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Motivation

1. Investigating visible and ultraviolet emission spectra
of selected rare-earth halides (LaF;, PrF;, PrCl,)
- Potential laser application
«  Phonon — La3* interactions

2. Observation of Scl; and Dyl,; photodissociation
fragments

- Detection of Ml and MlI, fragments (M = Dy or Sc) of Ml,
parent molecule (common constituents of arc lamps)

- ldentify fragmentation channels
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Experimental Setup : Excitation of Powders

Powder sample  Fluorescence into
Tt N 21 steradians

Excimer Laser

Aarr = 193 nm _
/1KT'F — 24‘8 nm error

Spectrometer
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Ener

gy Diagram of La3*
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Praseodymium Tri-Fluoride Fluorescence
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Spectral features observed only under ArF photopump : 272, 275, 336, 395, 400 nm
- some molecular levels are only reached with the more energetic ArF beam (6.4 eV)
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Laser Photoexcitation of Sc (Dy)- Tri-Halides

Quartz cell
containing the salt
In a vapor phase

Oven ~ 800°C

Excimer Laser

Akrr = 248 nm Mirror Spectrometer
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Dy Compounds Vs Temperature

Experiment
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Density of species containing dysprosium calculated
for a mixture containing dysprosium and iodine.

M. L. Beks, M. Haverlag, and J. J. A. M. van der Mullen, “A model for
additive transport in metal halide lamps containing mercury and dysprosium
tri-iodide," Journal of Physics D: Applied Physics, vol.41, no.12, May 2008.
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Spectral Overview
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Fluorescence Measurements
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Fluorescence Lines Measured

Observed wavelengths (nm) matching with atomic lines

534.51
589.40
671.88
770.02

lodine

3F, > 3D°,
2[1]°32 > 212

3P, > 5D°,
2[3]07/2 2 2[3]5/2

Dysprosium

479.13
608.83
7/66.68

Scandium
570.86  4G°y, =2 “Fg),
621.07  2D°, > 2D,
624.46  “D°;, > °Dg
626.22 4D, 2 ‘P°5),
628.47 4Dgp 2> 4P°5,
641.33 4F°c, > 2Dg)y
701.02 N/A
769.78 2D, 2 Py,

Kramida, A., Ralchenko, Yu., Reader, J. and NIST ASD Team (2012). NIST Atomic Spectra
Database, National Institute of Standards and Technology, Gaithersburg, MD.

Laboratory for Optical Physics and Engineering

[ILLINOIS

UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN



Focus on the Scl; Fluorescence Spectrum
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Quantitative Energy Diagram
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Vibrational Motion — Morse Potential

* Vitorse = D(1— e7ae(7l0) )’

 E,=hw,(v+1/2) —hw,x.(v+ 1/2)?
 AE, = hw, — 2hw,y.(v + 1)

- Harmonic vibrational frequency v 7
,21)3 Harmonic
We = A, WZAEU/h \ \ /
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Conclusion

* Observation of coupling between lattice vibrations
and the La3* ion

 Observation of Scl bound = free transition after
photoexcitation in the ultraviolet by 248 nm radiation
from an KrF excimer laser

» Applications
Random lasers
Lighting : arc discharge lamps
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