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A new luminescence spectrometer based on quartz-collinear acousto- 
optic tunable filters (AOTFs) and capable of synchronous scanning is 
described. An acousto-optic tunable filter is an electronically tunable 
optical bandpass filter. Unlike a tunable grating monoehromator, an 
AOTF has no moving mechanical parts, and an AOTF can be tuned to 
any wavelength within its operating range in microseconds. These char- 
acteristics, combined with the small size of these devices, make AOTFs 
an important new alternative to conventional monochromators, especial- 
ly for portable instrumentation. The relevant performance of the AOTFs 
(efficiency, bandwidth, rejection, etc.) is compared with that of typical 
small-grating monochromator. 
Index Headings: Synchronous luminescence; Fluorescence; Instrumen- 
tation and acousto-optic tunable filter. 

INTRODUCTION 
An acousto-optic tunable filter (AOTF) is used to iso- 

late one (monochromator) or more (polychromator) 
wavelengths of  light. The wavelength is changed by vary- 
ing the frequency of  a radio-frequency (rt) field applied 
to a crystal. In contrast to a grating monochromator, an 
AOTF offers the advantage of  having no moving parts, 
and it can be scanned or slewed at very high rates (ms 
time scale) without the possibility of error due to gear 
backlash or other mechanical problems. Since AOTFs 
with large optical apertures are available, they have been 
widely applied for spectral imaging. The mechanical sim- 
plicity and small size of  these devices also make them an 
attractive new alternative to grating monochromators for 
use in a portable luminescence spectrometer. This work 
involves the development of  the first AOTF-based spec- 
trometer with synchronous scanning capability. 

Molecular luminescence spectroscopy is a common and 
useful technique for the qualitative and quantitative anal- 
ysis of samples of  a variety of  type and origin. In our 
laboratory we have a particular interest in portable in- 
strumentation for the analysis of environmental samples 
in the field, and several portable instruments, using con- 
ventional light sources I or small lasers, 2,3 have been re- 
cently developed for this purpose. 

In synchronous luminescence (fluorescence or phos- 
phorescence), both the excitation and emission mono- 
chromators are scanned simultaneously. The concept, 
originally introduced by Lloyd, 4 was developed by Vo- 
Dinh and his co-worker for multicomponent analysis? -7 
Usually the wavelength difference between the excitation 
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and emission monochromators is kept constant (constant 
A~). Synchronous fluoresence is able to reduce spectral 
bandwidth and spectral complicity? -8 

The use of AOTFs for UV-Vis and fluorescence spec- 
troscopy has recently appeared in the literature.9.1° Levinl t 
and co-workers have described a portable AOTF-based 
Raman spectrometer, which is also capable of fluores- 
cence measurement. Tran ~2,13 and his co-worker have 
shown that one AOTF can be used as a polychromator 
when two or more rf signals are simultaneously applied, 
each signal being modulated at a unique frequency so that 
the resulting optical signals can be distinguished. The use 
of  these devices in the near-infrared and visible spectral 
range has also been reported previously, and several re- 
views have been published. ~3J4 

In this work we describe the development of a new 
portable luminescence spectrometer with single-wave- 
length and synchronous scanning capability. The proto- 
type instrument was assembled on an optical bread board, 
and the relevant characteristics of  an AOTF were eval- 
uated and are discussed here. 

As a first step in the evaluation of  the feasibility of  a 
portable luminescence spectrometer, the diffraction effi- 
ciency and rejection ratio of an AOTF were estimated 
experimentally at several wavelengths. These character- 
istics are used to compare the AOTF to the grating mono- 
chromators of the type used in previous portable instru- 
ments. Next, a prototype instrument was constructed with 
an AOTF as an emission monochromator and a HeCd 
laser as a source to induce fluorescence in several test 
solutions. The instrument was operated at two scan speeds 
(400 nm/s and 25 nm/s). Limits of detection are reported 
and noise sources are evaluated. Finally, a prototype in- 
strument based on two AOTFs was assembled. The first 
AOTF was used as an excitation monochromator and the 
second as an emission monochromator. 

