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QHny) Designation: E 334 — 96

Standard Practice for
General Techniques of Infrared Microanalysis

This standard is issued under the fixed designation E 334; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope subsequent recording of spectra.

1.1 This practice covers techniques that are of general use gl General Microspectroscopic Techniques
securing and analyzing microgram quantities of samples by’ ) . L
infrared spectrophotometric techniques. This practice makes 5-1 Spectroscopic techniques used for the examination of

repetition of description of specific techniques unnecessary iffticrosamples are usually adaptations of comparable macro
individual infrared methods. techniques, and many have been described in the literéture

1.2 These recommendations are supplementary to Practic@%3 ) ) ) )
E 168, E 573, and E 1252, which should be referred to for -2 In computerized dispersive spectrometers or Fourier
theory, general techniques of sample preparation, and calculyansform-infrared (FT-IR) instruments, computer routines for

tions. multiple scanning, signal averaging, absorbance subtraction,

and scale expansion can be used very effectively to enhance the

2. Referenced Documents observed signal-to-noise ratio of weak bands and increase
2.1 ASTM Standards: sensitivity (3, 4). Absorbance subtraction is also commonly

E 168 Practices for General Techniques of Infrared Quantithus lower the limits of detection (see Practice E 168).

tative Analysig 5.3 Use of Masking AperturesThe aperture of sample
E 573 Practices for Internal Reflection Spectrosopy holders used for microspectroscopic study (without the use of
E 1252 Practice for General Techniques for Qualitative@n infrared microscope) are usually significantly smaller than
Infrared Analysid the beam at the sample position of the instrument. As a
consequence of these small apertures, steps need to be taken to
3. Terminology ensure that the best quality spectra be obtained, and the
3.1 Definitions and SymbaisFor definitions of terms and techniques used will depend on the type of spectrometer being
symbols, refer to Terminology E 131. used. In general, the use of a beam condensing accessory will
greatly improve the results obtained (see 5.4).
4. Contamination 5.3.1 When a double-beam dispersive spectrometer that is

4.1 Although the presence of contaminants is a generdlot equipped for control by minicomputer is used, the refer-
prob|em in any type of ana|ysis, contamination can be particuence beam should be masked to a corresponding aperture. This
larly severe in micro work. For example, minor impurities in a can be accomplished by using an opaque sheet of stiff material
solvent can become major components of a residue remainiriginched with an appropriate opening, with reference screens,
after solvent evaporation. Materials extracted from thin-laye©r with commercially available optical attenuators. Attenuation
chromatographic materials, from the paper used in pape®f the reference beam affects instrument performance, and
Chromatography, and from solid adsorbents in generaL ma9ppropriate adjustment of the instrument settings (that is, wider
include particular contaminants of concern. It should also bélits or higher gain) is necessary to produce reliable spectra at
noted that the gas-chromatographic stationary phase may le#te lower energy levels. Enhancement of sensitivity can be
to significant contamination. Consideration of these and othe#ttained by the ordinate scale expansion feature available on
sources of contamination must always enter interpretation ofnost spectrometers.
results in microanalysis. Erroneous results can be minimized 5.3.2 When using a single-beam spectrometer, the instru-
by the use of pure reagents, extreme care in sample handlingient background spectrum should be recorded through an
and the frequent use of “blanks” in the course of separation andPerture in the sample position that has dimensions no larger

than those of the sample. Where appropriate, this can be done
by using the empty sample holder itself.

1 This practice is under the jurisdiction of ASTM Committee E-13 on Molecular ~ 5.3.3 On some FT-IR spectrometers, insertion of an aperture

Spectroscopy and is the direct responsibility of Subcommittee E13.03 on Infraretht the sample position will slightly change the observed
Spectroscopy.
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frequency positions of bands, as a result of modification of thénstruments but others have general utility.

optical path. Hence, sample anq_referenqe aperture must bes 61 A small quantity of finely ground powder can be
carefully aligned at the same position, particularly if computeryjied in an agent such as mineral oil and smeared on a small
differencing is to be done. _ ~ sample plate about 3 by 5 by 1 mm. The sample plate is

5.3.4 Some FT-IR spectrometers (especially those equippafiounted in a holder as near as possible to the focal point of the
with cooled mercury cadmium telluride (MCT) detectors) areconverging sample radiation beam or in a beam-condensing
so sensitive that under normal operating conditions (that isynit.
when examining macro samples or recording the reference 562 Alkali halide disk or pellet techniques are of consid-
single beam spectrum) the energy throughput of the instrumerable importance in microsampling. Compromises in the usual
needs to be restricted in order to avoid detector nonlinearityecommended procedures may be required to permit analysis
(5). This is typically done by insertion of an aperture or wire of yltra-micro samples. It is advantageous to use an alkali
screen into the path of the beam. However, when the samgalide that has been maintained in a drying oven at 105 to
Instrument Is employ(_ad to examine mlcrosamples using d10°C. Blank samples of the stored alkali halide should be used
sample holder, which is in itself an aperture, this throughputo obtain frequent reference spectra, in order to guard against
restriction should be removed. contamination.

5.3.5 When using an infrared microscope, it is normal to 5.6.3 Commercial micropellet dies usually produce disks of
record the reference spectrum through the same aperture aseigher 0.5 or 1.5-mm diameter. A standard size 13-mm die may
used for a particular sample. To accomplish this, it is mosbe adapted for micropellet work by punching a small aperture
convenient to use visual observation to select the aperture sizg a disk of, for example, tinfoil, manila folder, blotting paper,
required to mask the sample area of interest. The single-beast filter paper about 0.1 mm thick. About one third the usual
spectrum of this sample area is recorded, and the referenggessure should be used for pressing the micropellet. The
single-beam background spectrum is then recorded afterwardgnfoil or paper serves as a holder for the pellet and can be
The transmittance (or absorbance) spectrum of the sample jssitioned over the aperture of the micropellet holder or on the
obtained by using the instrument software to calculate the ratipeam-condenser unit. Commercially available lead micro disks
of the two single-beam spectra. are also available.

5.4 Large energy losses because of beam attenuation may b(?\‘ . .

. . ote 2—Stationery supply stores carry paper punches of assorted sizes
avoided by the use of a beam-condensing aC,CFj'SSfory' The h%ﬁ shapes that are suitable for making these apertures for micropellets.
produced by the_ Concentrated beam may be Injurious 10 SOMeNore 3 An aperture of 1 by 4 mm is about the minimum size on
samples, especially in the case of some dispersive instrumentghich some dispersive spectrometers can operate properly. If a beam
If this difficulty is encountered, a thin germanium wafer condensing accessory is used, the minimum aperture is reduced to the
between the source beam and the sample, or a stream @fer of 0.5 to 1.0 mm in diameter. Fourier transform instruments can
cooling air directed upon the sample, will provide someobtain spectra through a 0.5-mm aperture, if necessary, without the use of
protection for the sample. Axt beam condenser is adequate & P€am condenser.
for most microsample analyses. 5.6.4 A very small sample may be made transferable by

