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A. Photoacoustic Detector

FTIR photoacoustic detector accessories are clyneanufactured by Bio-Rad
(Cambridge, MA USA) and MTEC Photoacoustics (AmAsJSA) for use with FTIR
spectrometers. This discussion will be limitedie MTEC model 200 unit because it is
available from distributors and all major FTIR caanpes throughout the world. Figure 3
isa photograph of the MTEC unit which mounts disett the sample compartment of
the FTIR's optical bench.

Fig. 3. MTEC Model 200 photoacoustic detector medrin a Nicolet sample
compartment baseplate.

The spectral range of a photoacoustic detectorrdkpenly on the transparency of the
sample chamber window. With suitable windows adetecan operate from the UV to
the far-infrared. The most common window matesakBr (UV through mid-infrared),
but quartz (UV through near-infrared), Csl (UV 026m%), ZnSe (near-infrared - 560
cm™), and polyethylene (far-infrared) are also fredlyensed.

The maximum MTEC sample holder dimensions are &hvin diameter by 9.0 mm
deep. Most analyses require a much smaller sanpbliene. Sample holder inserts are
provided to displace unused gas volume and boestigmal level which is proportional
to the reciprocal of the gas volume.

Only the central region of the MTEC sample chanmbaradiated by the infrared beam
because the photoacoustic detector's mirror cautssgor of two diameter reduction in
the FTIR beam focal-spot diameter, this size isiced to a 5 mm diameter inside the
detector sample holder at the focal plane positibith is approximately 1.0 mm to 1.5
mm below the detector window. Consequently, theptawolume that is actually
analyzed is approximated by the focal area times#mpling depth, L, which depends
on the modulation frequency.

When helium is used in the sample chamber, the fatidn frequency range of the
MTEC model 200 extends from below 1 Hz to nearl\kH2. The use of air results in a
high frequency cut-off at approximately 3 kHz. Ma@asnents at higher frequencies in air
are difficult due to a substantial loss in sengiiafter the detector goes through its first
Helmholtz resonance.13 This type of resonanceestalgas oscillations in the tube
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between the sample and microphone chambers. Acaestnances in the sample
chamber itself do not occur because the chambegrdions are too small when a sample
is in place.

Helium purging of the sample and microphone voluer@sances sensitivity by a factor
of 2 to 3, allows higher frequency operation, aghoves moisture and GQMoisture
and CQ cause spectral interference as well as photodcaighal generation
interference. The latter interference is caused pkiase difference between
photoacoustic signals generated by absorptionsegar vapors versus solids. The phase
shift of gas or vapor signals leads to increaseskenio spectra.

Many samples such as coal evolve water vapor laétieig sealed in the sample
chamber. In such cases, a cup of desiccant isgpladbe sample holder beneath the
sample cup. Magnesium perchlorate is an excellesitdant for this purpose and
typically can be used for a day of operation with@mnewal.

It is important to note that moisture and £J§ands in spectra can be due to the
presence of vapor and gas in both the FTIR oppiati and the photoacoustic detector.
The source location can be identified by recogigzirat contamination in the FTIR
causes negatively pointing (transmission-like) moeand CQ@bands in FTIR-PAS
spectra, whereas bands are positively pointingof@lasice-like) if contamination is in the
detector itself. These observations should be asedguide in purge and desiccant
operations.

A final instrumental consideration is provision fosrmalizing spectra to account for
spectral variations in the FTIR source and opteosl for any sensitivity changes that
may occur from day to day due to changes in santeesity or optical alignment.
Normalization is performed by computing the ratidghee sample spectrum to a carbon
black spectrum. The latter spectrum is best obtiwitgh a MTEC reference standard
consisting of an absorber element with a stablearablack coating that is permanently
mounted and protected in a dedicated sample hdldese carbon black is not a good
standard for general use because its signal ityevesiies as the powder settles and it is
easily spilled or blown out of the sample cup.dmeg instances, a glassy carbon or
graphite standard is desirable (See Section V.E.).

Many FTIR data systems erroneously label the nomeéIPAS spectrum as a
"transmittance" spectrum rather than an absorbgpeetrum. The FTIR data system
should be commanded to change the label to abswelaior to processing the data
because many computer processing routines wikeitbt operate or will produce
incorrect results if a spectral file carries themng ordinate axis designation.

The signal-to-noise ratio of FTIR-PAS measuremeepisends on the FTIR
spectrometer's performance level as well as thectetsensitivity and noise level, and
signal generation efficiency of the sample. Low RThirror velocities produce low
modulation frequencies and more efficient signalegation due to the slow thermal
response of samples. Low modulation frequencidd igher signal-to-noise spectra for
a FTIR's mirror servo-control system. A high inffdibeam intensity is also beneficial
and requires a large source aperture, high sonteesity, and low f number optics. All
commercial FTIR systems provide combinations o$¢hieeneficial features to an extent
that good FTIR-PAS measurements can be perfornmsearasg that the FTIR is in good
operating condition.
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