AOTF Background and Operating Principle. Most 
AOTFs are based on a tellurium oxide (TeO2) crystal. 
Since it has a high acousto-optic figure of  merit, TeO2 is 
the most common material used for AOTFs operating in 
the visible and near-infrared. However, many com- 
pounds of  interest exhibit optimal absorption and fluo- 
rescence emission peak values in the ultraviolet, and TeO2 
is not transparent below 350 nm. In contrast, a collinear- 
quartz AOTF can be useful down to 250 nm. For this 
reason collinear-quartz AOTFs were used in this study. 
(In general, noncollinear TeO2 AOTFs are preferred for 
the visible spectral range, since they generally have greater 
diffraction efficiency, require less cooling, and are smaller 
and lighter. In addition, TeO2 AOTFs can have larger 
optical apertures than the collinear-quartz type.) 
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FiG. 1. The principle of collinear AOTF operation. (A) White light is polarized before entering the AOTF. Both white (undiffracted) and 
monochromatic (diffracted) light exist in the AOTF before being separated by a second polarizer. (B) Inside the AOTF, light is diffracted by a 
Bragg diffraction grating established by sound waves within the crystal. 

In an AOTF, an rf signal is applied to a piezoelectric 
driver in contact with a birefringent crystal. The vibration 
of the piezoelectric driver establishes an acoustic signal 
in the crystal. The basis of AOTF operation is the Bragg 
diffraction of light by periodic modulations in the index 
of refraction in the crystal established by the acoustic 
waves. Only light within a narrow frequency range is 
diffracted by this "phase grating". 

In a collinear AOTF, the light incident at the optical 
window in the crystal is linearly polarized. Some of this 
polarized light is coupled to the diffracted light beam. The 
polarization of the diffracted (filtered) beam is orthogonal 
to the incident light. Since the diffracted beam and the 
incident light beam are collinear, they are separated by a 
polarizer at the exit of the crystal. Figure 1 is a schematic 
diagram of a collinear AOTF. The reader interested in 
the theory of AOTF operation is directed to several 
articles ~5-17 and recent review articles. ~3,14 

EXPERIMENTAL 

Apparatus. Three different instruments were construct- 
ed for this study, as described in the following sections. 
The same AOTFs, polarizers, PMT, etc., were used for 
each. 

The two quartz AOTFs used in this work were pur- 
chased from Brimrose (Model QZAF-.25-.65). According 
to the manufacturer, the first AOTF had an effective 
wavelength range of 250 to 650 nm (corresponding drive 
frequency, 30-175 MHz). The spectral bandpass was 0.1- 
1 nm and the diffraction efficiency was 25% at 633 nm. 

The optical aperture was 2.0 by 5.0 mm, and the ac- 
ceptance angle was 5 ° (~f/9). The second device had the 
same characteristics as the first except that the diffraction 
efficiency was less, 15%. Although the two devices were 
sold as the same model, they were not identical in shape 
or performance. The more efficient of  the two was used 
whenever only one AOTF was used. 
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Fio. 2. Diagram of the system used to measure the AOTF's characteristics. 

The rf generator (Brimrose Model AT) could apply 0- 
25 W of rf power and was controlled by a DOS-based 
computer using a 16-bit computer controller board sup- 
plied by Brimrose. Custom software was developed in the 
laboratory to control the AOTFs, supporting various 
scanning modes and fixed-frequency operation. 

The PMT was a Hamamatsu R928. The signal from 
the PMT was conditioned for recording by a laboratory- 
constructed transimpedance amplifier and lowpass filter 
(gain l0 s or 109). A 16-bit analog-to-digital converter 
(Keithly, Model DASH-16) and/or a strip chart recorder 
were used to record the signal. 