5.5 Examination of Liquid Samples Direct examination of ~ rubbing or abrasion, or both, using dry potassium bromide
liquid samples can be accomplished by using sealed microcellBr) powder. Pellet grade KBr should be used, and subse-
or microcavity cells, which are commercially available and arequent grinding should be kept to the minimum necessary to
characterized by small apertures and volumes of the order ofdisperse the sample. This technique is also valuable for
few microlitres. Beam-condensing accessories are availabkemoving a thin surface layer from a solid object.
that can accommodate such microcells. The volume of de- 5.6.5 A sample of a thin coating material may be obtained
mountable microcells that are suitable for liquids of low by rubbing the surface with glass-paper or silicon carbide
volatility is about 0.5 puL when assembled with a 0.1-mmpaper. The spectrum of the sample on the surface of the paper
spacer. Micro quantities of non-volatile liquids can be conveds obtained by using the diffuse reflectance technique, with a
niently examined using micro internal reflection spectroscopylean piece of glass-paper or silicon carbide paper, as appro-
(IRS), (see Practices E 573). Sometimes the most convenieptiate, being used as the reference.
way to handle microquantities of a volatile liquid is to contain  5.6.6 Solid materials can be examined by first dissolving the
it in a gas cell having a large length-to-volume ratio, so that thematerial in a solvent (see 5.7). The resulting solution can be
material is examined in the vapor phase. examined directly, or used to deposit the solute in a state more

5.6 Examination of Solid SamplesThe conventional tech- advantageous for analysis, such as a thin film or in a halide
niques for handling macro amounts of solids are equallypowder for the preparation of a KBr pellet or diffuse reflec-
applicable for microgram quantities when scaled down accedance. The same solvent should be used to obtain a spectrum of
sories are used. Just as for liquids, compensation for thée solventblank, either directly or as a deposit, as appropriate.
sample-beam attenuation_ or the use of a beam C(_)ndenser i%\IOTE 4—Caution: Solvent or melt recrystallization or application of
necessary for the recording of useful spectra; ordinate scalgessure to samples may cause changes in the crystalline structure of the
expansion, multiple scans, or signal averaging may be needewhterial, and hence give changes to the observed spectrum.

to enhance the sensitivity. 5.6.7 Some solids can be heat-softened or melted by press-

Note 1—A range of accessories such as micromull holders, micropelletnd between two S'”f_\a” heated KBr plates and then exa.mined in
holders, etc. are commercially available. Some are designed for specifea demountable microcell holder (see Note 4). It is often
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advantageous to perform the pressing operation with thaccessory inappropriate for the study of samples that have
sample between two sheets of aluminum foil first, so that morsignificant absorptions in that region. On the other hand,
pressure can be exerted. The thin film is then peeled off the foilliamond is a good far-infrared window material and allows
and examined between the salt windows. Some solid samplepectra to be recorded down to below 50 ¢musing a
may be cut into thin wafers that may then be mounted in deam-condenser and suitably equipped spectrometer. Squeez-
micropellet holder for subsequent analysis. ing the sample in the cell may change the morphology and any
5.6.8 Small flakes of material have been successfully exarrerdering in the structure of the sample (see Note 4).
ined by supporting them on a salt plate and then placing an 5.7 Examination of Solutions-In some instances, solutions
aperture over the sample. Both salt plate and aperture aff liquids or solids are advantageously used for recording
placed in the sample beam. Static forces may be used to hogpPectra. The preparation of solutions in microquantities has
very small samples inside a pinhole aperture. Stray light maynherent difficulties, and solvents usually obscure some por-
be observed under both types of sample mounting, since tHéons of the spectrum. Some of these interferences can be
sample does not normally fill the aperture completely. Im-eliminated by computer subtraction or double-beam tech-
proved spectral data are obtained by the use of a beamiques. Careful selection of the pathlength of the transmission
condenser (see 5.4) or, even better, an infrared transmittinggll or, with IRS, the type of IRE employed allows for dilute
microscope (see Section 11). solutions (even in water) to be examined directly using an
5.6.9 Samples can be held between two thin sheets of BT-IR spectrometer or a computer-assisted dispersive spec-
polymeric material that has low infrared absorbance at thdrometer. In general, solvent blank samples need to be exam-
frequencies of interest, instead of being on the surface of a sdffed in the same manner as the solutions generated, in order to
plate as in 5.6.6-5.6.8. Fluorocarbon tape may be used to obtaifientify the presence of contaminants. o
spectra over large portions of the mid-infrared region, while 5-7-1 A solution may be used to prepare a micro film of
polyethylene film is particularly useful for far-infrared mea- Solute on a small window (approximately 8 by 8 by 2 mm) that

surements. Both materials withstand the effects of many'@s been gently scratched in order to contain the sample in a
corrosive samples. small area (3 by 3 mm, or less if using an FT-IR). It should be

5.6.10 Another method for holding small solid samples innoted that the window must be made of a material that is not

the beam is to stick them on a translucent adhesive tape arfﬂ'ﬂrmed by the solyent in use. Conder_lsates from micro (capil-
place an aperture over the sample. In this case, the spectrum gfyl Siﬂle)dperI_){S'S cabn alsod bed_runtlln th|ts manner.lélléemad-
the adhesive tape should be compensated for, either by pIacirﬁI ely, the deposit may be made directly onto a micro »an

a similar sample/aperture in the reference beam or by comput € spectrum obtained by IRS. . .
subtraction. 5.7.2 A small amount of a solution may be deposited onto a

5.6.11 To avoid the need to computer-subtract the :spectru%alt window using a capillary tube. In this case, the capillary

f adhesive t tioned in 5.6.10 Il oi f ction of the tube may be used to pick up a droplet of the
\c/)vin% ;S'Vi zpe me; |tonem mnt .m.i r' STnaI pler::eXStCt) S8olution. When the end of the tube is brought into contact with
ow can be used to mou crosampies next o afy, o window, the solution should partially flow onto the surface

aperture. The pieces of salt are cleaved from a used crystal ka the window. The solvent can then be evaporated to leave the
using a razor blade,_ and can be as small as 1 or 2 mm SAU&sidual solute as a micro film. If necessary, the capillary tube
Transfer a few particles of adhesive from a (preferably old)

can be fitted with a small rubber bulb to allow more sample to

piece of adhesive tape, using a probe, onto the extreme edgsg drawn into the tube, or a fine Pasteur pipette can be used.
of this salt cover. Place the sample over the aperture, and COVErg - 2 A solution can be evaporated onto a powdered solid

with the salt plate. Pressure the salt cover onto the aperture ¥ich as potassium chloride (KCI) for diffuse reflection tech-

that the adhesive holds it in place. _ niques. The resulting powder is examined in a diffuse reflec-
5.6.12 If using IRS with a small sample, the optimal results;g,ce micro-cup.

will be obtained if the small sample is placed across the width 5 7 4 Alternatively, the solution can be evaporated onto dry

of the internal reflection element (IRE). With very small kg, powder which can then be used to prepare a micro KBr
samples, optimal results will be obtained by placing the samplﬁe”et (as in 5.6.2-5.6.4 ).

where the beam enters, so that the first reflection is concen- 5.7.5 Another technique employs a porous triangle of

trated at the sample position (see Practices E 573). Micro ”T:Eressed KBr in a capped glass vial having a small hole in the

accessories are commercially available for use with FT-I ap. The solution is allowed to evaporate at the KBr triangle

spectrometers. tip, leaving the solute concentrated there. This accomplishes
5.6.13 For the case of intractible solid samples, the highfiltration of adsorbent and deposition of the sample on KBr in

pressure diamond anvil cell may be used for squeezing samplessingle step. The tip of the triangle (after evaporation of the

to an appropriate thickness. While the cost of a diamond anvidolvent) is used to prepare a micro KBr pellet. If preferred, the

cell is high, this is often the preferred method for reducing thegiffuse reflectance technique can be used to obtain the spec-

thickness of samples that do not yield to simpler methods. Thgum of the solute in the KBr.

