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Warning:
Please read the entire instructions before attempting to use Option SH004. Failure to
do so may lead to damage of Option SH004 and the photoacoustic detector.
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1 Introduction

Infrared analysis of microsamples is now recognized as an important area of
infrared spectroscopy. Infrared microscopes have developed since the early fifties into
a popular accessory and can now be applied in both transmission and reflection modes.
These measurement modes, however, often encounter sample preparation and
handling problems associated with the needs to reduce the optical density of samples
and to match the infrared beam and sample sizes. Photoacoustic detection provides
a useful and unique alternative approach where the optical density and size matching
requirements are eliminated.

Option SH004 allows MTEC photoacoustic detectors to directly measure FTIR
absorbance spectra of single fibers and particles down to dimensions in the tens of
micrometer size range with FTIR spectrometers having stable low mirror velocities in
the range of 0.10 cm/s OPD and lower. (Lower sensitivity will be obtained with
unstable or higher velocities.) Analyses are performed by clamping single fibers into
a special support ring using a magnifier, or by picking up single particles or short
fibers on a fine tungsten needle, using a microscope.

Both sample mounts automatically align the specimens for FTIR analysis when
placed in the sampling head as shown in Figure 1.1. The difficult and time-consuming
FTIR microscope procedures involving microsample pressing to reduce optical density
and improve specularity and involving optical alignment and aperturing to match
sample and beam dimensions are eliminated in photoacoustic analysis of
microsamples. These advantages are due to the controlled sampling depth inherent
in photoacoustic detection which limits the effective optical density of samples and to
signal generation by the sample itself which eliminates the needs to have specular
surfaces, to irradiate only the sample, and to collect only light that has been reflected
or transmitted by the sample. In photoacoustic FTIR microsampling, it is only

necessary to place the sample so that its area is irradiated by the much larger area of
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the beam defined by the photoacoustic detector's focusing mirror. The sample must,
however, be surrounded by the desiccated helium gas atmosphere of the photoacoustic
detector's sample chamber. This requirement is met by using the ring (particles) or
needle (particles) sample supports, so that infrared energy which is absorbed and
converted to heat by the microsample will flow into the gas where the acoustic signal
is generated by thermal expansion. Under these conditions, spectra can be obtained
when the sample area is less than 10 of the beam area. With the photoacoustic
detector's standard 2X beam condensing mirror, a 25um x 25um sample is the smallest
that is very practical (1000 scans are required) for analysis with a high performance
FTIR system as shown in Figure 1.2.

On the other hand, a high quality spectrum (Figure 1.3) is easily obtained in 32
scans at 0.05 cm/sec mirror velocity when an 11um diameter fiber with a 4mm length
is irradiated by the beam because of the larger sample area.

Sensitivity of photoacoustic microsample analysis is dependent on mirror
velocity and stability, the beam intensity, the low thermal mass sample mounting, and
reduction of the vapor background signal in the photoacoustic detector sample
chamber. The latter is controlled by using dry helium to purge the chamber and by
having a desiccant in the chamber during the measurement. If vapor concentration
is not reduced to a low level, vapor band spectral interferences occur and the phase of
the sample signal is distorted to the extent that spectra cannot be obtained on very
small specimens. Magnesium perchlorate is the most efféctive desiccant for water
vapor. Molecular sieve material is useful for removing CO,.

Option SH004 is only applicable to samples which can be mounted. In other
words, it applies only to those samples free to be directly picked up with fine tweezers
or with a tungsten needle or those that can be freed and then picked up. It may also
be possible to transfer soluble microsamples to a free infrared transparent
microsubstrate by a solvent extraction approach, but such a procedure has not yet been

demonstrated in this particular application.
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Figure 1.1: Schematic showing how the MTEC multisampling heads operate in MTEC
photoacoustic detectors. The SH004 head for micro-particle analysis is in the upper
right. The other heads are for option SH003.
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Figure 1.2: Spectra of polystyrene microparticles of dimensions 50 x 70um® measured
with 128 scans and 25 x 25um? measured with 1000 scans. The resolution and mirror
velocity were 8 cm™ and 0.05 cm/sec, respectively. The smaller particle spectrum had
the sampling head background spectrum removed by spectral subtraction and a 19-
point spectral smoothing function applied.
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Figure 1.3: Spectra of an 11pm diameter polyester fiber measured in approximately
2.5 minutes with mirror OPD velocities of 0.05 cm/sec (upper) and 0.50 cm/sec (lower).
note the superior signal/noise ratio for the lower velocity spectrum.