All the lenses were quartz and the polarizers were Glen- 
Taylor types of prism polarizers constructed with UV- 
transparent epoxy resin (Karl Lambrecht Corp.). One of 
three lasers or an arc lamp was used as a light source. 
The arc lamp was a 150-W xenon arc lamp. The three 
lasers were (1) a HeNe (633 nm, Melles Griot, Model 05- 
LHP-153), (2)an argon-ion laser (514.5 nm, Coherent, 
Model Innova 70), and (3) a HeCd laser (325 nm, Om- 
nichrome, Model 3074-6). 

Measurement of AOTF Performance. The rejection ra- 
tio of the AOTF was estimated at three wavelengths by 
comparing the intensity of filtered (on-wavelength) to un- 
filtered (off-wavelength) light transmitted by an AOTF 
with the use of each of the three lasers in turn. Figure 2 
is a schematic diagram of the apparatus used. 

A small amount of laser light scattered off a Teflon® 
target was collimated by a lens and directed toward the 
first of two polarizers. The polarized light was sent through 
an AOTF, and a second polarizer was used to block the 
undiffracted light. A final lens was used to focus the light 
onto the PMT's photocathode. A 4-mm x 2-mm optical 
aperture was placed at the entrance of the AOTF to reduce 
the size of the collimated beam to fit the aperture of the 
AOTF. This arrangement reduced the amount of light 
scattered off the edges and sides of the crystal. An inter- 
ference filter with a peak wavelength matching the laser 
was placed between the Teflon ® target and the collection 
lens. Each interference filter had a bandwidth of 3-5 nm 

and a rejection ratio of at least 10 a. A second interference 
filter was placed between the AOTF and the PMT. 

Neutral-density filters (ND filters) were used to atten- 
uate the laser scatter so that the PMT responded linearly 
for all measurements. The transimpedance amplifier was 
used with a very long time constant (10 s), and a strip 
chart recorder was used to record the signal. 

Once the system was carefully aligned with respect to 
the position of the lenses, the rotation of the polarizers 
was carefully checked to ensure that the signal from the 
PMT was minimal when the AOTF was tuned off the 
laser wavelength. The "off-wavelength" signal was taken 
as the PMT signal when the AOTF was operated at the 
full recommended power with a fixed frequency chosen 
to induce diffraction at a wavelength 15 nm shorter than 
the laser wavelength. The AOTF was next tuned to the 
peak of the laser line (ND filters were added as needed), 
and the "on-wavelength" signal was recorded and nor- 
malized to account for the ND filters. The "off-wave- 
length" signal was equal to the signal present when the 
AOTF power was turned off, except in the case of the 
HeNe laser. The rejection-ratio was estimated as the ratio 
of the "on-wavelength" to "off-wavelength" signals. 

To ensure that a high rejection-ratio could be estimated 
in this manner and to confirm that the quality (extinction 
ratio) of  the polarizers was not the limiting factor, we 
removed the AOTF from the optical path and measured 
the ratio of the light intensity transmitted through the 
pair of  polarizers (axes of the polarizers aligned/parallel) 
to the intensity with polarizers crossed. This ratio should 
be roughly twice the extinction ratio of one polarizer. At 
each of the three wavelengths, the estimated polarizer 
extinction ratio was higher than the estimated AOTF 
rejection ratio. 

The same apparatus was used to estimate the diffraction 
efficiency of the AOTF. Again the polarizers were ad- 
justed to give the minimum "off-wavelength" signal. The 
relative intensity of the light transmitted with the AOTF 
tuned to the maximum laser wavelength and operated at 
maximum power was measured. Next the AOTF power 
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was turned off and the first polarizer was aligned with the 
second. The signal with the polarizers aligned and the 
AOTF inactive was recorded. The diffraction efficiency 
was taken as the ratio of these measurements. 

