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ABSTRACT

A Helinholtz Resonator cell for simplifying pulsed dye laser-excited

optoacoustic signals is described and employed for high resolution OAS of

holmium oxide powder.
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When the output of an incoherent light source, filtered by a short focal
length monochromator, is utilized for excitation of the pressure fluctuations
measured in optoacoustic spectroscopy (OAS), the spectral resolution reported
(2-5 nm) is typically poor (1, 2). Wide monochromator slits are required in
order to irradiate the sample with the 1 mW of average optical power typically
necessary to yield acoustic signals measurably above ambient background noise.
To circumvent this sensitivity/resolution tradeoff, tunable dye lasers have
recently been applied as excitation sources (3-7) for optoacoustic spectro-
scopy. The high output power of these monochromatic sources leads to high
sensitivity and high resolution.

This report concerns the use of a tunable dye laser for OAS of solid
samples and emphasizes development of a cell to simplify the complex .opto-
acoustic (OA) response for pulsed excitation. A pulsed laser was chosen
because it is operable in the ultraviolet, as well as in the visible spectral
region. The temporal width of the flashlamp-pumped dye laser pulse is 1 us
(FWHM) and the peak output is typically 0.6 kW (i.e., 0.6 mJ/pulse) at 580 nm.
The spectral width is approximately 3 cm-1.

Pulsed excitation can result in complex acoustic signals for OA cells
that are essentially open (i.e., unobstructed) cavities (8). In general two
frequency domains are represented in the signal waveform: a decaying, ringing
signal and a low frequency, damped oscillation. The former results from exci-
tation of resonances of the microphone in the enclosed cell configuration (9)
and cavity standing waves. The low frequency component is equivalent to the
OA signal for modulated CW sources, although somewhat distorted by the micro-
phone pressure equalization leak (10). The relative amplitudes of these two
components depend on the exact cell geometry and more importantly, on the
nature of the solid sample. With a boxcar integrator used for signal
averaging, the changing form of the pulsed OA signal for different solids
necessitates signal treatment optimization for each individual sample.
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A Helmholtz resonance (HR) cell (Figure 1) has been developed to over-
come this practical difficulty. Other investigators have reported similar
resonance cells for use with chopped CW sources (11-15). The potted micro-
phone adapter (I) threads into the rear of the aluminum cell body (II) to
form a microphone chamber. The sample is positioned in a cup in an aluminum
sample adapter (III) that also threads' into the cell body. Seals are made
with an 0-ring and a rubber gasket, respectively. Light enters the cell by
internal reflection in a right prism. The microphone is a Knowles Electronics
BT-1759 (1 mV/p bar sensitivity). A cross-sectional drawing of the cell
interior geometry is shown in Figure 2. The sample well (0.28 cm3) and the
microphone chamber (0.58 cm3) are connected by a narrow coupling duct, 1.43
cm in length with a diameter of 0.05 cm. The total cell volume is 0.86 cm3.
The Helmholtz resonant frequency calculated for this cell is 430 Hz (11).

Although they decay rapidly, Helmholtz oscillations are evident in the
microphone voltage signal for excitation of this cell with 1 ys optical
pulses (8). The period of these oscillations is 2.8 ms, corresponding to
360 Hz. To a first approximation all solid samples yield the same microphone
voltage _v§_ time waveform in the HR cell. Pulsed optical absorption generates
a pressure fluctuation which in turn excites the cell Helmholtz resonance.
In another sense the narrow coupling duct isolates the microphone from high
frequency pressure fluctuations so ar. to avoid excitation of the diaphragm
and pressure equalization leak resonances. The small waveform differences
observed are most probably due to the significant cell volume and geometry
changes for different samples in this small total volume cell. The waveform
changes are, however, slight compared to those for open cavity cells and
adjustments required in the signal treatment parameters are thus minimized
for different samples.

A cell calibration factor (CF) can be calculated for the peak amplitude
of the first signal maximum. For black felt (a convenient sample for
simulating a perfect absorber), the CF was determined to be 39 mV/mJ (per
pulse). The background signal for the empty HR cell is less than \% of the
signal for black felt.

As evidenced by Figure 3, the cell CF is constant over a wide range of
input light intensities (>_ 500:1). The upper and lower plots of Figure 3
correspond to black felt and silica gel samples, respectively. Silica gel
represents a scattering, but nominally nonabsorbing powder sample, and as
such indicates the cell background level. For both data sets plotted, the
linear regression correlation coefficients are 0.9995 or better. The data
in Figure 3. were acquired with a boxcar signal averager (500 ys gate width)
by monitoring the intensity of the first, dominant signal maximum. The
abscissa units (average power in mW) can be converted to mJ/pulse by dividing
by the laser repetition rate (5 pps). The linearity apparent in Figure 3
suggests use of this 0A cell for pulsed laser radiometry. Simple sample-and-
hold detection circuitry forms the basis for such a power meter currently
under development.



The optoacoustic spectrum of holmium oxide powder has been reported
by several authors (l, 2, 13) and as such seems to have become a standard
material for demonstration of the sensitivity and resolution of OA spectro-
meters for solid samples. A portion of the holmium oxide laser OA spectrum
is presented in Figure 4a. The spectral span shown represents the width of
one laser dye (coumarin 522). The laser output power was normalized in real
time by recording the ratio of the OA signal for holmium oxide power in
the HR cell to the signal from a photodiode that sampled a small portion of
the beam. As indicated by the separation of the most closely-spaced, but
still resolved lines, the resolution of this spectrum is 0.3 nm; crystal field
splittings are evident. The laser spectral linewidth (0.09 nm) sets the
resolution upper limit. For comparison Figure 4b is a spectrum cf the same
sample, recorded with an arc source/monochromator OA spectrometer (Princeton
Applied Research, Model 6000). The resolution of the loser-derived spectrum
is clearly superior. Offsetting this enhanced resolution is greater dif-
ficulty in recording spectra that exhibit only broad features and span wide
wavelength ranges. For ihis reason this method should be reserved for samples
with sharp spectral line;..

The HR cell developed here has been shown to be useful for acquisition
of high resolution 0A spectra with a pulsed excitation source. The HR cell
response calibration factor is large and is constant for changing input
light intensity. The signal waveform dependence on sample is greatly reduced
for this cell compared to that for open cavity cells and the relative cell
background is low.
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FIGURE CAPTIONS

Figure 1. Helmholtz resonator optoacoustic cell: Microphone
adapter (I), cell body (II), and sample adapter (III).

Figure 2. Cross-sectional schematic drawing of HR cell internal
geometry. The input prism and microphone (shaded) are
also shown.

Figure 3. OA signal strength vŝ  laser average power (5 pps) for
black felt (upper) and silica gel (lower) samples.

Figure 4. Optoacoustic spectra of holmium oxide powder: (a) laser-
excited spectrum and (b) arc source-excited spectrum.
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