aperture of the cell is small, so it is necessary to use a beam ) ) ) . ]

condensing accessory, or better still, an infrared-transmittings'\‘tﬁfvf/&ét?ggﬁble commercial version of the KBr triangle is marketed

microscope, to obtain the best quality spectra. Several com- '

ments should be made here, however. Diamond absorbsenergy —

strongly between 1900 and 2300 tiywhich thus renders this ~ “ Available from Harshaw Cochran Rd., Solon, OH 44139.
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5.7.6 A microcapillary brush may be made to handle small 5.8.2 Very small amounts of material can be pyrolyzed in a
volumes of solvent (see Note 6) and can be used to cast a filcapillary tube instead of the pipette mentioned in 5.8.1.
on a remarkably small area of a salt crystal. When a microbrush 5.8.3 A microcapillary brush (see 5.7.6) may be used to
containing a solution of a volatile solvent and a less volatileobtain a spectrum from a fragment that is too small to produce
solute is placed on the surface of a salt plate, the bristles of thenough pyrolyzate by an ordinary pyrolysis analysis. Place the
microbrush hold the liquid in a small region. The non-volatile fragment in the end of the capillary brush that is away from the
solute may thus be deposited in a restricted area of the sdibers and work the fragment toward the center of the tube. Seal
plate, ready for analysis. Working under a stereo microscopéhe end of the tube. Then twirl the tube near a micro-flame in
deposit the solvent on the crystal, touching only the glass fiberthe area of the particle to pyrolyze the sample, being careful
to the crystal6). Making a small indentation in the crystal with not to melt the tube. Cut off the sealed end of the tube
the point of a needle probe will help keep the solvent localizedcontaining the ash, draw a microdroplet of clean solvent up

N N . . into the tube to dissolve the pyrolyzate, and then use the brush

ote 6—Following is the procedure to make a microcapillary brush. . .

Insert a bundle of 20 to 30 glass wool fibers into the end of a thin-walled© depOsit the solution onto a crystal.
microcapillary tube. Twirl the side of the tube near a micro burner flame 5.9 Interest in coupling chromatographic methods with
until the fibers are fused to the side of the tube. (This may take a few trieET-IR spectroscopy arises from the need to separate and
since it is quite easy to singe the fibers if they get too near the flame.) Ondelentify the components of mixtures. Chromatographic meth-
the fibers are secured to the side of the tube, snip off all but a fewyds commonly used in conjunction with FT-IR analysis of the
millimetres of the fibers. eluting components are gas chromatography, highperformance

57.7 In practice, if there is a fair amount of residue in the||qu|d Chroma’[ography, Supercritica| fluid Chrornatog|’aphy7 and
SOIVent, it will tend to precipitate on the end of the fibers. ThiSthin-|ayer paper Chromatography (respective|y known as GC,
is just as well, as the solute can then be removed, rolled ontgpLC, SFC, and TLC), and paper chromatography. For GC
the surface of an infrared transmitting window, and placed oveand SFC the identification is usually performed in real-time
an aperture for examination. The “drop and suck” trick can beysing an FT-IR spectrometer, whereas the analysis of the

used with one of these brush capillaries. Use the brush tgompounds separated by other chromatographic techniques is
redeposit the solution on the crystal in a small area to maximizgerformed in an off-line manner.

sensitivity. Use an aperture of appropriate size to mask the rest
of the crystal or examine the sample using an infrared6, Analysis of Gas-Chromatographic Fractions (7-9)

transmitting microscope. 6.1 Gas chromatographic fractions are normally examined

578 The _technique Of. _incgrporating mic_rogram samplesdirectly as gases in a GC/FT-IR combination system in which
into alkali halides by lyophilization (freeze drying) works well, the gas chromatograph is coupled directly to the FT-IR

alth_oug_h some additional precautions are necessary. FreeéBectrometer and the separated components are analyzed in the
drying is the removal of solvent from a mixture by low-

L gas phase as they emerge from the GC column. To accomplish
temperature sublimation, normally done under vacuum cond

) . . ) his, the hot gases are passed through a short, heated transfer
tions. Spectra of lyophilized materials often differ from thoseIine to an appropriate analysis cell, normally a light-pipe

of Fhe same material that .i$ simply groqnd with the aII(""”having a gold-coated interior. The optimum dimensions of the
halide. Precoating the lyophilization tube with a frozen Iayerof"ght_pipe depend upon the flow rate of the carrier gas being

an alkali halide agueous solution min_imizes the loss of some .4 and upon whether a packed column or capillary column is
types Of_ sar_nples because of_adsorpt|on on the glass surfac%%mg used. Some commercial rapid-scan instruments are
Contamination frequently arises from this procedure (for

example, from pump backstreaming) and should be checked 3c-:?apable of providing identifiable infrared spectra on 10 to 20

. el pm components of 1-uL injections; however, other instru-
using blanks qf alkali halide powder alone. It should be note ents are capable of providing usable spectra of only major
that some solids have sufficient vapor pressure that a smatix

i S : omponents of a sample. GC/IR units are commercially avail-
sz_imple ‘.N'” be redgceq or even eliminated when being worke ble as accessories for FT-IR instruments; these units give
with during lyophilization. !

. : . L strong spectra of submicrogram amounts of some materials and
5.8 Micropyrolysis of Solid Samples Pyrolysis is often 9sp ubmicrog N !

used to obtain spectra from materials like carbon-filled rubbergn ay show some bands at levels of a few nanograms.
that are too opaque or heavily filled to yield spectra by other Note 7—The transfer line from the gas chromatograph to the infrared
methods. The optimum method used to pyrolyze the Sammgoectrometer sh_ould bf_a heated to' prevent condensation of samp_le com-
will depend on its size. pong_nts in _thg line. This transfe_r I|r_1e should be as sh_ort as possible. In

5.8.1 The simplest method for micropyrolysis involves theaddlthn, itis _|m.portant that the |r_15|de of the transfer line be made of a

. . S ) material that is inert to the chemicals eluting from the chromatographic

use of a disposable pipette. The sample is inserted into thgumn.
pipette and rolled to the neck region, and the large end is sealed ) )
in a small flame. When the sealed end cools, the polymer is 8-2 Sometimes, however, the GC fractions are trapped
tapped into that end. The sample is heated gently, producinggParately in the condensed phase for subsequent infrared
pyrolysis products that condense on the walls of the pipette2n@lysis(7). These fractions are usually recovered by passing
The portion of the pipette containing the ash is then removed1€ Stréam issuing from the vent line of the chromatograph
by scoring between the ash and the condensate and breakiffjough a solvent, a powdered solid, or a cold trap.
the tube. A single droplet of solvent can then be added, washing Nore 8—It must be assumed that all fractions obtained using a cold
the entire pyrolysate onto a salt plate for analysis. trap are multicomponent until proven otherwise.
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6.3 Recently, alternative procedures for GC/FT-IR detectiorcan be obtained. Hydrocarbon solvents may make it very
involving the on-line trapping of submicrogram quantities of difficult to observe the C-H stretches of the solutes, but with
solutes at low temperatures have been introduced. In onde development of microbore HPLC columns, it is now
procedure the eluent gases are trapped in an argon matrix thadssible to take advantage of the reduced solvent volumes and
is formed on a rotating cylinder maintained at cryogenicuse more expensive deuterated solvents to open up the C-H
temperatureq10). An alternative procedure involves direct stretching regiorf17). For agueous reversed-phase chromatog-
deposition of the solute alone on a moving cold plate, which igaphy, Jinncet al. used a PTFE cell and a GDN/D,O solvent
maintained at sub-ambient temperatures by liquid nitrogemsystem with a microbore column to observe carbonyl and C-H
cooling (11, 12) The resulting spectra exhibit very sharp stretches(18). In a reversed-phase interface for analytical
bands, leading to detection limits that can be at the subnan@olumns the solute was extracted from the aqueous phase into
gram level. an organic solvent, which diffused through a hydrophobic

7. Analysis of Liquid Chromatography Fractions membrane and was eventually sent to the infrared flow-through
' cell (19).