The bandpass of  the AOTF was taken as the full width 
at half-maximum (FWHM) of the apparent laser profile 
recorded by scanning the AOTF peak wavelength through 
the region near 633 nm. The manufacturer (Brimrose) 
measured the bandpass as 0.9 nm at 633 nm in a similar 
manner. They state that resolution will, in theory, vary 
from approximately 0.1 nm at 250 nm to 1 nm near 650 
nm. A spectrum of a mercury vapor pen lamp was used 
to calibrate the AOTF drive frequency to the central 

wavelength of  the AOTF bandpass. The line spectrum of 
the mercury lamp was also used to measure the approx- 
imate resolution of the AOTF. The FWHM of the re- 
corded Hg atomic emission lines varied between 0.3 nm 
at 296.8 nm and 0.8 nm at 577 nm. 

Laser-Induced Fluorescence Measurements with AOTF- 
Based Detection. Figure 3 is a schematic diagram of the 
instrument used for emission scans. This apparatus was 
similar to that described above. Briefly, the HeCd laser 
was coupled to a 10-m-long, silica-clad/silica-core optical 
fiber. The laser light emitted (8 mW) from the terminal 
of  the optical fiber was collimated and then focused onto 
the sample cell by a quartz lens. The fluorescence was 
collected at a right angle to the excitation beam. An image 
of  the fluorescent spot in the sample cell was formed by 
the first lens (f/4) with 2-to-1 demagnification. A second 
lens (1.5-cm focal length) was used to collimate the light 
before it was directed through the AOTF and the second 
polarizer. Spectral bandpass or neutral-density filters could 
be placed between the lenses and the first polarizer. Again 
a rectangular field stop was placed in front of the AOTF 
to limit the size of the beam incident on the crystal, and 
a final lens was used to concentrate the light onto the 
PMT. 

Solutions of a variety of fluorescent compounds were 
made in decade concentration values (10 -6 M, 10 -7 . . . )  
for fluorescence measurements. Each solution was trans- 
ferred to a clean quartz cuvette (1-cm pathlength) and 
each emission spectrum was recorded with two scan 
speeds. 

The data acquisition rate was 6000 points/s at 400 nm/ 
s, and 400 points/s at 25 nm/s. The cutoff frequency of 
the low-pass filter in the transimpedance amplifier was 
adjusted to = 1/5 of the data acquisition rate to prevent 
frequency aliasing of  excess high-frequency noise. To in- 
crease the signal-to-noise ratio, we averaged multiple 
spectral scans. While 128 of  the fast scans were averaged, 
eight of the slower scans were averaged. The total mea- 
surement time was 0.3 s/nm for both cases. After acqui- 
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Fio. 4. Diagram of dual AOTF spectrometer. 
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TABLE I. Estimated diffraction efficieneies and rejection ratios. 

Laser (wavelength nm) HeNe (633) Argon ion (514) HeCd (325) 

Diffraction efficiency 0.21 ± 3 0.27 ± 4 0.24 ± 4 
Est. AOTF rejection ratio 2,050 _+ 100" 10,700 ± 1000" 10,600 +_ 1000 a 

9,800 -+ 1000 b 
Measured polarizer extinction ratio 24,000 + 1000 26,000 + 1000 24,000 + 1000 

" Based on "off-wavelength" signal. 
b Based on AOTF power-off signal. 

sition, five to six adjacent points in each spectrum were 
averaged to produce spectra with 0.4 nm/point. 

Dual AOTF Spectrometer. Figure 4 is a schematic di- 
agram of the dual AOTF fluorescence spectrometer. The 
emission part of the instrument is the same as described 
above. The light from a Xe-arc lamp was collimated by 
an f/4/1-in.-diameter lens. A reduced image of the lamp 
was formed before it was collimated and directed through 
an AOTF. The term "collimated" is used loosely here, 
since simple quartz lenses are not capable of truly colli- 
mating white light from an extended source. The lenses 
were actually adjusted to give a chromatically aberrated 
image of the source 3 m beyond the AOTF. 

