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ABSTRACT. First observation of uranium using a diode laser was published recently. The experiment
was performed by the optogalvanic spectroscopy using diode lasers. A laser source causes the current
change in a hollow cathode discharge lamp when metal atoms in plasma absorb the diode laser light.
The optogalvanic signal is collected by detecting the current change. This work is the extended investiga-
tion of our previous research, the uranium detection using a diode laser. New electronic transitions
of uranium and thorium in 775~850 nm were investigated using diode lasers. In addition, the Rb(I)
optogalvanic spectra at 780.02 nm and 794.76 nm were studied. The Rb(I) spectrum at 780.02 nm showed
the isotopic features and hyperfine splittings. This work provides a key idea that the diode lasers are
useful in the specrochemical analysis of the radioactive actinides that have a rich spectrum with transitions
which can be easily reached with AlGaAs diode lasers. Also, this study shows that the diode lasers
can be an important tool to find the spectroscopic parameters of actinides and rare earth elements which
have not known.
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Fig. 1. A schematic diagram of overall instrumental
setup for the opstogalvanic spectroscopy using diode
lasers.
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Table 1. Instrumental components and operating conditions for uranium, thorium and rubidium optogalvanic

spectroscopy using diode lasers

Instumental component descriptions

Operating conditions

Laser diodes:

Mitsubishi ML2701-01 (Power: 10 mW, A=830% 15 nm)

Mitsubishi ML64110N (Power: 30 mW, A=776% 5 nm)

Mitsubishi ML4012N (Power: 5 mW, A=794% 5 nm)

Hitachi HL7801E (Power: 5 mW, A=778% 7 nm)

Operating current: 55 to 90 mA
Operating temperature: —40~70°C
Operating current: 75 to 180 mA
Operating temperature: —40~80°C
Operating current: 45 to 70 mA
Operating temperature: ~40~60°C
Operating current: 50 to 90 mA
Operating temperature: —10~60°C

Precision current source:
ILX Lightwave 3207B (Resolution: 0.1 mA)

Output current range: 0 to 200 mA

Thermoelectric temperature controller:
ILX lightwave 5910B (Resolution: 0.1°C,
Stability: 0.005°C or better for short term)

Temperature range: —20~50°C

Laser housing: ILX Lightwave LDM-4412

Temperature controlled laser diode
mount, controlled by ILX 5810B

Hollow cathode discharge lamp:
Photron U, Th and Rb Lamps (Starna Cells, Inc.)

Operating current: 10~15mA
Operating voltage: 150~500 V

Power supply for HCD lamp: Bertan Model 205B-01R

Operating voltage range: 150~500V
Operating current range: 10 to 15mA

Lock-in amplifier:Sensitivity: 0.2 to 1 mV

EG & G Model 5210 & Stanford Research System SR510

Time constant: 110 to 300 msec.

Chopper: Stanford research system SR540

Frequency range: 1~3.5kHz
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Fig. 2. A plot of hollow cathode discharge lamp cur-
rent versus uranium and thorium optogalvanic signal
intensities. (1, Uranium; A, Thorium.
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Fig. 3. The uranium optogalvanic spectrum showing
two peaks at 127050203 cm™! and 12704.9425cm™%
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Fig. 4. The thorium optogalvanic spectrum at 0—
11877 cm™? transition having FWHM (the full width
at half maximum) of 445+ 26 MHz. *, Raw data; —,
Gaussian fit.
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saturation effect above 2.7 mW was observed.
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Fig. 7. The rubidium spectrum at 780.023 nm sho-
wing the isotopic features and hyperfine splittings.
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