7.1 A number of factors must be considered when HPLC 7.3 Solvent-elimination HPLC/FT-IR has been accom-

and FT-IR are to be combin_ed. The most significqnt of these iﬁlished with solute deposition on KCI powd@0) or a moving
the fact that the HPLC mobile phase will have a rich spectruni g pjate (21) for diffuse reflectance or transmission spectros-
of its own which may obscure the spectrum of the analyte. Theqpy respectively. In the presence of aqueous solvents, it is
type of solvent (polar versus non-polar) must be consideredecessary to use on-line extraction with an organic solvent
since there are distinct differences between normal- an 2), post-column reaction of water with 2,2-
reversgd-phase HPLC. Another consideration is the C,a,pacné{imethoxypropane(23), or direct elimination of wate(24)
(and size) of the HPLC column to be used. Traditionaltyowed by diffuse reflectance spectroscopy (on KCI or
analytical columns (3.9 to 4.6-mm inner diameters) poS§jiamond powder) or reflection-absorption spectroscopy. A
problems that are very different from those associated Withijmple method for solvent elimination is to manually collect
microbore columns (0.3 to 1.0-mm inner diameters). Theseyerg) fractions of the eluent into small glass containers, add
choice of chromatographic parameters determines the applicg-small amount of potassium bromide or diamond powder, and
bility of HPLC/FT-IR as a viable microsampling tool. allow the solvent to evaporate, using gentle heat, if necessary.

7.2 Two types of HPLC/FT-IR interfaces (flow through and rpe resulting powder is then examined using a diffuse reflec-
solvent-elimination) have been developed. Because of the larggce or pressed pellet method.
relative concentration of mobile phase, solvent interference is 7 4 Supercritical fluid chromatography (SFC) has recently
a disadvantage of employing a flow-through cell for HPLC/paep coupled to an FT-IR spectrome(@f). High-pressure
FT-IR. Aqueous solvent systems create some of the worsfo,y.through cells and solvent-elimination have been incorpo-
problems for flow-through HPLC/FT-IR, since water is a Very rateq into a single interface, and detection limits for the system
strong infrared absorber and can obscure large portions Qe petween 10 and 40 ng.
spectrum.

7.2.1 Flow-through HPLC/FT-IR interfaces involving infra- g Analysis of Thin-Layer Chromatographic Fractions
red transmission techniques have been developed. Because o 1 The spots containing the components of interest, plus

interfering absorptions by the solvents, it has been estlmatet e associated absorbent, are generally collected by scraping

that the_maximum pathlengt_h in a transmission flow-throu_gf}hem from the plate; the components can be recovered by
ﬁ(;l)l(af;?avg\r? d %2Peé%arﬂerr¥\g Edveevx\grsirs]ciﬁgj n?sbﬁgo rtlar;]@v\"thextraction with a suitable infrared solvent, and the spectrum of
yeo l P the solution can be determined by the usual methods. If

Another type of transmission cell that has been developed is S oferred. the spectrum of the analvte mav be obtained after
narrow bore tunnel along the axis of a cylindrical crystal. TheP ' P y y

solution flows through the tunnel in the crystal while thetransference to a porous triangle of KBr (see 5.7.5).

infrared beam is passed through the crystal at right angles an 8.2 Extrgctlon of the spot is usuall_y required before speciral

. ; ; . determination of the component of interest because the com-

focussed onto the solution. This technique reduces the effective i ) .

) mon TLC absorbants (silica gel and alumina) are infrared

solvent thickness to below 20 um and matches the cell vqumgbsorbers Potassium bromide (KBr) can be used as an absor
to that of a microbore HPLC colum{i4). '

7.2.2 Aflow-through cell that uses a ZnSe IRE is commer-bant for some systems. When the areas of KBr containing the

. . . 5 . components of interest have been located, the adsorbent is
cially available(15). The micro CIRcle" cell® has a relatively recovered as before and either a KBr pellet is prepared in the
large volume for HPLC work (24 pL), but reasonable results P prep

. X conventional manner, or a spectrum is obtained by the diffuse
have been obtained with normal-phase and aqueous reverseds .
. reflectance method. An automated extraction system for analy-
phase solvents for solute concentration of 1 to 2% (w/v).

Better sensitivity is obtained with normal-phase solvents, bu?IS by difiuse reflectance has been descrigi.
detection limits are estimated to be between 250 and 500 pgNote 9—The quantity of analyte available from any one spot may be
(16). insufficient to produce a usable spectrum. In this case it is usually

7.2.3 With careful selection of common norma|_phasenecessary to stripe the sample onto preparative TLC plates and to recover

. . . e total eluted band in which the sought components are located.
HPLC solvents, infrared data over specific frequency reglonglrogrammed multiple development, a form of TLC in which the chroma-

tography is performed using several developments, often concentrates the
S Available from Spectra-Tech, Inc., Stamford, CT. TLC spots of sample so that sufficient quantities of material are present to
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give identifiable IR spectra. several important aspects. Therefore, care should be taken to

8.3 Quantitative or semiquantitative estimates of concentracarefully document the experimental conditions used when
tions may be obtained from direct comparison of values for affPectra are obtained by infrared microspectroscopy. The most

unknown sample with those obtained for a standard sample important difference is the fact that the spectra may be affected
by the diffraction properties of infrared radiation. The cross

9. Analysis of Paper Chromatographic Fractions sections of the samples being measured can be similar in size
9.1 The areas of interest in paper chromatograms are ci@® the wavelength of radiation used to analyze them. Since the
from paper. These fractions may be recovered by solverample area is defined by masking at an image plane, and
extractions, as in 8.2, or may be examined in-situ usingliffraction of the radiation affects the spectra recorded, this can
infrared reflectance techniques. With the latter method, spectrghow distortions in band shape or in relative intensity, or in
subtraction is used to eliminate contributions from the papepoth.
substrate. The reference spectrum used for subtraction should11.1.1 The experimental parameters to be recorded when
be obtained from a piece of the paper that has been treated wiftublishing results of an infrared study using a microscope are:

the solvent used. ( 1) the area of the specimen being analyz&i tije size and
. type of the detector element3)(whether the spectra were

10. Analysis of the Gases Evolved from a obtained using the transmittance or reflectance motjethe

Thermogravimetric Analyzer specimen geometry and method of preparation, d)dthe

10.1 As asample is heated under a controlled atmosphere ghape, location, and type of image plane masks used. Important
a TGA experiment, gases may be evolved from the samplistrumental conditions also to be recorded are the spectral
during times of weight loss. Various methods have beenmesolution, the data collection time, and the nature of the
devised to allow for the analysis of these gases by infraredeference background spectrum. It should be remembered that
spectroscopy. The evolved gases are generally mixtures dfis also critical to report any computer manipulation of the
volatiles, which could be decomposition products, water ofspectrum, such as baseline correction or subtraction.
crystallization, residual solvent or monomer, or even the gases 11.1.2 The spatial definition of the sampling area obtainable
evolved during an in-situ reaction (for example, polymerwith a microscope using infrared radiation is limited by
curing). The composition of the mixture evolved from a diffraction effects arising from the relatively long wavelengths
particular sample depends greatly on the nature of the supf radiation involved. This diffraction effect is wavelength
rounding atmosphere and other variables such as the heatiggpendent and thus is particularly noticeable below a fre-
rate and sample morphology. Detection of pg amounts ofjuency of about 1000 ci(10 um). The area of the specimen
evolved gases can be achieved with an FT-IR spectrometeftom which the radiation is collected increases with wave-
which represents a 0.01 % weight loss from a 10-mg sampldength, and thus the spectrum obtained represents an increas-