RESULTS AND DISCUSSION 

Evaluation of AOTF Characteristics. Table I lists the 
estimated diffraction efficiencies and rejection ratios for 
the AOTF. The diffraction efficiency values measured 
were slightly lower than those given by the manufacturer. 
A high-quality blazed rule grating can have maximum 
efficiency of 80% in unpolarized light, and a nonblazed 
holographic grating's efficiency can be 55%.~8 The total 
efficiency of a small monochromator is typically on the 
same order as the efficiency of the quartz AOTF. 

The rejection ratio was about 104 in the ultraviolet and 
green but only 103 at 633 nm. These last measurements 
were repeated several times, and the results were repro- 
ducible. When the AOTF was tuned to 648 nm, it was 
noticed that the "off-wavelength" signal was much larger 
than the signal when the AOTF power was turned off(the 
"power-off" signal). The "off-wavelength" signal was no 
different from the "power -of '  signal in the other cases. 
Apparently the rejection power of the filter is reduced 
near the red limit of  the spectral range. No manufacturer 
specification was given for rejection or rejection ratio. 

Since a well-collimated monochromatic laser beam was 
used to measure the rejection ratio, it is possible that a 
somewhat smaller rejection ratio is actually encountered 
when the extended broadband source is used. The rejec- 
tion ratio at 400 nm was approximated with the use of 
the xenon arc lamp. The rejection was found to be ap- 
proximately equal to that measured with the UV laser, if 
the care was taken to block (mask) divergent light before 
it could enter the AOTF. 

The limiting factor for the rejection was loss of polar- 
ization due to light scatter of the various surfaces between 
the polarizers (crystal wall and faces). Any dust on an 
inside polarizer surface or on the AOTF crystal faces 
could greatly reduce the rejection power of the filter. In 
a portable instrument the space between the polarizers 
should be carefully sealed. The orientation of the polar- 
izers is critical to achieve good rejection. The two polar- 
izers need to be carefully crossed, and they also need to 

be aligned with the optical axis of the AOTF crystal. 
While any quality polarizers (i.e., having > 104 extinction 
ratio) will be sufficient, it is important that they be mount- 
ed on good rotational mounts. When orientation of the 
first polarizer was only 0.5 ° out of alignment with the 
AOTF, the best rejection ratio was only 103. If the error 
was 2 ° , the rejection ratio was only 102 , even when the 
two polarizers were carefully crossed with respect to each 
other. In a portable instrument, it may be possible that 
vibrations would require that the alignment of the po- 
larizers be checked prior to operation at each site. 

By comparison, a small-grating monochromator has a 
stray light rejection ratio of about 105. While a rejection 
ratio of 104-103 is often sufficient, it is not ideal for mo- 
lecular fluorescence spectrometry. Consider, for example, 
an AOTF with a rejection ratio of 104 and a source with 
equal intensity between 200 and 800 nm. The unfiltered 
light transmitted by the filter would be about 5% as in- 
tense as the filtered light. The noise caused by the unfil- 
tered light might preclude the measurement of weakly 
fluorescent samples, particularly if any specular scatter 
were present. Bandpass filters could be used to improve 
the situation, as they often are in grating-based spectrom- 
eters. 

The spectral resolution of the AOTF is good enough 
for most molecular luminescence measurements. In fact, 
lower spectral resolution would be preferable for many 
luminescence measurements (assuming that the diffrac- 
tion efficiency was kept constant). A grating monochro- 
mator has the advantage of having an easily adjustable 
spectral resolution. 

The optical window of the AOTF (2 mm x 5 mm) is 
larger than the slit of  a small monochromator operated 
at the same resolution, and the AOTF can filter light 
entering the front face of the crystal at an angle of 5 ° to 

TABLE II. Comparison between collinear-quartz AOTF-based and 
small-grating-based monochromators. 

