its performance, need calibration particles. The europium-complex labeled beads described below have been employed as standard particles to
characterize and calibrate instmments, such as a time-gated luminescence (TGL) flow cytometer l , a TGL microscope2,3,4
and a micro-spectrofluorometer5 . Conversely, the development of a standard material, such as luminescent beads,
requires instruments to obtain their spectra and measure the emission intensity of individual beads. Although numerous
types of fluorescent beads are available, the choice of narrow-band emitting beads is limited. The development of the
europium-complex labeled beads by Newport Instruments was based on requests by collaborators. Example characterizations by these collaborators and by the manufacturer's laboratory are described below.

2. MATERIALS AND METHODS

2.1. STARTING MATERIALS
2.1.1. Europium Calibration Beads

The prototype Fire Red™ beads trom Newport Instruments (www.newportinstrurnents.com) were aqueous suspensions
of europium-complex labeled polymer microspheres (beads), which showed low aggregation and were fairly uniform in
size. The beads contained Eu 3+ coordination complexes, which have an excitation maximum at approximately 370 nm
and emit in a narrow region at about 620 nm. Other properties will be described in the RESULTS section. Before each
flow cytometry operation, the sample was ultrasonicated in a water bath to remove particle aggregation.
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