10.2 The evolved gases can be trapped in the condensasyly larger area as the wavelength increases.
phase for subsequent infrared analysis. The total purge stream ) ) )
which includes the evolved gases, is normally passed throughNOTE 11—The energy from a point, when imaged by an optical system,

. ges not come to a point, but rather to a central bright spot followed by a

a CO|d_ trap ‘?r a solvent. The resulting condensed phase Car_] Gccession of dark and bright rin¢9). The bright rings are called lobes
examined directly, or more commonly by GC/FT-IR analysisor pods, and they contain energy from the original point. For any
(see Section 6). unobscured optical imaging system, roughly 85 % of the energy is in the

10.3 The evolved gases can be passed through a transfer lipentral maximum of the pattern. (The objectives used for infrared
into a gas analysis cefR7, 28) Both the transfer line and cell microscopes have a central obscuration, which lowers the apparent energy
need to be heated to avoid condensation of high-boilind” this region, typically by some 10 %.) The remainder of the infrared

materials. Using a dispersive spectrometer, it is necessary gheray lies in the bright rings, which will be outside of the optical image
. L and thus may be absorbed by unexpected parts of any sample that is larger
stop or divert the flow for the necessary analysis time. A

¢ . Mthan the aperture used. To illustrate what the implications of the resolution

FT-IR spectrometer can record spectra continuously during th@mit are for infrared microspectrometry, consider the longest infrared

experiment without the need to alter the normal flow ratewavelength of interest, for example, 20 um (a frequency of 500'%tm

TGA/FT-IR accessories are available for FT-IR spectrometersihen this wavelength is used in the diffraction equai@8), along with

and some combined TGA/FT-IR instruments are also availabl@ numerical aperture of 0.5, the calculations indicate thata point

28). With h ioment. it i ible to m re thesource the first dark ring occurs at 24 pm from the sample edge.

(evf(g))lution Oiuscomeeqlijnziv%utéil tgasseF;OSvaeﬁ tﬁougiaiﬁei/ tareéuccessive dark rings occur at 44, 64 and 84 um. Roughly 5% of the
. ! . %nergy from the point source is still present beyond the fourth dark ring.

evolved as part of a mixture. This cannot be done with &, practice, of course, the source used must have significant size.

free-standing TGA. ) ) )
11.2 Microscope attachments are commercially available

11. Infrared Spectroscopy Using a Microscope (29-31) that allow for spectra to be recorded in a transmittance mode,
Note 10—Names that have been used referring to this techniqué’vhere the beam passes through the specimen plane, or. In-a
include viewing infrared microspectroscopy, infrared microspectrometry,rEﬂECtance mode, where the beam rEﬂe_Cts at the specimen
infrared microspectroscopy, and micro IR. Infrared ultramicrospectrom{lane. Reflectance may occur at the specimen surface, from a
etry (or = spectroscopy) refers to a special method in which the sample ikeflective support, or sometimes at both planes.

physically masked to below the diffraction limit (smaller than 20 um). 11,3 All commercially available microscope attachments for

11.1 Spectra collected with infrared transmitting micro-infrared microspectroscopy allow for the positioning of an

scope accessories can differ from conventional spectra iaperture of variable size at a specimen image plane, or planes,
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in the optical path of the microscope. The function of thiswith higher signal-to-noise ratios. To minimize diffraction
aperture is to limit the area of specimen being studied. Theffects, the smallest sample dimension should be approxi-
image plane where the remote aperture is placed is an opticalately five times the wavelength of interest when using a
conjugate of the specimen plane, related in size through theingle mask and two times the wavelength when dual remote
magnification of the optical system. Thus, a relatively largeimage masks are used (see Note 12). When possible, a thin,
aperture can be used to mask a small dimension of thaniform sample with as large an area as is practical should be
specimen. Round and rectangular variable apertures are avadlelected. The maximum sample area is determined by the
able to the user. The aperture geometry should be selected soragroscope/spectrometer optics and the detector element size.
to match the shape of the desired specimen area as closely lasmost current IR microscopy systems the maximum sample
possible. This is particularly important for photometric accu-area is 250 by 250 um, even though the specimens may be
racy when recording spectra of small samples. Radiatiomany times this size.

reaching the detector that does not pass through the sample WI”NOTE 12—The actual values of sample dimensions for minimizing the

cause dlstortlopg in relative gbsorptlon Intensities. diffraction contributions are dependent on the numerical aperture of the
11.4 An additional remote image mask may be placed at aficroscope objective used. For example, with a numerical aperture of 0.5,
image plane before the specimen, so that there is an apertui@ample size of five times the wavelength for a single aperture system and
before and after the specimen. This aperture needs to be tRé times the wavelength for a microscope with dual remote image masks
same size as the limiting aperture mentioned in 11.3. Whe#ill lead to approximately 95 % of the incident radiance passing through
using the reflectance mode of a microscope equipped with duﬁ]?n‘ieggsgit;i";p\/'\‘fi”atr)‘éaﬁ]\é\:'t\t‘vhae r?'tthe ’;‘;r:qe:'gao'” igirstitgﬁsc’::gc:ve}o%e
remote image masking, the r.a(.jiation normally passes throu ately ten and five times the wavelength, repspectively. i
the same aperture before hitting the sample as it does after
reflecting off the sample surface (that is, the one aperture 11.6.3 Collecting, mounting, and thinning of samples for
serves both functions). microspectral measurement require special techniques and
11.5 It is very important that the optical alignment of an tools. Since the largest sample areas that can be analyzed by IR
infrared-transmitting microscope be well maintained in ordermicroscopy are just resolved by the unaided human eye,
to obtain good results. Both the infrared and the visible beangample preparation is aided greatly by using a low-power
paths need to be co-linear and co-focal at all times; otherwisétereo binocular microscope. Magnifications of 7 to<2ére
spectra can be recorded from an area different from the on@ost useful for locating and mounting samples for analysis.
visually examined. The alignment procedure for a microscop&ine needles, tweezers, spear pointed probes, razor blades, and
operating in the transmission mode involves the use of a smaficalpels are valuable tools to extract and manipulate samples.
aperture, typically a 100-um pinhole, at the sample posftion.Rollers, presses, compression stages, and microtomes are used
With this 100-um aperture installed at the Samp|e position!ﬁo reduce sample thickness. These tools and techniques are
insert one or both remote apertures having equivalent size t@escribed in detail in the following sections.
that in the sample plane, and align these apertures visually so 11.6.4 Liquid and solid samples are often mounted on thin
that they all appear coincident. Switch to the infrared mode angalt windows. It has been observed that the best spectra are
maximize the infrared energy through these apertures, followobtained when the windows are quite thin, as this has the least
ing the manufacturer’s instructions. Check that the visible ligh€ffect on the optical system of the microscope. Typically salt or
and the infrared radiation are still colinear after this adjustKCl can be cleaved to produce windows with surface dimen-
ment, and at regular intervals. sions of a few millimetres and a thickness of 1 to 2 mm. These
11.5.1 Of particular importance is the concentration of thesalt plates are easily cleaved to size with a single edged razor
primary and secondary mirrors of the Cassegrain objective dplade and tapping tool such as a screwdriver handle. The razor
the condenser, or both. Unless absolutely necessary, thiade is placed on the surface of the salt parallel to a prominent
adjustment should not be made without specific instructiondracture edge. The handle of the screwdriver is then gently
available to achieve proper alignment. tapped onto the back edge of the razor blade, causing the razor
11.6 Sample Handling Considerations blade to cleave the crystal. It is very convenient to mount these
11.6.1 While the use of a microscope for IR samplingsmall crystals over a hole in a piece of cardboard or manila
simplifies the analysis of many samples, sample preparation f§lder using a small amount of nitrocellulose cement, or over a
critical to obtaining the desired spectral measurement. hole in a thin aluminum plate with a small amount of rubber
11.6.2 The collection, handling, and mounting of micro-cement.
scopic samples must be considered in terms of the sample 11.6.5 Solid particles are easily placed on the salt plate with
geometry needed for IR spectral measurements. For IR spectr@fine pointed tungsten needle (see 11.6.10). If the particles are
measurement of organic materials in the transmission mode, @ite thin, they need only be placed on the surface of the salt
sample thickness from 5 to 20 pm is most desirable. Thicklate. Itis quite useful to score the surface of the salt plate with
samples cause both loss of detail in regions of strong absorjie needle to produce a simple map such that the particle can
tion and distortions of absorption ratios. While sample areas 16asily be found unequivocally under the microscope. If the
by 10 um can be analyzed, larger areas provide spectral daganall sample is quite thick, a variety of different techniques
can be used to reduce it in thickness.
11.6.6 Micropipettes are useful for applying small amounts
© Alignment apertures are available from Ted Pella, Inc., P.O. Box 2138,Of reagents, adhesive, or solvents to salt plates for particle
Redding, CA 96099 and many other sources. manipulation. Glass micropipettes can be purchased from
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several suppliers or produced by reducing the diameter of aitrite. Another procedure is to hold a sodium nitrite stick near
glass tubing, using typical glass-blowing techniques. Micropithe edge of the flame and, after heating the needle in the flame,
pettes are also useful for applying small amounts of liquid tato drag it through the molten end of the sodium nitrite stick.
the surface of the salt plate for analysis. An alternativeSalt residue remaining on the needle tip can be removed by
technique for placing a liquid on a salt plate is to evaporate avashing with water.