AOTF-based Grating-based 
system" system b 

Scan speed 10,000 nm/s c 10-100 nm/s 
Resolution -< 1 nm d Variable 
Rejection 10 4 10-5 
Optical aperture Fixed, 2 × 5 Generally > 1 ram, de- 

mm pending on resolution 
Spectral range Fixed, 250-650 200-800 nm, depending 

nm on grating used 
Peak transmission 15-25% 250% (at peak wave- 

length) 

, Values given for the AOTFs used. 
b Values given for a typical 0.1 M monochromator. 
c Wavelength can be set anywhere inside the spectral range within mi- 

croseconds. 
Resolution varies between 0.1 nm at 250 nm and 1 nm at 650 nm. It 
is not adjustable. 
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0 ° (collimated). If  a point source of light is considered 
and optical aberrations are ignored, the AOTF would be 
capable of  accepting a very large (nearly 27rsr) fraction of  
the total light emitted by the source. A point source could 
be collimated by an arbitrarily small focal length lens/ 
mirror, thus collecting a large solid angle of  light and 
confining it to a narrow beam of light to be filtered by 
the AOTF. If an extended source, such as an arc lamp, 
is collimated, light from various points within the source 
diverge very quickly and the real collection efficiency is 
limited and depends on the nature of the source. Smaller 
sources allow higher solid angles to be collected. Certain- 
ly, aberrations in the lenses/mirrors should be considered. 

When compared to a small monochromator, the col- 
linear-quartz AOTF transmitted a higher peak spectral 
radiant power from the same "white" source, but the 
AOTF's small bandwidth eliminates this advantage for 
broad excitation and emission bands. Used with 15-nm 
slits (adequate for most emission or excitation spectra), 
an H10 monochromator (Instruments SA, Inc.) trans- 
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mitted several times greater radiant power. The mon- 
ochromator's stray light rejection ratio was also higher 
than the AOTF's rejection ratio. However, the AOTF's 
advantages of speed and size make it a useful alternative 
to the grating monochromator. A qualitative comparison 
between AOTF-based and grating-based monochroma- 
tors is given in Table II. 

Laser-Induced Fluorescence Measurements. Figure 5 
shows a spectrum of rhodamine-G (10 -s M in ethanol) 
taken at 400 nm/s. The results with and without spectral 
averaging are shown. The instrument is capable of very 
rapid scanning, and spectra can be recorded as a function 
of  time. At low light levels, the increase of the signal-to- 
noise ratio, owing to the averaging of  several spectra, is 
readily apparent. In response to the concentration of  the 
fluorescent species, the total analysis time can be adjusted 
from milliseconds to many seconds to achieve the re- 
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TABLE III. Limits of detection for several compounds based on peak 
height analysis. Spectra acquired at 400 rim/s; 128 spectra averaged. 

Emission max. LOD (3a) 
Compound (nm) (moles/L) 

Anthracene 380 3 x 10 -1° 
Tetracene 512 4 x 10 -~o 
Uranine 525 1 x 10 1o 
Rhodamine-G 560 1 x 10 -~° 

quired signal-to-noise ratio. One benefit of averaging many 
rapid scans is that low-frequency noise sources will have 
little effect on the shape of the resulting spectrum. Also 
each scan can be stored and displayed, so that the analyst 
may confirm that each scan is reasonably identical before 
averaging. Figure 6 shows a spectrum of anthracene (10 -8 
M in ethanol) in which laser scatter and solvent Raman 
scatter can be seen, and Fig. 7 shows spectra recorded for 
five concentrations of uranine. 

Figure 8 shows an example of an excitation spectrum 
taken with the same AOTF used as an excitation mono- 
chromator and a small (0.10 m)-grating monochromator 
used as an emission filter, demonstrating the versatility 
of the AOTF. The source was a xenon arc lamp, and the 
spectrum is not corrected for the spectral intensity dis- 
tribution of the source. 