An excellent reference on microparticle analysis techniques is The Particle Atlas;
An Encyclopedia of Techniques for Small Particle Identification (2nd Edition) by W.C.
McCrone and J.G. Delly, published by Ann Arbor Science Publishers, Inc., Ann Arbor,
Michigan, U.S.A., (several volumes, published from 1973-1980).



2 Operation of Sampling Heads

2.1 Fiber Head Operation

Figure 2.1 shows the components used in FTIR analysis of single fibers. The

procedure is as follows:

1. Desiccant Loading

Put just enough magnesium perchlorate in the desiccant cup to cover the bottom
and allow the cap to mate all the way into the cup.

Without the cap in place, put the desiccant cup into the sample holder with the
large tweezers (Figure 2.2).

Place the cap in place (Figure 2.3).

2. Fiber Mounting

If the fiber is long enough, attach it with the fine tweezers to the adhesive faces
of the inserter (Figure 2.4), working under an illuminated magnifier or stereo
microscope with a contrasting background. The points of the fine tweezers should be
kept covered by the protector sheath when not in use. Use these tweezers only for
handling small objects.

Put a fiber-contrasting (white for black fibers and vice versa) positioning pin in
the mounting stage and position a clamp ring on the pin so that the pin's stainless
steel rod bisects the two halves of the ring. Open the ring halves by pressing down

with the large tweezers or your fingers and insert the fiber (Figure 2.5).
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Release the clamp ring (it may be necessary to pinch the ring between the large
tweezers to lock the jaws against the fiber) and cut the ends of the fiber (Figure 2.6).
The fiber should now be spanning the inner diameter of the ring at a height set by the
positioning pin (Figure 2.7). An alternative mounting method is to handle the fiber
directly with the fine tweezers (Figure 2.8). The points of the fine tweezers should be

kept covered by the protector sheath when not in use.

3. Measuring the Infrared Spectrum

After the fiber is mounted in the ring, place the ring in the sample holder cup
(Figure 2.9).

The top of the ring must not extend above the top of the sample cup or the
detector window will be broken when the seal lever is actuated. If the ring does extend
above the cup, check to be sure that the desiccant cup is not over-filled and that the
cap is fully seated in the cup. It is also important not to use the photoacoustic
detector’s standard large cup with the microsampling heads because this cup may not
be deep enough. Before inserting the sample in the photoacoustic detector, check to
be sure that the FTIR beam focal spot is centered in the detector’s sample chamber
using the liquid crystal detector supplied with the detector and directions in the
instrument manual. Once the spot is centered, microsamples will automatically be in
alignment with the infrared beam when placed in the detector. Purge the detector
with dry helium gas as directed in the detector manual. Acquire the sample spectrum
at the lowest stable FTIR mirror velocity and ratio the spectrum with a carbon black
reference spectrum. If moisture bands are present, allow additional time for the
desiccant to work. Additional purging is also useful.

If fiber specimens are too small to mount with tweezers in the ring, an analysis

may still be possible using the method for particles described in the next section.
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2.2 Particle Head Operation

Figure 2.10 shows the components used in FTIR analysis of single particles
which are free to be picked up. Microparticles which are attached to or embedded in
a material must be freed prior to analysis. Do not attempt to scrape or cut particles
free with the tungsten needles supplied with Option SH004. Tools for these operations
can be obtained from microscopy supply firms. The procedure for free particles is as
follows:

1. Optical Microscope Selection

Select a microscope that has a minimum working distance between the objective
and sample of approximately 6mm. A position adjustable sample stage is also useful.
The magnification of the microscope should be selected as appropriate for the size of
specimens to be analyzed. It is useful to have objectives for several magnifications
available. Contact MTEC if no suitable microscope is available.

2. Mounting the Micromanipulator

The proper method of attaching the magnetic micromanipulator to the
microscope must be devised by the user for the specific microscope in use. If the
microscope stage is magnetic and of large enough dimensions, the micromanipulator
can be attached directly. In most cases, however, it will be necessary to attach the
mounting plate to the microscope or to a near-by support. With a number of
microscopes, it is possible to attach the plate to the microscope with the C-clamp
mechanism (Figure 2.11) or with the double adhesive provided. If any question exists
as to damaging the microscope, the user should contact the microscope manufacturer.
If it is not possible to mount the plate by the clamp or adhesive method, the user
should consult with the microscope manufacturer or contact MTEC to investigate other

microscope options.
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3. Using the Needles

The needles are contained in a storage box (Figure 2.14) and consist of two very
fine needles and one blunt needle which is used to learn how to operate the system and
for initial setups.

The fine needles are very delicate and must be handled very carefully only by
the 0.5mm diameter portion of the needle shank (Figures 2.14, 2.15, and 2.17) using
the tweezers supplied with serrated points. The needle points must only be brought
into contact with microsamples using the micromanipulator. Needle contact by other
means will risk damage or destruction of the point. Always keep the needles with the
0.5mm diameter end fully inserted in the sockets of the storage case when not in use.