solution of the liquid on the surface of the salt plate from a Note 13—Precaution: The reaction between tungsten and sodium

microbrush (see 5.7.6). L nitrite is strongly exothermic and may cause spattering of hot material.
11.6.7 When small amounts of liquids are to be analyzedgye protection is essential.

they have to be kept in a restricted area of the salt plate, or the

analysis is extremely difficult. This can be accomplished in . . , o . . g
several ways. One procedure is to rupture the surface of a s Il etch to a fine-pointed tip in sodium or potassium hydroxide

plate in a small area with repeated jabbing of that region wittf €ctrolyte under mild conditions of 6 to 12 volts DC or AC. If
the end of a small microprobe. The small salt crystals that ar£C the positive lead from the power supply is attached to the

produced are allowed to remain in the small well, and thdUngsten wire while a carbon electrode serves best as the
liquid is added to that well. The capillary spaces between th egative electrode. Etching rates are controlled by the current

particles retain the liquid in situ, minimizing spreading. low. Repeated dipping iTQ‘ recommended ur_1ti| the desire_d tip_is
11.6.8 Another useful procedure for analyzing Sma”formed. After several minutes a needle with a rather fine tip

amounts of liquid is to place a micro flat of salt on the surface™ill P& produced. _

of the somewhat larger salt plate. The liquid is then allowed to 11:6-10.4 In use, these needles are usually mounted in a
flow between these salt plates by capillary action, the quuid‘eedle holder. For convenience it is recommended that both
being applied to the edge of the junction of the two salt plate§”qs of the wire be pomted'so that the needle can be reversed
with a micropipette. in its mount.when the fII’St.tIp becomes damaged.

11.6.9 Spreading of droplets of liquid can be minimized by 11.6.11 Microbrushes—Microbrushes are very useful for
placing the salt plate on the gently heated surface of a smahandling small amounts of liquid. See 5.7.6 for their usage and
metal washer. This applies additional heat at the outside of th@anufacture. o _ .
salt plate and somewhat less heat near the center of the saltl1.7 Procedures for Thinning SamplesMicroparticles are
plate. The result is that the droplet is forced toward the centeEommonly too thick to give good quality infrared spectra. If
This technique can often minimize spreading sufficiently scthis is the case, it is desirable to thin them until their infrared

that good infrared spectra can be produced from very smaftbsorbances ofinterest have a maximum of about one. Sa_mples
amounts of liquid. that are too thick may often be squeezed to a more suitable

11.6.10 Fine-Pointed Tungsten Needies thickness for infrared spectroscopy. Since the length and width

11.6.10.1 Fine-point tungsten wire needles are very usefiffimensions of samples for microspectroscopic analysis are
for the extracting and handling of microscopic samples for IRUSually quite small, only moderate forces are necessary to
microscopy. Tungsten microprobes can be purchased from §Ruse the materials to be flattened. This can often be done
least one sourcé.lt is moderately simple to produce or undera_stereo microscope usmgamlcropr_obe. If the sample is
resharpen such microprobes. A tungsten wire of approximatel{RCKy; this should be done on a small salt window. If the sample
22 gage is inserted into a pin vise. For ease of use this pin vis§ hard, the rolling should be carried out on a hard surface and
should not exceed about 6 in. in length, and 5 in. is probably &1en transferred to a suitable mount. Metal (or foil) is a useful
better dimension for most users. The tungsten needles agélrface for this purpose, but if the sample is light in color, a flat
sharpened by chemical or electrolytic etching. bla<_:k phenolic jar cap allows for better visual observatlor_1

11.6.10.2Method 1 Chemical Etching—Tungsten wire is during the operatl_on..ltshould be noted that any attempt to thl_n
chemically etched by sodium (or ammonium) nitrifr¢cau @ sample by application of pressure may result in morphologi-
tion—see Note 13) to produce a smooth, fine, stiff, pointed-@ changes to the sample. _
needle. Start by placing a few grams of sodium nitrite into a 11.7.1 Pressing Between Polished Metal Plateghe
small crucible. Because the reaction between the sodium nitrig@mple may be placed between the polished anvils of a KBr
and tungsten is highly exothermic, this crucible should have ®ellet press, without KBr, for squeezing. The thinned sample
handle or be held with tongs. One end of a short length, 5 cn§an either be peeled from the platen with a needle or scalpel
(2 in.), of 18 to 22 gage tungsten wire is heated to red heat ignd placed on a sample mount for transmission analysis, or
a flame and then thrust into the sodium nitrite. When theneasured in a reflection mode directly on the anvil. A clean
etching reaction occurs, a sustained glow will be seen. Rearea of the anvil is used as the reference and a reflection/
peated dipping of the wire into the glowing melt created by thisabsorption spectrum of the sample is recorded.
reaction will produce a fine point. This can also be accom- 11.7.2 Squeezing in a Diamond Anvil CeH See 5.6.13.
plished by placing a fragment of sodium nitrite on a Meker- 11.7.3 Compressing Samples Between IR Transmitting
type burner and allowing the salt to melt. The needle is theYVindows—Since microscopic samples are small, little force is

heated in the flame and dragged through the molten sodiufi¢quired to compress samples to reduce their thickness for
spectral measurement. Many infrared transmitting window

materials may be used to compress micro samples. Barium
7 McCrone Accessories and Components (MAC), Westmont, IL 60559 is oneﬂuonqe’ KRS—S,. pOtaS$|um bromide, sodium chloride, zinc
source of tungsten microprobes. selenide, and zinc sulfide have been used successfully with