Table III lists the limits of detection (LOD) estimated 
for a variety of compounds. The limits of  detection are 
similar for each compound studied. The detection limits 
were not significantly different with the slower scan rate 
(25 nm/s) with proportionately reduced averaging. The 
limiting noise source was source scatter. Between 350 and 
650 nm, the source scatter noise (one standard deviation) 
from an ethanol blank was ~200 pA (at the PMT). The 
dark noise (source blocked) was 50 pA. The analog-to- 
digital converter had an excess noise of 0.0002 V (cor- 
responding to an equivalent PMT noise of 20 pA) elec- 
tronic interference inside the computer case. It was later 
determined that the source of this noise was the AOTF 
controller board(s) within the computer. In future instru- 
ments an external ADC could be chosen to avoid this 
source of noise. A cutoff filter could also be used to reject 
the laser scatter before the PMT. 

Dual AOTF-Based Spectrometer. The instrument was 
used for rapid excitation, emission, and wavelength syn- 
chronous scanning. This work involves the first AOTF- 
based spectrometer capable of synchronous scanning. An 
example of a synchronous spectrum offluorescein is shown 
in Fig. 9. This spectrum was taken with a scan speed of 
400 nm/s and a ,SX of 20 nm. The capability of the in- 
strument to perform rapid synchronous scans is impor- 
tant, because synchronous luminescence often provides 
superior selectivity in comparison to excitation or emis- 
sion spectra. Because of this greater selectivity, more 
complicated mixtures may often be analyzed and less 
sample pre-treatment may be necessary. 

To help elucidate the performance of the AOTF(s) at 
the far red end of their spectral response, we took several 
control spectra. While the first AOTF (the excitation 
monochromator) was held at a constant wavelength, the 
second AOTF was scanned over the bandpass of the first. 
A PTFE target was placed in the sample holder to scatter 
some of the filtered source radiation through the second 
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AOTF. This arrangement resulted in a spectrum of the 
bandpass of the first AOTF. The process was repeated at 
several wavelengths. Figure 10 shows some of the re- 
sulting spectra. Not only does the efficiency of the devices 
fall off rapidly, but below 635 nm the effective rejection 
of the system is decreased. 

CONCLUSION 

The results obtained from a laboratory prototype 
AOTF-based fluorescence spectrometer are encouraging. 
The AOTFs tested in this work were efficient and had 
very good spectral resolution. The AOTFs were easily 
controlled by software, and several scan modes were de- 
veloped. Additional modes of operation such as energy 
synchronous scanning, "slew" scanning, and derivative 
scanning can be easily added. The speed of the AOTF 
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FIG. l 0. Spectra of source (Xe arc lamp) light filtered through an AOTF 
set at several wavelengths near the red limit of the AOTFs spectral 
range. The first AOTF was used to filter light from the xenon arc lamp 
at a fixed frequency, and the second AOTF was scanned to take a 
spectrum of the light passing through the first AOTF. The process was 
repeated for several fixed wavelengths. 
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can be particularly useful in environments with excess 
low-frequency noise, or when kinetic information (on a 
millisecond time scale) is required. Since the AOTFs can 
also be operated as fast shutters (turned on and off in 
microseconds), the same instrumentation could be used 
for phosphorescence measurements without the need for 
a separate shutter. 

This study demonstrates the feasibility of the devel- 
opment of a portable dual AOTF-based luminescence 
spectrometer. The AOTFs used did not have rejection 
power equal to a typical small monochromator, but with 
the addition of appropriate bandpass filters, they should 
be adequate for most measurements. The effective rejec- 
tion power of the AOTF can be improved by amplitude 
modulation of the AOTF combined with the phase-sen- 
sitive detection electronics, t2,13,19 The AOTFs offer several 
advantages including small size and fast wavelength scan- 
ning. The AOTF device is a relatively new technology, 
in its early phase of development, and many of its ca- 
pabilities will be evaluated in future studies. 
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