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REMOTE MEASUREMENTS OF ACTINIDE SPECIES IN AQUEOUS SOLUTIONS
USING AN OPTICAL FIBER PHOTOACOUSTIC SPECTROMETER
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ABSTRACT

A photoacoustic spectrometer, equipped with an 85 meter optical fiber, was used
to perform absorption measurements of lanthanide and actinide samples, located in a
glovebox. The spectrometer was tested using aqueous solutions of praseodymium and
americium ions; the sensitivity for remote measurements was found to be similar to that
achieved in the laboratory without the fiber.

INTRODUCTION

Photoacoustic spectroscopy (PAS) is an optical absorption technique for chemical
analysis [1-4], allowing for sensitivities on the order of 10"6cm"1. PAS has been
demonstrated as an excellent technique for the detection and identification of rare earth
and actinide species [5-9]. It is a non-contact and non-destructive method capable of
determining oxidation states and studying complexation at high sensitivity levels; it's
sensitivity surpasses that of conventional absorption spectroscopy by several orders of
magnitude. The measurement of actinide species at sub-micromolar concentrations in
aqueous solutions has become increasingly important for the determination of
thermodynamic properties, for research in high-level nuclear waste management, and for
environmental monitoring and characterization. We developed a photoacoustic
spectrometer for remote measurements of rare earth and actinide species using an
optical fiber to transmit the excitation laser fight to a sample solution in a glovebox
located in a separate laboratory, 85 meters from the laser and detection electronics. The
system is ideally suited for conducting actinide research on highly radioactive species in a
protected enclosure without requiring sampling and the risk of contaminating the laser
laboratory.

EXPERIMENTAL

'_ The experimental diagram for the optical fiber photoacousti_ spectrometer is
shown in Figure I. A pulsed Nd:YAG pumped dye laser (Quanta Ray; DCR 3G/PDL)
was used as the excitation light source. Coumarin LD-466 and C-500 (Exciton) were
chosen to overlap the absorption bands of praseodymium (at 468 and 482 nm) and
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americium (at 503 nra). A 35 mm lens was employed to focus the dye-laser light into the
85 meter multimode optical fiber (core diameter: 600/zm ; cladding diameter: 750/zm;
Fiberguide: SPC-600Z). At the remote location, a 10 X microscope objective was used
to collimate the light from the fiber and direct it into a cuvette containing the sample -
solution. The lens produced a collimated beam approximately 6 mm in diameter.
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Figure I. Experimental diagram for the optical fiber photoacoustic spectrometer.
Dashed box encloses components at the remote location.

The photoacoustic cell-assembly consisted of a quartz cuvette (Suprasil)
acoustically coupled to a cylindrical quartz rod and a piezoelectric transducer (PZT5A).
The signal from the PZT was amplified by a charge sensitive preamplifier (Ortec; 142C)
and conditioned by a spectroscopy amplifier (Ortec; 570). Gated detection was
employed using a boxcar integrator (Stanford Research Systems; SR250). A
filter/photodiode assembly was used as a light trap to collect the beam exiting the
cuvette. The photodiode (United Detector Technology; 10DFP) monitored the laser
energy in order to correct for pulse to pulse energy fluctuations and to ratio the
measured photoacoustic spectra to the dye gain power profile. The signal from the
photodiode was recorded using a second boxcar gate. Photoacoustic spectra were .,
recorded by scanning the dye laser wavelength and measuring the change in amplitude of

the acoustic signal on the boxcars using a personal computer. _
Ali the components for the remote part of the photoacoustic spectrometer

(microscope objective, cell assembly, photodiode) were mounted on a one-inch thick
aluminum plate. The simple light-weight portable unit measured 16"x 8" and could be

_ o,,c;],, p,a_Hnna.d within the _lovebox.
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RESULTS

The transmission through the entire optical system was measured to be
' approximately 53% at 470 nrn. This value is a result of Fresnel losses in the optical

components and the transmission efficiency of the fiber at this wavelength. The
', maximum photoacoustic sensitivity was found when the center of the beam was

approximately 29 mm above the surface of the PZT.
At first, praseodymium-ion aqueous solutions were used to optimize the

photoacoustic experimental configuration by maximizing the photoacoustic signal
amplitude and by reducing electrical noise. The coordination chemistry of Pr3. is similar
to that of trivalent actinide ions in solution. Therefore, the system could be developed
and tested using non-radioactive solutions. Using 1 mJ/pulse at the cuvette,
photoacoustic spectra were measured for Pr3+ solutions in the concentration range from
10-4 to 8*10"6Min 0.01 M HC10 4 (Figure IIa). The "proof-of-principle" achieved, the
same experiment was performed using americium solutions (3"10"s_<_[Am]_<10-6M) in
0.01 M HC104 (Figure IIb).

The absorptivity of water in the spectral region, shown in Figure IIa-l]b, is
approximately 10-4cm"1[10]. Therefore, the fraction of the total PAS signal caused by
the absorption of the water is large at the low sample concentrations. The
praseodymium and americium spectra were corrected for background absorption of the
0.01 M HC104 solution. We did not measure any difference in the photoacoustic spectra
of pure water compared to this acid concentration over the 460 - 515 nm range. The
solution background spectrum was recorded on the computer and subtracted from the
individual spectra. The same sample cuvette was used for ali spectra.
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Figure IIa. Photoacoustic spectra of HCIO4 and Pr3. solutions (8"104; 2"105; 5"105;
10-4 M) with lmJ/pulse at the sample cuvette.
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Figure I1"b. Smoothed and baseline subtracted photoacoustic spectra of HCIO4 and
Ama+ solutions (3"10"8; 6.5"10"8; 10°_M) with lmJ/pulse at the sample
cuvette. .,

Beer's law linearity was observed over the range of Pr 3+ and Am 3+ concentrations
measured (Figure III). The amplitude of the signal for the 3"10"sM solution was exactly
that normally achieved in the laboratory without the fiber. The americium aquo ion has
a molar absorptivity of 380 1mole "1crn"1at the 503 nra absorption peak. Therefore, the
sensitivity limit (for signal:noise -- 1) would be approximately 1.4"10"6cm"1. This
sensitivity is comparable to that obtained by others using photoacoustic [5,11] and
thermal lensing spectroscopy [12-14]. Raman light generated in the fiber did not
influence the absorption spectrum or the sensitivity of the photoacoustic measurements.
Raman light generated in the fiber would likely have its largest influence on the
absorption in the lower concentration region. This effect was not apparent from the
linear Beer's Law plot.

The system described here, based on a static-volume cuvette, was a proof of
principle experiment. A flow-through cuvette has been incorporated into the remote
photoacoustic ce!! _sembly to study the U(IV)-H20-Carbonate system, at uranium '_
concentrations below the detection limits of conventional absorption spectrometers.

This optical fiber system represents a prototype remote sensor for field
applications in which photoacoustic measurements could be performed in a ground water
environment.
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Figure III. Beer's Law plots obtained from measurements of Pr3. and Am 3. solutions
(in 0.01 M HC104 media), using the remote photoacoustic spectrometer,
with a lmJ/pulse at the sample cuvette.
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