11.6.10.3Method 2: Electrolytic Etching- Tungsten wire
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samples of rubbers, plastic, fibers, and organic crystallineniformly dispersed and clear regions can be found for
materials. Simply pressing two windows together with theanalysis.

sample between them compresses the sample and provides|1.8 Micropyrolysis (see 5.8) is another method for the
optical contact between the windows and the sample, thugxamination of highly filled polymers. The very small amount
reducing surface losses. For this method 2-mm thick bariungf pyrolyzate obtained is most conveniently analyzed using the
fluoride windows are recommended for harder materials anghfrared transmitting microscope, especially if it has been

water solutions. While 2 mm thick windows of sodium |ocajized in an indentation in a salt window using a microcap-
chloride, potassium bromide, and KRS-5 provide an extendegﬁary brush. as discussed in 5.7.6.

transmission range, they are softer and have reduced appllca—ll'9 Refractive Index Matching Mounts and their

tions for compressing samples. If an elastic sample is to bEimitations—A thin film of mineral oil and perfluorinated

examined and one does not have available a device fﬁ{ydrocarbon oil on the sample mount acts to retain powdered

continuously applying pressure to a salt plate, another tec . L L
Y appying p P mples, as well as to match their refractive index. This aids

nique is usable. The elastic sample is placed between two s g i . : . )
plates. The plates are pressed with the heel of a probe, causi analysis by reducing reflection problems. Both mineral oil
' d perfluorinated hydrocarbon oil are used in infrared spec-

the sample to thin. While pressure is maintained on the sampl " d fi ficl f lid | I
small amounts of an adhesive, such as a viscous nitrocellulo Eoscopy 0 Suspend fin€ particles of a solid sample as a mu

solution, can be applied to the edges of the salt plates. After thaecause they have few absorption bands. When used in series,

nitrocellulose adhesive has dried, the sample between the sil¢ full spectrum of the sample can be recorded. The major
plates will then remain in compression and can be re(,id”);unctlon of the mountant in IR microspectroscopy is to reduce
analyzed. or eliminate the surface reflections from a solid sample that can

11.7.4 Rolling with a Polished Bearing- A stainless steel Cause distortion of absorption measurements. These mountants

bearing, mounted on a suitable axle, can be used as a rol|@so reduce reflective or scattering losses and can thus improve
device to thin samples. Such a device can conveniently bgPectral measurements. The difficulty in using an index match-
attached to the far end of a probe, or scalpel, providing a dudNd mountant lies in correcting for its presence. An interactive
purpose tool. The total force required to roll an organicSubtraction of the mountant spectrum may be necessary. The
material into a flattened sample is very small, while thefilm should be thin enough so that its spectrum will allow for
pressure exerted on the sample can be very high. These rolldigood subtraction. Regions of the spectra where the absorption
devices are very effective and have been used with botRands of the mountant spectrum exceed 1 A should not be
organic and inorganic powders. They are particularly useful fo€onsidered reliable after spectral subtraction.

flattening a single fiber for spectral identification. Samples can 11.10 Microtoming and Mounting Materials

be rolled onto a metallic surface and examined in reflection or 11.10.1 Microtoming, that is, the cutting of thin sections, is

onto infrared transparent windows for transmission. Fibers arg recognized microscopical technique that applies well to
often flattened on a glass microscope slide, then peeled off angfrared microspectroscopy. Microtomes are commercially
mounted over a small hole in a metal plate. The roller bearingyailable in many styles: they consist of a means of moving a
is one of the more convenient sample flattening devices foggmple relative to a knife in order to cut a thin layer of material

micro sample§'. _ . from the sample. The sample can be repositioned and the
11.7.5 Pressing with the Heel of a Probe or Side of a cyiting process repeated. For light microscopy, sections 0.5 to
Needle 20 pm in thickness are common, and these same thicknesses

11.7.5.1 A small sample can be placed on a surface ang.q 5150 good for IR spectroscopy.
pressure applied with the flat end of the needle holder handle.
Even moderate pressure will usually produce considerabl
thinning of the sample. A needle or spear point probe can als

be used to reduce the sample thickness. This thinning i 2x cuts well and is aenerallv easily removed with warm
accomplished because the forces per unit area on a very sm . . generally y
Xylene. It is chemically similar to Nujol and thus also has

particle can be quite high, even with moderate applied forceminimal interferences in IR spectroscopy. A similar material

because of the small area of contact. If the sample is fairly d is beta-pi oth beddi erial
hard, it can often be thinned by pressing on it with the side of/S€d IS Deta-pinene wax. er embedding materials com-
only used for light microscopy are acrylic and epoxy resins.

a sewing needle which is held in a pin vise. Again, the smal difficult t ft oni d
contact area of the side of the sewing needle increases the for €se are ditcut 1o remove after sectioning and can cause
ectral interferences, and hence are not recommended for the

per unit area considerably. This needle can be rolled across i} . - i .
sample, producing a thin flake IR application. The size and porosity of the sample will often

11.7.5.2 Materials with a high concentration of fillers, suchdetermine if plastic embedding can be used. Care in selection

as polymers, can be analyzed with infrared spectroscopy aft embedding materials i$ necessary _since_the_se materials can
thinning the sample with pressure or by cutting a very thindlter the sample by reacting with it, dissolving it, or contami-

wedge of the sample with a sharp blade. Often the filler is nopating it. An alternative method for supporting the sample is to
employ a thin, free-standing polymeric material that may be

easily removed, if desired, after the microtoming has been

8 Miniature roller bearings are available from mechanical parts houses; forcompleted' . L . . .
example, PIC and Berg. 11.11 An infrared transmitting microscope equipped with a

11.10.2 While samples can be sectioned directly, supporting
e sample during sectioning is more common. Paraffin wax is
e preferred embedding medium for IR microspectroscopy.
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polarizer can be used for studying the dichroic properties oflerivatization. These effects arise from an absorption of a
materials. dielectric material being accompanied by a change in the
11.12 Reflectance Infrared Microspectroscopy reflective index of the material at the same frequency. The