Before going to the next procedure, position a micro-particle in the center of the
microscope’s field of view. A polystyrene sphere in the 100pm range is a suitable test
sample. After positioning the microsample either raise the objective or lower the stage
(depending on the microscope design) to allow adjustment of the needle without risk
of contacting the sample prior to adjustment.

Initially, remove the blunt-ended needle from the storage case by gripping the
shank with the serrated tweezers (Figure 2.14) and insert it in the micromanipulator
holder (Figure 2.15). Then attach the holder to the micromanipulator connector with
the manipulator knob turned counterclockwise to keep the needle well-elevated above
the surface which the particle is resting on. Under low magnification, with the needle
still well-elevated, and with the joystick roughly centered, adjust the needle to be
approximately centered in the field of the microscope by moving the micromanipulator
on its mounting plate and by adjusting the extension of the needle holder on the
manipulator connector. Use a pen to mark these positions for future reference.

Next, practice adjusting the microscope focus.
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A. Moving Objective / Fixed Stage Microscopes

If the microscope is designed so that the objective moves downward relative to
a fixed stage, move the objective down in steps to the focus position on the sample.
After each step of the objective, adjust the micromanipulator to bring the needle tip
back into focus near the center of the microscope's field of view. A clockwise rotation
of the knob advances the needle downward. This sequence allows the needle point to
approach the sample without going too far and damaging the point. After the
microscope step that brings the sample into focus, the micromanipulator and
microscope x-y stage adjustments must be operated carefully to allow the needle tip to
lightly touch the sample and electrostatically pick it up. Pick-up has occurred when
the manipulator knob is elevated (counter-clockwise rotation) and the particle elevates
out of focus. The microscope focus should be readjusted to observe the particle
attached to the needle. One of the fine needles should be used to actually pick up a
particle. Once the particle is attached, the microscope objective and needle should be
elevated to provide adequate clearance to remove the needle holder from the
micromanipulator.

Some samples do not pick up electrostatically. In such instances, put a small
amount of Apiezon "L" grease on the needle point by slightly touching the needle to a
small glob of the grease under the microscope. Just contact the needle point to the
grease and lift it up. Then contact the needle to the microsample and lift up. "L"
grease has a spectrum nearly identical to polyethylene but usually no "L" grease
spectrum is seen in microsample spectra. The needle can be cleaned with a solvent
periodically, but it isn't necessary to do so after each sample. A blast of gas will
remove most microsamples from the needle. A small amount of "L" grease is included
with SH004. Transfer a small glob to a microscope slide for use under the microscope.

If, after some practice, it is not practical to pick up a particular free unattached
particle, it may be possible to use a small amount of Formvar solution (available from
electron microscopy supply firms) on the needle tip to attach the particle. This is not

recommended as a general approach. Needles can be cleaned in distilled water and
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acetone and rinsed in water-free alcohol when necessary. Electrostatically-attached

particles can be removed with a gentle flow of compressed gas.

B. Fixed Objective / Moving Stage Microscopes

A different procedure is required if the microscope is designed to focus by the
sample stage moving upward toward a fixed objective with the micromanipulator
attached to the moving stage. In this case, the needle point is initially above the
microsample and the stage is moved upward until the needle point is in focus. At this
point, check to be sure that the needle is near the center of the microscope's field of
view. Adjust the needle position with the joystick if necessary. Then move microscope
stage upward toward the focal plane in steps and after each step adjust the
micromanipulator controls to focus on the needle (clockwise rotation of the knob) and
center the needle in the microscope's field of view (joystick). After the step that brings
the microsample into focus, carefully adjust the micromanipulator and x-y stage
controls so that the needle lightly touches and picks up a microsample. Then lower the
microscope stage to verify that the microsample is electrostatically attached to the
needle. Continue to lower the stage and elevate the needle in order to allow adequate
clearance to remove the needle holder from the micromanipulator.

Before removing the needle, place a small amount of desiccant in the holder and
install it in the sampling head cup (Figure 2.16). Place the sampling head needle-
holder on the mounting stage. Now remove the micromanipulator needle-holder and
then the needle. Insert the needle into the sampling head needle-holder (Figure 2.17)
and install the holder in the sampling head cup (Figure 2.18).

Install the sampling head sleeve in the sampling head cup (Figure 2.19). The
sleeve should not extend above the top of the cup. The operations following attachment
of the particle on the needle should be done carefully to avoid knocking the particle off
of the needle. At this point, the needle can be examined under the microscope to check
the position of the particle on the needle. It should be attached near to or on the point.