11.12.1 Many samples that are inconvenient to examine bgPserved spectrum is relatedrtq which is a complex function
transmittance using an infrared transmitting microscope caf33) including the pseudo-absorbandg @nd refractive if)
often be examined in the reflectance mode. This is a convenieHidex components:
way of recording spectra of samples that are too thick for good n =n-ik (€H)]

quality transmittance spectra, or are on a non-ransmitting |, yhe case of pure specular reflectance, the Kramers-Kronig
substrate. In general the technique requires no sample prepgansform(33, 34)may be used to calculate both the real and
ration and is nondestructive. imaginary parts of this complex function, and thus extract
11.12.2 Different types of reflectance spectroscopy are use@drms that are related to both the absorbance spectrum and the
to obtain spectra, depending on the type of sample surfaGgfractive index as a function of frequency. Computer software
being examined. If the sample is a thin film on a reflectiveig perform these calculations is available from some instrument
surface, then infrared reflectance/absorbance spectroscopy (IRsndors and software houses.
RAS) is used(32). Other types of samples are examined by 11 12.8 To demonstrate this relationship, Fig. 1 shows the
diffuse or specular reflectance. microreflection spectrum from a poly (methyl methacrylate)
11.12.3 Infrared reflectance/absorbance spectroscopy can Bgmple, in units of percent reflectance, versus a gold mirror
used to study films having a thickness in the approximate ranggference. This spectrum includes a contribution arising from
from 0.2 to 20 (3) that are covering a reflective surface. The reflection at the back (inside) surface of the sample, as well as
infrared energy passes through the sample twice, since {he front surface external reflection. The back surface reflection
travels through the sample, is reflected at the interface, anglives rise to double-pass transmission of energy, and so the
exists along a reflective path. The actual distance the beagpectrum includes some features due to absorbtion inside the
travels through the sample depends on the microscope objesample. The computesh component (which includes the
tive being used, but it is more than twice the sample thicknesgefractive index) is shown in Fig. 2, and thecomponent
since the beam is focusing at the reflective surface. Th@which includes the absorbance spectrum) is shown in Fig. 3.
reference background spectrum is recorded using a clean arpaye to the second surface reflection, the experiment does not
of the reflective surface, or if necessary, a standard referenggeld quantitatively correch andk spectra. These components
mirror. Typical samples include coatings on metal beverageénay be used for qualitative purposes, but care must be taken in
cans, coatings on high-refractive-index materials such as siltheir numerical interpretation. Thevalues in Fig. 2 are about
con, and thin lubricant films on metals. 50 % higher than the correct value for the refractive index.
11.12.4 Materials that have a reasonably flat or shiny 11.13 Spatial Mapping of Spectral FeaturesSome infra-
surface may reflect sufficient infrared energy to obtain spectraed microspectroscopy systems may include computer control
in the reflectance mode. Typical samples include polymersf the microscope sample stage. This computer control may be
(films, pellets, and molded or extruded parts), contaminants onsed to obtain an array of infrared spectra which are recorded
electronic components, and hard substances such as tee#ls, a function of sample position within the area defined by the
minerals, and paints. It is possible to obtain spectra of surfacasovement of the sample stage. This data array may be
that are apparently rough, by diffuse reflectance. composed of spectra sampled along a straight linknemap’,
11.12.5 The actual spectrum obtained from samples wilbr sampled as ary grid. The movement of the sample stage
often arise from both front-surface specular reflection and
diffuse reflection. The actual ratio of these two effects is a
function of surface roughness; diffuse reflection will occur % 16
most when the roughness spacing is similar in size to thep j4-|
infrared wavelengths of interest. As a consequence the obe
served specular reflectance/diffuse reflectance ratio may varyf 12
across the spectrum. 1o
11.12.6 The penetration depth of front-surface reflectance is‘ci
very small and is similar to that achieved using IRS. Spectrat
recorded by front-surface reflectance will show significant @ 6
differences from spectra recorded by transmission microspec
troscopy, or spectra from bulk samples. The effective depth ofg
penetration is a function of wavelength, and increases as the 2-
wavelength increases. In addition to this physical effect, other 4000

8
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3500 3000 2500 2000 1500 1000

chemical effects, such as surface oxidation, surface contami- Wavenumber
nation, or migration of plasticizer or other additive to the _
surface, may alter the spectrum of the material. Note 1—Low values of percent reflectance are to be expected using

this technique.
11.12.7 The spectra observed by front-surface reflectance 5" qpserved Microreflectance Spectrum of Poly (Methyl

(especially thgse ffom highly reflective sur_face_s) CommonWMethacrylate) Ratioed Against the Spectrum of a Reference Gold
show band distortions, such as band shifts, inversions, or Mirror

10
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B a 3-D display of the data array. The spatial resolution obtained
n 2.2 in the computer images results froml)(the step size,?) the
actual sample variation acrosss the mapped area, Jrthe
g 2.0 spatial definition of the sampling area as defined by the
m microscope aperture(s). It must be emphasized that the appar-
p ! -84 ent spatial resolution obtained will be a function of wavenum-
0 ber when using small aperture settings (see 11.1.2 and Note
n 1.6 11)
,? 1 4 11.14 Internal Reflection MicrospectroscopySome infra-
t red microscopes may use an internal reflectance sampling
{ 2] optic. After obtaining a suitable background spectrum, the
) T T 1 T T T optic is allowed to come into contact with the sample, enabling
4000 3500 3000 2500 2000 1500 1000 the collection of an internal reflectance spectrum from a small
Wavenumber surface area. The area sample is defined by the geometry of the
Note 1—This component is related to the refractive index of the internal reflectance element, in essence the contact area of the
material as a function of frequency. internal reflectance element. Common IRE materials are zinc
FIG. 2 Real Component ( n portion) Resulting from the Kramers- selenide (ZnSe), diamond, germanium, and silicon. Diamond
Kronig Transform of the Poly (Methyl Methacrylate) and ZnSe may allow the restricted visual observation of the
Microreflectance Spectrum . . -
sampling area through the IRE itself, whereas silicon and
0.8 germanium objectives do not allow this visual aspect, and thus
) must be positioned most carefully to ensure that the selected
K area of the sample is investigated. Damage to the IRE may
0.6 easily occur, so the IRE should be examined periodically using
0 visual magnification. In addition, the small size of the IRE may
n result in high pressures being exerted onto the sample area and
p 0.47 possible changes to chemical or physical properties, or both, of
0 the sample. Also, migration of sample material to the IRE may
2 0.2 occur. The IRE requires frequent examination to prevent cross
n contamination and damage to the IRE objective. It may also be
t possible to ratio a single beam spectrum of the objective, while
o_o~*__,__i_A,‘___»___J not in contact with sample, versus the previous background
T T T T T T spectrum to detect contamination of the IRE. The examination
4000 3500 3000 2500 2000 1500 1000 process may prevent the carryover of one sample to another as
Wavenumber the IRE is being used.
Note 1— This component is related to the absorbance spectrum of the 11.15 Low Angle Specular Reflectance

material, but is not corrected for the wavelength dependence of th@/icrospectroscopy:—

intensity due to varying depth of penetration. 11.15.1 Some infrared microscope system may be equipped

FIG. 3 Imaginary Component ( k portion) Resulting from the . ° -
Kramers-Kronig Transform of the Poly (Methyl Methacrylate) with a low angle (|SV70°) specular reflectance ojective (see

Microreflectance Spectrum Note 14).

. . . Note 14—This objective is sometimes referred to as a grazing angle
is controlled by the computer which uses a setup file created bybjective, although the terfgrazing angle’ generally refers to an angle of
the user. This file will include: (1) the step size between 85° or more.

sampling points, a',”dzl the overall dlmensmns of the line or 11.15.2 This objective may be useful for recording spectra
area to bemapped'. Computer analysis of the data array MYt small areas of reflecting surfaces and may provide an
be utilized to extract information on the distribution of chemi- dvantage over the reflectance method outlined in 11.12. It
cal functional groups across the mapped area, accomplished 8}4 Id bg inted hat the | le of incid ' | "
measurement of the absorbance of a selected frequency %rou”. © plomte l?““ atthe of\./v_a'nge? ;]nu enc? results.m
frequencies in the array of spectra. The processed informatio). © Iptical sampling area. Definition of the actual analysis
may then be used to show the distribution of a particular peafrilrea may be difficult to perform.

or peaks as a function of position in the mapped area. Thes,
computer presentations take the form of a contour map,
false-color map based on the contour map, an intensity map, or 12.1 infrared; microanalysis; molecular spectroscopy

2. Keywords
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