Needles with bent points are often still functional; do not dispose of them.
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4. Measuring the Infrared Spectrum

Check to be sure that the FTIR beam focal spot is centered in the detector's
sample chamber using the liquid crystal detector supplied with the detector and the
instrument manual directions. Once the spot is centered, microsamples will be
automatically aligned with the infrared beam when placed in the detector.

Insert the micro-particle sampling head into the detector with the particle
attached to the needle. Purge Model 200 or 300 detectors with dry helium gas at a flow
rate of 5 ml/sec as directed in the detector's manual so that there is not a flow of gas
through the sample chamber (sealed purge). If the Model 100 detector is used, follow
the purge directions given in the instrument's manual.

Acquire a sample spectrum at the lowest stable FTIR mirror velocity and ratio
the spectrum with a carbon black reference spectrum. If moisture bands are present,
allow additional time for purging and for the desiccant to work. If very small particles
are being measured it may be critical to keep the sampling head sealed in the detector
with desiccant and helium for an extended period prior to doing analyses because the
presence of moisture and CO, not only causes spectral interferences, but also causes
signal phase distortions. The background spectrum of the micro-particle sampling
head can be measured after the sample spectrum is acquired by blowing off the needle.
This spectrum can then be subtracted from the sample spectrum as was done in the

25um x 25um polystyrene spectrum shown in the introduction.
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3 Other Instructions

3.1 Adjustment of O-ring Compression

The o-ring compression on the sample holder is adjusted by the two set-screws
in the handle. Clockwise rotation of the screws increases the compression force on the
o-ring when the detector seal lever is rotated to the seal position. The screws should
be adjusted so that they protrude on the underside of the handle an equal amount

resulting in lever resistance similar to that occurring with the detector's standard cups.

3.2 Desiccant Use

Magnesium perchlorate is the preferred desiccant. Desiccant should only be in
the desiccant cups when either measurements are in progress or a cup is in the
detector sample chamber for pre-drying of the sampling head and chamber prior to
measurements. In this case, be sure that the chamber is sealed. If desiccant is left in
contact with components for an extended period and moisture builds up, corrosion may
occur resulting in damage to the components. Molecular sieve material can be used

to remove CO,.

3.3 Cleaning

The microsampling head components should be cleaned in distilled water and/or
acetone, depending on the residue, followed by a rinse in water-free alcohol. They may

be air-dried in an oven or under a heat lamp.
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4 Directions for Returning SH004 Units for Factory Servicing

Please contact MTEC for authorization prior to shipping any items for repair. (MTEC
telephone: 515-292-7974; telefax: 515-292-7125.) All transportation charges and insurance are the

customer's responsibility. A purchase order number must be provided before repairs will be made.

4.1 Special Instructions for Foreign Returns

If possible, ship the package via a courier, such as Federal Express or Airborne
Express, who will act on behalf of MTEC as a customs broker. This simplifies the
return, expedites clearance through U.S. Customs, and saves extra freight forwarder
costs to MTEC which are billed back to the customer. Prepay the air waybill through
to Ames, Iowa. Consign to the shipping address above, and list MTEC's telephone
number (515-292-7974).

To avoid complications and delays, label the shipment "free domicile." This
simplifies U.S. Customs clearance. A copy of an invoice showing the total value is
required for customs. This invoice must state the value, that the product was "Made
in the U.S.A,, and is a "Returned American Product for Repair Only." Please follow
your local shipper's instructions concerning all shipping requirements.

If the return is made through a freight forwarder, be sure the freight is prepaid

to Ames, Iowa. Use the "free domicile" declaration to avoid complications and delays.



31

5 Warranty and Disclaimer

Product Warranty

MTEC Photoacoustics, Inc. warrants the Multisampler Option SH004 to be free
from defects in material or workmanship and to operate as described in this manual,
under normal use, for a period of one year from the date of original shipment. No other
warranty is expressed or implied.

If examination by MTEC Photoacoustics, Inc. discloses a product defect,
obligation is limited to repairing, replacing, or giving credit for the purchase price, at
our option.

KBr windows and the absorber elements are not warranted. MTEC
Photoacoustics is not liable for any consequential damages. Components other than
those manufactured by MTEC Photoacoustics, Inc. will carry the original
manufacturer's warranty. All transportation charges on items returned are the
customers's responsibility. Contact MTEC for authorization prior to returning any

items for warranty claims. (See Section 4.)

Product Disclaimer
MTEC Photoacoustics, Inc. will not assume responsibility for any damages to
persons or to property due to the operation of or to results obtained with the MTEC

photoacoustic detector systems and/or the multisampler option.





